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EXECUTIVE SUMMARY 

This Phase Ill Soils RCRA Facility Investigation (RFI) for the Old Rifle Range (ORR) Solid Waste 

Management Unit 7 (SWMU 7) located at the Naval Surface Warfare Center Crane, Crane, Indiana 

(NSWC Crane) was prepared for the U.S. Department of the Navy (Navy) Southern Division (SOUTHDIV) 

Naval Facilities Engineering Command (NAVFAC) by Tetra Tech NUS, Inc. (TtNUS) under the 

Comprehensive Long-Term Environmental Action Navy (CLEAN), Contract Number N62467-94-D-0888, 

Contract Task Order 0160 (CTO 160). Also included in this report is information regardirlg an adjacent 

and closely related site referred to as the Old Pistol Range (OPR). 

DRAFT OLD RIFLE RANGE (ORR) PHASE Ill SOILS RFI REPORT - NOVEMBER 2002 

The objective of this RFI was to provide data on select metal, polycyclic aromatic hydrocarbon (PAH), 

energetic material and heptachlor epoxide concentrations in NSWC Crane soils at the ORR (SWMU 7), 

which contains active and inactive portions. The scope of the RFI was to delineate the extent of soil 

contamination greater than risk-based target levels (RBTLs) and background concentrations for the 

previously identified contaminants of concern (COCs) at the ORR. Section 1 presents a detailed 

discussion of site operations and conditions. Soil sampling and analyses were conducted at SWMU 7 (at 

both the ORR and OPR) between 2001 and 2002. The actions described in the following sections 

needed to be completed before this final version could be completed (September, 2005). 

VOLLINTARY INTERIM MEASURE (ORR) - OCTOBER 2003 

Based on conclusions and recommendations developed in the draft version of this RFI Report (November 

2002), the Navy conducted a Voluntary Interim Measure (VIM) in the summer of 2003 to excavate a 

limited amount of soil containing high concentrations of 2,4,6-trinitrotoluene (TNT). The high 

concentrations observed at two locations (soil borings [SB]16 at 9,900 ppm and SB47 at 940 ppm) were 

driving approximately 95% of the calculated risk for the site presented in the draft report. Completion of 

the VIM resulted in significantly lower TNT concentrations and associated reductions in risk for the site. 

The VIM Letter Report and After Action Report are provided in Appendix I. Section 4 of this final ORR 

RFI Report was modified to reflect the lower risks resulting from this targeted excavation. 

EPA APPROVAL - JUNE 2004 

After review of the draft versions of both of the reports discussed above, Mr. Peter Ramanauskas 

(USEPA Region 5 Environmental Scientist) indicated in a letter dated June 17, 2004 that the Phase Ill 
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Soils RFI Report covering the ORR was acceptable as is, although he indicated additional investigative 

work was required at the Old Pistol Range (OPR) located to the north of the ORR portion of the SWMU. 

This was partially based on potential metals contamination in soil (primarily lead) as described in a 

previous U.S. Army Corps of Engineers report. 

OLD PISTOL RANGE (OPR) SOIL ADDENDUM REPORT (X-RAY FLUORESCENCE) - APRIL 2005 

TtNUS conducted the additional investigation of the berms and firing lanes at the OPR to address the 

requirements outlined by EPA. Surface and subsurface soil samples were collected for select metals 

analysis by both X-ray fluorescence and a fixed-base laboratory for the purposes of characterizing the 

vertical and horizontal extent of potential metals contamination and to conduct human health and 

ecological risk screening assessments. A draft OPR Soil Addendum Report covering the investigation, 

conclusions and recommendations was prepared in April, 2005. EPA reviewed this draft report and 

indicated that it could also be finalized. The final OPR Soil Addendum Report is not an attachment or 

appendix to this final ORR RFI, but rather a stand-alone document that is part of a set of documents 

covering RFI activities at this SWMU. 

OLD RIFLE RANGE (ORR) RECENT OBSERVATIONS - AUGUST 2005 

The Navy recently uncovered late-40s to early-50s vintage aerial photographs and drawings. Aerial 

photography clearly showed the evidence of a semi-circular shaped trap range and evidence of an 

additional small pistol range within the ORR. This small pistol range and trap range are also indicated on 

an October 13,1947 drawing. Both of these areas are within the boundary of the ORR portion of the 

SWMU (not in the area of the OPR to the North). Following a site visit made on August 3, 2005 with EPA, 

the Navy, and TtNUS, it was decided that another phase of soil investigation (RFI Addendum 2) will be 

necessary to evaluate these recent observations. Another stand-alone document that will become part of 

the set of documents covering RFI activities at this SWMU will be produced following completion of any 

future investigations based on these recent observations. 
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This Phase Ill So~ls RCRA Facility Investigation (RFI) for the Old Rifle Range (ORR) Solid Waste 

Management Unit 7 (SWMU 7) located at the Naval Surface Warfare Center Crane, Crane, Indiana 

(NSWC Crane) was prepared for the U.S. Department of the Navy (Navy) Southern Division (SOUTHDIV) 

Naval Facilities Errgineering Command (IVAVFAC) by Tetra Tech NUS, Inc. (TtNUS) under the 

Comprehensive Long-Term Environmental Action Navy (CLEAN), Contract Number N62467-94-D-0888, 

Contract Task Order 0160 (CTO 160). Also included in this report is information regarding an adjacent 

and closely related site referred to as the Old Pistol Range (OPR). 

1.1 REPORT ORGANIZATION 

This report has been prepared in the following format to address the specific requirements for a Phase Ill 

Soils RFI at SWMU 7. Section 1.0 of the report is this introduction including the project scope, objectives, 

and background information. Section 2.0 describes field sampling activities associated with two phases 

of data collection. Section 3.0 presents and evaluates the nature and extent of contamination including 

statistical evaluations performed based on analytical results from both phases conducted between 

February 2001 and March 2002. Section 4.0 presents the risk screening that was conducted as part of 

this RFI. Section 5.0 presents conclusions and recommendations formulated after review of all of the 

data collecied at the ORR and OPR. Supporting documentation for this report is attached as Appendices 

A through I. 

1.2 OBJECTIVES AND SCOPE 

The objective of this RFI was to provide data on select metal, polycyclic aromatic hydrocarbon (PAH), 

energetic material and heptachlor epoxide concentrations in NSWC Crane soils at the ORR (SWMU 7). 

SWMU 7 contains active and inactive portions. 

Historical operations conducted at SWMU 7 consisted of small arms firing at the ORR and OPR and open 

burning of ammonium picrate at the ORR (SWMU 7). These treatment and operational activities caused 

releases of contaminants to all environmental media. Firing of rifles and other small arms into berms and 

hillsides, and open burning of ammonium picrate caused releases of environmental contaminants at the 

ORR (SWMU 7). These land uses are expected to continue into the foreseeable future. 

Past risk assessment reported in the Current Contamination Risk Assessment, SWMUs 03/10, 07/09, 

06/09, Final Report Vol. I, 11, 111, NAVSURFWARCENDIV, Crane, Indiana, Tetra Tech NUS, Inc., February 
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1999 indicated that humans could be exposed to unacceptable health risk caused by certain chemicals 

(referred to as chemicals of concern [COCs]) associated with operations at SWMU 7 (TtNUS, 1999a). 

The COCs are presented in Table 1-1. Except for PAHs at SWMU 7, all unacceptable human health risks 

are associated with exposure to ground water (ingestion or dermal contact). Contaminants in the soil are 

presumed to be the sources of ground water contamination. 

The scope of the RFI was to delineate the extent of soil contamination greater than RBTLs and 

background concentrations for the previously identified COCs at the ORR. A detailed, chronological 

presentation of the investigations and other relevant activities conducted at this SWMU prior to the 

preyaration of this report is provided in Appendix A. 

1.3 BACKGROUND INFORMATION 

This section consists of a discussion of background information, general site characteristics of the NSWC 

Crane facility, and physical site characteristics specific to the ORR. It discusses such topics as site 

location, facility size and borders, natural and manmade features, climatology, topography, local 

hydrology and hydrogeology, surrounding land use, and ecological communities and habitats. 

1.3.1 Location 

NSWC Crane is located in a rural, sparsely populated area of southern Indiana, approximately 75 miles 

southwest of Indianapolis, 60 miles northwest of Louisville, Kentucky, and immediately east of Burns City 

and Crane Village, Indiana. Most of NSWC Crane lies in the northern portion of Martin County with 

smaller portions in Greene, Daviess, and Lawrence Counties. The majority of the facility is covered by 

forest with the surrounding acreage either wooded or farmed land. A map of the NSWC Crane facility is 

illustrated in Figure 1-1. The location of the ORR is shown on Figure 1-2. 

1.3.2 FacilitvlSite Size and Borders 

NSWC Crane encompasses approximately 98 square miles (64,463 acres). It is bounded on the north by 

State Road 45/58, on the west by U.S. Route 231, and on the south by U.S. Route 5011 50. NSWC Crane 

consists of approximately 1006 acres of improved grounds, 10,047 acres of semi-improved grounds, and 

53,410 acres of unimproved grounds. Facility access is via four gates; the main gate referred to as the 

Bloomington Gate (No. 1) in the north, Burns City Gate (No. 2) in the west, Bedford Gate (No. 3) along 

the east, and Crane Gate (No. 4) at the northwest. 
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Old Rifle Range 

The ORR occupies approximately 20 acres immediately northeast and down slope of the Demolition 

Range (DEMO). The site is immediately west of NSWC Crane Highway 8 in the flat-lying floodplain of 

Turkey Creek. Currently the ORR consists of a flat, grass-covered area bisected from north to south by a 

maintained gravel road. This road provides access to various ground water monitoring wells located 

within the ORR and to a powder burning area. The burning area is approximately one acre in size and is 

located in the northern part of the ORR. It is used for burning yellow D (ammonium picrate). West of the 

gravel road and south of the yellow D burning area a're located three earthen berms which were used in 

the past during rifle target practice for back stops. At the extreme southern end of the ORR is a hillside 

which served as the ultimate back stop for any projectiles that did not land in the other three berms. The 

ORR is roughly rectangular in shape and is located in Sections 26 and 35 of T5N, R4W on the Indian 

Springs, Indiana Topographic Quadrangle Map (USGS, 1978). An additional area of investigation, 

referred to in this document as the Old Pistol Range (OPR), is approximately 10 acres in size and is 

located immediately adjacent to the north of the ORR. Because of similar past operational activities 

(small-arms firing ranges) at these two locations, they are collectively referred to as the ORR. For the 

purposes of this report, the area referred to as the ORR consists of these two separate areas; the 

maintained part of the ORR, which is referred to as the ORR, and an adjacent abandoned shooting range 

referred to as the OPR. Figures 1-3 and 1-4 show the outlines of the ORR and the OPR on a 1984 aerial 

photograph. 

1.3.3 Natural and Manrnade Features 

The ORR consists of a cleared area located on the floodplain of Turkey Creek. Manmade features at the 

ORR consist of three earthen berms used as backstops for target shooting, mechanical target holders, 

and a chain-link fenced pad for the storage of wooden pallets used in conjunction with burning operations. 

-The OPR contains remnants of a wooden structure that may have been used as a shelter for target 

shooting. One earthen berm is present at the OPR. The OPR is not maintained and therefore small trees 

and brush are present throughout the area. 

1.3.4 Clirnatoloqy 

The climate in the region of NSWC Crane can be described as temperate (NOAA, 1988). Precipitation is 

distributed evenly throughout the year, and there is no pronounced wet or dry season for this region. 

Rainfall in the spring and summer is produced mostly from showers and thunderstorms. A peak rainfall of 

about 2 112 inches in a 24-hour period can be expected about once a year. Snowfalls of 3 inches or more 

occur on an average of two or three times per winter season. 
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Mean monthly temperatures for the region are shown in Table 1-2. Temperatures range from a minimum 

of 27.g°F in January to a maximum of 75.7"F in July. The mean annual temperature for the area is 

52.6OF. The annual mean monthly distribution of rain and snow for the area is shown in Table 1-3. 

Annual rainfall total is about 40 inches per year with the highest mean monthly totals occurring in the late 

spring and in the early summer period of May through July. Snowfall averages about 23 inches a year, with 

most occurring in the winter months of December through February. 

Long-term climatological records (NOAA, 1988) for the area indicate that the monthly prevailing wind 

direction is southwest during the month of April through December, then shifts to the northwest during the 

months of January through March. The annual prevailing wind direction for the region is from the 

southwest. The annual average wind speed for the area is about 9.6 miles per hour (mph). 

1.3.5 Topography 

NSWC Crane is in the unglaciated area of the Crawford Uplands Physiographic Province. This province 

is a rugged, highly vegetated, dissected plateau bounded by the Mitchell Plain Physiographic Province to 

the east and the Wabash Lowland Physiographic Province to the west (Murphy and Wade, 1998). The 

Mitchell Plain is a low dissected limestone plateau characterized by sinkholes and karst topographic 

features. The boundary between the Crawford Upland and the Mitchell Plain is marked by the highly 

irregular, eastern facing Chester Escarpment. Springs, caverns, caves, and other solution weathering 

features can be found along this escarpment and on the eastern edge of the NSWC Crane facility. The 

boundary between the Crawford Upland and the Mitchell Plain near the western boundary of NSWC 

Crane is gradual (Murphy and Wade, 1998). 

The terrain is predominantly rolling with moderately incised stream valleys throughout and occasional flat 

areas in the central and northern portions of NSWC Crane. Most of the region is covered by deciduous 

trees and shrubs. The elevations across NSWC Crane range from about 500 feet above mean sea level 

(AMSL) to about 850 feet AMSL. 

The ORR occupies approximately 20 acres within the restricted zone of the DEMO. Surface elevations 

range from slightly over 600 feet AMSL along the west to 500 feet AMSL on the east, along Turkey 

Creek. The site is immediately west of NSWC Highway 8 in the flat-lying floodplain of Turkey Creek, 

immediately down slope of the DEMO. The site is a roughly rectangular, cleared area immediately 

northeast of the DEMO. A slope is located on the boundary of the western side of the ORR, although 

most of the site consists of a flat, grass-covered area bisected from north to south by a maintained gravel 
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road. West of the gravel road are located three, earthen, grass-covered berms which were used in the 

past during rifle target backstops. At the extreme southern end of the ORR is a grass-covered hillside, 

which served as the ultimate backstop for any projectiles that did not land in the other three bunkers. 

A drainage ditch is located in the northern part of the ORR and may have been installed to collect local 

runoff in the area immediately around the burn pans. This ditch extends from the burn pan area eastward 

for a few hundred feet and then turns south for approximately two hundred feet before it turns to the east 

and exits the SWMU, eventually entering the Turkey Creek tributary. 

The OPR is located in a floodplain formed from a tributary stream channel of Turkey Creek. The elevation 

across the OPR varies from approximately 510 feet AMSL in the south to 525 feet to the north, east and 

west. Much of the area along the southeast is marshland. 

1.3.6 Local Geology and Hvdroqeoloqy 

The following sections summarize the general geology, stratigraphy and hydrogeology of the NSWC 

Crane. Specific details regarding the geology and hydrogeology of the DEMO and ORR are also included. 

A detailed discussion of the general geology and hydrogeology of NSWC Crane can be found in the Work 

Plan for Base-wide Background Soil lnvestigation (TtNUS, 1999~) .  

1.3.6.1 General Geology and Stratigraphy 

The geology at NSWC Crane is generally characterized by thin overburden deposits overlying bedrock. 

The overburden deposits range in depth from the surface down to 65 feet (Nohrstedt, et al., 1998) below 

ground surface (bgs). These deposits generally consist of two types: Quaternary-age unconsolidated 

deposits, and unconsolidated residual soil derived from the underlying bedrock. Quaternary-age 

deposits consist of alluvial, colluvial and glacial outwash deposits consisting of silt, sand, and gravel. 

Residual soils were derived from the underlying sedimentary rocks and consist of clay, silt, sand and 

fragmented and/or partially weathered bedrock. Bedrock underlying the NSWC Crane facility consists of 

sedimentary rocks from the Lower Pennsylvanian-age Raccoon Creek Group and the Upper 

Mississippian-age Stephensport and West Baden Groups. A detailed description of the general geology 

of NSWC Crane can be found in the "Base-wide Background Soil lnvestigation for NSWC Crane" Work 

Plan (TtlVUS, 1999~). The generalized stratigraphic column for the NSWC Crane area is illustrated in 

Figure 1-5. 
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Using the United States Department of Agriculture (USDA)/Soil Conservation Service (SCS) soil 

classification system (McElrath, 1998), the soil at the ORR has been classified by soil series. Each of 

these soil series is defined by various soil characteristics (e.g., grain size, erosion, slope, drainage, parent 

material or depositional source, etc.). Within these series, various sub-classes or soil map units have 

been defined. Table 1-4 lists the soil series and map units present at the ORR. The predominant soil 

type at the ORR and OPR is Wellston (WeC2). Both of these soil types are silty loams. 

For this study the USDAISCS soil classifications have been categorized by the depositional environment 

(DE). These depositional units have been fully described in the "Base-wide Background Soil Investigation 

for NSWC Crane" Work Plan (TtNUS, 1999~). 'The DE refers to the parent material and mechanism from 

which the soil was formed and determines the chemical and mineralogical composition of the soil 

(McElrath, 1998). Grain size can also affect the chemical and mineralogical make-up of a soil or be 

reflective of the mineralogy. DE and soil grain size were therefore used to characterize the soils collected 

as part of this investigation. 

Geoloqv of the Old Rifle Rarrqe and Old Pistol Ranqe 

This geology description of the ORR is based on information provided in the Confirmation Work Report of 

April 1984 for Demolition AredOld Rifle Range conducted by the U.S. Army Corps of Engineers (Dunbar, 

1984). The geology is composed of residual soils formed by weathering of the underlying parent rock, 

unconsolidated alluvium, and Pennsylvanian- and Mississippian-aged sedimentary rock. Soil thickness 

ranges from less than 2 feet to a maximum of about 30 feet bgs. The northern portion of the site is 

covered with occasionally flooded Burnside loam, the western portion with Wellston silt loam, and the 

eastern portion with frequently flooded Haymond silt loam (McElrath, 1988). The variability of soil 

thickness at the ORR reflects the erosional effects of the ancestral Turkey Creek and its tributaries. The 

thickest soil corresponds to areas of deepest fluvial incision of the rock surface and subsequent alluvial 

(stream-deposited) and colluvial (slope debris) filling of the Turkey Creek Valley. 

The sedimentary rock underlying the ORR is Mississippian-age sandstone from the Big Clifty Formation 

of the Mississippian-age Stephensport Group. 

The primary focus of the RFI was to collect sufficient soil samples to fill data gaps from previous soils 

investigations at the SWMU (TtNUS, 1999a) and to make a comparison of this data to background soil 

data. Therefore, the soil samples collected were derived from the 0 to 1 foot and 2 to 4 foot interval. 

Based on the geological observations obtained during sample collection the following generalizations can 

be made. Soil from the surface to one foot bgs consists of silt with a trace of clay and occasional sand. 
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The deeper interval, from 2 to 4 feet bgs is sandier with occasional sandstone fragments and minor clay. 

This general sequence was uniform throughout the area of the SWMU including the ditch sampling 

locations. Copies of the appropriate pages from the field log book are provided in Appendix B. Soil 

Sample Log Sheets and Boring Logs for each boring at the ORR and OPR can be found in Appendices C 

and D. 

1.3.6.2 Hydrogeology 

Ground water in the unglaciated southwestern portion of Indiana, in general, is contained in joint openings 

of limestone and sandstone aquifers. Aquifers are generally isolated from one another vertically by less 

permeable shale units. Ground water enters the aquifers through outcrops and infiltration, and flows by 

gravity down the dip of the strata or locally in directions controlled by the potentiometric gradient. 

Regionally, ground water flow is expected to conform to the southwestward-dipping bedrock with a 

gradient approaching the dip. Locally, ground water flow is likely to parallel the surface drainage on the 

installation. Wells installed for the ground water monitoring network generally showed this ground water 

flow agreed with local drainage. Seasonal fluctuations in the water table are expected to be slight 

because precipitation is well-distributed throughout the year (Murphy, 1994; Murphy and Wade, 1998). 

Hvdroqeoloqv of the Old Rifle Ranae 

The hydrogeology of the ORR was based on information provided in the Confirmation Work Report of 

April 1984 for Demolition Areafold Rifle Range conducted by the USACE (Dunbar, 1984). During well 

installation by the USACE, ground water was encountered in fractures in the sandstone at the northern 

end and in the overburden at the southern end of the ORR. The uppermost occurrence of ground water 

is within the alluvium, which is present over much of the ORR. Ground water elevations within the 

underlying Big Clifty-Beech Creek aquifer are similar to those in the alluvium. The two units are 

hydraulically connected and considered one unconfined aquifer in this area (Murphy and Wade, 1998). 

The occurrence and movement of ground water is closely tied to the bedrock surface (USACE, 1991). 

Ground water elevations within the site range from approximately 510 to 495 feet MSL, a difference of 

15 feet. Flow direction is predominantly toward the east. Groundwater at the site is typically found 

between 10 to 20 feet below ground surface (TtNUS, 1999a).' 

According to the USACE, laboratory classification of soils range from brown to tan clayey sand (SC) to 

clay (CL and CH). Soil permeability from a clay (CL) soil was calculated to be 2.77 x 1 0-6 cmtsec (based 

on 79% of the samples from this site). 
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1.3.7 Surroundinq Land Use 

The rural communities surrounding NSWC Crane are in transition from an economic base of agriculture, 

mining, and quarrying to an economy built on manufacturing and service industries. The patterns of 

settlement, population statistics, and median income are similar throughout the region (TtNUS, 2000a). 

Because most of the region is covered by vegetation, the area is classified as rural (TtNUS, 2000a). 

There is no state or local planning within the vicinity of NSWC Crane. The only zoning and land use 

regulations are in the municipalities in the region. None of the municipalities are close enough to have an 

impact on NSWC Crane. None of the areas adjacent to NSWC Crane are zoned, and zoning is not 

anticipated in the near future. There are no known land use or community actions under consideration or 

proposed at this time (TtNUS, 2000a). 

1.3.8 Ecoloqical Communities and Habitats 

A biological characterization of NSWC Crane, including a listing of plants and animals found at the facility, 

is presented in the Installation Assessment (U.S. Army, 1978) and the Initial Assessment Study (IAS; 

NEESA, 1983), and is summarized in the Environmental Monitoring Reports (Halliburton NUS, 1992a, 

1992b, 1992~).  A list of the species which may inhabit NSWC Crane and are protected under the U.S. 

Endangered Species Act, Indiana Department of Natural Resources Heritage Data Center, or the U.S. 

Fish and Wildlife Service is summarized in the RCRA Facility Permit (U.S. EPA, 1995). 

1.4 FACILITY HISTORY 

This section provides a summary of historical site operations, and data collection and evaluation activities 

for the ORR. At the end of this section is a summary of the current status of the site. 

'1.4.1 General Operational Historv 

NSWC Crane provides material, technical, and logistical support to the Navy for equipment, weapons 

systems, and expendable and nonexpendable ordnance items. The facility was commissioned on 

December 1, 1941 as the Naval Ammunition Depot (NAD), Burns City, to serve as an inland munitions 

production and storage center. In 1943, the facility name was changed to NAD Crane in honor of 

Commodore William Montgomery Crane, the first chief of the Navy's Bureau of Ordnance. The name 

changed again in 1975 to Naval Weapons Support Center to reflect the facility's growing involvement in 

high-technology weapons system. In 1977, the Secretary of Defense combined all conventional 
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ammunition acquisition under the responsibility of a single service. The ammunition production and 

storage function was given to the ~ r m y ,  and the Crane Army Ammunition Activity (CAAA) was established 

as a Crane tenant to accomplish this task for Naval ammunition. In 1992, based on changing missions 

and alignment, the facility name was changed again to the Naval Surface Warfare Center Crane. The 

Army has assumed ordnance production, storage, and related responsibilities under the single-service 

management directive. All environmental activities on the installation, including permitting activities, 

remain the responsibility of the Navy. Although ordnance production and storage still resides on Base, 

NSWC Crane serves a modern and sophisticated Navy as a recognized leader in diverse and highly 

technical product lines, such as microwave devices, acoustic sensors, small arms, microelectronics 

technology, and more. The Army currently exists as a tenant activity on the Base as do all major 

branches of the Department of Defense (DOD), including the Defense Reutilization and Marketing Office 

(DRMO). The Coast Guard (Department of Transportation) is also represented on Base. 

1.4.2 Old Rifle Ranqe Operational History 

1.4.2.1 ORR 

The ORR has been in use since the early 1940s. During the 1 9401s, it was utilized as a practice firing 

range for small caliber arms. In the 1950's and 1960's, the range was used primarily for flashing material 

associated with explosives. Flashing was performed on the ground with the energetic material in contact 

with the soils. In the 1970's, this area was used for the test firing of flares and other pyrotechnic items, 

again in contact with the soils. Tests were also conducted by detonating a charge of high explosive on a 

sheet of metal. Explosive residue and fragments may have been dispersed in radial patterns from, and 

primarily downwind of, the point of detonation. 

A gravel access road bisects the ORR from north to south. The access road leads to various ground 

water monitoring wells located within the ORR and to a powder burning area. This Yellow D burning 

area, located in the northern part of the ORR, is approximately one acre in size. West of the access road 

and south of the Yellow D burning area, are located three earthen berms which were used as back stops 

during rifle target practice. At the extreme southern end of the ORR is a hillside which served as the 

ultimate back stop for any projectiles that did not strike one of the other three berms. 

In early 1980, three plastic-lined shallow pits were constructed for burning bulk explosives and 

pyrotechnics. Around 1984, metal pans measuring 14 feet long by 7 feet wide by 1 foot deep were 

installed on top of the existing lined pits. No surface preparation of the burn areas occurred prior to the 

installation of the pans. Solid bulk propellant and explosives were open-burned (thermally treated) in 
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three clay-lined steel pans at the ORR. The pans had aluminum lids for use when the pans were not in 

operation. 

When open burning is conducted, it begins with pouring and spreading of the propellant/explosive 

uniformly over the burn pan and is followed by remote ignition. After combustion, ash is cleaned out of the 

burn pan and any pop out (ejected material) is collected for disposal (TtNUS, 1999a). The average burn 

time for 9,000 pounds of ammonium picrate (Yellow D) projectiles is approximately two hours, while 

500 pounds of bulk Yellow D will burn in each of three pans for up to four hours. This provides ample 

time for aerial dispersal of combustion products. Such products may include steam, carbon dioxide, 

carbon monoxide, nitrogen, nitrogen oxides, finely divided uncombusted propellant/explosive, and other 

chemical combustion products, depending on the material being burned and the completeness of 

combustion. Individual burn duration varies depending on moisture or other inert material content. Metal 

scrap collected from the DEMO is also flashed in this area to assure complete deactivation of any 

residual explosives which may have remained on or within the material. Thus, metal contaminants may 

also be vaporized and released during combustion operations. The quantities of materials that have been 

released under normal operations has not been estimated. 

In 1997, three concrete-lined burn pads were constructed at the ORR for the flashing and thermal 

treatment of Yellow D projectiles, bulk Yellow D and suspect explosive-contaminated materials. 

Installation of these concrete pads occurred over the preexisting burn areas, again with no remediation of 

the underlying soil conducted. The original liners beneath the burn areas are still in place, however. 

The concrete burn pads have 18-inch high sidewalls with an 8-inch thick reinforced concrete floor sloped 

toward the center, where a graded collection system directs any precipitation to a collection sump. The 

floors of these concrete pads are covered with 6 inches of sand to prevent damage due to the intense 

heat of the burning operations. If necessary, uncontaminated and untreated lumber (dunnage) is added 

to the pads to facilitate combustion. Strict procedures are enforced to prohibit the use of 

pentachlorophenol-treated materials as dunnage, thus reducing the potential for forming chlorinated 

organic combustion products. 

1.4.2.2 OPR 

Very little is known of historical operations at the OPR other than it was used for pistol training. The OPR 

apparently had two target ranges used for small caliber weapons and a wooden frame structure which 

may have served as a shelter for the marksmen. One of the rarlges at the OPR was oriented east-west 

and used the side of a hill as a backstop. A stationary target platform constructed from metal pipes 
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extended approximately 20 feet parallel to this hillside. During firing operations, the marksmen apparently 

stood close to or within the wooden structure and fired toward the west at a target located in front of the 

hillside. Spent cartridges may have been ejected onto the ground and then put into containers within the 

shed or into 55-gallon drums that are still present at the site. The second firing range at the OPR was 

oriented roughly north-south and used a manmade earthen berm as a backstop. No evidence of a 

permanent target holder is present at this range. During firing operations, the marksmen apparently 

stood close to the wooden shed and fired to the north into the berm. Currently, the area is vegetated and 

in an "unmaintained" condition. Figure 1-4 shows a generalized layout of historical operations. 

1.4.3 Evaluation of Historical Data 

Numerous environmental investigations have been conducted at the ORR over the past 10 years. As 

mentioned previously, a chronological presentation of these investigations and other relevant activities is 

provided in Appendix A. Soil and ground water have been sampled and a risk assessment was 

conducted. Figures 1-6 and 1-7, respectively, show historical soil and ground water sample locations at 

the ORR. The risk assessment is documented in the Current Contamination Conditions Risk Assessment 

(CCCRA) (TtNUS, 1999a). Certain background data were considered to be suspect during the historical 

investigations because the background concentrations of certain metals were greater than SWMU 

concentrations for the same metals. Furthermore, it was discovered that very little of the historical 

analytical data had undergone a sufficiently rigorous data validation to meet the minimum data usability 

standards for risk assessment. The U.S. EPA and its contractor investigated this situation by conducting 

detailed data assessments. They determined that certain data sets should be rejected. For example, the 

USACE laboratory non-explosives soils data for the ORR were rejected because of incomplete QC 

documentation. Some resampling was conducted for the CCCRA, but most rejected data were not 

completely replaced as part of this resampling. Table 1-5 presents all of the data used in the CCCRA for 

SWMU 7. 

Because of the questionable or unknown quality of much of the data from past investigations, little of the 

data was used for planning this Phase Ill Soils RFI. However, the rejected metals data were used as 

markers for other COCs to provide an initial estimate of the extent of chemical contamination at the ORR. 

This initial estimate was used to select locations for collecting additional soil samples. The rejected metals 

data were judged to be usable in this regard for the following reasons: 

Rather than being of known poor quality, the data were rejected because their quality is wholly or 

partially undocumented. Thus, the data could actually be of satisfactory quality. 
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The selection of sampling locations is an inexact undertaking and relies heavily on professional 

judgment. The rejected metals data add objectivity to that judgment by providing numerical 

concentration estimates. 

Review of the sampling locations based on the rejected data appear to be reasonable for this project. 

If any more than a single round of soil samples must be collected, the data from the first round of 

sampling will be used as a basis for selecting the subsequent sampling locations. 

Out of the 1999 CCCRA came a list of 12 COCs for the ORR (Table 1-1). 

In a teleconference held on May 4, 1999 among TtNUS, the Navy and the U.S. EPA Region 5, a draft of 

Section 1 of this QAPP was discussed. During that teleconference, the list of 12 COCs for the ORR was 

confirmed to be accurate and comprehensive for this project. This final list of project target analytes is 

presented in Table 1-6. The U.S. EPA Region 5 indicated during the May 4, 1999 teleconference that all 

concerns regarding other contaminants had been addressed by virtue of the completed CCCRA. The risk 

screening presented in Section 4 briefly updates the current status with regard to the previous risk 

assessment work completed in the CCCRA. 

1.5 INTENDED DATA USES 

Intended data uses including project target parameters, field measurements, laboratory analyses, and 

human health RBTLs (which are action levels derived from RBSLs) were described in the QAPP prepared 

for this project (TtNUS, 2000b). 

CTO 01 60 



TABLE 1-1 

CHEMICALS OF CONCERN IDENTIFIED 
THROUGH HUMAN HEALTH RISK ASSESSMENT"' AT THE ORR 

NSWC CRANE, CRANE, INDIANA 

1 TtNUS, 1999a Current Contamination Risk Assessment, SWMUs 
03/10, 07/09, 06/09, Final Report Vol. I, 11, 111, 
NAVSURFWARCENDIV, Crane, Indiana, Tetra Tech NUS, Inc., 
February 1999. 

2 Based on ingestion of ground water 
3 Based on ingestion of beef and milk 
4 Based on dermal contact with ground water 



TABLE 1-2 

CLIMATOLOGICAL 
MEAN MONTHLY TEMPERATURESf 

NSWC CRANE, CRANE, INDIANA' 

Reference: NOAA, 1988. 
O F  - degrees Fahrenheit 



TABLE 1-3 

CLIMATOLOGICAL MEAN MONTHLY RAINFALL 
AND SNOWFALL AMOUNTS* 

NSWC CRANE, CRANE, INDIANA 

* Reference: NOAA, 1988. 

1 Indicates snowfall amounts less than 0.01 inch. 



TABLE 1-4 

SOIL TYPES AT ORR "' 
NSWC CRANE, CRANE, INDIANA 

1 ORR includes soil types within the OPR. 

SWMU 
No. 

07/09 

SWMU Name 

Old Rifle Range 

Abbreviated 
Name 

ORR 

Soil Type 

WeC2 

Bu 

WeD2 

Approximate 
Percentage 

80 

15 

10 



TABLE 1-5 

ORR HISTORICAL SOIL DATA USED IN THE RISK ASSESSMENT 
NSWC CRANE, CRANE, INDIANA 
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EXP 
EXP 
EXP 
EXP 

2,4,6-TRINITROTOLUENE 
2,4,6-TRINITROTOLUENE 
2,4,6-TRINITROTOLUENE 
2,4,6-TRINITROTOLUENE 

SITE 
SITE 
SITE 
SITE 

07130190 
07130190 
07130190 
07130190 

07109-7-90 
07109-7-90 
07109-7-90 
07109-7-90 

07109-7-90 #2 
07109-7-90 #5 
07109-7-90 #6 
07109-7-90 #7 

250 U 
250 U 
250 U 
250 U 

UGIKG 
UGIKG 
UGIKG 
UGIKG 
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ORR HISTORICAL SOIL DATA USED IN THE RISK ASSESSMENT 
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fraction 
0s 
0s 
0s 
0s 
0s 
0s 
0s 
0s 
0s 
0s 
M 
M 
M 
M 
M 

parameter 
BENZO(A)ANTHRACENE 
BENZO(A)ANTHRACENE 

BENZO(A)PYRENE 
BENZO(A)PYRENE 
BENZO(A)PYRENE 
BENZO(A)PYRENE 

BENZO(6)FLUORANTHENE 
BENZO(B)FLUORANTHENE 
BENZO(B)FLUORANTHENE 
BENZO(B)FLUORANTHENE 

BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 

risk group 
SITE 
SITE 
SITE 
SITE 
SITE 
SITE 
SITE 
SITE 
SITE 
SITE 
SITE 
SITE 
SITE 
SITE 
SITE 

sample-dat 
/ / 
/ / 
/ / 
/ / 
/ / 
/ / 
/ / 
/ / 
/ / 
/ / 
/ / 
/ / 
/ / 
/ / 
/ / 

location 
CR95-07SS-A06 
CR9707SS-01 

CR95-07SS-A04 
CR95-07SS-A05 
CR95-07SS-A06 
CR9707SS-01 

CR95-07SS-A04 
CR95-07SS-A05 
CR95-07SS-A06 
CR9707SS-01 

CR95-07SS-A04 
CR95-07SS-A05 
CR95-07SS-A06 
CR9707SS-01 
CR9707SS-05 

units 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
MGIKG 
MGIKG 
MGIKG 
MGIKG 
MGIKG 

nsample 
CR95-07SS-A06-01 
CR9707SS-0101-1 
CR95-07SS-A04-01 
CR95-07SS-A05-01 
CR95-07SS-A06-01 
CR9707SS-0101-1 
CR95-07SS-A04-01 
CR95-07SS-A05-01 
CR95-07SS-A06-01 
CR9707SS-0101-1 
CR95-07SS-A04-01 
CR95-07SS-A05-01 
CR95-07SS-A06-01 
CR9707SS-0101-1 
CR9707SS-0501-1 

ourresult 
77 J 

420 U 
410 U 
2800 
100 J 
420 U 
410 U 
3700 
99 J 

420 U 
0.85 
0.63 
0.81 
1.2 

0.46 
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TABLE 1-6 

SOIL TARGET PARAMETERS AT THE ORR 
NSWC CRANE, CRANE, INDIANA 

Chemical of Concern 

I Manganese I To establish extent of soil contamination. I 

Intended Data Use 

Metals 

Energetics 

Arsenic 

Beryllium 

I 2,4,6-Trinitrotoluene I To establish extent of soil contamination. I 

To establish extent of soil contamination. 

To establish extent of soil contamination. 

I 2.6-Dinitrotoulene I To establish extent of soil contamination. I 
I RDX I To establish extent of soil contamination. I 

Polvcvclic Aromatic Hydrocarbons 

I Benzo(a)anthracene I To establish extent of soil contamination. I 

1 To establish extent of soil contamination. I 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

To establish extent of soil contamination. 

To establish extent of soil contamination. 

Indeno(l,2,3-cd)pyrene To establish extent of soil contamination. 

Supporting Parameters 

Depositional Environment 

Grain Size (soil only) 

Sample DepthILocation 

Intended Data Use 

This parameter is used for identifying soil sampling locations in 

the horizontal direction for comparison to background 

concentrations classified according to depositional environment. 

Used tc establish which background data set is most 
comparable for background comparisons. For surface soils 

grain size is not a useful as it might be for other investigations 

because of the likelihood of blending in the surface that has 

taken place between surface and subsurface soils. 

These parameters are used for identifying soil and water sample 

locations in the vertical and horizontal direction and will be used 

in kriging. 

Organochlorine Pesticides 

Heptachlor Epoxide To establ~sh presence and extent of contamination, if any. 
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2.0 FIELD INVESTIGATION AC'I'IVITIES 

Field investigation activities were conducted as part of the soil sampling at the ORR. These activities 

were performed in accordance with the procedures and methodologies described in Section 4.0 of the 

SWMU 7 Phase Ill Soils RFI QAPP (TtNUS, 2000b). A copy of the field activity log book for this 

investigation is provided in Appendix B. 

2.1 SOIL SAMPLING ACTIVITIES 

Soil samples were collected during two field events. The majority of the samples were collected in 

February 2001 while a second event (confirmation for energetics) was conducted in March 2002 and 

involved collection of samples within a ditch at the ORR. 

2.1 .I Old Rifle Ranae 

Results of the CCCRA indicated that data gaps existed for soils at the ORR with respect to the berms 

used as projectile backstops. To fill these data gaps, soil samples were collected from the three berms 

and along the hillside of the southern-most shooting range, which served as the ultimate backstop for the 

ORR. The sample collection scheme was designed to bound contamination at the ORR both horizontally 

and vertically. 

TtNUS mobilized to the site and collected surface and subsurface soil samples between February 21 to 

25, 2001. Appendix B contains copies of the appropriate pages from the field logbook for that site visit. 

Appendix C contains all of the soil sample log sheets and boring logs for the ORR. This appendix 

includes sample SBO1 through SB28 and SB47 through SB53. Appendix D contains all of the soil sample 

log sheets and boring logs for the OPR. This appendix includes sample SB29 through SB46. Copies of 

all of the chain-of-custody forms are provided in Appendix E. 

Figure 2-1 shows the surveyed sampling locations for soil samples collected at the ORR by TtNUS in 

February 2001 and March 2002. These sampling locations were based on kriging of past COC analysis 

results as described in Section 4 of the QAPP. The depth of the surface soil samples was 0-l'bgs and 

2-4' bgs for the subsurface soils to maintain consistency with the Background Study. 
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Ditch Sampling 

Following this initial round of sampling and after review of the resultant data, a site visit was conducted at 

the Old Rifle Range on October 30, 2001 for the purpose of observing site characteristics at the ORR and 

to determine what might have caused contamination at one particular location. One area of concern was 

the area around soil boring 16 (SB16) where elevated concentrations of energetics were detected in 

laboratory samples. 

Based on results of soil sampling at the ORR in February 2001, elevated levels of energetics were 

detected at the extreme northeastern side of the ORR, not far from the yellow-D burn pits. Elevated 

concentrations were notable especially in the immediate vicinity of soil boring sampling location SB16. 

Energetics including 2,6-dinitrotoulene and 2,4,6-trinitrotoluene exceeded RBTLs. An in-ground, rusty 

pipe and valve were observed in the area where the soil sample was collected from SB16. The origin of 

the piping is unconfirmed but based on conversations with Base personnel, it was suggested that the pipe 

was connected to the concrete storage pads adjacent to the yellow-D burn pits. Additionally, the NSWC 

Crane Part B, Subpart X, Rev. IV, Sep 1999 Permit (Section 1I.A - Process Information, Page 13 of 18) 

describes the handling of precipitation that accumulated in fabricated devices and makes reference to 

removal of water which has collected in the sumps of the concrete pads. It is suggested that the piping is 

associated with this collection system. 

Because the piping and valve ended at the head of a draining ditch, it was suggested that soil samples 

should be collected along the drainageway to verify the presence of contamination. Aerial historical 

photographs of the ORR were examined to determine if the area immediately adjacent to SB16 had 

changed significantly through time, which could therefore dictate appropriate locations to collect soil 

samples. Based on a review of photographs beginning in the late 40's to the present, no significant 

changes have occurred to the general topography or apparent drainage direction within this area. Based 

on an examination of recent photographic coverage, a number of drainage ditches at the ORR could 

serve as overland conduits for contaminants in the surface. The ditches are connected in such a manner 

that a contaminant found in the surface at SB16 could be transported away from the area by way of the 

drainage ditches and ultimately exit the site and discharge into nearby Turkey Creek. It was therefore 

agreed that surface and shallow subsurface soil samples be collected within these drainage ditches to 

compare to results of the previous sampling and to determine if this contamination were also present in 

the ditches leading away from the concrete pads. 

Figure 2-1 illustrates the sampling locations for the verification sampling. Seven (7) soil borings were 

identified for sample collection within the area (SB47 through SB53). The individual segments of the 
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drainage ditches downgradient of SB16 (collocated sample SB47) are identified as Ditch 1 through Ditch 

4 in Figure 1 of the Work Plan Addendum for Verification Soil Sampling at the Old Rifle Range (TtNUS, 

2001). Ditch 4 ultimately discharges into Turkey Creek, which forms a major tributary within the local 

area. 

These seven borings were advanced using DPT methods within the ditches. All samples were collected 

on March 6, 2002. During the February 2001 sampling event, all soil samples were collected using DPT 

at two discrete sampling intervals, 0 to 1-foot bgs and 2 to 4 feet bgs. In order to have comparable 

sampling results, the verification sampling conducted in March 2002 used these same sampling intervals. 

The analytes included in this verification sampling included the three energetics from the project-specific 

chemicals of concern (COC), namely 2,6-dinitrotoulene; 2,4,6-trinitrotoluene (TNT); and hexahydro-1,3,5- 

trinitro-l,3,5,-triazine (RDX). All field, laboratory, validation, and reporting procedures followed the 

methods described in the previously approved QAPP entitled SWMU 7 Phase 111 Soils RFI QAPP, Naval 

Surface Warfare Center Crane Division, Crane, Indiana, October 2000, prepared by Tetra Tech IVUS. 

2.1.2 Old Pistol Ranqe 

According to Base personnel, the OPR was not previously recognized as being used as a firing range and 

therefore no environmental samples had ever been collected there. During a site reconnaissance 

conducted by Base personnel and TtNUS in March 1998, potential areas were identified for collection of 

soil samples. These areas included soils at the pistol range backstop, the hillside to the west of the pistol 

firing line, and soils close to the 55-gallon drums used for storing spent cartridges. Figure 2-2 shows the 

surveyed sampling locations for soil samples collected at the OPR by TtNUS in February 2001. 

Composite samples (designated with a "CP" in the sample location tag) were collected at several areas of 

the OPR to minimize the number of samples required for covering this relatively large area. Composite 

samples were formed in the field by mixing equal volumes of soil from each of three aliquots collected 

within a given sampling depth interval. The sampling locations of the aliquots that were mixed are 

bounded in Figure 4-4 of the QAPP. As was the case at the ORR, the depth for surface soil sampling 

points was 0-l'bgs and the depth for subsurface soil sampling points was 2-4'bgs to maintain consistency 

with the Background Study. Grab soil sampling locations (designated with an "SB" in the sample location 

tag) were also collected at the same two depths on the hillside (Range 1) and the berm (Range 2). 

The sample collection scheme was designed to bound contamination at the OPR both horizontally and 

vertically. 
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2.2 SOIL SAMPLE COLLECTION AT THE ORR AND OPR 

This section describes the specifics concerning sampling locations, sampling procedure, analyses and 

field operations that were followed as part of soil sample acquisition. Table 3-1 shows the 12 target 

parameters and their respective MDLs, IDLs, RLs, and RBTLs.' These values are the ones used for 

comparison and presentation purposes in preparation of all of the remaining data tables in this section. 

2.2.1 Surface Soil Sampling 

At the ORR and OPR, surface soil samples were collected from the ground surface to a depth of 1 foot 

(i.e., 0 to 1 foot) during advancement of soil borings using a Direct Push Technology (DPT) track- 

mounted rig. 

Upon retrieval, all samples obtained were monitored for volatile organic compounds (VOCs) with a 

photoionization detector (PID) for health and safety concerns and then examined for visual lithologic 

classification. The 0- to I-foot depth interval sample was placed into appropriate sample bottles and then 

placed in a cooler of ice immediately after collection. 

2.2.2 Subsurface Soil Sampling 

All subsurface samples were collected from the same soil boring as the corresponding surface samples. 

Soil samples were collected over the depth interval of 2 feet to 4 feet bgs using a DPT rig. 

Upon retrieval, all samples were monitored for VOCs with a PID for health and safety concerns and then 

examined for visual classification of lithology. All samples were placed in a cooler of ice immediately after 

collection. 

After sampling, the boreholes were abandoned by backfilling the hole with remaining soil cuttings. 

Because of the shallowness of the holes and samples required, no excess soil was generated. 

2.2.3 Borehole and Soil Sample Longing 

A lithologic description of each soil sample and a complete log of each boring was maintained by the 

TtNUS geologist in accordance with the QAPP. Appendices C and D contain the boring logs and soil 

sample logs for this investigation. Each boring log contains the following information: 
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Boring identification 

Name of geologist logging the boring 

Sample numbers and types 

Sample depths 

Soil density or cohesiveness 

Soil color 

Unified Soil Classification System (USCS) material description 

Location of boring 

DPT problems/deviations from project-specific SAP 

In addition, depths of changes in lithology, sample moisture observations, depth to water, organic vapor 

(i.e., PID) readings, auguring methods, and total depth of each borehole, and other pertinent observations 

were included on each log. 

2.2.4 Field Measurements for Soil Sampling 

Throughout the DPT activities, all soil samples were screened for VOCs for health and safety purposes. 

No readings were obtained that were of a health and safety concern. 

Soil samples were classified according to depositional environment (DE) and grain size (clay, silt or 

sand). These classifications were designed to be comparable to those used in the "Base-wide 

Background Soil Investigation for NSWC Crane" so as to permit accurate comparisons when determining 

whether site target analyte concentrations exceed background concentrations. 

Soil samples were also characterized with regard to horizontal mapping coordinates (surveyed) (see 

Figures 2-1 and 2-2). 

2.3 DECONTAMINATION AND INVESTIGATION-DERIVED WASTE 

The equipment involved in field sampling activities was decontaminated before beginning work, during 

drilling and sampling activities, and at the completion of the project. This equipment included the DPT rig 

and down-hole tools and soil sampling equipment. 

All nondedicated reusable sampling equipment used to collect samples was decontaminated both before 

field sampling, between samples, and before leaving the site. This equipment included DPT rods, the 
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macro-core samplers, and stainless steel mixing bowls for compositing. The following decontamination 

steps were taken: 

Potable water, phosphate-free detergent wash (scrub if necessary) 

Potable water rinse 

a Deionized (Dl) water rinse 

Air dry (if possible) 

a Wrap in aluminum foil (if not used immediately) 

The DPT rig was cleaned upon site arrival and prior to leaving the site. Additional guidance for 

decontamination was supplied in SOP CT056-5 (Appendix B of the QAPP). 

Disposable equipment used for sampling activities was decontaminated using a detergent wash and 

potable water rinse, placed in plastic garbage bags, and discarded in dumpsters on the NSWC Crane 

facility in accordance with procedures described in SOP CT056-5 (Appendix B of the QAPP). 

2.4 INVESTIGATION-DERIVED WASTE (IDW) HANDLING 

This investigation generated two types of potentially contaminated residues or investigation-derived waste 

(IDW): 

a Personal protection equipment (PPE) 

Equipment decontamination fluids 

IDW was handled as described below: 

PPE, DPT Soil Core Liners, Plastic Trowels - All PPE, tubing, DPT sample liners, and plastic trowels were 

decontaminated and double bagged and placed in trash receptacles at the facility. 

Equipment Decontamination Fluids - All DPT and sampling decontamination fluids were stored in a 

55-gallon drum and discharged into the NSWC permitted sanitary sewer system, in accordance with the 

QAPP. 

CTO 01 60 



NSWC Crane 
Soils RFI 

Revision: 0 
Date: November 2002 

Section: 2 
Page 7 of 7 

2.5 SURVEYING 

All soil borings locations associated with this RFI were surveyed (see Figures 2-1 and 2-2). All ground 

surface elevations were surveyed to the nearest 0.01 foot. Vertical elevations were referenced to the 

1988 National Geodetic Vertical Datum (NGVD88). Existing survey monuments around NSWC Crane 

were used as reference points. Horizontal locations of samples and borings were surveyed to Indiana 

State Plane coordinates, zone 1302 within the nearest 0.10 foot and referenced to the 1927 North 

American Datum (NAD27). Appendix F contains the survey data for the 2001 and 2002 field events. 
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3.0 NATURE AND EXTENT 

The nature of the contamination for the ORR had been determined by the CCCRA (TtNUS, 1999a) before 

this soils investigation took place. As such, this Phase Ill Soils RFI for SWMU 7 was limited to the 

chemicals of concern (COCs) presented in Table 1-1 and Table 3-1 (target parameters). While the nature 

of contamination was rather well established and some information on contaminated areas was available, 

the extent of potential soil contamination had not been completely delineated at the ORR and the OPR. 

This section presents the results of all data collected by TtNUS in February 2001 and March 2002 to fill 

this data gap and to define the extent of contamination for the 12 COCs at the ORR and the OPR. 

Kriging was used to establish plausible initial estimates of contamination boundaries for determining 

where the ORR soil sample locations should be placed. Because previous soil samples had not been 

collected at the OPR, professional judgment, site inspection, and evaluation of historical operations were 

used to establish the soil sample locations at the OPR. 

In the following discussions, all references to soil background concentrations for metals refer to the mean 

background concentration for the appropriate soil group data set as determined in the Base-wide 

Background Soil Investigation for NSWC Crane (TtNUS, 2001a). Background soil comparisons 

considered the soil sample depositional area, grain size and depth as outlined in that study. 

Tables 3-2 and 3-3 provide all of the data collected for the ORR and OPR. The remainder of this section 

discusses subsets of these data in greater detail. 

3.1 SOIL SAMPLING RESULTS 

3.1.1 Old Rifle Ranqe Positive Detections 

Table 3-4 presents parameters at the ORR that had at least one positive detection. Hexahydro-1,3,5- 

trinitro-l,3,5-triazine (RDX) was the only parameter analyzed that did not have a single detection at the 

ORR. All others analyzed (arsenic, beryllium, manganese, 2,6-dinitrotoulene, 2,4,6-trinitrotoluene, 

benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, dibenzo(a,h)anthracene, 

indeno(l,2,3-cd)pyrene, and heptachlor epoxide) were detected in at least one sample. While most 

samples did not exhibit detectable concentrations of the organic compounds, arsenic and manganese 

were detected in every sample analyzed. 
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3.1.2 Old Pistol Ranqe Positive Detections 

Table 3-5 presents parameters at the OPR that had at least one positive detection. Parameters that were 

detected in at least one sample included arsenic, beryllium, manganese, benzo(a)anthracene, 

benzo(a)pyrene, and benzo(b)fluoranthene. While most samples did not exhibit detectable concentrations 

of the organic compounds, arsenic and manganese were detected in every sample analyzed. 

3.1.3 Old Rifle Ranae Positive Detections Above Risk-Based Taraet Levels 

Table 3-6 presents parameters at the ORR that had at least one positive detection above the risk-based 

target levels (RBTLs) presented in Table 3-1. Arsenic, manganese, 2,6-dinitrotoulene, 

2,4,6-trinitrotoluene, benzo(a)anthracene, benzo(a)pyrene, and benzo(b)fluoranthene were detected in at 

least one sample that exceeded its respective RBTL. Arsenic and manganese were detected in, and also 

exceeded their RBTLs in every sample analyzed. The significance of this is explained in Section 3.4. 

3.1.4 Old Pistol Ranae Positive Detections Above Risk-Based Taraet Levels 

Table 3-7 presents parameters at the OPR that had at least one positive detection above the risk-based 

target levels (RBTLs) presented in Table 3-1. Arsenic and manganese were detected in, and also 

exceeded their RBTLs in every sample analyzed. None of the other parameters analyzed (beryllium, 

2,6-dinitrotoulene, hexahydro-l,3,5-trinitro-l,3,5-triazine (RDX), 2,4,6-trinitrotoluene, benzo(a)anthracene, 

benzo(a)pyrene, benzo(b)fluoranthene, dibenzo(a,h)anthracene, indeno(l,2,3-cd)pyrene, or heptachlor 

epoxide) exceeded their RBTLs. The significance of this is explained in Section 3.4. 

3.1.5 Old Rifle Ranae Detection Statistics 

Descriptive statistics were calculated for the ORR data set including the RBTL, mean concentration, 

standard deviation for the data set, minimum detected concentration, maximum detected concentration, 

sample location of the maximum detected concentration, frequency of detection, minimum non-detected 

concentration, and maximum non-detected concentration. Table 3-8; page 1 of 4 presents detection 

statistics for the surface soil samples (0-1 'bgs) for all parameters analyzed at the ORR. Table 3-8; page 2 

of 4 presents similar detection statistics for the subsurface soil samples (2-4'bgs) for all parameters 

analyzed at the ORR. 

As can be seen in these tables, the subsurface soils at the ORR are very clean except for metals. All of 

the semivolatile detections were at the same sample location (07SB040204) and there was only one 
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detection of TNT at SB16, which is located very close to the burn pit. The significance of this is explained 

in Section 3.4. 

3.1.6 Old Pistol Ranue Detection Statistics 

Descriptive statistics were calculated for the OPR data set including the RBTL, mean concentration, 

standard deviation for the data set, minimum detected concentration, maximum detected concentration, 

sample location of the maximum detected concentration, frequency of detection, minimum non-detected 

concentration, and maximum non-detected concentration. Table 3-8; page 3 of 4 presents detection 

statistics for the surface soil samples (0-l'bgs) for all parameters analyzed at the OPR. As can be seen 

in this table, the surface at the OPR is very clean except for metals. All of the semivolatile detections 

were in the same sample location (07CP370001) and there were no energetics or pesticide detections. 

Table 3-8; page 4 of 4 presents detection statistics for the subsurface soil samples (2-4'bgs) for all 

parameters analyzed at the OPR. The table provides the same descriptive statistics listed above. As can 

be seen in this table, the subsurface at the OPR is very clean with the only detected parameters being 

arsenic, beryllium, and manganese. The significance of this is explained in Section 3.4. 

3.2 SUMMARY OF STATISTICAL COMPARISON TO BACKGROUND AND RBTLS 

This section describes the statistical methods and calculations performed to compare site metals to Crane 

background values. 

3.2.1 Basewide Backaround Data Sets and Generalized Comparative Approach 

Surface and subsurface soil samples from the ORR and OPR were determined to be from Mississippian- 

age parent material and were classified by grain size as silt. 

Surface soil results were compared to soil group # 3 from the Crane Base-wide Background Investigation 

Report. This group (#3) contains surface soils from Alluvial, Mississippian, and Pennsylvanian parent 

material regardless of grain size. This surface base-wide background data set contains 15 results. 

Subsurface soil results were compared to soil group # 7 from the Crane Base-wide Background 

Investigation Report. This group (#7) contains subsurface soils from Mississippian parent material 

classified by grain size as silt. This subsurface base-wide background data set contains five results. 
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Site data was compared to background data using either parametric or non-parametric analysis. The 

statistical methods described in the following paragraphs were used to determine if parameter 

concentrations detected in site samples were statistically different, from those detected in samples from 

the background samples. 

The Analysis of Variance or the ANOVA technique was the basic approach used to compare data from 

background and site locations. The ANOVA technique was used to test whether there was statistically 

significant evidence of contamination associated with ORRIOPR. There are two types of ANOVA: 

parametric and non-parametric. Parametric ANOVA methods make two important assumptions: 1) the 

data residuals are normally (or lognormally) distributed, and 2) the group variances are homogeneous. 

If the analysis of the data demonstrated that these assumptions, critical to the parametric ANOVA, were 

violated, non-parametric ANOVA techniques were conducted using the ranks of the observations rather 

than the observations themselves (U.S. EPA, 1989). The Wilcoxon Rank-Sum test (also known as the 

Mann-Whitney U test) was employed as the non-parametric ANOVA for comparing the site results to the 

background results. Only manganese in ORR surface soil was found to have the same underlying 

distribution as background and homogeneous variance, so parametric ANOVA could be performed. The 

Wilcoxon Rank-Sum non-parametric ANOVA was performed on all other data sets. 

In the chemical analysis of environmental samples, some analytes may be present at concentrations that 

are below the sample quantitation limit (SQL) of the analytical procedure. The results are generally 

reported as not detected (rather than zero), and the appropriate limit of detection is given. The amount of 

data that are below the detection limit plays an important role in selecting the method of addressing the 

limit of detection problem. The nondetects found at ORRIOPR were replaced with the SQL divided by 

two prior to statistical analysis. 

A detailed discussion of this with statistical equations used and sample calculation sheets is provided in 

Appendix G. 

3.2.2 Old Rifle Ranae Surface Soil Backaround and RBTL Comparisons 

Using the statistical approach outlined in Section 3.2.1, Table 3-9 shows the following: 

Arsenic was statistically above site background AND its RBTL in all samples. Per the QAPP decision 

rules, the extent has not been fully delineated in surface soils at the ORR. Geostatistical modeling 

080203/P 3-4 CTO 0160 



NSWC Crane 
Soils RFI 

Revision: 0 
Date: November 2002 

Section: 3 
Page 5 of 13 

(kriging) to determine extent of arsenic contamination and recommended actions are discussed in 

Section 3.3. 

Beryllium was statistically above site background, but less than its RBTL in all samples. Per the 

QAPP decision rules, the extent has been fully delineated. Because all samples are less than the 

RBTL, no further action is necessary for beryllium in surface soils at the ORR. 

Manganese was not statistically greater than site background, but it was greater than its RBTL in all 

samples. Per the QAPP decision rules, the extent has been fully delineated. Although all samples 

exceed the RBTL, no further action is necessary for manganese in surface soils at the ORR because 

background concentrations of manganese at Crane for this soil group are greater than site 

concentrations. Table 3-10 shows the comparable surface background data set for soil group 3 

(TtlVUS, 2001 a). 

3.2.3 Old Rifle Ranqe Subsurface Soil Backqround and RBTL Comparisons 

Using the statistical approach outlined in Section 3.2.1, Table 3-9 shows the following: 

Arsenic was not statistically greater than site background but it was greater than its RBTL in all 

samples. Per the QAPP decision rules, the extent has been fully delineated in subsurface soils at the 

ORR. Although all samples exceed the RBTL, no further action is necessary for arsenic in 

subsurface soils at the ORR because background concentrations of arsenic at Crane for this soil 

group are greater than site concentrations. Table 3-11 shows the comparable subsurface 

background data set for soil group 7 (TtNUS, 2001 a). 

Beryllium was statistically greater than site background, but less than its RBTL in all samples. Per 

the QAPP decision rules, the extent has been fully delineated. Because all samples are less than the 

RBTL, no further action is necessary for beryllium in subsurface soils at the ORR. 

Manganese was not statistically greater than site background, but it was greater than its RBTL in all 

samples. Per the QAPP decision rules, the extent has been fully delineated. Although all samples 

exceed the RBTL, no further action is necessary for marrganese in subsurface soils at the ORR 

because background concentrations of manganese at Crane for this soil group are greater than site 
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concentrations. Table 3-1 1 shows the comparable subsurface background data set for soil group 7 

(TtNUS, 2001 a). 

3.2.4 Old Pistol Ranae Surface Soil Backaround and RBTL Comparisons 

Using the statistical approach outlined in Section 3.2.1, Table 3-9 shows the following: 

Arsenic was statistically greater than site background AND its RBTL in all samples. Per the QAPP 

decision rules, the extent has not been fully delineated in surface soils at the OPR. Geostatistical 

modeling (kriging) to determine extent of arsenic contamination and recommended actions are 

discussed in Section 3.3. 

Beryllium was statistically greater than site background, but less than its RBTL in all samples. Per 

the QAPP decision rules, the extent has been fully delineated. Because all samples are less than the 

RBTL, no further action is necessary for beryllium in surface soils at the OPR. 

Manganese was not statistically greater than site background, but it was greater than its RBTL in all 

samples. Per the QAPP decision rules, the extent has been fully delineated. Although all samples 

exceed the RBTL, no further action is necessary for manganese in surface soils at the OPR because 

background concentrations of manganese at Crane for this soil group are greater than site 

concentrations. Table 3-10 shows the comparable surface background data set for soil group 3 

(TtlVUS, 2001 a). 

3.2.5 Old Pistol Ranqe Subsurface Soil Backaround and RBTL Comparisons 

Using the statistical approach outlined in Section 3.2.1, Table 3-9 shows the following: 

Arsenic was statistically greater than site background AND its RBTL in all samples. Per the QAPP 

decision rules, the extent has not been fully delineated in subsurface soils at the OPR. Geostatistical 

modeling (krigiug) to determine extent of arsenic contamination and recommended actions are 

discussed in Section 3.3. 

CTO 01 60 



NSWC Crane 
Soils RFI 

Revision: 0 
Date: November 2002 

Section: 3 
Page 7 of 13 

Beryllium was statistically greater than site background, but less than its RBTL in all samples. Per 

the QAPP decision rules, the extent has been fully delineated. Because all samples are less than the 

RBTL, no further action is necessary for beryllium in subsurface soils at the OPR. 

Manganese was statistically greater than site background AND its RBTL in all samples. Per the 

QAPP decision rules, the extent has not been fully delineated in subsurface soils at the OPR. 

Geostatistical modeling (kriging) to determine extent of manganese contamination and recommended 

actions are discussed in Section 3.3. 

3.3 GEOSTATISI'ICAL MODELING OF ARSENIC AND MANGANESE 

This section provides information and figures designed to aid in visualization of metals contamination at 

the site. 

Detailed characterization of an area is often necessary to visualize the areal distribution of a particular 

contaminant and to define a boundary for decision-making where a contaminant exceeds a specified 

concentration. Kriging is a geostatistical tool to perform interpolation between data points that is 

considered an improvement from classical methods such as triangulation, because it considers spatial 

correlation of the data and minimizes error in the estimations. 

For a particular site, kriging honors the measured data concentrations and provides an interpolated 

estimate at unknown locations based on a weighted average of surrounding measurements. 

Conceptually, the kriging weights are based on a variogram (a model that quantifies how spatial 

correlation varies as function of distance between data pairs), which typically shows that a closer 

neighboring measurement is more strongly correlated and hence has a higher kriging weight. The kriging 

result is a relatively smooth interpolation between the known measurements that can be utilized to define 

boundaries at various concentrations of interest. 

Kriging was performed to depict arsenic concentrations at the ORR and OPR (surface soil) and arsenic 

and manganese concentrations at the OPR (subsurface soil). All kriging figures presented were 

generated using Ctech's Environmental Visualization System (EVS) software, Version 4.50. Two- 

dimensional visualizations (modeling) were conducted for the 0-l'bgs layer at the ORR and the 0-l'bgs 

and 2-4'bgs layers at the OPR. For each data set where kriging was performed, the values used in the 

process ranged from half of the detection limit to the maximum measured value. For each simulation, 
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kriging was performed in linear or log-linear space depending on the underlying distribution of the data 

set. 

For two-dimensional kriging, EVS has the capability to define an irregular boundary called an adaptive 

grid of the data set, which is defined by the outermost data points themselves. To visualize this type of 

boundary, it can be described as fitting a rubber band around all of the data points. Therefore, the kriging 

result is strictly an interpolation between known measurements and does not extrapolate to an artificially 

defined boundary. 

Following comparisons of individual parameter data sets for arsenic, beryllium, and manganese vs. 

background, additional tools for depicting isoconcentration contours for these parameters were evaluated. 

TtNUS considered three methods (scenarios) for determining a threshold concentration above which a 

kriged area should be considered contaminated relative to background. After utilizing parametric and 

non-parametric methods described in Section 3.2.1, a list of analytes was refined for further investigation. 

The objective was to pick the most statistically supportable threshold concentration that could be used for 

kriging to assist additional risk and/or remediation decision-making. The three methods considered for 

comparing the appropriate background soil group to each parameter included: 

1. Comparison to average background concentration 

2. Comparison to the maximum background concentration 

3. Comparison to the 95% upper tolerance limit (UTL) background concentration. 

Each of these kriging approaches yields visually different sizes and locations of contaminated areas when 

plotted on site maps. In the sections that follow, figures of the kriged boundaries are provided for each of 

these three scenarios, as well as krigs of all of the data without any criteria comparison. The relative 

merits of each comparative method (scenario) are discussed below. 

1. If the average background concentration for a given soil group is used as the criterion for 

determining contamination at the ORR or OPR, there is a 50% probability of being above 

background. even if the site data set was identical to the background data set. This approach is 

considered overly conservative because half of the background data set would trigger a 

classification of contaminated when it really is not. 

The following two approaches were assessed utilizing the Navy guidance "Guidance for Environmental 

Background Analysis Volume 1 : Soil" (NAVFAC, 2002). 
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2. If the maximum background concentration would be used as the threshold level for the ORR or 

OPR, unacceptable probabilities of incorrectly identifying a concentration as being above 

background could result. For example, the base-wide subsurface soil data set used for these 

analyses contained five results. The probability of an incorrect decision is defined in NAVFAC, 

2002 as: p = n / (n + m) where n = number of site measurements and m = number of background 

measurements. Kriging uses each individual site sample to compare to the threshold value, so 

for each sample location we have n = 1 and m = 5. For the ORR and OPR the probability is 

16.7% (1/[1+5]) for incorrectly identifying a chemical to be above background at a particular 

location when it really is not. This high (1 in 6) probability for incorrect decisions makes 

comparisons to maximum background inadvisable. 

3. A 95% UTL is designed to bound the lower 95% of a distribution with a confidence of 95%. This 

means that there is a 95% probability that a concentration greater than the UTL is higher than 

95% of the background concentrations. Another way of saying this is that a prescribed level of 

confidence would be used to assist in making risk and/or remediation decisions based on site- 

specific data by utilizing the background distribution and variability. The probability of incorrect 

decision-making using the 95% UTL as a threshold value would be approximately: p = 1 - (0.95") 

where n = number of site measurements. Again, the kriging uses the site samples as individual 

comparisons, which would result in the ORR and OPR having a 1 - (0.9S1), or a 5% probability of 

incorrectly identifying a chemical to be above background when it really is not. 

Using a 95% UTL is the most statistically supportable threshold comparison method for comparing the 

background data to identify site locations above background in the kriged area. It should also be noted 

that the best statistical methods available have been utilized to evaluate all these data (i.e., WRS Test, 

Parametric ANOVA) which allows the kriging to compliment the investigations by refining the estimated 

boundaries based on the actual variability of the data set. Based on these statistical evaluations, the 

kriging figures can be used with confidence for risk and/or remediation decision-making. 

3.3.1 Old Rifle Ranqe Surface Soil Geostatistical Modelinq of Arsenic Concentrations 

Arsenic concentrations were modeled using different ranges to depict areal contamination based on 

different decision logic criteria. Figure 3-1 shows the arsenic ORR surface soil krig for the full range of 

data collected (112 the detection limit to the maximum concentration measured). This krig essentially 

defines the limits of modeling with the site data set. Arsenic concentration isopleths are shown in 1 mg/kg 

increments. Figure 3-2 shows the arsenic ORR surface soil krig for the range of concentrations 

exceeding the average background level (6.1 1 mgkg) reported in the Background Study for this soil 
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group (TtNUS, 2001a). Although this area is smaller than the full krig, it is still a large portion of the ORR. 

Figure 3-3 shows the arsenic ORR surface soil krig for the range of concentrations exceeding the 95% 

Upper Tolerance Limit (UTL) calculated for the background data set (1 1.83 mg/kg) reported in the 

Background Study for this soil group (TtNUS, 2001a). Table 3-12 provides descriptive statistics for the 

comparable data set used for the ORR surface soils. As can be seen in the UTL krig, contamination is 

localized around two of the berms and the southernmost hillside. Figure 3-4 shows the arsenic ORR 

surface soil krig for the range of concentrations exceeding the maximum arsenic concentration measured 

in the background data set (1 0.2 mglkg) (TtNUS, 2001 a). 

3.3.2 Old Rifle Ranae Subsurface Soil Geostatistical Modelinq 

No geostatistical modeling was required for the subsurface layer of soil at the ORR. All contamination as 

determined by implementation of the decision rules (see Section 3.2.3) is either below background 

concentrations or below the appropriate RBTL. 

3.3.3 Old Pistol Ranqe Surface Soil Geostatisticat Modelinq of Arsenic Concentrations 

Arsenic concentrations were modeled using different ranges to depict areal contamination based on 

different decision logic criteria. Figure 3-5 shows the arsenic OPR surface soil krig for the full range of 

data collected (112 the detection limit to the maximum concentration measured). This krig essentially 

defines the limits of modeling with the site data set. Arsenic concentration isopleths are shown in 1 mglkg 

increments. Figure 3-6 shows the arsenic OPR surface soil krig for the range of concentrations 

exceeding the average background level (6.1 1 mg/kg) reported in the Background Study for this soil 

group (TtNUS, 2001 a). This krig only eliminates a small circular area in the southernmost end of the OPR 

and a tiny corner in the southwestern portion. Essentially, the majority of the surface of the OPR is 

greater than the average background arsenic concentration. Figure 3-7 shows the arsenic OPR surface 

soil krig for the range of concentrations exceeding the 95% Upper Tolerance Limit (UTL) calculated for 

the background data set (11.83 mglkg) reported in the Background Study for this soil group (TtNUS, 

2001a). Table 3-13 provides descriptive statistics for the comparable data set used for the OPR 

subsurface soils. As can be seen in the UTL krig, a very small area exceeds this criteria at composite 

sample location 07CP43 in the extreme northern part of the site. Figure 3-8 shows the arsenic OPR 

surface soil krig for the range of concentrations exceeding the maximum arsenic concentration measured 

in the background data set (10.2 mglkg) (TtNUS, 2001a). Four localized areas of contamination are 

shown exceeding this criterion. These four isolated areas do not appear to be related either from a 

geographic standpoint or from similar historical operations. 
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3.3.4 Old Pistol Ranqe Subsurface Soil Geostatistical Modelinq of Arsenic and Manaanese 

Concentrations 

Arsenic concentrations were modeled to depict areal contamination based on three different decision 

logic criteria: greater than average background; greater than 95% of the background upper tolerance limit 

(95% UTL); and greater than maximum background. Figure 3-9 shows the arsenic OPR subsurface soil 

krig for the full range of data collected (112 the detection limit to the maximum concentration measured). 

This krig essentially defines the limits of modeling with the site data set. Arsenic concentration isopleths 

are shown in 1 mglkg increments. Figure 3-1 0 shows the arsenic OPR subsurface soil krig for the range 

of concentrations exceeding the average background level (7.72 mglkg) reported in the Background 

Study for this soil group (TtNUS, 2001a). This krig only eliminates a small doughnut-shaped area in the 

southwestern portion of the OPR. Essentially, the majority of the subsurface OPR is above the average 

background arsenic concentration. Figure 3-1 1 shows the arsenic OPR subsurface soil krig for the range 

of concentrations exceeding the 95% Upper Tolerance Limit (UTL) calculated for the background data set 

(12.4 mglkg) reported in the Background Study for this soil group (TtNUS, 2001a). Table 3-13 provides 

descriptive statistics for the comparable data set used for the OPR subsurface soils. As can be seen in 

the UTL krig, an estimated 50% of the OPR area exceeds this criterion, primarily at the southern end of 

the OPR. As illustrated, much of the northern and southwestern parts of the kriged area do not appear 

contaminated. Figure 3-12 shows the arsenic OPR subsurface soil krig for the range of concentrations 

exceeding the maximum arsenic concentration measured in the background data set (9.0 mglkg) (TtNUS, 

2001 a). An estimated 90% of the OPR area exceeds this criterion, with only two small areas excluded. 

Manganese concentrations were also modeled to depict areal contamination based on three different 

decision logic criteria: greater than average background; greater than 95% of the background upper 

tolerance limit (95% UTL); and greater than maximum background. Figure 3-13 shows the manganese 

OPR subsurface soil krig for the full range of data collected (112 the detection limit to the maximum 

concentration measured). This krig essentially defines the limits of modeling with the site data set. 

Manganese concentration isopleths are shown in 200 mglkg increments. Figure 3-14 shows the 

manganese OPR subsurface soil krig for the range of concentrations exceeding the average background 

level (500 mglkg) reported in the Background Study for this soil group (TtlVUS, 2001a). This krig only 

eliminates a small crescent-shaped area in the southwestern portion of the OPR. Essentially, the majority 

of the subsurface OPR is greater than the average background manganese concentration. Figure 3-15 

shows the manganese OPR subsurface soil krig for the range of concentrations exceeding the 95% 

Upper Tolerance Limit (UTL) calculated for the background data set (9500 mglkg) reported in the 

Background Study for this soil group (TtNUS, 2001a). As can be seen in the figure, no UTL krig is shown 

because 100% of the OPR subsurface area is less than this criterion. That is to say, the maximum 

080203/P 3-1 1 CTO 01 60 



NSWC Crane 
Soils RFI 

Revision: 0 
Date: November 2002 

Section: 3 
Page 12 of 13 

detection of manganese in subsurface soil was 21 10 mgkg which is below the 95% UTL of 9500 mglkg. 

Table 3-13 provides descriptive statistics for the comparable data set'used for the OPR subsurface soils. 

Figure 3-16 shows the manganese OPR subsurface soil krig for the range of concentrations exceeding 

the maximum manganese concentration measured in the background data set (1410 mglkg) (TtNUS, 

2001 a). Two moderately sized areas of the subsurface OPR exceed this criterion. 

3.3.5 Old Rifle Ranqe Surface Soil Geostatistical Modelinq of TNT Concentrations 

TNT concentrations were modeled to depict areal contamination using only the raw data itself 

(comparisons to background are not appropriate for energetics). This krig incorporates the followup TNT 

data collected along the drainage ditch in March 2002. Figure 3-1 7 shows the TNT ORR surface soil krig 

for the full range of data (greater than the RBTL) collected (112 the detection limit to the maximum 

concentration measured). This krig essentially defines the limits of modeling with the site data set. TNT 

concentration isopleths are shown in 10 mglkg increments with a 0.5 mglkg lower cutoff. This krig shows 

a small area of TNT contamination in the northern portion of the ORR near soil sampling location 

07SB16. 

3.3.6 Old Rifle Ranqe Subsurface Soil Geostatistical Modelinq of TNT Concentrations 

TNT concentrations were modeled to depict areal contamination using only the raw data itself 

(comparisons to background are not appropriate for energetics). This krig incorporates the followup TNT 

data collected along the drainage ditch in March 2002. Figure 3-18 shows the TNT ORR subsurface soil 

krig for the full range of data (greater than the RBTL) collected (112 the detection limit to the maximum 

concentration measured). This krig essentially defines the limits gf modeling with the site data set. TNT 

concentration isopleths are shown in 1 mglkg increments with a 0.5 mglkg lower cutoff. This krig shows a 

small area of TNT contamination in the northern portion of the ORR near soil sampling location 07SB16. 

The levels of contamination in the subsurface are less than those found in surface soil. 

3.4 NATURE AND EXTENT CONCLUSIONS AND RECOMMENDATIONS 

3.4.1 Old Rifle Ranqe Conclusions 

Arsenic contamination was identified at the ORR in surface soil at the southern end of the range (see 

Figure 3-3). Beryllium was above site background, but not above RBTLs. Manganese was above 

RBTLs, but not above background. Benzo(a)anthracene, benzo(a)pyrene, and benzo(b)fluoranthene 

exceeded their respective RBTLs at only one soil location - SB04. This location is within the same area 
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of arsenic contamination shown in Figure 3-3. Energetics exceeded RBTLs as follows: 2,6-dinitrotoulene 

only at SB16 and 2,4,6-trinitrotoluene at SB 14, 15, 16, and 47 (which is a repeat of SB16). These soil 

borings are adjacent to each other at the northeast end of the ORR - not far from the yellow-D burn pits. 

As reported by Dr. Jenkins of the Cold Regions Research and Engineering Laboratory (CRREL), 

concentrations of energetics in soil are spatially very heterogeneous over short distances. Unlike other 

environmental media (surface water, ground water, or air) even duplicate sample concentrations at the 

same soil location can vary by considerable margins. This could explain the variability noted in 

concentrations at the soil borings close to the burn pits. 

3.4.2 Old Pistol Ranqe Conclusions 

Arsenic contamination was identified at the OPR in subsurface soils (see Figure 3-11). Beryllium was 

above site background, but not above RBTLs. Manganese was greater than its RBTL, but not above 

background in surface soil. Manganese was greater than its RBTL and background in subsurface soil, but 

no areas were kriged exceeding the 95% UTL (see Figure 3-1 5). 
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TABLE 3-1 

TARGET PARAMETER MDLsIlDLs, RLs, AND RISK-BASED TARGET LEVELS 
NSWC CRANE, CRANE, INDIANA 

ENERGETICS (SW-846 METHOD (8330) 

Target Parameter 

POLYCYCLIC AROMATIC HYDROCARBONS (SW-846 METHOD 8270C SIM) 

ORGANOCHLORINE PESTICIDES (SW-846 METHOD 8081 A) 

Aqueous QC Samples 

* Asterisk indicates those chemicals for which the laboratory detection limit or reporting limit exceeds the lowest risk- 
based screening level for the project. 

1 Values provided by Laucks Testing Laboratories, Inc. for preparation of the QAPP. lDLs apply to metals only; MDLs apply to 
organic chemicals only. For soil samples, lDLs and associated RLs assume 1 g of soil in 100 mL of digestate. For MDLs and RLs 
for organic chemicals, the values in this table are based on standard, method-specific requirements. 

2 Value is based on human risk-based criteria as presented in Table 1-8 of the QAPP. For this project, no ecological values are used 
based on the CCCRA conclusion that there are no unacceptable ecological risks at SWMU 7. 

3 The RBTL is the lowest risk-based screening level unless the RL is greater than the lowest risk-based screening level, in which case 
the RBTL is the laboratory RL. 

4 Calculated value. A value is not presented in the cited guidance. The methodology presented in the guidance was used to calculate 
this migration to groundwater value, along with published chemical-specific parameters, to calculate a value. 
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RL") 

(ug/L) 
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0.05 

Lowest Risk 

Based Screening 

 eve^(^) 

(mglkg) 

Risk-Based 

Target Level 

( m ~ g ) ' ~ '  
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TABLE 3-2 

ANALYTICAL SOIL RESULTS 
BENZO(A)ANTHRACENE 

OLD RIFLE RANGE 
NSWC CRANE, INDIANA 

PAGE 1 OF 12 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
BENZO(A)ANTHRACENE (UG 

:e  # -indicates a posaive detection. 

07SB11 
07SB110204 
07SB110204 

DUP 
2' - 4' 

2/22/2001 
GRAB 
8 U 

07SB15 
07SB150204 
07SB150204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U  

07SB20 
07SB200204 
0758200204 

NORMAL 
2' - 4' 

2/2212001 
GRAB 
8 U 

07SB25 
07SB250204 
07SB250204 

NORMAL 
2' - 4' 

2/2312001 
GRAB 
8 U 

07SB050204 
07SB050204 

NORMAL 
2'-4' 

2/23/2001 
GRAB 
8 U 

075801 
07SB010001 
07SB010001 

NORMAL 
0' - 1, 

2/23/2001 
GRAB 
8 U 

07SB03 
07SB030001 
07SB030001 

NORMAL 
0' - 1' 

2/23/2001 
GRAB 
8 U 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
toll-method 

07SBlO 
07SBlOOOOl 
07SB100001 

NORMAL 
0 ' - l a  

2/22/2001 
GRAB 
8 U 

073815 
07SB15MM1 
07SB15MMl 

DUP 
0 ' -1 '  

2/22/2001 
GRAB 
8 U  

07SB19 
0758190001 
07SB100001 

NORMAL 
0' - 1' 

2/22/2001 
GRAB 
8 U 

07SB24 
07SB240001 
07SB240001 

NORMAL 
0'-1'  

2/22/2001 
GRAB 
8 U 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
BENZO(A)ANTHRACENE (UG 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
BENZO(A)ANTHRACENE (UG 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
BENZO(A)ANTHRACENE (UG 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
BENZO(A)ANTHRACENE (UG 

075801 
07SB010204 
07SB010204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 
8 U 

07SB03 
07SB030204 
07SB030204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 
8~ 

07SB07 
07SBO70001 
07SBO70001 

NORMAL 
0 ' -  1' 

2/n/2001 
GRAB 
8 U 

07SB12 
07SB120001 
0758120001 

NORMAL 
0 ' -1 '  

212212001 
GRAB 
8 U 

07SB17 
07SB170001 
07SB170001 

DUP 
0'-1'  

2/23/2001 
GRAB 
8 U 

073822 
0788220001 
0788220001 

NORMAL 
0 ' -  1' 

2/22/2001 
GRAB 
8 U 

078827 
07SB270204 
0738270204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 

078826 
0788260001 
0788260001 

NORMAL 
0 ' -  1' 

2/23/2001 
GRAB 

07SB10 
07SB100204 
07SB100204 

NORMAL 
2'-4' 

2/22/2001 
GRAB 
8 U 

07SB15 
7SB150001-AV07SB15aaOl-C 

FDO2220101 
AVG 
0'-1'  

2/22/2001 
GRAB 

07SB06 
07SB060001 
07SB060001 

NORMAL 
0' - 1, 

2/23/2001 
GRAB 
8 U 

8 U 8 U 8 U 

078828 
07SB280001 
07SB280001 

NORMAL 
0' - 1, 

2/23/2001 
GRAB 
pp 

075828 
0788280204 
07SB280204 

DUP 
2' - 4' 

2/23/2001 
GRAB 

BENZO(A)ANTHRACENE (UG 

075804 
07SB040001 
O7SB040001 

NORMAL 
0'-1, 

2/23/2001 
GRAB 

075802 
07SB020001 
07SB020001 

NORMAL 
0' - 1, 

2/23/2001 
GRAB 
8 U 

07SB11 
07SB110001 
07SB110001 

NORMAL 
0' - 1' 

2/22/2001 
GRAB 
8 U 

075815 

FW2220101 
DUP 
0'-1'  

2/22/2001 
GRAB 

07SB06 
07SB060204 
07SB060204 

NORMAL 
2'-4' 

2/23/2001 
GRAB 
8 U 

07SB26 
0788260204 
07SB260204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 

075807 07SB08 
07SB070204 0788080204 
07SB070204 07SB080204 

NORMAL NORMAL 
2' - 4' 2' - 4' 

2/23/2001 2/23/2001 

8 U 

078827 
0788270001 
0758270001 

NORMAL 
0 ' -1 '  

2/23/2001 
GRAB 

075828 
7SB280204-AV07SB280204-D 

FW2230102 
AVG 
2' - 4' 

2/23/2001 
GRAB 

07SB04 
07SB040204 
07SB040204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 

075802 
0788020204 
0788020204 

DUP 
2' - 4' 

2/23/2001 
GRAB 
8 U 

07SB00 
07SB090001 
07SBO90001 

NORMAL 
0 ' -1 '  

2/23/2001 
GRAB 
9 UJ 

07SB14 
07SB140001 
07SB140001 

NORMAL 
0 ' - l a  

2/22/2001 
GRAB 
8 UJ 

07SB18 
07SB180001 
07SB180001 

NORMAL 
0' - 1' 

2/22/2001 
GRAB 
8 U 

07SB23 
07SB230001-D 

FD02220103 
DUP 
0' - 1' 

2/22/2001 
GRAB 
8 U 

GRAB 
8 U 

07SB12 
07SB120204 
07SB120204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U 

07SB17 
17SBl70001-AV( 

FD02230101 
AVG 
0'-1, 

2/23/2001 
GRAB 
8 U 

07SB22 
0788220204 
07SB220204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U 

07SB11 
l7SB110204-AVO7SB110204-C 

FD02220102 
AVG 
2' - 4' 

2/22/2001 
GRAB 
8 U 

07SB16 
07SB160001 
07SB160001 

NORMAL 
0 ' -1 '  

2/22/2001 
GRAB 
40 U 

07SB21 
0788210001 
07SB210001 

NORMAL 
0,-1, 

2/22/2001 
GRAB 
9 U 

07SB10 
07SB190204 
07SB190204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U 

079824 
07SB240204 
07SB240204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U 

07SB28 I 
FD02230102 

DUP 
2' - 4' 

2/23/2001 
GRAB 

07SB050001 
07SB05MMl 

NORMAL 
0'-1, 

2/23/2001 
GRAB - a .  I I 

07SB09 
0788090204 
07SBO90204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 
8 U 

07SB14 
07SB140204 
07SB140204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 UJ 

07SB18 
07SB180204 
07SB180204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U 

07SB23 
07SB230204 
07SB230204 

NORMAL 
2-4' 

2/22/2001 
GRAB 
8 U 

07SB11 

FD02220102 
DUP 
2-4' 

2/22/2001 
GRAB 
8 U 

075816 
0788160204 
07SB160204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 UJ 

07SB21 
0788210204 
0788210204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U 

07SB20 
07SB200001 
07SB200001 

NORMAL 
0'-1'  

2/22/2001 
GRAB 
8 U 

07SB25 
07SB250001 
0788250001 

NORMAL 
0 ' -1 '  

2/23/2001 
GRAB 
8 U 

8 U  

8 U 

07SB02 
07SB020204-AVG 

FD02230103 
AVG 
2'-4' 

2/23/2001 
GRAB 
8 U 

8 U 

07SB13 
07SB130001 
07SB130001 

NORMAL 
0'- la 

2/21/2001 
GRAB 
9 U 

07581 7 
07SB170001-D 

FD02230101 
DUP 
0'-1'  

2/23/2001 
GRAB 
8 U 

078823 
0788230001 
0788230001 

DUP 
0' - 1, 

2/22/2001 
GRAB 
8 U 

IEg 8 U 8 U 

07SB02 
07SB020204-D 

FD02230103 
DUP 
2' - 4' 

2/23/2001 
GRAB 
8 U 

GRAB 
9 U 

07SB13 
0788130204 
0788130204 

NORMAL 
2' - 4' 

2/21/2001 
GRAB 
8 U 

07SBl7 
07SB170204 
07SB170204 

NORMAL 
2-4' 

2/23/2001 
GRAB 
8 U 

07SB23 
)7SB230001-AV( 

FD02220103 
AVG 
0'-1, 

2/22/2001 
GRAB 
8 U 
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ANALYTICAL SOIL RESULTS 
BENZO(A)PYRENE 
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location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
BENZO(A)PYRENE (UGIKGL 

:a  B -indicates a positive detection. 

location 
nsample 
sample 
sacode 
depth-range 
sample-data 
coll-method 
BENZO(A)PYRENE (UGIKG) 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
BENZO(A)PYRENE (UGIKG) 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
BENZO(A)PYRENE (UGIKG) 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
col l~method 
BENZO(A)PYRENE (UGIKG) 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
BENZO(A)PYRENE (UGIKG). 

07SB01 
07SB010001 
0788010001 

NORMAL 
0 ' -1 '  

2/23/2001 
GRAB 
8 U 

078806 
07SBO6M)Ol 
0788060001 

NORMAL 
0 ' -1 '  

2/23/2001 
GRAB 
8 U 

078801 
0788010204 
0788010204 

NORMAL 
2'-4' 

2/23/2001 
GRAB 
8 U 

075806 
0788060204 
078B060204 

NORMAL 
2'-4' 

2/23/2001 
GRAB 
8 U 

078802 
0788020001 
0758020001 

NORMAL 
0' - 1, 

2/23/2001 
GRAB 
8 U 

078803 
0788030204 
0788030204 

NORMAL 
2'-4' 

2/23/2001 
GRAB 

078807 
0788070001 
07SB070001 

NORMAL 
0'-1'  

2/23/2001 
GRAB 
8 U 

078807 
0758070204 
0758070204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 

8 U 

07SB04 
0788040204 
07SB040204 

NORMAL 
2'-4' 

2/23/2001 
GRAB 

07SB04 
07SB040001 
07SB040001 

NORMAL 
0'-1'  

2/23/2001 
GRAB 

078812 
0788120001 
0788120001 

NORMAL 
0' - 1' 

2/22/2001 
GRAB 
8 U 

073817 
0738170001 
07SB170001 

DUP 
0 ' -1 '  

2/23/2001 
GRAB 
8 U 

078822 
0788220001 
0788220001 

NORMAL 
0' - 1, 

2/22/2001 
GRAB 
8 U 

078827 
0788270001 
0788270001 

NORMAL 
0'-1'  

2/23/2001 
GRAB 

O7SBl2 
0758120204 
0758120204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U 

07SB17 
07SB170001-AVG 

FD022M101 
AVG 
0' - 1, 

2/23/2001 
GRAB 
8 U 

078822 
0788220204 
0788220204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U 

075827 
0738270204 
0738270204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 
8 U 

078811 
17SB110204-AVO7SBll0204-C 

FD02220102 
AVG 
2' - 4' 

2/22/2001 
GRAB 
8 U 

078816 
07S8160001 
07S8160001 

NORMAL 
0 ' -1 ,  

2/22/2001 
GRAB 
40 U 

078821 
07SB210001 
0788210001 

NORMAL 
0'-1, 

2/22/2001 
GRAB 
9 U 

078826 
0788260001 
0788260001 

NORMAL 
0 ' -1 '  

2/23/2001 
GRAB 
8 U 

8 U  

07SB08 
07SB080001 
0788080001 

NORMAL 
0'-1, 

2/23/2001 
GRAB 
8 U 

078811 

FD02220102 
DUP 
2-4' 

2/22/2001 
GRAB 
8 U 

078816 
0788160204 
0788160204 

NORMAL 
2'-4' 

2/22/2001 
GRAB 
8 UJ 

078821 
0788210204 
0738210204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U 

07SB26 
0788260204 
0788260204 

NORMAL 
2'-4' 

2/23/2001 
GRAB 
8 U 

078803 
0788030001 
07SB030001 

NORMAL 
0 ' -1 '  

2/23/2001 
GRAB 
8 U 

078802 
0758020204 
07SB020204 

DUP 
2 ' -4 '  

2/23/2001 
GRAB 
8 U 

078805 
07SB050001 
0788050001 

NORMAL 
0'-1, 

2/23/2001 
GRAB 

078813 
07SB130001 
07SB130001 

NORMAL 
0 ' -1 ,  

2/2112001 
GRAB 
9 U 

078817 
07SB170001-D 
FD02230101 

DUP 
On-1' 

2/23/2001 
GRAB 
8 U 

078823 
0788230001 
07SB230001 

DUP 
On-1, 

2/22/2001 
GRAB 
8 U 

078828 
0788280001 
0788280001 

NORMAL 
Om - 1, 

2/23/2001 
GRAB 
8 U 

078805 
07SB050204 
0788050204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 

p :I 

07SB08 
0788080204 
0788080204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 
9 U 

07SB02 
0788020204-AVG 

FD02230103 
AVG 
2' - 4' 

2/23/2001 
GRAB 
8 U 8 U 

078813 
0788130204 
0788130204 

NORMAL 
2' - 4' 

2/2112001 
GRAB 
8 U 

07SB17 
07SB170204 
0788170204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 
8 U 

078823 
0788230001-AVG 

FD02220103 
AVG 
0'-1, 

2/22/2001 
GRAB 
8 U 

078828 
0788280204 
0788280204 

DUP 
2' - 4' 

2/23/2001 
GRAB 
8 U 

078802 
0788020204-D 

FD02230103 
DUP 
2' - 4' 

2/23/2001 
GRAB 
8 U 

07SB09 
0788090001 
0788080001 

NORMAL 
0 ' -1 '  

2/23/2001 
GRAB 
9 UJ 

078808 
078B060204 
078B090204 

NORMAL 
2-4' 

2/23/2001 
GRAB 
8 U 

075814 
07SB140001 
07SB140001 

NORMAL 
0' - 1, 

2/22/2001 
GRAB 
8 UJ 

07SB18 
078B180001 
0788180001 

NORMAL 
0 ' -1 ,  

2/22/2001 
GRAB 
8 U 

078823 
0788230001-D 

FD02220103 
DUP 
0 ' -1 '  

2/22/2001 
GRAB 
8 U 

07SB10 
07SB100001 
07SB100001 

NORMAL 
0 ' -1 ,  

2/22/2001 
GRAB 
8 U 

07SB14 
0788140204 
07SB140204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 UJ 

078818 
0738180204 
0738180204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U 

078823 
0788230204 
07SB230204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U  

073815 
07SB150001 
0788150001 

DUP 
0 ' - l a  

2/22/2001 
GRAB 

078828 
7SB280204-AVO7SB280204-D 

FD02230102 
AVG 
2' - 4' 

2/23/2001 
GRAB 
8 U 

078810 
07881 00204 
078B100204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U 

078828 I 
FW2230102 

DUP 
2' - 4' 

2/23/2001 
GRAB 
8 U 

07SB15 
7SB150001-AV( 

FWZ220101 
AVG 
0'-1'  

2/22/2001 

07SB11 
07881 10001 
07SB110001 

NORMAL 
0' - 1, 

2/22/2001 
GRAB 
8 U 

8 U 

07SB16 
07SB190001 
07SB180001 

NORMAL 
0' - 1' 

2/22/2001 
GRAB 
8 U 

078824 
0738240001 
07SB240001 

NORMAL 
0 ' - l o  

2/22/2001 
GRAB 

07SB11 
07SB110204 
0788110204 

DUP 
2' - 4' 

ZGW2001 
GRAB 
8 U 

078815 
0738150001-D 
FW2220101 

DUP 
0'-1, 

2122/2001 

078815 
0788150204 
0788150204 

NORMAL 
2'-4' 

2/2212001 

07SB20 
07SB200204 
0758200204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U 

078825 
0788250204 
0788250204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 
8 U 

07SB16 
07SB190204 
0788190204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U 

073824 
0788240204 
0788240204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U 

078820 
0788200001 
0788200001 

NORMAL 
0'-1'  

2122/2001 
GRAB 
8 U 

078825 
07SB250001 
0788250001 

NORMAL 
0'-1, 

2/23/2001 
GRAB 
8 U 
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07SB02 
07SB020204-D 

FD02230103 
DUP 
2' - 4' 

2/23/2001 
GRAB 
8 U 

078803 
07SB030001 
07SB030001 

NORMAL 
0 ' -1 ,  

2/23/2001 
GRAB 
8 U 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
BENZO(B)FLUORANTHENE (UGIKG) 

075807 
07SB070204 
07SB070204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 
8 U 

07SB12 
07SB120204 
07SB120204 

NORMAL 
2'-4' 

2/22/2001 
GRAB 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
BENZO(B)FLUORANTHENE 

07SB25 
07SB250204 
07SB250204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 
8 U 

07SB21 07SB21 07SB22 07SB22 078823 078823 07SB23 073823 07SB24 078824 
07SB210001 07SB210204 07SB220001 07SB220204 07SB230001 7SB230001-AV( 07SB230001-D 07SB230204 07SB240001 07SB240204 
0758210001 07SB210204 0758220001 07SB220204 07SB230001 FD02220103 FD02220103 07SB230204 07SB240001 07SB240204 

NORMAL NORMAL NORMAL NORMAL DUP AVG DUP NORMAL NORMAL NORMAL 
0 ' -1 ,  2' - 4' 0'- 1' 2' - 4' o m -  1' 0 ' -1 '  0' - l* 2' - 4' 0 ' -1 '  2' - 4' 

2/22/2001 2/22/2001 2/22/2001 2/22/2001 2/22/2001 2/22/2001 2/22/2001 2/22/2001 2/22/2001 2/22/2001 
GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB 

8 U 

075803 
07SB030204 
07SB030204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 
8 U  

07SB01 
07SB010001 
07SB010001 

NORMAL 
0 ' -1 '  

2/23/2001 
GRAB 
8 U 

07SB06 
07SB060001 
07SB060001 

NORMAL 
0' - 1' 

2/23/2001 
GRAB 

(UGIKG)- 

07SB06 
07SB060204 
07SB060204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 
8 U 

07SB25 
07SB250001 
07SB250001 

NORMAL 
0'- 1' 

2/23/2001 
GRAB 
8 U 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
toll-method 
BENZO(B)FLUORANTHENE (UGIKG) 

8 U  

07SB200204 
07SB200204 

NORMAL 

2/22/2001 

07SB07 
07SB070001 
07SBO70001 

NORMAL 
0'- 1' 

2/23/2001 
GRAB 
8 U 

BENZO(B)FLUORANTHENE (UGIKG) - 8 U 8 U 8 U 8 U 9 U 8 U m r  

07SB28 
07SB280001 
07SB280001 

NORMAL 
0'-1'  

2/23/2001 
GRAB 
8 U 

07SB04 
07SB040001 
07SB040001 

NORMAL 
0' - 1, 

2/23/2001 
GRAB 

07SB01 
07SB010204 
07SB010204 

NORMAL 
2'-4' 

2/23/2001 
GRAB 
8 U 

078812 
07SB120001 
07SB120001 

NORMAL 
0' - 1, 

2/22/2001 
GRAB 

07SB08 
07SB080001 
07SB080001 

NORMAL 
0,-1, 

2/23/2001 
GRAB 
8 U 

location 
P 

07SB16 07SB16 07SB17 078817 07SB17 07SB18 
nsample 07SB160001 07SB160204 07SB170001 07SB170001-AVG 07SB170001-D 0 07SB190204 
sample 07SB160001 07SB160204 0758170001 FD02230101 FD02230101 0 07SB180204 
sacode NORMAL NORMAL DUP AVG DUP NORMAL 
depth-range 0 ' -1 '  2' - 4' 0 ' -1 '  0' - 1, 0 ' -1 ,  2' - 4' 
sample-date 2/22/2001 2/22/2001 2/23/2001 2/23/2001 2/23/2001 2/22/2001 
toll-method GRAB GRAB GRAB GRAB GRAB GRAB 
BENZO(B)FLUORANTHENE (UGIKG) 40 U 8 UJ 8 U 8 U 8 U 8 U 8 U 8 U 8 U 8 U 

07SB26 
07SB260001 
07SB260001 

NORMAL 
0'-1'  

2/23/2001 
GRAB 
8 U 

07SB11 
07SB110001 
07SB110001 

NORMAL 
0'-1, 

2/22/2001 
GRAB 

8 U 

07SB11 

FD02220102 
DUP 
2' - 4' 

2/22/2001 
GRAB 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 

07SB20 
07SB2MM01 
07SB200001 

NORMAL 
0'-1'  

2/22/2001 
GRAB 
8 U 

07SB28 
07SB280204 
07SB280204 

DUP 
2' - 4' 

2/23/2001 
GRAB 
8 U 

07SB02 
0758020001 
07SB020001 

NORMAL 
0 ' -1 ,  

2/23/2001 
GRAB 

10 

07SB11 
07SB110204 
07881 10204 

DUP 
2' - 4' 

2/22/2001 
GRAB 
8 U 

075808 
07SB080204 
07SB080204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 
9 U 

07581 1 
7SB110204-AV(17SB110204-C 

FD02220102 
AVG 
2' - 4' 

2/22/2001 
GRAB 

07SB05 
07SB050204 
0758050204 

NORMAL 
2-4' 

2/23/2001 
GRAB 

8 U  

07SB04 
07SB040204 
07SB040204 

NORMAL 
2'-4' 

2/23/2001 
GRAB 

07SB15 
07SB150204 
07SB150204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 

07SB13 
07SB130001 
07SB130001 

NORMAL 
0 ' -1 '  

2/21/2001 
GRAB 

07SB27 
07SB270204 
07SB270204 

NORMAL 
2'-4' 

2/23/2001 
GRAB 
8 U 

075828 
17SB280204-AVO7SB280204-D 

FD02230102 
AVG 
2' - 4' 

2/23/2001 
GRAB 
8 U 

07SB26 
07SB260204 
07SB260204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 
8 U  

8 U 

07SB02 
07SB020204 
07SB020204 

DUP 
2' - 4' 

2/23/2001 
GRAB 
8 U 

07SB05 
07SB050001 
07SB050001 

NORMAL 
0'-1, 

2/23/2001 
GRAB 

07SB09 
07SB090001 
07SB090001 

NORMAL 
0' - 1' 

2/23/2001 
GRAB 
9 UJ 

07SB28 I 
FW2230102 

DUP 
2'-4' 

2/23/2001 
GRAB 
8 U 

075827 
07SB270001 
07SB270001 

NORMAL 
0' - 1' 

2/23/2001 
GRAB 

07SB02 
07SB020204-AVG 

FD02230103 
AVG 
2'-4' 

2/23/2001 
GRAB 
8 U 

078813 
07SB130204 
07SB130204 

NORMAL 
2' - 4' 

2/21/2001 
GRAB 

07SBOS 
07SB090204 
07SB090204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 
8 U 

078814 
07SB140001 
07SB140001 

NORMAL 
Om-1, 

2/22/2001 
GRAB 

07SB10 
07SB1 00001 
07SB1 00001 

NORMAL 
0 ' -  1, 

2/2212001 
GRAB 
8 U 

07SB14 
07SB140204 
07SB140204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 

- 
07SB10 

07SB100204 
07SB100204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U 

07SB15 
07SB150001 
07SB150001 

DUP 
0'-1, 

2/22/2001 
GRAB 

07SB15 
17SB150001-AVC)7SB150001-C 

FW2220101 
AVG 
0'-1, 

2/22/2001 
GRAB 

078815 

FW2220101 
DUP 
0 ' -1 '  

2~22~2001 
GRAB 
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location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
DlEENZO(A.H)ANTHRACENE (UGIKG) 

location 
nrample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
DlEENZO(A.H)ANTHRACENE (UGIKG) 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
colLmethod 
DlBENZO(A.H)ANTHRACENE (UGIKG) 

I* D -indicates a posilive detection. 

078805 
07SBo50204 
07SB050204 

NORMAL 
2'-4' 

2/23/2001 
GRAB 
8 U 

07SBll 
OTSB110204 
07881 10204 

DUP 
2'-4' 

2/22/2001 
GRAB 
8 U 

07SB05 
07SBOHH)Ol 
07SB050001 

NORMAL 
0 ' -1 '  

2/23/2001 2/23/2001 2/23/2001 2/23/2001 2/23/2001 2/23/2001 
GRAB 
8 U 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll~method 
DlBENZO(A,H)ANTHRACENE (UGIKG) 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll~method 
DlBENZO(A,H)ANTHRACENE (UGIKG) 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
DlEENZO(A.H)ANTHRACENE (UWKG) 

075806 
07SB060001 
07SBOWO01 

NORMAL 
0'- 1, 

2/23/2001 
GRAB 
8 U 

07SB11 
7SB110204-AVO7SB110204-C 

FD02220102 
AVG 
2'-4' 

2/22/2001 
GRAB 
8 U 

07SB16 
07SB160001 
07SB160001 

NORMAL 
0 ' -1 ,  

2/22/2001 
GRAB 
40 UJ 

07SB21 
07SB210001 
07SB210001 

NORMAL 
0'-1'  

2/22/2001 
GRAB 
9 U 

07SB26 
07SB260001 
07SB260001 

NORMAL 
Om - 1, 

2/23/2001 
GRAB 
8 UJ 

075812 
07SB120001 
07SB120001 

NORMAL 
0 ' -1 '  

2/22/2001 
GRAB 
8 U 

07SB11 

FD02220102 
DUP 
2'-4' 

2/22/2001 
GRAB 
8 U 

07SB16 
07SB160204 
07SB160204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 UJ 

07SB21 
07SB210204 
07SB210204 

NORMAL 
2'-4' 

2/22/2001 
GRAB 
8 UJ 

07SB26 
07SB260204 
0788260204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 
8 UJ 

07SB06 
07SB060204 
07SBOb0204 

NORMAL 
2'. 4' 

2/23/2001 
GRAB 
8 U 

075812 
07SB120204 
07SB120204 

NORMAL 
2'-4' 

2/22/2001 
GRAB 
8 U 

07SB17 
07SB170001 
07SB170001 

DUP 
0 ' -  1' 

2/23/2001 
GRAB 
8 UJ 

078822 
07SB220001 
07SB220001 

NORMAL 
0' - 1' 

2/22/2001 
GRAB 
8 U 

07SB27 
07SB270001 
07SB270001 

NORMAL 
0'-1, 

2/23/2001 
GRAB 
8 UJ 

07SB17 
07SB170204 
07SB170204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 
8 UJ 

073823 
07SE230001-AVG 

FD02220103 
AVG 
0 ' -1 '  

2/22/2001 
GRAB 
8 UJ 

075807 
07SB070001 
07SB070001 

NORMAL 
0'-1'  

2/23/2001 
GRAB 
8 UJ 

075818 
07SB180001 
0788180001 

NORMAL 
0'-1, 

2/22/2001 
GRAB 
8 U 

075823 
07SB230001-D 

FD02220103 
DUP 
0' - 1' 

2/22/2001 
GRAB 
8 UJ 

07SB13 
07SB130001 
07SB130001 

NORMAL 
0 ' -1 ,  

2/21/2001 
GRAB 
9 UJ 

07SB17 
07SB170001-AVG 

FD02230101 
AVG 
0, - 1, 

2/23/2001 
GRAB 
8 UJ 

078822 
07SB220204 
07SB220204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 

8 U 

07SE27 
0788270204 
0788270204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 
8 UJ 

07SB28 
07SB280204 
07SB280204 

DUP 
2'-4' 

2/23/2001 
GRAB 
8 UJ 

078818 
07SB180204 
07SB180204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U 

078823 
07SB230204 
07SB230204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 UJ 

07SB07 
07SB070204 
07SB070204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 
8 UJ 

07SB17 
07SB170001-D 
FD02230101 

DUP 
0, - 1, 

2/23/2001 
GRAB 
8 UJ 

075823 
07SB230001 
07SB230001 

DUP 
0 ' -1 '  

2/22/2001 
GRAB 
8 UJ 

07SB28 
07SB280001 
07SB280001 

NORMAL 
0'-1, 

2/23/2001 
GRAB 
8 UJ 

07SB19 
07SB190001 
07SB190001 

NORMAL 
0 ' - lo  

2/22/2001 
GRAB 
8 U 

075824 
07SB240001 
07SB240001 

NORMAL 
0 ' -1 '  

2/22/2001 
GRAB 
8 UJ 

07SB19 
07SB190204 
07SB190204 

NORMAL 
2'-4' 

2/22/2001 
GRAB 
8 U 

07SB24 
0788240204 
0738240204 

NORMAL 
2'-4' 

2/22/2001 
GRAB 
8 UJ 

07SB28 
7SB280204-AVO7SB280204-D 

FD02230102 
AVG 
2'-4' 

2/23/2001 
GRAB 
8 UJ 

075808 
07SB080001 
07SB080001 

NORMAL 
0' - 1' 

2/23/2001 
GRAB 
8 U 

07SB13 
07SB130204 
07SB130204 

NORMAL 
2'-4' 

2/21/2001 
GRAB 
8 UJ 

07SB20 
OTSB200001 
07SB200001 

NORMAL 
0 ' -1 '  

~ ~ 0 1  
GRAB 
8 U 

078825 
0788250001 
07SB250001 

NORMAL 
0 ' -1 '  

2/23/2001 
GRAB 
8 UJ 

07SB28 I 
FD02230102 

DUP 
2' - 4' 

2/23/2001 
GRAB 
8 UJ 

07SB14 
07SB140001 
07SB140001 

NORMAL 
0'- 1' 

2/22/2001 
GRAB 
8 UJ 

07SB20 
0788200204 
0788200204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U 

078825 
07SB250204 
OTSB250204 

NORMAL 
2-4' 

2/23/2001 
GRAB 
8 UJ 

07SB08 
07SB080204 
07SB080204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 
9 U 

078814 
07SB140204 
07SB140204 

NORMAL 
2'-4' 

2/22/2001 
GRAB 
8 UJ 

075815 
07SB150001 
07SB150001 

DUP 
0'-1, 

2/22/2001 
GRAB 
8 U 

078815 
07SB150001-AVG 

FD0222OlOl 
AVG 
0'-1, 

2/22/2001 
GRAB 
8 UJ 

07SB09 
07SB090001 
07SBO80001 

NORMAL 
0 ' -1 '  

2/23/2001 
GRAB 
9 UJ 

078815 
17SB150001-C 
FD02220101 

DUP 
0'-1, 

2/22/2001 
GRAB 
8 UJ 

07SB09 
07SB090204 
07SB090204 

NORMAL 
2 - 4 '  

2/23/2001 
GRAB 
8 U 

07SB15 
07SB150204 
07SB150204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U 

07SB11 
07SB110001 
07SB110001 

NORMAL 
0' - 1' 

2/22/2001 
GRAB 
8 U 

07SBlO 
07SB100001 
07SB100001 

NORMAL 
0'-1'  

2/22/2001 
GRAB 
8 U 

07SB10 
07881 00204 
07881 00204 

NORMAL 
2'-4' 

2/22/2001 
GRAB 
8 U 
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07SB02 
07SB020204-D 

FD02230103 
DUP 
2' - 4' 

2/23/2001 
GRAB 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
INDENO(1,2,3-CD)PYRENE (UGIKG) 

07SB01 
07SB010204 
07SB010204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 

07SB01 
07SB010001 
07SB010001 

NORMAL 
0' - 1' 

2/23/2001 
GRAB 

07SB11 
07SB110204-AVG 

FD02220102 
AVG 
2'-4' 

2/22/2001 
GRAB 
8 U 

078803 
07SB030001 
07SB030001 

NORMAL 
0' - 1' 

2/23/2001 
GRAB 

8 U 

07SB11 
07SB110204 
07881 10204 

DUP 
2'-4' 

2/22/2001 
GRAB 
8 U 

8 U 

07SB11 
07SB110204-D 

FD02220102 
DUP 
2'-4' 

2/22/2001 
GRAB 
8 U 

075802 
07SB020001 
07SB020001 

NORMAL 
0' - la 

2/23/2001 
GRAB 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
INDENO(1,2.3-CD)PYRENE (UGIKG) 

07SB12 
07SB120204 
07SB120204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
INDENO(l,2.3-CD)PYRENE (UGIKG) 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
toll-method 
INDENO(l,2,3-CD)PYRENE (UGIKG) 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
INDENO(1.2.3-CD)PYRENE (UGIKG) 

07SB12 
07SB120001 
07SB120001 

NORMAL 
0 ' -1 '  

2/22/2001 
GRAB 
8 U 

07SB03 
07SB030204 
07SB030204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 

07SB17 
17SB170001-AV 

FD02230101 
AVG 
0 ' -1 '  

2/23/2001 
GRAB 
8 U 

07SB22 
07SB220204 
07SB220204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U 

078827 
0788270204 
07SB270204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 
8 U 

07SB02 
07SB020204 
07SB020204 

DUP 
2' - 4' 

2/23/2001 
GRAB 

07SB06 
07SB060001 
07SB060001 

NORMAL 
0 ' -1 '  

2/23/2001 
GRAB 
8 U 

07381 3 
07SB130001 
07SB130001 

NORMAL 
0 ' -  la 

1/21/2001 
GRAB 

9 U 

075804 
07SB040001 
07SB040001 

NORMAL 
0 ' - l a  

2/23/2001 
GRAB 

07SB02 
07SB020204-AVG 

FD02230103 
AVG 
2'-4' 

2/23/2001 
GRAB 

07SB17 
07SB170001-D 
FD02230101 

DUP 
0, - 1, 

2/23/2001 
GRAB 
8 U 

07SB23 
07SB230001 
07SB230001 

DUP 
0' - 1' 

2/22/2001 
GRAB 
8 U 

07SB28 
07SB280001 
07SB280001 

NORMAL 
0' - 1, 

2/23/2001 
GRAB 
8 U 

07SB17 
07SB170001 
07SB170001 

DUP 
0 ' -1 '  

2/23/2001 
GRAB 
8 U 

073822 
07SB220001 
07SB220001 

NORMAL 
0' - ls 

2/22/2001 
GRAB 
8 U 

078827 
07SB270001 
07SB270001 

NORMAL 
0'-1, 

2/23/2001 
GRAB 

07SB16 
07SBl60001 
07SB160001 

NORMAL 
0' - la 

2/22/2001 
GRAB 
40 U 

07SB21 
07SB210001 
07SB210001 

NORMAL 
0 ' -  1, 

2/22/2001 
GRAB 
9 U 

078826 
07SB260001 
07SB260001 

NORMAL 
0, - 1' 

2/23/2001 
GRAB 
8 U 

078806 
07SB060204 
07SB060204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 
8 U 

07SB16 
07SB160204 
07SB160204 

NORMAL 
2-4' 

2/22/2001 
GRAB 
8 UJ 

07SB21 
07SB210204 
07SB210204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U 

07SB26 
07SB260204 
07SB260204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 
8 U  

07SB13 
07SB130204 
07SB130204 

NORMAL 
2' - 4' 

2/21/2001 
GRAB 
8 U 

07SB05 
07SB050204 
07SB050204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 

- 
07SB04 

07SB040204 
07SB040204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 

07SB07 
07SB070001 
07SB070001 

NORMAL 
0 ' -1 ,  

2/23/2001 
GRAB 
8 U 

075817 
07SB170204 
07SB170204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 
8 U 

075823 
7SB230001-AV( 

FDO2220103 
AVG 
0 ' -  1, 

2/22/2001 
GRAB 
8 U 

07SB05 
07SB05W01 
07SB050001 

NORMAL 
0'-1'  

2/23/2001 
GRAB 

075815 
07SB150204 
07SB150204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U 

07SB14 
07SB140001 
07SB140001 

NORMAL 
0'- 1, 

2/22/2001 
GRAB 
8 UJ 

07SB15 
07SB150001 
07SB150001 

OUP 
0' - 1' 

2/22/2001 
GRAB 
8 U 

07SB07 
07SB070204 
07SB070204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 
8 U 

07SB20 
07SB200204 
07SB200204 

NORMAL 
2' - 4' 

212212001 
GRAB 
8 U 

078825 
0788250204 
07SB250204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 
8 U 

07SB28 
07SB280204 
07SB280204 

DUP 
2' - 4' 

2/23/2001 
GRAB 
8 U 

07SB14 
07SB140204 
07SB140204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 UJ 

07SB18 
07SB180001 
07SB180001 

NORMAL 
0' - 1, 

2/22/2001 
GRAB 
8 U 

07SB23 
0788230001-0 

FD02220103 
DUP 
0' - 1' 

2/22/2001 
GRAB 
8 U 

07SB18 
07SB190001 
07SB190001 

NORMAL 
0' - 1' 

2/22/2001 
GRAB 
8 U 

07SB24 
0788240001 
0788240001 

NORMAL 
0' - 1' 

2/22/2001 
GRAB 

I_ 

07SB18 
07SB180204 
07SB180204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U 

07SB23 
0788230204 
0788230204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U  

07SB15 
7SB150001-AVOTSB150001-C 

FW2220101 
AVG 
0 ' -1,  

2/22/2001 
GRAB 
8 UJ 

07SB08 
07SB080001 
07SB080001 

NORMAL 
0 ' -1 '  

2/23/2001 
GRAB 
8 UJ 

07SB28 
17SB280204-AV(O7SB280204-D 

FD02230102 
AVG 
2' - 4' 

2/23/2001 
GRAB 
8 U 

07SB15 

FW2220101 
DUP 
0'-1, 

2/22/2001 
GRAB 
8 UJ 

07SB18 
07SB190204 
07SB190204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U 

07SB24 
07SB240204 
07SB240204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U 

07SB28 I 

FD02230102 
DUP 
2' - 4' 

2/23/2001 
GRAB 
8 U 

078820 
07SB200001 
07SB200001 

NORMAL 
0' - 1' 

2/22/2001 
GRAB 
8 U 

07SB25 
07SB250001 
07SB250001 

NORMAL 
0' - 1, 

2/23/2001 
GRAB 
8 U 

07SB08 
07SB080204 
07SB080204 

NORMAL 
2'- 4' 

2/23/2001 
GRAB 
9 UJ 

07SB09 
07SB080001 
07SBO90001 

NORMAL 
0'-1'  

2/23/2001 
GRAB 
9 UJ 

075809 
07SBO90204 
07SB080204 

NORMAL 
2' - 4' 

2/23/2001 
GRAB 
8 UJ 

07SB10 
07SB100001 
07SB100001 

NORMAL 
0' - 1' 

2/22/2001 
GRAB 
8 U 

07SB10 
07SB100204 
07881 00204 

NORMAL 
2' - 4' 

2/22/2001 
GRAB 
8 U 

07SBll 
07SB110001 
07SB110001 

NORMAL 
0' - la 

2/2212001 
GRAB 
8 U 



LOCATION 075BOI 07SBOI 07SB02 
NSAMPLE 0758010001 0758010204 0758020001 
8AMPLE 07S801OOO1 0158010204 0758020001 
SACODE NORIW. NORMAL NORMAL 
SUBIlATRlX SS 58 SS 
DEPTRRANGE 0'-1' 2' - 4' 0' - I' 
SAMPLE DATE :112312001 212312001 :It.!3I2OO1 
COLL.ME'TH. GRAB GRAB GRAB 
2.4.6·TRINITAOTOLUENE MGlKG 0.5 LJ 0.5 U 0.5 U 

LOCATION 01&806 07SB07 07SB07 
NSAMPLE 07&80S0204 0758070001 0758070204 
SAMPLE 0758060204 07SB070001 0758070204 
6ACODE NORIW. NORMAL NORIW. 
5U8MATRlX 58 55 58 
DEPTH RANGE 2'-4' 0'-1' 2'-4' 
5AMPLEDATE :112312001 :112312001 :112312001 
COLL.METH_ GRAB GRAB GRAB 
2',6-TRINITROTOLUENE MCJKG 0.5 U 0.5 U 0.5 U 

LOCATION 075B12 07SB12 07SB13 
NSAMPLE 075B12oool 07SBl20204 0758130001 
5AMPLE 075B12oool 0158120204 075Bl30001 
SACODE NORMAL NORMAL NORMAL 
5UBMATRlX SS 58 55 
DEPTH RANGE 0' -I' 

2' -.' 
0'-1' 

5AMPLE DATE 212212001 2I22J2OO1 212112001 
COLL.METH, GRAB GRAB GRAB 
2.4,6·TRINITAOTOLUENE MCJKG 0.5 U 05 U 

LOCATION 075817 015817 07SB17 
NSAMPLE 07&B17ooo1-AVG 07I1Bl70001-D 075B170204 
SAMPLE F0Q2230101 FOO2230101 0711B170204 
$ACODE AVG OUP NORIW. 
SUBMATRlX ss SS S8 
DEPTH RANGE 0' -,' 0' -1' 2'- 4' 
SAMPLE DATE 212312001 212312001 212312001 
COLL METH, GRAB GRAB GRAB 
2A.6·TRINITROTOLUENE MGlKG 0.5 U 05 U 0.5 U 

LOCATION 07SB23 015823 015823 
NSAMPLE 075B23OOOl 07SB230001-AVG 07S823OOO1-D 
SAMPLE 07SB23OOO1 FOO2220103 FOO2220103 
5ACODE ORIG AVG DUP 
SUBMATRIX ss SS 55 
DEPTH RANGE 0'-1' 0'-1' 0'-1' 
SAMPLE DATE 212212001 2I22J2OO1 2J22J2001 
COLL.METR. GRAB GRAB GRAB 
2,4,6·TRINITROTOLUENE IMGlKG 0.5 U 05 U 05 U 

LOCATION 075B28 07SB28 07S82. 
NSAMPLE 07811280204 01S8280204-AVG 078B280204-D 
SAMPLE 07SB280204 FOO2230102 FOO2230102 
SACODE ORK! AVG OUP 
SUBMATRlX SB SB SB 
DEPTH RANGE 2'-4' 2' -4' 2'- 4' 
SAMPLE DATE 212312001 :112312001 :112312001 
COLL.METR. GRAB GRAB GRAB 
2,4,6-TRINITROTOLUENE MCJKG 0.5 U 05 U 0.5 U 

LOCATION 07SB4ii 07S850 07S1150 
NSAIIPLE 07S84110204-D 07SS500001 07S8500204 
SAMPLE FOO30110202 07BS5OOOO1 07SB500204 
SACODE OUP NORMAL NORMAL 
SUllllAmlX sa ss SB 
DEPTH RANGE 2' -4' 0'-1' 2'-4' 
SAMPLE DATE .'1IlII2OO2 3IlII2OO2 3I6l2OO2 
COLL,MeTH. GRAB GIIAB GRAB 
2,4,6-TRINITROTOLUENE MGlKG 0.5 U 05 U 0.5 U 

075802 
07SB020204 
07&8020204 

ORK! 
SB 

2'-4' 
:112312001 

GRAB 
0.5 U 

07SBoa 
07SBC80001 
07SBoeOOO1 

NORMAL 
ss 

0'-1' 
212312001 

GRAB 
O.S U 

07SB13 
07&B130204 
07&B130204 

NORMAL 
SB 

2' -4' 
212112001 

GRAB 
0.5 U 

075111. 
07SB160001 
07SB160001 

NORMAL 
ss 

0'·1' 
212212001 

GRAB 
0.5 U 

Oi8B23 
07SB230204 
075B230204 

NORMAL 
SB 

2' -4' 
212212001 

GRAB 
05 U 

~;.)tf.·) 
. ", 

I '. 
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·····078B02 075802 
07SB020204-AVG 0158020204-D 

FD02230103 F0Q2230103 
AVG DUP 
5B SB 

2'-.' 2' -4' 
2I23l2001 2I23l2001 

GRAB GRAB 
0,5 U 0.5 U 

07S808 0758011 
0758080204 07_' 
0758080204 07580l10001 

NORMAL NORIW. 
58 ss 

2'-4' 0'-1' 
212312001 :It.!3I2OO1 

GRAB GRAB 
0.5 U O.S U 

07SBI. 07581. 
075B14OOOI 07SB140204 
075B14oool 0758140204 

NORMAL NORMAL 
SS SB 

0'-1' 2'-4' 
2J22I2OO1 2i22J2001 

GRAB GRAB 
05 U 

07S818 07SIIlQ 
078Bl_ 07SB100001 
075Bl80204 0758180001 

NORMAL NORMAL 
SB ss 

2'-4' 0'-1' 
212212001 212212001 

GRAB GRAB 
05 U 0.5 U 

075824 075112. 
075B2.oool 07SB240204 
07511240001 0758240204 

NORMAL NORMAL 
5S SB 

0' -I' 2'-4' 
212212001 2i22J2001 

GRAB GRAB 
0.5 U 0.5 U 

075847 07SB47 
0756470001 07SS47ooo1-AVG 
0755470001 FOO3060201 

ORIG ORIG 
ss ss 

0' -I' 0'-1' 
31612002 3I6l2002 
GRAB GRAB 

07SB03 
07SB030001 
07S8030001 

NORMAL 
55 

0'-1' 
212312001 

GRAB 
0.5 U 

07SS0II 
0158_ 
07SB_ 

NORIW. 
58 

2' - 4' 
212312001 

GRAB 

07SB15 
075Bl50001 
0758150001 

ORK! 
ss 

0'-1' 
2J22i2001 

GRAB 

07$1118 .... 

07581_ 
07881_ 

NORMAL 
58 

2' - 4' 
212212001 

GRAB 
0.5 U 

07S8:i5 
0758250001 
07SB25OOO1 

NORMAL 
SS 

0' -I' 
212312001 

GRAB 
0.5 U 

07SB47 
0755470001-0 

FOO3060201 
DUP 
ss 

0'-,' 
:lIIiI2OO2 
GRAB 

075B~'--oisB51 07SB52 07SB52 
07SS51ooo1 07S11510204 07SS52OOOI 07SB520204 
07SSS1ooo1 076B510204 07SS520001 07511520204 

NORMAL NORMAL NORMAL NORMAL 
ss SB ss 88 

0'·1' 2'·4' 0' -1' 2' - 4' 
31612002 3I6l2OO2 3IIiI2OO2 31612002 
GRAB GRAB GIIAB GRAB 
0.5 U 0.5 U 0.5 U 0.5 U 

075B03 07$804 075804 07SB0$ 07SBG5 076B06 
075B030204 0_' 075B040204 07SB050001 078BOS0204 078I1060001 
075B030204 07_' 078B040204 0158050001 078BOS0204 07_, 

NORMAL NORMAL NORMAL NORIW. NORMAL NORIW. 
58 55 58 SS SB SS 

2' -4' 0'-1' 2' - 4' 0'-1' 2'-4' 0'-1' 
:It.!3I2OO1 212312001 212312001 2I23l2001 :112312001 2I23l2001 

GRAB GRAB GRAB GRAB GRAB GRAB 
0.5 U 0.5 U 0.5 U 0.5 UJ 0.5 U 0.5 U 

076810 075810 075811 075811 · .... 075811 07SB11 
076B1OOOO1 0758100204 0758110001 0758110204 07SB110204-AVG 07SBl10204-D 
0758100001 07&8100204 0788110001 0788110204 FD02220102 F002220102 

NORIW. NORMAL NORMAL ORK! Ava DUP 
ss S8 55 58 58 SB 

0' -I' 2' -4' 0'-1' 2'- 4' 2' -4' 2'- 4' 
212212001 212212001 2J22i2001 212212001 2I22l2OO1 2J22i2001 

GRAB GRAB GRAB GRAB GRAB aRAB 
0.5 U 0.5 U 05 U 0.5 U 0.5 U 0.5 U 

075815'" 07SB15 075B15 075816 07SB,. 075B17 
075Bnoool-AVG 075815OOO1-D 0758150204 0158110001 0768110204 07SB17ooo1 

FD02220101 F002220101 07SBl50204 07SB11OOO1 O7SB110204 07SB170001 
AVG DUP NORIW. NORMAL NORMAL ORK! 
ss ss SB ss SB ss 

0' -1' 0'-1' 2' -4' 0'-1' 2' ·4' 0' -1' 
2J22i2001 2J22i2001 2J22J2001 2I22J2OO1 2J22i2001 212312001 

GRAB GRAB GRAB I GRAB GRAB GRAB 
0.5 U 0.5 U 

07SB20 07SB20 07$1121 07SB21 07SB22 07SB22 
07SB200001 0158200204 07511210001 0758210204 07SB220001 07SB220204 
0758200001 07_ 07SB21ooo1 07SB210204 07SB220001 07SB220204 

NORIW. NORMAL NORMAL NORIW. NORIW. NORMAL 
ss 58 ss 58 ss SB 

0' -I' 2' -4' 0'-1' 2'· 4' 0'-1' 2'-4' 
2J22J2001 2I22l2001 2I22l2001 2J22i2001 2I22l2001 2I22l2001 

GRAB !::IT GRAB GRAB GRAB GRAB 
0.5 U 0$ U 0.5 U 0.5 U 

07SB25 07SB26 078828 07SB27 07SB27 0781128 
07SB250204 07SB260001 07SB260204 07SB27ooo1 075B270204 07SB2IOOOI 
07SB250204 07SB260001 07SB260204 07SB270001 07&8270204 07SB260001 

NORIW. NORMAL NORMAL NORMAL NORMAL NORMAL 
S8 ss SB as sa ss 

2'-4' 0' -1' 2'-4' 0'-1' 2'-4' 0'-1' 
212312001 212312001 212312001 :112312001 2I23l2001 2123/2001 

GRAB GRAB GRAB GRAB GRAB 
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

075847 07SS48 07S1148 07SS48 07_ 078B48 
0758470204 07SS480001 0158_ 07SS400001 07884_ 078B4_-AVG 
07511470204 07_' 07SB_ 07SS400001 07SB4_ FOO3OiI0202 

NORIW. NORMAL NORMAL NORMAL ORK! AVG 
SB ss S8 58 58 SB 

2'-4' 0'·1' 2'-4' 0'-1' 2'-4' 2'-4' 
3I6l2OO2 3IlII2OO2 3IlII2OO2 _2 3IlII2OO2 3IlII2OO2 
GRAB GRAB GRAB GRAB GRAB GRAB 
0.5 U 0.5 U 0,5 U 0.5 U 0.5 U 0.5 U 

075853 07SB53 
07S&53oool 07SB530204 
07SS53ooo1 07SB530204 

NORMAL NORMAL 
ss 58 

0'-1' 2'-4' 
3I6l2OO2 3I6l2OO2 
GRAB GRAB 
0.5 U 0.5 U 



TABLE 3-2 

ANALYTICAL SOIL RESULTS 
2.6-DNT 

OLD RIFLE RANGE 
NSWC CRANE, INDIANA 
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07S80.3 
07SBW02M 
07580302M 

NORMAL 
SB 

2'-4' 
MU2001 

GRAB 
0.5 U 

075810 
07SBlm001 
07SBlWWl 

NORMAL 
SS 

v.1'  
2RaRml 

GRAB 
0 5  U 

07SB15 
07SBlMYY)l-AVO 

FWZ220101 
AVG 
SS 

v.1'  
ZR2nW1 

GRAB 

07SBM 
07SBMOWl 
07SBM0001 

NORMAL 
SS 

0'-1'  
ZRYMO1 

GRAB 
0.5 U 

07SB10 
07S81002M 
07SB1002M 

NORMAL 
SB 
r . 4' 

2RaRml 
GRAB 
0.5 U 

075815 
07SB160001-D 

FMnaZOlOl 
DUP 
SS 

0-1 '  
1RZRW1 

GRAB 

LOCATION 
NSAMPLE 
SAMPLE 
SACODE 
SUBMATRU( 
DEPTH RANGE 
SAMPLE DATE 
COLL. METH. 
2.6-DINITROTOLUENE (MOKG) 

LOCATION 
NSAMPLE 
SAMPLE 
SACODE 
SUBMATRIX 
DEPTH RANGE 
SAMPLE DATE 
COLL. METH. 
2.6-DINITROTOLUENE (MWKG) 

LOCATION 
NSAMPLE 
SAMPLE 
SACODE 
SUBMATRIX 
DEPTH RANGE 
SAMPLE DATE 
COLL. METH. 

O7SB05 
07SBaWM1 
07S8M0001 

NORMU. 
56 

0'-1'  
MJR001 

GRAB 
0 5  W 

075811 
07581102M 
07S81102a( 

ORKi 
SB 
r.4' 

?IPROO1 
GRAB 
0.5 U 

078816 
0 7 S 8 1 0 0 1  
0 7 S B l 0 0 1  

NORMAL 
SS 

0'-1'  
2RaRm1 

GRAB 

075801 
0758040204 
07SBM02M 

NORUM 
SB 
r-4' 

M l t 2 W 1  
GRAB 
0 5  U 

07SB11 
07SB110001 
07SB110001 

NORMAL 
SS 

0'-1, 
2RaRml 

GRAB 
0.5 U 

O7SB15 
07S815U204 
07SBlWaM 

NORMAL 
SB 

r . 4 '  
u M o o 1  

GRAB 

075822 
07SBpmDI 
0766W.0204 

NORMAL 
5 8  
T-4' 

ZrPRWl 
GRAB 
0.5 U 

075828 

07SB01 
0758010204 
0758010204 

NORMAL 
SB 
Z.4' 

M M W 1  
GRAB 
0 5  U 

07SB07 
07SB070001 
07SB070001 

NORMAL 
SS 

0'-1' 
MJR001 

GRAB 
0.5 U 

075812 
07SB120204 
07S812020( 

NORMAL 
SB 

r.4' 
ZRZRM)l 

GRAB 

075801 
07SB010001 
07S8010001 

NORMAL 
SS 

0'- 1' 
2 n M W 1  

GRAB 
0.5 U 

075806 
0758060204 
07S8060ZM 

NORMAL 
SB 

2 ' .  4' 
ZRMW1 

GRAB 
0.5 U 

075812 
07SB120001 
07SB120001 

NORMAL 
SS 

v .1 '  
M U 2 W l  

GRAB 

LOCATION 
NSAMPLE 
SMPLE 
SACODE 
SUBMATRIX 
DEPTH RANGE 
SAMPLE DATE 
COLL. METH. 
2.6-DINVROTOLUENE (MGIKG) 

NSAMPLE 07SB230001 07SB230001-AVO 0758230001-D 07SB230ZM 0758240001 1 0 7 ~ ~ 2 5 ~ 2 ~  0 7 ~ 8 ? ~ ~ ) 0 1  O ~ S B ~ ~ O Z M  0 7 ~ 8 2 7 0 ~ 1  0 7 ~ ~ 2 7 0 2 0 4  07682e0301 
SAMPLE 07SB23D001 FW2220103 FWn20103 07S8230204 07S8240001 1 07SB2502M 07S82001 07SB26G2M 07S8270001 07S82702M 0 7 S B 2 0 1  
SACODE ORE AVG DUP NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 
SUBMATRIX SS SS SS SB SS SB SS SB SS SB SS 
DEPTH RANGE 0'-1'  V.1' 0 ' -1 '  2' - 4' 0 ' -1 '  2'-4' 0,-1' 2,-4' 0'-1'  2'-4' V.1' 
SAMPLE DATE M M W l  M M W l  M22001 M 2 R W 1  ZRMW1 ZRjrmOl M-1 M M W 1  M M w 1  MjRml ZRJR00l 
COLL. METH. GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB 
2.6-DINITROTOLUENE (MWKG) 0.5 U 0 5  U 0.5 U 0.5 U 0 5  U 0 5  U 0.5 U 0 5  U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

LOCATION 
NSAMPLE 
SAMPLE FW3060202 07SSSOOOOl 07SB50mM 07SS510001 07SB5102M O7SS520001 07SB5202M 07SSU0001 0758630204 
SACODE DUP NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 
SUBMATRIX 
DEPTH RANGE 
SAMPLE DATE -Om 
COLL. METH. GRAB GRAB GRAB GRAB 

O7SBW 
07SB050201 
07SBOMnM 

NORUM 
SB 

2'-4'  
M 3 n W 1  

GRAB 
0 5  U 

m s 8 l l  
07SBllOIOCAVG 

F-102 
AVG 
SB 
r-4' 

2NRml 
GRAB 
0.5 U 

076816 
0758190204 
07SBl90204 

NORUM 
SB 
r.4' 

Z l P R W l  
GRAB 

07SB02 
07SB020001 
0758020001 

NORMAL 
SS 

0'- 1' 
M M W 1  

GRAB 
0.5 U 

07SB07 
0758070204 
07S807@204 

NORMAL 
SB 
r.4' 

ZRMW1 
GRAB 
0.5 U 

075813 
0758130001 
07SB130001 

NORMAL 
SS 

w.1' 
M l R W 1  

GRAB 

LOCATION 075823 075823 07SB23 075823 07SB24 075825 075826 075826 07SW27 075827 

079817 
07SB170001-AVG 

FW2230101 
AVG 
SS 

W.1' 
M 3 R W l  

GRAB 
0 5 U 

07SB06 
07SBOBmOl 
07S8080001 

NORUM 
SS 

0 - 1 '  
YUR001 

GRAB 
0.5 U 

07SB11 
07SBll02M-D 
F-0102 

DUP 
SB 

z.4' 
u M o o 1  

GRAB 
0 5  U 

07SB17 
0758170001 
07SB170001 

ORB 
SS 

v.1' 
MJR001 

GRAB 
0.5 U 

O7SB02 
07S8020204 
07S8020204 

ORB 
SB 
2'. 4' 

MU2001 
GRAB 
0.5 U 

075808 
07SB080001 
07S8080001 

NORMAL 
SS 

v.1'  
ZR3RW1 

GRAB 
0.5 U 

07SW13 
07S81302M 
0758130204 

NORMAL 
SB 
r.4' 

M l R M l l  
GRAB 

075817 
07SB170001-D 
FW2230101 

DUP 
SS 

V.1' 
M M W l  

GRAB 
0 5  U 

07S817 
07581702M 
07SB170ZW 

NORMAL 
SB 
2-4' 

M M W 1  
GRAB 
0 5  U 

07S803 
07SB030001 
07SB030001 

NORMAL 
SS 

0'-1'  
M3R001 

GRAB 
0 5  U 

07SBW 
07S80902M 
07SBOW2M 

NORMAL 
SB 
2.4' 

Z R M W l  
GRAB 
0.5 U 

078815 
07S8150W1 
OTSBl50Wl 

ORKi 
SS 

oa. ln  
ZR2RWl 

GRAB 

075802 
07SB020204-AVO 

FW2230103 
AVG 
SB 

Z.4' 
M 3 R W l  

GRAB 
0.5 U 

079808 
07SBOW2M 
07SBOBOm 

NORMAL 
SB 
r-4' 

M M W 1  
GRAB 
0.5 U 

07SB14 
OISB140001 
07SB140001 

NORMAL 
SS 

v.1, 
2RZRW1 

GRAB 

07SBO2 
07SB0202M-D 
FD022M103 

DUP 
SB 
2'-4' 

M M W 1  
GRAB 
0 5  U 

0758W 
O7SBOWMl 
07SBOW001 

NORMAL 
SS 

0'-1- 
M M W l  

GRAB 
0.5 U 

075814 
0758140204 
07S81402M 

NORMAL 
SB 

2'-4' 
l R Z R W l  

GRAB 

07SB18 
07SBlBOM)l 
0 7 5 8 1 0 0 1  

NORMAL 
SS 

0'-1'  
M m W 1  

GRAB 
0.5 U 

075818 
07SBlW2M 
07SBlWZM 

NORMAL 
5 8  

2'-4' 
2 n M W 1  

GRAB 
0 5  U 

075819 
07SBlW001 
07SBlW001 

NORMAL 
SS 

0'-1'  
2RZRW1 

GRAB 
0 5  U 

07SB10 
07S81902M 
07SBlW2M 

NORMAL 
SB 
2,-4' 

M M W 1  
GRAB 
0 5  U 

07SB20 
0788200001 
0758200001 

NORMAL 
SS 

0'-1'  
M M W l  

GRAB 
0 5  U 

078820 
07SBZWZM 
0758200204 

NORMAL 
SB 
2'-4' 

ZIPROO1 
OR AB 
0 5  U 

075821 
07SB210001 
07SB210001 

NORUM 
S6 

On- 1' 
M2R001 

GRAB 
0.5 U 

078821 
0758210ZW 
0768210204 

NORUM 
SB 

2'-4' 
-1 

GRAB 
0.5 U 

076822 
07SBPOQ)l 
07SB?na01 

NORMAL 
SS 

0 - 1 '  
2RaRml 

GRAB 
0.5 U 



LOCATION OrS801 07SBOl 07Sl102 
NSAMPl.£ 078B010001 07S9010204 07S8020001 
8AMPLE 0788010001 0789010204 07S8020001 
SACOOE NOlIMAL NORMAL NOlIMAL 
SUBMATRIX SS S8 55 
DEPTH RANGE 0'·1' 2'·4' 0' ·1' 
SAMPLE DATE 212312001 2I2:v.zool 212312001 
COLL,METH, GRAB GRAB GRAB 
RDX RDX 0,5 U 0,5 U 0,5 U 

LOCATiON "'075906 01S807 075807 
NSAMPLE 0789060204 07S8070001 0759070204 
SAMPLE 078B060204 0789070001 075B070204 
SACOOE NORMAL NORMAL NORIIAL 
SUBMATRIX SB SS S8 
DEPTH RANGE 2'·4' 0'·1' 2'·4' 
S_LEDATE 212312001 2I23Il00l 2123r.!OO1 
COLL,METH, GRAS GRAS GRAB 
ROX ROX 0.5 U 0,5 U 0,5 U 

'i:OCA'TION 078812 07SB12 07S813 
NSAMPLE 0758120001 07S8120204 0759130001 
5AMPLE 0758120001 0758120204 0759130001 
SACOOE NORIIAL NORIIAL NORIIAL 
SU811ATRIX 55 S8 SS 
DEPTH RANGE 0'·1' 2'·4' 0'·1' 
SAMPLE DATE 2J22I2OO1 2J22I2OO1 212112001 
CDLl,IIETH, GRAB GRAS GRAIl 
RDX ROX 0.5 U 0.5 U 0.5 U 

LOCATION 075817 078817 07S817 
NSAMPl.£ 07SB170001·AVG 07SB17ooo1·0 0788170204 
SAMPU; FOO2230101 FD02230101 0759170204 
SACOOE AVG OUP NORMAL 
SUBIIATRIX 55 58 SB 
DEPTH RANGE 0',1' O·~ " 2',4' 
SAMPLE DATE 212312001 212312001 212312001 
COLl.IIETH, GRAS GRAS GRAB 
RDX ROX 05 U aLl) 0.5 U 

LOCATION "-075823 07$923 078823 
NSAIIPU; 0759230001 0789230001,AVG 07SB23000I·O 
SAMPLE 0789230001 FD02220103 FD02220103 
SACOOE ORIG AVG DUP 
SUBIIATRIX 55 55 ss 
DEPTH RANGE 0' ,1' 0' ·1' 0' ·1' 
SAMPLE DATE 212212001 212212001 2I22l2001 
COLl.IoIETH, GRAB GRAS GRAB 
ROX mDXl 0,5 U 05 U 0,5 U 

IOCATIQN-- 075948 07$950 015850 
NSAMPLE 07S94110204·0 07SS500001 0759500204 
SAMPLE FOO3060202 07SS5()OOO1 0759500204 
5ACODE OUP NORIoIAL NORIIAL 
SU811ATRIX SB 55 58 
OEP1HRANQE 2'·4' 0'·1' 2'· 4' 
SAMPLE DATE 3I6l2OO2 3IlII2002 3I6l2OO2 
CDLl.ME1H, GRAB GRAB GRAB 
ROX lROXl 0,5 U 0.5 U 0,5 U 

~lldl:at65 a posMiw detKtion 

07S802 
07SB0202G4 
0789020204 

ORIO 
S8 

2' ·4' 
2J23i2001 

GRAB 
0,5 U 

07S81l8 
07S8080001 
075I1080001 

NORIIAL 
SS 

0'·1' 
2123r.!OO1 

GRAB 
0.5 U 

07SB13 
075Bl_ 
07591_ 

NOlIIIAL 
!Ill 

2'·4' 
212112001 

GRAB 
0.5 U 

07SB18 
0758180001 
07S818OOO1 

NORIIAL 
SS 

0'·1' 
212212001 

GRAB 
0.5 U 

07S802 

TASU; 3-2 

ANALYTICAL SOIL RESULTS 
ROX 

OLD RIFLE RANGE 
NSWC CRANE, INDIANA 
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07SB02 07S803 
07SB020204·AVG 07S8020204-0 07S8030001 

FD02230103 FD02230103 07SB030001 
AVG OUP NORMAL 
S8 S9 55 

2'·4' 2'·4' 0'. l' 
2I23r.!OO1 212312001 2I23r.!OO1 

GRAS GRAB GRAB 
0,5 U 0.5 U 05 U 

075808 0758011 07S8011 
0789080204 07S8011OOOI 07$9_ 
07S9080204 07SBOIIOOOl 07S80110204 

NORIIAL NORIIAL NORIIAL 
S8 58 SB 

2'·4' 0'·" 2',4' 
2123r.!OO1 212312001 212312001 

GRAB GRAB GRAB 
0.5 U 0,5 U 0,5 U 

075814 078B14 07SB15 
0759140001 0759140204 07SBl50001 
0759140001 07SB140204 07SB15()OO1 

NORIoIAL NORIIAL ORIG 
55 S8 SS 

0' ,1' 2'·4' 0',1' 
2J22J2001 2I22l2001 =001 

GRAB GRAIl GRAB 
0,5 U 0,5 U 0,5 U 

075818 07S818 075818 
0188160204 0758180001 07581110204 
075Bl60204 07S8180001 0788180204 

NORIIAL NORIoIAL NORIoIAL 
59 SS SB 

2',4' 0',1' 2'·4' 
2I22l2001 212212001 212212001 

GRAS GRAB GRAS 
0.5 U 0,5 U 0,5 U 

'0751323 -- ----01SeZ4 075B24 078825 
07$9230204 0758240001 0789240204 0788250001 
0759230204 0759240001 0759240204 07582&0001 

IoiORIoIAL NORIoIAL NORIoIAL NORMAL 
S8 ss SB 5S 

2'· 4' 0'·1' 2',4' 0' ,1' 
212212001 212212001 =001 212312001 

GRAB GRAB GRAB GRAB 
0,5 U 0.5 U 0.5 U 0,5 U 

075B51 078B51 078852 078852 
07SS51OOO1 07S8510204 07SS52OOO1 07S95_ 
07SS51OOO1 07S8510204 0755520001 07SB520204 

NORIIAL NORIIAL NORMAL NORIIAL 
ss SB ss 58 

0 1 .1' 2'·4' 0',1' 2'·4' 
3I6l2OO2 3I6l2OO2 31612002 3I6l2OO2 
GRAB GRAB GRAB GRAB 
0,5 U 05l.J_ 0,5 U 05 U 

07_ 07SB04 07_ 
0788030204 0758040001 078_ 
0759030204 07S804oool 07_0204 

NORIIAL NORIIAL NORIIAL 
S8 55 SB 

2' ·4' 0' ·1' 2'·4' 
212312001 2J23i2001 2123r.!OO1 

GRAB GRAB GRAB 
0,5 U 0,5 U 0,5 U 

07S810 078910 07S811 
0789100001 07S9100204 0759110001 
0759100001 0788100204 0759110001 

NORIIAL NORIIAL NORIIAL 
SS S8 sa 

0'·1' 2' ·4' 0'·1' 
2J22J2001 2J22J2001 2J22J2001 

GRAS GRAB GRAB 
0,5 U 05 U 0,5 U 

07S915 07SB15 075B15 
07S8150001·AVG 07SBl50001·0 0788150204 

FD02220101 FD02220101 07881_ 
AVG DUP NORIoIAL 
SB 55 SB 

0'·1' 0',1' 2'·4' 
212212001 2I22l2OO1 2I22l2001 

GRAB GRAB GRAS 
0,5 U 0,5 U 0.5 u 

07SB20 07S820 07SB21 
07S8200001 0158200204 0758210001 
07SB200001 07SB200204 0788210001 

NORMAL NORIIAL NORIoIAL 
58 S8 SS 

0' ,1' 2'·4' 0' ·1' 
212212001 2J22J2001 =001 

GRAB GRAB GRAB 
0,5 U 0,5 U 0.5 U 

07SB25 07SB26 07S82& 
07S8250204 078B260001 07882&0204 
0758250204 07SB25OOO1 07582_ 

NORIoIAL NOlIMAL NORMAL 
S8 88 S8 

2'·4' 0'·1' 2'·4' 
2!231lOO1 2J23IlOOl 2!23r.!OO1 

GRAB GIIAB GRAS 
0,5 U 0,5 U 0.5 U 

OlSB53 07SB53 
07SSS30001 0758_ 
07SSS30001 0758530204 

NORIIAL NORIIAL 
ss SB 

0'· l' 2'·4' - 3I6l2OO2 
GIIAB GRAB 
0,5 U 0,5 U 

07SB05 
07S8050001 
07S8050001 

NORIIAL 
SS 

0'·1' 
2I23r.!OO1 

GIIAB 
0,5 UJ 

078911 
075B110204 
07S8110204 

ORIO 
SB 

2' ·4' 
2J22J2001 

GIIAB 
0,5 U 

07SB1& 
07SBl50001 
07SBl50001 

NORIIAL 
SS 

0'.1 1 

2J22J2001 
GRAB 
0,$ U 

'07S821 
07S8210204 
0768210204 

NORIIAL 
SB 

2'·4' 
2J22J2001 

GRAB 
0.5 U 

07S821 
0158270001 
07S827oool 

NORMAL 
ss 

0'· I' 
2I231lOO1 

GRAB 
0,5 U 

07S805 
015_ 
0759_ 

NORMAL 
S8 

2'·4' 
2I23r.!OO1 

GRAB 
0,5 U 

07S811 
0759110204-AVG 

FD02220102 
AVG 
!Ill 

2'·4' 
2J22J2001 

GRAB 
0.5 U 

07SB1. 
07S8160204 
07SB1_ 
_MAL 

SB 
2'·4' 

2I22l2001 
GRAB 
0.5 U 

07SB22 
0758220001 
078B22oool 

_IoIAL 
55 

0' ·1' 
2J22J2001 

GRAB 
{l,$ U 

07SB27 
07S8270204 
07SB270204 

NORIIAL 
58 

2'· 4' 
2I23r.!OO1 

GRAB 
0,5 U 

07884_ 
07584_ 

ORIO 
SB 

07S806 
0788060001 
0758060001 

NORIIAL 
55 

0' ·1' 
2I23r.!OO1 

GRAB 
0,5 U 

07SBll 
07S8110204-0 

FD02220102 
OUP 
SB 

2' ·4' 
2J22J2001 

GRAB 
0,5 U 

07S817 
0789170001 
0788170001 

ORIO 
SS 

0'·1' 
2I231lOO1 

GRAB 
0,5 U 

07SB22 
07SB220204 
07SB220204 

NORMAL 
SB 

2' ,4' 
2J22J2OO1 

GRAB 
0,5 U 

07S828 
07$8280001 
0788280001 

NORMAL 
ss 

O' ·1' 
2J23IlOOl 

GRAB 
0,5 U 

07SB4_·AVG 
FD03080202 

AVG 
S8 



location 075BOI 075BOI 075B02 
nsample 075B01000l 075B010204 075B020001 
sample 075B01000l 075B010204 075B020001 
sacode NORMAL NORMAL NORMAL 
depthJange 0' - l' 2' - 4' 0' - l' 
sample_date 212312001 212312001 212312001 
coli method GRAB GRAB GRAB 
HEPTACHLOR EPOXIDE (UG/KG!. 2.1 U 2.2 U 2.1 U 

location 075B06 075B06 075B07 
nsample 075B060001 075B060204 075B070001 
sample 075B060001 075B060204 075B070001 
sacode NORMAL NORMAL NORMAL 
depth_range 0' - l' 2' - 4' 0' - l' 
sample_date 212312001 212312001 212312001 
coli method GRAB GRAB GRAB 
HEPTACHLOR EPOXIDE tUG/KG) 2 U 2.1 U 2.1 U 

location 075Bl1 075Bl1 075B12 
nsample 75Bll0204-AV P75B 11 0204-[ 075B120001 
sample F002220102 F002220102 075B120001 
sacode AVG OUP NORMAL 
depth_range 2' - 4' 2' - 4' 0' - l' 
sample_date 212212001 212212001 212212001 
coli method GRAB GRAB GRAB 
HEPTACHLOR EPOXIDE (UG/KG) 2.1 U 2.1 U 2.1 U 

location 075B16 075B16 07SB17 
nsample 075B160001 075B160204 075B170001 
sample 075B160001 075B160204 075B170001 
sacode NORMAL NORMAL OUP 
depth_range 0' - l' 2' - 4' 0' - l' 
sample_date 212212001 212212001 212312001 
coli method GRAB GRAB GRAB 
HEPTACHLOR EPOXIDE (UG/KG) 2 U 2.2 U 2.1 U 

location 075B21 075B21 075B22 
nsample 075B210001 075B210204 075B220001 
sample 075B210001 075B21 0204 075B220001 
sacode NORMAL NORMAL NORMAL 
depth_range 0' - l' 2' -4' 0' - l' 
sample_date 212212001 212212001 212212001 
coli method GRAB GRAB GRAB 
HEPTACHLOR EPOXIDEJUG/KGl. 2.2 U 2.2 U 2.2 U 

location 075B26 075B26 075B27 
nsample 075B260001 075B260204 075B270001 
sample 075B260001 075B260204 075B270001 
sacode NORMAL NORMAL NORMAL 
depth_range 0' - l' 2' - 4' 0' -I' 
sample_date 212312001 212312001 212312001 
coli method GRAB GRAB GRAB 
HEPTACHLOR EPOXIOE (UG/KG) 2 U 2 U 2 U 

BOLD indicates a positive detection. 

075B02 
075B020204 
075B020204 

OUP 
2' - 4' 

212312001 
GRAB 
2.1 U 

075B07 
075B070204 
075B070204 

NORMAL 
2' - 4' 

212312001 
GRAB 
2.1 U 

075B12 
075B120204 
075B120204 

NORMAL 
2' - 4' 

212212001 
GRAB 
21 U 

07SB17 

TABLE 3-2 

ANALYTICAL 50lL RE5UL T5 
HEPTACHLOR EPOXIDE 

OLD RIFLE RANGE 
N5WC CRANE, INDIANA 
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075B02 075B02 
075B020204-AVG 075B020204-0 

F002230103 F002230103 
AVG OUP 
2' - 4' 2' - 4' 

212312001 212312001 
GRAB GRAB 
2.1 U 2.1 U 

075B08 075B08 
075B080001 075B080204 
075B080001 075B080204 

NORMAL NORMAL 
0' - I' 2' - 4' 

212312001 212312001 
GRAB GRAB 
2.2 U 2.2 U 

075B13 075B13 
075B130001 075B130204 
075B130001 075B130204 

NORMAL NORMAL 
0' -1' 2' - 4' 

2121/2001 2121/2001 
GRAB GRAB 
2.3 U 2 U 

07SB17 075B17 
075B170001-AVG 075B170001-0 075B170204 

F002230101 F002230101 075B170204 
AVG DUP NORMAL 
0' - l' 0' - l' 2' - 4' 

212312001 212312001 212312001 
GRAB GRAB GRAB 
2.05 U 2 U 2 U 

075B22 075B23 075B23 
075B220204 075B230001 075B230001-AVG 
075B220204 075B230001 F002220103 

NORMAL OUP AVG 
2' - 4' 0' - l' 0' - l' 

212212001 212212001 212212001 
GRAB GRAB GRAB 
2.1 U 2.1 U 2.1 U 

075B27 075B28 075B28 
075B270204 075B280001 075B280204 
075B270204 075B280001 075B280204 

NORMAL NORMAL OUP 
2' - 4' 0' - l' 2' - 4' 

212312001 212312001 212312001 
GRAB GRAB GRAB 
2 U 2 U 2.1 U 

075B03 075B03 075B04 075B04 075B05 075B05 
075B030001 075B030204 075B040001 075B040204 075B05OO0l 075B050204 
075B030001 075B030204 075B040001 075B040204 075B050001 075B050204 

NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 
0' -I' 2' - 4' 0' - I' 2' - 4' 0' - l' 2' - 4' 

212312001 212312001 212312001 212312001 212312001 212312001 
GRAB GRAB GRAB GRAB GRAB GRAB 
2.1 U 2.2 U 2 U 2 U 2 U 2.1 U 

075B09 075B09 075Bl0 075Bl0 075Bl1 075Bl1 
075B090001 075B090204 075Blooo01 075Bl00204 075Bl1 0001 075Bll0204 
075B090001 075B090204 075Bl00001 075B 1 00204 075Blloool 075Bll0204 

NORMAL NORMAL NORMAL NORMAL NORMAL OUP 
0' - I' 2' - 4' 0' - l' 2' - 4' 0' - l' 2' - 4' 

212312001 212312001 212212001 212212001 212212001 212212001 
GRAB GRAB GRAB GRAB GRAB GRAB 
2.2 U 2.2 U 2.2 U 2.1 U 2.1 U 

075B14 075B14 075B15 075B15 075B15 075B15 
075B140001 075B140204 075B150001 75B150001-AV 75B150001- 075B150204 
075B140001 075B140204 075B150001 FOO2220101 FD02220101 075B150204 

NORMAL NORMAL OUP AVG OUP NORMAL 
0' - l' 2' - 4' 0' - l' 0' - l' 0' - l' 2' - 4' 

212212001 212212001 212212001 212212001 212212001 212212001 
GRAB GRAB GRAB GRAB GRAB GRAB 
4 UJ 2.1 UJ 2 U 2 UJ 2 UJ 2 U 

07SB18 075B18 075B19 075B19 075B20 075B20 
075B180001 075B180204 075B190001 075B190204 075B200001 075B200204 
075B180001 075B180204 075B190001 075B190204 075B200001 075B200204 

NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 
0' - I' 2' - 4' 0' - l' 2' -4' 0' - l' 2' -4' 

212212001 212212001 212212001 212212001 212212001 212212001 
GRAB GRAB GRAB GRAB GRAB GRAB 
2.1 U 2 U 2 U 2 U 2.2 U 2.1 U 

075B23 075B23 075B24 075B24 075B25 075B25 
075B230001-0 075B230204 075B240001 075B240204 075B250001 075B250204 

F002220103 075B230204 075B240001 075B240204 075B250001 075B250204 
OUP NORMAL NORMAL NORMAL NORMAL NORMAL 
0' -1' 2' - 4' 0' - l' 2' - 4' 0' - l' 2' - 4' 

212212001 212212001 212212001 212212001 212312001 212312001 
GRAB GRAB GRAB GRAB GRAB GRAB 
2.1 U 2 U 2.2 U 2.1 U 2.2 U 2.1 U 

075B28 075B28 J 
75B280204-AV P75B280204-0 

FD02230102 F002230102 
AVG OUP 
2' - 4' 2' - 4' 

212312001 212312001 
GRAB GRAB 
2.1 U 2.1 U 



location 
nsample 
sample 
sacode 
depthJange 
sample_date 
coli method 
ARSENIC MG/KG 

location 
nsample 
sample 
sacode 
depth_range 
sample_date 
coli method 
ARSENIC 

location 
nsample 
sample 
sacode 
depth_range 
sample_date 
coli method 
ARSENIC MG/KG 

location 
nsample 
sample 
sacode 
depthJange 

. sample_date 
coli method 
ARSENIC 

location 
nsample 
sample 
sacode 
depth_range 
sample_date 
coli method 
ARSENIC MG/KG 

location 
nsample 
sample 
sacode 
depth_range 
sample_date 
coli method 
ARSENIC 

BOLD 

07SB01 07SB01 07SB02 
07SB010001 07SB010204 07SB02OO01 
07SB010001 07SB010204 07SB020001 

NORMAL NORMAL NORMAL 
0' - l' 2' - 4' 0' - l' 

212312001 212312001 212312001 
GRAB GRAB GRAB 

07SB02 
07SB020204 
07SB020204 

OUP 
2' - 4' 

212312001 
GRAB 

TABLE 3-2 

ANALYTICAL SOIL RESULTS 
ARSENIC 

OLD RIFLE RANGE 
NSWC CRANE, INDIANA 
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07SB02 07SB02 
07SB020204-AVG 07SB020204-0 

F002230103 F002230103 
AVG DUP 
2' - 4' 2' - 4' 

212312001 212312001 
GRAB GRAB 

07SB03 07SB03 07SB04 07SB04 07SB05 07SB05 
07SB030oo1 07SB030204 07SB040001 07SB040204 07SB05OO01 07SB050204 
07SB030001 07SB030204 07SB040oo1 07SB040204 07SB05OOO1 07SB050204 

NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 
0' -1' 2' - 4' 0' - l' 2' - 4' 0' - l' 2' - 4' 

212312001 212312001 212312001 212312001 212312001 212312001 
GRAB GRAB GRAB GRAB GRAB GRAB 

77 66 79 6.15 64 11.5 74 127 72 10 7.6 

07SB06 07SB06 07SB07 07SB07 07SB08 07SB08 07SB09 07SB09 07SB10 07SB10 07SB11 07SB11 
07SB060oo1 07SB060204 07SB070001 07SB070204 07SB080001 07SB080204 07SB090001 07SB090204 07SB1ooo01 07SB1oo204 07SB11ooo1 07SB110204 
07SB060oo1 07SB060204 07SB070001 07SB070204 07SB080oo1 07SB080204 07SB090001 07SB090204 07SB100oo1 07SB100204 07SB11oo01 07SB110204 

NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL OUP 
0' - l' 2' - 4' 0' - l' 2' - 4' 0' - l' 2' - 4' 0' - l' 2' - 4' 0' - l' 2' - 4' 0' - l' 2' - 4' 

212312001 212312001 212312001 212312001 212312001 212312001 212312001 212312001 212212001 212212001 212212001 212212001 
GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB 

11 1 7.3 6.3 J 6.2 J 7.3 15.4 8.6 5 13 6 6 6.6 11 6 

07SB11 07SB11 07SB12 07SB12 07SB13 
7SB110204-AV 7SB11 0204- 07SB120001 07SB120204 07SB130001 

F002220102 F002220102 07SB12OO01 07SB120204 07SB130001 
AVG OUP NORMAL NORMAL NORMAL 
2' - 4' 2' - 4' 0' - l' 2' - 4' 0' - l' 

212212001 212212001 212212001 212212001 2121/2001 
GRAB GRAB GRAB GRAB GRAB 

07SB13 07SB14 
07SB130204 07SB14ooo1 
07SB130204 07SB14ooo1 

NORMAL NORMAL 
2' - 4' 0' - l' 

212112001 212212001 
GRAB GRAB 

07SB14 
07SB140204 
07SB140204 

NORMAL 
2' - 4' 

212212001 
GRAB 

07SB15 
07SB15OOO1 
07SB150oo1 

OUP 
0' - l' 

212212001 
GRAB 

07SB15 
7SB15OOO1-AV 

FOO2220101 
AVG 
0' - l' 

212212001 
GRAB 

07SB15 
7SB15OOO1-
FOO2220101 

OUP 
0' - l' 

212212001 
GRAB 

07SB15 
07SB150204 
07SB150204 

NORMAL 
2' - 4' 

212212001 
GRAB 

11.2 66 12.7 6.6J 7.7J 10.2 61 85 6.25 8 52 

07SB16 07SB16 07SB17 075B17 075B17 075B17 07SB18 075B18 07SB19 075B19 07SB20 075B20 
075B160001 075B1602\)4 07SB170001 07SB170001-AVG 07SB170001-0 075B170204 075B18oo01 075B180204 075B190oo1 075B190204 075B2oooo1 075B2oo204 
075B160001 075B160204 07SB170001 FOO2230101 F002230101 075B170204 075B18oo01 075B180204 07SB190oo1 075B190204 075B200oo1 075B2oo204 

NORMAL NORMAL OUP AVG OUP NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 
0' -1' 2' - 4' 0' - l' 0' -1' 0' - l' 2' - 4' 0' - l' 2' - 4' 0' - l' 2' - 4' 0' - l' 2' - 4' 

212212001 212212001 212312001 212312001 212312001 212312001 212212001 212212001 212212001 212212001 212212001 212212001 
GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB 

6.4 6.2 6.9 J 8.4 J 9.9 J 7.7 J 5.7 113 57 9 46 4.1 

07SB21 075B21 075B22 075B22 07SB23 075B23 075B23 075B23 075B24 075B24 075B25 075B25 
07SB21 0001 075B21 0204 075B22OOO1 07SB220204 07SB230001 75B230001-AV 075B230001-0 075B230204 075B240001 075B240204 075B25OOO1 075B250204 
07SB21 0001 075B21 0204 07SB22Ooo1 07SB220204 07SB230001 F002220103 F002220103 07SB230204 075B240oo1 075B240204 075B25OOO1 075B250204 

NORMAL NORMAL NORMAL NORMAL OUP AVG OUP NORMAL NORMAL NORMAL NORMAL NORMAL 
0' - l' 2' - 4' 0' - l' 2' - 4' 0' - l' 0' - l' 0' - l' 2' - 4' 0' - l' 2' - 4' 0' - l' 2' - 4' 

212212001 212212001 212212001 212212001 212212001 212212001 212212001 212212001 212212001 212212001 212312001 212312001 
GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB 

62 104 J 37 7.4 6.5 J 7.75 J 9 J 10.5 J 5.6 J 3.3 J 7.2 J 45 J 

07SB26 
07SB260001 
075B260001 

NORMAL 
0' - l' 

212312001 
GRAB 

075B26 
075B260204 
075B260204 

NORMAL 
2' - 4' 

212312001 
GRAB 

075B27 
07SB270001 
07SB270001 

NORMAL 
0' - l' 

212312001 
GRAB 

07SB27 
07SB270204 
075B270204 

NORMAL 
2' - 4' 

212312001 
GRAB 

075B28 
075B280001 
075B280001 

NORMAL 
0' - l' 

212312001 
GRAB 

07SB28 
075B280204 
075B280204 

DUP 
2' - 4' 

212312001 
GRAB 

075B28 
75B280204-AV 

FD02230102 
AVG 
2' - 4' 

212312001 
GRAB 

075B28 
75B280204-0 
F002230102 

OUP 
2' - 4' 

212312001 
GRAB 

4.1J 6.5J 13.4J 6.6J 13.4J 95J 9.2J 8.9J 

indicales a posijive detection. 



location 075BOI 075BOI 075B02 
nsample 075B01000l 075B010204 075B02oo01 
sample 075B01000l 075B010204 075B020001 
sac ode NORMAL NORMAL NORMAL 
depthJange 0' - l' 2' - 4' 0' - l' 
sample_date 212312001 212312001 212312001 
coli method GRAB GRAB GRAB 
BERYLLIUM JMG/KG) 0.96 U 0.9 U 0.89 U 

location 075B06 075B06 075B07 
nsample 075B060001 075B060204 075B070001 
sample 075B060oo1 075B060204 075B07oo01 
sacode NORMAL NORMAL NORMAL 
depthJange 0' - l' 2' - 4' 0' - l' 
sample_date 212312001 212312001 212312001 
coli method GRAB GRAB GRAB 
BERYLLIUM (MG/KG) 0.88 U , :; 0.91 U 

location 075Bll 075Bll 075B12 
nsample 75Bll0204-AV( 75B 11 0204-[ 075B12oool 
sample F002220102 F002220102 075B12OO01 
sacode AVG OUP NORMAL 
depthJange 2' - 4' 2' - 4' 0' -1' 
sample_date 212212001 212212001 212212001 
coli method GRAB GRAB GRAB 
BERYLLIUM (MG/KG) 0.92 U 0.91 U 0.89 U 

location 075B16 075B16 075B17 
nsample 075B16oo01 075B160204 075B 17000 1 
sample 075B160001 075B160204 075B170001 
sacode NORMAL NORMAL OUP 
depth_range 0' - l' 2' - 4' 0' - l' 
sample_date 212212001 212212001 212312001 
coli method GRAB GRAB GRAB 
BERYLLIUM (MG/KG~ 0.9 U 0.95 U 

lOcaiion 075B21 075B21 075B22 
nsample 075B21 0001 075B21 0204 075B220001 
sample 075B21 0001 075B21 0204 075B220001 
sacode NORMAL NORMAL NORMAl 
depth_range 0' - l' 2' - 4' 0' - l' 
sample_date 212212001 212212001 212212001 
call method GRAB GRAB GRAB 
BERYLLIUM (MG/KG) , -: 0.98 U 1 U 

location 075B26 075B26 075B27 
nsample 075B260001 075B260204 075B270001 
sample 075B260001 075B260204 075B27oo01 
sacode NORMAL NORMAL NORMAL 
depth_range 0' - l' 2' - 4' 0' - l' 
sample_date 212312001 212312001 212312001 
coli method GRAB GRAB GRAB 
BERYLLIUM (MG/KG) 0.9 U 0.91 U 0.87 U 

BOLD indicates a positive detection. 

075B02 
075B020204 
075B020204 

OUP 
2' - 4' 

212312001 
GRAB 
0.89 U 

075B07 
075B070204 
075B070204 

NORMAL 
2' - 4' 

212312001 
GRAB 

075B12 
075B120204 
075B120204 

NORMAL 
2' - 4' 

212212001 
GRAB 
0.91 U 

075B17 
075B170001-AVG 

F002230101 
AVG 
0' - l' 

212312001 
GRAB 
0.92 U 

075B22 
075B220204 
075B220204 

NORMAL 
2' - 4' 

212212001 
GRAB 
0.85 U 

075B27 
075B270204 
075B270204 

NORMAL 
2' - 4' 

212312001 
GRAB , .. 

TABLE 3-2 

ANALYTICAL 50lL RE5UL T5 
BERYLLIUM 

OLD RIFLE RANGE 
N5WC CRANE, INDIANA 
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075B02 075B02 
P75B020204-AVG 075B020204-0 

F002230103 F002230103 
AVG OUP 
2' - 4' 2' - 4' 

212312001 212312001 
GRAB GRAB 

0.895 U 0.9 U 

075B08 075B08 
075B080oo1 075B080204 
075B080oo1 075B080204 

NORMAL NORMAL 
0' - l' 2' - 4' 

212312001 212312001 
GRAB GRAB 
0.99 U 

075B13 075B13 
075B13OO01 075B130204 
075B130001 075B130204 

NORMAL NORMAL 
0' - l' 2' - 4' 

2121/2001 2121/2001 
GRAB GRAB 
1 UJ 0.86 UJ 

075B17 075B17 
075B170001-0 075B170204 

F002230101 075B170204 
OUP NORMAL 
0' - l' 2' - 4' 

212312001 212312001 
GRAB GRAB 
0.89 U 0.88 U 

075B23 075B23 
075B23OO01 75B230001-A V 
075B230001 F002220103 

OUP AVG 
0' - l' 0' - l' 

212212001 212212001 
GRAB GRAB 
0.97 U 0.95 U 

075B28 075B28 
075B280001 075B280204 
075B280001 075B280204 

NORMAL OUP 
0' - l' 2' - 4' 

212312001 212312001 
GRAB GRAB 
0.93 U 0.98 U 

075B03 075B03 075B04 075B04 075B05 075B05 
075B030oo1 075B030204 075B040001 075B040204 075B05OOO1 0758050204 
075B030001 075B030204 0758040001 075B040204 075B050oo1 075B050204 

NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 
0' - l' 2' - 4' 0' - l' 2' - 4' 0' - l' 2' - 4' 

212312001 212312001 212312001 212312001 212312001 212312001 
GRAB GRAB GRAB GRAB GRAB GRAB 
0.96 U 0.92 U 0.84 U 0.9 U 0.86 U 0.94 U 

075B09 075B09 075Bl0 075Bl0 075Bll 075Bll 
075B090oo1 075B090204 075Bloo00l 075B 1 00204 075Blloool 075Bll0204 
075B09OO01 075B090204 075Bl00001 075Bloo204 075Blloool 075Bll0204 

NORMAL NORMAL NORMAL NORMAL NORMAL OUP 
0' - l' 2' - 4' 0' -1' 2' - 4' 0' - l' 2' - 4' 

212312001 212312001 212212001 212212001 212212001 212212001 
GRAB GRAB GRAB GRAB GRAB GRAB 
0.95 U 0.9 U 0.9 U 0.89 U 0.85 U 0.93 U 

075B14 075B14 075B15 075B15 075B15 075B15 
075B140oo1 075B140204 075B150oo1 75B15Ooo1-AV P75BI5OOO1-[ 075B150204 
075B140001 075B140204 075B150oo1 FD02220101 FD02220101 075BI50204 

NORMAL NORMAL OUP AVG OUP NORMAL 
0' - l' 2' - 4' 0' - l' 0' - l' 0' - l' 2' - 4' 

212212001 212212001 212212001 212212001 212212001 212212001 
GRAB GRAB GRAB GRAB GRAB GRAB 

1 U 0.87 U 0.94 U 0.9 U 0.86 U 0.89 U 

075B18 075B18 075B19 075B19 075B20 075B20 
075B180001 075B180204 075B190001 075B190204 075B2Ooo01 075B2oo204 
075B18oo01 075B180204 075B190oo1 075B190204 075B2OOoo1 075B2OO204 

NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 
0' - l' 2' - 4' 0' - l' 2' - 4' 0' - l' 2' - 4' 

212212001 212212001 212212001 212212001 212212001 212212001 
GRAB GRAB GRAB GRAB GRAB GRAB 
0.89 U 0.92 U 0.84 U 0.82 U 0.98 U , . 
075B23 075B23 075B24 075B24 075B25 075B25 

075B23OO01-0 075B230204 075B240oo1 075B240204 075B250oo1 075B250204 
F002220103 075B230204 075B240oo1 075B240204 075B25Ooo1 075B250204 

OUP NORMAL NORMAL NORMAL NORMAL NORMAL 
0' - l' 2' - 4' 0' - l' 2' - 4' 0' - l' 2' - 4' 

212212001 212212001 212212001 212212001 212312001 212312001 
GRAB GRAB GRAB GRAB GRAB GRAB 
0.93 U 0.89 U 0.91 U 0.94 U 0.95 U 0.89 U 

075B28 075B28 J 
75B280204-AV 75B280204-0 

FD02230102 FD02230102 
AVG OUP 
2' - 4' 2' - 4' 

212312001 212312001 
GRAB GRAB 
0.93 U 0.88 U 



location 
nsample 
sample 
sacode 
depthJange 
sample_date 
coli method 
MANGANESE 

location 
nsample 
sample 
sacode 
depth_range 
sample_date 
coli method 
MANGANESE MG/KG 

location 
nsample 
sample 
sacode 
depth_range 
sample_date 
coli method 
MANGANESE MG/KG 

location 
nsample 
sample 
sacode 
depth_range 
sample_date 
coli method 
MANGANESE 

location 
nsample 
sample 
sacode 
depth_range 
sample_date 
coli method 
MANGANESE 

location 
nsample 
sample 
sRcode 
depth_range 
sample_date 
coli method 
MANGANESE 

BOLD 

MG/KG 

075BOI 
075B01000l 
075B01000l 

NORMAL 
0' - l' 

212312001 
GRAB 

075BOI 
075B010204 
075B010204 

NORMAL 
2' - 4' 

212312001 
GRAB 

075B02 
075B020oo1 
075B020001 

NORMAL 
0' - l' 

212312001 
GRAB 

075B02 
075B020204 
075B020204 

OUP 
2' -4' 

212312001 
GRAB 

TABLE 3-2 

ANALYTICAL 50lL RE5UL T5 
MANGANE5E 

OLD RIFLE RANGE 
N5WC CRANE, INDIANA 
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075B02 075B02 
075B020204-AVG 075B020204-0 

F002230103 F002230103 
AVG OUP 
2' - 4' 2' - 4' 

212312001 212312001 
GRAB GRAB 

075B03 
075B03OO01 
075B03OO01 

NORMAL 
0' - l' 

212312001 
GRAB 

075B03 
075B030204 
075B030204 

NORMAL 
2' - 4' 

212312001 
GRAB 

075B04 
075B040001 
075B04oo01 

NORMAL 
0' - l' 

212312001 
GRAB 

075B04 
075B040204 
075B040204 

NORMAL 
2' - 4' 

212312001 
GRAB 

075B05 075B05 
075B050001 075B050204 
075B05OOOI 075B050204 

NORMAL NORMAL 
0' - l' 2' - 4' 

212312001 212312001 
GRAB GRAB 

, 431 J 673 J 682 J 648 J 583 J 518 J 1200 J 688 J 718 J 632 J 723 J 984 J 

075B06 075B06 075B07 075B07 075B08 075B08 075B09 075B09 075Bl0 075B10 075Bll 075Bll 
075B060001 075B060204 075B070001 075B070204 075B080001 075B080204 075B09OO01 075B090204 075B10oo01 075Bloo204 075Blloool 075Bll0204 
075B06oo01 075B060204 075B070001 075B070204 075B08oo01 075B080204 075B09OO01 075B090204 075Bloo00l 075Bloo204 075Bll0ool 075Bll0204 

NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL OUP 
0' - l' 2' - 4' 0' - l' 2' - 4' 0' - l' 2' - 4' 0' - l' 2' - 4' 0' - l' 2' - 4' 0' - l' 2' - 4' 

212312001 212312001 212312001 212312001 212312001 212312001 212312001 212312001 212212001 212212001 212212001 2/22/2001 
GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB 
661 J 1080 J 1070 J 1860 J 749 J 1010 J 1240 J 897 J 965 J 295 J 701 J 602 J 

075Bll 
75Bll0204-AV 

F002220102 
AVG 
2' - 4' 

212212001 
GRAB 

075Bll 
75Bll0204-
F002220102 

OUP 
2' - 4' 

212212001 
GRAB 

075B12 
075B120oo1 
075B120001 

NORMAL 
0' - l' 

212212001 
GRAB 

075B12 075B13 075B13 
075B120204 075B130001 075B130204 
075B120204 075B130001 075B130204 

NORMAL NORMAL NORMAL 
2' - 4' 0' - l' 2' - 4' 

212212001 2121/2001 2121/2001 
GRAB GRAB GRAB 

075B14 075B14 075B15 
075B140001 075B140204 075B150001 
075B140001 075B140204 075B150oo1 

NORMAL NORMAL OUP 
0' - l' 2' - 4' 0' - l' 

212212001 212212001 212212001 
GRAB GRAB GRAB 

075B15 
75BI5OOOI-AV 

FD02220101 
AVG 
0' - l' 

2/22/2001 
GRAB 

075B15 
75B15Ooo1-
FD02220101 

OUP 
0' - l' 

2/2212001 
GRAB 

075B15 
075B150204 
075B150204 

NORMAL 
2' - 4' 

212212001 
GRAB 

631 J 750 J 754 J 975 J 149 J 1250 499 587 J 4555 J 324 J 1480 J 

075B16 075B16 075B17 
075B160001 075B160204 075B170001 
075B160001 075B160204 075B170001 

NORMAL NORMAL OUP 
0' - l' 2' - 4' 0' - l' 

212212001 212212001 212312001 
GRAB GRAB GRAB 

, 525 J 1640 J 413 J 

075B21 075B21 075B22 
075B21 0001 075B210204 075B220oo1 
075B21OO01 075B210204 075B22Ooo1 

NORMAL NORMAL NORMAL 
0' - l' 2' - 4' 0' - l' 

212212001 212212001 212212001 
GRAB GRAB GRAB 

075B17 
075B170oo1-AVG 

F002230101 
AVG 
0' - l' 

212312001 
GRAB 
, I 

075B22 
075B220204 
075B220204 

NORMAL 
2' - 4' 

212212001 
GRAB 

075B17 
075B170001-0 

FDO:!230101 
OUP 
0' - l' 

212312001 
GRAB 
': 

075B23 
075B230001 
075B230001 

OUP 
0' - l' 

212212001 
GRAB 

075B17 075B18 075B18 075B19 075B19 075B20 075B20 
075B170204 075B180001 075B180204 075B19OO01 075B190204 075B200001 075B2oo204 
075B170204 075B18oo01 075B180204 075B190001 075B190204 075B2ooool 075B2oo204 

NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 
2' - 4' 0' - l' 2' - 4' 0' - l' 2' - 4' 0' - l' 2' - 4' 

212312001 212212001 212212001 212212001 212212001 2122/2001 212212001 
GRAB GRAB GRAB GRAB GRAB GRAB GRAB 
363 J 296 J 197 J 622 J 82.7 J 452 J 1370 J 

075B23 075B23 075B23 
75B230001-AV 075B230001-0 075B230204 

F002220103 F002220103 075B230204 
AVG OUP NORMAL 
0' - l' 0' - l' 2' - 4' 

212212001 212212001 2122/2001 
GRAB GRAB GRAB 

075B24 075B24 
075B24OOOI 075B240204 
075B24Ooo1 075B240204 

NORMAL NORMAL 
0' - l' 2' - 4' 

2122/2001 212212001 
GRAB GRAB 

075B25 
075B25OO01 
075B25OOOI 

NORMAL 
0' - l' 

212312001 
GRAB 

075B25 
075B250204 
075B250204 

NORMAL 
2' - 4' 

212312001 
GRAB 

, 1930 J 439 J 292 J 236 J 1170 J 1175 J 1180 J 1150 J 400 J 170 J 775 J 475 J 

075B26 
075B260001 
075B260001 

NORMAL 
0' - l' 

212312001 
GRAB 

075B26 
075B260204 
075B260204 

NORMAL 
2' - 4' 

212312001 
GRAB 

075B27 
075B27oo01 
075B27oool 

NORMAL 
0' - l' 

212312001 
GRAB 

075B27 
075B270204 
075B270204 

NORMAL 
2' -4' 

212312001 
GRAB 

075B28 
075B280001 
075B280001 

NORMAL 
0' -1' 

212312001 
GRAB 

075B28 
075B280204 
075B280204 

OUP 
2' - 4' 

212312001 
GRAB 

075B28 
75B280204-AV 

F002230102 
AVG 
2' - 4' 

212312001 
GRAB 

075B28 
75B280204-0 
FD02230102 

DUP 
2' - 4' 

212312001 
GRAB 

, 372 J 571 J 706 J 1290 J 621 J 559 J 10395 J 1520 J 

indicates a pos~ive detection. 



location 07SB29 07SB29 
nsample 07SB290001 07SB290001-AVG 
sample 07SB29OO01 FD02240101 
sacode DUP AVG 
depthJange 0' - l' 0' -1' 
sample_date 02124101 02124/01 
coli method GRAB GRAB 
BENZO~A1ANTHRACENElUG/KG) 8 U 8 U 

location 07SB32 07SB33 
nsample 07SB320204 07SB330001 
sample 07SB320204 07SB330001 
sacode NORMAL NORMAL 
depth_range 2' - 4' 0' -1' 
sample_date 02121/01 02121/01 
coli method GRAB GRAB 
BENZO(A)ANTHRACENE(UG/KG) 8 U 8 U 

location 07CP37B 07CP37B 
nsample 07CP370001 07CP370204 
sample 07CP370001 07CP370204 
sacode NORMAL NORMAL 
depthJange 0' -1' 2' - 4' 
sample_date 02122101 02122101 
coli method COMPOSITE COMPOSITE 
BENZO(A)ANTHRACENE (UG/KG) . 8 UJ 

location 07CP40B 07CP41B 
nsample 07CP400204 07CP41 0001 
sample 07CP400204 07CP41 0001 
sacode NORMAL NORMAL 
depth_range 2' -4' 0' -1' 
sample_date 02121/01 02121/01 
coli method COMPOSITE COMPOSITE 
BENZO(A)ANTHRACENE (UG/KG) 8 U 8 U 

location 07CP44B 07CP44B 
nsample 07CP440001 07CP440001-AVG 
sample 07CP440001 FD02210102 
sacode DUP AVG 
depthJange 0' - l' 0' -1' 
sample_date 02121/01 02121101 
coli method COMPOSITE COMPOSITE 
BENZO(A)ANTHRACENE(UG~G) 8 U 8 U 

BOLD indicates a positive detection. 

TABLE 3-3 

ANALYTICAL SOIL RESULTS 
BENZO(A)ANTHRACENE 

OLD PISTOL RANGE 
NSWC CRANE, INDIANA 
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07SB29 07SB29 
07SB290001-D 07SB290204 

FD02240101 07SB290204 
DUP NORMAL 
0' -1' 2' - 4' 

02124/01 02124/01 
GRAB GRAB 

8 U 8 U 

07SB33 07SB34 
07SB330204 07SB340001 
07SB330204 07SB340001 

NORMAL NORMAL 
2' - 4' 0' -1' 

02121101 02121/01 
GRAB GRAB 
8 U 8 U 

07CP38B 07CP38B 

07SB30 
07SB300001 
07SB300001 

NORMAL 
0' -1' 

02124/01 
GRAB 

8 U 

07SB34 
07SB340204 
07SB340204 

NORMAL 
2' -4' 

02121/01 
GRAB 

8 U 

07CP38B 
07CP380001 07CP380001-AVG 07CP380001-D 
07CP380001 FD0221 01 03 FD0221 0103 

DUP AVG DUP 
0' -1' 0' -1' 0' -1' 

02121/01 02121/01 02121101 
COMPOSITE COMPOSITE COMPOSITE 

8 UJ 8 UJ 8 UJ 

07CP41B 07CP41B 07CP41B 
07CP41 0204 07CP410204-AVG 07CP410204-D 
07CP41 0204 FD02210101 FD02210101 

DUP AVG DUP 
2' - 4' 2' - 4' 2' - 4' 

02121/01 02121/01 02121/01 
COMPOSITE COMPOSITE COMPOSITE 

8 U 8 U 8 U 

07CP44B 07CP44B 07CP45B 
07CP440001-D 07CP440204 07CP450001 

FD02210102 07CP440204 07CP450001 
DUP NORMAL NORMAL 
0' - l' 2' - 4' 0' -1' 

02121/01 02121/01 02122101 
COMPOSITE COMPOSITE COMPOSITE 

8 U 8 U 8 UJ 

07SB30 07SB31 07SB31 07SB32 
07SB300204 07SB31 0001 07SB31 0204 07SB320001 
07SB300204 07SB31 0001 07SB31 0204 07SB320001 

NORMAL NORMAL NORMAL NORMAL 
2' - 4' 0' -1' 2' - 4' 0' - l' 

02124/01 02124/01 02124/01 02121101 
GRAB GRAB GRAB GRAB 

8 U 8 U 9 U 8 U 

07CP35B 07CP35B 07CP36B 07CP36B 
07CP350001 07CP350204 07CP360001 07CP360204 
07CP350001 07CP350204 07CP360001 07CP360204 

NORMAL NORMAL NORMAL NORMAL 
0' -1' 2' - 4' 0' -1' 2' - 4' 

02121/01 02122101 02121/01 02122101 
COMPOSITE COMPOSITE COMPOSITE COMPOSITE 

9 UJ 8 UJ 8 UJ 8 UJ 

07CP38B 07CP39B 07CP39B 07CP40B 
07CP380204 07CP390001 07CP390204 07CP400001 
07CP380204 07CP390001 07CP390204 07CP400001 

NORMAL NORMAL NORMAL NORMAL 
2' - 4' 0' -1' 2'- 4' 0' -1' 

02121/01 02121101 02121/01 02121/01 
COMPOSITE COMPOSITE COMPOSITE COMPOSITE 

8 UJ 8 UJ 8 UJ 8 U 

07CP42B 07CP42B 07CP43B 07CP43B 
07CP420001 07CP420204 07CP430001 07CP430204 
07CP420001 07CP420204 07CP430001 07CP430204 

NORMAL NORMAL NORMAL NORMAL 
0' -1' 2' - 4' 0' - l' 2' - 4' 

02121/01 02121/01 02121/01 02121101 
COMPOSITE COMPOSITE COMPOSITE COMPOSITE 

10 U 8 U 8 U 8 U 

07CP45B 07CP46B 07CP46B 
07CP450204 07CP460001 07CP460204 
07CP450204 07CP460001 07CP460204 

NORMAL NORMAL NORMAL 
2' - 4' 0' -1' 2' -4' 

02122101 02122101 02122101 
COMPOSITE COMPOSITE COMPOSITE 

8 UJ 8 UJ 8 UJ 



location 
nsample 
sample 
sacode 
depthJange 
sample_date 
coli method 
BENZO(A)PVRENE (UG/KC 

location 
nsample 
sample 
sac ode 
depth_range 
sample_date 
coli method 
BENZO(A)PVRENE (UG/KC 

075B29 
075B290001 
075B290001 

DUP 
0' -1' 

02124/01 
GRAB 
8 U 

075B32 
075B320204 
075B320204 

NORMAL 
2' - 4' 

02121/01 
GRAB 
8 U 

07CP37B 
07CP370OO1 
07CP37OO01 

NORMAL 
0' -1' 

02122101 

075B29 
075B290oo1-AVG 

FD02240101 
AVG 
0' - l' 

02124/01 
GRAB 
8 U 

075B33 
075B33OO01 
075B330001 

NORMAL 
0' -1' 

02121/01 
GRAB 
8 U 

07CP37B 
07CP370204 
07CP370204 

NORMAL 
2' - 4' 

02122101 

TABLE 3-3 

ANALYTICAL 50lL RE5UL T5 
BENZO(A)PYRENE 

OLD PI5TOL RANGE 
N5WC CRANE, INDIANA 
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075B29 075B29 075B30 
075B290001-D 075B290204 075B300001 

FD02240101 075B290204 075B3OO001 
DUP NORMAL NORMAL 
0' -1' 2' - 4' 0' -1' 

02124101 02124/01 02124101 
GRAB GRAB GRAB 
8 U 8 U 8 U 

075B33 07SB34 075B34 
075B330204 075B34oo01 075B340204 
075B330204 075B340001 075B340204 

NORMAL NORMAL NORMAL 
2' - 4' 0' -1' 2' - 4' 

02121101 02121101 02121/01 
GRAB GRAB GRAB 
8 U 8 U 8 U 

07CP38B 07CP38B 07CP38B 
07CP380001 7CP380001-AV 7CP380001-
07CP380001 FD0221 0103 FD0221 0103 

DUP AVG DUP 
0' -1' 0' -1' 0' -1' 

02121/01 02121/01 02121/01 

075B30 075B31 075B31 075B32 
075B300204 075B31 0001 075B31 0204 075B320001 
075B3OO204 075B31 0001 075B31 0204 075B320001 

NORMAL NORMAL NORMAL NORMAL 
2' - 4' 0' -1' 2' - 4' 0' -1' 

02124/01 02124/01 02124101 02121/01 
GRAB GRAB GRAB GRAB 
8 U 8 U 9 U 8 U 

07CP35B 07CP35B 07CP36B 07CP36B 
07CP350001 07CP350204 07CP360OO1 07CP360204 
07CP350001 07CP350204 07CP360001 07CP360204 

NORMAL NORMAL NORMAL NORMAL 
0' -1' 2' - 4' 0' -1' 2' - 4' 

02121/01 02122101 02121/01 02122101 
COMPOSITE COMPOSITE COMP051TE COMP051TE 

9 UJ 8 UJ 8 UJ 8 UJ 

07CP38B 07CP39B 07CP39B 07CP40B 
07CP380204 07CP390OO1 07CP390204 07CP4oooo1 
07CP380204 07CP390001 07CP390204 07CP400001 

NORMAL NORMAL NORMAL NORMAL 
2' - 4' 0' -1' 2' - 4' 0' -1' 

02121/01 02121101 02121/01 02121101 

location 
nsample 
sample 
sacode 
depth_range 
sample_date 
coli method 
BENZO A PVRENE 

COMP05ITE~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ COMPOSITE COMP051TE COMP051TE COMP051TE COMPOSITE COMPOSITE COMPOSITE COMP051TE 
8 UJ 8 UJ 8 UJ 8 UJ 8 UJ 8 UJ 8 UJ 8 U c 10 J 

location 07CP40B 07CP41B 07CP41B 07CP41B 07CP41B 07CP42B 07CP42B 07CP43B 07CP43B 
nsample 07CP400204 07CP41 0001 07CP41 0204 7CP410204-AV 7CP41 0204-[ 07CP42OO01 07CP420204 07CP430OO1 07CP430204 
sample 07CP400204 07CP41 0001 07CP41 0204 FD02210101 FD0221 01 01 07CP420001 07CP420204 07CP430oo1 07CP430204 
sacode NORMAL NORMAL DUP AVG DUP NORMAL NORMAL NORMAL NORMAL 
depth_range 2' - 4' 0' -1' 2' - 4' 2' - 4' 2' - 4' 0' -1' 2' - 4' 0' -1' 2' - 4' 
sample_date 02121/01 02121/01 02121/01 02121/01 02121101 02121/01 02121/01 02121101 02121/01 
coli method COMP051TE COMP051TE COMP051TE COMP051TE COMP051TE COMPOSITE COMPOSITE COMP051TE COMPOSITE 
BENZO(A)PVRENE (UG/KC 8 U 8 U 8 U 8 U 8 U 10 U 8 U 8 U 8 U 

location 07CP44B 07CP44B 07CP44B 07CP44B 07CP45B 07CP45B 07CP46B 07CP46B 
nsample 07CP440001 07CP440001-AVG 07CP440001-D 07CP440204 07CP45OO01 07CP450204 07CP460001 07CP460204 
sample 07CP440001 FD02210102 FD02210102 07CP440204 07CP450001 07CP450204 07CP46OO01 07CP460204 
sacode DUP AVG DUP NORMAL NORMAL NORMAL NORMAL NORMAL 
depthJange 0' -1' 0' -1' 0' -1' 2' - 4' 0' -1' 2' - 4' 0' -1' 2' - 4' 
sample_date 02121/01 02121/01 02121/01 02121/01 02122101 02122101 02122101 02122101 
coli method COMPOSITE COMP051TE COMP051TE COMPOSITE COMPOSITE COMPOSITE COMPOSITE COMPOSITE 
BENZO(A)PVRENE (UG/KC 8 U 8 U 8 U 8 U 8 UJ 8 UJ 8 UJ 8 UJ 

BOLD indicates a positive detection. 



location 07SB29 07SB29 
nsample 07SB290001 07SB290001-AVG 
sample 07SB290001 FD02240101 
sacode DUP AVG 
depth_range 0' -1' 0' -1' 
sample_date 02124/01 02124/01 
coli method GRAB GRAB 
BENZO(B)FLUORANTHENE (UG/KGl 8 U 8 U 

location 07SB32 07SB33 
nsample 07SB320204 07SB330001 
sample 07SB320204 07SB330001 
sacode NORMAL NORMAL 
depth_range 2' - 4' 0' -1' 
sample_date 02121/01 02121/01 
coli method GRAB GRAB 
BENZO(B)FLUORANTHENE (UG/KG) 8 U 8 U 

location 07CP37B 07CP37B 
nsample 07CP370001 07CP370204 
sample 07CP370001 07CP370204 
sacode NORMAL NORMAL 
depth3ange 0' -1' 2' - 4' 
sample_date 02122101 02122101 
coli method COMPOSITE COMPOSITE 
BENZO(B)FLUORANTHENE (UG/KG) 8 UJ 

location 07CP40B 07CP41B 
nsample 07CP400204 07CP41 0001 
sample 07CP400204 07CP41 0001 
sacode NORMAL NORMAL 
depth_range 2' - 4' 0' -1' 
sample_date 02121/01 02121/01 
coli method COMPOSITE COMPOSITE 
BENZO(B)FLUORANTHENE(UG/KG) 8 U 8 U 

location 07CP44B 07CP44B 
nsample 07CP440001 07CP440001-AVG 
sample 07CP440001 FD0221 0102 
sacode DUP AVG 
depth_range 0' -1' 0' -1' 
sample_date 02121/01 02121/01 
coli method COMPOSITE COMPOSITE 
BENZOlBlFLUORANTHENE (UG/KG) 8 U 8 U 

BOLD indicates a positive detection. 

TABLE 3-3 

ANALYTICAL SOIL RESULTS 
BENZO(B)FLUORANTHENE 

OLD PISTOL RANGE 
NSWC CRANE, INDIANA 
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07SB29 07SB29 
07SB290001-D 07SB290204 

FD02240101 07SB290204 
DUP NORMAL 
0' -1' 2' - 4' 

02124101 02124/01 
GRAB GRAB 
8 U 8 U 

07SB33 07S834 
07SB330204 07SB340001 
07SB330204 07SB340001 

NORMAL NORMAL 
2' - 4' 0' -1' 

02121/01 02121/01 
GRAB GRAB 
8 U 8 U 

07CP38B 07CP38B 
07CP380001 07CP380001-AVG 
07CP380001 FD02210103 

DUP AVG 
0' -1' 0' -1' 

02121/01 02121/01 
COMPOSITE COMPOSITE 

8 UJ 8 UJ 

07CP41B 07CP41B 
07CP41 0204 07CP410204-AVG 
07CP41 0204 FD02210101 

DUP AVG 
2' -4' 2' -4' 

02121/01 02121/01 
COMPOSITE COMPOSITE 

8 U 8 U 

07CP44B 07CP44B 
07CP440001-D 07CP440204 

FD02210102 07CP440204 
DUP NORMAL 
0' -1' 2' - 4' 

02121/01 02121/01 
COMPOSITE COMPOSITE 

8 U 8 U 

07SB30 07SB30 07SB31 07SB31 07SB32 
07SB300001 07SB300204 07SB310001 07S831 0204 07SB320001 
07SB300001 07SB300204 07SB31 0001 07SB31 0204 07S8320001 

NORMAL NORMAL NORMAL NORMAL NORMAL 
0' -1' 2' - 4' 0' -1' 2' - 4' 0' -1' 

02124101 02124101 02124101 02124/01 02121/01 
GRAB GRAB GRAB GRAB GRAB 
8 U 8 U 8 U 9 U 8 U 

07SB34 07CP35B 07CP35B 07CP36B 07CP36B 
07SB340204 07CP350001 07CP350204 07CP360001 07CP360204 
07SB340204 07CP350001 07CP350204 07CP360001 07CP360204 

NORMAL NORMAL NORMAL NORMAL NORMAL 
2' - 4' 0' -1' 2' - 4' 0' -1' 2' - 4' 

02121/01 02121/01 02122101 02121/01 02122101 
GRAB COMPOSITE COMPOSITE COMPOSITE COMPOSITE 
8 U 8 UJ 8 UJ 8 UJ 

07CP38B 07CP38B 07CP39B 07CP39B 07CP40B 
07CP380001-D 07CP380204 07CP390001 07CP390204 07CP400001 

FD0221 0103 07CP380204 07CP390001 07CP390204 07CP400001 
DUP NORMAL NORMAL NORMAL NORMAL 
0' -1' 2' - 4' 0' -1' . 2' - 4' 0' -1' 

02121/01 02121/01 02121/01 02121/01 02121/01 
COMPOSITE COMPOSITE COMPOSITE COMPOSITE COMPOSITE 

8 UJ 8 UJ 8 UJ 8 UJ 8 U 

07CP41B 07CP42B 07CP42B 07CP43B 07CP43B 
07CP410204-D 07CP420001 07CP420204 07CP430001 07CP430204 

FD02210101 07CP420001 07CP420204 07CP430001 07CP430204 
DUP NORMAL NORMAL NORMAL NORMAL 
2' - 4' 0' -1' 2' -4' 0' -1' 2' -4' 

02121101 02121/01 02121/01 02121/01 02121101 
COMPOSITE COMPOSITE COMPOSITE COMPOSITE COMPOSITE 

8 U 10 U 8 U 8 U 8 U 

07CP45B 07CP45B 07CP46B 07CP46B 
07CP450001 07CP450204 07CP460001 07CP460204 
07CP450001 07CP450204 07CP460001 07CP460204 

NORMAL NORMAL NORMAL NORMAL 
0' -1' 2' - 4' 0' -1' 2' - 4' 

02122101 02122101 02122101 02122101 
COMPOSITE COMPOSITE COMPOSITE COMPOSITE 

8 UJ 8 UJ 8 UJ 8 UJ 



location 07SB29 07SB29 
nsample 07SB290001 07SB290001-AVG 
sample 07SB290001 FD02240101 
sacode DUP AVG 
depth_range 0' -1' 0' -1' 
sample_date 02124/01 02124101 
coli method GRAB GRAB 
DIBENZO(A,H)ANTHRACENE (UG/KG 8 U 8 U 

location 07SB32 07SB33 
nsample 07SB320204 07SB330001 
sample 07SB320204 07SB330oo1 
sscode NORMAL NORMAL 
depth_range 2' - 4' 0' -1' 
ssmple_dste 02121/01 02121/01 
coli method GRAB GRAB 
DIBENZO(A,H)ANTHRACENE (UG/KG 8 UJ 8 UJ 

locstion 07CP37B 07CP37B 
nsample 07CP370oo1 07CP370204 
sample 07CP370OO1 07CP370204 
sacode NORMAL NORMAL 
depthJange 0' -1' 2' - 4' 
sample_date 02122101 02122101 
coli method COMPOSITE COMPOSITE 
DIBENZO(A,H)ANTHRACENE (UG/KG 9 UJ 8 UJ 

location 07CP40B 07CP41B 
nsample 07CP400204 07CP41 0001 
sample 07CP400204 07CP41 0001 
sacode NORMAL NORMAL 
depthJange 2' - 4' 0' -1' 
sample_date 02121/01 02121/01 
coli method COMPOSITE COMPOSITE 
DIBENZOiA,H~ANTHRACENE (UG/KG 8 UJ 8 UJ 

location 07CP44B 07CP44B 
nsample 07CP440001 07CP440001-AVG 
sample 07CP440OO1 FD02210102 
sacode DUP AVG 
depth_range 0' -1' 0' -1' 
sample_date 02121/01 02121/01 
coli method COMPOSITE COMPOSITE 
DIBENZO(A,H)ANTHRACENE (UG/KG 8 UJ 8 UJ 

BOLD indicates a positive detection. 

TABLE 3-3 

ANALYTICAL SOIL RESULTS 
DIBENZO(A,H)ANTHRACENE 

OLD PISTOL RANGE 
NSWC CRANE, INDIANA 
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07SB29 07SB29 
07SB290001-D 07SB290204 

FD02240101 07SB290204 
DUP NORMAL 
0' -1' 2' - 4' 

02124/01 02124101 
GRAB GRAB 
8 U 8 U 

07SB33 07SB34 
07SB330204 07SB340001 
07SB330204 07S8340001 

NORMAL NORMAL 
2' - 4' 0' -1' 

02121/01 02121101 
GRAB GRAB 
8 UJ 8 UJ 

07CP38B 07CP38B 
07CP38OO01 07CP380001-AVG 
07CP380001 FD0221 0103 

DUP AVG 
0' -1' 0' -1' 

02121/01 02121/01 
COMPOSITE COMPOSITE 

8 UJ 8 UJ 

07CP41B 07CP41B 
07CP41 0204 07CP410204-AVG 
07CP41 0204 FD02210101 

DUP AVG 
2' - 4' 2' - 4' 

02121/01 02121101 
COMPOSITE COMPOSITE 

8 UJ 8 UJ 

07CP44B 07CP44B 
07CP440001-D 07CP440204 

FD0221 0102 07CP440204 
DUP NORMAL 
0' -1' 2' - 4' 

02121101 02121/01 
COMPOSITE COMPOSITE 

8 UJ 8 UJ 

07SB30 07SB30 07SB31 07SB31 07SB32 
07SB300001 07SB3OO204 07SB31 0001 07S831 0204 07SB320001 
07SB300001 07SB3OO204 07SB31 0001 07SB31 0204 07SB320001 

NORMAL NORMAL NORMAL NORMAL NORMAL 
0' -1' 2' - 4' 0' -1' 2' - 4' 0' -1' 

02124/01 02124/01 02124101 02124/01 02121/01 
GRAB GRAB GRAB GRAB GRAB 
8 U 8 U 8 U 9 U 8 UJ 

07S834 07CP35B 07CP35B 07CP36B 07CP36B 
07SB340204 07CP350OO1 07CP350204 07CP360001 07CP360204 
07SB340204 07CP350OO1 07CP350204 07CP360001 07CP360204 

NORMAL NORMAL NORMAL NORMAL NORMAL 
2' - 4' 0' -1' 2' - 4' 0' -1' 2' - 4' 

02121/01 02121/01 02122101 02121/01 02122101 
GRAB COMPOSITE COMPOSITE COMPOSITE COMPOSITE 
8 UJ 9 UJ 8 UJ 8 UJ 8 UJ 

07CP38B 07CP38B 07CP39B 07CP39B 07CP40B 
07CP380001-D 07CP380204 07CP390001 07CP390204 07CP400001 

FD0221 0103 07CP380204 07CP390001 07CP390204 07CP4OOOO1 
DUP NORMAL NORMAL NORMAL NORMAL 
0' -1' 2' - 4' 0' -1' 2' - 4' 0' -1' 

02121/01 02121101 02121/01 02121/01 02121/01 
COMPOSITE COMPOSITE COMPOSITE COMPOSITE COMPOSITE 

8 UJ 8 UJ 8 UJ 8 UJ 8 UJ 

07CP41B 07CP42B 07CP42B 07CP43B ·07CP43B 
07CP410204-D 07CP420OO1 07CP420204 07CP43OO01 07CP430204 

FD02210101 07CP420OO1 07CP420204 07CP43oo01 07CP430204 
DUP NORMAL NORMAL NORMAL NORMAL 
2' - 4' 0' -1' 2' - 4' 0' -1' 2' - 4' 

02121/01 02121101 02121/01 02121/01 02121/01 
COMPOSITE COMPOSITE COMPOSITE COMPOSITE COMPOSITE 

8 UJ 10 UJ 8 UJ 8 UJ 8 UJ 

07CP45B 07CP45B 07CP46B 07CP46B 
07CP450001 07CP450204 07CP460001 07CP460204 
07CP450001 07CP450204 07CP46OO01 07CP460204 

NORMAL NORMAL NORMAL NORMAL 
0' -1' 2' - 4' 0' -1' 2' - 4' 

02122101 02122101 02122101 02122101 
COMPOSITE COMPOSITE COMPOSITE COMPOSITE 

8 UJ 8 UJ 8 UJ 8 UJ 



location 075829 075829 
nsample 0758290001 07S8290001-AVG 
sample 0758290001 FD02240101 
sacode DUP AVG 
depth_range 0' -1' 0' - l' 
sample_date 02124101 02124/01 
coli method GRA8 GRA8 
INDENO(l ,2,3-CD)PYRENE (UG/KG) 8 UJ 8 UJ 

location 075832 075833 
nsample 0758320204 0758330001 
sample 0758320204 0758330001 
sac ode NORMAL NORMAL 
depth_range 2' - 4' 0' -1' 
sample_date 02121/01 02121101 
cOII __ method GRAB GRAB 
INDENO(l ,2,3-CD)PYRENE (UG/KG) 8 U 8 U 

location 07CP378 07CP378 
nsample 07CP370001 07CP370204 
sample 07CP370001 07CP370204 
sacode NORMAL NORMAL 
depthJange 0' - l' 2' - 4' 
sample_date 02122101 02122101 
coli method COMPOSITE COMPOSITE 
INDENO(1,2,3-CD)PYRENE (UG/KG) 9 UJ 8 UJ 

location 07CP408 07CP418 
nsample 07CP400204 07CP41 0001 
sample 07CP400204 07CP410001 
sacode NORMAL NORMAL 
depth_range 2' - 4' 0' -1' 
sample_date 02121/01 02121/01 
coli method COMPOSITE COMPOSITE 
INDENO(1,2,3-CD)PYRENE (UG/KG) 8 U 8 U 

location 07CP448 07CP44B 
nsample 07CP440001 07CP440001-AVG 
sample 07CP440001 FD0221 01 02 
sacode DUP AVG 
depth_range O' -1' 0' -1' 
sample_date 02121/01 02121/01 
coli method COMPOSITE COMPOSITE 
INDENOJ1,2,3-CD)PYRENE (UG/KG) 8 U 8 U 

BOLD indicates a positive detection. 

TA8LE 3-3 

ANALYTICAL SOIL RESULTS 
INDENO(1,2,3-CD)PYRENE 

OLD PISTOL RANGE 
NSWC CRANE, INDIANA 
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075829 075829 
07S8290001-D 0758290204 

FD02240101 0758290204 
DUP NORMAL 
0' - l' 2' - 4' 

02124/01 02124101 
GRA8 GRA8 
8 UJ 8 UJ 

075833 075834 
0758330204 0758340001 
0758330204 0758340001 

NORMAL NORMAL 
2' - 4' 0' -1' 

02121/01 02121/01 
GRAB GRA8 
8 U 8 U 

07CP388 07CP388 
07CP380001 07CP380001-AVG 
07CP380001 FD02210103 

DUP AVG 
0' - l' 0' -1' 

02121/01 02121/01 
COMPOSITE COMPOSITE 

8 UJ 8 UJ 

07CP418 07CP418 
07CP41 0204 07CP410204-AVG 
07CP41 0204 FD02210101 

DUP AVG 
2' - 4' 2' - 4' 

02121101 02121/01 
COMPOSITE COMPOSITE 

8 U 8 U 

07CP448 07CP448 
07CP440001-D 07CP440204 

FD0221 01 02 07CP440204 
DUP NORMAL 

O' -1' 2' - 4' 
02121101 02121/01 

COMPOSITE COMPOSITE 
8 U 8 U 

075830 075830 075831 075831 075832 
0758300001 0758300204 0758310001 0758310204 0758320001 
0758300001 0758300204 0758310001 0758310204 0758320001 

NORMAL NORMAL NORMAL NORMAL NORMAL 
0' - l' 2' - 4' 0' -1' 2' - 4' 0' -1' 

02124101 02124101 02124101 02124/01 02121101 
GRA8 GRA8 GRA8 GRAB GRA8 
8 UJ 8 UJ 8 UJ 9 UJ 8 U 

075834 07CP358 07CP358 07CP368 07CP368 
0758340204 07CP350001 07CP350204 07CP360001 07CP360204 
0758340204 07CP350001 07CP350204 07CP360001 07CP360204 

NORMAL NORMAL NORMAL NORMAL NORMAL 
2' - 4' 0' - l' 2' -4' 0' -1' 2' - 4' 

02121/01 02121/01 02122101 02121/01 02122101 
GRA8 COMPOSITE COMPOSITE COMPOSITE COMPOSITE 
8 U 9 UJ 8 UJ 8 UJ 8 UJ 

07CP388 07CP388 07CP398 07CP398 07CP40B 
07CP380001-D 07CP380204 07CP390001 07CP390204 07CP400001 

FD02210103 07CP380204 07CP390001 07CP390204 07CP400001 
DUP NORMAL NORMAL NORMAL NORMAL 
0' -1' 2' - 4' 0' -1' 2' - 4' 0' -1' 

02121/01 02121101 02121/01 02121101 02121/01 
COMPOSITE COMPOSITE COMPOSITE COMPOSITE COMPOSITE 

8 UJ 8 UJ 8 UJ 8 UJ 8 U 

07CP418 07CP428 07CP428 07CP43B 07CP438 
07CP410204-D 07CP420001 07CP420204 07CP430001 07CP430204 

FD02210101 07CP420001 07CP420204 07CP430001 07CP430204 
DUP NORMAL NORMAL NORMAL NORMAL 
2' - 4' 0' -1' 2' - 4' 0' -1' 2' - 4' 

02121/01 02121101 02121/01 02121101 02121/01 
COMPOSITE COMPOSITE COMPOSITE COMPOSITE COMPOSITE 

8 U 10 U 8 U 8 U 8 U 

07CP458 07CP458 07CP468 07CP468 
07CP450001 07CP450204 07CP460001 07CP460204 
07CP450001 07CP450204 07CP460001 07CP460204 

NORMAL NORMAL NORMAL NORMAL 
0' -1' 2' - 4' 0' -1' 2' - 4' 

02122101 02122101 02122101 02122101 
COMPOSITE COMPOSITE COMPOSITE COMPOSITE 

8 UJ 8 UJ 8 UJ 8 UJ 



location 07SB29 07SB29 
nsample 07SB290001 07SB290001-AVG 
sample 07SB290001 FD02240101 
sacode DUP AVG 
depth_range 0' -1' 0' -1' 
8ample_date 02124/01 02124/01 
coli method GRAB GRAB 
2,4,6-TRINITROTOLUENE (MG/KG 0.5 U 0.5 U 

location 07SB32 07SB33 
nsample 07SB320204 07SB33OO01 
8ample 07SB320204 07SB330001 
8acode NORMAL NORMAL 
depth_range 2' - 4' 0' -1' 
sample_date 02121/01 02121/01 
coli method GRAB GRAB 
2,4,6-TRINITROTOLUENE (MG/KG 0.5 U 0.5 U 

location 07CP37B 07CP37B 
nsample 07CP370001 07CP370204 
sample 07CP370001 07CP370204 
8acode NORMAL NORMAL 
depth_range 0' -1' 2' - 4' 
sample_date 02122101 02122101 
coli method COMPOSITE COMPOSITE 
2,4,6·TRINITROTOLUENE (MG/KG 0.5 U 0.5 U 

location 07CP40B 07CP41B 
nsample 07CP400204 07CP41 0001 
sample 07CP400204 07CP41 0001 
sacode NORMAL NORMAL 
depth_range 2' - 4' 0' -1' 
sample_date 02121/01 02121/01 
coli method COMPOSITE COMPOSITE 
2,4,6-TRINITROTOLUENE (MG/KG 0.5 U 0.5 U 

location 07CP44B 07CP44B 
nsample 07CP440001 07CP440001-AVG 
sample 07CP440OO1 FD0221 01 02 
sacode DUP AVG 
depth_range 0' -1' 0' -1' 
sample_date 02121/01 02121101 
coli method COMPOSITE COMPOSITE 
2,4,6-TRINITROTOLUENE (MG/KG 0.5 U 0.5 U 

BOLD indicates a positive detection. 

TABLE 3-3 

ANALYTICAL SOIL RESULTS 
2,4,6-TNT 

OLD PISTOL RANGE 
NSWC CRANE, INDIANA 
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07SB29 07SB29 
07SB290001-D 07SB290204 

FD02240101 07SB290204 
DUP NORMAL 
0' -1' 2' - 4' 

02124/01 02124/01 
GRAB GRAB 
0.5 U 0.5 U 

07SB33 07SB34 
07SB330204 07SB340001 
07SB330204 07SB340001 

NORMAL NORMAL 
2' - 4' 0' -1' 

02121/01 02121/01 
GRAB GRAB 
0.5 U 0.5 U 

07CP38B 07CP38B 
07CP380001 07CP380001-AVG 
07CP380001 FD0221 01 03 

DUP AVG 
0' -1' 0' -1' 

02121/01 02121/01 
COMPOSITE COMPOSITE 

0.5 U 0.5 U 

07CP41B 07CP41B 
07CP41 0204 07CP410204-AVG 
07CP41 0204 FD02210101 

DUP AVG 
2' - 4' 2' - 4' 

02121/01 02121/01 
COMPOSITE COMPOSITE 

0.5 U 0.5 U 

07CP44B 07CP44B 
07CP440001-D 07CP440204 

FD0221 01 02 07CP440204 
DUP NORMAL 

0' -1' 2' - 4' 
02121/01 02121/01 

COMPOSITE COMPOSITE 
0.5 U 0.5 U 

07SB30 07SB30 07SB31 07SB31 07SB32 
07SB300001 07SB300204 07S831 0001 07SB31 0204 07SB320001 
07SB300001 07SB300204 07SB31 0001 07S831 0204 07SB32ooo1 

NORMAL NORMAL NORMAL NORMAL NORMAL 
0' -1' 2' - 4' 0' -1' 2' - 4' 0' -1' 

02124101 02124/01 02124/01 02124101 02121/01 
GRAB GRAB GRA8 GRAB GRAB 
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

07SB34 07CP358 07CP35B 07CP36B 07CP36B 
07SB340204 07CP35OO01 07CP350204 07CP36ooo1 07CP360204 
07SB340204 07CP350OO1 07CP350204 07CP360001 07CP360204 

NORMAL NORMAL NORMAL NORMAL NORMAL 
2' - 4' 0' -1' 2' - 4' 0' -1' 2' - 4' 

02121/01 02121/01 02122101 02121/01 02122101 
GRAB COMPOSITE COMPOSITE COMPOSITE COMPOSITE 
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

07CP388 07CP38B 07CP39B 07CP39B 07CP40B 
07CP380001-D 07CP380204 07CP39OO01 07CP390204 07CP400001 

FD0221 01 03 07CP380204 07CP390OO1 07CP390204 07CP4oooo1 
DUP NORMAL NORMAL NORMAL NORMAL 
0' -1' 2' - 4' 0' -1' 2' - 4' 0' -1' 

02121101 02121/01 02121101 02121/01 02121/01 
COMPOSITE COMPOSITE COMPOSITE COMPOSITE COMPOSITE 

0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

07CP41B 07CP428 07CP42B 07CP43B 07CP438 
07CP410204-D 07CP420OO1 07CP420204 07CP43OOO1 07CP430204 

FD0221 01 01 07CP420OO1 07CP420204 07CP43OO01 07CP430204 
DUP NORMAL NORMAL NORMAL NORMAL 
2' - 4' 0' -1' 2' - 4' 0' -1' 2' - 4' 

02121/01 02121101 02121/01 02121101 02121/01 
COMPOSITE COMPOSITE COMPOSITE COMPOSITE COMPOSITE 

0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

07CP45B 07CP458 07CP468 07CP46B 
07CP450001 07CP450204 07CP46OOO1 07CP460204 
07CP450001 07CP450204 07CP460OO1 07CP460204 

NORMAL NORMAL NORMAL NORMAL 
0' -1' 2' - 4' 0' -1' 2' - 4' 

02122101 02122101 02122101 02122101 
COMPOSITE COMPOSITE COMPOSITE COMPOSITE 

0.5 U 0.5 U 0.5 U 0.5 U 



TABLE 3-3 

ANALYTICAL SOIL RESULTS 
2,6-DNT 

OLD PISTOL RANGE 
NSWC CRANE, INDIANA 
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location 
nsample 
sample 
sacode 
depth-range 
sarnple-date 
coll-method 
2,6-DINITROTOLUENE (MGIKG) 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
2,6-DINITROTOLUENE (MGIKG) 

nsample 
sample 
sacode NORMAL NORMAL 
depth-range 2' - 4' 0' - 1' 
sample-date 02/21/01 02/21 101 

07SB31 
07SB310204 
078831 0204 

NORMAL 
2' - 4' 

02/24/01 
GRAB 
0.5 U 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
2,6-DINITROTOLUENE (MGIKG) 

07CP410204-AVG 
FD02210101 

AVG 
2' - 4' 

02/21/01 

078832 
07SB320001 
07SB320001 

NORMAL 
0 ' -1 '  

02/21/01 
GRAB 
0.5 U 

col l~method I COMPOSITE ( COMPOSITE I COMPOSITE I COMPOSITE 
2,6-DINITROTOLUENE (MG/KG) I 0.5 U I 0.5 U 0.5 U 0.5 U 

07SB29 
07SB290001 
07SB290001 

DUP 
0'-1'  

02/24/01 
GRAB 
0.5 U 

078832 
07SB320204 
07SB320204 

NORMAL 
2' - 4' 

02/21/01 
GRAB 
0.5 U 

07CP38B 
07CP380001-D 

FD02210103 
DUP 
0' - 1' 

02/21/01 
COMPOSITE 

0.5 U 

07SB30 
07SB300204 
07SB300204 

NORMAL 
2' - 4' 

02/24/01 
GRAB 
0.5 U 

078833 
07SB330001 
07SB330001 

NORMAL 
0 ' -1 '  

02/21/01 
GRAB 
0.5 U 

07CP38B 
07CP380001 -AVG 

FD02210103 
AVG 
0 ' -1 '  

02/21/01 
COMPOSITE 

0.5 U 

07CP37B 
07CP370001 
07CP370001 

NORMAL 
0 ' -1 '  

02/22/01 
COMPOSITE 

0.5 U 

07CP41 B 
07CP410204-D 

FD02210101 
DUP 
2' - 4' 

02/21/01 
COMPOSITE 

0.5 I J  

07SB31 
07SB310001 
07SB310001 

NORMAL 
0 ' -1 '  

02/24/01 
GRAB 
0.5 U 

07SB29 
07SB290001-AVG 

FD02240101 
AVG 
0'-1'  

02/24/01 
GRAB 
0.5 U 

078833 
07SB330204 
07SB330204 

NORMAL 
2' - 4' 

02/21/01 
GRAB 
0.5 U 

07CP388 
07CP380204 
07CP380204 

NORMAL 
2' - 4' 

02/21/01 1 

078834 
07SB340001 
07SB340001 

NORMAL 
0 ' -1 '  

02/21/01 
GRAB 
0.5 U 

07CP37B 
07CP370204 
07CP370204 

NORMAL 
2' - 4' 

02/22/01 
COMPOSITE 

0.5 U 

07CP39B 
07CP39o001 
07CP390001 

NORMAL 
0 ' -1 '  

02/21 101 

07CP36B 
07CP360204 
07CP360204 

NORMAL 
2' - 4' 

02/22/01 
COMPOSITE 

0.5 U 

078834 
07SB340204 
07SB340204 

NORMAL 
2' - 4' 

02/21/01 
GRAB 
0.5 U 

07CP38B 
07CP380001 
07CP380001 

DUP 
0 ' -1 '  

02/21/01 
COMPOSITE 

0.5 U 

07CP39B 
07CP390204 
07CP390204 

NORMAL 
2 ' -4 '  

02/21/01 

07SB30 
07SB300001 
07SB300001 

NORMAL 
0 ' -1 '  

02/24/01 
GRAB 
0.5 U 

07SB29 
07SB290001-D 

FD02240101 
DUP 
0 ' -1 '  

02/24/01 
GRAB 
0.5 U 

07CP420001 
07CP420001 

NORMAL 
0'- 1' 

02/21/01 

07SB29 
07SB290204 
07SB290204 

NORMAL 
2' - 4' 

02/24/01 
GRAB 
0.5 U 

07CP35B 
07CP350001 
07CP350001 

NORMAL 
0 ' -1 '  

02/21/01 
COMPOSITE 

0.5 U 

07CP42 B 
07CP420204 
07CP420204 

NORMAL 
2' - 4' 

02/21/01 
COMPOSITE 

0.5 U 

07CP43B 
07CP430001 
07CP430001 

NORMAL 
0 ' -1 '  

02/21/01 
COMPOSITE 

0.5 U 

07CP35B 
07CP350204 
07CP350204 

NORMAL 
2' - 4' 

02/22/01 
COMPOSITE 

0.5 U 

07CP40B 
07CP400001 
07CP400001 

NORMAL 
0'- 1' 

02/21/01 
COMPOSITE 

07CP36B 
07CP360001 
07CP360001 

NORMAL 
0 ' -1 '  

02121/01 
COMPOSITE 

0.5 U 

07CP430204 
07CP430204 

NORMAL 
2' - 4' 

02/21/01 

07CP46B 
07CP460204 
07CP460204 

NORMAL 
2' - 4' 

02/22/01 
COMPOSITE 

:b B i n d i c a t e s  a positive detection. 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
2,6-DINITROTOLUENE (MGIKG) 

07CP44B 
07CP440204 
07CP440204 

NORMAL 
2' - 4' 

02/21/01 
COMPOSITE 

0.5 U 

07CP45B 
07CP450001 
07CP450001 

NORMAL 
0'-1'  

02/22/01 
COMPOSITE 

0.5 U 

07CP44B 
07CP440001-D 
FD02210102 

DUP 
0 ' -1 '  

02/21/01 
COMPOSITE 

0.5 U 

07CP44B 
07CP440001 
07CP440001 

DUP 
0 ' -1 '  

02/21/01 
COMPOSITE 

0.5 U 

07C P44B 
07CP440001-AVG 

FD02210102 
AVG 
0 ' -1 '  

02/21 101 
COMPOSITE 

0.5 U 



TABLE 3-3 

ANALYTICAL SOIL RESULTS 
RDX 

OLD PISTOL RANGE 
NSWC CRANE, INDIANA 
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location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
RDX (MGIKG) 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
RDX (MGIKG) 

07SB29 
07SB290001 
07SB290001 

DUP 
0 ' -  1' 

02/24/01 
GRAB 
0.5 U 

078832 
07SB320204 
07SB320204 

NORMAL 
2' - 4' 

02/21/01 
GRAB 
0.5 U 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
RDX (MGIKG) 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
RDX (MGIKG) 

:a  D -indicates a positive detection. 

07SB29 
07SB290001-AVG 

FD02240101 
AVG 
0 ' -1 '  

02/24/01 
GRAB 
0.5 U 

07CP37B 
07CP370001 
07CP370001 

NORMAL 
0 ' -1 '  

02/22/01 
COMPOSITE 

0.5 U 

07CP37B 
07CP370204 
07CP370204 

NORMAL 
2' - 4' 

02/22/01 
COMPOSITE 

0.5 U 

07SB33 
07SB330001 
07SB330001 

NORMAL 
0 ' -  1' 

02/21/01 
GRAB 
0.5 U 

07CP38B 
07CP380001 
07CP380001 

DUP 
0' - 1' 

02/21/01 
COMPOSITE 

0.5 U 

07CP4OB 
07CP400204 
07CP400204 

NORMAL 
2' - 4' 

02/21/01 
COMPOSITE 

0.5 U 

07CP44B 
07CP440001-D 
FD02210102 

DUP 
0'-1'  

02/21/01 
COMPOSITE 

0.5 U 

07CP44B 
07CP440204 
07CP440204 

NORMAL 
2' - 4' 

02/21/01 
COMPOSITE 

0.5 U 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
RDX (MGIKG) 

07SB29 
07SB290001-D 

FD02240101 
DUP 
0 ' -1 '  

02/24/01 
GRAB 
0.5 U 

07SB33 
07SB330204 
07SB330204 

NORMAL 
2' - 4' 

02/21/01 
GRAB 
0.5 U 

07CP41 B 
07CP410204 
07CP410204 

DUP 
2' - 4' 

02/21/01 
COMPOSITE 

0.5 U 

07CP41 B 
07CP410001 
07CP410001 

NORMAL 
0' - 1' 

02/21/01 
COMPOSITE 

0.5 U 

07CP38B 
07CP380001-AVG 

FD02210103 
AVG 
0 ' -1 '  

02/21/01 
COMPOSITE 

0.5 U 

07C P45B 
07CP450001 
07CP450001 

NORMAL 
0 ' -1 '  

02/22/01 
COMPOSITE 

0.5 U 

07CP44B 
07CP440001 
07CP440001 

DUP 
0 ' -1 '  

02/21/01 
COMPOSITE 

0.5 U 

07SB29 
07SB290204 
07SB290204 

NORMAL 
2' - 4' 

02/24/01 
GRAB 
0.5 U 

078832 
07SB320001 
07SB320001 

NORMAL 
0 ' -1 '  

02/21/01 
GRAB 
0.5 U 

07SB31 
07SB310001 
07SB310001 

NORMAL 
0 ' -1 '  

02/24/01 
GRAB 
0.5 U 

078834 
07SB340001 
07SB340001 

NORMAL 
0'-1'  

02/21/01 
GRAB 
0.5 U 

07CP41 B 
07CP410204-AVG 

FD02210101 
AVG 
2' - 4' 

02/21/01 
COMPOSITE 

0.5 U 

07CP44B 
07CP440001-AVG 

FD02210102 
AVG 
0 ' -1 '  

02/21/01 
COMPOSITE 

0.5 U 

07SB31 
07SB310204 
07SB310204 

NORMAL 
2' - 4' 

02/24/01 
GRAB 
0.5 U 

07CP45B 
07CP450204 
07CP450204 

NORMAL 
2' - 4' 

02/22/01 
COMPOSITE 

0.5 U 

07SB30 
07SB300001 
07SB300001 

NORMAL 
0 ' -  1' 

02/24/01 
GRAB 
0.5 U 

07SB34 
07SB340204 
07SB340204 

NORMAL 
2' - 4' 

02/21/01 
GRAB 
0.5 U 

07CP38B 
07CP380001-D 

FD02210103 
DUP 
0 ' -1 '  

02/21/01 
COMPOSITE 

0.5 U 

07SB30 
07SB300204 
07SB300204 

NORMAL 
2'-4' 

02/24/01 
GRAB 
0.5 U 

07CP39B 
07CP390001 
07CP390001 

NORMAL 
0 ' -  1' 

02/21/01 
COMPOSITE 

0.5 U 

07CP38B 
07CP380204 
07CP380204 

NORMAL 
2' - 4' 

02/21/01 
COMPOSITE 

0.5 U 

07CP43B 
07CP430204 
07CP430204 

NORMAL 
2' - 4' 

02/21/01 
COMPOSITE 

0.5 U 

07CP41 B 
07CP410204-D 

FD02210101 
DUP 
2' - 4' 

02/21/01 
COMPOSITE 

0.5 U 

07CP46B 
07CP460001 
07CP460001 

NORMAL 
0'-1'  

02/22/01 
COMPOSITE 

0.5 U 

07CP35B 
07CP350001 
07CP350001 

NORMAL 
0' - 1' 

02/21/01 
COMPOSITE 

0.5 U 

07CP46 B 
07CP460204 
07CP460204 

NORMAL 
2' - 4' 

02/22/01 
COMPOSITE 

0.5 U 

07CP39B 
07CP390204 
07CP390204 

NORMAL 
2' - 4' 

02/21/01 
COMPOSITE 

0.5 U 

07CP42B 
07CP420001 
07CP420001 

NORMAL 
0 ' -1 '  

02/21/01 
COMPOSITE 

0.5 U 

07CP35B 
07CP350204 
07CP350204 

NORMAL 
2' - 4' 

02/22/01 
COMPOSITE 

0.5 U 

07CP40B 
07CP400001 
07CP400001 

NORMAL 
0'-1' 

02/21/01 
COMPOSITE 

0.5 U 

07CP42B 
07CP420204 
07CP420204 

NORMAL 
2' - 4' 

02/21/01 
COMPOSITE 

0.5 U 

07CP36B 
07CP360001 
07CP360001 

NORMAL 
0 ' -1 '  

02/21/01 
COMPOSITE 

0.5 U 

07CP43B 
07CP430001 
07CP430001 

NORMAL 
0 ' -  1' 

02/21/01 
COMPOSITE 

0.5 U 

07CP36B 
07CP360204 
07CP360204 

NORMAL 
2' - 4' 

02/22/01 
COMPOSITE 

0.5 U 
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location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
HEPTACHLOR EPOXIDE (UGIKG) 

c 
07SB290001 
07SB290001 

DU P 
0 ' -1 '  

02/24/01 
GRAB 
2.1 U 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
HEPTACHLOR EPOXlDE (UGIKG) 

07SB290001-AVG 
FD02240101 

AVG 
0 ' -  1' 

02/24/01 
GRAB 
2.1 U 

07CP40B 
07CP400001 
07CP400001 

NORMAL 
0'-1' 

02/21/01 
COMPOSITE 

2.2 UJ 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
HEPTACHLOR EPOXIDE (UGIKG) 

: m  D i n d i c a t e s  a positive detection. 

07SB31 
07SB310001 
07SB310001 

NORMAL 
0 ' -1 '  

02/24/01 
GRAB 
2.2 U 

07SB32 
07SB320204 
07SB320204 

NORMAL 
2' - 4' 

02/21/01 
GRAB 
2 U 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 

07CP36B 
07CP360001 
07CP360001 

NORMAL 
0 ' -1 '  

02/21/01 
COMPOSITE 

2.1 UJ 

07CP35B 
07CP350204 
07CP350204 

NORMAL 
2' - 4' 

02/22/01 
COMPOSITE 

2 UJ 

078834 
07SB340001 
07SB340001 

NORMAL 
0 ' -  1' 

02/21/01 
GRAB 
2.1 U 

07C P40B 
07CP400204 
07CP400204 

NORMAL 
2' - 4' 

02/21/01 
COMPOSITE 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 

07SB31 
07SB310204 
0788310204 

NORMAL 
2' - 4' 

02/24/01 
GRAB 
2.2 U 

07SB29 
07SB290001-D 
FD02240101 

DU P 
0 ' -1 '  

02/24/01 
GRAB 
2.1 U 

07CP36B 
07CP360204 
07CP360204 

NORMAL 
2' - 4' 

02/22/01 
COMPOSITE 

2 UJ 

078833 
07SB330001 
0788330001 

NORMAL 
0 ' -1 '  

02/21/01 
GRAB 
2.2 UJ 

07CP37B 
07CP370001 
07CP370001 

NORMAL 
0' - 1' 

02/22/01 
COMPOSITE 

2.2 UJ 

07CP41 B 
07CP410001 
07CP410001 

NORMAL 
0 ' -  1' 

02/21/01 
COMPOSITE 

07CP44B 
07CP440204 
07CP440204 

NORMAL 
2' - 4' 

02/21/01 
COMPOSITE 

078832 
07S8320001 
07SB320001 

NORMAL 
0 ' -1 '  

02/21/01 
GRAB 
2.1 U 

07SB30 
07SB300001 
07SB300001 

NORMAL 
0 ' -1 '  

02/24/01 
GRAB 
2.1 U 

07SB29 
07SB290204 
07SB290204 

NORMAL 
2' - 4' 

02/24/01 
GRAB 
2.1 U 

07SB33 
07SB330204 
07SB330204 

NORMAL 
2' - 4' 

02/21/01 
GRAB 
2 UJ 

07SB34 
07SB340204 
07SB340204 

NORMAL 
2' - 4' 

02/21/01 
GRAB 
2 U 

07CP38B 
07CP380001 
07CP380001 

DUP 
0 ' -1 '  

02/21/01 
COMPOSITE 

2.2 UJ 

07CP37B 
07CP370204 
07CP370204 

NORMAL 
2' - 4' 

02/22/01 
COMPOSITE 

2.1 UJ 

07CP42B 
07CP420001 
07CP420001 

NORMAL 
0 ' -1 '  

02/21/01 
COMPOSITE 

HEPTACHLOR EPOXIDE (UGIKG) 2 U 2.1 U 1.9 U 

HEPTACHLOR EPOXIDE (UGIKG) 2.2 U 2.2 U 2.2 U 2 . 1  i7 

07CP44B 
07CP440001 
07CP440001 

DUP 
0 ' -1 '  

02/21/01 
COMPOSITE 

07SB30 
07SB300204 
07SB300204 

NORMAL 
2' - 4' 

02/24/01 
GRAB 
2.1 U 

07CP35B 
07CP350001 
07CP350001 

NORMAL 
0 ' -1 '  

02121/01 
COMPOSITE 

2.4 UJ 

2.7 UJ 

07CP41 B 
07CP410204 
07CP410204 

DU P 
2' - 4' 

02/21/01 
COMPOSITE 

07CP45B 
07CP450001 
07CP450001 

NORMAL 
0'-1'  

02/22/01 
COMPOSITE 

07CP38B 
P7CP380001-AVG 

FDO2210103 
AVG 
0' - 1' 

02/21/01 
COMPOSITE 

2.2 UJ 

07CP42B 
07CP420204 
07CP420204 

NORMAL 
2' - 4' 

02/21/01 
COMPOSITE 

1 . 9 5  iT 

2.2 UJ 

07CP44B 
07CP440001-AVG 

FD02210102 
AVG 
0 ' -1 '  

02/21/01 
COMPOSITE 

2.1 UJ 2 U 

07CP41 B 
07CP410204-AVG 

FD02210101 
AVG 
2' - 4' 

02/21/01 
COMPOSITE 

07CP44B 
07CP440001-D 
FD02210102 

DUP 
0 ' -1 '  

02/21/01 
COMPOSITE 

07CP38B 
07CP380001-D 
FD02210103 

DU P 
0 ' -1 '  

02/21/01 
COMPOSITE 

2.2 UJ 

07CP43B 
07CP430001 
07CP430001 

NORMAL 
0 ' -1 '  

02/21/01 
COMPOSITE 

07CP41 B 
07CP410204-D 

FD02210101 
DUP 
2' - 4' 

02/21/01 
COMPOSITE 

07CP46B 
07CP460204 
07CP460204 

NORMAL 
2' - 4' 

02/22/01 
COMPOSITE 

07CP45B 
07CP450204 
07CP450204 

NORMAL 
2' - 4' 

02/22/01 
COMPOSITE 

07CP43B 
07CP430204 
07CP430204 

NORMAL 
2' - 4' 

02/21/01 
COMPOSITE 

2.1 UJ 

2 UJ 

07CP46B 
07CP460001 
07CP460001 

NORMAL 
0 ' -1 '  

02/22/01 
COMPOSITE 

2 UJ 

07CP38B 
07CP380204 
07CP380204 

NORMAL 
2' - 4' 

02/21/01 
COMPOSITE 

2 UJ 

2.1 U 

2.2 UJ 

07CP39B 
07CP390001 
07CP390001 

NORMAL 
0 ' -1 '  

02/21 101 
COMPOSITE 

2.1 UJ 

07CP39B 
07CP390204 
07CP390204 

NORMAL 
2' - 4' 

02/21 101 
COMPOSITE 

2 UJ 



TABLE 3-3 

07SB32 
07SB320204 
07SB320204 

NORMAL 
2' - 4' 

02/21/01 

ANALYTICAL SOIL RESULTS 
ARSENIC 

OLD PISTOL RANGE 
NSWC CRANE, INDIANA 
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07SB330001 
NORMAL NORMAL NORMAL 

0 ' - 1 '  2' - 4' 0 ' - 1 '  
02/21/01 02/21/01 02/21/01 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
ARSENIC (MGIKG) 

078834 
07SB340204 
07SB340204 

NORMAL 
2' - 4' 

02/21/01 

07CP35B 
07CP350001 
07CP350001 

NORMAL 
0 ' -  1' 

02/21/01 

07SB29 
07SB290001 
07SB290001 

DUP 
0 ' -1 '  

02/24/01 
GRAB 

07CP35B 07CP36B 07CP36B 
07CP350204 07CP360001 07CP360204 
07CP350204 07CP360001 07CP360204 

NORMAL NORMAL NORMAL 
2' - 4' 0' - 1' 2' - 4' 

02/22/01 02/21/01 02/22/01 I location 
neample 
sample 
sacode 
depth-range 
sample-date 

1 . . : 1 

coll-method 
ARSENIC (MGIKG) 

07SB29 
07SB290001-AVG 

FW2240101 
AVG 
0 ' - 1 '  

02/24/01 
GRAB 

nsample 
sample 
sacode NORMAL NORMAL 
depth-range 0 ' -  1' 2' - 4' 
sam~le  date 02/22/01 02/22/01 

07SB31 
07SB310001 
07SB310001 

NORMAL 
0'-1'  

02/24/01 
GRAB 

07CP38B 
07CP380001 -D 

FD02210103 
DUP 
0 ' - 1 '  

02/21/01 

07SB29 
07SB290001-D 
FD02240101 

DU P 
0 ' -  1' 

02/24/01 
GRAB 

07CP38B 
07CP380204 
07CP380204 

NORMAL 
2' - 4' 

02/21/01 

07SB31 
07SB310204 
07SB310204 

NORMAL 
2' - 4' 

02/24/01 
GRAB 

nsample 07CP400204 
sample 07CP400204 
sacode NORMAL 
depth-range 2' - 4' 
s a m ~ l e  date 02/21/01 

07SB29 
07SB290204 
07SB290204 

NORMAL 
2' - 4' 

02/24/01 
GRAB 

07SB32 
07SB320001 
07SB320001 

NORMAL 
0' -1 '  

02/21/01 
GRAB 

07CP41B 
07CP410204-AVG 

FD02210101 
AVG 
2' - 4' 

I 02/21/01 

07CP41 B 
07CP410001 
07CP410001 

NORMAL 
0 ' -  1' 

02/21/01 

078830 
07SB300001 
07SB300001 

NORMAL 
0 ' -1 '  

02/24/01 
GRAB 

07CP41 B 
07CP410204-D 

FD02210101 
DUP 
2' - 4' 

02/21/01 

07SB30 
07SB300204 
07SB300204 

NORMAL 
2' - 4' 

02/24/01 
GRAB 

07CP42B 
07CP420001 
07CP420001 

NORMAL 
0 ' - 1 '  

02/21/01 

07CP42B 
07CP420204 
07CP420204 

NORMAL 
2' - 4' 

02/21/01 

07CP43B 
07CP430001 
07CP430001 

NORMAL 
0'- 1' 

02/21/01 

07CP43B 
07CP430204 
07CP430204 

NORMAL 
2' - 4' 

02/21 101 

location 07CP44B 
nsample 07CP440001 
sample 07CP440001 
sacode 
depth-range 0 ' -  1' 
s a m ~ l e  date 02/21/01 

07CP44B 
07CP440001-AVG 

FD02210102 
AVG 
0 ' -1 '  

02/21/01 

07CP44B 
07CP440001 -D 

FW2210102 
DUP 
0 ' -  1' 

02/21/01 

07CP44B 
07CP440204 
07CP440204 

NORMAL 
2' - 4' 

02/21/01 

07CP45B 
07CP450001 
07C P450001 

NORMAL 
0 ' -1 '  

02/22/01 

07CP45B 
07CP450204 
07CP450204 

NORMAL 
2' - 4' 

02/22/01 

07CP46B 
07CP460001 
07CP460001 

NORMAL 
0' -  1' 

02/22/01 

NORMAL 
2' - 4' 

02/22/01 

:a  B -indicates a positive detection. 
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nsample 
sample 

depth-range 
sample-date 

07SB29 
07SB290001 
07SB290001 

DUP 
0 ' -  1' 

02/24/01 

07SB29 
07SB290001 -AVG 

FD02240101 
AVG 
0 ' -  1' 

02/24/01 

07SB29 07SB29 07SB30 

NORMAL NORMAL 
0 ' -1 '  2' - 4' 0 ' -1 '  

02/24/01 02/24/01 02/24/01 

NORMAL NORMAL 
2' - 4' 0 ' -1 '  

02/24/01 02/21/01 
GRAB 
0.92 U 

GRAB 
0.9 U 

GRAB GRAB I GRAB I GRAB ( GRAB 
088 I J  I (187 U I 0.88 U I 0 88 U 1 0.9 U 

GRAB I GRAB 
1 U 1 0.99 UJ 

nsample 
sample 
sacode 
depth-range 
sample-date 

NORMAL NORMAL 
2' - 4' 0 ' -  1' 

02/21/01 02/21/01 

07SB33 07SB34 07SB34 07CP35 B 07CP35 B 
07SB330204 07SB340001 07SB340204 07CP350001 07CP350204 
07SB330204 07SB340001 07SB340204 07CP350001 07CP350204 

NORMAL NORMAL NORMAL NORMAL NORMAL 
2' - 4' 0' - 1' 2' - 4' 0 ' -1 '  2' - 4' 

02/21/01 02/21/01 02/21/01 02/21/01 02/22/01 

NORMAL NORMAL 
0 ' -  1' 2' - 4' 

02/21/01 02/22/01 

07CP37B 
07CP370001 
07CP370001 

NORMAL 
0 ' -  1' 

02/22/01 

07CP37B 
07CP370204 
07CP370204 

NORMAL 
2' - 4' 

02/22/01 

07CP38B 
07CP380001 
07CP380001 

DUP 
0 ' -  1' 

02/21 101 

07CP38B 
07CP380001-AVG 

FD02210103 
AVG 
0 ' -1 '  

02/21/01 

NORMAL 
0 ' -1 '  2' - 4' 

02/21/01 02/21/01 

07CP39B 
07CP390001 
07CP390001 

NORMAL 
0'-1'  

02/21 101 

NORMAL NORMAL 
2' - 4' 0 ' -1 '  

02/21/01 02/21/01 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
b m i G q i m j  

nsample 
sample 
sacode 
depth-range 
sample-date 

07CP40B 
07C P400204 
07CP400204 

NORMAL 
2' - 4' 

02/21/01 

07CP41 B 
07CP410001 
07CP410001 

NORMAL 
0 ' -  1' 

02/21 101 

07CP41 B 
07CP410204-AVG 

FD02210101 
AVG 
2' - 4' 

02/21/01 

NORMAL 
2' - 4' 0 ' -1 '  

02/21 101 02/21/01 

07CP42B 
07C P420204 
07C P420204 

NORMAL 
2' - 4' 

02/21/01 

07CP43B 
07CP430001 
07CP430001 

NORMAL 
0 ' -  1' 

02/21/01 

07CP430204 
07CP430204 

NORMAL 
2' - 4' 

02/21/01 
coll-method 
I E & m & m q  

nsample 
sample 
sacode 
depth-range 
sample-date 

07CP44B 
07CP440001-AVG 

FD02210102 
AVG 
0' - 1' 

02/21/01 

07CP44B 
07CP440001-D 

FD02210102 
DUP 
0 ' -  1' 

02/21/01 

07CP44B 
07CP440204 
07C P440204 

NORMAL 
2' - 4' 

02/21/01 

07CP46B 
07CP460001 
07CP460001 

NORMAL 
0 ' -  1' 

02/22/01 

07CP46B 
07CP460204 
07CP460204 

NORMAL 
2' - 4' 

02/22/01 

'. D m i i n d i c a t e s  a positive detection. 
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OLD PISTOL RANGE 
NSWC CRANE, INDIANA 
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07SB29 07SB29 07SB30 

NORMAL NORMAL 
0' -1 '  2' - 4' 0 ' -1 '  

02/24/01 02/24/01 02/24/01 

location 
nsample 
sample 
sacode 
depth-range 
samde date 

07SB30 
07SB300204 
07SB300204 

NORMAL 
2' - 4' 

02/24/01 

07SB32 
07SB320001 
07SB320001 

NORMAL 
0' -1 '  

02/21/01 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 

07SB32 
07SB320204 
07SB320204 

NORMAL 
2' - 4' 

02/21/01 

07SB33 
07SB330001 
07SB330001 

NORMAL 
0 ' - 1 '  

02/21/01 

07SB33 
07SB330204 
07SB330204 

NORMAL 
2' - 4' 

02/21/01 

NORMAL NORMAL NORMAL 
0' -1 '  2' - 4' 0 ' -  1' 

02/21/01 02/21/01 02/21/01 

07CP35B 
07CP350204 
07CP350204 

NORMAL 
2' - 4' 

02/22/01 

07CP36B 
07CP36ooo1 
07CP36ooo1 

NORMAL 
0' -1 '  

02/21/01 

07CP36B 
07CP360204 
07CP360204 

NORMAL 
2' - 4' 

02/22/01 

07CP37B 
07CP370001 
07CP370001 

NORMAL 
OD-1 '  

02/22/01 

07CP37B 
07CP370204 
07CP370204 

NORMAL 
2' - 4' 

02/22/01 

07CP38B 
07CP380001 
07CP380001 

DUP 
0 ' - 1 '  

02/21/01 

07CP38B 
07CP380001-AVG 

FD02210103 
AVG 
0' - 1' 

02/21/01 

07CP38B 
07CP380001 -D 

FD02210103 
DUP 
0 ' -1 '  

02/21/01 

07CP38B 
07CP380204 
07CP380204 

NORMAL 
2' - 4' 

02/21/01 

07CP40B 
07CP400001 
07CP400001 

NORMAL 
0 ' - 1 '  

02/21 101 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method I COMPOSITE COMPOSITE COMPOSITE COMPOSITE COMPOSITE COMPOSITE COMPOSITE I COMPOSITE 
MANGANESE (MGIKG) I . . 2 . 1  I ..I I . . 

location 
nsample 
sample 
sacode 
depth-range 
sam~le  date 

07CP40B 
07CP400204 
07CP400204 

NORMAL 
2' - 4' 

02/21/01 

07CP41 B 
07CP410001 
07CP410001 

NORMAL 
0 ' -1 '  

02/21/01 

07CP41 B 
07CP410204 
07CP410204 

DUP 
2' - 4' 

02/21 101 

07CP41 B 
07CP410204-AVG 

FD02210101 
AVG 
2' - 4' 

02/21/01 

07CP41 B 07C P42 B 

NORMAL 
2' - 4' 0 ' -  1' 

02/21/01 02/21 101 

07CP42B 
07CP420204 
07CP420204 

NORMAL 
2' - 4' 

02/21 101 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 

07CP44B 
07CP440001 
07CP440001 

DUP 
0 ' - 1 '  

02/21/01 

07CP44B 
07CP440001 -AVG 

FD02210102 
AVG 
0' -1 '  

02/21/01 

07CP44B 
07CP440001 -D 

FD02210102 
DUP 
0 ' -1 '  

02/21/01 

07CP44B 
07CP440204 
07CP440204 

NORMAL 
2' - 4' 

02/21/01 

07CP45B 
07CP450001 
07CP450001 

NORMAL 
0' -1 '  

02/22/01 

07CP45B 
07CP450204 
07CP450204 

NORMAL 
2' - 4' 

02/22/01 

07CP46B 
07CP460001 
07C P460001 

NORMAL 
0 ' -1 '  

02/22/01 

07CP46B 
07CP460204 
07CP460204 

NORMAL 
2' - 4' 

02/22/01 
lcoll method - - . . -. . . - . . . - - 
MANGANESE (MGIKG) 

:a D -indicates a positive detection. 
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i n d i c a t e s  a postive detection 
Analytes not analyzed for follow-up soil investigation. 

No positive detections for RDX 

SOIL RESULTS FOR PARAMETERS WITH AT LEAST ONE POSITIVE DETECTION 
OLD RIFLE RANGE 

NSWC CRANE, INDIANA 
PAGE 1 OF 9 

LOCATION 
NSAMPLE 
SAMPLE 
SACODE 
SUBMATRIX 
DEPTH RANGE 
SAMPLE DATE 
COLLECTION METHOD 

Pesticides/PCBs (UGIKG) 
~HEPTACHLOR EPOXIDE 1 2 . 1 ~  1 2 . 2 ~  1 2 . 1 ~  I 2.1 u 2.1 u I 2.1 u 1 2.1 u 1 2.2 u I 2  u I 2  u I 

07SB01 
07SB010001 
07SB010001 

NORMAL 
SS 

0'-1' 
2/23/2001 

GRAB 

07SB03 
07SB030001 
07SB030001 

NORMAL 
SS 

0 ' -1 '  
2/23/2001 

GRAB 

07SB01 
07SB010204 
07SB010204 

NORMAL 
SB 

2' - 4' 
2/23/2001 

GRAB 

07SB03 
07SB030204 
07SB030204 

NORMAL 
SB 

2' - 4' 
2/23/2001 

GRAB 

07SB02 
07SB020001 
07SB020001 

NORMAL 
SS 

0 ' -1 '  
2/23/2001 

GRAB 

07SB04 
07SB040001 
07SB040001 

NORMAL 
SS 

0' - 1' 
2/23/2001 

GRAB 

07SB02 
07SB020204 
07SB020204 

ORlG 
SB 

2' - 4' 
2/23/2001 

GRAB 

07SB04 
07SB040204 
07SB040204 

NORMAL 
SB 

2' - 4' 
2/23/2001 

GRAB 

07SB02 
07SB020204-AVG 

FD02230103 
AVG 
SB 

2' - 4' 
2/23/2001 

GRAB 

07SB02 
07SB020204-D 

FD02230103 
DUP 
SB 

2' - 4' 
2/23/2001 

GRAB 



TABLE 3-4 

i n d i c a t e s  a postive detection 
Analytes not analyzed for follow-up soil investigation. 

No positive detections for RDX 

SOIL RESULTS FOR PARAMETERS WITH AT LEAST ONE POSITIVE DETECTION 
OLD RIFLE RANGE 

NSWC CRANE, INDIANA 
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LOCATION 
NSAMPLE 
SAMPLE 
SACODE 
SUBMATRIX 
DEPTH RANGE 
SAMPLE DATE 
COLLECTION METHOD 

07SB05 
07SB050001 
07SB050001 

NORMAL 
SS 

0 ' -1 '  
2/23/2001 

GRAB 
Semivolatile Organics (UWKC 
BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZO(B)FLUORANTHENE 
DIBENZO(A,H)ANTHRACENE 
INDENO(1.2,3-CD)PYRENE 

07SB05 
07SB050204 
07SB050204 

NORMAL 
SB 

2' - 4' 
2/23/2001 

GRAB 

8 U 8 U 8 U 8 U 8 UJ 8 UJ 8 U 9 U 9 UJ 8 U 
8 U 8 U 8 U 8 U 8 U 8 U 8 UJ 9 UJ 9 UJ 8 UJ 

PesticideslPCBs (UWKG) 
~HEPTACHLOR EPOXIDE I 2 u 1 2 . 1 ~  ) 2 u 1 2.1 u 1 2.1 u 1 2.1 u 1 2.2 u 1 2.2 u 1 2.2 u I 2.2 u ] 
Energetics (MWKG) 
2,4.6-TRINITROTOLUENE 1 0.5 UJ 1 0.5 U 1 0.5 U 1 0.5 U 1 0.5 U 1 0.5 U 1 0.5 U 1 0.5 U 1 0.5 U 1 0.5 U 
2,6-DINITROTOLUENE 1 0 . 5 U J  1 0 . 5 U  1 0 .5U 1 0 . 5 U  1 0 . 5 U  1 0 . 5 U  1 0 .5U 1 0 .5U 1 0 . 5 U  I 0.5 U 

07SB06 
07SB060001 
07SB060001 

NORMAL 
SS 

0'- 1' 
2/23/2001 

GRAB 

07SB07 
07SB070204 
07SB070204 

NORMAL 
SB 

2' - 4' 
2/23/2001 

GRAB 

07SB08 
07SB080001 
07SB080001 

NORMAL 
SS 

0 ' -1 '  
2/23/2001 

GRAB 

07SB08 
07SB080204 
07SB080204 

NORMAL 
SB 

2' - 4' 
2/23/2001 

GRAB 

078806 
07SB060204 
07SB060204 

NORMAL 
SB 

2' - 4' 
2/23/2001 

GRAB 

07SB09 
07SB090001 
07SB090001 

NORMAL 
SS 

0 ' -  1' 
2/23/2001 

GRAB 

07SB07 
07SB070001 
07SB070001 

NORMAL 
SS 

0 ' -1 '  
2/23/2001 

GRAB 

07SB09 
07SB090204 
07SB0902W 

NORMAL 
SB 

2' - 4' 
2/23/2001 

GRAB 



TABLE 3-4 

i n d i c a t e s  a postive detection 
Analytes not analyzed for follow-up soil investigation. 

No positive detections for RDX 

SOIL RESULTS FOR PARAMETERS WITH AT LEAST ONE POSITIVE DETECTION 
OLD RIFLE RANGE 

NSWC CRANE, INDIANA 
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LOCATION 
NSAMPLE 
SAMPLE 
SACODE 
SUBMATRIX 
DEPTH RANGE 
SAMPLE DATE 
COLLECTION METHOD 
Semivolatile Organics (UWKC 
BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZO(B)FLUORANTHENE 
DIBENZO(A.H)ANTHRACENE 
INDENO(1 ,2,3-CD)PYRENE 
PesticidestPCBs (UGIKG) 

~HEPTACHLOR EPOXIDE 1 2.2 u 1 2.1 u 2.1 u I 2.1 u I 2.1 u 1 2 . 1 ~  1 2 . 1 ~  1 2 . 3 ~  I 2 u I 
Energetics (MWKG) 
2,4,6-TRINITROTOLUENE 1 0.5 U 1 0.5 U 1 0.5 U 1 0.5 U I 0.5 U I 0.5 U I 0.5 U 1 0.5 U 1 0.5 U 1 0.5 U 
2,6-DINITROTOLUENE 1 0.5 U 1 0.5 U 1 0.5 U 1 0.5 U I 0.5 U 0.5 U I 0.5 U 1 0.5 U 1 0.5 U 1 0.5 U 

07SB12 
07SB120001 
07SB120001 

NORMAL 
SS 

0 ' -1 '  
2/22/2001 

GRAB 

8 U 
8 U 
8 U 
8 U 
8 U 

07SB10 
07SB100001 
07SB100001 

NORMAL 
SS 

0 ' -  1' 
2/22/2001 

GRAB 

8 U 
8 U 
8 U 
8 U 
8 U 

07SB12 
07SB120204 
07SB120204 

NORMAL 
SB 

2' - 4' 
2/22/2001 

GRAB 

8 U 
8 U 
8 U 
8 U 
8 U 

07SB10 
07SB100204 
07SB100204 

NORMAL 
SB 

2' - 4' 
2/22/2001 

GRAB 

07SB13 
07SB130001 
07SB130001 

NORMAL 
SS 

0 ' -1 '  
2/21/2001 

GRAB 

9 U 
9 U 
9 U 

9 UJ 
9 U 

07SB13 
07SB130204 
07SB130204 

NORMAL 
SB 

2' - 4' 
2/21/2001 

GRAB 

8 U 
8 U 
8 U 
8 UJ 
8 U 

07SBll  
07SB110204-D 

FD02220102 
DUP 
SB 

2' - 4' 
2/22/2001 

GRAB 

07SBll  
07SB110001 
07SB110001 

NORMAL 
SS 

0'-1'  
2/22/2001 

GRAB 

8 U 
8 U 
8 U 
8 U 
8 U 

07SBll 
07SB110204 
07SB110204 

ORlG 
SB 

2' - 4' 
2/22/2001 

GRAB 

8 U 
8 U 
8 U 
8 U 
8 U 

07SBll  
07SB110204-AVG 

FD02220102 
AVG 
SB 

2' - 4' 
2/22/2001 

GRAB 

8 U 
8 U 
8 U 
8 U 
8 U 

8 U 
8 U 
8 U 
8 U 
8 U 

8 U 
8 U 
8 U 
8 U 
8 U 



TABLE 3-4 

i n d i c a t e s  a postive detection 
Analytes not analyzed for follow-up soil investigation. 

No positive detections for RDX 

SOIL RESULTS FOR PARAMETERS WITH AT LEAST ONE POSITIVE DETECTION 
OLD RIFLE RANGE 

NSWC CRANE, INDIANA 
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LOCATION 
NSAMPLE 
SAMPLE 
SACODE 
SUBMATRIX 
DEPTH RANGE 
SAMPLE DATE 
COLLECTION METHOD 

Pesticides/PCBs (UGIKG) 
~HEPTACHLOR EPOXIDE I 4 UJ 1 2.1 UJ I 2 u  j 2 UJ 2 UJ 2 u 2 u 1 2.2 u 1 2.1 u I 2.05 u I 
Energetics (MGIKG) 
2,4,6-TRINITROTOLUENE 0.5 U 

07SB14 
07SB140001 
07SB140001 

NORMAL 
SS 

0 ' -1 '  
2/22/2001 

GRAB 

07SB14 
07SB140204 
07881 40204 

NORMAL 
SB 

2' - 4' 
2/22/2001 

GRAB 

07SB15 
07SB150204 
07SB150204 

NORMAL 
SB 

2' - 4' 
2/22/2001 

GRAB 

07SB15 
07SB150001 
07SB150001 

ORlG 
SS 

0 ' -1 '  
2/22/2001 

GRAB 

07SB15 
07SB150001 -AVG 

FD02220101 
AVG 
SS 

0 ' -  1' 
2/22/2001 

GRAB 

07SB16 
07SB160001 
07SB160001 

NORMAL 
SS 

0 ' -1 '  
2/22/2001 

GRAB 

07SB17 
07SB170001 
07SB170001 

ORlG 
SS 

0 ' -  1' 
2/23/2001 

GRAB 

07SB15 
07SB150001 -D 

FD02220101 
DUP 
SS 

0 ' -1 '  
2/22/2001 

GRAB 

07SB16 
07SB160204 
07881 60204 

NORMAL 
SB 

2' - 4' 
2/22/2001 

GRAB 

07SB17 
07SB170001-AVG 

FD02230101 
AVG 
SS 

0 ' -1 '  
2/23/2001 

GRAB 



TABLE 3-4 

i n d i c a t e s  a postive detection 
Analytes not analyzed for follow-up soil investigation. 

No positive detections for RDX 

SOIL RESULTS FOR PARAMETERS WITH AT LEAST ONE POSITIVE DETECTION 
OLD RIFLE RANGE 

NSWC CRANE, INDIANA 
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LOCATION 
NSAMPLE 
SAMPLE 
SACODE 
SUBMATRIX 
DEPTH RANGE 
SAMPLE DATE 
COLLECTION METHOD 
Semivolatile Organics (UGIKC 
BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZO(B)FLUORANTHENE 
DIBENZO(A,H)ANTHRACENE 

07SB20 
07SB200204 
07SB200204 

NORMAL 
SB 

2' - 4' 
2/22/2001 

GRAB 

8 U 
8 U 
8 U 
8 U 

INDENO(1,2,3-CD)PYRENE 

07SB21 
07SB210001 
07SB210001 

NORMAL 
SS 

0 ' -1 '  
2/22/2001 

GRAB 

9 U 
9 U 
9 U 
9 U 

8 U 8 U 8 U 8 U 8 U 8 U 8 U 8 U 9 U 8 U 

07SB17 
07SB170001 -D 

FD02230101 
DUP 
SS 

OD-1' 
2/23/2001 

GRAB 

8 U 
8 U 
8 U 
8 UJ 

07SB21 
07SB210204 
07SB210204 

NORMAL 
SB 

2' - 4' 
2/22/2001 

GRAB 

8 U 
8 U 
8 U 
8 UJ 

07SB19 
07SB190204 
07SB190204 

NORMAL 
SB 

2' - 4' 
2/22/2001 

GRAB 

8 U 
8 U 
8 U 
8 U 

07SB20 
07SB200001 
07SB200001 

NORMAL 
SS 

0 ' -  1' 
2/22/2001 

GRAB 

8 U 
8 U 
8 U 
8 U 

07SB17 
07SB170204 
07SB170204 

NORMAL 
SB 

2' - 4' 
2/23/2001 

GRAB 

8 U 
8 U 
8 U 
8 UJ 

Pesticides/PCBs (UGIKG) 
~HEPTACHLOR EPOXIDE 1 2 u I 2 u 1 2.1 u 1 2 u I 2 u  1 2 u 1 2.2 u 1 2.1 u 1 2.2 u 1 2.2 u I 
Energetics (MGIKG) 
2,4,6-TRINITROTOLUENE I 0.5 U 1 0 .5U 1 0 .5U 1 0 .5U 1 0.5U 1 0 . 5U  1 0 . 5U  1 0 .5U 1 0 . 5U  1 0.5U 
2,6-DINITROTOLUENE 0.5 U 1 0 .5U 1 0 .5U 1 0 .5U 1 0 . 5U  1 0 . 5U  ( 0 . 5U  1 0 .5U 1 0 .5U  1 0.5U 

07SB19 
07SB190001 
07SB190001 

NORMAL 
SS 

0 ' - 1 '  
2/22/2001 

GRAB 

07SB18 
07SB180001 
07SB180001 

NORMAL 
SS 

0 ' -1 '  
2/22/2001 

GRAB 

07SB18 
07SB180204 
07881 80204 

NORMAL 
SB 

2' - 4' 
2/22/2001 

GRAB 

8 U 
8 U 
8 U 
8 U 

8 U 
8 U 
8 U 
8 U 

8 U 
8 U 
8 U 
8 U 



TABLE 3-4 

-indicates a postive detection 
Analytes not analyzed for follow-up soil investigation. 

No positive detections for RDX 

SOIL RESULTS FOR PARAMETERS WITH AT LEAST ONE POSITIVE DETECTION 
OLD RIFLE RANGE 

NSWC CRANE, INDIANA 
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LOCATION 
NSAMPLE 
SAMPLE 
SACODE 
SUBMATRIX 
DEPTH RANGE 
SAMPLE DATE 
COLLECTION METHOD 
Semivolatile Organics (UGIKC 

07SB22 
07SB220001 
07SB220001 

NORMAL 
SS 

0 ' -1 '  
2/22/2001 

GRAB 

BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 

DlBENZO(A,H)ANTHRACENE 
INDENO(1,2,3-CD)PYRENE 
PesticidesIPCBs (UGIKG) 

JHEPTACHLOR EPOXIDE 1 2.2 u I 2.1 u 1 2 . 1 ~  I 2.1 u 2.1 u 1 2 u I 2.2 u I 2.1 u 1 2.2 u I 
Energetics (MGIKG) 
2,4,6-TRINITROTOLUENE 1 0.5 U 1 0.5 U I 0.5 U 1 0.5 U 

07SB25 
07SB250001 
07SB250001 

NORMAL 
SS 

0 ' -1 '  
2/23/2001 

GRAB 

078824 
07SB240001 
07SB240001 

NORMAL 
SS 

0 ' -1 '  
2/22/2001 

GRAB 

0.5 U I 0.5 U I 0.5 U I 0.5 U I 0.5 U 

07SB23 
07SB230204 
07SB230204 

NORMAL 
SB 

2' - 4' 
2/22/2001 

GRAB 

07SB24 
07SB240204 
07SB240204 

NORMAL 
SB 

2' - 4' 
2/22/2001 

GRAB 

07SB23 
07SB230001- D 
FD02220103 

DUP 
SS 

0 ' - 1 '  
2/22/2001 

GRAB 

07SB22 
07SB220204 
07SB220204 

NORMAL 
SB 

2' - 4' 
2/22/2001 

GRAB 

2,6-DINITROTOLUENE I 0.5 U I 0.5 U I 0.5 U I 0.5 U I 0.5 U 0.5 U I 0.5 U I 0.5 U 0.5 U 

07SB23 
07SB230001 
07SB230001 

ORlG 
SS 

0'-1'  
2/22/2001 

GRAB 

. . - . . . - . 

076823 
07SB230001 -AVG 

FD02220103 
AVG 
SS 

0 ' -  1' 
2/22/2001 

GRAB 



TABLE 3-4 

SOIL RESULTS FOR PARAMETERS WITH AT LEAST ONE POSITIVE DETECTION 
OLD RIFLE RANGE 

NSWC CRANE, INDIANA 
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LOCATION 
NSAMPLE 
SAMPLE 
SACODE 
SUBMATRIX 
DEPTH RANGE 
SAMPLE DATE 
COLLECTION METHOD 

i n d i c a t e s  a postive detection 
Analytes not analyzed for follow-up soil investigation. 

No positive detections for RDX 

078825 
07SB250204 
07SB250204 

NORMAL 
SB 

2' - 4' 
2/23/2001 

GRAB 

07SB26 
07SB260001 
07SB260001 

NORMAL 
SS 

0 ' -1 '  
2/23/2001 

GRAB 

078626 
07SB260204 
07SB260204 

NORMAL 
SB 

2' - 4' 
2/23/2001 

GRAB 

07SB27 
07SB270001 
07SB270001 

NORMAL 
SS 

0 ' - 1 '  
2/23/2001 

GRAB 

07SB28 
07SB280204 
07SB280204 

ORlG 
SB 

2' - 4' 
2/23/2001 

GRAB 

07SB28 
07SB280204-AVG 

FD02230102 
AVG 
SB 

2' - 4' 
2/23/2001 

GRAB 

07SB28 
07SB280204-D 

FD02230102 
DUP 
SB 

2' - 4' 
2/23/2001 

GRAB 

078827 
07SB270204 
07SB270204 

NORMAL 
SB 

2' - 4' 
2/23/2001 

GRAB 

078647 
07SS470001 
07SS470001 

ORlG 
SS 

0' - 1' 
3/6/2002 
GRAB 

07SB28 
07SB280001 
07SB280001 

NORMAL 
SS 

0 ' -  1' 
2/23/2001 

GRAB 



TABLE 3-4 

:* 8 -ind~cates a postlve detection 
Analytes not analyzed for follow-up so11 invesl~gation. 
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OLD RIFLE RANGE 

NSWC CRANE, INDIANA 
PAGE 8 OF 9 

No positive detections for RDX 

LOCATION 
NSAMPLE 
SAMPLE 
SACODE 
SUBMATRIX 
DEPTH RANGE 
SAMPLE DATE 
COLLECTION METHOD 

07SB49 
07SB490204-D 

FW3060202 
DUP 
SB 

2' - 4' 
3/6/2002 
GRAB 

Semivolatile Organics (UGIKC 
BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZO(B)FLUORANTHENE 
DlBENZO(A,H)ANTHRACENE 
INDENO(1,2.3-CD)PYRENE 

07SB49 
07SS490001 
07SS490001 

NORMAL 
SS 

0 ' -  1' 
3/6/2002 
GRAB 

. 

07SB47 
07SS470001-AVG 

' FD03060201 
ORlG 

SS 
0 ' -1 '  

3/6/2002 
GRAB 

07SB49 
07SB490204 
07SB490204 

ORlG 
SB 

2' - 4' 
3/6/2002 
GRAB 

078647 
07SB470204 
0788470204 

NORMAL 
SB 

2' - 4' 
3/6/2002 
GRAB 

07SB47 
07SS470001-D 
FD03060201 

DUP 
SS 

0 ' -  1' 
3/6/2002 
GRAB 

07SB49 
07SB490204-AVG 

FD03060202 
AVG 
SB 

2' - 4' 
3/6/2002 
GRAB 

Pesticides/PCBs (UGIKG) 
LHEPTACHLOR EPOXIDE I I I I I I I 
Energetics (MGIKG) 
2.4,6-TRINITROTOLUENE 0.5 U 1 0.5 U 0.5 U 1 0.5 U 1 0.5 U 1 0.5 U I 0.5 U 
2,6-DINITROTOLUENE 0.5 U 1 0.5 U 0.5 U 1 0.5 U 1 0.5 U 1 0.5 U 0.5 U 
Inorganics (MGIKG) 

078648 
07SS480001 
07SS480001 

NORMAL 
SS 

0 ' -1 '  
3/6/2002 
GRAB 

07SB48 
07SB480204 
07SB480204 

NORMAL 
SB 

2' - 4' 
3/6/2002 
GRAB 

---- ARSENIC 
BERYLLIUM 
MANGANESE 

--- 
--- 
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SAMPLE 
SACODE 
SUBMATRIX 
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SAMPLE DATE 
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07SB50 07SB50 07SB51 07SB51 07SB52 07SB52 
07SS500001 07SB500204 07SS510001 07SB510204 07SS520001 07SB520204 
07SS500001 07SB500204 07SS510001 07SB510204 07SS520001 07SB520204 

NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 
SS SB SS SB SS SB 

0 ' -1 '  2' - 4' 0 ' -  1' 2' - 4' 0 ' -  1' 2' - 4' 
3/6/2002 3/6/2002 3/6/2002 3/6/2002 3/6/2002 3/6/2002 
GRAB GRAB GRAB GRAB GRAB GRAB 

07SB53 
07SS530001 
07SS530001 

NORMAL 
SS 

0 ' -  1' 
3/6/2002 
GRAB 

078853 
07SB530204 
07SB530204 

NORMAL 
SB 

2' - 4' 
3/6/2002 
GRAB 

-indicates a postive detection 
Analytes not analyzed for follow-up soil investigation. 

No positive detections for RDX 

Energetics (MGIKG) 
2,4,6-TRINITROTOLUENE I 0.5 U I 0.5 U 
2,6-DINITROTOLUENE I 0.5 U 0.5 U 
lnorganics (MGIKG) 
ARSENIC 
BERYLLIUM 
MANGANESE 

0.5 U I 0.5 U 1 0.5 U 1 0.5 U 1 0.5 U 1 0.5 U 
0.5 U I 0.5 U 1 0.5 U 1 0.5 U 1 0.5 U 1 0.5 U 



TABLE 3-5 

nsample 
sample 
sacode 
depth-range 
sample-date 

SOIL RESULTS FOR PARAMETERS WITH AT LEAST ONE POSITIVE DETECTION 
OLD PISTOL RANGE 

NSWC CRANE, INDIANA 
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07SB29 
07SB290001 -AVG 

FD02240101 
AVG 
0 ' -  1' 

02/24/01 
Icoll-method GRAB 
Semivolatile Organics (uglkg: 
BENZO(A)ANTHRACENE 8 U 8 U 
BENZO(A)PY RENE 8 U 8 U 
BENZO(B)FLUORANTHENE 8 U 8 U 

078829 

0 ' -1 '  2' - 4' 0 ' -  1' 
02/24/01 
GRAB GRAB GRAB 

8 U 8 U 8 U 
8 U 8 U 8 U 
8 U 8 U 8 U 

07SB330001 
07SB330001 

NORMAL 
0'-1'  

02/21/01 

-indicates a positive detection. 
No positive detections for DIBENZO(A,H)ANTHRACENE; INDENO(l,2.3-CD)PYRENE; 2.4,6-TRINITROTOLUENE; 2.6-DINITROTOLUENE; RDX; or HEPTACHLOR EPOXIDE 



TABLE 3-5 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 

ll-m;;r 
Semivolatile Or anics u k 
BENZOAANTHRACENE 
BENZO A PYRENE 
BENZO B FLUORANTHENE 

07SB33 
0788330204 
078 8330204 

NORMAL 
2' - 4' 

02/21/01 

SOIL RESULTS FOR PARAMETERS WITH AT LEAST ONE POSITIVE DETECTION 
OLD PISTOL RANGE 

NSWC CRANE, INDIANA 
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078834 
0788340001 
0788340001 

NORMAL 
0 ' -  1' 

02/21/01 
GRAB 

07CP35B 
07CP350204 
07CP350204 

NORMAL 
2' - 4' 

02/22/01 
COMPOSITE 

i n d i c a t e s  a positive detection. 
No positive detections for DIBENZO(A,H)ANTHRACENE; INDEN0(1.2,3-CD)PYRENE; 2,4,6-TRINITROTOLUENE; 2.6-DINITROTOLUENE; RDX; or HEPTACHLOR EPOXIDE 



TABLE 3-5 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 

SOIL RESULTS FOR PARAMETERS WITH AT LEAST ONE POSITIVE DETECTION 
OLD PISTOL RANGE 

NSWC CRANE, INDIANA 
PAGE 3 OF 4 

NORMAL 
0 ' -  1' 2' - 4' 

02/21/01 02/21/01 

07CP39B 
07CP390001 
07CP390001 

NORMAL 
0' - 1' 

02/21/01 
COMPOSITE 

07CP390204 
07CP390204 

NORMAL 
2' - 4' 

02/21/01 

i n d i c a t e s  a positive detection. 
No positive detections for DIBENZO(A,H)ANTHRACENE; INDENO(1.2.3-CD)PYRENE; 2.4,6-TRINITROTOLUENE; 2,6-DINITROTOLUENE; RDX; or HEPTACHLOR EPOXIDE 

07CP40B 
07CP400001 
07CP400001 

NORMAL 
0 ' -1 '  

02/21/01 
COMPOSITE 

~emivok t i l e  Organics (ugtkg) 

07CP41 B 
07CP410204-AVG 

FD02210101 
AVG 
2' - 4' 

02/21/01 
COMPOSITE 

BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZO(B)FLUORANTHENE 

07CP40B 
07CP400204 
07CP400204 

NORMAL 
2' - 4' 

02/21/01 
COMPOSITE 

07CP41 B 
07CP410204-D 

FD02210101 
DUP 
2' - 4' 

02/21/01 
COMPOSITE 

8 UJ 
8 UJ 

- 8 UJ 

07CP42B 
07CP420001 
07CP420001 

NORMAL 
0 ' -1 '  

02/21/01 
COMPOSITE 

07CP41 B 
07CP410001 
07CP410001 

NORMAL 
0 ' - 1 '  

02/21/01 
COMPOSITE 

07CP41 B 
07CP410204 
07CP410204 

DUP 
2' - 4' 

02/21/01 
COMPOSITE 

8 UJ 
8 UJ 
8 UJ 

8 UJ 
8 UJ 
8 UJ 

8 UJ 
8 UJ 
8 UJ 

8 U 
8 U 
8 U 

8 U 
8 U 
8 U 

8 U 
8 U 
8 U 

8 U 
8 U 
8 U 

8 U 
8 U 
8 U 

8 U 
8 U 
8 U 

10 U 
10 U 
10 U 



TABLE 3-5 

SOIL RESULTS FOR PARAMETERS WITH AT LEAST ONE POSITIVE DETECTION 
OLD PISTOL RANGE 

NSWC CRANE, INDIANA 
PAGE 4 OF 4 

i n d i c a t e s  a positive detection. 
No positive detections for DIBENZO(A.H)ANTHRACENE; INDEN0(1.2,3-CD)PYRENE; 2,4,6-TRINITROTOLUENE; 2,6-DINITROTOLUENE; RDX; or HEPTACHLOR EPOXIDE 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coll-method 
Semivolatile Organics (uglkg; 
BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZO(B)FLUORANTHENE 

07CP42B 
07CP420204 
07CP420204 

NORMAL 
2' - 4' 

02/21/01 
COMPOSITE 

07CP43B 
07CP430001 
07CP430001 

NORMAL 
Or - 1' 

02/21/01 
COMPOSITE 

07CP43B 
07CP430204 
07CP430204 

NORMAL 
2' - 4' 

02/21/01 
COMPOSITE 

8 U 
8 U 
8 U 

8 U 
8 U 
8 U 

8 U 
8 U 
8 U 

07CP44B 
07CP440001 
07CP440001 

DUP 
0 ' -  1' 

02/21/01 
COMPOSITE 

07CP45B 
07CP450001 
07CP450001 

NORMAL 
0 ' -1 '  

02/22/01 
COMPOSITE 

8 U 
8 U 
8 U 

8 UJ 
8 UJ 
8 UJ 

07CP44B 
07CP440001 -AVG 

FD02210102 
AVG 
0 ' -1 '  

02/21/01 
COMPOSITE 

8 U 
8 U 
8 U 

07CP45B 
07CP450204 
07CP450204 

NORMAL 
2' - 4' 

02/22/01 
COMPOSITE 

07CP44B 
07CP440001 -D 

FD02210102 
DUP 
0 ' -  1' 

02/21/01 
COMPOSITE 

07CP44B 
07CP440204 
07CP440204 

NORMAL 
2' - 4' 

02/21/01 
COMPOSITE 

8 U 
8 U 
8 U 

8 UJ 
8 UJ 
8 UJ 

07CP46B 
07CP460001 
07CP460001 

NORMAL 
0 ' -1 '  

02/22/01 
- COMPOSITE 

8 UJ 
8 UJ 
8 UJ 

8 U 
8 U 
8 U 

07CP46B 
07CP460204 
07CP460204 

NORMAL 
2' - 4' 

02/22/01 
- COMPOSITE 

8 UJ 
8 UJ 
8 UJ 



TABLE 3-6 

-indicates a positive detection above the RBTL. 
Analytes not analyzed for follow-up soil investigation. 

No RBTL exceedences for DIBENZO(A,H)ANTHRACENE, INDENO(l,2,3-CD)PYRENE, RDX, HEPTACHLOR EPOXIDE, or BERYLLIUM. 

SOIL RESULTS FOR PARAMETERS WITH AT LEAST ONE POSITIVE DETECTION ABOVE RISK-BASED TARGET LEVELS 
OLD RIFLE RANGE 

NSWC CRANE, INDIANA 
PAGE 1 OF 9 

LOCATION 
NSAMPLE 
SAMPLE 
SACODE 
SUBMATRIX 
DEPTH RANGE 
SAMPLE DATE 
COLLECTION METHOD 

RISK 
BASED 

TARGET 
LEVEL 

Semivolatile Organics (UGIKG) 

BENZO(A)PYRENE 

Energetics (MGIKG) 
2,4,6-TRINITROTOLUENE 1 0.5 1 0.5 U 1 0.5 U 1 0.5 U ( 0.5 U I 0.5 U I 0.5 U 1 0.5 U 1 0.5 U 1 0.5 U 1 0.5 U 
2,6-DINITROTOLUENE 1 0.5 1 0.5 U 1 0.5 U 1 0.5 U ( 0.5 U I 0.5 U 

07SB01 
07SB010001 
07SB010001 

NORMAL 
SS 

0 ' -  1' 
2/23/2001 

GRAB 

0.5 U 1 0.5 U 1 0.5 U 1 0.5 U 1 0.5 U 

07SB02 
07SB020204-AVG 

FD02230103 
AVG 
SB 

2' - 4' 
2/23/2001 

GRAB 

lnorganics (MGIKG) 
ARSENIC 1 0.39 
MANGANESE 1 38 

07SB01 
07SB010204 
07SB010204 

NORMAL 
SB 

2' - 4' 
2123/2001 

GRAB 

07SB02 
07SB020204-D 

FD02230103 
DUP 
SB 

2' - 4' 
2/23/2001 

GRAB 

07SB02 
07SB020001 
07SB020001 

NORMAL 
SS 

0 ' -  1' 
2/23/2001 

GRAB 

07SB03 
07SB030204 
07SB030204 

NORMAL 
SB 

2' - 4' 
2/23/2001 

GRAB 

07SB03 
07SB030001 
07SB030001 

NORMAL 
SS 

0 ' -1 '  
2/23/2001 

GRAB 

07SB02 
07SB020204 
07SB020204 

ORlG 
SB 

2' - 4' 
2/23/2001 

GRAB 

07SB04 
07SB040001 
07SB040001 

NORMAL 
SS 

0 ' -  1' 
2/23/2001 

GRAB 

07SB04 
07SB040204 
07SB040204 

NORMAL 
SB 

2' - 4' 
2123/2001 

GRAB 



TABLE 3-6 

-indicates a positive detection above the RBTL. 
Analytes not analyzed for follow-up soil investigation. 

No RBTL exceedences for DIBENZO(A,H)ANTHRACENE, INDENO(l,2,3-CD)PYRENE, RDX, HEPTACHLOR EPOXIDE, or BERYLLIUM. 

SOIL RESULTS FOR PARAMETERS WITH AT LEAST ONE POSITIVE DETECTION ABOVE RISK-BASED TARGET LEVELS 
OLD RIFLE RANGE 

NSWC CRANE, INDIANA 
PAGE 2 OF 9 

LOCATION 
NSAMPLE 
SAMPLE 
SACODE 
SUBMATRIX 
DEPTH RANGE 
SAMPLE DATE 
COLLECTION METHOD 
Semivolatile Organics (UGIKG) 
BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZO(B)FLUORANTHENE 

RISK 
BASED 

TARGET 
LEVEL 

80 
62 
200 

Energetics (MGIKG) 
2,4,6-TRINITROTOLUENE 1 0.5 1 0.5 UJ 1 0.5 U 1 0.5 U 1 0.5 U 
2.6-DINITROTOLUENE 1 0.5 1 0.5 UJ 1 0.5 U 1 0.5 U ( 0.5 U 

07SB05 
07SB050001 
07SB050001 

NORMAL 
SS 

0 ' -  1' 
2/23/2001 

GRAB 

8 U 
10 

8 U 

0.5 U 1 0.5 U 1 0.5 U 1 0.5 U 1 0.5 U 1 0.5 U 
0.5 U 1 0.5 U 1 0.5 U 1 0.5 U 1 0.5 U 1 0.5 U 

lnorganics (MGIKG) 
ARSENIC 1 0.39 
MANGANESE 1 38 

07SB05 
07SB050204 
07SB050204 

NORMAL 
SB 

2' - 4' 
2/23/2001 

GRAB 

07SB07 
07SB070204 
07SB070204 

NORMAL 
SB 

2' - 4' 
2/23/2001 

GRAB 

07SB06 
07SB060001 
07SB060001 

NORMAL 
SS 

0' - 1' 
2/23/2001 

GRAB 

8 U 
8 U 
8 U 

07SB08 
07SB080001 
07SB080001 

NORMAL 
SS 

0 ' -1 '  
2/23/2001 

GRAB 

07SB08 
07SB080204 
07SB080204 

NORMAL 
SB 

2' - 4' 
2/23/2001 

GRAB 

8 U 
8 U 
8 U 

07SB06 
07SB060204 
07SB060204 

NORMAL 
SB 

2' - 4' 
2/23/2001 

GRAB 

07SB09 
07SB090001 
07SB090001 

NORMAL 
SS 

0 ' -  1' 
2/23/2001 

GRAB 

8 U 
8 U 
8 U 

9 U 
9 U 
9 U 

07SB07 
07SB070001 
07SB070001 

NORMAL 
SS 

0 ' -  1' 
2/23/2001 

GRAB 

8 U 
8 U 
8 U 

07SB09 
07SB090204 
07SB090204 

NORMAL 
SB 

2' - 4' 
2/23/2001 

GRAB 

9 UJ 
9 UJ 
9 UJ 

8 U 
8 U 

8 

8 U 
8 U 
8 U 

8 U 
8 U 
8 U 



TABLE 3-6 

SOIL RESULTS FOR PARAMETERS WITH AT LEAST ONE POSITIVE DETECTION ABOVE RISK-BASED TARGET LEVELS 
OLD RIFLE RANGE 

NSWC CRANE, INDIANA 
PAGE30F9 

LOCATION 07SB10 07SB10 07SB11 07SB11 07SB11 07SB11 07SB12 07SB12 07SB13 07SB13 
NSAMPLE 07SB100001 07SB100204 07SB110001 07SB110204 07SB110204-AVG 07SB110204-D 07SB120001 07SB120204 07SB130001 07SB130204 
SAMPLE RISK 07SB100001 07SB100204 07SB110001 07SB110204 FD02220102 FD02220102 07SB120001 07SB120204 07SB130001 07SB130204 
SACODE BASED NORMAL NORMAL NORMAL ORIG AVG DUP NORMAL NORMAL NORMAL NORMAL 
SUBMATRIX TARGET 55 SB 55 SB SB SB 55 SB 55 SB 
DEPTH RANGE LEVEL 0' -1' . 2' -4' O' - l' 2' - 4' 2' - 4' 2' - 4' 0' -1' 2' - 4' 0' -1' 2' - 4' 
SAMPLE DATE 212212001 212212001 212212001 212212001 212212001 212212001 212212001 212212001 2121/2001 212112001 
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB 

:1.1.. indicates a positive detecllon above the RBTL 
• Analytes not analyzed for follow-up SOil Investlgallon 
No RBTL exceedences for DIBENlO(A,H)ANTHRACENE, INDENO(1,2,3-CD)PYRENE, RDX, HEPTACHLOR EPOXIDE, or BERYLLIUM . 

• • • 



• 
LOCATION 
N5AMPLE 
5AMPLE 
5ACODE 
5U8MATRIX 
DEPTH RANGE 
5AMPLE DATE 
COLLECTION METHOD 

• • 
TA8LE 3-6 

50lL RE5UL T5 FOR PARAMETER5 WITH AT LEA5T ONE P051TIVE DETECTION A80VE RI5K-8A5ED TARGET LEVEL5 
OLD RIFLE RANGE 

N5WC CRANE, INDIANA 
PAGE40F9 

075814 075814 075815 075815 075815 075815 075816 075816 075817 
0758140001 0758140204 0758150001 0758150001-AVG 0758150001-D 0758150204 0758160001 0758160204 0758170001 

RI5K 0758140001 0758140204 0758150001 FD02220101 FD02220101 0758150204 0758160001 0758160204 0758170001 
8A5ED ,NORMAL NORMAL ORIG AVG DUP NORMAL NORMAL NORMAL ORIG, 

TARGET 55 58 55 55 55 58 55 58 55 
LEVEL 0' -1' 2' - 4' 0' -1' 0' -1' 0' -1' 2' - 4' 0' -1' 2' - 4' 0' -1' 

212212001 212212001 212212001 212212001 212212001 212212001 212212001 212212001 212312001 
GRA8 GRA8 GRA8 GRA8 GRA8 GRA8 GRA8 GRA8 GRA8 

:'.J'IWlndlcates a positive detection above the RBTL. 
• Analytes not analyzed for follow-up soil investigatIOn ,.d 

No RBTL exceedences for DIBENZO(A,H)ANTHRACENE, INDENO(I,2,3-CD)pYRENE, RDX, HEPTACHLOR EPOXIDE, or BERYLLIUM. 

~r 
J..~: .,.,' 



TABLE 3-6 

07SB20 
0758200204 
07SB200204 

NORMAL 

2' - 4' 
2/22/2001 

SOIL RESULTS FOR PARAMETERS WITH AT LEAST ONE POSITIVE DETECTION ABOVE RISK-BASED TARGET LEVELS 
OLD RIFLE RANGE 

NSWC CRANE, INDIANA 
PAGE 5 OF 9 

07SB21 
07SB21 OOO1 
07SB210001 

NORMAL 
SS 

0 ' -1 '  
2/22/2001 

GRAB 

LOCATION 
NSAMPLE 
SAMPLE 
SACODE 
SUBMATRIX 
DEPTH RANGE 
SAMPLE DATE 
COLLECTION METHOD 

Enrraetics IMGIKGI 

07SB19 
07SB190001 
07SB190001 

NORMAL 
SS 

0 ' -1 '  
2/22/2001 

GRAB 
- 

Semivolatile Organics (UGIKG) 

:a B i n d i c a t e s  a positwe detection above the RBTL. 
Analytes not analyzed for follow-up soil investigation. 

No RBTL exceedences for DIBENZO(A,H)ANTHRACENE, INDENO(1,2,3-CD)PYRENE, RDX, HEPTACHLOR EPOXIDE, or BERYLLIUM. 

RISK 
BASED 

TARGET 
LEVEL 

BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZO(B)FLUORANTHENE 

07SB19 
07SB190204 
07SB190204 

NORMAL 
SB 

2' - 4' 
2/22/2001 

GRAB 

07SB20 
07SB200001 
07SB200001 

NORMAL 
SS 

0'-1'  
2/22/2001 

GRAB 

80 
62 
200 

07SB17 
07SB170001-AVG 

FD02230101 
AVG 
SS 

0 ' -  1' 
2/23/2001 

GRAB 

07SB18 
07SB180001 
07SB180001 

NORMAL 
SS 

0 ' -1 '  
2/22/2001 

GRAB 

8 U 
8 U 
8 U 

07SB17 
07SB170001 -D 

FD02230101 
DUP 
SS 

0 ' -  1' 
2/23/2001 

GRAB 

07SB18 
07SB180204 
07SB180204 

NORMAL 
SB 

2' - 4' 
2/22/2001 

GRAB 

07SB17 
07SB170204 
07SB170204 

NORMAL 
SB 

2' - 4' 
2/23/2001 

GRAB 

8 U 
8 U 
8 U 

8 U 
8 U 
8 U 

8 U 
8 U 
8 U 

8 U 
8 U 
8 U 

8 U 
8 U 
8 U 

9 U 
9 U 
9 U 

8 U 
8 U 
8 U 

8 U 
8 U 
8 U 

8 U 
8 U 
8 U 



TABLE 3-6 

i n d i c a t e s  a positive detection above the RBTL. 
Analytes not analyzed for follow-up soil investigation. 

No RBTL exceedences for DIBENZO(A,H)ANTHRACENE, INDEN0(1,2,3-CD)PYRENE, RDX, HEPTACHLOR EPOXIDE, or BERYLLIUM. 

SOIL RESULTS FOR PARAMETERS WITH AT LEAST ONE POSITIVE DETECTION ABOVE RISK-BASED TARGET LEVELS 
OLD RIFLE RANGE 

NSWC CRANE, INDIANA 
PAGE 6 OF 9 

LOCATION 
NSAMPLE 
SAMPLE 
SACODE 
SUBMATRIX 
DEPTH RANGE 
SAMPLE DATE 
COLLECTION METHOD 
Semivolatile Organics (UWKG) 
BENZO(A)ANTHRACENE 
BENZO(A)PY RENE 
BENZO(B)FLUORANTHENE 

2,4,6-TRINITROTOLUENE u 0.5 U 0.5 U u 0.5 U 0.5 U 0.5 U 0.5 U 
2,6-DINITROTOLUENE [ 0.5 0.5 U 1 0.5 U 1 0.5 U 1 0.5 U 0.5 U I 0.5 U 1 0.5 U 1 0.5 U 1 0.5 U 1 0.5 U 
lnorganics (MWKG) 
ARSENIC 1 0.39 
MANGANESE 1 38 

RlS K 
BASED 

TARGET 
LEVEL 

80 
62 
200 

07SB21 
07SB210204 
07SB210204 

NORMAL 
SB 

2 ' -4 '  
2/22/2001 

GRAB 

8 U 
8 U 
8 U 

07SB22 
07SB220001 
07SB220001 

NORMAL 
SS 

0' - 1' 
2/22/2001 

GRAB 

8 U 
8 U 
8 U 

07SB22 
07SB220204 
07SB220204 

NORMAL 
SB 

2' - 4' 
2/22/2001 

GRAB 

8 U 
8 U 
8 U 

07SB23 
07SB230001 
07SB230001 

ORlG 
SS 

0 ' -1 '  
2/22/2001 

GRAB 

8 U 
8 U 
8 U 

078823 
07SB230001-AVG 

FD02220103 
AVG 
SS 

0 ' -  1' 
2/22/2001 

GRAB 

8 U 
8 U 
8 U 

078823 
07SB230001-D 

FD02220103 
DUP 
SS 

0 ' -  1' 
2/22/2001 

GRAB 

07SB23 
07SB230204 
07SB230204 

NORMAL 
SB 

2' - 4' 
2/22/2001 

GRAB 

07s 824 
07SB240001 
07SB240001 

NORMAL 
SS 

0 ' -  1' 
2/22/2001 

GRAB 

8 U 
8 U 
8 U 

8 U 
12 
18 

8 U 
8 U 
8 U 

8 U 
8 U 
8 U 

07SB24 
07SB240204 
07SB240204 

NORMAL 
SB 

2' - 4' 
2/22/2001 

GRAB 

8 U 
8 U 
8 U 

078825 
07SB250001 
07SB250001 

NORMAL 
SS 

0 ' -  1' 
2/23/2001 

GRAB 



TABLE 3-6 

i n d i c a t e s  a positive detection above the RBTL. 
Analytes not analyzed for follow-up soil investigation. 

No RBTL exceedences for DIBENZO(A,H)ANTHRACENE, INDENO(l,2,3-CD)PYRENE, RDX, HEPTACHLOR EPOXIDE, or BERYLLIUM. 

SOIL RESULTS FOR PARAMETERS WITH AT LEAST ONE POSITIVE DETECTION ABOVE RISK-BASED TARGET LEVELS 
OLD RIFLE RANGE 

NSWC CRANE, INDIANA 
PAGE 7 OF 9 

LOCATION 
NSAMPLE 
SAMPLE 
SACODE 
SUBMATRIX 
DEPTH RANGE 
SAMPLE DATE 
COLLECTION METHOD 
Semivolatile Organics (UGIKG) 
BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZO(0)FLUORANTHENE 

RISK 
BASED 

TARGET 
LEVEL 

80 
62 
200 

Energetics (MGIKG) 
2,4,6-TRINITROTOLUENE 1 0 5  
2,6-DINITROTOLUENE 1 0.5 
lnorganics (MGIKG) 
ARSENIC 1 0.39 
MANGANESE 1 38 

078825 
07SB250204 
07SB250204 

NORMAL 
SB 

2 ' -  4' 
2/23/2001 

GRAB 

0.5 U 1 0.5 U 1 0.5 U 
0.5 U 1 0.5 U 1 0.5 U 

07SB26 
07SB260001 
07SB260001 

NORMAL 
SS 

0' - 1' 
2/23/2001 

GRAB 

07SB26 
07SB260204 
07SB260204 

NORMAL 
SB 

2' - 4' 
2/23/2001 

GRAB 

0.5 U 1 0.5 U 1 0.5 U 
0.5 U 1 0.5 U 1 0.5 U 

078827 
07SB270204 
07SB270204 

NORMAL 
SB 

2' - 4' 
2/23/2001 

GRAB 

078827 
07SB270001 
07SB270001 

NORMAL 
SS 

0 ' -1 '  
2/23/2001 

GRAB 

8 U 
8 U 
8 U 

8 U 
8 U 
8 U 

0.5 U I 0.5 U 
0.5 U I 0.5 U 

8 U 
8 U 
8 U 

07SB28 
07SB280001 
07SB280001 

NORMAL 
SS 

0 ' -  1' 
2/23/2001 

GRAB 

0.5 U 
0.5 U 

12 
15 
19 

07SB28 
07SB280204-D 

FW2230102 
DUP 
SB 

2' - 4' 
2/23/2001 

GRAB 

07SB28 
07SB280204 
07SB280204 

ORlG 
SB 

2' - 4' 
2/23/2001 

GRAB 

8 U 
8 U 
8 U 

078828 
07SB280204-AVG 

FD02230102 
AVG 
SB 

2' - 4' 
2/23/2001 

GRAB 

8 U 
8 U 
8 U 

8 U 
8 U 
8 U 

8 U 
8 U 
8 U 

8 U 
8 U 
8 U 



TABLE 3-6 

i n d i c a t e s  a positive detection above the RBTL. 
Analyles not analyzed for follow-up soil investigation. 

SOIL RESULTS FOR PARAMETERS WITH AT LEAST ONE POSITIVE DETECTION ABOVE RISK-BASED TARGET LEVELS 
OLD RIFLE RANGE 

NSWC CRANE, INDIANA 
PAGE 8 OF 9 

No RBTL exceedences for DIBENZO(A,H)ANTHRACENE, INDENO(l,2,3-CD)PYRENE, RDX, HEPTACHLOR EPOXIDE, or BERYLLIUM. 

LOCATION 
NSAMPLE 
SAMPLE 
SACODE 
SUBMATRIX 
DEPTHRANGE 
SAMPLE DATE 
COLLECTION METHOD 

07SB49 
07SS490001 
07SS490001 

NORMAL 
SS 

0'-1'  
3/6/2002 
GRAB 

RISK 
BASED 

TARGET 
LEVEL 

- 
0.5 U 
0.5 U 

07SB49 
07SB490204 
07SB490204 

ORlG 
SB 

2' - 4' 
3/6/2002 
GRAB 

Semivolatile Organics (UGIKG) 
BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZO(6)FLUORANTHENE 

lnorganics (MGIKG) 
ARSENIC 0.39 1 I I I I 
MANGANESE 38 1 I 

07SB49 
07SB490204AVG 

FD03060202 
AVG 
SB 

2' - 4' 
3/6/2002 
GRAB 

80 
62 
200 

078847 
07SS470001 
07SS470001 

ORlG 
SS 

0 ' -  1' 
3/6/2002 
GRAB 

2.4.6-TRINITROTOLUENE 
2,6-DINITROTOLUENE 

078847 
07SS470001-AVG 

FD03060201 
ORlG 

SS 
0 ' -  1' 

3/6/2002 
GRAB 

078847 
07SS470001-D 
FD03060201 

DUP 
SS 

0 ' -1 '  
3/6/2002 
GRAB 

078847 
07SB470204 
07SB470204 

NORMAL 
SB 

2' - 4' 
3/6/2002 
GRAB 

07SB48 
07SS480001 
07SS480001 

NORMAL 
SS 

0 ' -  1' 
3/6/2002 
GRAB 

078848 
07SB480204 
07SB480204 

NORMAL 
SB 

2' - 4' 
3/6/2002 
GRAB 



TABLE 3-6 

SOIL RESULTS FOR PARAMETERS WITH AT LEAST ONE POSITIVE DETECTION ABOVE RISK-BASED TARGET LEVELS 
OLD RIFLE RANGE 

NSWC CRANE, INDIANA 
PAGE 9 OF 9 

LOCATION 
NSAMPLE 
SAMPLE 
SACODE 
SUBMATRIX 
DEPTH RANGE 
SAMPLE DATE 
COLLECTION METHOD 
Semivolatile Organics (UGIKG) 
BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZO(B)FLUORANTHENE 

RISK 
BASED 

TARGET 
LEVEL 

Energetics (MGIKG) 
2.4.6-TRINITROTOLUENE 1 0.5 1 0.5 U I 0.5 U I 0.5 U 1 0.5 U 1 0.5 U 
2.6-DINITROTOLUENE 1 0.5 1 0.5 U 0.5 U 0.5 U 1 0.5 U 1 0.5 U 

80 
62 
200 

07SB49 
07SB490204-D 

FW3060202 
DUP 
SB 

2' - 4' 
3/6/2002 
GRAB 

07SB50 
07SS500001 
07SS500001 

NORMAL 
SS 

0 ' -1 '  
3/6/2002 
GRAB 

0.5 U 
0.5 U 

lnorganics (MGIKG) 

0.5 U 
0.5 U 

0.5 U 
0.5 U 

ARSENIC 1 0.39 ( I 

07SB50 
07SB500204 
07SB500204 

NORMAL 
SB 

2' - 4' 
3/6/2002 
GRAB 

0.5 U 
0.5 U 

I I 
MANGANESE 1 38 1 

:e m -indicates a positive detection above the RBTL. 
Analytes not analyzed for follow-up soil investigation. 

No RBTL exceedences for DIBENZO(A,H)ANTHRACENE, INDENO(l,2,3-CD)PYRENE, RDX, HEPTACHLOR EPOXIDE, or BERYLLIUM. 

07SB51 
07SS510001 
07SS510001 

NORMAL 
SS 

0'-1'  
3/6/2002 
GRAB 

07SB51 
07SB510204 
07SB510204 

NORMAL 
SB 

2' - 4' 
3/6/2002 
GRAB 

07SB52 
07SS520001 
07SS520001 

NORMAL 
SS 

0'- 1' 
3/6/2002 
GRAB 

07SB52 
0788520204 
07SB520204 

NORMAL 
SB 

2' - 4' 
3/6/2002 
GRAB 

07SB53 
07SS530001 
07SS530001 

NORMAL 
SS 

0 ' -1 '  
3/6/2002 
GRAB 

07SB53 
07SB530204 
07SB530204 

NORMAL 
SB 

2' - 4' 
3/6/2002 
GRAB 



TABLE 3-7 

SOIL RESULTS FOR PARAMETERS WITH AT LEAST ONE POSITIVE DETECTION ABOVE RISK-BASED TARGET LEVELS 
OLD PISTOL RANGE 

NSWC CRANE, INDIANA 
PAGE 1 OF 4 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 

i n d i c a t e s  a positive detection. 
No positive detections for BENZO(A)ANTHRACENE; BENZO(A)PYRENE; BENZO(B)FLUORANTHENE; DIBENZO(A,H)ANTHRACENE; 
INDENO(1,2.3-CD)PYRENE; 2,4,6-TRINITROTOLUENE; 2.6-DINITROTOLUENE; RDX; HEPTACHLOR EPOXIDE; or BERYLLIUM 



TABLE 3-7 

SOIL RESULTS FOR PARAMETERS WITH AT LEAST ONE POSITIVE DETECTION ABOVE RISK-BASED TARGET LEVELS 
OLD PISTOL RANGE 

NSWC CRANE, INDIANA 
PAGE 2 OF 4 

location 
nsample 
sample 
sacode 
depth-range 
sample-date 
coil-method 

MANGANESE 

i n d i c a t e s  a positive detection. 
No positive detections for BENZO(A)ANTHRACENE; BENZO(A)PYRENE; BENZO(B)FLUORANTHENE; DIBENZO(A.H)ANTHRACENE; 
INDEN0(1.2,3-CD)PYRENE; 2,4.6-TRINITROTOLUENE: 2.6-DINITROTOLUENE; RDX; HEPTACHLOR EPOXIDE; or BERYLLIUM 

Risk 
Based 
Target 
Level 

07SB33 
07SB330204 
07SB330204 

NORMAL 
2 ' -  4' 

02/21/01 
GRAB 

07SB34 
07SB340001 
07SB340001 

NORMAL 
0 ' -1 '  

02/21/01 
GRAB 

07SB34 
07SB340204 
07SB340204 

NORMAL 
2' - 4' 

02/21/01 
GRAB 

07CP35B 
07CP350001 
07CP350001 

NORMAL 
0 ' -  1' 

02/21/01 
COMPOSITE 

07CP35B 
07CP350204 
07CP350204 

NORMAL 
2' - 4' 

02/22/01 
COMPOSITE 

07CP37B 
07CP370001 
07CP370001 

NORMAL 
0 ' -  1' 

02/22/01 
COMPOSITE 

07CP36B 
07CP360001 
07CP360001 

NORMAL 
0 ' -1 '  

02/21/01 
COMPOSITE 

07CP36B 
07CP360204 
07CP360204 

NORMAL 
2' - 4' 

02/22/01 
COMPOSITE 

07CP37B 
07CP370204 
07CP370204 

NORMAL 
2' - 4' 

02/22/01 
COMPOSITE 

07CP38B 
07CP38MN)l 
07CP380001 

DUP 
0 ' -1 '  

02/21/01 
COMPOSITE 

07CP38B 
07CP380001-AVG 

FD02210103 
AVG 
0 ' -  1' 

02/21/01 
COMPOSITE 



TABLE 3-7 

nsample 
sample 
sacode 
depth-range 
sample-date 

Risk 
Based 
Target 
Level 

SOIL RESULTS FOR PARAMETERS WITH AT LEAST ONE POSITIVE DETECTION ABOVE RISK-BASED TARGET LEVELS 
OLD PISTOL RANGE 

NSWC CRANE, INDIANA 
PAGE 3 OF 4 

07CP40B 07CP40B 07CP41 B 07CP41 B 
07CP400001 07CP400204 07CP410001 07CP410204 
07CP400001 07CP400204 07CP410001 07CP410204 

NORMAL NORMAL NORMAL 
0 ' -1 '  2' - 4' 0 ' -1 '  2' - 4' 

02/21 101 02/21 101 02/21 101 02/21 101 
COMPOSITE COMPOSITE COMPOSITE COMPOSITE 

07CP41 B 
07CP410204-AVE 

FD02210101 
AVG 
2' - 4' 

02/21/01 
COMPOSITE 

07CP42B 
07CP420001 
07CP420001 

NORMAL 
0 ' -1 '  

02/21/01 
COMPOSITE 

-indicates a positive detection. 
No positive detections for BENZO(A)ANTHRACENE; BENZO(A)PYRENE; BENZO(B)FLUORANTHENE; DIBENZO(A,H)ANTHRACENE; 
INDENO(1,2,3-CD)PYRENE; 2,4,6-TRINITROTOLUENE; 2.6-DINITROTOLUENE; RDX; HEPTACHLOR EPOXIDE; or BERYLLIUM 



TABLE 3-7 

nsample 
sample 
sacode 
depth-range 
sample-date 

SOIL RESULTS FOR PARAMETERS WITH AT LEAST ONE POSITIVE DETECTION ABOVE RISK-BASED TARGET LEVELS 
OLD PISTOL RANGE 

NSWC CRANE, INDIANA 
PAGE 4 OF 4 

07CP42B 07CP43B 07CP43B 07CP44B 
07CP420204 07CP430001 07CP430204 07CP440001 

Risk 07CP420204 07CP430001 07CP430204 07CP440001 
Based NORMAL NORMAL NORMAL 
Target 2' - 4' 0 ' -  1' 2' - 4' 0 ' -  1' 
Level 02/21/01 02/21/01 02/21/01 02/21/01 

COMPOSITE COMPOSITE COMPOSITE COMPOSITE 

07CP44B 
07CP440001 -AVG 

FD02210102 
AVG 
0 ' -  1' 

02/21/01 
COMPOSITE 

07CP44B 
07CP440001 -D 

FD02210102 

0 ' -  1' 
02/21/01 

COMPOSITE 

indicates a positive detection. 
No positive detections for BENZO(A)ANTHRACENE; BENZO(A)PYRENE; BENZO(B)FLUORANTHENE; DIBENZO(A,H)ANTHRACENE; 
INDENO(1.2.3-CD)PYRENE; 2,4.6-TRINITROTOLUENE; 2,6-DINITROTOLUENE; RDX; HEPTACHLOR EPOXIDE; or BERYLLIUM 



TABLE 3-8 

DETECTION STATISTICS 
OLD RIFLE RANGE 

SURFACE SOIL (0' - 1') 
NSWC CRANE, INDIANA 

PAGE 1 OF 4 

Parameter 
Semivolatile Organics (uglkg) 
BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZO(i3)FLUORANTHENE 
DIBENZO(A,H)ANTHRACENE 
INDENO(1,2,3-CD)PYRENE 

Inorganics (mglkg) . 

Risk-Based Standard Minimum Maximum Location of Maximum Frequency of Minimum Non. 
Target Level Mean Deviation Detect Detect Detection Detection Detect 

80 6.52 8.42 7 46 07SB040001 3/28 8 
62 7.96 12.8 6.5 70 07SB040001 5/28 8 

200 8.41 9.97 8 07SB040001 7/28 8 
62 5.05 3.70 16 16 07SB040001 1 I28 8 
620 6.52 8.09 9 44 07SB040001 3/28 8 

ARSENIC 
BERYLLIUM 
MANGANESE 

Maximum 
Non-Detect 

40 
40 - 
40 
40 
40 

13.8 
0.98 
1930 

Energetics (mglkg) 

0.39 
3 
38 

Pesticides (uglkg) 
IHEPTACHLOR EPOXIDE I 30 1 1.15 1 0.406 1 3 I 3 I 07SB110001 I 1 I28 I 2 I 4 I 

9900 
1.9 
--- 

07SB100001 
07SB210001 
07SB210001 

0.71 
1.9 
--- 

2,4,6-TRINITROTOLUENE 
2,6-DINITROTOLUENE 
RDX 

8.16 
0.478 
757 

28/28 
1 I28 

28/28 

07SB160001 
07SB160001 

--- 

0.5 
0.5 
0.5 

2.85 
0.101 
366 

0.5 
0.5 
0.5 

4/35 
1 I35 
0135 

--- 
0.84 
--- 

3.7 ' 

0.98 
292 

0.5 
0.5 
0.5 

31 0 
0.297 
0.250 

--- 
1 

--- 

1676 
0.279 

--- 
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TABLE 3-8 

DETECTION STATISTICS 
OLD PISTOL RANGE 

SURFACE SOIL (0' - 1') 
NSWC CRANE, INDIANA 

PAGE 3 OF 4 

Risked-Based Standard Minimum Maximum Location of Frequency of Minimum Maximum 
parameter Target Level Mean Deviation Detection Detection Maximum Detection Detection Non-Detect Non-Detect 

Energetics (mg/kg) 
2,4,6-TRINITROTOLUENE 0.5 
2,6-DINITROTOLUENE 0.5 
RDX 0.5 

0.25 
0.25 
0.25 

--- 
--- 

p---ppp-- --- 
Pesticides (ug/kg) 

~HEPTACHLOR EPOXIDE I 30 I 1 . 1 0 1  0.07 1 --- I --- I --- I 011 8 I 2.1 I 2.7 I 
lnorganics (mglkg) 

0.5 
0.5 
0.5 

011 8 
011 8 
011 8 

1 0 . 5  
0.5 
0.5 

0 
0 
0 

ARSENIC 

BERYLLIUM 
MANGANESE 

--- 

0.88 
--- 

--- 
--- 
--- 

--- 

1.2 
--- 

0.39 

3 
38 

--- 
--- 
--- 

8.66 

0.86 
1,221 

2.13 

0.36 
41 1 

5.1 

0.94 
401 

12.8 

1.3 
1960 

07CP430001 
07CP410001,07CP430001, 

07CP450001 
07CP410001 

1811 8 

1011 8 
1811 8 



TABLE 3-8 

DETECTION STATISTICS 
OLD PISTOL RANGE 

SURFACE SOIL (2' - 4') 
NSWC CRANE, INDIANA 

PAGE 4 OF 4 

Semivolatile Organics (uglkg) 
Parameter 

BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZO(B)F LUORANTHENE 
DlBENZO(A,H)ANTHRACENE 
INDENO(1,2,3-CD)PYRENE 
Energetics (mglkg) 

Standard 
Deviation 

2,4,6-TRINITROTOLUENE 
2,6-DINITROTOLUENE 
R DX 

* *, 
~HEPTACHLOR EPOXIDE I 30 1 1.02 1 0.03 1 --- I --- I --- I 011 8 I 1.95 1 2.2 I 
lnorganics (mglkg) 

Risked-Based 
Target Level 

80 
62 

200 
62 

620 

Mean 
Minimum 
Detection 

Pesticides (uolkal 

ARSENIC 
BERYLLIUM 
MANGANESE 

4.03 
4.03 
4.03 
4.03 
4.03 

0.5 
0.5 
0.5 

6.4 
1 

190 

Maximum 
Detection 

0.39 
3 
38 

0.12 
0.12 
0.12 
0.12 
0.12 

0.25 
0.25 
0.25 

--- 
--- 
--- 

24.9 
1.9 

21 10 

0.5 
0.5 
0.5 

0 
0 
0 

12.7 
1.19 
1,303 

Location of 
Maximum Detection 

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

0.5 
0.5 
0.5 

--- 
--- 
--- 

5.48 
0.51 
586 

07CP450204 
07CP390204 
07SB340204 

Minimum 
Non-Detect 

Frequency of 
Detection 

Maximum 
Non-Detect 

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

--- 
--- 
--- 

1 811 8 
1311 8 
1811 8 

011 8 
011 8 
011 8 

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

--- 
0.87 
--- 

--- 
1 

--- 

0/18 
011 8 
011 8 
011 8 
011 8 

8 
8 
8 
8 
8 

9 
9 
9 
9 
9 



TABLE 3-9 

SUMMARY OF STATISTICAL COMPARISON 
SlTE TO BACKGROUND 

SURFACE AND SUBSURFACE SOIL RESULTS 
OLD RIFLE RANGE AND OLD PISTOL RANGE 

NSWC CRANE, INDIANA 

SITE 
ABOVE 
RBTL ? 

Yes 
No 
Yes 

SITE BACKGROUND LEVENE TYPE 
UNDERLYING UNDERLYING TEST OF 

PARAMETER DISTRIBUTION DISTRIBUTION RESULT ANOVA 

ANOVA 
RESULTS 

(P) 

0.037 
0.01 6 
0.126 

EXTENT 
FULLY 

Characterized? 

No 
Yes 
Yes 

Old Rifle Range - Surface Soil 
ARSENIC 
BERYLLIUM 
MANGANESE 
Old Rifle Range - Subsurface Soil 

SITE 
ABOVE 

BACKGROUND? 

Yes 
Yes 
No 

LOGNORMAL 
NOT DEFINED 
LOGNORMAL 

ARSENIC 
BERYLLIUM 
MANGANESE 

Yes 
Yes 
Yes 

No 
Yes 
No 

Old Pistol Range - Surface Soil 

NON-PARAMETRIC 
NON-PARAMETRIC 

PARAMETRIC 

NORMAL 
LOGNORMAL 
LOGNORMAL 

Yes 
No 
Yes 

LOGNORMAL 
NOT DEFINED 

NORMAL 

--- 
--- 

PASS 

--- 
--- 
--- 

NORMAL 
LOGNORMAL 
LOGNORMAL 

ARSENIC 
BERYLLIUM 
MANGANESE 

Yes 
No 
Yes 

NON-PARAMETRIC 
NON-PARAMETRIC 
NON-PARAMETRIC 

No 
Yes 
Yes 

Old Pistol Range - Subsurface Soil 

0.563 
0.016 
0.209 

LOGNORMAL 
NOT DEFINED 

NORMAL 

--- 
--- 
--- 

NORMAL 
LOGNORMAL 
LOGNORMAL 

ARSENIC 
BERYLLIUM 
MANGANESE 

--- 
--- 
--- 

NON-PARAMETRIC 
NON-PARAMETRIC 
NON-PARAMETRIC 

LOGNORMAL 
NOT DEFINED 

NORMAL 

NORMAL 
LOGNORMAL 
LOGNORMAL 

0.003 
6.8E-05 
0.651 

NON-PARAMETRIC 
NON-PARAMETRIC 
NON-PARAMETRIC 

Yes 
Yes 
No 

Yes 
No 
Yes 

No 
Yes 
No 

0.034 
0.003 
0.021 

Yes 
Yes 
Yes 



TABLE 3-1 0 

BACKGROUND SURFACE SOlL RESULTS 
SOlL GROUP 3 -ALLUVIAL, MISSISSIPPIAN, AND PENNSYLVANIAN SURFACE SOlL 

NSWC CRANE, INDIANA 

location BGlSBAOl BGlSEA04 BGlSBP04 BGlSBP06 BGlSBPO7 
nsample BGlSBADlOl BGlSBA0401 BGlSBP0401 BGlSBP0601-MAX BGlSBP0701 
sample BGlSBAOlOl BGlSBA0401 BGlSBP0401 BGlSBPO6Ol BGlSBP0701 
sacode NORMAL NORMAL NORMAL MAX' NORMAL NORMAL NORMAL MAX' NORMAL NORMAL NORMAL NORMAL 
depth-range 0' - 1' 0 ' -1 ,  0 ' -1 '  0' - 1, 0' - 1' 0' - 1' 0 ' -1 '  0 ' -1 '  0' - 1, 0'-1, 0' - 1' 0' - 1' 0 ' -1 ,  0 ' -1 '  0 ' -1 '  

~ n d ~ c a l e s  a poslllve detection 
'Background Study used rnaxlrnurn values 01 dupl~cales 



TABLE 3-1 1 

BACKGROUND SUBSURFACE SOlL RESULTS 
SOlL GROUP 7 - MISSISSIPPIAN SUBSURFACE SILT 

NSWC CRANE, INDIANA 

location 
nsample 
sample 
sacode 

BG3SBM07 
BG3SBM0704 
BG3SBM0704 

NORMAL 
3' - 4' 

1 1/03/99 

BG3SBM02 
BG3SBM0203 
BG3SBM0203 

NORMAL 

BG3SBM03 
BG3SBM0305 
BG3SBM0305 

NORMAL 
4' - 5' 

BG3SBM09 
BG3SBM0904 

I BG3SBM0904 
NORMAL 

3' - 4' 
1 1/03/99 

depth-range 2' - 3' 
sample-date 1 1 /02/99 

BG3SBMO6 
BG3SBM0604 
BG3SBM0604 

NORMAL 
3' - 4' 

: a  B -indicates a positive detection. 

1 1 /02/99 1 1 /02/99 



TABLE 3-1 2 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 
SOlL GROUP 3 - ALLUVIAL, MISSISSIPPIAN, AND PENNSYLVANIAN SURFACE SOlL 

BASEWIDE BACKGROUND INVESTIGATION REPORT 
NAVALSURFACEWARFARECENTER 

CRANE, INDIANA 

Notes: 
: a  m indicates parameters and concentrations which exceed soil risk-based target levels as defined in Table 3-1. 
1 - Value is the risked-based target level listed in Table 3-1. 



TABLE 3-13 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 
SOIL GROUP 7 - MISSISSIPPIAN SUBSURFACE SILT 
BASEWIDE BACKGROUND INVESTIGATION REPORT 

NAVAL SURFACE WARFARE CENTER 
CRANE, INDIANA 

Metal I Frequency of I Minimum I Maximum I Averaqeof I Average of Location of I Distribution 1 95% Upper I Soil Risk Based I 
~oleranci'~irnit Target Level (1) - 

BG3SBM0203 NORMAL 12.4 0.39 

Notes: 
NA - Not available 
: a  8 -indicates parameters and concentrations which exceed soil risk-based target levels as defined in Table 3-1. 
1 - Value is the risked-based target level listed in Table 3-1. 
2 - This value is the average of all detected and non-detected values. Non-detected values were represented by using one half the detection limit. 
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4.0 HUMAN HEALTH SCREENING EVALUATION 

This section presents the results of the human health screening evaluation (HHSE) of chemical 

concentrations detected in surface and subsurface soil samples collected at the Old Rifle Range (ORR) 

and Old Pistol Range (OPR), SWMU 7, in 2001, 2002, and 2003. Information on the selection of 

chemicals of potential concern (COPCs), exposure assessment, characterization of estimated potential 

human health risks, uncertainty analyses, and summary and conclusions for the risk screening are 

contained in Sections 4.1, 4.2, 4.3, 4.4, and 4.5, respectively. This HHSE reflects the risks presented by 

the site following implementation of a Voluntary Interim Measure (VIM) conducted in the summer of 2003 

to remove a localized area of elevated 2,4,6-trinitrotoluene (TIVT) contamination at the ORR (the 

complete VIM Report is provided in Appendix I). 

4.1 CHEMICALS OF POTENTIAL CONCERN 

COPCs for this HHSE are identified below and are those chemicals detected in the ORR and OPR 

surface and subsurface soil samples at maximum concentrations exceeding the Region 9 industrial or 

residential preliminary remediation goals (PRGs), and the site-specific background concentrations (See 

Tables 4-1 through 4-8): 

Prior to VIM activities, 2,4,6-TNT was detected in 4 of 35 surface soil samples at the ORR at a 

concentration range of 0.71 to 9,900 mglkg. All positive 2,4,6-TNT detections were reported for locations 

in the general vicinity (to the northlnorthwest) of the RCRA-permitted burn pit area. Analytical results 

SITE 

Old Rifle Range 

Old Rifle Range 

Old Rifle Range 

Old Rifle Range 

Old Pistol Range 

Old Pistol Range 

Old Pistol Range 

Old Pistol Range 
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LAND USE 

Industrial 

Industrial 

Residential 

Residential 

Industrial 

Industrial 

Residential 

Residential 

SOIL 

Surface 

Subsurface 

Surface 

Subsurface 

Surface 

Subsurface 

Surface 

Subsurface 

COPCs 

2,4,6-trinitrotoluene 
Arsenic 

None 

Benzo(a)pyrene 
2,4,6-trinitrotoluene 
Arsenic 

Benzo(a)pyrene 
2,4,6-trinitrotoluene 

Arsenic 

Arsenic 
Manganese 

Arsenic 

Arsenic 
Manganese 
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reported for all other locations samples (see Figure 3-17) were less than PRGs indicating that the 

2,4,6-TNT contamination was in a highly localized area (less than 1 acre in size) only and the 

contamination was not pervasive across SWMU 7. Non-detect analytical results for borings to the 

southwest, south, and northeast supported this conclusion. Based on this highly localized area of 

2,4,6-TNT contamination, and the fact that 2,4,6-TIVT was the predominant soil contaminant at the ORR, 

the Navy decided to conduct the VIM. A thorough discussion of VIM activities is provided in Appendix I. 

Preceding VIM activities, the maximum concentration of 2,4,6-TNT was 9,900 mglkg. Following VIM 

activities, the maximum concentration reported for 2,4,6-TIVT was 250 mglkg. 

4.2 EXPOSURE ASSESSMENT 

This section presents the exposure assessment for the ORR and OPR. The ORR is a relatively flat, 

rectangular area approximately 20 acres in size. The site is mostly grass-covered and is bisected from 

north to south by a maintained gravel road. The OPR is an area approximately 10 acres in size and is 

located immediately adjacent and to the north of the ORR. 

There is a RCRA-permitted burn pit located in the north-central part of the ORR. It is permitted for 

burning Yellow D (ammonium picrate) powder. The maximum concentrations of 2,4,6-TNT and 

2,6-dinitrotoluene (2,6-DNT) were reported for borings located close to, and to the north of this area. The 

kriged area of 2,4,6-TNT concentrations exceeding the RBTL prior to the VIM conducted in 2003 is shown 

in Figure 3-17. Energetics were either detected at low concentrations or were not detected in surface and 

subsurface soil samples collected outside this area. 

-The base does not have any current plans to develop SWMU 7. Consequently, under current and 

anticipated future land use, the following receptors are the most likely individuals to be exposed to 

COPCs in soils at the site: 

Base personnel engaged in site maintenance activities (grass mowing, etc.) or minor 

construction activities. The facility reports that grass mowing and minor construction activities 

occur a couple of times a year. 

Base personnel engaged in ammunition burning (e.g., flashing of metal scrap from the Demolition 

Range). The facility reports that this is estimated to occur approximately five to six days per year; 

approximately four hours per day. The facility also reports that routine demolition of Yellow D may 

occur at the ORR (approximately six days a week) at some time in the future. However, both military 

and civilian workers assigned to NWSC Crane work a typical 5 day140 hours per week schedule. 
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Risks associated with RCRA-permitted treatment activities at SWMU 7 are addressed in the RCRA 

Subpart X permit for this operation. 

Trespassers. These receptors may be exposed to COPCs in surface soils via direct contact (i.e., 

incidental ingestion and dermal contact) or via inhalation of airborne soil particulates from the site. 

Exposure to subsurface soil and groundwater is unlikely because these receptors are not expected to 

be engaged routinely in ground-intrusive activities. However, for the purposes of this risk screening, 

the exposure assessment will assume that a hypothetical future resident or typical industrial worker 

may be exposed to the COPCs in surface or subsurface soils. The exposure assessment 

assumptions (e.g., soil ingestion rates, etc.) are those specified in the calculation of the Region 9 

PRGs for the hypothetical future resident and the typical industrial worker (Appendix H, Attachment 

1). Risk estimates are not calculated for the trespasser because helshe would be exposed less 

frequently than a hypothetical resident or an industrial worker. Consequently, any risk management 

decisions based on the results of the hypothetical resident or an industrial worker will be protective of 

the trespasser. Risk Based Target Levels for this project were developed as described in Section 

1.4.1.2 of the approved QAPP. 

4.3 RISK CHARACTERIZATION 

Tables 4-9 through 4-1 5 present the results of the risk characterization conducted for this HHSE. Cancer 

and non-cancer risk estimates were developed for the hypothetical future resident and typical industrial 

worker using exposure point concentrations (EPCs) as determined according to guidance presented in 

the U.S. EPA reference titled, Calculating Upper Confidence Limits for Exposure Point 

Concentrations at Hazardous Waste Sites (December, 2002) and available Region 9 PRGs. Prior to 

the calculation of the EPC, the distribution of a data set (normal, lognormal, undefined) was determined 

using the Shapiro-Wilk W-test. Then, the 95 percent upper confidence limit (UCL) for the arithmetic mean 

was calculated per methodologies presented in the guidance. The UCLs for data sets determined to be 

normally distributed were calculated using the Student's t statistic. The UCLs for data sets determined to 

be lognormally distributed were calculated using the Land method. The UCLs for data sets not 

determined to be normally or lognormally distributed were calculated using the non-parametric Standard 

Bootstrap Procedure. The resulting 95% UCL for a parameter was compared to the maximum detected 

concentration in the data set and was selected as the EPC if the 95 % UCL was less than the maximum 

detected concentration. Otherwise, the maximum detected concentration was selected as the EPC. The 

EPA Region 9 PRGs represent the 1 E-06 cancer risk level for carcinogenic chemicals (i.e., one additional 

cancer risk in one million people exposed) and a Hazard Index of 1 (i.e., the no adverse effect 
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concentration) for non-carcinogens. Thus, risk estimates were developed using a simple ratioing 

technique: 

EPA Region 9 PRG - Hazard Index of 1 or Cancer Risk Estimate of 1 E - 06 - 
EPC for COPC ?? Hazard Index or Cancer Risk Estimate 

Risk estimates for the hypothetical future resident and the typical industrial worker are summarized below: 

1 Cancer risk estimates and Hazard Indices based on the pre-VIM maximum 2,4,6-TNT 
concentration (9,900 mglkg) exceeded 1 E-04 and 1, respectively. However, following 
completion of VIM activities, cancer risk estimates and hazard indices associated with 
2,4,6-TNT (95% UCL concentrations) do not exceed 1 E-05 and 1, respectively. Cancer risk 
estimates and hazard indices for the industrial worker based on the maximum post-VIM 
2,4,6-TNT concentration (250 mglkg) do not exceed 2E-05 and 1, respectively. Post-VIM 
activities, arsenic is the primary COPC contributing to cancer risk estimates. 

2 The hazard index summed for arsenic (0.7) and manganese (0.9) marginally exceed 1; 
adverse non-carcinogenic health effects are not anticipated. 

The cancer risk estimates presented above do not exceed the EPA risk management range [1E-04 to 

Hazard Index 
(Industrial land use) 

Cancer Risk Estimate 
(Industrial land use) 

Hazard Index 
(Residential land use) 

Cancer Risk Estimate 
(Residential land use) 

-1 E-06 (i.e., one additional cancer risk in ten thousand exposed individuals to one additional cancer risk in 

Old Pistol Range 

one million exposed individuals)] often used by the EPA to determine the need for environmental 

Old Rifle Range 

Surface Soil 

3.7E-02 

6.1 E-06 

4.4E-01 

2.5E-05 

remediation or set standards and criteria. However, risk estimates calculated for arsenic in surface and/or 

subsurface soils at the ORR and OPR, for 2,4,6-TNT in the surface soils at the ORR, and for 

Surface soil(') 

9.4E-02 

6.1 E-06 

1.0 E+OO 

2.5E-05 

Subsurface Soil 

8.1 E-02 

9.6E-06 

1 .6(2) 

3.9E-05 

benzo(a)pyrene in subsurface soils at the ORR have associated risks exceeding the lower bound of the 

Subsurface Soil 

N A 

NA 

1.2E-01 

3.1 E-06 

U.S. EPA's risk range (i.e., 1 E-06). Only the cancer risks developed for arsenic (hypothetical future 

resident) exceed the 1 E-05 risk level. (Over 95 percent of the carcinogenic risk estimated for the surface 

soils at the ORR is attributable to arsenic.) Because the risks associated with arsenic and benzo(a)pyrene 

total 4E-05 or less and are within the range of background and because the risks associated with 

2,4,6-TNT are less than 1 E-05, decisions regarding the need to remediate these constituents will be 

deferred until closure of the unit. Additionally, it should be noted that the ORR will continue to be used for 

080203lP 4-4 CTO 01 60 



NSWC Crane 
SWMU 7 

Revision: 1 
Date: September 2005 

Section: 4 
Page 5 of 10 

ammunition burning and that additional contaminants may be added to the soils as a result of the Subpart 

X open burning. Risks associated with any additional contamination will also be evaluated during the 

closure of the unit. 

The total hazard indices calculated for the ORR surface and subsurface soils are equal to, or less than 

the EPA benchmark of 1 .O. At the ORR, 2,4,6-TNT is the major contributor to the non-carcinogenic risk. 

The hazard index calculated for the hypothetical future resident exposed to COPCs in subsurface soils at 

the OPR marginally exceeds the EPA benchmark of 1. Arsenic and manganese are the major 

contributors to the non-carcinogenic risk at the OPR; however, adverse non-carcinogenic health effects 

are not anticipated for exposure to these metals. 

Risk estimates for 2,4-6-TNT for current workers infrequently visiting the site two days a year (i.e., as 

described above, mowing the grass, minor construction or maintenance activities) are less than the 

aforementioned EPA cancer and non-cancer risk benchmarks (see Appendix H, Attachment 2): 

Cancer estimate: 2.5E-09 

Non-cancer risk estimate (hazard index): 4.6E-04 

These risk estimates are less than those presented previously for the typical industrial worker because of 

the infrequent nature of the exposure (i.e., the PRGs for the typical industrial worker assume daily 

exposure to site soils). The risk estimates presented in Appendix H, Attachment 2 were calculated using 

the 95% UCL concentration as the exposure point concentration (17.9 mg/kg) and exposure assumptions 

used to calculate the PRG for the industrial worker except that it was assumed that this worker visits the 

site 2 days a year only. (Risk estimates based on the maximum, post-VIM 2,4,6-TNT concentration 

(250 mglkg) are 6.4E-03 [hazard index] and 3.5E-08 [cancer risk estimate]). 

Risk estimates for 2,4,6-TNT for currentlfuture workers who may engage in RCRA-permitted burning 

activities five or six days a year (i.e., as described previously, flashing of scrap metal, demolition of Yellow 

D) are less than the aforementioned EPA cancer and non-cancer risk benchmarks (see Appendix H, 

Attachment 3): 

Cancer estimate: 7.5E-09 

Non-cancer risk estimate (hazard index): 1.4E-03 
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The risk estimates are less than those presented previously for the typical industrial worker because of 

the infrequent nature of the exposure (i.e., the PRGs for the industrial worker assume daily exposure to 

site soils). The risk estimates presented in Appendix H, Attachment 3 were calculated using the 95% 

UCL concentration as the exposure point concentration (17.9 mglkg) and the exposure assumptions used 

to calculate the PRG for the industrial worker except that it was assumed that this worker visits the site 6 

days a year only. (Risk estimates based on the maximum, post-VIM 2,4,6-TNT concentration 

(250 mglkg) are 1.9E-02 [hazard index] and 1 E-07 [cancer risk estimate]). 

As summarized on Tables 4-16 through 4-19, 2,4,6-TNT, 2,6-dinitrotoluene, benzo(a)anthracene, 

benzo(b)fluoranthene, arsenic, and manganese were the COPCs detected in surface or subsurface soils 

at concentrations exceeding EPA SSLs for the migration of chemicals from soils to groundwater using a 

DAF of 1. 2,4,6-TNT and 2,6-dinitrotoluene were discussed previously. Based on analytical data 

presented in the CCCRA, benzo(a)anthracene was selected as a COPC for the human health risk 

assessment of groundwater contaminants presented in that assessment (benzo[b]fluoranthene was not). 

However, as discussed in Section 4.4, PAHs were detected very infrequently in soil samples at the 

ORR. Consequently, the soils are unlikely to be a significant continuing source of contamination to 

groundwater. Arsenic and manganese were also selected as COPCs for groundwater in the CCCRA. 

However, based on the statistics and discussions presented in Section 3.0, arsenic and manganese in 

the surface and subsurface soils at the ORR and the OPR also do not present a significant source of 

contamination to groundwater. Manganese was not detected in surface soil samples from the ORR and 

the OPR or in the subsurface soil samples from the ORR at concentrations exceeding background. The 

manganese concentrations in the subsurface soils at the OPR marginally exceed background, if at all. 

Arsenic was not detected in the subsurface soils at the ORR at concentrations exceeding background. 

The statistical analyses and kriging plots presented in Section 3 suggest that the arsenic concentrations 

in the surface soils at the ORR and the OPR and in the subsurface soils at the ORR are marginally 

greater than background concentrations. The areal extent of the arsenic contamination is very limited. 

On-going environmental monitoring of the ORR is covered under NSWC Crane's Subpart X Permit for this 

operating unit. 

4.4 UNCERTAINTY ANALYSIS 

The following sources of uncertainty should be considered when interpreting the results of this HHSE and 

all of the analytical results for surface and subsurface soils at SWMU 7: 
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The following metals were detected at maximum concentrations exceeding COPC screening levels 

but were eliminated as COPCs based on the comparison of site concentrations to background 

concentrations: 

Manganese in surface soils at the ORR (C,,, = 1930 mgkg; 95 % UCL = 901 mglkg). 

Arsenic in subsurface soils at the ORR (C,,, = 15.4 mglkg; 95 % UCL = 8.76 mglkg). 

Marlganese in subsurface soils at the ORR (C,,, = 1860 mgkg; 95 % UCL = 91 1 mglkg). 

Manganese in surface soil at the OPR (C,,, = 1960 mglkg; 95 % UCL = 1390 mglkg). 

The maximum manganese concentrations detected in the surface and subsurface soils at the ORR 

and in the surface soil at the OPR exceed the current Region 9 PRG for residential land use 

(1,800 mglkg). However, the 95%  con concentrations do not. Consequently, HIS developed based 

on the 95% UCL and the PRG would not exceed 1. The arsenic concentrations in the subsurface 

soils at the ORR also exceed the Region 9 PRG for residential land use (0.39 mglkg). The PRG for 

arsenic is set at the 1x10-~ cancer risk level. Consequently, the maximum arsenic concentration 

detected in the ORR subsurface soils would be associated with 4x10-~ cancer risk level assuming a 

residential land use scenario. The 95 % UCL concentration for the ORR subsurface soils is 

8.76 mglkg. This concentration is associated with a 2.3x10-~ cancer risk level assuming a residential 

land use scenario. 

Five carcinogenic PAHs (benzo[a]anthracene, benzo[a]pyrene, benzo[b]fluoranthene, 

dibenzo[a,h]anthracene, indeno[l,2,3-cdlpyrene) were selected as COPCs for the human health risk 

assessment of soil contaminants in the CCCRA (TtNUS, 1999a). (The CCCRA risk assessment was 

based on 4 samples only.) Consequently, additional surface and subsurface soil samples were 

collected. and analyzed for these carcinogenic PAHs in 2001. The maximum detected concentrations 

detected in the 2001 soil samples are now an order of magnitude less than those reported in the 

CCCRA (TtNUS, 1999a) and the data suggest that the carcinogenic PAHs are not pervasive 

contaminants at the site: 
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Analytical Results for ORR 

As noted above, only benzo(a)pyrene was detected in the 2001 samples at a maximum concentration 

exceeding (marginally) a PRG. Processlsite knowledge suggests that PAHs were not anticipated to be 

site-related contaminants. A review of literature regarding anthropogenic background concentrations of 

PAHs indicate that non-site related anthropogenic sources may have contributed to the PAH 

concentrations noted in the surface and subsurface soils. (see Appendix H, Attachment 4). Additionally, 

the following information, summarized from Tables 3-6 through 3-8, supports the conclusion that PAHs 

are not significant soil contaminants at SWMU 7: 

Analytical Data (2001) for ORR and OPR 

Parameter 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Dibenzo(a,h)anthracene 

Indeno(l,2,3-cd)pyrene 

2001 Results 
MaxJMean (mg/kg) 

Surface 
(Subsurface) 

0.04610.0065 
(0.210.011) 

0.0710.008 
(0.1 810.01 03) 

0.05210.0084 
(0.2710.0135) 

0.01 610.0051 
(0.04610.00552) 

0.04410.0065 
(0.1 1010.0078) 

CCCRA Results 
Maxmean (mglkg) 

2.510.62 

2.810.669 

3.710.807 

0.8410.036 

2.210.57 
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PAH 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

PRG (Res) 
(mg/kg) 

0.62 

0.062 

0.62 

0.062 

0.62 

PRG (Ind) 
(mg/kg) 

2.9 

0.29 

2.9 

0.29 

2.9 

Frequency 
of Positive 
Detections 

5 out of 92 

7 out of 92 

10 out of 92 

Number of 
Results 

(including 
duplicates) 

Above 
RBTL 

1 out of 92 

2 out of 92 

1 out of 92 

Location of RBTL 
Exceedances and 
Concentrations 

SB04 at 2-4' bgs 
200uglkg vs. 80uglkg RBTL 

SB04 at 1-2' bgs 
70uglkg vs. 62uglkg RBTL 
SB04 at 2-4' bgs 
180uglkg vs. 62uglkg RBTL 

SB04 at 2-4' bgs 
270uglkg vs. 200uglkg RBTL 

Magnitude of 
Exceedance 

'2.5 times the 
RBTL 

1.1 times the 
RBTL 
2.9,times the 
RBTL 

1.4 times the 
RBTL 



NSWC Crane 
SWMU 7 

Revision: 1 
Date: September 2005 

Section: 4 
Page 9 of 10 

The Region 9 PRG for manganese in soil assuming a residential land use scenario (1,800 mgtkg) is 

based on a reference dose (i.e., the non-carcinogenic toxicity criteria) of 0.024 mg/kg/day. However, 

based on guidance received courtesy EPA Region 1, a more appropriate risk-based concentration 

would be 5,500 mg/kg. The current RfD presented on IRIS is 0.14 mg/kg/day and the RfD presented 

in the Region 9 table is 0.024 mg/kg/day which is the RfD modified by subtracting the average dietary 

intake of manganese and applying a modifying factor of 3 for non-dietary exposures (e.g., drinking 

water exposure). EPA Region 1 suggests that a RfD of 7 x 1 ~ ~  for risk evaluations involving soil 

exposure which is the IRIS RfD modified by subtracting the average dietary intake, however no 

modifying factor is applied. The guidance states, "A modifying factor of 3 may be appropriate for 

assessing risks via exposure to soils if neonates (a child 12 months or younger) are a potentially 

exposed population. For most RCRA and Superfund risk assessments, neonates are unlikely to be 

exposed to significant amounts of soils. Therefore, applying a modifying factor of 1 is appropriate. 

Assuming exposure to a young child under a residential scenario, a hazard index of 1 for manganese 

would correspond to a soil concentration of 5,500 mgtkg." The maximum manganese concentration 

in SWMU 7 soils was 2,110 mg/kg (see Appendix H, Attachment 5). 

Although the arsenic concentrations detected in the soils at SWMU 7 may exceed base-specific 

background concentrations (surface soil at the ORR; surface and subsurface soil at the OPR), 

arsenic is a naturally occurring metal and may occur naturally in some locations (e.g., in the western 

United States) at concentrations exceeding 90 mgtkg. Arsenic concentrations detected in soils at the 

ORR and OPR are well within the range of natural background concentrations reported in the 

literature (see Appendix H, Attachment 6). 

4.5 SUMMARY AND CONCLUSIONS 

The cancer risk estimates for surface and subsurface soils do not exceed the EPA risk management 

range (1 E-04 to 1 E-06) often used by the EPA to determine the need for environmental remediation or set 

standards and criteria. However, risk estimates calculated for the hypothetical future resident and/or for 

the hypothetical typical industrial worker (exposed 250 daystyear) for arsenic in surface soils, for 

2,4,6-TNT in the surface soils, and/or for benzo(a)pyrene in subsurface soils have associated risks 

exceeding the lower bound of the U.S. EPA's risk range (i.e., 1 E-06). Only the cancer risks developed for 

arsenic (hypothetical future resident) exceed the 1 E-05 risk level. (Over 95 percent of the carcinogenic 

risk estimated for the surface soils at the ORR is attributable to arsenic.) Because the risks associated 

with arsenic and benzo(a)pyrene total 4E-05 or less and are within the range of background and because 

080203lP 4-9 CTO 01 60 



NSWC Crane 
SWMU 7 

Revision: 1 
Date: September 2005 

Section: 4 
Page 10 of 10 

the risks associated with the residual 2,4,6-TNT contamination are less than 1E-05, the decision 

regarding the need to remediate for these constituents will be deferred until closure of the unit. 

Additionally, it should be noted that the ORR will continue to be used for ammunition burning and that 

additional contaminants may be added to the soils as a result of the Subpart X open burning. Risks 

associated with any additional contamination will also be evaluated during the closure of the unit. Based 

on all of the above, no further action is recommended for this site at this time. 

4.5.2 - OPR 

Risk estimates developed for the future typical worker or resident hypothetically exposed to 

surface/subsurface soils at the OPR do not exceed the EPA benchmarks typically used to determine the 

need for environmental remediation. Consequently, no further action is recommended for this site. 
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TABLE 4-1 

COPC SELECTION TABLE 
OLD RIFLE RANGE - SLlRFACE SOIL 

INDUSTRIAL LAND USE 
NSWC CRANE, INDIANA 

250 
2,6-DINITROTOLUENE . 1.9 
RDX ND 16 1800 ND 

Semivolatile Organics 

Pesticides 
1 HEPTACHLOR EPOXIDE I 0.003 I 0.1 9 8.0 
lnoraanics 

Non-Carcinogenic 

PRG - ~ndustrial(~'~) 

(mdkg) 

Carcinogenic 

PRG - ~ndustrial(~'~) 

(mglkg) 

parameter(') 

Surface 

BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZO(B)FLUORANTHENE 
DIBENZO(A,H)ANTHRACENE 
INDENO(1,2,3-CD)PYRENE 

13.8 260 
BERYLLIUM 0.98 2200 1900 No 
MANGANESE 1930 N A No 

Statistically Greater 
than Background 
and ~ ~ - r ~ ? ( ~ l ~ l ~ )  

Maximum 
Concentration 

(mglkg) 

Footnotes: 
1 - Analyte name is shaded if site concentrations are greater than background as discussed in Section 3.2 and 

either the Region 9 carcinogenic PRG or 1110th the Region 9 noncarcinogenic PRG. The shaded analytes 
were selected as chemicals of potential concern (COPCs) for the human health screening evaluation (HHSE). 

2 - Region IX - Preliminary Remediation Goals (PRGs) Tables, October 1, 2002. 
3 - Value is shaded if maximum detected concentration exceeds PRG. 
4 - Value is shaded if maximum detected concentration exceeds 1110th PRG. 
5 - Cell is shaded if site concentrations are greater than background. 
6 - Based on Table 3-7 and statistical evaluation described in Section 3.2. 
7 - Organics (Semivolatiles, Energetics, and Pesticides) are labeled as nondetects (ND) because they are not 

considered present in the background soil. They are shaded if the maximum site concentration is greater than zero. 

Fn~mntics 

0.046 
0.07 

0.052 
0.01 6 
0.044 

Abbreviations: 
COPC - Chemical of Potential Concern 
NA - Not available 
ND - Nondetect 
PRG - Preliminary Remediation Goal 
RBTL - Risk Based Target Level 

2.1 
0.21 
2.1 
0.21 
2.1 

N A 
N A 
N A 
N A 
N A 



TABLE 4-2 

COPC SELECTION TABLE 
OLD RIFLE RANGE - SUBSURFACE SOIL 

INDUSTRIAL LAND USE 
NSWC CRANE, INDIANA 

Eneraetics 

parameter(') 

Surface 

Carcinogenic 

PRG - ~ndustrial(~.~) 

(mglkg) 

Maximum 
Concentration 

(mglkg) 

-. . -. - - -~ - - 

Footnotes: 
1 - Analyte name is shaded if site concentrations are greater than background as discussed in Section 3.2 and 

either the Region 9 carcinogenic PRG or 1110th the Region 9 noncarcinogenic PRG. The shaded analytes 
were selected as chemicals of potential concern (COPCs) for the human health screening evaluation (HHSE). 

2 - Region IX - Preliminary Remediation Goals (PRGs) Tables, October 1, 2002. 
3 - Value is shaded if maximum detected concentration exceeds PRG. 
4 - Value is shaded if maximum detected concentration exceeds 1110th PRG. 
5 - Cell is shaded if site concentrations are greater than background. 
6 - Based on Table 3-7 and statistical evaluation described in Section 3.2. 
7 - Organics (Semivolatiles, Energetics, and Pesticides) are labeled as nondetects (ND) because they are not 

considered present in the background soil. They are shaded if the maximum site concentration is greater than zero. 

Inorganics 

Abbreviations: 
COPC - Chemical of Potential Concern 
NA - Not available 
ND - Nondetect . 

PRG - Preliminary Remediation Goal 
RBTL - Risk Based Target Level 

Non-Carcinogenic 

PRG - ~ndustrial(~'~) 

@-@kg) 

2,4,6-TRINITROTOLUENE 
2,6-DINITROTOLUENE 
RDX 

ARSENIC 
BERYLLIUM 
MANGANESE 

Statistically Greater 
than Background 
and R B T L ? ( ~ ~ ~ ~ ~ )  

Pesticides 
~HEPTACHLOR EPOXIDE I ND 0.19 8.0 I ND 

3.8 
ND 
ND 

57 
N A 
16 

310 
620 ND 
1800 ND 

15.4 260 
1.1 2200 1900 

1860 N A 19000 

No 
No 
No 



TABLE 4-3 

COPC SELECTION TABLE 
OLD RIFLE RANGE - SURFACE SOIL 

RESIDENTIAL LAND USE 
NSWC CRANE, INDIANA 

RDX ND 4.40 180 ND 
Pesticides 

~HEPTACHLOR EPOXIDE 0.003 0.053 0.79 

13.8 
0.98 

Footnotes: 
1 - Analyte name is shaded if site concentrations are greater than background as discussed in Section 3.2 and 

either the Region 9 carcinogenic PRG or I/lOth the Region 9 noncarcinogenic PRG. The shaded analytes 
were selected as chemicals of potential concern (COPCs) for the human health screening evaluation (HHSE). 

2 - Region IX - Preliminary Remediation Goals (PRGs) Tables, October 1, 2002. 
3 - Value is shaded if maximum detected concentration exceeds PRG. 
4 - Value is shaded if maximum detected concentration exceeds 1110th PRG. 
5 - Cell is shaded if site concentrations are greater than background. 
6 - Based on Table 3-7 and statistical evaluation described in Section 3.2. 
7 - Organics (Semivolatiles, Energetics, and Pesticides) are labeled as nondetects (ND) because they are not 

considered present in the background soil. They are shaded if the maximum site concentration is greater than zero. 

Abbreviations: 
COPC - Chemical of Potential Concern 
NA - Not available 
ND - Nondetect 
PRG - Preliminary Remediation Goal 
RBTL - Risk Based Target Level 

~on-~arcinogenic 

PRG - ~esidential '~'~'  

(mglkg) 

Carcinogenic 

PRG - 
(mghg) 

parameter"' 

Surface 

Statistically Greater 
than Background 
and R B T L ? ( ~ , ~ ~ ~ )  

Maximum 
Concentration 

(mglkg) 



TABLE 4-4 

COPC SELECTION TABLE 
OLD RIFLE RANGE - SUBSURFACE SOIL 

RESIDENTIAL LAND USE 
NSWC CRANE, INDIANA 

Pesticides 
~HEPTACHLOR EPOXIDE I N D 0.053 I 0.79 I ND 
lnoraanics 

Footnotes: 
1 - Analyte name is shaded if site concentrations are greater than background as discussed in Section 3.2 and 

either the Region 9 carcinogenic PRG or 1110th the Region 9 noncarcinogenic PRG. The shaded analytes 
were selected as chemicals of potential concern (COPCs) for the human health screening evaluation (HHSE). 

2 - Region IX - Preliminary Remediation Goals (PRGs) Tables, October 1, 2002. 
3 - Value is shaded if maximum detected concentration exceeds PRG. 
4 - Value is shaded if maximum detected concentration exceeds 1110th PRG. 
5 - Cell is shaded if site concentrations are greater than background. 
6 - Based on Table 3-7 and statistical evaluation described in Section 3.2. 
7 - Organics (Semivolatiles, Energetics, and Pesticides) are labeled as nondetects (ND) because they are not 

considered present in the background soil. They are shaded if the maximum site concentration is greater than zero. 

Abbreviations: 
COPC - Chemical of Potential Concern 
NA - Not available 
ND - Nondetect 
PRG - Preliminary Remediation Goal 
RBTL - Risk Based Target Level 

Non-Carcinogenic 

PRG - ~esident ial" '~) 

(rnglkg) 

Carcinogenic 

PRG - ~es iden t ia l '~ '~ )  

(rnglkg) 

parameter(') 

Surface 

Statistically Greater 
than Background 

and R B T L ? ( ~ ~ ~ ~ ~ )  
Maximum 

Concentration 

(rnglkg) 



TABLE 4-5 

COPC SELECTION TABLE 
OLD PISTOL RANGE - SURFACE SOIL 

INDUSTRIAL LAND USE 
NSWC CRANE, INDIANA 

Pesticides 
~HEPTACHLOR EPOXIDE ND I 0.19 8.0 ND I 

Semivolatile Organics 

lnoraanics 

Carcinogenic 

PRG - ~ndustr ia l (~ '~)  

(mg/kg) 

Non-Carcinogenic 

PRG - ~ndustr ia l (~ '~)  

(mglkg) 

parameter(') 

Surface 

BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZO(B)FLUORAN-rHENE 
DIBENZO(A,H)ANTHRACENE 
INDENO(1,2,3-CD)PYRENE 

12.8 260 
BERYLLIUM 1.3 1900 
MANGANESE 1960 N A 

Statistically Greater 
than Background 

. and R B T L ? ( ~ ~ ~ ~ ~ )  
Maximum 

Concentration 
(mglkg) 

Footnotes: 
1 - Analyte name is shaded if site concentrations are greater than background as discussed in Section 3.2 and 

either the Region 9 carcinogenic PRG or It loth the Region 9 noncarcinogenic PRG. The shaded analytes 
were selected as chemicals of potential concern (COPCs) for the human health screening evaluation (HHSE). 

2 - Region IX - Preliminary Remediation Goals (PRGs) Tables, October 1, 2002. 
3 - Value is shaded if maximum detected concentration exceeds PRG. 
4 - Value is shaded if maximum detected concentration exceeds It loth PRG. 
5 - Cell is shaded if site concentrations are greater than background. 
6 - Based on Table 3-7 and statistical evaluation described in Section 3.2. 
7 - Organics (Semivolatiles, Energetics, and Pesticides) are labeled as nondetects (ND) because they are not 

considered present in the background soil. They are shaded if the maximum site concentration is greater than zero. 

0.009 
0.01 
0.022 
ND 
ND 

Abbreviations: 
COPC - Chemical of Potential Concern 
NA - Not available 
ND - Nondetect 
PRG - Preliminary Remediation Goal 
RBTL - Risk Based Target Level 

Energetics 

2.1 
0.21 
2.1 
0.21 
2.1 

2,4,6-TRINITROTOLUENE 
2,6-DINITROTOLCIEhlE 
RDX 

N A 
N A 
N A 
N A ND 
N A ND 

ND 
ND 
ND 

31 0 
620 
1800 

57 
N A 
16 

ND 
ND 
ND 



TABLE 4-6 

COPC SELECTION TABLE 
OLD PISTOL RANGE - SUBSURFACE SOIL 

INDUSTRIAL LAND USE 
NSWC CRANE, INDIANA 

Statistically Greater 
than Background 
and RBTL?(~,~,') 

Semivolatile Organics 

Pesticides 
(HEPTACHLOR EPOXIDE I ND I 0.19 8.0 I ND 
lnoraanics 

parameter(') 

Surface 

' 

Energetics 

Footnotes: 
1 - Analyte name is shaded if site concentrations are greater than background as discussed in Section 3.2 and 

either the Region 9 carcinogenic PRG or 1110th the Region 9 noncarcinogenic PRG. The shaded analytes 
were selected as chemicals of potential concern (COPCs) for the human health screening evaluation (HHSE). 

2 - Region IX - Preliminary Remediation Goals (PRGs) Tables, October 1, 2002. 
3 - Value is shaded if maximum detected concentration exceeds PRG. 
4 - Value is shaded if maximum detected concentration exceeds 1110th PRG. 
5 - Cell is shaded if site concentrations are greater than background. 
6 - Based on Table 3-7 and statistical evaluation described in Section 3.2. 
7 - Organics (Semivolatiles, Energetics, and Pesticides) are labeled as nondetects (ND) because they are not 

considered present in the background soil. They are shaded if the maximum site concentration is greater than zero. 

Carcinogenic 

PRG - ~ndust;ial(~'~) 

(mg/kg) 

Maximum 
Concentration 

(mglkg) 

2,4,6-TRINITROTOLUENE 
2,6-DINITROTOLUENE 
RDX 

Abbreviations: 
COPC - Chemical of Potential Concern 
NA - Not available 
ND - Nondetect 
PRG - Preliminary Remediation Goal 
RBTL - Risk Based Target Level 

Non-Carcinogenic 

PRG - ~ndustr ia l (~ '~) 

( mglk9) 

BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZO(B)FLUORANTHENE 
DIBENZO(A,H)ANTHRACENE 
INDENO(1,2,3-CD)PYRENE 

ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

57 
N A 
16 

2.1 
0.21 
2.1 
0.21 
2.1 

31 0 
620 
1800 

N A 
N A 
N A 
N A 
N A 

ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 



TABLE 4-7 

COPC SELECTION TABLE 
OLD PISTOL RANGE - SURFACE SOIL 

RESIDENTIAL LAND USE 
NSWC CRANE, INDIANA 

parameter'" 

Surface 

Semivolatile Organics 

Footnotes: 
1 - Analyie name is shaded if site concentrations are greater than background as discussed in Section 3.2 and. 

either the Region 9 carcinogenic PRG or 111 0th the Region 9 noncarcinogenic PRG. The shaded analytes 
were selected as chemicals of potential concern (COPCs) for the human health screening evaluation (HHSE). 

2 - Region IX - Preliminary Remediation Goals (PRGs) Tables, October 1, 2002. 
3 - Value is shaded if maximum detected concentration exceeds PRG. 
4 - Value is shaded if maximum detected concentration exceeds 1110th PRG. 
5 - Cell is shaded if site concentrations are greater than background. 
6 - Based on Table 3-7 and statistical evaluation described in Section 3.2. 
7 - Organics (Semivolatiles, Energetics, and Pesticides) are labeled as nondetects (ND) because they are not 

considered present in the background soil. They are shaded if the maximum site concentration is greater than zero. 

Carcinogenic 

PRG - ~esidential '~'~) 

(mgkg) 

Maximum 
Concentration 

(mg/kg) 

Energetics 

Abbreviations: 
COPC - Chemical of Potential Concern 
NA - Not available 
ND - Nondetect 
PRG - Preliminary Remediation Goal 
RBTL - Risk Based Target Level 

BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZO(B)FLUORANTHENE 
DIBENZO(A,H)ANTHRACENE 
INDENOI1.2.3-CDlPYRENE 

~on-~arcinogenic 

PRG - ~esidential '~'~) 

(mg/kg) 

0.62 
0.062 
0.62 
0.062 
0.62 

0.009 
0.01 

0.022 
N D 
ND 

2,4,6-TRINITROTOLLIENE 
2,6-DINITROTOLUENE 
RDX 

Statistically Greater 
than Background 
and RBTL?'~,~,') 

N A 
N A 
N A 
N A ND 
N A N D 

Pesticides 
~HEPTACHLOR EPOXIDE N D 0.053 0.79 ND 
lnoraanics 

N D 
ND 
ND 

16.0 
N A 

4.40 

31 .O 
61 .O 
180 

ND 
ND 
ND 



TABLE 4-8 

COPC SELECTION TABLE 
OLD PISTOL RANGE - SUBSURFACE SOIL 

RESIDENTIAL LAND USE 
NSWC CRANE, INDIANA 

Pesticides 
~HEPTACHLOR EPOXIDE I N D 0.053 I 0.79 ND 1 

Semivolatile Organics 

Footnotes: 
1 - Analyte name is shaded if site concentrations are greater than background as discussed in Section 3.2 and 

either the Region 9 carcinogenic PRG or 1110th the Region 9 noncarcinogenic PRG. The shaded analytes 
were selected as chemicals of potential concern (COPCs) for the human health screening evaluation (HHSE). 

2 - Region IX - Preliminary Remediation Goals (PRGs) Tables, October 1, 2002. 
3 - Value is shaded if maximum detected concentration exceeds PRG. 
4 - Value is shaded if maximum detected concentration exceeds 1110th PRG. 
5 - Cell is shaded if site concentrations are greater than background. 
6 - Based on Table 3-7 and statistical evaluation described in Section 3.2. 
7 - Organics (Semivolatiles, Energetics, and Pesticides) are labeled as nondetects (ND) because they are not 

considered present in the background soil. They are shaded if the maximum site concentration is greater than zero. 

~on-~arc inogen ic  

PRG - ~esident ia l '~ '~)  

(mgtkg) 

Carcinogenic 

PRG - ~esident ia l '~ '~)  

(mglkg) 

parameter") 

Surface 

BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZO(B)FLUORANTHENE 
DIBENZO(A,H)ANTHRACENE 
INDENO(l,2,3-CD)PYRENE 
Energetics 
2,4,6-TRINITROTOLUENE 
2,6-DINITROTOLLIENE 
RDX 

Abbreviations: 
COPC - Chemical of Potential Concern 
NA - Not available 
ND - Nondetect 
PRG - Preliminary Remediation Goal 
RBTL - Risk Based Target Level 

Statistically Greater 
than Background 

and RBTL?'~'"') 
Maximum 

Concentration 
(mglkg) 

ND 
ND 
N D 
ND 
ND 

N D 
N D 
N D 
ND 
ND 

0.62 
0.062 
0.62 
0.062 
0.62 

N A 
N A 
N A 
N A 
N A 

ND 
N D 
ND 

31 .O 
61 .O 
180 

16.0 
N A 

4.40 

ND 
N D 
N D 



TABLE 4-9 

SUMMARY OF INDUSTRIAL HUMAN HEALTH RISKS AND HAZARDS FOR SURFACE SOIL (0' - 1') - EPC = 95% UCL 
OLD RIFLE RANGE 

NSWC CRANE, INDIANA 

Taraet Oraan HIS 

Total Liver HI =I 5.8E-02 I 

Maximum 
Background 

Concentration 
(mglkg) 

N A 

10.2 

Parameter 

Surface 

Footnotes: 
1 - Region IX - Preliminary Remediation Goals (PRGs) Tables, October 1, 2002. 
2 - Primary Target Organs - Integrated Risk Information System (IRIS). 
3 - Value for arsenic is Lognormal 95% UCL. 
4 - The 95% UCL presented for TNT is based on Bootstrap calculation method 

(EPA, Decemtier 2002). The 95% UCL presented for TNT also reflects soil 
conditions post the soil removal action conducted by the Navy during the 
summer of 2003. 

-... - 

Total Skin HI = 

Abbreviations: 
HI - Hazard Index 
HQ - Hazard Quotient 
ILCR - Incremental Lifetime Carcinogenic Risk 
NA - Not available 
PRG - Preliminary Remediation Goal 
UCL - Upper Confidence Limit 

Incremental Lifetime Carcinogenic Risk (ILCR) 

Energetics 
I2,4,6-TRINITROTOLUENE 17.9 I 5.7E+01 I 3.1 E-07 I Liver I 3.1 E+02 I 5.8E-02 
lnorganics 

IARSENIC I 9.26 I 1.6E+00 5.8E-06 I Skin 2.6E+02 3.6E-02 

.- 

3.6E-02 

UCL(~.~) 

(mglkg) 

- Estimated - Non-Carcinogenic Hazard Quotient (HQ) 

Total Carcinogenic Risk I 6.1 E-06 

-- 

Primary Target 

organs(') 

Total HI I 9.4E-02 

PRG - industrial(') 

(mglkg) 

Estimated ILCR PRG - industrial(') 

(mglkg) 

Estimated HQ 



TABLE 4-1 0 

SUMMARY OF RESIDENTIAL HUMAN HEALTH RISKS AND HAZARDS FOR SURFACE SOIL (0' - 1') - EPC = 95% UCL 
OLD RIFLE RANGE 

NSWC CRANE, INDIANA 

Semivolatile Organics 
[BENZO(A)PYRENE I 0.0085 I 6.2E-02 1.4E-07 N A --- 1 N A 
Energetics 

]2,4,6-TRINITROTOLUENE 17.9 1.6Ec01 1.1 E-06 Liver 3.1 E+01 1 5.8E-01 I N A 

- 

Maximum 
Background 

Concentration 
(mglkg) 

Parameter 

Surface 

- -  

lnorgani& 
 ARSENIC I 9.26 I 3.9E-01 I 2.4E-05 I Skin I 2.2E+01 4.2E-01 I 10.2 I 

Total Carcinogenic Risk I 2.5E-05 Total HI I 1 .OE+00 

Tarqet Oruan HIS 

Total Liver HI = 
Total Skin HI = 

Incremental Lifetime Carcinogenic Risk (ILCR) 

Footnotes: 
1 - Region IX - Preliminary Remediation Goals (PRGs) Tables, October 1,2002. 
2 - Primary Target Organs - Integrated Risk Information System (IRIS). 
3 - Value for arsenic is Lognormal 95% UCL. 
4 - The 95% UCLs presented for BaP and TNT are based on Bootstrap calculation 

method (EPA, December 2002). 

Estimated Non-Carcinogenic Hazard Quotient (HQ) 

Abbreviations: 
HI - Hazard Index 
HQ - Hazard Quotient 
ILCR - Incremental Lifetime Carcinogenic Risk 
NA - Not available 
PRG - Preliminary Remediation Goal 
UCL - Upper Confidence Limit 

Primary Target 
Estimated ILCR uc~(3~4) 

(mglkg) 

PRG - 
~esidential(" 

(mglkg) 

PRG - 
~esidential"' 

(mglkg) 

Estimated HQ 



TABLE 4-1 1 

SUMMARY OF RESIDENTIAL HUMAN HEALTH RISKS AND HAZARDS FOR SUBSURFACE SOIL (2' - 4') - EPC ; 95% UCL 
OLD RIFLE RANGE 

NSWC CRANE, INDIANA 

Tarqet Oraan HIS 

Maximum 
Background 

Concentration 
(mglkg) 

Parameter 

Subsurface 

Semivolatile Organics 
IBENZO(A)PYRENE I 0.18 6.2E-02 I 2.9E-06 I I N A I --- N A 
Energetics 

I2,4,6-TRINITROTOLUENE 3.8 I 1.6E+01 2.4E-07 I Liver 1 3.1 E+Ol I 1.2E-01 I N A 

Total Liver HI = I 1.2E-01 

Total Carcinogenic Risk I 3.1 E-06 

Footnotes: 
1 - Region IX - Preliminary Remediation Goals (PRGs) Tables, October 1, 2002. 
2 - Primary Target Organs - Integrated Risk Information System (IRIS). 
3 - 95% UCL could not be calculated using parametric or non-parametric methods 

presented in EPA December 2002 guidance. Consequently, the maximum concentration 
is selected as the UCL. Only one positive detection was reported for the analytes. 

Total HI 1.2E-01 

Abbreviations: 
HI - Hazard Index 
HQ - Hazard Quotient 
ILCR - Incremental Lifetime Carcinogenic Risk 
NA - Not available 
PRG - Preliminary Remediation Goal 

Incremental Lifetime Carcinogenic Risk (ILCR) 

u c L (~ )  

(mglkg) 

Estimated Non-Carcinogenic Hazard Quotient (HQ) 

Primary Target 

organs(') 

PRG - 
~esidential'" 

(mglkg) 

Estimated ILCR 
PRG - 

~esidential(l) 

(mglkg) 

Estimated HQ 



TABLE 4-12 

SUMMARY OF INDUSTRIAL HUMAN HEALTH RISKS AND HAZARDS FOR SURFACE SOIL (0' - 1') - EPC = 95% UCL 
OLD PISTOL RANGE 

NSWC CRANE, INDIANA 

Taraet Oraan HIS 

Footnotes: 
1 - Region IX - Preliminary Remediation Goals (PRGs) Tables, October 1,2002. 
2 - Primary Target Organs - Integrated Risk Information System (IRIS). 
3 - Value is Lognormal 95% UCL. 

Maximum 
Background 

Concentration 
(mglkg) 

10.2 

Parameter 

Surface 

Total Skin HI = I 3.7E-02 I 
Abbreviations: 
HI - Hazard Index 
HQ - Hazard Quotient 
ILCR - Incremental Lifetime Carcinogenic Risk 
PRG - Preliminary Remediation Goal 
UCL - Upper Confidence Limit 

Incremental Lifetime Carcinogenic Risk (ILCR) 

lnorganics 
(ARSENIC 9.69 1.6E+00 6.1 E-06 Skin I 2.6E+02 I 3.7E-02 

u c L(~ '  

(mglkg) 

Estimated Non-Carcinogenic Hazard Quotient (HQ) 

Total Carcinogenic Risk 1 6.1 E-06 1 Total HI 

Primary Target 
organs@) 

3.7E-02 

PRG - industrial(') 

(mglkg) 

Estimated ILCR PRG - industrial(') 

(mglkg) 

Estimated HQ 



TABLE 4-13 

SUMMARY OF INDUSTRIAL HUMAN HEALTH RISKS AND HAZARDS FOR SUBSURFACE SOIL (2' - 4') - EPC = 95% UCL 
OLD PISTOL RANGE 

NSWC CRANE, INDIANA 

Footnotes: 
1 - Region IX - Preliminary Remediation Goals (PRGs) Tables, October 1, 2002. 
2 - Primary Target Organs - Integrated Risk Information System (IRIS). 
3 - Value for arsenic is Lognormal 95% UCL; value for manganese is Normal 95 % UCL. 

Total Skin HI = 
Total CNS= 

Abbreviations: 
HI - Hazard Index 
HQ - Hazard Quotient 
ILCR - Incremental Lifetime Carcinogenic Risk 
PRG - Preliminary Remediation Goal 
UCL - Upper Confidence Limit 
CNS - Central Nervous System 

Maximum 

Background 
Concentration 

(mglkg) 

9 
1410 

Parameter 

Subsurface 

Estimated Non-Carcinogenic Hazard Quotient (HQ) Incremental Lifetime Carcinogenic Risk (ILCR) 

lnorganics 

u c L'~' 

(mglkg) 

Estimated HQ 
Primary Target 

0rgand2) 
PRG - industrial(') 

(mglkg) 

5.9E-02 
8.1 E-02 
1.4E-01 

PRG - industrial(') 

(mglkg) 

ARSENIC 1 15.4 

Estimated ILCR 

1.6E+00 9.6E-06 
---- 

9.6E-06 

Skin I 2.6E+02 
N A MANGANESE CNS 

Total Carcinogenic Risk 
1543 1.9E+04 

Total HI 



TABLE 4-1 4 

SUMMARY OF RESIDENTIAL HUMAN HEALTH RISKS AND HAZARDS FOR SURFACE SOIL (0' - 1') - EPC = 95% UCL 
OLD PISTOL RANGE 

NSWC CRANE, INDIANA 

lnorganics 
 ARSENIC I 9.69 1 3.9E-01 1 2.5E-05 I Skin I 2.2E+01 4.4E-01 I 10.2 

Total Carcinogenic Risk I 2.5E-05 Total HI I 4.4E-01 

Tarqet Orqan Hls 

Parameter 

Surface 

Total Skin HI = I 4.4E-01 1 

Footnotes: 
1 - Region IX - Preliminary Remediation Goals (PRGs) Tables, October 1, 2002. 
2 - Primary Target Organs - Integrated Risk Information System (IRIS). 
3 - Value is Lognormal 95% UCL 

Abbreviations: 
HI - Hazard Index 
HQ - Hazard Quotient 
ILCR - Incremental Lifetime Carcinogenic Risk 
PRG - Preliminary Remediation Goal 
UCL - Upper Confidence Limit 

Maximum 
Background 

Concentration 
(mglkg) 

Incremental Lifetime Carcinogenic Risk (ILCR) 

uc L ( ~ )  

(mglkg) 

Estimated Non-Carcinogenic Hazard Quotient (HQ) 

primary Target 

0rgand2) 

PRG - 
~esidential(') 

(mglkg) 

Estimated ILCR 
PRG - 

~esidential(') 

(mglkg) 

Estimated HQ 



TABLE 4-15 

SUMMARY OF RESIDENTIAL HUMAN HEALTH RISKS AND HAZARDS FOR SUBSURFACE SOIL (2' - 4') - EPC = 95% UCL 
OLD PISTOL RANGE 

NSWC CRANE, INDIANA 

lnoraanics 

Parameter 

Subsurface 

Tarqet Oraan HIS 

. . . - . - . . . - - 

Total Skin HI = 
Total Neurological HI = 

Incremental Lifetime Carcinogenic Risk (ILCR) 

Footnotes: 
1 - Region IX - Preliminary Remediation Goals (PRGs) Tables, October 1, 2002. 
2 - Primary Target Organs - Integrated Risk Information System (IRIS). 
3 - Value for arsenic is Lognormal 95% UCL, value for manganese is Normal 95% UCL. 

UCL(~) 

(mglkg) 

9 
1410 

Abbreviations: 
CNS - Central Nervous System 
HI - Hazard Index 
HQ - Hazard Quotient 
ILCR - Incremental Lifetime Carcinogenic Risk 
NA - Not available 
PRG - Preliminary Remediation Goal 
UCL - Upper Confidence Limit 

Maximum 
Background 

Concentration 
(mglkg) 

Estimated Non-Carcinogenic Hazard Quotient (HQ) 

ARSENIC 

PRG - 
~esidential") 

(mglkg) 

Primary Target 
organ#) 

15.4 1 3.9E-01 3.9E-05 
--- 

3.9E-05 

Estimated ILCR 
'PRG - 

~esidential") 

(mglkg) 

Skin 
MANGANESE I 1543 

Estimated HQ 

N A 
2.2E+01 

Total Carcinogenic Risk 

7.OE-01 
8.6E-01 
1.6E+00 

CNS 1.8E+03 
Total HI 



TABLE 4-16 

SOlL SCREENING LEVELS MIGRATION TO GROUNDWATER 
SURFACE SOlL (0' - 1') 

OLD RIFLE RANGE 
NSWC CRANE, INDIANA 

Semivolatile Oraanics 

Parameter 

Eneraetics 

Pesticides 
1 HEPTACHLOR EPOXIDE 0.003 I 0.70 0.03 

tmglkg) (mglkg) (mglkg) 

Maximum 
Concentration 

lnoraanics 

SSL Migration to Groundwater 
DAF 20 I DAF 1 

Abbreviations: 
DAF - Dilution and Attenuation Factor 
SSL - Soil Screening Level 



TABLE 4-17 

SOlL SCREENING LEVELS MIGRATION TO GROUNDWATER 
SUBSURFACE SOlL (2' - 4') 

OLD RIFLE RANGE 
NSWC CRANE, INDIANA 

Eneraetics 

lnoraanics 

SSL Migration to Groundwater 
DAF 20 I DAF 1 Parameter 

Abbreviations: 
DAF - Dilution and Attenuation Factor 
SSL - Soil Screening Level 

(mglkg) (mglkg) (mg/kg) 

Maximum 
Concentration 



TABLE 4-1 8 

SOlL SCREENING LEVELS MIGRATION TO GROUNDWATER 
SURFACE SOlL (0' - 1') 
OLD PISTOL RANGE 

NSWC CRANE, INDIANA 

lnoraanics 

Parameter 

Abbreviations: 
DAF - Dilution and Attenuation Factor 
SSL - Soil Screening Level 

Maximum SSL Migration to Groundwater 
Concentration DAF 20 I DAF 1 

(mg/kg) (mgfkg) (mg/kg) 
Semivolatile Oraanics 



TABLE 4-1 9 

SOlL SCREENING LEVELS MIGRATION TO GROUNDWATER 
SUBSURFACE SOlL (2' - 4') 

OLD PISTOL RANGE 
NSWC CRANE, INDIANA 

Maximum I SSL Migration to Groundwater I 
Parameter I Concentration 1 DAF 20 I DAF 1 

lnorganics 
24.9 I 29.0 

Abbreviations: 
DAF - Dilution and Attenuation Factor 
SSL - Soil Screening Level 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.1 OLD RIFLE RANGE CONCLUSIONS 

Arsenic contamination exceeding background, its RBTL, and the 95% UTL was identified at the ORR in 

surface soil at the southern end of the range (see Figure 3-3). Beryllium in surface and subsurface soil 

was above site background, but not above RBTLs. Manganese in surface and subsurface soil was above 

RBTLs, but not above background. Benzo(a)anthracene, benzo(a)pyrene, and benzo(b)fluoranthene 

exceeded their respective RBTLs at only one soil location - SB04. This location is within the same area 

of arsenic contamination shown in Figure 3-3. Energetics exceeded RBTLs as follows: 2,6-dinitrotoulene 

only at SB16 and 2,4,6-trinitrotoluene (TNT) at SB 14, 15, 16, and 47 (SB47 is a repeat of SB16). These 

soil borings are adjacent to each other at the northeast end of the ORR - not far from the yellow-D burn 

pits. Subsequent actions taken by the Navy in the summer of 2003 (see Appendix I) significantly reduced 

TNT concentrations and associated risks. 

5.2 OLD PISTOL RANGE CONCLUSlONS 

Arsenic contamination exceeding background, its RBTL and the 95% UTL was identified at the OPR in 

subsurface soils (see Figure 3-1 1). Beryllium in surface and subsurface soil was above site background, 

but not above RBTLs. Manganese was greater than its RBTL, but not above background in surface soil. 

Manganese was greater than its RBTL and background in subsurface soil, but no areas were found 

exceeding the 95% UTL (see Figure 3-15) after kriging. 

5.3 OLD RIFLE RANGE RECOMMENDATIONS 

The cancer risk estimates for surface and subsurface soils do not exceed the EPA risk management 

range (1 E-04 to 1 E-06) often used by the EPA to determine the need for environmental remediation or set 

standards and criteria. However, risk estimates calculated for the hypothetical future resident and/or for 

the hypothetical typical industrial worker (exposed 250 dayslyear) for arsenic in surface soils, for 

2,4,6-TNT in the surface soils, and/or for benzo(a)pyrene in subsurface soils have associated risks 

exceeding the lower bound of the U.S. EPA's risk range (i.e., 1 E-06). Only the cancer risks developed for 

arsenic (hypothetical future resident) exceed the 1E-05 risk level. (Over 95 percent of the carcinogenic 

risk estimated for the surface soils at the ORR is attributable to arsenic.) Because the risks associated 

with arsenic and benzo(a)pyrene total 4E-05 or less and are within the range of background and because 

the risks associated with the residual 2,4,6-TNT contamination are less than 1E-05, the decision 

regarding the need to remediate for these constituents will be deferred until closure of the unit. 
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Additionally, it should be noted that the ORR will continue to be used for ammunition burning and that 

additional contaminants may be added to the soils as a result of the Subpart X open burning. Risks 

associated with any additional contamination will also be evaluated during the closure of the unit. Based 

on all of the above, no further action is recommended for this site at this time. 

5.4 OLD PISTOL RANGE RECOMMENDATION 

Risk estimates developed for the future typical worker or resident hypothetically exposed to 

surface/subsurface soils at the OPR do not exceed the EPA benchmarks typically used to determine the 

need for environmental remediation. Consequently, the Navy requests no further action for this portion of 

the site. 
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DETAILED DISCUSSION OF CURRENT ORR & DEMO STATUS 

The current status with regard to completing the Soils Resource Conservation and Recovery Act (RCRA) 

(RFI) requirement is the result of a long chain of events (described below) leading to a focused list of 

target analytes in soils at the ORR and the deferral of actions at the DR Navy (also known as DEMO). To 

understand how the list of parameters for soils was developed and subsequently narrowed down and why 

action at the DR Navy was deferred, it is necessary to understand what steps have been completed and 

the order in which they were implemented. Figure A-1 depicts these major events in chronological order. 

Some of these events relate to ground water investigations, which were useful for the interpretation of 

soils contamination. 

Subsections labeled "ID1 through ID25 (ID = Task Identification) refer to the Task Name shown in Figure 

A-1 . 

ID1 SOIL SAMPLING FOR PHASE II RFI - ORR (USACEWES) 

The United States Army Corps of Engineers Waterways Experiment Station (USACEWES) conducted an 

RFI soil investigation at the ORR. Soil samples were obtained from thirteen (1 3) test borings in August of 

1990 for physical characterization and chemical pollutant identification. Soil samples were taken from 

specific layers within the borings; 0.2 -0.5 feet bgs, 3-6 feet bgs, 12-18 feet bgs, 18-24 feet bgs, and 

within 6 feet of the ground water table. These samples were analyzed by the USACE laboratory for 

explosives, inorganics, volatile and semivolatile organics. Soil contamination was found and reported. 

I D2 ORR SOILS PHASE II RFI DRAFT REPORT (USACEWES) 

The Draft RFI Phase I1 Soils Report for the ORR was issued in April 1991 (this report did not include any 

part of SWMU 6 - DR). The concluding two sentences of the Executive Summary state "No RFI Phase Ill 

Soils study is needed at the Old Rifle Range. The remediation of the soils in the burn pits should be 

included as part of the closure plan for the Old Rifle Range burning unit." (UASCEWES, 1991). Based on 

review of available information, this Draft RFI Phase I1 Soils Report for the ORR appears not to have 

been finalized. 

ID3 DRAFT CCCRA WORK PLAN FOR ORR, DR & ABG -JUNE 1993 

Rust Environment & Infrastructure (RE&I) as a subcontractor to Brown & Root Environmental (B&RE is 

the predecessor of 'TtNUS) prepared a Draft Current Contamination Conditions Risk Assessment 
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(CCCRA) Work Plan in June of 1993. This Work Plan addressed the sampling and risk assessment 

needs for the Ammunition Burning Grounds (ABG), ORR, and DEMO. Prior to this, although the ABG 

and ORR had been investigated, soil sampling and analyses had not been conducted at the DEMO. 

I D4 FINAL CCCRA WORK PLAN JULY 1995 (RE&I) 

RE&I, as a subcontractor to B&RE, prepared the Final CCCRA Work Plan in July of 1995. This Work 

Plan addressed comments received from the U.S. EPA on the draft CCCRA. No additional soil sampling 

had been conducted at the ORR or DEMO since the draft version of the Work Plan was prepared 

(described in Section ID3). More data was required to complete the Final CCCRA. 

ID5 ORR AND OR SAMPLING - AUGUST 1995 (RE&I) 

RE&I implemented the provisions of the 1995 CCCRA Work Plan and collected the data required for the 

CCCRA. Six surface soil samples (0-2' bgs) were collected and analyzed for inorganics, semivolatile 

organics, and explosives. 

At the time the CCCRA Work Plan was prepared, there had been no soil investigation conducted at the 

DEMO. RE&I recommended that eight (8) surface soil composite samples (0-2 feet bgs) be taken from 

the Army Demolition Area (DR Army) and three surface soil composite samples be taken from the Navy 

Demolition Area (DR Navy). In addition, three background surface soil samples were recommended. All 

14 soil samples were taken in 1995 and analyzed by Southwest Laboratories for explosives, inorganics 

and semivolatile organics. 

ID6 DRAFT RFI FOR GROUND WATER SWMU 6817 NOVEMBER 1995 (USACEWES) 

This document addresses ground water investigations at SWMUs 6&7 from November 1989 to December 

1992. These studies become relevant to the DR Navy soil investigation outlined in this QAPP with regard 

to the manganese hot spot. The purpose was to determine the presence or absence, the nature, the rate 

and extent of migration, and the concentrations of hazardous constituents that may have been released 

into ground water from activities conducted at the DEMO and the ORR. 

Conclusions presented in the draft report were that metals, cyanides, sulfides, and nitrates were detected 

in significant and verifiable quantities in monitoring wells at the DEMO. A localized area at the DR Navy 

exhibited significantly elevated concentrations of some metals and was referred to as a ground water hot 

spot. Organics other than explosives were not present in significant or verifiable quantities in three 

rounds of sampling and analysis of ground water from monitoring wells at the DR and ORR. 
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I D7 EPA DATA VALIDATION MEMO FOR ORR, DR & ABG - 1997 

Following preparation of the CCCRA Work Plan, one of the first tasks conducted by RE&I was a trend 

analysis of the data collected to that date. As part of this effort it was discovered that very little of the 

analytical data had undergone a data validation effort of sufficient rigor to produce results that meet the 

minimum data usability standards for risk assessment purposes. This issue was brought to the attention 

of U.S. EPA Region 5, whereupon a relatively detailed review of select datasets from each laboratory was 

performed by U.S. EPA Region 5 and their contractor (A.T. Kearney) (U.S. EPA, 1997). 

Based on the data validation memorandum issued by U.S. EPA Region 5 (U.S. EPA, 1997), all of the 

non-explosive soils data at the ORR from the Corps of Engineers laboratory were rejected because of 

incomplete QC documentation. With respect to this environmental medium, the remaining database for 

soil at the ORR consisted of the 1990 explosives data by the Corps of Engineers laboratory (43 surface 

and subsurface soil samples) and the six surface soil samples collected by RE&I in 1995. The Corps of 

Engineers did not collect any soil samples at the DR Navy. 

Based on the data validation memorandum issued by U.S. EPA Region 5 (U.S. EPA, 1997), all 

of the analytical data for soils at the DEMO were valid and therefore acceptable for use in the 

CCCRA. 

I D8 ORR FOLLOWUP SAMPLING 1997 (RE&I) 

Based on RE&l's assessment of the valid data remaining after the U.S. EPA Region 5's review, five 

additional samples were proposed for collection at the ORR to complete the database for risk 

assessment. These samples were collected and made part of the complete analytical database for the 

Risk Assessment. 

ID9 DRAFT CURRENT CONTAMINATION CONDITIONS RISK ASSESSMENT REPORT 

NOVEMBER 1997 

Based on all of the data collected as previously described (less the rejected data), RE&I prepared the 

draft Current Contamination Conditions Risk Assessment Report (B&RE, 1997). The chemicals of 

concern (COCs) and footnotes indicating the critical pathway by SWMU were as follows: 
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1 Based on ingestion of ground water 
2 Based on ingestion of beef and milk 
3 Based on dermal contact with ground water 

Polycyclic Aromatic Hydrocarbons 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Dibenzo(a, h)anthracene 

Indeno(l,2,3-cd)pyrene 

Organochlorine Pesticides 

Heptachlor Epoxide 

ID1 0 SITE VISIT FOR PHASE Ill SOILS RFI - MARCH 1998 (TtNUS) 

~ ( 1 )  

~ ( 2 )  

~ ( 2 )  

~ ( 2 )  

~ ( 1 )  

A site visit was conducted on March 4, 1998 for the purpose of identifying information needed to complete 

the RFI Work Plan for soils at SWMU 6 (DR Navy) and SWMU 7 (ORR). At the time of this visit, both the 

Ground Water RFI and CCCRA were in draft form, identifying areas of ground water contamination, 

critical pathways, receptors, and chemicals of concern. 

Highlights of the visit by SWMU are described in the following paragraphs. 

SWMU 6 - Demolition Ranne 

Information Review and Site Reconnaissance 

Prior to conducting the site reconnaissance, and as part of work plan preparation (see ID13), aerial 

photographs of the DEMO dated 8-1 -48 were reviewed. Other than the chemical data collected by RE&I 

in 1995, no historical chemical (analytical) data could be found. The pre-1995 data for SWMU 6 was 
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primarily geotechnical data (Dunbar, 1982), which consisted of soil classifications, grain-size distribution, 

etc. 

The team conducted a walk-over at the northern end of the DR Army (south ridge) site. The general 

locations of the background soil samples collected by RE&I were noted. The team then walked to the DR 

Navy (east ridge) site. This area is not used at the same frequency as the south ridge, however it is still 

active. The issue associated with this site is that there is an apparent contamination hot spot based on 

previous analysis of ground water data (manganese). Data needs are presented in the following 

paragraphs. 

Soil Data Needs 

It was confirmed by the Environmental Site Manager (ESM) that the primary focus of soil investigation at 

SWMU 6 is to better define the manganese hot spot at the DR Navy. A secondary focus was to evaluate 

the need for additional background data. However, the Base-Wide Background Soil Investigation 

currently underway should generate data sufficient for comparative purposes. It was acknowledged that 

additional data needs may also arise after a more detailed review of the aerial photos was completed. 

SWMU 7 - Old Rifle Ranqe 

Information Review and Site Reconnaissance 

Prior to conducting the site reconnaissance, aerial photographs dated 8-1 -48 were reviewed to examine 

past rifle (and pistol) range operations and the potential for range activities just north of the current ORR. 

During the initial project teleconference, it was agreed that there may have been range activities 

conducted just north (and across the stream of the "maintained area) of the current ORR. This recently 

identified area is commonly referred to as the Old Pistol Range (OPR). To date, no environmental 

samples have been collected for laboratory analyses from the OPR. 

During the site reconnaissance, the team parked at the north end of the ORR and walked down into the 

hollow at the entrance to the OPR. This area had the remnants of a small wooden structure (possibly a 

shooting enclosure), approximately three 55-gallon drums (probably used for spent cartridges or other 

refuse) and DANGER signs delineating the presence of a pistol range. A backstop consisting of 

mounded earth and metal target holders used to accumulate fired projectiles had been constructed 

roughly 100 yards upstream of the apparent location of the firing line. Additionally, it appeared that firing 

took place into the side of the hill to the west of the firing line. Data needs are presented in the following 

paragraphs. 
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Soil Data Needs 

It was confirmed by the ESM that soil data are needed to characterize potential contamination in the soils 

of the OPR backstop, the hillside to the west of the pistol range firing line, soils close to the 55-gallon 

drums, and the upper reaches of the hillside behind the final concrete-reinforced backstopltarget 

mechanism located on the south end of the rifle range. Also, additional soil samples may be needed on, 

and at the base of the berms in the main area of the range. Additional background samples also need to 

be obtained for the ORR and upgradient from the OPR for comparison with site chemical concentrations 

to evaluate exceedances of background concentrations. The Base-Wide Background Soil Investigation 

currently underway should generate data sufficient for comparative purposes. 

ID1 1 FINAL RFI FOR GROUND WATER SWMU 6&7 JUNE 1998 (USACEWES) 

This was the final version of the document prepared to address ground water investigations at SWMUs 

6&7 from November 1989 to December 1992. 

Conclusions presented in the final version with regard to the DR were identical to those presented in the 

draft report. Metals, cyanides, sulfides, and nitrates were detected in significant and verifiable quantities 

in monitoring wells at the DEMO. Organics other than explosives were not present in significant or 

verifiable quantities in three rounds of sampling and analysis of ground water from monitoring wells at the 

DR and ORR. 

ID12 FINAL CURRENT CONTAMINATION CONDITIONS RISK ASSESSMENT REPORT 

FEBRUARY 1999 

Following incorporation of U.S. EPA Region 5 comments, RE&I prepared the final Current Contamination 

Conditions Risk Assessment Report (TtNUS, 1999a). The COCs and critical pathways with regard to the 

two SWMUs in this Work Plan were identical to those identified in the draft CCCRA Report (see ID9). 

ID13 DRAFT SECTION 1 FOR SOILS RFI QAPP SUBMITTED TO U.S. EPA APRIL 23, 1999 

(TtNUS) 

Following the issuance of the final CCCRA and the confirmation that COCs for these SWMUs were 

identified, the pre-QAPP process with U.S. EPA Region 5 for the soils RFI was initiated by phone. 
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TtNUS prepared the draft Section 1 of the Soil RFI QAPP, which included a review of what had been 

conducted to date on the project, the regulatory scenario, historical data issues, the CCCRA, and other 

facts pertinent to data quality objective (DQO) development. The draft Section 1 was submitted on 

April 23, 1999 to the U.S. EPA Region 5 and Navy representatives, and was used as a point of discussion 

during the pre-QAPP teleconference. 

ID1 4 PRE-QAPP TELECONFERENCE WITH U.S. EPA TO DISCUSS DRAFT SECTION 1 MAY 4, 

1999 

Prior to constructing the QAPP, U.S. EPA Region 5 requires that Section 1 of this document be prepared 

and reviewed by the agency. This allows an opportunity for the agency to refine and agree to the DQOs 

prior to the generation of the draft document. 

Section 1 of this QAPP was prepared and submitted to the U.S. EPA Region 5. A pre-QAPP 

teleconference was held on May 4, 1999 to discuss the draft Section 1 of the RFI QAPP (U.S. EPA, 

1 999). 

The primary outcome of the teleconference was a consensus that the 14 COCs as identified in the 

CCCRA would be the only chemical parameters evaluated as part of this RFI. U.S. EPA indicated that all 

concerns regarding other contaminants had been addressed by virtue of the completed CCCRA 

conducted by RE&I. Another significant outcome was consensus that the Navy would be responsible for 

deciding whether interim remedial measures would be warranted at the DR Navy based on the results of 

the Phase Ill RFI. A final outcome was agreement that no additional data collection is necessary at the 

DR Army. 

Specific conclusions for each site were as follows: 

The COCs reported in the CCCRA (TtNUS, 1999a) for SWMUs 6 and 7 were narrowed down per site as 

shown in the table that follows. The DR Army area is not included because U.S. EPA indicated they were 

satisfied that they had all of the soils results needed at this time. 'The primary COC at SWMU 6 is 

manganese because it is associated with the hot spot issue. 
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1 Manganese is the primary COC with regard to the hot spot issue 

~ 

SWMU 6 - Demolition Ranse 

Benzo(b)fluoranthene 

Dibenzo(a,h)anthracene 

Indeno(l,2,3-cd)pyrene 

Organochlorine Pesticides 

Heptachlor Epoxide 

Extent of contamination at SWMU 6 is not an issue as it has been addressed satisfactorily by other 

activities, including previous sampling and the completed CCCRA. The only outstanding issue at SWMU 

6 is further characterization of the manganese hot spot. TtNUS was assigned the responsibility of 

evaluating the ground water data for wells near the alleged hot spot and making recommendations for 

additional investigation. It was suggested that this should include developing the wells in question prior to 

identifying soil sample locations (if needed). 

X 

X 

X 

X 

SWMU 7 - Old Rifle Ranae 

Extent of contamination is a primary issue at the ORR and, more specifically, at the portion of the SWMU 

that has recently been identified as having pistol shooting operations (the OPR located to the north of the 

ORR proper). The QAPP will address this issue. 
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ID1 5 EPA APPROVAL OF USACEWES FINAL RFI FOR GROUND WATER SWMU 6&7 JUNE 8, 

U.S. EPA Region 5 approved the RFI for Ground Water at SWMU 6&7. U.S. EPA Region 5 restated 

(U.S. EPA, 1999) the DR Navy metals contamination conclusion in the approval letter and indicated that 

''the U.S. Navy recently proposed an investigation to define the accuracy of these findings, and to 

delineate the hot spot if confirmed at the Demolition Range." With regard to the ORR, the approval letter 

goes on to state, They (the US Navy) are planning an RFI for soil at the backstop areas which were not 

previously investigated since they were considered 'inactive ranges'." This Phase Ill Soil RFI QAPP 

addresses the proposed soil investigations in both of these areas. 

ID1 6 MANGANESE HOT SPOT ISSUE PAPER - AUGUST 11,1999 (TtNUS) 

As requested in the May 4, 1999 teleconference with EPA, TtNUS performed an evaluation of ground 

water analytical results at the DEMO (SWMU 6). Previous results indicated the presence of elevated 

concentrations of some metals in the Navy Explosive Ordnance Disposal (EOD) area (DR Navy). The 

TtNUS evaluation was performed to confirm the accuracy of these findings and to delineate this localized 

area of contamination (referred to as the manganese hot spot). 

Ground water samples collected from wells screened within the Upper Pennsylvanian-age aquifer in the 

Navy EOD area of the DEMO showed elevated concentrations of various metals. Unusually high 

concentrations of vanadium, cadmium, beryllium, zinc, nickel, aluminum, arsenic, manganese, cobalt, 

iron, and magnesium occurred in three shallow wells monitoring the Pennsylvanian-age rocks. Three 

wells within this area, namely 06-06, 06-07, and 06-12, are within 300 feet of each other and exhibit 

consistently elevated concentrations of these metals. This indicates that the uppermost ground water in 

that isolated area is being contaminated by a local source. Low pH (high acidity) and high conductivity 

accompany the anomalously high levels of metals. Murphy and Wade (1998) with the USACEWES 

suggested that additional sampling of surface and shallow soils and continued monitoring of these wells 

was necessary to confirm contamination and to delineate its source. 

Based on the TtNUS evaluation of the ground water hot spot issue and discussions with Base personnel, 

the USACEWES, representatives of the U.S. EPA, and Southdiv representatives for NSWC Crane, 

numerous activities were proposed as part of the Hot Spot Letter Report (TtNUS, 1999b). The following 

is a summary of the stated investigative needs at that time with regard to the hot spot issue. 
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Wells 06-06, 06-07, 06-12, 06C01 P3 and 06-01A should be redeveloped and resampled for the five 

DR Navy COC metals (manganese, aluminum, arsenic, nickel, and beryllium). 

Standard water quality parameters should be collected including temperature, pH, specific 

conductance, and turbidity. 

Ground water samples should be collected using low-flow sampling techniques. 

Samples should be collected for unfiltered laboratory analyses. 

Results should be statistically analyzed and compared to appropriate screening levels. 

If elevated concentrations of metals are detected in these samples, a geophysical survey should be 

considered in the immediate area of the elevated metals to determine if a local source of 

contamination is indicated in the shallow subsurface. Pending the results of this survey, additional 

delineation should be considered and soil borings may be installed to confirm the source area. 

ID1 7 DRAFT SWMU 6 81 7 PHASE Ill SOILS RFI QAPP SUBMITTED - FEBRUARY 23,2000 

(TtNUS) 

Following preparation and review by the Navy, TtNUS finalized and submitted the Draft SWMU 6 & 7 

Phase Ill Soils RFI QAPP for review by US EPA Region 5. 

ID1 8 EPA COMMENTS ON THE DRAFT SWMU 6 & 7 PHASE Ill SOILS RFI QAPP - APRIL 20, 

2000 

EPA reviewed and provided comments on the Draft SWMU 6 & 7 Phase Ill Soils RFI QAPP. Many of the 

comments related to the statistical basis for determining the potential manganese hot spot at SWMU 6. A 

total of 21 comments were prepared by EPA requesting clarifications of certain issues and other editorial 

comments. 

ID1 9 RESPONSE TO COMMENTS ON THE DRAFT SWMU 6 & 7 PHASE Ill SOILS RFI QAPP - 
JUNE 6,2000 

TtNUS prepared responses for each comment, which were reviewed by the Navy and then forwarded to 

EPA. 
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ID20 RESPONSE TO COMMENTS TELECONFERENCE WITH EPA ON THE DRAFT SWMU 6 & 

7 PHASE Ill SOILS RFI QAPP - JUNE 27,2000 

Following EPA's review of the responses to comments, EPA along with IDEM requested that a 

teleconference be held on June 27,2000 to discuss certain issues. Because this teleconference was 

critical to the EPA's final decision regarding required actions at SWMU 6, a detailed summary is provided 

below. 

The following organizations and representatives were in attendance: 

NSWC Crane - Mr. Tom Brent 

State of Indiana (IDEM) - Mr. Doug Griffin 

EPA Reqion 5 - Mr. Peter Ramanauskas and Dr. Arthur Lubin 

Tetra Tech NUS (TtNUS) - Dr. Roger Clark; Mr. Mark Francis; Dr. Tom Johnston; and Mr. Brian Lewis 

IDEM questioned if kriging was being done in support of risk assessment. TtNUS affirmed that the 

risk assessment on the DRNavy had already been performed so this investigation did not include a 

risk assessment. 

IDEM asked why the nature and extent of manganese contamination hadn't been determined during 

risk assessment. TtNUS explained that manganese was identified as a COC in the risk assessment. 

Carol Witt-Smith (previous EPA regulator) had suggested a possible manganese 'hot spot' based on 

high groundwater concentrations at the site. 

TtNUS stated within the Draft Work Plan that they planned on resampling the groundwater wells to 

determine whether evidence for a hot spot exists now, then placing a grid with no more than 25 soil 

sampling locations near the groundwater wells that are statistically higher than upgradient. Kriging of 

soil data would then be used to determine the 'hot spot' boundary. IDEM asserted that it must first be 

determined how big of a 'hot spot' was being looked for and what would be done if one was found - 
before deciding on the sampling strategy. 

The basis for determining the number of samples required to detect a hot spot in DRNavy soils was 

discussed. The group agreed that no one knew the size of the hot spot or whether the hot spot has a 

diffuse boundary. NSWC indicated that the "hot spot" could be a localized region of elevated 

background or it could be a bomb casing of some sort. IDEM explained the difficulty in trying to 
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estimate the number of soil samples required for locating a hot spot in an area of unknown size when 

the ground water data are not yet available from the DRNavy wells. EPA acknowledged that the 

number of samples required to find a hot spot with a well-defined boundary could approach 500,000, 

which was an unrealistic number of samples. Ultimately, TtNUS' proposition to collect samples at up 

to 25 locations was not disputed. 

TtNUS consulted the risk assessment report and determined that the pertinent risk receptors for the 

DRNavy were through groundwater consumption and that hazard indices (HI) values were 5 to 16. 

IDEM maintained that because closure wouldn't occur for - 50 years and that ongoing operations at 

the facility may cause additional contamination, institutional controls to restrict access to the 

groundwater should be implemented on the subpart X permit until the closure plan takes place. It 

was suggested that groundwater samples would be taken to determine if manganese is present 

above upgradient levels. IDEM agreed that this would probably be a good strategy to follow. If so, 

institutional controls would be implemented and action would be deferred until closure. 

IDEM asserted that the HI values ranging from 5 to 16 were significant. However TtNUS also advised 

IDEM that operations were not scheduled to cease for at least another 50 years. IDEM felt that 

quantifying the groundwater manganese concentrations was warranted, but that actions to be taken 

might be tempered by the realism of whether groundwater would actually be consumed at this 

locat ion. 

EPA agreed to look at the permit to determine whether the DRNavy "remediation" (if required) could 

be handled as part of the closure plan for the Subpart X permit for the DR (which includes the 

DRArmy and DRNavy). It was suggested that TtNUS would collect the recommended groundwater 

samples to determine whether there appeared to be a hot spot in groundwater. If EPA's 

determination on the permit indicated that the DRNavy can be covered under the closure plan, any 

actions with regard to manganese hot spot remediation would probably be addressed when the 

facility closes. If EPA's determination on the permit indicated that the DRNavy cannot be covered 

under the closure plan, any actions with regard to manganese hot spot remediation would have to be 

controlled by EPA and IDEM at that time. 

For the DRNavy area only, TtNUS asked if the soil sampling portions of the Work Plan would need to 

be removed and IDEM indicated that EPA might be able to "conditionally approve" the document 

excluding all soil sampling sections. Final disposition regarding this matter would be discussed 

following the determination by EPA regarding closure applicability for the DRNavy. 
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The State questioned the use of the "20x" rule when comparing total analysis data to TCLP limits. 

TtNUS explained the use and volunteered to include more explanation in the text of the QAPP. 

w Action items for the teleconference included: EPA - review Crane permit to determine whether 

DRNavy is covered by the subpart X permit; TtNUS - add justification for using the "20x" rule on 

TCLP limit comparisons for determining nature of IDW. 

ID21 EPA DECISION TO REMOVE SWMU 6 FROM THE PHASE Ill SOILS RFI QAPP - 
SEPTEMBER 20,2000 

NSWC Crane received a letter from EPA with a decision regarding SWMU 6. The following paraphrases 

the critical elements of EPA's decision: 

The Navy may disregard all sections in the Draft Solid Waste Management Unit (SWMU) 6 & 7 Phase Ill 

Soils RCRA Facility Investigation (RFI) Quality Assurance Project Plan (QAPP) dated February 2000 that 

relate to the ground water sampling at SWMU #6. The purpose of its inclusion in the RFI was to investigate 

the presence of a potential manganese "hot spot" in the soils of the Demolition Range (DR) Navy. 

The Demolition Range (SWMU #6) is a regulated open detonation unit under the RCRA Subpart X permit 

issued in November 1999. This unit has been subdivided into the DR Army and the DR Navy. It has also 

been designated as SWMU #6 and has been undergoing corrective action investigations. 

As part of the work involved in permitting the unit, the DR underwent a risk assessment along with the other 

open burning/open detonation units at NSWC (i.e., Ammunition Burning Grounds and Old Rifle Range). The 

risk assessment identified risks from two aquifers at the DR. The constituents of concern were identified as: 

Aluminum, Arsenic, Beryllium, Manganese, Nickel, and RDX. No risks were identified in the DR soils. 

A conference call was held on June 27, 2000 between the Navy, Tetra Tech NUS, Inc., the Indiana 

Department of Environmental Management, and the USEPA to discuss the draft RFI QAPP developed for 

SWMUs 6 & 7. A question arose as to the practical benefits of the manganese "hot spot" study at the DR 

Navy at this time because soils were not identified as a risk driver in the risk assessment. Soils 

contamination at the DR Navy can be addressed via the RCRA Subpart X permit at unit closure. The DR 

unit is a permitted open detonation unit with an estimated closure date of 201 5. 

Because the risk assessment identified groundwater as the sole risk pathway at the DR, groundwater is 

being monitored under the Subpart X permit and groundwater use has been restricted. The groundwater 

use restriction eliminates the risk pathway of groundwater ingestion. The Navy is required to perform semi- 

annual RCRA .Subpart F groundwater detection monitoring at the DR under the permit. The groundwater 

wells used in the risk assessment study done at the DR are being monitored under the Subpart X permit. 
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Although wells having elevated manganese levels specific to the DR Navy that were identified through 

previous RFI work are not part of the DR point-of-compliance well network, the DR Navy is located within the 

point-of-compliance. Previous RFI investigations indicate that groundwater seeping from the DR Navy 

would be collected by the NPDES permitted sedimentation ponds around the perimeter of the DR or, 

because the aquifer underlying the DR Navy is discontinuous, migrate downward through fractures in the 

bedrock to be intercepted by the point-of-compliance wells. 

It is the recommendation of this office that the proposed manganese "hot spot" study may be deferred until 

closure of the DR, if required at that time. The Navy should remove all reference to the groundwater 

sampling at SWMU #6 and may proceed with revision of the RFI QAPP to address the Old Rifle Range 

(SWMU #7). 'The Navy will need to add Aluminum to the groundwater monitoring program currently in place 

at the DR. By way of this letter, it is understood that all sections of the RFI QAPP pertaining to the DR will be 

disregarded and remediation at the DR will be addressed under unit closure or if groundwater monitoring 

detects contaminant migration requiring corrective action under the Subpart X permit. 

lD22-25 ACTIVITIES FOLLOWING PREPARATION OF THE FINAL QAPP 

TtNUS finalized the approved SWMU 7 Phase Ill Soils RFI QAPP in October 2000 (ID22). Fieldwork for 

the collection of soil samples to fill data gaps from previous investigations was conducted in February 

2001 (ID23). Following a review of the resultant data, the Nature and Extent section of the RFI Report 

(Section 3) was prepared and issued to the EPA and the IDEM in October 2001. A teleconference was 

conducted on November 8, 2001 between the EPA, IDEM, the Navy and TtNUS (the project team) to 

discuss Section 3 of the report (ID24). A site visit was then conducted by the team to observe site 

conditions and to gain a better understanding of the physical setting of the site. Based on observations 

from this site visit, the regulators requested that additional soil samples be collected near a drainage 

discharge valve and downslope ditch close to where elevated TNT results were detected. TtNUS 

prepared a Work Plan Addendum for providing this additional soil sampling and discussed this plan in a 

teleconference on December 20, 2001 at which point the EPA gave their verbal approval to commence. 

Fieldwork was conducted in February 2002 (ID25). Results of this field sampling and the previous Phase 

II! soils investigation are presented in the current RFI document. 
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APPENDIX C 

SOIL SAMPLE LOG SHEETS AND BORING LOGS FOR THE ORR 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 

Project Site Name NSWC Crane - ORRIOPR Sample ID No.: 0756 0 I 0 CO 1 
Project No.. CTO 160 job ct ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K S~rnpson, T Rolahn 

-@urface Soil C.O.C. No.: 
[] Subsurface Soil 
[] Sedlment Type of Sample: 
0 Other: %Low Concentration 
1 QA Sample Type. 11 Hlgh Concentrat~on 

GRAB SAMPLE DATA: 

Date 2 ,>> LI / 
Time 1 C I U 
Method 0 k'T 
Monttor Readlng (ppm) 

0 

Color 

13 R rJ 

DePm 

0 - 1  

Description (Sand, Silt, Clay, Moisture, etc.) 

5,- F/M SHN 0, TK CLAY 
-' SANO~TDIVC F ~ ~ W J  

7% ~ O L ) ? - \  WO\S l- 
SAMPLE COLLECTION INFORMATION: 

Analys~s Container Requ~rements Cglected 

Metals (As. Be. Mn) 4 oz wlm glass / 
4 oz w/m glass 

MAP: 

5 6 G  Flqu RE 4.3 
Signahrre(s): 

-7lJ TL\ 
I 

OBSERVATIONS I NOTES: 

Clrclo if Applicable: 

MSlMSD 
/ 

Duplicate ID No.: 
/ 



SOIL SAMPLE LOG SHEET 

p a g e l  of 

Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 0755 0.1 01 LIT 
Project No.: CTO 166 lob n ~ 3 9 6  I Sample Location: s w ~ u  7 

Sampled By: K. Simpson. T. Rojahn 

[I Surface Soil C.O.C. No.: 
-%Subsurface Soil 
[I Sediment Type of Sample: 

Other: Low Concentration 
[I Q A  Sample Type: 1 High Concentration 

GRAB SAMPLE DATA: 

b t e :  2.13 . ( ; ) I  
~ i m e :  I o ix  
Method: (1 p 7  
Monitor Reading (ppm): 

(3 

Color 

n ~d 

Depth 

1-4 

Dercription (Sand, Silt, Clay, Moisture, etc.) 

s r ~ r ,  ~ t ?  F/M S A N ~  
TQ. ctAy 

T$ ~ A N ~ ) S ~ N F  Frlfi45. 
fVu\s7- 

SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As, Be, Mn) 

Energebcs. Heptachlor Epoxide, PAHs 

Container Requirements 
4 oz wlm glass 

4 oz wlm glass 

Collected 

, 
I/ 

MAP: 

5 6 6  Flqu RE: 4.- 3 
Signature(s): 

OBSERVATIONS I NOTES: 

Circle if Appliabb: 

MSlMSD - Duplicate iD No.: 

7 



I ~ l T e t r a  Tech NUS, Inc. BORING LOG Page I of 1 

Converted to Well: Yes No Well 1.0. #: - 



SOIL SAMPLE LOG SHEET 

p a g e l  of 1 
Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 07 56 0 L 000 1 
Project No.: CTO 160 lob n ~ 3 9 6  1 Sample Location: s w ~ u  7 

Sampled By: K. Simpson, T. Rojahn 

urface Soil C.O.C. No.: 
'1 Subsurface Soil P 
[I Sediment Type of Sample: 
I] Other: %Low Concentration 
[I QA Sample Type: 0 High Concentration 

GRAB SAMPLE DATA: 
I 

Dercriplion (Sand. Silt, Clay, Molsturq etc.) 

~IL-I- 

7-12 R o o m  MO \ST 

Date: . 23 . 0 1 
Time: 14-3 7 
Method: &N 0 A u m  
Monitor Reading (ppm): 

0 

Depth 

0 -  i 

SAMPLE COLLECTION INFORMATION: 

Color 

8 0 4  

Analysis 

Metals (As. Be, Mn) 
Energetics. Heptachlor Epoxide. PAHs 

Container Requirements 

4 oz wlm glass 

4 or wlm glass 

Collected 
rr 
I 

MAP: 

5= FlquRE: f -3  

OBSERVATIONS I NOTES: 

Circle if Applicable: 

M-SD - Duplicate ID No.: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 

Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 07 550 2. 0Mf- 
Project No.: CTO 160 job t ~ 3 9 6 1  Sample Location: SWMU 7 

Sampled By: K. Simpson. T. Rojahn 

+Surface Soil C.O.C. No.: 
Subsurface Soil 

[] Sediment Type of Sample: 
[I Other: Low Concentration 
[] QA Sample Type: 0 High Concentration 

GRAB SAMPLE DATA: 
Description (Sand, Sllt, Clay, Moisture, etc.) 

Sl(rm F Ckhfic 
S I M ~  s ~ Y ) ~ T &  < CIIVGS*< 

F ~ ~ I \ Y S .  m fircrco\u4 
No Q M t F  (i 

&\(I 157- 

Color 

DRd 

Date: x. ~3 . 0 / 
Time: 14 -95  ' 
Mehod: t f A N  &PI61 . 
Monitor Reading (ppm): 

(3 

Depth 

A -4 

SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As. Be, Mn) 

Energetics, Heptachlor Epoxide. PAHs 

Container Requirements 

4 oz w/m glass 1 
4 oz w/m glass 1 

x puz n ~ p  

Collected 

r/, 
J 

MAP: 

566 FlquRE: 4--3 
Slgnature(s): 

OBSERVATIONS I NOTES: 
I 

Circle if Applicable: 

MSIMSD - duplicate ID No.: 

f b  022301 03 



I-lTetra Tech NUS. Inc BORING LOG Page L of 1 

PROJECT NAME: NSWC CRANE - ORWOPR BORING NUMBER: 0 756 o x  
PROJECT NUMBER. CTO 160 #396l DATE: A-23 *Ol 
DRILLING COMPANY: T\C A GEOLOGIST: K. Simpson, f. Rojahn 
DRILLING RIG: t/AN.\o A w i @  DRILLER: NA 

MNrlalcI.ulllaPbn 
Reek k r d n u  

' When rock cormg, enter rock brokeness 

" lndude monttoc readmg m 6 loot ~ntervals 8 borehole Increase readmg frequency f i  e)evsbd reponse read. Drilling Area 
Remarks: Background ( p p m ) : r 0  1 

Converted to Well: Yes No Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of I 
Project Site Name: NSWC Crane - ORWOPR sample ID NO.: 07 S& 0'3 0 00 I 
Project No.: CTO 160 lob u ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson. T. Rojahn 

&surface Soil C.O.C. No.: 
[] Subsurface Soil 
I:] Sediment Type of Sample: 

Other: %Low Concentration 
[I QA Sample Type: High Concentration 

GRAB SAMPLE DATA: 

Date: i : 2 3 .  0 / 1 

Time: I ~ v C )  

Method: I{&(/) A & % 4 
Monitor Reading (ppm): 

O 

Color 

optJ 

Deplh 

0 - 1  

Description (Sand, SHf Clay, Moisture, etc.) 

SILT, F. 5 4 1 ~ 0  
L I M E ~ ~ N E  f 

* ~ ~ O < D I ' ~ G  F ~ M S  
'\ ~i107-3   or ST 

SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As. Be, Mn) 

Energetics. Heptachlor Epoxide. PAHs 

Container Requirements 
4 or wlm glass 

4 oz wlm glass 

Collected 

CT, 

MAP: 

s ~ G  Flq u R6  4 - 3  
Signature(.): 

OBSERVATIONS I NOTES: 

Clrcle if Applicable: 

MWMSD - Duplicate ID No.: 
.c-. 



SOIL SAMPLE LOG SHEET 

pagel_ of I 
Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 07 5803 02~4 
Project No.: CTO 160 lob a ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson. T. Rojahn 2 Surface Soil C.O.C. No.: 
Subsurface Soil 

[I Sediment Type of Sample: 
1 Other: pl\ Low Concentration 
[I QA Sample Type: 0 High Concentration 

GRAB SAMPLE DATA: 

Date: & - 13 0 / v- 
Method: /-/&a &L(T G 4 
Monitor Reading (ppm): 

0 

Depth Color 

k - f  

M o I ( T  
SAMPLE COLLECTION INFORMATION: 

Analysis Container Requirements Collected 

Metals (As. Be. Mn) 4 oz w/m glass 

Energet~cs. Heptachlor Epox~de. PAHs 4 oz w/m glass 

MAP: 

Signature@): 

. 
OBSERVATIONS I NOTES: 

Circle it Applicable: 

MSIMSD - Duplicate ID No.: - 



I ~ l T e t r a  Tech NUS, Inc. BORING LOG Page I of l_ 

Converted to Well: Yes No Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of I 
Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 07 56 3 4 0 0 0 / 
Project No.: CTO 160 lob a ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson. T. Rojahn 

$surface Soil C.O.C. No.: 
fl Subsurface Soil 
[I Sediment Type of Sample: 
0 Other: 'x Low Concentration 
[I QA Sample Type: I] High Concentration 

GRAB SAMPLE DATA: 

Date: 1 - 13 d 
Time: (0 ad 
Melhod: D P 7 
Monitor Reading (ppm): 

0 

Color 

RR 

h p m  

0 - 1  

D-ription (Sand, Silt, Clay, Moisture, etc.) 

(ILT 50 ;mi2 SHB~XTUNG 
F R H ~ J .  F/W SAM) % 

 TI^ d\fi)/ 

7 L 'WT,  ~ o r G -  
SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As. Be. Mn) 

Energebcs. Heptachior Epoxide. PAHs 

Container Requirements 
4 oz wlm glass 

4 oz wlm glass 

Collected 

MAP: 

5 6 6  F ~ ~ u R €  f-3 
Slgnaturqs): 

OBSERVATIONS I NOTES: 

Circle it Applicablw 

MSlMSD 

/- 

Duplicate ID No.: 
/ 



SOIL SAMPLE LOG SHEET 

p a g e 1  of I 
Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 07 56 d 4 02& 
Project No.: CTO 160 lob n ~ 3 9 6 1  Sample Location: SWMU 7 

Sampled By: K. Simpson. T. Rojahn 

[] Surface Soil C.O.C. No.: 
.&~ubsurface Soil 

[I Sediment Type of Sample: 
u Other: &Low Concentration 
[] QA Sample Type: I] High Concentration 

GRAB SAMPLE DATA: 

Date: 1 5-. 13 . L) / 
Time: 10 1 3  
Method: I)  P 
Monitor Reading (ppm): 

0 

Color 

bnrr 

Depth 

1- 9 

Description (Sand, Silt, Clay, Moisture, etc.) 

S O M ~  S A ~ ~ O S ~ N C  
WhS., fa F/A\ % N O  
f2 ctrt)' 

~ o 1 5 - r  
SAMPLE COLLECWON INFORMATION: 

Analysis 

Metals (As, Be. Mn) 

Energetics. Heptachlor Epoxide, PAHs 

Container Requirements 

4 oz wlm glass 

4 oz wlm glass 

Collected 

/ 

OBSERVATIONS I NOTES: 

Circle H Applicrble: 

MAP: 

5 6 G  Flq u RE +-3 
Signature@): 

MSlMSD 
7 

Duplicate ID No.: - 



I ~ ( T e t r a  Tech NUS. ~nc .  BORING LOG Page 1 of 1 

When rock coring. enter rock brokeness. 
* *  lndude montw reading in 6 foot intewats B borehole. Increase reading frequency if elmlad mponse read. Drilling Area 
Remarks:  NO^ 5 \ d c  OF R@M Background ( p p m ) : C d  

Converted to Well: Yes No Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 

Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 07 50 3 7 UQU 
Project No.: CTO 160 lob u ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson. T. Rojahn 

h u t f a c e  Soil C.O.C. No.: 
(1 Subsurface Soil 
[I Sediment Type of Sample: 
Q Other: Low Concentration 
[] QA Sample Type: 0 High Concentration 

GRAB SAMPLE DATA: 

Date: r.13 . u /  
Time: 10 50  
Method: I )P  7 
Monitor Reading (pprn): 

D 

Color 

bRr l  

Depth 

0 .- I 

, 
Description (Sand, Slle Clay, Moisture, etc.) 

J I \ ~  ~ O N \ E  F/M 5 4 ~ 8  

%AN S P i V F  ftZ&jS ' " ^ X  
f l  f lu0  > nlor 57- 

SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As, Be. Mn) 

Container Requirements 
4 oz wlrn glass 

Collected 
J 

4 oz wlrn glass 0' 

MAP: 

s ~ G  Flqu RE e- 3 
Signature(s): 

OBSERVATIONS I NOTES: 

~lrcle M ~ppllmblrc 

MSlMSD 
/ 

hrpliate ID No.: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of I 
Project  Site Name: NSWC Crane - ORWOPR Sample ID No.: 07 58 O 7 010 Lf' 
Project No.: CTO 160 lob rt ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson. T. Rojahn 

[I Surface Soil C.O.C. No.: 
,$Subsurface Soil 

[I Sediment Type of Sample: 
Other: Low Concentration 

[I QA Sample Type: 1 High Concentration 

GRAB SAMPLE DATA: 

h t e :  2-13 . O  1 Depth 

Time: 103q 

Monitor Reading (ppm): -1 - f 
0 

Color 

B R f l  

Description (Sand, Silt, Clay, Moisture, e k )  

5 1 ~ 7 ,  5 O M I  F/M <And 
n' l  cthy 
Tn rAN13sTahrs fi2h75 

niot 57- 
SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As. Be, Mn) 

Energebcs. Haptachlor Epoxide, PAHs 

Container Requirements 

4 oz wlm glass 

4 oz wlm glass 

Collected 

U 

MAP: 

s FlquR€ f -3 
Signature(s): 

OBSERVATIONS I NOTES: 

CJrcle if Applicabls. 

MSlMSD 
/ 

Duplicclta ID No.: 
7 



I-lTetra Tech NUS. Inc BORING LOG Page of L 

-' tndude monitor reading in 6 foot interval3 @ borehole. Increase reading hequency if elevated re~onse read. Drilling Area 
Remarks: P . ( ~ f i f l  0 F B€&M - Background ( p p r n ) : ~ 1  

Converted to Well: Yes No Welll.D.#: - 



SOIL SAMPLE LOG SHEET 

p a g e l  of 1 
Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 07 50 0 6 000 1 
Project No.: CTO 160 lob n ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson. T. Rojahn 

b u r f a c e  Soil C.O.C. No.: 
[I Subsurface Soil 
[] Sediment Type of Sample: 
u Other: Low Concentration 
[I QA Sample Type: 0 High Concentration 

GRAB SAMPLE DATA: 

Date: L - 2 3  0 
Time: 1 4-r 
Method: O P T  
Monitor Reading (ppm): 

0 

Color 

en rJ 

Depth 

0 -  l 

Descriplion (Sand, Slit, Clay, Moisture, etc.) 

s r \ r  771 F}N\<AND 
7-R ' C [ A ) / ,  z=114 

772 ROOT ~ I O I  5 7  
SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As, Be, Mn) 
Energebcs. Heptachlor Epoxide, PAHs 

Container Requirements 

4 oz w/m glass 

4 oz w/m glass 

Collected 
J 
4 

MAP: 

5 FlquR6 +-3 
Signature(s): 

OBSERVATIONS I NOTES: 

Circle if Applicable: 

MSlMSD 

f l  
Duplicate ID No.: 
/ 



SOIL SAMPLE LOG SHEET 

pagel_ of I 
Project Site Name: NSWC Crane - ORR/OPR Sample ID NO.: 07 s(3 0 0 4 
Project No.: CTO 160 lob d ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson. T. Rojahn 

$Surface Soil C.O.C. No.: 
Subsurface Soil 

[] Sediment Type of Sample: 
1 Other: -a; Low Concentration 
[] QA Sample Type: (1 High Concentration 

GRAB SAMPLE DATA: 

 ate: 1. 15 . 01 
Time: / u v  
Mehod: v 
Monitor Reading (pprn): 

Depth 

A - 4- 

SAMPLE COLLECTION INFORMATION: 

Color 

I3 RDI 

Analysis 

Metals (As, Be. Mn) 

Energetics. Heptachlor Epoxide. PAHs 

Description (Sand, Sllf Clay, Moisture, etc.) 

5 1 ~ ~  n;! F/M SAND 
'a\/, m 

(M c r T  

Container Requirements 

4 az w/m glass 

4 oz w/m glass 

Collected 
L/ 
v' 

MAP: 

5QE FIquRE: *-3 
Signature@): 

- 

OBSERVATIONS I NOTES: 

Circle il Applimblc 
I 

MSrrmSD - Duplicate ID No.: 
'- 



I ~ l T e t r a  Tech NUS, ~nc .  BORING LOG Page I of 1 

When rock coring, enter rock brobness. 

-' lndude moniloc reading in 6 tool intervals B borehole. lncresse reading hequency ii devaled reponse read. Drilling Area 
Remarks: NORW SIDE OF &E#M Backgmund (ppm):rnl 

Converted to Well: Yes No Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 1 
Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 07 56 0 7 Go c: I 
Project No.: CTO 160 lob u ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson, T. Rojahn 
%surface Soil C.O.C. No.: 

[I Subsurface Soil 
1' Sediment Type of Sample: 
0 Other: LOW Concentration 
[] QA Sample Type: 1 High Concentration 

GRAB SAMPLE DATA' 

Date: 1 3 1 3 . a /  
Time: ( 3 ~ 1 s  
Method: 1) p T 
Monitor Reading (ppm): 

0 

Color 

cnh%/  

6R 

Depth 

C - 1  

Description (Sand, Silt, Clay, Moisture, etc.) 

< j \ ~  772 F 5Aflr3 
2 c c A y  
t,< 12r;CIC 6iJfl4(. 

r l w f i  lClLii $7- 
SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As, Be, Mn) 
Energetics, Heptachlor Epoxide, PAHs 

Conbinsr Requirements 
4 oz wlm glass 

4 oz wlm glass 

Collected 
r /  

/ 

MAP: 

SEE Flq u R 6  *- 3 

OBSERVAT~ONS I NOTES: 

Clrclo if Applicable: 
L 

MSlMSD 

/ 

Duplicate ID No.: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 

Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 07 56 07 0194- 
Project No.: CTO 160 job a ~ 3 9 6 1  Sample Location: SWMU 7' 

Sampled By: K. Simpson, T. Rojahn 

[I Surface Soil C.O.C. No.: 
$$subsurface Soil 

[I Sediment Type of Sample: 
I] Other: Low Concentration 
I:] QA Sample Type: U High Concentration 

GRAB SAMPLE DATA: 

Date: 1.13-3/ 
Time: dT2-0 
Method: 0 P r 
Monitor Reading (ppm): 

0 

Color 

GI? r~ 

Depth 

1- 4 

~~riplion (Sand, Silt, Clay, Moisture, etc.) 

<I tri CU\)/  
7 t 2  F ' S ~ N I J  

R G C C  F ~ Z I I Y ~  
TIL 0. 13 12 lv NGi)Lf\F\ h\c, (F 

SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As. Be. Mn) 

Energetics. Heptachlor Epoxide. PAHs 

Container Requirements 

4 oz w/m glass 

4 oz w/m glass 

Collected 

V, 
/ 

MAP: 

5 6 C  FlquRE f -2 
Slgnatura(s): 

7t4 FA. 
I 

OBSERVATIONS I NOTES: 

Circle if Applicable: 

MSfMSD 

/ 
Dupllcatm ID No.: - 



I R l T e t r a  Tech NUS. ~nc. BORING LOG Page 1 of 1 

When rock coring, enter rock brokeness. 

" Include monilor reading in 6 foot in te~ak B borehole. Increase reading trequency if elevaled reponse read. Drilling Area 
Remarks: ~cfi17-l  510G d F  l 3 E 1 2 ~  Backgmund ( p p m ) : m l  

Converted to Well: Yes No L/ Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of I 
Project Site Name: NSWC Crane - ORWOPR sample ID No.: 07 50 i) f i  0Od 1 
Project No .: CTO 160 job n ~ 3 9 6  1 Sample Location: s w ~ u  7 

Sampled By: K. Simpson. T. Rojahn 
$Surface Soil C.O.C. No.: 
[I Subsurface Soil 
I:] Sediment Type of Sample: 
1 Other: 163; Low Concentration 
I:] Q A  Sample Type: I] High Concentration 

GRAB SAMPLE DATA: 

Date: 1-23. a/ Depm 

Time: / C 3 u  

Monitor Reading (ppm): 0 - I  
0 

Color 

nnd 

Description (Sand, Sllt, Clay, Moisture, etc.) 

51 (T f. S A N ~  
r r ~ .  ~ M F ~ N F  RW( +A?< 

r i 2  ROOT-S M O I S T  
SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As, Be. Mn) 

Energebcs. Heptachlor Epoxide. PAHs 

Container Requirements 

4 oz wlm glass 

4 oz wlm glass 

Collected 

MAP: 

566 FlquRE: f -3 
Slgnature(a): 

t 

OBSERVATIONS I NOTES: 

Clrcle it Applicable: 

M m S D  - Duplicate ID No.: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of I 
Project Site Name: NSWC Crane - CRWOPR Sample ID No.: 07 500 f i  ;)l* 
Project No.: CTO 160 loo r ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson. T. Rojahn 

RSurface Soil C.O.C. No.: 
Subsurface Soil 

I:] Sediment Type of Sample: 
Q Other: -x Low Concentration 
[I QA Sample Type: High Concentration 

GRAB SAMPLE DATA: 

h t e :  1-23 * 0 /  
Time: 1 <-w .- 
Method: ~ A N O  44% t? 
Monitor Reading (ppm): ' 

0 

Depth 

1 - 4  

Color 

rind 
7-0 D W ~  

I 

Description (Sand, Sllt, Clay, Moisture, etc.) 

+r VHVIE CLAY 
e,4~ sAh'13, n~ ROLC 

Tf i  hSd 
f r t  119 5. 

f M G f S T  
SAMPLE COLLECTION INFORMATION: 

Analysis - 
p~ 

Metals (As. Be. Mn) 

Energetics. Heptachlor Epoxide. PAHs 

Container Requirements Collected 
4 iz wlm glass 

4 oz w/m glass 
p 

MAP: 

FlquR6 +-3 

OBSERVATIONS I NOTES: 

Clrcle if Applicable: 
r 

MSlMSD 
/ 

Duplicate ID No.: 
Y 



I ~ ( T e t r a  Tech NUS. Inc. BORING LOG Page L of l_ 

PROJECT NAME: NSWC CRANE - ORWOPR BORING NUMBER: 0 75 0 0 
PROJECT NUMBER: CTO 160 #3961 DATE: a- 13 8 0 i  
DRILLING COMPANY: t\ch . GEOLOGIST: K. Simpson, T. Rojahn 
DRILLING RIG: dAN.\o Ay3E9 DRILLER: Nh 

Wedd wfia 

When rodc corng, enter rock brokeness 

" Include monitor readmg In 6 bot ~ntervals 8 borehole Increase readmg tequency II elwaled reponse read. Drilling Area 
Remarks: ~bJrw S\flE O F  6€fi T\I\ Background (pprn):r 0- 

Converted to Well: Yes No f Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e l  of 

Project Site Name: NSWC Crane - ORRIOPR Sample ID No.: 07 50 07 000 1 
Project No.: CTO 160 lob e ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson. T. Rojahn 

$,surface Soil C.O.C. No.: 
[I Subsurface Soil 
[] Sediment Type of Sample: 
0 Other: %Low Concentration 
[] QA Sample Type: fl High Concentration 

GRAB SAMPLE DATA: 

Date: 4 -23 .O 
Time: / 6 C c  
Method: H4nf3 A W G  & . 
Monitor Reading (ppm): 

Depth 

0 - I 

Color 

BR 

Description (Sand, Silt, Clay, Moisture, etc.) - 
sl \r  w? F/M s A N ~ ,  
-,-k ' ~ ~ 4 7  

a 00- MQIW- 
SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As, Be. Mn) 

Energetics. Heptachlor Epoxide. PAHs 

Container Requirements 
4 oz wlm glass 

4 oz wlm glass 

Collected - 
J 

r/ 

MAP: 

Flqut?€ 4.-3 
Slgnature(8): 

OBSERVATIONS I NOTES: 

Clrcle if Applicable: 

MSlMSD - Duplicate ID No.: 
C4 

7 



SOIL SAMPLE LOG SHEET 

~ a g e _ L  ot 1 
Project Site Name: NSWC Crane - ORWOPR sample ID No.: 07 56 09 o 104- 
Project No.: CTO 160 lob a ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson, T. Rojahn 

[ Surface Soil C.O.C. No.: 
Subsurface Soil B 

I:] Sediment Type of Sample: 
(1 Other: %Low Concentration 
W Q4 Sample Type: 0 High Concentration 

GRAB SAMPLE DATA: 

Date: 1 -13  .0/ 
Time: / 7 / 0  
Method: ~ A N O  W q ~ f l  
Monitor Reading (ppm): 

G 

Depm 

2-4- 

Color 

bkd 

Deacrip%on (Sand, Silt, Clay, Moisture, etc.) 

9- fl F/M 5 A ~ 3  
n I '  c\P,/ 
5dN\e ,ZOCI< . 

I\r\O\ C-i- 
SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As, Be. Mn) 
Energetrcs. Heptachlor Epoxide. PAHs 

Container Requirements 

4 oz wlm glass 

4 oz wlm glass 

Collected 
J 
/ 

MAP: 

s ~ E  FlquR6 q-3 
Signature($): 

OBSERVATIONS I NOTES: 

Clrele if Applicable: 

MSlMSD 
/ 

Duplicab ID No.: - 



I ~ ( T e t r a  Tech NUS. Inc. BORING LOG Page 1 of _L 

** lndudg monltor rearing in 6 foot intervals 8 borehole. Increase reading frequency if elevaled reponse read. Drilling Area 
Remarks: N O m  O F  8Gr\h Background ( p p r n ) : m  

Converted to Well: Yes No Well 1.0. #: - 



SOIL SAMPLE LOG SHEET 

. 

p a g e 1  of I 
Project S~te Name: NSWC Crane - ORRIOPR sample ID NO.: 0756 1 ( O 00 1 
Project No.: CTO 160 lob n ~ 3 9 6 1  Sample Locat~on: s w ~ u  7 

Sampled By: K S~mpson, T Rojahn 

-$Surface Soil C.O.C. No.: 
I] Subsurface Soil 
[I Sediment Type of Sample: 
(1 Other: %LOW Concentration 
[] QA Sample Type: High Concentration 

GRAB SAMPLE DATA: 

1 

Descr~ption (Sand, Silt, Clay, Moisture, etc.) 

S \ \ T  ~2 C S A N ~ ~  
/ 

T;Z c ~ 4 y  

-nZ 2bo-n /1(0 I 5T 

Date 7 -12 - c) 1 
Time 1 4-S< 
Method n~ 
Monitor Read~ng (ppm) 

0 

Depth 

O - 1  

SAMPLE COLLECTION INFORMATION: 

Color 

ij12d 

Analyws 

Metals (As. Be. Mn) 

Energetics Heptachlor Epox~de, PAHs 

Conta~nar Requirements 

4 oz wlm glass 

4 oz wlm glass 

Cqllected 

,A 

r /  

MAP: 

F(quR€ f - 3  
Slgnature(s): 

OBSERVATIONS I NOTES: 

Circle H Applicable: 

M W S D  - Dupllcats ID No.: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of f 
Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 0758 ( ( 220 
Project No.: CTO 160 lob ~ 3 9 6 1  Sample Locat~on: s w ~ u  7 

Sampled By: K S~mpson, T Rojahn 

%Surface Soil C.O.C. No.: 
Subsurface Sod 

(1 Sediment Type of Sample: 
U Other: Low Concentration 
[I QA Sample Type IJ H ~ g h  Concentratron 

J 

GRAB SAMPLE DATA: 

Date L l - O i  
Time 1-0 
Method 1)- 
Monttor Read~ng (ppm) 

0 

Depth 

A- 't 

Color 

81? PJ 
nZ (-~IH)/  

Description (Sand, Silt, Clay, Moisture, etc.) 

S I W  -)rq F SANO 
f l ~  c~\,Y 

772 0 u ell F~IAY 5 file I \r 
SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As, Be, Mn) 

Energebcs. Heptachlor Epox~de, PAHs 

Contamer Requirements 
4 oz w/m glass 2 
4 oz w/m glass - 

X C FL)II J ) Y ~  

Collected 
L/ 

MAP: 

F(qu RE * -3  
Slgnatura(s): 

OBSERVATIONS I NOTES: 

Clrcle if Applicable: 
I 

MSlMSD - Dupllcab ID No.: 

F b  01310( 01 



1 R l T e t r a  Tech NUS. Inc. BORING LOG Page 1 of -I- 

When rock coring, enkr rock brokeness. 

" lndude monllor reading in 6 toot inlervats 8 borehole. Increase reading frequency if elevated reponse read. Drilling Area 
Remarks: Background (ppm):r dl 

Converted to Well: Yes No Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e l  of I 
Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 0756 1 O 0 001 
Project No.: CTO 160 lob a ~ 3 9 6 1  Sample Location: SWMU 7 

Sampled By: K. Simpson. T. Rojahn 

&surface Soil C.O.C. No.: 
[I Subsurface Soil 
[I Sediment Type of Sample: 

Other: %Low Concentration 
[I QA Sample Type: 1 High Concentration 

GRAB SAMPLE DATA: 

Date: .x- Ll- / 
Time: I 5 - O  3 
Method: 0 P r  
Monitor Reading (ppm): 

0 

Depth 

0 - 1  

SAMPLE COLLECTION INFORMATION: 
oi <7-- 

Color 

F,C~-' 

Analysis 

Metals (As. Be. Mn) 

Energetics. Heptachlor Epoxide. PAHs 

Description (Sand, Silt, Clay, Moisture, etc.) 

I 772  f= r;AlhO 
cthy 

2 0 . Al 

Container Requirements 
4 oz wlm glass 

4 oz wlm glass 

Collected 
4 

r/ 

MAP: 

5 E g  FlquR6 + - 3  
Signature+): 

OBSERVATIONS I NOTES: 

Clrcle if Applicable: 

MSlMSD 

-. 

Duplicate ID No.: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 1 
Project Site Name: NSWC Crane - ORRIOPR Sample ID No.: 07 50 1 U 0 2 0  
Project No.: CTO 160 lob n ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson, T. Rojahn 

I:] Surface Soil C.O.C. No.: 
fe~ubsurface Soil 

I:] Sediment Type of Sample: 
0 Other: '6fl Low Concentration 
[I QA Sample Type: n High Concentration 

GRAB SAMPLE DATA: 

Date: 3 - 23 - U / 
Time: ] 5 - I 2  
Method: f i  9 7  
Monitor Reading (ppm): 

O 

Color 

bfl r\l 
-JLI~HI/ 

A\ G mt ~3 

Depth 

X -  f- 

Description (Sand, Silt, Clay, Moisture, etc.) 

S I T  rr.2 I= u\ru3 
TI? S [ L - r -  

TI? fl c ~ C L  FIZ A G ~  J 
&\Q i S T  

SAMPLE COLLECTlON INFORMATION: 

Analysis 

Metals (As. Be, Mn) 

Energebcs. Heptachlor Epoxide. PAHs 

Conhlner Requirements 
4 oz wlm glass 

4 oz wlm glass 

Collected 

/, 
4 

MAP: 

566 Fly r( RE: e-3 
Signrture(s): 

OBSERVATIONS I NOTES: 

Circle if Applicable: 

MSlMSD - Dupllcab ID No.: 
7 



I R l T e t r a  Tech NUS. Inc. BORING LOG Page of 1 
6 

When rock coring. enler rock brokeness. 
.- lndude monilor reading in 6 loot intervals 8 borehole. Increase reading frequency ifelevated reponse read. Drilling Area 
Remarks: NOkm S f O G  OF nc~r\/\ Backgmund ( p p m ) : m  

Converted to Well: Yes No Well 1.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 

Project Site Name: NSWC Crane - ORRIOPR Sample ID No.: 07 56 1 &C)OI 
Project No.: CTO 160 job a ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson. T. Rojahn 

&surface Soil C.O.C. No.: 
[I Subsurface Soil 
I:] Sediment Type of Sample: 
1 Other: '61\ Low Concentration 
[] QA Sample Type: High Concentration 

GRAB SAMPLE DATA: 

Date: ..La 1 A . l+J I 
Time: I 4w 
Mehod: r ) ~  r 
Monitor Reading (ppm): 

O 

Color 

BO t-4 

Depth 

i; - I 

Description (Sand, Silt, Clay, Moisture, etc.) 

5 1 t r  e. F c+)nr),-Cfi. ,ty 

T I >  I ? O K ~  f iC  i \T 
SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As. Be, Mn) 
Energebcs. Heptachlor Epoxide. PAHs 

Container Requirements 

4 oz wlm glass 

4 oz wlm glass 

Collected 
# 

/ 

MAP: 

566 FlquRE: f -3  
Slgnature(s): 

7/24 75. 

OBSERVATIONS I NOTES: 

~ l d e  ii ~ppllcrbk:  

MSlMSD - Duplicate ID No.: 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 

Project Site Name: NSWC Crane - ORRIOPR Sample ID No.: 0756 1 el* 
Project No.: CTO 160 lob u ~3961 Sample Location: s w ~ u  7 

Sampled By: K. Simpson. T. Rojahn 
$Surface Soil C.O.C. No.: 

Subsurface Soil 
[I Sediment Type of Sample: 
[ Other: %Low Concentration 
[I QA Sample Type: High Concentration 

GRAB SAMPLE DATA: 

Date: .1.3I.O) 
Time: 144-5 
Method: €) PT 
Monitor Reading (ppm): ' 

G 

Depth 

1-4 

SAMPLE COLLECTlON INFORMATION: 

Color 

'2 /?d 

Analysis 

Metals (As, Be. Mn) 

Energetics, Heptachlor Epoxide, PAHs 

Description (Sand, Silt, Clay, Moisture, etc.) 

S l l r  ~ 7 (  S I ~ T  T? ~ t t i ' i  

7 1 2  , l b c l k  h2ff‘l 
g L - , ? W G  

NO i (7- 

Container Requirements 

4 oz w/m glass 

4 oz w/m glass 

Collected 
4 

J 

MAP: 

Flqun6 f -3 
Signature@): 

OBSERVATlONS I NOTES: 

Clrck if Applicabk: 

MSlMSD 
-' 

Duplicate ID No.: 

_C 



I=lTetra Tech NUS. Inc. BORING LOG Page I of 1 

-' lndude monitor reading in 6 fool intewals 8 borehole. Increase reading hequency if elevaled reponre read. Drilling Area 
Remarks: fl~AT?-f s\@ d 6  ~ W N  Background (pprn ) : r~  ] 

Converted to Well: Yes No Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of I 
Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 0756 i i 3 c. ; I 
Project No.: CTO 160 lob it ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson. T. Rojahn 
&surface Soil C.O.C. No.: 
I] Subsurface Soil 
[I Sediment Type of Sample: 

Other: %LOW Concentration 
[] QA Sample Type: fl High Concentration 

GRAB SAMPLE DATA: 

Depth Color 

N 
l ime.  CJ 910 
Method: 1) i )  7 
Monitor Reading (ppm)' 

i, 

0 
M u ~ \ T  Ti'.. k ~ ) ~ r ' 5  

4 n? SI~T 
I 

( J - I  

SAMPLE COUECTlON INFORMATION: 

Analysis 

Metals (As, Be, Mn) 
Energetrcs Heptachlor Epox~de. PAHs 

Container Requirements 

4 oz wlm glass 

4 oz w/m glass 

Collectd 
,' 

/ 

MAP: 

5 6 E  F ~ ~ u R E :  f -L 
Signaturqs): 

- 
/" 

/ 

OBSERVATIONS I NOTES: 

Clrele H Applicable: 

MSlMSD Duplicate ID No.: 

--------. 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 

Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 0756 L ' (  3 C Z U ~  
Project No.: CTO 160 lob a ~ 3 9 6 1  Sample Location: SWMU 7 

Sampled By: K. Simpson. T. Rojahn 

[I Surface Soil C.O.C. No.: 
SSubsurface Soil 
[I Sediment Type of Sample: 
I] Other: '& LOW Concentration 
I:] Q A  Sample Type: I] High Concentration 

GRAB SAMPLE DATA: 

Date: .a I I. / 
Time: ad $15 
Method: 1) I - )  7 
Monitor Read~ng (ppm): 

i, 

I 

I -?  

SAMPLE COLLECTION INFORMATION: 

Color 

c: lid 

Analysis 

Metals (As, Be, Mn) 

Energetics. Heptachlor Epoxide. PAHs 

Description (Sand, Silt, Clay, Moisture, etc.) 

MC,I<T \ I (  7- n( ci/jf 
% / L - I ~ ~ V  f i jb  7 77 1 N 5  

/ 1 3 / 2 l V .  5 C b A G  ! ) f i l > I \  
IN Q I )  b( \ t- \ 

Containw Requirements 
4 oz wlm glass 

4 oz w/m glass 

Collected 

/ 

MAP: 

S E E  F ( ~ u  R 6  4.-1 
Signature(s): 

,/ 

OBSERVATIONS I NOTES: 

Clrcle if Appliublw. 

MSiMSD 
-- 

Duplicate ID No.: - 



I ~ l T e t r a  Tech NUS. Inc. BORING LOG Page of L 

When rock coriig, enter rock brokeness. 

" Include monitor reading in 6 foot intervals 8 borehole. Increase reading tequenq if elevated reponse read. Drilling Area 
Remarks: Background ( p p m ) : W [  

Converted to Well: Yes No Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 

Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 0758 ) e 000 ( 
Project No.: CTO 160 lob R ~ 3 9 6 1  Sample Location: s w u  7 

Sampled By: K. Sirnpson. T. Rojahn 

@Surface Soil C.O.C. No.: 
(1 Subsurface Soil 
I:] Sediment Type of Sample: 
(1 Other: LOW Concentration 
[I Q A  Sample Type: High Concentration 

GRAB SAMPLE DATA: 

b t e :  ~ % & I - o /  
Time: 1 30 0 
Method: n P F  
Monitor Reading (pprn): 

0 

Depth 

0 -  / 

Color 

0~ 

Dercription (Sand, Silt, Clay, Moisture, etc.) 

~ 1 1 ~ 4  l l ~ t 5 W N  F &?hGc 
[c-w,) TII  ROOTS N\OIT 

SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As, Be. Mn) 

Energetics. Heptachlor Epoxide. PAHs 

Containw Requirements 
4 oz wlrn glass 

4 oz wlrn glass 

Collected 
V - 
./ 

MAP: 

566 Flq u f26 f -x  
Slgnaturqs): 

OBSERVATIONS I NOTES: 

Circle il Applicable: 

MSlMSD - Duplicate ID No.: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of I 
Project Site Name: NSWC Crane - oRWOPR Sample ID No.: 0756 14 0104 
Project No.: CTO 160 lob n ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K S~mpson. T Rolahn 

[] Surface Soil C.O.C. No.: 
&Subsurface Soil 
[] Sediment Type of Sample: 

Other: Low Concentration 
[] Q A  Sample Type: n High Concentration 

GRAB SAMPLE DATA: 

Date. 3, .l')- - d 1 
Time. 1 3 0 7  
Method 0 
Mon~tor Read~ng (ppm). 

0 

Color 

nlc\d 

Depth 

1-4 

Description (Sand. Silt, Clay, Moisture, etc.) 

~ ~ 4 - y  W/SI\T 4 F S A N D  
5 C N \ C  JWI( r3rIN NOOU(FS 

rJ\ G 67- 

SAMPLE COLLECTION INFORMATION: 

Collected 
V 
I# 

Analy sir 

Metals (As Be. Mn) 

Energet~cs Heptachlor Epox~de, PAHs 

Container Requ~rements 

4 oz wlm glass 

4 oz wlm glass 

MAP: 

5 FIqu R6  q- 1 
Signature@): 

OBSERVATIONS I NOTES: 

Circle if Applicable: 

MSlMSD - Duplicate ID No.: 



I ~ l T e t r a  Tech NUS, Inc. BORING LOG Page 1 of l_ 

When rock coring, enler rock brokeness. 

" lndude monitor reading in 6 foot intervals B borehole. Increase reading frequency it elwaled reponre read. Drilling Area 
Remarks: Background (ppm):[L 

Converted to Well: Yes No Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

~ a g e L  of 

Project Site Name: NSWC Crane - oRWOPR Sample ID No.: 07 56 i \- '0 0 / 
Project No .: CTO 160 lob u ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Sirnpson, T. Rojahn' 

$surface Soil C.O.C. No.: 
[] Subsurface Soil 
[I Sediment Type of Sample: 
0 Other: %Low Concentration 
[I QA Sample Type: 1 High Concentration 

GRAB SAMPLE DATA: 

Date: 1-51 - 0 / 
Time: 1330 
Method: 1)  P 7 
Monitor Reading (ppm): 

0 

Depth 

O - I  

Color 

61? d 

Description (Sand, Sllf Clay, Moisture, etc.) 

< J ~ T  &/ f F  5h-W) 

772 Quo f i  

N o 1  TJ- 
SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As. Be, Mn) 

Energetics. Heptachlor Epoxide, PAHs 

Container Requirements 

4 oz w/m glass 'L, 
4 oz wlm glass r. 

\ x r / d C  WcL D U ~ '  

Collected 
L, 

J 

MAP: 

sCG FlquR6 f -1 
Signature(s): 

OBSERVATIONS I NOTES: 

Circle it Applicable: 

MSlMSD Dupllcab ID No.: 

f 0 3 - 1 ~ U l  0 / 



SOIL SAMPLE LOG SHEET 

p a g e l  of L 
Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 07 56 17 O X  of  
Project No.: CTO 160 lob rr ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson. T. Rojahn 

g u r f a c e  Soil C.O.C. No.: 
Subsurface Soil 

U Sediment Type of Sample: 
0 Other: %LOW Concentration 
[] QA Sample Type: High Concentration 

GRAB SAMPLE DATA: 

Date: ~ . ~ ~ - ~ /  
Time: / 3 3 <  
Method: 11 P i -  
Monitor Reading (ppm): 

Color 

PRhI 

Depth 

'r-f 

Description (Sand, Silt, Clay, Moisture, etc.) 

5 . 1 L r  6. W O  
7 2  s'l+rtLX#,\c F F,! IS? J 

SOME F d - r ? A C  k 

p w  1 <-I- 
SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As. Be. Mn) 

Energet~cs. Heptachlor Epox~de, PAHs 

Container Requirements 
4 oz wlm glass I 
4 oz wlm glass 3 

1 

d.'i7L FL'(? M Y M C  
I 

Collected 
I 

OBSERVATIONS I NOTES: 

~ l r e l e  iI ~pplieable: 

MAP: 

5 FlquRE: f-2_ 
Signature(s): 

MSlMSD 

YE 5 
Duplicate ID No.: - 

I 



1 ~ ) T e t r a  Tech NUS. Inc. BORING LOG Page 1 of 1 

.a lndude monitor reading in 6 foot intenrak 8 borehole. Increase reading frequency it elevated reponse read. Drilling Area 
Remarks: Background (ppm): 

Converted to Well: Yes No Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

pagel_ of 1 
Project Site Name: NSWC Crane - ORRIOPR Sample ID No.: 07 50 16 000 / 
Project No.: CTO 160 lob n ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson, T. Rojahn 
e u r f a c e  Soil C.O.C. No.: 
1 Subsurface Soil 
[] Sediment Type of Sample: 

Other: .% LOW Concentration 
[I QA Sample Type: High Concentration 

GRAB SAMPLE DATA: 

Date: > - 1 2 .  i)/ 

Time: 131s 
Method: p y r 
Monitor Reading (ppm): 

0 

Depth 

O .- / 

SAMPLE COLLECTION INFORMATION: 

Color 

13 k IJ 

Analysis 

Metals (As. Be. Mn) 

Energetics. Heptachlor Epoxide. PAHs 

Description (Sand, Silt, Clay, Moisture, etc.) 

s \ [ r  ~ ' / L I M F ~ W X E  
6 Sc'MC q%H 
,-,I Q U ~ >  

MU l \ T  

Container Requirements 

4 oz w/m glass 

4 oz w/m glass 

Collected 
4 - 

MAP: 

5= Flqu (I€ +-L 
Signaturqs): 

OBSERVATIONS I NOTES: 

Clrck H Applicable: 

MSlMSD 

.- 
Duplicate ID No.: 

.---.--. 



SOIL SAMPLE LOG SHEET 

p a g e 1  of j 

Project Site Name: NSWC Crane - ORRlOPR Sample ID No.: 07 56 \ 4 01 (3 4- 
Project No.: CTO 160 lob R ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson. T. Rojahn 
[I Surface Soil C.O.C. No.: 

-;IKSubsurface Soil 
[I Sediment Type of Sample: 
0 Other: Low Concentration 
[] QA Sample Type: 1 High Concentration 

GRAB SAMPLE DATA: 

Date: .-% * - 0 
Time: j 3 r o  
Method: 1) 
Monitor Reading (ppm): ' 

0 

Depth 

1.- 4 

SAMPLE COLLECTION INFORMATION: 

0 
A\?  rd * 

Analysis 

Metals (As. Be, Mn) 

Energetics. Heptachlor Epoxide, PAHs 

5 l \ r  4 . \ A N  f ) , t l z  CiAJ 
nl sMSm x E Ft2AC) . 

nut (7- 
Container Requirements 

4 oz wlm glass 

4 oz wlm glass 

Collected 
L/ 

J 

MAP: 

566 Aqu RE * -x  
Signatura(s): 

7j.4 T L  
I 

OBSERVATIONS I NOTES: 

CJrcle if Applicable: 

MSlMSD - bupllcate 10 No.: 
C_, 



I R ( T e t r a  Tech NUS. Inc. BORING LOG Page 1 of I 

- - 

Converted to Well: Yes No Well I.D. #: - 



, PY SOIL SAMPLE LOG SHEET 

~ a g e _ L  of 1 
I 

Project Site Name: NSWC Crane - ORRIOPR sample ID NO.: 07 50 17 (;00 1 
Project 110.: CTO 160 lob s ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson, T. Rojahn 
-urface Soil C.O.C. No.: 

[I Subsurface Soil 
[I Sediment Type of Sample: 
(1 Other: '61\ Low Concentration 
[] QA Sample Type: 0 High Concentration 

GRAB SAMPLE DATA: 

b t e :  2-13.0 / 
Time: 0310 
Method: D P T  
Mon~tor Reading (ppm): 

0 I 7 rl~o- h \ ~ l  <r 

Depth 

0 4  

SAMPLE COLLECTION INFORMATION: 
r 

Color 

13 I? 

Analysis 

Metals (As, Be. Mn) 
Energehcs. Heptachlor Epoxide, PAHs 

Description (Sand, Silf Clay, Moisture, etc.) 

5 l k t  Sohht7 t= 5W/), 
TQ' c \A)/ 

I 

Container Requirements 
4 oz wlm glass -1 
4 02 wlm glass 2 

Sollected 

/ ,  
4 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 1 
Project Site Name: NSWC Crane - CRRIOPR sample ID NO.: 0756 / 7 02.04 
Project No.: CTO 160 lob u ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson, T. Rojahn 

#Surface Soil C.O.C. No.: 
Subsurface Soil 

[] Sediment Type of Sample: 
u Other: %Low Concentration 
[] QA Sample Type: 0 High Concentration 

GRAB SAMPLE DATA: 

Date: 1 13 . / 
Time: 0 9 2 7  
Method: 0 P 7 
Monitor Reading (ppm): 

0 

Depth 

- 4  

Color 

I;/? rJ 

Description (Sand, Silt, Clay, Moisture, etc.) 

SILT < W E  F J A N / )  
*' ctt\y 

2 CLO( ~ i 2 A - l  5 
N\G i J I  

SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As. Be. Mn) 
Energebcs, Heptachlor Epoxide, PAHs 

Container Requirements 

4 oz wlm glass .l 
4 oz wlm glass 3 

Collected 

i /  

OBSERVATIONS I NOTES: 

Circle if Applicable 

Duplicate ID No.: - 

6 4 6'#1 r u S / ~ <  f l  
/ 

MAP: 

5= Flgu RE f -2 
Slgnature(s): 



I ~ ( T e t r a  Tech NUS. Inc. BORING LOG Page of 1 

When rock coring, enter rock brokensw. 

.- lndude monitor reading in 6 loot intervals 8 borehole. Increase reading haqueney if elevaled reponse read. Drilling Area 
Remarks: Background ( p p m ) : F ]  

Converted to Well: Yes No Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of I 
Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 07 50 1 @ 000 1 
Project No.: CTO 160 job n ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson. T. Rojahn 
&surface Soil C.O.C. No.: 
[] Subsurface Soil 
[I Sediment Type of Sample: 
(1 Other: %Low Concentration 
[] QA Sample Type: U High Concentration 

GRAB SAMPLE DATA: 

h t e :  I->>* G j  
Time: l34k 
Method: j3P 7 
Monitor Reading (ppm): 

0 

Depth 

4 

SAMPLE COUECTION INFORMATION: 

Color 

I%? d 

Analysis 

Metals (As. Be. Mn) 
Energetics. Heplachlor Epoxide, PAHs 

Detscriplon (Sand, Silt, Clay, Moisture, etc.) 

5 1 \ ~  w F//M S f i ~ l l  
I 

n L  RC\o1-. N\Q t ST 

Container Requirements 

4 oz wlm glass 

4 oz wlm glass 

Collected 

/ . ,  
J 

MAP: 

SEE: FlquR6 +--I 
Signaturas): 

OBSERVATIONS I NOTES: 

~ l r r l o  n ~pplicabb. 

MSiMSD 
-- 

Dupllcat. ID No.: - 
: 



SOIL SAMPLE LOG SHEET 

P a g e l  of I 
Project Site Name: NSWC Crane - ORWOPR SampleID No . :O75&  1 @ G l U ?  
Project No.: CTO 160 job n ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson. T. Rojahn 

kSu r f ace  Soil C.O.C. No.: 
Subsurface Soil 

[I Sediment Type of Sample: 
0 Other: pl\ LOW Concentration 
[] QA Sample Type: 0 High Concentration 

GRAB SAMPLE DATA: 

Date: ..l ' . 0 / 
Time: 13 TIJ 
Method: 13 P r  
Monitor Reading (ppm): 

0 

Depth Color 

Y ~ \ \ u " " /  

W d .  

Description (Sand, Silt, Clay, Moisture, etc.) 

5 ( \ r  W F/M S A N ~  
flu< T'/t)fid IC ,317 i'i 

N O I ~ U ~ C S , ~ S A N / ) S ~ W J F  h l ~ f l J  
Ti2 T \ R C ~  S T  

SAMPLE COLLECTION INFORMATION: 

Analysis 
Metals (As, Be, Mn) 
Energetics. Heptachlor Epoxide. PAHs 

Container Requirements 

4 oz wlm glass 

4 oz wlm glass 

Collected 

C/ 

MAP: 

S E E  Fl? u RE: 4--2 

OBSERVATIONS I NOTES: 

Circle if Applicable: 
MS/MSD - Duplicate ID No.: - 



I R l T e t r a  Tech NUS. Inc. BORING LOG Page 1 of 1 

Converted to Well: Yes No Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e l  of 1 
Project Site Name: NSWC Crane - ORRIOPR Sample ID No.: 07 56 i 7 00 0 I 
Project No .: CTO 160 lob a ~ 3 9 6 1  Sample Location: SWMU 7 

Sampled By: K. Simpson, T. Rojahn 
$surface Soil C.O.C. No.: 

I:] Subsurface Soil 
I:] Sediment Type of Sample: 
1 Other: %Low Concentration 
[I QA Sample Type: [1 High Concentration 

GRAB SAMPLE DATA: 

Date: 1-12, of 
Time: 1 JC< 
Method: fiP 7- 
Monitor Reading (ppm): 

0 

Depth 

0 - 1  

Color 

AR rl 

Description (Sand. Silt, Clay, Moisture, etc.) 

771 / x t e ,  fqct \r 
SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As, Be, Mn) 

Energetics. Heptachlor Epoxide. PAHs 

Container Requirements 
4 oz wlm glass 

4 oz wlm glass 

Collected 

v 
J 

I 

MAP: 

5 6 E  FPjuRE f -1 
SignaturHs): 

OBSERVATIONS I NOTES: 

Circle il Applicable: 

MSlMSD - Duplicate ID No.: 
7 



SOIL SAMPLE LOG SHEET 

p a g e 1  of L 
Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 07 50 1 '3 010 
Project No.: CTO 160 lob a ~ 3 9 6 1  Sample Location: s w u  7 

Sampled By: K. Sirnpson. T. Rojahn 

[] Surface Soil C.O.C. No.: 
-j$~ubsurface Soil 
[I Sediment Type of Sample: 
0 Other: Low Concentration 
[I Q A  Sample Type: 0 High Concentration 

GRAB SAMPLE DATA: 

Description (Sand, Silt, Clay, Moisture, etc.) 

< I ( T  (r// F S H A ~ D  
nl L L A  ? 

f i \ u i < T  

Color 

6 R  rJ 

h t e :  r- 2 2 %  01 
Time: 140"  
Method: I )  I 
Monitor Reading (pprn): 

0 

Depth 

1 -4  

SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As. Be. Mn) 
Energetics. Heptachlor Epoxide, PAHs 

Container Requirements 
4 oz wlm glass 

4 oz wlrn glass 

Collected 
J 
rl 

MAP: 

s E ~  FlYuRE: T - 2  
Signatura(s): 

OBSERVATlONS I NOES: 

Clrck if Applicabls 

MSMSD Duplicate ID No.: - 



I-lTetra Tech NUS. Inc. BORING LOG Page 1 of 1 

Converted to Well: Yes No Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 1 
Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 07513 20 000 ( 
Project No.: CTO 160 lob n ~ 3 9 6 1  Sample Location: SWMU 7 

Sampled By: K. Simpson, T. Rojahn 

$surface Soil C.O.C. No.: 
. (1 Subsurface Soil 

[I Sediment Type of Sample: 
Other: .g3; Low Concentration 

[] QA Sample Type: High Concentration 

GRAB SAMPLE DATA: 

b t e :  x . r L . c ) I  Depth 

Time: 1 9 C) 5 
Method: 

Monitor Reading (ppm): 
0 .- I 

0 

Color 

6 R f l  

D-ription (Sand, Silt, Clay, Molsturq etc.) 

t i  4 6. SAND 
e d 2 j i t <  CL~\I 
l+ LoorJ MQt ST- 

SAMPLE COLLECTlON INFORMATION: 

Analysis 

Metals (A's. Be. Mn) 
'Energetics, Heptachlor Epoxide. PAHs 

Container Requirements 

4 oz wlm glass 

4 oz wlm glass 

Collected 
d 

MAP: 

56E: Flqu RE: f -= 
Signaturas): 

OBSERVATIONS I NOTES: 

krc le  H ~ p p l i c a b l ~  

MSIMSD 
-. 

~ u ~ l l w b  ID No.: - 



SOIL SAMPLE LOG SHEET 

~ a g e _ L  of 

Project Site Name: NSWC Crane - OFIRIOPR Sample ID No.: 07 50 20 0 l o ?  
Project No.: CTO 160 lob n ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson. T. Rojahn 2 Surface Soil C.O.C. No.: ! 

Subsurface Soil 
[I Sediment Type of Sample: 
I] Other: a\ Low Concentration 
I:] Q A  Sample Type: High Concentration 

GRAB SAMPLE DATA: 

Date: & - l L - O /  
Time: / 4 1 U 
Method: p r  
Monitor Reading (ppm): 

0 

Color 

13 fld 

Depth 

%- 't 

Description (Sand, Sllt, Clay, Moisture, etc.) 

T u . sAr\lt3 
-r i? Reek 617A7 (, ( 

F ~ D I  SF 
SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As, Be. Mn) 
Energet~cs. Heptachlor Epoxide. PAHs 

Container Requirements 

4 oz wlm glass 
4 oz wlm glass 

Collscted 

L/' 

MAP: 

s ~ E  Flq u R 6  f -2 
Signature(s): 

7(4 74% 
I 

OBSERVATIONS I NOTES: 

CJrcle if Applicable: 

MslMSD 
7- 

Duplicate ID No.: - 



Converted to Well: Yes No Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  af 

Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 07 Sfi 11 000 
Project No.: CTO 160 lob n ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson, T. Rojahn 
$ Surface Soil C.O.C. No.: 
[] Subsurface Soil 
[I Sediment Type of Sample: 
I] Other: Low Concentration 
[I QA Sample Type: High Concentration 

GRAB SAMPLE DATA: 

Date: 2 -2 1 01 
Time: i F40 
Method: 0 (7 -I- 
Monitor Reading (pprn): 

. o  

Depth 

0 - 1  

SAMPLE COLLECTION INFORMATION: 

Color 

bfl 

Analysis 

Metals (As, Be, Mn) 
Energetrcs. Heptachlor Epoxide. PAHs 

Description (Sand, Sllf Clay, Moisture, etc.) 

\ 2 s A r* 1) 3 C \ I '  

I '  12 Q CIL CI?AC;  ( 
( 5 A  ~OS778 : 

n;? R G C ~   lo I 1.7- 

Container Requirements 
4 oz wlm glass 

4 oz wlm glass 

Collected 

/ ,  

MAP: 

56c FPj u RE I t -2 ,  
Signaturqs): 

OBSERVATIONS I NOTES: 

Circle if Applicable: 

M m S D  - Duplicate ID No.: - 



SOIL SAMPLE LOG SHEET 

p a g e l  of 

Project Site Name: NSWC Crane - ORRIOPR Sample ID NO.: 07 56 21 02o+ 
Project No.: CTO 160 job s ~ 3 9 6 1  Sample Location: SWMU 7 

Sampled By: K. Simpson. T. Rojahn 

[I Surface Soil C.O.C. No.: 
%subsurface Soil 

[I Sediment Type of Sample: 
u Other: %Low Concentration 
[I QA Sample Type: High Concentration 

GRAB SAMPLE DATA: 

Date: 2-22-O/ 
Time: I \+C 
Mehod: 0 P T  
Monitor Reading (ppm): 

0 

Color 

O W  
9fiA-G c-,7 f! J 

1 

Depth 

1-4 

Description (Sand, Silt, Clay. Moisture, etc.) 

I TIZ 5 r \ r  TR c W '  
T f l  ' R W ~  h?&( 
(5Afi1) 5 ~ N E  ) 

MC, 5 7 -  
SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As, Be. Mn) 

Energebcs, Heptachlor Epoxide. PAHs 

Container Requirements 
4 oz w/m glass 

4 oz w/m glass 

Collected 

/ - 

MAP: 

s E ~  Flq u RE q-'L 
Signaturqs): 

OBSERVATIONS I NOTES: 

Circle it Applicabl~. 

MSlMSD - Duplicate ID No.: - 



M Tetra Tech NUS, Inc. BORING LOG Page 1 of 1 

Converted to Well: Yes No Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of I 
Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 07 50 1 2  c) G'U ( 
Project No.: CTO 160 lob n ~ 3 9 6  1 Sample Location: s w ~ u  7 

Sampled By: K. Simpson. T. Rojahn 

;d Surface Soil C.O.C. No.: 
[] Subsurface Soil 
[] Sediment Type of Sample: 

Other: %LOW Concentration 
[] QA Sample Type: 1 High Concentration 

GRAB SAMPLE DATA: 

 ate: A ' 21- d 1 
Time: 142Q 
Mehod: ()m 
Monitor Reading (ppm): 

0 

Depth 

u - I  

SAMPLE COLLECTION INFORMATION: 

Color 

BR fl 

Analysis 

Metals (As. Be. Mn) 

Energetics. Heptachlor Epoxide. PAHs 

Description (Sand, Silt, Clay, Moisture, etc.) 

< \ ( T  W/F S . ~ I Y D  

1 2 6 ~ 6  f i \ o l \ T  

Container Requinments 

4 oz wlm glass 

4 oz w/m glass 

Collected 
/ 

d 

MAP: 

566 FlquR6 f - 2. 
Signature@): 

OBSERVATIONS I NOTES: 

Clrcie it Applicable: 

MSlMSD 

r 

Duplicate ID No.: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of I 
Project Site Name: NSWC Crane - ORWOPR Sample ID NO.: 07 56 22 U Z O 4  
Project No.: CTO 160 lob rr ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson. T. Rojahn 

k s u r f a c e  Soil C.O.C. No.: 
Subsurface Soil 

[I Sediment Type of Sample: 
1 Other: '63( Low Concentration 
[I QA Sample Type: 0 High Concentration 

GRAB SAMPLE DATA: 

 ate: 2 -3 )- 0 i 
Time: I42c\- 
Method: i j  k l -  
Monitor Reading (ppm): 

8 

Color 

~4 fly/ 
f l  lq 

Depth 

<>- - e 
Description (Sand, Sllt, Clay, Moisture, etc.) 

5 1 t r  w/ i 5AlY13 
y r l  n C& 6 2 A c ? 5  - 

4&~c)5777N T 

it4 01 \--r 
SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As, Be, Mn) 

Energetics. Heptachlor Epoxide, PAHs 

Container Requirements 
4 oz wlm glass 

4 oz w/m glass 

Collected 
il 

MAP: 

566 Flqu R6 +-A 
Slgnature(s): 

OBSERVATIONS I NOTES: 

Circle if Applicable: 

MSlMSD Duplicate ID No.: - 



When rock cor'mg, enter rock brokeness. 

" lndude monllor reading in 6 fool intewak 0 borehole. Increase reading frequency l elevated reponse read. 

Remarks: 
Drilling Area 

Background (ppm):r u 1 

Converted to Well: Yes No Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 1 
Project Site Name: NSWC Crane - ORRIOPR Sample ID No.: 07 50 L-3 cC i 
Project No.: CTO 160 lob r ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson. T. Rojahn 
$surface Soil C.O.C. No.: 

[I Subsurface Soil 
[I Sediment Type of Sample: 
1 Other: & Low Concentration 
[I QA Sample Type: 0 High Concentration 

GRAB SAMPLE DATA: 

h t e :  &..ll- d I 
Time: IcW 
Method: fl 
Monitor Reading (ppm): 

0 

Depth 

0 -  I 

SAMPLE COLLECTION INFORMATION: 

Color 

hnrl 

Analysis 

Metals (As. Be, Mn) 
Energ=. Heptachlor Epoxide. PAHs 

Description (Sand, Silt, Clay, Moisture, etc.) 

I T/1 c SAW) 
r,l L\ A./ 

7-12 kc lor*> niu I (7- 

Container Requirements 
4 oz wlm glass 

4 oz wlm glass 

- 

Collected 
/ 
r/ 

MAP: 

5= F(quR€ f - 2 
Signature@): 

OBSERVATIONS I NOTES: 

Circle if Applicable: 

MS/MSD - Duplicate ID No.: 

c D d ! l X W  0 3  



SOIL SAMPLE LOG SHEET 

p a g e l  of 1 
Project Site Name: NSWC Crane - ORWOPR sample ID NO.: 07 58 3 3  010 4 
Project No.: CTO 160 lob n ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson. T. Rojahn 

[ Surface Soil A C.O.C. No.: 
Subsurface Soil 

[] Sediment Type of Sample: 
u Other: %Low Concentration 
[] QA Sample Type: 0 High Concentration 

GRAB SAMPLE DATA: 

Date: 7-.21-3/ 
Time: ICCS 
Method: f i r  
Monitor Reading (ppm): 

0 

Color 

6 11 N 

+WE 

W P ~  

I-?- 

Description (Sand, Silt, Clay, Moisture, etc.) 

I -2 F ~ A N I ) ,  

-2 & f \ ~  
s C M ~  J ~ H I T L O ~ ~ ~ I  NCDU\CJ 

SAMPLE COUECTlON INFORMATION: 

Analysis 

Metals (As, Be. Mn) 
Energetics. Heptachlor Epoxide. PAHs 

Container Requirements 

4 oz wlrn glass 

4 oz wfrn glass 

Collected 

1/ 
L/' 

MAP: 

566 Flqu RE: * -A  
Signature(s): 

OBSERVATIONS I NOTES: 

Clrcle if Applimble: 

MSlMSD - Duplicate ID No.: - 



Converted to Well: Yes No Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 1 
Project Site Name: NSWC Crane - oRWOPR Sample ID No.: 07 14 0 0  / 
Project No.: CTO 160 job s ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson. T. Rojahn 

-$surface Soil C.O.C. No.: 
[] Subsurface Soil 
[] Sediment Type of Sample: 
1 Other: %LOW Concentration 
[] QA Sample Type: 1 High Concentration 

GRAB SAMPLE DATA: 

Date: ,l- 1.1 - 0 
Time: l b o T  
Method: bP 7- 
Monitor Reading (ppm): 

0 

Color 

i jprJ 

Depth 

& - 1  

Descriplon (Sand, Silt, Clay, Moisture, etc.) 

< ~ L T  7 1  ~ L I +  i SANJ I ,  

p l  r ?cc r \  n \ ~  1 (7- 
SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As. Be, Mn) 
Energebcs. Heptachlor Epoxide. PAHs 

Container Requirements 

4 oz wlm glass 

4 oz wlm glass 

Collected 
d 
c/ 

MAP: 

566 FlquR6 f -x 
Signature@): 

OBSERVATlONS I NOTES: 

~ l re le  n ~pplicablw. 

MSlMSD - Duplicate ID No.: 
J 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 

Project Site Name. NSWC Crane - ORWOPR Sample ID No.: 07 50 3-4- 010f- 
Project No.: CTO 160 lob a ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K S~mpson. T Rolahn 
C.O.C. No.: 

&E::Zkoil 
[I Sed~ment Type of Sample: 

Other: #\ Low Concentrat~on 
[I QA Sample Type: 11 High Concentratron 

GRAB SAMPLE DATA: 

Date l * l l , - o /  Depth 

Time 161Q 
Method 

Mon~tor Readlng (ppm). l- ?- 
0 

Color 

""i c-l A'J 

D-rlption (Sand, Silt, Clay, Moisture, etc.) 

51 c - r  -r/2 F SI\& 
71 ~ ~ h l  

t\\Gl 5-i- 
SAMPLE COLLECnON INFORMATION: 

Analys~s 

Metals (As, Be. Mn) 
Energetics, Heptachlor Epox~de. PAHs 

Container Requirements 

4 oz w/m glass 

4 oz w/m glass 

Collected 

/ 
4 

MAP: 

s ~ E  Flq u RE +- 2 
Signature(s): 

OBSERVATIONS I NOTES: 

CJrcJe ~t Applicable: 
r 

MSlMSD - Duplicate ID No.: 



I R ( T e t r a  Tech NUS. Inc. BORING LOG Page L of L 

Converted to Well: Yes No Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

pagel_ of I 
Project Site Name: NSWC Crane - ORWOPR sample ID NO.: 07 Sfi 17 oco 1 
Project No.: CTO 160 lob it ~ 3 9 6 1  Sample Locat~on: s w ~ u  7 

Sampled By: K S~mpson, T Rojahn 

Surface Soil C.O.C. No.: 
'$Subsurface Soil 
[] Sediment Type of Sample: 
I] Other: %Low Concentrat~on 
U QA Sample Type: fl High Concentration 

GRAB SAMPLE DATA: 
I 

Date L.13 L! ( Depth 

Time oglC3ct' 
Method 1) P 
Mon~tor Read~ng (ppm)' U - 1  

9 

Color 

$I'm 

Description (Sand, Silt, Clay, Moisture, etc.) 

4 ,  & * / .  i= SAfid, 
w PGcd F,?AV( 

7 7 2  1 2 b c . n  n\c I S T  
SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As, Be, Mn) 
Energebcs. Heptachlor Epox~de. PAHs 

Container Requ~rements 
4 oz wlm glass 

4 oz wlm glass 

Collscted 

I/ y 

L/ 

OBSERVATIONS I NOTES: 

Clrcle H Applicabb: 

Duplicate ID No.: - 

MAP: 

5 6 E  Fl? u RE *-x 
Signature(.): 



SOIL SAMPLE LOG SHEET 

pagel_ of 

Project Site Name: NsWC Crane - ORRIOPR sample ID NO.: 07 50 I.\-c)~L)~- 
Project No.: CTO 160 lob n ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K S~mpson. T Rojahn 

g u r f a c e  Soil C.O.C. No.: 
Subsurface So11 

[] Sediment Type of Sample: 
(1 Other: Low Concentration 
[] Q A  Sample Type: High Concentration 

GRAB SAMPLE DATA: 

Date A % 2 3 C )  

Time o %c 
np-r- Method 

Mon~tor Read~ng (ppm) 

c3 

Color 

8/7 N 
% M E  d ~ /  

C-r)G€W 

Depth 

3 - 4 

Descr~ption (Sand, Silt, Clay, Moisture, etc.) 

S I L T - #  cL4 
k ~ c d  i t 2  

~ C M G  rSl?w ~ e f i c { t F ~  
f i \  61  (7- 

SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As, Be, Mn) 
Energebcs, Heptachlor Epox~de. PAHs 

Container Requ~rements 
4 oz wlm glass 

4 oz wlm glass 

Collgcted 

r /  .,, 
/ 

MAP: 

s Flq u RE f -2 
Signature@): 

OBSERVAllONS I NOTES: 

~ l m l e  ii ~pplicable: 

MSlMSD - Duplicatm ID No.: - 



-- 

' When rock coring. enter rock b r o k e n ~ .  
a -  lndude monitor reading in 6 foot intervals Q borehole. Increase reading hequency if elevated reponse read. Drilling Area 
Remarks: Background ( p p r n ) : ~ ~  

Converted to Well: Yes No Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of I 
Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 07Sfi 2L OOC 
Project No.: CTO 160 lob a ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson, T. Rojahn 

Surface Soil C.O.C. No.: 
$Subsurface Soil 

[I Sediment Type of Sample: 
Other: 'PI( Low Concentration 

[] QA Sample Type: C] High Concentration 

GRAB SAMPLE DATA: 

D-ription (Sand, Sllf Clay, Moisture, etc.) 

5 1  LT );o,\oc ~ l h r r ~ ~ p ~ u t ^  
2 ,  2 S A N ~  

-rrt C C ~ ) /  

71. Roo-i-5 A\O I q- 

Color 

RR N 

Date: -1.13 . /' 

Time: u q w  
Method: 0 p 7  
Monitor Reading (ppm): 

0 

Df=pm 

0 -- I 

SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As. Be. Mn) 

Energetics. Heptachlor Epoxide, PAHs 

Container Requirements 
4 oz wlm glass 

4 oz wlm glass 

Collected 
J' 
J 

MAP: 

5 Flqu RE: q--x 
Slgnatura(s): 

OBSERVATIONS I NOTES: 

Circle H Applicable: 

MWMSD - Duplicate ID No.: 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 1 
Project Site Name: NSWC Crane - ORWOPR Sample ID NO.: 07 58 ->G O 2 ~4 
Project No.: CTO 160 lob a ~ 3 9 6 1  Sample Location: SWMU 7 

Sampled By: K. Simpson. T. Rojahn 

[I Surface Soil C.O.C. No.: 
 subsurface Soil 
[] Sediment Type of Sample: 

Other: %Low Concentration 
[] QA Sample Type: High Concentration 

GRAB SAMPLE DATA: 

Description (Sand, Silt, Clay, Moisture, ate.) 

5 ' f t - r  -m F .  5 t w 1  
T'i ctqy 

sow€ Rocid ~t21j ' lS  

M O I S ~  

Color 

b f?N 

Dale: 1 . 2 3 C/ 

Time: (27 3'5- 
Method: 0 P 
Monitor Reading (ppm): 

(2 

Depth 

a - 4- 

SAMPLE COUECTION INFORMATION: 

Analysis 

Metals (As, Be, Mn) 

Energetics. Heptachlor Epoxide, PAHs 

Container Requirements 

4 oz wlm glass 

4 oz wlm glass 

Collected 
/ 

MAP: 

566 F(quR6 f -1 
Signaturqs): 

-7('"/ ,&L. v 
I 

OBSERVATIONS I NOTES: 

Clrcle if Applicable: 

MSlMSD - Duplicate ID No.: 

7 
.. 



I ~ ( T e t r a  Tech NUS. Inc. BORING LOG Page I of 1 

When rock coring, enter rock brokeness. 

" lndude monitor reading in 6 foot inle~als 8 borehole. IncreaPe reading hequeny if elevaled reponse read. Drilling Area 
Remarks: Backgmund (ppm):r 01 

Converted to Well: Yes No / Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

pagel_ of 1 
Project Site Name. NSWC Crane - ORFUOPR Sample ID No.: 075627 00i) 
Project No.: CTO 160 lob a ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K S~mpson. T. Rojahn 

Surface Soil C.O.C. No.: 
] Subsurface Soil P 

I ]  Sediment Type of Sample: 
(1 Other: &Low Concentration 
U QA Sample Type: 0 High Concentration 

GRAB SAMPLE DATA: 

bate: 1 - 2 3  u/ 
rime 0 9 %S MV 
Mon~tor Read~ng (ppm): 

0 

Color 

b R  d 

Depth 

0 . /  

Description (Sand, Slit, Clay, Moisture, etc.) 

S l \ r  ~g F/M S A N ~  
< c w ~  %ANI>CZNF [,2tScjS 
7 2  

7 f l 0 3 m  O I G l  1- 
SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As. Be, Mn) 

Energebcs. Heptachlor Epox~de, PAHs 

Container flequ~rernents 

4 oz wlm glass 

4 oz w/m glass 

Collected 

uf 
J 

MAP: 

FtquR6 +-2 
Signature@): 

OBSERVATIONS I NOTES: 

Clrcle H Applicable: 
I 

MSlMSD - Duplicate ID No.: - 



Q SOIL SAMPLE LOG SHEET 

P a g e 1  of 

Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 075fi 37 0104 
Project No.: CTO 160 lob # ~3961 Sample Location: SWMU 7 

Sampled By: K. S~mpson. T. Rojahn 
C.O.C. No.: 

$ i Z Z 2 Z k o i ,  
u Sediment Type of Sample: 

Other: %Low Concentration 
U QA Sample Type: n High Concentration 

GRAB SAMPLE DATA: 

Date: 2.13 / 
Time / 0 0 C) 
Method D P T  
Mon~tor Readlng (ppm): 

3 
1 - 4  

SAMPLE COLLECTION INFORMATION: 
S T  

color 

Lr RRd 

Analysis 
Metals (As. Be, Mn) 

Energebcs. Heptachlor Epox~de, PAHs 

D-ription (Sand, Silt, Clay, Molsturo, etc.) 

5 1 1 ~  t % fiW) 
w ~ ) M ~ A N L )  TIZ clhy 

& ~ c T / B ~ N  NODYCEZ 

n\cr 

Contalna Requirements 
4 oz wlm glass 

4 oz wlm glass 

Collectd 
r /  
c/ 

MAP: 

Rqu RE +-,z 
Signature(.): 

OBSERVATIONS I NOTES: 

Clrcle il Appllcrble: 

M W S D  - Dupllut~ ID No.: - 
I 



When rock coring, enter rock brokeness. 
*a lndude mon~loc reading in 6 foot intervats O borehole. Increase reading hequency if elevated reponre read. Drilling Area 
Remarks: Background ( p p m ) : ~  

Converted to Well: Yes No Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 

Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 0756 W J  1 
Project No.: CTO 160 lob a ~ 3 9 6 1  Sample Location: s m u  7 

Sampled By: K. S~rnpson, T. Rojahn 

;B(Surface Soil C.O.C. No.: 
1 Subsurface Soil 
U Sediment Type of Sample: 
0 Other: Low Concentration 

QA Sample Type: High Concentration 

GRAB SAMPLE DATA- 

Gate. A-23 cl/ D@Pa 

T~rne. o r v  
Method. 0 P 
Mon~tor Reading (pprn)' 0 - /  

0 

Color 

BR IJ 

Description (Sand, Silt, Clay, Molsturq etc.) 

TR VIM SAnd 
c ~ n J  

S o l q E  L W \ C ? ~ ~ / N €  9 d h ~ \  

TI?  GUTS NU I \T 
SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As, Be, Mn) 

Energebcs, Heptachlor Epoude, PAHs 

Container Requirements 
4 oz wlrn glass 

4 oz wlrn glass 

rn 

Colibctsd 

L++, 
W 

MAP: 

5 6 E  Fiqu RE: f -x 
Slgnature(s): 

-/GJ TL 
I 

OBSERVATIONS I NOTES: 

arcla n Appliubl.: 

MSlMSD - Dupllcab ID No.: 
4 



SOIL SAMPLE LOG SHEET 

p a g e 1  of j 

Project Site Name: NSWC Crane - ORRIOPR sample ID NO.: 07 552 u QOf 
Project No.: CTO 160 lob n ~ 3 9 6 1  Sample Location: s w u  7 

Sampled By: K. Slmpson, T. Rojahn 

$Surface Soil C.O.C. No.: 
Subsurface Soil 

(1 Sediment Type of Sample: 
(1 Other: '61\ Low Concentration 

QA Sample Type: U High Concentration 

GRAB SAMPLE DATA: 

Date. 1 . 2 . 3  0 1 
Time: 074-1 
Method. I) p 
Mon~tor Readlng (ppm)' 

0 

Color 

g n r ~  

k p t h  

1- f- 

Deacriptlon (Sand, Silt, Clay, Moisture, etc.) 

SILT, n? FIN, SANJ 
Tb C l A  

5oMC SXNOSR'NF HAY< 
n ' 2  067-  i ~ c o  

N G ~ ~ L I \ E \  M G  r < T ,  
SAMPLE COLLECTION INFORMATION: 

Analysis Container Requiremeats Collected 
4 oz w/m glass -X I/, 

Energebcs. Heptachlor Epoxlde. PAHs / 

, -- I 

OBSERVATIONS I NOTES: 

ClrcJs if Applierbl.: 

MAP: 

5 6 6  FlquRE f -1 
Signature(*): 

MSlMSD - Dupllcab ID No.: 

fb 021301 01 



1=lTetra Tech NUS. Inc. BORING LOG Page I of 1 

When rock coring, enter rock brokeness. 

" lndude monllor reading in 6 foot intervals 8 borehole. Increase reading frequenq if elevated reponse read. Drilling Area 
Remarks: Background (ppm):r u 1 

Converted to Well: Yes No Well I.D. #: - 



Tetra Tech NUS. Inc. BORING LOG Page of 1 
PROJECT NAME: NSWC CRANE - ORR BORING NUMBER: 07 S6  47 
PROJECT NUMBER: CTO 160 job # 3961 DATE: 3.&,.@x 
DRILLING COMPANY: Environmental Field Services GEOLOGIST: K. Simpson & T. Rojahn 

' When rock coring, enter rock brokeness. 

" Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. Drilling Area 
Remarks: F R M H  0 7 5 6 1 b  b & ' 6 / \ /  Background (ppm): 

Converted to Well: Yes No X Well I.D. #: NA 



SOIL SAMPLE LOG SHEET 

p a g e l  of L 
Project Site Name: NSWC Crane, IN - ORR Sample ID NO.: 07 S$$;W\ 
Project No.: CTO 160 job # 396 I SWMU 7 Sample Location: 07 SB 

Sampled By: 
urface Soil C.O.C. No.: 

Sediment Type of Sample: 
I] Other: [XI Low Concentration 
I] QA Sample Type: High Concentration 

*~~&~~~~M~~~DA$~;;i;i;~;\;~;~;~;i;~;;;~;;;i;i;~;~;!i;;;;;;i j!;;~~;;;i;;;;i;;;~;;i;~;~~~[~;~;i;;;;;i;~!~;i:~;i;i;~;!;i:i; i;~;i;i;i;~;~;ij~~~;~i;;;;~;i;i~;;:;i;i;~;i;~;i;~;~;~;;;~;i;i;~;;;i;;;i;j;:;i;i;;!i;~i!~i;~;i;~;;j~;!;~;~;' 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . , . . , , . , . , . 

 ate: 3 - 6  . 01 
Time: 0 q o C 
M e :  Q P r 
Monitor Reading (ppm): b 

Depth 

0-1 
$ ~ ~ & ; @ Q $ L ~ C ~ ' Q ~ ; I ~ ~ ~ ~ Q ~ M A ~ Q N .  ~ i ~ i ~ i ~ ~ i ~ ; ~ ~ ~ ~ ~ ; ~ ; ~ ~ ~ ~ ~ ; ; ; ~ ; ~ ~ ~ ~ ~ ~ ~ j ~ ~ ; ; ~ ; ; ; ~ ; ~ ; ; ; ; ; ; ; ~ ; ~ ; ~ ; ~ ; j ; ~ ~ ~ ; ~ ; ~ ; ~ ; ~ ; ~ j ~ I ~ ; ~ ; ~ ; ; ; j ; ; ; ; ; ; ~ ~ ; ~ j ; ; ~ j ~ j ; ; ~ ; ~ ; ~ ~ ~ j j ; ~ ; ~ ; ~ ; ~ ~ ~ ; ~ ; ~ ; ~ ; ; ; ; ; ~ ; ~ ; ~ ; ~ ; ~ ; ~ ; ~ ; ; j ; ~ ~ ; ; ~ ~ ; ; ; ; ~ i ~ ~ ; ; ; ; ;  . . .  
. . . . . . . . .  . . . . . . . . . . . . . . . . . . .  .:.,:.::: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  . . .  _ ,_ .  .._., ............................................... _ _  ._._. ............................ 

Color 

0Rf l  

Description (Sand, Silt, Clay, Moisture, etc.) 

nz R o o r S 2  MOIST 
5 1 ~ ~  -di ctfif 

Analysis 

Energetics 

Container Requirements 

(1) 4 oz. Glass 

A %  "oc 
OLI p 

Collected 

/ 

. . . . . . . . . . . . . . . . . . . . . . .  

Other 

Laucks 

- 
~ ~ p i i . : - ! i : i : i ' : ! : . : ; ~ j ; ; ; ; j j i i ~ ~ j : : i i i i ; ~ ; ; ; ; ; ; ; ;  ( ::.:. . 

. , . .  , 

See Figure 1 

Signsture(s): 

~ ~ $ ~ ~ y A q ~ ~ N s ; ; $ ~ ~ ~ ~ s ; ~ ; j j ; ; ; ; j ; ; ; ; ; ~ ; ; ; ; ; ; ; ;  ~ ; : ; ; i ; ; ; ; ; ; : : ; ; i ; ; ; j ; ; j ; : ; j ; ; j : ; ; j ; j ~ ~ j ; ; ; ;  :i:i:i;;;;;;i;; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . .  

~ ~ i f ~ i & ~ ~ & ~ ~ ~ ~ ~ a ; & i : : < ~ ~ ~ ~ i ~ i ; ~ ~ ; ~ : ~ : ~ ; ~ i ~ ; j ; ~ ; ~ : ~ ~ ~ ; j i i ~ ~ ~ i ; ~ : ~ ; ~ ~ ~ ~ ~ : ~ : ~ : < ; i ~ ~ : : i '  . . . . . . .  i i i i i i : i ~ ~ : : , . ; , ' i i i ~ i i i i i ; ~ ; i ; i : ' ~ ' ~ i  . . . . . . . . . . . . .  . . . . . .  . . 

M W S D  - Duplicate ID No.: 

F D 0 3 0 6 0 1  a /  



SOIL SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

g u r f a c e  Soil 
Subsurface Soil 

U Sediment 
Other: 

1 QA Sample Type: 

NSWC Crane, IN - ORR 

CTO 160 job # 3961 SWMU 7 
Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
D(] Low Concentration 

High Concentration 

See Figure 1 

Date: 3 . 6 . 0 2  
Time: 0 q 10 
,,,: o f r  
Monitor Reading (ppm): a 

Duplicate ID No.: I "A 

Depth 

' 
2-4- 

~ ~ ~ ~ l ~ ~ : ~ ~ i ; ~ ~ ~ ~ ~ ; ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ j : j ~ : ~ j ; : ~ ; ; ; ; ; ; ; i i ; j i ~ ; ~ i ; ; ; ~ i ; j i ; ; ~ ; j ; ; ; j j ; ; ; ~ ~ j j j j ~ ; i ~ ; ~ ~ ; ~ : ~ ~ ~ i ; ~ ~ ; ~ ~ ~ ; ; ; i : j j ; ~ ~ i i ; ~ ; ~ ~ ~ ~ ~ ~ ~ ~ ; ~ ; ; j j j ; ; ~ j ; ~ i i ~ j ; ; i i ; ; ; ~ ~ ~ ; ~ ; : ~ ~ ; j i ; ~ j j i i i i ~ i i ~ ; ~ ; i ; i ~ i i ~ ~ ~ i ~ ; ~ ; ~ i ~ i ~ ~ i ; ~ : ~ ; ~ ~  . . .  . . ..... .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Color 

R R ~ (  

Analysis 

Energetics 

Description (Sand, Silt, Clay, Moisture, etc.) 

s\\r 772 my, M o l r  
SAND SET~E- H ~ J .  
W/ P o d  fflhql. @-~\~cI; I~ 

Container Requirements 

(1) 4 oz. Glass 

Collected 

/- 
Other 

Lauds 



I R ~  Tetra Tech NUS. Inc. BORING LOG Page 1 of 

PROJECT NAME: NSWC CRANE - ORR BoRlNG NUMBER: 07 SB 
PROJECT NUMBER: CTO 160 job # 3961 DATE: 3m6.02 
DRILLING COMPANY: Environmental Field Services GEOLOGIST: K. Simpson & T. Rojahn 

' When rodc wring, enter rock brokeness 

" lndude monitor reading in 6 foot intervals O borehole. lnaease reading frequency if elevated reponse read 

Remarks: 
Drilling Area 

Background (pprn): 

Converted to Well: Yes No X Well I.D. #: IVA 



, Irt] SOIL SAMPLE LOG SHEET 

p a g e l  of 2 
Project Site Name: NSWC Crane, IN - ORR Sample ID No.: 07 s g 9 t ~  OOO1 
Project NO.: CTO 160 job # 3961 SWMU 7 Sample Location: 07 SB M 

Sampled By: K. Sirnpson & T. Rojahn 
&surface Soil C.O.C. No.: 

Subsurface Soil 
Sediment Type of Sample: 
Other: [XI Low Concentration 
QA Sample Type: High Concentration 

RAE SAMPLEDATA: I 

- . .  . - - - 
AMPLE COLLECT1ON INFORMATION: I 

Date: 3 . 6 ' 0-2 
T~me: 0 6 TF 
Method: D p r  
Monitor Readinq (pprn): 

I 
OBSERVATIONS I NOTES: IMAP: 

Depth 

0 - 1  

Analysis 

Energetics 

Color 

b w  

Container Requirements 

( 1 )  4 oz. Glass 

Description (Sand, Silt, Clay, Moisture, etc.) 

WC/MOIST ~ - R m  
SILT cth 
711 R o d (  &H9( 

Collected 

t/ 
Other 

Laucks 



SOIL SAMPLE LOG SHEET 

page> of -2 
Project Site Name: NSWC Crane, IN - ORR Sample ID No.: 
Project No.: CTO 160 pb #I 3961 SWMU 7 

8 02.04- 
Sample Location: 
Sampled By: 
+ 
K. Simpson & T. Rojahn 

Surface Soil C.O.C. No.: 
%Subsurface Soil 
[I Sediment Type of Sample: 

Other: [XI Low Concentration 
QA Sample Type: High Concentration 

~ ~ ~ ~ ~ $ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ j ~ ~ ~ ~ ~ ~ j ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ ~ ; ~ ~ ~ ~ ~ ~ ~ ~ ~ ; ~ ; ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ j ~ ; ~ j : ~ ~ ~ ~ ~ ~ ~ ~ ~ j ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ j f j ~ ~ ~ j ~ ~ ; ~ ~ ~ ~ ~ ~ ~ ~ j ; ~ ~ ~ ; i ; j ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ j ~ ~ ~ ~ ~ ; ~ ~ ~ ; ~ ; ~ ; ~ ~ ~ ; ; ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ; ~ ; ~ ; ~ ~ ~ j ~ ; ; ; ~ ; ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  .......... :_ ... . ._. ... _ _ . .  .............. __..... . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . _ _ _ . . _ . . . _ _ . . . .  \ . ~ . ~ . _ ~ _ . . . .  __ ................ 
 ate: 3 .. & 0 2  
Time: 0 700 
Method: 

Monitor Reading (ppm): 0 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Depth ' 

I-4- 
~~~~~;Q~g~~fl~~;l~g~fi~~~~fi.:';;;;;;;~;;;~;;:~;!;~;!;~;;;;;;;;;;;~;i:;;;;[;;;;;;~;:;;;;;:;;;;;;;;;;;;;;;;i;;~;;;;;;~;;;;;;;;;:;;;;;;;;;;;i;;;;;;;;;;;;;;;i;;i;;;;;;;;;;;;:;;;;;j:;;;;;;;;;;;;;~;;;;;;;;:;;;;; 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . I:::.:::::: ...... ........................................................................ .............................................................. > 

Color 

RRI\(,+ 
fXuqr 

Analysis 

Energetics 

I 

Description (Sand, Silt, Clay, Moisture, etc.) 

M O \ ~  5 f c 7  L ~ / c c A Z /  
-m R;& m 9 ~  . 

~ A E L O < S ~ ~ C T ~ ~ ( E  FY~&$ ~ ~ ~ 1 '  

Container Requirements 

(1) 4 oz. Glass 

Collected 

~~W;;:'::;:;:::. ':;;;;;~;;~;;ji~f;;;;;;;;~;;j;i~;;;~~i;;;;;~;;~;j;;j;~~;;;;;j:~;:~~i;j;~~~;;;;~~ c : : : : : : : : : : .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..... 

See Figure 1 

sCG +6 q= 00 I 

SignaturNs): 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ;:;,;. : : : . . . . . . . . . .  

4 . .  

. . .  Gii&l&H;&p[ica&:;:,;;;:;;.;;;:;;;;;:;;;.::;;;;;::;;::;;:: . . . . .  . . .  .. -:...::: .-'.;;:;:. :...:;;.:;-:::.;; .;. .;;. ;.;.: :.. . . . . . . . . .  ; . . .  . . . .  . . . . . . .  . . .  . . .  

Other 

Laucks 

M9MSD - Duplicate ID No.: - 



BORING LOG Page I ofl- 

PROJECT NAME: NSWC CRANE - ORR BORING NUMBER: 07 SB 
PROJECT NUMBER: CTO 160 job # 3961 DATE: 3 . 6 . 0 ~  
DRILLING COMPANY: Environmental Field Services GEOLOGIST: K. Simpson & T. Rojahn 

' When rock wring, enter rock brokeness. 

" lndude monitor reading in 6 foot in le~a ls  @) borehole. Increase reading frequency if elevated reponse read. 

Remarks: 
Drilling Area 

Background (ppm): ml 

Converted to Well: Yes No X Well I.D. #: NA 



SOIL SAMPLE LOG SHEET 

pagel_ o f 2  

Project Site Name: NSWC Crane, IN - ORR 
5 

Sample ID NO.: 07 s a w  000 1 
Project No.: CTO 160 job # 3961 SWMU 7 Sample Location: 07 SB 49 

Sampled By: K. Simpson & T. Rojahn 

P urface Soil C.O.C. No.: 
Subsurface Soil 

fl Sediment Type of Sample: 
1 Other: [XI Low Concentration 
11 QA Sample Type: High Concentration 

&@&Bi$~M~~~~~k;ijiiiiiiii~iii~ii;~iiiiiiiiiiiiii:~i1jii{i~iii~i!iij~iiiiiiiiiiiiiiiiiiiijii~i~i~i!i~i~iiiij~~~jiiijjiiiii~iiiiiiiii~j~iiiiiii~i~iiiiiiiiiiiiiii~iiiii:j~iijiiii~iiiii~ii!i!ji~iiiiijiiiiiii~ii~i:i~i~iii~iijiiii . . . . . . . . . .  . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .......................... ,:::.::::.:.. - 

 ate: 3 . 6 .  0 1  

Time: 0 9 3 0 
Method: 0 P T '  
Monitor Reading (ppm): 0 

Depth 

0 -  1 
~ ~ ~ ~ ~ ~ ~ i ; & ~ ~ Q ~ j j r ~ ~ ~ ~ ~ ~ f l ~ ~ , ~ ~ j ~ ~ ~ ~ : i ; ~ ~ ~ ~ i ~ i ~ i ~ i ~ i ~ i ~ i ~ ; ~ i ~ : ~ i ~ i ~ i ~ i ~ i ~ i ~ i ~ ~ ~ ~ i i i ~ j j ~ i ; ~ ~ i ~ i ~ i ~ i ; ~ i ~ ~ i ; i ~ i ; i ~ i ~ ~ ~ i i i ; i j ~ j ~ j j j j ~ i ~ i ~ i ~ i ; i i i i i ~ i ~ i ~ i ~ i ~ i j i ~ i j i j i ~ ~ ~ i ~ i i i ~ i ~ i ~ ~ j ~ i i ; ~ i i ; i ~ j ~ j ~ i ~ i ~ i ; i ~ ~ ~ j ~ i ~ i ~ ~  . . . .  . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  : : :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Color 

f3 f ld 

Analysis 

Energetics 

Description (Sand, Silt, Clay, Moisture, etc.) 

f l  CiAp' 

Container Requirements 

(1) 4 oz. Glass 

Collected 

L/ 

~~#;;:;:;;;;;;!;;;;i~;;i;i~;iiiii~jiiI;~jj;ijii~;i;i;;j~;i~i;jjjiiiij~iiiijii~~~i~ii;~i~;iiijii~ . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  !:;:::::.:-:.:- . . . . . . . .  

See Figure 1 

gm7-t S ~ O G  OF 
0 -2 

A to" OFF &AM, 
FLQU in 01-1-4 
.=l,'luO ~ P f l  

1 '  oeep K I . S ' L U \ ~ F  - 

Pf+m ~ I ( c d  6) 
Signaturqs): 

o w ~ ~ ~ i o r ; t ~ i ~ ~ o + ~ s ; ; ~ j ~ i i : ! :  !~;;;;;jij~iiiiij;j;ij:ji;;~;i;;;iii;iii;j;j;i;jj:.j;i:ii;j;j;i;ii;i;ij:;i:j::.Ii;i!i; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  

bi f&ies ,&pp! ica~ . . . . . . . . . .  . . .  .;i~;jiji:;;j;;li;iiiijjjiiii;~;j;j;i\;iiiiijiji~i::~I~:j;;i~j~;iiii~ji:~;::j::~'i~;~~ji~;~;~:~::;~:jjjIji~ . . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

Other 

Laucks 

MSmnSD 

4 

Duplicate ID No.: 



SOIL SAMPLE LOG SHEET 

p a g e 2  of 

Project Site Name: NSWC Crane, IN - ORR sample ID NO.: 07 SB 4 9  OX& 
Project No.: CTO 160 job # 3961 SWMU 7 Sample Location: 07 se 49 

Sampled By: K. Simpson & T. Rojahn 

0 Surface Soil C.O.C. No.: 
XSubsurface Soil 

I] Sediment Type of Sample: 
fl Other: [XI  Low Concentration 
U QA Sample Type: 1 High Concentration 

RAB SAMPLEOAl'k 

Date: 3-.d- 0 1  
Time: 

Method: P 1 1- 3 

Color 

 OR^ 
Description (Sand, Silt, Clay, Moisture, etc.) 

MoiST; 5 h ~ O  ~m(\l'?- dh 

I Analvsis I Container Reauirements I Collected 

I Energetics (1) 4 oz. Glass 

I - M"sD 
Duplicate ID No.: 1 FQ 03060l 012 

See Figure 1 



PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 

BORING LOG Page 1 of L 
NSWC CRANE - ORR BORING NUMBER: 
CTO 160 job # 3 r  DATE: 
Environmental Field Services GEOLOGIST: 

- - - 

K. Sirnpson & T. Rojahn 

' When rock wring, enter rock brokeness 

" lndude monitor reading in 6 foot i n l e ~ a k  @ borehole. Increase reading frequency if elevated reponse read 

Remarks: 
Drilling Area 

Background (ppm): 

- 

Converted to Well: Yes No X Well I.D. #: IVA 



SOIL SAMPLE LOG SHEET 

p a g e l  of 2 
Project Site Name: NSWC Crane. IN - ORR Sample ID No.: 

5 
07 S8 

Project No.: CTO 160 job # 3961 SWMU 7 Sample Location: 07 se 
Sampled By: K. Simpson & T. Rojahn 

$CSurface Soil C.O.C. No.: 
fl Subsurface Soil 
I] Sediment Type of Sample: 
1 Other: [XI Low Concentration 
I] QA Sample Type: 1 High Concentration 

~~&B;s~~@~&DA$&j;:;~;i;iii;!;i;!;:;i;~;:;i;i;~;;;~;i;:;!;~;~;~;i;~;~;:;:;;;;;;;~;~;~ij;j;:;~i~i~;:;:;:;~;~;;;i;;;;;;;;;;;;;;;:;;!:;;;~;;;;;;;;;;;;;i;~;~;~;;;~i;;:;;;;;!!;;;;;;~;;;;;~;;!;;:;;;i;;;;;;;<;;;~;;;;;;;;;;;;;j;~;;;;; _.__ ................................................................. ........... :._ ........... . _ . _ .  ............................................................................................................ 

Date: 3 - 6 - 0 -2- 
Time: O K  
Method: f)r 
Monitor Reading (ppm): 0 

Depth 

O - 1  

.................................... ;... . . . . . . . . . . . . . . . . . . . . .  .y:.:.:.:.:.:.:-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..: .......................................... . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  

Color 

6Rr+ 

Analysis 

Energetics 

. . 

Description (Sand, Silt, Clay, Moisture, etc.) 

(1\0ts7-, -/-lI. fiw7'f 
51 ~ 7 -  WW- F, SANO 

Container Requirements 

(1) 4 oz. Glass 

Collected 

/ 

:~&ieii!i!iiiiii;'iij:i ........ ;ii:;j;ii;i;i;i;:;!;i;i;;;i;;;i;;;i;:;~;i;;;;;j;;j;;;i~;j;;;;;j;!;i;~ij;~ . . . : . . . . . . . _ . . . . .  __<-.  ........... . : .  . . . . . . . . . . . . . . . .  4 .  :.:. . . . . . . . . .  

See Figure 1 

IN 4 # 6  A f l ~ f f  
Z qr E H 5 T  OF O I ~  
F ~ O W  E S T  1W GPM 

~T@H ((~17-d ) 
5 r f r z l P 1 ~  pmf7- 

e' J r 2' OF€! 

sff~ptr ~ a c l \ m o N  l f l  

T&T 15 ~ N M  
w/+* OMRlncy AltlW 
=7\5.n, 

Signature(s): 

o~Q~~~~~~~~$~~r;~~~j~~~~~jjj;j;j~~j~;~;~;~;~;~;i;~;~~;;;~;~;ji;j;;;;;;;;;~ji;~;~;~;;;;~;;;;~j;;~;~ij~~;~~~;~;~;~;~;; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , , , , . . 

~ ~ ~ ~ ~ ~ ~ ~ ~ p ~ ~ ~ ~ ~ ~ , ~ . ~ ~ ~ ; ~ ~ ~ ~ ~ ~ ; ~ ~ ~ ; ~ ~ ~ ~ ; ~ : ~ ~ ~ ~ ~ ~ ~ ; ~ ~ ; ~ ~ ; ; ; ; ; ~ ; ~ ; ~ ; ~ ~ : ~ ~ ; ~ ; ~ ~ ~ ; ; ; ; ; ~ ; ~ ; ~ ; ~ ~ ~ ~ ~ ; - ~ ~ ~ ~ ~ ; ~ ~ ; ; ; ~ ; ; ; ~ ~ ~ : ; ~ ~ ~ ~ ~ ~ ~ ~ ~ ; ~ ; ~ ~ ~ ;  . . . . . . . . . .  ..:. .:. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  

Other 

Laucks 

- 

MSMSD - Duplicate ID No.: 
4 



SOIL SAMPLE LOG SHEET 

p a g e 2  of 2 
Project Site Name: NSWC Crane, IN - ORR Sample ID No.: 07 SB 03-* 
Project No.: CTO 160 job # 3961 SWMU 7 Sample Location: 07 SB 

Sampled By: K. Simpson & T. Rojahn 
1 Surface Soil C.O.C. No.: 

$<subsurface Soil 
(1 Sediment Type of Sample: 
I] Other: [XI Low Concentration 
I] QA Sample Type: High Concentration 

~ ~ # ~ t i ; ~ u ~ M ~ ~ E ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ ; ~ ~ i ~ ~ ~ ~ ~ i j ; j ; ~ ~ ; ~ ~ j ~ ; ~ i ~ ~ ~ i ~ i j i ~ ; ; ; i j ; ; ~ ; ~ ~ ~ ; ~ ; ~ i ~ ; j i i ; ; j ; ~ ~ ; ~ ; ~ ~ ; ~ ; i ; ~ ; i ; ; ; i ~ ~ ~ ; ; j ; i i ; ~ ; ; ~ ; ; ; ; ; ; ~ ; ; ; ; ~ ; ~ ~ ~ ~ ; ; ; ; ; ; ; ; ; ; ; ; ~ ; ; ; ; ; ~ ; ~ ~ ; ; ; ~ ; j ; ; ; ; ~ ~ ~ ; ; ; ; ~ ; ~ ~ ~ ~ ~ ~ ; ; ; ; ~ ; ; ; ~ ; ; ; ; ; j ; ~ ~ ; ; ; ; ~ ~ ; ~ ; ; ~ ; ; ; ; ; ; ~ ; ; ~ ; ~ ; ; ; ~ ;  ............................ .................... ............................................................. . . . . . . . . . . . . . . . . . . . . . .  . . .  .-::::::: . . . . . . . . . _ . .  . _ .  ...................... _... ..<..: _:.:.:.:..._. 

.a,: 3 - d . d l  
Time: 10 

Method: f) 
Monitor Reading (ppm): 0 

Depth 

l - 4  
'~~ i r ;~ j~o~~~~Q~~ i~~O~~Ami j ;~ ; ! i i i j i ~ i i i ~ i~~~ ;~ j j i i ~ j~ j~ i~ i i ~ i~ i j i ~ i i i i i i ~ i j i ~ i j ~~ i~~~ i~~~~ i j i j j i j ; ; i i j i i ~ i~ ; j ; ~ ; ; ; ; ; ; ; ; ~~ j :~ ; ; ; ; ; ~~ i~~~ j~ ; ; ; ~ ; ; ; ~ j~~ ;~ ;~ ; i ; ; ~ ; ; ; ~ j ; ; ; ; ; ; ; ; ; ; j ; ; ~ ; ;~ ; ; ; ; ; ~ ;~ ;~ ;~~~~~ ;~~~ ;  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Color 

Rnl\l 

.......... 

Description (Sand, Silt, Clay, Moisture, etc.) 

SILT F. S A N ~  < Roc12 f=d&-)% . 

... . . . . . . . . . . . . . . . . .  ........ .:::.:.. _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .........._._ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Analysis 

Energetics 

Container Requirements 

(1) 4 oz. Glass 

. . 

Collected 

/ 

~iq;$;;;;!;~~i~i;jiiiii;~ii~jiii;iii;ii;:jii;jiij;ji;i;i~i~jii~i;j;;ii~iii~i~iii~i;~i;;j;;;ii/;;~ a . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . .  

See Figure 1 

o ~ $ ~ A $ ~ Q f i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ j ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i f ~ ~ ~ ~ ; i j ~ i i ~ ~ ~ ~ j ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ; j ~ ~ ~ i ~ ~ ~ ~ j ~ ; ~ ; ~ ~ ~ ; ~ ~ i ~ ~ ~ ~ ~ ~ ~ : i ; ~ ~ ~ i ~ ~ ~ ~ ; i ; ~ ~ ~ ~ j ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  . . , .  . 

4 C i ~ ~ l e ~ i A p p ~ ~ a b l e . ~ : : j ; ; ; i ; ~ ; ~ j ~ i i ; ~ ~ ; j i ; j ; ~ ; ~ i i ~ ~ j ~ j ~ i ~ ; ~ ; ~ ; ~ j ~ ~ ~ i ~ i ~ ~ ; ; ~ ; ~ ; ~ ; ~ ~ ~ j j ~ j i ~ ~ ~ ; ~ i ~ ; ~ i ; ; ~ i j j ~ ; ~ j j j j i ~ ~ ~ ; ~ : ~ j ~ ; j  . . . . . . . . . . . . . . . .  . . .  ....... 
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . .  

Other 

Lauds 

MSlMSD 
7 

Duplicate ID No.: - 



1-1 Tetra Tech NUS, Inc. BORING LOG Page ( of _L 

When rock coring, enler rock brokeness. 
" Include monitor reading in 6 foot intervals O borehole. lnaease reading frequency if elevated reponse read. Drilling Area 
Remarks: Background (ppm): 

Converted to Well: Yes No X Well 1.0. #: NA 



SOIL SAMPLE LOG SHEET 

P a g e 1  of 

Project Site Name: NSWC Crane, IN - ORR Sample ID No.: 0 7 2 ~ 1  0d0/ 
Project No.: CTO 160 job # 3961 SWMU 7 Sample Location: 07 se rl 

Sampled By: K. Simpson & T. Rojahn 
*dace Soil C.O.C. No.: 
1 Subsurface Soil 
fl Sediment Type of Sample: 
I] Other: D(] Low Concentration 
[ QA Sample Type: [ High Concentration 

T- _.... . _ \ .  ............-. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Date: 3 . 6 - 0 2  

Time: 1030 

Method: D Pr 
Monitor Reading (ppm): 0 

OePm 

0 - 1  
~~p& i~~~~ ; f~n i j~ i (~~~~~~~~~~ j i~ i i ~ : i i j ~ i~ i~ i~ i j ~ i ; i j i ; i ~ i ; i j j j j j j ; j j j ~ i j i ~ i i i ~ i~ i i j j i ~ i~ j j ~~ i~ i~ i i ~ i~~ i~~~ i~ i i i ~ i i i i i ~ i~ i i i i j i i ; j ~ i~ i~ i i i ~ i~ i~ i i j ~ i ; i i j i i i i i ; i i ~ i~ i~ j~ i~ i~ i i i i i ; i ~ i ; j ~ j ; j ~ j~ : ; ; i i i i i i i i i i i j j ~  . .  : . .  . . . . . .  . . . .  
. .  :.. : :  .... : : .  ........ : ....................................... _ .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .< ...................... > .._.... 

Color 

J3flrJ 

Analysis 

Energetics 

Description (Sand, Silt, Clay, Moisture, etc.) 

S I L T  M M % ~ $ !  R 6  , 

Container Requirements 

(1) 4 02. Glass 

~ ~ ~ ~ ~ f l ; r j ; ~ ~ ; ~ ~ ~ ~ ~ ~ ; j ~ j ~ i i i ~ i ~ : ~ ; ~ ~ i j ~ : ~ i ~ ~ ~ i ; i i i j i j j ; j j i i i j i f ~ ~ j j ~ ~ ~ ~ : ; i : i j i ~ i ~ i j j ~ j ~ j i j ~ ~ ~ i ~ i ~ i ; j : ~ ; i ; i ~ i j ~ i ~ ~ i i i ~ i ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  

Collected 

:~~~~~~~ i i ; i i ; ;~~ i ; i i j i ;~ ;~ i~ : : : j :~ i i~~ j~ j~ i~ i i i i j j i ~~ i i i ; i : i ~~ ; i~~ j i ; i j i j i i ~ i~~~ ;~~~;~ ;~~ ; ;~ ; ; ;~  :::.:::::::::.--:.: . . . . . . . . . . . . . . . . . . . . . . . . .  : .................. .:.:..... .... , , . .  

See Figure 1 

(J RWURQ 

5l72e4w 5oes W O W  

F\UW " 300 g PM 

- i=+.q' I = CT'  

D R R i ~ t f q ~  &PC( qptdfl 
QUAD 

bfim 
' = 1 .  ocprrc 

(2 4s '  = 0-.5' L 

. 
Other 

Laucks 

MSlMSD Duplicate ID No.: - - 



SOIL SAMPLE LOG SHEET 

p a g e l o f  1 
Project Site Name: NSWC Crane, IN - ORR Sample ID No.: 020+ 
Project No.: CTO 160 job # 3961 SWMU 7 Sample Location: 

Sampled By: K. Simpson & T. Rojahn 
C.O.C. No.: 

g E E i : Z k o i i  
I] Sediment Type of Sample: 
0 Other: D(] Low Concentration 
I] QA Sample Type: 0 High Concentration 

. . 
~ ~ ~ ~ ; ~ & ~ ~ ~ ~ ~ ~ ~ ~ ~ ; ~ i ; j ; i ~ i ~ ~ ; ; ~ ; ~ ; ; i ; ; ~ j ~ ; ; i ~ i ~ ; ~ ; ; i ~ j ~ ; ~ ; ; ; ~ ; j ; ; ~ ~ ; ~ ~ ; i ~ i ; ; ; ; j ; ; ; ; i j ; ; ; ~ / ; ~ ; ; ; ; ; ~ ; ; ; ; j ; ; ~ ; ; ~ ~ ~ ~ ; ; ~ ; ; ~ ~ i ~ ; ~ i ~ ; ; ; ~ i ~ ~ ; i ; j ; ~ ; j ; i ; i ~ ~ ~ ; j ~ ~ ; ; ; ; ; ~ ; ; ; ~ ; ; ; ; ; ; i ; ; ; ; ; i ~ ; ~ ; ; ; ~ ; ~ ; ; ; ~ ; ~ ~ ; ; ~ ; ~ ; ~ ~ ; ~ ; ~ ; j ; i ; i ; ~ ~ i ; ; ~ ~ ; ~ ~ ; ; . ~ ~ ;  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , ~ ~ " " " . . . " " " " " " "  

Date: 2 - 6 - 0 

Time: 1 0 3 7  

Method: 0 P 1 
Monitor Reading (ppm): 0 

Depth 

l- 4 
~ ~ ~ ~ & ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ; ~ f ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ / ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ f ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ j ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  . . .  ......... . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  

" ~ ~ " " . " " . . " " " . ~  

Color 

Gfid 
"'/@'y 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Analysis 

Energetics 

Description (Sand, Silt, Clay, Moisture, etc.) 

L L ~ Y  r~ s 1 ~ 3 - d  
4MAU 't20d ~f lA5S,  

7 

M O  I ( / 

. . . . . . . . . . . .  

Other 

Laucks 

. . . . . . . . . . . . . . .  

Container Requirements 

(1) 4 oz. Glass 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Collected 

~&~;;.:!:::.iiji;;;ijiii::i~ii~j;;;i;:;~:;,:;,i;j~;;;;:;;~;::!;~;~;i;~;i;i~; . . i;;:~:~:~::;~~Ii~: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +;:::I.... . , . 

See Figure 1 

Signature(s): 

-7lJ I 7z. 

i j ~ $ ~ ~ $ l ~ ~ $ $ , ~ ~ ~ ~ ~ ; ~ i ~ ; ~ j ~ ; ~ ; ~ i ~ ; ~ i ~ ~ ~ ~ ~ ; ~ ~ ~ j ~ ; ~ ; ~ ~ ~ ; ~ j ~ ~ ~ ; ~ i ~ ; ~ i ~ i ~ ~ ~ i ~ ~ ~ : ~ ; ~ ; ~ : ~ ~ ~ j ! j : j ~ i ~ ; i j ~ i ~ ; ~ : : ; j ; ~ ; ~ : : : ~  . . . . . . . . . . . . . . . . .  . , ,  . . 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ; ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ; ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ ; ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ; ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ; . ~ , ~ ~ ~ : ~ : ~ ~ ~ ~  . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  

M-SD - Duplicate ID No.: 
P 



Tetra Tech NUS, Inc. BORING LOG Page L of L 

When rock coring, enter rock brokeness. 

" lndude monitor reading in 6 foot intervals @ borehole. lnaease reading frequency if elevated reponse read. Drilling Area 
Remarks: Background (pprn): 

Converted to Well: Yes No X Well I.D. #: NA 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 2 
Project Site Name: NSWC Crane, IN - ORR Sample ID No.: 

s 
0 7 s ~ n  000 1 

Project No.: CTO 160 job # 3961 SWMU 7 Sample Location: 07 SB 92- 
Sampled By: K. Simpson & T. Rojahn 

s u r f a c e  Soil C.O.C. No.: 
Subsurface Soil 

fl Sediment Type of Sample: 
(1 Other: [XI Low Concentration 

QA Sample Type: n High Concentration 

~ ~ ~ ~ $ ~ ~ ~ ~ E ~ ~ 1 ~ j ~ j j ~ : j j ~ ; ; ~ ~ ~ ~ i ; ~ ~ ~ ~ j ~ ~ i ~ i ~ ~ ~ ~ ~ i ~ i ~ i ~ i ~ ; ~ ~ ~ ~ ~ ; ~ ; ~ j ~ ~ ~ ~ ~ ~ ~ i ; ~ ~ j i i ~ i ~ i ~ ; ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ j ~ i ~ ~ ~ ~ ; i i ~ i i ~ i ~ i ~ i ~ i j j j i ~ ; ~ i ~ I j ; ~ i ~ i ~ i ~ i ~ i ~ ; j ~ i ~ j ~ ~ i ~ i ~ I ~ i 1 ~ ~ i ~ 1 ~ ~ ~ i j ~ ~ i ~ i ~ ~ ~ j ; ~ j ; ; j j ~ j j ~ ~ j ~ ~ ; ~ i j i ~ i ~ i ~ i ~ i ~ ; ~ i ~ ; ~ i j ~ i i ; i i i I ~  ........... 

oak: 3 . 6 .  01 
m e :  I 1 Do 
Method: D f( 
Monitor Reading (ppm): 0 
4 . . . . . . . . . . . . . . . . . .  

...................................................................................................................................................... 

Depth 

0 - I 

~ ~ ~ ~ ~ ~ & & ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ j ~ ~ ~ ~ ~ j ~ ~ ~ ~ ~ ~ ; ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ j ; ~ ~ ~ ~ j ~ ; ~ i ~ i ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ; j ~ i ; i ~ ~ ~ ~ ~ i ~ j ~ ~ ~ ~ ~ i ~ ~ ~ j ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ; ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ; ~ ; ~ ; ~ ; ~ ~ ~ ; ; ~ ; ~ ;  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . ................................................................................................................................................ 
" ""  " . -.::::::::,:: 

Analysis Container Requirements Collected Other 

Energetics (1) 4 oz. Glass / Lauds 

Color 

bnN 

M&pi;::i;.;!::;!;~;;~.:i;;:;:,:~;i;i!;j;;i;;jii~j:~i;;:;~;:i~;;:;;;i:;.;ii;ij;;:;;:j:;:;;;~ 4.:  :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . , . , , . , , , . . 

See Figure 1 

tt-c moos 
% 10s'  O F F  KO. 73 M- 

O N  sl" 5IOG oy- 

5 rn thb t  bArr< 

Piow c s c  300 9PM 

signatUrHs). 

e~~~~A~i~N$;~$o+~$~;;::;:;;:i;:[i:::;;;;;;;iii;;;;~;j;;;;;;;;;;;;j;;~~:i:;j;:~:i;:;;::;~;:;:;: . . . . . . . . . . . . . . . . . . . .  :::;j.;;: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

*~i~~j&~w*~~~a~i;;!;;;;;!:~:;ii;;:i;i;;;~::~:;:;:;;;~;:;;:;;:;:~;.;;:;i::: ': .:!: ':: . . . . . . . . . .  ............. :..;:: .::.::;:::;:: i ; : . .  ...::., :.; ; ; ; ; ; I  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  . . . . .  

Description (Sand, Silt, Clay, Moisture, etc.) 

~ A Q I ~  7R Roo13 

sl L.7- 

MSMSD - Duplicate ID No.: - 



SOIL SAMPLE LOG SHEET 

P a g e 1  of 

Project Site Name: NSWC Crane. IN - ORR sample ID NO.: 07 SB ~ 2 .  0207- 
Project No.: CTO 160 job # 3961 SWMU 7 Sample Location: 07 SB 5 

Sampled By: K. Simpson 8 T. Rojahn 

C.O.C. No.: 
~ ~ 2 ~ ~ 2 k o i l  

n Sediment Type of Sample: 
I] Other: [XI Low Concentration 
[ QA Sample Type: [ High Concentration 

Date: 3 . 6 . 0 1 Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

Time: I I 1 0 se\ LT/ c< A)/ 
Method: f. S ~ W D ,  ROCK (XlP6 

I I 1 -  

SARllPlE COLLECTION INFORIi+tlON: I 

See Figure 1 

Analysis 

Energetics 

Container Requirements 

(1) 4 oz. Glass 

MSlMSD - Duplicate ID No.: - 

Collected 

4 
Other 

Laudts 



l=lTetra Tech NUS, Inc. BORING LOG 

" Include monilor reading in 6 foot intervals O borehole. lnaease reading frequency if elevated reponse read. 

Remarks: 
Drilling Area 

Background (ppm): 

Converted to Well: Yes No X Well I.D. #: NA 



SOIL SAMPLE LOG SHEET 

p a g e l  of 2- 
Project Site Name: NSWC Crane, IN - ORR Sample ID No.: :; .s{$~~w 
Project No.: CTO 160 job # 3961 SWMU 7 Sample Location: 

Sampled By: K. Simpson & T. Rojahn 
$Surface Soil C.O.C. No.: 

fl Subsurface Soil 
0 Sediment Type of Sample: 
1 Other: [XI Low Concentration 
1 QA Sample Type: fl High Concentration 

h. . . . . . . . . . . . . . . . . . . .  ~ # f i ~ ; ~ f i ~ ~ ~ ~ ~ ~ ~ f t ; ; ~ i i ; i i i ; i ~ i i j i i j i i j i ; j ; i ; ; ~ j j i i ; i i j j i ; i ; j j j j j j ~ ; i i i j i i ~ ~ j ~ j j j ~ i ~ i i i ~ i ~ i ~ i i i ~ i ~ ; ~ i ~ ; ~ i ~ j ; i j j i ; i j i i ~ i i i ~ ; i i ~ ~ ~ i ~ j ~ j ~ i i i ~ i i j ~ j ~ i ~ i i ~ ~ ~ ~ ~ ~ ~ ~ ; ~ ~ ~ ~ ~ ~ ~ ; ~ ; ~ ; ~ ~ ~ ~ ~ ; ~ ~ ~ ; ~ ~ ~ ~ ; ; ~ ; ~ ; ~ ~ ~ ; ~ ~ ~ ; ~ ; ~ ; ~ ; j ~ ~ ; ~ ~ ~ ; ~ ~ ~ ~ ~ ~ ~ ~ j ~ ~ ; ~ ~ j j ~ ~  m.. . . . . . . . . . . . .  

. . .  .:: .................................................................................................................................................................................. 

Date: 3 -  &-01 
Time: 0 720 
Method: b f T  
Monitor Reading (ppm): 0 
1 . . . . . . . . . . . .  

Dqth  

O -  \ 

s ~ ~ ~ i ~ ~ ~ l f ~ ~ i j ~ ~ i j ~ ~ 6 f i ~ ~ 1 ~ ~ ~ i ~ 1 ~ 1 ~ i ~ 1 ~ i ~ i ~ i ~ ; ~ i ~ i ~ i ~ i i i i i ~ i i i ~ i ~ i i i ~ i ~ i ~ i ~ i ~ i ~ i ~ i i i ~ i ~ i ~ i ~ i ~ i ~ ~ i i ~ i i ; i i ~ ; ~ i i i i i ~ ; j i ~ j ~ i i i i i ~ ; ~ i i j ~ i ~ i ~ i ~ i ~ i ~ i ~ ; i i ~ i ~ j i i ~ i ~ i ~ ; I : i ; ~ i i i ~ i ~ ; ~ j ~ i ~ i ~ ~ j ~ ~ ~ i ~ ; ; ; ~ ~ ~ ~ ~ ; ~ ~ ; ; ~ ~ ~ ~ ~ ~ ~ ~  . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ::.:.:.:.:.:., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  :.:.:.:.:.. ................................................... 

Color 

B R ~  

Analysis 

Energetics 

- 
Description (Sand, Silt, Clay, Moisture, etc.) 

cw)' 
Ma 57- 
R O ~  t%$iqs. 

Container Requirements 

(1) 4 oz. Glass 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ f ~ ~ ~ ~ ~ ; j ~ ~ ; ~ ~ j ; ~ f , ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ : ; i ~ ~ ~ ~ ~ j ~ ~ i i j ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ i : ~ ; i ~ i ~ i ~ I ~ i ~ ~ ~ i ~ ; i ~ ; j ; ~ ~ j ~ ~ ~ j ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  

;o . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

Duplicate ID No.: - 

Collected 

c/ 

.~#p;'!:i:!~lii;~ji:;;;ji i j~i~i~iii~;[i~iii;j i i i i~iii~i~iij/i~i~j;ij i~j~~~i~;ij~:ii~i~i~iji~;i;~;~ . . . .  1 ; : : : : : : : : : .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . , . . , .  . . . . . .  

See Figure 1 

AAGA 
~ ~ ( & I W D , F / ~ 7 - = -  O F  

k?UKN M f f l  

\\ 

o p - n ~ r c h c ' ~  5 P  
s ~ ~ s 5 e ~  V E ~ .  

POOL@ wA= ( ~ u N - o F ~ '  

Other 

Laucks 



SOIL SAMPLE LOG SHEET 

p a g e 2  of 1 
Project Site Name: 
Project No.: 

g Z Z 2 ' s o i l  
U Sediment 

NSWC Crane, IN - ORR Sample ID NO.: 07 SB F3 02.d 1 
CTO 160 job # 3961 SWMU 7 Sample Location: 07 ss 

Sampled By: K. Simpson & T. Rojahn 

C.O.C. No.: 

Type of Sample: 
0 Other: [X] Low Concentration 
(1 QA Sample Type: 4 High Concentration 

Monitor Readino (ooml: 0 I I I I 

Date: 4 . b . 0 1- 
rime: 0 9 ~  
uehd: p~ 

u,,. , - I I 

SAMPLE COLLECTION INFQRMATION: I 

Depth 

01-oe' 

x voc , 
FUC M V ~ S O  

Analysis 

Energetics 

See Figure 1 

Color 

(3RT.l 

I 

Circle if Applicable: SignaturHs): 
1 I I 

Description (Sand, Silt, Clay, Moisture, etc.) 

S C ~  4 ~ 0  ROW ~ & h y S *  
nz %NO@) 

Container Requirements 

(1) 4 oz. Glass 

( Duplicate ID No.: 

Collected 

L/ 

Other 

Laucks 



APPENDIX D 

SOIL SAMPLE LOG SHEETS AND BORING LOGS FOR THE OPR 



SOIL SAMPLE LOG SHEET 

p a g e 1  of I 

A 

Project Site Name: NSWC Crane - ORRIOPR Sample ID No.: 07 5829 060 / 
Project No.: CTO 160 J O ~  IF ~ 3 9 6 1  Sample Location: SWMU 7 

Sampled By: K. Simpson, T. Rojahn 

$.surface Soil C.O.C. No.: 
[] Subsurface Soil 
[I Sediment Type of Sample: 
(1 Other: & Low Concentration 
[I QA Sample Type: [) High Concentration 

I 

GRAB SAMPLE DATA: 

Date: 2.2e10 1 
Time: 07~5- 
Melhod: HAnd AL(Cl ~ d j  
Monitor Reading (ppm): 

0 

Depth 

0 - 1  

MAP: 

SEE: Flqu RE t- +- 
Signature(~): 

OBSERVATIONSINOTES: 
AU\\GTC; WWL3 (N ~ ' A M I ~ ~  G 

2 3 -Tun\ 

Clrcb il Applioabk: 

SAMPLE COLLECTION INFORMATION: 

MSlMSD - 

Color 

r5Q r\l _ r,- &fld 

Analysis 

Metals (As. Be, Mn) 

Energetics. Heptachlor Epoxide, PAHs 

Duplicate ID No.: 

Ygs H) OII%/ a/ 

Description (Sand, Silt, Clay, Moisture, etc.) 

rY? F.  CAN 

rR R m ~ j  M O I S  7- 

Container Requirements 
4 oz wlrn glass 2 
4 oz wlrn glass z 

Collected 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 

Project Site Name: NSWC Crane - ORWOPR Sample ID No.: O7SfiaY GI* 
Project No.: CTO 160 lob a ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K S~mpson, T. Rojahn Ili; Surface Soil C.O.C. No.: 
Subsurface Soil 

[] Sed~ment Type of Sample: 
Other: Low Concentration 

[] QA Sample Type: 1 High Concentration 

GRAB SAMPLE DATA: 

Date .1.14-.(2/ 
Time 080T' 
Method [f A NO HY t f ~ d  - 
Mon~tor Readlng (ppm) 

0 

Depth 

1-4  

Color 

Lr 6R lJ 

Description (Sand, Silt Clay, Moisture, etc.) 

1 <Clru\G SILT 
,2 J ' c f i n ~  
5'1 5 H r 9 ~ ~ 1   US r CWW{ 

f i l u m \ f l q  i3nA 2 
M O I S T  

SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As. Be. Mn) 
Energebcs Heptachlor Epox~de. PAHs 

Container Requ~rements 

4 oz wlm glass 3, 
4 oz wlrn glass 3 

I( c';'c FJJ: ~ \ y / i , I s  0 

Collected 
I/ 

OBSERVATIONS I NOTES: 

~lrele n ~ p p l i u b l c  

Duplicate ID No.: - 

MAP: 

FlquRE +-4- 
Slgnature(s): 

I- 



I-lTetra Tech NUS. Inc. BORING LOG Page L of _L 

When rock caring, enter rock brokenes. 

*- lndude monitor reading in 6 loot intervals B borehole. Increase reading frequeny if elevated reponse read. Drilling Area 
Remarks: i > ~ / 3 ~ $ \  NO%] Obf I 51 06, Background ( p p m ) : 1 ~ \  

KvCl € 2  r\r?C/M\ - .. A\WAL7 ' 

Converted to Well: Yes No Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 1 
Project Site Name: NSWC Crane - GRWOPR Sample ID No.: 07 sfi 3 0 000 / 
Project No.: CTO 160 job R ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Sirnpson. T. Rojahn 
&surface soil C.O.C. No.: 

I:] Subsurface Soil 
(1 Sediment Type of Sample: 
u Other: %LOW Concentration 
13 QA Sample Type: High Concentration 

GRAB SAMPLE DATA: 

Date: 2 - 24- . 0 
Time: C) a ( b 
Method: ~ ~ A I Y I )  AI.(YCrZ 
Monitor Reading (pprn): 

0 

Depth 

0 - 1  

SAMPLE COLLECTION INFORMATION: 

Color 

aRd 
Td 

Analysis 

Metals (As, Be. Mn) 

Energehcs. Heptachlor Epoxide. PAHs 

Description (Sand, Silt, Clay, Moisture, ere.) 

Sl\r/c~ A)/ 
Ti.\ F 5AnS 

mk R v o . T ~ ,  tMOr 5 7  

Container Requirements 
4 oz wlrn glass 

4 oz wlrn glass 

Collected 

MAP: 

S ~ G  FlquR6 +-4 
Signatura(s): 

OBSERVATIONS I NOTES: 

Qrcle H Appl iubk 

MSMSD 

-/ 
Duplicate ID No.: 
JI 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 1 
Project Site Name: NSWC Crane - ORWOPR sample ID No.: 07 Sfi 30 oZ 
Project No.: CTO 160 lob rr ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K S~mpson. T. Rojahn 

[] Surface Soil C.O.C. No.: % Su;;;w-f;;e Soil 
Type of Sample: 

n Other: %Low Concentration 
[I QA Sample Type: [ High Concentration 

GRAB SAMPLE DATA: 

Date A.)-4. 0 1 
Time 0 8 2CI 
~ e t h o d ~ j ~ p l l ]  AbfGJ c12 
Mon~tor Readlng (ppm) 

d 

Color 

LT 

7(: G ~ A ) '  

Depth 

2- ? 

Descr~plion (Sand, Silf Clay, Moisture, etc.) 

C L A Y ,  R v t r  LVLUIZ ) ( ( ) ~ t ~ q  

7 2  F *A*<, f i .  6.  SANI-) 

 or r 
SAMPLE COLLECTION INFORMATION: 

Analy sls 

Metals (As. Be. Mn) 

Energetics Heptachlor Epox~de, PAHs 

Container Requirements 
4 oz wlm glass 

4 oz wlm glass 

Collected 
1/ - 
L/ 

MAP: 

5Eg Flqu RE +-+ 
Signature@): 

OBSERVATIONS I NOTES: 

Circle H Applicable: 

MSlMSD Dupliwta ID No.: - 



I R l T e l r a  Tech NUS, Inc. BORING LOG Page 1 of 1 

Converted to Well: Yes No Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of I 
Project Site Name: NSWC Crane - ORR/OPR Sample ID NO.: 07 ~ f i  3 / 000 1 
Project No.: CTO 160 100 F ~ 3 9 6 1  Sample Location: SWMU 7 

Sampled By: K S~mpson. T Rojahn 
$surface Soil C.O.C. No.: 
[I Subsurface So11 
[I Sediment Type of Sample: 
1 Other: '61( Low Concentration 
[I QA Sample Type: 1 High Concentration 

r 
GRAB SAMPLE DATA: 

Date kw 0 / 
Time 053 
Method I ~ ~ N I )  hfl~{( 

Mon~tor Readlng (ppm) 

0 

Depth 

0 - 1  

Color 

AQ I\/ 

Description (Sand, Silt, Clay, Moisture, etc.) 

s l~7-C C L A Y  

772 F ~ ~ f q f 3  

m2 R w F %  N Q I S ~  
SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As. Be. Mn) 
Energebcs Heptachlor Epox~de, PAHs 

Container Requirements 

4 oz wlm glass 

4 oz wlm glass 

I 

Collected 

J 

MAP: 

5 E G  FlquR6 f -+ 
Slgnature(s): 

OBSERVAllONS I NOTES: 
- 

Clrcle il Applicablac 

MSIMSD 

7 

Duplicate ID No.: - 
r 



SOIL SAMPLE LOG SHEET 

P a g e 1  of 1 
Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 07 50 3 i 02 O T  
Project No.: CTO 160 lob a ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson. T. Rojahn 

F u r f a c e  Soil C.O.C. No.: 
ubsurface Soil 

I:] Sediment Type of Sample: 
0 Other: Low Concentration 
[I QA Sample Type: I] High Concentration 

GRAB SAMPLE DATA: 

Date: >.24.01 Depth 

Time: 0 @ 
Color 

fir"\ 
9 r c \ €  

0 4 2  I\ 

Method: //A NC) A ffq (T I ( 
Monitor Reading (ppm): 

0 

Description (Sand. Silt Clay. Moisture, etc.) 

50, 6 5 , L T  * + ^  WN3 
W C T C ' C L O I ?  NOI)YC€J - ? 

I r. 6t!H 4LSC 

N O /  (r 
2-T  

SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As. Be, Mn) 

Energetics. Heptachlor Epoxide. PAHs 

Container Requirements 
4 oz wlm glass 

4 oz wlm glass 

Collected 

r /  
r /  

MAP: 

S ~ L  Flqui'lE: +-4- 
Slgnature(s): 

OBSERVATIONS I NOTES: 

CLrcle if Applicablw. 

MSlMSD 

/ 

Duplicate ID No.: - 



I ~ l T e t r a  Tech NUS. Inc. BORING LOG Page of I 

. . 

Remarks: 9 M E  BERIZi 5 I -  6 G  , j ~  , Background i p p r n ) : ~ l  
A 5 i J r t h ~ - f .  r)llUMS ( R 6 7  r/> I 

\ 

Converted to Well: Yes No Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of I 
Project Site Name: NSWC Crane - ORWOPR Sample ID NO.: 07 58 0 '5XL)W / 
Project No.: CTO 160 lob u ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson, T. Rojahn 

;tf\surface Soil C.O.C. No.: 
[I Subsurface Soil 
[I Sediment Type of Sample: 
0 Other: %Low Concentration 
[I QA Sample Type: High Concentration 

GRAB SAMPLE DATA: 

b t e :  2-2\.0/ Depm 
Time: i i ~ k  
Method: 

Monitor Reading (ppm): 0 - 1  

Color 

bl?d 

Description (Sand, silt, Clay, Moisture, etc.) 

< ~ t r  nV 11 
-i-A imx ,%t c \  G- 

SAMPLE COLLECTlON INFORMATION: 

Analysis 

Metals (As. Be. Mn) 

Energebcs. Heptachlor Epox~de. PAHs 

Container Requirements 

4 oz wlm glass 

4 oz wlm glass 

Collected - 
7 

MAP: 

566 Flq u RE: +- 4- 
Slgnature(s): 

OBSERVATIONS I NOTES: 

circle n ~ p p l i u b k  

MWMSD - Dupllcata ID No.: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of I 
Project Site Name: NSWC Crane - CRWOPR Sample ID No.: 0756 (>3103& 
Project No.: CTO 160 lob # ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Sirnpson. T. Rojahn 

kSur face  Soil C.O.C. No.: 
Subsurface Soil 

[] Sediment Type of Sample: 
U Other: LOW Concentration 
[] QA Sample Type: 1 High Concentration 

GRAB SAMPLE DATA: 

oate: l..2-I . 01 Depth 

Time: 1 I o 

X- 4- Monitor Reading (pprn): 

0 

Color 

an d 

Description (Sand, Silt, Clay, Moisture, etc.) 

9 LT TA. F SAP(/) 
SCN\ 6 5-AN DS;TZ)w t FZI.~C~(. 
-171. A Y ~ ~ ~ ~ A R I C  8 W  N O O U F ~ ; .  

r\\o 1 <7c 
SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As, Be, Mn) 

Energetics. Heptachlor Epoxide, PAHs 

Container Requirements 

4 oz wlrn glass 

4 oz wlm glass 

1 

Collected - - 

MAP: 
- 

5EG FlquR6 +-+ 
Slgnature(s): 

OBSERVATIONS I NOTES: 

'~lrcle if Applicable: 

MSlMSD - Duplicate I- - 



Converted to Well: Yes No Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 1 
Project Site Name: NSWC Crane - ORWOPR sample ID NO.: 075003-3 000 I 
Project No.: CTO 160 lob n ~3961 Sample Location: SWMU 7 

Sampled By: K. Simpson, T. Rojahn 

$surface Soil C.O.C. No.: 
I:] Subsurface Soil 
[I Sediment Type of Sample: 
I] Other: %Low Concentration 
[I QA Sample Type: 1 High Concentration 

GRAB SAMPLE DATA: 

Date: 3 -21 - o /  Depth 

Time: / I)-J 

Monitor Reading (ppm): 0 - 1  
0 

Color 

ISRd 

Description (Sand, Silt, Clay, Moisture, etc.) 

&\c \<T -2 R ~ i j T 5  
I 

5 .1  1 7  n2 E S A I U ~  

SAMPLE COLLECTON INFORMATION: 

Collected - - Analysis 

Metals (As, Be. Mn) 

Energetics. Heptachlor Epoxide. PAHs 

Container Requirements 

4 oz wlm glass 

4 oz w/m glass 

MAP: . . 

5CE FlquR6 f -f 

OBSERVATIONS I NOTES: 

Clrcle if Applicable: 

MSrrmSD 
-C-- 

Duplicate ID No.: - 



SOIL SAMPLE LOG SHEET 

pagel_ of I 
Project Site Name: NSWC Crane - ORWOPR sample ID No.: 0756 0 33 
Project NO.: CTO 160 lob 8 ~ 3 9 6 1  sample Location: s w ~ u  7 

Sampled By: K. Simpson, T. Rojahn ;jX Surface Soil C.O.C. No.: 
Subsurface Soil 

[I Sediment Type of Sample: 
Other: %Low Concentration 

U QA Sample Type: I] High Concentration 

GRAB SAMPLE DATA. 

Date: ZQ).&'/  
Time: lo?s 
Method: D P T  
Monitor Reading (ppm): 

i )  

Depth 

1- 4 

Color 

15R d 

Description (Sand, Sllf Clay, Moisture, etc.) 

s tm, 50ME F / M € ~  
SAND, G o M F  S H ~ O S ~ N F  
F R ~ S ,  f l  ~u<s-  C U ~ Q ~  

N O  DUGIS I J 1  

SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As, Be, Mn) 

Energetics. Heptachlor Epoxide. PAHs 

Container Requirements 
4 oz wlm glass 

4 oz wlm glass 

Collected - 

MAP: 

5 FcquRE: q--+ 
Signature@): 

OBSERVATIONS I NOTES: 

Circle il ApplimblW. 

MSlMSD - Duplicab ID No.: - 



" lndude monitor reading in 6 foot intervals O orehole. Increase reading fr uency if elevated reponse read. Drilling Area 
Remarks: ~ q d  SlD< ( ~ ~ ~ A c ~ s ~ ) E C  OF 8 f R ~  Backgmund ( p p m ) : ~ 1  

/ 

-- 

Converted to Well: Yes No / Well 1.D. #: - I 



SOIL SAMPLE LOG SHEET 

p a g e 1  of I 
Project Site Name: NSWC Crane - GRWOPR Sample ID No.: 0756 9 34 Ca I 
Project No.: CTO 160 lob n ~ 3 9 6 1  Sample Location: s m u  7 

Sampled By: K. Simpson. T. Rojahn 

$ Surface Soil C.O.C. No.: 
[I Subsurface Soil 
U Sediment Type of Sample: 
iJ Other: '63; Low Concentration 
[I Q A  Sample Type: High Concentration 

GRAB SAMPLE DATA: 

Date: 3 - 2 1 . 0 1 
Time: 1 0 2 0  
Method: D P - f l  
Monitor Reading (ppm): 

d 

Color 

m d  

Depth 

~1 . 1 

Description (Sand, Silt, Clay, Moisture, etc.) 

SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As. Be, Mn) 

Energetics. Heptachlor Epoxide. PAHs 

Container Requirem~ts 
4 oz w/m glass 

4 oz w/m glass 

Collected - 
I 

MAP: 

5EG FlquRE f -+ 
Signature(s): 

OBSERVATIONS I NOTES: 

circle if ~pplicable: 

MSlMSD - Duplicate ID No.: 



SOIL SAMPLE LOG SHEET 

pagel- of 

Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 07 50034- 010 4- 
Project No.: CTO 160 lob a ~ 3 9 6 1  Sample Location: SWMU 7 

Sampled By: K. Simpson. T. Rojahn 

F u r f a c e  Soil C.O.C. No.: 
Subsurface Soil 

[] Sediment Type of Sample: 
11 Other: &LOW Concentration 
11 QA Sample Type: [I High Concentration 

GRAB SAMPLE DATA: 

Date: &..11. 0 / Depth - 
Time: 1L'J-q 

Monitor Reading (ppm): '1 4 
0 

Color 

m d  

SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As, Be, Mn) 

Energehcs. Heptachlor Epoxide. PAHs 

Container Requirements 
4 oz wlm glass 

4 oz wlm glass 

Collected - 

MAP: OBSERVATIONS I NOTES: 

Clrcle W Applicable: 

MSlMSD - Duplicate ID No.: 



Irt] Tetra Tech NUS. Inc BORING LOG Page J- of _L 

Converted to Well: Yes No Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

pagel_ of 1 
Project Slte Name NSWC Crane - OaWOPR Sample ID No. 07 c f'-$< d a d  1 
Project No . CTO 160 lob a ~ 3 9 6  1 Sample Locat~on s w ~ u  7 

Sampled By K S~mpson T Rolahn 

%surface So11 C.0 C No.: 
I] Subsurface So11 - 
j] Sed~ment Type of Sample. 
I] Other $LOW Concentrat~on 
11 QA Sample Type. n High Concentration 

Date. x 'L3, L? 
~ e t h o m  
Monitor Readlngs 0 
(Range In ppm) 

COMPOSITE SAMPLE DATA: 

Descr~ption (Sand, Silt, Clay, Moisture, etc.) 

51 {T. ~ ( 1  f/'w GNI )  
2 .~'HNI)<TZ',~E rluud fi/AC;1(. 

c . fl007-j 
/ 

Color 

612 N 
\ 
4 

Depth 

J - 1  

Q 

Time 
n j43 (j 
-r, 

I 
4' 
- - 

SAMPLE COLLECTION INFORMATION: 

Locabon 

A 
0 
C 

Collected 
L/ 

W' 

Analyss 

Metals (As. Be. Mn) 

Energetics Heptachlor Epox~de PAHs 

Container Requ~rements 

4 oz wlm glass 

4 oz wlm glass 

MAP: 

S6E F I ~ ~ R I ;  9- q 
Signatura(s): 

OBSERVATIONS I NOTES: 

Circle if Applicable: 

MSIMSD - Duplicate ID No.: 
C- 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 1 
Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 07 c f' 3 5 d 2 O f  
Project No.: CTO 160 lob s ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K S~rnpson. T Rojahn 
[I Surface Soil C.O.C. No.: 

%Subsurface Soil 
[I Sediment Type of Sample: 
1 Other: %LOW Concentrat~on 
[I QA Sample Type: u High Concentration 

Date: 1.31 t 

Mon~tor Read~ngs +!3L 
(Range ln P P ~ )  

COMPOSITE SAMPLE DATA: 

Time 

< ?  ( 1 3 7  
Depth 

.I - 4 
Location 

A 
I 0 I - $ t r \ \ ~  -+h\tr)Jp NC I ? ~ C I (  

Color 

IU N 
Dercr~ption (Sand, Sllf Clay, Moisture, etc.) 

slLr, n? F/M < ~ \ N I )  

MAP: 

5 6 E  F I ~ U R E  4 -f 
Signatura(s): 

&/ g* 
/ 

OBSERVATIONS I NOTES: 

circle n ~pplicable: 

MSIMSD Duplicate ID No.: - 



When rock coring, enter rock broken=. 

,. lndude monitor reading in 6 foot intervals O borehole. Increase reading frequency if elevated reponse read. Drilling Area 
Remarks: Backgmund ( p p r n ) : m  

Converted to Well: Yes No Well 1.0. #: - 



Converted to Well: Yes No Well I.D. #: - 



When rock coring, enter rock brokeness. 

" Indude monitor reading in 6 foot interval. 8 borehole. Increase reading frequency if elevated reponse read. Drilling Area 
Remarks: Background ( p p m ) : W  

Converted to Well: Yes No Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 1 
Project Site Name. NSWC Crane - ORWOPR sample ID NO.: 07 c(' 36 000/ 
Project No . CTO 160 job a ~ 3 9 6 1  Sample Locat~on: s w ~ u  7 

Sampled By: K S~mpmn. T Rojahn 

$,surface so11 C.O.C. NO.: 
[I Subsurface Sod 
[I Sed~ment Type of Sample: 
0 Other: %LOW Concentration 
[I Q A  Sample Type: 1 High Concentration 

Date x-k;c/ 
Method: 
Mon~tor Readings 0 
(Range ~n P P ~ )  

COMPOSITE SAMPLE DATA: 

b ~ m  

G - I  
I 

Color 

Dl2 rd 
1 

Time 

0 YO< 
1 

Description (Sand, Sllt, Clay, Moisture, etc.) 

< ~ c T , r r :  54k1J 
2 R~cr( ~ 1 2 / 4 ~ 1 <  

Locatlon 

A 
6 
c u / v \ ~ r $  . -yuZr Ro0-7-5 

I 

MAP: 

56E F I ~ U  RE. + - 4 
Slgnatura(s): 

7y';/r~ 

OBSERVATIONS I NOES: 

circle n Applluble: 

/ 

MS/MSD - Duplicate ID No.: 
7- 



SOIL SAMPLE LOG SHEET 

pagel_ of 

Subsurface Soil 
Type of Sample: 
SLOW Concentration 
[I High Concentration 

MAP: 

5 6 E  F I ~ U  RE 4- - 4. 
Slgnatura(s): 

OBSERVAflONS I NOTES- 

Clrcle if Applicable: 

MSlMSD hrpllcab ID No.: - 



I R l T e t r a  Tech NUS. Inc. BORING LOG Page L of 1 

' When rodc coring, enter rock brokeness. 
" lndude monitor readhg in 6 foot intervals 8 borehole. Increase reading hequency l elevated r e p m  read. Drilling Area 
Remarks: Background (ppm):r[, 1 



BORING LOG Page 1 of l_ 

- a  Indude monitor reading in 6 fool intervals 8 borehole. Increase reading frequency if elevalsd r e p m e  read. Drilling Area 
Remarks: Background ( p p r n ) : m  

Converted to Well: Yes No Well 1.D. #: - 



I R l T e t r a  Tech NUS. Inc. BORING LOG Page I of 1 

Converted to Well: Yes No Well 1.D. #: - 



SOIL SAMPLE LOG SHEET 

page) of 1 
Project Site Name. NSWC Crane - ORWOPR sample ID No.: 07 c f'3 7 000 1 
Project No.: CTO 160 lob u ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K S~mpson. T Rojahn 

$Surface Soil C.O.C. No.: 
11 Subsurface Soil 
[I Sediment Type of Sample: 
(1 Other: a< LOW Concentration 
(1 QA Sample Type: 0 High Concentration 

Date: 3. IX - 0 
Method: d 
Mon~tor Readlngs A. 
(Range In P P ~ )  

COMPOSITE SAMPLE DATA: 

Color 

A/?N 
I 

& 

Depth 
- 

Time 

. 084-0 

Il 

Description (Sand, Silt, Clay, Moisture, etc.) 

S T  6 ~ A N I )  
A* WH% (~AN'~STJN F 1. 

MO r S T  
kis tit ROOTS 

Location 

A 
0 - 

C 

SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As, Be, Mn) 
Energehcs Heptachlor Epox~de. PAHs 

Container Requirements 
4 oz w/m glass 

4 or wlm glass 

Collected 
v 
/ 

MAP: 

li 

5 6 E  F ~ ~ U Q C  4 - 4 
Slgnatur~(s): 3 

OBSERVATIONS I N O E S :  

o m \ C  OF 5629,30 ,3~  < 
c437 

eqw BM R\c c I I-tc9l-l 

A, SEE P-5 fun wofic Wf%tL 
Clrcle if Applicable: 

MS/MSD - Dupllcata ID NO.: - 



SOIL SAMPLE LOG SHEET 

p a g e l  of _L 

Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 07 c f' 37 O X C ? ~  
CTO 160 job t ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K S~rnpson, T Rojahn 

Subsurface Soil 
Type of Sample: 
$LOW Concentration 
I] High Concentration 

OBSERVATlONS I NOTES: MAP: 

566 F I ~ U  RC 4- -+ 
Clrcle il Applicable: Slgnature(8): 

MSIMSD - Dupllcata ID No.: 
/ 



I ~ l T e t r a  Tech NUS. ~nc.  BORING LOG Page 1 of 1 

' When rock corlno. enter rock brokenw. -. -. lndude monilor reading in 6 toot intervals B borehole. Increase reading frequency it elevated repom read. Drilling Area 
Remarks: Backgmund ( p p m ) : ~ 1  

Converted to Well: Yes No Well I.D. #: - 



I ~ l T e t r a  Tech NUS. Inc. BORING LOG Page 1 of 1 

Converted to Well: Yes No Well I.D. #: - 

PROJECT NAME: NSWC CRANE - ORWOPR BORING NUMBER: 0 7 L P 3 7 13 
PROJECT NUMBER: CTO 160 #3961 DATE: 2 -  3'1, 101 
DRILLING COMPANY: €NVi RCr\clJ\€iuTAL f I  E M  SEIW6 GEOLOGIST: K. Simpson, T. Rojahn 
DRILLING RIG: b G 0  pRoJ3G C+ c r DRILLER: ADAPA CERTAIN 

Smplm 
Mo. 
a d  

TYP* 
ROD 

B l m l  
8- or 
ROD 

W 

Depth 
(fl ) 
or 

Run 
No. 

1 
1 

' When r o d  corng, enter rock broken- - lndude monitor reading in 6 foot inlervals B 

Smplm 
R u o v y  I 

Smplm 

L+ 

Remarks: Background (pprn):r 1 

S A W  AS 
o 7 c P 3 7 A  

ro= 4 

Sampled 

Sampled * 

borehole Increase readng frequency II -bad reponse read. 

L11hdog-f 

Churg. 
(DepthlFt 

01 

S c  

Inluvml 

f4mTj 
&0l ST- 

Drilling Area 

Sol, 
c-l~l--=? 

a 
Rock H a d m  

U 
s 

S 
4 

- whg (ppn) 

Remarks 

MATERIAL 

Color 

DESCRIPTION 

SMNL E R W  
~ ~ e r L b n  

w s  D& 



When rock coring, enter rock brokeness. 
" lndude monitor reading in 6 toot intervals B) borehole. Increase reading frequency if elevated reponse read. Drilling Area 
Remarks: Background ( p p m ) : 1 ~ /  

Converted to Well: Yes No 4 Well 1.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 1 
Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 07 c /'3 5 03Cd 
Project No.: CTO 160 I O ~  u ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson. T. Rojahn 
$ Surface Soil C.O.C. No.: 
[] Subsurface Soil 
U Sediment Type of Sample: u Other: #(LOW Concentration 
[] QA Sample Type: High Concentration 

Date: '1.11 - 0 i 
Method: 0 IT 
Mon~tor Readings 0 
(Range in ppm): 

COMPOSITE SAMPLE DATA: 

Time 

r (-7 5-d 
I 

Depth 

i; - I 

I 

Location 

A 
\ 

0 
C 

I I 
I 

Color 

132 FJ 

OBSERVATlONS I NOTES: 

Clrcle it Applicable: 

Dupllcab ID No.: 

F/> o l l l c 3 1  03 

Description (Sand, Silt, Clay, Moisture, etc.) 

GILT i& f i  

I I' 

MAP: 

SEE FlTu RC 4- - f 
Signature@): 

/ ' 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 

Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 07 c f'73 nu* 
Project No.: CTO 160 I O ~ )  R ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Sirnpson. T. Rojahn 

$Surface Soil C.O.C. No.: 
Subsurface Soil 

n Sediment Type of Sample: 

I 'u Other: %LOW concentration 
[I QA Sample Type: fl High Concentration 

I Date: '2  I 01 
Method: 1 )  m- 
Monitor Readings 0 
(Range in pprn): 

OMPOSITE SAMPLE DATA: 
I 

I 

SAMPLE COUECTlON INFORMATION: 

Time 

1 5- 5- 5- 
1 

dl+ 
I 

Location 

A 
0 
c 

Analysis 

Metals (As. Be, Mn) 

Energet~cs, Heptachlor Epoxide. PAHs 
r 

Depth 

2-q-  
\ 

Container Requirements 
4 oz w/rn glass 

4 oz w/rn glass 

sse F I ~ U R C  4 - 4  
Slgnature(s): Clrcle ll Applicable: 

Collected 
il 

L 

MSIMSD 

# 

Color 

312 N 
TR L-~?H\/ 

Duplicate ID No.: - 

D-ription (Sand, Silt, Clay, Moisture, etc.) 

F/,\ <AN 13 LU/ 5 I t-r- 
Wu)C;70b/E+ +?c cr( 

. 

~ r > A r  \ 7R CLAY 



I ~ l T e t r a  Tech NUS. Inc. BORING LOG Page 1 of I 

' When rock corina, enter rock brokeness 

" lndude rnon~tor reading in 6 foot intervals 8 borehole. Increase reading hequency if elevated reponse read. 

Remarks: 
Drilling Area - - 

Background 

Converted to Well: Yes No / Well 1.0. #: - 



When rodr coring, enter rock brokeness 
" Indude monitor reading in 6 loot intervak 8 borehole. Increase reading frequenq W elevated r e p o m  read. Drilling Area 
Remarks: Background ( p p m ) : m l  

Converted to Well: Yes No Well I.D. #: - 



I ~ l T e t r a  Tech NUS. ~nc.  BORING LOG Page 1 of I 

Converted to Well: Yes No / Well I.D. #: - 

PROJECT NAME. NSWC CRANE - ORWOPR BORING NUMBER: 0 
PROJECT NUMBER: CTO 160 #396l DATE: 
DRILLING COMPANY: ENVi I < w W \ C N ~ L  FI E M  % i W 6  GEOLOGIST: 
DRILLING RIG: 6Gof)f loAG ~ 4 -  LT  DRILLER: - -lno (p(m) 

Remarks 

q c ~ r  3br( 4 1 ~ 7  ZWi 

1 rbO 0 
? 

2 

I 
3 

1C;U tl 

4 CL -- 

Sampled 

Sampledv 
' When rock corng, enter rock brokeness -- Indude rnonltor readng In 6 foot ~ n t e ~ a l s  8 borehole Increase readng hequeney d elevated r e p o w  read. Drilling Area 
Remarks: Background (ppm):r ,I 

u 
s 
C 
S 

S m p l m  
No 
ud 

T y p a  
RQD 

MATERIAL DESCRIPTION 
D m h  
( H )  
or 

Run 
NO 

Sal Dllll,y, 
C a n S l r u y  

or 

Rock l+admu 

L~lhdogy 
Chmnga 

(OeplhIFl I 
or 

S C ~ W I U ~  
In twd 

B l ~ l  
6' or 
RQD 

W) 

S m d m  

R a o v y  I 
S m ! h  

L m h  
Color MMwWCI.rsM#Uon 

L / I / E ~ ) ~ o  



SOIL SAMPLE LOG SHEET 

page.-/- of J- 

Type of Sample: 
SLOW Concentration 
0 High Concentration 



SOIL SAMPLE LOG SHEET 

K. Simpson, T. Rojahn 

Type of Sample: 
%LOW Concentration 

QA Sample Type: I] High Concentration 

MAP: 

S 6 E  Fl?L(Ri  4- -+ 
Slgnature(s): 

OBSERVATIONS I NOTES: 

Clrtle if Applicable: 

M-SD 

I 

DupllcaU~ ID No.: 

7 



1-1 Tetra Tech NUS, Inc. BORING LOG Page I of _L 

' When rock caring, enter rock brokeness. 
" Indude monitor reading in 6 foot inlervab 8 borehole. Increase reading Irequency it elevated reponse read. Drilling Area 
Remarks: Background (ppm):bGLJ 

Converted to Well: Yes No Well I.D. #: - 



I-lTetra Tech NUS. Inc. BORING LOG Page I of 1 

" Indude mon~tor reading in 6 foot inlervals 8 borehole. Increase reading frequency if elevated repom read. 

Remarks: 
Drilling Area 

Backgmund (pprn):r[, 1 



l=lTetra Tech NUS. Inc. BORING LOG Page I of 1 

When rock coring, enter rock brokeness. .. Include monitor reading in 6 fool intervals 8 borehole. Increase reading lrequency if elwaled reponse read. Drilling Area 
Remarks: Background ( p p r n ) : m  

Converted to Well: Yes No Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 07 c f' 4-0 1 
CTO 160 lob 4 ~ 3 9 6 1  Sam'ple Location: s w ~ u  7' 

Sampled By: K. Simpson. T. Rojahn 

Type of Sample: 
#(LOW Concentration 
1 High Concentration 

Monitor Readings 0 

I 

MAP: OBSERVATIONS I NOTES: 

Circle if Applicable: 

MSlMSO - Duplicate 10 No.: 



SOIL SAMPLE LOG SHEET 

pagel_ of 1 
Project Site Name: NSWC Crane - ORWOPR 

Project No.: CTO 160 lob a ~ 3 9 6 1  

[I Surface Soil 
$Subsurface Soil 

1'1 Sediment 
Other: 

U QA Sample Type: 

Date: 2 -1-[. 01 
Method: fly1 x 

Monitor Readings U 
(Range in ppn): 

Sample ID No.: 0 7 c P 90 02.04 
Sample Location: swMu 7 

Sampled By: K. Sirnpson. T. Rojahn 

C.O.C. No.: 

Type of Sample: 
%Low Concentration - 
1 High Concentration 

COMPOSITE SAMPLE DATA: I 
Tlrne Location Depth -- 

1-4 

C 

I I I I 

SAMPLE COLLECTION INFORMATION: I 
Analysis 

Metals (As. Be, Mn) 

Energeucs. Heptachlor Epox~de. PAHs 

56E FISU Ri 4 -+ 
Circle it Applicable: Slgnature(s): 

MSlMSD Dupllccrte ID No.: - - 

OBSERVATIONS I NOTES: 

Container Requirements 

4 oz w/rn glass 

4 oz w/rn glass 

I 

MAP: 

Collected 
C 

/ 



I R I T e t r a  Tech NUS. Inc. BORING LOG Page 1 of 

Converted to Well: Yes No Well I.D. #: - 



I ~ l T e t r a  Tech NUS. Inc. BORING LOG Page 1 of 1 

' When rock coring, enbr rock broken- ,. Include manilor reading in 6 foot intervals 8 borehole. Increase reading hequency if elevaled repome read. Drilling Area 
Remarks: Backgmund ( p p m ) : L a ]  

Converted to Well: Yes No WellI.D.#: - 



I ~ l T e t r a  Tech NUS. Inc. BORING LOG Page of 1 

" Indude mon~tor reading in 6 foot inte~als 63 borehole. Increase reading frequency if elevaled reponse read. 

Remarks: 
Drilling Area 

Background (ppm):r I 

Converted to Well: Yes No Well 1.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 1 
Project Site Name: NSWC Crane - ORRiOPR Sample ID No.: 07 C f' % O m  I 
Project No.: CTO 160 job a ~ 3 9 6 1  Sample Location: SWMU 7 

Sampled By: K. Sirnpson. T. Rojahn 
Surface Soil C.O.C. No.: 

] Subsurface Soil '$ 
[] Sediment Type of Sample: 
(1 Other: SLOW Concentration 
U QA Sample Type: High Concentration 

Date: 2- 1 ' 0 1 
Method: & 
Monitor Readings 0 
(Range in pprn): 

COMPOSITE SAMPLE DATA: 

Depth 

0 - l  
I 

\ 

Tlrne 

13- 

L 
-- - 

Color 

5 Q  N 
Location 

A 
(3 
C 

Description (Sand, Sllt, Clay, Moisture, eb.) 

s \ L ~ *  R o d  Fi '(39\ . 
' ROUT\, N\QIJ?  

4 <b ~44 
p~ 

SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As, Be. Mn) 

Energetxs. Heptachlor Epoxide. PAHs 

Container Requirements 

4 oz wlm glass 

4 oz wlm glass 

QNected 
r/ 

/ 

MAP: 

SEE F I q U R f  9-4+ 
Signature(.): 

OBSERVATIONS I NOTES. 

Circle it Applicllbls: 

MSrrmSD - Duplicate ID No.: 



SOIL SAMPLE LOG SHEET 

pagel_ of I 
Project Site Name: NSWC Crane - ORR~OPR Sample ID No.: 07 c 0104- 
Project No.: CTO 160 lob t ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K. Simpson. T. Rojahn 

fl Surface Soil C.O.C. No.: 
FSubsurface Soil 
[I Sed~rnent Type of Sample: 

Other: SLOW Concentration 
[I QA Sample Type: U High Concentration 

Date: A-11 - 0 I 
Method: 
Mon~tor Readings 

(Range in ppm): 0 

COMPOSITE SAMPLE DATA: 

Time 

14-0 0 
Color 

i-; pi 
Description (Sand. Slit Clay, Moisture, etc.) 

S/ME i) 5 6 ~  13 w/< I LT 
Location 

A 
0 1 \ w/ 12 c CIL FL I k A  t 

' < C > \ F  SHI\(OSTZ/,V* 

Depth 

A- 4- 

MAP: 

56E FIO'JUQC 4- -+ 
Signature@): 

OBSERVATIONS I NOTES: 

a m i s  iI ~pplicabia: 

MSlMSD 

ye5 
Duplicate ID No.: 

F D  c j ~ l I O / O I  
I 



I R l T e t r a  Tech NUS. Inc. BORING LOG Page ( of L 

PROJECT NAME: NSWC CRANE - ORRIOPR BORING NUMBER: 0 7 C: P +( 
PROJECT NUMBER: CTO 160 #3961 DATE: 2.21 $01 

A 
DRILLING COMPANY: €r(l/l RwN\€INAL f I E M  SEI(Ln(n GEOLOGIST: K. Simpson', T. Rojahn 
DRILLING RIG: 6copfloJ3E ~ 4 .  L r DRILLER: ADAw c~flflcN 

MATERIAL DESCRIPTION - ~..dhg (PP) 

Sunplm Deplh Blows1 Sampla L~lhdogy u 
No (R ) 6'or R a o v y  / Chsnge 
and or ROD Smpla  (OeplhIFl I 

S 

or 
Soll Denwty/ 

1 y p . w  Run 0 
C 

Lmh 
Scrmmcd 

c 0 ~ 1 s t m S y  
ROD NO Color W r l a l  C(wMcalbn S 

Remarks 
IrIt.NI.l 

or 
Rock H s r d n m  !{I ,, , 1'1 

~ln;lt,OrsO . Y, *%? 

-- 
----.- 

' When rock corng, enter rock broken= 

" Indude monitor reading in 6 foot intervals B borehole. Increase readmg frequency if elevated reponse read Drilling Area - 
Remarks: Background (ppm):l 0 1 

Converted to Well: Yes No Well I.D. #: - 





' When rock coring, enter rock brokeness. 
-* Indude monitor reading in 6 fool inlervals 8 borehole. Increase reading fmquency it elevated reponse read. Drilling Area 
Remarks: Background @ p m ) : m  

- - - - 

Converted to Well: Yes No Well 1.0. #: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 1 
Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 0 7 ~ f ' + ) , G d i  I 
Project No.: CTO 160 lob IF ~ 3 9 6 1  Sample Location: SWMU 7 

Sampled By: K Slrnpsan, T Rqahn 

%surface Soil C.O.C. No.: 
[I Subsurface Soil 
[I Sediment Type of Sample: 

Other: SLOW Concentration 
[I Q A  Sample Type. High Concentration 

Date: 2 .I] 0 I 
Method: i ? P T  
Monitor Read~ngs L) 
(Range In P P ~ )  

COMPOSITE SAMPLE DATA: 

Tlme 

/ c l o d  
I 
L 

Depth 

, - I  
I 

P 

Locabon 

A 
0 
C 

Color 

f i R  N 

\ 

MAP: 

SGE FlTURC. 4 -4  
Signatura(s): 

OBSERVATlONS I NOTES: 

Clrele ii Applicable 

Description (Sand, Silt, Clay, Moisture, etc.) 

\ / C; I c r  
6 

I I 
44 & 

7-R ( l o 0 6  

MSIMSD 

/ 

Duplicate ID No.: 
7 



SOIL SAMPLE LOG SHEET 

pagel_ of 1 
Project Site Name. NSWC Crane - ORWOPR Sample ID NO.: 0 

CTO 160 lob a ~ 3 9 6 1  Sample Location: 
K S~rnpson, T Rolahn 

Type of Sample: 
'#(LOW Concentration 
I] High Concentration 

MAP: 

56E F(3UQC 4 - 4- 
Signaturas): 

-./ 51c 7\, 
I 

0BSERVATlONS I NOTES: 

Circle if Applicable: 

M W S D  - Duplicate ID No.: - 



BORING LOG Page 1 of 1 

When rock coring. enter rock brokeness. 

" lndude monitor reading in 6 foot intervals 8 borehole. Increase reading frequency if elevated reponse read. Drilling Area 
Remarks: Background (pprn):rQ 1 

Converted to Well: Yes No / Well I.D. #: - 



Tetra Tech NUS, Inc BORING LOG Page I of _L 

NSWC CRANE - ORWOPR BORING NUMBER: 0 7, 1 - '+ 
PROJECT NAME: 11: 
PROJECT NUMBER: CTO 160 #3961 DATE: .- -7 - 3 I . c  / 
DRILLING COMPANY: Er(l/r QUI\IP\CIU~~L FI ECr3 St i l / l (R  GEOLOGIST: K. Simpson, T. Rojahn 

Rock H s r d n e u  

When rock coring. enler rock broken- 
'' lndude monltor readlng In 6 foot lntewals O borehole Increase reading frequency 1 elevated reponse read. Drilling Area 
Remarks: Background ( p p m ) : F 1  

Converted to Well: Yes No / Well I.D. #: - 



(-1Tetra Tech NUS. Inc BORING LOG Page 1 of I 

Converted to Well: Yes No Well I.D. #: - 

PROJECT NAME. NSWC CRANE - ORWOPR BORING NUMBER: 0 7& +xi 
PROJECT NUMBER CTO 160 #396l DATE: - b l  
DRILLING COMPANY: ENVl I?WP\CIU~AL FI E b )  % i r l / l 6  GEOLOGIST: K. Simpson. T. Rojahn 
DRILLING RIG. GEOPRO RE N\UD t^ L 5-4 0 r DRILLER: AOAN\ C E m l  r\l 

Smpl-  
No 
and 

T y p o r  
RQD 

Deplh 

( R )  
or 

Run 
No 

51 CT 

CLAY WL 5 / 1 7  
HI? H p c ~ r + r c l $ - ~  

v 
\ .k ,, .  , ~ ( H \ P L I T ~  

T- 
l q l + L  FOOrR+ = f- 

oool a 

0- 
When rock cormg. enter rock broken- 

*- Indude monitor read~ng ~n 6 fool ~nlervals @ borehole Increase reading frequency rf elevated reponse read. 

Blwsl 
6'w 
RaD fi) 

Remarks: Background ( p p r n ) : ~  I 

N. 

J/ 

Sample 
Rcoveryl 

Sample 
Leng(h 

772 1 2 u : r ~  
1m 

Murg 

L 
0 ~ 1 e f i  

Drilling 

L~thdogy 
Change 

(Deplh /Ft ) 

or 
S c r  
Intwo1 

0 

- 

,, 

MATERIAL DESCRIPTION 

0 

Area 

u 
S 
C 
S . 

So,, Dm,,ly 

ConSlStenC" 
or 

R a k  Hardneu 

G O  

1 

Color 
Remarks 

Malarial ClauHialion 

WJL /)El> 

PIWID 

i:.i 
~ d h g  

1 
(ppnj 

1 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 1 
Project S~te Name NSWC Crane - CRWOPR Sample ID NO.. 07 ~ f '  4-3 ~C?CCI 
Project No . CTO 160 I O ~  ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K S~rnpson. T. Rojahn 
$,surface Soil C.O.C. No.: 

11 Subsurface Soil 
i] Sed~ment Type of Sample: 
IJ Other: $LOW Concentrat~on 
I] QA Sample Type 0 High Concentration 

Date. 1 11 c /  
Method: r l  IT 
Mon~tor Read~ngs 0 
(Range In pprn) n~\< ~ ( 7 1 ~  
COMPOSITE SAMPLE DATA: 

rime 

c:"llc: 
~ q ~ d  

Depth 

- / 
c - 1  
c - I  

Location 

A 
a 
C 

SAMPLE COLLECTION INFORMATION: 

Color 

17 (? N 
1 

Analysis 

Metals (As Be. Mn) 
Energebcs Heptachlor Epox~de PAHs 

- - 

7 

Descr~ption (Sand. Silf Clay, Moisture, etc.) 

<;in- N\LI<T 
I I ? C C  I , 

44 J. 

Container Requirements 
4 oz wlrn glass 

4 oz wlm glass 

- 

Collected 
-C- 

1 

MAP: 

56e FlsURE 4.-% 
Slgnature(a): 

7-/ 1~'. 
/ \ 

OBSERVATIONS I NOTES: 

Circle il Applicable: 

MSIMSD - Duplicate 10 No.: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 1 
Project Site Name: NSWC Crane - ORRIOPR 

CTO 160 lob s N3961 

Subsurface Soil 
Type of Sample: 
%LOW Concentration 

[] QA Sample Type: 0 High Concentration 

MAP: 

sGe F I ~ U Q C  4 -4 
Signature(.): 

OBSERVATIONS I NOTES: 

Clrcle if Applicabk 

MSlMSD 
\ 

Duplicate ID No.: - 



(-1Telra Tech NUS. Inc BORING LOG Page 1 of 1 

When rock coring, enter rock brokeness. 

.* lndude mon~tor reading in 6 foot intervals 8 borehole. Increase reading frequency if elevated r e p o w  read. Drilling Area 
Remarks: Background ( p p m ) : [ 7  

Converted to Well: Yes No Well I.D. #: - 



Converted to Well: Yes No f Well I.D. #: - 



Tetra Tech NUS. Inc BORING LOG Page 1 of 1 
PROJECT NAME. NSWC CRANE - ORWOPR BORING NUMBER: 07 C r 4-3 
PROJECT NUMBER CTO 160 #3961 DATE: 2 .,xi- C 1 
DRILLING COMPANY: ENVl I < o N I \ ' ~ C N T ~ ~ L  $1 ECr) SEIb16 GEOLOGIST: K. Simpson, T. Rojahn 
DRILLING RIG. G-EOPRO CJE \I\UD 6 L ~4 &-I- DRILLER: AOAw c E R f T r r \ l  

Matwid CI.ultiution 

Rock Herdncu 

When rock cormg. enter rock brokeness 
" lndude monltor read~ng In 6 foot intervals 8 borehole Increase read~ng frequency rt elevated reponse read Drilling Area 
Remarks: Background ( p p r n ) : T \  

Converted to Well: Yes No Well 1.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 1 
Project Site Name. NSWC Crane - ORRIOPR Sample ID No: 07 C Y ~  00u /' 
Project No CTO 160 lob u ~ 3 9 6 1  Sample Locat~on: s w ~ u  7 

Sampled By: K Slmpson T Rolahn 
urface So11 C.O.C. No.: 

] Subsurface So11 P 
r] Sedlment Type of Sample: 
1 Other: $LOW Concentrat~on 

Q A  Sample Type. High Concentration 

Date: 2 
Met h o e  
Mon~tor Read~ngs 

(Range m P P ~ )  

COMPOSITE SAMPLE DATA: 

Time 

I 410 
I 

Location 

A 
6 
c 

Depth 

0 -  l 

\ 

Color 

RR M 
\ 

MAP: 

56E FISUQC 4--+ 
Signatur.(s): 

OBSERVATIONS I NOTES: 

circle i~ Appllublo: 

Dwcrtptlon (Sand, Silt, Clay, Molsturq etc.) 

-nZ R - o o n  MU\\ I 

5 1 T, '50f'w Ro q( 
FJ;!AY 5. 

MSlMSD - Dupllcatm ID No.: 

FD 0 2 ~ 1 0 1  02 



SOIL SAMPLE LOG SHEET 

~ a g e _ L  of 1 
Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 07 C f " f ~ 0 1 0 ~  
Project No.: CTO 160 lob * ~ 3 9 6  1 Sample Locat~on: s m u  7 

Sampled By: K S~rnpson. T Rolahn 

[I Surface Soil C.O.C. No.: 
%Subsurface Soil 
I] Sediment Type of Sample: 
11 Other: SLOW Concentration 
I] QA Sample Type: High Concentration 

Date: 3 .  11. 0 / 
Method: 
Monitor ?!zE Readtngs 

(Range m pprn) 

COMPOSITE SAMPLE DATA: 

Color Description (Sand, Silt, Clay, Moisture, eb.) 

Bfl N F/WE 
Time 

141C 
Location 

A 
R ~ ~ / c - r 3 I \ f  

D Qrl 

Depth 

1 - 4  
ROCK/ arclM-Z'i~E= ~4-)S15 
N 

/ 

SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As Be. Mn) 

Energebcs Heptachlor Epoxtde PAHs 

Container Requirements 

4 oz wlm glass 

4 oz wlrn glass 

Collected 
/ 

MAP: 

S W  FlgU RC 4 -+ 
Signatura(a): 

OBSERVATIONS I NOTES: 

circle ii ~pplicable: 
I 

MSlMSD 
7 

Duplicate ID No.: - 



When rock corina. enter rock brokeness 

.* Indude monltor reading In 6 foot ~ntewals 8 borehole Increase readmg frequency if elevetsd reponse read. Drilling Area 
Remarks: Background (ppm):C 1 

Converted to Well: Yes No / Well 1.D. #: - 



I R l T e t r a  Tech NUS. Inc. BORING LOG Page of 1 

-- 
' When rock coring, enter rock broke& 

" Indude mnllor reading in 6 fool inle~als E) borehole. Increase reading fi0qu0ncy if elewated reponse read. Drilling Area - 
Remarks: Background (ppm):( 0 1 

Converted to Well: Yes No / Well I.D. #: - 



When rodc corina, enter rock brokeness. 

" Indude mon~tor reading in 6 foot intervals 8 borehole. lncrea~e read'ng frequency if elevsbd reponse read. Drilling Area 
Remarks: Backgmund ippm):r . 1 



SOIL SAMPLE LOG SHEET 

{I 

p a g e 1  of 

Prolect Site Name. NSWC Crane - oRWOPR Sample ID No.: 07~f'&- ui)c)i 
Project No. CTO 160 job a ~ 3 9 6  1 Sample Location- s w ~ u  7 

Sampled By: K S~rnpson. T Rojahn 

6 Surface So11 C.0 C. No.: 
I ]  Subsurface Soil 
(1  Sediment Type of Sample: 

Other' $LOW Concentrat~on 
11 QA Sample Type: 1 High Concentrat~on 

Date: 2 .";+$ 
Method. 
Monrtor Readlngs 

(Range In P P ~ )  

COMPOSITE SAMPLE DATA: 

I 

Description (Sand, Silt, Clay, Moisture, ate.) 

771 c/\IJ~) 
' ~IOCJL' GZA ~ j <  ( F A N I ) ~  w 

-(yL C I W C \ ~ ; V C  4ni/~ c 
-77 2  2 0 ~ 7 5  - 1yc1<7- 

Time 

1 GI<- 
I 

- 

Depth 

- 1  

\ 

Location 

A 
6 
C 

SAMPLE COLLECTION INFORMATION: 

Color 

is I? t\l 

I 
9 

Cqllected 

v; 
/ 

Analysis 

Metals (As, Be. Mn) 
Energetics Heptachlor Epox~de, PAHs 

Container Requ~rements 

4 oz wlm glass 

4 oz w/m glass 

MAP: 

566 Flgu QC 4 - 4 
Signature(.): 

7 

--Y[!,/ A 

OBSERVATIONS I NOTES: 

Clrcle W Applicable: 

MWMSD - Duplicate ID No.: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 1 
Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 07 c ~'KuLv~ 
Project No.. CTO 160 lob a ~ 3 9 6 1  Sample Location: SWMU 7 

Sampled By: K Srmpson. T Rojahn 

11 Surface So11 C.O.C. No.: 
)(q;Subsurface Soil 

(1  Sediment Type of Sample: 
13 Other: $LOW Concentration 
I ]  Q A  Sample Type: 0 High Concentration 

Date. 1.11 2 /  
Method: T 
Mon~tor Read~ngs 

(Range In ppm) 

COMPOSITE SAMPLE DATA: 

Depth 

L- 4- 
1 
Y 

Color 

r; 12 fi 
I 
& 

Time 

(i; ib 

b 

Dercriplon (Sand, Silt, Clay, Moisture, etc.) - 
<il-r ~ 1 . 2  t / ~  sAw1 
%,NIG % ) N I I ~ R ) N C -  fi)\)y5 
~ C ) N \ Z  F =j I? A 4 L 

Location 

A 
6 
c 

SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As Be. Mn) 

Energehcs Heptachlor Epoxrde PAHs 

Container Requ~rements 

4 oz wlm glass 

4 oz wlm glass 

Collected 
/' 

MAP: 

SGE F[SU R f  4- - 'f 
Slgnaturqs): 

OBSERVATlONS I NOES: 

circle fl ~pplicclble: 

MSlMSD 
_- 

Duplicate ID No.: - 



I R l T e t r a  Tech NUS. Inc. BORING LOG Page 1 of 1 

PROJECT NAME: NSWC CRANE - ORWOPR BORING NUMBER: 0 7 c ? 4-T A 
PROJECT NUMBER. CTO 160 #3961 DATE: 1 ~01 
DRILLING COMPANY: ENVI I< atrJ\~~uflL FI E M  S E ~ ~ ~ G E O L O G I S T :  K. Simpson, T. Rojahn 

DRILLING RIG: bE0Pfl0bE C q  LT DRILLER: ADAN c€RTft ( [ \1  

LllMogy 
Changv 

(D@h'Fi ' 
Or 

Strand 
Intmwl 

Smplv  
Rccovwy I 

Smplo  

L m h  

5 h b h G  AS 
0 7 ~  P 4 - s  0 

T O  =(t- 

Sampled 

Sampled , 
When roc& corlng, enter rock brokeness - lndude monltor read~ng In 6 toot Intervals O borehole Increase readlng frequency ~f elevaled reponse read. 

Blouwl 
6'or 
ROD 

(%) 

Smpla  
No 
and 

Typor 
ROD 

Depth 

(FI ) 
or 

Run 
No 

Remarks: Backgmund ( p p m ) : m  

Converted to Well: Yes No Well I.D. #: - 

Drilling 

u 
s 
C 
S Remarks 

DESCRIPTION 

Mltwlal C b s M c d k n  

L v d ~ O G  r3 

Sol, Dsr.lly! 
CQUl%l-=V 

or 
R a k  liordnws 

MATERIAL 

Color 

m r n  w h o  (ppn) 

do 

c 

* t1 . .r* 

0 

I 
I 

i :  
8 

o 

4 

v I 

Area 



When rock coring, enter rock brokeness. 

" lndude monitor reading in 6 foot intervals 8 borehole. Increase reading hequency if elwaled repom read. 

Remarks: 
Drilling Area 

Backgmund (Ppm):rb 1 

Converted to Well: Yes No Well 1.0. #: - 



[=JTetra Tech NUS. Inc. BORING LOG Page 1 of J- 

When rock coring, enter rock brokenass. 
a s  Include monltor reading In 6 foot intervals 8 borehole. Increase reading frequency if devaled reponse read. Drilling Area 
Remarks: Backgmund ( p p m ) : m  

Converted to Well: Yes No / Well I.D. #: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of 1 
Project Site Name: NSWC Crane - ORWOPR sample ID NO.: 07 C f'46 000 1 
Project No.. CTO 160 lob a ~ 3 9 6 1  Sample Location: s w ~ u  7 

Sampled By: K S~mpson. T. Rojahn 

Surface Soil C.O.C. No.: 
[I Subsurface Soil 
[] Sed~ment Type of Sample: 
0 Other: #(LOW Concentration 
[] QA Sample Type: 0 High Concentration 

Date: 2.11 O /  
~ e t h o v  
Momtor Read~ngs 0 
(Range In P P ~ )  

COMPOSITE SAMPLE DATA: 

Time 

U C ~ C C  

b' 

Color 

fin t.l 
I 
b 

Description (Sand, Sllf Clay, Moisture, etc.) 

i r LT , F/M 51\1\ 11 
7 i ? ~ i r (  ~ 1 2 f i ~ j b .  
T X  -- L I N \ F S T Z F ( L ~  4ldAbEC 

f i o t 5 T  

Location 

A 
0 
C 

SAMPLE COLLECTION INFORMATION: 

Depth 

- I 

- - - 

Analysis 

Metals (As, Be, Mn) 

Energet~cs Heptachlor Epox~de. PAHs 

Container Requirements 
4 oz wlm glass 

4 oz wlm glass 

Collected 
/ 

/ 

MAP: 

56E FISURC 4- - 4 
Slgnature(s): 

7/J77G. 

OBSERVATIONS I NOTES: 

Clrcle il Applicable: 

/ 

MSlMSD Duplicate ID No.: - 



SOIL SAMPLE LOG SHEET 

p a g e 1  of I 
Project Site Name: NSWC Crane - ORWOPR Sample ID No.: 07 C f'h C)l* 

Project No.: CTO 160 job R ~ 3 9 6 1  Sample Location: SWMU 7 
Sampled By: K. Simpson. T. Rojahn 

[] Surface Soil C.O.C. No.: 
$.Subsurface Soil 

I:] Sediment Type of Sample: 
I] Other: $LOW Concentration 
[I QA Sample Type: 0 High Concentration 

2.lI-o/ E + ; O ~  
Monitor Readings 

(Range in ppm): 

COMPOSITE SAMPLE DATA: 

Color 

b R N  

cL 

Depth 

!A- 4 
I 

J/ 

Tlme 

joc 6 

I 

Description (Sand, Silt, Clay, Moisture, etc.) 

G I L T  1 7 2  F/m ~ A I Y I ~  

SCMG flrxk 'F((Ay\ 
( s ; ~ ~ ~ r ) S l Z ~ i \ c ~  ) S ( j M  F- 
L 3 R ~ \ ~ L S ~  , Mot ( 7 

Location 

A 
6 
c 

SAMPLE COLLECTION INFORMATION: 

Analysis 

Metals (As. Be. Mn) 

Energetics. Heptachlor Epoxide. PAHs 

Container Requirements 

4 oz wlm glass 

4 oz wlm glass 

Collected 

u" 
J 

MAP: 

SGE F I ? ~  Rf.  4- -+ 
Slgnature(8): 

OBSERVATIONS I NOTES: 

Clrcb if Applicable: 

MSiMSD 
-- 

Duplicate ID No.: 
-. 

I 



Tetra Tech NUS. Inc. BORING LOG Page I of 1 

PRO.IECT NAME. NSWC CRANE - ORWOPR BORING NUMBER: 0 7 C d 4 6 A 
PROJECT NUMBER. CTO 160 #3961 DATE: A 101 
DRILLING COMPANY: ENVI KWN\CIUTAL Fi E M  k l W 6  GEOLOGIST: K. Simpson, T. Rojahn 

Remarks: Backgmund (ppm):r(, 1 

Converted to Well: Yes No Welll.D.#: - 

u 
s 
C 
S 

DRILLING RIG: b E 0 P f l 0 b G  ADAPA c € R f l ( r \ l  
m m  urdln~ (ppm) 

Remarks 

f = 

~ 1 , 6 t  0 0 0 6  

\ 
I 

Drilling Area 

S-4- L T  DRILLER: 

L~lhoopy 
Changm 

(Qspthfil I 
or 

sc- 
I n t a d  

Smplm 
No 
md 

T y p a  
flao 

0 

' When rock cormg, enter rock brokeness 

" lndude mon~tor readmg In 6 toot Intervals 8 

DESCRIPTION 

Wrld CbaMcalkn 

~ A P K  4 %  
0 7 c P 4 - L  C 

L\;u\y WC-7- 

&m\. 6 " 

T"? 

sO1l Denm,w 
cOrY1atmcy 

or 
Rock Hardneu 

Depth 
(Fl) 
or 

Run 
No 

Sampled 

Sampled * 

borehole Increase readmg frequency lt elevated reponse read. 

MATERIAL 

Color 

Blow1 
6-or 
RQD 

PI 

Sunpla 
Racovy I 

Sunpla 
Lmg(h 



I=lTetra Tech NUS. Inc. BORING LOG Page I of l_ 

' When rock coring, enter rock brokeness. 
" lndude rnonltor reading In 6 foot intervals 8 borehole. Increase reading frequency if elevated reponse read. Drilling Area 
Remarks: Background ( p p r n ) : m  

- 

Converted to Well: Yes No Well I.D. #: - 



[=]Tetra Tech NUS. ~ n c .  BORING LOG Page of 1 

' When rock coring, enter rock brokeness. 

-* lndude monitor reading in 6 hot intervals 8 borehole. lncreare reading frequency if elevakd reponse read. Drilling Area 
Remarks: Background (ppm):r 1 



APPENDIX E 

CHAIN OF CUSTODY FORMS 



CHAIN OF CUSTODY RECORD 

/II 
I) 

\'I'- i ~ 
0- . ,r 

. I po, /01 / , . 

, ,.. L • 

; v" 
02337 

PROJEONO.: SITE NAME: <,;,' (i, '.:.. , t;. "" 

em 1# "5C;r.ol N 5Wc.... cR.1\N 6: ,Q. 
~ ,,~ ... , ' 1;1\(1'1:': 

SA-.t9'r'~ , NO. '\' v u "-, 
4.1::. 'J.. 

, 
~'" OF 

CON- - > .t,;" REMARKS I _ . ,....,~"1 / __ 'oJ "" .... 
. - (J"'\ " 

TAINERS '/:: ~.)c ~~ ~ 
STATION OATE GAAB 

..... i4,.~~ .:.... "'- '- r~ 
TIME COMP STA nON lOCA nON < ~~ ~ ~I' NO. ~ ....t., 

07 ).6.1 of:P.O / 07 SIS 13 0001 
) I I . --

,' ... \ ~l 07W V- A ~ 0.1.210 I 0 I &> 1 ~ 
sT1\IN~(~S ~Tf::..\; "-

/ 1, Ii:> r,uwL 

07 I OB)S v--
07 SI3> 15 o)..Ot- ~ 

, I 

I pet 10 v 07C.P 4"5 0001 2.. , , 
PCJJ') V 07 cP+3 oJ..01- :t l I 
I(J.X) V- 07 cP "fl. 000 \ ~ , , 
II) 10 ./ 07 c..P 4-2.0)ot 4 \ \ 
IvlO ./ {) 7 ~·13 34- 000/ 

. 
2.. \ \ 

101') v 07 S& 3+o1.ot 2. I \ 
ILf'}V ~ 07 slS 33 000 I .:2... \ \ 
Iv~' ./ 075(3 33 o~Oi- :t. I \ 
I/OS V-

075& 3"1.. ouo 1 2 \ \ 
'v .... '( III 0 ./ o7sB 31 0),01- A \ I 

f-D ~I- I /2. ()()W v fO 0).21010 I ':z \ I o~~~orOJ...~ 
RELl7u:;( Y7:RE

): 
DATE /TIME: RECEIVED BY(SIGNATURE): RELINQUISHED BY (SIGNA TURE): DATE/TIME: RECEIVED BY(SIGNATURE): 

-1, .- ).·23·cJI 11£130 r£OC/ 1 
RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY (SIGNATURE): RELINQUISHED IY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): 

I I 
RELINQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED FOR LABORATORY BY 

(SIGNATURE): . 
DATE /TIME: REMARKS: AI1:::tl 8)44- 4 07.1- 4-':3 0 .l..... 

I I 
Order No. 10440 (0693) 



02338 p~ ).()! 7 
CHAIN OF CUSTODY RECORD 

E'. 
PROJECT NO.: SITE NAME: l u... 
CiD I b01t- 3<1b ( J'~SWc.. c«I\NE " 
SAM":'7~U"): J · NO. '<": 

OF ,<- I. 

7 . ~_.~A CON- -...: REMARKS 
- --._ rr // ___ TAINERS 

STATION DATE TIME CaMP GRAI STATION LOCATION 'f.lJ 
NO. I.;. 

07 )fl \~ V' 07cP410001 :l... \ \ 
\~O V 07 c.p 4-1 0.l.04- S- J-.. 3 R~~, 1\1. ').u 

M N',<" () 

1+1.0 V 07cP44- 000 I ~ I I 
t4l5" /' 07 cP# 0)..01- 2- I \ 
I~- ,/ 07 c.t'.fo 000 I )... I , 
pQ()O /' f"Q o:l..-:t\ 01 ol. :::>- \ \ o~~~oooJ 
lSOQ V D 7 c P 40 o)..o,,\- :l.. I I 
1«;10 ~ 07 c.P 3CJ ow J J... \ ( 
1<)1S"" . /' 07 c. P 3'1 olo1- .1.. \ \ 
ot)J0 / fO 01.110/05 \ { . J~ur ~Qr ; 

~ ()7 38 0001 
I(',>e c :) • Y' 07c-P3fj 000, :;- .:l. '3 RIA) 1\\.>\.1 

N\.<;.. N\<.,.(j 

,,~ "it 1<;"<;" ,/ 07C.P~B Olot .:l. , , 

R7.~~E~:N~TU~E): DATE/TIME: RECEIVED IV(SIGNATURE): RELINQUISHED IY (SIGNATURE): DATEITIME: RECEIVED IY(SIGNATURE): 

1. _. 5. " __ , :t 1'S 01 11810 F€V)G'I. 
RELINQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED IY (SIGNATURE): RELINQUISHED IY (SIGNATURE): DATE /TIME: RECEIVED IY(SIGNATURE): 

I I 
RELINQUISHED IV (SIGNATURE): DATEITIME: RECEIVED fOR LAIORA TORY IY DATE/TIME: REMARKS: tV~:j:t-8244- % '7 ~ 't-.os G .~ 

(SIGNATURE,: 

I I 
0«Iet No. 70440 (0: 



CHAIN OF CUSTODY RECORD 

PROJECT NO.: SITE NAME: 

eTa lbe Ji -3'1b ( H c,l{J(~ Ct:: Af'-{ E 
SAMPLERS (SIGNATURE): ;' , 

, ';j c:-- ~ -.~- I .-' -:> -
J , /". -;/1-1' ,'''['-, \. "-' . -.. '- ./ 

STATION GRAB STATION LOCATION DATE TIME COMP 
NO. 

P,F\ ;6: ';2_ 1700 v ~ B () J.-.J.:2.o I 0 I 
, -7 
() .' 

,:~~-c i,/ 07c-P37000{ 
P~4~ v·' 07 c f) 3 7 OJ.O~-
OCfo5 v/' 07cP 3G 000 ( 

~'f 10 ./ 
07 cf 3G 0.20+ 

~30 ,/ 07ce 3s 000 I 
p:t3C; - / 07 cp 3S- 020,+-
p-tst; , 1./' 07 C P 46 000\ 

lOGO ~ 07 C P4-(.;} 0).04-
t 

1,)1:( - 1./ o7 C P4\uOO I 
i030 ,,/ o 7 c.p 4-S' O.::tDt:t-

I-sOD t/ 07 5(~ 14- 000 I 

I !)o~ ",/ . 07 5€ I~ 0'104 
'-11 \ v (VJrJ / rD OJ..."UOI 0 J 

~~~I'~~ISttf~Yc(/.NA TURE): DATEITIME: RECEIVED BY(SIGNATURE): 

I \-~l )~/t--" '-....;;;- ),,:~~'Oll resu F'f/'YCI-
RELINQUISHED BY (SIGNATURE): DATEITIME: RECEIVED BY (SIGNATURE): 

I 
RELINQUISHED BY (SIGNATURE): DATE I TIME: RECEIVED FOR LABORA TORY BY 

(SIGNA TURE): 

I 
Order No. 10440 (0693) 

NO. 
OF 

CON-
TAINERS 

G 
)... 

I 

I 

. ..l.. 

J-

) ... 

2. 

l 
...... ....--

).-

'J-

~ 

:1.. 

).. 

N 
..;: ,".} .. 

.;) ,j' 
>oJ..g , -

l l &- v,8-
- .", 

~'~ ~~ ~ ~ ..u\ ~>-~ .. _.-." 
.' vi " ,,)'( ffs "V ':/:::' i .... 
<;!, VI ;>-~~ 

-.;::-.... - -, ' ..... ' 
<cr~ ~~ <:,..: ~ 

-.... ~ t,' ' .... ~ . '-' <-tif' 4t ~ v '':' 

I ') 

J 

I I 
\ I 
\ \ 
\ I 
\ I 
\ \ 

\ I 
\ \ , \ 

\ \ 

\ I 

n'l'"""'39 ,>-.J C 1.,,)\ .' 

REMARKS 

() f:.r LI N_~t'<.. 
PUV';11 '-

:2... \ I ~.!; rBal~ COOl 
RELINQUISHED BY (SIGNATURE): DATEITIME: RECEIVED BY(SIGNATURE): 

J 
RELINQUISHED IV (SIGNATURE): DATE IT/ME: RECEIVED BY(SIGNATURE): 

I 
DATEITIME: REMARKS: 1\ t~ :::J:;: 8..l..44- 4- G 7.),..c+ ~ L J_ 

I 

(')0\ .?, ' 7 
I . ) J l .-



CHAIN OF CUSTODY RECORD 
/'I 

. /'I 't:;f...Q 
o ."\ 

rf.. '"' 

Ps kor'7 
02340 

PROJECT NO.: . SITE NAME: , 
LorD If>O:#: .~qbL NSWc... cRANf: .' , , "'-..59TU'.I, A ' NO. , ~l!:"" OF 

/!..~- 5' J~~, CON- -- <i1T' REMARKS 
, -- .. - TAlNERS 

~~ STATION DATE TIME COMP GRAs' STAnON LOCATION 
NO. 

07 ~l '~Is' v 
07~BJ6 DOD I ;t I \ 

I~J.O ,,/ 075& I b o)..o~ :L \ f 
i~30 ,/ 07 S& I S- DOD I :l.. I \ 
1~3S- ' v" 07S()'~ OlO+ r;- ~ "3 t-< ~2, 1\ \. ... U 

MS Mr;f) 

ncr; t/ 07 sB 19 000 I ~ ( \ 
\3SU /' o7SB J 9 0:1.04- A. I \ 
I~~ / 0755 19 (XX) I 2. , \ 
JtOO ~ o7SB \C[ O:lQ!-_ .J... I , 
,.;oS" 07SB ')..0 CXXJI ::l. \ \ 
I'i-IO v 07 5& J..O 0204- J.... \ , 
14-2.0 / 07 SIS :1.'1. oro l ~ \ l 

iOrJ.C; 
r- ,/ , 07 SIS U 0).04 ;l... \ 

~ v: o7S(3, ,~ooo I :l... \ I 
-......1 'if I44S II" 07 S8 I"J-.. 0'1..0"", l. \ l 

·~rEJ"JZ..TU"I' 
DATE/TIME: RECEIVED BY(SIGNATURE): RElINQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED BY(SIGNATURE): 

~. :g.o( 1/830 PEiDfi 1 
RELINQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED BY (SIGNATURE): RElINQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED BY(SIGNATURE): 

I I 
RELINQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED FOR LABORATORY BY DATE/TIME: REMARKS: 1\6 #.. 8).44- 4b 72, 4-5(;,·..2..... 

(SIGNATURE): 

I I I 
OI'cIer NO, 70440 (0 



t'1~ 
P')~vf 7 

0234-1 
. - - I ,,-

PROJECT NO.: SITE NAME: 

.~ :A eTO I Go$3'1fb{ N.SWc.... C~l\NG ',<{ ""'~ '~ 
SAMPLER~'d'TU~; NO. ... 'I:"" ~ \oj 

-1~~ )./~ 
OF . <-~~ ... ~~ REMARKS CON- ¥j" ~i" ~R. TAIN.ERS 

STATION 
f.tj ~ u. ~. 

NO. 
DATE TIME CDMP GRAB STA nON LOCATION a: ~ ~~ J 
I~ ~ ~ 07 sB 11000 J 

, I 
I 

07 2 
\~O /' 07 S~ 110).04- :z \ ( I 

I 

<Jr..XJO v' f () 0).'1.20 I O:L. \ J 
f>L4P Or I 

-:L 07 5~ II 0;1.04 

19)'0 ./ 07S~ 10 000' ')... \ \ I 

15'11. ,/ 07 Sg 10 OJ....ot ..:t \ \ 
1~40 ./ 07 SB AI 0001 .:t.. \ \ 
IC;~ ./ 07 SB:l..\ o)..QOr J... \ \ 
1";<;0 V'" cJ7 sB J..~ 000 ( :l.. \ , 
I~ V' 07S5:13 OJ.O~ ::2.. \ , 
160r; ./' D7 58:2.4- 000 I :L I \ 
IbiD / 07 s8 ).4- OlO~ .~ \ i 

\ V ...... ~ 0000 ~ F () o:t,)"J..O loS .2. I \ o.l.(_"" 0 F 
o7SB2.~ aOO} 

;~ fl.3 I\)~ / A6 Oll301 0 J G I S I"~ t'\'-ITI L, VI., J-V'> f\/~ l ~ 
k .. # TfN\.V(1.... 

~E~,rEi)-ZURE): DATE/TIME: RECEIVED BV(SIGNATURE): RELINQUISHED IV (SIGNATURE): DATE/TIME: RECEIVED IV(SIGNATURE): 

~·~·Olll~ FEO£L<_ 
RELINQUISHED BV (SIGNATURE): DATE/TIME: RECEIVED IY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED IV(SIGNATURE): 

I 
RELINQUISHED IV (SIGNATURE): DATE /TIME: RECEIVED FOR LABORATORY BY 

(SIGNATURE): 
DATE/TIME: REMARKS: 1\!5 ~ 6244 4b 72 4-~ b'l.. 

I I 
O,de, No_ 10440 (0691) 



CHAIN OF CUSTODY RECORD 

PROJECT NO.: . 'fF . / SITE NAME: 

NSWC- cJ?..ANL (~IO f GO 3'1b 

S~'~7-r')'L '-1!~ --- 1~ J • , 

STATION DATE TIME COMP GRAB STATION LOCAnON 
NO. 

/.') 7 1~3 cmJ v' fD 0).'1."301 0 I 
Wlo ./ 07 Sf.) '7 000 I 
Odl~ ,/ 07 sB 17 0 J...()~ 
~ / 07 S (3) ~<) 0001 

o!-3SS ,/ 07 56 :l.S- 0 JOt-
0'1 1,,- / 075607000 I 
P1 ).1,) ,/ 07 S~ 070).04-
p'130 ,/ 07 56 J...lo 000 I 
O'1~ ./ 07 sIS ~b0204-
0Cf4{l / 07 sl3lB caJ/ 
'Jt4rl t/ 

Q 7 Sf) ::l ~ 0).0'1-

ViS<> ./ o7S~ 27 0001 
tWO ,/ 075&:1.70201-

"..11 \ V ~oo ;/ f 0 0 ).).:So J 01..._ 
RELINQUISHED ~TURE): DATEITIME: RECEIVED BY(SIGNA TURE): 

} ~ r 
f60~f --'7/~ / -l--- J.-)3·oI116iJ . , . 

RELINQUISHED BY (SIGNATURE): DATEITIME: RECEIVED BY (SIGNATURE): 

I 
RELINQUISHED BY (SIGNATURE): DATEITIME: RECEIVED FOR LABORATORY BY 

(SIGNATURE): 

I 
Order No_ 70440 (Ot 

II. , 
~ , , 

II 
NO. 

~~ OF 
CON-

TAINERS 

:t ~~7 
..1... \ \ 

::L 
, ( 

S- :t. "3 

)... \ \ 

:L \ ( 

.2. I I 
)... \ I 
:l.. \ \ 

~ \ \ 
:t. I I 
'J.... 1 \ 
:L \ I 
:>...... \ I 
:L l I 

RELINQUISHED BY (SIGNATURE): 

RELINQUISHED BY (SIGNATURE): 

DATE/TIME: 

I 
DATE /TIME: 

I 

fl,,) bot 7 
023 lt2 

REMARKS 

rJI.l y 0 r-
07S15 \7000/ 

J<.\A ~/j F\\. ~u 
Mt> MSJ) 

010{,.. o~~_ 

07 sBJ..8 0:1.04-
RECEIVED BY(5IGNATURE): 

RECEIVED BY(SIGNATURE): 

DATE/TIME: REMARKS:Ag ~- 6.l4-t 4(;; 72.. 4-S b 2... 
I 



p'? 70r 7 
CHAIN OF CUSTODY RECORD 02343 

k' 
PROJECT NO.: SITE NAME: , '" 

C TO I GO:1f:3C(0/ NC;WC-- CV< AN~ ~ ..... 
VI' 

SA~~LER~~7ATYJll):~) • 
NO. 

~ OF .' 7<- 5. - ' ~'vt/'-- CON- I REMARKS 
"J 

TAINERS 
STATION r:tATE TIME COMP GMB STATION LOCATION \(J~ Cl.J. NO. 

07 I)~ \0\0 ./ o 7S{SO I 000 I :>- l I 
IOD .. / 07 5(501 OJ..O~ )... ( ( 
IO~C / o 7 S B 0'1-- OCX:J/ :\... ~ \ 
ful.~ /' o 75B2'1: O).()t ,;). \ I 
IV~O v" () 7 s& OS;- (XX) I -:L \ t 
IOS( ,/ o 7S IS ot;" 0).04- A \ ( 
I~ ~ 07Sg0b 0001 ~ \ \ 

'\ I \ V IvS-o ./' 07sBob 01.ot- ~ \ \ 

~E~li~?2NATURE): DATE /TIME: RECEIVED BY(SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED BY(SIGNATURE): 

l·l-$·<.I} l;S~ FEO£'-;i I /\- --. ,.> 

RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED BY(SIGNATURE): 

I I 
RELINQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED FOR LABORATORY BY DATE/TIME: REMARKS: A ($ :.J::+:. 824+- ~~6 7.l.. 4,.-.5 ~.l., 

(SIGNATURE): 

I I 
Order No. 70440 (0693) 



CHAIN OF CUSTODY RECORD 

PROJECT NO.: SITE NAME: 

<~ TV I b() -If: 3Cfh{ f'{ <;t{/C. cAI\('~ C 
SAMPL.~R~ (SIGNA ~~E)~ "-

--7 i-I /7 _ v'1'1-'-1 -_____ I \ .. __ " 

STATION bATE COMP G~B STATION LOCATION TIME 
NO. 

I;{~ ow0 
/ 

;)7 V fO o).:l~OI O"S 

I 
, 1'\~7 -./ o 7 S~ o.:l 000 I 

I f~~ /' 
07S (S 0).. O~l()t· J 

I I ->(JQ v 
07 S(S 03 000 I 

IS',V ,/ 07 5 13 a '3, u l <::\-" 
\,-,,0 

) " 
v 07 S (3, of) 000 I 

! \~4\) ./ 07S(~ DB 0204-
IUi"( t/ 07 Sf) 0'1 OOOi 

',V 1710 V 0"7 sIS OC-[ o:leA-
')!, .(, "' .. 1/'/ 070S RC) OJ,:~4() I 0 I , ~:-r 

+ 7< .J I V 5[~ ul),4"o I 0 I 
\/ .J' CJJ)) ~ (0 O:l.-:L 4-01 01 

R~~IN,~:~17EDJ=t:TURE): DATE/TIME: RECEIVED BY(SIGNATURE): 

J,._ . .-" ... )..-21-.~ I f)OO r-(D(~ 
RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY (SIGNATURE): 

I 
RELINQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED FOR LAB ORA TORY BY 

(SIGNATURE): 

I ---

Order No. 70440 (0\ 

NO. 
OF 

CON-
TAINERS 

.:2_. 

~ 

l 

,~ 

1. 

~ 

.2., 

-:l. 
'-" . ..... 
6' 

j 
/\j 
o 

tv ~ 

~ ,~.\ 
I~ \ 

0" i~' 

"" ' .... ... 
(> , 'OJ" ":::\'- ) 'x.: 

..,,' (1 . ,.t,~ 
~ 1..1"'-. ..." V' 
I~ K:' ::>Jr-;. J' ..., ~ -< -, 

'- ''it' ~-:«-'" ~-" 
'" ~.vX' 

i.!J".) , !::- 0:: ~C) ,.- <-. "'- -.' 
~ I.u ~ '4.v. 

\ \ 
I \ \ 

\ \ 

\ \ 
\ \ 

\ \ 
\ \ 

\ \ 

\ I 
c;-I , 

.L 
0" 023h4 

REMARKS 

()~ t' 0 r-
o 7S&;J.. 0..:10+ 

I 

! 

i 

I 

I 

<;,1\/j"l\' .... s~ -;; ITI;. \... 
I\~'-""i': ,Ul./.!(T - I 

S ~I>A I"", ~ 1.<./("'1'''= L 15U)T'. f_ 

0 I 5""- t{""?A". or '-V/(~J'" I 

.2. \ \ 
OI.tP of 

o7sB -:l.8 0001 I 

I 

RELINQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED BY(SIGNATURE): 

I 
RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): 

I 
DATE /TIME: REMARKS: !\is .JJ:- 9.J44- 4672, 4"5 (;/'1., 

I 



CHAIN OF CUSTODY RECORD 

PROJECT NO.: SITE NAME: 

c:~r() I GO-#:- 3'16/ NSulc cR.ANf-

5~""JR5t)" J ' 7 \. . . --- ~vJ·----. 
STATION DATE TIME COMP (RAI STATION LOCATION 

NO. 

0] I~+ ~~. r 07SB :lCforo l 
I~ OePl ,/ 07 siS "2 'f 0:>"01-1'7V~ 

~~10 / 07 SB 30 000 I 
~o c./ 07 sfS 30 o~04-
0f131 v 07 s(s 31 0001 

\~ \t; ce4C V- 07 S& 3/ Qlat 

RELlN<rS;J!I~URE): DATE/TIME: RECEIVED IY(SIGNATURE): 

-··1(.- - 2-1. t.\-.o III sOC> r-ElDEj< 
RELINQUISHED IY (SIGNATURE): DATE/TIME: RECEIVED IY (SIGNATURE): 

I 
RELINQUISHED IY (SIGNATURE): DATE/TIME: RECEIVED FOR LAIORA TORY IY 

I 
(SIGNATURE): 

Order No. 70440 (0693) 

rJ 
IV 

...;....0 

\)'I.b 

.., 

"'-, 
~ "',,<: 

'I' 

NO. <: 
OF . I ~ 

CON· h~ TAINERS 

~ :1 
~ \ \ 
s- ~- 3 
:l- \ \ 

:t. \ \ 

~ 
, 

I 

l. \ I 

RELINQUISHED IY (SIGNATURE): 

RELINQUISHED IY (SIGNATURE): 

DATE/TIME: RE~RKS:I\~ ~ 

I 

0234J 

REMARKS 

K~;'), 1\ \. -"'U 
N-.S MSV 

, 

DATE /TIME: RECEIVED IY(SIGNATURE): 

I 
DATE /TIME: RECEIVED IY(SIGNATURE): 

I 
8~¥t- +G 7.2..... ~ ~ Lf<") 



(It] TETRA TECH NUS, INC. 

PROJECT NO: I SITE NAME: 
eTC? \bO 3'161 N S we.- c.« AN ( 
SAMP~SIGNATURE) • 

/( --- /.-P~/'--

STANDARD TAT? 
RUSH TAT 0 o 24 hr. o 48 hr. o 72 hr. o 7 day o 14 day 

<3 oRR 
() 

7 n. :5 I.V'Ml-1 
Wo:: 
I-c( 
c(w TIME 
c>- ¥-~ SAMPLE 10 

Yb 08~ 07 si/ 4 ~ 0001 

0900 07 :sfS 4'fj 0).04-

b90S- U7 S~4-7 (J(X)/ 

0110 07 5~ 47 010t 
O~)..O 07 S~~C;3, 000 I 
oq).t:; 07 56 ~ o~ 
D9~ 07 S~S44 ooal 
O~~ o ? sg 44 oJ.o~~ 
cmo r () 030(,02 0 I 

I ooct] f \J O~Ob 0) u2 
lvt~ o / Ss~ ~o () UI;) I 

"V IGl~ 07 5B 50 0)..01-

11~ 1800 I~e o~060~ 0 I 
1. RELINQUISH~J! ~ 5YL ' . ~-vJ. _____ 
2. RELINQUISHED BY I r 

3 RELINQUISHED BY 

COMMP'-

DISTRlb ...... IN: WHITE (ACCOMPANIES SAMPLE) 

CHAIN OF CUSTODY I NUMBER PAGE_(_OFL 

P~OJECT MANAGAtfi.NKPHONj !U~I 
\f1(V~ C{ 4- 34/S-' LABOAl?Q!~ME AN~ C~~ACp: L - U Ih::KTICE 

FIELD OPERATIONS LEADER AND PHONE NUMBER ADDRESS 

15E'-nf ~l M PSON.4()·1)j 8t~1 
CARRIERIWAYBILL NUMBER CITY, STATE 

LC\C~t 'I 8)...80 BO)" 8113 Sfkrn~ tVA 
CONTAINER TYPE 

/~/ / L L / / / PLASTIC (P) or GLAS~_ 

PRESERVATIVE AY///L/// USED 

x §:il 
0: mil. 
I- c(:IE 
c( 0::0 
:IE (!)U 

:s &-
S G-
S G-

S 
# 

b-

S G· 
5 ~ 

5 6 
5 6-
5 6-

S~& 
S 6-
s 6-

AG- G-

~~IJ. 0).. 
DATE 

DATE 

VI 

~~ 0:: 
W z 
~ r1Ifu~ I-z 
0 
u 
u. 
0 
0 f.v~ z 

l I 
I I 

I \ 

I I 

.2- 2. 
I \ 

I \ 

I I 
; I 

, 
\ l 

I \ 

I , 
.). J..-

Tlr~\) 1. REC?rfS BY 'X C E 
TIME 2. RECEIVED BY 

TIME 3. RECEIVED BY 

YELLOW (FIL-_'" COPY) PINK (FILE COPY) 

COMMENTS 

\~S ) 

S~ 

Mt:rM~D 55 

SS 

~(.(sS47 J 07 000 

D7SB 4-'"1 O"l04 

DATE 

DATE 

DATE 

sS 

.,,.. ..,. 
.""IY .. ' ... ' >I ...... ~ 

(2.,U\.(/L 
TIME 

.-

TIME 

TIME 

3199 
FOPM NO TtNlls·nn1 



(It] TETRA TECH NUS, INC. ' CHAIN OF CUSTODY I NUMBER PAGE 2.. OF L 

PROJECT NO:"',n. I SITE NAME: _ FWOJECT IXIANAGER ANDI~HON~NIUMBER oA rc- LABORATO~X ~"ME ANI? CONTAC!.: , cro t 100":>7" I N~ etlAN+.; g~c ~( c..ll"\t'-<- '"' c.or 2 921 8-1"/ ~ LAV(j(,:> - HUSI! ~rtENT1 c~ 
SAMP~ERS SIGN~TUR ) FIELD OPERATIONS LEADER AND PHONE NUMBER ADDRESS 

7(-- <"", (~Ern-J SlMP<'UN 412'll\81<) 
/ -' CARRIERIWAYBILL NUMBER C=IT~y,~S'=TA~T=E------------

FED;f;( 8280 74-0:t tillS S~ 1\'ITl~- W/\ 
~~~;~~~~ ~;~~ASS (G) 7 (:{ / / / / / / / 

STANDARD TAT [11., PRESERVATIVE - -;< u 77 7 / / / / / 
f&~~ ~~T 1j "",. 0 72 ",. 0 7 d" 0 14 d" ~ USED e, / ;;.. /' 

~ . 5"1.<.1 M c( 7 ~ #ri§< ., (., '-> 

o 0 R. rZ __ ~ _~cr. k" 
rl >< !:2.~ u ~,. ~-

W D:: 1i: II) 11. OLL I i'\ 
I- or.(~ '~ 

~ ~ TIME or.( D:: 0 ci J;~ COMMENTS 
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CHOICE OF BASE-WIDE BACKGROUND DATA SETS 

Surface and subsurface soil samples from the Old Rifle Range (ORR) and Old Pistol Range (OPR) were 

determined to be from Mississippian-age parent material and classified by grain size as silt. 

Surface soil results were compared to soil group # 3 from the Crane Base-wide Background Investigation 

Report. This group contains surface soils from Alluvial, Mississippian, and Pennsylvanian parent material 

regardless of grain size. This surface background data set contains 15 results. 

Subsurface soil results were compared to soil group # 7 from the Crane Base-wide Background 

lnvestigation Report. This group contains subsurface soils from Mississippian parent material classified 

by grain size as silt. This subsurface background data set contains 5 results. 

G.2 BASIC APPROACH OF THE COMPARISON OF ORRIOPR SOIL RESULTS TO THE 

FACILITY-WIDE BACKGROUND RESULTS 

Site data was compared to background data using either parametric or non-parametric analysis. The 

statistical methods described in the following paragraphs were used to determine if parameter 

concentrations detected in site samples were significantly different, statistically speaking, from those 

detected in samples from the background samples. 

The Analysis of Variance or the ANOVA technique was the basic approach used to compare data from 

background and site locations. The ANOVA technique was used to test whether there was statistically 

significant evidence of contamination associated with ORRIOPR. There are two types of ANOVA: 

parametric and non-parametric. Parametric ANOVA methods make two important assumptions: 1) the 

data residuals are normally (or lognormally) distributed, and 2) the group variances are homogeneous. 

If the analysis of the data demonstrated that these assumptions, critical to the parametric ANOVA, were 

violated, non-parametric ANOVA techniques were conducted using the ranks of the observations rather 

than the observations themselves (U.S. EPA, 1989). The Wilcoxon Rank-Sum test (also known as the 

Mann-Whitney U test) was employed as the non-parametric ANOVA for comparing the site results to the 

background results. Only manganese in ORR surface soil was found to have the same underlying 

distribution as background and homogeneous variance, so parametric ANOVA could be performed. The 

Wilcoxon Rank-Sum non-parametric ANOVA was performed on all other data sets. 
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G.2.1 Limit of Detection 

In the chemical analysis of environmental samples, some analytes may be present at concentrations that 

are below the sample quantitation limit (SQL) of the analytical procedure. The results are generally 

reported as not detected (rather than zero), and the appropriate limit of detection is given. The amount of 

data that are below the detection limit plays an important role in selecting the method of addressing the 

limit of detection problem. The nondetects found at ORRIOPR were replaced with the SQL divided by 

two prior to statistical analysis. 

G.3 PARAMETRIC AND NONPARAMETRIC ANALYSIS OF VARIANCE (ANOVA) 

G.3.1 PARAMETRIC ANOVA: 

ANOVA is widely used in the examination of environmental data sets. A one-way classification ANOVA is 

used to determine whether or not the difference between average concentrations of a parameter detected 

in site locations and background concentrations is statistically significant. The data residuals are the 

values resulting from subtracting each measured value from the arithmetic mean. The assumptions that 

the residuals are drawn from an underlying normal (or lognormal) distribution and that the background 

and site data sets have homogeneous variances must be examined prior to employing a parametric 

ANOVA 

G.3.1.1 The Shapiro-Wilk "W-test" of Normality (n 150) 

As stated above, the data residuals must be analyzed to determine whether they were drawn from an 

underlying normal, lognormal or undetermined distribution. A number of statistical evaluations may be 

used to determine which, if either, of the distributions are exhibited by a given data set. As recommended 

by the EPA, the Shapiro-Wilk "W-test" (for sample sets 250) and the Shapiro-Francia "W-test" (for sample 

sets >50) will be used to determine whether the data are normally or lognormally distributed (U.S. EPA, 

1992). The sample sets for the ORR were 28 and 28 and the sample sets for the OPR were 18 and 18, 

therefore the Shapiro-Wilk test was used in both cases. 

The Shapiro-Wilk "W-test" (Gilbert, 1987) is an effective method for determining whether a data set has 

been drawn from an underlying normal (or lognormal) distribution. In addition, by conducting the Shapiro 

and Wilk "W-test" on the log-transformed data, the test may be used to determine whether the data have 

been drawn from an underlying lognormal distribution. 

The null hypothesis (Ho) that is tested is: 
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Ho The population has a normal (or lognormal when the data is log-transformed) distribution. 

The alternate hypothesis (HA) is: 

HA The population does not have a normal (or lognormal when the data is log-transformed) 

distribution. 

If Ho is rejected, then HA is accepted. If Ho is not rejected, the data set is consistent with the Ho 

hypothesis statement distribution. 

A "W" statistic (WcaIC) is computed for a data set (or a log transformed data set) and compared to a test 

statistic (Wtest). If Weak = W,,!, then the null hypothesis is not rejected (i.e. the data are assumed to be 

normally distributed [or lognormally distributed if log transformed data are tested]). If WCaIc < W,,(, then the 

null hypothesis is rejected and the alternative hypothesis is accepted (i.e., the data are not assumed to be 

normally distributed [or not lognormally distributed if log transformed data are tested]). 

The following equations present a step-by-step procedure for conducting the W-test on the residuals (see 

sample calculations in this Appendix). 

Step 1. The equation for conducting the W-Test is: 

where 

and n is the total number of samples. 

Step 2a. Order the n residuals from smallest to largest to obtain the sample order statistics: 
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Step 2b. Reverse the order, largest to smallest, and find the difference of 

4 Step 3. Compute the standard deviation by: 

Step 4. Determine the coefficients a,, a2,a3,..,ak for the sample size n using Sample 

Calculation Table 1 where: 

n .  
k = - ~f n is even ; and 

2 

n l  . 
k = - ~fnisodd 

2 

Step 5. Determine b by the formula: 

k k 
b =  Z ai (fin-i+rl - XI)= Z bi 

i=l i=l  

Step 6. Calculate WCalc using b from above: 

4 Step 7. Determine W,,,, at the 5% significance level from Sample Calculation Table 2. 
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Step 8. Reject Ho at the 5% significance level if W,,, is less than Wtest. 

To test the null hypothesis that the data set has been drawn from an underlying lognormal distribution, 

transform the data to yl, y2,y3, ...,yj where yj = In Xi. Repeat steps 1 through 8 as described in the 

preceding paragraphs. A summary of all Shapiro-Wilk results can be found in Table 3-7 in the columns 

labeled "Site Underlying Distribution" and "Background Underlying Distribution". 

G.3.1.2 Shapiro-Francia Test of Normality (n>50) 

The Shapiro-Wilk test of Normality can be used for sample sizes up to 50. When the sample size is larger 

than 50 a slight modification of the procedure called the Shapiro-Francia test (Shapiro and Francia, 1972) 

can be used instead. This procedure was not employed for these analyses because sample sizes were 

less than 50. 

G.3.1.3 Homogeneity of Variance 

An important assumption in analysis of variance (ANOVA) is that the variances in the different groups are 

equal (homogeneous). A powerful and commonly used test of this assumption, when underlying 

distributions are the same is Levene's test. This test has practically replaced the older and less robust 

Bartlett's test and Chi-square test. 

Levene's test (homogeneity of variances): For each dependent variable, an analysis of variance is 

performed on the absolute deviations of values from the respective group means. If the Levene test is 

statistically significant, then the hypothesis of homogeneous variances should be rejected. 

To conduct Levene's test first run a standard one-way analysis of variation (ANOVA) on the variable X, 

(see section G.3.1.4). If the F test is significant, reject the hypothesis of equal group variances. 

Otherwise, proceed with the analysis of Xis as planned. A summary of all Levene's test results can be 

found in Table 3-7. 

G.3.1.4 Parametric ANOVA 

Assume that a site has k locations and that ni data points (analyte concentrations) are available for the fh  
location. The following equations present a step-by-step procedure for conducting the parametric 

ANOVA. 
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Step 1. Compute the sums and means of each location (0 as follows: 

nl 
Xi = C xi, C of all n observations at well i 

j=1 

- X 
X = - grand mean of all observations 

N ' 

- Xi XI = -, average of all ni observations at well i 
ni 

k nl 
X = 1 xii, grand total of all ni observations 

i=l j=l 

k 
IV = 1 ni, total number of observations 

i=l 

Step 2. Compute the sum of squares of differences between the individual location means 

and the grand mean: 

This sum of squares has v l  = (k-1) degrees of freedom associated with it and is a measure of 

the variability between locations. 

Step 3. Compute the corrected total sum of squares 

This sum of squares has v2 = (N-1) degrees of freedom associated with it and is a measure 

of variability in the whole data set. 

Step 4. Compute the sum of squares of differences of observations within locations from the 

location means. This value is the sum of squares due to error and is obtained by simple 

subtraction: 
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The sum of squares due to error has associated with it (N-k) degrees of freedom and is a 

measure of the variability within locations. 

Step 5. Set up the ANOVA table. The sums of squares and their degrees of freedom were 

obtained from Steps 2 through 4. The mean square quantities are simply obtained by 

dividing each sum of squares by its corresponding degrees of freedom. 

ONE-WAY PARAMETRIC ANOVA TABLE 

Source of Sums of Degrees of Mean F 

Variation Squares Freedom Squares 

Between Sssamp~e MSsamp~e=k-l SS~ampte/(k-1) F=MSsamp~es/MS~rror 

Locations 

Error (within SSError MSError=N-k SSError/(N-k) 

Locations) 

Total SSTO~I N-1 

Step 6. To test the hypothesis of equal means for all k locations, compute 

F =  MSsaWl$MSEmr (last column in above table). Compare this statistic to the tabulated F 

statistic with (k-1) and (N-k) degrees of freedom (Sample Calculation Table 3) at the 5% 

significance level. If the calculated F value exceeds the tabulated value, reject the 

hypothesis of equal location means. Otherwise, conclude that there is no significant 

difference between the concentrations of the k locations and thus no evidence of 

contamination. The parametric AIVOVA result (p) for manganese is found in Table 3-7. 
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G.3.2 Non-Parametric ANOVA 

The parametric ANOVA technique is the preferred approach for comparing environmental measurements 

from site results to background data. However, parametric ANOVA methods make two key assumptions: 

(1) the results are normally (or lognormally) distributed and (2) the group variances are approximately 

equal. If either of these assumptions are violated, non-parametric tests may be used to determine if 

constituent concentrations present in the site locations significantly exceed those present in background 

locations. 

Non-parametric tests are conducted using the ranks of the analytical results rather than the analytical 

results themselves. Therefore, the data sets are inspected for extremely high values that may have been 

underestimated as a result of the ranking process. 

G.3.2.1 The Wilcoxon Rank-Sum Test 

The Wilcoxon Rank-Sum test (U.S. EPA, 1992) (also known as the Mann-Whitney U test) should be 

employed as the non-parametric ANOVA technique. The following equations present a step-by-step 

procedure for conducting the Wilcoxon Rank-Sum test. 

The null hypothesis (Ho) that is tested is: 

Ho The site concentration IS NOT statistically higher than the background concentration. 

The alternate hypothesis (HA) is: 

HA The site concentration statistically higher than the background concentration. 

If Ho is rejected, then HA is accepted. If Ho is not rejected, the data set is consistent with the Ho 

distribution. 

Step 1. Combine the background and site data and rank the ordered values from 1 to N. 

Assume there are n site samples and m background samples so that N = m + n. 
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Step 2. Compute the Wilcoxon statistic W 

where E; are the ranks of the site samples (Large values of the statistic W give evidence of 

contamination in site locations). 

Step 3. Compute an approximate Z-score. To find the critical value of W, a normal 

approximation to its distribution is used. The expected value and standard deviation of W 

under the null hypothesis (i.e., no contamination exists) are given by the formulas: 

An approximate 2-score for the Wilcoxon Rank-Sum test may be calculated by the 

following equations: 

The factor of 112 in the numerator serves as a continuity correction because the discrete 

distribution of the statistic W is being approximated by the continuous normal distribution. 

If n or m > 10 and ties are present, an adjustment to the approximate Z-score must be 

made: 
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- 
2 

where: SD' (W) = 

9 = the number of tied groups and 4 is the number of tied data in the jh 

group. 

Step 4. For a one-tailed 95% confidence level test for Ho versus the, reject Ho and accept HA 

if ZADJUsTED > z0.95 = + 1.645, which corresponds to a p-value of 0.05. A summary of all non- 

parametric ANOVA results (p) can be found in Table 3-7. 
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Region 9 Preliminary Remediation Goal 

Assumptions and Calculations 



urile3sbh 8EPAW u m = - 4  Waste Programs -- -- -- -- -- - - - - -- -- .- -- -. - - 

f . m 7  

PRGs: What's New in 2000 
-- - - 

Subject: Region 9 PRGs Table 2000 
Update 

From: Stanford J. Smucker, Ph.D. 
Regional Toxicologist (SFD-8-B) 
Technical Support Group 

To: PRG Table Users 

The Region 9 PRGs Table has been 
updated. You can find it at the PRG 
home page on the Web at: 
ht~://www.e~a.~ov/region09/ 
wastelsfundprnl. 

PRG Home 1 What's New 
FAO I Other Links 

R9 PRG Tables: 
A-BU I Ca-De I Di-Fe I Fl-Mo ) Na-Pu 1 ----- 
pv-zi 
Soil Calculations: 
A-Bu 1 Ca-De I Di-Fe I Fl-Mo ] Na-Pu 1 
pv-zi 
Air-Water Calculations: 
A-Bu I Ca-De 1 Di-Fe I Fl-Mo I Na-Pu I ----- 
pv-zi 
Toxicity Values: 
A-BU ( Ca-De I Di-Fe ( Fl-Mo ( Na-Pu I ----- 
pv-zi 
Phys-Chem Data: 
A-Di 1 Eu-Tr -- 

To minimize paper usage, the PRGs Table is now primarily available through 
the Internet. A PRG mailing list will no longer be maintained for sending out 
printed copies. 

The risk-based concentrations ("PRGs") presented in the Table reflect state-of- 
the-science approaches in toxicology and exposure assessment. Chemicals for 
which new toxicity values have been added in the 2000 update include: 
benzene, chlorine, cyclohexane, 4,4'-dichlorobenzophenone, 1,3- 
dichloropropene, diisononyl phthalate, n,n-diphenyl-1,4 benzenediamine 
(DPPD), dysprosium, ethylene glycol monobutyl ether, 
hexachlorobutadiene, monomethyl and dimethyl hydrazines, 1,l'- 
sulfonylbis(4-chlorobenzene), thallium, trimellitic anhydride (TMAN), 
triphenylphosphine oxide, tris(2-chloroethyl) phosphate, vinyl chloride and 
uranium. In addition, lead in industrial soils has a new "screening" PRG based 
on the recommendations of the Technical Review Workgroup (TRW) for Lead. 
Finally, two new "Cal-Modified PRGs" have been added for 1,l- 
dichloroethane and MTBE based on California EPA toxicity values.- 

In this update, there are no changes to the exposure factors used to calculate 
PRGs. We are hopeful that the Dermal Guidance document entitled "Risk 
Assessment Guidance for Superfund Volume I: Human Health Evaluation 
Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) Interim 
Guidance" will be officially released in the near future. The recommendations of 
the dermal workgroup that had previously been incorporated in the 1999 PRG 
Table for soil exposures have not changed. 



' I  

i 

,/' Before relying on any number in the table, it is recommended that the user 
verify the numbers with an agency toxicologist or risk assessor because the 

i toxicity 1 exposure information in the table may contain errors or default 
assumptions that need to be refined based on further evaluation. If you find an 
error please send me a note via email at smucker.stan@epa.nov . 
-- -- -- 

Region 9 Waste Home ( Region 9 Superfund Home ( Region 9 PRG Home 
Region 9 Home ( EPA Home I Search 1 Cornments/Ouestions 

. . . . - . . . .-.-._-.__--..___.-._.........-A ~ . _. _ 

Region 9 Office: 75 Hawthorne St., San Francisco, Calif., 94105 

Send PRG-related comments and questions to smucker.stan@e~a.nov 

Posted: November 3,2000 

URL: http~///wawaplgov/repion09/wdduodlp~ha~~wI~ 
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/ DISCLAIMER 

Preliminary remediation goals (PRGs) focus on common exposure pathways and may not 
consider all exposure pathways encountered a t  CERCLA 1 RCRA sites (Exhibit 1-1). 

\ PRGs do not consider impact to groundwater or address ecological concerns. PRGs are 
specifically not intended as a (1) stand-alone decision-making tool, (2) as a substitute for 
EPA guidance for preparing baseline risk assessments, or  (3) a rule to determine if a waste 
is hazardous under RCRA. 

The guidance set out in this document is not final Agency action. It  is not intended, nor can 
it be relied upon to create any rights enforceable by any party in litigation with the United 
States. EPA officials may decide to follow the guidance provided herein, or  act a t  variance 
with the guidance, based on an analysis of specific circumstances. The Agency also 
reserves the right to change this guidance at any time without public notice. 

1.0 INTRODUCTION 

Region 9 Preliminary Remediation Goals (PRGs) are risk-based tools for evaluating and cleaning 
up contaminated sites. They are being used to streamline and standardize all stages of the risk 
decision-making process. 

The Region 9 PRG table combines current EPA toxicity values with "standard" exposure factors 
to estimate contaminant concentrations in environmental media (soil, air, and water) that are 
considered protective of humans, including sensitive groups, over a lifetime. Chemical 
concentrations above these levels would not automatically designate a site as "dirty" or trigger a 
response action. However, exceeding a PRG suggests that hrther evaluation of the potential 
risks that may be posed by site contaminants is appropriate. Further evaluation may include 
additional sampling, consideration of ambient levels in the environment, or a reassessment of the 
assumptions contained in these screening-level estimates (e.g. appropriateness of route-to-route 
extrapolations, appropriateness of using chronic toxicity values to evaluate childhood exposures, 
appropriateness of generic exposure factors for a specific site etc.). 

The PRG concentrations presented in the table can be used to screen pollutants in environmental 
media, trigger further investigation, and provide an initial cleanup goal if applicable. When 
considering PRGs as preliminary goals, residential concentrations should be used for maximum 
beneficial uses of a property. Industrial concentrations are included in the table as an alternative 
cleanup goal for soils. In general, it is not recommended that industrial PRGs be used for 
screening sites unless they are used in conjunction with residential values. 

Before applying PRGs as screening tools or initial goals, the user of the table should consider 
whether the exposure pathways and exposure scenarios at the site are fully accounted for in the 
PRG calculation. Region 9 PRG concentrations are based on exposure pathways for which 
generally accepted methods, models, and assumptions have been developed (i-e. ingestion, 
dermal contact, and inhalation) for specific land-use conditions and do not consider impact to 
groundwater or ecological receptors (see Developing a Conceptual .Site Model below). 



EXHIBIT 1-1 
TYPICAL EXPOSURE PATHWAYS 

FOR RESIDENTIAL AND INDUSTRIA 

EXPOSURE PATHWAYS, ASSU 
I 

MEDIUM I RESIDENTIAL LAND USE 
I 

Ground Water Ingestion from drinking 

In halation of volatiles 

Dermal absorption from 

Surface Water 

1 Inhalation o f  volatiles 

I Dermal absorption from 
I bathing 
I I Ingestion during swimming 

Ingestion of contaminated fish 
I 

Soil Ingestion 
I 

1 Inhalation of particulates 
I I Inhalation of volatiles 
I 

I Exposure to indoor air from 
soil eas 

Exposure to ground water 
contaminated by soil leachate 

Ingestion via plant, meat, or 
dairy products 

- 1 Dermal absorption 

3Y MEDIUM 
L LAND USES' 

VIMG: 

INDUSTRIAL LAND USE 

Ingestion from drinking 

Inhalation of volatiles 

Dermal absorption 

Ingestion from drinking 

Inhalation of volatiles 

Dermal absorption 

Ingestion 

Inhalation of particulates 

Inhalation of volatiles 

Exposure to indoor air from 
soil eas 

Exposure to ground water 
contaminated by soil 
leachate 

Inhalation of particulates 
from trucks and heavy 
eaui~ment 

Footnote: 
'Exposure pathways considered in the PRG calculations are indicated in boldface italics. 



2.0 READING THE PRG TABLE 

2.1 General Considerations 

With the exceptions described below, PRGs are chemical concentrations that correspond to fixed 
levels of risk (i.e. either a one-in-one million [lod] cancer risk or a noncarcinogenic hazard 
quotient of 1) in soil, air, and water. In most cases, where a substance causes both cancer and 
noncancer (systemic) effects, the lod cancer risk will result in a more stringent criteria and 
consequently this value is presented in the hard copy of the table. PRG concentrations that 
equate to a 1 Od cancer risk are indicated by "can. PRG concentrations that equate to a hazard 
quotient of 1 for noncarcinogenic concerns are indicated by "nc". 

If the risk-based concentrations are to be used for site screening, it is recommended that both 
cancer and noncancer-based PRGs be used. Both carcinogenic and noncarcinogenic values may 
be obtained at the Region 9 PRG homepage at: 

It has come to my attention that some users have been multiplying the cancer PRG concentrations 
by 10 or 100 to set "action levels" for triggering remediation or to set less stringent cleanup levels 
for a specific site after considering non-risk-based factors such as ambient levels, detection 
limits, or technological feasibility. This risk management practice recognizes that there may be a 
range of values that may be "acceptable" for carcinogenic risk (EPA's risk management range is 
one-in-a-million [lod] to one-in-ten thousand [lo4]). However, this practice could lead one to 
overlook serious noncancer health threats and it is strongly recommended that the user consult 
with a toxicologist or regional risk assessor before doing this. For carcinogens, I have indicated 
by asterisk ("ca*") in the PRG table where the noncancer PRGs would be exceeded if the cancer 
value that is displayed is multiplied by 100. Two stars ("ca**") indicate that the noncancer 
values would be exceeded if the cancer PRG were multiplied by 10. There is no range of 
"acceptable" noncarcinogenic "risk" so that under no circumstances should noncancer PRGs be 
multiplied by 10 or 100, when setting final cleanup criteria. 

In general, PRG concentrations in the table are risk-based but for soil there are two important 
exceptions: (1) for several volatile chemicals, PRGs are based on the soil saturation equation 
("sat") and (2) for relatively less toxic inorganic and semivolatile contaminants, a non-risk based 
"ceiling limit" concentration is given as 10" mgfkg ("max"). 

Also included in the PRG table are soil screening levels (SSLs) for protection of groundwater 
(see Section 2.3); and, California EPA PRGs ("CAL-Modified PRGs") for specific chemicals 
where CAL-EPA screening values may be "significantly" more restrictive than the federal values 
(see Section 2.4). 



2.2 Toxicity Values 

Heirarchv of Toxicitv Values 

EPA toxicity values, known as noncarcinogenic reference doses (RfD) and carcinogenic slope 
factors (SF) were obtained from IRIS, NCEA (formerly ECAO) through September 2000, and 
HEAST. The priority among sources of toxicological constants of the table in order of 
preference is as follows: (I) IRIS (indicated by "i"), (2) NCEA ("n"), (3) HEAST ("h"), (4) 
withdrawn from IRIS or HEAST and under review ("xu) or obtained from other EPA documents 
("0"). 

Inhalation Conversion Factors 

As of January 199 1, IRIS and NCEA databases no longer present RfDs or SFs for the inhalation 
route. These criteria have been replaced with reference concentrations (RfC) for noncarcinogenic 
effects and unit risk factors (URF) for carcinogenic effects. However, for purposes of estimating 
risk and calculating risk-based concentrations, inhaIation reference doses (REli) and inhalation 
slope factors (SFi) are preferred. This is not a problem for most chemicals because the inhalation 
toxicity criteria are easily converted. To calculate an RfDi from an RfC, the following equation 
and assumptions may be used for most chemicals: 

2om3 1 
RfDi mg = ~ ~ ( r n g / m ~ ) x -  x- 

(kg - day) day 70kg 

Likewise, to calculate an SFi from an inhalation URF, the following equation and assumptions 
may be used: 

To help users rapidly identify substances with new toxicity values, these chemicals are printed in 
boldface type. This issue of the PRG table contains new or revised toxicity values for benzene, 
chlorine, cyclohexane, 4,4'-dichlorobenzophenone, 12-dichloropropene, diisononyl 
phthalate, n,n-diphenyl-1,4 benzenediamine @PPD), dysprosium, ethylene glycol 
monobutyl ether, hexachlorobutadiene, monomethyl and dimethyl hydrazines, 1,l'- 
sulfonylbis(4-chlorobenzene), thallium, trimellitic anhydride (TMAN), triphenylphosphine 
oxide, tris(2-chloroethyl) phosphate, vinyl chloride and uranium. In addition, lead in 
industrial soils has a new PRG based on the recommendations of the Technical Review 
Workgroup (TRW) for Lead. 



Route-to-Route Methods 

Route-to-route extrapolations ("r") were frequently used when there were no toxicity values 
available for a given route of exposure. Oral cancer slope factors ("SFo") and reference doses 
("RfDo") were used for both oral and inhaled exposures for organic compounds lacking 
inhalation values. Inhalation slope factors ("SFi") and inhalation reference doses ("RfDi") were 
used for both inhaled and oral exposures for organic compounds lacking oral values. Route 
extrapolations were not performed for inorganics due to portal of entry effects and known 
differences in absorption efficiency for the two routes of exposure. 

An additional route extrapolation is the use of oral toxicity values for evaluating dermal 
exposures. For many chemicals, a scientifically defensible data base does not exist for making 
an adjustment of an oral slope factorIR3D to estimate a dennal toxicity value. Based on the 
current guidance (USEPA 2000a), the only chemical for which an adjustment is recommended is 
cadmium. An oral absorption efficiency of 5% is assumed for cadmium which leads to an 
estimated dermal reference dose (RfDd) of 2.5E-05. Please note that the PRG calculations for 
cadmium are based on this adjustment. 

Although route-to-route methods are a useful screening procedure, the appropriateness of 
these default assumptions for specific contaminants should be verified by a toxicologist or 
regional risk assessor. Please note that whenever route-extrapolated values are used to 
calculate risk-based PRGs, additional uncertainties are introduced in the calculation. 

2.3 Soil Screening Levels 

Generic, soil screening levels (SSLs) for the protection of groundwater have been included in the 
PRG table for 100 of the most common contaminants at Superfund sites. Generic SSLs are 
derived using default values in standardized equations presented in Soil Screening Guidance 
(available from NTIS as document numbers PB96-963502 and PB96-963505 or EPN540lR- 
9511 28 and EPN540lR-961018). 

The SSLs were developed using a default dilution-attenuation factor (DAF) of 20 to account for 
natural processes that reduce contaminant concentrations in the subsurface. Also included are 
generic SSLs that assume no dilution or attenuation between the source and the receptor well 
(i-e., a DAF of I). These values can be used at sites where little or no dilution or attenuation of 
soil leachate concentrations is expected at a site (e.g., sites with shallow water tables, fractured 
media, karst topography, or source size greater than 30 acres). 

In general, if an SSL is not exceeded for the migration to groundwater pathway, the user may 
eliminate this pathway from further investigation. 

2.4 "Cal-Modified PRGs" 

When EPA Region 9 first came out with a Draft of the PRG tables in 1992, there was 
concern expressed by California EPA's Department of Toxic Substances and Control 
(DTSC) that for some chemicals, the risk-based concentrations calculated using Cal-EPA toxicity 



values were "significantly" more protective than the risk-based PRGs calculated by Region 9. At 
an interagency meeting comprised of mostly toxicologists, it was agreed that values that differed 
by a factor of four or more would be said to have "significant" difference in risk-based PRGs. 
Although four was a somewhat arbitrary cutoff point, it reflects a consideration that the numbers 
are not very precise and at best, are order-of-magnitude estimates of risk. 

Cal-Modified PRGs are included for those chemicals where Cal-EPA values are "significantly" 
more protective. The original list of Cal-Modified PRGs (cadmium, chromium 6, nickel, PAHs 
benzo(a)pyrene and benzo(k)fluoranthene, tetrachloroethylene [PCE] and lead which has been 
withdrawn) were based on exposure factors and modeling assumptions presented in California 
EPA's Preliminary Endangerment Assessment Guidance Manual (PEA 1994). Please note that 
any Cal-Modified PRGs that have been added to this original list after 1995 have been calculated 
using Cal-EPA toxicity values and Region 9 exposure methodology. In this issue of the PRG 
table, Cal-Modified PRGs have been added for 1,l-dichloroethane and MTBE. In the State of 
California, Cal-Modified PRGs should be used as screening levels because they are more 
stringent than the Federal numbers. 

2.5 Miscellaneous 

Volatile organic compounds (VOCs) are indicated by "1 " in the VOC column of the table and in 
general, are defined as those chemicals having a Henry's Law constant greater than 1 O5 (atm- 
m3/mol) and a molecular weight less than 200 g/mole). Three borderline chemicals 
(dibromochloromethane, 1,2-dibromochloropropane, and pyrene) which do not strictly meet 
these criteria of volatility have also been included based upon discussions with other state and 
federal agencies and after a consideration of vapor pressure characteristics etc. Volatile organic 
chemicals are evaluated for potential volatilization from soillwater to air using volatilization 
factors (see Section 4.1). 

Chemical-specific dermal absorption values for contaminants in soil and dust are presented for 
arsenic, cadmium, chlordane, 2,4-Dl DDT, lindane, TCDD, PAHs, PCBs, and 
pentachlorophenols as recommended in the "Risk Assessment Guidance for Superfund Volume I: 
Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) 
Interim Guidance" (USEPA 2000). Otherwise, default skin absorption fractions are assumed to 
be 0.10 for nonvolatile organics. Please note that previous defaults of 0.01 and 0.10 for 
inorganics and VOCs respectively, have been withdrawn per new guidance. 

3.0 USING THE PRG TABLE 

The decision to use PRGs at a site will be driven by the potential benefits of having generic risk- 
based concentrations in the absence of site-specific risk assessments. The original intended use 
of PRGs was to provide initial cleanup goals for individual chemicals given specific medium and 
land-use combinations (see RAGS Part B, 199 I), however risk-based concentrations have several 
applications. They can also be used for: 

a Setting health-based detection limits for chemicals of potential concern 

a Screening sites to determine whether further evaluation is appropriate 

a Calculating cumulative risks associated with multiple contaminants 



A few basic procedures are recommended for using PRGs properly. These are briefly described 
below. Potential problems with the use of PRGs are also identified. 

3.1 Developing a Conceptual Site Model 

The primary condition for use of PRGs is that exposure pathways of concern and conditions at 
the site match those taken into account by the PRG framework. Thus, it is always necessary to 
develop a conceptual site model (CSM) to identify likely contaminant source areas, exposure 
pathways, and potential receptors. This information can be used to determine the applicability of 
PRGs at the site and the need for additional information. For those pathways not covered by 
PRGs, a risk assessment specific to these additional pathways may be necessary. Nonetheless, 
the PRG lookup values will still be useful in such situations for focusing further investigative 
efforts on the exposure pathways not addressed. 

To develop a site-specific CSM, perform an extensive records search and compile existing data 
(e.g. available site sampling data, historical records, aerial photographs, and hydrogeologic 
information). Once this information is obtained, CSM worksheets such as those provided in 
ASTM's Standard Guide for Risk-Based Corrective Action Applied at Petroleum Release Sites - 
(1 995) can be used to tailor the generic worksheet model to a site-specific CSM. The final CSM 
diagram represents linkages among contaminant sources, release mechanisms, exposure 
pathways and routes and receptors. It summarizes our understanding of the contamination 
problem. 

As a final check, the CSM should answer the following questions: 

Are there potential ecological concerns? 

Is there potential for land use other than those covered by the PRGs (that is, residential 
and industrial)? 

Are there other likely human exposure pathways that were not considered in development 
of the PRGs (e.g. impact to groundwater, local fish consumption, raising beef, dairy, or 
other livestock)? 

Are there unusual site conditions (e.g. large areas of contamination, high fugitive dust 
levels, potential for indoor air contamination)? 

If any of these four conditions exist, the PRG may need to be adjusted to reflect this new 
information. Suggested references for evaluating pathways not currently evaluated by Region 9 
PRG's are presented in Exhibit 3-1. 



EXHIBIT 3-1 
SUGGESTED READINGS FOR EVALUATING EXPOSURE 

PATHWAYS NOT CURRENTLY ADDRESSED BY REGION 9 PRGs 

3.2 Background Levels Evaluation 

Standard Guide for Risk-Based Corrective 

(1 991) Model for Subsurface Vapor 

A necessary step in determining the usefulness of Region 9 PRGs is the consideration of 
background contaminant concentrations. EPA may be concerned with two types of background 
at sites: naturally occurring and anthropogenic. Natural background is usually limited to metals 
whereas anthropogenic(i.e. human-made) "background" includes both organic and inorganic 
contaminants. Before embarking on an extensive sampling and analysis program to determine 
local background concentrations in the area, one should first compile existing data on the subject. 
Far too often there is pertinent information in the literature that gets ignored, resulting in needless 
expenditures of time and money. 

Ecological pathways 

Generally EPA does not clean up below natural background. In some cases, the predictive risk- 
based models generate PRG levels that lie within or even below typical background. If natural 
background concentrations are higher than the risk-based PRGs, an adjustment of the PRG is 
probably needed. Exhibit 3-2 presents summary statistics for selected elements in soils that have 
background levels that may exceed risk-based PRGs. An illustrative example of this is naturally 
occurring arsenic in soils which frequently is higher than the risk-based concentration set at a 
one-in-one-million cancer risk (the PRG for residential soils is 0.39 mg/kg). After considering 

Intrusion into Buildings (USEPA 1 997a) 

Ecological Risk Assessment: Guidance for 
Superfund: Process for Designing and 
Conducting Ecological Risk Assessments, 
(USEPA 1997b), 
Guidance for Ecological Risk Assessment 
at Hazardous Waste Sites and Permitted 
Facilities (CAL-EPA 1996) 



/' 

/ background concentrations in a local area, EPA Region 9 has at times used the non-cancer PRG 
(22 mg/kg) to evaluate sites recognizing that this value tends to be above background levels yet 
still falls within the range of soil concentrations (0.39-39 mg/kg) that equates to EPA's 
"acceptable" cancer risk range of 10E-6 to 10E-4. 

Where anthropogenic "background" levels exceed PRGs and EPA has determined that a response 
action is necessary and feasible, EPA's goal will be to develop a comprehensive response to the 
widespread contamination. This will often require coordination with different authorities that 
have jurisdiction over the sources of contamination in the area. 

EXHIBIT 3-2 
BACKGROUND CONCENTRATIONS OF SELECTED ELEMENTS IN SOILS 

TRACE U.S. STUDY DATA' CALIFORNIA DATA' 

ELEMENT 

Arsenic 

Beryllium 

Cadmium 

Chromium 

Nickel 

Range 

<. 1-97 

GeoMean I ArMean 11 Range 

0.63 " 0.92 " 0.10-2.7 

0.05-1.7 

GeoMean 

2.75 mgkg 

ArMean 

3.54 mgkg 

'Shacklette and Hansford, "Element Concentrations in Soils and Other Surficial Materials of the Conterminous 
United StatesV,USGS Professional Paper 1270, 1984. 

2Bradford et. a], "Background Concentrations of Trace and Major Elements in California Soils", Kearney 
Foundation Special Report, UC-Riverside and CAL-EPA DTSC, March 1996. 

3.3 . Screening Sites with Multiple Pollutants 

A suggested stepwise approach for PRG-screening of sites with multiple pollutants is as follows: 

Perform an extensive records search and compile existing data. 

Identify site contaminants in the PRG table. Record the PRG concentrations for 
various media and note whether PRG is based on cancer risk (indicated by "ca") 
or noncancer hazard (indicated by "nc"). Segregate cancer PRGs from non-cancer 
PRGs and exclude (but don't eliminate) non-risk based PRGs ("sat" or "max"). 

For cancer risk estimates, take the site-specific concentration (maximum or 95 
UCL) and divide by the PRG concentrations that are designated for cancer 
evaluation ("caw). Multiply this ratio by 10" to estimate chemical-specific risk for 
a reasonable maximum exposure (RME). For multiple pollutants, simply add the 
risk for each chemical: 



CORC, coney . CORC,  
R i s k  = [ ( - 1 + (- 1 + ' ( -  ) 1 x lo-6 

PRG, PRGy PRG, 

For non-cancer hazard estimates. Divide the concentration term by its respective 
non-cancer PRG designated as "nc" and sum the ratios for multiple contaminants. 
The cumulative ratio represents a non-carcinogenic hazard index (HI). A hazard 
index of 1 or less is generally considered "safe". A ratio greater than 1 suggests 
further evaluation. [Note that carcinogens may also have an associated non- 
cancer PRG that is not listed in the printed copy of the table sent to folks on 
the mailing list. To obtain these values, the user should view or download the 
PRG table at our website and display the appropriate sections.] 

CORC, coney CORC,  
Hazard I n d e x  = [ ( - 

PRG, 
1 + (- 

PRGy 
1 + (- 

PRGz 
1 1  

For more information on screening site risks, the reader should contact EPA Region 9's Technical 
Support Group. 

3.4 Potential Problems 

As with any risk-based tool, the potential exists for misapplication. In most cases the root cause 
will be a lack of understanding of the intended use of Region 9 PRGs. In order to prevent misuse 
of PRGs, the following should be avoided: 

. Applying PRGs to a site without adequately developing a conceptual site model 
that identifies relevant exposure pathways and exposure scenarios, 

8 Not considering background concentrations when choosing PRGs as cleanup 
goals, 

Use of PRGs as cleanup levels without the nine-criteria analysis specified in the 
~at ional  Contingency Plan (or, comparable analysis for programs outside of 
Superfund), 

Use of PRGs as cleanup levels without verifying numbers with a toxicologist or 
regional risk assessor, 

Use of antiquated PRG tables that have been superseded by more recent 
publications, 

Not considering the effects of additivity when screening multiple chemicals, and 

Adjusting PRGs upward by factors of 10 or 100 without consulting a toxicologist 
or regional risk assessor. 



4.0 TECHNICAL SUPPORT DOCUMENTATION 

Region 9 PRGs consider human exposure hazards to chemicals from contact with contaminated 
soils, air, and water. The emphasis of the PRG equations and technical discussion are aimed at 
developing screening criteria for soils, since this is an area where few-standards exist. For air 
and water, additional reference concentrations or standards are available for many chemicals (e-g. 
MCLs, non-zero MCLGs, AWQC, and NAAQS) and consequently the discussion of these media 
are brief. 

4.1 Soils - Direct Ingestion 

Calculation of risk-based PRGs for direct ingestion of soil is based on methods presented in 
RAGS HHEM, Part B (USEPA 199 1 a) and Soil Screening Guidance (USEPA 1996a,b). 
Briefly, these methods backcalculate a soil concentration level from a target risk (for 
carcinogens) or hazard quotient (for noncarcinogens). 

A number of studies have shown that inadvertent ingestion of soil is common among children 6 
years old and younger (Calabrese et al. 1989, Davis et al. 1990, Van Wijnen et al. 1990). To take 
into account the higher soil intake rate for children, two different approaches are used to estimate 
PRGs, depending on whether the adverse health effect is cancer or some effect other than cancer. 

For carcinogens, the method for calculating PRGs uses an age-adjusted soil ingestion factor that 
takes into account the difference in daily soil ingestion rates, body weights, and exposure 
duration for children from 1 to 6 years old and others from 7 to 3 1 years old. This health- 
protective approach is chosen to take into account the higher daily rates of soil ingestion in 
children as well as the longer duration of exposure that is anticipated for a long-term resident. 
For more on this method, see USEPA RAGS Part B (1991a). 

For noncarcinogenic concerns, the more protective method of calculating a soil PRG is to 
evaluate childhood exposures separately from adult exposures. In other words, an age- 
adjustment factor is not applied as was done for carcinogens. This approach is considered 
conservative because it combines the higher 6-year exposure for children with chronic toxicity 
criteria. In their analysis of the method, the Science Advisory Board (SAB) indicated that, for 
most chemicals, the approach may be overly protective. However, they noted that there are 
specific instances when the chronic RfD may be based on endpoints of toxicity that are specific 
to children (e.g. fluoride and nitrates) or when the dose-response is steep (i.e., the dosage 
difference between the no-observed-adverse-effects level. BOAEL] and an adverse effects level 
is small). Thus, for the purposes of screening, EPA Region 9 has adopted this approach for 
calculating soil PRGs for noncarcinogenic health concerns. 

4.2 Soils - Vapor and Particulate Inhalation 

Agency toxicity criteria indicate that risks from exposure to some chemicals via inhalation far 
outweigh the risk via ingestion; therefore soil PRGS have been designed to address this pathway 
as well. The models used to calculate PRGs for inhalation of volatiles/particulates are updates of 
risk assessment methods presented in RAGS Part B (USEPA 199 1 a) and are identical to the Soil 
Screening Guidance: User's Guide and Technical Background Document (USEPA 1996a,b). 



To address the soil-to-air pathways the PRG calculations incorporate volatilization factors (VF3 
for volatile contaminants and particulate emission factors (PEF) for nonvolatile contaminants. 
These factors relate soil contaminant concentrations to air contaminant concentrations that may 
be inhaled on-site. The VF, and PEF equations can be broken into two separate models: an 
emission model to estimate emissions of the contaminant from the soil and a dispersion model to 
simulate the dispersion of the contaminant in the atmosphere. 

It should be noted that the box model in RAGS Part B has been replaced with a dispersion term 
(Q/C) derived from a modeling exercise using meteorological data from 29 locations across the 
United States because the box model may not be applicable to a broad range of site types and 
meteorology and does not utilize state-of-the-art techniques developed for regulatory dispersion 
modeling. The dispersion model for both volatiles and particulates is the AREA-ST, an updated 
version of the Office of Air Quality Planning and Standards, Industrial Source Complex Model, 
ISC2. However, different Q/C terms are used in the VF and PEF equations. Los Angeles was 
selected as the 90th percentile data set for volatiles and Minneapolis was selected as the 90th 
percentile data set for fugitive dusts (USEPA 1996 a,b). A default source size of 0.5 acres was 
chosen for the PRG calculations. This is consistent with the default exposure area over which 
Region 9 typically averages contaminant concentrations in soils. If unusual site conditions exist 
such that the area source is substantially larger than the default source size assumed here, an 
alternative Q/C could be applied (see USEPA 1996a,b). 

Volatilization Factor for Soils 

Volatile chemicals, defined as those chemicals having a Henry's Law constant greater than 
10" (atm-m3/mol) and a molecular weight less than 200 g/mole, were screened for inhalation 
exposures using a volatilization factor for soils (VF3. Please note that VF,'s are available at our 
website. 

The emission terms used in the VF, are chemical-specific and were calculated from physical- 
chemical information obtained from several sources. The priority of these sources were as 
follows: Soil Screening Guidance (USEPA 1996a,b), Superfund Chemical Data Matrix 
(USEPA 1996c), Fate and Exposure Data (Howard 199 l), Subsurface Contamination Reference 
Guide (EPA 1990a), and Superfund Exposure Assessment Manual (SEAM, EPA 1988). In those 
cases where Diffusivity Coeficients (Di) were not provided in existing literature, Di's were 
calculated using Fuller's Method described in SEAM. A surrogate term was required for some 
chemicals that lacked physico-chemical information. In these cases, a proxy chemical of similar 
structure was used that may over- or under-estimate the PRG for soils. 

Equation 4-9 forms the basis for deriving generic soil PRGs for the inhalation pathway. The 
following parameters in the standardized equation can be replaced with specific site data to 
develop a simple site-specific PRG 

Source area 
Average soil moisture content 
Average fraction organic carbon content 
Dry soil bulk density 

The basic principle of the VF, model (Henry's law) is applicable only if the soil contaminant 
concentration is at or below soil saturation "sat". Above the soil saturation limit, the model 



cannot predict an accurate VF-based PRG. How these particular cases are handled, depends on 
whether the contaminant is liquid or solid at ambient soil temperatures (see Section 4.5). 

Particulate Emission Factor for Soils 

Inhalation of chemicals adsorbed to respirable particles (I'M,,) were assessed using a default PEF 
equal to 1. 3 16 x 1 O9 m3/kg that relates the contaminant concentration in soil with the 
concentration of respirable particles in the air due to fugitive dust emissions from contaminated 
soils. The generic PEF was derived using default values in Equation 4- 1 1, which corresponds to 
a receptor point concentration of approximately 0.76 ug/m3. The relationship is derived by 
Cowherd (1985) for a rapid assessment procedure applicable to a typical hazardous waste site 
where the surface contamination provides a relatively continuous and constant potential for 
emission over an extended period of time (e-g. years). This represents an annual average 
emission rate based on wind erosion that should be compared with chronic health criteria; it is 
not appropriate for evaluating the potential for more acute exposures. 

The impact of the PEF on the resultant PRG concentration (that combines soil exposure 
pathways for ingestion, skin contact, and inhalation) can be assessed by accessing the Region 9 
PRG website and viewing the pathway-specific soil concentrations. Equation 4-1 1 forms the 
basis for deriving a generic PEF for the inhalation pathway. For more details regarding specific 
parameters used in the PEF model, the reader is referred to Soil Screening Guidance: Technical 
Background Document (USEPA 1 996a). 

Note: the generic PEF evaluates windborne emissions and does not consider dust emissions 
from traffic or other forms of mechanical disturbance that could lead to greater emissions 
than assumed here. 

4.3 Soils - Dermal Exposure 

Dermal Contact Assumptions 

Since the 1998 PRG table was issued, exposure factors for dermal contact with soil have changed 
in a few cases (USEPA 2000a). Recommended RME (reasonable maximum exposure) defaults 
for adult workers' skin surface areas (3300 cm2/day) and soil adherence factors (0.2 mg/cm2) now 
differ from the defaults recommended for adult residents (5700 cm2/day, 0.07 mg/cm2) as noted 
in Exhibit 4-1. This is due to differences in the range of activities experienced by workers versus 
residents. 

Dermal Absomtion 

Chemical-specific skin absorption values recommended by the Superfund Dermal Workgroup 
were applied when available. Chemical-specific values are included for the following chemicals: 
arsenic, cadmium, chlordane, 2,4-D, DDT, lindane, TCDD, PAHs, PCBs, and 
pentachlorophenols. 

The recently issued "Risk Assessment Guidance for Supehnd Volume I: Human Health 
Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) Interim 
Guidance" (USEPA 2000a) recommends a default dermal absorption factor for semivolatile 
organic compounds of 10% as a screening method for the majority of SVOCs without dermal 



absorption factors. Default dermal absorption values for other chemicals (VOCs and inorganics) 
are not recommended in the new guidance. Therefore, the assumption of 1% for inorganics and 
10% for volatiles is no longer included in the Region 9 PRG table. This change has minimal 
impact on the final risk-based calculations because human exposure to VOCs and inorganics in 
soils is generally driven by other pathways of exposure. 

4.4 Soils - Migration to Groundwater 

The methodology for calculating SSLs for the migration to groundwater was developed to 
identify chemical concentrations in soil that have the potential to contaminate groundwater. 
Migration of contaminants from soil to groundwater can be envisioned as a two-stage process: 
(1) release of contaminant in soil leachate and (2) transport of the contaminant through the 
underlying soil and aquifer to a receptor well. The SSL methodology considers both of these fate 
and transport mechanisms. 

SSLs are backcalculated from acceptable ground water concentrations (i.e. nonzero MCLGs, 
MCLs, or risk-based PRGs). First, the acceptable groundwater concentration is multiplied by a 
dilution factor to obtain a target leachate concentration. For example, if the dilution factor is 10 
and the acceptable ground water concentration is 0.05 m a ,  the target soil leachate concentration 
would be 0.5 m a .  The partition equation (presented in the Soil Screening Guidance document) 
is then used to calculate the total soil concentration (i.e. SSL) corresponding to this soil leachate 
concentration. 

The SSL methodology was designed for use during the early stages of a site evaluation when 
information about subsurface conditions may be limited. Because of this constraint, the 
methodology is based on conservative, simplifying assumptions about the release and transport 
of contaminants in the subsurface. For more on SSLs, and how to calculate site-specific SSLs 
versus generic SSLs presented in the PRG table, the reader is referred to the Soil Screening 
Guidance document (USEPA 1996a,b). 

4.5 Soil Saturation Limit 

The soil saturation concentration "sat" corresponds to the contaminant concentration in soil at 
which the absorptive limits of the soil particles, the solubility limits of the soil pore water, and 
saturation of soil pore air have been reached. Above this concentration, the soil contaminant may 
be present in free phase, i.e., nonaqueous phase liquids (NAPLs) for contaminants that are liquid 
at ambient soil temperatures and pure solid phases for compounds that are solid at ambient soil 
temperatures. 

Equation 4- 10 is used to calculate "sat" for each volatile contaminant. As an update to RAGS 
HHEM, Part B (USEPA 1991a), this equation takes into account the amount of contaminant that 
is in the vapor phase in soil in addition to the amount dissolved in the soil's pore water and 
sorbed to soil particles. 

Chemical-specific "sat" concentrations must be compared with each VF-based PRG because a 
basic principle,of the PRG volatilization model is not applicable when free-phase contaminants 
are present. How these cases are handled depends on whether the contaminant is liquid or solid 
at ambient temperatures. Liquid contaminant that have a VF-based PRG that exceeds the "sat" 
concentration are set equal to "sat" whereas for solids (e.g., PAHs), soil screening decisions are 



based on the appropriate PRGs for other pathways of concern at the site (e-g., ingestion). 
4.6 Ground Water/Surface Water - Ingestion and Inhalation 

Calculation of PRGs for ingestion and inhalation of contaminants in domestic water is based on 
the methodology presented in RAGS HHEM, Part B (USEPA 1991 a). Lngestion of drinking 
water is an appropriate pathway for all chemicals. For the purposes of this guidance, however, 
inhalation of volatile chemicals from water is considered routinely only for chemicals with a 
Henry's Law constant of 1 x 10" atm-m3/mole or greater and with a molecular weight of less 
than 200 glmole. 

For volatile chemicals, an upperbound volatilization constant (VF,) is used that is based on all 
uses of household water (e.g showering, laundering, and dish washing). Certain assumptions 
were made. For example, it is assumed that the volume of water used in a residence for a family 
of four is 720 Ltday, the volume of the dwelling is 150,000 L and the air exchange rate is 0.25 air 
changeshour (Andelman in RAGS Part B). Furthermore, it is assumed that the average transfer 
efficiency weighted by water use is 50 percent (i.e. half of the concentration of each chemical in 
water will be transferred into air by all water uses). Note: the range of transfer efficiencies 
extends from 30% for toilets to 90% for dishwashers. 

4.7 Default Exposure Factors 

Default exposure factors were obtained primarily from RAGS Supplemental Guidance Standard 
Default Exposure Factors (OSWER Directive, 9285.6-03) dated March 25, 1991 and more 
recent information from U.S. EPA's Office of Solid Waste and Emergency Response, U.S. 
EPA's Office of Research and Development, and California EPA's Department of Toxic 
Substances Control (see Exhibit 4-1). 

Because contact rates may be different for children and adults, carcinogenic risks during the first 
30 years of life were calculated using age-adjusted factors ("adj"). Use of age-adjusted factors 
are especially important for soil ingestion exposures, which are higher during childhood and 
decrease with age. However, for purposes of combining exposures across pathways, additional 
age-adjusted factors are used for inhalation and dermal exposures. These factors approximate the 
integrated exposure from birth until age 30 combining contact rates, body weights, and exposure 
durations for two age groups - small children and adults. Age-adjusted factors were obtained 
from RAGS PART B or developed by analogy (see derivations next page). 



For soils only, noncarcinogenic contaminants are evaluated in children separately from adults. 
No age-adjustment factor is used in this case. The focus on children is considered protective of 
the higher daily intake rates of soil by children and their lower body weight. For maintaining 
consistency when evaluating soils, dermal and inhalation exposures are also based on childhood 
contact rates. 

ED, x I R S ,  (ED,  - ED,) x I R S ,  
I F S a d j  = + 

w c  w a  

(2) skin contact([mg-yr]/[kg-dl : 

ED, x AF x SAC ( ED, - ED,) x AF x S A ,  
S F S a d j  = + 

BWC BWa 

(3) . inhalation um3-yr]/[kg-dl): 

ED, x I R A ,  ( E D ,  - ED,) x I R A ,  
InhGdj = + 

BWC BWa 



EXHIBIT 4-1 
STANDARD DEFAULT FACTORS 

Symbol Definition (units) Default Reference 

CSFo 
csn 
m o  
RfDi 

Cancer slope fador oral (mg1kgd)-1 
Cancer slope fador inhaled (mglkg-d)-1 

- IRIS. HEAST, or NCEA 
- IRIS. HEAST, or NCEA 
- IRIS. HEAST, or NCEA 
- IRIS. HEAST, or NCEA 

~eference dose oral (mglkgd)- - 

Reference dose inhaled (mglkgd) 

TR 
THQ 

Target cancer risk 
Target hazard quotient 

70 RAGS (Part A). EPA 1989 (EPN54011-891002) 
15 Exposure Factors. EPA 1991 (OSWER No. 9285.643) 

BWa 
BWc 

Body weight. adult (kg) 
Body weight. child (kg) 

Averaging time - carcinogens (days) 25550 
Averaging time - noncaranogens (days) ED365 

RAGS(Part A). EPA 1989 (EPN54011-891002) ATc 
ATn 

Exposed surface area for soilldust (cm21day) 
- adult resident 5700 
- adult worker 3300 
Exposed surface area, child in soil (cm2/day) 2800 

Dermal Assessment. EPA 2000 (EPN54WR-991005) 

Dermal Assessment. EPA 2000 (EPN54WR-991005) 

Adherence fador, soils (mglcm? 
- adult resident 0.07 
- adult worker 0.2 
Adherence factor. child (m&cm? 0.2 

Dermal Assessment, EPA 2000 (EPN54OfR-991005) 

Dermal Assessment. EPA 2000 (EPN54WR-991005) 

ABS Skin absorption defaults (unitless): 
- semi-volatile organics 0. I 
- volatile organics - 
- inorganics - 

Dermal Assessment. EPA 2000 (EPN540lR-991005) 
Dermal Assessment. EPA 2000 (EPN54WR-991005) 
Dermal Assessment. EPA 2000 (EPN54WR-991005) 

Inhalation rate - adult (m3/day) 20 
Inhalation rate - child (m3/day) 10 

Exposure Factors. EPA 1991 (OSWER No. 9285.6-03) 
Exposure Factors. EPA 1997 (EPN60WP-99/002Fa) 

Drinking water ingestion - adult (Uday 2 
Drinking water ingestion - child (Uday) I 

RAGS(Part A). EPA 1989 (EPN54Wl-891002) 
PEA. Cal-EPA (DTSC. 1994) 

Soil ingestion 
Soil ingestion 
Soil ingestion 

- adult (mglday) 100 
-child (mglday). 200 
- occupational (mglday) 50 

Exposure Factors, EPA 1991 (OSWER No. 9285.643) 
Exposure Factors. EPA 1991 (OSWER No. 9285.6-03) 
Exposure Factors, EPA 1991 (OSWER No. 9285.643) 

EFr 
EF o 

Exposure frequency - residential (dly) 3 50 
Exposure frequency - occupational (dly) 250 

Exposure Factors. EPA 1991 (OSWER No. 9285.643) 
Exposure Factors. EPA 1991 (OSWER No. 9285.643) 

EDr 
EDc 
EDo 

Exposure duration - residential (years) 30' Exposure Factors. EPA 1991 (OSWER No. 9285.643) 
Exposure Factors. EPA 1991 (OSWER No. 9285.643) 
Exposure Factors. EPA 1991 (OSWER No. 9285.6-03) 

Exposure duration - child (years) 6 
Exposure duration - occupational (years) 25 

Age-adjusted fadors for carcinogens: 
Ingestion factor. soils ([mg-yrmgd]) 
Dermal factor. soils ([mg-yrMkg-dl) 
Inhalation fador, air ([m3-yrMkgd]) 
Ingestion fador. water ([L-yry(kgd]) 

RAGS(Parl B). EPA 1991 (OSWER No. 9285.7-01 8) 
By analogy to RAGS (Part B) 
By analogy to RAGS (Part B) 
By analogy to RAGS (Part B) 

VFw 
PEF 
VFs 
sat 

Volatilization factor for water (Um3) 
Particulate emission fador (m31kg) 
Vdatilization factor for soil (m31kg) 
Soil saturation concentration (mglkg) 

0.5 
See below 
See below 
See below 

RAGS(Part B). EPA 1991 (OSWER No. 9285.7-018) 
Soil Screening Guidance (EPA 1996a.b) 
Soil Screening Guidance (EPA 1996a.b) 
Soil Screening Guidance (EPA 1996a.b) 

Footnote: 
'Exposure duration for lifetime residents is assumed to be 30 years total. For carcinogens, exposures are combined for children (6 years) 
and adults (24 years) . 



4.8 Standardized Equations 

The equations used to calculate the PRGs for carcinogenic and noncarcinogenic contaminants are 
presented in Equations 4-1 through 4-8. The PRG equations update RAGS Part B equations. The 
methodology backcalculates a soil, air, or water concentration level from a target risk (for carcinogens) 
or hazard quotient (for noncarcinogens). For completeness, the soil equations combine risks from 
ingestion, skin contact, and inhalation simultaneously. Note: the electronic version of the table also 
includes pathway-specific PRGs, should the user decide against combining specific exposure pathways; 
or, the user wants to identify the relative contribution of each pathway to exposure. 

To calculate PRGs for volatile chemicals in soil, a chemical-specific volatilization factor is calculated 
per Equation 4-9. Because of its reliance on Henry's law, the VF, model is applicable only when the 
contaminant concentration in soil is at or below saturation (i-e. there is no free-phase contaminant 
present). Soil saturation ("sat") corresponds to the contaminant concentration in soil at which the 
adsorptive limits of the soil particles and the solubility limits of the available soil moisture have been 
reached. Above this point, pure liquid-phase contaminant is expected in the soil. If the PRG calculated 
using VF, was greater than the calculated sat, the PRG was set equal to sat, in accordance with Soil 
Screening Guidance (USEPA 1996 a,b). The equation for deriving sat is presented in Equation 4-1 0. 

PRG EQUATIONS 

Soil Equations: For soils, equations were based on three exposure routes (ingestion, skin contact, and 
inhalation). 

Equation 4-1: Combined Exposures to Carcinogenic Contaminants in Residential Soil 

T R  x ATC 
C ( m g / k g )  = 

I F S a d ,  x CSFo S F S a d j  x ABS x CSFo I n h F a d j  x CSFi 
EFr [ ( I + (  I + (  

106mg/  k g  106mg/  k g  
I 1  

V F ~ ~  

Equation 4-2: Combined Exposures to Noncarcinogenic Contaminants in Residential Soil 

THQ x BW, x AT,, 
C ( m g / k g I  = 

I R S ,  SAC x AF x ABS 
EFr x EDc [ (- I x ) + (- x 

1 
) + ( - x -  

R f D o  1 0 6 m g /  k g  R fDo 106mg/  k g  

- ...3 Equation 4-3: Combined Exposures to Carcinogenic Contaminants in Industrial Soil 

C ( m g / k g )  = 
d C 

I R S o  x CSFo SAd x AF x ABS x CSFo X U a  x CSFi 
EFo x EDo [ ( I + (  I + (  

1 0 6 m g /  k g  1 0 6 m g / k g  
1 1  

VF," 

Footnote: 
'Use VF, for volatile chemicals (defined as having a Henry's Law Constant [atm-m3/mol] greater than lo-' and a molecular 
weight less than 200 grams/mol) or PEF for non-volatile chemicals. 



SOIL SATURATION CONCENTRATION (sat) 

Equation 4-10: Derivation of the Soil Saturation Limit 

S 
s a t  = - + 0" + ~ ' 0 , )  

Pb 

Parameter 

sat 

S 

Definition (units) 

Soil saturhtion concentration (mgkg) 

Solubility in water (mg/L-water) 

Dry soil bulk density (k&) 

Total soil porosity (L,JL=& 

Soil particle density (kg&) 

Soil-water partition coefficient @kg) 

Soil organic carbodwater partition coefficient (Lkg) 

Fraction organic carbon content of soil (glg) 

Water-filled soil porosity (L,&=J 

Air filled soil porosity (L"JL,,) 

Average soil moisture content 
(k&&, or L-Ck&J 

Henry's Law constant (atmm3/rnol) 

Dimensionless Henry's Law constant 

Default 

Q x f, (chemical-specific) 

Chemical-specific 

0.006 or site-specific 

0.15 

0.28 or n-8, 

0.1 

Hx41,where41 isaunits 
conversion factor 



THQ x  BWd x AT, 
C(rng/kg) = 

IRSo  1  SAP x  AF x  ABS 
x  EFo x EDo [ ( - 1  

I + ( - x  ) + ( - x -  
R f D ,  106mg/kg R f  Do 1 0 6 m g / k g  

Equation 4-4: Combined Exposures to Noncarcinogenic Contaminants in Industrial Soil 

Tap Water Eeuations: 

Equation 4-5: Ingestion and Inhalation Exposures to Carcinogenic Contaminants in Water 

Equation 4-6: Ingestion and Inhalation Exposures to Noncarcinogenic Contaminants in Water 

THQ x  BWa x  AT, x  1000ug/mg 
C ( u g / L )  = 

IRWd VF,, x  IRAa 
EFr x  EDr [ ( - 

R f  Do + RfDi 
1 1  

Air Equations: 

Equation 4-7: Inhalation Exposures to Carcinogenic Contaminants in Air 

Equation 4-8: Inhalation Exposures to Noncarcinogenic Contaminants in Air 

THQ x  R f D ,  x  BWa x  AT, x lOOOug/mg 
c ( u g / m 3 )  = 

EFr x EDr x IRA,  

Footnote: 
'Use VF, for volatile chemicals (defined as having a Henry's Law Constant [atm-m3/mol] greater than 10" and a molecular 
weight less than 200 grams/mol) or PEF for non-volatile chemicals. 



SOIL-TO-AIR VOLATILIZATION FACTOR 

Equation 4-9: Derivation of the Volatilization Factor 

where: 

Parameter Definition (units) 

V Fs Volatilization factor (m3/kg) 

D A Apparent diffusivity (cm2/s) 

Q/c Inverse of the mean conc. at the center of a 
0.5-acre square source (g/m2-s per kg/m3) 

Exposure interval (s) 

Dry soil bulk density (g/cm3) 

Air filled soil porosity (L,,,/Lm& 

Total soil porosity (b,JL,& 

Water-filled soil porosity (L,JL,,J 

Soil particle density (g/cm3) 

Diffusivity in air (cm2/s) 

Henry's Law constant (atm-m3/mol) 

Dimensionless Henry's Law constant 

Difhivity in water (cm2/s) 

Soil-water partition coefficient (cm3/g) = &,f,, 

Soil organic carbon-water partition coefficient (cm3Ig) 

Fraction organic carbon in soil (g/g) 

Default 

Calculated from H by multiplying by 41 
(USEPA 1991a) 



SOILTO-AIR PARTICULATE EMISSION FACXOR (PEF) 

Equation 4-11: Derivation of the Particulate Emission Factor 

Parameter Definition (units) Default 

PEF Particulate emission factor (m3/kg) 1.316 x lo9 

Q/c  Inverse of the mean concentration at the center 90.80 
of a 0.5-acre-square source (dm2-s per kdm3) 

V Fraction of vegetative cover (unitless) 0.5 

urn Mean annual windspeed ( d s )  4.69 

ut Equivalent threshold value of windspeed at 7 m (rnls) 1 1.32 

F(x) Function dependent on U J J ,  derived using 
Cowherd (1985) (unitless) 
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1,2,4-Trichlorobenzene - ~ I C  or09 ane : :: ::-:r~c:oroe:fiane 
Trichloroethylene (TCE) 
1 r ~ ~ h l ~ r ~ t l u ~ r ~ m e t h a n e  
2,4,5-Trlchlorophenol 
2,4,6-Trich1orophenoI - r ~ c  orop enoxyace IC CI 
~ < ~ 4 ~ 5 - $ ~ c h I o ~ p M o y ) \ r $ p i ~ n i c  acid 
1,1,2-Trlchloropropane - r ~ c  oropropane 
::::-;ricIIoropropene 
1,1,2-Trl~hl0ro-1,2,2-trilluoroethane 
Tndlphane 
Trlethylamine 
Trlfluralln 
TrimeIIItIc Anhydride (TMAN) 
1,2,4-Trimethylbenzene 
1,3,5-Trimethylbenzene 
TflmBthyl phosphate 
1,3,5-Trinitrobenze~) 
Trinltrophenylrnethylnltrarnine 

6.lt+02 re 8.8t+03 m 3.1~+01 rn 3.6t+02 nc 

3.1E+02 m 4.4E+03 m 1.8E+O1 nc 1..8E+02 nc 
1.8E+O1 nc 2.6E+02 m 1.1E+01 m 

1.4t+01 u 7.3t+01 0. 2.0t-01 CA Z.Ot+OO u 
1.7E+01 a 8.5E+01 o 2.3E-01 CA 2.3E+00 o 
6.5E+02 m 3.OE+03 -I 2.1E+02 rm 1.9E+02 nc 5.OE+W 3.OE-01 

2.8E+OO, m.. 6.1 E+00 a. 1.1 E+00 u. 1.6E+00 o- 
3.9t+02 m Z.Ut+03 -1 7.3t+U2 IK 1.3t+03 re 

6.1E+03 m 8.8E+04 m 3.7E+02 m 3.6E+03 nc 

4,4E+01 u 2.2E+02 0. 6.2E-01 a 6.1E+00 a 

6.lt+o2 no 8.8E+03 IX 3.7t+01 rn 3.6€+02 nc 

4.9E+02 m 7.OE+03 m 2.9E+01 m 2.9E+02 m 

1.5E+01 n: 5.1E+01 m 1.8E+01 m 3.OE+01 nc 

5.6E+03 -I 5.6E+03 -I 3,1E+04 m 5.9E+04 nc 

6.3E+01 0." 3.2E+02 0.' 8.7E-01 0.. 8.7E+00 w. 

2.1E+01 m 7.OE+01 m 6.2E+00 nc 1.2E+01 nc 

6.1E+02 no 8.8E+03 m 3.7E+01 IK 3.6E+02 m 

6.OE-02 3.OE-03 

2.7E+02 1.4E+01 
2.OE-01 8.OE-03 



6.OE+03 3.OE+02 

1.7E+02 B.OE+OO 

1.k-02 /.E-04 

2.1 E+02 1 OE+01 
1.2t+04 6.2t+02 

1.6t+01, 8.2t+01 M" 2 2t-01 us. 2.2E+00 u.. 
6.1E+03 m 8.8E+04 m 3.7E+02 m 3.6E+03 m 
3.5E+01 a 1.8E+02 u 4.8E-01 M 4.8E+00 u 
1.6€+01 re 4.lt+02 m 7.3t+00 m 
5.5E+02 cc 1.4E+04 m 2.6E+02 m 
6.1E+01 m 8.8E+02 m 3.7E+00 m 3.6E+01 m 

+ no : +  nu . +  m . +  re ::tE+:z no :,:E+:i m :.:E+:: m :.:EL+% n: 
1.9E-01 4.2E-01 a. 6.1E-02 a. 1.OE-01 a. 
1.0~-01 o 2.zt-01 rn 4 1t-02 M 

8.3E-01 M 

1.8E+O1 m 2.6E+02 m l.lE+OO rc l.lE+Ol m 
2.1 E+02 .II 2.1 E+02 .I! 7.3Et02 m 1.4E+03 m 

2.3t+04 m l.Ot+05 mx 1.1 t+04 nc 

2.3E+01 m 6.1E+02 nc 1.1E+01 nc 

3.1E+03 m 4.4E+04 nc 1.8E+02 m 1.8E+03 nc 

30~41 I S O E ~  I 30~42 r s 0 ~ a  I o 0 1  its-w-7 
10~41 n 1 o~ai  r o i 7 ~ 1 . 2 ~  

I ~ E M  n 30~41 n I ~ E M  I JOEOI r 0 1  118.988 

? O E ~  n 7uo.814 

7 ~ ~ 3  n o 74a.w.z 
1 0 ~ ~ 3  I i O E Q ~  o 0 1  182kn.7 
ZSEM I 2 ~ E Q Z  I o D 1 504714-8 

IOE+OO h s IEQZ I I 108454 

1 1 ~ 0 1  r 88EOI I 1 1 ~ ~ 1  h 11~01 1 1  59340.2 

1 5 ~ -  I JOE- I JIEQZ I ZOEQZ 1 1  75414 

7SE4l 1 3 0 ~ ~ 3  I I ~ E M  I ZQE- 1 1  76414 

30~44 I 3 D E ~  D D 1 8ldl.2 

2OE100 I ZOEO! 1 0 1  1~mh)-7 

30E41 I o 7 4 4 0 . ~ 3  

3 o ~ a  I D 1314a.1 

~ O E M  I s OEM I o o i 1212247.7 

2,4,6-Tnnitrotoiuene 
Trlphenylphosphlmt oxide 
Tr1~(2thloroethyl)phosphate 
uranium (chemical toxicity only) 
Vanadium and compounds 
Vemam 
~~nc~ozoi ln 
Vinyl acetate 
Vinyl bromide (bromoethene) 
vinyl chloriae (cn~~dladult) 

Vlnyi chloride (adult) 
Warfarln 
Xyienes 
L I ~ C  
Zinc phosphide 
Zineb 
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The exposure point concentrations (EPCs) presented in Tables 4-9 through 4-15 were 

determined using the guidance presented in the U.S. EPA reference titled, Calculating 

Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste 

Sites (December 2002). The methodology is outlined in Exhibit 14 of the UCL guidance 

(see attachment). Prior to the calculation of the EPC, the distribution of a data set 

(normal, lognormal, undefined) was determined using the Shapiro-Wilk W-test. Then, the 

95 percent upper confidence limit (UCL) for the arithmetic mean was calculated per one 

of the three methodologies presented below. The UCLs for data sets determined to be 

normally distributed were calculated using the Student's t statistic. The UCLs for data 

sets determined to be log normally distributed were calculated using the Land method. 

The UCLs for data sets not determined to be normally or log normally distributed were 

calculated using the non-parametric Standard Bootstrap Procedure. The resulting 95% 

UCL for a parameter was compared to the maximum detected concentration in the data 

set and was selected as the EPC if the 95 % UCL was less than the maximum detected 

concentration. Otherwise, the maximum detected concentration was selected as· the 

EPC. 

Method 1 - 95 % UCL Calculation for Normally Distributed Data - The Student's t Statistic 

The 95 percent upper confidence limit (one-tailed test) is calculated as follows: 

where: 

s = x 

UCLO.95 x + t 0.95.n.} 

- 1 n 

X = - I Xi = arithmetic mean 
n i=l 

...:.i=.::.:.I ____ = the sample standard deviation 
n-l 

to.95• n.l = Value found in t-distribution table 



Method 2 - 95 % UCL Calculation for Log-normally Distributed Data - The Land Method 

The following formula is used to calculate the upper 95% confidence interval (UCL95%) 

for the geometric mean (Xg): 

[
- 0 5 2 S y (H O.95.n)] 

UCLO.95 = exp y ± . (S y) + ~ 

where: arithmetic mean of the log-transformed data, y = 

In(x) 

Sy = standard deviation of y 

Ho.95•n = factor for sample size n 

Method 3 - 95 % UCL Calculation when the Distribution of the Data is Undefined - The 

Standard Bootstrap Procedure 

In the bootstrap procedure, repeated samples of size n are drawn with replacement from 

the given set of observations. The process is repeated a large number of times and each 

time an estimate of 9 is computed. 

Step 1: Let (Xih Xi2, •.• , Xin) represent the ith sample of size n with replacement from the 

-
original data set (Xl, X2, ... , xn). Then compute the sample mean and denote it Xi. 

Step 2: Perform Step 1 independently N times (e.g., 1000-2000) each time calculating a 

-
new estimate. Denote those estimates by x 1, X 2, X 3, ... , X n. The bootstrap estimate of 

- -
the population mean is the arithmetic mean x B, of the N estimates Xi: i = 1,2, ... ,N. The 

bootstrap estimate of the standard error is given by: 

1 ~(_ -)2 
--~ X;-XB 
N -1 ;=1 

The (1-0) 100% standard bootstrap UCL for 9 is given by: 



UCL = B+ Za (j f3 

It should be noted for all the above procedures, the 95 percent confidence interval for a second 

sample of size n drawn from the same population will most likely not be the same as that for the 

first sample. In theory, if an interval estimate is calculated for the means of a very large set of 

samples of size n, the true population mean will be within 95 percent of this limit. 



OSWER 9285.6-10 

Exhibit 14 
Summary of UCL Calculation Methods 

Method Applicability Advantages Disadvantages Reference 

For Normal or Lognormal Distributions 

Student's t means nonnal1y simple, robust if distribution of means Gilbert 1987; EPA 
distributed, samples n is large must be nonnal 1992 
random 

Land'sH lognonnal data, good coverage) sensitive to deviations Gilbert 1987; EPA 
small variance, large from lognonnality, 1992 
n, samples random produces very high 

values for large 
variance or small n 

Chebyshev skewness and often smaller may need to resort to Singh et al. 1997 
Inequality (MVUE) variance small or than Land higher confidence 

moderate, samples levels for adequate 
random coverage 

Wong gamma distribution second order requires numerical Schulz and Griffin 
accuracl solution of an improper 1999; Wong 1993 

integral 

NonparametriciDistributionjree Methods 

Central Limit large n, samples simple, robust sample size may not be Gilbert 1987; Singh et 
Theorem - Adjusted random sufficient aL 1997 

Bootstrap t sampling is random useful when inadequate coverage for Singh et aL 1997; 
Resampling and representative distribution some distributions; Efron 1982 

cannot be computationally 
identified intensive 

Hall's Bootstrap sampling is random useful when inadequate coverage for Hall 1988; Hall 1992; 
Procedure and representative distribution some distributions; Manly1997; Schultz 

cannot be computationally and Griffin 1999 
identified; takes intensive 
bias and 
skewness into 
account 

Jackknife sampling is random useful when inadequate coverage for Singh et aL 1997 
Procedure and representative distribution some distributions; 

cannot be computationally 
identified intensive 

Chebyshev ' skewness and useful when inappropriate for small Singh et aL 1997; 
Inequality variance small or distribution ·sample sizes when EPA 2000c 

moderate, samples cannot be skewness or variance is 
random identified large 

) Coverage refers to whether a UCL method performs in accordance with its definition. 
2 As opposed to maximum likelihood estimation, which offers first order accuracy. 

21 



CRANE 160 - OLD RIFLE RANGE - SURFACE SOIL 
DESCRIPTIVE STATISTICS AND 95% UPPER CONFIDENCE LIMITS 

ACTUAL 
PARAMETER DETECTS COUNT AVERAGE DISTRIBUTION DETECTS - MAX 
Semivolatile Organics (ug/kg) 
BENZO(A)ANTHRACENE 3 28 7 UNDEFINED 46 
BENZO(A)PYRENE 5 28 8 UNDEFINED 70 
BENZO(B)FLUORANTHENE 7 28 8 UNDEFINED 52 
DIBENZO(A,H)ANTHRACENE 1 28 5 UNDEFINED 16 
INDENO{1,2,3-CD)PYRENE 3 28 7 UNDEFINED 44 
HEPTACHLOR EPOXIDE 1 28 1 UNDEFINED 3 
Energetics (mg/kg) 
2,4,6-TRI N ITROTOLUEN E 4 35 310 UNDEFINED 9900 
2,6-DINITROTOLUENE 1 35 0.30 UNDEFINED 2 
Inorganics (mg/kg) 
ARSENIC 28 28 8.2 LOGNORMAL 13.8 
BERYLLIUM 1 28 0.48 UNDEFINED 0.98 
MANGANESE 28 28 757 LOGNORMAL 1930 

(1) Pre-VIM calculated Upper Confidence Limit. 
(2) Bootstrap T UCL could not be calculated due to the random generation of data sets inability to have data variation. 
The maximum concentration was defaulted as the 95% upper confidence limit. 

95% UCL 

7 
8 
9 
5 
7 
1 

377 (1) 

2 (2) 

9.26 
0.483 
901 



CRANE 160 - OLD RIF-. MANGE - SURFACE SOIL 
DESCRIPTIVE STATISTICS AND 95% UPPER CONFIDENCE LIMIT 

DETECTS 

6 

AVERAGE 

8 

ACTUAL 
DISTRIBUTION 

UNDEFINED 

(1) UCL based on PROUCL Standard Bootstrap Calculation. Result of Post-VIM data results. 

DETECTS· MAX 95% UCL (1) 

250 18 



CRANE 160 - OLD RIFLE RANGE - SUBSURFACE SOIL 
DESCRIPTIVE STATISTICS AND 95% UPPER CONFIDENCE LIMITS 

ACTUAL 
PARAMETER DETECTS COUNT AVERAGE DISTRIBUTION DETECTS· MAX 
Semivolatile Organics (ug/kg) 
BENZO(A)ANTHRACENE 1 28 11 UNDEFINED 200 
BENZO(A)PYRENE 1 28 10 UNDEFINED 180 
BENZO(B)FLUORANTHENE 1 28 14 UNDEFINED 270 
DIBENZO(A,H)ANTHRACENE 1 28 6 UNDEFINED 46 
INDENO(1,2,3-CD)PYRENE 1 28 7.8 UNDEFINED 110 
Energetics (mg/kg) 
2,4,6-TRINITROTOLUENE 1 35 0.4 UNDEFINED 4 
Inorganics (mg/kg) 
ARSENIC 28 28 7.7 LOGNORMAL 15.4 
BERYLLIUM 6 28 0.57 UNDEFINED 1.1 
MANGANESE 28 28 758 NORMAL 1860 

(1) Bootstrap T UCL could not be calculated due to the random generation of data sets inability to have data variation. 
The maximum concentration was defaulted as the 95% upper confidence limit. 

95% UCL 

200 (1) 

180 (1) 

270 (1) 

46 (1) 

110 (1) 

4 (1) 

8.8 
0.58 
911 



CRANE 160 - OLD PIS\ . RANGE - SURFACE SOIL 
DESCRIPTIVE STATISTICS AND 95% UPPER CONFIDENCE LIMITS 

PARAMETER DETECTS COUNT AVERAGE ACTUAL DISTRIBUTION DETECTS· MAX 95% UCL 
Semivolatile Organics (ug/kg) 
BENZO(A)ANTHRACENE 1 18 4 UNDEFINED 9 4 
BENZO(A)PYRENE 1 18 4 UNDEFINED 10 4 
BENZO(BjFLUORANTHENE 2 18 6 UNDEFINED 22 6 
Inorganics (mg/kg) 
ARSENIC 18 18 8.7 LOGNORMAL 12.8 9.7 
BERYLLIUM 10 18 0.86 UNDEFINED 1.3 0.89 
MANGANESE 18 18 1221 NORMAL 1960 1390 



PARAMETER 

CRANE 160 - OLD PISTOL RANGE - SUBSURFACE SOIL 
DESCRIPTIVE STATISTICS AND 95% UPPER CONFIDENCE LIMITS 

ACTUAL 
DETECTS COUNT AVERAGE DISTRIBUTION DETECTS - MAX 

Inorganics (mg/kg) 
ARSENIC 18 18 12.7 LOGNORMAL 24.9 
BERYLLIUM 13 18 1.2 UNDEFINED 1.9 
MANGANESE 18 18 1303 NORMAL 2110 

95% UCL 

15.4 
1.2 

1543 
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POLYCYCLIC AROMATIC HVDROCARBONS 
ACENAPHTHENE 
ACENAPHTHYLENE 
ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)PYRENE 
BENZO(b )FLUORANTHENE 
BENZO(g,h,i)PERYLENE 
BENZO(~FLUORANTHENE 

CHRYSENE 
DIBENZO(a,h)ANTHRACENE 
FLUORANTHENE 
FLUORENE 
INDENO(l,2,3-cd)PYRENE 
PHENANTHRENE 
PYRENE 

Agency for Toxic Substances and Disease Registry 
U.S. Public Health Service 

od Ends: 

Feb .ilEFEJlElb 1990 



DRAFT 

TOXICOLOGICAL PROFILE FOR 
POLYCYCLIC AROMATIC HYDROCARBONS 

Prepared by: 

Clement Associates, Inc. 
Under Contract No. 205-88-0608 

Prepared for: 

Agency for Toxic Substances and Disease Registry 
U.S. Public Health Service 

October 1989 

***DRAFT -- DO NOT CITE OR QUOTE*** 
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5. POTENTIAL FOR HUMAN EXPOSURE 

TABLE 5-5. Background Soil Concentrations of 
Polycyclic Aromatic Hydrocarbons (PABS) 

Concentration (pg/kg) 

Compound Rural Soil 

Acenaphthene 1.7 
Acenaphthy1ene 
Anthracene 
Benzo(a)anthracene 5-20 
Benzo(a)pyrene 2-1,300 
Benz 0 (b) f1uoranthene 20-30 
Benzo(e)pyrene 
Benzo(g,h,i)pery1ene 10-70 
Benzo(k)f1uoranthene 10-110 
Chrysene 38.3 
F1uoranthene 0.3-40 
Fluorene 
Indeno(l,2,3-cd)pyrene 10-1~ 
Phenanthrene 30.0 
Pyrene 1-19.7 

Sources: 
rARC (1973) 
White and Vanderslice (1980) 
Windsor and Hites (1979)· 
Edwards (1983) 
Butler et a1. (1984) 
Vogt et a1. (1987) 
Jones et a1. (1987) 

Agricultural Soil 

6 
5 

11-13 
56-110 

4.6-900 
58-220 
53~130 

66 
58-250 
78-120 

120-210 
9.7 

63-100 
48-140 
99-150 

***DRAFT -- DO NOT CITE OR QUOTE*** 

Urban Soil 

169-59,000 
165-220 

15,000-62,000 
60-14,000 

900-47,000 
300-26,000 
251-640 
200-166,000 

8,000-61,000 

145-147,000 
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u.s. Environmental Plot.clio,. Agenof 
Superfund 
Recent Additions I Contact Us I Search: I L ___ ~ M!l 
EPA Home> Superfund> Health & Safety > Risk Assessment> Tools at the Trade> Soil Screening 
Guidance for Chemicals 

Soil Screening Guidance for Chemicals 

SELECTION: 

Your Analytes are: 
Manganese (Water) 

Your Pathways are 
Soil to Groundwater 

Default Parameters _ 
Each pathway you have selected is given below along with the applicable 
Equations and its associated Default Parameters. For each equation, the 
default values will be used unless you enter a different value. 

Soil to Ground Water 

Soil Screening Level - METHOD 1 
Partitioning Equation for Migration 

to Ground'Water 

w-------' dilution factor (used to 
II\A]II"U''''I\~ Ow) 

.. _---_._._, foc (fraction organic 
gig 

II'-------J e w (water-filled soil 

1Ir-___ t.va..,. te/Lsoil 

11' ___ ---' Pb (dry soil bulk density) 

Ps (soil particle density) 

The dilution factor 
defaults to 20 for a 
0.5-acre source. If you 
have all of the 
parameters needed to 

Soil Screening Level - METHOD 2 
Mass-Limit Equation for Migration to 

Ground Water 

where: 

II:====: I (Infiltration Rate) rnIyr 

11'-__ ---' Pb (dry soil bulk density) kg/L 

1Ir;;==;;;;;;;; 
ED (Exposure Duration) yr 

11'-__ ---' ds (depth of source) m - site-

II'-__ ~ K (aquifer hydraulic 

rnJyr 

(hydraulic gradient) rnIm 
11.------, 

L (source length parallel to 

http://risk.lsd.ornl.gov/cgi-binJepalssll.cgi 7/1712003 



~11 ~creemng lJU1<1anCe, ~uperruna, U~ bP A page Lor L 

calculate a dilution 
factor, you may use 
method 2. 

[round water flow) m 

J da (aquifer thickness) m - site
specific 

Do not use this method 
-unless you have values for 
all of the parameters. 

Soil to Ground Water Notes 

Method for Calculating Soil to Goundwater 
Method 1 @. Method 2 0 

NOTES: 

1. Cw(target soil leachate concentration) mg/l = nonzero MClG, Mel, or HBl 

x dilution factor (which may be calculated or set to a site-specific default) 

2. 6 a(air-filled soil porosity) laiILsoil = n - 0 w 

3. H' (dimensionless Henry's law constant) - chemical specific 
4. n (total soil porosity) LporelLsoil = 1-(Pbl ps) 

5. Kd (soil-water partition coefficient) L/kg = Koe x foe (organics) - chemical
specific 

6. Koe (soil organic carbonlwater partition coefficient) Ukg - chemical specific 

7. d (mixing zone depth) m - Calculated and used in the dilution factor 
equation. 

You must select one of the following output options 

€ View on Screen 

C Tab delimited file 

o Comma delimited file 

This site is maintained and operated through a cooperative agreement between the 
EPA Office of Superfund and Oak Ridge National Laboratory. For questions or 
comments please contact the Office of Superfund. 

OSWER Home I Superfund Home I 011 Spill Home 

EPA Home I Privacy and Security Notice I Contact Us 

http://risk.lsd.ornl.gov/cgi-bin/epa/ssll.cgi 

last updated on Monday, February 17th, 2003 
URl: http://risk.lsd.oml.gov/cgi-binlepalssli.cgi 

7/1712003 
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Sites 

Programs 

Regions & Partners 

Community 
Invorvement 

Health & Safety 

Law, Policies & 
Guidances 

Information Sources 

About Superfund 

Conferences 

u.s .. envlronmen'.' Proteof/oft Ag.n~f 
Supertund ) 
Recent Additions I Contact Us I Search: LI ____ -'I m 
EPA Home> Superlund > Health & Safety > Risk Assessment> Tools of the Trade> Soil Screening 
Guidance for Chemicals 

Soil Screening Guidance for Chemicals 

WARNING: The Base Product product with which Session Manager is associated 
will expire within 30 days. Please contact your SAS installation representative to 
have it renewed. WARNING: The Base Product product with which 
Program twww/prodlcgi·bin/epalEquations is associated will expire within 30 days. 
Please contact your SAS installation representative to have it renewed. 

Equation Values for Soil to Ground Water 

Partitioning Equation Parameter 

Dilution factor (unitless) 
Fraction organic carbon in soil (unitless) 

Water-filled soil porosity (~ate/Lsoil) 

Dry soil bulk density (kg/L) 

Soil particle density (kg/L) 

Value 

1 

0.00,2 V 
0.3 V 
1.5V 

2.65V 

Soil Screening L~vels for Soil to Ground Water (mg/kg) 

Analyte 
Cas 

Number 

Ground Water 
Concentration· 

(mglL) 

Ground Water 
Concentration 

Source 

Soil 
Screening 

Level 

Manganese 7439965 1.7E+00 HBL 1.1 E+02 

~50P-47L 
"Ground Water Concentration=Ground ~ter Concentration Source X Dilution 
Factor 

~ 
~ 

This site is maintained and operated through a cooperative agreement between the 
EPA Office of Superfund and Oak Ridge National Laboratory. For questions or 
comments please contact the Office of Superfund. 

OSWER Home J Superfund Home I Oil Spill Home 

EPA Home I Pnvacy and Security Notice I Contact Us 

Last updated on Monday, February 17th, 2003 
URL: http://risk.lsd.oml.gov/cgi·binlepalssl2.cgi 

hUp:llrisk.lsd.ornLgov!cgi-binlepa/ssI2.cgi 7117/2003 



Soil Screening Guidance, Supertund, US EPA Page 2 of2 

• 

• 

• 
http://risk.lsd.ornl.gov/cgi-binlepalssI2.cgi 7/1712003 



• 

• 

SOli Screemng liUldance, Supertund, US EPA Page 10f2 

Sites 

Programs 

Regions & Partners 

Community 
Involvement 

Health & Safety 

Law, Policies & 
Guidances 

Information Sources 

AboutSupertund 

Conferences 

u.s. ISnvil'Oltmettfal Protection Agency 
Superlund ) 
Recent Additions I Contact Us I Search: I I gJ 
EPA Home> Superfund> Health & Safety> Risk Assessment> Tools of the Trade> Soil Screening 
Guidance for Chemicals 

Soil Screening Guidance for Chemicals 

SELECTION: 

Your Analytes are: 
Trinitrotoluene, 2.4,6-

Your Pathways are 
Soil to Groundwater 

Default Parameters 

f\e:-\-~()~ 1 ~ v~~ 

Each pathway you have selected is given below along with the applicable 
Equations and its associated Default Parameters. For each equation, the 
default values will be used unless you enter a different value. 

Soil to Ground Water 

Soil Screening Level -: METHOD 1 
Partitioning Equation for Migration 

to Ground Water 

u'------' dilution factor (used to 
Cw) 

II.------r 

w-----' foc (fraction organic 
gig 

11' ____ • 6 w (water-filled soil 

11' __________ -' Ps (soil particle density) 

Soil Screening Level - METHOD 2 
Mass-Limit Equatio,n for Migration to 

Ground' Water 

where: 

II:=:===: I (Infiltration Rate) m/yr 

1tJ------'Pb (dry soil bulk density) kg/L 

II:=:==~ ED (Exposure Duration) yr 

1' ___ ---1 ds (depth of source) m - site-

The dilution factor 
defaults to 20 for a 
0.5-acre source. If you 
have all of the 
parameters needed to 

11' ___ ---' K (aquifer hydraulic 
Jr'TnflT\tI m/yr 

11 ...... -----.-
(hydraulic gradient) mlm 

11.------. 
___________ • L (source length parallel to 

http://risk.lsd.ornl.gov/cgi-bin/epa/ssll.cgi 711712003 
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calculate a dilution 
factor, you may use 
method 2. 

rOUnd water flow) m 

I da (aquifer thickness) m - site

specific 

Do not use this method 
unless you have values for 
all of the parameters. 

Soil to Ground Water Notes 

Method for Calculating Soil to Goundwater 

Method 1 ® Method 2 C 

NOTES: 

1. Cw(target soil leachate concentration) mg/l = nonzero MClG, MCl, or HBl 

x dilution factor (which may be calculated or set to a -site-specific default) 

2. e a(air-filled soil porosity) lai!lsoil = n - 0 w 
3. H' (dimensionless Henry's law constant) - chemical specific 
4. n (total soil porosity) lporelLsoil = 1-(Pbl Ps) 
5. Kd (soil-water partition coefficient) Ukg = Koe x foe (organics) - chemical

specific 
6. Koc (soil organic carbon/water partition coefficient) Ukg - chemical specific 
7. d (mixing zone depth) m - Calculated and used in the dilution factor 

equation. 

You must select one of the following output options 
@ View on Screen 

o Tab delimited file 

o Comma delimited file 

This site is maintained and operated through a cooperative agreement between the 
EPA Office of Superfund and Oak Ridge National Laboratory. For questions or 
comments please contact the Office of Superfund. 

OSWEA Home I Superfund Home I Oil Spill Home 

EPA Home I Privacy and Security Notice I Contact Us 

http://risk.lsd.ornLgov/cgi-binlepa/ssll.cgi 

Last updated on Monday. February 17th. 2003 
UAL: hltp:llrisk.lsd.omLgov/cgi·binlepalssl1.cgi 
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Sites 

Programs 

Regions & Partners 

Community 
Involvement 

Health & Safety 

Law, Policies & 
Guidances 

Information Sc;>urces 

About Superfund 

Conferences 

/~ 

I. '\ .-.IV \L--. .~- A 
(~.& ~.u 
\~ \-"~ ! 
\ .' !.;J);., 
\. \!nj.J.J..k 0 
; y'- J ~.W/ 

~ 

u.s. En·vilonm.ental Proteotion Ag«nor 
Supertund J 
Recent Additions I Contact Us I Search: I I m!J 
EPA Home> Superfund> Health & Safety > Risk Assessment> Tools of the Trade> Soil Screening 
Guidance for Chemicals '. 

Soil Screening Guidance for Chemicals 

WARNING: The Base Product product with which Session. Manager is associated 
will expire within 30 days. Please contact your SAS installation representative to 
have it renewed. WARNING: The Base Product product with which 
Program /www/prodlcgi-bin/epa/Equations is associated will expire within 30 days. 
Please contact your SAS installation representative to have it renewed. 

Equation Values for Soil to Ground Water 

Partitioning Equation Parameter 

Dilution factor (unitless) 
Fraction organic carbon in soil (unitless) 

Water-filled ~oil porosity (~ate!lsoil) 

Dry soil bulk density (kgIL) 

Soil particle density (kg/l) 

Value 

1 

0.002 

0.3 

1.5 

2.65 

Soil Screening Levels for Soil to Ground Water (mg/kg) 

Analyte 

Trinitrotoluene, 
2,4,6-

Cas 
Number 

118967 

Ground Water 
Concentration' 

(mglL) 

Ground Water 
Concentration 

Source 

HBl 

Soil 
Screening 

Level 

5.7E-04 

'Ground Water concentration7ii'OUnd Water Concentration Source x Dilution 
Factor ./ 

" This site is maintain¢ and operated through a cooperative agreement between the 
EPA Office of Superfund and Oak Ridge National Laboratory. For questions or OO7e contact the OffICe of Superrund. 

OSWER Home I Superfund Home I Oil Spill Home 

EPA Home I Privacy and Security Notice I Contact Us 

Last updated on Monday. February 17th. 2003 
URL: hllp:llrisk,lsd.oml.gov/cgl-bin/epalssI2.cgi 

.. 
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&EPA 
Region 1, New England 

ISK UPDATES is aperiodic 
bulletin prepared by EPA - Region I. New 
England risk assessors to provide 
infonnation on new regional guidance. 
Risk Updates is distributed to contractors 
supporting Superfund and RCRA. 
regulators; and interested parties. Risk 
assessment questions may be directed to 
the following EPA scientists (area code 
617): 

Regional Risk Assessment Contact 
AnH.1arie Burke 223-5528 

Superfund 
Human Health Risk Assessment 

AnH.1arie Burke 223-5528 
Sarah levinson 573-9614 
Margaret McDonough 573-5714 
Jayne MiChaud 223-5583 

Ecological Risk Assessment 
Susan Svirsky 573-9649 
Patti Tyler 86~342 

RCRA Corrective Action 
Mary §allew ~73-5718 
Stephanie Carr 223-5593 

Air Modeling 
Brian Hennessey 565-3572 

Combustion Risk Issues 
Jui-Yu Hsieh 565-3501 

Comparative RIsk 
Katrina Kipp 565-3520 

Cost Benefit Analysis 
Ronnie Levin 565-9351 

Drinking Water 
Maureen McClelland 565-3543 

Air Risk Issues . 
Jerri Weiss 565-9448 

ORO Technical Ualson 
Ruth Bleyler 573-5792 

EPA Region I. New England receives 
additional ecological technical support 
from Ken Finkelstein (223-5537) of the 
National Oceanic Atmospheric 
Administration (NOM). and US Fish & 
Wildlife (Steve Mierzykowski 207/827-
5938. Ken Munney 6031225-1411. and 
Tm Prior4011364-9124). 

Editors 
Stephanie Carr and Jayne Michaud 
Layout Gloria Hume 
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EPA Ecological Risk 
Assessment Guidance 

Update 

The EPA is in the process of 
finalizing two major ecological 
guidance documents. The first, 
Guidelines for Ecological Risk 
Assessment, is under 
development by the EPA Risk 
Assessment Forum (The Forum). 
The Forum was established to 
promote consensus on risk 
assessment issues, as defined in 

1 

November 1996 

the 1983 Report of the National 
Research Council. and to ensure 
that this consensus be incorporated 
into Agency risk assessment 
guidance. The Forum consists of 
risk assessment experts from 
throughout the Agency. including 
Region I. The final version of this 
document will expand upon the 
work presented in the Frameworl< 
for EcoJOSJicaI Risk Asssssmellt. 
The Guidelines will provide more 
direction for the various programs 
in EPA to follow when conducting 
ecological risk assessment and 
promise . to be a particularly 
valuable tool in understanding the 
role of ecological risk assessment 
in the Superfund process. The 
Notice of Availability and 
Opportunity to Comment on 
Proposed Guidelines was 
published in the Monday, 
September 9, 1996 Federal 
Register (Vol. 61, No.175, page 
47552). A copy can be obtained 
from the National Technical 
Infonnation Service (7031487 -4650) 
for $47, or from the EPA home 
page: http://www.epa.gov/ord/ 
webpubs/ fedreg. 

The second document which is 
being developed by the EPA 
Environmental Response Team is 
entitled Ecological Risk 
Assessment Guidance for 
Superfund: Process for Designing 
and Conducting Ecological Risk 
Assessments. This document 
provides a -hands-on" approach 
for conducting an ecological risk 
assessment and gathering the data 
to support such an assessment. 
This guidance loosely follows the 
Risk Assessment Forum approach. 



Both of the documents described 
above are supplements to 
existing ecological guidance and 
~o not replace existing guidance. 
EPA New England will issue 
regional guidance explaining how 
these two guidance documents 
should be used in the Superfund 
program. This is tentatively 
scheduled for fall of 1996, 
depending upon the progress 
with the national guidance. 

Two new Eco Updates were 
recently released by the EPA 
Office of Emergency and 
Remedial Response and can be 
found on the EPA home page. 

." Ecotox Thresholds (EPA 
5401f-95/038) 

• Ecological Significance 
and Selection of 
Candidate Assessment 
Endpoints (EPA 5401f-
95/037). 

The Ecotox Thresholds bulletin 
provides an overview of the 
development and use of ecotox 
benchmark values in Superfund 
ecological risk assessments. The 
-Endpoints·, bulletin provides 
guidance to risk asseSsors and 
managers in the selection of 
appropriate assessment 
endpoints for ecological study. 
CurrenUy under development are 
Eco Update bulletins describing 
the screening process and hOlN to 
use ecotox benchmarks correctly, ' 
and bioaccumulation of 
contaminants. 

written by Susan Svirsky 

Superfund 
Risk Assessment 

, Refof!1l Initiatives, 
", 

Specific areas of the Superfund 
risk assessment process were 
identified by the Superfund 
~dministrative Reforms Initiative 
announced in 1995. Two EPA 
workgroups are' currently 
addressing the risk assessment 
reform requirement· to ensure 
reasonable and consistent risk 
assessments. The respective 
goals of these workgroups are: 

• To establish national criteria 
to plan, report, and review 
risk assessments; and 

• To revise Risk Assessment 
Guidance for Superfund 
(RAGS). 

The first work group is tasked 
with establishing national criteria 
for the review, approval, and 
reporting of Superfund risk 
assessments. The products of 
this work group will also address 
the four core values of EPA 
Administrator Carol Browner's 
Risk Characterization Policy and 
Guidance Memorandum of 
transparency, clarity, 
consistency, and reasonableness 
(refer to Risk Characterization 
Update on the next page). To 
date, the work group has drafted 
a standard statement of work for 
risk assessments, standard risk 
assessment reporting tables, and 
a risk assessment data quality 
assurance checklist. The EPA 
work group has also solicited and 
received stakeholder input on 
theS'e draft documents. 

2 

The RAGS Reform Work Group 
has developed a list of key 
technical focus areas where the 
Superfun~ program would most 
~enefit with respect to improving 
nsk assessment and its application 

. to.~uperfund, and also responds to 
cntlCS of the program. The focus 
areas are toxicity assessment 
exposure assessment, and' risk 
C?mmunication. Two stakeholder 
dialogue meetings have been 
planned for late October and early 
November with representatives of 
the community, public, and private 
sector stakeholder groups. The 
goal of these meetings is to receive 
stakeholder input on which issues 
EP~ .should focus resources when 
revIsing and updating RAGS. 

In Region I, preliminary stake
hold~r advisory opinions were 
obtaln~ earlier this year at an EPA 
Federal Facilities Risk Assessment 
meeting at which the Air Force 
Army, Navy, contractors, and 
States were present. The following 
t~chnical issues were ranked 
highest among the participants: 
background determination, use of 
the reason~ble maximum exPosure 
method. In decision making, 
uncertainty/probabilistic analysis, 
and lan9 and groundwater use. 
The ~pcomi~g stakeholder dialogue 
~eetlngs Will provide formal input 
Into the RAGS Reform Initiative. 

For more information on the 
Superfund Administrative Reforms 
Initiatives, please contact Ann
Marie Burke or Jayne Michaud. 

written by Jayne Michaud 

I 



Risk 
Characterization 

Update 

In respOnse to criticism that the 
EPA's risk assessments are often 
difficult to understand and 
communicate, EPA Administrator 
Carol Browner issued a 
memorandum on Risk 
Characterization on March 21, 
1995. This memorandum 
presents policies and guidance to 
serve as -building blocks- for 
development of program specific 
and region specific policies and 
procedures for improving risk 
characterizations. This policy will 
provide a basis for greater clarity, 
transparency, reasonableness 
and consistency in risk 
assessments across Agency 
programs. To achieve clarity, 
risk assessments must clearly 
identify the purpose and scope of 
the assessrnen~ and present its 

. uncertainties, strengths and 
weaknesses, and assumptions. 
To achieve transparency, the 
decision-making process must 
clearly separate scientific or 
technically-based conclusions 
from those based on policy. To 
achieve reasonableness, the 
components of the risk 
assessment must be based on 
sound scientific information, and 
reasonable judgement and be 
integrated into an overall 
conclusion. The implementation 
of this policy will improve overall 
consistency of risk 
assessments. 

Region I has developed a plan for 
implementing this policy in the 
Risk Characterization 
Implementation Plan for Region I. 

The plan describes risk 
assessments conducted by or for 
Region J and outlines the criteria 
that should be used to determine 
whether the four fundamental 
values presented above have 
been addressed. The RiSk.* 
Characterization Implementation 
Plan for Region I was signed by 
John DeVil/ars, Regional 
Administrator, on October 24, 
1996. Copies of the 
Administrator's March 21, 1995 
memorandum and Region I's 
Implementation Plan are 
available from Jerri Weiss or 
Margaret McDonoug~. 

written by Margaret McDonough 

Mercury 
Update 

Combustion facilities or 
incinerators are potentially a large 
source of environmental mercury 
contamination. To reduce emiss
ions of mercury and other 
hazardous air pollutants, the 
revised MACT standards 
proposed for hazardous waste 
combustion facilities were signed 
by EPA Administrator Carol 
Browner on March 20, 1996 
under the joint authority of the 
Clean Air Act (CAA) and the 
Resource Conservation and 
Recovery Act (RCRA). The rules 
were proposed on April 19, 1996 
(61 FR 17358) and are scheduled 
to be finalized by March, 1998. 

The proposed MACT standards 
for mercury are 50 ug/dscm 
(micrograms per dry weight 
standard cubic meter) for 
hazardous waste incinerators and 
hazardous waste-burning cement 
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kilns, and 72 ug/dscm for 
h~ardous waste-burning light 
weight aggregate kilns. Under this 
proposal, continuous emission 
monitors (CEMs) would be required 
for particulate matter and mercury. 

The CAA 112(n)(1)(B) requires 
EPA to submit a study on the 
atmospheriC mercury emiSSions to 
Congress (the Mercury Report). 
The release of this report to 
Congress has been delayed. EPA 
released the report to the Science 
Advisory Board (SAB) in the 
beginning of July. The SAB was 
asked to review the issues related 
to effects of methyl mercury on 
child development and to develop a 
process for evaluating new data 
that is forthcoming from two large 
epidemiological studies. .. This 
report will also address mercury . 
speciation, atmospheric deposition 
bioconcentration factors, and 
toxicity data which are important for 
meaningful quantitative risk 
assessments. 

The EPA has made the Mercury 1t 
Study SAB Review Draft Report to 
Congress (document number EPA-
4521R-96-001) available through 
the Natio.nal Technical Information 
Service (703/487-4650). 

written by Jui-Yu Hsieh 

EPA 
Finalizes Soil 

Screening 
Guidance 

EPA finalized the Soil Screening 
Guidance in April, 1996. This 
guidance provides m~thods for 
calculating site-specific soil 
screening levels (SSLs) which can 



be used to identify areas of a 
hazardous waste site which db 
not warrant further federal 

. attention. The SSL guidance is 
expected to help standardize and 
accelerate the evaluation and 
cleanup of contaminated soils at 
sites with a Mure residential land 
use. 

SSLs are not national standards 
and alone do not trigger the need 
for response actions nor do they 
define -unacceptable- levels of 
contaminants in soils. The SSL 
Guidance contains 110 general 
soil values as well as a 
methodology for derivation of 
site-specific concentrations. If 
soil screening levels are 
exceeded, further assessment 
but not necessarily cleanup is 
generally warranted. The generic 
soil values and methodology are 
designed. to protect against 
exposures resulting frOm soil 
ingestion, inhalation of 
particulates and ingestion of 
contaminated groundwater 
resulting from soil leachate. 

Soil screening levels are limited 
in their' application by the fact that 
1) they do not address ecological 
threats and 2) they are only 
developed for a residential 
exposure scenario. EPA has 
issued the guidance in two parts: 

1. Soli Screening Guidance: 
User's Guide 
(OSWER Directive 9355.4-23, 
PB96-963505). The User's 
Guide is designed for the EPA 
site manager or Regional 
Manager seeking to 
understand the basic 
concepts, approaches, and 
assumptions in the soil 
screening decision 
framework. 

2. Soli Screening Guidance: 
Technical Background 
Document (TBD) 
(OSWER Directive 9355.4-
17 A. PB96-963502). The 
T~chnj'cal Background 
Document provides a 
compreHensive analysis ··of.· 
the technical and polICY 
issues and choices. 

In addition, an overview is 
provided in the Soli Screening 
Guidance: Fact Sheet (OSWER 
'Directive 9533.1-14FSA, PB96-
963501). An overview of the 
EPA's response to comments 
received during trle public 
comment period is also available 
in the Soil Screening Guidance: 
Response to Comments 
(OSWER Directive 9355.4-22, 
PB96-963506). These can be 
purchased from the National 
Technical Information Service 
(703/487-4650). 

written by Stephanie Caff 

EPA 3s Proposed 
Cancer Guidance 

and 
Implementation 

Plan. 

EPA released the Proposed 
Guidelines for Carcinogen Risk 
Assessment in April, 1996 for a 
120-day public review and 
comment period. The proposed 
revisions to the guidelines are a 
resu~ of extensive EPA and other 
federal and independent scientific 
reviews, as well as 
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recommendations from the 
National Academy of Sciences 
1994 report, Science and 
Judgement in Risk Assessment. 
The Proposed Guidelines are a 
revision of EPA's 1986 Guidelines 
for Carcinogen Risk Assessment 
(51FR 33992), and when final will 
replace the 1986 guidelines. 

The Proposed Guidelines will allow 
scientists to provide more relevant 
and uJ)'-to-date information in 
cancer evaluations on dose
response, route of exposure, and 
chemical structure of regulated 
chemicals. The major changes in 
the Proposed Guidelines are 
summarized below: 

• Mode of Action: Perhaps the 
most important aspect of the 
proposal is the emphasis on 
mode of action, which 
considers how a substance 
causes cancer. More emphasis 
on the mode of action is 
expected to reduce the 
uncertainty in describing 
likelihood of harm and· in 
determining dose-response 
approaches. 

• Three descriptors for 
class Ify Ing h uma n 
carcinogenic potential: 
1) -knownJlikely·, 2) cannot be 

determip.ed, and 3) not likely 
replace the six alphanumeric 
categories (A, B1, B2, C, 0, E) 
in the 1986 guidelines. In 
addition, a weight of evidence 
narrative, targeted at the risk 
manager, is added. This 
narrative summarizes the key 
evidence for the classification 
and presents significant 
strengths, weaknesses and 
uncertainties of the contributing 
evidence. 

! 
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Biologically-based 
extrapolation model is the 
preferred approach for 
quantifying risk. 

Three default approaches -
Linear, Nonlinear, or Both 
are provided. Curve fitting in 
the observed range would be 
used to determine the 
effective dose corresponding 
to the lower 95% limit on a 
dose associated with a 10% 
response (LED1o)' The LED10 

would then be used as a point 
of departure for extrapolation 
to the origin as the linear 
default 'or for a margin· of 
exposure discUssion ·as the 
nonlin'e'ar default. 

Hazard characterization is 
added to integrate the Data 
Analysis of· all relevant 
studies into one weight of 
evidence conclusion of 
hazard. 

Risk characterization is 
more fully developed by 
providing direction on how the 
overall conclusion and 
confidence . of risk is 
presented to the risk 
manager. Descriptions of 
major· default assumptions 
and criteria fOr departing from 
them are described. 

Until the guidelines are final, EPA 
will continue to rely on existing 
assessments. Once they are 
final, EPA will assess existing 
cancer values considering new 
risk assessment methods, 
principles and- data. 
Reevaluating all existing cancer 
values on EPA's Integrated Risk 
Infonnalion System (IRIS) 
database would be time and 
resource prohibitive; therefore, 
EPA has developed a 
prioritization process to ensure 
that agents which warrant 

reevaluation are given the highest 
priority. 

A five-step process will be used 
for determining which chemicals 
should be reevaluated. 1. E~A 
publishes an annual Federal 
Register notice requesting 
candidates for reevaluation. 2. 
Candidates are submitted. 3. 
EPA reviews and prioritizes 
candidates. 4. Candidates that 
EPA selects are published in a 
federal Register notice. 5. 
Reassessment takes place in the 
following fiscal year during which 
time chemicals are peer reviewed 
and placed on IRIS. . 

It should be noted that pending 
finalization of the Proposed 
Guidelines, the principles and 
approaches of the Proposed 
Guidelines may be applied in part 
or in whole, ona case-by-case 
basis. The proposed process for 
using the new guidelines can be 
found in the Federal Register (61 
FR 32799) . 

The Proposed Guidelines are 
available in the Federal Register 
(61 FR 17960). An electronic 
version is also available through 
EPA's Office of Research and 
Development home page on the 
Internet at http://www.epa.gov 
lORD. To obtain a 3.5" disc in 
WordPerfect 5.1 format, contact: 
ORO Publications Technology 
Transfer and Support Division, 
National Risk Management 
Laboratory, USEPA, 26 W. Martin 
Luther King Drive, Cincinnati, OH 
43268 Telephone: 513/560-
7562; Fax: 513/569-7566. 

Please provide your name, 
mailing address, document title 
and the following EPA number 
(EPN600/P-921003(a». 

written by Ann-Marie Burke 

5 

Ground Water 
Use and Value 

Guidance 

EPA-Region I recently finalized a 
new guidance document entitled 
the Ground Water Use and Value 
Determination Guidance. This 
guidance combines the goals of 
two major regional initiatives, the 
Superfund Beneficial Reuse 
Initiative and the Comprehensive 
Ground Water Protection Strategy. 
As part of the Superfund Beneficial 
Reuse Initiative, this guidance is 
intended to result in more informed 
and focused decision-making and 
more common-sense, cost
effective ground water cleanups 
which will facilitate the beneficial 
reuse of contaminated parcels. To 
accomplish these objectives, this 
guidance incorporates the 
resource-based considerations 
used in EPA's Comprehensive 
Ground Water Protection Strategy. 
Specifically, this guidance 
docurnel'!t establishes an approach 
for determining the relative "use" 
and "value" of site ground water 
resources jlnd explains how this 
determination affects EPA-Region 
I ground water remedial decision 
making process. 

The guidance is a good example of 
how EPA intends to provide more 
flexibility to the states. The six New 
England States have provided 
comments on this guidance and 
support the process and concepts 
it contains. 

Overview 

The new Approach to Superfund 
ground water decision making will 
be as follows: 



• 

• 

• 

• 

The Approach will be 
implemented in States with 
EPA-endorsed 
Comprehensive State Ground 
Water Protection Programs or 
CSGWPPs, but only where 
such States have entered into 
a Memorandum of Agreement 
(MOA) with EPA- Region I 
concerning the 
implementation of the 
Approach; 

In states that have entered 
into an MOA for the 
implementation of this 
guidance; EPA-New England 
will no longer rely on the 1986 
Draft EPA Guidelines for 
Ground Water· Classification 
in setting goals for ground 
water remediation and in 
making decisions on the level 
of cleanup necessary; 

Instead, a site specific 
determination will be made 
on the relative "use" and 
"value" of the ground water. 
States will play a pivotal 
role in determining the 
relative "use" and ''value'' of 
site ground water and will 
seek input from local officials 
and the public, as 
appropriate; 

EPA-New England will 
utilize the Use and Value 
Determinations performed 
by the States, in 
establishing remedial 
action objectives and 
making ground water 
remedial action decisions. 

Application of This Guidance 

The Approach provided in this 
guidance will be considered at 
current and future sites in the 
pre-remedial or RifFS stages, to . 
the extent possible. This 

guidance is for use by EPA
Region I and State Remedial 
Project Managers in scoping 
Remedial Investigations, 
conducting Risk Assessments, 
developing Remedial Action 
Objectives and . identifying 
Remedial Altematives. EPA~., 
Region I does not intend to fe':' 
open remedy selection decisions 
based on this guidance. This 
guidance is for internal Agency 
use and contains no right, 
~ubstantive or procedural, for any 
party. 

Relationship 
Assessment 

To Risk 

In performing the Human 
Health Risk Assessment for 
the site, exposure scenarios 
will generally be based on the 
generally. allowed uses under 
the state ground water 
classification system. Risk 
assessors should not vary their 
existing risk assessment 
procedures as a result of this 
policy, other than to consider 
exposures based on the state 
classification rather than the 
1986 draft federal guidelines. 

The Use and Value 
Determination prepared by the 
States may be discussed as 
part of the exposure 
assessment section of the Risk 
Assessment. In other words, 
the Use and Value 
Determination may be used to 
place the exposure scenarios 
in perspective. 

If you have any questions on 
how this guidance should be . 
applied or would like to receive 
a copy of the guidance 
document, please contact any 
one of the following staff: . 
Lynne Jennings, (617) 573- *-
9634; Margery Adams, (617) 
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565-3746; Audrey Zucker, (617) 
565-3444. 

written by Lynne Jennings 

Lead Risk at 
CERCLA Sites 

andRCRA 
Correction Action 

Facilities 

EPA takes a multimedia 
approach to estimating the risk 
from exposure to inorganic lead 
at a hazardous waste sites. 
Risks to children exposed to lead 
are estimated by predicting blood 
lead levels using a 
pharmacokinetic model. Risks to 
adults are estimated through use 
of a slope-factor approach. 
These methods for· estimating 
risks are described below. 

Lead Risks for Children in a 
Residential Setting 

For sites with a current or future 
potential residential land use, the 
sensitive- receptor should be a 
child. EPA's Integrated Exposure 
Uptake and Biokinetic (IEUBK) 
model estirllates the risk to a 
child resident. It is not 
appropriate to use this model for 
the adult resident, an older child 
(i.e., ages 9-18), or the adult 
worker. For future residential 
exposure scenarios, only a 
child's exposure to lead need be 
evaluated since this is the most 
sensitive receptor. 

The IEUBK is a software 
package designed to combine 
exposures from lead in air, 
water, Soil, dust, diet, paint, and 

) 

I 
I 
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other sources with a 
pharmacokinetic model. The 
output is a predicted 
distribution of blood lead levels 
in a child or a population of 
children from 6 months to 7 
years of age. From this 
distribution, the model 
calculates the probability that 
blood lead concentration of a 
child or population of children 
will exceed a selected level of 
concern (the default value is a 
b~ lead level of 10 
micrograms lead per deciliter 
of blood). The user can then 
explore an array of possible 
changes in exposure media 
that would reduce the 
probability of unacceptable risk 
to those populations. 

The model allows the user to 
input site-specific values other 
than the concentration of lead 
in soil; i.e., the concentration 
of lead in household dust, air, 
or drinking water, or the 
bioavailability of lead. The 
model can also be used to 
develop cleanup goals for lead 
at a hazardous waste site. In 
cases where site-specific data 
are not available, the standard 
default exposure assumptions 
built into the model should be 
used. This will result in a 
cleanup goal of 400 rng/kg 
(ppm) for residential soils. The 
model's default values are the 
basis for the risk screening 
value of 400 rng/kg 
recommended in the "Revised 
Interim Soil Lead Guidance for 
CERCLA Sites and RCRA 
Corrective Action Facilities' 
(OSWER Directive #9355.4-
12) and the EPA Soil 
Screening Guidance 
(Publication number 9355.4-
23). 

When presenting the IEUBK 
model results to EPA, the user 
should include: 1) the age of 

the child targeted; 2) site-
. specific parameter values; 3) 
standard defaults; and, 4) the 
percentage of children 
predicted to have blood leads 
above the EPA cutoff of 10 
micrograms/deciliter. In the - . .' 
IEUBK computer model, the 
user should choose the graph 
for the probability density. 
function and enter the 
appropriate parameters. 

Both the IEUBK computer 
'model (Pub. No. 9285.7-15-2; 
PB93-963511) anp the 
guidance manual (Pub. No. 
9285.7 -15-1; PB93-963510) 
are available to the public 
through the National Technical 
Information Service (703/487-
4650) or the EPA Region I 
Library (617/565-3300). 

Lead Risks for CommerCial 
or Industrial Workers and 
Youth Trespassers 

The EPA Technical Review 
Workgroup for Lead (TRW) is 
conducting additional research 
on a biokinetic mode for adult 
exposures. The TRW consists 
of risk assessors, scientists, 
policy analysts, statisticians, 
and project managers 
including Region I 
representatives Margaret 
McDonough and Mary Ballew. 
As an interim approach, the 
TRW has recommended a 
simplified slope factor 
approach. The slope factor 
approach is conceptually 
similar to that proposed by 
Bowers et al. (1994) which 
was adapted for use at the 
California Gulch NPL site in 
Region 8 (Weston, 1995). 

On October 26, 1995, the TRW 
published a report, Review of 
a Methodology for Establishing 
Risk-Based Soil Remediation 
Goals for Commercial Areas of 
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the California Gulch Site. The 
TRW has endorsed the slope 
factor approach presented in this 
report, as an interim method for 
evaluating the risks to adults 

.. exposed to lead. This fall, the 
TRW expects to release a more 
generic guidance document that 
will contain a clear method for 
calculating a preliminary 
remediation goal for an industrial 
or commercial exposure 
scenario and the rationale for 
each parameter used in this new 
approach. The TRW has. 
emphaSized the importance of 
collecting data to support site
specific parameter . estimates, 
however, default parameter 
guidance will also be provided. 

Preliminary calculations by the 
TRW suggest that the slope 
factor approach could be 
adapted for use in a trespasser 
scenario. Parameters should be 
adjusted to account for any age
related differences. It is 
appropriate to use the slope 
factor approach when 
trespassing frequency is equal to 
or greater than once per week 
over the course of a minimum 
duration of ninety days. 

The 1995 California Gulch 
review report is available from 
the Region,.! library. The TRW 
report Methodology for 
Assessing Risks Associated with 
Adult Exposures to Lead in Soil 
will be available by the end of 
1996. A copy will be available at .Ji. 
the Region I library 617/565- ~ 
3300 or Toll Free at 800-EPA
L1BR 

written by Mary Ballew and 
Margaret McDonough 
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Revised 
Manganese 

Reference Dose 

The manganese reference 
dose (RfD) in the IRIS data 
base was revised in 
November, 1995. This revision 
results in a lower risk (and 
thus, higher cleanup level) for 
drinking water compared to the 
previous RfD. The IRIS RfD ~f 
1.4E-1 mglkg/day is for the 
total oral intake of manganese. 
As stated in the IRIS file, it is 
recommended that a n10difying 
factor of3 be applied to the 
RID for non-dietary exposures. 

Background 

Prior to November, 1995 the 
IRIS data base provided two 
references doses for 
manganese, one for food and 
one for water. The· food RfD 
was based on dietary intake of 
manganese. The water RfD 
was based on a study of 
humans who had ingested 
drinking water containing 
elevated levels of manganese 
as well as on assumptions 
regarding differences in 
absorption of manganese in 
food as opposed to water. 

The drinking water RfD was 
withdrawn from IRIS in 
November, 1995 because of 
concerns about the validity of 
the human expbsure study and 
because new infonnation 
indicated that the disparity 
between \ absorption of 
manganese from food as 
opposed to water was 
overestimated. 

New Approach 

The revised . RfD for 
manganese is for the tQta! oral 
intake of manganese. This 
value is 0.14 mg/kg/d~y and is 
derived as follows: 

- 10 mg/day of manganese 
may be consumed without 
adverse effects (the -critical 
dose-). This value comes 
from several dietary 
studies. 

- average adult body 
weight = 70 kg 

Therefore, the RfD = 

10 mg/day =0.14 mg/kg/day 
70 kg 

A modifying factor of 3 is 
recommended in IRIS when 
assessing exposure from 
drinking water. 

Drinking Water Exposures 

The average dietary 
manganese content of the U.S. 
population, 5 mg/day, is 
subtracted from the "critical 
dose" of 10 mg/day: 

10 mg/day ~ 5mg/day = 
5mg/day 

Apply modifying factor of 3 per 
IRIS recommendation: 

5 mg/dav = 1.67 mg/day 
3 
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Compute RID: 

1.67 mg/day = .024 mg/kg day 
70 kg ~ 

The Hazard Index (HI) for 
drinking water is calculated as 
'follows (using a simplified 
equation): 

ConcentrationCmgll.) * 2liters/day 
0.024 mg/kg/day * 70 kg 

A HI of 1 corresponds to a 
concentration of 840 ug/L. 

Soli Exposure 

A modifying factor of 3 may be 
appropriate for assessing risks 
via exposure to soils if neonates 
(a child 12 months or younger) 
are a potentially exposed 
population. For most RCRA and 
Superfund risk assessments 
neonates are unlikely to be 
exposed to Significant amounts 
of soils. Therefore, a modifying 
factor of 1 is appropriate. 
Assuming exposure to a young 
child under a residential 
scenario, a hazard index of 1 for 
manganese in soil would 
correspond to a soil 
concen~tion ot.? 500 ~g. 

written by Margaret McDonough 
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New 
Cancer Slope 

Factors 
jorPCBs 

EPA recently reassessed the 
scientific evidence for the 
carCinogenicity of polychlorinated 
biphenyls' (PCBs). A range of 
new cancer slope factors for 
PCB mixtures were posted on 
the IRIS chemical information 

/ 
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data base on October 1, 1996. 
The new slope factors reflect 
the current knowledge of EPA 
scientists and national experts 
concerning: 

• the influence on toxicity of 
PCBs by chemical 
transformation in the 
environment; 

• the tendency of PCBs to 
partition into various media; 
and 

• the potential for PCBs to 
biomagnify through the 
food chain. 

To fully understand the 
sCientific basis for the slope 
factors and to correctly apply 
them in a risk assessment, 
carefully read EPA's 
supporting technical document, 
pc~:cancer~e~sponse 

Assessment and Application to 
Environmental Mixtures, which 
explains in greater detail the 
basis for the PCB 
reassessment 

The PCB reassessment results 
·in different cancer slope 
. factors for PCB mixtures 
based on a consideration of 
several different factors. First, 
the reassessment recognizes 
that environmental processes 
may significantly change the 
toxicity of Aroclor mixtures 
released into the environment. 
Thus, new slope factors are 
determined by the 
environmental pathway of 
exposure rather than by 
reference to a toxicity study for 
the particular Aroclor. Second, 
toxicity studies which formed 
the basis of the previous slope 
factor for PCBs were 
reanalyzed using new criteria 
and nomenclature for rat liver 

tumors, which resulted in a 
reduced number of tumors 
reported for Aroclor mixtures. 
Third, new PCB toxicity 
studies, sponsoredt;>y the 
General ~Iectric Company. 
were considered in th~ 
derivation of the new cancer 
slope factors. Fourth, a 
revised cross-species scaling 
factor as recommended in 
EPA's Proposed Guidelines for 
Carcinogen Risk Assessment, 
~1 FR 17960, was incorporated 
into the derivation of the new 
slope factors. Lastly, a new 
method for extrapolating risk to 
low doses from ex~rimental 
data as recommended in 
EPA's New CanceLGuidelines 
was utilized in deriving the new 
slope factors. 

The reas'sessment 
recommends a tiered approach 
for determining central 
tendency and high end cancer 
slope factors for use in risk 
assessment When congener 
information is limited, the 
exposure pathway is used to 
indicate whether environmental 
processes have increased or 
decreased a PCB mixture's 
potency. When congener 
information is available. further 
refinement of the potency 
estimate can occur. Three 
categories of slope factors are 
developed based on the 
exposure pathway or. if more 
information is available. the 
PCB congener makeup of the 

. mixture. A "high-risk" category 
is used for exposure pathways 
associated with environmental 
processes that tend to 
increase risk: a "low-risk" 
category for those that tend to 
decrease risk; and a "lowest 
risk" category for cases where 
congener or isomer analyses 
verifies the absence of 
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congeners with more than 4 
chlorines (establishing suffiCient 
similarity of an environmental 
mixture to the least potent PCB 
Aroclor tested). 

Additional highlights of the 
reassessment include the 
following: 

• Changes in the types of 
environmental data collected 
for PCBs are recommended. 
At present, data are collected 
for the commercially 
available mixtures of PCBs 
(Aroclors) and the total 
amount of PCBs. The 
reassessment recommends 
collecting data on either the 
total amount of PCBs or on 
congeners (which represent 
up to 209 different 
arrangements of the chlOrine 
atoms on the PCB molecule). 

• Analysis of dioxin-like PCBs 
is recommended. if they are 
thought to be present. For 
samples containing dioxin
like PCBs, the riSk of the 
dioxin-like PCBs is added to 
the risks calculated using the 
cancer slope factors for 
nondioxin-like PCBs 
prese'nted in this 
reassessment. Only a 
congen~-specific analysiS 
can determine whether 
dioxin-like PCBs are present. 
The risks from dioxin-like 
PCBs are evaluated using a 
toxicity equivalence factor 
(TEF) approach, (See the 
PCB reassessment and 
March 1989 Interim 
Procedures For Estimating 
Risks Associated With 
Exposures to Mixtures of 
Chlorinated Dibenzo-p
dioxins and -Dibenzofurans 
(CDDs and CDFs) and 1989 



Update (EPAl62513-
891016) for more details.) 

• New highly exposed and 
highly sensitive populations 
who merit specific 
evaluation are identified. 
MHighly exposed 
populations include some 
nursing infants and 
consumers of game fish 
and game animals 
contaminated through the 
food chain. Highly 
sensitive populations 
include people with 
decreased liver function 
and, infants.· 

The reassessment may 
produce changes in the way 
we investigate hazardous 
wast~ sites and estimate riskS 
for PCBs. Lower estimates of 
risk from PCBs could result fpr 
several exposure pathways. 
Wlen assessing the risks from 
PCB mixtures, please contact 
a Region I risk assessor. 

The PCB reassessment is 
available on the Office of 
Research and Development 
home page on ,the Internet at 
http://www.epa.gov/ORD. A 
copy is also available at the 
Region I EPA library and it 
may be copied onto a disk if 
you bring your own. The 
library has a new toll free 
number _ for calls within New 
England: 888-EPA-liBR. 

written by Mary Ballew 
& Ann-Marie Burke 

To be included on future mailing list, 
please send your address including 
Internet address to: Jayne Michaud 

or Stephanie Carr at: 
michaud.jayne@epamail.epa.gov 
carr.stephanje@epamail.epa.gov 

\ 

USEPA - New England 

JFK Federal Building, HBT 

Boston, MA 02203 
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Element Concentrations in Soils and 
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Conterminous United States 
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U . S .  G E O L O G I C A L  S U R V E Y  P R O F E S S I O N A L  P A P E R  1270 

An account of the concentrations of 
50 chemical elements in samples of 
soiis and 0 t h  regoliths 
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ELEMENT CONCENTRATIONS IN SOIL$ CONTERMINOUS UNITED STATES 

TULE 1 . - A m  or diar corrbrrtr. and mnpo in conhn(r. rrpdsd for dcnwut8 in wih and dkr nrrficiol mot.nnlr 

lome. aad othara Vim#radov 
(1979) ( e l emat8  (19S9) Jackson (1964) Mitch*11 ( 1964) Brook8 ( 1972) 

uaeful l a  (vr*rw.abl?. 
#cochemieal amrasea from ~ n i e a l - .  L.n#* i a  

proap.ct1as) w r l d r i d e  averare. eoncent8 l a  
a . ro l iw)  o r  ranre  Scoctiah a u r  AVeraC* o r  

l a  value8 face 8oi l8  r mu* 

0 7 -  
c. t o t a l  
c-- 
C r -  
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Ib- 
S, t o t a l  
Sb-- 
Se- 
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35 (n)  100 --------------- 
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2 (A) ------- ----- .s ---- 7 ---- <3  - 15 
0.31 (n)  .OOI -- --- .s 
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10 (A) --- 10 
67 (II) 300 60 - 700 X)O --- 

b.600 1.200-6.000 -- ------ - 13 

IAuchor'a urn-.; '*mmra11, rud t o  lodieata the  m a t  c-17 o e c u r r i w  value. 

collected by U.S. Geological Survey personnel along 
their routes of h v e l  to areas of other types of field 
studies or within their project amas. 
The locatiom of the routes thot were m p l d  de- 

pended on both the network of roads that eldeted and 
the destimtiom of the aamplera. Sampling intensity 
WM kept 8t 8 minimum by ee!lecting only one isampling 
eite every 80 h ( h t  50 miles; selected for conveni- 
ence beauae vehicle odometers were calibmted in 
miles) along the routes. Tbe specific spmphng dtes 

were selected, insofar ae poeeible, that had mrtkial ma- 
terials that were very little altered from their natural 
condition and that supported native p h t e  suitable for 
=piing. In practice, this a h  eelemion neceaihted 
ampling away from d c u t a  d fills. In some amas, 
only cultivated fields and p h t a  were avpikbie for sun- 
PW. 

Contamination of the -ling sites by vchiculu 
emissions was seemingly h&ni£iumt, even though 
mrny sites were within 100 m or leM of tbe mads. CoE 



ELEMENT CONCENTRATIONS IN BOILS, CONTERMINOUS UNITED SMTES 

1, unlike the geometric meana shown in table 2, am 
estimrtea of geochemical abundance (Miesch, 1967). 
Arithmetic meam are alwaya larger than corresponding 
geometric mema (Miesch, 1967, p. B1) and am eeti- 
mates of the W o r d  put of a single specimen that 
conaiata of the element of concern rather than of the 
typical concentration of the element in a suite of sun- 
p k .  

Concentratioaa of 46 elementa in mmples of this 
study am pxwe!nted in table 2, which gives the d e t e h -  
nation mtiw, geometric-mean coneentratio~ and devia- 
tions, and observed mngea in concentrotione. The 
analytical data for most elementa aa received from the 
labomtones were transformed into lo@thxna because 
of the tendency for elementa in natulpl materials, par- 
ticularly the tmce elernenta, to have positively skewed 

bacan inoua  Y a t e r n  &ticad Stataa . b a t e r n  United Statea 
Va1c.d State8 (weat o f  9 6 t h  w r i d i a n )  ( m a t  o f  9 6 t h  meridian) 
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Mn--- 330 2.77 5Y)  777:777 3M) 1.98 3 0  - 5.000 6 8 0  537:WO 260 3.82 <2  - 7 .000  6 4 0  
MP- .S9 2.72 .97 57:774 5 2.17 < 3  - 7 1.1 32:524 . 3 2  3.93 <3 - 1 5  - 7 9  
Na. percent .59 3.27 1.2 744:744 .97  1 . 9  0 .05  - 1 0  1.2 363:449 .2S 5 < 0 . 0 5 - 5  - 7 8  

I&----- 

S. percent- 
Sb------ 
sc ------- 
sc -------- 
Sl. parcent' 31 6 . 8  Hone 250:ZY) 30  5.70 1 5  - rr Rone 156:156 34 6.6L 1 - 7 - 6 3  - - 
sn----- . 8 9  2.36 1.3 218:226 . 9 0  2.11 <0.1 - 7 . r  1.2 123:131 .86  2.81 C0.1 - 10 1 . 5  
S--- 120 3.30 2r0 778:778 200 2.16 10 - 3.000 270 W)I :  Y O  53 3.61 < 5  - 700 120 
T i .  percent .2L 1.89 .29 7 7 7 7 7 7  .22  1.78 0 . 0 5  - 2.0 . 26  5&0:5&O . 2 8  2 .00  0 . 0 0 7  - 1.5 .3 5 
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DETERMINATION OF BACKGROUND 
CONCENTRATIONS OF INORGANICS IN 
SOILS AND SEDIMENTS AT HAZARDOUS 
WASTE SI'TES 

R. P. Brcckcnridpei and A. B. Crockctt' 

INTRODUCTION 

The Nationai Engineering Forum is a 
,goup of U.E. Environmental Protection 
Agency (EPA) professionals representing 
EPA Regional Offices. cornmined to the 
identification and resolution of engineering 
issues affecting the remediation of 
Superfund sites. The forum has identified 
the need to provide remedial project 
managen (RPMs) and other state or private 
personnel working with hazardous waste 
s ~ u s  a hought-provoking, technical-issue 
paper on how to determine background 
concentrations of inorganics in soils and 
sediments at hazardous waste sites. Mr. 
Frank Vavra and Mr. Bob Stamnes. 
Engineering Forum members. provided 

technical guidance and direction ~n me 
development of this Issue papcr. 

This paper was pepand by R. P. 
Brtckenridge and A. B. Crocken. Suoporr 
for this project was provided by :he 
National Exposure Research Labontop's 
Characterization Research Division ~7 th  
the assistance of the Superfund Tcchnl:al 
Support Project's Technology Suppon 
Center for Monitoring , and S ~ t e  
Charactcriartion. For funher in formuon. 
contact Ken Brown, Technology Su own 
Cenw Dimtor, at (702) 798-2270. or R P. 
Brccknridge at (208) 526-0757. f .S. 
Dcpamncnr of Energy, Idaho Xat~onal 
Engineering Laboratory. 

' U.S. Dcpamnmt of Energy. Idaho Nuionid Engincuing Labotatory. 

Tachnobgykrno~OfEia 
Ofhe of Sotid Wute ad tncr)crwy Response. 

' 0 r r R ~ D i v i i o n  U.S. EPA. Wuhiagm, 0.C 

Wdtu W. Kovalick, Jr.. PhD.. D k w r  

., P r i r w d o n ~ I r d P ~ r  
G a  



TABLE I. CONCENTRATION OF INORGANICS IN SURFACE SOILS Ot: THE U.S. liN PPM-URY WEiGl IT, OW), EQUIVALENT TO 
.mglkg-dwJ (SOURCE: KABATA-PENDIAS ANI> PENDIAS 1984). ' 

EI!:IIICII'S 

As II .. ' ell Cr Cu .II.: 

Suil R;uta:.: Mi:iUI RlUtl.'C Mo:an . K;III&:O: Mc:a .. :JC Ihtll&:c Mclin . Kan .. 'C MclUl .Ran;e MO::l1I , 
\J'~ 

SMd, _lund IiI_oI5 un AUdsI~ ,<11.1 )011 S.I !II ·1 ~1I11 .... , .. ! II." 211 I ~ c.I 21111 .. II . I 'III 101 dllli II~" 111111 

UI"~li, .. 6 114.IUI 7 I 711 1111111 ~S~ .lHII C I .~ III ,I'll ~~ .f 711 !~ 11111 IIW ull1 
1, 

Lac .. MIl IOila on aill depusllS U'-16.0 b.b :WII·ISIIII 67S 1-.111 1111 III '111' SS 7 II.' 2S j'III·ILlll 111111 

a., .... t:lay loamy luil. 17-27,11 7.7 I~II·ISII11 SlS )-111 1111 :!U 11111 SS 7711 2') 11111 II')CI IIIJ 
I 

AUuvililUi15 21-22,11 112 21111 1S0n bbll '.\-211 ')11 I ~ 11111 SS SSIt 27 1I11! II.IS II liS 

Soils OVCI p ... lIe. and ,nciIICI 11.7-1 S,II lb J'.' ISIIII 711S )c IS .,11 ill lUll -IS 7 711 2·1 11111 III .. II lib 
",; 

00 Suils UVCI vukllllit: rut:b 2.1 ·11.11 S') SI.H~III' ·770 S-SII 11.11 211 71MI liS III ISII .. I 11111·11 III II liS 

Suils UVCI IilllCSIuncl and Calcll'CCIUI rot:u I.S-21.0 711 ISII . I SIlO S211 J-211 ')S S ISII SII 7·711 21 lI.m ·11 SII IIUII 

Suih un 1!ok.-iallilllUld drirl 2.1··1211 . .., 11111 1~'1I1 '1'" S ·I~ 'IS: ': .. lll I ~11 1111 . IS SII 21e:al 111121Ub II 07 

IJlhl delC" .. lib; 1.2·11111 h" 11111 :!I/IIII II IS J-211 111.11 III lllll' >.:W S·1I111 201 1I(J.'!II..12~ llllto4~1 

SII'.llIwlio:wihl 20.1211 ~It :?III I~'"I '/M I ·IS '1 S 211 Ij~1 SII III ~II 2l1tal' II II! U lilt II ....... 1 
r , 

CllCntuzcln.lIIII .... t prairie toils 1.9:2111 1111 : 11111 1111111 'S'JS J ·IS 15 I~ 1511 . SS 1I~·711 27 IIl1l II S) 11111 

Orplllc IIPlICilIt <0.1-41.0 S.O 1G-700 26S 3-10 b.O' . I 1011 .. 20 1-100 IS 0.01 ...... 60 U.211 

PureSi luil. . I.S-16U bS 1S0-21111O S-20 
, 

SOS 10.0 IS ISII SS 7-ISO 17(1) 0112-0.14 o 06(~1 

Vanuus SUI" <I II ,}l 2 711 '111 llllMl ~1011 I ~II III ~ 1 I \IMI SII I .11111 2b II II! I SII 1111 



TAUI.E 2. AVEKA(iE KAN(iI: AND I.OW· TO NO·lilHiCr l.l£VEI.S OF SI:IHTEll If'OIHiANlCS 
IN SI!DIMr:NT!'i ANO SOII.S (1II1i!l;U UNl.ESS OTIIf:RWISn N01"I!O). 

Mcdl ...... _c Ali Ali II .. Cd (" ('II I:':", llii Mil Ni I'" 1I1 

510IMDnSu 

NOft·poIIuIcd, are. LUcI d dll <25 <25 ..:17 <:111 <.IUII <ZU ..:411 <'.m 
(U.S. Ann, Carps or Eapnec15 1917) 

No .rrect Inci (Persaud cl aI. 1919)' 010 lib 2l 15 211 III 41111 15 H II~ 

O.S • 10 )) 211 0.1 21 1111 

Bll'caa , ... Iow. marine ICdilllcnlS 10 11.2 1.2 III )4 11.15 211') 4b 7 I.~II 
(Lenlctall99S" 

No ..... ~aI CrrCCII. nlarinc b.1 ~7 5 I 21.0 J'JII 1141 4~1I 4111 
MdIIllCllll(W 1991,. 

c.u.I ........... SouIhc .. Calirlllllil 0.Ot.-2.0 1 IS 11.11111-2 b 5 -III 2 II . JII <III <21111 <11111 <71111 
(1M .. aI. 19l9r 

c.erat .......... 1'Up:1 Suund 12 J·15 II 111.1 :WI) III ~u 11112 II I l 1 J II K 
(IM ..... I9I9r 

COIIIIOI .......... YllfUinll Iby 055 1147 'I).J " I 14 ~ 5 ~ 1", 
(La II if 19I9r 

No effect 1MsIMJId. r'ClhWlIcr 10 112 55 III II 115 H II 11M' 
Mdlmcals' (Ea"lnInmenl Canada 1992, 

Lowaleffcc:l ... 1. rRlhwall:r ,&:dimenl" 0.5 b lib 2(, II. ul 4I0Il Ih \I IllI 
(Fauud .. aI. 1992) - ......... "'"' .... Is ror rrelllwiler 59 1I.51J6 31.1 .15 ./ III II H.II IlI1 0 II 174 
.......... (SnrinwlRlCnI Canada 1994) 

'I1IIuIIoId .rred "1IC1s for marine 0.13 124 IIb7b 523 'II 7 IIIJ IS') JII 2 '24 
......... (Sa"lronment Canida 19901, . 

BlrCCU'IWIP low, rrClhwller (lnp:rsllll CI 
aI. 1995, 

13 11.711 3') 41 III 1JII 24 SS 1111 

SOIl.5 (L'UllUul "1IIuo:,,,' 
AWCftIC .... CGnlnlUft 'Mt=. ill nIIur;a1 11.CI5 ~ ·1111 IIl1h 11111 'II II , I hl., 411 III ~u 
..... (..-tad In Shk 1'1'.) UOI-S /I I· 411 '1111 lSI., U 111-7 5-JOIIO ! 11., II 01· 1111 11l1I-l.UI S .. 1I11K1 .! 11., III· .11., 

~ QJllCClllnlIon In eIll1h·. en,.1 
( I tit) 

II.S ~I.' II I 112 IOO·J()() 711 ~ liS; 11511 11111 211 '2'.' 

A~ CIIIftCCIIII'IIln cw', COlli 
(Cle 992) 

0.01 I .• -I2S 0.2 100 S5 SO) 0.011 9S11 15 I2.S 111 

..... wtllllullclaace I. MIIi'~ 0.U5 bO illS 711 U ·111 1111., SII H '.III 
!M .... and WlHlftcld I9U, 

II ('"nu,,1 nltlL"ll ;aJlfll".illl:II': lIallll:I' .... '·I.IlIl.III,1 

A"" It No "1f~4.:II-.-r~ ... lu 'hI tlM:iL,u.aha.: un,~' hi h,· ...... , ... ,: .... ,",Uh \\1 .... '" '1"1 ,1.11" ·,.'.'UII'· ...... ,,,II ..... It''I' k\d .. 1,1 ",.1 .• 1, ~"t f • • ~ ~:~l', 
~.: ':.': ~:,~:.), 

. ,<.:l,'\jJ,l:\;}[);t,::·,::W:! 



APPENDIX I 

VOLUNTARY INTERIM MEASURES 

WORK PLAN AND AFTER ACTION REPORT 



Voluntary Interim Measure 
Letter Report 

for 
TNT Contamination Removal 

at 
Solid Waste Management Unit 7 

(Old Rifle Range) 

Naval Surface Warfare Center 
Crane Division 

Crane, Indiana 

Southern Division 
Naval Facilities Engineering Command 

Contract Number N62467-94-D-0888 

Contract Task Order 0160 

October 2003 



TABLE OF CONTENTS 

SECTION PAGE NO. 

1.0 INTRODUCTION .............................................................................................................................. 1 

2.0 PHASE 1 DELINEATION SAMPLING ............................................................................................ 2 

3.0 PHASE 2 SOIL EXCAVATION AND CONFIRMATORY SAMPLING ............................................ 3 

4.0 CONFIRMATORY SAMPLING RESULTS ...................................................................................... 4 

5.0 STATISTICAL ANALYSIS AND REVISED RISK CALCULATIONS .............................................. 5 

6.0 CONCLUSiONS ............................................................................................................................... 6 

LETTER REPORT ATTACHMENTS AND APPENDICES ............................................................. 7 

ATTACHMENTS 

Risk Tables (Tables 4-9A through 4-15A) 

Figures 1 through 3 

Photographs of Remedial Action (1 through 4) 

APPENDICES 

A Field Logbook Notes; Sample Log Sheets; and Chain of Custody Sheets 
B Data Validation Letters 
C Bootstrap Methodology Summary 
D Voluntary Interim Measures Work Plan and After Action Report 



1.0 Introduction 

In the summer of 2003, the Navy conducted a Voluntary Interim Measure (VIM) to 

excavate localized high concentrations of 2,4,6-trinitrotoluene (TNT) at soil borings 

(SB)16 and SB47 previously investigated as part of the RCRA Phase Ill Soils RFI (Tetra 

Tech NUS, Inc., November 2002). The high concentrations observed at these two 

locations (9,900 and 940 ppm respectively) represented approximately 95% of the 

calculated risk for the site. Completion of the VIM resulted in significantly lower TNT 

concentrations and associated reductions in risk for the site. This letter report provides 

an overview of the VIM activities conducted so that future risk management decisions 

can be put in context with the actions taken and resulting lower site risks. 



2.0 Phase 1 Delineation Sampling 

Phase 1 delineation soil sampling was conducted at a localized area contaminated with 

TNT near SB16 and SB47 at the northern end of the ORR as part of the VIM (see Figure 

1). Fieldwork was conducted May 29 and 30, 2003, at which time samples were 

collected and analyzed for TNT using both field test kits and a fixed-base laboratory 

(refer to Appendix A for Field Logbook Notes, Sample Log Sheets and Chain-of-Custody 

sheets). The Phase 1 sample results were used to delineate the area of contamination 

and to calculate the volume of soil required to be excavated in order to achieve the 

voluntary cleanup objectives. Figure 2 shows the laboratory results of Phase 1 sampling 

and the kidney-bean shape of the proposed excavation. Nearby previous sampling 

results are also shown in this figure. The following table lists the sample IDS for samples 

analyzed at the laboratory, dates collected, depths collected and analytical results (see 

Appendix B for Data Validation letters). 

Sample ID 

07SS62 
07SS63 
07SS64 
07SS65 

Date Collected 

5/30/03 
5/30/03 
5/30/03 
5/30/03 

Sample Depth (Feet) 

0- 1 
0- 1 
0- 1 
0- 1 

Results (ppm) 

11 
32 
79 
1.5 

Comments 

Grab sample 
Grab sample 
Grab sample 
Grab sample 



3.0 Phase 2 - Soil Excavation and Confirmatory Sampling 

Toltest, Inc. (the current remedial action contractor [RAC] contractor) was contracted by 

the Navy to excavate and dispose the contaminated soil. A backhoe and two dump 

trucks were used to perform the excavation and disposal. One truck was loaded on July 

22, 2003. This load represented approximately 70% of the total soil removal needed to 

accomplish the VIM. After this first truck was loaded, four field-test confirmatory soil 

samples were collected (one composite from the bottom of the excavation & three side- 

wall grabs). These samples were analyzed on site using a D TECHTM TNT Explosives 

Test Kit. Two of the sample results were above the proposed risk-based excavation 

criteria of 16 ppm. These two samples were located on the NW and IV side of the 

excavation (see attached figures). On the morning of July 23, discussions were held 

among Navy and Tetra Tech NUS, Inc. personnel and it was decided to remove 

additional soil from the two areas with the elevated test kits results. The additional soil 

was excavated and confirmatory samples were collected as described in the next 

section. 



4.0 Confirmatory Sampling Results 

At the completion of the VIM excavation, six confirmatory soil samples were collected 

and sent to Laucks Testing Laboratory for TNT analysis. 

All samples were collected using disposable plastic trowels and placed directly into 80z., 

wide-mouth glass jars and heldlshipped on ice to the laboratory. Excavation side-wall 

samples were collected at the midpoint in the excavation wall at a depth % foot below 

ground surface (bgs). Excavation floor samples were collected at 1 foot bgs, which was 

the bottom of the excavation. Figure 3 shows the laboratory results of Phase 2 

confirmatory sampling and the expanded kidney-bean shape of the completed 

excavation. Nearby previous sampling results are also shown in this figure. 

The following table lists the sample IDS for samples analyzed at the laboratory, dates 

collected, depths collected and analytical res~~lts (see Appendix B for Data Validation 

letters). 



5.0 Statistical Analysis and Revised Risk Calculations 

Based on EPA guidance, the Standard Bootstrap Procedure (see Appendix C) was used 

for calculating the 95 % UCL because the distribution of the data was determined to be 

undefined. Because previous soil sampling locations were excavated as part of the VIM, 

the new 95% UCL for TNT was calculated after eliminating the original "hot spots" (SB16 

& SB47) and the Delineation Phase 1 sample locations (07SS62 through 07SS65). The 

post-excavation 95% UCL for TNT was calculated at 17.9 ppm. This reduced the UCL 

concentration used in risk assessment to within 2 ppm of the residential criteria. The 

value previously used in the RFI was 9900 ppm. Recalculations of risk are presented in 

Tables 4-9A through 4-15A (attached). These tables are labeled as such so they can be 

inserted into the appropriate locations within the RCRA Phase Ill Soils RFI Report 

currently under EPA review. In addition to reevaluating the TNT risk, these tables now 

provide an updated view of the overall site risk .from all contaminants evaluated. 



6.0 Conclusions 

VIM activities were successful in greatly reducing the overall risk at the site. Over 90 

percent of the carcinogenic risk estimated for the surface soils at the ORR was 

attributable to TNT. Because the risks associated with remaining contamination are 

within the range of background, the need for remediation of these constituents should be 

deferred until closure of the unit. Additionally, it should be noted that the ORR will 

continue to be used for ammunition burning (treatment) and that additional contaminants 

may be added to the soils as a result of these RCRA Subpart X perrrlitted operations. 

~ i s k s  associated with any additional contamination will also be evaluated during the 

closure of the unit. 
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Table 4-9A 

SUMMARY OF INDUSTRIAL HUMAN HEALTH RISKS AND HAZARDS FOR SURFACE SOIL (0' - 1') - EPC = 95% UCL 
OLD RIFLE RANGE 

NSWC CRANE, INDIANA 

Taraet Oraan HIS 

Total Liver HI =I 5.8E-02 

Maximum 
Background 

Concentration 

(mglkg) 

N A 

10.2 

Parameter 

Surface 

Footnotes: 
1 - Region IX - Preliminary Remediation Goals (PRGs) Tables, October 1, 2002. 
2 - Primary Target Organs - Integrated Risk Information System (IRIS). 
3 - Value for arsenic is Lognormal 95% UCL. 
4 - The 95% UCL presented for TNT is based on Bootstrap calculation method 

(EPA, December 2002). The 95% UCL presented for TNT also reflects soil 
conditions post the soil removal action conducted by the Navy during the 
summer of 2003. 

Energetics 
I2,4,6-TRINITROTOLUENE I 17.9 5.7E+01 1 3.1 E-07 Liver I 3.1 E+02 5.8E-02 
lnorganics 

(ARSENIC I 9.26 I 1.6E+00 5.8E-06 Skin 2.6E+02 3.6E-02 
Total Carcinogenic Risk 1 6.1 E-06 I Total HI I 9.4E-02 

Abbreviations: 
HI - Hazard Index 
HQ - Hazard Quotient 
ILCR - Incremental Lifetime Carcinogenic Risk 
NA - Not available 
PRG - Preliminary Remediation Goal 
UCL - Upper Confidence Limit 

Incremental Lifetime Carcinogenic Risk (ILCR) 

. - -  

Total Skin HI = 

UCL(~,~)  

(mglkg) 

Estimated Non-Carcinogenic Hazard Quotient (HQ) 

- - 

3.6E-02 

Primary Target 
organs(') 

pRG - industrial(') 

(mglkg) 

Estimated ILCR PRG - industrial(') 

(mglkg) 

Estimated HQ 



SUMMARY OF RESIDENTIAL HUMAN HEALTH RISKS AND HAZARDS FOR SURFACE SOIL (0' - 1') - EPC = 95% UCL 
OLD RIFLE RANGE 

NSWC CRANE, INDIANA 

Taraet Orqan Hls 

Total Liver HI = 
Total Skin HI = 

Max~mum 
Background 

Concentration 

(mglkg) 

N A 1 
N A 

10.2 1 

Footnotes: 
1 - Region IX - Preliminary Remediation Goals (PRGs) Tables, October 1, 2002. 
2 - Primary Target Organs - Integrated Risk Information System (IRIS). 
3 - Value for arsenic is Lognormal 95% UCL. 
4 - The 95% UCLs presented for BaP and TNT are based on Bootstrap calculation 

method (EPA, December 2002). 

Parameter 

Surface 

Abbreviations: 
HI - Hazard Index 
HQ - Hazard Quotient 
ILCR - Incremental Lifetime Carcinogenic Risk 
NA - Not available 
PRG - Preliminary Remediation Goal 
UCL - Upper Confidence Limit 

Semivolatile Organics 
(BENZO(A)PYRENE 0.0085 I 6.2E-02 I 1.4E-07 I N A I --- 
Energetics 

I2,4,6-TRINITROTOLUENE I 17.9 I 1.6E+01 I 1.1 E-06 1 Liver I 3.1 E+01 5.8E-01 
lnorganics 

 ARSENIC 1 9.26 3.9E-01 2.4E-05 Skin 2.2E+01 I 4.2E-01 
-- 0 Total HI 1 .OE+00 

Estimated Non-Carcinogenic Hazard Quotient (HQ) 

Primary Target 
~ r g a n s ' ~ '  

Incremental Lifetime Carcinogenic Risk (ILCR) 

~ ~ ~ f 3 , 4 )  

(mglkg) 

PRG - 
~esidential") 

(mglkg) 

Estimated HQ 
PRG - 

~esidential(') 

(mglkg) 

Estimated ILCR 



Table 4-1 1 A 

SUMMARY OF RESIDENTIAL HUMAN HEALTH RISKS AND HAZARDS FOR SUBSURFACE SOIL (2' - 4') - EPC = 95% UCL 
OLD RIFLE RANGE 

NSWC CRANE, INDIANA 

Tarqet Orqan HIS 

Total Liver HI = I 1.2E-01 

Footnotes: 
1 - Region IX - Preliminary Remediation Goals (PRGs) Tables, October 1, 2002. 
2 - Primary Target Organs - Integrated Risk Information System (IRIS). 
3 - 95% UCL could not be calculated using parametric or non-parametric methods 

presented in EPA December 2002 guidance. Consequently, the maximum concentration 
is selected as the UCL. Only one positive detection was reported for the analytes. 

Maxlmum 
Background 

Concentration 

(mglkg) 

N A 

N A 

Parameter 

Subsurface 

Abbreviations: 
HI - Hazard Index 
HQ - Hazard Quotient 
ILCR - Incremental Lifetime Carcinogenic Risk 
NA - Not available 
PRG - Preliminary Remediation Goal 

Incremental Lifetime Carcinogenic Risk (ILCR) 

Semivolatile Organics 
IBENZO(A)PYRENE 0.1 8 I 6.2E-02 2.9E-06 I N A I --- 
Energetics 

Estimated Non-Carcinogenic Hazard Quotient (HQ) 

u c L'~) 

(mglkg) 

I2,4,6-TRINITROTOLUENE I 3.8 

Primary Target 
0rgand2' 

PRG - 
~esidential") 

(mglkg) 

Total Carcinogenic Risk 1 3.1 E-06 I Total HI I 1.2E-01 

PRG - 
~esidential'" 

(mglkg) 

Estimated ILCR 

1.2E-01 1.6E+01 1 2.4E-07 

Estimated HQ 

Liver I 3.1 E+01 



Ta. t-12A 

SUMMARY OF INDUSTRIAL HUMAN HEALTH RISKS AND HAZARDS FOR SURFACE SOIL (0' - 1') - EPC = 95% UCL 
OLD PISTOL RANGE 

NSWC CRANE, INDIANA 

Target Orqan Hls 

Total Skin HI = I 3.7E-02 

Maxlmum 
Background 

Concentration 

(mglkg) 

10.2 

Footnotes: 
1 - Region IX - Preliminary Remediation Goals (PRGs) Tables, October 1, 2002. 
2 - Primary Target Organs - Integrated Risk Information System (IRIS). 
3 - Value is Lognormal 95% UCL. 

Parameter 

Surface 

Abbreviations: 
HI - Hazard Index 
HQ - Hazard Quotient 
ILCR - Incremental Lifetime Carcinogenic Risk 
PRG - Preliminary Remediation Goal 
UCL - Upper Confidence Limit 

lnorganics 
 ARSENIC I 9.69 1.6E+00 I 6.1 E-06 I Skin 2.6E+02 3.7E-02 

Total Carcinogenic Risk I 6.1 E-06 Total HI 1 3.7E-02 

Estimated Non-Carcinogenic Hazard Quotient (HQ) Incremental Lifetime Carcinogenic Risk (ILCR) 

Estimated HQ 
Primary Target 

organs(" 
Estimated ILCR uc L (~ )  

(mglkg) 

pRG - industrial(') 

(mglkg) 

PRG - industrial(') 

(mglkg) 



Table 4-13A 

SUMMARY OF INDUSTRIAL HUMAN HEALTH RISKS AND HAZARDS FOR SUBSURFACE SOIL (2' - 4') - EPC = 95% UCL 
OLD PISTOL RANGE 

NSWC CRANE, INDIANA 

Tarqet Orqan HIS 

Parameter 

Subsurface 

Total Skin HI = ( 5.9E-02 

Footnotes: 
1 - Region IX - Preliminary Remediation Goals (PRGs) Tables, October 1, 2002. 
2 - Primary Target Organs - Integrated Risk Information System (IRIS). 
3 - Value is Lognormal 95% UCL. 

Abbreviations: 
HI - Hazard Index 
HQ - Hazard Quotient 
ILCR - Incremental Lifetime Carcinogenic Risk 
PRG - Preliminary Remediation Goal 
UCL - Upper Confidence Limit 

Maxlmum 
Background 

Concentration 

(mglkg) 

lnorganics 
]ARSENIC 15.4 I 1.6E+00 I 9.6E-06 I Skin 2.6E+02 5.9E-02 

Total Carcinogenic Risk 1 9.6E-06 Total HI I 5.9E-02 
9 1 

Incremental Lifetime Carcinogenic Risk (ILCR) 

u c L ( ~ )  

(mglkg) 

Estimated Non-Carcinogenic Hazard Quotient (HQ) 

Primary Target 
PRG - industrial(') 

(mglkg) 

Estimated ILCR PRG - industrial(') 

(mglkg) 

Estimated HQ 



SUMMARY OF RESIDENTIAL HUMAN HEALTH RISKS AND HAZARDS FOR SURFACE SOIL (0' - 1') - EPC = 95% UCL 
OLD PISTOL RANGE 

NSWC CRANE, INDIANA 

Target Orqan HIS 

Total Skin HI = 1 4.4E-01 1 

Footnotes: 
1 - Region IX - Preliminary Remediation Goals (PRGs) Tables, October 1, 2002. 
2 - Primary Target Organs - Integrated Risk Information System (IRIS). 
3 - Value is Lognormal 95% UCL 

Maxlmum 
Background 

Concentration 

(mglkg) 

10.2 

Parameter 

Surface 

Abbreviations: 
HI - Hazard Index 
HQ - Hazard Quotient 
ILCR - lncremental Lifetime Carcinogenic Risk 
PRG - Preliminary Rernediation Goal 
UCL - Upper Confidence Limit 

lnorganics 
 ARSENIC I 9.69 I 3.9E-01 2.5E-05 Skin I 2.2E+01 I 4.4E-01 

Total Carcinogenic Risk 1 2.5E-05 I Total HI 4.4E-01 

Incremental Lifetime Carcinogenic Risk (ILCR) Estimated Non-Carcinogenic Hazard Quotient (HQ) 

Estimated ILCR UCL@) 

(mglkg) 

Estimated HQ 
PRG - 

~esidential") 

(mglkg) 

Primary Target PRG - 
~esidential(') 

(mglkg) 



Parameter 

Subsurface 

Inorganics 
ARSENIC 
MANGANESE 

Footnotes: 

Table 4-15A 

SUMMARY OF RESIDENTIAL HUMAN HEALTH RISKS AND HAZARDS FOR SUBSURFACE SOIL (2' - 4') - EPC = 95% UCL 
OLD PISTOL RANGE 

NSWC CRANE, INDIANA 

Incremental Lifetime Carcinogenic Risk (ILCR) Estimated Non-Carcinogenic Hazard Quotient (HQl 

PRG - Primary Target PRG -UCL(3) 
Residential(1) 

Estimated ILCR 
Organs(2) Residential(l) 

Estimated HQ 

(mg/kg) (mg/kg) (mg/kg) 

15.4 3.9E-01 3.9E-05 Skin 2.2E+01 7.0E-01 
1543 NA --- CNS 1.BE+03 B.6E-01 

Total Carcinogenic Risk 3.9E-05 Total HI 1.6E+00 

Target Organ His 

Total Skin HI = I 7.0E-01 1 
Total Neurological HI = B.6E-01 

Abbreviations: 
1 - Region IX - Preliminary Remediation Goals (pAGs) Tables, October 1, 2002. 
2 - Primary Target Organs - Integrated Aisk Information System (IRIS). 

CNS - Central Nervous System 
HI- Hazard Index 

3 - Value for arsenic is Lognormal 95% UCL, value for manganese is Normal 95% UCl. HQ - Hazard Quotient 

MaXimum 
Background 

Concentration 
(mg/kg) 

9 
1410 

ILCA - Incremental Lifetime Carcinogenic Aisk 
NA • Not available 

• • 

PAG - Preliminary Remediation Goal 
UCL - Upper Confidence Limit 

• 
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the DTECHTOR Table 

SJmple the DTECHTOR TNT 
Reading Equivalents 

Soil (ppm) LO <05 
- 1 -15 0.5-1.5 - 15-45 1.5-3.0 

45-60 3.0-4.0 
60-75 4.0-5.0 

HI >5.0 

Water (ppb) LO <5 
1 -30 5 -15 

30-50 15-25 
50-75 25-45 

HI >45 

ov'f r2.... 
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Project Site Name: 
Project No.: 

R Surface Soil 
[] Subsurface Soil 
I] Sediment 
I] Other: 
I] QA Sample Type: 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN . ORR 

CTO 160 job # 3961 SWMU 7 

MSiMSD Duplicate ID No.: 

of-L 

Sample 10 No.: 07 ~5~ s-4-
Sample Location: _-=-07:......S=-=B~5"""_f--!-__ 
Sampled By: K. Simpson & T. Rojahn 

C.O.C.No.: 

Type of Sample: 
[Xl Low Concentration 
IJ HighConcentration 

N Ot't.-ti-J :l 0 0 F 

07 <;g Fo) 1-7 



Project Site Name: 
Project No.: 

o Surface Soil 
o Subsurface Soil 
\] Sediment 
I] Other: 
o QA Sample Type: 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN - ORR 

CTO 160 job It 3961 SWMU 7 

MSIMSD Duplicate ID No.: 

Sample 10 No.: 07 Ji~~ 
Sample location: __ 0_7 ..;..SB_ ..... ~'--l. __ _ 

Sampled By: K. Simpson & T. Rojahn 

C.O.C. No.: 

Type of Sample: 
[Xl low Concentration 
U High Concentration 

see figure 1 



Project Site Name: 
Project No.: 

~Surface Soil 
[] Subsurface Soil 
[] Sediment 
[] Other: 
IJ QA Sample Type: 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN - ORR 

CTO 160 job # 3961 SWMU 7 

0- I 

MSIMSD Duplicate 10 No.: 

of~ 

Sample ID No.: 07~S~ C;--6 
Sample Location: 07 S8 i) G 
Sampled By: K. Simpson & T. Rojahn 

C.O.C. No.: 

Type of Sample: 
[Xl Low Concentration 
I] High Concentration 

see figure 1 

50t4-n-/ .).0) 0 i=' 

07 S(SI'b/t7 



SOIL SAMPLE LOG SHEET 

Project Site Name: NSWC Crane, IN - ORR 

Project No.: CTO 160 job # 3961 SWMU 7 

~Surface Soil 
o Subsurface Soil 
o Sediment 
o Other: 
o QA Sample Type: 

MSIMSD Duplicate 10 No.: 

of_1 

\1....<' 
Sample ID No.: 07$" S<; S'Z 
Sample Location: __ 07_S_B_S"::L......c..7 __ _ 

Sampled By: K. Simpson & T. Rojahn 

C.O.C. No.: 

Type of Sample: 
[X] Low Concentration 
IJ High Concentration 

Also see figure 1 

£"~'f :to I 0 F 

07 SfSf6/+7 



Project Site Name: 
Project No.: 

)(. Surface Soil 
[] Subsurface Soil 
IJ Sediment 
I] Other: 
[] QA Sample Type: 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN - ORR 

CTO 160 job # 3961 SWMU 7 

Sample ID No.: 07 ~ S"' ~ 
Sample Location: 07 S8 ()' £'} 

--'---~=---
Sampled By: K. Simpson & T. Rojahn 

C.O.C. No.: 

Type of Sample: 
[Xl Low Concentration 
[] HighConcentration 



Project Site Name: 
Project No.: 

;6... Surface Soil 
I] Subsurface Soil 
{] Sediment 
{] Other: 
[] QA Sample Type: 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN - ORR 

CTO 160 job # 3961 SWMU 7 

o - , 

MSIMSD Duplicate 10 No.: 

0"_ 
07~ t;'J Sample 10 No.: 

Sample Location: 07SB 5"4 
Sampled By: K. Simpson & T. Rojahn 

C.O.C.No.: 

Type of Sample: 
[Xl Low Concentration 
[] HighConcentration 

see figure 1 



Project Site Name: 
Project No.: 

If-.Surface Soil 
[] Subsurface Soil 
IJ Sediment 
[] Other: 
I] QA Sample Type: 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN - ORR 

CTO 160 job # 3961 SWMU 7 

Sample 10 No.: 
Sample Location: 07S6 GO 
Sampled By: K. Simpson & T. Rojahn 

C.O.C.No.: 

Type of Sample: 
[Xl Low Concentration 
[] High Concentration 

10 S of 075,6 1('/4-7 



SOIL SAMPLE LOG SHEET 

Project Site Name: NSWC Crane, IN - ORR 

Project No.: CTO 160 job # 3961 SWMU 7 

~urface Soil 
o Subsurface Soil 
o Sediment 
o Other: 
o QA Sample Type: 

MSIMSD Duplicate 10 No.: 

Page_( of~ 

Sample 10 No.: 07 S8- 5<) b I 
Sample Location: 07 S8 b I 
Sampled By: -K-. S-im-p-so-n ..... &'-'T=-. -=-Ro-"jah-:--n-

C.O.C. No.: 

Type of Sample: 
[X] Low Concentration 
[] High Concentration 



Project Site Name: 
Project No.: 

~Surface Soil 
[] Subsurface Soil 
[]. Sediment 
[] Other: 
I] QA Sample Type: 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN - ORR 

CTO 160 job # 3961 SWMU 7 

MSIMSD Duplicate ID No.: 

01_(_ 

Sample 10 No.: 07 eeSS (;?""oOClI 
Sample Location: __ 07_S=--:B:-....;b=-==.,L __ _ 

Sampled By: K. Simpson & T. Rojahn 

C.O.C. No.: 

Type of Sample: 
[Xl Low Concentration 
[] High Concentration 

ON CJ"''';;'~ I\fl'ei\ n'L floop J 

t"\tO I ':>~ S t L'I n'l cV\ y/ 
m l"NE<>[ZI~( { S-t\N.£)<;~~ 



Project Site Name: 
Project No.: 

i-sUrface Soil 
[] Subsurface Soil 
[] Sediment 
[] Other: . 
[] OA Sample Type: 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN - OAA 

CTO 160 job # 3961 SWMU 7 

Sample 10 No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 

Type of Sample: 

07 ~ ~=? 000 ( 

07$6 ~ "3 
K. Simpson & T. Aojahn 

[X] Low Concentration 
I] High Concentration 

10' 5\..1/ of 07<1S 1 <oj 4-7 



SOIL SAMPLE LOG SHEET 

Project Site Name: NSWC Crane, IN - ORR 

Project No.: CTO 160 job # 3961 SWMU 7 

Jf-Surface Soil 
o Subsurface Soil 
o Sediment 
o Other: 
o QA Sample Type: 

0- f 

SEN, n 

MSIMSD Duplicate 10 No.: 

0'_\ 
Sample 10 No.: 07 ~ b~OO I 
Sample Location: _-,-07-,-S;..;;;B_-,-~ __ 

Sampled By: K. Simpson & T.Ojahn 

C.O.C. No.: 

Type of Sample: 
[X] Low Concentration 
o High Concentration 



SOIL SAMPLE LOG SHEET 

Project Site Name: NSWC Crane,lN - ORR 

Project No.: CTO 160 job # 3961 SWMU 7 

~ Surlace Soil 
o Subsurlace Soil 
o Sediment 
o Other: 
o QA Sample Type: 

MSIMSD Duplicate 10 No.: 

Of_~ 

Sample 10 No.: 07 ~ b <; OW( 
Sample Location: _..:...07_S_B _____ bi;;o<-s:"'----__ 
Sampled By: K. Simpson & T. Rojahn 

C.O.C. No.: 

Type of Sample: 
[Xl Low Concentration 
I] High Concentration 

see figure 1 

10 I S £ 0 r- 07<;g IJo! 47 



(It] TETRA TECH NUS, INC. CHAIN OF CUSTODY I NUMBER PAGE ~ OF ---L-
PR~~C0Nr: I SITE NAME: 

N SwC C/l.. f\,,( ( 
PROJECT MANAGER AND PHONE NUMBER, ( 
(((j'1~vl c.~ .. J-\tH~. 4\ 2 1] g41~ LABORt~'U N~E AND CONTACT: 

l\ U S 
SAMPLERS (SIGNATURE) FIELD OPERATIONS LEADER AND PHONE NUMBER ADDRESS 

-'1(~ U. I~~\n' <;1 /Vi {)~UN 4l"\ '711 f/I 2, } 
CARRIERIWAYBILL NUMBER CITY, STATE 

~E{)f{( 8~fjO 7fiJ"J. &670 S'EflTTL \; Li/'A , 
CONT AINER TYPE /v/ / / / / / / PLASTIC (P) or GLASS (G) 

STANDARD TAT 0 PRESERVATIVE ftV///~/~~ RUSH TAT 0 . 
o 24 hr. ~48 hr. 0'.172 hr. o 7 day o 14 day 

USED 

( 

oRR 
CI) 

~~ 0:: 

r" W 
z # C{)~ ~ va \. ~·n"rn vl'y « 

':) --rf"'\,', ..... 

~/ 
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rt 
~{E(\9.(£~ G'G' 0 

I t-rl~vl\ ~I >< u <f. ~ -- u. 
Wo:: ~ ooQ. 0 ..... < ..... <::E A <w TIME < 0::0 0 COMMENTS 0)- SAMPLE 10 ::E (!)U z 

I%Q 19..)8 07SSGJ.. OUO! 
/' C-- I f ::> 

I S"'1i.) 07 ~S~ ~ 000 ( 5 G- I I ! 

I~)t 07 5S ('t 0001 s G- I \ 
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1.RELlN~~:~ U ~?;O,Ci?:> T'~3v 1 REC~~~~i 2;T~J), O~ Tr'-?,6 
2. RELINQUISHED B'Y DATE TIME 2. RECEIVED BY DATE TIME 

3, RELINQUISHED BY DATE TIME 3, RECEIVED BY DATE TIME 

COMMENT~ I 

I 
DISTRIBUllv,~: WHITE (ACCOMPANIES SAMPLE) YELLOW (FIR.., ",OPY) PINK (FILE COPY) 3/99 
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NSWC CRANE, IN 
CTO 160 N3961 

SUMMARY OF FIELD ACTIVITIES 
JUL Y 22 AND 23, 2003 

The lollowing is a summary of field activities for CTO 160 job N3961, Phase 2 - Confirmatory Sampling conducted July 22 and 
23, 2003, at the NSWC Crane facility, Crane, Indiana. Keith Simpson (TtNUS, Pgh.) served as Field Operation Leader (FOl). 

1.0 BACKGROUND 

Soil sampling and soil removal at a localized area contaminated with trinitrotoluene (TNT) within SWMU 7 was conducted as 
part of a Voluntary Interim Measure (VIM). Phase 1 sampling was conducted during May 29 and 30, 2003, at which time 
samples were collected and analyzed for TNT using both field test kits and a fixed-base laboratory. The Phase 1 sample 
results were used to delineate the area ot contamination and to calculate the volume of soil required to be excavated in order 
to achieve the voluntary cleanup. 

2.0 PHASE 2 - SOIL EXCAVATION AND CONFIRMATORY SAMPLING 

Toltest, Inc. (current RAC contractor) was contracted by the Navy to excavate and remove up to 18 cy (12 cy plus 6 additional 
if needed) of contaminated soil at SWMU 7. A backhoe and 2 dump trucks were used to perform the excavation and disposal. 
One truck was loaded on July 22, 2003; this load represented approximately 70% of the total soil removal needed to 
accomplish the VIM. After this first truck was loaded the FOL collected four confirmatory soil samples (1 composite from the 
bottom of the excavation & 3 side wall grabs). These samples were analyzed on site using a 0 TECH ™ TNT Explosives Test 
Kit (see the table below for test results). Tom Brent of Crane Environmental was at the site during the soil sampling and it was 
determined that the excavation was not down to the required one foot depth at the southeast side and more soil would need to 
be excavated from that area. The excavation completion along with any addition soil needed to be excavated. based on field 
test results, would be preformed the next ~oming. 

AnalysiS of the four samples, using field test kits, was completed July 22. Two of the sample results were above the proposed 
excavation level of 16 ppm. These two samples were located on the NW and N side of the excavation (see attached figure). 
On the morning of July 23, discussions were held among Bill Gates (SDIV) Tom Brent (Crane Environmental) and Roger 
Clark, Mark Francis, Keith Simpson (TtNUS) and it was decided to remove an additional 3 to 4 cy of soil from the 2 areas (1.5 
to 2cy each area) with the elevated test kits results bringing the total soil excavated to 16 ± cy. 

At the completion of the VIM excavation, six soil samples were collected and sent to Laucks Testing Laboratory for TNT 
analYSis (see soil sample log sheets and chain of custody forms). 

A total of 10 samples were collected, 4 analyzed using field test kits & 6 sent to Laucks Testing Lab. All samples were 
collected using disposable plastic trowels and placed directly into 80z., wide-mouth glass jars and held/shipped on ice. 
Excavation side-wall samples were collected at the midpoint in the excavation wall at a depth Y2 foot bgs and bottom samples 
were collected at 1 foot bgs which was the bottom 0' the excavation. 

The following table lists sample IDs, dates and time collected, depth collected and results of field test kit analysis. 

Sample 10 Date Collected Time Sample Depth Test Kit Results Comments 
Collected (Feet) 

07EX66 7/22}03 1530 1 <10 Camp. sample 
07EX67 7/22103 1533 0.5 >50 Grab sample 
07EX68 7/22103 1540 0.5 20 Grab sample 
07EX69 7/22103 1545 0.5 <5 Grab sample 
07EX70 7/23/03 1030 1 Sent to fixed - Grab sample 
07EX71 7/23103 1033 1 base lab. Grab sample 
07EX72 7/23/03 1038 0.5 " Grab sample 

07EX73 7/23/03 1043 0.5 " Grab sample 
07EX74 7/23/03 1050 0.5 " Grab sample 
07EX75 7/23103 1052 0.5 " Grab sample 

For more details on any of the above activities, see the following: (og book #2500, sample log forms, COCs and site 
photographs (attached). 

J of3 



NSWC CRANE, IN 
eTO 160 N3961 

VIM EXCAVATION PHOTOGRAPHS 
JULY 22 AND 23, 2003 

Site prior to excavation, showing "hot spor 075816/46 in center and Phase 1 proposed sample locations. 
View North, Monitoring well 06-15 & 17 background center, 06C15 & 15P2 background right 

Excavation in progress 
View Northeast 

20f3 



Outline of the 2 areas requiring additional soil removal based on results of field test kits. 
Larger of the 2 areas in foreground, smaller of 2 left center (close to rear wheel of truck). 

View Southeast 

Completed excavation showing plastic tarp covering excavated area pending filling. 
Length (left to right) 34 feet. Width, at widest, 22 feet. 

View South 

3 of 3 



Project Site Name: 
Project No.: 

o Surface Soil 
lJ Subsurface Soil 
[] Sediment 
(XJ Other: 
o QA Sample Type: 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN • ORR 

CTO 160 #N3961 

Excavation 

Pagelof~ 

Sample 10 No.: 07 EX (. k 
Sample Location: ORR SWMU 7 

Sampled By: Keith Simpson 

C.O.C. No.: 

Type of Sample: 
[Xl Low Concentration 
[] High Concentration 

GI!6B 'S~9PI£ ID~Tft: " ~~i;m~~i",. 0;' :"~\~:i':w< J~¥tr . ~~~@! · · :,:;;,,:.,~lfi~: &~i0'f .#i~:~llWr 'II. &~:~ ,,;1l[~m:lt~;· " JJif.!i'.}lj;:)'~!~::.,.,~~i1fC_lb~\'::: '; " '~ 
Date: "------ Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

Time: 

Method: 

I~ ... . ,.:Jf'l1eading (ppm): 

Date: TIme Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

7,ll·U~ t Q" I 'BItN. NO I <:'1 S I \, n1:c.J. A y' 

Monitor Readings 

(Range in ppm): 

= 

Analysis Container Requirements Collected Other 

Q.~:§.~RV4T'!,QNS~OTESItjU ',ii~~m!;!" ,*';' '~R " .. ... ".~" ',{' '" .' M~Mlt',:,t,:~.: qyTiJm·f'..;:~!:' .. P·'i ;"~m,,J t~;'ill(!4;:)':·:;r .. 

--rlJL -n:;.<;' I N.c... G)(cwAn ~<J SO I L 

y ",., 'C" n,> ',\ . • ,"."'."., •.. " ..... ""; Signature(s): 

-;UbL MSIMSO Duplicate 10 No.: 

------j..---
I 



Project Site Name: 
Project No.: 

[] Surface Soil 
[] Subsurface Soil 
[] Sediment 
[X] Other: 
[] QA Sample Type: 

Method: 

Monitor Readings 

(Range in ppm): 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN - ORR 

CTO 160 #N3961 

Excavation 

-rZJL .-£<;, I N.c... G"{ ... C/>(/An N.'J SO I L 

RfS V1 t -r- > ~O Pfl'{ 

MSIMSO Duplicate 10 No.: ___ --t-__ 

Sample 10 No.: 07 EX bZ 
Sample Location: ORA SWMU 7 

Sampled By: Keith Simpson 

C.O.C. No.: 

Type of Sample: 
[X] Low Concentration 
[] High Concentration 

ofL 

TV\. u ~ e: ~ TZIf'{ t ") I~.t\\..{; \.. 
Ft'L~ \ _ 1 n<..... A <;fl ~ 
t=" \.l ~ftl qL M\'1 s \ ~ 
V E V\. Y L\. nLf- of {3crnf
f\<l/l- / F\ \.l N<flE:tJ 



Project Site Name: 
Project No.: 

[] Surface Soil 
[] Subsurface Soil 
[] Sediment 
[Xl Other: 
[] QA Sample Type: 

Method: 

IMn,nitnr Readings 

in ppm): 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN • ORR 

CTO 160 #N3961 

Excavation 

-rZJC-r£,<;1 I/'-Le... G"ICWAnN<J Sal L 

I(C'SlI..l-r.:;. :to f f M 

MS/MSD Duplicate 10 No.: 

Sample 10 No.: 07 EXG 8 
Sample Location: ORR SWMU 7 

Sampled By: Keith Simpson 

C.O.C. No.: 

Type of Sample: 
[Xl Low Concentration 
[] High Concentration 

ofL 



Project Site Name: 
Project No.: 

o Surface Soil 
o Subsurface Soil 
[] Sediment 
[X] Other: 
[] QA Sample Type: 

Method: 

Monitor Readings 

(Range in ppm): 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN . ORR 

CTO 160 #N3961 

Excavation 

-rvc,-£·<;' IN:L... G~CWAnN.~ SOl L 

R~St{\./:::' <. S- ffW[ 

MS/MSD Duplicate 10 No.: 

ofL 

Sample 10 No.: 07 Ex61 
Sample Location: --=O~R:;"..;R-=S..:...:W..:..:.M:..=.U....:...7 __ _ 

Sampled By: K!,)ith Simpson 

C.O.C. No.: 

Type of Sample: 
[X] Low Concentration 
o High Concentration 



Project Site Name: 
Project No.: 

[] Surface Soil 
11 Subsurface Soil 
[] Sediment 
{X] Other: 
[] QA Sample Type: 

IlVInnnn< Readings 

(Range in ppm): 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN - ORR 

CTO 160 #N3961 

Excavation 

IVe --.-&<;, I N.c... G)cCI';/An N'J SO, L 

5A~~\.. E OHJ .. ~ c:.TC.-.D ft1 (l W\ 

~ Tf\'t _ d F E-(. cltVA 710 N' 

MSIMSD Duplicate 10 No.: 

Sample 10 No.: 07 EX 7 0 
Sample Location: ORR SWMU 7 

Sampled By: Keith Simpson 

C.O.C.No.: 

Type of Sample: 
[X] Low Concentration 
o High Concentration 

ofL 

SI\MPlE5, 70 -77c; ((,) 
0\..\.. ~I\1MP\..£S ~~I·cr--ro 
~ 1.<Lc..) KG FILL oft 

~ <;H f{o l'eD IN A:N f 
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Project Site Name: 
Project No.: 

[] Surface Soil 
o Subsurface Soil 
o Sediment 
[Xl Other: 
o QA Sample Type: 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN - ORR 

CTO 160 #N3961 

Excavation 

Sltwt/Jlf- CD\.\'fL.1 f(lOM 

fSTft/\ OF E~ CAvA-77()iY 

MSIMSD Duplicate 10 No.: 

ofL 

Sample 10 No.: 07 EX 7 ( 
Sample Location: ----:O:..:...;R::...:.R~S.:..:W..:..::M:.::.U....:...7 __ _ 

Sampled By: Keith Simpson 

C.O.C. No.: 

Type of Sample: 
[Xl Low Concentration 
o High Concentration 

Signature(s): 



Project Site Name: 
Project No.: 

o Suriace Soil 
[] Subsurface Soil 
IJ Sediment 
[Xl Other: 
I] QA Sample Type: 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN - ORR 

CTO 160 ItN3961 

Excavation 

-rv<... -r£<;f I i'lL.. G~c;.vATl N.,? SO l L 

. 5' ()~~\."- S ~ Pl6 

MSIMSD 

of-'-

Sample ID No.: 07 EX 7 2 
Sample Location: ORR SWMU 7 ------'----
Sampled By: Keith Simpson 

C.O.C. No.: 

Type of Sample: 
[Xl Low Concentration 
I] High Concentration 



Project Site Name: 
Project No.: 

[] Surface Soil 
n Subsurface Soil 
[] Sediment 
[X] Other: 
[] QA Sample Type: 

Meltlod: 

Monitor Readings 

(Range in ppm): 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN . ORR 
CTO 160 #N3961 

Excavation 

--r£:)L .-6-S1 I N.c... G)(cwAn ~~ SO, L 

:SIOEWJ\U, SA-W1P\. E 

MSIMSD Duplicate 10 No.: 

Sample 10 No.: 07 EX 73 
Sample location: ~O..;..R.;.;,R..:.S.;...;W..;..M;..;..U_7 __ _ 
Sampled By: Keith Simpson 

C.O.C. No.: 

Type of Sample: 
[X] low Concentration 
n High Concentration 



Project Site Name: 
Project No.: 

[J Surface Soil 
L1 Subsurface Soil 
n Sediment 
[X] Other: 
[] QA Sample Type: 

IMnlnllnr Readings 

in ppm): 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN - ORR 

CTO 160 #N3961 

Excavation 

-rvc -,-&<;1 INc.... G')CCWAn N.'J SO, L 

51 ()r<:'-VA\..\... Sl\~~( E 

of .1..-

Sample ID No.: 07 EX 7 t 
Sample Location: _O_R_R_S_W_M_U_7 __ _ 

Sampled By: Keith Simpson 

C.O.C. No.: 

Type of Sample: 
[X] Low Concentration 
[] High Concentration 



Project Site Name: 
Project No.: 

[] Surface Soil 
t1 Subsurface Soil 
U Sediment 
[X] Other: 
[] QA Sample Type: 

UJlnln""r Readings 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN - ORR 

CTO 160 #N3961 

Excavation 

-r"V(... -r£.<)1' I i'lL. G'iCk/An N.<J SO' L 

5l O~LvI\l,- S "114 jJ l ~ 

MSIMSD Duplicate 10 No.: 

Sample 10 No.: 07 EX z-S--
Sample Location: ORR SWMU 7 

Sampled By: Keith Simpson 

C.O.C. No.: 

Type of Sample: 
[Xl Low Concentration 
[] High Concentration 



lltJ TETRA TECH NUS, INC. CHAIN OF CUSTODY I NUMBER PAGE-1- 0F L 
PROJECT NO: • ---. __ I I SITE NAME: \ .'-em I 60 f"l S Cf r.o N SLv-c. cit. f t-(~ 
SAMPLERS (SIGNATUR[, 

7(~ VI- " 

STANDARD TAT'JEl' 
RUSH TAT 0 
o 24 hr. o 4Bhr. o 72 hr. o 7 day o 14 day 

cJ (t ()...- Sw(V{v( 7 
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Tetra Tech NUS INTERNAL CORRESPONDENCE 

TO: 

FROM: 

SUBJECT: 

SAMPLES: 

OVERVIEW 

R.CLARK 

BERNARD F. SPADA III 

ORGANIC DATA VALIDATION - EXP 
CTO 160, NSWC CRANE 
SDG T1608 

4/Soil/EXP 

DATE: 

COPIES: 

07SS62-0001 
07SS65-0001 

07SS63-0001 

JUNE 26, 2003 

DV FILE 
M. FRANCIS 

07SS64-0001 

The sample set for CTO 160; NSWC Crane, SDG T1608 consists of four (4) environmental soil samples. All 
samples were analyzed for 2,4,6·trinitrotoluene by Method SW-846 8330. 

The samples were collected by TetraTech NUS on May 30th
, 2003 and analyzed by Laucks Testing 

Laboratories. All analyses were conducted in accordance with Naval Facilities Engineering Service Center 
(NFESC) Quality Assurance/Quality Control (QA/QC) criteria using SW-846 Method 8330 analytical and 
reporting protocols. The data contained in this SDG were validated with regard to the following parameters: 

• Data completeness 
• Holding times 
• Initial and continuing calibration 
• Blank results 
• Surrogate spike recoveries 
• Blank SpikelBlank Spike Duplicate Results 
• Matrix Spike/Matrix Spike Duplicate Results 
• Compound Quantitation 
• Compound Identification 
• Detection Limits 

The symbol (*) indicates that all quality control criteria were met for this parameter. Problems affecting data 
quality are discussed below; documentation supporting these findings is presented in Appendix C. Qualified 
Analytical results are presented in Appendix A. Results as reported by the laboratory are presented in 
Appendix B. 

Explosives 

The laboratory reported surrogate recoveries from one column only. All surrogate recoveries reported on 
the primary column were acceptable. No action was taken on this basis. 

The result for 2,4,6-trinitrotoluene exceeded the linear calibration range of the instrument in sample 
07SS64-0001. The sample was re-analyzed at a 5X dilution. The result from the diluted analysis was 
used for validation. 



MEMO TO: R. Clark PAGE: 2 

DATE: 06/26/03 SDG: 11608 

All sample IDs were incorrectly identified by the laboratory. The reviewer corrected the database and all 
sample Form Is. 

EXECUTIVE SUMMARY 

Laboratory Performance Issues: None. 

Other Factors Affecting Data Quality: None. 

The data for these analyses were reviewed with reference to the EPA Functional Guidelines for Organic Data 
Validation as modified by EPA Region V (8/93) and the NFESC guidelines "Navy IRCDQM" (Sept 1999). The 
text of this report has been formulated to address only those problem areas affecting data quality. 

"I attest that the data referenced herein were validated according to the agreed upon validation criteria as 
specified in the NFESC guidelines and the Quality Assurance Project Plan (QAPP)." 

~~~ 
Bernard F Spada III 
Chemist/Data Validator 

Attachments: 
1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as Reported by the Laboratory 
3. Appendix C - Support Documentation 



APPENDIX A 

QUALIFIED ANALYTICAL RESULTS 



r.: 

Qualifier Codes: 

A Lab Blank Contamination 

B Field Blank Contamination 

C Calibration Noncompliance (i.e., % RSDs, %Ds, ICVs, CCVs, RRFs, etc.) 

C01 GCIMS Tuning Noncompliance 

o MS/MSD Recovery Noncompliance 

E LCS/LCSD Recovery Noncompliance 

F = Lab Duplicate Imprecision 

= Field Duplicate Imprecision G 

H 

J 

K 

L 

M 

N 

N01 

NOZ 

N03 

0 

P 

0 

R 

S 

T 

U 

V 

W 

X 
Y 
Z 

Holding Time Exceedance 

= ICP Serial Dilution Noncompliance 

GFAA PDS - GFAA MSA's r < 0.995 

= ICP Interference - includes ICS % R Noncompliance 

= Instrument Calibration Range Exceedance 

- Sample Preservation Noncompliance 

Internal Standard Noncompliance 

Internal Standard Recovery Noncompliance Dioxins 

Recovery Standard Noncompliance Dioxins 

= Clean-up Standard Noncompliance Dioxins 

Poor Instrument Performance (i.e., base-time drifting) 

= Uncertainty near detection limit « 2 x IDL for inorganics and <CROL for organics) 

Other problems (can encompass a number of issues; i.e.chromatographY,interferences, etc.) 

Surrogat~s Recovery Noncompliance 

= Pesticide/PCB Resolution 

% Breakdown Nonc~mpliance for DDT and Endrin 

% Difference between columns/detectors >25% for positive results determined via GClHPLC 

= Non-linear calibrations; correlation coefficient r < 0.995 

= EMPC result 

= Signal to noise response drop 
Percent solids <30% 

= Uncertainty at 2 sigma deviation is less than sample activity 



PROJ NO: 3961 -
SDG: T1608 MEDIA: SOIL DATA FRACTION: EX 

nsample 07SS62 0001 nsample 07SS63 0001 nsample 07SS64 0001 
samp_date 5/30/2003 samp_date 5/30/2003 samp_date 5/30/2003 

labJd 0305449-01 labJd 0305449-02 labJd 0305449-03 
qc_type NM qc_type NM qc_type NM 
units MG/KG units MG/KG units MG/KG 
Pct_Solids 100 Pct_Solids 100 PcLSolids 100 
DUP_OF: DUP_OF: DUP_OF: 

Val Qual 
Parameter Result Qual Code 

Val Qual 
Parameter Result Qual Code 

Val I Qual 
Parameter Result Qual I Code 

2,4,6-TRINITROTOLUENE 11 2,4,6-TRINITROTOLUENE 32 2,4,6-TRINITROTOLUENE 79 l 

Page 1 of 2 [6/26/2003 9:25: 11 AM] 



PROJ NO: 3961 
SDG: T1608 MEDIA: SOIL DATA FRACTION: EX 

nsample 0755650001 
samp_date 5/30/2003 
labJd 0305449·04 
qc_type NM 
units MG/KG 
Pct_Solids 100 
DUP_OF: 

Val Qual 
Parameter Result Qual Code 

2,4,6·TRINITROTOLUENE 1.5 

Page 2 0' ',/26/2003 9:25: 11 AM] 



Tetra Tech NUS INTERNAL CORRESPONDENCE 

TO: 

FROM: 

SUBJECT: 

SAMPLES: 

OVERVIEW 

R.CLARK 

BERNARD F. SPADA III 

ORGANIC DATA VALIDATION - EXP 
CTO 160, NSWC CRANE 
SDG T1609 

6/ Soil/ EXP 

07EX70 
07EX73 

07EX71 
07EX74 

DATE: 

COPIES: 

AUGUST 21, 2003 

DV FILE 

07EX72 
07EX75 

The sample set for CTO 160; NSWC Crane, SDG T1609 consists of six (6) environmental soil samples. All 
samples were analyzed for 2,4,6-trinitrotoluene by Method SW-846 8330. 

The samples were collected by TetraTech NUS on July 23rd
, 2003 and analyzed by Laucks Testing 

Laboratories. All analyses were conducted in accordance with Naval Facilities Engineering Service Center 
(NFESC) Quality Assurance/Quality Control (QNQC) criteria using SW-846 Method 8330 anal~ical and 
reporting protocols. The data contained in this SDG were validated with regard to the following parameters: 

• Data completeness 
• Holding times 
• Initial and continuing calibration 
• Blank results 
• Surrogate spike recoveries 
• Blank Spike/Blank Spike Duplicate Results 
• Matrix Spike/Matrix Spike Duplicate Results 
• Compound Quantitation 
• Compound Identification 
• Detection Limits 

The symbol (*) indicates that all quality control criteria were met for this parameter. Problems affecting data 
quality are discussed below; documentation supporting these findings is presented in Appendix C. Qualified 
Analytical results are presented in Appendix A. Results as reported by the laboratory are presented in 
Appendix B. 

Explosives 

The laboratory reported surrogate % recovery from one column only. No action was taken on this basis. 

The result for 2,4,6-trinitrotoluene exceeded the linear calibration range of the instrument in sample 
07EX71. The sample was re-analyzed at a dilution. The result from the diluted analysis was transposed 
to the un-diluted analysis and used for validation. 

The result for 2,4,6-trinitrotoluene is taken from the dilution analysis of sample 07EX71 exceeded the 25% 



MEMO TO: R. Clark PAGE: 2 

DATE: 08/21/03 SDG: T1609 

difference between analytical columns quality control criteria. The result for 2,4,6-trinitrotoluene was 
qualified as estimated (J) in sample 07EX71. 

Positive results for 2,4,6-trinitrotoluene were reported from the C18 column regardless of whether the 
concentration was higher on the CN column. This item is noted for completeness. 

EXECUTIVE SUMMARY 

Laboratory Performance Issues: Qualification was made based on percent difference between analytical 
columns non-compliance. 

Other Factors Affecting Data Quality: None. 

The data for these analyses were reviewed with reference to the EPA Functional Guidelines for Organic Data 
Validation as modified by EPA Region V (8/93) and the NFESC guidelines "Navy IRCDQM" (Sept 1999). The 
text of this report has been formulated to address only those problem areas affecting data quality. 

"I attest that the data referenced herein were validated according to the agreed upon validation criteria as 
specified in the NFESC guidelines and the Quality Assurance Project Plan (QAPP). n 

~ 
Bernard F Spada III 
Chemist/Data Validator 

Attachments: 
1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as Reported by the Laboratory 
3. Appendix C - Support Documentation 



APPENDIX A 

QUALIFIED ANALYTICAL RESULTS 



Qualifier Codes: 

A Lab Blank Contamination 

B Field Blank Contamination 

C Calibration Noncompliance (i.e., % RSDs, %Ds, ICVs, CCVs, RRFs, etc.) 

C01 GCIMS Tuning Noncompliance 

D MS/MSD Recovery Noncompliance 

E LCS/lCSD Recovery Noncompliance 

F Lab Duplicate Imprecision 

G Field Duplicate Imprecision 

H Holding Time Exceedance 

ICP Serial Dilution Noncompliance 

J GFAA PDS - GFAA MSA's r < 0.995 

K ICP Interference - includes ICS % R Noncompliance 

L == Instrument Calibration Range Exceedance 

M Sample Preservation Noncompliance 

N == Internal Standard Noncompliance 

N01 Internal Standard Recovery Noncompliance Dioxins 

N02 == Recovery Standard Noncompliance Dioxins 

N03 == Clean-up Standard Noncompliance Dioxins 

o == Poor Instrument Performance (Le., base-time drifting) 

P Uncertainty near detection limit « 2 x IDL for inorganics and <CROL for organics) 

o == Other problems (can encompass a number of issues; i.e~chromatography,interferences, etc.) 

R Surrogates Recovery Noncompliance 

S == Pesticide/PCB Resolution 

T == % Breakdown Noncompliance for DDT and Endrin 

U == % Difference between columns/detectors >25% for positive results determined via GCIHPLC 

V Non-linear calibrations; correlation coefficient r < 0.995 

W == EMPC result 

X Signal to noise response drop 
Y Percent solids <30% 
Z Uncertainty at 2 sigma deviation is less than sample activity 



PROJ NO: 3961 -
SDG: T1609 MEDIA: SOIL DATA FRACTION: EXP 

nsample 07EX73 nsampla 07EX74 nsampla 07EX75 
samp_date 7/23/2003 samp_date 7/23/2003 samp_date 7/23/2003 

labjd 0307329·04 labJd 0307329·05 lab_id 0307329·06 
qc_type NM qc_typa NM qc.Jypa NM 

units MG/KG units MG/KG units MG/KG 

PcCSolids 100 PcCSolids 100 PcCSolids 100 

DUP_OF: DUP_OF: DUP_OF: 

Val Qual Val Qual Val Qual 
Parameter Result Qual Code Parameter Result Qual Code Parameter Result Qual Code 

2,4,6·TRINITROTOLUENE 5.5 2,4,6· TRINITROTOLU ENE 0.94 2,4,6·TRINITROTOLUENE 0.5 U 

Page 2 of 2 [8f' 03 9:58: 18 AM] 



PROJ NO: 3961 -
SDG: T1609 MEDIA: SOIL DATA FRACTION: EXP 

nsample 07EX70 nsample 07EX71 nsample 07EX72 

samp_date 7/23/2003 samp_date 7/23/2003 samp_date 7/23/2003 
labjd 0307329·01 labjd 0307329·02 lab_ld 0307329·03 
qc_type NM qc_type NM qc_type NM' 

units MG/KG units MG/KG units MG/KG 

Pc,-Solids 100 PcCSolids 100 Pc,-Solids 100 
DUP _OF: DUP _OF: DUP _OF: 

Val Qual Val Qual Val Qual 
Parameter Result Qual Code Parameter Result Qual Code Parameter Result Qual Code 

2,4,6·TRINITROTOLUENE 27 2,4,6·TRINITROTOLUENE 250 J U 2,4,S·TRINITROTOLUENE 0,5 U 

Page 1 of 2 [8/19/20039:58:18 AM] 



APPENDIX C 

STANDARD BOOTSTRAP PROCEDURE 



Bootstrap Methodology Summary 

The exposure point concentrations (EPCs) presented in Tables 4-9A through 4-
15A were determined using the guidance presented in the U.S. EPA reference 
titled, Calculating Upper Confidence Limits for Exposure Point 
Concentrations at Hazardous Waste Sites (December 2002). The 
methodology is outlined in Exhibit 14 of the UCL guidance. Prior to the 
calculation of the EPC, the distribution of a data set (normal, lognormal, 
undefined) was determined using the Shapiro-Wilk W-test. Then, the 95 percent . . 

upper confidence limit (UCL) for the arithmetic mean was calculated per one of 
the three methodologies presented below. The UCLs for data sets determined to 
be normally distributed were calculated using the Student's t statistic. The UCLs 
for data sets determined to be log normally distributed were calculated using the 
Land method. The UCLs for data sets not determined to be normally or 
log normally distributed were calculated using the non-parametric Standard 
Bootstrap Procedure. The resulting 95% UCL for a parameter was compared to 
the maximum detected concentration in the data set and was selected as the 
EPC if the 95 % UCL was less than the maximum detected concentration. 
Otherwise, the maximum detected concentration was selected as the EPC. 

Method 1 - 95 % UCL Calculation for Normally Distributed Data - The Student's t 
Statistic 

The 95 percent upper confidence limit (one-tailed test) is calculated as follows: 

where: 

S = x 

Sx 
U CLO.95 = X + t O.95.n-l ..r;; 

X- l~ 'h' = - ~ Xi = ant metlc mean 
n i=1 

...:..:i=:.!...1 ___ = the sample standard deviation 
n-l 

to.95. n-l = Value found in t-distribution table 

Method 2 - 95 % UCL Calculation for Log-normally Distributed Data - The Land 
Method 

The following formula is used to calculate the upper 95% confidence interval 
(UCL95%) for the geometric mean (><g): 



where: 
data, y = In(x) 

[
- + 0 5 ( 2 S y (H O.95,n)] 

VCLo.95 = exp y-. Sy) + .,In-l 

Y1 = arithmetic mean of the log-transformed 

Sy = standard deviation of y 

Ho.95,n = factor for sample size n 

Method 3 - 95 % UCL Calculation when the Distribution of the Data is Undefined 
- The Standard Bootstrap Procedure 

In the bootstrap procedure, repeated samples of size n are drawn with 
replacement from the given set of observations. The process is repeated a large 
number of times and each time an estimate of 8 is computed. 

Step 1: Let (Xi1, Xi2, ... , Xin) represent the ith sample of size n with replacement 
from the original data set (X1. X2, ... , xn). Then compute the sample mean and 

-

denote it Xi, 

Step 2: Perform Step 1 independently N times (e.g., 1000-2000) each time 
- - - -

calculating a new estimate. Denote those estimates by x h X 2, X 3, ... , X n. The 
-

bootstrap estimate of the population mean is the arithmetic mean x B, of the N 
-

estimates Xi: i = 1,2, ... ,N. The bootstrap estimate of the standard error is given 
by: 

1 ~(_ -)2 --LJ Xi-XB 
N -1 i=l 

The (1-0) 100% standard bootstrap UCL for 8 is given by: 

VCL = B+ za CYp 

It should be noted for all the above procedures, the 95 percent confidence interval for a 

second sample of size n drawn from the same population will most likely not be the 

same as that for the first sample. In theory, if an interval estimate is calculated for the 

means of a very large set of samples of size n, the true population mean will be within 95 

percent of this limit. 
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1.0 INTRODUCTION 

Voluntary Interim Measures Cleanup 
Wor1t Plan 

Page 1 

TOl TEST has been retained by the Naval Facilities Engineering Command, Officer in Charge of Construction 

(OICC) under contract N68950-00-D-0200, Delivery Order (DO) #FC78 to provide a Voluntary Interim 

Measures Work Plan (WP) for completing remediation activities at the Old Rifle Range (ORR), Naval Surface 

Warfare Center (NSWC) Crane, Indiana. 

The objective of this work is to remove and properly dispose of soil contaminated with TNT. After post

excavation sample results (samples to be obtained and submitted for analysis by TetraTech NUS) indicates 

that cleanup objectives have been met, the excavation will be backfilled with stone. 

TolTest's Corporate Health and Safety Plan (HASP), available upon request) will supplement this WP and will 

govern the safe work practices of TolTest personnel. The WP and HASP conform to Occupational Safety and 

Health Administration (OSHA) regulations identified in 29 Code of Federal Regulations (CFR) 1910.120 

-Hazardous Waste Operations and Emergency Response" and applicable parts of 29 CFR 1920 and 1926. A 

copy of this WP will be on site during remedial activities. 

Transportation of waste materials will comply with United States Department of Transportation (USDOT 

49CFR) regulations. 

1.1 Site Description 

SWMU 7 resides on the east side of the demolition range and is currently accessible by a gravel road through 

the demolition range. The area to be excavated is generally flat with a slight slope to the east. There is a drop 

in elevation of approximately four feet from the .west and south sides of the site. The site is covered entirely in 

grass. 

2.0 CONSTRUCTION EQUIPMENT AND PERSONNEL 

Table 2-1 lists the equipment expected to be used and TOl TEST personnel positions assigned to this cleanup 

activity. 

TABLE 2-1 

Equipment Key TolTest Personnel 

Backhoe/Excavator Regional Manager 

Dump Truck Project Manager 

Assorted hand tools Site Supervisor 

Operators/Drivers 

Laborers 
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The Navy personnel involved and TOL TEST'S personnel positions are described below. 

NAVFACENGCOM Southern Division 

Overview of project execution. 

NSWC Crane Officer In Charge of Construction COICC) 

Southern Division's on-site representative and liaison between NSWC Crane and TOL TEST. This individual's 

title is Contracting Officer's Technical Representative. 

NSWC Crane Environmental Protection Department (EPD) 

The EPD is responsible for monitoring TOL TEST'S performance for compliance with RCRA and other pertinent 

environmental regulations. A representative from EPD, referred to as the Environmental Contracting Officer 

Technical Representative, will sign, as the generator, any manifests for waste materials requiring disposal. 

TOL TEST Regional Manager 

TOL TEST'S Regional Manager (RM) is responsible for implementing the project and has the authority to commit 

the resources necessary to meet project objectives and reqUirements. The RM will report directly to the OICC 

and will provide the major point of contact and control for matters conceming contractual issues on the project 

The RM will approve all deliverables before their submission to the U.S. Navy and ultimately will be 

responsible for the quality of the After Action Report. 

. ) TOL TEST Project Manager 

TOL TEST'S Project Manager's (PM) primary function is to ensure that technical, financial, and scheduling 

objectives are achieved successfully. The PM has responsibility for ensuring that the project meets objectives 

and TOL TEST'S quality standards. The PM is the primary point of contact with the ECOTR concerning 

environmental issues. The PM will: 

• Develop a work schedule and arrange off-site disposal 

• Obtain representative sample for waste characterization 

• Direct the Site Supervisor and monitor the progress of the work 

• Write the After Action Report 

• Provides site-specific training as required by the HASP 

• Stops work when necessary to ensure the safety of personnel and to prevent damage to the 

environmenl 

Site Supervisor 

The TOL TEST Site Supervisor will be responsible for the on-site work and will report directly to the PM. 

Operators/Drivers 

Equipment operators will be responsible for proper operation and maintenance of heavy equipment utilized on 

the site. They will be familiar with the scope of work and will be under the direct supervision of the Site 

Supervisor. 
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Laborer 
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Laborers will report to the Site Supervisor and will be responsible for general site cleanup and maintenance. 

3.0 EXCAVATION SEQUENCE AND OPERATIONAL APPROACH 

The excavation sequence and operational approach to complete the project objectives are defined in the 

following sections. 

3.1 Permitting and Notification 

NSWC Crane facility requires issuance of permits before initiation of excavation activities. TolTest's PM will 

be responsible for obtaining an Excavation and Trenching Permit through the Public Works Department, 

Building 56. No unexploded ordnance clearance is required for this job. However, should a suspicious item 

be unearthed, TolTest will stop work and notify the NSWC Crane Explosive Ordnance Division and the 

ECOTR. TolTestwili notify the ECOTRa minimum of 10 days in advance of commencement of field activities. 

3.2 Pre-Removal Activities 

The PM will obtain a representative sample of the soil to be excavated for waste characterization purposes. 

The sample will be obtained with a clean stainless steel spoon and mixing bowl. Aliquots of the soil from 

within the area to be excavated will be combined in the bowl to form one composite sample. Characterization, 

as required by the disposal facility, will include analysis for reactive cyanide and sulfide, flash point, pH, total 

TNT, and TCLP metals (performed on a leached extract). Analytical results will be submitted to the disposal 

. facility for approval. 

Once the WP has been approved, representatives of TOlTEST and NSWC Crane will conduct a site walk to 

delineate the boundaries of the area of excavation. 

3.3 Soil Removal 

The size of the area of contamination is small enough that the bucket of the excavator will be able to reach into 

the zone of contamination without the need for the excavator to enter the zone. In this manner, only the 

bucket of the excavator will come into contact with contaminated soil and thus only the bucket will require 

decontamination. If it is necessary for the excavator to enter the zone of contamination, then thick felt will be 

placed under the tracks of the excavator to prevent them from contacting contaminated soil. 

Excavation of the contaminated soil will be accomplished with the excavator and hand tools. Hand digging will 

be necessary to ensure that: 1) excavation does not occur outside the boundaries of contamination; and 2) 

contaminated soil is not spread outside the zone of contamination. Contaminated soil will be loaded directly 

into a dump truck, which will be situated within the swing radius of the excavator and as close to the 

excavation as possible. 
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The zone of contamination will be excavated to a depth of approximately one-foot. TetraTech NUS will then 

obtain samples from within the excavation for the purpose of field screening to determine the presence of 

TNT. Based on the field screening results, the ECOTR may direct TolTest to excavate additional soil in six

inch depth increments. 

3.5 Decontamination 

The bucket will be the only part of the excavator that will require decontamination since it will be the only piece 

of equipment (aside from shovels) that will come into contact with the contaminated soil. The bucket will 

undergo a dry decontamination process whereby the contaminated soil is scraped off with shovels and 

scrapers. No water spray will be used for decontamination. The contaminated soil that is scraped off will be 

placed into the bed of the dump truck before it leaves the site. The ECOTR will approve the effectiveness of 

the decontamination procedure. Personal protective equipment and all consumables will be disposed of in an 

NSWC Crane dumpster for ultimate disposition at the NSWC Crane sanitary landfill. 

3.6 Waste Management 

Contaminated soil that is removed from the site will be loaded onto a dump truck and transported to the 

Republic Services landfill in Worthington, Indiana, for disposal. Shipping manifests will be completed by 

) TOLTEST and Signed by the ECOTR as the generator. Shipping manifests will accompany all loads to the 

disposal faCility. The ECOTR and TolTest will retain a copy of the manifests. 

3.7 Site Restoration 

Site restoration will not commence until the ECOTR informs TolTest that post-excavation results have met the 

desired cleanup goals. Until that time, the excavation will be covered with 6 mil plastic sheeting and secured 

with sandbags and pins. The cover will be inspected once a week and repaired and maintained as necessary. 

At the direction of the ECOTR, TolTest will commence with site restoration activities. This will include grading 

the work site around the area of excavation to repair ruts caused by heavy equipment, and filling the 

excavation with number 53 stone. Grass seed will be spread and covered with straw in the graded area.· The 

stone will be compacted with the bucket of the excavator or similar equipment. If necessary, erosion control 

measures (I.e. installing silt fence) will be implemented to minimize erosion and runoff from the site. 

3.8 Cleanup and Emergency Response 

Each day upon completion of work, TOLTEST will remove all excess materials and debris from the NSWC 

Crane property. The work areas will be left in a neat and clean condition and all materials and/or debris will be 

disposed of properly. Spill cleanup or other repair of damage to the environment resulting from TOLTEST'S 

actions will be the responsibility of TOLTEST. 

4.0 SrrE SAFETY AND HEALTH 
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'.~' The TolTest corporate HASP will govern the safe work practices of TolTest. All TolTest personnel have 

been trained in TolTest safe work practices and all TolTest personnel on site will have a current 8-hour 

HAZWOPER certification. Prior to the start of work, the PM will conduct a tailgate safety briefing to 

discuss the job-specific safety requirements. 

5.0 REPORTING REQUIREMENTS 

TolTest will develop a detailed After Action Report containing all closure documentation including; tabulated 

analytical results of post-excavation samples (supplied by TetraTech); debris removal activities; waste 

disposal documentation; photographic documentation; copies of waste manifests; chain-of-custody 

documentation; and a discussion of all work performed. This report will be completed within five days from 

receipt of the completed waste manifest, or from receipt of laboratory data (whichever is later). 

6.0 SCHEDULE 

The work schedule will be eight to ten-hour days, or as allowed by the NSWC Crane Army Ammunition 

Activity. Excavation will commence once approvals, permits,and notifications have been given or received 

and a date with TetraTech has been arranged. It is anticipated that excavation of the contaminated soil and 

restoration of the site will each be completed in one day. 
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TOl TEST was retained by the Naval Facilities Engineering Command, Officer in Charge of Construction 

(OICC) under contract N68950-00-D-0200, Delivery Order (DO) #FC78 to perform a Voluntary Interim 

Measures cleanup at the Old Rifle Range (ORR), Solid Waste Management Unit (SWMU) 7, Naval Surface 

Warfare Center (NSWC) Crane, Indiana. 

The objective of this work was to remove and properly dispose of soil contaminated with trinitrotoluene (TNT). 

Post-excavation samples were obtained and submitted for analysis by Tetra Tech NUS (Tetra Tech). TolTest 

completed backfill of the excavation. 

TolTest's Corporate Health and Safety Plan (HASP) supplemented the Work Plan while performing this scope 

of work. 

1.1 Site Description 

SWMU 7 resides on the east side of the demolition range and is accessible by a gravel road through the 

demolition range or from Highway 8. The area that was excavated was generally flat with a slight slope to the 

east. The site was initially covered entirely in grass. 

2.0 EXCAVATION SEQUENCE 

The Statement of Work received from NSWC Crane included a hand drawing of the area of contamination 

(drawn by Tetra Tech). This drawing identified the locations of samples previously obtained by Tetra Tech 

and an outline of the area to be excavated. A copy of this drawing is included in Appendix A. 

2.1 Permitting and Notification 

NSWC Crane facility requires issuance of permits before initiation of excavation activities. TolTest's Project 

Manager (PM) obtained an Excavation and Trenching Permit through the Public Works Department, Building 

56. No unexploded ordnance clearance was required for this job, per Mr. Tom Brent of the NSWC Crane 
Environmental Protection Department (EPD). 

2.2 Pre-Removal Activities 

Prior to excavation activities, the PM obtained a representative sample of the soil to be excavated for waste 

characterization purposes. The sample was obtained by mixing aliquots of the soil from within the area to be 

excavated into one composite sample. Analytical parameters for waste characterization required by the 

disposal facility included reactive cyanide and sulfide, flash point, pH, total TNT, and TCLP metals (performed 

on a leached extract). Analytical results of the waste characterization sample are provided in Appendix B. 

The analytical results were submitted along with the Special Waste Acceptance Application (provided in 

Appendix C) to Republic Services, Inc. Approval for disposal of the soil at the Sycamore Ridge Landfill (also 

referred to as the Worthington Landfill) was granted on July 21, 2003. A copy of the approval is provided in 

AppendixD. 
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Excavation of the contaminated soil commenced on July 22, 2003, initially only to eight inches deep. Using 

the diagram drawn by Tetra Tech as a guide, the area to be excavated was marked out on the grass with 

white paint. Excavation of the soil within this boundary then commenced. Several of the sample location 

stakes placed by Tetra Tech are visible in Photo 1 (Appendix E). Stake SB16/47 is in the center of the 

excavation (the photo looks West). All sample location stakes within the boundary of excavation were 

removed along with the contaminated soil. 

The soil was loaded into a dump truck, which was parked adjacent to the excavation. The bed of the truck 
had been lined with plastic sheeting to aid in ease of unloading and to prevent contaminated soil from 

contacting the truck. The truck shown in Photo 1 was loaded with soil and parked for the night in the gravel 
lot just to the north of Building 600. The next morning, a smaller single-axle dump truck was loaded with soil 

dug from eight inches to 12 inches deep. Both trucks were transported to the Sycamore Ridge Landfill on July 
23, 2003. A Special Waste Disposal Notification/Manifest, signed by Mr. Jerry McCracken of EPD as 

generator, accompanied each truck. Copies of the completed Notifications are provided in Appendix F. A 

total of 24.84 tons of soil were disposed of at the landfill. 

2.4 Field Screening 

The Work Plan stated that Tetra Tech NUS was to obtain samples from within the excavation for the purpose 
of field screening for the presence of TNT. These samples were obtained and screened by Tetra Tech on 
July 22, 2003 after the initial eight inches of soil were removed. Additional soil was excavated on July 23, 

2003 to one-foot deep (as described above) paying particular attention to ensuring that the side walls of the 

excavation were squared up and did not slope into the excavation. The contractual amount for tonnage 
(including a 50% contingency) was met by excavating the soil to one-foot deep (Le., no additional excavation 
could be conducted under this contract). 

2.5 Decontamination 

The bucket of the backhoe was the only piece of equipment that required decontamination since it alone came 
into contact with the contaminated soil. The bucket was decontaminated by scraping off the contaminated 
soil with shovels. No water spray was used for decontamination. Personal protective equipment and all 
consumables were disposed of in an NSWC Crane dumpster for ultimate disposition at the NSWC Crane 
landfill. 

3.0 SITE RESTORATION 

Following excavation activities, the excavation was covered with 6 mil plastic sheeting and secured with 

sandbags (Photo 2). The cover was inspected once a week and repaired and maintained as necessary. 

Approximately 350 gallons of rainwater were pumped off the plastiC sheeting onto the surrounding grass on 

August 26, 2003. 

1 At the direction of Mr. Tom Brent of EPD, TolTest filled the excavation with number 53 stone on September 
/ 

12,2003 (Photo 3). The stone was compacted with the bucket of the backhoe. 
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U.S. EPA - CLP 

1 CLIENT SAMPLE NO. 
INORGANIC ANALYSES DATA SHEET 

SWMU7-WC 
Lab Name: SOUTHWEST LABORATORY Contract: TOLTEST 

Lab Code: SWOK __ Case No.: 52783 SAS No.: SOG No.: 52783 

Matrix: (soil/water): WATER Lab Sample ID: 52783.01 

Level (low/med): LOW Date Received: 07/08/03 

% Solids: 91.0 

Concentration Unlts (ug/L or mg/Kg dry weight): UG/L 

I I I 1 I 
CAS No. I Analyte IConcentrationlCI Q 1M 
--=-:-:-::-",,",,:,,:~I I I 1 ___ 1_1 

7440-38-2 I Arsenic __ ' 1.81UI IP I 
7440-39-3IBarlum I 11201 liP-I 
7440-43-91 Cadmi.~1 1.11UI I P-I 
7440-47-3Ichromlum-I-~' 6.01_1 IP-I 
7439-92-1 I Lead -I 38.71 I IP:I 
7439-97-6IMercury I 1.01UI IAVI 
7782-49-2ISelenium I 5.71BI IP_I 
7440-22-4 Silver-=I 0.601UI IP I 

__________ - ______ 1_1 I -I 
_____ _____ - ___ --__ 1 I I I 
________________ 1_1 I I 
__________________ 1_1 I I 
________________ 1 I I I 
__________ - ______ 1_1 I I 
__________ - ______ 1 I I 1 
___ -;--______ - ______ 1-1 I I 
____________ --__ 1 1 I I 
______________ --_1_1 'I 
__________________ ,_, 'I 
_________________ 1_1 " 

----- ----- ------,-, " _________________ ,_, " ___________________ ,_, I' 
__________________ , , I' 

----- ------ ------, , " 

Color Before: COLORLESS Clarity Before: CLEAR_ Texture: 

Color After: COLORLESS Clarity After: CLEAR Artifacts: __ _ 

Comments: 
CLIENT_ID:_SWMU7-WC, ______________________________________________ _ 

FORM I - IN 

4 



SOUTHWEST LABORATORY OF OKLAHOMA, INC. 
1700 West Albany Broken Arrow, Oklahoma 74012 Office (918) 251·2858 Pax (918) 251-2599 

LABORATORY RESIJLTS .' 

LAB 10 
SAMPLE 
SDG 
MATRIX 

52183.01 
SWMU1-WC 
52183 
S 

SITE SWMU 1 

HAZARDOUS WASTE CHARACTERIZATION 
REPORTING 

PARAMETER LIMIT UNITS 

REPORTED : 01/11/03 
SAMPLED 01/01/03 
SUBMITTED: 01/08/03 

DATE/TIME METHOD 
RESULTS ANALYZED ANALYST REFERENCE 

------------------------------------------------------------------------------------------
CORROSIVITY PH 
IGNITABILITY 
React. Sulfide 
REACTIVE CYANIDE 

0.10 
200 
20.0 
0.13 

au 
deg F 
mg/Kg 
mg/kg 

COMPOUND* ~ RESULTS REPORTED AS RECEIVED 
NO = NOT DETECTED ABOVE QUANTITATION LIMIT 

7.8 
>200 
NO 
NO 

* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS 
N/A z NOT APPLICABLE 

07-09-03 13:10 
07-10-03 09:05 
07-10-03 14:00 
07-11-03 15:21 

KAL SW9045 
SB SW 1010 
KS SH7.3.4.2 
DT SW 7.3.3.2 

METHODOLOGY: SM z STANDARD METHODS, 18TH EDITION,1992/19TH EDITION, 1995 
EPA ~ IEPA600/4-79-020, MARCH 1985 
SW = SW 846 Rev. 4 1996 

3 



10 CLIENT SAMPLE NO. 
EXPLOSIVES ANALYSIS DATA SHEET 

SWMU7-WC 
Lab Name: SWL-TULSA 

Lab Code: SWOK Case No.: TOLTEST SOG No. : 52783 

Matrix: (soil/water) SOIL Lab Sample 10: 52783.01 

Sample Amt: 2.0 G , Moisture: 9 Date Received: 07/08/03 

Extraction Volume: 20 ML Date Extracted: 07/09/03 

Extraction Method: SONC Date Analyzed: 07/11/03 

GPC Cleanup: (Y/N) N Dilution Factor: 50.0 

CAS NO. COMPOUND CONCENTRATION UNITS: UG/KG Q 

2691-41-0-------HMX~ ________________________ _ 
l21-82-4--------RDX 
99-35-4---------TNB-----------------------
99-65-0---------DNB 
479-45-8--------TET=R~YL~-------------------
98-95-3---------NB 
l18-96-1--------TN~T~---------------------
1946-51-0-------4ADNT ____________________ _ 

35572-78-2------2ADNT~·--------------------
606-20-2--------26DNT ____________________ _ 
l21-l4-2--------24DNT ____________________ _ 
88-72-2---------2NT ______________________ _ 
99-99-0---------4NT ______________________ _ 
99-0a-l---------3NT ______________________ _ 

3,4-DNT surrogate spiked 

FORM I 

25000 
25000 
14000 
25000 
25000 
25000 

1050000 
25000 
25000 
25000 
25000 
25000 
25000 
25000 

11500.00 

u 
U 

PJ 
o 
o 
u 

U 
U 
U 
U 
U 
U 
U 
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1915 N. 12th St., P.O. Box 2186, Toledo, OH ~603-2186; Voice (419) 241-7175, Pax (419) 321-6259 
Shlp To Address: A1l'N: RECEIVING LAB, 1810 N. 12th St., Toledo, OH ~624-1304; Voice (419) 241-7175, Fax (419) 241-1808 
Sent From: CJ Corporate CJ PlYmOuth CJ Pittsburgh 0 Other 
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Project No~ 1 5;;")6 I 0 I Client: I t! Parameters 

P.<lNo, F -1",0 _/l=H='NC,c./(' CrOM Swtflu 7 'J-liii.{ IJ I b~~ 
-Mp-" p, dt:;v'"" ,.'u s...p...-,N_ R-IM -:f. d,'<""",/;'ey I ~ 'J ~". ~~ ;# § 
Phone No. flt:2. I "4Ct., ~ 50 I Sampler's Signatur:j/~- J1 I GD. ~ . L I , ,~~ I ~ 
Item ~le Date Tune ... Safil'K1e -- I 'i S ~ ~ ~ ~ S 
No. I . Sampled Sampled 'JYpe Matrix Loa 'on ~ ~ c::;c r-.~ Co; Lab # 

1 SWMU' -
we li.,/o} /4S"3 C 5tJ; I (~-Y'f~-" ~~e, .;,.. c..J 4'i~~ "h~,..de~d. ~ ,,- /' .; ", I' /' 

2 

3 

4 

5 

6 

7 

8 

9 r 

10 

Item 

~~I74Jl...:.., D''',~ """ Received~ .P Datej Tune LAB USE ONLY 
No~ 

11-1/)~ 1Aa::r 
~/~ ~ 

'lAo #:n Were samples delivered o in person Dbycourler - ..lL~4.~A7 I D 7/.-'1, ,- Were samples preselVed o in field 0 in la~ A 
Item ~. 0.:1''- Received By: / 7 ~ ;' 0."1- Temp of samples °c No. 

-, . 
Did lIamples arrive intact and lIealed? o yes 0 no 0 NI A 
Were proper containers used? Dyes Dno 

Item Relinqulshed By: 0.'"1- Received By: Damj_ Was container labeled properly for contents? Dyes Dno 
No. Were samples packaged properly for type of material? Dyes CJ no 

Was shipping label completed properly per regulations? 
(49 OR 170, etc.) Dyes CJ no 

Item Relinqulshed By: 0. .. 1 T_ Received By: Date I TlUle 
Comments: I TAT] No. 

I I 

Distributir Original plus one accompanies shipment (white and yellow); copy to coordinator field fil .. ~ (pink) Rev. 4/99 



CLIENT: 

PROJECT: 

SDGNO: 

FRACTION: 

SOUTIlWEST LABORATORY OF OKLAHOMA 
1700 West Albany. Suite AI Broken Arrow. OK 74012 

918-251-2858 
SDO NARRATIVE 

Iuly 16, 2003 

TOLTEST 

NSWCCRANE 

52783 

8330 EXPLOSIVES 

One soil sample was extracted and analyzed for explosives by SW-846. method. It should be noted that the 
Carbosorb reverse phase column is necessary as the quantitation column for this method since all 
compounds can be separated to a reasonable degree of resolution. The Zorbax SB-CN column Is used as the 
confirmation column as it has two peaks with co-elution, including five compounds. The compounds that 
co-elute on this column are:(DNB&1NB) and (4NT.2NT&HMX). Therefore ifany or all oftbese 
individual compounds in each peak are present on the quantitation column and the peak is also present in 
the confinnation column the compound is considered present &:1d reported as a positive resulL Any target 
hit detected above the MDL is analyzed for confumation. 

\ 

Note: (1) A P-flag qualifier on the FORM 1 report indicates that the relative percent difference between the 
concentration detected on quantitation column and confirmation column was greater than 25% difference. 
(2) All target analytes detected between the reporting limit and the MDL are reported with a I-flag 
indicating an estimated value and any target anaJytes detected below the MDL are reported at the reporting 
limit with a "U'. flag indicating undetected. A manual integration report is included for each manual 
integration performed on this data including a before and after picture of the peak. as wen as the reason for 
the integration. 

The foJlowing problems occurred during the analysis of this sample: The sample extract was discolored. 
Historically this indicates potentially high concentrations of organic extractables. The sample was analyzed 
at a SO-fold dilution as a screening measure and to guard against system performance degradation. The 
sample contained 10SOOOOug/kg of TNT at this dilution and therefore no lesser dilution was analyzed. The 
sample was reanalyzed for confirmation and TNT was confll1Ded. The surrogate was diluted out at this 
dilution, therefore 0% recovery. 

Initial Calibration: Within method requirements. 

Continuing calibration verifications: Within method requirements. 

Blanks: No target analytes were detected in the extraction b~. I 

Surrogates: AU surrogates were within QC limits with the follo~ing exceptions: The sample had 00/0 
recovery due to the SO-fold dilution (see comment above). 

Laboratory Control Spikes: The laboratory control spikes had ali recoveries within QC control limits . . . 
Matrix Spikes: No matrix spikes were requested on this sample. 

Diana L. Hoke 
Organic Program Manager JuJy 16.2003 



ID CLIENT SAMPLE NO. 
EXPLOSIVES ANALYSIS DATA SHEET 

MBLKl 
Lab Name: SWL-TOLSA 

Lab Code: SWOK Case No.: TOLTEST SOG No.: 52783 

Matrix: (soil/water) SOIL Lab Sample 10: BL0709SB 

Sample Amt: 2.0 G , Moisture: Date Received: 

Extraction Volume: 20 ML Date Extracted: 07/09/03 

Extraction Method: SONC Date Analyzed: 07/11/03 

GPC Cleanup: {YIN} N Dilution Factor: 1.0 

CAS NO. COMPOOND CONCENTRATION ONITS: UG/KG Q 

269l-4l-0-------HMK 
l2l-82-4--------ROX:-----------------------
99-35-4---------TNB~-----------------------
99-65-0---------DNB 
479-45-8--------TET~R~Y=L--------------------
98-95-3---------NB 
l18-96-7--------TN=T~---------------------
1946-5l-0-------4ADNT. ___ --..; ______________ _ 
35572-78-2------2ADNT. ____________________ _ 
606-20-2--------260NT~---------------------
l2l-l4-2--------240NT ____________________ _ 
88-72-2---------2NT. ______________________ _ 
99-99-0---------4NT 
99-08-l---------3NT·-----------------------

3,4-DNT surrogate spiked 

\ I 
500 I UJ 
5001 U\ 
5001 UI 
5001 UI 
5001 UI 
5001 01 
5001 UI 
500 I 01 
5001 01 
5001 UI 
5001 01 
5001 UI 
5001 UI 
5001 UI 

I , 
11500.001 I _________________________________________ -----------_1------' 

FORM I 



10 CLIENT SAMPLE NO. 
EXPLOSIVES ANALYSIS DATA SHEET 

LCS1 
Lab Name: SWL-TULSA 

Lab Code: SWOK Case No.: TOLTEST SOG No. : 52783 

Matrix: (soil/water) SOIL Lab Sample 10: 

Sample Amt: 2.0 G % Moisture: Date Received: 

Extraction Volume: 20 ML Date Extracted: 

Extraction Method: SONC Date Analyzed: 

GPC Cleanup: (Y/N) N Dilution Factor: 

CAS NO. COMPOUND CONCENTRATION UNITS: 

I 
2691-41-0-------HMX 
121-B2-4--------ROX:----------------------

I 
I 

99-35-4---------TNB ____________________ __ I 
I 

LC0709SB 

07/09/03 

07/11/03 

1.0 

UG/KG Q 

9030 
9600 
7B70 
9030 99-65-0---------DNB 

479-45-8--------TET=RY~L~------------------ I 10400 
9B-95-3---------NB 
118-96-7--------TN=T-----------------------

I 
I 

1946-5l-0-------4ADNT ____________________ _ I 
35572-7B-2------2ADNT ____________________ _ J 
606-20-2--------26DNT ____________________ _ I 
121-14-2--------24DNT ____________________ _ I 

I 
I 
I 

8B-72-2---------2NT. ______________________ _ 
99-99-0---------4NT, ______________________ _ 
99-0B-1---------3NT ____________________ __ 

I 
3,4-DNT surrogate spiked I 

I 

FORM I 

8910 
9140 
9190 
9170 
9210 
9070 
8980 
8950 
9130 

11500.00 

I 
I 
I 
I 
J 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



,.c=", , .... ) 

" ) 

10 CLIENT SAMPLE NO. 
EXPLOSIVES ANALYSIS DATA SHEET 

LCSDl 
Lab Name: SWL-TULSA 

Lab Code: SWOK Case No.: TOLTEST SOG No.: 52183 

Matrix: (soil/water) SOIL Lab Sample 10: LD0109SB 

Sample Amt: 2.0 G , Moisture: Date Received: 

Extraction Volume: 

Extraction Method: SONC 

20 ML Date Extracted: 07/09/03 

Date Analyzed: 07/11/03 

GPC Cleanup: (Y/N) N Dilution Factor: 1.0 

CAS NO. COMPOUND CONCENTRATION UNITS: UG/KG Q 

I I 
I 2691-41-0-------HMX: _______________________ 1 
1 121-B2-4--------ROX I 
1 99-35-4---------TNB 1 
1 99-65-0---------DNB I 
I 479-45-8--------TETRYL I 
I 98-95-3---------NB 1 
I 118-96-7--------TNT I 
I 1946-51-0-------4ADNT I 
I 35572-78-2------2ADNT I 
I 606-20-2--------26DNT I 
I 121-l4-2--------24DNT 1 
I B8-72-2---------2NT I 
1 99-99-0---------4NT 1 
I 99-08-1---------3NT 1 
I I 
I 3,4-DNT surrogate spiked I 

I 
8890\ 
9420 
7700 
8870 

10200 
8720 
9000 
9010 
9020 
9030 
8920 
8800 
8830 
8950 

11500.00 
I 1 ___________ _ 

FORM I 



2F 
SOIL EXPLOSIVES SURROGATE RECOVERY 

Lab Name: SWL-TULSA 

Lab Code: SWOK Case No.: TOLTEST SOG No.: 52783 

LC Column (1) : CARBOSORB 

page 1 of 1 

CLIENT 
SAMPLE NO. 

I Sl 1 ITOTI 
I%REC tlODTI 

011MBLK1 I 109 I 01 
021LCS1 I 108 I 01 
031LCSD1 I 107 I 01 
04ISWMU7-WC I ODI 0\ 
051 _________ 1 I I 
06\ I 1 \ 
071 1 I I 
081 I I I 
091 I I I 
10 I I I I 
11 I I I 
12 1 I 
13 I I 
14 1 I 
15 1 I 
16 1=1 
17 I I 
18 I I 
19 1 I 
20 I I 
21 1 I 
22 I I 
23 I I 
24 I I 
25 I I 
26 I I 
27 I I 
28 I I 
29 I I 
30 I I 

51 = 3,4-DNT 
QC LIMITS 

(83-130) 

I Column to be used to flag recovery values 
* Values outside of QC limits 
D Surrogate diluted 

FORM II 



3" 
SOIL EXPLOSIVES LABORATORY CONTROL SPIKE/DUPLICATE RECOVERY 

,:-::-......... , 

Lab Name: SWL-TULSA Case No.: TOLTEST SDG No. : 52783 

LCS Sample NO.: LCS1 

I SPIKE I LeS 1 LeS , QC. 
1 ADDED 1 CONCENTRATION 1 , 1 LIMITS 

COMPOUND 1 (UG/KG) 1 (UG/KG) I REC II REC. 
=====#~~~~~====~=m~~ __ --~= _aD~ ===--==-= 1----=== I ~-=~ 

HMX 4000 4520 113 \76-119 
RDX 4000 4800 120 180-120 
THB 4000 3940 98 173-121 
DNB 4000 4520 113 179-120 
TETRYL 4000 5210 130 \24-139 
NB 4000 4450 111 179-121 
TNT 4000 4570 114 174-128 
4ADNT 4000 4590 115 164-142 
2ADNT 4000 4590 115 180-122 
26DNT 4000 4600 115 \77-119 
24DNT 4000 4530 113 179-122 
2NT 4000 4490 112 179-121 
4NT 4000 4480 112 180-120 
3NT 4000 4570 114 179-122 

1 

1 SPIKE \ LeSD \ LeSD 1 I 
I ADDED 1 CONCENTRATION 1 , 1 % 1 QC LIMITS 

COMPOUND 1 (UG/KG) I (UG/KG) \ REe II RPD II RPD I REC. 
I ~="~ClC===== ___ ======-.::aR::lC= ===--==== I c.=========== ::a:s===== I ====== =======~ I ==-=== 

1 HMX 4000 4450 III 1 2 30 176-119 
1 RDX 4000 4710 118 1 2 30 180-120 
1 TNB 4000 3850 96 I 2 30 173-121 
1 DNB 4000 4440 III 1 2 30 179-120 
1 TETRYL 4000 5110 128 1 2 45 124-139 
I NB 4000 4360 109 1 2 30 179-121 
I TNT 4000 4500 113 1 2 35 114-128 
I 4ADNT 4000 4510 113 1 2 40 164-142 
1 2ADNT 4000 4510 113 I 2 40 180-122 
I 26DNT 4000 4510 113 I 2 35 177-119 
I 240NT 4000 4460 112 I 2 35 179-122 
I 2NT 4000 4400 110 I 2 35 179-121 
I 4NT 4000 4420 110 I 1 35 180-120 
I 3NT 4000 4470 112 I 2 35 179-122 
I I 1 

t Column to be used to flag recovery values 

* Values outside of QC limits 

RPD: 0 out of 14 outside limits 
Spike Recovery: 0 out of 28 outside limits 

Comments: 
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4C CLIENT SAMPLE NO. 
EXPLOSIVES METHOD BLANK SUMMARY 

HBLK1 
Lab Name: SWL-TULSA 

Lab Code: SWOK Case No.: TOLTEST SOG No.: 52783 

Lab Sample ID BL0709SB Lab File 10 : 4 071110 

Matrix: (soil/water) SOIL 

Date Extracted 07/09/03 Extraction Method SONC 

Date Analyzed 07/11/03 Time Analyzed 1406 

Instrument 10 LC4 LC Column 10 CARBOSORB 

TRIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES AND QC'S: 

Comments: 

page 1 of 1 

CLIENT 
S.AHPLE NO. 

LAB 
SAMPLE 10 

\ DATE \ 
1 ANALYZED 1 

1=========~_~~~--=====I===~a_=~~~I~~==_~~~~ 

01\ LCS1 LC0709SB 07/11/03 
02 1 LCSD1 I LD0709SB 07/11/03 
03 SWMU7-WC 1 52783.01 07/11/03 
04 
05 ____________________ _ 
06 __________________________ _ 
07 ___________________________ _ 
OB ___________________________ _ 
09 __________ _ 
10 --------
11 --------
12 ____________ ____________ _ ______ _ 
13 ___________________________ _ 
14 ______________________________ _ 
15 
161----------- ------- -----
171 ____________________________ __ 
1B\ ____________________________ __ 
191 _____________________________ _ 
20\ ___________________________ ~_ 
21\ _____________________________ _ 
221 _______________________________ _ 
231 _____________________________ _ 
241 _______________________________ _ 
251 ________________________ __ 
261 ________________________________ __ 

FORM IV 



6D 
EXPLOSIVES INITIAL CALIBRATION RT SUMMARY 

Lab Name: SWL-TULSA Case No.: TOLTEST SOG No.: 52783 

Lab Code: SWOK Instrument ID: LC4 

GC Column: CARBOSORB Date(s) Analyzed: 07/11/03 07/11/03 

RT OF STANDARDS RT WINDOW 
COMPOUND Ll L2 I L3 I L4 L5 FROM \ TO 

I ==---=~=== =~z:==--= I ====- ~===-== ====a:s:=: I ~~===~ I !!'::=:s. ... = ~==I 
HMX 4.991 4.99 4.99 4.991 4.981 4. 91 5.071 
RDX 7.531 7.50 7.49 7.481 7.471 7.37 7.611 
TNB 10.18\ 10.17 10.17 10.151 10.151 10.01 10.33\ 
DNS 12.421 12.41 12.41 12.391 12.391 12.21 12.611 
TETRYL 13.251 13.22 13.22 13.181 13.191 13.00 13.441 
NB 14.081 14 .08 14.09 14.071 14 .081 13.86 14 .321 
TNT 15.981 15.97 15.98 15.951 15.971 15.72 16.241 
4ADNT 16.631 16.60 16.60 16.551 16.571 16.33 16.87\ 
2ADNT 17 .56\ 11.52 11.51 11.45\ 17.461 17.22 17 .801 
26DNT 18.68\ 18.61 18.68 18.651 18.611 18.38 18.981 
24DNT 19.351 19.33 19.33 19.291 19.311 19.02 19.641 
2NT 22.701 22.72 22.74 22.711 22.741 22.37 23.111 
4NT 24.211 24.27 24.29 24.261 24.281 23.89 24.69) 
3NT 26.161 26.18 26.20 26.161 26.201 25.17 26.631 
a~-=======~~=====~QD=I~~=_I_~~_I_c~===I=~~_&I=======I=a_~=I======I 

3,4-DNT I 15.191 15.181 15.191 15.151 15.161 14.94 ) 15.441 
I I I I I I I I 

RT Window based on level L3 

) , 
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6E 
SOIL EXPLOSIVES INITIAL CALIBRATION CALIBRATION FACTOR SUMMARY 

Lab Name: SWL-TULSA 

Lab Code: SWOK Case No.: TOLTEST SDG No.: 52783 lnst. 10: LC4 

LC Column: CARBO SORB 

COMPOUND 

AM){ 
RDX 
TNB 
ONB 
TETRYL 
NB 
TNT 
4AONT 
2ADNT 
260NT 
24DNT 
2NT 
4NT 
3NT 

Date(s) Analyzed: 07/11/03 07/11/03 

Method: EXPG11 

CALIBRATION FACTORS 
LEVEL 1 LEVEL 2 1 LEVEL 3 

238016 308941 242563 
255108 ·284284 268763 
701960 700299 673971 
952019 935635 901621 
460783 460489 444476 
647020 654394 630788 
649647 651009 625603 
442302 438322 417625 
652157 653644 624982 
450011 454032 436430 
866851 846429 819497 
439175 399720 382771 
369211 344737 337042 
457386 435686 419080 

=============~~==========I============I==c=========I============ 
3,4-DNT 1 2853801 2834381 274087 

_____________________ 1 1 1 ________ __ 

CALIBRATION FACTORS 
COMPOUND LEVEL 4. 1 LEVEL 5 1 MEAN 'RSO 

I=========~===========-~== ~=====~===-- c==~~~===~ ~==~==a===== ==~-== 

1 HMX 266113 258476 262B22 10.73 
I RDX 324750 330602 292701 11.49 
I TNB 795329 779461 730204 7.35 
1 DNB 105B089 1053703 980213 7.29 
1 TETRYL 530192 523964 4839B1 8.25 
1 NB 743609 741976 68355B B.01 
I TNT 735016 734417 67913B 7.62 
1 4ADNT 4B9760 486823 454966 7.00 
1 2ADNT 735202 732886 679774 7.48 
1 26DNT 513152 50B839 472493 7.57 
1 240N'l' 963934 964998 892342 7.61 
1 2NT 451184 452161 425002 7.48 
1 4NT 394441 394550 3679961 7.32 
1 3NT 493202 492732 4596171 7.25 
laa __ =======~~~~~_~=====I====~~_c==== =--======= __ a 1============1 ====Qe 

3,4-DNT 1 319722 3271641 2979581 7.99 
1 1 1 

MEAN RSO B.03 
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60 
EXPLOSIVES INITIAL CALIBRATION RT SUMMARY 

Lab Name: SWL-TULSA Case No.: TOLTEST SOG No.: 52783 

Lab Code: SWOK Instrument 10: LC5 

GC Column: ZORBAX SB-eN Date(s) Analyzed: OS/29/03 OS/29/03 

RT OF STANDARDS RT WINDOW 
COMPOUND L1 L2 I L3 I L4 L5 FROM I TO 

C~~_~~_.======---- Qa_~_~I~---=~'D=-~ ====== ~-~===I- ===1====== 
HMX 16.991 16.961 16.85 16.84 16.921 16.771 16.93 
RDX 11.701 11.661 11.60 11.40 11.47\ 11. 481 11.72 
TNB 11.001 10.991 10.95 10.93 10.95 10.791 11.11 
DNB 11.001 10.991 10.95 10.93 10.95 10.751 11.15 
TETRYL 34.13\ 33.931 33.77 33.80 33.88 33.551 33.99 
NB 10.241 10.231 10.20 10.15 10.19 9.971 10.43 
TNT 21.301 21. 231 21.14 21.16 21.23 20.881 21.40 
4ADNT 22.851 22.691 22.37 22.30 22.41 22.101 22.64 
2ADNT 22.07\ 21. 921 21.52 21.55 21.86 21.231 21.81 
26DNT 20.211 20.131 19.96 19.98 20.06 19.66\ 20.26 
24DNT 18.741 19.651 18.53 19.53 18.60 18.221 18.84 
2NT 16.991 16.961 16.95 16.84 16.92 16.481 17.22 
4NT 16.991 16.961 16.65 16.84 16.92 16.451 17.25 
3NT 18.071 18.001 17.88 18.08 16.07 17.45\ 16.31 
r--==-===------~_=_~I======I~-=~=='~=--=I=a-=~I~~lc===~-lcC8---J 

3,4-DNT 1 25.191 25.071 24.831 24.911 25.001 24.581 25.081 
1 1 , I , I I 1 

RT Window based on level L3 

FORM VI 



6E 
SOIL EXPLOSIVES INITIAL CALIBRATION CALIBRATION FACTOR SUMMARY 

Lab Name: SWL-TULSA 

Lab Code: SWOK Case No.: TOLTEST SOG No.: 52783 1nst. 10: LC5 

LC Column: ZORBAX SB-CN Date(s) Analyzed: OS/29/03 OS/29/03 

Method: CEXPE30 

CALIBRATION FACTORS 
COMPOUND LEVEL 1 I LEVEL 2 I LEVEL 3 

ma::aamc::======= __ ..... __ r=-- ====-___ =a __ --:====== ==~========== 

HMX 
RDX 
TNB 
DNB 
TETRYL 
NB 
TNT 
4ADNT 
2ADNT 
26DNT 
24DNT 
2NT 
4NT 
3NT 

==::::=;a __ a::-=~====== 

3,4-DNT 

COMPOUND 

HMX 
RDX:-------------------
TNB __________________ _ 
DNB 
TET~R~YL~---------------

NB 
TN=T-------------------
4ADNT ________________ __ 
2ADNT ________________ _ 
26DNT ________________ _ 
24DNT ________________ _ 
2NT 

1 4NT-------------------
1 3NT __ ~ ______________ _ 
I======================--a 
1 3,4-DNT ______________ _ 

I~~~~--------------
MEAN RSD 

Page 1 of 1 

717413 828458 825321 
366391 310676 288769 

2240897 2231375 2168907 
2255100 2231375 2168907 

621003 671114 582585 
771016 711526 692133 
885393 998031 1061698 
556023 447561 421536 
871335 739106 640853 
622130 581053 593660 

1207624 1127009 1129727 
727305 828458 825321 
720338 828458 825321 
421331 394200 423341 

=--~==~-~- -~=-~---- ~=~-~-~-
597964 403809 342130 

CALIBRATION FACTORS 
LEVEL 4 1 LEVEL 5 1 MEAN %RSD 

=========~al~ ---==~== ____ ====a __ ~I~==~~=1 
9553731 966654 8586441 12.071 
3616721 350051 3355121 10.16 

25394931 2557167 23475681 7.90 
2528585 2527046 23422031 7.36 

670373 674413 6438981 6.34 
814069 811224 7599941 7.39 

1171330 1212549 10658001 12.40 
481973 465004 4744191 10.71 
806966 771714 7659951 11.15 
682315 667745 6293811 7.08 

1297934 1354214 12233021 8.27 
955373 958258 8589431 11. 43 
955373 958258 8575501 11.72 
497814 428439 4330251 8.91 

r= __ =========--= ==~=====~_aJ======~~~I-===~ 
409316 4270841 4360601 22.02 

I 1 
10.33 
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7E 
EXPLOSIVES CALIBRATION VERIFICATION SUMMARY 

Lab Name: SHL-TULSA Lab Code: SHOK 

Case No.: TOLTEST SOG No.: 52783 Inst. 10: LC4 Method: EXPGll 

LC Column: CARBOSORB 1nit. Calib Datels): 07/11/03 07/11/03 

Client Sample No.: EXPL3 Date Analyzed 07/11/03 

Lab Sample IO 6-82-10 Time Analyzed 1645 

1 RT WINDOW 1 CAL. IMEAN CAL. 
COMPOUND RT 1 FROM I TO 1 FACTOR 1 FACTOR %0 I 

HHX I 4.981 4.911 5.071 2391811 262822 8.8 
RDX I 7.461 7.371 1.611 2120651 292101 7.1 
'rNB 110.14[10.01110.331 6661631 730204 8.8 
ONB 112.31112.21112.611 896319 980213 8.6 
TETRYL 113.13113.00113.441 441133 483981 8.1 
NB 114.07113.86114.321 625800 683558 8.4 
TNT 115.93115.72116.241 630342 679138 1.2 
4ADNT 116.50116.33116.811 407919 454966 10.3 
2ADNT 117.38117.22117.801 622049 619114 8.5 
26DNT 118.62118.38118.981 432193 472493 8.5 
24DNT 119.26119.02119.641 815421 892342 8.6 
2NT 122.70122.37123.111 381500 425002 10.2 
4NT 124.24123.89124.691 332833 361996 9.6 
3NT 126.15125.17126.631 416236 459611 9.4 
3,4-DNT 115.13[14.94115.441 214884 291958 1.1 

1 1 r 1 
Average % D ------ 8.7 

\ QC LIMITS: RPD of amounts must be less than or equal to 15.0%. 
j 
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7E 
EXPLOSIVES CALIBRATION VERIFICATION SUMMARY 

Lab Name: SWL-TULSA Lab Code: SWOK 

Case No.: TOLTEST SOG No.: 52783 Inst. 10: LC5 Method: CEXPE30 

LC Column: ZORm\X SB-CN Init. Calib Date (s) : OS/29/03 OS/29/03 

Client Sample No.: EXPL3 Date Analyzed 07/15/03 

Lab Sample IO 6-82-10 Time Analyzed 1306 

I RT WINDOW I CAL. IMEAN CAL. 
COMPOUND RT I FROM I TO FACTOR 1 FACTOR \0 • 

I HMX, _____________________ 119.44119.28119.60 9176331 8586441 -6.9 
I RDX 113.13112.95113.31 355768 3355121 -6.0 
I TNB 112.54112.46112.62 2566444 23475681 -9.3 
I DNB 112.54112.38112.70 2554758 23422031 -9.1 
I TETRYL 138.97138.76139.18 625118 6438981 2.9 
I NB 111.70111.54111.86 805776 7599941 -6.0 
I TNT 124.51124.37124.65 1155527 10658001 -8.4 
I 4ADNT 126.27125.90126.64 529533 4744191-11.6 
I 2ADNT 125.29124.91125.65 782106 7659951 -2.1 
I 26DNT 123.23123.05123.41 676765 6293811 -7.5 
I 24DNT 121.43121.00121.86 1304332 12233021 -6.6 
1 2NT 119.44119.0~119.87 912531 8589431 -6.2 
1 4NT 119.44119.0~119.87 924104 8575501 -7.8 
1 3NT 120.66120.48120.841 466995 4330251 -7.8 
I 3,4-DNT 129.00128.80129.201 396580 4360601 9.1 
1-=--_---::--=-_______ 1 __ 1 __ 1 __ 1 ___ - ______ 1----:::--::_ 
Average \ D 7.2 

QC LIMITS: RPD of amounts must be less than or equal to 15.0%. 

FORM VII 



7E 
EXPLOSIVES CALIBRATION VERIFICATION SUMMARY 

Lab Name: SWL-TULSA Lab Code: SWOK 

Case No.: TOLTEST SOG No.: 52783 Inst. 10: LC5 Method: CEXPE30 

LC Column: ZORBAX SB-CN 

Client Sample No.: EXPL3 

Lab Sample 10 6-82-10 

COMPOUND 

Init. Calib Oata(s): OS/29/03 OS/29/03 

Date Analyzed 07/15/03 

Time Analyzed 1431 

1 RT WINDOW 1 CAL. IMEAN CAL. 
RT IFROM 1 TO FACTOR 1 FACTOR 

1 
\0 II 

~~=--=~~~=======--=======I=~a~I~---I~~---I===aa=~ ===---=~-= -
HMX 119.52119.28119.601 919706 858644 -7.1 
ROX 113.26112.95113.311 365536 335512 -8.9 
TNB \12.64\12.46112.62 2526190 2341568 -1.6 
DNB 112.64112.38112.10 2558122 2342203 -9.2 
TETRYL 139.03138.76139.18 653172 643898 -1.4 
NB 111.84111.54111.86 186609 759994 -3.5 
TNT 124.46124.31124.65 1060990 1065800 0.5 
4ADNT 126.29125.90[26.64 549423 414419 -15.8* 
2ADNT 125.34124.91125.65 835929 765995 -9.1 
26DNT 123.24123.05123.41 626471 629381 0.5 
24DNT 121.44121.00121.86 1287004 1223302 -5.2 
2NT 119.52119.01119.81 919106 8589431 -7.1 
4NT 119.52119.01119.87 919706 8515501 -7.2 
3NT 120.69120.48120.84 428949 4330251 0.9 
3,4-0NT 129.02128.80129.20 387167 4360601 11.2 

1 1 1 ------ 1 
Average , 0 6.4 

QC LIMITS: RPD of amounts must be less than or equal to 15.0%. 

FORM VII 



8D 
EXPLOSIVES ANALYTICAL SEQUENCE 

Lab Name: SWL-TULSA 

Lab Code: SWOK Case No.: TOLTEST SOG No.: 52783 

LC Column: CARBOSORB Init. Calib. Date(s): 07/11/03 07/11/03 

Instrument 10: LC4 

THE ANALYTICAL SEQUENCE OF PERFORMANCE EVALUATION MIXTURES, BLANKS, 
SAMPLES, AND STANDARDS IS GIVEN BELOW: 

01 1 EXPLl 
02 1 EXPL2 
031EXPL3 
04 1 EXPL4 
05 I EXPL5 
061HBLK1 

CLIENT 
SAMPLE NO. 

07 I LCS1 
081LCSD1 
091SWMU7-WC 
10lEXPL3 

1 LAB 1 DATE 1 TIME 
1 SAMPLE 10 1 ANALYZED I ANALYZED 

16-84-10 I 07/11/03 1055 
16-83-10 1 07/11/03 1127 
16-82-10 1 07/11/03 1159 
16-86-10 1 07/11/03 1231 
16-80-10 1 07/11/03 1302 
IBL0709SB 1 07/11/03 1406 
I LC0709SB I 07/11/03 1438 
ILD0709SB I 07/11/03 1510 
152783.01 I 07/11/03 1542 
16-82-10 I 07/11/03 1645 

Sl 
RT 

15.19 
15.18 
15.19 
15.15 
15.16 
15.14 
15.16 
15.15 

0.00 
15.13 

I 111 ______________________________________________________ _ 
12 ____________________________________________________ __ 
13 ____________________ ___________ _________ __ ____________ __ 
14 ______________________________________________________ __ 
15 ___________________________________________________ __ 
16 ___________________________________________________ __ 
17 ____________________________________________________ _ 
18 _________________________________________________ __ 
19 _________________________________________________ __ 
20 __________________ ___________ _________ __ ____________ __ 
21 ______________________________________________ __ 
22 ______________________________________________ __ 
23 __________________________________________________ __ 
24 _________________________________________________ __ 

~~ ------------- --------- --------- -------- ------
27 ________________ ________ ________ _ __________ __ 
28 
29 _____________________________________________ __ 
30 _________________________________________________ __ 
31 ______________________________________________ __ 
32 _________________________________________________ __ 
33 __________________________________________________ __ 
34 ___________________ __________ _________ _ ________ _ 
35 ______________ ___________ _________ ________ _ ____ __ 
36 _______________________________________________ __ 

QC LIMITS 
Sl 3,4-DNT (+/- 0.25 MINUTES) 
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80 
EXPLOSIVES ANALYTICAL SEQUENCE 

Lab Name: SWL-TULSA 

Lab Code: SWOK Case No.: TOLTEST SOG No.: 52783 

LC Column: ZORBAX SB-CN Init. Calib. Oate(s): OS/29/03 OS/29/03 

Instrument 10: LCS 

THE ANALYTICAL SEQUENCE OF PERFORMANCE EVALUATION MIXTURES, BLANKS, 
SAMPLES, AND STANDARDS IS GIVEN BELOW: 

CLIENT 
SAMPLE NO. 

I· LAB 
1 SAMPLE 10 

011EXPL1 16-84-10 
021EXPL2 16-83-10 
03 \ EXPL3 \6-82-10 
041 EXPL4 16-81-10 
OS I EXPLS 16-60-10 
061EXPL3 16-82-10 
071SWHU7-WC \52783.01 
08 EXPL3 16-82-10 

DATE 1 TIME 
ANALYZED I ANALYZED 

__ ~~ r=--==== 

OS/29/03 1624 
OS/29/03 1705 
OS/29/03 1747 
OS/29/03 1828 
OS/29/03 1910 
07/15/03 1306 
07/15/03 1348 
07/15/03 1431 

S1 
RT 

===:a:;:==== 
25.19 
25.07 
24.83 
24.91 
25.00 
29.00 
0.00 

29.02 09 _______________ 1 ______________________________ __ 
10 1 ________________________ __ 
11 \ __________________________ __ 
12 1 ________________________ _ 
13 1 ______________________ _ 
14 1 _______________________ _ 
IS 1 _________________________ __ 
16 1 _______________________ _ 
17 1 ____________________ __ 
18 _________________________________ __ 
19 ________________________________ _ 
20 _______________________________ _ 

21 
221----------
231 ------
24\ -------
251 ---------
26\ I -----
271 ___________________________ , ___________________ _ 
281 , _________________ _ 
291 1 _______________ _ 
301 , __________________ _ 
311 1 _________________ _ 
321 , _____________________ _ 
331 1 ___________________ _ 
341 1 _________________ _ 
351 1 ________________ _ 
361 1 _________________ _ 

QC LIMITS 
S1 =z 3,4-DNT (+/- 0.20 MINUTES) 
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FORM VIII 



90 
SOIL EXPLOSIVES CALIBRATION STANDARD CONCENTRATION SUMMARY 

Lab Name: SWL-TULSA Case No.: TOLTEST SDG No.: 52783 

Lab Code: SWOK Injection volume - 100uL Amount Units - ug/mL 

SPIKE AMOUNTS COLUMN 1 
COMPOUND Level 1 I Level 2 1 Level 3 I Level 4 1 Level 5 

1=========~a=========~lc ~~ = ___ ~E==== ====-=~== ==~_a_~~I_==~~_~ 
laMX I 5.00 20.0 80.0 3201 1280 
IRDX I 5.00 20.0 80.0 3201 1280 
ITNB I 5.00 20.0 80.0 3201 1280 
IDNB I 5.00 20.0 80.0 3201 1280 
ITETRYL I 5.00 20.0 80.0 3201 1280 
INB I 5.00 20.0 80.0 3201 1280 
I TNT I 5.00 20.0 80.0 3201 1280 
14ADNT I 5.00 20.0 80.0 3201 1280 
12ADNT I 5.00 20.0 80.0 3201 1280 
I 26DNT I 5.00 20.0 80.0 3201 1280 
I 24DNT 1 5.00 20.0 80~0 3201 1280 
12NT I 5.00 20.0 80.0 3201 1280 
14NT I 5.00 20.0 80.0 3201 1280 
13NT 1 5.00 20.0 80.0 3201 1280 
13,4-DNT 1 5.00 20.0 80.0 3201 1280 
1 I I 

SPIKE AMOUNTS COLUMN 2 
COMPOUND Level 1 I Level 2 I Level 3 I Level 4 I Level 5 

I======~~mc===- ==~~I========== ~~D~===I I===a_~===~ ~~--~=~ 

IHMXt2 I 5.00 20.01 80.01 320 1280 
IRDXt2 I 5.00 20.01 80.01 320 1280 
ITNBI2 I 5.00 20.01 80.01 320 1280 
IDNBI2 1 5.00 20.01 80.01 320 1280 
ITETRYLf:2 1 5.00 20.01 80.01 320 1280 
INBt2 I 5.00 20.01 80.01 320 1280 
ITNTI2 I 5.00 20.01 80.01 320 1280 
1 4 ADNT' 2 1 5.00 20.01 80.01 320 1280 
12ADNT.2 I 5.00 20.01 80.01 320 1280 
I 26DNT'2 1 5.00 20.01 80.01 320 1280 
I 24DNTI2 1 5.00 20.01 80.01 320 1280 
12NTI2 I 5.001 20.01 80.01 320 1280 
14NTi2 I 5.001 20.01 80.0J 320 1280 
13NTi2 I 5.001 20.01 80.01 320 1280 
13,4-DNTi2 1 5.001 20.01 80.01 320 1280 
I I I I I 
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lOA EFA SAMFLE NO. 
EXPLOSIVES IDENTIFICATION SUMMARY 

SWM07-WC 
Lab Name: SWL-TULSA Contract: NSHCCRANE 

Lab Code: SWOK Case No.: TOLTEST SAS No.: SOG No.: 52783 

Lab Sample ID: 52783.01 Date (a) Analyzed: 07/11/03 07/15/03 

Instrument ID (1): LC4 Instrument 10 (2): LC5 

GC Column (1): CARBO SORB GC Column (2): ZORBAX SB-CN 

I I I I RT WINDOW I I 
I AN1U.YTE ICOLI RT ,FROM, TO ,CONCENTRATIONI \D 
1~==============Q=====~=~'&==I-===a=I_a====I=~==I~D-~~==~~l======1 

I 'I I I I' 
ITNB I 1 I 10.15 10.01 10.33 7020 I 
I I I 
I ,2 12.58 10.87 11.03 5310 27.1 
I J , , 
TNT ,1 15.94 15.72 16.24 527000 

I 
I 2 24.72 21.00 21.28 520000 1.3 
I 
I __________________________ 1 1 

, 
I 

2 

1 

2 

1 

2 

1 

2 

_____________ , 1 , 
, 2 
I 
I _______________________ 1 1 , 
, 2 

-------------------------, 
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SWMU 7 Old Rifle Range 
NSWC Crane, Indiana 
October 2003 

APPENDIXC 

Special Waste Acceptance Application 

Voluntary Interim Measures 
After Action Report 



OCT-07-2003 TUE 02:09 PM ENV PhOT BLDG 3245 18128543981 p, 002/007 
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Special Waste Approval 

Voluntary Interim Measures 
After ActIon Report 



\ 

07/22/2003 TUE 8:01 FAX 812 299 9229 Republic Services 

.::~l~J~ REPUBLIC ~.?~ SElf VICES, INC. 

Special Waste Management Decision 

Maoag¢Jl('.Dt Facility: Sycamore Ridg,e 
Jnrenncdi:IteTnmsfer Facility: N/A 

Generator Name: NSWC Crane 

Address: 83260 Code 09S 1 300 Hwy 361 
Crane. IN 47S22 
Coutact:Jery MeCracIcen 
Phone: 812-8S4=6153 
Site Loc;ation: Same: as generator 

Waste Name: TNT -Contamj:m!ted Soil 
Estimated Quantity: 12 cy!lX 

liS. 

Billing Name: ToIfqt Inc. 

Address: SOl W. E1nora St - Odon. IN 47S62 
ConsuIbmt Name: TolTCjSt Inc. 
CousulbmtPhcmc: 812-636-8501 
Tnmsporter NlIOIdolTcst IDe. 
Transporter Phooc:812-636-SS0 1 

~002/003 

2£ 

. 4£2. -" ... _i..... I II- __ _ 4561.3.. . L _. • Uti L._.. WS ... k . • 

Il Special Wask Manager DeeisioG: 
If disapproved. Explain:. 

sr; ~Approved []Disapproved 

Management Method(s): (gJLandfill 0 Solidification 0 Biomnc:diatioo. 0 Other: 

Pn:cautioos, Conditions 01' 

Limitdions OD approval: 

Appro~aI Number: 307130 

"Manifest an Joods 
-No Free Limnds 

Decision Expiration Date: 7(J.ln004 

Attache4 Doeumcnt(s): []None 0 MSDS I8ICc:rtified Analytical Report [JMcmo/Leuer 
~Knowledge 

Specia1 WBSte Mgr. Signature: .ishfhohl i .. J;bnl1\4JV Name(priDt): £11 fNJtIi- &xxt~ 
~:7121/2003 . . . '. '. 

m. Facility Operations Acknowledge: 
State ;my additional 
Precautio~ conditions. 
or limitations 

tBSt--2E"-092 

- 4 •. 

___ APProved __ Disapprove4 
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Photo 1 

Photo 2 

Voluntary Interim Measures 
After Action Report 
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Photo 3 

Voluntary Interim Measures 
After Action Report 
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Special Waste Disposal Notification Manifests 

Voluntary Interim Measures 
After Action Report 



07/2212003 'l'l E ~: 48 FAX 812 299 9229 RepubUc Services 

t:f:~ REPUBLIC 
.Y'~ SERVices, rNC • 

.---------------------------~-----------------~ 

SPECIAL WASTE DISPOSAL NOTIFICA 110NIMANIFEST 
GENERATOR INFORMATION 

Generator Name:NSWC Crane 
Mailing Address:B3260 Code 0951 300 
Hwy 361, Crane IN 47522 

Generation Location: Hwy 361, Crane, IN 
COWlty: Martin 
Date ofSpilll Clean~out: July 2003 

Generator Contact: Jerry McCracken Generator Phone: 812-854-4177 
COl1$illtantJContractor:To ltest Consultnnt/Contrac1or Phone: 812-636-7572 
Consultant/Contractor Address: 508 W. Elnor St, Oden <IN 47562 

--
Waste Namel Republic Services Expiration Vvlum~1 

Material Spilled Approv~1 #I Date Weight 
TNT contamlnat~d 307130 712ln004 12 cy l/X 
soil 

--
L ~-. -Attach additIOnal sheet if~assary 

1 hereby ceniiy that the above information is true and accurate to the t-~st of my knowledge. 1 also certifY 
that no changes have been made to any r levant raw material or to the waste generating proctlss, since the 
last shipm~nt of the waste. 

=-j:; .. r i- ML 

TRANSPORTER INFORMATION 
Compauy Name~ customer will provide Contact: pr~ "G- v cA t"c/{. L,'I" r-
Adllress: (OL {C~t 1:: "'L L... .1 Phone: <6 l ~ t..o .~ {, cg-S-- 0 I 

5'c~ t.v cs t tf5:l.n.d;A- s f- c9d~" 4::"'1. 
J certify no haz..'U'dous wasce or other regulated substance was kno'.\ingly introduced to the, waste wIllie in 
my cuslody. The waste transported in this vehicle is ihe waste identified above, 10 the best of my 
knowledge. . . 
.. l'L L tJe&.5Dr- ~ tv~ 3 
Driver's Name (prim or type) Signature 

DISPOSAL SITE INFORMATION 



) 

07/22/2003 TlE 3:48 FAX 812 299 9229 Republic Services 

<!:~REPUBLIC 
.~~ Sf:RVICI!S, 'NC. 

SPECIAL WASTE DISPOSAL NOTIFICATIONfMANIFEST 
GENERATOR lNFORMA TION 

Generator Name:NSWC Crane 
Mailing Address:B3260 Code 0951 300 
Hwy 361. Crane IN 47522 

Generation Location: Hwy 361, Crane, TN 
COWlty: Martin 
Date ofSpilll Clean-out: July 2003 

Generator Coruact: Jerry McCracken Generator Phone: 812-854-4177 

~ 002lU02 

ConsultantiContractor:Toltest ConsultantfContrac1or Phone: 812-636-7572 
Consultant/Contractor Address: 508 W. Elnor St, Oden <IN 47562 

Waste Name! Republic Servi«s Expiration Volume! 
Material Sjlilled Approval # Date Weight 

TNT contaminated 307130 7121(1004 12 cy llX 
soil 

L . - .. 
Attach addl1lOnal sheet if necessary 

1 hereby cenuy that the above information is true and accurate to L~e best of my knowledge. 1 also certify 
that no changes have been made to any relevant raw material or to the waste generating pro~ss, since tbe 
last sbipn):llt of the wasTe. 
~3.,. /' LM,' -__ Iv-- J f1'1.. ~ 

Name (print or type) Signature 

TRANSPORTER INFORMATION 
Company Name: custom« will provide Contact: I e r-
Ad,tress: 70L le"5 t.. ?: ... c. , • _ I Phone: 

.!;'e"'6 LJ c-::,t ·£L"" r A- '"5 1-, bt;;l 0:>'1 .r'l . 
J certify no hazardous waste or other regulated substance was kno"-'ingly introduced to the waste while in' 
my custody_ The waste transported in this vei"jcle is [he waste identified above, to the best of my 
knowledge. 
:) q /. c-- & 
Driver's Name (print or type) 

IllSPOSAL SITE INFORMATION 

Name (print or type) Signature 
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