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EXECUTIVE SU-Y 

This document presents the results of the Background Investigation for soil and groundwater at 

the Naval Weapons Station Yorktown (WPNSTA) Cheatham Annex Site (CAX), Williamsburg, 

Virginia and the northern portions of WNSTA. This investigation was conducted by Baker 

Environmental, Inc. (Baker) under contract to the Atlantic Division Naval Facilities Engineering 

Command (LANTDN), under Comprehensive Long-term Environmental Action Navy 

(CLEAN 11) Contract N62470-95-D-6007, Contract Task Order (CTO) 196. 

The Background Investigation was conducted for the purposes of establishing data representative 

of naturally occurring or anthropogenic chemical concentrations at CAX. These data, when 

compared to site-specific data, can aide in the determination of whether or not contamination at a 

given site can be contributed to site activities. The data may also be appropriate for the 

establishment of clean-up levels should remedial action at a given site be warranted. 

Surface soil (0 to 6 inches below ground surface [bgs]), subsurface soil (6 to 24 inches bgs), and 

groundwater data were collected in each of the four soil associations at CAX and northern 

portions of WNSTA. The data for each medium were divided into four data sets, one for each 

soil association group. The statistical distribution of each data set (normal or lognormal) was 

determined and parameters including means, standard deviations, and 95 percent upper 

confidence limits were calculated. A multivariate analysis of variance (MANOVA) was 

conducted on the soil association data groups for each medium to determine if the data groups can 

be combined. The results of the MANOVA concluded that there is a significant difference 

between soil association data groups for surface soil and subsurface soil. Therefore, this indicates 

that the soil data cannot be combined and should be treated separately. For total and dissolved 

groundwater data, although the results indicated no significant difference between soil association 

data groups, given the disparity between test statistics and departures from assumptions, it is not 

recommended that the data groups be combined. 

In addition to presenting the statistical evaluation of background data, general lithological and 

hydrogeological information regarding CAX and northern WPNSTA are presented based upon 

surface soil and monitoring well installation boring logs and on two 100-foot exploratory soil 

borings advanced during the Background Investigation. 



1.0 INTRODUCTION 

This document presents the results of the Background Investigation for soil and groundwater at 

the Naval Weapons Station Yorktown (WPNSTA) Cheatham Annex Site (CAX) and the northern 

portions of WPNSTA. This investigation was conducted by Baker Environmental, Inc. (Baker) 

under contract to the Atlantic Division Naval Facilities Engineering Command (LANTDN), 

under Comprehensive Long-term Environmental Action Navy (CLEAN 11) Contract N62470-95- 

D-6007, Contract Task Order (CTO) 196. 

The field activities conducted as part of this investigation were performed in accordance with the 

Work Plans prepared by Baker for this investigation (Baker, 2001d). The samples collected as 

part of this study are intended to provide the basis for a compilation of data representative of the 

natural concentration of metals and anthropogenic compounds in soils and groundwater within 

the boundaries of CAX and the northern portions of WPNSTA. The Work Plan detailed the 

number and types of samples to be collected, the analytical methods to be used for those samples, 

specific sample locations, and the rationale for selecting locations and analyses. Detailed 

descriptio~~s of the field procedures, sample analysis, and any deviations from planned procedures 

are outlined in Section 5.0 of this report. 

1.1 Backround Investieation Obiectives 

The objectives of the Background Investigation are summarized as  follows: 

Determine background concentrations of inorganic, organic, and cyanide constituents in 

surface soil, subsurface soil, and groundwater at CAX and the northern portion of 

WPNSTA. 

Establish statistical distributions of the data and identify spatial trends. 

Determine subsurface lithology conditions present within the four soil association groups. 

Determine deep lithology (100 feet below groundwater surface [bgs]) within soil 

association Group 2 and Group 3. 

Determine hydrogeological conditions present within the four soil association groups. 

1-1 



Present results, findings, and conclusions of the Background Investigation in a manner 

that enables them to be used as comparison criteria within current or future CAX 

investigations. 

The background levels of inorganic and anthropogenic chemicals in soils and groundwater 

presented herein will establish a frame of reference or baseline of data to which these chemicals 

at specific sites may be compared. The need to establish background levels of inorganics in soil 

and groundwater is driven by the ubiquitous presence of inorganics in nature. Because these 

analytes occur naturally, it is necessary (during subsequent investigations) to determine if the 

presence of inorganics at a site are due to site activities (i.e., disposal, spills, etc.) or to natural 

occurrences. Anthropogenic chemicals are defined by the United States Environmental 

Protection Agency (USEPA) as chemicals that are present in the environment because of 

manmade, not site-related sources (e.g., induslg, automobiles, etc.). Chemicals of anthropogenic 

origin may include compounds such as lead, arsenic, dichlorodiphenyldichloroethane (DDD), 

dichlorodipbenyldichloroethylene (DDE), dichlorodiphenyltrichloroethane PDT), and polycyclic 

aromatic llydrocarbons (PAHs). Comparing concentrations of inorganics and anthropogenic 

chemicals on site to background concentrations assists in the determination of what chemicals can 

be attributed to the site. 

1.2 R ~ ~ o r t  Organization 

This document is comprised of text, tables and figures, and the supporting appendices. In 

addition to Section 1.0, the report is organized into the following sections: 

Section 2.0 - Cheatham Annex Site History 

Section 3.0 - Environmental Setting 

Section 4.0 - Background Investigation Design 

Section 5.0 - Background Field Investigation 

Section 6.0 -Physical Results of Field Investigation 

Section 7.0 -Analytical Results 

Section 8.0 - Statistical Evaluation of Background Data 

Section 9.0 - Conclusions and Recommendations 

Section 10.0 -References 

Appendix A - Chain of Custody Records 



Appendix B -Test Boring and Well Construction Records 

Appendix C - Surface Soil Data 

Appendix D - Subsurface Soil Data 

Appendix E - Groundwater Data 

Appendix F - Quality Assurance/Quality Control Data 

Appendix G - Multivariate Analysis of Variance Statistical Test Results 



2.0 CEEATHAM ANNEX SITE HISTORY 

This section presents the histov and mission of CAX. Information presented in this section was 

obtained from reports of previous investigations conducted at the sites and Areas of Concern 

(AOCs). WPNSTA history and physical characteristics have been omitted from this section, but 

are provided within the WPNSTA Master Plans (Baker, 1994b). 

2.1 Cheatham Annex 

CAX is located in Williamsburg, Virginia, on the York-James Peninsula, which is an embayed 

portion of the Atlantic Coastal Plain physiographic province (Teiflce, 1973). This elongated 

peninsula trends northwest southeast and occupies an area of approximately 1,752 square miles. 

The peninsula is bordered to the southwest by the James River, to the northeast by the York 

River, and to the southeast by the confluence of the James River and the Chesapeake Bay. At 

CAX, the peninsula is approximately six miles wide. 

At inception, CAX occupied approximately 3,349 acres. Several portions of the original base 

have since been declared surplus and transferred to other government jurisdictions, including the 

National Park Service, the Commonwealth of Virginia, and York County. CAX is cur~ently 

comprised of 1,578 acres. The Activity is divided into two separate parcels, with the larger parcel 

situated along the banks of the York River. Almost all of the activities at CAX (administration, 

training, maintenance, support, and housing) take place in this portion of the Activity. The 

smaller parcel is located south of the Colonial National Historic Parkway (Colonial Parkway). 

This area contains the Activity's water supply (Jones Pond) and is used mainly as a watershed 

protection area. CAX and the northern portion of WPNSTA are shown on Figure 2-1. 

2.2 Hiitow and Mission of Cheatham Annex 

CAX was established in June 1943 as a satellite unit of the Naval Supply Depot to provide buUc 

storage facilities. Prior to 1943, CAX had been the location of a large powder and shell loading 

facility operated by Dupont during World War I, which subsequently closed in 1918. Between 

1918 and 1943, the property was used for farming or left idle until CAX was commissioned in 

1943. Since 1943, CAX has been used for receiving, storing, packaging, and shipping materials 

to federal facilities on the East Coast and to major dishibution centers in Europe. 



Previously operated as an annex to Fleet and Industrial Supply Center (FISC), Norfolk, which is 

the world's largest navy supply center, CAX provided logistic and supply support to naval shore 

installations. CAX is the Navy Sea System Command's East Coast consolidated stock point for 

major shipboard mechanical, electronic, and some navigational equipment. In addition to 

receiving, storing, issuing, packing and shipping navy stock material, particularly large, bulky 

(often unique) shipboard equipment (e.g., submarine periscopes, ship propellers, bull gears, 

antennae, and sonar domes), CAX provides warehouse and distribution services for 39 Storage 

Authorization Programs and tenant organizations. 

In July 1987, CAX was designated the Hampton Roads Navy Recreational Complex. Today the 

mission of CAX includes supplying Atlantic Fleet ships and providing recreational opportunities 

to military and civilian personnel; 55 percent of CAX is undeveloped and rich in natural 

resources. Outdoor recreational facilities and activities available include: 13 cabins, 19 

recreational vehicle (RV) sites, camp sites, an 18-hole golf course, swimming pool, ball fields, 

freshwater and saltwater fishing, boating, wildlife watching and bunting (Department of the Navy 

[DON], 1998). CAX currently operates under WPNSTA Yorktown. The transition of CAX 

control from FISC to WPNSTA occurred in October 1998. 

2.3 Land Use and Demoera~hics 

Figure 2-2 presents a 1999 land use map of York County. As indicated on the figure, CAX and 

WPNSTA Yorktown are categorized as Military Use. Uses of surrounding areas include 

conservationlrecreation, commercial, residential, industrial, public, and agricultural. 

2.4 Reeulatow History 

The Comprehensive Environmental Response, Compensation, and Liability Act of 1980 

(CERCLA) and the Superfund Amendments and Reauthorization Act of 1986 (SARA) 

established programs for the cleanup of hazardous waste disposal and spill sites. The Installation 

Restoration (IR) Program is a component of the Defense Environmental Restoration Program 

(DEW), which is one of the programs established under CERCLAISARA by DON. CAX was 

placed on the CERCLA National Priorities List (NPL) effective December 1,2000, primarily due 

to the facility's proximity to wetlands and the potential impact on the surrounding environment. 

Prior to being listed on the NPL, the CAX IR Program voluntarily followed CERCLA guidance 

consistent with other DON installations. The USEPA and Virginia Department of Environmental 



Quality (VDEQ) have been actively involved in the IR Program at CAX since 1997. Currently, 

these agencies are invited to provide comments and feedback on all documents that are prepared 

under the IR Program. Prior to 1997, these agencies had minimal involvement with the IR 

Program at CAX. 

2.5 Previous Investigations 

The following environmental investigations/studies have been conducted to date at CAX: 

Soil Survey Report, Weapons Station Yorktown, Research Division, Agronomy 

Department, Virginia Polytechnic Institute and State University, 1982. 

Initial Assessment Study (1.4s) of Naval Supply Center, Cheatham Annex and Yorktown 

Fuels Division. February 1984. Naval Energy and Environmental Support Activity 

(NEESA). 

Soil Survey Report, Cheatham Annex, Research Division, Agronomy Department, 

Virginia Polytechnic Institute and State University, 1985. 

Soil Survey of James City and York Counties and the City of Williamsburg, Virginia, 

United States Department of Agriculture, Soil Conservation Service, 1985. 

Confirmation Study, Step IA (Verification), Round One, June 1986. Dames and Moore. 

Confirmation Study, Step 1A (Verification), Round Two. June 1988. Dames and Moore. 

Draft Remedial Investigation (RI) Interim Report. March 1989. Dames and Moore. 

Final Remedial Investigation (RI) Interim Report. February 1991. Dames and Moore. 

Final Site Investigation for Sites 1, 10, and 11. November 1994. Roy F. Weston. 

Final Site Screening Process Report, Sites 1, 10, and 11. September 1997. Baker. 



Aerial Photographic Analysis (EPIC). United States Naval Supply Center - Cheatham 

Annex, Williamsburg, Virginia. United States Environmental Protection Agency Region 

III. May 1998. 

8 Shoreline Assessment Letter Report (Site 1). August 1998. Baker 

8 Recommendations for Erosion Mitigation Measures Letter Report (Site 1). May 1999. 

Baker. 

Final Field Investigation Report Site 1 and AOC 2. September 1999. Baker. 

8 Final Action Memorandum - T i e  Critical Removal Action (TCRA) - Site 1. August 

1999. Baker. 

Final Site Inspection Narrative Report, Penniman Shell Loading Plant. August 1999. 

Weston 

F i a l  Data Acquisition~Summary Report, Penniman Shell Loading Plant. October 1999. 

Weston 

Draft Final No Further Remedial Action Planned (NFRAP) Decision Document for Site 9 

- Transformer Storage Area. December 1999. Baker 

Hazard Ranking System (HRS) Documentation Record, Naval Weapons Station 

Yorktown (Cheatham Annex). Last revision January 12,2000. USEPA 

Draft Removal Closeout Report, Site 1 I -Bone Yard. A p d  2000. Baker 

Final Construction Closeout Report - Site 1 Time Critical Removal Action. June 2000. 

Baker 

Draft Final Remedial Investigation Report, Site 1. August 2000. Baker 



Geographic Information System (GIs) Needs Assessment and Implementation Plan. 

September 2000. Baker 

Final Compact Disc of Administrative Record. November 2000. Baker 

Draft Final Focused Feasibility Study (FS), Site 1. November 2000. Baker 

Final Field Investigation Report, Site 7 and AOC 2. March 2001. Baker 

Final Site Management Plan - Fiscal Year (FY) 2001. March 2001. Baker 

F i a l  Site Inspection Report, Site 4 and Area of Concern 1. May 2001. Baker 

Final Pond Study Report. August 2001. Baker 

2.5.1 Sites and Areas of Concern 

The investigations and studies that have been conducted at CAX have lead to the identification of 

several sites and AOCs throughout CAX. These sites and AOCs are listed below and indicated 

on Figure 2-3. Not all of the sites or AOCs warrant investigation or actions. 

Site 1 - Landfill Near Incinerator 

Site 2 -Contaminated Food Disposal Area 

Site 3 -Submarine Dye Disposal Area 

Site 4 -Medical Supplies Disposal Area 

Site 5 - Photographic Chemicals Disposal Area 

Site 6 - Spoiled Food Disposal Area 

Site 7 -Old DuPont Disposal Area 

Site 8 -Landfill Near Building CAD 14 

Site 9 -Transformer Storage Area 

Site 10 - Decontamination Agent Disposal Area Near First Street 

Site 11 - Bone Yard 

Site 12 -Disposal Site Near Water Tower 

AOC 1 - Scrap Metal Dump 



AOC 2 - Dextrose Dump 

AOC 3 - CAD 11112 Pond Bank 

AOC 4 - Site 4 -Medical Supplies Disposal Area 

AOC 5 -Debris Area (An Unidentif~ed Portion of Site 1) 

The areas that incorporate these sites and AOCs were not considered as potential sampling areas 

for the Background Investigation. 

The following subsections present a brief overview of the past and current operations/activities 

that have taken place at CAX. More detailed information with regards to the previous 

investigations and studies and site histories can be found within the CAX Site Management Plan 

(SMF') (Baker, 2002). 

25.2 Penniman Shell Loading Plant 

Existing information indicates that the Penniman Shell Loading Plant began manufacturing 

trinitrotoluene (TNT) in 1916 and began loading artillery shells for the war effort 1918. From 

1918 through 1925, following the end of World War I, this facility was demolished and reverted 

to fannland (Weston 1999a). The former Pemiman Plant encompassed a large portion of the 

existing CAX facility and property that is currently owned by the Department of the Interior 

(DOI). The only exception (based on current information) is that the former Pemiman Plant did 

not encompass the area surroundiing Jones Pond. 

2.53 Fuel Farm Area 

The Fuel Farm Area is located south of Colonial National Historical Parkway and directly east of 

Jones Pond. The United States Navy operated this facility from 1942 until the mid-1980s. The 

Fuel Farm was then purchased by the Virginia Department of Emergency Services (VADES) in 

the mid 1980s and is currently operated by VADES (Weston, 1999a). Because this area is not 

located on CAX or WPNSTA property it is not being considered as a potential sampling area for 

the Background Investigation. 



2.5.4 Department of the Interior Property 

DO1 property is located to the north and west of the main portion of CAX. The eastern edge of 

Cheatham Pond serves as the property boundary between DO1 and CAX. Additionally, DO1 has 

pmperty that lies south of King Creek and north of WPNSTA Yolktown. Because these areas are 

not located on CAXIFlrPNSTA property, they are not being considered as potential sampling 

areas for the Background Investigation. 

25.5 Limitations of the Endsting Database 

Currently, information on soil and groundwater background at CAX does not exist. Additionally, 

hydmgeologic and lithology information from a base-wide perspective does not exist. 
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ENVIRONMENTAL SETTING 

This section presents a discussion of the physical characteristics of CAX. The discussion details 

the topography and surface features, hydrology, geology, hydrogeology, climatology, ecology, 

wetlands, and threatened and endangered species. This information was obtained from the 

available literature about CAX. 

The climate of the Virginia Peninsula is influenced by the moderating effects of the Atlantic 

Ocean. This results in mild winters and long, warm summers. High humidity frequently occurs 

along the coast and less frequently inland. Ground fog is frequent in the late summer, especially 

during the early morning hours. Freezing temperatures occur intermittently from October 

through March. Average monthly temperatures in the area range from approximately 38.8 degrees 

Fahrenheit ("F) in January to 77.4OF in July. 

Because of its location near the coastline, York County is subject to easterly storms throughout 

late summer and early fall, causing high tides and flooding. Intense hurricanes occasionally 

sweep the coast. Winter is characterized by storms that move along the eastern seaboard. The 

storms from the north are associated with high winds and precipitation occasionally in the form of 

snow, ice pellets, or rain; however, the snow is seldom prolonged or heavy. The average annual 

precipitation is 44 inches, with the summer months being the wettest and the winter months being 

the driest. 

Spring is a period of contrasting weather, particularly during March. Spring and autumn are 

periods of frost. Summer is warm and humid with occasional showers and afternoon 

thunderstorms. Autumn is a season of comfortable temperatures (average temperature 60°F to 

8 1 OF) and generally pleasant weather. 

Winds are highly variable in the area of CAX. Prevailing winds are usually from the south- 

southwest, but north-northeasterly winds are common in some months. Onshore winds 

predominate during the spring and summer. 



3.2 Topographv and Surface Features 

The topography at CAX is characterized by gently rolling terrain dissected by ravines and stream 

valleys trending predominantly northeastward toward the York River. Ground elevations at CAX 

vary fiom sea level along the eastern boundary, which borders the York River, to a maximum 

elevation of approximately 50 feet above mean sea level (MSL) on a few scattered hills in the 

western portion of the Activity. Valleys consisting of 40- to 60-foot ravines with steep slopes 

(slopes exceeding 1:l) occur along the major creeks draining CAX. Figure 2-1 presents 

topographic features of the region. 

Surface Soil Associations 

The soil survey report for CAX was prepared by the Soil Conservation Service (SCS) in 1985. 

Information provided in this section reflects findings from this report. 

Figure 3-1 shows the soil associations of CAX and the northern portion of WPNSTA. A soil 

association is a landscape that exhibits a distinctive pattern based on soils, drainage and relief. 

These associations consist of one or more major soil types and at least one minor soil type. The 

association is then named for the major soil(s). A soil type from one association can exist in 

other associations, but commonly in a different pattern or percentage. 

The two terms, loam and muck, are specifically used to describe soils. A loam is a soil that 

contains less than 52 percent sand, 28 to 50 percent silt, and 7 to 27 percent clay. Muck is a dark, 

finely layered, well decomposed, and contains organic soil material. 

Four soil association groups occur at CAX. These groups are defined as follows: 

1. Soil Association Group 1 - Bohicket, Johnston, and Axis Soil Association 

The soils of this association are formed on marshes and floodplains by water-deposited 

material that range from muck to sandy clay loams. They are mainly along King, Queen 

and Cub Creeks and along the York River. The soils are commonly nearly level, are 

waterlogged and flooded by salt tides daily or during high water. They receive seepage 

and runoff from higher lying areas. In the upper parts of the tributaries the marshes are 

brackish or fresh water. 



Bohicket and Axis soils are along the tidal part of the creeks and river. Johnston soils are 

in the upper tributaries. Bohicket soils are mucky and have mucky silt loam mucky silty 

clay subsoils. Axis soils have mucky surface layers but generally have sandy loam or 

sandy clay loam subsoils. The Johnston complex soils are mucky in the surface layers 

but have stratified sand, silt and silty substrata or weakly developed subsoils. 

Among the soils of minor extent are beaches and manmade land areas. Most of the 

marshes contain native vegetation of salt tolerant species and grasses, reeds and shrubs. 

This association is best suited to wildlife habitat and recreation. 

2. Soil Association Group 2 - Dogue, Pamunkey, and Uchee Soil Association 

These soils formed on river terraces and are deep, moderately well to well, and poorly 

drained soils that have clayey and loamy subsoils. This association is along the York 

River, and King, Queen, and Cub Creeks. It is mainly on broad to medium ridges that are 

not flooded and slightly concave areas that are ponded for brief periods. These soils are 

mostly gently sloping or nearly level. Short, steep, side slopes and escarpments are 

common along drainageways, small streams, and terrace breaks. 

Dogue and Pamunkey soils are nearly level and gently sloping; they occur mainly on 

ridge points and on medium to broad ridges about a mile wide, with the back escarpment 

being approximately parallel with the York River. Drainageways cutting into this terrace 

formed dendritic drainage patterns. The slopes along these drainageways are short and 

very steep. The Dogue soils are moderately well drained and have clayey subsoils. The 

Pamunkey soils are well drained and have loamy subsoils. Chickahominy soils are 

poorly drained and have clayey subsoils and are on nearly level slopes and depressions. 

Among minor soils and miscellaneous areas are urban soils, or Udorthents - loamy, 

Emporia complex soils, Uchee soils, Bojac, Munden, Slagle and Newflat soils. These 

soils are on broad to narrow gently sloping ridges, and Emporia complex soils are on 

steep to very steep side slopes. This association is used for most of the developed area of 

Cheatham Annex. 



3. Soil Association Group 3 - Emporia, Slagle, and Craven-Uchee Complex Soils 

Association 

These are deep, well, to moderately well drained soils that have loamy and clayey 

subsoils, formed on the Coastal Plan Upland with medium to narrow ridges and gentle to 

very steep side slopes. This association formed in loamy and clayey Coastal Plain 

sediments. Emporia and Slagle soils are on medium width ridges. Emporia soils 

commonly occupy the higher landscape position while slagle soils occupy the lower 

landscape position. Craven and Uchee soils are on the narrower ridge points and the 

sloping area between the ridges and the steep and very steep side slopes. Emporia 

Complex soils are on the steep and very steep side slopes. The Emporia soils are well 

drained with medium to low permeability. They have a clay loam or sandy clay loam 

subsoil, and a seasonal water table at 3 to 5 feet bgs. The Slagle soils are moderately well 

drained with medium to low permeability and have a seasonal water table of 1.5 feet bgs. 

The Craven soils are moderately well drained and have a clay silty clay subsoil, a low 

permeability, and a seasonal high water table at 1.5 feet bgs. The Uchee soils are well 

drained, have a medium to low permeability, a subsoil of sandy clay loam, clay loam and 

sandy clay, and a seasonal high water table at 3.5 to 5 feet bgs. 

Among the soils of minor extent are Caroline, Kempsville, and Udorthents loamy. Most 

of this association is wooded but some areas are located around small buildings and 

within the fuel storage area. 

4. Soil Association Group 4 - Kempsville, Emporia, Emporia Complex, and Craven-Uchee 

Complex Soils Association 

As with Group 3, these are deep, well to moderately well drained soils that have loamy 

and clayey subsoils, formed on Coastal Plan uplands with medium to narrow ridges and 

gentle to very steep side slopes. This association formed in loamy and clayey Coastal 

Plain sediments. Kempsville and Emporia soils are on medium ridges. Kempsville and 

Emporia soils occur on the landscape. Emporia Complex soils are on the steep and very 

steep side slopes. Craven and Uchee soils are on narrow ridge points, and on the doping 

area between the ridges and the steep and very steep side slopes. 



The Kempsville soils are well drained and exhibit medium permeability. They have 

sandy clay loam and clay loam subsoils, and have a water table at 5 feet bgs or greater. 

The Emporia soils are well drained and of low permeability. They have a clay loam or 

sandy clay loam subsoil, and a seasonal water table of 3 to 5 feet bgs. The Craven soils 

are moderately well drained with a clayey subsoil, exhibit low permeability with a 

seasonal high water table at 1.5 feet bgs. The Uchee soils are well drained and have a 

medium permeability, a sandy clay loam, and sandy clay subsoil, and a seasonal high 

water table of 3.5 to 5 feet bgs. 

Among the soils of minor extent are Caroline, Slagle, Dogue, Johnston Complex, and 

Udorthents-loamy. Most of this area is wooded but some areas are located within the fuel 

storage area. 

Subsurface Geolow 

The Atlantic Coastal Plain physiographic province is underlain by unconsolidated sediments of 

Quaternary, Tertiary, and Cretaceous ages that dip gently to the southeast and have a combined 

thickness of approximately 1,900 feet in the vicinity of CAX (Teifke, 1973). 

Most of the surficial unconsolidated sediment at CAX has been mapped as the Shirley Formation 

of the Pleistocene series (Mixon et. al., 1989). This formation is composed of gravel, sand, silt, 

clay, and peat deposited in river and estuarine environments. Its thickness is estimated to vary 

from O- to 80-feet. The Chuckatuck Formation of Pleistocene age underlies the Shirley 

Formation and is described as sand, silt, and clay with minor amounts of peat deposited in bay 

environments. The Chuckatuck Formation rests on the top of the Windsor Formation, also of 

Pleistocene age. The Windsor Formation is comprised of marine and lagoonal sand, silt, and 

clay, with minor gravel deposits. 

The Bacons Castle Formation of Pliocene age underlies the Windsor Formation and is described 

as a clayey silt and silty fine-grained sand. The Bacons Castle Formation rests unconformably on 

the weathered top of the Upper Yorktown Formation, also of Pliocene age. The presence of 

calcite-cemented shells and shell fragments is characteristic of the upper portion of the Yorktown 

Formation. 



The stratigraphy encountered during the background investigation is discussed in Section 6.0 of 

this report. 

The Atlantic Coastal Plain sediments are the most important source of potable water in the region. 

Recharge to the groundwater system is derived from precipitation. Approximately 50 percent of 

the precipitation is lost to evapotranspiration. The remaining 50 percent either results in surface 

runoff, or infiltrates and is introduced into the groundwater regime. Recharge of aquifers may 

occur at the surface near outcrop zones, or from downward migration from overlying strata 

(Baker 1994). 

The shallow aquifer system in York County is comprised of the following six units: ( I )  the 

Columbia aquifer, (2) the Cornwallis Cave confining unit, (3) the Cornwallis Cave aquifer, 

(4) the Yorktown confining unit, (5) the Yorktown-Eastover aquifer, and (6) the Eastover-Calvert 

confining unit (Brockman and Richardson 1992, Brockman et. al., 1997). Hydrogeologic units 

are recognized only where they are saturated (for aquifers) or confining (for confining units). For 

example, although the strata that typically comprise a given aquifer (when saturated) are present, 

the hydrogeologic unit does not exist in areas where the unit is not saturated. Vertical migration 

of groundwater is impeded in areas wherever the confming units are present. 

Surface Water Hvdrolow 

CAX is bound on the west by Cheatham Pond, on the north by the mouth of Queen Creek, on the 

east by the York River, and on the south by King Creek. In 1943, dams were constructed to 

create the logacre Cheatham Pond from the tidal Queen Creek, as well as the 43-acre Penniman 

Lake from King Creek tidal influence. Jones Pond, a 69-acre freshwater nontidal pond, was 

formed by damming a portion of the Cub Creek watershed. It is located in the northwestern 

section of CAX and is enclosed by several wooded ravines. Numerous small creeks flow through 

wooded ravines throughout CAX, and drain into tidal creeks that join the York River. In most 

areas, forests extend to the marsh and lake margins. The tributaries of CAX all drain into the 

York River. The Walt Feurer Youth Pond (2 acres) and the Cat Fish Pond (1 acre) are shallow, 

warm water, man-made ponds (DON, 1998). 



3.7 Ecolo~ical Characteristics 

Characterization of the terrestrial and wetlandaquatic biology of CAX has been adapted from the 

IAS (NEESA, 1984) and from the Environmental Assessment for Recreational Cabins at CAX 

(DON, 1998). 

3.7.1 Terrestrial Ecology 

Terrestrial flora of CAX are predominantly woodland species. Three types of forest are present: 

pine stands composed primarily of loblolly and Virginia pines, mixed pine and hardwood stands, 

and hardwood stands. Elevated level areas are the predominant locations of pine stands, while 

hardwood stands are found on slopes and ravines. These wooded areas are important in reducing 

soil erosion and providing wildlife habitat. Native tree species found at CAX include beech, 

black cherry, red maple, sweet gum, various pines, white ash, and white oak. 

The woodland's understory is composed of various seedling trees and vine species, such as 

Virginia creeper, briars, and honeysuckle. Ferns are found in many moist, shaded areas. 

Ornamental trees and shrubs have been planted in the improved areas and along major roadways. 

None of the plant species that thrive at CAX are listed on the federal or Commonwealth 

endangered lists. 

3.7.2 Wildlife 

Nearly 300 bird species, including more than 100 breeding species, have been observed on the 

installation. Migratory and resident Canadian geese and mute swans occur in nuisance population 

numbers and breed on CAX. 

Forty-four mammal species have been found on or near CAX. State hunting and trapping 

regulations apply to 12 species on CAX. All other species are considered non-game species. 

There are 29 amphibian species and 43 reptile species that could occur at CAX. The most 

common mammals include: 

White-tailed deer (Odocoileus virginiana) 

Gray squirrel (Sciurus carolinensis) 

Eastern cottontail rabbit (SylviZapsJloridana) 



Beaver (Castor canadensis) 

Muskrat (Ondatva zibethica) 

Red fox (Vulpes vulpes) 

Gray fox (Urocyon cinereoargenteus) 

Raccoon (Procyon lotor) 

Mink (Mustela vinson) 

Nutria (Myocastor coypus) 

King and Queen creeks provide important nursery grounds for many estuarine fishes. Freshwater 

species include largemouth bass, bluegill, redear sunfish, crappie, and channel catfish. Forage 

species include gizzard shad, threadfin shad, and Tidewater silversides. 

Cheatham Pond is owned by the National Park Service (NPS). However, through a cooperative 

agreement with the NPS, CAX is permitted to use the pond for recreational fishing. Furthermore, 

the agreement requires that the Navy manage Cheatham Pond in accordance with NPS natural 

resource management practices. Game fish species found in Cheatham Pond include largemouth 

bass, bluegill, redear sunfish, and black crappie (DON, 1998). 

Wetlands 

At CAX, wetlands are mainly found along principal tributaries to the York River and along the 

York River shoreline. Four major marsh types exist in the vicinity: 

Type I: Salt-marsh cordgrass community. 

Type V: Big cordgrass community. 

Type VI: Cattail community. 

Type XII: Brackish water mixed community. 

The wetlands are grouped into classifications based on their estimated environmental value per 

acre. Group One marshes, of which Type I and Type XI1 are a part, have the highest productivity 

and use by wildfowl and wildlife, as well as a close association with fish spawning and nursery 

areas. They are also important to the shellfish industry and as shoreline erosion inhibitors. These 

wetlands merit the highest order of protection. The majority of wetlands on CAX are of this type. 

Type V and Type VI marshes are in Group Two and are only slightly less important than the 



Group One marshes. Because these marshes are found at higher elevations, there is less 

opportunity for detritus (loose soil or organic particles) to be washed into nearby waterways by 

the tides. This group of marshes is also valuable as flood buffers and should be preserved. CAX 

wetlands and adjacent creeks provide nursery areas for striped bass, white perch, and other 

species. These wetlands are also prime habitats for migrating waterfowl. 

The habitat of aquatic floral species is generally determined by water salinity and bottom types. 

In this area of the York River, the following species are associated with certain salinity ranges: 

Homwort: Freshwater only. 

Water-celery: Freshwater only. 

Pondweed: Fresh to 5 parts per thousand (ppt). 

Homed pondweed: Fresh to 5 ppt. 

Water milfoil: Fresh to 10 ppt. 

Eelgrass: 10 to 35 ppt. 

Widgeon grass: 5 to 40 ppt. 

These species are commonly found growing at depths of three to nine feet in soft bottom muds. 

Due to increased nutrient loading, watenveed and water milfoil have been plant pests at times. 

Eelgrass is most often found growing in soft mud. Widgeon grass is sensitive to both increased 

water temperature and turbidity. (NEESA, 1984) 

Threatened and Endangered Species 

The Virginia Department of Agriculture and Consumer Service, Division of Consumer 

Protection, Office of Plant and Pest Services (in a letter dated November 20, 1998) reported that 

there were no endangered or threatened insect species found on CAX. 

Prior to 1998, the Virginia Department of Game and Inland Fisheries had discovered a breeding 

bald eagle (Haliaetus leucocephalus) near Penniman Lake. The bald eagle is a federally 

threatened species. No bald eagles nested at CAX in 1998. (DON, 1998) However, based on 

recent United States Fish and Wildlife Service (USFWS) surveys, a bald eagle nest was 

discovered on the east side of Jones Millpond in 2002 that was active and produced two chicks. 



In 1989, the Virginia Department of Conservation and Recreation - Division of Natural Heritage 

(VDCR-DNH) surveyed CAX for rare vertebrate and plant species. The survey discovered 23 

species of rare amphibians, though none merited legal status. The marl ravines around Cheatharn 

Lake were identified by VDCR-DNH as primehabitat for certain rare plants: Loesel's twayblade 

(Li@s loeseli4, sweet pinesap (Monotropsis odorata), shadow witch (Ponthieva racemosa), 

mountain camellia (Staoartia ovata), and southern cattail (Typha domingensis). In the 1989 

survey, Loesel's twayblade, an orchid, was found in three marl ravines around Cheatham Pond. 

None of these plants, however, have legal status. 

The USFWS (November 1998) has indicated that seven plant species of concern might be found 

in appropriate habitats in York County: large-leaf peatrnoss (Sphagnum macrophyllum, variety 

macrophyllum), Cuthbert turtlehead (Chelone cuthbertii), Harper's fimbristylis (Fimbristylis 

perpusilla), New Jersey rush (Juncus caesariensis), pondspice (Litsea aestivalis), sweet pine sap 

(Monotropsis odorata), and Virginia least trillium (Trillium pusillum, variety virginianum). The 

tidewater interstitial amphipod (Stygobromus araeus), an invertebrate, is also listed as a species 

of concern in York County. 

A pair of peregrine falcons (Falcoperegrinus anaturn), an endangered species, nested on a crane 

on the abandoned pier at CAX in 1998. The preferred habitat of peregrines is cliff ledges, but 

some peregrines accept man-made structures such as skyscraper ledges, tall towers, and bridges 

as breeding habitat. (DON, 1998) 
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BACKGROUND INVESTIGATION DESIGN 

This study was designed to establish background concentrations of inorganic and organic 

chemicals in surface soils, subsurface soils, and groundwater throughout the Activity. This 

section explains the rationale for selecting the number of background surface and subsurface soil 

and groundwater samples and discusses any deviations from the approved scope of work as a 

result of field conditions. Specific locations of background samples will be provided in Section 

5.0 of this report. 

Overall Investigation Desipn 

Because CAX is represented by four separate and distinct soil association groups, (see Section 

3.3), these groups defined the boundaries of the Background Investigation. The spatial 

boundaries of the investigation were located throughout CAX and the northern portion of 

WPNSTA. The boundaries were in areas that, based on historical evidence, have not been 

impacted from past or current base operations. As discussed in Section 2.5, several investigations 

and studies have been conducted at CAX since 1984. The areas that incorporate identified sites 

and AOCs were not considered as potential sampling areas for the Background Investigation. 

The sample locations presented herein were chosen based upon knowledge of previous 

investigations, site conditions, and professional judgment. 

Elements such as metals and metaloids occur naturally in soils and groundwater, and 

distinguishing background levels from site-activity related concentrations often requires statistical 

analysis. Therefore, the number of background samples obtained to determine naturally 

occurring concentrations of inorganics was selected to support the performance of various 

statistical tests. As dictated in the Field Sampling and Analysis Plan (FSAP) for the Background 

Investigation (Baker, 2001d), each of the four soil association groups were investigated with 10 

soil borings and three groundwater monitoring wells. Section 5.0 provides details of the sampling 

procedures employed for this investigation. 

Surface and subsurface soil samples were collected at each of the soil sampling locations. It was 

anticipated during the design of the sampling program that each of the four soil groups discussed 

in Section 3.3 would be sampled and represented in the database. Therefore, the database could 

be segregated by depth (surface versus subsurface), lithologies, and location. Groundwater was 

collected from each monitoring well. The following paragraphs provide a discussion of the 

sampling rationale for the background sampling effort. 
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Surface Soil Investigation 

There are four major soil association within the boundaries of CAX. Forty soil borings were 

advanced throughout the Base and were distributed among the four soil associations as follows: 

10 borings Soil Association 1 - Bohicket, Johnston, and Axis Soil Association 

Soil Association 2 - Dogue, Parnunkey, and Uchee Soil Association 10 borings 

Soil Association 3 - Emporia, Slagle, and Craven-Uchee Complex Soil 

Association 10 borings 

Soil Association 4 - Kempsville, Emporia, Emporia Complex, and Craven- 

Uchee Complex Soils Association 10 borings 

A single surface soil sample was collected from each of the forty soil borings advanced 

throughout the Activity. These samples were collected from a depth of 0 to 6 inches bgs. Surface 

soil samples were divided in to four separate data bases based on soil association groups. A 

separate database was created that includes all forty surface soil samples combined into a single 

data set. 

The combined data set should only be used if the origin of the sample to be compared to 

background cannot be determined. Different soil types have properties that effect ion attraction 

and retention. Therefore, it is anticipated that the arithmetic mean for the combined data set will 

be higher than the arithmetic mean for sands and lower than the arithmetic mean for clayey soils. 

The result of this difference in arithmetic means may result in the listing of a sample result as a 

contaminant of potential concern instead of indicative of background concentrations, or vice 

versa. The combination of sample results into this combined data set will dilute the range of 

inorganics naturally occurring in clays at CAX. 

Subsurface Soil Investigation 

As for surface soil, a single subsurface soil sample was collected from each of the forty soil 

borings advanced throughout the Activity. These samples were collected from a depth of 6 to 24 

inches bgs. As for surface soils, the subsurface samples were divided into four data sets of 10 
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samples each based on the soil association group to which they belonged. A separate database 

was created that includes all forty subsurface soil samples combined into a single data set. 

However, for the reasons discussed in the preceding section, this combined data set should only 

be used if the origin of the sample to be compared to background can not be determined. 

4.4 Groundwater Investigation 

Groundwater was collected from twelve monitoring wells installed throughout the Activity, 

Groundwater data were separated in to four data sets of three samples each based on the soil 

association group in which wells were located. Those wells screened within Soil Association 1 

are identified using the prefix "CXBG1." Those wells screened within Soil Association 2 are 

identified using the prefix "CXBG2." Those wells screened within Soil Association 3 are 

identified using the prefix "CXBG3." Those wells screened within Soil Association 4 are 

identified using the prefix "CXBG4." 



BACKGROUND FIELD INVESTIGATION 

The field investigation began on July 23, 2001 and was completed on August 24, 2001. 

Sampling was conducted in accordance with the approved Project Plans (Baker, 2001d) and 

USEPA Region 111 Standard Operating Procedures (SOP). Activities conducted during the field 

program consisted of a soil investigation, including sampling and exploratory drilling; and a 

groundwater investigation, including monitoring well installation, development, and sampling. 

All field activities were conducted using Level D personal protection. The following sections 

discuss these investigative activities as well as the Quality Assurance/Quality Control (QA/QC) 

samples collected, the decontamination procedures employed, and management of investigation 

derived waste (IDW) generated during the field program. 

SampIe Designation 

In order to identify and accurately track the various samples, all samples collected during this 

Background Investigation, including QNQC samples, were designated with a unique number, 

The number serves to identify the investigation, soil association group, sample media, sampling 

location, depth (soil) or round (groundwater) of sample, and any QNQC sample types. 

The sample designation format follows: 

Investigation Identification - Soil Association - Media - Location - Depth/Round - 

DuplicateIFiltered Sample Indicator 

An explanation of each of these identifiers is given below. 

Investigation Identification 

All samples discussed in this report were collected for the Background Investigation and 

were identified by the letters " B G  (soil samples) or "CXBG" (groundwater and QNQC 

samples). 

Soil Association 

Soil and groundwater samples were identified by the number of the soil association group 

from which they were collected. 



Soil Association 1 

Soil Association 2 

SoiI Association 3 

Soil Association 4 

Media 

The following media were collected: 

Subsurface Soil Sample 

Surface Soil Sample 

Groundwater Sample 

Field Blank (QAIQC sample) 

Equipment Rinsate (QAIQC sample) 

Location 

Location numbers identifjr the sampling location and include soil locations or monitoring 

well numbers. 

DepthRound 

Depth indicators are used for soil samples. The number refers to the sample interval. 

0 to 6 inches bgs (all surface soil samples) 

6 to 24 inches bgs (all subsurface soil samples) 

DuplicateFiltered Sample Indicator 

Duplicate samples were indicated with a D at the end of the sample number designation. 

Filtered (dissolved) aqueous samples were designated with an F at the end of the sample 

number designation. 

Using this sample designation format, the example sample number BGOl-SB02-OlD refers to: 

El-SB02-01D Background Investigation 

BGI-SB02-0 1D Soil Association Group #1 

BGI 4302-0 1 D Subsurface Soil Sample 

BG 1 -SB@-0 1 D Sample Location #2 

BGl -SB02-mD Depth of sample is from 6 to 24 inches bgs 

BG1-SB02-01D Duplicate sample 
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Using this sample designation format, sample CXBG2-GWOlDF refers to: 

CXBGZGWO 1 DF Background Investigation 

CXBGZ-GWO 1DF Soil Associaiton Group #2 

CXBG2-mO IDF Groundwater Sample 

CXBG2-GWUDF Monitoring Well #01 

CXBG2-GWO 1DF Duplicate Sample 

CXBG2-GWO 1 DF Filtered Sample 

The sample format described above has been modified somewhat from that reported in the FSAP 

(Baker, 2001d) for this project. This sample format was followed throughout the project. 

Tables 5-1 and 5-2 list all samples collected for the Background Investigation and the analytical 

parameters for which they were analyzed. 

General Field Operations and Pre-Samplinv Activities 

General field operations were conducted from Building 116 on CAX and Baker's Field Trailer 

located on WPNSTA Yorktown near Building 1806. Both locations are equipped with electricity 

and a telephone. The field office was where the field team met at the beginning and end of each 

day and the site manager coordinated all investigative operations. Further details of project 

management are described in Section 6.0 of the Background Investigation Work Plan 

(Baker, 2001d). 

Before initiation of the background field investigation, a site visit was conducted by Baker 

personnel, at which time proposed sampling locations were marked. To prevent damage to 

existing utilities, all proposed sampling locations were cleared by both WPNSTA Public Works 

and local utility personnel contacted via Miss Utility (the Virginia state required contact line). If 

necessary, sampling locations were off-set from proposed locations based upon site conditions 

and professional judgement, or to obtain utility clearance. 

Soil Investigation 

Soil sampling for the background investigation commenced July 23,2001 and continued through 

August 24, 2001. Surface and subsurface soil samples were collected from each of forty soil 

sample locations. Ten sample locations were in each of the four soil associations in areas that had 

no known history of activity that could increase naturally occurring concentrations of inorganics 



or anthropogenic chemicals in surface and subsurface soils. One duplicate sample from each 

depth was collected in each soil association. Figure 5-1 depicts the background soil sample 

locations. In general, the field procedures and sampling methods employed for the soil 

investigation included sample collection, handling and preservation, documentation, and chain- 

of-custody procedures. Specific sampling procedures are outlined in Section 5 of the FSAP. 

All soil samples were collected using a stainless steel hand auger. Augers were decontaminated 

prior to and following sample collection. Equipment decontamination was conducted in 

accordance with the Final Background Investigation Project Plans (Baker, 2001d). Surface soil 

samples were collected from 0 to 6 inches bgs. If present, the upper heavily rooted layer of 

topsoil and matted roots were removed (approximately the top half-inch of material). Subsurface 

soil samples were collected from 6 to 24 inches bgs. The type, color, and other significant 

characteristics of the soils were noted in the field logbooks. Each soil boring was back-filled with 

soil cuttings. 

Each of the surface soil samples was analyzed for Target Compound List (TCL) Semivolatile 

Organic Compounds (SVOCs), pesticides, polychlorinated biphenyls (PCBs), Target Analyte List 

(TAL) inorganics (including cyanide). Each of the subsurface soil samples was analyzed for TCL 

Volatile Organic Compounds (VOCs), SVOCs, pesticides, PCBs, and TAL metals (including 

cyanide), and Total Organic Carbon (TOC). Table 5-1 summarizes the samples collected and the 

analytical parameters for these samples. 

Soil samples submitted for laboratory analysis were prepared according to USEPA Region 111 

SOPS. Samples for VOCs were placed directly in to sampling containers. All other samples were 

thoroughly homogenized before being placed in to the appropriate laboratory container. All 

samples were labeled and temporarily stored in an ice filled cooler. Sample identification 

number, collection date and time, analytical parameters, and sampler were recorded on the sample 

label and the chain-of-custody form. The samples were appropriately grouped and packed in an 

ice filled cooler and sent by Federal Express overnight service to CompuChem Environmental 

Laboratories in Cary, North Carolina for analysis. All appropriate chain-of-custody procedures 

were followed. Copies of the chains-of-custody forms are provided in Appendix A. 



Drilling Procedures 

Drilling activities for the Background Investigation occurred from August 7,2001 to August 22, 

2001. Parratt Wolff, Inc, of Hillsboro, North Carolina was the drilling contractor. During the drilling 

program, two 100-foot exploratory soil borings were advanced to provide lithologic information 

and 11 soil borings were advanced in the process of installing shallow groundwater monitoring 

wells. Each of the borings provided information regarding hydrogeologic conditions. 

Exploratory soil borings are discussed in Section 5.5. Monitoring well installation is discussed in 

Section 5.6.1. Figure 5-1 shows the location of monitoring wells and the exploratory borings. 

Exploratorv Soil Borings 

Two 100-foot exploratory soil borings were advanced for lithologic content. One of these 

borings was located within Soil Association 2, offset from CXBG-MW-03 by approximately 20- 

feet. The other boring was located within Soil Association 3, offset from CXBG-MWO1 by 

approximately 20-feet. These locations are indicated on Figure 5-1. Both of the exploratory 

borings were advanced via hollow stem auger (4.25 inch inner diameter, 5 feet in length) and 

were continuously sampled via split spoons (1.375 inch inner diameter, 2 feet in length) at 2-foot 

intervals the entire length of the boring. Each split-spoon sample was classified visually by the 

site geologist using a modified Unified Soils Classification. The classification included 

characterization of soil type, color, moisture content, relative density, plasticity, and other 

pertinent information such as evidence of contamination. No environmental samples were 

collected from either boring. Lithological descriptions are provided on the Test Boring and Well 

Construction Records in Appendix B. Exploratory soil borings were filled with a 

bentonitelcement grout from the bottom of the boring to the ground surface. 

Groundwater Investigation 

The groundwater sampling program developed for the background investigation was designed to 

obtain an understanding of naturally occurring concentrations of inorganic and organic 

constituents at CAX and the northern portions of WPNSTA. The following sections describe 

monitoring well installation, well development, and groundwater sampling procedures. 



5.6.1 Monitoring Well Installation Procedures 

As part of the background investigation, eleven monitoring wells were installed for the collection 

of groundwater samples. The newly installed monitoring wells were number according to the 

following scheme: 

where: CX = Cheatham Annex 

BG = Background Investigation 

1 = Soil Association Group Number 

MW = Monitoring Well 

01 = Well Identification Number 

The subsections below describe the wells installed within each soil association group. The wells 

themselves were constructed of 2-inch diameter polyvinyl chloride (PVC) with a 5-foot 0-01-inch 

slot screen. A volume of No. 1 silica sand was placed within the borehole around the screen so 

that a minimum of 2 feet of sand settled above the screen around the riser (the non-slotted PVC 

that is connected to the screen and rises above ground surface). A minimum of 2 feet of bentonite 

was placed above the sand pack and hydrated to seal off the screen. The remaining portion of the 

borehole was grouted to the surface with a mixture of bentonite and cement grout. A typical 

monitoring well construction diagram is provided as Figure 5-2. Additional information 

pertaining to the procedures for monitoring well installation and completion are described in the 

FSAP (Baker, 200 1 d). 

Each split-spoon or hand auger sample generated during the we11 installation process was 

classified visually by the site geologist. The classification included characterization of soil type, 

color, moisture content, relative density, plasticity, and other pertinent information such as 

evidence of contamination. Lithological descriptions are provided on the Test Boring and Well 

Construction Records in Appendix B. A summary of construction data for monitoring wells 

installed for the Background Investigation is presented on Table 5-3. 

5.6.1.1 Soil Association 1 (Bohicket, Johnson, and Axis Soil Association) 

Three monitoring wells were installed within Soil Association 1 (refer to Figure 5-l), one along 

King Creek between WPNSTA and the Virginia Fuel Farm (CXBGI-MWOI), one on the spit 



between King Creek and the York River (CXBGI-MW02) and one in the marsh along Queen 

Creek and slightly northwest of Cheatham Pond (CXBGI-MW03). These well locations did not 

allow for drill rig access; therefore, each soil boring was advanced via a hand auger. 

5.6.1.2 Soil Association 2 (Dome, Parnunkey, and Uchee Soil Association) 

Three monitoring wells were installed within Soil Association 2 (refer to Figure 5-I), one off of 

Ringfield Road (toward Felgates Creek) in the northern part of the Restricted Area on WPNSTA 

(CXBG2-MWOl), one off of Chase Road (toward Cheatham Pond) on CAX (CXBG2-MW02), 

and one off of B Street (toward Cheatham Pond) on CAX (CXBGZMWO3). These well 

locations were accessible with a drill rig; therefore, each soil boring was advanced via hollow 

stem augers. 

5.6.1.3 Soil Association 3 (Slaale, Emporia, and Craven-Uchee Complex Soil Association) 

Three monitoring wells were installed within Soil Association 3 (refer to Figure 5-1). These 

wells triangulate Jones Pond and are located off Patrol Road 5, one on the southern end of Jones 

Pond (CXBG3-MWOI), one to the northeast (CXBG3-MW02) and one to the northwest 

(CXBG3-MW03). These well locations were accessible with a drill rig; therefore, each soil 

boring was advanced via hollow stem augers. 

5.6.1.4 Soil Association 4 (Emporia, Emporia Complex, Kemvsville, and Craven-Uchee 

Complex Soil Association) 

Three monitoring wells were proposed for the portion of Soil Association 4 that is located in the 

northern part of the Restricted Area on WPNSTA. One of the proposed well locations was 

located off of Felgates Road, approximately 1,600 feet east of the Ringfeld RoadFelgates Road 

intersection. However, field reconnaissance revealed the existence of monitoring well BGGWO 1, 

which had been installed as part of the 1994 background investigation for WPNSTA. This well 

was located relatively close to the new well's proposed location (approximately 1,400 feet east). 

Therefore, it was decided that it would substitute for CXBG4-MW03. 

Consequently, two monitoring wells were installed within Soil Association 4, one approximately 

200 feet north of Building 163 inside the adjacent woods (CXBG4-MWOl) and one off of the dirt 

road that connects Felgates Road with Burma Road, west of Magazine Group 22 (CXBG4- 
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MW02) (refer to Figure 5-1). Well CXBG4-MWOl's location did not allow for drill rig access; 

therefore, the soil boring was advanced with a hand auger. Well CXBG4-MW02's location was 

accessible with a drill rig; therefore, its soil boring was advanced via hollow stem auger. 

5.6.2 Well Development Procedures 

Prior to groundwater sampling, the eleven newly installed wells and one existing well were 

developed by removing from each well a minimum of five well volumes of groundwater, plus the 

volume of any water added during the drilling or installation process. The wells were developed 

with a Wattera- pump, which agitates the water inside a well in order to put siltfparticulates into 

suspension for their removal as the well water is pumped off. Development water was discharged 

into a 5-gallon bucket to measure the amount of water removed, then it was dumped on-site, 

directly onto the ground (see Section 5.11, Investigation Derived Waste Management). 

Monitoring well development was performed only after the grout used to construct the new 

monitoring wells was allowed to adequately set (i.e., greater than 24 hours). This method helped 

ensure that no grout was introduced into the screened interval during well development. 

Additional details for monitoring well development are found in the FSAP (Baker, 2001d). 

Development was complete when five consecutive field measurements for pH, specific 

conductance, and temperature were considered stable (i-e., readings within 10 percent of each 

other). Development information, including water clarity, pH, specific conductivity, salinity, 

temperature, and comments was recorded in a field logbook. Appendix A, Section 20 1 of the 

Master Project Plans presents the SOPS for "On-Site Water Quality Testing" (Baker, 1994b). 

5.6.3 Groundwater Sampling Procedures 

One round of groundwater samples was collected from the eleven newly installed wells and the 

one existing well. Prior to groundwater sampling, static water levels were measured and used to 

calculate well volumes. Three to five well volumes of groundwater were purged from each 

monitoring well to ensure representative groundwater from the aquifer was sampled. A low-flow 

purge was desired to keep water turbidity low (i-e., less than 5 nephelometric turbidity units 

[NTUs], if practical). Therefore, either a Grunfos Redi-flow submersible pump (for wells deeper 

than 30 feet) or a peristaltic pump (for wells less than 30 feet deep) was used to purge and sample 

the wells. 



Field measurements of turbidity, pH, specific conductivity, and temperature were taken after each 

well volume. Purging was considered complete when three successive field measurements of 

each parameter were within 10 percent of each other and turbidity stabilized (i.e., was less than 5 

NTUs, if practical). Monitoring well purging and groundwater sampling procedures are detailed 

in the FSAP (Baker, 200 1 d). 

Groundwater samples were analyzed for TCL Organics (VOC, SVOC, Pesticides, PCB) and TAL 

Inorganics (metals - total and dissolved and cyanide). Table 5-1 summarizes the environmental 

groundwater samples that were collected and the analytical parameters for these samples. 

5.7 Ouality AssuranceIOualitv Control Samples 

Six types of QAIQC samples were collected and analyzed including field duplicate samples, 

equipment rinsate blanks, field blanks, trip blanks, temperature blanks, and matrix spike1 matrix 

spike duplicate (MSIMSD) samples. A description of each of these types of QAIQC samples is 

provided in Section 5.7 of the FSAP (Baker, 2001d). 

Field duplicate samples were collected from both the soil and groundwater samples at a rate of 

one duplicate per ten samples. Equipment rinsate blanks were colIected fiom decontaminated or 

unused disposable sampling equipment with laboratory-grade deionized water. Three field blanks 

were collected, one fiom each water source that could have an effect on sample analytic results. 

These water sources were (I)  store-bought distilled water that was used to decontaminate 

reusable sampling equipment, such as stainless steel spoons and hand auger heads, (2) laboratory- 

grade deionized water that was used to collect equipment rinsate blanks, and (3) non-potable 

water stored in the drill rig support truck tank that was used during monitoring well installation. 

In addition, trip blanks accompanied all VOC samples during their shipment to the laboratory, 

and temperature blanks were placed in each sample cooler prior to shipment. MS/MSD samples 

were collected from both the soil and groundwater samples at a rate of one MS and one MSD per 

twenty samples. 

Table 5-2 summarizes all of the QA/QC samples collected as part of the Background 

Investigation. 



5.8 Sample - Handling and Analysis 

The following sections present information regarding sample preservation and handling, and 

chain-of-custody procedures. 

5.8.1 Sample Preservation and Handling 

Analytical methods, data quality level, laboratory turnaround times, preservation requirements, 

bottle requirements, and holding times are presented in the Quality Assurance Project Plan 

(QAPP) submitted as part of the Final Project Plans (Baker, 2001d). Field activities were 

conducted according to USEPA protocol. 

5.8.2 Chain-of-Custody Forms 

Chain-of-custody procedures were followed throughout the field program to ensure a 

documented, traceable link between analytical results and the samplelparameter that they 

represent. These procedures are intended to provide a legally acceptable record of sample 

collection, identification, preparation, storage, shipping, and analysis. 

A chain-of-custody form was completed for each container (shipping cooler) in which the 

samples were shipped. After the samples were properly packaged, the coolers were sealed and 

prepared for shipment. Custody seals were placed on the outside of the coolers to ensure that the 

samples were not disturbed prior to reaching the laboratory. Chain-of-custody forms are 

presented in Appendix A. 

5.8.3 Sample Analysis 

Samples sent for TCL Organics and TAL inorganics analysis were subject to Contract Laboratory 

Program (CLP) methods with Level D QAIQC. These analytical methods, their contract required 

detection limits or practical quantitation limits, and QAIQC procedures are described in 

Section 6.0 of the QAPP (Baker, 2001 d). 



5.8.4 Data Validation 

Data validation was performed by an independent data validator for all samples collected, using 

Level D guidelines. The procedures for validation followed the appropriate Level D guidelines 

listed in the M E S A  guidance document (NEESA 20.2-047B). Further details concerning data 

validation are found in Section 7.0 of the QAPP (Baker, 2001d). Data that are evaluated and do 

not pass the validation standards are reported but flagged with qualifiers (see Section 7.1). 

Field Screening and Air Monitoring 

Air monitoring and field screening procedures were implemented during soil sampling and 

drilling activities for health and safety and initial contaminant monitoring. Each soil sample was 

monitored with a photoionization detector (PID). Compounds with an ionization potential less 

than or equal to the electron volt (eV) capacity of the lamp (1 1.7 eV for the instrument used 

during this investigation) can be detected by the PID. Data obtained in the field were recorded in 

a field logbook. Prior to daily monitoring, the instruments were calibrated, with pertinent 

documentation recorded in field logbooks andlor on calibration forms. Specific screening and 

monitoring requirements are outlined in the project Health and Safety Plan (HASP) 

(Baker, 2001d). 

5.10 Decontamination Procedures 

Equipment decontamination was conducted in accordance with the Final Background 

Investigation Project Plans (Baker, 2001d). Specific procedures are discussed in Section 7 of the 

HASP and Section 5 of the FSAP. 

5.11 Investication Derived Waste Mana~ement  

IDW generated during the field investigation included soil from the subsurface borings (cuttings), 

groundwater (from developing and purging wells), decontamination fluids (steam cleaning water 

and decontamination chemicals) and miscellaneous items such as gloves, TyvekTM, and other 

used personal protective equipment (PPE). 

IDW management (soil and groundwater) was conducted in accordance with guidance from 

USEPA's Guide to Management of Investigation-Derived Wastes (USEPA, 1992). This 



document states that "most D W  (with the exception of non-indigenous IRW) generated during 

the course of the investigation are intrinsic elements of the site and should be managed with other 

wastes from the site, consistent with final remedy." The IDW management procedures are 

described below. 

5.11.1 Soil 

Soil cuttings derived from the monitoring well installation and hand augering activities were used 

to fill the sample hole or were spread on the ground surface near the well location. 

5.11.2 Liquid 

Liquid IDW generated during field activities included development and purge water 

(groundwater) from monitoring wells, decontamination water from steam cleaning activities, and 

decontamination. water, solvents and acids used to clean small, reusable sampling equipment. 

These liquids were segregated and stored as noted below. 

Development and purge water generated from monitoring wells at the sites and decontamination 

water (generated by steam cleaning and decontamination of PPE) fiom the sites was discharged 

on the ground near its source. 

Decontamination water containing acids and solvents used for cleaning small, reusable sampling 

equipment was placed into a 30-gallon drum that is labeled and stored on a pallet at a secure 

location at Baker's staging area at WPNSTA, Yorktown. This drum contains liquid D W  both 

from the Background Investigation and fiom three field programs conducted prior to the 

Background Investigation, and is currently just over one-third full. This liquid IDW will be sent 

to an independent off-site disposal company following analytical requirements, as specified by 

the disposal company. Typical analysis includes TCL organics, nitramine compounds (if 

applicable), TAL inorganics, and Resource, Conservation, and Recovery Act (RCRA) hazardous 

characteristics (including reactive cyanide, reactive sulfide, ignitability, and corrosivity [PHI). 

IDW sampling procedures are described in FSAP (Baker, 2001d). 



5.11.3 Personal Protective Equipment 

Items of PPE, such as disposable gloves and TyvekTM, were double-bagged in plastic garbage 

bags and placed in the trash dumpster at Baker's Field Trailer. 

5.12 Global position in^ Svstem Suwey 

Monitoring wells and soil sample locations were surveyed using Global Positioning System 

(GPS) techniques. The GPS Pathfinder Pro XR is a mapping and GIS data capture system that 

integrates the use of off-shore beacons with satellites to enhance its accuracy. After 

postprocessing differential correction, the data system provides a horizontal accuracy between the 

range of 75 centimeters to 10 cm (with 20-minute occupation at the location) and a vertical 

accuracy range of 1.5 meter to 20 cm (with 20-minute occupation at the location). Local 

environmental conditions (e.g. ionosphereic, obstructions of the sky by buildings, and heavy tree 

canopy) may degrade the accuracy by interfering with signal reception. Optimal accuracy is 

obtained by collecting data in an environment that is devoid of large reflective surfaces and also 

has a clear view of the sky. The majority of sample locations were surveyed with the GPS unit; 

however, some sample locations were not compatible with the GPS unit due to satellite blockage. 

At these locations conventional surveying was used to locate the sampling points. GPS and 

conventional surveying data were also used to determine elevations of monitoring wells. 





TABLE 5-1 

SUMMARY GROUNDWATER AND SOIL SAMPLES AND ANALYSES 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE 
WILLIAMSBURG, VIRGINIA 

MEDIUM 

Groundwater 
Samples 

(') TCL organics include volatile organic compounds, semivolatile organic compounds, pesticides, and PCBs. 
TCL = Target Compound List 
TAL = Target Analyte List 

SAMPLE 
IDENTIFICATION 

CXBG1-GWO1 ' 
CXBG1-GW02 
CXBG1-GW03 
CXBG2-GWO 1 
CXBG2-GW02 
CXBG2-GW03 

CXBG3-GWO 1 
CXBG3-GW02 
CXBG3-GW03 

CXBG4-GWO 1 
CXBG4-GW02 

CXBG4-GW03 

DATE 
COLLECTED 

8/21/01 
8/15/01 
8/20/0 1 

8/23/0 1 
8/14/01 
8/14/01 

8/20/0 1 
8/21/01 
8/15/01 

8/24/0 1 
8/24/0 1 
8/23/01 

COMMENTS 
REQUESTED ANALYSES 

TCL 
organics(') 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 

TAL 
Inorganics 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 

CN 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



- 
- 

TABLE 5-1 
(Continued) 

SUMMARY GROUNDWATER AND SOIL SAMPLES AND ANALYSES 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE 
WILLIAMSBURG, VIRGINIA 

MEDIUM 

Surface Soil 
Samples 

TCL - Target Compound List 
TAL - Target Analyte List 

SAMPLE 
IDENTIFICATION 

CXBG1-SS01-00 
CXBG1 -SS02-00 
GXBG1-SS03-00 
CXBG1-SS04-00 
CXBG1 -SS05-00 
CXBG1 -SS06-00 
CXBG1-SS07-00 
C X B G ~ - S S ~ ~ - O O ~  
CXBG1-SS09-00 
CXBG1-SS10-00 
CXBG2-SSO 1-00 
CXBG2-SS02-00 

CXBG2-SS03-00 
CXBG2-SS04-00 
CXBG2-SS05-00 
CXBG2-SS06-00 
CXBG2-SS07-00 
CXBG2-SS08-00 
CXBG2-SS09-00 
CXBG2-SS10-00 

DATE 
COLLECTED 

810610 1 
712510 1 
712510 1 
810610 1 
810610 1 
810610 1 
7/25/0 1 

- - -- 

712510 1 
7125101 
712510 1 

7/27/0 1 
712410 1 
712510 1 
712610 1 
712610 1 
712710 1 
712410 1 
712410 1 
712410 1 
7/25/01 

( 2 ) ~ ~ ~  organics 

SAMPLE 
DEPTH 

0-6 inches 
0-6 inches 

0-6 inches 
0-6 inches 
0-6 inches 
0-6 inches 
0-6 inches 
0-6 inches 
0-6 inches 
0-6 inches 
0-6 inches 
0-6 inches 
0-6 inches 
0-6 inches 
0-6 inches 
0-6 inches 
0-6 inches 
0-6 inches 
0-6 inches 
0-6 inches 

Include semivolatile 

COMMENTS 
TCL 

organics(') 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

organic compounds, 

REQUESTED ANALYSES 
TAL 

I n ~ r g a I l i ~ ~  

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

pesticides, and 

CN 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
k 
X 
X 
X 
X 
X 
X 
X 

PCBs. 



TABLE 5-1 
(Continued) 

SUMMARY GROUNDWATER AND SOIL SAMPLES AND ANALYSES 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE 
WILLIAMSBURG, VIRGINIA 

MEDIUM 1 SAMPLE 1 DATE I SAMPLE I REQUESTED ANALYSES 
COMMENTS IDENTIFICATION 

surface Soil 
Samples 

COLLECTED 

CXBG3-SS10-00 

CXBG4-SSO1-00 
CXBG4-SSO2-00 

CXBG4-SS03-00 

CXBG3-SS0 1-00 
CXBG3-SS02-00 
CXBG3-SS03-00 
CXBG3-SS04-00 
CXBG3-SS05-00 
CXBG3-SS06-00 
CXBG3-SS07-00 
CXBG3-SS08-00 
CXBG3-SS09-00 

I 

DEPTH 

712310 1 

712610 1 
712710 1 
7/2610 1 

7123101 
712410 1 
712410 1 
712310 1 
712410 1 
712410 1 
712410 1 
712410 1 
7/23/01 

( 2 ) ~ ~ ~  organics include semivolatile organic compounds, pesticides, and PCBs. 
TCL = Target Compound List 
TAL = Target Analyte List 

CXBG4-SS04-00 
CXBG4-SS05-00 
CXBG4-SS06-00 
CXBG4-SS07-00 
CXBG4-SSO8-00 
CXBG4-SSO9-00 
CXBG4-SS 10-00 

- 

0-6 inches 
0-6 inches 
0-6 inches 
0-6 inches 

TCL 
organics(') 

0-6 inches 
0-6 inches 
0-6 inches 
0-6 inches 
0-6 inches 
0-6 inches 
0-6 inches 
0-6 inches 
0-6 inches 

712610 1 
712610 1 
712610 1 
712710 1 
712710 1 

712710 1 
712610 1 

X 
X 
X 
X 

TAL 
Inorganics 

X 
X 
X 
X 
X 
X 
X 
X 
X 

0-6 inches 
0-6 inches 
0-6 inches 
0-6 inches 
0-6 inches 
0-6 inches 
0-6 inches 

CN 

- 

X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 



TABLE 5-1 
(Continued) 

SUMMARY GROUNDWATER AND SOIL SAMPLES AND ANALYSES 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE 
WILLIAMSBURG, VIRGINIA 

MEDIUM 

Subsurface 
Soil Samples 

SAMPLE 
IDENTIFICATION 

CXBG1-SBO1-01 
CXBG1 -SB02-0 1 
CXBG1-SB03-01 
CXBG1 -SB04-0 1 
CXBG1-SB05-01 
CXBG1 -SB06-0 1 
CXBG1-SB07-01 
CXBG1-SB08-01 
CXBG1-SB09-0 1 
CXBG 1 -SB 10-0 1 
CXBG2-SBO 1-00 
CXBG2-SB02-00 
CXBG2-SB03-00 
CXBG2-SB04-00 

DATE 
COLLECTED 

810610 1 
712510 1 
7/25/01 
810610 1 
810610 1 
810610 1 
712510 1 
712510 1 
712510 1 
7/25/01 
712710 1 
712410 1 
712510 1 
712610 1 

CXBG2-SB05-00 
CXBG2-SB06-00 
CXBG2-SB07-00 
CXBG2-SB08-00 

, CXBG2-SB09-00 
CXBG2-SB 10-00 

TCL = Target Compound List 
TAL = Target Analyte List 
TOC = Total Organic Carbon 

6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 

7/26/01 
712710 1 
712410 1 
712410 1 
712410 1 
712510 1 

SAMPLE 
DEPTH 

6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 

())TCL organics include volatile organic compounds, semivolatile organic compounds, pesticides, and PCBs. 

X 
X 
X 
X 
X 

COMMENTS 
REQUESTED ANALYSES 

X X X 

X 
X 
X 
X 
X 

TCL 
organics0' 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X -- 

X 
X 
X 
X 
X 

TAL 
Inorganics 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

CN & 
TOC 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



TABLE 5-1 
(Continued) 

SUMMARY GROUNDWATER AND SOIL SAMPLES AND ANALYSES 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE 
WILLIAMSBURG, VIRGINIA 

MEDIUM 

Subsurface 
Soil Samples 

SAMPLE 
IDENTIFICATION 

CXBG3-SBO1-0 1 
CXBG3-SB02-0 1 
CXBG3-SB03-0 1 
CXBG3-SB04-01 
CXBG3-SBOS-0 1 
CXBG3-SB06-0 1 
CXBG3-SB07-0 1 
CXBG3-SB08-0 1 
CXBG3-SB09-0 1 
CXBG3-SB 10-0 1 
CXBG4-SBO 1-0 1 
CXBG4-SB02-0 1 

CXBG4-SB03 -0 1 
CXBG4-SB04-0 1 
CXBG4-SB05-01 
CXBG4-SB06-0 1 
CXBG4-SB07-0 1 
CXBG4-SB08-0 1 
CXBG4-SB09-0 1 
CXBG4-SB 10-0 1 

DATE 
COLLECTED 

712310 1 
712410 1 

712410 1 
7/23/01 
712410 1 
712410 1 
712410 1 
712410 1 
712310 1 
712310 1 
712610 1 
712 710 1 
712610 1 
712610 1 
712610 1 

( 3 ) ~ ~ ~  organics include volatile organic compounds, semivolatile organic compounds, pesticides, and PCBs. 
TCL = Target Compound List 
TAL = Target Analyte List 
TOC = Total Organic Carbon 

7/26/01 
712710 1 
712710 1 
712710 1 
712610 1 

SAMPLE 
DEPTH 

6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 
6-24 inches 

COMMENTS 

- 

REQUESTED ANALYSES 

X 
X 
X 
X 
X 

TCL 
OrganicsD' 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

TAL 
Inorganics 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

CN & 
TOC 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

-- 



TABLE 5-2 

SUMMARY QUALITY ASSURANCEIQUALITY CONTROL (QAIQC) SAMPLES AND ANALYSES 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE 
WILLIAMSBURG, VIRGINIA 

QNQC TYPE 
(MEDIUM) 

Field Blanks 

SAMPLE 
IDENTIFICATION 

CXBG-FBO 1 
CXBG-FB02 

(Aqueous) 

(Aqueous) 

Rinsate Blanks 

DATE 
COLLECTED 

713 010 1 
713010 1 

Trip Blanks 
(Aqueous) 

CXBG-FB03 

CXBG-RSO 1 
CXBG-RS02 

L 

CXBG-RS03 
CXBG-RS04 
CXBG-RSO5 
CXBG-RS06 
CXBG-RS07 
CXBG-RSO8 

I I I I I I I 
. - 1 

(1) TCL organics include volatile organic compounds (VOC), semivolatile organic compounds, pesticides, and PCBs. 

COMMENTS 

Distilled Water for Equipment Decon 

Deionized Water for Rinsate Blanks 

REQUESTED ANALYSES 

X 
X 
X - - 

X 
X 
X 

X -+ filtered 
X + filtered 
X + filtered 

CXBG-TBO1 
CXBG-TB02 
CXBG-TB03 
CXBG-TB04 

TCL = Target Compound List 
TAL = Target Analyte List 

TCL 
organics(') 

X 
X 

Tank Water from Rig Support Truck 
Disposable Pie Pan Rinsed 
Hand Auger Bucket Rinsed 

810810 1 

712410 1 
712410 1 
712510 1 
713 010 1 
810810 1 
8114101 
812010 1 
812410 1 

- - 

X 
x 
X 
X 
X 
X 

. - 

X 
X 
X 
X 
X 
X 

712510 1 
712710 1 
713 010 1 
810610 1 

TAL 
Inorganics 

X 
X 

X 
X 
X - 

Stainless Steel Spoon Rinsed 
Disposable Pie Pan Rinsed 

Disposable Pie Pan Rinsed 
Rigid & Flex Tubing Rinsed 

%" Black Tubing Rinsed 

Flex Tubing Rinsed 

CN 

X 
X 

X 1- filtered 

X 
X 

X 
X 
X 
X 

VOC analysis only 
" 

' 6  

' 6  



TABLE 5-2 
(Continued) 

SUMMARY QUALITY ASSURANCEIQUALITY CONTROL (QAJQC) SAMPLES AND ANALYSES 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE 
WILLIAMSBURG, VIRGINIA 

, 

NA = Not Applicable 
TCL=Target Compound List 
TAL=Target Analyte List 
TOC = Total Organic Carbon 

COMMENTS 

MS and MSD 

MS & MSD, No VOC analysis 
MS & MSD, plus TOC analysis 

MS & MSD, No VOC analysis 
MS & MSD, plus TOC analysis 

MS & MSD, No VOC analysis 

MS & MSD, plus TOC analysis 

MS & MSD, No VOC analysis 

MS & MSD, plus TOC analysis 
MS & MSD, No VOC analysis 
MS & MSD, plus TOC analysis 

MS & MSD, No VOC analysis 

MS & MSD, plus TOC analysis 

MS & MSD, No VOC analysis 

MS & MSD, plus TOC analysis 

PCBs. 

QA/Qc 
TYPE 

(MEDIUM) 
Matrix Spike1 

Matrix Spike Duplicate 
(Aqueous) 

Duplicates 
(Aqueous) 

Matrix Spike/ 
Matrix Spike Duplicate 

(Soil) 

Duplicates 
(Soil) 

SAMPLE 
DEPTH 

NA 

NA 
NA 

0-6 inches 
6-24 inches 

0-6 inches 
6-24 inches 
0-6 inches 
6-24 inches 

0-6 inches 
6-24 inches 
0-6 inches 
6-24 inches 
0-6 inches 

6-24 inches 
0-6 inches 
6-24 inches 
(VOC), 

SAMPLE 
IDENTIFICATION 

CXBG3-GWO1 

CXBG1-GW03D 
CXBG3-GWO 1D 

CXBG1-SS05-00 
CXBG1-SB05-0 1 

CXBG2-SS01-00 
CXBG2-SBO1-01 
CXBG4-SS0 1-00 
CXBG4-SBO 1-0 1 

CXBG1 -SS05-00D 
CXBG1-SB05-01D 
CXBG2-SSO 1 -0OD 
CXBG2-SBO1-OlD 
CXBG3-SS01-00D 
CXBG3-SB06-0 1D 
CXBG4-SSO1 -OOD 
CXBG4-SBO 1-0 1D 

(')TCL organics include volatile 

DATE 
COLLECTED 

812010 1 

812010 1 
812010 1 

810610 1 
810610 1 

712710 1 

712710 1 
712610 1 

712610 1 

810610 1 
810610 1 
712710 1 
712710 1 
7/23/01 
7123101 
712610 1 
712610 1 

organic compounds 

REQUESTED 
' 

TCL 
organics"' 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

semivolatile organic 

ANALYSES 

TAL 
Inorgnnier 

X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

compounds, pesticides, 

CN 

X 

X 
X 

X 
x 
X 
x 
X 
x 
X 
x 
X 
x 
X 
x 
X 
x 

and 



TABLE 5-3 

SUMMARY OF WELL CONSTRUCTION DETAILS 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE 
WILLIAMSBURG, VIRGINIA 

Notes: 

bgs = Below ground surface 
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6.0 PHYSICAL RESULTS OF FIELD INVESTIGATION 

The following subsections present results of the investigation and information pertaining to the 

physiography, geologic and hydrogeologic conditions, and field measurements. 

The geologic and hydrogeologic conditions at CAX and the northern portions of WPNSTA were 

investigated through the classification of two 100-foot exploratory soil borings and eleven 

borings made in conjunction with monitoring well installation. Records of the subsurface 

lithology, well completion details, geotechnical characteristics (Standard Penetration Test [SPT] 

values and other physical features such as color, grain size, moisture content, etc.,) are recorded 

on Test BoringlWell Construction Records, which are presented in Appendix B. 

6.1 General Pbvsioeraohy 

CAX is located in the southeast portion of Virginia on the York-James Peninsula. The annex is 

located in northern portion of York County and is adjacent to James City County. CAX is 

situated in the Atlantic Coastal Plain Physiographic Province. This province extends from the 

Atlantic Ocean westward for 75 to 90 miles where it borders the Piedmont Physiographic 

Province. The Coastal Plain consists of unconsolidated sediments, with its topography split into a 

number of terraces of different elevations each bounded by scarp (cut out) features. The 

fluctuating levels of the sea and subsequent shoreline erosion process formed these terraces and 

scarps over geologic history (Brockman et al, 1997). 

The Coastal Province is comprised of four terraces. The terraces from highest to lowest are: 

Lackey Plain, Croaker Flat, Huntington Flat, and Grafton Plain. Three scarps are also found 

within this province; the Kingsmill, the Lee Hall, and the Camp Peary. The terraces and scarps at 

CAX parallel the York River. They are identified from west to east as the Lackey Plain and 

Croaker Flat terraces, and the Camp Peary scarp (Brockman et al, 1997). 

6.2 Geologic and Hvdroeeoloeic Conditions 

The following subsections present descriptions of the geologic and hydrogeologic settings at 

CAX and are based on the findings of this investigation. 



6.2.1 Geologic Setting 

The Atlantic Coastal Plain physiographic province is underlain by unconsolidated sediments of 

Quaternary, Tertiary, and Cretaceous ages that dip gently to the southeast and have a combined 

thickness of approximately 1,900 ft in the vicinity of CAX (Teifke, 1973). 

Most of the surficial unconsolidated sediment at CAX has been mapped as the Shirley Formation 

of the Pleistocene series (Mixon et al., 1989). This formation is composed of gravel, sand, silk 

clay, and peat deposited in river and estuarine environments. Its thickness is estimated to vary 

fiom 0- to 80-ft. The Chuckatuck Formation of Pleistocene age underlies the Shirley Formation 

and is described as sand, silt, and clay with minor amounts of peat deposited in bay environments. 

The Chuckatuck Formation rests on the top of the Wiudsor Formation, also of Pleistocene age. 

This fortnation is composed of a series of sand and silt deposited in marine and estuarine 

environments. Its thickness is estimated to vary from 0- to 40-ft. 

The Bacons Castle Formation of Pliocene age underlies the Windsor Formation and is described 

as a clayey silt and silty finegrained sand. The Bacons Castle Formation rests unconformably on 

the weathered top of the Upper Yorktown Formation, also of Pliocene age. Identification of the 

Yorktown Formation has been well established with the presence of calcitecemented shells and 

shell fragments, which are common characteristics of the upper portion of the formation. This 

type of lithology was encountered during this field investigation. Figure 6-1 provides a 

relationship between age, geologic unit and hydrogeological unit of formations mentioned above. 

The strata encountered at the background monitoring well locations consist of layers of sand, silt, 

clay, shelYshell fragments, and combinations thereof. Gravel-sized oxidation nodules (femcrete) 

and quartzitic fragments were also encountered (but are not wide spread). 

Two cross-sections were generated fiom the soil boring and monitoring well lithologic logs. 

Figure 6-2 presents the location of Cross-section A to A' in the northeast to southwest traverse 

and Cross-section B to B' in the north to south traverse. Figures 6-3 and 6-4 present Cross- 

sections A- to A' and B- to B'. The strata encountered at the background monitoring well 

locations consist of layers of sand, silt, clay, shelVshel1 fragments, and combinations thereof. 

Gravel-sized oxidation nodules (ferricrete) and quartzitic fragments were also encountered (hut 

are not wide spread). Refer to the boring logs in Appendix B for detailed descriptions of the strata 

encountered at each monitoring well location. 



6 3  CAX Hvdrogeology 

The Atlantic Coastal Plain sediments are the most important source of potable water in the region. 

Recharge to the groundwater system is derived from precipitation. Approximately 50 percent of 

the precipitation is lost to evapotranspiration. The remaining 50 percent either results in surface 

runoff or infiltrates and is introduced into the groundwater regime. Recharge of aquifers may 

occur at the surface near outcrop zones, or from downward migration from overlying strata. 

The hydrogeology of the York County shallow aquifer system at CAX Yorktown is comprised of 

the following five units: (1) the Columbia aquifer, (2) the Comwallis Cave confming unit, (3) the 

Cornwallis Cave aquifer, (4) the Yorktown confiniog unit, and (5) the Yorktown-Eastover 

aquifer. Below this shallow aquifer system is the Eastover-Calvert confining unit (Brockman et 

al, 1997). These hydrogeologic units are discussed below and their relation to the geologic units 

are. listed in Figure 6-1. 

The undivided York County shallow aquifer system exists where one or more of the confming 

units commonly present in other areas of the county is absent (typically adjacent to the York 

River), and two or more aquifers form one hydraulic unit. The Columbia aquifer consists of 

sandy deposits, which exist under unconfined (water table) conditions. This surficial aquifer was 

not identified during this investigation. Clayey or silty sediments typically comprise the 

Cornwallis Cave confining unit, which underlie the Columbia aquifer. Most of York County is 

underlain by the Columbia aquifer and Cornwallis Cave confining unit, but the units are missing 

in areas of western and west-central York County and at CAX Yorktown along the York River in 

an area referred to as the Camp P e q  scarp. 

The Cornwallis Cave aquifer consists of sandy and shelly sediments and is defined by the water 

table (where unconfined). This aquifer is usually distinguished by the discontinuous shell hash 

deposits of the Yorktown Formation but for the most part this aquifer is comprised of silt, clay, 

with minor amounts of fine grained sand. During this field investigation the Comwallis Cave 

aquifer was encountered. 

The Yorktown confining unit, which underlies the Cornwallis Cave aquifer, is comprised of clay 

and silt and is usually distinguishable by its dark greenish gray color. 



The Yorktown-Eastover aquifer underlies the Yorktown confining unit, which is comprised of 

sandy and shelly sediments that is typically confined, but locally may be unconfined (e.g., 

adjacent to the York River). 

The basal unit within York County is the Eastover-Calvert confining unit, which consists of silt 

and clay. 

6.4 Field Measurements 

Field measurements recorded during the background investigation include groundwater level 

measurements and water quality parameters associated with purging. 

6.4.1 Water Quality Parameters 

Specific conductance, temperature, pH, and turbidity, were recorded in association with 

monitoring well purging prior to groundwater sample collection as discussed in Section 5.6.3. 

Monitoring well purge data are presented on Table 6-1. 

6.4.1.1 Specific Conductance 

Specific conductance is defined as the tendency of fluid to transmit an electrical current and is 

related to the concentration and charge of ions present. Specific conductance values ranged from 

approximately 53 to 810 micromhos per centimeter (pmhos/cm). Values of specific conductance 

were greater than 200 pmhoslcm except for the groundwater sample collected from monitoring 

well CXBG3-MWOI (approximately 53 pmhos/cm). 

6.4 1.2 Groundwater Temoerature 

Groundwater temperatures varied from approximately 16 to 23 degrees Celsius. The majority of 

the wells sampled had groundwater temperatures below 19 degrees Celsius except CXBGI- 

MW02, CXBGI-MW03, CXBG3-MW03, and CXBG4-MWO2. These wells had average 

temperature the ranged from 20.1 degrees Celsius (CXBG4-MWOZ) and 22.6 degrees Celsius 

(CXBGI-MW03). 



The water quality parameter pH is defined as the negative logarithm (base 10) of hydrogen ion 

activity. Water is acidic if the pH is less than 7, neutral if the pH is equal to 7, and alkaline if the 

pH is greater than 7. In most groundwater, pH ranges from 6 to 8.5 (Driscoll, 1986). The pH 

values for the groundwater sample collected from the background monitoring wells ranged from 

approximately 4.64 (CXBG3-MWOI) to 7.3 (CXBG4-MWO3). 

Twelve monitoring wells were sampled as part of the background study. According to Table 6-1, 

samples from only two of the 12 wells exhibited a pH outside the 6 to 8.5 standard units (SU) 

range. Thus, low pH appears to be isolated and localized in the bac&ound. 

The pH of groundwater is naturally controlled by geochemistry and biology. It is recognized that 

pH values below 6.0 SU can occur naturally. W h i  there is no direct evidence for nahdly  

occurring low pH values, there are examples from Literature and professional experience. For 

example, low pH values can be a result of the oxidation of sulfur species and ferrous iron (Hem, 

1992). The pH can also be impacted by the presence of naturally occurring organic acids (e.g., 

humic acid) generated from the presence of accumulated organic matter such as peat. Well 

CXBGI-MW03 is located in a wetland area, an environment suitable for the accumulation of 

organic matter. 





TABLE 6-1 

GROUNDWATER EIEIl) PARAMETERS 
BACKGROUND INVESTIGATION 

CEEATHAM ANNEX SITE 
WILLIAMSBURG, yIRGrnu 

Notes: 

"C = Degrees Centigrade 
S.U. = Standard Units 
umhodcm = Micro ohms per centimeter 
m f i  = Milligrams per liter 
N.T.U. = Nephlome!sic Turbidity Units 
NA = Not Aviulable 

- =Water quality readings stable, additional readings not taken 



TABLE Cl(cautinued) 

GROWWATER FIELD PARAMETERS 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE 
WILLIAMSBURG, VIRGINIA 

Notes: 

OC 
S.U. 
umhdcm 

m%L 
N.T.U. 
N A 

- 
(1) 

= Degrees Centigrade 
= Standard Units 
= Micro ohms per centimeter 
= Milligrams per liter 
= Nephlometric Turbidity Units 
= Not Available 
=Water quality readings stable., additional readings not taken 
Well pumped dry and allowed to recharge three times before sampling. 
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7.0 ANALYTICAL RESULTS 

This section presents the quantitative findings of the background investigation, performed from 

July through August 2001. Surface soil, subsurface soil, and groundwater samples collected as 

part of the background investigation were analyzed for characterization purposes to identi& 

ambient levels of inorganic and organic constituents at CAX. Background locations were chosen 

in areas that were, based on historical evidence, unimpacted by past operations at CAX. These 

data will provide a basis for evaluating the naturally occurring or anthropogenic concentrations of 

inorganic and organic constituents against concentrations associated with sitsrelated 

contamination. Positive detections from each media are presented on Tables 7-1 through 7-3. 

Complete data and statistical summary tables are presented in Appendices C through E. 

7.1 Data Onality 

The quality of the data collected as part of this investigation has been assessed for its accuracy 

and precision with respect to prescribed requirements or specifications. To make these 

determinations, data quality evaluations were conducted by Environmental Data Service. Inc., an 

independent, third-party, data validator. Data were evaluated in accordance with the criteria 

established by USEPA guidelines, Laboratory Data Validation Functional Guidelines for 

Evaluating Inorganic Analyses (USEPA, 1988), specific method requirements in OLMO2.1, 

USEPA Region 111 modifications, Level D data requirements, and professional judgement. 

Validation of the analytical data serves to reduce the inherent uncertainties with its usability. 

Analytical data were evaluated to determine the usability of the results as well as contractual 

compliance relative to deliverable5 and the previously cited requirements. Data validation also 

provided an interpretation of the reported quality control results. At a minimum, ten percent of 

all laboratory calculations were verified as part of this validation. In addition, all instrument 

output (e.g., spectra, chromatograms) for each sample was carefully reviewed. Data quality was 

evaluated based on, but not limited to the following analyses: 

Data completeness 

Holding times 

Calibrations 

Blanks 

Surrogate recoveries 



Laboratory control samples 

Laboratory and field duplicates 

MSMSD samples 

Internal standard performance 

Compound identscation 

Compound quantitation 

Based upon the results of this evaluation, some analytical results have been "qualifiedn with 

regard to usability. Qualified data are typically flagged with a letter qualifier, representing an 

associated explanatory note needed to clarify the corresponding analytical results. Many 

qualifiers, such as "J," "K," "L," and "P" indicate that the value reported is estimated. Estimated 

results within a data set are common and considered to be usable by the USEPA (USEPA, 1989). 

Data may be qualified as estimated for several reasons including an exceedance of holding times, 

high or low surrogate recovery, or intra-sample variability. In addition, values may be assigned 

and estimated qualifier if the reported value is below the Contract Required Detection Limit 

(CRDL) or the Contract Required Quantitation Limit (CRQL). Data qualified with the letter "U" 

or "B" were considered to be nondetects. Data assigned a rejected, "R" qualifier, were excluded 

from the usable data set. Other qualiiied data were retained in the usable data set. 

The qualifiers appearing in the analytical tables include the following: 

Not detected substantially above the level reported in laboratory or field blanks 

Analyte present. Concentration exceeded upper level of calibration range of 

instrument. 

Analyte. present. Reported value may not be accurate or precise. 

Analyte present. Reported value may be biased high. Actual value is expected to 

be lower. 

Analyte present. Reported value may be biased low. Actual value is expected to 

be higher. 

Analyte presumed to be present. Tentatively identified compound. 

Analyte present. Pesticide or Aroclor target analyte with greater than 25 percent 

difference for detected concentrations between two gas chromatograph columns. 

Unreliable result. Analyte may or may not be present in the sample. Supporting 

data necessary to confirm result. Data are excluded from usable data set. 



U - Not detected. The associated number indicated approximate sample 

concentration necessary to be detected. When used in conjunction with another 

qualifier, "U'' indicates that the compound is not detected and that the 

quantitation limit is estimated. 

NA- Not analyzed/Not applicable. Compound was either not analyzed for or, in the 

case of statistical summaries, value could not be calculated or does not apply. 

7.2 Data Manaeement and Tracking 

The management and trackimg of samples and subsequent data from the time of field collection to 

receipt of the validated electronic analytical results is of primary importance for the overall 

quality of the analytical results. Field samples and their corresponding analytical tests were 

recorded on the chain-of-custody forms, included as Appendix A. The chain-of-custody forms 

were checked against the F i a l  FSAP (Baker, 2001d) to determine if d designated samples were 

collected for the appropriate parameters. Upon receipt of the laboratory results, a comparison of 

the field information was made to determine if each sample received by the laboratory was 

analyzed for the correct parameters. Similarly, the validated information was compared to 

laboratory information as a final check. In summary, the tracking information was used to 

identify the following items: 

Identify sample discrepancies between the analysis plan and the field investigation; 

Verify that the laboratory received all samples, and analyzed for the correct parameters; 

Verify that the data validator received a complete data set; and 

Ensure that a complete data set was available for each media of concern prior to entering 

results into the databases. 

7.3 OAlOC Samole Results 

As part of the requirements for field quality control under the Naval Facilities Engineering 

Service Center (NFESC), three types of QAIQC blanks were evaluated: field blanks, equipment 

rinsate blanks, and trip blanks. Laboratory QC samples (extra volume collected for MSMSD) 

were collected in the field. In addition, laboratory and field duplicate sample results were 
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evaluated during validation based on relative percent difference (RF'D) to assess variabilities of 

the measurement process and sampling techniques, respectively. 

This section discusses the results of field blanks, equipment rinsate blanks, and trip blanks. 

MSMSD sample results and laboratory duplicate sample results are not presented in this section 

because they represent laboratory quality control checks that are evaluated by the data validator. 

Analytical results for field duplicates are presented with media-specific data on Tables 7-1 

through 7-3. The analytical results for organic and inorganic parameters for field blanks, 

equipment rinsate blanks, and trip blanks are provided on Tables 7-4 through 7-6. The following 

subsections discuss the results for each set of blanks. 

73.1 Field Blanks 

Three field blanks were collected as part of the Background Investigation. CXBG-FBOl was 

collected h m  distilled water used for equipment decontamination, CXBG-FBO2 was collected 

from deionized water used for equipment rinsate blanks, and CXBG-FB03 was collected from 

tank water from the drill rig support truck. Table 7-4 summarizes compounds detected in one or 

more field blanks. The field blanks were analyzed for TCL organics and TAL inorganics 

(uditered) and cyanide. CXBG-FB03 was also analyzed for filtered fractions of TAL 

inorganics. 

No chemicals were detected in CXBG-FBO1. 

The inorganics potassium and sodium were detected in CXBG-FBO2. Potassium and sodium are 

essential nutrients that are commonly present in low concentrations in water supplies. The 

pesticide alpha-chLordane was also detected in CXBG-FBO2 at an estimated concentration of 

0.015 ug/L. This is a low-level detection and is qualified as estimated because it is below the 

method reporting limit. It is noted that although CXBG-FB02 was a sample of the water used for 

equipment rinsates, alpha-chlordane was not detected in any of the equipment rinsate samples. 

The organics dibromodichloromethane, chloroform, dibromochloromethane, and bis(2- 

ethylhexy1)phthalate were detected in CXBG-FB03. A number of inorganics were also detected 

in CXBG-FB03 including barium calcium, copper (filtered only), iron, magnesium, manganese, 

nickel, potassium, sodium, and zinc (filtered only). These constituents occur naturally in 

groundwater and surface water and are commonly present at low concentrations in water supplies. 



73.2 Equipment Riasate Blanks 

Eight equipment rinsate blanks were collected as part of the Background Investigation. Table 5-2 

provides information regarding the source of each rinsate blank. Each sample was analyzed for 

TCL organics and TAL inorganics (unfiltered) and cyanide. CXBG-RS06, CXGB-RS7, and 

CXBG-RSO8 were also analyzed for filtered fractions of TAL inorganics. Table 7-5 summarizes 

compounds detected in one or more equipment rinsate blanks. 

The volatile organic compounds acetone, methylene chloride, di-n-butylphthalate, and bis(2- 

ethylhexy1)phthalate were detected in multiple rinsate blanks. These compounds are common 

laboratory contaminants. The pesticide aldrin was detected in CXBG-RS06 and the pesticide 

heptachlor epoxide was detected in CXBG-RSO2 and CXBG-RSO6 at low levels. Low levels of 

inorganic constituents (total hction) were detected in all equipment rinsate blanks except 

CXBG-RS03, CXBG-RS06, and CXBG-RSO7. These inorganics included antimony, barium, 

chromium, cobalt, nickel, selenium, sodium, and vanadium. Dissolved fractiom of chromium 

and silver were detected in CXBG-RS07. Inorganic constituents occur naturally in soil and 

groundwater and are commonly present at low concentrations in water supplies. 

733 Trip Blanks 

Seven t i p  blanks were collected during the Background Investigation and were analyzed for 

VOCs. Table 7-6 summarizes compounds detected in one or more trip blanks. Methylene 

chloride was detected in two of the seven samples at low levels. Methylene chloride is a common 

laboratory contaminant. 

7.4 Background Surface Soil Sample Results 

Forty-four surface soil samples (including four duplicate samples) were collected and analyzed 

for TCL Organics (SVOCs, pesticides, and PCBs), TAL Inorganics, and cyanide. Thirteen 

SVOCs, 17 pesticides, and 22 inorganic compounds were detected in surface soils. 

Table 7-7 presents the range and frequency of detections for each soil association data set. 

Inorganics were detected in all 44 surface soil samples. Cadmium and cyanide were not detected 

in any of the surface soil samples. The SVOC bis(2-ethylhexyl)phthalate, a common laboratory 

contaminant, was detected in 22 of the 44 surface soil samples. No other SVOC was detected 

more than once in a given soil association. One or more pesticides were detected in 25 of the 

surface soil samples. 
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Surface soil samples were collected from within all four of the soil associations present at CAX 

and northern WPNSTA. These soil associations include: 1) Bohicket, Johnston, and Axis Soil 

Association - found on marshes and floodplains in water-deposited material; 2) Dogue, 

Parnunkey, and Uchee Soil Association - formed on river terraces; 3) Emporia, Slagle, and 

Craven-Uchee Complex Soils Association - formed on coastal plain uplands, and 4) Kempsville, 

Emporia, Emporia Complex, and Craven-Uchee Complex Soils Association - as with Group 3, 

formed on coastal plain uplands (see Section 3). Positive detections in surface soils from each 

soil association are presented on Table 7-7. 

The following constituents were detected at least once in each of the soil associations: 

acetophenone, bis(2-ethyIhexyl)phthalate, 4,4'-DDE, alpha-chlordane, gamma-chlordane, 

aluminum, arsenic, barium, calcium, chromium, cobalt, copper, iron, lead, magnesium, 

manganese, nickel, potassium, selenium, vanadium, and zinc. 

Soil Association 1 contains the most maximum detected concentrations of the TAL inorganics 

analyzed. The majority (68 percent) ofthe maximum detected concentrations of inorganics was 

detected in Soil Association 1. Those inorganics with maximum concentrations in Soil 

Association 1 include aluminum, antimony, beryllium, calcium, chromium, copper, lead, 

magnesium, mercury, nickel, potassium, selenium sodium, vanadium, and zinc. Soils in this 

association are located on marshes and floodplains in water-deposited material. They are 

commonly nearly level, waterlogged, and often flooded. These soils typically receive seepage 

and runoff from higher lying areas. Soils such as these can serve as sources, sinks, or 

transformers of chemicals depending on the soil type and hydrologic conditions. Soils such as 

these have been shown, under favorable conditions, to remove organic and inorganic constituents 

(and toxic materials) from water that flows across them (Mhch, 1986). This removal can be 

attributed to many factors including, but not limited to: a reduction in velocity as water enters 

these areas causing some chemicals to "drop into" the soils; a variety of anaerobic and aerobic 

processes such as chemical precipitation, that remove certain chemicals from the water, and, a 

high contact rate between water and soils leading to a significant exchange of nutrients. In 

addition, as marshes and low terraces are typically zones of low energy (i.e., low velocity 

transport mechanism), the particle size is typically smaller than those soils deposited in higher 

energy environments. The mineralogy of the fme-grained soils (silts and clays) may differ from 

the coarser grained soils (sands and gravels). 

Maximum concentrations of silver were found in Soil Association 2, on the terrace of the York 

River. Maximum couceutrations of barium were found in Soil Association 3 and maximum 
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concentrations of arsenic, cobalt, iron, manganese, and thallium were found in Soil Association 4. 

Soil Associations 3 and 4 are located in upland habitat. 

7.5 Background Subsurface Soil Samole Results 

Forty-four subsurface soil samples (including four duplicate samples) were collected and 

analyzed for TCL Organics (VOCs, SVOCs, pesticides, and PCBs), TAL Inorganics and cyanide, 

and TOC. Eight VOCs, three SVOCs, 11 pesticides, 18 inorganic compounds, and cyanide were 

detected in subsurface soils. 

Table 7-8 presents the range and frequency of detections for each soil association data set  

Inorganics were detected in all 44 surface soil samples. Antimony, beryllium, cadmium, silver, 

and thallium were not detected in any of the surface soil samples. The SVOC bis(2- 

ethylhexyl)phthalate, a common laboratory contaminant, was detected in 17 of the 44 subsurface 

soil samples. One or more pesticides were detected in 13 of the subsurface soil samples. 

Like surface soils, subsurface soil samples were collected h m  within all four of the soil 

associations present at CAX and northern WPNSTA. Frequency of detection and the range of 

positive detections from each soil association are presented on Table 7-8. The following 

constituents were detected in subsurface soils at least once in each of the soil associations: alpha- 

chlordane, aluminum, arsenic, barium, calcium, chromium, cobalt, copper, iron, lead, magnesium, 

manganese, nickel potassium, vanadium, and zinc. 

As for surface soil samples, the majority (63 percent) of the maximum detected concentrations of 

inorganics in subsurface soils were detected in Soil Association 1. Those inorganics with 

maximum concentrations in Soil Association 1 include aluminum, chromium, copper, cyanide, 

lead, magnesium, nickel, potassium, selenium, sodium, vanadium, and zinc. Maximum 

concentrations of calcium were found in Soil Association 2, maximum concentrations of cobalt 

and manganese were found in Soil Association 3, and maximum concentrations of arsenic, 

barium, iron, and mercury were found in Soil Association 4. 

7.6 Backround Groundwater Samale Results 

Fourteen groundwater samples (including four duplicate samples) were collected and analyzed 

for TCL Organics (VOCs, SVOCs, pesticides, and PCBs), TAL Inorganics (filtered and 



unfiltered), and cyanide. Three VOCs, 16 inorganic wmpounds (total fraction), and 12 inorganic 

wmpounds (filtered fraction) were detected in groundwater. 

Table 7-9 presents the range and fresuency of detections for groundwater data sets collected from 

each soil association. Inorganics were detected in all 14 groundwater samples. In unfiltered 

water, beryllium, cadmium, lead, mercury, nickel, selenium, silver, and cyanide were not 

detected. In filtered water, aluminumum barium, beryllium, cadmium, chromium, copper, lead, 

mercury, nickel, selenium, and zinc were not detected. 

The VOC carbon disulfide was detected in 4 groundwater samples, all collected fiom monitoring 

wells in Soil Association 1. Methylene chloride, a common laboratory contaminanf was detected 

in groundwater fiom Soil Associations 1 and 3. Toluene, another common laboratory 

contaminanf was detected in groundwater from Soil Associations 1 and 4. 

Total fractions of antimony and cbromium and dissolved fractions of potassium were detected at 

least once from groundwater in each soil association. Fifty-six percent of maximum detected 

concentrations of total (&ltered) inorganics were detected in groundwater f b m  monitoring 

wells in Soil Association 1. These total inorganics include calcium, copper, iron, magnesium, 

manganese, potassium, sodium, thallium, and vanadium. Maximum detected concentrations of 

cobalt and zinc were found in groundwater from Soil Association 3. Maximum detections of 

antimony were found in groundwater from Soil Associations 3 and 4. Maximum detections of 

aluminum, arsenic, barium, and chromium were found in groundwater h m  Soil Association 4. 

Seventy-five percent of maximum detected concentrations of dissolved (filtered) inorganics were 

detected in groundwater fiom Soil Association 1. These dissolved inorganics include calcium, 

iron, magnesium, manganese, potassium, silver, sodium, thallium, and vanadium. Maximum 

dissolved concentrations of cobalt were detected in groundwater from Soil Association 3. 

Maximum dissolved concentrations of antimony and arsenic were detected in groundwater from 

Soil Association 4. 

As discussed in Section 5.6.3, low-flow purging and sampling procedures were employed in order 

to decrease the quantity of suspended particulates in groundwater samples. For the Background 

Investigation, the detected concentrations of analytes in filtered groundwater samples are only 

slightly lower than those for unfiltered samples. Silver was detected in one filtered groundwater 



sample but not in any of the non-filtered samples. Aluminum, barium, chromium, copper, and 

zinc were detected in unfiltered but not filtered groundwater samples. 





TABLE 7-1 

SAMPLG ID 
SAMPLE DAW 
SAMPLE DEPTH 

Semivolatilm (ugnig) 
Acetaphenone 
Benzaldehyde 
Bcnzo(a)e.nthmcnc 
B e n w ( a ) ~ m  
Bcnm@)tluaranthenc 
Bmzo(&h,i)pcrylmc 
Bnzo(k)fluoranthene 
c m e  
Di-n-octylphthnlate 
Fluoranthmc 
Indmo(l3f-cdlpyrmc 
P p n c  
bis(2-Ethylhexyl)phthalate 
4,4'-DDD 
44'-DDE 
4A'-DDT 
Dieldrin 
Endosulfan I 
Endosulfan I1 
Endosulfan sullatc 
Endrin 
Endrin aldehyde 
Endrin ketmc 
Hoptachlor cpoxide 
alpha-BHC 
alphPChlordsnc 
beta-BHC 
deltn.BHC 
gannm-BHC (Undanc) 
emmaChlordane 

SUMMARY OF AYALYTICAL CONSTITUENTS DETECTED IN SURFACE S O U  
COMBINED DATA SET 

BACKGROUND INVESTIGATION 
CREATHAM ANNEXSITE, WIUIAMSBURG, VIRGINIA 



TABLE 7-1 

SAMPLE ID 
SAMPLE DATE 
SAMPLE DEPTH 

Inorgenlcr ( m w  
Aluminum 
Antimony 
Arsenic 
Barium 
Betyllium 
Calcium 
Chromium 
Cobalt 
coppu 
Imn 
Lend 
Magnssium 
Manganwc 
Mmw 
Nickel 
PotMsium 
Selmium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

SUMMARY OF ANALYTICAL CONSTITUENTS DETECTED IN SURFACE SOIL 
COMBINED DATA SET 

BACKGROUND INVESTlGATlON 
CHEATHAM ANNEX SITE, WLLMMSBCRG, VIRGINIA 



TABLE 7-1 

SAMPLE ID 
SAMPLE DATE 
SAMPLE DEPTH 

Semivolatilu ( u r n )  
Acetophenone 
Bmzaldehyde 
Bmzo(a)anthraccne 
Benzo(a)ppne 
Bcnro@)tluomnthmc 
Benm(g,h,i)parylene 
BcnmQfluoranthenc 
Chryamc 
Di-n-octylphthalate 
Fluoranthcne 
Indeno(l,2,3-uljpyrenc 
P F e  
bir(2-Ethylhexyljphth~late 
4.4LDDD 
4,4'-DDE 
4.4'-DDT 
D~eldrin 
Endosulfan 1 
Endosulfsn II 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Htptachlor epoxide 
alpha-BWC 
alphaChlordane 
be@-BHC 
deltaBHC 
g a m - B H C  (Lindane) 
gammaChlordane 

SUMMARY OF ANALYTICAL CONSTITUENTS DETECTED IN SURFACE S O U  
COMBINED DATA SET 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 



TABLE 7-1 

SAMPLE m 
SAMPLE DATE 
SAMPLE DEPTH 

Inorgsnlu fm@kg) 
Aluminum 
Antimany 
Anmic 
Barium 
Beryllium 
Calcium 
Chromium 
Cobalt 
C ~ P P ~  
Inn 
Lead 
Magnesium 
Manganese 
Mncury 
Nickel 
Polrsaium 
Sclenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

SUMMARY OF ANALYTICAL CONSTITUENTS DETECTED IN SUWACE SOIL 
COMBlNBD DATA SET 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VLRGINIA 



TABLE 7-1 

SUMMARY OF ANALYTICAL CONSTITUENTS DETECTED IN SURFACE SOIL 
COMBINED DATASET 

BACKGROUND INVESTIGATION 
CHEATHAM AVNEX SITE, WILLIAMSBURG, VIRcrnM 

SAMPLE ID 802-SS07-00 BG2SS08-00 BG2SS09-00 BCi2-SS10-00 BG34SO1.00 BG3SSO1-0OD BG3SSOZ-00 803-SSO3-00 BG3SS04-00 
SAMPLE DATE 07-24-2001 07-24-2001 07-24-2001 07-25-2001 07-23-2001 07-23-2001 07-24-2001 07-24-2001 07-23-2001 
SAMPLE DEPTH 0 - 6" 0 - 6" 0 -6"  0-6" 0-6"  0-6"  0 - 6 "  0 - 6" 0-6" 

Semivol~tuea (uglkg) 
Acewhmme 
Bmldehyde 
Benzo(a)anthrscmc 
B M a h m e  
Benzo@)nuoranthenc 
hWsbJ)pa/lne 
Bcnm(k)fluoranlhene 
Chrysme 
Dia-wtylphthalare 
Flumnthme 
htdnro(l,2,3sd)pyme 
P m e  
bis(2-Ethylhexyl)phthplate 
PA'-DDD 
4,4'-DDE 
4,GDDT 
Dieldrin 
Endosulfan I 
Endosulfan U 
Endosulfan sulfnls 
Endrin 
Endrin aldehyde 
Endrin ketone 
Heptaohlor epaxidc 
alpha-BHC 
alpha.Chlordanc 
bctnBHC 
delta-BHC 
g a m - B H C  Ojndanc) 
gamnu.Chlmdanc 



TABLE 7-1 

SAMPLE m 
SAMPLE DATE 
SAMPLE DEPTH 

Inorganics (mg/kg) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Calcium 
Chromium 
Cobalt 
C ~ P P ~  
Imn 
Lead 
Magnesium 
Manganwe 
Mercury 
Nickel 
Poudum 
Selenium 
Silvm 
Sodium 
'Ihdlium 
Vanadium 
Zinc 

SUMMARY OF AYALYTICAL CONSTITUENTS DETECTED m SURFACE SOIL 
COMBINED DATA SET 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINLA 



TABLE 7-1 

SUMMARY OF ANALYTICAL CONSTITUENTS DETECTED IN SURFACE SOIL 
COMBINED DATA SET 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

SAMPLE ID B03.SS05.00 BG3-SS06-00 803-SS07-00 BG3-SS08-00 BG3-SS09-00 BG3SSlO-00 804-SSOI-00 BG4-$301-00D BG4-SS02-00 
SAMPLE DATE 07-24-2001 07-24-2001 07-24-2001 07-24-2001 07-23-2001 07-23-200 1 07-26-200 L 07-26-2001 07-27-2001 
SAMPLE DEPTH 0-6"  0-6" 0 -6"  0-6"  0-6"  0-6" 0-6" 0 - 6" 0-6" 

Semlvolatllu (ugikg) 
Aoctophmone 
Benzaldehyde 
Bmzo(a)anthracene 
B W ~ b y n n e  
Bmw(b)tluornnthme 
Bc~o(cl,h,iZpayI8nc 
Bmzo(k)fluoranthme 
Chryacne 
Di-natylphthalate 
F l u o m t h e  
Indmo(l,2,3+d)ppene 
m e  
bis(2-Ethylhcxyl)phthaIate 
4-4'-DDD 
4,4'-DDE 
4,4'-DM 
Dieldrin 
Endosulfan I 
Endosulfm U 
Endosulfm sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Heptachla epoxide 
alpha-BHC 
alpha-Chlordane 
beta-BHC 
delta-BHC 
g a m - B H C  (Lindane) 
gammachlordane 



SAMPLE ID 
SAMPLE DATE 
SAMPLE DEPTH 

Inargaaler (mg/kg) 
Aluminum 
Antlmony 
Arsenic 
Banum 
Beryllium 
Calcium 
Chmmium 
Cobalt 
C ~ P P ~  
Iron 
Lend 
Magnesium 
Manganese 
Mercury 
Nickel 
Pollvitium 
Sclcnium 
S~lver 
Sodium 
Thallium 
Vanadium 
Zinc 

SUMMARY OF ANALYTICAL CONSTITUENTS DETECTED IN SURFACE SOIL  
COMBINED DATA SET 

BACKGROUND MVlESnGATlON 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 



TABLE 7-1 

SAMPLE ID 
SAMPLE DATE 
SAMPLE DEPTH 

Semlvolatller @#kg) 
Acctophenmc 
Bonuldehydc 
Bmzo(a&nthracae 
Baur(arpyrcne 
Benzo@)flumanthene 
Benm(g,h,i)per/lme 
BmzoQfluaranthcnc 
Chrymc 
DI-ndctylphthalatc 
Fluomthmc 
Indmo(l.2.3-cdrpyenc 
p m e  
bie(2-EUly1hexyl)phthalatc 
4,4'-ODD 
4,4'-DDE 
4,4'-DDT 
Dlcldrin 
6ndosulfan I 
Endosulfan 11 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Hcptachlor cpox~de 
alpha-BHC 
alphaChlordane 
bcta-BHC 
delta-BHC 
gamma-BHC (L~ndane) 
gamms-Chlordane 

SUMMARY OF ANALYTICAL CONSTITUENTS DETECTED IN SURFACE SOIL 
COMBINED DATA SET 

BACKGROUND INVESTIGATTON 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

360 U 350 U  
360 U 350 U  
360 U 350 U 
360 U  350 U  
360 U  350 U  
360 U  350 U  
360 U 350 U  
360 U 350 U 
360 U  350 U 
360 U 350 U  
360 U  350 U  
360 U 350 U  
230 B 54 B 
1.6 U 3 5  U 
3.6 U 3.5 U 
3.6 U 3.5 U 
3.6 U  3.5 U  
1.8 U 1.8 U  
3.6 U  3.5 U  
3.6 U 3.5 U  
3.6 U  3.5 U 
3.6 U  3.5 U 
3 6 U  3 S U  
I 8 U  1.8 U  
1.8 U  1.8 U  
I J B  1.5 J 
1 8  U  1.8 U  
1.8 U  1 8  U  
1 8 U  1 8 U  
I S U  1.8 u 





TABLE 7-2 

SUMMARY OF ANALYTICAL CONSTITUENTS DETECTED IN SUBSURFACE SOIL 
COMBINED DATA SET 

BACKGROUND INVESTIGATION 
CHEATHAY ANNEX SITE, WULUMSBURG, VIRGINIA 

SAMPLE ID BGI-SBOI-OI BGI-SB02-01 BGI-SB03-01 BGI-SB04-01 BGI-SB05-01 BGI-SB0541D BGI-SB06-01 BGI-SBO7-01 
SAMPLE DATE 08-06-2001 07-23-2001 07-23-2001 08-06-2001 08-06-2001 08-06-2001 08-06-2001 07-23-2001 
SAMPLE DEPTH (inches) 6-24" 6 - 24" 6 - 24" 6 - 24" 6 - 24" 6 - 24" 6 - 24" 6 - 24" 

VolaUla @#kg) 
1,1,22-Temhlomethane 
2-Eutanac 
Acetone 
CPrbcn Disulfidc 
llopmpylbenzcne 
Methylme Chlaride 
S w e  
Toluene 
Bennaldehyde 
Phmol 
bis(2-Ethylhuyllphthalatc 
4P'-DDD 
4,4'-DDE 
Dieldrin 
Bndosulfan 1 
Bndosulfan sullsh 
Endrin aldehyde 
Endrin kmne 
alpha-BHC 
alpha-Chlordane 
beta-BHC 
delta-BHC 
Total Organic Carbon 



TABLE 7-2 

SAMPLE ID 801-SBOI-01 BG1-SB02-01 
SAMPLE DATE 08-06-2001 07-23-2001 
SAMPLE DEPTH (mchcs) 6 . 24" 6 - 24" 

SUMMARY OF ANALYTICAL CONSTITUENTS DETECTED IN SUBSURFACE SOIL 
COMBINED DATA SET 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Lorganiu, (mgtkg) 
Alumlnum 
Arsmic 
Barium 
Calcium 
Chmmium 
Cobell 
copper 
Cyanide 
lron 
Lsld 
Magnesium 
Mmgnn~c 
Mercury 
Nickel 
Pws ium 
Selmium 
Sodium 
Vanadium 
Zinc 



TABLE 7-2 

SUMMARY OF ANALYTICAL CONSTITUENTS DETECTED IN SUBSURFACE S O U  
COMBMED DATA SET 

BACKGROUND INVKSTICATION 
CHEATHAM ANNEX SITE, WULIAMSBURC, VIRGINU 

SAMPLE ID BGI-SBO9-01 BGI-SBIO.01 802-5B01-01 BGZ-SBOI-OI D BG2-SBO2-01 002-SB03-01 B02-5804-0 1 BG2-$003-01 BG2-SBOWI 
SAMPU? DATE 97-23.2001 07-23-2001 M-27-2001 07-27-2001 07-23-2001 07-233001 07-26-2001 07-26-2001 07-27-2001 
SAMPLE DBPTH (inches) 6 - 24" 6-24" 6 - 24" 6 24" 6 - 24" 6 - 24" 6 - 24" 6-24" 6 - 24" 

VolrUln (uglkg) 
1,l J J-Tsrachlomthane 
2-ButanDnC 
Acetone 
Cnrbon Disulfide 
lsopmpylbamc 
Mcthylae Chl&de 
s m e  
Toluene 
Bnualdehydc 
P h o l  
bn(2-Eulylhexyl)phthalate 
4,4-DDD 
44'-DDE 
Dieldrin 
EndosuYPnl 
Endosulfan sulfate 
Endrin aldehyde 
Endnn ketone 
alpha-BHC 
dpha-Chlordane 
bna-BHC 
delta-BHC 
Total Organic Carbon 



TABLE 7-2 

SUMMARY OF ANALYTICAL CONSTmUENTS DETECTED IN SUBSURFACE SOIL 
COMBINED DATA SET 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURC, VIRGINIA 

SAMPLE ID BGI-SB09-01 BGISBIO-01 BG2-SBOI-01 BG2SB01.01D BG2-SB02.01 BG2-SBO3-01 
SAMPLE DATE 07-23-2001 07-23-2001 07-27-2001 07-27-100 1 07-23-2001 07.23-2001 
SAMPLE DEPTH (~nchcs) 6 - 24" 6 - 24" 6 - 24" 6 - 24" 6 - 24" 6 - 24" 

Inorgmlca ( m e )  
Aluminum 
Arsenic 
Barium 
Calcium 
Chmmium 
Cobalt 
C@PPU 
Cyanide 
Iron 
LePd 
Magncaium 
Mlngmcsc 
Mercury 
Nickel 
PotsJsium 
Selenium 
S~dium 
Vanadium 
Zinc 



SUMMARY OF ANALYTICAL CONSTITUENTS DETECTED IN SUBSURFACE SOIL 
COMBINED DATA SET 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

SAMPLE ID BGZSBO7dl BGZ-SBO8dl 802-SBO9-01 802-SBIO-01 BG3-SBOI-OI BO3SBOl-OID BG3-SBO2-OI 
SAMPLE DATE 07-23-2001 07-24-2001 07-24-2001 07-25-2001 07-23-M01 07-23-2001 07-23-2001 
SAMPLE DEPTH (mchcs) 6 - 24" 6 - 24" 6 - 24" 6-24" 6 - 24" 6 - 24" 6 - 24" 

Volatla (ugkg) 
1,1,2,2-Tatrachlmethane 
2-Bunnone 
Acetone 
Carbon Disultide 
lsopropylbmzcnc 
Methylme Chlaride 
Styrene 
Toluene 
Bcnzaldchyde 
Phenol 
bis(2-Ethylhexyl)phthnIste 
44'-DDD 
4A'-DDE 
Dieldrin 
Endoaulfan 1 
Endosulh sulfate 
Endrin aldchydt 
Endrin W n e  
slpha-BHC 
alphaChlordane 
beta-BHC 
delta-BHC 
Tolal Organic Carbon 

58 J 73 J 
3.7 U 3 6 U  
3.7 U 3.6 U 
3.7 U 3.6 U 
I Q U  1.9 U 
3.7 U 3.6 U 
3.7 U 3.6 U 
3.7 U 3 6 U 
1.9 U 1 9 U  
1 9  U 1.9 
1 9 U  0.99 J 
1.9 U 1.9 U 

4584 6682 





TABLE 7-2 

SUMMARY OF ANALYTICAL CONSTITUENTS DETECTED IN SUBSURFACE SOIL 
COMBINED DATA SET 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURC, VIRGINIA 

SAMPLE ID 803-SB05-01 903-SB06.01 BG3-SB07-01 BG3-SB08-01 BG3-SBO9-01 803-SB10-01 BG4-SBOl-01 BG4-SBOI-01 D BG4-SB02-01 
SAMPLE DATE 07-23-200 1 07-23-2001 07-23-2001 07-23-2001 07-23-2001 07-23-2001 07-26.2001 07-26-2001 07-27-2001 
SAMPLE DEPTH (inches) 6 - 24" 6 - 24" 6 - 24" 6 - 24" 6 - 24" 6 - 24" 6 - 24" 6 - 24" 6 - 24" 

Volafflw (u J!q) 
1,122-Ttaachloroethane 
2-Butanone 
Acetone 
Catbon hsulhde 
lropmpylbcnzmc 
Methylcne Chlorids 
S m e  
Toluene 
Benzaldehyde 
Phenol 
bis(2-Ethylhsxyl)phth8I~te 
4,4'-DDD 
4.4'-DDE 
Dieldrin 
Endosulfan I 
Endosulfan sulfate 
Endrin aldehyde 
Endrin ketone 
alpha-BHC 
alpha-Chlordane 
beta-BHC 
delta-BHC 
Total Organic Carbon 



TABLE 7-2 

SUMMARY OF ANALYTICAL CONSTITUENTS DETECTED IN SUBSURFACE S O U  
COMBINED DATA SET 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

SAMPLE ID BG3-SBO5-01 803-SB06-01 003-3607-01 BG3.SB08-01 BG3SB09-01 603-SBIO-01 BG4-SB01-01 604-SBOI-01D BG4SB024l 
SAMPLE DATE 07-23-2001 07-23-2001 07-23-2001 07-23-2001 07-23-2001 07-23-2001 07-26-2001 07-26-200 1 07-27-2001 
SAMPLE DEPTH (mches) 6-24" 6-24" 6 - 2 4  6 - 24" 6 - 24" 6 - 24" 6 - 24" 6 - 24" 6 - 24" 

Inorgnaiu, (m#kg) 
Aluminum 
Arsenic 
Barium 
Culcium 
Chromium 
Cobalt 
Copper 
Cyanide 
b n  
Lead 
Magnesium 
M~nganesc 
Mmury 
Nickel 
Potassium 
Selenium 
Sodium 
Vanadium 
Zinc 



TABLE 7-2 

SAMPLE ID 
SAMPLE DATE 
SAMPLE DEPTH (inches) 

Volatllu (udkg) 
1.1.2,2-Tmnchlomcthane 
2-Butanone 
ACdone 
Carbon Disulfide 
Isopmpylbenme 
Mcthylenc Chloride 
Styrene 
Wlumc 
Bcnzsldehyde 
Phenol 
bs(2-Ethylhexyl)ph~alate 
4,4'-DDD 
44'-DDE 
Dieldnn 
Endosulfsn I 
Endosulfan sulfate 
Endrin aldehyde 
Endrin ketone 
alpha-BHC 
alpha-Chlordane 
beu-BHC 
dalh-BHC 
Tom! Organic Carbon 

SUMMARY OF ANALYTICAL CONSTITUENTS DETECTED M SUBSURPACE SOU 
COMBINED DATA SET 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VLRGINIA 



TABLE 7-2 

SUMMARY OF ANALYTICAL CONSTITUENTS DETECTED IN SUBSURFACE SOIL 
COMBINED DATA SET 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

SAMPLE ID BG4-SB03-01 BG4-SBW01 BG4-SBO5-01 B04-SB06-01 BG4-SB07-01 BG4-SB08-01 BG4-SB09-01 BG4-SB10-01 
SMPLE DATE 07-26-2001 07-26-2001 07-26-2001 07-26-2001 07-27-2001 07-27-2001 07-27-2001 07-26-2001 
SAMPLE DEPTH (inchcs) 6 - 24" 6 - 24" 6 - 24" 6-24" 6 - 24" 6 - 24" 6 - 24" 6 - 24" 

Inorganla (rnglkg) 
Aluminum 
Amnic 
Barium 
Calcium 
Chromium 
Cobalt 
Copper 
Cyanide 
iron 
Lead 
Magwium 
Mangancrc 
Mercury 
Nickel 
PotPasiurn 
Selenium 
Sodium 
Vanadium 
Zinc 



TABLE 7-3 

SAMPLE ID 
SAMPLE DATE 

V0l~tilcs (u@) 
Curbon Disultide 
Methylene Chlonde 
Toluene 
Inorganlcs (total) (u@) 
Alum~num 
Antimony 
Amenic 
Barium 
Calcium 
Chromium 
Cobalt 
C W P ~  
Imn 
Magnesium 
Manganese 
Potassium 
Sodium 
Thallium 
Vanadium 
Zinc 
Inorganlcs (disralved)(ug/L) 
Antimony 
Arsmic 
Calcium 
Cobalt 
Iron 
Magnesium 
Mmpancsa 
Poblssium 
SiveI 
Sod~um 
Thallrum 
Vanadium 

SUMMARY OF ANALYTICAL CONSTITUENTS DETECTED IN GROUNDWATER 
COMBINED DATA SET 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 



TABLE 7-3 

SAMPLE ID 
SAMPLE DATE 

Volatlles (ugn) 
Carbon Disuliidc 
Methylene Chloride 
Toluene 
lnorglnics (total) (ugn) 
Aluminum 
Antimony 
Arsenic 
Barium 
Calcium 
Chromium 
Cobalt 
coppet 
Iron 
Magncdium 
Manganese 
Potassium 
Sodium 
Thallium 
Vanadium 
Zmo 
lnorganler (dismlved)(ug/L) 
Anumony 
Arscnlc 
Caloium 
Cobalt 
Iron 
Magnesium 
Manganese 
Potassium 
Sllver 
Sodlum 
Tnallium 
Vanadium 

SUMMARY OF ANALYTICAL CONSTITUENTS DETECTED IN GROUNDWATER 
COMBINED DATA SET 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 



SUMMARY OF ANALYTICAL CONSTITUENTS DETECTED IN FIELD BLANKS 
BACKGROUND INVESTIGATION 

CHEAMAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

SAMPLE ID 
SAMPLE DATE 

Volatile$ (u&) 
Bromod~chlommethane 
Chlorefom 
Dibmmhloromcthane 
b1~(2-Ethylhtxyl)phthnInte 
alphaChlordane 
Inorganic (total)(u(l/L) 
Barium 
Calelum 
Imn 
Magnsslvm 
Manganese 
Nickel 
Potmiurn 
Sodrum 
Inorganic (d~wlved)(ug&) 
Barium 
Calcium 
COPPW 
Iron 
Magnesrum 
Manganese 
Ntckel 
Patassium 
Sodium 
Zinc 



TABLE 7-5 

SAMPLE ID 
SAMPLE DATE 

volatlles (Ugn) 
Acetone 
Methylme Chloride 
Ch-n-butylphthatatc 
blsp-Ethylhexy1)phthalate 
Aldrin 
Hcptschlor epoxide 
Inorganic (total)(ugn) 
Anlimony 
Barium 
Chromium 
Cobalt 
Nickel 
Selen~um 
Sodium 
Vanadium 
laorganic (disaohred)(ugn) 
Chmmium 
Silver 

SUMMARY OF ANALYTICAL CONSTITUENTS DETECTED IN EQUIPMENT RINSATE BLANKS 
8ACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 



SAMPLE ID 
SAMPLE DATE 

Volntllcs (ug/L) 
Mcthylene Chloride 

TABLE 7-6 

SUMMARY OF ANALYTICAL CONSTITUENTS DETECTED IN TRIP BLANKS 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 



TABLE 7-7 

FREQUENCY AND RANGE OF CONSTITUENTS DETECTED IN SURFACE SOU 
ALL SOIL ASSOCIATIONS 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Tables Section 7.xIs, 7-7 SS sum Page l of 2 9/9/2003 

alpha-Chlordane 4.7 J 4.7 J 1.1 J 2.5 3/10 0.65 1 l . 7 J  7/10 1.5 J 2.3 J 4/10 
beta-BHC 
dclta-BHC 
gamma-BHC (Lindane) 
gamma-Chlordane 

5.3 1 14 J 2/10 
5 P 5 P 1/10 

1.4 J 3.3 2/10 
0.92 1 7 J 3/10 

NA N A 0110 
0.65 J 0.65 J 1/10 
N A N A 0110 

0.55 J 0.55 J 1/10 

0.94 J 0.94 J 1/10 
N A N A 0110 
N A N A 0110 

0.65 J 0.65 1 1/10 

N A N A 0/10 
N A N A 0110 
N A N A 0/10 

0.65 J 0.65 J I l l0 



TABLE 7-7 (Continued) 

FREQUENCY AND RANGE OF CONSTITUENTS DETECTED IN SURFACE SOIL 
ALL SOIL ASSOCIATIONS 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Tables Section ?.XIS. 7-7 SS sum1 Page 2 of 2 



TABLE 7-8 

RREQUENCY AND RANGE OF CONSTITUENTS DETECTED IN SWSURFACE SOU 
ALL S O U  ASSOCIATIONS 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Tables Section 7.xls, 7-8 SB bum 

Total Organic Carbon (uglkg) 
Total Organic Carbon 1 2310 133000 loll0 

Page 1 of 2 

4338 9307 10110 3360 8060 10110 2324 7332 10110 



TABLE 7-8 (Continued) 

FREQUENCY AND RANGE OF CONSTITUENTS DETECTED IN SUBSURFACE SOU 
ALL SOIL ASSOCIATIONS 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Tables Scotion 7 . ~ 1 ~  7-8 SB sum1 Page 2 of 2 



TABLE 7-9 

FREQUENCY AND RANGE OF CONSTITUENTS DETECTED IN GROUNDWATER 
ALL SOIL ASSOCIATIONS 

BACKGROUND INVESTIGATION 
CHEATEIAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Tables Section 7.xls, 7-9 GW sum Page 1 of 2 



TABLE 7-9 (Continued) 

FREQUENCY AND RANGE OF CONSTITUENTS DETECTED IN GROUNDWATER 
ALL SOIL ASSOCIATIONS 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Association #3 Association #4 

Tables Sechon ?.XIS, 7-9 OW sum1 Page 2 of 2 



8.0 STATISTICAL EVALUATION OF BACKGROUND DATA 

This section presents a quantitative statistical evaluation of the background analytical data 

presented in Section 7. Descriptive statistics presented in this section include the normal and log 

arithmetic means, the normal and log standard deviations, the upper 95 percent confidence values 

for the arithmetic mean, and the upper 95 percent confidence values for log-transformed data. 

The W-test was performed on the data sets to assess whether the data had been drawn from an 

underlying normal or lognormal distriiution. Furthermore, a Multivariate Analysis of Variance 

(MANOVA) was used to determine if the soil association data sets could be combined for surface 

soil, subsurface soil, and groundwater. 

8.1 Statistical Methods Used to Evaluate Backmound Data 

Many statistical procedures were developed for data set. presumed to have been drawn h m  a 

population having a symmetric, bell-shaped, Gaussian or "normal" distribution. It is ofien the 

case, however, that environmental data sets are asymmetrical and skewed to the right, or in other 

words, with a "long tail towards high concentrationsn(Gilbert, 1987). A right-skewed distribution 

can be transformed to become approximately Gaussian, by using a logarithmic transformation, so 

that the p d u r e s  for normally distributed data can be applied to the transformed data. 

The W-test was performed for all data sets to aid in the determination of the underlying 

distribution. The W-test is considered to be an effective method for determining whether a data 

set can be described as 'hormally" distributed. Conducting this test on the logarithms of the data 

is also an effective method of determining whether a data set can be described as being 

"lognormally" distributed. The W-test evaluates the null hypothesis (i.e., the data set is described 

by a normalflognormal distribution versus the data set is not described by a normaYlognormal 

dishibution) and is valid for data sets containing up to fifty samples. For the purposes of this 

project, data sets were considered to have a normal distribution if the W-test indicated that the 

data fit a normal distribution (W-test on non-transformed data was ''hue"), or if the W-test was 

false for both normal and lognormal dishibution tests. Data were considered to have a lognormal 

distribution only if the W-test for the normal distribution was false and the W-test for the 

lognormal distribution was true. 

Arithmetic means, rather than geometric means, were calculated for all data sets in the 

Background Study. The normal and lognormal standard deviations were also calculated for all 

data sets. The standard deviation is the distance from the mean to either of the two inflection 

points of the distribution curve and is used as a descriptive measure of the spread of the values 

8-1 



comprising the population. Means and standard deviation were used to calculate the normal and 

lognormal upper 95 percent confidence limits for the data sets. 

The 95 percent upper confidence limit of a mean is defined as a value that, when calculated 

repeatedly for randomly drawn subsets of a data set, equals or exceeds the true mean 95 percent 

of the time. Statistical confidence limits are used as a tool for addressing uncertainties of a 

distribution average. The 95 percent upper confidence limit accounts for uncertainties related to 

limited sampling data obtained from sites. 

Sometimes a set of data will have one or more items with unusually large or unusually small 

values. Extreme values such as these are called outliers. Experienced statisticians take steps to 

identify outliers and then review each one carellly. An outlier may be an item for which the 

data has been incorrectly recorded, an item that was incorrectly added to the data set, or it may be 

an unusual item that has been recorded correctly and does belong in the data set. In the first two 

cases, the outlier should be removed from the data set and analysis of the data set should be rerun. 

In the case where the outlier has been recorded correctly and does belong in the data set, the 

outlier should remain. 

In general, the presence of one or more outliers in a data set tends to increase the value of the 

standard error of the estimate. The procedures for identifying outliers and influential 

observations provide warnings about the potential effects some observations may have on 

regression results. Each outlier and influential observation warrants careful examination. If data 

errors are found, the errors can be corrected and the regression analysis repeated. Outliers and 

influential observations should not be removed from the data set unless clear evidence shows that 

they are not based on elements of the population being studies and should not have been included 

in the original data set. 

For the purposes of this project, there is potential for outliers to exist in the data sets. However, 

outliers were not individually identified and no data were excluded from the data sets prior to any 

statistical analyses. 

The results of the statistical analyses are presented in Appendices C through E and are 

summarized on the tables noted in the following sections. Summary tables present the 

constituent, arithmetic mean, standard deviation, upper 95% confidence level, log arithmetic 

mean half nondetects, log standard deviation, log upper 95% confidence level, and results of the 



W-test to determine the data distribution. Average concentrations were calculated using half of 

the detection limit for non-detected values. 

For surface and subsurface soils, a MANOVA was used to determine if the data within each soil 

association group could be combined (i.e., there is more not more variation among soil groups 

than between soil groups). MANOVA tests use statistics based on a matrix of individual Analysis 

of Variance (ANOVA) results and takes into account each degree of freedom in the model. 

Censoring of the groundwater data precluded use of parametric statistics. Following Zar (1999) 

and Conover (1999), a MANOVA was performed on ranked values in each groundwater (total 

recoverable and dissolved) data set. Detections, detections below the contract reporting limit (B- 

flagged values), and non-detections (U-flagged values) were treated equally during the ranking 

procedure, Only those variables (inorganics) detected in more than one soil group were included 

in the model in order to gain power and achieve meaningful results. 

The individual ANOVA p values are listed in summary tables for each media and are presented in 

Appendix G. Details on assumptions and data manipulation used in the MANOVA tests, as well 

as box plot figures to illustrate the results, are also presented in Appendix G. 

8.2 Soil Data 

This section presents the statistical results for inorganic and organic constituents detected in 

surface and subsurface soil. 

8.2.1 Surface Soil 

Surface soil samples were obtained h m  each of the four soil associations at CAX and northern 

WPNSTA. Forty samples were collected from discrete surface soil sampling locations, ten in 

each soil association. Four duplicates were collected to determine if the analytical techniques 

accurately measured chemical concentrations in the sample. The duplicate samples were 

combined with corresponding environmental samples and the higher result was used. Statistics 

were run with the combined duplicates. Tables 8-1 through 8-4 present the statistical summaries 

for individual soil associations. 



Table 8-5 presents a comparison of arithmetic mean concentrations for the surface soils. With the 

exception of bis(2-ethylhexyl)phthalate, the greatest average concentrations of all organic 

constituents were found in Soil Association 1. Average concentrations of aluminum, antimony, 

arsenic, beryllium, calcium, chromium, copper, iron, lead, magnesium, mercury, nickel, 

potassium, selenium, silver, sodium, thallium, vanadium, and zinc were also found in Soil 

Association 1. Average concentrations of manganese were greatest in Soil Association 2, average 

concentrations of barium were greatest in Soil Association 3, and average concentrations of 

cobalt were greatest in Soil Association 4. 

The surface soil data were subjected to a W-test to evaluate the underlying distribution of the 

constituents in the surface soil. Results of the W-test are presented in the last two columns of 

each statistical summary table. 

Each of the four multivariate test statistics (presented in Appendix G) agree at p4.05 that there is 

a significant difference between soil associations for surface soil. This would mean that data 

cannot be combined and should be treated separately (based on inorganics in surface soil only, no 

TOC data available from surface horizons). Box plots demonstrate the much larger variability in 

Soil Association 1 (those collected from marshy areas) for almost all of the inorganics. Tests 

were also run on the data from Soil Associations 2,3, and 4 only to determine if the variability in 

Soil Association 1 may be driving the difference, but the same results were obtained. The results 

of the MANOVA concluded that there is a significant difference between soil association data 

groups for surface soil. Therefore, this indicates that the surface soil data from Soil Associations 

1,2,3, and 4 cannot be combined and should be treated separately. 

8.2.2 Subsurface Soil 

Like surface soil, subsurface soil samples were obtained from each of the four soil associations at 

CAX and northern WPNSTA. Forty samples were collected from discrete sampling locations, 

ten in each soil association. Four duplicates were collected to determine if the analytical 

techniques accurately measured chemical concentrations in the sample. The duplicate samples 

were combined with corresponding environmental samples and the higher result was used. 

Statistics were run with the combined duplicates. Tables 8-6 through 8-9 present the statistical 

summaries for individual soil associations. 



Table 8-10 presents a comparison of arithmetic mean concentrations for the subsudaee soils. 

With the exception of toluene and bis(2-ethylhexyl)phthalate, the greatest average concentrations 

of VOCs and SVOCs were found in Soil Association 1. The greatat average concentrations of 

pesticides were found in Soil Association 2. Average concentrations of copper, cyanide, lead, 

magnesium, potassium, selenium, sodium, and zinc were highest in Soil Association 1. Average 

wncentrations of aluminum, arsenic, barium, calcium, chromium, cobalt, iron, mercury, nickel, 

and vanadium were highest in Soil Association 2. Average concentrations of manganese were 

greatest in Soil Association 4. 

The subsurface soil data were subjected to a W-test to evaluate the underlying distribution of the 

constituents. Results of the W-test are presented in the last two columns of each statistical 

summary table. 

Each of the four multivariate test statistics (presented in Appendix G) agree at p<0.05 that there is 

a significant difference between soil associations for subsurface soil. This would mean that data 

cannot be combined and should be treated separately (based on inorganics and TOC data). The 

results of the MANOVA coucluded that there is a significant difference between soil association 

data groups for subsurface soil. Therefore, this indicates that the subsurface soil data from Soil 

Associations 1,2,3, and 4 cannot be combined and should be treated separately. 

83 Groundwater Data 

Groundwater samples were obtained fiom three monitoring wells in each of the four soil 

associations at CAX and northern WPNSTA. Four duplicates were collected to determine if the 

analytical techniques accurately measured chemical concentrations in the sample. The duplicate 

samples were combined with corresponding environmental samples and the higher result was 

used. Statistics were run with the combined duplicates. Tables 8-1 1 through 8-14 present the 

statistical summaries for groundwater from monitoring wells in individual soil associations. 

Table 8-15 presents a comparison of arithmetic mean concentrations for groundwater. Due to the 

low frequency of detection of most analytes in groundwater (see Table 7-7), many of the average 

concentrations listed represent half of the detection limit for a given analyte. Due to the 

transitory nature of groundwater, chemical concentrations detected change frequently over time. 

Therefore, actual concentrations of analytes in groundwater are likely to be highly variable. 



L i e  soil data, groundwater data were subjected to a W-test to evaluate the underlying 

distribution of the constituents. Results of the W-test are presented in the last two columns of 

each statistical summary table. 

For groundwater, only those total recoverable inorganic chemicals detected in more than one soil 

group were included in the MANOVA model (aluminum, antimony, chromium, iron, 

manganese). Data were ranked prior to analysis. Three of the four multivariate test statistics 

(presented in Appendix G) agree at F0.05, that there is no significant diierence between soil 

groups and that the data can be combined (based on inorganic data only). However, groundwater 

data points per soil group were limited in that there were fewer observations per factor category 

(i.e., soil association group) than there were dependent variables (inorganic data points), which 

seriously impact the power of the test. This is being reflected in the disparity between test 

statistics and strongly indicates that the statistics are not meaningful given all the departures h m  

assumptions. Therefore, to be conservative, it is not recommended that the data sets be combined. 

Similarly, for dissolved inorganics in groundwater, only those inorganic chemicals detected in 

more than one soil group were included in the MANOVA model (arsenic, cobalt, iron, 

manganese, potassium, thallium). Data were ranked prior to analysis. Three of the four 

multivariate test statistics (presented in Appendix G) agree at F0.05, that there is no significant 

difference between soil groups and that the data can be combined (based on inorganic data only). 

Again, groundwater data points per soil association group were limited in that there were fewer 

observations per factor category (soil association group) than there were dependent variables 

(inorganic data points). This is beimg reflected in the disparity between test statistics and strongly 

indicates that the statistics are not meaningful given all the depar!mes from assumptions. 

Therefore, to be conservative, it is not recommended that the data sets be combined. 





TABLE 8-1 

Semivolntiler (uglkg) 
Acstophsnonc 
Benzaldehyde 
Benzo(a)anthracene 
Benzo(a)pyrne 
Benzo@)flu~anthene 
Benzo(g,h,i)pqlene 
Bmzo(k)fluoranthene 
Chrysene 
Fluoranthene 
Indeno(l,2,3-cd)pyrene 
Pyrene 
bis(2-Ethy1hexyl)phthalate 
Pertictdes/PCBs (ugkg) 
4,4'-DDD 
4,4'-DDE 
4.4'-DDT 
Dieldrin 
Endosulfan I 
Endosulfan I1 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
alpha-BHC 
alpha-Chlordane 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 
gamma-Chlordane 

STATISTICAL SUMMARY OF CONSTITUENTS DETECTED IN SURFACE SOIL 
SOIL ASSOCIATION 1 . 

BACKGROUND INVESTIGATION 
CHEATHAM ANhTX SITE, WILLIAMSBURG, VIRGINIA 

Arithmatic Mean Standard Upper 95% Log Arithmatic Mean Log Standard Log Uppu 95% Lognormal 
Half Non-Detects Deviation Confidence Level Half Non-Detects Deviation Confidence Level Distribution 

TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 

TRUE 
FALSE 
TRUE 
TRUE 
FALSE 
FALSE 
FALSE 
TRUE 
FALSE 
TRUE 
FALSE 
TRUE 
TRUE 
TRUE 
TRUE 
FALSE 

Normal 
Distribution 

FALSE 
FALSE 
FALSE 
FALSE 
FALSE 
FALSE 
FALSE 
TRUE 
FALSE 
FALSE 
FALSE 
TRUE 

FALSE 
FALSE 
FALSE 
TRUE 
FALSE 
FALSE 
FALSE 
TRUE 
FALSE 
FALSE 
FALSE 
FALSE 
FALSE 
FALSE 
TRUE 
FALSE 

Tables Section B.xls, SSlS 



TABLE 8-1 (Contlnued) 

Iuorganica (mg/kg) 
Aluminum 
Arsenic 
Barium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Nickel 
Potassium 
Selenium 
Silver 
Vanadium 
Zinc 

STATISTICAL SUMMARY OF CONSTITUENTS DETECTED IN SURFACE SOIL 
SOIL ASSOCIATION 1 ~ - - - - - -  ~ ~ - - - ~  - 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Arithmatic Mean Standard Upper 95% Log Arithmatic Mean Log Standard Log Upper 95% Lognormal 
Half Nan-Detects Deviation Confidence Level Half Non-Detects Deviation Contidence Level Distribution 

4,032 TRUE 
2.43 TRUE 
29 FALSE 

2,173 TRUE 
6.98 TRUE 
3.28 TRUE 
2.18 TRUE 
7,163 TRUE 

10 TRUE 
606 TRUE 
182 TRUE 
3.75 TRUE 
720 TRUE 
0.41 FALSE 
0.08 FALSE 
10.54 TRUE 
14.15 TRUE 

Normal 
Distribution 

TRUE 
FALSE 
FALSE 
FALSE 
FALSE 
FALSE 
FALSE 
FALSE 
TRUE 
FALSE 
TRUE 
TRUE 
FALSE 
FALSE 
FALSE 
FALSE 
TRUE 

Tables Section S.xIs, SSlSl 



TABLE 8-2 

Semlvolatlles (udkg) 
Acetophenone 
Di-n-octylphthalate 
bis(2-Ethylhexy1)phthalate 
Pestleldes/PCBs (ugkg) 
4,4'-DDE 
alpha-Chlordane 
delta-BHC 
gamma-Chlordane 
Inorganics (mdkg) 
Aluminum 
Arsenic 
Barium 
Calcium 
Chromium 
Cobalt 
copper 
Iron 
Lead 
Magnesium 
Manganese 
Nickel 
Potnssium 
Selenium 
Silver 
Vanadium 
Zinc 

STATISTICAL SUMMARY OF CONSTITUENTS DETECTED IN SURFACE SOU 
SOU ASSOCIATION 2 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Arithmatic Mean Standard Uppe~ 95% Log Arithmatic Mean Log Standard Log Upper 95% , 
Half Non-Detects Deviation Confidence Level Half Non-Detects Deviation Confidence Level 

Lognoma1 Normal 
Distribution Distribution 

FALSE 
FALSE 
TRUE 

FALSE 
TRUE 
FALSE 
FALSE 

TRUE 
TRUE 
FALSE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
FALSE 
FALSE 
TRUE 
TRUE 

FALSE 
FALSE 
FALSE 

FALSE 
FALSE 
FALSE 
FALSE 

TRUE 
FALSE 
FALSE 
FALSE 
FALSE 
FALSE 
FALSE 
FALSE 
TRUE 
FALSE 
TRUE 
TRUE 
FALSE 
FALSE 
FALSE 
FALSE 
TRUE 

Tables Section 8 .~1~.  SSZS 



TABLE 8-3 

SemlvolatiIes (ug/kg) 
Acdophenone 
bis(2-Ethylhexyl)phthalate 
PesticidesmCBs (ugikg) 
4,4'-DDE 
Dieldrin 
Endosulfan sulfate 
Endrin aldehyde 
Endrin ketone 
Heptachlor epoxide 
alpha-Chlordane 
beta-BHC 
gamma-Chlordane 
luorganics (mglkg) 
Aluminum 
Arsenic 
Barium 
Calcium 
Chromium 
Cobalt 
C ~ P P ~  
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Vanadium 
Zinc 

STATISTICAL SUMMARY OF CONSTITUENTS DETECTED IN SURFACE SOIL 
SOIL ASSOCIATION 3 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Arithmatic Mean Standard Upper 95% Log Arithmatic Mean Log Standard Log Upper 95% Lognormal Normal 
Half Non-Detects Deviation Confidence Level Half Non-Detects Deviation Confidence Level Distribution Dismiution 

FALSE 
TRUE 

FALSE 
FALSE 
FALSE 
FALSE 
FALSE 
FALSE 
TRUE 
TRUE 
FALSE 

TRUE 
FALSE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
FALSE 
TRUE 
FALSE 
FALSE 
TRUE 
TRUE 

FALSE 
FALSE 

FALSE 
FALSE 
FALSE 
FALSE 
FALSE 
FALSE 
FALSE 
FALSE 
FALSE 

TRUE 
TRUE 
TRUE 
FALSE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
FALSE 
TRUE 
FALSE 
FALSE 
FALSE 
TRUE 

Tables Section %.XIS, SS3S 



TABLE 8-4 

Semivolatiles (ugikg) 
Acetophenone 
bis(2-Ethylhexyl)phthalate 
Pesticides/PCBs (ugikg) 
4.4'-DDD 
4,4'-DDE 
Dieldrin 
Endosulfan sulfate 
alpha-Chlordane 
gamma-Chlordane 
Inorganics (mglkg) 
Aluminum 
Arsenic 
Barium 
Bqllium 
Calcium 
Chromium 
Cobalt 
C ~ P P ~  
Iron 
Lead 
Magnesium 
Manganese 
Merouv 
Nickel 
Potassium 
Selenium 
Thallium 
Vanadium 
Zinc 

STATISTICAL SUMMARY OF CONSTITUENTS DETECTED IN SURFACE SOIL 
SOIL ASSOCIAnON 4 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Anthmatic Mean Standard Uppu 95% Log Arithmatic Mean Log Standard Log Uppu 95% Lognormal 
Half Non-Detects Deviation Confidence Level Half Non-Detects Deviation Confidence Level Distribution 

FALSE 
TRUE 

FALSE 
FALSE 
FALSE 
TRUE 
TRUE 
FALSE 

TRUE 
TRUE 
TRUE 
FALSE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
FALSE 
TRUE 
FALSE 
FALSE 
FALSE 
TRUE 
TRUE 

Normal 
Distribution 

FALSE 
FALSE 

FALSE 
FALSE 
FALSE 
TRUE 
TRUE 
FALSE 

TRUE 
FALSE 
TRUE 
FALSE 
FALSE 
FALSE 
FALSE 
FALSE 
FALSE 
TRUE 
FALSE 
FALSE 
FALSE 
FALSE 
FALSE 
FALSE 
FALSE 
FALSE 
FALSE 

Tables Section 8.~16, SS4S 



TABLE 8-5 

AVERAGE CONCENTRATIONS OF CONSTITUENTS DETECTED IN SURFACE SOIL 
ALL SOIL ASSOCIATIONS - - - -  ~ - 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Tables Section 8 . ~ 1 ~ -  SS sum Page 1 of 2 



TABLE 8-5 (Continued) 

AVERAGE CONCENTRATIONS OF CONSTITUENTS DETECTED IN SURFACE SOIL 
ALL SOIL ASSOClATIONS 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Half Non-Detects Half Non-Detects 

Tables Section 8.xls, SS sum1 



TABLE 8-6 

STATISTICAL SUMMARY OF CONSTITUENTS DETECTED IN SUBSURFACE SOU 
SOIL ASSOCIATION 1 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Arithmatic Mean Standard Upper 95% Log Arithmatic Mean Log Standard Log Upper 95% 
Half Non-Detects Deviation Confidence Level Half Non-Detects M a t i o n  Confidence Level 

Lognormal 
Distribution 

N m a l  
Distribution 

Yolatiles (ugikg) 
I. 1 $2.2-Tetrachloroethane 
2-Butanone 
Acetone 
Carbon Disulfide 
Toluene 
Semivohdles (ugikg) 
Benzaldehyde 
Pestlcides/PCBs (ug/kg) 
4,4'-DDE 
Dieldrin 
Endosulfan I 
Endosulfan sulfate 
Endrin ketone 
alpha-BHC 
alpha-Chlordane 
delta-BHC 
Conventional (mgikg) 
Total Organic Carbon 

TRUE 
TRUE 
FALSE 
FALSE 
TRUE 

TRUE 
FALSE 
FALSE 
FALSE 
TRUE 

TRUE TRUE 

TRUE 
FALSE 
FALSE 
TRUE 
FALSE 
TRUE 
FALSE 
TRUE 

TRUE 
FALSE 
FALSE 
FALSE 
FALSE 
FALSE 
FALSE 
FALSE 

TRUE FALSE 

Tables Section 8.~1% SBlS 



TABLE 8-6 (Continued) 

Metals (mg/kg) 
Aluminum 
Arsenic 
Barium 
Calcium 
Chromium 
Cobalt 
copper 
Cyanide 
lron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Sdenium 
Smhum 
Vanadium 
Zinc 

STATISTICAL SUMMARY OF CONSTITUENTS DETECTED IN SUBSURFACE SOIL 
SOIL ASSOCIATION 1 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Arithmatic Mean Standard Uppa 95% Log Arithmatic Mean Log Standard Log Upper 95% 
Half Non-Detects Deviation Canfidence Level Half Non-Detects Deviation Confidence Level 

Lognormal Normal 
Distribution Distribution 

TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
FALSE 
TRUE 
FALSE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 

FALSE 
TRUE 
TRUE 
FALSE 
TRUE 
TRUE 
FALSE 
FALSE 
TRUE 
FALSE 
FALSE 
FALSE 
FALSE 
FALSE 
TRUE 
FALSE 
FALSE 
TRUE 
FALSE 

Tables Scotion 8 . ~ 1 ~ .  SBlSl 



TABLE 8-7 

STATISTICAL SUMMARY OF CONSTITUENTS DETECTED IN SUBSURFACE SOIL 
SOIL ASSOCIATION 2 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Arithmatic Mean Standard Uppex 95% Log Arithmatic Mean Log Standard Log Upper 95% Lognormal Normal 
Half Non-Detects Deviation Confidence Level Half Non-Detects Deviation Confidence Level Distribution Distribution 

Volatilea (uglkg) 
Acetone 
lsopropylbenzene 
Semivolatilea (uglkg) 
bis(2-Ethy1hexyl)phthalate 
Pesticides/PCBs (uglkg) 
Dieldrin 
Endrin aldehyde 
alpha-Chlordane 
beta-BHC 
Conventional (mglkg) 
Total Organic Carbon 
Metals (mglkg) 
Aluminum 
Arsenic 
Barium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Nickel 
Potassium 
Selenium 
Vanadium 
Zinc 

FALSE 
FALSE 

FALSE 
FALSE 

TRUE FALSE 

FALSE 
FALSE 
FALSE 
FALSE 

FALSE 
FALSE 
FALSE 
FALSE 

TRUE TRUE 

10,606 TRUE 
13.58 TRUE 
41.29 TRUE 

171,733 FALSE 
24.42 TRUE 
4.71 TRUE 
2.91 TRUE 

26,137 TRUE 
7.89 TRUE 
1,596 TRUE 
129 TRUE 
7.07 TRUE 
134 1 TRUE 
0.68 FALSE 

31.96 TRUE 
24.56 TRUE 

TRUE 
FALSE 
TRUE 
FALSE 
TRUE 
TRUE 
FALSE 
TRUE 
TRUE 
FALSE 
TRUE 
TRUE 
FALSE 
FALSE 
TRUE 
TRUE 

Page I of l Tsble~ Section 8.xls, SBZS 



TABLE 8-8 

STATISTICAL SUMMARY OF CONSTITUENTS DETECTED IN SUBSURPACE SOU 
SOU ASSOCIATION 3 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Arithmatic Maan Standard Upper 95% Log Arithmatic Mean Log Staadard Log Upper 95% Lognormal Normal 
Half Non-Detects Deviation Confidence Level Half Non-Detects Deviation Confidence Level Distribution Distribution 

VolrtUes (ug/kg) 
Methylcne Chloride 
Styrene 
Semivolntiles (ug/kg) 
bis(2-Ethylhexyl)phthalate 
PestlcidesmCBs (ueikg) 
4,4'-DDD 
Dieldrin 
alpha-Chlordane 
Conventional (mg/kg) 
Total Organic Carbon 
Metals (mglkg) 
Aluminum 
Arsenic 
Barium 
Calcium 
Chromium 
Cobalt 
~ P P S  
Iron 
Lead 
Magnesium 
Manganese 
Nickel 
Potassium 
Vanadium 
Zinc 

FALSE 
FALSE 

FALSE 
FALSE 

FALSE FALSE 

FALSE 
FALSE 
FALSE 

FALSE 
FALSE 
FALSE 

TRUE TRUE 

TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 

TRUE 
FALSE 
TRUE 
TRUE 
TRUE 
FALSE 
TRUE 
TRUE 
TRUE 
TRUE 
FALSE 
TRUE 
FALSE 
FALSE 
FALSE 

Tables Section 8 .~1~.  SBJS 



TABLE 8-9 

STATISTICAL SUMMARY OF CONSTITUENTS DETECTED IN SUBSURFACE SOIL 
SOU ASSOCIATION 4 

BACKGROUYD INVESTIGATION 
CBEATHAM ANYEX SITE, WILLIAMSBURG, VIRGINIA 

Alithmatic Mean Standard Upper 95% Log Arithmatic Mean Log Standard Log Upper 95% Lognormal 
Half Non-Detects Deviation Confidence Level Half Non-Detects Deviation Confidence Level Distribution 

Normal 
Distribution 

Semivolatiles (uukg) 
Benzaldehyde 
Phenol 
bis(2-Ethylhexyl)phthalate 
PesticideslPCBs (ugkg) 
alpha-Chlordane 
Conventlonnl (mglkg] 
Total Organic Carbon 
Metals (agl*g) 
Aluminum 
Arsenic 
Barium 
Calcium 
Chromium 
Cobalt 
copper 
Imn 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Vanadium 
Zinc 

FALSE 
FALSE 
TRUE 

FALSE 
FALSE 
FALSE 

FALSE FALSE 

TRUE FALSE 

TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
TRUE 
FALSE 
TRUE 
TRUE 

TRUE 
FALSE 
TRUE 
FALSE 
TRUE 
TRUE 
FALSE 
TRUE 
TRUE 
TRUE 
TRUE 
FALSE 
TRUE 
TRUE 
FALSE 
TRUE 
FALSE 

Tables Section 8.~13, SB4S 



TABLE 8-10 

AVERAGE CONCENTRATIONS OF CONSTITUENTS DETECTED IN SUBSURFACE son 
ALL SOU ASSOCIATIONS 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Tables Section &.XIS, SB sum Page I of 2 



TABLE 8-10 (Continued) 

AVERAGE CONCENTRATIONS OF CONSTITUENTS DETECTED IN SUBSURFACE SOU 
ALL S O U  ASSOCIATIONS 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Tables Section S.xls, SB sum1 



TABLE 8-11 

STATISTICAL SUMMARY OF CONSTITUENTS DETECTED IN GROUNDWATER 
SOIL ASSOCIATION 1 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Arithmatic Mean Standard Upper 95% Log Arithmatic Mean Log Standard Log Upper 95% 
Half Non-Detects Deviation Confidence Level Half Non-Detects Deviation Confidence Level 

Volatiles (ug/~) 
Carbon Disulfide 4.33 
Methylene Chloride 1.83 
Toluene 2.30 
Dissolved Inorganics (ug/l) 
Arsenic 1 
Calcium 135,833 
Iron 4.42 1 
Magnesium 368,643 
Manganese 415 
Potassium 215,832 
Silver 0.40 
Sodium 2,915,233 
Thallium 5.45 
Vanadium 6,78 
Total Inorganlfs (ugll) 
Aluminum 42.12 
Antimony 1.23 
Calcium 183,000 
Chromium 2-20 
copper 1.20 
Iron 4,668 
Magnesium 379,633 
Manganese 434 
Potassium 221,080 
Sodium 2,884,940 
Thallium 3.87 
Vanadium 6.10 

Lognormal Normal 
Distribution Dishibution 

TRUE TRUE 
TRUE TRUE 
TRUE TRUE 

FALSE FALSE 
TRUE TRUE 
TRUE TRUE 
TRUE TRUE 
TRUE TRUE 
TRUE TRUE 
FALSE FALSE 
TRUE TRUE 
TRUE TRUE 
TRUE TRUE 

TRUE TRUE 
FALSE FALSE 
TRUE TRUE 
TRUE TRUE 
FALSE FALSE 
TRUE TRUE 
TRUE TRUE 
TRUE TRUE 
TRUE TRUE 
TRUE TRUE 
FALSE FALSE 
TRUE TRUE 

Tables Section 8.xls, OWlS 



TABLE 8-12 

STATISTICAL SUMMARY OF CONSTITUENTS DETECTED IN GROUNDWATER 
SOIL ASSOCIATION 2 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WLLIAMSBURG, VIRGINIA 

Arithmatic Mean Standard Upper 95% Log Arithmatic Mean Log Standard Log Uppcs 95% Lognormal N o d  
Half Non-Detects Deviation Confidence Level Half Non-Detects Deviation Confidence Level Distribution Distribution 

Dissolved Inorganlca (ugtl) 
Cobalt 0.63 
Potassium 1,082 
Total Inorganics (ugil) 
Antimony 1.13 
Chromium 0.83 

FALSE 
TRUE 

FALSE 
FALSE 

FALSE 
TRUE 

FALSE 
FALSE 

Tables Section 8.xIs, GW2S 



TABLE 8-13 

STATISTICAL SUMMARY OF CONSTITUENTS DETECTED IN GROUNDWATER 
SOIL ASSOCIATION 3 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Volatiles (ugll) 
Mcthylene Chloride 
Dissolved Inorganics (ugll) 
Cobalt 
Iron 
Manganese 
Potassium 
Total Inorganla (ugn) 
Antimony 
Chromium 
Cobalt 
Iron 
Manganese 
Zinc 

Arithlnatic Mean Standard Upper 95% Log ArithmaticMean Log Standard Log Upper 95% Lognormal 
Half Non-Detects Deviation Confidence Level Half Non-Detects Deviation Confidence Level Distribution 

FALSE 

1.77 1.27241EC15 TRUE 
2.9 8.72465EC38 TRUE 

0.14 96.8216 TRUE 
0.46 9795.21 6 TRUE 

0.78 585.0412 FALSE 
0.96 14784.0264 TRUE 
1.96 3.88267EC16 TRUE 
3.27 5.23332Et50 TRUE 
0.02 83.1828 TRUE 
2.35 2.2496E+25 TRUE 

Normal 
Distribution 

FALSE 

TRUE 
TRUE 
TRUE 
TRUE 

FALSE 
TRUE 
FALSE 
TRUE 
TRUE 
TRUE 

Tables Smtion 8.xls, GW3S 



TABLE 8-14 

STATISTICAL SUMMARY OF CONSTITUENTS DETECTED IN GROUNDWATER 
SOU ASSOCIATION 4 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Arithmatic Mean Standard Upper 95% Log Arithmatic Mean Log Standard Log Upper 95% Lognormal Normal 
Half Non-Detects Deviation Confidence Level Half Non-Detects Deviation Confidence Level Distribution Distribution 

Volatiles (ugh) 
Toluene 
Dissolved Inorganics (ugh) 
Antimony 
Arsenic 
Iron 
Manganese 
Potassium 
Thallium 
Total lnorgaolcs (ugll) 
Aluminum 
Antimony 
Arsenic 
Barium 
Chromium 
Iron 
Manganese 

FALSE FALSE 

FALSE FALSE 
FALSE FALSE 
FALSE FALSE 
TRUE TRUE 
TRUE TRUE 
FALSE FALSE 

FALSE FALSE 
TRUE TRUE 
TRUE TRUE 
TRUE TRUE 
TRUE TRUE 
FALSE FALSE 
TRUE TRUE 

Tables Section 8.xls, OW4S 



TABLE 8-15 

AVERAGE CONCENTRATIONS OF CONSTITUENTS DETECTED IN GROUNDWATER 
ALL S O U  ASSOCIATIONS 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Tables Section %XIS, GW sum Page 1 of 2 



TABLE 8-15 (Continued) 

AVERAGE CONCENTRATIONS OF CONSTITUENTS DETECTED IN GROUNDWATER 
ALL SOIL ASSOCIATIONS 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Tables Section 8.~18, OW mml 

Analyte 

Page 2 of 2 

- - 
Antimony 
Arsenic 
Calcium 
Cobalt 
Iron 
Magnesium 
Manganese 
Potassium 
Silver 
Sodium 
Thallium 
Vanadium 

I 

Inorganics (dissolved)(ug/l) 

Groundwater from Soil 
Assodation #I 

Arithmetic Mean 
Half Non-Detects 

0.85 
0.60 

57,450 
0.63 

8 
1,742 

11 
1,082 
0.25 
6,077 
2.05 
0.37 

0.85 
0.90 

135,833 
0.35 

4,421 
368,643 

415 
215,832 

0.40 
2,915,233 

5.45 
6.78 

Groundwater from Soil 
Association #2 

Arithmetic Mean 
Half Non-Detects 

0.85 
0.60 

32,548 
4.15 
560 
885 
70 

1,134 
0.25 
3,508 
2.05 
0 47 

1.83 
3.67 

52,533 
0.35 
2,657 
740 
33 

1,116 
0.25 

2,822 
2.90 
0 ?R 

Groundwater from SOU 
Association #3 

Arithmetic Mean 
HalfNon-Detects 

Groundwater from Soil 
Association #4 

Arithmetic Mean 
Half Non-Detects 



9.0 CONCLUSIONS 

This report presents Background Investigation findings including lithological and 

hydrogeological characteristics of CAX and the northern portions of WPNSTA and statistical 

evaluations of surface soil, subsurface soil, and groundwater data. 

Lithological information from each of the four soil association groups in the study area was 

discussed in detail in Section 6.0 of this report. This information increases our understanding of 

the surface and subsurface conditions at CAX and northern WPNSTA. In addition, this 

information may be useful in the determination of the soil association to which future study areas 

belong, especially if that determination cannot be made with certainty strictly using the soil 

association map. 

Sections 7.0 and 8.0 detail the analytical findings and statistical evaluation of data. These data 

represent levels of naturally occuning or anthropogenic chemical concentrations at CAX and 

northern WPNSTA and should be used in future reports to aide in the determination of whether or 

not contamination at a given site can be contributed to site activities. The data may also be 

appropriate for the establishment of clean-up levels should remedial action at a given site be 

warranted. 

The statistical distribution of the data sets was established to facilitate comparison of site-specific 

data to background data. For comparative purposes, the background data presented in this report 

are considered normally distributed if the W-test for the normal distribution was true, or if the W- 

test was inclusive for both the normal and lognormal distributions (false in both cases). Data 

were considered to be lognormally distributed only if the W-test for the normal distribution was 

false and the W-test for the lognormal distribution was true. Statistical parameters of background 

data to be compared to site-specific data should correspond to the most appropriate distribution. 

A MANOVA was conducted on the soil association data groups for each medium to determine if 

the data groups can be combined. The results of the MANOVA concluded that there is a 

significant difference between soil association data groups for surface soil and subsurface soil. 

Therefore, this indicates that the soil data cannot be combined and should be treated separately. 

For total and dissolved groundwater data, although the results indicated no significant diierence 

between soil association data groups, given the disparity between test statistics and departures 

from assumptions, it is not recommended that the data groups be combined. 
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a divnlon of  Liberty Analyt~cal Carp 

501 Madlson Avenue 
Cary. NC 27513 

1 Surface Water 6. TI@ Blank b x f M  H.Wh \BOX# C . C L P W  T.TCLP 
2. Ground Water 7. OU 
3. Leachate 8. Wedo 
4. Rlnsate 9. Other 
5. son I sediment 1 sludge . 

Remarks I Comments 
(see Notes 2 & 3) 

Note '4) :  If " N  lab will hold samples to await remainder of project-maximking batch sl- rnd mlnimlzlng PC ratlo; If Y" lab will begin prmesslng batohes now. 
No' Samples stored 60 davs after date report malled at no extra charae. Vote 131: All lab canlex nf data Il-trnlr.rl dam. thr- I , ~ . ~  

8. HN03 t I w  0. Other 
C. NaOH +Ice H. NaHSO4 + l w  
D. HZS04 + Ice I. ZnAc+NaOH + Ice 
E. Unpreaervsd 

U. unflnered 
- 

M. Medlum 
L Low 

S. S W M  
W. CWA BOOrerler 
0. Other 



Note (1): if " N  lab will hold samples to await remainder of project-maximizing batch size end mlnlmizlng PC ratio; H'Y" lab will begin processing batches now. 
Unto I?). C-rnnla- ctnrali fin 4.v. m t t m r  dmte rennrt mmil~d st nn ortm rhmme hlnlr 12). All Ihh .-nnla. nt dm+- d--1..1~,.4 .r-.+h.-- ss--v- 



- 
13 COMPUCHEM ;31 ~~IY I I~o~  o I L l b ~ ~ y  ~n*y(kul Gorp. 

601 Madlaon Avenue 
Caly, NC 27513 
1-800-833-5097 

W. CWAgMkerler 

Remarks I Comments 
(9 characters maximum) (see Notes 2 & 3) 

Company Name: Tlme: l ~ o m p n ~  Name: TIM:, . , I~ompny ~ame: rime: 

Note (1): lf " N  lab will hold samples to await remainder of projeot-maxlmirlng batch sir- snd mlnlmlring QC ratio; if "Y" lab will bsgln processing batches now. 
Not, Samoles stored 60 davs after date reoort mailed at no extra charae. late 131: All lab coolaa nf dats rlmetmu-rl ;~nr thrm ,,.-re 





- - CHAIN-OF-CUSTODY RECORD No: OS718Q COMPUCHEM p g a N a  0 Client Address : Point-o -Contact : . , 

Note ''I: If " N  lab will hold samples to await remainder of project-maxlmizlng batch sl- -nd mlnlmWng QC ratio: if"YY" lab will bsgln procesdngbatches now. 
No Sarnol~s storad 60 davs aUer date reoorl melled at no extra nharnn Inla IRI' All Inh mnlnv nf datm A - r t m t r w l  a*-r Ihr- n.nn 

- a division ofLibeny Analytical Cow. - 
501 Madison Avenue 

Cary, NC 27513 
1-800-833-5097 

2. Ground Water 7. 011 
3. Leachate 8. Warts 
4. RInwb 0. other 
6. Sol1 / Sedlrnent l Sludga 

(BOX Y* I. ~ur~aoo Wder 6. ~ r l p  ~hnk 1  BOX^ A. HCI + ICE F. ICO only leoxa F . F M E M ~  JBOXM H . H ~  leox#a c.clpsleo T.TCLP 

, Remarks I Comments 
(9 characters maximum) (see Notes 2 & 3) 

B. HN03 r lw  5. OUwr 
C. NaOH,+ Ice H. NaHS04 * lu 
0. HZSO4 + l w  I. ZnAcrNaOH l Iw 
E. Unpreswed 

be ~~7p.j 
Telephone No. L4IZ ) 
Sampling complete?' Y o  

Project-speclflo (PS) or Batch (8) QC.7 

(.m I<?,&, 
Carrier : 
Alrbill No. : 
Sampler Name : , Sampler Signature : 

U. Unllbmd M. M u m  
L. Lav 

S. S W W  
W. CWA 8Wsarlea 
0. Mh8r 



- CHAIN-OF-CUSTODY RECORD NO. 057181 = C~MPUCHEM Project N a b  Client Address : Poln t -o f -Coy : - a dlvlsion of Liberty Analytical Cow. 
B 

501 Madison Avenue 
Cary. NC 27513 
1-800-833-5097 

2. Ground Water 7.011 
3. Leachate 8. Waste 
4. Rlnsate 9, other 
5. Soll I Sediment 1 Slvdge 

l8OX #I 1 Surface Water 6. Trlp Blank 1 BOX #2 A. HCI + I w  F, lee Onty IBOX# F, Rltend )8oxM H, Hlgh l s 0 x l  C . C L P W  T.TCLP 

Note (1): If " N  lab will hold samples to await remainder of project-maxlmizlng batch size and mln lm~ng PC ratlo; if '9"' lab will begin processing batches now. 
Nnh l7b Samnlec ctnrell fin Aavs altar data ranort mallad at nn avtra charne N e t s  I R I  A11 lah nnnlre nf dot- rl.atrn-~rd .ff.. Ihm- ~r.*re 

0. HN03 + Ice G. OUlw 
C. NaOH + l w  H. NaHS04 + l w  
D. HZ804 + l w  I. ZnA01NaOH + Ice 
E. Unpmarved 

,QuE b 1 k  'W h) 
Telephone No. :L~-IIZ) 
Sampling complete? Y o  
Project-speclflc (PS) or Batch (0) QC 7 

Y, cl"c, \qb 
Carrier : 
Alrblll No. : 
Sampler Name : Sampler Signature : 

U. ~nflbared M. Wlum 
L h  

8. SW-846 
W. CWA 5X-wea 
0. Other 



Notr "'. If "N" lab will hold samples to await remainder of Project-maximking batch sl- .d minimlzlng QC ratio; If "Y' lab will beglnpcocesslng batches now. 
N n' Sornnlnc .tnr-A fin rla,rr sear Art -  r-nnrt mnil~rl mt nn e v t r m  ,-horn. 1-t- la\. All  l m h  rno-l~.- ,f dm+- A-.r,..,d -~..rc.... ...-.. 



a'division of  Liberty Analytical Cop. 

Note (1): If "N" lab will hold samples to await rernalnder of proJect-rnadrnlzing batch size and rnlnlrnlzlng QC ratio: If"YU lab will begin;processlng batches now. 
Nnta I?\ .  9 ~ r n n l ~ ~  =tnrar( M rla$tm d i m .  dmt- renor! m.llad 4 nn avtra rharn* Llnlm 111. All 1.h mnla- -I .(-h .I--+-..-& ----1L-. ..--- 

2. around Water 7. Oil 
3. Leachale 8. Wasto 
4. R h t e  9. O W  
5. Soil I Sediment I Sludge 

8. HN03 + Im 0. Olhor 
C. NaOH + Ice H. NaHSO4 + Ice 
0. H2S04 + la, I. ZnAwNaOH + l a ,  
E. Unpr.sarvsd 

U. U n l l W  M. M u i n  
L Low 

9. SW-848 
W. CWA Bw-xlrles 
0. Olhar 



. , .. ,....~. 

- - - = COMPUCHEM - a division of Liberty Analytical Cop. 
B 

Note " \ .  If " N  lab will hold samples to awalt remainder of prolect-maximizing batch si- ~d mlnlmking QC ratlo; If "r' lab will begin,prooessing batches n w .  
Nnf Ssmnlae etnrarl fin rlrvc sftar dmtn rnnn* mailer( at nn -vtia Ahsrnn In*. I?\. All  Ibh e n n l ~ .  A+ .&+.. .I-* --..- a -r--+~.-- ..--.- 





- 
7 

COMPUCHEM 
a'division of Liberty Analytical Corp. 

B 
501 Madison Avenue , ' 

Cary. NC 27513 
1-800-833-5097 ~~ - ~~~~ - ~~ 

l~empler Name : 1 f . I ~ ~ ~ S r & J ~ & i m p l e r  Signlrp :IAI% + . *I&-speciflo (PS) or &&(B) ac.7 
IBOX rn r ,  surface watw a. TW sianr IEOX# F. 'F~& 

Note "1: I r u N  lab will hold samples ti ewalt remainder of project-meximlzlng batch si- - ~ d  m l n i i ~ n g h ~  ratio: i f "Y  lab wlll begin processing batches now. 
h1.4 n-,-l,, .#,.,A an dn,. .r.. A d .  ,amnrl m-31.4 .+'hn -4,- .+ern- In*- 121. All Ieh m m l r x  -+ A s h  r l u r - t , - l  - i r ; . l k ~ - ~  ..--- 



2. Qrollnd Water 7.011 0. HN03 + lu a. Olhu M. Medlum 6. SW-846 
3 Leachale 8. Waste C. NaOH + la, H. N.HS04 r Iw W. CWA BOOHllu 
4. Rln.sla 9. OWer 0. H2S04 + kd 1. ZnAotNaOH + ks - 
6.8011 I slrdlmnt I sludp E. U n p r w W  

Clients Spsclal Instructions: . 

Note (I): If"NM lab wlll hold samples t i  awalt remainder of projeotmaxlmlzing batoh slze and mlnlmbing QC ratlo; If ml" lab wlll bsgln pro~esslng batches now. 
Nntn 17V Samnlas stnrad An davs nflnr data renoti mailed el no artrn nhnrnn Nntn 1.lb All lnh nnnlm nf dmtm dadmud .k.r thr.. ,rr.r. 



(division o f  Liberty Analytical Corp. 

501 Madison Avenue 
Cary, NC 27513 
1-800-833-5097 

2. Ground Waler 7. 04 U. Unlikerad S. SWSUI I 0. HN03 + Icm Q. OVlr I 3. Leachale 8. Wade C. NsOH + Ice H. NeHS04 + Ice 

Notc If " N  lab will hold samples to await remainder of project-maximizing batch $1 ,d minimizing PC ratio; i f 'Y" lab will begin processing batches now. 
&,,..a ".....-#-.. -.".-A en A".,.. ..*... A",,, ..."..,+ .."..,,"A "4 "" ..a,- "h-.-.. I-.- I",. L I I  I..,. .--I-.. - Id - . -  2 I ........ . 

4. Rlnmle Q. OlhW 
5. Soll I Sediment I Sludge 

D. H2S04 + I w  I. ZnAc+Ne.OH + l m  
E. Unpmserved 

0. a h r  



Note (1): If " N  lab will hold samples to awalt remainder of project-maxlmlzing batch size and minimizing QC ratlo; I l " Y  lab will beginprocesslng batches now. 
Nnle I?\. Samnl-x atnrrd fill d=vs aRnr data rannrl mallnd at nn edra ch-rnr Nnl- 131. All  lah ~nn1e.e nf 4.t- .I--6vnlll.i -ern. +h.-- r r l l r r  

- - 
COMPUCHEM - a division of Liberty Analytioal Corp. m 

2. Ground Water 7.011 8. HN03 + la, '3. W r  
C. NaOH + Ice H. NaHS04 t la, W. CWA 800-urbs 

. . Remarks I Comments 
(9 characters maximum) 

. 

Clients Special Instruclionr: W g r a t u r e  'OC 

I 

I 

I 

-- 
-. 

\ 
.-, 

\ - . -.,.- 4 



- 
COMPUCHEM - 

m sdivioion of Liberly Analytical Corp. 
B 

501 Madison Avenue 

#I Recebed By: (Sig) Oats )#2 Recebed By: (Slg) Date: 1#3Recdvad 5 (Slg) , ' 1 0.1.: 

Company Name: Tlme: Company Name: Time: I~cnipany N ~ L  

Note 14\: if " N  lab will hold samples to.await remainder of project-maximizing batch sl7 l d  mlnimlzing QC ratio: i f ' Y '  lab will brginprocessing batches now. 
No) Samnlaq .torad Ril Aavr aRnr date rnnnrt rnnilrd at no eutra nharna ntr /R\' All Irh nnnlr. nf rl-t- r l m - t r n v u l  rllarthraa 



. . 

a division of Liberly Analyticsl Corp. 

501 Madison Avenue 
Caly, NC 27513 
1-800-833-5097 

I 2. Ground Water 7. Oil 
3. Leachale 8. Wash 

8. HN03 + lor a. OUlr I U. UnllV.emd I f NaOH + lca II NatlSOI + lor I S. s w a  
M.MdU 1. Low I w.cW*-s 

4. Rlnsale 8. Other 
5. Soil I Sedlmenll Sludp 

Remarks I comments 
(see Notes 2 &3) 

X I  Received By: (Sig) Dale: 112 Recelved By: (Sig) Date 113 Reorhnd By: (SIo) Date: 

D. H2S04 t Ice I. ZnAetNaOH + lw 
E. Unprewrved 

0. Wlnr 

Company Nanm: T l m  Company Name: Tlme: 

Note (1): If " N  lab will hold samples to await remainder of project-mexlmklng batch slze and iinlmizlng QC ratio: If 'Y' lab will begin p~~eesslng batches now. 
Note 12V Sarnoles stored 60 davs after date reoort melled at no extra charae. Note 131: All lab cooles of data dwtrnud iftar thrmn unsr. 

Company Name: Tlnw: 



501 Madison Avenue 

C. NaOH + lor, H. NaHS04 + Ice . 
D. HZS04 + I- I. ZnAcrNaOH + Ice 

(see Notes 2 & 3) 

Note (1): if " N  lab will hold samples to await remainder of project-maximlzlng batch sin- and rnlnimlring PC ratlo: If "Y" lab will begin processing batches now. 
Nnt S a r n n l ~ n  sfnrad fill'rlavr annr date rsoart mailed at no e!dm nharna Untr lab All lah cnnlas nf Ant. .lre(mt,.rl deer thrm vosr. 



501 Madison Avenue 
Cary, NC 27513 
1-800-833-5087 

2 Oround Walw 7 . 4  8. HN03 + ICE 0. OVm U. Unnltamd M.td9Wll 9. 8 W . W  
3. Leaohb 8. Warn C. NaOH + la, H. NnHS04 + loe LLan W.CWABOOJerbr 
4. Rlnmts D. HZ504 + I w  I. ZnAc+NaOH + Ice 0. mu 
5. Sol1 / Sediment / Skr E. Uiqmw.vd 



601 Madison Awnue 

I. iMo+NwOH b. 

Rmmatkr I Comments 
(9 charaders maxlrnum) 

Dab! 0118: OaV. gh& 
TIM; CWW Name: Tlma ' l h l 8 :  q~\ 

I 
Note (I): l f0'N' leb wilt hold sampler ia ramahder of projectrnarlmlrlng blloh rlze and mhlmldng QC mU0; UY'labwlll begin prowtllng batc4mr now. 
Nole (2): Samples stored 80 dmya alter date repofl mallad at no ahits charge. Nde(3): All lob WPIW 01 dola ds~oyed after three year& 



Note (1): if "N" lab will hold samples to await remainder of project-maximizing batch size and minimizing QC ratio; if?'" lab will begin processing batches now. 
Note 121: Sarnoles slored 60 davs after date reoolt malled at no extra charom Nnta 1.11. All Ihh onnias nt datm r(..trn$md .her thvm ,roore 



Cary. NC 27513 
1-800-833-5097 

Remarks I Comments 
(see Notes 2 8 3), 

Data: 
ICompany Name: Tlms: ~~0tnpllny Name: Tlma: CompanyNama: - , The: 

Note ( I ) :  If "N" lab will hold samples to await remainder of project-maxlmlzlng batch $17- and mlnirnlzlng QC ratio; If "Y" lab will b&n processing batches now. 
Nnt Sarnnl~s ~ tnrmi  fin dnvs altardata rennrt maild at nn ndra rharne unt. lqb All Ieh mnla. nl dm+. .+^-I-.-A La.. 'r.-. ..--, 



Note (1). If "N' lab will hold samplm to wit rema1nd.r of proJec(manmirIng batch rke and minimizing PC ratio; if "Y lab will begln procesdng balches now. 
Note (2) Samples stored 60 days aner date repott mailed at no extra charge. Note (3): All lab oOPia of data destroyed alter three years. 



, Note ''1: If "Nu lab will hold samples to await remainder of project-maxlmlzing batch s l -  snd mlnlmlrlng PC ratio; If1?'" lab will begi? processing batches now. 
I, hln' Csrnnloc c+nre.A Rn A m c  a f t o r  A a t o  ranort mzllnd mt nn avtrtrs ,-ham. hlnta { I V  All lhh ~nn1e.e m i  A d -  A--+-tr-.4 -w-.thr-a s,a-vm 



= 
COMPUCHEM - 
s division ofLibcrty Analytical Cow. 
I 

501 Madison Avenue 
Caly. NC 27513 

C. NaOH lcs H. NaHS04 + lm ' W. CWA WO.l#tiea 
0. HIS04 + Ice I. ZnAcrNaOH + Ice 

Remarks I Comments 
(Q characters maximum) ' (see Notes 2 & 3) 

Note (1): If " N  lab will hold samples to await remainder of project-maximizlnp batch size and mlnjmizlng PC ratio; If "V lab will begin processing batches now. 
hlnf- 17\. S a m n l m -  ctnr-r( Rn dav. mRsr date rennrt rna1l.d at mn artra rharna Nnle I?\. All Imh mnlar ef data .cu4~.~-4 .kh.6hr.. ,,,.,. 



a division of L~beriy Analytical Corp. 

501 Madison Avenue 
Caly, NC 27513 

Clients Specla1 Inrtructlonr: Temperature OC 

Lab: Recalved In Good Copd/tlon?, Y or N Dcrerlb. P r o M ~ s ,  It my: 

X I  Rellnqulrhed By: (SI& /m\)t&-.-- Dale % 122 16 I In2 Rsllnqubhsd By: (Slg) Dab: #3 Rellnqulrhed By: (Slg) W .. r 

Company Name: : .%AgCL m e :  I ~ c O  l~ompany  am: Tlmi: m e :  

W l  Rsceived By: (Slg) Dale: I#2 Received By: (SIg) DI(.: I= Rwdnd By. (Sh) , D I :  

Company N a m  Thne Company Name: Nme: Comp~y N a m  Tlme: 

Note 11): I f  " N  lab will hold samples to awalt remainder of project-maxlmlzlng batch SIT- qnd mlnimklng PC ratlo; If "Ye lab wlll begin prooerslng batohes now. 
htnt 9ernnla. .to.aI an I*$#= -It-r dmt- rmnr) malld m l  nn m v t m  rhnmn tlnta I?\. All 1.h rnn1.e nt Iota .I-(.*.,d -au+hvu ,,-~..r 



i-sdo-e33-5oa7 lAlrblll NO. : 

Note (I): If " N  lab will hold samples to await remainder of project-maxlmlzlng batch size and mlnimlzlng QC ratio; I f W r '  lab will begin processing batchso now. 
hlnln (1,. f.mnlnc c+nrprl an dm\,= mn-r  d=ta rsnnrt rnmi1.d mf nn 4,. rhmrn-  Nola I?\. All  1.h md-. d rid- 4-.6vns,-.4 .;01.4hvmr t,.,-vr 





, .. , .I., , .,, . .. . . , 

501 Madison Avenue 
Caly, NC 27513 
1-800-833-5087 

I. ZnAoiNaOH + Ice 

Note (1): If " N  lab will hold samples to await remainder of project-maximizing batch size end mlnimblng PC ratlo; If "Y" lab will begln processing batches now. 
hlnln I?!. c ~ r n n l - ~  stnvm.l en dmrc .+tar d-1. r-nnrt rnmi1.d tat nn evtr. mhmma hlnto I?\' All Ihh ~nn1e.e ni rlrl. darlvls,r4 -el. 41.v~. a,-srr 



Clients Special Instrucllonr: Temperature ' OC 
Lab: Received In Good cqnplffi? Y or N ~ere r lb .  Problcps, !f any: 1 

X I  Rellnqulahed By: ( ~ i g / ~ ! / ' ~ & + - - -  ~ a t & 7 ~ / 6  / 1#2 Rcllnqulshed By: (Slg) Date: #3 RellnqulrM By: (Sig) Date: 

Company Name: .Ed(?&!!/ T h :  ) e l ~ o m p a n y  ~ame: Tlmr Campany N m .  Tlms: 

#I Recaked By: (Slg) Date: 1#2 Rooelved By: (Sig) Date: 13 ReceW By: (SIg) Date: 

Company Name: Tlma Compny Name Tlms. Company Nama. Tlme: 1 
Note 11): If " N  lab will hold samples to await remainder of project-maxlmlzing batch 517 -nd mlnlinlzlng QC ratio: I f  "Y" lab wlll begln procerslng batches now. 
N n t ,  qmrnnlae ctnrarl fin rlave artar date rnnnrt mall-rl mt nn nrtra ~ h m r n a  Int- I I \ .  All I h h  ~nni-a nf r l o h  .4mr+vr..-~ -*..-&*.I- , p e r -  





COMPUCHEM 
a division of Liberty Analytical Corp. 
. , 

501 Madison Avenue 
Cary, NC 27513 
1-800-833-5097 

1. Surface Water 6. Trlp Elan 

Note (1): If "N" lab will hold samples to await remainder of projed-mawimlzlng batch size and mlnimlzing QC ratio: If "Y" lab will begin procesrlng bateher now. 
Note I" Samples stored 60 days after date report malled at no extra charge. "ote (3): All lab copies Of data destroyed after Ulree yean. 



-- = COMPUCHEM 
,a d y  of Liberty Anslytical COT. 

501 Madison Avenue 
Cary, NC 27513 
1-800-833-5097 

2. Ground Water 7.011 

Remarks I Comments 

~ o i e  (1): If "N" lab will hold sampler to await remainder ot project-mswlmklng batch size and mlnlmklng QC d o ;  If lab will bwln procerrlng batches "OW. 
Note (2): Samples stored 60 days after date report malted at no extra charge. Note (3): All lab copies of dab destroyed after three yen. 



TEST BORING AND WELL CONSTRUCTION RECORDS 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Cheatham Annex - Backmund Investigation 
CTONO.: 26007-196 BORING NO.: CXBGI-SB/MWDl 
COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE TOP OF PVC CASING: 

Visual Description 

clay, m e  fme sand, mo 

2.0' - 4.0' - grayhmwn silt, som 
Jine sand, trace clay, wet 

4.0' - 7.0' - light greedgray s14 
some clay, some fme sand, 
little brown streaking, wet 

DRILLING CO.: Parrot Wolfe BAKER REP.: David Martin 
DRILLER: Layne Pech BORING NO.: SB/MWOl SHEET 1 OF 1 

I 



- - I - - -  
TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Cheatham Anuex -Background Investigation 
a0 NO.: 26007-196 BORING NO.: CXBGlSB/MW02 
COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: TOP OF W C  CASING: 

Rig: Truck 
Date 

I 
size@) I 1 1 3.0" 1 I 8/12/2001 I 0.0 - 10.0 1 Sunny, 90 1 3.0 bgs 
- 

DRILLING CO.: Parrot Wolfe BAKER REP.: David Marti 
DRILLER: Layne Pech BORING NO.: SB/MW02 SHEET 1 OF 1 

LeDgtn I TYLK 
Hammer Wt. 
R*11 

6.0" 
Hand 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Cheatham Annex -Background Investigation 
CTO NO.: 26007-196 BORING NO.: CXBGI-SB/MW03 
COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: TOP OF PVC CASING: 

DRILLING CO.: Parrot Wolfe BAKER REP.: David Ma& 

I DRILLER: Layne Pech BORING NO.: SB/MW03 SHEET 1 OF 1 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJEm Cheatham Annex -Background Investigation 
(;TO NO.: 26007-196 BORING NO.: CXBG2SB/MWOl 
COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: TOP OF PVC CASING: 

Visual Description 

clay, trace fine s a d ,  some 

DRILLING CO.: Parrot Wore BAKER REP.: David Martin 
DRILLER: Layne Pech BORING NO.: SB/MWOl SHEET 1 OF 2 



TEST BORING AND WELL CONSTRUCTION RECORD 

I 
DRILLING CO.: P m t  Wolfe BAKER REP.: David Martin 
DRILLER: Layne Pech BORING NO.: SBIMWO1 SHEET 2 OF 2 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Cheatham Annex - Background Investigation 
CTO NO.: 26007-196 BORING NO.: CXBG2SBiMWO2 
COORDXNATES: EAST: NORTH: 
ELEVATION: SURFACE: TOP OF PVC CASING: 

DRILLING CO.: Parrot Wolfe 
DRILLER: Layne Pech 

BAKER REP.: 
BORING NO.: 

David Martin 
MW-02 SHEET 1 OF 2 



TEST BORING AM) WELL CONSTRUCTION RECORD 

I PID = Photo Ionintion Detector Measurement 
MSL = Mean Sea Level 

PROIECP Cheatham Annex - Background Indgatiion 
CTO NO.: 26007-196 BORING NO.: CXBG2-SBMW02 

I DRILLING CO.: Parrot Wolfe BAKER REP.: David Martin 
DRILLER: Lame Pech BORING NO.: MW-02 SHEET 2 OF 2 

SAMPLXTYPE 
S = Solit Swon A = Aumr 

DEFINITIONS 
SFT = Standard Penebation Test (ASTM Dl5861 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Cheatham Annex - Backwund Investipation 
CTO NO.: 26007-196 BORING NO.: CXBG2-SBiMWCn 
COORDINATES: EAST: NORTH: 
ELEVATION. SURFACE: TOP OF PVC CASING.. 

DRILLING CO.: Pmot Wolfe BAKER REP.: David Martin 
DRILLER: Layne Pech BORING NO.: MW-03 SHEET 1 OF 2 



TEST BORING AND WELL CONSTRUCTION RECORD 

T = ~ h e l b i ~ u b e  W = Wash 
R = Air R o t w  C = Core 

PROJECT: Cheatham Annex - Background Investigation 
CTO NO.: 26007-196 BORING NO.: CXBG2-SBMO3 

I PID = Photo Ionization Detector Measurement 
h4SL = Mean Sea Level 

SAMPLE TYPE 
S = Split Spoon A = Auger 

I DWLWG CO.: parrot wolf= BAKER REP.: David Martin 
DWLER: Layne Pech BORING NO.: MW-03 SHEET 2 OF 2 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D1586) 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECE Cheatham Annex -Background Indgation 
CTO NO.: 26007-196 BORING NO.: CXBG3SBMWOl 
COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: TOP OF PVC CASINO: 

DRILLING CO.: Pmot Wolfe BAKER REP.: David Martin 
DRILLER: Layne Pech BORING NO.: MW-01 SHEET 1 OF 3 



TEST BOIUNG AND WELL CONSTRUCTION RECORD 

DRILLING CO.: Parrot Wolfe BAKER REP.: David Martin 
DRILLER: Layne Pech BORING NO.: MW-01 SHEET 2 OF 3 



TEST BORING AND WELL CONSTRUCTION RECORD 
Baker Environmental 

PROJECT: Cheatham Annex -Background Indgat ion  
CTO NO.: 26007-196 BORING NO.: (=XBG3-SB/MWOl 

SAMPLE TYPE DEFINITIONS 
S =Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D1586) 

I T = Shelby Tube W = Wash I PID =Photo Ionbtion Detector Meawrrement 
R = Air Rotary C = Core MSL = Mean Sea Level I 



TEST BORING AND WELL CONSTRUCTION RECORD 

er Environmental I 
PROJECT: Cheatham Annex - Background Investigation 
CTO NO.: 26007-196 BORINGNO.: CXBG3-SB/MWO2 - 

COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: TOP OF PVC CASING: 

DRILLING CO.: Parrot Wolfe BAKER REP.: David Martin 
DRILLER: Layne Pech BORING NO.: MU-02 SHEET 1 OF 3 

I 

SAMPLE TYPE 
S = Split Spoon A = Auger 

WELL INFORMATION 
I I Top I Bottom 



TEST BORING AND WELL CONSTRUCTION RECORD 

DFULLING CO.: Parrot Wolfe 
DRILLER: Layne Pech 

BAKER REP.: 
BORING NO.: 

David Martin 
MW-02 SHEET 2 OF 3 



TEST BORING AND WELL CONSTRUCTION RECORD 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: CheatJmn Annex -Background Investigation 
CTO NO.: 26007-196 BORING NO.: CXBG3-SB/MIK03 
COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: TOP OF PVC CASING: 

R = Air Rotary C = Con 
D = Denison P = Piston 

DRILLING CO.: P m t  Wolfe BAKER REP.: David Martin 
DRILLER: Layne Pech BORING NO.: MW-03 SHEET 1 OF 3 



TEST BORING AND WELL CONSTRUCTION RECORD 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Chatham Annex - Background Investigation 
'3-0 NO.: 26007-196 BORING NO.: CXBG3-SB/MWO3 

S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D1586) 
T = Shelby Tube W = Wash PID = Photo Ionhtion Detector Measurement 
R = Air Rotary C = Core MSL = Mean Sea Level 

Visual Description 

- 
35 - 

- 
36 - 

- 
37 - 

- 
38 - 

- 
39 - 

- 
40 

. 

- 
- 

A 

- 
. 

A 

A 

. 

- 
- 

41 - 
- 

42 
- 

43 - 
- 

44 
- 

45 - 
- 

46 - 
- 

47 - 
- 

48 
- 

49 
- 

50 - 

DRILLING 

- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 

DRILLER: Layne Pech BORING NO : MW-03 SHEET 3 OF 3 
CO.: P m t  Wolfe 

- 

- 
- 
- 
- 
- 

- 

A 

- 

- 

- 

- 

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

BAKER REP.: David Martin 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT Cheatham Annex - Background Investigation 
CTO NO.: 26007-196 BORING NO.: CXBG44BrMWOl 
COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: TOP OF PVC CASING: 

DRILLING CO.: Parrot Wolfe BAKER REP.: David Martin 
J DRILLER: Layne Pech BORING NO.: SBiMWOI SHEET 1 OF 1 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Cheatham Annex - Background Investigation 
CTO NO.: 26007-196 BORING NO.: CXBG4SB/MWO2 
COORDINATES: EAST: NORTH: 
ELEVATMIN. SURFACE: TOP OF PVC CASING: 

DRILLING CO.: Panot Wolfe BAKER REP.: David Martin 
DRILLER: Layne Pech BORING NO.: MW-02 SHEET I OF 3 



TEST BORING AND WELL CONSTRUCTION RECORD 
f -'l 

I 
DRILLING CO.: Parrot Wolfe BAKER REP.: David Martin 
DRIUER: Layne Pech BORING NO.: MU-02 SHEET 2 OF 3 



TEST BORING AND WELL CONSTRUCTION RECORD 

lsaker Environmental 

DRILLING CO.: Pamot Wolfe BAKER REP.: 
DRILLER: Layne Pech BORING NO.: 

David Martin 
MW-02 SHEET 3 OF 3 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Cheatham Annex - Background Investigation 
CTO NO.: 26007-196 BORING NO.: CXBG3-SBO1 
COORDINATES: EAST: NORTH. 
ELEVATION: SURFACE: TOP OF PVC CASING: 

DRIUING CO.: Parrot Wolfe BAKER REP.: David Martin 
) DRILLER: Layne Pmh BORING NO.: CXBG3-SBOl SHEET I OF 6 



TEST BORING AND WELL CONSTRUCTION RECORD 



TEST BORING AND WELL CONSTRUCTION RECORD 

' 

PROJECT: Cheatham Annex -Background Investigation 
CI-0 NO.: 26007-196 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 

BORING NO.: CXBG3-SBOl 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D1586) 
PID = Photo Ionintion Detector Measurement 
MSL = Mean Sea Level 
BGPS = BackgrouadPoint Source 

Visual Description 

30.0' - 31.4' - SAME - 
31.4'-31.9'-tanIorangevery _ 
h e  sand and silt, trace iron, wet_ 
31.9' - 32.0' -dark gtayIcharcoal 
clay, trace silt, wet - 
32.0' - 34.0' - SAME - 

- 
34.0' - 36.0' -dark graylgreen silt _ 
and clay, some very fine sand, - 
wet 

- 
36.0' - 37.8' - SAME - 
37.8 - 38.0' -dark olive green - 
clay, some mlt, damp . 

38.0' - 40.0' - bluddark gray clay - 
and silt, some fine sand, wet 

- 
- 

40.0' - 42.0' - bluddark gray silt 
and clay, some fine sand,wet - 

- 
42.0' - 44 0' - bluddark gtay sllt, 
some clay, trace very fine sand, - 
wet - 

- 
44.0' - 45.7' - bluddark gray 
fme-medium sand, some silt, - 
trace clay, trace black heavy 
minerals, wet - 
45.7' - 46.0' - tambrown, medium 
sand, wet - 
46.0' - 47.0' - SAME - 
47.0 - 48.0' - bluddark-gray clay- 
some silt, some shell fragments, _ 
some heavy merals, trace v f. - 
sand - 
SAME 

Match to Sheet 4 

BAKER REP.: David 
BORING NO.: 

D = 

Depth(feet) 

31 - 
- 

32 - 
- 

33 - 
- 

34 - 
- 

35 - 
- 

36 - 
- 

37 - 
- 

38 - 
- 

39 - 
- 

40 
- 

41 - 
- 

42 - 
- 

43 - 
- 

44- 

- 
45 - 

- 
46 

- 
47 - 

- 
48 - 

- 
49 - 

- 
50 

D-ING 
DRILLER: Layne Pech 

Sample 
Lab 
ID 

PID 
@pm) 
BG/PS 

Elevation 
(Ft. hC5.L) 

3 OF 6 

C = Core 
N =No 

sPT 

3 -very 
loose 

1 -very 
soft 

2-sol? 

1-very 
sol? 

2 -very 
sol? 

5 -med. 
stiff 

5 - med. 
stlff 

7 -loose 

15 - shff 

5 - med. 
stlff 

R = Air 
Denison P 
Sample 
Type & 

No. 
S-16 

S-17 

S-18 

S-19 

S-20 

S-21 

S-22 

S-23 

S-24 

S-25 

CO.: Parrot 

Well 

Rotary 
= Piston 
Sample 

~ e c .  

(feet) 
0.8 

1.0 

1.8 

1.2 

1.2 

1 2  

2.0 

1.3 

1.1 

1.5 

~ o l f e  Martin 

Installation 
Detail 

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

- 
- 
- 
- 
- 
- 
- 
- 

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

CXBG3-SBOI SHEET 





DRILLING CO.: Parrot Wolfe BAKER REP.: David Maain 
DRILL=. Layne Pech BORING NO.: CXBG3-SBOI StIEET 5 OF 6 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Cheatham Annex - Background Investigation 
CTO NO.: 26007-196 BORING NO.: CXBGfSBOl 

DRILLING CO.: Parrot Wolfe 
DRILLER: Layne Pech 

SAMPLETYPE 
S = Split Spoon A = Auga 
T = Shelby Tube W = Wasb 
R=AirRotary C = C m  

D = Denison P = Piston N = No Sample 

BAKER REP.: 
BORING NO.: 

D-ONS 
SPT = Standard Pen&on Test (ASTM D1586) 
PID = Photo Ionization Deb301 Measurement 
MSL = Mean Sea Level 
BGmS = Backgro-oint Source 

David Martin 
-3-SB01 SHEET 6 OF 6 

Sample Sample Lab PID Well Elevation 
Depth(feet) Type & Rec. SFT ID (ppm) Visual Description Installation (Ft. MSL) 

No. (feet) BGRS Detail 
91 - S-46 1.6 24 -mad. 90.0' - 92.0' - SAME 

dense - 
92 - 

S47 0.8 34-dense - 
93 - very 6ne sand, trace shell 

94.0' - 96.0' -olive green h e  
sand and silt, trace clay, trace 
shell fragments, wet 

96.0' - 98.0' -SAME 

98.0' - 100.0' - SAME 



TEST BORING AND WELL CONSTRUCTION RECORD 

?r Environmental - 
PROJECP Cheatham Annex - Background Investigation 
Cl-0 NO.: 26007-196 BORING NO.: CXBG2-SB03 
COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: TOP OF PVC CASING: 

R = Air Rotary C = Core 

Visual Description 

2.0' - 4.0' - tadorange mottled 
silt and clay, some very fine 
sand, trace light gray mottling 

4.0' - 6.0' - SAME 

- - 
6 - 

- 
- 

S-4 
- 

1.3 18-very 6.0' - 8.0' -light gray clay with . - 
7 - stiff orange mottling, some silt, trace- - 

iron staining, trace very fme - 
8 - 

- 
=d, damp - 

S-5 
- 

1.8 ll-stiff 8.0' - 10.0' - light gray clay, trace - - 
9 

- 
silt, trace h e  sand in laminae, 
trace root hair, trace mottled - - - 

10 - orange iron staining, damp - 
Match to Sheet 2 

DRILLING CO.: Parrot Wolfe 
DRLLER: Lawe Pech 

BAKER REP.: David Martin 
BORING NO.: SB-03 SHEET 1 OF 6 



TEST BORING AND WELL CONSTRUCTION RECORD 



TEST BORING AND WELL CONSTRUCTION RECORD 



TEST BORING AND WELL CONSTRUCTION RECORD 

DRILLING CO.: Parrot Wolfe BAKER REP.: 
DRILLER: Layne Pech BORING NO.: 

David Martin 
SB-03 SHEET 6 OF 6 









SOIL ASSOCIATION 1 



APPENDIX C 
SURFACE SOIL DATA SUMMARY 

SOIL ASSOCIATION 1 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

SAMPLE ID BG1-SS01-00 BG1-SS02-00 BGlSS03-00 BU1-SS04-00 BOI-SSO5-00 BO1-SS06-00 BG1-SS07-00 BG1-SS08-00 801-SS09-00 BGI-SS10-00 
SAMPLE DATE 08-06-2001 07-25-2001 07-25-2001 08-06-2001 08-06-2001 08-06-2001 07-25-2001 07-25-2001 07-25-2001 07-25-2001 
SAMPLE DEPTH 0 - 6 "  0-6" 0-4" 0-6" 0-6" 0-6" 0-6" 0-6" 0-6" 0-6" 

Semivolatiles (udkg) 
I,l'.Biphcnyl 410 U 
Z&oxyba(l-Chlompropane 410 U 
2,4,5-Trichlomphml I000 U 
2,4,6-Tri~hl0mphen0l 410 U 
2,4.Dlchiomphenol 410 U 
2,4-Dimethylphenol 410 U 
24-Dinitrophonol 1000 U 
24-Dinitmtoluene 410 U 
Ip-Dmitrotoluwe 410 U 
2-Chlomnaphthalene 410 U 
2.Chlomphenol 410 U 
2-Methylnaphthalene 410 U 
2-Wthylphenol 410 U 
2-Nitroaniline 1000 U 
2-Nitrophenol 410 U 
3.3'-Dichlombenzidine 410 U 
3-Nitroaniline 1000 U 
4,6-Dinitm-2-methylphw1ol 1000 U 
4-Bmmophenyl-phmylcthe~ 410 U 
4-Clllom-3-methylphenal 410 U 
4-Qlloroaniline 410 U 
4-Chlmphenyl-phenylether 410 U 
4-Methylphenol 410 U 
4-h'itrosniline 1000 U 
4-Nitrophenol 1000 U 
Acmaphthene 410 U 
Acenaphthylene 410 U 
AFcmphmoae 410 U 
Anthfaccne 410 U 
Atrazine 410 U1 
Benzaldehyde 410 U 
Benzo(a)aothracene 410 U 
BenzNa)pyrene 410 U 
Benzo(b)fluoranthene 410 U 



APPENDIX C 
SURFACE SOIL DATA SUMMARY 

SOIL ASSOCIATION 1 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

SAMPLE ID BGI-SS01-00 BGl-SS02-00 BGI-SS03-00 BGl-SS04-00 BGI-SSO5-00 MI-SS06-00 BGI.SS07-00 BGI-SS08-00 BGI-SS09-00 BGI-SS10-00 
SAMPLE DATE 08-06-2001 07-25-2001 07-25-2001 08-06-2001 08-06-2001 08-06-2001 07-25-2001 07-25-2001 07-25-2001 07-25-2001 
SAMPLE DEPTH 0-6" 0 -6"  0 - 6" 0-6" 0-6" 0-6" 0-6" 0 - 6" 0-6" 0-6" 

Semlvalatiles (contmued) 
Benzo(gb,i)perylene 410 U 
Benw(k)fluoranthene 410 U 
Butylbcnzylphthalate 410 U 
Capmlaotam 410 U 
Carbazole 410 U 
Chiysene 410 U 
Di-n-butylphthalate 410 U 
Di-n-octylphthalate 410 U 
Dibcnzo(a,h)anthracene 410 U 
Dibenmfuran 410 U 
Diethylphthalate 410 U 
Dimethylphthalate 410 U 
Eluoranthene 410 U 
Fluome 410 U 
Hexachlombenzene 410 U 
Hexachlombutadiene 410 U 
Hexachlomyclopentadiene 410 U 
Hwxaohlomethune 410 U 
Indendl,2,3-cd)pyrene 410 U 
lsophomne 410 U 
N-Nitroso-di-n-pmpylaminc 410 U 
N-nihosodiphenylamine 410 U 
Naphthalene 410 U 
Nitrobenzene 410 U 
Pentschlorophenol 1000 U 
Phenanthme 410 U 
P h e ~ l  410 U 
Wene 410 u 
b's(2-Ch1oroethoxy)methane 410 U 
bis(2-Chlorosthyl)ethcr 410 U 
bis(2-Ethylhexyl)phthslate 410 U 





SAMPLE W 
SAMPLE DATE 
SAMPLE DEPTH 

Inorganlu (mgntg) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
C Q P ~  
Cyanide 
Iron 
h d  
Magnwium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vandum 
Zinc 

APPENDIX C 
SURFACE SOIL DATA SUMMARY 

SOIL ASSOCIATION 1 
BACKGROUND INVESTIGATION 

CBEATIIAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 



Minimum 
Non-Defect 

Semivolntilea (uglkg) 
I,l'-Biphenyl 
2 ,s  oxyhis(l-Chloropmpsne) 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4-Dichlomphenol 
2,4-Dimethylphenol 
2,4-Dmitraphenol 
2,4-Dmitratoluene 
26-Dinitro(oluene 
2-Chloronaphthalene 
2-Chlomphenol 
2-Methylnaphthalene 
2-Methylphenol 
2.Niuoan1line 
2.N1traphenol 
3,3'-Dichlorobenzidine 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-Bromophenyl-phenylether 
4-Chloro-3-methylphenol 
4-Chlomandine 
4.Chlorophenyl-phcnylether 
4-Methylphenol 
4-Nitroaniline 
4-Nitraphenol 
Aoenaphthene 
Aoenaphthylene 
Acetophenone 
Anlhracene 
Atmine 
Benzaldehyde 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Bemo(g,h,i)perylene 
Benzo(k)fluoranthene 

APPENDIX C 
ORGANIC COMPOUNDS IN SURFACE SOIL - STATISTICAL SUMMARY 

SOIL ASSOClATlON 1 
BACKGROUND INVESIIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Maximum Minimum Maximum Lacation of Frequency 
Non-Detect Detected Defected Maximum Detect of Detection 

0110 
0110 
0110 
0110 
0110 
0/10 
0110 
0110 
0110 
0110 
0110 
WIO 
0110 
0110 
0110 
0110 
Oil0 
0/10 
0110 
0110 
0110 
0110 
0110 
0110 
0110 
0/10 
0110 
1110 
0110 
0110 
1110 
1/10 
1/10 
1/10 
1/10 
1110 

Mthmatic Mean 
Half Nun-Detect$ 

Standard 
Deviation 

U p p  95% Log Arithmatic Mean 
Confidence Level Half Non-Detects 

Log Standard Log Upper 95% 
Devidon Conffdmce Level 

SS (ApP c)xla, SSl So 



Semivolstlles (ugkg) (Cont) 
Butylbenzylphthalate 
Capmlactsm 
Carbazole 
Chrysene 
Di-c-butylphthalate 
Di-n-octylphthalate 
Dibemo(a,h)nnthraoene 
Dibenzofuran 
Dicthylphthalate 
Dimethylphthalate 
Fluoranthane 
Fluorene 
Hexachlombenzene 
Hexachlombutadiene 
Hcxachlomcyclopentadinrc 
Hexachlomethsnc 
Indeno(l,Z,3-cd)pyrene 
lsophomne 
N.Nikosodi-n-pmpylamine 
N-nikosodiphenylamine 
Naphthalene 
Nitrobenzene 
Pentachlorcphenol 
Phenanthrene 
Phenol 
Pyrene 
bis(2-Chlomethoxy)methane 
bii2-Chlomcthyl)etha 
bis(2-Ethylhexy1)phthalate 

APPENDIX C 
ORGANIC COMPOUNDS IN SURFACE SOIL - STATISTICAL. SUMMARY 

SOIL ASSOCIATION 1 
BACKGROUND INVESTIGATION 

CAEATEAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

M~nimu~n Maximum Minimum Maximum Location of Frequency Anthmatic Mean Standard Uppa 95% Log Arithmatic Mean Log Standard Log Uppa 95% 
Non-Detect Non-Detect Derccted Detected Maximum Detect of Detection Half Non-Detects Deviation Confideace Level IialfNon-Detects Deviation Confidence Level 

SS (App . SSISo 



PesUcldes/PCBs (ug/kg) 
4,4'-DDD 
4,4'-DDE 
4,GDDT 
Aldrin 
Dieldrin 

Endosulfan I 

Endosulfan 11 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Heplachlor 
Heptachlor epox~de 
Mcthoxychlor 
Toxsphene 
alpha-BHC 
alpha-Chlordane 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 
gamma-Chlordane 
Aroclor-1016 
Amclor-1221 
Amclor-1232 
AmcIor- 1242 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260 

APPENDIX C 
ORGANIC COMPOUNDS IN SURFACE son. STATISTICAL SUMMARY 

SOIL ASSOCIATION 1 
BACKGROUND IhlrESTlCATlON 

CHEATRAM ANNEX SITE, WILLIAMSBURG, VlRGMlA 

Minimum Maximum Minimum Maximum Location of Frequency A n h a t i c  Mean 
Non-Detoct Non-Detect Detected Detected M ~ i m u m  Detect of Detection Half Non-Detecls 

Standard Upper 95% Log Arithmahc Mean 1 
Deviation Confidcn~~ Level Half Non-Detects 

xrg Standard Log Upper 95% 
Deviation ConfidcnceLevcl 



APPENDIX C 

Inorganla (rnflg) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Csdmihm 
Calcium 
Chmmium 
Cobalt 
C ~ P P ~  
Cyanide 
Iron 
Lead 
Magncaium 
Manganese 
Mercury 
Nickel 
Potassium 
Sclonium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

. - . -. - .. . - 
INORGANIC COMPOUNDS IN SURFACE SOIL - STATISTICAL SWdMARY 

SOIL ASSOCIATION 1 
BACKGROUND INVJCSTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Minimum Maximum Minimum Maximum Location of Frequency Arithmatic Moan Standard Upper 95% Log Aritiunatic Mean Log Stenderd Log Uppcr 95% 
Non-Detect Non-Dotoct Detected Detected Maximum Detect of Detection Half Non-Detects Deviation Confidence Level Half Non-Detects Deviation Confidence Level 





APPENDIX C 
SURFACE son DATASUMNL~RY 

SOIL ASSOCIATlON 2 
BACKGROUND INVESTlVATION 

CIIEATHAM A..NEX SITE, WILLIAMSBURG, VIRGINIA 

SAMPLE ID BGZ-SS01-00 BG2.SSO2-00 BG2-SS03-00 BG2-SS04-00 BGZ-SSOEOO BG2+SS06-00 BGl-SS07-00 BG2-SS08-00 BGZ-SS09-00 BG2-SSIO-00 
SAMPLE DATE 07-27-2001 07-24-2001 07-25-2001 07-26-1001 07-26-2001 07-27-2001 07-24-2001 07-24-2001 07-242001 07-7.3-2001 
SAMPLE DEPTH (inches) 0-6" 0-6" 0.6" 0.6" 0.6'' 0-6" 0-6" 0-6" 0-6" 0-6" 

SS (App C).xb 



APPENDIX C 
SURFACE SOIL DATA SUVMARY 

SAMPLE 1D 
SAMPLE DATE 
SAMPLE DEPTH (inches) 

SemiMIatllee (a&) (continued) 
Bnro&h,i)psrylene 

SOIL ASSOCIATION 1 
BACKGROUZlD INVESTNATION 

CHEATHAH ANNEX SITE, WILLIAMSBURG. VlRGlMA 



APPENDIX C 
SURFACE SOIL DATA SUMMARY 

SOIL ASSOClATlON 2 

SAMPLE ID 
SAMPLE DATE 
SAMPLE DEPTH (inches) 

Pcdcldn/PCBs (ugl!+g) 
4.4'-DDD 
4#-DDE 
4,4'-DDT 
Aldnn 
Dieldrin 
Endonulfnn I 
Endoswlfan I1 
Endonulfnn mlfnte 
Endnn 
Endrtn ddshydc 
Enddn karonc 
Hcptachlor 
Hoptachlor gox!dc 
Melhoxy~hl~r 
Toxaphcnc 
alpha-BHC 
alpha-Chlordm 
beta-BHC 
deltcBHC 
gamma-BtIC (Lindane) 
gamma-Chlordane 
Amlor-1016 
Amlor-1221 
Amlor-1232 
Amclor-1242 
Amolor-1248 
Aroclor-I254 
Aroelor-1260 

BACKGROUND IhllESlTVAnON 
CHEATHAM ANNEX SITE, WILLIAMSBL'RG. VIRGINIA 



APPENDIX C 
S W A C E  SOILDATA SLMMARY 

SAMPLE ID 
SAMPLE DATE 
SAMPLE DEPTH (inches) 

1nom.niu 
Aluminum 
humony 
Arsmic 
Barium 
BayUium 
Cadmium 
Calcium 
Chromium 
Cobalt 
GPW 
Cyanide 
Iron 
L a d  
Msgnmium 
Mangancsc 
Mmcury 
Nickel 
Potassium 
S d d u m  
silver 
Sadium 
Thallium 
Vanadnun 
Zinc 

SOU. ASSOCIATION 2 
BACKGROUND Im'ESTIVATION 

CHEATHAU AYNEX SITE, NILLIAMSBLIRC, VIRGINIA 



Semlvol8tilea (ugkg) 
l,l'-Biphenyl 
2,Z'-axybis(l-Chloropropane) 
2,4,5-Trichlorophenol 
246-Tnchlomphenol 
2,4-D~chlomphmol 
2,4-Dimethylphenol 
2-4-Dtnitrophenol 
2,4-Dinitmtoluene 
26-Dinitrotoluene 
2-Chlomnaphthalene 
2-Chlorophenol 
ZMethylnaphthalene 
2-Methylphenol 
2-Nitmanilme 
2-Nitrophenol 
3,3'-l)lchlombenz1d1ne 
3-Nitroaniline 
4,6-Dinim-2-methylphenol 
4-Bmmophmyl-phenylethcr 
4-Chloro-3-methylphenol 
4-Chlomaniline 
4-Chlomphenyl-phenylnher 
4-Methylphenol 
4-Nitmaniline 
4Nitrophenol 
Acenaphthene 
Acenaphthylene 
Acetophenone 
Anthracme 
Atrazine 
Benzaldehyde 
Benzo(a)anthracene 
Bento(a)pyrcne 
Benw@)fluomthene 
Benzo(g,h,i)perylenc 
Benzo(k)fluoranthene 

Minimum 
Non-Detect 

APPENDLX C 
ORGANIC COMPOUNDS IN SURFACE SOIL - STATISTICAL SUMMARY 

SOIL ASSOCIATION 2 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBCRG, VlRGlNlA 

Maximum Minimum Maximum Laoation of Frequency Anthmatic Mean 
Non-Detect Detected Detccted Maximum Defcct of Detection HalfNon.Dotect.8 

Standard 
Deviation 

Upper 95% Lag Arithmafic Mean 
Confidence Level HalfNon-Detect.8 

Lag Standard Lag Upper 95% 
Deviation Confidence Level 

SS (App C).xls, SS2So 



APPENDIX C 
ORGANIC COMPOUNDS IN SURFACE SOIL - STATISTICAL SUMMARY 

son A~SOCIATION 2 
BACKGROUND 1WESTIGATIO.Y 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Semivolntiler (up/kg) 
Butyibenzylphthalate 
Capmlacm 
Carhnzole 
Chrysene 
Di-n-butylphthalate 
Di-n-oclylphthalate 
Dibm(aJ~)mthraccne 
Dibenzoffiran 
Diethylphthalatc 
Dimethylphthalate 
Fluoinnthene 
Fluorme 
Hexachlombcnzene 
Hexachlombutadiene 
Hexachlorocyclopentsd~ene 
Hexachloroetkane 
Indeno(l,2,3-cd)pyrme 
lsophomne 
N-Nitroso-di-n-propylamine 
N-nitrosodiphcnylamine 
Naphthalene 
N i t r o b m e  
Pcntachlorophenol 
Phmanthrens 
Phenol 
Pynne 
bii2-Ch1omethoxy)inethme 
bis(2-Ch1oroethyl)ether 
bs(2-Ethylhexyl)phtbslate 

Mlnimum Maximum Muurnurn Maximum Location of Frequency Arithmatic Mean 
Non-Detect Non-Detect Detected Detected Maximum Detect of Detection Half Non-Detects 

Standard 
Deviation 

Upper 95% Log Arithmatic Mcaa Log Standard Log Uppa 95% 
Confidence Level Half Non-Detects Deviation Confidence Level 



PealieidellPCBs (ugkg) 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Aldrin 
Dieldrin 
Endosulfan I 
Endosulfan I1 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Heptachlor 
Heptachlor epaxtde 
Methoxychlor 
Toxaphene 
alpha-BHC 
alpha-Chlordane 
beta-BHC 
delta-BHC 
gamma-BHC (Lmdane) 
gamma-Chlordane 
Amclor-1016 
Amclor-1221 
Aroclor-1232 
Amclor- 1242 
Aroclor-1248 
Araclor-1254 
Aroclor-1260 

APPENDIX C 
ORGANIC COMPOUNDS IN SURFACE SOIL - STATISTICAL SUMMARY 

SOIL ASSOCIATION 2 
BACKGROUND INVESTIGATION 

CHEATBAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

M~nimum Maximum Minimum Maximum Locahon of Frequency Arithmatic Mean Standard Upper 95% Log Arithmatic Mean Log Standard Log Upper 95% 
Non-Detect Non-Detect Detected Detested Maximum Detect of Detection HalfNon-Detects Deviation Confidence Level HalfNon-Detects Deviation Confidance Level 

SS (App C).xls, SSZSo 



Inorganics (m&ef 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chmmium 
Cobalt 
Copper 
Cyanide 
Imn 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selcmum 
Silver 
Sodlum 
Thall~um 
Vanadium 
Zinc 

Minimum 
Non-Detffit 

APPENDIX C 
INORGANIC COMPOUNDS IN SURFACE SOIL - STATISTICAL SUMMARY 

SOIL ASSOCIATION 2 
BACKGROUND INVESTIGATlON 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Maximum Minimum Maximum Location of Frequency Arithmatic Mean 
Non-Detect Detected Detected Maximum Detect of Detection Half Non-Detects 

Standard Upper 95% Log Arithmatic Mean Log Standard Log Upper 95% 
Deviation Confidence Level Half Non-Detects Deviation Conhdmce Level 



SURFACE SOILS - 
SOIL AwOCh$TIQN 3 



APPENDIX C 
SURFACE S O U  DATA SUMMARY 

S O U  ASSOFIATION 3 

SAMPLE m 
SAMPLE DATE 
SAMPLE DEPTH (inches) 

HACKCROURD MVESTICATION 
C H E A M  AYNEX S(?E. WILLIAMSBURG, VIRGINIA 



APPENDIX C 
SURFACE SOIL DATA SUMMARY 

SOIL ASSOClATION 3 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX s m .  WILLIAMSBURG, v m m h  

SAMPLE ID BG3-SS01-00 BG3-SS02-00 B03-SS03-00 B03-SS04-00 BG3-SS05-00 BG3-SS0-5-00 BG3-SS07-00 BG3-SSO8-M) BG3-SS09-00 BG3-BS10-OW 
SAMPLE DATE 07-23-2001 07-24-2001 07-24-2001 07-23-2001 07-24-2001 07-24-2001 07-24-2001 07-24-2001 0733.2001 07-23-2001 
W L E  DEPTH (inch-) 0-6" 0-6" 0-6' 0-6" 0.6" 0.6" 0-6" 0-6" 0-6" 06" 

&mlvoLUlr~ (u&) (eonflnuedl 
Bsarofg,h,i)eny1cne 370 U 
Bnuo(k) f l~ lhc l l e  370 U 
Butylbenzylphthalatc 370 U 
Capmk~am 370 U 
Catbawls 370 U 
Chtyrane 370 U 
Di.n-butylphlhalate 370 U 
Di-n-cetylphthalf c 370 U 
Dibcm(a,h)lathr~~~nc 370 U 
DibonzaRuM 370 U 
Dlahyl~hthalatc 370 U 
Dimahylphthalate 370 U 
~nonuUhu1e 370 U 
Fluoren. 370 U 
Hexachlombanzole 370 U 
Hoxnahlombutadimne 370 U 
Hcxachlorwyolcpantad~cna 370 U 
Hunchlomethano 370 U 
Indsno(l2,3-~d)pym 370 U 
lsophomno 370 U 
N-Nitmsc-dim-pmpylaminc 370 U 
N-nitmsodiphcllylamino 370 U 
Naphlhalmc 370 U 
Nl t r~hzene  370 U 
Pmtaohlorophenol 920 U 
Phenanthrme 370 U 
Phanol 370 U 
m e  370 U 
bis(2-Chl0mcthaxy)melhsne 370 U 
bis(2-Chlomethyl)cthcr 370 U 
bia(2-EthydoxylIphlh~Iatc 190 1 



APPENDIX C 
SURFACE SOIL DATA SUMWRY 

SOIL ASSOCIATION 3 
BACKGROUND nWESTIGATION 

CHEATBAM ANNEX SITE, WTLLUMSBURG, VIRGINIA 

SAMPLE ID 
SAMPLE D A E  
SAMPLE DEPTH (inches) 

P e S C B s  ( u r n )  
4,4'-DDD 
4,4'-DDB 
4,4'-DDT 
A l d h  
Dieldrin 
Endnsulfen I 
Endosulh I1 
Endosulfen sulfate 
Endnn 
Endrin aldehyde 
Endrin ketone 
Hept~~hlor 
Heptachlor spox~do 
Mnhoxychlor 
Toxaphene 
alpha-BHC 
alphcChlordanc 
beta-BHC 
delta-BHC 
gamma-BHC (Llndane) 
gamma-chlordane 
Amclo~lOl6 
Amdor-1221 
Ardor-1232 
Amclor-1242 
Amclor-1248 
Araclor- I254 
Am0l0Fl2M) 



SURFACE SOIL DATA SUMMARY 
SOU ASSOClATWN 3 

BACKGROUND INVESTIGATION 
CHEATAAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

SAMPLE ID BG3-SS01-00 BG3-SS02-00 BG3-SS03.00 803-SS04-00 BG3-SSOS-W BG3-SS06-00 BG3-SS07-W BG3-SS08-M) BG3.SS09-00 BG3-SSIO-00 
SAMPLE DATE 07-23-2001 07-14-2001 07-24-2001 07-23-2001 07-24-2001 07-24-2001 07-24-2001 07-24-2001 07-23-2001 07-23-2001 
SAMPLE DEPTH (inch-) 0-6" 0-6" 0-6" 0-6'' 0-6" 0-6" 0-6" 0-6" 0.6" 0-6" 

hoq.ntEc (ms/lcg) 
Aluminum 5160 4460 3850 3110 5230 3880 3220 4040 4110 6160 
Antimony 
Arsenio 
Barium 
Bolyllium 
Cadmium 
Qllolum 
Chmm~um 
Cobslt 
C~ppw 
Cyanide 
Imn 
h a d  
Manncsium - 
Mangnncsc 
M u o u ~ ~  
Niolrol 
PoUssium 
Solmium 
Silvu 
Sodium 

Zinc 



APPENDIX C 
ORGANIC COMPOUNDS IN SURFACE SOU. - STATISTICAL SUMMARY 

SOIL ASSOCIATION 3 
BACKGROUND Ih'ESIlGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

SemlvolaUles (uglkg) 
1,18-Biphenyl 
2,2'-oxybis(l-Chloropmpane) 
2,4,5-Trichlomphenol 
2,4,6-Trichlorophenol 
2,4-Dichlomphenoi 
2,4-Dlmethylphenol 
2,4-Dinitrophenol 
2,4-Dinimtolume 
2,bI)mitrotoluene 
2-Chlomnaphthalene 
2-Chlomphenol 
2-Methylnaphthalene 
2-Methylphenol 
2-Niman~lme 
2-Nitrophenol 
3.3'-Dichlombenzidlne 
3-Nltroaniline 
4,6-Dinitro-2-mahylphenol 
4Bmmophenyl-phenylethm 
4-Chlom-3-methylphenol 
4-Chloroaniline 
4-Chlomphenyl-phenylether 
4-Methylphenol 
4-Nitroaniline 
4-N~trophenol 
Acenaphthene 
Accnnphthylene 
Acetophenone 
Anthracene 
Atrazmc 
Benzsldehyde 
Benzo(a)anthracene 
Benzo(a)pyreae 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluomnthene 

Minimum Maximum Minimum Maximum Locadon of Frequency Arithmatic M a n  
Non-Detect Non-Detect Detected Defected Maximum Detect of Detection Half Non-Detects 

Standard Upper 95% Log Arithmatic Mean Log Standard Log Uppu 95% 
Deviation Confidenoe Level HalfNon-Detects Deviation Confidence Level 

SS (App C).xls, SS3So 



Semivolatiler (uglkgl 
Butylbenzylphthalate 
Capmlactam 
Carbszole 
Chryme 
Dm-butylphthalate 
Di-n-octylphthalate 
Dibenzo(a,h)anthracene 
Dibenzofuran 
Diethylphthalete 
Dlmethylphthalate 
Fluoranthene 
Fluorene 
Hexachlomhenzene 
Hexachlombutadiene 
Hexachlomcyclopentad~ene 
Hexachlomelhane 
Inden@l,2,3-cd)pyrane 
Isophomne 
N-Niboso-di-n-pmpylamine 
N-nitmsodiphenylamine 
Naphthalene 
Nitrobenzene 
Pentschlomphenol 
Phenanthrene 
Phenol 
Pyrene 
bis(2-Chloroethoxy)mothane 
bis(2-Chlomethy1)ether 
bis(2-Ethylhexy1)phthaIate 

APPENDIX C 
ORGANIC COMPOUNDS IN SURFACE son - STATISTICAL SUMMARY 

SOIL ASSOCIATION 3 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Minimum Maximum Minimum Maximum Loeation of Frequency Arithmatic Mean St& Upper 95% Log Adthmatic Mean Log Standard Log Upper 93% 
Non-Detect Non-Detect Detected Detected Maximum Detect of Defection Half Non-Detectn Deviation Confideaoe Level Half Non-Detects Deviation Confidence Level 



Putlcidea/PCBs (uglkgJ 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Aldrin 
Dieldrin 
Endosulfan I 
Endosulfan I1 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Heptachlor 
Heptachlor epoxide 
Methoxychlor 
Toxaphene 
alpha-BHC 
alpha-Chlordane 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 
gamma-Chlordane 
Amclor-1016 
Amclor-1221 
Amclor-1232 
Amclot-1242 
Aroolor-1248 
Aroclor-I254 
Amclor-1260 

APPENDIX C 
ORGANIC COMPOUNDS IN SURFACE SOIL - STATISTICAL SUMMARY 

SOIL ASSOCIATION 3 
BACKGROUND INVESTIGATION 

CREATRAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Minimum Maximum Minimum Max~mum Location of Frequency Arithmatic Mean 
Non-Detect Non-Detect Detected Detected Maximum Detect of Detection Half Non-Detects 

Standard Uppa 95% Log Arithmatic Mean Log Standard Log Upper 95% 
Deviation Confidence Level Half Non-Detects Deviation Confidence Level 

SS [App C).xls, SS3So 



Inorganics (mglltg) 
Aluminum 
Antimony 
Arscnic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chrom~um 
Cobalt 
COPPU 
Cyanide 
Imn 
Lead 
Magnesium 
Manganese 
M a r y  
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zlnc 

APPENDIX C 
INORGANIC COMPOUNDS IN SURFACE son - STATISTICAL SUMMARY 

SOIL ASSOCIATION 3 
BACKGROUND INVESTIGATION 

CXEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Minimum Maximum Minnnum Maximum Location of Frequency Arithmatic Mean Standard Upper 95% Log AriUMatic Mean Log Standard Log Upper 95% 
Non-Detect Non-Detect Detected Detected Max~mum Detect of Detection Half Non-Detects Deviation Confidence Level HalfNon-Detects Deviation Confidence Levd 





MPENDX C 
SURFACE SOIL DATA SUMMARY 

SOIL ASSOCIATION 4 
BACKGROUND INVESTIGATION 

CBEATBAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

SAMPLB ID 8WSOl-00  B04SS0200 BO4&3D3M BG4-SS04-W B04.SSO5-W WSS06-00 EM-SS07-CQ B04-SS084Q BOCSSDkW BOCSS10.00 
SAMPLE DATE 07.26-2001 07-27-2001 07-26.2001 07-263Wl 07-26-ZWI b7-26-2WI 07-27.2001 07-27-SO1 07-27-ZWL 07-26-2001 
S A W  D ( I  0 - 6" 0.6" 0-6" 0 - 6" 0-6" 0-6" 0-6" 0-6' 0-6' 0-6" 

420 U 
420 U 

1100 U 
420 U 
420 U 
420 U 

llrm U 
420 U 
420 U 
420 U 
420 U 
420 U 
420 U 

1100 U 
420 U 
420 U 

IIW U 
IIW u 
420 U 
420 U 
420 U 
420 U 
420 u 

I100 U 
11UO U 
420 U 
420 U 
420 U 
420 U 
420 UJ 
420 U 
420 U 
42a u 
420 U 
420 U 
420 U 



SURFACE SOIL DATA SUMMARY 

SAMPLE D BG4-SSOl40 BG4-SSU2.W BG4SS03.00 BG4-SS04-00 604-SS05.W BG4-SS06-04 BGeSS07-00 WSS08.80 B04S509.M) WSSIO-W 
SAMPLE DATE 07-26-2001 07-27.2001 07-261WI 07-26-2W1 07-26-2001 07-26-2W1 07-27-2001 07-2713WI 67-27dWl 07-26-2001 
SAMPLE DFl1H (inches; 0 - 6" 0 - 6" 0 -6"  0-6" 0 - 6" 0 - 6" 0-6' 0 -6"  0 - 6" 0-6" 



APPENDIX C 
SURFACE SOIL DATA SUMMARY 

SOIL ASSOCIATION 4 ~ - - ~ ~ ~  

BACKGROUND Ih'VESTICATION 
CHEATHAM ANNEX SITE. WILLIA.MSBUR~, V I K C ~ I A  

SMUD BG4-SS0140 BQeSS02.00 B04-SSO3M) BWSSW4O 804-850540 104-SS0600 BG4-SS07.00 B W W  BUCSS0-W BCi(SS1040 
SAMPLE DATE 07362001 07.27.2001 07-263WI 07-261001 07-26-2001 07262001 01.273001 0737-2001 07-27-2001 Ol-262001 
SAMPLE DEPTH (wbs: 0 - 6" 0-6' 0-6" 0-6" 0 - 6" 0-6" 0-60 0-6" 0-6" 0-6" 

PetWdadPCBa (u#kd 
4.4'-DDD 1.3 1 3.6 U 3.6 U 3.9 U 
4PDDE 2.5 J 3 6 U  3.6 U 3 5 U  
4.4'-DDT 4.2 U 3 6 U  3.6 U 3 5 U  
Aldrie 2 2  U 1.8 U 1.8 U 1.8 U 
D i W  4.2 U 3.6 U 3 6 U  3.5 U 
~ s u l h n l  1 2  U 1.8 U I 8 U  1.8 U 
W u l b U  4.2 U 3.6 U 3.6 U 3.5 U 
eadopulhn suIfate 4.2 U 3.6 U 3 6  U 3 5 U  
E&n 4.1 U 3.6 U 3 6 U  3.5 U 
endrin aldchyd~ 4 2  u 3.6 u 3.6 u 1.5 u 
endrin LcIone 4.2 U 3.6 U 3.6 U 3.5 U 
Hspfeohlor 2 3  U 1.8 U 1.8 U 1.8 U 
He+~tsehlor spaxi& 2.2 U 1.8 U 1.8 U 1-8 U 
bicthoxycblor 22 U 18 U I8 U 18 U 
Toxapbns aao u 180 u 180 u 180 u 
alpha-BHC 2.2 U 1 8  U 1.8 U 1.8 U 
stphachlordanc 1 7 1  1 8  U 1.3 B 1 5 1  
bePBHC 2 1  U 1 8 U  1.8 U I 8  U 
&I@-BHC 2.2 U 1 8  U 1.8 U 1.8 U 
gmma-BHC (Lmdad 2.2 U 1.8 U 1.8 U 1.8 U 
pan~na-Chl&% 1.2 U 1.8 U 1.8 U 1.8 U 
Amcla-1016 42 U 36 U 36 U 35 U 
Amclor-UZl 85 U 73 U 73 U 71 U 
Arwlor-1232 42 U 36 U 36 U 33 U 
Amolm-I242 42 U 34 U 36 U 3% U 
Amolo~l248 42 U 36 U 36 U 3s U 
Amclohl2S4 42 U 36 U 36 U 3J U 
Amcln-1260 42 U 36 U 36 U 35 U 



APPENDIX C 
SURFACE SOIL DATA SUMMARY 

SOIL ASSOCIATION 4 
BACKCROUND Ih'ESTICATION 

CHEATWhl ANNEX SITE. WILLIAMSBVRC, VIRCLYU 

SAMPLE LD 
SAMPLE DATE 
SAMPLE DEPTH (inches: 

Inor~auicr (rndkg) 
Alu&nW 
Anfimny 
A n a m  
Barium 
Be~ylhum 
Cadrmum 
Cdoium 
m m u m  
Cobalt 
coppor 
C d d s  
Imn 
Load 
Mapaturn 
MrnBawrC 
Mosury 
NlCkol 
Potasslum 
Selenium 
Siiva 
Sodim 
Thallium 
VamLum 
Zinc 



Semlvolntlle~ (uglkd 
1,18-Biphenyl 
2,2'-oxybis(l-Chloropropane) 
2,4,5-Trichlorophenol 
2,4,6-Trichlomphenol 
2,4-Dichlomphenol 
2,4-Dimethylphenol 
2.4-Dmitrophenol 
24-Dinitmtoluene 
Zb-Dinihotoluene 
2-Chlomnaphthalene 
2-Chlomphenol 
2-Methylnaphthalene 
2-Methylphenol 
2-Nlhoanilme 
2-Nltmphenol 
3,3'-Dichlombenzidine 
3-Nitmaniline 
4,6-Diniho-2-methylphenol 
4-Bmmophenyl-phenylether 
4-Chlom-3-methylphenol 
4-Chlomanil~ne 
4-Chlomphenyl-phenylether 
4-Methylphenol 
4-Nihoanilme 
4-Nitrophenol 
Acenaphthene 
Acenaphthylene 
Acetophenone 
Anthracene 
Ahazine 
B d d e h y d e  
Benzo(a)anthracene 
B-(a)pyrene 
Benzo@)fluoranthene 
Benm(&h,i)perylme 
Benzo(k)fluoranthene 

Minimum 
Non-Detect 

APPENDIX C 
ORGANIC COMPOUNDS IN SURFACE SOIL - STATISTICAL SUMMARY 

SOIL ASSOCIATION 4 
BACKGROUND INVESTlGATlON 

CHEATHAM ANYEX SITE, WILLIAMSBURG, VIRGINIA 

Maximum Minimum Maximum Locatlon of Frequency Arithmatic Mean 
Non-Detect Detected Detwted Maximum Detect of Detection Half Non-Detects 

Standard Upper95% Log Atithatic Mean Log Standard Log Upper 95% 
Deviation Confidence Level Half Non-Detects Deviation Confidence Level 

SS (App C).xls, SS4So 



APPENDIX C 
ORGANIC COMPOUNDS IN SURFACE SOIL - STATISTICAL SUMMARY 

SOIL ASSOCIATION 4 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Sernivolatiles (ugkg) 
Butylbenzylphthalate 
Capmlactam 
Carbazole 
Chrysene 
Di-n-bulylphthalate 
Dw-octylphthalste 
Dibcnza(a,h)anthracene 
Dibmzofurnn 
Diethylphthalate 
Dimethylphthalate 
Fluoranthene 
Nuorene 
Hexachtombenzene 
HexacNombutadime 
Hexachlorocyclopenta&ene 
Hexachloroethane 
Indeno(l,2,3-cd)pyrene 
Isophomne 
N-Nitmso-di-n-propylamine 
N-niuosodiphenylaminene 
Naphthalene 
Nitrobenzene 
Pentaohlomphenol 
Phenanthrene 
Phenol 
Pyrene 
bis(2-Chlomethoxy)methane 
bis(2-Chloroethyl)ether 
bis(2-Ethylhexy1)phthalate 

Minimum Maximum Minimum Maximum Location of Frequency 
Non-Detect Non-Detect Defected Deteoted Max~mum Detect of Detection 

Arithmatic Menn 
Half Non-Detects 

Standard 
Deviation 

Upper95% Log Arithmtie Msan Log Standard Log Upper 95% 
Confidence Level Half Non-Detects Deviation Confidence Level 



APPENDIX C 
ORGANIC COMPOUNDS IN SURFACE SOIL - STATISTICAL SUMMARY 

SOIL ASSOCIATION 4 

PesticldeslPCBs (ugkg) 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Aldrin 
Dieldrin 
Endosulfan 1 
Endosulfan ll 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Heptachlor 
Heptachlor epoxide 
Methoxychlor 
Toxaphene 
alpha-BHC 
alpha-Chlordane 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 
gamma-Chlordane 
Amclor-1016 
Amclor-1221 
Aroclor-1232 
Aroclor-1242 
Amclor-1248 
Amclor-1254 
Aroclor-I260 

BACKGROUND INVESTIGATION 
CLIPATHAM kVNEX SITE, WILLIAMSBURG, VIRGINIA 

M~ntmutn Maximum Minimum Maximum Location of Frequency Arithmatic Mean Standard Upper 95% Log Arithmatic Mean Log Standanl Log Upper 95% 
Non-Delect Non-Defect Detected Detected Maxmum Detect of Detechon HalfNon-Detects Deviation ConfidenceLevel HalfNan-Detects Devianon Confidence Level 

SS (App C).xls, SS4So 



Inorganics (rndkg) 
Aluminum 
Antimony 
Amenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
~ Q P P C ~  
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Sclcnium 
Sllver 
Sodium 
Thallium 
Vanadium 
Zinc 

APPENDIX C 
INORGANIC COMPOUNDS IN SURFACE SOIL - STATISTICAL SUMMARY 

SOIL ASSOClATION 4 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITJ?,, WILLIAMSBURG, VlRGlMA 

Min~mum Maximum Minimum Maximum Location of Frequency Arithmatic Mean 
Non-Detect Non-Detect Detected Detected Max~mum Detecl of Detection Half Non-Detects 

Standard Upper 95% Log Arithmtic Mean Log Standard Log Upper 95% 
Deviation Confidence Level Half Non-Detects Deviation Comidmce Level 







APPENDM D 
SUBSURFACE SOILDATA SlJMM4RY 

SOU ASSOCUTION 1 
BACKGROUND INVESTIGATION 

CREATEAM ANNEX SITE, WILLlAhlSBURG, VIRGIM* 

SAMPLE ID 
SAMPLE DATE 
SAMPLEDEPTH(inchcs) 

Volstiln (uglhg) 
I ,l,l-Trichlomcthmc 
1,1,2,2-Temchlnoothane 
1.1,2-Tnohlomcthsnc 
1,1,2-Trichlom-1,2f.tnflwmcthane 
I,l-Dichlomcthanc 
I,l-Dichlomcthanc 
I,2,4-Trichlombenm1c 
12.Dibmmc-3-Chlom~mpane 
IPDibmmonhane 
I f ~ ~ c h l o r o ~ e  
If .I)rchlomeihane 
If-Dichlom~m,pam 
1,l.Dichlombnumc 
1 , 4 D i c N o m b ~ c  
I-Butanom 
2-Hmnonc 
&Methyl-2.Prmlan~lc 
Aamns 
Bwuws 
Bmmodlchloromsthe.ne 
Bmmofm 
Bmmamclhane 
Carbon DiilEdc 
Cattwn Tctraehlondc 
Cblorotuucnc 
Chlomethanc 
Chloroform 
Chlommelhanc 
Cyclohnanc 
Dibmmachlommathanc 
Dichlomdifluommclhanc 
ewhomene 
hopmpylbnum 
Methyl Acetate 
Methyl-tcrt-bulyl e tha 
Methylcyclohcxano 
Methylane Chloridc 

SB (App D).xls 



APPENDIX D 
SUBSURFACE S O U  DATASUMMARY 

SOIL. ASSOCIATION l 

SAMPLE ID 
SAMPLE DATE 
SAMPLE DEFTH (Inch-) 

Vol8tUu (uglkg) (continued: 
8-8 
Tclnchlomlhcnc 
Toluene 
TriehlaDnhcnc 
Mchlnofluommcthsna 
Vinyl Chlaridc 
xylmc (TO@I) 
cia-13.Dichlomsthone 
eis-l1-Dichlompmpenc 
tr~l,2-Dichlomcthcnc 
hanr-l,3-Dioblompmpmo 
Semlvolrtlla# (ugkg) 
1,11-Blphnryl 
zp.oxybis(lCbImopmp~ne) 
2,4J~TrichlomphFMl 
2,4,6-Trichlomphanol 
2.4Dichlorophenol 
2,4-hmelhylphonol 
2,4.DinllmphmI 
2,4-Di&otoluene 
2,6-Dm%mta1uenc 
2.Chlommphthalem 
2-Chlomphonol 
2-MothylnaphWenc 
2.McthyIphmol 
2-Nihv& 
2-Nihcphmal 
3 3 - D i c h l o m h ~ b  
3 - N i ~ l i n c  
4,bDin~2-mcchylphwol 
4Bmwphcny1.phonylHhcr 
4Chlom-3-mcthylphenol 
4ChlomMillne 
4Chlorophcnyl-phenyIe(hcr 
4-MdhyIphwI 
4 N 1 ~ l m ~ ~  
4NIlrophnol 
Acetlaphlhenc 
&mphthyIeffi 
Acctophwnc 

BACKCROLWD INVESTlGATIOS 
CHEATHAM ANNEX SITE, WIUUHSBURC, VIRGINIA 

SB (App' , 



APPENDIX D 
SUBSURFACE son DATA S-Y 

SOIL ASSOCIATION 1 
BACKGROUM) INVESTIGATION 

CHEAl'HAM ANNEX SITE, WIUIAMSBURG, VIRGINIA 

SAMPLE Rl 
SAMPLE DATE 
SAMPLE DEPTH (mncb) 

Somivolat(les (ugikgl (rondnm 
Antbrncene 
A&w 
Baualdebyde 
&nao(a)anfhmcene 
Bonzo(a)Wrcns 
B ~ @ ) f l w ~ a n l h e n e  
Bcluo(gP,i)&ene 
BonzoF)flrnficne 
Bulylbe~lphthalate 
capmlasram 
CnIbmIs 
C h r Y a  
Dl-n-bulylphthalate 
Di-rroUylpNhslate 
D i ~ a J 1 ) m t h r a c e n a  
D i b e n z o h  
Dicthylphlhslafs 
Dimthylphth.I~.te 
Plvomthcnc 
Pluorrnc 
H e x . c h l o m b ~ e  
Hcxachlombvrsdi~s 
H~chIomcyclop.nlad1cn~ 
Hexaehlomelhnnc 
(ndsno(l,2,3-cd)pyranc 
k-e 
NMmo.d~-n-pmpylaminc 
N-niao~cdtphcnylam~nr 
Naphthalene 
Niaokmne 
Pcntlchlomphenol 
Phenanthmno 
Phenol 
Pvnne 

YOU 
380 U 
380 u 
380 U 
380 U 
380 U 





APPENDIX D 
SUBSUREACE SOIL DATA SUMMARY 

SOIL ASSOCIATION 1 
MCKCROUND m v m c A n o h '  

CHEATRAM ANNEX SITE, W I L W S B L a C ,  VlRClhlA 

SAMPLE ID 
SAMPLE DATE 
SAMPLE DEPTH (mnchcb 

Motall (mglkpJ 
Alumlnum 
Antimony 
Arscaic 
Banurn 
enylltum 
Cadm~um 
Calcium 
Chromium 
Coball 
coppn 
Cyanide 
Imn 
LEld 
Magnesium 
Manganese 
Mnnm 
Nickel 
Patasslum 
Selmium 
Silver 
sodium 
Thallium 
Vanrdium 
zinc 



APPENDIX D 
ORGANIC COMPOUNDS IN SUBSURFACE SOIL - STATISTICAL SUMMARY 

SOIL ASSOCIATION 1 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Minimum Maximum 
Non-Detect Non-Detecl 

M~n~mum Maximum Lacation of Frequency Arithatic Mean Standard Upper 95% Log Arithmal~o Maar Log Standard Log Upper 95% 
Detecred Detected Maximum Detect of Detection Half Non-DetccU Deviation Confidence Leve Half Non-Detects Deviation Confidence Leve. 

1,1,2-Tnchlom-l,2,2- 
rrifluomethane 
I ,I-Dichlomethane 
1 ,I-Dichlomethene 
1,2,4-Trichlombenzenc 
1,2-Dibrom0-3-Chlompropnr 
1,2-Dibmmoethane 
1,2-Dichlombenzent 
1,2-Dichloroethan~ 
12-Diohlompropane 
1,3-D~chlombenze~ 
1 , 4 - D ~ c h l o m h n r  
2-Butanone 
2-Hexanone 
4-Methyl-2-Pentanone 
Acclone 
Benzene 
Bmmodichlommethant 
Bmmofotm 
Bromomethanr 
Carbon Disulfide 
Carbon Tetrachlondr 
Chlombenzenr 
Chlomethane 
Chloroform 
Chlommethanc 
Cyclohexane 
Dlbmmochlommethant 
D~chlomdifluoromethant 
Ethylbenzene 
Isopropylbenzent 
Methyl Acetate 
Methyl-tert-butyl etha 
Methylcyclohcxant 
Methylene Chhridt 
Styrene 



APPENDIX D 
ORGANIC COMPOUNDS IN SUBSURFACE SOIL - STATISTICAL SUMMARY 

SOIL ASSOCIATION 1 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VlRGlNlA 

Minimum 
Non-Detecl 

Log Standard Log U p p I  95% 
Deviation Confidence Lcvs' 

Minimum Maximum 
Detected Detected 

Location of 
Maximum Detect 

Frequency Arithmatic Mean Standard Upper 95% Log Arithmatic Meat 
ofDetecnon HalfNon-Detect Devration Confidence Leve Half Non-Detect 

Volstiler (upntg) (Cont) 
Tetrachlomethenc 
Toluene 
Trichloroethenr 
Trichlom~uorornethanc 
Vinyl Chlonde 
Xylene (Total) 
cis-1,2-Drchlometheni 
cis-1,3-Drchlompmpenc 
eans-1,2-Dichlomtheni 
Wans-1,3.Drchlompmpene 
Semivolstllea (u#k@ 
I ,l'-Biphenyl 
2,2'-oxybis(1-Chlompmpane: 
24,s-Tn~hlomphenol 
2,4,6-Trichlomphenoi 
2.4-Dichlorophenol 
2,4-Drmethylphenol 
2,CDinitrophenol 
2,4-Diniemtoluenr 
2,dDinitrotoluene 
2-Chlomnaphthaleni 
2-Chlomphenol 
2-Methylnaphthalent 
2-Methylphenol 
2-Nitmanilme 
2-Nitrophenol 
3.3'-Dichlorobenzidine 
3-Nitroaniline 
4,6-Diniem-2-methylphenol 
4-Bromophenyl-phenylethel 
4-Chlom-3-methylphenol 
CChlomamline 
4-Chlomphenyl-phenylethe~ 
4-Methylphenol 
4-Nitroaniline 
4-Nibophnrol 
Acenaphthene 
Acenaphthylenc 
Acetophenour 

SB (App D).xls, SBlSo 



Semlvolatiles (ug/kg) (Cont) 
Anthracene 
Amzine 
Bmzaldehyde 
Brnzo(a)anthracent 
Bnw(a)pyrene 
Bnw(b)fluoranthen€ 
Brnzo(g,h,i)peryIent 
Bnw(k)fluoranthene 
Butylbenzylphihalau 
Caprolactam 
Carbazole 
Chlysene 
Dl-n-butylphthalate 
Dl-n-octylphihalate 
Diber&a,h)anthracene 
Dibemfuran 
Dieihylphthalatc 
Dimcthylphthalatc 
Fluoranthene 
Fluorene 
Hexachlorohenzent 
Hexachlorobutadient 
Hexaohlorocyclopentadienr 
Hexachlomelhant 
Indeno(l,2,3-cd)pyrenp 
lsophorone 
N-Nihoso-dl-n-pmpylamine 
N-nitmscdiphenylamint 
Naphthalene 
Niaobenzenr 
Pentachlomphenol 
Phenanthrene 
Phenol 
Pyrene 
bls(2-Chlomethoxy)methant 
b1~(2-Chlomethyl)ethe1 
bis(2-Ethylhexyl)phthala%t 

Minimum 
Non-Detect 

380 U 

APPENDIX D 
ORGANIC COMPOUNDS IN SUBSURFACE SOlL - STATISTICAL SUMMARY 

SOlL ASSOCIATION 1 
BACKGROUM) INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Maxunum Mimmum Maumum Location of Frequency Anthmatic Mean Standard Upper 95% Log Mthmatic Mear Log Stsndard Log Uppw 95% 
Non-Detect Detected Detected Maximum Detect of Detection Half Non-Ddcc* Deviation Confidence Leve Half Non-Deteotr Deviation Confidence Leve 



APPENDIX D 
ORGANIC COMPOUNDS IN SUBSURFACE SO& - STATISTICAL SUMMARY 

SOIL ASSOCIATION 1 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Minimum Maximum 
Non-Detecl Non-Detecl 

M~nimum Maximum Locabon of Frequency Alithmatic Meae Standard Upper 95% Log Arithmatic Mcar Log Standard Log Upper 95% 
Detected Defected Max~mum DeteGt of Detection Half Non-Detects Deviation Confidence Levc HalfNan-Detects Deviation ConfidenceLcvc 

PeaUciderlPCB: (ugtkg) 
4,4'-DDD 
4,4'-DDE 
4.4'-DDT 
Aldrin 
Dieldrin 
Endosulfan I 
Endosulfan I1 
Endosulfan sulfate 
Endnn 
Endrin aldehyde 
Endrin ketone 
Heptachlo~ 
Hcprachlor epox~di 
Methoxychlot 
Toxaphene 
alpha-BHC 
alpha-Chlordane 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane: 
gamma-Chlordane 
Amclor-1016 
Amclor-I221 
Amclor-1232 
Amclor-1242 
Amclor-1248 
Amclor-1254 
Aroclor-1260 
Conventional (Indkg) 
Total Orgame Carbon 



Metals (mdkg) 
Aluminum 
Antimony 
Arsenic 
Banum 
Ekryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

Minimum 
Non-Detect 

Maximum 
Non-Detect 

APPENDIX D 
INORGANIC COMPOUNDS fN SUBSURFACE SOIL - STATISTICAL SUMMARY 

SOIL ASSOCIATION 1 
BACKGROUND INVESTIGATION 

CHEATHAM Ah'NEX SITE, WILLIAMSBURG, VIRGINIA 

Minimum Maximum 
Detected Detected 

Location of 
Maximum Detect 

Frequency Arithmatic Mean Standard Upper 95% Log Arithmatic Mcan Log Standard Log Upper 95% 
of Detection Half Non-Detects Deviation Confidmcc Level Half Non-Detects Deviation Confidence Level 



SUBSURFACE SOILS - 
SOIL MSOeLATaON -- 2 



APPENDIX D 
SUBSURFACE SOIL DATA SUMMARY 

SOIL ASSOCUTION 7. 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

SAMPLE ID 
SAMPLE DATE 
SAMPLE DEPTH (inchsr) 

2-Butanone 
2-Hownone 
4-Methyl-2-Penranone 
Aoctonc 
B@DECI1e 
Bmmodichlommcthsne 
Emmofom 
Emmomethane 
Carbon Disultidc 
Carbon Tetrachlondc 
Chlmobonzenc 
Chlorouhanc 
Chloroform 
Chlorornuhanc 
Cyclohexane 
Dibmm~cblPromcthme 
Dichlomdifluommathana 
Ethylbcnzcm 
lsopropylbcnzcne 
Methyl AOctatc 
Mcthyl-mi-butyl cthcr 
Monhyloyclohexane 
Methylme Chloride 
Styrene 
Tetrachlomuhene 



APPENDIX D 
SUBSURFACE SOIL DATA SU3lMARY 

S O U  ASSOCLITiON 1 
CHEATHAM AhWX SITE, WILLIAMSBURG, M R C b l A  

SAMPLE ID 
SAMPLE DATE 
SAMPLE DEPTH (inches) 

Vohtlles (ugkg) (continued) 
Toluene 
Trichloroethene 
Trichlorofluoromelhane 
Vinyl Chloride 
Xylenc (Total) 
cw-1~-Dichloroethene 
ns-l.3-Diehloroprope 
hMs-1.2-D~chloroethene 
ms-1,3-Dichloropropene 
~ O l b ~  (Ugkgl 
1.1'-Biphenyl 
2,2'axyb1s(l-Chlo~propanc) 
2,4,5-Trichlorophenol 
2,4,6-Trichlomphenol 
2,4-D~dlorophsool 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,dDinit~roluene 
2-Chloronaphthalcnu 
2-Chloropknol 
2-Methylnaphthalene 
2-Methylphenol 
2-Nihoanliine 
2-Nitrophenol 
33-Dichlorobclmdine 
3-Nitroaniline 
4,6.Dinitr+2-methyiphenol 
4-Bromophenyl+phmyletha 
4-Chloro-3-methylphenol 
Il-Chlorosnilme 
4-Chlorophenyl-phenylether 
CMethylphenol 
4-Nitroaniline 
4-Nimphenol 
Amph thme  
Acenaphthylene 
Acetophenone 
AnthracDnc 
Aiwine 
Bcnzaldchyde 



APPENDIX D 
~UBSURFACE SO~LDATA SUMMARY 

SOIL ASSOCIATION 2 
CEEATBAM ANNEX SITE, WILLUMSBURC, VIRGINIA 

&miMLti*s (a&) (continued) 
Benro(a~thrsccne 

Capcolmtam 
Carbarole 
Chrysane 
DI-n-bntylphthdate 
Dl-n-mylphthalste 
D~h(a,h)anthrnc@no 
D i k n v l h  
Diethylphthalntr 
Dimethylphthabtc 
mUoranthene 
Fluomno 
Hexachlombcnzcnc 
Hcxachlombutad~cns 
Hcxaohlomcyclopn!ndicnc 
Hcxachlomcthanc 
Indwno(l,2,3-cd)pyrrno 
Imphorono 
N-Nitms~di-n-pmpylammc 
N-nimmdiphenylarn,m 
Nsphu lab  
Nitrobenme 
Pentachlomphml 
Phonnathrcne 
Phenol 



APPENDIX D 
SUBSURFACE SOIL DATA SUMMARY 

S O U  ASSOCIATION 1 
CUEATHAM ANNEX SITE, WLLUWBURC, VlRGMlA 

kdrm 
Dieldrin 
Errdosulh I 
Endosulfa U 
Endosultvl $ulfete 
Endrh 
Endrin aldehyde 
En& ketone 
Heptaohlor 
Heptechlor epoxide 
Mnhoxychln 
T ~ x a ~ h ~ n e  
alpha-BHC 
alpha-chlordane 
beta-BHC 
delta-BHC 
gamma-BHC (Lindanc) 
gamma-chlordanc 
Aroolor-I016 
Aroclor-1221 
h l n - 1 2 3 2  
halor-1242 
hclor-1248 
Amlor-1254 
Amlor-1260 
Conventl0n.l (mp/*p) 
Total Organic Carbon 



APPENDIX D 
SUBSURFACE SOIL DATA SUMMARY 

S O U  ASSOCIATION 2 
CHEATHAM ANNEX SITE, WlLLlAMSBURG, VIRGINIA 

SAMPLE ID 
SAMPLE DATE 
SAMPLE DEPTH (inches) 

 metal^ (mdkg) 
Aluminum 
Antimony 
Aracn1c 
Banum 
Berylhum 
Cadmlum 
Calcium 
Chromium 
Cobalt 
Ccppn 
Cyanide 
Iron 
Load 
Magnwlum 
Manganwe 
M m l y  
Nmkd 
Pclaasium 
S~lsnlum 
Silver 
Solum 
Thallium 
Vanadium 
Zinc 

SB (App D).xls 



V 0 l a l i l ~  (udkg) 
l,l,l-Trichlomethane 
1,1,2,2-Teimchloroethane 
1,1,2-Trichlomthane 
1 ,I ,2-Trichloro-1,23- 
ulfluomthene 
1,l-Dichlor&&anc 
I,l-Dichlometheni 
1,2,4-Trichlombmzmi 
1.2-Dibmmo-3-Chlompropane 
1,2-Dtbmmoethane 
1,2-Dichlorobenzeni 
l,2-l)lchloroethane 
1,2-DichIompropane 
1,3-Diohlombenurne 
1,4-Dichlombenzene 
Mutanone 
2.Hcxanone 
4-Methyl-2-Pentanone 
Acetone 
Lhzene 
Bmmodichloromethaar 
Bmmofunn 
Bmmomethane 
Carbon Disulfide 
Carban Teimchloridc 
Chlombemcnc 
Chlomcthane 
Chlomtorm 
Chlommethanc 
Cyclohmanr 
Dibromochlorometha~ 
Dichlomiiifluommethani 
Ethylbenzene 
Isopmpylbemenc 
Methyl Acetate 
Methyl-tert-bulyl ethc 
Methylcyclohexant 
Methylme Chloridc 
Styrene 

APPENDIX D 
ORGANIC COMPOUNDS IN SUBSURFACE SOIL - STATISTICAL SUMMARY 

SOIL ASSOCIATION 2 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

M ~ n ~ m u m  hlaxtmu~n Mlnlmurn \lax~murn Locarloll of Frequency Anthmarls Mean Standard Upper 95% Log Anthmal~c Year 
Kon.Uclecl Noc-Delrcl Dcleclcd Dctecled Yaxsrnum Daecl of Dere.tlon Half Non-Dctccrr Dev~auon Confidence Le\c HaliNon-Dcrcctr 

Log Standard Log Upper 95% 
Deviation Contidence Leve: 



APPENDIX D 
ORGANIC COMPOUNDS IN SUBSURFACE SOIL - STATISTICAL SUMMARY 

SOIL ASSOCIATION 2 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Minimum 
Non-Detect 

Maximum 
Non-Detect 

Log Ariha t i c  M a r  Log Standard 
Half Non-Detsoti Deviation 

Log Upper 95% 
Confidence Leve. 

Minimum Maximum 
Detected Detected 

Location of Frequency Arithmatic Mean Standard Upper 95% 
Maximum Detect of Detection Half Non-Detects Deviation Confidence Leve 

Volatlles (ugike) (Cont) 
Teuachlomethen~ 
Toluene 
Trichlomethenc 
Tnchlomfluoromethanc 
Vinyl Chloride 
Xylene (Total) 
cis-1,2-Dichloraethcnc 
cis-1,3-Dichlompropenc 
trans-1,2-Dichlomethenc 
tam-1,3-Dbhlompropent 
Semivolatlles (ug/kg] 
I,]'-Biphenyl 
2,2'-oxybis(1-Chloromane; 
2,4,5-Trichlomphenol 
2,4,dTrichlomphenoI 
2.4-Dichlomphenol 
2,4DimethyIphenol 
2.4-Dinitrophenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-Chloronaphthalene 
2-Chlomphenol 
2-Methylnaphthalent 
2-Methylphenol 
2-N~troaniline 
2-Nitrophenol 
3,3'-Dichlorobenzidinc 
3-Nitroaniline 
4,6-Dinitro-2-methylphewl 
4-Bmmophenyl-phenylethe~ 
4-Chlom-3-methylphenol 
4-Chlomaniline 
4-Chlomphenyl-phenylethel 
4-Methylphenol 
4-Nitroaniline 
4-Nitrophenol 
Acenaphthenc 
Acenaphthylenc 
Acetophenonc 

Oil 0 
0110 
0110 
Oil0 
0110 
0110 
0110 
0110 
0110 
0110 
0110 
0110 
0110 
0110 
0110 
0110 
0110 
0110 
0110 
0110 
W10 
0110 
0110 
Oil0 

PageZof4 SB (App D).xla. SB2So 



Semivolatiles (uglkg) (Contl 
Anthracene 
Atrazine 
Benzaldehydc 
Benzo(a)anthracenf 
Benzo(a)pyrenf 
Benzo(b)fluoranihene 
Benzo(g,h,i)perylent 
Benzo(k)fluoranthene 
Butylbenzylphthalatt 
Caprolactam 
Carbazole 
Chrysene 
Di-n-butylphthalate 
Di-n-octylphthalaie 
Dibenzo(a,h)anthracenf 
Dibenzofuran 
Diethylphthalate 
Dimethylphthalatc 
Fluoranthene 
Fluorene 
Hexachlorobenzent 
Hexachlorobutadienf 
Hexachloracyclopentadien~ 
Hexachloroethanc 
Indeno(l,2,3-cd)pyrene 
lsophorone 
N-Nitroso-di-n-propylamint 
N-nitrosodiphenylaminf 
Naphthalene 
Nitrobenzene 
Pentachlomphenol 
Phenanthrene 
Phenol 
Pyrene 
bis(2-Chloroethoxy)methant 
bis(2-Chloroethyl)ethel 
bis(2-Ethylhexyl)phthalatc 

Minimum 
Non-Detecl 

Maximum 
Non-Detecl 

APPENDIX D 
ORGANIC COMPOUNDS IN SUBSURFACE SOIL - STATISTICAL SUMMARY 

SOIL ASSOCIATION 2 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Minimum Maximum Location of Frequency Arithmatic Mean Standard Upper 95% Log Arithmatic Mear Log Standard Log Upper 95% 
Detected Detected Maximum Detect of Detection Half Non-Detects Deviation Confidence Leve Half Non-Detect? Deviation Confidence Leve: 



APPENDIX D 
ORGANIC COMPOUNDS IN SUBSURFACE SOIL - STATISTICAL SUMMARY 

SOIL ASSOCIATION 2 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Minimum 
Non.Detec1 

Log Standard Log Upper 95% 
Deviation Confidence Lcve 

Yaxl~num Mlnimum Max~mum Locanon of Frequency Alithmahc Mean Standard Upper 95% Log Arithmatic Mear 
Non-Derect Dctectsd Dnsred Maxlmum Detect of Deiecuon Half Non-DelecU Dcvlation Confdcnce Lcve Half Non-Dctcce 

Aldrin 
Dieldrin 
Endosulfan I 
Endosulfan I1 
Endosulfan sulfate 
Endtin 
Endrin aldehyde 
Endrin ketone 
Heptachlor 
Heptachlor epoxidc 
Methoxychlol 
Toxaphene 
alpha-BHC 
alpha-Chlordane 
hetaBHC 
delta-BHC 
gamma-BHC & d u n e :  
gamma-Chlordane 
Amolor-1016 
Amclor-1221 
Amclor-1232 
Amclor-1242 
Amclor-1248 
Aroelor-1254 
Amolor-1260 
Conventional (m#kgl 
Total Organic Carbon 

0110 
0110 
W10 
0110 
0110 
1/10 
3110 
Dl10 
0110 
0110 
0110 
0110 
WIO 
0110 
WIO 
0110 
0110 

10110 

SB (App D).xla, S E S o  



Metals (mB/kg) 
Aluminum 
Ant~mony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

APPENDIX D 
INORGAMC COMPOUNDS IN SUBSURFACE SOIL - STATISTICAL SUMMARY 

SOIL ASSOCIATION 2 
BACKGROUND INVESTIGATION 

CHEATRAM ANNEX SITE, WILLIAMSBURG, MRGINIA 

Mintmum Maximum Mimmum Maximum Locatlon of Frequency Anthmatlo Mean Standard Upper 95% Log Arithmatlc Mean Log Standard Log Upper 95% 
Non-Detect Non-Detect Detected Detected Maximum Detect of Detection Half Non-Detects Deviation Confidence Level Half Non-Detects Deviation Conf~dence Level 



SUBSURFACE soas - 
SOIL ASSOCIATION 3 



W L E  ID 
SAMPLE DATE 
SAMPLEDEPTH (ir~~hoa) 

Bmmcmelh.nc 
Qrbm Duulfid. 
~IbonTcrrPchlondc 
C N o m b n m e  
C h l O r n b  
Chtomfonn 
~ h m m c t h s n c  
Cyclohcx*~ 
Dlbmmoohlommcthpnc 
Dlohlomdiflwmmalh.nc 
Ethy1b-e 
Iropmglbcnzcm 
MDWI A w u w  
Merhyl-tm-buvl other 
M d y l ~ y o l s h D I l ~  
Mmhylmm Chloride 
S t y r n  
T m a c N o m t h m  
Tclvmr 

APPENDIX D 
SUBSUIWACE SOIL DATA SUMMARY 

SOIL ASSOCUnoNS 
CHEAnlAMANNEA 61TE, WIUDLMSBWG, VmGINT.4 



SAMPLE ID 
SAMPLE DATE 
SAMPLE DEPTH (inches) 

Volatilor ("#kg) (eontlnued) 
Trichloroehene 
Ttichlarofluommcfl!alallc 
Vinyl Chloride 
Xyiclr (Total) 
cis-1.2-Dichlomethene 
cis-1,3-Dichioropropcnc 
tnnr-1.2-Dichlorosthenc 
mns.1.3-Diehloropropcc~c 
Stmivolrtilfs (uglkg) 
1.1'-Biphenyl 
2.2'-oxybis(1-Chloropropa~e) 
2.45-Ttichlorophphmol 
2A.6-Tticldorophcnol 
2.4-Dichiorophenal 
2.4-Dimorhylphcnal 
24-Dinitrophcnol 
2.4.Dinisoroluenc 
2.6-Diniuotoluonc 
2-Chlora>1aphthalsnc 
2-Chloraphenol 
2-Mcd~ylnapl~thalene 
2-Mcthylphcllol 
2-Nitmanilins 
2-Nitmphenol 
3.3'-Dichiorahcwidinc 
3-Nitmmiline 
4.6-Di~~iwo-2-mcthylph~nol 
4-Bromopbci~yl-plrnylcther 
4-Cldoro-3-mchylpl1e11ol 
4-Chlomai>ilille 
4-Chlomphcnyl-phsnylcther 

SUBSL'RFACE SOIL DATA SUhl\lARY 
SOIL ASSOCIATION 3 

CIIEATIIAII ANNEX St1 L. \!'ILLIA\ISRCRG, VIRCIRIA 





. . . . -. . . . . . 
SUBSL1RFACE SOIL DATA SL3lhlAHY 

SOIL hSSOClhTlO> 3 
CHEA'I'IIALI AYSEX SITE. \\ILLIA\ISBl'RC. \'IRGIYIA 

SAMPLE ID 
SAMPLE DATE 
SAMPLE DEPTH (inches) 

En&" 
Endrin aldehyde 
Endrin kclonc 
Heptachior 
Hepmhlor epoxid~ 
Msthoxychler 
Toxaphone 
alpha-BHC 
alpha-Chlordane 
beta-BHC 
delta-BHC 
gamma.BHC (Lindens) 
gamma-Chlordane 
Aroclor-1016 
Aroclor-1221 
Aroclor-1232 
Arodor-1242 
Amclor-1248 
Araclor-1254 
Armbr-1260 
Conventional (mglkg) 
Total Organic Csrban 



SAMPLE m 
SAMPL6 DATE 
SAMPLE DEPTH (mohhcs) 

MlM. (1(1&) 
Ahuni""", 
"I(mony 
Aracnic 
Barium 
~ U l u m  
c a w  
calcium 
Chmmivm 
Cobdl 
Ca~Pcr 
CyenidD 
Iron 
Lsad 
M a m u m  
Mmwm 
MUMY 
N~cksl 
Potassium 
Sclmium 
Si"" 
Sadim 
lblliurn 
Vaaadivm 
zm 

APPENDIX D 
SUSSURPACE SOIL DATA SUMMARY 

SOIL ASSOCIATION 3 
CHOATKAM ANVEX SITE, WIUIAMSBURG, VIROINIA 



APPENDIX D 
ORGANIC COMPOUNDS IN SUBSURFACE SOlL - STATISTICAL SUMMARY 

SOlL ASSOCIATION 3 
BACKCROCND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Minimum 
Non-Detecl 

Maximum 
Non-Detecl 

Minimum Maximum Location of Frequency Arithmatic Mean Standard Upper 95% Log Arithmatic Mear 
Detected Detected Maximum Detect of Detection Half Non-Detects Deviation Confidence Leve Half Non-Detects 

Log Standard Log Upper 95% 
Deviation Confidence Leve: 

VolatUes (nglkg) 
I,l,l-Trichloroethane 
1,1,2,2-Temchlomethane 
1,l.Z-Tnchlmsthane 
1,1,2-Tnchloro-1.2,2- 
trifluomethane 
I ,I-Dichlomthane 
1,l-Dichlomethenr 
l,2,4-Trichlombmzene 
1,2-Dibmmo-3-Chloropmpant 
l,2-Dibmmoelhane 
1,2-Dichlombenzene 
12-Dichlomethane 
12-Dichlompropane 
1 J-D~ohlombenzene 
1,4-Dichlombenzene 
2-Butanone 
2-Hexanone 
4-Methyl-2-Pentanone 
Acetone 
Benzene 
Bmmodichlommethane 
Bmmoform 
Bromomethane 
Carbon Disulfide 
Carbon Tetrachbride 
Chlombsrwm 
Chlomethane 
Chlomform 
Chlommethane 
Cyclohexane 
Dibmmochlommethane 
Dichlomdifluoromethan@ 
Ethylbenzene 
Isopropylbenzene 
Methyl Acetate 
Methyl-w-butyl ethel 
Methylcyclohntanc 
Methylene Chloridt 
Styrene 



APPENDIX D 
ORGANIC COMPOUNDS IN SUBSURFACE SOIL - STATISTICAL SUMMARY 

SOIL ASSOCIATION 3 
BACKGROUND INVESTlGATlOZl 

CHEATHAM A W E X  SITE, WILLIAMSBURG, VIRGINIA 

Minimum 
Non-Detect 

Maximum 
Non-Deteol 

Minimum Maximum Location of Frequency Arithmatic Mean Standard Upper 95% Log Arithmahc Mear Log Standard Log Upper 95% 
Detected Detected Maximum Detect of Detection Half Non-Detects Deviation Confidence Lcvc Half Non-Detects Deviahon Confibnce Leve 

Volstiler (nglkg) (Cont) 
Tetrachloroetheni 
Toluene 
Tnchloroethene 
Tnchlorofluommethani 
Vinyl Chloridc 
Xylene (Total) 
cis-1,2-Dichlometheni 
cis-1,3-Dichloropmpenf 
tans-l,2-Dichlomethenc 
mns-1,3-D~chlomproppnr 
Semlvolatller (nglkg) 
l,l'-Biphenyl 
22'-oxybis(1-Chloropmpane: 
2,4,5-Tnchlorophenol 
2,4,CTrichlorophenol 
2,4-Diohlorophenol 
ZA-Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-Chlomnaphthalenr 
2-Chlomphenol 
2-Methylnaphthalenr 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
33-Dichlombenzrdine 
3-Nitmanilme 
4,6-Dmitro-2-methylphenol 
4-Bromophenyl-phenylether 
4-Chloro-3-methylphenol 
4-Chlomaniline 
4-Chlomphenyl-phenylethe! 
4-Methylphenol 
4-N~troaniline 
4-Nitrophe~l 
Acensphthene 
Acenaphthyleni 
Acetophenonr 

0110 
0110 
0110 
WIO 
0110 
Oil0 
WIO 
WIO 
0110 
0110 

0110 
0110 
0110 
WlO 

SB (App D).xlr, SB3Sa 



APPENDIX D 
ORGANIC COMPOUNDS IN SUBSURFACE SOlL - STATISTICAL SUMMARY 

SOlL ASSOCIATION 3 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, H'ILLIA\ISBCRG, VIRGINIA 

Minimum 
Non-Detect 

Maximum 
Non-Detect 

Minimum 
Detected 

Maximum Location of 
Detected Maximum Detect 

Frequency Arithmatic Mean Standard Upper 95% Log Arithmatic Mear Log Standard Log Upper 95% 
of Detection Half Non-Detects Deviation Confidence Leve' Half Non-Detecll Deviation Confidence Leve 

Semivolatllu (u*) (Coot) 
Anthracene 
Aasnne 
Benzaldehyh 
Bena(a)anthracent 
Bem(a)pyrsne 
Bsnzo(b)fluoranthent 
Benzo(g,h,i)pcrylcnc 
Bem(k)fluoranthrnc 
Bulylbcqlphthalat~ 
Capmlactam 
Carbazole 
Cuysene 
Di-n-butylphthalate 
Di-a-octylphthalate 
Dibenzo(a,h)anthraccnc 
Dibenzofuran 
Diethylphthalatc 
Dimethylphthalatc 
nuoranthenc 
Fluorene 
Harachlombenze-nt 
Hexschlorobutadieni 
Hexachlomcyclopcntadien~ 
Hexachloroethani 
lndeno(l,2,3-cdkyrene 
Isophomne 
N-Nitroso-di-n-pmpylamint 
N-nitmsodiphenylaminc 
Naphthalene 
Nitrobenzene 
Pentachlomphenol 
Phenmhrene 
Phenol 
Pyrene 
bis(2-Chlomethoxy)methanr 
bisE2Chlomethyl)eUm 
bis(2-Ethylhexyl)phthalatt 



APPENDIX D 
ORGANIC COMPOUNDS IN SUBSURFACE SOIL - STATISTICAL SUMMARY 

SOIL ASSOCIATION 3 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Minimum Maximum 
Non-Detecl Non-Detect 

Minimum Maximum b a t ~ o n  of Frequency Arithmatic Mean Standard U p w  95% Log Arithmatic Mear Log Standard Lag Uppx 95% 
Detected Detected Maximum Delect of Detection Half Non-Detectr Deviation ConfidenceLeve Half Non-Deteca Demation Confidence Leve 

PesticideslPCBr (ugikg) 
4,4'-DDD 
4,4'-DDE 
44'-DDT 
Aldrin 
Dieldrin 
Endosulfan I 
Endosulfan I1 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin kctone 
Heptachlor 
Heptachlor epoxidt 
Mahoxychlot 
Toxaphene 
alpha-BHC 
alphaChlordane 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane: 
gamma-Chlordane 
Amclor-1016 
Aroclor-1221 
Aroclor-1232 
Amclor-1242 
Amlor-1248 
Amclor-1254 
Amclor-1260 
Conventional (mglkke) 
Total Organ~c Carbon 

SB (App D).xls. SB3So 



Metals (rnplkg) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromlum 
Cobalt 
C ~ P P ~  
Cyanide 
Iron 
Lead 
Magnesium 
Mangalwe 
Mercury 
Nickel 
Potasslum 
Selmium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

APPENDIX D 
INORGANIC COMPOUNDS IN SUBSURFACE SOIL - STATISTICAL SUMMARY 

SOIL ASSOCIATION 3 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIbMSBURG, VIRGINIA 

Minimum Maxlmum Min~mum Max~mum Location of Frequency Arithmatic Mean Standard Upper 95% Log Arithmatic Mean Log Standard Log Upper 95% 
Non-Detect Non-Detect Detected Detected Maximum Detect of Detection Half Non-DfAects Deviation Canfldence Level Half Non-Detects Dev~ation Confidence Level 

SB (Ap rs, SB3Si 



SUBSURFACE SOILS - 
- -- 

SOXL ASSOCIGTEON 4 



APPENDIX D 
SUBSURFACE SOIL DATA SUMMARY 

son ASSOCIATION 4 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

VolstU€a (u*) 
l,l,l-Tridlomcthane 
1,1,2,2-Teeachlomethane 
1,1,2-Trichlorotthane 
1,1,2-Tricblom-1,2f trifluowthanc 
I,]-Dichloroclhnne 
I ,I-Dichloroetherie 
1,2,CTrichlombenmlc 
1,2-Dibromo-%Chloropropane 
12-Dibromoethano 
1.2-Dishlorobcnzene 
1.2-Dicbloroethane 
12-Dichloropmpane 
1 . 3 . D i d l o m ~ e  
l,CDichlorobemcne 
2-Butanaur 
2-~xanonc  
CMethyl-2-Pentanone 
Acetone 
B m c  
Bmmodichlommeihane 
Bmmoform 
Bromomethane 
Carbon DisulRde 
Carbon Tmohlonde 
Chlorohme 
Chlomethane 
Chlemfom 
Chloromethnne 
Cyclohaanc 
Dibmmodlommethkne 
DichlomMwmmetbane 
E t h y l b n e  
Isopmpylbenzene 
Mefhvl Aoctate 
~crhyl-fed-but) l ether 
Mclhylcyelohexanc 
Methylme Chloride 

SB (App D).xls 



APPENDIX D 
SUBSURFACE SOIL DATA SUMMARY 

SOIL ASSOCIATION 4 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGIMA 

VolalUes ( u r n  (conthoed) 
Styrene 
TotraEhlomethene 
Toluene 
Trichloroahene 
Trichlomfluommcthane 
Vinyl Chloride 
Xylone (Total) 
=is-19-Dichlorodhene 
ois-1,3-Dtchloropmp~ne 
t~ans-l.2-D1chlomnhene 
hans-1,3-Dtchl010propene 
Semlvohtlle: (ugikg) 
],It-Biphenyl 
2,2'-oxybis(l-Cn10ropropanc) 
2,4,5.TrichlomphmoI 
2,4,6-Trichlomphenol 
2,4-Dichlomphcnol 
2ADimethvivhmol 



APPENDM D 
SUBSURFACE SOIL DATA SLMhURY 

SOIL ASSOCIATION 4 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINU 

SAMPLE ID 
SAMPLE DATE 
SAMPLE DEPTH (Inches) 

SB (App D).xls 



APPENDIX D 
SUBSURFACE SOIL DATA SLIMMARY 

SOIL ASSOCIATION 4 
CHWTHAM ANNEX SITJC, WLLIAMSBURG,VIRGINIA 

SAMPLE ID 
SAMPLE DATE 
SAMPLE DEPTH (inches) 

Aldrii~ 
Dieldrin 
Endosuifan I 
Endomlfan 11 
Endaslfan sulfate 
Endr~n 
Eadrin al&hydc 
Endrin ketone 
HeptaEhl~r 
Hcptachlor cpoxidc 
Mcthoxyohlor 
Toxaphcne 
alpha-BHC 
alpha-Chlordane 
beta-BHC 
delta-BHC 
earnma-BHC (Lindanc) 
gamma-Chlordane 
Aroclor-1016 
Aroolw-1221 
holor.1232 
Armlor-1242 
AImlor-U48 
hohx-I254 
ArocIm-1260 
Conventtonal Cm&) 
Total Orgenic Garbon 



APPENDIX D 
SUBSURFACE SOIL DATA SUMMARY 

S O U  ASSOCIAnON 4 
CHEATHAM M N E X  SITE, WILLIAMSBURG, VIRGINIA 

Metall (rngikg) 
Alummum 
Antimony 
Anenrc 
Banum 
Bciyllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
c o w  
Cynoidc 
Iron 
k d  
Magnesium 
Msnnanwc 
M D F O U ~ ~  
N~ckcl 
POtpaSMn 

Sclcn~um 
Silver 
Scd~um 
Thallium 
Vnoad~um 
Zine 



APPENDIX D 
ORGANIC COMPOUNDS IN SUBSURFACE SOIL - STATISTICAL SUMMARY 

SOIL ASSOCIATION 4 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Minimum Maximum 
Non-Delecl Non-Detecl 

Minimum Maximum Location of Frequency Arithmatic Mean Standard Upper 95% Log Arithmatic Mear Log Standard Log upper 95% 
Detected Detected Maximum Detect of Detection Half Nan-Detect5 Deviation Confidence Leve Half Nan-Detects Deviation Confidence Leve' 

Volntiles (udkg) 
I,l,l-Trichlorocthane 
1,1,2,2-Tecrachlomethane 
1,1,2-Tnchlamethane 
I,l,2-Trichlom-1,2,2- 
nifluomethane 
I ,I -Dichlomcthane 
1,l-Dichlomthene 
1,2,4-Trichlorobenzene 
1.2-Dibromo-3-Chlompropanc 
1,2-Dibromoethane 
1,2-Dichlombenzene 
1,2-Dichlomethane 
If -Dichlompmpane 
I,3-D1chlombenzsne 
1,4-D~chlorobenzenc 
2-Butanone 
2-Hexanone 
4-Methyl-2-Pentanone 
Acetone 
Benzene 
Bromodichlommechane 
Bromofarm 
Bromomethane 
Carbon Disulfide 
Carbon Teirachldd6 
Chlorobenzenc 
Chloroethane 
Chlomform 
Chlommethane 
Cyclohexane 
Dimmochlommethanc 
D i c h l o r ~ f l u o m m ~ a n e  
Ethylbenzene 
Isopmpylbemenc 
Methyl Acetate 
Methyl-tert-buiyl etha 
Mcthylcyclohexanc 
Methylone Chloride 
Styrene 



APPENDIX D 
ORGANIC COMPOUNDS IN SUBSURFACE SOIL - STATISTICAL SUMMARY 

SOIL ASSOCIATION 4 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Minimum 
Non-Detect 

Maximum 
Non-Detecl 

Minimum Maximum 
Detected Detected 

Location of Frequolcy Anthmatic Mean Standard Upper 95% Log Antlunatic Mear Log Standard Log Upper 95% 
Max~mum Detect of Detection Half Non-Deieoe Deviation Confidence Leve Half Non-Deteok Deviation Confidence Leve 

Volatile8 (ugntg) (Cont) 
TetracNomcthenr 
Tolukne 
Tnchlomethene 
Trichlomfluommethanr 
Vinyl Chlonde 
Xylene (Total) 
cis-12-Dichloroethenc 
cis-1,3-Dichlompropenr 
trans-1,2-DicNomethen~ 
ttans-1,3-Dichlompmpene 
Semivolatilea (uJkg1 
1,l'-Biphenyl 
2,2'-oxybis(1-CNompane: 
2.4,s-Tnchlorophenol 
246-Trichlorophenol 
2.4-DicNomphenol 
2)-Dimethylphenoi 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2b-Drnitmtaluene 
2-Chlomnaphthalenc 
2-Chlomphenol 
2-Methylnsphthalmr 
2-Methylphmol 
2-Nitroaniline 
2-Nitrophenol 
3.3'-Dichlombsnzidine 
3-Nitroaniline 
4,6-Dinibo-2-methylphenol 
4-Bromophenyl-phenylethel 
4-Chlom-3-methylphenoi 
4-Chlomanllme 
4-Chlomphmyl-phenylethe~ 
4-Methylphenol 
4Nitmaniline 
4-Nitrophenol 
Acenaphthene 
Acenaphthylenr 
Acetophenow 

0110 
WIO 



APPENDIX D 
ORGANIC COMPOUNDS IN SUBSURFACE SOIL - STATISTICAL SUMMARY 

SOIL ASSOCIATION 4 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Minimum 
Non-Dcted 

Maximum 
Non-Detect 

M~nunum Maximum Locabon of Frqumcy Arithmahc Mean Standard Upper 95% Log Arithmabc Mesr Log Standard Log Upper 95% 
Dctstcd Detkted Max~mum Dnect of Detktlon Half Non-Daectr Deviation Confidence Lcvc Half Non-Detects Deviation Cwfdence Leve 

SernivolnHlu (uglkg) (Cant) 
Anthracenc 
Atrazine 
Benzaldehyde 
Benw[a)anthracene 
Benza(a)pyrene 
Benzdb)fluoranthene 
Benza(gP,i)perylent 
Benzo(k)fluomnthene 
Butylbmylphthalak 
capm1wram 
C a t k a l e  
Chrysme 
Di-n-butylphthalate 
Di-n-octylphthalate 
D%benzo(a,h)anthnlm 
Dibnzofuran 
Diethylphthalatc 
Dimethytphthdatc 
Flumthene 
Fluorene 
Hexachlombenzenc 
Rexachlombutadim 
Hexaohlorncy~lopentadien~ 
HexachlomeU~anc 
Indmo(l2,3-cd)pyrsne 
IS~phOrOne 
N-Nihoso-di.n-pmpylamine 
N-nitmsc&phenylamine 
Naphthalene 
NitroWene 
Pentaohlomphenol 
Phenanthrene 
Phenol 
M e  
bia(2-Chlomethoxy)rncda11( 
bis(2-Chlomethyl)ethn 
bis(>Ethylhsxyl)phthaIau 



4.4'-DDE 
4,4'-DDT 
Aldrin 
D~eldnn 
Endosulfan I 
Endosulfan I1 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Heptachlor 
Heptachlor epox~dc 
Melhoxychlo~ 
Toxaphene 
alpha-BHC 
alpha-Chlordane 
kta-BHC 
delta-BHC 
gamma-BHC (Lindane: 
gamma-Chlordane 
Amclor-1016 
Aroclor-1221 
Aroclor.1232 
Amclor-1242 
Amolor-I248 
Amclor-I254 
Aroclor-1260 
Convendonnl (mglkg) 
Total Organic Carbon 

Minimum Maximum 
Non-Detect Non-Defect 

APPENDIX D 
ORGANIC COMPOUNDS IN SUBSURPACE SOIL - STATISTICAL SUMMARY 

SOIL ASSOCIATION 4 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGMIA 

M~nimum Maximum Location of Frequency Arithmatic Mean Standard Upper 95% Log Antlunatic Mear Log Standard Log Upper 95% 
Detecled Detected Maximum Detect of Detection Half Non-Deiectr Deviation Confidence h e  Half Non-Deetr Dev~ation Confidence Leve 



Metals (mdkg) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beiyllium 
Cadmium 
Calcium 
Chmmlum 
Cobalt 
copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganwe 
Mcrcuq 
Nickel 
Potas51um 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

APPENDIX D 
INORGANIC COMPOUNDS IN SUBSURFACE SOIL - STATISl'ICAL SUMMARY 

SOIL ASSOCIATION 4 
BACKGROUND INVESl'IGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG VIRClNIA 

Minimum Maximum Minimum Maxunum Loeation of Frquency Anthmatic Mean Standard Upper 95% Log Arithmatic Mean h g  Standard Log Upper 95% 
Non-Deteci Non-Defact Detected Detected Maximum Detect of Detection Half Non-Detects Deviation Confidence Lovcl Half Nan-Detects Deviation Confidence Level 

SB (Ap e, SB4Si 







SAMPLE ID 
SAMPLE DAT6 

APPENDIX E 
GROUNDWATER DATA SUMMARY 

SOIL ASSOCIATION 1 
C H E A W  ANNEX SITE, WILLIAMSBURG, YlllGlNI.4 



SAMPLE ID 
SAMPLE DATE 

VoLIUlu (u@) (oanllnued) 
T O 1 ~  
TfiohlomtlGwm 
Mohlmilvommclhanr 
Vinyl Cblddc  
xylenc ('total) 
ua.l.2.Dicblamethsne 
ca-1,I.Diehbmpmpsos 
hana.1,2-LXcNamcthenc 
mns~l,3-W0hlompmp1 
semivolulro (upl) 
1,l'-Biphenyl 
I,¶'-oxybk(l-Q1ompmp1~) 
2.4,-MEhlompbCltol 
2,4,6-Trichlaropb.ml 
2,CDiehlomphenol 
I A l h t W W I W l  
2.4-Dinilm@moI 
2,CD~oieomluwc 
2,6DiOihaml- 
5ChlomnsphhDlenc 
2-Chbmphcnol 
2-McWmphWsne 
2 .MeU~ylphl  
a-Nlhamllina 
2-Nimpbonol 
3.3LDkhlomkmUm 
3.Niw.nilina 
4.6.Dinim&mahylphaol 
CRmmqbnyl-phcnylahcl 
CChlom-3-methylpbwl 
4Chlorodiuc  
4.cHlomp~"yl.p~oyIcthu 
4-M&lpbcwl 
4 - N l ~ l  
4 - N l h a p ~ l  
Aoampkhm 
Aecmph~hylone 
Acamphonone 
Amhrrans 
Armeinl 

APPENDIX E 
GROUNDWATER DATA SUMMARY 

SOU ASSOCIATION 1 
CHEATIiAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

OW (App F' rlr 



SAMPLE ID 
SAMPL6 DATE 

Lmiwl.Ulu ("dl) 
BtWr)anthns~n 
Bwuo(a)pynac 
Benz@)nyonnthanc 
B-(gAr)eayl=oc 
B-(k)lluonnthehsne 
ButylbowylphUlalalc 
ClpmlwUm 
Cubarol~ 
chr,w"e 
Dl-n-bwlphtbabr 
Din;oelylphthalate 
D i b u w ( a , h W U n m  
Dibowfmn 
D i o ~ l ~ h t h ~ l l t l c  
D~mhylphlhabr 
Flwn"thans 
F~YOIDM 
HoxwNombrrrraro 
HauobbduMienc 
Hcxacblorocyclopen1~die110 
HcUaalomnhsne 
Indmo(lZ.3sd)plrsne 
I s p p h m  
N-Nitmdi-npmpylaminc 
N - n i ~ d i i h c n y l m i ~ r  
NtphIh.lem 
Nirmt4mmw 
P c a a o N 0 m p h l  
Phwwthnnc 
P h l  
h 
b i % 2 - C N o ~ y ) w t h m e  
bia(2-Cblomethyl)nhsr 
b'l(2-Ethylbcxyl)phbI1to 

APPENDIX E 
GROUNDWATER DATA SUhWWtY 

SOlL ASWCUTION 1 
CHEATHAM ANNEX SITE, WILLlAMSBURG, VIRGINIA 

GW (App m.xl% 



SAMPLB ID 
SAMPLB DAT6 

APPENDIX E 
GROUNDWATER DATA SUMMARY 

SOU ASSOCUTION 1 
CLIEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

0.1 u 0.11 U 
01 U 0.11 U 
0.1 u 0.11 U 

0053 U 0.054 U 
8.053 U 0054 U 
053 U 0.54 U 
5.3 u 5.4 U 

0.053 U 8.054 U 
0.013 U 0.M U 
0.053 U OOY U 
0053 U OM4 U 
00s U 0054 U 
0.053 u 0.0% U 

I U IIU 
2.1 u 2 1  U 

I u IIU 
1 U 1.1 U 
1 U 1.1 U 
I U 1.1 U 
I u 1.1 U 

GW (App F 



SAMPLE ID 
SAMPLE DATE 

D1lr.lv.d Inorpanl~r ("@I) 
A l w m  
Antlmomy 
Anmlc 
Buium 
Bnyllaurn 
Cadmium 
Cpldum 
Chrclnivm 
Cob.11 
CQPF 
IN" 
Lea 
Ma~acs~wn 
Mwsnac 
M m w  
NlcW 
P o ~ u ~ ~  
SoleDium 
silver 
s a w  
Thanium 
Vwdium 
zinc 

APPENDIX E 
GROUNDWATER DATA SUMMARY 

SOIL ASSOClAnON 1 
CHEATUAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 



SAMPLE ID 
SAMPLE DATE 

Totvl Inorganics (ugil) 
Aluminum 
Antimony 
A n ~ n i o  
Barium 
Beryllium 
Cadmium 
Calcium 
Chmmium 
Cobs11 
Copv=.r 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
PotlS~ium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 
Cyanide 



Volatiler (ugil) 
I,l,l-Trichlomethane 
1,1,2,2-Tetrachloroeulanc 
L,1,2-Trichlomctham 
1,1,2-Trichlom-1,2,2- 
tnfluarocthane 
I ,I-Dichlomethanc 
I,l-Dichlorocthene 
1.2.4-Trichlorobenzene 
1,2-Dibmmocthsne 
I,2-Dichlombenzenc 
1,2-Dichlomethanr 
I,2-Dichlompmpane 
l,3-D~chlombcnzenc 
1,4-Dichlombenzen< 
2-Butanone 
2-Hexanone 
4-Methyl-2-Pentanon 
Acetone 
Bcnrcae 
Bmmcd~chlommethanc 
Bwmoform 
Bromomethane 
Carbon D~sulfide 
Carbon Tetrachloride 
Chlombenzene 
Chlomcthsne 
Chlomfow 
C h l o m m e t h  
Cyclohexane 
Dibromochloromethanc 
D~ohlomdifluomm&ne 
Ethylbenzene 
Isopmpylbenzene 
Methyl Acetate 
Methyl tert-Butyl Ethel 

APPENDIX E 
ORGANIC COMPOUNDS IN GROUNDWATER - STATISTICAL SUMMARY 

SOIL ASSOCIATlON I 
BACKGROUND INVESTIGATION 

C H E A T W  ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Minimum Max~mum Minimum Maximum Location of Frequency Arithmauc Mean Standard Upper 95% Log Arithmatic Mear Log Standard Log Upper 95% 
Non-Detecl Non-Detecl Detected Detected Maximum Detect of Detection Half Non-Detects Deviation Confidence Leve Half Non-Detec* Dmation Confidence Leve 

N A 
N A 
N A 

N A 

N A 
N A 
N A 
NA 
N A 
NA 
N A 
N A 
NA 
N A 
NA 
N A 
NA 
N A 
NA 
N A 
N A 

CXBGI-GWOZ 
N A 
N A 
NA 
N A 
N A 
N A 
N A 
N A 
NA 
N A 
N A 
N A 



APPENDIX E 
ORGANIC COMPOUNDS IN GROUNDWATER - STATISTICAL SUMMARY 

SOIL ASSOCIATION I 

Volatiles (ugll) (Cont) 
Methylcyclohexanf 
Methylene Chloridf 
Styrene 
Tetrachloroefhenf 
Toluene 
Trichloroethene 
Trichlorofluoromethanc 
Vinyl Chloride 
Xylene (Total) 
cis-l,2-Dichloroethenf 
cis-1,3-Dichloropropenc 
trans-1,2-Dichlomethenf 
trans-1,3-Dichlompropenf 
Semivolatiles (ugll) 
I,l'-Biphenyl 
2,2'-oxybis(1-Chloropropane: 
2,4,5-Trichlomphenol 
2,4,6-Trichlorophenol 
2A-Dichlorophenol 
2A-Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,6-Dinitrofoluene 
2-Chloronaphthalent 
2-Chlorophenol 
2-Methylnaphthalent 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
3,Y-Dichlombenzidine 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-Bromophenyl-phenylethel 
4-Chloro-3-methylphenol 
4-Chloroaniline 
4-Chlorophenyl-phenylethel 

Minimum 
Non-Detecl 

Maximum Minimum Maximum 
Non-Defect Detected Detected 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WLLIALISBURG, VIRGINIA 

Location of 
Maximum Detect 

Frequency Arithmatic Mean 
ofDetection HalfNon-Detects 

Standard 
Deviation 

Uppr 95% Log Arithmatic Mear Log Standard Log Upper 95% 
Confidence Leve: Half Non-Detects Deviation Confidence Leve: 



APPENDIX E 
ORGANlC COMPOUNDS IN GROUNDWATER - STATISTICAL SUMMARY 

Semivolatiles (u0/1) (Cont) 
4-Methylphenol 
CNitroan~line 
CNimphenol 
Acmaphthene 
Aoenaphthylenr 
Acetophenone 
Anthracene 
Atrazine 
Benzaldchydr 
B&a)anthrecenc 
Benzo(a)pyrenc 
Bcnza@)fluorsnthene 
Benzo(g,h,~)perylenc 
Benzo(k)fluoranthenc 
Butylberuylphthalatc 
Capmlactam 
Carbazole 
Clllysene 
Di-n-butylphthalate 
Di-n-ootylphthalatc 
D~beozo(a,h)anthracenc 
Dibenzofursn 
Diethylphthalatc 
Dimethylphthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzenf 
Hexachlornbutadienc 
Hexachl~mcyclopentadi?n~ 
Hexachlomethanc 
Indendl,2,3-~d)pyreno 
lsophomne 
N-Niaoso-di-n-propylaminc 
N-n~lrosodiphenylaminc 
Naphthalene 
Nitrobemme 

SOIL ASSOCIATION 1 
BACKGROUND INVESTIGATION 

CAEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Minimum Maximum Mmimum Maxlmum Location of Frequency Arithraatic Mean Standard Ugper 95% Log Arithmatic Meat Log Standard Log Upper 95% 
Non-Dew! Non-Detect Detected Detected Maximum Detect of Dotcotion Half Non-Detectr Deviation Confidence Leve Half N o n - b t r  Deviation Confidmcc Leve 



Scmivolatiles (ugil) (Cont) 
Pentachlomphenol 
Phenanthrme 
Phenol 
Eyrene 
bis(2-Chlomethoxy)methant 
bis(2-Chlomethyl)ethe~ 
bis(2-Ethylhexyllphfhalatf 
PestlcidesiPCBs (ugil) 
4,4'-DDD 
4,4'-DDE 
4,4-DM 
Albin 
Dieldrin 
Endoadfan I 
Endoaulfan Xl 
Endosulfau adfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Heptachlor 
Heptaohlor epoxide 
Methoxychlc~ 
Toxaphene 
alpha-BHC 
alpha-Chlordane 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane: 
gamma-Chlordane 
Amclor-1016 
Amcl5r-1221 
Amclor.1232 
Amclor-1242 
Amclor-I248 
Amclor-1254 
Aroolor-I260 

Minimum Maximum 
Non-Detecl Non-Detecl 

APPENDM E 
ORGANIC COMPOUNDS IN GROUNDWATER- STATlSIlCAL SUMMARY 

SOIL ASSOClATmN 1 
BACKGROUND INVESTlGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

M~nimum Maximum Location of Frequency Arithmatic Mem Standard Upper 95% Log Arithmatic Meax Log Standard Log Upper 95% 
Detected Detecud Maximum Detect QS Detection Half Non-Detects Deviation Confidence Levc Half Non-Detects Deviation Confidence k e  



Minimum 
Non-Detect 

Total Inor!gnies (ug4) 
Aluminum 43.6 U 
Antimony 1.7 U 
Arsenic 4.5 B 
Bmum 378 B 
Beryllium 0.4 U 
Cadmium 0.4 U 
Calcium 158000 B 
Chromium I U 
Cobalt 0.7 U 

C O P P ~  1.6 u 
Iron 166 B 
Lead 1.8 U 
Magncslum 1800 B 
Manganese 10.8 B 
Mercury 0.1 U 
Nickel 1.4 U 
Potassium 481 B 
Selenium 2.8 UL 
Silver 0.5 U 
Sodium 9640 B 
Thallium 4.1 U 
Vanad~um 1.5 B 
Zinc 0.7 U 
Cyanide 0.8 U 

Maximum 
Non-Debut 

APPENDIX E 
TOTAL INORGANIC COMPOUNDS IN GROUNDWATER - STATISTICAL SUMMARY 

son ASSOCIATION 1 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Minimum Maximum Locat~on of Frequency ArithmaUc Mean Standard Upper 95% Log Arithmatic Mean Log Standard Log Upph 95% 
Detected Detected Maximum Detect of Detection Half Non-Detects Deviation Confidence Level Half Non-Detects Deviation Confidence Level 

OW (App E).xls, GWlSi 



APPENDIX E 
DISSOLVED INORGANIC COMPOUNDS IN GROUNDWATER - STATISTICAL SUMMARY 

SOIL ASSOCIATlON 1 
BACKGROUND lNVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Minimum Maximum Minlmum Maximum Location of Frequency Arithmatic Mean Standard Upper 95% Log Arithmatic Mean Log Standard Log Upper 95% 
Non-Detect Non-Detect Detected Detected Maximum Detect of Detection Half Non-Detects Deviation Confidence Level Half Non-Detects Deviation Confidence Level 

Dissolved lnorganics (ugQ 
Aluminum 43.6 U 
Antimony 1.7 U 
Arsenic 1.2 UL 
Barium 39 B 
Beryllium 0.4 U 
Cadmium 0.4 U 
Calcium 153000 B 
Chromium 1 U 
Cobalt 0.7 U 
Copper 1.6 U 
Iron 68.2 B 
Lead 1.8 U 
Magnesium 1860 B 
Manganese 13.3 B 
Mercury 0.1 UL 
Nlckcl 1.4 U 
Potassium ND 
Selenium 2.8 U 
Llvcr 0.5 U 
Sodium 11400 B 
Thallium 4.1 U 
Vanadium 1.1 B 
Zinc 0.7 UL 

OW (P rls, GWlSid 









APPENDIX E 

uwmm 
SAMPLEDATE 

~~ ~ -. - 
GROUNDWATER DATA S U M M Y  

SOIL ASSOCIATIOX 1 
CHEA~RALI ANNEX SITE, WILLIAMSBURG, VIRGINIA 



SAMPLE ID 
SAMPLE DATE 

PutitldedPCBl (u@) 
4,4'.DDO 
4.4'-ODE 
4.4'-DDT 
Aldnn 
Dieldrin 
Bndavlhn l 
Gndosulf." n 
6"uOliulf.n '"lfitc 
Endna 
eadn~aldohydo 
6Mnu kcmnc 
Hepmchlor 
HeptsEhloreppxidt 
Mcfhoxyc.hlor 
T o x a p k  
alpha-BHC 
dpha-CMonllne 
bb-BHC 
delm.BHC 
grmrm-BflC (Lidam) 
garoavchlmdsnc 
Amolo~IOI6 
Amc1or-IPl 
Amclar-1232 
Aroclor~1242 
A r a c l ~ l ~ l u s  
Amclor-1254 
Amclar-I2W 

APPBiNDIX P. 
GROUNDWATER DATA SUMMARY 

SOIL ASSOCIATION 1 
CHEATHAM ANNEX SITE, WILLIAMSBURG. VlRGMU 



APPENDIXE 
GROUNDWATER DATA SUMMARY 

SOIL WSOClATlON 2 
CHEATHAM ANNEX SITE, WLLLWSBURC, VIRGINIA 



SAMPL6 ID 
SAMPLE RATE 

AFPENDVL E 
OROUNDWATER DATA SUMMARY 

SOILASSOCIATlON 2 
CHEATHAM ANNEX SITE, WILLIAMSBURG, WRGlNlA 



1.1,2-Tnchlom-1,2,2- 
trifluomethane 
I,l-D~chloroethane 
1,l-Dichlomethenc 
124-Trichlombenzenc 
12-Dibmmocthane 
1,2-Dichlombsnzent 
1,2-DichlometYlane 
12-Dichlompmpane 
1,3-Dichlorobenzene 
I,4Dichlorobenzene 
2-Butanone 
2-Hexanone 
4-Methyl-2-Pentanone 
Acetone 
BenzBne 
Bmmodichlommcthant 
Bmmofonn 
Bromomethane 
Carbon Disulfidc 
Carbon Teeachloridc 
Chlombnzent 
Chlomcthane 
Chlomfonn 
Chlommethw 
Cyclohexanf 
D~bromochlommcthant 
D~ohlomdifluommethant 
Ethylbenzene 
Isopropylbenzenc 
Methyl Acetaa 
Methyl ten-Butyl Ethel 

APPENDIX E 
ORGANIC COMPOUNDS IN GROUNDWATER - STATISTICAL SUMMARY 

SOIL ASSOCIATION 2 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VlREWIA 

Min~mum Max~mnum Minimum Maximum Location of Frequency Anthmstic Mean 
Non-Dctecl Non-DetBcI Deteoted Detected Max~mum Detect of Detection Half Non-Dew! 

Standard Uppr 95% Log Arithmatic M e a  Log Standard Log Upper 95% 
Dcviahon Confidante Leve. Half Non-Detects Deviation Confidence Leve 



Volsffles (u@) (Cant) 
Methylcyclohexan~ 
Methylme Chloride 
Slyme 
Tctrachlomcthenc 
Toluene 
Mchloroethmc 
Trichlomfluoromethan~ 
Vinyl Chloride 
Xylsne (Total) 
cis-1,2-Dichlorocthene 
cis-1 J-Dichloropmpene 
~ - 1 , 2 - D l c h l o m e t h m ~  
m a -  1,3-Dichloropropn!~ 
Semivolatile8 (ugll) 
I, l'diphenyl 
22'-oxyhis(lChlompr0pane; 
2,4,5-Triohlomphenol 
2,4,6-Trichlomphenol 
2,4-Dichlorophenol 
2,CDimethylphmol 
2,4-Dinitrophenol 
2,4-Dinitromlume 
2.6-Dinitmtolume 
2-Chloronaphthalene 
2.Chlorophmol 
2-Methylnaphthdene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophmol 
3,3'-Dichlombenaidinc 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-Bromaphenyl-phcnylethn 
4-Chloro-3-~ne~ylphcnol 
CChlomaniline 
CChlomphenyl-phenyl.thc1 

Minimum 
Non-Detect 

APPENDIX E 
ORGANIC COMPOUNDS IN GROUNDWATER - STATISTICAL SUMMARY 

SOIL ASSOCIATION 2 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGlNlA 

Maxi~num M~oimum Maximum Location of Frequency Arithmatic Mean Standard Upper 95% Log Arithmatic Mcar Log Standard Log Upper 95% 
Non-Detect Detected Detectei Maximum Detect of Detection Half Non-Detecfl Deviation Confidence Leve HalENon-Dotectr Deviation Confidence Leve 





Semivolatiles (ud) (Cant) 
Pentachlomphenol 
Phmanthrdm 
P ~ o M ~  
Pyrenc 
bis(2-Chlomthoxy)methanc 
bis(2-Chlomethyl)ethe1 
bis(2-Ethy1hexyl)phthalate 
PestieldedF'CBs (ud) 
4#-DDD 
44'-DDE 
4#-DDT 
Aldrin 
Dieldrin 
Endosulfan I 
Endosulfan U 
Endoaulfm aulfate 
Endrin 
Endrin uldebyde 
Endrin ketone 
Heptachlor 
Heptachlor epoxidf 
MethoxycNo~ 
Toxaphne 
alpha-BHC 
alpha-Chlordane 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane: 
gammaChlordane 
Amclor-1016 
Amclor-I211 
Amlor-1232 
Aroolor-1242 
Amclor-1248 
Amcl0r-1254 
Aroclor.I260 

Minimum 
Non-Detect 

Maximum 
Non-Dew1 

APPENDIX E 
ORGANIC COMPOUNDS IN GROUNDWATER - STATISTICAL SUMMARY 

SOIL ASSOCIATION 1 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Minimum Maximum Locahon of Frequency Arithmatic Mean Standard Uppar 95% Log Arithrnatic Mear Log Standard Log Upper 95% 
Detected Detected Maximum Detect of Detceflon Half Non-Detects Deviation Confidence Lcvc HdfNon-DetecB Deviation Confidence Leve 



Mimmum 
Non-Detect 

Total Inorganlee (ugn) 
Aluminum 43.6 U 
Antimony 1.7 U 
Arsenic 1.2 U 
Barium 45.3 B 
Bevllium 0.4 U 
Cadmium 0.4 U 
Calc~um 100000 B 
Chromium 1 U 
Cobalt 0.7 U 
COPP- 1.6 U 
Iron 10.6 U 
Lead 1.8 UL 
Magnesium 1920 B 
Manganese 12 B 
Mercury 0.1 U 
Nickel 1.4 U 
Potassium 604 B 
Selenium 2.8 UL 
Silver 0.5 U 
Sodium 5930 B 
Thall~um 4.1 U 
Vanadium 0.6 U 
Zinc 0.7 U 
Cyanide 0 %  U 

Maximum 
Non-Detect 

APPENDIX E 
TOTAL INORGANIC COMPOUNDS IN GROUNDWATER - STATISTICAL SLIMMARY 

SOIL ASSOClATlON 2 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Minimum Maximum Location of Frequency Arithmatio Mean Standard Upper 95% Log Arithmatic Mean Log Standard Log Upper 95% 
Detected Detected Maximum Detect of Detection Half NOU-Detects Deviation Confidence Level Half Non-Detects Deviation Confidence Level 



Minimum Maxlmum 
Non-Detect Non-Detect 

Dissolved Inorganics (ugil) 
Aluminum 43.6 U 
Anhmony 1.7 U 
Arsenic 1.2 UL 
Barium 42.1 B 
Beryllium 0.4 U 
Cadmium 0.4 U 
Calcium 98700 B 
Chromium 1 U 
Cobalt 0.7 U 
Copper 1.6 U 
Iron 10.6 U 
Lead 1.8 U 
Magnesium 1770 B 
Manganese 10.8 B 
Mercury 0.1 UL 
Nickel 1 4 U  
Potassium ND 
Selenium 2.8 U 
Silver 0.5 U 
Sodium 5360 B 
Thallium 4.1 U 
Vanadium 0.6 B 
Z~nc 0.7 UL 

APPENDIX E 
DISSOLVED INORGANIC COMPOUNDS IN GROUNDWATER - STATISTTCAL SUMMARY 

SOIL ASSOCIATION 2 
BACKGROUM) INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Minimum Maximum Locat~on of Frequency Akithmatic Mean Standard Upper 95% Log Arithmatic Mean Lag Standard Log Upper 95% 
Detected Detected Maximum Detcol of Detection Half Non-Detects Deviation Confidence Level Half Non-Detects Deviation Confidence Level 



GROUNDWATER - 
- ~~ - ~ 

~ - 
~ ~ 

SOIL ASSOCUTION 3 
. - ~ - - 



SAMPLE ID 
SAMPLE DATE 

1,l ffTrichlom-l,&2-brfl~mclhanc 
1.1-DicNmonhanc 
I , l - D i c h l o m ~ c  
1,2,+Trichlombemne 
I,2.Dibmmo;l-Chloropmpane 
1,2-Dibmmocthane 
l,tDichlombenaene 
1, l -mohlomcth~ 
1,Z.Dchlompropnne 
19-D1chlombmc 
I .4 -Dioh lorob~c  
Z-Butanonc 
2-Haxsnonc 
4-Mdhyl-2-Penta~ne 
A C W  
Bmmle 
Brnmad~chlmmsthsnc 
Bmmoform 
B m m o m ~ e  
CPrbcnDirulfidc 
Cambn Tcmchlonde 
Chlombcnac~ 
Chl~mslhanc 
Chlamfonn 
Chlommclhanc 
Cydohuanc 
Dibmmcchlommcthanc 
D~chlomdifluommeULBnc 
e t h y r o c ~ n c  
I ~ D p m p y l ~ e  
Mclhyl Acetate 
Msthvl tat-BuNl Ether 

CROLR'WATUI DATA S L W Y  
S O L  ASSOCIATION 3 

C ~ T L L L W   EX m, WILLIAMSELTIC, vmmm 



SAMPLE ID 
SAMPLE DATE 

VolatUu ("@I) (cnnullued] 
sS"ne 
Tswchlo&ene 
Tolum 
Tnchloccdhene 
Tnchlorofluoromethane 
Vinyl Chloride 
Xylem (Total) 
dsl,2-Di~hlomeUrmc 
0ls-1,3-Diohlompmpene 
trPn6.1~-Di~lorwthane 
mnelgthchlompmpms 
Semh.alatilr (u#O 
I ,l'-B~phenyl 
ZX.ox~is(l-Chlaopropane) 
2,4,S-hiEhlomphenol 
2A&%chlamphsnal 
2,4-hChlomphCU0l 
2.4Dimcthylphenol 
S4thnitmphenol 
2,4Dinitmtoluana 
2,CDinitmtolumc 
2-Chlomnqrblhalcne 
2.Chlo1ophenol 
2-Mc:hyl~phhlene 
2-Methylphml 
2.Nihwuuline 
2-Niuophml 
33'-Diohlnobcnridinc 
3-NiManili~ 

C c h l d l i n ~  
4Chlomphenyl-pheayleh 
CMcthylphennl 
4Nirmanilinc 
4Nirmphaml 
lkenaphthene 
Acwaphthylenc 
Acetophenone 
A n t h r a ~ e  

APPEMIU E 
GROUNDWATER DATA SUMMARY 

SOIL ASSOCIATION 3 
CAEATEAM ANNEX SITE. WILLUMSBURG, VIRGINIA 



APPENDIX E 

SAMPtEID 
SAMPLE DATE 

- - 

CROUh'DWATERDAW SUMMARY 
SOIL ASSOCIATION 3 

CHUTEAM A>T,'EX s m  WILLIAMSsurcc, VIRCL*IIA 

OW (App @.XIS 





APPENDIX E 

SAMPLE m 
SAMPLE DATE 

Dirrolvrd Inorganlcr (ugh: 
Aluminurn 
Antimony 
Anenic 
Banum 
Bayllium 
Cadmium 
Calcium 
Chmmium 
cobalt 
coppa 
Ima 
Lead 
Magncllum 
Manganese 
M a w  
Niokel 
POtaUlmn 
seknium 
Silver 
Sodimn 
Thslllmn 
Vanadium 
zip*: 

GROUNDWATER DATA SlLMMARY 
S O U  ASSOCIATION 3 

CHEATHAM ANNEX SITE. WIUIAMSBURG, vuarnm 

CXBGI-OW01 CXBO3.GW02 CXBOUjWOl 
08-20.2001 08-21.2001 08-15-2001 



SAMPLE ID 
SAMPLE DATE 

Total Inorgu~loc (ugQ 
Alumlnum 
Antlmony 
Ancnio 
m u m  
Beryllium 
camnium 
Calcium 
Chmrn1um 
cobalt 
coppar 
Imn 
Lead 
Magnesium 
hdangan~sc 
Mc=w 
Nickel 
Potsnsium 
Selenium 
Silver 
Sodium 
'n~halllunt 
VsMd1um 
Zlnc 
Cyanide 

. . - - -. - 
GROUNDWATER DATA SUMMARY 

SO& ASSOCIATION 3 
CBEATH4M ANNEX SITE, WILUAMSBURG,VVIRINJA 



APPENDIX E 
ORGANIC COMPOUNDS IN GROUNDWATER - STATISTICAL SUMMARY 

S O K  ASSOCIATION 3 

Minimum 
Non-Detect 

VolatIles (up/l) 
1,l ,l -Trichloroethane 
1,1,2,2-Tetrachloroethant 
1,1,2-Trichlomethane 
1,1,2-Trichloro-1,2,2- 
trifluomethane 
I,l-Dichloroethane 
1.1-I)lehloroethenc 
1,2,4-Trichlombenzene 
1,2-D1bmmo-3-Chlompmpant 
1.2-D~bromoeIhane 
1.2-Dichlomknzenc 
1,2-Dichlomethane 
1,2-Dichlompropane 
1,3-Dichlombenzenc 
I,4-Dichlorobenzent 
2-Butanone 
2-Hcxanonc 
4-Methyl-2-Pentanone 
Acetone 
Benzene 
Bmmadichlommcthant 
Bmmoform 
Bmmomethanc 
C a b n  Disulfide 
Carban Tetrachloride 
Chlombemene 
Chloroefhane 
Chloroform 
Chlommethanc 
Cyclohexant 
Dibmmochlommethant 
Dichhrod~fluommethanrr 
Ethylbenzene 
Isopropyfbenzenr 
Methyl Acetate 
Methyl ten-Butyl Ethel 

Maxi~num Minimum Maximum 
Non-Detccl Detected Detected 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG. VlRGlNlA 

Location of Frequency 
Maximum Detect ofDetectioa 

Arithmatic Mean 
Half Non-Detectr 

Smdard Upper 95% Log Arithmatic Mear Log Smdard Log Upper 95% 
Deviation Confidanoe Leve Half Non-Detect8 Deviation Coufidmce Leve 



Minimum 
Non-Detect 

Volatuer (u@) (Cont) 
Methylcyclohexanc 
Methylene Chlondt 
Styrene 
Tetmohlomethenr 
Toluene 
Tnchlomethene 
Trichlomfluommethant 
Vinyl Chloride 
Xylene (Total) 
ois-1,2-Dichlomethent 
a s -  l,3-Dichloroprapent 
aans.1,Z-Dichlomethenc 
sans-1,3-Dichlompmpene 
Semivolatilea (ugn) 
l,l'-Blphenyl 
2,2'axybis(l-Chlompmpane; 
2,4,5-Trichlomphd 
2M-Trichlomphenol 
2.4-Diohlomphenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2,CDinitrololuene 
2,6-Dinimluene 
2-Chlomnaphthalent 
2.Chlmphenol 
2-Methylnaphthalene 
2.Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
33-Dichlorobenzidine 
3.N1Wanthne 
4,&Dinitm-2-methylphenol 
4-Bmmophmyl-phenylethe~ 
4-Chloro-3-methylphmo 
4Chlomaniline 
4-Chlorophenyl-phenylethet 

APPENDIX E 
ORGANIC COMPOUNDS IN GROUNDWATER - STATISTICAL SUMMARY 

SOIL ASSOCIATION 3 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Maximum M~n,mum Maximum Looatlon of Frequency Anthmatic Mean Standard Upper 95% Log Arithmatic Mear 
Non-Detect Delected b t e d  Maximum Detect of Detection HalfNon-Detects Deviation Confidence Leve Hdf Non-Deteott 

Log Standard Log U p p  95% 
Deviation Confidence Leve 



Sdvolatllea (ugil) (Cont) 
4-Methyphenol 
4-Nitmaniline 
4-Nitrophenol 
Acenephthenc 
Aceaaphthylent 
Acetophenone 
Anthracene 
Ah'azine 
Benzaldehyde 
Bcnzo(a)anthracenc 
Benzo(a)pymne 
Benzo(b)fluoranthene 
Benzo(&h,i)petylene 
Benm(k)nuoranthenc 
Butylbenzylphthala& 
Capmlacta~n 
Carbbzole 
Cluysene 
Di-n-butylphthBlsfe 
Di-n-oc~lphthalate 
Dibsnza(a,h)enthracen( 
Dibenzofdran 
Diethylphthalate 
Dunethylphhlatt 
Pluoranthene 
Fluorene 
Hexachlombenzenf 
Hexachlorohutadient 
Hsxachlomyclopentadien~ 
Hcxachlomdthanc 
Indeno(l,2J-od)pyrenr 
lsophomne 
N-Nitroso-di-n-pmpylam~ne 
N-nitrosodiphmylaminc 
Naphthalene 
Nitrobmzmc 

APPENDIX E 
ORGANIC COMPOUNDS IN GROUNDWATER - STATISTICAL SUMMARY 

SOIL ASSOCIATION 3 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

M~nlmum Maximunl M~nimum Maximum Location of Frequency Arithmatic Mean Standard Upper 95% Log Arithmatic Mear 
Non-Detect Non-Ddsl Detected Detected Maximum Detect o f  Detshon Half Non-Detects Deviation Contidewe Lwe. HalfNan-Dets* 

Log Standard Log Uppw 95% 
Deviation Contiidcnca Leve 



Semlvolatlles (ugil) (Coat) 
Pentachlmphenol 
Phenanthrcnc 
Phenol 
pyrene 
bis(2Chloronhoxy)methant 
bis(2-Chlomthyl)eths 
bis(2-Ethylhexyllphthalatc 
PeatlcIdedPCB~ (uZJ1) 
4.4'-DDD 
4,4'-DDE 
4,4'-DDT 
Aldrin 
Dieldrin 
Endosulfan I 
Endosulbn n 
Endosulbn sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Hcptachlor 
Hoptachlor qoxi& 
Methoxychlo~ 
Tovaphene 
alpha-BHC 
alpha-Chlordane 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane: 
gamma-Chlordane 
Aroclor-1016 
Amlor-1221 
Aroclor-1232 
Amlor-1242 
Amlor-1248 
Aroclor-1254 
Amclor-1260 

Minimum 
Non-Detect 

Maximum 
Non-Detect 

APPENDIX E 
ORGANIC COMPOUNDS IN GROUNDWATER - STATISTICAL SUMMARY 

SOIL ASSOCIATION 3 
BACKGROUND INVESTIGATION 

CBEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

M~nirnum Maximum Location of Plequency Adthmatic Mean Standard U p p  95% Log Arithmetic Mear Log Standard Log Uppu 95% 
Detected Detected Max~murn Detect of Detection Half Non-Detectr Deviation Confidence Leve Half Non-Detsctr Deviation Confidence Leve 





Minimum Max~mum 
Nan-Detect Non-Detect 

Dla~olved Inorganics (ugh) 
Aluminum 43.6 U 
Antimony 1.7 U 
Arsenic 1.2 UL 
Barium 53.9 B 
Beryllium 0.4 U 
Cadmium 0.4 U 
Calcium 3690 B 
Chromium 1 U 
Cobalt 0.7 U 
Copper 1.6 U 
Iron 10.6 U 
Lead 1.8 U 
Magnesium 618 B 
Manganese ND 
Mercury 0.1 UL 
Nickel 1.8 B 
Potassium ND 
Selenium 2.8 U 
Silver 0.5 U 
Sodium 4060 B 
Thallium 4.1 U 
Vanadium 0.6 U 
Zinc 7.7 B 

APPENDIX E 
DISSOLVED INORGANIC COMPOUh'DS IN GROUNDWATER - STATISTICAL SUMMARY 

SOIL ASSOCIATION 3 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Minimum Maximum Locat~on of Frequency Arithmatic Mean Standard Upper 95% Log Arithmatie Mean Log Standard Log Upper 95% 
Detected Detected Maximum Detect of Detection Half Non-Detects Deviation Confidence Level Half Non-Detects Deviation Confidence Level 





SAMPLE LD 
SAMPLE DATE 

APPENDIX E 
GROUNDWATER DATA SUMMARY 

SOIL ASSOCIATlON 4 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 



APPENDIX E 
GROUNDWA7ER DATA SUMMARY 

SOIL ASSOCIATION 4 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

SAMPLE ID 
SAMPLE DATE 

Volrtlla (u&) (MnHauad) 
SIyrcnc 
TttracNomathcnc 
Toluene 
Tricloomethmr 
Tdohlomfluommk 
Yinyi Chloride 
Xplene (Total) 
cis-12-hohlmoehne 
cia-1,3-Dichlornpmpcn 
trans-12-Dichlomsthene 
trans-1,3-Mchlsmpmpene 
SemivolnffleJ ("!#I) 
I .It-Biphenyl 
2.2'~xyb&(l-Chlornpmpanel 
2.4,5-Tdchlomphenal 
2.4,6-Tnchlomphml 
2.4-Diohlomphcncl 
2,4-MmUhylphcncl 
2C.DidbphanOl 
2,4.Mdhomluene 
2,6.Dinibtohe 
2-Chlom~phlbalene 
2-CNomphml 
2-Metkylnaphtbalew 
2-Melhylphsnol 
2-Nlbaniline 
2-N!auphonol 
3.3'-Dichiorobenudine 
3-N1homilmc 
4,6-D1niho-2.melhylphsnol 
4-Bmmoph~ylqhcnyi~tha 
4.Chlom.3-mthylphanol 
4Chlomuulinr 
4-Chlomphanyl-phsnyleh~ 
4Msthybhoml 
4-Nibaniline 
4-Nthophml 
Aoonaphthonr 
Ao~nnphthylene 
Aocmphenonc 
A n h e n c  



APPENDIX E 
GROUNDWATER DATA SUMMARY 

SOIL ASSOCIATION 4 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGlNlA 

SAMPLE ID C X B W W O I  CXBG4-OW02 CXBWGWO3 
SAMPLE DATE 08.54-2001 0&24-201 08.23-2001 

Capmlsolam 
cUbaz01e 
-= 
Di.n-bulylphthalatc 
Di-rraety4phthalaa 
D i b c a u r ( a . h ) ~ ~  
DisonzOfiunn 
Dithylphthalan 
Dimathylphthalatc 
Fiuomthone 
F l w m  
Hcxachlomb~wem 
Hrrrchlombutsdionc 
Hcrachlomcyolopcnladads~ 
Homchlomnh.ne 
Indcm(l.2,3-0ah,mc 
I s q h m n c  
N-Nihwa.di-n-pmpylnminc 
N-mmsodiphsnylamin< 
Naphthalene 
N i l m b n z m  
Psntachlompbnol 
Pho~nthrrnc 
Phctlcl 
h n o  



APPENDIX E 
GROUNDWATER DATA SUMMARY 

SOIL ASSOCIATION 4 
CHEATEAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

SAMPLE m 
SAMPLE DATE 

P e n i c l d ~ T C b  (u#l) 
4.4'-DDD 
4,4'-DDE 
4,4'-DDT 
AlMn 
Dieldrin 
Endwulian 1 
EndoavlPan Il 
!Modfan ~,ilralC 
Endnu 
Eadnn ddchydc 
Endrin law 
HcptaCNrn 
Hoptschlm cp,& 
Medmxychlor 
Touphem 
alpha-BHC 
s4JhChl0rdme 
beta-BHC 
delta-BHC 
pma-BHC (Lindane: 
pammn-Chlordure 
AmclmlOl6 
Amolor-1221 
Amclor-1232 
Amclolr1242 
Amlor-1248 
Amclor-1254 
Amolo~.lZM) 



SAMPLE ID 
SAMPLE DATE 

Dlrsolved I a 6 r s ~ l c :  (u@) 
Aluminurr 
Antiway 
Arsc~uc 
Barium 
Bcr/llium 
Csdm,m 
Calcium 
ChmrnURI 
Cobalt 
copper 
hn 
b a d  
Magacnlum 
-c 
M e w  
Nickel 
potassiusl 
Solcnium 
Sllvar 
Sodium 
TMl~um 
Vanadium 
Z i i  

APPENDIX E 
GROUNDWATER DATA SUMNURY 

SOIL ASSOCIATION 4 
CREATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 



SAMPLE ID 
SAMPLE DATE 

Tolnl Inorganlea ("gill 
Aluminua 
Antimony 
Araenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chmmiutn 
Coball 
Copper 
Imn 
Lead 
Magne~iuln 
Manganese 
Mercury 
Nickel 
PolBssium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 
Cyanide 

APPENDIX E 
GROUNDWATER DATA SUMMARY 

SOIL ASSOCIATION 4 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

GW (App '' ' 9  



Volaluea (u@) 
I, 1.1-Trichlomethane 
I,l,22-Tceachlomcthan~ 
1,1,2-Tnchlomthane 
1.1.2-Trichlom-1,2,2- 
aifluomeulsne 
I,l-Diohlomethane 
1.1-Dichlomethene 
1,2,4Trichlombenzena 
1,2-Dlbmmoethane 
12-Dichlombenzenc 
1,2-Dichlomethane 
I,2-Dichloropmpane 
1.3-Dichlorobenzen~ 
I,4.Drchlombenzenr 
Z-Butanone 
2-Hexanone 
4-Mcthyl-2-Pentanone 
Acetone 
Bemene 
Bmmodichloromethan~ 
Bmmofonn 
Bromomcthant 
Carbon Disulfide 
Carban Tewhloride 
Chlombenzenr 
Chlomethsne 
Chlorofam 
Chlommnhane 
Cyclohexane 
D~bromachlommethanr 
Dichlorndifluommethan~ 
Ethylbenzcne 
Iaopmpylbenzcnc 
Methyl Asttatt 
Mnhyl ten-Butyl Etbn 

APPENDIX E 
ORGANIC COMPOUNDS IN GROUNDWATER - STATISTICAL SUMMARY 

S O U  ASSOCIATION 4 
BACKGROUND WESTIGATION 

CHEATHAH ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Minimum Maximum Ml~mum Maxlmum Location of Frequency Atithatic Mean 
Non-Detecl Non-Deteel Detected Datected Maximum Detect of Detection Half Non-Detect8 

Standard Uppr  95% Log Arithmatic Mew Log Standard Log Upper 95% 
Deviation Confidence Leve Half Non-Detect8 Deviation Confidence Lcve 

OW (App E).rls, OW4So 



APPENDIX E 
ORGANIC COMPOUNDS IN GROUNDWATER - STATISTICAL SUMMARY 

SOIL ASSOCIATION 4 

VolatUu (ugil) (Cont) 
Methylcyclahexanc 
Methylene Chlond6 
Styrene 
Teaaohlomethent 
Toluene 
Trichlomcthenc 
Trichlomfluoromethanc 
Vinyl Chloride 
Xylene (Total) 
cis-l,2.Dichloronbenc 
cis-1,3-Dichlompmpmc 
m08-1,2-DichlomeUlEnc 
trans-1.3-Dichlompropent 
Semivohliln (ud) 
1,18-Biphenyl 
22-oxybis(l -Chlompropane: 
2,4,5-Tnchlomphenol 
2,4,6-Trichlomphenol 
2,4-Dichlomphenol 
2,4-Dimethylphenol 
2,4-Dinitmphenol 
2.4-Dinitmtoluene 
2,6Dinitmtoluene 
2.Chloronaphthalenc 
2-Chlomphenol 
2-Methylnaphthalenc 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
3,3'-DicMorobenzi&ne 
3-Nitroaniline 
4,6-hniw-2-methylphenol 
4-Bmmophenyl-phenylethe~ 
4-Chloro-3-mcthylphewl 
4-Chlomanilinc 
4-Chlomphenyl-phmyleths 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Maxlmurn M~nirnwn Maximum Location of Frequency Atithmatic M m  Stsndard Upper 95% Log Afihmtic Mwr 
Non-Delecl Detected Dstected Maximum Detect of Detection HalfNon-Detects Deviation Confideme Lcve HalfNon-Detectl 

Log Standard Log Uppw 95% 
Deviation Contidctloc Lcve' 





APPENDIX E 
ORGANIC COMPOUNDS IN GROUNDWATER - STATISTICAL SUMMARY 

SOIL ASSOCIATION 4 

SemlvolstUes (I@) (Cont) 
Pentachlomphenol 
Phenanthrene 
Phenol 
Pyrene 
bis(2-Chlomethoxy)1nethanl 
bis(2-Chlomethy1)ethn 
bh(2-Ethylhexyl)phthalatr 
PertlcMeflCB~ (ud) 
4p'-DDD 
4,4'-DDE 
4,4'-DDT 
Aldrin 
Dieldrin 
Endosulffin 1 
Endosulfen Il 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
HBptachlor 
Heptachlor epoxidc 
Mcthoxychlor 
Toxaphene 
alpha-BHC 
alpha-Chlordane 
beta-BHC 
delta-BHC 
gamms-BHC (Lindane: 
gamma-Chlordane 
Amclor-I016 
Aroclor-1221 
Amlor-1232 
Aroclor-1242 
Amclor-1248 
Amclor-1254 
Amclor-1260 

Minimum 
Non-Detecl 

Maximum 
Non-Detecl 

BACKGROUND INVESTIGATION 
CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Minimum Maximum Location of Fnqusncy Arithmatic Mean Standard U p p  95% Log Arilhmatic Mesr 
Dnected Detected Maximum Detect of Detection Half Non-Dctectl Deviation Confidmce Leve Half Non-Dclectl 

Log Staadard Log Upper 95% 
Deviation Conftdence Leve 



APPENDIX E 
TOTAL INORGANIC COMPOUNDS IN GROUNDWATER - STATISTICAL SUMMARY 

son A~SOCXATION 4 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Minimum Maxunum Minimum Maximum Location of Frequency Arithmatic Mean Standard Upper 95% Log Arithmabc Mean Log Standard Log Upper 95% 
Non-Detect Non-Detect Detected Detected Maximum Detect of Detection Half Non-Detects Deviation Confidence Lcvel Half Non-Detects Dev~ation Confidence Level 

Total Inorganics (ugil) 
Aluminum 43.6 U 
Antimony 1.7 U 
Arsenic 1.2 U 
Barium 25.1 B 
Beryllium 0.4 U 
Cadmium 0.4 U 
Calcium 82600 B 
Chromium 1 U 
Cobail 0.7 U 
Copper 1.6 U 
Iron 85.8 B 
Lead 1.8 U 
Magncsrum 943 B 
Manganese 2.2 B 
Mercury 0.1 U 
Nickel 1.4 U 
Potassium 684 B 
Selcmum 2.8 UL 
S~lvm 0.5 UL 
Sodium 4170 B 
Thallium 4.1 U 
Vanadturn 0.6 U 
Zinc 1.2 B 
Cyanide 0.8 U 

OW (App E).xls, GW4Si 



APPENDIX E 
DISSOLVED INORGANIC COMPOUNDS IN GROUNDWATER - STATISTICAL SLMMARY 

Minimum Maximum 
Uon-Detect Nan-Detect 

Disedved Inorgaoiu (u#) 
Aluminum 43.6 U 
Anhmony 1.7 U 
Arsenic 1.2 UL 
Barium 24.7 B 
Beryllium 0.4 U 
Cadmium 0.4 U 
Calcium 79200 B 
Chmmium 1 B 
Cobalt 0.7 U 
Copper 1.6 U 
I n n  10.6 U 
L a d  1.8 U 
Magnesium 917 B 
Manganese 0.34 B 
Mercury 0.1 UL 
Nickel 1.5 B 
Potassium ND 
Selenium 2.8 U 
Silvn 0.5 U 
Sodium 3750 B 
Thallium 4.1 U 
Vanadium 0.6 U 
Zinc 2.6 B 

Minimum Maximum 
Detected Deacted 

SOIL ASSOCIATION 4 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

Location of Frequency Arithmatic Mean Standard Upper 95% Log Arithmatic Mean Log Standard Log Upper 95% 
Maximum Detect of Detection Half Non-Detects Deviation Confidence LNe) Half Non-Detects Deviation Confidence Level 
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APPENDIX F 
ORGANIC COMPOUNDS IN QUALITY ASSURANCE/QUALITY CONTROL SAMPLES 

FIELD BLANKS 
BACKGROUND INVESnGAnON 

CREATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

SAMPLE ID 
SAMPLE DATE 

V O I ~ ~ U ~ S  (ugn) a t  
Dichlomdifiuommethane 
Ethylbenzene 
I s o p m p y l b c ~ e  
MeUlyl Acetate 
Methyl tut-Bulyl BUler 
Mcthylcyolohexanc 
Mcthyleue Chloride 
Stywe 
Tcwohlomethme 
Toluene 
Trichlomethene 
Trichlom~~~mmcthanc 
vinyl chlorida 
Xylene (Total) 
cis-12-Diohlomethene 
CIS-1.3-Dichlompmpene 
ma-12-Dichlomethenc 
trans-13-Diohlompmprme 
SemIvolntUu (u@) 
I,lm-Biphenyl 
2,2'-axybiilChlor~pmp~ll~) 
2,4,S-Trichlomphe~l 
2,4,6-Triohlomphenol 
24-Dichlorophmol 
2,4-Dimethylphenol 
24-Dinitmphcnol 
2 , 4 - D m i ~ l ~ ~  
2.6-Diniimtolucnc 
ZChlomnaphthalene 



APPENDIX F 
ORGANIC COMPOUNDS IN QUALITY ASSURANCWQUALITY CONTROL SAMPLES 

FIELD BLANKS 
BACKGROUND INVESTIGATlON 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

SAMPLE ID 
SAMPLE DATE 

Smlvn1atlles (ugh) wnt. 
2-Methylnaphthalene 
2-Methylphenol 
Z-Nihoaniline 
2-Nitmphonol 
3J'-hchlombcnzidmc 
3-Nitmanilins 
4,6-Diniho-2-rndhylphenol 
4-Bmrnopbcnyl-pbcnylether 
4-Chlom-3-methylphenol 
4-CMom~ollme 
4-Chlomphmyl-phenyletha 
4-Mcchylphen~l 
4-Nitmaniline 
4-Nihophnrol 
Acenaphthene 
Acenaphthylene 
Acetophenone 
Anthraccne 
Atrazine 
Bcnzaldehyde 
Bcnzo(a)anthraome 
Benzo(a)pyrene 
B~(b)f luomthene 
Benza(g,h,i)perylene 
Bem(k)fluomnthene 
Butylbcnzylphthalate 
c a p m l s ~  
Carbmle 
Chtysene 
Di-n-butylphthalate 



APPENDIX F 
ORGANIC COMPOUNDS M QUALITY ASSURANCElQUALITY COhTROL SAMPLES 

FIELD BLANKS 
BACKGROUND NESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGlNIA 

SAMPLE ID 
SAMPLE DATE 

SemlvelrtUcc (u&) wnt 
Di-n-oaylpbthalah 
Dibmzo(a,h)anthra~ene 
Dibanzofuran 
Diothylphthalate 
Dimethylphthalate 
Fluomntheac 
Fhlorene 
Hcxaohlombcnzcns 
Hexachlombotsdiene 
Hex8ohlomcy~lapontadienc 
H~xachlomcthaas 
~cno( l2 ,3cdlpynae 
lmphamw 
N-Nimso-di-n-pmpylamine 
N-hsodipbenylamine 
Naphthalene 
Nitmbanenc 
Pwtsohlomphcnol 
Phmanthnne 
Phenol 
Pyme 
bis(2-Chlorocthoxy)rnothane 
bis(2-(hlometbyl)other 
bis(2-BIhyBexyl)phthalate 
PesticidulPCBs (I&@) 
4.4'-DDD 
4,4'-DDE 
44'-DDT 
Aldrin 
D~eldrin 

QAQCJ *rrPBIBaaRw 



APPENDIX P 
ORGANIC COMPOUNDS IN QUALITY ASSURANCEIQUALITY CONTROL SAMPLES 

FIELD BLANKS 
BACKGROUND INVESTIGATION 

CREATHAM k W  SITE, WUIAMSBLXG, VIRGINIA 

SAMPLE ID 
SAMPLE DATE 

Peatlddu/PCB~ (ug/l) cnnt. 
Endosulfan 1 
Endosulfan I1 
Endosulfnn sulfate 
Endrin 
En& aldehyde 
Endrin ketone 
HcptacNor 
H~ptacblor cpaxida 
McthoxycNor 
Toxaphene 
alpha-BHC 
alpha-Chlordnne 
beta-BHC 
delta-BHC 
gamna-BHC (Lindaae) 
g~mmaChlordane 
Amclor-1016 
Amolor-I221 
Amolor-1232 
Amlor-1242 
Amclor-1248 
Amlor-1254 
Amclor-1260 





SAMPLE ID 
SAMPLE DATE 

vohrner (ugh) 
l,l,l-Trichlomcthnne 
1,132-Tmachlomethane 
1,12-Triohlomethsnc 
l,l,2-tlichlom-1,z~hiAuo 
1.1-Diohlom&e 
I,  l -Diohlmethene 
1,2,4-Triohlombenzene 
1,2-D1bmmo.3-Chlompmpane 
12-Dibmmosthane 
12-Dichlombtnzene 
13-Dichlomethme 
1.2-Dichlompmpane 
1,3-Dichlambcnzwe 
I,4-Diohlombenzene 
2-Butanone 
2-Hexanone 
4-h4~yl-Z-Pen~~40ne 
Acctane 
Benzeno 
Bmmodichlomrneth%n~ 
Bmmoform 
Bmmornothanc 
C h n  Diaulfide 
Carbon TcVachloride 
chlombcllz~ne 
Chlomethanc 
Chlomfom 
Ullommcthunc 
Cyclohexane 
Dibm~nochlommclhane 

APPENDIX F 
ORGANIC COMPOUNDS IN QUALlTY MSURANWQUALITY CONTROL SAMPLES 

EQUIPMENT RINSATE BLANKS 
BACKGROUND SNVEWIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

10 U 10 U 
I0 U 10 u 
10 U 10 U 
10 U 10 U 
IOU 10 U 
10 u 10 U 
10 U I0 U 
10 U 10 R 
10 U 10 U 
10 U 10 U 
10 U 10 u 
10 U 10 U 
10 U 10 U 
10 U 10 U 
10 U 10 u 
10 U 10 U 
10 U 10 U 
10 U 10 U 
I0 U 10 U 
10 U 10 U 
10 U 10 U 
10 U 10 U 
10 U 10 U 
10 U 10 u 
10 U 10 U 
10 U 10 U 
10 U 10 U 
10 U 10 U 
10 U 10 U 
10 U LO U 



SAMPLE ID 
SAMPLE DATE 

VoIatlleJ (ma) eont 
Dichlomdifluammethane 
EthyIbcnzcne 
Isopmpylbcmcne 
Methyl Acetatc 
Methyl tclt-Butyl Ether 
Methylcyclohexane 
Methylme Chloride 
s m e  
Tctra~hlomcfheae 
Toluene 
Trichlomcth6ae 
Trichlomfluommethane 
Vinyl Chloride 
Xylene (Total) 
cis-1,2-Dichlaivethcne 
cis-1,3-Dichlompmpens 
trans-1,2-DichlmcLcne 
uaa~-1,3-Dichtompmpcnc 
Sunlvolntiler (ug4) 
1.1'-Biphenyl 
2,2'-oxyba(l Chlompmpane) 
2,4,5-Triohlomphsnol 
2,4,6-Tn'ohomphonol 
2,4-Dichlompheml 
2.4-Dimethylphenal 
2,4-Dinitfopheno1 
2.4-Dinitrotolucme 
26-Dinitrotoluene 
2-Chlomnsphthalenc 

APPENDIX F 
ORGANIC COMPOUNDS IN QUALITY ASSURANCEIQUALITY CONTROL SAMPLES 

EQUIPMENT R I N S A ~  B L ~  
BACKGROUND INVESTIGATION 

CEEATEAM ANNEX SITE, WILLIAMSBURG, VIRGINTA 



APPENDIX P 

SAMPLE ID 
SAMPLE DATE 

Semivolntila (udl) conr 
2-Mdhylnaphthalene 
2-Methylphewl 
2.Nitmaniline 
2-Nitmphsnol 
3,3'-Dichlombenzidine 
3-Nitmaniline 
4,6-Dhtm-2-mehylphenol 
48mmophenyl-phcnylcther 
4-Chlom-3-methylphd 
46hlomanilinc 
4-Chlomphenyl-phenylethcr 
CMdhylphenol 
4-Nitmaniline 
rl-NiMphenol 
Aoenaphthene 
Accnaphthylcnc 
Acetophenone 
Anthracene 
ArraEine 
Benzaldehyde 
Bem(a)antluaoem 
Bonzo(alpy- 
Benza(b)flwmnthene 
Bmzo(g.hi)Parylcnc 
Bnuo(k~fluoranthenc 
Butylbsrylphthalate 
Capmlactam 
Carbazole 
Cbrysene 
Dl-n-butylphthalate 

ORGANIC COMPOUNDS IN QUALITY ASSURANcalQUALITY CONTROL SAMPLES 
EOUIPMENT RINSATE BZANXs 
B~CKGROUND INYEPTIGATION 

CREATHAM ANNEX STP& WILLIAMSBURG, VIRGINIA 

CXBG-RSOI CXBG-RS02 CXBG-RSOJ CXBO-RS04 CXBG-RSO5 CXBG-RSO6 CXBG-RSO7 CXBG-RSO8 
07-24-2001 07-24-2001 07-24-2001 07-30-2001 08-08-2001 08-14-2001 08-20-2001 08-24-2001 



APPENDIX F 
ORGANIC COMPOUNDS IN QUALITY ASSURANWQUALITY CONTROL SAMPLES 

SAMPLE ID 
SAMPLE DATE 

Semivolaffler (ugh) cant. 
Di-n-octylphthahte 
Dibenzo(a,h)anthracene 
Dibelwhan 
Diethylphthalate 
Dimsthylphthalate 
Fluomtheno 
Fluonne 
Hera~hlombmzcnc 
Hcxachlombutadiene 
Hcxachlomcyclopentadiene 
Hexachlomethane 
Indmo(l,2,3-~d)ppne 
lsophomne 
N-Nitrosod-n-pmpylamine 
N-nitmscdiphcnylamine 
Naphthalene 
Nitmbenzene 
Pcntachlomphenol 
Phcnanthmne 
Phenol 
w e  
bis(2-Chlomsthoxy)mefhanc 
bis(2-Ch1omcthyl)ether 
bi@-Ethylhexyl)phthalate 
PesWcideslPCB8 (ugil) 
4.4'-DDD 
4,4'-DDE 
4,4'-DDT 
Alddn 
Dieldrin 

EQUIPMENT R ~ S A T E  BLANKS 
BACKGROUND WESTlGATlON 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 







SAMPLE ID 
SAMPLE DATE 

Vaintiler ( ~ g n )  
I ,I ,I -Tnchlomethane 
1 ,I ,22-Tetrachlomethane 
1,1,2-Tiohlomethano 
I,I,2-uichlom-1,2,2-trifluo 
I,l-Diohlame~hane 
I,l-Dichlomethene 
l,2,4-Trichlombamn~ 
1,2-Dibmmo-3-Chlompmpane 
I , 2 - D i i m m o h  
l,2-Dichlombenzene 
If-Dichlsmethane 
If -Diohlompmpenc 
1,)-Dichlombnucne 
1.4-Dichlombenzene 
>Butanone 
2-Hexanone 
4-Methyl-2-Pontanone 
Acetone 
Benzene 
Bmmodichlommethane 
Bmmoform 
B m m o b e  
Carbon Disulfide 
Wvbon Tetrachloride 
Chlombenzene 
Chlomethane 
Chlomfom 
Chlommethane 
Cyclohaanc 
Dibmmochlommcthane 

APPENDIX F 
ORGANIC COMPOUNDS IN QUALITY ASSURANCEIQUALITY CONTROL SAMPLES 

TRIP BLANKS 
B A C K G R O W  XWESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG, VIRGINIA 

CXBG-TBOI CXBG-TBO2 CXBG-TB03 CXBG-TBM CXBO-TB05 CXBO-TB06 CXBG-TBO7 
07-25-2001 07-27-2001 07-30-2001 08-06-2001 08-15-2001 08-21-2001 08-24-2001 



SAMPLE lD 
SAMPLE DATE 

Volatilo (u@) coat. 
Dichlomditluommcthane 
Ethylbmzene 
I s a p m p y l b ~ c  
Methyl Acetate 
Methyl tcrt-Butyl Ether 
Methylcyclohexane 
Methylene Chloride 
Styrene 
TEbaoNamethene 
Tolucm 
Triohlomethsne 
Ttichlomflwmmothane 
Vinyl Chloride 
Xylene (Total) 
cis-I 2-Diohlomdhene 
cis-1,3-Diohlompmpeno 
trans-12-Dichlomethane 
trans-] ,3-Dichlompmpene 
Semlvolntlle~ (uglf) 
l,l'-Biphenyl 
Zfoxybis(1-Chlompmpane) 
2,4,5-Tnchlomphmol 
2,4,6-Trichlomphenol 
24-Dichlomphewl 
2,4-Dimethylphenol 
2,4-Whophenol 
2,4-Dinitrot~lucnc 
2.6-Dinitmtoluene 
2-Chlomnaphthalcne 

APPENDIX P 
ORGANIC COMPOUNDS IN QUALITY ASSURANCWQUALITY CONTROL SAMPLES 

TRIP BLANKS 
BACKGROUND JNVEBTIGATION 

CHEATHAM ANNEX SITJC, WILLIAMSBURG, VIRGINIA 

CXBG-TBOI CXBG-TB02 CXBG-TB03 CXBG-TBM CXBG-TBOS CXBG-TBO6 CXBG-TBO7 
07-25-2031 0757-2001 07-30-2001 08-06-2001 08-15-2001 0831-2001 08-24-2001 



SAMPLE m 
SAMPLE DATE 

Sernivolltile~ (ugil) cont 
2-Methylnaphthalene 
2-Methylphenol 
2-Nltroaniline 
2-Nitrophenol 
32'-Dichlombauidine 
3-Nitroaniline 
4,6-Dinitro-2-meUlylphcnol 
4-Bmmophmyl-phmylcthcr 
4-Chlom-3-mcthylphrmal 
4-Chlomaniline 
4Chlompheriyl-phenylether 
4-Methylphenol 
&Nitroaniline 
4-Nitmphmol 
Aomaphthme 
Acmaphthylme 
Acetophenone 
Aethracme 
Atfnzine 
Bnualdehyde 
Bnua(a)anthraome 
Bcnzo(a)pyrnnc 
Bcnzo@)fluoranthcnc 
B-(g.hilperylene 
Benzo(k)fluaranthene 
Butytbenzylphthalate 
Capmlactam 
Carb~zole 
Chrysene 
Di-n-butylphthslato 

APPENDIX F 
ORGANIC COMPOUNDS IN QUALITY ASSURANCWQVALITY CONTROL SAMPW 

TRIP BLANKS 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLUMSBURG, VIRGINIA 

CXBG-TBOI CXBG-TBOZ CXBG-TB03 CXBG-TB04 CXBG-TBOS CXBG-TBO6 CXBG-TB07 
07-25-2001 07-27-2001 07-30-2001 08-06-2001 08-15-2M)I 08-21-2001 08-24-2001 



SAMPLE ID 
SAMPLE DATE 

SemlvolPtlleo (ugil) cant. 
Di-n-octylphthakte 
Dibsnro(a,h)anthracene 
menzofiran 
Dicthylphthalatc 
Dimcthylphthalate 
muomthene 
flu or en^ 
Hexachlombenzene 
Hcxaohlombutadienc 
Hexachlomoyolopcntadtme 
Hexachlomethanc 
Indeno(l,2,3-cd)pynnc 
Isophomne 
N-Nitmso-di-n-pmpylamine 
N-nitmsodiphenylamine 
Naphthdeno 
Nitmbsnrsne 
Pcntachlomphenol 
Phcnantkenc 
Phenol 
S leoe  
b1~(2-ChIomethoxy)methane 
brs(2-Ch1omeIhyl)etha 
his(2-Ethylhoxyl)phWte 
Pe~UciduiPCBs (ugll) 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Aldrin 
Dieldrin 

APPENDIX F 
ORGANIC COMPOUNDS IN QUALITY ASSURANCWQUALITY CONTROL SAMPLES 

TRIP BLANKS 
BACKGROUND INVESTIGATION 

CHEATEAM ANNEX SITE, WILLIAMSBURG, VIRGINlA 



SAMPLE ID 
SAMPLE DATE 

PeatldduIPCBs (ugll) cant. 
Endosulfan I 
Endosulfan 11 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ! eons  
Hcptachlor 
Hepraoblor cpox~dc 
Methoxychlor 
Toxaphene 
alpha-BHC 
alphaChlonlane 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 
gamma-Chlordane 
AmcIo~1016 
AmciorI221 
Amclor-1232 
Amclor-1242 
Amclor-124s 
Aroclor-1254 
Amolor-1260 

APPENDIX F 
ORGANIC COMPOUNDS IN QUALlTY ASSUIUNCE/QUALITY CONTROL SAMPLIES 

TRIP BLANKS 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WlLLlAMSBURO, VIRGINIA 

CXBG-TBOI CXBG-TBO2 CXBG-TBO3 CXBG-TB04 CXBG-TBO5 CXBG-TBO6 CXBG-TBO7 
07-25-2001 07-27-2001 07.30-2001 08-06-2001 08-15-2001 08-21-2001 08-24-2001 
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Background Statistics - General Information 

For surface and subsurface soils, a Multivariate Analysis of Variance (MANOVA) was used to 
determined if the data could be combined (i.e. there is more not more variation among soil groups than 
between soil groups). MANOVA tests use statistics based on a matrix of individual ANOVA results and 
takes into account each degree of hedom in the model. The individual Analysis of Variance (ANOVA) p 
values are listed in the summary table for each media. 

Note that the Navy guidance does not mention use of multivariate techniques. It recommends use of 
descriptive statistics, graphs, and ANOVAs. However, in this case if only univariate procedures were 
used, each of these methods (for each chemical) would have to be weighed and each of the p values for 
the separate tests would have to be added to account for the error (e.g., at F0.05 for 23 chemicals, we 
would have an overall p value of 1.15 [0.05 x 231, which is meaningless). Note that the design of study is 
really a randomized block - with each boring/groundwater well sampled representing a block. This is not 
accounted for in the MANOVA model directly but was addressed in the internal workings of the test 
(assessing the covariate matrix and multicolinearity). 

Censoring of the groundwater data precluded use of parametric statistics. Following Zar (1999) and 
Conover (1999), a MANOVA was performed on ranked values in each groundwater (total recoverable 
and dissolved) data set. Detections, detections below the contract reporting limit @flagged values), and 
mndetectiions (U-flagged values) were treated equally during the ranking procedure. Only those 
variables (inorganics) detected in more than one soil group were included in the model in order to gain 
power and achieve meaningful results. 

Conover, W.J. 1999. Practical Non-etric Statistics. Third Edition. John Wiley and Sons, Inc. New 
York. 584 pp. 

Zar. J. H. 1999. Biostatistical Analvsis. Fourth Edition Prentice Hall. Upper Saddle River, New Jersey. 
663 pp. 



Surface Sons: 

Each of the four multivariate test &&tics (in italics) agree at ~ 0 . 0 5  that there is a signiscant difference 
between soil groups. This would mean that data cannot be combined and should be treated separately 
(based on inorganics in soils only, no TOC data available firom surface horizons). Box plots demonstrate 
the much larger variability in Soil Association 1 (those collected fium marshy areas) for almost dl of the 
inorganics. Tests were also run on the data h r n  Soil Groups 2, 3, and 4 only to detamine if the 
variability in Soil Group 1 may be driving the difference, but the same results were obtained. 

One-half nondetects were used as the data set is large (40 sampledchemical) and the pattern of 
mndetects was not systematic within soil group. 
The data were log-transformed to address n d i t y  issues (as determined by Shapiro-Wilks test 
(n60)). Data were considered normal at F.01 as MANOVA is robust with respect to normality 
(instead of p4.05). Outliers (outside 95% UCL) were Wmorized to address cases where p.O1 
(outlier value replaced with next closest value in soil group). 
Homogeneity of the covariance matrix was not tested as the design was b a l d  (10 samples 
each per soil group), and MANOVA is robust in balanced designs. 
Multicolhmrity was addressed by removal of those variables with a within-cell correlation 
greater than 0.99 (antimony, cadmium, thallium). 

MANOVA Tests Section 

Term@F) 
Test Statistic 
A(3):SoilGronp 
WiIks'Larnbda 
Hotelling-Lawley Trace 
Pillai's Trace 
Roy's Largest Root 
10gAluminum 
10gArsenic 
logsarium 
logseryllium 
10gCalciu.m 
logchromium 
logcobalt 
~ o ~ C O P P ~ ~  
logCyanide 
l o g h n  
logLead 
10gMagnesium 
10gManganes.e 
l ogM=-Y 
10gNickel 
IogF'otassium 
logselenium 
logsilver 
logsodium 
logvanadium 
logzinc 

Test 
Value DFl DF2 

Prob 
Level 

Rqect 
Reject 
Rq'ect 
Reject 
Accept 
Accept 
Reject 
Accept 
Reject 
Reject 
Accept 
Reject 
Reject 
Accept 
Accept 
Reject 
Reject 
Reject 
Accept 
Reject 
Reject 
Reject 
Reject 
Accept 
Reject 



Subsurface Soils: 

Each of the 4 multivariate test statistics (in italics) agree at ~ 4 . 0 5 ,  that there is a significant difference 
between soil groups and that the data cannot be combined (based on inorganic and TOC data). 

AssumptionslData manipulation: 

One-half non-detects were used as the data set is large (40 sampledchemid) and the pattern of 
non-detects was not systematic within soil group. 
The data were log-transformed to address normality issues (as determined by Shapiro-Wh test 
(n<50)). Data were considered normal at pc.01 as MANOVA IS robust with respect to normality 
(itead of p<0.05). Outliers (outside 95% UCL) were Wiorized to address cases where p.01 
(outlier value replaced with next closest value in soil group). 
Homogeneity of the covariance matrix was not tested as the design was balanced (10 samples each 
per soil group), and MANOVA is robust in balanced designs. 
Silver was removed h m  the model as the data were not continuous (multiple values of same 
detection limit) and could not be transformdwimorizes to approach normality. 
Multicollinearity was addressed by removal of those variables with a withincell correlation 
greater than 0.99 (iron, thallium). 

MANOVA Tests Section 

TemOF)  
Test Statistic 
A(3):Soil-Group 
Wilk' Lambda 
Hotelling-Lawley Trace 
PiIlai's Trace 
Roy's Largest Root 
logTOC 
IogAluminum 
10gAntimOny 
10gArsenic 
logJ3arium 
IogBeryIlium 
logcadmium 
IogCalcium 
logchromium 
logcobalt 
l o g c o ~ ~ e r  
logcyanide 
IogLead 
IogMagnesium 
1ogManganese 
logMercury 
loflickel 
IogF'otassium 
logselenium 
logsodium 
logvanadium 
logzinc 

Test 
Value DFl DF2 F-Ratio 

Prob 
Level 

Rq'ect 
Reject 
Reject 
Reject 
Reject 
Accept 
Reject 
Accept 
Reject 
Reject 
Reject 
Reject 
Accept 
Reject 
Reject 
Accept 
Accept 
Reject 
Reject 
Reject 
Accept 
Reject 
Reject 
Reject 
Accept 
Reject 



Total Recoverable Groundwater: 

Only those inmganic chemicals detected in more than one soil group were included in the MANOVA 
model (aluminum, antimony, chromium, iron, manganese). Data were ranked prior to analysis. Three of 
the four multivariate t a t  statistics (in italics) agree at p<O.O5, that there is no significant dihFerence 
between soil groups and that the data can be combined (based on inorganic?). However, groundwater data 
points per soil association group were limited in that there were fewer obsewations per factor categoty 
(soil association group) than there were dependent variables (inorganic?), which seriously impact the 
power of the test. This is being reflected in the disparity between test statistics and strongly indicates that 
the statistics are not meaningful given all the departures from assumptions. To be conservative, combining 
soil association data groups is not recommended 

MANOVA Tests Section 

Tem@W 
Test Statistic 
A(3):Soi?_Group 
WflNtr' W a  
HoteNing-Lawley Trace 
Pillai's Trace 
Roy's Largest Root 
Aluminum 
Antimony 
Chromium 
Iron 
Manganese 

Test 
Vahe 

h b  
Level 

Accept 
Accept 
Accept 
Reject 
Accept 
Accept 
Accept 
Accept 
Accept 

Dissolved Groundwater: 

Only those inorganic chemicals detected in more than one soil group were included in the MANOVA 
model (arsenic, cobalt, hn, manganese, potassium, thallium). Data were ranked prior to analysis. Three of 
the four multivariate test statistics (in italics) agree at 6 . 0 5 ,  that there is no significant diffaence 
between soil groups and that the data can be combined (based on inorganics). Again though, groundwater 
data points p a  soil association group were limited in that there were fewer obsewations per faetor 
category (soil association group) than there were dependent variables (inorganics). This is being reflected 
in the disparity between test statistics and strongly indicates that the statistics are not meaningful given all 
the departures from assumptions. To be conservative, combining soil association data groups is not 
recommended. 

MANOVA Tests Section 

T-@F) 
Test Statistic 
A(3):Soil_Group 
Wi1k.r' Lambda 
Hotelling-Lmvley Trace 
Pillai's Trace 
Roy's Largest Root 
Arsenic 
Cobalt 
Iron 
Manganese 
Potassium 
Thallium 

Test 
Vahe DF1 DFZ 

Prob 
Level 

Accept 
Accept 
Accept 
Reject 
Accept 
Accept 
Accept 
Accept 
Accept 
Accept 



FIGURE G-1 
DISTRIBUTION OF INORGANIC DETECTIONS IN SURFACE SOIL ACROSS 

SOIL ASSOCIATION GROUPS 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG VIRGINIA 

Arsenic 

Barium 

Beryllium 

Calcium 



FIGURE G-1 (continued) 
DISTRIBUTION OF INORGANIC DETECTIONS IN SURFACE SOIL ACROSS 

SOIL ASSOCIATION GROUPS 
BACKGROUND 1NVESTlGATlON 

CHEATHAM ANNEX SITE, WILLIAMSBURG VIRGINIA 

Copper 

Lead 

Magnesium 



FIGURE G-1 (continued) 
DISTRIBUTION OF INORGANIC DETECTIONS IN SURFACE SOIL ACROSS 

SOIL ASSOCIATION CROUPS 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG VIRGINIA 

Nickel 



FIGURE G-1 (continued) 
DISTRIBUTION OF INORGANIC DETECTIONS IN SURFACE SOIL ACROSS 

SOIL ASSOCIATION GROUPS 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG VIRGINIA 

NOTE: Antimony. cadmium, cyanide, and thallium not detected in background soils. 



FIGURE 6-2 
DISTRIBUTION OF INORGANIC DETECTIONS IN SUBSURFACE SOIL ACROSS 

SOIL ASSOCIATION GROUPS 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG VIRGINIA 

Barium 



FIGURE G-2 (continued) 
DISTRIBUTION OF INORGANIC DETECTIONS IN SUBSURFACE SOIL ACROSS 

SOIL ASSOCIATION CROUPS 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG VIRGINIA 



FIGURE G-2 (continued) 
DISTRIBUTION OF INORGANIC DETECTIONS IN SUBSURFACE SOIL ACROSS 

SOIL ASSOCIATION GROUPS 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE. WILLIAMSBURG VIRGINIA 

N i i  



FIGURE G-2 (continued) 
DISTRIBUTION OF INORGANIC DETECTIONS IN SUBSURFACE SOIL ACROSS 

SOIL ASSOCIATION CROUPS 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE, WILLIAMSBURG VIRGINIA 

NOTE: Antimony, beryllium. cadmium and silver not demxed in background subsurface soils. 



FIGURE C-3 
DISTRIBUTION OF TOTAL RECOVERABLE INORGANIC DETECTIONS IN 

GROUNDWATER ACROSS SOIL ASSOCIATION GROUPS 
BACKGROUND INVESTIGATION 

CHEATHAM ANNEX SITE. WILLIAMSBURG VIRGINIA 

Arsenic 



FIGURE G-3 (continued) 
DISTRIBUTION OF TOTAL RECOVERABLE INORGANIC DETECTIONS IN 

GROUNDWATER ACROSS SOIL ASSOCIATION GROUPS 
BACKGROUM) INVESTIGATION 
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FIGURE G-3 (continued) 
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NOTE: Beryllium cadmium copper, cyamde, lead. mercury. nickel, selenium silver, a d  lhallium not detected in 
background groundwater. 
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