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EXECUTIVE SUMMARY 

Tetra Tech NUS, Inc. was tasked with performing a Background Soil Investigation (BSI) for Naval Surface 

Warfare Center (NSWC) Indian Head, Maryland by the U.S. Navy (Navy) Northern Division Naval 

Facilities Engineering Command (NAVFAC) under Contract Task Orders (CTO) 287 and 320.  The Naval 

facility is located on two peninsulas, known as Cornwallis Neck and Stump Neck, herein referred to as 

“the Station”.  This BSI establishes a basewide background database for soils at the Station that will be 

used for current and future investigations.  The information can be used to determine whether samples 

from known or suspected Installation Restoration (IR) Sites, Solid Waste Management Units (SWMUs) or 

Areas of Concern (AOCs) at the Station have contaminant concentrations above naturally occurring and 

non-site related anthropogenic background concentrations. 

 

Environmental sampling and analysis for the BSI were conducted in the summer and fall of 1997, and in 

the fall of 2001.  As part of the BSI, 20 soil borings were installed and sampled.  This BSI data set was 

supplemented with data from existing borings installed for a previous Verification Investigation (VI), 

CTO 222 [Brown and Root Environmental, 1996 (now known as Tetra Tech NUS, Inc.)], and the 1997 

Resource Conservation and Recovery Act (RCRA) Facility Investigation/Verification Investigation (RFI/VI) 

for six sites at Stump Neck Annex (CTO 287).  Data collected at upgradient locations at four IR 

Sites/SWMUs under investigation by CH2M Hill were incorporated into the background soil database.  A 

literature search also was conducted to determine whether any environmental data in the literature could 

be used to supplement data collected at the Station.  This search did not yield any additional data. 

 

The following conclusions can be drawn from the BSI field effort, data set, and statistical analyses 

performed on the background soil data set: 

 

• There are sufficient numbers of samples to characterize background surface and subsurface soils.  

The goal of attaining a minimum of 10 samples for future statistical analysis was achieved.  

 

• The data collected are of sufficient quality to be used for purposes of background comparisons in risk 

assessments, Remedial Investigations, RCRA Facility Investigations, and other environmental 

investigations conducted at the Station.  Twenty soil borings were installed and sampled expressly for 

the purpose of the Background Soil Investigation.  Every effort was taken to ensure that the samples 

were collected from areas not influenced by IR Sites, SWMUs or AOCs.  Existing samples, which 

were added to supplement the background data set, were carefully screened.  All sample data in the 

background data set have been validated in accordance with EPA Region III guidelines (EPA, 1993, 

and EPA, 1994). 
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• Samples were evenly distributed across both the Cornwallis Neck and Stump Neck peninsulas of the 

facility.  Since there was no bias regarding sample distribution, the background database is valid for 

future comparisons to suspected IR Sites, SWMUs or AOCs anywhere on the Station.   

 

• Organics detections were infrequent and insignificant when analyses were available.  Specifically, the 

inorganic profile of the background soil samples was not impacted by the presence of low-level 

organic constituents.  

 

• With few exceptions, the inorganic concentrations reported in the surface and subsurface soils are 

within the range of background concentrations reported for surface soils in the Eastern United States 

(Shacklette and Boerngen, 1984).  With few exceptions, the concentrations reported are also within 

the range of values reported for surface soils of the State of Maryland (Dragun, 1991).  

 

• The inorganic profile for background surface and subsurface soils is not the same.  Generally, metals 

concentrations are greater in subsurface soil samples than surface soil samples collected from the 

same locations.  The inorganic concentrations for the “clayey” (low-grain size) subsurface soil 

samples are generally greater than inorganic concentrations detected in the “non-clayey” (high grain 

size) subsurface soil samples.  This relationship between grain size and metal concentrations was not 

evident in the background surface soil samples. 

 

• The background soils dataset was sub-divided into three soil datasets based on the visual inspection 

of the data,  the results of four different statistical analyses, and the soil type descriptions provided by 

the field geologist for the BSI: 

 

- Surface soil samples 

- Clayey subsurface soil samples 

- Non-clayey subsurface soil samples 

 



1.0  INTRODUCTION 

This Background Soil Investigation (BSI) Report was prepared for the Naval Surface Warfare Center 

(NSWC) at Indian Head, Maryland, through the U.S. Navy (Navy) Northern Division Naval Facilities 

Engineering Command (NAVFAC).  The draft version of this report was prepared in 1997 by Brown & 

Root Environmental (B&R Environmental) (now Tetra Tech NUS, Inc. [TtNUS]) under Contract Task 

Order (CTO) 287 for the Comprehensive Long-term Environmental Action Navy  (CLEAN), Contract 

Number N62472-90-D-1298.  This final version of the report was prepared by TtNUS under CTO 320 

(also Contract Number N62472-90-D-1298).  The report provides the results of the background 

characterization of background surface and subsurface soils at the NSWC Indian Head and Stump Neck 

Annex (the Station).  At the request of the Indian Head Partnering Team, background information for 

groundwater and sediments is presented in Appendix A and was not modified from the information 

presented in the draft version of this report (December 1997).  The data in Appendix A is for reference 

only and should not be construed as definitive background sample data for groundwater and sediments or 

be used for such purposes. 

 

1.1 PURPOSE OF THE REPORT 

The primary goal of the BSI Report was to collect, present, and evaluate data that may be used to 

represent background conditions at the Station.  Several Installation Restoration (IR) Sites, solid waste 

management units (SWMUs) and areas of concern (AOCs) at the Station are currently under 

investigation.  Background data are needed to distinguish between chemical concentrations that are 

related to past or current activities at these sites and those that are representative of naturally occurring 

conditions or that may be attributable to non-site-related anthropogenic activities (e.g., the historical, 

widespread, and routine application of pesticides). 

 

In overview and in accordance with United States Environmental Protection Agency (EPA) guidance, 

background samples were collected at the Station and in the general vicinity of the Station so that media 

characteristics (e.g., soil types) would be similar to those observed at the IR Sites/SWMUs/AOCs under 

investigation.  The background samples were collected at locations not anticipated to be contaminated as 

a result of site-related activities.  Groundwater flow direction and predominant wind direction were 

considered in the selection of background sampling locations. 

 

1.2 SITE LOCATION DESCRIPTION  

The Station is located in the northwestern section of Charles County, Maryland, approximately 25 miles 

south of Washington D.C.  The Station consists of two areas: the main area, or Indian Head (Cornwallis 
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Neck), and the Stump Neck Annex.  The two areas are located on two separate peninsulas along the 

eastern shore of the Potomac River.  The main area is on the Cornwallis Neck Peninsula, and the annex 

is on the Stump Neck Peninsula.  Figure 1-1 illustrates the general location of the Station.  The main area 

on Cornwallis Neck Peninsula covers approximately 2,300 acres and is bounded by the Potomac River to 

the north and west, Mattawoman Creek to the south and east, and the Town of Indian Head to the east.  

The Stump Neck Annex covers approximately 1,100 acres and is bounded by the Potomac River to the 

north, Chicamuxen Creek to the south, and private residential property to the east. 

 

The primary mission on the main area of the Station, known as Indian Head, is to: 

 

• Provide services in energetics for all warfare centers through engineering, fleet and operational 

support, manufacturing technology, limited production, and industrial base support. 

 

• Provide research, development, testing, and evaluation of energetic materials, ordnance devices and 

components, and other related ordnance engineering standards, including chemicals, propellants and 

their propulsion systems, explosives, pyrotechnics, warheads, and simulators. 

 

• Provide support to all warfare centers, military departments, and the ordnance industry for special 

weapons, explosive safety, and ordnance environmental issues. 

 

• Execute other responsibilities assigned by the Commander of the Station. 

 

The primary mission on the Stump Neck Annex area of the Station is to: 

 

• Provide Explosive Ordnance Disposal (EOD) technology and logistics management. 

 

• Develop war-essential elements of intelligence, equipment, and procedures to counter munitions, 

both U.S. and foreign, as required to support Department of Defense (DOD) components and the 

peacetime security needs of other agencies. 

 

1.3 PHYSIOGRAPHY AND TOPOGRAPHY 

The Station lies within the Atlantic Coastal Plain physiographic province, approximately 8-10 miles east of 

the Fall Line that marks the western extent of the physiographic province.  The two peninsulas have 

gently rolling to undulating topography with elevations ranging from sea level to 111 feet above mean sea 

level (msl).  The higher elevations exist in the northern portion of Indian Head.  Generally, the land 

surface slopes to the east and southeast with slopes of 5 percent or less.  The western side of the base 
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along the Potomac River is characterized by 40- to 50-foot bluffs, whereas the slope on the eastern side 

along the Mattawoman Creek is more gradual, except for a few areas with 10- to 40-foot bluffs.  

 

1.4 METEOROLOGY 

The Station experiences a modified moist, humid continental climate with warm and wet summers and 

cool winters.  The Appalachian and Blue Ridge mountain ranges to the west obstruct cold, continental air 

in the winter, whereas the Potomac River and Atlantic Ocean contribute to more moderate temperatures 

and higher humidity. 

 

The mean temperature (1958-1987) at the station is 58ºF (NOAA, 1987).  The warmest month is typically 

July with an average temperature of 79ºF; January is the coldest month with an average temperature of 

35ºF. 

 

The area receives an average of approximately 39 inches of precipitation per year, with approximately 

17 inches of snow.  Precipitation is uniformly distributed throughout the year (NOAA, 1987). 

 

1.5 SOILS 

The following discussion is a brief description of the soil types as classified by the United States 

Department of Agriculture (USDA), Soil Survey of Charles County, Maryland (USDA, 1974), that may 

have been encountered during the BSI.  The dominant soil series in the Indian Head area are the 

Beltsville, Keyport, and Elkton Silt Loams (Hart, 1983).  Additional soil types commonly found on the 

Stump Neck peninsula and surrounding area are Gravelly Land, Alluvial Land, Exum, Mattawan, and 

Westphalia.  Relevant portions of the Geologic Map, Charles County, Department of Natural Resources, 

Maryland Geologic Survey and the General Soil Map, USDA, Soil Conservation Service, Charles County, 

Maryland are shown Figures 1-2 and 1-3. 

 

Indian Head (Cornwallis Neck) Peninsula 

The Beltsville Silt Loam is found primarily in the upland elevations of the northern portion of the Indian 

Head peninsula.  The Beltsville series soils consist of silt and sand with moderate amounts of clay.  They 

are nearly level to moderately sloping and slowly permeable but well drained. 

 

Areas of cut-and-fill soils are also found in the northern portion of Indian Head.  Cut-and-fill lands are 

areas where the native soils have been removed and graded or filled with other material or soil.  These 

areas were avoided when selecting sampling locations for the BSI. 
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The Keyport and Elkton Silt Loams are found in the lower elevations of the southern portion of Indian 

Head.  They are both clayey silt loam soils.  Both series are slowly permeable, however, the Elkton series 

is less permeable than the Keyport series. 

 

Stump Neck Peninsula 

The Gravelly Land soil consist of gravelly deposits with soil types unidentifiable due to erosion.   

 

Alluvial Land is nearly level and consists of soils formed by material recently eroded from uplands and 

deposited on flood plains, or other low lying areas.  The predominant soil is silt, and is generally poorly 

draining.  However in areas where the soil is sandier it drains well.  

 

The Exum Series consists of gently sloping to moderately sloping, deep, moderately draining soils on 

uplands.  These soils are silty loams, with moderate amounts of clay and minor amounts of sand. 

 

The Mattawan Series consists of soils that are nearly level to gently sloping and moderately well drained 

to well drained.  These soils formed on uplands in a sandy mantle over loamy sediment.   

 

Westphalia series soils are gently sloping to strongly sloping, very deep, well drained soils on uplands.  

They are sandy loams formed in old deposits containing well sorted sands.  

 

1.6 REGIONAL GEOLOGY 

The regional geology consists of a sedimentary wedge of Cretaceous to Quaternary, fluvial and marine 

deposits overlying crystalline Precambrian metamorphic and igneous bedrock.  The sedimentary wedge 

dips and thickens eastward and ranges in thickness from 650 feet in the west to 900 feet in the eastern 

portion of the Charles County (Vroblesky, 1991).  It lies unconformably on the crystalline basement rock 

surface, which dips to the east.  

 

1.7 LOCAL GEOLOGY 

A composite of the geologic units underlying the Indian Head Station, in stratigraphically ascending order, 

are the lower Cretaceous Potomac Group; the Tertiary Aquia Formation, Nanjemoy Formation, Upland 

Gravel 4, and Park Hall Formation, and several Quaternary fluvial and estuarine deposits 

(McCartan, 1989). 

 

The Potomac Group (Lower Cretaceous) consists of three geologic units (in descending stratigraphic 

order):  the Patapsco Formation, the Arundel Formation, and the Patuxent Formation.  The lithology of the 

129702/P 1-4 CTO 0320 



Potomac Group is interbedded clay, silt, sand, and gravel deposited in fluviodeltaic environments 

(Hiortdahl, 1990), and ranges in thickness from 650 to 750 feet (Vroblesky, 1991; Harsh, 1990).  The 

upper 100 feet of the Patapsco Formation outcrops along the western bluffs of Indian Head NSWC along 

the Potomac River.  The middle and lower portions of the Patapsco subcrop below the Potomac River 

(Hiortdahl, 1990).  The Arundel Formation generally consists of a variegated clay.  The Patuxent 

Formation consist of clays with interbedded sand units. 

 

The Aquia Formation (Upper Paleocene) consists of marine deposits of olive black to olive gray 

micaceous glauconitic quartz sand interbedded with sand, silt, and clay. It is approximately 0 to 80 feet 

thick in the Indian Head area and ranges to 175 feet thick in the eastern portion of Charles County. 

 

The Nanjemoy Formation (lower Eocene) consists of marine deposits of dark grayish green to olive black 

fine- to medium-grained, glauconitic quartz sand interbedded with silt and clay.  Beds of fossils are 

common in this formation.  It is approximately 0 to 20 feet thick in the Indian Head area and ranges to 

about 230 feet thick in the eastern portion of Charles County.  At the contact with the underlying Aquia 

Formation the interface is indistinct.  

 

Upland Gravel 4 (upper Pliocene) consists of non-marine fluvial deposits of poorly sorted, fine- to 

medium-sand with lenses of muddy sand and clay, grading downward to a gravely mud or medium- to 

coarse-grained sand.  The fines are generally pink to gray, and the coarser particles are yellow to orange.  

The thickness of this formation in the area ranges from 0 to about 30 feet. 

 

The Park Hall Formation (upper Pliocene) consists of non-marine fluvial and estuarine deposits of sand 

and clay interbedded with sand with gravel.  It is overlain unconformably by Quaternary deposits.  The 

thickness of this formation in the area ranges from 0 to about 60 feet. 

 

The Tertiary geologic formations are missing in some areas (generally on the Stump Neck peninsula) in 

the Indian Head area.  Where this occurs the overlying Quaternary deposits come in contact with the 

underlying Cretaceous formations.  The Quaternary fluvial and estuarine deposits at Indian Head consist 

of Pleistocene paleochannel deposits and Holocene alluvial deposits (Hiortdahl, 1990).  They consist of 

gravel, sand, silt, clay, and peat mixtures with irregular bedding.  The aggregate thickness may range 

from 0 to 40 feet. 

 

1.8 REGIONAL HYDROGEOLOGY 

The Patapsco and Patuxent Formations of the Potomac Group are the main groundwater aquifers used in 

the western portion of Charles County and are separated by the Arundel Formation confining unit.  The 
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Cornwallis Neck and Stump Neck peninsulas are located in the western portion of Charles County.  

Figure 1-4 presents a generalized cross-sectional view of the Indian Head regional area. 

 

The three principal water-bearing zones within the Patapsco Formation are the Lower, Middle, and Upper 

Sands.  They are under confined conditions.  The Lower Sand outcrops in Virginia; the Middle Sand 

outcrops below the Potomac River and in Virginia; and the Upper Sand outcrops beneath the Potomac 

River.   

 

The water-bearing zones of the Patuxent Formation consist of laterally discontinuous sand lenses.  

Recharge to the Patuxent Formation occurs in Virginia, where it outcrops.  

 

1.9 LOCAL HYDROGEOLOGY 

Shallow, unconfined to semi-confined groundwater at the Indian Head Station occurs from near surface to 

approximately 45 feet below ground surface, with water table elevations ranging from sea level to 

approximately 75 feet above mean sea level.  Typically, the shallow groundwater occurs in perched 

water-bearing zones and is recharged from infiltration (Hart, 1983; Slaughter and Otton, 1968).  In some 

lowland areas, surface water intrusion may be an additional source of recharge of the shallow aquifer 

along the edge of water bodies, during periods of high tide, and possibly in areas of heavy groundwater 

pumpage.  It is assumed that shallow groundwater flow follows topography and discharges into local 

water bodies. 

 

The Potomac Group is the principal aquifer for the Indian Head Station.  The Upper Sands of the Patasco 

Formation are poor producers of groundwater in the Indian Head area and are not considered to be an 

important aquifer.  The Upper Sands could be considered to be a confining layer above the underlying 

Middle and Lower Sand Aquifers in the Indian Head area and below the shallow small scale water-

bearing zones.  The Middle Sand aquifer is believed to be hydraulically connected to the Potomac River, 

where the river has eroded into it.  Potomac River water may be partially recharging the aquifer in this 

area because of the heavy pumping of supply wells at Indian head (Hiortdahl, 1990). 

 

Groundwater elevations of the Potomac Group measured in 1990 indicate a cone of depression in the 

Indian Head area.  The area of influence extends for approximately 6 miles in the northeast and 

southwest direction and approximately 2-3 miles in the northwest and southeast directions.  The cone of 

depression is a result of the heavy pumping at the Indian Head Station for the past 90 years.  Under 

natural conditions, groundwater would flow east-southeast, following the dip of the formations in the area 

(Hiortdahl, 1990).  
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1.10 STATION HYDROLOGY 

The three principal waterways in the vicinity of Indian Head are the Potomac River, Mattawoman Creek, 

and Chicamuxen Creek.  The Potomac River is a tidally-influenced estuary and is slightly brackish.  

Mattawoman and Chicamuxen Creeks are tributaries to the Potomac River and are also tidally influenced.  

Tidal marshes exist along Mattawoman and Chicamuxen Creeks. 

 

Station wastewaters from Indian Head are discharged from permitted outfalls to the Potomac River or 

Mattawoman Creek and to tributaries of the Potomac River or Mattawoman Creek.  Station wastewaters 

from Stump Neck Annex are discharged from permitted outfalls to the Potomac River or Chicamuxen 

Creek and to tributaries of the Potomac River or Chicamuxen Creek.  The wastewaters consist of 

industrial, sanitary, and storm effluents, or combinations thereof (Hart, 1983). 

 

1.11 EPA GUIDANCE ON BACKGROUND CHARACTERIZATION 

Characterization of background environmental media is often necessary for environmental site 

investigations.  The EPA has published several documents that discuss procedures to select numbers 

and locations of sampling points, data quality objectives, data validation procedures, statistical methods 

for evaluating data, and final end use of background data and statistics.  These references were 

consulted by TtNUS during the conduct of the BSI. 

 

The general procedures to be used in a Comprehensive Environmental Response, Compensation and 

Liability Act (CERCLA) Remedial Investigation (RI) are outlined in "Guidance for Conducting Remedial 

Investigations and Feasibility Studies under CERCLA" (EPA, 1988a).  In this document the EPA states 

that sampling should be conducted in areas perceived to be upgradient from the contaminant source to 

identify background levels and to determine whether there are contributions of contaminants from other 

sources.  However, no details are given about the amount of data, quality of data, or methods of data 

evaluation necessary for background characterization. 

 

Background characterization is further discussed in the document entitled "Risk Assessment Guidance for 

Superfund Human Health Evaluation Manual, Part A, Interim Final" (EPA, 1989a).  This document stated 

that:  "Background samples are collected at or near the hazardous waste site in areas not influenced by 

site contamination.  They are collected from each medium of concern in these offsite areas.  That is, the 

locations of background samples must be from areas that could not have received contamination from the 

site, but do have the same basic characteristics as the medium of concern at the site."  The Risk 

Assessment Guidance for Superfund (RAGS) also suggests that statistics may be used in some cases to 

test the hypothesis that "there is no difference between contaminant concentrations in background areas 

and on site."  This is referred to as the null hypothesis.  If statistics are to be used, RAGS further states 
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that:  "The number of background samples collected at a site should be sufficient to accept or reject the 

null hypothesis with a specified likelihood of error."   

 

Guidance on background characterization for Resource Conservation and Recovery Act (RCRA)-related 

studies is provided in the following documents: 

 

• "RCRA Ground-Water Monitoring Technical Enforcement Guidance Document" (EPA, 1986) 

 

• "Statistical Methods for Evaluating Ground-Water Monitoring from Hazardous Waste Facilities, Final 

Rule" (EPA, 1988b) 

 

• "Statistical Analysis of Ground-Water Monitoring Data at RCRA Facilities, Interim Final Guidance" 

(EPA, 1989b) 

 

• "Statistical Analysis of Ground-Water Monitoring Data at RCRA Facilities, Addendum to Interim Final 

Guidance" (EPA, 1992a) 

 

RAGS suggests the following guidance for "detailed information on soil sampling locations, general soil 

and vegetation conditions, and sampling equipment, strategies, and techniques": 

 

• "Soil Sampling Quality Assurance Guide, Review Draft" (EPA, 1989c) 

 

• “Determination of Background Concentrations of Inorganics in Soils and Sediments at Hazardous 

Waste Sites” (EPA, 1995) 

 

The following recent guidance documents and policies were also considered during the preparation of the 

BSI: 

 

• “Procedural Guidance for Statistically Analyzing Environmental Background Data” (USN, 1998) 

 

• “Handbook for Statistical Analysis of Environmental Background Data” (USN, 1999) 

 

• “Navy Interim Final Policy on the Use of Background Chemical Levels” (USN, 2000) 

 

• "Guidance for Characterizing Background Chemicals in Soil at Superfund Sites" (EPA, 2001) 

 

• "Guidance for Environmental Background Analysis, Volume I:  Soil" (USN, 2002) 
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2.0  PREVIOUS AND SUPPLEMENTAL STUDIES 

Several environmental investigations have been conducted at the Station; however, based on a review of 

the available data, only background data collected during the implementation of CTOs 222, 287, and 320 

by TtNUS, and data for CH2M Hill background samples for IR Sites 11, 13, 21, and 25 were considered 

for inclusion into the background data set for Indian Head.  The Station-wide background soil 

investigation was conducted under CTOs 287 and 320. The following table summarizes additional 

potential background samples from the Verification Investigation conducted of 4 sites under CTO 222 

(1996) and the RCRA Facility Investigation/Verification Investigation conducted of 5 sites under CTO 287 

(1998) that were considered for inclusion in the background soils data sets: 

 

CTO IR Site/SWMU    Surface Soil Samples Subsurface Soil Samples 

 

222 IR Site 63    S25-MW03-001  S25-MW03-002 

 (Area 8)    (0 to 2’ bgs)  (2 to 4’ bgs) 

222 IR Site 64    S26-MW03-001  S26-MW03-002 

(Improvised Explosives Devices)  (0 to 2’ bgs)  (3 to 5’ bgs) 

287 IR Site 61    RN6SS0170101 RN6SB0170301 

(Range 6)    (0 to 1’ bgs)  (4 to 6’ bgs) 

287   IR Site 58/59    RN3SS0010101 RN3SB0010301 

(Range 3)    (0 to 1’ bgs)  (4 to 6’ bgs)` 

287     IR Site 38    RPLSS0030101  RPLSB0030101 

(Rum Point Landfill)   (0 to 1’ bgs)  (4 to 6 ‘ bgs) 

287    IR Site 60    DBSS0040101  DSBSB0040101 

(Dump Site B)    (0 to 2’ bgs)  (4 to 6’ bgs) 

 

All of these samples were collected at locations anticipated to be upgradient of contaminant source areas.  

The extent of the data review for inclusion into the background soil data set is discussed in Section 3.   

Those samples selected for inclusion in the background soils data set are also identified in Section 3. 
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3.0  DEVELOPMENT OF THE BACKGROUND SOIL DATA SET 

Section 3 describes the field investigations to collect background soil data, presents the results of the 

background field investigations, and evaluates data for inclusion in the background data set for the 

Station.  The field investigation for 50 percent of the background soil data (samples collected from soil 

borings numbered 1 through 10) was conducted during the 287 RCRA Facility/Verification Investigation 

(RFI/VI) field investigation of six sites at the Stump Neck Annex (June 18, 1997, through September 17, 

1997).  Additional background soil samples were collected with the Site 57 and Mattawoman Creek 

investigations in September and October 2001 (samples collected from soil borings numbered 10 through 

20). Data for these samples, supplemental data available from RFIs and VIs at the Stump Neck Annex 

(CTOs 287 and 222), and data available from CH2M Hill (another Navy contractor working at the Station) 

were evaluated for inclusion in the background data set for the Station.  To allow for future statistical 

comparisons to data from IR Sites/SWMUs/AOCs, a goal of 10 background data points (minimum per 

data group) was established in the original work plan documents developed for the background 

investigation (B&R Environmental, 1997).  Additionally, a literature search for background environmental 

data was performed.  Boring log sheets, survey data, and sample log sheets for the background soil 

samples are included in Appendices B and C.  Appendix D contains all analytical data, Appendix E 

contains the results of the statistical analysis of the data, and Appendix F contains the data validation 

memoranda for the BSI samples. 

 

Surface and subsurface soil samples from 36 locations were considered for inclusion in the background 

soil dataset.  Potential background soil data were available as follows:   

 

• Surface and subsurface soil samples collected from 20 locations during the BSI (1997 and 2001),  

 

• Surface and subsurface soil samples collected from four upgradient monitoring well locations during 

the RFI/VI at the Stump Neck Annex (CTO 287, 1997) (IR Sites 38, 60, 61 and 58/59),  

 

• Surface and subsurface soil samples collected from two monitoring well locations during the 

implementation of CTO 222 (1995) (IR Sites 63 and 64 at Stump Neck Annex), and  

 

• Surface and subsurface soil samples (limited locations only) from 10 site-specific background 

locations sampled by CH2M Hill (IR Sites 11, 13, 21, and 25 on the Cornwallis Neck Peninsula). 

 

129702/P 3-1 CTO 0320 



129702/P 3-2 CTO 0320 

3.1 RESULTS OF THE LITERATURE SEARCH 

Several government agencies (e.g., the Maryland Department of Environment) were contacted regarding 

the availability of background soil data in the general vicinity of the Station.  Background soil data were 

not available.   

 

3.2 BACKGROUND SOIL INVESTIGATION SAMPLING PROGRAM 

Surface and subsurface soil samples were collected from 20 soil boring locations: 5 hollow stem auger 

soil borings [BGDSB01 through BGDSB05 (converted into monitoring wells)], and 15 hand-auger borings 

(BGDSB06 through BGDSB20).  Two soil samples were collected at each boring location (one surface 

and one subsurface) for a total of 20 surface soil samples and 20 subsurface samples (plus duplicates).  

Samples were collected in areas where the soil is believed to be natural, non-fill material and is not 

anticipated to have been impacted by facility operations.  The primary objective of the background soil 

investigation is the development of a background dataset that is representative of background conditions 

across NSWC Indian Head and, therefore, may be used to distinguish background concentrations in soils 

from site-related contamination.  (Additionally, a background dataset should be “robust” for purposes of 

performing the statistical tests used to differentiate background concentrations from site-related 

contamination). 

 

Soil borings BGDSB02 through BGDSB05, BGDSB12 through BGDSB16, and BGDSB19 were installed 

within the Indian Head area (or main area, Cornwallis Neck Peninsula) of the Station.  Soil borings 

BGDSB01, BGDSB07, BGDSB08, BGDSB09, BGDSB11, and BGDSB20 were installed on the Stump 

Neck Annex property.  Three soil borings (BGDSB06, BGDSB10, and BGDSB18) were installed off-base 

within Smallwood State Park.  One soil boring (BGDSB17) was installed off-base within the Indian Head 

Township.  The sampling locations are shown on Figures 3-1 through 3-3.  The sampling locations are 

depicted in relationship to the IR Sites, SWMUs and other AOCs at the Station.   

 
The selection of the initial 10 background soil surface and subsurface sample locations (BGDSB01 

through BGDSB10) (1997) was based on the project objectives and on comments received from the 

Naval facility personnel prior to and during a site reconnaissance and during the 1997 background field 

investigation effort.  The selection of 1997 sampling locations primarily considered the geographic 

relationships of the IR Sites/SWMUs and other AOCs to the proposed locations.  

 

Soil boring BGDSB01 (converted into background monitoring well BGDMW01) was placed in the 

southeast corner of the Stump Neck Annex in an area established as a wildlife viewing area.  This 

location is in a very remote area.   
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Soil boring BGDSB02 (converted into background monitoring well BGDMW02) was placed in the north-

central portion of Cornwallis Neck peninsula in a wooded area consisting mostly of pine trees with a fairly 

thick canopy, approximately 30 feet southwest of an off-road vehicle trail. 

 

Soil boring BGDSB03 (converted into background monitoring well BGDMW03) was placed in the 

southwestern portion of Indian Head (Cornwallis Neck) in an area of very low relief.  This is primarily a 

deciduous wooded area with a fairly thick canopy and moderate underbrush, and is approximately 50 feet 

south of the railroad tracks. 

 

Soil boring BGDSB04 (converted into background monitoring well BGDMW04) was placed in the 

southwestern portion of Indian Head  (Cornwallis Neck) approximately 100 feet south of Strauss Avenue 

and 30 feet southwest of an off-road vehicle trail.  The area has very low relief and consists mostly of pine 

trees with a fairly thick canopy.  

 

Soil boring BGDSB05 (converted into background monitoring well BGDMW05) was placed at the 

northeast Indian Head boundary, south of State Route 210 and approximately 50 feet from the road.  The 

area is of very low relief and consists mostly of pine trees with a moderate canopy and thick underbrush 

consisting of pine saplings. 

 

Soil boring BGDSB06 was placed in the eastern portion of Smallwood State Park, approximately 75 feet 

northwest of Sweden Point Road in an area consisting primarily of deciduous trees with thick underbrush. 

 

Soil boring BGDSB07 was placed in the central portion of the Stump Neck Annex, approximately 500 feet 

east (uphill) from Marshall road and northeast of the Munitions Disassembly Building.  The location is in a 

deciduous forested area. 

 

Soil boring BGDSB08 was located in the north-central portion of the Stump Neck Annex, approximately 

700 feet southeast of the intersection of Archer Avenue and Roach Road and approximately 100 feet 

southeast and uphill of a cleared area, in a primarily deciduous wooded area.  

 

Soil boring BGDSB09 was located in the western portion of the Stump Neck Annex, approximately 

400 feet northeast of Archer Avenue and 100 feet northeast of an unnamed road opposite Porter Road.  

This location is in deciduous woods. 

 

Soil boring BGDSB10 was located in the western portion of Smallwood State Park, 3000 feet downstream 

from the State Road 210.  The boring was placed in a stream valley approximately 1000 feet west of 

Governor Smallwood’s House in a deciduous wooded area. 
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As detailed in the Technical Memorandum entitled "Additional Background Samples for Indian Head 

Division, Naval Surface Warfare Center" (TtNUS, 2001), additional background soil samples were 

recommended based on statistical analysis of the available 1997 background data which indicated that 

the 1997 background soil dataset may contain as many as four underlying populations (see Appendix E).  

Additional samples were collected from background soil boring locations 11 through 20 to increase the 

size of the background soil datasets (i.e., develop more robust background datasets) and further test the 

hypothesis that the background soil dataset contained four underlying populations.  The additional 

background soil samples were collected in a randomized fashion within general areas targeted for 

background sampling.  Randomization was recommended so that the sample within a target area would 

be collected in an unbiased manner.  Details on the randomization protocol are presented in Appendix E. 

  

Soil boring BGDSB11 was placed in the central portion of the Stump Neck Annex adjacent to 

marsh/wetland area (Stump Neck Impact Area - IR Site 30) and approximately 800 feet south of Archer 

Avenue in an area of deciduous trees with thick underbrush. 

 

Soil boring BGDSB12 was placed in the southwestern portion of Indian Head (Cornwallis Neck) in an 

area of moderate elevation.  This is primarily a deciduous wooded area with a fairly thick canopy with little 

to no underbrush, approximately 150 feet east of Building 788. 

 

Soil boring BGDSB13 was placed in the southwestern portion of Indian Head (Cornwallis Neck) 

approximately 1000 feet southeast of Strauss Avenue and 500 feet northeast of Building 747.  The area 

consists mostly of deciduous trees with a fairly thick canopy with little to no underbrush.  

 

Soil boring BGDSB14 was placed at the northeast portion of Indian Head (Cornwallis Neck) within a 

residential area south of Building D-322 and in the vicinity of the golf course.  The area consists of a cut 

grass with sparse pine trees. 

 

Soil boring BGDSB15 was placed in the northeastern portion of Indian Head (Cornwallis Neck), 

approximately 800 feet west of Building 1600 and 200 feet northwest of the road in an area consisting 

primarily of deciduous trees with some underbrush. 

 

Soil boring BGDSB16 was placed in the eastern portion of Indian Head (Cornwallis Neck), approximately 

50 feet west of Building 965.  The location is in a grassy residential area. 

 

Soil boring BGDSB17 was located off the Indian Head Facility in the Township of Indian Head, 

approximately 400 feet north of Rt. 210 and 300 feet east of Dr. Andrews Road, and approximately 
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100 feet north of the location of a former public school clearing.  The area is a wooded area consisting 

primarily of deciduous trees with some sparse man made wood structures in the vicinity of the sampling 

location. 

 

Soil boring BGDSB18 was located in the western portion of Smallwood State Park, 4000 feet downstream 

from the State Road 210.  The boring was approximately 800 feet east of General Smallwood’s House in 

a wooded area consisting primarily of deciduous trees. 

 

Soil boring BGDSB19 was located in the north central portion of the Indian Head Facility (Cornwallis 

Neck), approximately 50 feet east of Reservation Road and 250 feet west of Building 507.  This location 

is a deciduous wooded area. 

 

Soil boring BGDSB20 was placed in the southeastern portion of the Stump Neck Annex adjacent to an 

electromagnetic radiation testing facility (large clear field).  The sampling area consisted primarily of 

deciduous trees with little to no underbrush. 

 

Soil boring locations 11 through 20 were selected to compliment the soil boring locations 1 through 10.  

Additionally, the locations were selected based on the locations of the known IR Sites/SWMUs and 

AOCs, and with consideration of the underlying soil/geologic types as detailed in Figures 1-2 and 1-3.  

The additional background soils sample locations were selected in a randomized fashion within the 

general areas that the Indian Head Installation Restoration Team (IHIRT) targeted for sampling.  

Randomization was used so that the sample within a background target area was collected in an 

unbiased manner (EPA, 2000).  The following procedures were followed for each area targeted for 

background sampling as discussed above: 

 

1) A 1000-foot by 1000-foot square area (1E+6 square feet) at each background location 

recommended for sampling was delineated on a map as the target area. 

 

2) The area on the map was subdivided into 100-foot by 100-foot square grids (i.e., 10,000 square 

feet). 

 

3) A uniform random number generator was used to randomly select a grid-square where samples 

were to be collected.  The maps showing the randomly selected locations were provided to the 

field crew. 

 

The randomly selected sampling locations (selection procedure described above) were found in the field 

using compass and tape measure or pace techniques.  
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A licensed land surveyor surveyed all locations in reference to Maryland State Plane Coordinate System.  

The vertical control was referenced to the National Geodetic Vertical Datum (NGVD) 1929, and the 

horizontal control was referenced to the North American Datum (NAD) 1983.  

 

3.3 SUPPLEMENTAL SAMPLING PROGRAM 

Twelve soil samples were considered for inclusion in the background data set to supplement the data 

collected during the BSI.  These samples were available for four CTO 287 RFI/VI soil boring locations and 

two CTO 222 VI soil boring locations (two from each boring installed).  The locations of the soil borings 

ultimately selected for inclusion into the background soil dataset are illustrated on Figure 3-1 and 

Figure 3-2.  

 
Four soil borings (RPLSB03, RN6SB17, RN3SB01, and DSBSB04) installed as part of the CTO 287 

RFI/VI field effort at the Stump Neck Annex were positioned upgradient (off-site) from their respective 

sites.  Soil types and proximity to the site were considered in determining whether to include samples 

from these borings in the background investigation data set.  The soil samples from soil boring locations 

RPLSB03 and RN6SB17 were considered to be suitable background candidates and were added to the 

background data set.  These borings are not anticipated to be impacted by site activities and are not 

located in fill areas.  The soil samples from soil boring RN3SB01 were not included in the background 

data set because the boring was located in proximity to Archer Avenue and the soils in this area are likely 

to be fill material associated with the construction of the road.  Boring DSBSB04 samples were not used 

in the data set, because the boring may have been placed in close proximity to the site.  The positioning 

of these borings was determined primarily by the local topography at the individual IR Sites/SWMUs.  The 

CTO 287 RFI/VI Report prepared for the Stump Neck Annex in 1997 provides hydrogeologic and geologic 

details regarding these additional soil boring locations and the associated RFI/VI Sites. 

 

Also at Stump Neck Annex, soil borings 25MW03 and 26MW03 were installed upgradient of Area 8 (IR 

Site 63) and the Improvised Explosive Device (IED) site (IR Site 64), respectively, as part of a CTO 222 

VI (B&R Environmental, 1996).  Soil samples collected from these two soil borings were added to the 

background data set.  The borings are not located in the immediate vicinity of the sites and were not 

placed in fill areas.  The analytical program for the supplemental samples is presented in Tables 3-1 and 

3-2. 

 

3.4 SAMPLING PROCEDURES FOR BSI SOIL SAMPLES 

The surface and subsurface soil samples for the BSI were collected from hand auger or hollow-stem 

auger borings in accordance with the procedures detailed in the B&R Environmental Background 
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Investigation Work Plan (B&R Environmental, 1997a).  The surface soil samples were generally collected 

at a depth of 0 to 1 foot below land surface, and the subsurface soil samples at a depth of 3 to 5 or 4 to 

5 feet below land surface.  However, at some locations the subsurface samples were collected at depths 

less than 3 to 5 feet because of auger refusal due to dense gravel, or shallow groundwater.  Summary 

Table 3-3 provides the sampling depths at each location. 

 

The BSI samples collected in 1997 were analyzed for the following parameters:  target compound list 

(TCL) pesticides and polychlorinated biphenyls (PCBs), target analyte list (TAL) metals plus tin, total 

organic carbon/total organic halide (TOC/TOX), and grain size distribution.  The BSI samples collected in 

2001 were analyzed for the following parameters: TCL volatile organic analytes (VOAs), semivolatile 

organic analytes (SVOAs), PCBs and pesticides; TAL metals plus mercury; grain size and TOC.  A soil 

sample log sheet was generated for each sample.  The sample log sheets are supplied in Appendix C.  

Each sample was given a unique twelve-digit identification number in accordance with the B&R 

Environmental Background Investigation Work Plan (B&R Environmental, 1997a).   

 

Sample summary Tables 3-1 and 3-2 provide a list of samples collected during the BSI and supplemental 

sampling programs and the analyses performed by the laboratory for surface and subsurface soils.  

Aforementioned background soil samples collected by CH2M Hill are also included in Tables 3-1 and 3-2 

(identified as the IS series).   

 

3.5 RESULTS OF THE SURFACE AND SUBSURFACE SOIL BACKGROUND AND 
SUPPLEMENTAL SAMPLING PROGRAMS 

This section presents the results of the physical soil characterization and chemical analyses of surface 

and subsurface soil samples collected from the 20 BSI borings, the supplemental TtNUS borings, and 

CH2M Hill background samples from IR Sites 11, 13, 21, and 25 on Cornwallis Neck Peninsula.  The 

supplemental TtNUS borings include two upgradient borings from the 1997 RFI/VI Report 

(RN6MW005001 and RPLMW001001) and two borings from the CTO 222 Verification Investigation 

Report (B&R Environmental, 1996) (25MW03 and 26MW03).  Tables 3-3 and 3-4 summarize available 

grain size and soil type information.  Table 3-5 presents the summary of positive detections for surface 

soils.  Figures 3-4, 3-5,  and 3-6 show the locations of surface soil samples and list the positive detections 

for samples on the Indian Head facility (Cornwallis Neck), Stump Neck Annex, and offsite respectively.  

Table 3-6 presents the summary of positive detections for subsurface soils.  Figures 3-7, 3-8, and 3-9 

show the  locations of subsurface soil samples and list the positive detections for samples on the Indian 

Head facility (Cornwallis Neck), Stump Neck Annex, and offsite, respectively.  Statistical analyses of the 

data are presented in Section 4 (e.g., simple descriptive statistics are presented for surface and 

subsurface soil samples).   
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3.5.1 Physical Soil Characteristics  

The BSI soil samples collected at 20 locations (20 surface and 20 subsurface samples), were analyzed 

for grain size distribution analysis.  Grain size analysis was not done on the supplemental samples 

because it was not part of the analytical program for the 1997 RFI/VI, or the 1995 VI (B&R Environmental, 

1996), or the CH2M Hill analytical protocol.   

 

Any large gravel was manually removed from the sample aliquot prior to placing it into a sample container 

for particle-size analysis.  The results were reported using the Unified Soil Classification System and 

grain-size distribution curves.  Results (Table 3-3) indicate that the surface soils are primarily silt or silty 

sand mixtures and the subsurface soils consist primarily of clayey sand or clay.  Included in Table 3-3 is 

the U.S. Department of Agriculture (USDA) classification, and soil classification.  Laboratory reports for 

the grain-size distribution analysis are provided in Appendix D. 

 

Grain size for soil samples exhibited the following trends.  Generally, the grain size coarsened downward 

at five soil boring locations (BGDSB01, BGDSB08, BGDSB09, BGDSB019, and BGDSB020) and 

coarsened upward at 12 soil boring locations (BGDSB03, BGDSB04, BGDSB05, BGSDB06, BGDSB07, 

and BGDSB011 through BGDSB017).  No change was noted at three locations (BGDSB02, BGDSB18, 

and BGDSB10). 

 

3.5.2 Organic Compounds 

Eight volatile organic compounds, one phthalate compound, 17 polyaromatic hydrocarbons (PAHs), two 

explosive compounds, two pesticides and three miscellaneous semi-volatile organic compounds were 

detected in the background soil samples.  All had low frequencies of detection, with the exception of 

bis(2-ethylhexyl)phthalate, a common laboratory contaminant.  In overview, benzo(a)pyrene was the only 

organic compound detected at a concentration exceeding an EPA Region III Risk-Based Concentration 

(RBC).  Based on a review of the sample-specific chemical data presented in Figures 3-4 through 3-9, the 

inorganic profile of the background soil samples was not affected by the presence of these organics in the 

samples. 

 

Volatile Organic Compounds 

The following volatile organic compounds were detected in the background surface and subsurface soil 

samples: 
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Volatile Organic 
Compound 

Maximum 
Concentration 
Surface (µg/kg) 

Maximum 
Concentration 

Subsurface 
(µg/kg) 

Frequency 
of 

Detection 

Region 3 RBCs 
(Residential/Industrial) 

Acetone 13,000 1,800 3/40 7.8E+6/2E+8 
Cyclohexane 3.6 ND 1/22 NA 
Ethylbenzene 2.4 ND 1/40 7.8E+6/2E+8 
Methyl acetate 2.3 ND 1/22 7.8E+7/2E+9 
Styrene 1.3 ND 1/40 1.6E+7/4.1E+8 
Toluene 140 3.3 4/40 1.6E+7/4.1E+8 
Total Xylenes 9.9 9 5/24 1.6E+8/4.1E+9 
Trichlorofluoromethane 2.5 2.7 7/40 2.3E+7/6.1E+8 
 

The maximum concentrations of all volatile organic compounds detected were less than the Region 3 

RBCs.  Acetone is a common laboratory blank contaminant and a frequently used solvent product.  

According to Hawley’s Condensed Chemical Dictionary (Lewis, 1993), cyclohexane is used in the 

manufacture of nylon and is a solvent for cellulose; it is also a paint and varnish remover.  Ethylbenzene, 

toluene, and xylene are fuel components and, consequently, are sporadically detected in background 

samples because of the widespread use of fuel and fuel products in our industrialized society.  Methyl 

acetate is a paint remover, lacquer solvent and an intermediate in synthetic flavorings.  Styrene is used in 

the manufacture of polystyrene.  Trichlorofluoromethane is a solvent, a chemical intermediate, and is 

used in fire extinguishers. 

 

Semivolatile Compounds 

The following semi-volatile organic compounds were detected in the background surface and subsurface 

soil samples: 

 

Semi-Volatile Organic 
Compound 

Maximum 
Concentration 

Surface 
(µg/kg) 

Maximum 
Concentration 

Subsurface 
(µg/kg) 

Frequency 
of 

Detection 

Region 3 RBCs 
(Residential/Industrial) 

1,3-Dinitrobenzene ND 32 1/20 7.8E+3/2.0E+5 
2-Methylnaphthalene 73 ND 1/40 1.6E+6/4.1E+7 
Acenaphthene 140 ND 1/40 4.7E+6/1.2E+8 
Acetophenone 64 ND 3/40 7.8E+6/2.0E+8 
Anthracene 260 ND 1/40 2.3E+7/6.1E+8 
Benzaldehyde 59 ND 1/34 7.8E+6/2.0E+8 
Benzo(a)anthracene 480 ND 1/40 8.7E+2/7.8E+3 
Benzo(a)pyrene 390 ND 1/40 8.7E+1/7.8E+2 
Benzo(b)fluoranthene 420 ND 1/40 8.7E+2/7.8E+3 
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Semi-Volatile Organic 
Compound 

Maximum 
Concentration 

Surface 
(µg/kg) 

Maximum 
Concentration 

Subsurface 
(µg/kg) 

Frequency 
of 

Detection 

Region 3 RBCs 
(Residential/Industrial) 

Benzo(ghi)perylene 130 ND 1/40 2.3E+6/6.1E+7 
Benzo(k)fluoranthene 60 ND 1/40 8.7E+3/7.8E+4 
Bis(2-ethylhexyl)phthalate 7,500 120 14/40 4.6E+4/4.1E+5 
Carbazole 130 ND 1/34 3.2E+4/2.9E+5 
Chrysene 440 ND 1/40 8.7E+4/7.8E+5 
Dibenzofuran 65 ND 1/40 3.1E+5/8.2E+6 
Fluoranthene 1,100 ND 2/40 3.1E+6/8.2E+7 
Fluorene 150 ND 1/40 3.1E+3/8.2E+4 
Indeno(123-cd)pyrene 100 ND 1/40 8.7E+2/7.8E+3 
Naphthalene 110 ND 1/40 1.6E+6/4.1E+7 
Phenanthrene 1,100 ND 1/40 2.3E+6/6.1E+7 
Pyrene 880 ND 2/40 2.3E+6/6.1E+7 
 

The PAHs listed above are fuel components and combustion by-products.  Consequently, they are 

sporadically detected in both rural and urban background soil samples at concentrations similar to or 

greater than those detected in the background soil samples collected for the NSWC Indian Head.  

Examples of background PAH concentrations reported in the literature are included in Appendix E.  

Acetophenone is a perfumery, a solvent intermediate for pharmaceuticals, and is used in flavorings.  

Bis(2-ethylhexyl)phthalate is a plasticizer and a common laboratory contaminant.   Benzaldehyde is a 

chemical intermediate for dyes, and is used in flavoring materials, and perfumes.  Dinitrobenzene 

compounds are used in organic synthesis, dyes, and as a camphor substitute in cellulose nitrate 

(nitrocellulose).  No PAHs were detected in subsurface soils. 

 

Pesticides/PCBs 

In surface and subsurface soil, 4,4’-DDE and 4,4’-DDT were detected at concentrations which were at 

least 2 to 3 orders of magnitude less than the EPA Region III RBCs.  As noted in the literature examples 

presented in Appendix E, these chemicals are sporadically detected in background soil samples because 

of their wide-spread, historical use as pesticides. 

 

Energetics 

As summarized in Tables 3-5 and 3-6, a limited number of the background soil samples were analyzed 

for energetics.  However, these compounds were only detected in one CH2M Hill surface soil sample, 

collected at IR Site 11.  The concentrations detected were three orders of magnitude less than EPA 

Region III RBCs.  
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3.5.3 Inorganic Compounds 

Inorganic compounds were detected in surface soil at high frequencies.  However, in overview, none of 

the metals were detected at concentrations exceeding those reported for Eastern U.S. soil (where 

available).  Arsenic (Cmax = 18.3 mg/kg), lead (Cmax = 149 mg/kg) and selenium (Cmax = 1.2 mg/kg) were 

the only metals reported at concentrations exceeding background concentrations available for the State 

of Maryland (Dragun, 1991).  Neither lead nor selenium concentrations exceeded EPA Region III RBCs.  

The maximum concentration of arsenic (Cmax = 18.3 mg/kg) detected in surface soil exceeded the Region 

III residential and industrial RBCs (EPA, 2002), but was within the range for Eastern U.S. soil.  

 

Inorganic compounds also were detected in subsurface soils at high frequencies.  However, cobalt was 

the only metal detected at concentrations exceeding those reported for Eastern U.S. soils (where 

available).  Arsenic, cobalt, mercury, and selenium were the only metals reported at concentrations 

exceeding the values reported for State of Maryland surface soils (where available).  Of these metals, 

only arsenic exceeded an EPA Region III RBC for soil ingestion assuming a residential and industrial land 

use scenario.  Arsenic with a Cmax of 14.15 mg/kg exceeds the range for Maryland soil of 1.1 - 7.1 mg/kg.  

Cobalt was detected at a maximum concentration of 133 mg/kg, which exceeds the ranges for Eastern 

U.S. and Maryland soils, but is less than the Region III RBCs.  The Cmax values of 61,100 mg/kg for iron 

and 6.05 mg/kg of thallium exceed the residential RBCs but fall within the range for Eastern U.S. soil.  

Iron is an essential macronutrient.  The maximum detected selenium concentration of 2.7 mg/kg exceeds 

the range for Maryland soils, but this concentration is less than the Region III RBC considered protective 

of human health and than the values for Eastern U.S. soils.    

 

3.5.4 Miscellaneous Compounds 

The Total Petroleum Hydrocarbon (TPH) maximum concentrations of 33.7 mg/kg and 39.1 mg/kg 

detected in surface soil and subsurface soil, respectively, exceed a State of Maryland benchmark of 

10 mg/kg, which is the definition of “oil-contaminated soil” (Code of Maryland Regulations).  TPH was not 

detected in subsurface sandy soil.  TPH was detected at location S26-MW03.  However, a review of the 

inorganic data for soils collected at S26-MW03 (Tables 3-5 and 3-6) indicates that the TPH present in the 

soils does not influence the inorganic profile of the samples.   

 



TABLE 3-1

SUMMARY OF SURFACE SOIL SAMPLING AND ANALYTICAL PROGRAM
BACKGROUND SOIL INVESTIGATION REPORT

INDIAN HEAD DIVISION
NSWC INDIAN HEAD, MARYLAND
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BGDSS0010101 X X X X X X
BGDSS0020101 X X X X X X
BGDSS0030101 X X X X X X
BGDSS0040101 X X X X X X
BGDSS0050101 X X X X X X
BGDSS0060101 X X X X X X
BGDSS0070101 X X X X X X
BGDSS0080101 X X X X X X
BGDSS0090101 X X X X X X
BGDSS0100101 X X X X X X
BGDSS0110101 X X X X X X X X
BGDSS0120101 X X X X X X X X
BGDSS0130101 X X X X X X X X
BGDSS0140101 X X X X X X X X
BGDSS0150101 X X X X X X X X
BGDSS0160101 X X X X X X X X
BGDSS0170101 X X X X X X X X
BGDSS0180101 X X X X X X X X
BGDSS0190101 X X X X X X X X
BGDSS0200101 X X X X X X X X
RN6SS0170101 X X X X
RPLSS0030101 X X X
S25-MW03-001 X X X X
S26-MW03-001 X X X X X X X
IS11SS390001(1) X X X X X X X X X X X
IS11SS400001 (1) X X X X X X X X X X X
IS11SS410001 (1) X X X X X X X X X X X
IS11SS410001P (1) X X X X X X X X X X X
IS11SS420001 (1) X X X X X X X X X X X X X
IS13SS1000001 (1) X X X X X X X X
IS21SS180001 (1) X X X X X X X X X X X
IS21SS190001 (1) X X X X X X X X X X X
IS21SS200001 (1) X X X X X X X X X X X
IS25SS180001 (1) X X X X X X
IS25SS190001 (1) X X X X X X

*  Miscellaneous parameters include ammonia and nitrate/nitrite
1 - The analytical methods for these samples are not available at this time and may not be those methods noted in the header. 
APP IX - Appendix IX
VOA - Volatile organic analyte
SVOA - Semi-volatile organic analyte
TAL - Target analyte list
TCL - Target compound list
PCBs - Polychlorinated biphenyls
TPH - Total petroleum hydrocarbons
TOC - Total organic carbon
TOX - Total organic halides
Hg - Mercury
DRO - Diesel range organics
GRO - Gasoline range organics
PETN - pentaerythritoltetranitrate

ANALYTICAL FRACTION/PARAMETER (METHOD)



TABLE 3-2

SUMMARY OF SUBSURFACE SOIL SAMPLING AND ANALYTICAL PROGRAM
BACKGROUND SOIL INVESTIGATION REPORT

INDIAN HEAD DIVISION
NSWC INDIAN HEAD, MARYLAND
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BGDSB0010101 X X X X X X
BGDSB0020101 X X X X X X
BGDSB0030101 X X X X X X
BGDSB0040101 X X X X X X
BGDSB0050101 X X X X X X
BGDSB0060101 X X X X X X
BGDSB0060101-D X X X X X X
BGDSB0070101 X X X X X X
BGDSB0080101 X X X X X X
BGDSB0090101 X X X X X X
BGDSB0100101 X X X X X X
BGDSB0110101 X X X X X X X X
BGDSB0120101 X X X X X X X X
BGDSB0130101 X X X X X X X X
BGDSB0140101 X X X X X X X X
BGDSB0150101 X X X X X X X X
BGDSB0160101 X X X X X X X X
BGDSB0170101 X X X X X X X X
BGDSB0180101 X X X X X X X X
BGDSB0190101 X X X X X X X X
BGDSB0200101 X X X X X X X X
RN6SB0170301 X X X X
RN6SB0170301-D X X X X
RPLSB0030101 X X X
S25-MW03-002 X X X X
S26-MW03-002 X X X X X X X
IS11SB230203 (1) X X X X X X X X X X X
IS11SB240203 (1) X X X X X X X X X X X
IS11SB250203 (1) X X X X X X X X X X X
IS11SB260203 (1) X X X X X X X X X X X

* Miscellaneous parameters include ammonia and nitrate/nitrite
1 - The analytical methods for these samples are not available at this time and may not be those methods noted in the header. 
APP IX - Appendix IX
VOA - Volatile organic analyte
SVOA - Semi-volatile organic analyte
TAL - Target analyte list
TCL - Target compound list
TPH - Total petroleum hydrocarbons
TOC - Total organic carbon
TOX - Total organic halides
DRO - Diesel range organics
GRO - Gasoline range organics
PETN - pentaerythritoltetranitrate
Hg - Mercury

ANALYTICAL FRACTION/PARAMETER (METHOD)



TABLE 3-3

SUMMARY OF THE GRAIN SIZE DISTRIBUTION IN SURFACE AND SUBSURFACE SOIL SAMPLES
BACKGROUND SOIL INVESTIGATION REPORT

INDIAN HEAD DIVISION
NSWC INDIAN HEAD, MARYLAND

PAGE 1 OF 2

% Gravel % Sand % Silt % Clay
Surface Soil
BGDSS0010101 0 - 1 0.0500 16.5 31.5 33.0 19.0 ML Loam Sandy silt with some clay and gravel.
BGDSS0020101 0 - 1 0.3200 0.0 77.0 15.0 8.0 SM Sandy Loam Sand with some silt trace clay.
BGDSS0030101 0 - 1 0.0200 0.0 26.5 43.5 30.0 CL Clay Loam Silt with some clay and sand.
BGDSS0040101 0 - 1 0.0600 0.0 35.0 62.0 3.0 ML Silt Loam Sandy silt with trace clay.
BGDSS0050101 0 - 1 0.0150 0.0 12.5 62.0 25.5 ML Silt Loam Silt with some clay and sand.
BGDSS0060101 0 - 1 0.2000 5.0 77.0 12.0 6.0 SM Loamy Sand Sand with some silt trace clay trace gravel.
BGDSS0070101 0 - 1 0.0200 3.5 31.0 40.0 25.5 ML Loam Sandy silt with some clay trace gravel.
BGDSS0080101 0 - 1 0.0120 1.5 16.5 52.0 30.0 ML Clay Loam Silt with some clay and sand trace gravel.
BGDSS0090101 0 - 1 0.0950 0.0 55.0 31.0 14.0 SM Sandy Loam Silty sand with some clay.
BGDSS0100101 0 - 1 0.2000 0.0 68.0 21.0 11.0 SM Sandy Loam Sand with some silt and trace clay.
BGDSS0110101 0 - 1 0.0203 0.0 27.0 50.5 22.5 ML Silt Loam Silt with some sand and clay.
BGDSS0120101 0 - 1 0.0542 0.4 40.4 39.2 20.0 ML Loam Sand and silt with some clay, trace gravel.
BGDSS0130101 0 - 1 0.2300 0.0 67.2 21.4 11.4 SM Sandy Loam Sand with some silt and clay.
BGDSS0140101 0 - 1 0.1140 0.0 52.4 29.3 18.3 SM Sandy Loam Sand with some silt and clay.
BGDSS0150101 0 - 1 0.6660 3.4 96.6 0.0 0.0 SP Sand Sand trace gravel.
BGDSS0160101 0 - 1 0.0288 10.0 32.3 31.6 26.1 ML Loam Sand, silt, and clay, trace gravel.
BGDSS0170101 0 - 1 0.0116 0.5 12.6 49.9 37.0 ML Silty Clay Loam Clayey silt with some sand, trace gravel.
BGDSS0180101 0 - 1 0.2210 10.3 62.5 15.0 12.2 SM Sandy Loam Sand with some silt, clay, and gravel. 
BGDSS0190101 0 - 1 0.0115 0.0 19.0 45.6 35.4 ML Silty Clay Loam Clayey silt with some sand.
BGDSS0200101 0 - 1 0.0210 0.0 25.1 48.8 26.1 ML Loam Silt with some clay and sand.
Subsurface Soil
BGDSB0010101 3 - 5 0.0800 0.5 51.0 22.0 26.5 SC Sandy Clay Loam Sand with some clay and silt, trace gravel.
BGDSB0020101 3 - 5 0.3200 0.0 83.0 7.4 9.6 SM Loamy Sand Sand with trace clay and silt.
BGDSB0030101 4 - 5 0.0060 0.0 14.0 39.0 47.0 CL Clay Silty clay with some sand.
BGDSB0040101 4 - 5 0.0042 0.0 19.5 28.0 52.5 CL Clay Clay with some silt and sand.
BGDSB0050101 4 - 5 0.0058 0.0 14.0 37.0 49.0 CL Clay Clay with some silt and sand.
BGDSB0060101 4 - 5 0.0900 2.0 54.0 21.0 23.0 SC Sandy Clay Loam Sand with some clay and silt, trace gravel.
BGDSB0070101 4 - 5 0.0170 0.0 39.0 18.0 43.0 CL Clay Sandy clay with some silt.
BGDSB0080101 4 - 4.5 0.1600 3.5 53.0 16.5 27.0 SC Sandy Clay Loam Sand and clay with some silt, trace gravel.
BGDSB0090101 4 - 5 0.1500 0.0 79.0 4.5 16.5 SC Sandy Loam Sand with some clay, trace silt.

Sample Number USDA(2) Soil Description

Percent by weight

USCS(1)
50th Percentile 
grain size (mm)

Sample 
Depth     

(feet bgs)

1  USCS - Unified Soil Classification System.
2  USDA - U.S. Department of Agriculture. 
bgs - below ground surface
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SUMMARY OF THE GRAIN SIZE DISTRIBUTION IN SURFACE AND SUBSURFACE SOIL SAMPLES
BACKGROUND SOIL INVESTIGATION REPORT

INDIAN HEAD DIVISION
NSWC INDIAN HEAD, MARYLAND

PAGE 2 OF 2

% Gravel % Sand % Silt % ClaySample Number USDA(2) Soil Description

Percent by weight

USCS(1)
50th Percentile 
grain size (mm)

Sample 
Depth     

(feet bgs)
BGDSB0100101 4 - 5 0.1050 2 53 28 17 SM Sandy Loam Sand with some silt and clay.
BGDSB0110101 2.5 - 3 0.0161 0.4 26.3 45.7 27.6 ML Clay Loam Silt with some clay and sand, trace gravel.
BGDSB0120101 3 - 5 0.0293 0.3 26.2 45.1 28.4 ML Clay Loam Silt with some clay and sand, trace gravel.
BGDSB0130101 3 - 5 0.1420 1.7 54.2 33.1 11.0 SM Sandy Loam Silty sand with some clay, trace gravel.
BGDSB0140101 3 - 5 0.0373 0.0 43.1 28.8 28.1 ML Clay Loam Sand with some silt and clay.
BGDSB0150101 3 - 5 0.0095 0.0 34.9 20.3 44.8 ML Clay Sandy clay with some silt.
BGDSB0160101 3 - 5 0.0024 0.3 14.2 30.5 55.0 ML Clay Clay with some silt and sand, trace gravel.
BGDSB0170101 3 - 4 0.0090 0.1 21.2 37.9 40.8 ML Clay Silty clay with some sand, trace gravel.
BGDSB0180101 3 - 4 0.1900 11.8 57.4 17.8 13.0 SM Sandy Loam Sand with some silt, clay, and gravel.
BGDSB0190101 3 - 5 0.0275 1.7 43.2 14.4 40.7 ML Clay Sand and clay with some silt, trace gravel.
BGDSB0200101 3 - 5 0.1660 0.2 65.7 14.6 19.5 SM Sandy Loam Sand with some clay and silt, trace gravel.

1  USCS - Unified Soil Classification System.
2  USDA - U.S. Department of Agriculture. 
bgs - below ground surface



TABLE 3-4

SUMMARY OF BACKGROUND SOIL SAMPLES
BACKGROUND SOIL INVESTIGATION REPORT 

INDIAN HEAD DIVISION
NSWC INDIAN HEAD, MARYLAND

PAGE 1 OF 2

Sample Identifier Peninsula Sample Grain Geologic Soil
Elevation Size Map Association (2)

(feet) Unit (1)
BGDSS0010101 Stump Neck 89.14 0.05 TUG4 2
BGDSB0010101 Stump Neck 89.14 0.08 TUG4 2
BGDSS0020101 Cornwallis 38.47 0.32 Qm 1
BGDSB0020101 Cornwallis 38.47 0.32 Qm 1
BGDSS0030101 Cornwallis 38.23 0.02 Qm 9
BGDSB0030101 Cornwallis 38.23 0.006 Qm 9
BGDSS0040101 Cornwallis 36.34 0.06 Qm 9
BGDSB0040101 Cornwallis 36.34 0.0042 Qm 9
BGDSS0050101 Cornwallis 110.8 0.015 Tp 1
BGDSB0050101 Cornwallis 110.8 0.0058 Tp 1
BGDSS0060101 Smallwood 10 0.2 Qh 2
BGDSB0060101 Smallwood 10 0.09 Qh 2
BGDSS0070101 Stump Neck 110 0.02 TP 2
BGDSB0070101 Stump Neck 110 0.017 TP 2
BGDSS0080101 Stump Neck 50 0.012 Qc 10
BGDSB0080101 Stump Neck 50 0.16 Qc 10
BGDSS0090101 Stump Neck 20 0.095 Qm 9
BGDSB0090101 Stump Neck 20 0.15 Qm 9
BGDSS0100101 Smallwood 30 0.2 Qh 2
BGDSB0100101 Smallwood 30 0.105 Qh 2
BGDSS0110101 Stump Neck 3.37 0.0203 Qk 10
BGDSB0110101 Stump Neck 3.37 0.0161 Qk 10
BGDSS0120101 Cornwallis 23.31 0.0542 Qm 9
BGDSB0120101 Cornwallis 23.31 0.0293 Qm 9
BGDSS0130101 Cornwallis 43.98 0.23 Qo 9
BGDSB0130101 Cornwallis 43.98 0.142 Qo 9
BGDSS0140101 Cornwallis 80.52 0.114 Tp 1
BGDSB0140101 Cornwallis 80.52 0.0373 Tp 1
BGDSS0150101 Cornwallis 87.37 0.666 Tp 1
BGDSB0150101 Cornwallis 87.37 0.0095 Tp 1
BGDSS0160101 Cornwallis 122.86 0.0288 Tp 1
BGDSB0160101 Cornwallis 122.86 0.0024 Tp 1
BGDSS0170101 Cornwallis 89.95 0.0116 Tp 1
BGDSB0170101 Cornwallis 89.95 0.009 Tp 1
BGDSS0180101 Smallwood 92.08 0.221 TUG4 2
BGDSB0180101 Smallwood 92.08 0.19 TUG4 2
BGDSS0190101 Cornwallis 83.24 0.0115 Qc 1
BGDSB0190101 Cornwallis 83.24 0.0275 Qc 1
BGDSS0200101 Stump Neck 57.3 0.021 Ta 10
BGDSB0200101 Stump Neck 57.3 0.166 Ta 10
S25MW03001 Stump Neck 71.14 NA CC u 10
S25MW03002 Stump Neck 71.14 NA CC u 10
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Sample Identifier Peninsula Sample Grain Geologic Soil
Elevation Size Map Association (2)

(feet) Unit (1)
S26MW03001 Stump Neck 31 NA Qm 9
S26MW03002 Stump Neck 31 NA Qm 9
RN6SS0170101 Stump Neck 32 NA Qm 9
RN6SB0170301-D Stump Neck 32 NA Qm 9
RPLSS0030101 Stump Neck 89 NA Qc 2
RPLSB0030101 Stump Neck 89 NA Qc 2
IS11S039-42 (3) Cornwallis 10 NA Qh 9
IS11S039-42 (3) Cornwallis 10 NA Qh 9
IS13S010 (3) Cornwallis 80 NA Qc 1
IS21SO18-20 (3) Cornwallis 50 NA Qm 9
IS25SO18-19 (3) Cornwallis 60 NA Qc 9

1   As defined in the Geologic Map, Charles County, Department of Natural Resources, Maryland Geologic Survey.
2   As defined in the General Soil Map, USDA, Soil Conservation Service, Charles County, Maryland.
3   CH2M Hill station identifier presented.
4   Approximate elevation given for some samples.  Not all sample locations were surveyed.
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SITE REGION 3 REGION 3
LOCATION RBC RBC BGDSS01 BGDSS02 BGDSS03 BGDSS04
SAMPLE ID RESIDENTIAL INDUSTRIAL BGDSS0010101 BGDSS0020101 BGDSS0030101 BGDSS0040101
SACODE SOIL SOIL NORMAL NORMAL NORMAL NORMAL
MATRIX SS SS SS SS
SAMPLE DATE 7/15/1997 7/24/1997 7/30/1997 7/29/1997
TOP DEPTH (FEET) 0 0 0 0
BOTTOM DEPTH (FEET) 1 QUAL 1 QUAL 1 QUAL 1 QUAL
VOLATILE ORGANICs (UG/KG)
ACETONE 7800000 200000000
CYCLOHEXANE NA NA
ETHYLBENZENE 7800000 200000000
METHYL ACETATE 78000000 2000000000
STYRENE 16000000 410000000
TOLUENE 16000000 410000000
TOTAL XYLENES 160000000 4100000000
TRICHLOROFLUOROMETHANE 23000000 610000000
SEMIVOLATILE ORGANICs (UG/KG)
2-METHYLNAPHTHALENE 1600000 41000000
ACENAPHTHENE 4700000 120000000
ACETOPHENONE 7800000 200000000
ANTHRACENE 23000000 610000000
BENZALDEHYDE 7800000 200000000
BENZO(A)ANTHRACENE 870 7800
BENZO(A)PYRENE 87 780
BENZO(B)FLUORANTHENE 870 7800
BENZO(G,H,I)PERYLENE 2300000 61000000
BENZO(K)FLUORANTHENE 8700 78000
BIS(2-ETHYLHEXYL)PHTHALATE 46000 410000
CARBAZOLE 32000 290000
CHRYSENE 87000 780000
DIBENZOFURAN 310000 8200000
FLUORANTHENE 3100000 82000000
FLUORENE 3100000 82000000
INDENO(1,2,3-CD)PYRENE 870 7800
NAPHTHALENE 1600000 41000000
PHENANTHRENE 2300000 61000000
PYRENE 2300000 61000000
PESTICIDEs/PCBs (UG/KG)
4,4'-DDE 1900 17000 3.6 U 1.5 UJ 0.23 J 1.5 UJ
4,4'-DDT 1900 17000 3.6 U 4.5 UJ 0.38 J 4.6 UJ
INORGANICs (MG/KG)
ALUMINUM 78000 2000000 11200 2010 10200 7460
ARSENIC 0.43 3.8 2.1 0.78 3.2 2.8
BARIUM 5500 140000 52.3 13.4 66.8 47.8
BERYLLIUM 160 4100 0.56 K 0.05 J 0.53 J 0.53 J
CADMIUM 78 2000 0.13 U 0.11 U 0.12 U 0.13 U
CALCIUM NA NA 120 B 98.8 B 126 B 144 B
CHROMIUM 230 6100 13.4 3.5 K 19.3 K 13.2 K
COBALT 1600 41000 4.2 0.58 15 7.9
COPPER 3100 82000 4.6 B 1.8 5.4 5.4
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SITE REGION 3 REGION 3
LOCATION RBC RBC BGDSS01 BGDSS02 BGDSS03 BGDSS04
SAMPLE ID RESIDENTIAL INDUSTRIAL BGDSS0010101 BGDSS0020101 BGDSS0030101 BGDSS0040101
SACODE SOIL SOIL NORMAL NORMAL NORMAL NORMAL
MATRIX SS SS SS SS
SAMPLE DATE 7/15/1997 7/24/1997 7/30/1997 7/29/1997
TOP DEPTH (FEET) 0 0 0 0
BOTTOM DEPTH (FEET) 1 QUAL 1 QUAL 1 QUAL 1 QUAL
CYANIDE 1600 41000
IRON 23000 610000 9380 2770 14900 11800
LEAD 4001 7501 7.4 K 9 10 B 9.4 B
MAGNESIUM NA NA 714 143 K 750 K 573 K
MANGANESE 1600 41000 245 24.9 J 375 J 184 J
MERCURY 23 610 0.04 0.03 K 0.03 K 0.03 K
NICKEL 1600 41000 5.8 1.7 7.8 L 5.5 L
POTASSIUM NA NA 471 128 516 309
SELENIUM 390 10000 0.3 0.22 U 0.7 0.83
SILVER 390 10000 0.07 U 0.06 B 0.06 U 0.07 U
SODIUM NA NA 23.4 U 22 UL 40.5 L 50.8 L
THALLIUM 5.5 140 0.26 U 0.22 U 0.38 B 0.52 B
VANADIUM 550 14000 21.7 12.6 27.8 23.4
ZINC 23000 610000 21.7 6.2 26.2 22.2

MISCELLANEOUS PARAMETERs  (MG/KG)
AMMONIA NA NA
DIESEL RANGE ORGANICS NA NA
GASOLINE RANGE ORGANICS NA NA
NITRITE/NITRATE NA NA
PERCENT MOISTURE NA NA
PH                            S.U. NA NA
TOTAL ORGANIC CARBON NA NA 4140 10000 3110 3780
TOTAL PETROLEUM HYDROCARBONS NA NA
TOTAL SOLIDS  % NA NA
EXPLOSIVEs (UG/KG)
2-NITROTOLUENE 780000 20000000
4-NITROTOLUENE 780000 20000000
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SITE REGION 3 REGION 3
LOCATION RBC RBC
SAMPLE ID RESIDENTIAL INDUSTRIAL
SACODE SOIL SOIL
MATRIX
SAMPLE DATE
TOP DEPTH (FEET)
BOTTOM DEPTH (FEET)
VOLATILE ORGANICs (UG/KG)
ACETONE 7800000 200000000
CYCLOHEXANE NA NA
ETHYLBENZENE 7800000 200000000
METHYL ACETATE 78000000 2000000000
STYRENE 16000000 410000000
TOLUENE 16000000 410000000
TOTAL XYLENES 160000000 4100000000
TRICHLOROFLUOROMETHANE 23000000 610000000
SEMIVOLATILE ORGANICs (UG/KG)
2-METHYLNAPHTHALENE 1600000 41000000
ACENAPHTHENE 4700000 120000000
ACETOPHENONE 7800000 200000000
ANTHRACENE 23000000 610000000
BENZALDEHYDE 7800000 200000000
BENZO(A)ANTHRACENE 870 7800
BENZO(A)PYRENE 87 780
BENZO(B)FLUORANTHENE 870 7800
BENZO(G,H,I)PERYLENE 2300000 61000000
BENZO(K)FLUORANTHENE 8700 78000
BIS(2-ETHYLHEXYL)PHTHALATE 46000 410000
CARBAZOLE 32000 290000
CHRYSENE 87000 780000
DIBENZOFURAN 310000 8200000
FLUORANTHENE 3100000 82000000
FLUORENE 3100000 82000000
INDENO(1,2,3-CD)PYRENE 870 7800
NAPHTHALENE 1600000 41000000
PHENANTHRENE 2300000 61000000
PYRENE 2300000 61000000
PESTICIDEs/PCBs (UG/KG)
4,4'-DDE 1900 17000
4,4'-DDT 1900 17000
INORGANICs (MG/KG)
ALUMINUM 78000 2000000
ARSENIC 0.43 3.8
BARIUM 5500 140000
BERYLLIUM 160 4100
CADMIUM 78 2000
CALCIUM NA NA
CHROMIUM 230 6100
COBALT 1600 41000
COPPER 3100 82000

BGDSS05 BGDSS06 BGDSS07 BGDSS08 BGDSS09
BGDSS0050101 BGDSS0060101 BGDSS0070101 BGDSS0080101 BGDSS0090101

NORMAL NORMAL NORMAL NORMAL NORMAL
SS SS SS SS SS

7/24/1997 7/31/1997 8/1/1997 8/1/1997 8/1/1997
0 0 0 0 0
1 QUAL 1 QUAL 1 QUAL 1 QUAL 1 QUAL

1.5 UJ 1.5 UJ 1.5 UJ 10 J 1.4 UJ
4.4 UJ 4.6 UJ 4.4 UJ 9.4 J 4.3 UJ

7500 2570 J 10700 J 13400 J 6530 J
2.5 1.7 L 2.1 3.1 0.85 L

36.1 19.4 J 37 J 45.5 J 34.1 J
0.17 J 0.47 0.34 L 0.6 L 0.24
0.14 U 0.25 0.22 K 0.26 K 0.15
109 B 275 B 140 B 149 B 149 B
12.5 K 12.2 J 13.2 J 15.9 J 7.7 J
2.3 3 2.5 4.2 2.2
4.6 2.1 5.3 17.3 3.1
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SITE REGION 3 REGION 3
LOCATION RBC RBC
SAMPLE ID RESIDENTIAL INDUSTRIAL
SACODE SOIL SOIL
MATRIX
SAMPLE DATE
TOP DEPTH (FEET)
BOTTOM DEPTH (FEET)
CYANIDE 1600 41000
IRON 23000 610000
LEAD 4001 7501

MAGNESIUM NA NA
MANGANESE 1600 41000
MERCURY 23 610
NICKEL 1600 41000
POTASSIUM NA NA
SELENIUM 390 10000
SILVER 390 10000
SODIUM NA NA
THALLIUM 5.5 140
VANADIUM 550 14000
ZINC 23000 610000

MISCELLANEOUS PARAMETERs  (MG/KG)
AMMONIA NA NA
DIESEL RANGE ORGANICS NA NA
GASOLINE RANGE ORGANICS NA NA
NITRITE/NITRATE NA NA
PERCENT MOISTURE NA NA
PH                            S.U. NA NA
TOTAL ORGANIC CARBON NA NA
TOTAL PETROLEUM HYDROCARBONS NA NA
TOTAL SOLIDS  % NA NA
EXPLOSIVEs (UG/KG)
2-NITROTOLUENE 780000 20000000
4-NITROTOLUENE 780000 20000000

BGDSS05 BGDSS06 BGDSS07 BGDSS08 BGDSS09
BGDSS0050101 BGDSS0060101 BGDSS0070101 BGDSS0080101 BGDSS0090101

NORMAL NORMAL NORMAL NORMAL NORMAL
SS SS SS SS SS

7/24/1997 7/31/1997 8/1/1997 8/1/1997 8/1/1997
0 0 0 0 0
1 QUAL 1 QUAL 1 QUAL 1 QUAL 1 QUAL

9620 7260 J 10300 J 13400 J 4370 J
14.6 6.7 9.8 149 5.5
478 K 354 K 668 K 1050 454 K
62.8 J 114 J 46.8 J 80.9 J 22.7 J
0.04 K 0.03 0.05 0.05 0.03
3.2 2.5 4.9 8.6 L 4.5
251 752 J 511 J 787 J 454 J
0.51 0.54 J 0.53 J 0.79 J 0.46 J
0.07 B 0.1 B 0.07 U 0.07 U 0.1 B
26.1 UL 38.5 51.6 50 51.9
0.52 B 0.26 U 0.26 U 0.26 B 0.27 U
18.5 11.8 J 23.9 J 29.2 J 12.4 J
15.7 23.4 J 19.6 J 27.8 J 15.1 J

9910 4820 9910 14000 2810
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SITE REGION 3 REGION 3
LOCATION RBC RBC
SAMPLE ID RESIDENTIAL INDUSTRIAL
SACODE SOIL SOIL
MATRIX
SAMPLE DATE
TOP DEPTH (FEET)
BOTTOM DEPTH (FEET)
VOLATILE ORGANICs (UG/KG)
ACETONE 7800000 200000000
CYCLOHEXANE NA NA
ETHYLBENZENE 7800000 200000000
METHYL ACETATE 78000000 2000000000
STYRENE 16000000 410000000
TOLUENE 16000000 410000000
TOTAL XYLENES 160000000 4100000000
TRICHLOROFLUOROMETHANE 23000000 610000000
SEMIVOLATILE ORGANICs (UG/KG)
2-METHYLNAPHTHALENE 1600000 41000000
ACENAPHTHENE 4700000 120000000
ACETOPHENONE 7800000 200000000
ANTHRACENE 23000000 610000000
BENZALDEHYDE 7800000 200000000
BENZO(A)ANTHRACENE 870 7800
BENZO(A)PYRENE 87 780
BENZO(B)FLUORANTHENE 870 7800
BENZO(G,H,I)PERYLENE 2300000 61000000
BENZO(K)FLUORANTHENE 8700 78000
BIS(2-ETHYLHEXYL)PHTHALATE 46000 410000
CARBAZOLE 32000 290000
CHRYSENE 87000 780000
DIBENZOFURAN 310000 8200000
FLUORANTHENE 3100000 82000000
FLUORENE 3100000 82000000
INDENO(1,2,3-CD)PYRENE 870 7800
NAPHTHALENE 1600000 41000000
PHENANTHRENE 2300000 61000000
PYRENE 2300000 61000000
PESTICIDEs/PCBs (UG/KG)
4,4'-DDE 1900 17000
4,4'-DDT 1900 17000
INORGANICs (MG/KG)
ALUMINUM 78000 2000000
ARSENIC 0.43 3.8
BARIUM 5500 140000
BERYLLIUM 160 4100
CADMIUM 78 2000
CALCIUM NA NA
CHROMIUM 230 6100
COBALT 1600 41000
COPPER 3100 82000

BGDSS10 BGD11 BGD12 BGD12 BGD12
BGDSS0100101 BGDSS0110101 BGDSS0120101 BGDSS0120101-AVG BGDSS0120101-D

NORMAL NORMAL ORIG AVG DUP
SS SS SS SS SS

8/17/1997 10/3/2001 9/11/2001 9/11/2001 9/11/2001
0 0 0 0 0
1 QUAL 1 QUAL 1 QUAL 1 QUAL 1 QUAL

12 U 23 UJ 23 UJ 23 UJ
12 UR 5.7 U 5.65 U 5.6 U
12 U 5.7 U 5.65 U 5.6 U
12 UR 5.7 U 5.65 U 5.6 U
12 U 1.3 J 1.3 J 5.6 U
12 U 5.7 U 5.65 U 5.6 U

17 U 17 U 17 U
2.1 J 11 U 11 U 11 U

50 U 370 U 370 U 370 U
50 U 370 U 370 U 370 U
63 U 370 U 370 U 370 U
55 U 370 U 370 U 370 U
160 UJ 370 UJ 370 UJ 370 UJ
42 U 370 U 370 U 370 U
63 U 370 U 370 U 370 U
42 U 370 U 370 U 370 U
55 U 370 U 370 U 370 U
110 U 370 U 370 U 370 U
66 J 73 B 221.5 U 370 U
42 UJ 370 U 370 U 370 U
67 U 370 U 370 U 370 U
42 UJ 370 U 370 U 370 U
42 U 370 U 370 U 370 U
46 U 370 U 370 U 370 U
67 U 370 U 370 U 370 U
50 U 370 U 370 U 370 U
42 U 370 U 370 U 370 U
42 U 370 U 370 U 370 U

1.4 U 4.1 U 0.34 R 0.3 J 0.30 J
4.2 U 4.1 U 3.5 J 2.225 UJ 1.9 UJ

6210 6800 J 14200 J 11400 J 8600 J
2.5 5.9 8.3 7.45 6.6
30.8 40.7 J 97.2 84.05 70.9
0.15 B 0.44 1.3 1.055 0.81
0.27 U 0.08 U 0.42 L 0.2475 U 0.15 U
119 K 422 J 346 J 325.5 J 305 J
9.2 14.4 26.1 J 21.5 J 16.9 J
2.7 8.9 17.5 13 8.5
3.3 6.6 22.6 19.45 16.3
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SITE REGION 3 REGION 3
LOCATION RBC RBC
SAMPLE ID RESIDENTIAL INDUSTRIAL
SACODE SOIL SOIL
MATRIX
SAMPLE DATE
TOP DEPTH (FEET)
BOTTOM DEPTH (FEET)
CYANIDE 1600 41000
IRON 23000 610000
LEAD 4001 7501

MAGNESIUM NA NA
MANGANESE 1600 41000
MERCURY 23 610
NICKEL 1600 41000
POTASSIUM NA NA
SELENIUM 390 10000
SILVER 390 10000
SODIUM NA NA
THALLIUM 5.5 140
VANADIUM 550 14000
ZINC 23000 610000

MISCELLANEOUS PARAMETERs  (MG/KG)
AMMONIA NA NA
DIESEL RANGE ORGANICS NA NA
GASOLINE RANGE ORGANICS NA NA
NITRITE/NITRATE NA NA
PERCENT MOISTURE NA NA
PH                            S.U. NA NA
TOTAL ORGANIC CARBON NA NA
TOTAL PETROLEUM HYDROCARBONS NA NA
TOTAL SOLIDS  % NA NA
EXPLOSIVEs (UG/KG)
2-NITROTOLUENE 780000 20000000
4-NITROTOLUENE 780000 20000000

BGDSS10 BGD11 BGD12 BGD12 BGD12
BGDSS0100101 BGDSS0110101 BGDSS0120101 BGDSS0120101-AVG BGDSS0120101-D

NORMAL NORMAL ORIG AVG DUP
SS SS SS SS SS

8/17/1997 10/3/2001 9/11/2001 9/11/2001 9/11/2001
0 0 0 0 0
1 QUAL 1 QUAL 1 QUAL 1 QUAL 1 QUAL

6450 13200 J 38700 J 31800 J 24900 J
7.8 K 24.3 J 24.1 21.15 18.2
401 K 732 J 1110 J 885 J 660 J
203 K 413 J 288 226.5 165
0.02 UL 0.06 K 0.05 J 0.045 J 0.04 J
3.4 5.6 14.7 11.2 7.7
295 562 1120 J 852 J 584 J
0.53 UL 0.39 B 1.7 B 1.05 U 0.40 U
0.15 U 0.68 J 0.68 J 0.445 UL 0.42 UL
52.5 UL 59.6 84.2 UL 86.6 UL 89.0 UL
0.53 U 1.4 L 1.0 U 1.05 U 1.1 U
12.9 26.9 J 46.6 39.9 33.2
11.3 24.1 J 52.5 J 42.95 J 33.4 J

2320 9400 1730 J 3040 J 4350 J
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SITE REGION 3 REGION 3
LOCATION RBC RBC
SAMPLE ID RESIDENTIAL INDUSTRIAL
SACODE SOIL SOIL
MATRIX
SAMPLE DATE
TOP DEPTH (FEET)
BOTTOM DEPTH (FEET)
VOLATILE ORGANICs (UG/KG)
ACETONE 7800000 200000000
CYCLOHEXANE NA NA
ETHYLBENZENE 7800000 200000000
METHYL ACETATE 78000000 2000000000
STYRENE 16000000 410000000
TOLUENE 16000000 410000000
TOTAL XYLENES 160000000 4100000000
TRICHLOROFLUOROMETHANE 23000000 610000000
SEMIVOLATILE ORGANICs (UG/KG)
2-METHYLNAPHTHALENE 1600000 41000000
ACENAPHTHENE 4700000 120000000
ACETOPHENONE 7800000 200000000
ANTHRACENE 23000000 610000000
BENZALDEHYDE 7800000 200000000
BENZO(A)ANTHRACENE 870 7800
BENZO(A)PYRENE 87 780
BENZO(B)FLUORANTHENE 870 7800
BENZO(G,H,I)PERYLENE 2300000 61000000
BENZO(K)FLUORANTHENE 8700 78000
BIS(2-ETHYLHEXYL)PHTHALATE 46000 410000
CARBAZOLE 32000 290000
CHRYSENE 87000 780000
DIBENZOFURAN 310000 8200000
FLUORANTHENE 3100000 82000000
FLUORENE 3100000 82000000
INDENO(1,2,3-CD)PYRENE 870 7800
NAPHTHALENE 1600000 41000000
PHENANTHRENE 2300000 61000000
PYRENE 2300000 61000000
PESTICIDEs/PCBs (UG/KG)
4,4'-DDE 1900 17000
4,4'-DDT 1900 17000
INORGANICs (MG/KG)
ALUMINUM 78000 2000000
ARSENIC 0.43 3.8
BARIUM 5500 140000
BERYLLIUM 160 4100
CADMIUM 78 2000
CALCIUM NA NA
CHROMIUM 230 6100
COBALT 1600 41000
COPPER 3100 82000

BGD13 BGD14 BGD15 BGD16 BGD17
BGDSS0130101 BGDSS0140101 BGDSS0150101 BGDSS0160101 BGDSS0170101

NORMAL NORMAL NORMAL NORMAL NORMAL
SS SS SS SS SS

9/11/2001 9/10/2001 9/10/2001 10/2/2001 10/2/2001
0 0 0 0 0
1 QUAL 1 QUAL 1 QUAL 1 QUAL 1 QUAL

6.6 B 5.9 B 5.8 B 13 U 11 U
5.4 U 5.4 U 5.6 U 13 UR 11 UR
5.4 U 5.4 U 5.6 U 13 U 11 U
5.4 U 5.4 U 5.6 U 13 UR 11 UR
5.4 U 5.4 U 5.6 U 13 U 11 U
5.4 U 5.4 U 5.6 U 13 U 11 U
16 U 16 U 17 U
11 U 11 U 11 U 13 U 11 U

360 U 360 U 370 U 43 U 43 U
360 U 360 U 370 U 140 43 U
360 U 360 U 370 U 54 U 54 U
360 U 360 U 370 U 260 46 U
360 UJ 360 UJ 370 UJ 140 UJ 140 UJ
360 U 360 U 370 U 480 36 U
360 U 360 U 370 U 390 54 U
360 U 360 U 370 U 420 36 U
360 U 360 U 370 U 130 46 U
360 U 360 U 370 U 360 J 93 U
74 B 60 B 58 B 77 J 120 J

360 U 360 U 370 U 130 J 36 UJ
360 U 360 U 370 U 440 57 U
360 U 360 U 370 U 65 J 36 UJ
360 U 360 U 370 U 1100 36 U
360 U 360 U 370 U 150 39 U
360 U 360 U 370 U 100 57 U
360 U 360 U 370 U 43 U 43 U
360 U 360 U 370 U 1100 36 U
360 U 360 U 370 U 880 36 U

0.89 J 0.59 J 1.1 J 3.6 U 3.5 U
0.31 R 1.1 J 1.4 J 3.6 U 3.5 U

5330 J 5180 J 15500 J 9600 J 4810 J
3.5 L 6.3 8.7 3.8 B 2.7 B
59.9 45.3 55.1 39.9 J 36.2 J
0.69 0.76 0.53 0.29 0.27
0.13 U 0.33 0.14 UL 0.06 U 0.06 U
276 J 623 J 407 J 1640 J 297 J
17.7 J 11.7 J 28.6 J 18.2 10.1
11.4 6.9 4.4 2.6 4.3
7.3 14.4 14.7 7.1 3.3
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SITE REGION 3 REGION 3
LOCATION RBC RBC
SAMPLE ID RESIDENTIAL INDUSTRIAL
SACODE SOIL SOIL
MATRIX
SAMPLE DATE
TOP DEPTH (FEET)
BOTTOM DEPTH (FEET)
CYANIDE 1600 41000
IRON 23000 610000
LEAD 4001 7501

MAGNESIUM NA NA
MANGANESE 1600 41000
MERCURY 23 610
NICKEL 1600 41000
POTASSIUM NA NA
SELENIUM 390 10000
SILVER 390 10000
SODIUM NA NA
THALLIUM 5.5 140
VANADIUM 550 14000
ZINC 23000 610000

MISCELLANEOUS PARAMETERs  (MG/KG)
AMMONIA NA NA
DIESEL RANGE ORGANICS NA NA
GASOLINE RANGE ORGANICS NA NA
NITRITE/NITRATE NA NA
PERCENT MOISTURE NA NA
PH                            S.U. NA NA
TOTAL ORGANIC CARBON NA NA
TOTAL PETROLEUM HYDROCARBONS NA NA
TOTAL SOLIDS  % NA NA
EXPLOSIVEs (UG/KG)
2-NITROTOLUENE 780000 20000000
4-NITROTOLUENE 780000 20000000

BGD13 BGD14 BGD15 BGD16 BGD17
BGDSS0130101 BGDSS0140101 BGDSS0150101 BGDSS0160101 BGDSS0170101

NORMAL NORMAL NORMAL NORMAL NORMAL
SS SS SS SS SS

9/11/2001 9/10/2001 9/10/2001 10/2/2001 10/2/2001
0 0 0 0 0
1 QUAL 1 QUAL 1 QUAL 1 QUAL 1 QUAL

12300 J 11300 J 30100 J 14400 J 7950 J
10.4 15.7 21.3 14.3 J 7.0 J
645 J 487 J 752 J 607 J 372 J
361 229 67.9 144 J 155 J
0.04 UL 0.05 J 0.13 L 0.09 0.04 U
8.5 6.6 6.0 4.5 1.8
302 J 266 J 647 J 447 243
0.81 B 1.9 B 0.51 B 1.4 B 0.70 B
0.36 UL 0.37 UL 0.38 UL 0.75 J 0.39 L
75.2 UL 76.9 UL 80.6 UL 64.7 61.7
0.90 U 3.0 B 0.97 U 2.3 L 0.46 U
23.7 23.7 63.7 30.0 J 17.0 J
21.2 J 19.5 J 25.3 J 21.4 J 14.8 J

3660 J 2370 J 1410 J 6100 7300
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SITE REGION 3 REGION 3
LOCATION RBC RBC
SAMPLE ID RESIDENTIAL INDUSTRIAL
SACODE SOIL SOIL
MATRIX
SAMPLE DATE
TOP DEPTH (FEET)
BOTTOM DEPTH (FEET)
VOLATILE ORGANICs (UG/KG)
ACETONE 7800000 200000000
CYCLOHEXANE NA NA
ETHYLBENZENE 7800000 200000000
METHYL ACETATE 78000000 2000000000
STYRENE 16000000 410000000
TOLUENE 16000000 410000000
TOTAL XYLENES 160000000 4100000000
TRICHLOROFLUOROMETHANE 23000000 610000000
SEMIVOLATILE ORGANICs (UG/KG)
2-METHYLNAPHTHALENE 1600000 41000000
ACENAPHTHENE 4700000 120000000
ACETOPHENONE 7800000 200000000
ANTHRACENE 23000000 610000000
BENZALDEHYDE 7800000 200000000
BENZO(A)ANTHRACENE 870 7800
BENZO(A)PYRENE 87 780
BENZO(B)FLUORANTHENE 870 7800
BENZO(G,H,I)PERYLENE 2300000 61000000
BENZO(K)FLUORANTHENE 8700 78000
BIS(2-ETHYLHEXYL)PHTHALATE 46000 410000
CARBAZOLE 32000 290000
CHRYSENE 87000 780000
DIBENZOFURAN 310000 8200000
FLUORANTHENE 3100000 82000000
FLUORENE 3100000 82000000
INDENO(1,2,3-CD)PYRENE 870 7800
NAPHTHALENE 1600000 41000000
PHENANTHRENE 2300000 61000000
PYRENE 2300000 61000000
PESTICIDEs/PCBs (UG/KG)
4,4'-DDE 1900 17000
4,4'-DDT 1900 17000
INORGANICs (MG/KG)
ALUMINUM 78000 2000000
ARSENIC 0.43 3.8
BARIUM 5500 140000
BERYLLIUM 160 4100
CADMIUM 78 2000
CALCIUM NA NA
CHROMIUM 230 6100
COBALT 1600 41000
COPPER 3100 82000

11 11
BGD18 BGD19 BGD20 IS11SO39 IS11SO40

BGDSS0180101 BGDSS0190101 BGDSS0200101 IS11SS390001 IS11SS400001
NORMAL NORMAL NORMAL NORMAL NORMAL

SS SS SS SS SS
10/2/2001 10/2/2001 10/3/2001 8/4/2000 8/4/2000

0 0 0 0 0
1 QUAL 1 QUAL 1 QUAL 1 QUAL 1 QUAL

11 U 13 U 12 UJ 16 B 7 B
11 UR 13 UR 12 UR 13 U 14 U
11 U 13 U 12 UJ 13 U 2.4 J
11 UR 13 UR 12 UR 2.3 J 14 U
11 U 13 U 12 UJ 13 U 14 UJ
11 U 13 U 12 UJ 70 140 J

13 U 5.2 J
1.7 J 13 U 2.5 J 13 U 14 U

42 U 43 U 42 U 430 U 450 U
42 U 43 U 42 U 430 U 450 U
52 U 54 U 53 U 430 U 64 J
45 U 47 U 46 U 430 U 450 U
132 UJ 140 UJ 130 UJ 430 U 450 U
35 U 36 U 35 U 430 U 450 U
52 U 54 U 53 U 430 U 450 U
35 U 36 U 35 U 430 U 450 U
45 U 47 U 46 U 430 U 450 U
90 U 94 U 92 U 430 U 450 U
100 J 130 J 7500 J 430 U 450 U
35 UJ 36 UJ 35 UJ 430 U 450 U
56 U 58 U 56 U 430 U 450 U
35 UJ 36 UJ 35 UJ 430 U 450 U
35 U 36 U 35 U 430 U 65 J
38 U 40 U 39 U 430 U 450 U
56 U 58 U 56 U 430 U 450 U
42 U 43 U 42 U 430 U 450 U
35 U 36 U 35 U 430 U 450 U
35 U 36 U 35 U 430 U 120 J

3.4 U 3.6 U 3.5 U
3.4 U 3.6 U 3.5 U

3900 J 6730 J 4850 J 12900 J 3960 J
3.1 B 18.3 1.6 B 7.1 L 2.7 L

22.8 J 36.6 J 34.7 J 52.6 J 49.1 J
0.28 0.26 0.35 0.5 J 0.074 B
0.06 U 0.06 U 0.06 U 0.2 J 0.12 J
330 J 288 J 248 J 497 J 176 J
9.1 13.5 7.6 16.1 5.6
3.4 2.6 1.9 7.1 J 2.2 J
4.9 5.5 2.5 9.5 5.2 J
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SITE REGION 3 REGION 3
LOCATION RBC RBC
SAMPLE ID RESIDENTIAL INDUSTRIAL
SACODE SOIL SOIL
MATRIX
SAMPLE DATE
TOP DEPTH (FEET)
BOTTOM DEPTH (FEET)
CYANIDE 1600 41000
IRON 23000 610000
LEAD 4001 7501

MAGNESIUM NA NA
MANGANESE 1600 41000
MERCURY 23 610
NICKEL 1600 41000
POTASSIUM NA NA
SELENIUM 390 10000
SILVER 390 10000
SODIUM NA NA
THALLIUM 5.5 140
VANADIUM 550 14000
ZINC 23000 610000

MISCELLANEOUS PARAMETERs  (MG/KG)
AMMONIA NA NA
DIESEL RANGE ORGANICS NA NA
GASOLINE RANGE ORGANICS NA NA
NITRITE/NITRATE NA NA
PERCENT MOISTURE NA NA
PH                            S.U. NA NA
TOTAL ORGANIC CARBON NA NA
TOTAL PETROLEUM HYDROCARBONS NA NA
TOTAL SOLIDS  % NA NA
EXPLOSIVEs (UG/KG)
2-NITROTOLUENE 780000 20000000
4-NITROTOLUENE 780000 20000000

11 11
BGD18 BGD19 BGD20 IS11SO39 IS11SO40

BGDSS0180101 BGDSS0190101 BGDSS0200101 IS11SS390001 IS11SS400001
NORMAL NORMAL NORMAL NORMAL NORMAL

SS SS SS SS SS
10/2/2001 10/2/2001 10/3/2001 8/4/2000 8/4/2000

0 0 0 0 0
1 QUAL 1 QUAL 1 QUAL 1 QUAL 1 QUAL

0.66 0.073 B
7240 J 11600 J 7220 J 24400 5680
7.7 J 17.6 J 6.7 J 12.5 24.3
310 J 563 J 352 J 714 J 256 J
138 J 75.3 J 26.9 J 222 17.4
0.03 U 0.07 K 0.04 U 0.066 UL 0.093 L
3.0 3.4 2.0 8.8 J 3.5 J
280 330 212 543 J 281 J
0.16 UL 0.66 B 0.97 B 1.1 1.2
0.34 L 0.56 J 0.27 L 0.82 0.84
40.3 50.6 55.1 116 120
1.2 1.3 L 0.46 U 1.4 1.4

13.3 J 25.3 J 15.0 J 26.7 13.9
12.1 J 16.9 J 9.4 J 27 J 17.3 J

4 U 47
0.13 U 0.14 U

24.1 26.5

12000 9000 9000

250 U 150 J
250 U 210 J
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SITE REGION 3 REGION 3
LOCATION RBC RBC
SAMPLE ID RESIDENTIAL INDUSTRIAL
SACODE SOIL SOIL
MATRIX
SAMPLE DATE
TOP DEPTH (FEET)
BOTTOM DEPTH (FEET)
VOLATILE ORGANICs (UG/KG)
ACETONE 7800000 200000000
CYCLOHEXANE NA NA
ETHYLBENZENE 7800000 200000000
METHYL ACETATE 78000000 2000000000
STYRENE 16000000 410000000
TOLUENE 16000000 410000000
TOTAL XYLENES 160000000 4100000000
TRICHLOROFLUOROMETHANE 23000000 610000000
SEMIVOLATILE ORGANICs (UG/KG)
2-METHYLNAPHTHALENE 1600000 41000000
ACENAPHTHENE 4700000 120000000
ACETOPHENONE 7800000 200000000
ANTHRACENE 23000000 610000000
BENZALDEHYDE 7800000 200000000
BENZO(A)ANTHRACENE 870 7800
BENZO(A)PYRENE 87 780
BENZO(B)FLUORANTHENE 870 7800
BENZO(G,H,I)PERYLENE 2300000 61000000
BENZO(K)FLUORANTHENE 8700 78000
BIS(2-ETHYLHEXYL)PHTHALATE 46000 410000
CARBAZOLE 32000 290000
CHRYSENE 87000 780000
DIBENZOFURAN 310000 8200000
FLUORANTHENE 3100000 82000000
FLUORENE 3100000 82000000
INDENO(1,2,3-CD)PYRENE 870 7800
NAPHTHALENE 1600000 41000000
PHENANTHRENE 2300000 61000000
PYRENE 2300000 61000000
PESTICIDEs/PCBs (UG/KG)
4,4'-DDE 1900 17000
4,4'-DDT 1900 17000
INORGANICs (MG/KG)
ALUMINUM 78000 2000000
ARSENIC 0.43 3.8
BARIUM 5500 140000
BERYLLIUM 160 4100
CADMIUM 78 2000
CALCIUM NA NA
CHROMIUM 230 6100
COBALT 1600 41000
COPPER 3100 82000

11 11 11 11 13
IS11SO41 IS11SO41 IS11SO41 IS11SO42 IS13SO10

IS11SS410001 IS11SS410001-AVG IS11SS410001-D IS11SS420001 IS13SS100001
ORIG AVG DUP NORMAL NORMAL

SS SS SS SS SS
8/4/2000 8/4/2000 8/4/2000 7/27/2000 7/18/2000

0 0 0 0 0
1 QUAL 1 QUAL 1 QUAL 1 QUAL 1 QUAL

4.7 B 3.5 B 2.3 B 5.3 B 15 U
12 U 12.5 U 13 U 3.6 J 15 U
12 U 12.5 U 13 U 15 U 15 U
12 U 12.5 U 13 U 15 U 15 U
12 U 12.5 U 13 U 15 U 15 U
42 32.5 23 15 U 15 U
1.7 J 1.7 J 13 U 9.9 J 15 U
12 U 12.5 U 13 U 15 U 15 U

400 U 415 U 430 U 490 U 490 U
400 U 415 U 430 U 490 U 490 U
400 U 415 U 430 U 490 U 490 U
400 U 415 U 430 U 490 U 490 U
400 U 415 U 430 U 490 U 490 U
400 U 415 U 430 U 490 U 490 U
400 U 415 U 430 U 490 U 490 U
400 U 415 U 430 U 490 U 490 U
400 U 415 U 430 U 490 U 490 U
400 U 415 U 430 U 490 U 490 U
400 U 415 U 430 U 490 U 490 U
400 U 415 U 430 U 490 U 490 U
400 U 415 U 430 U 490 U 490 U
400 U 415 U 430 U 490 U 490 U
400 U 415 U 430 U 490 U 490 U
400 U 415 U 430 U 490 U 490 U
400 U 415 U 430 U 490 U 490 U
400 U 415 U 430 U 490 U 490 U
400 U 415 U 430 U 490 U 490 U
400 U 415 U 430 U 490 U 490 U

10300 J 8900 J 7500 J 5930 6370 J
4.3 L 4.2 L 4.1 L 2.2 J 5.1 L

58.4 60.85 63.3 68.6 29.3 J
0.46 J 0.465 J 0.47 J 0.15 B 0.53 B
0.098 0.174 J 0.25 J 0.24 B 0.34 B
512 J 554.5 J 597 J 682 J 2420
14 12.8 11.6 7.1 28.9 L

10.1 J 9.2 J 8.3 J 13 J 2.6 J
9.7 10.65 11.6 7.7 4.1 J
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SITE REGION 3 REGION 3
LOCATION RBC RBC
SAMPLE ID RESIDENTIAL INDUSTRIAL
SACODE SOIL SOIL
MATRIX
SAMPLE DATE
TOP DEPTH (FEET)
BOTTOM DEPTH (FEET)
CYANIDE 1600 41000
IRON 23000 610000
LEAD 4001 7501

MAGNESIUM NA NA
MANGANESE 1600 41000
MERCURY 23 610
NICKEL 1600 41000
POTASSIUM NA NA
SELENIUM 390 10000
SILVER 390 10000
SODIUM NA NA
THALLIUM 5.5 140
VANADIUM 550 14000
ZINC 23000 610000

MISCELLANEOUS PARAMETERs  (MG/KG)
AMMONIA NA NA
DIESEL RANGE ORGANICS NA NA
GASOLINE RANGE ORGANICS NA NA
NITRITE/NITRATE NA NA
PERCENT MOISTURE NA NA
PH                            S.U. NA NA
TOTAL ORGANIC CARBON NA NA
TOTAL PETROLEUM HYDROCARBONS NA NA
TOTAL SOLIDS  % NA NA
EXPLOSIVEs (UG/KG)
2-NITROTOLUENE 780000 20000000
4-NITROTOLUENE 780000 20000000

11 11 11 11 13
IS11SO41 IS11SO41 IS11SO41 IS11SO42 IS13SO10

IS11SS410001 IS11SS410001-AVG IS11SS410001-D IS11SS420001 IS13SS100001
ORIG AVG DUP NORMAL NORMAL

SS SS SS SS SS
8/4/2000 8/4/2000 8/4/2000 7/27/2000 7/18/2000

0 0 0 0 0
1 QUAL 1 QUAL 1 QUAL 1 QUAL 1 QUAL

0.11 B 0.14 B 0.17 B 0.11 B 0.74 U
21300 20700 20100 6870 J 20800 J
13.8 14.65 15.5 29.4 K 9.6 J
837 J 790 J 743 J 484 J 1990
156 375.5 595 792 J 95.1 L

0.061 UL 0.063 UL 0.065 UL 0.11 0.074 UL
9.5 J 14.05 18.6 8.1 J 3.4 J
721 J 655.5 J 590 J 395 J 2620
1.1 1.1 1.1 U 1.3 U 1.3 UL

0.76 0.785 0.81 0.92 U 0.91 U
108 111.5 115 358 B 327 B
1.3 1.35 1.4 1.6 U 1.6 U

24.8 23.4 22 24 20.4
33.5 J 33.55 J 33.6 J 21.3 J 28.3 J

3.8 4.3 4.8 15 7.1
0.18 0.1225 0.13 U 0.17

18.3 20.85 23.4 32.9 32.2
5.7 7

40100 7490

66 76

250 U 250 U 250 U 250 U
250 U 250 U 250 U 250 U
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SITE REGION 3 REGION 3
LOCATION RBC RBC
SAMPLE ID RESIDENTIAL INDUSTRIAL
SACODE SOIL SOIL
MATRIX
SAMPLE DATE
TOP DEPTH (FEET)
BOTTOM DEPTH (FEET)
VOLATILE ORGANICs (UG/KG)
ACETONE 7800000 200000000
CYCLOHEXANE NA NA
ETHYLBENZENE 7800000 200000000
METHYL ACETATE 78000000 2000000000
STYRENE 16000000 410000000
TOLUENE 16000000 410000000
TOTAL XYLENES 160000000 4100000000
TRICHLOROFLUOROMETHANE 23000000 610000000
SEMIVOLATILE ORGANICs (UG/KG)
2-METHYLNAPHTHALENE 1600000 41000000
ACENAPHTHENE 4700000 120000000
ACETOPHENONE 7800000 200000000
ANTHRACENE 23000000 610000000
BENZALDEHYDE 7800000 200000000
BENZO(A)ANTHRACENE 870 7800
BENZO(A)PYRENE 87 780
BENZO(B)FLUORANTHENE 870 7800
BENZO(G,H,I)PERYLENE 2300000 61000000
BENZO(K)FLUORANTHENE 8700 78000
BIS(2-ETHYLHEXYL)PHTHALATE 46000 410000
CARBAZOLE 32000 290000
CHRYSENE 87000 780000
DIBENZOFURAN 310000 8200000
FLUORANTHENE 3100000 82000000
FLUORENE 3100000 82000000
INDENO(1,2,3-CD)PYRENE 870 7800
NAPHTHALENE 1600000 41000000
PHENANTHRENE 2300000 61000000
PYRENE 2300000 61000000
PESTICIDEs/PCBs (UG/KG)
4,4'-DDE 1900 17000
4,4'-DDT 1900 17000
INORGANICs (MG/KG)
ALUMINUM 78000 2000000
ARSENIC 0.43 3.8
BARIUM 5500 140000
BERYLLIUM 160 4100
CADMIUM 78 2000
CALCIUM NA NA
CHROMIUM 230 6100
COBALT 1600 41000
COPPER 3100 82000

21 21 21 25 25
IS21SO18 IS21SO19 IS21SO20 IS25SO18 IS25SO19

IS21SS180001 IS21SS190001 IS21SS200001 IS25SS180001 IS25SS190001
NORMAL NORMAL NORMAL NORMAL NORMAL

SS SS SS SS SS
8/1/2000 8/1/2000 8/1/2000 7/31/2000 7/31/2000

0 0 0 0 0
1 QUAL 1 QUAL 1 QUAL 1 QUAL 1 QUAL

2.6 B 3 B 2 B 1.9 B 3.4 B
12 UJ 15 U 13 U 12 U 13 U
12 UJ 15 U 13 U 12 U 13 U
12 UJ 15 U 13 U 12 U 13 U
12 UJ 15 U 13 U 12 U 13 U
12 UJ 15 U 13 U 12 U 13 U
12 UJ 15 U 13 U 12 U 13 U
12 UJ 15 U 13 U 12 U 13 U

390 U 480 U 73 L 410 U 440 U
390 U 480 U 430 UL 410 U 440 U
390 U 63 J 430 UL 410 U 46 J
390 U 480 U 430 UL 410 U 440 U
390 U 480 U 430 UL 410 U 59 J
390 U 480 U 430 UL 410 U 440 U
390 U 480 U 430 UL 410 U 440 U
390 U 480 U 430 UL 410 U 440 U
390 U 480 U 430 UL 410 U 440 U
390 U 480 U 430 UL 410 U 440 U
390 U 67 B 430 UL 51 J 440 U
390 U 480 U 430 UL 410 U 440 U
390 U 480 U 430 UL 410 U 440 U
390 U 480 U 430 UL 410 U 440 U
390 U 480 U 430 UL 410 U 440 U
390 U 480 U 430 UL 410 U 440 U
390 U 480 U 430 UL 410 U 440 U
390 U 480 U 110 L 410 U 440 U
390 U 480 U 430 UL 410 U 440 U
390 U 480 U 430 UL 410 U 440 U

4510 5940 10100 9030 4920
3.3 5.9 7.7 6.5 4.4
17.4 J 45.3 J 42.2 J 42.2 J 36.2 J

0.047 U 0.058 U 0.052 U 0.05 U 0.054 U
0.094 U 0.12 U 0.16 J 0.18 B 2.5
83.9 J 235 J 609 J 175 J 270 J
8.9 16.1 19.6 17.4 9.3
1.8 J 4.7 J 3.9 J 5 J 5 J
3.8 K 4.9 K 9.7 K 6.8 5.4 J
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SITE REGION 3 REGION 3
LOCATION RBC RBC
SAMPLE ID RESIDENTIAL INDUSTRIAL
SACODE SOIL SOIL
MATRIX
SAMPLE DATE
TOP DEPTH (FEET)
BOTTOM DEPTH (FEET)
CYANIDE 1600 41000
IRON 23000 610000
LEAD 4001 7501

MAGNESIUM NA NA
MANGANESE 1600 41000
MERCURY 23 610
NICKEL 1600 41000
POTASSIUM NA NA
SELENIUM 390 10000
SILVER 390 10000
SODIUM NA NA
THALLIUM 5.5 140
VANADIUM 550 14000
ZINC 23000 610000

MISCELLANEOUS PARAMETERs  (MG/KG)
AMMONIA NA NA
DIESEL RANGE ORGANICS NA NA
GASOLINE RANGE ORGANICS NA NA
NITRITE/NITRATE NA NA
PERCENT MOISTURE NA NA
PH                            S.U. NA NA
TOTAL ORGANIC CARBON NA NA
TOTAL PETROLEUM HYDROCARBONS NA NA
TOTAL SOLIDS  % NA NA
EXPLOSIVEs (UG/KG)
2-NITROTOLUENE 780000 20000000
4-NITROTOLUENE 780000 20000000

21 21 21 25 25
IS21SO18 IS21SO19 IS21SO20 IS25SO18 IS25SO19

IS21SS180001 IS21SS190001 IS21SS200001 IS25SS180001 IS25SS190001
NORMAL NORMAL NORMAL NORMAL NORMAL

SS SS SS SS SS
8/1/2000 8/1/2000 8/1/2000 7/31/2000 7/31/2000

0 0 0 0 0
1 QUAL 1 QUAL 1 QUAL 1 QUAL 1 QUAL

0.59 0.73 0.65
8280 12200 22200 15900 J 9610 J
17.1 25.7 16.8 28.2 K 35 K
353 J 582 J 390 J 634 J 529 J
66.1 279 397 196 J 619 J

0.076 J 0.073 U 0.12 J 0.063 UL 0.083
3.2 J 7 J 4.5 J 5.1 J 5 J
236 J 324 J 636 J 420 J 190 J
1 UL 1.3 UL 1.1 UL 1.1 U 1.2 U

0.73 U 0.9 U 0.81 U 0.78 U 0.84 U
103 U 128 U 115 U 407 B 350 B
1.2 U 1.6 U 1.4 U 1.3 U 1.4 U
18.3 29 36.4 29.5 22.7
8.8 J 19 J 22.9 J 26.8 J 21.3 J

14.6 31.4 23.4 20 25.8
5.2 4.5 5.4 4.7 4.7

26000 31000 37600 15700 23900

78 77.9 73.1 79.2 77.4

250 U 250 U 250 U
250 U 250 U 250 U
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SITE REGION 3 REGION 3
LOCATION RBC RBC
SAMPLE ID RESIDENTIAL INDUSTRIAL
SACODE SOIL SOIL
MATRIX
SAMPLE DATE
TOP DEPTH (FEET)
BOTTOM DEPTH (FEET)
VOLATILE ORGANICs (UG/KG)
ACETONE 7800000 200000000
CYCLOHEXANE NA NA
ETHYLBENZENE 7800000 200000000
METHYL ACETATE 78000000 2000000000
STYRENE 16000000 410000000
TOLUENE 16000000 410000000
TOTAL XYLENES 160000000 4100000000
TRICHLOROFLUOROMETHANE 23000000 610000000
SEMIVOLATILE ORGANICs (UG/KG)
2-METHYLNAPHTHALENE 1600000 41000000
ACENAPHTHENE 4700000 120000000
ACETOPHENONE 7800000 200000000
ANTHRACENE 23000000 610000000
BENZALDEHYDE 7800000 200000000
BENZO(A)ANTHRACENE 870 7800
BENZO(A)PYRENE 87 780
BENZO(B)FLUORANTHENE 870 7800
BENZO(G,H,I)PERYLENE 2300000 61000000
BENZO(K)FLUORANTHENE 8700 78000
BIS(2-ETHYLHEXYL)PHTHALATE 46000 410000
CARBAZOLE 32000 290000
CHRYSENE 87000 780000
DIBENZOFURAN 310000 8200000
FLUORANTHENE 3100000 82000000
FLUORENE 3100000 82000000
INDENO(1,2,3-CD)PYRENE 870 7800
NAPHTHALENE 1600000 41000000
PHENANTHRENE 2300000 61000000
PYRENE 2300000 61000000
PESTICIDEs/PCBs (UG/KG)
4,4'-DDE 1900 17000
4,4'-DDT 1900 17000
INORGANICs (MG/KG)
ALUMINUM 78000 2000000
ARSENIC 0.43 3.8
BARIUM 5500 140000
BERYLLIUM 160 4100
CADMIUM 78 2000
CALCIUM NA NA
CHROMIUM 230 6100
COBALT 1600 41000
COPPER 3100 82000

RN6SS17 RPLSS03 25MW03 26MW03
RN6SS0170101 RPLSS0030101 S25-MW03-001 S26-MW03-001

NORMAL NORMAL NORMAL NORMAL
SS SS SS SS

7/9/1997 7/12/1997 9/25/1995 9/24/1995
0 0 0 0
1 QUAL 1 QUAL 2 QUAL 2 QUAL

13000 L 2200 3.9 U

5 UJ 6 UJ 1.5 U

5 UJ 6 UJ 0.34 U
5 U 6 UJ 1.9 U

0.78 U
5 U 6 UJ 0.33 U

350 UJ 390 UJ 45 UJ
350 UJ 390 UJ 38.7 UJ
350 UJ 390 UJ 373 UJ
350 UJ 390 UJ 26.2 UJ

350 UJ 390 UJ 13.6 UJ
350 UJ 390 UJ 16.9 UJ
350 UJ 390 UJ 50.3 UJ
350 UJ 390 UJ 51.8 UJ
350 UJ 390 UJ 41.6 UJ
640 J 390 UJ 72.9 UJ

350 UJ 390 UJ 21 UJ
350 UJ 390 UJ 28.7 UJ
350 UJ 390 UJ 50.7 UJ
350 UJ 390 UJ 27.1 UJ
350 UJ 390 UJ 46.4 UJ
350 UJ 390 UJ 34.5 UJ
350 UJ 390 UJ 42.1 UJ
350 UJ 390 UJ 93 UJ

4010 J 12700 J
1.6 1.8 2.16 3.3 L

36.6 12.5 29.8 84.8
0.46 0.1 B 0.204 0.61 L
0.23 K 0.25 K 0.535 UL 0.57 U

101 U 409
6.8 9.6 J 10.5 20.8
6.9 J 0.84 3.51 15
6.6 4.5 B 2.47 L 4.4 L
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SITE REGION 3 REGION 3
LOCATION RBC RBC
SAMPLE ID RESIDENTIAL INDUSTRIAL
SACODE SOIL SOIL
MATRIX
SAMPLE DATE
TOP DEPTH (FEET)
BOTTOM DEPTH (FEET)
CYANIDE 1600 41000
IRON 23000 610000
LEAD 4001 7501

MAGNESIUM NA NA
MANGANESE 1600 41000
MERCURY 23 610
NICKEL 1600 41000
POTASSIUM NA NA
SELENIUM 390 10000
SILVER 390 10000
SODIUM NA NA
THALLIUM 5.5 140
VANADIUM 550 14000
ZINC 23000 610000

MISCELLANEOUS PARAMETERs  (MG/KG)
AMMONIA NA NA
DIESEL RANGE ORGANICS NA NA
GASOLINE RANGE ORGANICS NA NA
NITRITE/NITRATE NA NA
PERCENT MOISTURE NA NA
PH                            S.U. NA NA
TOTAL ORGANIC CARBON NA NA
TOTAL PETROLEUM HYDROCARBONS NA NA
TOTAL SOLIDS  % NA NA
EXPLOSIVEs (UG/KG)
2-NITROTOLUENE 780000 20000000
4-NITROTOLUENE 780000 20000000

RN6SS17 RPLSS03 25MW03 26MW03
RN6SS0170101 RPLSS0030101 S25-MW03-001 S26-MW03-001

NORMAL NORMAL NORMAL NORMAL
SS SS SS SS

7/9/1997 7/12/1997 9/25/1995 9/24/1995
0 0 0 0
1 QUAL 1 QUAL 2 QUAL 2 QUAL

1.07 U 1.1 U
7930 25300 J

6.3 3.5 J 9.97 9.9 J
236 J 1090 J
123 J 882 J

0.03 0.08 0.077 U 0.07
5.7 2.2 2.28 J 10.5

221 783
0.47 0.65 0.168 L 0.17 U
0.06 U 0.12 B 0.105 U 0.11 U

19.2 U 20.3 U
0.41 B 0.28 U 0.267 U 0.28 U
12 13.6 9.83 L 38.7

14.8 7 J 11.4 30.8 J

21.9 49.9

1.9 1.5 U

1620 5020
33.7 L

81.4 U 81.4 U
87.2 U 87.2 U
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1 - EPA Region 9 PRGs Table, October 2002.
SS = Surface Soil
Blank Space = Sample not analyzed for this parameter.
ORIG = Original Sample
AVG = Average of Duplicate Samples
DUP = Duplicate Sample
RBC = U.S. EPA Region 3 risk-based concentration (September 2001)
QUAL = U.S. EPA Region 3 data validation qualifier
B = Positive result qualified as a result of method or field quality control blank contamination.
       Compound is not considered to be present in sample.
J = Positive detection is qualified as an estimate.
K = Positive detection is qualified as biased high.
L = Positive result is qualified as biased low.
U = Analyte not detected.  Reported result is the detection limit.
UJ = Analyte not detected.  Reported result is the estimated detection limit.
UL = Notdetect of analyte considered biased low.

 = Above Region 3 RBC for Industrial and Residential Soil

 = Above Region 3 RBC for Residential Soil

ASSOCIATED SAMPLES
BGDSS0010101 BGDSS0140101 IS21SS190001
BGDSS0020101 BGDSS0150101 IS21SS200001
BGDSS0030101 BGDSS0160101 IS25SS180001

BGDSS0040101 BGDSS0170101 IS25SS190001
BGDSS0050101 BGDSS0180101 RN6SS0170101
BGDSS0060101 BGDSS0190101 RPLSS0030101
BGDSS0070101 BGDSS0200101 S25-MW03-001
BGDSS0080101 IS11SS390001 S26-MW03-001
BGDSS0090101 IS11SS400001
BGDSS0100101 IS11SS410001
BGDSS0110101 IS11SS410001-AVG
BGDSS0120101 IS11SS410001-D
BGDSS0120101-AVG IS11SS420001
BGDSS0120101-D IS13SS100001
BGDSS0130101 IS21SS180001
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SITE REGION 3 REGION 3
LOCATION RBC RBC BGDSB01 BGDSB02 BGDSB03
SAMPLE ID RESIDENTIAL INDUSTRIAL BGDSB0010101 BGDSB0020101 BGDSB0030101
SACODE SOIL SOIL NORMAL NORMAL NORMAL
MATRIX SB SB SB
SAMPLE DATE 7/15/1997 7/24/1997 7/30/1997
TOP DEPTH (FEET) 3 3 4
BOTTOM DEPTH (FEET) 5 QUAL 5 QUAL 5 QUAL
VOLATILE ORGANICS (UG/KG)
ACETONE 7800000 200000000
TOLUENE 16000000 410000000
TOTAL XYLENES 160000000 4100000000
TRICHLOROFLUOROMETHANE 23000000 610000000
SEMIVOLATILE ORGANICs (UG/KG)
1,3-DINITROBENZENE 7800 200000
BIS(2-ETHYLHEXYL)PHTHALATE 46000 410000
PESTICIDEs/PCBs (UG/KG)
4,4'-DDE 1900 17000 3.9 U 1.4 UJ 1.9 UJ
4,4'-DDT 1900 17000 3.9 U 4.3 UJ 5.7 UJ
INORGANICs (MG/KG)
ALUMINUM 78000 2000000 18900 3510 25300
ANTIMONY 31 820 0.72 B 0.39 B 1.8 J
ARSENIC 0.43 3.8 4 2.6 K 10.4
BARIUM 5500 140000 29.7 12.4 101
BERYLLIUM 160 4100 0.56 K 0.39 J 1.1 L
CADMIUM 78 2000 0.14 U 0.12 U 0.16 U
CALCIUM NA NA 106 B 85.5 B 113 B
CHROMIUM 230 6100 43.9 8.9 K 31.8 K
COBALT 1600 41000 1.2 2.7 133
COPPER 3100 82000 6.7 K 6 22.7
CYANIDE 1600 41000
IRON 23000 610000 18900 11400 49800
LEAD 4001 7501 6.2 K 5.3 B 28.8 B
MAGNESIUM NA NA 1150 335 K 1990
MANGANESE 1600 41000 20.3 66.8 J 1270 J
MERCURY 23 610 0.04 0.02 K 0.03 K
NICKEL 1600 41000 5.6 2.8 L 18.2 L
POTASSIUM NA NA 1780 299 1610
SELENIUM 390 10000 0.8 0.56 K 2
SILVER 390 10000 0.07 U 0.07 U 0.09 B
SODIUM NA NA 23.1 U 23.4 UL 131 L
THALLIUM 5.5 140 0.53 K 0.23 U 2.2 B
VANADIUM 550 14000 43 16.1 45.2
ZINC 23000 610000 19 7.9 70.4
MISCELLANEOUS PARAMETERs (MG/KG)
AMMONIA NA NA
PERCENT MOISTURE NA NA
TOTAL ORGANIC CARBON NA NA 1250 1590 1810
TOTAL ORGANIC HALIDES NA NA 47.8 U 42.9 U 57.1 U
TOTAL PETROLEUM HYDROCARBONS NA NA
EXPLOSIVEs (UG/KG)
1,3-DINITROBENZENE 7800 200000
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SITE REGION 3 REGION 3
LOCATION RBC RBC
SAMPLE ID RESIDENTIAL INDUSTRIAL
SACODE SOIL SOIL
MATRIX
SAMPLE DATE
TOP DEPTH (FEET)
BOTTOM DEPTH (FEET)
VOLATILE ORGANICS (UG/KG)
ACETONE 7800000 200000000
TOLUENE 16000000 410000000
TOTAL XYLENES 160000000 4100000000
TRICHLOROFLUOROMETHANE 23000000 610000000
SEMIVOLATILE ORGANICs (UG/KG)
1,3-DINITROBENZENE 7800 200000
BIS(2-ETHYLHEXYL)PHTHALATE 46000 410000
PESTICIDEs/PCBs (UG/KG)
4,4'-DDE 1900 17000
4,4'-DDT 1900 17000
INORGANICs (MG/KG)
ALUMINUM 78000 2000000
ANTIMONY 31 820
ARSENIC 0.43 3.8
BARIUM 5500 140000
BERYLLIUM 160 4100
CADMIUM 78 2000
CALCIUM NA NA
CHROMIUM 230 6100
COBALT 1600 41000
COPPER 3100 82000
CYANIDE 1600 41000
IRON 23000 610000
LEAD 4001 7501

MAGNESIUM NA NA
MANGANESE 1600 41000
MERCURY 23 610
NICKEL 1600 41000
POTASSIUM NA NA
SELENIUM 390 10000
SILVER 390 10000
SODIUM NA NA
THALLIUM 5.5 140
VANADIUM 550 14000
ZINC 23000 610000
MISCELLANEOUS PARAMETERs (MG/KG)
AMMONIA NA NA
PERCENT MOISTURE NA NA
TOTAL ORGANIC CARBON NA NA
TOTAL ORGANIC HALIDES NA NA
TOTAL PETROLEUM HYDROCARBONS NA NA
EXPLOSIVEs (UG/KG)
1,3-DINITROBENZENE 7800 200000

BGDSB04 BGDSB05 BGDSB06 BGDSB06
BGDSB0040101 BGDSB0050101 BGDSB0060101 BGDSB0060101-AVG

NORMAL NORMAL ORIG AVG
SB SB SB SB

7/29/1997 7/25/1997 7/31/1997 7/31/1997
4 4 4 4
5 QUAL 5 QUAL 5 QUAL 5 QUAL

1.5 UJ 1.5 UJ 1.6 UJ 1.6 UJ
4.6 UJ 4.6 UJ 4.8 UJ 4.75 UJ

18800 18000 10600 J 11150 J
1.7 J 1 B 0.71 B 0.63 B
9 9.4 K 1.8 L 1.8

76.9 39.8 15.1 J 16.05 J
0.74 J 0.23 J 0.47 L 0.48 L
0.15 U 0.14 U 0.26 K 0.265 K
106 B 69.7 B 236 B 249.5 B
23.7 K 36.2 K 41.7 J 44.7 J
4.5 L 1.5 K 0.79 L 0.845 L
8.9 12.1 K 3.1 3.25

61100 37900 13600 J 14550 J
12.7 B 15.6 6.6 6.8
1030 590 K 1380 1475

59 J 49 J 17.1 J 20.6 J
0.05 K 0.03 K 0.01 0.01
9.1 L 5.1 L 3.1 L 3.2 L
807 553 2670 J 2845 J
2.6 2.2 K 0.58 J 0.65 J
0.09 B 0.13 B 0.09 B 0.08 U
94.5 L 126 L 224 232.5
3.1 K 1.5 B 0.27 U 0.265 U
35.5 61.4 40.4 J 43.6 J
28.2 K 23.9 13.7 J 14.8 J

1090 2400 662 600.5
55.2 51.2 U 54.9 U 55.4 U
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SITE REGION 3 REGION 3
LOCATION RBC RBC
SAMPLE ID RESIDENTIAL INDUSTRIAL
SACODE SOIL SOIL
MATRIX
SAMPLE DATE
TOP DEPTH (FEET)
BOTTOM DEPTH (FEET)
VOLATILE ORGANICS (UG/KG)
ACETONE 7800000 200000000
TOLUENE 16000000 410000000
TOTAL XYLENES 160000000 4100000000
TRICHLOROFLUOROMETHANE 23000000 610000000
SEMIVOLATILE ORGANICs (UG/KG)
1,3-DINITROBENZENE 7800 200000
BIS(2-ETHYLHEXYL)PHTHALATE 46000 410000
PESTICIDEs/PCBs (UG/KG)
4,4'-DDE 1900 17000
4,4'-DDT 1900 17000
INORGANICs (MG/KG)
ALUMINUM 78000 2000000
ANTIMONY 31 820
ARSENIC 0.43 3.8
BARIUM 5500 140000
BERYLLIUM 160 4100
CADMIUM 78 2000
CALCIUM NA NA
CHROMIUM 230 6100
COBALT 1600 41000
COPPER 3100 82000
CYANIDE 1600 41000
IRON 23000 610000
LEAD 4001 7501

MAGNESIUM NA NA
MANGANESE 1600 41000
MERCURY 23 610
NICKEL 1600 41000
POTASSIUM NA NA
SELENIUM 390 10000
SILVER 390 10000
SODIUM NA NA
THALLIUM 5.5 140
VANADIUM 550 14000
ZINC 23000 610000
MISCELLANEOUS PARAMETERs (MG/KG)
AMMONIA NA NA
PERCENT MOISTURE NA NA
TOTAL ORGANIC CARBON NA NA
TOTAL ORGANIC HALIDES NA NA
TOTAL PETROLEUM HYDROCARBONS NA NA
EXPLOSIVEs (UG/KG)
1,3-DINITROBENZENE 7800 200000

BGDSB06 BGDSB07 BGDSB08 BGDSB09
BGDSB0060101-D BGDSB0070101 BGDSB0080101 BGDSB0090101

DUP NORMAL NORMAL NORMAL
SB SB SB SB

7/31/1997 8/13/1997 8/1/1997 8/1/1997
4 4 4 4
5 QUAL 5 QUAL 4.5 QUAL 5 QUAL

1.6 UJ 1.5 U 2.9 J 1.4 UJ
4.7 UJ 4.6 U 2.4 J 4.3 UJ

11700 J 24800 14500 J 9090 J
0.55 B 0.68 J 0.62 B 0.39 B
1.8 8.5 K 4.1 3
17 J 48.6 56.2 J 27.2 J

0.49 L 0.18 B 0.51 L 0.27
0.27 K 0.28 UL 0.27 K 0.18
263 B 49.6 U 83.5 B 81 B
47.7 J 32.4 K 19.4 J 12.1 J
0.9 L 2.7 3.6 2.2
3.4 15.4 9.5 7.7

15500 J 35300 18300 J 7180 J
7 11.7 25.5 5.5

1570 1060 1010 453 K
24.1 J 58.6 75.2 J 18.4 J
0.01 0.06 B 0.05 0.02
3.3 L 8.5 L 8.2 L 4.8

3020 J 1320 913 J 647 J
0.72 J 0.54 UL 0.93 0.47 J
0.07 U 0.15 U 0.06 U 0.14 B
241 54 UL 57 44.5
0.26 U 0.54 U 0.41 B 0.23 U
46.8 J 58.9 34.3 J 17.4 J
15.9 J 31 J 19.3 J 16.2 J

539 261 3880 478
55.9 U 39.8 U 47.3 U 35.9 U
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SITE REGION 3 REGION 3
LOCATION RBC RBC
SAMPLE ID RESIDENTIAL INDUSTRIAL
SACODE SOIL SOIL
MATRIX
SAMPLE DATE
TOP DEPTH (FEET)
BOTTOM DEPTH (FEET)
VOLATILE ORGANICS (UG/KG)
ACETONE 7800000 200000000
TOLUENE 16000000 410000000
TOTAL XYLENES 160000000 4100000000
TRICHLOROFLUOROMETHANE 23000000 610000000
SEMIVOLATILE ORGANICs (UG/KG)
1,3-DINITROBENZENE 7800 200000
BIS(2-ETHYLHEXYL)PHTHALATE 46000 410000
PESTICIDEs/PCBs (UG/KG)
4,4'-DDE 1900 17000
4,4'-DDT 1900 17000
INORGANICs (MG/KG)
ALUMINUM 78000 2000000
ANTIMONY 31 820
ARSENIC 0.43 3.8
BARIUM 5500 140000
BERYLLIUM 160 4100
CADMIUM 78 2000
CALCIUM NA NA
CHROMIUM 230 6100
COBALT 1600 41000
COPPER 3100 82000
CYANIDE 1600 41000
IRON 23000 610000
LEAD 4001 7501

MAGNESIUM NA NA
MANGANESE 1600 41000
MERCURY 23 610
NICKEL 1600 41000
POTASSIUM NA NA
SELENIUM 390 10000
SILVER 390 10000
SODIUM NA NA
THALLIUM 5.5 140
VANADIUM 550 14000
ZINC 23000 610000
MISCELLANEOUS PARAMETERs (MG/KG)
AMMONIA NA NA
PERCENT MOISTURE NA NA
TOTAL ORGANIC CARBON NA NA
TOTAL ORGANIC HALIDES NA NA
TOTAL PETROLEUM HYDROCARBONS NA NA
EXPLOSIVEs (UG/KG)
1,3-DINITROBENZENE 7800 200000

BGDSB10 BGD11 BGD12 BGD13
BGDSB0100101 BGDSB0110101 BGDSB0120101 BGDSB0130101

NORMAL NORMAL NORMAL NORMAL
SB SB SB SB

8/17/1997 10/3/2001 9/11/2001 9/11/2001
4 2.5 3 3
5 QUAL 3 QUAL 5 QUAL 5 QUAL

13 UJ 8.8 B 5.7 B
13 UJ 5.8 U 5.3 U

17 U 16 U
2.7 J 12 U 11 U

77 J 89 B 87 B

1.4 U 4.0 U 0.24 J 0.38 J
4.3 U 4.0 U 2.0 U 1.8 U

8230 6840 J 10700 J 4450 J
0.5 UL 1.1 U 2.1 U 1.9 U
1.9 B 5.6 9.2 2.5 L
34.6 52.9 J 48.8 19.5
0.14 B 0.64 0.91 0.34
0.28 U 0.07 U 0.14 U 0.13 U
134 K 479 J 262 J 271 J
14.8 14.2 22.5 J 15.2 J
1.7 15.7 7.2 4.0
2.6 6.3 23.1 9.3

5370 15900 J 21200 J 13000 J
7.3 K 10.9 J 21.1 8.4
543 K 728 J 1720 J 680 J
92.9 K 869 J 37.1 102
0.01 L 0.04 U 0.04 UL 0.04 UL
4.1 5.6 13.2 5.4
535 487 877 J 385 J
0.54 UL 1.1 B 0.46 B 0.33 U
0.63 0.82 J 0.40 UL 0.35 UL
60.3 B 62.1 107 L 74.6 UL
0.54 U 3.3 L 1.0 U 0.90 U
17 26.9 J 46.2 28.9

11.6 22.2 J 45.9 J 17.9 J

1680 8300 2020 J 354 J
43.9 U
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SITE REGION 3 REGION 3
LOCATION RBC RBC
SAMPLE ID RESIDENTIAL INDUSTRIAL
SACODE SOIL SOIL
MATRIX
SAMPLE DATE
TOP DEPTH (FEET)
BOTTOM DEPTH (FEET)
VOLATILE ORGANICS (UG/KG)
ACETONE 7800000 200000000
TOLUENE 16000000 410000000
TOTAL XYLENES 160000000 4100000000
TRICHLOROFLUOROMETHANE 23000000 610000000
SEMIVOLATILE ORGANICs (UG/KG)
1,3-DINITROBENZENE 7800 200000
BIS(2-ETHYLHEXYL)PHTHALATE 46000 410000
PESTICIDEs/PCBs (UG/KG)
4,4'-DDE 1900 17000
4,4'-DDT 1900 17000
INORGANICs (MG/KG)
ALUMINUM 78000 2000000
ANTIMONY 31 820
ARSENIC 0.43 3.8
BARIUM 5500 140000
BERYLLIUM 160 4100
CADMIUM 78 2000
CALCIUM NA NA
CHROMIUM 230 6100
COBALT 1600 41000
COPPER 3100 82000
CYANIDE 1600 41000
IRON 23000 610000
LEAD 4001 7501

MAGNESIUM NA NA
MANGANESE 1600 41000
MERCURY 23 610
NICKEL 1600 41000
POTASSIUM NA NA
SELENIUM 390 10000
SILVER 390 10000
SODIUM NA NA
THALLIUM 5.5 140
VANADIUM 550 14000
ZINC 23000 610000
MISCELLANEOUS PARAMETERs (MG/KG)
AMMONIA NA NA
PERCENT MOISTURE NA NA
TOTAL ORGANIC CARBON NA NA
TOTAL ORGANIC HALIDES NA NA
TOTAL PETROLEUM HYDROCARBONS NA NA
EXPLOSIVEs (UG/KG)
1,3-DINITROBENZENE 7800 200000

BGD14 BGD15 BGD16 BGD16
BGDSB0140101 BGDSB0150101 BGDSB0160101 BGDSB0160101-AVG

NORMAL NORMAL ORIG AVG
SB SB SB SB

9/10/2001 9/10/2001 10/2/2001 10/2/2001
3 3 3 3
5 QUAL 5 QUAL 5 QUAL 5 QUAL

6.2 B 24 UJ 12 U 12 U
5.7 U 5.9 U 12 U 12 U
17 U 18 U
11 U 12 U 12 U 12 U

75 B 86 B 130 J 120 J

0.96 J 0.68 J 4.2 U 4.2 U
0.58 J 0.79 J 4.2 U 4.2 U

14200 J 22100 J 21300 J 19950 J
2.0 U 2.1 U 1.1 U 1.1 U
8.8 12.5 16.9 14.15
54.0 41.9 35.9 J 34.7 J
0.51 0.96 0.33 0.325
0.14 UL 0.14 UL 0.08 U 0.08 U
785 J 433 J 534 J 448 J
27.7 J 46.5 J 46.0 43.4
4.5 5.3 L 1.7 1.5
17.1 25.9 14.9 14.35

31700 J 61600 J 43600 J 41550 J
21.1 27.9 13.6 J 13.1 J
1060 J 1280 J 561 J 498 J
95.5 97.3 31.7 J 29.75 J
0.08 L 0.11 L 0.13 0.115
8.0 6.6 L 1.3 1.005
666 J 1070 J 480 433
0.36 U 0.38 UL 2.0 B 1.75 B
0.38 UL 0.40 UL 2.3 J 2.25 J
80.5 UL 84.3 UL 71.6 80.5
0.97 U 1.0 U 6.5 L 6.05 L
61.9 127 86.2 J 82.35 J
28.3 J 34.6 J 19.6 J 18.7 J

2110 J 1100 J 8200 8100
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SITE REGION 3 REGION 3
LOCATION RBC RBC
SAMPLE ID RESIDENTIAL INDUSTRIAL
SACODE SOIL SOIL
MATRIX
SAMPLE DATE
TOP DEPTH (FEET)
BOTTOM DEPTH (FEET)
VOLATILE ORGANICS (UG/KG)
ACETONE 7800000 200000000
TOLUENE 16000000 410000000
TOTAL XYLENES 160000000 4100000000
TRICHLOROFLUOROMETHANE 23000000 610000000
SEMIVOLATILE ORGANICs (UG/KG)
1,3-DINITROBENZENE 7800 200000
BIS(2-ETHYLHEXYL)PHTHALATE 46000 410000
PESTICIDEs/PCBs (UG/KG)
4,4'-DDE 1900 17000
4,4'-DDT 1900 17000
INORGANICs (MG/KG)
ALUMINUM 78000 2000000
ANTIMONY 31 820
ARSENIC 0.43 3.8
BARIUM 5500 140000
BERYLLIUM 160 4100
CADMIUM 78 2000
CALCIUM NA NA
CHROMIUM 230 6100
COBALT 1600 41000
COPPER 3100 82000
CYANIDE 1600 41000
IRON 23000 610000
LEAD 4001 7501

MAGNESIUM NA NA
MANGANESE 1600 41000
MERCURY 23 610
NICKEL 1600 41000
POTASSIUM NA NA
SELENIUM 390 10000
SILVER 390 10000
SODIUM NA NA
THALLIUM 5.5 140
VANADIUM 550 14000
ZINC 23000 610000
MISCELLANEOUS PARAMETERs (MG/KG)
AMMONIA NA NA
PERCENT MOISTURE NA NA
TOTAL ORGANIC CARBON NA NA
TOTAL ORGANIC HALIDES NA NA
TOTAL PETROLEUM HYDROCARBONS NA NA
EXPLOSIVEs (UG/KG)
1,3-DINITROBENZENE 7800 200000

BGD16 BGD17 BGD18 BGD19
BGDSB0160101-D BGDSB0170101 BGDSB0180101 BGDSB0190101

DUP NORMAL NORMAL NORMAL
SB SB SB SB

10/2/2001 10/2/2001 10/2/2001 10/2/2001
3 3 3 3
5 QUAL 4 QUAL 4 QUAL 5 QUAL

12 U 14 U 11 U 13 U
12 U 14 U 11 U 13 U

12 U 2.5 J 1.8 J 13 U

110 J 84 J 57 J 79 J

4.2 U 3.8 U 3.5 U 3.8 U
4.2 U 3.8 U 3.5 U 3.8 U

18600 J 7990 J 3070 J 5480 J
1.1 U 0.99 U 0.94 U 0.99 U
11.4 4.5 B 0.91 B 8.8
33.5 J 39.7 J 36.5 J 25.5 J
0.32 0.35 0.23 0.35
0.08 U 0.07 U 0.06 U 0.07 U
362 J 310 J 258 J 255 J
40.8 27.1 14.0 14.0
1.3 3.0 1.7 1.3
13.8 6.4 1.6 10.2

39500 J 13800 J 4030 J 23900 J
12.6 J 10.0 J 5.2 J 9.8 J
435 J 994 J 342 J 346 J
27.8 J 96.3 J 111 J 67.6 J
0.10 0.04 U 0.03 U 0.05 K
0.71 9.0 3.9 1.8
386 454 388 237
1.5 B 1.2 B 0.21 B 2.7 L
2.2 J 0.66 J 0.18 UL 1.1 J
89.4 80.2 54.5 66.2
5.6 L 0.85 L 0.48 2.8 L
78.5 J 28.4 J 10.5 J 30.9 J
17.8 J 18.4 J 7.3 J 16.5 J

8000 6400 7200 8200
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SITE REGION 3 REGION 3
LOCATION RBC RBC
SAMPLE ID RESIDENTIAL INDUSTRIAL
SACODE SOIL SOIL
MATRIX
SAMPLE DATE
TOP DEPTH (FEET)
BOTTOM DEPTH (FEET)
VOLATILE ORGANICS (UG/KG)
ACETONE 7800000 200000000
TOLUENE 16000000 410000000
TOTAL XYLENES 160000000 4100000000
TRICHLOROFLUOROMETHANE 23000000 610000000
SEMIVOLATILE ORGANICs (UG/KG)
1,3-DINITROBENZENE 7800 200000
BIS(2-ETHYLHEXYL)PHTHALATE 46000 410000
PESTICIDEs/PCBs (UG/KG)
4,4'-DDE 1900 17000
4,4'-DDT 1900 17000
INORGANICs (MG/KG)
ALUMINUM 78000 2000000
ANTIMONY 31 820
ARSENIC 0.43 3.8
BARIUM 5500 140000
BERYLLIUM 160 4100
CADMIUM 78 2000
CALCIUM NA NA
CHROMIUM 230 6100
COBALT 1600 41000
COPPER 3100 82000
CYANIDE 1600 41000
IRON 23000 610000
LEAD 4001 7501

MAGNESIUM NA NA
MANGANESE 1600 41000
MERCURY 23 610
NICKEL 1600 41000
POTASSIUM NA NA
SELENIUM 390 10000
SILVER 390 10000
SODIUM NA NA
THALLIUM 5.5 140
VANADIUM 550 14000
ZINC 23000 610000
MISCELLANEOUS PARAMETERs (MG/KG)
AMMONIA NA NA
PERCENT MOISTURE NA NA
TOTAL ORGANIC CARBON NA NA
TOTAL ORGANIC HALIDES NA NA
TOTAL PETROLEUM HYDROCARBONS NA NA
EXPLOSIVEs (UG/KG)
1,3-DINITROBENZENE 7800 200000

11 11 11
BGD20 IS11SO39 IS11SO40 IS11SO41

BGDSB0200101 IS11SB230203 IS11SB240203 IS11SB250203
NORMAL NORMAL NORMAL NORMAL

SB SB SB SB
10/3/2001 8/4/2000 8/4/2000 8/4/2000

3 2 2 2
5 QUAL 3 QUAL 3 QUAL 3 QUAL

13 UJ 7.6 B 2.6 B 2.8 B
13 UJ 3.3 J 12 U 14 U

12 U 9 J 14 U
2 J 12 U 12 U 14 U

70 J 390 U 390 U 450 U

3.9 U
3.9 U

12600 J 9430 J 10500 J 17900 J
1.0 U 1 UL 1 UL 1.2 UL
0.76 B 6.8 L 4.3 L 5.1 L
38.1 J 36.7 J 40.9 J 65.5
0.32 0.25 B 0.28 J 0.36 B
0.07 U 0.1 J 0.095 0.14 J
223 J 170 J 75.4 J 130 J
18.4 12.5 12.4 19.3
2.1 5.4 J 5.5 J 4.9 J
8.9 7.5 6.3 8.6

0.59 0.59 0.68
9000 J 23800 16100 36800
11.9 J 7.6 8.7 13.7
628 J 664 J 501 J 819 J
16.2 J 120 39.7 23.7
0.05 K 0.059 UL 0.059 UL 0.18 L
4.8 7.2 J 6.5 J 8.1 J
637 524 J 565 J 653 J
0.85 B 1 U 1 1.2
0.75 J 0.73 0.73 0.85
49.0 103 104 120
1.3 L 1.2 U 1.3 1.4
45.7 J 19.9 22.4 31.7
20.6 J 21 J 20.6 J 27.7 J

14.5 15.3 26.6
5200

250 U 250 U 250 U
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SITE REGION 3 REGION 3
LOCATION RBC RBC
SAMPLE ID RESIDENTIAL INDUSTRIAL
SACODE SOIL SOIL
MATRIX
SAMPLE DATE
TOP DEPTH (FEET)
BOTTOM DEPTH (FEET)
VOLATILE ORGANICS (UG/KG)
ACETONE 7800000 200000000
TOLUENE 16000000 410000000
TOTAL XYLENES 160000000 4100000000
TRICHLOROFLUOROMETHANE 23000000 610000000
SEMIVOLATILE ORGANICs (UG/KG)
1,3-DINITROBENZENE 7800 200000
BIS(2-ETHYLHEXYL)PHTHALATE 46000 410000
PESTICIDEs/PCBs (UG/KG)
4,4'-DDE 1900 17000
4,4'-DDT 1900 17000
INORGANICs (MG/KG)
ALUMINUM 78000 2000000
ANTIMONY 31 820
ARSENIC 0.43 3.8
BARIUM 5500 140000
BERYLLIUM 160 4100
CADMIUM 78 2000
CALCIUM NA NA
CHROMIUM 230 6100
COBALT 1600 41000
COPPER 3100 82000
CYANIDE 1600 41000
IRON 23000 610000
LEAD 4001 7501

MAGNESIUM NA NA
MANGANESE 1600 41000
MERCURY 23 610
NICKEL 1600 41000
POTASSIUM NA NA
SELENIUM 390 10000
SILVER 390 10000
SODIUM NA NA
THALLIUM 5.5 140
VANADIUM 550 14000
ZINC 23000 610000
MISCELLANEOUS PARAMETERs (MG/KG)
AMMONIA NA NA
PERCENT MOISTURE NA NA
TOTAL ORGANIC CARBON NA NA
TOTAL ORGANIC HALIDES NA NA
TOTAL PETROLEUM HYDROCARBONS NA NA
EXPLOSIVEs (UG/KG)
1,3-DINITROBENZENE 7800 200000

11
IS11SO42 RN6SB17 RN6SB17 RN6SB17

IS11SB260203 RN6SB0170301 RN6SB0170301-AVG RN6SB0170301-D
NORMAL ORIG AVG DUP

SB SB SB SB
7/27/2000 7/23/1997 7/23/1997 7/23/1997

2 4 4 4
3 QUAL 6 QUAL 6 QUAL 6 QUAL

2 B 10 U 10 U 10 U
13 U 5 U 5 U 5 U
2.4 J
13 U 5 U 5 U 5 U

350 UJ 193.6 UJ 350 UJ
410 U 350 UJ 350 UJ 350 UJ

15400
1.1 UL 0.37 B 0.395 B 0.42 B
4.3 2.1 2.05 2
64 14.2 17.45 20.7

0.39 J 0.2 B 0.17 K 0.24 K
0.38 B 0.15 K 0.155 K 0.16 K
134 B
15.7 6.1 6.2 6.3
4.3 J 5.6 6.7 7.8
6.4 J 4.6 4.8 5
2.5 U

26000 K
12.5 J 3.8 K 3.95 K 4.1 K
642 J
15.9 J

0.063 UL 0.01 0.01 0.02 U
6.4 J 5.2 5.3 5.4
548 J
1.1 UL 0.28 L 0.295 L 0.31 L
0.78 U 0.08 B 0.075 B 0.07 B
447 B
1.3 U 0.22 U 0.225 U 0.23 U
30.1 9.4 9.95 10.5
24.7 J 10.4 11.45 12.5

20

32 J 37.2 U 37.2 U
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SITE REGION 3 REGION 3
LOCATION RBC RBC
SAMPLE ID RESIDENTIAL INDUSTRIAL
SACODE SOIL SOIL
MATRIX
SAMPLE DATE
TOP DEPTH (FEET)
BOTTOM DEPTH (FEET)
VOLATILE ORGANICS (UG/KG)
ACETONE 7800000 200000000
TOLUENE 16000000 410000000
TOTAL XYLENES 160000000 4100000000
TRICHLOROFLUOROMETHANE 23000000 610000000
SEMIVOLATILE ORGANICs (UG/KG)
1,3-DINITROBENZENE 7800 200000
BIS(2-ETHYLHEXYL)PHTHALATE 46000 410000
PESTICIDEs/PCBs (UG/KG)
4,4'-DDE 1900 17000
4,4'-DDT 1900 17000
INORGANICs (MG/KG)
ALUMINUM 78000 2000000
ANTIMONY 31 820
ARSENIC 0.43 3.8
BARIUM 5500 140000
BERYLLIUM 160 4100
CADMIUM 78 2000
CALCIUM NA NA
CHROMIUM 230 6100
COBALT 1600 41000
COPPER 3100 82000
CYANIDE 1600 41000
IRON 23000 610000
LEAD 4001 7501

MAGNESIUM NA NA
MANGANESE 1600 41000
MERCURY 23 610
NICKEL 1600 41000
POTASSIUM NA NA
SELENIUM 390 10000
SILVER 390 10000
SODIUM NA NA
THALLIUM 5.5 140
VANADIUM 550 14000
ZINC 23000 610000
MISCELLANEOUS PARAMETERs (MG/KG)
AMMONIA NA NA
PERCENT MOISTURE NA NA
TOTAL ORGANIC CARBON NA NA
TOTAL ORGANIC HALIDES NA NA
TOTAL PETROLEUM HYDROCARBONS NA NA
EXPLOSIVEs (UG/KG)
1,3-DINITROBENZENE 7800 200000

RPLSB03 25MW03 26MW03
RPLSB0030101 S25-MW03-002 S26-MW03-002

NORMAL NORMAL NORMAL
SB SB SB

7/12/1997 9/25/1995 9/24/1995
4 3 6
6 QUAL 5 QUAL 9 QUAL

1800 1.4 U
6 UJ 0.32 U

0.82 U
6 UJ 0.35 U

370 UJ 393 UJ
370 UJ 76.8 UJ

3070 J 8250 J
0.21 UL 0.174 UL 0.21 UL

2 3.69 1.9 J
15 9.07 39.8

0.12 0.141 0.43 L
0.23 K 0.511 UL 0.59 U

113 U 50.7
10 J 8.49 13.4

0.86 3.34 8.4
4.5 B 1.53 UL 5.2 L

1.02 U 1.2 U
10200 20300 J

4 J 3.1 5.4 J
215 J 746 J
50.1 J 98.8 J

0.07 0.047 U 0.06 U
3 3.29 J 8

250 385
0.68 0.153 U 0.18 U
0.07 B 0.1 U 0.12 U

18.4 U 21.4 U
0.23 B 0.255 U 0.3 U
16.7 9.78 L 23.9
10.3 J 11.3 24.2 J

7.8 9.5

87.5 U 1290

39.1 L

37.2 U
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1 - EPA Region 9 PRGs Table, October, 2002.
SB = Subsurface Soil
Blank Space = Sample not analyzed for this parameter.
ORIG = Original Sample
AVG = Average of Duplicate Samples
DUP = Duplicate Sample
RBC = U.S. EPA Region 3 risk-based concentration (September 2001)
QUAL = U.S. EPA Region 3 data validation qualifier
B = Positive result qualified as a result of method or field quality control blank contamination.
       Compound is not considered to be present in sample.
J = Positive detection is qualified as an estimate.
K = Positive detection is qualified as biased high.
L = Positive result is qualified as biased low.
U = Analyte not detected.  Reported result is the detection limit.
UJ = Analyte not detected.  Reported result is the estimated detection limit.
UL = Notdetect of analyte considered biased low.

 = Above Region 3 RBC for Industrial and Residential Soil

 = Above Region 3 RBC for Residential Soil

ASSOCIATED SAMPLES
BGDSB0010101 BGDSB0160101-AVG
BGDSB0020101 BGDSB0160101-D
BGDSB0030101 BGDSB0170101
BGDSB0040101 BGDSB0180101
BGDSB0050101 BGDSB0190101
BGDSB0060101 BGDSB0200101
BGDSB0060101-AVG IS11SB230203
BGDSB0060101-D IS11SB240203
BGDSB0070101 IS11SB250203
BGDSB0080101 IS11SB260203
BGDSB0090101 RN6SB0170301
BGDSB0100101 RN6SB0170301-AVG
BGDSB0110101 RN6SB0170301-D
BGDSB0120101 RPLSB0030101
BGDSB0130101 S25-MW03-002
BGDSB0140101 S26-MW03-002
BGDSB0150101
BGDSB0160101



POTOMAC RIVER 

2iLEAaE 
Thorium Spill 
Waste Cronk Case Oil Applied to Tarrenee Road 
Nitroql erin Explosion, Nitration Building Arsa 
Lloyd &d Oil 411 Sltes 
X-Ray fjlullding 731 
Building 1349, H)po SpUl 
Building 682, WMX Spill 
Building 766, Mercury Deposits 
Patterson Avenue, Oil Spill 
Single- base Propellon t Groins Spill 
Coffee Road Landflll 
Town Gut Landfill 
Paint Solwrn ts Diapoaal Ground 
Waste Acid Diapoaal Pit 
Mercury Dapodts in Manhole, Fluorins Lab 
Labor0 t~y  Chemical Llirposal 
Disposal Metal Parts Alang Shoreline 
Hog Island 
Catch Basins at Chip Callection Houscls 
Single-base Powder Faclities 
Bronson Road Landfill 
NC Slurnrr Burning Star 
Hydroultc 01 Splll Oisch<ugao From Extrusion Plant 
Abandoned Orain Lines 
Hypo Discharge X-Ray Buildlng No. 2 
Thermal Pestructor 2 
Tharmd Destructor 1 
Original Burnin9 Ground 
The Valley 
Stump Neck Annex (SEE RGURE 3-2) 
Srlvar Release to Sedhents (Organic Plant) 
Pollodium Catalyst in Sadiments 
Scrap Yard 
Olsan Road Landfill 
Toluana Disposal Slte 
Saak Qut Area 
Abondonsd Drums 
Cadmium Sandblast Grit 
Mercuric Nltrote Bisposal Area 
Nitroglycerine Plant Disposol Area 
Chernfcol Oisposal Area 
CJullding 163, Crawl Space 
Building 101, Dry Well 
Buildkr~ 102, Ory Wall 
Mercury Contamination of the Sewage System 
Building 101 
Building 102 
IW7 - Lead Cantamination 
TCE Building 292 &@a 

MATTAWOM AN 
CREEK 

MATTAWOMAN CREEK 

LEGEND: 

@ SITE NU1318ER 

61 TTNUS BACKGROUND SOIL SAMPLE FROM UPGRADIENT 
MONITORING WELL LOCAIION (PRE-2000) 

rn CH2M HILL BACKGROUND SOIL SAMPLE LOCATION 

TTNUS BACKGROUND SOIL BORING LOCATION (PRE-2000) 

8 EXISTING MONl TORING WELL INSTALLATION SITE 

v TTNUS BACKGROUND FRESHWATER SEDIMENT LOCATION 

I, TT'NUS BACKGROUND SOlL BORING LOCATION (2001) 

APPROXIMATE IR Sl TE LOCATION .......... 
- . . . -  IN TERMITTENT STREAM 

-*ae- NAVAL RESERVE BWNOARY 

ESTIMATED CRWNOWATER FLOW DIRECTION 

----.I 00 ----- CONTOUR INTERVAL 10 FEET 

3 
L m m  
EAL Al 

:ODE I.D. NO. 8009 
EALE : AS SHOWN 
.. - ....... .... 

wsm. CONR. NO. 
NA 

MMAC DRAWG NO. 
NA 



STE 30 STUMP NECK IMPACT AREA - SWMU 22 
SITE 31 OLD OEMOLITION RANGE - SWMU 2 3  
SITE 3 2  SUSPECTED TOOL BURIAL SlTE - SWMU 11 
SITE 3 3  SCRAP METAL PIT - SWMU 7 
STE 34 TOOL BURIAL SITE - SWMU 8 
SlTE 3 5  TORPEDO BURIAL SlTE - SWMU 9 
SITE 3 6  INACTIVE DISPOSAL SITE - SWMU 10 

37 CAUSEWAY - SWMU 24 
SlTE 38 RUM POINT LANDFILL - SWMU 1 
STE 58 RANGE 3 BURN POINT - SWMU 2 
SlTE 59 CHICAMUXEN CREEK'S EDGE DUMP SITE A - SWMU 3 
SITE 6 0  CHICAMUXEN CREEK'S EDGE DUMP SITE 0 - SWMU 4 

61 RANGE 6 - SWMU 5 
SITE 6 2  AIR BLAST POND - SWMU 6 
SITE 63 AREA 8 - SWMU 25 
SITE 6 4  IED SITE - SWMU 26 
SIR 6 5  IOD SITE - SWMU 2 7  

I TO DATE 

iFAC DRAMNG N A NO. 





BGD16 ( 0  - 1 )  
S e m i v o l a t i l e  O r g a n i c s  ( u g / k g )  
ACENAPHTHENE 
REITHIBACENE 
BENZO(A)ANTHUACENE 
BENZO(A) PYRGNE 
BENZO(B) FLUORANTHENE 
BENZO(G.H, I) PERYLENE 
BENZO (K) FLUORANTIZENE 
B I S  (2-ETHYLXEXYL) PHTHALATE 
CARBAZOLE 
CHRYSENE 
DIBENZOFURAN 
FLUORANTHENE 
FLUORENE 
I N D E N 0 ( 1 , 2 ,  3 - 3 3 )  PYRENE 
PHSNANTHRENE 
PYRENE 
I n o r g a n l c s  ( m g / k g )  
ALUMINUN 
BARIUM 
BERYLLIUM 
CALCIUM 
CHROMIUM 
COBALT 

BGDSSOb ( 0  1 )  
I n o r g a n l c s  ( m g / k g )  
ALUMINUM 
ARSENIC 
BARIUM 
BERYLLIUM 
CIIROMIUM 
COBALT 
COPPER 

7 5 0 0  
2 . 5  RE! 
3 6 . 1  
0 . 1 7  3 
1 2 . 5  K 
2 . 3  
4 . 6  
9 6 2 0  
1 4 . 6  
4 7 8  K 
6 2 . 8  J 
0 . 0 4  K 
3 . 2  
2 5 1  
0 . 5 1  
1 8 . 5  
1 5 . 7  

,. .-. 
4,4 ' . -DDT 
I n o r g a n i c s  I m g / k g )  
ALUMINUM 
ARSENIC 
BARIVM 

1 . 4  J 

1 5 5 0 0  J 
8 . 7  RES, I N D  
55.1 i n o r g a n i c s  I m g / k g )  

ILUMINUM 
IRSENIC 
3ARIUM 
IERYLLlUM 
:ADMIUM 
:ALCIUM 
:HROMIUM 

5 1 8 0  J 
6 . 3  REO, I N D  
4 5 . 3  
0 . 7 6  
0 . 3 3  
6 2 3  J 
1 1 . 7  J 

BERYLLIUM 0 . 5 3  
CALCIUM 4 0 7  J 
CHROM'IUM 2 8 . 6  J 
COBALT 4 . 4  
COPPER 1 4 . 7  
IRON 3 0 1 0 0  J 
LEAD 2 1 . 3  
MAGNESIUM 7 5 2  J 
MANGANESE 6 7 . 9  
NERCURY 0 . 1 3  I. 
NICKEL 6 . 0  
POTASSIUM 6 4 7  J 
VANADIUM 6 3 . 7  
ZINC 2 5 . 3  J 
M i l s c e l l a n e o u s  P a r a m e t e r s  ( m g / k g )  

C CARBON 1 4 1 0  J 

IRON 
LEAD 
MAGNESIUM 
MRNGANESE 
MERCURY 
NICKEL 
POTASSIUM 
SELENIUM 
VANADIUM 
ZINC 

BGD19 ( 0  - 1 )  
s e m l v o l  a t i l e  O r g a n l c s  ( u g / k g )  
B I S  (2-RTHYUiKXYL) PHTHALATE 1 3 0  J 

BGD17 ( 0  - 1 )  
S e m i v o l a t i l e  O r g a n i c s  ( u g / k g )  
I n o r g e n i c s  B I S  (2-ETHYLHEXYL) ( m g / k g )  PHTBALATE 1 2 0  

ALUMINUM 4 8 1 0  
BARIUM 3 6 . 2  
BERYLLIUM 0 . 2 7  
CALCIUM 29'7 
CHROMIUM 1 0 . 1  

COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 

:OBALT 
ZOPPER 
[RON 
,EAD 
fAGNESIUM 
M G A N E S E  
ERCURY 

COBALT 
COPPER 
IRON 

JICKEL 
)OTASSIUM 
IANADIUM 

I S 2 1 S 0 1 9  ( 0  - 1 )  
s e m i v o l a t l l e  O r g a n l c s  ( u g / k g )  
ACETOPHENONE 6 3  J 
I n o r g a n i c s  I m g / k g )  
ALIJMINUM 5 9 4 0  
ARSENIC 5 . 9  RES, XNT 
BARIlJM 4 5 . 3  J 
CALCIUM 2 3 5  J 
CNROMIUM 1 6 . 1  
COBALT 4 . 7  J 
COPPLR 4 . 9  K 
CYANIDE 0 . 7 3  
IRON 1 2 2 0 0  
LEAD 7 5 . 7  
MAGNESIUM 5 8 2  J 
MANGANESE 2 7 9  
NICKEL 7 J 
WTASSlUM 3 1 4  J 
VANADIUM 2 9  
ZINC 1 9  J 
M i u c e l l a o e o u s  P a r a m e t e r s  ( m q / k g )  
PKRCENT MOISWRE 1 1 . 4  
PI+ 4 . 5  
TOTAL ORGAN1C CABBON 1 1 0 0 0  
TOTAL SOLIDS 7 7 . 9  

1 

1 i s c e l l a n e o u e  P a r a m e t e r s  (mg/ k g )  
MTAL ORGANIC 2 3 7 0  J 

I n o r g a n i c s  ( m g / k g )  
ALUMINUM 
ARSENIC 
BARIUM 
BERYLLIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 

2 0 1 0  
0 . 7 8  RES 
1 3 . 4  
0 . 0 5  J 
3 . 5  K 
0 . 5 8  
1 . 8  
2 7 7 0  
9 

1 ~ 2 1 ~ 0 1 8  ( 0  - 1 )  
I n o r g a n l c s  ( m g / k g )  
ALUMINUM 
ARSENIC 
BARIUM 
CALCIDM 
CHRONIUM 
COBALT 
COPPER 
CYANLDE 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
NERCURY 
NICKEL 
POTASUUM 
VANADIUN 
ZINC 
N l s c e l l a n e o u l r  P a r a m e t e r s  
PERCENT MOISTURE 
PH 
'CO'PAL ORGANIC CARBON 

4 5 1 0  
3 . 3  RES 
1 7 . 4  3 
8 3 . 9  J 
8 . 9  
1 . 8  J 
3 . 8  K 
0 . 5 9  
8 2 8 0  
1 7 . 1  
3 5 3  J 
6 6 . 1  
0 . 0 7 6  J 
3 . 2  J 
2 3 6  J 
1 8 . 3  
8 . 8  J 

( m g / k g )  
1 4 . 6  
5 . 2  
2 6 0 0 0  

-- . 
MAGNESIUM 1 4 3  K 
MANGANESE 2 4 . 9  J 
MERCURY 0 . 0 3  K 
NICKEL 1 . 7  
POTASSIUM 1 2 8  
VANADIUM 1 2 . 6  
ZTNC 6 . 2  
M i s c e l l a n e o u s  P a r a m e t e r s  (mg/ k g )  
TOTAL ORGANIC CARBON 1 0 0 0 0  

1 9 2 5 5 0 1 8  10 - 1 1  
s e m i v o l a t k l e  O r g a n i c s  ( u g / k g )  
01.5 I n o r g a n i c e  (2-IITWYIBEXYL) l m g / k g )  PHTNALATE 51 J 

ALUMINUM 9 0 3 0  
ARSENIC 6 . 5  RES, IN[  
BARIUM 4 2 . 2  J 
CALCIUM 1 7 5  J 
CHROMIUM 1 7 . 4  
COBALT 5 J  
COPPER 6 . 8  
IRON 1 5 9 0 0  J 
LEAD 2 8 . 2  K 
MAGNESIUM 6 3 4  J 
MANGANESE 1 9 6  J 
NICKEL 5 . 1  J 
POTASSIUM 4 2 0  3 
VANADIUM 2 9 . 5  
ZINC 2 6 . 8  J 
Wincel lmeous  Pacameters ( m g l k g )  
PERCENT MOISTURE 2 0  

I S Z 1 S 0 2 0  ( 0  - 1 )  
s e m i v o l a t i l e  O r g a n i c s  ( u g / k g )  
2-METHYLNAPHTHALENE 7 3  L 
NAPHTHRLENE 1 1 0  L 
I n o r g a n j c s  ( m g / k g )  
ALUMINUM 
ARSENIC 
BARIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
CYANIDE 

J .0100 
7 . 7  RES, IN]: 
4 2 . 2  J 
0 . 1 6  J 
6 0 9  J 
1 9 . 6  
3 . 9  J 
9 . 7  K 
0 . 6 5  

, - 

ARSENIC 3 . 5  L RE$ 
BARIUM 5 9 . 9  
RERYLlrIIIM 0 . 6 9  
CALCIUM 2 7 6  J 
CHROMIUM 1 7 . 7  J 
COBALT 1 1 . 4  
COPPLR 7 . 3  
IRON 1 2 3 0 0  J 
L%AD 1 0 . 4  
MAGNESIUM 6 4 5  J 
MANGANESE a 3 6 1  
NICKEL 8 . 5  
DOTASSIUM 3 0 2  J 
VANADIUM 2 3 . 7  
ZINC 2 1 . 2  J - 
H l s c ? l l a n e o u s  P n r s m e t t ? r e ~ ( m g / k g )  
TOTAL ORGANIC CARBON 3 6 6 0  ? 

8 6 0 1 3  ( 0  - 1 )  
P e s t l c i d e a / P C B ' a  ( u g / k g )  
4.4'-DUE 0 . 8 9  J 
I n o r g a n i c s  ( m g / k g )  
ALUMINUM 5 3 3 0  J 

P e s t i c i d e s / P C B ' s  ( u g / k g )  
4 . 4  '-DDI 
4.4'-DDT 
T n m g a n i c s  ( m g / k g )  2 . 3  J 

ALUMINIJ% 
ARSENIC 
BARlllM 1 2 9 0 0  J 
BERYLLIUM 7 . 1  L RES,  
CHROMIUK 5 2 . 6  J 
COBALT 0.5 J 
CODDPB 0 . 2  J 

IRON 2 2 2 0 0  
LEAD 1 6 . 8  
MAGNESIUM 3 9 0  J 
MANGANESE 3 9 7  
MERCURY 0 . 1 2  J 
NICKEL 4 . 5  J 
POTASSIUM 6 3 6  J 
VANADIUM 3 6 . 4  
ZINC 2 2 . 9  J 
M i s c e l l a n e o u s  P a r a m e t e r s  ( m g / k g )  
PERCENT MOISTURE 2 3 . 4  

PH 4 . 7  
TOTAL ORGANIC CARBON 1 5 7 0 0  
TOTAL SOLXUS 7 9 . 2  

PH 4 . 7  
TOTAL ORGANIC CARBON 2 3 9 0 0  

I STYRENE - 1 . 3  J 
P e s t i c l d e s / 9 C B ' a  ( u a / k o l  

A W E N I C  
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 

8 . 3  RES, INC 
9 7 . 2  
1 . 3  
0 . 4 2  L 
3 4 6  J 
2 6 . 1  J 
1 7 . 5  
2 2 . 6  
3 8 7 0 0  J 

I S 1 1 5 0 4 2  ( 0  - 1 )  
V o l a t i l e  O r g a n t c s  ( u g / k g )  
CYCLOHSXANE 3 . 6  J 
TOTAL XYLENES 9 . 9  J 
r n o r g a n i c s  (mw/kg)  
ALUMINUM 5 9 3 0  
ARSENIC 2 . 2  J REE 
BARIUM 6 8 . 6  
CALCIUM 6 8 2  J 
CHROMIUM 7 . 1  
COBALT 13 J 
COPPER 7 . 7  
IRON 6 8 7 0  J / LEAD 1 9 . 4  K 
MAGNESIUM 4 8 4  J 
MANGANESE 7 9 2  J 
MERCURY 0 . 1 3  
NICKEL 8 . 1  3 
POTASSIUM 3 9 5  J 
VANADIUM 2 4  
ZINC 3 1 . 3  3 
M i s c e l l a n e o u s  P a r a m e t e r s  ( m g / k g )  
DIESEL RANGE ORGANICS 1 5  
GASOLINE W G E  ORGANICS 0 . 1 7  
PERCENT MOTSTURF; 3 2 . 9  
PH 5 . 7  
TOTAL ORGANIC CARBON 4 0 1 0 0  
TOTAL SOLIDS 6 6  

1 S l l S 0 4 1  ( 0  - 1 )  
V o l a t i l e  O r g a n i c s  l u g / k g )  
TOLUENE 
TOTAL XYLENES 
I n o c g a n l c s  ( m g / k g )  
ALUMINUM 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHRONIUM 
COBALT 
COPPER 
IRON 
LEAD 
MGNESIUM 
MANGANESE 
NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
'LWLLLIUM 
VANADIUM 
ZINC 
M i s c e l l a n e o u s  P a r a m e t e r s  
DIHSEL W E  ORGANICS 
GASOLINE RANGE ORGANICS 
PERCENT MOISTURE 

PH 5 . 4  
W T A L  ORGANIC CARBON 3 7 6 0 0  
TOTAL SOLIDS 7 3 . 1  

I 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
N I C W L  
POTASSIUM 
SILVER 
VANrnIUM 
ZINC 

1 0 3 0 0  J 
4 . 3  L RES, I N 1  
5 8 . 4  
0 . 4 6  J 
0 . 0 9 8  
5 1 2  J 
1 4  
1 0 . 1  J 
9 . 7  
2 1 3 0 0  
1 3 . 8  
8 3 7  J 
1 5 6  
9 . 5  3 
7 2 1  J 
1.1 
0 . 7 6  
1 0 8  
1.3 
2 4 . 8  
3 3 . 5  J 

( m g / k g )  
3 . 8  
0 . 1 8  
1 8 . 3  

I S l l S 0 4 0  ( 0  - 1 )  
V o l a t i l e  O r g a n i c s  ( u g / k q )  
ETHYLBENZENE 2 . 1  J 
TOLUENE 1 4 0  J 
TOTAL XYLENES 5 . 2  J 
S e m i v o l a t i l e  O r g a n i c s  ( u g / k g )  
ACETOPHENONE 64 J 
FUTOWTHENE 6 5  J 
PYRENE 1 2 0  J 
I n o r g a n i c s  ( m g / k g )  
ALUMINUM 1 9 6 0  J 
ARSENIC 2 .1  L RES 
BARIUM 4 9 . 1  3 
CADMIUM 0 . 1 2  J 
CALCIUM 1 7 5  J 
CHROMIUM 5 . 5  
COBALT 2.2 J 
COPPER 5 . 2  3 
IRON 5 6 8 0  
LEAD 2 4  3 
MAGNESIUM 2 5 6  J 
MRNGANESE 1 7  4 
MERCURY 0 . 0 9 3  L 
N l C W  L 3.) J 
POTASSIUM 2 8 1  3 
SELENIUM l.! 
SILVER 0 . 8 4  
SODIUM 1 2 3  
THALLIUM 1.4 
VANADIUM 1 3 . 9  
ZINC 1 7 . 3  J 
E n e r g e t i c s  ( m g / k g )  
2-NITROTOLUENE 1 5 3  J 
4-NITROTOLUENE 2113 J 
M r s c e l l a n e o u s  P a r a m e t e r s  ( m g / k g l  
DIESEL RANGE ORGANICS 

&WENT MQIm-VRE 

4 7  
2 6 . 5  

M i s c e l l a n e o u s  P a r a m e t e r s  ( m g / k g )  I TOTAL ORGANIC CARBON 1 7 3 0  J 

BGDl2 ( 0  - 1 )  (DUP) 
P @ s t i c i d e o / P C B ' s  ( u g / k g )  
4.4'-DDE 
I n o r g a n i c s  ( m g / k g )  
ALUMINUM 
ARSENIC 
BARIUM 
BERYLLIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 
VANADIUM 
ZINC 
M i s c e l l a n e o u s  P a r a m e t e c s  
TOTAL ORGANIC CARBON 

IRON 1 4  9 0 0  CALCIUM 
MGNESWM 7 5 0  K CHROMIUM 
MANGANETE 3 7 5  J COBALT 
MERCURY 0 . 0 3  K COPPER 
NICKEL 7 . 8  L CYANIDE 
WTASSIUM 5 1  6 IRON 
SELENIUM 0 . 7  LEAD 
SODIUM 4 0 . 5  1. 

2 7  . 8  
MAGNESIUM 

VANADIUM 
ZINC 2 6 . 2  

MANGANESE 

M l n c e l l a n e o u s  P a r a m e t e r s  ( m g l k g )  
NICKEL 

V X A L  ORGANIC CARBON 3 1 1 0  
POTASSIUM - SELENIUM 

RES, 

- 
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Sample Location 

J Positive Detection Is Qualified As An Estimate 

K Positive Detection Is Qualified As Biased High 

L Positive Result Is Qualified As Biased Low 

RES Positive Detection Eixceeds Region 3 Risk-Based 
Concentrations For Residential Land Use 

IND Positive Detection Exceeds Region 3 Risk- Based 
Concentrations For Industrial Land Use 

ug/kg Microgram per Kilogram 

m@kg Milligram per Kilogram 
-. - 

I S 1 1 S 0 4 1  ( 0  - 1 )  (DUP) 
V o l a L l l e  O r g a n i c s  ( u g / k g )  
TOLUENE 2 3  
I n o r g a n i c s  ( m g / k g )  
ALUMINUM 7 5 0 0  J 
ARSENIC 4 . 1  L RES, INT 
BARIUM 6 3 . 3  
BERYLLIUM 0 . 4 7  J 
CADMIUM 0 . 2 5  J 
CALCIUM 5 9 7  J 
CHROMIUM 1 1 . 6  
COBALT 8 . 3  J 
COPPER 1 1 . 6  
IRON 2 0 1 0 0  
LEAD 1 5 . 5  
MAGNESIUM 7 4 3  3 
MANGANESE 5 9 5  
NICKEL 1 8 . 6  
POTASSIUM 5 9 0  J 
SILVER 0 . 8 1  
SODIUM 1 1 5  
THALLIUM 1 . 4  
VANADLUM 2 2  
ZINC 3 3 . 6  J 
Miscellaneous P a r a m e t e r s  ( m g / k g )  
D I E S E L  RANGE ORGANICS 4 . 8  
PERCENT MOLSTURG 2 3 . 4  

S I L V E R  

THALLIUM 
VANADIUM 
Z I N C  27 J 
N i s c e l l a u e o u a  P a r a m e t e r s  ( m g / k g )  

0 6000 Feet 
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POSITIVE DETECTIONS - BACKGROUND SURFACE SOILS 
STUMP NECK PENINSULA 

BACKGROUND SOIL INVESTIGATION REPORT 
INDIV-NSWC, INDIAN HEAD, MARYLAND 

---"- 

IKrD I I (0 - 1) 
Vol .  lilei 1 e Organics (ug/kg) 
' I  it l CEU.OROEXUOROMETHANE 2.1 J 
Som~ vnl atile Organlcs (ug/kg) 
17 I :; (7-LTHYLHEXYL) PHTHALATE 66 J 
rno i -g ix  ics (mg/ kg) 
Aff(JM1 N[JM 6800 J 
ARii I N I C 5.9 RES, IND 
r m i q  r UM 40.7 J 
I3F'KYl8l,l UM 0.44 
~ A I ~ ( - I  ~ J M  422 J 
LIiHOMI IJM 14.4 
COUAJJT 8.9 
("OP>'k,R 6.6 
I RON 13200 J 

J >lAl) 24.3 J 
MAGNI.' R I UM 732 J 
MANCAN14.SE 413 J 
MF'IK"U1IY 0.06 K 
N l i KI, X, 5.6 
LJO'TA5 S I. UM 562 
CS I 1 VI,, K 0.68 J 
5013 i UM 59.6 
IIEAI~I~LIJM 1.4 L 
VANADI IJM 26.9 J 
% TNC 2 4 .  J 
Mi r;c,c! I I aneous Parameters (mq/ kq) 

BGDSS08 (0 - 1) 
Pesticides/PCBVs (ug/ kg) 
4,4'-DDE 10 J 
4,4'-DDT 9.4 J 
Inorganics (mg/kg) 
ALUM1 NUM 13400 J 
ARSENIC 3.1 RES 
BARIUM 45.5 J 
BERYLLIUM 0.6 L 
CADMIUM 0.26 K 
CHROMIUM 15.9 J 
COBALT 4.2 
COPPER 1'7.3 
I RON 13400 J 
LEAD 14 9 
MAGNES 1 UM 1050 
WGANESE 80.9 J 
MERCURY 0.05 
NICKEL 8.6 L 
POTASSIUM 787 J 
SELENIUM 0.79 J 
SODIUM 50 
VANADIUM 29.2 J 
ZINC 27.8 J 
Miscellaneous Parameters (mg/ kg) 
TOTAL ORGANIC CARBON 14000 

BGDSS07 ( 0  - 1) 
Inorganics (mg/ kg) 
ALUMINUM 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CHROMIUM 
COBALT 
COPPER 
I RON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 
SELEN I UM 
SODIUM 
VANADIUM 
ZINC 
Miscellaneous Parameters 

10700 J 
2.1 RES 
37 J 
0.34 0.22 L K 

13.2 J 
2.5 
5.3 10300 J 

9.8 
668 K 
46.8 J 
0.05 
4.9 
511 J 
0.53 J 
51.6 
23.9 J 
19.6 J 

BGDSSO1 (0 - 1) 
Inorganics (mg/ kg) 
ALIJMI NUM 11200 
ARSENIC 2.1 RES 
BARIUM 52.3 
BERYLLIUM 0.56 K 
CHROMIUM 3.3.4 
COBAI, T 4.2 
I RON 9380 
LEAD '7.4 K 
MAGNESIUM 714 
MANGANESE 245 
MERCURY 0.04 
NICKEL 5.8 
POTASSIUM 47 1 
SELENIUM 0.3 
VANADIUM 21.7 
ZINC 21.7 
Miscellaneous Parameters (mg/ kg) 
TOTAL ORGANIC CARBON 4140 

?TWO3 (0 - 2) 
I norganics (mg/ kg) 
ALUM1 NUM 4010 J 
ARSENIC 2.16 RES 
IIARIUM 29.8 
l3ERYLLIUM 0.204 
C'HROMIUM 10.5 
('OBALT 3.51 
C'OPPER 2.47 L 
I RON 7930 
I EAD 9.97 
MAGNESIUM 236 J 
MANGANESE 123 J 
NICKEL 2.28 J 
POTASSIUM 22 1 
SELENIUM 0.168 L 
VANADIUM 9.83 L 
Y INC 11.4 
Mtscellaneous Parameters (mg/ kq) 
AMMONIA 21.9 
NITRITE/NTTRATE 1.9 
'I'OTAL ORGANIC CARBON 1620 

BGD20 (0 - 1) 
Volatile Organics (ug/kg) 
TRICHLOROFLUOROMETHANE 2.5 J 
Semivolatile Organics (ug/kg) 
BIS (2-ETHYLIIEXYL) PHTHALATE 7500 J 
Inorganics (mg/kg) 
ALUMINUM 4850 J 
BARIUM 34.7 J 
BERYLLIUM 0.35 
CALCIUM 248 J 
CHROMIUM 7.6 
COBALT 1.9 
COPPER 2.5 
I RON 7220 J 
LEAD 6.7 J 
MAGNESIUM 352 J 
MANGANESE 26.9 J 
NICKEL 2.0 
POTASSI UM 212 
SILVER 0.27 L 
SODIUM 55.1 
VANADIUM 15.0 J 
Z81NC 9.4 J 
Miscellaneous Parameters (mg/ kg) 
TOTAL ORGANIC CARBON 9000 

LEGEND 

Sample Location 

J Positive Detection Is Qualified As An Estimate 

K Positive Detection Is Qualified As Biased High 

L Positive Result Is Qualified As Biased Low 

RES Positive Detection Exceeds Region 3 Risk-Based 
Concentrations For Residential Land Use 

ugkg Microgram per Kilogram 

mg/kg Milligram per  Kilogram 

4000 Feet 
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n w l u  ( n  .. !i) 
Po:st::i.c.i.don/L1(:1\ '1i ( u c j / k g )  
4 , 4 ' -1IJ)l~ 0 . 3 8  J 
T~rorgari.i.c.:.rr (mg/  k g )  
Al,UM:[NIIM 4 1 3 0 J 
AH:IEN%C 2 . 5  L REC 
BARXIIM 'L9.9 
ir3F:HY 'zLI UM 0 - 3  4 
CALCIUM 2'1%. 3 
CHWflMl UM 5 . 2  J 
COISAIA' 4 . 0  
CflI'T'lFH 3 . 3  
1. RON 3.3 0 0 0 J 
Lli:All 8 . 4  
MAGNESIUM 6 0 0  j 

MANCnNKSIi; 1 0 2  
NlCKI';I, !,I.  4 
IVl 'ASS1 TIM 3 8 5  ;I 
VAN AD1 IIM 28.9  
ZINC 1 1 . 1 J 
Mi!j.c:a:l:I.i~ncotl:r Pnr,lmol..ors ( i n g / k g )  
TOTAL 0RGANI:C CAEIHON 3 3 4  J 

B61):l 4 ( 3  ,. 5) 
l'?ou,t:.i c i  tle:i/PC111 ' r ;  (uq/kq)  
4 , 4 ' ..IN)$ 0 . 9 6  J 
4, 4 ' I3D'P 0 . 5 8  J 
I n o r g a n i c a  ( m q / k ( j )  
A LUMTNIJM 1 4 2 0 0  J 
AR3EN). C 8 . 8  RES,  IND 
k3AtZI UM 5 4 . 0  
B E I ~ Y ~ I T ~ ~ I J M  0 . 5 1  
C:ALC:U UM 7 8 5  J 
CIIIIOMI UM 2 7 . 7  J 

BGDI5  ( 3  - 5 )  
P e s t ~ c l d s s / P C B ' s  ( u g / k g )  
I , ( ' - D D E  0 . 6 8  J 
4 ,4 ' -DDT 0 . 7 9  J 
I n o r g a n i c s  ( m g / k g )  
ALUMINUM 2 2 1 0 0  J 
ARSENIC 1 2 . 5  RES ,  I N D  
BARIUM 4 1 . 9  
BERYLLIUM 0 . 9 6  
CALCIUM 4 3 3  J 
CHROMIUM 4 6 . 5  J 
COBALT , . ,51,3 L 
COPPER ., . 2 3 . 9  
TRON 6 1 6 0 0  J R E S  

MAGNESIUM 1 2 8 0  J 
MANGANESE 9 7 . 3  
MERCURY 0 . 1 1  L 
NICKEL 6 . 6  L 
POTASSIUM 1 0 7 0  J 
VANADIUM 1 2 7  
ZINC 34.6 J 
M i s c e l l a n e o u s  P a r a m e t e r s  ( m g / k g )  
TOTAL ORGANIC CARBON 1 1 0 0  J 

BGD16 ( 3  - 5 )  
S o m i v o l a t i l e  O r g a n i c s  ( u g / k g )  
B I S  (2-&THY LHEXYL) PHTHALATE 'I 3 0  J 
X n o r y a n i c s  ( r n g / k g )  
ALUMINUM 2 1 3 0 0  J 
ARSENIC 1 6 . 9  RES ,  INO 
BARIUM 3 5 . 9  J 
BERYLLIUM 0 . 3 3  
CALCIUM 5 3 4  J 
CHROMIUM 4 6 . 0  
COBALT 1 . 7  
COPPER 1 4 . 9  
IRON 4 3 6 0 0  J 
LEAD 1 3 . 6  J 
MAGNES IIJM 5 6 1  J 
MANGANESE 3 1 . 7  J 
MERCURY 0 . 1 3  
NICKEL 1 . 3  
POTASSIUM 4 8 0  
S ILVER 2 . 3  J 
SODIUM 7 1 . 6  
THALLIUM 6 . 5  L RES  
VANADIUM 8 6 . 2  J 
ZINC 1 9 . 6  J 
M i s c e l l a n e o u s  P a r a m e t e r s  ( m g / k g )  
TOTAL ORGANIC CARBON 8 2 0 0  

ARSENIC 
BARIUM 
BERYLLIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
I RON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POT4SSIUM 
$1 LVER 
SODIUM 
THALLIUM 
VANADIUM 
Z I N C  

B G D l 6  ( 3  -- 5 )  (DUP) 
B I S  (2-ETBYLHEXYL) PHTHALATE 1 1 0  J 
ALUMINUM 1 8 6 0 0  J 

1 1 . 4  RES ,  IND 
33.5 J 
0 . 3 2  
3 6 2  J 
4 0 . 8  
1 . 3  
1 3 . 8  
3 9 5 0 0  J 
1 2 . 6  J 
8 3 5  J 
2 7 . 8  J 
0 . 1 0  
0 . 7 1  
3 8 6  
2 . 2  J 
8 9 . 4  
5 . 6  L R E S  
7 8 . 5  J 
1 7 . 8  J 

LEGEND 

Sample Location 

J Pas~tive Detection Is Qualified As; An Estimate 

K Positive Detection Is Qualified As Biased High 

L Positive Result Is Qualified As Biased Low 

RES Positive Detection Exceeds Region 3 Risk-Based 
Concentrations For Residential Land Use 

IND Positive Detection Exceeds Region 3 Risk- Based 
Concentrations For Industrial Land Use 

uglkg Microgram per Kilogram 

mgtkg Milligram per Kilogram 

1 0 5 0 0  J 
4 . 3  L RES ,  INC 
4 0 . 9  J 
0 . 2 8  J 
0 . 0 9 5  
7 5 . 4  J 
1 2 . 8  
5 . 5  J 
6 . 3  
0 . 5 9  
1 6 1 0 0  
8 . 7  
5 0 1  J 
3 9 . 7  
6 . 5  J 
565 J 
1 
0 . 7 3  
1 0 4  

1 S 1 1 S 0 4 1  ( 2  - 3 )  
I n o r g a n i c s  ( m g / k g )  
A LUMINCJM 1 7 9 0 0  J 
ARSENIC 5.1 L RES,  I N 1  
BARIUM 6 5 . 5  
CADMIUM 0 . 1 4  J 
CALCIUM 1 3 0  J 
CWROMIUM 1 9 . 3  
COBALT 4.9 J 
COPPER 8 . 6  
CYANIDE 0 . 6 8  
I RON 3 6 8 0 0  
LEAD 1 3 . 7  
MAGNESIUM 8 1 9  J 
MANGANESE 2 3 . 7  
MERCURY 0 . 1 8  L 
NICKEL 8 . 1  J 
POTASSIUM 6 5 3  J 
SELENIUM 1 . 2  
S ILVER 0 . 8 5  
SODIUM 1 1 0  
THALLIUM 1 . 4  
VANADIUM 3 1 . 7  
Z INC 27 .7  J 
~ i s c e l l a n c a u s  P a r a m e t e r s  ( m g / k g )  
PERCENT MOISTURE 26.b  

I 

MAGNESJ UM 9 9 4  J 
MANGANESE 9 6 . 3  J 

NICKEL POTASS1 UM 
9 . 0  
4 5 4  

ST  LVER 0 . 6 6  J 
SODIUM 8 0 . 2  
THALLIUM 0 . 8 5  L 
VANADIUM 2 8 . 4  J 
ZINC 1 8 . 4  J 
M i s c e l l a n e o u s  P a r a m e t e r s  ( m g / k g )  
TOTAL ORGANIC CARBON 6 4 0 0  

BGDSBO5 ( 4  - 5 )  
I n o r g a n i c s  ( m g / k g )  
ALUMINUM 1 8 0 0 0  
ARSENIC 9 . 4  K RES, IN1 
BARIUM 3 9 . 8  
BERYLLIUM 0 . 2 3  J 
CHROMIUM 3 6 . 2  K 
COBALT 1.5 K 
COPPER 1 2 . 1  K 
I RON 3 7 9 0 0  
LEAD 1 5 . 6  
MAGNESIUM 5 9 0  K 
MANGANESE , 4 9  J 
MERCURY 0 . 0 3  K 
NICKEL 5.1 L 
POTASSIUM 5 5 3  
S E  LEN1 UM 2 . 2  K 
SODIUM 126  L 
VANADIUM 6 1 . 4  

BGDSB03 ( 4  - 5 )  
I n o r g a n i c 3  ( m g / k g )  
ALUMINUM 2 5 3 0 0  
ANTIMONY 1 . 8  J 
ARSENIC 1 0 . 4  RES ,  INI:  
BAR1 UM 1 0 1  
BERYLLIUM 1.1 L 
CHROMIUM 3 1 . 8  K 
COBALT 1 3 3  
COPPER 2 2 . 7  
IRON 4 9 8 0 0  R E S  
MAGNESIUM 1 9 9 0  
MANGANESE I 2 7 0  J 
MERCURY 0 . 0 3  K 
NICKEL 1 8 . 2  L 
POTASSIUM 1 6 1 0  
SELENIUM 2 
SOD1 UM 1 3 1  L 
VANAD 1 UM 4 5 . 2  
Z INC 7 0 . 4  
~ i s c e l l a n e o u s  P a r a m e t e r s  ( m g / k g )  
TOTAL ORGANIC CARBON 1 8 1 0  

BGD17 (3 - 4) 
V o l a t i l e  TRICHLOROE'LUOROMETHANE o r g a n i c s  ( u g / k g )  

2 . 5  J 
S e m i v o l a t i l e  O r g a n i c s  ( u g / k g )  
B I S  (2-ETHY LHEXYL) PHTHALATE 8 4  J 
I n o r g a n i c s  ( m g / k g )  
ALUMINUM '7990 J 
BARIUM 3 9 . 7  J 
BERY LLTUM 0 . 3 5  
CALCIUM 3 1 0  J 
CHROMIUM 2 7 . 1  

I S l l S 0 4 2  ( 2  - 3 )  
V o l a t i l e  O r g a n l c s  ( u g / k g )  
TOTAL XYLENES 2 . 4  J 
I n o r g a n i c s  ( m g / k g )  
ALUMINUM 1 5 4 0 0  
ARSENIC 4 .3  RES ,  INI: 
BAR1 UM 6 4 
BERYLLIUM 0 . 3 9  J 
CWROMIUM 1 5 . 7  
COBALT 4 . 3  J 
COPPER 6 . 4  J 
IRON 2 6 0 0 0  K 
LEAD 1 2 . 5  J 
MAGNESIUM 6 4 2  J 
MANGANESE 1 5 . 9  J 
NICKEL 6 . 4  J 
POTASSIUM 5 4 8  J 
VANADX UM 3 0 . 1  
Z INC 2 4 . 7  J 
E n e r g e t i c s  ( m g / k g )  
I ,  3-DINITROBENZENE 3 2  J 
M i s c e l l a n e o u s  P a r a m e t e r s  ( m g / k g )  
PERCENT MOISTURE 2 0  

BGD19 ( 3  - 5) 
S e m i v o l a t i l e  O r g a n l c s  ( u g / k g )  
B I S  (2-ETHYLHEXYL) PHTHALATE 7 9  J 
I n o r g a n i c s  (mg/ k g )  
ALUMINUM 5 4 8 0  J 
ARSENIC 8 . 8  RES ,  IND 
BARIUM 2 5 . 5  J 
BERYLLIUM 0 . 3 5  
CALCIUM 2 5 5  J 
CHROMIUM 1 4 . 0  
COBALT 1 . 3  
COPPER 1 0 . 2  
IRON 2 3 9 0 0  J 
LEAD 3 . 8  J 
MAGNESIUM 3 4 6  J 
MANGANESE 6 7 . 6  J 
MERCURY 0 . 0 5  K 
NICKEL 1 . 8  
POTASSIUM 2 3 7  
SELENIUM 2 . 7  L 
ST  LVER 1.1 J 
SODIUM 6 6 . 2  
THALLIUM 2 . 8  L 
VANADIUM 3 0 . 9  J 
ZINC 1 6 . 5  J 
M i s c e l l a n e o u s  P a r a m e t e r s  ( m g / k g )  
TOTAL ORGANIC CARBON 8 2 0 0  

0 2500 5000 Feet 
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BACKGROUND SOIL INVESTIGATION REPORT 
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AS NOTED 







4.0  STATISTICAL ANALYSIS OF ANALYTICAL DATA FOR BACKGROUND SOIL 
SAMPLES 

This section presents the results of the statistical analysis of the analytical data available for background 

soil samples for NSWC Indian Head.  A primary objective of any background investigation is the 

development of a background dataset(s) that is (are) representative of background conditions for an area 

and, therefore, may be used to distinguish background concentrations in an environmental medium from 

site-related contamination.  Additionally, a background dataset should be “robust” for purposes of 

performing the statistical tests used to differentiate background concentrations from site-related 

contamination.  Robustness is gained, in part, through the proper assignment of the data into subsets that 

are representative of individual soil types.  Statistical tests/techniques were used to: 

 

• Evaluate whether the background soil dataset represented one underlying population or more than 

one (i.e., there is a difference between chemical concentrations in the surface and subsurface soils, 

or chemical concentrations vary with soil type, or chemical concentrations vary with soil grain size, 

etc.).  

 

• Calculate simple descriptive statistics for the background soil dataset(s) [e.g., frequency of detection, 

range of positive detections, arithmetic mean, 95 % upper confidence limit (UCL) on the arithmetic 

mean, 95 % upper tolerance limit (UTL) on the arithmetic mean] (see Tables 4-1 through 4-4). 

 

Summarizing from previous sections, background soils data are available from four sources: 

 

• The background soil investigation conducted in 1997 [surface and subsurface soil sample were 

collected at 10 locations (BGD1 through BGD10)]. 

 

• The follow-up background soil investigation conducted in September/October 2001 [surface and 

subsurface soil samples were collected at 10 additional locations (BGD11 through BGD20)]. 

 

• Ten surface and four subsurface soil samples collected in 2000 at upgradient locations at 4 IR Sites 

under investigation by CH2M Hill (IR Sites 21, 11, 13, and 25 on the Cornwallis Neck Peninsula).  As 

demonstrated in the comparison tables presented in Appendix E, the analytical results for these 

samples are similar to analytical results reported for the samples collected during the background soil 

investigation. 
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• Soil samples collected in 1995 and 1997 at upgradient locations at 4 IR Sites under investigation by 

TtNUS (IR Sites 38, 61, 63, and 64 on Stump Neck Peninsula).  The analytical results for these 

samples are similar to analytical results reported for the samples collected during the background soil 

investigation. 

 

These samples are representative of soil conditions across the two peninsulas of the facility (a few were 

also collected off-base in Smallwood Park) and were collected from all four soil associations identified in 

the USDA General Soil Map for Charles County, Maryland (see Table 3-4). 

 

4.1 GRAPHICAL PRESENTATION OF THE DATA 

Figures 4-1 through 4-21 present the analytical data for several metals commonly detected in the 

background investigation soil samples.  Surface and subsurface soil concentrations are compared in 

Figures 4-1 through 4-7.  The analytical data are plotted according to grain size in Figures 4-8 through 

4-21.  The graphs present data for samples collected during the background investigation studies only 

because grain size data are not available for the upgradient samples at specific IR Sites/SWMUs.  A 

review of the analytical data suggests the following: 

 

• Metals concentrations detected in the subsurface soil samples frequently exceed concentrations 

detected in the surface soil samples.  This is most evident for aluminum, chromium, copper, iron, and 

nickel, and is somewhat less evident for arsenic and zinc. 

 

• The concentration range reported for the subsurface soil samples is wider than the concentration 

range reported for the surface soil samples.  Again, this is most evident for aluminum, chromium, 

copper, iron, and nickel, and is somewhat less evident for arsenic and zinc.  This observation may 

reflect the more aggressive weathering of surface soils versus subsurface soils. 

 

• The range of grain sizes reported for the surface soil samples (0.0115 mm to 0.6660 mm) is narrower 

than the range of grain sizes reported for the subsurface soil samples (0.0024 mm to 0.3200 mm).  

This indicates that there is more variability in the subsurface soils which is supported by the metals 

data and the soil descriptions (Table 3-3).   

 

• The metals concentrations reported in the subsurface soils samples tend to decrease with increasing 

grain size.  This is most evident for aluminum, arsenic, chromium, copper, and iron, and less evident 

for nickel and zinc.  Metals concentrations in the low grain size (high clay content) samples tend to 

exceed metals concentrations in the high grain size (low clay content) samples.  This observation 

may reflect the fact than many metals adhere to clay particles.  However, the relationship between 

grain size and metal content is not seen in every subsurface sample.  Additionally, the inverse 
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relationship of concentration to grain size is not clearly seen in the surface soil dataset.  As noted 

above, the metals concentrations in the surface soil samples are less variable and none of the 

surface soil samples are actually described strictly as clays (see Table 3-3). 

 

4.2 STATISTICAL ANALYSIS OF DATA 

The initial visual inspection of the data described above was supplemented with the more rigorous 

statistical analyses presented in the following paragraphs.  These analyses were performed to further test 

the relationships noted above and to develop descriptive statistics for each background soils dataset 

identified.   

 

Based on the data presented in Figures 4-1 through 4-7, the background soil data for metals at IHDIV-

NSWC were separated into surface and subsurface soil data groups.  Statistical analyses (examples 

presented in Figures 4-22, 4-23, and 4-24) were preformed to determine whether the site elevation 

(highlands or lowlands) influenced the metal concentrations.  (Only data available for the original 10 BSI 

sampling locations were evaluated.)  Preliminary correlation analysis of elevation versus concentration 

indicated moderate correlation between these two factors for several metals.  Further analysis showed 

that this correlation was strongly influenced by a moderate correlation between elevation and grain size in 

concert with a strong correlation between grain size and concentration.  Isolating samples with similar 

depth and grain size and comparing them at different elevations showed little correlation between 

elevation and metal concentration.  Thus, of the physical factors that were considered, the primary factor 

governing metal concentrations in the background soil samples was interpreted to be grain size. 

 

Scatterplots of metals concentrations versus grain size for soil samples of similar depth were then plotted 

and inspected for “inflection points”.  An inflection point is a break in a trend noted in a dataset plotted on 

a graph and a possible indication that not all data presented on the plot are from the same underlying 

dataset.  The scatter plots for several metals indicated an inflection point just above the 0.02 mm grain 

size and these soil samples were labeled clay-like soils.  This allowed the data to be initially divided into 

four soil groupings for further statistical analysis: 

 

• Clayey Surface Soil 

• Non-clayey Surface Soil 

• Clayey Subsurface Soil 

• Non-clayey Subsurface Soil 

 

This statistical analysis considered analytical data for seven metals that tend to be indicative of varying 

soil conditions and/or are often significant in human or ecological risk assessments: aluminum, arsenic, 

barium, chromium, copper, iron, and lead (See Figures E-3-1A through E-3-35A in Appendix E).  Also, 
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positive detections are generally reported for most samples analyzed for these metals.  Thus, the 

difficulties often noted during the statistical analysis of datasets with a high proportion of non-detect 

results (sometimes referred to as censored data) are avoided. 

 

Four different statistical analysis techniques or tools were used to determine whether the four soil 

groupings produced statistically distinct data sets for these seven metals.  

 

• Basic descriptive statistics were calculated for each of the four soil groups.  The arithmetic 

mean, minimum, maximum, and the standard deviation of the concentrations were examined for each 

metal across all soil groups and within individual soil groups.  These statistics are presented in 

Table E-3-1A and indicate that concentrations vary between: 1) all surface and all subsurface soils, 

2) all low grain size soils and all high grain size soils, and 3) low grain size subsurface soils and high 

grain size subsurface soils.  The concentrations noted in the low-grain size surface soils do not vary 

substantially from those noted in the high-grain size surface soils.  

 

• Box and whisker plots for each metal were plotted for the different soil groups.  Box and 

whisker plots show the central tendency, degree of symmetry, range of variation, and potential 

outliers of a data set.  The upper value of the box (UVB) in the box and whisker plot represents the 

75th percentile for the data.  The lower value of the box (LVB) is the 25th percentile for the data.  (In 

other words, 50% of the data points fall between the UVB and the LVB.)  The median value is the 

mid-point of the data and is represented by a small square in the box.  The top of the whisker is the 

75th percentile plus 1.5 times the interquartile range, where the interquartile range is 75th percentile 

minus the 25th percentile.  The bottom of the whisker is the 25th percentile minus 1.5 times the 

interquartile range.  The range between the upper whisker value and the lower whisker value is the 

non-outlier range.  Any value outside of this range is considered to be a statistical outlier.  Statistical 

outliers are represented by an “O” on the plot.  Statistical outliers that are more than one standard 

deviation from the non-outlier range are considered extreme values and are represented by an 

asterisk (*).  The plots where inspected to see which data sets looked similar and which ones differed.  

Particular attention was paid to see whether the mean from one data set fell within the LBV to UBV 

range of another data set.  The box and whisker plots are presented in Appendix E.3 and support the 

conclusions developed from the basic descriptive statistics. 

 

• Normal probability plots were prepared for the background data sets.  A normal probability plot 

is used to evaluate the normality of the distribution of a variable, that is, whether and to what extent 

the distribution of the variable follows the normal distribution.  The values of the selected variables 

are plotted in a scatter plot against the values "expected from the normal distribution."  The standard 

normal probability plot is constructed as follows.  First, the deviations from the mean (referred to as 
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residuals) are rank ordered.  From these ranks, z values (i.e., standardized values of the normal 

distribution) are computed based on the assumption that the data come from a normal distribution.  

These z values are plotted on the Y-axis in the plot.  If the observed residuals (plotted on the X-axis) 

are normally distributed, then all values should fall onto a straight line.  Variability in the data will 

cause the plotted residual to scatter randomly around this line, but the data will still appear to follow a 

single straight line.  If the residuals are not normally distributed, then they will deviate systematically 

from the line (i.e., inflections in the line are noted).  Outliers may also be evident in this plot.  If there 

is a general lack of fit to the straight line, and the data seem to form a clear pattern (e.g., an S shape) 

around the line, then the variable may require transformation before the values approximate a good fit 

to the line.  Probability plots may also be used to determine whether a data set comprises more than 

one statistical population.  Straight line segments are fit to contiguous groups.  A change in slope or 

the existence of an inflection point in the plotted line segments indicates the presence of multiple 

populations.  A straight line with no gaps or inflection points is indicative of a single population.  

Careful examination of the spatial relationship between data on either side of an inflection point can 

facilitate the determination of multiple populations.  The probability plots are presented in Appendix 

E.3 and support the conclusions based on the basic descriptive statistics and the box plots.  

However, as discussed below, the results of the normal probability plots are somewhat less objective 

than the results of the descriptive statistics and box and whisker plots and must be interpreted 

carefully. 

 

• The background data sets were evaluated using Kruskal-Wallis Non-Parametric ANOVA.  The 

Kruskal-Wallis ANOVA (Analysis of Variance) by ranks test is a variation of the standard parametric 

ANOVA.  It assumes that the variable under consideration is continuous and that it was measured on 

at least an ordinal (rank order) scale.  This test assesses the hypothesis that the different samples in 

the comparison were drawn from the same distribution or from distributions with the same median.  

Thus, the interpretation of the Kruskal-Wallis test is basically identical to that of the parametric one-

way ANOVA, except that it is based on ranks rather than means, and is not subject to the same 

assumptions as the parametric ANOVA (i.e., similar distribution and homogeneous variance of the 

two data sets being compared).  The results of the Kruskal-Wallis ANOVA by ranks test are 

presented in Appendix E.3, Table E-3-2A.  The “average rank” values support the conclusions based 

on the basic descriptive statistics and the box plots.  Specifically, average rank values calculated for 

the small grain size surface soils do not vary substantially from those calculated for the larger grain 

size surface soils (i.e., the datasets are similar).  The average rank values support the conclusions 

that there are differences between surface and subsurface soils, and small-grain size subsurface 

soils and large-grain-size subsurface soils. 
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Examination of the results from these statistical analyses showed that the distinction between the grain 

sizes in surface soil produced data sets that in most cases were not statistically significantly different from 

each other.  The influence of soil grain size on metal concentration is less important in surface soil than it 

is in subsurface soil.  This is in agreement with the conclusions presented based on Figures 4-1 through 

4-21.  Consequently, the background soil dataset was divided into 3 final soil groupings: 

 

1. Surface Soil 

2. Clayey Subsurface Soil 

3. Non-clay Subsurface Soil 

 

These three soil groupings were also evaluated using the statistical analysis tools previously described.  

The results are presented in Appendix E.3 and support the conclusion that the background soil dataset 

should be divided into the three soil groups identified above.   

 

The descriptive statistics for most of the metals (Table E-3-1) suggest that the clayey subsurface 

concentrations (group 2) were greater than the non-clay subsurface concentrations (group 3) which in 

turn were greater than the surface soil concentrations (group 1).  The average concentrations in soil 

group 2 samples were often 2 times greater than the concentrations in the soil groups 1 and 3 samples.  

The sample with the maximum concentration was more frequently found in the group 2 samples than in 

the group 1 or 3 samples.  The box and whisker plots for aluminum, arsenic, chromium, copper, and iron 

also strongly support the conclusions regarding differences in metals concentrations between surface and 

subsurface soil samples and the conclusion that there are 2 subsurface soil groups.   

 

The results of the normal probability plots are somewhat less objective than the results of the descriptive 

statistics and the box and whisker plots.  Potential inflection points were noted in the probability plots for 

some of the soil groups, suggesting the presence of two or more populations within a soil group.  

Occasional anomalies (e.g., the outlier lead concentration of 149 mg/kg; the maximum arsenic 

concentration in surface soils) and the fact that some metals may be log-normally distributed rather than 

normally distributed make the interpretation of the plots difficult in some cases.  Additionally, non-site 

related anthropogenic factors may impact metals concentrations in the soils, particularly the surface soils.  

Further examination of the data indicated that the inflection points noted in some of the probability plots 

could not be attributed to any particular soil characteristic or variable (e.g., grain size, elevation, etc).  

Consequently, the soils groups were not sub-divided further on the basis of the probability plots.  While 

further sampling and/or statistical analysis may improve our understanding of the background soil 

conditions at NSWC Indian Head, significant new conclusions are not anticipated.  The results of the 

statistical analyses using four statistical tools/techniques are in general agreement.  The statistical 

analyses confirm the observations presented based on visual inspection of the graphical presentation of 
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the data.  These observations are supported by the soil sample type descriptions (i.e., clay versus sand, 

etc.) provided by the field geologists.   

 



TABLE 4-1

SUMMARY OF DESCRIPTIVE STATISTICS FOR ALL SURFACE AND SUBSURFACE SOILS
BACKGROUND INVESTIGATION REPORT FOR SOILS

INDIAN HEAD DIVISION
NSWC INDIAN HEAD, MARYLAND
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Chemical Cas Frequency of Minimum Minimum Maximum Maximum Average of Average of Minimum Maximum Location of Distribution 95% Upper 95% Upper Eastern U.S. Maryland Residential Risk-Based Industrial Risk-Based

Number Detection Detection Qualifier Detection Qualifier Positive Detections All Detections Nondetect Nondetect Maximum of Data Confidence Limit Tolerance Limit Soils 1 Soils 2 Concentration 3 Concentration 3

Volatile Organic Compounds (ug/kg)
ACETONE 67-64-1 3/40 1800 13000 L 5700 430 1.4 24 RN6SS0170101 Undefined 13000 13000 NA NA 7800000 200000000
CYCLOHEXANE 110-82-7 1/22 3.6 J 3.6 J 3.6 5.1 5.3 15 IS11SS420001 Undefined 3.6 3.6 NA NA NA NA
ETHYLBENZENE 100-41-4 1/40 2.4 J 2.4 J 2.4 4.9 1.5 15 IS11SS400001 Undefined 2.4 2.4 NA NA 7800000 200000000
GASOLINE RANGE ORGANICS TTNUS005 2/9 0.1225 0.17 0.15 8.4 0.12 150 IS11SS420001 Undefined 0.17 0.17 NA NA NA NA
METHYL ACETATE 79-20-9 1/22 2.3 J 2.3 J 2.3 5.0 5.3 15 IS11SS390001 Undefined 2.3 2.3 NA NA 78000000 2000000000
STYRENE 100-42-5 1/40 1.3 J 1.3 J 1.3 5.0 0.34 15 BGDSS0120101-AVG Undefined 1.3 1.3 NA NA 16000000 410000000
TOLUENE 108-88-3 4/40 3.3 J 140 J 61 11 0.32 15 IS11SS400001 Undefined 140 140 NA NA 16000000 410000000
TOTAL XYLENES 1330-20-7 5/24 1.7 J 9.9 J 5.6 6.5 0.78 18 IS11SS420001 Undefined 9.9 9.9 NA NA 160000000 4100000000
TRICHLOROFLUOROMETHANE 75-69-4 7/40 1.7 J 2.7 J 2.2 4.9 0.33 15 BGDSB0110101 Undefined 2.7 2.7 NA NA 23000000 610000000
Semivolatile Organic Compounds (ug/kg)
1,3-DINITROBENZENE 99-65-0 1/20 32 J 32 J 32 120 37.2 393 IS11SB260203 Undefined 32 32 NA NA 7800 200000
2-METHYLNAPHTHALENE 91-57-6 1/40 73 L 73 L 73 140 42 490 IS21SS200001 Undefined 73 73 NA NA 1600000 41000000
ACENAPHTHENE 83-32-9 1/40 140 140 140 140 38.7 490 BGDSS0160101 Undefined 140 140 NA NA 4700000 120000000
ACETOPHENONE 98-86-2 3/40 46 J 64 J 58 140 52 490 IS11SS400001 Undefined 64 64 NA NA 7800000 200000000
ANTHRACENE 120-12-7 1/40 260 260 260 140 26.2 490 BGDSS0160101 Undefined 260 260 NA NA 23000000 610000000
BENZALDEHYDE 100-52-7 1/34 59 J 59 J 59 150 130 490 IS25SS190001 Undefined 59 59 NA NA 7800000 200000000
BENZO(A)ANTHRACENE 56-55-3 1/40 480 480 480 150 13.6 490 BGDSS0160101 Undefined 480 480 NA NA 870 7800
BENZO(A)PYRENE 50-32-8 1/40 390 390 390 150 16.9 490 BGDSS0160101 Undefined 390 390 NA NA 87 780
BENZO(B)FLUORANTHENE 205-99-2 1/40 420 420 420 150 35 490 BGDSS0160101 Undefined 420 420 NA NA 870 7800
BENZO(G,H,I)PERYLENE5 191-24-2 1/40 130 130 130 140 45 490 BGDSS0160101 Undefined 130 130 NA NA 2300000 61000000
BENZO(K)FLUORANTHENE 207-08-9 1/40 360 J 360 J 360 150 41.6 490 BGDSS0160101 Undefined 360 360 NA NA 8700 78000
BIS(2-ETHYLHEXYL)PHTHALATE 117-81-7 14/40 51 J 7500 J 660 320 58 490 BGDSS0200101 Undefined 7500 7500 NA NA 46000 410000
CARBAZOLE 86-74-8 1/34 130 J 130 J 130 140 35 490 BGDSS0160101 Undefined 130 130 NA NA 32000 290000
CHRYSENE 218-01-9 1/40 440 440 440 150 21 490 BGDSS0160101 Undefined 440 440 NA NA 87000 780000
DIBENZOFURAN 132-64-9 1/40 65 J 65 J 65 140 28.7 490 BGDSS0160101 Undefined 65 65 NA NA 310000 8200000
FLUORANTHENE 206-44-0 2/40 65 J 1100 580 160 35 490 BGDSS0160101 Undefined 1100 1100 NA NA 3100000 82000000
FLUORENE 86-73-7 1/40 150 150 150 140 27.1 490 BGDSS0160101 Undefined 150 150 NA NA 3100000 82000000
INDENO(1,2,3-CD)PYRENE 193-39-5 1/40 100 100 100 140 46.4 490 BGDSS0160101 Undefined 100 100 NA NA 870 7800
NAPHTHALENE 91-20-3 1/40 110 L 110 L 110 140 34.5 490 IS21SS200001 Undefined 110 110 NA NA 1600000 41000000
PHENANTHRENE5 85-01-8 1/40 1100 1100 1100 160 35 490 BGDSS0160101 Undefined 1100 1100 NA NA 2300000 61000000
PYRENE 129-00-0 2/40 120 J 880 500 160 35 490 BGDSS0160101 Undefined 880 880 NA NA 2300000 61000000
Explosives (ug/kg)
2-NITROTOLUENE 88-72-2 1/15 150 J 150 J 150 100 81.4 250 IS11SS400001 Undefined 150 150 NA NA 780000 20000000
4-NITROTOLUENE 99-99-0 1/15 210 J 210 J 210 110 87.2 250 IS11SS400001 Undefined 210 210 NA NA 780000 20000000
Pesticides/PCBs (ug/kg)
4,4'-DDE 72-55-9 11/40 0.23 J 10 J 1.7 1.4 1.4 4.2 BGDSS0080101 Undefined 10 10 NA NA 1900 17000
4,4'-DDT 50-29-3 7/39 0.38 J 9.4 J 2.3 2.0 1.8 5.7 BGDSS0080101 Undefined 9.4 9.4 NA NA 1900 17000
Inorganics (mg/kg)
ALUMINUM 7429-90-5 58/58 2010 25300 9750 9750 NA NA BGDSB0030101 Lognormal 11500 27400 7000 - > 100000 NA 78000 2000000
ANTIMONY 7440-36-0 3/61 0.68 J 1.8 J 1.4 0.51 0.174 2.15 BGDSB0030101 Undefined 1.8 1.8 <1 - 8.8 NA 31 820
ARSENIC 7440-38-2 54/62 0.78 18.3 5.1 4.6 0.76 4.5 BGDSS0190101 Undefined 18.3 18.3 <0.1 - 73 1.1 - 7.1 0.43 3.8
BARIUM 7440-39-3 62/62 9.07 101 41.4 41.4 NA NA BGDSB0030101 Undefined 101 101 10 - 1500 150 - 700 5500 140000
BERYLLIUM 7440-41-7 48/62 0.05 J 1.1 L 0.45 0.36 0.047 0.53 BGDSB0030101 Undefined 1.1 1.1 <1 -7 ND - 3 160 4100
CADMIUM 7440-43-9 20/62 0.095 2.5 0.31 0.16 0.06 0.59 IS25SS190001 Lognormal 0.18 0.56 NA <0.01 - 5.6 78 2000
CALCIUM 7440-70-2 37/58 50.7 2420 415 287 49.6 275 IS13SS100001 Undefined 2420 2420 100 - 280000 NA NA NA
CHROMIUM 7440-47-3 62/62 3.5 K 46.5 J 17.3 17.3 NA NA BGDSB0150101 Undefined 46.5 46.5 1 - 1000 15 - 100 230 6100
COBALT 7440-48-4 62/62 0.58 133 6.8 6.8 NA NA BGDSB0030101 Undefined 133 133 <0.3 - 70 ND -20 1600 41000
COPPER 7440-50-8 58/62 1.6 25.9 8.1 7.7 1.53 4.6 BGDSB0150101 Undefined 25.9 25.9 <1 - 700  5 - 70 3100 82000
CYANIDE 57-12-5 7/16 0.59 0.73 0.64 0.53 0.073 2.5 IS21SS190001 Undefined 0.73 0.73 NA NA 1600 41000
IRON 7439-89-6 58/58 2770 61600 J 18000 18000 NA NA BGDSB0150101 Lognormal 21700 57200 100 - > 100000 NA 23000 610000
LEAD 7439-92-1 57/62 3.1 149 15.4 14.7 5.3 28.8 BGDSS0080101 Undefined 149 149 <10 - 300  10 - 50 4004 7504

MAGNESIUM 7439-95-4 58/58 143 K 1990 704 704 NA NA BGDSB0030101 Lognormal 809 1820 50 - 50000 NA NA NA
MANGANESE 7439-96-5 58/58 15.9 J 1270 J 187 187 NA NA BGDSB0030101 Lognormal 266 952 <2 - 7000 NA 1600 41000
MERCURY 7439-97-6 40/62 0.01 0.18 L 0.059 0.047 0.02 0.077 IS11SB250203 Lognormal 0.06 0.15 0.01 - 3.4 0.04 - 0.14 23 610
NICKEL 7440-02-0 62/62 1.005 18.2 L 5.8 5.8 NA NA BGDSB0030101 Undefined 18.2 18.2 <5 - 700 ND - 30 1600 41000
POTASSIUM 09/07/40 58/58 128 2845 J 617 617 NA NA BGDSB0060101-AVG Undefined 2845 2845 50 - 37000 NA NA NA
SELENIUM 7782-49-2 27/62 0.168 L 2.7 L 0.94 0.64 0.153 1.9 BGDSB0190101 Lognormal 0.82 2.4 <0.1 - 3.9 <0.1 - 0.5 390 10000
SILVER 7440-22-4 18/62 0.27 L 2.25 J 0.78 0.33 0.06 0.92 BGDSB0160101-AVG Undefined 2.2 2.2 NA NA 390 10000
SODIUM 7440-23-5 31/58 38.5 232 79.8 69.9 18.4 447 BGDSB0060101-AVG Undefined 232 232 <500 - 50000 NA NA NA
THALLIUM 7440-28-0 17/62 0.48 6.05 L 1.9 0.79 0.22 3 BGDSB0160101-AVG Undefined 6.0 6.0 NA NA 5.5 140
VANADIUM 7440-62-2 62/62 9.78 L 127 29.3 29.3 NA NA BGDSB0150101 Undefined 127 127 <7 - 300 20 - 150 550 14000
ZINC 7440-66-6 62/62 6.2 70.4 21.1 21.1 NA NA BGDSB0030101 Undefined 70.4 70.4 <5 - 2900 8 - 113 23000 610000
Miscellaneous (mg/kg)
AMMONIA 7664-41-7 4/4 7.8 49.9 22.3 22.3 NA NA S26-MW03-001 Lognormal 49.9 49.9 NA NA NA NA
DIESEL RANGE ORGANICS TTNUS004 4/9 4.3 47 18.4 9.2 3.5 4.1 IS11SS400001 Undefined 47.0 47.0 NA NA NA NA
NITRITE/NITRATE TTNUS029 1/4 1.9 1.9 1.9 1.2 1.5 2.6 S25-MW03-001 Lognormal 1.9 1.9 NA NA NA NA
PH (S.U.) TTNUS002 7/7 4.5 7 5.3 5.3 NA NA IS13SS100001 Lognormal 6.0 7.0 NA NA NA NA
TOTAL ORGANIC CARBON TTNUS003 50/51 261 40100 7640 7490 87.5 87.5 IS11SS420001 Undefined 40100 40100 NA NA NA NA
TOTAL ORGANIC HALIDES TTNUS043 1/20 55.2 55.2 55.2 24.7 35.9 57.1 BGDSB0040101 Undefined 55.2 55.2 NA NA NA NA
TOTAL PETROLEUM HYDROCARBONS TTNUS001 2/2 33.7 L 39.1 L 36.4 36.4 NA NA S26-MW03-002 Undefined 39.1 39.1 NA NA NA NA
TOTAL SOLIDS (%) TTNUS046 7/7 66 79.2 75.4 75.4 NA NA IS25SS180001 Undefined 79.2 79.2 NA NA NA NA
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SUMMARY OF DESCRIPTIVE STATISTICS FOR ALL SURFACE AND SUBSURFACE SOILS
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1 - Shacklette, H. T. and J. G. Boerngen (1984)    (surface soil values are presented in table)
2 - Dragun, J. (1991) (surface soil values are presented in table)
3 - EPA Region III Risk-Based Concentrations, October, 2002.
4 - EPA Region 9 PRGs Table, October, 2002.
5 - Pyrene is used as a surrogate for Benzo(g,h,i)perylene, and Phenanthrene.
Bolded values represent exceedances of Region III RBC's or background concentrations reported in literature background references
NA - Not available
J      Positive detection is qualified as an estimate.
K     Positive detection is qualified as biased high.
L     Positive result is qualified as biased low.
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Chemical Cas Frequency of Minimum Minimum Maximum Maximum Average of Average of Minimum Maximum Location of Distribution 95% Upper 95% Upper Eastern U.S. Maryland Residential Risk-Based Industrial Risk-Based

Number Detection Detection Qualifier Detection Qualifier Positive Detections All Detections Nondetect Nondetect Maximum of Data onfidence Lim Tolerance Limit Soils 1 Soils 2 Concentration 3 Concentration 3

Volatile Organic Compounds (ug/kg)
ACETONE 67-64-1 2/23 2200 13000 L 7600 660 1.9 23 RN6SS0170101 UNDEFINED 13000 13000 NA NA 7800000 200000000
CYCLOHEXANE 110-82-7 1/14 3.6 J 3.6 J 3.6 5.3 5.4 15 IS11SS420001 UNDEFINED 3.6 3.6 NA NA NA NA
ETHYLBENZENE 100-41-4 1/23 2.4 J 2.4 J 2.4 5.0 1.5 15 IS11SS400001 UNDEFINED 2.4 2.4 NA NA 7800000 200000000
GASOLINE RANGE ORGANICS TTNUS005 2/5 0.1225 0.17 0.15 15 0.13 150 IS11SS420001 UNDEFINED 0.17 0.17 NA NA NA NA
METHYL ACETATE 79-20-9 1/14 2.3 J 2.3 J 2.3 5.3 5.4 15 IS11SS390001 UNDEFINED 2.3 2.3 NA NA 78000000 2000000000
STYRENE 100-42-5 1/23 1.3 J 1.3 J 1.3 5.2 0.34 15 BGDSS0120101-AVG UNDEFINED 1.3 1.3 NA NA 16000000 410000000
TOLUENE 108-88-3 3/23 32.5 140 J 81 15 1.9 15 IS11SS400001 UNDEFINED 140 140 NA NA 16000000 410000000
TOTAL XYLENES 1330-20-7 3/15 1.7 J 9.9 J 5.6 6.4 0.78 17 IS11SS420001 UNDEFINED 9.9 9.9 NA NA 160000000 4100000000
TRICHLOROFLUOROMETHANE 75-69-4 3/23 1.7 J 2.5 J 2.1 5.2 0.33 15 BGDSS0200101 UNDEFINED 2.5 2.5 NA NA 23000000 610000000
Semivolatile Organic Compounds (ug/kg)
2-METHYLNAPHTHALENE 91-57-6 1/23 73 L 73 L 73 140 42 490 IS21SS200001 UNDEFINED 73 73 NA NA 1600000 41000000
ACENAPHTHENE 83-32-9 1/23 140 140 140 160 38.7 490 BGDSS0160101 UNDEFINED 140 140 NA NA 4700000 120000000
ACETOPHENONE 98-86-2 3/23 46 J 64 J 58 140 52 490 IS11SS400001 UNDEFINED 64 64 NA NA 7800000 200000000
ANTHRACENE 120-12-7 1/23 260 260 260 160 26.2 490 BGDSS0160101 UNDEFINED 260 260 NA NA 23000000 610000000
BENZALDEHYDE 100-52-7 1/20 59 J 59 J 59 160 130 490 IS25SS190001 UNDEFINED 59 59 NA NA 7800000 200000000
BENZO(A)ANTHRACENE 56-55-3 1/23 480 480 480 170 13.6 490 BGDSS0160101 UNDEFINED 480 480 NA NA 870 7800
BENZO(A)PYRENE 50-32-8 1/23 390 390 390 170 16.9 490 BGDSS0160101 UNDEFINED 390 390 NA NA 87 780
BENZO(B)FLUORANTHENE 205-99-2 1/23 420 420 420 170 35 490 BGDSS0160101 UNDEFINED 420 420 NA NA 870 7800
BENZO(G,H,I)PERYLENE5 191-24-2 1/23 130 130 130 160 45 490 BGDSS0160101 UNDEFINED 130 130 NA NA 2300000 61000000
BENZO(K)FLUORANTHENE 207-08-9 1/23 360 J 360 J 360 170 41.6 490 BGDSS0160101 UNDEFINED 360 360 NA NA 8700 78000
BIS(2-ETHYLHEXYL)PHTHALATE 117-81-7 8/23 51 J 7500 J 1100 470 58 490 BGDSS0200101 UNDEFINED 7500 7500 NA NA 46000 410000
CARBAZOLE 86-74-8 1/20 130 J 130 J 130 160 35 490 BGDSS0160101 UNDEFINED 130 130 NA NA 32000 290000
CHRYSENE 218-01-9 1/23 440 440 440 170 21 490 BGDSS0160101 UNDEFINED 440 440 NA NA 87000 780000
DIBENZOFURAN 132-64-9 1/23 65 J 65 J 65 150 28.7 490 BGDSS0160101 UNDEFINED 65 65 NA NA 310000 8200000
FLUORANTHENE 206-44-0 2/23 65 J 1100 580 190 35 490 BGDSS0160101 UNDEFINED 1100 1100 NA NA 3100000 82000000
FLUORENE 86-73-7 1/23 150 150 150 160 27.1 490 BGDSS0160101 UNDEFINED 150 150 NA NA 3100000 82000000
INDENO(1,2,3-CD)PYRENE 193-39-5 1/23 100 100 100 160 46.4 490 BGDSS0160101 UNDEFINED 100 100 NA NA 870 7800
NAPHTHALENE 91-20-3 1/23 110 L 110 L 110 150 34.5 490 IS21SS200001 UNDEFINED 110 110 NA NA 1600000 41000000
PHENANTHRENE5 85-01-8 1/23 1100 1100 1100 200 35 490 BGDSS0160101 UNDEFINED 1100 1100 NA NA 2300000 61000000
PYRENE 129-00-0 2/23 120 J 880 500 180 35 490 BGDSS0160101 UNDEFINED 880 880 NA NA 2300000 61000000
Explosives (ug/kg)
2-NITROTOLUENE 88-72-2 1/9 150 J 150 J 150 110 81.4 250 IS11SS400001 UNDEFINED 150 150 NA NA 780000 20000000
4-NITROTOLUENE 99-99-0 1/9 210 J 210 J 210 120 87.2 250 IS11SS400001 UNDEFINED 210 210 NA NA 780000 20000000
Pesticides/PCBs (ug/kg)
4,4'-DDE 72-55-9 6/20 0.23 J 10 J 2.2 1.6 1.4 4.1 BGDSS0080101 UNDEFINED 10 10 NA NA 1900 17000
4,4'-DDT 50-29-3 4/19 0.38 J 9.4 J 3.1 2.2 2.225 4.6 BGDSS0080101 UNDEFINED 9.4 9.4 NA NA 1900 17000
Inorganics (mg/kg)
ALUMINUM 7429-90-5 32/32 2010 15500 J 7540 7540 NA NA BGDSS0150101 LOGNORMAL 9000 19700 7000 - > 100000 NA 78000 2000000
ARSENIC 7440-38-2 30/34 0.78 18.3 4.3 4.0 1.6 3.8 BGDSS0190101 LOGNORMAL 5.2 14.9 <0.1 - 73 1.1 - 7.1 0.43 3.8
BARIUM 7440-39-3 34/34 12.5 84.8 42.5 42.5 NA NA S26-MW03-001 NORMAL 47.6 80.4 10 - 1500 150 - 700 5500 140000
BERYLLIUM 7440-41-7 24/34 0.05 J 1.1 0.44 0.33 0.047 0.53 BGDSS0120101-AVG UNDEFINED 1.1 1.1 <1 -7 ND - 3 160 4100
CADMIUM 7440-43-9 12/34 0.12 J 2.5 0.4 0.2 0.06 0.57 IS25SS190001 UNDEFINED 2.5 2.5 NA <0.01 - 5.6 78 2000
CALCIUM 7440-70-2 22/32 83.9 J 2420 504 369 98.8 275 IS13SS100001 LOGNORMAL 573 2060 100 - 280000 NA NA NA
CHROMIUM 7440-47-3 34/34 3.5 K 28.9 L 13.6 13.6 NA NA IS13SS100001 LOGNORMAL 15.9 33.4 1 - 1000 15 - 100 230 6100
COBALT 7440-48-4 34/34 0.58 15 5.4 5.4 NA NA S26-MW03-001 LOGNORMAL 7.5 22.3 <0.3 - 70 ND -20 1600 41000
COPPER 7440-50-8 32/34 1.8 19.4 6.7 6.5 4.5 4.6 BGDSS0120101-AVG LOGNORMAL 8.0 20.3 <1 - 700  5 - 70 3100 82000
CYANIDE 57-12-5 4/10 0.59 0.73 0.66 0.42 0.073 1.1 IS21SS190001 UNDEFINED 0.73 0.73 NA NA 1600 41000
IRON 7439-89-6 32/32 2770 31800 J 13000 13000 NA NA BGDSS0120101-AVG LOGNORMAL 16000 38500 100 - > 100000 NA 23000 610000
LEAD 7439-92-1 32/34 3.5 J 149 18.7 17.9 9.4 10 BGDSS0080101 LOGNORMAL 21.7 62.5 <10 - 300  10 - 50 4004 7504

MAGNESIUM 7439-95-4 32/32 143 K 1990 604 604 NA NA IS13SS100001 LOGNORMAL 722 1620 50 - 50000 NA NA NA
MANGANESE 7439-96-5 32/32 17.4 882 J 227 227 NA NA S26-MW03-001 LOGNORMAL 388 1390 <2 - 7000 NA 1600 41000
MERCURY 7439-97-6 23/34 0.03 0.13 L 0.06 0.05 0.02 0.077 BGDSS0150101 LOGNORMAL 0.060 0.16 0.01 - 3.4 0.04 - 0.14 23 610
NICKEL 7440-02-0 34/34 1.7 14 5.4 5.4 NA NA IS11SS410001-AVG LOGNORMAL 6.6 15.4 <5 - 700 ND - 30 1600 41000
POTASSIUM 09/07/40 32/32 128 2620 497 497 NA NA IS13SS100001 LOGNORMAL 597 1470 50 - 37000 NA NA NA
SELENIUM 7782-49-2 14/34 0.168 L 1.2 0.67 0.54 0.16 1.9 IS11SS400001 NORMAL 0.62 1.2 <0.1 - 3.9 <0.1 - 0.5 390 10000
SILVER 7440-22-4 9/34 0.27 L 0.84 0.6 0.29 0.06 0.92 IS11SS400001 UNDEFINED 0.84 0.84 NA NA 390 10000
SODIUM 7440-23-5 15/32 38.5 120 64.2 65.6 19.2 407 IS11SS400001 UNDEFINED 120 120 <500 - 50000 NA NA NA
THALLIUM 7440-28-0 7/34 1.2 2.3 L 1.5 0.62 0.22 3 BGDSS0160101 UNDEFINED 2.3 2.3 NA NA 5.5 140
VANADIUM 7440-62-2 34/34 9.83 L 63.7 23.3 23.3 NA NA BGDSS0150101 LOGNORMAL 26.7 53.3 <7 - 300 20 - 150 550 14000
ZINC 7440-66-6 34/34 6.2 42.95 J 20.2 20.2 NA NA BGDSS0120101-AVG NORMAL 23.6 37.5 <5 - 2900 8 - 113 23000 610000
Miscellaneous (mg/kg)
AMMONIA 7664-41-7 2/2 21.9 49.9 35.9 35.9 NA NA S26-MW03-001 UNDEFINED --- --- NA NA NA NA
DIESEL RANGE ORGANICS TTNUS004 4/5 4.3 47 18.4 15.1 4 4 IS11SS400001 LOGNORMAL 47.0 1350 NA NA NA NA
NITRITE/NITRATE TTNUS029 1/2 1.9 1.9 1.9 1.3 1.5 1.5 S25-MW03-001 UNDEFINED --- --- NA NA NA NA
PH (S.U.) TTNUS002 7/7 4.5 7 5.3 5.3 NA NA IS13SS100001 LOGNORMAL 6.0 8.8 NA NA NA NA
TOTAL ORGANIC CARBON TTNUS003 29/29 1410 J 40100 10900 10900 NA NA IS11SS420001 LOGNORMAL 16800 57200 NA NA NA NA
TOTAL PETROLEUM HYDROCARBONS TTNUS001 1/1 33.7 L 33.7 L 33.7 33.7 NA NA S26-MW03-001 UNDEFINED --- --- NA NA NA NA
TOTAL SOLIDS (%) TTNUS046 7/7 66 79.2 75.4 75.4 NA NA IS25SS180001 UNDEFINED 79.2 79.2 NA NA NA NA



TABLE 4-2

SUMMARY OF DESCRIPTIVE STATISTICS FOR SURFACE SOILS
BACKGROUND INVESTIGATION REPORT FOR SOILS

INDIAN HEAD DIVISION
NSWC INDIAN HEAD, MARYLAND

PAGE 2 OF 2

1 - Shacklette, Hansford T. and Josephine G. Boerngen, Element Concentrations in Soils and Other Surficial Materials of the Conterminous United States, U.S. Geological Survey Professional Paper 1270, 1984
(surface soil values are presented in table)
2 - Dragun, James, Ph.D., Elements in North American Soils.  HMCRI, Green Belt, MD, 1991 (surface soil values are presented in table)
3 - EPA Region III Risk-Based Concentrations, October, 2002.
4 - EPA Regon 9 PRGs Table, October, 2002.
5 - Pyrene is used as a surrogate for Benzo(g,h,i)perylene, and Phenanthrene.
Bolded values represent exceedances of Region III RBC's or background concentrations reported in literature background references
NA - Not available
J      Positive detection is qualified as an estimate.
K     Positive detection is qualified as biased high.
L     Positive result is qualified as biased low.
---   Upper confidence and tolerance limits cannot be calculated because of the size of the data set.
NA - Not available



TABLE 4-3

SUMMARY OF DESCRIPTIVE STATISTICS FOR CLAY-LIKE SUBSURFACE SOILS
BACKGROUND INVESTIGATION REPORT FOR SOILS

INDIAN HEAD DIVISION
NSWC INDIAN HEAD, MARYLAND

Chemical Cas Frequency of Minimum Minimum Maximum Maximum Average of Average of Minimum Maximum Location of Distribution 95% Upper 95% Upper Eastern U.S. Maryland Residential Risk-Based Industrial Risk-Based
Number Detection Detection Qualifier Detection Qualifier Positive Detections All Detections Nondetect Nondetect Maximum of Data Confidence Limit Tolerance Limit Soils 1 Soils 2 Concentration 3 Concentration 3

Volatile Organic Compounds (ug/kg)
TOTAL XYLENES 1330-20-7 1/4 2.4 J 2.4 J 2.4 4.7 0.82 18 IS11SB260203 NORMAL 9.4 25 NA NA 160000000 4100000000
TRICHLOROFLUOROMETHANE 75-69-4 2/7 2.5 J 2.7 J 2.6 4.4 0.35 14 BGDSB0110101 NORMAL 6.3 13 NA NA 23000000 610000000
Semivolatile Organic Compounds (ug/kg)
1,3-DINITROBENZENE 99-65-0 1/3 32 J 32 J 32 120 250 393 IS11SB260203 NORMAL 260 750 NA NA 7800 200000
BIS(2-ETHYLHEXYL)PHTHALATE 117-81-7 3/7 77 J 120 J 94 110 76.8 450 BGDSB0160101-AVG LOGNORMAL 120 980 NA NA 46000 410000
Pesticides/PCBs (ug/kg)
4,4'-DDE 72-55-9 1/8 0.68 J 0.68 J 0.68 1.2 1.5 4.2 BGDSB0150101 UNDEFINED 0.68 0.68 NA NA 1900 17000
4,4'-DDT 50-29-3 1/8 0.79 J 0.79 J 0.79 2.1 3.8 5.7 BGDSB0150101 NORMAL 2.5 3.9 NA NA 1900 17000
Inorganics (mg/kg)
ALUMINUM 7429-90-5 11/11 6840 J 25300 16800 16800 NA NA BGDSB0030101 NORMAL 20400 35400 7000 - > 100000 NA 78000 2000000
ANTIMONY 7440-36-0 3/11 0.68 J 1.8 J 1.4 0.78 0.21 2.1 BGDSB0030101 UNDEFINED 1.8 1.8 <1 - 8.8 NA 31 820
ARSENIC 7440-38-2 10/11 1.9 J 14.15 8.1 7.6 4.5 4.5 BGDSB0160101-AVG NORMAL 9.8 18.9 <0.1 - 73 1.1 - 7.1 0.43 3.8
BARIUM 7440-39-3 11/11 34.7 J 101 55.0 55.0 NA NA BGDSB0030101 LOGNORMAL 68.0 134 10 - 1500 150 - 700 5500 140000
BERYLLIUM 7440-41-7 9/11 0.23 J 1.1 L 0.57 0.49 0.18 0.36 BGDSB0030101 LOGNORMAL 0.96 3.3 <1 -7 ND - 3 160 4100
CADMIUM 7440-43-9 1/11 0.14 J 0.14 J 0.14 0.11 0.07 0.59 IS11SB250203 LOGNORMAL 0.14 0.61 NA <0.01 - 5.6 78 2000
CALCIUM 7440-70-2 6/11 50.7 479 J 308 190 49.6 134 BGDSB0110101 LOGNORMAL 479 2590 100 - 280000 NA NA NA
CHROMIUM 7440-47-3 11/11 13.4 46.5 J 27.6 27.6 NA NA BGDSB0150101 NORMAL 33.9 60.1 1 - 1000 15 - 100 230 6100
COBALT5 7440-48-4 11/11 1.5 K 133 16.8 16.8 NA NA BGDSB0030101 UNDEFINED 133 133 <0.3 - 70 ND -20 1600 41000
COPPER 7440-50-8 11/11 5.2 L 25.9 12.0 12.0 NA NA BGDSB0150101 LOGNORMAL 17.9 48.6 <1 - 700  5 - 70 3100 82000
CYANIDE 57-12-5 1/3 0.68 0.68 0.68 0.84 1.2 2.5 IS11SB250203 LOGNORMAL 0.68 16.1 NA NA 1600 41000
IRON 7439-89-6 11/11 13800 J 61600 J 36400 36400 NA NA BGDSB0150101 NORMAL 45400 83100 100 - > 100000 NA 23000 610000
LEAD 7439-92-1 9/11 5.4 J 27.9 13.4 12.9 12.7 28.8 BGDSB0150101 LOGNORMAL 17.4 40.5 <10 - 300  10 - 50 4004 7504

MAGNESIUM 7439-95-4 11/11 498 J 1990 943 943 NA NA BGDSB0030101 LOGNORMAL 1220 2640 50 - 50000 NA NA NA
MANGANESE 7439-96-5 11/11 15.9 J 1270 J 242 242 NA NA BGDSB0030101 LOGNORMAL 1150 4130 <2 - 7000 NA 1600 41000
MERCURY 7439-97-6 6/11 0.03 K 0.18 L 0.09 0.06 0.04 0.063 IS11SB250203 UNDEFINED 0.18 0.18 0.01 - 3.4 0.04 - 0.14 23 610
NICKEL 7440-02-0 11/11 1.005 18.2 L 7.8 7.8 NA NA BGDSB0030101 UNDEFINED 18.2 18.2 <5 - 700 ND - 30 1600 41000
POTASSIUM 09/07/40 11/11 385 1610 756 756 NA NA BGDSB0030101 LOGNORMAL 1050 2610 50 - 37000 NA NA NA
SELENIUM 7782-49-2 4/11 1.2 2.6 2.0 1.0 0.18 1.75 BGDSB0040101 LOGNORMAL 2.6 13.3 <0.1 - 3.9 <0.1 - 0.5 390 10000
SILVER6 7440-22-4 4/11 0.66 J 2.25 J 1.1 0.5 0.09 0.78 BGDSB0160101-AVG LOGNORMAL 2.2 11.4 NA NA 390 10000
SODIUM 7440-23-5 7/11 62.1 131 L 99.2 90.7 21.4 447 BGDSB0030101 NORMAL 123 258 <500 - 50000 NA NA NA
THALLIUM7 7440-28-0 5/11 0.85 L 6.05 L 2.9 1.6 0.3 2.2 BGDSB0160101-AVG LOGNORMAL 5.5 21.8 NA NA 5.5 140
VANADIUM 7440-62-2 11/11 23.9 127 50.1 50.1 NA NA BGDSB0150101 LOGNORMAL 72.7 194 <7 - 300 20 - 150 550 14000
ZINC 7440-66-6 11/11 18.4 J 70.4 29.5 29.5 NA NA BGDSB0030101 UNDEFINED 70.4 70.4 <5 - 2900 8 - 113 23000 610000
Miscellaneous (mg/kg)
AMMONIA 7664-41-7 1/1 9.5 9.5 9.5 9.5 NA NA S26-MW03-002 UNDEFINED 9.5 9.5 NA NA NA NA
TOTAL ORGANIC CARBON TTNUS003 9/9 261 8300 3420 3420 NA NA BGDSB0110101 LOGNORMAL 8300 66500 NA NA NA NA
TOTAL ORGANIC HALIDES TTNUS043 1/4 55.2 55.2 55.2 32.3 39.8 57.1 BGDSB0040101 LOGNORMAL 55.2 281 NA NA NA NA
TOTAL PETROLEUM HYDROCARBONS TTNUS001 1/1 39.1 L 39.1 L 39.1 39.1 NA NA S26-MW03-002 UNDEFINED 39.1 39.1 NA NA NA NA

1 - Shacklette, Hansford T. and Josephine G. Boerngen, Element Concentrations in Soils and Other Surficial Materials of the Conterminous United States, U.S. Geological Survey Professional Paper 1270, 1984
(surface soil values are presented in table)
2 - Dragun, James, Ph.D., Elements in North American Soils.  HMCRI, Green Belt, MD, 1991 (surface soil values are presented in table)
3 - EPA Region III Risk-Based Concentrations, October, 2002.
4 - EPA Region 9 PRGs Table, October, 2002.
5 - The maximum detection for cobalt of 133 mg/kg is a statistical outlier according to the Discordance Test.  Upon removal of this result, the data set has a lognormal distribution, a 95% UCL of 9.82 mg/kg, and a 95% UTL of 33.4 mg/kg.
6 - The maximum detection for silver of 2.25 mg/kg is a statistical outlier according to the Discordance Test.  Upon removal of this result, the data set has a lognormal distribution, a 95% UCL of 1.22 mg/kg, and a 95% UTL of 4.76 mg/kg.
7 - The maximum detection for thallium of 6.05 mg/kg is a statistical outlier according to the Discordance Test.  Upon removal of this result, the data set has a lognormal distribution, a 95% UCL of 3.16 mg/kg, and a 95% UTL of 11.0 mg/kg.
Bolded values represent exceedances of Region III RBC's or background concentrations reported in literature background references
NA - Not available
J      Positive detection is qualified as an estimate.
K     Positive detection is qualified as biased high.
L     Positive result is qualified as biased low.
NA - Not available



TABLE 4-4

SUMMARY OF DESCRIPTIVE STATISTICS FOR NON-CLAY-LIKE SUBSURFACE SOILS
BACKGROUND INVESTIGATION REPORT FOR SOILS

INDIAN HEAD DIVISION
NSWC INDIAN HEAD, MARYLAND

Chemical Cas Frequency of Minimum Minimum Maximum Maximum Average of Average of Minimum Maximum Location of Distribution 95% Upper 95% Upper Eastern U.S. Maryland Residential Risk-Based Industrial Risk-Based
Number Detection Detection Qualifier Detection Qualifier Positive Detections All Detections Nondetect Nondetect Maximum of Data Confidence Limit Tolerance Limit Soils 1 Soils 2 Concentration 3 Concentration 3

Volatile Organic Compounds (ug/kg)
ACETONE 67-64-1 1/10 1800 1800 1800 180 2.6 13 RPLSB0030101 UNDEFINED 1800 1800 NA NA 7800000 200000000
TOLUENE 108-88-3 1/10 3.3 J 3.3 J 3.3 4.2 5 13 IS11SB230203 UNDEFINED 3.3 3.3 NA NA 16000000 410000000
TOTAL XYLENES 1330-20-7 1/5 9 J 9 J 9.0 8.0 12 17 IS11SB240203 NORMAL 9.1 13 NA NA 160000000 4100000000
TRICHLOROFLUOROMETHANE 75-69-4 2/10 1.8 J 2 J 1.9 4.5 5 13 BGDSB0200101 UNDEFINED 2.0 2.0 NA NA 23000000 610000000
Semivolatile Organic Compounds (ug/kg)
BIS(2-ETHYLHEXYL)PHTHALATE 117-81-7 3/10 57 J 79 J 69 110 75 390 BGDSB0190101 UNDEFINED 79 79 NA NA 46000 410000
Pesticides/PCBs (ug/kg)
4,4'-DDE 72-55-9 4/12 0.24 J 2.9 J 1.1 1.2 1.4 3.9 BGDSB0080101 LOGNORMAL 2.3 7.7 NA NA 1900 17000
4,4'-DDT 50-29-3 2/12 0.58 J 2.4 J 1.5 1.8 1.8 4.75 BGDSB0080101 UNDEFINED 2.4 2.4 NA NA 1900 17000
Inorganics (mg/kg)
ALUMINUM 7429-90-5 15/15 3070 J 18900 9260 9260 NA NA BGDSB0010101 NORMAL 11400 21400 7000 - > 100000 NA 78000 2000000
ARSENIC 7440-38-2 14/17 1.8 9.2 4.5 3.8 0.76 1.9 BGDSB0120101 LOGNORMAL 7.9 28.7 <0.1 - 73 1.1 - 7.1 0.43 3.8
BARIUM 7440-39-3 17/17 9.07 56.2 J 30.5 30.5 NA NA BGDSB0080101 NORMAL 36.6 66.5 10 - 1500 150 - 700 5500 140000
BERYLLIUM 7440-41-7 15/17 0.12 0.91 0.37 0.34 0.14 0.25 BGDSB0120101 LOGNORMAL 0.51 1.5 <1 -7 ND - 3 160 4100
CADMIUM 7440-43-9 7/17 0.095 0.27 K 0.18 0.13 0.06 0.511 BGDSB0080101 LOGNORMAL 0.20 0.61 NA <0.01 - 5.6 78 2000
CALCIUM 7440-70-2 9/15 75.4 J 785 J 270 186 81 249.5 BGDSB0140101 LOGNORMAL 353 1270 100 - 280000 NA NA NA
CHROMIUM 7440-47-3 17/17 6.2 44.7 J 18.0 18.0 NA NA BGDSB0060101-AVG LOGNORMAL 23.7 59.1 1 - 1000 15 - 100 230 6100
COBALT 7440-48-4 17/17 0.845 L 7.2 3.2 3.2 NA NA BGDSB0120101 LOGNORMAL 4.9 14.7 <0.3 - 70 ND -20 1600 41000
COPPER 7440-50-8 15/17 1.6 23.1 8.3 7.5 1.53 4.5 BGDSB0120101 LOGNORMAL 13.8 47.6 <1 - 700  5 - 70 3100 82000
CYANIDE 57-12-5 2/3 0.59 0.59 0.59 0.56 1.02 1.02 IS11SB240203 UNDEFINED 0.59 0.59 NA NA 1600 41000
IRON 7439-89-6 15/15 4030 J 31700 J 15200 15200 NA NA BGDSB0140101 NORMAL 18800 35200 100 - > 100000 NA 23000 610000
LEAD 7439-92-1 16/17 3.1 25.5 9.8 9.3 5.3 5.3 BGDSB0080101 LOGNORMAL 13.5 38.6 <10 - 300  10 - 50 4004 7504

MAGNESIUM 7439-95-4 15/15 215 J 1720 J 741 741 NA NA BGDSB0120101 LOGNORMAL 1070 2940 50 - 50000 NA NA NA
MANGANESE 7439-96-5 15/15 16.2 J 120 62.2 62.2 NA NA IS11SB230203 NORMAL 78.7 155 <2 - 7000 NA 1600 41000
MERCURY 7439-97-6 11/17 0.01 0.08 L 0.04 0.03 0.03 0.059 BGDSB0140101 LOGNORMAL 0.048 0.14 0.01 - 3.4 0.04 - 0.14 23 610
NICKEL 7440-02-0 17/17 1.8 13.2 5.4 5.4 NA NA BGDSB0120101 LOGNORMAL 6.9 15.9 <5 - 700 ND - 30 1600 41000
POTASSIUM 09/07/40 15/15 237 2845 J 770 770 NA NA BGDSB0060101-AVG LOGNORMAL 1140 3440 50 - 37000 NA NA NA
SELENIUM 7782-49-2 9/17 0.295 L 2.7 L 0.9 0.59 0.153 1 BGDSB0190101 LOGNORMAL 1.1 3.8 <0.1 - 3.9 <0.1 - 0.5 390 10000
SILVER 7440-22-4 5/17 0.63 1.1 J 0.79 0.29 0.06 0.4 BGDSB0190101 UNDEFINED 1.1 1.1 NA NA 390 10000
SODIUM 7440-23-5 9/15 44.5 232.5 90.9 63.9 18.4 80.5 BGDSB0060101-AVG LOGNORMAL 128 461 <500 - 50000 NA NA NA
THALLIUM 7440-28-0 5/17 0.48 2.8 L 1.3 0.57 0.225 1.2 BGDSB0190101 LOGNORMAL 1.1 4.1 NA NA 5.5 140
VANADIUM 7440-62-2 17/17 9.78 L 61.9 27.9 27.9 NA NA BGDSB0140101 LOGNORMAL 38.8 102 <7 - 300 20 - 150 550 14000
ZINC 7440-66-6 17/17 7.3 J 45.9 J 17.6 17.6 NA NA BGDSB0120101 LOGNORMAL 22.2 49.7 <5 - 2900 8 - 113 23000 610000
Miscellaneous (mg/kg)
AMMONIA 7664-41-7 1/1 7.8 7.8 7.8 7.8 NA NA S25-MW03-002 UNDEFINED 7.8 7.8 NA NA NA NA
TOTAL ORGANIC CARBON TTNUS003 12/13 354 J 8200 2880 2660 87.5 87.5 BGDSB0190101 LOGNORMAL 17900 64300 NA NA NA NA

1 - Shacklette, Hansford T. and Josephine G. Boerngen, Element Concentrations in Soils and Other Surficial Materials of the Conterminous United States, U.S. Geological Survey Professional Paper 1270, 1984
(surface soil values are presented in table)
2 - Dragun, James, Ph.D., Elements in North American Soils.  HMCRI, Green Belt, MD, 1991 (surface soil values are presented in table)
3 - EPA Region III Risk-Based Concentrations, October, 2002.
4 - EPA Region 9 PRGs Table, October, 2002.
Bolded values represent exceedances of Region III RBC's or background concentrations reported in literature background references
NA - Not available
J      Positive detection is qualified as an estimate.
K     Positive detection is qualified as biased high.
L     Positive result is qualified as biased low.
NA - Not available



Table 4-1 (62 samples) 
8GDSB0010101 
BGDSB0020101 
BGDSB0030101 
BGDSB0040101 
BGDSB0050101 
BGDSB0060101 -AVG 
BGDSB0070101 

BGDSSOl6OlOl 
BGDSS0170101 
BGDSSOl8OlOl 
BGDSSOl9OlOl 
BGDSS0200101 

Table 4-3 (1 1 samples) 
BGDSB0030101 
BGDSB0040101 
BGDSBUO50t 01 

Table 4-2 (34 samples) 
BGDSS0010101 
BGDSS0020101 
BGDSS0030101 
BGDSS0040101 
BGDSS0050101 
BGDSS0060101 
BGDSS0070101 

Table 4-4 (17 samples) 
BGDSB0010101 
BGDSB0020101 
BGDSB0060101 -AVG 

BGDSB0080101 
BGDSB0090101 
BGDSB0100101 

BGDSB0070101 
BGDSB0110101 
BGDSB0150101 
BGDSB0160101-AVG 
BGDSBO170101 
IS1 1 SB250203 
IS1 1 SB260203 

BGDSS0080101 
BGDSS0090101 
BGDSS0100101 

BG DSB0080 1 01 
BG DSB0090 1 0 1 
BGDSB0100101 
BGDSB0120101 
BGDSB0130101 
BGDSB0140101 
BGDSB0180101 



When duplicate samples were collected at a location, the average of the duplicate pair is presented.

Figure 4-1
COMPARISON OF SURFACE AND SUBSURFACE SOIL CONCENTRATIONS FOR ALUMINUM 

BACKGROUND SOIL INVESTIGATION REPORT  
INDIAN HEAD DIVISION  

NSWC INDIAN HEAD, MARYLAND
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When duplicate samples were collected at a location, the average of the duplicate pair is presented.

Figure 4-2 
COMPARISON OF SURFACE AND SUBSURFACE SOIL CONCENTRATION FOR ARSENIC 

BACKGROUND SOIL INVESTIGATION REPORT 
 INDIAN HEAD DIVISION  

NSWC INDIAN HEAD, MARYLAND
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When duplicate samples were collected at a location, the average of the duplicate pair is presented.

Figure 4-3
COMPARISON OF SURFACE AND SUBSURFACE SOIL CONCENTRATION FOR CHROMIUM 

BACKGROUND SOIL INVESTIGATION REPORT  
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND
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When duplicate samples were collected at a location, the average of the duplicate pair is presented.

Figure 4-4
COMPARISON OF SURFACE AND SUBSURFACE SOIL CONCENTRATIONS FOR COPPER  

BACKGROUND SOIL INVESTIGATION REPORT  
INDIAN HEAD DIVISION  

NSWC INDIAN HEAD, MARYLAND
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When duplicate samples were collected at a location, the average of the duplicate pair is presented.

Figure 4-5 
COMPARISON OF SURFACE AND SUBSURFACE SOIL CONCENTRATIONS FOR IRON 

BACKGROUND SOIL INVESTIGATION REPORT 
 INDIAN HEAD DIVISION  

NSWC INDIAN HEAD, MARYLAND
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When duplicate samples were collected at a location, the average of the duplicate pair is presented.

Figure 4-6
COMPARISON OF SURFACE AND SUBSURFACE SOIL CONCENTRATIONS FOR NICKEL 

BACKGROUND SOIL INVESTIGATION REPORT 
INDIAN HEAD DIVISION  

NSWC INDIAN HEAD, MARYLAND
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When duplicate samples were collected at a location, the average of the duplicate pair is presented.

Figure 4-7
COMPARISON OF SURFACE AND SUBSURFACE SOIL CONCENTRATIONS FOR ZINC 

BACKGROUND SOIL INVESTIGATION REPORT 
 INDIAN HEAD DIVISION 
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When duplicate samples were collected at a location, the average of the duplicate pair is presented.

Figure 4-8
SURFACE SOIL CONCENTRATIONS FOR ALUMINUM ORDERED BY GRAIN SIZE 

BACKGROUND SOIL INVESTIGATION REPORT   
INDIAN HEAD DIVISION 

 NSWC INDIAN HEAD, MARYLAND
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When duplicate samples were collected at a location, the average of the duplicate pair is presented.

Figure 4-9
SUBSURFACE SOIL CONCENTRATIONS FOR ALUMINUM ORDERED BY GRAIN SIZE   

BACKGROUND SOIL INVESTIGATION REPORT 
INDIAN HEAD DIVISION  
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When duplicate samples were collected at a location, the average of the duplicate pair is presented.

Figure 4-10
SURFACE SOIL CONCENTRATIONS FOR ARSENIC ORDERED BY GRAIN SIZE 

BACKGROUND SOIL INVESTIGATION REPORT 
INDIAN HEAD DIVISION

NSWC INDIAN HEAD, MARYLAND
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When duplicate samples were collected at a location, the average of the duplicate pair is presented.

Figure 4-11
SUBSURFACE SOIL CONCENTRATIONS FOR ARSENIC ORDERED BY GRAIN SIZE  
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When duplicate samples were collected at a location, the average of the duplicate pair is presented.

Figure 4-12
SURFACE SOIL CONCENTRATIONS FOR CHROMIUM ORDERED BY GRAIN SIZE 

BACKGROUND SOIL INVESTIGATION REPORT   
INDIAN HEAD DIVISION  
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When duplicate samples were collected at a location, the average of the duplicate pair is presented.

Figure 4-13
SUBSURFACE SOIL CONCENTRATIONS FOR CHROMIUM ORDERED BY GRAIN SIZE 

BACKGROUND SOIL INVESTIGATION REPORT   
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND
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When duplicate samples were collected at a location, the average of the duplicate pair is presented.

Figure 4-14
SURFACE SOIL CONCENTRATIONS FOR COPPER ORDERED BY GRAIN SIZE 

BACKGROUND SOIL INVESTIGATION REPORT 
INDIAN HEAD DIVISION

NSWC INDIAN HEAD, MARYLAND
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When duplicate samples were collected at a location, the average of the duplicate pair is presented.

Figure 4-15
SUBSURFACE SOIL CONCENTRATIONS FOR COPPER ORDERED BY GRAIN SIZE 

BACKGROUND SOIL INVESTIGATION REPORT   
INDIAN HEAD DIVISION  

NSWC INDIAN HEAD, MARYLAND
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When duplicate samples were collected at a location, the average of the duplicate pair is presented.

Figure 4-16
SURFACE SOIL CONCENTRATIONS FOR IRON ORDERED BY GRAIN SIZE 

BACKGROUND SOIL INVESTIGATION REPORT   
INDIAN HEAD DIVISION 

 NSWC INDIAN HEAD, MARYLAND
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When duplicate samples were collected at a location, the average of the duplicate pair is presented.

Figure 4-17
SUBSURFACE SOIL CONCENTRATIONS FOR IRON ORDERED BY GRAIN SIZE 

BACKGROUND SOIL INVESTIGATION REPORT   
INDIAN HEAD DIVISION  

NSWC INDIAN HEAD, MARYLAND
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When duplicate samples were collected at a location, the average of the duplicate pair is presented.

Figure 4-18
SURFACE SOIL CONCENTRATIONS FOR NICKEL ORDERED BY GRAIN SIZE   

BACKGROUND SOIL INVESTIGATION REPORT 
INDIAN HEAD DIVISION  
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When duplicate samples were collected at a location, the average of the duplicate pair is presented.

Figure 4-19
SUBSURFACE SOIL CONCENTRATIONS FOR NICKEL ORDERED BY GRAIN SIZE  

BACKGROUND SOIL INVESTIGATION REPORT 
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When duplicate samples were collected at a location, the average of the duplicate pair is presented.

Figure 4-20
SURFACE SOIL CONCENTRATIONS FOR ZINC ORDERED BY GRAIN SIZE 

BACKGROUND SOIL INVESTIGATION REPORT   
INDIAN HEAD DIVISION  

NSWC INDIAN HEAD, MARYLAND
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When duplicate samples were collected at a location, the average of the duplicate pair is presented.

Figure 4-21
SUBSURFACE SOIL CONCENTRATIONS FOR ZINC ORDERED BY GRAIN SIZE   

BACKGROUND SOIL INVESTIGATION REPORT 
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Figure 4-22

Correlation between Grain Size and Aluminum Subsurface Soil Concentrations:  r = -0.81
Background Soil Investigation Report

Indian Head Division
NSWC Indian Head, Maryland

CONCENTRATION VS. GRAIN SIZE - ALUMINUM - SB
y=20818.14-56752.76*x+eps

Grain Size (mm)

C
on

ce
nt

ra
tio

n 
(m

g/
kg

)

0

5000

10000

15000

20000

25000

0.00 0.05 0.10 0.15 0.20 0.25 0.30



Figure 4-23

Correlation between Elevation and Grain Size:  r = -0.38
Background Soil Investigation Report

Indian Head Division
NSWC Indian Head, Maryland

ELEVATION  VS. GRAIN SIZE - ALUMINUM - SB
y=65.787-141.353*x+eps
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Figure 4-24

Correlation between Elevation and Aluminum Subsurface Soil Concentrations:  r = +0.57
Background Soil Investigation Report

Indian Head Division
NSWC Indian Head, Maryland

CONCENTRATION VS. ELEVATION - ALUMINUM - SB
y=9404.17+86.644*x+eps
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5.0  USE OF BACKGROUND SOILS DATASETS 

This section provides recommendations as to how the background soils data sets presented in this BSI 

report can be used to distinguish site-related contamination from background and, thus, support risk 

management decisions for sites at NSWC Indian Head.  An overview of the recommended procedures is 

presented in Figure 5-1.  The proposed data analysis follows a logical progression and includes: 

 

• Initial site data compilation and quality assurance review,  

• Assumption testing, and  

• Hypothesis testing 
  

The recommendations provided in the following narrative are based on current USEPA and Navy 

guidance: 

 

• NAVFAC Guidance for Environmental Background Analysis, Volume I: Soil, NFESC User’s 
Guide, UG-2049-ENV, April 2002. 

 

• Guidance for Characterizing Background Chemicals in Soil at Superfund Sites, USEPA Office 

of Emergency and Remedial Response, EPA 540-R-01-003, OSWER 9285.7-41, June 2001. 

 

• Navy Interim Final Policy on the Use of Background Chemical Levels, Chief of Naval Operations 

(N45), 5090 Ser N453E/OU595690, September 2000. 
 

• Role of Background in the CERCLA Cleanup Program, USEPA Office of Solid Waste and 

Emergency Response, OSWER 9285.6-07P, April 2002. 
 

The recommendations presented in this section should be viewed as guidelines, only, that may be 

modified to meet site/project specific needs.  

 

5.1 INITIAL SITE DATA COMPILATION AND QUALITY ASSURANCE REVIEW 

Any statistical analysis of a site data set to determine if site chemical concentrations exceed background 

concentrations begins with an initial compilation and quality assurance review of the site data set.  
The data set must be complete, accurate, and compatible for statistical analysis with the background data 

set. For example, each background soil data set represents soils that have similar physical and chemical 

characteristics in the absence of site-related contamination.  If more than one background data set exists, 

background soil samples are grouped into distinct data sets representing significantly different physical 
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and chemical characteristics and the site data sets must be subdivided into soil groupings that are 

comparable to those in the background soil data sets.  For this project, the background comparisons 

involving the background subsurface soil datasets for NSWC Indian Head require that an investigator 

choose between the background clayey subsurface soil data set and the background non-clayey 

subsurface soil data set before any statistical comparisons are conducted.  The technical specialists on 

the project team (e.g., geologist, chemist, statistician) should determine the appropriate background 

subsurface soil data set for the site investigation based on the physical and chemical characteristics of 

the site soils. 

 

Once the quality assurance review of the site data set has been completed and the appropriate 

background data sets have been selected, basic descriptive statistics should be calculated for the site 

data set.  Descriptive statistics are typically calculated for both the site data set and background data set 

(see Section 4 tables) and for both un-transformed and log transformed data.  Important descriptive 

statistics include (but are not limited to): 

 

• Frequency of Detection - The rate at which an analyte was detected (e.g., 5 detections in 20 

samples analyzed). 

 

• Concentration Range - Minimum and maximum detected concentrations reported for the data set. 

 

• Arithmetic Mean Concentration - A measurement of central tendency of the data. 

 

• Standard Deviation - A measurement of the variability in the data. 

 

• 95% Upper Tolerance Limit (UTL) – With 95 % probability, 95 % of the data within a data set are 

less than this calculated value. 

 

• Range of Non-Detect Results – Minimum and maximum non-detect concentrations reported for a 

data set. 

 

• 95 % Upper Confidence Limit on the Arithmetic Mean (UCL) – With 95 % probability, the 

arithmetic mean of the data set does not exceed this calculated value. 

 

• The Underlying Distribution of the Data-Set – The Shapiro-Wilk W Test of Normality (or similar 

test) is used to determine if the probability density function (PDF) for a data set may be described as 

normal, lognormal, or neither (i.e., PDF can not be defined.)  (Note: other PDFs are possible.)  The 

Shapiro-Wilk W Test of Normality requires at least 3 samples per data set. 
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The site data set and descriptive statistics for site data set should be reviewed and compared to the 

background data set and descriptive statistics for the background data set.  In some cases, it is obvious 

that target analyte concentrations in the site data set exceed those reported for the background data set 

and further site data to background data comparisons may not be necessary for a particular analyte(s).  

Additionally, a review of the descriptive statistics for a data set may illuminate data quality problems not 

previously identified.  For example, in some cases, chemicals that are detected infrequently may be field 

sampling or lab analysis artifacts not related to site contamination and should be excluded from further 

statistical analysis. 

 

Graphical presentations of the data (e.g., simple EXCEL spreadsheet plots, box plots, histograms, 

probability plots, posting plots, geostatistics) may identify potential outliers, indicate the presence of more 

than one data population in a data set (population analysis), suggest that data gaps exist, and/or there 

are spatial or temporal trends in the dataset.  Each of these has the potential to confound data 

evaluations and statistical analysis designed to determine if site concentrations exceed background 

concentrations. The need for and type of graphical presentations for a site evaluation should be 

determined by the technical specialists assigned to the project team (e.g., statistician, risk assessment 

specialists).  Not all site evaluations will need the same level of analysis. 

 

Both site and background data sets should be evaluated for evidence of stoichiometric correlations 
among the inorganic analytes. The distributions of metals in soils are controlled by several 

mechanisms, including precipitation, dissolution, co-precipitation and sorption. The concentration ratios of 

naturally occurring elements are often constant or nearly constant.  Consequently, the calculation of ratios 

among analytes may yield important information about possible chemical releases (e.g., distinguish 

concentrations that are potentially site related versus concentrations consistent with the expected mineral 

profile of a soil). Correlation matrices and linear regression plots are useful in discerning these 

relationships. 

 

Several tests for statistical outliers are suggested in the aforementioned guidance documents. The 

Dixon test is used for data sets with 25 or fewer samples, Rosner’s test is used for data sets with greater 

than 25 to 60 samples, and Walsh’s test is used for data sets with greater than 60 samples.  An 

alternative test, the Discordance test can be used for data sets with more than 3 but fewer than 50 

samples. As noted above, the presence of outliers in a data set may confound data evaluations and 

statistical analysis designed to determine if site concentrations exceed background concentrations.  A 

distinction should be made between "statistical" outliers and "real" outliers. A statistical outlier is a 

value which appears to be inconsistent with all or most of the other values in the data set, based on some 

assumed or apparent pattern of those values, e.g., a normal distribution. The various outlier tests found in 
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the statistical literature are all devoted to identifying statistical outliers. However, outlier identification 

should be used as a screening tool. Statistical outliers should not be automatically discarded but rather 

investigated to determine if they are real outliers. A real outlier is a result which because of outside 

contamination or because of mistakes such as deviations from protocol, instrument errors, computational 

errors or transcription errors, really does not belong in the data set. If, upon investigation, a statistical 

outlier is determined to be a real outlier, the datum should be discarded. However, if a statistical outlier 

cannot be clearly identified as a real outlier, then careful consideration should be given to re-evaluating 

the results of the statistical outlier tests and the population analysis, and including the datum in the site 

data set.  

 

5.2 SITE DATASET TO BACKGROUND DATASET COMPARISONS (ASSUMPTION AND 
HYPOTHESIS TESTING) 

The statistical tests discussed in this section are among those recommended to test the hypothesis that 

site concentrations are not significantly higher than background concentrations (or, alternatively, that 

there is a difference between the site and background data sets).  All are presented in the 

aforementioned guidance documents.  Each has a set of assumptions that must be met else the results 

of the statistical test could be invalid.  Thus, assumption testing is conducted before hypothesis 
testing.  The statistical tests presented below are listed from most rigorous to least rigorous. The more 

rigorous tests give the more robust results when the assumptions inherent in the tests are met.  When 

these assumptions are not met a less rigorous test will actually provide more accurate results.  The 

recommendation is to use the most rigorous test whose assumptions are all met.   

 

Parametric Analysis of Variance (ANOVA) – The parametric ANOVA tests the hypothesis that the mean 

concentration of the site data set is indistinguishable from the mean concentration of the background data 

set.  It is the most rigorous statistical test recommended in this section and, consequently, the assumption 

testing that must precede this test is also rigorous: 

 

• The underlying PDF of the site and background data set must be the same (e.g., both normal or both 

log-normal).  The Shapiro-Wilk Test for Normality (or similar test) is used to determine if the 

distribution of a data set is compatible with an assumed normal or lognormal distribution.  However, 

this test requires at least three samples.  Consequently, the parametric ANOVA also requires a 

minimum of three samples in both the site and background data sets. 

 

• 50 Percent or more of the results in both the background and site data sets must be analytical 

detections (i.e., no more that 50 % of the data sets may represent non-detect [“U” qualified] results) 
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• The site and background data sets must have equal variances.  The Levene’s Test of Homogeneity of 

Variance (HOV) may be used test this assumption.  If the preceding two conditions are met but the 

site and background data sets have unequal variances, the Satterthwaite’s t test may be used to test 

the hypothesis that the site mean concentration is not significantly higher than the background mean 

concentration. 

    

Wilcoxon Rank-Sum Test (a non-parametric test) – The Wilcoxon Rank-Sum Test ranks analytical results 

in the combined site and background data from least to greatest concentration.  In theory, if the average 

rank of the site data exceeds the average rank of the background data, the site concentrations exceed 

background concentrations.  The assumption testing for the Wilcoxon Rank Sum Test is somewhat less 

rigorous than that specified for the parametric ANOVA: 

 

• 50 Percent or more of the results in both the background and site data sets must be analytical 

detections (i.e., no more that 50 % of the data sets may represent non-detect [“U” qualified] results). 

 

• The combined site and background data set should have at least 12 analytical results.  Also, the site 

and background data set must each have at least 3 analytical results.  If the site and background data 

sets each have at least 50 percent detected results and at least 3 analytical results, but the combined 

data set has fewer than 12 analytical results, the “critical values” of the test may be reduced to the 

highest obtainable value for the smaller combined data set.  The minimum data set requirements are 

3 site values and 3 background values. 

 

Test of Proportions – If 50% of the combined site and background measurements are reported as non-

detect results, it is difficult to conduct a valid statistical test of whether the site average (mean or median) 

is shifted to higher concentrations relative to the background site average (mean or median).  The 

parametric ANOVA and Wilcoxon Rank sum tests are not recommended in these cases and a less 

rigorous statistical test, such as the two-sample Test of Proportions, is more suitable.   In theory, if a 

larger proportion of the site data set than the background data set has concentrations greater than a 

specified concentration “C”, it is concluded that site concentrations exceed background concentrations.  

Typically, “C” is just slightly greater than the largest non-detect value.  There is no assumption testing 

required for the test of proportions.  However, the statistical “power” of the test decreases and the 

probability of errors (false positives; false negatives) increases as the size of the site and background 

data sets decrease. 

 

95% UTL Comparisons – The comparison of the maximum site concentration to the 95 % background 

UTL is a popular technique for determining whether site concentrations exceed background 

concentrations, particularly in screening level risk assessments.  In theory, 95 % of the data in a 
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background data set are less than the calculated background UTL value (at 95 % confidence level). 

[Conversely, 5 % of the background data points are predicted to be greater than the UTL (at a 95% 

confidence level).]  Consequently, the comparison of the maximum site value to the 95% background UTL 

is typically a conservative method for identifying whether site concentrations exceed background and may 

result in  “false positives” (i.e., indicate that a concentration exceeds background when, in reality, it does 

not).  The technique also has the potential to result in “false negatives” (i.e., indicate that a concentration 

does not exceed background when, in reality, it does) when the underlying distribution is not clearly 

defined or when a background dataset contains extreme values.  Consequently, the Navy typically does 

not recommend the use of this technique.  However, this technique is a functional companion to other low 

rigor statistical tests when non-optimal sampling results are evaluated (e.g., very small data site data sets 

are evaluated).  Additionally, it may be a useful technique for screening level site assessments assuming 

that the project team uses the technique as an initial step only in the comparison of site and background 

data sets and is sensitive to the potential for false positives and false negatives. The assumption testing 

for the 95 % UTL comparison (at the 95 % confidence level) is less rigorous than that specified for the 

parametric ANOVA or the Wilcoxon Rank Sum Test.   

 

• The Shapiro-Wilk Test for Normality (or similar test) must be used to determine if the distribution a 

data set is compatible with an assumed normal or lognormal distribution. However, this test requires 

at least three samples.  Additionally, the calculation of the UTL also requires a minimum of three 

samples. 

 

With the exception of the 95 % percent UTL comparison technique and the test of proportions, all of the 

statistical tests presented above focus on the comparison of central tendency characteristics of the site 

data set versus the central tendency characteristics of the background data set.  Consequently, the tests 

are not sensitive to whether a few extreme values in the site data set may exceed background.  The 

Quantile Test (or similar test) does focus on extreme values within a site data set and should be 

conducted in conjunction with the parametric ANOVA, Wilcoxin Rank Sum, and Test of Proportions 

whenever possible.  In theory, if the higher concentrations in the combined site/background data set tend 

to be from the site data set, it is concluded the site concentrations exceed the background concentrations.  

The Quantile test focuses on the comparison of the “right tail” of the site data set to the “right tail” of the 

background data set.  The assumption testing for the Quantile Test is less rigorous than that specified for 

the parametric ANOVA or the Wilcoxon Rank Sum Test.  The sole assumption is: 

 

• The site and background data set must each have at least 10 analytical results. 
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5.3 REVIEW OF RESULTS OF STATISTICAL CALCULATIONS/TESTS BY PROJECT TEAM 

Ideally, the project statistician should be working with the project team in planning for data collection and 

as statistical analyses progress.  The results of any statistical calculations and testing conducted in 

support of a site evaluation should be reviewed by members of the project team who are familiar with the 

site to assure that the results are logical when compared to credible site-specific information.    

 

In some cases the results of the statistical tests may be augmented by background concentration 

information provided in the literature.  For example, statistical tests for iron and manganese often suggest 

that site concentrations exceed background concentrations even though site-specific (e.g., process) 

information suggests that these metals are not site contaminants.  This may reflect limitations in the 

background data set or the fact that the background concentration range of these two naturally occurring 

metals is very wide.  Regional iron and manganese concentrations (published in the literature) for soil and 

groundwater (in addition to site or Base-specific background data) may provide additional perspective as 

to whether the iron and manganese concentrations in the site environmental media exceed background. 

 



Acronyms: 
 
ANOVA –  Analysis of Variance 
BG –   Background 
COPC –  Chemical of Potential Concern 
Corr. –   Correlation 
FOD –  Frequency of Detection 
HOV –   Homogeneity of Variance 
m – number of values in the 

background data set 
n – number of values in the site 

data set 
ND –  Non-detect 
Prob. –  Probability 
Std. Dev. – Standard Deviation 
Stoich. – Stoichiometric 
UTL –  Upper Tolerance Limit 
 
Footnotes: 
 
(1) The data analysis suggests that this 

procedure may also be useful when n,m ≤ 2 
and n + m ≤ 12. However, small data sets 
limit the power and significance of all the 
suggested techniques and, in some cases, 
the data analysis is not possible. 

(2) Three data points are necessary to calculate 
the UTL.  Otherwise, the maximum 
background is used as the critical value for 
comparison. 

(3) n + m must be ≥ 3.  
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A.l INTRODUCTION 

This appendix was prepared for the Naval Surface Warfare Center (NSWC) at lndian Head, Maryland, 

through the U.S. Navy (Navy) Northern Division Naval Facilities Engineering Command (NAVFAC). The 

report provides the results of the background characterization of environmental media at the NSWC 

lndian Head (the Station). The characterization included the sampling of groundwater and freshwater 

sediment at the Station and in general vicinity of the Station. The characterization did not include the 

sampling and analysis of surface waters, or marine or estuarine sediments. At the request of the Navy, a 

literature search for background concentrations of chemicals in environmental media was also conducted. 

At the direction of the Navy, this appendix was developed using groundwater and sediment information 

taken from the Draft version of Background Investigation (BI) Report [BI Report for lndian Head and 

Stump Neck Annex (Brown & Root Environmental, 1997)]. 
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A.2 PREVIOUS STUDIES 

Previous studies and groundwater data based on previous studies that were considered for inclusion into 

the background data set are discussed in Section 2 of the Background Soil Investigation (BSI) Report. 

The extent of the data review for inclusion into the background data set is discussed in Section A.3. 
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A.3 DEVELOPMENT OF THE BACKGROUND DATA SET 

FOR GROUNDWATER AND SEDIMENT 

Section A.3 describes the field investigations conducted to collect background data, presents the results 

of the background field investigation, and evaluates data for inclusion in the background data set for the 

Station. The field investigation for background data was conducted concurrently with the ongoing RCRA 

FacilityNerification lnvestigation (RFINI) field investigation of six sites at the Stump Neck Annex 

(June 18, 1997, through September 17, 1997). The field activities for groundwater and sediment 

investigation included the installation of 5 monitoring wells, the collection of a groundwater sample from 

each newly-installed monitoring well, and the collection of freshwater sediment samples at 10 locations. 

Data available as a result of the analysis of these samples and supplemental data available from the 

ongoing RFINI at the Stump Neck Annex and as a result of the implementation of CTO 222 were 

evaluated for inclusion into the background data set for the Station. To allow for future statistical 

comparisons with data from IR Sites/SWMUs/AOCs, a goal of 10 background data points (minimum) per 

environmental medium was established. Additionally, a literature search for background environmental 

data was performed. Attachment 4 contains analytical data, and Appendix F of the BSI contains the 

associated data validation memoranda. 

A.3.1 GROUNDWATER 

Groundwater data for five monitoring wells installed during the BI [as presented in the Draft version of 

Background lnvestigation Report for Indian Head and Stump Neck Annex (Brown & Root Environmental, 

1997)], three RFlNl monitoring wells installed for CTO 287, and two monitoring wells installed for CTO 

222 were considered for inclusion in the background data set for the uppermost groundwater zone at the 

Station. The BI did not pursue characterization of the deeper aquifer zones underlying the Station but did 

pursue a literature search for background groundwater quality in the general vicinity of the Station. 

A.3.1.1 Results of the Literature Search 

Several government agencies (e.g., the Maryland Department of Environment) were contacted regarding 

the availability of background groundwater data for the Indian Head area. Background groundwater data 

were not available. 

A.3.1.2 Backaround lnvestiaation Samplinq Proqram 

The following monitoring wells were installed during the BI: 
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A.3.1.2.1 Selection of the Sampling Locations 

The locations of the five background monitoring wells installed during the BI were based on the project 

objectives and on comments received from Naval Facility personnel prior to and during a site 

reconnaissance and the field effort. The selection process focused primarily on the groundwater flow 

patterns in the general areas of the proposed monitoring well locations in relation to the Station's IR 

Sites/SWMUs and other AOCs and on selecting remote locations away from historical and current facility 

operation areas. No hydrogeologic data were available to determine shallow groundwater flow patterns in 

the local areas; therefore, the assumptions made regarding the groundwater flow directions are based 

primarily on land surface topography. The locations of the newly installed and existing monitoring wells 

are illustrated in Figure A-9. Figures A-1 and A-2 illustrate the location of IR Sites/SWMUs relative to 

background sample locations for Stump Neck Annex and the Main Area (Cornwallis Neck), respectively. 

These figures include elevation contour lines that depict upgradient or upstream conditions for 

background samples relative to IR SitesISWMUs. Presumed groundwater flow directions are also 

indicated with arrows on Figures A-1 and A-2. 

Background monitoring well BGDMWOI was installed in the southeast corner of the Stump Neck Annex in 

a wildlife viewing area. This location is comparatively remote. The groundwater in this area is probably 

flowing south toward a local stream. 

BI monitoring wells BGDMW02, BGDMW03, BGDMW04 and BDGMW05 are located on the main Indian 

Head (Cornwallis Neck) peninsula. BGDMW02 is in the north-central portion of the facility, probably on or 

just south of a groundwater divide. Groundwater south of the well likely flows south to Mattawoman 

Creek, and groundwater north of the well likely flows north to the Potomac River. BGDMW03 is in the 

southwestern portion of the facility in an area of very low relief. It is believed that the groundwater in this 

area flows east-south by east direction toward Mattawoman Creek. Well BGDMW04 is just south of 

Strauss Avenue in the southwestern portion of the facility. Groundwater in this area is believed to flow to 

the north. Monitoring well BGDMW05 is on the facility's northeast boundary, south of State Route 210. 

Groundwater in this area is likely to flow the south. 
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A.3.1.3 Supplemental Samdina Proaram 

Analytical results for five existing groundwater monitoring wells (RPLMWOI D, RN6MW05, RN3MWO1, 

25MW03 and 26MW03) were considered for inclusion in the background data set to supplement the five 

samples collected during the BI. The locations of the monitoring wells are shown on Figure A-9. 

A.3.1.3.l Selection of Supplemental Locations 

Groundwater samples were collected from four monitoring wells (RPLMWOI D, RN6MW05, RN3MWO1, 

and DSBMW04) installed as part of the RFlNl field effort at Stump Neck (CTO 287). These wells were 

positioned upgradient of IR sites1SWMUs under investigation. Candidates for inclusion in the background 

data set were selected by considering the groundwater flow patterns and monitoring well locations 

relative to the IR SitesISWMU locations. Groundwater sample results from RPLMWO1 D, RN6MW05, and 

RN3MWO1 were considered for inclusion to the background data set. The groundwater sample results 

from monitoring well DSBMW04 were excluded from the background data set, because it was determined 

that the well originally anticipated to be upgradient of an IR SiteISWMU, may be at times downgradient of 

the site because of a tidally influenced groundwater flow pattern. The B&R Environmental RFlNl Report 

for CTO 287 provides hydrogeologic and geologic details regarding monitoring wells installed at the 

RFlNl sites. 

On Stump Neck Annex, monitoring wells 25MW03 and 26MW03 were installed upgradient of Area 8 (IR 

Site 63) and the Improvised Explosive Device (IED) site (IR Site 64) respectively, as part of the CTO 222 

VI by B&R Environmental in September 1995 (B&R Environmental, 1996). The groundwater sample 

results from these wells were considered for inclusion in the background data set. 

A.3.1.4 Monitorina Well Installation 

The monitoring wells for both the BI and RFINI were installed by a Maryland-licensed well driller. Well 

permits were obtained from the Charles County Health Department and the State of Maryland 

Department of the Environment prior to well installation. State well completion forms were completed by 

the driller after the wells were installed and were sent to the State and County. Copies of these 

documents for the newly installed wells are supplied in Attachment 1. In addition, B&R Environmental 

well construction sheets are supplied in Attachment 2, which provides a more detailed description of the 

materials used and how the wells were constructed. 

The horizontal locations of the newly installed monitoring wells were surveyed to the nearest 0.1 foot. The 

top of the riser (reference point) and the ground surface elevations were surveyed to the nearest 0.01 foot 
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and referenced to the 1983 North American Datum. The surveying was performed by a State of Maryland 

registered professional land surveyor. Survey data are provided in Attachment 2. 

Monitoring wells BGDMWOI, BGDMW02, BGDMW04, BDGMW05, RN3MWO1, and RN6MW05, were 

installed with screened intervals crossing the water table. BGDMW03 and RPLMWO1 (D) were installed 

with the screen set across the first water-bearing zone encountered; however, the water level in these 

wells is above the top of the screen because of the local, semi-confined aquifer conditions. The 

monitoring wells were installed and developed in accordance with the methods and procedures detailed 

in The Background Investigation Work Plan, (B&R Environmental, 1997a). Monitoring well construction 

sheets were generated during the drilling and installation process and are provided in Attachment 2. The 

monitoring wells were installed using schedule 40 polyvinyl chloride (PVC), .010-inch slot, 10 feet long by 

2-inch inside diameter (I.D.) screens and 2-inch (I.D.) PVC riser. The annulus of the boring around the 

well screen was backfilled with clean silica sand (No. 20 to 30 US. Standard sieve size) to approximately 1 

to 2 feet above the well screen. A 2-foot-thick bentonite pellet seal was installed above the sand pack and 

allowed to hydrate in accordance with the manufacturer's recommendations: The remaining annular space 

was backfilled with a bentonite and cement grout from the bentonite pellet seal to about the ground surface 

using a tremie pipe. 

The monitoring wells installed during the September 1995 VI field investigation (CTO 222) 

(B&R Environmental, 1996) were installed in the same manner as the monitoring wells installed for the 

BIIRFINI. However, the monitoring wells installed during the September 1995 field effort were constructed 

using 4-inch-I.D., schedule 40 PVC screen and riser pipe. 

The monitoring well construction summary presented in Table A-1 presents the ground elevation at the 

concrete pad well head, elevation of the top of the well riser pipe, total well depth (the depth of the well 

below ground surface), monitored or screened interval, depth to groundwater from below the ground 

surface, depth to groundwater from the top of the riser piper, and the groundwater elevation in feet. 

A.3.l.S Samplinq Procedures 

Groundwater samples were collected from monitoring wells in accordance with the low-flow sampling 

procedures detailed in B&R Environmental Standard Operating Procedures (SOP) SA-1.1 

(B&R Environmental, 1997b). The purging and sampling apparatus used for collecting groundwater 

samples consisted of a length of Teflon tubing connected to a peristaltic pump. Silicon tubing was 

threaded through the pump, and a section of Teflon tubing was used for discharge. Measurements of 

depth to water, purge rate, pH, specific conductivity, temperature, salinity, and turbidity of the 

groundwater were performed at 5-minute intervals during the purging process. Groundwater sample 

collection was not initiated until at least two saturated screen length volumes were removed and 
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stabilization of the groundwater parameters was observed. Stabilization was defined as d.l pH units, 

*lo% for specific conductance, &l°C for temperature, and 4 0  nephelometric turbidity units (NTU) for 

turbidity. 

Low-flow groundwater sampling was performed using the peristaltic pump discharging through a short 

piece of tubing directly into the appropriate sample containers. Sample containers were filled in the 

following order: Target Compound List (TCL) pesticides and polychlorinated biphenyls (PCBs), Target 

Analyte List (TAL) metals plus tin (total), total organic carbon (TOC)/total organic halides (TOX), anions, 

and dissolved TAL metals plus tin. After the samples were collected, they were placed on ice in a cooler 

for delivery to the laboratory. The groundwater samples collected from the monitoring wells installed as 

part of the RFlNl were analyzed for additional parameters as specified by the RFlNl Work Plan 

(B&R Environmental, 1997c), and are presented on the sample summary Table A-2. The sample 

summary table provides a list of all groundwater samples considered for the background investigation 

groundwater data set and the analyses performed. 

A groundwater sample log sheet and a low-flow purge data sheet were generated for every sample 

collected. These sheets provide records of the purging and sampling conditions including but not limited 

to: sample identification, well depth, static water level, amount of water purged, date, time, samples 

collected for fixed-base laboratory analysis, purge and sample data, pH, conductivity, water temperature, 

turbidity, drawdown, and flow rate. The sample log sheets are supplied in Attachment 3. 

The monitoring wells installed during the September 1995, CTO 222 field investigation (25MW03 and 

26MW03) were sampled using macro purge sampling procedures, using a bailer to purge and collect the 

sample (B&R Environmental, 1996). The sample log sheets are supplied in Attachment 3. Sample 

Summary Table A-2 provides the analyses performed for these samples. 

A.3.1.6 Results of the Groundwater Backqround and Supplemental Samplinq Proqrams 

This section presents the results of the analyses of groundwater samples collected from the five BI 

monitoring wells, the three upgradient monitoring wells from the RFINI investigation of Stump Neck 

(RN3MW001001, RN6MW005001, and RPLMW001 001), and the two Verification Investigation Report 

wells (25MW03 and 26MW03). Table A-3 presents the positive detections for unfiltered groundwater 

samples. Figures A-3 and A-4 show the locations for unfiltered groundwater samples and list the positive 

detections for samples from Stump Neck Annex and the Main Area (Cornwallis Neck), respectively. 

Table A-4 presents descriptive statistics for the analytical sampling results for unfiltered groundwater 

samples. Table A-5 presents the positive detections for filtered groundwater samples. Figures A-5 and 

A-6 show the locations for filtered groundwater samples and list the positive detections for samples from 

Stump Neck Annex and the Main Area (Cornwallis Neck), respectively. 
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Descriptive statistics for filtered groundwater samples are presented in Table A-6. Given that turbidity 

often results in elevated metals concentrations in unfiltered groundwater samples, statistics were also 

developed for unfiltered groundwater samples that were reportedly "non-turbid" based on a review of the 

sample log sheets and the concentrations of inorganics often present in groundwater at milligram per liter 

concentrations (or greater) when groundwater samples are turbid (e.g., aluminum, magnesium, iron, 

manganese). Table A-7 presents the positive detections for these non-turbid unfiltered groundwater 

samples, and statistics are summarized in Table A-8. Maximum chemical concentrations detected in the 

background samples considered for inclusion in the background data set are compared to Federal Safe 

Drinking Water Act (SDWA) maximum contaminant levels (MCLs) (EPA, 2002) and EPA Region Ill RBCs 

(EPA, 2002). 

A.3.1.6.1 General Water Quality Parameters 

The water quality parameters examined include ammonia, chloride, nitratelnitrite, phosphorus, and 

sulfate. In addition, total Kjeldahl nitrogen (TKN), TOX, and TOC were measured. None of the water 

quality parameters were detected at concentrations exceeding MCLs (EPA, 2002) or Region Ill RBCs 

(EPA, 2002). 

A.3.1.6.2 Organic Compounds 

Organic compounds were detected in background groundwater samples at maximum concentrations that 

did not exceed 10 pg/L. The target analytes detected were three volatile organic compounds, three 

phthalate compounds, and one energetic. In overview, none of these organics were detected at 

concentrations exceeding SDWA MCLs, where available (EPA, 2002). Three compounds, however, were 

detected at maximum concentrations exceeding Region Ill RBCs (EPA, 2002). It is important to note that 

the target analytes were not the same for all samples analyzed. For example, pesticides1PCBs were the 

only organics included in the analytical program for samples collected from the BI monitoring wells. The 

analytical program for each groundwater sample is presented in Table A-2. 

Volatile Oraanic Com~ounds 

The three volatile organics detected in the groundwater were chloroform, toluene, and carbon disulfide. 

Chloroform was detected in three wells sampled for the ongoing RFlNl for Stump Neck and the VI 

CTO 222, and toluene was detected in the well located at Rum Point. The maximum chloroform 

concentration (3.1 pgIL), detected in well 26MW03 exceeds the EPA Region Ill RBC for tapwater. 

However, it is approximately one order of magnitude less than the MCL of 80 pg1L (EPA, 2002). The 

maximum concentration (C,,,) for toluene of 7 pg/L is also less than the MCL. In addition, toluene is a 

CTO 0320 



common laboratory contaminant. Carbon disulfide was detected in one well at a C,, of 6 pgIL, which is 

less than the EPA Region Ill RBC of 1000 pg/L for tap water (EPA, 2002). 

Semivolatile Oraanic Com~ounds 

The following semivolatile organic compounds were detected at low concentrations in groundwater: 

bis(2-ethylhexyl)phthalate, di-N-butyl phthalate, and diethyl phthalate. These compounds are plasticizers 

and common laboratory contaminants. They were detected in samples collected from upgradient 

monitoring wells at Range6 and the Rum Point Landfill at the Stump Neck Annex. 

Bis(2-ethylhexy1)phthalate was the only semivolatile detected at the concentration exceeding the EPA 

Region Ill RBC for tapwater (EPA, 2002); the reported concentrations did not exceed the SDWA MCL 

(EPA, 2002). 

PesticidesIPCBs 

No pesticides1PCBs were detected in groundwater samples from the five newly installed BI monitoring 

wells. Sample 26MW03 was analyzed for PCBs, but no positive detections were reported. 

PesticidesIPCBs were not part of the analytical program for any other groundwater samples. 

Eneraetics 

Hexahydro-l,3,5-trinitro-l,3,5-triazine (RDX) was detected in one groundwater sample, RN3MW001001, 

at a concentration of 1.2 pg1L. This well is located on Range 3 at the Stump Neck Annex, which is an 

area currently and historically known for heavy explosive activity. It should be noted that the 

concentration reported is within the range of detection limits reported for the other samples analyzed 

(0.74 U pg1L to 1.3 U pg1L). 

A.3.1.6.3 Inorganic Compounds 

Unfiltered and filtered groundwater samples were collected from all 10 background monitoring wells and 

analyzed for inorganic constituents. However, as detailed in Table A-2, the analyte list for some samples 

was the Appendix IX list of inorganics, whereas other samples were analyzed for inorganic constituents 

specified on the TAL list of metals. The analyte lists are a function of the scope of work and regulatory 

driver for each investigation producing potential background data. 

Descriptive statistics for inorganic constituents detected in unfiltered groundwater samples, unfiltered 

groundwater samples reported to be non-turbid, and filtered groundwater samples are presented in 

Tables A-4, A-8, and A-6, respectively. The "unfiltered groundwater samples reported to be non-turbid" 

were selected based on a review of sample log sheets (to identify samples described as turbid by the field 
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samplers based on NTU readings or visual observation) and by a review of the concentrations of 

inorganics that are often present in groundwater at milligram per liter concentrations (or greater) when 

groundwater samples are turbid (e.g., aluminum, magnesium, iron, and manganese). Results for the 

following unfiltered samples comprise the "non-turbid" data set: BGDMW001 U001, BGDMW002U001, 

BGDMW003U001, BGDMW004U001, RN3MW001 U001, and RPLMW001 U001. Results for the following 

unfiltered samples were not included in the "non-turbid" data set: 25MW03, 26MW03, RN6MW005U001, 

and BGDMW005U001. It should be noted that samples 25MW03 and 26MW03 were collected using 

bailers, a fact that may account, in part, for the turbidity noted. 

The data sets presented in Tables A-4, A-6, and A-8 are compared to Federal SDWA MCLs, (EPA, 2002) 

and EPA Region Ill RBCs (EPA, 2002) as points of reference. Inorganic constituents were detected in all 

samples collected. Arsenic (C,,, = 19.1 pg/L), beryllium (C,,, = 11 pg/L), cadmium (C,,, = 9.8 pg/L), 

chromium (C,,, = 191 pg/L), and lead (C,,, = 51 pg/L) were the only inorganics detected in the unfiltered 

groundwater samples at maximum concentrations exceeding SDWA primary (i.e., health-based) MCLs or 

action levels. However, the following inorganics were detected in the unfiltered samples at 

concentrations exceeding EPA Region Ill RBCs: aluminum, arsenic, chromium, iron, manganese, and 

vanadium. lnorganics were not detected at concentrations exceeding primary MCLs in unfiltered 

groundwater samples reported to be non-turbid or in filtered groundwater samples. Aluminum, iron, and 

manganese were reported in all three of the aforementioned data sets at concentrations exceeding 

SDWA secondary (aesthetic-based) MCLs. Iron and manganese were the only metals detected at 

concentrations exceeding EPA Region Ill RBCs in unfiltered groundwater samples reported to be non- 

turbid groundwater samples. 

A.3.1.7 Selection of Backqround Data Set 

Groundwater samples from 10 monitoring wells at the Indian Head Station were considered for inclusion 

in the background data set. The rationale for each monitoring well location was outlined in 

Sections A.3.1.2 and A.3.1.3. With exception of the influence of turbidity on metals concentrations in 

some of the unfiltered groundwater samples, analytical results for background samples collected during 

the BI, the RFlNl at Stump Neck, and the CTO 222 VI are similar. Given the fact that turbidity may 

obscure (elevate) the actual metals concentrations in unfiltered samples, it is recommended that the 

results of turbid, "unfiltered" groundwater samples not be considered representative of background 

groundwater quality. Additionally, filtration of groundwater samples may remove metals concentrations 

typically present in a groundwater aquifer. Consequently, the non-turbid, unfiltered groundwater data set 

is most likely to be representative of shallow background groundwater quality in the Indian Head area. 
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A.3.2 FRESHWATER SEDIMENTS 

Freshwater sediment samples were collected from 10 locations during the BI. Samples from any other 

environmental investigations were not added to supplement this data set. Site reconnaissance with 

Indian Head Station personnel concluded that it was not possible to gather 10 sediment samples from 

streams not impacted by facility operations on Cornwallis Neck and Stump Neck peninsulas. Therefore, 

three samples were collected off-base, as described in Section A.3.2.2.1. The BI did pursue a literature 

search for freshwater sediment quality in the general vicinity of the Station. 

A.3.2.1 Results of the Literature Search 

Table A-9 presents the results of the analysis of three freshwater sediment samples (INOS-C-1, 

INOS-C-2, and INOS-C-3) collected in 1985 by the U.S. Fish and Wildlife Service (USFW, 1990) at a 

location referred to as the Upper Mattawoman Creek Reference site. This location is approximately 

4.25 miles upstream of the mouth of Mattawoman Creek. 

A review of the inorganic data (Table A-9) from the Upper Mattawoman Creek Reference Site suggest 

that this site has not been affected by Naval facilities, wastewater treatment plants, or industrial facilities. 

Arithmetic means calculated for all of the inorganic compounds in the samples from the Upper 

Mattawoman Creek Reference Site were less than the means for Eastern U.S. (Shacklette and Boerngen, 

1984) and Maryland soils (Dragun, 1991). Also, it is unlikely that IR SitesISWMUs or AOCs at the 

Station, which are located downstream of the Upper Mattawoman Reference Site, would have influenced 

the results reported for this sampling location. 

A.3.2.2 Backaround lnvestiaation Samplina Proaram 

Freshwater sediment samples were collected from 10 on-base and off-base locations (BGDSDOI through 

BGDSD10) during the BI. 

A.3.2.2.1 Selection of the Sampling Locations 

Sampling locations were selected in areas where the surface water is believed to have not been impacted 

by the facility operations. Four of the ten samples -- BGDSDOI, BGDSD02, BGDSD05, and BGDSDO6 -- 
were collected on the Stump Neck Annex property. Three samples -- BGDSD08, BGDSDO9, and 

BGDSD10 -- were collected from streams on the Cornwallis Neck peninsula. Two samples, BGDSD04 

and BGDSD07, were collected from streams nearby Smallwood State Park. One sample, BGDSD03, 

was collected from a stream in the nearby Doncaster State Forest. Sampling locations are shown on 

Figure A-9. Maps of Stump Neck (Figure A-1) and the main area of IHDIV-NSWC (Cornwallis Neck) 
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(Figure A-2) are provided which depict the sampling locations in relationship to the IR Sites/SWMUs and 

other AOCs. 

The selection of the fresh water sediment sample locations was based upon the project objectives and 

recommendations received from Naval personnel prior to and during a site reconnaissance and during 

the field effort. The recommendations considered surface water flow directions in relation to the locations 

of the SWMUs and other AOCs. 

Sample BGDSDOl was collected from an unnamed intermittent stream in the southeast corner of the 

Stump Neck Annex in a wildlife viewing area. There was water flowing in the unnamed stream at the time 

the sample was collected. The stream drains from the south beyond the facility property boundary from a 

sparsely populated area at the intersection of Stump Neck Road and State Route 224. 

Sample BGDSD02 was collected from an unnamed intermittent stream in the eastern portion of the 

facility, several hundred feet up stream from Rum Point Landfill and approximately 500 feet downstream 

from the intersection of Rum Point Road and Stump Neck Road. This is an area where local residents 

reportedly dumped minor amounts of domestic debris. Water was flowing in the unnamed stream at the 

time the sample was collected. 

Sample BGDSD03 was collected from an unnamed intermittent stream in the Doncaster State Forest, 

approximately 100 feet upstream from Forest Road. Water was flowing in the unnamed stream at the 

time the sample was collected. 

Samples BGDSD04 and BGDSD07 were collected from unnamed perennial streams within Smallwood 

State Park. BGDSD04 was collected from a stream located in the eastern portion of the park and just 

downstream of Sweden Point Road. BGDSD07 was collected from a stream located in the western 

portion of the park, 3000 feet downstream from State Road 210. 

Sample BGDSD05 was collected from an unnamed intermittent stream along the eastern boundary of the 

Stump Neck Annex facility, approximately 600 feet east of Rum Point Road. Water was flowing in the 

unnamed stream at the time the sample was collected. 

Sample BGDSD06 was collected from an unnamed intermittent stream located in the Stump Neck Annex, 

approximately 100 feet south of Archer Avenue and approximately 300 feet upstream of the intersection 

of Archer Avenue and Roach Road. There was no water flowing at this location when the sample was 

collected. 
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Sample BGDSD08 was collected from an unnamed intermittent stream on the main area of the lndian 

Head facility (Cornwallis Neck), approximately 50 feet south of Hanlon Road, across from the golf course. 

Water was flowing at the time the sample was collected. 

Sample BGDSDOS was collected from a drainage swale located on the main area of the lndian Head 

facility (Cornwallis Neck), approximately 40 feet downstream from a 36-inch steel pipe culvert and 

approximately 200 feet upstream from the wastewater treatment plant. Water was flowing in this swale at 

the time the sample was collected, and a distinct sewer odor was detected during the sampling event. 

Sample BGDSD10 was collected from a drainage swale located on the main area of the lndian Head 

facility (Cornwallis Neck) approximately 75 feet upstream from Jackson Road. Water was flowing in this 

swale at the time the sample was collected. 

A.3.2.3 Samplinu Procedures 

The sediment samples were collected in accordance with the procedures detailed in the 

B&R Environmental Background Investigation Work Plan (B&R Environmental, 1997). After the samples 

were collected, they were placed on ice in a cooler for delivery to the laboratory. The samples collected 

were analyzed for the following parameters and chemicals: TCL PesticidesIPCBs, TAL metals plus tin, 

TOCKOX, and grain size distribution. A sediment sample log sheet was generated for each sample 

collected. The sample log sheets are included in Attachment 3. Sample Summary Table A-1 0 provides a 

list of sediment samples collected and the analyses performed by the laboratory. 

A.3.2.4 Results of the Freshwater Sediment Backaround Samplinu Prourams 

This section summarizes the results of the analysis of 10 sediment samples collected during the BI. 

Table A-1 1 presents the positive detections for the sediment samples, and Figures A-7 and A-8 locates 

these samples and list the positive detections for samples on Stump Neck Annex and the Man Area 

(Cornwallis Neck), respectively. There are no readily available criteria or standards for sediment based 

on the protection of human health. Consequently, the results of freshwater sediment sampling were 

compared to literature values for background surface soil and Region Ill RBCs for soil (EPA, 2002). 

Descriptive statistics for the freshwater sediment data are presented in Table A-1 2. 

A.3.2.4.1 Physical Sediment Characteristics 

The ten sediment samples collected as part of the background investigation were analyzed for grain size 

distribution. The results were reported using the Unified Soil Classification System, and indicate that the 

sediments sampled consist primarily of sand, silty sand and poorly-graded (well-sorted) sand. Five 
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samples were characterized as silty sand (SM); three samples were characterized as poorly-graded sand 

(SP). Samples BGDSD07 and BGDSD10 were classified as sandy silt (ML) and clayey sand (SC), 

respectively. Laboratory reports providing size distribution analysis are provided in Attachment 4. 

A.3.2.4.2 Organic Compounds 

The following three pesticides were the only organics detected in the BI sediment samples: 

Dichlorodiphenyldichloroethane (DDD) - C,, = 40 pglkg 

Dichlorodiphenyldichloroethylene (DDE) - C,,, = 12 pglkg 

Dichlorodiphenyltrichloroethane (DDT) - C,, = 14 pglkg 

However, as requested by the Navy, TCL pesticides and PCBs were the only target analytes specified in 

the analytical program for the sediments. The maximum concentrations of DDT, DDE, and DDD did not 

exceed the EPA Region Ill RBCs. These pesticides are probably present as a result of the widespread 

historical use of pesticides in our environment. 

A.3.2.4.3 Inorganic Compounds 

The results of the analysis of the freshwater sediment samples for TAL metals plus tin are presented in 

Table A-12. With the exception of silver, the distributions of the data reported for the metals are 

lognormal. This is an expected result for naturally occurring metals in environmental media (EPA, 

1992b). An "undefined" distribution was reported for silver. An explanation of the statistical tests used to 

determine the distribution of a data set is presented in Section 4 of the BSI report. 

Descriptive statistics for inorganic constituents presented in Table A-12 are compared to background 

concentrations reported in the literature for soils in the Eastern United States and the State of Maryland, 

and to EPA RBCs for soil ingestion as points of reference. None of the metals concentrations detected in 

the sediment samples exceed background soil concentrations for soils of the Eastern United States 

(Shacklette and Boerngen, 1984). Five metals were detected in at least one sample at a concentration 

exceeding background soil concentrations for soils in the State of Maryland (Dragun, 1991): arsenic 

(C,,, = 10.6 mglkg), lead (C,,,= 79.3 mglkg), mercury (C,,, = 0.25 mglkg), selenium (C,,, = 

2.3 mglkg), and zinc (C,,, = 158 mglkg). It should be noted that the TOC content of sediment samples 

with metals concentrations exceeding the State of Maryland background soil concentrations exceed 

15,000 mglkg. The TOC content of all other sediment samples did not exceed 15,000 mglkg. Metals 

concentrations in sediments are strongly related to TOC and sediment particle size. For soils or 

sediments, the finer the particle size and the higher the organic carbon, the greater the potential for 

accumulating metals. Of the metals exceeding the State of Maryland background soil concentrations, 
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arsenic is the only metal exceeding an EPA RBC for soil ingestion (EPA, 2002). The maximum arsenic 

concentration detected (1 0.6 mglkg) is approximately 1.5 times the .maximum arsenic concentration 

reported for State of Maryland background soils. 

A.3.2.5 Selection of the Backqround Data Set 

A total of 10 freshwater sediment samples comprise the background data set. All samples were taken as 

part of the BI, and no supplemental samples were added to the data set. The rationale for the sampling 

locations is outlined in Section A.3.2.2.1. The data collected are generally reflective of background soil 

concentrations reported in the literature. There were no anomalies in the data to necessitate the removal 

of any of the samples from the background data set. 

A.3.3 TIDAL FRESHWATER SEDIMENTS AND OLlGOHALlNE SEDIMENTS 

Freshwater sediments were the only sediments sampled during the BI. However, data from the Maryland 

Department of the Environment were obtained for one tidal freshwater sediment location (MAT001 6) near 

the mouth of Mattawoman Creek, one tidal freshwater sediment location (XEA6596) in the Potomac River 

offshore from the Indian Head Facility, and one oligohaline sediment location (XDA1177) in the Potomac 

River near Maryland Point. Oligahaline sediments are defined as sediments underlying oligahaline 

waters, that is, waters containing a minute amount of salinity. These three locations were sampled from 

1987 through 1994. The database is included in Attachment 5 and the locations are marked on the 

following Potomac Estuary Map, which was obtained from the Maryland Department of Natural Resources 

(MD DNR, 1997). 
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POTOMAC ESTUARY STATIONS 

I 

A.3.3.1 Results of the Literature Search 

The results of the analysis of samples collected from locations MAT0016, XDA1177, and XEA6596 are 

presented in Table A-13 and Attachment 5. Inorganic concentrations reported from MAT0016, at the 

mouth of Mattawoman Creek, are less than concentrations reported at the other two locations. Inorganic 

concentrations reported from XDA1177 at Maryland Point in the Potomac River (downstream of the 

Indian Head and Stump Neck Annex) exceeded those detected at XEA6596 (Potomac River - upstream 

of XEA6596 and adjacent to Indian Head). Not unexpectedly, as the distance downstream in the 

Potomac River increased, the concentrations of metals increased. 

The metals concentrations in sediments collected at locations MAT0016, XEA6596, and XDA1177 were 

compared to literature values for Eastern U.S. soils (Shacklette and Boerngen, 1984) and State of 

Maryland soils (Dragun, 1991) (Table A-13), because sediment criteria for the protection of human health 

are not readily available. 
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The concentrations of chromium and copper in sediment were less than the concentrations presented for 

both the Eastern U.S. and State of Maryland soils. The concentrations of cadmium were less than the 

concentrations for Maryland soils. The concentrations for aluminum, iron, and manganese were within 

the range for Eastern U.S. soils. 

Individually, several of the concentrations for arsenic at locations MAT0016, XEA6596, and XDA1177 

slightly exceeded the State of Maryland soils range, but were within the range for Eastern U.S. soils. 

Additionally, none of the means calculated for 1987 through 1994 exceeded the range for State of 

Maryland soils. 

Mercury [C=0.2 - 0.3 mglkg (MAT0016)], nickel [C=35 - 48 mglkg (XDA1177)], and zinc 

[C=186 - 217 mglkg (XEA6596)l had individual concentrations which exceeded the range presented for 

Maryland soils, but were within the range for Eastern U.S. soil and less than the Region Ill RBCs. The 

mean concentrations for lead [C = 35 - 4lmglkg (XDA1177)l were within the range for the State of 

Maryland soils. 

The review of this historical data suggests that low levels of inorganic compounds exist in Mattawoman 

Creek and in the Potomac River. The concentrations of these metals are less than the literature value for 

either Eastern U.S. soils. 

Chemical concentrations in sediment can be influenced by physical factors, such as sedimentation rates, 

resuspension from tidal and wind-induced currents, river flow, and bioturbation. However, it is assumed 

that these factors have been constant over the past 15 years (USFW, 1990). 

A.3.4 BIOTA 

The U.S. Fish and Wildlife Service, in coordination with the EPA1s Chesapeake Bay Program and the 

Maryland Department of the Environment, selected the Indian Head Station as one of four sites to 

examine the effectiveness of National Pollution Discharge Elimination Discharge System permits. The 

objective of this study was to determine whether metal contaminants introduced by the Station were 

affecting fish and wildlife. A report was prepared in 1990 (USFW, 1990). Data from two locations, one at 

Marsh Island in the lower Mattawoman Creek and an upstream reference site located 4.25 miles 

upstream of the mouth of Mattawoman Creek, are included in this report as potential background data for 

the Indian Head Station. 
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A.3.4.1 Results of the Literature Search (USFW, 1990) 

Results of chemical analyses of fish and clams from Marsh lsland and the upstream reference site on 

Mattawoman Creek are presented in Table A-14 and are compared to mean concentrations in biota as 

reported by the State of Maryland. The data and State of Maryland mean concentrations in biota are 

reported in USFW (1 990). The conclusions of the report are summarized as follows: 

Cadmium was not detected in any tissue samples above the 0.1 parts per million (ppm) detection 

limit. It is likely, based on the results of the study, that Mattawoman Creek fish are not 

bioaccumulating or being detrimentally affected by cadmium. 

Mercury was detected in 24 of 36 fish and 2 of 4 clam samples. Concentrations ranged from less 

than detection to 0.072 ppm (white perch and brown bullhead). Mean concentrations of mercury for 

Marsh lsland bullhead, channel catfish, and white perch tissue are slightly higher than the mean 

concentrations reported by the State of Maryland for fish tissue. 

Two of the three Marsh lsland clam samples contained mercury, and the mean mercury level for the 

tissue samples was 0.02 ppm. The Upstream Mattawoman Creek Reference Site had no detectable 

mercury. 

Mean zinc concentrations in channel catfish and gizzard shad were not statistically different among 

locations. The mean value for Marsh lsland channel catfish was two times greater than the value for 

the Upstream Mattawoman Creek Reference Site catfish, but these values were at or below mean 

concentrations reported by the State of Maryland for the five species with comparable data. Zinc 

levels were marginally higher than mean concentrations reported by the State of Maryland. Zinc is an 

important metallo-enzyme for fish. 

Zinc levels in clams were higher at the Upstream Mattawoman Creek Reference Site than at Marsh 

Island. It should be noted that different species were collected at the two sites, and only one sample 

was collected at the reference site. 

CTO 0320 



TABLE A-I 

Well 
Number 

Ground 
Elevation 

(Feet MSL) 

SUMMARY OF MONITORING WELL CONSTRUCTION 
BACKGROUND INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

Top of Riser 
Elevation 

(Feet MSL) 

Total Well 
Depth 

(Feet BGS) 

Monitored Depth to Groundwater Depth to 
Interval Groundwater Elevation Groundwater 

(Feet BGS) (Feet BGS) (Feet MSL) (Feet BTOR) 

6-1 6 10.95 75.1 3 13.3 
4-1 4 7.84 30.63 8.77 

BGS - Below ground surface 
MSL - Mean sea level 
BTOR - Below top of riser 



TABLE A-2 

SUMMARY OF GROUNDWATER SAMPLING AND ANALYTICAL PROGRAM 
BACKGROUND INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

APP lX APP lX TAL APP IX TCL TCL 
VOA SVOA Metals Metals Explosives Pesticides PCBs *Miscellaneous TPH TOC TOX 

SW846 SW846 SW846 SW846 SW846 SW846 SW846 EPA 300.0 EPA 41 8.1 SW846 SW846 
82408 82708 601 OA/7000 601 OA/7000 8330 8081 8081 9060 90208 

X X X X X X X 
X 

X X X X X X X X X 
X 
X 

* Miscellaneous parameters include ammonia, nitratelnitrite, phosphorus, sulfate, total Kjeldahl nitrogen for samples 25MW03 and 26MW03. 
Miscellaneous parameters include chloride, fluoride, nitrate, nitrite, phosphorus, and sulfate for all other samples. 

APP IX - Appendix IX 
VOA - Volatile organic analyte 
SVOA - Semi-volatile organic analyte 
TAL - Target analyte list 
TCL - Target compound list 

PCBs - Polychlorinated biphenyls 
TPH - Total petroleum hydrocarbons 
TOC - Total organic carbon 
TOX - Total organic halides 



SAMPLE NUMBER: 

TABLE A-3 
SUMMARY OF POSITIVE DETECTIONS IN UNFILTERED GROUNDWATER SAMPLES 

BACKGROUND INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

LOCATION: 
SAMPLE DATE: 

L 

VOLATILES lualL) 

BGDMW001U001 

BGDMW001 U001 
08106197 

- . . " ,  
CARBON DlSULFlDE 
CHLOROFORM 
TOLUENE 
SEMIVOLATILES (pglL) 

I I I 1 

BGDMW002U001 

BGDMW002U001 
0811 2/97 

0.48 U 
2.6 J 

0.17 U 

BlS(2-ETHYLHEXYL)PHTHALATE 
Dl-N-BUTYL PHTHALATE 
DIETHYL PHTHALATE 

I RDX I I I I I I I 0.79 U 
? METALS (pglL) 

I 
% 

3.3 J 
2.0 U 
0.65 U 

3 
0 
w 
N 
o 

BGDMW003U001 

BGDMW003U001 
0811 2/97 

ENERGETICS (valL) 
L 

BGDMW004U001 

BGDMW004U001 
0811 3/97 

MISCELLANEOUS PARAMETERS (mglL) 
AMMONIA I I I I I I I 0.41 
CHLORIDE 4.3 L 40.1 L 11.8 L 20.8 L 43.1 41.2 

1380 
2.5 UL 
I4200 

20.9 
45.2 

6040 

2.5 UL 
I7200 

3.5 B 
12.7 B 

POTASSIUM 
SELENIUM 
SODIUM 
VANADIUM 
ZINC 

BGDMW005U001 

BGDMW005U001 
0811 5/97 

BGDMW005U001-0 

BGDDUP004 
0811 5197 

6350 

2.5 UL 
24900 
80.7 J 

80.4 J 

2220 

2.5 UL 
3580 L 
0.70 U 
8.5 B 

1340 

2.5 UL 
33000 
0.70 U . 

10.7 B 

3820 
2.5 UL 
23700 
17.6 J 
27.7 J 

8430 

1.5 U 
8840 
281 
483 



TABLE A-3 
SUMMARY OF POSITIVE DETECTIONS IN UNFILTERED GROUNDWATER SAMPLES 

BACKGROUND INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 
SAMPLE NUMBER: 

LOCATION: 
SAMPLE DATE: 

MISCELLANEOUS PARAMETERS (mglL) 

BGDMWWlU001 

BGDMW00lU001 
08106197 

BGDMW002U001 

BGDMW002U001 
08112197 

BGDMW003U001 

BGDMW003U001 
0811 2197 

BGDMWWU001 

BGDMWWU001 
0811 3/97 

BGDMW005U001 

BGDMW005U001 
0811 5197 

BGDMW005UWl-D 

BGDDUWM 
0811 5197 

25MW03 

25MWO3 
10104195 



A 

N 
(0 

TABLE A-3 
-4 
o SUMMARY OF POSITIVE DETECTIONS IN UNFILTERED GROUNDWATER SAMPLES 
r 
71 BACKGROUND INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

SAMPLE NUMBER: 

LOCATION: 
SAMPLE DATE: 

VOLATILES (pglL) 
CARBON DlSULFlDE 
CHLOROFORM 
TOLUENE 

26MW03 

26MW03 
1 0/04/95 

0.48 U 
3.1 

0.17 U 
SEMIVOLATILES (pglL) 

RN6MW005U001 

RN6MW005U001 
08/04/97 

5 U 
5 U 
5 U 

BlS(2-ETHYLHEXYL)PHTHALATE 
Dl-N-BUTYL PHTHALATE 
DIETHYL PHTHALATE 

RPLMWOOIUOOI 

RPLMWOOIU001 
08/06/97 

6 

2 J 
7 

5.4 U 
2.4 U 
0.78 U 

ENERGETICS (pglL) 

RN3MWOOlU001 

RN3MWOOlU001 
08/03/97 

5 U 
5 U 
5 U 

6 J  
1 J  

12 U 

7 
0 
0 
W 
N 
o 

I /  

I J  
1 J 
3 J  

11 U 
11 U 
11 U 

POTASSIUM 
SELENIUM 
SODIUM 
VANADIUM 
ZINC 

/ / 

MISCELLANEOUS PARAMETERS (mglL) 
AMMONIA I 0.60 I I I I I 
NITRATUNITRITE 0.73 L 1 

2.5 U 

2.4 B 
6.4 B 

/ I 

2.5 U 

1.2 B 
13.2 B 

3640 

1.5 U 
9120 
37.4 

70.1 B 

14.1 

120 
254 



TABLE A-3 
SUMMARY OF POSITIVE DETECTIONS IN UNFILTERED GROUNDWATER SAMPLES 

BACKGROUND INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 
SAMPLE NUMBER: 

LOCATION: 
SAMPLE DATE: 

MISCELLANEOUS PARAMETERS (mglL) 
PHOSPHORUS 
SULFATE 
TOTAL KJELDAHL NITROGEN 
TOTAL ORGANIC CARBON 
TOTAL ORGANIC HALIDES (uglL) 

26MW03 

26MW03 
10104195 I I 

0.21 
1.6 L 

0.60 L 
4.3 

11.8 L 

RN6MW005U001 

RN6MW005U001 
08104197 

1.11 

I I 

RPLMWOOIUOO1 

RPLMWOOlUOOl 
08106197 I I 

RN3MWWlUOOl 

RN3MW001UOO1 
08/03/97 



TABLE A-4 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS FOR UNFILTERED GROUNDWATER SAMPLES 
BACKGROUND INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD. MARYLAND 

Notes: 
1 - Drinking Water Regulations and Health Advisories, w.epa.govlsafewater, July. 2002. 
2 - EPA Region Ill Risk-Based Concentrations. October, 2002. Values presented are tap water values. 
3 - Secondaly Maximum Contaminant Level (SMCL), Drinking Water Regulations and Health Advisories, EPA 822-8-00-001, Summer, 2002. 
4 - Action Level. Drinking Water Regulations and heatlh Advisories, w.epa.gov/safewater. July. 2002. 
Value which is bolded exceeds Region Ill RBCs or MCLs. 

Chemical 

Chloroform 1 315 1 2 1 3.1 1 2.57 I 26MW03 I Normal I 2.91 I 4.18 

NA - Not available a 

100180 I 0.15 

Frequency of 
Detection 

Toluene 1 1 1 5 1 7 1 7 1  7 RPLMWOOIUOOI I Normal I 5.13 14.3 I 1000 750 
Semivolatile Organic Compounds (uglL) 
Bis(2-Ethylhexyl)phthalate 1 3 1 5 1 1 1 6 1  3.43 I RN6MW005U001 I Normal I 5.66 I 12.4 I 6 I 4.8 
Di-N-butyl phthalate 1 2 / 5 1 1 ) 1 [  1 I RN6MW005U001. RPLMWOOIUOOI I Undefined 1 1 1 N A 3700 
Diethyl phthalate 1 1 1 5 1 3 1 3 1  3 I RPLMWOOlUOOl [ Normal I 3 I 14.4 I NA I 29000 

Volatile Organic Compounds (ugR) 

Minimum 
Detection 

Carbon disulflde 1 115 

Maximum 
Detection 

I I I 
6 6 

Average of 
Positive Detections 

6 RPLMWOOI UOOl 

Location of 
Maximum 

Normal 

Distribution of 
Data 

4.55 

95% Upper 
Confidence Limit 

12.2 

95% Upper 
Tolerance Limit 

N A loo0 

Federal Maximum 
Contaminant ~ e v e l '  

Risk-Based 
Concentralion' 



TABLE A-5 
SUMMARY OF POSITIVE DETECTIONS IN FILTERED GROUNDWATER SAMPLES 

BACKGROUND INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 
SAMPLE NUMBER: 

LOCATION: 
SAMPLE DATE: 

DISSOLVED METALS (pglL) 

BGDMWOOlF001 

BGDMWOOlF001 
08/06/97 

BGDMW002F001 

BGDMW002F001 
0811 2/97 

BGDMW003F001 

BGDMW003F001 
0811 2/97 

BGDMW004F001 

BGDMW004F001 
0811 3/97 

BGDMWOO5FOOl 

BGDMWOO5FOOl 
0811 5/97 

BGDMWOO5FOOl-D 

BGDDUW-F 
0811 5/97 

25MW03-F 

25MW03 
10104/95 



TABLE A-5 
SUMMARY OF POSITIVE DETECTIONS IN FILTERED GROUNDWATER SAMPLES 

BACKGROUND INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 
SAMPLE NUMBER: 

LOCATION: 
SAMPLE DATE: 

DISSOLVED METALS (pglL) 

? 
10 
-4 

26MW03-F 

26MW03 
10104/95 

RN6MW005F001 

RN6MW005F001 
08/04/97 

RPLMWOOlF001 

RPLMWOOlF001 
08/06/97 

RN3MW001F001 

RN3MWOOlF001 
08/03/97 I I I I I I 



TABLE A-6 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS FOR FILTERED GROUNDWATER SAMPLES 
BACKGROUND INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

Notes: 
1 -Drinking Water Regulations and Health Advisories, www.epa.gov/safewater, July, 2002. 
2 - €PA Region Ill Risk-Based Concentrations, October, 2002. Values presented are tap water values. 
3 - Secondary Maximum Contaminant Level (SMCL), Drinking Water Regulations and Health Advisories, EPA 822-8-00-001, Summer, 2002. 
4 - Action Level, Drinking Water Regulations and Health Advisories, www.epa.gov/safewater, July 2002. 
NA - Not available 
Values which are bolded exceed Region Ill RBCs or MCLs. 

Chemical 

Inorganics (ug/L) 
Aluminum, filtered 
Barium, filtered 
Cadmium, filtered 
Calcium, filtered 
Cobalt, filtered 

Frequency of 
Detection 

317 
911 0 
1/10 
717 
7/10 

Minimum 
Detection 

63 
4.0 
2.9 

1620 
2.3 

Maximum 
Detection 

335 
86.7 
2.9 

18800 
8.3 

Average of 
Positive Detections 

165 
40.0 
2.9 

6089 
4.9 

Location of Maximum 

BGDMW003F001 
BGDMW002F001 
BGDMWOOl FOOl 
BGDMWOOl FOOl 

BGDMW005F001 -D 

Distribution of 
Data 

Lognormal 
Normal 

Undefined 
Lognormal 

Normal 

Upper 95% 
Confidence Limit 

268 
52.1 
2.9 

18800 
6.47 

Upper 95% 
Tolerance Limit 

Federal Maximum 
Contaminant ~eve l '  

Risk - Based 
concentration2 

37000 
2600 

18 
NA 
730 

1060 
114 
2.9 

102113 
13 

50-2003 
2000 

5 
N A 
N A 



-A 

TABLE A-7 
ril 
(0 

SUMMARY OF POSITIVE DETECTIONS IN NON-TURBID UNFILTERED GROUNDWATER SAMPLES 
4 
0 
ril 

BACKGROUND INVESTIGATION REPORT . 
'D INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 
SAMPLE NUMBER: 

LOCATION: 
SAMPLE DATE: 

VOLATILES (ygIL) - 
CARBON DlSULFlDE 
CHLOROFORM 
TOLUENE 

BGDMWOOlUOOi 

BGDMWOOlU001 
08/06/97 

BGDMW002U001 

BGDMW002U001 
0811 2/97 

SEMlVOLATlLES (yglL) 

RPLMW001UOO1 

RPLMWOOlUOOl 
08/06/97 

6 
2 J  
7 

BlS(2-ETHYLHEXYL)PHTHALATE 
Dl-N-BUML PHTHAIATE 
DIETHYL PHTHAIATE 

BGDMWOO3UWl 

BGDMW003U001 
0811 2197 

BGDMW004UMll 

BGDMWOO4U001 
0811 3/97 

RN3MW001UOOl 

RN3MWWlUOOl 
08/03/97 

5 U 
5 U 
5 U 

1 J 
1 J 
3 J  

I I 

11 U 
11 U 
11 U 

ENERGETICS (pglL) 
.. 

RDX 1 I I I I 1.2 J I 1 I METALS (pglL) 

? 
h) 
CD 

0 

d 
0 
o 
h) 
o 

CHLORIDE 
NITRATE 
SULFATE 
TOTAL ORGANIC CARBON 

4.3 L 
0.11 L 
23.6 
3.1 

40.1 L 
0.073 L 

9.3 
2.9 

11.8 L 
0.40 L 

17.8 
3.2 

20.8 L 
0.05 L 

16.6 
6.9 1.11 



A TABLE A-8 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS FOR NON-TURBID UNFILTERED GROUNDWATER SAMPLES 
BACKGROUND INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

Undefined I 1 I 1 
Undellned I 3 3 

Chemical 

Undefined 1 1.2 I 1.2 
Energetics (ug/L) 

LRDX I 111 I 1.2 I 1.2 I 1.2 I RN3MWOOlU001 I I N A I 0.61 1 

? 
0 
0 

Frequency of 
Detection 

Volatile Organic Compounds (ug/L) 

Notes: 
1 - Drinking Water Regulations and Health Advisories, www.epa.gov1sofewater. July. 2002. 
2 - EPA Region Ill Risk-Based Concentrations. October. 2002. Values presented are tap water values. 
3 - Secondary Maximum contaminant Level (SMCL), Drinking Water Regulations and Health Advisories. EPA 822-B-96-002. Summer, 2002. 
4 - Action Level, Drinking Water Regulations and Health Advisories, www.epa.gov/safewater, July. 2002. 
Value is bolded which exceeds Region Ill RBCs or MCLs. 
NA - Not available 

Minimum 

Detection 

Carbon disulfide 

Chloroform 
Toluene 

Semivolatile Organic Compounds 
Bis(2-Ethy1hexyl)phthalate 
Di-N-butyl phthalate 
Diethyl phthalate 

Chloride 
Nitrate (ugll) 
Sulfate 
Total Organic Carbon 

Maximum 

Deteclion 

1 I2 

1 I2 
1 I2 

(ug/L) 
1 I2 

1 I2 
1 I2 

414 
414 
414 
515 

Average of 
Positive Detections 

6 
2 

7 

1 

1 
3 

4.3 
0.05 
9.3 
1.11 

Location of 

Maximum 

6 

2 
7 

1 

1 
3 

40.1 
0.40 
23.6 
6.9 

Distribution of 

Data 

6 

2 
7 

1 

1 
3 

19.3 
0.158 
16.8 
3.44 

95% Upper 
Confidence Limit 

RPLMWOOIUOOI 
RPLMW001U001 

RPLMWOOlU001 

RPLMWOOlUOOI 

RPLMWOOIUOOI 
RPLMWOOlU001 

BGDMW002U001 
BGDMW003U001 
BGDMW001U001 
BGDMW004U001 

95% Upper 
Tolerance Limit 

Undefined 

Undefined 
Undefined 

Loqnormal 
Lognormal 

Normal 
Lognormal 

Federal Maximum 
Contaminant ~ e v e l '  

6 

2 
7 

- - 

40.1 
0.40 
23.6 
6.9 

Risk-Based 
Concentration' 

6 

2 
7 

4.8 

3700 
29000 

Undefined I 1 1 

1863 
11.8 
47.0 
45.0 

6 

NA 
NA 

N A 

100/80' 

1000 

2503 
10000 
250' 
N A 

1000 

0.15 
750 

N A 
58000 

N A 
N A 



TABLE A-9 

SUMMARY OF INORGANIC CONSTITUENTS (mglkg) IN FRESHWATER SEDIMENT BASED ON LITERATURE SEARCH 
BACKGROUND INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

1 - U.S. Fish and Wildlife Service, "Metals in Sediment and Biota of Mattawoman Creek", January 1990. 



TABLE A-1 0 

SUMMARY OF FRESHWATER SEDIMENT SAMPLING AND ANALYTICAL PROGRAM 
BACKGROUND INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

VOA - Volatile organic analyte 
SVOA - Semi-voltile organic analyte 
TAL - Target analyte list 
TCL - Target compound list 
PCBs - Polychlorinated biphenyls 
TPH - Total petroleum hydrocarbons 
TOC - Total organic carbon 
TOX - Total organic halides 



TABLE A-1 1 
SUMMARY OF POSITIVE DETECTIONS IN FRESHWATER SEDIMENT SAMPLES 

BACKGROUND INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 
SAMPLE NUMBER: 

LOCATION: 
SAMPLE DATE: 

.. - -. 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 

PESTlClDESlPCBs (uglkn) 

BGDSW010101 

BGDSD0010101 
07/31 I97 

5.2 UJ 

1.9 UJ 
5.7 UJ 

BGDSD0020101 

BGDSD0020101 
0713 1 197 

METALS (mglkg) 
4 

1.0 J 
1.7 J 

1.9 J 

TOTAL ORGANIC CARBON 

BGDSD0030101 

BGDSD0030101 
0811 8/97 

1 1600 I 6830 I 5860 

6.2 U 

2.3 U 
6.8 U 

I 444 I 1020 I 871 I 15100 1 

BGDSW040101 

BGDSW040101 
0713 1 197 

4.7 UJ 

1.7 UJ 
5.1 UJ 

BGDSDO040101-D 

BGDDUP001 
0713 1/97 

4.6 UJ 
1.7 UJ 

5.1 UJ 

BGDSD0050101 

BGDSD0050101 
07/31 197 

BGDSW060101 

BGDSW060101 
08/01/97 

4.7 UJ 
1.7 UJ 

5.1 UJ 

4.9 UJ 
6.4 J 

5.4 UJ 



TABLE A-1 1 
SUMMARY OF POSITIVE DETECTIONS IN FRESHWATER SEDIMENT SAMPLES 

BACKGROUND INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 
SAMPLE NUMBER: 

LOCATION: 
SAMPLE DATE: 

PESTlClDESlPCBs (pglkg) 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
METALS (mglkg) 

? 
0 
P 

TOTAL ORGANIC CARBON I 39400 I 43500 1 515 I 16500 I 1060 I I I a 
0 
0 
N 
0 

BGDSD0070101 

BGDSD0070101 
0811 7/97 

13 U 
4.9 U 
15 U 

BGDSD0070101-D 

BGDDUPOO3 
0811 7/97 

12 U 
4.4 U 
13 U 

BGDSD0080101 

BGDSD0080101 
08/01 197 

3.3 J 
2.5 J 
3.8 J 

BGDSW090101 

BGDSW090101 
08/01/97 

40 J 
12 J 
14 J 

BGDSWl00101 

BGDSD0100101 
08/01/97 

24 J 
1.6 J 

5.4 UJ 

I I I /  



TABLE A-12 

....- ".." ..---- ,...3,..3, 

? l ~ o l a l  organic catmn I 10110 1 444 1 43500 1 10052 1 BGDSD0070101.D I Lognormal I 43500 1 395297 1 N A I NA I N A I N A I 
W 
UI 

Notes: 
1 - Shackleneand Boerngen, (1984). 
2 - Drawn 11991). Values Dresenled in table are surface soil values. 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS FOR FRESHWATER SEDIMENT SAMPLES 
BACKGROUND INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD. MARYLAND 

3 - ~ ~ A ~ e g i o n  lil ~isk-Baied Concenlrations, October, 2002 
4 - EPA Region 9 PRGs Table, October, 2002 

Chemical 

PedlcldeslPCBs (uglkg) 
4.4'-DDD 

Bolded values are exceedances of Region Ill RBCs 
NA . Not available 

4.4'-DDE 1 5/10 1 1.6 1 12 1 4.84 I BGDSD0090101 I Lognormal 1 6.85 1 26.1 N A I NA I 1900 I 17000 
4.4'-DDT 1 3/10 1 1 9  1 14 [ 6.57 I BGDSD0090101 I Undefined I 14 14 I N A I NA I 1900 17000 
lnorganlcs (mglkg) 
Aluminum 1 10110 I 639 1 16600 1 4393 I BGDSD0070101.D I Lognormal I 13234 1 52362 1 7000 - 100000 1 NA I 78000 I 2- 
Arsenip 1 9/10 1 0.25 1 10.6 1 3.3 I BGDSD0070101 I Lognormal I 10.6 1 63 I c0.1 - 73 1 1.1 - 7.1 1 0.43 3.8 

I 1 I I I BGDSDW70101 I I I I I I 

Frequency of 
Detection 

Mlnlmum 
Delecllon 

4/10 1 1.0 1 40 

Maxlmum 
Detection 

17.1 

Average of 
Positive Detestlons 

BGDSDOOQOlOl 

Location of 
Maxlmum 

Lognormal I 29.9 

Dlslrlbutlon of 
Data 

118 1 N A 

95% Upper 
Conlldence Llmit 

NA I 2700 

95% Upper 
Tolerance Llmlt 

24000 

Eastern U.S. 
~ o l l s '  

Maryland 
~ o l l s ~  

Resldentlal Risk-Based 
~oncentlstlon' 

Indudrlal Rlsk-Basod 
Conc+ntratlon' 



TABLE A-1 3 

SUMMARY OF INORGANIC CONSTITUENTS (mglkg) IN TIDAL FRESH AND OLlGOHALlNE SEDIMENT BASED ON LITERATURE SEARCH 
BACKGROUND INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

a 
g 1 - Data obtained from the Technical and Regulatory Services Administration, Maryland Department of the Environment, November 26, 1997 
N 
o NA - Not Available. 



TABLE A-1 4 

METAL CONCENTRATIONS IN AQUATIC ANIMAL TISSUE BASED ON LITERATURE SEARCH (1) 
BACKGROUND INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

Maryland Level 
Zinc (2) 

ppm 

Species Maryland Level 
Cadmium (2) 

ppm 

12.7 
9.3 - 17 

22 

Brackish water clam 

Asiatic clam 

Gizzard shad 

Gizzard shad 

Location 

Mattawoman Creek 

N A 

N A 

Marsh Island 

Upstream Reference Site 

0.01 
ND - 0.034 

0.02 
ND - 0.028 

Brown bullhead 

l ~ l a c k  crappie Marsh Island I 1 I N D I 0.8 I N D I 0.1 I 7.9 I 18.3 I 

Mercury 
meadrange 

ppm 

3 

1 

Marsh Island 

Upstream Reference Site 

0.04 
ND - 0.072 

Channel catfish 

Channel catfish 

Number 
of 

Samples 

N A 

N A 

N D 

N D 

0.01 

0.01 

Marsh Island 

0.27 

0.27 

White perch 

Notes: 

Maryland Level 
Mercury (2) 

ppm 

Cadmium 
meadrange 

ppm 

6 

5 

Marsh Island 

Upstream Reference Site 

1 USFS (1990). 
2 Butler and Allison (1984). 
ND - Not Detected 
NA - Not Available 

Zinc 
meadrange 

ppm 

0.02 
ND - 0.025 

N D 

9.4 
2.6 - 14 

12.7 
8.1 - 28 

15.5 5 0.03 

0.06 
0.04 - 0.068 

0.04 
0.028 - 0.061 

Marsh Island 0.68 

Spot 

N A 

N A 

14 

14 

N D 

N D 

10.1 
7.6 - 14 

5 

4 

17.6 
6.2 - 38 

5 Marsh Island 

0.15 

0.15 

ND 

0.03 

0.03 

ND 

N D 

5 0.05 
0.027 -0.072 

20.9 

0.58 

N D 0.04 

N D 

21.9 
4.6 - 55 

10.5 
3.7 - 19 

24.5 

24.5 

0.57 0.01 0.01 
ND - 0.035 

15.91 
14 - 18 

14.2 
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30 STUMP NECK IMPACT AREA - SWMU 22 
S J E  31 OLD DEMOLITION RANGE - SWMU 23 
SIX 32 SUSPECTED TOOL BURIAL SlTE - SWMU 11 
S J E  33 SCRAP METAL PIT - SWMU 7 
S I X  34 TOOL BURIAL SlTE -- SWMU 8 
S J E  35 TORPEDO BURIAL SlTE - SWMU 9 
SITE 36 INACTIVE DISPOSAL SITE -- SWMU 10 
g E  37 CAUSEWAY - SWMU 24 
23 313 RUM POINT LANDFILL - SWMU 1 
8 58 RANGE 3 BURN POINT - S W U  2 
SITE 59 CHICAMUXEN CREEK'S EDGE DUMP SITE A - SWMU 3 
SIX 60 CHICAMUXEN CREEK'S EDGE DUMP SlTE €3 - SWMU 4 
SlE 61 RANGE 6 - SWMU 5 
SITE 62 AIR BLAST POND - SWMU 6 
SITE 63 AREA 8 -. SWMU 25 
S l E  64 IED SITE - SWMU 26 
SITE 65 IODSlTE - SWMU 27 

% POTOMAC RIVER 

SWMU 12 WASTE OIL STORAGE SITE 
S ~ U  13 PINK WATER TREATMENT TANK AND 

ASSOCIATED TRENCHES 
SwU 14 PHOTOGRAPHIC LAB SEPTIC TANK SYSTEM 
$+MU 15 SPENT PHOTOGRAPHIC SOLUTION STORAGE 
SWMU I6 THERMAL TREATMENT TANK 
S w U  17 BLDG. 2015 - CHEMISTRY LAB ACCUMULATION AREA 
S w U  18 WASTE PILE 
S w U  I9 DISPOSAL AREA #1 
SWMU 20 DISPOSAL AREA #2 
SWMU 21 lP?UM STORAGE AREA 
S w U  28 SKEET RANGE 
SWU 29 OLD PISTOL RANGE 
SWMU 30 BUILDING 2015 DRY WELL 

MARSH/WRAND 

FREWWAKR SEDIMENT SITE 

SOIL BORING SAMPLE SITE 

MW INSTALLATION SITE 

-?-- FLOW DlRECTlON 

ESTIMATED GROUNDWATER FLOW DIRECTION 

100- CONTOUR INTERVAL 10 FEET 

-.I-.--.-.,, NAVAL RESERVE BOUNDARY 

. . . - . . . -  INTERMIT TENT STREAM 

- .  - . . - . . -  PERENNIAL STREAM 

.ARw/wTL*No ARE* 

0 NW 
scAl& rhl mt 

M : AS SHOWN 
NO, @4 = NA 

WSW. CWR. NO, 
NA 

AVFAC MiAWlNG NO, 
NA 

IEET 1 OF 1 



POTOMAC RIVER 

N 

Llaslk 
SITE NUM8ER O K  NAME 

1 ThorlumSplll 
Wasta Crank Case Ofl Applied to Torrance Road 3 Nltroglflsrln Erploslon, Nltratlon Bulldlng Areo 

4 Lloyd Xl-Ray Road Building 011 Spill 731 Sltes 

8 Bulldhg 1349, Hypo Spit1 
Building 682, MMX S@ll 
Bulldinq Pottaram 766, Avanue, Mercury 011 Osposlts Spll 

10 1'1 Shgla-bosa Cofhe Road Propellant Landfill Cralns Spill 

12 Town Gut Landflll 
13 Polnt Solvsnts Dirposol Cround 
14 Wostr Acld Dlsporol Plt 
15 Ma~ury  Depwltr In Uanhds, Rwrlne Lob 

1 $ Olspmol Loboro tory Mat01 Chmlcol Portr Qispowl Along Shoreline 
Hog ldond 18 Catch Basfnaot Chip Collsctlor Houus 

20 21 
Brmaan Singla-base Rood Powder Landfill Facllltlar 

22 23 NG Hydraulic slum$ 011 Burnlnp Spill Dbcharges Stte From Extrusion Plant 
24 Abandoned Droh Lfnaa 

Scrap Olsm Road Yord Londflll 

Taiuma Dfaposal Sita 
Soak Out Asaa 
Abandonad Orurnr 
Cadmium Sondtrlail t Grit 

47 Mrrcuric Nltrota Dirpowl Areo 
48 Nltroqlycerlns Plant Dlrporol Area 
49 Chemlcol Oirporal ~ r e a  

Building 103, Crawl Spoca 
1 Building 101, Dry Woll 

tluUdkrg 102, Dry Wall 8 biwcury Contamlnoti~n of tha Serogs S p t a  

IW87 - Lead ContomfnotOan 8 TCE Bvildlnp 292 Arao 

MATTAWOMAN CREEK 

APPROXIMATE IR SIR LOCATION 

- 1 . 1 -  INXRMI TTENT STREAM - - * - NAVAL RESERVE BOUNDARY 

r ESTMATEO GROUNDWATER ROW DIRECBON 

-1 00 - CONTOUR INERVAL 10 FEET 

7 FLOW DIRECTION 

OllE LO. NO. 80091 
CALE : AS SHOWN 









GROUNDWATER (FILTERED) DETECTS. 
CORNWALLIS NECK 

OIL w02 

APPROVEDBY DATE I 
I I I 

SCALE 

AS NOTED 

BACKGROUND INVESTIGATION REPORT 
INDIV-NSWC, INDIAN HEAD, MARYLAND 

- - 
DRAWING NO. 

FIGURE A-6 
REV 

0 





SEDIMENT DETECTS - 
CORNWALLIS NECK 

GIL 812Ma 

APPROVED BY DATE 

I I I 
SCALE 

AS NOTED 

BACKGROUND INVESTIGATION REPORT 
INDIV-NSWC, INDIAN HEAD. MARYLAND 

- - 
DRAWING NO. 

FIGURE A-8 
REV 
0 





A.4 STATISTICAL APPROACH FOR BACKGROUND DATA 

The methodology used for statistical analysis of background data collected at the NSWC Indian Head 

Facility is presented in Section 4.0 of the BSI Report. The statistical methods used to evaluate the 

groundwater and freshwater sediment data are provided to: 

1. Develop summary statistics (e.g., range, mean, standard deviation, 95% Upper Confidence 

Limits) that describe background concentrations of environmental contaminants. 

2. Facilitate comparisons of background concentrations to those detected in site environmental 

samples collected in areas potentially contaminated by SWMUs at the facility. 

The basic approach of the statistical analysis of background and statistical methods are presented in 

Section 4.0 of the BSI Report. Example calculations for the Shapiro Wilk, test and UTL determination are 

found in Attachment 6. 
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A.5 CONCLUSIONS 

The Background Investigation achieved the objective of establishing a basewide background database for 

the NSWC Indian Head Facility. The background database includes analytical data for groundwater and 

freshwater sediments in the vicinity of the Station. The background database may be used in current and 

future environmental investigations to determine whether samples from knownlsuspected IR 

SitesISWMUs or AOCs at the Station have contaminant concentrations above naturally occurring 

background concentrations. 

Following are the major conclusions of this report: 

There are sufficient numbers of samples to characterize background groundwater and freshwater 

sediment. The goal of attaining a minimum of 10 samples for future statistical analysis was achieved 

for freshwater sediments. This goal was not achieved for groundwater because of the influence of 

turbidity on some of the unfiltered groundwater samples. However, the sample count should be 

sufficient to yield reliable statistical comparisons and summaries for each media type sampled during 

the Background Investigation, including groundwater. 

The data collected are of sufficient quality to be used for purposes of background comparisons in risk 

assessments, Remedial Investigations, RCRA Facility Investigations, and other environmental 

investigations conducted at the Station. Five monitoring wells and ten freshwater sediment samples 

were installed and sampled expressly for the purpose of the Background Investigation. Every effort 

was taken to ensure that the samples were collected from pristine, undisturbed areas not influenced 

by IR SitesISWMUs or AOCs. Existing samples, which were added to supplement the background 

data set, were carefully screened. All sample data in the background data set have been validated in 

accordance with EPA Region Ill guidelines (EPA, 1993 and EPA, 1994). 

Samples were evenly distributed across both the Cornwallis Neck and Stump Neck peninsulas of the 

facility. Since there was no bias regarding sample distribution, the background database is valid for 

future comparisons to suspected IR SitesISWMUs or AOCs anywhere on the Station. 

Organics detections were infrequent and insignificant for both media types when analyses were 

available. Specifically, the inorganic profile of the background samples was not impacted by the 

presence of low-level organic constituents. At the request of the Navy, organics analyses for 

volatiles, semivolatiles, and energetics were not performed on samples collected specifically for the 

BI. However, samples collected for the CTO 222 VI in 1995 (B&R Environmental, 1996) and the 

ongoing 1997 RFlNl at the Stump Neck Annex, which were added to the background data set, were 
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analyzed for these parameters in accordance with the statements of work for these projects and the 

data were included in the background database. 

There is evidence that turbidity is impacting the inorganic profile of some of the unfiltered background 

groundwater samples. Data sets for the unfiltered groundwater samples were evaluated with "turbid" 

samples included in the data set and with the turbid samples removed from the data set. Generally, 

results for the unfiltered samples with the "turbid" samples removed from the data set were 

significantly lower and similar to results reported for the filtered groundwater samples. The "turbid" 

samples may not be representative of local groundwater quality, and it is recommended that they not 

be considered for inclusion in the background data set. 

The inorganic concentrations reported in the freshwater sediments are within the range of 

background concentrations reported for surface soils in the Eastern United States (Shacklette and 

Boerngen, 1984). With few exceptions, the concentrations reported are also within the range of 

values reported for surface soils of the State of Maryland (Dragun, 1991). There is a positive 

correlation between the total organic content of the sediment samples and the metals content in the 

sediments. 
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ATTACHMENT 1 

STATE OF MARYLAND 
DEPARTMENT OF THE ENVIRONMENT 

WELL COMPLETION REPORT 



STATE OF MARYLAND THIS REPORT MUST BE SUEMTrTED WlTHlN 

WELL COMPLETION REPORT 45 DAYS AmFl WELL IS COUPLETOD. 
1 2  a 0 
(THIS WUYDER I TO BE PUNCMD FILL IN TIIS FORM COMPLETELY ~ u r + J n  
IN COLS. 5.8 ON AU CARDS) PLEASE PRINT OR TYPE NUMBER 97-375-W(M) 
STICO USE ONLY DATE WELl C O M P W  Depth of Wdl PERMIT NO. 
DATE Recalved FROM "CERMIT TO DRILL W E L  

MU m w OF '90 3 7  P 70 I, 
b 13 15 90 7?o N ~ A J G S ~  1 2 S Y I D 1  S ! U . W S S ? ; I  

CH - 94 ' 1576 

I IC N A V A l  %fare Warface ron+-r 
-!j 

OWNER 
m m l u  - 8  ) I  

STREET OR ~rn-ad TOWN Head. mD 20640 

W E U  LOG 
S No( rmq.qutrcd lor drivm wolh 

dark gray sand 

orangelbrown - 
j s i i t y  sand 
;I 

j lc gray/brown 
s i l t y  sand 

, dark gray s i l t y  
sand 

gray clay and 

gray sand, silt 
P 
$ green clay 
1 gray med sand 

I( NUMBER OF UNSUCCES$UL WELLS; , 

'I WELL HYDROFRACTURED 
n 

CIRCE UPROPRIATE L€lXR 
1 A WELL WAS ABANDONED AND SEALED 

I THIS W E U  WAS 

I E ELECTRIC LOG OBTAINED 
TEST WELL CONVERTED TO PROOUCIION ll P WE1 1 

I UC. NO. 1 M - D AE5591 , 

SITE SUPERVUOR (sign. of d r h  or journeyman 
rnunnuhk tm 8 1 1 h  W O M Y I l l  hm, H n n k b  

SECTION 

1"&-gT.E)- 
MATERIAL (arclo on.) 

BENTONITE CLAY 

c&ng CASING RECORD 

amro~riate 

MAIN N o m i d  di8rnew TOW depth- 
CASING lop (main) soeing ot main casing 
D P E  (--inch)! (W!OSl foot) 

E OTHER CASING (?I used) 
fi damacr demh (feet) 

(NOT TO BE FILLED IN BY DRILLER) 

LOT . i! 
.I* 

C l 3 ]  
9 2 

PUMPING TEST 

HOURS PUMPED (nearest hour) 
0 3 ;; 

PUMPING RATE (gal. per min.) 
13 I I S  .I 

METHOD USED TO 
MEASURE PUMPING RATE I I :  

WATER LNEL (dmmce lrom land surface) ! 

BEFORE PUMPING ,, 20 

WHEN PUMPING !I .  
:I 

22 25 

N P E  OF PUMP USED (for le61) 'i 

8 air 
p pison R P tubit.: ,, ! 

PUMP INSTALLED 
DRILLER WILL INSTALL PUMP YES 6 ' 
(CIRCLE) (YES or NO) 

IF DRILLER INSTALLS PUMP. THIS SECTION I 

MUST BE COMPLETED FOR ALL WELLS. 

TYPE OF PUMP INSTALLED - 
PLACE (A,C,J.P.R.S.T.O) 2C ' j  
IN BOX 29. 

CAPACIM : 
GALLONS PER MINUTE I 
(10 nearen gallon) 51 55 1 

I 
PUMP HORSE POWER - 

37 bi ; 
PUMP COLUMN LENGTH 
(nearest R.) 

43 

(circle appropriate box 
and enter casing heighl) Ij 
LAND SURFACE 

,, 
LOCATION OF WELL ON LOT 

SHOW PERMANENT STRUCTURE SUCH AS I! 

WKMNG. s m  TANKS. AND /OR 
LANDMARKS AND INDICATE NOT LESS ,' 
THAN TWO DISTANCES 
(MEASUREMENTS TO WELL) 

! 



3WNER Naval Surface Warfare Cnter. (6288; I .- 
wrrm Stump NEck Bnnex tNt- 

5TREm OR RFD TOWN Indian Head -- -. 
SUBDNISION 

WELL LOG 

STATE THE KIN0 OC FORbUTIWS P8 
COLOR. DE*m, TnlcKNEse AND If 1 

b r o w  fine sand '0 I 
graylbrown 
silcy clay 1 lo 
brown s i l t y  
sand I l2 
brownlgray clay 
silt 

brovn/gray sand I 24 
red silt, sand 
and gravel 1 26 

dark red sand 
and gravel 28 

wacer @ approx 24' 

UVMBER OF UNSUCCESSFUL WEUS: 

CIRCLE APPROPRIATE LEITER 
A WELL WAS ABANDONED Add SEA- A WHEN THIS WELL WAS COMPLETED 

E ELECTRIC LOG OBTAINED 
D TEST WELL CONVERTED TO P R m u c n m  

SITE SUPERVISOR (sign. Of drillor oc jaurnayman 
raswns&le lor ailervorlr if different from prrm&be) 

bCCi I IUN 

GROUTING RECORD 

MATERIAL (Ckdr OX zw BENToNITECUY 

NO. OF BAG NO. O!: JOANDS 

OAUONSOFWATER ~ *d 

(mnr 0 il from u b w )  

MAIN Nominal dionwur Tot4 depth 
CASING w (".in) -9 ~ W I  

( n e a a ) I  (fez 1-11 

60 61 S I O L  Bb . 70 

E OTHER CASING ( i f  usad) 
dlame~er deDlh (feet) 

S Inch from 10 

SCREEN RECORD 

MC.M PIC* 
IF WEU DRILLED 
wA6RCNNltWPL - 
HSERTFWBDXI 68 

M SEONLY 
fh%% BE flUED IN BY DRILLER) 

70 72 - - 
74 75 76 

TElEsCwE LOG 
EISING INamTOR OTHER M T A  

LOT 

~ 1 3 1  
1 2  

PUMPING TEST 

HOURS PUMPED (nearer! hour) - 
8 

PUMPING RATE (gal. per min.) o - 
13 i 5 

METHOD USED TO 
MEASURE PUMPING RATE c - 
WATER LEVEL (diuance from land su:fsce\ 

BEFORE PUMPING I,. 
3 

WHEN PUMPING ti. 
22 25 

PUMP INSTALLED 
O R I U R  W INSTALL PUMP YES 
(CIRCLE) (YES or NO) 

IF ORILGR INSTALLS PUMP. THIS SECTION 
MUST se COMPLETED FOR ALL WELLS. 

N P E  OF PUMP INSTALLED - 
PUCE (A.C.J.P.R.S.T.0) 29 
IN BOX 29. 

CAPACITY: 
GALLONS PER MINUTE 
(to nearest gallon) 39 3 

PUMP HORSE POWER - . -. 
37 .\: 

PUMP COLUMN LENGTH 
(nearest f r . )  .- - 

U '. . 
G HEIGHT (circle apprapriao box 

and clnter casing hcighl) GVe 1 U N D  SURFACE 

-- 

LOCATION OF WELL ON LOT 
SHOW PERMANENT STRUCTURE SUCH AS 
BUILDING. SEPTlC TANKS. AND /OR 
LANDMARKS AND INDICATE NOT LEs 
'MAN TWO DISTANCES 
(MEASURYENTS TO WELL) /?/ 



. . ..i... . .  - . -  P, 6 
THIS REPORT MUST BE SUBMTTTED WITHIN 

' 

45 DAYS AFlER WEU IS COMPLEED. - 
flU IN THIS FORM COMPLrmY - 2  a 6 ktil~ NUMBER IS TO 86: PUNCHED PLEASE PRINT OR WPE 97-318-w (M) I: 

IN COLS. 3-6 ON ALL C A W )  . . . ,  

SrlCO USE ONLY DATE WEL l  CoM- Deplh of Well 
PtRMlT NO. 

FROM "PERMIT TO DRILL WEiL" 
DATE R.c.ivcd I* 

LIU w 3 8  88  '47 ZL a CH- 94  1519 
d 11  16 m aaW5122l 

u s a :l ji 

OWNER Naval Surface Warfare Center W- 

STREET OR RFD 
W H P  ST- Neck Road TOWN I n d i a n  Head 

SUBDIVISION 
WELL LOG 

yel lowish/brown 
s a ~ d  & silt 

It brown clayey 
f inc sand 

ycllov/brovn 
s i l c  & sand 

yellov/brown 
silr & clay 

grayishlgreen 
sand 

y e l l o w / b r o w n  

sand 

y e l l o w / b r o w n  

sardy gravel 

NUMOER OF UNSUCCESSFUL WEUS: 

lm 
WELL UYOROFRACNRED 

n 
I CIRCLE APPROPRIATE LITER 

A A 
WELL WAS ABANDONED AND S W D  

WHEN THlS W E U  WAS WMPL€l€O 
E ELECTRIC LOG OBTAINED 
p l!!T!!. W E U  CONVERTED TO PAOOUCTION 

SITE SUPERVISOR (sign, ol driller or ioumyrrun , 
tcswnsible for skew& il dlnerenl l r m  ponnitree) 1 

SECrION 
GROUTING RECORD 

WELL HAS BEEN GROUTED 
AppropMU -1 

E OTHER CASING ( i f  used) 
5 d i m r  &elk (fact) 
C 

. . 
inch from io 

screen lypc SCREEN RECORD 
or own hole 

/ w n \  

DEPTH (nearesl H.) 

A 

ID, USE ONLY 
NOT TO BE FILLED IN BY DRILLER) 

- - 
LOG 

74 76 76 

%%- INDICATOR OTHER DATA 

LOT - 
c131 
1 2  

PUMPING TEST 

:' PUMPING RATE (gal. per min.) - .  
11 1:. .. 

METHOD USED TO I !: 
MEASURE PUMPING RATE r 2': 

WAEF4 L M L  (diswce horn land surface) .I 

BEFORE PUMPING h. 
20 

WHEN PUMPING 11. ! 
21 25 

PUMP INSTALLED 
DRILLER WILL INSTALL PUMP YES 

IF DRILLER INSTALLS PUMP. THlS SECTION il 
MUST BE COMPLETED FOR A U  WELLS. 

TYPE OF PUMP INSTALLED - 
PLACE (A.CJ.P.R.S.T.0) 2Q 
IN BOX 29. 

CAPACITY : 
GALLONS PER MINUTE 
(lo nearert gallon) 31 :.* : 

PUMP HORSE POWER 
37 -I* 

PUMP COLUMN LENGTH 
(nearest h.) 

43 c7 , 

and enrer casing heigntj 

LOCATION OF WELL ON LOT I 

SHOW PERMANENT STRUCTURE SUCH AS i 
BUILDING, SEPTIC TANKS. AND /OR 
LANDMARKS AN0 INDICATE NOT LESS 



SU BDlVlSlON 
WELL LOG 

, 
J. Not reauirod lor drivvl wglls 

1 S l ' N E  WE KIND OF FOIIMATDNS Pt 
WLDR. DEPTH. THICKNESS AND IF 

IJC.SCOIPTION (Uzn - I 
I ma~li(nal s h m s  if n ~ c a e a l   FRO^ 
1 

i t o p s o i l ,  yellow 
brcwn gravel 6 

li 
sand 

f i n e  sand & 1 s i l t ,  tr gravel 

t fLne grain sand 
some s i l t  

dark green sand 
and silt 

I NUMBER OF UNSUCCESSFUL WELLS: 

@ @ 
CIRCLE APPROPRIATE L m E R  

'A WELL WAS ABANDONED AND SEALED t A  HEN THIS WELL W G  COMPLETED 
E tLECTRIC LOG OBTAINED 

'I'EST WELL CONVERTED TO PRODUCTION 
!' ,.'JC! I 

) DRILLERS LC. Np.8 M GD 0% - g;" ,k; , lq  
mi 
(MUST MAT H SIGM URI'ON A U U T  

I csprsible lor siro&if diflcrenl lr& pmk&) 

SECTION 
GROMNG RECORO 

# B - a M A Y e = & y  -- 
WE OF GEWWG MATERIM (UCIO mi- 

OALLONS OF WATEA 
. 

DEPM OF %OUT SEAL (to ~ u a u  tool) I 

==inp CASING RECORD 

 IN N o m m e l d i e r  Tornl deplh 
CASING lop (main) cssing ol main wing 

! (noarG")m 

60 61 W W 

s m n  typo SCREEN RECORD 

BRONZE 

bebw 

ID€ USE ONLY 
HOT TO BE FILLED IN BY DRILLER) 

T (ER.0.b.) W 0 

LOT I 

c l a l  
1 2  

PUMPING TEST 

HOURS PUMPED (nearest how) 
0 (r I 

PUMPING RATE (gaL pcr min) ;. . .__-.  
11 1:. .! 

METHOD MEASURE USED PUMPING TO RATE I 
I, 

- 4 
il 

WATER LEVEL (distmcc lrom land surface) 

BEFORE PUMPING b. 
17 eo' 

WHEN PUMPING I;. 
I I  

TYPE OF PUMP USED (for test) 

@ i n  0 wniw 'i 

27 27 claw; 4 

PUMP INSTALLED 
DRILLER WILL INSTAU PUMP Y t S  c3 ;, 
(CIRCLE) (YES or NO) 

IF DRILLER INSTALLS PUMP, THIS SECTION 
MUST BE COMPLETED FOR ALL WELLS. 

TYPE OF PUMP INSTALLED 
-<. 

PIACE (AGJPStS.T.0) a i 
IN BOX 29. 

CAPACITY; 
GALLONS PER MINUTE . ... , 
(lo nearesl gallon) 31 :,:; k 

ji 
PUMP HORSE POWER I - ., 

37 t l  ;: 

PUMP COLUMN LENGTH 
(nearest li.) .- !I 

ra < I  '; 

and errler casing heighti i' 
1: 

LOCATION OF WELL ON LOT 11 

BUILDING, SEPTIC TANKS, AND IOR 
LANDMARKS AND INDICATE NOT LESS 
tC(AN TWO DITANCES 



DESCRIPTION (UU 
nmlllnnnl smm It n..d.d) 

lightyellow 
fine sand 

1 gray fine sand 
Ii 
I f i ne  clayey sil 
I. 

SUBDIVISION 

i WELL LOG 
Not requid lor drlvon welk ' 

STATE W E  KIND Of FORMA= PermMtED. TllUR 
COLOR. D E ~ .  mlcmBs *ND IF WATeR BEARING 

IeZr 
70 bearing 

NUMBER OF UNSUCCESSFUL WELLS: 

CIRCLE APPROPRLATE LEl lZR 
A' WELL WAS ABANDONED AND SbLED A WHEN THIS WELL WAS CWPLETED 

E ELECTRIC LOG OBTAINED 
n TEST WELL CONVERTED TO PRODUmlm 

I OWNER ,&@,bVAWrrf;rr~ cent*r 
nm Mlvm 

S ~ E E T  OR RFD l nWn TOwN 1- MMD 30640 ..... ,: j, 

SECTION LOT -1 I: 

:I 

4 .l, 

GROUTING RECOFU) 

WELL HAS BEEN GROUTED - ( C k k  Appmpriru B-1 

HOURS PUMPED (neared hour) - 
P 0 

I 

PUMPING RAT€ (gal. p a ,  min. ) 
11 I!.. t 

- !i 
METHOD USED TO 
MEASURE PUMPING RATE I . 

SITE SUPERVISOR (slgn. of drJIer or purnymvl 
rcsponslbh for @lev& H d ~ b r r m l  lmm p~nill.r) 

MATERIAL (Circb ono) 

BENTONITE CLAY 

NO. OFPOWDS .=. 
GALLONS OF WATER /u  

tom 

(enrar 0 if Imm ourlace) - .. 

- 

E OTHER CASING (if used) 
o~srneter dc~th (lee1 

inch from 

SCREEN RECORD 

DEPTH (nearesl h . )  

N 

OF SCREEN 
W m 

trnm to 

M U NLY 
(NFT FIW IN BV DRUER) 

70 72 - - 
74 75 78 

TELEstOPE LOC 
CXSlNG Urm'3'lm OTHER DATA 

PUMPING TEST 

WATER LEVEL (distance from kind surlace) 

BEFORE PUMPING ,, tr. 
20 

WHEN PUMPING I!. 
22 7.5 

TYPE OF PUMP USED (lor 1nsI) 

@ air 

olhc: : 

centritugal r o w  @ 
j3:;z;b; : 

27 27 

PUMP INSTALLED 
DRILLER WILL INSTALL PUMP 

YES cj 1 (CIRCLE) (YES or NO) 

IF DRILLER INSTALLS PUMP. THIS SECTION I 
MUST BE COMPLETED FOR A L l  WELLS. I 

lYP6 OF PUMP INSTALLED - 
PLACE (A.C,J.P.R.S.T.O) %n 
IN BOX 29. 

CAPACITY: 
GALLONS PEA MINUTE 

.I _ !I 
(to nearest gallon) 31 3 1: 
PUMP HORSE POWER .. . _ . . _ . . I. I 

37 < I  i 
PUMP COLUMN LENGTH I: 
(nearest h. ) 

43 4:. 1 
(circle appropriate box / :  
and enter casing height] , 

LAND SURFACE ! 

A LOCATION OF WELL ON LOT ;. 
SHOW PERMANENT STRUCTURE SUCH AS 
BUILDING, SEPTIC TANKS. AND IOR 
LANDMARKS AND INDICATE NOT 



SU0DlV lS ION 

WELL LOG 

DESCRIPTION (UsD 

:I ' silty black 
;I clay 

$: orange fine 
sand 

brovn clay, 
t=. silt 

y, ~ 2 5 " , U ~ N ( w ,  .i'3:I@ mf)a#$j&$;byp.- a ,  Y* a ..u-..-, ..-. - . - -. -- - . -- . - P. 18 

3342 1 ' . STATE OF MARYLAND TW~S MUST BE SUBMITT#) WIT HIP^ c I! WELL COMPLETION REPORT 
45 DAYS AFTER W N  IS COMPLETED. 

. I  P I 6 NI I N  MIS FORM COMPLETELY COUNTY 
k 

I ,mIS NUMBER IS TO BE WNCHDD PLEASE PRINT OR TYPE NUMBER 97-373-W(M) I 
:N COLI. 3-6 ON ALL CARDS) - 

PERMIT NO. 
$T IC0  USE ONLY 

I 

DATE WELL COHPLETS Depth 0t Well FROM "PERMIT TO DRILL WELL' 1 
DATE y m d  

UM 'trs v5 97 P 22 a CH ' 94 ' 1574 

I 13 15 10 m'rJE*amFoor) 28 2s W 31 32 l 3  34 35 .% 

TOWN -620640 

GROUTLNC RECORD 

ran very fine 
silty sand 

medium gray 
ciayey silt  

water @ approx 

NUMBER OF UNSUCCESSFUL WELLS: 

f7J @ 
CIRCLE APPROPRIATE LElTER 

A A WELL WAS AnAN00NED AND S w D  
WHEN THlS WEU WAb COMPLETED - 

E E u m e  LOG O ~ U M E D  
0 TEST WELL CONVERTED TO PRODUCTW 

& CASINQ RECORD 

appropriate 

M IN Nominal &ma ToW mpth 
CAQNG top (main) N l n Q  oi main 

70 

! OTHER CASING (H wo4) 
! diameter depb (fael) 
4 in& from to 

,,,n SCREEN RECORD 

f incon\ 

MDE USE ONLY 
(NOT TO BE nuso IN BY DRILLER) 

T (E.R.O.S.) W 0 

LOT - 
: I 3 1  
1 2  

PUMPING TEST 

HOURS PUMPED (nwresl hour) - 
8 9 

I '  

PUMPING RATE (gal. pcr min.) 
5 

-.. 
1 1  ,5 1 

METHOD USED TO 
MEASURE PUMPING RATE I .- 

I 

WATER LEVEL (d iance from land surface) ! 

BEFORE PUMPING it. I 
26- ! 

I 

WHEN PUMPING :1. I 
22 2s 

W E  OF PUMP USED I h ~ r  test) i 

PUMP INSTALLED .-. 
DRILLER WIU INSTALL PUMP yes 
(CIRCLE) (YES or NO) L 

IF DRILLER INSTALLS PUMP. THIS SECTION 
MUST BE COMPLETED FOR ALL WEUS. 

N P E  OF PUMP INSTALLED --. 

PLACE (A.C.J.P.R.S.T.0) S 
IN BOX 23. 

CAPACIM : 
GALLONS PER MINUTE 
(to nearesl gallon) 11 

25 

PUMP HORSE POWER 
37 I. 

PUMP COLUMN LENGTH 
(nearest ft.) .- 

.I 27 

G HEIGHT (circle apprbpriste box 
and enter casing heighl! 

LAND SURFACE 

LOCATION OF WELl ON LOT 
SHOW PERMANENT SfRUCTUHE SUCH 45 
BUILDING. SEPTIC TANKS. AND /OR 
LANDMARKS AND INDICATE NOT E S S  
THAN TWO DISTANCES 



i SUBDIVISION 

I! WELL LOG 
11 
L- 

Not rcguimd lor e f t ~ ~  wmb 

STATE THE KIND OF FORMA 
COLOR DEPTH. lWIU(NSfl 

I. 

1; yel low/brown 
1; sand & s i l t  

clay w/some 
sand & silt 

, yellow/brown 

I 
~ e d  sand 

ol.f.ve gray clay 
5 silc 

i !i warcr @ approx 

I NUMBER OF UNSUCCESSFUL WELLS: 

4 
.; WEl.: HYDROFRACTURED 

I h 
CIRCLE APPRWRUTE L m E R  

WELL WAS ABANDONED AND S U U D  

fl € ELECTRIC LOG OBTAINED 
L D TEST WELL CONVERTEO TO PRODUCTION 

SECTlON 
GROUTING RECORD 

WELL n*s BEEN GROUTED (ar& nppmpci;rU Bor) 

GALLONS OF WATER 

(enter 0 if tmm sum) 

IN Nominal diamater Told depth 
M ( d n )  &g of main casing 

E OTHER CASING (iCuSfd) 
C 

dimelor depth (leer) 
n inch Imm to 

DEPTH (nearen h.) 

A-2- 11 IS 17 21 

morn 10 

mE US -ONLY 
NOT TOEBE flW IN BY DRILLER) 

LU I 

c l a l  
1 2  

PUMPING TEST 

HOURS PUMPED (near=! hour) -, 

0 3 

PUMPING RATE (gal. per min.) 
o 

7 ;  11 

METHOD USED TO 
MEASURE PUMPING R4TE r - .. , i 
WATER LEVEL (dislance horn land surlace) 

BEFORE PUMPlNG ,, II. 
20 i 

WHEN PUMPING 11. 
P 25 

TYPE OF PUMP USED (lor 1os1) 

PUMP INSTALLED 
DRILLER WILL INSTALL PUMP YES (@? 1 
(CIRCLE) (YES or NO) 

IF DRILLER INSTAUS PUMP, THIS SECTION 
MUST BE COMPLETED FOR ALL WELLS. 

TYPE OF PUMP INSTALLED - 
PLACE (A.CJ.P.R.S.T.0) 3 
IN BOX 29. 

CAPACIN : 
GALLONS PER MINUTE -- 
(to nearest gallon) 31 J :. 
PUMP HORSE POWER 

37 .: 8 

PUMP COLUMN LENGTH 
(nearea IT.) 

a3 8 I 

(circle approprlalo box 
and enter casing heigkL) 

LAND SURFACE 

-i 

LOCATION OF WELL ON LOT 
SHOW PERWENT STRUCTURE SUCH AS 
BUILDING, SEPTIC TANKS. AND /OR 
LANDMARKS AND INDICATE NOT LESS 
TWN TWO DISTANCES 1 ( M U U R E U E T f  



i!a33uw1- P. l L - . - ,  

WWOMY) ~I'EE OF MARYUND THE REPORT MUST BE SUBMITTED WrmlN j 
WELL COMPLETION REPORT 4 DAYS AFEH WEU IS COMPLETED. 

1 2  a 6 COUNTY . --< 

OHIS NUMDER IS TO BE PUNCHED FILL IN THIS FORM COMPLETELY I 

P W S E  PRINT OR TYPE NUMBER IN COLS 3 . 6 0 ~  MI. CARDS) 97-37&W(M) 
S T X O  USE ONLY DATE WN COMPLETED Deplk of Wdl PERMIT NO. I 

DATE F l r s r ~ d  
Y Y W W  

FROM "PIRMFTTO DRILL WE ,:" 
w DD - 08 07 9 

d 15 15 a O i  
CH - 94 ' 7577 
l d Z S J Q 3 1 Y W S 4 3 5 3 ~  

OWNER I JS N A V A l  q11r- Warfare Cmt~r . . 
w , . . .  n m n a  

STREET OR RFDA& Head f h v ~ v m  TOWN d n  Head. MD 20640 I 
.- .' 

: SUBDIVISION 
WELL LOG 

STATE THE KIND OF EOIYATIONI ~aiFnU.~ao, WM 
COLOR. DEPTH. TWlUOlEsS AND IF WATER E W N G  

-- 

hrcwn/tan silt 

tan/brown silt, 
some clay 

recidish/brovn 
clayey sand 

yellow/brown 
sand, some clay 

zeddishlbrovn 
grc;velly. sand 

y eilow/brown 
gravelly snad 

yellow/brown 
f i n e  sand, tr 
clay 

it gray sand, 
tr s i l t  

It gray, tr c la  

? c p e e n  f i n e  
sand 

water @ approx 

NUI4BEA OF UNSUCCESSFUL WELLS: 

WEL4HVDROFRACTURED 
In 
1 1 CIRCLE APPROPRIATE U3lER 

A L WELL WAS AMNDONED AND SEALED 
;'irIEN THIS WELL WAS COYPLlZfEo 

SECTION LOT . . 
OAOVnffi RECORD I. 

WELL M BEEN OROUTED 
cc- ApDToplrole -1 i 

TYPE bf G LUTERIAL (CiW OM) 

PUMPING TEST /13IA ', 

HOURS PUMPED (newest hour) 
GEM P 9 

UNDS/ b PUMPING RATE (gal. p r  rnin.1 
!, 

NO. OF ..-. j' 
GALLONS OF WATER 

7 1  !:. . 
METHOD USEDTO .I 

DEPTH O ~ R O U T  SEAL (10 ~OXSI 191 MEASURE PUMPING RATE , I! i 
horn u 

M TOP 
IL lo 1 

WATER LEVEL (dislance from land M a c e )  
r ammr i2t from w- 1 I: 

d n g  W I N G  RECORD 

appropnato 

below - - -  
MAIN Nominal d i i u  TOW depth 

SCREENRECORD 

Qp'pJ 

BEFORE PUMPING ,, I!. t 
a, 

WHEN PUMPING f ~ .  
22 25 

PUMP INSTALLED 
O I I W R  WILL INSTALL PUMP YES @ 1: 
(CIRCLE) (YES or NO) 

IF DAlUER INSTALLS PUMP. THIS SECIION ' MYIT BE COMPLEM FOR ALL WELLS. 

TYPE OF PUMP INSTALLED - 
PUCE (A.C.J.P.R.S.T.0) 
IN aox 2s. 

29 li 
:i 

CAPACllY : 
GALLONS PER MINUTE 
(to nearest gallon) ar %' ,, 

i : 
PUMP HORSE POWER 

37 6'1 i 
PUMP COLUMN LENGTH i 
(nearest h.) ..- . 

L3 r.7 i 

G HEIGHT (circle appropriate box I 
and enter casing height! ;' 1 LAND SURFACE 

LOCATION OF WELL ON LOT 1 4 SHOW PERMANENT STRUCTURE Ml AS i 

ONLY RW'+tE8Egl m u m  IN BY O~LLER) 
T (EROS)  ' W O  



ATTACHMENT 2 

BROWN & ROOT ENVIRONMENTAL 
WELL CONSTRUCTION SHEETS 

AND SURVEY DATA 



ATTACHMENT 2.A 

WELL CONSTRUCTION SHEETS 



BORING NO.: WDsm I 
06Dnwot 

OVERBURDEN 
MONITORING WELL SHEET 

ELEVATION OF TOP OF SURFACE CASING : 
ELEVATION OF TOP OF RISER PIPE: 

STICK - UP TOP OF SURFACE CASING: 
STICK - UP RISER PlPE : 

TYPE OF SUPFACE SEAL: C O ~ C R E  k PAD 
3' rc 3 rr 

It 
I.D. OF SURFACE CASING: 
TYPE OF SURFACE CASING. 

I1  
RISER PIPE I.D. 2 
TYPE OF RISER PIPE: SccL 90 f' VC 

BOREHOLE DIAMETER: 8 *t 

TYPE OF BACKFILL: ~ Y * w T / ~ ~ E ~ ~ ~ E  
6 R o u ' r  

ELEVATION / DEPTH TOP OF SEAL: $?.0:08) 2' 
TYPE OF SEAL: ~ ~ E ~ J T D U ~ T F -  C C ~  t? 5 

DEPTH TOP OF SAND PACK: 2 
ELEVATION / DEPTH TOP OF SCREEN: 6' 
TYPE OF SCREEN: SCU. 90 ?b C. 3 I )  

1s I 
SLOT SIZE x LENGTH: 

It 
1.D. OF SCREEN: a 

TYPE OF SAND PACK: -1 ( IO/LO)  - 
SIL\C& 3 W D  

ELEVATION I DEPTH BOTTOM OF SCREEN: 70&/ l d 
ELEVATION I DEPTH BOTTOM OF SAND PACK: 7 a .  
TYPE OF BACKFILL BELOW OBSERVATION 
WELL: 

ELEVATION / DEPTH OF HOLE: ‘l0*08/ I L ' 



BORING NO.: L. 

MOM wo 2 
OVERBURDEN 

MONITORING WELL SHEET 

- ELEVATION OF TOP OF SURFACE CASING : 
Y L *  3 r  

ELEVATION OF TOP OF RISER PIPE: 39. Y 0 

r / 
TW 

I N ~ @ ~ H ~ ~  LOCATION C J G ~ O S ~ O ~  'ROJ ECT 
BORING 6 'ROJECT NO. 

8 :LEVATION D A T E  7 - l y ' Y 7  
IIELD GEOLOGIST W V d L * ~ d  

- STICK - UP TOP OF SURFACE CASING: ?sL!LL 
- STICK - UP RISER PIPE : - xf  

DRILLER 7A yLon 

METHOD kc/+ 
DRILLING 

DEVELOPMENT 
METHOD eAtLER 

TYPE OF SURF$CE SEAL: f X W d  \ 
- 

3 1( 3' v 6" 
r( 

- I.D. OF SURFACE CASING: 
TYPE OF SURFACE CASING. tkuuO 

- RISER PIPE I.D. 3 " 
TYPE OF RISER PIPE: 5 ~ 4  '* ( 

- BOREHOLE DIAMETER: 
B" 

- TYPE OF BACKFILL: C E w ~ w - i -  

- ELEVATION / DEPTH TOP OF SEAL: 

- TYPE OF SEAL: beM%nl W / I  ~ r <  
I <hue P, I 

- DEPTH TOP OF SAND PACK: 
3s- ' 

/ 

- ELEVATION / DEPTH TOP OF SCREEN: ~ Y * Y $  q 
- TYPE OF SCREEN: $cr 

0.010" )C/O/ SLOT SIZE x LENGTH: 

a 
I.D. OF SCREEN: e 

- TYPE OF SAND PACK: #('"Iv4 L~ 

- ELEVATION I DEPTH BOTTOM OF SAND PACK: x3*.r)/ 1 4 - !r 
TYPE OF BACKFILL BELOW OBSERVATION 
WELL: 

- ELEVATION / DEPTH OF HOLE: 



BORING NO.: 

060rnw@3 
OVERBURDEN 

MONITORING WELL SHEET 

GROUND 3F'VC( 
ELEVATION 4 

ROJECT- LOCATION $NhlBbWkAh 
- 

ROJECT NO. 7 5'3 I BORING- 
LEVATION -55.99 DATE 3 - . % - 9 3  
IELD GEOLOGIST- 

ELEVATION OF TOP OF SURFACE CASING : 38,23 
ELEVATION OF TOP OF RISER PIPE: x 

DRILLER 1 NuEY 
DRILLING 
METHOD H5A 'I*" ID 
DEVELOPMENT 
METHOD 

1 1 4  STICK - UP TOP OF SURFACE CASING: 

b4f TYPE OF SURFACE SEAL: PFmFu 7 DAY 
3 ' 5  3% n . S  

#8 

I.D. OF SURFACE CASING: Ld 
TYPE OF SURFACE CASING. Roud n S*L 

I' 

RISER PIPE I.D. 
TYPE OF RISER PIPE: 

I I 

BOREHOLE DIAMETER: 8 

TYPE OF BACKFILL: 

[4+ ELEVATION I DEPTH TOP OF SEAL: 
' b+ TYPE OF SEAL: 

ELEVATION / DEPTH TOP OF SCREEN: &3*'tf/1 21 
TYPE OFSCREEN: ScM L(d me. 
SLOTSIZE x LENGTH: 0-010'' Y I 0' 

- - I I 

- I.D. OF SCREEN: 
- 

ELEVATION I DEPTH BOTTOM OF SCREEN: 
, 

ELEVATION / DEPTH BOTTOM OF SAND PACK: \3*W / 22' 
TYPE OF BACKFILL BELOW OBSERVATION 
WELL: N A  

ELEVATION I DEPTH OF HOLE: (3.rs1/ 22' 



BORING NO.: -LI 
. . ,. . ~ 6 0 I M W @ V  

OVERBURDEN 
MON~TOR~NG WELL SHEET 

- LOCATION *NDIA~HEA D ROJECTRLEG~~UU~ a v  
s R a r  ROJECTNO. T581 B O R I N G B D  

LEVATION 3 3 . 6 ~  DATE 4 3  - - 
E IELD GEOLOGIST U A L  

GROUND 33tiA 1 
ELEVATION 

DRILLER ~ d . 1  N N E Y  
DRILLING 
METHOD H ~ A  ~ l . z s " z g  
DEVELOPMENT 
METHOD 

4 - 
4 

I- STICK - UP TOP OF SURFACE CASING: ic.3 

STICK - UP RISER PIPE : 3 0 

ELEVATION OF TOP OF SURFACE CASING : 
,* ELEVATION OF TOP OF RISER PIPE.: 

I I b* TYPE OF SURFACE SEAL a 3 0.5 ' 

l- 
- - 1  

11 
I.D. OF SURFACE CASING: 
TYPE OF SURFACE CASING. sTFF L ; 

RISER PIPE I.D. 2" 
TYPE OF RISER PIPE: 

B4- 

BOREHOLE DIAMETER: 9" 

TYPE OF BACKFILL: r F 

ELEVATION 1 DEPTH Top OF SEAL: a 5 4 ~  
TYPE OF SEAL: 5 
DEPTH TOP OF SAND PACK: 



BORING NO.: &9 Mw5-- 

OVERBURDEN 
MONITORING WELL SHEET 

LEVATION IOB.?3 DATE 7 
IELD GEOLOGIST A <  

DRILLING / 

METHOD MR 
DEVELOPMENT 
METHOD 

1 

4 - ELEVATION OF TOP OF SURFACE CASING : 
/ 104 80 

4 ELEVATION OF TOP OF RISER PIPE: //0,66 

STICK - UP TOP OF SURFACE CASING: - asd 
GROUND 108.23 STICK - UP RISER PIPE : , -5L- 
ELEVATION /6 

I.D. OF SURFACE  CASING:^ 
TYPE OF SURFACE CASING. h ~ r ~ o  

RISER PIPE I.D. 
2 '( 

TYPE OF RISER PIPE: GI,* ~ " J c  

4- BOREHOLE DIAMETER: b 

2 ELEVATION / DEPTH TOP OF SEAL: 7(,13/37.[ 

TYPE OF SEAL: 
tb 051 . % ~ r P e ( \  

DEPTH TOP OF SAND PACK: 

ELEVATION / DEPTH TOP OF SCREEN: &23/ 4~ 

TYPE OF SCREEN: 5 4  YO p a  . 
SLOT SIZE x LENGTH: Oe0 I O ' )C 10 ' ' 

2 f(  
I.D. OF SCREEN: 

TYPE OF SAND PACK: i / t . ~ u <  ~ h d  

ELEVATION I DEPTH BOTTOM OF SCREEN: 562Y 
ELEVATION I DEPTH BOTTOM OF SAND PACK: 55'731 9A.3 
TYPE OF BACKFILL BELOW OBSERVATION 
WELL: 

ELEVATION / DEPTH OF HOLE 



BORING NO.: R?CWWO 
T- 

OVERBURDEN 
~ 0 ~ 1 1 0 ~ 1 ~ ~  WELL SHEET 

- LOCATIONWP"~ -1% DRILLER owe Thucok 
IOJECT Snrmmcct- DRILLING r 
LOJECT NO. ct58 OoR~N~- METHOD Y/* U S A  
.EVATION DATE -) - ' '' 

DEVELOPMENT 
ELD GEOLOGIST,-CM METHOD + pwQ 

ELEVATION OF TOP OF SURFACE CASING : 
ELEVATION OF TOP OF RISER PIPE: 

STICK - UP TOP OF SURFACE CASING: 
STICK UP RISER PIPE : 

df 
1.0. OF SURFACE CASING: L 
TYPE OF SURFACE CASING- 5 f E E  ( 

BOREHOLE DIAMETER: 

TYPE OF BACKFILL: ~ ~ ~ c f l . / w r v ~ b l - r ~ ~  

ELEVATION / DEPTH TOP OF SEAL: / 56' 
TYPEOFSEAL: 6 F l u m ~ ~ ~ -  P E L L ~ T ~  

DEPTH TOP OF SAND PACK: 58' 

ELEVATION 1 DEPTH TOP OF SCREEN: ' A' 
TYPE OFSCREEN: X H  Y 0 pvC 

SLOT SIZE x LENGTH: rO 0'' * 10' 

TYPE OF SAND PACK: 
s l ~ l C &  SAUD 

ELEVATION I DEPTH B O ~ O M  OF SCREEN: / 70' 

ELEVATION I DEPTH BOnOM OF SAND PACK: 2 0 '  
TYPE OF BACKFILL BELOW OBSERVATION 

- 
ELEVATION I DEPTH OF HOLE: 70' 



OVERBURDEN 
MONITORING WELL SHEET 

GROUND 36 .07 
ELEVATION 

ELEVATION OF TOP OF SURFACE CASING : 
ELEVATION OF TOP OF RISER PIPE: 

LZ.5 t 
STICK - UP TOP OF SURFACE CASING: 
STICK - UP RISER PlPE : a' 
TYPE OF SUPFACE SEAL: k- PhD *- ># s -3 s 'let 

// 
I.D. OF SURFACE CASING: 
TYPE OF SURFACE CASING. Smgl 

-t I c 

RISER PIPE I.D. 2 
TYPE OF RISER PIPE: ScbL 'io f'vc 

.t 

BOREHOLE DIAMETER: 8 

4 ELEVATION I DEPTH TOP OF SEAL: 13mv 17' 

DEPTH TOP OF SAND PACK: 17' 

*A ELEVATION I DEPTH TOP OF SCREEN: 

I 1  I 
SLOT SIZE x LENGTH: AO\d 

h 
1.D. OF SCREEN: a 

ELEVATION I DEPTH BOTTOM OF SCREEN: - 0 . q y  3 1 ' 

- 931 31' ELEVATION I DEPTH BOTTOM OF SAND PACK: 0. I TYPE OF BACKFILL BELOW OBSERVATION 
WELL: 

I 

ELEVATION I DEPTH OF HOLE: -9.43 / 3 1 



OVERBURDEN 
MONITORING W E L L  SHEET 

K R\IvL LOCAT~ON w c 3  
DRILLER 

ROJECT WhQ MFC 
) O  I ROJECT NO.- B O R I N G ~ U * ~  

LEVATION DATE 7 - * - q 7  
DEVELOPMENT 

IELD GEOLOGIST F-w -R- METHOD 3 ~ - f  
I * 

GROUND 

ELEVATION OF TOP OF SURFACE CASING : 
ELEVATION OF TOP OF RISER PIPE: 

STICK - UP TOP OF SURFACE CASING: AS!- - I 14- STICK - UP RISER PIPE 

TYPE OF SUPFACE SEAL: C O ~ C ~  T7= 
3 ' * 3  r 6s 

/ / 
I.D. OF SURFACE CASING: 
TYPE OF SURFACE CASING. s n c l  

I c 
RISER PIPE I.D. 2 
TYPE OF RISER PIPE: ScbL 40 f VC 

BOREHOLE DIAMETER: 8 ' I  

TYPE OF BACKFILL: u m w 7 / f i 6 * ' ~ ~  
GROUT 

ELEVATION I DEPTH TOP OF SEAL: 

TYPE OF SEAL: ~ ~ E ~ J T O U ~ F  Cki  ip 

DEPTH TOP OF SAND PACK: 20 ' 

ELEVATION I DEPTH BOTTOM OF SCREEN: 

' ELEVATION I DEPTH BOTTOM OF SAND PACK: < v g e  

TYPE OF BACKFILL BELOW OBSERVATION 



- POLLING NO. ~ - 4 b U  
,:I hi0 5 - 

Brown & Root 
MONITORING WELL SHEET 

PROJECT ~ N ~ Z A N  &AD 
PROJECT NO.L~~D 

D A,T E 
BORING 

ELEVATION 
FIELD GEOLQGIST f lg5bAa/ 'c 's1 

DEVELOPMEN: 
hlf TFlOD 

SiiVATlON Of TOP OF SURFACE U S I N G  - ELEVATION OF TOP OF RISER PIPE. 

GROUND 
ELEVATION 

STICK - U P  TOP OF SURFACE CASlKG. 
S7iCK UP RISER PIPE : 

TYPE OF SURFACE SEAL: 

1.0 OF SURFACE CASING: 
TYPE O i  SUilFACE 

. . 
2 ! S i R  P!PE 1.3. 
Tv?: 0; RISER PIPE; 9 c w  



- 

Brown & Root E m h m m W  
MONITORING WELL SHEET 

4 

I-NIITAN #FAD ZEO . .  
DR!LLER TI A .A- J U l d  

PROJECT LOCATION 
0 PROJECT NO. 

ELEVATION -- DATE DEVELOPMENT 
FIELD GEOLOGIST I f lARIHAa 

GROUND 
ELEVATION 

EifVATiON OF TOP OF SURFACE CASING . - ELEVATION OF TOP OF RISER PIPE. - ST;CK UP TOP OF SURFACE CASlh'G. 
STiCK - UP RISER PIPE . 

T Y ? i  OF SURFACE SEAL: GMEI~/T 
1 3 OF SURFACE CASING. 6" - 
TVPC OF SUaFACE CASIKG Srkpf  

ELEVATION / D 
I 

??E OL SEAL; 

3 I ? T +  f O? OF SAND PACK: 

4- ELEVATION I DEFT H TOP OF SCil I Ih 7.5' 
I 
, TV?E OF SCREEt:: SCMEPVG YU fvL 

13 OF SCREEN: I -  y (/ 

I 
I ELEVATION I DEPTH BOTTOM OF SCREEN; . . . ... r d  !.:...a 

1.4 , , . 
:.-.a 

I 
a;.. .* I 

ELEVATION I DEPTH B O ~ O M  OF SAUD-PACK: 1 8 1 s ' 
:$:::* 9 TYPE OF BACKFILL BELOW OBSERVlflON 

SAfiD n;kys WELL: 
' 

. .. 'I 



ATTACHMENT 2.B 

SURVEY DATA 



CODE 
BGMWOS 
GRND 
RISR 

BGMWO2 
GRND 
R I S R  

BGMWO4 
GRND 
RISR 

BGMW03 
GRND 
RISR 

BGMWOl 
GRND 
RISR 

NORTHING 
338,265.31 
338,264.11 
338,265.23 
335,423.41 
335,421.22 
335,423.38 
329,433.68 
329,432.73 
329,433.75 
330,159.97 
330,159.01 
330,159.98 
319,502.09 
319,502.63 
319,501.92 

EASTING 
1,264,281.45 
1,264,279.73 
1,264,281.32 
1,258,747.72 
1,258,748.04 
1,258,747.78 
1,253,759.87 
1,253,761.28 
1,253,760.01 
1,256,243.04 
1,256,244.51 
1,256,243.04 
1,254,686.93 
1,254,688.92 
1,254,686.95 



STUMP NECK ANNEX-- NAVAL SURFACE WARFARE CENTER . - .... L INDIAN HEAD, MARYLAND 
OCTOBER 16, 1995 

MARYLAND STATE PLANE COORDINATES - NAD 83 
. - . . 
. - .  SWMU 5 - RANGE 6 

- .  

* ::. 

DESC NORTH EAST ELEV 

SURVEY BASELINE 
SURVEY - BASELINE 

TOP METAL CAP 
SURFACE ELEV 
PART OF GRID 
PART OF GRID 
PART OF GRID 
PART OF GRID 

SWMU 26 - IED SITE 

RBS9=O+OO SURVEY BASELINE 322661.212 1245848.743 30.72 
9001=5+00 SURVEY BASELINE 322197.850 1246036.614 18.66 

TOP METAL CAP 322013.459 1246073.336 10.55 
SURFACE ELEV 8.22 
TOP METAL CAP 322373.322 1245942.619 29.14 
SURFACE ELEV 26.14 
TOP METAL CAP 322581.484 1245912.435 34.04 
SURFACE ELEV 31.00 

322050.459 1246034.059 14.57 
322420.424 1246063.276 26.99 
322478.672 1245883.880 30.18 
322395.331 1245937.284 27.65 

SWMU 27 - IOD SITE 

9002=0+00 SURVEY BASELINE 321781.129 1244825.483 13.06 
9003=501.38 SURVEY BASELINE 321541.900 1245266.121 17.48 

SWMU 25 - AREA 8 

RBS50=0+00 SURVEY BASELINE 320635.226 1250737.248 71.40 
RBS51=2+73.16 SURVEY BASELINE 320908.387 1250738.435 31.81 
RBS52=5+31.10 SURVEY BASELINE 321157.840 1250804.039 23.27 
RBS53=7+62.60 SURVEY BASELINE 321348.383 1250672.566 12.08 

TOP METAL CAP 321487.423 
SURFACE ELEV 
TOP METAL CAP 321527.877 
SURFACE ELEV 
TOP METAL CAP 320635.516 
SURFACE ELEV 

321152.802 
320894.096 
320693.257 
321555.976 
321271.753 
321509.082 
321263.557 



ATTACHMENT 3 

BROWN & ROOT ENVIRONMENTAL 
SAMPLE LOG SHEETS: 

GROUNDWATER AND SEDIMENT 



ATTACHMENT 3.A 

GROUNDWATER SAMPLE LOG SHEETS 



GROUNDWATER SAMPLE LOG SHEET 

~ a g e i  of 

>miact Site Name: TAIAI ~ * ) e l  c - ~ t ' r  

[I Domestic Well Data C.O.C. No.: 
monitor ing Well Data Type of Sample: 
1 Other Well Type: [I Low Concentration 
[] QA Sample Type: 0 High Concentration 

4MPLING DATA: 

ate: 3- &, - 9 7 Color p~ s.C. Temp. Turbidity DO Salinity Other 

me: I l n 3 5  V i s d  Standard mSlcm Dqrees C NTU rndi z N A 

5 - 0 cc - 
ethod: L ~ : G  FI CL: / 5;ld 1 . &IQoj- d .bb 0.127 1% I 

I I I 

IBSERVATIONS I NOTES: I 



LOW FLOW PI i E  DATA SHEET 

PROJECT SITE NAME: I N D I I W H E ~ D  BkG&k!di\ 
PROJECT NUMBER: 3 5 8  1 

I Time I Wafer Level I Flow I Temp. I pH I Cond. I DO 

WELL ID.: /qdm 1 
DATE: 9-6-91 

Comments 

I 
PAGE - I of I 



. GROUNDWATER SAMPLE LOG SHEET 
P a g e I  of 1 

Project Site Name: n sample I D  NO.: --7&1g~@~ 
Project No.: Sample Location: L. - 

Sampled By: 
Domestic Well Data C.O.C. No.: 

WMonitoring Well Data Type of Sample: 
0 Other Well Type: 0 Low Concentration 

QA Sample Type: 0 .High Concentration 

)AMPLING DATA: 

)ate. 9- ~ z - q q  Color pH S.C. Temp. Turbidity DO Salinity Other 
- 

'ime. 1 S I S V i  Standud  SIC^ Degrees C NTU mcn % N A 
lethod: & e c +  Fs; C b a ~  S.YI 0.3W a.3' 6 6.6 ( 

Veil Casing Diameter 8 Material 

SAMPLE COLLECTION INFORMATION: 

Analysis 1 Preservative I ' Container Requirements ( Collected 

-ST / T%f3 1 q e c  AIVlwp I-[= I J 

I I 1 

IBSERVATIONS I NOTES: 

:ircle if Applicable: 

MSlMSD Duplicate ID No.: 



LOW FLOW F 3E DATA SHEET 

PROJECT SITE NAME: t h k  C w  

PROJECT NUMBER: 
WELL I.D.: ~ M w -  z 
DATE: 9-12-9% 

Time Water Level Flow Temp. PH Cond. DO Sal. Turb. 
Comments 

PAGE 1 of I - - 



GROUNDWATER SAMPLE LOG SHEET 
P a g e 2  of 2 

j 

0 Domestic Well Data C.O.C. No.: 
B/l(nonitoring Well Data Type of Sample: 
[I Other Well Type: 0 Low Concentration 
[I QA Sample Type: ' 0 High Concentration 

.-. 

End Purge (hn): 1% 
Total Purge Time (mn): I 2 B  I 

Total Vol. Purged (gaUL): 3.5fic:\[ / - 
SAMPLE COLLECTION INFORMATION: 

Analysis ( Presewatwe Contalner Requirements Collected 

PFST / WtZ 4% Am-a I I TL. n - d 

t L %  J I .L -- - 

I 

7 A l  Nb.k, I <  + % To+ ( I-hl- ,% 
/ 

Tfl L ~ \ o + r *  (5 I- ~n h*\& IS W >  I I w 

Ah tnns d. C, 
1 

I I 

OBSERVATIONS I NOTES: 

Circle if Applicable: 

MSlMSD Duplicate ID No.: 



LOW FLOW 1 .GE DATA SHEET 

PROJECT SITE NAME: X-\~I> r 

PROJECT NUMBER: 7 5% I 
WELL I.D.: =Dn\Y1(DITPTi 
DATE: '6- 12 -W 



. GROUNDWATER SAMPLE LOG SHEET 
.... 

', Page-!- of 1 i 

SAMPLING DATA: 

Date: q - ( 3 - q 7 Color pH S.C. Temp. Turbidity DO Salinity Other 

Time: \ \ o& V i d  Standard mS1cm Dezrees C NTU men % N A 

Method: Dl,.& F; I I Clocdv S.56 o'lbq 14.4 7 2 3  0 

i 

Analysis ( Preservative 1 Container Requirements 1 Collected 

5T 1 clOC I r r l  I .- L/ 
17 CP 

Project Site Name: ZNDIA(U NW &I? I L G P C ! C * A : ~  LC . - IT. Sample ID No.: mmd00~LlFb  8- d I 
Project No.: 75 -31  Sample Location: 

Sampled By: PA 14 
Domestic Well Data C.O.C. No.: 

WMonitoring Well Data Type of Sample: 
[I Other Well Type: Low Concentration 
fl QA Sample Type: High Concentration 

1 I 1 

OBSERVATIONS I NOTES: 

Circle if Applicable: 

MSlMSD Duplicate ID No.: 



LOW FLOW P 3E 

PROJECT SITE NAME: 1 .  a v .  
PROJECT NUMBER: 7 5% \ 

DATA SHEET 

WELL I.D.: f f i D f l m  
DATE: 

SIGNATURE(S1 PAGE - 1 of I- 



I - Project Site Name: ,nv Hcno e k ~ W , n ; a  r u~ sample ID NO.: S O ~ U W S ~ V / F ~ Q ~ I  
Project No.: 3 5 %  I Sample Location: rWpt dLd 

Sampled By: sL! 
- 

0 Domestic Well Data C.O.C. No.: 
@'Monitoring Well Data Type of Sample: 
0 Other Well Type: 3 u PI ICATF w o w  Concentration 

QA Sample Type: ms I m [I High Concentration 

SAMPLING DATA: 
. - Date: 3- I = - 57 Color pH S.C. Temp. Turbidity DO Salinity Other 

Time: / 530  V i  Standard rnSlcrn Derrees C Nl'u m d  Q I NA - 
Method: D ; ~ ~ ~ +  F; \I wx 0.1~1,  23-Q 3x7 v 

I I I 
OBSERVATIONS I NOTES: 

2 doc b ~ e - y i r \ ~ e d  pubnp 

Circle if Applicable: Signature@): 

MSIMSD Duplicate ID No.: 

4 B G O  D U ? ~ L S  ' 



LOW FLOW F . tGE DATA SHEET 

PROJECT SITE NAME: TuDIAI) HE&RBAcIL~P~~~\D T N ~ .  
PROJECT NUMBER: 3% I 

WELL I.D.: &dtl?lr)W5 
DATE: 9- \ ~ - Q T .  

SIGNATURE(S) PAGE 1 of 1 
u \ 



GROUNDWATER SAMPLE LOG SHEET 

P a g e L  of _L 
r 

STJ~YIPME~~ / b u ~ % ~  - R ~ . / v r  Sample ID No.: 
rjrn/~Ca 

Project Site Name: + A I  
Project No.: 3 5 x 1  Sample ~ocation: 

Sampled By: 5 ,&,I 

[I Domestic Well Data C.O.C. No.: 
B/Monitoring Well Data Type of Sample: 
0 Other Well Type: w o w  Concentration 
[I QA Sample Type: [I High Concentration 

Diameter 8 Material 

I I 

OBSERVATIONS I NOTES: 

A .  

1 

Circle if Applicable: 

MSlMSD Duplicate ID No.: 



LOW FLOW P GE DATA SHEET 

PROJECT SITE NAME:  el/^ I R k ~ e 3  
PROJECT NUMBER: M, 

WELL 
DATE: 

I . . :  mL3 0 1 

SIGNATURE(S1 PAGE L of .L 



GROUNDWATER SAMPLE LOG SHEET 

P a g e I  of I 
r 

Project Site Name:. S r d r n w ~  h u n t  : RI /G, -Sample ID No.: R& ~uQ@jf'~J/&m 
Project No.: 3 5x1 Sample Location: 

Sampled By: SIZW 

Domestic Well Data C.O.C. No.: 
monitoring Well Data Type of Sample: 
0 Other Well Type: Low Concentration 
0 QA Sample Type: High Concentration 

I 
OBSERVATIONS I NOTES: 

h \,Q 
Signature@): 1 4 Circle if Applicable: 

- 

MSlMSD Duplicate ID No.: 



LOW FLOW P 3E DATA SHEET 

PROJECT SITE NAME: S ~ U W ?  -6 ,244 
PROJECT NUMBER: 7 S'trl 

WELL I.D.: , ~ .  

DATE: 7- 4.- 4 3- 

PAGE I of 1 - - 



. GROUNDWATER SAMPLE LOG SHEET 
Page-!- of _L 

b i 

I Project Site Name: S T U W I ~ J F F Y  WU~YIPI fu t  sample ID NO.: ~ f ~ l ~ 1 - 1  
3 Skl  Sample Location: Project No.: 

Sampled By: 
Domestic Well Data C.O.C. No.: 

YMonitoring Well Data Type of Sample: 
Other Well Type: 0 Low Concentration 
QA Sample Type: 0 High Concentration 

SAMPUNO DATA: - - .*. . 
Date: 3-6-97 Color pH S.C. Tcmp. Turbidity Salinity Other 

ri. 1 1 ~ ~  v d  ~ t n n ~ r d  U ~ S / C ~  ~kg-C Nl7.I % N A 

MctW'Lod Fbu/ha. ?oMp C l u  7 .b0  b . f l (  1 3 . 9  1 95 - 0.- - 

Circk if A p p l i d e :  

MSlMSD Duplicate ID No.: 



LOW FLOW i {GE DATA SHEET 

WELL I.D.: f?P/ M m 1  
DATE: S - b - 97 



GROUNDWATER 

SAMPLE LOG S H E n  

TBD: TO Bo Dotormined / 



' GROUNDWATER 

SAMPLE LOG SHEET of p a w  - - 

S-l.dBv: PUIIZSHALL/V;S,- 
C.O.C. NO.: A$ 

I 

'- (I; . . . . . . . .  :.,."..: .... . . . .  -$E*$wg$g$&f*s<;;.<[::;3y ;:...:3?;:.?j... : . . .  

MSlMSD Duplicmtm 10 No: 



ATTACHMENT 3.B 

SEDIMENT SAMPLE LOG SHEETS 



SOIL & SEDIMENT SAMPLE LOG SHEET 
Page\ of 1 

I 
Project Site Name: 
Project No.: 

I fl Surface Soil - 

0 Subsurface Soil 
Wediment Type of Sample: 
[I Other: m o w  Concentration 
[I QA Sample Type: 0 High Concentration 

GRAB SAMPLE DATA: 

Date: 3 - 34-q+ Depth color Description (Sand. Silt, Clay. Moisture. etc.) 

nme: \\@a m - Z A r s  & l ~ 5 u d u / m m r ~ n e g a d ( s d )  
~ethod: Dr r e  ct. f; \ I 8-3" B a a  
Mondor Reading (ppm): bubr *hda 
COMPOSITE SAMPLE DATA: 

Date: Tim I Depth 1 Color ( Description (Sand. Sin. Clay. Moisture, etc.) 

Method' 

Mondor Read~ngs 

(Range n ppm): 

SAMPLE CoLLECTlON INFORMATION: 

Analysis I Contamer Requ l rmn ts  I Collekted 1 Other 

XL . ?BT/RB . TA L mdrh f + 5 4 7 i  ~ n x  1 702 I 
Grru n Sr ?& ~ , s + F ,  L . t ~ n  2% I / 

I I I 

Circle i f  Applicable: 

MSlMSD Duplicate ID No.: 

- - 
1 

MAP: 



SOIL 8 SEDIMENT SAMPLE LOG SHEET 
Pane I nf I 

Project Site Name: s, - *m~d~c A ~ ~ , J E x  Sample ID No.: 8- 
Project No.: 3541 R& .Kc- Q 

Sample Location: 
Sampled By: 

Surface Soil C.O.C. No.: 
0 Subsurface Soil 
rsediment Type of Sample: 
0 Other. 0 Low Concentration 
[I QA Sample Type: 0 High Concentration 

L 1 

OBSERVATIONS I NOTES: 

GRAB SAMPLE DATA: 

Circle i f  Applicable: 

MSlMSD I Duplicate ID No.: 

1 I 

AAP! 

Description (Sand, Silt, Clay, Moisture, efc.) 

Mdtum gr. m d ,  +ace ofganlc 
debris , CSP) 
w e +  

Date: 3 - 3 1-97 
Time: \ 130 
~ethod :  z ) ~ R ~ ~ .  Fl \ \  
Monitor Reading (ppm): p~ A 
COMPOSITE SAMPLE DATA: 

Date: Time Depth Color 

Method: 

Monitor Readings 

(Range in pprn): 

SAMPLE COLLECTION INFORMATION: 

Analysis I Container Requirements I Collekted 1 Other 

x~ P ~ I  PCB TPJ w ( t ~ n ) .  TGC : TOX I 80 z J I 

Gmm Size l ~ i ~ & b ; - t i a r \  ' I 2 30.7 4 I 

Depth 

8 - 3" 

Color 

mod-- 
Broc;..? 



SOIL 8 SEDIMENT SAMPLE LOG SHEET 
P a g e  of - 

I 

Projed Site Name: ~ T U M Q N E C ~  84 cK~.ab#m sample ID No.: ObDS~~crjOto 
7s- \ Sample Location: V C A J C A ~ ~ ~ ; ~ ~  5 ,  ~pras . - Project No.: 7 

Sampled By: 5m.d 
0 Surface Soil C.O.C. No.: 
(I Subsurface Soil 
6 e d i m e n t  Type of Sample: 
(I Other: e w  Concentration 

QA Sample Type: [I High Concentration 

GRAB SAMPLE DATA: 

I 
BSERVATlONS I NOTES: 

Date: Time Depth Color Description (Sand. Silt. Clay. Moisture. etc.) 

Method: -,/'- 

Monitor Readings 

(Range in ppm): 

SAMPLE COLLECTION INFORMATION: 

I MSlMSD Duplicate ID No.: 

Description (Sand, Silt. Clay. Moisture. etc.) 

5~ &A 'd/5u.r/i L N U ~  f i ( t T ~ .  

GI+ w h i  

IAP: 

COMPOSITE SAMPLE DATA: 

color 

p 0 0 .  OflU 
6 

- .  

 ate: 8-(e-17 
Time: 0900 
Method: D i  (LFcT F cc L 
Monitor Reading (ppm): - 

Other 

Depth 

0 -ti' 

Collected 

J 

;I 

Analysis 

. m k  MY!%! G. 
L Q I = - S ~ / ? C  o 3 

Thy t T O  C 

C R ~ l r )  5( Z E  O c ~ r  

I 

Container Requirements 

3 
&'c.?s 

2- 80- 



SOIL 8 SEDIMENT SAMPLE LOG SHEET 
P a g e  of - 

I . 
Project Site Name: Sample .ID No.: 0 6D 5 Mo'tor o t 

Sample Location: smwt~oc.=, QX Project No.: 
Sampled By: 

0 Surface Soil C.O.C. No.: 
0 Subsurface Soil 
mediment Type of Sample: 
0 Other: w o w  Concentration 

QA Sample Type: High Concentration 

Depth I color ( Description (Sand. Silt. Clay, Moisture. etc.) 

Date: Time Depth 

Method' 
I 

1 I 
l~onltor Read~ngs 

(Range In ppm): 

-, 

SAMPLE COLLECTION INFORMATION: 

Analysis I Container Requirements I Collekted 1 Other 

I 
OBSERVATIONS I NOTES: 

L 
Circle if Applicable: 

MSlMSD Duplicate ID No.: p*1L 

& O D u P H  



SOIL 6 SEDIMENT SAMPLE LOG SHEET . \ . . 

P a g e  of - 
Project Site Name: M WECK k c 6 i z r ~ 1 m  Sample ID No.: & DS ~0 St301 
Project No.: ' sample Location: fl *&, H 

Sampled By: h c  
1 Surface Soil C.O.C. No.: 

Type of Sample: 
fl Other: erCow Concentration 
[I QA Sample Type: [I High Concentration 

- 
Mondor Reading (ppm): A I I 1 
COMPOSlT E SAMPLE DATA: 

r 

GRAB SAMPLE DATA: 

Depth I Color 1 Description (Sand. Silt. Clay, Moisture. etc.) 

Date: 7-5'i-q 1 
Time: \ 8Zm 
Method: @~ZGC 7. Fl lc L , 

I 
Method 

Mondor Readrngs 

(Range n ppm): 

- \  

SAMPLE COLLECTION INFORMATION: 

Analysis I Contamer Requirements I Collehed 1 Ocher 

TAL P I E T ~ L + T A  n 1 
T C L QFST/PCA 5 ) 80;t CUACI  1 w 

tur  +TO c- ) I 
I 5 , 7 ~  P(ST . 83aw.44~ I * 

1 I 

I 
OBSERVATIONS I NOTES: 

Depth 

0 - 3" 

Circle if Applicable: 

MSlMSD Duplicate ID No.: 

Color Description (Sand. Silt, Clay. Moisture, etc.) 



SOIL L SEDIMENT SAMPLE LOG SHEET 
P a g e  of - 

@AC*;GZU~WO 
Project Site Name: SUWQWOW turnh~ ~ , c h 0  Sample ID No.: ~GOS90abotc~  
Project No.: 7 5B\ Sample Location: s f t  ~ w c r  

Sampled By: 5 ~ ; t r u r w a r  
[I Surface Soil C.O.C. No.: 
n Subsurface Soil 
[)/Sediment Type of Sample: 
0 Other:  LOW Concentration 
[I QA Sample Type: a High Concentration 

G V B  SAMPLE DATA: 

Date: 3 -\-47 1 Depth I Color I Description (Sand. Silt. Clay. Moisture. etc.) 
1 

I I 

MAP: 

Tme.  / 3 7 
Method: D\ RGcr .Pi LL 

Mondor Reading (ppm)' 

Circle i f  Applicable: Signature(s): 

MSlMSD Duplicate ID No.: 

0 -3" 

COMPOSITE SAMPLE DATA: 

NU 0 
Tb LLGriT 
B R U  

SILT'( W')%bcr~ p101sr 

Description (Sand. Silt. Clay, Moisture, etc.) 
/ 

/A 

Date: 

Method 

Time 

Momtor Readmgs 

(Range in ppm): 

- 

SAMPLE COLLECTION INFORMATION: 

Analysis I Container Requirements I Collehed 

T r L  f ~ 5 ~ ( f c B  

Depth 

Other 

Color 

77-L @ l ~ w 5  j-54 I $ 803 CV(HG 1 -I 

my +-mc 13 
19.i0 I Z r - b o r ~ ~ m ~  

I 

I 
r-C 

I 
1 



SOIL 8 SEDIMENT SAMPLE LOG SHEET 

P a g e  of - 

0 Surface Soil C.O.C. No.: 
Subsurface Soil 

Hed iment  Type of Sample: 
0 Other: a/rsw Concentration 

QA Sample Type: 0 High Concentration 

GRAB SAMPLE DATA: 

Date: 8 -\7-9 7 1 Depth Color 1 Description (Sand. Silt. Clay, Moisture. etc.) 

Time: tO20  
Method: O i T l ~ c r  FILL 
Monitor Reading (ppm): - 

Method: 

Monitor Readings 

(Range in ppm): 

SAMPLE COLLECTION INFORMATION: 

Analysis 1 Container Requirements ! Collected 1 Other 
I 

I 

I 

OBSERVATIONS I NOTES: 

COMPOSITE SAMPLE DATA: 

6 -3" 

Date: Time 

Circle i f  Applicable: 

MSlMSD I Duplicate ID No.: 

IAP: 

b Illd 

1 I I 
Depth 

5,&f"O v L C M L S  ‘ 5 h ~ ~ ~ O  

(3 P) 

Color I Description (Sand. Silt, Clay. Moisture, etc.) 



SOIL & SEDIMENT SAMPLE LOG SHEET 
P a g e  of - 

(?AcrccQo- . 
Project Site Name: STUwCMZck Sample ID NO.: SD SD~>%IO \ 
Project No.: 758 ( Sample Location: 11.,vc ~ l h )  HEW 

Sampled By: St? w t uuuw RY 

[1 Surface Soil C.O.C. No.: 
[I Subsurface Soil 
m d i r n e n t  Type of Sample: 

Other: W w  Concentration 
[1 QA Sample Type: [I High Concentration 

,me: yF f;.5yL I - 3c I YEL .g5&0 5 f + ~ v R m a  
ethod: bR6t t  I 
iiinrtor Reading (ppm): .- I I 1 
OMPOSITE SAMPLE DATA: 

ate: Time Depth I COIOT ) Description (Sand. Silt. Clay. Moisture. etc.) 
I 1 

I 
/ 

/-- 
londor Readmgs // 

I 
AMPLE COLLECTION INFORMATION: 

Analysis I Contamer Requ~rements I 1 Other Collekted 

1 
lBSERVATlONS I NOTES: 

:ircle if Applicable: Signature@): 

MSIMSD Duplicate ID No.: 



SOIL & SEDIMENT SAMPLE LOG SHEET 
P a g e  of - . 

Project Site Name: 
Project No.: 

ll Sudace Soil - 
0 Subsurface Soil 
H e d i m e n t  Type of Sample: 
I] Other: 6 w  Concentration 
0 QA Sample Type: [I High Concentration 

RAE SAMPLE DATA: 

ate: 8 -\-'$I ! Depth I Color ( Description (Sand, Silt, Clay. Moisture. etc.) 
1 

lonitor Reading (pprn): - I I I 
OMPOSITE SAMPLE DATA: 

ate: Time I Depth I Color Description (Sand, Silt. Clay. Moinure, etc.) 

-/' 

lethod: -/ 
/ 

lonitor Readings /A 
?ange in ppm): , 

AMPLE COLLECTION INFORMATION: 

Analysis 1 Container Requirements I Collekted 1 Other 

mc :* r t m s - ,  5% I 
I< ea- ! 

MSlMSD I Duplicate 10 No.: 



SOIL & SEDIMENT SAMPLE LOG SHEET 
P a g e  of - 

, 

Project Site Name: $ T V ~ ~ \ P L I ~ U L ~ ~ P ~  Sample ID No.: O o \ ~ t  
Project No.: 7 ~ &  \ Sample Location: J ~ D , -  t(m 

Sampled By: <e WM..CULDY 
0 Surface Soil C.O.C. No.: 
0 Subsurface Soil 
g Sediment Type of Sample: 
0 Other: %Low Concentration 
[I QA Sample Type: [I High Concentration 

RAE SAMPLE DATA: 

ate: 8 - \ - 9 7 Depth color Description (Sand. Silt. Clay. Moisture, etc.) 

me: / 6 /F  (Ho 0 B R ~  C O A o s t m  FJ s k x ,  s u  
ethod:OlQE!C~ f ILL 

onltor Reading (ppm): - Q - 3'I 
OMPOSKE SAMPLE DATA: 

ate: Time Depth 1 Color Description (Sand. Silt. Clay. Moisture. etc) 

lethod: / 

lonitor Readings 

tange in ppm): 

AMPLE COLLECTION INFORMATION: 

Analysis I Contamer Requirements 1 Collekted 1 Other 

J X L ~ C T ~ ~ L S  +Sn I 

I 
IBSERVATIONS I NOTES: 

I 
- - -  

MSlMSD Duplicate ID No.: 



ATTACHMENT 4 

DATABASE: 
CHEMICAL ANALYSES AND GRAIN SIZE DISTRIBUTION 



ATTACHMENT 4.A 

DATABASE - CHEMICAL ANALYSES 



SUMMARY OF SEDIMENT ANALYTICAL RESULTS 
BACKGROUND INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

SAMPLE NUMBER: 
DUPLICATE: 
LOCATION: 
SAMPLE DATE: 

PEStlClDESlPCBs (pglkg) 

A 

1 

BGDSD0020101 

BGDSD0020101 
07/31/97 

BGDSD0010101 

BGDSD0010101 
07/31/97 

BGDSW030101 

BGDSDO030101 
0811 8/97 

BGDSW040101 

BGDSD0040101 
07/31 197 

BGDSD0040101-D 
BGDSDO040101 
BGDDUP001 
07/31 197 

BGDSDW40101AVG 
BGDSDW40101 
BGDSDOO4OiOl 
07B 1197 

BGDSD0050101 

BGDSD0050101 
07/31 I97 



SUMMARY OF SEDIMENT ANALYTICAL RESULTS 
BACKGROUND INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

SAMPLE NUMBER: 
DUPLICATE: 
LOCATION: 
SAMPLE DATE: 

METALS (mglkg) 

N 

TOTAL ORGANIC CARBON I 11600 I 6830 I 5860 I 444 I 1020 I 732 I 871 
TOTAL ORGANIC HALIDES (uglL) 43.2 U 44.8 U 54.6 U 43.2 U 56.0 U 49.6 U 37.4 U I 

BGDSD0040101 

BGDSD0040101 
07/31 197 

BGDSD0010101 

BGDSD0010i 01 
0713 1/97 

BGDSW040101-D 
BGDSD0040101 
BGDDUPOOl 
07/31/97 

BGDSD0020101 

BGDSD0020101 
07/31/97 

BGDSDOO30101 

BGDSD0030101 
0811 8/97 

BGDSW04010lAVG 
BGDSW040101 
BGDSW040101 
07/31 197 

BGDSW050101 

BGDSD0050101 
07/31 197 



SUMMARY OF SEDIMENT ANALYTICAL RESULTS 
BACKGROUND INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

3 



DUPLICATE: 
LOCATION: 
SAMPLE DATE: 

I L 
METALS (mglkg) 

P 

TOTAL ORGANIC CARBON I 15100 I 39400 I 43500 I 41450 I 51 5 I 16500 I 1060 
TOTAL ORGANIC HALIDES (uglL) 60.3 U 171 U 143 U 157 U 36.3 U 65.3 U 54.1 U I 

SUMMARY OF SEDIMENT ANALYTICAL RESULTS 
BACKGROUND INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

BGDSD0060101 

BGDSD0060101 
08101197 

BGDSD0070101 

BGDSD0070101 
0811 7197 

BGDSD0070101-D 
BGDSD0070101 
BGDDUP003 
0811 7197 

BGDSMX170101AVG 
BGDSDW70101 
BGDSD0070101 
0811 7197 

BGDSD0080101 

BGDSD0080101 
0810 1197 

BGDSMX)90101 

BGDSD0090101 
08101197 

BGDSWlW101 

BGDSD0100101 
08101197 



SUMMARY OF FILTERED GROUNDWTER ANALYTICAL RESULTS 
BACKGROUND INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
MSWC INDIAN HEAD, MARYLAND 



SUMMARY OF FILTERED GROUNDWTER ANALYTICAL RESULTS 
BACKGROUND INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

DISSOLVED METALS (pglL) 

0 

ZINC, FILTERED I 8.0 U I 8.0 U I 7.3 I 6.1 B I 7.8 B I I 

RPLMWWlF001 

RPLMWOOl FOO1 
08/06/97 

RN3MWOOlFWl 

RN3MWOO1 FOO1 
08/03/97 

SAMPLE NUMBER:. 
DUPLICATE: 
LOCATION: 
SAMPLE DATE: 

25MWO3-F 

25MW03 
10104/95 I / I I 

26MW03-F 

26MW03 
10104195 

RN6MW005F001 

RN6MW005F001 
08/04/97 



SUMMARY OF UNFILTERED GROUNDWTER ANALYTICAL RESULTS 
BACKGROUND INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

1 



SUMMARY OF UNFILTERED GROUNDWTER ANALYTICAL RESULTS 
BACKGROUND INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

SAMPLE NUMBER: 
DUPLICATE: 
LOCATION: 
SAMPLE DATE: 

METALS (pgIL) 

00 

BGDMW001U001 

BGDMW001U001 
08/06/97 

BGDMW002U001 

BGDMW002U001 
0811 2/97 

BGDMW003U001 

BGDMW003U001 
08/12/97 

BGDMWW4UWl 

BGDMW004U001 
0811 3/97 

BGDMW005U001 

BGDMW005U001 
0811 5/97 

BGDMWW5UWl-D 
BGDMWOO5W)Ol 
BGDDUP004 
0811 5197 

BGDMWWSUWl-AVG 
BGDMWW5UWl 
BGDMWW5U001 
06/15/97 



SUMMARY OF UNFILTERED GROUNDWTER ANALYTICAL RES,ULTS 
BACKGROUND INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

(0 

I . 
3 



SUMMARY OF UNFILTERED GROUNDWTER ANALMICAL RESULTS 
BACKGROUND INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

SAMPLE NUMBER: 
DUPLICATE: 
LOCATION: 
SAMPLE DATE: 

VOLATILES (pglL) 

.-b 

0 

4 

25hWO3 

25MW03 
10/04/95 

26MW03 

26MWO3 
10/04/95 

RN3MWWlUWl 

RN3MWWlU001 
08/03/97 

RNGMWWSUOOI 

RN6MWOOSU001 
08/04/97 

RPLMW001UWl 

RPLMWOOlUOOl 
08/06/97 I I I I 



SUMMARY OF UNFILTERED GROUNDWTER ANALYTICAL RESULTS 
BACKGROUND INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

SAMPLE NUMBER: 25MW03 26MW03 RN6MW005U001 RPLMW001UOOl RN3MWOOlU001 
DUPLICATE: 
LOCATION: 25MW03 26MW03 RN6MW005U001 RPLMW001U001 RN3MWWlU001 
SAMPLE DATE: 10/04/95 10104/95 08/04/97 08/06/97 08103197 I I I I 

SEMlVOlATlLES (pglL) 

2 

2 



SUMMARY OF UNFILTERED GROUNDWTER ANALYTICAL RESULTS 
BACKGROUND INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

SAMPLE NUMBER: 
DUPLICATE: 
LOCATION: 
SAMPLE DATE: 

SEMlVOlATlLES (pglL) 

4-NITROQUINOLINE-1-OXIDE 

A,A-DIMETHYLPHENETHYlAMlNE 

2 

IU 

6 

25MW03 

25MW03 
10104/95 

26MW03 

26MW03 
10104195 

RN3MW00lUWl 

RN3MW00lUOOl 
08103197 

RN6MWOO5U001 

RN6MW005U001 
08/04/97 

RPLMWWlU001 

RPLMWOOlU001 
08/06/97 I I I I 



SUMMARY OF UNFILTERED GROUNDWTER ANALYTICAL RESULTS 
BACKGROUND INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

2 

W 

0-TOLUIDINE 
P-DIMETHYLAMINOAZOBENZENE 
P-PHENYLENEDIAMINE 
PENTACHLOROBENZENE 

7 

- -- 

16.7-U 
16.7 U 
16.7 U 
16.7 U 

20.0 U 
20.0 U 
20.0 U 
20.0 U 

12 UJ 
12 U 
12 U 
12 U 

11 UJ 
I 1  U 
11 UJ 
11 U 

I 1  UJ 
11 U 
11 UJ 
11 U 



SUMMARY OF UNFILTERED GROUNDWTER ANALYTICAL RESULTS 
BACKGROUND INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

SAMPLE NUMBER: 25MW03 . 26MW03 RN6MW005U001 RPLMWWlUWl RN3MWWlUWl 
DUPLICATE: 
LOCATION: 25MW03 26MW03 RN6MW005U001 RPLMWWiU001 RN3MW001UWl 
SAMPLE DATE: 10104195 10104195 08104197 08/06/97 08103197 I I I I 

SEMIVOLATILES (pglL) 

A 

P 

1.3 U 
0.6 U 
1.3 U 

3-NITROTOLUENE 
4-AMINO-2,6-DINITROTOLUENE 
4-NITROTOLUENE 

0.79 U 
0.40 U 
0.79 U 

0.74 UJ 
0.37 UJ 
0.74 UJ 

1.3 U 
0.6 U 
1.3 U 



SUMMARY OF UNFILTERED GROUNDWTER ANALYTICAL RESULTS 
BACKGROUND INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

- - - -  .. " . 

METALS (pgIL) 
1 

ALUMINUM I 73400 J I 11100 J I I I I I 
ANTIMONY 1.7 U 1.7 U 6.2 B 2.3 U 2.3 U 

PETN 
RDX 
TETRY L 

I CYANIDE I 5.0 U 1 5.0 U I I I 1 I 

ENERGETICS lualLI 

RN3MW001U001 

RN3MWOOlU001 
08103197 

SAMPLE NUMBER: 
DUPLICATE: 
LOCATION: 
SAMPLE DATE: 

26MW03 

26MW03 
10104195 

25MW03 

25MW03 
10104195 

1.3 U 0.74 UJ 
0.37 UJ 
0.18 UL 
14.8 UJ 

5.0 U 

HMX 
NITRO-BENZENE 
NITROCELLULOSE 
NITROGLYCERIN 
NlTROGUANlDlNE 

0.40 U 
0.79 U 
0.79 U 

I I 

1.3 U 0.79 U 
0.40 U 
0.18 UL 
15.8 U 

5.0 U 

SILVER 

SODIUM 
THALLIUM 

TIN 
VANADIUM 

RN6MW005U001 

RN6MW005U001 
08/04/97 I I 

0.37 UJ 
0.74 UJ 
0.74 UJ 

RPLMWOOlU001 

RPLMW001U001 
08106197 

1.0 U 

8840 

2.5 UJ 
33.6 UL 

281 

1.3 U 
1.3 U 

1.0 U 

9120 

2.5 UJ 
33.6 U 

37.4 

1.2 J 

1.3 U 

- 

0.75 B 

9.5 B 
6.4 B 

i 120 

0.70 U 

2.5 U 
1.2 U 
2.4 B 

0.70 U 

2.5 U 

1.2 U 
1.2 B 



SUMMARY OF UNFILTERED GROUNDINTER ANALYTICAL RESULTS 
BACKGROUND INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

SAMPLE NUMBER: 
DUPLICATE: 
LOCATION: 
SAMPLE DATE: 

METALS (pglL) 
ZINC 1 483 I 70.1 B I 254 I 6.4 B I 13.2 B I I 
TOTAL PETROLEUM HYDROCARBONS (mglL) 

I 
TPH I I 0.52 U 1 1 I I I 
MISCELLANEOUS PARAMETERS (rnglL) I 

25MW03 

25MW03 
1 0/04/95 

26MW03 

26MW03 
10104/95 

RN6MW005U001 

RN6MW005UM)l 
08/04/97 

RPLMWOOlUOOl 

RPLMWOOlUW1 
08/06/97 

RN3MWOOlU001 

RN3MWOOlU001 
06/03/97 I I I I 



ATTACHMENT 4.B 

DATABASE - GRAIN SIZE DISTRIBUTION 



VALLEY 
FORGE 

EABORATORIES, INC. 
Enmnecrinn Consultants Since 1967 

Geotechrucal 
Engineering 

SOIL LABORATORY TEST REPORT 8 - 3  

Project No. 97128 
August 29, 1997 

Attention: Mr. Paul Frank 
Brown and Root Environmental 
661 Andersen Drive 
Foster Plaza 7 
Pittsburgh, PA 15220 

Construction 
Quality Control - Re: Subcontract Agreement No. GCDB-97-531-1298 

Geotechnical Laboratory Analytical Services 
CTO No. 0287 - Naval Surface Warfare Center (NSWC), 
Indian Head, MD 

Laboratory 
Testing 

Samvles Received: Received 8/18/97: 26 jar samples, 25 of 
which we were directed to test. Received 8/19/97: 5 
additional jar samples for testing. 

Testinu Com~leted: Total of 30 samples tested. 

Test ASTM Standard 
NDT and 
Related Services 1. Particle Size Analysis 

(Sieve and Hydrometer) 

Results: 

The results of the testing are graphically depicted on 
Research and 
Special Studies 

the attached Grain Size Distribution Curves. If you have any 
questions about this test report, please call. 

Sincerely, 

Envlronmntal 
Enpneenng 

Technical & Quality 
System Manager 

EJS: lcw 
Enclosures 

Transponation 
and Traffic 
Enpneering 

Fax (610) 688-8143 6 Berkeley Road, Devon, PA 19333-1397 . 
URL: http:llwww.mgar.comlvfl E-mail : vflabs@voicenet.com 



UNIFIED SOIL CLASSIFICATION 
CRA VEL S A N D  

'OBBLES 
COARSE 1 W E  c YEDUU I FINE 

SILT O R  CLAY 

U.S. SIEVE SIZE IN INCHES U.S. STANDARD SIEVE No. HYDROMETER 

GRAIN SIZE IN MILLIMETER 

DEPTH LL PI 
SYMBOL BORING ( f t )  (a (56) DESCRIPTION 

G BGDSD0070101 BROWN SANDY SILT V,:TH ORGA'. cs (ML) 

[3 BGDSD0080 10 1 LT BROWN POORLY-GRADED SL'iD (SP) 

I Valley Forge I GRAIN SIZE DISTRIBUTION - s/ie/97 1 Laboratories, Inc. ( 

i Remark : 
I 

I Project No. 97128 BROKN & ROOT ENVIRONMENTAL 

I 



GRAIN SIZE IN MILLJMETER 

UNIFIED SOIL CLASSIFICATlON 

BROWN SlLiY SAND (SM) 

BROWN-GRAY CLAYEY SAND (SC) 

SILT OR CLAY 

Valley Forge 
Laboratories,  Inc. / GRAIN SIZE DISTJRIBUTION 8/18/97 

SAND 
4 MEDIUM I FINE ' 

. 
'OBBLEs 

Remark : -- 

GRAVEL 
COARSE I FINE 

Project No. 97128 BROWN & ROOT ENVIRONMENTAL -1 



I 
UNIFIED SOIL CLASSIFICATION - 

CRA VEL SAND 
'OBBLES 

C-E I f l ~ E  awtsd MEDIUM 1 FINE 
SILT OR CLAY 

I 

1 119. ~ V E  IN IN-s I U.S. STANDARD SIEYE No. ' I HYDROMEl'ER I 

GRAIN SIZE IN MILLIMETER 

SYMBOL BORING D r E H  0 gl) DESCRIPTION 
GRAY SILTY SAND (SM) 

GRAY SILTY SAND (SM) 

Remark : --- 
Project No. 97128 / BROWN & ROOT ENVIRONMENTAL 

I 

Valley Forge 
Laboratories, Inc. GRAIN SIZE DISTRIBUTION 8/16/97 



I US. SIEVE SIZE IN INCHES I U.S. STANDARD SIEVE No. I HYDROY ETER I 

- 

UNIFIED SOIL CLASSIFICATION 

GRAIK SIZE I l i  MILLIMETER 

DEPTH LL PI 
SYMBOL BORING (ft) ' 5 ,  ( a )  DESCRIPTION 

SILT OR CLAY 

G R A Y  S l i m  SAND (SM) 

LIGr7 BROWN POORLY-GRpLf3 SAND (SP) 

SAND 
C O A R S ~  MEDIUM I FINE 'OBBLES 

CRA VEL 
COARSE I FINE 

Valley Forge 
Laboratories, Inc. ( GRAIN SIZE DISTRIBUTION 8/16/97 

Remark : 

Project No. 97128 BROWN 6 ROOT ENVIRONMENTAL 



r U.S. SIEVE SIZE I us. SMNDAiUl SIEVE No. I H Y D R O m E R  I 

UNIFIED SOIL CLASSIFICATION 

GRAIN SIZE IN hf ILLIMETER 

D E P T H  LL PI 
SYMBOL BORING (ft) ( w )  DESCRIPTION 

SILT OR CLAY 

GRAY PC3RLY-GRADED SAND (5')  

GRAY S l L N  SAND (SM) 

SAND 
C O U C ~  YEDIUY I FINE 'OBBLES 

GRA VEL 
- COARSE ( FINE 

Valley Forge 
Laboratories, Inc. / G R A I N  SIZE D I S T R I B U T I O N  8/16/97 

- 

Remark : 

Project No. 97128 BROWN & ROOT ENVIRONMENTAL . .- 



ATTACHMENT 5 

LITERATURE SEARCH DATA 
FOR SEDIMENT 



The SAS System 08: 29 Monday, November 1 4 .  1 Y Y . I  .I 

CONTENTS PROCEDURE 

Data Set Name: WORK.KATH 
Member Type: DATA 
Engine: V612 
Created: 8:29 Monday, November 24, 1997 
Last Modified: 8:29 Monday, November 24, 1997 
Protection: 
Data Set Type: 
Label : 

Observations: 2 2 
Variables: 2 5 
Indexes : 0 
Observation Length: 201 
Deleted Observations: 0 
Compressed: NO 
Sorted: NO 

- - - - -  Engine/Host Dependent Informatiotl----- 

Data Set Page Size: 30208 
Number of Data Set Pages: 1 
File Format: 607 
First Data Paoe: 1 
Max obs per page: 150 
Obs in First Data Page: 22 
Filename: CHESIE$DKAO:IUSERS.BTHOMAS.DATMGMT.SASSWORKOOOO~~~~~KATH.SASEB$DATA 
Host Format: AXP 
Disk Blocks Allocated: 60 

- - - - -  Al~hdkx~tic List of Variables and Attributes----- 

A L 
AS 
C D 
CR 
CU 
FE 
G62 
GL62 
GMAX 
H2S 
HG 
MN 
MONTH 
N I 
PB 
PC 
PM 
PN 
PP 
STATION 
TOCS 
YEAR 
ZN 
-FREQ- 
- TYPE- 

Type 
. - - - - - - 
Num 
Num 
Num 
Num 
Num 
Num 
Num 
Num 
Num 
Num 
Num 
Num 
Num 
Num 
Num 
Num 
Num 
Nurn 
Num 
Char 
Num 
Num 
Num 
Num 
Num 

Len Pos Format 
- - .---------------------- 

8 7 3 
8 8 1 
8 8 9 
8 97 
8 105 
8 113 
8 6 5 
8 57 
8 4 9 
8 121 
8 129 
8 137 
8 17 2. 
8 145 
8 153 
8 161 4.2 
8 169 
8 177 4.2 
8 185 4.2 
9 0 
8 193 
8 9 2. 
8 4 1 
8 3 3 
8 2 5 

Label 

ALUMINUM UG/G 
ARSENIC UG/G 
CADMIUM UG/G 
CHROMIUM UG/G 
COPPER UG/G 
IRON UG/G 
PERCENT SAND (62-1000 UM) 
PERCENT SILT/CLAY ( ~ 6 2  UM) 
PERCENT GRAVEL (>lo00 UM) 
ACID VOLATILE SULFIDE 
MERCURY UG/G 
MANGANESE UG/G 
SAMPLING START MONTH 
NICKEL UG/G 
LEAD UG/G 
PERCENT PARTICULATE CARBON 
PERCENT MOISTURE 
PERCENTAGE OF NITROGEN IN SEDIMENT 
PERCENTAGE OF PHOSPHORUS IN SEDIMENT 
SAMPLING STATION IDENTIFIER 
TOTAL ORGANIC CARBON % DRY WEIGHT 
SAMPLING START YEAR 
ZINC UG/G 



SEDIMENT DATA FOR INDIAN HEAD, 
08:29 Monday, November 24, 1997 2 

MARYLAND POINT AND MATTAWOMAN CREEK 

OBS 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2 0 
2 1 
2 2 

ODs 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2 0 
2 1 
2 2 

STATION 

MAT0016 
MAT0016 
MAT0016 
MAT0016 
MAT0016 
MAT0016 
XDA1177 
XDA1177 
XDA1177 
XDA1177 
XDAll77 
XDA1177 
XDAll77 
XDA1177 
XEA6596 
XEA6596 
XEA6596 
XEA6596 
XEA6596 
XEA6596 
XEA6596 
XEA6596 

F E 

38549 
33688 
32903 
33748 
35178 
32700 
46464 
38953 
46258 
36177 
39906 
40506 
39978 
45800 
36315 
29415 
37858 
35980 
35801 
36606 

YEAR 

8 9 
90 
9 1 
9 2 
93 
9 4 
87 
8 8 
89 
9 0 
9 1 
92 
9 3 
9 4 
87 
8 8 
8 9 
9 0 
9 1 
9 2 
9 3 
9 4 

G M A X  

0.5 
0.1 
0.1 
0.0 
0.1 

0.1 
0.1 
0.1 
0.1 
0.1 
0.0 
0.1 

1.3 
2.5 
0.1 
0.0 
0.1 
0.1 
15.3 

TOCS 

3.19 
3.40 
3.21 

2.44 
2.56 
2.71 
2.57 
2.76 

3.77 
2.69 
3.42 
3.20 
3.24 

MAT0016=Mattawoman Creek XEAA596=Indian Head XDA1177=MD. Point 



AlTACHMENT 6 

STATISTICAL ANALYSIS 





- CALCULATION WORKSHEET -wp mr m-1 PAGE 2 W 3  

" "~~wc s a a m !  Y D  9 ma7 
JOBNUMBER 

SUBJECT 

BASED ON DRAWING NUMBER 

CHECKED BY APPROVED BY DATE 

i . , ! '  
re3 3 

, . 
1 1  ! I 

. . ! I ! ' i !  I : - i !  I , 1 I I 
I 7 . I b 3 i  A I ;3:02b. oci, 'i i ~ \ . ~ 5 5 ! 2 :  i 1 

, . .  . . 
1 . , 



SUKIE 

DRAWING NUMBER 
m 

BASED ON 



CHROMIUM RESULTS 
BACKGROUND UNFILTERED GROUNDWATER 

Shapiro-Wilk W=.6429, W(test)=0.842 

-50 0 50 I00  200 

Concentration (ug/L) 

- Expected 
Normal 



-1 0 1 2 3 4 5 6 

Natural Logarithm of Concentration 

NATURAL LOG OF CHROMIUM RESULTS 
BACKGROUND UNFILTERED GROUNDWATER 

Shapiro-Wilk W=.9078, W(test)=0.842 

- Expected 
Normal 



APPENDIX B 

TETRA TECH NUS 
BORING LOG SHEETS AND SURVEY DATA 



APPENDIX B.l 

BORING LOG SHEETS 



Converted to Well: Yes No Well I.D. #: $6 r~ wOl  





BORING LOG Page of 1 

Converted to Well: Yes ,/ No 





BORING LOG Page of 2 

- . . . . . . . 

Background ( p p r n ) : ~  

PROJECT NAME: h d L h  Lt-4  BORING NUMBER: Rc(+, Q $3- 
PROJECT NUMBER: 7 3 7 1  DATE: 7 - Z Y - 5 7  

GEOLOGIST: - 
DRILLING COMPANY: - t i b  M/Lw WC, mq 

DRILLING RIG: n~r ,b;k  4- F7 DRILLER: + F r  E ; k * c ~  

Converted -- to Well: Yes / NO Well I.D. #: O w  AwEff' 

C ~ D ~ D  IWW 

t E.. 1. I 
I 

Remarks 

rn 

U 
s 
c 
S . 

UholoOr 

(-1 
L m m r -  

hmnl 

MATERIAL DESCRIPTION 
Sam* 

~ a a w ~ l  
800- 

& m o m a a C d a  
R o d  .- .  

Bbaal 
r WROD 

I%) 
NO. .nd 

Typw 
IKY) 

-1 C l a m  

. 

D.ph 
(n) 
or 

RunNo. 



BORING LOG Page of 

Remarks 

" Include moniior reading In 6 fool intervals a borehob. Inuean reading frequency if eleveled reponsa read. Drilling Area 
Remarks: Background (pprn): r j  

-- 

Converted to Well: Yes c/ -NO Well I.D. #: BGO mug+ 



I I I I 

'When rock wring, enter rock brokensrc. 

a M u d e  monnor reading in 6 foot intemk @ borehole. Increase reading frequency if a h t a d  reponse read. Drilling Area 
Remarks: Background ippm): T I  

Converted to Well: Yes No Well I.D. #: K G 0  h W ~ 4 . 7  



BORING LOG Page - of - 
PROJECT NAME: G NUMBER: DGost30~; 

MatarW C h a l k d o n  

' W h . n d s o r i n g . m r ~ ~ b r o t m a r .  

' h d u d . m ~ i l o r m d i n g m 6 b d i d m ~ ~ b a . h d . .  W r r & p f n q u m c y Y h I d r a p o n v d .  Drilling Area 
Remarks: Backgmund ( p p m ) : l  

Converted to Well: Yes No % Well 1.D. & 



BORINGLOG . rase - oi- 

PROJECT NMAE: / mrr Law BORING N~MBER: B605007 
PROJECT NUMBER: DATE: g-l - Y 7 ,  8- \>-Y-7 

GEOLOGIST: 

YII.dd UwAloUocl 

U 
s 

N 
C Remarks s . 

'7 \a \  5M yg-YT7) 0 1  

Remarks: 
Drilling Area 

Backgmund ( p p r n ) : l  

Converted to Well: Yes No % Well I.D. * 



PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

BORING LOG 

~onverled to Well: Yes No % Well I.D. k 



Converted to Well: Yes No )C Well l.0.e 









comertad to Well: Yes No Well 1.0. t: JQL pt 1 





' w 

Convertad to Well: Yes No 



Drilling Area - 

Comc~bd to Wd: Yes x No Well I.D. t: R P L A w  61 0 



' Whm rock d n g .  on4.r rack brokenu. 

" Includ. monrtor ding in 6 fool i n l e d  a ba-. hcfuu mdmg fngtmrq a -Id m p o w  r a $ .  Drilling Area 
Remarks: f i  " /--/$A 2 I( JS - / 

L L L I /  or ~ 1 ' -  31 Background (ppm): 
7 . 1 ~  rl 71 -19 h o  m 7 4 . 7 , h  / ) * - , v *  

Converted to Well: Yes . No Welll.D.#: fldf M U  fi 



BORING LOG 

' Whm mck coring. enlu & h&fmu.  

Converled to Well: Yes 4' No Well I.D. #: RA& ,M & p 



. - .  - 
* BORIUG LOG 

.fzss 
1 Brown & Root 

BORING 







1-1 Tetra Tech NUS. inc. BORING LOG Page - of - 

PROJECT NAME: IHDlV BACKGROUND INVEST. BORING No.: BGD 1 I 
PROJECT NUMBER: CTO 320 JOB#0530 DATE: /D -3 -01 
DRILLING COMPANY: NA GEOLOGIST: f=~m w .(7- S.C+ 

rock brokeness. 

" lndude monitor reading in 6 foot inle~ak 8 borehole. lnaease reading frequency if  elevated reponse read. Drilling Area 
Remarks: Background (ppm): 1-1 

Converted to Well: Yes NO X Well 1.D. #: 



Tetra Tech NUS, Inc. BORING LOG Page - of - 

PROJECT NAME: IHDIV BACKGROUND INVEST. BORING No.: BGD I 
PROJECT NUMBER: CTO 320 JOB#0530 DATE: 9- I\-01 
DRILLING COMPANY: NA GEOLOGIST: xkV?- 

When r o d  coring. enter rodr brokeness. 
" lndude monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. Drilling Area 
Remarks: Background (ppm): r] 
Converted to Well: Yes No )( Well I.D. #: &5O \a. 

25 



lRl Tetra Tech NUS, Inc. BORING LOG Page - of - 

PROJECT NAME: IHDlV BACKGROUND INVEST. BORING No.: BGD \ 3 
PROJECT NUMBER: CT0 320 JOB#0530 DATE: q - I l - 0 1  
DRILLING COMPANY: NA GEOLOGIST: 

When rock coring, enter rock brokeness. 

" lndude monitor reading in 6 foot intervals @) borehole. Increase reading frequency if elevated reponse read. Drilling Area 
Remarks: Background (ppm): 

Converted to Well: Yes No k Well I.D. #: 66D - 15 - 
26 



1-1 Tetra Tech NUS, Inc. BORING LOG Page - of - 

- - 

enter rock brokeness. 

" lndude monitor reading in 6 foot intervals 8 borehole. lnlrease reading frequency if elevated reponse read. Drilling Area , 

Remarks: LO S T  h b M 2  Bi) C Y E T  Background (ppm): I 0 I 

Converted to Well: Yes No Well I.D. #: B60 14 

27 



IRl Tetra Tech NUS, Inc. BORING LOG Page - of - 

PROJECT NAME: lHDlV BACKGROUND INVEST. BORING No.: BGD \ 
PROJECT NUMBER: CTO 320 JOB#0530 DATE: 0(-10-OC 
DRILLING COMPANY: NA GEOLOGIST: r a a  w S-e r 

When rock coring. enter rock brokeness. 

" Include monitor reading in 6 fool intervals 8 borehole. lnaease reading hequency if elevated reponse read. Drilling Area , 

Remarks: Background (ppm): 1 1 

Converted to Well: Yes No X Well 1.0. #: 



1 ~ 1  Tetra Tech NUS. Inc. BORING LOG Page - of - 

PROJECT NAME: NSWC INDIAN HEAD BORING NUMBER: \ b 
PROJECT NUMBER: N7129 CTO 245 DATE: (o-%-O 1 
DRILLING COMPANY: - GEOLOGIST: f=-u&- 

When rodc corina. enter rock brokeness. 

*. lndude monitor reading it 6 foot i n l e ~ a k  8 borehole. Increase reading frequency if elevated reponse read. Drilling Area 
Remarks: Background (pprn): 1-1 

Converted to Well: Yes AS-- Well I.D. #: 

29 



When rock corina. enter rodc brokeness. -. 
" lndude monitor reading in 6 foot intervals O borehole. Increase reading frequency if elevated reponse read. Drilling Area 
Remarks: Background (pprn): T I  

Converted to Well: Yes No Well I.D. #: 



I=)Tetra Tech NUS. Inc. BORING LOG Page - of - 

' W e n  rock wring. enter rodc brokeness. 

" lndude monitor reading h 6 fool mlewah O borehole. lnaease reading frequency if elevated reponse read. Drilling Area 
Remarks: Background (ppm): r l  

Converted to Well: Yes Well I.D. #: 



Tetra Tech NUS, Inc. BORING LOG Page - of - 

PROJECT NAME: anim rcu,g5 ~ ~ w u  BORING NO.: 66 D I q 
PROJECT NUMBER: 

- 
0 5 3 0  DATE: 

DRILLING COMPANY: - GEOLOGIST: 
DRILLING RIG: 

Blow/  Sample 
6' or R e c w q  
ROD I 
(%) Sample 

W h  

When rock coring, enter rock brokeness. 

" lndude monitor reading in 6 foot intervals. O borehole. lnaease reading frequency if elevated reponse read. 

Remarks: 

- 

Converted to Well: Yes No x Well I.D. #: 



Tetra Tech NUS, inc. BORING LOG Page - of - 

When rock corina. enter rock brokeness. - 
" lndude monilor reading in 6 foot inte~ak O borehole Increase read~ng hequency if elevated reponse read Drilling Area 
Remarks: Background (ppm): 1-1 

Converted to Well: Yes No X Well I.D. #: 



APPENDIX B.2 

SURVEY DATA 



Indian Head, Md. Random Background Points 
CTO 320 Job #0530 0450 

Coordinates are 
Stateplane, MD Zone, NAD83, US Survey Feet. 
Vertical datum NGVD 1929 



Coordinates are 
Stateplane, MD Zone, NAD83, US Survey Feet. 



CODE 
BGMWO 5 
GRND 
RISR 

BGMWO2 
GRND 
RISR 

BGMWO4 
GRND 
RISR 

BGMWO3 
GRND 
RISR 

BGMWOl 
GRND 
RISR 

NORTHING 
338,265.31 
338,264.11 
338,265.23 
335,423.41 
335,421.22 
335,423.38 
329,433 c68 
329,432.73 
329,433.75 
330,159.97 
330,159.01 
330,159.98 
3l9,SO2.O9 
319,502.63 
319,501.92 

EASTING 
1,264,281.45 
1,264,279.73 
1,264,281.32 
1,258,747.72 
1,258,748.04 
1,258,747.78 
1,253,759.87 
1,253,761.26 
1,253,760.01 
1,256,243.04 
1,256,244.51 
1,256,243.04 
1,254,686.93 
1,254,688.92 
1,254,686.95 



STUMP NECK ANNEX - - NAVAL SURFACE WARFARE CENTER 
. . ..". INDIAN HEAD, MARYLAM) 

OCTOBER 16, 1995 
MARYLAND STATE PLANE COORDINATES - NAD 83 

- 
. - .  SWMU 5 - RANGE 6 

- .  * 
DESC NORTH EAST 

SURVEY- BASELINE 
SURVEY'BASELINE 

TOP METAL CAP 
SURFACE ELEV 
PART OF GRID 
PART OF GRID 
PART OF GRID 
PART OF GRID 

SWMU 26 - IED SITE 
RBS9=0+00 SURVEY BASELINE 322661.212 1245848.743 
9001=5+00 SURVEY BASELINE 322197.850 1246036.614 

TOP METAL CAP 322013.459 1246073.336 
SURFACE ELEV 
TOP METAL CAP 322373.322 1245942.619 
SURFACE ELEW 
TOP METAL CAP 322581.484 1245912 -435 
SURFACE ELEV 

322050.459 1246034.059 
322420.424 1246063.276 
322478.672 l245883.880 
322395.331 1245937.284 

SWMU 27 - IOD SITE 

9002=0+00 SURVEY BASELINE 321781.129 1244825.483 
9003=501.38 SURVEY BASELINE 321541.900 1245266.121 

SWMU 25 - AREA 8 

RBS50=0+00 SURVEY BASELINE 320635.226 1250737.248 
RBS51=2+73.16 SURVEY BASELINE 320908.387 1250738.435 
RBS52=5+31.10 SURVEY BASELINE 321157..840 1250804.039 
RBS53=7+62.60 SURVEY BASELINE 321348.383 1250672.566 

TOP METAL CAP 321487.423 
SURFACE ELEV 
TOP METAL CAP 321527.877 
SURFACE ELEV 
TOP METAL CAP 320635.516 
SURFACE ELEV 

321152.802 
320894.096 
320693.257 
321555.976 
321271.753 
321509.082 
321263.557 

ELEV 



APPENDIX C 

TETRA TECH NUS 
SAMPLE LOG SHEETS: 

SURFACE SOlL AND SUBSURFACE SOlL 



APPENDIX C.l 

SURFACE SOIL SAMPLE LOG SHEETS 



SOIL & SEDIMENT SAMPLE LOG SHEET 

P a g e  of - 

Project Site Name: 
Project No.: 

sampled By: FU& 
C.O.C. No.: 

Subsurface Soil 
Sediment Type of Sample: 
Other: m w  Concentration 
QA Sample Type: I] High Cdncentration 

GRAB SAMPLE DATA: 

1 

OBSERVATIONS I NOTES: 

Method 

Mondor Read~ngs 

(Range In ppm)' 

SAMPLE COLLECTION INFORMATION: 

Description (Sand. Silt. Clay, Moisture. etc.) 

& R / $ v ~  c -%At42 

COMPOSITE SAMPLE DATA: 

Date: Time Depth Color Description (Sand. Silt. Clay. Moisture. etc.) 

Color 

Y ~ L .  
Date: '7-[ s'-q7 
Time: ( 0 25- 
M e t h o d : H Y 4 , ) P ~ t r ~ - ~  
Monitor Reading (ppm): - 

Other 

Circle if Applicable: 

Depth 

0 -  1 '  

Collected 

I 

c/ 

Analysis 

~ L W I E ~ ~ . L S  -CE, 
TCL PFST/%(SI 

6 
G 5 0  

MSIMSD 

Container Requirements 

1 
30% 

1 
Z* So= 

Duplicate ID No.: 



SOIL & SEDIMENT SAMPLE LOG SHEET 
Pane af 

Project Site Name: 
Project No.: 

FfUmQUGCK 
L . / o l w ~ g ~  Y ~ Q O J ~ J ~ D  Sample ID 6 DSsm20\ 0, 

7SBt  Sample Location: ;&anu dta& 
Sampled By: 
C.O.C. No.: 

Subsurface Soil 
0 Sediment Type of Sample: 

Other: m w  Concentration 
0 QA Sample Type: High Concentration 

GRAB SAMPLE DATA: 

OBSERVATIONS I NOTES: (MAP: I 

Method: 

Monlor Readings 

(Range in ppm): 

SAMPLE COLLECTION INFORMATION: 

Description (Sand. Silt. Clay, Moisture, etc.) 

f . ~ S A m  

COMPOSfTE SAMPLE DATA: 

Date: T i m  Depth Color 1 Description (Sand. Sin. Clay, Moisture, etc.) 
I 

color 

Y ~ ~ . f i ~ h l  

Date: 7 -2 q- '( 7 
Time: (70<> 
Method:HM, 5 f h f  S f k c d m  
Monitor Reading (ppm): 0 

Other 

Clrcle if Applicable: 

Depth 

0 -  1 '  

Collected 

/ 

Analysis 

T A L M E ~ ~ L S  +Er? 

T C L  P E S T / K ( ~ S  

Signature(s): 

MSIMSD 

Container Requirements 

1 - -  - < 80=5 

Duplicate ID No.: 

6 +To( 
G 5 0  

I 
2 %  807 I A 

I 



SOIL 8 SEDIMENT SAMPLE LOG SHEET 
P a g e  of - 

I Project Site Name: 
Drninrt Nn . 

Subsurface Soil 
0 Sediment Type of Sample: 
0 Other. m w  Concentration 

QA Sample Type: High Concentration 

Monitor Reading (ppm): 0 I I I 
COMPOSITE SAMPLE DATA: 

I c ate: Tim I Depth I Color 1 Description (Sand. Silt, Clay. Moisture. etc) 
I 

I 

OBSERVATIONS I NOTES: MAP: 

I 

Signature(s): w(L 5lZw 
Circle i f  Applicable: 

MSlMSD Duplicate ID No.: 



SOIL CL SEDIMENT SAMPLE LOG SHEET 
P a g e  of - 

S r y m Q u G c ~  
Project Site Name: su PI W W ~ ~  R l ~ c  U~UOLIUD sample ID No-: 6 D S S ~ Y  OW I 
Project No.: 75et Sample Location: ~ w ~ v  .Tun,- HF- 

Sampled By: 
d r f a c e  Soil C.O.C. No.: 

Subsurface Soil 
n Sediment Type of Sample: 

Other: m w  Concentration 
QA Sample Type: 11 High Concentration 

lonlor Reading (pprn): , 1 I 
;OMPOSITE SAMPLE DATA: 

late: Time I Depth I Color I Description (Sand, Sit. Clay. Moisture. etc) 

I I I 
BBSERVATIONS I NOTES: (MAP: 

lethod: 

lonitor Readings 

qange in pprn): 

;AMPLE COLLECTION INFORMATION: 

:ircle i f  Applicable: Signature(s): 

Analysis 1 Container Requirements Collected 

TPIL M E ~ L S  +En L) 

T ~ L  PEST/K&I I 

Other 

MSIMSD Duplicate ID No.: 



SOIL & SEDIMENT SAMPLE LOG SHEET 

P a g e  of - 

Project Site Name: 

0 Subsufface Soil 
Sediment Type of Sample: 
Other: m w  Concentration 

0 QA Sample Type: 0 High Concentration 

iRAB SAMPLE DATA: 

late: 7 - g y  - 4 7  Depth Color Description (Sand. Silt, Clay, Moisture, etc.) 

'ime: \ b y 0  (5Rw 
m w :  vs,sp~tr 5- IJ 0 - ( ' SILT C " q  
Aonitor Reading (ppm): 0 
:OMPOSTTE SAMPLE DATA: 

late: Tim Depth Color Description (Sand. Silt. Clay. Moisture, etc.) 

Aethod: 

Aonitor Readings 

Range in ppm): 

;AMPLE COLlECTlON INFORMATION: 

Analysis Container Requirements Collected OIher 

T R L M E ~ L S  + E n  '> L, 

T ~ L  PFST/R&I 2 8 n ~  I 

\c 4-7-0C 2 - 
G SD 2 Y So-c, J 

I 
3BSERVATIONS I NOTES: 

3rcle i f  Applicable: 

MSIMSD Duplicate ID No.: 



SOIL 8 SEDIMENT SAMPLE LOG SHEET 
P a g e  of - 

\ 

Project Site Name: $~W~W.JFCC- Sample ID No.: Bw5503&2 l i ; 
Project No.: 758\ Sample Location: 5 m ~  ~ & ) o ~ p  ST: Pr:. 

Sampled By: Fcl/C 
&-face soil C.O.C. NO.: 

0 Subsurface Soil 
0 Sed iment  Type of Sample: 
0 Other: K o w  Concentration 
0 QA Sample Type: 0 High Concentration 

RAE SAMPLE DATA: 

ate: 7-31-q7 1 Depth I Color ) Description (Sand. Silt, Clay. Moisture. etc.) 
I -1 0- b "  I MOP OLU I P-q ~ W D  o e r  

- 

onrtor Readmg (ppm): - I 1 I 
OMPOSITE SAMPLE DATA: 

ate: Time Depth color Description (Sand. Silt. Clay. Moisture, etc.) 
I I I 
I I 1 

I I I ./ -- - - lethod: 

I I -- I 

lonitor Readings 

Zange in ppm): 
/ 

I 

I 1 1 1 
AMPLE COLLECTION INFORMATION: 

Analysis Container Requirements. 1 Collekted 1 Other 

Circle i f  Applicable: 

1 I 

i AP: 



BOIL a SEDIMENT SAMPLE LOG SHEET 
P a g e  of - 

6 A  CwGU =r; 9 
Project Site Name: c t - I W  H w  Sample ID No.: 6i.D S'j0o70(c\ 
Project No.: 7% i Sample Location: > W W ~ ~ ( L ,  5407 

Sampled By: FyC - 
e u r f a c e  Soil C.O.C. No.: 

Subsurface Soil 
U Sediment Type of Sample: 
0 Other: w o w  Concentration 

QA Sample Type: 0 High Concentration 

GRAB SAMPLE DATA: 

Date: - \ - q7 Depth Color Description (Sand. Silt. Clay. Moisture, etc.) 

Time: 0 Lf 0 0 -  I '  ycL-- F . Y S * U D " ~ ~ L T  D R Y  TR e-7 
) r C I T L .  

Method: 5 . 5 . q ~ i ~ & L d H h  
Mondor Reading (ppm): - C R A ,  

COMPOSITE SAMPLE DATA: 

Date: Time Depth Color Description (Sand. Silt, Clay. Moisture, etc.) 

Method: . 
Monitor Readings 

(Range in ppm): 

SAMPLE COLLECTION INFORMATION: 

Analysis 1 Container Requirements 1 Collekted 1 Other 
I 

I 

OBSERVATIONS I NOTES: 

F o e m - 0  M C A .  

Circle i f  Applicable: 

MSlMSD Duplicate ID No.: - - 



SOL a SEDIMENT SAMPLE LOG SHEET 
- 

P a g e  of - 

Project Site Name: , 
1 p S h a c e  soil 

Sample ID No.: & D ~ ~ I O \  
Sample Location: sIb8 
Sampled By: 
a - - .  

u/ 5 ~ ~ u c ~ f ~ y  

0 Subsurface Soil 
Sediment Type of Sample: 

I] Other: a Low Concentration 
QA Sample Type: [I High Concentration 

GRAB SAMPLE DATA: 

Date: 8 - (-  '27 Depth color Description (Sand. Silt, Clay, Moisture, etc.) 

l ime: i Z 30 - Y G L O ( ~ ~ /  r * q ~ & n % w n + - .  
Method: H& ,\ ~ t q 2 W l i L  0-1 '  
Monitor Reading (ppm): - DRY 
COMPOSKE SAMPLE DATA: 

Date: Time Depth color Description (Sand, Silt. Clay. Mckture, ete.) 

/- 
Method: c - /. 

/ - 

Monitor Readings 

(Range in ppm): 

// 

SAMPLE COUECTION INFORMATION: 

Analysis I container Requirements Collekted I Other 

I 
OBSERVATIONS I NOTES: 

Circle if Applicable: 

MSlMSD Duplicate ID No.: 

A 
IAP: 



SOIL 8 SEDIMENT SAMPLE LOG SHEET 
- 
P a g e  of - 

~ ~ G e O i r k D  . 

Project Site Name: B- W 6 A Q  Sample ID No.: Bm360q0\0\ 
Project No.: 7- t Sample Location: y u ~ ~ k C L t /  . s ~ c  7 

Sampled By: R w  (L&~EWW 

d u r f a c e  Soil C.O.C. No.: 
[I Subsurface Soil 
[I Sediment Type of Sample: 
[I Other. I)-ZSw Concentration 
[I QA Sample Type: High Concentration 

Circle if Applicable: 

MSlMSD Duplicate ID No.: 

9 

GRAB SAMPLE DATA: 

Description (Sand. Silt. Clay, Moisture. etc.1 

j=-c~tcco t s r c  t w‘i 
7- t  -7 WI+TL. 

Date: R - \ - 4 7 
Time: (7 / 0 
~ethod: HPI s S % J ( Q W ~  
Monitor Reading (ppm): , 

Depth 

6- I '  
COMPOSITE SAMPLE DATA: 

Color 

C(&L B W  

Description (Sand. Silt. Clay. Moisture. etc.) 

/-- 

-/' 

-/-' - 

Monitor Readings 

(Range in pprn): 

. 
SAMPLE COLLECTION INFORMATION: 

Analysis 1 Container Requirements 1 Collekted I Other 
I 

Depth I Color Date: 

Method: 

Time 



SOIL 8 SEDIMENT SAMPLE LOG SHEET 
P a g e  of - 

Project Site Name: ~ T ~ M I N E c C  & c K L P ~ C ~ ~  Sample ID No.: ~ & D S % \ o c r o ,  
Project No.: 7993 \ Sample Location: -)~LLYL 3 n, ?r 

Sampled By: ~ R w  
Wurface Soil C.O.C. No.: 
[1 Subsurface Soil 
[I Sediment Type of Sample: 
fl Other: w w  Concentration 
fl QA Sample Type: 0 High Concentration 

lonitor Reading (ppm): - I I I 
:OMPOSITE SAMPLE DATA: 

late: T i m  1 Depth Color Description (Sand. Silt. Clay. Moisture. etc) 

.. - .L - 
lethod: 

lonitor Readings 

iange in ppm): 

I I I I 

,AMPLE COLLECTION INFORMATION: 

Analyrii Container Requirements 1 Collected I Other 

I 

)BSERVATIONS I NOTES: IAP: 

:irck if  Applicable: 

(MSIMSD> Duplicate ID No.: 



SOIL & SEDIMENT SAMPLE LOG SHEET 
/ / P a g e  of - 

r 
Project Site Name: S TL/A/I Pde c K ~ / L / T  Sample ID No.: k'd6 sr e i 701 o I 
Project No.: 7 SrPl 

, Sample Location: 5(3r 7 

Sampled By: f k /  
&,ce Soil C.O.C. No.: 
1 Subsurface Soil 
1 Sediment 
1 Other: T g w  %%:tration 
[I QA Sample Type: [1 High Concentration 

Date: Time Depth I Color Description (Sand, Silt. Clay. Moisture. etc.) 

. . 

/ I 

GRAB SAMPLE DATA: 
Description (Sand. Silt, Clay, Moisture. etc.) 

Monitor Readings 

(Range in ppm): 

BSERVATIONS I NOTES: (MAP: 

COMPOSITE SAMPLE DATA: 

Color Date. 7- ?- 9 7 
Time: 6-5 
:Method: /+L,6fp,, T e e n  
Monrtor Readmg (ppm): - 

I 1 1 1 

SAMPLE COLLECTION INFORMATION: 

k w h  
/ 

e - 1 

/-- I 

Analysis 

At? IT V d A  
'5; VO A 
4 4  ~ 7 ~ 1 5  

~ ~ P I O S I  ue5 

Container Requirements 

4 0 2  

C- 8<; 7 

Collected / 

Signature(s): Circle i f  Applicable: 

Other 

11 

MSlMSD Duplicate ID No.: 



SOIL 8 SEDIMENT SAMPLE LOG SHEET 
P a g e  of - 

aroject Site Name: 7 Sample 10 No.: ~ S % B ~ O  \ 
aroject No.: Sample Location: ROLWWQ 1 

Sampled By: ~ U K  

tB/Surface soil C.O.C. NO.: 
0 Subsurface Soil 
0 Sediment Type of Sample: 
0 Other. Low Concentration 
0 QA Sample Type: a High Concentration 

RAB SAMPLE DATA: 

rte: 742-47 apUl Color Description (Sand. Sin Cky, Moisture. dc) 
ma: 1 653 Y W O W  W + C R ) ~  ~ o ~ r r  
h o d : & ~ ~ h J  M I  s o - 1 f  
prula Reading (ppm): 0 

DMPOSm SAMPLE DATA: 

I~C: ~ b n  hpth Color D.ruiptkn (Sand. Sin Cpy. Moisture. c(c) 

onitor Readings 

AMPLE C O L L E C m  INFORMATION: 

Analysis Containa Requirunentr I Cdlceted 1 Olher 

Vbn 4 0 t  UcrG R - 
S V O L ~  3 f a *  ruv6 

1 w - 
mcmcs I 

I I I 
I I I 

BSERVATlONS I NOTES: MAP: 



Project No.: 7 *O ' Sample Location: 

I Surface Soil 
0 Subsurface Soil 
0 Sediment 
0 Other 
0 OA Sample Type: 

Sampled By: NARS H A L L  /VUV 

C.O.C. No.: 6A 
Sample Method: + ~ 2 2 ~ P ~ ; ~ ~ ~ i ~ ~ ~ ~ ~ g ; ~ , , ~ 6 m p o ~  ::>::>: .,:; :<.:. ?:.. . e;x+.fi.ys Y+:::....:C~: ::.. .....,..... ... .. s ~ ,  ostr9~~~..cj~~x~:.i.i.i.i.i.~~~pc . . . .  ?: : ,. . ....:. yk;:+G;m)%$&.32 ... r L 

Sample Time ColorlDescription 

Depth Sampled: 
L 7 /  

. ' 
SINGLE SAMPLE LOG SHEET 

Page - of - 
Project Site Name: 3#03~d - I 

I 

- 
I 

- 
I 

- 

h v ~ e  of Sam~lg 
4 Grab 
0 Composite 
0 Grab-Composite 
0 High Concentration I Color 1 Descri~tion: (Sand. Clay, ow, ~ o i a t .  w.t rtc.) 

: :-;v:A6 $ w16:.' $;;+::,:,y4::wM&~g~;;~".:'. :.:. ::...:.:.:,iJF,y.. "..""'.'.. .. .-+:::::..;..::>;:f?s:*: .... :..-:. ..- - ..-.:. . . . ... :- w" ,&. ,<.Z 2::;:::y ,,::y;*$;:..:f ..<. .. :.:. y ,  .:>..,. s ;*: .,..,. .:..., .. .. :.... . ....... ..... ,...: :.. >..: .... (. ...... x . ~ . : < . ~ < + . . r .  . . .  . .' . ... . "< ....,. ' . . .. 

MSIMSD Duplicate ID No: 



O o i  
I€@@ ' Sample ID No.: s 2 6 -  M ~ c 3  -- Project Site Name: ~ N O T A  J / 

project NO.: 5 240 Sample Location: 

/hxxi  Soil 
0 Subsurface Soil 

Sediment 
0 Other 

QA Sample Type: 

Sampled By: 

C.O.C. No.: 

/ 

MSIMSD 
- - 

Duplicate ID No: 



1 ~ 1  Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 
u Page- of - 

I 
Project Site Name: 
Project No.: 

J j f  Surface Soil 
aarnpled try: * 

(0 Subsurface Soil 
Sediment Type of Sample: 
Other: E L O W  Concentration 
QA Sample Type: 0 High Concentration 

Date: r Time I Depth I Color I Description (Sand, Silt, Clay, Moisture, etc.) 
I I 

Cirole it Applicable: 

MSlMSD Duplicate ID No.: - - 
d 

15 



Project Site Name: 
Project No.: 

'a(~urface Soil 
r - 
[I Subsurface Soil 
[I Sediment Type of Sample: 
[I Other: Low Concentration 

QA Sample Type: High Concentration 

Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Page- of - 

I . . ... .:_ . . ... 

- 

Le .:. ... :.: 
i 

- 
- 
- 
- 
- 
- 
- 
1 

... .:. i 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
I 

i 

- 

Date: Time Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

Method: 

Monitor Readings 

(Range in pprn): 

................................ ' . Z  : .................................................... ..................... . .  .............. :.:.':':: :':':"' ".......... ..... ..................................................... . .  
; ; ; ; ; ; ; ; : , : i : i : ~ : : ' : i : ; : ; : ; ~ ; ; ~ ; i ; ; ~ ; ; i ; I ; i ~ ~ j ~ j ; ~ ; ; ; ~ i ~ ; i ~ j i ; ~ j i i : i i i ~ ; i ~ ~ ; i i ; i i i ; i ; ~ i i i ~ ~ ~ i ; i i i ~ f ~ i ~ i ~ i ; i ~ i ; i ~ i i j j i ; ~ ~ ~ ; i ; i ~ i ~ i ~ ; ; : ; i ; : ; i  

MSmnSD Duplicate ID No.: - G o  DL)? o\ 

16 

Analysis 

TCL VOA 

TCL SVOA 

TAL METALS AND Hg 

TCL PESTIPCBs 

TOC 

GRAIN SIZE DIST. 

Container Requirements 

* 0 t  

> 
80, 

J 
~ 8 o t  

Collected 

d 

/ 

Other 



1-1 Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 
u Page- of - 

I 
Project Site Name: IHDIV BACKGROUND INVESTIGATION Sample ID No.: BGDS.OL~)OIO 1 

Project No.: CT0320 JOBM530 Sample Location: BGD 13 
Sampled By: 

$ Surface Soil C.O.C. No.: ?I</ 1 
Subsurface Soil 

fl Sediment Type of Sample: 
;g Low Concentration 

0 QA Sample Type: I Ir Other: [I High Concentration 

- - 

Date: 4-11-0/ Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

Time: 1005- ya- Bfw $ ~q SHUD ROOT P*TL. 
Method: Hand Auger 

h r f  D R Y  

loate: Time 1 Depth Color I Description (Sand. Silt, Clay, Moisture, etc.) 

TCL VOA 

TCL SVOA 

TAL METALS AND ~g $80= r/' 
TCL PESTIPCBs , 

MSlMSD Duplicate ID No.: - - 

TOC 

GRAIN SIZE DIST. 
/ - 80s '0' 



1-1 Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 
u Page- of - 

t 

Project Site Name: 
Project No.: 

x ~ u r f a c e  Soil 
0 Subsurface Soil 
0 Sediment 
0 .Other: 

QA Sample Type: 

IHDIV BACKGROUND INVESTIGATION 
CT0320 JOB#0530 

Sample ID No.: BGD SSOlVO(0 ( 
Sample Location: B G D O ~ ~  

Sampled By: Y Y r  
C.O.C. No.: - 
Type of Sample: 

Low Concentration 
High Concentration 

Cirale if Applicable: 

MSmnSD I Duplicate ID No.: I - - 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET . 

Page- of - 

Project Site Name: IHDIV BACKGROUND INVESTIGATION Sample ID No.: BGDSSOI TOLO \ 
Project No.: CTO~ZO J O B ~ S ~ O  Sample Location: BGDO t 

Sampled By: 7 
Surface Soil C.O.C. No.: CtlS\\ 

FSubsurface Soil 
0 Sediment Type of Sample: 

Other: & LOW Concentration 
QA Sample Type: High Concentration 

................................... ;.:.: ..... :.:.:.;.:.:.;.:.:.: .;,,.,.. ;.:.:.:.:. ..:.:.:.:.:.:.;.: ..... : .:... :...:.:.: :.:.:.:.:.:.:.:.= ............................................................ ..... ~~;$~g~g~~~&;:;:;:;:;;;;;;;;;;;;;;;;;i;;;;;;;;;;;i;;i;:;:;:i:;:;:;:;:;:;;;;;:;;;:;:;:;:;:;:;:;:;:;:i:;:;:;:;:;:;:;:;:;:;;;:;:;:;:;;;;;;;;;i;:;:;:;:;:;:;:;:;;;:;:;:;:;:::;:;;;:;:;;;:;:;:;:;:;:;:;:;:;:;:;;;:;:;;;:;:;:;:;:;; . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  w 

Date: q-lO-O\ Depth color Description (Sand, Silt, Clay, Moisture, etc.) 

Time: \ q O 0  
Method: Hand Auger 

 EL BIN < .g S h m  51 L r 
Monitor Reading (ppm): "- Mrn OR13 

................................ : ............... : ....... ........................... .:.:..... :.:.:.:.:.:.:.:.: :.:.:...:.:.: ................................................... ..... ..... r~~*&$~;~#g~;:D*$*,;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;:;;;::;;;:;$;;;;;:;;;:;:;:;;;:;:;:;:;:;;;:;:;:;:;:;:;:;:;;;:~:;:;:~;:;:;:;;;:;::;;:;;;:;:;:;:;:;;;:;:;;;:;:;:;:~:;:;:;:;:;;;:::;:::::::::::;:::;:::;::;::2::::; . . . . . . . . . .  . 
Date: Time pp Depth Color 

Method: 

Monitor Readings 

(Range in pprn): 

;i;i;i;;;;;$;!j;;;;;!;j;i;i;;;;ii;;;;;i;i;j:j;j;;;;;;i;;j;;;;;;;;;;;;:i;i;i;;;;;;;; i 

Collected Other 

TCL VOA 

TCL SVOA 

TAL ME~ALS AND ~g 

TCL PESTIPCBs 

YO* 
7 
? 80% 
I 

TOC 

GRAIN SIZE DIST. 80 



1-1 Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET . 

u Page- of - 

Project Site Name: IHDIV BACKGROUND INVESTIGATION Sample ID No.: B G D - ~ O ( ~  ( 

Project No.: CT0320 JOB#0530 Sample Location: BGD 

Sampled By: 
Surface Soil C.O.C. No.: 

1 Subsurface Soil 
631 

[I Sediment Type of Sample: 
[I Other: Low Concentration 
[I QA Sample Type: High Concentration 

Date: /022-0 ( 1 Depth 1 Color I Description (Sand, Silt, Clay, Moisture, etc.) 

I Date: Time I Depth I Color ( Description (Sand, Silt, Clay, Moisture, etc.) 
I I 

rime: Oq LfO 
Wethod: Hand Auger 
Wonitor Reading (ppm): 
$~&&g~~~#@~*~&;;;;;;;;i;;;;;;;;;;;;;;;;;;;;;;;;$;;;;;i;;i;;;;;;:;;~;;;;;i;;;;;;;;;;;;;;;;;;j;;;;;;;;;;;;;;;;;;$~;;;:;;;.;;;.;;;;;;;;;:i:;:;;;;;;;;;;$;;;;;;;~;;;;;;.~i;;;:;;;;;;$~;;;;;;;;;;;;;; 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0- I 
~ ~ C W L I  5 W  J - G e k t m ~  

W Y  



1-1 Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 
u Page- of - 

I 
Project Site Name: IHDIV BACKGROUND INVESTIGATION Sample ID No.: B G D ~ S  i7 i,\ o \ 
Project No.: ~ ~ 0 3 2 0  JOB#0530 Sample Location: BGD 1 7  

Sampled By: 
+surface Soil C.O.C. No.: 

Subsurface Soil 
D Sediment Type of Sample: 
0 Other: %LOW Concentration 
D QA Sample Type: [I High Concentration 

3ate: Time Depth Cdor I Description (Sand, Silt, Clay. Moisture, etc.) 
I 

i " ~ " " " " " ' . " ~ " " " " ' ~ ' " " ' ~ " ' ~ '  ~~&B~is;~~~~sA~k';;i;i;i;i;;;i;i;i;~;i;;;i;i;i~;iii;;ifj;i~i;i;;;;;;;;;;;;i;;;;;;;;;;;~;~;;;~;;;;;~;;;;~;j;iIi;;;;;;;if . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ;;~;;;;;;;;;;;;~i~;i~~;;;i~~;;~;;;;~;~i;~;~;;;~;~;~~;;;;i;~;~~;;i;i;i;i;i;;;i;i;~;i;i~;~i~i~;;;;;;;~~ """ " ' " '  ' ............ , " b  

Wethod: 

Wonitor Readings 

;Range in ppm): 

t 

I 
. . . . . .  ................................................ :.: ....................................................... . . . . . . . . .  . . . . . . . . . . . . . .  . . .  ............................... 

; i ~ i i i i ~ i ~ ; i ~ i ; i ; i ; ~ ~ ~ ; i ~ ~ ~ j ~ i ; ~ i i I i ~ i ; ; ; i ; ~ ; i ~ i ; i ; i ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ~ i i ~ j ~ i ; i ; ; ; i ~ i ~ i ; i ; ; ~ i ; ; ~ ~ i i l i i i ~ i ; r ; i ~ ~ ~ j j ~ ~ ~ ; i ~ i ~ ; ~ ; ~ ; ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Analysis I Container Requirements Collected 0th er 

~ C L  VOA 1 g o t  I/ - 

Date: I 0-')c 4 \ 
rime: 1v2.0 
Method: Hand Auger 
Wonitor Reading (pprn): 

roc d 

>RAIN SIZE DIST. 7 80% L/ 

$@me*;weg€;;D&T#;;;;;;;;;;;;;;;;;!;;;;;;;;;;;;;;;;;;;;;;i;;;;;;;;;;;;;;;;;;;.;;;;;;;;;;;;;;;;;;;;;;;:;;;:;;;i;;;;;;$;;$;;;;;;;;;;;;;;;;;;;;;;i;;;$:;;;.;;;;;;;;;;:;;;;;;;;;;;j;;;;;;;;;;;;;;;;;;;;;;;;;;;$ . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Y 

Cdor 

+Asey6L 
Depth 

MSlMSD Duplicate ID No.: 

/ - 

Description (Sand, Silt, Clay, Moisture, etc.) 

s m 4 - s w - 4 ~  
Dfry 



I R ~  Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 
1 Page- of - 

I 
Project Site Name: 
Project No.: 

Surface Soil 
Subsurface Soil 

0 Sediment 
Other: 

0 QA Sample Type: 

IHDlV BACKGROUND INVESTIGATION 
CT0320 JOBM530 

Sample ID No.: B ~ o S ' 5 o t  80\ 0) 
Sample Location: BGD \ e> 
Sampled Bv: tuc 

Type of Sample: 
Low Concentration 
High Concentr'ation 

I Analysis 1 Container Requirements I Collected 

TCL VOA I L, 
I 

TCL SVOA 

TAL METALS AND ~g t Q e p  C-- 

TCL PESTIPCBs 

TOC 

GRAIN SIZE DIST. r,rl 

MSlMSD Duplicate ID No.: - d 

22 



1 ~ 1  Tetra Tech NUS, Inc SOIL & SEDIMENT SAMPLE LOG SHEET . 

1 P a g e  of - 

Project Site Name: 
Project No.: 

Surface Soil $ Subsurface Soil 
0 Sediment 
0 Other: 

QA Sample Type: 

IHDIV BACKGROUND INVESTIGATION 
CT0320 JOB#0530 

Sample ID No.: BGD S S 0 /'q 0101 
Sample Location: BGD ( q 
Sampled By: w 
C.O.C. No.: - 
Type of Sample: 
0 Low Concentration 

High Concentration 

Time 1 Depth Color I Description (Sand, Silt, Clay, Moisture, etc.) 

Method: 

aonitor Readings 

Range in pprn): 

roc J 
@ =Y 2RAlN SIZE DIST. 

Analysis 

~ C L  VOA 

rcL  SVOA 

rAL METALS AND Hg 

TCL PESTlPCBs 

MSlMSD Duplicate ID No.: 
.c- - 

I 

Container Requirements 

" to*  
Collected 
u 

d 

Other 



1-1 Tetra Tech NUS. lnc. SOIL & SEDIMENT SAMPLE LOG SHEET 
U Page- of - 

I 1 
Project Site Name: IHDlV BACKGROUND INVESTIGATION Sample ID NO.: BGD Sb-10 4 
Project No.: ~ ~ 0 3 2 0  JOB#0530 Sample Location: -0 

Sampled By: 
fJ Surface Soil C.O.C. No.: 

Subsurface Soil 
A 

[1 Sediment Type of Sample: 
Other: % Low Concentration 

fl CIA Sample Type: High Concentration 

'~~~Bi$~~&~~$~:~:jfi'~'<;;;i:':':':::'i:i':'l:iiiiii;ii;;;ii;f;;;;~i;ii;i;;;~;i;i;;;;;~;;;~;~;~;;;~$;;;i;i;;;i;;;i;;;;;;;;;i;;~;;.;;;;~~;;;i;;;;;~;;;i;i;i;;;i;i;~;;;;;i;i;i;i~i;i;;;i;i;;;;ji;;;;;;;;;;;;;i;i;~ . . . . . ... . . . . . . .,. . . . . . . 1:::::::::: . . ::':::I:::.::::::::.:.:.. . . . . . . .,.,. 

 ate: 1 0 -3 - 0 ( Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

Time: 0920 LT DRN f -3  %WD 1 s t ~ ~  

0 - t  Method: Hand Auger 
Monitor Reading (pprn): bur w)L7L, 

;;;;;iti;;;;;ii;;;;;;;;;;;;i;;;;;;;;;;;i;;;;;;;i;i;;i;;i;;;i;;;;;;;;.;;:;;;~;;;;;;;;;;~;;;;;;;;~;;;;;i;;;;;;;;~~;;;;~;i;;;;;;$f;;if;;;;;f;ii;;;;i;;;.;~;;;;;;;;;;;;;;;;;;;; 

Time Depth I Color ( Description (Sand, Silt, Clay, Moisture, etc.) 
I I I 

TCL VOA 

TCL SVOA 

TAL METALS AND ~g ? 80- 
TCL PESTiPCBs ! ! 1 I - 

MSlMSD Duplicate ID No.: 
L 

TOC 

GRAIN SIZE DIST. 
2 
7 80-  



APPENDIX C.2 

SUBSURFACE SOIL SAMPLE LOG SHEETS 



SOIL B SEDIMENT SAMPLE LOG SHEET 

P a g e  of - 

I I 

PBSERVATIONS I NOTES:  MAP: 

Stvm QUECIC 
Project Site Name: u o t a r ~ ~ E & o  B~~CYLW Sample ID No.: 6D 5 1 3 ~ 1 0 \ 0 \  
Project No.: 7 5 8 \  Sample Location: ui, 

Sampled By: 
0 Surface Soil C.O.C. No.: 
Wubsurface Soil 

Sediment Type of Sample: 
Other: f i w  Concentration 
QA Sample Type: fl High Concentration 

iRAB SAMPLE DATA: 

:ircle if Applicable: 

/' 

Signature(s): 

Description (Sand. Silt, Clay, Moisture. etc) 

+-g ~ U + C I  LT we15 t- 

)ate: 7-19-97 
ime: 1 0 >- 
kthod: USA, 57~( T 5fkb.u ' 

lonitor Reading (ppm): .- 

:OMPOSITE SAMPLE DATA: 

)ate: T i m  Depth Color Description (Sand. Sift. Clay. Moisture. dc.) 

method: 

bnitor Readings 

Range in pprn): 

;AMPLE COLLECTION INFORMATION: 

MSlMSD 

Depth 

1 1  '3 ' 5 

Duplicate ID No.: - 

Color 

DK Y 6 L  
n w  



SOIL & SEDIMENT SAMPLE LOG SHEET 

P a g e  of - 
S ~ ~ ~ Q U L C K  

Project Site Name: Sample ID No.: %3Cm&\0\ 
Project No.: 

Sampled By: ~4 
Surface Soil C.O.C. No.: 

Hubsurface Soil 
[I Sediment Type of Sample: 

Other: IY(ow Concentration 
QA Sample Type: 0 High Concentration 

im SAMPLE DATA: 

late: 7 -2 9 -9 7 1 Depth 1 Color 1 Description (Sand. SIR. Clay. Moisture, etc.) 

late: Depth Color I Description (Sand, Silt. Clay, ~ o i d u r e ,  etc.) 

Aethod: 

donitor Readings 

Range in ppm): . 

:AMPLE COLLECTION INFORMATION: 

1 
3BSERVATIONS I NOTES: 

Circle i f  Applicable: 

MSlMSD Duplicate ID NO.: 

Other Analysis 

P L ~ + M E T A C %  & S n  
I r/ P c t 3  r 

TZ>F + T n t  

Container Requirements I Collected 

3 
Bo i& 

) 



SOIL 8 SEDIMENT SAMPLE LOG SHEET 

P a g e  of - 
C t U m  O U E C  1C 

Project Site Name: 
Project No.: 

Surface Soil 

- , - -  . - 

uvt a JH EW ( ~ A c Y . L ( z ~ ~ ,  Sample ID No.: D ~ D  3 B 0 3 ~  
37 2 8 \ sample ~ocation: iwwv 

Sampled By: 
C.O.C. No.: 

Hubsurface Soil 
0 Sediment Type of Sample: 

Other: f l w  Concentration 
QA Sample Type: High Concentration 

Monttor Reading (ppm): 0 I I I 
COMPOSITE SAMPLE DATA: 

-- 

GRAB SAMPLE DATA: 

I ~ a t e :  Depth 1 Color ( Description (Sand. Silt, Clay, Moisture. etc.) I 
Method: 

Monitor Readings 

(Range in ppm): 

SAMPLE c o u c n m  INFORMATION: 

Description (Sand. Silt, Clay, Moisture. etc.) 

I 
OBSERVATIONS I NOTES: 

Color 

& R h / .  

Date: 7-30-47 
Time: \ 34.3- 
 ath hod: tlw, WLT S P O D ~ /  

MSlMSD Duplicate ID No.: 

3 

Depth 

4'-  5 

MAP: 



SOIL & SEDIMENT SAMPLE LOG SHEET 
P a g e  of - 

S ~ M  Q U E C  IC 

Project Site Name: I *u A c  Sample ID No.: O l  
Project NO.: zyG ' sample  oati ion: M8,6,v:,"mTag 

Sampled By: 
0 Surface Soil C.O.C. No.: 
wubsurface Soil 

Sediment Type of Sample: 
Other: e w  Concentration 
QA Sample Type: n High Concentration 

;RAE SAMPLE DATA: 

late: 7 - I Y - ‘ 7 7  Depth Color Description (Sand. Sin, Clay, Moisture. etc.) 

ime: \ b \q y ~ ;  L b R U  TD 5 t LT IT 4 n 3  ~ * * c  QR; 
~ a h o d : & $ ~ , j p L t r ~ ~ d  4'-5' y~': ('ALL 
Aonrtor Reading (ppm): m '(F- -c OflhJ 
:OMPOSITE SAMPLE DATA: 

late: lime Depth Color Descnption (Sand, Silt, Clay. Moisture. etc.) 

Acthod: 

Aonlor Readings 

Range n ppm): 

SAMPLE COLLECTION INFORMATION: 

h l y d ~  Container Requirements Collected other 

L Y M E T A C S  & G n  7 J 

1 - TI K O  s a. z- N - 
1 / TL>d +mt 

L 5 D  7 u: 80% /' 

3BSERVATIONS I NOTES: 
I I 

IAP: 

MSlMSD Duplicate ID No.: 



SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

I sumce Soil 
wubsurface Soil 
0 Sediment Type of Sample: 

Other: 6 w  Concentration 
n QA Sample Type: High Concentration 

GRAB SAMPLE DATA: 

Date: 7 -2 9 - 7 I Depth 1 Color I Description (Sand. Silt, Clay. Moisture, etc.) 

I ~ a t e :  Time Depth Color ( Description (Sand, Silt. Clay, Moisture. etc.) 

Circle i f  Applicable: 

MSlMSD Duplicate ID No.: 

Method 

Monaor Read~ngs 

(Range n ppm): 

SAMPLE COLLECTION INFORMATION: 

MAP: 

Other Collected Analysis 

' r - R m ~ n c s  v S n  
rc I T-/ PCSS 

7 b 6  -+mc - 
L S D  

Container Requ~rements 

3 
Eo g 

7 .rc Scj& 



SOIL & SEDIMENT SAMPLE LOG SHEET 
P a g e  of - 

W b s u r f a c e  Soil 
Sediment Type of Sample: 

0 Other: w o w  Concentration 
1 QA Sample Type: n High Concentration 

GRAB SAMPLE DATA: 

Date: 7 -31-4 7 Depth Color Description (Sand. Silt, Clay, Moisture. etc.) 
lime: 1730 Q A L G ~ Q ~ ~ ~ '  S M  C u q  + S I L T  
Method: kP, . "-'( 4- 

~ ~ C O R W F  W L Q&w.c - Monitor Reading (ppm): - - 
COMPOSITE SAMPLE DATA: 

Date: l i m e  1 Depth I Color Description (Sand. Silt. Clay. Moisture, etc.) 
I 

/ 

Method: 

Monitor Readings 

(Range in ppm): 

- 5 

SAMPLE COLLECT ION INFORMATION: 

Analysis  I Container Requirements I Col lehed Other 
I 1 

MSlMSD Duplicate ID No.: 

660 OuPm Z 



SOIL L SEDIMENT SAMPLE LOG SHEET 
Pagel_ of 

r 

'Circle if Applicable: 
1 

MSlMSD Duplicate ID No.: 

Project Site Name: B&r/-rJD Sample ID No.: -?&(a( 
Project No.: Sample Location: 

Sampled By: 
urface Soil C.O.C. No.: 

Subsurface Soil V n Sediment Type of Sample: 
[j Other: Low Concentration 
0 QA Sample Type: [I High Concentration 

GRAB SAMPLE DATA: 
Description (Sand. Silt, Clay. Moisture, etc.) 

Sl+-ch ey 5 . k  , ,,&,;zit 
naHlcd CL, 7 arY spts 

Date: 3- i3 - q y  
Time: 13 1 -5 
Method: D-i .* FI I / 
Monitor Reading (ppm): +) - 
COMPOSITE SAMPLE DATA: 

Date: Time Depth Color 

Method: 

Monitor Readings 

(Range in ppm): 

SAMPLE COLLECTION INFORMATION. 

Analysis I Container Requirements 1 Collekt)r( 1 Other 

0s. r/ I 
1 

Depth 

'-(-5' 

color 

O r 3 e  h a  

,-&A; b b f i  



BOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

[I Surface Soil C.O.C. No.: 
6ubsu r f ace  Soil 
[I Sediment Type of Sample: 
[I Other: w o w  Concentration 
[I QA Sample Type: [I High Concentration 

RAB SAMPLE DATA: 

ate: 8-(-97 Depth Color Description (Sand. Silt. Clay, Moisture. etc.) 

me: 1 2 5 3  
ctl y,zL6gu F = l ) s h U ~ - - r = G ~ .  

cthod: & , 5 . 5 : e o c ~ ; c ~  
onitor Reading (ppm): - DRY 
OMPOSITE SAMPLE DATA: 

ale: l i m e  1 Depth color Description (Sand. Silt. Clay. Moisture. etc.) 

./ .- 

ethod: 

onitor Readings 

lange in ppm): 

I 

I 
AMPLE COLLECTION INFORMATION: 

Analysis I Container Requirements I Collehed I Other 

f 
lBSERVATlONS I NOTES: 

Circle if Applicable: Signature(s): 

MSlMSD Duplicate ID No.: 



SOIL & SEDIMENT SAMPLE LOG SHEET 
P a g e  of - 

~ L c c i e ~ ~  \ 

Project Site Name: ~ P I % E C \ ~ ~ W  f (~m Sample ID No.: 
Sample L ~ c a t i o n : ~ i ~ ~ ~ q  Project No.: 1581 
Sampled By: $4. L U I ~ U ~ ~ ( + ~ O Y  

fl  Surface Soil C.O.C. No.: 
Wubsurface Soil 
C] Sediment Type of Sample: 
C] Other: v o w  Concentration 
0 QA Sample Type: 0 High Concentration 

Monitor Reading (ppm): - I I I 
COMPOSITE SAMPLE DATA: 

Date: Time Depth Color Description (Sand, Silt. Clay. Moidure. etc.) 
I 

Method: 

Monitor Readings 

(Range in ppm): 

-. 
SAMPLE COLLECTION INFORMATION: 

Analysis I Container Requirements I Colle'cted 1 Other 

7ALy~f37L ~5 I 
Tr i  R s t  /PCB 5 1 

I 

OBSERVATIONS I NOTES: 

h c l e  if Aaolicable: r r --- - -  

MSlMSD Duplicate ID No.: 



SOIL 8 SEDIMENT SAMPLE LOG SHEET 

P a g e  of - 

Project Site Name: S~LIMQIVEC~ @a c t ( , ~oc8rg  sample ID No.: ~~DsOOIOZ\  6 I 
Project No.: 75- \ Sample Location: mpc , 'ST, 4~ 

Sampled By: =LC) 

C.O.C. No.: 
# E % Z L o i l  
[I Sediment Type of Sample: 

Other: W w  Concentration 
[I QA Sample Type: High Concentration 

;RAE SAMPLE DATA: 

ate: £3- (7-97 I Depth I Color ( Description (Sand. Silt. Clay. Moisture. etc.) 

ime: \ \ 1 
m o d :  i4A. $5. TR~ru/l; L A 9'3 ' 
lonitor Reading (ppm): - I I - I 
.OMPOSKE SAMPLE DATA: 

late: Time Depth Color ( Description (Sand. Silt. Clay, Moisture. e k )  

lethod: 

lonitor Readings 

iange in ppm): 

,AMPLE COLLECTION INFORMATION: 

Analysis 1 Container Requirements Collected a h e r  

L Q E ' - S ~ / P C  D 3 I $ g o t  

I 

)BSERVATlONS I NOTES: 

3rcle if Applicable: 

MSIMSD Duplicate ID No.: 



SOIL & SEDIMENT SAMPLE LOG SHEET 
P a g e  of  - 

, 

Project Site Name: 
Project No.: 

fl Surface Soil 

Sample  I D  No.: Rh)b c;&cp7 o3cl 
Sample  Location: 2*& .- 
Sampled By: 
C.O.C. No.: 

*ubsurface Soil 
0 Sediment Type of Sample: 
0 Other: ~ O W  Concentration 

QA Sample Type: 0 High Concentration 

I I I I 
AMPLE COLlECTlON INFORMATION: 

Analysis 1 Container Requirements Collected I Other 
p..nl:1 I Y  LICC I -  4 ~ 2  L/ I 
~ k ~ d  I A S&X.  cncbl~. , La/lcc/;-*c I - Ry '2 !A 

I 

1 1 I 

IBSERVATIONS I NOTES: (MAP: 

I 

:ircle if Applicable: 
MSlMSD ( Duplicate ID No.: I 



SOIL & SEDIMENT SAMPLE LOG SHEET 

P a g e  of - 

Project Site Name: -)NPUEL& RT/vz sample ID No.: R f )  5 -'JblO\ 
Project No.: 7s \ Sample Location: Qp) ( H W ~ ,  

Sampled By: 
0 Surface Soil C.O.C. No.: 
g Subsurface Soil 
a Sediment Type of Sample: 
0 Other. % Low Concentration 
0 QA Sample Type: 0 High Concentration 

;RAE SAMPLE DATA: 

late: 7-12-97 I a ~ t h  I Color 1 Dcrcription (Sand, Silt, Clay, Moisture, etc) 

:ircle ii.Appliable: Signature(s): 

MSIMSD Duplicate ID No.: 
- 



.. 
SINGLE SAMPLE LOG SHEET 

Pago - of - 

- 

- 

Project Site Name: r i 3 A d .  / h ~  * Sample ID No.: 

Project No.: A 0  Sample Location: 

I Surface Soil 
Subsurface Soil 

O Sediment 
0 Other 
0 QA Sample Type: 

Sampled By: 

C.O.C. No.: 

0 Hiah Concentration 1 Color 1 Descriwion: f s d .  CIw, Ow, Moirt wet. .to.) 

0 Composite 
0 Grab-Composite 

MSIMSD Duplicate ID No: & y v t  



Project No.: Sample Location: 

Surface Soil , 

g Subsurface Soil 
0 Sediment 
0 Other 
0 QA Sample Type: 

Sampled Bv: 

C.O.C. No.: 

Sample 1 Time I ColorIDescription 
p~ 

IH Grab 
Composite 

0 Grab-Composite 
0 High Concentration 1 Color I Descriotion: (Sand. Clay, ow, Moirt. Wmt ate.) 



SOIL & SEDIMENT SAMPLE LOG SHEET 
u Page- of - 

t 
Project Site Name: IHDIV BACKGROUND INVESTIGATION Sample ID No.: BGDS_OO\ 1 O\Q \ 
Project No.: ~ ~ 0 3 2 0  ~ 0 ~ ~ 5 3 0  Sample Location: BGD ( 

Sampled By: ecfZ_ 
0 Surface Soil C.O.C. No.: 

Subsurface Soil 
L 

Sediment Type of Sample: 
0 Other: )$Low Concentration 
0 QA Sample Type: High Concentration 

Depth I Color 1 Description (Sand, Silt, Clay, Moisture, etc.) 
I 

Method: 

Monitor Readings 

(Range in pprn): 

TCL VOA Vfi? 
TCL SVOA 

TAL METALS AND Hg 

MSIMSD Duplicate ID NO.: - - 
15 

TOC 

GRAIN SIZE DIST. 

J 

3 80 7 



1-1 Tetra Tech NUS, inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

I] Surface Soil 

IHDlV BACKGROUND INVESTIGATION 

CT0320 JOB#0530 

Sample ID No.: B G R S B C N X O i o  
Sample Location: BGD o C 3, 

Sampled By: % 
C.O.C. No.: W 5 I I  

'$Subsurface Soil 
I] Sediment Type of Sample: 

Other: & Low Concentration 
fl  QA Sample Type: I] High Concentration 

!Date: ~ i m e  I Depth I Color ( Description (Sand, Silt, Clay, Moisture, etc.) 
1 I 

Method: 

I 

Monitor Readings 

(Range in ppm): 

TOC 

GRAIN SIZE DIST. 

Container Requirements 

40 1 

I Duplicate ID No.: 

Collected y 



Project Site Name: IHDIV BACKGROUND INVESTIGATION Sample ID No.: B G D S B ~ ( - Q ) ~ ~ (  
Project No.: ~ ~ 0 3 2 0  JOBKIS~O Sample Location: BGD \3 

Sampled By: (%A 
Surface Soil C.O.C. No.: Y /S-ll 

';IF Subsurface Soil 
Sediment Type of Sample: 
Other: ;EL Low Concentration 
QA Sample Type: [1 High Concentration 

Time 1 Depth 1 Color I Description (Sand, Silt, Clay, Moisture, etc.) 

Date: 9- \ \-o\ 
Time: 1030 

Method: 

Monitor Readings 

(Range in pprn): 

.......................................................................... % . pw.. ' . . . .  
: ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ f : Q ~ ~ ~ ~ ~ ~ ~ ~ ; ~ ; ~ ; ~ ~ ~ ~ ; ~ ~ ; ~ ~ ~ ; ~ ; ~ ; ~ ~ ; ; ; ; j ~ ~ ~ ~ ; ; ~ ~ ~ ~ ~ ~ ; ~ ; ~ ; ~ ; ~ ; ~ ; ; ~ ~ ~ ~ ~ ~ ~ ; ~ ~ ~ ; ~ ~ ~ ~ ~ : ; ~ ~ ~ ~ ~ ; ~ ~ j j ~ ; ; ~ ; ~ ~ ~ ~ ~ ~ ~ ~ ~ j ~ ; ; ~ ~ ~ ~ ~ ~ ~ ~ ~ ; j ; ~ ~ ; ~ ~ ; ~ ~ ~ ~ j ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ; ~ ~ ~ j ~ ~ ~ ~ j ~ ~ ~ ; ~ ~ ~ ~ j ~ ~ ~ ~ ~ ; ~ ; ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  :.::::::::: :::::: ............................................................................. :.:.:.:.: .:.:.: ................ : .... _. . .% ............... \. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - . . . . . . . . . . . . . .  

L 

Analysis I Container Requirements Collected Other 

TCL VOA I Y d s  W- 
a- 

Depth 

TCL SVOA 

TAL METALS AND ~g 

TCL PEST/PCBs 

Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Page- of - 

- 
- 
- 
- 

w :.:.: 
..... .:.:. ... 

- 

... . . :.:.: . . 

- 
- 
- 
- 
- 
- 
- 
- 
1 . . . . . . .:.: .... . . . . - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- - 
::.: ,.:- ,:.: - 

- 

d 

Color 

l-3- Y G L - Q ~  

1 
k 80* 
I 

TOC 

GRAIN SIZE DIST. 

MSmnSD Duplicate ID No.: 
7C - 

Description (Sand, Silt, Clay, Moisture, etc.) 

/ - 8 0 ~  



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 
U Page- of - 

I 
Project Site Name: IHDlV BACKGROUND INVESTIGATION Sample ID NO.: B G D S ~ /  

Project No.: CT0320 JOB#O530 Sample Location: BGD S 
Sampled By: 

[I Surface Soil C.O.C. No.: Y/SII * 
& Subsurface Soil 

Sediment Type of Sample: 
Other: Low Concentration 

[I QA Sample Type: 0 High Concentration 

TCL SVOA 
TAL METALS AND Hg <t 80- I / -  

TCL PESTIPCBs 1 
TOG 
GRAIN SIZE DIST. ) eoa w 

MSlMSD Duplicate ID No.: ' 

4 - 
18 



I Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 
u Page- of - 

MSlMSD Duplicate ID No.: - . -  



1-1 Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 
u Page- of - 

t 

Project Site Name: IHDIV BACKGROUND INVESTIGATION Sample ID No.: B G D S ~  60 ( 0 
Project No.: ~ ~ 0 3 2 0  JOB#OWI Sample Location: BGD (6 

Sampled By: @& 
Surface Soil C.O.C. No.: W t 

Ii Subsurface Soil 
Sediment Type of Sample: 

fl Other: Low Concentration 
[I QA Sample Type: High Concentration 

I Date: Time I wth I Color I Dexription (Sand, Silt., Clay, Moisture, etc.) 
I I 

TCL VOA ' t a ~  
TCL SVOA 7 
TAL METALS AND Hg 

TOC 

GRAIN SIZE DIST. got 

I MSlMSD I Duplicate ID No.: 



1-1 Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 
u Page- of - 

I 
Project Site Name: 
Project No.: 

[I Surface Soil 
Y? Subsurface Soil 

IHDlV BACKGROUND INVESTIGATION 
CT0320 JOB#0530 

Sample ID No.: B G D ~ ~ ~ ( ~ o ( Q  ( 

Sample Location: BGD ( 
Sampled By: 
C.O.C. NO.: =%= 

C 

Sediment Ty e of Sample: 
[I Other: $Low Concentration 

QA Sample Type: 0 High Concentration 

Ciraleif Applicable: Signature(s): 

Container Requirements I Collected - Other 
TCL VOA VOZ 

MSmnSD Duplicate ID No.: 
/ - 

TCL SVOA 

TAL METALS AND Hg 

TCL PESTlPCBs 

TOC 

GRAIN SIZE DIST. 

t ROE 

SOE 

/ 

l/ 



lRl Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 
U P a g e  of - 

I 
Project Site Name: lHDlV BACKGROUND INVESTIGATION Sample ID NO.: BGD 180 ( 0 ( 
Project No.: CTO~ZO J O B # O ~ ~ O  Sample Location: BGD ( B 

Sampled By: Fa& 
Surface Soil C.O.C. No.: / 

8 Subsurface Soil 
Sediment Type of Sample: 
Other: 6 Low Concentration 
QA Sample Type: High Concentration 

~fi*~~gM~~gb~;i*i;;;ji;;~;;;j~;i~i;;;;;~~;~;i;i~~i~;i;~iii;;jjj;;i;i;~;;~;;i~.i;;iii;;;;;;i;;;;i~~;i;~;;~;;;;~;;;;~;;i;~;;;;;~;~;;ii;~;;;;;;;;~i;;;;;;;;;;;j;;;~;~;~;~;~;;;~;;;;;;~;~:;~;;;;;;;i;i;;;~;;;i;;~;;.i;:~;~~;~;~;i;i;; 
Date: 10 -2-o\ I Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

Time: 1730 

I 
OBSERVATIONS J NOTES 

TCL VOA Y 

Ciroleif ApplicaMe: 

TCL SVOA 

TAL METALS AND Hg 

TCL PESTIPCBs 

TOC 

GRAIN SIZE DIST. 

MSmnSD I Duplicate ID No.: I -- - 

t $0~- 

7 80% 

/ 

J 



1-1 Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 
I. Page- of - 

I 
Project Site Name: IHDIV BACKGROUND INVESTIGATION Sample ID No.: B G D S ~  I q / 01 
Project No.: ~ ~ 0 3 2 0  JOB#0530 Sample Location: BGD \q 

Sampled By: j%uC 
0 Surface Soil C.O.C. No.: 61 
3 Subsurface Soil 

Sediment Type of Sample: 
Other: Low Concentration 

0 QA Sample Type: 0 High Concentration 

I Date: 

Monitor Readings 

(Range in pprn): r t 
Time Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

I Analvsis I Container Reauirements 1 Collected I Other - I 

TCL VOA I +o= I 
TCL SVOA 

TAL METALS AND Hg 60% V 

TOC 

GRAIN SIZE DIST. / 

M W S D  Duplicate 10 No.: - - 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 
U Page- of - 

I 
Project Site Name: IHDlV BACKGROUND IMlESTlGATlON Sample ID NO.: B G D S R O ~ O O ( O  \ 
Project No.: CTO~ZO JOBWS~O Sample Location: BGD 20 

Sampled By: 
0 Surface Soil C.O.C. No.: I 

Subsurface Soil 
Sediment Type of Sample: 
Other: LOW Concentration 

I] QA Sample Type: 0 High Concentration 

'~~x~;$~#fieg~~ji:p-ii;i;;;;;;;;;;;;;;;;;;;;;i;;;;;i;;;;i;i;;;;;;;;;;i;;;i;;;i;;;;;;;;;;;;;;;i;i;;;;;;;;~~;;;;;;;;;;;;;;;;;;;i;;;;;;;.g;;i;i;;;;;;;;;;;;;;;;;;;;;;;;i;;;;;;i;;j;;;;;;;;;;;;$.;;;g$;;;i;;;;;$$;;$;;;i;$ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . , . . . . . . . . . . . . . . . . . . .  ...... 
Date: 10 - 3 - 01 Depth Color Description (Sand, Silt, Clay. Moisture, etc.) 

'7 Time: q 9 

I  ate: Depth 1 Color I Description (Sand, Silt, Clay, Moisture, etc.) 

TOC 

GRAIN SIZE DIST. > 80% 

MSmnSD Duplicate ID No.: 

1 
- 



APPENDIX D 

DATABASE: 
CHEMICAL ANALYSES AND GRAIN SIZE DISTRIBUTION 



APPENDIX D.l 

DATABASE - CHEMICAL ANALYSES 



. - 
TABLE D-1 

SUMMARY OF SUBSURFACE SOlL ANALYTICAL RESULTS 
BACKGROUND SOlL INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

BGD Subsurlace Page 1 of 31 2/12/02 2105 PM 



TABLE D-1 
SUMMARY OF SUBSURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

BGD Subsuriace 

Locatlon 
Sample 
Depth of Range (tt) 
Sample Date 
Matrix 
Unlts 

Page 2 of 31 

VINYL CHLORIDE I 

25MW03 
S26-MW03-002 

(6-9) 
9/24/95 

Subsurfaw' 
UGIKG 

BGDll 
BGDSBOl 10101 

(2.5-3) 
1 013101 

Subsurface 
UGKG 

BGD12 
BGDSB0120101 

(3-5) 
911 1101 

Subsurface 
UGKG 

BGD13 
BGDSB0130101 

(3-5) 
911 1/01 

Subsurface 
UGKG 

BGD14 
BGDSB0140101 

(3-5) 
911 0101 

Subsurface 
UGKG 

BGDl5 
BGDSB0150101 

(3-5) 
9110101 

Subsurface 
UGMG 

BGD16 
1 

BGDSB0160101 
(3-5) 

1012/01 
Subsurface 

UGKG 



-. 
TABLE D-1 

SUMMARY OF SUBSURFACE SOlL ANALYTICAL RESULTS 
BACKGROUND SOIL INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

BGD Subsuriace Page 3 0131 2/12/02 2:05 PM 



TABLE D-1 
SUMMARY OF SUBSURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD. MARYLAND 

BOD Sub- '-?a 

IS1 1 SO39 
IS1 lSB230203 

(2-3) 
8/4/00 

Subsurface 
UGMG 

P 

BGD19 
BGDSB0190101 

(3-5) 
1 012/0 1 

Subsurface 
UGIKG 

BGD18 
BGDSB0180101 

(3-4) 
1012/01 

Subsurface 
UGMG 

BGD20 
BGDSB0200101 

(3-5) 
1013/01 

Subsurface 
UGKG 

Location 
Sample 
Depth of Range (tt) 
Sample Date 
Matrlx 
Unlts 

BGD16 
BGDSB0160101-D 

(3-5) DUP 
1 OIZO 1 

Subsurface 
UGKG 

BGD16 
BGDSBO160101-AVG 

(3-5) 
1 O I Z O  1 

Subsurface 
UGIKG 

BGD17 
BGDSB0170101 

(3-4) 
1 01210 1 

Subsurface 
UGKG 



L#/ 

TABLE D-1 
SUMMARY OF SUBSURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

BGD Subsurlace Page 5 of 31 2/12/02 2:05 PM 



TABLE D-1 
SUMMARY OF SUBSURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

BQD Sub? "-a Pan- 4 of 31 

RN6SB17 
RNGSBO170301-D 

(4-6) 
7/23/97 

Subsurface 
U W G  

RN6SB17 
RNGSBO170301-AVG 

(4-6) 
7/23/97 

Subsurface 
UGKG 

RPLSB03 
RPLSB0030101 

(4-6) 
711 2/97 

Subsurface 
U W G  

RN6SB17 
RN6SB0170301 

(4-6) 
7/23/97 

Subsurface 
UGKG 

IS1 1 SO42 
IS1 1 SB260203 

(2-3) 
7/27/00 

Subsurface 
U W G  

IS1 lS041 
IS1 1 SB250203 

(2-3) 
8/4/00 

Subsurface 
UGKG 

Location 
Sample 
Depth of Range (ft) 
Sample Date 
Matrix 
Units 

IS1 lS040 
IS1 lSB240203 

(2-3) 
814'00 

Subsurface 
UGKG 



BGD Subsurface Page 7 of 31 2/12/02 2:05 PM 

TAB'iE D-1 
SUMMARY OF SUBSURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

Locatlon 
Sample 
Depth of Range (ft) 
Sample Date 
Matrlx 
Unlts 

26MW03 
S26-MW03-002 

(6-9) 
9/24/95 

Subsurface 
UGKG 

BGD11 
BGDSB0110101 

(2.5-3) 
1 01310 1 

Subsurface 
UGKG 

BGDl2 
BGDSB0120101 

(3-5) 
911 1/01 

Subsurface 
UGKG 

BGD13 
BGDSB0130101 

(3-5) 
911 1/01 

Subsurface 
UGKG 

BGD14 
BGDSB0140101 

(3-5) 
911 0101 

Subsurface 
UGIKG 

BGDl5 
BGDSB0150101 

(3-5) 
9/10101 

Subsurface 
UGKG 

BGDl6 
BGDSB0160101 

(3-5) 
1012/01 

Subsurface 
UGKG 



BOD Subsurlace Page 8 of 31 211 2/02 2 0 5  PM 

TABLE D-1 
SUMMARY OF SUBSURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

BGD16 
BGDSB0160101 

(3-5) 
1 0/2/0 1 

Subsurface 
UGKG 

BGD14 
BGDSB0140101 

(3-5) 
911 010 1 

Subsurface 
UGKG 

BGD13 
BGDSB0130101 

(3-5) 
911 1/01 

Subsurface 
UGKG 

BGD15 
BGDSB0150101 

(3-5) 
911 0101 

Subsurface 
UGKG 

Location 
Sample 
Depth of Range (R) 
Sample Date 
Matrlx 
Unlts 

BGDl 1 
BGDSB0110101 

(2.5-3) 
1 013101 

Subsurface 
UGKG 

26MW03 
S26-MW03-002 

(6-9) 
9/24/95 

Subsurface 
UGKG 

BGDl2 
BGDSB0120101 

(3-5) 
911 1/01 

Subsurface 
UGKG 



TABLE D-1 
SUMMARY OF SUBSURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

Locatlon 26MW03 BGDl 1 
Sample S26-MW03-002 BGDSB0110101 
Depth of Range (n) (6-9) (2.5-3) 
Sample Date 9/24/95 1 01310 1 
Matrlx Subsurface Subsurface 
Unlts UGKG UGKG 

BGD12 
BGDSB0120101 

(3-5) 
911 1101 

Subsurface 
UGlKG I BGD13 

BGDSB0130101 
(3-5) 

911 1101 
Subsurface 

BGD14 BGD15 BGD16 
BGDSB0140101 BGDSB0150101 BGDSB0160101 

(3-5) (3-5) (3-5) 
911 0101 911 0101 1 012/0 1 

Subsurface Subsurface Subsurface 

-I 

TRANS-ISOSAFROLE 

BGD Subsurface Page 9 of 31 



TABLE D-1 
SUMMARY OF SUBSURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

A 

0 

BOD Subsurface Page 1001 31 2/12/02 2:05 PM 



TABLE D-i 
SUMMARY OF SUBSURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

d 

d 

BGD Subsurlace Page 11 01 31 2/12/02 2.05 PM 



TABLE D-1 
SUMMARY OF SUBSURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

BGD Subsudace Page 12 of 31 

BGDl9 
BGDSB0190101 

(3-5) 
10/2/01 

Subsurface 
UGKG 

BGD18 
BGDSB0180101 

(3-4) 
10/2/01 

Subsurface 
UGKG 

Locatlon 
Sample 
Depth of Range (It) 
Sample Date 
Matrlx 
Unlts 

BGD2O 
BGDSB0200101 

(3-5) 
1 0/3/01 

Subsurface 
UGKG 

BGD16 
BGDSB0160101-D 

(3-5) DUP 
10/2/01 

Subsurface 
UGKG 

BGDl6 
BGDSBO160101-AVG 

(3-5) 
1 OEIO 1 

Subsurface 
UGKG 

IS1 lS039 
IS1 1 SB230203 

(2-3) 
8/4/00 

Subsurface 
UGMG 

BGD17 
BGDSB0170101 

(3-4) 
10/2/01 

Subsurface 
UGKG 



TABLIE D-I 
SUMMARY OF SUBSURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

A 

0 

BGD Subsudace Page 13 0131 2/12/02 2.05 PM 



TABLE D-1 
SUMMARY OF SUBSURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN H E A ~ ,  MARYLAND 

2 

P 

BGD Subsurface Page 14 0131 



TABLE D-1 
SUMMARY OF SUBSURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

BGD Subsurface Page 15 01 31 

I TRANS-ISOSAFROLE I I 1 I I 1 I 3501UJ I 3701UJ 

RN6SB17 
RN6SB0170301-AVG 

(4-6) 
7/23/97 

Subsurface 
UWUG 

RN6SB17 
RN6SB0170301 

(4-6) 
7/23/97 

Subsurface 
UGIKG 

IS1 1 SO42 
IS1 1 SB260203 

(2-3) 
7/27/00 

Subsurface 
UGlKG 

RN6SB17 
RN6SB0170301-D 

(4-6) 
7/23/97 

Subsurface 
UGKG 

IS1 lS041 
IS1 lSB250203 

(2-3) 
8/4/00 

Subsurface 
UGKG 

Location 
Sample 
Depth of Range (ft) 
Sample Date 
Matrix 
Units 

RPLSB03 
RPLSB0030101 

(4-6) 
711 2/97 

Subsurface 
UGKG 

IS1 i s 0 4 0  
IS1 1 SB240203 

(2-3) 
8/4/00 

Subsurface 
UGIKG 



BGD Subsurface 

TABLE D-1 
SUMMARY OF SUBSURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

Page 16 of 31 

Location 
Sample 
Depth of Range (It) 
Sample Date 
Matrix 
Units 
PesticidedPCBs 

2 

CT> 

26MW03 
S26-MW03-002 

(6-9) 
9/24/95 

Subsurface 
UGKG 

BGDl 1 
BGDSBOllOlOl 

(2.5-3) 
1013101 

Subsurface 
UGKG 

BGDl2 
BGDSB0120101 

(3-5) 
911 1/01 

Subsurface 
UGKG 

BGD13 
BGDSB0130101 

(3-5) 
911 1/01 

Subsurface 
UGKG 

BGDl6 
BGDSB0160101 

1 0/2/0 1 
(3-5) 

Subsurface 
UGlKG 

BGD14 
BGDSB0140101 

(3-5) 
9110101 

Subsurface 
UGIKG 

BGDl5 
BGDSB0150101 

(3-5) 
911 0101 

Subsurface 
UGKG 



BGD Subsudace 

T A ~ - E '  0-1 
SUMMARY OF SUBSURFACE SOlL ANALYTICAL RESULTS . 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

Page 17 of 31 

BGDSBOl 
BGDSBOOlOlOl 

(3-5) 
711 5197 

Subsurface 

BGD20 
BGDSB0200101 

(3-5) 
1 01310 1 

Subsurface 

BGD19 
BGDSB0190101 

(3-5) 
1 012/0 1 

Subsurface 

BGD18 
BGDSB0180101 

(3-4) 
1 012/0 1 

Subsurface 
UGKG UGIKG 

BGD17 
BGDSB0170101 

(3-4) 
10/2/01 

Subsurface 

2 

-I 

UGKG UGKG UGKG 

BGD16 
BGDSB0160101-D 

(3-5) DUP 
1012101 

Subsurface 

Units 

- 
Location 
Sample 
Depth of Range (ft) 
Sample Date 
Matrlx 

UGIKG UGIKG 

BGD16 
BGDSB0160101-AVG 

(3-5) 
1 0/2/0 1 

Subsurface 



TABLE D-1 
SUMMARY OF SUBSURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

BGD SubslfA--s 



TABLE D-i 
SUMMARY OF SUBSURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

BGD Subsurlace 

Locatlon 
Sample 
Depth of Range (R) 
Sample Date 
Matrix 
,Units 

Page 19 of 31 

BGDSB07 
BGDSB0070101 

(4-5) 
811 3/97 

Subsurface 
UGlKG 

BGDSB08 
BGDSB0080101 

(4-4.5) 
8/1/97 

Subsurface 
UGIKG 

BGDSB09 
BGDSB0090101 

(4-5) 
811 197 

Subsurface 
UGKG 

BGDSBlO 
BGDSB0100101 

(4-5) 
811 7/97 

Subsurface 
UGKG 



TABLE D-1 
SUMMARY OF SUBSURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

Miscellaneous 

BGD13 
BGDSB0130101 

(3-5) 
9/11/01 

Subsurface 
MGlKG 

BGD12 
BGDSB0120101 

(3-5) 
9/11/01 

Subsurface 
MGlKG 

BGDl 1 
BGDSBOllOlOl 

(2.5-3) 
1013/01 

Subsurface 
MGlKG 

~oca t lon  
Sample 
Depth of Range (ft) 
Sample Date 
Matrix 
Unlts 

BGDl4 
BGDSB0140101 

(3-5) 
9/10/01 

Subsurface 
MGlKG 

BGD15 
BGDSBOlSOlOl 

(3-5) 
9/10/01 

Subsurface 
MWKG 

25MW03 
S25-MW03-002 

(3-5) 
9/25/95 

Subsurface 
MGlKG 

26MW03 
S26-MW03-002 

(6-9) 
9/24/95 

Subsurface 
MGlKG 



TAXE D-1 
SUMMARY OF SUBSURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

Miscellaneous 
AMMONIA 
DIESEL RANGE ORGANICS 
GASOLINE RANGE ORGANICS 
NlTRlTONlTRATE 
NITROCELLULOSE 

Locatlon 
Sample 
Depth of Range (ft) 
Sample Date 
Matrix 
Unlts 

BGD16 
BGDSB0160101 

(3-5) 
1 OIZO 1 

Subsurface 
MGlKG 

TIN 
TOTAL ORGANIC CARBON 
TOTAL ORGANIC HALIDES 
TnTAl PFTRnl Fl lM HYrlROCARRnNS 

Page 21 of 31 

BGD17 
BGDSB0170101 

(3-4) 
1 012/0 1 

Subsurface 
MGlKG 

BGD16 
BGDSB0160101-AVG 

(3-5) 
1 012/0 1 

Subsurface 
M GIKG 

8,200 

BGD16 
BGDSB0160101-D 

(3-5) DUP 
1012/01 

Subsurface 
MGlKG 

BGDl8 
BGDSB0180101 

(3-4) 
1012/01 

Subsurface 
MGIKG 

8.100 

BGD19 
BGDSB0190101 

(3-5) 
1012/01 

Subsurface 
MGlKG 

8,000 

BGDPO 
BGDSB0200101 

(3-5) 
1 01310 1 

Subsurface 
MGIKG 



TABLE D-1 
SUMMARY OF SUBSURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

Miscellaneous 

BGDSB05 
BGDSB0050101 

(4-5) 
7/25/97 

Subsurface 
MGIKG . 

Locatlon 
Sample 
Depth of Range (ft) 
Sample Date 
Matrlx 
Units 

BGDSB03 
BGDSB0030101 

(4-5) 
7130197 

Subsurface 
MGIKG 

BGDSBOG 
BGDSB0060101 

(4-5) 
7/31/97 

Subsurface 
MGlKG 

BGDSB04 
BGDSB0040101 

(4-5) 
7/29/97 

Subsurface 
MGlKG 

BGDSBOl 
BGDSBOOlOlOl 

(3-5) 
711 5/97 

Subsurface 
MGlKG 

BGDSB06 
BGDSB0060101 -AVG 

(4-5) 
7/31/97 

Subsurface 
MGIKG 

BGDSB02 
BGDSB0020101 

(3-5) 
7/24/97 

Subsurface 
MGlKG 



BGD Subsudace 

TABLE D-1 
SUMMARY OF SUBSURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

Page 23 of 31 

IS1 lS040 
IS1 lSB240203 

(2-3) 
8/4/00 

Subsurface 

IS1 lS039 
IS1 lSB230203 

(2-3) 
8/4/00 

Subsurface 

BGDSB10 
BGDSBOlOOlOl 

(4-5) 
811 7/97 

Subsurface 

BGDSB09 
BGDSB0090101 

(4-5) 
8/1/97 

Subsurface 
MGIKG MGIKG 

BGDSBO8 
BGDSB0080101 

(4-4.5) 
8/1/97 

Subsurface 
MGlKG MGIKG MGlKG 

BGDSB07 
BGDSB0070101 

(4-5) 
811 3/97 

Subsurface 

Units 

Location 
Sample 
Depth of Range (ft) 
Sample Date 
Matrix 

MGlKG MGlKG 

BGDSB06 
BGDSB0060101 -D 

(4-5) 
7/31 197 

Subsurface 



TABLE D-1 
SUMMARY OF SUBSURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

TOTAL ORGANIC CARBON 
TOTAL ORGANIC HALIDES 
TOTAL PETROLEUM HYDROCARBONS 

IS1 1 SO42 
IS1 1 SB260203 

(2-3) 
7/27/00 

Subsurface 
MGlKG 

Location 
Sample 
Depth of Range (ft) 
Sample Date 
Matrlx 
Units 

IS1 lS041 
IS1 IS8250203 

(2-3) 
8/4/00 

Subsurface 
MGIKG 
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BGD Su' ?e 

TABLE D-1 
SUMMARY OF SUBSURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

BGD20 
BGDSB0200101 

(3-5) 
1013101 

Subsurface 
MGIKG 

IU 
0 

BGD19 
BGDSB0190101 

(3-5) 
1OIZO1 

Subsurface 
MGIKG 

BGD16 
BGDSBOl8OlOl 

(3-4) 
1OIZO1 

Subsurface 
MGlKG 

BGD17 
BGDSB0170101 

(3-4) 
1 O I Z O  1 

Subsurface 
MGlKG 

Locatlon 
Sample 
Depth of Range (ft) 
Sample Date 
Matrix 
Unlts 

BGD16 
BGDSB0160101-AVG 

(3-5) 
1OlZO1 

Subsurface 
MGlKG 

BGDl6 
BGDSB0160101 

(3-5) 
1OlZO1 

Subsurface 
MGIKG 

BGD16 
BGDSB0160101-D 

(3-5) DUP 
1 O I Z O  1 

Subsurface 
MGlKG 
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TABLE D-1 
SUMMARY OF SUBSURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 



BOD Subsurface 

- 
TABLE D-1 

SUMMARY OF SUBSURFACE SOlL ANALYTICAL RESULTS 
BACKGROUND SOlL INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

Page 29 of 31 

RPLSB03 
RPLSB0030101 

(4-6) 
7/12/97 

Subsurface 
MGlKG 

RN6SB17 
RN6SB0170301-D 

(4-6) 
7/23/97 

Subsurface 
MGlKG 

RN6SB17 
RN6SB0170301 -AVG 

(4-6) 
7/23/97 

Subsurface 
MGlKG 

RN6SB17 
RN6SB0170301 

(4-6) 
7/23/97 

Subsurface 
MGlKG 

IS1 lS042 
IS1 IS8260203 

(2-3) 
7/27/00 

Subsurface 
MGlKG 

Locatlon 
Sample 
Depth of Range (ft) 
Sample Date 
Matrlx 
Units 

IS1 lS041 
IS1 IS8250203 

(2-3) 
8/4/00 

Subsurface 
MGlKG 



TABLE D-1 
SUMMARY OF SUBSURFACE ANALYTICAL RESULTS 

BACKGROUND SOIL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

Locatlon 25MW03 IS1 lS039 IS1 IS040 IS1 lS041 IS1 i s042  
Sample S25-MW03-002 IS1 IS8230203 IS1 1 S8240203 IS1 lSB2.50203 IS1 IS8260203 
Depth of Range (fl) (3-5) (2-3) (2-3) (2-3) 
Sample Date 

(2-3) 
9/25/95 8/4/00 8/4/00 8/4/00 7/27/00 

Matrlx Subsurface Subsurface Subsurface Subsurface Subsurface 
Unlts UGIKG UGIKG UGKG UGKG UGKG 
F Y D  

RN6SB17 RN6SB17 
RN6SB0170301 RN6SB0170301 -AVG 

(4-6) (4-6) 
7/23/97 7/23/97 

Subsurface Subsurface 

BGD Subsudace Page 30 01 31 



TAbcc D-1 
SUMMARY OF SUBSURFACE ANALYTICAL RESULTS 

BACKGROUND SOIL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

Sample RN6SB0170301 -D 
Depth of Range (it) 
Sample Date 7/23/97 
Matrix Subsurface 

. .,..,. 
NITROBENZENE I 35.21U 
NITROGLYCERIN I 

I 

RDX I 50.9lU 
TETRYL 1631U 

Page 31 0131 
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TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

BGD14 
BGDSS0140101 

(0-1) 
911 0101 

Surface Soil 
UGJKG 

W 
IU 

BGD13 
BGDSS0130101 

(0-1) 
911 1/01 

Surface Soll 
UGKG 

BGD12 
BGDSS0120101-D 

(0-1) DUP 
911 1/01 

Surface Soil 
UGIKG 

BGDl2 
BGDSS0120101-AVG 

(0-1) 
911 1/01 

Surface Soil 
UGJKG 

BGDl2 
BGDSS0120101 

(0-1) 
911 1/01 

Surface Soil 
UGlKG 

BGDl 1 
BGDSS0110101 

(0-1) 
1 01310 1 

Surface Soil 
UGKG 

Locatlon 
Sample 
Depth of Range (ft) 
Sample Date 
Matrlx 
Unlts 

26MW03 
S26-MW03-001 

(0-2) 
9/24/95 

Surface Soil 
UGlKG 



. ,. 
TABLE D-2 

SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 
BACKGROUND SOlL INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

BGD-Surface Soil d2 Page 2 0141 
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TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

Locatlon 
Sample 
Depth of Range (H) 
Sample Date 
Matrlx 
Unlts 

0 
P 

BGD15 
BGDSS0150101 

(0-1) 
911 0101 

Surface Soil 
UGKG 

BGD16 
BGDSS0160101 

(0-1) 
1 012/0 1 

Surface Soil 
UGIKG 

BGD17 
BGDSS0170101 

(0-1) 
1 0/2/0 1 

Surface Soil 
UGlKG 

BGD18 
BGDSS0180101 

(0-1) 
1012/01 

Surface Soil 
UGKG 

BGD19 
BGDSS0190101 

(0-1) 
1 O I Z O  1 

Surface Soil 
UGIKG 

BGD2O 
BGDSS0200101 

(0-1) 
1 01310 1 

Surface Soil 
UGKG 

IS1 i s039  
IS1 1 SS390001 

(0-1) 
8/4/00 

Surface Soil 
UGMG 



T A B ~ E  D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

I UGIKG I UGlKG I UGKG UGiKG I UGIKG I UGMG I UGlKG I 

Page 4 of 41 

Location 
Sample 
Depth of Range (fl) 
Sample Date 
Matrlx 

BGD15 
BGDSS0150101 

(0-1) 
911 0101 

Surface Soil 

BGD16 
BGDSS0160101 

(0-1) 
1 012'0 1 

Surface Soll 

BGD17 
BGDSS0170101 

(0-1) 
1012'01 

Surface Soil 

BGD18 
BGDSS0180101 

(0-1) 
1 012'0 1 

Surface Soil 

BGD19 
BGDSS0190101 

(0-1) 
1 012'0 1 

Surface Soil 

BGD2O 
BGDSS0200101 

(0-1) 
1 013101 

Surface Soil 

IS1 lS039 
IS1 1SS390001 

(0-1) 
8/4/00 

Surface Soil 



TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

0 
0 

BGD-Sudace Soil d2 Page 5 0141 211RlO2 11:12 AM 



BGD-Surface Soil d2 

TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 
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0 
4 

IS1 lS042 
IS1 lSS420001 

(0-1) 
7/27/00 

Surface Soil 
UGlKG 

IS1 lS041 
IS1 1SS410001-D 

(0-1) 
8/4/00 

Surface Soil 
UGlKG 

Locatlon 
Sample 
Depth of Range (ft) 
Sample Date 
Matrix 
Units 

IS13SOlO 
IS13SS100001 

(0-1) 
711 8/00 

Surface Soil 
UGIKG 

IS1 i s041  
IS1 lSS410001 

(0-1) 
8/4/00 

Surface Soil 
UGIKG 

IS1 lS040 
IS1 lSS400001 

(0-1) 
8/4/00 

Surface Soil 
UGlKG 

IS21S018 
IS21SS180001 

(0-1) 
8/1/00 

Surface Soil 
UGlKG 

IS1 lS041 
IS1 1SS410001-AVG 

(0-1) 
8/4/00 

Surface Soil 
UGlKG 



TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

Page 7 01 41 2/11""2 1 1 12 AM 

Location 
Sample 
Depth of Range (tt) 
Sample Date 
Matrix 
Units 

IS21SO19 
IS21 SS190001 

(0-1) 
8/1/00 

Surface Soil 
UGKG 

IS21S020 
IS21 SS200001 

(0-1) 
8/1/00 

Surface Soil 
UGKG 

IS25S018 
IS25SS180001 

(0-1) 
7/31/00 

Surface Soil 
UGKG 

IS25SO19 
IS25SS190001 

(0-1) 
7/31/00 

Surface Soil 
UGIKG 

RN6SS17 
RN6SS0170101 

(0-1) 
7/9/97 

Surface Soil 
UGKG 

RPLSSO3 
RPLSS0030101 

(0-1) 
711 2/97 

Surface Soll 
UGKG 



TAELE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 
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TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

BGDl2 
BGDSS0120101 

(0-1) 
911 1/01 

Surface Soil 
UGKG 

BGD13 
BGDSS0130101 

(0-1) 
911 1/01 

Surface Soil 
UGKG 

BGD12 
BGDSS0120101-AVG 

(0-1) 
911 1/01 

Surface Soil 
UGIKG 

BGD11 
BGDSSOllOlOl 

(0-1) 
1013101 

Surface Soil 
UGIKG 

Locatlon 
Sample 
Depth of Range (ft) 
Sample Date 
Matrix 
Units 

BGDl2 
BGDSS0120101-D 

(0-1) DUP 
911 1/01 

Surface Soil 
UGKG 

26MW03 
S26-MW03-001 

(0-2) 
9124195 

Surface Soil 
UGKG 



-... $ ,* 

TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

(0-1) (0-1). DUP 
911 1/01 911 1/01 

Locatlon 
Sample 
Depth of Range (ft) 
Sample Date 
Matrlx 

BGD13 
BGDSS0130101 

(0-1) 
911 1101 

Surface Soll 
UGKG 1 

26MW03 
S26-MW03-001 

(0-2) 
9/24/95 

Surface Soil 
l ~ n l t s  UGIKG I UGlKG I UGlKG 

BGD-Surface Soil d2 Page 10 of 41 2/13/02 l l :12AM 

BGDl l  
BGDSS0110101 

(0-1) 
10/3/01 

Surface Soil 

Semivolatile Oraanic Comaounds 

Surface Soll 
UGIKG 

BGDl2 
BGDSS0120101 

(0-1) 
911 1101 

Surface Soil Surface Soil 
UGIKG 



TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

Locatlon 26MW03 
Sample S26-MW03-001 
Depth of Range (ft) (0-2) 
Sample Date. 9/24/95 
Matrlx Surface Soil 

Page ' ' of 41 



,. 
TABLE D-2 

SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 
BACKGROUND SOlL INVESTIGATION REPORT 

INDIAN HEAD DIVISION 
NSWC INDIAN HEAD, MARYLAND 

BGD-Sudace Soil d2 Page 12 of 41 2/13/02 11:12AM 

Location 
Sample 
Depth of Range (11) 
Sample Date 
Matrlx 
Unlts 

BGD16 
BGDSS0160101 

(0-1) 
10/2/01 

Surface Soil 
UGIKG 

BGD14 
BGDSS0140101 

(0-1) 
911 0101 

Surface Soil 
UGIKG 

BGD17 
BGDSS0170101 

(0-1) 
1 012/0 1 

Surface Soil 
UGIKG 

BGD15 
BGDSS0150101 

(0-1) 
911 0101 

Surface Soil 
UGlKG 

BGD18 
BGDSS0180101 

(0-1) 
1 012/0 1 

Surface Soil 
UGIKG 

BGD1.9 
BGDSS0190101 

(0-1) 
1012/01 

Surface Soil 
UGIKG 



TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

BGD17 
BGDSS0170101 

(0-1) 
1 012'0 1 

Surface Soil 
UGIKG 

BGD18 
BGDSS0180101 

(0-1 
1 012'01 

Surface Soil 
UGlKG 

BGD19 
BGDSS0190101 

(0-1) 
1 012'0 1 

Surface Soil 
UGKG 

Locatlon 
Sample 
Depth of Range (ft) 
Sample Date 
Matrlx 
Unlts 

BGD15 
BGDSS0150101 

(0-1) 
911 0101 

Surface Soil 
UGlKG 

BGD14 
BGDSS0140101 

(0-1) 
9110101 

Surface Soil 
UGIKG 

BGDl6 
BGDSS0160101 

(0-1 
1 012'0 1 

Surface Soil 
UGIKG 



Sample 
Depth of Range (ft) 
Sample Date 
Matrlx 

TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

BGD14 BGD15 BGD16 BGD17 BGD18 BGD19 
BGDSS0140101 BGDSS0150101 BGDSS0160101 BGDSS0170101 BGDSS0180101 BGDSS0190101 

(0-1) (0-1) (0-1) (0-1) (0-1) (0-1) 
911 0101 911 0101 10/2/01 1012/01 1012/01 10/2/01 

Surface Soil Surface Soil Surface Soil Surface Soil Surface Soil Surface Soil 
UGlKG UGIKG UGKG UGIKG UGIKG UGKG 

PHOR ATE 
PRONAMIDE 
PYRENE 
PYRlOlNF 

BGD-Surlace Soil d2 

. . . . . - . . . - 
SAFROLE 
SULFOTEPP 
THlONAZlN 
TRANS-ISOSAFROLE 

Page 14 of 41 
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TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

Page '- '41 

IS1 i s 0 4 1  
IS1 1SS410001-AVG 

(0-1) 
8/4/00 

Surface Soil 
UGKG 

Location 
Sample 
Depth of Range (it) 
Sample Date 
Matrlx 
Unlts 

IS1 lS041 
IS1 lSS410001-D 

(0-1) 
8/4/00 

Surface Soil 
UGIKG 

BGD2O 
BGDSS0200101 

(0-1) 
10/3/01 

Surface Soil 
UGIKG 

IS1 lSO41 
IS1 lSS410001 

(0-1) 
8/4/00 

Surface Soil 
UGMG 

IS1 IS039 
IS1 1 SS390001 

(0-1) 
8/4/00 

Surface Soil 
UGlKG 

IS1 1 SO40 
IS1 1 SS400001 

(0-1 
8/4/00 

Surface Soil 
UGIKG 



.. ,d 

TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

BGDSS0200101 IS1 1 SS390001 IS1 lSS400001 IS1 lSS410001 IS1 lSS410001-AVG IS1 lSS410001-D 

BGD-Surface Soil d2 Page 16 01 41 2/1302 11:12 AM 



TABLE 0-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

l ~ n l t s  I UGMG I UGKG I UGMG I UGKG UGlKG UGlKG I 
Semivolatile Organic Compounds 

HEXACHLOROPROPENE I I I 1 1  I I I I I I I 
INDENO(l,2,3-CD)PYRENE 561U I 4 3 0 ) ~  I 4 5 0 1 ~  I 4001U I 4151U I 4301U 

. . . - . . . . . . . . - - 
PYRENE I 351U I 4301U I 1201J I 4001U I 4151U I 4301U 
PVRlnlNF I I I I I I I I I I I 

IS1 15041 
. IS1 lSS410001 

(0- 1 ) 
8/4/00 

Surface Soil 

Locatlon 
Sample 
Depth of Range (ft) 
Sample Date 
Matrix 

ISODRIN 
ISOPHORONE 
ISOSAFROLE 
UEDnNE 

SAFROLE 
SULFOTEPP 
THlONAZiN 
TRANS-ISOSAFROLE 

IS1 lS039 
IS1 1 SS390001 

(0-1) 
8/4/00 

Surface Soil 

BGD20 
BGDSS0200101 

(0-1) 
1 0/3/0 1 

Surface Soil 

Page " -I 41 

IS1 lS041 
IS1 lSS410001-AVG 

(0-1) 
8/4/00 

Surface Soil 

IS1 lS040 
IS1 1 SS400001 

(0-1) 
8/4/00 

Surface Soil 

35 

IS1 lS041 
IS1 lSS410001-D 

(0-1) 
8/4/00 

Surface Soil 

UJ 430 U 450 

I 

U 400 U 415 U 430 U 



- -  A 

TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

BGD-Surlaca Sdl d2 Page 18 of 41 211 3/02 1 1 : 12 AM 

Locatlon 
Sample 
Depth of Range (It) 
Sample Date 
Matrix 

IS1 IS042 
IS1 1 SS420001 

(0-1 
7/27/00 

Surface Soil 

lS13S010 
IS13SS100001 

(0-1) 
711 8/00 

IS21SO18 
IS21SS180001 

(0-1) 
8/1/00 

Surface Soil , Surface Soil 

IS21S019 
IS21SS190001 

(0-1) 
8/1/00 

Surface Soil 

IS21 SO20 
IS21SS200001 

(0-1) 
8/1/00 

IS25SO18 
IS25SS180001 

(0-1) 
7/31/00 

Surface Soil Surface Soil 



TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

IS21Ss190001 IS21 Ss200001 IS25SS180001 

CJl 
0 
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TABLE D-2 
SUMMARY OF SURFACESOIL ANALYTICAL RESULTS 

BACKGROUND SOIL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

I 

PRONAMIDE I I 
PYRENE 490 U I 490 U 390 U 480 U I 430 UL 410 U 
-,,-,-,.,,- I I 

SAFROLE 
SULFOTEPP 
THlONAZlN 
TRANS-ISOSAFROLE 

IS25SO18 
IS25SS180001 

(0-1) 
7/31 100 

Surface Soil 

BOD-Surlace Soil 62 

IS21 SO20 
IS21 SS200001 

(0-1) 
8/1/00 

Surface Soil 

Page 20 of 41 

IS21S019 
IS21SS190001 

(0-1) 
8/1/00 

Surface Soil 

IS21SO18 
IS21SS180001 

(0-1) 
8/1/00 

Surface Soil 

IS13SO10 
IS13SS100001 

(0-1) 
711 8/00 

Surface Soil 

Locatlon 
Sample 
Depth of Range (it) 
Sample Date 
Matrix 

IS1 i s 0 4 2  
IS1 1 SS420001 

(0-1) 
7/27/00 

Surface Soil 



BGD-Surface Soil d2 

TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 
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Locatlon 
Sample 
Depth of Range (ft) 
Sample Date 
Matrlx 

IS25S019 
IS25SS190001 

(0-1) 
7/31/00 

Surface Soil 

RN6SS17 
RN6SS0170101 

(0-1 
7/9/97 

Surface Soil 

RPLSSO3 
RPLSS0030101 

(0-1) 
711 2/97 

Surface Soil 



BGD-Suttace Sdl d2 

TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL lNVESTlGATlON REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

Page 22 0141 

RPLSS03 
RPLSS0030101 

(0-1) 
711 2/97 

Surface Soil 
UGlKG 

RN6SS17 
RN6SS0170101 

(0-1) 
7/9/97 

Surface Soil 
UGIKG 

Locatlon 
Sample 
Depth of Range (it) 
Sample Date 
Matrix 
Units 

IS25S019 
IS25SS190001 

(0-1) 
7/31/00 

Surface Soil 
UGlKG 



BGD-Surface Soil 42 

TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 
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Locatlon 
Sample 
Depth of Range (it) 
Sample Date 
Matrlx 

IS25SO19 
IS25SS190001 

(0-1) 
7/31 100 

Surface Soil 

RN6SS17 
RN6SS0170101 

(0- 1 ) 
7/9/97 

Surface Soil 

RPLSS03 
RPLSS0030101 

(0-1 
711 2/97 

Surface Soil 



BGD-Suriace Soil d2 

TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

Page 24 of 41 

BGD14 
BGDSS0140101 

(0-1) 
9/10/01 

Surface Soil 

BGD13 
BGDSS0130101 

(0-1) 
911 1101 

Surface Soil 

BGD12 
BGDSS0120101-D 

(0-1) DUP 
911 1/01 

Surface Soil 

BGD12 
BGDSS0120101-AVG 

(0-1) 
911 1/01 

Surface Soil 
UGKG UGlKG 

BGDl2 
BGDSS0120101 

(0-1) 
911 1/01 

Surface Soil 

UI 
cn 

UGKG UGlKG UGKG 

BGDl 1 
BGDSSOllOlOl 

(0-1) 
1 0/3/0 1 

Surface Soil 

Unlts 

Locatlon 
Sample 
Depth of Range (ft) 
Sample Date 
Matrix 

UGlKG UGKG 

26MW03 
S26-MW03-001 

(0-2) 
9/24/95 

Surface Soil 



BGD-Surface Soil d2 

TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 
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BGDSSOl 
BGDSSOOlOlOl 

(0-1) 
711 5/97 

Surface Soil 
UWKG 

UI 
0 

BGD20 
BGDSS02W101 

(0-1) 
1 Ol310 1 

Surface Soil 
UGIKG 

BGD19 
BGDSS0190101 

(0-1) 
1 012/0 1 

Surface Soil 
UGlKG 

BGDIB 
BGDSSOl8OlOl 

(0-1) 
1012/01 

Surface Soil 
UGlKG 

BGD17 
BGDSS0170101 

(0-1) 
1 01210 1 

Surface Soil 
UGlKG 

BGD16 
BGDSS0160101 

(0-1) 
1 01210 1 

Surface Soil 
UGIKG 

Locatlon 
Sample 
Depth of Range (ft) 
Sample Date 
Matrix 
Units 

BGD15 
BGDSS0150101 

(0-1) 
911 0101 

Surface Soll 
UGKG 



TA, 3-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

BOD-Sudace Sdl d2 Page 26 of 41 

BGDSS05 
BGDSS0050101 

(0-1) 
7/24/97 

Surface Soil 
UGIKG 

BGDSS04 
BGDSS0040101 

(0-1) 
7/29/97 

Surface Soil 
UGlKG 

BGDSS03 
BGDSS0030101 

(0-1) 
7130197 

Surface Soil 
UGlKG 

Location 
Sample 
Depth of Range (It) 
Sample Date 
Matrix 
Unlts 

BGDSSOG 
BGDSS0060101 

(0-1) 
7/31/97 

Surface Soil 
UGIKG 

BGDSSO2 
BGDSS0020101 

(0-1) 
7/24/97 

Surface Soil 
UGKG 

BGDSS07 
BGDSS0070101 

(0-1) 
8/1/97 

Surface Soil 
UGKG 

BGDSSOB 
BGDSSOO8OlOl 

(0-1) 
8/1/97 

Surface Soil 
UGKG 



BOD-Surface Soil d2 

TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

Page 27 of 41 

BGDSSI 0 
BGDSSOlOOlOl 

(0-1) 
811 7/97 

Surface Soil 
UGKG 

Location 
Sample 
Depth of Range (ft) 
Sample Date 
Matrix 
Units 

BGDSSOS 
BGDSS0090101 

(0-1) 
811 197 

Surface Soil 
UGKG 



BGD-Surface Soil d2 

TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 
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BGD13 
BGDSS0130101 

(0-1) 
911 1/01 

Surface Soil 
MGlKG 

BGD12 
BGDSS0120101-D 

(0-1) DUP 
911 1/01 

Surface Soil 
MGIKG 

BGD12 
BGDSS0120101-AVG 

(0-1) 
9/11/01 

Surface Soil 
MGIKG 

BGD12 
BGDSS0120101 

(0-1) 
911 1/01 

Surface Soil 
MGlKG 

BGDl 1 
BGDSSOllOlOl 

(0-1) 
10/3/01 

Surface Soil 
MGlKG 

26MW03 
S26-MW03-001 

(0-2) 
9/24/95 

Surface Soil 
MGlKG 

Location 
Sample 
Depth of Range (n) 
Sample Date 
Matrlx 
Unlts 

25MW03 
S25-MW03-001 

(0-2) 
9/25/95 

Surface Soil 
MGIKG 



Sample 
Depth of Range (ft) 
Sample Date 
Matrix 

TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

' BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

BGD14 BGDl5 BGD16 BGD17 BGDl8 BGD19 BGDPO 
BGDSS0140101 BGDSS0150101 BGDSS0160101 BGDSS0170101 BGDSS0180101 BGDSS0190101 BGDSS0200101 

(0-1) (0-1) (0-1) (0-1) (0-1) (0-1) (0-1) 
911 0101 911 0101 1 012/0 1 1012/01 1 012/0 1 1 01210 1 1 013lO 1 

Surface Soil Surface Soil Surface Soil Surface Soil Surface Soil Surface Soil Surface Soil 
MGlKG MGlKG MGIKG MGlKG MGIKG MGIKG MGlKG 

BGD-Surface Soil d2 

Miscellaneous 

Page 29 0141 

TIN 
TOTAL ORGANIC CARBON 
TOTAL ORGANIC HALIDES 
TOTAL PETROLEUM HYDROCARBONS 
TOTAL SOLIDS 

2.370 J 1,410 J 6,100 7,300 12,000 9.000 9.000 



TAB'LC D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

BGD-Surface Soil d2 Page 30 of 41 

BGDSSOG 
BGDSS0060101 

(0-1) 
7/31/97 

Surface Soil 
MWKG 

BGDSSO5 
BGDSS0050101 

(0-1) 
7/24/97 

Surface Soil 
MGlKG 

BGDSS07 
BGDSS0070101 

(0-1) 
8/1/97 

Surface Soil 
MWKG 

BGDSS03 
BGDSS0030101 

(0-1) 
7130197 

Surface Soil 
MGlKG 

BGDSSO2 
BGDSS0020101 

(0-1) 
7/24/97 

Surface Soil 
MGlKG 

Locatlon 
Sample 
Depth of Range (it) 
Sample Date 
Matrlx 
Units 

BGDSS04 
BGDSS0040101 

(0-1) 
7/29/97 

Surface Soil 
MGIKG 

BGDSSOl 
BGDSSOOlOlOl 

(0-1) 
711 5/97 

Surface Soil 
MGIKG 



BGD-Sutiace Soil 42 

TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

Location 
Sample 
Depth of Range (ft) 
Sample Date 
Matrlx 
Unlts 
Miscellaneous 

BGDSSOB 
BGDSS0080101 

(0-1) 
8/1/97 

Surface Soll 
MGlKG 

BGDSSO9 
BGDSS0090101 

(0-1) 
8/1/97 

Surface Soil 
MGIKG 

BGDSSlO 
BGDSSOlOOlOl 

(0-1) 
8/17/97 

Surface Soil 
MGlKG 

IS1 i s039  
IS1 1 SS390001 

(0-1) 
8/4/00 

Surface Soil 
MGlKG 

IS1 1 SO40 
IS1 1 SS400001 

(0-1) 
8/4/00 

Surface Soil 
MGIKG 

IS1 i s041  
ISllSS410001 

(0-1) 
8/4/00 

Surface Soil 
MGlKG 

IS1 IS041 
IS1 lSS410001-AVG 

(0-1) 
8/4/00 

Surface Soil 
MGlKG 



1 
Miscellaneous 

TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

BGD-Surlace Soil d2 Page 32 0141 

Locatlon 
Sample 
Depth of Range (it) 
Sample Date 
Matrlx 
Unlts 

IS13SOlO 
IS1 3SS100001 

(0-1) 
711 8/00 

Surface Soil 
MGIKG 

IS1 lS041 
IS1 lSS410001-D 

(0- 1 ) 
8/4/00 

Surface Soil 
MGlKG 

IS21SO18 
IS21SS180001 

(0-1) 
8/1/00 

Surface Soil 
S.U. 

IS1 lS042 
IS1 1 SS420001 

(0-1) 
7/27/00 

Surface Soil 
MGlKG 

lS21S019 
IS21SS190001 

(0- 1 ) 
8/1/00 

Surface Soil 
S.U. 

IS21 SO20 
IS21 SS200001 

(0-1) 
8/1/00 

Surface Soil 
S.U. 

IS25S018 
IS25SS180001 

(0-1) 
713 1 100 

Surface Soll 
S.U. 



TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

Location IS25S019 
Sample IS25SS190001 
Depth of Range (It) (0-1) 
Sample Date 7/31/00 
Matrix Surface Soil 
Unlts 
Miscellaneous 

AMMONIA 
DIESEL RANGE ORGANICS 
GASOLINE RANGE ORGANICS 
NITRITEINITRATE 
NITROCELLULOSE 

Page 37 0141 

. .. . 
TOTAL ORGANIC CARBON 
TOTAL ORGANIC HALIDES 
TOTAL PETROLEUM HYDROCARBONS 
TOTAL SOLIDS 

23.900 

77.4 



TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

a, 
m 

Page 34 0141 



BGD-Surlace Soil d2 

TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

Page 35 0141 

BGD17 
BGDSS0170101 

(0-1) 
1012101 

Surface Soil 
MGIKG 

BGD18 
BGDSS0180101 

(0-1) 
1 01210 1 

Surface Soil 
MGlKG 

Locatlon 
Sample 
Depth of Range (ft) 
Sample Date 
Matrlx 
Units 

BGDI9 
BGDSS0190101 

(0-1) 
1 0/2/0 1 

Sudace Soil 
MGlKG 

BGD15 
BGDSS0150101 

(0-1) 
911 0101 

Surface Soil 
MGlKG 

BGD14 
BGDSS0140101 

(0-1 ) 
9110/01 

Surface Soil 
MGlKG 

BGD2O 
BGDSS0200101 

(0-1) 
1013/01 

Surface Soll 
MGlKG 

BGD16 
BGDSS0160101 

(0-1) 
1 01210 1 

Surface Soil 
MGlKG 



BGD-Suriace Soil d2 Page 36 of 41 2/13/02 11.12AM 

TAB~;'E D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

BGDSS04 
BGDSS0040101 

(0-1) 
7/29/97 

Surface Soil 
MGlKG 

Location 
Sample 
Depth of Range (ft) 
Sample Date 
Matrix 
Units 

BGDSS02 
BGDSS0020101 

(0-1) 
7/24/97 

Surface Soil 
MGlKG 

BGDSSOl 
- BGDSS0010101 

(0-1) 
711 5/97 

Surface Soil 
MGIKG 

BGDSS05 
BGDSS0050101 

(0-1) 
7/24/97 

Surface Soil 
MGIKG 

BGDSS03 
BGDSS0030101 

(0-1) 
7130197 

Surface Soil 
MGlKG 

BGDSSOG 
BGDSS0060101 

(0-1) 
7/31/97 

Surface Soil 
MGlKG 

BGDSS07 
BGDSS0070101 

(0-1) 
8/1/97 

Surface Soil 
MWKG 



TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

0 
00 

BGD-Surface Soil d2 Page 37 0141 



TAiaiE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

(2, 
(0 

BOD-Suriace Soil d2 Page 38 of 41 



l u n ~ t s  MGIKG I MGIKG I MGIKG I 
lnorganlc Compounds 

TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

COPPER I 5.41J I 6.61 I 4.51U 
CYANlnF I I I I 

BGD-Surface Soil d2 

Locatlon 
Sample 
Depth of Range (ft) 
Sample Date 
Matrlx 
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RN6SS17 
RN6SS0170101 

(0-1) 
7/9/97 

Surface Soil 

IS25S019 
IS25SS190001 

(0-1) 
7/31/00 

Surface Soil 

RPLSSO3 
RPLSS0030101 

(0-1) 
711 2/97 

Surlace Soil 



Sample 
Depth of Range (ft) 
Sample Date 
Matrlx 

TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, MARYLAND 

25MW03 IS1 15039 IS1 i s 0 4 0  IS1 lS041 ISl lS041 IS1 lS041 IS1 lS042 
S25-MW03-001 IS1 1 SS390001 IS1 lSS400001 IS1 lSS410001 IS1 lSS410001-AVG ISllSS410001-D IS1 lSS420001 

(0-2) (0-1) (0-1) (0-1) (0-1) (0-1) (0-1) 
9/25/95 8/4/00 8/4/00 8/4/00 8/4/00 8/4/00 7/27/00 

Surface Soil Surface Soil Surface Soil Surface Soil Surface Soil Surface Soil Surface Soil 

UGIKG UGIKG UGIKG UGIKG UGKG UGKG UGKG 

BGD-Sudace Sdl d2 Page 40 of 41 



BOD-Sudace Soil d2 

TABLE D-2 
SUMMARY OF SURFACE SOlL ANALYTICAL RESULTS 

BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DlVlSlON 

NSWC INDIAN HEAD, MARYLAND 

Page 41 01 41 

Locatlon 
Sample 
Depth of Range (ft) 
Sample Date 
Matrlx 
Unlts 
CVD 

IS21SO19 
IS21SS190001 

(0-1) 
8/1/00 

Surface Soil 
UGiKG 

IS13SOlO 
IS1 3SS100001 

(0-1) 
711 8/00 

Surface Soil 
UGIKG 

IS21S018 
IS21 SS180001 

(0-1) 
8/1/00 

Surface Soil 
UGKG 

IS21S020 
IS21SS200001 

(0-1) 
8/1/00 

Surface Soil 
UGIKG 

IS25SO18 
IS25SS180001 

(0-1) 
713 1 100 

Surface Soil 
UGlKG 

IS25SO19 
IS25SS190001 

(0-1) 
7131100 

Surface Soil 
UGiKG 

RN6SS17 
RN6SS0170101 

(0-1 
7/9/97 

Surface Soil 
UGKG 
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VALLEY 
FORGE 30th 

LABORATORIES, INC. 
1967, A N s ~ ~ m  

. .  . Engineering Coasultants Since. 1967 

SOIL LABORATORY TEST REPORT 8-3 

Project No. 97128 
August 29, 1997 

Geotechnical 
Engineering 

Construction 
Quality Control 

Laboratory 
Testing 

NDT and 
Related Senices 

Rcscarch and 
Special Studies 

Attention: Mr. Paul Frank 
Brown and Root Environmental 
661 Andersen Drive 
Foster Plaza 7 
Pittsburgh, PA 15220 

Re: Subcontract Agreement No. GCDB-97-531-1298 - 
Geotechnical Laboratory Analytical Services 
CTO No. 0287 - Naval Surface Warfare Center (NSWC), 
Indian Head, MD 

Sanmlee Received: Received 8/18/97: 26 jar samples, 25 of 
which we were directed to test. Received 8/19/97: 5 
additional jar samples for testing. 

Testina Com~leted: Total of 30 samples tested. 

Test ASTM Standard 

1. Particle Size Analysis 
(Sieve and Hydrometer) 

Results: 

The results of the testing are graphically depicted on 
the attached Grain Size Distribution Curves. If you have any 
questions about this test report, please call. 

Sincerely, 

Technical & Quality 
System Manager 

EJS : lcw 
Enclosures 

Transponation 
and Traffic 
Engineering 

Fax (610) 688-8143 6 Berkeley Road, Devon, PA 19333-1397 (610) 688-8517 
URL: http:llwww.mgu.~omlVn E-mail : vflabs@voicenet.com 

1 



0 , , , , , , , , ' 

l o 3  lb 10 1 
GRAIN SIZE IN MILLIMETER 

DEPTH 
SYMBOL BORING ( f t )  kkl &.\ DESCRIPTION 

0 B G D S B O O l O l O l  LIGHT BROWN CLAYEY SAND (SC) 

0 B G D S B 0 0 2 0 1 0 1  LIGHT BROWN SILTY SANC) (SM) 

Valley Forge 
Laboratories,  Inc. I GRAIN S I Z E  D I S T R I B U T I O N  8/22/97 -. 

Remark : 

Project No. 97128 BROWN & ROOT ENVIRONMENTAL 



GRAIN SIZE IN MILLIMETER 

UNIF'IED SOIL CLASSIFICATION 

LT. RED-BROWN LEAN CLAY (CL) 

LIGHT BROWN CLAYEY SAND (SC) 

SILT OR CLAY 

Valley Forge 
Laboratories, Inc. / GRAIN S I Z E - D I S T R I B U T I O N  8/22/97 

U.S. SEEVE Slze nS INCHES . U3. STANDARD SIEVE No. HYDROMETER 

SAND 
4 1 FINE MarUU COBBLES 

Remark : 

CRA VEL ,,, I FINE 

Project No. 97128 BROWN & ROOT ENVIRONMENTAL 



- 

D SOIL CLASSIFICATION UNIFIEL - - - -  

CRA VEL I SAND 
COBBLES cpAw SILT OR CLAY 1 

- - 
GRAIN SIZE IN MILLIMETER 

DEPTH LL PI 
SYMBOL BORING (ft) (F j (w) DESCRIPTION 

LIGHT BROWN CLAY;< SAND (SC:  

LIGHT BROWN SILTY SAND (SM) 

Remark : 

Project No. 97128 

Valley Forge 
LaboraT%ries, Inc. 

BROWN & R O O T  E N V I R O N M E N T A L  

GRAIN S I Z E  D I S T R I B U T I O N  8/22/97 

4 





GRAIN SIZE IN MILLIMETER 

UNIFIED SOIL CLASSIFICATlON 

DEPTH 
SYMBOL BORING (ft) k$ &I) DESCRIPTION 

SILT OR CLAY 

U.S. s m  SCGE IN INCHES U.S. STANDARD SIEVE No. HYDROMETER 

SAND 
4 N O W M  I flNE COBBLES 

Remark : 

CRA VEL 
I F~NE 

Project No. 97128 

Valley Forge 
Laboratories, Inc. 

BROWN 6 ROOT ENVIRONMENTAL .- 

GRAIN SIZE DISTRIBUTION 8/21/97 



I Particle Size Distribution Report I 

GRAIN SlZE - mm 

I % + 3 "  % GRAVEL 16 SAND I X SILT I %CLAY 
0.0 I 0.0 27.0 50.5 I 22.5 

SIEVE 
- 

FINER PERCENT (X=NO) 

100.0 

A 1 (no specification prorid 

Sample No.: BGDSS-0110101 I Location: Indian Head, Maryland 

Soil Description 
USCS Group Name: Silt with sand 

Atterbem Limits 
LL= na PI= na 

Coefficients 
D85= 0.155 060' 0.0351 D50= 0.0203 
D30= 0.OQ80 - 015' 

C,= 
D l  0' 

C,= 

Classification 
USCS= ML AAS HTO= A-4(0) 

Remarks 
Natural Water Content: 16.9% 

Date: 10-17-01 
ElevJDepth: na 

ACKENHElL Client: Tetra Tech NUS,  Inc. 
Proiect Naval Surface Weapons Center (Mattawoman Creek) 

ENGINEERS, INC. 
Indian Head, ~aq - i and  (CTO 245) 

, Proj&No: 2,730 



- 
e Size Distribution Report 

GRAIN SIZE - mm 

t %+3" I % GRAVEL I % SAND I X SILT I %CLAY 

0.0 0.4 26.3 45.7 I 27.6 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

A 
11 

3 - 

- 

- - 

Indian Head, ~ a & m d  (CTO 245) 

ENGINEERS, INC. ProjdNo: 21730 

PERCENT 

'IEVE SIZE I FINER 

I 

(no specifidon provided) 

PERCENT O(=NO) T Soil Description 
USCS Group Name: Silt with sand 

Atterbem Limits 
PL= na LL= na PI= na 

Coefficients 
D85= 0.140 D60= 0.0302 D50= 0.0161 
D30= 0.w1 D l  5= 

Cc= 
Dl 0' 

C,= 

Classification 
USCS= ML AAWTO= A-4(0) 

Remarks 
Natlaal Water Content: 25.3% 

Sample No.: BGDSB-0110101 . 

Location: Indian Head, Maryland 
Date: 10-1741 

ElevfDepth: na 

ACKENHEIL Client Teth Tech NUS, Jnc. 
Proied: Naval Surface Weapons Center (Mattawoman C.mk) 



Particle Size Distribution Report 

- - -  

GRAIN SIZE - mm 

I I % GRAVEL X + 3" I % SAND 1 % SILT 1 %CLAY 

0.0 , 0.4 40.4 39.2 I 20.0 

SE FINER PERCENT (X=NO) 
.375 in. 100.0 

#4 99.6 
#10 91.3 
#20 90.8 
#40 89.4 

# 100 71.0 
#ZOO 59.2 

(no speciticptim prwidd) 

Sample No.: BGDSS-0120101 
Location: Indian ~ e a d ,  ~ary land 

-- 

Soil Description 

USCS Group Name: Sandy silt 

Remarks 
Natural Water Content: 14.8% 

Date: 9-23-01 
ElevJDepth: na 

ACKENHEIL Client: Tetra Tech NUS, Inc. 
Project: Naval Slrrface Weapons Center (Mattawoman Creek) 

Indian Head, Maryland (CTO 245) 



Particle Size Distribution Report 

# 10 86.8 
.#20 86.3 
#40 86.0 

# 100 81.8 
#Zoo 73.5 

(no Spedicotim p v i d d )  

Sample NO.: BGDSB-0120101 
Location: Indian Head, h4aqland 

SINE PERCENT S P E C  PASS? 

SlZE FINER PERCENT (X=NO) 

.375 in 100.0 
#4 99.7 

Soil Description 

USCS Group Name: Silt with sand 

Atterbem Limits 
PL= na LL= na PI= na 

. . 

Coefficients 
Dg5= 0.3 14 D60= 0.0468 D50= 0.0293 
Djg= 0.0059 D15= Dl  0' 
C,= C,= 

Classification 
USCS= ML AASHTO= A-4(0) 

Remarks 
Natural Water Content: 16.2% 

Date: 9-23-01 
ElevJDepth: na 

ACKENHEIL Client: Tetra Tech NUS, Inc. 
Proiect: Naval Surface Weapons Center (h4attawoman Creek) 

Indian Head, (CTO 245) 



Particle Size D istribution Report 

GRAIN SIZE - mm 
% + 3' I X GRAVEL I % SAND I x S ~ T  1  CLAY 

0.0 0.0 67.2 21.4 11.4 

A 
led 

Sample Na.: BGDSS-0130101 
Location: ~ndian ~ e a d ,  ~ a r y l a n d  

Soil Description 
USCS Group Name: Silty sand 

. Atterbem Limits 
PL= na LL= na PI= ns 

Coefficients 
Da5= 0.570 D ~ o =  0.299 D50= 0.230 
D30= 0.0420 Dl  5' 0.0104 D10= 0.0038 
C,,= 79.21 C,= 1.56 

Classification 
USCS= SM AASHTO= A-2-4(0) 

Remarks 
Natural Water Content: 7.7% 

Date: 9-23-01 
EkvJDeptll: na 

( Client: Tetra Tech NUS, Inc. AC.KE N H E l L i p m i e  N a d  s h -  Weapons Center wttaWOman Creek) 
Indian Head. Maryland (CTO 245) 

I 'NGINEERS, I N  I 2,730 



Particle Size Distribution Report 

SIEVE PERCENT SPEC.. PASS? 

SIZE flNER PERCENT (XzNO) 

-5 in. 100.0 
.375 in. 98.8 

#4 98.3 

Sample No.: BGDSB-0130101 
Location: Indian Head, ~ a r y l a n d  

Soil Descri~tion 

USCS Group Name: Silty sand 

Atterbem Limits 
PL= na LL=: na PI= na 

Coefficients 
D05= 0.479 D60= 0.224 D50= 0.142 
D30= 0.0507 Dl  5s 0.0121 D10= 0.0036 
C,,= 61.52 C,= 3.15 

Classification 
USCS= SM AASHTO= A-4(0) 

Remarks 
Natural Water Content: 6.6% 

1 Client: Tetra Toch NUS. Inc. AC KE N H E l L 1 sdam Ccnta (MattawurmsnCrrdc) 
Indian Head, Maryland (CTO 245) 

I 'NGINEERS, INC./ PiedNo: 11730 



Particle Size Distribution Report 

J 

GRAIN SIZE - mm 

I % + 3' I % GRAVEL 1 W SAND I % SILT I KCLAY 

0.0 0.0 52.4 29.3 I 18.3 

SIEVE 

FINER PERCENT 
100.0 

- 
led: 

Sample No.: BGDSS-0140101 . 
Location: Indian Head, Maryland 

PASS? 

IX=NOI 

Soil Description 
USCS Group Naxne: Silty A d  

Atterbem Limits 
PL= na LL= na PI= na 

Classification 
USCS= SM AASHTOs A-4(0) 

Remarks 
Natural Water Content: 8.4% 

Date: 9-23-01 
EIevJDepth: na 

ACKENHEIL Client: Tetra Tech NUS, Inc. 
Project: Naval Surface Weapons Center (Mattawoman Creek) 

Indian Head, hkyland (CTO 245) 



Particle Size Distribution Report 

SIEVE I PERCENT 1 SPEC.' I PASS? 

(no +Cali011 providtd) 

v 

SIZE FINER PERCENT (XaNO) 
#4 100.0 

-.. 

Sample No.: BGDSB4140101 
Location: Indian H e 4  Maryland 

Soil Description 
USCS Group Name: Sane  silt 

Coefficients 
D85= 0.317 D ~ Q =  0.132 D50= 0.0373 
030' 0.0065 D15= "1 0' 
C,= C,= 

Classification 
USCS= ML AASHTO= A-4(0) 

Remarks 
N a d  Water Content: 8.5% 

Date: 9-23-01 
Elev JDepth: na 

ACKENHEIL Client: T m  Tech NUS, Inc. 
Project: Naval Surface W e q ~ n s  Center (Mattawoman Creek) 

Indian H& Maryland (CTO 245) 

ENGINEERS, INC. P n j e N ~ :  21730 



Particle Size Distribution Report 

GRAIN SIZE - mm 

I % + 3' I % GRAVEL I % SAND I % SILT I %CLAY 

0.0 3 -4 96.6 0.0 I 0.0 

SIEVE / PERCENT ( SPEC' ( PASS? 

I 
(no spcnfication pvidc 

C T 

Sample No.: BGDSS-0150101 . 
Location: Indian Head, Maryland 

SlZE 
.75 in 

.5 @ 
.375 m. 

#4 
#lo 
#20 

USCS Group Name: Poorly graded sand 

Atterbem Limits 
PL= na LL= na PI= na 

FINER 

100.0 
98.7 
97.6 
96.6 
96.0 
76.2 

Coefficients 
D85= 1.13 D60= 0.732 DSO= 0.666 
D30= 0.544 D15= 0.451 D10= 0.351 
C,= 2.08 Cc= 1.15 

Classification 
USCS= SP AAS HTO= A- 1 -b 

PERCENT 

Remarks 
Nabnal Water Content: 7.4% 

(X=NO) 

Date: 9-23-01 
Elev JDepth: na 

ACKENHEIL Client: Tetxa Tec'nNUS. hc. 
Pmiect: Naval.Surface Weapons Center (Mattawoman Creek) 

I 
ENGINEERS, INC. I 

' 
Indian Head, h4aryiand (CTO 245) 

PmjdNo: 21730 



Particle Size Distribution Report 

SIEVE 

SIZE 

PERCENT SPEC.' 

FINER PERCENT 

100.0 
99.7 
98.9 
77.8 
65.1 

PASS? Soil Descridon 

USCS Group Name: S 4  silt 

Atterbem Limits 
Pi= na LL= na PI= na 

Classification 
USCS= ML AASHTO= A-4(0) 

Remarks 
Natural Water Content 16.8% 

Date: 9-23-01 
EIevJDepth: na 

I 

Indian Head, Maryland (CTO 245) 

Sample No.: BGDSB-0150101 . 
-on: Indian Head, Maryland 

ACKENHEIL Client: Tetra Tech NUS, Inc. 
Projeck Naval Surface Weapom Center (Mattawoman Creek) 



Particle Size Distribution Report 

GRAIN SIZE - mm 
X + 3" % GRAVEL I % SAND I % SILT I %CLAY 
0.0 10.0 32.3 31.6 26.1 

Soil Description 
USCS Group Name: Sandy silt 

Atterbem Limits 
PL= na LL= na PI= na 

Coefficients 
D85= 0.820 D60= 0.101 D50= 0.0288 
D30= 0.0074 . - 01 5= "1 0' 
C,= C,= 

Classification 
USCS= ML AAS HTO= A-4(0) 

Remarks 
Natural Water Content: 7.7% 

Sample No.: BGDSS-0160101 
Location: Indian Head, Maryland 

Date: 10-17-01 
ElevJDepth: na 

ACKENHEiL 11 Client: Tetra Tech NUS, Inc. 
Project: Naval Surface Weapons Center (Mattawoman Creek) 

Indian Head, Maryland (CTO 245) 

ENGINEERS, INCm ProjectNo: 21730 



I Particle Size Distribution Report 

GRAIN SIZE - mm 

I %+3" I % GRAVEL I - %SAND I % SILT I %CLAY 

0.0 0.3 14.2 30.5 I 55.0 

SIEVE 

SaE 
.375 in 

#4 
# 10 
#20 
#40 
#loo 
#200 

PERCENT 

FINER 

Sample No.: BGDSB-0160101 I Location: I n h H a c i ,  M+d 

PASS? 

(X=NO) 
Soil Description 

USCS Group Name: Silt with sand 

Atterbem Limits 
PL= na LL= na PI= nn 

Coefficients 
D85= 0.0637 D60' 0.0074 D50= 0.0024 
D30' - - . D l  5' 

C,= 
"1 0' 

C,= 

Classification 
USCS= ML AASHTO= A-4(0) ' 

Remarks 
Natural Water Content 22.5% 

Date: 10-17-01 
ElevJDepth: na 

ACKENHEIL 
ENGINEERS, INC. 

, 
Client: Tetra Tech NUS, Inc. 
Project Naval Surfnce Weapons Center (Mattawoman Creek) 

, 
Indian Head, Maxylkd (CTO 245) 

PnjectNo: 21730 



Particle Size Distribution Report 

GRAIN SIZE - mm 
%+3" I % GRAVEL I % SAND I X SILT I % ClAY 

0.0 0.5 12.6 49.9 37.0 

SIEVE 

SlzE 
-375 in. 

#4 

1 (no specification 

FINER PERCENT 
100.0 

Sample No.: BGDSS-0 170101 
Location: Endian Head, Maryland 

Soil Description 
USCS Group NA~: Silt 

Atterbem Limits 
PL= na LL= na Pi= na 

Coefficients 
D85= 0.0581 D60= 0.0211 . D50= 0.01 16 
D30= 0.0032 - D15= D l  0' 
C,= . C,= 

Classification 
USCS= ML AAS HTO= A-4(0) 

Remarks -- 
Natural Water Content: 8.8% 

Date: 10-17-01 
ElevJDepth: na 

ACKENHEIL Client: T e h  Tech NUS, Inc. 
Proiect: Naval Surface Weapons Center (Mattawoman Creek) 

Indian Head, ~ a r g a n d  (CTO 245) 

I 'NGINEERS, INC= Project No: 21730 



Particle Size Iistribution Report 

GRAIN SIZE - mm 

I %+3' I % GRAVEL 1 X SAND I % SILT I %CLAY 

0.0 0.1 21.2 37.9 1 40.8 

SIEVE 

SUE 
.375 in. 

#4 
#lo 
#20 
#40 

# 100 
#200 

- 

- 
(no specificatiun provided) 

PERCENT SPEC.. PASS? 

FINER PERCENT (X=NO) 

100.0 
99.9 
99.6 
99.2 
97.2 
86.7 
78.7 

Sample No.: BGDSB-0170101 
Location: Indian Head, Maryland 

Soil Description 
USCS Group Name: Silt with sand 

Atterbem Limits 
LL= na PI= na 

Coefficients 
D85= 0.133 D60= 0.0139 D50= 0.0090 
D30= 0.0020 D15= D l  0' 
C,= . C,= 

Classification 
USCS= ML AASHTO= A-4(0) 

Remarks 
Natural Water Content: 14.0% 

Date: 10-17-01 

ACKENHEIL Client: Tetra Tech NUS,  Inc. 
Project: Naval Surface Weapons Center (Mattawoman Creek) 

Indian Head, Maryland (CTO 245) 

E N G I N E ERS I N C - Project No: 21730 



Particle Size Distribution Report 

SIEVE 

SIZE 

.75 in. 

7 

(no specification provided) 

Sample No.: BGDSS-0180101 I Location: IndianHed, Maryland 

Soil Description 
USCS Group Name:Silty sand 

PASS? 

(X=NO) 

PERCENT 

FINER 

100.0 
98.2 
94.7 
89.7 
83.7 
79.7 
70.7 
38.0 
27.2 

. Atterberq Limits 
PL= na LL= na PI= na 

SPEC. 

PERCENT 

Coefficients 
085' 2.46- D60= 0.295 D50= 0.221 
D30= 0.0979 . D15= 0.0115 Dl 0' 
C,= C,= 

Classification 
USCS= SM AASHTO= A-2-4(0) 

Remarks 
Natural Water Content: 6.6% 

Date: 10-17-01 
ElevJDepth: na 

Indian Head, Maryland (CTO 245) 

LENGINEERS, INC= ProjectNo: 21730 

ACKENHEIL Client: Tetra Tech NUS, Inc. 

Project Naval Surface Weapons Center (Mattawoman Creek) 



Particle Size Distribution Report 

GRAIN SIZE - mm 
%+3" 1 % GRAVEL I % SAND I 36 SILT I %CLAY 

0.0 11.8 57.4 17.8 I 13.0 

SIZE 

.75 in. 

PERCENT 

FINER 

A- (no specification provided) 

PERCENT 

Sample No.: BGDSB-0180101 
Location: Indian Head. Maryland 

Soil Description 
USCS Group Name: Silty sand 

Atterbem Limits 
LL= na PI= na 

Coefficients 
D85= 3.08 - D60= 0.282 D50= 0.190 
D30= 0.0693 . D15= 0.0093 Dl 0' 
C,= C,= 

Classification 
USCS= SM AASHTO= A-2-4(0) 

Remarks 
Natural Water Content: 4.7% 

Date: 10-17-01 
ElevJDepth: na 

ACKENHEIL Client. Tetra Tech NUS, Inc. 
Project: Naval Surface Weapons Center (Mattawoman Creek) 

Indian Head, Maryland (CTO 245) 

ENGINEERS, INC= PropANo: 21730 



le Size Distribution Report 

GRAIN SlZE - mrn 
%-+ 3" I % GRAVEL % SAND I % SILT I %CLAY 

0.0 0.0 19.0 45.6 35.4 

SIEVE 

SlZE 

PERCENT I SPEC.. 

FINER PERCENT 

- (no specification provided) 

Sample No.: BGDSS4190101 
Location: Indian Head, Maryland 

PASS? 

(X=NO) 
Soil Description 

USCS Group Name: Silt with sand 

Atterberu Limits 
LL= na PI= na . 

Coefficients 
D6o= 0.0176 &o= 0.0115 

1 . . D15= 
C,= 

D l  0' 

Classification 
USCS= ML AASHTO= A-4(0) 

Remarks 
Natural Water Content: 1.0% 

Date: 10-17-01 
ElevJDepth: na 

ACKENHEIL Client: Tetra Tech NUS, Inc. 
Project: Naval Surface Weapons Center (Mattawoman Creek) 

ENGINEERS, INC= Indian Head, ~aryiand (CTO 245) 

PmjedNo: 11730 



Particle Size Distribution Report 

GRAIN SIZE - mm 
%+3" I 3/r GRAVEL I % SAND I % SILT I %CLAY 

0.0 1.7 43.2 14.4 I 40.7 

SIEVE 

SIZE 

.5 in. 
-375 in. 

#4 
# 10 
#20 
#40 

#loo 
#200 

:'Mi3 1 PERCENT 

(no specidcation provided) 

Sample No.: BGDSB-0190101 
Location: Indian Head, Maryland 

PASS? 

(X=NO) 
Soil Description 

USCS Group Name: Sandy silt 

Atterbem Limits 
PL= na LL= na PI= na 

Classification 
USCS= ML AASHTO= A-4(0) 

Remarks 
Natural Water Content: 13.7% 

Date: 10-1741 
ElevJDepth: na 

ACKENHElL Client: Tetra Tech NUS, Inc. 
Project: Naval Surface Weapons Center (Mattawoman Creek) 

Indian Head, ~aryiand (CTO 245) 
ENGINEERS, INC. ,,No: 21730 



Particle Size Distribution Report 

GRAIN SIZE - mm 

f % + 3" I % GRAVEL I % SAND % SILT I %CLAY 

0.0 0.0 25.1 1 48.8 1 26.1 

SIEVE 

SEE I FINER PERCENT ( (X=NO) 

100.0 

- 
A) 

1 - (no specification p G d c  

Sample No.: B G D S S ~ I ~ ~ ~ ~ O ~  
Location: Indian Head, Marylaud 

Soil Descriotion 
USCS Group Name: Silt with sand 

. Atterberq Limits 
PL= na U= na PI= na 

Coefficients 
D85= 0.175 D60= 0.0379 D50= 0.0210 
D30= 0.0071 . D15= 0.0017 
C,= - - C,= 

Dl 0' 

Classification 
USCS= ML AASHTO= A-4(0) 

Remarks 
Natuxal Water Content: 6.7% 

Date: 10-17-01 
ElevJDepth: na 

ACKENHEIL 11 Client Tetra Tech NUS. Inc. 
Project: Naval Surface Weapons Center (Mattawoman Creek) 

Indian Head, Maryland (CTO 245) ENGINEERS, INC. , ProjedNo: 21730 



Particle Size Distribution Report 

GRAIN SIZE - mm 
%+3" I % GRAVEL I % SAND I % SILT I %CLAY 

0.0 0.2 65.7 14.6 19.5 

SINE PERCENT 

SIZE FINER 

.375 in. 100.0 
#4 99.8 

# 10 99.3 
#20 99.2 
#40 98.8 
#lo0 46.4 
#200 34.1 

PERCENT 

Sample No.: BGDSB-0200101 
Location: Indian Head, Maryland 

PASS? Soil Description 
USCS Group Name: Silty Sand 

Atterbem Limits 
LL= na pi= na 

Coefficients 
D85= 0.336 D60= 0.210 D50= 0.166 
D30= 0.0250 - . D15= 0.0015 "1 0' 
%= C,= 

Classification 
USCS= SM AAS HTO= A-2-4(0) 

Remarks 
Natural Water Content: 17.9% 

Date: 10-17-01 
ElevJDepth: na 

ACKENHEIL 11 Client: Tetra Tech NUS, Inc. 
Project: Naval Surface Weapons Center (Mattawoman Creek) 



I JNIFIED SOIL CLASSIFICAWON I - - . - - - - - - 
GRA VEL I SAND I 

COBBLES =, SILT OR CLAY 

- - 

GRAIN SIZE IN MILLIMETER 

DEPTH LL PI 
SYMBOL BORING (it) ( (s) DESCRIPTION 

0 BGDSS0090101 JGHT BROWN SILTY SAND (SM) 
BGDSSOlOOlOl LIGHT BROWN SILTY SAND (SM) 

Remark : 

I Valley Forge 
Laboratories, Inc. ( GRAIN SIZE DISTRIBUTION 8/21 /91  

Project No. 97128 BROWN 6 ROOT ENVIRONMENTAL 



UNIFIED SOIL CIASSIFiCP 

I 1 US. SIEVE SlZE IN INCHES I us. STANDAflD 

L'110N 

SYMBOL BORING DfifH & DESCRIPTION 

0 BGDSS0050101 BROWN SILT (ML) 

BGDSS0060101 DARK BROWN SILTY SAND (SM) 

SILT OR CLAY 

HYDROMmER 

I Valley Forge 
-- Laboratories, Inc. ( GRAIN SIZE DISTRIBUTION 8/21/97 

SAND 
4 MEDIUM FINE COBBLES 

Remark : 

I 
SIEVE No. 

GRAVEL 
, - 1 n,,E 

Project No. 97128 BROWN & ROOT ENVIRONMENTAL 



BROWN SANDY SILT (ML) 

DARK BROWN SILTY SAND (SM) 

- 

UNIFIED SOIL CLASSIFICATION 

Valley Forge 
Laboratories, Inc. ( GRAIN SIZE DISTRIBUTION a/z~/w 

SILT OR CLAY 

Remark : 

US. SIEVE SLZE M M C m  US. mMDARD SIEVE No. HYDROYETER 

SAND 
MEMUM ( FINE COBBLES 

Project No. 97128 

CRAWL 
I F~NE 

BROWN i ROOT ENVIRONMENTAL 



DEPTH LL PI 
SYMBOL BORING (ft) ( (w) DESCRIPTION 

0 BGDSB0070101 F f 2  SANDY LEAN CLAY (CL) 

0 BGDSB0080101 LCHT BROWN CLAYEY SAND (SC) 

UNIFIED son CLASSIFICATION , 

SILT OR CLAY 

Remark : 

US. SIEVE SIZE IN INCHES US. SANDARD SIEVE No. HYDROYFTER I 

SAND 
4 M a Y W  1 FINE 'OBBLES 

Project KO. 97128 

Valley Forge 
Laboratories, Inc. 

CRA VEL 
1 "NE 

. . 

BROWN & ROOT ENVIRONMENTAL - 

-GRAIN SIZE DISTRIBUTION 8/28/97 



D PTH 
SYMBOL BORING f f t )  kh &I) DESCRIPTION 

0 BGDSB0030101 LIGHT BROWN LEAN CLAY (CL) 

O BGDSB0040101 ORANGE-BROWN LEAN CLAY WITH SAND (CL) 

UNIFIED SOIL CLASSIFICATION 

SILT OR CLAY 

Remark : 

US. SIEVE SIZE IN INCHES -U .S .SIUDABDSIEYENo. : . .  .. HYDRO- 

SAND 
4 MEDIUM 1 FINE 'OBBLEs 

Project No. 97128 

Valley Forge 
Laboratories, Inc. 

CRA VEL 
' CWRSE I ,E 

BROWN 6 ROOT ENVIRONMENTAL 

GRAIN SIZE DISTRIBUTIBN 8/22/97 
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JULY 27,2001 
TECHNICAL MEMORANDUM 

ADDITIONAL BACKGROUND SAMPLES FOR INDIAN HEAD DIVISION, 
NAVAL SURFACE WARFARE CENTER 

(INDIV-NSWC) 



DRAFT 

TO: The Indian Head Team 

FROM: Lee Ann Sinagoga 

RE: Additional Background samples for 

lndian Head Division, Naval Surface Warfare Center (INDIV-NSWC) 

DATE: July 27,2001 

EXECUTIVE SUMMARY 

The existing soils background dataset consists of 14 surface and 14 subsurface samples collected 

on-Base or in the vicinity of the INDIV-NSWC. This dataset was presented in the 1997 Background 

Investigation (BI) report for INDIV-NSWC. 

Soil samples collected at up-gradient locations at four SWMUs under investigation by CH2M Hill 

(SWMUs 11, 13, 21, and 25) were evaluated for inclusion into the background soils dataset. These 

samples should be incorporated into the background soils dataset for INDIV-NSWC. 

The statistical analysis conducted to date indicates that the existing background soil dataset 

comprises four underlying populations that are distinguishable by relatively few major factors related 

to grain size and depth. On this basis, four distinct background datasets should be developed for 

purposes of conducting background comparisons during site investigations: 

- Surface soils that tend to be characterized as clays or silts 

- Surface soils that tend to be characterized as sands 

- Subsurface soils that tend to be characterized as clays or silts 

- Subsurface soils that tend to be characterized as sands. 

The recommendation to collect 10 additional soil samples at the INDIV-NSWC is supported by the 

statistical analyses of the data, and the goals of the background investigation as stated in the 1997 BI 

report. It is proposed that the additional background soil samples be collected in a randomized 

fashion. The location of existing SWMUs and AOCs, and the geologic map units and soil associations 

in the Indian Head study area were considered in the selection of locations to be sampled. 



DRAFT 

1.0 Introduction 

This technical memorandum presents the background soils data available to date, provides the rationale 

for the collection of additional background soil samples, and recommends the sampling locations and 

analytical program for the additional background soil samples. It also presents the final results of the 

statistical analysis of the existing background soils dataset. 

2.0 Summary of Existing Background Soils Dataset 

The existing soils background dataset consists of 14 surface and 14 subsurface samples collected on- 

Base or in the vicinity of the NSWC Indian Head. Ten locations were sampled during the Background 

lnvestigation (BI) (four on Stump Neck Annex, four on Cornwallis Neck Peninsula, and two in Smallwood 

State Park). Four additional locations were sampled as upgradient locations during the site investigation 

of four solid waste management units (SWMUs) at INDIV-NSWC (SWMUs 1, 5, 25, and 26). Table 1.  

presents sample depth, approximate sample elevation, sample grain size (where available), geologic map 

unit (as defined in the Geologic Map, Charles County, Department of Natural Resources, Maryland 

Geologic Survey [See Figure I]), and soil association (as defined in the General Soil Map, USDA, Soil 

Conservation Service, Charles County, Maryland [See Figure 21). Sample locations are depicted in 

Figures 3 and 4. Analytical results and descriptive statistics for these soil samples are presented in 

Tables 2 through 5. The Background lnvestigation Report for Indian Head and Stump Neck Annex 

(Brown & Root Environmental, 1997) provides detailed information regarding the collection and analysis 

of these background samples. (It should be noted that the 1997 BI. Work Plan suggested the collection of 

samples from 10 additional locations if soil types [from the first ten locations] were not similar.) 

At the request of the IHIRT, soil samples collected in 2000 at upgradient locations at four SWMUs under 

investigation by CH2M Hill were also evaluated for inclusion into the background soils dataset: 

SWMU 21: Sampling stations 18, 19, and 20. 

SWMU 11 : Sampling stations 39, 40,41, and 42. 

SWMU 13: Sampling station 10. 

SWMU 25: Sampling stations 18 and 19. 

The analytical results for these samples were similar to analytical results reported for the background soil 

samples collected in 1997. (Tables 6 through 10 compare the analytical results available for the CH2M 

Hill samples those available for the 1997 samples.) It is recommended that all of the CH2M Hill samples 

listed above be included into the soils background dataset for INDIV-NSWC. The analytical results for 

background soil samples collected at each of the CH2M Hill SWMUs were averaged to represent 



DRAFT 

background conditions at that SWMU. The data for each SWMU were averaged so that background data 

from the CH2M Hill SWMU areas would not be over-represented in the background soil data set. (Only 

one sample had been collected per SWMU or background target area during the 1997 investigations.) 

3.0 Rationale for the Collection of Additional Background Soil Samples 

A primary objective of any background investigation is the development of a background dataset that is 

representative of background conditions for an area and, therefore, may be used to distinguish 

background concentrations in an environmental medium from site-related contamination. (Additionally, a 

background dataset should be "robustn for purposes of performing the statistical tests used to differentiate 

background concentrations from site-related contamination.) Statistical testsltechniques were used to 

evaluate the current background soil dataset (i-e., the 1997 and 2000 results) to determine whether: 

The background dataset represents one underlying population or more than one (e.g., there is a 

difference between chemical concentrations in the surface and subsurface soils, or chemical 

concentrations vary with soil type, or chemical concentrations vary with soil grain size, etc.). (The 

statistical analysis presented in the 1997 BI report suggested that there were two underlying 

populations, only: surface and subsurface.) 

Additional background soil samples are needed to produce a robust background database. 

The statistical tests/techniques used were: 

Scatterplots 

Correlation Coefficients 

Normal Probability Plots 

Wilcoxon Rank-Sum Non-parametric analysis of variance (ANOVA) 

Data Quality Objective (DQO) Decision Error Feasibility Trial (DEFT) calculations (Using the DEFT for 

Windows release beta 1.0 software package) 

Detailed results area included in Attachment 1. 

The following items summarize the results of the statistical analysis: 

The major factors influencing metals concentrations in the background soil samples are sample depth 

and grain size. Grain size was the strongest discriminating factor, when soils were grouped into two 

classes: sandy (grain size >0.075 mm) and clayey (grain size < 0.075 mm). Metals concentrations in 



the subsurface soil samples tend to be greater than those noted in the surface soil samples. This 

observation may reflect the more aggressive weathering of surface soils than subsurface soils. 

Metals concentrations in samples that tend to be characterized as clayey tend to be higher than 

concentrations in samples that tend to be characterized as sandy. This observation may reflect the 

fact that many metals adhere to the clay particles in soils versus the sand particles in soils. (It should 

be noted that the statistical analysis was conducted using primarily the 10 background samples 

collected during the 1997 BI, because grain size analysis was not available for other TtNUS or CH2M 

Hill samples.) Also, there is a moderate correlation between grain size and elevation. Soils 

characterized by a higher clay content predominate at elevations over 50 to 60 feet while sandy soils 

are more common at elevations under 50 to 60 feet. 

The statistical analysis indicates that the existing background soil dataset may contain the four 

aforementioned underlying populations and that four distinct background datasets should be 

developed for purposes of conducting background comparisons during site investigations: 

- Surface soils that tend to be characterized as clays or silts 

- Surface soils that tend to be characterized as sands 

- Subsurface soils that tend to be characterized as clays or silts 

- Subsurface soils that tend to be characterized as sands. 

The DEFT model was used to determine whether an adequate number of samples exists in the 

background dataset assuming it must be subdivided into the four subsets defined above. The model 

results indicated that fourteen samples of the surface clay type would be needed to distinguish 

background concentrations from site-related contamination.' Only six samples of this soil type have 

been collected to date. Therefore, the results of the model indicate that eight additional samples 

would be needed to complete the surface clay background soil data set. (The model predicts that the 

other three background soil data sets have a sufficient number of samples to distinguish 

background concentrations from site-related contamination at this level of resolution.) Only an 

evaluation of the lead concentrations in the existing surface-clay soil dataset suggests that more 

samples should be collected; this is a consequence of one elevated lead concentration reported for 

background sampling location 8. However, lead, in particular, is likely to be influenced by non-site 

related anthropogenic sources of contamination (e.g., leaded gasoline). Consequently, the variability 

noted in lead concentrations may not be a function of soil type or grain size, and the decision to 

collect or not collect additional background soil samples should not be based on the lead results 

alone. 
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The rationale for the collection of 10 additional soil samples at the INDIV-NSWC is based on the 

preceding statistical analyses, and the goals of the background investigation as stated in the 1997 BI 

report and repeated in this technical memorandum: 

Background soil samples were collected from only 10 locations during the 1997 BI. Even though the 

dataset may be supplemented by additional data from TtNUS and CH2M Hill site investigations, this 

existing dataset is  relatively small when compared to more recent background studies conducted for 

the Navy (e.g., NSWC Crane - approximately 70 samples collected). 

The statistical analysis originally presented in the BI report suggested that the background dataset 

represented two underlying populations: surface and subsurface soils. (No further subdivision of the 

dataset was necessary.) In contrast, the more rigorous statistical analysis conducted recently 

suggests that there are four underlying populations, as defined above. Subdividing the background 

dataset into four subsets produces datasets that contain between 4 and 6 samples, only, for 

background comparisons. Although the statistical analysis indicates that these datasets are fairly 

"tight" (i.e., variability within the individual datasets is relatively low), these are small datasets for 

purposes of conducting background comparisons. Additionally, the 1997 BI Work Plan suggested the 

collection of samples from 10 additional background locations if soil types [from the first ten 

locations] were not similar. 

The original 10 locations targeted for background sampling were scattered across IHDlV NSWC at 

locations selected in consultation with the Navy and the USGS, and considered not influenced by the 

existing SWMUs and AOCs under investigation. However, the sample collection protocol did not 

include any type of "randomization" in the selection of the actual location to be sampled. (In fact, the 

field sampling team was advised to avoid any area that may be influenced by site-related or non-site 

related, anthropogenic contamination.) Collecting samples in a random manner (such as described 

below) is recommended to assure that samples are collected in an un-biased manner and that they 

best represent background conditions at IHDIV-NSWC. 

The rationale for the locations of the additional background samples (and other details) is presented in 

Table 11. However, in overview, existing SWMUs and AOCs, and the geologic map units and soil 

associations were considered in the selection of locations to be sampled. Recommended sampling 

locations for the additional background samples are depicted in Figures 3 and 4. The additional 

background soil samples will be analyzed for target compound list (TCL) volatile organic compounds 

(VOCS), semi-volatile organic compounds (SVOCs), and pesticides/polychlorinated biphenyls (PCBs); 

target analyte list (TAL) metals, grain size, and total organics (TOC) as agreed to during the IHlRT 

meeting in June 2001. 



DRAFT 

It is proposed that the additional background soils samples be collected in a 'randomized fashion within 

the general areas that the IHlRT has targeted for sampling. Randomization is recommended so that the 

sample within a background target area is collected in an unbiased manner (EPA, 2000). The following 

protocol is suggested for each area targeted for background sampling as discussed above: 

1) The 1,000-foot by 1,000-foot square area (1E+6 square feet) will be established on a map as the 

target area at each background location recommended for sampling. 

2) The area will be subdivided by laying a grid over top of the area. Each grid square will represent a 

100-foot by 100-foot square area (i.e., 10,000 square feet). 

3) A uniform random number generator will be used to randomly select the grid-square to be sampled. 

4) Surface and subsurface soil samples will be collected at the center point of the selected grid-square 

unless the location is inaccessible (movement of 10 feet or less from the center point will be 

considered acceptable to achieve an accessible sampling location). 

5) If the selected sampling location is inaccessible, the next grid-square selected using a random 

number generator will be sampled unless the location is inaccessible. (Steps 4 and 5 will be repeated 

until an accessible sampling point is selected). 

The soil samples will be obtained from two intervals at each soil boring location. Soil samples will be 

collected at depths of 0 to 1 foot below surface and from 3 to 5 feet below surface. (These were the soil 

depths sampled during the 1997 BI.) Direct push technology (DPT) methods will be used to collect the 

samples. A lithologic description will be completed for each sample and a complete log of each boring will 

be maintained in accordance with TtNUS SOPS. All sampling locations will be surveyed to establish the 

geographical coordinates of the locations. 

4.0 QAPP Tables for the Additional Recommended Soil Samples 

The following tables are among those typically found in a Quality Assurance Project Plan (QAPP) 

prepared to support the collection and analysis of environmental samples and are included for review and 

comment: 

Table 12 A - Laboratory Analytical Parameters, Detection and Reporting Limits, and Risk-Based 

Target Levels. - This table compares the detection limits achievable under the proposed methods to 
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the lowest risk-based target levels (RBTLs) commonly used in the preparation of human health and 

ecological risk assessments for sites under investigation at IHDIV-NSWC. (Table 12B is a supporting 

table for Table 12 A and lists the various risk-based concentrations, standards and criteria used to 

derive the RBTLs.) 

Table 13 - Summary of Soil Sample Analysis and Quality Control Samples - This table summarizes 

the number of environmental samples and quality assurance samples (i.e., field duplicates, trip 

blanks, rinsate blanks, matrix spikedmatrix spike duplicates) to be collected. 

Table 14 - Summary of Organic, Inorganic, and Miscellaneous Analytical Procedures - This table 

summarizes the preparation methods and analytical methods used to analyze the soil samples. 

5.0 Comparison of Site Data to the Background Data-set 

Most recent data analysis indicates that the background dataset comprises four underlying subsets 

defined above. On this basis site samples should be classified into one of the four aforementioned 

subsets in order to conduct the background comparisons. The following methods are suggested: 

The analytical program for the site-characterization samples could include grain size analysis so that 

the site samples could be characterized as predominantly sand versus clay/silts, and subsequently 

compared to the appropriate background soil dataset. 

The field geologist could characterize the site soil samples in the field as predominantly sand or 

predominantly clay/silts. This information would be incorporated into the site dataset, and 

subsequently used to determine the most appropriate background comparisons. (A similar technique 

was proposed for, and is currently be used for the NSWC Crane RFI.) 

1. The DEFT model was run assuming that a False Positive Error not exceeding 25% at the background mean concentration and 

a False Negative Error not exceeding 25% at twice the background mean concentration were desired. 

2. EPA. 2000. Guidance for Choosing a Sampling Design for Environmental Data Collection (EPA QAIG-SS), Quality Staff, Office 

of Environmental Information. U.S. Environmental Protection Agency, Wash. D.C. (Peer Review Draft, August 2000). 
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SUMMARY OF EXISTING BACKGROUND SOIL SAMPLES 
NSWC INDIAN HEAD MARYLAND 

1) As defined in the Geologic Map, Charles County, Department of Natural Resources, Maryland Geologic Survey. 

2) As defined in the General Soil Map, USDA, Soil Conservation Service, Charles County, Maryland. 
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TABLE 2 

Volatlle Organlc Compounds (ugkg) 
l~cetone 1 213 1 2 2 0 0  1 1 3 0 0 0 1  7600 I RN6SS0170101 1 Lognormal I 13000 1 13000 I NA I NA I 7800000 1 P I 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS FOR SURFACE SOIL SAMPLES 
BACKGROUND INVESTIGATION REPORT 

NSWC INDIAN HEAD, MARYLAND 

-- 

Semlvolatlls Organlc Compounds (ug/kg) 
IBis(2-~1hylhexyl)phthalate 1 113 1 640 1 640 1 640 I RN6SS0170101 1 Lognormal I 640 I 640 I NA I NA I 46 I 410 1 

Chemical 

PestlcldeflCBs (ug/kg) 
4,4'-DDE I 2/10 ( 0.23 1 10 1 5.12 I BGDSS0080101 1 Undefined I 10 I 10 I NA I NA I 1900 I 17000 
4,4'-DDT I 2/10 1 0.38 1 9.4 1 4.89 I BGDSS0080101 1 Undeflned 1 9.4 9.4 NA I NA I 1900 17000 

Notes: 
1 - Shacklette, Hansford T. and Josephine G. Boemgen, Element Concentrations in Soils and Other Surficial Materials of the Conterminous Unlted States, U.S. Geological Survey Professional Paper 1270, 1984. 
Values presented In table are surface sol1 values. 
2 - Dragun, James. Ph.D., Elements In North American Solls. HMCRI, Green Belt. MD. 1991. Values presented in table are surface soil values. 
3 - EPA Region Ill Risk-Based Concenlratlons, October 22, 1997. 
4 - Value is presented in Maryland Department of the Envlronment, Tale 26, Subtitle 10, Chapter 01 -Oil Poliutidn (COMAR 26.10.01.01). 
5 - Values are presented In OSWER Directive #9355.4-12. 
Bolded values represent exceedances of Region Ill RBCs. 
NA - Not avallable 

Frequency of 
Detection 

Mlnlmum 
Detection 

Maxlmum 
Detection 

Average of Locatlon of 
Posltlve Detection Maxlmum 

Dlstrlbutlon of 
Data 

95% Upper 
Confidence L l m l  

95% Upper 
Tolerance Llmlt 

Eastern U.S. 
Soils ' 

Maryland 
Solls 

Resldentlal Rlsk-Bas 
Concenbatlon ' 



TABLE 3 

SUMMARY OF POSITIVE DETECTIONS IN SURFACE SOIL SAMPLES 
BACKGROUND INVESTIGATION REPORT 

NSWC INDIAN HEAD, MARYLAND 
PAGE 1 OF 2 

, -..-- 
a M!SCELLANEOUS PARAMETERS (mglkn) 

L 

[ TOTAL ORGANIC CARBON I 4140 I 10000 I 3110 I 3780 I 991 0 I 4820 I 9910 1 

LOCATION: 
SAMPL~ DATE: 

BGDSS0050101 BGDSS0060101 BGDSS0070101 BGDSS0010101 . 

PtST ICIDESIPCBs (pglkg) 
4,4'-DOE I 3.6 U I 1.5 UJ I 0.23 J I 1.5 UJ I 1.5 UJ I 1.5 UJ 1 1.5 UJ 
4,4'-DDT 3.6 U 1 ' 4.5 UJ 0.38 J 4.6 UJ 4.4 UJ 4.6 UJ 4.4 UJ 1 

' METALS (mglkg) + 

I ALUMINUM I 1 1200 I 2010 i 10200 i 7480 7500 I 2570 J I 10700 J I 
1 ARSENIC I 2.1 I 0.78 I 3.2 I 2.8 ! 2.5 i 1.7L I 2.1 I 
1 BARIUM I 52.3 I 13.4 I 66.8 I 47.8 I 36.1 i 19.4J 1 37.0 J I 
iBEcD;:;M I 0.56 K i 0.05 J i 0.53 J i 0.53 J I 0.17 J I 0.47 I 0.34 L I .  

i. 0.13 U I 0 . l l U  I 0.12U i 0.13U i 0.14U ; 0.25 j 0.22 K I 
1 CALCIUM I 120 8 i 98.86 i 1268  1 144B I 109 B 1 275 B 1 1 4 0 8  I 

i CHROMIUM I 13.4 I 3.5K i 19.3K j 13.2K i 12.5K i 12.2J i 13.2J I 
A 

0 ( COBALT I 4.2 j 0.58 I 15.0 I 7.9 I 2.3 I 3.0 I 2.5 I 
i COPPER I 4.6 B I 1.8 I 5.4 I 5.4 I 4.6 I 2.1 I 5.3 I 

I IRON I 9380 1 2770 i 14900 i 11800 i 9620 i 7260 J i 10300 J I 
I LEAD I 7.4 K I 9.0 ; 10.0 B 1 9.4 B I 14.8 I 6.7 I 9.8 I 
I MAGNESIUM I 71 4 i 143K j 750K i 573K i 478 K 1 3 s  K I 668 K I 
I MANGANESE I 245 I 24.9 J 1 375 J i 184 J j 62.8J i 114J i 46.8J I 
I MERCURY I 0.04 i 0.03 K 1 0.03 K 1 0.03 K I 0.04 K i 0.03 I 0.05 I 

I NICKEL I 5.8 I 1.7 i 7.8 L i 5.5 L I 3.2 I 2.5 I 4.9 I 
I 

I POTASSIUM I 47 1 I 128 I 516 I 309 ' i 251 i 752 J i 511J  I 

SELENIUM I 0.30 i 0.22 U i 0.70 I 0.83 I 0.51 I 0.54 J i 0.53 J I 

I SODIUM i 23.4 U I 22.0 UL i 40.5 L i 50.8 L i 26.1 UL i 38.5 I 51.6 I 
; VANADIUM I 21.7 I 12.6 I 27.8 I 23.4 I 18.5 i 11.8 J i 23.9 J 
I 7lNc I 21.7 I 6.2 I 26.2 I 22.2 I 15.7 1 23.4 J i 19.6 J I 

BGDSS0010101 
07/15/97 

BGDSS0020101 BGDSS0030101 SAMPLE NUMBER: BGDSS0010101 

BGDSSW20101 
07/24/97 

BGDSS0030101 
07130/97 

BGDSS0040101 
07/29/97 

BGDSS0050101 
07/24197 

BGDSS0060101 
07131197 

BGDSS0070101 
08/01/97 



TABLE 3 

SUMMARY OF POSITIVE DETECTIONS IN SURFACE SOIL SAMPLES 
BACKGROUND INVESTIGATION REPORT 

NSWC INDIAN HEAD, MARYLAND 
PAGE 2 OF 2 

SAMPLE NUMBER: BGDSS0090101 

I LOCATION: 
SAMPLE DATE: 

BGDSS0100101 MW03 ' MW03 RN6SSOl'IOlOl RRSS0030101 
0811 7/97 09125195 0912U95 07109197 0711 2197 

I I I 

VOIATILES (vglkg) 

I I I I ACETONE 
SEMlVOLATlLES (pglkg) 

[ B~S(P-ETHYLHEXYL)PHTHALATE f 1 1 I 
PESTlClDESlPCBs (pglkg) 
4,4'-ODE 1 10 J I 1 1.4 UJ I 1.4 U 

L 4,4'-DOT I 9.4 J 1 4.3 UJ 4.2 U 
I 

METALS (mglkg) 
ALUMINUM 1 13400 J j 6530 J I 6210 i 4010J 

3.9 B I 13000 L I 2200 I 
72.9 UJ I 640 J 1 390 UJ I 

1 1 1 
. 

12700J i I 

ARSENIC r 3.1 i 0.85 L i 2.5 I 2.2 3.3 L I 1.6 I 1 .8 i j 
I BARIUM I 45.5 J I 34.1 J i 30.8 I 29.8 84.8 I 36.6 I 12.5 I 

BERY LLlUM 0.60 L i 0.24 1 0.15B i 0.20 0.61 L j 0.46 i 0.10 B I I 
CADMIUM i 0.26K 1 0.15 f 0.27 U i 0.54 UL 0.57 U I 0.23 K j 0.25 K 

2 I 
I CALCIUM i 149 6 I 149 B i l l 9 K  i 101B 409 1 I I I 
I CHROMIUM I 15.9 J i 7.7 J I 9.2 I 10.5 20.8 I 6.8 i 9.6 J I 
I COBALT I 4.2 I 2.2 I 2.7 I 3.5 15.0 1 6.8 J I 0.84 I 1 
I COPPER I 17.3 I 3.1 I 3.3 i 2.5 L 4.4 L I 6.6 

--- 

i 4.5 B 

i 
- I 

I 

25300 J I 1 IRON 1 13400J i 4370J 1 6450 i 7930 I I 

1 LEAD 1 149 1 5.5 i 7.8 K I 10.0 9.9 J I 6.3 1 3.5 J I 

MAGNESIUM I 1050 i 454K 1 401K i 236J. I 1090J i 1 I 
882 J MANGANESE i 80.9 J i 22.7 J I 203K i 123J 1 I I 

MERCURY I 0.05 I 0.03 i 0.02 UL I 0.08 8 0.07 I 0.03 1 0.08 I I 
L 

NICKEL 1 8.6 L I 4.5 I 3.4 i 2.3 J 10.5 I 5.7 I 2 2  

POTASSIUM i 787 J i 454 J I 295 I 221 783 I I I I -, 
I SELENIUM 1 0.79 J 1 0.46 J i 0.53 UL 1 0.17 L 0.17 U I 0.47 I 0.65 I 

( SODIUM I 50.0 i 51.9 i 52.5 UL i 19.2 U ! 20.3U i I 1 
i VANADIUM i 29.2 J i 12.4J i 12.9 1 9.8 L i 38.7 I 12.0 I 13.6 I 

I ZINC 1 27.8 J ; 15.1 J I 11.3 I 11.4 I 30.8 J i 14.8 i 7.0 J I 
TOTAL PETROLEUM HYDROCARBONS (mglkg) 
TPH I 1 I 1 1 I I 1 33.7 L 
MISCELLANEWS PARAMETEM (a) 

t 

I h 

49.0 
1.5 U 
5020 

21.9 
1.9 

1620 2320 2810 

AMMONLA 
NITRATUNITRITE 
TOTAL ORGANIC CARBON 14000 
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TABLE 4 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS FOR SUBSURFACE SOIL SAMPLES 
BACKGROUND INVESTIGATION REPORT 

NSWC INDIAN HEAD, MARYLAND 

I 

Notes: 
1 - Shackletle. Hansford T. and Josephlne G. Boernwn. Element ConcentraUons In Soils and Other Surllclal Materials ol the Conlermlnous Unlted Stales. U.S. Geoloplcal Survey Prolesslonal Paper 1270. 1984 
(surface sol1 values are presented In table). 
2 - Dragun. James. Ph.D.. Elements In Norlh Amerlean Soils. HMCRI. Green Bell, MD. 1991 (surlsce sol1 values are presented In table). 
3 - EPA Replon Ill Rlsk.Based Concentrallons, October 22, 1997. 
4 -Value presented Is for lhalllc oxl&. 
5. Value Is presented In Maryland Department 01 the Envlronment. Tltle 26. SubUtle 10, Chapter 01 . 011 Pollution (COMAR 26.10.01.01). 
6 - Values are presented In OSWER Directive X9355.4.12. 
Bolded values represent excaedances ol Reglon Ill RBCs. 
NA . Not evallable 

Ml8~9lla11eOUl (mplkg) 

Volallle Organlc Compounds (uwlcg) 
[~cetone 1 113 1 lBOO 1 1800 1 1800 ( RPLSB0030101 I Lognormal I 1800 I 1800 I N A I NA 1 78ooMx) I 2WMKMOO I 
PelllCldel (Uplkg) 
4.4'-DDE 1 1/10 1 2.9 1 2.9 1 2.9 I BGDSB0080101 I Undellned 1 2.9 1 2.9 I N A I NA ] 1900 I 17000 
4,4'-DDT 1HO 1 2.4 1 2.4 1 2.4 I BGDSB0080101 1 Loanormal 1 2.4 3.05 N A 1 NA 1 1900 17000 

d 

IU 

Resldentlal Rlsk-Baaed 
ConcentraUon3 

lnduclrlal Rlrk-Based 
~ o n c e n t r a ~ o n ~  

95% Upper 
Conlldence Llmlt 

9.5 
1910 
55.2 
39.1 

Locallon of 
Maxlmum 

Average of 
Posltlve Delectlons 

S26MW03-002 
BGDSB0080101 
BGi)SB0040101 
S26-MW03-002 

Ammonle 
TOW wgank carbon 
Total wganlc halldes 
TPH 

95% Upper 
Tolerance Llmlt 

Dlstrlbullon 
of Dala 

Chemical 

Undellned 
Normal 

Undefined 
Undefined 

9.5 
4243 
55.2 
39.1 

9.5 
3880 
55.2 
39.1 

Mlnlmum 
Detection 

Frequency of 
Detecllon 

8.65 
1485 
55.2 
39.1 

2.12 
11112 
1110 
111 

Eastern U. S. 
Soils ' 

Marlmum 
Detection 

N A 
N A 
N A 
N A 

7.8 
261 
55.2 
39.1 

Maryland 
Solls ' 

N A 
NA 
N A 
l o 6  

N A 
N A 
N A 
N A 

N A 
N A 
NA 
N A 
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TABLE 5 

SUMMARY OF POSITIVE DETECTIONS IN SUBSURFACE SOIL SAMPLES 
BACKGROUND INVESTIGATION REPORT 

NSWC INDIAN HEAD, MARYLAND 
PAGE 1 OF 4 - 

SAMPLE NUMBER: BGDSB0010101 BGDSBW20101 BGDSBW30101 

LOCATION: 
SAMPLE DATE: 

BGDWW02 
07131197 

I I I I I I I 
PESTlClDESlPCBs (pglkg) 
4.4'-DDE I 3.9 U I 1.4 UJ I 1.9UJ . I  1.5 UJ I 1.5 U L  I 1.6 UJ I 1.8 UJ 
4,4'-DDT 3.9 U 4.3 UJ 5.7 UJ I 4.6 UJ 4.6 UJ 4.8 UJ 4.7 UJ 
MFTALS Imolka\ 

TOTAL ORGANIC CARBON 
TOTAL ORGANIC HALIDES (uglL) 



TABLE 5 

SAMPLE NUMBER: 

LOCATION: 
SAMPLE DATE: 

SUMMARY OF POSITIVE DETECTIONS IN SUBSURFACE SOIL SAMPLES 
BACKGROUND INVESTIGATION REPORT 

NSWC INDIAN HEAD, MARYLAND 
PAGE 2 OF 4 

W 0 3  RN6SBO170301 
OQ/24/95 07/23/97 

* 
-- - - .r" ", 

ACETONE I I I I I I 1.4 B 1 10 U 1 
PESTICIDESIPCBs (pglkg) 

2 

P 

MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 
TOTAL PETROLEUM HYDROCARBONS (mglkg) 
TPH I 1 I 1 I I 39.1 L I 1 
MISCELLANEOUS PARAMETERS (mglkg) 
AMMONIA I I ... 1 1- I 7.8 I 9.5 - '9L ORGANIC CARBON 26 1 3880 '78 

I 
- 3-.. . .  . .  168P - I b . .  8 2 5 U  - j 1290 

58.6 
006  B 
8.5 L 
1320 

0.54 UL 
015  U 

54 0 UL 
0.54 U 

58 9 
31.0 J 

75.2 J 
0 05 

8.2 L 
913 J 
0 93 

0.06 U 
57 0 

0.41 B 
34.3 J 
19.3 J 

18.4 J 
0.02 
4.8 

647 J 
0.47 J 
0.14 B 

44 5 
023  U 
17.4 J 
162 J 

929 K 
0.01 L 

4.1 
535 

0.54 UL 
0.63 

6 0 3  B 
0.54 U 

17.0 
11 6 

50.1 J 
0.05 U 
3.3 J 
250 

0.15 U 
0.10 U 
18.4 U 
0.26 U 

9.8 L 
11.3 

98.8 J 

0.06 U 
8.0 
385 

0.18 U 
0.12 U 
21.4 U 
0.30 U 

23.9 
2 4 2  J 

0 01 
5.2 

0.28 L 
0.08 B 

0.22 U 
9 4 
10 4 



TABLE 5 

SUMMARY OF POSITIVE DETECTIONS IN SUBSURFACE SOIL SAMPLES 
BACKGROUND INVESTIGATION REPORT 

NSWC INDIAN HEAD, MARYLAND 
PAGE3OF4 . 

SAMPLE NUMBER: BGDSBOO70101 BGOSBW80101 BGDSB0090101 BGDSB0100101 S25-MW03-002 

LOCATION: 
SAMPLE DATE: 

L I I 
MISCELLANEOUS PARAMETERS () 

1 TOTAL ORGANIC HALIDES (uglL) I 39.8 U 1 47.3 U 1 35.9 U I 43.9 U 1 I I 1 
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SUMMARY OF POSITIVE DETECTIONS IN SUBSURFACE SOIL SAMPLES 
BACKGROUND INVESTIGATION REPORT 

NSWC INDIAN HEAD, MARYLAND 
PAGE 4 OF 4 

I LOCATION: 
SAMPLE DATE: 

RPLSB0030101 SAMPLE NUMBER: RN6SB0170301-D 



TABLE 6 DRAFT 

DETECTED COMPOUNDS IN SITE 11 
SURFACE SOIL BACKGROUND SAMPLES 

NSWC INDIAN HEAD, MARYLAND 
PAGE 1 OF 2 

U - Analyte not detected 
UL 

Station ID 
Sample ID 
Sample Date 

NA - Not analyzed 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
K - Reported value may be biased high 
L - Reported value may be biased low 

IS1 1 SO39 
IS1 1 SS390001 

08/04/00 08/04/00 

IS1 1 SO40 
IS1 1 SS400001 

08/04/00 
Chemical Name 

07/27/00 Range 

IS1 1 SO41 IS1 1 SO42 
IS1 1 SS420001 IS1 1 SS410001 P 

08/04/00 

TtNUS Background 
Concentration IS1 1 SS410001 
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DETECTED COMPOUNDS IN SITE 11 
SURFACE SOIL BACKGROUND SAMPLES 

NSWC INDIAN HEAD, MARYLAND 
PAGE 2 OF 2 

NA - Not analyzed 
B - Analyte not detected above associated blank 
J - ReportpA value is estimated 
K - Repc alue may be biased high 
L - Repol .. . dalue may be biased low 

Station ID 
Sample ID 
Sample Date 

U - Analyte not detected 
UL 

IS1 1 SO39 
IS1 1 SS390001 

08/04/00 07/27/00 

IS1 1 SO40 
IS1 1 SS400001 

08/04/00 Range 
Chemical Name 

IS1 1 SO41 IS1 1 SO42 
IS1 1 SS420001 IS1 1 SS410001 P 

08/04/00 

TtNUS Background 
Concentration IS1 1 SS410001 

08/04/00 



TABLE 7 DRAFT 

DETECTED COMPOUNDS IN SITE 11 
SUBSURFACE SOIL BACKGROUND SAMPLES 

NSWC INDIAN HEAD, MARYLAND 

Exalosives fUG/KG\ 

Total Metals (MG/KGl 

I 

% Moisture NA I 
U - Analyte not detected 

NA - Not analyzed UL 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
K - Reported value may be biased high 
L - Reported value may be biased low 



TABLE 8 

DETECTED COMPOUNDS IN SITE 13 
SURFACE SOIL BACKGROUND SAMPLES 

NSWC INDIAN HEAD, MARYLAND 

Station ID IS1 3S010 TtNUS Background 
Sample ID IS1 3SS100001 Concentration 
Sample Date 0711 8/00 Range 

DRAFT 

NA - Not analyzed 
J - Reported value is estimated 



TABLE 9 DRAFT 

DETECTED COMPOUNDS IN SITE 21 
SURFACE SOIL BACKGROUND SAMPLES 

NSWC INDIAN HEAD, MARYLAND 
PAGE 1 OF 2 

NA - Not analyzed 
J - Reported value is estimated 
K - Reported value may be biased 

high 
L - Reported value may be biased low 
U - Analyte not detected 

Station ID 
Sample ID 
Sample Date 

UL - Not detected, quantitation limit is probably higher 

IS21 SO1 8 
IS21 SS180001 

08/01 100 

IS21 SO1 9 
IS21 SS190001 

08/01 100 

IS21 SO20 
IS21 SS200001 

08/01/00 

TtNUS Background 
Concentration 

Range 



TABLE 9 DRAFT 

DETECTED COMPOUNDS IN SITE 21 
SURFACE SOIL BACKGROUND SAMPLES 

NSWC INDIAN HEAD, MARYLAND 
PAGE 2 OF 2 

Istation ID I IS21 SO1 8 I IS21 SO1 9 I IS21 SO20 I TtNUS Background 
!sample ID I IS21SS180001 I IS21 SS190001 I IS21SS200001 I Concentration 

NA - Not analyzed 
J - Reported value is estimated 
K - Reported value may be biased 

high 
L - Reported value may be biased low 
U - Anaiyte not detected 

Sample Date 1 08/01 100 I 08/01 100 I 08/01/00 

UL - Not detected, quantitation limit is probably higher 

Range 
Chemical Name 



TABLE 10 DRAFT 

DETECTION COMPOUNDS IN SITE 25 
SURFACE SOIL BACKGROUND SAMPLES 

NSWC INDIAN HEAD, MARYLAND 

Isample Date 07/31/00 I 07/31 100 I Range I 
Station ID 
Sample ID 

IChemical Name I 

NA - Not analyzed 

B - Analyte not detected above associated blank 

J - Reported value is estimated 

K - Reported value may be biased high 

U - Analyte not detected 

UL - Not detected, quantitation limit is probably higher 

IS25S018 
IS25SS180001 

IS25S019 
IS25SS190001 

TtNUS Background 
Concentration 



TABLE 11 

SUMMARY OF PROPOSED BACKGROUND SOIL SAMPLING LOCATIONS 

DRAFT 

Proposed Background 
Sampling Location 

11 

Geologic 
Map unit(') 

Qk 

NSWC INDIAN HEAD MARYLAND 

Approximate I Soil I Description of 
Elevation 

10-30 
~ssociation'~' 

10 
Location 

South of Archer Ave. 
Mid-way between 26MW03 and 

10-40 

10-30 

and golf course. Between SWMUs 
1 and 2. 

9 

100 

SWMUS 6 and 1 1. 
Lowland/coastal area between 
SWMUs 17 and 22. 

9 Northeast of existing background 
location BGDSS03. Between 

1 

50-1 00 

SWMUs 43 and 3. 
Upland area north of Strauss Ave 

100-1 20 

1 

I I 

Upland area west of Riverview Village 
and east of existing sediment location 

1 

50-60 

10 

BGDSD10. 
Indian Head School area. 

9 I ~ a s t  of facility boundary between 

50 

Rationale for 

9 

50-80 

Sampling Location 
Geologic map unit (Qk) not previously 
sampled during background investigation. 

Riverview Village and Gilmont. 
Lowland area north of Smallwook Park, 

1 

Southern boundary'of Cornwallis was not 
sampled during background investigation. 

Evaluate Rum Point, Sweden Point, 
Grinders Wharf, and Bullett Neck. 
Select one. 
Vicinity of sediment location BGSDO6. 

10 

Will compliment CH2M Hill samples. 
Geologic map unit (Qo) not previously 

Approximately 1000 feet south of 
location 25MW03. 

sampled during background investigation. 

Statistical evaluation suggests that data 
may be more variable at higher elevations. 
Few existing samples at elevations 
greater than 100. 
Statistical evaluation suggests that data 
may be more variable at higher elevations. 

Statistical evaluation suggests that data 
may be more variable at higher elevations. 
Few existing samples at elevations 
greater than 100. 
Statistical evaluation suggests that data 
may be more variable at higher elevations. 
Few truly low-land (less than 30 feet asl) 
collected to date. 
Will compliment CH2M Hill samples. 

Mid elevation sample location. Will 
compliment existing database. 
Mid elevation sample location. Will 
compliment existing database. 

1) As defined in the Geologic Map, Charles County, Department of Natural Resources, Maryland Geologic Survey. 

2) As defined in the General Soil Map, USDA, Soil Conservation Service, Charles County, Maryland. 
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TABLE 12A 

LABORATORY ANALYTICAL PARAMETERS, DETECTION AND REPORTING LIMITS, AND 
RISK-BASED TARGET LEVELS 

NSWC INDIAN HEAD, MARYLAND 
PAGE 1 OF 8 

1 (mdkg) (mSl/kg) 
TARGET ANALYTE LIST METALS (TAL) METALS 

Parameter 
Risk-Based 

Soil Target ~ e v e l ( ~ )  
(mdkg) 

Laboratory 
MDL") 

Method 
RL") 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 
I I ~ - -  I 

NS 
NS 
NS 
NS 
NS 
NS 
NS 

Chromium (total) . . 

Cobalt 

Copper 

1 
0.48 

0.001 3 
110 
0.02 
1.4 

Iron 

I NS 
I 

NS 
NS 

L 

Magnesium 

Manaanese 

0.0075 - .  - 

100 
15 

NS 

" 

Mercury 

Nickel 

12 
Lead . .- 

NS 
NS 

Potassium 

Selenium 

Silver 

Sodium 

NS I 0-nl -.-. 
4400 
A8 . - -  

0.1 
NS 

1 I - -- I 

. - 
0.058 

2 

NS 
NS 
NS 
NS 

Thallium 

- 

0.95 
0.00001 

NS 0.001 
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TABLE 12A 

LABORATORY ANALYTICAL PARAMETERS, DETECTION AND REPORTING LIMITS, AND 
RISK-BASED TARGET LEVELS 

NSWC INDIAN HEAD, MARYLAND 
PAGE 2 OF 8 

- - .- -. . 

1,2-Dichloroethane 0.005 0.000052 
1,2-Dichloropropane 0.005 0.0001 
1,3-Dichlorobenzene 0.005 0.1 5 
1,4-Dichlorobenzene 0.005 o.o!lo36 
2-Butanone I 0.005 0.4 
2-Hexanone 0.005 31 00 
4-Methyl-2-Pentanone 0.005 0.065 
Acetone 0.005 0.12 
Benzene 0.005 0.00009 
Bromodichloromethane 0.005 0.000054 
Bromoform 0.005 0.0033 
Bromomethane 0.005 0.0021 
Carbon Disulfide 0.005 0.95 

Parameter 

Zinc 

TARGET COMPOUND LIST TTCL) VOLATILE ORGANIC COMPOUNDS (VOCsl 

Laboratory 
MDL"' 

m m g )  

Method 
R L '~)  

m m l )  
NS 

Risk-Based 
Soil Target ~ e v e l ' ~ )  

m m )  
10 



DRAFT 

TABLE 12A 

LABORATORY ANALYTICAL PARAMETERS, DETECTION AND REPORTING LIMITS, AND 
RISK-BASED TARGET LEVELS 

NSWC INDIAN HEAD, MARYLAND 
PAGE 3 OF 8 

Parameter 

Carbon Tetrachloride 
Chlorobenzene 
Chlorodibromomethane 
Chloroethane 
Chloroform 
Chloromethane 
Cis-1,2-Dichloroethene 
Cis-1,3-Dichloropropene 
Cyclohexane 
Dichlorodifluoromethane 
Ethylbenzene 
lsopropylbenzene 
Methyl Acetate 
Methyl Cyclohexane 
Methyl Tert-Butyl Ether 
Methylene Chloride 
Styrene 

Laboratory 
MDL") 

Tetrachloroethene 
Toluene 
Total Xylenes 
Trans-1,2-Dichloroethene 

Trans-l,3-Dichloropropene 
Trichloroethene 
Trichlorofluoromethane 
Vinyl Chloride 

(mg/kg) 

Method 
R L(*) 

0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 

Risk-Based 
Soil Target ~evel@) 

(mglkg) 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 -. . 

0.0024 
0.1 
0.1 

0.041 
0.0001 6 
0.00077 

1.1 
0.000017 

( w w  
0.0001 1 

0.04 
0.000041 
0.00096 
0.000045 
0.00052 
0.01 7 

0.0001 6 

0.55 
0.1 
3.2 
1.2 

1.4 
0.00095 

n 1 
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Parameter 

4,6-Dinitro-2-Methylphenol 

4-Brornophenyl Phenyl Ether 

Method 
RL'~) 

( m g ~ g )  

Laboratory 
MDL") 

(mg/kg) 

4-Chloro-3-Methylphenol 

4-Chloroaniline 

4-Chlorophenyl Phenyl Ether 

Risk-Based 
Soil Target ~ e v e l ( ~ )  

(mg/kg) 

. .- 

3.3 
0.66 

7.8 

1.3 
1.3 
0.66 

0.048 
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LABORATORY ANALYTICAL PARAMETERS, DETECTION AND REPORTING LIMITS, AND 
RISK-BASED TARGET LEVELS 

NSWC INDIAN HEAD, MARYLAND 
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Parameter 

4-Methylphenol 

4-Nitroaniline 

4-Nitrophenol 

Acenaphthene 

Acenaphthylene 

Acetophenone 

Anthracene 

Atrazine 

Benzaldehyde 

Benzo(A)Anthracene 

Benzo(A)Pyrene 

Benzo(B)Fluoranthene 

Benzo(G,H,I)Perylene 

Benzo(K)Fluoranthene 

Bis(2-Ch1oroethoxy)Methane 

Bis(2-Chloroethy1)Ether 

Bis(2-ChloroisopropyI)Ether 

Bis(2-Ethylhexy1)Phthalate 

Butyl Benzyl Phthalate 

Caprolactarn 

Carbazole 

Chrysene 

Dibenzo(A,H)Anthracene 

Laboratory 
MDL") 

(mglkg) 

Method 
RL(*) 

(mg/kg) 
0.66 
ND 
3.3 
0.66 
0.66 
ND 
0.66 
NS 
NS 

0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
NS 
NS 
0.66 
NS 
NS 

0.66 
0.66 

Risk-Based 
Soil Target Level@) 

(mglkg) 
0.1 

0.087 
0.1 
0.1 

0.00001 1 
0.1 

0.00044 
7800 
0.073 
0.01 9 
0.1 
0.1 
0.1 

0.0000022 

46 
840 
39000 
0.023 
0.1 
0.07 
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Parameter 

Dibenzofuran 

I ~ i - ~ - ~ u t y l  Phthalate I I ND 250 

Diethyl Phthalate 

Dimethyl Phthalate 

Laboratory 
MDL") 

(mglkg) 

0.66 
NS 

I I 
- - 

I 

-- 

Hexachlorobenzene 0.66 0.0026 
Hexachlorobutadiene 0.66 0.092 

g Hexachlorocyclopentadiene 0.66 1 00 

Method 
R L ( ~ )  

(mglkg) 
0.66 

23 
780000 

Di-N-Octyl Phthalate 

Fluoranthene 

Fluorene 

Risk-Based 
Soil Target ~ e v e l ' ~ )  

(mglkg) 
0.38 

0.66 
0.66 
0.66 

Hexachloroethane 

Indeno(l,2,3-Cd)Pyrene 

1600 
0.1 
0.1 

- 
- 
- 
- 
- 
- 
- 0.66 

0.66 
lsophorone 

Naphthalene 

Nitrobenzene 

N-Nitroso-Di-N-Propylamine 

N-Nitrosodiphenylamine 

Pentachlorophenol 

Phenanthrene 

Phenol 

Pyrene 

0.01 8 
0.1 

I 

0.66 
0.66 
0.66 
0.66 
0.66 
3.3 
0.66 
0.66 
0.66 

0.021 
0.0077 
0.001 2 

0.0000024 
0.038 
0.1 
0.1 
0.1 
0.1 

TARGET COMPOUND LIST (TCL) PESTICIDES AND POLYCHLORINATED BIPHENYLS (PCBs) 
4,4'-DDD NS 0.1 
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Parameter 

4,4'-DDE 
4,4'-DDT 
Aldrin 
Alpha-BHC 
Alpha-chlordane 
Aroclor-1 01 6 
Aroclor-1221 
Aroclor-1232 
Aroclor-1242 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260 
Beta-BHC 
Delta-BHC 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Gamma-BHC (Lindane) 
Gamma-chlordane 
Heptachlor 
Heptachlor epoxide 

Laboratory 
MDL") 

(mg/kg) 

Method 
R L ' ~ )  

(mglkg) 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

Risk-Based 
Soil Target ~ e v e l ( ~ )  

(mg/kg) 
0.1 

0.058 
0.00038 
0.000045 

0.1 
0.1 

0.021 
0.021 
0.021 
0.021 
0.054 
0.021 

0.0001 6 
0.000045 
0.0001 1 

0.98 
0.98 
0.98 
0.1 
23 
23 

0.00022 
0.1 

0.042 
0.001 2 
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LABORATORY ANALYTICAL PARAMETERS, DETECTION AND REPORTING LIMITS, AND 
RISK-BASED TARGET LEVELS 

NSWC INDIAN HEAD, MARYLAND 
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Risk-Based 
Soil Target ~ e v e l ' ~ )  

I I (mnlkg) 
Methoxychlor 
Toxap hene 

RBTL = risk-based target level 
MDL = method detection limit 
RL = reporting limit 
mg/kg = milligrams per kilogram. 
NA = Not Applicable. 
1 To be determined once a laboratory is selected. 

W 2 Refer to Table 4 for the analHical methods to be used. 
10 3 Value is based on the lowest human health or ecological risk-based criteria. 

Note: RBTLs that exceed method RLs are in bold. 

Method 
RL'~) Parameter 

Total Organic Carbon (TOC) 

Particle Size 

Laboratory 
MDL"' 

MlSCELLANEOUS PARAMETERS 

(mg/kg) 
NS 
NS 

(mg/kg) 
0.1 
0.031 

1 00 
N A 

NA 
NA 
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TABULAR PRESENTATION OF RBSLs FOR RBTL SELECTION 
NSWC INDIAN HEAD, MARYLAND 

PAGE 1 OF 4 

EPA SSL for Mlgratlon EPA SSL for Mlgratlon Reglon 3 RBCs 
to Groundwater- Barls $ to Groundwater- Bask Basis $ lor Bas's 5 c Mlnlrnurn 

Reglon 3 BTAG- 
RBCofor Soil- Soil (Lowest 

PARAMETER C AS Dllutlon and for Dllutlon and for - for 5 Residential for 
Crlterla 

Attenuallon Faclor-1 Crllerla 2 Allenuatlon Factor&. CrHerla i Crlterla $ Land Use Cr&a 
lndustr'a' Land 'Iora and 0 Value 

(rnance) 
use (rnancg) 

(rnanca) 
Valuer) (rnglkg) 2 (rnmg) 

[CADMIUM 17440-43-9 1 1.4 1 27 78 2.5 I 

I SELENIUM 17782-49-2 1 0.95 I I I 19 I I I 10000 I N 1  I 390 1 N I I 1.8 1 035 
SILVER 17440-22-4 1 1.6 31 1 10000 I N I 1 390 1 N I 1 0.00001 1 I 1 0.00001 

MAGNESIUM 7439-95-4 
MANGANESE 7439-96-5 48 
MERCURY 7439-97-6 
NICKEL 7440-02-0 

~ --- 

SODIUM 7440-23-5 
THALLIUM 7440-28-0 0.18 3.6 140 N 5.5 N 0.001 0.001 
VANADIUM 7440-62-2 260 5100 14000 N 550 N 0.5 0.5 
ZINC 7440-66-6 680 14000 610000 N 23000 N 10 10 - 

9 950 9 41000 
610 

41000 

N 
N 
N 

10 
12 

1600 
23 

1600 

N 
N 
N 

11 
12 

4400 
330 

0.058 
2 

4400 

48 , 

0.058 
2 
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NSWC INDIAN HEAD, MARYLAND 
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EPA SSL for Mlgratlon EPA SSL for Migration Region 3 
Reglon 3 RBCa 

to Groundwater- Bash ,2 l o  Groundwater- 
B;;,'" f RBcs ,or soil- ";:; 6 for SON-  MI^ 2 "glOn BTAG* Minimum 

PARAMETER CAS Dllutlon and for E Dilutlon and e so11  owest st ol 
Basis 6 

Residential for - Crlterh 

Attenuation Fado rd  Crlteria $ Anenuatlon Factors20 Crlterla 3 Criterh ,f Land Us0 Crlterla 
Industrial land 

use ( m u W  !::G &:ria 8 
trndkal Imdkab ( W 9 )  
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TABULAR PRESENTATION OF RBSLs FOR RBTL SELECTION 
NSWC INDIAN HEAD, MARYLAND 
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EPA SSL for Mlgratlon EPA SSL for Migratlon 
Reglon 3 

Reglon 3 RBCs - (01 SOll- Basis ; Region 3 BTAG- 
Basis 2 ~ h l h u m  to Groundwater- Baslo ': to Groundwater- Basis f RBCs for Soil- 

Basis 
PARAMETER CAS Dllutlon and for Dllutlon and for - for Resldentlal for 5 for g 5 Of Crlterla 

0 Industrlal l and  
Crlterla Attenuatlon Factor4 Crlterla g Attenuation Factorr20 Crlterla Q Land Use Crlterla and Fauna i Value 

use (mg/kg) Values) (mg/tcg) i (mpnce) 

4,4'-DDD 
4,4'-DDE 
4.4'-DDT 
ALDRIN 

YICLY",," 

ENDOSULFAN I 
ENDOSULFAN II 
ENDOSULFAN SULFATE 
ENDRIN 17~-LU-o I V.LI I 1 I 0.4 I I I 610 1 23 0.1 I I I 0.1 
ENDRIN ALDEHYDE (7421-93-4 1 1 610 1 N 1 29 1 23 I N 1 2 9 1  1 23 
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EPA SSL for Mlpratlon EPA SSL for Migration Reglon 3 RBCs 
Reglon 3 m Reglon 3 BTAG- Mlnlrnurn 

to Groundwater- Basls g to Groundwater- Basis f RBCsfOr soil- 
Bash g for S o  Bash g Bad8 1 CrnerY 

PARAMETER CAS Dnutlon and lor Dllution and for Resldentlal lor 3 Industrlal Land 
C;;rla Land crIUrla ; flora and F a u n  c:Erh value Anenuatlon Factor4 Crilerla 2 Attenuatlon Factor.20 Crlterla , 

use (rngkg) Values) (rnglkg) ( W w  

CAS = Chemlcal Abstract Series 
EPA = Envlmnmental Pmtectlon Agency 
SSL = Soll Screening Level 
RBC = Rlsk-Based Concentration 
BTAG E Blologlcal Technlcal Assistance Gmup 

N = Determlnatlon of the RBC Is based on noncarcinagenlc eflects. 
C = Determlnatlon of the RBC Is based on carcinoyenlc eHects. 

1- The SSL based on the RfDo lor water is presented. The SSL based on the RlDo for food is 2.7 for a DAF of 1 and 55 for a DAF of 20. 
2. The RBC lor industrial land use calculated uslng the RfDo for food is presented. The RBC for industrial land use Calculated using the RID0 lor water Is 1000 mgllrg. 
3. The RBC for resldentlal land use calculated using the RID0 for lood Is presented. The RBC for residential land use calculated uslng the RfDo for water Is 39 m@g. 
4- Screening criteria for hexavalent chromlum is presented. 

a 5- The RBC lor lndustrlal land use lor hexavalent chromium Is presented. The RBC for industrial land use for trivalent chromium Is 3,100,000 tngllrg. 
6- The RBC for residentlal land use for hexavalent chromium Is presented. The RBC for residential land use for trivalent chromlum is 120,000 m@g. 
7- Recommended sdl screening level for Industrial land use. Value was developed using the USEPA Technical Rev~ew Workgroup adult exposure to lead model (USEPA, December 1996). 
8- OSWER soil screening level for residentlal lend use (USEPA, July 1994). Value was developed using the USEPA Integrated Exposure Uptake Blokinetlc Model (IEUBK) (USEPA. February 1994). 
9- The SSL based on an RID for nonfood Is presented. The SSL based on an RID lor lood is 330 for a DAF of 1 and 6700 for a DAF of 20. 
10- The RBC lor industrial land use calculated uslng the RfDo for nonfood Is presented. The RBC for Industrial land use calculated uslng the RID0 for food Is 290.000 mgllrg. 
11- The RBC for resldential land use calculated using the RfDo for nonfood Is presented. The RBC for residentlal land use calculated using the RfDo for food is 11,000 mp/kg. 
12- Value presented Is for mercuric chloride. 
13. Value presented for dlnltrophenol is used as a surrogate. 
14- Value presented for 4-Nitrophenol Is used as a surrogate. 
15- Value presented for acenaphthene is used as a surrogate. 
18- Value presented lor naphthalene Is used as a surrogate. 
17- Value presented for trichloroethane Is used as a surrogate. 
18- Value presented for trichlorobenzene is used as a surrogate. 
19- 1,3-Dlchlompropene is presented as a surrogate. 
20- Residential, tap water, air and SSL values are based on CSF for liletlme exposures by a child/adult. Industrial PRG is based on CSF for exposures by an adult. 
21- Value presented for hexachlorocyclohexane Is used as a surrogate. 
22- The standard/criteria/screenlng value for chlordane is presented. 
23- The values for chlordane have been used as surrogates lor alpha- and gamma-chlordane. The toxicity criteria for chlordane (technlcel) (CAS 2789-03-6) was used to develop the RBCs. 
24- Criteria is applicable if Amclor-1016 only Is present. I1 other Aroclors ere present, a RBC for industrial land use of 2.9 m@g applies to the mixture. 
25- Criteria is epplicable if Aroclor-1016 only Is present. H other Aroclors are present, a RBC for resldential land use of 0.32 m@g applies to the mixture. 
26- Value for all PCB congeners (koclors) Is presented. 
27- Value presented for alpha-BHC Is used as a surrogate. 
28- Value presented for endosulfan Is used as a surrogate. 
29- Value presented for endrin is used as a surrogate. 
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TABLE 13 

SUMMARY OF SOIL ANALYSES AND QUALITY CONTROL SAMPLES 
NSWC INDIAN HEAD, MARYLAND 

r- Parameter 

Target Compound List (TCL) 
PesticidesIPCBs 
Target Compound List (TCL) SVOCs 

Target Compound List (TCL) VOCs 
Target Analyte List (TAL) Metals 

Total Oraanic Carbon (TOC) 

Field 
Samples I ~ u ~ l i c a t e d ' '  

1 Particle Size 

NA I TBD I 1 

TBD I TBD 1 1 

Matrix Spikes1 
Matrix Spike ~upl icated~'  

Trip 
~ l a n k s ( ~ )  

NA I TBD I 1 

Rinsate 
~ l a n k s ( ~ )  

NA I TBD I NA 

TBD 

TBD 

TBD 
TBD 
TBD 

TBD 

1 Field duplicates will be collected at a frequency of 1 per every 10 samples. Field duplicates are not applicable (NA) for field measurements. 
2 Trip blanks will be submitted for analysis at a frequency of one per cooler containing samples for volatile organics analysis. 
3 The number of rinsate blanks collected depends on how many sampling days are needed, with a minimum of 1 per day per non-disposable sampling 

device/instrument. The total number of samples will depend on the number of rinsate blanks collected. 
4 Matrix spike (MS) and matrix spike duplicate (MSD) samples will be collected at a frequency of 1 per every 20 samples. MS/MSDs are not applicable (NA) for field 
analysis. 

NA = Not Applicable 
PCBs = Polychlorinated Biphenyls 
SVOCs = Semivolatile Organic Compounds 
VOCs = Volatile Organic Compounds 
TBD = To Be Determined 



APPENDIX E.2 

ANALYTICAL DATA SUPPORTING SECTION 4 FIGURES 



COMPARISON OF SURFACE AND SUBSURFACE SOlL CONCENTRATIONS FOR BACKGROUND SOlL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

ALUMINUM 

Sample Identification 
BGDSS0010101 / BGDSB0010101 
BGDSS0020101 / BGDSB0020101 
BGDSS0030101 / BGDSB0030101 
BGDSS0040101 / BGDSB0040101 
BGDSS0050101 / BGDSB0050101 
BGDSS0060101 / BGDSB0060101 
BGDSS0070101 / BGDSB0070101 
BGDSS0080101 1 BGDSB0080101 
BGDSS0090101 / BGDSB0090101 
BGDSSOI 001 01 / BGDSB0100101 
BGDSS0110101 / BGDSB0110101 
BGDSSO120101 / BGDSB0120101 
BGDSSOl3OlOl / BGDSBOl3OlOl 
BGDSS0140101 / BGDSBOl4OlOl 
BGDSSOl5OlOl / BGDSB0150101 
BGDSSOl6OlOl / BGDSB0160101 
BGDSSOl7OlOl / BGDSB0170101 
BGDSSOl8OlOl / BGDSBOl8OlOl 
BGDSSOl9OlOl / BGDSBOl9OlOl 
BGDSS0200101 / BGDSB0200101 

Surface Soil Concentration (mglkg) 
1 1 200 
201 0 
10200 
7460 
7500 
2570 
10700 
13400 
6530 
621 0 
6800 
1 1400 
5330 
51 80 
15500 
9600 
481 0 
3900 
6730 
4850 

Subsurface Soil Concentration (mglkg) 
18900 
351 0 
25300 
18800 
18000 
11150 
24800 
14500 
9090 
8230 
6840 
10700 
4450 
14200 
221 00 
19950 
7990 
3070 
5480 
12600 



ARSENIC 

Sample Identification 
BGDSS0010101 / BGDSB0010101 
BGDSS0020101 / BGDSB0020101 
BGDSS0030101 / BGDSB0030101 
BGDSS0040101 / BGDSB0040101 
BGDSS0050101 / BGDSB0050101 
BGDSS0060101 / BGDSB0060101 
BGDSS0070101 / BGDSB0070101 
BGDSS0080101 / BGDSB0080101 
BGDSS0090101 / BGDSB0090101 
BGDSSO100101 / BGDSB0100101 
BGDSSOI 101 01 / BGDSB0110101 
BGDSSOI 201 01 / BGDSB0120101 
BGDSSOl3OlOl / BGDSB0130101 
BGDSS0140101 / BGDSB0140101 
BGDSSOl5OlOl / BGDSB0150101 
BGDSSOl6OlOl / BGDSBOl6OlOl 
BGDSSOl7OlOl / BGDSB0170101 

IU BGDSSOl8OlOl / BGDSBOl8OlOl 
BGDSSOl9OlOl / BGDSBOl9OlOl 
BGDSS0200101 / BGDSB0200101 

Surface Soil Concentration (mglkg) 
2.1 
0.78 
3.2 
2.8 
2.5 
1.7 
2.1 
3.1 
0.85 
2.5 
5.9 

7.45 ' 
3.5 
6.3 
8.7 
3.8 
2.7 
3.1 
18.3 
1.6 

Subsurface Soil Concentration (mglkg) 
4 

2.6 
10.4 

9 
9.4 
1.8 
8.5 
4.1 
3 

1.9 
5.6 
9.2 
2.5 
8.8 
12.5 
14.15 
4.5 
0.91 
8.8 
0.76 



IRON 

Sample Identification 
BGDSS0010101 / BGDSB0010101 
BGDSS0020101 1 BGDSB0020101 
BGDSS0030101 1 BGDSB0030101 
BGDSS0040101 / BGDSB0040101 
BGDSS0050101 / BGDSB0050101 
BGDSS0060101/ BGDSB0060101 
BGDSS0070101 / BGDSB0070101 
BGDSS0080101 / BGDSB0080101 
BGDSS0090101 / BGDSB0090101 
BGDSSOl00101 / BGDSB0100101 
BGDSS0110101 / BGDSB0110101 
BGDSSO120101 / BGDSB0120101 

- BGDSSOl3OlOl / BGDSBOl3OlOl 
BGDSS0140101 / BGDSBOl4OlOl 
BGDSSOI 501 01 / BGDSB0150101 
BGDSSOI 601 01 / BGDSBOl6OlOl 
BGDSSOl7OlOl / BGDSBOl7OlOl 

o BGDSSOl8OlOl / BGDSBOl8OlOl 
BGDSSOl9OlOl/ BGDSBOl9OlOl 
BGDSS0200101 1 BGDSB0200101 

Surface Soil Concentration (mglkg) 
9380 
2770 
14900 
1 1800 
9620 
7260 
10300 
13400 
4370 
6450 
13200 
31 800 
12300 
1 1300 
301 00 
14400 
7950 
7240 
1 1 600 
7220 

Subsurface Soil Concentration (mglkg) 
18900 
1 1400 
49800 
61100 
37900 
14550 
35300 
18300 
71 80 
5370 
15900 
21 200 
13000 
31 700 
61 600 
41 550 
13800 
4030 
23900 
9000 



CHROMIUM 

Sample Identification 
BGDSS0010101 / BGDSB0010101 
BGDSS0020101 / BGDSB0020101 
BGDSS0030101 / BGDSB0030101 
BGDSS0040101 / BGDSB0040101 
BGDSS0050101 / BGDSB0050101 
BGDSS0060101 / BGDSB0060101 
BGDSS0070101 / BGDSB0070101 
BGDSS0080101 / BGDSB0080101 
BGDSS0090101 / BGDSB0090101 
BGDSSO100101 / BGDSB0100101 
BGDSS0110101 / BGDSB0110101 
BGDSS0120101 / BGDSB0120101 
BGDSS0130101 / BGDSBO130101 
BGDSSOl4OlOl / BGDSB0140101 
BGDSSOl5OlOl / BGDSBOl5OlOl 
BGDSSOI 601 01 / BGDSBOl6OlOl 
BGDSSOl7OlOl / BGDSB01701 01 
BGDSSOl8OlOl / BGDSBOl8OlOl 
BGDSSOl9OlOl / BGDSBOl9OlOl 
BGDSS0200101 / BGDSB0200101 

Surface Soil Concentration (mglkg) 
13.4 
3.5 
19.3 
13.2 
12.5 
12.2 
13.2 
15.9 
7.7 
9.2 
14.4 
21.5 
17.7 
11.7 
28.6 
18.2 
10.1 
9.1 
13.5 
7.6 

Subsurface Soil Concentration (mglkg) 
43.9 
8.9 
31.8 
23.7 
36.2 
44.7 
32.4 
19.4 
12.1 
14.8 
14.2 
22.5 
15.2 
27.7 
46.5 
43.4 
27.1 
14 
14 

18.4 



COPPER 

Sample Identification 
BGDSS0010101 / BGDSB0010101 
BGDSS0020101 / BGDSB0020101 
BGDSS0030101 / BGDSB0030101 
BGDSS0040101 / BGDSB0040101 
BGDSS0050101 / BGDSB0050101 
BGDSS0060101 / BGDSB0060101 
BGDSS0070101 / BGDSB0070101 
BGDSS0080101 / BGDSB0080101 
BGDSS0090101 / BGDSB0090101 
BGDSSO100101 / BGDSB0100101 
BGDSS0110101 / BGDSB0110101 
BGDSS0120101 / BGDSB0120101 
BGDSSOl3OlOl / BGDSBOl3OlOl 
BGDSSOI 401 01 / BGDSBOl4OlOl 
BGDSSO150101 / BGDSB0150101 
BGDSSOl6OlOl / BGDSBOI~OIOI 
BGDSSO1701 01 / BGDSB0170101 
BGDSSOl8OlOl / BGDSBOl8OlOl 
BGDSSOl9OlOl / BGDSBOl9OlOl 
BGDSS0200101 / BGDSB0200101 

Surface Soil Concentration (mglkg) 
4.6 
1.8 
5.4 
5.4 
4.6 
2.1 
5.3 
17.3 
3.1 
3.3 
6.6 

19.45 
7.3 
14.4 
14.7 
7.1 
3.3 

(4.9 
5.5 
2.5 

Subsurface Soil Concentration (mglkg) 
6.7 
6 

22.7 
8.9 
12.1 
3.25 
15.4 
9.5 
7.7 
2.6 
6.3 
23.1 
9.3 
17.1 
25.9 
14.35 
6.4 
1.6 
10.2 
8.9 



NICKEL 

Sample Identification 
BGDSS0010101 / BGDSB0010101 
BGDSS0020101 / BGDSB0020101 
BGDSS0030101 / BGDSB0030101 
BGDSS0040101 / BGDSB0040101 
BGDSS0050101 / BGDSB0050101 
BGDSS0060101 / BGDSB0060101 
BGDSS0070101 / BGDSB0070101 
BGDSS0080101 / BGDSB0080101 
BGDSS0090101 / BGDSB0090101 
BGDSSOl00101 1 BGDSB0100101 
BGDSS0110101 / BGDSB0110101 
BGDSS0120101 1 BGDSB0120101 
BGDSSOl3OlOl/ BGDSBOl3OlOl 
BGDSSO140101 / BGDSB0140101 
BGDSSOl5OlOl / BGDSB0150101 
BGDSSO160101 / BGDSB0160101 
BGDSSO170101 / BGDSB01701 01 
BGDSSOI 801 01 / BGDSBOl8OlOl 
BGDSSOl9OlOl / BGDSBOl9OlOl 
BGDSS0200101 1 BGDSB0200101 

Surface Soil Concentration (mglkg) 
5.8 
1.7 
7.8 
5.5 
3.2 
2.5 
4.9 
8.6 
4.5 
3.4 
5.6 
1 1.2 
8.5 
6.6 
6 

4.5 
1.8 
3 

3.4 
2 

Subsurface Soil Concentration (mglkg) 
5.6 
2.8 
18.2 
9.1 
5.1 
3.2 
8.5 
8.2 
4.8 
4.1 
5.6 
13.2 
5.4 
8 

6.6 
1.005 

9 
3.9 
1.8 
4.8 



Sample Identification 
BGDSS0010101 / BGDSB0010101 
BGDSS0020101 / BGDSB0020101 
BGDSS0030101 / BGDSB0030101 
BGDSS0040101 / BGDSB0040101 
BGDSS0050101 / BGDSB0050101 
BGDSSOO60101 / BGDSB0060101 
BGDSS0070101 / BGDSB0070101 
BGDSS0080101 / BGDSB0080101 
BGDSS0090101 / BGDSB0090101 
BGDSSO100101 / BGDSB0100101 
BGDSS0110101 / BGDSB0110101 
BGDSS0120101 / BGDSB0120101 
BGDSSO130101 / BGDSBOl3OlOl 
BGDSSOl4OlOl / BGDSBOl4OlOl 
BGDSSOI 501 01 / BGDSB0150101 
BGDSSOl6OlOl / BGDSB0160101 
BGDSSOl7OlOl / BGDSB0170101 
BGDSSOl8OlOl / BGDSBOl8OlOl 
BGDSSOl9OlOl / BGDSBOl9OlOl 
BGDSS0200101 / BGDSB0200101 

Surface Soil Concentration (mglkg) 
21.7 
6.2 
26.2 
22.2 
15.7 
23.4 
19.6 
27.8 
15.1 
11.3 
24.1 
42.95 
21.2 
19.5 
25.3 
21.4 
14.8 
12.1 
16.9 
9.4 

Subsurface Soil Concentration (mglkg) 
19 
7.9 
70.4 
28.2 
23.9 
14.8 
3 1 

19.3 
16.2 
11.6 
22.2 
45.9 
17.9 
28.3 
34.6 
18.7 
18.4 
7.3 
16.5 
20.6 



SURFACE AND SUBSURFACE SOIL CONCENTRATIONS BASED ON GRAIN SIZE 

ALUMINUM 
Surface Soil 

Sample Identification Surface Soil Concentration (mglkg) 
BGDSSO190101 (.0115) 6730 
BGDSSOl70101 (.0116) 481 0 
BGDSS0080101 (.0120) 13400 
BGDSS0050101 (.0150) 7500 
BGDSS0030101 (.0200) 10200 
BGDSS0070101 (.0200) 10700 
BGDSS0110141 (.0203) 6800 
BGDSS0200101 (.0210) 4850 
BGDSSO160101 (.0288) 9600 
BGDSS0010101 (.0500) 1 1200 
BGDSSOl20101 (.0542) 1 1400 
~G~SS0040101 (.0600) 7460 
BGDSS0090101 (.0950) 6530 
BGDSSOI 401 01 (.I 140) 51 80 
BGDSS0060101 (.2000) 2570 

OD BGDSSO100101 (.2000) 621 0 
BGDSSOl80101 (.2210) 3900 
BGDSSOl30101 (.2300) 5330 
BGDSS0020101 (.3200) 201 0 
BGDSSO150101 (.6660) 15500 

Grain Size (mm) 
0.01 15 
0.01 16 
0.01 20 
0.01 50 
0.0200 
0.0200 
0.0203 
0.021 0 
0.0288 
0.0500 
0.0542 
0.0600 
0.0950 
0.1 140 
0.2000 
0.2000 
0.221 0 
0.2300 
0.3200 
0.6660 



ALUMINUM 
Subsurface Soil 

Sample Identification Subsurface Soil Concentration (mglkg) 
BGDSB0160101 (.0024) 19950 
BGDSB0040101 (.0042) 18800 
BGDSB0050101 (.0058) 18000 
BGDSB0030101 (.0060) 25300 
BGDSBOI 701 01 (.0090) 7990 
BGDSBOI 501 01 (.0095) 221 00 
BGDSB0110101 (.0161) 6840 
BGDSB0070101 (.0170) 24800 
BGDSBO190101 (.0275) 5480 
BGDSB0120101 (.0293) 10700 
BGDSBOl40101 (.0373) 14200 
BGDSB0010101 (.0800) 18900 
BGDSB0060101 (.0900) 11 150 
BGDSBO100101 (.1050) 8230 
BGDSBO130101 (.1420) 4450 

'O BGDSB0090101 (.1500) 9090 
BGDSB0080101 (.1600) 14500 
BGDSB0200101 (.1660) 12600 
BGDSBO180101 (.1900) 3070 
BGDSB0020101 (.3200) 351 0 

Grain Size (mm) 
0.0024 
0.0042 
0.0058 
0.0060 
0.0090 
0.0095 
0.01 61 

,O.Ol7O 
0.0275 
0.0293 
0.0373 
0.0800 
0.0900 
0.1 050 
0.1420 
0.1 500 
0.1 600 
0.1 660 
0.1 900 
0.3200 



ARSENIC 
Surface Soil 

Sample Identification Surface Soil Concentration (mglkg) 
BGDSS0190101 (.0115) 18.3 
BGDSSO170101 (.0116) 2.7 
BGDSS0080101 (.0120) 3.1 
BGDSS0050101 (.0150) 2.5 
BGDSS0030101 (.0200) 3.2 
BGDSS0070101 (.0200) 2.1 
BGDSS0110101 (.0203) 5.9 
BGDSS0200101 (.0210) 1.6 
BGDSSOI 601 01 (.0288) 3.8 
BGDSS0010101 (.0500) 2.1 
BGDSSO120101 (.0542) 7.45 
BGDSS0040101 (.0600) 2.8 
BGDSS0090101 (.0950) 0.85 
BGDSSO140101 (.1140) 6.3 
BGDSS0060101 (.2000) 1.7 

2 
BGDSSO100101 (.2000) 2.5 

o BGDSS0180101 (.2210) 3.1 
BGDSSO130101 (.2300) 3.5 
BGDSS0020101 (.3200) 0.78 
BGDSSO150101 (.6660) 8.7 

Grain Size (mm) 
0.01 15 
0.01 16 
0.01 20 
0.01 50 
0.0200 
0.0200 
0.0203 
0.021 0 
0.0288 
0.0500 
0.0542 
0.0600 
0.0950 
0.1 140 
0.2000 
0.2000 
0.221 0 
0.2300 
0.3200 
0.6660 



ARSENIC 
Subsurface Soil 

Sample Identification Subsurface Soil Concentration (mglkg) 
BGDSB0160101 (.0024) 14.1 5 
BGDSB0040101 (.0042) 9 
BGDSB0050101 (.0058) 9.4 
BGDSB0030101 (.0060) 10.4 
BGDSBOI 701 01 (.0090) 4.5 
BGDSBOl50101 (.0095) 12.5 
BGDSBO110101 (.0161) 5.6 
BGDSB0070101 (.0170) 8.5 
BGDSBO1 901 01 (.0275) 8.8 
BGDSB0120101 (.0293) 9.2 
BGDSB0140101 (.0373) 8.8 
BGDSB0010101 (.0800) 4 
BGDSB0060101 (.0900) 1.8 
BGDSBO100101 (.1050) 1.9 
BGDSBO130101 (.1420) 2.5 
BGDSB0090101 (.1500) 

A 

3 
BGDSB0080101 (.1600) 4.1 
BGDSB0200101 (.1660) 0.76 
BGDSBO180101 (.1900) 0.91 
BGDSB0020101 (.3200) 2.6 

Grain Size (mm) 
0.0024 
0.0042 
0.0058 
0.0060 
0.0090 
0.0095 
0.01 61 
0.01 70 
0.0275 
0.0293 
0.0373 
0.0800 
0.0900 
0.1 050 
0.1420 
0.1 500 
0.1 600 
0.1 660 
0.1 900 
0.3200 



IRON 
Surface Soil 

Sample Identification Surface Soil Concentration (mg/kg) 
BGDSS0190101 (.0115) 1 1 600 
BGDSSO170101 (.0116) 7950 
BGDSS0080101 (.0120) 13400 
BGDSS0050101 (.0150) 9620 
BGDSS0030101 (.0200) 14900 
BGDSS0070101 (.0200) 10300 
BGDSS0110101 (.0203) 13200 
BGDSS0200101 (.0210) 7220 
BGDSSOI 601 01 (.0288) 14400 
BGDSS0010101 (.0500) 9380 
BGDSSO120101 (.0542) 31 800 
BGDSS0040101 (.0600) 1 1800 
BGDSS0090101 (.0950) 4370 
BGDSSO140101 (.1140) 1 1 300 
BGDSS0060101 (.2000) 7260 
BGDSSO100101 (.2000) 6450 - BGDSSO180101 (.2210) 7240 

'U BGDSS0130101 (.2300) 12300 
BG DSS0020101 (.3200) 2770 
BGDSSO150101 (.6660) 301 00 

Grain Size (rnm) 
0.01 15 
0.01 16 
0.01 20 
0.01 50 
0.0200 
0.0200 
0.0203 
0.021 0 
0.0288 
0.0500 
0.0542 
0.0600 
0.0950 
0.1 140 
0.2000 
0.2000 
0.221 0 
0.2300 
0.3200 
0.6660 



IRON 
Subsurface Soil 

Sample Identification Subsurface Soil Concentration (mglkg) 
BGDSB0160101 (.0024) 41 550 
BGDSB0040101 (.0042) 61 100 
BGDSB0050101 (.0058) 37900 
BGDSB0030101 (.0060) 49800 
BGDSB0170101 (.0090) 13800 
BGDSBO150101 (.0095) 61 600 
BGDSB0110101 (.0161) 15900 
BGDSB0070101 (.0170) 35300 
BGDSBO190101 (.0275) 23900 
BGDSBO120101 (.0293) 21 200 
BGDSB0140101 (.0373) 31 700 
BGDSB0010101 (.0800) 18900 
BGDSB0060101 (.0900) 14550 
BGDSB0100101 (.1050) 5370 
BGDSBO130101 (.1420) 13000 

A 

0 
BGDSB0090101 (.1500) 71 80 
BGDSB0080101 (.1600) 18300 
BGDSB0200101 (.1660) 9000 
BGDSBO180101 (.1900) 4030 
BGDSB0020101 (.3200) 1 1 400 

Grain Size (mm) 
0.0024 

' 0.0042 
0.0058 
0.0060 
0.0090 
0.0095 
0.01 61 
0.01 70 
0.0275 
0.0293 
0.0373 
0.0800 
0.0900 
0.1 050 
0.1420 
0.1 500 
0.1 600 
0.1 660 
0.1 900 
0.3200 



CHROMIUM 
Surface Soil 

Sample Identification Surface Soil Concentration (mglkg) 
BGDSSO1901 01 (.0115) 13.5 
BGDSS0170101 (.0116) 10.1 
BGDSS0080101 (.0120) 15.9 
BGDSS0050101 (.0150) 12.5 
BGDSS00307 07 (.0200) 19.3 
BGDSS0070101 (.0200) 13.2 
BGDSS0110101 (.0203) 14.4 
BGDSS0200101 (.0210) 7.6 
BGDSSOI 601 01 (.0288) 18.2 
BGDSS0010101 (.0500) 13.4 
BGDSSOI 201 01 (.0542) 21.5 
BGDSS0040101 (.0600) 13.2 
BGDSS0090101 (.0950) 7.7 
BGDSS0140101 (.1140) 11.7 
BGDSS0060101 (.2000) 12.2 
BGDSS0100101 (.2000) 9.2 
BGDSS0180101 (.2210) 9.1 

-L BGDSS0130101 (.2300) 17.7 
BGDSS0020101 (.3200) 3.5 
BGDSSOI 501 01 (.6660) 28.6 

Grain Size (mm) 
0.01 15 
0.01 16 
0.01 20 
0.01 5.0 
0.0200 
0.0200 
0.0203 
0.021 0 
0.0288 
0.0500 
0.0542 

' 0.0600 
0.0950 
0.1 140 
0.2000 
0.2000 
0.221 0 
0.2300 
0.3200 
0.6660 



CHROMIUM 
Subsurface Soil 

Sample Identification Subsurface Soil Concentration (mglkg) 
BGDSBO160101 (.0024) 43.4 
BGDSB0040101 (.0042) 23.7 
BGDSB0050101 (.0058) 36.2 
BGDSB0030101 (.0060) 31.8 
BGDSB01 701 01 (.0090) 27.1 
BGDSB0150101 (.0095) 46.5 
BGDSBOI 10101 (.0161) 14.2 
BGDSB0070101 (.0170) 32.4 
BGDSB0190101 (.0275) 14 
BGDSBO120101 (.0293) 22.5 
BGDSBO140101 (.0373) 27.7 
BGDSB0010101 (.0800) 43.9 
BGDSB0060101 (.0900) 44.7 
BGDSBO100101 (.1050) 14.8 
BGDSBO130101 (-1420) 15.2 
BGDSB0090101 (.1500) 12.1 

d ul BGDSB0080101 (.1600) 19.4 
BGDSB0200101 (.1660) 18.4 
BGDSBOl80101 (.1900) 14 
BGDSB0020101 (.3200) 8.9 

Grain Size (mm) 
0.0024 
0.0042 
0.0058 
0.0060 
0.0090 
0.0095 
0.01 61 
0.01 70 
0.0275 
0.0293 
0.0373 
0.0800 
0.0900 
0.1 050 
0.1 420 
0.1 500 
0.1 600 
0.1 660 
0.1 900 
0.3200 



COPPER 
Surface Soil 

Sample Identification Surface Soil Concentration (mglkg) 
BGDSSO190101 (.0115) 5.5 
BGDSSO170101 (-01 16) 3.3 
BGDSS0080101 (.0120) 17.3 
BGDSS0050101 (.0150) 4.6 
BGDSS0030101 (.0200) 5.4 
BGDSS0070101 (.0200) 5.3 
BGDSS0110101 (-0203) 6.6 
BGDSS0200101 (.0210) 2.5 
BGDSS0160101 (.0288) 7.1 
BGDSS0010101 (.0500) 4.6 
BGDSSOI 201 01 (.0542) 19.45 
BGDSS0040101 (.0600) 5.4 
BGDSS0090101 (.0950) 3.1 
BGDSSOI 401 01 (.1140) 14.4 
BGDSS0060101 (.2000) 2.1 
BGDSSOI 001 01 (.2000) 3.3 

-L BGDSSO180101 (.2210) 4.9 
BGDSSO130101 (.2300) 7.3 
BGDSS0020101 (.3200) 1.8 
BGDSSO150101 (.6660) 14.7 

Grain Size (mm) 
0.01 15 
0.01 16 
0.01 20 
0.01 50 
0.0200 
0.0200 
0.0203 
0.021 0 
0.0288 
0.0500 
0.0542 
0.0600 
0.0950 
0.1 140 
0.2000 
0.2000 
0.221 0 
0.2300 
0.3200 
0.6660 



COPPER 
Subsurface Soil 

Sample Identification Subsurface Soil Concentration (mglkg) 
BGDSBO160101 (.0024) 14.35 
BGDSB0040101 (-0042) 8.9 
BGDSB0050101 (.0058) 12.1 
BGDSB0030101 (.0060) 22.7 
BGDSBO170101 (.0090) 6.4 
BGDSBO150101 (.0095) 25.9 
BGDSB0110101 (.0161) 6.3 
BGDSB0070101 (.0170) 15.4 
BGDSB0190101 (.0275) 10.2 
BGDSB0120101 (.0293) 23.1 
BGDSB0140101 (.0373) 17.1 
BGDSB0010101 (.0800) 6.7 
BGDSB0060101 (.0900) 3.25 
BGDSB0100101 (.1050) 2.6 
BGDSBO130101 (.1420) 9.3 
BGDSB0090101 (. 1 500) 7.7 

-L 

d 
BGDSB0080101 (.1600) 9.5 
BGDSB0200101 (.1660) 8.9 
BGDSBO180101 (.1900) 1.6 
BGDSB0020101 (.3200) 6 

Grain Size (mm) 
0.0024 
0.0042 
0.0058 
0.0060 
0.0090 
0.0095 
0.01 61 
0.01 70 
0.0275 
0.0293 
0.0373 
0.0800 
0.0900 
0.1 050 
0.1 420 
0.1 500 
0.1 600 
0.1 660 
0.1 900 
0.3200 



NICKEL 
Surface Soil 

Sample Identification Surface Soil Concentration (mglkg) 
BGDSSO190101 (.0115) 3.4 
BGDSSOl701 01 (-01 16) 1.8 
BGDSS0080101 (.0120) 8.6 
BGDSS0050101 (.0150) 3.2 
BGDSS0030101 (.0200) 7.8 
BGDSS0070101 (.0200) 4.9 
BGDSS0110101 (.0203) 5.6 
BGDSS0200101 (.0210) 2 
BGDSSO160101 (.0288) 4.5 
BGDSS0010101 (.0500) 5.8 
BGDSSO120101 (.0542) 11.2 
BGDSS0040101 (.0600) 5.5 
BGDSS0090101 (.0950) 4.5 
BGDSSO140101 (.1140) 6.6 
BGDSS0060101 (.2000) 2.5 - BGDSSO100101 (.2000) 

00 
3.4 

BGDSSO180101 (221 0) 3 
BGDSSOI 301 01 (.2300) 8.5 
BGDSS0020101 (.3200) 1.7 
BGDSSOl50101 (.6660) 6 

Grain Size (mm) 
0.01 15 
0.01 16 
0.01 20 
0.01 50 
0.0200 
0.0200 
0.0203 
0.021 0 
0.0288 
0.0500 
0.0542 
0.0600 
0.0950 
0.1 140 
0.2000 
0.2000 
0.221 0 
0.2300 
0.3200 
0.6660 



NICKEL 
Subsurface Soil 

Sample Identification Subsurface Soil Concentration (mglkg) 
BGDSBO160101 (.0024) 1.005 
BGDSB0040101 (.0042) 9.1 
BGDSB0050101 (.0058) 5.1 
BGDSB0030101 (.0060) 18.2 
BGDSB0170101 (.0090) 9 
BGDSB0150101 (.0095) 6.6 
BGDSB0110101 (.0161) 5.6 
BGDSB0070101 (.0170) 8.5 
BGDSBO190101 (.0275) 1.8 
BGDSB0120101 (.0293) 13.2 
BGDSBOl40101 (.0373) 8 
BGDSB0010101 (.0800) 5.6 
BGDSB0060101 (.0900) 3.2 
BGDSB0100101 (.1050) 4.1 
BGDSBO130101 (.1420) 5.4 
BGDSB0090101 (.1500) 4.8 

CD 
BGDSB0080101 (.1600) 8.2 
BGDSB0200101 (-1 660) 4.8 
BGDSBOl80101 (.1900) 3.9 
BGDSB0020101 (.3200) 2.8 

Grain Size (mm) 
0.0024 
0.0042 
0.0058 
0.0060 
0.0090 
0.0095 
0.0161 
0.01 70 
0.0275 
0.0293 
0.0373 
0.0800 
0.0900 
0.1 050 
0.1420 
0.1 500 
0.1 600 
0.1 660 
0.1 900 
0.3200 



ZINC 
Surface Soil 

Sample Identification Surface Soil Concentration (mglkg) 
BGDSSOl90101 (.0115) 16.9 
BGDSSOl70101 (.0116) 14.8 
BGDSS0080101 (.0120) 27.8 
BGDSS0050101 (-01 50) 15.7 
BGDSS0030101 (.0200) 26.2 
BGDSS0070101 (.0200) 19.6 
BGDSSOI 101 01 (.0203) 24.1 
BGDSS0200101 (.0210) 9.4 
BGDSS0160101 (.0288) 21.4 
BGDSS0010101 (.0500) 21.7 
BGDSSO120101 (.0542) 42.95 
BGDSS0040101 (.0600) 22.2 
BGDSS0090101 (.0950) 15.1 
BGDSSO140101 (.1140) 19.5 
BGDSS0060101 (.2000) 23.4 
BGDSSO100101 (.2000) 11.3 
BGDSSO180101 (.2210) 12.1 
BGDSSO130101 (.2300) 21.2 
BGDSS0020101 (.3200) 6.2 
BGDSSO150101 (.6660) 25.3 

Grain Size (mm) 
0.01 15 
0.01 16 
0.01 20 
0.01 50 
0.0200 
0.0200 
0.0203 
0.021 0 
0.0288 
0.0500 
0.0542 
0.0600 
0.0950 
0.1 140 
0.2000 
0.2000 
0.221 0 
0.2300 
0.3200 
0.6660 



ZINC 
Subsurface Soil 

Sample Identification Subsurface Soil Concentration (mglkg) 
BGDSB0160101 (.0024) 18.7 
BGDSB0040101 (.0042) 28.2 
BGDSB0050101 (.0058) 23.9 
BGDSB0030101 (.0060) 70.4 
BGDSB0170101 (.0090) 18.4 
BGDSBO150101 (.0095) 34.6 
BGDSBOI 10101 (.0161) 22.2 
BGDSB0070101 (.0170) 3 1 
BGDSB0190101 (.0275) 16.5 
BGDSBOl20101 (.0293) 45.9 
BGDSB0140101 (.0373) 28.3 
BGDSB0010101 (.0800) 19 
BGDSB0060101 (.0900) 14.8 
BGDSBOI 001 01 (.1050) 11.6 
BGDSBO130101 (.1420) 17.9 
BGDSB0090101 (.1500) 16.2 
BGDSB0080101 (.I 600) 19.3 

f~ BGDSB0200101 (.l66O) 
a 

20.6 
BGDSBOI 801 01 (.1900) 7.3 
BGDSB0020101 (.3200) 7.9 

Grain Size (mm) 
0.0024 
0.0042 
0.0058 
0.0060 
0.0090 
0.0095 
0.0'1 61 
0.01 70 
0.0275 
0.0293 
0.0373 
0.0800 
0.0900 
0.1 050 
0.1420 
0.1 500 
0.1 600 
0.1 660 
0.1 900 
0.3200 



APPENDIX E.3 

STATISTICAL CALCULATIONS 



TETRA TECH NUS, INC. CALCULATION WORKSHEET PAGE I OF a 
JOB NUMBER 

053.0 



TETRA TECH NUS, INC. CALCULATION WORKSHEET PAGE OF t?3 

- 

- 

- - 

I 

d- 

l 

(: 

(: 

(: 

SUBJECT 

- 
BASE ON DRAWING NUMBER b ~ i c  RE~t l l% , 

CHECKED BY APPROVED BY 

Y - 



TETRA TECH NUS, INC. CALCULATION WORKSHEET PAGE OF 8 

tk3= JOB NUMBER 

" " " ~  0s- 
suYE5&q ~6 ~ ~ ‘ & n  a 3 ~  DF 5@m DRAWING NUMBER s 7 . ) ~ ~ ~  Asws- 

APPROVEDBY DATE I ~2112/O~ 
OLb \ o - ~ + C . (  p ' \ b . 5 & ~ ~ g t  



B TETRA TECH NUS, INC. CALCULATION WORKSHEET PAGE 

I- JOB NUMBER n s j a  



TETRA TECH NUS, INC. CALCULATION WORKSHEET PAGE 5 OF B 
C 

JOB NUMBER 



JOB NUMBER 0s 30 
~UEE 
- S ~ / I ? G  a h - f w 3 ~ ~  uf ~ ~ ? - ? ~  DRAWING NUMBER 

APPROVED BY DATE 

t I 



TETRA TECH NUS, INC. CALCULATION WORKSHEET PAGE 7 OF 23 - 
JOB NUMBER 

"- 
CHECKED BY APPROVEDBY DATE 1 0L/l3/oL 

I L c&um [pi) 



TETRA TECH NUS, INC. CALCULATION WORKSHEET PAGE 8 E? 
- 

JOB NUMBER 

BY APPROVED BY I DATE 



Statistical Table 1 
Conversion of Probabilities to Z scores 

for Normal Probability Plots 
Page 1 of 2 



Statistical Table 1 
onversion of Probabilities to Z scor 

for Normal Probability Plots 
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Statistical Table 2 

PERCENTILES OF THE x2 DISTRIBUTION WITH v DEGREES OF FREEDOM, x ~ ~ , ~ . ~ ~  



Note for the reader: 

The following Tables and Figures present the initial statistical analysis supporting the conclusion 
that the background data set for NSWC Indian Head is comprised of three underlying 
populations. 

Four initial groups were evaluated: 
Group 1 - Non-Clay Surface Soils 
Group 2 - Clayey Surface Soils 
Group 3 - Non-Clay Subsurface Soils 
Group 4 - Clayey Subsurface Soils 

Table of Contents: 

Figure E-3-1A 
Figure E-3-2A 
Figure E-3-2B 
Figure E-3-3A 
Figure E-3-4A 
Figure E-3-5A 
Figure E-3-6A 
Figure E-3-7A 
Figure E-3-7B 
Figure E-3-8A 
Figure E-3-9A 
Figure E-3-10A 
Figure E-3-llA 
Figure E-3-12A 
Figure E-3-12B 
Figure E-3-13A 
Figure E-3-14A 
Figure E-3-15A 
Figure E-3-16A 
Figure E-3-17A 
Figure E-3-17B 
Figure E-3-18A 
Figure E-3-19A 
Figure E-3-20A 
Figure E-3-21A 
Figure E-3-22A 
Figure E-3-22B 
Figure E-3-23A 
Figure E-3-24A 
Figure E-3-25A 
Figure E-3-26A 

Normal Probability Plot for Aluminum - All Soil Samples 
Normal Probability Plot for Aluminum - Non-Clay Surface Soils 
Normal Probability Plot for Aluminum - Clayey Surface Soils 
Normal Probability Plot for Aluminum - Clayey Subsurface Soils 
Normal Probability Plot for Aluminum - Non-Clay Subsurface Soils 
Box Plots for Aluminum Concentrations in Soils (Two Surface Soil Groups) 
Normal Probability Plot for Arsenic - All Soil Samples 
Normal Probability Plot for Arsenic - Non-Clay Surface Soils 
Normal Probability Plot for Arsenic - Clayey Surface Soils 
Normal Probability Plot for Arsenic - Clayey Subsurface Soils 
Normal Probability Plot for Arsenic - Non-Clay Subsurface Soils 
Box Plots for Arsenic Concentrations in Soils (Two Surface Soil Groups) 
Normal Probability Plot for Barium - All Soil Samples 
Normal Probability Plot for Barium - Non-Clay Surface Soils 
Normal Probability Plot for Barium - Clayey Surface Soils 
Normal Probability Plot for Barium - Clayey Subsurface Soils 
Normal Probability Plot for Barium - Non-Clay Subsurface Soils 
Box Plots for Barium Concentrations in Soils (Two Surface Soil Groups) 
Normal Probability Plot for Chromium - All Soil Samples 
Normal Probability Plot for Chromium - Non-Clay Surface Soils 
Normal Probability Plot for Chromium - Clayey Surface Soils 
Normal Probability Plot for Chromium - Clayey Subsurface Soils 
Normal Probability Plot for Chromium - Non-Clay Subsurface Soils 
Box Plots for Chromium Concentrations in Soils (Two Surface Soil Groups) 
Normal Probability Plot for Copper - All Soil Samples 
Normal Probability Plot for Copper - Non-Clay Surface Soils 
Normal Probability Plot for Copper - Clayey Surface Soils 
Normal Probability Plot for Copper - Clayey Subsurface Soils 
Normal Probability Plot for Copper - Non-Clay Subsurface Soils 
Box Plots for Copper Concentrations in Soils (Two Surface Soil Groups) 
Normal Probability Plot for Iron - All Soil Samples 



Figure E-3-27A 
Figure E-3-27B 
Figure E-3-28A 
Figure E-3-29A 
Figure E-3-30A 
Figure E-3-31A 
Figure E-3-32A 
Figure E-3-32B 
Figure E-3-33A 
Figure E-3-34A 
Figure E-3-35A 

Normal Probability Plot for Iron - Non-Clay Surface Soils 
Normal Probability Plot for Iron - Clayey Surface Soils 
Normal Probability Plot for Iron - Clayey Subsurface Soils 
Normal Probability Plot for Iron - Non-Clay Subsurface Soils 
Box Plots for Iron Concentrations in Soils (Two Surface Soil Groups) 
Normal Probability Plot for Lead - All Soil Samples 
Normal Probability Plot for Lead - Non-Clay Surface Soils 
Normal Probability Plot for Lead - Clayey Surface Soils 
Normal Probability Plot for Lead - Clayey Subsurface Soils 
Normal Probability Plot for Lead - Non-Clay Subsurface Soils 
Box Plots for Lead Concentrations in Soils (Two Surface Soil Groups) 



Where: 
Group I = SS + Grain Size > 0.02 
Group Il = SS + Grainsize <= 0.02 
Group 111 = SB + Grain Size > 0.02 



TABLE E-3-2A 
KRUSKAL-WALLIS ANOVA BY RANKS 

BACKGROUND SOIL INVESTIGATION REPORT 
INDIAN HEAD DIVISION 

NSWC INDIAN HEAD, 
Kruskal-Wallis ANOVA by Ranks 

Kruskal-Wallis test: H ( 3, N= 40) = 11.91 430 p =.0077 
I valid lSum of ~AVG 

ALUMINUM IN l ~ a n k s   RANK 
I I I IAI 9n9 I 14.4 

Kruskal-Wallis test: H ( 3, N= 40) = 9.766730 p =.0207 
1 valid (Sum of IAVG 1 

ARSENIC 
225.5 
1 18.5 

12 222 18.5 
IV 254 31.8 

Kruskal-Wallis test: H ( 3, N= 40) = 5.675280 p =.A285 
1 valid lSum of IAVG I 

BARIUM 
287.5 

12 
IV 220.5 

Kruskal-Wallis test: H ( 3, N= 40) = 15.32679 p =.0016 
1 valid lSum of 1 AVG 1 

MARYLAND 

CHROMIUM 
I I 

Kruskal-Wallis test: H ( 3, N= 40) = 7.525670 p =.0569 
l ~ a l i d  1 Sum of 1 AVG 1 

N 
14 

Kruskal-Wallis test: H ( 3, N= 40) = 15.14264 p =.0017 
1 Valid 1 Sum of 1 AVG 

COPPER 
I I 

Ranks 
188.5 

Kruskal-Wallis test: H ( 3, N= 40) = 2.239465 p =.5242 
IValid 1 Sum of 1 AVG 

N 
14 

IRON 
I I 

RANK 
13.5 

Kruskal-Wallis test: H ( 3, N= 39) = 2.1 54365 p =.54lO 
ILEAD (wlo OUTLIER) (Valid 1 Sum of ~ A V G  I 

IN l ~ a n k s  RANK 
I I I 277.5 19.8 

a.5 19.1 

Ranks 
224 

N 
14 

RANK 
16.0 

Ranks 
208 

RANK 
14.9 



Figure E-3-1 A 

Normal Probability Plot for Aluminum - All Soil Samples 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Normal Probability Plot of ALUMINUM - ALL 
y=- 1.56+1.516e-4*x+eps 

0 4000 8000 12000 16000 20000 24000 28000 

Observed Value 



Figure E-3-2A 

Normal Probability Plot for Aluminum - Non-Clay Surface Soils 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Normal Probability Plot of ALUMINUM I 

y=- 1.71 3+2.434e-4*x+eps 

0 4000 8000 12000 16000 20000 24000 28000 

Observed Value 



Figure E-3-2B 

Normal Probability Plot for Aluminum - Clayey Surface Soils 
Background Soil Investigation Report 

lndian Head Division 
NSWC lndian Head, Maryland 

Normal Probability Rot of ALUMINUM I1 
y=-2.527+2.843e-4*x+eps 

0 4000 8000 12000 16000 20000 24000 28000 

Observed Value 



Figure E-3-3A 

Normal Probability Plot for Aluminum - Clayey Subsurface Soils 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Normal Robability Rot of ALUMINUM IV 
y=-2.194+1.221 e-4*x+eps 

0 4000 8000 12000 16000 20000 24000 28000 

Observed Value 



Figure E-3-4A 

Normal Probability Plot for Aluminum - Non-Clay Subsurface Soils 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Normal Robability Rot of ALUMINUM Ill 

y=- 1.793+1.857e-4*x+eps 

0 4000 8000 12000 16000 20000 24000 28000 

Observed Value 



Figure E-3-5A 

Box Plots for Aluminum Concentrations in Soils (Two Surface Soil Groups) 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Boxplot by Group 

ALUMINUM 

- -- 

IV 

GROUP 

*I .96*Std. Dev. 
*I .00*Std. Dev. 
Mean 



Figure E-3-6A 

I Observed Value 



Figure E-3-7A 

Normal Probability Plot for Arsenic - Non-Clay Surface Soils 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Normal Robability Hot of ARSENIC I 

y=- 1 .I 09+0.331 *x+eps 

0 5 10 15 20 

Observed Value 



Figure E-3-7B 

Normal Probability Plot for Arsenic - Clayey Surface Soils 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Normal Robability Plot of ARSENIC II 

y=-0.53+0.104*x+eps 

Observed Value 



Figure E-3-8A 

Normal Probability Plot for Arsenic - Clayey Subsurface Soils 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Normal Probability Rot of ARSENIC n/ 

y=-2.144+0.239*x+eps 

10 

Observed Value 



Figure E-3-9A 

Normal Probability Plot for Arsenic - Non-Clay Subsurface Soils 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Normal Probability Hot of ARSENIC Ill 

y=- 1.027+0.264*x+eps 

Observed Value 



Figure E-3-108 

Box Plots for Arsenic Concentrations in Soils (Two Surface Soil Groups) 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Mead, Maryland 

Boxplot by Group 

A RSENlC 

20 1 I 1 I I 

I +I .96*Std. Dev. 
0 *I.OO*Std. Dev. 

Mean 

GROUP 



Figure E-3-11 A 

Normal Probability Plot for Barium - All Soil Samples 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Normal Probability Hot of BARIUM ALL 

y=-2.122+0.051 *x+eps 

40 60 80 100 120 

Observed Value 



Figure E-3-12A 

Normal Probability Plot for Barium - Non-Clay Surface Soil 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Normal Robability Rot of BARIUM 1 
y=-2.086+0.05*x+eps 

20 40 60 80 100 120 

Observed Value 



Figure E-3-12B 

Normal Probability Plot for Barium - Clayey Surface Soils 
Background Soil Investigation Report 

Indian Head Division 
NSWC lndian Head, Maryland 



Figure E-3-13A 

Normal Probability Plot for Barium - Clayey Subsurface Soils 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Normal Robability Rot of BARIUM W 
y=- 1.943+0.036*x+eps 

40 60 

Observed Value 



Figure E-3-14A 

Normal Probability Plot for Barium - Non-Clay Subsurface Soils 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Normal Probability Hot of BA RUM Ill 

y=-2.132+0.064*x+eps 

40 60 

Observed Value 



Figure E-3-15A 

Box Plots for Barium Concentrations in Soils (Two Surface Soil Groups) 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Boxplot by Group 

BA RlUM 

GROUP 

I *1.96*Std. Dev. 
0 *I.OO*Std. Dev. 

Mean 



Figure E-3-16A 



Figure E-3-17A 

Normal Probability Plot for Chromium - Non-Clay Surface Soils 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Normal Robability Rot of CHROMIUM I 

y=- 1.893+0.141 *x+eps 

20 30 

Observed Value 



Figure E-3-178 

Normal Probability Plot for Chromium - Clayey Surface Soils 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Normal Probability Plot of CHROMIUM II 
y=-3.868+0.275*x+eps 

20 30 

Observed Value 



Figure E-3-18A 

Normal Probability Plot for Chromium - Clayey Subsurface Soils 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Normal Robability Rot of CHROMIUM IV 

y=-2.756+0.086*x+eps 

20 30 

Observed Value 



Figure E-3-19A 

Normal Probability Plot for Chromium - Non-Clay Subsurface Soils 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Normal Probability Hot of CHROMIUM Ill 

20 30 

Observed Value 



Figure E-3-20A 

Box Plots for Chromium Concentrations in Soils (Two Surface Soil Groups) 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Boxplot by Group 

CHROMIUM 

1 I 

N I 

GROUP 

I +1.96*Std. Dev. 
0 11.00*Std. Dev. 

Mean 



Figure E-3-21 A 

Normal Probability Plot for Copper - All Soil Samples 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Normal Probability Hot of COPPER ALL 

y=- l.264+O.l43*x+eps 

- 

0 5 10 15 20 

Observed Value 



Figure E-3-22A 

Normal Probability Plot for Copper - Non-Clay Surface Soils 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Normal Probability Plot of COPPER I 

y=- 1 .O46+O. 1 54*x+eps 

10 15 20 

Observed Value 



Figure E-3-22B 

Normal Probability Plot for Copper - Clayey Surface Soils 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Normal Probability Hot of COPPER II 

y=-0.939+0.136*x+eps 

................................... 

................................... 

.................................... 

-1 -5 

-2.5 

0 

................................... .................................. .................................... .................................... ..................................... ................................... - '.. : : : : : 

I . . . . , . . . .  

0 5 10 15 20 25 30 

Observed Value 



Figure E-3-23A 

Normal Probability Plot for Copper - Clayey Subsurface Soils 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Normal Robability Rot of COPPER N 
y=- 1 .i'O8+O. 122*x+eps 

10 15 

Observed Value 



Figure E-3-24A 

Normal Probability Plot for Copper - Non-Clay Subsurface Soils 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Norml Probability Hot of COPPER Ill 

y=- 1.264+O.I43*x+eps 

10 15 20 

Observed Value 



Figure E-3-25A 

Box Plots for Copper Concentrations in Soils (Two Surface Soil Groups) 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

N I 

GROUP 

Boxplot by Group 

COPPER 

35 I I I 

I *I .96*Std. Dev. 
0 *I.OO*Std. Dev. 

Mean 

30 ................................ .................................. - ................................ i.. ; ................................. : ; ................................. : 

............................. ................................ 25 -.. 

20 - .................................................... 

T 



Figure E-3-26A 

Normal Probability Plot for Iron - All Soil Samples 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Normal Probability Hot of IRON ALL 

y=- 1.07+5.843e-5*x+eps 

30000 40000 

Observed Value 



Figure E-3-27A 



Figure E-3-27B 

Normal Probability Plot for Iron - Clayey Surface Soils 
Background Soil Investigation Report 

Indian Head Division 
NSWC lndian Head, Maryland 

Normal Probability Hot of IRON II 

y=-3.946+3.494e-4*x+eps 

Observed Value 



Figure E-3-28A 

Normal Probability Plot for Iron - Clayey Subsurface Soils 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Normal Probability Plot of IRON R/ 

y=- 1.936+4.887e-5*x+eps 

30000 40000 

Observed Value 



Figure E-3-29A 

Normal Probability Plot for Iron - Non-Clay Subsurface Soils 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Normal Probability Rot of IRON Ill 

y=- 1.656+1.113e-4*x+eps 

0 10000 20000 30000 40000 50000 60000 70000 

Observed Value 



Figure E-3-30A 



Figure E-3-31 A 

Normal Probability Plot for Lead - All Soil Samples 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Normal Probability Hot of LEAD ALL (outlier removed) 

y=- 1.668+0.142*x+eps 

Observed Value 



Figure E-3-32A 

Normal Probability Plot for Lead - Non-Clay Surface Soils 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Normal Probability Rot of LEAD I 

y=- l.547+O.l33*x+eps 

0 5 10 15 20 25 

Observed Value 



Figure E-3-328 

Normal Probability Plot for Lead - Clayey Surface Soils 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Normal Probability Hot of LEAD II (removed outlier) 

10 15 20 

Observed Value 



Figure E-3-33A 

Normal Probability Plot for Lead - Clayey Subsurface Soils 
Background Soil Investigation Report 

Indian Head Division 
NSWC lndian Head, Maryland 

Normal Probability Hot of LEAD N 
y=- 1.773+0.129*x+eps 

10 15 20 25 

Observed Value 



Figure E-3-34A 

Normal Probability Plot for Lead - Non-Clay Subsurface Soils 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Normal Probability Hot of LEAD Ill 

y=- 1.262+0.115*x+eps 

Observed Value 



Figure E-3-35A 

Box Plots for Lead Concentrations in Soils (Two Surface Soil Groups) 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Boxplot by Group 
LEAD (REMOVED OUTLIER) 

IV I 

GROUP 

I +I .96*Std. Dev. 
0 +I.OO*Std. Dev. 

Mean 



Note to the reader: 

The following tables and figures represent statistical analysis of the final three background 
soil data subsets for NSWC Indian Head. ALL available data are included. 

The final subsets evaluated were: 

Group 1 - All Surface Soils 
Group 2 - Clayey Subsurface Soils 
Group 3 - Non-Clay Subsurface Soils 
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Box Plots for Copper Concentrations in Soils 
Normal Probability Plot for Iron - All Soil Samples 
Normal Probability Plot for Iron - Surface Soils 
Normal Probability Plot for Iron - Clayey Subsurface Soils 
Normal Probability Plot for Iron - Non-Clay Subsurface Soils 
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Figure E-3-32 Normal Probability Plot for Lead - Surface Soils 
Figure E-3-33 Normal Probability Plot for Lead - Clayey Subsurface Soils 
Figure E-3-34 Normal Probability Plot for Lead - Non-Clay Subsurface Soils 
Figure E-3-35 Box Plots for Lead Concentrations in Soils 



Table E-3-1 
Example Descriptive Statistics for soils' 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Metals Statistics 

Average 

Max 

Average 
Min 
Max 

Average I Min 
Max 

Average 
Min 
Max 

Average 
Min 
Max 
StdDev 
# of Samples 
Average 

Max 

# of Samples iaFP=- 
Average 
Min 
Max 

# of Samples + 
Average 
lMin O~th; 

Removed Max 
StdDev 

All Soil Soil Soil 
Results Group 1 Group 2 Group 3 
(Total) (SS) (SB-Ciay) ( s B - N o ~ - c I ~ ~ ]  

58 32 11 1 E 

1 All results are presented in milligr~m/killogram 
SS Surfacesoil 
SB Sursurface Soil 



Table E-3-2 

Kruskal-Wallis ANOVA by Ranks 
Background Soil Investigation Report 

Indian Head Division 
NSWC Indian Head, Maryland 

Group 2 I 11 1 511 1 46.45 
Grow 3 15 1 437.5 1 29.17 

Statistically 
Different? (1) 

Yes 

Avg 
Flank 
23.83 

Sum of 
Ranks 
762.5 

Aluminum 
Groun 1 

Statistically 
Different? (1) 

Yes 

Copper 1 ~ " ~ " ~ ~ ~ ~ ~ ~ a v ~ k 1  Grou 1 27.41 
Grou 2 488.5 44.41 
Grou 3 17 532.5 31.32 

Valid 
N 
32 

Arsenic 
Group 1 

Total 
N 
58 

Avg 
Rank 
28.37 

p 
Level 
0.0045 

Barium 

Group 1 

62 1 7.382 1 0.025 1 Yes 1 

45.77 
28.53 

Group 2 
Group 3 

Valid 
N 
34 

Statistically 
Different? (1) 

Yes 

Avg 
Rank 
32.87 

Total 
N 
62 

Avg 
Rank 
25.79 
48.64 
31.82 

Chromium 
Group 1 
Group 2 
Group 3 

Total 
N 

H 

14.71 

Total 
N 
62 

Sum of 
Ranks 
964.5 

43.50 
21 .OO 

Group 2 
Group 3 

Valid 
N 
34 

I I ---I I Valid I Sum of I Avg I Totall H I p ( Statistically I 

p 
Level 
0.0006 

11 . 

17 

Total 
N 
62 

Sum of 
Ranks 
11 17.5 

H 

13.33 

Valid 
M 
34 
11 
17 

H 

Leaa I N 1 Ranks I ~ a n k  I N I I  el I Different? (1) 
Grow 1 33 1 1135.5 1 34.41 1 61 1 6.39 1 0.041 1 Yes 

H 

8.373 
503.5 
485 

H 

10.82 
11 
17 

Sum of 
Ranks 

877 
535 
541 

Iron 
Group 1 
Group 2 
Group 3 

Group 2 I 11 1 385.5 ( 35.05 
G r o u ~  3 17 1 370 1 21.76 

p 
Level 
0.0152 

478.5 
357 

p 
Level 
0.0013 

p 
Level 

Avg 
Rank 
23.55 
48.77 
28.07 

(1) The three soil groups are statistically different at a 95% confidence when p level < 0.05. 

Statistically 
Different? (1) 

Yes 

Statistically 
Different? (1) 

Valid 
N 
32 
11 
15 

Total 
N 
58 

Sum of 
Ranks 
753.5 
536.5 
42 1 

H 

18.41 

p 
Level 

9.0001 

Statistically 
Different? (1) 

Yes 



Figure E-3-1 
Normal Probability Plot for Aluminum - All Soil Samples 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Normal Probability Plot of Aluminum - All 
y=-1.635+ 1.678e-4*x+eps 

CONCENTRATION (MG/KG) 



Figure E-3-2 
Normal Probability Plot for Aluminum - Surface Soils 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Normal Probability Plot of Aluminum - Group 1 

y=-2.099+2.786e-4*x+eps 



Figure E-3-3 
Normal Probability Plot for Aluminum - Clayey Subsurface Soils 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

CONCENTRATION (MGIKG) 



Figure E-3-4 
Normal Probability Plot for Aluminum - Non-Clay Subsurface Soils 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Normal Probability Plot of Aluminum - Group 3 

y=-1.792+1.942e-4*x+eps 

CONCENTRATION (MGIKG) 



Figure E-3-5 
Box Plots for Aluminum Concentrations in Soils 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Box Plot - Aluminum 

I Non-Outlier Max 
Non-Outlier Min 
I 75% 

25% 
Median 

0 Outliers 

All Group 1 Group 2 Group 3 

GROUP 



Figure E-3-6 
Normal Probability Plot for Arsenic - All Soil Samples 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Normal Probability Plot of Arsenic - All 

y=-1 .159+0.253*x+eps 

10 

CONCE NTRATlON (MGIKG) 



Figure E-3-7 
Normal Probability Plot for Arsenic - Surface Soils 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Normal Probability Plot of Arsenic - Group 1 

y=-0.988+0.248*x+eps 

CONCENTRATION (MGIKG) 



Figure E-3-8 
Normal Probability Plot for Arsenic - Clayey Subsurface Soils 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Normal Probability Plot of Arsenic - Group 2 

y=-1.717+0.227*x+eps 

I CONCENTRATION (MGIKG) 





Figure E-3-10 
Box Plots for Arsenic Concentrations in Soils 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Box Plot - Arsenic 

All Group 1 Group 2 

GROUP 

Group 3 



Figure E-3-11 
Normal Probability Plot for Barium - All Soil Samples 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Normal Probability Plot of Barium - All 

y=-2.109+0.051 *x+eps 

CONCENTRATION (MGIKG) 



Figure E-3-12 
Normal Probability Plot for Barium - Surface Soils 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Normal Probability Plot of Barium - Group 1 

y=-2.316+0.054*x+eps 

I CONCENTRATION (MGIKG) I 



Figure E-3-13 
Normal Probability Plot for Barium - Clayey Subsurface Soils 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Normal Probability Plot of Barium - Group 2 

y=-2.335+0.042*x+eps 

I . . . .  

40 60 80 

CONCENTRATION (MGIKG) 



Figure E-3-14 
Normal Probability Plot for Barium - Non-Clay Subsurface Soils 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Normal Probability Plot of Barium - Group 3 

y=-1.959+0.064*x+eps 

~ ~ I ' ' ~ ' , ' . ~ '  

................... ................................... 

.................. : ................................... i ................................... 

................ ..:.. ............. ............... .; ................................... 

.......................................................................................... 

-2.5 
0 20 40 60 80 100 120 

CONCENTRATlON (MGIKG) 





Figure E-3-16 
Normal Probability Plot for Chromium - All Soil Samples 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Normal Probability Plot of Chromium - All 

y=-1.559+0.09*x+eps 

10 20 30 

CONCENTRATION (MGIKG) 



Figure E-3-17 
Normal Probability Plot for Chromium - Surface Soils 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

I CONCENTRATION (MGIKG) 



Figure E-3-18 
Normal Probability Plot for Chromium - Clayey Subsurface Soils 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Normal Probability Plot of Chromium - Group 2 

y=-2.182+0.079*x+eps 



Figure E-3-19 
Normal Probability Plot for Chromium - Non-Clay Subsurface Soils 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Normal Probability Plot of Chromium - Group 3 

y=-1.345+0.075*x+eps 

10 20 30 

CONCENTRATION (MGIKG) 



Figure E-3-20 
Box Plots for Chromium Concentrations in Soils 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Box Plot - Chromium 

All Group 1 Group 2 Group 3 

GROUP 



Figure E-3-21 
Normal Probability Plot for Copper - All Soil Samples 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Normal Probability Plot of Copper - All 

y=-1.259+0.163*x+eps 

I CONCENTRATION (MGIKG) 



Figure E-3-22 
Normal Probability Plot for Copper - Surface Soils 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Normal Probability Plot of Copper - Group 1 

y=-I .307+0.202*x+eps 

0 5 10 15 20 25 30 

CONCE NTRATlON (MGIKG) 



Figure E-3-23 
Normal Probability Plot for Copper - Clayey Subsurface Soils 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Normal Probability Plot of Copper - Group 2 

y=-1.49+0.124*x+eps 

CONCENTRATION (MGIKG) 



Figure E-3-24 
Normal Probability Plot for Copper - Non-Clay Subsurface Soils 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Normal Probability Plot of Copper - Group 3 

y=-1.163+0.155*x+eps 

10 15 20 

CONCENTRATION (MGIKG) 



Figure E-3-25 
Box Plots for Copper Concentrations in Soils 

Background Soil Investigation Report 
Indian Head Division 

NSWC, Indian Head, Maryland 

Box Plot - Copper 

All Group 1 Group 2 Group 3 

GROUP 



Figure E-3-26 
Normal Probability Plot for lron - All Soil Samples 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Normal Probability Plot of lron - All 

y=-l.225+6.792e-5*x+eps 

0 10000 20000 30000 40000 50000 60000 70000 

CONCENTRATION (MGIKG) 



Figure E-3-27 
Normal Probability Plot for lron - Surface Soils 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Normal Probability Plot of lron - Group 1 

y=-1.62+ 1.242e-4*x+eps 



Figure E-3-28 
Normal Probability Plot for lron - Clayey Subsurface Soils 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Normal Probability Plot of lron - Group 2 

y=-1.997+5.492e-5*x+eps 

CONCENTRATION (MGIKG) 



Figure E-3-29 
Normal Probability Plot for Iron - Non-Clay Subsurface Soils 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 



Figure E-3-30 
Box Plots for lron Concentrations in Soils 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

All 

Box Plot - lron 

Non-Outlier Min 
I 75O/o 

25% 
Median 
Outliers 

.................................................... 

I 

Group 1 Group 2 

GROUP 

Group 3 



Figure E-3-31 
Normal Probability Plot for Lead - All Soil Samples 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Normal Probability Plot of Lead - All 

y=-1.521 +O. 122*x+eps 

I Obsetwd Value I 



Figure E-3-32 
Normal Probability Plot for Lead - Surface Soils 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Normal Probability Plot of Lead - Group 1 

y=-1.568+0.113*x+eps 

CONCE NTRATlON (MGIKG) 



Figure E-3-33 
Normal Probability Plot for Lead - Clayey Subsurface Soils 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Normal Probability Plot of Lead - Group 2 

y=-1.835+0.143*x+eps 

0 5 10 15 20 25 30 35 40 

CONCENTRATION (MGIKG) 



Figure E-3-34 
Normal Probability Plot for Lead - Non-Clay Subsurface Soils 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

Normal Probability Plot of Lead - Group 3 

y=-1.165+0.125*x+eps 

0 5 10 15 20 25 30 35 40 

CONCENTRATION (MGIKG) 



Figure E-3-35 
Box Plots for Lead Concentrations in Soils 

Background Soil Investigation Report 
Indian Head Division 

NSWC Indian Head, Maryland 

GROUP 



POLYCYCLIC AROMATIC HYDROCARBONS 
ACENAPHTHENE - 
ACENAPHTHYLENE 
ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)PYRENE 
BENZO(b)FLUORANTHENE 
BENZO(g,h,i)PERYLENE 
BENZO(k)FLUORANTHENE 
C)IP_V.CENE ' 3 

DIBENZO(a,h)ANTHRACENE 
FLUORANTHENE 
FLUORENE 
INDEN0(1,2,3-cd)PYRENE ,,- L \ 

PHENANTHRENE . ? 

PYRENE 

Agency for Toxic Substances and Disease Registry 
U.S. Public Health Service 
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5. POTENTIAL FOR HUMAN EXPOSURE 

TABLE 5-5. Background Soil Concentrations of 
Polycyclic Aromatic Hydrocarbons (PAHS) 

Concentration (pgfig) 

Compound Rural Soil Agricultural Soil Urban Soil 

Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(e)pyrene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Chrysene 
Fluoranthene 
Fluorene 
Indeno(l,2,3-cd)pyrene 
Phenanthrene 
Pyrene 

Sources : 
IARC (1973) 
White and Vanderslice (1980) 
Windsor and Hites (1979) 
Edwards (1983) 
Butler et al. (1984) 
Vogt et al. (1987) 
Jones et al. (1987) 

***DRAFT - -  DO NOT CITE OR QUOTE*** 
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FAX TRANSMITTAL L0f-b /a 

me1 of Soil 

1 Background Levels of 

I Polycyclic Aromatic 
Hydrocarbons (PAH) and Selected 

1 Metals in New England Urban Soils 

L. J. N. Bradleyll* B. H. Magee12 and S. L. Allen1 
'ENSR Consulting and Engineering, 35 Nagog Park, Acton, MA 01 720 
20gden Environmental and Energy Services, 239 Linieton Road, Suite 7C, 
Westford, MA 01886 

To whom all comspondence should k Idbured 

ABSTRACT: Polycyclic aromatic hydrocarbons (PAH) are byproducts of combustion and arc 
ubiquitous in the urban environment. They an also present in industrial chemical wastes. such 
as coal tar, petroleum refinery sludges, wasle oils and fuels, and wood-treating residues. Thus. 
PAHs are chemicals of concern at many waste sites. Risk assessment methods will yield risk- 
based cleanup levels for PAHs that range from 0.1 to 0.7 mplkg. Given their universal pnscnce 
in the urban environment, it is imponant to compare risk-based cleanup levels UWI typical urban 
background levels before utilizing unrealistically low cleanup large& However, little data exist 
on PAH levels in urban, nonindustrial soils. In this study, 60 samples of surficial soils from urban 
1ocations in three New England cities wen analyzed for PAH compounds. In addition, all 
samples were anal~lcd for total petroleum hydrocarbons (TPH) and seven metals. The upper 
95% confidence inwval on the mean was 3 m a g  for knzo(a)pyrene toxic equivalents. 
12 mgkg for total potentially camnogenic PAH, and 25 mglkg for total PAH. The upper 95% 
confidence interval was 373 m a g  for TPH. which exceeds the targel level of 100 m a g  used 
by many state regulatory agencies. Metal concentntions were similar lo published background 
levels for all mctals except lead. The upper 95% confidenu intm.al for lead urn 737 mgkg in 
Boston, 463 m@g in Providence, and 378 mglkg in Springfield. 

KEY WORDS: background, PAH, metals, urban, anthropogenic. soil. 

Polycyclic aromatic hydrocarbons (PAHs) are byproducts of combustion and are 
nmraUy occurring chemicals in the environment. Fonst fires and volcanoes an 
major natural sources of PAHs, but there are anthropogenic sources as well due to 
burning of fossil fuels, including automobile and industrial emissions. PAHs are 
chemicals of concern in many waste site investigations that are undertaken pursu- 
ant to the Comprehensive Environmental Response, Compensation, and LiabiIity 
Act (CERCLA), the Resource Conservation and Recovery Act (RCRA), and state 
1058-8337t946.50 
@ 1994 by AEHS 
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tlazaldous waste programs. Risk assessments perfornd according to federal guid- 
ance for former manufactured gas plant sites, wood treating facilities, petroleum 
refineries, and other sites generally conclude that PAHs pose unreasonable risks to 
human health and that remedial actions must be taken to reduce risks to acceptable 
levels. The majority of the risk posed by PAHs is generally due to benzo(a)pyrene 
and the other PAHs that have been shown to cause cancer in laboratory animals 
after repeated dosings. The U.S. EPA (1993a) currently identifies seven PAHs as 
"probable human (32) carcinogens": benzo(a)pyrene, benzo(a)anthracene, 
benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, dibenz(a,h)anthracene, and 
indeno(l.2.3-c,d)pyrene. 

Because of the very health-protective assumptions used in regulatory risk as- 
sessments, very low risk-based clean-up levels for PAHs are derived for such sites. 
In Michigan, residential soil cleanup levels of 0,33 mgkg for each carcinogenic 
PAH have been set (MLlAR, 1993). In New Jersey, proposed residential soil clean- 
up levels are 0.66 mgkg for benzo(a)pyrene (New Jersey Register, 1992). The use 
of standard CERCLA risk assessment guidance (U.S. 3 A ,  1993b) results in the 
derivation of a risk-based cleanup level for benzo(a)pyrene of 0.1 mg/kg. 

All of these risk-based soil cleanup levels are below the urban, nonindustrial 
background soil concentrations presently reported in the literature. However, the 
availability of such data is very limited. Blumer (1961) reports that benzo(a)pyrene 
concentrations in Cape Cod, MA, soils range from 0.04 to 1.3 mgkg. Menzie et 
al. (1992) repon that urban background soil levels of total carcinogenic PAH range 
from 0.06 to 5.8 mgkg. Butler et al. (1984) report that total PAH levels in soils 
alongside roadways in England range from 4 to 20 mg/kg, and potentially carci- 
nogenic PAH range from 0.8 to 11.5 mgkg. Blumer et al. (1977) report that total 
PAH levels in soils in a Swiss town range from 6 to 300 mgkg. 

It is very difficult to compare the data from these studies to the results of site 
risk assessments due to the limited dataset and the nonuniformity of the PAH 
compounds evaluated. Clearly, more data are required from nonindustrial urban 
locations to define the urban background level for PAH and to critically evaluate 
the role of risk assessment in setting remedial goals for PAH in soiIs. Accordingly, 
we have collected 60 samples of surficial soils from urban Iocations in three New 
England cities and analyzed them for all 17 PAH compounds present on the EPA's 
Target Compound List, which is used in the Superfund program. In addition, all 
samples were analyzed for total petroleum hydrocarbons ('PH) and for seven 
metals: arsenic, barium, cadmium, chromium, lead, mercury, and selenium. 

11. METHODS 

A. Sample Collection 

Samples of surficial soils from urban locations in three New England cities were 
collected: Boston. MA; Providence. RI: and Springfield, MA. Twenty independent 



RUG-10-1999 89:20 NORTHDIU ENUIRONNENTQL 618 595 0555 P.03/13 

samples and duplicates of two samples were collected in each city. The samples 
were collected on July 2 1.22, and 23,1992, respectively. ?he samples were taken 
at a depth of 0 to 6 in. in areas considered to be not directly affected by industrial 
sites. Generally, the locations were along roads and sidewalks, and in parks and 
open lots. Each location was characterized in writing, including a soil description, 
and photographically documented. The samples were collected following standard 
environmental sampling protocols (U .S .  EPA, 1986). 

6. Sample Analysis 

Chemical analysis of the samples was performed by AnalytiKEM, Lnc. (Cherry 
Hill, NJ). The samples were analyzed by GC-MS for the 17 PAH compounds 
present on the EPA's Target Compound List using the methods required by EPA 
Method 8270 for the analysis of semivolatile compohds. In addition, the samples 
were analyzed for the eight RCRA metals, total petroleum hydrocarbons (TPH; 
EPA Method 418.1), and total solids. The complete analyte list is given in 
Table 1. 

C. Data Validation 

Validation of the data received from AnalytiKEM was performed according to 
U.S. EPA (1991) guidelines. The data were reviewed for completeness, holding 
times, GC-MS tuning and system performance, initial and continuing calibrations, 
laboratory method blank analysis, surrogate recoveries, matrix spike and matrix 
spike duplicate analysis, field duplication precision, and compound quantitation 
and detection limits. 

D. Data Analysis 

The analytical data were summarized in accordance with U.S. EPA (1989) risk 
assessment guidance. If a compound was detected at least once in surface soil, one 
'half the sample quantitation limit (SQL) was used as a proxy concentration for all 
samples reported as "below detection limit" in the estimation of exposure point 
concentrations. However, if a compound was not detected in any sample, that 
compound was omitted from further consideration. In addition, when a proxy 
concentration (i.e., one half the detection limit) was greater than the highest actual 
detected value for a compound in any sample, that concentration was considered 
tobe an abmt ion  and was omitted frqm the database. This is consistent with U.S. 
EPA (1989) guidance, which recognizes thu high sample quantitation limits can 
lead to unrealistic concentration estimates. 
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TABLE I 
Chemical Analyses of Urban Soils 

Scmivoladle Organics, EPA Taqa Compound List 

Naphthalene 
Acenaphlhylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrcne 
Bcnzo(a)anthraccne 
Chrysene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(o)pyrene 
Indeno(l.2.3-cd)pyrcne 
Di benzo(a, h)anlhracene 
Bcnzo(g. h,i)perylene 
2-Melhylnaph~halene 

Maals 

Arsenic, total 
Barium, tolal 
Cadmium, total 
Chromium. lotal 
L a d .  tolal 
Mercury, tolal 
Selenium. total 
Silver. told 

Otha 

Total perroleurn hydrofarbons 
Solids 

. A slightly different method of analysis was used to evaluate PAH. Because PAH 
are generally found in groups, it was conservatively a s s u d  that if one PAH was 
detected in a sample, other compounds in that class might also be present in that 
sample..Therefore, if one PAH was detected in a sample, all undetected PAH were 
assigned a proxy concentration equal to one half the SQL. If a sample had no 
detected PAH, no PAH were assumed to be present in the sample, and a concen- 
tration of zero was used for all nondetects. 

Summary statistics (minimum, maximum, arithmetic mean, upper 95% confi- 
dence h i t  on the arithmetic mean. and frequency of detection) were generated for 
each compound for each city and for all three cities combined. 
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The data for PAH were surrlrnarized in several different ways. Of the 
17 PAH analyzed in each sample, seven are considered to be probable human 
carcinogens (Group B2) by the U.S. EPA (1993a). The U.S. EPA has derived 
a cancer slope factor, which is a measure of the carcinogenic potency of a 
compound, only for benzo(o)pyrene (B(a)P) (U.S. EPA, 1993a). Review of the 
Iiterature indicates that not all PAH are equally potent with respect to tumor 
induction. Several researchers have proposed toxic equivalency schemes that 
relate the tumorigenic potency of each PAH to that of B(a)P (ICF-Clement 
Associates, 1988; Woo, 1989). B(a)P toxic equivalency factors (B(a)P-TEFs) 
can be used to adjust either the B(a)P dose-response value to provide a com- 
pound-specific dose-response value, or the concentration of each PAH in a 
sample to be expressed in terms of B(a)P toxic equivalents (B(a)P-TE). The 
latter method was used here. B(a)P-TE were calculated using the B(a)P toxic 
equivalency factors recommended for use by the U.S. EPA (1993~)~  as shown 
in Table 2. For each sample, PAH concentrations were reported for each of the 
17 PAH on the analyte list, for total PAH (@AH), for total carcinogenic PAH 
(cPAH), and for B(a)P-TE, and these values were used to generate the sum- 
mary statistics for each group of samples. 

I l l .  RESULTS 

Analysis of the laboratory results for the PAH indicates that quality control criteria 
were acceptable. The data were analyzed to determine if any statistically signifi- 
cant differences existed between the datasets for the three cities. A Hartley test for 
homogeneity of variances (Mendenhall, 1979) and a one-factor analysis of vari- 
ance to test for equality of the means (Mendenhall, 1979) indicated no statistically 
significant differences. The results indicate that the PAH data can be pooled and 
treated as one dataset for further statistical analyses. 

TABLE 2 
Benzo(a)Pyrene Toxic 
Equivalent Factors (BAP-TEF) 

Compound EPA TEF 
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The results of the ?AH analyses are presented in Tabk 3 for all cities combined. 
A summary of the PAH results by city and for all cities combined is presented in 
Table 4, which repons for each: tPAH, total cPAH, and total B(a)P-TE. The 
arithmetic mean and the upper 95To confidence limit concentration are reported for 
each. Table 4 provides a summary of the data by city, and the results are graphi- 
cally presented in Figure 1. 

Table 5 presents a summaq of the metals, TPH, and solids data by city. A _  
Hartley test for homogeneity of variances and a one-factor analysis of variance to- 
test for quality of the means indicated that the metals and TPH data from the three 
cities cannot be combined. This is due to the fact that the concentrations in each 
city are not normally distributed and did not have equal variances. The concentra- 
tions of the metals are compared to the arithmetic mean concentrations in the 
eastern U.S. (ATSDR. 1992) in Table 5. Most notably, lead concentrations are 
much higher than background concentrations. This is most likely due to the effects 
of automobile exhaust. 

In order to determine if sample location significantly affected PAH concentra- 
tion results, individual samples were classified based on the sample location's 

TABLE 3 
Summary Statistics for PAH - Ail Areas Combined 

Minimum Maximum Upper 95% 
detect detect Arithmetic interval Frequency 

Compound (mq/kg) (Ww mean (mglkg) of detectiona 

Acenaphthy lene 

Naphthalene 
Phenanthnne 
Pyme 
Total B AP-TE 
Total carcinogenic PAH 
Total PAH 

a ~ r e q u e n c ~  of detection = numkr detec~ed: number sampler. 
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TABLE 4 
Background PAH Concentrations in Urban Surface Soilsa 

Boston 
(n = 20) 

Arlthmetlc Upper 95% 
3 a Compound mean (ppm) CI (ppm) 

Total R(a)P-7E 2.4 4.6 
Tolal cPAH 8.4 16.0 
Total PAH 18.7 35.9 
TPH 474.9 652.6 

Providence 
(n = 20) 

Arllhmellc Upper 95% 

Springfield 
(n = 20) 

Arlthmetlc Upper 95% 
meen ( P P ~ )  CI ( P P ~ )  

All cities 
(n = 60) 

Arlthmellc Upper 95% 
meen (PPW CI ( P P ~ )  

2.4 3.3 
9.0 12.4 

18.4 24.8 
3M.2 372.8 
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Parts Per Million (ppm) 

a Tolal BAP-TE Total CPAH a Total PAH 

FIGURE 1. Background concentrations of PAH in urban soils. Data presented 
are the upper 95% confidence iniervai on the arithmetic mean. Data are presented 
numerically in Table 4. 

proximity to asphalt pavement, based on both written and photographic documen- 
tation of sample location. Generaily, samples collected within 4 to 6 ft of a road 
were considered to be near pavement. Of the 60 separate locations, 42 were 
considered to be near pavement and 18 were not. When tested for qual i ty  of 
variance and means as above, the two populations were determined to be 
significantly different. The mean total PAH concentration near pavement was 
22 pprn compared to 8 ppm not near pavement. These results are shown in 
Table 6. 

Similar analyses were performed to see if TPH or total organic carbon 
concentrations could be used as surrogates for PAH concentrations. The results 
showed that there is no correlation between PAH and TPH concentrations, nor 
between PAH and total organic carbon concentrations (data not shown). 

The highest total PAH concentration detected was 166 mgkg, taken from a 
street comer in Boston. The next highest PAH concentration was 109 mgkg, 
taken at the base of a telephone pole. Four of the 60 samples were taken at the 
bases of telephone poles, with widely varying results. The total PAH concen- 
trations in the other three locations were 62, 4, and 45 rngkg. 



TABLE 5 
Summary Statistics for Metals, TPH, and Soils by City 

Boston Providence Springfield 
(n = 20) (n = 20) (n = 20) 

Arlthmetlc Upper 95% Arlthrnetlc Upper 95% Arlthmetlc Upper 95% Arithmetic mean 
mean Interval mean Interval mean Interval In U.S. soils' 

Compound (fWmJ) (mglkg) (mglkg) (mctlkg) (mglkg) ~ W m l )  (W'b) 

Arsenic. total 
Barium, lotal 
Cadmium. total 
Chromium. total 
Lead, total 
Mercury, lotal 
Selenium. total 
Total petroleum hydrocarbons 
Total solids 

ATSDR. 1992. Public Iiealth Assessment Grtirlnnce Mnnral. PD92-1471M. U.S. Dcpatlmenl of Hcallh nnd Hu~nrn Services. 
ATSDR. 1991. Toxicalogicnl PmJikfir Cadmium. PD92-147164. Dran. U.S. Dcpetlmcnt or l lcr l~h and llumrn Services. 



TABLE 6 
Comparlson of Background PAH Concentrations In Urban Soils: The Effects of Proximity to Pavement 

Reoults of  otrtlatlcal annlyslr 

Test for homogeneity of vrrlrnccm 1-t of aqurllly of rneanr 

Near pavement Nol near pavement Slatlstlcatly Statlatlcally 
Arlthmrtlt Adthmetle Aosoclnted rlgnlllcsnt nl Aaooclnted algnlflennl at 

meah Standard mean Standard Sample F- degrerr of 0.05 I w e l  of Sample degree8 of 0.05 Iwe l  Of 
Compound (ppm) dsvlallon (ppm) devlatlon rlstlslleo fredom algnlflcmea Sludent'r I freedom rlgnlflcance 

TocllB(s)F-TE 2 9  4.2 1.1 0.92 21.3 41. 17. Y u  2.69 50 Yes 
Tam1 PAH 21.9 30.7 8.3 7.2 18.4 41. I7 Yes 2.69 50 Yes 
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IV. CONCLUSION 

In this study, 20 surface soil samples were collected from each of three New 
England cities and analyzed for PAH, TPH, and metals. The results of the 
statistical analyses described in the previous section show that, with respect to 
PAH, the three datasets are not significantly different and can be considered as 
one dataset representative of urban environments. The samples were taken in 
typical urban areas but not near known industrial sites. Therefore, these data are 
considered to be representative of the generalized effects of urban activities. 

It is clear from the results presented here that common regulatory target 
cleanup levels for cPAH and B(u)P-TE (0.1 to 0.66 mglkg) are much below the 
background concentrations of these compounds in urban surface soils (upper 
9 5 8  confidence interval of 3.3 and 12.4 mgkg for total B(a)P-TE and total 
cPAH, respectively). Figure 2 graphically compares the "bright line" target 
cleanup level for B(a)P of 0.1 mglkg with the total B(a)P-TE (upper 95% 
confidence interval on the arithmetic mean) measured in urban environments. 

Parts Per Million (ppm) 

4.6 I I I 5 

FIGURE 2 Comparison of B(a)P-TE with U.S. EPA Region Ill4 risk-based concentration 
for B(a)P. B(a)P data presented are the upper 35% confidence interval on the arithmetic 
mean. 
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Upper 95% confidence intervals are compared btcavse this is the statistic 
preferred by EPA and many stales for risk assessment. Moreover, the State of 
Massachusetts defines its background concentrations of metals based on the 
upper 95% confidence limit on the arithmetic mean concentration (Massachu- 
setts Department of Environmental Protection, 1992). For all cities combined, 
the background level of B(a)P-TE of 3.3 mgkg is approximately ten times 
greater than the target cleanup level of 0.33 mgkg and approximately 30 times 
higher than the target cleanup level of 0.1 mgkg. For those regulatory situa- 
tions in which the use of B(a)P-TEFs in determining site risk is not allowed, 
the background level of cPAH is approximately 40 to 100 times greater than 
these target cleanup levels. 

An analysis of the data comparing samples taken near pavement with those 
determined to be not near pavement indicated that those samples designated near 
pavement had significantly higher, approximately threefold higher, PAH concen- 
trations for both total PAH and total B(a)P-TE. This is most likely due to the 
presence of diesel and automobile exhaust particles, perhaps influenced by the 
presence of asphalt and runoff of vehicular oil from the roads. 

Total petroleum hydrocarbons ('I'PH) were also found at consistently high levels 
in each city. The commonly applied regulatory cleanup level for TPH is 100 m a g .  
This cleanup level is not risk based and is three times lower than the background 
concentration of TPH found in this study (arithmetic mean of 306 mgkg and upper 
95% confidence interval on the mean of 373 mgkg). 

It is incumbent upon the regulatory agencies to recognize that substantial 
background levels of PAH and TPH exist in our urban environments and to 
acknowledge this information in the development of realistic target cleanup levels. 
The use of these background data in setting more realistic target cleanup levels may 
result in better allocation of remedial and regulatory dollars in site investigations. 
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sunlight, and flooding of the soil. The rate of chemical transformation of DDT is also increased under 
flooded conditions (Samuel and Piai  1989). - .  

- . _  

5.4 LEVELS MONITORED OR ESTIMATED IN THE ENVIRONMENT 

5.4.1 Air 

Stanley et al. (1971) measured atmospheric levels of pesticides during a time of high DDT usage. Nine 
localities were sampled representing both urban and agricultural areas. Of 12 pesticides evaluated, only 
DDT was detected at all localities. Maximum levels of DDT ranged from 1.4 to 1,560 ng/m3, whereas, those 
for DDE ranged from 1.9 to 131 ng/m3. The highest levels were found in the agricultural areas of the 
South. The authors reported that their samples indicated that most pesticides were present in the particulate 
phase. 

Some agricultural areas in which DDT was extensively used have been monitored periodically since usage 
was halted. Atmospheric conditions in the Mississippi Delta were monitored intermittently from 1972 to 
1975 (Arthur et al. 1977). Air samples taken in 1975 were from an area with extensive cotton acreage. The 
arithmetic mean for those samples was 7.5 ng/m3, compared to similar sampling in 1974 with an arithmetic 
mean of 11.9 ng/m3. The authors reported that by 1975, the arithmetic mean of DDT and its metabolites 
combined had decreased 92% in the area sampled since the ban of DDT use. 

Ten samples taken in the Gulf of Mexico in 1977 contained an average of 0.034 ng/m3 of DDT, with a range 
of 0.010-0.078 ng/m3 (Bidleman et al. 1981). 

Ligocki. et al. (1985) conducted concurrent rain and air sampling for rain events in Portland, Oregon, in 1984. 
In rain samples, no p,p'-DDT, p,p'-DDE, or p,p7-DDD were detected. However, in the gas phase associated 
with this rainfall, p,p'-DDE was detected in five of seven samples. Levels detected in the samples ranged 
from nondetected to 0.42 ng/m3. .... 

Rapaport et al. (1985) measured DDT residues in peatlands across the mid-latitudes of North America. ..... 
These areas are unique in that they receive all pollutant input from the atmosphere; therefore, they are 
important indicators of global levels of certain chemicals. Samples of snow taken during 1981 and 1982 
contained an average of 320 ng/m3 of p,p'-DDT while those taken during 1982 and 1983 contained an 
average of 600 ng/m3. Samples taken during 1983 and 1984 contained levels of 180 ng/m3 of DDT. Rain 
samples at these same locations in 1983 contained an average of 300 ng/m3 DDT. Although the sample 
numbers in this study were low (total of 11 samples), the results indicate that there is still measurable global 
contamination with DDT in the parts-per-trillion range. 

5.4.2 Water 

Although there are numerous reports in the literature of DDT levels in specific bodies of water throughout 
the United States, there is little information providing evidence of trends in the DDT levels over time. EPA 
operates STORET (STOrage and RETrieval), a computerized water quality database. Staples et al. (1985) 
reported limited data on priority pollutants from STORET. Information from data collected from 1980 to 
1983 indicated that from 3,500 to 5,700 ambient water samples were analyzed for DDT, DDE, and DDD 
with approximately 45% of the samples containing one of these compounds. The median level reported for 
both DDT and DDE was 1 part per trillion (ppt), while the mean level reported for DDD was 0 ppt. 
Approximately 50 samples of industrial effluents had been sampled and showed median levels of 10 ppt for 
all three compounds. 

A summary of pesticide levels in surface waters of the United States during 1967 and 1968 was reported by 
Lichtenberg et al. (1970). During these 2 years (which were prior to the ban of DDT use), a total of 
224 samples were analyzed from various sites in all regions of the country. The results of samples analyzed 
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in the 2-year period indicated that DDT was found in 27 samples at levels ranging from 0.005 to 
0.316 p& DDE was found in three samples at levels of 0.02-0.05 p& DDD was found in six samples at 
levels of 0.015-0.840 p g / L  

The U.S. Geological Survey and EPA cooperatively monitored levels of selected pesticides in the water 
and bed material at more than 150 river sites between 1975 and 1980. Gilliom (1984) reported the 
number of samples taken and percent positive found. For DDT, DDE, and DDD in water, 177 stations 
were monitored and 28,0.6, and 4.0% were positive for the three compounds, respectively. Sediments 
from 171 stations were tested and 2642, and 31% were positive for DDT, DDE, and DDD contamination, 
respectively. However, levels detected in these various media were not reported. 

Other reports of DDT and related metabolites in particular bodies of water are numerous. Drinking water 
in Oahu, Hawaii, was found to contain p,p'-DDT at an average level of 1 ppt in 1971 (Bevenue et al. 
1972). Sampling at three drinking water plants in New Orleans resulted in 67% of samples testing positive 
for DDE; levels were not quantified (Keith et al. 1979). Kraybill (1977) cited a 1976 EPA list of suspected 
carcinogens in drinking water which reports DDT was present in nondetectable quantities while DDE was 
present at levels of 0.05 ppb. The specific isomers detected were not reported. 

Groundwater in California was found to contain maximum concentrations of 3, 5, and 20 pgL of DDT, 
DDE, and DDT, respectively (Hallberg 1989). Both DDE and DDT were detected in more than five of 
the samples collected. The specific isomers detected were not reported. 

Johnson et al. (1988) reported DDT and metabolite levels in the Yakima River basin in Washington State. 
Use of DDT was halted in this area when the 1972 ban was initiated, however, considerable residues are 
present in the river and sediments. Water samples, primarily in the tributaries, were reported to contain 
between nondetectable to 0.06 pgL of total DDT compounds. Concentrations of p,p'-DDT in water 
equaled or exceeded those ofp,p'-DDE: an unexpected finding in light of what is believed concerning 
biological half-lives of DDT and its normal environmental degradation. The authors indicated that these 
findings suggest an unusually long half-life for DDT in Yakima basin soils. 

5.4.3 Sediment and Soil 

From 1980 to 1983, approximately 1,100 samples of sediments from water bodies were analyzed. The 
median levels for DDT, DDE, and DDD were 0.1, 0.1, and 0.2 ppb, respectively. Biota from selected sites 
were found to contain all three compounds, with DDT, DDE, and DDD detected at median levels of 14, 
26, and 15 pprn (Staples et al. 1985). River bed sediment samples from the Yakima River basin in 
Washington State, where use of DDT was stopped in 1972, contained from 100 to 234,000 pprn of total 
DDT compounds (DDT, DDE, and DDD) (Johnson et al. 1988). 

Studies of river sediment from a northern Alabama river contaminated with DDT, where waste water from 
a manufacturing plant was discharged into a ditch which emptied into the river, showed levels of DDT 
residues in the channel ranging from 12 to 2,730 ppm. Levels of DDT in the sediment decreased with 
distance from the original source (Webber et al. 1989). 

The U.S. National Soils Monitoring Program has provided valuable information on the overall pattern of 
DDT residues in soil during the years following the DDT ban. Each year since the ban of DDT, 
approximately 1,500 samples were taken. In 1970, samples contained an average of 0.18 pprn p,p'-DDT 
(Crockett et al. 1974), while in 1972, samples contained an average of 0.02 pprn (Carey et al. 1979). In 
1973, levels of p,p'-DDT, o,p'-DDT, p,p'-DDE and o,p'-DDE averaged 0.13,0.03,0.05, and (0.01 ppm, 
respectively (Carey et a1 1979). 

DDT was extensively used in Arizona for 18 years, after which agricultural residues were closely monitored 
following a statewide moratorium on DDT use in January 1%9. Levels of DDT plus metabolites in green 

L .  - 
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alfalfa fell steadily from an average level of 0.22 pprn at the time of the ban to':a41evel of 0.057 pprn 
18 months later, and a level of 0.027 pprn after almost 7 years (Ware et al. l978), After 3 years, residues 
in agricultural soils had decreased 23%. Furthermore, the ratio of DDE to DDT was increasing, indicating 
a transformation of DDT to DDE. Buck et al. (1983) reported similar results from monitoring these same 
sites over 12 years following the ban on DDT use. After 12 years, residues in green alfalfa averaged 
0.020 ppm. At the end of the same period, combined DDT and DDE residues in agricultural soils had 
fallen from 1.2 to 0.39 ppm, while those in surrounding desert soil had fallen from 0.40 to 0.09 ppm. 

5.4.4 Other Envlronmental Medla 

Market basket surveys indicate that there have been continual decreases in the overall levels of DDT and 
DDE in all classes of food tested from 1%5 to 1975 (EPA 1980a). Between 1970 and 1973, DDE residues 
decreased only 27% compared to a decrease of 86% and 89% for DDT and DDD, respectively (EPA 
198(3a). A study by Duggan et al. (1983) reported the following average residues in grocery items from 
1%9 to 1976: domestic cheese, 3 ppb; ready-toeat meat, fish, and poultry, 5 ppb; eggs, 4 ppb; domestic 
fruits, 13 ppb; domestic leaf and stem vegetables, 24 ppb; domestic grains, 7 ppb; corn and corn products, 
0.7 ppb; peanuts and peanut products, 11 ppb. Levels of DDT in fish were determined at 112 locations 
across the United States by the National Contaminant Biomonitoring Program. The mean concentration 
of p,p'-DDT, p,p*-DDE, p,p'-DDD, and total DDT decreased from 0.05 to 0.03, from 0.26 to 0.19, from 0.08 
to 0.06, and from 0.37 to 0.26 pglg, respectively, from 1976 to 1984 (Schmitj et al. 1990). 

Recent market basket surveys have been reported by Gartrell et aL (1985, 1986). Results of these surveys 
are summarized in Table 5-1. Pesticide analyses showed that in 10 states for 13,980 and 13,085 samples 
taken during fiscal years 1988 and 1989, respectively, p,p'-DDT was detected in 0BZB% and 0.122% of 
samples. DDE was detected in 1.48% and 0.993% of samples and p,p'-DDE in 0.178% and 0.252% of 
samples in 1988 and 1989, respectively (Minyard and Roberts 1991). Overall, these surveys indicate that 
DDT and DDE levels are very low in food commodities. However, with continued use of DDT in other 
countries, imported foods may continue to contribute small amounts of DDT and DDE to the daily diet of 
consumers. 

5.5 GENERAL POPULATION AND OCCUPATIONAL EXPOSURE 
../' 

The genera1 population is currently exposed to DDT and its metabolites primarily as a result of ingestion 
of small amounts in the diet. As indicated in.the previous section, although residue levels in food 
continue to slowly decline, there are measurable quantities in many commodities. Because of the exueme 
persistence of DDT and DDE, it is anticipated that low levels of residues will be present in commodities 
for decades. In fact, depending on use and export patterns in other countries, levels in the diet may even 
increase (Coulston 1s5).  Even in domestic commodities, the potential for low-levels of dietary e x p u r e  
of consumers may result from residues bioaccumulated in some food items, including fish. 

The estimated dietary intake of DDT and metabolites in the United States in 1970 was 420 pglday, and in 
1974,8 pglday per person (Coulston 1985). Recent market basket surveys indicate that dietary intake of 
DDT and DDE in 1980 was 2 4  pg/day per person (Gartrell et. aP. 1985), and in 1981 was 2.2 pglday 
(Gartrell et al. 1986). The acceptable daily intake of DDT from food established by WHOFA0 is 
5 pgkglday or 350 pg/day per person (WHO 1979). 

DDT and DDE selectively partition into fatty tissue, and human breast milk which has a higher fat content 
than cow's milk. Therefore, these compounds are found in human breast milk in concentrations higher 
than in cow's milk or other infant foods. As a result, breast-fed infants may receive higher dietary 
exposure than children who are not breast fed. Levels of p,p-DDT and DDE in human breast milk were 
reported to range from nondetected to 1.7 pprn and from 0.24 to 11.0 pprn (lipid basis), respectively 
(Noren 1988; Takei et al. 1983). 
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Brown & Root Environmental 

TO: 

FROM: 

SUBJECT: 

SAMPLES: 

Overview 

INTERNAL CORRESPONDENCE 

P. FRANK DATE: OCTOBER 15,1997 

TERRl L. SOLOMON COPIES: DV FILE 

INORGANIC DATA VALIDATION - TOTAL ORGANIC CARBON AND TOTAL ORGANIC HALIDES 
CTO 287 -NSWC INDIAN HEAD, MARYLAND 
SDG - 9708013 

BGDSB0060101 BGDDUP002 BGDSB0080101 BGDSB0090101 
BGDSDOO10101 BGDSD0020101 BGDSD0040101 BGDDUPOOl 
BGDSD0050101 BGDSD0060101 BGDSD0080101 BGDSD0090101 
BGDSDOl00101 BGDSS0060101 BGDSS0070101 BGDSS0080101 
BGDSS0090101 

The sample set for CTO 287, NSWC Indian Head, SDG 9708013, consists of seventeen (17) soil environmental 
samples. Two (2) field duplicate pairs (BGDSB0060101 I BGDDUP002 and BGDSD0040101 I BGDDUPOOI) were 
included within this SDG. 

All samples were analyzed for Total Organic Carbon and Total Organic Halides. The samples were collected by Brown 
and Root Environmental on July 31 and August 1, 1997 and analyzed by GP Environmental Services under Naval 
Facilities Engineering Service Center (NFESC) Quality AssurancelQuality Control (QAJQC) criteria. Total Organic 
Carbon analyses were conducted using MCAWW method 415.1. Total Organic Halides analyses were conducted using 
SW-846 method 9020 modified. 

Summary 

All analytes were successfully analyzed. The findings offered in this report are based upon a general review of all 
available data including data completeness, holding times, calibration data, laboratory method blanks, matrix spike 
results, laboratory duplicate results, field duplicate results, laboratory control sample (LCS) results, detection limits and 
analyte quantitation. 

Areas of concern with respect to data quality are listed below 

Minor Problems - None. 

Notes - None - 
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Executive Summary 

Laboratory Performance: None. 

Other Factors Affecting Data Quality: None. 

The data for these analyses were reviewed with reference to the "National Functional Guidelines for Inorganic Data 
Validation", April 1993 Revision as amended for use within USEPA Region Ill, and the NFESC document entitled "Navy 
Installation Restoration Laboratory Quality Assurance Guide" (NFESC 2/96). 

The text of this report has been formulated to address only those problem areas affecting data quality. 

"I attest that the data referenced herein were validated according to the agreed upon validation criteria as specified in the 
NFESC Guidelines and the Quality Assurance Project Plan (QAPP)." 

n 
1 

,P. .\ ,L 

Brown and ~ o o t  Environmental 
Terri L. Solomon A 

Joseph A. Samchuck 
Quality Assurance Officer 

Attachments 

1. Appendix A - Qualified Analytical Results 
2. Appendix 8 - Results as reported by the Laboratory 
3. Appendix C - Support Documentation. 



Brown & Root Environmental INTERNAL CORRESPONDENCE 

TO: PAUL FRANK DATE: OCTOBER 27,1997 

FROM: SEAN NlXON COPIES: DV FILE 

SUBJECT: INORGANIC DATA VALIDATION - TAL METALS and Tin 
CTO 287 INDIAN HEAD, MARYLAND 
SDG - 9708100 

SAMPLES: 5ISolid 

BGDSBOl 001 01 
BGDSS0100101 

Overview 

The sample set for CTO 287 Indian Head, SDG 9708100, consists of five ( 5 )  solid environmental samples, 
three (3) aqueous environmental samples including a Rinse Blank (BGDRB-), and two (2) corresponding 
filtrate samples. The field duplicate pairs, samples BGDMW005U001/GBDDUPO04; BGDSD00701011 
BGDDUPOO3, and BGDMW005F0011 BGDDUP004-F, were included in this SDG. The field crew 
specified samples BGDSS0100101, BGDMW005U001, and BGDMW005F001 for Matrix SpikeIMatrix 
Spike Duplicate (MSIMSD) analyses. 

All samples were analyzed for Target Analyte List (TAL) Metals plus tin. The samples were collected by 
Brown and Root Environmental on August 15, 17, and 18, 1997 and analyzed by GP Environmental 
Services Incorporated under Naval Facilities Engineering Service Center (NFESC) Quality 
AssurancelQuaiity Control (QAIQC) criteria. The TAL metals and tin analyses were conducted according 
to SW-846 Methods 6010 for TAL metals and tin except mercury which was analyzed by SW-846 Methods 
7471 n470A. 
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All analytes were successfully analyzed. The findings offered in this report are based upon a general 
review of all available data including data completeness, holding times, calibration data, laboratory 
methodl preparation1 rinsate blanks, interference check samples (ICS), laboratory duplicate results, matrix 
spike recoveries, post digestion spike recoveries, laboratory control sample (LCS) results, ICP serial 
dilution results, detection limits, and analyte quantitation. 

All analyses, with the exception of mercury, were conducted using Inductively Coupled Plasma (ICP) 
methodologies. Mercury analyses were performed using cold vapor AA. 

Areas of concern with respect to data quality are listed below. 

Maior Problems 

None. 

Minor Problems 

The Contract Required Detectron Limit (CRDL) analyses yielded Percent Recoveries (%Rs) for 
selenium, mercury, and zinc that were below the 90% quality control limit. This noncompliance affects 
nondetected results and positive results less than 2X CRDL for all of the samples. The nondetected 
results for selenium and mercury were qualified as biased low, (UL). The positive results less than 2X 
CRDL for mercury were qualified as biased low, (L). Positive results less than 2X CRDL for zinc were 
either qualified (B) for blank contamination, or (J) for laboratory duplicate imprecision. 

The CRDL %Rs for calcium and magnesium were above the 110% quality control limit. This 
noncompliance affects positive results less than 2X CRDL for all of the samples. Positive results less 
than 2X CRDL for calcium and magnesium were qualified as biased high, (K). 
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The following contaminants were detected in the laboratory methodlpreparation, and continuing 
calibration blanks at the following maximum concentrations: 

Arsenic 
~arium' 
Beryllium 
lronl 
1ron2 
~ e a d ~  
~ e a d ~  
Manganese1 
Manganese3 
sodium1 
sodium2 
Thallium 
  in' 
Tin 
Vanadium 
zinc2 
zinc3 

Samples Affected: 

4.0 uglL 
0.262 mglkg 
2.5 uglL 
3.858 mglkg 
26.5 uglL 
2.7 ug1L 
2.6 uglL 
0.1 31 mglkg 
0.60 ug1L 
40.88 mglkg 
300.7 ug1L 
3.5 uglL 
2.358 mglkg 
2.5 ug1L 
1.0 uglL 
3.8 ug1L 
3.1 uglL 

All 

An action level of 5X the maximum contaminant level has been used to evaluate sample data for 
blank contamination. Sample aliquot size, percent solids and dilution factors were taken into 
consideration when evaluating for blank contamination. Positive results less than the action level 
for arsenic, beryllium, iron, lead, sodium, tin, and zinc have been qualified, (B), as a result of blank 
contamination. Validation action was not taken for the remaining analytes since the results were 
either greater than the action level, or were nondetected results. 

(1) Maximum concentration found in solid preparation blank 
(2) Maximum concentration found in aqueous preparation blank 
(3) Maximum concentration found in Rinse blank. 

The Matrix Spike (MS) analysis of the solid sample BGDSS0100101 yielded a %R for antimony 
(31.8%) below the 75% quality control limit. The nondetected results for antimony in the solid samples 
were qualified as biased low, (UL). 

The Matrix Spike (MS) analysis of the solid sample BGDSSOlOOlOl yielded %Rs for lead (162%) and 
manganese (193%) that were above the 125% quality control limit. The positive results for lead and 
manganese in the solid samples were qualified as biased high, (K). 
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The MS analysis of the aqueous (total) sample BGDMW005U001 reported %Rs for antimony (73.2%), 
chromium (72.2%), copper (74.8%), lead (39.8%), and tin (74.4%) that were below the 75% quality 
control limit. The %R for manganese (0%) was below the 30% quality control limit The positive and 
nondetected results for antimony and cobalt in the unfiltered aqueous samples were qualified as 
biased low, (L) and (UL). The positive results for chromium and manganese in the unfiltered aqueous 
samples were qualified as estimated, (J), as a result of laboratory duplicate imprecision. The positive 
results for lead and tin in the unfiltered aqueous samples were both qualified for blank contamination, 
(B), or as estimated, (J) (UJ), for laboratory duplicate imprecision. 

The laboratory duplicate analysis of the total aqueous matrix yielded Relative Percent Differences 
(RPDs) greater than the 20% quality control limit for aluminum, iron, and manganese. Differences 
between the sample and duplicate results exceeded the CRDL for chromium, copper, lead, vanadium, 
and zinc. The positive and nondetected results for aluminum, chromium, copper, iron, lead, 
manganese, vanadium, and zinc in the unfiltered aqueous samples were qualified as estimated, (J) 
and (UJ), as a result of laboratory duplicate imprecision. 

It was noted that the sample IDS on the Form Is were not complete. The Form Is were amended with the 
corrected sample Ids. 

The CRDL analyses reported %Rs for aluminum that were above the 110% quality control limit. However, 
all of the aluminum results were either greater than 2X CRDL or were nondetected results. Therefore, no 
action was taken. 

It should be noted that the Form VII for the solid LCS had listed incorrect quality control limits. The 
laboratory was contacted and an amended Form VII was submitted on 10-1 5-97. 

A field duplicate precision comparison is presented in Appendix C. However, validation action was not 
taken for field duplicate imprecision. 

The CRDL analyses yielded %Rs for arsenic and sodium that were below the 90% quality control limit. 
However, positive results less than 2X CRDL for arsenic and sodium were qualified for blank 
contamination. 

The CRDL analyses yielded %Rs for beryllium and iron that were above the 110% quality control limit. 
However, positive results less than 2X CRDL for beryllium and iron were qualified for blank contamination. 

Executive Summary 

Laboratory Performance: The CRDL Standard analyses reported %Rs for arsenic, selenium, sodium, 
mercury, and zinc that were below the quality control limit, and %Rs for beryllium, calcium, iron, and 
magnesium that were above the quality control limit. Blank contamination for several elements was noted 
in the laboratory methodlpreparation and rinse blanks. 
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Other Factors Affecting Data Quality: Matrix Spike (MS) noncompliances were noted for antimony, 
lead, and manganese in sample BGDSS0100101. MS noncompliances were noted for antimony, 
chromium, copper, lead, manganese, and tin in sample BGDMW005U001. Laboratory duplicate 
imprecision was noted for aluminum, chromium, copper, iron, lead. manganese, vanadium, and zinc. 

The data for these analyses were reviewed with reference to the "National Functional Guidelines for 
Inorganic Data Validation", April 1993 Revision as amended for use within USEPA Region Ill, and the 
NFESC document entitled "Navy Installation Restoration Laboratory Quality Assurance Guide " (NFESC 
2/96). 

The text of this report has been formulated to address only those problem areas affecting data quality. 

"I attest that the data referenced herein were validated according to the agreed upon validation criteria a$ 
specified in the NFESC Guidelines and the Qualii Assurance Project Plan (QAPP)." 

a Sean T. Nixon 
ChemistIData Validator 
Brown and Root Environmental 

f l  

~ u a l ~ t ~  Assurance Officer 
Brown and Root Environmental 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as reported by the Laboratory 
3. Appendix C - Support Documentation. 



Bmwn & Root Environmental INTERNAL CORRESPONDENCE 

TO: 

FROM: 

.SUBJECT: 

SAMPLES:. 

PAUL FRANK 

SEAN NlXON 

C-49-10-7-132 

DATE: OCTOBER 27,1997 

COPIES: DV FILE 

INORGANIC DATA VALIDATION - TOC, TOX, ANIONS 
CTO 287 INDIAN HEAD, MARYLAND 
SDG - 9708100 

The sample set for CTO 287 Indian Head. SDG 9708100, consists of five (5) solid environmental samples. 
three (3) aqueous environmental samples including a Rinse Blank (BGDRB-). The field duplicate pairs, 
samples BGDMW005UOOl/GBDDUPO04 and BGDSD0070101/ BGDDUP003, were included in this SDG. 
The field crew specified samples BGDSSOlOOlOl and BGDMW005UOOlfor Matrix SpikelMatrix Spike 
Duplicate (MSIMSD) analyses. 

All of samples were analyzed for Total Organic Carbon (TOC) and Total Organic Halogens (TOX). The 
aqueous samples BGDMW005U001 and BGDDUP004 were also analyzed for the following anions: 
chloride, fluoride, nitrate. nitrite, phosphorus, and sulfate. The samples were collected by Brown 8 Root 
Environmental on August 15, 17, and 18, 1997 and analyzed by GP Environmental Services Incorporated 
under Naval Facilities Engineering Service! Center (NFESC) Quality AssurancelQuality Control (QAIQC) 
criteria. The TOC analyses were conducted according to the Method of Chemical Analysis of Wastes and 
Wastewater (MCAWW) Method 415.1 for the aqueous amples, and via the Lloyd Kahn Method for Solid 
TOC. The TOX analyses were conducted accord~ng to SW-846 Method 9020. The chloride, fluoride, 
nitrate, nitrite, phosphorus, and sulfate analyses were conducted via Ion Chromatography according to 
M C A W  300.0. 
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All analytes were successfully analyzed with the exception of those rejected. The findings offered in this 
report are based upon a general review of all available data including data completeness, holding times, 
calibration data, laboratory methodl preparation1 rinsate blanks, laboratory duplicate results, matrix spike 
recoveries, laboratory control sample (LCS) results, detection limits, and analyte quantitation. 

Areas of concern with respect to data quality are listed below. 

Maior P r o b l m  

The 48 hour holding time for the anion analyses was exceeded by three days, except for sulfate, 
chloride, and fluoride which have a 28 day holding time, for the samples BGDMW005U001 and 
BGDDUPOM. The nondetected results for nitrite and phosphorus were rejected, (UR). The positive 
results for nitrate were qualified as biased low, (L). 

Minor Problems 

None. 

A field duplicate precision comparison is presented in Appendix C. However, validation action was not 
taken for field duplicate imprecision. 

Executive Summay 

Laboratory Performance: The 48 hour holding time was exceeded by three days for nitrate, nitrite, and 
phosphorus. 

Other Factors Affecting Data Quality: None. 
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The data for these analyses were reviewed with reference to the "National Functional Guidelines for 
Inorganic Data Validation", April 1993 Revision as amended for use within USEPA Region Ill, and the 
NFESC document entitled "Navy Installation Restoration Laboratory Quality Assurance Guide " (NFESC 
2196)- 

The text of this report has been formulated to address only those problem areas affecting data qual i .  

"I attest that the data referenced herein were validated according to the agreed upon validation criteria as 
specified in the NFESC Guidelines and the Quality Assurance Project Plan (QAPP)." 

ChemistIData Validator 
Brown and Root Environmental 

/ ~ u a h  Assurance Officer 
Brown and Root Environmental 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as reported by the Laboratory 
3. Appendix C - Support Documentation. 



INTERNAL CORRESPONDENCE 

TO: PAUL FRANK DATE: OCTOBER 31,1997 

FROM: DANIEL MENlCUCCl COPIES: DV FILE 

SUBJECT: ORGANIC DATA VALIDATION - APPENDIX IX VOAS AND SVOAS; TCL 
EXPLOSIVES 
CTO 287 INDIAN HEAD, MARYLAND 
SDG - 9707161 

SAMPLES: 41Solid 

Overview 

The sample set for CTO 287 Indian Head, Maryland, SDG 9707161, consists of four (4) solid and one (1) 
aqueous environmental samples. The field crew specified sample ABPSB0040101 for Matrix Spike/ 
Matrix Spike Duplicate analysis in this SDG. 

All of the samples were analyzed for Appendix IX volatiles and semivolatiles; and explosives. The 
samples were collected by Brown and Root Environmental on July 24 and 25. 1997 and analyzed by GP 
Environmental Services Incorporated under Naval Facilities Engineering Service Center (NFESC) 
Quality Assurance/QuaJity Control (QAQC) criteria. The VOAs and SVOAs analyses were conducted 
according to SW-846 Methods 8260A and 8270 respectively. Explosives were analyzed according to 
Method 8330. 

All analytes were successfully analyzed with the exception of those rejected.. The findings offered in this 
report were based upon a general review of all available data including data completeness, holding 
times, GCMS -tuning, calibration data, laboratory and field quality control blank results. Matrix Spike 
(MS)/ Matrix Spike Duplicate (MSD) analyses, surrogate spike recoveries, internal standards 
performance, Laboratory Control Sample (LCS) analyses, field duplicate results, compound identification 
and quantification and detection limits. 
Areas of concern with respect to data quality are listed below. 

Maior Problems 

A volatile initial calibration, affecting sample BGDTB001, contained Relative Response Factors 
(RRFs) for acrolein (0.01 I), auylonitrile (0.037). acetonitrile (0.005). propionitrile (0.022), isobutyl 
alcohol (0.010), 2-butanone (0.017) and vinyl acetate (0.022) that were less than the 0.05 quality 
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control limit. This noncompliance affects positive and nondeteded results. The nondetected results 
are qualified as rejected (UR). 

A volatile initial calibration, affecting samples, ABPSD0010101, ABPS00020101, ABPSW030101 
and ABPSD0040101, contained Relative Response Fadors (RRFs) for acrolein (0.003), acrylonitrile 
(0.036). acetonitrile (0.016). propionitrile (0.036). isobutyl alcohol (0.015) and 2-butanone (0.029) that 
were less than the 0.05 quality control limit. This noncompliance affects positive and nondetected 
results. The nondeteded results are qualified as rejected (UR). 

The volatile continuing calibration affeding samples ABPSD0010101; ABPSD0020101, 
ABPSD0030101 and ABPSD0040101 had RRF50's for acrolein (0.0b3), acrylonitrile (0.036). 
acetonitrile (0.016), propionitrile (0.036), isobutyl alcohol (0.015) and 2-butanone (0.029) less than 
the 0.05 quality control limit. The nondeteded results were rejected (UR). 

The volatile continuing calibration affecting samples BGDTBW had RRF5O's for amlein (0.01 1). 
acrylonitrile (0.037), acetonitrile (0.005), propionitrile (0.021). isobutyl alcdhol (0.009), vinyl acetate 
(0.023) and 2-butanone (0.017) less than the 0.05 quality control limit. The nondetected results were 
rejected (UR). 

A semivolatile initial calibration, affecting all samples, contained Relative Response Factors (RRFs) 
for 4-nitroquinoline-n-oxide (0.033), famphur (0.009) and kepone (0.020), that were less than the 
0.05 quality control limit. This noncompliance affects positive and nondetected results. The 
nondetected results are qualified as rejected. (UR). Positive results are qualified as biased low (L). 

The semivolatile continuing calibration affecting samples ABPSD0010101, ABPSD0020101 and 
ABPSD0040101 had RRF20's for 4-nitroquinoline-n-oxide (0.016). famphur (0.006) .and kepone 
(0.005), less than the 0.05 quality control limit. The nondetected results were rejected (UR). The 
positive results were qualified as biased low (L). 

The semivolatile continuing calibration affecting samples ABPSD0030101 and ~ B ~ ~ D 0 0 4 0 1  01 RE 
had RRF20es for 4-nitroquinoline-n-oxide (0.028), famphur (0.006) and kepone (0.028). less than the 
0.05 quality control limit. The nondetected results were rejected (UR). The positive results were 
qualified as biased low (L). 

Minor Problems 

A volatile continuing calibration affecting samples ABPSDW10101, ABPSD0020101. 
ABPSD0030101 and ABPSD0040101 had Percent Differences (%Dns) greater than the 50% quality 
control limit for iodomethane (-1 11 -1%). This noncompliance affects positive and nondetected 
results. The nondetected results reported in the affected samples were qualified as estimated (UJ). 

The volatile analysis of ABPSD0030101 had a Percent Recovery (%R) of 62% for the system 
monitoring compound 1,2-dichlorobenzened4 which is below the quality control limit. The positive 
and nondeteded results reported from the aforementioned analysis were qualified as estimated, (9 
and (UJ) respectively. 

The technical holding time from date of collection to date of extraction for all samples exceeded the 
fourteen (14) day holding time for semivolatiles. Positive and nondetects are both affected. Positive 
results are qualified as estimated (J) and nondetects are qualified as estimated (UJ). 
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A semivolatile initial calibration affecting all samples had relative standard deviation (RSD%) greater 
than the 50% quality control limit for 1 ,dphenylenediamine (68.8%). 1,2diphenylhydrazine (51.3%). 
dimethoate (59.2%). This noncompliance affects positive and nondetected results. The nondeteded 
results reported in the affected samples were qualified as estimated (UJ). 

A $emivolatile continuing calibration affecting samples ABPS00030101 and ABPSD0040101 RE had 
Percent Differences (%D1s) greater than 25% but lower than the 50% quality control limit for n- 
nitrosodimethylamine (29.8%), 1,4-naphthoquionene (-35.g0h), 5-nitro-o-toluidine (43.4%). dilate 
(35.6%), ethyl parathion (-29.1%), methapyrilene hydrochloride (-25.7%). 4aminoazobenzene (- 
31.9%). aramite (27.9%), famphur (29.1%). kepone (-45.0%) and 2-acetylaminofluroene (-31.2%). 
The noncompliance only affects positive results which are qualified as estimated (J). 

A semivolatile continuing calibration affecting samples ABPSD0010101, ABPSD0020101 and 
ABPSD0040101 had Percent Differences (%Us) greater than the  50% quality control limit for 
benzoic acid (-55.1%). trans-lsosafrole (57.0%). cis-lsosafrole (56.7%). dimethoaste (-60.1%), methyl 
parathion (-74.6%). dnitroquinoline-n-oxide (50.3%) and kepone (59.5%). This noncompliance 
affects positive and nondetected results. The nondeteded results reported in the affected samples 
were qualified as estimated (UJ). Positive results are qualified as estimated (J). 

A semivolatile continuing calibration affecting samples ABPSD0030101 and ABPSD0040101RE had 
Percent Diffe~ences (%D1s) greater than the 50% quality control limit for trans-lsosafrole (57.2%), cis- 
lsosafrole (56.8%), dimethoaste (-63.0%) and methyl parathion (-86.7%). This noncompliance affects 
positive and nondetected results. The nondetected results reported in the affected samples were 

I qualified as estimated (UJ). Positive results are qualified as estimated (J). 

The semivolatile analysis of ABPSD0040101 had low responses for internal standards for perylene- 
d12. This noncompliance affected all compounds for the sample. Both positive and nondetected 
results are affected. Positive results are qualified as estimated (J) and nondetects are qualified as 
estimated (UJ). 

The following contaminants were detected in the laboratory method and field quality control blank at 
the following maximum concentrations: 

Maximum 
Analvte Concentration Action-Level 
Methylene Chloride 5 uglKg 50 uglkg 
Methylene Chloride 2 uglL 20 ug/L 

Samples Affected: All 

Sample aliquot, percent solid, and dilution factors were taken into consideration when applying all 
action levels. Positive results reported below the respective action levels were considered false 
positives and qualified, (6). It should be noted that field quality control blanks were not qualified for 
field quality control blank contamination. 

Notes 

It should be noted that the Appendix IX volatile compounds 1.4dioxane and ethyl methacrylate were not 
reported in the volatile fraction, but instead were reported in the semivolatile fraction. 
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It should be noted that the Appendix IX semivolatile compounds Thionazin, Diulfoton. ethyl Parathion, 
and methyl Parathion were not reported on either the Form Is or the eledronic data, but were calibrated 
in the semivdatile analyses. 

Several semivolatile compounds in the initial calibration contained %RSDs greater than the 30% quality 
control limit, but less than the 50% quality control limit. As per Region Ill guidance, since only 
nondeteded results were reported for these compounds, no validation adion was taken. 

Several semivolatile compounds in the continuing calibrations contained %RSDs greater than the 25% 
quality control limit, but less than the 50% quality control limit. As per Region Ill guidance, since only 
nondeteded resub were reported for these compounds, no validation action was taken. 

- The volatile initial calibration affecting samples ABPSDW20101 RE and ABPSD0030101 RE had a %D 
greater than the 25% quality control limit for chlokmethane, carbon disulfide, allyl chloride and vinyl 
acetate. Since this noncompliance oniy affects positive results and no positive results were reported, no 
validation adion was taken. 

The volatile initial calibration affecting sample BGDTB001 had a %D greater than the 25% quality 
control limit for bromomethane, iodomethane and acetone. Since this noncompliance only affects 
positive resutts and no positive results were reported. no validation action was taken. 

The volatile initial calibration affecting samples ABPSD0010101, ABPSD0020101, ABPSD0030101 and 
ABPSD0040101 had a %D greater than the 25% quality control limit for dichlorodifluoromethane, 
chloromethane, bromomethane, acetonitrile, propionitrile and allyl chloride. Since this noncompliance 
only affects positive results and no positive results were reported. no validation adion was taken. ,/ 

The volatile initial calibration affecting samples BGDTB001 had a '%RSD greater than the 30% quality 
control limit for bromomethane . Since this noncompliance only affects positive results and no positive 
results were reported. no validation action was taken. 

The semivolatile matrix spike and matrix spike duplicate recovery for sample ABPSD0010101 affecting 
1 +dichlorobenzene and 1.2.4-trichlorubenzene had results lower than the quality control limit. 

No qualifications were required while validating the explosive data section. 

Executive Summary 

Laboratory Performance: The holding time for semivolatile extraction was exceeded along with some 
volatiles. Blank contamination was noted for methylene chloride. Several volatile and semivolatile 
compounds required qualification due to calibration nonwrnpliance's. 

Other Factors Affecting Data Quality: Low intemal standard areas were reported for several intemal 
standards in several samples. 
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The data for these analyses were reviewed with reference to the 'National Fundional Guidelines for 
Organic Data Validation', September 1994 Revision as amended for use within USEPA Region Ill, and 
the NFESC document entitled "Navy Installation Restoration Laboratory Quality Assurance Guide " 
(NFESC 2/96). 

The text of this report has been formulated to address only those problem areas affecting data quality. 

"I attest that the data referenced herein were validated according to the agreed upon validation criteria as 
specified in the NFESC Guidelines and the Quality Assurance Project Plan (QAPP)." - 

&/&f 

Daniel J Menicucci 
Data Validator 
Brown md Root Environmental 

~ata-validation Quality Assurance Officer 
Brown and Root Environmental 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as reported by the Laboratory 
3. Appendix C - Support Documentation. 



i h w n  & Root Environmentali INTERNAL CORRESPONDENCE 

C.49-10-7486 

TO: PAUL FRANK - DATE: NOVEMBER 17,1997 

FROM: SEAN NlXON COPIES: DV FILE 

SUBJECT: ORGANIC DATA VALIDATION - TCL PESTIClDESlPCBs 
CTO 287 INDIAN HEAD, MARYLAND 
SDG - 9707170 

SAMPLES: 8ISolid 

BGDSB0020101 BGDSB0030101 BGDSB0040101 BGDSB0050101 
BGDSS0020101 BGDSS0030101 BGDSS0040101 BGDSS0050101 

BGDRBOI 3 

Overview 
4 

The sample set for CTO 287 Indian Head, Maryland, SDG 9707170, consists of eight (8) solid 
environmental samples, and one (1) aqueous rinse blank. The field crew did not specify a sample for 
Matrix Spike1 Matrix Spike Duplicate analysis in this SDG. 

All of the samples were analyzed for Target Compound List (TCL) PesticideslPCBs. The samples were 
collected by Brown and Root Environmental on July 24, 29, and 30, 1997 and analyzed by GP 
Environmental Services Incorporated under Naval Facilities Engineering Service Center (NFESC) Quality 
AssurancelQuality Control (QAIQC) criteria. The PesticideslPCB analyses were conducted according to 
SW-846 Method 8081. 

Summary 

All analytes were successfully analyzed. The findings offered in this report were based upon a general 
review of all available data including data completeness, holding times, calibration data. laboratory and 
field quality control blank results. Matrix Spike (MS)I Matrix Spike Duplicate (MSD) analyses, surrogate 
spike recoveries, Laboratory Control Sample (LCS) analyses, field duplicate results, compound 
identification and quantification, and detection limits. 

Areas of concern with respect to data quality are listed below. 

Maior Problems 
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The 7 day holding time until extraction was exceeded for all of the soil samples. Positive and 
nondetected results for all of the samples were qualified as estimated, (J) and (UJ) respectively. 

The continuing calibration of 08/08/97 at 13:30 affecting samples BGDSB0030101, BGDSB0040101, 
BGDSS0030101, and BGDSS0040101 contained a Percent Diirence (%D) for 4,4'-DOT greater than 
the 50% quality control limit The positive and nondetected results for 4,4'-DDT in the aforementioned 
samples were qualified as estimated, (J) and (UJ) respectively. 

Notes - 

Positive results reported below the Contract Required Quantitation Limits have been qualified as 
estimated, (J). 

Several compounds in the initial calibration contained Percent Relative Standard Deviations (%RSDs) 
greater than the 20% quality control limit but less than the 50% quality control limit. Since only positive 
results are affected by this noncompliance and only nondetected results were reported for the affected 
compounds in the affected samples, no action was taken. 

Executive Summary 

Laboratory Performance: The 7 day holding time until extraction was exceeded for all of the soil 
samples. A continuing calibration contained a %D greater than the 50% quality control limit for 4,4'-DDT. 

Other Factors Affecting Data Quality: None. 
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The data for these analyses were reviewed with reference to the "National Functional Guidelines for 
Organic Data Validation', September 1994 Revision as amended for use within USEPA Region Ill, and the 
NFESC document entitled "Navy Installation Restoration Laboratory Quality Assurance Guide " (NFESC 
2/96). 

The text of this'report has been formulated to address only those problem areas affecting data quality. 

"1 attest that the data referenced herein were validated according to the agreed upon validation criteria as 
specified in the NFESC Guidelines and the Quality Assurance Project Plan (QAPP).".. 

Sean T. Nixon s 
ChemistIData validat& 
Brown and Root Environmental 

Data Validation Quality Assurance Officer 
Brown and Root Environmental 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. ~ppendix 6 - Results as reported by the Laboratory 
3. Appendix C - Support Documentation. 



Bmvn & Root Environmental 

TO: P. FRANK 

INTERNAL CORRESPONDENCE 

c49-10-7434 

DATE: OCTOBER 6,1997 

FROM: TERRI L SOLOMON COPIES: DV FILE 

SUBJECT: INORGANIC DATA VALIDATION - TAL METALS AND TIN 
CTO 287 -NSWC INDIAN HEAD, MARYLAND 
SDG - 9707170 

SAMPLES: 8lSoilsl 

Overview 

The sample set for CTO 287, NSWC Indian Head, SDG 9706216, consists of eight (8) soil environmental samples and 
one (1) rinsate blank. No field duplicates were included within this SDG. 

All samples were analyzed for TAL metals and tin. The samples were collected by Brown and Root Environmental on 
July 24.29 and 30.1997 and analyzed by GP Environmental Services under Naval Facilities Engineering Service Center 
(NFESC) Quality AssurancelQuality Control (QNQC) criteria. All analyses were conducted using SW-846 methods 
6010A and 7471A. A CW-like deliverable was provided. 

Summary 

All analytes were successfully analyzed. The findings offered in this report are based upon a general review of all 
available data including data completeness, holding times, calibration data, laboratory methodlpreparationlrimate blanks, 
ICP interference results. matrix spike results. post digestion spike recoveries. laboratory duplicate results, laboratory 
control sample (LCS) results, ICP serial dilution results, detection limits and analyte quantitation. 

All analyses, with the 'exception of mercury were conducted using Inductively Coupled Plasma (ICP) methodologies. 
Mercury analyses were conducted using cold vapor AA. 

Areas of concern with respect to data quality are listed below. 
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Minor Problems 

rn The Contract Required Detedion Limit (CRDL) Percent Recoveries (%Rs) for calcium. iron. magnesium. 
mercury and zinc were above the 11 0% q u a l i  control limit Positive results <W CRDL reported for the 
aforementioned analytes were qualified as biased high, W. 

The CRDL %Rs for lead and sodium were below the 90% quality control limit. Positive results c2X CROL 
and nondeteds reported for the aforementioned analytes were qualified as biased low, L9 and UL: 
respectively. 

The CRDL %R for beryllium was above the 11096 quality control limit. Positive results <2X CRDL 
reported for the aforementioned analytes were qualified as estimated. 3: as a result of conflicting 
noncompliances. 

The following contaminants were detected in the laboratory methodlpreparationlrinsate blanks at the 
following maximum concentrtitions: 

Maximum Adion Action 
Analvte Concentration Level - Soil Level - Aaueous 
aluminum 87.9 ug/L 43.95 mglkg NA 
antimoy 2.7 ugA 1.35 mglkg NA 
barium 0.225 mglkg 1 .I25 mgkg NA 
bariumm 2.2 ugR 1.1 mglkg NA 
calciumo' 585 ug/L 292.5 mgkg NA 
chromiumo) 2.1 U ~ L  1.05 mg/kg NA 
cobalt 0.9 ugA 0.45 mgkg NA 
irono' 85.6 ugL 42.8 mgkg NA 
lead 15.4 uglL 7.7 mgkg NA 
leadq' 4.705 mg/kg 23.525 mglkg NA 
manganese 1.5 ugA 0.75 mgfkg 7.5 ug/L 
nickel 2.1 ugk 1.05 mgkg NA 
silver 1.1 ugL 0.55 rnmg 5.5 uglL 
thallium 4.4 uglL 2.2 mglkg NA 
vanadium 0.9 ug5 0.45 mglkg NA 
zinco) 13.9 ugR 6.95 mglkg NA 
tin"' 1.011 mglkg 5.055 mglkg NA 
tinm 1 -078 mg/kg 5.39 mgkg NA 

Samples Affected: All 

"' Maximum concentration present in a soil preparation blank affeding samples BGDSB0020101, 
BGDSB0050101, BGDSS0020101 and BGDSS0050101. "' Maximum concentration present in a soil preparation blank affeding samples BGDSBO030101, 
BGDSB0040101, BGDSS0030101 and BGDSS0040101. 

" Maximum concentration present in a rinsate blank. 

An adion level of 5x the maximum contaminant level has been used to evaluate sample data for Mank 
contamination. Sample aliquot size and dilution factors were taken into consideration when evaluating 
for Mank contamination. Positive results < the adion level for antimony, calcium, lead, manganese. 
silver, thallium and tin have been qualified. 8: as a result of blank contamination. No adion was taken 
for the remaining analytes since either the results were greater than the adion level or were nondetects. 
It should be noted that field quality control samples are not qualified for field blank contamination. 
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The interfering analyte iron was present in sample BGDSB0020101 at a concentration which was 
comparable to the level of iron in the lnterference Check Sample (ICS) solution. Several analytes 
namely antimony. arsenic, barium, beryllium, cadmium, chromium, cobalt. copper, lead. manganese. 
nickel, selenium, silver, thallium, vanadium. zinc and tin were present in the ICS solution at 
concentrations h i c h  exceeded the Instrument Detection Limit (IDL). Interference affect. exist for 
antimony, arsenic. beryllium, nickel, selenium and tin in the affected sample. The positive results 
reported for arsenic and selenium in the affeded sample were qualified as biased high, )(1 The positive 
result reported for beryllium in the affected sample was qualified as estimated. 3: as a result of 
conflicting noncompliances. The possibility of suppressive affects may be present for nickel in the 
affected sample. The positive result reported for nickel has been qualified as biased low, 'La. The 
positive results reported for antimony and tin received no validation flags as the results were qualified as 
blank contamination. . 
The interfering analytes aluminum and iron were present in sample BGDSB0050101 at concentrations 
which were comparable to the levels of aluminum and iron in the lnterference Check Sample (ICS) 
solution. Several analytes namely antimony, arsenic, barium, beryllium, cadmium, chromium, cobalt. 
copper,'lead, manganese. nickel. selenium, silver, thallium. vanadium. zinc and tin were present in the 
ICS solution at concentrations which exceeded the lnstrument Detection Limit (IDL). lnterference affeds 
exist for antimony, arsenic, beryllium, cobalt, copper. nickel. selenium, silver, thallium and tin in the 
affected sample. The positive results reported for arsenic, cobalt, copwr and selenium in the affected 
sample were qualified as biased high, K The positive result reported for beryllium in the affected 
sample was qualified as estimated. 3: as a result of confliding noncompliances. The possibility of 
suppressive affects may be present for nickel in the affected sample. The positive result reported for 
nickel has been qualified as biased low, "La. The positive results reported for antimony, silver, thallium 
and tin received no validation flags as the results were qualified as blank contamination. 

The interfering analytes aluminum and iron were present in sample BGDSB0030101 at concentrations 
which were comparable to the levels of aluminum and iron in the lnterference Check Sample (ICS) 
solution. Several analytes namely antimony, arsenic, barium. beryllium, chromium, cobalt, manganese, 
nickel. silver. thallium, vanadium, zinc and tin were present in the ICS solution at concentrations which 
exceeded the Instrument Detection Limit (IDL). lnterference affects exist for antimony, beryllium, nickel, 
silver, thallium and tin in the affeded sample. The positive result reported for antimony in the affeded 
sample was qualified as estimated. 3: as a result of conflicting noncompliances. The possibility of 
suppressive affects may be present for beryllium and nickel in the affected sample. The positive results 
reported for beryllium and nickel have been qualified as biased low, "L". The positive results reported for 
silver. thallium and tin received no validation flags as the results were qualified as blank contamination. 

The interfering analytes aluminum and iron were present in sample BGDSBOOaOlOl at concentrations 
which were comparable to the levels of aluminum and iron in the lnterference Check Sample (ICS) 
solution: Several analytes namely antimony, arsenic. barium. beryllium, chromium, cobatt, manganese, 
nickel, silver, thallium, vanadium, zinc and tin were present in the ICS solution at concentrations which 
exceeded the Instrument Detection Limit (IDL). lnterference affects exist for antimony, beryllium, cobalt, 
nickel, silver, thallium, zinc and tin in the affeded sample. The positive results reported for thallium and 
zinc were qualified as biased high, K: The positive results reported for antimony and beryllium in the 
affected sample were qualified as estimated, 3: as a result of conflicting noncompliances. The 
possibility of suppressive affects may be present for cobalt and nickel in the affected sample. The 
positive-results reported for cobalt and nickel have been qualified as biased low, "L". The positive results 
reported for silver and tin received no validation flags as the resutts were qualified as blank 
contamination. 

The interfering analytes aluminum and iron were present in sample BGDSS0030101 at concentrations 
which were comparable to the levels of aluminum and iron in the lnterference Check Sample (ICS) 
solution. Several analytes namely antimony, arsenic. barium, beryllium, chromium, cobalt, manganese, 
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nickel, silver, thallium, vanadium, zinc and tin were present in the ICS solution at concentrations which 
exceeded the Instrument Detection Limit (IDL). Interference affeds exist for antimony. beryllium, nickel, 
thallium and tin in the affected sample. The positive result reported for beryllium in the affected sample 
was qualied as estimated, 3: as a result of conflicting noncampliances. The possibility of suppdve 
affscts may be present for nickel in the affected sample. The posltive result reported for nickel has been 
qualied as biased low, "Lm. The positive results reported for antimony, thallium and tin received no 
validation flags as the resub were qualified as Mank contamination. 

The interfering analyte iron was present in sample BGDSS0040101 at a concentration which was 
comparable to the level of iron in the lnterference Check Sample (ICS) solution. Several analytes 
namely antimony, arsenic, barium, beryllium, chromium, cobalt, manganese, nickel, silver, thallium, 
vanadium, zinc and tin were present in the ICS solution at concentrations which ,exceeded the Instrument 
Detection Limit (IDL). Interference affeds exist for antimony, beryllium, nickel. thallium and tin in the 
affeded sample. The positive result reported for beryllium In the affeded sample was qualified as 
estimated, 3: as a result of conflicting noncompliances. The possibility of suppressive affects may be 
present fordnickel in the affected sample. The positive result reported for nickel has been qualified as 
biased low, "L". The positive results reported for antimony, thallium and tin received no validation flags 
as the results were qualied as Mank contamination. 

The Matrix Spike (MS) Percent Recovery (%R) for antimony affecting the soil matrix was < 75% quality 
control limit. Positive results reported for the aforementioned analyte were qualified as estimated, 3: as 
a result of confliding nonwmpliances. 

I 

The MS %R for chromium affecting the soil matrix was > 125% quality control limit. Positive results 
reported for the aforementioned analyte were qualified as biased high, ')<'. 

rn The MS %R for manganese affecting the soil matrix was > 125% qua i i  control limit. Positive result? 
reported for the aforementioned analyte were qualied as estimated, 3: as a result of conflicting 
nonwmpliances. 

laboratory duplicate imprecision was noted for manganese affeding the soil matrix. The positive results 
reported for the aforementioned analyte were qualified as estimated, 3: The diredion of bias could not 
be determined. 

Notes - - 
Incomplete sample IDS were noted on the Form Is. The Form Is were amended for completeness. 

The CRDL %Rs for aluminum. cadmium. manganese, thallium and tin were outside the quality control limits. However, 
no validation adions were warranted as all results were either > W CRDL, were nondetects or were qualified as a result 
of blank contamination. 

Executive Summaw 

Laboratory Performance: The CRDL Standard analysis recoveries for several analytes were outside quality control 
limits. Several analytes were present in the laboratory methodlpreparation blanks. 

Other Fadon Affecting Data Quality: Several analytes were present in the rinsate blank The interfering analytes 
aluminum and/or iron wefe present in several samples. The MS %R for antimony was < 75% quality control limit. The 
MS %RS for chromium and manganese were > 125% quality control limit. Laboratory duplicate imprecision was noted 
for manganese. 
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The data for these analyses mm, reviewed with refermce to the "National Functional Guidelines for Inorganic Data 
Validation", April 1993 Revision as amended for use within USEPA Region Ill. and the NFESC document entitled "Navy 
Installation Restoration Laboratory Quality Assurance Guide" (NFESC 2/96). 

The text of this report has been formulated to address only those pmblem areas affecting data quality. 

"I attest that the data referenced herein were validated according to the agreed upon validation criteria as specified in the 
NFESC Guidelines and the Quality Assurance Project Plan (QAPP)." 

W& d .  5J- 
B m  and Root Environmental 
Teni L. Solomon '. q 

Chemist '' 

and Root Environmental 
Joseph A. Samchuck 
Quality Assurance Officer 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as reported by the Laboratory 
3. Appendix C - Support Documentation. 



Brown & Root Environmental INTERNAL CORRESPONDENCE 

C49-10-7-101 

TO: - ' P. FRANK DATE: OCTOBER 14,1997 

FROM: ERR1 L. SOLOMON COPIES: DV FILE 

SUBJECT: INORGANIC DATA VALIDATION - TAL METALS AND TIN 
CTO 287 -NSWC INDIAN HEAD, MARYLAND 
SDG - 9708013 

SAMPLES: 17/Soils/ 

BGDSB0060101 BGDDUPOOZ BGDSB0080101 BGDSB0090101 
BGDSD0010101 BGDSD0020101 BGDSD0040101 BGDDUPOOI 
BGDSDOOSOI 01 BGDSD0060101 BGDSDOO8OlOl BGDSD0090101 
BGDSDOI 00101 BGDSS0060101 BGDSS0070101 BGDSS008010? 
BGDSS0090101 

Overview 

The sample set for CTO 287. NSWC Indian Head. SDG 9708013. consists of seventeen (17) soil environmental 
samples. Two (2) field duplicate pairs (BGDSB0060101 / BGDDUP002 and BGDSD0040101 / BGDDUPOOI) were 
included within this SDG. 

All samples were analyzed for TAL metals and tin. The samples were collected by Brown and Root Environmental t 

July 31 and August 1. 1997 and analyzed by GP Environmental Services under Naval Facilities Engineering Servict: 
Center (NFESC) Quality Assurance/Quality Control (QNQC) criteria. All analyses were conducted using SW-846 
methods 6010A and 7471A. A CLP-like deliverable was provided. 

Summary 

All analytes were successfully analyzed. The findings offered in this report are based upon a general review of all 
available data including data completeness. holding times, calibration data, laboratory method/preparation blanks, ICP 
interference results, matrix spike results, post digestion spike recoveries, laboratory duplicate results, field duplicate 
results, laboratory control sample (LCS) results, ICP serial dilution results, detection limits and analyte quantitation. 

All analyses, with the exception of mercury were conducted using Inductively Coupled Plasma (ICP) methodologies. 
Mercury analyses were conducted using cold vapor AA. 

Areas of concem with respect to data quality are listed below. 
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Minor Problems 

The Contract Required Detection Limit (CRDL) Percent Recoveries (%Rs) for calcium and magnesium 
were above the 110% quality control limit, Positive results <2X CRDL reported for the aforementioned 
analytes were qualified as biased high, 'K. 

The CRDL %R for arsenic was below the 90% quality control limit. Positive results <2X CRDL reported 
for the aforementioned analyte were qualified as biased low, 'Lm. 

rn The CRDL %R for selenium was above the 110% quality control limit. Positive results C2X CRDL 
reported for the aforementioned analyte were qualified as estimated. 3: as a result of conflicting 
noncompliances. The direction of bias could not be determined. 

The following contaminants were detected in the laboratory methodtpreparation blanks at the following 
maximum concentrations: 

Analvte 
antimoy 
barium 
beryllium 
calcium(') 
iron"' 
manganese"' 
nickel 
silver 
thallium 
tin (1' . 

vanadium 

Maximum 
Concentration 
2.8 ug5 
0.1 92 mgtkg 
0.2 uglL 
53.250 mglkg 
3.633 rngtkg 
0.086 mglkg 
1.2 uglL 
1.3 uglL 
2.9 ugR 
1.424 mglkg 
0.9 uglL 

Action 
Level - Soil 
1 -4 mglkg 
0.96 mg/kg 
0.1 mgkg 
266.25 mgtkg 
18.165 mglkg 
0.43 mglkg 
0.6 mgtkg 
0.65 mglkg 
1.45 mgtkg 
7.12 mglkg 
0.45 mgkg 

Samples Affected: All 

"' Maximum concentration present in a soil preparation blank. 

An action level of 5x the maximum contaminant level has been used to evaluate sample data for blank 
contamination. Sample aliquot size and dilution factors were taken into consideration when evaluating 
for blank contamination. Positive results < the action level for antimony, beryllium, calcium, nickel, silver. 
thallium and tin have been qualified, 8: as a result of blank contamination.-No action was taken for the 
remaining analytes since either the results were greater than the adion level or were nondetects. 

rn The interfering analyte iron was present in sample BGDSBOO6OIOI at a concentration which was 
comparable to the level of iron in the lnterference Check *Sample (ICS) solution. Several analytes 
namely antimony, arsenic, barium, beryllium. cadmium, chromium, cobalt, copper, manganese, nickel, 
silver, thallium, vanadium, zinc and tin were present in the ICS solution at concentrations which 
exceeded the Instrument Detection Limit (IDL). Interference affects exist for antimony, beryllium, 
cadmium, cobalt. nickel, silver and tin in the affected sample. The positive result reported for cadmium 
in the affeded sample was qualified as biased high, K: The possibility of suppressive affeds may be 
present for beryllium, cobalt and nickel in the affeded sample. The positive resub reported for 
beryllium, cobalt and nickel have been qualified as biased low, "La. The positive results reported for 
antimony, silver and tin received no validation flags as the results were qualified as blank contamination. 
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The interfering analytes aluminum and imn were present in sample BGDDUP002 at concentrations which 
were comparable to the levels of aluminum and iron in the lnterference Check Sample (ICS) solution. 
Several analytes namely antimony, anenic, barium. belyllium, cadmium. chromium, cobalt, copper, 
manganese, nickel, silver, thallium, vanadium. zinc and tin were present in the ICS solution at 
concentrations which exceeded the Instrument Detection Limit (IDL). lnterference affeds exist for 
antimony, beryllium. cadmium, cobalt, nickel and tin in the affected sample. The positive result reported 
for cadmium In the affected sample was qualitied as biased high, K1 The possibility of suppressive 
affects may be present for beryllium. cobalt and nickel in the affected sample. The positive results 
reported for beryllium, cobalt and nickel have been qualified as biased low. "La. The positive results 
reported for antimony and tin received no validation flags as the results were qualified as blank 
contamination. 

The interfering analytes aluminum and iron were present in sample BGDS80080101 at concentrations 
which were comparable to the levels of aluminum and iron in the lnterference Check Sample (ICS) 
solution. Several analytes namely antimony, arsenic, barium. beryllium. cadmium. chromium. cobalt, 
copper, manganese, nickel, silver, thallium, vanadium. zinc and tin were present in the ICS solution at 
concentrations which exceeded the Instrument Detection Limit (IDL). lnterference affects exist for 
antimony, beryllium. cadmium. nickel, thallium and tin in the affected sample. The positive result 
reported for cadmium in the affected sample was qualified as biased high. K: The possibility of 
suppressive affects may be present for beryllium and nickel in the affeded sample. The positive results 
reported for beryllium and nickel have been qualified as biased low. "Lm. The positive results reported for 
antimony, thallium and tin received no validation flags as the results were qualified as blank 
contamination. 

The interfering analyte iron was present in sample BGDSD0020101 at a concentration which was 
comparable to the level of imn in the lnterference Check Sample (ICS) solution. Several analytes 
namely antimony, arsenic, barium, beryllium, cadmium, chromium, cobalt, copper. manganese, nickel 
silver, thallium, vanadium, zinc and tin were present in the ICS solution at concentrations whicr 
exceeded the Instrument Detection Limit (IDL). lnterference affects exist for antimony, beryllium, 
cadmium, cobalt, copper, nickel and silver in the affeded sample. The positive results reported for 
cadmium and copper in the affected sample were qualified as biased high. K: The possibility of 
suppressive affects may be present for beryllium, cobalt and nickel in the affected sample. The positive 
results reported for beryllium, cobalt and nickel have been qualified as biased low, 'La. The positive 
results reported for antimony and silver received no validation flags as the results were qualified as blank 
contamination. 

The interfering analyte iron was present in sample BGDSD0090101 at a concentration which was 
comparable to the level of iron in the lnterference Check Sample (ICS) solution. Several analytes 
namely antimony, arsenic, barium, beryllium, cadmium, chromium, cobalt. copper, manganese, nickel, 
silver. thallium. vanadium, zinc and tin were present in the ICS solution- at concentrations which 
exceeded the Instrument Detedion Limit (IDL). lnterference affects exist for antimony, beryllium. 
cadmium; nickel, silver and tin in the affected sample. The positive results reported for cadmium and 
silver in the affected sample were qualified as biased high, K: The possibility of suppressive affects 
may be present for beryllium and nickel in the affected sample. The positive results reported for 
beryllium and nickel have been qualified as biased low, "1". The positive results reported for antimony 
and tin received no validation flags as the resutts were qualified as blank contamination. 

The inteifering analyte iron was present in sample BGDSDO1OOlO1 at a concentration which was 
comparable to the level of iron in the Interference Check Sample (ICS) solution. Several analytes 
namely antimony, arsenic, barium, beryllium, cadmium, chromium, cobalt, copper, manganese, nickel, 
silver, thallium, vanadium, zinc and tin were present in the ICS solution at concentrations which 
exceeded the Instrument Detection Limit ([DL). lnterference affects exist for antimony, arsenic, 
beryllium, cadmium, nickel and tin in the affected sample. The positive result reported for cadmium in 
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I 
the affected sample was qualified as biased high, K: The possibility of suppressive affects may be 
present for arsenic, beryllium and nickel in the affected sample. The positive results rereported for arsenic, 
beryllium and nickel have been qualified as biased low, "Lm. The positive results reported for antimony 
and tin received no validation nags as the results were qualified as blank contamination. 

The interfering analyte aluminum was pmsent in sample BGDSS0070101 at a concentration which was 
comparable to the level of aluminum in the Interference Check Sample (ICS) solution. Several analytes 
namely antimony, arsenic. barium. beryllium, cadmium, chromium. cobalt, copper, manganese, nickel. 
silver, thallium. vanadium, zinc and tin were present in the ICS solution at concentrations which 
exceeded the Instrument Detection Limit (IDL). lnterference affects exist for antimony. beryllium and 
cadmium in the affeded sample. The positive result reported for cadmium in the affected sample was 
qualified as biased high. K The possibility of suppressive affects may be present for beryllium in the 
affected sample. The positive result reported for beryllium has been qualified irs biased low. "LU. The 
positive result reported for antimony received no validation flag as the result was qualified as blank 
contamination. 

The interfering analytes aluminum and iron were present in sample BGDSS0080101 at concentrations 
which were comparable to the levels of aluminum and iron in the lnterference Check Sample (ICS) 
solution. Several analytes namely antimony, arsenic, barium. beryllium. cadmium, chmmium, cobalt, 
copper, manganese, nickel, silver, thallium, vanadium, zinc and tin were present in the ICS solution at 
concentrations which exceeded the Instrument Detedion Limit (IDL). Interference affects exist for 
antimony, beryllium, cadmium, nickel and thallium in the affected sample. The positive result reported 
for cadmium in the affected sample was qualified as biased high. K: The possibility of suppressive 
affects may be present for beryllium and nickel in the affected sample. The positive results reported for 
beryllium and nickel have been qualified as biased low, "La. The positive results-reported for antimony 
and thallium received no validation flags as the results were qualified as blank contamination. 

The Matrix Spike (MS) Percent Recoveries (%R) for manganese and selenium were < 75% quality ) 
control limit. Positive results and nondetects reported for the aforementioned analyte were qualified as 
estimated, 3'and UJ: respectively, as a result of conflicting noncompliances. The direction of bias 
could not be determined. 

The ICP Serial Dilution Percent Difference (%Ds) for aluminum, barium, chromium, iron, manganese, 
potassium, vanadium and zinc were greater than the 10% qualrty control limit. The positive results 
reported for the aforementioned analytes were qualified as estimated, 3: as a result of confliding 
nonwmpliances. The direction of bias could not be determined. 

Incomplete sample IDS were noted on the Form Is. The Form Is were amended for completeness. 

The CRDL %Rs for aluminum, iron and thallium were > 110% quality control limit. However, no validation actions were 
warranted as all results were either > W CRDL, were nondeteGts or were qualified as a result of blank contamination. 

The MS %R for antimony was < 75% qualdy control iimit. However, no validation actions were required as the results 
reported for antimony were qualified as blank contamination. 

A comparison of field duplicate pairs. BGDSB0060101 / BGDDUPOOZ and BGDSD0040101 1 BGDDUPOOI, is contained 
in Appendix C. However, no validation actions are required as per Region Ill guidance. 
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Executive Summary 

Laboatory Performance: The CRDL Standard analysis recoveries for several analytes were outside quality control 
limits. Several analytes were present in the laboratory method/preparation blanks. 

Other Factors Affecting.Data Quality: The interfering analytes aluminum andlor iron were present in several samples. 
The MS %Rs for manganese and selenium were < 75% quality control limits. The ICP Serial Dilution %Ds for aluminum. 
barium, chromium, iron;manganese. potassium, vanadium and zinc were greater than the 10% quality control limit. 

The data for these analyses were reviewed with reference to the "National Functional Guidelines for Inorganic Data 
Validation". April 1993 Revision as amended for use within USEPA Region Ill, and the NFESC document entitled "Navy 
Installation Restoration Laboratory Quality Assurance Guide" (NFESC 2/96). 

The text of this report has been formulated to address only those problem areas affecting data quality. 

"I attest that the data referenced herein were validated according to the agreed upon validation criteria as specified in the 
NFESC Guidelines and th6Quality Assurance Project Plan (QAPP)." 

~ 4 4  ! . .  . 

--m 
6+own ahd Root Environmental 
Teni L. Solomon /f 

Aoseph A. Samchuck. 
Quality Assurance Officer 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as reported by the Laboratory 
3. Appendix C - Support Documentation. 



Brown & Root Environmental 

TO: 

FROM: 

SUBJECT: 

SAMPLES: 

Overview 

INTERNAL CORRESPONDENCE 

C-M-lO-7Q40 

P. FRANK DATE: OCTOBER 6,1997 

TERRl L. SOLOMON COPIES: DV FILE 

INORGANIC DATA VALIDATION -TOTAL ORGANIC CARBON, TOTAL ORGANIC HAUOES 
CTO 287 -NSWC INDIAN HEAD, MARYLAND 
SDG - 9707170 

8/Soils/ 

BGDSB0020101 BGDSB0030101 BGDSB0040101 BGDSB0050101 
BGDSS0020101 BGDSS0030101 BGDSS0040101 BGDSSW50101 

1 /Aqueous/ 

BGDRBOI 3 

The sample set for CTO 287. NSWC Indian Head, SDG 9706216, consists of eight (8) soil environmental samples and 
one (1) rinsate blank. No field duplicates were included within this SDG. 

All samples were analyzed for Total Organic Carbon and Total Organic Halides. The samples were collected by Brown 
and Root Environmental on July 24,29 and 30,1997 and analyzed by GP Environmental Services under Naval Facilities 
Engineering Service Center (NFESC) Quality Assurance/Quality Control (QAIQC) criteria. Total Organic Carbon 
analyses were conducted using MCAWW method 415.1. Total Organic Halides analyses were conducted using SW-846 
method 9020 modified. 

Summary 

All analytes were successfully analyzed. The findings offered in this report are based upon a general review of all 
available data including data completeness, holding times, calibration data, laboratory method blanks, matrix spike 
results, laboratory duplicate results, laboratory control sample (LCS) results, detection limits and analyte quantitation. 

Areas of concern with respect to data quality are listed below. 

Minor Problems - None. 

Notes - None. 
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i Exewtive Summaw 
! Laboratory Performance: None. 

Other Factors Affecting Data Quality: None. 

The data for these analyses were reviewed with reference to the "National Functional Guidelines for Inorganic Data 
Validation", April 1993 Revision as amended for use within USEPA Region Ill. and the NFESC document entitled 'Navy 
Installation Restoration Laboratory Quality Assurance Guide" (NFESC 2/96). 

The text of this report has been formulated to address only those problem areas affecting data quality. 

"I attest that the data referenced herein were validated according to the agreed upon validation criteria as specified in the 
NFESC Guidelines and the Quality Assurance Project Plan (QAPP)." 

Ten? L Sylomon 
Chemist 

Joseph A. Samchuck 
Quality Assurance Officer 

Attachments: 

1. Appendix A - Qualified Analytical Resutts 
2. Appendix B - Results as reported by the Laboratory 
3. Appendix C - Support Documentation. 



eB 
Brown & Root Environmental INTERNAL CORRESPONDENCE 

TO: P. FRANK DATE: SEPTEMBER 15,1997 

FROM: JAMES CAO COPIES: DV FILE 

SUBJECT: INORGANIC DATA VALIDATION - TAL METALS 
CTO 287 - INDIAN HEAD 
SDG 9707083 

SAMPLES: 7 1 ~ o i d '  

RPLSS0040101 RPLDUPOlO RPLSB0040101 RPLSB0040201 
~ ~ ~ ~ ~ 0 0 4 0 3 0 1  BGDSSOOlOlOl BGOSB0010101 

Overview 

The sample set for CTO 287, Indian Head. SDG 9707083. consists of seven (7) soil environmental samples and one (1) 
rinsate blank. One (1) field duplicate sample (RPLDUPOIO) was included within this SDG. 

The above samples were analyzed for Target Analyte List (TAL) metals. The samples were collected by Brown and Root 
Environmental on July 15. 1997 and analyzed by GP Environmental Services - Gaithersburg under Naval F a d i i i  
Engineenng Servce Center (NFESC) Quality Assurance/Quality Control (QAIQC) criteria. All analyses were conducted 
usrng Contract Laboratory (CLP) Statement of Work (SOW) ILM04.0 analytical and reporting protocols. 

All analytes were successfully analyzed. The findings offered in this report are based upon a general review of all 
- available 'data ~ncluding data completeness, holding times, calibration data. laboratory methodlpreparationlrinsate blanks, 
interference check sample (ICS) results, matrix spike I matrix spike duplicate resub (soil), post digestion spike moveries, 
laboratory dupl~cate results (soil), field duplicate results (soil), laboratory control sample (LCS) resutts, ICP serial dilution 
results (soil), detection limits and analyte quantitation. 

All analyses. with the exception of mercury, were conducted using Inductively Coupled Plasma (ICP) methodologies. 
Mercury analys~s was conducted using cold vapor AA. 

Areas of concern with respect to data quality are listed below. - 
Maior Problems - None. 
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Minor Problems 

The Contract Required Detection Limit (CRDL) Percent Recoveries (%Rs) for lead and tin were below the 
90% quality control limit Positive results < 2X CRDL and nondetects reported for the albrernentioned 
anatytes were qualified as biased low. 'L' and 'UL', respecbvely. 

The CRDL %R fur aluminum, antimony, beryllium, cadmium. calcium, copper, iron, magnesium, thallium, 
and zinc were above the 110% qualrty contrul limit. Positive results < W CRDL reported for the 
aforemenboned analytes were qualified as biased high, ' l ~ .  However. the results for antimony were 
qualified as estimated, 'J', as a result of conflicting noncompliances. 

- 
5 

The following contaminants were detected in the method/preparationlrinsate blanks at the following 
maximum concentrations : 

Analvte 
antimonyf1) 
beryllium('1 
calcium 
copper 
ironf1) 
lead 
manganese(') 
silveP' 
t in f l )  

zind2] 

Maximum 
Concentration 
0-3 mgn<g 
0.04 mglkg 
501 uglL 
11.1 uglL 
8.26 mglkg 
1.7 ug/L 
0.004 mgkg 
1.4 uglL 
0.984 mglkg 
4.4 ugh 

Action - 
Level - Soil 
1.5 mflg 
0.2 mgkg 
250.5 mglKg 
5.55 mg/Kg 
41.3 mg/kg 
0.85 mglKg 
0.42 mgkg 
NA 
4.92 mgkg 
NA 

Action - 
Level - Aaueous 
NA 
NA 
2505 ugR 
55.5 ugR 
NA 
8.5 ug1L 
NA 
7.0 uglL 
NA 
22 ug/L 

Samples Affected: All 

(0 Maximum concentration found in an soil preparation blank. 
Maximum concentration found in an aqueous preparation blank. 

An action level of 5x the maximum contaminant level has been used to evaluate sample data for blank 
contamination. Sample aliquot size. weight, percent solids, and dilution factors were taken into 
consideration when evaluating for blank contamination. Positive results < the action levels, for antimony, 
calcium, capper, and tin have been qualified, "8". as a resut of blank contamination. No action was taken 
for the remaining analytes since either the results were greater than the action level or were nondetects. 

The Matrix Spike (MS) Percent Recovenes (%Rs) for antimony and tin were < 75% quality control limit. 
Positive results reported for the aforementioned analytes were qualified as estimated, 'J", as a result of 
conflicting noncompliances. 

The MS %R for lead was > 125% quality control limit Positive re&lts reported for the aforementioned 
analyte were qualified as biased high. 'K". 

The ICP Serial Dilution Percent Differences (%Ds) for antimony, arsenic. beryllium, calcium. copper and 
thallium were greater than the 10% quality control limit However. no action was taken because the 
concentrations of the above analytes in the original samples were < 50X Instrument Detection Limit (IDL) 
and the presence of conflicting noncompliances. 
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Notes 
7 

The CRDL %R for aluminum, calcium, iron, lead. magnesium, and zinc were outside the quality control limits. However, 
no validation actions were warranted as all results were either > 2X CRDL or were qualified as blank contamination. 

The data for these analyses w m  reviewed with reference to the "National Functional Guidelines for Inorganic Data 
Validation", April 1993 Revision as amended for use wimin USEPA Region Ill. and the NFESC document en(aed 'Navy 
Installation Restoration Laboratory Quality Assurance Guide" (NFESC 2/96). 

The text of this report has been formulated to address only those problem areas affecting data quality. 

"I attest that the data referenced herein were validated according to the agreed upon validation criteria as specified in the 
Project Plan (QAPP)." 

Chemist 

[ ~ o s e ~ h  A Samchuck 
Quality Assurance Officer 

Attachments: 

1. Appendix A - Qualified Analykal Results 
2. Appendix B - Results as reported by the Laboratory 
3. Appendix C - Support Documentation. 



Data Qualifier Kev: 

U - . Value is a nondeted as reported by the laboratory. 

B - Positive result is considered be an artifact of blank contamination and should not be 
considered present 

t - Positive result is considered biased low as a result of CRDL %R and/or ICP Interference 
\ 

UL - Nondetected result is considered biased low as a result of CRDL %R andlor ICP Interference 

K Positive result is considered biased high as a result of ICP interference. 

J - Positive result is considered estimated as a result of CRDL %R, ICP Interference, MSrrmSD %R, 
laboratory duplicate imprecision and/or ICP Serial Dilution I D .  

UJ - Nondetected result is considered estimated as a result of MSJMSD %R. 



TO: P. FRANK DATE: SEPTEMBER 15,1997 

FROM: Cheryle C. Lu COPIES: DV FILE 

SUBJECT: WET CHEMISTRY DATA VALIDATION: 
TOTAL ORGANIC CARBON AND TOTAL ORGANIC HAUDES 
CTO 281. - INDlAN HEAD - 
SDG 9707083 

SAMPLES: 7lSoilsl RPLSS0040101 RPLDUP010 RPLSB0040101 " RPLSB0040201 
RPLSB0040301 BGDSSOO10101 BGDSB0010101 

11 AqueouslBGDRB009 

Overview 

The sample set for CTO 287, Indin Head. SDG 9707083. consists of seven (7) soil environmental &mples and one (1) 
rinsate blank. One (1) field duplicate sample (RPLDUPO10) was induded within this SDG. 

The soil samples were analyzed for percent solids. Two soil samples and.one aqueous sample were analyzed for total 
organic carbon (TOC) and total organic halides (TOX). The samples were collected by Brown and Root Environmental qn 
July 15, 1997 and analyzed by GP Environmental Services - Gaithersburg under Naval Facilities Engineering Senrice 
Center (NFESC) Qual i  Assurance/Quality Control (QAIQC) criteria. All analyses were conducted using method spedfc 
analytcal and repor6ng protocols. 

Summary 

All analytes were successfully analyzed. The findings offered in this report are based upon a general review of available 
data including data completeness, holding times, calibration data, laboratory methodlpreparationlrinsate blanks. results, 
matrix spike results, laboratory duplicate results, field duplicate results, detection limits. 

Areas of concern with respect to data quality are listed below. 

Maior Problems - None. 

Minor Problems 

(1) A field blank should not be used for duplicate sample analysis. However, the rinsate blank 
(BGDRBOO9D) was used as duplicate sample for TOX analysis. The %RPD was reported as 0.3% on 
page 95017, whereas. the %RPD was reported as 0.6% on page 95019. 
(2) A 150 %RPD was reported on page 95021 and N.C. on page 95023 for sample BGOSS00101010. 
Both sample results were below detechon limits, therefore, the %RPD is not calculable (N.C.). 

The data for these analyses were reviewed with reference to the "National Functional Guidelines for Inorganic Data 
Validation", April 1993 Revision as amended for use within USEPA Region Ill, and the NFESC document entitled ."Navy 
Installation Restoration Laboratory Quality Assurance Guide" (NFESC 2/96). 



The text of thii mport has been formulated to address only those problem areas affecting data quality. 

.I attest that the &referenced herein were validated accord'mg to the agreed upon d i a l i o n  criteria as spKihad in the 
4&27ct! NFESC Guidelines Project Plan (QAPP)." 

~ n n m  and Root Environmental 
f l  

Chervle C.. LU 

rown a n d 6 t  Environmental / Joseph A Samchuck 
Quality Assurance Officer 



Brawn & Root Environmental INTERNAL CORRESPONDENCE 

TO: PAUL FRANK DATE: OOCTOBER 31,1997 

FROM: DANIEL MENICUCCI COPIES: DV FILE 

SUBJECT: ORGANIC DATA VALIDATION - APPENDIX IX PESTICIDE I PCBS; 
CTO 287 INDIAN HEAD, MARYLAND 
SDG - 97081 00 

SAMPLES: 31Aqueous 

BGDDUP004 BGDM WOOSUOOI BGDRBO19 

Overview I 

The sample set for CTO 287 Indian ~ e a d .  Maryland. SDG 9708100. consists of five (5) soil and three (3) 
aqueous environmental samples. The field duplicate pain, samples BGDDUP003 I BGDSD0070101 and 
BGDDUP004 I BGDMW005U001 was included in this SDG. The field crew specified sample 
BGDMW005U001 and BGDSSOlOOl 01 for Matrix Spike1 Matrix Spike Duplicate analysis in this SDG 

The samples were collected by Brown and Root Environmental on August 15, 16, and 17. 1997 and 
analyzed by GP Environmental Services Incorporated under Naval Facilities Engineering Service Center 
(NFESC) Quality AssuranceIQuality Control (QAIQC) criteria. The PesticideIPCB analyses were 
conducted according to SW-846 method 8080A. 

Summary 

The findings offered in this report were based upon a general review of all available data including data 
completeness, holding times, calibration data, laboratory and field quality control blank results, Matrix 
Spike (MS)I Matrix Spike Duplicate (MSD) analyses, surrogate spike recoveries, Laboratory Control 
Sample (LCS) analyses, field duplicate results, compound identification and quantification and detection 
limits. 

Areas of concern with respect to data quality are listed below. 



pecutive Summary 

Laboratory Petfomance: Several pesticide compounds yielded noncompliance due to data calibration. 



The data for these analyses were reviewed with reference to the "National Functional Guidelines for 
Organic Data Validation", September 1994 Revision as amended for use within USEPA Region Ill, and 
the NFESC document entitled "Navy Installation Restoration Laboratory Quality Assurance Guide " 
(NFESC 2/96). 

The text of this report has been formulated to address only those problem areas affecting data quality. 

"I attest that the data referenced herein were validated according to the agreed upon validation criteria as 
specified in the NFESC Guidelines and the Quality Assurance Project Plan (QAPP)." 

\ 
Q - 

,/ . k - ! , ,~rnW&-tcr  
Daniel J Menicucci 
Data Validator 
Brown p d  Root ~nvironrnenld ., 

~ka'validation Quality Assurance Officer 
Brown and Root Environmental 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix 8 - Results as reported by the Laboratory 
3. Appendix C - Support Documentation. 



Wawn & Roat Environmental INTERNAL CORRESPONDENCE 

TO: 

FROM: 

SUBJECT: 

SAMPLES: 

PAUL FRANK DATE: OCTOBER 31,1997 

COPIES: DV FILE 

ORGANIC DATA VALIDATION - APPENDIX IX PESTICIDE PCBs 
CTO 287 INDIAN HEAD, MARYCAND 
SDG - 9708059 

BGDMWOOl UOOl BGDMW002U001 BGDMW003U001 
BGDMW004U001 FB002 

Overview 

The sample set for CTO 287 Indian Head, Maryland, SDG 9708059, consists of five (5) aqueous and one 
(1) soil environmental samples. The field crew shared samples from work order numbers 97-08-100 and 
97-08-109 for Matrix Spike/ Matrix Spike Duplicate analysis in this SDG 

All of the samples were analyzed for Appendix IX and Target Compound List (TCL) pesticidelpcb's. The 
samples were collected by Brown and Root Environmental on August 7 - 13, 1997 and analyzed by GP 
Environmental Services Incorporated under Naval Facilities Engineering Service Center (NFESC) 
Quality AssurancelQuality Control (QAIQC) criteria. The PesticidelPCB analyses were conducted 
according to SW-846 method 8080A. 

All analytes were successfully analyzed. The findings offered in this report were based upon a general 
review of all available data including data completeness, holding times, calibration data, laboratory and 
field quality control blank results, Matrix Spike (MS)I Matrix Spike Duplicate (MSD) analyses, surrogate 
spike recoveries, Laboratory Control Sample (LCS) analyses, field duplicate results, compound 
identification and quantification and detection limits. 

Areas of concern with respect to data quality are listed below. 

Minor Problems 

A pesticide continuing calibration contained a percent difference greater than the 30% quality control 
limit for the compound Endrin Aldehyde. This noncompliance affects nondeteded results which are 
qualified as estimated (UJ). * 



Notes - 
A pesticide initial calibration affecting samples BGDMW002U001, BGDMW003U001. BGDMW004~001 
and BGDSB007001 contained a percent relative standard deviation greater than 20% for 4,4'DDT. AS 
per Region Ill guidance, since only nondetected results were reported for these compounds, no validation 
action was taken. 

A pesticide initial calibration affecting samples BGDMWOOlUOOl and FB002 had percent relative 
standard deviation greater than 30% and less than 50% quality control limit for aroclor-1016, aroclor- 
1254, aroclor-1221 and aroclor-1260. As per Region Ill guidance. since only nondeteded results were 
reported for these compounds, no validation action was taken. 

Several compounds in the initial calibration contained %RSDs greater than the 20% quality control limit, 
but less than the 40% quality control limit. As per Region Ill guidance, since only nondetected results 
were reported for these compounds. no validation action was taken. 

Several compounds in the continuing calibrations contained %Ds greater than the 15% quality control 
limit, but less than the 30% quality control limit. As per Region Ill guidance, since only nondetected 
results were reported for these compounds. no validation action was taken. 

The pesticide surrogate recovery for sample BGDMW003U001 had percent recovery for tetrachloro-m- 
xylene above the quality control limit. No action was taken since only one surrogate exceeded the upper 
quality control limit. 

Executive Summary 

Laboratory Performance: Several ~e~ t i c ide  compounds required qualification due to calibration 
noncompliances. 



The data for these analyses were reviewed with reference to the "National Functional Guidelines for 
Organic Data Validation", September 1994 Revision as amended for use within USEPA Region Ill, and 
the NFESC document entitled "Navy Installation Restoration Laboratory Quality Assurance Guide " 
(NFESC 2/96). 

The text of this report has been formulated to address only those problem areas affeding data quality. 

"I attest that the data referenced herein were validated according to the agreed upon validation criteria as 
specified in the NFESC Guidelines and the Quality Assurance Projed Plan (QAPP)." 

, 

Data Validator - 3 
Brown and Root ~nvironmental . - 

J6seph A. Samchuck 
[~ata-validation Quality Assurance Officer 

Brown and Root Environmental 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix 6 - Results as reported by the Laboratory 
3. Appendix C - Support Documentation. 



Brown & Root Environmental 

TO: P. FRANK 

FROM: PAMELA A. KORYAK 

INTERNAL CORRESPONDENC 

C49-10-7-047 

DATE: OCTOBER 7,1997 

COPIES: DV FILE 

SUBJECT: ORGANIC DATA VALIDATION-ORGANICS 
CTO 287, NSWC INDIAN HEAD, MARYLAND 
SDG 9708013 I 

SAMPLES: 17/SoiVPEST/PCBs 

Overview 

The sample set for the CTO 287 NSWC lndran Head Oak Naval Base site, SDG 9708013, consists of 
twenty-six (26) solid env~ronmental samples. All samples were analyzed for pesticidelPCB organic 
compounds. The field crew designated one sample (BGDSS0060101) for Matrix SpikelMatrix Spike 
Duplicate analyses. Two field duplicate pairs (BGDSD0040101/BGDDUP001 and 
BGDSB0060101lBGDDUPO02) were lncluded n this SDG. 

The samples were collected by Brown and Root Environmental on July 31st and August 1st. 1997 and 
analyzed by GP Environmental under Naval Facilities Engineering Service Center (NFESC) Quality 
Assurance/Quality Control (QAIQC) criteria. All analyses were conducted using SW-846 Method 8080 
analytical protocols. 

Summary 

All compounds were successfully analyzed. The findmgs offered in this report are based upon a geneGI 
review of all available data including data completeness, holding times until analysis, calibration data, 
laboratory and field blank results, surrogate spike recoveries, matrix spikdmatrix spike duplicate results, 
compound identification, detection limits, and compound quantitation. Areas of concern with respect to 

-- data qual~ty are listed below. 

Minor Problems 
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Minor Problems 

0 The holding time for all samples was exceeded. Positive and nondetected results were 
affected by this noncompliance. The results were qualified as estimated, J and UJ, 
respectively. 

0 Continuing calibration %Ds greater than the 50% quality control limit were reported for 
4,4'-DDT and rnethoxychlor. Positive and nondetected results are affected by this 
noncompliance and the affected samples were qualified as estimated, J and UJ, 
respectively. 

Continuing calibration %Ds greater than the 25% quality control limit were reported for 
4,4'-DDD and delta-BHC. Only positive results are affected by this noncompliance. The 
affected samples were qualified as estimated, J. 

Positive results reported at concentrations below the CRQL are considered to be 
estimated and are qualified (J). The direction of the bias cannot be determined. 

Notes 

The initial calibration Relative Standard Deviation (RSDs) greater than the 20% quality control limit were 
reported for Aroclor-1016, Aroclor-1221, Aroclor-1254, and Aroclor-1260. Only nondetected results were 
reported for these compounds in the affected samples. According to guidance no action was taken. 

i 
The continuing calibration %Ds greater than the 25% quality control limit were reported for delta-BHC and 
4,4-DDD. Nondetected results reported for these compounds in the affected samples according to 
guidance required no action. 

The Matrix SpikeIMatrix Spike Duplicate (MSIMSD) analyses for sample BGDSS0060101 displayed high 
%Rs for gamma-BHC, heptachlor, aldrin, and 4,4'-DDT. The Relative Percent Differences (RPDs) were 
high for gamma-BHC, heptachlor, aldrin, dieldrin, endrin, and 4,4'-DDT. No action were taken as no 
validation actions are taken based on matrix spike results alone. 

Executive Summary 

Laboratory Performance: All samples exceeded the holding time. The initial calibration %RSD for 
several PCBs were greater than the 20% quality control limit. The continuing calibration %Ds for 4,4'-DDT 
and methoxychlor exceeded 50%. The continuing calibration %Ds for delta-BHC and 4,4-DDD were 
greater than the 25% quality control limit. The %Rs and RPD for several compounds were outside of 
quality control limits. 

Other Factors Affecting Data Quality: Positive results reported at concentrations below the CRQL are 
considered to be estimated. 

The data for these analyses were reviewed with reference to the "National Functional Guidelines for 
Organic Data RevieW(9194). as amended for use within €PA Region Ill, and the NFESC guidelines entitled 
"Navy Installation Restoration Program Laboratory Quality Assurance GuideU(February, 1996). 
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"I attest that the data referenced herein were validated according to the agreed upon validation criteria as 
specified in the NFESC Guidelines and the Quality Assurance Project Plan (QAPP)." 

& @, 7{@&&A/ 
Brown and Root ~ n v i r h e n t a l  

Pamela A. Koryak 
Risk AssessorIData Validatol 

Joseph A. Samchuck 
Data Validation Quality Assurance Officer 

Attachments: 
1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as reported by the Laboratory 
3. Appendix C - Support Documentation 



Brown & Raat Environmental INTERNAL CORRESPONDENCE 

TO: P. FRANK 

c49-10-7-094 

DATE: OCTOBER 27,1997 

FROM: TERRl I SOLOMON COPIES: DV FILE 

SUBJECT: INORGANIC DATA VALIDATION -TOTAL ORGANIC CARBON, TOTAL ORGANIC HALIDES, 
CHLORIDE, FLUORIDE, NITRATE, NITRITE, ORTHO PHOSPHOROUS, SULFATE 
CTO 287 4SWC INDIAN HEAD, MARYLAND 
SDG - 9708059 

SAMPLES: 11SoiU 

BGDMWOOl UOO1 BGDMW002U001 BGDMW003U001 
BGDMW004U001 FB002 

Overview 

The sample set for CTO 287, NSWC Indian Head, SDG 9708059, consists of one (1) soil environmental sample, four (4) 
aqueous environmental samples and one (1) field blank (FB002). No field duplicate pairs were included within this SDG. 

The soil sample was analyzed for Total Organic Carbon and Total Organic Halides. The aqueous samples were 
analyzed for Total Organic Carbon, Total Organic Halides, Chloride. Fluoride, Nitrate, Nitrite, Ortho Phosphorous and 
Sulfate. The samples were collected by Brown and Root Environmental on August 6. 7. 12 and 13. 1997 and analyzed by 
GP Environmental Services under Naval Facilities Engineering Service Center (NFESC) Quality AssurancelQuality 
Control (QAIQC) criteria. Total Organic Carbon analyses were conducted using MCAWW method 415.1. Total Organic 
Halides analyses were conducted using SW-846 method 9020. Chloride, Fluoride, Nitrate, Nitrite, Ortho Phosphorous 
and Sulfate were conducted using MCAWW method 300.0. 

All analytes were successfully analyzed. The findings offered in this report are based upon a general review of all 
available data including data completeness, holding times, calibration data, laboratory method blanks, matrix spike 
results, laboratory duplicate results, laboratory control sample (LCS) results, detection limits and analyte quantiation. 

Areas of concern with respect to data quality are listed below. 
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Maior Problems 

The 48 hour hold time for Nitrate. Nitrite and Ottho Phosphorous was exceeded by a factor of 2 or more. Positive resutts 
reported for Nitrate were qualified as biased low, L: The nondetected results reported for Nitrate, Nitrite and Ortho 
Phosphorous were qualified as rejected. 'UR'. 

Minor Problems 

The Matrix Spike (MS) Percent Recovery (%R) for Chloride was c 75% qual i i  control limit. Positive results and 
nondetects reported for Chloride were qualified as biased low, 'C and 'UL'. respectively. 

Notes - None. - . 
Executive Summarv 

Laboratory Performance: The 48 hour hold time for Nitrate, Nitrite and Ortho Phosphorous was exceeded by a fador of 
2 or more. 

Other Factors Affecting Data Quality: The MS %R for Chloride was < 75% qual i i  control limit. 

The data for these analyses were reviewed with reference to the "National Functional Guidelines for Inorganic Data 
Validation", April 1993 Revision as amended for use within USEPA Region Ill, and the NFESC document entitled "Navy 
Installation Restoration Laboratory Quality Assurance Guide" (NFESC 2/96). 

The text of this report has been formulated to address only those problem areas affecting data quality. 
t 

"I attest that the data referenced herein were validated according to the agreed upon validation criteria as specified in the 
NFESC Guidelines and the Quality Assurance Project Plan (QAPP)." 

, L - 1 .  
Y,\ . 
, : \ . (&A, ,:.-)v\ . 

Brown and Root Environmental 
Tem L. Solomon r 

doseph A. Samchuck 
Quality Assurance Officer 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as reported by the Laboratory 
3. Appendix C - Support Documentation. 



QLr 
Brown & Root Envimnmental INTERNAL CORRESPONDENCE 

TO: 

FROM: 

~UBJECT:  

SAMPLES: 

Overview 

P. FRANK 

TERRI L. SOLOMON 

C-49-10-7450 

DATE: OCTOBER 27.1997 

COPIES: DV FILE 

INORGANIC DATA VALIDATION - TAL METALS AND TIN 
CTO 287 4SWC JNDIAN HEAD, MARYLAND 
SDG - 9708059 . 
91Aqueoud 

The sample set for CTO 287, NSWC Indian Head, SDG 9708059, consists of eight (8) aqueous environmental samples, 
one (1) field blank (FB002) and one (1) soil environmental sample. No field duplicates were included within this SDG. 

All samples were analyzed for TAL metals and tin. The samples were collected by Brown and Root Environmental on 
August 6.7, 12 and 13, 1997 and analyzed by. GP Environmental Servjces under Naval Facilities Engineering Service 
Center (NFESC) Quality AssurancelQuaiity Control (QAIQC) criteria. All analyses were conducted using SW-846 
methods 6010A and 7471A. A CLP-like deliverable was provided. 

Summary 

All analytes were successfully analyzed. The findings offered in this report are based upon a general review of all 
available data including data completeness, holding times. calibration data, laboratory methodlpreparationlfield blanks. 
ICP interference results. matrix spike results, post digestion spike recoveries, laboratory duplicate results, laboratory 
control sample (LCS) results. ICP serial dilution results, detection limits and analyte quantitation. 

All analyses, with the exception of mercury were conducted using Inductively Coupled Plasma (ICP) methodologies. 
Mercury analyses were conducted using cold vapor AA. 

Areas of concem with respect to data quality are listed below. 
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Minor Problems 

The Contrad Required Detection Limit (CRDL) Percent Recoveries (%Rs) for aluminum, calcium, iron 
and magnesium were above the 110% quality control limit. Positive results c2X CRDL reported for the 
aforementioned analytes were qualified as biased high. 'lC. 

The CRDL %Rs for arsenic, selenium and sodium were below the 90% quality control limit. Positive 
results <2X CRDL and nondeteds reported for the aforementioned analytes were qualified as biased low. 
'Lm and 'Ur. respectively. 

The following contaminants were detected in the laboratory methodlpreparationlfield blanks at the 
following maximum concentrations: 

Maximum Action Adion 
Analvte Concentration Level - Soil Level - Aaueous 
arsenic 4.0 ugk  2.0 mglkg 20.0 uglL 
barium"' 0.262 mglkg 1.31 mglkg NA 
beryllium 2.5 ugR 1.25 mglkg 12.5 uglL 
iron"' 26.5 uglL NA 132.5 ugL 
iron"' 3.858 mglkg 19.29 mglkg NA 
lead'" 3.2 uglL NA 16.0 uglL 
leadn' 2.2 uglL 1 .I mglkg NA 
manganese(" 0.9 uglL NA 4 3  uglL 
manganeseq' 0.131 mglkg 0.655 mglkg NA 

me,t$: 
0.16 ug1L 0.125 mglkg 0.8 uglL 

sod~um 300.7 uglL NA 1503.5 uglL 
sodium*' 40.880 mglkg 204.4 mglkg NA 
thallium 3.5 uglL 1.75 mglkg 17.5 ugR - 
vanadium 1.0 ug/L 0.5 mglkg 5.0 ugR 
zinc"' 5.6 ugR N A 28.0 ug1L 
zind3' 2.7 ug/L 1.35 mglkg NA 
tin 2.5 uglL NA 12.5 uglL 
tin"' 2.358 mglkg 11.79 mglkg NA 

Samples Affected: All 

Maximum concentration present in an aqueous preparation blank. "' Maximum concentration present in a soil preparation blank. 
"I Maximum concentration present in a field blank. 

An action level of 5x the maximum contaminant level has been used to evaluate sample data for blank 
contamination. Sample aliquot size and dilution factors were taken into consideration when evaluating 
for blank contamination. Positive results c the action level for-arsenic, beryllium, iron, lead, mercury, 
vanadium, zinc and tin have been qualified, 'B', as a result of blank contamination. No action was taken 
for the remaining analytes since either the results were greater than the adion level or were 'nondeteds. 
It should be noted that field quality control samples are not qualified for field blank contamination. 

The interfering analytes aluminum and iron were present in sample BGDSB0070101 at concentrations 
which were compaiable to the levels of aluminum and iron in the Interference Check Sample (ICS) 
solution. Several analytes namely antimony, arsenic, barium, beryllium, cadmium, chromium. copper. 
lead, manganese, nickel, vanadium, zinc and tin were present in the ICS solution at concentrations which 
exceeded the Instrument Detection Limit (IDL). Interference affects exist for antimony, beryllium, 
cadmium, nickel and tin in the affected sample. The positive result reported for antimony in the affected 
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sample was qualified as estimated, 'J', as a result of conflicting noncompliances. The possibility of 
suppressive affects may be present for cadmium and nickel in the affected sample. The positive result 
reported for nickel and the nondeteded result reported for cadmium have been qualified as biased low, 
"Lg and 'ULg, respectively. The positive results reported for becyllium and tin received no validation flags 
as the results were qualified as Mank contamination. 

The Matrix Spike (MS) Percent Recovery (%R) for mercury affecting the aqueous matrix was > 125% 
quality control limit. Positive results reported for the aforementioned analyte were qualified as biased 
high, 'r. 

The MS %R for manganese affecting the aqueous matrix was < 75% quality control limit. Positive 
results and nondetects reported for the aforementioned analyte were qualified as biased low, 'L' and 
'UC, respectively. 

The MS %R for antimony affecting the soil matrix was < 75% quality control limit. The positive result 
reported for the aforementioned analyte was qualified as estimated, 'J', as a result of conflicting 
noncompliances. 

The MS %Rs for arsenic and chromium affecting the soil matrix were > 125% quality control limit. 
Positive results reported for the aforementioned analytes were qualified as biased high, W. 

The ICP Serial Dilution Percent Difference (%D) for zinc affecting the soil matrix was greater than the 
10% quality control limit. The positive result reported for the aforementioned analyte was qualified as 
estimated, 'J', as a result of conflicting noncompliances. 

Notes - 
Incomplete sample IDS were noted on the Form Is. The Form Is were amended for completeness. 

The CRDL %R for beryllium was 110% quality control limit. However, no validation actions were warranted as all 
results were qualified as a result of blank contamination. 

The MS %R for selenium affecting the soil matrix was > 125% quality control limit. However, no validation actions were 
required as the result reported for selenium in the affected sample was nondeteded. 

Executive Summary 

Laboratory Performance:.-The CRDL Standard analysis recoveries, for several analytes were outside quality control 
limits. Several analytes were present in the laboratory methodlpreparation blanks. 

Other Factors Affecting Data Quality: Several analytes were present in the field blank. The interfering analytes 
aluminum and-iron were present in sample BGDSB0070101. The MS %Rs for mercury and manganese affecting the 
aqueous matrix were outside the 75-125% quality control limits. The MS %Rs for antimony, arsenic and chromium 
affeding the soil matrix were outside the 75-125% quality control limits. The ICP Serial Dilution %D for zinc affecting the 
soil matrix was greater than the 10% quality control limit. . . 
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The data for these analyses were reviewed with reference to the 'National Functional Guidelines for Inorganic Data 
Validation". April 1993 Revision as amended for use within USEPA Region Ill, and the NFESC document entitled 'Navy 
Installation Restoration Laboratory Quality Assurance Guide' (NFESC 2/96). 

The text of this report has been formulated to address -only those proMerri areas affecting data quality. 

'I attest that the data referenced herein were validated according to the agreed upon validation criteria as specified in the 
NFPC Guidelines and the Quality Assurance Projed Plan (QAPP)." 

Br&m and Root Envimnmental 
Teni L. Solomon 
Chemist /; , 

pfbwn and Root Envimnmental 
'~oseph A. Samchuck 
Quality Assurance Officer 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as reported by the Laboratory 
3. Appendix C - Support Documentation. 



INTERNAL CORRESPONDENCE 1% Tetra Tech NUS 

TO: 

FROM: 

SUBJECT: 

SAMPLES: 

OVERVIEW 

G. LATULIPPE DATE: DECEMBER 18,2001 

DOUGLAS S. SCHLOER COPIES: DV FILE 

ORGANIC DATA VALIDATION - VOA I SVOA I PEST I PCB 
CTO 320, NSWC INDIAN HEAD 
SDG N6128 

1 I Aqueous I VOA 

BGDTB00201 

1 1 Aqueous 1 VOA 1 SVOA 1 PEST 1 PCB 

BGDRB00201 

13/ Soil / VOA 1 SVOA 1 PEST 1 PCB 

BGDDUP02 BGDSBO1 10101 BGDSBOl 601 01 BGDSBOl 701 01 
BGDSBOl801 01 BGDSBOl 90101 BGDSB0200101 BGDSSOl10101 
BGDSSOl60101 BGDSSOI 701 01 BGDSSOl80101 BGDSSOl 901 01 
BGDSS0200101 

The sample set for CTO 320; SDG N6128, NSWC Indian Head consists of thirteen (13) soil environmental 
samples and two (2) aqueous field quality control blanks. The trip blank was analyzed for Target Compound 
List (TCL) volatile organic compounds (VOA) only. The aqueous rinsate blank and the surface and 
subsurface soil samples were analyzed for Appendix TCL VOA, semivolatile (SVOA), pesticide (PEST) and 
polychlorinated biphenyls (PCB) organic compounds. One field duplicate pair was included in this SDG: 
BGDSS0120101 and BGDDUP02. 

The samples were collected by TetraTech NUS on October 2* and 3", 2001 and analyzed by Chemtech. All 
analyses were conducted in accordance with Naval Facilities' Engineering Service Center (NFESC) Quality 
Assurance/Quality Control (WQC) criteria using USEPA SW-846 Methods 8260B. 8270C, 8081A and 8082 
analytical and reporting protocols. 

The findings in this report are based upon a general review of all available data including: data completeness, 
system performance, holding times, initial / continuing calibrations, laboratory method blank results, surrogate 
spikelintemal standard recoveries, blank spike results, field duplicate results, matrix spikelmatrix spike 
duplicate results, compound identification, compound quantitation, and detection limits. Areas of concern are 
lisfed below. 

Maior Problems 

The laboratory did not calibrate for the following compounds: methyl acetate, 1,1,2- 
trichlorotrifluoroethane, cyclohexane and methyfcyclohexane. As noted in the case narrative 
provided with the re-submitted data, laboratory staff manually reviewed the sample 
chromatography and found no evidence of the aforementioned target compounds. However, 
there is not sufficient information available that would indicate that the laboratory could have 
detected and quantified results for the aforementioned compounds. Therefore, the nondetected 
results reported for the aforementioned compounds were rejected (UR) in all aqueous and soil 
samples. 



MEMO TO: G. LATUUPPE PAGE 2 

DATE: 1211 8101 SDG - N6128 

Minor Problems 

Sample holding times were exceeded by 6 and 7 days for the extraction of the semivolatile, 
pesticide and PCB fractions of this SDG. As detailed in the Region Ill Modifications for 
Organic Data Validation and in the Laboratory Specification for Analytical Services, an 
aqueous holding time of 7 days was applied to the non-aqueous samples of this SDG. 
Consequently, positive and nondetected results for all semivolatile parameters (except the 
polynudear aromatic hydrocarbon class) were qualified as estimated (J) and (UJ). 
respectively. The direction of bias cannot be determined. However, in the professional 
judgement of the data reviewer PAH, pesticide and PCB results were not.qualified in soil 
samples, since these compounds are known to persist in environmental soils and would not 
be expected to degrade under sample storage conditions. 

An initial calibration percent Relative Standard Deviation (%RSD) exceeded the 30% (and was 
~ 5 0 % )  quality control limit for benzo(k)Ruoranthene on 10/20/01. on instrument 5971-A. The 
positive result reported for benzo(k)fluoranthene was qua l i f i  as estimated (J) in the soil sample 
BGDSS0160101. Nondetected results were not qualified based on this noncompliance. 

An initial calibration %RSD exceeded the 30% (and was <SO%) quality control limit for 
benzaldehyde on instrument 5971-A, on 10/20/01. Only nondetected results were reported for 
benzaldehyde and these were qualified as estimated (UJ) in all soil samples. 

Calibration verification percent Differences (%Ds) exceeded the 25% (and were >50%) quality 
control limit for 2-nitroaniline, Snitroaniline, 4nitroanliline and dibenzo(a,h)anthracene on 
10/14/01, on instrument 5971-A, at 15:09. Only nondetected results were reported for the 
aforementioned compounds and these were qualified as estimated (UJ) in the aqueous rinsate 
blank: BGDRB00201. The direction of bias cannot be determined. 

A calibration verification percent %D exceeded the 25% (and was >SO%) quality control limit for 
2,4dimethylphenol and benzaldehyde on 10/22/01. on instrument 5970-A. at 16:46. Only 
nondetected results were reported for 2.4-dimethylphenol and benzaldehyde and these were 
qualified as estimated (UJ) in the affected samples. The direction of bias cannot be determined. 

RecoVkry of the volatile surrogate 4-bromofluorobenzene fell below the 74%-121% quality 
control limit for the analysis of samples BGDSS0200101. BGDSB0200101 and 
BGDSB0110101. Only nondetected results were reported for all target compounds and these 
were qualifii as estimated (UJ) in the aforementioned samples. The direction of bias cannot be 
determined. 

The following compounds were detected in the trip blanks and rinsate blanks' at the maximum 
concentrations as indicated below: 

Com wund Concentration (wIL) Action Level h d L )  

Methylene chloride 3.2 32 

Blank Actions 
Value < Reporting Limit (RL); report value followed by a 6. 
Value > RL and < Action Level; report value followed by a B. 
Value > RL and > Action Level; report value unqualified. 
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An action level of 10X the maximum contaminant concentration was established to evaluate 
laboratory contamination for methylene chloride. Dilution factors and sample aliquots were 
taken into consideration during the application of all action levels. The affected positive results 
were qualified (B) as a result of blank contamination for methylene chloride. 

Notes - 
As detailed in the Statement of Work (SOW). Technical Specification for Analytical Services, the Target 
Compound List (TCL) were to consist of the Contract Laboratory Program (CLP) 0LM04.2 and 0LC02.1 
for solid and aqueous matrices, respectively. However, the laboratory failed to meet this requirement. The 
following 12 volatile target compounds that appear on the OLM04.2 TCL were not reported on the Form Is 
provided by the laboratory for the soil samples in this SDG: 

1,1,2-trichlorotrifluoroethane 1.2dibromo-3chloropropane cyclohexane 
dibromochloromethane dichlorodifluoromethane isopropyl benzene 
methyl acetate methylcyclohexane MTBE 
trans-1.2dichloroethene trans-1,3dichloropropene trichlorofluoromethane 

The following 7 semivolatile target compounds that appear on the 0LM04.2 TCL were not reported on the 
Form Is provided by the laboratory for the soil samples in this SDG: 

1 .l'-biphenyl acetophenone anthracene atrazine 
benzaldehyde caprolactam chrysene 

On 11/12/01, the reviewer requested that the contracted laboratory update all sample Form I results and 
all associated QC data to reflect the inclusion of the above target compounds and that the data be 
resubmitted in a timely fashion. The laboratory re-submitted the environmental sample Form Is on 
11/14/01; however, an updated Form I was not present for the semivolatile and pesticide fraction of 
sample BGDRB00201. Nondetected PCB results were reported to the method detection limit rather than 
the sample reporting limits. Updated PCB Form Is were solicited, but not re-submitted. Therefore, the 
reviewer manually updated the original Form Is to agree with the reporting limits on the EDD. In addition. 
semivolatile soil sample Form Is contained aqueous reporting limits for benzaldehyde, acetophenone, 
caprolactum, l,l,-biphenyl and atrazene. Tbse  reporting limits did not agree with those shown on the 
Electronic Data Deliverable (EDD). In the professional judgement of the reviewer, the reporting limits 
contained on the EDD reflect the appropriate soil reporting limits for the aforementioned compounds. 
Therefore, semivolatile sample Form Is were manually modified to agree with the EDD. The updated EDD 
was delivered to TtNUS on 11/26/01. 

Results for the pesticide compound Toxaphene not reported on sample Form Is. However, this compound 
was reported on the EDD. The reviewer removed this compound from the pesticide database. 

The required target compounds were present in the volatile and semivolatile Matrix Spike and Laboratory 
Control Sample solutions analyzed by SW-846 methodology; however, the laboratory reported only those 
compounds as required by 'CLP" methodology. 

Laboratory method blank,' initial and continuing calibration and environmental sample summary Forms for 
the pesticide and PCB fractions of this SDG were not in a CLP-like format as specified by the SOW, 
Technical Specification for Laboratoty Services. Pesticide and PCB surrogate recoveries, retention time 
summaries and initiancontinuing calibration evaluations were not provided for both analytical columns. The 
percent DDT and Endrin breakdown was not summarized and reported in the hardcopy data package. 
The % Dierence between analytical columns was not evaluated for environmental or quality control (QC) 
samples, and summarized in a CLP-like Form X. Pesticide sample Form Is did not agree with the EDD. 
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Sample Form Is reported nondetected results at the method detection limit (MDL) rather than the method 
reporting limit as specified in the SOW. Pesticide Form Is also contained data fields for 2 results (primary 
cdumn and confirmation column). The EDD for the environmental samples in this SDG contained 
numerous and extensive transcription errors. Several samples were reported four or more times. The PCB 
data of sample BGDDUP02 was reported in ug/L and uglkg. Samples contained incomplete parameter 
lists, '0" values for nondetected results and missing laboratory qualifiers. Positive results were indicated 
on the EDD for 4,4'-DDE, Dieldrin, Endosulfan I and Endrin in sample BGDSB0160101; however, the 
sample Form I does not indicate positive results for the aforementioned compounds. 

An initial calibration percent Relative Standard Deviation (%RSD) exceeded the 30% (and was 60%) quality 
control limit for benzaldehyde on 10/20/01. on instrument 5971-A. Only nondetected results were reported for 
benzaldehyde and these did not require qualification based on this noncompliance. - 
A calibration verification %D exceeded the 25% quality control limit for 2-butanone on instrument A, on 
1011 3/01, at 1259. Only nondetected results were reported and these did not require qualification based 
on this noncompliance. 

A calibration verification %D exceeded the 25% quality control limit for z-butanone' on instrument A, on 
10/1 5/01, at 09:23 Only nondetected results were reported and these did not require qualification based 
on this noncompliance. 

A calibration verification %D exceeded the 25% quality control limit for 2-butanone on instrument A, on 
10116/01, at 10:08. Only nondetected results were reported and these did not require qualification based 
on this noncompliance. 

Calibration verification %Ds exceeded the 25% (but were 433%) quality control limit for 2.2'-oxybis(1- 
chloropropane), nitrobenzene, 4chloroaniline. 3,3'dichlorobenzidine, carbazole, indeno(l.2.3-cd)pyrene and 
benzo(g,h,l)perylene on 1011 4/01. on instrument 5971 -A, at l5:Og. Only nondetected results were reported 
for the aforementioned compounds and these were not qualified based on this noncompliance. 

Calibration verification %Ds exceeded the 25% (but were 60%) quality control limit for 2-nitroaniline, 22'- 
oxybis(1chloropropane) and fluorene on 10/21/01. on instrument 5971-A, at 18:43. Only nondetected results 
were reported for the aforementioned compounds and these were not qualified based on this noncompliance. 

Calibration verification %Ds exceeded the 25% (but were c 50%) quality control limit on one analytical 
cdumn (RTX-50) for heptachlor epoxide, alpha chlordane, Dieldrin, Endosulfan It, Endrin Aldehyde and 
Endosulfan Sulfate on 10/23/01, on instrument GC1. at 03:20. No action was taken based on this 
noncompliance. 

Calibration verification %Ds exceeded the 25% (but were < 50%) quality control limit on one analytical 
column (RTX-50) for beta-BHC, heptachlor epoxide, Endosulfan I, gammachlordane, Dieldrin, Endrin, 
Endosulfan II, 4.4'-DDD, Endrin Aldehyde and Endosulfan Sulfate on 10/23/01, on instrument GC1, at 
10:37. No action was taken based on this noncompliance. 

Recovery of the semivolatile surrogate 2.4.6-tribromophenol exceeded the 10%-123% quality control limit 
for the analysis of sample BGDRB00201. No action was taken based on this noncompliance. 

Due to surrogate recovery noncompliances, samples BGDSS0200101, BGDSB0200101 and 
BGDSBOI 101 01 were re-analyzed to confirm matrix interference. The re-analyses produced similar results 
for the surrogate recoveries. The laboratory reported both sets of analytical data in the hardcopy data 
package and in the electronic data deliverable (EDD). Therefore, for data validation purposes, the reviewer 
reported only the data from the original analyses on the EDD. Both sets of Form Is are included in Appendix 
B of this document. 
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Due to the presence of bis(2ethylhexyl)phthalate at a concentration that exceeded the linear range of the 
instrument calibration, sample BGDSS0200101 was re-analyzed at a 5X dilution. The laboratory reported 
both sets of analytical data. For data validation purposes, the positive result for bis(2ethyihexyf)phthalate 
was transposed onto the Electronic Data Deliverable (EDD) from the 5X dilution and the remaining 
parameters were reported from the undiluted sample analysis. 

MSD recovery of gamma-BHC exceeded the 35%-135% quality control limit for the analysis of sample 
BGDSS0200101. The Relative Percent Difference (RPD) exceeded the 40% quality control limit for the 
gamma-BHC. No action was taken for these noncompliances. 

Several inconsistencies were observed between the laboratory's case narrative, QC forms, and raw data 
for instrument and analytical column identifications making the appropriate cross referencing extremely 
difficult. The laboratory case narrative also contained several inaccurate statements about quality control 
requirements being met for the samples in this SDG. 

EXECUTIVE SUMMARY 

Laboratory Performance Issues: The Initial calibration of several volatile and semivolatile compounds 
failed to meet instrument response and/or linearity criteria. The continuing calibration of several volatile. 
semivdatile and pesticide compounds failed to meet %D criteria. Methylene chloride was detected in trip 
blanks and 1 or laboratory method Manks resulting in the qualification of analytical data. Several target 
analytes yere not present within the laboratory's quality control spiking mixtures. 

Other Factors Affecting Data Quality: None. 

The data for these analyses were reviewed with reference to the EPA Functional Guidelines for Organic Data 
Validation (9194) as modified by Region Ill and the NFESC guidelines "Navy IRCDQM" (September, 1999). 
The text of this report has been formulated to address only those problem areas affecting data quality. 

"I attest that the data referenced herein were validated according to the agreed upon validation criteria as 
specified in the NFFSC guidelines and the Quality Assurance Project Plan (QAPP)." 

.Douglas S. Schloer 
ChemistlData Yalidator 

qLLd- 
ech NUS 

d 
Joseph A. Samchuck 
Data Validation Quality Assurance Officer 

Attachments: 

I. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as Reported by the Laboratory 
3. Appendix C - Support Documentation 
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TO: G. LATUUPPE DATE: 

FROM: SETH C. STAFFEN COPIES: DV F I L E  

SUBJECT: ORGANIC DATA VAUDATIOW VOAISVOAPESTIPCB 
CTO 32Q, NSWC INDIAN HEAD 
SDG: IH012 

OVERVIEW 

The sample set for CTO 320, SDG IH012. NSWC Indian Head consists of one (1) rinsate blank, one (1) trip 
blank, and nine (9) solid environmental samples. All solid environmental samples and the rinsate blank were 
anafyzed for Target Compound List (TCL) volatile organic compounds, semivolatile organic compounds, and 
pesticides/PCBs. The trip blank was analyzed for volatile organic compounds only. One feld dupliite pair 
was included in the SDG: BDGSS01201011 BDGDUPO1. 

The samples were collected by TetraTech NUS on September 10-1 1,2001 and were analyzed by Sevem 
Trent Laboratories. All analyses were conducted in accordance with Naval Facilities Engineering Service 
Center (NFESC) Quality Assurance/Qualiity Control (QNQC) criteria using SW-846 Methods 82608, 
8270C, 8081A, and 8082 analysis and reporting protocols. 

All samples were successfully analyzed with the exception of those results that were rejected. The findings 
offered in Nis report are based upon a general review of all available data induding: data completeness, 
system performance and tuning, holding times, iniiaVmtinuing calibrations, laboratory method blank resub, 
surrogate spike recoveries, internal standard recoveries, blank spike results, field dupliite results, matrbc 
spikelrnatrtx spike dupliite results, compound identifcation, compound quantitation, and detection limits. 
Areas of concem are listed below. 

Maior Problems- 

* The relative percent dierence (RPD) belween columns exceeded 100% for the following 
pesticides. Positive results were qualified as rejected. R. 



Endrin Aklehyde i%1% 

BffiSS0120101 Dieldrin 101.2% 
4;4'-ODE 

. . 
7Ol.00/0 

Endosotfan I1 31 4.9% 

BDGSSOl40101 Dieldrin 171.9% 

Mior Problems . , 
. . 

An initial calib@on on 08/24AI1 contained a retative %tandard diffBrence (RSD%) that exceededceeded 
the 30% qualii control Mi for acetone. Nondetected reSufts'were qualified as estimated, W. 

The continuing calibration on 09/25/01 at 0758 and 10/02H)1 at 1916 contained a percent 
difference (%D) that exceeded the 25% qual i  control limit and exceeded 50% for 
benzaldd.lyde. Nondetected results were qualified as estimated. UJ, in the associated samples. 
The diuection of bias cannot be determined. 

-0 The following compwnds were detected in the laboratow method. blanks or field quality control 
blanks f): 

Maximum Blank 
. . Com~ound Cmcentrah Action Level 

. . Acetone ' 7.5 ~sn<9 75 crmg 
BEHP-• . 0.78.pgtKg 2Sj1gJKg 

Sample aliquot, percent solids, and dilution factors were taken into consideration when 
applying the blank adion limit. Positive results for acetone below the Mank action level were 
qualied as, B. Fmld qualii contrd blanks were not qualified based on laboratory method 
blank contamination or for other fieM blank contamination. 

Oespite the absence of bii(2ethylheqfI)phthalate in the laboratory method blank, bis(2- 
ethylhexyl)phthalate is a common laboratory contaminant. Therefore, the presence of bis(2- 
ethylhexyl)phthalate in environmental samples is a suspected laboratory contaminant 
Positive results were qualified as estimated, J. 

The continuing calibration on Q9120K)l at 0932 contained %Ds that exceeded the 15% quality 
control Iimit on both columns for 4.4'-DDT. The nondetected result was qualified as estimated, 
UJ, in sample, BDGRB00101. 

The relative percent differ- (RPD) between c@umns exceededceeded 25% for the following 
pesticides. Positive results were qualified as estimated, J. . 

smf&L . Corn- - %D 
SDGDUPO~ 4.4'-DDE 93.5% 



The surrogate recovery of DCB was greater than the upper qualii control limit on both cdlrmns 
for samples BDGSS0140101. BDGSB0140101, BDGSSOl3OlOl. BDGSB0130101, and 
BDGSSOl2OlOl. Positive results'were qual i i i  as estimated, 3. The direction of bias cannot be 
determined. 

The percent difference between feld duplicate results exceeded the W h  quarity control lbni for 
4,4'-DOT. Positive results were qualified as etimated, J, in sample BffiSS0120101 and 
nondetected results in BDGDUPO1 were qua l i i i  was estimated, UJ. The direcfion of bias 
cannot be determined. 

Pmitiv6 reSults below the RL yere q u a r i  as estimated, J, due .to uncertainty near the , 

. 

detection limit.. The direction of bias cannot be determined. 

The initial ,on 09/07K)1 contained %RSDs Wat exceeded the 30"/0 qual'i control limit but did not 
exceed W A ,  for ~ilorodiffluoromethane, trichlorofluoromethane, ' 2-butanone, 4-methyl-2-pentanone, 2- 
-hexanone, cydohexanme, methyl hexanone. No qualifition action was taken since the reported results 
were nondetects. 

The continuing calibration on 09/14/01 at 0700 contained %Ds that' exceeded the 25% qual'icontrol limit, 
but did not exceed 50%, for dichlorodiffluoromethane and acetone. Therefore, nondetected sample results 
were not qualified on this basis. 

The i n ' i  calibration on 09/22/01 contained a %RSD that exceeded the 30% quality control limit, but did -not 
exceed W A  for 2,4-di~~itrophenol. No quaiifition action was taken since the reported results were 
nondetects. 

The initial caliWtions on 09/30/01 at 1 138 and 10/01/01 at I 145 contained %RSDs that exceeded the 30% 
quality control limit but did not exceed 50% forbenzaldehyde. No qualiftation action was taken since the 
reported results were nondetects. 

Thecontinuing calibration on 09/24/01 at 182!3 contained %Ds that exceeded the 25% qual'i control limit but 
did not exceed W/0, f0r.2~4-dinitrophenol, 4,Winitro-2-methyIphenoII benzaklehyde, and atrazine. No 
qualIfication.actbn was taken since the reported resub were nondetects. 

The continuing calibration on 09/25/01 at 0758 contained %Ds that exceeded the 25% quality control limit but 
did not exceed 50%. for 2,4ilinitrophenol and atrazine. No qualifition action was taken since the reported 
results were nondetects. 

The continuing calibration on 09/25/01 at 2012 contained %Ds that exceeded the 25% quality control limit but 
did not exceed 50%. for benzaldehyde and atrazine. No qualification action was taken since the reported 
results were nondetects. 



The conk- calibration on 09120H)l at 01 18 contained %Ds that exceeded the 15% quality control Gmit for 
4.4'-DOT .and Methoxychlor on m e  adytkal column. No quafiition adion was &en since the second 
dlimn was compliant. 

The continuing calibration on 09/20101 at 0145. contained %Ds that exceeded the 15% quality cantrd knit. for 
. Endosutfan II and Endrin aklehyde on one analytical column. No qualiition action was taken since the 
second column wa3 compliant 

The mwuing calibration on 09/2QK)1 at 0932 contained a %D that exceeded the 15% quality control lhni for 
Methoxphlor on one anafytical column. No qualiilcation action was taken since the second d u m n  was 
compliant. 

The cmthuing M i t i o n  on @/20/01 at 1000 contained %Ds that exceeded the 15% qualii mCllWltrd runit for 
Endosdfan II, Endrin aldehyde, and Endosdfan II an me a d y k d  cdumn. No quafilficatiocr action was 
taken since the second column was compliant 

The surrogate recovery of DCB was greater lhan the upper quality contid hit on one- dumn for samples 
BDGSS015OlQl and BDGSB0120101. No qualicfication action was taken. 

. . 
Laborattory~Perfotmance I-: Several compounds f a i i  to meet the continuing calibration %D quality 
coirbol limits in the &tile, sc@datile, and @ticide fractions. .Laboratory and method blank contamtamuliition~ 
ocdumd. @ the volatii and sem'Ndahi fractions. Surrogate'recoveries exceeded the quality cohtrol limits in 

. 

the pesticide ,fraction. F d  duplicate results exceeded the %D criteria ,in the volatile, semivolatile, and 
pesticide fractions. : 

Other Factors Affekting Data ~uafty: .None. - ' 



The data for these amlpe we& reviewed with reference to.the EPA Fmcthal Guidelines for organic Data 
Validation (September 1994) as modified by Region Ill and the NFESC guidelines 'Navy Installation 
Restoration Program Laboratory Quality Assurance Guide' (February, 1996). The text of this repoft has 
been formulated to address only those problem areas affecting data qdity. 

. 

'I attest that the data referencad herein were valiited according to the agreed upon ddation criteria as 
s p i f i i  in the NFESC guidelines and the Qualiity Assurance Project Plan (QAPP).' 

Seth C. Staff en 
. . 

Environmental ScientistData Validator 

Joseph A Samchuck 
Data Valiition Quality Assu'igme W i r  

Attachments: 

1. Appendix A - Qualified Analytical Resufts 
2 Appendi B - Results as Reported by the Laboratory 
3. Appendii C - Support Documentation 



Tetra Tech NUS INTERNAL CORRESPONDENCE 

TO : G. LATUUPPE . 

FROM: ERIN M. FAUSI' 
DATE: OCTOBER 26,2001 

COPIES:. DV FILE 

SUBJECT:. INORGANIC DATA VALIDATION - TOC 
CTO 320 NSWC INDIAN HEAD 
SAMPLE DELIVERY GROUP (SDG) - IH012 

The sample set for CTO 320, NSWC Indian Head, SDG IH012. 'cokists of nine (9) soil 
environmental.sarnples. One (1) field duplicate pair (BDGDUWI . /  BDGSS0120101) is included 
within-this SDG. 

< 
The samples were analyzed for total organic carbon (TOC). The samples were collected by Tetra 
Tech NUS on September 10-1 1, 2001 and analyzed by Sevem Trent Laboratories under Naval 
Facilities Engineering Senrice Center (NFESC) Quality Assurance 1 Quality Control (QAIQC) 
criteria. TOC analyses were conducted using the Walkley Black Method. 

Summary 

All. analytes were successfully analyzed. The findings offered in .this report are based upon a . 

. . general r e k w  of all available data. The data review.was based on data compteteness, holding . 

times, calibration data, laboratory meWpreparation blanks, laboratory duplicate. results, 
laboratory control sample (LCS) results, detection limits and analyte quantiiatii. 

~rea; of concern with respect to data quality are listed below. 

Minor Problems 

Feid Duplicate imprecision (RPD>W/o) was noted for TOC. Positive results reported for 
- TOC were qualified as estimated, =Jn. 

Execinive Summary 

Laboratory Performance: None. 

Other Factors Affecting Data Quality: Field duplicate imprecision was noted for TOC. 
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The data for these analyses were reviewed with reference to the 'National Functional Guidelines 
for Inorganic Data Validation', April 1993 as amended for use within USEPA Region Ill, and the 

. NFESC document entitled 'Navy Installation Restoration Chemical Data Quality Manual' 
(September 1999). 

The text of this report has been formulated to address only those problem areas affecting data 
quality. 

'I attest that the data referenced herein were validated according to the agreed upon validation 
criteria as specified in the NFESC Guidelines and the Quality Assurance Project Plan (QAPP).' 

Erin M. Faust 
Environmental Scientist 

V~oseph A. Samchuck 
~ u a l i t ~  Assurance Officer 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as reported by the Laboratory 
3. Appendix C - Support Documentation 
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Overview 

The sample set for CTO 320, NSWC Indian Head, SDG N6008, consists of nine (9) soil 
environmental samples and one (1) aqueous rinsate blank. One (1) field duplicate pair 
(BDGDUPOI 1 BDGSS0120101) is included within this SDG. 

The samples were analyzed for target analyte list VAL) metals. The samples were collected by 
Tetra Tech NUS on September 10-1 1. 2001 and analyzed by Chemtech under Naval Facilities 
Engineering Service Center (NFESC) Quality Assurance / Quality Control (QNQC) criteria. 
Metals analyses, with the exception of mercury, were conducted using SW 846 method 60108. 
Mercury analyses were conducted using SW 846 methods 7470A and 7471 A. 

Metals analyses, with the exception of mercury were conducted using Inductively Coupled Plasma 
(ICP) instrumentation. Mercury analyses were conducted using Cold Vapor Atomic Absorption 
(CVAA) instrumentation. 

Summary 

All analytes were successfully analyzed. The findings offered in this report are based upon a 
general review of all available data.. The data review was based on data completeness, holding 
times, calibration data, laboratory methodpreparation blanks. ICP interference check sample 
results, matrii spike results, laboratory duplicate results, field duplicate results, laboratory control 
sample (LCS) results, ICP serial dilution results, detection limits and anaiyte quantitation. 

Areas of concern with.respect to data quality are listed below. 

Minor Problems 

The 28-day holding time for mercury was exceeded by 2 days for sample BDGRB00101. 
The nondetected resub reported for this sample was qualified as estimated, 'UJ". 
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The Wntract Required Detection Limit (CRDL) percent recoveries for mercury were >120% 
quality control limit, affecting all samples. Positive results greater than two times the CRDL 
reported for mercury were qualified as estimated, 'Jn due to conflicting noncompliances. 

The CRDL.percent recoveries for arsenic and lead were < 90% quality control limit, affecting 
the soil matrix. Positive results less than two times the CRDL reported for arsenic were 
qualified as biased low. 'Ln. No validation action was necessary for lead because all reported 
results were greater than two times the CRDL. 

The CRDL percent recovery for lead was < 90% quality control limit, affecting the aqueous 
matrix.. The positive result less than two times the CRDL reported for lead was qualified as 
biased low, 'Ln. 

The CRDL percent recovery for thallium was >110% quality control limit, affecting the 
aqueous matrix. The positive result less than two times the CRDL reported for thallium was 
qu'alified as biased high, 'K". 

The following contaminants were detected in the laboratory method,preparation blanks at the 
following maximum concentrations : 

Samples ~ f f  ected: All soil samples 

Maximum - Action 
AnaMe Concentration Level 
Aluminum 67.6 pgtL 67.6 mgkg 
Antimony 6.2 pgtL 6.2 mgkg 
Barium 1.6 pgtL 1.6 mgkg 
Beryllium(') 0.02 mgkg 0.20 mgkg 
Calcium 18.7 CLgR 18.7 mglkg 
Copper 3.7 pgtL 3.7 mgkg 
Iron 14.0 ClgR 14.0 mgkg 
Manganese 1.1 pgtL 1.1 mgkg 
Potassium 56.6 pgtL 56.6 mglkg 
Selenium 4.9 pgtL 4.9 mgkg 
Thallium 4.4 cIs/L 4.4 mgkg 
Vanadium 1.6 pgk 1.6 mgkg 

'I' Maximum contamination present in a soil preparation blank. 

An action level of 5x the maximum contaminant level has been used to evaluate sample 
data for blank contamination. Sample aliquot, percent solids and dilution factors were 
taken into consideration when evaluating for blank contamination, The preparation blank 
was prepared with an initial weight of 1.0g and a final volume of 100ml. All of the samples 
for ICP analysis were prepared with an initial weight of approximately 1.09 and a final 
volume of 200ml. The action levels were adjusted to consider the difference in the final 
volume between the preparation blank and the samples. The positive results less than 
the action level reported for selenium and thallium were qualified, 'Bn, as a result of blank 
contamination. No validation action was required for the remaining analytes because the 
results were either greater than the action level or were nondetected. 

The interfering analyte iron was present in sample BDGSBOI 40101 at a concentration that 
was comparable to the level of iron in the Interference Check Sample (LCS) solution. Several 
analytes namely antimony, barium, cadmium, ch~omium, cobalt, manganese, nickel. 
potassium, selenium, silver, vanadium and zinc were present in the ICS solution at 
concentrations which exceeded the absolute value of the Instrument Detection Limit (IDL). 
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lnterference affects exist for cadmium and selenium in the affected sample. The nondetected 
reshlts reported for-cadmium and selenium were quaried as biased low, 'UL-. 

The interfering analyte iron was present in sample BDGSB0150101 at a concentration that 
was comparable to the level of iron in the lnterference Check Sample (ICS) solution. Several 
analytes namely antimony, barium, cadmium, chromium, cobalt, manganese, nickel, 
potassium, selenium, silver, vanadium and zinc were present in the ICS solution at 
concentrations which exceeded the absolute value of the Instrument Detection Limit (IDL). 
lnterference affects exist for cadmium, cobalt, nickel and selenium in the affected sample. 
The nondetected results reported for cadmium and selenium were qualified as biased low, 
'UL". The positive results reported for cobalt and nickel were qualified as biased low, 'Lg. 

The interfering analyte iron was present in sample BDGSS0120101 at a concentration that 
was comparable to the level of iron in the lnterference Check Sample (ICS) solution. Several 
analytes namely antimony, barium, cadmium, chromium, cobalt, manganese, nickel, 
potassium, selenium, silver, vanadium and zinc were present in the ICS solution at 
concentrations which exceeded the absolute value of the Instrument Detection Limit (IDL). 
lnterference affects exist for cadmium and silver in the affected sample. The positive resuh 
reported for cadmium was qualified as biased low, Xa. The positive result reported for silver 
was qualified as estimated, "J", due to conflicting noncompliances. 

The interfering analyte iron was present in sample BDGSS0150101 at a concentration that 
was comparable to the level of iron in the lnterference Check Sample (ICS) solution. Several 
analytes namely antimony, barium, cadmium, chromium, cobalt, manganese, nickel, 
potassium, selenium, silver, vanadium and zinc were present in the ICS solution at 
concentrations which exceeded the absolute value of the lnstrument Detection Limit (IDL). 
lnterference affects exist for cadmium in the affected sample. The nondetected result 
reported for cadmium was qualified as biased low, 'ULn. 

The Matrix Spike (MS) percent recoveries for mercury and silver were < 75% quality control 
limit, affecting the soil matrix. Nondetected and positive results reported for mercury and 
silver were qualified as biased low, 'UL" and "L", respectively, or estimated, 'J", due to 
conflicting noncompliances. 

Laboratory duplicate imprecision (RPD>35%) was noted for aluminum, chromium and iron, 
affecting the soil matrix. Positive results reported for aluminum, chromium and iron were 
qualified as estimated, 'Jw. 

Laboratory duplicate imprecision (diierence>W CRDL) was noted for zinc, affecting the soil 
matrix. Positive results reported for zinc were qualified as estimated, "J". 

0.  Sodium was reported as nondetected in the Laboratory Control Sample (LCS), affecting the 
soil matrix. Positive and nondetected results reported for sodium were qualified as biased 
low, 'L" and 'ULn, respectively. 

The ICP Serial Dilution Percent Differences (%Ds) for calcium, chromium, magnesium, 
potassium and zinc were >lo% qualii control limit. Positive results reported for these 
analytes were qualified as estimated, "J". A direction of bias could not be determined. 

Notes 

The rinsate blank sample was not used to establish blank action levels and was not qualified due 
to laboratory blank contamination. 
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The laboratory did not supply the raw (instrument) data; therefore a sample result verification 
could not be performed. 

The Matrix Spike Duplicate (MSD) percent recovery for manganese was >125% quality control 
limit, affecting the soil matrix. No validation action was taken based on the MSD percent 
recovery. 

The MSD percent recovery for mercury was < 75% qual'ity control limit, affecting the soil matrix. 
No validation action was taken based on the MSD percent recovery. 

The MSD percent recovery for silver was < 30% q u a l i  control limit, affecting the soil matrix. No 
validation action was taken based on the MSD percent recovery. 

Executive Summary 

Laboratory Performance: The holding time was exceeded for mercury for one sample. Arsenic, 
lead, mercury, silver and thallium.were qualified due to  calibration noncompliance. Several 
~ a l y t e s  were present in the laboratory methodpreparation blanks. Laboratory duplicate 
imprecision was noted for aluminum,. chromium, -iron and zinc, affecting the soil matrix. Sodium 
was qualified due to LCS noncompliance, affecting the soil matrix. 

Other. Factors Affecting Data Quality: Mercury and silver were qualified due to MS 
noncompliance, affecting the soil matrix. ,Calcium, chromium, magnesium, potassium and zinc 
were qualified due to ICP serial dilution noncompliance. The interfering anawe iron was present 
in several samples. 

The data for these analyses were reviewed with reference to the 'National Functional Guidelines 
for Inorganic Data Validation', April 1993 as amended for use within USEPA Region Ill, and the 
NFESC document entitled 'Navy Installation Restoration Chemical Data. Quality Manual" 
(September 1999). 

The text of this report has been formulated to address only those problem areas affecting data 
quality. 

'I attest that the data referenced herein were validated according to the agreed upon validation 
criteria as specified in the NFESC Guidelines and the Q u a l i  Assurance Project Plan (QAPP).' 

m u  
Tetra Tech NUS 
Erin M. Faust 
Environmental Scientist 

y ~ o s e ~ h  A. Samchuck 
Quality Assurance Officer 
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Overview 

The sample set for CTO 320, NSWC Indian Head, SDG N6128, consists of thirteen (13) soil 
environmental samples and one (1) aqueous flnsate blank. One (1) field duplicate pair 
(BDGDUPO2 / BDGSB0160101) is included Within this SDG. 

The soil samples were analyzed for target analyte list (TAL) metals and total organic carbon 
(TOC). Sample BDGRB00201 was analyzed for TAL metals only. The samples'were collected by 
Tetra Teqh NUS on October 2 and 3, 2001 and analyzed by Chemtech under Naval Facilities 
Engineering Service Center (NFESC), Quality Assurance / Quality -Control (QAIQC) criteria. 
-Metal.$analyses, with the exception of mercury, were conducted using SW 846 method 60108.' 
.Mercury analyses were conducted using SW 846 methods 7470A and . -7471A.. . TOC analyses 
were conducted using the Uoyd Kahn method. 

Metals analyses, with the exception of mercury were conducted using Inductively Coupled Plasma 
(ICP) instrumentation. Mercury analyses were conducted using Cold Vapor Atomic Absorption 
(CVAA) instrumentation. 

Summary 

All analytes were successfully analyzed. The findings offered in this report are based upon a 
general review of all available data. The data review was based on data completeness, holding 
times, calibration data, laboratory rnethodlpreparation blanks, ICP interference check sample 
results, matrix spike results, laboratory duplicate results, field duplicate results, laboratory control 
sample (LCS) results, ICP serial dilution results, detection limits and analyte quantitation. 

Areas of concern with respect to data quality are listed below. 



MEMO TO: G. LATULIPPE - PAGE 2 
DATE: NOVEMBER 7,2001 

Minor Problems 

The Contract Required Detection Limit (CRDL) percent recoveries for mercury were >120% 
quality control limit, affecting all samples. Positive results greater than two times the CRDL 
reported for mercury in the soil samples were qualified as biased high. "r. No validation 
action was required for sample BDGRB00201 because it was reported by the laboratory as 
nondetected. 

TheCRDL percent recoveries for selenium and silver were < 90% quality control limit, 
affecting the soil matrix. Nondetected results reported for silver were qualified as biased low, 
"ULn. Positive results less than two times the CRDL reported for silver were qualified as 
biased low, 'L" or estimated, -J", due to conflicting noncompliances. No validation action was 
necessary for selenium because all results were either greater than two times the CRDL 
reported as nondetected by the laboratory or qualified 'B" as a result of laboratory blank 
contamination. 

The CRDL percent recovery for thallium was >110% quality conk1 limit; affecting the 
aqueous matrix. The positive result less than two times the CRDL-reported for thallium was 
qualified as biased high, 'K", 

The following contaminants were detected in the laboratory methodpreparation blanks at the 
following maximum concentrations : 

Samples Affected: All soil samples 

Analvte 
Aluminum 
Arsenic 
Beryllium 
Calcium 
Cobalt 
Manganese 
Selenium 
Vanadium 
Zinc 

Maximum 
Concentration 
157.3 lrgR 
8.2 pgL 
0.20 
15.5 p@- 
1.0 pgiL 
0.30 J.@L 
3.7 pglL 
4.2 pgiL 
1.8 pgk 

Action 
Level 
78.65 mgkg 
4.1 mgkg 
0.10 mgkg 
7.75 mgkg 
0.50 mgkg 
0.1 5 mgkg 
1.85 mgkg 
2.1 mgkg 
0.90 mgkg 

An action level of 5x the maximum contaminant level has been used to evaluate sample 
data for blank contamination. Sample aliquot, percent solids and dilution factors were 
taken into consideration when evaluating for blank contamination. The positive results 
less than the action level reported for arsenic and selenium were qualified, 'Bn, as a result 
of blank contamination. No validation action was required for the remaining analytes 
because the results were either greater than the action level or were nondetected. 

The interfering analytes aluminum and iron were present in samples BGDDUP02 and 
BGDSB0160101 at concentrations that were comparable to the levels of aluminum and iron in 
the Interference Check Sample (ICS) solution. Several analytes namely cadmium, chromium, 
copper, manganese, silver, vanadium and zinc were present in the ICS solution at 
concentrations which exceeded the absolute value of the Instrument Detection Limit (IDL). 
Interference affects exist for silver in the affected samples. The positive resubs reported for 
silver were qualified as estimated, -J* due to conflicting noncompliances. 

The interfering analyte iron was present in samples BGDSB01.10101. BGDSB01701 01 , 
BGDSB0190101, BGDSS0110101, BGDSSOl6OlOl and BGDSSOl9OlOl at concentrations 
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that were comparable to the level of iron in the Interference Check Sample (ICS) solution. 
Several analytes namely cadmium, chromium, copper, manganese, sitver, vanadium and zinc 
were present in the ICS solution at concentrations which exceeded the absolute value of the 
Instrument Detection Limit (IDL). Interference affects exist for silver in the affected samples. 
The positive results reported for silver were qualified as estimated. "J" due to conflicting 
noncomplin6es. 

The interfering anatyte aluminum was present in sample 8GDSB0200101 at a concentration 
that was comparable to the level of aluminum in the Interference Check Sample (ICS) 
solution. Several analytes namely cadmium, chromium, copper, manganese, silver, 
vanadium and zinc were present in the ICS solution at concentrations which exceeded the 
absolute value of the Instrument Detection Umit (IDL). Interference affects exist for silver in 
the affected sample. The positive result reported for silver was qualified as estimated, -Jn due 
to conflicting noncompliances. 

The ICS percent recovery for thallium was < 80% quality control limit. Positive results 
reported for thallium were qualified as biased low, "I-". 

.* The MatrkSpike (MS) i d  Matrix Spike Duplicate (MSD) percent recoveries for selenium, 
were < 75% quality control limit, affecting the soil matrix. Nondetected and positive r+ults 
reported for selenium were qualified-as biased low; eUL" and "I-*. respectively. 

Laboratory duplicate imprecision (RPD>35%) was noted for lead and mahganese, affecting 
the soil matrix. Positive results reported for lead and manganese were qualified as estimated, 
-Ju. 

The ICP Serial Dilution Percent Differences (%Ds) for aluminum, barium; calcium, iron, 
magnesium, manganese, vanadium and zinc were >lo% quality control limit, affecting the soil 
matrix. Positive results reported for these analytes were qualified as estimated, "Jn. A 
direction of bias could not be determined. - ' 

Notes 

The rinsate blank sample was not used to establish blank action levels and was not qualified due 
to laboratory blank contamination. 

The CRDL percent recovery for lead was c 90% quality control limit, affecting the aqueous matrix. 
No validation action was required because the result reported for lead was greater than two times 
the CRDL. 

.Executive Summary 

Laboratory Performance: Mercury, silver and thallium were qualified due to calibration 
noncompliance. Several analytes were present in the laboratory rnethod/preparation blanks. 
Laboratory duplicate imprecision was noted for lead and manganese, affecting the soil matrix. 

Other Factors Affecting Data Quality: Selenium was qualified due to MS noncompliance, 
affecting the soil matrix. Aluminum, barium, calcium, iron, magnesium, manganese, vanadium 
and zinc were qualified due to ICP serial dilution noncompliance, affecting the soil matrix. The 
interfering analytes aluminum and/or iron were present in several samples. 
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The data for these analyses were reviewed with reference to the 'National Functional Guidelines 
for Inorganic Data Validation', April 1993 as amended for use within USEPA Region Ill, and the 
NFESC document entitled 'Navy Installation Restoration Chemical Data Quality Manual' 
(September 1 999). 

The text of this report has been formulated to address only those problem areas affecting data 
quasi. 

'I attest that the data referenced herein were validated according to the agreed upon validation 
criterii as specified in the NFESC Guidelines and the Quality Assurance Project Plan (QAPP).' 

Tetra Tech NUS 
Erin M. Faust 
Environmental Scientist 

Assurance Officer 

Attachments: 

1. Appendix A - Qualied Analytical Results 
2. Appendix B - Results as reported by the Laboratory 
3. Appendix C - Support Documentation 
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