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This Quality Assurance Project Plan (QAPP) is being prepared as part of the Resource ConserVation and 

Recovery Act (RCRA) Facility Investigation (RFI) Phase III work plan. This RFt Phase III investigation is 

being conducted in accordance with applicable RCRA Corrective Action requirements, including the need 
• • I . 

for RFls to be conducted at the Naval Surface Warfare Center (NSWC) Crane, Crane, Indian·a. 

Investigation requirements are specified in the NSWC Crane RCRA hazardous waste management 

permit originally issued on December 29, 1989 and renewed on October 18,.2001 [Indiana Department of 

Environmental Management (IDEM, 2001 b)]. This investigation will provide data on select organic and 

inorganic chemical concentrations in surface soils, subsurface soils, sediment, surface water, and ground 

water at Solid Waste Management Unit (SWMU) 8 (Building 106 Pond} and SWMU 15 (Roads and 

Grounds Area). In addition, the investigations described in this' 'QAPP will provide information for 

completion of the United States Environmental Protection Agency (U.S. EPA) Region 5 HCRA 
" 

Conservation and Recovery Information System (RCRIS) code Environmental Indicators (Els) Forms 

(Form CA725) for SWMU 18 (Load and Fill Area Buildings), SWMU 19 [Pyrotechnic Test Area (PTA)], 

SWMU 20 [Crane Army Ammunition Activity (CAAA) Quality Assurance/Quality Control' (QA/QC) Test· 

Area], and the Old Gun Tub Storage Lot (OGTSL). Figure 1-1 shows the locations of the five SWMUs 

and the OGTSL within NSWC Crane. 

For SWMUs 8 and 15, this QAPP will govern' data collection and development of an RFI Report that will 

include a Human Health Risk Assessment (HHRA) and an Ecological Risk Assessment (ERA). 

For SWMUs 18, 19; and 20 and the OGTSL, this QAPP will govern the focused data collection associated 

'with an EI determination regarding worker exposure. The collected data will be provided to U.S. EPA 

Region 5 for completion of the Form CA725. 

SWMU 8, Building 106 Pond Area 

SWMU 8 is' located in the L<?ad and FiUArea on the west-central side of NSWC Crane (Figure 1-1), west 

of Boggs Creek. The area of concern (AOC) at SWMU 8is the Building 106 Pond, which is an unlined 

'. surface impol,mdment between 40 and 60 feet in diameter. The Building 106 Pond received discharges 

:from floor 'drains and process wastewaters that were generated in Buildings 106 and 107. Additionally, 

the Building 106 Pond has received surface water runoff from the ~rea immediately surrounding B~ildings' 
106 and 107. Historical contaminant rele~ses are described in Section 1.3.2 . 
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SWMU 15 is located west of Turkey Creek in the northern half of NSWC Crane (Figure 1-1) .. SWMU 15 

inCludes the following: 

• A former aboveground storage tank (AST) for waste .oil. 

• A former underground storage tank (UST) for fuel oiL 

• . A former asphalt batch plant. 

• A former salt dome. 

• Two wash racks near Building 2716. 

• Buildings 2716, 2717, 2718,2727, and 2801. 

• The vegetated hillside south of BuildinR 2801. 

• A backfilled and graded area that was formerly a ravine that ran along the road east of Building 2718. 

Historical contaminant releases are described in Section 1.3.3. 

SWMU18, Load and Fill Area Buildings 

. . . \ 

SWMU· 18 is located in west-central NSWC Crane, northeast of Boggs Creek (Figure 1-1). SWMU 18 

includes various buildings used in munitions load and fill,operations. The AOe for SWMU 18 includes the 

four buildings (Buildings 104, 105, 198, and 200) targeted for U.S. EPA Form CA725 human health 

?lssessments. No information is avaiiable as to whether contamination has been released as a result of 

operations at these buildings. 

'SWMU .19, Ordnance Test Area 

SWMU 19 consists of three physically separate areas [Ordnance Test Area (OTA) , PTA Annex, and 

Rocket Range] where related functions ~re performed. In general, these areas consist of large,. open 
L 

. fields and concrete buildings that were used for QA test burning of pyrotechnic devices, and QA of 

. submarine batteries and rocket motors. Boggs Creek flows through the center of,the SWMU. Most of 

. SWMU 19 is within the Boggs Creek 1 OO-year flood plain. 

'The OTA is an active site that comprises several different test locations where various types of devices 

are tested. Functional testing of flares, signals, and other marking devices has been performed at this 

. location for about 40 years. The tested devices range from hand-held marine and aerial devices such as 
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personnel distress signal flares to ground illumination signals, decoy flares, location marker flares, smoke 

pots, tear gas, riot and smoke grenades, and similar devices. 

The PTA Ann'ex is an active site where explosive testing is conducted. The PTA Annex also includes a 

.control room, air launch building, two test chambers, two gun turrets, a metal platform, and a wooden 

wall. 

The Rocket Range is an active site where smoke warhead and 5-inch rocket testing is conducted in 

operational ordnance test chambers (former gun turrets). The Rocket Range pyrotechnics are either fired 

down range from the launch site or are tested in one of the facilities. A sand pit is located at the impact 
. .' , 

'area. A wave tank is used to test marine markers arid signal flares. 

Past operations at the Rocket Range involved the testing of live ordnance and rocket motors as well as 

the testing of rocket motors containing dummy loads .. During the 1950s and 1960s, a dye test tank was 

located at the Rocket Range., 

Historical contaminant releases at the OTA, PTA Annex, and the Rocket Range are described in Section 

1.3.5. 

Previously, a QAPP was prepared for the RFI investigation of SWMU 19 (TtNUS, 2003). To date, the 

investigation has not been ,conducted. A subset of sampling locations described in that QAPP will be 

sampled to provide data for the Els. 

SWMU 20, CAAA QA/QC Test Area 

. SWMU 20 is located in north-central NSWC Crane (Figure 1-1). Operations include QA/QC testing of 

,explosives and pyrotechnics devices; however, information is not available as to whether contaminants 

have been released as a result of these operations. 

Old Gun Tub Storage Lot 

The OGTSL is located in the north-central portion of NSWC Crar:'e (Figure 1 ~ 1) and consists of a relatively. 

'flat area 'covered by gravel at which gun tubs from ships were stored outdoors 'and exposed to the 

. elements . 
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. Because of known or suspected operationally related chemical releases at SWMUs 8 and 15 (explained 

below), human and ecological receptors could be exposed to unacceptable .health risks. The health risks 

are expected to be confined primarily to aqueous and solid media because only minimal airborne release 

pathways (e.g., occasional minor re-suspension of dust or release of volatile chemicals) are anticipated. 

The degree of risk to a human or ecological receptor is based on the nature of contamination and the 

frequency, duration, and nature of exposure to contaminants. Consequently, it is important to understand 

where receptors could be exposed to the contaminants. This requires that the extent of contamination be 

established in SWMUs identified as exhibiting unacceptable levels of contamination. The extent of 

contamination at SWMUs 8 and 1S will be established, and a risk eval!Jation will be conducted for human 

and ecological receptors in contaminated areas of SWMUs 8 and 15 to determine whether risks posed by 

exposure of those receptors to site <?ontaminants are unacceptable. Plausible land-use scenarios must 

be considered when identifying the receptors that could be at risk. . 

. SWMUs 18, J9, and 20 and the OGTSL 

The U.S. EPA has developed avariety of Els to summarize site environmental conditions. The U.S. EPA 

utilizes these Els to determine whether site human health conditions are under control. Thes~ include 

RCRA Corrective Action EI Form CA72S. Site specific data are required to complete this form. 

NSWC Crane will provide the U.S. EPA with data that establish contamination concentrations at SWMUs 

18, 19, and 2.0 and the OGTSL. The U:S. EPA will utilize these data to complete the CA72S forms and to 

evaluate whether, under the current industrial land Lise, human exposure (e.g., worker exposure) is under 

control at SWMUs 18, 19, and 20 and the OGTSL. 

1.1 INTRODUCTION 

NSWC Crane is a United States Navy installation located within the State of Indiana. Tetra Tech NUS, 

Inc. (TtNUS) has prepared this OAPP on behalf of the Naval Facilities Engineering Field Division South 

(NAVFACEFD SOUTH) and NSWC Crane to comply with IDEM Ri~k-Integrated .System of Closure 

(RISC) requirements and guidance. Those requirements and' guidance, described in Section 1.1.3, 

govern all aspects of RCRA environmental investigations. The investigations described in this OAPP are 

considered non-default scenarios as defined in the RISC guidance. In accordance with RISC 
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requirements and guidance, project planning followed the U.S. EPA data quality objectives (000) 

process (U.S. EPA 1999a). That process requires explicit statements of the problem to be solved, the 

spatial and temporal boundaries related to the problem, the measurements to be made in solving the 

problem and, when applicable, quantitative specifications of the tolerances for making decision errors. 

The process culminates in a specification of decision rules and in a sampling and analysis plan (SAP) . 

designed to solve the stated problem. 

This OAPP' presents the projeCt organization, objectives, planned activities, and specific OA/OC 

procedures associated with sample collection and analysis for the investigation. Specific protocols for 

sample collection, sample handling and storage, chain-of-custody (COC), chemical analyses,and data' 

evaluation, and assessment are described. These protocols are specified to assure that the data 

. generated during this investigation are of the expected quality necessary to support project objectives. 

This OAPP was prepared under Comprehensive Long-Term Environmental ActioI') Navy (CLEAN) III 

Contract Number N62467-94-D-0888, Contract Task Order (CTO) Number 0331. 

1.1.1 Project Objectives and Decision Statement 

SWMUs Band 15 

The purpose of the field investigation is to collect enough of the appropriate data to assess the nature and 

extent of contamination and to conduct a baseline HHRA and an ERAto evaluate the risks posed by 

contaminants in various media. If contamination is detected that poses unacceptable levels of human 

health or ecological risk, these data will also be used to evaluate options for remedial action to reduce the 

. risk to acceptable levels. 

For risk assessments, the overall objective of the data collection is to develop representative exposure 

point concentrations (EPCs) for the defined hum.im and ecological receptors and exposure models. 

EPCs will be developed for those site-related constituents identified as chemicals of potential concern ' 

(COPCs) [Le., chemicals reported at concentrations that exceed human health and/or ecological risk

based screening. levels (RBSLs)] in the site media. The risk assessments will be conducted in 

accordance with the IDEM's RISC Technical Guide (IDEM, 2001 a), RCRA Corrective Action requirements 

identified in NSWCCrane's RCRA Part B Permit, U.S. EPA's Risk Assessment Guidance for Superfund 

(RAGS) (U.S. EPA, 1989), and other available risk assessment guidance. Details on conducting the. 

human health and ecological risk assessments can be found in Sections 1 :5.2 and 1.5.3. The data 

collection strategies, presented later, are designed to provide information to support a baseline HHRA 
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and a screening-level ERA (SERA), including Navy Step 3A (see Section 1.5.3). The RBSLs will be 

based on IDEM Default Closure Levels (DCLs) and U.S. EPA screening criteria. Details on the derivation 

of the RBSLs can be found in Section 1.5.1 ;2. 

Because no data are available to establish whether contaminants are present at concentrations that 

exceed RBSLs, the investigations of SWMUs 8 and 15 will begin with contaminant screening against 

applicable screening criteria. This will be followed by further investigations if warranted. The decision 

statements for SWMUs 8 and 15 are as follows: 

• If any contaminant concentrations in soils at a particular location exceed the applicable screening 

-criteria, conduct further investigations in accordance with the two d~cision statements presented 

below. If no contaminants are found to exceed applicable screening criteria, take no further .action .. 

• From ground water, surface water, soil, and sediment data, determine the nature and extent of 

chemical contamin~nt concentrations that exceed applicable screening levels in each environmental 

medium (surface soil, subsurface soil, sediment, ground water, and surface water). If concentrations 

exceeding screening levels (all media) and background levels (metals) are found~ proceed to risk 

assessments; otherwise,take no further action. There may be some circumstances under which the 

available data indicate that the contamination is largely but not completely bounded in all directions. 

In those cases the Navy may consult with IDEM to discuss the need for further delineation. 

• Determine whether contamination associated with swMUs 8 and 15 poses an unacceptable risk to 

human or ecological receptors through the completion of a baseline HHRA and a SERA. If human 

health risks are unacceptable, consider implementing a corrective measures study (CMS) to evaluate 

options for reducing risks to acceptable levels. If ecological risks are unacceptable, consider 

conducting a baseline ecological risk assessment (BERA) or a CMS to reduce risks to acceptable 

levels. If risks are acceptable; take no further action. 

SWMUs.18, 19, and 20 and the OGTSL 

. Data will be collected to support the completion of U.S. EPA EI (CA725) forms at SMWUs 18, 19, and 20 

and the OGTSL for worker exposure. Access to the sites is restricted such that the only current human 

receptors at, SWMUs 18, 19, and 20 and the OGTSL would be the occupational work and/or the 

trespassers. The indicator forms are used to assess site conditions with respect to current (as opposed 

to future) human risk to determine whether, under the.current industrial land use, human exposure (e.g., 

worker exposure) is under control. The scope of this investigation is to report only surface soil conditions 
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at-selected locations within SWMUs 18, 19, and 20 and at the OGTSL. Consequently; no decision 

statements are required. The data collected will be provided to the U.S. E~A Region 5 for use in 

,completion of Forms CA725 for each site. 

" 
No soil, surface water, ground water, or sediment sampling data has been performed at SWMUs 18, 19, 

and 20. One rol,lnd of. soil sampling has been conducted at the OGTSL. .No surface water, ground water, 

or sediment $ampling'has been performed at the OGTSL 

1.1.2 Project Status/Phase 

SWMUs 8 and 15 

For SWMU 8, effluent discharge samples from the Building 106 Pond were collected in 1972. In 1985, 

two soil samples were analyzed for heavy metals utilizing the Extraction Procedure (EP) toxicity test and 

for trichloroethylene (TCE) and oil and grease. This test and its replacement [Le., the Toxicity 

Characteristic Leaching Procedure (TCLP)]' are designeq to determine whether contaminants can be 

leached from the material under investigation at concentrations that cause the material to be classified as 

, a hazardous waste. All EP test concentrations were less than the hazardous waste classification levels . 

However, contamination can still be present at concentrations that present significant risk, even if the, 

contaminants are not leachable in concentrations that result in classification of the material as hazardous. ' 

Also, the samples contained I~rge amounts of leaves and sediment, therefore, contamination at SWMU 8 

cannot be dismissed (Halliburton NUS, 1992a). No other historical soil, surface water, ground water, or 

sedimentsampling has been performed at SWMU 8. 

For SWMU 15, four soil samples were collected near the bottom of the debris, area on the hill south of 

Building 2716 and analyzed for EP tOXicity (the precurso'r to TCLP). These samples did not fail the EP 

toxicity tests. However, as noted for ,SWMU 8, passing of the EP Toxicity test does not provide, 

assurance that contamination that presents a significant risk is not present. One surface water sample' 

was collected from an unknown location at Turkey Creek. 

, " 

Previous sampling for these SWMUs is inadequate to determine if contamination exists or if the 

contamination presents risk to human and/or ecological receptors. 

At least one round of sampling is expected for the SWMUs 8 and 15 investigations, with additional 

sampling rounds possible to determine the extent of contamination or to better evaluate risk to human or 

ecological receptors. The need for additional sampling rounds at either SWMU will depend on whether 
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data gaps exist after any given sampling round. The strategy for all sampling rounds is similar when 

establishing the extent of contpmination. Chemical concentrations will be compared to appropriate based 

, target le~els, RBTLs, and background (or upgradientJupstr~am) concentrations to identify COPCs. The 

spatial regions in soils and ground water over which the COPC concentrations are greater than 

acceptable human health risk levels will be bounded. If available data are, not adequate to bound 

, contamination greater than risk-based levels and background levels, an evaluation will be conducted to 

determine whether additional samples must be collected to complete the risk assessment and RFI, 

process. Appropriate risk-based concentrations and background (upstream/upgradient) ,concentrations 

are described in Sections 1.1.3, 1.5.1, 1.5.2, and 1.5.3. For surface water and sediment, establishing the 

nature and extent of contamination will depend on the availability of those media for sampling. This is 

especially true in the case of surface water, which may be ephemeral, but also for sediment, which may 

not be present in some portions of drainage channels. 

Thedata analyses and approach to reconciling data with project objectives are described in Section 8.3.1 
, , 

and throughout this document. Section 3.0 presents the sampling plan and analyses design and rationale, 

for the number of soil, surface water, ground water, and sediment samples for this project. , 

SWMUs 18,19, and 120 and the OGTSL 

One round of soil, sampling has been "cond~cted at the OGTSL. No surface water, ground water, or 

sediment sampling has been performed at the OGTSL. No soil, surface water, ground water, or sediment 

sampling has been performed at SWMUs 18, 19, and 20: One round of surface soil' sampling is expected 

for the OGTSL and SWMUs 18, 19, and 20 investigations, 

1.1.3 QAPP Preparation Guidelines and Requirements 

This QAPP has been prepared in accordance with the IDEM RISC Technical Resource Guidance 

Document for developing a non-default approach for RCRA corrective action cleanup. , For establishing 

, the QA/QCrequirements specified in this QAPP, the Naval Facilities Engineering, Service Center 

(NFESC) guidance document entitled Navy Installation Restoration Laboratory Quality Assurance Guide 

(NFESC, 1996) was followed. The NFESC guidance specifies criteria for acceptable, laboratory 

performance and monitoring of that performance. U.S. EPA human health RBSLs and ecological data 

quality 'levels (EDQLs)as well as the IDEM RISC DCLs were considered in developing this QAPP, 

especially when selecting sampling and analytical methods to measure target analyte concentrations in 

the media of interest. The EDQLs apply to the ecological risk screening similar to DCLs for human health 
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risk screening. All QA/QC procedures are structured in accordance with applicable IDEM and U.S. EPA 

Region 5 requirements, regulations, guidance, and technical standards. 

Additional guidance regarding development of this QAPP was obtained through a pre-QAPP meeting held 

on February 25, 2004 at NSWC Crane. Representatives from NSWC Crane, IDEM, and TtNUS 

participated in the pre-QAPP meeting and site tour to introduce and discuss technical issues associated 

with field investigation and preparation of the QAPP. 

Comparability of soil inorganics data between. this investigation and the· Base-Wide Background Soil . 

Investigation for NSWC Crane (TtNUS, '2001) is important· to interpreting the data and making 

. background comparisons. Therefore, soil samples will be treated in a manner similar to that in which 

samples were collected for the background investig-ation. Data comparability is discussed further in other 

sections of this QAPP. 

1.1.4 Organization of the QAPP 

This QAPP follows the U.S. EPA Region 5 model QAPP format with minor exceptions (U.S. EPA, 1998) . 

. This format was adopted because it has been used for other QAPPs developed for RFlinvestigations at 

NSWC Crane. An effort has been made to ensure that the flow of information from one section to another 

is logical, while adhering to IDEM and U.S. EPA Region 5 guidance and requirements. The Table of 

Contents provides an overview of the document organization. Tables and figures are placed at the end of 
\ 

each section in which they are first referenced. " 

1.2 . SITE/FACILITY DESCRIPTION 

This section is a presentation of background information, general site characteristics of the NSWC Crane 

facility, and physical'site characteristics specific to the OGTSL and the five SWMUs that are the focus of 

this investigation. This section contains information including site location, facility size, borders, natural 

and man-made features, climatology, topography, local hydrology and hydrogeology, surrounding land 

use, and ecological communities and habitats. Greater detail is provided for SMWUs 8 and 15 where full 

RFls are to be conducted. Lesser detail is provided for SWMUs 18, 19, and 20 and the OGTSL where 

very limited investigations are being conducted to gather data for completion of the CA725 EI Forms . 
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NSWC Crane- is located in a rural, sparsely populated region of south-central Indiana, approximately 

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

Burns City and Crane Village, Indiana. A location map of the NSWC Crane facility is provided as 

Figure 1-2. NSWC Crane encompasses approximately 62,463 acres or approximately 98 square miles of 

the northern portion of Martin County and smaller portions of Greene, Daviess, and Lawrence Counties. 

In 1983, an initial assessment study (lAS) was conducted by the Naval Energy and Environmental 

Support Activity (NEESA) which identifies that Buildings 104, 105, 198, and 200 are the primary locations 

inSWMU'18 where activities took place (NEESA, 1983). 

SWMU 8, Building 106 Pond Area 

The Building 106 Pond is located in the Load and Fill Area near the western boundary of NSWC Crane, 

approximately midway between the northern and southern boundaries of the facility. 

- I 
The SWMU is located within the Boggs and Turkey Creek Drainage Basin, which is one of five drainage 

, . 
basins that carry -surface water off the installation and eventually drain into the East F?rk of the White 

River and then to the Wabash River to the southwest (Figure 1-1). Site features for the SWMU are 

included in Figure 1-3. 

SWMU 15, Roads and Grounds Area 

SWMU 15 is located west of Tl!rkey Creek in the northern half of NSWC Crane. The SWMU approaches -

300 acres (ac) in size. A parking area and a Pyrotechnics Production Area are located west of the 

SWMU. Site features for the SWMU are included inFigure 1-4. The eastern and southern edges of the 

SMWU include or are upgradient of drainage channels that flow ultimately toward the southeast. To the 

west and north are industrialized areas. The areas of most interest for this investigation are those where 

roads and grounds support activities occurred. These are primarily in the southern half of the SWMU. 

SWMU 18, Load and Fill Area Buildings 

Site features for SWMU 18 are included in Figure 1-5. This SWMU, which spans approximately 500 ac, is 

• 

• 

located near the western boundary, approximately midway between the northern and southern • 
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boundaries of the facility. The SMWU is situated immediately east of a large array of explosives 

magazines with additional magazines slightly further away to the east and northeast. The actual area 

. under investigation comprises select SWMU buildings and immediate surrounding areas and does not 

include the entire area within the SMWU boundary shown on Figure 1-5. In addition, SWMU 8 is located 

· within this SWMU, but it is not considered to be part of SMWU 18. 

Based upon the 1983 lAS, deposition patterns, and the maximum potential for worker exposure, four 

areas near Buildings .104, 105, 198, and 200 were selected to be the focus of this data collection effort. 

Sampling locations near these buildings were chosen at locations where maximum potential worker 

· exposure is anticipated based upon information from the 1987 Preliminary ReviewNisual Site Inspection 

! .. Heport, the 1983 lAS, a February 23, 2004 site tour by NSWC Crane and TtNUS representatives, and 

potential deposition patterns (A. T. Kearney, 1987, NEESA, 1983). 

SWMU 19, Pyrotechnic Test Area/Annex/Rocket R~ngellmpact Area 

SWMU 19 consists of three physically separate areas (OTA, PTA Annex, and Rocket Range) located in 

the south~central portion of the facility. Most of SWMU 19 is within the Boggs Creek 1 OO-year flood plain, 

• . which flows through the SWMU. 

• 

, The three areas that comprise SWMU 19 total approximately 239 ac. The OTA is approximately 166 ac; 

the PTA Annex is approximately 54 ac; and the Rocket Range is approximately 15 ac. Two figures 

(Figures 1-6 and 1-7) have been developed to illustrate the site features of this large SWMU. The OTA 

and PTA Annex are presented in Figure 1-6, and the Rocket Range is presented in Figure 1-7. 

;SWMU 20, CAAA QA/QC Test Area 

· SWMU 20.is located adjacent to Highway 58 ne~r the center of NSWC Crane and is relatively small (less 

than 7 ac). It is located less than one-half mile east of SWMU 13 (Mine Fill B) and is situated immediately 

west of SWMU 25, Highway 58 Dump Site A. Site features for SWMU 20 are included in Figure 1-8. The 

central 2 ac of the SWMU are relatively flat, with side slopes receding toward the south, east, and north . 

. ' OGTSL, Ol~. Gun Tub Storage Lot 

The OGTSL is located southeast of Building 3032. Site' features are included in Figure 1-9.' This 

relatively level, open area is approximately 4 ac in size. It is flanked by steep slopes toward the north, 

east,and south . 
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There is no state or local planning within the vicinity of NSWC Crane. Because most of the region is 

covered by vegetation, the area is classified as rural (TtNUS, 2000b). T~e only zoning and land use 

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

NSWC Crime. None of the areas adjacent to NSWC Crane are zoned, and zoning is not anticipated in 

the near future. No known land use or community actions are being considered or proposed at t~is time 

~(TtNUS, 2000) . 

. 1.2.3 Climatology and Meteorology 

NSWC Crane is located in a warm, temperate climatic zone. In general, the summe:rs are warm and 

humid, and winters are mild with occasional short cold periods. The temperature ranges from an average 

maximum July temperature of 89 degrees Fahrenheit (F) to an average minimum January temperature of 
, 

26°F. Precipitation is fqirly evenly distributed throughout the calendar year; the maximum precipitation 

occurs during the spring and early summer. The average annual precipitation at the facility is 44 inches 

and consists of 42 inches of rain and 15 inches of snow. The average humidity ranges from. 40 to 

90 percent in summer and 60 to 90 percent in winter. Long-term climatological records for the area 

. indicate that the monthly prevailing wind direction is from the southwest from April through December and 

from the northwest during January through March (NOAA, 1988). The annual prevailing wind direction for 

the region is from the southwest, and the annual average wind speed for the area is about 9.6 miles per 

hour. Figure 1-10 is a wind rose summarizin.g the mean wind direction and wind speed distribution for the 

Indianapolis International Airport over a 5-year period (1985 to 1989). 

1.2.4 Physiography. Topography, and Ground Cover 

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

province is a rugged, highly vegetated, dissected plateau bounded by the Mitche" Plain Physiographic 

Province to the east and the Wabash Lowland Physiographic Province to the west (Murphy and Wade, 

'1995). The Mitche" Plain is a low, dissected limestone plateau characterized by 'sinkholes and karst 

. topographic features. The boundary between the Crawford Upland and the Mitche" 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 Wabash Lowland near the western 

boundary of NSWC Crane is gradual (Murphy and Wade, 1995). The terrain is predominantly rolling with 
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moderately incised stream valleys throughout and occasional flat areas in the central and northern portions 

of NSWC Crane. ' The elevations across NSWC Crane range from about 500 feet above mean sea level 

(amsl) to about 850 feet amsl. Topographic relief in the Crawford Upland generally ranges from 100 to 

350 feet. Greater relief exists in the. eastern part of NSWC Crane near the Chester Escarpment (Murphy 

and Wade, '1995). 

SWMU 8, Building 106 Pond Area 

Surface drainage enters intermittent drainageways to the east of the SWMU. The drainageways continue 

toward the south-southeast under Highway 45. Surface flow continues toward the south while gaining 

volume from other intermittent sources until entering Boggs Creek. 

SWMU 15, Roads and Grounds Area 

Surface drainage from SWMU 15 enters intermittent drainageways to the south and southeast of the 

SWMU. These intermittent drainageways converge into a single intermittent drainageway that continues 

to flow south-southeast under Highway 99. Surface flow continues towards the south while gaining 

• volume from other intermittent sources until the surface flow enters Turkey Creek. 

• 

1.2.5 Geology and Stratigraphy 

The unconsolidated overburden deposits at NWSC Crane generally range from 0 to 65 feet thick 

(Nohrstedt, et aI., 1998). These deposits generally consist of two types: Quaternary and Pleistocene age 

alluvial and colluvial deposits near the floodplains of stre'ams and unconsolidated residual soil and loess 

on sides and tops of ridges. The United States Department of Agriculture (U~DA) has classified soils of 

Martin County (McElrath, 1988)'. Residual soils on or near the tops of ridges are generally classified as 
, . 

Zanesville or Wellston silt loams. These residual soils are characterized aswell drained to moderately 

drained. They have, a brown organic silt'loam at the surface (typically about 8 inches thick), which is 

underlain by 42 to 48 inches of mottled tan, gray, and yellow clay with varying percentages of sand and 

silt. Occasionally, a clay hardpan occurs between 25 and 32 inches below ground surface (bgs). 

Bedrock underlying the Crane facility consists of sedimentary rocks from the Lower Pennsylvanian age 
, ' ' 

Mansfield Formation (Raccoon Creek Group) and the Upper Mississippian age Stephensport and West 

Baden Groups (Figure 1-11). The Mansfield Formation (uppermost bedrock) consists of alternating beds 

of shales (e.g., black ''-shale and carbonaceous shale);, sandstone, mudstone, siltstone, and. thin 

discontinuous coal units and is typically about 110 feet thick or more (USACEWES, 1991). The 
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Stephensport Group includes a: number of sandstone and limestone formations including the Big Clifty 

Sandstone and the Beech Creek Limestone. The Stephensport Group is generally 120 to 190 feet thick. 

The underlying West Baden Group also consists of limestone, shale, and sandstone units and is 

generally 70 to 150 feet thick. 

The Pennsylvanian Raccoon Creek Group occupies the higher elevations of NSWC Crane (Figure 1-11). 

Less than 10 feet of soil is reported to overlie the bedrock at SWMUs 8 and 15. 

SWMU 8, Building 106 Pond Area 

This SWMU lies within the Wellston-Gilpin Soil Unit of NSWC Crane with minor soil types including well-
J 

drained and moderately well-drained Zanesville soils. 

The area around Building 106, including the discharge area of the pond, includes Zanesville-Udorthents 

(ZnB) soil complex at 2 to 6 percent slopes. The ZnB complex soils are residual soils comprised of clay, 

silt, and silty clay that directly overlay bedrock. 

Tl:le soils at SWMU 8 are shallow in nature and are at the high end of the hydraulic conductivity range for • 

ZnB complex soils. Due to the moderately steep slopes in this area, rapid storm water runoff is expected, 

with a ·decr~ased potential for surface soil contamination to infiltrate into bedrock and ground water, and 

an increased pot~ntial for contamination of surface water and drainageways. 

The bedrock at SWMU 8 is composed of sandstones, shale, and limestone of the Pennsylvanian 

Raccoon Group: Bedrock can be found at depths less than 5 feet bgs. 

SWMU 15, Roads and Grounds Area 

The soils at SWMU 15 consists of Wellston-Gilpin Complex residual soils that are steeply sloping from 12 

to 30 percent. The Gilpin soils are moderately deep with bedrock commonly found at a depth of 

39 inches. The Wellston surface soils are silt, clay, clayey silt, and gravelly clay with subsurface soils of 

sandy clay and silty sand. The Gilpin soils are gravelly clay, sandy clay; clay, and clayey silt. The 

~, surface runoff-is medium for both soil types. 

The bedrock beneath the SWMU is sandstone, shale, and limestone of the Pennsylvania Raccoon GrouP. 

with a north-south trending lineation that terminates just north of the SWMU. 
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The stream that runs through the SWMU is intermittent and may intersect ground water depending upon 

the season. 

1.2.6 , Hydrology and Hydrogeology 

The surface drainages at NSWC Crane have formed a dense, dendritic pattern throughout the 

installation. Most of the major streams flow in a general southward or southwestward direction. Seven 

primary creeks in five drainage basins carry surface water off the installation, where they eventually drain 

into the eastern fork of the White River and then to the Wabash River to the southwest. Figures 1-1 and 1-12 

'show the basins and drainages of NSWC Crane, respectively. The four SWMUs lie within the Boggs arid 

'Turkey Creeks, Drainage Basins, which discharge into the eastern fork of the White River, ultimately 

discharging into the Wabash River. The Boggs and Turkey Creeks drainage basins drain roughly' 

50 percent of NSWC Crane. 

Ground water in the unglaciated southwestern portion of Indiana is generally contained in fractures and 

joint openings of limestone and sandstone aquifers. Aquifers are generally isolated from one another' 

vertically by less permeable shale and siltstone' units. Ground water enters the aquifers as infiltration 

through outcrops and flows by gravity down the dip of the strata or locally in directions controlled by the 

potentiometric gradients. 

Ground water exists in the Lower Pennsylvanian Mansfield Formation (Raccoon Creek Group) bedrock in 

the higher elevations of NSWC Crane. Ground water will most likely not be encountered in the overlying 

" unconsolidated material at higher elevations. The bedrock shale and sandstone units can be alternating 

and interlayered in relatively thin beds or can be thicker where not alternating or interlayered. Coal 

seams may also be present in the Lower Pennsylvanian bedrock. In general, ground water will travel 

through the fracture and joint systems in the bedrock, especially fractures within limestone and sandstone 

"aquifers, along with some lesser flow through the individual pore spaces of coarser materials such as 

sandstone. Less permeable units such as shale and siltstone can act as vertical barriers to downward 

migration. 

Three shale formations beneath the Raccoon Creek Group are important aquitards (deterrents to vertical 

movement of ground water and contaminants). The Indiana 'Springs 'Shale underlies the Golconda

Haney Limestone and is 20 feet thick. The Elwren Shale is 20 feet thick and occurs at the base of the 

Beech Creek Limestone. The Sample Formation is a 40- to 45-feet-thick black shale below the Elwren . 
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SWMU 8, Building 106Pond Area 

· Site-specific hydrogeologic i~formation is unavailable for the SWMU due to the absence of boring data. 

Ho~ever, shallow ground water flow patterns are expected to mimic topography with highest ground 

water elevations along ridge crests and with ground water flow toward the major stream or tributary 

· valleys. Recharge to the shallow ground water system is expected over most of the uplands and 

· sides lopes. Ground water is expected to move downward and then laterally and eventually discharge to 

surface water in the deeper stream valleys. 

SWMU 15, Roads and Grounds Area 

The aquife~ beneath SWMU 15 is considered to be vertically isolated by interlayered shale beds that act 

as aquitards. Ground water recharge occurs where aquifer units outcrop. After entering an aquifer 

outcrop, ground water flows by gravity down the dip of the aquifer unit. Ground water flow across the 

SWMU is towards the southwest. 

1.3 FACILITY HISTORY AND BACKGROUND 

1.3.1 Facility Operational History 

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

systems, and expendable and non-expendable ordnance items. Early in 1940, Congress passed the first 

supplemental· National Defense Appropriation Act. This act provided funds for new inland ammunition 

production facilities, some of which was earmarked to build a Navy ammunition depot at Burns City on the 

site of the White River Project. Attractive characteristics of the Burns City site were a remote location that 

was free of congested areas, hilly terrain ideal for magazine construction and camouflage, the proximity 

· of Lake Greenwood, which could supply water for the facility, and the distance from the eastern seaboard, 

which minimized the danger of enemy attack. 

In 1940, Congress authorized construction of a Naval Ammunition Depot (!\lAD) in southern Indiana, and 

in late 1941 ~ the Burns City Ammunition Depot was commissioned. In 1943, NAD Burns City was 

renamed NAD Crane, and the Town of Crane was built to house the rapidly growing number of civil 

.. service employees. NAD Crane's overall mission was to load, prepare, renovate, receive, store, and 

issue ammunition to the fleet. 

During World War II (WWII), NAD Crane's mission expanded to include pyrotechnics production, mine 

filling, rocket assembly, field storage, torpedo storage, and ordnance spare parts and mobile equipment 
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storage. After WWIJ, NAD Crane supplied ammunition to the fleet during the Korean and Vietnam 

conflicts. During the 1959s, several new departments Were created, the Ammunition Loading and 

. Production Engineering Center (ALPEC) was transferred to Crane, and the central Ammunition Supply 

Control Office (ASCO) was established. 

In 1975, NAD Crane was renamed the Naval Surface Warfare Center (NWSC) to reflect the facility's 

growing involvement in high-technology weapons systems. In 1977, the Secretary of Defense combined 

all conventional ammunition acquisition under the responsibility of a single service. The ammunition 

producti<:>n and storage function was given to the Army, and the CAAA was established as a Crane tenant 

to accomplish this task for Na~al ammunition. Other functions remain under the Navy, and the Navy 

retains ownership of all real estate and facilities at Crane. Responsibility for overall station safety, 

security, and environmental protection remains with the Commanding Officer. In 1992, based on 

changing missions and alignment, the facility name was changed to NSWC Crane. 

Until the late 1970s and early 1980s, a variety of liquid wastes from both ordnance and non-ordnance 

. activities were disposed on site without treatment.. For example, ordnance-contaminated wastewaters 

.. were discharged into unlined ponds or into storm drains; wastewaters generated from cleaning operations 

were discharged into an unlined pond; oily waters, battery acids, paint thinner, acetone, boiler blowdown, 

and solvents were dumped behind buildings or into ravines; and waste hydraulic oil was spread on dirt 

roads. Since that time, wastewater treatment plants have been built, wastewater streams have been 
. . 

connected to the sanitary sewer, and oils and solvent have been collected, segregated, and either 

recycled, sold, or properly disposed. 

Air pollution control devices were not installed until the late 1970s. Therefore, ventilation systems at 

bomb-loading facilities and the Building 146 i!1cinerators had no scrubber systems u'ntil the 1970s. Waste 

management activities included the burning of solid waste and subsequent disposal of ash in unlined pits 

or gullies. 

1.3.2 SWMU 8, Building 106 Pond Area 

SWMU 8 is located north and west of Turkey Creek in the west-central half of NSWC Crane. The 

Building 106 Pond is located in the southeastern corner of the SWMU. The pond is an unlined surface 

impoundment for ·wastewater that was generated in Buildings 106 and 107 where casings were 

overhauled . 
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The following presents historical information regarding the SWMU operations and sampling from the 1992 

Final RCRA Facility Investigation Pha~e I Environmental Monitoring Report by t1alliburton NUS. 

Building 106 used a cleaning process that consisted of a caustic wash, a degreaser, and an acid wash. 

Prior'to the cleaning process, spent shell casings were brushed clean. Then the cleaned casings were 

soaked in a hot caustic bath for 10 to 30 minutes. Next the casings were 'degreased with TCEfollowed 

by a 3-minute hydrochloric acid (HCI) soaking, and then they were rinsed. 

In 1983, Building 107 activities included refinishing of wooden and metal boxes. The box refinishing 

process consisted of the following four steps: 

Cleaning/degreasing, 

Grit blasting, 

Priming and painting, 

Oven drying. 

Refurbished boxes were stored for reuse. 

For metal boxes, the cleaning portion of the process utilized approximately 712 gallons of TCE per year. 
. ~ . 

Painting was done in four paint booths equipped with water washes for particulate control. The amount of 

dust collected daily from the accumulator/baghouse was approximately 300 to 400 pounds. After the 

painting, the boxes were dried in ovens that exhausted directly out of the building. 

For wooden boxes, there was an additional step, treatment with pentachlorophenol (PCP). The PCP 

treatment step consisted of dipping the wooden boxes in a 5-percent solution of PCP in a "dip tank" for 

5 minutes followed by partial drying of the boxes in a "dip pan." The dip tank and pan were located 

adjacent to each other under an exhaust hood that discharged outside the building. Approximately 

8,800 gallons of PCP was used annually. 

Although no supporting documentation could be found, facility personnel indicated that in the mid-1970s, 

phosphatizing of steel was conducted in Building 106. The phosphatizing process, applying of a zinc 

phosphate coating to the projectiles, consisted of the following five steps for the projectiles: 

Degreasing 

Rinsing 
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The conditioning rinse was a dilute solution of either chromic acid or chromic and phosphoric acids. 

There was reportedly a wastewater pretreatment system asso~iated with the phosphatizing process. The 

wastewater pretreatment system provided chrome reduction, metal precipitation, phosphate removal, 

clarification, and sludge . dewatering. The pretreatment facility consisted of two 200-gallon collection 

sumps, a SOO-gallon chrome reduction tank, a SOO-gallon neutralization tank,' a 200-gallon flocculation 

tank, a Lamellar clarifier, a filter press for sludge dewatering, a chemical feed system, process controls, 

mixers, pumps, and related piping. Clarified effluent from the pretreatment plant was sent to the Base . . 
wastewater treatment plant (WWTP) .. 

Activities at Buildings 106 and 107 included the application of coatings in two paint booths. Paint Booth 

Number 1 applied a zinc chromate coating containing 40" weight percent toluene. Paint Booth Number 2 

applied an olive drab coating containing 22 percent naphtha. Each paint booth utilized approximately 

500 gallons of coating material per year. Prior to coating, the Hawk' missile. containers ~ere silica 

sandblasted, which produced approximately 800 to 1,000 pounds of bag house residue per day. 

During WWII, the ignition ends on smokeless powder bag charges were colored red in Building 106 using 

naphthalene sulfonic acid sodium salt family dyes. Based upon the 1992 Halliburton NUS rep.ort, the 

small usage rate of these dyes would preclude environmental impacts. Therefore, for this' QAPP, 

naphthalene sulfonic acid sodium salts have not b~en included in the analyses at this SWMU. 

Prior to 1972, untreated wastewater .from the cleaning processes in Buildings 106 and 107 was 

discharged into the Building 106 Pond. Sometime after 1972, the Building 106'Pond was connected to a 

neutralizing system that subsequently discharged into a sanitary sewer system. Reported malfunctions of 

the pumping system have caused the Building 106 Pond to overflow. Additionally, it has been reported 

that the discharge from this pretreatment system exhibited· high pH and contained explosives, heavy 

metals, oil, and grease. Furthermore, it was reported that oil was released into the ditch located between 

Buildings 106 and 107 when oily water from a compressor in Building 107 leaked and flowed through a 

floor drain into a clay storm drain pipe leading to the ditch . 

. In 1972, the Building 106 Pond effluent was analyzed. Table A-1 (Appendix A) presents the summary of 

effluent analytical re~ults for the 1972 sampling performed at the Building 106 Pond. In 1985, two soil . 
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samples were analyzed for heavy metals utilizing the EP toxicity test and for TCE and oil/grease. All 

concentrations were less than the hazardous waste classification levels. However, contamination can still 

be present in concentrations that present significant risk, even if the contaminants are not leachable in 

concentrations that results in concentr~tionof the material as hazardous. Also the samples contained 

large amounts of leaves and sediment, therefore, contamination at SWMU 8 could not be dismissed. No 

other historical soil, surface water, ground water, or sediment sampling has been performed at SWMU 8 .. 

A list of potential hazardous wastes associated with the Building 106 Pond is contained in Table 1-1. 

Currently, repair operations are intermittently performed in B~ildings 106 and 107. 

A Jormer drum storage area was located to the south of Building 106 in an open area. Information is not 

available on the nature of the materials that were stored in the drums. It is believed that the drums stored 

contained metal and organic wastes. 

1.3.3 SWMU 15, Roads and Grounds Area· 

SWMU 15 is located west of Turkey Creek in the northern half of NSWC Crane. A parking area and a 

Pyrotechnics Production Area are located west of the SWMU. An instrumentation calibration and repair 

building is located south of the SWMU, and inert and open storage areas are located north of the SWMU. 

There was a 5,000-galion AST along the north side of the former boiler house, Building 2801. 

Approximately, 10,000 gallons of waste oil were removed annually from this AST. 

An asphalt batch plant with unknown operational history was removed in the early 1970s. At this asphalt 
. . . 

batch plant, tar was heated to a liquid and stored in tanks with steam coils. The batch plant spanned two 

ground elevations. Liquid tar from the USTs in the upper level flowed by gravity to ASTs on the lower . 

level. The liquid tar was then used in the asphalt batching process. Although there is no supporting 

. documentation, other asphalt plants of this era are known to have· mixed waste oils such as vehicle 

crankcase oils with the potential to contain metals and hydraulic oils with ihe potential to contain 

polychlorinated biphenyls (PCBs) into the liquid tar. 

Discharges from the storage tanks included the boiling over of asphalt and the accidental discharges 

associated with transfer and storage at the liquid asphalt. Liquid tar from spills was reported to have 

flowed "as far as the drainageway between Buildings 2693 and 2801. Liquid tar from spills was reported 
" " 

to have flowed as far as the drainageway between Building 2693 and 2801. 
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Although it is presumed that maintenance activities took place at this SWMU, a description of the 

maintenance was not available. However, it is kn()wn that materials and wastes handled at this SWMU 

included: waste oils, ·fuel oils, antifreeze, hydraulic oils, pesticides, herbicides, paints, lubriCants, 

solvents, and general refuse (e.g., drums, containers, construction debris). 

1.3.4 SWMU 18, Load and Fill Area Building 

SWMU 18 was the site of explosives load and fill operations (i.e., press loading of projectiles) and is . . 
. currently used fo~ renovation, rework, and loading of munitions items. 

Press loading of projectiles consists of mechanically consolidating increments of explosive charges (e.g., 

energetics) into the cavities of projectiles. During WWII, Buildings 104, 105, and 198 were utilized for 

explosive projectile pressing operations while major caliber projectiles were press loaded in Buildings 105 

and 200. These facilities were used intermittently for explosive load and fill'operations through the early 

1960s and possibly as late as the early 1970s. 

During WWII, explosive sifting to eliminate large particles and agglomerates was conducted at SWMU 18 

where spills of Explosive D were known to have occurred. In a 1972 wastewater effluent study, heavy 

metal, energetics, and ammonium picrate were found in wastewater discharges associated with 

SWMU 18 (A.T. Kearny, 1987, NEESA,1983). 

1.3.5" SWMU 19, Pyrotechnic Test Area/Annex/Rocket Range/Impact Area 

SWMU 19, which is approximat~ly 240 acres in size, is also known as the OTA and consists of three 

physically separate areas where related functions are performed. Each major test area is described in 

the subsections below. 

'1.3.5.1 Ordnance· Test Area . 

The OT A, which abuts the PTA Annex, is approximately 166 ac in size. Functional testing of flares, 

signals, and other marking devices has been performed at this location for about 40 years. The tested' 
• I' • '" 

devices ranged from hand-held, marine, and aerial devices such as personnel distress signal "flares, 

ground illumination signals, decoy flares, location marker flares, smoke pots, tear gas, riot and smoke 
. . . .' 

grenades, \and similar devices. TheOTA comprises several different test locations, some of which are 

used for testing more than one type of device .. See Figure 1-6 for OTA structure and testing locations. 

Testing is generally conducted on gravel pads without features to collect any residues (e.g;, shrapnel) . 
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resulting from testing. However, the areas are inspected after every test, and most of the visible debris.is 

collected .. In addition, herbicides were used to control vegetation in those areas, but no large-scale 

management of pesticides was conducted at this SWMU. 

Contaminants likely to be present at the OTA are chlorates, dyes, oxidizers, fuels, inorga~ic salts, and 

other by-products of flares and smokes. In addition, jet fuel-contaminated water was discharged onto the 
. . 

. gro.und after cook-off tests, and phosphorus- and cyanide-contaminated water was discharged prior to 

1989. The reactivity of phosphorus has led to the elimination of phosphorus or phosphates from the 

'testing regime for this investigation because the elemental phosphorus should rapidly convert to 

phosphates upon contact with air and water. 

Tear gas [alpha-chloroacetophenone (CN)] was used at the Riot Grenade Test Area at SWMU 19. 

However, the chemical is not expected to be of concern due to its high rate of hydrolysis in water, ease of 

decomposition, and the low sensitivity of animals to the compound. CN has a half-life of approximately 

7 minutes in water solutions with a pH of 7 at room temperature. eN can easily be inactivated by means 

of a water solution. 

The following information concerning the OT A was obtained during a teleconference among the Navy 

Southern Division, NSWC Crane, and TtNUS on July 11, 2001 and from the 2001 site visit by TtNUS and 

others: 

• . With some Elxceptions, contamination should be greatest near the test pad centers and should rapidly 

decrease radially outward. 

• In signal test areas, the signal flares, etc. are fired vertically upward and return v.ery close to the test 

pad center. Most testing is done during daylight hours, largely because ofthe availability of safety 

equipment and personnel, but sometimes the tests are conducted "after hours."· 

• Many of the tests emit smoke that would follow the prevailing wind direction, which is generally out of 

the southwest during daylight hours. . 

.• Some, signal flares and other devices are parachute suspended. For· these items, the potential for 

longer term emission of smoke over a large area is generally much greater than land~tested devices. 

Wind speed did not necessarily influence whether aerial testing would be performed; however, testing 

was limited when winds exceeded 15 miles per hour. 
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• Recovery of hard debris (e.g., lead slugs) is accomplished on a visual basis. Bullets are not collected 

from the bullet impact area. Only about 15 rounds are tested at the site at anyone time. 

• Visual observation of tested devices during and after deployment supports the estimates of 

contaminant distributions. For example, hand-held flares are ignited by hand and held withiri a few 

feet of the test pad centers. 

• This SMWU lies in a flood plain, and distribution of contamination across the SWMU could be 

influenced by occasional flooding. 

1.3.5.2 PTA Annex 

The PTA Annex covers approximately 54 ac. Figure 1-6 shows important features of the PTA Annex. 

Rockeye bomblets and explosives testing conducted at the Annex started in 1972, but only explosives 

testing is currently being conducted. Rockeye bomblets were initially loaded with .Octol 

[a cyclotetramethylene tetranitramine (HMX) - 2,4,6-trinitrotoluene (TNT) mixture]. The bomblets later 

contained Composition B [a cyclo-trimethyl-trinitramine (RDX)-TNT mixture]. The Annex also includes a 

control room, air launch building, two test chambers, two gun turrets, a metal platform, and a wooden . . 
wall. 

Rockeye bomblets (both live and dummy loaded) were air-fired from the air launch building into 

penetration test blocks set'· up in the first gun turret Rockeye bomblets have been removed from the 

Navy arsenal. The second turret is located farther west of the Annex area and was used during spin 

testing of Rockeye bomblets. Spin testing involves dropping a bomblet onto a steel test block placed on a 

;steel platform at the base of the turret. A 10- to 12-foot earthen berm is located west of the Annex to help 

contain effects of the blasting. A 5-foot-long, 4-foot-high wall constructed of 4-inch by 4-inch wooden 

posts is located west of the earthen berm. A steel test platform and a 3-foot by 3-foot concrete pad are 

located west of the wooden wall. This equipment is used in testing piastic and sheet explosives. . \. . 

Contaminants likely to be present in this area are explosive residues and their by-products. Metals from 

.bomblet casings, test blocks, and the gun tub may also have been released at this SWMU . 
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Figure 1-7 presents important features of the Rocket Range. The Rocket Range, approximately 19 acin 

size, has been in use for about 40 years. Past operations involved the testing of ordnance and rocket 

motors containing dummy loads were also tested here. A dye test tank was located at the Rocket Range 

during the 1950s and 1960s. Present-day testing involves smoke warheads, 5-inch. rockets, and 
• i 

ordnance testing in test chambers (former gun turrets) .. The pyrotechnics are either fired down range 

from the launch site or are tested in·one of the facilities at the Rocket Range. A sand pit is located at the 

impact area. A wave tank is used to test marine markers and signal flares. Most contamination at the 

Rocket Range is expected to have been deposited surficially. However, some contamination at the 

impact area may have been released to the subsurface. Here, as in thel OT A proper, contaminants may 

have bee~ dispersed by flooding because the Rock~t Range is in the Lake Gallimore flood plain. 

The dummy loads of the rocket test should pose no chemical risks. The contaminants likely to be present 

in this area from. pyrotechnics and other testing are similar to those for the OT A. In addition! an 

occasional munitions round was reportedly found during excavations in this area (Halliburton NUS, . . . 

1992a). Explosive. ordnance cook-off tests are also reported to have occurred in two of the gun turret test 

chambers at the Rocket Range (Halliburton NUS, 1992a). • 

Contaminants likely to be present at this SWMU include explosives, ,semivolatile organic compounds· 

(SVOCs), volatile organic compounds (VOCs), metals, cyanide, perchlorate, and nitrate. 

1.3.6 SWMU 20, CAAA QA/QC Test Area 

The QA/QC testing of explosives and pyrotechnics devices occurs in Building 2167 at SWMU 20. Lead 

chromate contamination from testing of MARK1-3 flares has been identified on the nearby ground· 

surface. The potential for other explosives- and pyrotechnics-related contamination also exists. 

1.4 EVALUATION OF HISTORICAL DATA AND CURRENT SITE STATUS 

As discussed in Section 1.3.2, .effluent sampling at the Building 106 Pond was conducted in 1972. 

Approximately 47 samples were taken and selectively analyzed for water quality parameters [total organic 

carbon .(TOC),· turbidity, dissolved oxygen (DO), etc.], metals, and explosives. The results of these 

analyzes are presented in Appendix A Table A-1. Additionally, an historical report indicates that the 

Building 1 06 Pond has overflowed into a tributary of Boggs Creek. Piping into the Building 106 Pond has 

been disconnected and rerouted into the facility wastewater sewer system. 
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. One round of soil sampling consisting of 13 soil samples was collected during July 2002 at thei OGTSL 

and analyzed for SVOCs, polychlorinated biphenyls (PCBs), and selected metals (cadmium, chromium, 

and lead). Sporadic detections of SVOCs at trace levels were found. No PCBs were found. Cadmium, 

chromium, and lead were detected. No planning document was prepared for the field effort, and the data 

were not validated. Because the data were not validated, it is not known whether the SVOC detections 

were false positives. No surface water, ground water, 'or sediment sampling has been performed at the 

OGTSL The OGTSL is currently inactive. 

Aside from the EP toxicity data described in Section 1.1.2, no historical· data are available for SWMU 15. 

,Historical analytical data for SWMUs 18, 19, and' 20 are also not available. SWMUs 15, 18, 19, and 20. 

are active sites. SWMU 19 consists. of three areas (OTA, PTA Annex, and Rocket Range). The OTA is 

where devices such as hand-held marine and aerial devices such as personnel distress signal flares, 

ground illumination signals, decoy flares, location· marker flares, smoke pots, tear gas, riot and smoke 

grenades are tested. Explosive testing' is conducted at the PTA' Annex. Operational' ordnance test 

chambers (former gun turrets) exist, and smoke warhead and 5-inch rocket testing is conducted at the 

Rocket Range . 

1.5 INTENDED DATA USES 

This section provides a detailed description of the project target parameters and intended data uses. 

All field parameter results greater than or equal to method detection limits (MDLs) will be reported. Field 

parameters not detected will be reported at the rv'!DL. MDLs for field parameters are based on method or 

test kit. capabilitie~ an~ specifications. All la~oratory results greater than or. equal to threshold values 

(TVs) will be reported. Target parameters not detected will be reported at the TV. 

Laboratory TVs are based in part on best professional judgment and on statistical computations in 

accordance with 40 Code of Federal Regulations (CFR) Part 136, Appendix B. They reflect the computed 

instrument, detection limit (IOL) or the method detection limit adjusted to reflect what the laboratory can 

realistically expect to achieve on a routine basis for the environmental matrices to be analyzed. This 

~ccountsfor day-to-day variations in IDLs and MDLs that the laboratory has experienced in the past, plus 

other factors such as the recognition that MDLs were computed from data generated in matric~s other 

than those at SWMUs 8,15,18,19, and 20 and·the OGTSL . 
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The CFR requires the MOL to be computed as the standard deviation of replicate analyses, with results 

multiplied by the appropriate Student's t-value. Sample-specific laboratory TVs will be computed for each 

sample to account for variations in the TV caused by factors such as sample moisture content, the size of 

the sample aliquot used in the analysis, and dilutions. The actual TV used will be an estimate of the MOL 

achievable in actual sample matrices. This estimate will be based on the laboratory's computed IOLs and 

MOLs and the laboratory's best estimate of the effect of actual sample matri~es on these computed 

values. This approach will frequently result in a TV that is greater than the computed IOL or MOL but less 

than the practical quantitation limit (POL), but it is viewed to be a reasonable compromise between using 

IOLs and MOLs that are,unrealistically low and paLs that reflect the quality of the concentration estimate 

rather than the ability to detect the presence of an analyte in a sample. 

, Analytical results for analytes that are less than applicable MOLs (or TVs) will be reported with a "U" flag. 

'The "u" flag signifies that the parameter was analyzed for but was not detected at a concentration greater 

than or equal to the MOL (or TV). Analytical results that are between the MOL (or TV) and the reporting 

.limit (RL) will be reported with a "J" flag. 

1.5.1 Project Target Parameters and Rationale for Selection 

Key target parameters for SWMUs 8, 15,18, 19, and 20 and the OGTSL for each environmental medium 

were selected based on historical activities, types of contaminants that may have been released as a 

Jesuit of the activities conducted, and available historical monitoring data. Tables 1-2 through 1-4 list the 

analyses and the associated rationale for each site and, as appropriate, each AOC within the site. 

SWMU8 

The investigation at SWMU,8 will be conducted utilizing a phased sampling approach. The objective of 

the first round of sampling is to determine whether and where surface and select subsurface soil, surface, 

water, and sediment contamination exists. If the first round of sampling does not provide sufficient 

contamination information, additional rounds of sam piing will be conducted . 

. Where contamination'is determined to be present in subsurface ·soils in concentrations that could impact 

gro!Jnd water, monitoring wells will be installed to evaluate if contamination has migrated into the ground, 

water. However, other than perched ground water sampling at some locations, groUnd water samples 

, have not been scheduled for analyses in Round 1. 
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The SWMU 8 operational history is presented in Section 1.3.2. The primary contaminant release 

pathways and deposition mechanisms are as follows: 

• Floor drainage from the Building 106 caustic washing process (including caustic wash, TCE 

degreaser, and hydrochloric aCid rinse) flowed into the Building 106 Pond. 

'. Floor drainage from the Building 106 paint booths [including zinc chromate and olive drab coatings 

that contained methyl ethyl ketone (MEK), toluene, naphtha, and xylenes] flowed into the Building 106 

Pond . 

• ' Floor drainage from the Building 107 metal and wooden box refinishing process (including baghouse 

dust, PCP, selenium, TCE, zinc phosphate, chromium, phosphoric acid, and boric acid) flowed into 

the Building 106 Pond . 

• , Overflow from the metal and wooden box refinishing flocculant tank into the Building 107 floor 

drainage flowed into the Building 106 Pond. This overflow included aluminum in nitric acid and 

solutions that potentially contained lead and selenium . 

• Overflow from the Building 106 Pond onto surface soil and into sediment, potentially affected 

underlying subsurface soil and ground water. 

• Overflow of stored oil used in weapons coating at Buildings 106 or 107 flowed into the Building 106 

Pond. 

• Floor drainage from energetics associated with reported load and fill operations at Buildings 106 and 

107 flowed into the Building 106 Pond. 

• . Floor drainage from oil storage overflow at Buildings 106 or 107 flowed into the Building 106 Pond. 

• Spills or leaching from drums potentially containing metals,' organic solvents and fuels, pesticides, 

herbicides, and PCBs to surface soil are suspected. 

These release pathways and deposition 'mechanisms affect primarily surface soils. Contaminants in 

, . su'rface soils and pond sediment may 'have migrated into subsurfac,e soils. Contaminated surface soil 

and contaminated pond water overflow may also have migrated into site drainage channels and ultimately 
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into Boggs Creek. Surface water may have been contaminated via contact with contaminated surface 

soils and pond water. Subsurface soils could release contaminants to groundwater. 

The chemicals or chemical mixtures potentially released at SMWU 8 fall primarily into three categories: 

caustics, organics, and metals. Caustics could be a concern because of the potential use in Building 106 

caustic wash cleaning process. VOCs, SVOCs, and metals could be a concern because of potential use 

at Buildings 106 and 107 . 

. ,Existing analytical methodologies are suitable for quantifying these chemicals in each of the 

environmental matrices of interest for comparison to. risk-based screening criteria and for risk 

assessment. Refer to Table 1-2 fora summary of the SWMU 8 analytical program and rationale and to 

Table 1-5 for specific analytical methodologies and corresponding target analyte lists. The following 

analytical scheme has been selected for SWMU 8: 

• Metals (surface and subsurface soils, surface water, sediments, andgro·und water) - Metals may 

have been released from the Building 106 Pond and the former drum storage area directly to surface 

or subsurface soils with subsequent migration to sediments, surface water, and ground water. 

•. SW-846 nitroaromatics/nitramines (surface and subsurface soils, surface water, sediments, and 

· ground water) - These compounds may have been released from the Building106 Pond directly to 

surface or subsurface soils with subsequent migration to sediments, surface water, and ground water. 

• VOCs (surface and subsurface soil)- VOCs may h~ve been released to subsurface soils near the 

Building 106 Pond and at the former drum storage area. 

• SVOCs (surface and subsurface soils, surface water; and sediments) - SVOCs, including polynuclear 

aromatic hydrocarbons (PAHs),. may have been released into soils and accumulated near the 

Building 106 Pond and at the former drum storage area. The potential exists for migration toward 

· downstream surface water conveyances. 

. • General water-quality parameters [DO, oxidation-reduction potential (ORP),· pH, specific 

conductance, temperature, turbidity, and flow rate (surface water only)] - Information on general 

water-quality parameters is necessary to evaluate the overall quality of surface water in Boggs Creek 

· tributaries and to provide information on contaminant masses (flow rate). 
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• TOC, cation exchange capacity (CEC), and pH - (soils and sediments) - This provides information for 

. use in corroborating the absence or presence of contamination and potential bioavailability. 

• Depositional environment and grain size (sediment, surface soil, and subsurface soil) - This provides 

information for potential use in the CMS, and for comparison to background concentrations (for 
o • , 

naturally occurring inorganics). , 

The specified data uses are linked to the decision statements presented in Section 1.1.1. Data used to 

determine the nature and extent of contamination will also be used to evaluate human health· and 

ecological risk. 

Table,1-2 presents proposed sampling analyses an'd rationales for various areas throughout the SWMU. 

Soil sampling will be conducted for' surface soils at a depth ranging from 0 to 2 feet and for subsurface 

soil from 2 feet to the depth of the bedrock. Soil samples will be analyzed for Target Analyte List (TAL) 

metals plus tin, explosives, VOCs, SVOCs including PAHs, pesticides, and herbicides. 

Ground Water 

Ground water samples will be analyzed for TAL metals, energetics, perchlorates, VOCs, SVOCs including 

PAHs, and fecal coliform. 

Surface Water and Sediment 

. Surface water and sediment samples will' be analyzed for total and dissolved TAL met~ls, energetics, 

VOCs, and SVOCs including PAHs. 

SWMU 15 

The investigation at SWMU15 will be conducted utilizing a phased sampling approach. The objective of 

the first round of sampling is to determine whether and where surface and select subsurface soil, surface 

water, and sedi~ent contamination exists. If the first round of sampling does not provide sufficient 

contamination information, additional rounds of sampling will be conducted . 
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Where contamination is determined to be present in subsurface soils in concentrations that could impact 

ground water, monitoring wells will be installed to evaluate if contamination has migrated into the ground 

water. 

The SWMU 15 operational history is presented in Section· 1.3.3. The primary contaminant release and 

migration mechanisms and pathways are as follows: 

\. 

• AOC A, Former Asphalt Batch Plant - spills of asphalt process materials onto surface soils from the 

batch plant operations are know to have occurred. This could have resulted' in releases of SVOCs 

and VOCs to soil with subsequent migration to ground . water, surface water, and sediment. Metals 

may have been released from the crankcase oil spills directly to surface or subsurface soils with 

subsequent migration to sediments, surface water, and ground water. 

. • AOe B, Former UST and Gasoline Pump Area·- spills of leaded gasoline from the UST to subsurface 

soil are suspected due to a petroleum-type odor during previous excavations in this area. This could 

have resulted in releases of SVOCs and VOCs to soil with subsequent migration to ground water, 

surface water, and sediment. Metals (e.g., lead released as tetraethyllead in gasoline) may not have 

migrated as readily as SVOCs and VOCs. 

• AOC C, Former AS}" near former Building 2801 - spills to surface soil of waste oil potentially 

containing PCBs are suspected from the former AST. Organic solvent. storage also allegedly 

occurred in this area. Chemicals that may have been released would be limited primarily to SVOC~, 

VOCs, and potentially related chemicals such as PCBs, with, migratio,n to other downgradient media. 

PCBs, however, are very insoluble and not likely to be dissolved in ground water. 

'. AOC D, Former Inert Storage (Building 2716) - pesticide and herbicide leakage to surface soil is 

suspected from' pesticide and ,herbicide paper bag storage in this area .. 

• AOC E, Former Wash Rack(s) and Paint House (Building 2774) - spills to surface soil from the 

washdown of equipment which potentially contained. metals, pesticides, herbicides .. solvents, and 

PCBs as well as from the Former Asphalt Batch 'Plant are suspected in this area. 

• AOC F, Former AST Areas (Former Buildings 2717 and 2718) - spills to surface soil from oil storage 

tanks are suspected. 
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AOC G, Hillside Debris Area South of Former Buildings 2717 and 2718 - spills or leaching from debris 

. potentially containing metals, organic solvents and fuels, pesticides, herbicides, and PCBs to surface 

soil are suspected. 

.AO~ H, Drainage Area Across Intermittent Stream South of AOC G - spills or leaching from debris 

potentially containing m,etals, organic solvents. and fuels, pesticides, herbicides, PCBs, and cyanid~ to . 

surface soil are suspected. The cyanide may have been released from plating operations upstream . 

of the SWMU. 

• AOC I, Drainage Channels Downgradient of Source Areas - spills to surface soil can migrate 

d6wngradient via sediment, surface water, and ground water, potentially containing all potential site 

contaminants (metals, VOCs, SVOCs, pesticides, herbicides, PCBs, and'cyanide). 

• . AOC J, Areas. Upgradient of the Sources - background samples for sediment, surface water, ~nd 

ground water will be analyzed for all potential site contaminants (metals, VOCs, SVOCs, pesticides, 

herbicides, PCBs, and cyanide) . 

• _ AOC K,. Catch Basin West of Roadway along the _ western side of Building 3330 -background 

samples for sediment and surface water will be analyzed for all potent!al site contaminants (metals, 

VOCs, SVOCs, pesticides, herbicides, PCBs, and cyanide). 

• - _ AOC L, Drainagewa:y Southeast of Former Asphalt Batch Plant - spills of asphalt process materials 

onto surface soils from the batch plant operations are- known to .have occurred and might have 

migrated to the drainageway. 

I 

-.. AOC M, Drainageway along the Southern Area of SWMU 15 - spills from wash rack activities onto 

surface soil might migrate to the drainageway and may have contained metals, pesticides, herbicides, 

solvents, and PCBs. --

. ' 

_. AOC N, Catch Basin South of Former Asphalt Bat,ch Plant - spills of asphalt process materials onto 

surface soils from the batch plant operations are known to have occurred ~nd might have migrated to 

the catch basin. 

• AOC 0, Former Paint Locker - spills onto surface soil from paint and resin storage areas are 

suspected in this area. The paint and resin may have contained metals. -, . 
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• AOe P, Catch Basin West of Building 3330 - background samples for sediment and surface water will 

be analyzed for all potential site contaminants (metals, pesticides, herbicides, PCBs, VOCs, and 

cyanide). 

• AOC Q, Drainageway South of Former ·UST and Former Gasoline Pump Area - ·spills of leaded 
. . , 

gasoline from UST(s) into subsurface soil with a potential to migrate into sediment ground water and 

surface water are suspected due to a petroleum-type odor during previous excavations in this area. 

• AOC R, Drainageway Southwest of Former Wash Rack ~ spills from wash rack activities onto surface 

soil might migrate to the drainageway. The wash waters may have contained metals, pesticides, 

herbicides, solvents, and PCBs. 

• AOC S, Catch Basin at the Intersection of Two Storm Sewers West of the Center of Building 3330 -

background samples for sediment and surface water will be ahklyzed for all potential site 

contaminants (metals, VOCs, SVOCs, pesticides, herbicides, PCBs, and cyanide). 

• AOC T, Storm Water Drop BoxlJunction Box Northwest of Former Wash Rack - spills from wash rack 

activities onto surface soil might migrate to the drainageway. The wash waters may have contained 

metals, pesticides, herbicides, solvents, and PCBs. This location is upgradient of other monitoring. 

points. 

• AOC U, Hillside Debris Area Northeast of SWMU 15 - spills to surface soil or leaching from debris 

potentially containing metals, pesticides, herbicides, PCBs, and solvents containing VOCs or SVOCs 

are suspected. 

• AOC V, Intermittent Stream Banks South and East of SWMU 15 - spills to surface soil can flow or 

migrate downgradient via sediment, surface water, and ground water and may potentially contain all 

potential site contaminants (metals, VOCs, SVOCs, pesticides, herbicides, PCBs, and cyanide). 

These deposition mechanisms would primarily have resulted in release to surface soils and catch basins. 

Releases from USTs would have been to subsurface soils. Contaminants in surface· soils may have 

migrated into the subsurface. Surface water may be contaminated via contact with contaminated surface 

soils and sediments or via the discharge of contaminated ground water as seeps or springs .. Subsurface 
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soils could release contaminants to ground water, and ground water' could release contaminants to 

subsurface soils. 

The chemicals or chemical mixtures potentially released at SMWU 15 generally fall into five categories: 

inorganics, SVOCs, VOCs, and herbicides/pesticides. Existing analytical methodologies are suitable for 

quantifying these chemicals in each of the environmental matrices of interest for comparison to risk-based 

screening criteria and for risk assessment. Refer to Table 1-3 for a.summary of the SWMU 15 analytical 

program and rationale and to Table 1-5 for specific analytical methodologies and corresponding target 

, analyte lists. The following analytical scheme has been selected for SWMU 15: 

• 'Metals (surface and subsurface soils, sediments, surface water, and ground water) - Metals may 

have been released directly to surface or subsurface soils, depending on the location, with 

subsequent migration to sediments, surface water, and ground water. 

• VOCs (surface and subsurface soils and ground water) - VOCs may have been released directly to 

surface or subsurface SOils, depending on the location. In particular, large quantities of VOCs may 

have been released in the UST area as a result of UST or transfer line leaks. 

• SVOCs (surface and subsurface soils, sediments, surface water, and ground water) - SVOCs, 

including PAHs, may have' been released directly to surface or subsurface soils. Sediment sample 

results will be used to establish, at least in part, the infiuence of surface soil runoff because they 

represent the accumulation of surface water runoff from a relatively large area. 

• Herbicides/Pesticides (surface and subsurface, soils, sediments, surface water, and ground water) ~ 

, Herbicides/pesticides may have been released directly to surface soils with, subsequent migration to 

subsurface soils, sediments, surface water, and ground water. 

• PCBs (surface and subsurface soils, sediments, surface water, and groimd water) - PCBs may have 

been released directly to surface soils with subsequent migration to subsurface soils, sediments, 

surface water, and ground water: The ability to detect PCBs in ground water is expected to be 
-, 

limited, however, because of the low solubilities of these compounds., 

• General surface water quality parameters [DO, ORP, pH, specific conductance, temperature, 

turbidity, and flow rate (surface water only)] - Information on general water-quality parameters is 
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nece'ssary to evaluate the overall quality of surface water in Turkey Creek tributaries and to provide 

information on contaminant masses (flow rates). 

• TOC, CEC, and pH (soils, .and sediments) - This provides information for use in corroborating the 

absence or presence of contamination and the potential bioavailability of contamination. 

• Depositional environment and grain size (surface soil, subsurface soil, and sediment) - This test will . 

provide information for potential use in the CMS and for comparison to background concentrations 

(for naturally occurring inorganics). 

:The specified data uses are linked to the decision statements presented ,in Section 1.1.1. Data used to 

. determine the nature and extent of contamination will also be used to evaluate human health and 

ecological risk. 

SWMU 18 

Based on the 1983. Initial Assessment Study (lAS) by the Naval Energy and Environmental Support 

Activity (NEESA) and the 1987. Preliminary ReviewNisual Site Inspection Report by A. T. Kearney, Inc.: it • 

was determined that the primary contamInant releases would be particulate in nature and the primary 

release pattern would have been deposition onto surface soils (NEESA, 1983, A. T. Kearney, 1987). The 

exposure pathway of most concern would be worker exposure to surface, soils. Soil sampling will be 

conducted for surface soils at a depth ranging from 0 to 2 feet. . The most . likely locations for worker 

exposure at SWMU 18 are near Buildings 104, 105, 198, and 200 where releases may have occurred. 

Refer to Table 1-4 for a s.ummary of the SWMU 18 analytical program and rationale and to Table 1-5 for 

specific analytical methodologies and corresponding target analyte lists. Energetics and metals would 

,have been the primary contaminants released; however, release records indicate that ammonium picrate 

spills have occurred at SWMU 18. The data collected will be used to assess worker· exposure for 

completion of the EI Form CA725 by U.S. EPA Region 5. The following parameters will be evaluated: 

• Metals (surface soils). 

• Energetics (surface soils). 

• Ammonium picrate (surface soils). 

050419/P 1-34 CTO 0331 

• 



• 

•• 

• 

SWMU 19 

NSWCCrane 
DraftQAPP 
Revision: 0 

Date: September 2004 
Section: 1 

Page 35 of 47 

The SWMU 19 OT A operational history is presented in Section i .3.5.' The prim~ry contaminant 

. deposition mechanism is aerial release directly to surface soils .. SOil sampling will be conducted for 

'. surface soils at a depth ranging from 0 to 2' feet. The data collected, will be used to assess worker 

'exposure for completion of the EI Form CA725 by U.S. EPA Region 5. Refer to Table 1-4 for a summary 

of the SWMU Hi analytical program and rationale and to Table 1-5 for specific analytical methodologies 

and corresponding target analyte lists . 

. With a few exceptions, the chemicals or chemical mixtures potentially released at SMWU 19 generally fall . 

!into four categories: inorganic chemicals, SVOCs, VOCs, and energetics dep~riding on location. The 

following parameters will be evaluated: 

• Metals (surface soils) 

• Energetics (surface soils) .. VOCs (surface soils) 

• SVOCs (surface soils) 

• Perchlorate (surface soils) 

The data that is collected will be used for purposes of assessing worker exposure for completion of the EI 

. Form CA725 by U.S. EPA Region 5. 

SWMU 20 

The primary contaminant release pattern would have been deposition onto surface soils. The exposure' 

.:pathway of most concern would be worker exposure to surface soils. Soil·sampling will be conducted for 

·'surface soils at a depth ranging from 0 to 2 feet. . The most likely locations for worker exposure at SWMU 

20 are near the areas where testing takes place and where workers set up testing. Refer to Table 1-4 for 

a summary of the SWMU 20 analytical program and rationale and to Table 1-5 for specific analytical 

methodologies and corresponding targetanalyte lists. Energetics and metals would have been the 

primary contaminants released. The data that is collected will be used for purposes of assessing worker' 

;exposure for completion of the EI Form CA725 by U.S. EPA Region 5. The following parameters will be 

evaluated: 

• Metals (surface soils) . 

• Explosives (surface soils). 
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The primary contaminant release pattern would have been deposition onto surface soils, The exposure 

'pathway of most concern would be worker exposure to surface soils. The most likely locations for worker 

,exposure at the OGTSL were determined based upon the July 2002 site sampling locations. Refer to 

Table 1-4 for a summary of the OGTSL analytical program and rationale and to Table 1-5 for specific 

, analytical methodologies and corresponding target analyte lists. PCBs, SVOCs, and metals would have 

[been the primary contaminants released. The data collected will be used to assess worker expm;;ure' for 

'completion of the EI Form CA725 by U.S. EPA R,egion 5. The following parameters will be evaluated: , 

• Metals (surface soils). 

• SVOCs (surface soils) . 

• ' PCBs (surface soils). 

1.5.1.1 Field Parameters' 

Several field measurements'will be made for this investigation. As previously noted, Tables 1-2 through 

'1-4 summarize project target parameters and the associated intended data uses. 

1.5.1.2 Laboratory Parameters 

Laboratory analyses will be used to estimate target analyte concentrations in ground water, surface 

water, surface soil, subsurface soil,' and sediment. Use of target analyte data for decision making is 

described in Sections 1.5.2, 1.5.3, and 1.5.4. 

Part of the data use includes comparing metals concentrations in soil at the individual SMWUs to soil 
, ' 

backgrounq concentrations. The background conc:entrations for soil types found at the SWMUs will be 

obtained from the NSWC Crane Base-Wide Background Soil Investigation (TtNUS, 2001). This report 

contains concentrations of naturally occurring metals in soil types found at the NSWC Crane SWMUs, 

'including SWMUs 8, 15, 18, 19, and 20 and the OGTSL. 

, The data use also includes comparing the analytical data to RBTLs, which ar~ action le~els derived from 

human health and ecological RBSLs. The RBTL for a particular matrix is the lowest (Le., most 

conservative) of human health or ecological RBSL for that matrix. The following is a list of sources for the 

RBSLs applicable to this project: 

050419/P 1~36 ' CT00331 

.' 

• 

• 



.' 

• 

• 

Ground Water and Surface Water RBSLs 

•• ' Federal Maximum 'Contaminant Levels (MCLs) 

'., ,U.S. SPA Region 9 PreliminarY Remediation Goals (PRGs) for Tap Water 
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.' IDEM Tier I Default Residential and Commercial/Industrial GroundWater Closure Levels 

• U.S. EPA Region 5 EDQLs for Surface Water 

• Federal Ambient Water Quality Criteria (AWQCs) for Freshwater 

Soil and Sediment RBSLs 

'. U.S. EPA Generic Soil Screening Levels (SSLs) for Inhalation and Migration to Ground Water 

• U.S. EPA Region 9 PRGs for Residential and Industrial Land Use 

• IDEM Tier I Default Residential and Commercial/Industrial Soil Closure Levels 

• U.S. EPA Region 5 EDQLs for Soil (applicable to surface soil samples only) 

• U.S. EPA Region 5 EDQLs for Sediment (applicable to sediment samples only) 

Tabular presentations of the RBSLs are provided in Appendix B. Table 1-5 lists the'laboratory 

parameters, analytical methods, laboratory TVs and RLs, and RBTLs for water (applicableto both ground 

water and surface water), soil, arid sediment. TVs are generally less than RLs. Measurement uncertainty 

is so great at concentrations less than the TVs that the presence of an analyte cannot be asserted with 
.' ' 

reasonable confidence in that concentration range. Thus, results less than the TV represent analytes that 

, are labeled as "non-detects." As concentration increases from the TV to the RL and beyond, the relative 

,measurement uncertainty typically decreases. Analyte concentrations greater than RLs are generally 

reported with a relatively.high degree of accuracy (i.e., the reported value is within about 20 or 30 percent 

.of the true value). , The uncertainty varils from analyte to analyte and is not typically quantified for 

individual analytes. The uncertainty associated with results between the TV and RL is comparatively high 

, but also varies from analyte to analyte. This can cause problems when interpreting data, especially when 

comparing two values. However, the .decision to report, to concentrations as low as TVs was made to 

provide the greatest chance for achieving the RBTLs in Table 1-5. Despite this relatively aggressive 

reporting convention, several RBTLs in both aqueous and solid media are still unattainable. TtNUS has 

worke~ closely with the' subcontracted analytical laboratories to select and optimize analytical methods in 

, an effort to attain, to the greatest extent possible, laboratorY TVs (or even RLs) that are less than or equal 

to the RBTLs. It is widely recognized that MDLs computed according to the industry standard (40 CFR 

~art 136, .Appendix !3) are determined in sample matrices that are relatively simple. As such, they do not 
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· necessarily reflect what is achievable in actual environmental sample matrices. TVs in Table 1-5 reflect 

. the computed MOL based on 40 CFR protocol tempered by the laboratory's experience with analyzing 

· samples with more complex matrices than those used to determine the TVs. Therefore, the TVs in the 

tables may be greater than the computed MDLs. Analytes for which the TV is greater than the RBTL for 

either aqueous or solid matrices are identified in Table 1-5 by shading. 

1.5.2 Human Health Risk Assessment 

· A baseline HHRA will beprepared.,to estimate risks to current or hypothetiQal future receptors at SWMUs 

8 and 15. The detailed risk assessment methodology is presented in Appendix C. The methodology 

considers risk assessment protocols established by U.S. EPA Region 5 and the IDEM.· The following 

components of a baselin.e risk assessment are included in Appendix C: 

• Data evaluation protocol (including data usability assessment and COPC selection) 

• . Exposure assessment (including CSM) 

• Toxicity assessment 

• Risk characterization 

• Uncertainty analysis 

1.5.3 Ecological Risk Assessment 

. The SERA will consist of the first two of eight steps required in the U.S. EPA guidance (U.S. EPA, 1997 

and 1998b). Step 3A of the Navy Policy for Conducting Ecological Risk Assessments is th~ first step of 

the BERA and consists of refining the list of copes that were retained following the SERA. Step 3A will . 

be included as an attachment to the SERA. Steps 3B through 7 will be conducted if additional 

evaluations or investigations are necessary. Finally, Step 8, Risk Management, will be incorporated 
. ~ 

throughout the ERA process in cooperation with Region 5 regulators. 

The· first phase in the ERA process is the SERA. In this phase, conservative exposure· estimates .are 

made for grouped or individual ecological receptors, and these exposures are compared to screening 

levels and threshold toxicity values. The SERA includes the following considerations, which are 

described in Appendix 0: 

• Screening-level problem formulation 

• Screening-level ecological effects evaluation 
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Screening-level exposure estimate 

Screening-level risk calculation 

1.5.4' Decision Rules 
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Based on site-specific factors described above and the DOO process outputs, this section describes how 

the data will ultimately be used for making decisions concerning the nature and extent of chemicals and 

the risks to human health and ecological receptors. 

The overall strategy for SWMUs 8 and 15 is to first screen analytical results against, risk-based ~creening 

,criteria to select COPCs. If COPCsare identified during screening, data assessment continues with an 

evaluation of. the nature and extent of contamination and an evaluation of the associated 'human and 

ecological risks. Additional data collection may be necessary. However, additional sampling beyond the 

second round of sampling is less likely. 

Decision rules are designed to be technically defensible and practical to implement. The decision, rules 

below apply to all target analytes except field and geotechnical parameters, which have no bearing on 

• ' CO PC selection or evaluations of risk. 

• 

To select copes, site chemical concentrations will be compared to,RBTLs and background or upgradient 

concentrations. 

Human health and ecological risks will be computed within an exposure unit (EU) boundary and 

compared to unacceptable risk limits to determine whether an unacceptable risk exists within the EU. For 

'these. SWMUs, the EU consists, of the entire sampled area, which represents an area likely to be 

'traversed by a,human receptor. If contamination extends beyond the EU boundary, the EU may be either 

reshaped or relocated to coincide with the contamin'ated area, or additional EUs may be established to 

encompass contamination extending beyond the chosen area. For ground water and soils, site 

conditions are not expected to, change during the time frame of this investigation, so no particular 

temporal considerations are necessary. 

For surface water, the ability to collect samples will be affected by rain events. Sampling will be timed to 

coincide with rain events that occur during field shifts. 

All of these facets of decision making are presented in detail below: 
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The decision rule is a statement that integrates 000 planning process outputs into a concise summary of 

how data will be interpreted when decisions are made about the site being investigated. In this case, 

several decision rules have been developed to address the multiple project objectives. The decision rules 

form·a basis for establishing a sampling plan design that enables data of the correct type, quantity, and 
, 

quality to be collected for attaining project objectives. RBTLs are analyte and· medium specific, so the 

applicable analyte- and medium-specific RBTL and EDOL will be used for a given environmental medium 

when decisions are made. 

1.5.4.2 Decision Rules for Establishing Background Concer'ltrations 

CO PC selection requires the comparison of site data to background concentrations. Therefore, it is 

necessary to establish background concentrations before proceeding to the CO PC evaiuation step. 

Background concentrations are concentrations that would exist in the absence of. influence· from site 

· operations. For mobile media such as ground water, surface water, and sediment, the background 

concentration is represented by concentrations upstream or upgradient of the site being investigated. 

When upgradient concentrations cannot be obtained because of flow patterns, side-gradient (cross-

· gradient~ concentrations are the next best choice. For· soils, background concentrations are the 

concentrations found in soils that are not influenced by site operations; For metals, the background 

concentrations will be represented by soil data from the NSWC Crane Basewide Background Soil 

Investigation (TtNUS, 2001). ' The backgro'und data set corresponding to soil having physical 

,characteristics (i.e., grain size, depositional environment, and depth) that most closely represent the 

:'SWMU samples will be used. For COPC selection, organic chemicals will be, assumed to 'have zero 

concentration in the natural environment. 

If data from selected locations upstream or upgradient of a SWMU indicate that any of the media do not 

represent background concentrations, the Navy may consult with IDEM to agree on the most appropriate 

course of action. Specific background samples for each of the media are identified in Section 3.0. 
I 

1.5.4.3, Decision Rules for Selecting COPCs 

Non-Detected Chemicals 

• 

• 

As explained in Section 1.5.1.2, all reasonable efforts were made to obtain detection limits low enough for • 

· concentrations less than background concentrations, RBTLs, and EDOLs to be measured for each 
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analyte. Therefore, non-detected chemicals will not be classified as COPCs. However, if a chemical is . 

non-detected at the IDLfTV in all the samples in a particular medium, and the IDLfTV exceeds the risk~ 

based level, the chemical will be qualitatively discussed in the uncertainty analysis section. Statistical 

calculations described below will not be conducted if an insufficient number of background/upgradient on

site data valu·es are obtained. In general, the foll~wing decision rules will be used for sel.ecting COPCs: 

• Organic target analytes in surface water and sediment: 

An organic target analyte is classified as a CO PC if the maximum detected target analyte 

concentration in any site surface water or sediment sample exceeds its RBTL. 

• .:' Inorganic target ana:lytes in surface water and sediment: 

An inorganic target analyte is classified as a CO PC if 

1. The Wilcoxon Rank-Sum (WRS) test at a 5-percent significance level indicates that the 

site surface -water or sediment population has a concentration exceeding the 

corresponding· upstream surface water or sediment population concentration.. The 

upstream data set used for these comparisons will be surface water or sediment samples 

collected upstream of the SWMU. 

AND 

2. The maximum detected target analyte concentration in any site surface water or 

sediment sample exceeds its RBTL. 

• . Organic target analytes in surface soil: 

An organic target analyte is classified as a COPC if the maximum detected target analyte 

concentration in any site surface soil sample exceeds its RBTL. 

• . Inorganic target analytes in surface soil: 

An inorganic target analyte is classified as aCOPC if 

1.· The WRS test at a 5-percent significance level indicates that the site surface soil 

population has a concentration exceeding the corresponding background surface· soil 

population concentration. Note: The background data set used for these comparisons 

will be that soil. type from the NSWC Crane Basewide Background Soil Investigation that 
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most closely matches the site soil samples in terms of depositional environment, depth, 

and grain size. If multiple soil types ·exist at a site, the appropriate corresponding soil 

type from the background data set will be used in th·e comparison with each site soil type. 

AND 

2. The maximum detected target analyte concentration in any site surface soil sample 

exceeds its R BTL. 

i. Organic target analytes in subsurface soil (human health risk only): 

- An organic target analyte is classified as a COPC if the maximum detected target analyte 

concentration in any site subsurface soil sample exceeds its RBTL. 
., 

• . Inorganic target analytes in subsurface soil (human health risk only): 

- . An inorganic target analyte is classified as a COPC if 

1. The WRS test at a 5-percent significance level indicates that the. site subsurface soil 

population has a concentration exceeding the corresponding background subsurface soil 

population concentration. Note: The background data set used for these comparisons 

will be· that soil type from the NSWC Crane Basewide Background Soil Investigation that 

most closely matches the site soil samples in t.erms of depositional environment, depth, 

and grain size. If multiple soil types exist at a site, the appropriate corresponding soil 

type from the background data set will be used in the comparison with each site soil type. 

AND 

2: The maximum detected target analyte concentration in any site subsurface soil sample 

exceeds its R BTL. 

• Organic target analytes in ground water (human health risk only): 

050419/P. 

Anorganic target analyte is classified as a COPC if the maximum detected target analyte 

concentration in any site monitoring well sample exceeds its RBTL. 
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1. The WRS test at a 5-percent significance level indicates that the site ground water 

population has a concentration exceeding the upgradient population concentration: 

Note: Data from all site wells of a given depth (shallow or deep) ~ill be compared to the 

upgradient well concentrations associated with the corresponding depth. 

AND 

2. The maXimum detected target analyte concentration in any site monitoring well sample 

exceeds its RBTL. 

Initially, the SWMU 8 and 15 inv~stigations . will be focused on surface soil sampling. In brief, the 

analytical results will be compared against screening criteria and, if the criteria are exceeded .(i.e., COPCs 

are identified) and other indications exist to suggest that other media have been impacted, an evaluation 

of the data will be undertaken to determine whether media other than surface soils are likely to be 

contaminated. This evaluation will involve a consultation between the Navy and IDEM. If other media 

warrant sampling and analysis, additional sampling and data collection will be planned for all media of 

interest. 

The strategy will be similar to the sequential strategy used for the other three SWMUs, as follows: . 

• Identification of COPCs 

• Evaluation of the nature and extent of contamination 

•. Evaluation of human health and ecological risk 

'1.5.4.4 Decision Rules for Establishing the Nature and Extent of COPCs 

The concept of nature and extent conveys the notion that· a concentration gradient decreases radially 

. from a contamination source. If multiple contamination sources exist, multiple independent or overlapping 

regions of contamination will exist. This is likely for heterogeneous media suet,. as soil. The nature and 

. extent concept implies that a region exists within which cope concentrations may be declared to present 

a potentially unacceptable risk to receptors and outside of which unacceptable risk is not expected .to 

exist. 
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A receptor's behaviortranslates into the receptor roaming a geographical area (or volume) called the EU. 

The receptor risk reflects the combined effect of exposure to both contaminated and uncontaminated 

regions within the EU. The relative proportions of the EU that are covered by contaminated and 

uncont~.minated regions; and the contaminant concentrations within those areas, ·influence the magnitude 

of risk incurred. Even if multiple localized regions of elevated contaminant concentrations exist within the' 

EU, the risk to the receptor may be acceptable. Consequently, relatively non-conservative reference 

values may be used to establish the extent of contamination. The computation of risk levels to receptors 

considers both the nature and extent of contamination and each receptor's EU. EUs may differ for 

individual receptors, so a representative EU is used for each receptor based on receptor behavior. the 

extent of contamination is based on human health risk comparisons. 

Ground Water and Soil Nature and Extent of Contamination 

Ground water and soil samples will be collected as detailed in Section 3.0 of this QAPP. Samples will not 

be collected from beyond the study area of the SWMUs without discussions between the Navy and IDEM. 

Surface Water and Sediment Nature and Extent of Contamination 

The extent of contamination will not be determined for any drainage channel surface water in which water 

is riot present during the sampling event. However, sediments will be sampled, if available, regardless of 

the availability of water in the drainage channels. 

Failure to Establish Nature and Extent of Contamination Within Three Sampling Rounds 

If the COPC extent boundary is not identified relative to RBTls within two rounds of sampling at SWMUs 

8 and 15, the Navy will seek consultation with IDEM to ,discuss the need for additional sampling. The 

following will be considered: 

• The expected contribution to risk estimates of the unbounded region of cont!3mination 

• 'The practicality of obtaining samples from the unbounded region 

•. The number of sampling locations exceeding screening criteria 

• Other factors that are pertinent to the evaluation but could not be anticipated in advance 
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1.5.4.5 Decision Rules for Evaluations of Risk 

The human health and ecological risk assessment methodologies are summarized in Sections 1.5.2 and 
, ' \ 

1.5.3, respectively, and the related appendices. EPCs in the figures refer to tho,se established in Section 

1.5.4. 

1.6 STATISTICAL METHODOLOGY 

,The analysis of variance (or the ANOVA technique) is the basic approach used to compare one data set 

tei another. For soils, this involves a comparison of background soil data to site soil data; for aqueous 

samples, it involves a comparison of upgradient(or cross-gradient) sample results' with downgradient 

sample results. TheANOVA technique is used to test whether there is statistically significant evidence of 

contamination: There are two types of ANOVA: parametric and non-parametric. The parametric ANOVA 

method makes two important assumptions: the data are normally distributed and whether or not the 

group variances are homogeneous. 

• 

• 

When either of these crucial assumptions to the parametric ANOVA is violated, a more appropriate 

test will be conducted. Normal data distribution is checked using the Shapiro~Wilk Test of Normality; 

Group variance homogeneity is checked using the Levene's test of Homogeneity of Variance. 

When the analysis demcmstrates that the ,Shapiro-Wilk Test of Normality passes but the Levene's 

'Test-of Homogeneity of Variance do~s not, then the Satterthwaite t-Test will be utilized to conduct the 

comparison on the individual'observations. 

• When the data analysis demonstrates that the Shapiro-Wilk Test of Normality, critical to the 

'parametric ANOVA, is violated, a non-parametric te~t will be conducted using the ranks of the 
, , , 

observations rather than the original observations themselves. Additionally, the Wilcoxon Rank-Sum 

test (also known as the Mann-Whitney U test) in conjunction with the Quantile Test can be employed 

as the non-parametric ANOVA for comparing the site results to the background results. 

\ 
, 1.6.1 Limit of Detection I Field Dupiicates 

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

are less than the lowest detectable concentration for the analytical procedure. ,The results are generally' 

\ ,reported as· not deteCted (rather than zero), and the appropriate limit of detection is given. This is 

• . interpreted to mean that the actual concentration lies between zero and the reported detection limit. The 
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amount of data that are less than the detection limit plays an important role in selecting the methOd of 

addressing the limit of detection problem. The nondetects found at this Crane site will be replaced with 

the TV divided by two prior to statistical analysis. This substitution is a compromise that allows the 

insertion of a single numerical value in place of a range of values between zero and the TV so that the 

data can be used in statistical calculations. .If all site observations are nondetect results, no statistical 

analysis is warranted because the data simply reflect the achievable detection limits divided by two. 

Another practice that has been adopted is to use only the original sample of field duplicate results in the 

statistical analysis.· This maintains the integrity of the data set by always using the field samples to 

represent the site analyte concentrations and the QC samples to evaluate reproducibility of the data. 

1.6.2 Non-Parametric AN OVA: The WRS Test 

.. . 
The following equations present a step-by-step procedure for conducting the WRS test (also known as 

the Mann-Whitney U Test) . 

. The null hypothesis (Ho) that is tes.ted is 

Ho The site concentration IS NOT greater than the background (upgradient) concentration. 

The alternate hypothesis (HA) is 

HA The site concentration IS greater than the background (upgradient) 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. 

n 1 
. W=IEi--n(n+1) 

i=1 2 . 

. where E; are the ranks of the site samples (Large values of the statistic W give evidence of 

contamination in site soils). 
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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' , 

(Le., no contamination exists) are given by the formulas 

E(W)=.!mn; 
2 

1 
SD(W)= -mn(N+1) 

12 

An approximate Z-score for the WRS test may be calculated by the following equations: 

W'- E(W) _.1 
z= 2 

SD(W) 

The factor of 1/2 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 nand m are greater 

than 10 and ties are present, an adjustment to the approximate Z-score must be made: 

W -E(W)-.! 
Z - 2 
RS-S'D(W) 

1 

where: S'D 
[ [ 

tti(tr-1)]]2 
(W) = mn N + 1- -,---i=1 

12 N(N-1), 
, . 

g = the number of tied groups and ~ is the number of tied data in the r group. 

• Step 4. For a one-tailed 95 percent confidence level test for Ho versus the, reject Ho and accept HA if 

ZADJUSTED> ZO,95 = + 1.645 . 
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Waste/Activit3£ . 

Caustic Cleaning 

Degreasing 

PainVCoating 

Wooden box treatment 

waste oils 

Plating/Coating 

Solutions 

Grit Blasting 

Load and Fill Operations 

TABLE 1-1 

POTENTIAL.HAZARDOUS WASTE 
BUILDING 106 POND 

NSWC CRANE, CRANE, INDIANA 

Hazardous Constituent 

sodium hydroxide . 
chromium 
lead 

trichloroethane (TCE) 

chromium 
lead 
dichloromethane 
acetone 
ethanol 
isopropanol 
methanol 
methyl ethyl ketone (MEK) 
naphtha 
toluene 
xylene 

pentachlorophenol (PCP) 

barium 
chromium 

boric acid 
cadmium 
chromic acid 
chromium 
hydrofluoric acid 

lead. 
nitric acid 
selenium 
sodium hydroxide 

cadmium 
chromium 
lead 
barium 

HMX 
RDX 
TNT 

Comments 

Spent halogented solvents 

Including coating wastes and sludges as well as 
caustic cleaning . 

. Explosives 

HMX - octahydro 1,3,5,7 tetranitro 1 ,2,5,7-tetrazocine (which is cyclotetramethylene tetranitramine). 
RDX - hexahydro 1,3,5 trinitro 1,3,5 triazine (which is cyclo-trimethyl-trinitramine or "cyclonite"). 
TNT - 2,4,6-trinitrotoluene. 



• 
Description· Analyses 

Areas around the floor drain piping from Energetics 
Building 106 to the BuJlding 106 Pond TAL metals 

App IXVOCs 
. App IX SVOCs 

Fecal coliform 

Area between Buildings 106 and 107 Energetics 
TAL metals 
App IXVOCs· 
App IX SVOCs-
Fecal coliform 
PCBs 

-
Areas around the floor drain piping from Energetics 
Buildings 107 to the Buildi(1g 106 Pond TAL metals 

App IXVOCs 
App IX SVOCs 
Fecal coliform 
PCBs 

• • 
TABLE 1-2 

PROJECT TARGET PARAMETERS AND RATIONALES 
SWMUS· 

-' 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 4. 

SS SB SO SW GW Rationale 

x x x Building operations included caustic washing, degreasing with TCE, acid·wash 
x x x with HCI, sand blasting, o.iI storage and the potential of oil-coated weapons 
x x· x storage, a paint shop that utilized paint thinners, toluene, naphtha, metals; 
x x. x xylenes, MEK, and a flocculimt tank that could have contained AI, solutions of Pb, 

x HN03, and Se. Explosives load and fiWoperations also reportedly have taken 
place .. Additionally, waste oil with the potential of containing B~, Cr, and other 
metals might have been present, and raw sewage may have been released. 
Building 106 operations·included reconditioning and testing of various types of 
cartridge cases as well as the. repair to all types of ammunition containers: 
Contaminant release mechanism would be leaks from drain lines to soil (primarily. I 
subusurface). Contaminant migration would be to deeper subsurface soils and 
possibly ground water. Ground water could have migrated to surface drainage 
channels to contaminate surface wate(and ·sediment. . . 

x x x x x At least one spill to surface soil (unknown volume and composition) from Building 
x x x x x 107 is known to have occurred in this area. Other spills to surface soil from either 
x x x x x building may also have occurred in this area. Any of the chemicals associated 
x x x x x with Building 106 or 107 operations could be a contaminant. A.small drainage 

x . channel used to exist between these buildings. Any contaminants would be 
x x x expected to migrate to deeper soils (and possibly groundwater), and to 

downgradient areas via overland runoff (and possibly ground water): 

x x x Building operations included sand blasting, possible oil storage for Oil-coated 
x x x weapons, metal and· wooden box processing including cleaning and painting of 
x x x the boxes, and a flocculant tank that could have contained AI, solutions of Pb, 
x x X HN03. ·and Se. Explosives load and fill operations also reportedly have· taken 

x place. Chemicals used in the box processing included PCP, TCE, Zn3(P04h, Cr, 
x x x H3P04, and H3B03• Additionally, waste oil with the potential of containing Ba and 

Cr might have been present, and raw sewage may have been released. Building 
107 operations included reconditioning and testing of various types of cartridge 
cases as well as the repair to all types of ammunition containers. Contaminant 
release mechanism would be leaks.irom drain lines to subsurface soil. 
Contaminant migration would be to deeper subsurface spils and possibly ground 
water. Contaminants in ground water could migrate toward downgradient 
drainage channels. 

September 2004 



Description Analyses 

Building 107 Compressor Room Outfall Energetics 
TAL metals 
App IX VOCs 
App IX SVOCs 
PCBs 

Building 106 Pond and Pond Area Energetics 
(The pond is unlined) TAL metals 

ApplX VOCs 
App IX SYOCs 
PCBs 
Fecal coliform 

, 

Former Drum Storage Area TAL metals 
App IXVOCs 
App IX SVOCs 
Pesticides 
Herbicides 
PCBs 

• 

.( 

TABLE 1-2 

PROJECT TARGET PARAMETERS AND RATIONALES 
SWMU8 

NSWC CRANE, CRANE, INDIA~A . 
PAGE 2 OF4 

SS SB SO SW GW 

x x x x x 

. Rationale 

The outfall from the cooling water associated with compressor operations in 
x ·x x x x Building 107 discharged to a catch basin located north of Building 106. Visual I 

x x x ·x x soil staining existed around this catch basin during a 2004 site visit This staining 
x x x x x'· is suspected to·be oil leakage from the compressor. A.ny contaminants would be 
x x x expected to migrate from surface soil and subsurface soil to deeper soils (and 

possibly ground water), and and from s·urface soil to downgradient areas via 
overland runoff. Overland flows and ground water may have transported 

i contaminants to the downQradient stream channel. , 

x x x X x The pond received discharges from operations in Buildings 106 and 107 and 
x x x x x surface runoff from the surrounding area. Any of the chemicals associated with 
x· ·x x x x Bldg 106 or 107 operations could De a contaminant. A septic odorwas noticed at 
x x x x x the former water treatment pump station for the pond during a 2004 site visit. The 
x x x source of the odor is unknown. During a 1987 site visit, 'an oily sheen was 

x x· observed on the pond surface. Contaminant release would be. from the unlined 
pond to subsurface soils (and possibly ground water) and from pond overflow to 
surrounding surface soils, subsurface soils, and downgradient surface water and 
sediment. Surface overflows have spilled down the embankment to the northeast 
into the ravine below. A corrugated metal pipe also directs pond overflow toward 
the.east into the ravine. Ground water may receive contamination from the 
contaminated drainage channels. The unlined pond has a buildup of leaves and 
other organic debris on the bottom of the pond, Sediment sampling of the· pond 
will be to a depth of 18 inches to ensure that the pond sediment is being sampled. 

x x x Miscellaneous steel drums were stored in the opsn at this area. Contents of 
x x x these drums are unknown. However, energetics (including perchlorate) are not. 
x x x suspected to be stored in this. area. Contaminant release would be to surface 
x x x soils. Migration would be to deeper soils and to downgradient areas via overland 
x x x runoff, eventually into the surface water and sediment of the nearby stream. 
x x Contaminant migration of metals, VOCs, and SVOCs into ground water could 

occur. Pesticides and herb~cides do not move readily to ground water from soil or 
sediment . 
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• 
Description Analyses 

Building 2722 Storm Sewer Junction Energetics 
Box Area TAL metals 

App IXVOCs 
App IX SVOCs 
Fecal coliform 

--

Surface water and sediment Energetics 
downgradient of ·source areas TAL metals 

App IX VOCs 
App IXSVOCs 
PCBs 
Fecal coliform 

Surface water and sediment upgradient Energetics 
of source areas TAL metals 

App IX VOCs 
App IX SVOCs 
Fecal coliform 

• • 
TABLE 1·2 

PROJECT TARGET. PARAMETERS AND RATIONALES 
SWMU8 

NSWC CRANE, CRANE, INDIANA 
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SS SB SO SW GW Rationale 

x x Releases associated with Buildings 106 and 107 operations could potentially 
x x migrate to the Building 2722 storm sewer. This included caustic washing, 

.. 
x x degreasing wiih TCE, acid wash with HCI, sand blasting, oil storage and the 
x x potential of oil-coated weapons storage, a paint shop which utilized paint thinners, 

x toluene, naphtha, metals, xylenes, MEK, and a flocculant tank that could have 
contained AI. solutions of Pb,HN03, and Se. Explosives load and fill operations 
also reportedly have taken place. Additionally. waste oil with the potential of 
containing Ba, Cr. and other metals might have been present. and raw sewage 
may have been released. Building 106 operations included reconditioning and 
testing of various types of cartridge cases as well as the repair to all types of 
ammunition containers. Contaminant release mechanism would be leaks from 
drain lines to soil (primarily subsurface). ·Contaminant migration would be to . 
deeper subsurface soils and possibly ground water. Ground water could have 
migrated to surface drainage channels to contaminate surface water and 
sediment. 

x x Chemicals may have migrated to or may have been dischared into surface water 
x x and sediment at source areas and downgradient of the SWMU. 
x x 
x x 
x x 
x. x 

_ .... 

x x The surface water upgradient of the source areas provides a point of reference 
x x when interpreting site data. It reflects surface water that has not been affe<:;ted by , 

site operations. Contaminants analyzed in the SWMU must be analyzed in these x x 
x x upgradient samples to enable comprisons of the two sampled populations. 
x x 
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Description Analyses 

Upgradient sediment and surface and CEC 
subsurface soils areas (uncontaminated pH 
areas) TOC 

----

AI - Aluminum, 
App IX - Appendix IX of 40 Code of Federal Regulations 264, 
Ba - Barium. 
CEC - Cation exchange capacity, 
CFR -Code of Federal Regulations. 
Cr - Chromium. . 
GW - Ground water. 
H3B03 - Boric acid. 

H3P04 - Phosphoric acid. 

HCI - Hydrochloric acid 
HN03 - Nitric acid. 
MEK - Methyl ethyl ketone 
Pb - Lead 

• 

TABLE 1-2 

PROJECT TARGET PARAMETERS AND RATIONALES 
SWMU8 

NSWC CRANE, CRANE, INDIANA 
PAGE 4 OF 4 ' 

SS SB SO SW GW Rationale 

x x x Information from samples collected in these areas will be useful for evaluating 
x x x 
x x x 

L-___ 

PCBs - Polychlorinated biphenyls. 
PCP- Pentachlorophenol. 
SB,- Subsurface soil. 
SD - Sediment.. . 
Se - Selenium 
Sn - Tin. 
SS - Surface soil. 

contaminant migration potential. 

SVOCs - Semivolatile organic compounds. 

SW -'Surface water. 

TAL - Target analyte list. 
TCE - Trichloroethylene.' ' 
TOC - Total organic carbon. 
VOCs - Volatile organic compounds. 
Zn(P04) - Zinc phosphate . 

• .er2004 



• 
Aoc Description 

.' 
A Form,er Asphalt Batch Plant 

- ---

B Former UST and Gasoline Pump Area 

-

C Former A.ST near Former Building 2801 

- -------

D Former Inert Storage (Building 2716) 

• • 
'TABLE 1-3 

PROJECT TARGET PARAMETERS AND RATIONALES 
SWMU 15 

NSWC CRANE, CRANE, INDIANA 
, PAGE 1 OF7 

Analyses. en CD 0 
== 1: Rationale en en en en CI 

App IXVOCs 

" 
x x x The selected chemicals are associated with asphalt manufacturing. Asphalt spills 

App IXSVOCs x x x are known'to have occurred, and related chemical releases to surface soils may 
TAL Metals plus Sn x x x have occurred. Contaminant migration would be to deeper soils and possibly, 
PCBs x x . x ground water (minimal ground water impact is expected), and also via overland 

asphalt flow and precipitation runoff. 

TAL Metals plus Sn x x x Previous excavation at UST west of Building 2801 indicated the presence of 
Dissolved TAL Metals plus Sn x "heavy petroleum-type" material (e.g., SVOCs or VOCs). Additionally, the USTs 
App IXVOCs x x x had the potential to have contained' leaded gasoline. Contaminant release would 
App IXSVOCs x x x have been to subsurface soils from leaking tanks and transfer lines, and possilby 
Water quality parameters x some spillage onto surface soils, with potential migration to deeper soils and 

ground water. Ground water may have migrated to surface drainage channels. 

App IX VOCs x x The AST is known to have stored waste oils and may have also stored organic 
App IX SVOCs x x solvents. Contaminant release would have been to surface soils with potential 
PCBs x x migration to deeper soil, to other areas via overland runoff, and possibly to ground 

water. It will be necessary to analyze ground, water for PCBs because PCB 
solubility, which is normally very low in water, can be increased in the presence of 
organic solvents. 

----------- --- --- --------

TAL Metals plus Sn x x Granular,herbicide ureabor (approximately 800 Ib) was once stored here in paper 
Dissolved TAL Metals plus Sn bags. Ureabor contains about 67% sodiummetaborate, 30% sodium chlorate, 
Pesticides x x 

" 
1.S% bromacil (S-bromo-3-sec-butyl-6-methyluracil), and 1 to 2% inert ingredients. 

Herbicides x x Contaminant release mechanism would be spillage to surface soil. Migration 
would be to deeper soil and possibly ground water and to downgradient areas via 
overland runoff. Because some older, pesticides contained arsenic, metals 
analyses will also be conducted. Impact to ground water can be measured by 
collecting ground water samples. 
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AOC Description 

E(2) Former Wash Rack(s) and 
Paint House (Building 2774) 

.. 

F Former AST Areas 
(Former Buildings 2717 and2718) 

" 
G Hillside Debris Area South of Former, Buildings 

2717 and 2718 
(extending ~o stream bed) 

• 

TABLE 1-3 

PROJECT TARGET PARAMETERS AND RATIONALES 

Analyses 

TAL Metals plus Sn 
Dissolved TAL Metals plus Sn 
App IXVOCs 
App IXSVOCs 
Pesticides 
Herbicides 

. PCBs 

-

App IXVOCs 
App IX SVOCs 

TAL Metals plus Sn 
Dissolved TAL Metals plus Sn 
App IXVOCs 
App IXSVOCs 
Pesticides 
Herbicides 
PCBs 
Water quality parameters 

, SWMU 15 
NSWC CRANE, CRANE, INDIANA 
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(J) In C 3: 1: (J) (J) (J) (J) 
(!) 

x x 

x x 
x x 
x, x 
x x 
x x 

--

x x 
x x 

x x x 
x 

x x x 
x x x 
x x x 
x x x 
x x x 

x 

• 

Rationale 
" -

Wash Racks: Equipment with the potential to have contained pesticides may have 
been washed out at this rack. Additionally, the pipe bottoms entering and exiting 
the rack area C\re coated with asphalt-like material. Trucks from all over Crane 

. were washed at this location resulting in a potential for a wide variety of 
contamination from many sources. However, VOC analysis has been excluded 
because VOCs would have volatilized, Contaminant release would have been to 
drainage channels (potential surface water and sediment contamination) . 
Contaminant migration would be to downgradient areas via channel flow, possibly 
to subsurface soils in the vicinity of the drainage channels, and possibly to ground' 
water. 

Additionally, there is a potential for degreaser which contained chlorinated solvents 
to'have been used in equipment washing at the wash 'racks. 

Paint House: Paints containing metals (i.e., Pb, Cr, Ti) and resins were stored in 
Building 2774. Volatile solvents were used as paint thinners and for paint removal. 
Additionally, oils may have been stored in this location. 

Pesticides and herbicides are scheduled for analysis at both the wash rack(s) and 
the Paint House because these areas were close to each other. Contaminant 
release would be to surface soil from spillage. Contaniinnant migration would be 
to deeper soil and possibly ground water, and to downgradient areas via overland 
runQff. Pesticides, herbicides,' and PCBs will be analyzed in ground water 
because cosolvency with organic solvents can increase the normally very low 
solubilities of these chemicals. 

--_.- - -

Oil-burning space heaters were used in Buildings 2717 and 2718. ASTs for the 
fuel oil were located at the northeastern corner of each building. The contamiant 
release mechanism would have been spillage to surface soil. Contaminant 
migration would be to deeper soil and possibly ground water, and to downgradient 
areas via overland runoff. Impact to ground water can be measured by collecting 
Iqround water samples, 

Unknown types of debris from SWMU 15 or elsewhere from the Base may have 
been dumped in this area. Therefore, a wide array of chemical analyses is 
required to address the potential contamination. The contamination is expected to 
be shallow because the contaminant release mechanism is spillage and other 
releases to surface soils, .Contar:ninnat migration would be to deeper soil and 
possibly ground water, and to downgradient areas via overland flow. 
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• 
AOC Description 

H Drainage Area Across Interjl1ittent Stream 
South of Hillside Debris Area 

I Drainage Channels Downgradient of Source 
Areas 
(Down gradient of SWMU 15) 

J Areas Upgradient of Source Areas. 
(Upgradient of SWMU 15) 

.r 

• • 
. TABLE 1-3 

PROJECT TARGET PARAMETERS AND RATIONALES 
SWMU 15 

Analyses 

TAL Metals plus Sn 
Dissolved TAL Metals plus Sn 
App IXVOCs 
App IXSvbCs 
Pesticides 
Herbicides 
PCBs 
Water quality parameters 

TAL Metals plus Sn 
Dissolved TAL MetCils plus Sn 
App IXVOCs 
App IXSVOCs 
Pesticides 
Herbicides 
PCBs 
Water quality parameters 

TAL Metals plus Sn 
Dissolved TAL Metals plus Sn 
App IXVOCs 
App IXSVOCs 
Pesticides 
Herbicides 
PCBs 
Water quality parameters 

NSWC CRANE, CRANE; INDIANA 
PAGE 3 OF7 

CJ) aI C. 3= 1:' CJ) CJ) CJ) CJ) 
(!) 

x x x 
x 

x x x 
x x x' 
x x x 
x x x 
x x x 

x 

x x 
x 

x x 
x x 
x x 
x x 
x x 

x 

x x 
x 

x x 
x x 
x x 
x x 
x x 

x 

Rati.onale 

Unknown types of debris from SWMU 15 or elsewhere from the Base have been 
dumped here. Therefore, a wide array of analyses will be considered for all media. 
Contamiant release mechansim would have been spillage to surface soil. 
Contaminant migration would be to deeper soil and possibly ground water, and to 
downgradient areas via overland runoll.-

The same analyses as conducted on the SWMU and upgradient areas will be 
conducted on these samples from the drainage chan riels because contaminants 
may have migrated in.a downgradient direction .. These drainage.channels.are 
conduits for potential contaminant transport and are potential contamination 
accumulators. One sample will be collected for each channel drainageway of the 
SWMU. Potentially contaminated media would be surface water and sediment 
with a potential for migration of contaminants into ground water and soils under 
and near to the drainage channels: Impact to ground water can be measured by 
collectinq qround water samples. 

To provide a reference for determining whether operationally related contamination 
has been released at the site or' contaminants have been transported onto the site 
from upgradient sources. Impact to ground water can be measured by collecting 
ground water samples. 

One upgradiant sediment sample .from this AOC should be analyzed for cyanide to 
determine if the cyanide is being carried onto the SWMU from upgradient plating 
activities. 

I 
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·AOC Description 

K. Catch Basin West of Roadway Along West 
Side of Building 3330 
(Upgradient of SWMU 15) 

L Drainageway Southeast of Former Asphalt 
Batch Plant 

M Drainageways Along the Southern Area of 
SWMU 15 

N Catch Basin South of Former Asphalt Batch 
Plant 

• 

TABLE 1-3 

PROJECT TARGET PARAMETERS AND RATIONALES 
SWMU 15 

Analyses 

TAL Metals plus Sn 
TAL Metals plus Sn 
App IXVOCs 
App IXSVOCs 
Pesticides 
Herbicides 
PCBs 
Cn 
Water quality parameters 

TAL Metals plus Sn 
Dissolved TAL Metals plus Sn 
App IXVOCs 
App IX SVOCs 
PCBs 
Water quality parameters 

TAL Metals plus Sn 
Dissolved TAL Metals plus Sn 
App IXVOCs 
App IX SVOCs 
Pesticides 
Herbicides 
PCBs 
Water quality parameters 

App IXVOCs 
App IXSVOCs 
TAL Metals plus Sn 
PCBs 
Water quality parameters 

NSWC CRANE, CRANE, INDIANA 
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x x 
x 

x x 
x x 
x x· 
x .x 
x x 
x 

x 

x x 
x x 
x x 
x x 
x x 

x 

x x 
x 

x x 
. x x 

x x 
x x 
x x 

x 

x x 
x x 
x x 
x' .x 

x 

• 

Rationale 

To prcivide a reference for determining whether operationally related contamination 
has been released at the SWMU or whether contaminants have been transported 
onto the SWMU from upgradient sources. Impact to ground water can be 
measured by collecting ground water samples. 

One upgradiant sediment sample from this AOC should be analyzed for cyanide to 
determine if the cyanide is being carried onto the SWMU from upgradient plating 
activities. 

The selected chemicals are associated with asphalt manufacturing and other 
chemicals that may have migrated to this area from other sources. Releases of 
asphalt to surface soils may have occurred at and downgradient of the asphalt 
batch plant. Contaminant- migration would be to deeper soils and possibly ground 
water, and also to surface water and sediment via overland asphalt flow and 
Iprecipitation runoff. Impact to ground water can be measured by collecting ground 

Equipment with the potential to have contained pesticides may have been washed 
at this rack. Additionally, the pipe bottoms entering and exiting the rack area are 
coated with asphalt-like material. Trucks from all over Crane were washed at this 
location resulting in a potential for.a wide variety of contamination from many 
sources. However, VOC analysis has been excluded because V0Cs would have' 
volatilized. Contaminant release would have been to drainage channels 
(potential surface water arid sediment contamination). Contaminant migration 
would be to downgradient areas via channel flow, and possibly to subsurface soils 
and ground water in the vicinity of the drainage channels. Impact to ground water 
can be measured by collecting ground water samples. . 

The selected chemicals are associated with asphalt manufacturing. Releases of 
ashpalt to surface soils may have occurred at and downgradient of the asphalt. 
batch plant. Contaminant migration would be to deeper soils and possibly ground 
water, and also to surface water and sediment via overland asphalt flow through 
the drainage ways. Impact to ground water can be measured by collecting ground 
water samples. 
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• 
AOC Description 

0 Former Paint Locker 

P Catch Basin West of Building 3330 
(Upgradient of SWMU 15) 

-

Q Drainageway South of Former UST and 
Former Gasoline Pump Area 

R Drainageway Southwest of Former Wash 
Rack 

----

• • 
TABLE 1·3 

PROJECT TARGET PARAMETERS AND RATIONALES 
SWMU 15 

Analyses 

TAL Metals plus Sn 
Dissolved TAL Metals plus Sn 
App IXVOCs· 
App IXSVOCs 

TAL Metals plus Sn 
Dissolved TAL Metals plus Sn 
ApplXVOCs 
App IXSVOCs 
Pesticides -

. Herbicides 
PCBs 
Cn 
Water quality parameters 

TAL Metals plus Sn 
Dissolved TAL Metals plus Sn 
App IXVOCs 
App IXSVOCs 
PCBs 
Water quality parameters 

TAt.; Metals plus Sn 
Dissolved TAL Metals plus Sn 
App IXVOCs 
App IXSVOCs 
Pesticides: 
Herbicides 
PCBs 
Cn 
Water quality parameters 

NSWC CRANE, CRANE, INDIANA 
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x x 

x x 
x x 

x x 
·x 

x x 
x x 
x x 
x x 
x x 
x x 

x ,--

x x 
x 

x x 
x x 
x x 

x 

x x 
x 

x x 
x x 
x x 
x x 
x x. 
x 
x x 

Rationale 

Paints containing metals (e.g., Pb, Cr, Ti) and resins may have been stored in the 
paint locker; Volatile solvents were used as paint thinners and for paint removal. 
Additionally, oils may have been stored in this location. Contaminant release 
mechansim would be spillage to surface soils. Migration would be to ceeper soils 
and possibly ground water, and to downgradient areas via overland flow: Impact 
to ground water can be measured by collecting ground water samples. 

- ---- -- - ---- -- ---

To provide a reference for determining whether operationally related contamination 
has !leen released at the site or contaminants have been transported onto the site. 
from upgradient sources. This catch basin is not necessarily expected to be 
contaminated. Because this is a reference point, samples collected from this 
location will receive all analyses conducted on other SWMU 15 samples. Impact 
to ground water can be measured by collecting ground water samples . 

I 

Previous excavation at UST west of Building 2801 indicated the presence of 
"heavy petroleum-type" material that could include SVOCs and VOCs. 
Additionally, the USTs had the potential to contain leaded gasoline. Contaminant 
release would have been to subsurface soils with potential migration to deeper-
soils and ground water. Ground water may have migrated to surface drainage 
channels. Impact to ground water can be measured by collecting ground water 
samples. '-

Equipment with the potential to have contained pesticides may have been washed 
at this rack. Additionally, the pipe bottoms entering and exiting the rack area are 
coated with asphalt-like material. Trucks from all over Crane were washed at this 
location resulting in a potential for a Wide variety of contamination from many 
sources. However, VOC analysis has been excluded because VOCs would have 
volatilized. Contaminant release would have been to drainage channels (potential 
surface water and sediment contamination). Contaminant migration would be to 
downgradient areas via channel flow, and possibly to subsurface soils and ground 
water in the vicinity of the drainage channels. Impact to ground water can be 
measured by collecting ground water samples. Additionally, there is the potential 
for degreasers which contained chlorinated solvents to have been used during 
equipment washinQ at the wash rack. 
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AOC Description 

S Catch Basin at Intersection of Two 'Storm . 
Sewers West of center of Building 3330 
(Upgradient Catch basin) 

T Storm Water Drop Box/Junction Box northwest 
of Former Wash Rack 

-- ---

U . Hillside Debris Area Northeast of SWMU 15 

V Intermittent Stream Banks South and East of 
SWMU 15 
(Downgradient) 

• 

TABLE 1-3 

PROJECT TARGET PARAMETERS AND RATIONALES 
SWMU 15 

.-
Analyses 

TAL Metals plus Sn 
Dissolved TAL metals plus Sn 
App IX VOCs 
App IXSV09s 
Pesticides 
Herbicides 
PCBs 
Cn 
Water quality parameters 

TAL Metals plus Sn 
Dissolved TAL metals· plus Sn 
App IXVOCs 
App IX SVOCs 
Pesticides 
Herbicides 
PCBs 
Water quality parameters. 

. --

TAL Metals plus Sn 
Dissolved TAL metals plus Sn 
App IXVOCs 
App IXSVOCs 
Pesticides 
Herbicides 
PCBs 
Water quality parameters 

TAL Metals plus Sn 
Dissolved TAL Metals plus Sn 
App IXVOCs 
App IXSVOCs 
Pesticides 
Herbicides 
PCBs 
Cn 
Water quality parameters 

NSWC CRANE, CRANE, INDIANA 
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Rationale 

Data from this area will provide a reference for determining whether operationally 
related contamination has been released at the site or contamination have been 
transported onto the site from upgradient sources via the drainage channels. This 
catch basin is not necessarily expected to be contaminated, but samples collected 
here will received all analyses scheduled for SWMU 15 samples. Impact to 
ground water can be measured by collecting ground water samples. 

--

Equipment with the potential to have contained pesticides may have been washed 
at this rack. Additionally, the pipe bottoms entering and exiting the rack area are 
coated with asphalt-like material. Trucks from all over Crane were washed at this 
location resulting in a potential for a wide variety of contamination from many 
sources. However, VOC analysis has been excluded because they large 
quantities of VOCs would have volatilized. Contaminant release would have been 
to drainage channels (potential surface water and sediment contamination). 
Contaminant migration would be to downgradient areas via channel flow, and 
possibly to subsurface soils and ground water in the vicinity of the drainage 
channels. Impact to ground water can be measured by collecting ground water 
samples. 

Unknown types of debris from SWMU 15 or elsewhere from the base may have 
been dumped in this area. Therefore, a wide array of chemical analyses is 
required to address the potential contamination. The contamination is expected to 
be shallow because the contaminant release mechanism is spillage and other 
releases to surface soils. Contaminant migration would be to deeper soil and 
possibly ground water, and to down gradient areas via overland flow. 

The streams would be major surface conduits for transporting contaminants from 
the SWMU to downgradient areas. Therefore, the same analyses will be 
conducted on samples collected from this area as are conducted on samples 
collected from withiri the SWMU and the upgradient areas. The data will be used 
to determine whether· contaminants have migrated in the downgradient direction 
through these channels. Impact to ground water can be measured by collecting 
ground water samples in other (downgradient) areas. 

-
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• 
AOC Description 

W Sanitary Landfill South of the Salt Dome 

N/A Background Soil 

NA Background Soil and Upgradient Sediment 

%. Percent. 
. AOC • Area of concern. 
App - Appendix. 
AST - Aboveground storage tank. 
BG - Background. . . 
BTEX - Benzene, toluene, ethyl benzene and xylene. 
Ca - Calcium. . . 
CI - Chloride. 
Cn - Cyanide. 
Cr - Chromium. 

. GW - Ground water. 

• • 
TABLE 1-3 

PROJECT TARGET PARAMETERS AND RATIONALES 
SWMU 15 

NSWC CRANE, CRANE, INDIANA 
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Analyses 

TAL Metals plus Sn 
Dissolved TAL Metals plus Sn 
App IXVOCs 
App IXSVOCs 
Pesticides 
Herbicides 
PCBs 
Wat~r quality parameters 

Metals data from basewide BG 
study will be used. 

CEC 
pH 
TOC 

Herb. - Herbicides . 
Ib - Pounds. 
Mg - Magnesium. 
MTBE - Methyl tertiary butyl etner. 
N/A - Not applicable. 
Na -Sodium. 
NTU - Nephelometric Turbidity Unit 
Pb -.Lead. 
PCBs - Polychlorinated biphenyls. 
Pest. - Pesticides. 
S8 - Subsurface soil. 

en en 

x 

x 
x 
x 
x 
x 

x 

x 
x 
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x x x x 
x x 

x x x x 
x x x· x 
x x x x 
x x x x 
x x x x 

x x 

x 

x x 
x x 
x x 

Rationale 

In the 1960s a construction and.demolition wastes were land filled in an area south 
of the present day salt dome which is located south of Highway 99. The debris in 
this landfill area is believed to have consisted of building material waste, concrete, 
glass, rock, demolished pavement, trees, and tree limbs as well as disposal of 
dead deer. Other wastes may also have been disposed of in the landfill: 

The waste was hauled to the landfill area by trucks and then a bulldozer was used 
to level the waste and cover it with native soil. 

Because the nature of the materials placed in the landfill is not known, the landfill 
area will be analzyed fora wide variety of constituents. 

---

These data will provide a pOint of reference for determining whether operationally 
related soil contamination has been released at the site. It is not necessary to , 
collect samples to obtain these data because the necessary data are availble as a 
result of thebasewide background soil investigation. Data comprise TAL metals, 
lithium, strontium, and tin. 

To provide points of reference for interpretation of migration potential of· 
contaminants. It Is necessary to collect background soil samples for these 
parameters because they were not determined during the basewide background 
study. 

SD - Sediment. 
Sn -Tin. 
SS -Surface soil. 
SVOCs - Semi volatile organic compounds. 
SW - Surface water. 
SWMU - Solid Waste Management Unit. 
TAL - Target analyte list. 
Ti - Titanium. . 
UST - Underground storage tank . 
VOCs - Volatile organiC compounds. 

1 - During the Round 1 sampling event, ground water samples will be coUected at the bedrock-overburden interface (perched samples) io determine ·if contamination has migrated through the soils and 
potentially along the bedrock surfac13. Dissolved TAL metal samples will only be collected if turbidity of ground water in the well exceeds 10 NTU. 

2 - Due to the proximity of the Former Wash Rack(s) to the Paint House, both areas will be tested for the same parameters. 
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• 
SWMU Description 

18 Load and Fill Area Buildings 

19 PTA 

• OTA 
• PTA Annex 

• RR 

20 CAAA QAlQC Test Area 

OGTSL OGTSL 

AST -.,. Aboveground storage tank .. 
CAAA - Crane Army Ammunition Activity 
OGTSL - Old Gun Tub Storage Lot. . 
OTA -'Ordnance Test Area. 
PAHs - Polynuclear aromatic hydrocarbons 
PCBs - Polyphlorinated biphenyls. 
PTA -:- Pyrotechnic Test Area. 
QAlQC - Quality Assurance/Quality Control. 

• • 
TABLE 1-4 

PROJECT TARGET PARAMETERS AND RATIONALES. 

Analyses' 

SWMUs 18, 19, AND 20 .AND THE OGTSL 
NSWC CRANE, CRANE, INDIANA 

III III C 3: .~ 
III III III III " 

Rationale(1) 

Energetics (except perchlorate) x SWMU 18 consists of.various buildin·gs that were used in munitions load and fill 
TAL metals plus Sn 
Ammonium pricrate . 

Energetics 
VOCS(2.1 

. SVOCS(2) 
TAL metals plus U and Sr 
Perchlorate 

EnergeticS 
TAL metals plus Sn 
Perchlorate 

, 

TAL metals plus Sn 
PCBs 
SVOCs (induding PAHs) 

x 
x 

·x 
x 
x 
x 
x 

x 
x .( 

x 

x 
x 
x 

RR ~ Rocket Range. 
Sn-Tin. 

operations. Four of the buildings (104, 105, 198, and 200) have been targeted for 
U.S. EPA FormCA725 human health assessment. Contaminant release would 
have been energetics: Contaminant release mechanism would be leaks from 
spills to surface soil. Worker exposure is the primary receptor pathway of 
concem. 

Spills of ammonium picrate are known to have occurred at this SWMU. 

SWMU 19 consists of a farge, open field with concrete buildings that are used for 
QAlQC test buming of pyrotechnic devices as well as submarine batteries and 
rocket motors. Contamination from testing activities may include perchlorate and 
chlorates, oxidizers, explosives, propellants, and fuels. The primary contaminant 
deposition mechanism is ~erial release directly to surface soils. Worker exposure 
is the primary receptor pathway of concern. 

Fuels and organic solvents were used in the pyrotechnic testing in the Fast Cook-
Off Area. 

SWMU 20 consists of ordnance and pyrotechnic test areas. The primary 
contaminant deposition mechanism would be released directly to surface soils. 
Worker exposure is the primary receptor pathway of concem. . 

The OGTSL consists of a relatively flat area covere~. by gravel where gun tubs 
from ships were stored in the open. The information collected in this effort will 
focus on determining whe!her releases may have occurred to surface soil. 

SVOCs - Semi volatile organic compounds. 
SWMU - Solid Waste Management Unit. 
TAL - Target analyte list. 
UST - Underground storage tank. 
VOCs - Volatile organic compounds. 

1 -.The information collected in this effort will focus on determining whether releases may have occurred to surface soil which pose a risk to human receptors utilizing the C725 Environmental Indicator form. 
2 - VOGs and SVOG will be sampled for at the 19SB007, the Fast Cook-Off Area. . 

I 

I 

September 2004· 
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TABLE 1~5 

DETECTION LIMITS AND RISK CRITERIA 
·SWMUs 8,15,18,19, AND 20 AND THE OGTSL 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 11 

Aqueous Matrix 
Laboratory . Risk-Based Laboratory 

PARAMETER 
CAS 

NUMBER 

EXPLOSIVES (NITROAROMATICS AND NITRAMINES) 
SW-846 METHOD 8330 

121-82-4 

TV(l) 

(~glL) 

0.25 

Target 
RL (1) Level (2) TV (1) RL(l) 

(~glL) (~g/L) (mg/kg) (mglkg) 

0.5 

• 
Solid Matrix 

Risk-Based Risk-Based 
Soil Target Sediment Target 

Level (2) Level (2) . I 

(mglkg) _ (mg/kg) 

4.4 

610 

3100 



PARAMETER 

• 

CAS 
NUMBER 

TABLE 1-5· 

DETECTION LIMITS AND RISK CRITERIA 
SWMUs 8,15,18,19, AND 20 AND THE OGTSL 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 11 

• 

Target 
Level (2) 

L 

Laborato 

TV (1) I· RL (1) 

Solid Matrix 
Risk-Based 
Soil Target 

Level (2) 

ma/k 

Risk-Based 
Sediment Target 

Level (2) 

ma/k 

• 



• 

PARAMETER 
CAS 

NUMBER 

POLYNUCLEAR AROMATIC HYDROCARBONS 

• 
TABLE 1-5 

DETECTION LIMITS AND RISK CRLTERIA 
SWMUs 8, 15, 18, 19, AND 20 AND THE OGTSL 

NSWC CRANE, CRANE, INDIANA 
PAGE 3 OF 11 

Risk-Based· --- _. --_. l 
Target i 

TV (1) RL(l) Level (:) TV (1) RL(l) 

SW-846 METHOD 8270C WITH SELECTIVE ION MONITO·RING. 

• 
Risk-Based 

Sediment Target 
Level (2) 



PARAMETER 

• 

CAS 
NUMBER 

TABLE 1-5 

DETECTION LIMITS AND RISK CRITERIA 
SWMUs a; 15, la, 19, AND 20 AND THE OGTSL 

NSWC CRANE, CRANE, INDIANA 

TV (1) 

PAGE 4 OF 11 

RL(l) 

• 

Target 
Level (2) TV(l) RL (1) 

Soil Target 
Level (2) 

Risk-Based 
Sediment Target 

Level (2) 

• 



• 

.. ~ 

PARAMETER 
CAS 

NUMBER 

• TABLE 1;..5 

DETECTION LIMITS AND RISK CRITERIA 
SWMUs 8,15,18,19, AND 20 AND THE OGTSL 

NSWC CRANE, CRANE, INDIANA 
PAGE 5 OF 11 

• 



PARAMETER 

• 

CAS 
NUMBER 

TABLE 1-5 

DETECTION LIMITS AND RISK CRITERIA 
SWMUs 8,15; 18, 19, AND·20 AND THE OGTSL 

NSWC CRANE, CRANE, INDIANA 
PAGE 6 OF 11 

TV(l) 

OS (EXCEPT PAHs) 

• 

RL(l) 

" 

Soil Target 
Level (2) 

Risk-Based 
Sediment Target 

Level (2) 

• 



• 

PARAMETER 

SEMIVOLATILE ORGAN 
SW-846 METHOD 827,QC 

'. 
tABLE 1-5 

, , 

, DETECTION LIMITS AND RISK CRITERIA 
SWMUs 8,15,18,19, AND 20 AND THE OGTSL 

NSWC CRANE, CRANE, INDIANA 
PAGE 7 OF 11 

CAS 
NUMBER TV(1) RL(1) 

R;~::,r ·1 . TV(~T---' 
RL(1) 

OS (EXCEPT PAHs) 

.' 

Risk-Based 
Sediment Target 

Level (2) 



PARAMETER 

• 

CAS 
NUMBER 

TABLE 1-5 

DETECTION LIMITS AND RISK CRITERIA 
SWMUs 8,15,18,19, AND 20 AND THEOGTSL 

NSWC CRANE, CRANE, INDIANA 
PAGE 8 OF 11 

Risk-Based 

• .~ 



• 

PARAMETER 
CAS 

NUMBER 

VOLATILE ORGANIC COMPOUNDS 
SW-846 METHOD 5035B/8260B (Continued) 
Allyl chloride (3-chloro-1-propene) 107"05-1 
Benzene 71-43-2 . 
Bromodichloromethane 75-27-4 
Bromoform 75-25-2 
Bromomethane 74-83-9 
Carbon disulfide 75~ 15-0 
Carbon tetrachloride 56-23-5 
Chlorobenzene 108-90-7 
Chloroethane 75-00-3 
Chloroform 67-66-3 
Chloromethane 74-87-3 . 
cis-1,2-Dichloroethene 156-59-2 
cis-1,3-Dichloropropene 10061c01-5 
Dibromochloromethane 124-48-1 
Dibromomethane 74-95-3 
Dichlorodifluoromethane 75-71-8 
Ethylbenzene 100-41-4 
Ethyl methacrylate 97-63-2 
Methacrylonitrile 126-98-7 
Methylene chloride 75-09-2 

Methyl iodide 74-88-4 
Methyl methacrylate 80-62-6 
Methyl tert-Butyl Ether 1634-04-4 
Styrene 100-42-5 
Tetrachloroethene 127-18-4 
Toluene 108-88-3 
trans-1,2-Dichloroethene .156-60-5 
trans-1,3-Dichlo"ropropene 10061-02-6 

• ••• 
TABLE 1-5 

DETECTION LIMITS AND RISK CRITERIA 
SWMUs 8,15,18,19, AND 20 AND THE OGTSL 

NSWC CRANE, CRANE, INDIANA 
PAGE 9 OF 11 

Aqueous Matrix 
Laboratory . Risk-Based Laboratory 

Target. 
TV(1) RL(1) Level (2) n;(1) . RL(1) 

(lJg/L) (lJg/L) (lJg/L) . (mg/kg) (mg/kg) 

0.5 5 1800 0.001 0.01 
0.3 1 0.34 0.001 0.003 
0.3 1 0.18 0.001 0.003 
0.3 1 8.5 0.001 0.003 
0.3 1 8.7 0.001 0.003 
0.3 1 15 0.001 0.003 
0.3 1 0.17 0.001 0.003 
0.3 1 47 0.001 0.003 
0.3 1 4.6 0.001 0.003 
0.3 1 6.2 0.001 0.003 
0.3 1 1.5 0.001 0.003 
0.3 1 61 0.001 0.003 
0.3 1 0.4 0.001 . 0.003 
0.3 1 0.13 0.001 0.003 
0.3 1 61 0.001 0.003 
0.3 1 390 . 0.001 0.003 
0.3 1 2.9 0.001 0.003 
0.5 5 550 0.001 0.01 
0.5 5 1 0.001 0.01 
0.3 1 4.3 0.001 0.003 
0.5 . 5 --(4) 0.001 .0.01 
0.5 5 1400 0.001 0.01 
0.5 1 13 0.001 0.003 
0.3 1 32 0.001 0.003 
0.3 1 0.66 0.001 0.003 
0.3 1 253 . 0.001 0.003 
0.3 1 100 0.001 . 0.003 
0.3 1 0.4 0.001 0.003 

• 
.... ~ . 

Solid Matrix 
Risk-Based Risk-Based 
Soil Target Sediment Target 
. Level (2) Level (2) 

(mglkg) (mglkg) 

0.0134 3000 
0.034 0.142 
0.51 0.82 
15.9 0.492 

0.235 0.00137 
0.0941 0.0239 
0.066 0.25 

1.3 0.291 
0.65 3 
0.47 0.121 
1.2 1.2 
0.4 43 

0.78 0.78 
1.1 1.1 
65 67 

39.5 94 
5.16' 0.175 
30 140 

0.057 2.1 
0.023 9.1 

1.23 _.<4) 

984 0.168 
0.18 62 
3.5 0.254 

0.058 0.99 
5.45 1-.22 
0.68 0.654 
0.78 0.78 



PARAMETER 
CAS 

NUMBER 

VOLATILE ORGANIC COMPOUNDS 
SW-846 METHOD 5035B/8260B (Continued) 
Trichlorofluoromethane 75-69-4 
Vinyl acetate 108-05-4 
Vinyl chloride . - 75-01-4 
Total Xylenes 1330-20-7 
1 ,4-Dioxane 123-91-1 
Acetonitrile 75-05-8 
Ethylene Glycol 107-21-1 
Isobutanol 78-83-1 
Propionitrile 107-12-0 

• 

f 

TABLE 1-5 

DETECTION LIMITS AND RISK CRITERIA 
SWMUs 8,15,18,19, AND 20 AND THE OGTSL 

NSWC CRANE, CRANE, INDIANA 
PAGE 10 OF 11 

Aqueous Matrix 
Laboratory Risk-Based Laboratory 

Target 
TV (1) RL(l) Level (2) TV (1) RL(l) 

(jJglL) (J.lg/L) - (J.lglL) (mg/kg) (mg/kg) 

0.3 1 . 1300' 0.001 0.003 
0.5 5 410 0.001 0.01 
0.3 1 2 0.001 0.003 
0.3 1 27 0.001 0.003 
50 100 6.1 0.1 0.2 ' 
20 40 100 0.04 0.08 

2500 5000 73000 TBD TBD 
20 40 1800 0.04 0.08 

20 40 _J4} 0.04 0.08 

• 

Solid Matrix 
Risk-Based Risk-Based 
Soil Target Sediment Target 

Level (2) Level (2) 

(mg/kg) (mg/kg) 

16.4 390 
2.3 430 

0.013 0.202 
10 0.433 

2.05 0.119 
1.37 0.056 

100000 100000 
20 .. 8 13000 

0.0498 _J4) 

• 



• • . TABLE 1-5 

DETECTION LIMITS AND RISK CRITERIA 
SWMUs 8,15,18,19, AND 20 AND THE OGTSL 

NSWC CRANE, CRANE, INDIANA 
PAGE 11 OF 11 

Aqueous Matrix 
Laboratory Risk-Based Laboratory . 

. PARAMETER 

MISCELLANEOUS PARAMETERS 
CEC SW-B46 Method 90B1 
Perchlorate EPA Method 314.0 

pH SW-B46 Method9045C 
TOC SW -B46 Method 9060/Lloyd 
Khan 
Total Petroleum Hydrocarbons (TPH) 
SW-B46.Method 9070/9071 B 

119/L = Micrograms per liter. 
CEC = Cation exchange capacity . 

. mg/kg = Milligrams per kilogram. 
NA = Not Applicable. 
RL = Reporting Limit.. 
TBD = To be determined . 

CAS 
NUMBER TV(') 

(lJgJL) 

--- NA 
14797-73-0 2 

--- 0 

--- 0.5 

L---.:... ____________ 2500 

. Target 
RL(') Level (2) TV(') 

(lJglL) . (lJgfL) (mgfkg) 

NA _.<4) 0 
4 3.6 . 0.04 

0 _'<4) 0.1 

1 _.14) 0.05 

5000 _.14) 200 

. TV = Threshold value (best estimate of realistic MDL basd on statsitical calculations and laboratory experience). 

1 Threshold values and reporting limits may change prior to commencement of sampling activities. 

RL(') 

(mgfkg) 

1 
O.OB 

0.1 

·0.1 

400 

. Solid. Matrix 
Risk-Based 
Soil Target 

Level (2) 

(mgfkg) 
.. 

_.<4) 

7:B 
_.<4) 

_J4) 

_.14) 

2 Value is based on the lowest human health or ecological risk-based criterion as presented in Appendix B, Table B-1 (aqueous) and B-2 (solids). 
3 Shading indicates those chemicals for which the threshold value and/or reporting limit exceeds the risk-based target level for the project. , . 
4 Risk-based .target level is not provided because human health or ecological risk-based criteria are not available for this compound. 
5 3-Methylphenol and 4-methylphenol co-elute; therefore, one analytical.result for 3- and 4-methylphenol wilrbe reported. 
6 N-Nitrosodiphenylamine is more toxic than diphenylamine. However, n-nitrosodipheriylamine rapidly degrades to diphenylamine. Therefore, only 

diphenylamine will be reported, but results for diphenylamine will be included as n-nitrosodiphenylamine during risk assessment. 

• 
Risk-Based 

Sediment Target 
Level (2) 

(mglkg) 

_.<4) 

7.B 
_.<4) 

_.14) 

_.14) 
I 
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N SWMU Boundary 

Major Surface Drainage Basins 

Furst Creek Drainage Basin 

II Indiana Creek Drainage Basin 

S 

III Sulphur Creek Complex Drainage Basin 

IV Boggs & Turkey Creeks Drainage Basin 

V Seed Tick Creek Drainage Basin 

SOURCE: "Initial Assessment of Study of Naval Weapons Support Center Crane, Indiana." 
Naval Energy and Environmental Support Activity, May 1983. 
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2.0 PROJECT ORGANIZATION AND RESPONSIBILITIES 
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.. This section presents the project management and organization for an RFI at NSWC Crane SWMUs 8 

and 15 and fo~ data collection to support the completion of EI indicator forms (CA725) for SWMUs 18, 1.9, 

and 20 and the OGTSL. Staffing and coordination requirements are discussed in the following 

subsections . 

. 2.1 MANAGEMENT 

TtNUS, on behalf of the United States Navy, is responsible for the overall management, implementation 

of contract field activities, and preparation of the QAPP. Personnel from the Navywill be actively involved 

. and will coordinate with TtNUS personnel in a number of areas. The authorities and organizational 

. relationships of key personnel are depicted on Figure 2-1. Corresponding addresses and telephone 

numbers of key personnel are listed by organization in Table 2-1. Responsibilities for. program 

management, project management, field operations, and laboratory operations· are discussed in the 

following sections. It is jntended that the individu~ls nani~d will assumed the designated responsibilities 

to the extent that the specific person is available to perform the stated activities . 

2.1.1 Indiana Department of Environmental Management Project Manager 

The IDEM Project Manager (PM) (Mr. Doug Griffin) and the IDEM Geologist (Mr. Marty Harmless) will 

oversee the implementation of the Phase III multimedia RFI at NSWC Crane for SWMUs 8 and 15. The 

IDEM PM represents the Agency:s interests and will provide input from this perspective and .lend general· 

technical assistance to NSWC Crane field activities; 

2;1.2 U.S. EPA Oversight 

·The U.S. EPA Region 5 . PM, Peter Ramanauskas, represents the A~ency's interests and will provide 

input from this perspective and lend general hi~torical and technical assistance to NSWC Crane field 

activities. U.S. EPA has delegated the RCRA program to IDEM. U.S. EPA Region 5 will receive the 

CA725 form data and will complete the forms but will not be involved with data coi'lection. 

2.1.3 Navy Project Managers 

The Navy Remedial Project Manager (RPM), Mr. Bill Gates, acts as the focal representative forthe United 

• States Navy, providing management, technical direction, and oversight for all NSWC Crane project 
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activities performed by contractors (i.e., TtNUS) and their subcontractors. In matters such as facilitation 

of site access, ~versight-, etc., the Navy RPM is assisted by the NSWC Environmental Site Managers 

(ESM), Mr. Tom Brent and Ms. Christine Freeman. Additional responsibilities of the RPM are as follows: 

• Define project objectives and develop a detailed QAPP schedule 

• Establish project policy and procedures to address the specific needs of the project as a whole, as 

well as the objectives of each task 

J 

•. Acquire' and apply technical resources (i.e., contractors) as needed to ensure performance within 

budget arid schedule constraints 

, 
•. Review the work performed for each task to ensure its quality, responsiveness, and timeliness. 

• Review and analyze, overall task performance' with respect to planned requirements and 

authorizations 

• Review and approve all reports (i.e., deliverables) before their submittal to IDEM 

• Ultimately be responsible for the preparation and quality of interim and final reports 

• Represent the project team at meetings and public hearings 

2.1.4 Contractor Project Management 

. Program Manager 

The TtNUS Navy Southern Division Comprehensive Long-Term Environmental Action Navy (CLEAN) 

Project Manager (PM), Ms. 'Debra Humbert, provides operations, technical, and administrative leadership 

and oversees and supports quality policies. The PM assigns project Task Order Managers (TOMs) and 

oversees their performance. The. PM also ensures the availability of technical and support resources for 

program operations, and maintains consistency in procedures and projects among CTO assignments. In 

these matters, PM is assisted by the TOM. 
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The TtNUS TOM, Mr. Ralph Basinski, has overall responsibility for ensuring that the project meets IDEM 

objectives and Navy and TtNUS quality standards: The TOM is responsible for the preparation and' 

distribution of the QAPP, at the. direction ot the. Navy RPM, to all parties connected with the project, 

including subcontractors. The TOM will report to the Navy RPM and is responsible tor technical QC and 

project oversight. Additional responsibilities of the TOM are as follows: 

it Ensuring timely resolution ot project-related technical, quality, safety, or waste management issues 

• Functioning as the primary interface with the Navy RPM, the NSWC Crane ESM, TtNUS field and 

office personnel, and subcontractor points-ot-contact 

• . Ensuring that health and safety issues related to this project are communicated effectively. to all 

personnel and off-site laboratories 

• Monitoring and evaluating. all . subcontractor performance including . laboratory drilling, direct ,push 

technology, and surveying. 

. . . 

• Coordinating and overseeing work performed by TtNUS field and office technical staff (including data 

validation, data interpretation, and report preparation) 

• Coordinating and overseeing maintenance of all projeCt records . . . 

• qoordinating and overseeing review of project deliverables 

• Preparing and issuing final deliverables to the Navy 

• . Approving the implementation of corrective actions 

Project Chemist 

The TtNUS Project Chemist, Mr. Edward Sedlmyer, has overall responsibility for ensuring that the project 

meets objectives from the standpoint of laboratory performance. The Project Chemist is responsible for 

the technical preparation of laboratory statements of work (SOWs) and work releases. All subcontractor 
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Laboratory PMs will report to the Project Chemist. The Project Chemist will report to the TOM. Additional 

responsibilities of the Project Chemist are as follows: 

• Providing technical advice to the team on matters of project chemistry 

• Monitoring and evaluating subcontractor labdratory performance 
" . . ' 

•. . Ensuring timely resolution of laboratory-related technic~l, quality, or other issues effecting project 

goals 

•. Functioning as the primary interface with all subcontracted laboratories and the TOM 

• Coordinating and overseeing work performed by all subcontracted laboratori~s 

• Coordinating and overseeing review of laboratory deliverables 

• Recommending appropriate laboratory correctiveattions 

Health and Safety Manager 

The TtNUS Health and Safety Manager (HSM), Mr. Matt Soltis, is responsible for the following: 

• Providing technical advice to the TOM on matters of health and safety 

• Overseeing the development and review of the Health and Safety Plan (HASP) 

•. Conducting health and safety audits 

• Prepar!ng health and safety reports for management 

2.2 QUALITY ASSURANCE 

. This section identifies the QA responsibilities for this Phase III RFI. Responsibilities of IDEM, TtNUS, and 

the analytical laboratories .arediscussed. 

2.2.1 Indiana Department of Environmental Management 

The IDEM chemist; Mr. Craig Pender, has the responsibility to review and approve chemistry aspects of 

the QAPP and to provide overall QA support and review. Additional responsibilities may include the 

following: . 

• Coordinating external performance and system audits of the contracted laboratory 

• Reviewing and evaluating analytical field and laboratory procedures 
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The TtNUS Quality Assurance Manager (QAM), Mr. Paul. Frank, is responsible for overall QA for the 

project and .reports directly to the TtNUSProgram Manager. He acts on behalf of the United States Navy 

for project QA. ~he QAM is responsible for the following: 

• Developing, ma.intaining, and monitoring QA policies and procedures 

• . Providing training to TtNUS staff in QAlQC policies and procedures 

• Conducting systems and performance audits to monitor compliance with environmental regulations, 

contractual re.quirements, QAPP requirements, and corporate policies and procedures 

• Auditing project records 

• Monitoring subcontractor quality control? and records 

e .. Assisting in the development of corrective action plans and ensuring correction of non conformances 

reported in internal or external audits 

e· 

• Ensuring that the QAPP arid QAPP revisions meet TtNUS, Navy, and IDEM requirements 

• Overseeing the responsibilities of the TtNUS Site QAlQC Advisor 

• Preparing QA reports for management 

2.2.3 TtNUS Project QA Advisor 

The TtNUS Project QA Advisor, Dr: Tom Johnston, supports .the TOM in prepadng and r~viewing the 

QAPP anq in conducting data assessments .. The Project QA Advisor communicates directly with. the 

QAM on matters of QAlQC. 

2.2.4 Laboratory Responsibilities 

The subcontracted laboratories are responsible. for analyzing all samples in accordance with the 

analytical methods and additional requirements specified in the attendant QAPP. It will also be the 
\' '. 
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analYtical laboratory's responsibility to properly dispose of unused sample aliquots. Respon"sibilities of 

key laboratory personnel are outlined in the following paragraphs. 

Laboratory Project Manager 

The Laboratory PM will interface directly with the Project Chemist, TtNUS TOM, and QA Advisor and will 

perform the following: 

• Ensuring that method and project-specific requirements are properly communicated and understood 

by laboratory personnel 

•. Ensuring that alilaborato.rY resources are available on an as-required basis 

• . Ensuring compliance with analytical and project QA reqyirements 

• Reviewing data packages for completeness, clarity, and compliance with project requirements 

• Infonning the TtNUS TOM of project status and any sample receipt or analytical problems 

• Overseeing the ·preparation of and approving final analytical reports before submittal to TtNUS 

laboratory Operations Manager 

Responsibilities of the Laboratory Operations Manager include the following: 

• Supporting the QA program within the laboratory 

• Providing management overview of both production and quality-related laboratory activities 

• Maintaining adequate staffing to me~t project analytical and quality objectives 

• Approving all laboratory SOPs and QA documents 

.• Supervising in-house COC documentation 

Laboratory Quality Assurance Officer (QAO) 

The Laboratory QAO will report directly to the Laboratory Operations Manager. The Laboratory QAO will 

be independent of laboratory production management to ensure that laboratory quality performance is 

assessed without schedule and cost considerations. Responsibilities of the Laboratory QAO include the 

. following: 
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• Defining appropriate laboratory QA procedures and monitoring overalilaborato..y QA 
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• • Stopping work if a condition adverse to the quality of work is encountered, if QA or QC procedures 

are not followed, or if analytical out-of-control events are encountered that have not been corrected 

• Approving and maintaining document control of all QA documents and SOPs 

• Performing and/or implementing internal system and performance audits and verifying completion of 

corrective actions cited inaudits 

• Directing laboratory· participation in laboratory accreditation and certification programs 

Laboratory Sample Custodian 

The Laboratory Sample Custodian will report -to the Laboratory Operations Manager. Responsibilities of 

the Laboratory Sample Custodian include the following: 

e · Receiving and inspecting the incoming sample containers 

e 

• Recording the conditions of the incoming sample containers 

• . Signing appropriqte documents 

• Verifying COC records 

• Notifying the laboratory project manager of sample receipt and inspection 

• Assigning a unique identification number and customer number and entering each into the sample 

receiving log 

, With the help of the laboratory project manager, initiating transfer· of the samples to appropriate lab 

sections 

• Controlling and monitoring access/storage of samples and extracts 
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Laboratory Technical Staff 

The laboratory technical staff will be responsible for sample analysis based on the analytical methods and 

requirements specified in the attendant QAPP. 

2.3 FIELD INVESTIGATION 

. TtNUS will be responsible for all field activities related td this Phase III RFI. The TtNUS field team will be 

organized according to the activities planned. Field team members will be selected based on the type 

and extent of effort required. All team members will be appropriately skilled and trained for the tasks they 

are assigned to perform. The team will consist of a combination of the following personnel: 

• Field Operations Leader (FOL) 

• Site QA/QC Advisor 

• Site Safety Officer (SSO) 

• Site unexploded ordnance (UXO) Specialist· 

• Field Technical Staff 

2.3.1 Field Operations Leader 

The FOL is responsible for coordinating all on-site personnel and for providing technical assistance, when 
. . 

· required. The FOL; or· designee, will coordinate and lead all sampling activities and will ensure the 

availability and maintenance of all sampling materials and equipment. The FOL is responsible for 
. . 

. completing all· sampling, field, and coe documentation, will assume custody. of all samples, and will 

· ensure the proper handling and shipping of samples. The FOL will report directly to the TtNUS TOM .. 

· Specific FOL responsibilities include the following: 

• Ensl!ring that all health and safety requirements unique to this site are implemented· 

• Functioning as the on-site communications link between field staff members, SSO, UXO Specialist, 

the NSWC Crane ESM, and the TOM 

( 

• . Alerting off-site analytical laboratories· of any special health and safety hazards associated with 

environmental samples 

.• Overseeing the mobilization and demobilization of all field equipment and subcontractors 
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• Coordinating and managing the Field Technical Staff 

• Adhering to the work schedules provided by the TOM 
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• Ensuring the proper maintenance of the site logbook, field logbook, and field recordkeeping 

• 'Initiating field task modification requests when necessary 

• . Identifying and resolving problems in the field; resolving' difficulties via -consultation with the. NSWC 

Crane ESM, implementing and documenting· corrective action procedures, and providing 

communication between the field team and project management 

" 

2.3.2 Site OA/OC Advisor 

The FOL (or designee) will act as the Site QA/OC Advisor andwillbe responsible for ensuring adherence. 

t.o all OA/OC requirements as defined in the OAPP. Strict adherence to these procedures is critical to the 

collection of acceptable and representative data. The following is a summary of the Site OA/OC Advisor's 

responsibilities: 

• Ensuring that field OC samples are collected at the proper frequency 

• . Ensuring that additional volum"es of sample are supplied to the analytical' laboratory with the proper 

frequency to accommodate laboratory OA/OC analyses 

.• Ensuring that measuring and test ,equipment are calibrated, used, a~d maintained in accordance with 

applicable procedures and technical standards 

.' 
• Acting as liaison between site personnel, laboratory personnel, and the OAM 

• Managing bottleware shipments and overseeing field preservation . 
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The FOL (or designee) will also serve as the SSO .. The duties" of the SSO are detailed in the HASP.· The 

SSO has stop-work authority, which can be executed upon the determination of an imminent safety 

hazard. 

2.3.4 Site UXO Specialist 

Based on the potential for UXOhazards associated with. this investigation, a TtNUS UXO Specialist will 

be .on-site at all times that invasive activities are being conducted at SWMU 19 (PTA, PTA Annex, and 

PTA Rocket Range). The duties of the UXO Specialist are detailed in the HASP. The UXO Specialist 

has stop-work authority, which can be executed upon the determination of an imminent UXO safety" 

hazard . 

. 2.3:5 Technical Staff 

The technical staff for this project (including field personnel,. hydrogeologists, risk assessors, ch"emists, 

database specialists, Geographic Information System/Computer~Aided Design and Drafting (GIS/CADD) 

personnel, etc.) will be drawn from TtNUS' pool .of qualified· personnel. All of the designated team 

members will be experienced professionals who possess the degree of specialization and technical 

. cOl'!lpetence required to effectively and efficiently perform the required work .. 

Field staff members are responsible for complying with field-related requirements as presented in the 

QAPP and the HASP. ~' 

2.4 SPECIAL TRAINING REQUIREMENTS AND CERTIFICATIONS 

All field personnel will have appropriate training to conduct the field activities to· which they are assigned" . 

Additionally, each site worker will be required to have completed a 40-hour course (and 8-hour refresher, 

if applicable) in Health and Safety Training as described under Occupational Safety and Health 

Administration (OSHA) 29 CFR 1910.120(b)(4). The UXO Specialist will be certified in accordance with 

. TtNUS SOP HS-2.0, which is appended to the HASP. 
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TABLE 2-1 

KEY PROJECT PERSONNEL 
SWMUs 8 AND 15 RFIINVESTIGATION 

NAMES, PHONE NUMBERS, AND ADDRESSES 
NSWC CRANE, CRANE, INDIANA 

PAGE 1 OF2 

PERSON I TITLE I 
. ORGANIZATION ADDRESS 

Doug Griffin Corrective Action Section 
Project Manager Office of Land Quality 

Corrective Action Section Hazardous Waste Permits 
Offi'ce of Land Quality 100 N. Senate Avenue 

Hazardous Waste· Permits P. O. Box 6015 
IDEM / Indianapolis, Indiana 4q206-6015 

Marty Harmless Office of Solid and Hazardous Waste 
ProjectGeologist Management 

Office of Solid and Hazardous 100 N. Senate Avenue 
Waste Management Indianapolis, Indiana 46206-6015 

IDEM 

Craig Pender TBD 

. Peter Ramanauskas EPA Region 5 
U.S. EPA Oversight 77 West Jackson Blvd. 
U.S. EPA Region 5 Chicago, Illinois 60604 

Bill Gates Department of Navy 
Remedial Project Manager NAVFAC EFDSOUTH 

U.S. Navy Code ES31 
NAVFAC EFD SOUTH 2155 Eagle Drive 

Charleston, South Carolina 29406 

Tom Brent NSWC Crane 
Environmental Site Manager Code RP3-TB 

NSWC Crane B-3245 
300 Highway 3.61 

Crane, Indiana 47522-5009 

Christine Freeman· NSWC Crane 
Environmental Site Manager Code RP3-CF . 

NSWC Crane B-3245 
300 Highway 361 

Crane, Indiana 47522-5009 

Debra Humbert Tetra Tech NUS 
Program Manager \ 661 Andersen Drive 
Tetra Tech NUS Pittsburgh, Pennsylvania 15220-2745 

Paul Frank Tetra Tech NUS 
Quality Assurance Manager 661 AndersenDrive 

. Tetra Tech NUS Pittsburgh, Pennsylvania 15220-2745 

Matt Soltis Tetra Tech NUS 
Health and Safety Manager 661 Andersen Drive 

Tetra Tech NUS Pittsburgh, Pennsylvania 15220-2749 

TELEPHONE 

. Phone: .(317) 233-2710 . 

Phone: (317) 234-0597 

Phone: (317) 234-0941 
FAX: TBD 

Phone: (312)886-7890 
FAX: (312) 353-4788 

. Phone: (843) 820-7360 
FAX: (843) 820-7465 

Phone: (812) 854-6160 
FAX: (812) 854-3~81 

Phone: (812) 854-4423 
FAX: (812) 854-3981 

Phone: (412) 921-8968 
FAX: (412) 921-4040 

Phone: (412) 921-8950 
FAX: (412) 921-4040 

Phone: (412) 921-8912 
FAX: (412) 921-4040 

I 



PERSON I TITLE I 
ORGANIZATION 

Ralph Basinski 
Task Order Manager 

Tetra Tech NUS 

Terry Rojahn 
Field Operations Leader 

Tetra Tech NUS 

Joseph Samchuck 
Data Validation Manager 

Tetra Tech NUS 

Keitt; Henn 
Program Geologist 
Tetra Tech NUS 

Edward Sedlrriyer 
Project Chemist 
Tetra Tech NUS 

Dr. Tom Johnston 

TABLE 2-1 

KEY PROJECT PERSONNEL . 
SWMUs 8 AND 15 RFIINVESTIGATION 

NAMES, PHONE NUMBERS, AND ADDRESSES 
NSWC CRANE,CRANE, INDIANA 

PAGE20F2· 

ADDRESS 

Tetra Tech NUS 
661 Andersen Drive 

Pittsburgh, Pennsylvania 15220-2745 

Tetra Tech NUS 
661 Andersen Drive 

Pittsburgh, Pennsylvania 15220-2745 

Tetra Tech NUS 
1661 Andersen Drive 

Pittsburgh, Pennsylvania 15220-2745 

Tetra Tech NUS 
661 Andersen Drive 

Pittsburgh, Pennsylvania 15220-2745 

Tetra Tech NUS 
661 Andersen Drive 

Pittsburgh, Pennsylvania 15220-2745 

Tetra Tech NUS 
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This section describes sampling locations and rationales for the Round 1 sampling activities and the' 

'equipment and procedures for all phases of the. project to be used for collecting, handling, preserving, 

and shipping samples to the analytical laboratories.' Field SOPs (included in Appendix E) and the Health 

and Safety plan (HASP) are referenced as applicable. Information concerning sampling rounds 'after 

Round 1, if necessary, will be added as additional chapters or addenda: to this document. 

Prior to sampling, the TOM will ensure that all field personnel read and 'understand the QAPP and the 

HASP, the Field Operations Leader (FOL) will ensure that all required field equipment for non-health-and

safety-related equipment is available and operational, and the SSO will ensure that all health-and-safety-

. related equipment is available and operational. 

. ' .' . 
Sampling activities'atthe following sites are described in this SAP: 

• SWMU 8 

• . SWMU 15 

EI Investigations 

• "SWMU 18 

• SWMU 19 

• . SWMU 20 

• OGTSL 

Drilling, sampling, and site characterization work at these five SWMUs and the OGTSL are descdbed in. 

this section. 

All measurements (listed in' Table 3~ 1) made with field instruments and visual observations will be 

recorded on field log sheets. Any encounters with metallic objects, other objects that indicate a potential 

contaminant source, discolored soil indicative of a potential chemical release, or any above-background 
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measurements of VOCs will be reported to the FOL and the SSO, and appropriate actions will be taken 

as specified in this qAPP and the HASP. 

3.2 SAMPLE IDENTIFICATION SYSTEM 

All samples will be properly labeled with an adhesive-b~cked sample label affixed to, each sample, 

container in accordance with SOP CT0331-01. The sample labels will include the following information: 

project name, project location, sample tracking, number, sampling date, ,sampling time, type of analysis 

required, matrix type, preservative, initials of sampler, and name of the analytical laboratory to which the 

sample will be submitted. 

Each collected sample will be assigned a unique sample tracking numbeL The sample tracking number 

for a so.il sample is a four-segment, alphanumeric code beginning with the location identification [8, 15, 

18, 19, 20 (for the SWMUs) or OGTSL (for the OGTSL)] f?lIowed by codes for the type of environmental 

medium, sample location, and sample depth range. Sample tracking numbers for the other media are a 
.' 

five~segment, alphanumeric codes identifying the SWMU, type of environmental medium, sample 

location, sampling round, and, as applicable, filtering indicator' (for aqueous samples- only). These' 

. numbering schemes are described in SOP CT0331-02. Any other pertinent information regarding 

sample identification will be recorded in the field logbooks and on sample log sheets. 

The sampling time recorded on the COC form and labels for duplicate' samples will be 0000 so that the 

duplicate samples are "blind" to the laboratory. Notes detailing the sample number, time, date, and type 

. will be recorded on the sample log sheets and will document the location of the duplicate sample (sample 

log sheets are not' provided to the laboratory). 

Matrix spike (MS) and matrix spike duplicate (MSD) samples will be designated' on the field 

documentation and COC forms (see SOP CT0331-03). 

3.3 UNEXPLODED ORDNANCE AVOIDANCE 

The activities performed at the PTA Annex, ~WMU' '19; which included testing of explosives, were 

performed using good housekeeping practices. Therefore, the potential for encountering UXO is low, and' 

proposed borings have been located in areas with the least likelihood of encountering. UXO while still 

'achieving project objectives. ' Specific boring locations as identified by NSWC Crane may require 

screening using a magnetometer or other instrument to check for the presence of UXO in accordance 

• 

• 

with the HASP. 'Bulk explosives are not magnetic and cannot be detected by a magnetometer. Visual • 
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inspection will be used to detect whether bulk ~xpl6sives may be present. Prior to the'initiation of 

intrusive site activities, a meeting will be held with ,NSWC Crane staff to determine whether any boring 

locations will require UXO screening. This decision· will be made by the Crane Environmental Site 

Manager in concert with the Crane safety staff. UXO screening is not anticipated to be conducted at 

SWMUs 8,15,18, or20 or anhe OGTSL. 

If potential ordnance is· encountered during investigative activities, the activities will stop and the Crane 

Environmental Site Manager will be notified. 

3.4, SAMPLING LOCATIONS, ANALYSES; AND RATIONALES 

This section presents sampling locations, QAlQC samples to be collected, analyses to be performed, and 

. rationales for the sampling ·and analytical program. Details regarding the preserv.ation, packag.ing, arid· 

shipping of samples are included in; Section 3.7. Soil. sampling locations are shown on SWMU-specific 
, , 

Figures 3-1 through 3-9 .. 

.. j 

If obvious soil staining is observed in any borings, the staining will be described in the boring log, and· 
. . 

additional samples may be collected at the discretion of the FOL or site geologist to. determine the nature 

and possibly the extent of associated site-related contamination. 

3.4.1 Surface and Subsurface Soils 

Surface and subsurface soil samples will be colleGted at. SWMUs ·8, 15, 18,19, and 20 and at the 

OGTSL, as described in the remainder of this section. The analyses'to be performed on each soil sample 

.. are .Iisted in Table 3-2. The rationales for parameter selection are discussed in Sections 1.5.1, 1.5.2, and 

1.5.3 and detailed on Tables 1-2 through' 1-4. 

For SWMUs 8 and 15, al.1 samples collected from the surface. soil interval (0 to 2 feet de~p) will be 

extracted apd analyzed according to the normal laboratory protocol. All subsurface samples scheduled . 

forVOe, pH, cyanide, and TOC ~malyses(See Table 3-2) will also be analyzed according to the nor~al 
laboratory protocol.· Some subsurface soil samples, however, will be extracted but will not be analyzed. 

. . 
for select target chemicals until the laboratory is instructed to do so by the TtNUS TOM or his designee .. 

The' samples that fall. into this category are identified in Table 3-2 with an "E&H" (extract and hold) 

designation . 
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To determine whether the E&H samples are to be analyzed, the laboratory will provide preliminary data 

from the non-E&H surface soil samples as soon as the analysis of those samples,is completed. The 
, , , 

preliminary data will be evaluated by TtNUS to determine which, if any, E&H samples must be analyzed 

and for what parameters to analyze. The deterniination to 'analyze E&H samples will be based upon the 

following considerations: 

• Magnitude and prevalence of contamination in surface soil sampies across the, AOe containing the 

E&H samples. 

• Comparison of contaminant concentrations to RBTLs listed in Table 1-5 (an exceedance of an RBTL 

alone does not necessitate E&Hsamples analysis) .. 

• The degree to which surface soil contamination patterns and concentrations indicate that 

contamination may be present in subsurface soils. 

• The potential fo~ contamination in the E&H samples to 'serve as a source for ground water 

contamination. 

After considering these factors, the'laboratory will be instructed via facsimile or e-mail which E&H 

,samples Will be analyzed and for which parameters. 

Surface and, subsurface soil sampling will generally be performed using hand augering and direct push 

technology (DPT) soil sampling techniques regardless of sampling round. Some borings may be 

completed using hollow-stem auger (HSA) drilling with split-spoon sampling or other coring technology in 

Round 2 or subsequent rounds. All soil samples for VOC analyses will be collected with the appropriate 

number of Encore™ samplers irY\mediately upon opening the hand auger bucket, or DPT sampler sleeve. 

Details regarding soil sampling equipment and procedures are included in Section 3.5.2 and SOP 

CT0331-04. 

Soii QA/QC samples will be collected at frequencies, listed in Table 3-3. 

For the RFI investigation at SWMUs 8 and 15, Round ,2 soil sampling will be performed where further 

delineation of the extent of contamination is necessary to achieve project objectives. . Furthermore, if 

contamination is not bounded or sufficiently delineated by the first and second rounds of sampling, further 

rounds of sampling will be conducted as necessary to satisfactorily delineate the contamination. 
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, Figure 3-1 presents the soil boring locati~ms designated for Round 1 sampling at 8WMU 8 during the RFI 

: investigation. Thirteen new soil borings (088B001 through 088B013) will be completed within 8WMU 8, 

and one new soil boring (088B014) will be collected upgradient of the 8WMU (see Figure 3-1). The,soil 

samples from these boring will be used to help determine whether contami'nation is present within variouS 

areas at the 8WMU. Round 1 will include collecting both surface soil and subsurface soil samples. The 

soil samples will be analyzed as indicated in Table 3-2. Installation and sampling of ground water wells' 

may also be req.uired if significant contamination is found in the subsurfa~e soils. 

Building Areas 

One soil boring (088B001) will be located between Buildings 106 and 107 where a release to surface soil ' 
, , 

, was know to have occurred. One soil boring (088B002) will be located west of Building 2722 near an 
. \ ". 

existing catch basin. One soil boring (08SB003) will be'located near the catch basin into which the 
-

, cooling water for the Building 107 compressor flows and where staining was identified. Two soil boringS 

,(O'88B004 and 088B005) will be located near the underground piping for the Buildings 106 and 107 floor 

drains. 

These soil borings will ,be advanced to the bedrock-overburden interface or to refusal. ' Four depth 

intervals will be sampled in each boring as listed in Table 3-2. The first three samples will be collected 

from 0 to 2, 2 to 6, and 6 to 10 feet bgs. ' The fourth sample will be collected betw.een the bottom of the, 

third interval and the bedrock. The samples will be analyzed as detailed in Table 3-2. 

:Building 106 Pond Area 
\, 

• Four soil borings (088B006 through 088B009) will be completed around the perimeter of the Building 106 

'Pond (see Figure 3-1). These soil borings will be drilled at an angle directed from ground surface near 

, the edge of the pond towards the center of the pond and advanced to the bedrock surface or to refusal.' ' 

" Four depth intervals will be sampled from each boring as listed in Table 3-2. The first three samples will ' 

be collected from Ot6 2, 2 to 6, an~ 6 to 10 feet bgs. The fourth sample will be collected midway between 

'the bottom of the third interval and bedrock. The samples will be analyzed as detailed in Table 3-2. 

Former Drum 8torage Area' 

Four soil borings will be compieted south of, Building 2911 (088B010 through 088B013) in the for~er 

drum storage area (FD8A) (see Figure 3-1). These soil borings will be advanced to the bedrock-
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overburden interface or to refusal. Four samples will be collected from each boring as listed in Table 3~2. 

The first three samples will be collected from 0 to 2, 2 to 6, and 6 to 10 feet bgs. The fourth sample will 

be collected midway between the bottom of the ,third interval and bedrock. The samples will be analyzed 

as detailed in Table 3-2. 

Upgradient Area 

One background soil boring (08SB014) will be completed norttiof SWMU 8 as shown on Figure 3-1 for 

'.' analysis of geotechnical and geochemical properties. These soil borings will be advanced to the bedrock

overburden interface or to refusal. Four depth intervals will be sampled from this boring as listed in Table 

3-2. 

Perched Ground Water Samples 

. . '., 

To. the extent feasible, up to seven perched ground· water samples will be collected at SWMU·8 and 

analyzed as indicated in Table 3-4. ~ttemp~s will be made to collect perched ground water samples from' 

the bedrock-overburden interface in the areas discussed above as the Building Areas, the Building 106 

Pond A~ea (specifically, the pond shore areas), the FDSA, and the Upgradient Area. This water is 

expected to represent precipitation that may have percolated through the overburden or ground water that. 

has migrated along the bedrock-overburden interface, thus accumulating contaminants from the 

overburden. 

A summary of the grourid water samples and the associated QC samples to be collected at SWMU 8 is 

presented in Table 3-5. 

3.4.1.2 SWMU 15 

Figure 3-2 identifies the soil borings that will be completed as part of the Hound 1 sampling activities at 

various AOCs within SWMU '15 during the RFI. A total of 49 borings (15SB001 through 15S8049) are 

planned. The soil samples from these borings will be used to determine whether contamination exists 

within various AOCs at SWMU 15. Round 1 will include the collection of both surface and subsurface soil 

samples. The soil samples will be analyzed as indicated in Table 3-2. Any obvious soil staining observed 

at any boring will be described on the boring log. 
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Seven soil borings (15SB001 through 15SB007) will be completed within AOe A (see Figure 3-2). These 
. . ' 

soil borings will be distributed in a grid-like pattern throughout the approximate location of the former 

Asphalt Batch Plant. Fou'r borings will be located on the upper level of the former Asphalt Batch Plant, 

and three borings will be located 01) the lower level of the former Asphalt Batch Plant: Soil will.be cored 

to a depth of 6 feet bgs, and a sample will be collected from each of two sample intervals (0 to 2 and 2 to . 

6 feet bgs) Cis listed in Table 3-2. 

Aoe B - Former UST and Gasoline Pump Area 

. Three soil borings (15S8008 through 15S801 0) will be completed in AOe B (see Figure 3-2). These soil 

borings will be arranged in a triangular pattern throughout the approximate location of the former UST(s) 

and gasoline pump(s) located southwe~t of del'Dolished Building 2801. Soil will be cored to a depth of 

, 10 feet, and a sample will be collected from each of thre.e sample intervals (0 to 2,2 to 6, and 6 to 10 feet 

bgs)' as'listed in Table 3-2. In addition, at the discretion of the site geologist, a boring may be advanced 

to the bedrock-overburden interface, and a fpurth subsurface soil sample may be collected from within 

4 feet of the bedrock-overburden interface. 

Aoe C - Former AST Area Near Former Building 2801 

Three soil borings (15S'B011 through 15SB013) will be completed in AOe e (see Figure 3-2). These soil 

borings will be arranged in a triangular pattern throughout the approximate location of the former 

5,000 gallon waste oil AST that was located north of demolished Buiiding 2801.' Soil will be cored to a 

depth of 6 feet, and a sample will be collected from .each of two sample intervals (0 to 2 and 2 to 6 feet 

bgs) as listed in Table 3-2. , , 

Aoe D - Former Inert Storacje,(Building 2716) 

Five soil borings (15SB014 through 15S8018) will be completed inAOe D (see Figure 3-2). These soil 

borings will be distributed in a grid-like pattern throughout the approximate location of the former,loading 

dock for demolisheq Building 2716. Soil will be cpred to a depth of 6 feet, and a sample will be collected 

from each of two sample intervals (0 to 2 and 2 to 6 feet bgs) as listed in Table 3-2 . 
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Five soil borings (15S8019 through 15SB023) will be completed in Abc E (see Figure 3-2). These soil 

borings will be distributed throughout ihe approximate location of the demolished wash rack and Building 

2774 (i.e., Paint House). Soil will be cored to a depth of 6 feet, and a sample will be collected from each' 

of two,sampleintervals (0 to 2 and 2 to 6 feet bgs) as listed in Table 3-2. 

, AOe F - Former AST Areas (Former Buildings 2717 and 2718) 

. . 
Five soil borings (15SB024 through 15SB028) will be completed in AOe F(see Figure 3-2). These soil 

borings will be distributed in a grid-like pattern throughout the approximate location of the former waste oil 

ASTs. Two ASTs were located at the northeastern corners of each of the demolished Buildings 2717·and 

2718. Soil will be cored to a depth of 6 feet, and· a sample will be collected from each of two sample 

'intervals (0 to 2 and 2 to 6 feet bgs) as listed in Table 3-2.' 

Aoe G ~ Hillside Debris Area South of Former Buildings 2717 and 2718 

. . . 

Nine soil borings (15SB029 through 15SB037) will be completed in AOe G (see Figure 3-2). These soil 

borings will be arranged throughout the hillside debris area south of demolished Buildings 2717 and 2718. 

'Soil will be cored to a depth of 6 feet, and a sample will be collected from each of two sample intervals 

'. (0 to 2 and 2 to 6 feet bgs)as listed in Table 3-2. 

In addition, soil boring 15SB031 will be advanced to the bedrock-overburden' interface or to refusal. Four 

depth intervals will be sampled in each boring as listed in Table 3"2. The first three samples will. be 

collected from O.to 2, 2 to 6, and 6 to 10 feet bgs. The fourth sample will be collected between the bot~om 

of the third interVal and the bedrock. The samples will be analyzed as detailed in Table 3-2. 

Aoe H - Drainage'Area Across Intermittent Stream South of Hillside Debris Area 

Four soil borings (15SB038 through 15SB041) will be completed in AOe H (see Figure 3-2). These soil . 

borings will be distributed in' a grid-like pattern throughout the hillside on the southern side of the 
. . 

. intermittent stream south of the debris area at AOe G. Soil will be cored to a depth of 6 feet, and a 

sample will be collected from each of two sample intervals (0 to 2 and 2 to 6 feet bgs) as listed in 

Table 3-2. 
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. ·Three soil borings (15SB042 through 15SB044) will be completed in AOe.O (see Figure 3-2). These soil 

. borings will be arranged in a triangular pattern throughout the approximate location of the former paint 

locker. Soil will be cored to a depth of 6 feet, and a sample will be collec;:ted from each of two sample 

intervals (0 to 2 and 2 to 6 feet bgs) as listed in Table 3-2. 

Aoe U - Hillside Area Northeast of SWMU 15 

Five soil borings (155B045 through 15SB049) will be completed in AOe U (see Figure 3-2). These soil 

borings will be distributed in a grid-like ·pattern in the area of the hillside located east of the SWMU and 

extendIng to the tree . line. Soil will. be cored to a depth of .2 feet, and one surface soil sample· will be 

collected from each boring (0 to 2 feet bgs) location as listed in Table 3-2. 

In addition, soil borings 15SB045, 15SB046, and 15SB048 will be advanced to the bedrock-overburdeln 

interface or to refusal. Four depth intervals will be sampled in each boring as listed in Table 3-2. The first 

three samples will be collected form 0 to 2,·2 to 6, and 6 to 10 feet bgs .. The fourth ·sample will be . 

collected b.etween the bottom of the third interval and the bedrock. The samples will be analyzed as 

detailed in Table. 3-2. 

Aoe W - Landfill South of the Salt Dome 

Twelve soil borings (15SB050 through 15SB061) will be completed within AOe W (see Figure ·3-2). 

These borings will be distributed throughou~ the apprqximate location of the landfill in a 4 by 3 grid· 

pattern .. 

Prior to commencement of. the soil borings, the field crew will visually survey the site to determine if 
. . 

surface features. indicate the potential landfill activities (Le., mounted surface soil, sunken surface soil, 

. etc.). Observations ofpbtential landfill activities will be reported to the TOM .. Based upon these 

observations and the field crew recommendation, soil borings may be relocated to suspected arf3as 

.. where landfill activities may hCl.ve occurred. 

Each soil boring will be initially cored to a depth of 6 foot bgs or refusal. Refusal within the 6-foot depth 

will be noted in the log.. When debris is enc.ountered within the 6 foot core, the folioiNing action will be 

taken: 

: . . . 

• The boring will be cored to bedrock or refusal. 
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• Two samples will be taken from. the core. The first sample will be collected from the 0- to' 6-foot bgs 

coring; the second sample will be collected from the 6-foot to bedrock coring as listed in Table 3-2. 

'. W.here ground water is present, one perched ground water sample will be collected from the coring 
" , 

immediately above the bedrock as listed in Table 3-4. 

If no debris is encountered in the boring hole, no soil samples will be collected or analyzed. 

Perched Ground Water Samples 

,If perched ground water is sufficient for sample collection in a boring drilled to the bedrock-overburden 

interface, a perched ground water sample will be collected at the interface. 

It is anticipated that perched ground water samples will be obtained at the following borings along the 

intermittent streams and elsewhere; 15SB002, 15SB036,15SB037, 15SB47, and 15SB49., As many as 
I 

24 samples (two in AOC A, one in AOC B, nine across AOCs G, H, and U, and 12 in AGC W) may be 

collected and analyzed as indicated in Table 3-4. Aside from'the specific locations identified above, 

additional locations may be selected based on field judgment. • 

A summary 'of the ground water samples and the associated QCsamples to be collected for SWMU 15 is 

presented inTable 3-5.-

3.4.1.3 SWMU 18 

The 1983 lAS and the 1987 Preliminary ReviewNi~ual Site Inspection Reports indicate- that ~uildings 

104, 105, 198, and 200 were the primary locations where activities took place at SWMU 18; therefore, the 

maximum potential for worker exposure will occur at areas near these buildings (NEESA, 1983, A.T. 

Kearney, 1987). 

,Sampling locations at SWMU 18 Buildings 104, 105, 198, and 200 were chosen based upon a 

February 23, 2004 site tour by NSWC Crane and TtNUS representative, the 1983 lAS, -the 1987 

-Preliminary ReviewNisual Site Inspection Report, and deposition patterns. 

-Figures 3-3 -through 3-6 present the surface soil locations for sampling to provide information for 

completion of the EI Form for Human Health (worker exposures) for surface soil at SWMU 18. The 

surface soil samples will be analyzed as indicated in Table 3-2. 
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''Seven surface soil samples (18SS001 through 18SS007) will be collected around the area of 

Building 104 (see Figure 3-3). These surface soil samples will be collected at a depth of 0 t02 feet bgs 

'as listed in Table 3-2. 

, , 

Soil sample 18SS001 will be collected west of the culvert between the second and third railroad tracks 

,along the northwestern side of Building 104. Soil sample 18SS002 will be collected at the corner of the 

:.fence located east of the gate (not visible on Figure 3-3). Soil sample 18SS003 will be collected in the 

~area of bare ground east of the substation, with an alternative ,location in the exposed gr~vel area 

southeast and across the road from Building 104. Soil sample 18SS004 will be collected on the berm 

, near the southwestern corner of Building 104 on an area of higher elevation. Soil sample 18SS005 will 
, ' 

, be collected downgradient of the sump located south of Building 104 and southwest of the substation. 

Soil sample 18SS006 will be collected in the area near the electric box ,southwest of the sump and soil 

sample 18SS005. Soil sample 18SS007 will be collected from a low grassy area located near the 

southwestern corner of Buiiding 104 in a berm area . 

Building 105 Area 

Five surface soil samples (18SS008 through 18SS012) ~~II be collected around the area of Building 105 

(s"ee Figure 3-4). These surface soil samples will be collected at a depth of 0 to 2 feet bgs as listed in 

Table 3-2. ' 

.soil sample 08SS008 will be collected from the drainage ditch located on the western side of 

Building 105. Soil sample 18SS009 will be located at the drainage ditch located on the western side of 

Building 184. Soil sample 18SS01 0 will be collected adjacent to the culvert located across the road and 

,northeast of Building 2518. ,Soil sample 18SS011will be collected along the top of the berm located on 

the northea:stern side of Building 105 in a:lignment with building roof vent. Soil sample "18SS012 will be 

collected in the drainage ditch located near the southwestern corner of Building 105 and along the 

southern side of the railroad tracKs (R-15) that run parallel to the building. 

'Building 198 Area 

Four surface soil samples (18SS013 through 18SS016) will be collecte<;i around the area of Building 198 

(see Figure 3-5). These surface soil samples wil,l be collected at a depth of 0 to 2 feet bgs as listed in 

Table 3-2. 

,050419/P 3-11 CTO 0331 



NSWCCrane 
DRAFTQAPP 

Revision: 0 
Date: September 2004 

, Section: 3 
, Page 12 of 34 

80il sample 1888013 will be collected in the area near th~ sump located between the substation and 

Building 2551: '!,Soil sample 1888014 will be collected in the low lying area in alignment with the air 

conditioning unit located northeast of Building 198. ' 80il sample 1888015 will be located in the wet low 

,area located southeast of Building 198. 80il sample 1888016 will be located in the wet low area located 

southwest of the sump in the general area south of Building 2508. 

Building 200 Area 

Five surface soil samples (1888017 through 1888021) will be collected around the area of Building 200 

(see Figure 3-6). These surface soil samples will be collected at a depth of 0 to 2 feet bgs as listed in 

Table 3-2. 

80il sample 1888017 will be located near the culve,rt situated inside the fence and east of Building 2504. 

Soil ;sample 1888018 will be located near the culvert situated just inside the fence and southeast of 

Building 200. 80il sample 1888019 will be located near the catch basin south of Building 200. 80il 

sample 1888020 will be located near the c~lvert inside the fence arid southwest of Building 200. 80il 

.' 

sample'1888021 will be located near the culvert west of Building 200 and between the railroad tracks. • 

3.4.1.4 SWMU 19 

On February 23, 2004 a visit was conducted at 8WMU 19 to review site/building operations, release 

records, and id~ntification of locations with the greatest likelihood of receiving release materials and 

where the maximum worker exposure would occur. 8urface soil sampling locations at 8WMU 19 were 

,based upon the information obtained at this site visit. 

Figure 3-7 presents the surface soil locations for sampling to provide information for completion of the EI 

'Form for Human Health (worker exposures) for surface soil at swMu 19. These ~urface soil samples will 

be collected at a depth of 0 to 2 feet bgs and analyzed as listed iri Table 3-2. 

8ample location numbers correspond to sample locations from the OCtober 2003 Draft QAPP for 8WMUs 

:12,13,16, and 19 (TtNU8, 2003). Each of the sampling locations was selected t6 detect contamination if 

present. Thus, if any features 'exist that indicate a potential for contamination in the soil, the sample 

locations should be moved to coincide with the location of 'potential contamination. 
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8ix surface soil samples (1988003, 1988007, 1988013, 1988026, 1988041, and 1988070) will be 

"collected in the OTA. These surface soil samples will be collected at a,depth of 0 to 2 feet bgs as listed in 

Table 3-2. 

8urface soil sample 1988003 will be located in a sand trap area that was the leading area for the rocket. ' 

range in the 8uper Mapi. Towers, Bullet Impact Area.' 8urface soil~ sample 1988007 will be located 

.'adjacent to the saltwater-wave tank used to test u~derw~lter signal flares in the Fast Cook-Off, Hazardous 

Class lAW Area. 8ample 1,988013 will be located on the east-central side of Firing Site A, '8urface soil 

sample 19S8026, will be located on the east-central side of the Practice Bomb 8ignaisArea 

approximately 110 feet west of Building 2963. Surface soil sample 1988041 will be . located near the 

northeast edge of the Warhead Arena, Hazardous Class lAW. 1988070 will ~e located centrally within 

the Photoflash Cartridges Area between the wetlands area and the roadway in the Photoflash Cartridges 
, ' ~ 

Area. 

PTA Annex 

Two surface soil samples (1988047 and 1988049) will be collected at the PTA Annex. 8urface soil 

sample 1988047 will be located approximately 60 feet northwest of Building 2923. 8urface soil sample 

1988049 will be located approximately 80 feet southwest of Building 2923 . 

. Rocket Range 

, , . 

Two surface soil samples (1988061 and 1988064) will be collected ,at the PTA Rocket Range. 8urface 

soil sample 1988061 will be located along the southwestern corner of Building 2125, 8urface soil sample 

.1988064 will be located north of the roadway approximately 100 feet south of Building 2125. 

3.4.1.5 SWMU20 

On February 23, 2004 a visit was conducted at 8WMU 20 to review sitelbuilding operations, release 

records, and identification of locations wit the greatest likelihood of receiving release materials and where, 

the maximum worker exposure would occur. 8urface soil sampling locations at 8WMU 20 were based 

upon the information obtained at this site visit. 
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Figure 3-8 presents the surface soil locations for sampling to provide information for coinp!etion of the EI 

Form for Human Health (worker exposures) for surface soil at SWMU 20. These surface soil samples will 

· be collected at a depth of 0 to 2 feet bgs and analyzed as listed in Table 3-2. 

· Vicinity of Building 2167 . 

Five surface soil samples (20SS001 through 20SS005) will be collected in the general vicinity of 

Building 2167. These surface soil samples will be collected at a depth of 0 t02 feet bgs as listed in 

Table 3-2. 

· Vicinity of Building 3182 

Two surface soil samples will be collected around Building 3182, one along. the e~stern side (20SS001) 

. and the other along the western side (20SS002) of the building. One suiiace soil sample will be collected 

approximately 75 feet east of Building 3182 (20SS003). The remaining two samples will be collected 

near the fence line, one southwest (20SS004) of Building 3182 and the other sample southeast 

(20SS005) of Building 3182. 

'·3.4.1.6 OGTSL 

On February 23, 2004 a visit was conducted at the OGTSL to review site/building operations, release 

records, and identification of locations with the greatest likelihood of receiving release materials and 

where the maximum worker exposure wo~ld occur .. Surface soil sampling locations at the OGSTL were 

-based upon the information obtained at tlJis site visit. 

. Figure 3-9 presents the surface soil locations for sampling to provide information for completion of the EI 

.Form for Human Health (worker exposures) for surface soil at the OGTSL These surface soil samples 

will be collect~d at a depth of 0 to 2 feetbgs and analyzed as listed in Table 3-2. 

OGTSL Parking Area 

·Five surface soil samples (OGTSLSS001 through OGTSLSS005) will be collected in the parking area in a 

grid-like pattern as shown on Figure 3-9. 
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The local geology at a particular SWMU may differ from the backg·round areas that were previously 

: identified, ·sampled, and analyzed to establish representative metals concentrations (TtNUS, 2001). For 

example, the lower Pennsylvanian bedrock (and associated residual soil) may consist locally of.th·in black 

,shale, carbonaceous shale, and coal beds. These localized beds may co,ntain elevated concentrations of 

naturally occurring inorganics (e.g., chromium, arsenic). , As a result, residual soil in these localized 

geological environm~nts may have abnormally high background concentrations for certain inorganics. In 

these instances, it· may be appropriate to collect SWMU-specific background soil samples. The site 

geologist will\ note any localized geologic environment, similar to those listed above, that is unique to a 

specific SWMU and will notify the TOM to determine whether SWMU-specific background samples, are, 

warranted. 'IDEM will be Gon~ulted for conc~rrence in the event that SWMU-specific background soil 

samples are recommended for colle9tion .. 

,. 

3.4.2 Ground Water 

RFI 

Perched ground water samples will be collected at SWMUs Band 15 during Round 1 at soil borings 

, where ground water is encountered bedrock-overburden' interface and for which the perched ground 

water flow is sufficient for collecting a sample as discussed in Sectiqns 3.4.1.1 . and 3.4.1'..2. The need to 
. . 

install ground water monitoring wells will be evaluated based upon analysis of the Round l' soil and 

, perched ground water sampling results as well as the fate and transport properties of detected 

,.contaminants. In future sampling rounds, ground water sampling wells will be located in areas where' 

subsurface soil contamination concentrations indicate the potential for ground water contamination. 

Should soil contamination not be sufficiently bounded by the first and second round of sampling, further 

work will be conducted as necessary to define the extent of contamination. 

A maximum of seven perched ground water samples will be collected at SWMU 8, ,and a maximum of 12 

perched ground water samples will be collected at SWMU 15. 

SWMU8 

Perched ground water samples wil,l be collected within SWMU 8 as detailed in Section 3.4.1.1 . 
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SWMU 15 

Perched ground water samples will be collected within SWMU15 as detailed in Section 3.4.1.2. 

Environmental Indicator Investigation. 

SWMU 18, 19, and 20 and the OGTSL 

No ground water samples will be collected in association with the EI Investigation for SWMUs 18, 19, .and 

20 or the OGTSL. 

3.4.3 Surface Water and Sediment 

RFI 

For the RFI investigation at SWMUs 8 and 15, Round, 1 surface water and sediment samples will be 

'collected from intermittent streams as indicated in Table 3-6 .. Up to two rounds of surface water samples 

will be collected from the intermittent streams where water flow is sufficient for collecting a sample. One 

round wiil be collected during basic fiow conditions, the second rourid will be colleted during storm flow 

. conditions. 

Additional sampling rounds will also be performed for surface water and sediment where further 

delineation of the extent of contamination is needed. 

. . . 
. Furthermore, if surface water and/or sediment contamination is not sufficiently bounded by the first and 

second rQunds of sampling, further rounds of sampling will be conducted as necessary to define the 

extent of contamination. 

Summaries of the surface water and sediment samples to be collected and the associated QC samples 

are presented in Tables 3-7 and ~-8, respectively. 

SWMU8 

Fig'ure 3-1 presents the surface water and s~diment sampli~g locations for SWMU 8. Two rounds of 

surface water samples and one round of sediment samples will be collected from within the SWMU. The, 

four surface water and sediment samples will be collected at locations 08SW/S0002, 08SW/S0003, 

08SW /S0004, and 08SW /S0005. 

050419/P, 3-16 CTO 0331 

• 

• 



• 

• 

NSWCCrane 
DRAFTQAPP 

Revision: 0 
Date: September 2004 

Section: 3 
Page 17 of 34 

Two rou·nds of surface water and one round of sediment samples will be collected iJpgradient and 

downgradient of the SWMU. The .upgradient surface water and sediment samples will be collected at . . . . . . 

08SW/SD001., and the downgradient surface water and sedimen~ samples will be collected at locations 

;08SW/SD006, 08SW/SD007, 08SW/SD008, and 08SW/SD009. 

··SWMU 15 

Figure 3-2 presents the surface water and sediment sampling locations for the various AOes within 
. . . 

,SWMU 15. Sa:mpling location~ were grouped into AOes so that multiple drainage charinel samples·could 

. be classified in a limited number of AOes with similar characteristics, locations, and influences from 

'SWMU operations. 

Although each surface water/sediment sampling location is designated with "SW/SD" in the location 

identifier, storm sewer ·samples have "ST" in the sample number, and surface water drainage samples 

have "SW" in the sample number. 

AOC I - Drainage Channels Downgradient of Source Areas 

. . Two rounds of downgradient surf.ace water samples and one round of sedilT)ent samples (at 

locations15SW/SD001 and 15SW/SD002) will be collected. 

AOC J -Areas Upgradient of SOljrces 

Two rounds of upgradient storm sewer water samples and qne round of sediment samples (at location 
. I 

15SW/SD003) will be collected. 
\ 

AOC K - Catch Basin West of Roadway Along West Side of Building 3330 

Two rounds of upgradient storm sewer water samples and one round of sediment samples (at ·Iocation 

15SW/SD004) will be collected. 

. \ . 
·AOC L - Drainageway South of Former Asphalt Batch Plant. 

Two rounds of downgradient storm sewer water samples and one round of sediment samples (at location· 

15SW/SD005) will be collected. 
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Two rounds of storm sewer samples and one round of sediment samples will be, c:ollected at one,location 

(15SW/SD006). Two rounds of surface water samples and ,one round of sediment samples will be 

collected at three locations (15SW(SD015, 15SW/SD016, and 15SW/SD017). 

AOC N -Catch Basin South of Former Asphalt Batch Plant 

Two rounds of storm sewer water samples and one round of sediment samples (at location 15SW/SD007) , 

, will be collected. ' 

AOCs P, Q, R, S, T, U, and V - Catch Basin Associated with SWMU 15 

Two rounds of storm sewer water samples and one round of sediment samples (at locations 

15SW/SD008, 15SW/SD009, and 15SW/SD010) will be collected at AOes P, Q, and R, respectively, 

. . .. 

'Two rounds of upgradient storm sewer water samples and one round of upgradient sediment samples (at 

locations 15SW/SD011 and 15SW/SD012) will be collected at AOes Sand T, respectively. Two rounds 

of upgradient surface water samples and one round of upgradient sediment samples (at location 

15SW/SD014) will be collected at AOe V. Two rounds of upgradient su'rface water samples and one 

'round of upgradient sediment samples (15SW/SD013) will be collected at Aoe U.,' 

AOC W ....,... Landfill South of the Salt Dome 

, Two rounds of surface water !lamples and one round of sediment samples (at locations 15SW/SD018 and 

05SW/SD019) will be collected. 

Environmental Indicator Investigations 

SWMUS18, 19, and 20 and the OGTSL 

No surface water or sediment samples will be collected in association with the EI Investigations for 

SWMUs 18,19, and 20 or the OGTSL. 
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. . 
Because of the priqr uses of the areas to be investigated, there is a very small possibility that UXO could 

be. encountered during field operations at SWMU 19. UXO clearance of drilling sites or other sites where 
• ._ I " 

. . 
intrusive activities are planned at SWMU 19 will not be performed·unless specific direction to do so is 

received from NSWC Crane. If this situation occurs, the activities .at the specified location(s) will be 

conducted ina manner consistent with the UXO procedures discussed in the HASP. In addition, all UXO 

· procedures and borehole clearance activities will be documented in the site logbook. 

3:5.2 DPT Sampling for Surface and Subsurface Soil 

OPT (e.g., Geoprobe~ will generally be used to collect surface and subsurface soil samples from the 

unconsolidated overburden. The procedure for soil sampling using OPT is included in· SOP CT0331-04. 

A new acetate liner will b~ used for each 2- or 4-foot section of soil cor~; Each removed· soil.core will be 
. .. 

· scanned for VOCs (see SOP CT0331-06). The soil core will be visually inspected and logged by the field 

geologist (see SOP CT0331-07), and the soil texture, grain size (sand, silt, or clay), color (and any 

· unusual discoloration), -moisture content, and soil type will be identified by the field geologist. Soil types 

will be based on the Unified Soil Classification System (USCS). When OPT is not used· for sampling, 

hand augering will be used. Auger holes will be advanced in accordance with SOP CT0331-04. 

For samples requiring VOC analysis, the VOC sample will be collected from the point alon~ the soil core 

that had the greatest PIO reading using the required. number of Encore™ samplers (see SOP 

CT0331-08). If no PIO readings are greater than background, the VOC sample will be collected from any· 

discolored area of the soil 'or from the midpoint of the core.· However, voe aliquots will be confined to 

depths of 0.5 to 2.0 feet bgs in the case of surf~ce soil samples. The Encore™ samples will be collected· 

from each core immediately aft~r PIO readings are collected. After the sampl.e for VOC analysis has 

been collected, the remaining aliquot will be placed in a decontaminated stainless-steel mixing bowl or 

dedicated disposable plastic bag, . rocks, gravel, and other coarse ·debris will be removed, and the sample 

will be mixed using a decontaminated stainless-steel spoon or dedicated disposable towel. The 

appropriate sample jars for remaining analyses will then be filled and properly labeled, The bowl and 

spoon if employed will be decontaminated betwe~en each sample. Details regarding the collection and 

.Iabeling of soil samples are included in SOP CT0331-01 . 

Up to three subsurface soil samples will be collected from each soil boring. SOil .. sample· analytical 

information is presented in Table 3-2, and appropriate containers to be used for each sample aliquot are 
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listed in Table 3-9 .. ~fter the samples are containerized; labeled, and bagged (see SOPs CT0331-01 and 

. CT0331-03), they will be placed in a cooler containing ice until they can be packaged and prepared for 

shipment(Section 3.7). 

For each cooler containing soil samples identified for VOC analysis (Le., Encbre™ samplers), a trip blank 

will also be stored in the cooler and will continuously accompany the VOC samples until they have been 

analyz~d. As sam pies are added to a cooler, the COC form will be updated to include each new sample. 

(per SOP CT<?331-03). 

One duplicate soil sample will be collected for every 20 soil samples. Soil duplfcates will be collected for 

those samples that have the greatest probability of containing contaminants (e:g., elevated levels of 

VOCs as indicated by PID readings). The duplicate samples will be placed in the same types of 

containers and handled in the same manner as the regular soil samples. The duplicate samples will be 

given unique QCsample identifications (see SOP CT0331-02). Rinsate blanks will be collected as 

indicated on Table 3-3. For soil samples, the rinsate blank will consist of distilled water allowed to flow 

over dedicated or decontaminated equipment. This process will continue Lintil all the necessary bottles 

are filled for the rinsate sample. 

Soil borings will be backfilled with either the soil cuttings (if visually uncontaminated)' or bentonite pellets 

(if visually contaminated) in accordance with Section 3.11. 

Whem a boring has been sampled and backfilled, it will be identified by a tall wooden lath driven into the 

soil near the boring. The stake will .have brightly colored flagging attached to it to increase visibility and 

will be labeled using a waterproof marker with a unique soil boring number corresponding to the boring 

log. Thi~ will be done so that the sampling location can be located for surveying. 

3.5.3 Well Drilling and Installation 

The number of new monitoring wells to be installed at SWMUs 8 and 15 will be developed as part of the 

Round 2 portion' of this RFI. It IS anticipated that all new wells installed at SWMUs8 and 15 will be 

installed in bedrock. The soil samples and bedrock cores should provide an accurate characterization of 

stratigraphy, fracture distribution, and other features of the soil and rock units spanning the study area. 

The bedrock holes will be cored using a rotary rig with coring capabilities. Procedures for drilling and 

'. logging a boring in rock are included in SOP CT0331-1.1. The holes will be a minimum dianieter of 

5 inches prior to well installation activities. The rates of water produced during drilling will be carefully 
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observed to identify zones that might be fractured and have above-average permeability characteristics. 

Drilling standby may be required to monitor for the presence of ground water. 

A permanent monitoring well will be installed in each of the well borings. The wells. will be constructed of 
2-inch-diameter, Schedule 40, flush-joint, polyvinyl chioride (PVC) riser pipe and slotted screen (seeSOP 

CT0331-12). In each well, the screen will be 10 feet long and have a slot ~ize of 0.02 inch (factory 
I . 

slotted). All riser pipe arid screen sections will be new and certified clean. Each well will consist of 

slotted screen and enough solid riser pipe so that the riser will extend approximately 2.5 feet above the 

ground surface. . 

. .A sand filter pack: bentonite seal, and cement-bentonite grout will be placed around the annulus of the 

well screen, from the bottom of the hole upward, according to SOP CT0331-12. An. outer, steel 

protective casing will be installed around the PVC casing. The outer casing will extend at least 2 feet 

below the ground surface and no more than 4 inches above the inner PVC well cap. The steel casing will 

have a hinged cap or removable cap and a padlock. A 6-inch-thick, 4- by 4-foot concrete surface pad will 

be constructed around the well at the ground surface. ·In addition, four barrier posts will be installed just . 

off the corners of the concrete pad. Details regarding well construction sand pack and grout materials, 

the outer protective casing, the well pad, and the protective barrier posts are included· in 

SOP CT0331-12. 

3.5.4 Well Development 

All new monitoring wells will be developed in accordance with SOP CT0331-1.0 to.remove fine sediment 

from inside and around the well screens. The method used to perform well development can be either a 

. vigorous· on-and~off pumping or a surge block and pumping, df3pending on which technique is illost 

effective. Field measurements of pH,specific conductance~ temperature, and turbidity will be collected at 

.5- to 10-minute intervals from the~aterretrieved from the well, in accordance with SOP CT0331-13 .. 

Well development will continue until the well water is clear to the unaided eye and until three subsequent . 

consecutive readings of pH, specific conductance, and temperature are within 10 percent of each other 

and three consecutive turbidity readings are within 5 nephelometric turbidity units (NTUs) of each other. 

·If the water-quality parameter criteria cannot be met after five well volumes of water have been removed, 

one additional well volume will be removed, and well development will be considered complete. 
. . '\ 

. . . 

. All water removed from the well during the development process will be stored in a portable holding tank 

(already present at NSWC Crane) and discharged into a designated man-hole for treatment at the NSWC 

Crane water treatment facility (see SOP CT0331-14). 
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3.5.5 Water-Quality Field Measurements 

Temperature, pH, oxidation reduction potential (ORP), dissolved oxygen (DO), specific conductance, and 

turbidity will be measured for every aqueous sample collected, including all ground water, surface water, 

and storm water samples. Field measurements of water-quality parameters will be collected from ground 

water in a flow-through cell attached to the pump discharge line. These measurements, except for DO 

and ORP will be performed during well development (Section 3.5.4), and all of these measurements will 

be performed duri~g low-flow well sampling (Section 3.5.6). ,These field measurements will be made 

using a YSl6-Series Environmental Monitoring System or equivalent type of inst~ument. • Turbidity 

measurements 'will be made using a LaMotte turbidity meter or equivalent. Calibration· and 

measurements made with the field instruments will be in accordance with Section 6.1 and SOP 

CT0331-14. These same field water-quality parameters' will be measured for each surface water and 

storm water sample using procedures described i,n SOP CT0331-19. 

Each calibration of an instrument will be recorded on an' equipment calibration log sheet. Water-quality 

measurements, along with date, time, instrument operator, and visual and other observations' (e.g., 

weather conditions) will be recorded on well development logs, sample collection logs, or in field • 

notebooks; as appropriate. 

3.5.6 ~ow-Flow Sampling of Monitoring Wells 

During Round 1, ground water samples may be collected while coring and sampling of overburden soils. 

If ground water is perched on, the bedrock surface and flows into a soil boring (Le., Geoprobe® or hand 

auger boring), then a "perched" ground water sample will be collected. Perched ground water is water 
, , 

that has percolated down 'through overburden and accumulated on the bedrock surface. 'this 'often 

occurs because the permeability of the uppermost bedrock is less than the permeability of the lowermost 

overburden. This type of sample, if contaminated, indicates that contaminants have leached from the 

soils directly above and/or contaminants have leached from soils farthefup the bedrock surface (usually 

, uphill of the sampling point). Thus, this type of ground water sample can be a good indicator of where 
. " 

contaminant sources might currently exist in the overb,urden. soils. Up to seven perched ground water 

samples will be collected at SWMU 8 and up to nine perched ground water samples will be collected at 
, ' . 

SWMU 15 during the Round 1 sampling event The information and analytical results from these samples 

plus the soil samples will be used to help select drilling locations for monitoring well installation during 

Round 2 and later rounds. No monitoring wells will be installed or sampled during Round 1. , The specific 
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procedures for collecting a perched grourid water sample from overburden soil are included in SOP 

CT0331~05; 

Low-flow sa"!lpling procedures will be used to collect ground water samples from new wells and, 

temporarY wells (see SOP CT0331-05 and-16)., If the depth to ground water is greqter than,25 feet, a 

compressed air bladder pump will be used to slowly pump ground water from the well at about 

100 milliliters per minute. If the depth to ground water is less than 25 feet,' a peristaltic pump maybe 
, ' 

used. Low-flowpumping will proceed until readings of temperature, pH, specific conductanc~, DO, ORP! 

and turbidity stabilize but for no longer than 4 hours (for permanent wells only). See SOP CT0331-16 for 

, criteria for well stabiliiation. Appropriate sample bottles will be filled direCtly from, the pu~pdischarge 

tube. The bottles' will be properly laqeled, bagged,' and placed in an ice-filled cooler as' quickly. as 

possible (see .sOPs CT0331-01 andCT0331-(3). A ground water data log sheet will be comple,ted for 

each ground water sample collected (see SOP CT0331-05). 

To the extent that is practical the wells will be, sampled in order of those expected to be least 
. . . . 

contaminated to those expected to be most contaminated, starting with the upgradient wells, proceeding 

to the far downgradient wells, and finishing with the source wells. This approach will lessen the possibility 

of cross conta,mination between wells. After each ground water sample is collected"the pump will be 

decontaminated (SOP CT0331-17). 'Rinsate blanks will be collected from each type of sample device or 

equipment (e.g., tubing, etc.) to ensure that decontamination of the pump is-~ffectively accomplished. 

, The rinsate blank will be collected by PLJmping distilled water throu~h the pump arid placing the pump 

discharge water directly into sample jars~ The appropriate sample jars and preservatives for each analyte ' 

" group are listed in Table 3-10. 

'For each cooler containing ground water samples identified for VOC analysis, atrip blank'will be,included 

in the cooler. The trip blank will accompany the VOC samples until they have been analyz'edfor VOCs. 

As samples are added to a cooler, the, COC form should be updated to include each new sample 

, container (see SOP CT0331-03). 

3.5.7 Ground Water-Level Measurements 

, , 

During subsequen(sampling rounds, one synoptic round of water-level measuremen'ts and total well 

depth soundings will be obtained at each of thenewinonitoring ~ells (if installed) at SWMUs 8 and 15. 

, All water-level measurements at a single SWMU will be, taken within an 8-hour period using an electronic 

water-level rneter. Water-level elevations will be recorded to within O.Ol-footaccuracy from a ,marked 

referElnce point on the well riser pipe. ,Detailed procedures regarding water-level, measurements are 
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included in SOP CT0331-18. Water levels will be recorded on a TtNUS water-level form. A blank water-

level form is provided in SOP CT0331-18 for reference purposes. The water-level meter will be 
, , 

decontaminated between each wei!; decontamination procedures are addressed in SOP CT0331-17. 

3.5.8' Surface Water Sampling 

A total of 52 surface water samples (24 drainage ditch and 28 storm sewer samples) will be collected as 

, grab. samples from SWMUs 8 and -15 in accordance with SOP CT0331-19. It will be assumed that the 

water flowing at the sample locations is thoroughly mixed. Sample bottles will be filled directly in the 

flowing water. If the depth of water is, not sufficient to lower the bottles into the water without disturbing, 

bottom sediment, a decontaminated shovel will be used to dig a depression (i.e., a small pool) about 

2 feet deep in which the water can accumulate and pass through. After suspended sediment in the pool 
, ' 

has settled 'out oris carried downstream, the unfiltered surface water sample, one sample per pool, will 

be collected. A filtered water sample will a:lso be collected at each sampling location for dissolved metals 

analysis (see SOP CT0331-19). The bottles will be properly labeled (see SOP CT0331-01), bagged, 

and placed in a:n ice-filled cooler. 

If no water is present at a sampling location or if the water present is not perceptibly flowing, a surface . . ' .. 
water sample will not be collected from'the location. 

If water is pooled in a dr~inage gulley an,d a small flow rate of water is observed entering the pool, a 

surface water sample may be collected from the pool. " 

Field water-quality measurements (temperature, pH, ORP, DO, specific conductance, and turbidit.y) will ' 

be made at each surface water'sampling location immediately after a sample has been co.llected. These 

, data will be recorded on th~ surface water sample collection ,log sheet. 

3.5.9 Sediment Sampling 

A total of 24 sedimentsamples 'will be collected as grab samples from SWMUs 8 and 15, in accordance 

with SOP CT0331-20. Sampling locations for sediment will be adjusted to positions along stream 

channels and gullies where surface water is viSibly fiowing, if possibl.e. At these locations, sediment 

samples will be collected from beneath the water· surface at the water's edge. If water is not visibly 

, present, then the sediment sample will be collected from an area of deposition where the finest sediment 

is present and where the sediment is moist or wet. VOC samples will be collected with as little 

• 

( 

,disturbance of the sediment as possible (i.e., will not be stirred or homogenized) and with a minimum • 
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exposure to the air. EnCore ™ samplers will be used unless the sediment is too fluid for using EnCore ™ 

samplers, in which case glass jars will be used. The appropriate sample jars for other parameters (Table 

3-10) will then be filled directly from the sediment surface using' disposable plastic spoons or trowels. 

Sample materials will be collected from 0 to 6 inches beneath the sediment surface. 

, A 2- by 2-inch wooden stake with attached fl;3.gging material will be driven into each sediment sampling 

location, and the sample identification number will be marked on the stake with a black waterproof 
, , 

marker. Alternatively, stakes may be driven into the stream bank to mark the location of the sediment 

sample. This will be done so that the sampling location can be revisited at a later date, if necessary, for 

surveying or re-sampling purposes. 

In addition, for SWMU 8, two sediment samples (08S0004 and 08S0005) wi" be collected from the 

bottom of the Building 106 Pond in accordance with SOP CT0331-25. Sampling locations for sediment 

will be adjusted to positions along pond bottom as to necessitate safe sampling. To ensure, that these 

sedimenisamples will be collected from beneath the leaf and other organic material buildup, three depth 

intervals will be sampled in each boring as listed i~' Table 3 2. The samples will be collected from 0 to 6, " 

,6 to ,12, and 12 to 18 inches beneath the pond sediment surface. The' samples will be analyzed as 

detailed in Table 3-2. Field modification to, these intervals may be made if it is determined that collection 
, . 

J of sediment' at deeper depths is necessary to obtain samples that do not contain significant leaves or 

organic litter. 

VOC samples will be collected with as little disturbance of the sediment as possible (i.e., will not be stirred 

or homogenized) and with a minimum exposure to the air. EnCore™ samplers will be used unless the 

sediment is too fluid for using EnCore ™ samplers, in which case glass jars will be used., The appropriate 

sample jars for other parameters (Table 3-10) will then be filled directly from the sediment surface using 

disposable, plastic spoons or trowels: 

Staff Gauge Installation and Estimation of Stream Flow ' 

Up to eight staff gauges per SWMU will be installed at surface water/sediment sampling locations at ' .' , 
SWMUs 8 and 15. The locations of these gauges wi" be discretionary and will be determined by field 

sampling personnel at the' time that surface water and sediment samples are colleCted. Existing 

perr1fanent structures such as culverts and bridge abutments from which measurements to the water 

surface can be taken wi" be used as staff gauges whenever possible. A mark wi" be placed on these 

permanent structures denoting the point where measurements will be taken, and the staff gauge number 

wi" be noted. If a permanent structure is not available, the staff gauge wi" consist of a metal pipe 
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pounded into the sediment with a sledgehammer. The measurements will be taken with a weighted tape 

measure in reference to the established measuring point on the permanent structure denoting the 

, measurement point. Where there are no permanent structures, a permanent steel stake will be driven a " 

minimum of 2 feet into the ground for a reference marker. All staff gauges will be m'easured at the same 

, time as water levels in monitoring wells. Staff gauges and monitoring well water levels will be measured 

once during the field effort described in this QAPP. 

The approximate: flow rate of surface water at each surface water sampling and staff gauge location will 
, , 

, be estimated at the time when the water samples are collected. These estimates will be approximate and 

, will be accomplished by measuring the cross-sectional width of the' flowing water, the average depth of 

the flowing water, and the approximate water velocity, in accordance with SOP CT0331-21. The 

information will be used to evaluate surface water flow in relation to each site's drainage system and to 

, ,'help evaluate potelltial impacts to downstream water bodies (e.g., Boggs and Turkey Creeks). 

, 3.5.11 Aquifer Testing 

Because well installation is not planned for Round 1, aquifer testing is not scheduled for Round 1., If wells 

are installed during subsequent rounds, aquifer testing may be performed. This will be documented in the 

R~und 2 sampling plan. Both rising- and falling-head tests will be performed in wells with submerged well 

screens; only rising-head tests will be performed in ~ells for which the screened interval intersects the, 

water table. The slug tests will be performed in accordance with SOP CT0331-22. 

3.6 ' QUALITY CONTROL SAMPLES 

This section focuses on Jield QC samples that will be collected as part of this environmental investigation, 

, including field duplicates, source water blanks, equipment rinsate blanks, and trip blanks. Tables 3-3, 

3-5, 3-7, and 3-8 present the types and numbers of required field QC samples to be colIectedfor soil, 

ground water, and, sui"tace water and sediment sampling activities, respectively, during the field 

investigation. Table 3-11 provides an overview of QC sample collection and analysis frequencies and 

corrective measures to be taken when the QC results are not within expectations. Section 7.0 provides 

d~finitions and details for th'ese and a'il other QC checks to be used during this investigation. Field QC 

sa'mple requirements for field duplicates, source water blanks, equipment rinsate b!anks, and trip bianks 

required for this project are described below. 

Field Duplicates. Field duplicates are obtained during a single act of sampling and are used to assess 

• 

the overall precision of the sampling and analysis program. Duplicate samples will be collected at a rate • 
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of one for every 20 samples of each type of environmental medium. All duplicate samples wi!1 be 

analyzed for the same parameters in. the laboratory as their environmental sample counterparts. 

Duplicate samples will be preferentially collected where field evidence (Le., PID reading, odor,' or 

. analytical data) indicates that contamination is likely to be present in the environmental sample. 

Equipment Rinsate Blanks. Equipment rinsate blanks (or r.insate blanks) will be obtained under 

representative field conditions by running analyte-free water through sample collection equipment after 

decontamination and placing it in the appropriate sample cqntainers for analysis. Equipment rinsate. 

blanks will be collected for non-dedicated equipment.· For surface and subsurface soil sampling activities, 

rinsate blan~s will be collected by running analyte-free water over the decontaminated stainless-steel 

. bowl and spoon used to mix soil before it is placed in sample jars. For ground water samples,analyte-

. free water will be pumped through a decontaminated· pump and tubing used lor ground water sampling. 

Equipment rinsate blanks will riot be required for surface water and sediment samples. Surface. water 

samples will be collected directly from the surface water body, and only new disposable towels will be 

used·to collect sediment samples.· 

Source Water Blanks.· Source water blanks will be obtained by.sampling each water source (e.g., potable 

water and distilled water) used for decontamination activities during the field investigation. Source water 

blanks will be used to. determine if the water or the laboratory bottles are contribl,lting to sample . 

contamination. Source water blanks will be collected for each type afwater used for decontamination and .. 

wi·1I be submitted at a frequency of one per sampling event. . Source water blanks, as applicable, will be 

analyzed for the entire suite of parameters under investigation. It is ant.icipated that two source water 

blanks will be collected during the field· investigation: one potable water sample a~d orie sample of 

distilled water used for decontamination. 

Trip Blanks. Trip blanks are 4Q-mL glass vials that contain analyte"free water .and ar!3 prepared by ·the 

analytical laborat6ry prior to the start of field activities·. They will be stored in a sealed container until they 

are needed. During sampling activities, one trip blank, consisting of two vials, will be placed in each 

. cooler that contains environmental samples destined for vac analysis. The trip blank win be properly 

labeled and added to theCaC form for the cooler. Trip blanks are only analyzed for vacs. ., . 
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3.7 . SAMPLEHANDLlNG,.PACKAGING, AND SHIPPING 

3.7:1 Sample Preservation 

Preservation requirements for each of the parameters of interest are provided in Tables 3-9 and 3-10. All 

soil and sediment samples are to be cooled to 4°C ± 2°C; no chemical preservatives are necessary. 

· Sample bbttlesfor aqueous· samples will contain the proper amounts and types of preservatives before· 

they are shipped to NSWCCrane (Table 3-10). The preservatives placed in the sample bottles will be 

· certified that they 'are free of analytes being tested in the samples. . All samples will be promptly. chilled 

· with ice to 4°C ± 2°C anq packaged in an insulated cooler. Each cooler will include a temperature bl~nk. 

Ice will be sealed in containers to prevent water leakage. Samples will not be frozen. 

.3.7.2 Sample Labeling 

Before samples are packaged; the sample labels will be checked to ensure that all information on the 

labels is complete and correct (see SOP CT0331-01) and that it matches the information on the sample 

· collection log sheets and the cot form. 

Sample Packaging 

Each sample container will be placed in a zip-lock bag to prevent cross-contamination and leakage. Each 

zip-lock bag will be placed in a bubble~wrap sleeve to prevent breakage and cross-contamination. Only 

shipping containers that meet all applicable State and federal standards for safe shipment will be used. 

Cube ice will be placed in arid aroul)d the samples in sufficient quantity to ~nsure that trie samples remain 
. . 

chilled (4°C ± 2°C) during·transport to the analytical laboratory. 
· . .' 

The completed field COC document will be signed, placed in a seal.ed plastic envelope, and taped to the 

inside lid of the shipping container (see SOP CT0331-03). 

. . 

· SOP CT0331-01 provides a detailed description of sample handling, packaging, and shipping procedures 

required for this project. The FOL will be responsible for ensuring the completion of the following forms: 

• - Sample labels 

• COC forms. 

• Custody seals for coolers 

• Shipping labels for coolers 

• Express ·mail air bills 
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Shipping containers (i.e., coolers) will be sealed with nylon strapping tape in at least two places, and 

. custody seals will be signed, dated, and affixed in a manner that will allow the receiver to quickly identify 
. .. 

any tamperirig that may have occurred during.transport to the laboratory (see SOPs CT0331-01 and -03). 

Shipment will be made by·a public courier at the next scheduled pickup following completion of sample 

collection. Copies of the air bills should b·e retained by the FOL for tracking purposes, if needed, and for 

communications with the laboratory. Air bills will be retained for the permanent record file. 

3.7.5 Sample Custody 

Custody <;>f samples must be maintained and documented at all timeS, in accordance with 

. SOP CT033.1-03, beginning with the collection of sa:mples in the field. Sample custody procedures are 

addressed in Section 4.0 . 

3.8 RECORD KEEPING 

Standard forms, field notebooks, and a field logbook will be used to record all sample collection activities, 

field measurements, obserVations concerning site conditions, and other project-related information. 

Additional field records include sample log sheets, daily activity records, field logbooks, drilling and well 
. . . 

completion log sheets, and field instrument calibration log sheets~ among others. More details regarding 

record keeping are included in SOP CT0331-03. 

3.8.1 Field Log Books 

Bound, weatherproof field notebooks will be maintained by. sampling personnel. All inform?tion related to 

sampling and other field activities will be recorded in field notebooks. This information will include, but is 

not limited to, sampling time, weather· conditions, unusual events, field measurements, and descriptions 
. . ; \ 

of photographs. 

A bound, weatherproof logbook will be maintained by the FOL. This book will contain a summary of each 

day's activities and will reference the field notebooks when applicable . 

(' 
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A drilling log will be completed for every boring drilled during these .field activities. A geologist will 

complete the drilling log, which will include information regarding date, time, personnel present, drilling 

and sampling equipment, geologic materials encountered, fracture locations and frequency (where 

appropriate), water yields, color, teXture, odors, and readings made with the screening instrument(s) (see 

SOPs CT0331-07 and CT0331-11). 

\ 

A well completion log will be completed for every monitoring well constructed. These logs will include 

information concerning the date, times of events, quantities of construction m"aterials used,. lengths; 

depths, and diameters of riser pipe and· well screen placed in the well, and other information,as 

described in SOP CT0331-12. 

3.8.3 Well Development Log Sheets 

During the development of each monitoring well, the date, times of events, development method and 

equipment, personnel present, amounts of water produced, measurements made by field water~quality 

meters, and depths to water will be recorded on a well development log sheet, as described in SOP 

CT0331-10. 

3.8.4 . Equipment Calibration Logs 

An . equipment calibration log sheet will be used . to record each time an instrument is calibrated, 

recalibrated, or checked against a standard or background. The procedures and standards to be used for 

instrument calibration are discussed in Section 5.1 and SOPs CT0331-06 and CT0331-14. 

3.8.5 Sample Collection Logs. 

All sample log sheets will be completed in accordance with SOP CT0331.-03. 

3.8.6 Chain-ot-Custody Forms 

. A COC form will. be completed for every cooler that contains samples being shipped to an off-site 

laboratory for analyses. These forms are a record of the people having custody of the samples from the 

time the samples are collected to the time they are analyzed and disposed (see SOP CT0331-03). The 

completed field COC document will be signed, placed in a sealed plastic envelope, and taped to the top 
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inside lid of the shipping container before it is shipped. A copy of the COC document will be retained by 

the FOL. 

3.8.7 Shipping Forms/Air Bills 

Copies of all forms andior air bills related to the shipment of coolers will be retained by the FOL in order 

to trace the shipment, if necessary, and to communicate with the receiving laboratory. 

3.8.8 Permanent Record File 

At" the completion of the field activities, 'the FOL will submit to the TOM all field records, data, field 

notebooks, logbooks, coe records, sample log sheets, daily activity logs, and other records concerning 

the project, including all the forms and'iog sheets listed above. The FOL will check these records for 

legibility and completeness before submitting them to the TOM. The$e forms, data, and field notes, will 

become part of the permanent project record. 

3.9 , SURVEYING 

The location of every soil boring. and surface water and sediment sample location will be marked with a 

wooden stake and flagging, and a boring hole number or sample ID will be marked on the stake. 

The horizontal locations and vertical elevations of all new monitoring wells, soil ~orings, surface water 

and sediment sampling locations, and staff, gauges will be, surveyed. Horizontal locations will be 

surveyed to the Indiana State Plane Coordinates System within the nearest foot and referenced to the 

1983 NAD 83. The vertical elevations of the ground surface and tops of casing for wells, the tops of the 

, staff gauges, and the ground surface for the borings and surface water and sediment sampling'locations 

will be measured to the nearest 0.01 foot and referenced to the North American Vertical Datum (NAVD) of 

1988. 

3.1(} ~QUIPMENT DECONTAMINATION 

All equipment used to collect soil and ground water samples will be decontaminated in accordance with 

'SOP CT0331-17 . 
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It is anticipated that this investigation will generate five types of potentially contaminated residues or 

investigation-derived waste (lOW): 

• Personal Protective Equipment (PPE) 

• Ground water sample tubing and DPT sample liners/sleeves 

• Well development and purge fluids 

• Equipment decontamination fluids . 

• Waste cuttings from soil boring activities 

IDW will be handled as described in SOP CT0331-15. 

3.12 SAFETY 

The health and safety activities described in the following sections will ensure tliat field activities are. 

performed at a high level of safe.ty. 
) . 

3.12.1 Health and Safety Plan -
A separate HASP has been prepared that describes specific health and safety requirements, concerns, 

and information related to the site activities. This ~ocument will be read and understood by each person 

working at the site. Each worker or visitor to.the site must sign an acknowledgment that he or she has 

read and understands the HASP. 

3.12.2 Health and Safety Training 

All workers involved with the site investigations shall have successfully completed the Occupational 

. Safety and Health Administration (OSHA)-mandated 40-hout health and safety training and the follow-up 

annual 8-hour refresher courses when appropriate. 

TtNUS and subcontractor personnel will supply OSHA documentation to the FOL before beginning work. 

Personnel who do not comply. with this require~ent must receive verbal approval to work frolTl TtNUS 

corporate health and safety personnel. 
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Workers at the site must be part of a medical monitoring program and must be medically approved to 

perform their duties without physical limitations .. Protective clothing and equipment, as specified. in the 

HASP, will. be worn while performing site activities. 

3.12.4 Safety Meetinqs 

Safety meetings will be held among on-site workers whenever the SSO feels it is appropriate. Th~ SSO 

will. discuss safety issues related to activities being performed and will make site workers aware of any 
'. • I 

new conditions that could .potentially affect health or safety. 

3.13 ORGANIZATION AND LOGISTICS OF FIELD INVESTIGATIONS' 

3.13.1 Personnel 

. The duties,responsibilities, and lines of command for each person working 'on the. project are describ~d 
in Section 2.0 and displayed on Figure 2-1. Persons working on the project will be .intimately familiar with 

. their roles a'nd responsibilities~ In addition, they will be f"!-miliar with the mechanisms and procedures for 

coordinating tasks,improving communications,and reporting incidences or irregularities. The FOL is 

responsible for coordinating all on-site personnel and activities (Section 2.3:1). The SSO is responsible 

for health and safety monitoring and. ensures that the. HASP is adhered to during all field activities'· 

(Section 2.3.3)~ The SSO has the authority to· stop work if an imminent safety hazard is encountered 

(Section 2.3.3). 

3.13.2 . Subcontractors 

Subcontractors will perform site activities involving drilling,. well installation, site' restoration, and 

surveying. The FOL will direct all subcontractor activities: 

3.13.3 Mobilization and Demobilization 

Following approval of the QAPP, TtNUS will begin mobilization activities .. All field team members will 

review the QAPP. (including the HASP) prior to mobilization. In addition, a field team orientation meeting 

will be held to familiarize personnel with the scope of the field activities. Items to be presented during that 

meeting include the following: . 

• . Identification of the QAPP, the HASP, and applicable field SOPs (Appendix E). . . . . . 
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, 
• Site-specific safety concerns and requirements. 

• Project objectives. 

• Sampling designs and strategies for soil. and ground water (including the relationship of soils data for 

this project to NSWC Crane background soils data). 

• Site-specific particulars offield operations (e.g., locations of utilities, physical access to sampling 

locations, communication mechanisms, lines of authority and responsibility, scheduling requirements, 

sample shipping concerns, etc.). 

• Laboratory and other subcontractor coordinati.on·. 

• Site·access requirements. 

• Travel requirements. 

The FOL will coordinate the mobilization activities for this project. The equipme~t required for the field 

activities will be mobilized from the TtNUS Pittsburgh office or third-party vendor(s). The FOL and crew 

will demobilize from the site upon completion of the field operations and transport field equipment back to 

the TtNUS Pittsburgh office, as necessary. All work areas will be thoroughly checked, and trash will be 

removed and disposed properly. 
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TABLE 3-1 

FIELD SCREENING AND MEASUREMENTS 
, SWMUs 8,15,18,19, AND 20,AND THE OGTSL 

NSWC CRANE, CRANE, INDIANA 

,Parameter Equipment SOP 

Volatile organics Perkin-Elmer Photovac 2020 SOP CT0331-06 
Photoionization' Detector (or 
equivalent) 

pH 
{ 

YSI 6-Series Environmental SOPCT0331-14 
Temperature Monitoring System (or 
Oxidation-reduction potential equivalent) 
Specific conductance 

, Dissolved Oxygen " 

(water-quality p~uameters)(l) 

Turbidity LaMotte Turbidity Meter (or SOP CT0331-14 
(water-quality parameters)(l) equivalent) 

Water-levels Heron Dipper-T (or equivalent)(2) SOP CT0331-18 

Calibration 

Per Manufacturer 

Per Manufacturer 

Per Manufacturer 

Per Manufacturer 

'1, Field measurements used to establish well stabilization prior to collecting ground water samples. 
Field measurements will also be collected at each surface water sampling location. 

2 Any electronic water-level indicator with the capability of measuring to within 0.01-foot accuracy can 
be used; 

, S'OP ~ Standard operating procedure . 
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Area 
of Sample Location Sample Number(2,3) 

Concern 

SWMU8 
NA 0888001 08880010002 

08880010206 
08880010610 
0888001 xxxx 

NA 0888002 08880020002 
08880020206 
08880020610 
0888002xxxx 

NA 0888003 08880030002 
08880030206 
08880030610 
0888003xXxx 

NA 0888004 . 08880040002 
08880040206 
08880040610 
088B003xxxx 

NA 0888005 08880050002 
08880050206 
08880050610 
0888005xxxx 

• 
TABLE 3~2 

LISTING OF SOIL SAMPLES AND LABORATORY ANALYSES(1) 
SWMUs 8,15,18,19, AND 20 AND THE OGTSL 

NSWC CRANE, CRANE, INDIANA 
PAGE 1'OF 11 

Ener~ etics Metals VOCs SVOCs 
!:!. 
"0 
"0 -I/) ... "iii' :::r:: .g ~ (I) I/) I/)(/) :::r:: 
"0 - iij c: S-g ea 1/)« c: ea c: ... Qi(/) ID ID I/) 
ea E .- 0 (I) ea 0 II') 00. :::r:: - o E :c :: I/) :: .- \0 ,.. 0- « (,) ... ea (,) ... 2 ... '" ('II 0 >0. 0. ea ea!: ... co co (/) ~ ... o .- '(1) « a. « I/) 

x' !:z 0. I- 1-2 >< 
w Z a. ~ 

1 1 1 1 1 1 1 
1. 1 1 1 1 . 1 1 

E&H 1 - 1 1 1 1 1 1 
E&H 1 1 1 1 1 1 1 

1 . 1 1 1 1 1 1 
1 1 1 '. 1 1 1 1 

E&H 1 1 1 1 1 1 1 
E&H 1 1 1 1 1 1 1 

1 1 1 . 1 1 
1 1 1 1 1 

E&H 1 1 1 1 1 
E&H 1 1 1 1 1 

1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 '1 1 1 1 1 
1 1 1 1 1 1 1 
1 . 1 1 1 1 1 . 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 -

.' 
.> 

- Miscellaneous Parameters, 

I/) I/) 
0 

(I) (I) 

"0 "0 I/) 

'0 '0 ID .. :0 0 0 :::r:: 0 
I/) ... 0. W a. 0 (I) (I). 0 I-0.' :::r:: 

, 
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Area 
of Sample Location Sample Number(2.3) 

Concern 

SWMU 8 (Continued) 

NA 08S8006(4) 08SS0060002 
08S80060206 
08S80060610 
08S8006xxxx 

NA 08S8007(4) 08SS0070002 
08S80070206 
08S80070610 
08S8007xxxx 

NA 08S8008(4) 08SS0080002 
08S80080206 
08S80080610 
08S8008xxxx 

NA 08S8009(4) 08SS0090002 
08S80090206 
08S80090610 
08S8009xxxx 

NA 08S8010 08SS0100002 
08S80100206 
08S801 0061 0 
08S8010xxxx 

\) 

• 

TABLE 3-2 

LISTING OF SOIL SAMPLES AND LABORATORY ANALYSES(l) 
SWMUs 8,15,18, 19,AND 20 AND THEOGTSL 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 11 

Ener~etics Metals VOCs SVOCs· 
§: 
3:! -·0 m ... u;-::t ·il ~ CIl m men ::t 

" iii (ij c (ij" c eo c ... Qjen - c m m m< m eo E .- 0 CIl eo 0 Ll) UO- ::t - o E :2 :: m :: .- 10 ... 0·- < (,) ... eo .:::1 ...J...J N· 0 > 0. eo co .:::. (,) ...J- co co en ~ 0-... <0. < m ... o .- CIl 
>< !:;z 0- I- 1-= )( 

.w Z 0. !!:!. 

1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 . 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 . 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 

. 1 1 1 1 1 
1 1 1 1 1 

E&H 1 1 1 1 1 
E&H 1 1 1 1 1 

• 

Miscellaneous Parameters 

rn m 
CIl CIl 

" " m 
:§ '13 m .. 
iii :c u u ::t U .... 0- W 0. 0 CIl CIl U I-0- ::t 

1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 

1 
1 
1 
1 

1 1 1 
1 1 1 
1 1 1 
1 1 1 

- -

se.er2004 



• 

Area 
of Sample Location Sample Number(2,3) 

. Concern 

SWMU 8 (Continued) 
NA 088B011 08880110002 

08880110206 
. 08880110610 

0888011 xxxx 
NA 0888012 08880120002 

088B0120206 
08880120610 
0888012xxxx 

NA 0888013 08880130002 
08880130206 
088B0130610 
088B013xxxx 

NA 0888014 08880140002 
(upgradient) 08880140206 

088B0140610 
088B014xxxx 

Total Soil Samples, SWMU 8 

• 
TABLE 3-2 

LISTING OF SOIL SAMPLES AND LABORATORY ANALYSES(l) 
SWMUs 8,15,'18,19, AND 20 AND THE OGTSL 

NSWC CRANE, CRANE, INDIANA 
PAGE 3 OF 11 

Energetics Metals VOCs SVOCs 
E 
'C 
'0 ..... 

III .. Ii) J: .g gJ C1I III III(/) J: 
'C i; . iij C iij'C 111<1: c I'a c .. 'Q)(/) - c III III (,)c.. til 
I'a E .- 0 .C1I I'a 0 Ll) J: - o E :c :E III :: .- CD ... 0- <I: (J .. I'a (J ...1-= ...1...1 ('II 0 >c, c.. I'a I'a!: co 'co (/) ~ .. .. <l:c, <I: til - o .- C1I 

1--= >< >< !:z c.. I- !:!:!. w Z c, 

1 1 1 1 1 

- 1 1 1 . 1 1 
E&H 1 1 1 1 1 
E&H 1 1 1 1 1 

1 1 1 1 1 
1 1 1 1 1 

E&H 1 1 1 1 1 
E&H 1 1 1 1 1 

1 1 1 1 1 . 

1 1 1 1 1 
E&H 1 1 1 1 1 
E&H 1 1 1 1 1 

------ '--- 32 32 52 0 52 52 52 52 

'. 

.-. 

Miscellaneous Parameters 

III III 
C1I C1I 
'C. 'C III 
'0 '0 III 

(,) (,) (,) :; :s 'J: til .. c.. w c, 0 
C1I C1I (,) I-c.. .J: 

-

1 1 . 1 . 

1 1 1 
1 1 1 
1 1 1 
1 1 1 I 

1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 

1 1 1 
1 1 1 
1 1 1 
1 1 1 

16 16 0 4 . 4 . 4 

September 2004 



Area 
of 

Concern 

. SWMU 15 
A 

8 

• 

.r' 

Sample Locationl Sample Number(2,3) 

1588001 15880010002 
15880010206 

1588002 15880020002 
15880020206 

1588003. 15880030002 
15880030206 

1588004 15880040002 
15880040206 

1588005 15880050002 
15880050206 

1588006 15880060002 
15880060206 

1588007 15880070002 
15880070206 

1588008 15880080002 
15880080206 
15880080610 
1588008xxxx 

1588009 . 15880090002 
15880090206 
15880090610 

. 158B009xxxx 
1588010 15880100002 

15880100206 
15880100610 
1588010xxxx 

TABLE 3-2 

LISTING OF SOIL SAMPLES AND LABORATORY ANALYSES(1) 
SWMUs 8; 15, 18, 19,ANO'20 AND THE OGTSL 

eo 
"0 
"0 
::t 
"0 
c: 
ctI -(,) 
f! 
>< w 

E&H 

E&H 

E&H 

E&H. 

E&H 

E&H 

E&H 

NSWC CRANE, CRANE, INDIANA 

Energetics 

-UI 
(,) UI 

+= ~ E .-
o E 
:;~ 
0'-.:::Z 
Z 

.! 
f! 
o 
:E 
.~. 

·cf 

. 

PAGE 4 OF .11 

Metals 

. UI . 

iii c: 
Qjen 
:E UI 

.J-= 
.~ a. 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

'. 1 

1 
1 
1 
1 
1 
1. 
1 
1 
1 
l' 
1 

... 
Ulen 
iii "0 
- c: <II ctI :E ._ 
.J.J 
< UI 
I- ::J 

C. 

.. 

• 

VOCs ,I SVOCs 

CD 
l5 
('Ij 
co 

. 1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

' 1 
1 
1 
1 
1 
1 
1 

. 1 

1 
1 
1 

(i) 
::t 

m 1<3 ~ UJ ..... 0- ::t 
o > a. < co en III .c.. 

(,) 

>< 
W --

1 1 -1 
1 . 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 . 1 
1 1 1 
1 1 1 
1 1 1 
1 1 .1 
1 1 1 

' 1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 . 1 
1 1 1 
1 1 1 
1 1 1 
1 1 .1 
1 . 1 1 

UI UJ 
III III 
"0 ."0 
'u 'u 
+= :c UJ. ... 
<II III 
c.. ::t 

1 
1 
1 
1 
1 
1 
1 
1 . 
1 
1 
1 
.1 
1 
1 

r/) 
CD 
() 
c.. 

Miscellaneous Parameters 

() 
w 
() 

i i 

::t 
a. 

r 

() 
o 
I-

8e.er2004 



e 
,-~ 

Area. 
of Sample Location Sample Number(2,3) 

Concern 

SWMU 15 (Continued) 
C 15S8011 15SS0110002 ' 

15S80110206 
15S8012 15SS0120002 

15S80120206 
15S8013 15SS0130002 ' 

15S80130206 
D 15S8014 15SS0140002 

15S80140206 
15S8015 15SS0150002 

15S80 150206 
15S8016 15SS0160002 

15S80160206 
15S8017 15SS0170002 

15S80170206 . 
, 15S8018 15SS0180002 

15S80180206 
E 15S8019 15SS0190002 

15S80190206 
15S8020 15SS0200002 

15S80200206 
15S8021 15SS0210002 ' 

15S80210206 
15S8022 15SS0220002 

15S80220206 
15S8023 15SS0230002 

------
15S802:30206 

e 
, TABLE 3-2 

LISTING OF SOIL SAMPLES AND LABORATORY ANALYSES(1) 
SWMUs 8,15,18; 19, AND 20 AND THE OGTSL 

, NSWC CRANE, CRANE, INDIANA 
PAGE 5 OF 11 

Ener!;etics ' Metals, VOCs SVOCs 
~ 
"C 
(5 -m ... 'iii :I: .g ~ Gl m men :I: 
"C - (;i C (;i"C ., co m<C c co c ... Qien - c III III m co E .- 0 Gl co 0 LI) 

(.)c.. 
:I: - o E :E :l! m :l! .- 10 .- ' 0- <C () ... co :I' ...J...J N 0 >5r .f! co,:;; () ...J- eo eo c.. ... <C 0. <c m en () o '- Gl 

~ ,:;;Z ,c.. I- 1-': >< 
w Z 0. !:!:!. 

1 1 1 ' 1 
E&H 1 1 1 1 

1 1 1 1 
E&H 1 1 1 1 

1 1 , 1. 1 
E&H 1 1 1 1 

1 
E&H 1 -

1 
E&H 1 

1 
E&H 1 - l' 

,E&H 1 
1 

E&H 1 
1 1 1 1 1 

E&H 1 1 1 1 1 
1 1 1 1 1 

E&H 1 1 1 1 1 
1 1 . 1 1 1 

E&H 1 1 1 1 1 
1 1 1 1 1 

' E&H 1 1 1 1 1 
1 1 1 1 1 

E&H 1 1 ' 1 1 1 
-------

e. 

Miscellaneous Parameters 

m .m 
Gl Gl 

"C "C m 
'u 'u III 
:;:; :c (.) (.) 

:I: 
(.) 

m ... c.. W 0. 0 Gl Gl (.) I-c.. :I: 

1 
1 -
1 
1 
1 
1 

1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 1 . 
1 1 1 
1 '1 1 
1 ' 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 , 1 1 
1 1 1 

September 2004 



Area 
of Sample Location 

Concern 

SWMU 15 (Continued) 
F 1588024 

1588025 

1588026 

1588027 

1588028 

G. 1588029 

1588030 

1588031 

1588032 

1588033 

1588034 

1588035 

1588036 

• 

TABLE 3-2 

LISTING OF SOIL SAMPLES AND LABORATORY ANALYSES(1) 
SWMUs 8,15,18,19, AND 20 AND THE OGTSL 

NSWC CRANE, CRANE, INDIANA· 
PAGE 6 OF 11 

Ener!;etics Metals· VOCs SVOCs 
e 
'tI 
"0 -en ... (j) 
~ 41 en en(/) - ~ ,~ Xl 'tI iii C 'iii'tl 

Sample Number(2,3) . 
ea en <I: c ea c ... 4j(/) - c III III en ea E ,- 0 41 ea 0 Ll) uc.. ~ o E 0-'0. ::c :E en .:E ,_ ID ,... <I: ... ea (,) ....1-= ....1....1 N 0 >Q. .c.. ea ~. !:i ... co co (/) fl ... o ,- 41 <I: Q. <I: en 

>< .=Z c.. I- 1--= >< 
W Z Q. ~ 

15880240002 1 1 
15S80240206 E&H 1 1 
15880250002 1 1 
15880250206 E&H 1 1 
15880260002 1 1 
15880260206 E&H 1 1 
15880270002· 1 1 
15880270206 E&H 1 1 
15880280002 1 1 
15880280206 E&H 1. 1 
15880290002 . 1 1 1 1 1 
15880290206 E&H 1 1 1 1 1 
15880300002 1 1 1 1 . 1 
15880300206 E&H 1 1 1 1 1 
15880310002 1 1 1 1 1 
15880310206 E&H 1 1 1 1 1 
15880310610 . E&H 1 1 1 1 1 
158803110JO( E&H 1 1 1 . 1 1 
15880320002 1 1 1 . 1 1 
15880320206 E&H 1 1 1 1 1 
1 5880330002 1 1 1 1 1 
15880330206 E&H. 1 1 1 1 1 
15880340002 1 1 .. 1 1 1 
15880340206 E&H 1 1 1 1 1 
1 5880350002 1 1 .1. 1 1 
15880350206 E&H 1 1 1 1 1 
15880360002 1 1 1 1 1 
15880360206 E&H 1 1 1 . 1 1 

• 

Miscellaneous Parameters 

en en 
41 41 
'tI 'tI en. 
'(3 '(3 III .. :c u ·u ~. U 
en ... c.. W Q. 0 
41 41 U I-c.. ~ 

1 1 1 
. 1 1 1 

1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 .1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 

. seer·2004 



'. 

Area 
of Sample Location 'Sample Number(2,3) 

Concern 

SWMU 15 (Continued) 
G 1588037 ' 15880370002 

lContinued) 15880370206 
H 1588038 15880380002 

15880380206 
1588039 15880390002 

15880390206 
1588040 15880400002 -

15880400206 
1588041 15880410002 

15880410206 
0 1588042 15880420002 

15880420206 
1588043 15880430002 

15880430206 
1588044 15880440002 

15880440206 
U 1588045 15880450002 

15880450206 
15880450610 

- 158804510xx 
1588046 15880460002 

15880460206 
15880460610 
158804610xx 

1588047 15880470002 

• 
TABLE 3-2 

LISTING OF SOIL SAMPLES AND LABORATORY ANALYSES(l) 
SWMUs,8, 15, 18, 19, AND 20 AND THE OGTSL 

NSWC CRANE, CRANE, INDIANA , 
PAGE 7 OF 11 

Ener~etics 'Me~als ' VOCs SVOCs 
M -:c 
'0 -III ... (j) J: o III <II III III en - J: "C .. C1,) C\l (ijc (ij"C 111<1: c C\l c ... 'aien - c ED ED III 
C\l E .- 0 <II C\l 0 II) (')0.. J: - o E :2, :E III :E .- ,It) ,... 0- <I: 0 ... C\l 0 ...J= :.J...J N 0, > Q, 0.. C\l C\l~ co co en 8 ... ... <I: Q, <I: III - o .- <II 

.... = >< >< .~ Z 0.. .... 
W Z 

Q, ~ 

-
1 1 1 1 1 

E&H 1 1 1 1 1 
1 1 1 1 1 

E&H 1 1 1 1 1 
1 1 1 1 1 

E&H 1 1 1 1 1 
. 1 1 1 1 1 

E&H 1 1 1 1 1 
1 1 1 1 1 

E&H 1 1 1 1 1 
1 1 1 1 1 ' 

' E&H 1 1 1 1 1 
1 1 1 1 1 

E&H 1 1 1 1 1 
1 1 1 1 1 

E&H . 1 1 1 1 1 
1 1 ' 1 1 1 
1 1 1 1 1 

E&H 1 1 1 1 1 
E&H 1 1 1 1 1 

1 1 1 1 1 
1 1 1 1 1 

E&H 1 ' 1 1 1 1 
E&H 1 1 1 1 1 

'1 1 1 ' 1 1 

• 
Miscellaneous Parameters 

III ,III 
<II <II 

"C', "C III 

'" '" ED 
'';::: :c (,) (,) 

J: 
(,)' 

III ... 0.. W Q, 0 <II <II (,) .... 0.. J: 

1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 

' 1 1 1 
1 1 1 
1 1 1 
1 1 1 

I 

I 

I 

I 

1 1 1 
1 1 1 
1 1 1 
1 1 1 I 

1 1 ·1 
1 1 1 
1 1 1 
1 1 1 i 

1 1 1 I 

September 2004 



'-

Area 
of Sample Location Sample Number(2,3) 

Concern 

, SWMU 15 (Continued) 
U 1588048 15880480002 

(Continued) 15880480206 
1588048061 0 , 

" 158804810xx 
1588049 15880490002 

W 1588050 158805002xx 
1 588050xxxx ' 

1588051 158805102xx 
1588051xxxx 

1588052 158805202xx 
1588052xxxx 

1588054 158805402xx 
158S054xxxx 

1588055 1 5S805502xx 
1588055xxxx 

1588056 ' 15SS05602xx 
15S8056xxxx 

1588057 158805702xx 
1588057xxxx 

1588058 1 5S805802xx , 
1588058xxxx 

1588059(5) 
1588060(5) 
1588061(5) 
1588062(5) , 

Total Soil Samples, SWMU 15 

• 

TABLE 3-2 

LISTING OF SOIL SAMPLES AND LABORATORY ANALYSES(;) 
SWMUs 8,15,18,19, AND 20 AND THEOGTSL ' 

NSWC CRANE, CRANE, INDIANA 
PAGE 8 OF 11 

Ener~etics Metals VOCs SVOCs 
§: 
'C 
'0 -1/)' .... U) J: 

~ :ll 
CI) I/) I/)CIl 

'C 10 iii c: iii'C 
J: 

c: III c: .... CO CO 
1/)« 

I/) QiCll - c: oc.. III E .- 0 CI) III 0 It) J: - o E 1: :E I/) :E ._ 10 .... 0- « (,) .... III (,) :J ...J...J N 0 >Q. c.. III III!: .... ~c. co' co CIl fl .... 0'- CI) « I/) 

>< !:z c.. I- 1-= >< 
W Z Q. ~ 

1 1 1 1 1 
1 1 ',1 1 1 

E&H 1 1 1 1 1 
E&H 1 1 1 1 1 

1 1 1 1 1 
1 1 1 1 , 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 , 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 ' 

1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 

0 0 110 0 ---.!Q6 10~ ,---116 ~ 

• 

Miscellaneous Parameters 
I 

I/) • I/) 
CI) CI) 

'C 'C I/) 

I 

'u 'u m 
0 0 0 -.;: :c J: I/) .... c.. W Q. 0 

CI) CI) - 0 I-c.. J: 

! 

I 

1 1 1 I 

1 1 1 ' 

1 1 1 I 

1 1 1 ' 
1 1 1 I 

1 1 1 J 
1 1 1 I 

1 1 1 
1 , 1 1 , 

1 1 1 J 
1 1 1 " 

1 1 1 
1 1 1 
1 1 1 
1 1 1 ' ' 

1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 

L]8_ ~2 ~- 0 0 0 

86.6r2004 



'. 

Area " 

cit , ' Sample Location Sample Number(2.3) 
Concern 

SWMU 18 
Bldg 104 18SS001 18S8001 0002 ' 

18S8002 188S0020002 
18SS003 18880030002 
1888004 18S80040002 
1888005 18880050002 
1888006 18880060002 

··1888007 18880070002 
Bldg 105 188S008 . 18880080002 

1888009 18880090002 
1888010 18880100002 
188S011 18880110002 
1888012 18880120002 

Bldg 198 1888013 18880130002 
1888014 . 18880140002 
1888015 . 18880150002 
1888016 18880160002 

Bldg 200 1888017 18880170002 
1888018 18880180002 
1888019 18880190002 
1888020 18880200002 
1888021 18880210002 

TcitarSoil Samples, SWMU 18 

• 
TABLE 3-2 

LISTING OF SOIL SAMPLES AND LABORATORYANALYSES(l) 
SWMUs 8,,15,18,19, AND 20 AND THE OGTSL 

NSWC CRANE, CRANE, INDIANA 
PAGE 9 OF 11 

Ener~ etics Metals VOCs SVOCs .. , 

'" '0 -III ... (jj" :I:_ 
~ ,~ 

Q) III III(/) :I: 
'C - m c S-g ca 111< c ca c' ... ,m m III ca E'E 0 Qj(/) Q) ca 0 It) 00. :I:. 
ti e ca :E ':2l III :2l ._ <0 .... 0- < u ...J': ...J...J ('II 0 >0. 'a. ca ca.::: ... co co (/) ~ ... 0'- Q) < 0. < III - .:::Z a. l- I-': >< >< !!:!. w Z 0. 

1 1 
1 1 
1 1 . 
1 1 
1 1 
1 1 
1 ' 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 . 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1. 1 

21 0, 21 0' 0 0 0 0 

• 
Miscellaneous, Parameters 

III , ':a Q) 

'C 'C III 
'u 'u m 
u; :0 0 0, 

:I: 0 ... a. w 0. o· Q) Q) 0 I-a. :I: 

'I 

, 

I 

0 0 0 0 0 0 

September 2004 



-

Area 
of Sample Locati,on Sample Number(2,3) 

Concern 

SWMU 19 
OTA 1988003 19880030002 

1988007 19880070002 
1988013 19880130002 
1988026 19880260002 
1988041 1988041 0002 
1988070 19880700002 

PTA Annex 1988047 19880470002 
1988049 19880490002 

PTA RR 1988061 19880610002 
1988064 1 9880640002 

Total Soil Samples, SWMU 19 

SWMU 20 
NA 2088001 20880010002 
NA 2088002 20880020002 
NA 2088003 20880030002 
NA 2088004 20880040002 
NA 2088005 20880050002 

To~Soil§amples, SWMU 20 

• 

TABLE 3-2 

LISTING OF SOIL SAMPLES AND LABORATORY ANALYSES(1) 
SWMUs 8,15,18,19, AND 20 AND THE OGTSL 

NSWC CRANE, CRANE,INDIANA 
, PAGE 10 OF 11 

Energetics Metals VOCs' SVOCs 
E 
"C 
'0 -III' ... (ij" J: ,g ~ CIl III III en J: 
"C - iii c: iii"C cu 111< c: cu c: ... Qjen - c: ID' ID I/) 
cu E ,- 0 '~ ,~ 0 III uc.. J: 
ti o E ~ :E I/) 10 ,.... 0- < ... cu CJ ...1..2 ...1...1 N 0 > 0. c.. ~ cu!:: ... co co en ~ - o ,- CIl <0. -< III 

>< >< !::z c.. I- 1-..2 
w Z 0.- !:!.. 

1 1 1 
1 1 1 1 1 1 
1 1 1 
1 1, 1: 
1 1 1 
1 1 1 
1 1 1 
1 '1 1 
1 1 1 
1 1 1 

10 10 0 10 1 0 1 1 

1 1 1 
1 1 1 , 

1 1 1 
1 1 1 
1 1 1 
5 5 5 0 0 0 0 0 

• 

'" 

- Miscellaneous Parameters I 
I 

I 
Ill' ,III 

-CIl CIl 
"C "C III 
'u 'u ID 
u; :c u u J: U ... c.. W 0. 0 
CIl CIl U l-

i c.. J: 

I 

I 

I 

I 

I 

I 
I 

0 0 0 0 0 0 

I 

I 

0 0 0 0 0 0 
--- ---

swer2004 



e e· e 
TABLE 3-2 

LISTING OF SOIL SAMPLES AND LABORATORY ANALYSES(') 
SWMUs 8, 15, 18, 19, AND 20 AND THE OGTSL 

NSWC CRANE, CRANE, INDIANA 
PAGE 11 OF 11 

Ener~etics Metals VOCs SVOCs· .. Miscellaneous Parameters 
E 
'"0 
'0 - ·UI 

UI ... Cii' UI 

Area :c 
~ gJ 

Q) UI ill en Q) Q) 

'"0 - co C co '"0 
:c '"0 '"0 UI· 

Sample Location Sample Number(2,3) 
III UI< 'u 'u In of c III C ... 4; en - C In In UI 

III E .- 0 . Q) III 0 It) uc.. :c '';:; :c u u :c u 
Concern - o E :c :E UI :E ._ (I) ,... 0- < 

UI ... c.. w 0 
u ... III .... ~ .... "" ·N 0 >0.. Q) .Q) U 0.. I-u c.. f! Ill'; ... co co en ~ c.. :c o .- Q) < 0.. < UI - ,;z c.. I- I-~ ·x x 

~ w Z 0.. 

- , .. 
- ._-

OGTSL 
NA OGTSLSB001 OGTSLSS0010002 1 1 1 1 
NA OGTSLSB002 OGTSLSS0020002 1 1 1 1 
NA OGTSLSB003 OGTSLSS0030002 1 1 1 ·1 
NA OGTSLSB004 OGTSLSS0040002 .. 1 1 1 1 
NA OGTSLSB005 OGTSLSS0050002 1 1 1 1 

Total Soil Samples, OGTSL 0 0 5 0 0 0 5 . 5 0 0 5 0 0 0 

1 See Table 1-5 of this QAPP for specific analysis requirements and analyte lists. 
2 Samples for VOC analysis will be collected from the point in the designated interval where the highest PID measurement occurs or from the center of the interval if no PID . 
reading " . . -
3 Unless ot.herwise noted for SWMUs 8 and 15,samples deeper than 2 feet bgs that are scheduled for any analyses other than VOCs, pH, and cyanide will be collected and 

prepared for analysis only. The need for analysis will be determined by sample based upon whether contaminants are detected in the 0-2 foot bgs sample. All samples 
scheduled for VOC, pH, and cyanide analyses will be analyzed regardless of depth. 
Samples identified as E&H samples will extracted and held for analyses for appropriate parameters (i.e., CEC, energetics, metals, SVOCs, pesticides, herbicides, 
and/or PCBs). . 

4 These borings will be drilled at an angle from the pond bank towards the center of the pond. 

CEC - Cation exchange capacity. 
E&H - Extract and hold. 
Li - Lithium. 
NA - Not applicable. 
OGTSL - Old Gun Tub Storage Lot. 
OTA - Ordnance Test Area. 
PAHs - Polynuclear aromatic hydrocarbons. 
PCBs - Polychlorinated biphenyls. 

QAPP - Quality Assurance Project Plan. 
RR - Rocket Range. 
Sr - Strontium. 
SVOCs - Semivolatile organic compounds. 
SWMU - Solid Waste Management Unit. 
TAL - U.S. EPA Contract Laboratory Program Target Analyte List. 
TOC - Total organic carbon. 
VOCs - Volatile organic compounds. 

PID - Photoionization Detector. 
PTA - Pyrotechnic Test Area. 

xxx - To be determined in the field. Corresponds to the depth midway between the bottom of the interval 
above this interval and the top of bedrock. 

September 2004 

~ 



••• 
Parameters (1) 

Sample Type 

Sample's SWMU 8 
Samples SWMU 15 
Samples SWMU 18 
Samples SWMU 19 
Samples SWMU 20 
Samples OGTSL . 
Total Samples All SWMUs 
Field Duplicates (2) 

Trip Blanks (3) 

Rinsate Blanks (4) 

Ambient Condition Blanks (5) 

Matrix Spikes (6) 

Matrix Spike Duplicates (7) 

••• 
TABLE 3-3 . 

SUMMARY OF SOIL ANALYSES AND QUALITY CONTROL SAMPLES 
. SWMUs 8,15,18,19, AND 20 AND THE OGTSL 

NSWC CRANE, CRANE, INDIANA 

Ener etics Metals VOCs SVOCs 
III '- (ij" III CJ III Q) III III(/) :I: Q) 
;:; Q) 10 iij e: iij'O '0 !tie: m m 111<1: .:§ E .- '- Qj(/) - e: ()Q. III 

.Q ~ .~ 0 1.0 :I: o E ..c: :E III CD . ,.... 0- <I: Cii ~.~ Co) ...J. 2 ...J . ...J ('II 0 > c. Q. Q) 

o .- '- <l:c. <I: III 
co co (/) ~ Q. 

'-Z Q) >< .• "!::: ....... Q. ~ ~2 
!:!:!. z c. 

32 32 52 0 52 52 52 52 16 
0 o . 110 0 106 106 116 116. 78 

21 0 21 0 0 0 o . 0 0 
10 to . 0 10 1 0 1 1 0 
5 5 5 0 0 0 0 0 0 
0 0 5 0 0 0 5 5 0 

68 47 193· 10 159 158 174 174 94 
4 3 10 1 - 8 8 9 9 5 
0 0 0 0 16 16 0 0 0 
4 3 10 1 . 8 8 9 9 5 
1 1 1 1 1 1 1 1 1 
4 3 10 1 8 8 9 9 5 
4 3 NA NA 8 8 9 9 5 

III 
Q) 
'0 
'(3 
:.0 
'-
Q) 

:I: 

16· 
92 
0 
0 
0 
0 

108 
6 
0 
6 
1 
6 
6 

.1 See Table 1-5 of this QAPP for specific analysis requirements and analyte lists. . . 

•• 
Miscellaneous Parameters 

III 
m () () () :I: 
Q. W C. 0 

() ~ 

0 4 4 4 
74 0 0 0 
0 - 0 0 0 
0 0 0 0 
0 0 0 0 
5 0 0 0 

79 4 4 4 
4 1 1 1 
0 0 0 0 
4 1 1 1 
1 NA NA NA 

4 1 NA NA 

4 NA NA' NA 

2 Field duplicates will be collected at a frequency of one per every 20 environmental samples (minimum of one field 'duplicate per fraction).. . . 
3· Trip blanks will be submitted for analysis at a frequency of one per cooler containing samples for volatile analysis .. Because the number of sample coolers shipped may vary, 

. the number of trip blanks is estimated. .'. . 
4 Rinsate blanks will be collected at a miminum frequency of one per sampling device or instrument. These amounts are estimates and may vary. Rinsate blanks will not be . . '. . 

collected for voe samples that are.collected using EnCoreTM samplers.. . 
5 Ambient condition blanks are optional samples that may be collected based on the judgment of the Field Operations Leader. 
6 Matrix spikes are collected for all organic and inorganic parameters at a frequency of one per every 20 field samples per matrix. 
7 Matrix spike duplicates are collected for all organic parameters. Laboratory duplicates are analyzed for inorganic parameters in lieu of matrix spike duplicates. Matrix spike 

duplicates are collected at a frequency of one per every 20 field samples per matrix per fraction. . . . 

CEC - Cation exchange capacity. 
Li - Lithium. . 
NA - Not applicable. 
OGTSL --.:. Old Gun Tub Storage Lot. 
PAHs:"'-' Polynuclear aromatic hydrocarbons. . 
QAPP - Quality Assurance Project Plan. . 
Sn-Tin. 

Sr - Strontium: 
SVOCs - Semivolatile organic compounds. 
SWMU - Solid Waste Management Unit. 
TAL,;"..... Target Analyte List. ' 
TOC - Total organic carb-on. 

. VOCs - Volatile organic compounds. 
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• 

Area 
of Sample Loca~ion Sample Number(3) 

Concern --

SWMU 8(6)(7) 

NA 08TWOO1 08GWTWOO1 
08TWOO2 08GWTWOO2 
08TW003 - 08GWTWOO3 
08TWOO4 08GWTWOO4 
08TWOO5 08GWTWOO5 
08TWOO6 08GWTWOO6 
08TWOO7· 08GWTWOO7 

Total Ground Water Samples SWMU 8 

SWMU 15 
A 15TWxxx 15GWTWxxx 

15TWxxx 15GWTWxxx 
B 15TWxxx 15GWTWxxx 

G/H/U 15TWxxx 15GWTWxxx 
15TWxxx 15GWTWxxx 
15TWxxx - 15GWTWxxx 
15TWxxx 15GWTWxxx 
15TWxxx 15GWTWxxx 
15TWxxx 15GWTWxxx 

1 15TWxxx 15GWTWxxx 
15TWxxx 15GWTWxxx 
15TWxxx 15GWTWxxx 

• 
TABLE 3-4 

LISTING OF GROUND WATER SAMPLES AND LABORATORY ANALYSES(1)(2) 
SWMUs 8 AND 15 

Ener etics 

'" q) 
c ·e 
~. 

oS z III - ... 
-'" 0-

.!:! :c 
CJ 

~- ... 
E q) 

Q. 
0 ... 
III 
0 = Z 

1 1 
1 1 
1 1 
1 1 
_1 1 
1 1 
1 1 
7 7-

NSWC CRANE, CRANE, INDIANA 
PAGE 1.0F 2 

Metals VOCs 
~ 

S S' ~ 0 q) 
~ > "0 
c "0 q) 

'" i= '" > '" ']i.- "'- ! g '" '6 !XI !XI 
q)ftj ::I ~ q) '" 0 It) 

:il -. C. '" :il '6 <0 ... 0 N 0 ....1- ftj ....I~ 
-ct ~ '" j5 ~ 

co co 
S Qi l- :il q)-

'" :il ....I ::I. 
. ....1 ct C. ct I-
I-

1 1 1 1 
1 - 1 1 1 
1 1 1 1 
1 1 1 1 
1 - 1 1 1 

_ 1 1 1 1 
1 1 1 1 
7 7 7 7 

1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 

- 1 1 1 1 
1 1 1 1 
f 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1. 1 
1 1 1 -1 

SVOCs 

Uj' 
J: 

"'ct '" OQ. J: o- ct > Co Q. en_ fl 
x 
.!.. 

1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
7 7 

1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 . 1 
1- - 1 

1 1 

• 
" 

Misc Parameters-

e", ... 
oS 
q)-

'" '" E E q) q) g "0 "0 '" III 

·u ·u !XI 
... 
III 

Ui :c 0 "0 J: Q. ... Q. 0 Co .~ q) q) 
-Q. J: ftj ftj CJ ::I q) 

II.. " ... 
~ I 

== 
I 

1 1 1 
1 1 1 
1 1 1 

-- 1 1 1 
1 1 1 
T 1 .1 
1 1 -1 I 

-7 7 7 

1 1. 
1 
1 

1 : - 1 1 _ 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 I 

1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
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TABLE 3-4 

liSTING OF GROUND WATER SAMPLES AND LABORATORY ANALYSES(1)(2) 
SWMUs 8 AND 15 

.Ener etics 
I/) 
(1) 
c: 
'E 
<II ... 

. Area - ,S! Z 
Sample Number(3) 

<II 
of Sample Location - ... 

I/) 0 
Concern .~ :E 

U ;;; ... 
E CI> 

c.. 
0 ... 
<II 
0 .= 
Z 

SWMU 15 (Cont.) 
W 15TWxxx 15GWTWxxx 

15TWxxx 15GWTWxxx 
15TWxxx 15GWTWxxx 
15TWxxx 15GWTWxxx 
15TWxxx 15GWTWxxx 
15TWxxx 15GWTWxxx 
15TWxxx 15GWTWxxx 
15TWxxx 15GWTWxxx 
15TWxxx 15GWTWxxx 
15TWxxx 15GWTWxxx 
15TWxxx 15GWTWxxx 
15TWxxx 15GWTWxxx 

Total Ground Water Samples, SWMU15 

NSWC CRANE, CRANE, INDIANA 
PAGE20F2 

Metals VOCs 

iO g " ~ (1) 

> 'C 
c: '0 (1) 

I/) > I/) i= .1/) . 

'Ee- l/) iO '0 
I/) 

~ - I/) CD 
CI> <II ::l CI> I/) 0 ::lE- e.: I/) ::E '5 <0 0 N ...J- iO . ...J -<1:- I/) 

;::~ 
co 

~ Qi ~ ::E 
I/) ::lE ...J ::l 

...J ;:: e. <I: 
I-: 

1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 .1 
1 1 1 
1 1 1· . 

1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 

~ - ~ 24 

1 See Table 1-5 of this QAPP for specific analysis requirements and analyte lists. 
2 Perched ground water samples will not be taken at SWMUs 18, 19, and 20 or the OGTSL. 

SVOCs 

Cii' 
J: 

.<3 a: CD I/) 
It) .J: 
;; 0- <I: > Co c.. co (/) CI> . u 

)( 

~ 

1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1· 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 

24 24 24 

Misc Parameters 
€ I 

~ 
(1) 

Qi 
I/) I/) E E (1) (1) ... 
'C 'C I/) <II 

'0 . '0 CD ~ ... 
<II 

~ :0 (.) '0 J: c.. 
~ c.. (.) Co .~ CI> c.. J: iO iO u 

CI> ::l 
u. 0 ... 

,S! 
<II 

3: 

1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 

21 21 24 22 

3 Unless otherwise noted. samples deeper than 2 feet bgs that are scheduled for any analyses other than VOCs will be collected and prepared for analysis only. The need for analysis will be 
determined by . . 
4 Sample aliquot for dissolved metals will only be collected and analyzed if turbidity of ground water exceeds 10 Nephelometric Turbidity Units (NTUs). 
5 Water quality parameters are presented in Table 3-1. 
6 An attempt to collect a perched ground water sample will be made at all soil borings that extend to the bedrock· ground water interface. 
7·The four borings corresponding with soil samples 08SB006 through 08SB009 will be angled from the Building 106 Pond shore towards the center of the pond. 

Misc Parameters - Miscellaneous parameters. 
NA - Not applicable. . 
OGTSL - Old Gun Tub Storage Lot. 
OTA - Ordnance Test Area. 
PAHs - Polynuclear aromatic·hydrocarbons. 

• 

PCBs - Polychlorinated biphenyls. 
QAPP - Quality Assurance Project Plan. 
SVOCs - Semivolatile organiC compounds. 
SWMU - $olid Waste Management Unit. 
TAL - Target Analyte List. 
VOCs - Volatile organic compounds, 
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• • 
TABLE 3-5 

. SUMMARY OF GROUND WATER ANALYSES AND QUALITY CONTROL SAMPLES 

SWMU~ 8 AND 15(1) 

NSWC CRANE, CRANE, INDIANA 

Parameter (2) Ener etics Metals 

c 
. ., --- j:: 't:I 

III III 
Q) 

~ gJ 
Q) III ::J III .-. III > - S ....... -'t:I - (5 as c E c.~ . III CI) S III r:o - > E .- 0 Q)-

III III Q)- Q) III 0 Sample Type o E :c :l!:S :l!: 0 :l!: :c Ss CD ... as u ...Jg ..J gJ ..J-- C'II as,::: ... Q)-- co 
0'- CI) « :l!: « .- ~ ~ ,:::Z a.. I- I-~ 
Z ..J III 

- « ::J 
l- e. 

Samples SWMU 8 7 7 7 7 0 7 7 

Samples SWMU 15 0 o· 1 10 1 10 24 

Total Samples All SWMUs· 7 7 8 17 :1 17 31 
Field Duplicates (5) 1 1 . 1 1 1 1 2 
Trip Blanks (6) NA NA NA NA NA NA 1 
Ril1sate' Blanks (7). 1 1 1 1 1 1 4 
Ambient Condition Blanks (8) 1 1 1 1 1 1 1 
Matrix Spikes (9) 1 1 1 1 1 1 2 
Matrix Spike Duplicates (10) 1 NA NA NA NA NA 2 

1 Perched ground water samples will not be taken at SWMUs 18, 19, and 20 or the OGTSL. 
2 See Table 1-5 of this QAPP for specific analysis requirements and analyte lists. 

VOCs . 

r:o 
LO .... 
0 co 

. 
7 

24 

31 
2 
1 

4 
1 
2 
2 

-----

SVOCs 

0 III 
.J: Q) 

't:I 1Il« 'u () a.. . III 
J: :;::; o- « III > c. a.. Q) 

en ~ a.. 
>< 

!:!:!. 

7 7 0 
24 24 21 

31 31 21 

2 2 2 
NA NA NA 

4 4 3 
1 1 t 

2 2 2 
2 2 2 

III 
Q) 
't:I III 
'u r:o 
:c () .... a.. 
Q) 
J: 

0 0 

21 24 
. 21 24 

2 2 
NA NA 

3 3 
1 1 

2 2 
2 .2 

3 Sample aliquotfor dissolved metals will only be collected and analyzed if turbidity of ground water exceeds 10 Nephelometric Turbidity Units (NTUs). 
4 Water quality parameters are'presented in Table 3-1. 

" 5 Field duplicates will be collected at a frequency of one per every 20 environmental samples per SWMU (minimum of one field duplicate per fraction). 
6 Trip blanks will be submitted for analysis at a frequency of one per cooler containing samples .for volatile analysis. Because the number 

of sample coolers shipped may vary, the number of trip blanks are estimated. 
7 Rinsate blanks will be collected at a frequency of one per sampling device or instrument. These amounts are estimates and may vary. 
8 Amibient condition blanks are optional samples that may be collected based on the judgment of ~he Field Operations Leader. 
9 Matrix spikes are collected for all organic and inorganic parameters at a frequency of one per every 20 field samples per matrix per fraction. 

• 
Miscellaneous 

E ~~ ... 
0 :: III - III ... 

::J $ (5 J: o Q) 
() c. ... E 
"iij .!l ~ u as III 
CI) 3: a.. u.. 

7. 7 7 
0 22 0 

7 29 7 
1 . 2 1 

NA NA NA 

1 3 1 
0 0 0 
1 2 1 

NA NA NA 

10 Matrix spike duplicates are collected for all organic parameters. Laboratory duplicates are analyzed for inorganic parameters in lieu of matrix spike duplicates. Matrix spike 
duplicates are collected at a frequency of one per every 20 field samples per matrix per fraction. 

NA - Not applicable. 
OGTSL - Old Gun Tub Storage Lot. 
PAHs - Polynuclear aromatic hydrocarbons. 
PCBs ~ Polychlorinated biphenyls. 
QAPP - Quality Assurance Project Plan. 

SVOCs - Semivolatile organic compounds. 
SWMU - SolidWaste Management Unit. 
TAL - Target Analyte List. 
TOC - Total organic carbon. 
VOCs - Volatile organic compounds. 
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• 

Area 'of Concern Sample Loclltion . 

SWMU8 
N/A 08SW/SOO01 

(upgradient) 

N/A 08SW/SOO02 

N/A 08SW/SOO03 

NA 08SW/SOO04 

NA 08SW/SOO05 

NA 08SW/SOO06 
( downgradient) 

NA 08SW/SD007 
( downgradient) 

. NA 08SW/SOO08 
( downgradient) 

NA 08SW/SOO09 
( downgradient) 

Total Surface Water Samples, SWMU 8 
l'Q1al Sediment Samples SWMU 8 

•• 
TABLE 3-6 

LISTING OF SURFACE WATER AND SEDiMENT SAMPLES AND LABORATORY ANALYSES(') 
SWMUs.8 AND 15 

. Sample Number(2) 

08SW00101 
08SW00102 
08S0001010006 
08SW00201 
08SW00202 
08S0002010006 
08SW00301 
08SW00302 
08S00030 10006 
08SW00401 
08SW00402 
08S0004010006 
08S00040 1 0612 
08S0004011218 
08SW00501 
08SW00502 
08S0005010006 
08S0005010612 
08SD005011218 
08SW00601. .' 

08SW00602 . 
08S0006010006 
08SW00701 
08SW00702 
08S0007010006. 
08SW00801 
08SW00802 
08S00080 10006 
08SW00901 
08SW00902 
08S0009010006 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 3 

Ener etics Metals . c: - j:: 
Ul 

Ul~ 
.~ ~ ! Ul ·Ul Ul ~ 

~::- ~~~ 
-"0 :::1"0 

~ S .. - .. co c: Q.> E .- 0 ~S ~.~ ~ 
.. ~ Ul-o E :c ~ 0 - 0 ... co 0 
....I g: co Ul 

co!: ~ ~~ - Ul o .- .. <cQ.- <c'6 ... -
!:z 0.. l- I- I- _. ~:E. 
Z ....I 

<c 
I-

1 1 1 1 
1 1 1 1 
1 1 
1 1 1 1 
1 1 1 1 
1 1 
1 1 1 1 
1 1 1 1 
1 1 
1 1 1 1 
1 1 1 1 
1 1 
1 1 
1 1 
1 1 1 1 
1 1 1 1 
1 1 
1 1 
1 . 1 

1 1 1 1 
1 1 1 1 
1 ·1 
1 1 1.' 1 
1 ·1 1 1 
1 1 
1 1 1 1 
1 1 1 1 
1 1 
1 1 1 1 
1 1 1 1 
1 1 

18 18 18 18 
13 13 

----

VOCs SVOCs 

'iiJ 
J: 

Ul<c III III Ul 
0 II) 00.. J: 

'" ... 0- <c N 0 > Q. 
co co (J) .. 0.. 

u .. 
.!!!. 

1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1· 1 1 
1 1 1 1 
1 1 1 1. 
1· 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 L 
1 1 1 1 
1 1 1 1 
1 1 ·1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 r 1 
1 1 1 1 
1 1 1 1. 
1 l' 1 1 

18 18 18 18 
13 13 13 13 

• 
. Misc Parameters 

Ul Ul i!" . .. .. = ~ "0 "0 Ul .. co .. 'u 'u III "0 :s :; 
';g :e 0 'c 

0.. co o E 
... co .. .. >- .. ... 0.. .J: () - co ~o.. 

1 
'1 

1 
1 

1 
1 

. 1 
1 

·1 
1 

1 1 
1 1 
1 
1 1 
1 1 
1 
1 1 
1 1 
1 

.. 1 1 
1 1 
1 
8 18 
4 
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Area of Concern Sample Location 

SWMU 15 
I 15SW/SD001 

(downgradient) 

15SW/SD002 
( downgradient) 

J 15SW/SD003 
(upgradient) 

K 15SW/SD004 
(upgradient) 

L . 15SW/SD005 
-

M 15SW/SD006 

15SW/SD015 

15SW/SD016 

15SW/SD017 

N 15SW/SD007 

P 15SW/SD008 

• 

TABLE 3-6 

LISTING OF SURFACE WATER AND SEDIMENT SAMPLES AND LABORATORY ANALYSES(1) 
SWMUs 8 AND 15 

Sample Number(2) 

15SW00101 
15SW00102 
15SD001010006 
15SW00201 
15SW00202 
15SD002010006 
15ST00301 
15ST00302 
15SD003010006 
15ST00401 
15ST00402 
15SD004010006 
15ST00501 
15ST00502 
15SD005010006 
15ST00601 
15ST00602 
15SD006010006 
15ST01501 
15ST01502 
15SD015010006 
15ST01601 
15ST01602 
15SD016010006 
15ST01701 
15ST01702 
15SD017010006 
15SW00701 
15SW00702 
15SD007010006 
15ST00801 
15ST00802 
15SD008010006 

NSWC CRANE, CRANE, INDIANA 
PAG~20F3 

EnerQetics Metals 

-I/) 
CJ I/) 

''::: Q) 

'" c E .-
o E 
~~ o .-,:,Z 
Z 

~ 
o :c e 
Cl 
Il. 

I/) 

Se-
Cl '" :0'0 
-'~ 

~ 

I/) 

l~1; 
:0 I/) '0 
...J.a,:. < Q. 
I-

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
l' 
1 
1 
1 
1 
1 
1 
1 
1 

·1 
1 

·1 
1 
1 
1 
1 
1 
1 
1 
1 

• 

~" g ~ 
Cl_ 
:0 g 
-' I/) 

~:§. 

c 
i= 
I/)~ 
:0"0 
c..~ 
1/)-_ 0 

'" '" - '" Cl ._ 

:o~ 
...J 

~ 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
·1 

1 
1 

1 
1· 

til 
o 
~ 
co 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
l' 
1 
1 
1 

. 1 

1 

VOCs 

til 
an ... 
o 
·co 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

SVOCs 

(ij' 
.J: 

.1/)<' 

Uil. 
0-
>Q. 
I/) B 

)( 

~ 

'1 
1 
1 
.1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
f 
1 

I/) 

J: 
< 
Il. 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

'1 
1 
1 
1 
1 
1 
1 
1 
1 

-, 

II) 
Cl 

"0 
'u 
~ 
Cl 

Q, 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1. 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 

I/) 
Cl 
"0 
'u 
~ .. 
J: 

1 
1 
1 
1 
1. 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
'1 
1 

II) 

til 
U 
Il. 

·1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Misc Parameters ,. 

Cl 
"0 
'2 
~. 
U 

1 

1 

1 

1 

1 

l:'", 
~~ 
:0 Cl 
o E 
Cl f! 
~ co 
;::Il. 

1 
1 

1. 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

I 
I 
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• 

Area of Concern Sample Location 

SWMU.15 (Continued) 
Q 15SW/SOO09 

R 15SW/S0010 

S 15SW/S0011 
(upgradient) 

T 15SW/SOO12 
(upgradient) 

U 15SW/SOO13 
(upgradient) 

V 15SW/SOO14 
(upgradient) 

W 15SW/SOO18 
(downgradient) 

15SW/SOO19 
(downgnidient) 

Total Surface Water Samples, SWMU 15 
Total Sediment Samples, SWMU 15 

• 
TABLE 3·6 

LISTING.oF SURFACE WATER Ar.m SEDIMENT SAMPLES ANDLABORATORYANALYSES(l) 
SWMUs 8 AND 15 

NSWCCRANE; CRANE, INDIANA 
. PAGE 3 OF 3 

Ener etics • Metals VOCs SVOCs 
<: - i= 

'" "'~ Ui' 
.~ ~ ~ '" '" "'~ J: 

S::=- ~~::=-
-"0 :>"0 

E '" .. Q.~ "'<c 
Sample Number!') '" <: - > 

III III UQ. '" E .- 0 .. '" ~E! "- "'- 0 .., J: o E :.: :;:- :;: 0 - 0 '" .. 0-
... '" 0 

~ ~ '" '" '" 0 > 0. <c 
'" .:: e ~~ - '" ex> ex> rJ)fl Q. 

<co. <c .- .. .-0·- .. :;:"0 .::Z Q. I- 'I- I-~ )( 

Z ~ .e. 
~ 

15ST00901 1 1 l' 1 1 .1 
15ST00902 1 1 1 1 1 1 
15S0009010006 1 1 1 1 1 
15ST01001 1 1 1 1 1 1 
15ST01002 1 1 1 1 1 1 
15S001 00'1 0006 1 1· 1 1 1 
15ST01101 1 1 1 1 1 1 
15ST01102 1 1 1 1 1 1 
15S0011010006 1 1 1 1 1 
15ST01201 1 1 1 1 1 1 
15ST01202 1 1 1 1 1 1 
15S0012010006 1 1 1 1 1 
15ST01301 1 1 1 1 ,1 1 
15ST01302 1 1 1 1 1 1 
15S0013010006 1 1 1 1 1 
15ST01401, 1 1 1 1 1 1 
15ST01402 1 1 '1 1 1 1 
15S0014010006 1 1 1 1 1 
15SW01801 1 1 1 1 1 1 
15SW01802 1 1 1 ·1 1 1 
15S0018010006 1 1 1 1 1 
15SW01901 1 1 1 1 1 1 
15SW01902 1 1 1 1 1 1 
15S0019010006 1 1 1 1 1 

38 38 38 38 38 38 
19 19 19 19 19 

1 See Table 1~5 of this QAPP for specific analysis requirements and analytelists, 

'" '" .. .. 
"0 "0 '" .(3 .(3 III 

~ :e U 
Q. .. .. 

Q. J: 

1 
1 
1 

1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 '1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 

32 32 38 
16 16 19 

2 Samples for vac analysis wil) be collected from the point .in the designated interval where the highest PIO meas·urement occurs, or the center of the interval if no PIO reading exceeds background, 

Mise Parameters - Miscellaneous parameters. 
PAHs - Polynuclear aromatic hydrocarbons. 
PCBs - Polychlorinated biphenyls, 

, QAPP - Quality Assurance Project Plan. 
Sn-Tin, 
svacs - Semivolatile organic compounds, 

. SWMU - Solid Waste Management Unit. 
TAL - Target Analyte. List. 
VOCs - Volatile organic compounds. 

• 
Mise Parameters 
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TABLE 3-7 

SUMMARY OF SURFACE WATER ANALYSES A~D QUALITY CONTROL SAMPLES 
SWMUs 8 AND 15(1) 

NSWC CRANE, CRANE, INDIANA -

Parameters (2) Ener etics- Metals -III r 

~ ~ 
Q) III III 11I~ III ~ .. 

S~ S .5 .-:. 
-"t:I S.5: al E 111 GI 111 c:: .. > E .- 0 GI- Gl .... - Gl_ Gl .... ..:: 

Sample Type o E :c ::S ~ ~-~ :: 0 ::--111 0 
... 111 f:! ...Ig ...J ~ ...J.=!~ . ca .t:; .« ii --0'- Gl « « .- « a.'-
~z Il. .... .... .... ~ .... ~ 
Z 

Samples SWMU 8 18 18 18 0 18 0 
Samples SWMU 15 0 0 0 38 0 38 
Total Samples All SWMUs 18 18 18. 38 18 38 
Field Duplicates (3) 1 1 1 2 1 2 
Trip Blanks (4) NA NA NA NA NA NA 
Rinsate Blanks (5) - NA NA NA NA NA NA 
Ambient Condition Blanks (6) . 1 1 1 1 1 1 
Matrix Spikes (7) 1 1 1 2 1 2 
Matrix Spike DUl>licates~)_ 1 1 NA NA NA NA 

1 Surface water samples will not be taken at SWMUs 18, _19, and 20 or the OGTSL. 
2 See Table 1-5 of this QAPP for specific analysis requirements and analyte-lists. 

VOCs 

!Xl !Xl 
0 II) 
ID ,.... 
N 0 co co 

18 18 
38 38 
56 ·56 
3 3· 

1 1 

NA NA 

1 1 

3 3 

3 3 

-SVOCs 

en", III 
:I: GI 

"t:I 111« III '(3 UIl. :I: .. 0- « III > a. Il. Gl en Gl Il. (,) 

>< 
~ -

18 18 0 
38 38 32 
56 56 32-

3 3 2 
NA NA NA 

NA NA NA 

1 1 1 

3 3 2 
3 3 2 

Miscellaneous 

III >-
GI .::: U) 
"t:I III Q) - ... 111 GI '(3 !Xl "t:I ::I-:c U 'c o Gl ... Il. 111 ... E 
Gl >- . Gl 111 
:I: U ... ... 

111 111 
3:1l. 

0 8 0 18 
32 38 0 38 
32 _ 46 0 56 

2 3 0 3 - , 

NA NA NA NA 

NA NA NA NA 

1 1 NA NA 

2 3 NA NA 

2 3 NA NA 

3 Field duplicates will be collected at a frequency of one per every 20 environmental samp'les per SWMU (minimum of one field duplicate per fraction). 
4 Trip blanks will be submitted for analysis at a frequency of one per cooler containing samples for volatile analysis. Because the number of 

sample coolers shipped may vary, the number of trip blanks is estimated. - -
5 Environmental samples will be collected by directly filling the sample bottle. Therefore, no rinsate blanks are required for this matrix. 
6 Ambient condition blanks are optional samples that may be collected based on the judgment of the Field Operations Leader. 
7 Matrix spike~ are collected for all organic and inorganic parameters at a frequency of one per every 20 field samples per matrix. 
8 Matrix spike duplicates are collected for all organic parameters .. Laboratory duplicates are analyzed for inorganic parameters in lieu of matrix spike 

duplicates. Matrix spike- duplicates are collected at a frequency of one per every 20 field samples per matrix per fraction. . -

Misc - Miscellaneous parameters. 
NA - Not applicable. 
OGTSL - Old Gun Tub Storage Lot. 
PAHs - Polynuclear aromatic hydrocarbons. 
PCBs - Polychlorinated biphenyls. 

)' 

QAPP - Quality Assurance Project Plan. 
SVOCs - Semivolatile organic compounds. 
SWMU - Solid Waste Management Unit. 
TAL - Target Analyte List. 
VOCs -Volatile organic compounds. 

• 
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TABLE 3-8 

SUMMARY OF SEDIMENT ANALYSES AND QUALITY CONTROL SAMPLES 
SWMUs~AN615rn . 

NSWC CRANE, CRANE, INDIANA 

Parameters (2) Ener etics Metals VOCs SVOCs Miscellaneous -III Ci) III III >-
~ :e CII III III 'III~ III ~ J: CII CII. .:t: f/) - S- iii c: -"0 S.!: 'g "0 "0 III CII - ... co co CII ~.~ co CII co c:. ... Qii=1ij .- > CD CD III 'u 'u CD "0 :::J-E .- 0 CII- CII_ CII ... ,a: 0 J: () ··c o CII Sample Type 

, 
o E :i: ::.l'!! ~~£ :: 0 :: III 0 

Il') 
0- ;: :c 10 ... <I: III' .... Il. co ... E ... co e Ci!g ..J ~ . ..J.:!~ ('II 0 >Q. Il. CII CII >- CII co to.'::: <I:'Q.-- co. co en CII .Il. J: () ... ... o .- CII <I: .- <I: Q.'- u co co :e Z Il. l- I- I-:S I- :s >< ::Il. 

Z ~ 

Samples SWMU 8 13 13 0 0 0 O. 13 13 13 . 13 ·0' O· 4 0 0 
Samples SWMU 15 0 0 0 19 0 0 19 19 19 19 16 16 19 5 0 
Total Samples All SWMUs 13 13 ·0 19 0 0 32 32 32 32 16 16 23 5 0 
Field Duplicates (3) 1 1 0 1 0 0 2 2 2 2 1 . 1 2' 1 0 
Trip Blanks (4) NA NA NA NA NA NA 2 2 NA NA NA NA NA NA NA 
Rinsate Blanks (5) 1 1 0 1 .0 0 2 2 2· 2 1 1 2 NA NA 
Ambient Condition Blanks (6) , 1 1 1 1 1 1 1 1 1 . 1 1 1 1 NA NA 
Matrix Spikes (7) 1 1 0 1 0 0 2 2 2 2 1 1 2 NA' NA 
Matrix Spike Duplicates (8) 1 0 NA NA NA NA 2 2 2 2 1 1 NA 'NA NA 

Sediment samples will not be taken at SWMUs 18, 19, and 20 or the OGTSL. 
2 See Table 1-5 of this QAPP for specific analysis requirE1ments and analyte lists. . 

3 Field.duplicates will be collected at a frequency of one per every 20 environmental samples (minimum of one' field duplicate per fraction). 
4 Trip blanks will be submitted for analysis at a frequency of one per cooler containing samples for volatile analysis .. Because the number of sample 

coolers shipped may vary, the number of trip blanks is estimated. 
5 Rinsate blanks will be collected at a frequency of one per sampling device or instrument. These amounts are estimates and may vary. 
6 Ambient condition blanks are optional samples that may be collected based on the judgment of the Field Operations Leader. 
7 Matrix spikes are collected for all organic and inorganic parameters at a frequency of one per every 20 field samples per matrix per fraction. 
8 Matrix spike duplicates are collected.for all organic parameters: Laboratory. duplicates a're analyzed for inorganic parameters in lieu of matrix spike 

duplicates. Matrix spike duplicates are collected at a frequency of one per every 20 field samples per matrix per fraction. 

NA -Not applicable. 
OGTSL - Old Gun Tub Storage Lot. 
PAHs - Polynuclear aromatic hydrocarbons. 

. PCBs - Polychlorinated biphenyls. 
qAPP - Quality Assurance Project Plan. 

Sn-Tin. 
SVOCs - Semivolatile organic compounds. 
SWMU - Solid Waste Management Unit. 
TAL - Target Analyte List. . 
VOCs - Volatile organic compounds. 

• 
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Parameter 

Explosives (Nitroaromatics . 

and Nitramines) 

Perchlorate 

TAL Metals plus Sn 

(with and without Li and Sr) 

Volatile Organic 
Compound~(2) 

Semivolatile Organic 

Compounds 

Pesticides 

Herbicides (plus 

pentachlorophenol and 

hexachlorophene) 

PCBs 

. Total Organic Carbon 

pH 
- -

• • 
TABLE 3-9 

SUMMARY OF SAMPLE ANALYSES, CONTAINER TYPES AND VOLUMES, 
PRESERVATION REQUIREMENTS, AND HOLDING TIMES FOR SOILS AND SEDIMENTS 

. SWMUS 8·,15,18,19 AND 20 AND THE OGTSL 
NSWC CRANE, CRANE, INDIANA 

PAGE 1 OF 2 

Analyte/Methodology Sample· Container Container Volume Preservation Maximum Holding Tlme(1) 

SW-8468330 
Wide-mouth jar, Teflon- 8 ounce Cool to 4 0.<:; Extraction within 14 ~ays; analysis within 40 days of 
lined plastiC cap extraction. 

EPA Method 314.0 
Wide-mouth jar, Teflon- 8 ounce Cool to 4 °c 28 days to analysis. 

lined plastiC cap 

Wide-mouth jar, Teflon- 8 ounce Cool to 4 °c Analysis within 180 days; mercury analysis within 28 
SW-846 6020, 7471A 

lined plastic cap days. 

SW-8468260B 3 Encore™ samplers Four 5-gram Cool to 4 °c 48 hours to preservation(3); 14 days to analysis. 

SW-8468015B 2 Encore™ samplers Four 5-gram Cool to 4 °c 48 hours to preservation(4); 7 days to analysis. 

SW-8468270C 
Wide-mouth jar, Teflon- 8 ounce . Cool t04 °c Extraction within 14 days; analysis within 40 days of 

lined plastic cap extraction. 

SW-846 8270C Selected Ion Wide-mouth jar, Teflon- 8 ounce Cool to 4 °c Extraction ,,:,ithin 14 days; analysis within 40 days of 

Monitoring lined plastic cap extraction. 

SW-8468081 
Wide-mouth jar, Teflon- 8 ounce Cool to 4· oC Extraction within 14 days; analysis within 40 days of 

lined plastic cap extraction. 

Wide-mouth jar, Teflon- 8 ounce Cool to 4 °c Extraction within 14 days; '!nalysis within 40 days of 

SW-8468151A lined plastic cap extraction. , 

SW-8468082 
Wide-mouth jar, Teflon- 8 ounce Cool to 4 °c Extraction.within 14 days; analysis within 40 days of 

lined plastic cap extraction. 

Llyod Khan 
Wide-mouth jar, Teflon- 8 ounce Cool to 4 °c 28 days to analysis. 

lined plastic cap 

SW-8469045C 
Wide-mouth jar, Teflon- 8 ounce Cool to 4 °c Within 24 hours of sample reciept 
lined plastic cap . 

- .-



TABLE 3-9 

SUMMARY OF SAMPLE ANALYSES, CONTAINER TYPES AND VOLUMES, 
PRESERVATION REQUIREMENTS, AND HOLDING TIMES FOR SOILS AND SEDIMENTS 

SWMUS r8, 15, 18, 19 AND 20 AND THE OGTSL 
NSWC CRANE, CRANE, INDIANA 

PAGE.2 OF 2· 

Parameter Analyte/Methodology Sample Container Container Volume Preservation Maximum Holding Time(l) 

Cation Exchange Capacity SW-8469081 
Wide-mouth jar, Teflon- 8 ounce .Cool to 4 °c As soon as possible. 
lined plastic cap 

Cyanide SW-8469012A 
Wide-mouth jar, Teflon- 8 ounce Cool to 4 °c 14 days to analysis. 
lined plastic cap 

------

1 All holding times are from date of collection. 
2 Sediment samples collected from areas with no standing water will be collected and containerized in this manner. Sediment samples collected from areas under standing water 

. will be containerized using a 4-ounce clear wide mouth glass jar and cooled to 4°C. 
3 One Encore™ extruded into 5 mL H20 and frozen. Second Encore™ frozen as received. Third Encore™ preserVed with methanol for medium level analysis. 
4 One Encore™ extruded into 5 mL H20 and frozen. Second Encore™ frozen as received. 

°C - Degrees Centigrade. 
H20-Water. 
Li - Lithium. 
mL - Milliliters. 
PCBs - Polychlorinated biphenyls. 
Sn-Tin. 
Sr - Strontium. 
™ -Trade mark . 

• • • '-

--- ---- -------- --
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Parameter 

Explosives 

(nltroaromatics and 

nitramines) 

Perchlorate 

TAL Metals plus Sn 

. (with or without Li 

and Sr) 

Volatile Organic 

Compounds 

Semivolatile 

Organic 

Compounds 

Pesticides 

Herbicides (plus 

pentachlorophenol 

and 

hexachlorophene) 

PCBs 
-----

• • 
TABLE 3-10 

SUMMARY OF SAMPLE ANALYSES, CONTAINER TYPES AND VOLUMES, 
PRESERVATION REQUIREMENTS, AND HOLDING TIMES FOR AQUEOUS SAMPLES 

SWMUs 8,15,18, 19,AND 20 AND THE OGSTL 
NSWC CRANE, CRANE, INDIANA 

PAGE 10F2 

Analyte/Methodology Sample Container Container Preservation(2) Maximum Holding Time(3) 

" 
Volume(l) 

Amber glass, Teflon-lined cap (2) 1000 mL Cool to 4°C, dark Extraction within 7 days; analysis 

SW-8468330 within 40 days of extraction. 

EPA Method 314.0 
Polyethylene, plastic cap wI 500 mL" Cool to 4 °C, dark 28 days to analysis. 

plastic liner 

Total SW-846 6020, 7470A 
Polyethylene,plastic cap wI 1000 mL HN03to pH <2 Analysis within 180 days; 

plastic liner mercury within 28 days . 

Dissolved SW-846 6020, Polyethylene, plastic cap wI 1000 mL Filter with 0.45 ~m membrane; Analysis within 180 days; 

7470A plastic liner HN03to pH <2 mercury within 28 days. 

Glass, black phenolic plastic (3) 40 mL Cool to 4°C, dark, zero . 1.4 days to analysis. 
SW-846 8260B 

screw cap, Teflon-lined septum heads pace, HCI to pH <2 

Glass, black phenolic plastic (6) 40 mL Cool to 4°C, dark, zero 14 days to analysis. 
SW-8468015B 

screw cap, Teflon-lined septum headspace, HCI to pH <2 

SW -846 8270C 
Amber glass, Teflon-lined cap (2) 1000 mL Cool to 4°C, dark Extraction within 7 days; analysis 

within 40 days of· eXtraction. 

Selected Ion Monitoring SW- Amber glass, Teflon-lined cap (2) 1000 mL Cool to 4°C, dark Extraction within 7 days; analysis 

8468270C within 40 days of extraction. 

SW-8468081 
Amber glass, Teflon-lined cap (2) 1000 mL Cool to 4 °6, dark Extraction within 7 days; analysis 

within 40 days of extraction. 

Amber glass, Teflon-lined cap (2) 1000 mL Cool to 4°C, dark Extraction within 7 days; analysis 

SW-8468151 A within 40 days of extraction. 

SW-8468082 
Amber glass, Teflon-lined cap (2) 1000 rtiL Cool to 4 °C, .dark Extraction within 7 days; analysis 

within 40 days of extraction. 

! 

I 

I 
I 

, 



TABLE 3-10 . 

SUMMARY OF SAMPLE ANALYSES, CONTAINER TYPES AND VOLUMES, 
PRESERVATION REQUIREMENTS,AND HOLDING TIMES FOR AQUEOUS SAMPLES 

SWMUs 8,15,18,19, AND 20 AND THE OGSTL 
NSWC CRANE, CRANE, INDIANA 

PAGE 2 OF 2 

Parameter Analyte/Methodology Sample Container Container Preservation(2) Maximum Holding Time(3) 
Volume(1) 

Fecal Coliform 92220 Standard Methods 
Polyethylene, plastic cap wI 125 mL 

plastic liner 

Cyanide SW-8469012A 
Polyethyiene, plastic cap wI 500 mL 

plastic liner 

Nitrate + Nitrite as 
EPA Method 353.2 

Polyethylene, plastic cap wI 500mL 

Nitrate plastic liner 

Total Organic 
SW -846 90'60 

Amber glass, septa cap 125 mL 

Carbon 
----------- -------- --- ... -- ---- --- ..- ---------

Note: Aqueous samples include ground water and surface water. 

1 The number in parenthesis indictes the sample container quantity. 

2 HCI = Hydrochloric acid, H2S04 = Sulfuric Acid, HN03 = Nitric Acid, NaOH ;. Sodium Hydroxide. 

3 All holding·times are from date of collection. 

°C - Degrees centigrade. 
Li- Litihum. 
mL - Milliliters. 

PCBs - Polychlorinated biphenyls. 
Sn -Tin. 

Sr - Strontium . 

• • 

Cool to 4° C dark, sodium 24 hours 

thiosulfate 

Cool to 4° C, NaOH to pH >12 14 days to analysis. 

Cool to 4 DC, H2S04 to pH <2 28 days to analysis. 

Cool to 4 DC, H2S04 to pH < 2 28 days to analysis. 
.. 
----- ------

• 
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QCSample 
Type 

Field Duplicate 

Equipment 
Rinsate Blank 

Source Water 
Blank 

••• Ambient 
Condition Blank 

Trip Blank 

Internal 
Standard 

Laboratory 
Control Sample . 

-
Laboratory 
Duplicate 

• 

TABLE 3-11' 

NON-CALIBRATION QC SAMPLE USAGE FREQUENCIES; 
ACCEPTANCE LIMITS AND CORRECTIVE ACTIONS 

SWMUs 8,'15,18,19, AND 20 AND THE OGTSL 
NSWC CRANE, CRANE, INDIANA 

PAGE 1 OF2 

Collection Frequency Acceptance' Limits' Corrective Action 

One per 20 investigative Aqueous = 30% RPD Quality data according to data --
samples collected. Soil/Sediment = 50% RPD validation requirements. 

One per each type of sampling < RL (soil and water) Identify source of contamination, if 
devic;elinstrument. possible. Qualify data according to 

validation requirements. Quality use 
For pre-cleaned, dedicated, of data if contamination appears to 
and/or disposable equipment. have adversely affected its usability. 
(Le., disposable plastic trowels, 
etc.), one rinsate ~Iank will be 
collected and analyzed. 

One per each source of water < RL (soil and water) Identify source of contamination, if 
used for sampling equipment _ possible .. Qualify data according to . 
decontamination. validation requirements. Qualify us!'! 

of data if contamination appears to 
h'ave adversely affected its usability. 

At discretion of FOL. < RL (soil and water) Identity source of contamination,.if , 
possible. Qualify data according to 
validation requirements. Qualify use 
of data if contamination appears to 
have adversely affected it~ usability. 

One per cooler containing < RL (soil and water) Identify source of volatiles 
samples for volatile organics contamination, if possible. -Quality 
analysis. data according to validation 

requirements. Qualify use of data if 
contamination appears to have 
ad~ersely affected its usability. 

At least one internal standard Retention times stable to Laboratory action taken per. 
per sample for GC/MS ±30 seconds; area counts L TL-1 OO~. TtNUS action taken per 
analyses. stable to within factor of 2. validation protocols, and Section 

11.3. 

One per 20 environmental See Tables 7-1 and 7-2. Laboratory action taken per 
samples per matrix per L TL -1008. TtNUS action taken per 
analytical fraction validation protoc~ls, and 

Section11.3. 

One per 20 environmental See Table 7-1 . Laboratory action taken per 
samples analyzed for inorganic L TL-1 008. TtNUS action taken per 
target analytes· validation protocols, and 

Section 11.3 . 



TABLE 3-11 

NON-CALIBRATION QC SAMPLE USAGE FREQUENCIES, 
ACCEPTANCE LIMITS AND CORRECTIVE ACTIONS 

SWMUs 8,15,18,19, AND 20 AND THE OGTSL 
NSWC CRANE, CRANE, INDIANA' 

PAGE20F2 

aCsampie Collection Frequency Acceptance Limits Corrective Action 
Type 

Laboratory One per 20 environmental < RL (soil and water) Laboratory action taken per 
Method Blank samples or per preparation LTL-100B. TtNUS action taken per 

batch, whichever is more validation protocols. and 
frequent Section 11.3. 

Matrix Spike(l) One per an~lytical fraction per See Table 7-2. Laboratory action taken per . 
20 environmental samples for L TL-100B. TtNU$ action taken per 
organic target analytes validation protocols, and 

Section .11.3. 

Matrix Spike One per analytical fraction per See Table 7-1. Laboratory actiqn taken per 
Duplicate(1) . 20 environmental samples L TL-100B. TtNUS action taken per 

analyzed for organic target validation protocols, and 
'analytes Section 11.3. 

Post-Digestion Only if out-of-control matrix 100 ± 20% Laboratory action taken 'per 
Spike spike exists (metals only) L TL-100B. TtNUS action taken per 

... validation protocols, and 
Section 11.3. 

Surrogate At least one per sample for See Table 7-2. Laboratory action taken per. 
organic chromatographic LTL-100B. TtNUS action taken per 
analyses (GC, GC/MS, and validation protocols, and 
HPLC) Section 11.3. 

Temperature One blank per sample cooler. 4±2°C Laboratory actiontaken per 
Blank L TL-1 OOB. TtNUS action taken per 

validation protocols, and 
Section 11.3. 

Matrix spikes and matrix spike duplicates are not analyzed in the field, but additional sample material must be 
collected in the field to ensure that the laboratory has enough material for spiking and duplicate analysis. 

FOL - Field Operations Leader. 
GC/MS - Gas chromatography/mass spectrometry. 
HPLC - High-performance liquid chromatography. 
°C - Degrees Centigrade. 
RL - Reporting limit. 
RPD - Relative percent difference. 

• 

• 

• 
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the sump in Sample Location 18$505. 

In the low grassy area next to the benn 
southwest of Building 104. 
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· Documented sample custody is one of several factors necessary for the admissibility of environmental 

·data as evidence in a court of law. Custody procedures help to satisfy the two major requirements for· 

a:dmissibility:. relevance and authenticity. Sample custody is addressed in three parts: field sample 

collection, laboratory analysis, and final evidence files. Final evidence files, including all original 

laboratory reports and purge files, are maintained under document control in a secure area. A sample or 

evidence file is under custody when anyone of the following conditions is satisfied:. 

· _ .. The item is in the actual physical possession of an authorized person 

-The item is in view of.the person after being in his or her possession 

- The item was placed in a secure area to prevent tampering 
i 

- The item is in a designated and identified secure area with access restricted to authorized personnel 

only 

The COC form is a multi~part, standardized form used to summarize· and document pertinent sample 

information such . as sample identification and type, sample matrix, date a~d time bf collection, 

preservation, and requested analyses. Furthermore, through the sequential signatures of various sample 

custodians (e.g., sampler, air carrier, laboratory sample custodian), the. COC form documents sample 

. custody and tracking. Laboratory custody procedures will ensure that sample integrity is not 

compromised from the time of receipt at the laboratory until final data are reported to TtNUS; This 

requires that the laboratory control all sample handling and storage conditions' and circumstances. 

· Custody procedures apply to all environmental and associated field QC samples obtained as part of the 

data collection system. 

4.1· FIELD CUSTODY PROCEDURES 

The FOL (or designee) is responsible for the care and custody of the samples collected until they are 

relinquished to the laboratory or entrusted to a commercial courier. Together, field logbooks and sample 

documentation including COCforms provide a record that should allow a technically qualified individual to 

reconstruct significant field activities without resorting to memory. COC forms will be completed to the 

fullest extent possible for each sample cooler used for shipment. The forms will be le.gibly completed with 

waterproof ink and signed (and dated) by the sampler(s). COC forms will include the following 

. information: project name, sample number, time collected, matrix, designated analyses, type of sample, 

• preservative, and name of sampler. Pertinent notes or comments, such as positive results during sample 
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screening, are also' indicated on the COC form. An example COC form is included in SOP CT0331-03 

(Appendix E). 

Information similar to that contained ~:m the COC form is. provided on the sample label, which is securely 

. attached to the sample bottle. Sample iabels will include,. at a minimum, the following information: 

sample number, date and time of collection, analysis required for the sample aliquot in the associated 

sample container, sample' number, and a space for the laboratory sample number. The procedures for . 

sample numbering by TtNUS are described in SOP CT0331-02 (Appendix E). 

Site conditions during sampling and the care with which samples are handled may factor into the degree 

to which samples represent .the media from which they are collected. This, in turn, could affect the ability 

of decision makers to make accurate and timely decisions concerning the contamination status of the site. 

As appropriate, logbooks are assigned to, and maintained by, .key field team p~ersonnel. The logbooks 

are used to record daily conditions and activities such as weather conditions, dates and times of , 

significant events, level 'of PPE used, boring activities, actual sample collection locations, photographs, 

taken, problems encountered during field activities, chemical screening results, and corrective actions 

. taken to overcome· problems. In addition, the names of site visitors and the purposes. of their visits will:be • 

recorded. Field logboqk assignments will be recorded in the site logbook or other central file, the location 

of which will be known by the FOL and the TOM. All field logbook assignments, use, control, and 

archiving are governed by SOP CT0331 "03 (Appendix E). Examples of all forms to be used during 
. . 

sampling activities are also provided in SOPCT0331-03 or in individual SOPs(Appendix E). The FOL is 

responsible for the maintenance and security of all field records at the end of each workday during field 

activities. At the completion of field activities, the FOL will forward all field records to the TtNUS TOM. All 

sample records are eventually docketed into the final evidence file. 

SOPs CT0331-0S, 331-06, 331-08, 331-19, and 331-20 (Appendix E) describe procedures for sample 

screening, packaging, and shipment. A temperature blank will be included in each. cooler containing 

samples. Each cooler that contains samples to be analyzed for VOCs will also include a trip blank. Each 

cooler will be taped shut with strapping tape in at least two places to prevent tampering. Custody seals 

will be attached as.described in SOP CT0331-03 so that the seals must be broken to open the cooler. 

Shipment will be made by a public courier at the next scheduled pickup following completion of sample 

collection. 

The following procedures will be used when transferring custody of samples. As previously noted, 

individual custody records will accompany each sample cooler. The methods of shipment, courier name, 

and other pertinent information will be entered in ~he remarks section of the custody record. When 
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transferring samples, the, individuals relinquishing and receiving the samples will sign, date, and note the 

'time on the COC Form. The original record (top copy of the multi-part form) will accompany the shipment 

and the FOL will retain a copy. This record documents the sample custody transfer from the 'sampler to 

,the laboratory, often through another person or agency (common courier). After COC forms have been' 

placed within sealed shipping coolers, the signed courier airbills will serve to· document. COCo Upon 

. arrival at the laboratory, internal laboratory sample custody procedures will be followed (see Section4.2). 

4.2 LABORATORY CUSTODY PROCEDURES 

When the laboratory receives a shipment of samples, the sample custodian will verify that the correct 

number of coolers has been received. The custodian will examine each cooler's custody seals to verify 

that they are intact and that the integrity of, the environmental samples has been m~intained. ,The 
. . , . 

. custodian will then open each cooler and measure its internal temperature by mea!;>uring the temperature 

of the temperature blank. The temperature reading will be documented in the comments column of the 

COC form and in laboratory-specific documents, as appropriate. The sample custodian will then sign the 

COC . form and examine the contents of the cobler. Identification. of broken sample containers or 

discrepancies between the COC form and sample labels will be recorded. The laboratory'will retain t~e 

original field COC forms, providing' copies of the forms with the final data package deliverable. All 

problems' or discrepancies noted during 'this process will be promptly reported to the TtNUS TOM. 

Samples will be logged into the laboratory information management system. Other pertinent issues 

, relating to laboratory sample custody and tracking are presented in, the laboratory SOPs governing 

sample handling and tracking . 

. 4.3 FINAL EVIDENCE FILES 

The Administrative Record at NSWC Crane will be. the repository for all documents that constitute 

evidence. relevant to sampling and analysis activities as described in this QAPP. NSWC Crane will be the 
, , 

. custodian of the evidence file and will maintain the contents of these files, including all relevant records, 

reports, logs, field notebooks, pictures, subcontractor reports, and data reviews in a secure, limited

, access location and under the custody of the NSWC Crane site manager. The contr()1 file will include the 

following at a minimum: 

• Field logbooks 

• Field data and data deliverables 

• Photographs and negatives 

• Drawings. 
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• Soil boring logs 

• . Laboratory data deliverables (including raw data and calibrations) 

• Data validation reports 

• Da~a assessment reports 

• . Progress r~ports,QA reports, interim project reports, etc. 

..• AII.custody documentation (tags, forms,.airbills, etc.) 

Upon completion of. the contract, all files associated with this ~nvestigation will b~ maintained in the 

Administrative Record at NSWC Crane and will be available for inspection by the regulatory agencies for 

at least 50 years. Prior to disposal of all Administrative Records, the records will be offered to IDEM . 
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All instrumentation used to perform chemical rneasurements must be properly calibrated prior to use in 

order to obtain valid and usable. results. Instruments used in· the field and in the laboratory wiilbe 

calibrated in accordance with the procedures governing the use of the instruments. For this investigation, 
. .. 

field instrument calibration is described in Section 5.1, and laboratory instrument calibration is outlined in 

Section 5.2. 

5.1 FIELD INSTRUMENT CALIBRATION 

Various instruments will be required for field measurements during this investigation and will inc.lude the 

following: 

• Multi-parameter water-quality meter 

• . LaMotte turbidity meter 

• Electronic water-level meter 

• PID 

Instruments used in the field will be dalibrated in accordance with the procedures outlined in· specific 

SOPs (water-quality meter and PID) and the manufacturer's calibration procedures. Calibration of each 

instrument will be documented on a separate Equipment Calibration Log Form (in SOPs CT0331-06 and 

331-14 of Appendix E) .. During calibration, an appropriate maintenance check will be performed on each 

piece of equipment. If damaged or defective parts are identified during the. maintenance check and it is 

determined that the damage could have a negative impact on the instrument's performance, the 

. instrument will be removed from service ~ until the defective parts are repaired or replaced. If the 

instrument cannot be repaired, a replacement will be procured from the supplier. 

Accuracy checks include one or more of the following: standard additions, standard solutions, and 

reagent blank measurements. The purpose of accuracy checks is to check the performance of the 

'reagents, the colorimeter, and the analytical procedure. Information on the type of accuracy check, its 

associated parameter, and the QC associated with the accuracy check is included in the test kit used to 

perform the analysis. Test kits do not require calibration by field personnel. To ensure proper operation, 

they must be used within the specified holding times. 
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The electronic water-level meters will be calibrated prior to field use and periodically at the discretion of 

the FOL. Theywill be calibrated by comparison of meter markings with a steel tape measure. 

/" 

5.2 LABORAT.ORY INSTRUMENT CALIBRATION 

Calibration procedures for metals analyses by inductively coupled plasma/mass spectroscopy (ICP/MS) 
. . . . 

,begin with a periodic establishment of the useful linear response range, followed by routine daily 

calibrations. The daily calibrations consist of at least one blank and one calibration standard, an initial 

, calibration verification, and continuing calibration verification standards or blanks with each batch of 

samples analyzed. ,In all cases, an independently prepared standard (Le., from a second source or a 

different lot number thEm the primary source) will be used as a calibration verification solution or as the 

MS spiking mix. 

Organic chemical analyses begin with an initial calibration of the gas chromatograph (GC), high

performance liquid chromatograph (HPLC), or gas chromatograph/mass spectrometer (GC/MS) system 

with an initial calibration curve that establishes the instrument responses, as functions of analyte 

concentrations. The initial calibration curves incorporate a .calibration blank and a series of calibration 

standards for the target analytes and' any applicable internal standards or surrogate compounds. On a 

routine basis, a continuing calibration is performed in which'the validity of the calibration curve is checked 

with a known chemical standard from a source independent of the initial calibration standards. This 

,continuing calibration standard contains the target analytes of interest and any applicable internal 

standards and' surrogate compounds. The internal standards compensate for variations in analytical 

response that may occur in individual chromatographic analyses. The surrogate compounds provide a 

means to assess the efficiency of analyte extraction and analysis for each sample. 

The miscelianeoLisparameter analyses (e.g., perchlorate) begin with a daily calibration via a number of 

calibration standards at varying concentrations for each analyte. After an acceptable calibration linearity 

is established, an initial calibration verification will be performed. A continuing calibration verification will 

be performed at a routine frequency to ensure validity of the calibration curve. 

All standards used to calibrate analytical instruments must be obtained from the. National Institute of 

Standards and Technology (NIST) or through a reliable commercial supplier with a proven record for 

quality standards. All commercially supplied standards will be traceable to NIST, reference standards, ' ' 

where possible, and appropriate pedigree documentation will be obtained from the supplier. In cases 

• 

• 

where documentation is not available, the laboratory will analyze the standard and compare the results to • 

a U.S. EPA-known or previo'us NIST-traceable standard. 
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,Calibrations and associated documentation are required for all laboratory instruments. The 

, documentation for calibrations performed in-house will identify the person performing the calibration, the· 

instrument being ,calibrated, the standards used for calibration and their concentration values or other 

pertinent calibration values, the source of the calibration standards, and the date of calibration. Certain 

'instruments ~e.g.; balances) may be , calibrated by a third party. In those cases, the details of calibrCitioh 

as described above and a certification of acceptable performance will be obtained from the third party. 

The period during which the calibration ,is valid may appear in the calibration record or may be governed 

by the SOP. 

',Calibration procedures, frequency requirements, acceptance criteria, and conditions that require 

recalibration are described for each analytical procedure in the applicable laboratory SOPs. 
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Field measurement and. laboratory analytical procedures are presented in this section. 

6.1 FIELD MEASUREMENT PROCEDURES 

. . 

NSWCCrane 
Draft QAPP 
Revision: 0 

Date:)uly 2004 
Section: 6 

Page 1 of 2 

Chemical and physical parameters to be measured using field instrumentation are listed in Table! 1-1. 

The field target parameters and the rationales for including them in the SWMU-specific analysis sch~mes 
. . ' 

are presented in Tables 1 ~3, 1-4, and 1-5. Measurement of field parameters is described in detail in 
I. 

Section 3.0. Calibration of field instruments is discussed in Section 5.0 and in individual field 
I 

measurement S,oPs (Appendix E). 

6.2 LABORATORY ANALYTICAL AND MEASUREMENT PROCEDURES 

The laboratory analyses will be performed by Laucks Testing Laboratories. ~aucks Testing Laboratories 

has successfully completed the laboratory evaluation process required as part of the Naval Facilities' 

Engineering Services Command (NFESC) QA Program and described in the Navy Installation Restoration 

Laboratory Quality Assurance Guide (NFESC, 1996). Table 6-1 provides a summary of the laboratory 

analytical methods and associated laboratory SOPs to be used during this investigation. 

6.2.1 List of Project Target Compounds and Detection Limits' 

A list of the laboratory target analytes, project-specific RBTLs, and·laborator'y-specific TVs for organic 

compounds and miscellaneous parameters,IDLs. for metals" and RLs is provided in Table 1-5. The TVs 

are defined as the lowest value at which the laboratory can reliably detect and confirm the presence of 

target compounds. The TVs are based on laboratory experience and MDLsthat have been 

experimenfallydetermined using the applicable laboratory SOP(s). This procedure is based on the 

method provi~ed in 40CFR Part 136 Appendix B (FR, .1984): The.IDLs provided for metals have been 

experimE?ntally· determined as described in the applic~ble laboratory SOP. This procedure is based on 

the procedure for IDL determination as specified in the U.S. EPA Contract Laboratory Program (CLP) 

(U.S. EPA, 1995). All environmental data will be reported to the analyte's laboratory-specific and matrix

specific RL, TV, or IDL. An analyte's RL is based on the associated MDUIDL with adjustments made to 

ensure that the precision and accuracy requirements of the method are attainable. RLs will be adjusted 

on a sample-by-sample basis, as necessary, based on dilutions, sample volume, and, for soil samples, 

percent moisture. I 
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Field and laboratory QC samples to be analyzed in support of this project are identified in Section 3.0 and 

'Section 7.0. The analytical SOPs address minimum QC requirements for each associated analytical 

, "method. The SOPs include calibration QC requirements. Details on QC sample usage ,are provided ,in 

Section 7.0. 
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TABLE 6-1 
I 

. " . I 
SUMMARY OF ORGANIC, INQRGANIC, AND MISCELLANEOUS ANALYTICAL PROCEDURES 

. , . FOR SOLID AND AQUEOUS SAMPLES ! 
~WMUs 8,15,18,19, AND 20 AND THE OGTSL 

Analytical Parameter (1) 

ENERGETICS 

SW-8468330 

Perchlorate 

METALS 

Metals 
(except Antimony, Tin, and 
Mercury) 

'. 

Antimony and Tin 

Mercury, 

.. 

, NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF4 

Preparation 
Method (2,3,4) 

Aqueous 
SW-8468330 

Solid 
SW-8468330 

EPA Method 314.0 

Aqueous 
SW -846 Methods 
3010A (no Hel) or 

3015 (no Hel) 

Solid 
SW -846 Method 

30508 (include H20 2 

. but no Hel) 

Aqueous 
SW -846 Methods 

3010A or 3015 (no 
H20 2) 

Solid 
SW -846 Method 

30508 (include Hel 
but no H20 2) 

'Aqueous 
SW-846 Method 

7470A 

I 

Solid 
SW -846 Method 

7471A 

Analytical 
Method 

SW -846,8330 

EPA Method 314.0 

SW-846 Method 
6020 

SW-846 Method 
6020 

Aqueous 
SW-846 Method 

7470A 

Solid 
SW -846, Method 

7471A 

Preparation! Analytical ' 
SOP(s) I 

Aqueous ' , 
: 

LTL-3077/ LTL-8330 
I 

'Solid 
J 

L TI,.-3161 / L TL-8330 

Aqueous 
LTL-9136, 

Solid 
LTL-9136 

Aqueous 
LTL-7009 or LTL-7010/ 

LTL-7202 

Solid 
LTL-7015/ LTL-7202 

Aqueous 
LTL-7009 or LTL-7010/ 

LTL-7202 

Solid 
LTL-7015/ LTL-7202 

Aqueous 
LTL-7501 

Solid 
LTL-7501 

I 

I 
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Analytical Parameter (1) Preparation 
Method (2,3,4) 

Analytical 
Method 

VOLATILES 

. Aqueous Aqueous 
SW -846 MethOd - SW -846 Method 
8260B (25 mL 

8260B (25 mL purge) \ 

SW -846 8260B 
purge) 

Solid 
Solid 

SW-846 Method 
SW-846 Method 

5035 (5 g purge) 
8260B (5 g purge) -

Aqueous 
SW -846 Method 

8015B (25 mL purge) 
SW -846 Method . 

SW-8468015B .; 
80158 

Solid 
SW-846 Method 
503S (5 g purge) 

SEMIVOLATILES 

f, 
. Aqueous 

sw -846 Method 
3520C 

SW-846 Method SW -846 8270C 
Solid 

8270C 
'-

SW-846 Method' 
3550B 

Aqueous 
SW -846 Method 

Selective Ion Monitoring 
3520C 

SW -846 Methods 
SW -846 Methods 8270C . 

Solid 
8270C-SIM 

SW-846 Method 
3550B 

Hexachlorophene and SW-846 Method SW-846 Method 
Pentachlorophenol. 8151A 8151A 
, 

-

Preparationl Analytical 
. SOP(s) . 

Aqueous 
L TL-8265 (low level) 

Solid 
LTL-8265 

, 

LTL-8019 

Aqueous 
LTL-3000 / LTL-8279 

Solid 
L TL-31 00/ L TL-8279' 

Aqueous 
LTL-3001 / LTL-8277 

. Solid 
LTL -3450 / L TL -8277 

, 

Aqueous 
LTL-3510/ L TL-8151 

Solid 
LTL-3011 I L TL-8151 
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. TABLE 6-1 

SUMMARY OF ORGANIC, INORGANIC, AND MISCELLANEOUS ANALYTICAL PROCEDURES 
FOR SOLID AND AQUEOUS SAMPLES 

SWMUs 8,15,18,19, AND 20 AND THE OGTSL 

AnalYtical Parameter (1) 

PESTICIDES 

, 

Pesticides 

PCBs 

PCBs SW -846 8082 

HERBICIDES 

Herbicides. 

NSWC CRANE, CRANE, INDIANA 
PAGE30F4 

Preparation 
Method (2,3,4) 

SW -846 Method 
'8081 

SW -846 Method 
8082 

SW -846 Method 
8151 

Analytical 
Method 

SW -846 Method 
·8081 

SW-846 Method 
8082 

SW-846 Method 
8151 

MISCELLANEOUS PARAMETERS 

Aqueous. Aqueous 
SW -84E> 9060 SW-8469060 

. Total organic carbon 
Solid Solid 

~Ioyd Kahn Lloyd Kahn 

Hardness 
Standard Method Standard Method 

2340B 2340B 

SW-846 Method SW-846 Method pH 
9045C 9045C 

Cation exchange capacity SW-846 Method 9081 
SW-846 Method 

9081 

Cyanide 
SW -846 Method SW-846 Method 

90.12A 9012A 

Nitrate + nitrite as nitrate EPA 353.2 EPA 353.2 

Preparat,on/ Analytical . 
SOP(s)' 

Aqueous 
LTL-32021 LTL-8084 

Solid 
L TL -3302 I L TL -8084 

, Aqueous 
LTL-32021 L TL-8084 

Solid 
LTL-3302/ LTL-8084 

Aqueous 
L TL-351 0 I L TL-8151 

Solid 
LTL-3011 I LTL-81.51 

'Aqueous 
LTL-9115 

Solid 
LTL-9116 

Calculation 

Solid -

LTL-9113 

Solid. 
LTL-6006 

Agueous. and' Solid 
LTL-9104 

Aqueous 
LTL-9125 
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'TBD - To be determined. 

1 .. Reference Table 1-5 of Section 1.0 for the speCific compounds.· 
. 2 U.S. EPA, 1986. Test methods for Evaluating Solid Wastes, Physical/Chemical Methods. SW-846, 

Third Edition and subsequent updates. 
·3 U.S. EPA Chemical Analyses of Water and Wastewater, March 1983. 
4 Standard Method for the Analysis of Waters and Wastewaters, American Public Health Association 

and others, 20th edition, 1998. . . '. 
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Field and laboratoryQC samples will be routinely analyzed to evaluate overall data quality. This section 

provides information regarding those internal QC check$. The overall QA objective for this project is to 

develop and implement procedures for field sampling, COC, laboratory analysis, data management, and 

reporting that will yield res~lts sufficiem to ,support the attainment of the project objectives specified in . 

. Section 1.0. Intended data uses, including the list of project target parameters, are described in Section 

1.0 of this QAPP. The manner in. which decision making will be based on data comparisons is described 

in Sections 1.5.4 and 8.0. Specific procedures for sampling, COC, laboratory instrument calibration, 

. laboratory analysis, internal QC, reporting of data, audits, preventive maintenance of field and laboratory 

equipment, data management, corrective action, and reporting to management are described in the 

remaining sections of this QAPP. As part of those evaluations, statistical parameters such, as. data set 

variances will be computed to provide direct insight into the .variability of target analyte data in soils and 

ground water. 

The precision, accLiracy, representativeness, comparability, and. completeness (PARCC) parameters are 

qualitative and quantitative statements regarding the. quality characteristics of the data used to support 

project objectives and, ultimately, environmental decisions. These parameters are described in the 

remainder of this section. Equations used to compute accuracy,. precision, and comp!eteness values are 

provided in Section 8.0. 

7.1 PRECISION 

7.1.1 Definition 

Precision is a measure of the degree to which two or more measurements are in agreement and 

describes the· reproducibility of measurements of the same parameter for samples analyzed under similar 

conditions. A fundamental tenet of using precision measurements for QC is that precision will be . 

bounded by known limits. Results outside these predetermined limits trigger corrective actions. 

By definition, chemical solutions are uniform in composition. Therefore, discounting any imprecision. 

caused by the sample matrix, the variability of analytical results for water samples should be relatively low 

unless suspended material or sample handling and storage introduce additional imprecision. Precision 

acceptance criteria for aqueous and. soil and sediment duplicate samples have been assigned 

accordingly in Table 7-1. Results outside these limits will trigger corrective actions, which are presented 

in Table 3-11 . 
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. Because of the inherent and unknown heterogeneity of soil samples, the precision of soil field duplicate 

samples will not be used for QCbut will be .comp<;ired to laboratory precision estimates to gain a 

perspective on the natural heterogeneity of the soil. 

7.1.2 Field Precision Objectives 

Field precision is assessed by collecting and measuring field. duplicate samples. Acceptance limits for 

field duplicate precision are provided in Table 3-11. This precision estimate encompasses the combined 

. uncertainty associated with sample collection, homogenization, splitting, handling, laboratory and field 

storage (as applicable), preparation for analysis, and analysis. In contrast, precision estimates obtained 

from analyzing duplicate laboratory samples incorporate only homogenization, subsampling, preparation 

for analysis, laboratory' storage (as applicable), and analysis uncertainties. Consequently, the. field 

precision estimates [i.e., relative percent difference (RPD) values] should equal or exceed the laboratory 

precision estimates, on average, for each analyte. If field duplicate precision is significantly differenUhan 

laboratory duplicate precision', the underlying cause will be inve~tigated to determine whether the 

observed. difference could be a result of artifacts of sampling and analysis. Considerations given to this 

effort include the following: 

• . The scale of s.ubsampling for laboratory precision estimates relative to the scale of field duplicate 

sample size 

• Analytical measurement precision 

• Precision for repeat analysis of the same solid laboratory control sample (LCS) 

• Estimated environmental sample grain size relative to LCS grain size 

• Potential natural soil heterogeneity 

• Concentration level of the analyte 

7.1.3 Laboratory Precision Objectives 

Laboratory precision QC samples [Le., dlaboratorY duplicates for inorganic chemicals and MSDs for 

organic chemicals] will be analyzed with a minimum frequency of five percent (i.e;, one QC sample per 20 

environmental samples). Laboratory precision is measured by comparing RPD values with·· precision 

control limits specified in Table 7-1. 
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7.2.1 

ACCURACY 

Definition 
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Accuracy is the degree of agreement between an observed value and 'an accepted reference value.· This 

parameter is assessed by measuring. spiked samples (e .. g., surrogate .spikes or MSs) or well

characterized samples of certified analyte c()ncentrations (e.g., LCSs) and by measuring blanks. 

Accuracy measurements are designed to detect biases . resulting from sample handling and analysis 

processes. The equations for determining accuracy of an individual MS and a surrogate spike or LCS for· 

this project are provided in Secti()n 8.0. The equations in Section 8.0 do not apply to blank samples 

however, because division by zero (the expected amount or added amount) causes the calculated value 

to be··infinite. Instead, acceptance criteria are designed to limit the tolerable amount of contamination 

while recognizing that non-zero resl:llts for blanks are .likely, if only because of random error in the 

measurement process. The laboratory analytical SOPs limit tolerable blank concentrations. The bias. 

computations for individual MSs, LCSs, and method blanks will be used to control the analysis .process by 

triggering corrective actions as specified in Table 3-11. 

7.2.2 Field 'Accuracy Objectives . 

Field test kits are used in accordance with the manufacturer's accompanying instructions. Accuracy 

requirements fOr field measurements are typically ensured through control over sample collection and 

.handling and through routine instrument calibration. In addition: after field measurements are completed 

for specific conductance, pH, and turbidity; a check standard is analyzed to verify continued acceptable 

calibrations. The acceptance criteria for field me'asurement accuracy are specified in the field SOPs 

(included in Appendix E). Accuracy of grain size and depositional environment classifications is ensured 

by requiring that a qualified fiJld person makes those "classifications. 
. I 

Accuracy is also typically monitored through. the ·use of blanks to detect cross-contamination and by 

monitoring adherence to procedur~s that prevent sample contamination or degradation. Equipment 

rinsate blan'ks will be collected for' this investigation to assess cross-contamination via non-disposable 

sample collection equipment. Ambient condition blanks will not be collected unless site conditions durihg 

sampling (e.g., generation of fugitive dust) indicate a need to assess infiltration of airborne contaminants 

into sampling containers. Source water blanks will be collected to monitor the purity of water used to 

decontaminate sampling equipment. Accuracy also will be assured qualitatively through adherence to all 

sample handling, preservatiofl, and holding-time requirements. 
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Accuracy in the laboratory is measured through the comparison of a spiked sample or LCS result to a 

known or calculated value and is expressed as a percent recovery (%R). It is also assessed by 

.. monitoring the analytical recovery of select surrogate' compounds added to samples that are analyzed by 

organic chromatographic methods. MS and surrogate compound analyses measure the combined 

accuracy effects of the sample matrix, sample preparation, and sample measurement. LCSs are used to 

assess the accuracy of laboratory operations with minimal sample matrix effects. Post-digestion s'pikes 

(PDSs) ·are used to assess the accuracy of the analytical measurement on the sample extract or 

digestate. Each spiked sample will be spiked with representative target analytes for the analysis' being 

performed to ~nsure that accuracy measures are obtained' for each target analyte. Spiking 

concentrations will equal or approximate the default concentrations detailed in the applicable sample 

preparation SOPs. . LCS and MS analyses are performed at a frequency no less than one per 20 

associated samples of like matrix. Laboratory accuracy is assessed via comparison of calculated %R 

values to accuracy control limits specified in Table 7-2. 

7.3' COMPLETENESS 

7.3.1 Definition 

Completeness is a measure of the amount of usable, valid analytical d~ta obtained compared to the 

amount expected to be obtained. Completeness is expressed as a percentage. 

7.3.2 . Field Completeness Objectives 

Field completeness is a measure of the amount of valid field measurements obtained from all the field 

measurements taken in the project. Documentation of sample location and depth is planned for each soil 

and ground water sample. Documentation of grain size and depositional environment is also planned for 

each soil sample. A completeness criterion of 100 percent applies to these measurements. However, 

the 100 percent completeness criterion for depositional environment and grain size· may be reduced, 

depending on whether these factors are significant for background comparisons,. as determined based on 
. . 

the Base-Wide Background Soil Investigation for NSWC Crane. Furthermore, grain size and depositional 

environment information not documented in the field may be recoverable by inspecting field logs and site 

maps or through laboratory measurement after the samples are received by the laboratory. Failure to 

obtain 100 percent of these measurements for field samples will indicate a need for corrective actions 

• 

• 

designed to recover the missing information. Failure to recover the information will constitute a need to • 

resample, unless the missing data are judged not to adversely affect attainment of project objectives. 
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Turbidity is a critical parameter that must, be determined before aqueous samples are collected to 

establish attainment of equilibrium, and its completeness criterion is 100 percent. There are no 

completeness criteria for DO, flow rate, ORP, water level, pH, specific conductance, and temperature. 

These are non-critical parameters generally determined to verify that appropriate sampling conditions 

exist prior to sam piing or to provide data to evaluate the potential efficacy of monitored natural attenuation 

(MNA) asa remedial option. 

7.3.3 Laboratory Completeness Objectives 
, , 

. Laboratory completeness is a measure of the amount of usable, valid laboratory measurements' per 
, , 

matrix obtained for each of the target analyte$. Usabl~, valid results are those that are judged, after data 

assessment, to represent the sampling populations and to have not been disqualified for use through data 

validation or data assessment. 
r, 

,Laboratory completeness objectives are 90 percent for each critical target analyte per sample matrix (soil 

and water). The impact of missing soil data cannot be quantified in advance of sampling beca'use the 

impact will depend on which data are missing. The impact of the loss of any other particular datum on 

attainment of project objectives will he evaluated during data assessment. 

Qualifications on the use of data caused by incomplete data sets will be documented in the RFI report. 

7.4 REPRESENTATIVENESS 

7.4.1 Definition 

Representativeness is an expression of the degree to which the data accurately and precisely represent a 

characteristic of a population or environmental condition existing at the site. Adherence to the SAP 

(Section.3.0) and use of standardized sample collection, handling, preparation; analysis, and reporting, 

'procedures ensures that the final data accurately represent the desired populations. Representativeness 

. will be evaluated during data assessment to determine whether each datum belongs to the observed data 

distribution through outlier testing. The statistical tests to be used are described in Section 8.0. Any 

anomalies will be investigated to assess their impact on statistical computations . 
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Representativeness depends upon the proper design of the sampling .program and will be satisfied by 

. ensuring that the SAP (Section 3.0) is followed and that proper sampling techniques are us~d. Strict 

adherence to soil type descriptions and care to ensure that a soil sample representing the appropriate .. . 

depth interval is placed into each sample container will be ensured during sample collection. Well 

stabilization parameters (See Table 3-1) will be monitored to ensure that ground water wells have 

attained equilibrium prior to sampling.· Upstream surface Water and sediment samples will be collected 

under conditions that are judged to best represent site characteristics in the absence of impacts from the, 

SWMU. 

7 A.3 Measures to Ensure Representativeness of Laboratory Data 

Representativeness in the laboratory is ensured or evaluated by using the proper analytical procedures, 

meeting sample holding times, and analyzing and evaluating field duplicate samples relative to laboratory 

duplicates. During development of this QAPP, measures to ensure representativeness of the generated. 

data included consideration of past operations, existing analytical data, physical setting, depositional 

. environments, monitoring well placement, spatial coverage of the proposed sampling locations, 

accessibility to sampling locations, and constraints inherent to the RCRA program. The rationale of the 

sampling network is presented in detail in Sections 1.0 and 3.0. 

7.5 ' COMPARABILITY 

7.5.1 Definition 

Comparability is defined as the confidence with which one data set can be compared to another (e.g., 

between sampling points; between sampling events). Comparability is achieved by using standardized 

sampling and analysis methods and data reporting formats (including use of consistent units of measure) 

and by ensuring that reporting and detection limits are sufficiently low to satisfy project detection and· 

quantitation criteria for the duration of the project. The RLs anticipated for this project are presented in 

Table 1-5. Additionally, consideration was given to seasonal conditions and other environmental 

. variations that could exist to influence analytical results, but no such influences appear to exist for this 

investigation that would indicate a need to collect samples at times other than those planned. 
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Comparability depends upon the proper design of the sampling program and will be achieved by ensuring 

that Section 3:0 of thisQAPP is followed and that proper sampling technique~ are used. The rationale 

. behind the SAP design is found in Sections 1.0 and 3.0. 

7.5.3 Measures to Ensure Comparability of Laboratory Data 

Planhed analytical'data will be .comparable wheri similar sampling and analytical methods are used and 

documented. The us_e of sampling and analysis methods in this investigation that are comparable in 

performance to those used in the Base-Wide Background Soil Investigation for NSWC Crane should limit 

the need to consider biases./when making soil data set comparisons for metals. Results will be reported 

in units that ensure comparability with previous data. The units used for the laboratory measurements 

. are further described in Section 8.0 of this QAPP. 

7.6 LEVEL OF QUALITY CONTROL EFFORT 

Several QC samples will be analyzed for this project to provide a me?ns to assess field and laboratory 

performance. Field QC samples consist of field duplicates, equipment rinsate blanks, sourye water 

blanks, temperature blanks, and, at the discretion of the FOl, ambient condition blanks. Each type of 

field QC sample, except trip blanks, undergoes the same preservation, analysis, and reporting 

procedures as the related environmental samples. Frequencies of field QC sample collection and 

analysis are, presented in Table 3-11. The types and"numbers of QC samples to be colleCted in the field 

are presented in Table 3-3,3-5,3-7, and 3-8. 

Laboratory QC encompasses a host of other checks performed during sample preparation and analysis. 

Frequencies forlaboratory QC checks are provided in Table 3-11 and in the method-specific laboratory 

. SOPs. 

7.7 FIELD QUALITY CONTROL CHECKS 

TtNUS has established a QC program designed to monitor and assess the quality of field work performed 

during environmental investigations. That program includes the use of various types of QC samples as 

indicated in Table 3-11. Some of the samples are identified in Table 3-11 as requiring additional sample 

material to be collected in the field, even though the actual field QC check is 'performed in the laboratory . 
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The field QC samples consist offield duplicates,' trip blanks, equipment rinsate blanks, source water 

blanks, temperature blanks, and, at the discretion of the FOl, ambient condition blanks. Temperature 

. blanks will be included in each cooler submitted to the laboratory to monitorsample storage conditions 

prior to arrival at the laboratory. With the exception of temperature blanks, each type of field QC sample 

undergoes the same preservation, analysis, and reporting procedures as the related environmental 

samples. Target precision and accuracy values, as applicable, for. fieldQC samples are presented in 

. Table 3-11. 

7.7.1; Source Water Blanks 

Source water blanks are obtained by sampling theanalyte-free water and potable water sources used for 

. decontaminating sampling equipment. Source water blanks are used to determine whether the analyte

free water (used for sampling equipment decontamination procedures) or the potable water (used for 

steam cleaning) may be contributing to sample contamination. 

7.7.2 Field Duplicates 

Field duplicates will be collected and analyzed for chemical' constituents to measure the cumulative 

uncertainty (i.e., precision) of the sample collection, splitting, handling, storage, preparation, and analysis 

operations, as well as natural sample heterogeneity that is not eliminated through simple mixing in the 

field. Field duplicates are two samples prepared by mixing a volume of sample and splitting it into two 

separate sample containers that are labeled as individual field samples. Solid field duplicates collected 

for VOC analysis are not mixed in the field; two samples are taken in rapid succession from separate but 

closely located positions. For composite samples, field duplicates will be taken after the sample locations' 

are mixed together in order to verify that the soils were sufficiently combined prior to sampling .. For 

ground water and surface water sampling, field duplicates may be generated by collecting individual 

water samp,les from the same well or water source in rapid succession rather than splitting a given 

volume of water. Fieldduplicates are labeled as individual environmental samples and are not identified 

to the laboratory as duplicate samples. 

7.7.3 Rinsate Blanks 

Equipment rinsate blanks or rinsate blanks are obtained under representative field· conditions by 

. collecting the rinse water generated by running analyte-free water through sample collection equipment 

after sampling and decontamination and prior to use. These blanks will be collected to indicate the 

potential for sample cross-contamination through the use of improperly cleaned sampling equipment. 

1 

" 
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Trip blanks are samples of deionized water that are analyzed for VOCs. These blanks are used to 

:indicate th8potential for cross-contamination of the samples by VOCs during sample shipment. 

7.7.5 Ambient Condition Blanks 

, Ambient condition blanks are samples of deionized water poured from one container to another in the 

, field to detect the infiltration of airborne contaminants into field samples. These samples will be used at 

,the discretion of the FOl, if the FOl believes that such infiltration is a possibility based on site conditions. 

, ,7;7:6 
, ' ' 

Temperature Blanks, 

, Temperature blanks are vials of water inserted into each sample cooler prior to shipment from the field. 

The temperature of the temperature blank is measured prior to shipment and upon' receipt at the 

laboratory to assess whether samples were properly cooled during transit. , 

7.8 LABORATORY QUALITY CONTROL CHECKS 

The analytical laboratory operates a QC program that assures data users of the reliability and validity of 

the data generated through chemical' analyses. The laboratory's QA plan describes the policies, 

organization, objectives, QC activities, and specific QA functions used by that laboratory. All analytical 

procedures are documented as SOPs. Each analytical SOP specifies m'inimum QCreqljirements for the 

procedure. Table 6-1 lists the, SOPs associated with each analytical procedure. 'In addition, the 

laboratories maintain SOPs regarding general laboratory QA operations., 

Internal laboratory analytical QC requirements beyond those used ,tor instrument calibration QC are 

,highlighted in the remainder of this section. Additional QC requirements, specific to the NFESC QA 

Program, are also specified, as applicable, for each of theQC checks. Target precision and accuracy 

values (control limits) are presented in Tables 7-1 and 7-2. The applicable analytical SOPs should be 

consulted for calibration QC measures. 

7.8.1 Laboratory Control Samples 

lCSs provide a means to monitor the overall performance of each step during the analysis, including the 

sample preparation. These are solid samples (for soil and sediment analyses) or blank spikes (for water 

• analyses) that contain concentrations of analytes that are known with a specified degree of certainty. ' 
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Based on the requirements of the, NFESC QA program, LCSs for metals analyses must contain all 
. . I 

analytes of interest, whereas, LCSs for multiple-i3.nalyte organic methods must contain at least two 

targeted analytes from each major class of compounds subject to analysis. 

;Based on NFESC QA program requirements, if recovery of an LCS falls outside the control limits (see 

Table 7-2), the laboratory will reject the data for the analytical batch and take corrective action. The 

. associated samples, extracts, or digestates maybe re-analyzed a single time, and, if the LCS recoveries 
. I .' 

;meetacceptance criteria, the d~ta will be reported. If LCS analyte recovery is still outside t,he acceptance ' 

limits, the associated samples in the preparation batch will be reprocessed, if sufficient sample is 

',available and holding times have not lapsed. If re-preparation or re-analysis is not possible, the data will 

be flagged, and the sample delivery group (SDG) narrative will include details of the failed LCS. , 

7.8.2 Laboratory Duplicates 

Laboratory duplicates will be analyzed for metals and miscellaneous parameters to measure the 

, cumulative uncertainty (Le., precision) of the sample handling, sLibsampling, preparation, laboratory 

, storage, ,and analysis operations within the laboratory, as well as sample heterogeneity that is not 

eliminated through simple mixing in the laboratory. Laboratory duplicates are two subsamples obtained 

by the laboratory analyst after the sample is mixed. If chemical analysis RPD values exceed QC limits for 

laboratory duplicates (Table 7-1), the analytical process will be investigated to assess whether the 

observed RPD is an indication of a deficient analytical system or of excess sample heterogeneity. 

7.8.3' Internal Standards 

Internal standards are added to each sample analyzed by GC/MS to ensure that the analysis sensitivity 

and response are stable during every analytical run. Internal standard area counts for samples and 

"blanks must not vary by more than a factor of two. (-50 percent to +100 percent from the associated 

12-hour calibration standard. 

'7.8.4 Laboratory Method Blanks 

.Laboratory method blanks or preparation blanks are analyte-free matrices prepared and analyzed in 

accordance with the analytical method employed to determine whether contaminants originating from 

laboratory sources have been introduced and have affected environmental sample analyses. Analyte

free water is used' as a blank for water analyses. A method blank for organic soil sample' analysi's 

consists of an aliquot of sand (or in some cases sodium sulfate, Teflon® beads, or glass beads) that is 

050419/P 7-10 CTO 0331 
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subjected to the same preparation and analysis as the environmental samples. The solid method blank 

results are presented on a dry-weight basis assuming 100 percent solids. Native soils devoid of acid

leachable metals do not exist. Therefore, a method blank for inorganic soil sample analysis consists of 
-' , 

an aliquot ot-analyte-free water ttiat is subjected to the same preparation and analysis procedures as the 

,"erivironmental samples undergoing analysis. The aqueous results are normalized to a fictitious soil 

-sample and presented on a dry-weight basis assuming 1 00 percent solids. 

Acceptance criteria for laboratory method blanks and corrective actions for non-compliant results are 

,described in the applicable analytical SOPs. Under no circumstances' should laboratory method blank 
, " 

;contaminant values be subtracted from environmental sample analytical results. 

7.8.5 Matrix Spikes 

MSs are environmental samples, to ,which known quantities of analytes are added prior to sample 

preparation (digestion or extraction). These samples provide information about the effect of the sample 

matrix on the sample preparation and measurement methodology . 

MSs, to conform to NFESC requirements, will contain as many representative analytes as practicable. 

For many analyses, the spiking list. will consist of most or 'all of the target analytes. If the MS recovery is 

not within applicable control limits (as listed in Table 7-2), the laboratory will, assess the batch to 

determine whether the spike results are attributable, to a matrix effect or are the result of other problems 

in the analytical process. Based on NFESC requirements, if all batch QC elements not affected by the 

sample matrix are in control (e.g., method blank, LCS, calibration checks) and if there is no evidence that 

spiking was not properly performed, the poor spike recovery may be attributed to matrix effects. In this 

':'case, ,the associated data will be flagged, but re-preparation and re-analysis will not be required. If any of 

:the batch QC elements not affected by the sample matrix are out of control or if there is any evidence that 

spiking may have been improperly performed,the MS sample will be reprocessed through the entire 

,~nalytical sequence. If insufficient sample volume is available, or if holding times have passed, the 

laboratory will flag the associated data. Details of non~compliant and laboratory duplicate results will be 

" included in the SDG narrative. 

7.8.6 Matrix Spike Duplicates 

, MSDs are duplicates of MSs and are used for estimating the precision of organic target analyte analyses. 

They are used in lieu of simple duplicate samples because native environmental samples frequently do 
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not exhibit detectable levels of organic target analytes, which prevents the calculation of RPO values. 

Precision criteria for lab duplicates (inorganics.only) and MSOs are presented in Table 7-1. 

7.8.7 Post-Digestion Spikes 

POSs are similar to MSs except that the sample digestate, rather than the original soil sample, is spiked. 

These spikes are analyzed only for metal target analytes if the MS recovery falls outside control limits. 

Comparing accuracy (%Rs) for POSs and MSs helps to identify where in the analytical process accuracy 

problems are occurring. POSs will contain' all target analytes of interest and will be used to assist in 
. .. i 

determir)ing whether unacceptable MS recoveries are a result of matrix effects. 

7.8.8 Surrogates 

Surrogates are organic compounds (typically brominated, fluorinated, or isotopically labeled) that are 

similar in nature to the compounds. of concern and are not likely to be present in environmental media. 

They are spiked into each sample, standard, and method blank before analysiS and are used in organic 

chromatographic analytical procedures as a check of method effectiveness. Corrective actions for non

. compliant surrogate recoveries are provided in the relevant SOPs. Details of non-compliant surrogate 

recoveries will be included in the SOG narrative. Accuracy criteria for surrogates are included in Table 

7-2. 

7.8.9 Additional Laboratory QC Checks 

Additional internal laboratory QC checks include mass tuning for GC/MS analysis, second-column 

confirmation for GC and HPLC analyses, etc. Specific QC requirements for each of these QC checks are 

provided in the applicable SOPs. 

050419/P 7-12 CTO 0331 
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PAGE 1 OF 10 ' • 

. AQUEOUS(1) I . SOLlD(1) 

' • 

CAS NUMBER 
LCSD 1 MSD 1 LABDUP 

PARAMETERS 
LCSD j MSD J LABDUP.I 
RPD RPD RPD· RPD - . RPD . RPD 

EXPLOSIVES (NITROAROMATICS .AND NITRAMINES) 
SW-846 METHOD 8330 
1,3,5-Trinitrobenzene 
1,3-Dinitrobenzene 
2,4,6-Trinitrotoluene (TNT) 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-Amino~4,6-dinitrotoluene 

2-Nitrotoluene-
3-Nitrotoluene 
4-Amino-2·,6-dinitrotoluene 
4-Nitrotolue'ne 
Hexahydro-1 ,3,5-trinitro-1 ,3,5-triazine (RDX) 
Methyl-2,4, 6-tri n itrophenyl n itram i ne (T etryl) -
Nitrobenzene 
Octahydro-l,3,5,7-tetranitro-1 ,3,5,7-tetrazocine (HMX) 
APPENDIX IX HERBICIDES (SW-846 METHOD 8151A) 
2,4-D --
2,4,5~T 

2,4,5-TP (Silvex) 
Dinoseb(11) 

Pentachlorophenol 
Hexachlorophene 

99-35-4 
99-65-0 
118-96-7 
121-14-2 -
606-20-2 

35572-78-2 
88-72-2 
99-08-1 

1946-51-0 
99-99-0 
121-82-4 
479-45-8 
98-95-3 

2691-41-0 

94-75-7 
93-76-5 
93-72-1 
88-85-7 
87-86-5 
70-30-4 

ORGANOCHLORINE PESTICIDES (SW-846 METHOD 8081 A) 
Aldrin 309-00-2 
Alpha-BHe 319-84-6 
Alpha-chlordane . 5103-71-9 

NA 30 NA NA 50 NA 
NA 30 NA NA 50 NA 
NA 30 NA . NA 50 NA 
NA 30 NA NA 50 NA 
NA 30 NA NA 50 NA 
NA 30 NA NA 50 NA 
NA 30 . NA NA 50 NA 
NA 30 NA NA 50 NA 
NA 30 NA NA 50 NA 
NA 30 NA NA 50 NA 
NA 30 NA NA 50 NA 
NA 30 NA NA 50 NA 
NA 30 NA NA 50 NA 
NA 30 NA NA 50 NA 

NA 35 NA NA 44 NA 
NA 40 NA NA 43 NA 
NA 36 NA NA 51 NA 
NA 40 NA NA 65 NA 
NA 50 NA NA 50 NA 
NA _ 36 NA NA 50 NA 

NA 30 NA NA 28 NA 
NA 37 NA NA 34 NA 
NA 30 NA NA . 48 NA 
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. AQUEOUS AND SOLID RELATIVE PERCENT DIFFERENCE QUALITYCONTROL LIMITS FOR 
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AQUEOUS(1) SOLlD(1) 

PARAMETERS. CAS NUMBER 
LCSD MSD LABDUP LCSD MSD LABDUP 
RPD RPD RPD RPD RPD RPD 

Seta-SHC 319-85,7 NA 32 NA NA 30 NA 
4,4'-DDD 72-54-8 NA 28 . NA NA 41 NA 
4,4'-DDE 72-55-9 NA 11 NA NA 47 NA 
4,4'-DDT 50-29-3 NA 14 NA NA 44 NA 
Delta-SHC . 319-86-8 NA 35 NA NA 37 NA 
Dieldrin· 60~57-1 NA 27 . NA NA 33 NA 
Endosulfan I . 959-98~8 NA 9 NA NA 37 NA 
Endosulfan " 33213-65~9 NA 19 NA NA 37 NA 
Endosulfa:n sulfate 1031-07-8 NA 37 NA NA 34 NA 
Endrin 72-20-8 NA 12. NA NA 34 NA 
Endrin aldehyde 7421-93-4 NA 15 NA· NA 30 NA 
Endrin Ketone 53494-70-5 NA 6 NA. NA 36 NA 
Gamma-SHC(Lindane) 58-89-9 NA 27· NA NA 29 NA 
Gamma-chlordane 12789-03-6 NA 31 NA NA 49 NA 
He2tachlor 76-44-8 NA 28 NA NA 25 NA 
Heptachlor epoxide 1024-57-3 NA 27 NA NA 52 NA 
Methoxychlor 72-43-5 NA 28 NA NA 39 NA 
Toxaphene 8001 ~35-2 _J2) _J2) _J2) _J2) _J2) . _J2) 

POLYCHLORINATED BIPHENYLS lSW-846 METHOD S082) 
Aroc/or-1016 12674-11-2 NA 20 NA NA 16 NA 
Aroc/or-1221 11104-28-2 _J2) _J2). _J2) _J2) _J2) _J2) 

Aroclor-1232. 11141-16-5 _J2) _J2) _J2) _J2) _J2) _J2) 

Aroclor-1242 . 53469-21-9 _J2) _J2) . "J2) -- (2) _J2) _J2) 

Aroclor-1248 12672-29-6 _J2) _J2) _J2) . _J2) _J2) _J2) 

Aroc/or-1254 11097-69-1 _J2) _J2) ~J2) _J2) -- (2) _.<2) 

Aroclor.-1260 . 11096-82-5 . NA 21 NA NA 31 ~NA_ ---_ .. _-

• • 
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AQUEOUS(1) I SOLlD(1) 

CAS NUMBER PARAMETERS 
LCSD I MSD I LABDUP I LCSD I MSD 1 LABDUP 
RPD RPD RPD RPD RPD RPD 

POLYNUCLEAR AROMATIC HYDROCARBONS 
SW-846 METHOD. 8270C WITH SELECTIVE ION MONITORING 
2-Methylnaphthalene 91-57-6 
Acenaphthene . 83-32-9 
Acenaphthylene - 208-96"8 
Anthracene· 120-12-7 
Benzo(a)anthracene ·56~55-3 

Benzo(a)pyrene 50-32-8 . 
Benzo(b )fluoranthene - 205-99-2 
Benzo(o;h,i)peryiene 191-24-2 
Benzo(k)fluoranthene 207-08-9 . 
Carbazole 86-74-8 
Chrysene 218-01-9 
Dibenzo(a,h)anthracene . 53-70-3 
Fluoranthene . 206-44-0 
Fluorene '86-73-7 
Indeno(1,2,3-cd)pyrene 193-39-5 
NaphthalelJe 91-20-3 
Phenanthrene 85-01-8 
Pyrene .. 129-00-0 

------

SEMIVOLATILE ORGANIC COMPOUNDS (EXCEPT PAHs) 
SW-846 METHOD 8270C 
1,2,4,5-Tetrachlorobenzene 95-94-3 
1,2,4-Trichlorobenzene 120-82-1 
1,2-Dichlorobenzene 95~50-1 

1 ,3-Dichlorobenzene 541-73-1 
1,4-Dichlorobenzene 106-46-7 

NA 30 NA NA 30 NA 
NA .30 NA NA 30 NA 
NA 30 NA NA 30 NA 
NA 41 NA NA 30 NA 

. NA 30 NA NA 50 NA 
NA 50 NA NA 30 NA 
NA 30 NA NA 30 NA 

'. NA 50 NA NA 30 NA 
NA 50 NA NA 30 NA 
NA 30 NA NA 30 NA 
NA 30 NA NA 30 NA 
NA 30 .NA NA 50 NA 
NA' 30 NA NA 50 NA 
NA 30 NA NA 50 NA 
NA 50 NA NA 30 NA 
NA 50 NA NA 50 NA 
NA 41 NA NA 50 NA 
NA 35 NA NA 30 NA 

--(2) _J2) _J2) _J2) _J2) _J2) 

NA 30 NA NA 30 NA 
NA 30: . NA NA 30· NA 
NA 30 NA. NA 30 . NA 
NA 30 NA NA 30 NA 

•• 
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.' , AQUEOUS(1) SOLlD(1) 

PARAMETERS CAS NUMBER 
LCSD MSD LABDUP LCSD MSD 
RPD RPD RPD RPD RPD 

1,4-Naphthoquinone . 130-15-4 _)2) _.12) _.12) _.12) _J2) 

1,4-Phenylenediamine 106-50-3 _)2) _.12) _.12) _.12) _.12) 

1-Naphthylamine 134-32-7 _)2) . _)2) _)2) _)2) _)2) 

2,3,4,6-Tetrachlorophenol 58-90-2 _)2) _)2) . _.\2) _.12) _.12) . 

2,4,5-Trichlorophenol 95-95"4 NA 30 NA NA ' 30 
2,4,6-Trichlorophenol 88~06-2 NA .. 30 NA NA 30 
2,4-Dichlorophenol . 120-83-2 NA 30 NA NA 30 
2,4-Dimethylphenol .105-67-9 NA 30 NA NA 30 
2,4-Dinitrophenol 51-28-5 NA 30 NA NA 30 

2,6-Dichlorophenol . 87-65-0 _)2) _)2) _.12) _)2) ~)2) 

2-Acetylaminofluorene ..- 53-96-3 _)2) _)2) _)2) _)2) _)2) 

2-Chloronaphthalene 91-58~7 NA 30 NA NA 30 
2-Chlorophenol 95-57-8) NA 30 NA NA 30 
2-Methylpl'lenol 95-48-7 NA 30 NA NA 30 

2-Naphttlylamine 91-59-8 3 2T _)2) _.12) _)2) _)2) 

2-N itroaniline 88-74-4 NA 30 NA NA 30 
2-N itrophenol 88-75-5 NA 30 NA NA 30 

2-Picoline 109-06-8 _.<2) _)2) ~)2) _)2) _)2) 

3,3'-Dichlorobenzidine 91-94-1 NA 30 NA NA 30 

3,3'-Dimethylbenzidine 119-93-7 _)2) . _)2) _)2) _)2) _)2) 

3-Methylcholanthrene 56-49-5 _]2) _)2) _)2) _)2) _)2) 

3&4-Methylphenol(5) . 1319-77-3 _J2f _)2) _)2) _)2) _)2) 

3-Nitroaniline 99-09-2 . NA 30 NA NA 30 
4,6-Dinitro-2-methylphenol 534-52-1 NA' 30 NA NA 30 
4-Aminobiphenyl 92-67-1 _)2) _)2) _)2) _)2) _.12) 

4-Bromophenyl phenyl ether 101-55-3 NA 30 NA NA 30 

• 

LABDUP 
RPD 

_.12) 

_)2) 

_)2) 

_)2) 

NA 
NA 
NA 
NA 
NA 
_)2) 

_)2) 

NA 
NA 
NA 
_)2) 

'NA 
NA 
_)2) 

NA 
_)2) 

_)2) 

_)2) 

NA 
NA 
_)2) 

NA 

•• 
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, AQUEOUS(1) SOLlD(1) 

PARAMETERS CAS NUMBER " 

LCSD, MSD LABDUP LCSD MSD 
RPD RPD RPD RPD RPD 

4-Chloro'-3-methylphenol 59-50-7 NA 30 NA NA 30 
4-Chloroaniline 106-47-8 NA 30 NA NA 30 
4-Chlorophenyl phenyl ether 7005-72-3 NA 30 NA NA 30 
4-Nitroaniline 100-01-6 NA 30 NA NA 30 
4-Nitrophenol 100-02-7 NA 30 NA NA 30 
4-Nitroquinoline-1-oxide 56-57-5 --(2) _.\2) '_.\2) _.\2) _.\2) 

5-Nitro-o-toluidine 99-55-8 _.\2) __ (2) _.12) _.12) _.12) 

7,12-Dimethylbenz(a)anthracene 57-97-6 _.12) _.12) _.12) _.12) _.12) 

Acetophen6'ne , 98-86-2 - '-< _.12) _.12) '_.12) _.12) _.12) 

Aniline 62-53-3 _.12) _.12) _.12) _.12) _.12) 

Aramite 140-57-8 _.12) ~J2) _.\2) _.\2) _.12) 

Benzyl alcohol' 100-5h6 ' NA 30 NA NA 30 ' 

Bis(2-chloroethoxy)methane 111-91-1 NA ' 30 NA NA 30 
Bis(2-chloroethyljether 111-44-4 NA 30 NA NA 30 ' 

Bis(2-chloroisopropyljether 108-60-1 NA 30 NA NA 42 
Bis(2-ethylhexyl)phthalate . 117-81-7 NA 30 NA NA 30 
Butyl benzyl phthalate 85-68-7 NA 30 NA NA 30, 

Chlorobenzilate 510-15-6 _.12) _.12) _.12) _.12) _.12) , 

Dialiate 2303-16-4 ".12)., _.12) _.12) ,_.12) , _.12) 

Di-n-butyl phthalate 84-74-2 NA 30 NA' NA 30 
Di-n-octyl phthalate 117-84-0 NA 30 NA NA 50 ' 
Dibenzofuran 132-64-9 NA 30 NA NA 30 

, Diethyl phthalate 84-66-2 NA, 30 NA NA 30 

Ip-(Dimethylamino)azobenzene 60-11-7 _.12) _.12) _.12) _.12) _.12) 

a,a-Dimethylphenethylamine ' 122,09-8 ' _.12) - _.12) _.12) _)2) --(2) 

Dimethyl phthalate 131-11-3 NA 30 r-.J~ NA " 30 
-, 

• 

LABDUP 
RPD 
NA 
NA 
NA 
NA 
NA 
_.12) 

_.12) 
_.12) 

_'.<2) 

_.12) , 
" 

_.12) ", 

NA 
NA 
NA 
NA 
NA 
NA 
_.12) 

_.12) 

NA 
NA 
NA 
NA 
_.12) 

_.12) 

NA 
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AQUEOUS(1) SOllD(1) 

PARAMETERS CAS NUMBER 
LCSD MSD· .LABDUP LCSD MSD 
RPD RPD RPD RPD RPD 

Diphenylamine (6) 122-39-4 _.\2) _.12) _.12) _.12) _.12) 

Ethyl methane sulfonate 62-50~0 _J2T _.12) _.12) _.12) _.12) 

Hexachlorobenzene 118-74-1 NA 30 NA NA 30 
HexachlorobiJtadiene· 87-68-3 . NA ·30 NA NA 30 
Hexachlorocyclopentadiene 77-47-4 , NA 50 NA NA 30 
Hexachloroethane 67-72-1 NA 30 NA . NA 30 
Hexachloropropene 1888-71-7 _.121 _.12) _.12) _J2) __ (2) 

Isodrin. .465-73-6 _J2f _.12) .. _.12) _.12) _.12) 

Isophdrone 78-59-1 _:<2) _.12) _.12) _)2) . _.12) 

Isosafrole 120-58-1 ._.12) _J2) _)2) _J2) _.12) 

Kepone 143-50-0 _.12) _-<2) _-<2) . _-<2) ._.12) 

Methapyrilene 91-80-5 _.\2) _.12) _-<2) . _.12) __ (2) 

Methyl methane sulfonate 66-27-3· _.\2) _.12) _.12) _.12) _.12) 

n-Nitrosodi-n-butylamine 924-16-3 _.12) _.12) _.12) __ (2) . __ (2) 

n-Nitrosodiethylamine 55-18-5 _.12) _.12) _.12) ".12) _.12) 

n-Nitrosodiinethylamine 62-75-9 NA 30 . NA . NA 50 
n-Nitrosodi-n-propylamine 621-64-7 NA 30 NA NA 30 

n-Nitrosomethylethylamine 62-75-9 . _.12) _.12) _.12) . _.12) _.12) 

n-Nitrosomorpholine 59-89-2 _.12) _-<2) _-<2) _-<2) _.12) 

n-Nitrosopiperidine 100-75-4 -y) _.12) . _.12) _.12) _.12) 

n-Nitrosopyrrolidine 930-55-2 _.12) _.12) _.12) _.12) _)2) 

Pentachlorobenzene . 608-93-5 _.12) _.12) _.12) _-<2) _.12) 

Pentachloroethane 76-01-7 NA 50 NA NA 50 

Pentachloronitrobenzene 82-68"8 _.12) _.12) _-<2) _-<2) _J2) 

Phenacetin 62-44-2 _.12) _.12) _.12) _.12) ".12) 

Phenol 108-95-2 NA 30 NA NA 30 

• 

LABDUP 
RPD 

_.12) 

_.12) 

NA 
NA 
NA 
NA 
_.12) 

._.12) 

_.12) 

_.12). 

_.12) 

_.12) 

_.12) 

".(2) . 

~J2) 

NA 
NA 
_.12) 

_.12) 

_.12) 

_.12) 

_.12) 

NA 
_.12) 

·~J2) 

NA 

• 
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TABLE 7-1 

. AQUEOUS AND SOLID RELATIVE PERCENT DIFFERENCE QUALITY CONTROL LIMITS FOR. 
LABORATORY CONTOL SAMPLES, MATRIX SPIKES,. AND LABORATORY DUPLICATES 

SWMUs 8,15,18,19, AND 20 AND THE OGTSL 

PARAMETERS 

Pronamide 
Pyridine 
Safrole 
o-Toluidine 
O,O,O-Triethyl phosphorothioate 
TAL METALS PLUS TIN 
SW-846 Method 6020 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium (total) 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manqanese 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium· 

.. _--

, 

.. 

NSWC CRANE, CRANE, INDIANA 
. PAGE70F10. 

AQUEOUS(1) 

CAS NUMBER 
LCSD MSD .LABDUP LCSD 
RPD· RPD RPD RPD 

. 23950-58-5 ._..12f _.12) _.12) _.12) 

110-86-1 -~ _.12) --(2) _.12) 

94-59-7 _..12f _.12) _.12) _J2) 

95-53-4 _.12) _.12) _)2) _.12) . 

126-68-1 _..12f . _.12) . _.12) _.12) 

7429-90-5 NA NA 20 . NA . 
'7440-36-0 NA NA 20 NA 
7440-38"2 NA . NA 20 NA 
7440-39-3 . NA NA 20 NA 
7440-41-7 NA NA .. ·20 NA 
7440-43-9 NA NA ·20 .. NA· 
7440-70-2 NA NA 20 NA 
7440-47-3 NA NA 20 . NA 
7440-48-4 NA NA 20 NA 
7440"50-8 . NA NA 20 NA 
7439-89-6 . NA NA 20 NA 
7439-92-1 NA NA 20 NA 
7439-95-4 NA NA 20 NA 
7439-96-5 NA NA 20 NA 

. 7440-02-0 . NA NA 20 NA 
7440-09-7 NA NA ·20 NA 
7782-49-2 NA NA. 20 NA 
7440-22-4 NA NA 20 . NA 
7440-23-5· NA NA 20 NA 
7440-28-0 NA . NA 20 NA 

SOLlD(1) 

MSD 
RPD 

_.12) 

. _)2). 

_.12) 

_.12) 

_.12) 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

·:NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

• 

LABDUP 
RPD 

_J2) 

. --<?) 
_.12) 

_.12) 

_.12) 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20. 
20 
20 
20 
20 
20 
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0. 

AQUEOUS(1) SOLlD(1) 

PARAMETERS CAS NUMBER 
LCSD MSD LABDUP LCSD MSD 
RPD RPD RPD RPD RPD 

Tin 7440-31-5 NA NA 20 . NA NA 
Vanadium 7440-62-2 NA NA ·20 NA NA 
Zinc 7440-66-6 NA NA 20 NA NA 

·SW-8467470Al7471A 

LABDUP 
RPD 
20 
20 
20 

[MerCury. 7439-97-6 NA·' 20 : NA NA 20 NA 
VOLATILE ORGANIC COMPOUNDS 
SW-846 METHOD 5035B/8260B 
1,1 ,1-Trichloroethane " " 71-55-6 . NA " 20 "NA NA 24 NA 
1,1,1,2-Tetrachloroethane 630-20-6 NA 20 NA NA 20 NA 
1,1,2,2-Tetrachloroethane 79-34-5 NA 20 NA NA 41 NA 
1,1 ,2-Trichloroethane 79-00-5 NA 20 NA NA 30 " .NA 
1,2,3-Trichloropropane 96-18-4 NA 20 NA NA 20 NA 
1,1-Dichloroethane 75-34-3 NA 20 NA NA 33 NA 
1,1-Dichloroethene 75-35-4 NA 20 NA NA 34 NA 
1,2-Dibromo-3-chloropropane 

" 
96-12-8 NA 20 NA NA 20 NA 

1,2-Dibromoethane 106-93-4 NA 20 NA NA 20 NA 
1,2-Dichloroethane 107-06-2 NA 20 NA NA 26 NA 
1,2-Dichloropropane . 78-87-5 NA 20 NA NA 26 NA 
2-Butanone 78-93c3 NA 20 NA NA 50 NA 
2-Chloro-1,3-butadiene (chloroprene) 126-99-8 . _J2) _J2) _J2) _J2) ,J2) _J2) 

2-Hexanone 591"-78-6 NA 20 NA NA 50 NA 
4-Methyl-2-pentanone 108-10-1 NA 20 NA NA 50 NA 
Acetone 67-64-1 NA 20 NA NA 50 NA 
Acrolein 107-02-8 _J2) _J2) _J2) _J2) _J2) . _J2) 

Acrylonitrile , 107-13-1 _J2) _J2) _J2) _J2) ._J2) _J2) 

Allyl chloride (3-chloro-1-propene) 107-05~1 . ~J2) .J2) .J2) _J2) _J2) .J2) 

Benzene 71-43-2 NA 20 NA NA 37 NA 

• • 
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. AQUEOUS AND SOLID RELATIVE PERCENT DIFFERENCE QUALITY CONTROL LIMITS FOR 
liABORATORY CONTOL SAMPLES, MATRIX SPIKES, AND LABORATORY DUPLICATES 

SWMUs 8,15,18,19, AND 20.AND THE OGTSL 
NSWC CRANE, CRANE, INDIANA 

.PAGE 9 OF 10 

AQUEOUS(1) . SOLlD(1) 

PARAMETERS CAS NUMBER 
LCSD' MSD LABDUP LCSD MSD' 

, . RPD RPD· RPD RPD RPD 
Bromodichloromethane 75-27-4 NA 20 NA NA 30 
Bromoform 75-25-2 . NA· 20 NA NA 47 
Bromomethane 74-83-9 NA 20 NA NA 50 
Carbon disulfide 75-15-0 .NA 20 NA NA 50 
Carbon tetrachloride. 56-23-5 NA 20 NA NA 21 
Chlorobenzene 108-90-7 NA 20 NA NA 45 
Chloroethane 75-00-3· NA 20 NA NA 48 
Chloroform .67-66-3 NA 20 NA NA· . 21 
Chloromethane . 74-87-3 NA 20 NA NA 50 
cis-1 ,2~Dichloroethene 156-59-2 NA 20 NA . .NA 24 
cis-1.,3-Dichloropropene 10061-01-5 NA 20 NA NA 39 
Dibromochlcromethane 124~48·1 NA 20 NA NA 33 
Dibromoinethane 74-95-3 NA 20 NA NA 20 
Dichlorodifluoromethane .,' 75-71-8 NA 20 NA NA 20 
Ethylbenzene 100-41-4 . NA 20 NA NA 41 
Ethyl methacrylate 97-63-2 _.12) _.12) _.12) _.12) _.12) 

Methacrylonitrile 126-98-7 _.12) _.12)" _.12) _.\2) , • .12) 

Methylene chloride 75-09-2 NA 20 NA NA 50 
Meth'yl iodide 74-88-4 _J2) _.\2) _.\2) _.12) _.12) 

Methyl methacrYlate 80-62-6 _.\2) ._.12) __ ~2) _.12) _.12) 

Methyl tert-Butyl Ether 1634-04-4 . NA 20 . NA NA 20 
Styrene 100-42-5 NA . 20 NA NA 36 
Tetrachloroethene 127-18-4 NA 20 . NA NA 34 
Toluene. 108-88-.3 NA 20 NA NA 37· 
trans-1 ;2-Dichloroethene 156-60-5 . NA 20 NA NA 23 
trans-1 ;3-Dichloropropene 10061-02-6 NA , 20. NA ' NA 39 
trans-1 ,4-Dichloro-2-butene 110-57-6 _.12) _.12) _.12) • .12) _.12) 

• 

LABDUP 
RPD 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
_.12) 

_.12) 

NA 
_.12) 

• .12) 

NA 
NA 
NA 
NA 
NA 
NA 
_.12) 
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TABLE 7-1 

AQUEOUS AND SOLID RELATIVE PERCENT DIFFERENCE QUALITY CONTROL LIMITS FOR 
LABORATORY CONTOL SAMPLES, MATRIX SPIKES, AND LABORATORY DUPLICATES 

SWMUs 8,15,18,19, AND 20 AND THE OGTSL 
NSWC CRANE, CRANE, INDIANA 

PAGE 10 OF 10 

AQUEOUS(l) SOLlD(l) 

PARAMETERS CAS NUMBER 
LCSD .MSD LABDUP LCSD MSD LABDUP 

Trichloroethene . 79-01-6 
Trichlorofluoromethane 75-69-4 
Vinyl acetate 108-05-4 
Vinyl chloride 75-01-4 
Total Xylenes 1330-20-7 

. SW-846 Method 5035B/8015B 
1 A-Dioxane '.123-91-1 
Acetonitrile . 75-05-8 
Ethylene Glycol 107-21-1 
Isobutanol 78-83-1 
Propionitrile 107-12-0 
MISCELLANEOUS PARAMETERS 

CEC SW-846 Method 9081. ---
Perchlorate EPA Method 314.0 . 14797-73-0 . 

IpH SW-846Method 9045C ---
TOC SW-846 Method 9060/Lloyd Khan ---
Total Petroleum Hydrocarbons (TPH) SW -846 Method 9070/9071 B· 

NA = Not applicable, 
RPD = Relative percent difference. 
MSD = Matrix spike duplicate. 
LCSD = Laboratory control spike duplicate. 
LABDUP = Laboratory duplicate. 

RPD 
NA 
NA 
_.\2) 

NA 
NA 

NA 
NA 
NA 
NA 
NA 

'_.12) 

NA 
_'<2) 

NA 
NA 

RPD RPD RPD RPD 
20 NA NA 50 
20' . NA NA 20 
_.12) _.12) _.12) _.12) 

20 NA NA 50 
20 NA NA 31 

26 NA NA 37 
20 NA NA 46 
40 NA NA 40 
20 NA NA 27 
20 NA NA 45 

_.12) _.12) _.12) _.12) 

15 NA NA 15 
_.<2) _J2) ~,<2) _'<2) 

20 NA NA 11 
.15 NA NA 26 

1 Aqueous and solid percent r~coveries were provided by Lauck's laboratory. Quality Control (QC) limits may change pror to 
SWMU investigations as laboratory QC data is updated .. 

2 Analyte IS not inc.luded in the spiking solution. 

• /" 

RPD 
NA 
NA 
_'<2) 

NA 
NA 

NA 
NA 
NA 
NA 
NA 

_.12) 

NA 
20 
NA 
NA 

• 
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LABORATORY CONTROL SAMPLE AND MATRIX SPIKE RECOVERY QUALITY CONTROL LIMITS FOR 
AQUEOUS AND SOLID SAMPLES 

SWMUs 8,15,18,19, AND 20 AND THE OGTSL 
NSWC CRANE, CRANE, INDIANA 

PAGE 1 OF10 

PARAMETERS 

EXPLO§IVES (NITROAROMATICS AND NITRAMINES) 
SW-846 METHOD 8330 
1,3,5-Trinitrobenzene 
1,3-Dinitrobenzene 
2,4,6-Trinitrotoluene (TNT) . 
2,4-Dinitrotoluene 

., 

2,6-Dinitrotoluene 
2-Amino-4;6-dinitrotoluene " 

2-Nitrotoluene ,. 

3-Nitrotoluene 
4~Amirio-2,6,dinitrotoluene 
4-N itrotoluene 
Hexahydro-1 ,3,5-trinitro-1 ,3,5-triazine(RDX) 
Methyl-2,4,6-trinitrophenylnitramine(Tetrvl) -
N itrobenzerie -

' ' 

Octahydro-1 ,3,5,7-tetranitro-1 ,3,5,7-tetrazocine (HMX) 
APPENDIX IX HERBICIDES (SW-846 METHOD 8151A 
2,4-D 
2,4,5-T 
2,4,5-TP (Silvex) 
Dinoseb(11) 

Pentachlorophenol 
Hexachlorophene 

CAS 
NUMBER 

99-35-4 
99-65-0 
118-96-7 
121,-14-2 
606,20-2 

35572-78-2 
88~72-2 

99-08-1. 
1946~51-0 
99,99-0 
121-82-4 
479-45-8 ' 
·98-95-3 
2691-41-0 

94-75-7· 
. 93~76-5 

93-72-1 
88-85-7 
87-86-5 
70-30-4 

ORGANOCHLORINE PESTICIDES (SW-846 METHOD 8081 A), 
Aldrin ,309-00-2 
Alpha-SHe 319-84-6 
Alpha-chlordane " 5103-71-9 ) 

.AQUEOUS(1) 

.LCS I MS. 
%R· I %R 

60'- 120 50 -140 
60 - 120 50 - 140 
60 - 120 50 - 140 
60 - 120 50 - 140 ' 
60 - 120 50 - 140 
60 - 120 50 - 140 
60 - 120 50 - 140 
60 - 120 50 - 140 
60" - 120 50 - 140 
60 - 120 50 ~ 140 
60 -120 50 - 140 
60 - 120 50 - 140 
60- 120 50 - 140 
60 - 120 50 - 140 

30-130 ' 21 - 165 
to c 178 18 ~ 167 
17 - 137 34 - 148 
15-123 29 ~ 1.13 
55-99 29 - 113 

20 - 160 18 - 60 

20 - 160 18 - 147 
57 - 149 ' 45 - 150 
71 - 176 56 - 153 

SOLlD(1) 

LCS I MS 
%R I %R 

55 ~ 125 50 -<140 
55 - 125' 50 -140 

' 55,- 125 50 - 140 
55 - 125 50- 140 
.55 -125 50 - 140 
55 - 125 50 - 140 
55 - 125 50 - 140 
55 - 125 . 50 - 140 
55 - 125 50 - 140 
55 - 125 . 50 - 140 
55 '- 125 50 - 140 

. 55 - 125 50 - 140 
55 -125 50 -140 
55 - 125 50- 140 

20 - 160 10-119 
20 - 160 22 - 155 
20 - 160 12 - 132 
20 -.160 7 - 99 
20 - 160 . 20 - 160 
20 - 160 20 - 160 

59 - 126 47 - 139 
53 - 136 46 - 141 ., 
38 - 189 . 19-174' 

<.. 

• 
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TABLE 7~2 

LABORATORY CONTROL SAMPLE AND MATRIX SPIKE RECOVERY QUALITY CONTROL LIMITS FOR 
AQUEOUSANDSOLIDSAMPLES· 

SWMUs 8,15,18,19, AND 20 AND THE OGTSL 
NSWC CRANE, CRANE, INDIANA 

PAGE20F10 ' 

CAS 
AQUEOUS(1) SOLlD(1) 

( PARAMETERS NUM!3ER LCS MS LCS MS 
, %R %R %R %R 

Seta-SHC 319-85~7 66- 152 41 - 166 59 - 146 4,3 - 158 
4,4'-000 72~54-8 41-151 53 - 147 29 - 160 49 - 170 
4,4'-DDE 72-55-9 67 - 141 '57 - 161 57 - 153 20 - 190 
4,4'-DDT 50-29-3 40 - 151 51- 149 41 - 133 38 - 156 
Delta-SHC 319-86-8 60 - 168 54 - 175 66 - 156 48 - 162 
Dieldrin 60-57-1 75 - 146 39 - 143 52 - 140' 44 - 153 
Endosulfan I 959-98-8 65 - 133 37 - 171 42 - 139 19 - 167 
Endosulfan II 33213-65-9 ' 73 - 161 61 - 151 .- 39 - 162 6 - 179 
Endosulfan sulfate 1031-07-8 68 - 139 48 - 153 41 - 150 41 -155 
Endrin 72-20-8 76 - 154 66 - 159 48 - 154, 55 - 167 
Endrin aldehyde 7421-93-4 39 - 142 36 - 141 45 - 119 28 - 114 
Endrin Ketone 53494-70-5 86 - 129 93 - 138 49 - 154 40 - 165 
Gamma-SHe (Lindane) 58-89-9 52 - 160 35 - 142 46 - 131 39 - 144 
Gamma-chlordane 12789-03-6 ' 67 - 131 40 -149 53 - 132 26 -,150 
Heptachlor 76-44-8 20,- 143 30 - 127 56 - 117 57 - 118 
Heptachlor epoxide , 1024-57-3 64 - 140 41 - 149 ,50 - 133 36 - 140 
Methoxychlor 72-43-5 30 - 159 54 - 149 61 - 118 67 - 142 
Toxaphene 8001-35-2 -- (2) -- (2) _J2) ~J2) 

-
POLYCHLORINATED BIPHENYLS (SW-846 METHOD 8082) 
Aroclor-1016 12674-11-2 46 - 125 60 - 132 62 - 130 42 - 128 ' 

Aroclor-1221 11104-28-2 ~J2) _J2) --(2) -- (2) 

Aroclor-1232 11141-16-5 -- (2) _J2) , -- (2) ,_J2) 

Aroclor-1242 53469-21-9 _J~) _J2) _J2) -- (2) 

Aroclor-1248 12672c29-6 --(2) _J2) _J2) -- (2) 

Aroclor-1254 11097-69-1 -- (2) _J2) --(2) _J2) 

Aroclor-l260 I 11096-82-5 50 - 143 59 - 139 58 - 139 49 - 158 

.' 

I 

• 
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TABLE 7-2 . 

LABORATORY CONTROL SAMPLE AND MATRIX SPIKE RECOVERY QUALITY CONTROL LIMITS FOR 
AQUEOUS AND SOLID SAMPLES 

SWMUs 8,15,18,19, AND 20 AND THE OGTSL 
NSWC CRANE, CRANE, INDIANA 

PA~E 3 OF.10 

CAS 
PARAMETERS NUMBER 

. POLYNUCLEAR AROMATIC HYDROCARBONS 
SW-846 METHOD 8270C WITH SELECTIVE ION MONITORING 
2-Methylnaphthalene . 91-57-6 
Acenaphthene 83-32-9 
Acenaphthylene 208-96-8 
Anthracene 120-12-7 
Benzo(a)anthracene . 56-55-3 
Benzo(a)pyrene 50-32-8 
Benzo(b )fluoranthene 205-99-2 
Benzo(g,h,i)perylene 191-24-2 
Benzo(k)fluoranthene 207-08-9 
Carbazole 86-74-8 
Chrysene 218-01~9 

Dibenzo( a, h )anth racene 53-70-3 
Fluoranthene '206-44-0 
Fluorene 86-73-7 
Indeno(1,2,3-cd)pyrene 193-39-5 
NaQhthalene 91-20-3 
Phenanthrene 85-01-8 
Pyrene 129-00-0 
SEMIVOLATILE ORGANIC COMPOUNDS (EXCEPT PAHs). 
'SW~846 METHOD 8270C . 
1 ,2,4,5-Tetrachlorobenzene 95-94-3 
1,2,4-Trichlorobenzene 120-82-1 
1 ,2-Dichlorobenzene . 95-50-1 
1,3-Dichlorobenzene 541-73-1 
l,4-Dichlorobenzene 106-46-7 

.. AQUEOUS(1) 

LCS I MS 
%R. I %R . 

45 - 105' 45 - 105 
45~110 45 - 110 
50 - 105 50 - 105 
44 - 90 20 - 105 

55 - 110 55 7 110 
42 - 99. 20 - 106 

45 - 120 45 - 120 
39 - 118 20 - 112 
53 - 115 20 - 137 
50 - 115 50 - 115 
55 - 110 55 - 110. 
40 - 125 40 - 125 
55 - .115 55 - 115 
50 - 110 50 - 110 
40 - 11 ~ 20 - 117 
23 - 105 20 - 92 
56 - 107 39 - 99 
49 - 128 20 - 113 

-- (2) .. --(2) 

. 35 - 105 35 - 105 
35 - 100 35 - 100 
30 - 100 . 30 - 100 
30 - 100 30 - 100 

SOLID(1) 

LCS I MS 
%R I %R 

63 - 114 51 - 125 
67 - 110 53 - 125 
68- 106 52" 121 
64 - 113 51 - 123 
56 - 105 22 - 140 . 
66 - 113 49 - 129 
56 - 126 45 - 143 
48 -120 26 - 130 
65 - 126 51 - 153 
71 - 116 57 - 135 
67 -J33 51- 149 
42 - 109 10- 142 
47 - 117 12 -.158 
49 - 104 28 - 124 
52 - 121 28 - 134 
43 - 99 . 19 - 98 

48 - 107 . 20 - 141 
58 - 117 24 - 158 

(2) (2) -- --
62 - 107 47 - 119 
60 - 108 46 - 116 
55 - 108 40 - 112 
56 - 105 42 - 110 

••• 
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- TABLE 7-2 

LABORATORY CONTROL SAMPLE AND MATRIX SPIKE RECOVERY QUALITY CONTROL LIMITS FOR 
AQUEOUS AND SOLID SAMPLES 

SWMUs 8,15,18,19, AND 20 AND THE OGTSL 
-NSWC CRANE, CRANE, INDIANA 

PAGE 4 OF 10 

CAS 
AQUEOUS(1) SOLlD(1) 

PARAMETERS NUMBER LCS MS LCS MS 
%R %R %R %R 

1 ,4-Naphthoquinone 130-15-4 --(2) --(2) --(2) _-<2) 

1,4-Phenylenediamine 106-50-3 _ -<2) - _J2) _ _-<2) _-<2) 

1-Naphthylamine 134-32-7 _ -<2) _-<2) _ _-<2) _J2) 

2,3,4,6-T etrachlorophenol 58-90-2 __ )2) _-<2) _)2) _)2) 

2,4,5-Trichlorophenol 95-95-4 50 - 110 50 - 110 66 - 114 42 - 136 
2,4,6-Trichlorop~enol 88-06-2 50 - 115 50 - 115 61 - 112 47 - 129 
2,4-Dichlorophenol- 120-83-2 50 - 105 50 _- 105 53 - 117 50 - 125 
2,4-Dimethylphenol --105-67-9 30 - 110 30-- 110 51 - 99 10- 135 
2,4-Dinitrophenol 51-28-5 15 - 140 15 -140 10 - 120 10-119 
2,6-Dichlorophenol - 87-65-0 _)2) _-<2) _.12) _-<2) 

2-Acetylaminofluorene 53-96-3 (2) _-<2) \ (2) _-<2) -- --
2-Chloronaphthalene _ 91-58~7 50 - 105 50 - 105 68 - 112 54 - 129 
2-Chlorophenol 95-57-8 35 ~ 105 35 - 105 65 - 113 55 - 121 
2-Methylphenol 95-48-7 40 - 110 40 - 110 62 - 106 44 - 120 
2-Naphthylamine 91-59-8 _.12) _.12) _J2) --(2) 

2-Nitroaniline 88~74-4 50 - 115 50 - 115 58 -121 - 49 - 139 
2-NitroQhenol - 88-75-5 40 - 115 40 - 115 66 - 112 45 - 127 

2-Picoline 109"06~8 _.12) _)2) _.12) - _)2) 

3,3'-Dichlorobenzidine 91-94-1 20 - 110 20 - 110 29 - 111 10- 109 
3,3'-Dimethylbenzidine 119-93-7 _-<2) _J2) _-<2) _J2) 

3-Methylcholanthrene 56-49-5 _.12) _)2) _)2) - _)2) 

3&4~Methylphenol (5) 1319-77-3 _)2) _)2) _)2) --(2) 

3-Nitroaniline _ 99-09-2- 20 - 125 20--125 57 - 98 10 - 122 
4,6-Dinitro-2-methylphenol 534-52-1 40 - 130 40 - 130 49 - 114 10 - 130 
4-Aminobi~henyl -. 92-67-1 _)2) _)2) _.12) - _)2)· 

4-Bromophenyl Qhenyl ether 101-55-3 50 - 115 50 - 115 61 - 114 52 - 130 

• • 
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TABLE 7-2 

LABORATORY CONTROL SAMPLE AND MATRIX SPIKE RECOVERY QUALITY CONTROL. LIMITS FOR 
AQUEOUS AND SOLID SAMPLES 

SWMUs 8,15,18,19, AND 20 AND·THE OGTSL 
NSWC CRANE, CRANE, INDIANA 
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CAS 
AQUEOUS(1) SOLlD(1) 

PARAMETERS NUMBER LCS MS LCS MS 
%R %R %R %R 

4-Chloro-3-methylphenol 59-50-7 45 - 110 45 - 1'10 70 - 114 53 - 133 
4-Chloroaniline 106-47-8 15-110 15-110 20-- 89 10- 83 
4-Chlorophenyl phenyl ether 7005"72-3 50 - 110 50 - 110 66 - 113 55 - 127 
4-Nitroaniline 

.. 
100-01-6 35 - 120 35 - 120 63 - 114 25 - 134 

4-Nitrophenol . 100-02-7 10 - 125 10- 125 36 - 136 18 - 171 
4-Nitroquinoline-1-oxide '56-57-5 --(2) _J2) _)2) _J2) 

5-Nitro-o-toluidine 99-55-8 --(2) . _)2) --(2) _)2) 

7,12-Dimethylbenz(a)anthracene 57-97-6 _)2) --(2) _J2) _)2) 

Acetophenone . 98-86-2 --(2) _)2) _.<2) _)2) 

Aniline 62-53-3 _)2) --(2) _J2) --(2) 

Aramite 140-57-8 _)2) --(2) _)2) _)2) 

Benzyl alcohol ·100-51-6 . 30 - 110 30 - 110 42 - 153 12 - 166 
Bis(2-chloro~thoxy)methane 111'-91-1 45 - 105 45 - 105 .63 - 111 50 - 122 
Bis(2-chloroethyl)ether 111-44-4 35 - 110 35 - 110 61 - 115 50 - 123 
Bis(2-chloroisopropyl)ether 108-60-1 35 - .110 35 - 110 46 - 134 45 - 141 
Bis(2-ethylhexyl)phthalate 117-81-7 40 - 125 40 ~ 125 31 - 180 10- 185 
Butyl benzyl phthalate . 85.-68-7 . 45 - 115 - 45 - 115 63- 120 47 - 155 

Chlorobenzilate 
, 

( . 510-15-6 _)2T (2) _)2) _)2) --
Diallate 2303-16-4 _)2) _J2) --(2) _.(2) , 
Di-n-butYI phthalate 84-74-2 55 -115 ' 55: 115 65 - 136 40 - 132 
Di~n-octvl phthalate 117-84-0 35 - 135 35 - 135 62 ~ 127 10 - 160 
Dibenzofuran 132-64-9 55 - 105 55 - 105 70 - 112 56 - 128 
Diethyl phthalate 84~66-2 40 - 120 40 -120 54 - 137 52 - 126 
Ip-(Dimethylamino)azobenzene . 60-11-7 --(2) . _)2) _)2) --(2) 

a,a-Dimethylphenethylamine 122-09-8 _)2) --(2) _J2) . _)2) 

Qimethyl phthalate '1, 131-11-3 25 - 125 25 - 125 67 - 115 51 - 134 

•• 
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TABLE 7-2 

LABORATORY CONTROL SAMPLE AND MATRIX SPIKE RECOVERY QUALITY CONTROL LIMITS FOR 
AQUEOUS AND SOLID SAMPLES 

SWMUs 8,15,18,19, AND 20 AND THE OGTSL 
NSWC CRANE, CRANE, INDIANA 

PAGE 6 OF 10 

CAS 
AQUEOUS(1) SOLID(1) 

'. PARAMETERS NUMBER LCS MS LCS MS 
%R %R %R· %R 

Diphenylamine (6) 122-39-4 _-'2) _-'2) _-'2) --(2) 

Ethyl methane sulfonate· 62-50-0 --(2) _-'2) _-<2) _-,2) . 

Hexachlorobenzene. 118-74-1 50 - 110 . 50 - 110 58 - 116 47 - 134 
Hexachlorobutadiene 87-68-3 . 25 - 105 25 ~ 105 . 56 - 110 42 - 120 
Hexachlorocyclopentadiene 77-47-4 20 -.160 20 - 160 13 - 98 10 - 95 
Hexachloroethane 67-72-1 30 - 95 30 ~ 95 54.- 114 37 - 116 
Hexachloropropene 1888-71'-7 _-'2) -- (2) , _-'2) -- (2) 

Isodrin 465-73-6 -- (2) _-'2) . ._-'2) -- (2) 

IsophoronE;l 78-59-1 _-'2) _-<2) _-<2) , _J2) 

Isosafrole I 120-58-1 _-'2) _-'2) _-'2) . _-'2) 

Kepone 143-50-0 --(2) _-'2) _-'2) --(2) 

Methapyrilene 91-80-5 (2) (2) - _)2) (2) 
, -- -- " --

Methyl methane sulfonate 66-27-3 -- (2) _J2) _-'2) __ l2) 

n-Nitrosodi-n-butylamine 924-16-3 _-,2) _-,2) -- (2) -- (2) 

n-Nitrosodiethylamine 55-18-5 _-'2) -- (2) . _-'2) _-'2) 

n-Nitrosodimethylamine ' 62-75-9 25, - 11.0 25 - 110 40 - 109 20 - 160 
n-Nitrosodi-n-propylamine 621-64-7 35 - 130 35 - 130 61 - 126 52 - 136 
n-Nitrosomethy'lethylamine 62-75-9 . _-'2) --(2) -- (2) -- (2) 

n-Nitrosomorpholine 59-89~2 -- (2) _-'2) --(2) -- (2) 

n-Nitrosopiperidine 100-75-4 ' _J2) --(2) _J2) --(2) 

n-Nitrosopyrrolidine - 930-55-2 _-'2) (2) _-'2) __ (2) --
Pentachlorobenzene ' , 608-9~-5 _J2) -- (2) _-'2) -- (2) 

Pentachloroethane 76-01-7 20 - 160 20 - 160 20 - 160 20 - 160 
Pentachloronitrobenzene 82-68·8 _-'2) ~J2) _-'2) -- (2) 

Phenacetin , 62-44-2 _-'2) I _-'2) . --(2) _-'2) 
-- - -

• • 



'. • TABLE 7-2 

LABORATORY CONTROL SAMPLE AND MATRIX SPIKE RECOVERY QUALITY CONTROL LIMITS FOR 
AQUEOUS AND SOLID SAMPLES 

PARAMETERS 

Phenol -' 

Proilamide 
Pyridine 
Safrole 
o-Toluidine 
O,O,O-Triethyl phosphorothioate 

, TAL METALS PLUS TIN' 
SW-846 Method 6020 
Aluminum 
Antimony 
Arsenic 
Barium .. 
Beryllium 
Cadmium 
Calcium 
Chromium (total) 
Cobalt 
Copper 

" 

Iron 
Lead 
MaQnesium 
ManQanese 
Nickel 
Potassiuni 
Selenium 
Silver' '-
~ocjiurn 

-

SWMUS 8,15,18,19, AND 20 AND THE OGTSL 
NSWC CRANE, CRANE, INDIANA 

PAGE 70F 10 

CAS 
AQUE'OUS(1) 

NUMBER LCS MS 
%R %R 

10S-95-2 10-115 10-115 
23950-5S-5 _J2) _J2) 

110-S6-1 --(2) _J2) 

94":59~7 _J2) _J2) , 

95-53-4 _J2) _J2) 

126~6S-1 -- (2) _J2) 
-

7429-90-5 SO - 120 75 - 125 
7440-36-0 SO-120 ' 75-125 
7440-3S-2 SO - 120 75 -125 
7440-39-3 SO - 120 75- 125 
7440-41-7 SO - 120 75 - 125 
7440-43-9 SO" 120 75, - 125 
7440:"70-2 ' SO - 120 75,- 125 
7440-47-3 SO -120 75 - 125 
7440-4S-4 SO - 1QO' 75- 125 

, 7440-50-8 80 - 120 75 - 125 
7439-S9-6 SO - 120 ' 75-125 
7439-92-1 SO - 120 75 - 125 
7439-95-4 SO - 120 75 - 125, 
7439~96-5' SO - 120 75 - 125 
7440-02-0 SO - 120 75 - 125 
7440-09-7 SO - 120 75 - 125 
77S2-49-2 SO - 120 75 - 125 
7440-22-4 ao -120 75 - 125 
7440-23-5 SQ - 120 75 - 125 

----

SOLID(1) 

LCS MS 
%R %R 

63 - 111 52 - 124 
_J2) _J2) 

--(2) _J2) 

_J2) _J2) 

_J2) _J2) 

, __ (2) _)2) 

SO -120 ' 75 - 125 
SO -120 75 -'125 
SO - 120 75 - 125 

' SO - 120 75 - 125 
SO" 120 75 - 125 
SO - 120 75 - 125 
SO -120 75 - 125 
SO - 120' 75 - 125 
SO - 120 75 - 125 
80 - 120 75 - 125 
SO - 120 75 - 125 
SO -12,0 75- 125 
SO - 120 75 - 125 
SO - 120 75 - 125 
SO - 120 75 - 125 
SO - 120 75" 125 
SO - 120 '75 - 125 
SO - 120 75 - 125 
SO -120 75 - 125 

.' 
r 

i 

I 

! 
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TABLE 7-2 

LABORATORY CONTROL SAMPLE .AND MATRIX SPiKE RECOVERY QUALITY CONTROL LIMITS FOR 
AQUEOUS AND SOLID SAMPLES 

SWMUs 8, 15, 18, 19, AND 20 ANDTHE OGTSL 
NSWC CRANE, CRANE, INDIANA 
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CAS 
AQUEOUS(l) SOLlD(l) 

PARAMETERS NUMBER LCS MS LCS MS 
%R %R %R %R' 

Thallium 7440-28-0 80 - 120 75 - 125 80 - 120 75 - 125 
Tin 7440-31-5 80 - 120 75 - 125 80 - 120 75 - 125 
Vanadium 7440-62-2 80 - 120 75- 125 80 - 120 75 - 125 

~. 7440-66-6 ' 80 -120 75 - 125 80 - 120 75 - 125 
SW-8467470Afl471A 

IMercury 1 7439-97-6 75-125 85-115190-110 85- 115 1 
VOLATILE ORGANIC COMPOUNDS 
SW-846 METt-iOD 5035B/8260B 
1,1,1-Trichloroethane 71-55-6 66 - 128 . 62 - 142 . 60 - 140 . 54 - 104 
1,1,1 ,2-Tetrachloroethane 630-20-6 76 - 123 60 - 140 60 - 140 60 - 140 
1,1,2,2-Tetrachloroethane 79-34-5 54 - 153 52 - 155 60 - 140 22 - 113 
1,1,2-Trichloroethane 79-00~5 . 80 - 124 80 -123 60 - 140 44 - 103 
1,2,3-Trichloropropane 96-18~4 54 - 154 60 - 140 60 - 140 60 - 140 
1,1-Dichloroethane 75-34-3 77 - 122 61 - 149 60 - 140 45 - 126 
1,1-Dichloroethene 75-35~4 67 - 135 68 - 155 .65 - 129 26 - 136 
1 ,2-Dibromo-3-chloropropane 96-12c8 42 - 156 60 - 140 60 ~ 140 60 - 140 
1,2-Dibromoethane 106-93-4 77-118' 60 - 140 60 - 140 60 - 140 
1,2-Dichloroethane 107~06-2 66 - 135 65 - 130 .60 - 140 51 - 115 
1,2-Dichloropropane . 78-87-5 80 - 129 80 - 114 60 - 140. . 45 - 123 
2-Butanone 78-93-3 60 - 140 37 - 156 60 - 140 20 - 160 
2-Chloro-1 ,3-butadiene (chloroprene) 126-99-8 _)2) _.,(2) --(2) _J2) 

2-Hexanone 591-78-6 60 - 140 47 - 161 60- 140 20 - 160 
4-Methyl-2-pentanone 108-10-1 60- 140 39 - 181 60 - 140 20 - 160 
Acetone' 67-64-1 60 - 140 .20 - 160 60 - 140 '20 - 160 

Acrolein 107-02-8 _.<2) _J2) --(2) _J2) 

Acrylonitrile 107-13-1 ~,<2) _.12) _)2) _)2) 

Allyl chloride (3-chloro-1-propene) 107705-1 . _J2) _.12) _)2) . _)2) 

-~- -'--

• 
/" 
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TABLE 7-2 

LABORATORY CONTROL SAMPLE AND MATRIX SPIKE RECOVERY QUALITY CONTROL LIMITS FOR 
AQUEOUS AND SOLID SAMPLES 

SWMUs 8, 15, 1~, 19, AND 20 AND THE OGTSL 
NSWC CRANE, CRANE, INDIANA 
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CAS 
. AQUEOUS(1) SOLlD(1) . 

PARAMETERS NUMBER LCS MS LCS MS 
%R %R %R %R 

Benzene 71 ~43-2 75 - 122 87 - 128 72 - 121 52 - 112 
Bromodichloromethane 75-27-4 73 - 127 72 - 122 60 - 140 48 - 107 
Bromoform 75-25-2 67 - 131 65 - 133 60 - 140 31 - 102 
Bromoniethane 74-83-9 43 - 146 33 - 166 60 - 140 20 - 146 
Carbon disulfide 75-15-0 60 - 140 50 - 158 60 - 140 20 -134 
Carbon tetrachloride 56-23-5- 61 - 138- 47 - 149 60 - 140 48 - 110 
Chlorobenzene 108-90-7 83 - 111 75 - 124 65 - 121 45 - 108 
Chloroethane 75-00-3 61 - 139 73 - 1"47 60 - 140 . 38 - 140 
Chloroform 67-66-3 73 - 123 70 - 125 60 - 140 59 - 101 
Chloromethane 74-87-3 45 - 159 - 51 - 151 60 - 140 20 ~ 158 
cis-1,2-Dichloroethene 156-59-2 77 - 123 76 - 132 60 -140 55 - 93 
cis-1 ,3-Dichloropropene. . - 1 0061-01 ~5 73--122 64 - 129 . 60 - 140 33 - 108 
Dibromochloromethane 124-48-1 79 - 123 78 - 125 60 - 140 36 - 108 
Dibromomethane 74-95-3 74 - 125. 60 - 140- 60 - 140 60 - 140 
Dichlorodifluoromethane 75-71-8 40 - 160 ··60 - 140 . 60 - 140 60 -- 140 
Ethylbenzene 

.. 
100-41-4 60 - 140 78 - 129 72 -127 40 ~ 118 

Ethyl methacrylate 97-63~2 -- (2) ._.12) -- (2) _.12) 

Methacrylonitrile 126-98-7 _J2) _.12) --(2) 
. -- (2) 

Methylene chloride· 75-09-2 62- 127 35 -142 60 - 140 20 - ~60 

Methyl iodide -74-88-4 _.12) _.12) _J2) _.12) 

Methyl methacrylate 80-62-6 -- (2) - _.12) _.12) _.12) 

Methyl tert-Butyl Ether 1634-04-4 60- 140 60 - 140 60 - -140 60 - 140 
Styrene 100-42-5 80 - 121 60 - 144 60 - 140 - 29 - 114 
T etrach loroethene 127-18-4 80 - 1_16 74 - 134 60 - 140 -32 - 94 
Toluene 108-88-3 73 - 115 - 73 - 136 66 - 124 39- 120 
trans-1 ,2-Dichloroethene 156-60-5 71 - 125 -60-143 60 - 140 42 - 97 
trans-1 ,3-Dichloropropene 10061-02-6 ,60 - 140 53 - 136 60 - 140 34 ~ 109 

• 
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TABLE 7-2 

LABORATORY CONTROL SAMPLE AND MATRIX SPIKE RECOVERY QUALITY CONTROL LIMITS FOR . 

PARAMETERS 

trans-1,4-Dichloro-2-butene 
Trichloroethene 
Trichlorofluoromethi:me 
Vinyl acetate 
Vinyl.c;hloride 
Total Xylenes 
SW-846 Method 5035B/8015B 
1,4-Dioxane 
Acetonitrile 
Ethylene Glycol 
Isobutanol 
Propionitrile 
MISCELLANEOUS PARAMETERS 
CEC SW-846 Method 9081 
Perchlorate EPA Method 314.0 
IpH SW~846 Method9045C 

AQUEOUS AND SOLID SAMPLES 
SWMUs 8,15,18,19, AND.20ANDTHE OGTSL 

NSWC CRANE,CRANE, INDIANA 
PAGE 10 OF 10 

CAS 
AQUEOUS(1) 

NUMBER LCS MS, 
%R %R 

110-57-6 --(2) --(2) 

79-01-6 73 - 118 69 -119 
75-69-4 60 - 140 60 - 140 

. 108-05-4 --(2) --(2) 

75-01-4 60 - 140 66 - 153 
1330-20-7 60 - 140 60 - 140 

123-91-1 41 - 145 65 - 138 
75-05-8 71 - 109 66 - 112 
107-21-1 40 - 140 20- 160 
78-83-1 74-110 68 - 124 
107-12-0 82 - 110 67 - 129 

- ----

--- ,)2) _)2) 

14797-73-0 85 - 115 80 - 120 
--- NA NA 

TOe SW -846 Method 9060/Lloyd Khan --- 80-120 75-125 
TotalPetroleum Hydrocarbons (TPH) SW-846 Method 9070/9QZ1 B 

NA = not applicable. 
LCS = Laboratory control sample. 
MS = Matrix s·pike. 

---'-- _Z1 - 119_ L-I1-119 

SOLlD(1) 

LCS MS 
%R %R 

(2) (2) -- --
61 : 124 36 - 124 
60 - 140 60 - 140 

(2) (2) -- --
.60 - 140 29 - 138 
60 - 140 38 - 108 

20 - 142 62 - 99 
71 - 111 49-103 
40-140 20 - 160 

40 - 117 51 - 95 
73 - 105 44 - 105 

_)2) --(2) 

80 - 120 80 - 120 
NA NA 
_)2) 70 -119 

,---5j _- 122 ~_L-122 _ 

Aqueous and solid percent recoveries were provided by Lauck's laboratory. Quality Control (QC) limits may change prior to 
SWMU investigations as laboratory QC data is updated .. 

2 Analyte is not included in the spiking solution. 

• • 
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8.0 DATA REDUCTION, VALIDATION, ASSESSMENT~ 'AND REPORTING 

This section describes the procedures to be, used' for' data reduction, validation, assessment, and 

reporting. Data generated during the course of the field investigations will be maintained in hard-copy 

form in the Administrative Record at NSWC Crane. 

8.1, DATA REDUCTION 

, 8.1.1 Field Data Reduction Procedures 

, ' , 

, All field logs containing observations will be inspected and approved by the FOL. All field observations 

will be recorded in the logs immediately after observations are made. No data reduction will be required 

in the field. 

Concentration measurements will be reported ,in the units indicated in Table 1-5. 

r' 

If errors are made in recording or transcribing observations, erroneous observations' will be legibly 

crossed out using a single line, initialed, dated by the field member, and corrected in a space adjac'ent to 
, , 

'. the crossed-out entry. The FOL is responsible for assuring that errors are identified and assessed 

relative to the intent of the QAPP. 

Errors judged to affect the use ,of the sample results within the context of this investigation will be. brought 

to the immediate attention of the TOM. 

8.1.2 Laboratory Data Reduction Procedures 

Data reduction will 'be completed by the laboratory in accordance with method~specific laboratory SOPs. 

, r~ addition, data are reviewed in accordance with the laboratory QA plan. 

Laboratory analytical data will be reported using standard concentration units to ensure comparability with 

previous analytical results'. Ground water and surface water sample results will be reported in units of 

micrograms per liter (llg/L);' soil and sediment sample results will be reported on a dry-weight basis in 

units of micrograms per kilogram (Ilg/kg) for organic parameters and milligrams per kilogram (mg/kg) for 

inorganic parameters . 

050419/P' 8-1 CTO 0331 
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Validation procedures for field measurements and laboratory analytical data are presented in this section. 

8.2.1 Procedures Used to Validate Field Data 

Field measurements will not be subjected to a formal data validation process. Validation offield data will 

be limited to real-time inspection by the FOL of observations relative to actual site conditions and 

activities. In addition, field technicians will ensure that the equipment used for· sample collection is 

performing adequately via compliance with the applicable SOPs. 

8~2.2. Procedures Used to Validate Laboratory Data 

One hundred percent ofthe laboratory analytical data will be subjected to data validation to ensure that 

the data are of evidentiary quality. Validation of analytical data will be completed by the TtNUS 

Environmental ChemistryfToxicology Department, located in the TtNUS Pittsburgh office. Final review 

and approval of validation deliverables will be completed by the department's data validation manager. 

The data validation manager is responsible for ensuring that data validation deliverables are prepared in 

accordance with the guidance methods specified in this QAPP and are complete and correct. 

Prior to statistical analyses, analytical results will be validated versus the applicable analytical methods, 

the laboratory SOPs, and the, requirements of this QAPP. Validation of these data will conform to the 

U.S. EPA Region 5 Standard Operating Procedu'res for Validation of CLP Inorganic and Organic Data 

(U.S. EPA, 1995a and 1995b) and the National Functional Guidelines for Inorganic and Organic Data 

Review (U.S. EPA; 1994a and 1994b) to the greatest extent practicable. Data validators will review the 

.chemical analytical data packages submitted by the laboratory. The data validators will check that the 

data were obtained using approved methodology, that .the appropriate level of QC and reporting was 

. conducted, and that the results are in conformance with QC criteria. 

On the basis of the data validation results, the data validator will generate a report describing detected 

data limitations. The report will be reviewed internally by the data validation manager prior to submittal to· 

the TOM. 

Compliance with quantitative QC objectives for laboratory accuracy and precision, as outlined in 

Tables 7-1 and 7-2, will be evaluated during data,validation. In general, data validation requires that data 

be evaluated batch by batch based on the results of quality indicators for the respective batches. 

050419/P 8-2 CTO 0331 
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The assessment of data obtained from this investigation is a critical part of determining the next step in 

:C1ata collection and decision making. It must be determined whether the data are of appropriate type, 

quality, quantity, and representativeness to support the project ·objectives. The effect of the loss of data 

deemed unacceptable for use, for whatever reason, will be evaluated. 

8.3.1 Reconciliation with Data Quality Objectives 

Field data will be examined immediately after generation for errors. Laboratory data will be exarnined 

.. upon receipt.from the laboratory in a cascading series of evaluations. 

· After data validation, the data will be reconciled with DOOs to determine whether sufficient data of 

acceptable quality are available for decision making. In addition to the evaluations described in the 

following sections, a series of inspections and statistical analyses may be performed to estimate several 
. . 

of the data set characteristics. The statistical evaluations will include ~imple summary stati.stics for target 

· analytes, such as the maximum concentration, minimum concentration, number of samples exhibiting no 

· detectable analyte, .the number of samples exhibiting detectable analytes, and the proportion of samples 

with detectable and undetectable analytes. The data will be
r 

presented in a tabular format. These 

inspections and statistical analys~s will be designed to: 

• .. Identify deviations, if any, from the.fieid sampling SOPs (inspection). 

• Identify deviations, if any, from the laboratory analytical SOPs (inspection). 

• Identify deviations, if any, from the OAPP (inspection). 

• ·Identify deviations, if any, from the data validation process (inspection). 

• Identify and explain the impacts of elevated MDLs, TVs, and IDLs (inspection). 

• Identify unusable data (Le., data qualified as "R") (inspection). 

• Evaluate project assumptions such as ground water flow direction (inspection) .. 

• Characterize data set distributions (e.g., Shapiro-Wilk W test) if enough data are available (statistics). 

050419/P 8-3 . CTO 0331 
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• Identify unanticipated data set characteristics such as a laboratory variance greater than the sampling 

variance (i.e., ANOVA, t-test) if enough data are available (statistics). 

• Identify and evaluate potential data outliers (95-percent confidence goodness-of-fit test on probability 

plot data). The plotted data will be transformed, if necessary, depending on the observed distribution 

(statistics) . 

.•• Evaluate adherence to investigation objectives (inspection and statistics, as applicable). 

:.. Ensure completion of corrective actions (inspection). 

• Evaluate effects of deviations from planned procedures and processes on the interpretation and utility 
, . 

.. of the data (inspection and statistics, as applicable). 

• Identify any remaining data gaps (inspection/statistics). 

For statistical comparisons and mathematical manipulations, analytes that are not· detected at the 

applicable sample-specific MOL, IOL, or TV will be represented by a concentration equal to one-half of 

the sample-sp~cific MOL, IOL, or TV. 

statistical tests for outlier validity will be based on the Procedural Guidance for Statistically Analyzing 

Environmental Background Oata (NFEC, 1998). Potential outliers will be removed if a review of field and 

laboratory documents indicates that the results are true outliers. If no identifiable reason for the outlier .. 
can be identified, the datum will not be removed from the data set. 

If necessary, investigation objectives may be revised in anticipation of additional data collection. 

. . 

. The suitability of any given statistical test will be assessed based on the completeness of the data sets . 

.. and the conditions observed at the site. For example, when a single data value is available for soils or 

water samples at a given sampling location, statistical tests cannot be conduded for that individual 

. 'sampling location. However, pooling of d.ata across sampling locations may be possible and, if logical to 

do so, may be implemented at the discretion of the TOM. For example, when COPCs are evaluated, 

multiple soil sample results of a given depth and grain size within a depositional environment may be 

• 

• 

pooled for statistical comparison to the background data set from soil of the same depth, grain size, and • 
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,depositional environment. Statistical 'testing will) generally be conducted at the 5-percent significance 

level. Statistical testing at other significance levels may also be warranted to provide perspective on the 

results of testing at 5-percent significance. If other significance levels are used, they will be supported ' 

with rationale for their use. 

8.3.2 Precision Assessment 

, , 

Laboratory duplica~e samples (for inorganic analyses) and MSD samples (for'organic analyses) ,will be 

prepared and analyzed at a minimum frequency of one per every 20 environmental samples per matrix. 

, , Field duplicate samples also will be collected at a minimum frequency of one per 20' environmental 

samples per matrix'. The RPD between a sample or MS (Sample 1) and its duplicate or MSD (Sample 2) 
I 

is calculated for chemical analyses using to the following formula: 

RPD == (Amount in Sample 1 - Amount in Sample 2) , X1 00 % 
0.5 (Amount in Sample 1 + Amount in Sample 2) 

If field duplicate precision is significantly different than laboratory duplicate precision, the underlying 

cause will be investigated to determine whether the observed difference could be an artifact of sampling 

and analysis. Because of the inherent and unknown heterogeneity of soil samples, the precision of soil 

field duplicates will not be used for QC but will be u,sed to gain a perspective on the natural heterogeneity 

of the soil. 

8.3.3 Accuracy Assessment 

Sample collection accuracy cannot be evaluated because there is no standard by which to judge such 

accuracy. Instead of a qualitative evaluation of sample collection accuracy, compliance with field SOPs 

will be the metric. Background comparisons of data generated by similar sampling and analysis methods 

incorporate similar biases and are expected to be directly comparable without any adjustments or 

compensations. 

Accuracy of chemical analyses will be assessed through the use of surrogate spikes, MSs, PDSs, LCSs, 

calibration check standards, internal standards, and blanks. Blanks will be used to infer the potential for 

positive biases because of contamination. To assure the accuracy of the analytical procedures, at least 

one of every 20 environmental samples will be spiked with known amounts of target analytes (Le., MSs) 

, prior to preparation for analysis. The spiked samples will be analyzed, and the concentrations of each 

• target analyte observed in the ,spiked sample will be compared to the reported value of the analyte in the , 
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unspiked sample to determine the %R of the analyte. Control charts are plotted by the laboratory for 

each target analyte and are kept on matrix- and analyte~specific bases. The %R for a spiked sample is 

calculated using the following formula: 

%R = Amount in Spiked Sample - Amount in Sample X· 100 % 
.. Known Amount Added . 

· .LCSs and surrogate spikes are also analyzed to assess accuracy. The %R calculation for LCSs and 

· .surrogate spikes is as foll~ws: 

Experimental Concentration 
%R =. X 100% 

Certified or Known Concentration 

Accuracy. measurements will be used to detect biases resulting from the sample handling and analysis 

process. 

8.3.4 Completeness Assessment 

. . 

Completeness for this project will be determined based on the number of sample resuits for. each target 

analyte and each sample type that are usable as determined through data validation and data 

assessment. Data values rejected during data validation (indicated by an "R" or "UR" flag) will be 

considered unusable unless additional review and documentation by one or more technical team 

· members demonstrates that the rejection was erroneous, . To monitor completeness, the number of 

usable, valid results for each matrix type and analyte will be counted and compared to the completeness 

,objectives in Sections 7.3.2 and 7.3.3. 

Percent completeness will be calculated using the following equation: . 

0/ Cit (Number of Valid Measurements) 1000/ 
/0 omp e eness = x /0 

. (Number of Measurements Planned) 

'Because. the many parameters to be measured for this project are interrelated in ma~y different ways, a 

single completeness criterion cannot be established for the project. Instead, the ability to a,ttain project 

objectives will be evaluated at the end of each sampling round by how effectively the necessary decisions 

and data evaluations can be made. 

050419/P . 8-6 CTO 0331 
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Representativeness of field data will be evaluated by ensuring that the SAp· ha$ been· followed and that 
• I . • 

i:proper sampling techniques were used. Representativeness of laboratory data will be evaluated by " 

I ensuring that proper analytical procedures were followed· and sample holding times were met and by 

evaluating field duplicates relative to laboratory duplicates. 

8.3.6 Comparability . 

. . Comparability will be evaluated by ensuring that standardized sampling and analysis methods and data . 

. reporting formats are used and that reporting limits and threshold values are sufficiently low to satisfy 

:project detection and quantitation criteria. 

8.4 DATA REPORTING 

8.4.1 Field Data Reporting 

\ 
I 

Field qata will be transcribed from the site logbooks or s<:tmple logsheets to the electronic database and 

• will be reviewed for accuracy by an independent reviewer. 

All records regarding field measurements (Le., field logbooks, sampling logbooks, and sample logsheets) 

will be placed in the TtNUS central files upon completion of the field effort. Entry of these results in the 

database will· require removal of these records from the files. Outcards (noting t~e date, person, and 

subject matter) wi'.' be used to document the removal of any such documentation from the files. After 

database entry is complete, all records will be copied for placement in the TtNUS central files. All original 

,records will be sent to NSWC Crane for inclusion in the final evidence files, as described in Section 4.3. 

8.4.2 . Laboratory Data Reporting 

To achieve the investigation objectives, a confirmational level of analytical quality is needed. This 

provides the highest level of data quality necessary to address potential risks. These analyses require full 

documentation of the chosen analytical methods and sample preparation steps, data packages, and data 

. validation sufficient to provide defensible data. QC must be sufficient to define the overall precision and 

:,accuracy of these procedures, Therefore, data reported by' the laboratory for all analytical fractions will 

be in a CLP-like reporting format. Hard-copy data deliverables will be generated at the time of analysis. 

All pertinent QC data (including raw data and summary forms for blanks, standards analysis, calibration 

• information, etc.) will be provided for all analyses .. Case narratives will be provided for each SDG. 
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Validation will be completed using the hard-copy data .. After validation, the validated data will be' 
. . 

reviewed' by the data validation manager, and the validation qualifiers will be entered into the electronic 

. database and then subjected to independent review for accuracy. During this review process, the. 

~electronic database printout also will be compared with the hard-copy data to ensure that the hard-copy 

data and electronic data are consistent. . 

8.4.3 Project Reports 

. With each round of data collection, data will be summarized and assessed to determine whether 

. additional data collection is required for determining the extent of contamination at each SWMU. When 

no more data collection is necessary, a Phase III RFI report will be issu13d that summarizes the findings of 

the investigation. If contaminants are detected, the location, concentrations, and, boundaries of 

representative contaminants will be described and depicted on summary· maps and diagrams, as 

appropriate~ The results of ground water data evaluations,used to estimate ground water contaminant 

concentrations relative to RBTLs and background values at the study areas, will be summarized. The 

evaluation of soil data will also be presented as a summa,ry of the measLired soil concentrations relative 

to background soil concentrations and RBTLs. Discussions with IDEM concerning the need for future 

investigations will be summarized, and, if appr.opriate, recommendations for future investigations will be 

presented. 

Recipients of the Phase III RFI report will include U.S. EPA Region 5, IDEM, Navy NAVFAC EFD 

SOUTH, and NSWC Crane. 

;8.5 DATA ACQUISITION REQUIREMENTS AND DATA MANAGEMENT 

.Data are managed in a way that ensures adherence to database requirements for content, format, and 

·integrity. A brief summary is presented in the following paragraphs. 

Data acquisition and management will begin with the identification' and collection of past data and newly 

. acquired project samples. The samples will be labeled and tagged, packaged for shipment, and shipped 

.to 'the analytical laboratory in accordance with TtNUS SOPs provided in Appendix E. The samples will be 

·received at the laboratory and analyzed, the analytical results will be reported by the analyst along with 

QC check data, and the data will be reviewed within the laboratory, in accordance with laboratory SOPs. 

Data will then be transmitted from the laboratory in both hard-copy and electronic formats according to 

• 

laboratory SOPs. The data deliverable requirements are speCified in TtNUS's basic ordering agreement • 
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with the analytical laboratory. This agreement requires the analytical laboratory to provide data in both 

hard-copy and electronic format. Upon receipt by TtNUS, the data will be validated, analyzed, assessed, 

and ultimately,archived. A copy of the data deliverable requirements will be provided to the NSWC Crane 

Lab prior to the commencement of field activities. 

The electronic database will include pertinent sampling information such as sample number, sampling 

date, and sample point location, as well 'as analytical information. Sample-specific TVs, IDLs, and HLs 

will be reported for non-detected analytes. Units will be clearly summarized in the database and will 

. , conform to those identified in Section 7.0. The original electronic diskettes and data validation reports for 

this investigation will be maintained in the Administrative Record at NSWC Crane, and copies will be 
\ 

maintained in TtNUS central files . 
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Performance and system audits will be conducted periodically to ens'ure that work is being implemented. 

in accordance with the approved QAPP and in' an overall satisfactory manner. Some examples of 

pertinent audits are as follows: 

.• The FOL will supervise and check daily that field observations are made accurately, equipment is 

thoroughly' decontaminated, samples are collected and handled properly, and fieldwork is 

documented accurately and neatly, 

• The TOM will maintain' contact with the FOL and data validation manager to ensure that management 

of the acquired data proceeds in an organized and expeditious manner. 

. Details regarding additional audit responsibilities, frequencies, and procedures are provided. in . the 

remainder of this section. Field performance and system audits are addressed in Section 9;1. Laboratory 

performance and system audits are addressed in Section 9.2. 

9.1 FIELD PERFORMANCE AND SYSTEM AUDITS 

This section presents the responsibilities, frequencies, and procedures associated with internal and 

external field performance and system audits. 

9.1.1 Internal Field Audits 

9.1.1.1 Internal Field Audit Responsibilities 

In addition to the daily checks performed by the FOL, the TtNUS QAM or designee may conduct an 

independent performance and system audit of field activities. Such' audits are scheduled as· part of the 

NSWC Crane RCRA Environmental Investigation Program, which includes this and other environmental 

projects. Individual projects are selected for audit by theQAM without the involvement of the TOM. If a 

formal field audit is conducted for this study, the QAM (or designee) will.be responsible for ensuring that 

sample collection, handling, and shipping protocols, as well a's equipment decontamination and field 

documentation proc~dures, are being performed in accordance with the approved QAPP and SOPs. 
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As explained in Section 9.1.1.1, internal field audits are scheduled as part of the NSWC Crane RCRA 

Environmental Investigation Program, which includes this and other environmental projects. Individual 

. projects are selected for audit by the QAM Without the involvement ofthe TOM. 

9.1.1.3 Internal Field Audit Procedure 

Internal field audits will be conducted in accordance with the following procedure: 

• .Prior to an audit, the auditor will prepare a detailed checklist to be used as an auditing guide .. 

• Upon arrival at the audit location, the auditor will conduct a pre-audit meeting with the responsible 

management of the organization or projectto be reviewed. 

• Field audits will include a review of required project documentation (logbooks, sample log sheets, 

etc.) and field operations (sample COC, sample handling, etc.) to evaluate completeness and 

compliance with applicable SOPs. 

• The audit checklist will be used to record observations, including any noted nonconformances. 

• A formal post-audit debriefing will be conducted, and potential imm·ediate corrective actions will be 

discussed. 

• The auditor. will generate a formal audit report that will address corrective actions. The auditor will 

provide this report to the TOM: 

• The TOM will ensure that all corrective actions are addressed and will provide written verification of 

corrective action implementation to the auditor. 

• The auditor will mana"ge corrective action verification and audit closure. 
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• The following audit records will be maintained by the QAM: 

9.1.2.1 

. Audit checklists . 

Audit reports 

Response·evaluations 

Verification of corrective actions 

Follow-up checklists and audit reports 

External Field Audits 

External Field Audit Responsibilities 

IDEM, U.S. EPA Region 5, or both may conduct external field audits. 

9.1.2.2 External Field Audit Frequency 

NSWCCrane 
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External field audits may be conducted at any time during field activities at the discretion of IDEM and. 

U.S. EPA Region 5. If an audit is to be conducted, scheduling should be coordinated through the TtNUS 

QAM to ensure that personnel and equi~ment are available as necessary. Personnel being audited may 

or may not be. informed of the impending ·audit at the discretion and request of the auditing body. 

9.1.2.3 Overview of the External Field Audit Process 

External audit procedures are at the discretion of IDEM and. U.S. EPA Region 5 . 

•. '9.2 LABORATORY PERFORMANCE AND. SYSTEMS AUDITS 

\. 

. This se9tion presents the responsibilities, frequencies, and procedures associated with internal and 

external laboratory performance and system audits. 

9.2.1 Internal Laboratory Audits 

9.2~1.1 Internal Laboratory Audit Responsibilities 

The QAM <;>r appropriate designee of the subcontracted laboratory performs routine internal audits. of the 

laboratory. The Navy, through the NFESC, also conducts internal laboratory audits. TtNUS has no 

responsibility for such audits. Performance and system audits of laboratories are coordinated through the 
. , 

NFESC by an independent QA contractor. It is the responsibility of the NFESC and its contractor to 
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.. ensure that the subcontracted laboratories comply with good laboratory practices and the general 

requirements of all analytical services provided by the laboratories. 

9.2.1.2 Internal Laboratory Audit Frequency 

Internal aLidits are performed approximately annualfy at the laboratory. In addition, each laboratory 

department analyzes blind performance evaluation (PE) samples as described in their applicable SOPs 

and QA plans. 

The United States Navy completes internal laboratory performance and system audits for each contracted 

laboratory on an 18-month schedule. 

9.2.1.3 Internal Laboratory Audit Procedures 

Internal systems audits are conducted to detect any problems in sample flow, analytical procedures, or 

documentation and to ensure adherence to laboratory SOPs. The internal audit procedures for Laucks 

Laboratories and Triangle Laboratories are presented in applicable laboratory SOPs or the QA Plan. 

Internal United States Navy laboratory audit procedures, as performed by a Navy contractor, include a 
. . 

pre-screening process that requires review of the laboratorY's QA plan, analysis of performance 

evaluation samples, generation of data deliverables for those samples, an on-site technical systems audit 

of the laborato~, and satisfactory resolution of all deficiencies and findings. 

9.2.2 External Laboratory Audits 

9.2.2.1 External Laboratory Audit Responsibilities 

IDEM and U.S. EPA Region 5 may perform external audits at their discre.tion. 

The laboratory is also involved in various other external audits and perf()rmance evaluation studies 

throughout the year, as required, to maintain certifications and approvals by other regulatory agencies or 

programs. 

9.2.2.2 External Laboratory Audit Frequency 

IDEM or U.S. EP~ Region 5 may conduct an external laboratory audit prior to or during sampling and 

analysis activities. 
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External audit procedures are at the discretion of IDEM and U.S. EPA Region 5~ External laboratory 

audits may include (but are not limited to) review of laboratory analytical procedures, laboratory on-site. 

audits; and submission of PE samples to the laboratory for analysis . 

.... 
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Equipment used to collect samples will be ,maintained in accordarice with the manufacturer's operation 

and maintenance manuals. Equipment and instruments will be calibrated in accordance with the 

procedures and at the frequencies presented in Section 5.0 (Calibration Procedures and Frequency). 

Preventive maintenance for field and laboratory equipment is addressed in the remainder of this section. 

10.1 FIELD EQUIPMENT PREVENTIVE MAINTENANCE 

'The TtNUS equipment manager and the equipment operator will be responsible for ensuring that 

equipment is operating properly prior to use and that routine' maintenance is performed and documented. 
. . 

Maintenance procedures for electronic field instruments are detailed in SOP CT0331-14. Any problems 

encountered while operating an instrument will be recorded in the field logbook, including'a description of 

the symptoms arid corrective actions taken. If problems, with equipment are detected and service is 

required, the equipment will be logged, tagged, and segregated from equipment in proper working order. 

Use of the malfunctioning equipment will not resume until the problem is corrected . 

10.2 LABORATORY.lNSTRUMENT PREVENTIVE MAINTENANCE 

, proper maintenance of laboratory instruments and equipment is essential. Depending on manufacturers' 

recommendations, maintenance intervals are established for each instrument. All instruments will be 

labeled with a model number and serial number, and a maintenance logbook will be maintained for. each 

instrument. Personnel will be alert to the maintenance status of the equipment they are using at all times . 

. The use of manufacturer-recomme~ded grades or better of supporting supplies and reagents is also a 

form of preventive maintenance. For example, gases used in the inductively coupled plasma (ICP) 

I,nstruments will be of sufficient quality to minimize fouling of the instrument. The routine use of other 

supporting supplies from reputable manufacturers will help prevent. unnecessary periods of instrument 

downtime. An inventory of critical spare parts will also be maintained by the laboratory to minimize 

instrument downtime. 

10.3 INSPECTION/ACCEPTANCE REQUIREMENTS FOR SUPPLIES AND CONSUMABLES' 

All field equipment will be inspected prior to use to ensure that necessary parts are available. Most 

equipment planned for use in this project is simple, with few to no moving parts. Therefore, ,a visual 
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inspection prior to· use will be sufficient to ensure that the· equipment is suitable for use. This visual 

inspection will occur during mobilization and during each use by the equipment user. 

Laboratory inspection and acc~ptance requirements are provided in the laboratory QA Plan. The plan 

presents the following specifications for inspection and acceptance of supplies and consumables: 

• Requirements to follow individual SOP specifications for grades of chemicals necessary to achieve 

acceptable analytical performance. SOPs are required to. detail the necessary grade o.f chemicals, 

including compressed gases. 

• Requirements to obtain primary chemical standards from reliable sources that use calibrated 

glassware in the preparation of the standards and to maintain all certificates supplied with the 

standards. Emphasis is on obtaining NIST-traceable standards where possible. 

• Storage of chemical standards in accordance with applicable SOPs and in a manner that preserves 

their integrity. 

• Routine monitoring of deionized water and other solvents to ensure that analytical systems,samples, 

and standards are not contaminated. 

• Requirements to record the date received and the date opened on each container of chemical used 

for analysis. 
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The TtNUS OA/OC program requires that 'any and all· personnel noting conditions adverse to quality 

should· report these conditions immediately to the TOM and OAM ... These parties, in turn, are charged 

with implementing appropriate correCtive action in a timely manner. It is ultimately the responsibility of the 

OAM to document all findings arid corrective actions taken and to monitor the effectiveness of the 

corrective measures that are performed. A brief summary of corrective actio~s for some specific field 

samples and laboratory OC check samples is presented in Section 3.0, Table 3-11 . 

. 11.1 FIELD CORRECTIVE 'ACTION 

Field nonconformances or conditions adverse to quality must be identified and corrected· as quickly as 

possible so that work integrity or product quality is not compromised. The need for corrective action may 

arise based on deviations from project plans and procedures, adverse field conditions,· or other 

, unforeseen circumstances. Corrective action needs may become apparent during the performance of 

daily work tasks or as a consequence of internal or external field audits . 

Corrective action may include resampling and may involve amending· previously approved' field 

procedures. Minor modifications to field activities, such as the collection of additional samples,will be 

. initiated at the discretion of the FOl, subject to on-site approval by NSWC Crane personnel. Major 

modifications, such' as the elimination ofa sampling poi~t or other situations that affect compliance with or 

. achievement of DOOs, must be a'pproved and documented via a Field Task Modification Request 

.. (FTMR). Approval of the corrective action will be obtained by the United States Navy (in conjunction with 

IDEM). The FOl is responsible for initiating FTMRs. A FTMR will be prepared for all deviations from the 

proje'ct plan documents, as applicable. Copies of all FTMRs will be maintained with the on~site project 

planning documents and will be placed in the final evidence file. 

11.2 LABORATORY CORRECTIVE ACTION 

) 

In general, laboratory corrective actions are warranted whenever an out-of-control event OJ potential out-

of-control event is noted. The specific corrective action taken depends on the specific analysis and the 

nature of the event. Generally, the following occurrences alert laboratory personnel that corrective action 

may be necessary: 

• QC data are outside established warning or control limits . 

• Method blank analyses yield concentrations of t.arget analytes greater than acceptable levels. 
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• Undesirable trends are detected in spike %Rs or in duplicate RPDs. . , 

• There is an unexplained change in compound detection capability. 

• Inquiries concerning dat<;t quality are received. 

NSWCCrane 
. DraftQAPP 

Revision: 0 
Date: July 2004 

. Section: 11 
Page 2 of 2 

• Deficiencies are detected by laboratory OA staff during audits or from' PEsample test results. 

Specific procedures for laboratory corrective actions are specified in the associated laboratory SOP. Any 

corrective action taken above the analyst level that cannot be performed immediately at the instrument 

will be documented. Corrective actions typically are documented for out-of-control situations in 

accordance with laboratory procedures. 
, , 

, Laboratory corrective actions must be documented and inci~ded as part of the final evidence file. The 

TtNUS TOM' will be informed of all major corrective actions that do not bring DOO-related 

. nonconformances into conformance with project DOOs. The TtNUS TOM will advise all levels of project 

management in accordance with Section 12.0 of this OAPP. , . 

11.3 CORRECTIVE ACTION DURING DATA,VALIOATION AND DATA ASSESSMENT 

• 

The need for corrective action may become apparent during data validation, interpretation" or • 

presentation activities. Rework (i.e., resampling or reanalysis), a Change' in work procedures, or 

, additional or refresher training are possible corrective actions relevant to data evaluation activities. The 

TOM will be responsible for approving the implementation of a corrective action and ensuring that it is, 

documented appropriately. Analytical data may be qualified during data validation to alert data users of 

the potential that particular analytical results are potentially deficient relative to expected performance 

standards. Such validation practices are described in Section 8.0 .. When conducting data assessment 

for, project decision making, a number of situation-dependent qualifications of data or decisions are 

possible. The number of possible situations or. conditions precludes enumeration of all possible 

corrective actions; however, the approach used to identify and impose such qualifications is described in 

Section 8.0. 
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12~O QUALITY ASSURANCE REPORTS TO MANAGEM'ENT 

QA reports to management will be provided in four primary formats during the course of this investigation: 

dat~ vali9ation reports, reports summarizing accomplishments and QA/QC issues duri~g the field 

, investigation, project-wide progress reports, and laboratory QA reports. The report frequencies; content, 
, , 

preparers, and recipients are summarized in Table 12-1. ' 

,Data validation reports, will address all 'major and minor laboratory noncompli,ances, as well as, noted 

sample matrix effects. In the event that major problems occur with the analytical laboratory (e.g., 

repeated or extreme holding time exceedances or calibration noncompliances, etc.),' the data validation 

manager will notify the TOM, 'QAM, PM, technical coordinator, and laboratory services coordinator. Such 

notifications (if necessary) are typically provided via internal memoranda and are placed in the project file. 

ThE?se reports contain a summary of the noncompliance, a synopsis of the impact on individual projects, 
, ' 

and recommendations regarding corrective action and compensation adjustments. Corrective actions for 

major noncompliances are initiated at the program level. 

The FOL will provide the TOM with dailY verbal field progress reports during the course of the sampling 

events. These reports will explain accomplishments, deviations from the QAPP, and 'upcoming activities, 

and will provide a QA summary. The TOM provides a monthly progress report to the Navy that addresses 

the project budget, schedule, accomplishments, planned activities, and QA/QC issues and intended 

, corrective actions. 

The analytical laboratory will provide QA reports to TtNUS if QC limits are updated or if other significant 

plan deviations result from unanticipated circumstances. Because MDLs will be included in the analytical 

data packages for the NSWC Crane Laboratory samples, it is not necessary for the laboratories to include 

updated MDLs in their QAreports unless the updates result in MDLs that exceed RBTLs . 
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TABLE 12-1 

SUMMARY OF REPORTS 
SWMUs 8,15,18,19, AND 20 AND THE OGTSL 

NSWC CRANE, CRANE, INDIANA 

. Report Content 

Data Validation All major and minor laboratory 

Report non-compliances, as well as noted 

sample matrix effects. 

Major Analysis Notification of persistent or major 

. Problem problems with analytical laboratory 

Identification. performance. Summary of the 

Report (internal non-compliances, a synopsis of 

memorandum) the impact on the project, and 

recommendations regarding 

corrective action and 

compellsation adjustments. 

Project Monthly Summary of the project budget, 

Progress Report schedule, accomplishments, 

planned activities, and QA/QC 

issues and intended corrective 

actions. 

Field Prqgress Accomplishments, deviations from 

Reports the SAP, uPcoming activities, and 

a QA summary. 

Laboratory QA Summary of updated QC limits or 

Report 

DQO = 
FOL 
IDL 
QA/QC= 
QAM 
QAPP 
RL 
SAP 
SDG 
TBD 
TOM 

. TV 

significant deviations from planned 

acti·vities/performance. 

Data quality objective. 
Field Operations Leader. 
Instrument detection limit. 
Quality Assurance/Quality Control. 
Quality assurance manager. 
Quality Assurance Project Plan. 
Reporting limit. 
Sampling and Analysis Plan. 
Sample delivery group. 
To be determined. 
Task Order Manager. 
Threshold value . 

Frequency of 

Preparer Submittal 

Data validation PerSDG. 

manager or 

designee. 

Data validation When persistent 

. manager or analysis problems are 

designee. detected. 

TOM. Monthly for duration 

of project. 

FOL. Daily, verbal, during 

the course of 

sampling. 

Laboratories TBD. When QC limits are 

updated or when 

other significant plan 

deviations result from 

unanticipated 

circumstances. 

Recipient(s) 

TOM, project file. 

TOM, QAM, PM, 

technical coordinator, 

laboratory services 

coordinator, project file. 

Navy, project file. 

TOM. 

TtNUS, project file; 

U.S. EPA Region 5, if 

. changes in 

RLslTVsIIDLs cause 

them to exceed RBTLs 

or if QAPP deviations 

impact DQOs. 

I 
I 

I 
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. Analyte 
Temperature· 
Dissolved Oxygen 
IpHF 
IpHL 
L Turbidity . 

TABLE A.,l 

1972 SUMMARY OF EFFLUENT ANAYTICAL RESULTS 
BUILDING 106POND(1) 

NSWCCRANE 
CRA~E, INDIANA 

PAGE 1 OF2 

Minimum Maximum 
Concentratio~(2) Concentration(2) . 

. Count (ppm) (ppm) 
47 7.00 °C 27.20 °C 
47 4.00 10.20 
46 . 9.20· SU 11.80 SU 
47 7.00 SU 11.70 SU 
47 1.30 JTU 89.00 JTU 

Dissolved Oxygen (Lab) 46' .4.40 10.20 
BOD 27 . 0.00 29.00 
COD 42. 8.00 7,820.00 
Settleable Solids 2 0.00 2.00 
TSS 37 1.00 118.00 
TDS 40 64.00' 7,382.00 
N-Ammonia 35 0.10 2.25 
N-Nitrate 33 . 0.04 2.77 

. N-Nitrite 41 0.05 ·8.10 
Total Nitrogen 18 0.50 .6.63 
Flowrate 36 0.021 0.339 
Total Phosphorus 30 0.00 1.15 
Chloride 33 2.00 317.00 
O&G 21 1.00 141.00 
Phenols 2 0.00 .0.03 
Copper 34 . 0.00 0.70 
Zinc AO 0.02 20.00 
Magnesium 35 0.40 4.10 
Potassium 34 0.80 ppb .' 2.35 . ppb' 
Mercury 8 0.00 1.00 
Chromium 33 0.00 MPN 3.50 MPN 
Total Coliform 8 0.00 MPN 9,300.00 MPN 
Fecal Coliform 8 0.00 1,500.00 
TOC 2 0.00 0.00 
Calcium 32 11.00 28.50 
Iron 43 0.00 ~ 100.00 
Silver 3 0.00 0.00 
Cadmium 34 0.00 0.20 
Manganese 33 0.00 .0.00 
Sodium 32 4.80 1,500.00 
Lead 33 0.00 20.00 

Average 
Concentration(2) 

(ppm) 
18.291- °C 

7.647 
11.028 SU 
10.311 SU 
25.845 JTU 

7.659 
12.296 

988.786 
1.00 

28.186 
1,010.50 

0.667 
0.905 
1.098 
2.245 
0.051 
0.306 

43.778 
47.571 

0.015 
0.159 

-' 3.464 
2.237 . 
1.519 ppb 
0.125 
0.70 MPN 

1,278.75 MPN 
187.50 

0.00 
19.75 
19.04 
0.00 
0.009 
0.141 

298.181 
2.322 



Analyte 
TNT 

_ Cyanide 
RDX 
HMX 

"-

TABLE A-1 

1972 SUMMARY OF EFFLUENT ANAYTICAL RESULTS 

BUILDING 106 POND(1) 
NSWCCRANE 

CRANE, INDIANA 
PAGE 2 OF2 

Minimum Maximum 
Concentration(2) -Concentration(2) 

Count (ppm) -(ppm) 
7 0.00 0.00 
3 0.00 0.00 
5 0.00 _ 0.00 
6 0-;00 0.00 

-Average 
Concentration(2) 

(p~m) 
0.00 
0.00 
0.00 
0.00 

1 - This data has been directly incorporated form the "Final RCRA Facility Investigation 
Phase I Environmental Monitoring Reports, Solid Waste Management Units #19/00, 
#08/17, #12114, #13/14 Naval Surface Warfare Center, Crane Division, Crane, 

: Indiana" developed by Halliburton NUS Environmental Corporation in August 1~92. 

2 - concentrations are parts per billion (ppb) unless otherwise noted. 

• 

Terminology • 
°C ~ degrees Celsius. 
BOD - biological oxygen demand. 
COD - chemical oxygen demand. 
HMX - octahydro 1,3,5,7 tetranitro 1 ,2,5,7-tetrazocine (which is cyclotetramethylene tetranitramine) 
JTU - Jackson Turgidity Unit. 
LAB -'laboratory. 
L Turbidity - turbidity as measured in the laboratory. 
MPN - most probable number. 

_ O&G -:-:- oil and grease. 
- pHF - pH as measured in the field. 
pHL -pH as measured in the laboratory. 
ppb - parts per billion. 

_ ppm - parts per million. 
RDX - hexahydro 1,3,5 trinitro 1,3,5 triazine (which is cyclo-trimethyl-trinitramine or "cyclonite"). 
SU ~ standard units. 
TDS -'- total dissolved solids. 
TNT - 2,4,6-trinitrotoluene. 
TOC - total organic carbon. 

, TSS - total suspended solids. 

• 
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2203 S. Madison Street 

MIlncie'l~d;ana 47302 . 

800,a74·3563 

. \ 

r)' 
SHERRYtaboicJtorieS 

--_ ...... ----------

July..26. 2002 .Anita Netherland 
:SAlC Ord~ No.: M02070406 
RR.6Box 28 
Bloomfield~ IN 47424 

· TEL; (812) 384-3587 . 
FAX (812) 3.84-3744 

.R:E: NSWC .Crane OGTSL 

Dear' Ariita Netherland: 

. . 

· She~ Laboratories recf!iv<XI 14s~pJes 9Jl 71l2J().2 for the :anaryS~ pres(!nted in the fol1owin~. 
report: . . 

In accordance witb your ~listructions, SheiTY LabOratOries c.dilduded the analysis :shown enibe' 
following page~on ~mpl~$:submiyted.lJy 'yollr: (;;Of4pany •. Ih¢ results.relf;lte ori.1y to the items· ' . 

. tested. Unless. otherwisenote4, ~] analysis w!lS ~Qridi.icted·u.s~Qg·apPIOV¢d methQdQlogie~fror:n: 
· EPA,' FDA, USDA, AOAC, SM., or other client"spe~ifi:~ methpds.· AlI'relevailt' sampling 
information is on the 'attached ·chain-of.;;custody fom' The "initials SUB:as the analyst pesigoate. 
any testing &ub-tontracted' by ·SL. . 

Certi:ficmionsl Accreditation: A2LA#0174-03 
fN#M-18-5 
LELAP No. 02016 

INIt C-·J8-02 
PERPLab No. 7l0? . 

A ~cope of Certified! Accr~dited lJaramet~rs isayajlal:i.le·upQ1l.:I:equest 
. . 

If you hayeany questions re'~arding these test're~ults~ pleasefeel~e to can .. 

Sincerely, 

Stan West 

Approved By: )i~~' 

"'--" . 

. .. :, :". .'. ,',', •.• ":,~.-:,;:,_." ! .... :-: ... .' .' _ '_. :'1 t • '.r~;. ':',; " 



22QiJ S. t.tadison Street 

r,Atincie lfl!1iana 4(302 

800-:814-~ 

CLIEi.'Ii': 
:La~order: 

- SAle 

M02070406-

Prl?jeet; 

LabID: 

NSWt Crane' OGTSL 

M01070406-01 .. 
Date ~eceived: 12-Iul~2 

SEMI-VOLATILES IN WATER 
1 ;i.4-'rrlth~n~Eme 
1.2,-Qidilo~nzene 
l.U}lptlenY.lh)'draZlne 
1:.3,Dldilorooo~ene-

'1 ;3-Dirilttobe/lZene 
1:;4--ptCh!orqbenZepe 
2A{s.:rtfctllp~henol 
i:4.!3-T.rtChr()(OpReno! 
2.-.:i-Oi¢i!omPhenol 

2\~melhY.ip~ool 
2,.4-DInltropMnol 

2:4-Oiilltitiful.uene· 
~.~Qfr:tnrot9lu~~ 
.2~~phttJaier!e 
2.qlIQ!Qph~!wr 
2.Me!hytnaphlhalem,-

2.MethylPhenOI . 
2.,NllroanUihEi -

. 2-Niln:lphenol 

2:.pil;oline 

:},3' -Oichlof..,oonzidiIJe 

9;-Ni1f.panm~ 

'K6,.Dinitto-~·m~y,phenol 

·4~r:ofrIDphenY.' phenyJether 

4-Ghlbro-3·-methytphenol 

4-qilaroaniliiie 

4-Chlorophen5'l ph~nyt ether 

. 4-MethytphenOl 
·4-Nilro.anill~ 

-4.-Nilrophenol 
Aeenaphthene 
Aoonaptlthyteoo 

Ariiliile 

SHERRYLaborcitories 

Result 

SW8270A 
NO 
NO' 
NO· 
NO 
·NO 
NO 
NO. 
:ND 
,1110 
,NO": 

·NO 

'NO -
NO 
NO' 
NO 
NO 
NO 

·NO 
NO 
NO .. 
NO 
NO 
ND 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO. 

NO" 
NO 

Pagel 0/42 

Client Sample Ij): Rinsate' 

Tag Number: 
CoUectionI>Dte: 711-0/02 11:06:00 AM 

~tatriJ:: WATER 

Dilte RCAArlCf,l: 26-J.ul-02 

DeteCtion . Date 
Limit Uni~s Analyzed Analyst 

GB 
10 ligll 7f1.f#02 12:0~:00 P 
1p ~gl.L 7/~8Jij212:01 :09·P 

:10 I19fL 7/11:1102 12;()1:00P. 
10 IJg(L t /1Sro2 12:01.:00 P 

.20 ygIL'" 7/18/0.2 12:01;00. p 
10 jJgIl 7/1810212:01:00'P 
·to (lg!L 7118102 j2:01:00'P_ 

10 ~gfL 711810212:01:09 P 
:1{) . JiglL 711aI9212:01:DOP 
10 'H9tt; . 7118102 12:01 :OQ.!' 
~. Ilg.tl 7I1i3ifj2i2:Q-l :06 'p 

Hi }19ft 'tit8102t2:01 :O.o·f> 
.. 1{> Ilg/.l 7/18/02 ~2:01:0.o'P 

10· 1J9/l 1118102:12:61:00 P 
lO- 1Jg/L 7J18/0212:!)1:oQ.P 
10' IlWL ~/1 8/02'12:01:00P 
-'0 I-'!'J/l 7/18102 12:01:0.0 P 

50 IJglL 7}18J02 12:01 :Mp 
10 ",gfl 7118/02. 12:01 :()O p 

50 11911 7/1aI02 -,2:01:00P 

20 1J911 7118!02.12:01:0a-P 
-50 Ilg/l 7/18102'1.2:01 :00 P 
50 i:lglL. 1118102'12:01 :OQ P 

1'0 .pg/l, 7118102'12:01 :00 P 
20 Ilg/L, 1I18J0212:01:00P 

26 1I9iL '7118/02 12:01 :OO·-p· . 
10 ~gIL 7/1810'2. 12;01 :0"0 P 
10- pg/l 7118102'12:01:00 P 

20 I:IgI[ 7i18102 12:01:00P 

·50 ~fL 7/1810212:01:00 P 
1{f; tJgIL 7/18/02 '1.2:01:00 P 

.1.0 LiglL 7(18/0212:01:00P 

20 IJgIl 7/18/0212:01;00 p' 

This-document sh311 not be,reproducet.l:es:cept-ln full, wltbout·the ", ... itten apprm·at of -sherr)' J.aboralorj~; Inl.'. 
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. 2203 s. ~~Ison Street 

.M.undo !ndlana 41302 

800-874,3563 

CLIENT: 
Lab Ord~r.: 
Project:· 

Lab ID: 
.I>.3te Received:· 

An~scs·.:. 

sAle 
.MQ2070406 

. NS.wC Cr;loe OGtS( 

M0207.0406~O I 
I~Hul-02: 

Anttir'ato.ne 

Ber:'lt(a)3nlhr:a~ne 
BEWldii1e. 
Benzci(a)pyrene 

Benzo(b)fluQrarithene. 

Banzo(gJ!;ijPilrYtene 

Beozo(k)lluOl!lnlhene 

.. Be~ol~~d· 
B~akohol 
Bi;;(2"thJorQeihoxy)niefhaoe ' 

Bis(2-:Cfllorc)I!IIiy!)1l1her· 

. BI$(2"~ldroisopr6pYl)¢ther 

Bis(2~QlY1M)CyI)phthalate 

Buiyl·benZ)'l p/Jth~lllte 

ChrY~/le 
Qj.:n~!I\~:phl/1iil.at!'l· 
Di-ri-oClYf plithaiate 

Dibenz( a.h )anthrncenll 

DibenzorurarJ 

Oietn'il phthalate 

Oi"methY.'· phthalate 
. Fluoranthene 

Fluorene 

Hexacnl6robenzene 
Hexachlorobutadien9 

t:leXaChlorocyclopenladiene 
Hexachloroethane 

Indeno(1.2.3-cd)pyrene. 

, Isqphorone 

N-Nitrosodi-ri-propyfamine 

N-N!troSooimethyfamine 

N-Nilrol!odiphe~ytamirie 
Naph1hal!lne 

Nitrobenzene 

.. __ .. _---------_._----

r). 
SHERJr.(laboratories 

Client Sample" lD: . Rinsa.re 
Tag ~umDer:· 

ColJectiun·Date:·. 7/J01.0211:06:00 AM 
. Matrix: WAt~R 

llate RepQrted: 26~Jul-:-02:. 
.f 

D~t¢.Ctio .. .··nate 
..·:~W~ Lim.it- . Units: ..·.Anal~ 

NO· .- 1~ 
/' NO 10 

NO 50 
. NI;> 1Q 

NO .tt) 

ND 10 
NO 10 

.NO 50 
'NO, 20 
:ND to. 
.Np '(0 
·NO 10 
·NO 10 
.No 1;9 

NO· 1'0 
Np. -:to 
NO to 
NO fO 
NO 1.0 
NO ·10 

NO. 10 
NO 10 
NO 10 
NO ·10 

NO 10 
NO 10. 
NO 10· 

NO ·10 

NO 10 

NO 10 

NO 10·. 

NO 10, 

'NO 20 
No 10 

. NO 10 

Page2of42 : 

pgJt 
pg1L 
\l9Il 
~g1~ 
JJglL 

iiwl 
JJglL 
IJgJj;. 

JJg1l 

JJ9'/J-
!,IgI!:, 
)i9I~ .. 
1,IQ7k 
!Jl!jiI. 
pwl 
P~71 
P91l 
1l9i'l 
\19/l 
Il9Il 
11!J/l. 

~ 
.~ 

i!glt· 
",gIL 

. 1J9I.L 
JJg/l 
(Jgll,. 

(JgIL 

Jl9LL 
·ii9fL 
JlSll 
pgf.L 
IlglL 
\1g1L 

11.1!1l!l~ l~1h;OO'P. 
!l-1~ 12:p1:iOO:p 
7.ftwOi 12i61;Q(i·P 

. t/1.N.Q2 12:01:01)."P 
7ltSI021i:01;OOP 
t/1Pi!0212:01':OO·.P 

7118102 12:{)1·:OOf? 
711 e?02: t~Ot:oo.P. . 
.",.~'!- g~Qt~,p 

7~1~i9~ ~~t:ooP 
1116.!'0.2 ti:ottOO'P 
!i1~2 ~~:Ot::OQ'P 
il1g~ 1i.'l1_1::00:·p 
·1 ;.18i02. !l2:.0t:OOi'P. 
-UiiIi.i;yl.12:G:1;OO:P· 
m.810212:01i~~P. 

7ttatD.2 12:0tJ)O'P· 
7/W~ 1201:O.Q·P . 
7I16t021i:(jt:PO·p 
7i18Jo212:01:00.:P 

·7/.1"810212:01:00:1" 
111810212:0t:OOP 

7/18102 fZ:01:<iOf. 
7118702 1~1·:0Q:P 
7J1.8102 12:0tQOP 

7/1.810:2 ~·2:0~:O.9 P 

711.&102 12;Ol;O()P 
7T1aJ0212:01;QO'P 
7/18i02 t:!;{)1:00:P 

·7/18/02 .12:01:00,P 

7f1B/021~-o1:.00:P 

7/W/Q? 12.:01:00 P 
7/1810212:0t:OO}' 

7(18102 '2:01:0~rp 
.7M/021~:01:OO.p 

This document·shilll not be reproduced, cxc¢"J1i in filII, \VithouU~e ·wri~ena(iptovar~fSheOy YtbOr8t(lr:i~ Inc • 
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2203&. Mad!son Street 

Munf.io India"" 47302 

800-874·3563 

CL.IENT: 

Lab Oi-der: 

.Projett: . 

LablD: 
D~te-Rec.eived: 

SAiC 
M02070406 

·.NSWC Crane 'OG'rst 
. M02070406,Ol 
12-Jul-02 

~'rof~j~jAe 
Penlachlorop/leOO! 
Phenanthrene . 
Phenol 
Pyrene 
PS'ridille 

Surr. 2.4.;6-Trjbromciphenol 
Su~ ~·FlUorobipJjenyl 
$urr. 2.f!uQlOph~ol . 

Surr. ~TerphenY.l-.D14 
SuIT: tIIib:otiertz8~ 
Surr: Phenol-cd5 

METAls gV ICP FOR WW. TOTALS 
~l1)ium 

Chronil)Jm: 
Lead 

. PCBS IN WATER. 
'ArocIor 1016 
AtocIor1221 

ArocIor1232 

Atoclor 1242 
Aroclor 1248 

ArocIor 1254 
Aro<;lor, 1260 

Surr. Decachlorobiphenyl . . 

rJ' 
SHE.tRYL.aboratori.es 

·R'.\Surt 
,'NO .. 

NO 
NO 
NO 

. NO 
NO 

85:1 
82.2 

5<\,3 
9j.9 
'78.3.: 

~7.9 

·NO 
'NO 

NO 

NO 
NO 
NO 
NO 
·NO 
ND 
ND' 

82.0 

Clie~t Sample ID: Rinsate 
.1'agNumller: 

CoUe"ctioD ;Date; 11l0JOJ 11:06:00 AM 

~.I,ltrix:· WATgij. 
Inte Repdrfed:' 26-jul~02 

:Qet~ctjoq 1)ate. 
Limit Units .~alyted Auaiys(: 

20'" ~g/l metal. ,2.'ohOOP'. 
50. pg/l . 7liaio.2 i-i;01:0Q.:P 
to 1Jg/l 7/f8i0212:01:00P 
10 IJ!PL 7f1!i/o2 12;0~:OO_P 

."10 VgJL 7/18102 '12:01;OO:P 
$). WL 7/18/021.2:01:DO.P 

1 ().:123 %REC 7118102 12:01~O(rp. 
. 43-'116- %REC' 7fl13IP~ 1~QfQ(rp. 

21-110 %REC 7J1BlO~ 12:Q1!pQj;) 
.33-141· %REC 7ft8if}2 ~2:\il;OO'P 
'35-1:i~ %REC 7niV02 1'2:4"1 ;Q:p}> 
1Q41Ci . %REP 711BI92 ·1~O~'tOO;F). 

E20D:7 :F~R . 
'0.002 ppnr :1./1:5102 5:41:44 P 
0;005 ppm 1f151.02 5:41.:'1"4 P 
·0',004 ppm. 7(15102 5f41~44 p: 

SW8'082 SOW' 
'2;0 ppb 7/23!n2. 
2:0. ppb 7121102 
2.0 ppb if'/.3102 
2.0 ppb 1123/02 
.2.0 ppb 7123/02 
2:0; ppb 1f231JJZ' 
2.0 ppb 1123/.92 

70-'130 ., 'Y.RE<;; 712310.2 

Page30f;{2 
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2203 S. Madison Slree: 

Muncie Indiana 47302 

800-874-3563 

CLIENT: 

Lab Order: 

.Project: 

LabID: 
Date Received: 

Analyses 

SAIC 

M.02070406 

NSWC Crane OGTSL 

M02070406~02 

12-Jul-02 

SEMI-VOLATILES IN sOIL 
1.2.4,S-Telrachlorobenzene 
1,2',4.-Trichlonibenzene 

1.2-0ichlorobenzene 
1.2-Dipheny1l1ydraiine 

1,3-0ichlorobenzene 

1,3-0initro.benzene 
1.4"Dichlorobenzene 
2,3;4,6-Tetracl1lorophenol 

2.4,5-Trichloroptienol 

'2,4,6-Trichlorophenol 

2·,4.bichlbrophenol 

~,4~Dimethylphenol 

2,4'-Dinitrophenol 

2:,4":QinitrotOluene 

. 2,6-Dlnitrotoluene 
2~ChloronaphihaJene 

. 2·Chlorophenol 
2-Me!hylnaphthlllene 

2-Melhylphenol 

2-Nitroaniline 

2-Nitrophenol 

2-Picoline 

3,3'-DichlOrobenzidine 

3-Nitroanillne 

4.6-0iniiro-2-methylphenal 

4'!3romaphenyl phenYl ether 

4-Chloro-3-r:nelhylphenol 

4-Chtoroaniline 
4-Chloropl1enyl phenyl ether 

4-Methylpl1enol 
4-Nilroaniline 
4-Nilropl1enol 

Acenaphthene 

SHERRYLaboratories 
"Jesting looay - Protecting ·Ibmorrow .. 

. Client Sample ID: 34S806071002 

Tag Number: 

Collection Date: 7/10/029:36:00 AM 

Matrix: SOIL 

Date Reported: 26-Ju\-02 

Detection Date 
Result Linlit Units· Analyzed An'alyst 

SW8270A GB 
NO 0.33 p'pm 7122102 1:06:00 A 
NO 0.33 ppm "1I'i2lO21:06:00 A 

NO 0.33 ppm 71221021:06:00 A 
NO 0.33 ppm 7(221021:06:00 A 
NO 0.33 ppm 7i22/02 1:06:00 A 
NO 0.33 ppm 7122102 1:06:.00 A 
NO 0.33 ppm 7:1221021:06:00 A 
NO 0)33 ppm 7122102 1 :06:QO A 
NO 0.33 PP01 71i2102 1 :Q6:60 A 
NO 0.33 ppm 7122/021:06:00 A 
IiIO 0.33 ppm 7/22J02 1:06:00 A 

NO 0.33 ppm 7122/021:06:00 A 
NO 1.6 ppm 71221021:06:00 A 

NO 0.33 ppm ·71221021:06:00 A 

NO 0.33 PPf!l 7122J021:0(l:00 A 

NO 0.33 ppm 71221021:06:00A 
NO 0.33 ppm 7/22102 1:06:(lQ A 

NO 0.33 ppm 7/22102 1 :06:00 A 

NO 0.33 ppm 7(221021:06:00 A 
NO 0.33 ppm 7(22102 1 :06:0.0 A 

NO 0.33 ppm 7122/021:06:00 A 

NO 0.33 ppm 7/221021:06:00 A 

NO 0.66 ppm 7/221021:06:00 A 

NO 0.33 ppm 712210~ 1 :06:00 A 

NO 1.6 ppm 7(221.02 1 :06:00 A 

NO 0,33 ppm 7122/021:06:00 A . 

NO 0.66 ppm 7f2'2J02 , :06:00 A 
NO 0.33 ppm 7/22/02 1 :06:00 A 

ND 0.33 ppm 7/221021:06:00 A 

NO. 0.33 ppm 71221021:06:00 A 

NO 0.33 ppm 7122102 1 :06:00 A 

NO 1.6 ppm 7/22iC)2 1 :06;00 A 

NO 0.33 ppm 7/22102 1 :06:00 A 

Page 1/ 0/41 
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2203 S. Madison Slreet 

Mur.cie Indiana 47302 

800-874-3563 

CLIENT: SAle 

Lab Order: 

Project: 

Lab lD: 
Date Receiv.ed: 

Analyses 

Acenaphthyfene 

.Anlline 

.. Anthracene 

Senz(a)anthl'acene 

Benzidine. 

M02070406 

NSWC Crane OGTSL 

M02070406-02 

rl-Jul-02 

Benzo(a)pyrene 

Benzo.(b}Huoranlhene 

aenzo(g.h.i~erylene 
Benzo(k)nuoran!heoe 

BenzoiC .acid! 

S'enzyl alcohol 

Bls(2-chlotOelhoxy~ethane 

Bls(2-chloro~yt)e1her 

. Bis(2-chIo~i.:;opropyl)elher 

Bls(2-ettWI!lllxylJphthal.ale 

Butyl benryl phlhaJOIte 

Carbaible 

Chryserie 

Di-o-buiyl plithalate 

DI-1l-OC1y1 phthalate 

Olpenz(a.h )anthrncene 

Oibenzofurnn 

Diethyl phthalate 

Dimethyl phthalate 

Fluornnthene 

Fluorene , 

HeXOlchlotobenzene 

l:iexachlorobutadiene . 

tiexachlorocyclopentadlens 

Hexachloroethane 

Indeno(1.2.3-cd)pYtene 

Isophoron~ 
N-Nilrosodi-o-pfopytami"ne 

N-Nilrosodimelhylamine 

N-NitrQsodiphenylamine 

'n 
SHERRYLaboratories 

Testing Today - Protecting Tomo;rQ.'J .. 

Client Sample 10: 34SB0607 I 001 

Tag Number: 

Collection Dale: 7/101029:36:00 AM 

Matrix:' SOTL 

Date Reported: 26-Jul-02 
.I 

Detection Date 
Result Limit Units Analyzed Analysl 

NO 0.33 ppm 71221021:06:00 A 
NO 0.66 ppm 7/221021:06:00 A 
NP 0.3.3 ppm 71221021:06:00 A 
NO 0.l3 ppm 7/221021:06:00 A 
NO 1.6 ppm 7122/021:06:00 A 
NO 0.33 ppm 7/221021:06:00 A 
NO 0.33 ppm 7122102 1:06:00 A 
ND' 0.33 ppm 71221.02 1: 06:00 A 
ND·. 0.33 PPr.n 7/22102 1 :06:00 A 
.NO 1.6 ppm 71221021:06:00 A 
ND 0.66 ppm 712,2102 1 :06,00 A 
NO 0.33 ppm 7/221021:06:0.0 A 
ND .0.33 ppm 7/22:1021:06:00 A 
.NO ·0 .. 33 'ppm .71Z2102 1:06:00 A 
NO 0:3:3 ppm 71221021:06:00 A 
ND 0·33 ppm 7/221021:06:00 A 

NP 0.33 ppm 7/22102 1 :06:00 A 
ND 0.33 ppm 7/221021:06:00 A 
NO 0.33 ppm 71221021:06:00 A 
NO 0.33 ppm 7/22102 1 :06:00 A 
NO 0.33 ppm 7/22102 1 :06:00 A 
NO 0.33 ppm 7122102 1 :06:00 A 
NO 0.33 ppm 7/221021:06:00 A 
NO 0.33 ppm 7122102 1 :06:00' A 
NO 0,33 ppm 7122102 1 :06:00 A 
NO 0.33. ppm 71221021:06:00 A 
NO (J.33 ppm 71221021:06:00 A . 
NO 0.33 . ppm 7/221021:06:00 A 

"ND 0.33 ppm 7/221021:06:00 A 
NO 0.33· ppm 7/221021:06:00 A 
NO 0.33 ppm 7/221021:06;00 A 
N() . 0.33 ppm· 7122102 1 :06:00 A 
NO 0.33 ppm 7122/021:06:00 A 
N.O 0.33 ppm 7/22/02 1 :06:00 A 
ND. 0.66 ppm. 7122102 1 :06:00 A 

Page 5 0/42 
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2203 S Madison Street 

Muncio Indiana 47302 

800·874-3563 

'CUPiT: 

Lab Order: 

Project: 

Lah m: . 
Dale Re('ci\'cd: 

Analyses 

Naphthalene 

Nitrobenzene 

a-Toluidine 

Pentachlorophenol 

Phenanthrene 

Phenot 

Pyrene 
. Pyridine 

SAle 

M0207041)6 

NSWC Crane OGTSL 

M02070406~()2 

12-~ul-02 

SUfT: 2,4,6-Tribromophenol 
Surt: 2-Fluorobiphenyl . 

SUfT: 2-Fluorophenbl 

SUfT: 4-Terphenyl-d14 

SUfT; Nitrobenzene-d5 

SUfT: Phenol-d5 

METALS IN SOIL OR SLUDGE BY ICP 
Cadmium 
Chromium 

Lead 

PCBS IN SOIL OR SOLID WASTE 
Areelor 1016 

Areelor 1221 

Areelor 1232 
'Aroclor 1242 

Aroclor 1248 
Aroelor 1254 

Aroclor 1260 

Surr: Oecachlorobiphenyl 

SHERRYLaboratories 
Testi'19 Today - ProteCting Tomorrow·. 

Res.ult 

NO 

NO 

NO 

N[) 

NO 

NO 
NO 

NO 

74.1 

7~;6 

73.1 
78.0 

·63.8 

71.7 

0.~1 

6.2 

6.5 

NO 
. NO 

NO 
NO 

ND 
NO 

No 
OUuted Out 

. ' 

Client Sample 10: 34SB06071002 

'Tag Number: 

Collection Date: 7/1Oi02: 9;36:00 AM 

Matrix: SOIL 

Dale Reported: 26-1u1-02 

Detection Date 
Limit' Units Analyzed Analyst 

. 0;33 ppm 7J22/021:06:00 A 
:0.33 ppm 712'1.J02 1 :06:00 A 
0_66 ppm 7/22102 1:06:qll A 

1.6 ppm 7122102 1 :06:00 A 

0.33 ppm 71221021:06:00 A 

0.33 ppm 71221021:06:00 A 

0.33 ppm 71221021:06:00 A 

1.6 ppm 7/22102 1:06:00 A 
19;.122 O/OREC . 7(2.2102 1:06:00 A 

30-115 %REC 712.2/02 1:0Q:OO A. 

25-121 %REC 71221021:06;00 A 

1'8-137 %R!,,-C 7122{021:06;OO A 

2:}-120 %REC 71221021:06:ooA 

24-1.13 %REC 7122J02 1 :06:00 A 

SW~010A FJR 
0,030 ppm' !11610211:~0:47 A 

0.10 ppm 7116102 11.:30:47 A 

0.25 ppm 71161'P2 11:30.:47 A 

SW8082 SOW 
2.00 ppm 7123102 

2.00 ppm 7/23102 
2;00 ppm 7.123102 

2.00 ppm· 7/23102 

2.00 ppm 7123102 

2.00 ppm 7123102 

2.00 ppm 7123102 

70-130 %REC 1/23/02 
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. 2203 S. Madison Sireei 

Muncie Indiana 47302 

800·874·3563 

CLIENT; 

Lab Order: 

Project: 

Lab ID: 
Date Received: 

. Analyses 

SAle 

M02070406 

NSWC Crane OGTSL 

M02070406-0J 
12~]ul-02 

SEMI-VOLATILES IN SOIL 
1.2.4.5-T~trachtombenzene. 
;1.i4-Trichtorobenzene 

. 1.2·0ithtorobenzene 

1.2-0iphenylhydrazine 

1.3-Oichlorobenzel)e 

1.3·0inilro~nzene 

1,4cOichlorobenzene 

2.3.4.6-Tetrachlorophenol 

2,4.5-Trit:hlorophenol . 

~.4:6-Trichlorophenol . 

2.4-DIChlortiphenol 

2.4·DfmethYlphenol 
2;4-0inf\rop!lenol 

2.4-QlnilrotoltJene 

2.6-Dlnilfotoluene 
2-Chloronaphthalene 

2·Chlorophenol 

2-Methylnaphlhalene. 

2-Melhylphenol 

2-Nltroanillne 

2-Nitrophenol 

2-Picoline 

3.3··Dichlorobenzidine 

3-Nitroaniline 

4.6-Dinltro-2·methylphenol 
4-BromopJ:1enyi phenyl ether 

4-Chtrn:o·3-melilylphenol 

4,chtoroaniline 

4-Chlorophenyl phenyl ether 

4-Methytphenol 

4·Nltroaniline 

4·Nilrophenol 

A~enaphthene 

----_ .. __ . __ ._------

SHERRYLaboratories 
Te~ting Today - Protecting Tomar roN.~ 

Client Sample ID: 34SSI0071002 
Tag Number; 

Collection Date: 7/10J()2 10:46:00 AI\-! 

Matrix: SOlL 

Date Reported: 26-Jul-02 

Det~tion Hate 
Result Limit Units Analyzed Analyst 

SW8270A GB 
NO 0.33 ppm 7/221023:16:00 A 

NO 0.33 ppm 7122/023:16:00A 

NO 0.33 ppm 7/22/023:16:00 A 

NO 0.33 ppm 7122/023:16:00 A 

NO 0·33 ppm 71221023:16:00 A 

NO 0.33 ppm 71221023:16:00 A 

No 0.33 ppm 7/221023:16:00 A 

NO 0.33. ppm 71221023:16:00 A 

NO .. 0.33 ppm 7122102 3: Hi:OO A 

.NO 0.33 ppm 71221023:16:00 A 

NO 0.33 ppm 71221023:16:00 A 

NO 0.33 ppm 71221023:16:00 A 

NO 1.6 ppm 71221023;16:00 A 

ND 0.33 ppm 71221023:16:00 A 

NO 0.33 . ppm 7/221023:16:00 A 

NO 0.33 ppm 1122102 3: 16:00 A 

NO 0.33 ppm 7/22102 3: 16:00 A 

NO 0.33 ppm 71221023:16:00 A. 

.NO 0.33 ppm 71221023:16:00 A 

NP Q.33 ppm 71221023;16:00 A 

NO 0.33 ppm 71221023;16;00 A 

NO 0.33 ppm. 7/221023:16:00 A 

NO 0.66 ppm 712,21023:16:00 A 

NO 0.33 ppm 7i22102 3: 16:0.0 A 

NQ 1.6 ppm 71221023:16:00 A 

NO .0.33 ppm 71221023:16:00 A 

NO 0.66 ppm 7/221023:16:00 A 

ND 0.33 ppm 7/22/023:16:00 A 

NO 0.33 ppm 7/22/023:16:00 A 

NO 0.33 ppm 71221023:16:00 A 

NO 0.33 ppm 7/221023:16:00A 

NO .1.6 ppm 7/221023:16:.00 A 

NO 0.33 ppm 7/221023:16:00 A 
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2203 S Madison Slre"t 

Muncie Indiana ~7302 

800·874-3563 

CLIENT: 

Lab Order: 

Project: 

LablD: 
Date Received: 

Analyses 

Acenaphthylene 

Aniline 

SAle 

1\102070406 . 

. NSWC Crane OGTSL 

M01070406--03 
12-Jul-02 

Anthracene 

Benz(a)anthracene 

Benzidine 

Benzo(a )pyrene 

. Benzo(b)fluoranthene 

Benzo(g.h.i)perylene 

Benzo~)nuoranthene 

Benzoic acid 

Benz¥' alcohol 

Bis{2-chloroethoxy)melhane 

Bis(2-chloroethyl)ether 

Bis(2-chloroisoPfOPyl)ether 

!3is(2-ethylhexyljphthalale 

Butyl ben,zyl phthalate 

C;artJazole 

Chrysene 

oi-n-bulyl phthalate 

. Di-n-octyl phthalate 

oibenz{a.h )anlhracene 

Dlbenzofuran 

Diethyl phthalale 

DimethYl phthalate 

Fluoranthene 

Fluorene 

.Hexachlorobenzene 

. Hexachlorobuladiene 

Hexachlorocydopentadiene 

Hexachloroethane 

Indenoi1.2.3-cd)pyrene 

Isbphorone 

. \.. N-Nilrosodi-n-propylamine 

N-Nitrosodimetl,lylamine 

N-Nilrosodiphenylamine 

SHERRYlaboratories 
Testing Tock"Y - Protecting TomOl'TON ~ 

Client Sample 11): 34SSIOO71002 
Tag Number: 

Coliection Date: 7/10i02 '10:46:00 AM 

Matrix: SOIL 

.Date Reported: 26-Jul-02 

Detection nate 
Result Limit Units Analyzed Analyst 

. NO 0_33 ppm 7/'221023:16:00 A 
NO 0.66 . ppm 7122/0.23:1.6:0.0 A 
ND 0.;33 ppm 71221023:1.6:00 A 
NO 0_33 ppm 7122J023:16:o.OA . 
NO 1.6 ppm 7122f023:16:QQA 

NO 0.33 ppm 7/22/02.3:16:00. A 
NO 0..33 ppm 7122/023:1'6:0.0 A 
NO 0.33 . ppm 712210.23:16:00 A 
NO 0.33 ppm 7122102 3:1&QO A 
NO 1.6 ppm 7/22/0.2.3:16:00 A. 
NO 0_66 ppm 7122/0.23:1.6:0.0 A 
NO '0,33 ppm 7/22/0.23:1.6:00 A 

ND .0_3:l ppm 7122'02'3::16:00. A 

tom :0-,.33 ppm 7/22/0.2.3:16;90 A 
NO 0.33 ppm 7/22/Q23:16:00.A 

NO '0:.33 ppm 7/22/023:16:0.0 A 

NO '0.33 ppm ~J22/02 3:16:00 A 

ND. 0;33 ppm 71221.0.2 3: 16:0.0. A 

ND 0.;33 ppm 71221023:16:00. A 
NO 0.33 ppm 7/2210.2 3:1.6:0.0. A. 

NO 0..33 ppm 7122f02 3:16:0.0. A 

. NO. 0.33 ppm 7/22/Q23:16:QOA 

ND 0_33 ppm 7122/0.23:16:0.0. A 

NO 0_33 ppm 7122/023:;6:0.0 A 

0..36 0..33 . ppm 71221D23:16:QOA 
NO 0.33 ppm 7122/0.23:16:00 A 

NO 0.33 ppm 7122/0.23:16:0.0. A 

NO 0..33 ppm 712210.23:16:00. A 

NO 0_33 ppm 7122/0.23:16:00 A 

ND 0.33 . ppm 7/22/023:16:0.0. A 

NO 0.33 ppm 7/22,'023:16;0.0 A 

ND 0.33 ppm 71221023:16:00. A 
NO· 0.33 

" 
71221023:16:00. A ppm 

NO 0.33 ppm 712210.23:16:00 A 

NO 0.66 ppm 7/221023:16:0.0. A 
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2203 S. Madison SITeel 
Muncie Indiana 4~302 . 
6PO.jJ7~3563 

CLlENT: 
Lab Order:· 

ProjeCI: 

Lab In: 

SAle' 

M0207Q406 

t;JSWCCrane OGTSL 

M02070406-03 
Date Receiwd: . I2-Jul-02 

Analyse!, 

Naphthalene 
Nitrobenzel!e 
o-Toluidine 
PentachlorophenOl 
Phenanthrene 
PhenOl 

Pyrene 
Pyridine 

Sun': i.4.6"Tnbromop~nol 
Surf. 2-Auorobip/:1enyl 
Sum 2-RuorophenOl 

. Surr: 4·Terphenyf-d14 
Surr: Nitroben~ene-95 
Su'rr: PI)enohd5 

METALS IN SOIL ORSLUOGE BYICP 
Ca.dmiUfJ1 
Chromium 
lead 

PCBS-IN SOIL OR SOLID WASTE 
Aroelai'1016 
Aroclor 1221 
Aroclor 1232: 
Aroelor 1242 
Aroc/or 1248 
Aroclor1254 
Aroclor 126.0 

Surr: Oecachlorobiphenyl 

SHERRYlaboratories 

Result 

NO 
NO 
NO 
ND 
NO 
NO 
NO 
NO 

73.8 

70.9 
66_8 

74..7 
59.4 

66.5 

1.6 

7.5 

16 

NO 
NO 
NO 
NO 
NO 

NO 
NO 

Dilul~Oul 

C/lenl S~mple lD: 34SS 1 0071002 
Tag Number: 

Collection Date: 7110102 JO:46:00 AM 
.Matrix: SOIL 

Date Reported: 26-Jul-02 

Detection Dale 
Limit Units Analyzed Analyst 

0.33 ppm. 71221023:16:00 A 
0.33 ppm 71221023:16:00 A 
0.66 ppm 7J22102 3:16:00 A 

1_6 ppm 71221023:16:00 A 
. 0.33 ppm 712'21.023: 16:00 A 

0.33 ppm 71221023:16:00 A 
0.33 ppm 71221023:16:00 A 

1.6 ppm 71221023:16:00A 
19-122 %REC 71221023:16:00 A 
.30-115 %REC 71221023:16:00 A 
25-121 %REC 71221023:16:00 A 
18-13l %REC 712·2/023:16:00 A 
23-140 %REG 71221023:16:00 A 

"24-113 %REC 7f22if)2 3:16:00 A 

SW601QA FJR 
. 0.030 ppm 7/16102 11 :33:39 A 

0.10 ppm 7/16102 11 :33:39 A 
'0.25 ppm 7116102 11 :33:39 A 

SW8082 SOW 
2.00 ppm 7/23/02 
2.00 ppm 7123/02 

.2.00 ppm 7123/02 
2.00 ppm 7/23/02 
2.00 ppm 7123102 
2.00 ppm .7123102 
2.00 ppm 7123102 

70-130 %REC 7123102 
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· 2203 S. Madison Slr~el 

MUr\<:ie Indiana -17302 

800-874-3563 

CLIENT:' 

Lab Order: 

J)rojccl: 

Lab 10: 

· D~tc Received: 

Analyses 

SAle 
. M02070406 

NSWC Crane OGTSL 

M02070406-04 

12-JuJ-02 

· SEMI-VOLATILES IN SOIL' 
1.2,4.5-Tetrachlorobenzene 

.. 1,2,4· Trichlorobenzene 

1.2·0ichlorobenzene 
1.2·Diphenylhydrazine 

1.3-0ichlorobenzene 

1.3-Dinitrobenzene 
. 1,4-DicIllorobenzene 

2.3..4,6-Tetrachlorophenol 
2.4,5-Trichlorophenol 

2.4,6-Trithlorophenoi 

2.4-Dichlorophenol 

2;4·DimethytphEmol 

2.4-Dlnilrophe~QI 

2.4-0initrotoluene 
2,6~DinilrotollJene 

2oChlor'onaphthaiene 

2-ChlorophenOI 

2-Melhylnaphthalene 

'2-Melhylphenol 

2-Nitroaniline 

2-N.itrophenol 

2-Picoline 

3.3· -Oichlorobenzidine 
. 3-Nltroa ninnE! 

4·.D-Din!tro·2~methylpheno! 

4-BrOmophen~1 phenyl ether 

4-Chloro-3-methylphenol 

4-Chloroaililine 

4-Chloropheny! phenyf ether 

4-Methyfphe('lol 

4-Nitroaniline 

4·Nilrophenol 

Acenaphthene 

----_._-_ ... 

SHERRYlaboratories 
Te-stingToday - ProleCl1ng Tomorrow~ 

Client Sample ID: . 34SS09071 002 

Tag Nnmber: 

Collection Date: 7/10/02 10:3:0:00 AM 

Matrix: SOIL 

Date Reported: 26-Jul-02' 

Detection Date 
Result. .LImit· Units Analy£cd Analyst 

SW8270A GB 
NO 0;33 ppm 7/221023:411:06 A 
NO 0.33 ppm 7122102.3:49:00,A 
NO 0.33 ppm 7/22102 3:49.:00 A 
NO 0.33 ppm 7122/023:49:00 A 
NO 0.33 ppm 7/221023:49;00 A 
NO 0.33 ppm 7122102 3::49:00 A 

NO 0.33 ppm 7/22102 3:49:00 A 
NO 0.33 ppm 71221023:49:00 A 
NO 0.33 ppm 7122JOi 3:49:00 A 

NO O~3 ppm 7122102 3:49:00A, 

ND O.~ ~Pm . 7122Jo2 3;49:00 A 

ND 0~33 ppm 71221023:49:0QA 
NO 1.6 ppm 71221023:49:00 A 
NO '0.33 ppm 71221023:49:00 A 

. NO '.0.33 ppm 7122J02 3:49:00 A 

NO Q.33 ppm 71221023:49:00 A 

ND 0.33 ppm 71221023:49:00 A 

NO 0.33 ppm 7/22(023:49:00 A 

NO 0.33 ppm 7/22102 3:49:00 A 

NO 0.33 ppm 71221023:49:00 A 

NO 0.33 ppm 7/22102 3:49:00 A 

NO 0.3:J ppm 7(22102 3:49:00 A 

NO 0.66 ppm· 7/22/023:49:00 A 
NO\ 0.33 ppm 7122J02 3:49:00 A 

NO 1.6 ppm .7/22/0'2. 3:49:00 A 

NO 0.33 ppm 7122102 3:49:00 A 

NO 0.66 ppm 71221023:49:00 A 

NO 0.33 ppm 7/221023:49:00 A 

NO 0.33 ppm 7122102 3:49:00 A 

NO 9·33 ppm 7/22102 3;49;00 A 

NO 0.33 ppm 7122102 3:49:00 A 

NO 1.6 ppm 7/22102 3;49:00 A 

NO 0:33 ppm 71'1.2/023:49:00 A 
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. 2203 S. Madison Streel 

Muncie Indiana 473{l2 

600-67.1-3563 

CLIENT: 

Lab Order: 

Project: . 

·Lab ID: 
Date Received: 

Analyses 

;o.~naphthylene· 

Aniline 

SAle 
M0207040p 

NSWC Crane OGTSL 

M02070406-04 
12-Jul-02 

Anthracene 

Benz{a)anlhracene 

.Benzidine 

Benzo(a}pyrene 

. 8enzo(b)fluoranthene 

Benzo(g.h,i)perytene 

Benzo(k)lIuoranlhene 

Benzoic. acid 

Benzyl alcohol 

8is(2-thloroelhoxy)methane 

Bis(2-chloroethyl)ether 

Bis.{2'd1loroisopropyJ)ether 

Bis(,2-ethYlhexyl)phthcilat~. 
Butyl benzyl phthalate 

CaltJazote 

Chrysens. 

Oi-n-buty! phthalate 

Di-n-oclyl phtlialate 

Dibenz(a,h)anthracene· 

Oibenzo·furan· 

Oielhy/ phthalale· 

Dimethyl phthalate 

Fluoranthene 

Fluorene 

Hexachlorobenzene 

Hexachlorobutadiene 

Hexachloroc;ydopenladiene . 

Hexachloroethane 

Indeno(1 ~2,3-ro)pyrene 

Isophorone 

N-NilTosodi-n~propylamine 

N-Nltrosodlmethyfamine 

N-Nltrosodiphenyf.smlne 

SHERRYLaboratories . 
Tes"ng fClClay - Protecting Tomorrow ~ 

Client Sample ID: 34SS09071002 

·TagNumber: 

Collection Date: 7/10/02 10:30:00 AM 

Matrix: SOIL 

Date Rep()rted: 26-Jul-02 

Detection Date 
Result Limit Units Analyzed Analyst 

. NO 0.33 ppm 7122/02 3:49:00 A 
NO 0.66 ppm 71221023:49:0QA 

NO 0.33 ppm 7/221023:49:00 A 

NO 0.33 ppm 7/221023:49:00 A 

NO 1.6 ppm 7122102 3:49:00 A 

.NO 0.33 ppm 712ZJ02 3:49:00 A 

NO 0,33 ppm 7122102 3:49:00 A 

NO ·0.33 ppm 1/22}O2 3:49:W A 

NO 0_33 ~pm 7/221,023:49:00 A. 
NO 1,6 ppm 7f2.'J!02 3:'19:00 A 

NO '0.66 PPm 7/221023:49:00 A 
NO (i,~3 ppm lJ22fP23:49:00A 

NO 0 .. 33 p·pm 7./22102 3;49:00 A 

NO 0~3 ppm 7122102 3:49:00 A 
.3.6 . 0.33 ppm 7122.J02 3~49:00 A 
·NO 0:33 ppm 7f22lO2 3:49:00 A 

NO 0.33 ppm 7122/p23:4g:ooA 

NO ·0,33 ppm 7'221023:49:00A 

NO 0.33 ppm 71221023:49:00 A 

NO 0.33· ppm 7122lO23:49:00A· 

NO 0.33 ppm 7/221023:49:00 A 

NO 0.33 . ppm 71221023:49:00A 

NO 0_33 j)pm 7i22102 3:49:00 A 

NO 0.33 ppm 71221023:49:00 A 

NO 0.33 ppm 7122102 3:49:00 A 

NO 0.33 ppm 7122102 3:49:00 A 

NO O~33 ppm 71221023:49:00 A 

ND 0 .. 33 ppm 7122/.023:49:00 A 

NO 0,33 ppm 7122lO2 3:49:00 A 

NO 0.3.3 ppm 7122/023:49:00 A 

NO 0.33 ppm 7122102 3:49:00 A 
NO 0.33 ppm 7122102 3:4~:OO A 

NO 0.33 ppm 71221023:49:00 A 

NO O,3~ ppm 71221023:49:00 A 

NO 0.65 ppm 7122lO2 3:49:00 A 
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2203 S Madison Street 

Muncie Indiana 47302 

1l00-8N·3563 

.. CLIENT: 

l.ab Order: 

·Project: 

Lab 10: 

Date Received: 

Analyses 

Naphthalene 

. Nitrobenzene 

o-Toluidine 

Pentachloropnenol 

Phenanthrene 

Phenol 

Pyrene 

Pyridine 

SAJe 
M02070406 

NSWC Crane OGTSL 

M02(l70406-04 

12-Jul-02 

Sure 2.4.6-Tribrom0l'henol .. 

Surr: 2-Fluorobiphenyl 

Surr: 2-F/uorophenol 

Surr: 4-Terphenyl-<l14 

Surr: Nilrobenzene-d5 

Surr: Pheno/od5 

METALS IN SOIL OR SLUDGE BY ICP 
Cadmium 

Chromium 

Lead 

PCBS IN SOIL OR SOLID WASTE 
Aroclor 1016 

Aroclor 1221 

AroCIor 1232 

Araelor 1242 

Aroclor 1248 
. Aroclor 1254 

Aroclor1260 

Surr: Oecachlorobiphenyl 

SHERRYLaboratories 
Te-rong Toddy - PrOlecthg Tomorrow '" 

Client Sample 10: 34SS09071002 

Tag N~mb~r: 
Collection Date:· 7110/0210:30:00 AM 

Matrix: SOLL 

Date ~eported: 26-Jul-02 

Detection Date 
ResuJr . Limit Units· Anidyzed Analyst 

NO 0.33 ppm 7/2iJ.02 3:4.9:00 A 

NO 0.33 ppm· 7122102 3:49:00 A 

NO .0.66 ppm . ·7122/02·3:49:00 A 

NO 1.6 ppm 71221023:49:00 A 

NO 0.33 ppm 71221023:49:00 A 

NO 0.33 ppm 7a.2J02 3:49:00 A 

NO 0.33 ppm 71221023:49:00.A 

NO 1.6 . ppm' r 1221023:49:00 A 

60.1 19~122' ~REC 71221023:4:9:00A 

57.8 30-115 !YoREC 71221023:4.9:00 A 
43.3 25-121 %REC 7:122102 3:49:00 A 

65.6 1.6-137 %REC 71221023:49:00 A 

45.3 23-,120 %REC 7/22/02 3:49:00 A 
48.3 '24-113 %REC 1{22102 3:4$:(iO A 

SW601.0A FJR 
1." 0:030 PPIl) 1116.102 11 :36:38 A 

NO' 0.10 ppm 1/16L0211:36:38 A 

9.6 0.25 ppm 7116/0211:36:38 A 

SWB082 SDW 
ND 2.00 ppm 7123102 

ND 2.00 ppm. 7123102 

NO 2.00 ppm 7123{02 

NO 2.00 ppm 7{23102 

NO 2.00 ppm 1123102 

NO 2.00 ppm 7123102 

NO 2.00 ppm 7123102 

Diluted OUI 70-130 %REC 7'123102 
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2203 S. Madison Street 

Muncie Indiana 47302 . 

800-874-3563 

CLIENT: ' 

Lab Order: 

Project: 

. Lab ID: 

Date Received: 

Anoly.sl.'5 

SAle 
M02070406 

NSWCCrane OGTSL 

M02070406-05 
12~Jul-02 

SEMI·VOLATILES IN SOIL 
1.2,4,5-Tetrachlorobenzene 
1,2,4-TrichlorobenzEme 

1,2-DichIorobenzene . 

1. ,2-Diphenyl hydratine 

1,3-Dic/1lorobenzene 

1.3-DinilrObenzene 
·1.4-DlcNorobenzene 

2.3.4,6-TetrachlorOphenol 
2,4;5-Trichlorophenol 

2,4.6-Trichloropheriol 

2,4:-DIChldrojJheriol 

2,4-D"imetllylphenol 

2,4-DinilrQphenol 

2,4-Dlni.trotoluene 

. 2,6-Dlnltrotoluene 
2-,Chloronaphthalene. 

2-ChloroPhenel 

. 2-Methylmiphlhalene 

2-Methylphenol 

2-Nitroaniline 

. 2-Nitrophenol 
2-Picoline 

3,3' !Oichlorobenzidine 

3.NilTOanlline 

4,6cOinitr9-2.melhylphenol 

4-Bromophenyl phenyl ether' 
4-Chloro-3-melhylphenol 

4-C/lloroanil/ne 

4-C/llorophenyl phenyl ether 

4-MetliYl13henol 

4·Nitroaniline 

4·Nilrophenol 

AcenaphlhE1ne 

SHERRYLaboratories 

Client Sample CD: 34SB07071002 

Tag Number: 

Collection Date: 7/10/02 10:00:00 AM 

Matrix: SOIL 

Date Reported: 2'6-Jul-02 

Detection Date 
~esult Limit Units Analy2:Cd Analyst 

SW8270A GB 
NO 0.33 ppm' 7122102 1 :3.!:1:00 A 
NO 0.33 ppm 7-/221021:39:00 A 

NO 0.33 ppm 7)22102 1 :39:00 A 

NO 0.33 ppm ·7122102 1 :39:00 A 
NO 0.33 ppm 712210'1. 1 :39:00 A . 

'NO 0.33 . ppm· 7/22102 1:39:00 A 

.NO 0.33 ppm 7122102 1:39:00 A 
. NO 0.33 ppm 7122102 1:3.9:00 A 

'NO 0.33 ppm 7122(021:39:00 A 

ND 0.33 ppm 71Wbi 1:39:00 A 

NO 0.33 ppm 71221021:39:00 A 

NO 0.33 ppm 7/221021:39:00 A 

NO 1.6 \ ppm 7122102 1 :39:00 A 
NO 0.33 ppm 7122/021:39:00 !\. 
NO 0.33 ppm. 71221021:3.9:00A 

NO 0.33 ppm 7ri2JOt 1 :39;00 A 

NO 0.33 ppm 71221021:39:00 A 

NO . 0.33 ppm 7/22102 1 :39:00 A 

NO, 0.33 ppm 7/22/021:39:00 A 

NO 0.33 ppm 71221021:39:00A 

NO 0.33 ppm 7122102 1 :39:00 A 

NO 0.33 ppm 7/22/021:39:00 A 

NO 0.66 ppm 71221021:39:00 A 

NO 0.33 ppm . ,71221021:39:00 A 

NO 1.6 ppm 7/22102 1 :39:00 A 

NO 0.33 ppm 71221021:39:00 A 

NO 0.66 ppm 71221021:39:00 A 

NO. 0.33 ppm 7122102 1 :39:00 A 

-NO 0.33 ppm 7/221021:39:00 A 

NO O.~3 ppm 7122102 1 :39:00 A 

NO 0.33 ppm 7122102 1:39:00 A 

NO 1.6 ppm 71221021:39:00 A. 

NO 0.33 ppm 7122102 1:39:00 A 
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2203 S. Madison SlIeet 

Muncie Indiana 47302 

8(10-874-3563 

CUENT: 

Lab Order: 

Project: 

T_sb 10: 

Date Received: 

Anaiyses 
Acenaphthyle·ne 

Aniline 

Anthracene 

Benz(a)anUlracene 
Benzidine 

SAle 

M02070406 

NSWC Crane OGTSL 

M02070406-05 

12-Jul-02 

Be.nzQ(a )pyrene 
Benzo(b)fJuoranthene 

Benzo(g,h,i)perylene 
Bel)zo(k)fluoranthene 

Benzoic acid 

Benzyl alcohol 

Bis(2-chloroethoxy)methane 

Bis(2-ch1oroethy1)ether 
Bis(2·~loro\sopropyt)ethE1f 

Bis(2-e\hylhexyl)pht/:1alate 

Butyl benzyl phthalate· 

Carbazole 

Chryserie 

Di-n-butyl phthalate 

Di--n-octyl phthalate . 

·Oibenz(a,h)anthracene 

Oibenzofuran 

Dietl1yl phthalate 

Dimethyl phthalate 

Fluoranthene 

Fluorene 

Hexachlorobenzene 

Hexachlorobutadiene 

Hexachlorocyclopentadlene 

Hexachloroethane 

Indena( 1,2~3-cd)pyrene 

lsophcrone 
I N-Nitrosodi-o-propylamine 

N-Nitrosodimethylamine 

N-Nitrosodiphenylamine 

SHERRYLaboratories . 
Testing Today - Proteai-'lg TomO'TUII'h 

ClientSample 10: 34SB0707JO02 

TlIgNumber: 

Collection Date: 

Matrix: 

Date Reported: 

7/10102 I 0:00:00 AM 

SOIL 

26·Jul-02 

DeteCtion Date -

l{csult Limit Units Analyzed Analyst 

NO 0.33 ppm 71221021:39:QOA 
NO 0.66 ppm 7122102 1 :39:00 A 
·NO. 0.31 ppm 7122102 1 :39:00 A 
NO 0.33 ppm 7122102 1:39:00 A 
NO. 1.6 ppm 7122102 1:39:00 A 
NO 0.33 ppm 7122102 f:39:QO A 

NO 0.33 ppm 71221021:39:q0 A 
NO 0.33 ppm 7122102 1:3~:(j0 A 
NO 0.33 ppm 7122J02 J:3.9:oo·A 
NO 1.6 ppm 7/2210'1 ~:39z00 A 
NO 0.66 ppm 7/221021:39:00.A 
NO 0.33 ppm ·71221021:39:00A 

NO Q.33 ppin 71221.021:39:00A 

.N.o a,3.3 ppm 712210'1. 1:39:00 A. 

NO 0,33 ppm 712Z102 1.:3"9:00· A 

NO 0,33 ppm· 7122102, 1 :~9:O0 A 

NO 0.33 ppm 7122102 q9:0P A 

NO 0.33 ppm 7/22102 1:39:00 A 

NO 0.33 ppm 71221021:39:00 Ii. 
NO 0.33 ppm 71221021:39:00 A 

ND 0.33 ppm 7/22102 1:39:00 A. 

NO 0.33 ppm 7/22/02 1;39:00 A 

NO 0.33 ppm 7122102 1:39:00 A 

ND 0.33 ppm 7/22102 1 :39:0.0 A 
NO . 0.33 ppm 7122102 1,39:00 A 

NO 0.33 ppm 7/221021:39:00 A 
NO· 0.33 ppm 71221021:39:00 A 

NO 0:33 ppm 7122(02 1:39:00 A 

NO 0.33 ppm 71221021:39:00 A 

NO 0.33 ppm 71221021:39:00.A 

NO 0.33 ppm 7122/02 1:39:00 A 

NO 0.33 ppm 7122102 1 :39:00 A 

NO 0.33 ppm 7122J021:39:00" A 

NO 0.33 ppm 7122102 1:39:00 A 

NO .0.66 ppm 71221021:39:00 A 
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2203 S. Madison Strecl 

Mur.cie Indiana 47302 

800'874-3563 

CLIENT: 

Lab Order: 

Project: 

.Lab ID: 

Date Received:. 

Analyses 

Naphthalene 

Nitrobenzene 

0-Toluidine 

Pentachlorophim61 

Phenanthrene 

Phenol 

Pyrene. 

Pyridine 

SAle 

M02070406 

NSWC Creme OGTSL 

M02070406-05 
12-JuI-02 

Surr: 2.4.6-Tiibromophenol 

Surr: 2-Fluorobiphenyl 

Surf: 2-Fluorop.himol 

Surr: 4-T~rphenyl-d14 

S\!rr: f'litrabenzel)~ 

Surr: Phellql~S 

METALS .I.N SOIL OR SLUDGE BY ICP 
Cadmium 

ChromiUm 

Lead 

PCBS IN SOIL OR SOLID WASTE 

Arodar 1"016 

Arodar 1221 

Arod(jf: 1232 

Arodar1242 

ArocIor1248 

Aroda; 1254 

Arodor 1260 

SUIT: O'eq8chlorobipheny! 

-.... __ .. _-- _._---

SHERRY Laboratories . 
Testing TO!lay - ?rOlecting Tomorrow_ 

Client Sample 1)): 34S130707 I 002 

TagNumb~r: 

Collection Date: iIJOiO"!. 10:00:00 A~l 

Matlix: SOIL 

Datc Reported: 16-Jul-02 

Detcction Date 
Result Limit . Units Analyzed Analyst 

ND 0.33 ppm 7122J02 1 :39:00 A 
ND 0.33 ppm ·71221021:39;00 A 
ND Oj56 ppm 7122102 1:39:00 A 

NO 1.6 ppm 7122102 1 :39:00 A 
NO 0.33 ppm 71221021:39:00 A 
NO 0.33 ppm 7/22102 1 :39:00 A 

NO 0.33 ppm 712ZJ02 1 :39:00 A -
ND 1.6 ppm 71221021:39:00 A 

69.B 19"122 %REC '7/t210i 1:39:00 A 

63.7 30~115 %REC 7122102 1 :39:00 A 

72-B 2~121 %REC 71221021:39:00 A 

7?.4 1&-137 %REC 7122102 1 :39:00 A 

62.3 23-1.20 %REC ]1221021:39:00 A 

73.6 24-'f13 'YoREC 71221021:39:00 A 

SW6010A FJR 
0.99. 0.030 ppm 7/16102 11:39:27 A 

6.B 0.10 ppm 7/16/0211:39:27 A 

6.7 0.25 ppm 7/16102 '11 :39:27 A 

SWBOB2 SOW 

ND 2.00 . ppm 7/23102 

NO 2.00 ppm 7123/02 

NO 2.00 . ppm 7123102 

ND 2.00 ppm 7123102 

NO 2.00 ppm 7/23/02 

ND 2.00 ppm 7/23/02 

. NO. 2.00 ppm 7123102 

Diluted Out 70-130 %REC 71'23/02 
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. 2203 S Madison Street 

Muncre tndiana 47302 

8QO..S74·3563 

CLIENT: SAle 

Lab Order: M02070406 

Project: NSWC Crane OGTSL 

Lab Ji): M0207 0406-06 
Date Received: 12-Jul-02 

Analyses 

SEMI·VOLATIlES IN SOIL 
1.2.4,5-T eJrac;hlorol>enlene 

1.2.4-Trichlorobenzene 

1.2-0ichlorobenzene 

1.2-Dipheoylhydrazine 

1.3-Dichlorobenzene 
1.J..Dinltrobenzene 
1,4-0ic;hlorobenzene 

2.3.4.s:. Tetrachlorophenol 
2.4.5-Trichlorophenol 

2.4.6-T ric;hlorophenol 

2.4-0ichloropheitol 

.·2.4-Dimelhylphenol 

2.4-0initrophenol 

2.4·Dinitrotoluene 

2.6-Dinilrotoluene 

2-Chloronaphthalene 

2-Chtorophenol 
2-Melhylnaphlhalene 

2-Methylphenol 

2-Nitroaniline 

2-Nlrrppl)enol 

2·Pic;oline 

3.3'-Dichlorobenlidiite 

j-Nitroanlline 

4.6-Dinilro-2·melhylphenoi 

4-Bromophenyl phenyl elher 

4-Chloro-3-rnelhylphenol 

4-ChloroaniUne 
4-ChlQ(op~enyl phenyl ether 

4-Methylphenol 

4·Nilroaniline 

4 -Nitrpphenol 

Acenapl)thene 

SHERRYLaboratories 
Testing Tod.~ - Prorecling TQm()fJOW ~ 

Client Sample In: 34SS I J 071002 

Tag Nnmber: 

CollectiOn Date: 711 0/02 10:56:00 AM 

Matrix: SOIL 

Dafe RcportCd: 26-Jul-Q2 

. Detection Date 
R~ult Limit Units Analyzed. Analyst' 

SW8270A GB 
NO 0.33 ppm 71221024:23:00 A 

NO 0.33 ppm 7122/024:23:00 A 
NO 0.33 . ppm 71221024:23:00 A 

NO 0.3"3 ppm 71221024:,23:00 A 

NO 0.33 ppm 7,?2102 4:23:00 A 

NO 0.33 PPIll 71221024:23:00 A 

NO 0.3"3 ppm 7 ri.2JCj2 4 :23:00 A 
NO 0.33 ppm 71221024:23:00 A 

NO 0.33 ppm 7122/.024:'23:00 A 

NO 0.33 ppm 7/22t02 4:23:00 A 

NO 0,33 . ppm 7/221024:23:00 A . 

NO 0.33 ppm 7/22/024:23:00 A 
NO 1.6 ppm 7122/02 4:23:00 A 

ND 0.33 PPh:l 7122102 4:23:QO A 

NO O~ ppm 7122/024;:23:0Q A. 

NO 0.33 ppm 71221024:;23:00 A 

NO' 0 .. 33 ppm 7/22/024:23:00 A. 

NO 0.33 PPm 7122.1024:23:00 A 

NO 0.3;3 
( 

7/22102 4;23:00 A ppm 

NO 0.33 ppm 712Z!02 4:23:00 A 

NO 0.33 ppm, 71221024:23:00 A 

NO 0.33 PPI)1 7122/02.4:23:00 A 

NO 0.66 p'pm 71221024:23:00 A 

NO 0,33 ppm 71221024:23:00 A 

NO 1.6 ppm 7/221024:23:00 A 

NO 0.33 ppm 7/221024:23:00 A 

NO 0.66 ppm 7/22102 4:23:0Q A 

NO 0,33 ppm 7/22/02 4:23~00 A 

NO 0,33 ppm 7/221024:23:00 A 

NO 0.33 ppm 71221024:23:00 A 

NO 0.33 ppm 7f22102 4:23:00 A 

NO 1,6 ppm 7/221024:23:00 A 

NO O·~3 ppm 7122/024:23:00 A 

Page J 6 '!f 42. 

/his documenl $/lnll not be reproduced. ex ... epl In full, wiihoul ihc .nittcD.appro"al.orShclT)' Labl!ralorin, Int . 

.. ::- .. : . ~. ;".;:"::. ,; .. :. . . 

I· 

f .. 

. .... 
i . 
!' . 



2203 S. MadiSon'Streel 

Muncie Inlliana ~7302 

800-874-3563 

CL.IENT: 

Lab Order: 

'SAle 

M02070406. 

Project: 

Lab JD: 
. Date Re~eived: 

. Analyses. 

Acenaphlhylene' 

~mne 

. NSWC Crane OGTSL 

M02070406-06 

12-Jul-02 

Anthracene 

~enz(a)antl1racene. 

Benzidine' 

Benio{a)pyrene 

Benzo(b )fluorant~ene 
Benzo(g,h:l)perylene 

. Bertzo(k)rtu()f(mlhen~ 
Benzoic acid 

BelJZ)ll alcoftol 
Bis~2-chloroeUio)(y)rnelhahe 

Bis(2.,cnlor~thyt)ether 

BiS(2-chI!:lI'Oisop~l)ether 
Bis(2-eihylhexyt}p.~lil~~ 
/Myl beflZYl phtl:uil\lte 

Garbaz91~ . 
ChrySene 

DI~n-butyl. phlhalal.s 

Di-n-octyl phthalate 

Oibenz(a.h)anlhracene 

Dibenzofuran 

Oielhyl phthalate . 

. Dimethyl phthalate: 

Fluoran\hene 

Fluorene 

Hexachlorobenzene' 

HeJCaChlorobuiadiene 

Hexach/orocyq9penJadiene 
Hexach/.oroelhane 

Indeno{1.2.3-cd)pY[eile 

lsophorone 

N-Nitrosodi-il-propytamiiie 

N-Nitrosodimelhylamine 
N-Nitrosodiphenylaniine 

- .... _-- ._------

SHERRYlaboratories 
Tes1ing Tooa':I- Protecting Tomorrow,. 

Client Sample JD: 34SS 11071002 

Tag Numl>cr: . 
Collection Date: 7/1Oi02 10:56:00 AM 

Matrix: SOIL 

Date Reported: 26-JuJ-"02 

Det!!ction Date 
Result Limit Units Analyzed Analyst 

NO 0.33 ppm 7/221024:23:00 A 
ND 0.66 ppm 7122102 4:23:00 A 

NO 0.33 r:>pm 7122102 4:23:00 ~. 

NO .0.33 ppm 71221024.:23:00 A 

NO 1.6 'ppm 7/221024:23:00 A 

NO 0.33 ppm 7/22102 4:2~:00 A 

NO 0.33 ppm 7/221024:,23:00 A 

NO 0.33 ppm 7/22f!J2 4:nOO A 
NO. 0.33 ppm 7/221024:23:00 A 

NO 1.6 ppm 7122/024:23:00 A 

NO 0.66 pprn 71221024:23,00 A 

ND 0,33 . ppm 71221024:23:00 A 

NO 0.33 ppm 7(22102 4:23:00 A. 
NO 0_33 ppm 7/2.2I[J2 4:23:00 A 

1.3 0.33 ppm 111.2102 4i2~:00 A: 

NO 0_33 ppm 7i22Jo2 4:23:00 A . 
NO 0-33 PPJ)l m.2IOi 4:23:00 A 

NO 0.3'3 ppm. 71221024:23:00 A 

NO 0.33 ppm 71221024:23:00 A 

NO 0.33 ppm 7/221fY2 4:23:00 A 

NO 0_33 ppm . 7/221024:23:00 A 

NO 0.33 ppm 7/221024:23:00 Ii. 
NO 0.33 ppm 7122/024:23;00 A 

NO 0.33 ppm 7/221024:23;00 A 

0.39 0.33 ppm 71221024:23:00 A 

NO 0.33 ppm 7f22102 4:23:00 A 

NO 0.33 ppm . 71221024:23:00 A 

NO 0.33 ppm 71221024:23:00 A 

NO 0.33 ppm 71221024:23:00 A 

NO 0.33 ppm 7f22lO2 4:23:00 A 

NO 0.33 ppm 7/221024:23:00 A 

NO 0.33 ppm 7/221024:23:00 A 

NO 0.33 pprr,- 7/221024:23:00 A 

NO 0.33 ppm 7122102 4 :23:00 A 

NO' 0.66 ppm 71221024:23:00 A 
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2203 S. Madison Street 

Muncie Int!iilna 47302 

800-874.351;3 

CLIEN):: SAle 

La., Order: M01070406 

Project: . NSWt Crane OGTSL 

Lab ID: M02070406·06 
Date.Recelved: 12-Jul-Q2 

Ana)y~s 

·N.aphth;;llenf,l 

Niirobenzene 

ec-Toluidine 
PentaChlorophenOl. 

Phenanthrene 

Phenol 

Pyren~ 

Pyridlnl;! 

·SuIT: 2.4:6-Trib!u(l1Ophenol . 
.Sun: 2:Fluoroblphenyl 
.Surr:· 2:FJuorophenol 

Sum 4-Terpnenyl'<l14 
SUIT: Nitrobenzene·dS 

Sun:: Pheno).;dS 

METALSIN SOIL OR SLUDGE BY ICP 
C",dtnlum 
Gf)romium 

L~ad 

. PCBS IN SOIL OR SOUD WASTE 
Aroclor 1016 

Aroclor 1221 

Aroclor 1232 

Aroc!or 1242 

. Aroclar 1248 
ArocIor1254 
AtOClor1260 

- . - .'. - .. ------------'-

SHERRYLaboratories 

Result 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

63.4' 

67.5 

63.6 

.81.5 
56.9 
6~.~ 

SW6010A 
2.3 
.20 

170 

SW8082 
NO 
NO 
NO 
·NO 

NO 
NO 
NO 

Client Sample 10: 34SS 11071002 

Tag Number: . 

. Collection Date: 711 0/01 ) 0:56:00 AM 

Mo\ltrix: SOIL 

Date· Reported: 26-J\l1-02 

D.election Date 
Limit Uoits Analyzed Analyst 

0".33 ppm 71221024:23:00 A 

0.33 ppm 7122102·4:23:00 A 

0.66 ppm 71221024:23:00 A 

1.6 ppm 7122/024:23:00 A 

0.33 ppm 71221024:23:00 A 

0.33 ppm 7/221024:23:00 A 

0.33 ppm 7;22102 4:23:00 A 
1;6· 'ppm 7122102 4:23:00 A 

19;..122 %REC 71221024:23:00 A 
3()"115 .%REC 7/221024:23:00 A 

·2$-121 %REC 71221024:23:00 A 

1iH37 oAREC 7/221024:23:00 A 
. 23:;120 ·%REC . 71221024:23:00 A 

.i+t13 %REC 7122102 4:23:00 A 

FJR 
0.030 ppm 7/1610.211:42c26A 
·0.:10 ppm 7116/02 11 :42:26 A 

0_,25 ppm 7(16102.11 :42:26 A 

SOW 
2.00 ppm 7/23102 

2.00 ppm 7123102· 

2.00 ppm. 7123!02 . 

2.00 ppm 7123/02 

.2.00 ppm 7123/02 . 
2.00 ppm 7123102 

2.00 ppm 7123102 
SUIT: Decachlorobiphenyl . Diluted Out ·70-130 %REC 7i23102 
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'2203 S,Madison 51,ee: 

Munc'e India na 47302 

800-814-3563 

CLIENT: 

'Lab Order: 

Project: 

Lab,lD: 

Date Received: 

Analyses 

SAle 

M02070406 

NSWC Crane OGTSL 

M02070406-07 
12~Jul-02 ' 

SEMI-VOLATILES IN SOIL 
1.2,4,5-Te\Tachlorobenzene 

1.2,4-TrichlorobEinzene 

1.2-0ichlorobenzene 

1.2-Diphenythydrazine 

1.3-Dichlorobenzene 

1,3-0inilrobenzene 

1,4-Dichlorobenzene 

2;3.4;6-Telraclliorophenol 

2,4,5-T richlorophenol 

2'.4.6-Trichlorophenol 

2,4-Dichlorophenol 

2,4-Dimethylphenol, 

2.4-Dinitrophenol 

2,4-Dinllrotoluene 

2,6-Dinllrololuene 

2-Chloronaphthalene 

2-Chlorophenol ' 

2-Me1hylnaphtha1ene ' 

2-Melhylphenol 

2-Nitroaniline' 

2-Nilrophenol 

2-Picoline 

3,3' -Dichlorobenzidine 

3-Nitroaniline 

4',6-Dinilro-2-melhylphenol 

4-Bromophenyl phenyl ether 

4-Chloro-3-methyfphenoJ 

4-Chloroaniline , 

4-Chloropllenyl phenyi"elher 

4-MelhylpllenOI 

4-Nitroaniline 

4-Nltrophenol 

Acenaph!hene 

SHERRYLaboratories 
Testing Today- ProleCting Tomor:'av\' ~ , 

Client Sample 10: 34SS08071002 

Tag Number: 

Collection Date: 711 0/02 10: 18:00 AM 

Matrix: SOIL 

Date Reported: 26-Jul-02 

Deiecticm Date 
ReSult , Limit Units Ailalyzed Analyst 

SW8270A GB 
NO .0.33 ppm ., f!.210~ 4:55:00 A . 
NO 0:33 ppm 7122102 4:55:00 A 
ND 0.33 ppm 71221024:55:00 A 

N.D 0.33 ppm 7/22102 4:55:00 A 
NO 0.33 ppm 7/22102 4:55:0q A 
ND 0.33 ppm 1122f92 4:55:00 A 
ND 0,33 ppm 71221024:55:0,0 A. 
NO 0~3;3 ppm 71221024:55:00 A 

NO CP3 ppm 7ii2i02 4!55:00 A 

ND 0,33 ppm 7/221024:55:00 A, 

ND 0.33 j)pm 7/22102 4:55:00 A 

ND 0.33 ppm 7/221024:55:00 A 

NO 1.6 ppl)i 7122102 4:5!j:Oq A 

NO 0.33 ppm 7f22l0,!- 4:55:00 A 
ND 0,33 ppm 7/22/02 4:55:00 A 
NO 0.33 ppm 7/22102 4:~:OO,A 
NO " 0.33 ppm 71221024:55:00 A 

NO 0.33 ppm 71221024:55:00 A 

NO 0.33 ppm 7/22/024:55:00 A 

NO 0.33 ppm 7/22102 4:55:00 A 

NO 0.33 ppm 71221024:55:00 A 
'NO 0,33 ppm 7122102 4:55:00 A 

NO 0.66 ppm 7/221024:55;00 A 

NO 0.33 ppm 7/22/024:55:00 A 
ND 1.6 'ppm 71221024;55;00 A 
N'D 0.33 ppm 7/221024:55:00 A 

ND 0.66 ppm 7f22102 4:55:00 A 

ND 0.33 ppm 7/221024:55:00 A 

ND 0.33 ppm 7122102.~:55:0QA ' 

ND 0.33 ppm 7122102 4:55;0]) A 
ND 0.33 ppm 7/22102 4:55:00 A, 

NO 1.6 ppm 71221.02 4 :55:00 A 

ND 0.33 ppm 7122/02 4:55:00 A 
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2203 S. Madison StrGlit 

Muncie Indiana 47302 

600-674-3563 

, CLlENT: 

Lab Order: 

Project: 

LabJD: 
Date Rccelv,ed: 

Analyses 

, Acenaphthytene 

'Aniline 

SAle 

M02070406 

NSWCCrane <;>GTSL 

M02070406-07 

12-J111-02 

Anthracene 

Benz{a)antnracene 

Benzidine 
Benzo(.a)pyrene 

~enzo.(l:!)fluorantl1ene 

Benzo(g.h;i)peryiene 

, BenzO(k}lliloranthene, 

Benzoic acid 
Benzyl'altohoJ 

Bis(2-Chloroethoxy)metharie 
Bis(2-chi.ofQ.ethyl)eiher ' 

Bls(2.g,lorqiSOPIJlPyt)8lh6( 

Bis(2:elhylh,e~I'lpl1.1hal,ate 

B,utyltie,niy/: phihalale 

Carbazole 

Chrysene 

Oi·n·bulyt phthalate 

Di-n-oclyl pb~atate, 

Dibenz(a.h)anthr.acene 
Oibenzofuran 

Diethyl phthalate 

,Dimethyl phthalate 

Fluoranthene 

Fluorene, 

HelCachlorobenzene, 

HelU!chlorobiltadiene 

Hexachlorccyclopentadiene 

Hexachloroethane 
Indeno(1.2.3-cd)pyrene 

Isophorone 

N-Nilrosodi-n-propylamine, 

N-Nitrosodimelhylamine 

I'!-NHrosodiphenyiamine 

" ,-_._-"---------

SHERRYLaboratories 
Testir.g Tod.?"j - Protecting TomorTO"v,. 

Client Sample lD: 34SS0RQ71002 

T.ag Number: 
. Collection Date: 7/10/02 10: 18:00 AM 

Miltrix: SOIL 

Date Reported: 26-Jul-02 

-Det.ection Date 
Re~ult Limit Units Analyzed Analyst 

ND O.~ ppm 71221024:55:00 A 

ND 0_66 ppm 71221024:55:00 A 
ND 0.33 ppm 7122102,4:55:00 A 

NO 0.33 ppm 7/221024:55:00 A 
Nq 1.6 ppm 7122102 4:55:00 A 
ND O_~ ppm 71221024:55:00 A 

NO 0.33 ppm ' ~/22102 4;55:"00 A 

ND 0.33 ppm ' "1(22102 4:55:00 A 
'NO 0.33 ppm 71221024:55:00 A 
'NO 1_6 . ppm 7J22[02'4:55:00 A 
NO oM ppm 7122,'024:55:00 A 
NO P_~3 ppin 7/22102 4:55:00 A 
,NO 0.33' ppm ' 71221024:55:00 A 

ND 0:33 ppm 71221024:55:00 A 
1.6, 0.33 ppm 7/22ioi 4:5$:00 A 

NO 0:.33 .ppm i/22i02 4;55:00 A 

NO 0~33 ppm, 7122lrJ2 4:55;00 A-
ND 0,.33 ppm 71221024;55:00 A 

ND 0.33 ppm 7/221Q2 4 :55:00 A 

ND 0.33 ppm 71221024:55:00 A 

ND 0_33 ppm 7/22102 4:55:00 A 

NO 0.33 ppm 7122J02 4:55:00 A 

NO 0_33 ppm 7/221024:55:00 A 

NO 0.33 , ppm 7/22/024:5,5:00 A 

NO 0.33 ppm 7122/024:55:00 A 
N'O 0.33 ppm 71221024:55:00 A 

NO 0.33 ppm 7/22102 4:55:00 A 

NO 0.33 ppm 7;22/024:55:00 A 

NO 0.33 ppm 71221024:511:00 A 
NO O.~ ppm 71221024:55:00 A 

NO 0.3~ ppm 71221024:55:00 A 

NO 0:33 ppm 7/221024:55:00 A 

NO 0.33 ppm 7/22102 4:55:00 A 

NO 0.33 ppm 7/221024:55:00 A 

NO 0.66 ppm 71221024:55:00 A 
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2203 S, Madison Streel 

Muncie Inoiana 47302 

800-874·3563 

CLIENT: SAle 

Lab Order. 

Project: 

. M02010406 

LabID: 
Date Received: 

Analyses 

Naphthalene. 

Nitrobenzene 

o-Toluidine 
Pentachlorophenol 

Phenanlhrene 

Phenol 

Pyrene 

Pyridine 

NSWC Crane OGTSL 

M020}0406-01 

12-Jul-02 

Surr. 2,4,6-T ribromoptler.ol 

Surr. 2-Fluortlbiphenyl 

Sun:: 2-Fluor'ophe,riol 

Sun:: 4-Terphenyl--d14 

Sun:: NilTobenzE10~-d5 

Surr: PIlenokl5 
I 

METALS IN SOIL OR:SLUOGE BY ICP 
Cadmium 

ChromiUm 

Lead 

PCBS IN ,SOIL ORSOLIO WASTE 
Aroclor 10'16 
ArocJor 1221 
Aroclor1232 

Aroclor 1242 

Aroelor 1248 

Aroclor 1254 

Aroclor'1260 

Surr: Oecachforoblphenyl 

--------,-----------------------

SHERRYLaboratories 
~ting Today - Protecting Tomorrow_ 

Client Sample lD: 34SS0807 J 001 

Tag Number: 

Collection Date: 7/10/02 J 0: 18:00 AM 

·l\1a.tTix: SOIL 

Date Reported: 26~Juj-02 

Detection Date 
Result Limit Units Al)illyzcd Analyst 

NO 0.33 ppm 7122102 4':55:00 A 

NO 0.33 ppm 7122/024:55:00 A 
NO, ' 0.66 ppm 7/221024:55:00 A 

NO 1.6 ppm 11221024:55:00 A 

NO 0.33 ppm· 71221.024:55:00 A' 

NO 0.33 ppm .Jl22JrJ2 4:55:00 A 
NO 0,33 ppm, 7/?2J.02 4:55:00 A 
ND 1.6 ppm 712'2,l,(12 4:55:06 A 

79.,9, 1~c122 %REC 7;122102 4;55:00 A 

72.3' 30-115 %REC 7122102 4:55:00 A 

60:2 25 __ 121 %REC 7/227024:55:00 A . 

82.7 11)::.13.7. %REC 7/22102 4:5$:00 A 
6Q:;4 2;H2O' %REC, 71221024:55:00 A 

65.9 24-1t3 %REC '7.122/0'2 4:55:00 A 

SW6010A FJR 
4 .. 5 °c03O PP.IJl' 7/W02 ,,:45:27 A 

10 0.10 ppm '7/16/02 1,1 :45:27 A 

,39 0'.25 ppm, 7116/0211:45:2TA 

SW8082 SOW 
ND 2.00 ppm 7123102 
NO, 2.0'0 ppm 7123/02 

NO 2.00' ppm 7123102 

NO 2.00 ppm 7123102 

NO 2.0'0' ppm 7123/02 

NO 2.00 ppm 7123102 

NO 2_00 :ppm 7123/0'2 

Diluted Out 70-130' %REC 7123/0'2 
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22035. Madison 5tr,,~\ 

Muncie Indiana 473()2 

BOO-a74-3563 

CLIENT: 

. L~b. Order: 

Proje~t: 

LablD: 
Date Received: 

SAle 

M02070406 

NSWC Crane OGTSL 

M02070406-08 

12-Jul-02 

SE.MI-VOtATlLESIN SOIL 
1.2,4.5-Tetrachloiobenz:ene 
1,2,4-Trichlorobenzene 
1.2-0ichlorobenzene 

1,2-0iphenylhydraz:lne. 

1 ;3-0ichlorobenzene 

1,3:-DlnitrobE!nzene 

. 1,4-0ichlorobenzene 

2,3.4,6-Telrachlorophliricil 

2.4.5-Trichlorophenol 

2.4,6· TrichloJ:Ophenol 

2A-Oichlorophenol 

2·A .. Dimetiiytpher:tol 
2;4-0initrophenol 

2,4-0inittotoluene 
2;6-OinitrotolUene 
'2-Chloronaphthalene 

2-Chlorophenol 

2 .. Methylnaphthiilene 

2~Melhylphenol 

2-Nilroaniline 

Z .. Nltrophe'101 

2 .. Picoline 

·3.3-.. Dich!orobenzidine 

3·Nitroanlline 

4,6-Dinilro-2-1l)olhytphenol 

4-Bromophenyl phenyl ether 

".Chloro·j'methylp.henol 

4 .. Chloroaniline 

4·Chlorophenyl phenyl elher 

4-Methylphenol 

4~Nllroanaine 
4-Nitrophenol 

Acenaphthene 

SHERRYLaboratories 
Tes<ing Toda'/- Protecting T(1(l1(.'lTOW·. 

Client Samille 10: 348S0507 J 002 
. Tag \'lumber:' 

Collection Date: 7/10102 9: I I :00 AM . 

Mat.Ox: SOIL'· 

Date Reported:. 26-Jul-02 

Detection Date 
ResUlt Limit Units Analyzed Analyst 

SW8270~ GB 
NO . 0.33 ppm 71221025:28:00A 

NO 0.33 ppm 7/221025:28:00 A 

NO 0.33 ppm 7/221025:28:00 A 

NO 0.33 ppm 7122102 5:28:00 A 

NO 0.33 ppm 7/22/02 5:28:00 A 

NO· 0.33 . ppm 7/221025:28:00 A 
ND .0.33 ppm ·7/221025:28:.00 A 

NO. 0.33 ppm 7122102 5:28:00 A 

NO ·0.33 . ppm 71221025:28:00 A 

NO 0.33 ppm 1122102 5:28:00 A 

NO 0.33 ppm 7/221025:·28:00 A 

NO 0.33 ppm 71221025:28:00 A 

NO 1.6 ppm 7/221025:28:.00 A 
. NO. 0.33 ppm 7/22102 5;26:00 A 

NO. 0;33 ppm 7i22102 5:28:00 A 
NO 0.33 PPl)l 7122/925:28:00.A 

NO 0.33 ppm 71221025:28:00 A 

NO 0.33 ppm 7/221025:28:00 A . 
N'O 0.33 ppm 7/22/025:28:00 A 

NO 0.33 ppm 7122/02 5:26:00 A 

NO 0.33 ppm 7/22/025:28:00 A 
NO 0.33 ppm 7/221025:26:00 A 
NO 0.66 ppm 7/221025;28:00 A 

NO 0.33 ppm 71221025:28:00 A 
NO 1.6 ppm 7122/025:28:00 A 

NP 0.33 . ppm 7/221025:28:00 A 

NO 0:66 ppm 7122/025:26:00 A 

NO 0.33 ppm 7122/025:28:00A 

ND 0.33 ppm 7i22102 5:28:00 A 

NO 0.33 ppm 71221025:28:00 A 

NO 0.33 ppm ·7/221025:28:00 A. 

ND 1.8 .ppm 7122/025:28:00 A 

N.D 0.33 ppm 7/22/025:28:00 A 
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2203 S. Madison Street 

Muncie Indiana" 7302 

600·874·3563 

CLIENT: 

Lab Order: 

Project: 

l.abJD: 

Date Received: 

Acen~phihyiene 
Aniline 
Anthracene . 

SAle 
M02070406 

NSWC Crane OGTSL 

M02070406-08 

.12-Jul-02 

Benz( a }anthracene 
Benzidine 

Benzo(a)PYrene 

Benzo(b)fluoranthene 

Benzo(g,h.i)peryfen~ 

13enzo(k}nu(lraniheT1e 
\ ·Senz(licaci.d 

Benzyl alcohOl 

Bls(2-d1loroethoxy)mettiane 

Bis(2-d1loroelhY.l)ether 

8is(2"Chlorois9prQPYl)elh!'lr 
Bis(2,ethylhexylJP"hthala~' 

Butyl benzYl Ph~IBle 
Carb;:u:ole 

Ch'¥5ene 
Oi-n-bulyl phthalate 

. Ol-n-octyl phthalate . 

Oibenz(a,h )ant~racene 
Dibenzoh,lran 

Olelhyl ph'thalate 

Dimethyl phthalate 

Auoranthene 
Auorene 

Hexachlorobenzen'e 
Hexachlorebutadlene 
Hexachlorocyclopentadiene 

Hexach/oTOOU:1ane 

Indeno(1.2.3:-c9)pyrerie 
Isopho(ona 

N-Nilrosodi-n-propylamlne 

N.Nitrosodimethylamlne 

N-Nilrosodipheny!amine 

(). 
SHERRYL:tboratones 

Client Sample 10: 34SS05071OP2 

. Tag Number: 
Collection Date:· 711 0/1)2 9: J I :00 AM 

Matrix: SOIL 

Date Rcp.orted: 16-JuJ-02 . 

. Detection Date 
Result Limit Units' Analyzed An'aJyst 

NO v 0.33 ppm 7li21fJ2 5:28:00 A 
NO 0.66 . ppm 7i22J02 5:28:0.0 A 
NO 0.3;3 ppm 7122/025:28:00 A 

NO 0.33 ppm 7/221025:28:00 A 
NO 1.6 .ppm 7/22/02 5:28:00 A 

NO 0.33 ppm 7122102 5:28:00 A 
NO 0.33 ~prit .71221025:28:0.0 A 
NO 0.33 .ppm 7122/025:28:00 A 
NO 0::33 ppm 7./22102.5:28:00 A 
NO 1.6 ppm 7122102 5:213;00 A 
NO 0.96 i>pm 7!W02 5:28:00 A 
NB' (1.~3. ppm 7/22/025:28:00 A 
NO 0.33· ppm 7/221025:28:00 A ' 

NO 0.,33 ppm 7122/0.2 5:28:00 A 

NO '0.33. pprri "/2~/02 5:28:00 A 
NO 0.33 Pj)rT1 7/22/02 5:28;00 A 
NO 0.33 ppm 7i2:Vo.2 5:2~:OO A 
NO' 0.33 ppm '7122102 5:28:00 A 
NO 0:33 ppm 71221025:28:00 A 
NO 0,33 ppm 7/2210.25:28:00 A 

NO 0.33 ppm 71221025:28:0.0 A 

NO 0;33 ppm 7/22102 5:28:00 A 
NO 0.33 ppm 712210.25:28:00 A 

NO 0.33 ppm 7/22102 5:28:00 A 

NO 0.33 ppm 7/221025:28:00 A 
NO 0.33 ppm 7/22/02 5:28:00 A 
NO 0,33 ppm 7/221025:28:00 A 

NO 0:33 'ppm 7/221025:28:00 A 
NO 0..33 ppm 7/2210.25:28:0.0. A 

NO. 0.33 ppm 7/22102 5'28:00 A 

NO 0.33 . ppm 7/22102 5:28:0.0 A 

NO 0..33 ppm 71221025:28:00 A 

NO 0.33 ppm 7/221025:28:00 A 

NO 0.33 ppm 7/221025:28:00 A 

NO 0.66 ppm 7/221025:28:00. A 
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2203 S. Madison SL-eel 

MunCie Jndi~na 47302 

800-874·3563 

.CLlENT: 

Lab Order: 

Project: 

Lab In: 
Date Received: 

A.naJyses 

NaphihaJene 

Nib:obenzen,e 

.o-ToIuWioe 

Pentachlorophenol 

Phenanthrene 

Phenol 

Pyrene. 

~dlne 

SAIC 

M02070406 

NSWC Crane. OOTSt 

M02070406·08 

12-1u\-02 

SlJrr. 2A.&-Tn.bromophenol 

Surt. 2-Auorobiphenyl 

SUrT: 2-Fluorophenol 

Surr. 4-Terphenyl-<f14 

Surr. NitroQ.enze~5 

SUrT: Phenol-<f5 

NllirALS IN SOIL OR SLU'DGE BY ICP 
Cadmium 

Cllr:omkJm 

Lead 

PCBS IN SOil OR SOLID WASTE 
Arodor 1016 

Aroclor 1221 

Aroclor 1232 

,ArocIor1242 

Aroclor 1248 ( 

Aroclor 1254 

Arodor 1260 

'SUrT: Oe.cachlorobiphenyl 

.r) 
SHERRYlaboratories 

Te:siIng Tooii}' - Protecting Ton"'.orr()\lV,. 

Client SamplclD: 34SS05071002 

Tag Number: 
Collection Date: 7110/029: II:W Pu\ll 

Matrix: SOIL 

Date Reported: 26-Ju/-02 

Detection Dale 
Result Limit Units Analyzed Analyst 

NO 0:33 . ppm 7/221.02 5:28;00 A ( . 
NO 0.33 ppm 7/22102 5:28;00 A 

NO 0:66 ppm .11221025:28:00 A 

NO 1.6 ppm 7/22102 5:28:00 A 
NO 0.33 ppm 7/221.02 '5:28:00 A 

NO. g.33 ppm 712Zi02 5:26:00 A 

NO 0.33 ~pl)'l 1(22102 5~8;00'A 

NO 1.6 ppm 7[221025:28:00 A 

94.5 19-122 %REC 7122102 5:~:OQ A 

77.0 30-115 "IoREC litiJ()25:2a:OO A 
71.1 250-121 %REC 71221.02 5:2~:"oO A 

87.0 18·137 %REC 7/22102 5:28:00 A 

63.~ 23-120 %REC 11W02 5:28:00 A 

71.6 24-113 %REC· 71221025:28:00 A' 

SW6010A FJR 
7.7 0.030 ppm 7/16/0211 :48:41 A 

4.7 0.10 ppm 7/16/0211:1\8:4.1 A 

24 0.25 ppm. 7/16/02 11:48:41 A 

SW8082 SOW 
NO 2.00 ppm 7/23/02 

NO 2.00 ppm 7123/02 

ND 2.00 ppm 7/23102 

NO 2.00 ppm 1.123102 
NO 2.00 ppm 7123/02 

NO 2.00 ppm 7123/02 

NO 2.00 ppm .7/23/02 

Dil.uted Oul 70·130 %REC 7/23/02 
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,2203 S Madison Street 

MunCie Indiana 4p02 

800-874,3.563 

CLIENT: SAle 

M02070406 Lab Ordcr: 

'Project: 

Lab ID: 
Date Received: 

NSWC Crane OGTSL 

M02070406-09 

12-Jul-02 

Analyses 

SEMI-VOLATILES IN SOIL 
1',2.4.5-Tettachlorobenzene 

1.2.4-Trichlombenzene 

1.2-Dichlorobenzene 

1.2-0ipheoythydrc,lZine 

1,3-Dichlorobenzene 

1,3-Dinitfob,mzene' 

1.4-DichJorobenzene 

2.3.4.6-1' etta'Chloroplienof 

2.4.5-Trichloropheool 

'2.4.6-Tnthlorophenol 

2.4-Dichlorophenol 

.2,4-Dliiiethylphenol. 

'.. 2.4-Dinitiupheno.t 

2,4-Oinilrotoluene 

2.6-0i1)i\roto/uene 

2-Chloronaphihalene 

2-Chlorophenol 

2-Methylnaphthalene 

2-~thylphenol 

2-Nltr,oanlline 

2-Nitrophenol 

. ~-Picoline 

3.3--0ichlorobenzidine. 

. 3-Nitroan~ine 

4;6-Oinilro-2..melhyiPhenO! 

4<BromoPhenyl phenyl ether· 

4-Chloro-3-methylphenol 

4-Chloroanfline 

4-Chlorophenyl phenyl ether 

4,Methylphenol 

~NitroaAiljne 

4-Nitrophenol 

Acenaphlhene 

, 

.-------_.-'-----------------

SHERRYLaboratories 
T es:ing Today - Protecting Tomorrow ~ 

client Sample In: 34SS07071002 

Tag Numbcr: 
Conection Date: 1/10/029:54:00 AM 

Matrix: SO[L 

Date Reported: 26-JuJ-02 

Detcctlon Date 
Result Umit Units Analyzed Analyst 

SW~270A GB 
NO 0'.33 ppm '7/22/026:00:00A 

NO 0.33 ppm 71'12/026:.00:00 A 

NO 0.33 ppm 7122102 6:00:00 A 
NO 0.:}3 ppm 71221026:00:00 A 

NO 0.33 ppm 71221026:oo:00A 

NO, 0.33 ppm 7122102 6:oo:00A 

NO 0.33 .ppm 712210~ 6:QO:OOA: 
NO 0~33 ppm 7fl2J02 6;00;00 A 
NO 0.33- ,ppm 7/22102 6:00:00 A 

NO 0,33 ppm 71221026:00:00 A 
NO 0.33, ppm 7122102 6:00:00 A 
N'D 0.33 ppm 7122102 6:00:00 A: 

NO 1.6 ppm 7/221026:oo:00A 

ND (}_33 ppm 71221026:.00:00 A 

'NO 0,33 ppm 7122102 6:00:00 A 

ND 0.33 ppm 7/22102 6:00:® A 
ND 0.33 ppm 7/221026:00:00 A 

I 
NO 0_33 ppm 71221026:00:00 A 

NO 0_33 ppm 71221026:60:00 A 
NO 0:33 . ppm. 7/221026:00;00 A 

NO 0:33 ppm 7122/026:60:00 A 

NO 0.33 ppm .71221026:.00:00 A 

ND 0.66 ppm 7122102 G:oo:OO A 

NO 0.33 ppm 7122102 6:00:00 A 
NO 1.6 ppm 71221026:00:00 A 

NO 0:33 ppm 7/221026:00:00 A 

NO 0.66 ppm 7/22102 6:00:0Q A 

NO 0.33 ppm 7/221026:00:00 A 

NO 0,33 ppm 7;221026:00:00 A 

NO 0.33 ppm 71221026;00:00 A 

NO 0.33 ppm .7/22102 6:00:00 A 

NO 1.6 ppm 7/22/026:00:00 A 

NO 0_33 ppm 71221026:00:00 A 
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2203 S. Madison Street 

Ml,lnd!! Indiana 47302 

800-874:3563 

CLIENT: SAle 

La~ Order: M02070406 

Project: NSWC Crane OGTSL 

Lab 10: M02070406-09 
Date ~ec~ived: 12-Jul-02 

Analyses 

Acenaphthylen'& 

Anifine 

Anthracene 
Be1iz{a)anthrac~ne 

Benzidine 

Benzo(e)pytEi(le 

Benz'o(b)f1uoranthene 

Beozo(g,.hJ)pery1ene 

Benzo(k}f1lioranthene 
ijen~oic,acid, 

Benzyl alcOhol . 
'Sls(2:.ctJloroethoxy)methane 

Bis(2-chloroelhY,l)etber 

Bis(2-chloroisopropyljelher 

Bis(2..emylhel!Y,f)phthalate 

Butyl benzyl phihal,ate 

'Carbazole 

Chrysene 

Ol-n-butyl phthalate 

Di-n-oclyl phthalate 

Dlbeni:(il,h)arithracene 

Dibenzbfuran 

Dielhyl phthalate 

:Dimethyl phthalate 

Fluoranlhene 
Fluofelle 

Hexachlorobenzene 

Hexachlorobutadiene 

Hexachlorocydopentadiene 

Hexachloroethane 

Indeno(1.~.3-'cd)pyrene 

Isoptlotone 
N-Nltrosodhn~propylamlne 

N-NltrOsodimethylami(le , 

N-Nitrosodiphenylamine 

SHERRYlaboratories 
Te;tingTodirf - Prol«ting Tomorrow~ 

Client Sample JD: 34SS070il002 

Tag Number: 
Collection Date: 7/10/029:54:00 :AM 

Matrix: SOTL 

Date Reported: 26-JuI-02' 

Detecdo" Date 
Result Limit Units Analyzed Analyst 

NO 0.33' ppm ?i22J02, 6:00:00 A 
, NO 0.66 ppm 7122102 6:00:00 A 

NO O.~ ,ppm 7122102 6;00;00 A 

NO 0.33 ppm 7/221026:00;00 A 

NO 1,6, ppm 71221026:00:00 A 
NO 0.33 ppm 71221026:00:00 A 
NO 0.33 ppm 7122102 6;00:00 A 
NO 0'.33 ppm' 7/2,21026:00:00", 
NO' (}.33 'ppm 7122102 6;00:00 A 
NO, 1.6 ppm ,7122l02 6:00;00 A 

NO 0.66 'ppm, 7122102 6:~;00 A 
NO 0,3'3 'ppm 7/22JU2 6:00:00 A 
NO, 0.;33 ppm 71221026:00:00 A 

NO 0.33 'ppm 7f'l2102 6:00:00 A 
OAt 0,,33 ppm' 712210'2. 6:00:QO A 

NO 0:33 ppm 7W02 6:00:.00 A 
ND 0:,33 ppm 7122102, 6:00:00 A-
ND 0.33 Rpm, 7li2J02 ,6:00:00 A 
NO 0:33 ppm 71W02 6:00:00 A 

NO 0.33 ppm 7/22102 6:00:00 A 

NO 0.33 ppm 71221026:00;00 A 

NO 0.33 ppm 7/221026:00;00 A 

NO 0.33 ppm 71221.026:00:00 A 
NO 0.33 ppm 7/221026':00:00 A 

NO 0.33 ppm 71221026:,00:00 A 
NO 0.33 , ppm 71221026:00:0.0 A 

, ,NO 0.33 ppm 7122102 6:00:00 A 
NO 0.33 'ppm 7122102 6;00:00 A 
NO 0.33 PPm ' .71221026:00:00 A 

NO 0.33 ppm "71221026;00:00 A 
ND (0.33 ppm 7122/026;00:'00 A 
NO 0:33 ppm 71221026:00:00 A 
NO 0.33 ppm 7122/026:00:00 A 

ND 0.33 ppm' 7122102 6:0();OO A 
ND 0.6.6 ppm 7/221026:00:00 A 
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2203 S, Madison Siree! 

Muncie Indiana 47302 ' 

800-874-3563 

CLIENT; 

Lab Order:' 

Project: 

Lab 10: 
Date Received: 

Analyses 

'Naphthalel)e 

NItrobenzene 

o-Toluidlne 

Penlachl0r0phenol 

Phenanthrene 

Phenol 

Pyrene 

Pyiidlne 

SAle 

M0207Q406 

NSWC: Crane OOTSL 

M02070406-09 
12-1\11-02 

Surr: 2,4.,6-'Tribromop,henol 
, Surr: '2-Fluorobiphel)y\, 

Surr:2-Fluorophenol 

Surr: 4-Terphenyl-<l14 

Surr: Nilrobenzene-d5 

"Surr: Phel)ol:d5 

METALS IN SOIL OR SLUDGE BY ICP 
Cadmium 
Chromium 

Lead 

PCB$ IN SOIL OR SOLID WASTE 
Arodor 1016 

Arodor 1221 
Arodor1232 

Aroclor 1242 

Arodor1248 

Arodor 1254 

Aroclor 1260 
Surr: Dec;achlorobiphenyl 

SHERRYLaboratories 
TestingToday- Proteairfg TOIl'1Orrw/~ 

Client Sample 10: 34SS07071002 

Tag Number: 
Collection Date: 7/10/029:54:00 AM 

Matrix: SOIL 

D'ate Reported: 26-Jul-02 

De,tection patc' 
Result Umit Units Analyzed Analyst 

NO 0:33 ppm 112210Z6:oo:00 A 
NO 0.33 ppm 71221026:00:00 A 
NO 0.66 ppm 71221026:00:00A 
NO 1.6, ppm 7122/026:00:00 A 

NO 0:33 ppm 7122102 6:00:00 A 
NO 0.33 ppm 71221026:00:00 A 
NO 0.33 ppm 7122f02 6:00:00 A 

NO 1.6 ppm 7/22102, 6;00;00 A 

98.3 19,122 %REC '7/22102 6:00:DO A 
,82;4 30-115 %R~C 1/221026:00:00 A 

7Z1 2$-121 %REC 7122102 6:00:00 A 
88.8 1&-137 %REC 7/221026,00,00 A 

~3.3 23-120 %REC 7122102 6:00;OOA 
ii.7 , 24-113 %REC: .7/22/026';00:00' A 

SW6010A FJR 
4.9 0.030 ppm ?1161f)2 11:51:58 A 
9.1 0_10 ppm 7116/f)211:S1:58A 
27 0.25 ppm 7/16/0211-:51:58A 

SW8082 SOW 
NO 2.00 ppm 7/23/02 

NO 2.00 ppm 7/23102 
' NO 2.00 ppm 7/23/02 

NO 2:00 ppm 7123102 

NO 2.00 ppm 7/23/02 
NO' 2.00 ppm 7/23/02 

4.09 2,00 ppm, 7123/02 

Diluted Out 70-130 %REC 7123102 
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2203 S. Madison Slreet 

Muncie Inqiana 47J()2 

800-874·3563 

CLIENT; 

Lab Order: 

'Project: 

LllbJD: 

D.ate Received: 

SAle 

M02070406 

NSWC Crone OGTSL 

M02070406-IO 

12-Jul·02 

. SHERRYLaboratones 
Terortg TOd;Iy - ProteCting Tomorrow~ 

Client Sample ID: 34S~06071 002 

Tag Number: 
CoUection Dale: 7110/02 9:30:00 AM 

Matrix: SOIL 

.Date Reported: 26-Jul~02 

Detection . Dotc 
ADalyse~ Result Limit Units. Analyzed Analyst 

SEMINOLATILES IN SOIL 
1.2,4.5-Telrachlorobenzene 

~ .2.4·Trichlorobenzene 
1,2·Dichlorobenzene 

, .2·Dipheny1hydrazine. 

1,3-Dicl1lorobenzene 

1,3-Dinilrobenzene. 
·1,4·0ichlorobenzene 

. 2,3;4,f$-Tetrachlorophenol 

2.4.5-Trichlorophenol 

2.4.6-Trichloropheriol 
. 2.4-Dichlorophenol 

2.4-0imethylphenol 

2,4-Dinlfrophenol 
2.4~Dinllrotoluene 

2,6-Dinilroioluene 
2·Chloronaphlhalene 

2,Chlorophenol 

2-Methylnaphlhalene 

2-Methyfphenol 

2-Nitroanmna 

2·Nilrophenol 
2:Picoline. 

.3.3 '-Dichlorobenzldlne 
3-Nitroaniline 

4.6-Dinilro.2·methY'phenol 
4·8rbniophenyl phenyl' elher 

4-Chforo-3-methyiphenol 

4·Chloroanili'1f,! 

4-Chlorophenyl phenyl ether 
4·Methylphenol 

4·Nitroanifine 

4·Nitrophenol 

Acenaphthene 

SW8270A 
NO 1.6 
NO 1.6 

NO. 1.6 
NO 1.6 
NO 1 .. 6 
ND 1.6 
NO 1.6 
NO 1.6 
NO 1.6 
ND 1.6 
NO 1.6 
NO 1.6 
NO 8.2 
NO 1.6. 
NO 1.6 
NO 1.6. 
NO 1..6 
NO 1_6 

NO 1.6 
NO 1.6 
NO 1.6 
NO U, 
N[) 3.3 
NO 1.6 
NO 8.2 
NO 1.6 
NO 3.3' 

NO 1.6 
NO' 1.6 
NO 1.6 
NO 1.6 
NO 8 .. 2 
ND 1.6 
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ppm 7t22102 8;10;00 A 
ppm 7122/028:10:00·,11. 
ppm' 7/221028;:fO:OOA 

.ppm 7122102 8:1.0:00 A 
ppm 7/22I028:1'0:O!)-A 
ppm 71221028:1U:OOA 
ppm 71W028:,10:0ilA 
ppm 7122i02S:10,OOA 

ppm. 7122102 8:10;OO.A 
ppm 71221028:10:00 A 
ppm 71221028:10:00A 
ppm 7fZ2102 'S:lO:00A 
ppm 7/2.2/Q28;10:00A 

. ppm 71?-.2102 8.: 1 0:00 ~ 
ppm 71221028:10:00 A 
ppm 7/~2102 a:1Q:OO A 
ppm 71221028:10:0.0 A 
ppm 7/221028:10;Ocr·A 
ppm 7/221028;10:00 A 
ppm 71211028:10:00 A 
ppm 7122/028;1.0;OOA 
ppm 7122/02.8:10:00 A 
ppm 7122102.8:10:00 A 

ppm 7122102 8:·10:00 A 
ppm 71221028:10:00 A 
ppm 71221028:10:00 A 
ppm 7/221028:10:09 A 
ppm 71221028:fO:OOA 
.ppm 7/22/028:10:00 A 
ppm 7122J02 8:10;00 A 
ppm 7/22102''8:10:00 A 

ppm 7122i028:10;OOA 
ppm 7/221028:10:00 A 
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2203 S. Madison SIre .. ' 

Mun~ie Indiana q7302 

8oo-874,356J 

CLIENT: SAle 

Lab Order: M020704t)6 

Project: NSW.C Crane OGTSL 

Lab lD: M02070406-IO 

Date Received: 12-Jul-02 . 

Analyses 

Acenaphthylene 
Aniline 

Anthracene 

Benz(a)anthracene 
Benzidine 
Benzo{a)pyrene 

Benzo(b)nuoranthene 

Eienz~(g.h.i)PelY;lene 
. Benzo(k)fluoranthene 

Benzoic acid 
Benzyl alcohol 

Bis(2-ohloroethoxy)melhane 

Bis(2-c/llol1)ethyl)ettier 

~is{2-chloroisopropyl~ther 

.Bis{2-elhylhexylJpI:l!halate 

Bu,tyt benzyl"phlhalate 
Carbazole 

Ch,ysene 

Di-n-butyl phthalate 

Di-n-octyl phthalate 

Dibenz(a.hlanlhracenc 

Oibenzoluran 

Oiethyl. phthalate 

Dimethyl phthalate 

Fluoranthene 
Fluorene 

Hexachlorobenzene 

Hexachlorobutadlene 

Hexachlorocyclopentadieoe 
Hexachloroethane 

Indeno{1 •. 2.:kd)pyrene 

lsophorone 

N·Nitrosocti-n-propyfamine 

. N-Nitrosodimethylamine 

N-Nitrosodiphenylamine 

.. -.--------'---:--~--------------

SHERRYLaboratories 

Result 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
ND 
NO 
NO 

. 'NO 
NO 
NO, 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO. 
NO 
NO 
N,D 

NO 

NO 
NO 
NO 

·NO 
NO 
NO 
NO 
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. Client Sample 10: 34SS()6071P02 

Tag Numher: 
CoUection Date: 7110/029:30:00AM 

Matrix: SOIL . 

Date Reported: 26-JuJ-02 

Detection 'Date 
Limit Units Analyzed Analyst 

1.6 ppm 71221028:10:00 A 
3.3 ppm . 7122102 8: 1 0:00 A 
1.6 ppm 71221028:10:00 A 
1:6 ppm 71221028:10:00 A 
8.2 ppm 7122f02 8:10:00 A 
1.6 ppm 7/221028:10:00 A 
f6 ppm 71221028:10:0(1 A 
1.6 PPm 7/22102 8:1Q:00 A.. 
1.6 pp.m 7122i02 8:10:00 A 
8.2 ppm 7122102 8:tO:OO A 
3.3 ppm 7f221!J2 8:1.0:00 A 
1.6 ppm 7/221028:10:00 A 
1.6 ppm 7/221028:1'0:00 A 
1.6 ppm 7/'1.21028:10:00 A 
1.6, ppm 71221028:10:00 A 
1.6 ppm 71221028:10:00 A: 
Hi ppm 71721028:10:00 A 
1.6 ppm 71221028:10:00'A 
1.6 ppm 7f22102 8:10:00 A " 
1.6 ppm 7122/028:10:00 A 
1.6 ppm 71221028:10:00 A 
1.6 ppm 7122JCJ2 8:10:00 A 
1.6 ppm 71W02 8:10:00 A 
1.6 ppm 7/221028:.10:00 A 
1.6 ppm 7122/028:10:00 A 
1.6 ppm 7f'22102 8;10:00 A 
1.6 ppm 7122102 '8:10:00 A 
1.6 ppm 7122J02 8:10:00 A 
1.6 ppm ]1221028:10:00 A 
1.6 ppm 7/22/028:10:00 A 
1.6 ppm 7122/028:10:00 A 
1.6 ppm 71221028:10:00 A 
1.6 ppm 71221028:10:00 A 

1.6 ppm 7122/02 8:10:00 A 
3.3 ppm 71221028:10:00 A 
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2203 S. Madison Sl.eel 

Mllncie Indiana 47302 

800,874-3563 

CUENT: 

Lab Order: 

SAle 

M02070406 

Project: NSWC Crane OGTSL 
\ 

LabID: M02070406-10 

Date Re~h'ed: 12~Jul-02 

Analyses 

Naphthalene 

Nitrobenzene 
0-Toluidine 
Pentachlorophenol 
Phenanthrene 
Phenol 

. P~iW 

Pyridine 

Sum·2A.&' Tnbromophenol 
SUIT: 2-Fluorobiphenyl 
Surr: 2-FluOrophenol 
Surr: 4-Terpheoyl-d14 

Surr: NitrObenzere-d5 

SUIT: Phenol-d5 

METALS IN SOIL OR SLUDGE BY ICP 
Cadmium 
Cl1romlum 

Lead 

PCBS IN SOil OR SOLID WASTE 
Aroelor 1016 
melor 1221 

Aroclor 1232 
. Aroclor 1242 

ArocJor 1248 

Ar6cloT 1254 
Aroclor 1260 

Surr: Oecachlorobiphenyl 

-------------------------------------------

SHERRYLaboratories 

Client Sample ID: 34S506071002· 

Tag Number:· 
Collection :Date: 

Matrix: 

Date Reported: 

7110/02 9:30:00 AM 

SOIL 
i 

16-1ul-02 

Detection' Date 
Result Limit Units Analyzed M.alyst 

NO ".6 ppm '7122102 a:10:00 A . 

NO 1:6 ppm i1221028:10:00A 

NO 3.3 ppm 71221028:10:00·A 
NO 8:2 ppm 71221028:10:00 A 
NO 1.6 ppm 71221028:10:00 A 
NO 1.6 ppm 71221028:10:00' A 
NO .1.6 ppm 7122102 8:10:0Q A 
NO 8.2 ppm 7122102' 8:1Q:OO A 

96..6 19-122 O/~REC 7!2~02 8:10:00 A 
83.3 30-115 %RE¢ 7(2.21026:10:00 A 
73:7 2$-121 %.REC 7122/028:10:00A 
96.9 18-137 %REC 7[22102 8:10:00 A 

~.6 2~c120 %REC 71221028:10:00 A 
69,2 24-1'13 %REC 71221018:10:00 A 

SW6010A FJR 
1.2 0.030 p.P(Tl 7/1610211:57:49 A 

2.5 0.10 . ppm n16/!l~ 11:57:49 A 

~ 0.25 ppm 7I161P2 11 :.51:49 A 

SW8082 SOW 
NO 2.0.0 ppm 7123102 

NO 2.00 ppm 7/23/02 

NO 2.00. ppm 7123102 

NO 2.00 ppm 7/23102 

NO 2.00 PJH:I1 m.3102 
ND 2.00 ppm 7/23102 

NO 2.00 ppm 7l23/0i 

Diluted 04\ 70-130 %REC 7123/02 

.Pqge 300[42 
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2203 S. M"djs~:>n Street 

Muncie Indiana 47302 

800-874·3563 

CLIENT: . 

Lab Order: 

Project: 

LahID: 
Date Received: 

Analyses 

SAle 
M02070406 

NSWC tl'!lne OGTSL 

M0207()406-11 
12-Jul-02 

SEMI-VOLATILf;SIN SOIL 
. 1.2.4,5-Telrachloroben:zene 

1.2.4-Trichlorobenzene' 

1,2·Dichlorobenzene 

1.2 ·Oiphenylhydrazine 

l,3-Dichlorobenzene 

1,3-0Initroben:zene 
lA-Dichlorobenzene 

. 2.3,4,:&'-Teltacblorophenol 
. 2,4,5-Trichlorophenol 

2;4.6-Trichloroptuin'ol 

2.4-DichJor.ophenol 

2,4-Dime'thylphenoJ 

2.4:-0initrophenof 
2.4-Dinilrotoluetta 

2.6-Dinitrotoluene 

2..c~loronaphthalene 

2-Chlorophenol 

2-Methy!naphthalene 

2.J';IIe1hylphenol 
.2-Ni)roaniline . 

2-Nllrophenol 

2-Picoline 
3.3·-O\chlorobenzidine 

3-NitroanOine . 

4 :~·Dinitro--2-methytphenQl 

4-Bromophenyl phenyl ather 

4-Chloro-3-methylphenol 

4·Chloroanillne 

4-Chlorophenyl phenyl ether 

.4.Metliylphenol 

4·Nitroaliiline 

.; ·Nilrophenol 

Acenaph\hene : 

SHERRYLaboratories. 
Testing Today - f'10!t>(ting Tomorrow" 

Client Sample lD: 34SS04071002' 

Tag Number: 
Collection Date: 7110/028:56:00 AA1 

Matrix: SOIL 

Dale Reported: 26-JuJ~02 

'Detection Date 
Re~iUlf Limit Units . . Analyzed Analyst 

SW8270A GB 
NO 0.33 ppm 7/221026:33:00 A 
NO 0.33 ppm 7/221026:33:00 A 
NO 0.33 ppm 71221026:33;00 A 

NO 0.33 ppm 7122102 6:33:00 A 

NO 0.33 ppm 7122/026:33:00 A 

NO 0.33 ppm 7122102 6:33:00 A 
NO 0.33 ppm 712'lJ02 6:33:00 A 

NO 0.33 ppm 7/2'lJ02 6:33:00 A 
NO' 0.3.3 ppm 71221026:33:00 A 

NO 0.33 ppm 7122102 6:33:00 A 

NO 0.33 ppm 7/221026:33;00 A 

NO 0.33 ppm 712'lJ02 6:33:00 A 
NO 1:6 ppm 7/22102 6:33:00 A-
ND 0,33 ppm 71221026:3'3:00 A 

NO 0.33 ppm 7/221026:33:00 A 

NO 0.33 ppm 7122J026:33:00·A 

NO 0.33 ppm 7/221026:33;00 A 

NO 0.33 ppm 7/22102 6:33:00 A 
'NO 0.3.3 ppm 7/221026:33:00 A 

NO 0.33 ppm 71221026:33;00 A 

NO 0.33 ppm 7122102 6;3ioo A 

ND 0.33 ppm 7/221026:33:00 A 

NO 0.66 ppm 7/221026:33:00 A 

ND 0.33 ppm 71221026:33:00 A 

NO 1.6 ppm 71221026:33:00 A 

ND 0.33 ppm 7/221026:33:00 A 

ND 0.66 ppm 7/221026:33:00 A 

ND 0.33 ppm 71221026:33 ;00 A 

NO 0.33 ppm 7/221026:33:00 A 

t-lD 0.33 ppm 7/221026:33:00 A 

NO 0.33 . ppm 7/22/02 6:33:00 A 

NO 1.6 ppm 7/22IJJ2 6:33:0.0 A-
ND 0 .. 33 ppm 7/22102 6:33:00 A 
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2203 S Ma(1isoll Sireet 

. MurlCle Indiana 4730·2 

800·87';-3563 

CLIENT; 

Lab Order: 

Project: 

Lab In: 
.Date Received: 

Analyses 

Acenaphthylene 
. Aniline· 

SAle 

M02070406 

NSWC Crane OGTSL 

M02070406-11 

12-Jul-02 

Anthracene '-. 

Benz(a)anthracene 

Benzidine 

Benzo{a)p~ne 

senzo(b )fluorailihene 

Benzo(g.h,l)perylene 

Benzo(k)fluoranthene 

Benzoic acid 

Benzyl alcohol 

Bls(2-chloroethoxy)mElthane 

Bis(2-chlbroelhyl)ether. . 

Bis(2-chloroisopropyl)ether 

BiS(2-elhylhexyl)p.hlhalate 

. BtJ.tvl benzyl phthalate 

CarbazOle 

ChrYSene 

DI-n-but}il phthalate 

DI-n-octyl phthalate. 

Dibenz(a ,n )anthracene· 

Dibenzofuran 

Dlethyl phthalate 

Dimethyl phthalate 

Fluoranthene 

Fluorene 

Hexachlorobenzene 

Hexachlorobuladiene 

HexachlorocycioPenladiene 

Hexachloroethane 

Indeno(1.2.3-cd)pyrene 

Isophorone 

N-Nilrosodl-n-propylamine 

N-Nltrosodimethylamlne 
N-Nitrosodiphenylal1Jine 

., . 

.._ .. __ ._-----------------

SHERRYLaboratories 
Testing TOOiIy - PrOl.l'Cting Torr.oriow. 

. Client Sample 10: 345S0407 I 002 

Tag Number: 

Ctll\ection Date: 7110/028:56:00 AM 
Matrix: SOIL 

Date Reported; 26~Jul-02 

Detection Date 
Result Limit . Units Analyzed AD~.IySt 

NO 0_33 ppm 1122102 6:33:QO A 

NO 0.66 ppm 7/22102 6:33:00-A . 

NO Q.33 ppm 71221fJ2 6:33:00 A 

NO 0.33 ppm 71221026:33:00 A 

NO 1.6 ppm 7122/02 6:33:00 A 

NP 0_33 ppm 7122102 6:33:00 A 
NO 0_33 ppm 71221026:33:00A 

NO 0.33 ppm 71221026:3"3:00 A 
NO 0_33 ppm 7a2J026:33:QQ-A 

NO 1.6 PP'm 7/221026:3;3:00.A 
NO 0.66 ppm 7f221026:33:00-A 

NO 0.3.3 PPm 71221026:33:00 A 

NQ 0.33 . ppm 71221026:33.:00 A 

No 0.33 ppm 7Iti1026:33:00'A 
7.5 0_33 ppm 7/22102 6:33:00 A 
NO 0.33 ppm ?122I026:33:00.A 

NO 0.33 ppm 7 f"4J02 6:33:00 A 
NO 0.33 ppm 7/22102 6;3:1;00 A 

NO 0.33 ppm 71221926:33:00 A 

NO 0.33 ppm 71221026:33:00 A· 

NO 0.33 ppm 7/221026:33:00 A 

NO 0.33 ppm 71221026:33:00. A 

NO 0.33 ppm 71221026:33:00 A 

NO 0.33 ppm 7/22102 6:33:00 A 

NO 0.33 ppm 7122102 6:33:00 A 

NO 0.33 . Rpm . 7122102 6:33:00 A 

NO 0.33 ppm 71221026:33:00 A 

NO 0,33 ppm. 7122(026:33:00 A 

NO 0.33 ppm l.rni02 6:33:00 A 

NO 0:33. ppm 7/221026:33:00 A 

NO 0.33 ppm 71221026:33:00 A 

NO 0.33 ppm 7122102 6:33:00 A 

NO 0.33 ppm 71221026:33:00 A 
NO 0.33 ppm 712Z1026:33:00 A 

NO 0.66 ppm 7/221026:33:00 A 
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2203 S. Madison Svee! 

Muncie Indiana 47302 

, 6O(J..S74·3563 

CLIENT: 

Lab Order: 

Project: 

Lab 10: 
D~te Received: 

Analyses 

N~phlhalen.e 

NitroQenzeoe 

a-Toluidine 

Pentachlorophenol 

, Phenanthrene 

phenol 

Pyrene 

Pyridine 

SAle 

M02070406 

NSWC Crane OGTSL 

M02070406-J I 
12-JuJ-02 

Suw. 2.4,6-TribronioPhenol 

SUIT: 2-Ruorobiphenyl 

Surr: 2,Fluoroptienol 

Surr: 4-Terphenyl-d14 

Surr: Nilrobenzene-<l5 

SUIl: Phenokl5 

METAlS IN SOIL OR SLUDGE BY lep 
Cadmium 

Chromium 

Lead 

PCBS IN SOIL OR SOLID WASTE 
Araclor 1 016 

Aroclor 1221 

Aroclor 1232 

Araclor 1242 

Arodor 1248 

ArocIor 1254 

ArtIelor 12£0 

Surr: Decachlorooiphenyl 

'\ 

'-------------' . 

SHERRYLaboratories 

Client Sample ID: 34SS0407 I 902 

Tag,Number: 
Collection Date: 7/10/02 8:56:00 A.~ 

Matrix: SOIL 

Date Reported: 26-Jul-OZ 

Detectiun Date 
'Result Lim'it Units Analyzed .Analyst 

NO 0,33 ppm 1122Ip'i 6:33:00 A 

NO 0.33 ppm 7122/.026:·33:00,A 

NO 0.~6 ppm 7122/.026:33:00 A 
NO 1.6 ppm 7/22102 6:33:00 A 

NO 0.33 ppm 7l22!J)2 6:33:00 A 

NO 0.33 ppm 7122102 6:33:00 A 

'NO 0.3,3 ppm 7122102 6:33:00 A 

NO 1.6 ppm 7122102 6:33:00 A 
7::3.2 19-122 %REC 1{22J02 6;~:QOA 
60.9 30;:115 %REC 7fiiio26:3a:OOA 

50.8 25-121 %REC 7/22JJ)2 6:33:0,0 A 
67.2, HI-131 %REC 7/221026:33:00 A 

47.3 23-120 %REC 712:'llJ}2 6:33:00'A ' 

52.4 2~113 %REC 71221026:33:00 A . 

SW6010A FJR 
2.9 0.030 ppm 7f1 ~/o2 12:.0 1 :02 p 

3.5 0;10 ppm 711610212:01 :02 P 

23 0.25 ppm 7/1910212:01:02 P 

SWBOB2 SOW 
ND 2.00 ppm ,7123102 

-NO 2.00 ppm 7/23102 

NO 2.00 IJpm 1123J02 

NO 2.00 ppm 7123102 
NO 2.00 ppm 7123102 

NO 2.00 'ppm 7123102 

NO 2.00, ppm 1123102 
DlIu.t~ Out ' 70-130 %REC 1{23/O2 
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2203 S. Madison Slre"l 

Muncfe Indiana 47302 

. 800-874·3563 

CUEN"r: 
Lab Order: 

. Project: 

Lab In: 
Date Receind: 

Analyses 

SAle 

M020704()6 

NSWC Crane OGTSL 

M02070406·12 
12·Jul-02 

SEMI·VOLATILES IN SOIL 
1.2.4.5-Telrachlorobenzene 

1.2.+ Tnchlorobenzene 

1.2·Dichlorobenzene . 

1.2-Diphenyfhydrazine 

1.3-Dichrorobenzene 

1.3-0inilrobenz~ne 

1.4-Dichlorobenzene 

2.3.4.6-Telnichlorophenol 

2,4,5-Trlchlorophenoi 

2,4.6-Triclliorophliriol 

2,4-Dichloropheilol 

2,4-DimethYlphenOI 

2.4-Dinitrophenol. 

2,4.Dinitrotoluene· 

2,S·Dlnilrotoluene 

2-CllJoronaphthalene 

2·Chlorophenol 

2-Melhylnaphthalene 

2·Methylphenol 

2·Nitroaniline 

2·Nitrophenol 
2-Picoline 

3.3 ··Dichlcrobenzldine 

3·Nilroanillne . 

4.6:Dinitro·2·methylpl1Cnol 

4-Bromophenyl phenyl ether 

4-Chloro-3-methylphenol 

4.Chloroanlli~e 
4·Chlorophenyj phenyl ether 

4-Methylphenol 

4-Nilroaniline 

4·Nitrophenol 

Acenaphthene 

.... ------.-.------~----.. 

SHERRYlaboratories 

Client Sample lD: ]4SS02071002 

Tag Number: 
Colleeli6n Date: 7flO/02 8:20:00 AM 

Matrix: SOIL 

Date Reported: 26-Jul-02 

Detection Date 
Result Limit Units Analyzed A~alyst 

SW8270A GB 
ND 1.6 ppm 712210Z 8:43:00 A-
ND 1.6 . ppm 71221028:43:00 A 
ND 1.6 ppm 7122/028:43:00 A 
ND· 1.6 ppm 71221.028:43:00 A 

NO 1.6 ppm 7(22102 8:43:00 A 
NO 1.6 ppm 7/22102-13:43:00 A 

NO 1.6 ppm 7/221028:43;09 A 

NO 1.0 PPm 7/22102'8:43:00 A 

NO 1.6 . ppm 7/22102 8:43:00 fit. 
NO. 1.6 PPm 71221028:43:00 A 

NO 1.6 ppm 71221028:43:00 A 

ND 1.6 ppin 7J22flJ2 8:43:00 A-
ND 8.2 ppm 7/22102 8:43:00 A-
ND 1.6 ppm 71221028:43:00 .. A-
NO 1.6 ppm 7/2210~ 8:43:00 A-

ND 1.6. PPm 7/22fo~, 8:43:1;10 A 

NO 1.6 ppm 7;22102 8:43:00 A-

ND 1.6 ppm 7/22102 8:43:00 A 

NO 1.6 ppm 7(22102 8:~3;OO A 

No 1.6 ppm 7/221028:43:00 A 

NO 1.6 ppm 7/221028:43:00" A 
NO 1.6 ppm 71221028:43:00 A 
NO 3.3 ppm. 7/22102 8:43:00 A 
NO 1.6 ppm 7122102 8:43:00 A 
ND 8 .. 2 ppm 7122102 8:43:00 A 
ND 1.6 ppm i/22102 8:43;00 A 

ND 3.3 ppm 71221028:43:00 A 

NO 1:6 ppm 7/221028:43;00 A 

NO 1.6 ppm 71221028:43:00 A 

ND 1.6 ppm 7122102 8:43:QOA 

NO 1.6 ppm 71221028:43:00.A 
NO 8.2 ppm 71221028:43:00.A 

NO 1.6 ppm 7/22102 8:43:00 A 
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2203 S. Madison Sireel 

Muncie Indiana 47302 

800-874-3563 

. CLIENT: 

LnbOrder: 

Project: 

L~blD: 

Date Rccc!ivcd: 

. Ana"lysC$ 

Acenaphthyleoe 

AnRioe 

SAle 

M020704% 

NSWC Crane OGTSL 

M02070406-12 

12-Jul-Q2 

Anthracene 

i3enz(a)anthmcene 
Beni.ldine 

. Benzo(a)pyrene 

Benzo(b)lluorarithene. 

Benzo(g,h,i)perytene 

Benzo(t<)flooranih&nt'l 
, .Benzoic.acid· 

Benzyl alCOhol 

. BIS~2~hIQrt>elhoxy')me!/1ane 

Bis(2-chlorpelhyl)elher' 

Bi~(2"<:ihtQroisopropyl)ether 

Bi~(2~.!hY!hl3l1;yI~ptJU)alate:· 
ButYl benzYl Phthalate 
Carbazole· 
Chrysene· 

DI·n-butyl phthalate 

Dj-o~1 phthalate· 

Ditianz(!I,h)anthracene 
Olbenzofuran 
Oiethyl phthalate 

Dimethyl phthalate 

Auoranlherie 

Fluorene· 

HexaCf11ofobenzene 
Hexachlorobutadiene 

HeX8!i1loroCydopentadiene 

HeX8chlo~ll:lane 

Indeno(1,2.3-:cd)pYJ"ene 

lsophorone 

N-Nitrosodi-o·propylamine· 

N-Nitrosodime\tlylarnine 

N-Nltrosodiphanylamine 

.- ._.-.. _- ._---;-----_._-----

SHERRYLaboratories 
Testing TOOCly - Pmtecrng Tomorrow!. 

Client Sample 10: 34SS02071002 

Tag Number: 

Collection I>a(e: 7/10102 8:20:00 AM 

Matrix: SOIL 

Date Reported: 26-~ul-02 

Detection Uat;e 
~uli Limit Units Analyzed Ana)}'st 

NO 1.6 ppm 71221028:4;3:00 A 
NO 3.3 ppm 71221028:43:00 A 

NO 1.6 ppm 7122/028:43:00 A 

NO ·1.6 ppm 7/22/028:43:00 A 
NO 8.2 ppm 7/22102 8:43:00 A 

NO 1.6 ppm 71221028:43:00 A 
NO 1.6 ppm 71221028:43:00 A 

NO 1.6 ppm 71221028:4;3:00 A 
·ND 1.6 ppm 1122J028:~:QO A 
NO 8.2 ppm 1I22102 8:43:00 A 

.NO 3.,3 ppm 7122102 8:4.3:00 A 

NO ·1.6 ppm· 7/22102 8A3:00 A 

NO 1.6 ppin 7f22JJ)2 8:43:00 A 

NO 1 .. 6 ppm 71221028:43:00.A 

ND 1.6 ppm 7j22JO~ 8:43:00 A 

NO 1.6 ppm 7J2'1j02 8:4j:OO A 

NO 1:6 ppm . 71221028:4.3:00 A 

·ND f.6 PPm 712ito2 8:43;00 A 

NO 1.6 ppm 71221028:43:00 A 

NO 1.6 ppm 7/221028:43:00 A 

NO 1.6 ppm 7122/028:43:00 A 

NO 1.6 ppm 7/221028:43:00 A 

NO 1.6 ppm 71221028:43:00 A 

NO 1.6 PPm 7/221028:43:00 A 

ND 1.6 ppm 7/22102 8:43:00 A 

NO 1.6 ppm 71221028:43:00 A 

NO 1.6 PPm 7/221028:43:00 A 

ND 1.6 ppm 7122102 8:43:00 A 

NO 1.6 ppm 7122102 8;43:00 A 

NO 1.6 ppm 11221028:43:00 A 

NO 1.6 ppm 11221026:43:00 A 

NO .1.6 ppm ~ ·712'2102 8:43:ooA 

NO ·1.6 ppm 71221028:43:00 A 

NO 1.6 ppm 11221028:43:00 A 

NO 3.3 ppm 7/221028:43:00 A 
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2'203 S. Madison SlIeet 

Muncie Indiana 47302 

600·874-3563 

CLIENT: 

. L.ab Order: 

Project:. 

LablD: 

'SAle 
M02()70406 

NSWC Crane OGTSL 

M02070406-12 

Date Received:' 12-Ju1-02 

.Analyses· 

Naphthalene 

Nitrobenzene 

0-TOluidine 

Pentachlorophenol 

Phenanthrene 

Ph!lnol 

Py/'!lne 

Pyridihe 

Surr. 2.4.~TiibromophenOl 

Surr: .2-FliJaroblphenYi 

Surr. 2-Flu6rophel)ol 

Sun-: 4-Terphenyl-d 14 

Slirr. Nit~cibe~e/1l!'-d5 

Surr: ,Phl!nQl-d5 

MEtALS IN SOIL OR SLUDGE BY ICP 
Cadmium. 

Chromium 
Lead . 

PCBS iN SOIL OR SOLID WASTE 
Aroclor 1016' 

Atoclar 1221 

ArocIor1232 

Aroclar 1242 

Aroclor 1248 

Aroclor 1254 

Arodor 1260 

... _-_._--_ .. _----------------------

n· 
SHERRYLaboratories 

Result 

NO 
NO 

NO. 

NO 

NO 

NO 
NO 

NO 
10:4 

54.6 

39.5 
64-5 
34.0 

.45_6 

SW6010A 
1.9 

ND 

32 

SW8082 
ND 

NO 
NO 
ND 

.NO 

ND 

NO 

Client SampJe ID: 34S$0207 I 002 

Tag Number': 
Collection Date: 71\0102 8:.20:()O AM 

Matrix: SOIL 

Date Reported: 26'-Jul-02 

Detection Dale 
Limit Units Analyzed . Analyst 

1.6 ppm 1/221028;43:00 A 

1.6 ppm 7I22J02.8:43:QOA 

3.3 ppm .71221028:43:00·A 

8.2 ppm 7122/028:43:00 A 

1.6 ppm 71221028;43:00 A 

i.6 ppm 7122/02 8;43:00 A 

1.6 ppm 71221028:43:00 A 
8,2 ppm 7(22/028:43:00 A 

19·122 %REC 7i22102 8.:43:00 . .1\ 
30-115' %REC 7122/028:43:00 A 

25-121 %REC 71221028:43:00,A 

18-137 %REC 7i221028:43:00 A 

23-120 %REC 7122102 8:43:00 A 

24-113· %REC 7122102 8:43:00 A 

. FJR 
0.030 ppm . 7/1610212:1$:59 P 

0.10 . ppm 7'16[0212:15:59 P 

0_2.5 ppm 7/161021.2:15:59 P 

SDW 
2.00 ppm 7123/02 

2.00 ppm 7/23102 

2.00 ppm 7123102 

2.00 ppm 7123102 

2_00 ppm 7f23/02 

2.00 ppm 7/23102 
2_00 ppm 7123102. 

Surr. OecachlorobiphenYI . Diluted Out 70-130 %REC 7123102 
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2203 S. MadisC)n Stteel 

Muncie lndl:ma 47302 

800,874 ·3563 

CLIENT: 
Lab Order: 

Project: 

Lab ID: 
Date Rec;cived: 

Analyses 

SAle· 

M02070406 

NSWC CnlOe OGTSL 

. M02070406-13 

12-Jul-02 

SEMI-VOLATILES IN SOIL 
· 1,2.4 ,5-T etraclllorotlenzene 
.1,2,4-Trichlorobenzeno 

.1.2-Oichlorobenzene. 

1,2-Diphenylhydrazine 

1.~-Dlchlorobenzene 

1.3-Dinitrobenzeno 
.. 1.4-0ichlorobenzerie 

2,3A,6-Tetrachlorophanol 

204.5-Trichlorophenol 
2,4,6-T richlorophenol 

· 2,4-0ichloropheool 

2.4-DimelhYlpilenol 

2,4-0initroplJenol 
2,4"[)initrotoluene 

2.6-0in!trotohJene 

2-Chloronaphthalene 

2-Chlorophenol 

2-Meth0naP./lthalene 

2-Methy!phellol 
2-NllfOOniline 

2-Nilrophenol 
2-Picoline 

.3.3' ·Oichlorobenzidirie 
. 3-Nllroanlline 

4.6-Dinitro·2-methylphenol 
4-Bromophenyl. pherwl ether . 

4-Ch1oro-J-meihylphenol 
· 4-Chlo(oaniline 

4-Chlorophenyl phenyl ether 

4-Mettiylphenol 

4-Nitroanilinl:l 
4-Nilrophenol 

AcenaphUlene . 

SHERRYLaboratories 
Testing Today - ProteClD1g Tomorro..v p 

Client Sa mille In: 34SS03071002 

Tag Number: 
Collection Date: 7/10/02 &40:00 AM 

Matrix: SOIL 

pate Reported: 26-Jill~()2 

Detection D~lte 

Result Limit Units Analyzed Analyst 

SWB270A' GB 
NO .0.33 ppm 71221G2 7:.06:.0.0 A 
NO .0.33 pplTi .1122102 7:.06:.0.0 A 
NO .0.33 ppm 1122102 7.:06:0.0 A 
NO .0.33 ppm 7122JfJ21:06:DD A 
NO o.:n ppm 7122102'7:06:OQ A 
NO .0.33 ppm 712.21.02 7:0'6:00 A 
NO 0.33 . ppm ..., 7fi2J.02 7:06:.0.0 A 
NO 0.33 ppm 7122/027:06:00 A 
NO .0.33 ppm 7[221027:06:00 A: 

NO .0.33 ppm 71221027:06:0.0 A 
NO '.0.33 ppm 7}22102 7:06:00 A 
NO .0.33 ppm 71221021:D~:D.o A 
NO 1.6 ppm 71221.021:06:.0.0 A 
NO '.0;33 ppm 71221.0'l7;.:P6:00 A 
NO .0.33 pPm 7122/.027:06:00 A 
NO a.J:3 ppm 7ri.2Jp2 7:06:0.0 A 

NO .0.33 ppm 7/22m2 7:.06:.0.0 A 
NO .0.33 ppm 7Wa'). 7:'06:0.0 A 

NO .0.33 ppm 7122/027:.06:.0.0 A 
NO .0.33 ppm 7122102 7:.06:'.0.0 A 
NO .0.33 ppm 712'?102 ·7:05:.0.0 A 
NO .0.33 ppm 712m2 7:06:.0.0 A 
NO 0.66 ppm 7122102 7.:.06;.0.0 A 
NO 0.33 ppm. 7122102 7:.06:0.0 A 
NO 1.6 ppm 71221027:06:00 A 

NO. .0.33 ppm 71221027:.011:.0.0 A 
NO .0.66 ppm 71221.027:.06:0.0 A' 

ND .0.33 ppm 71221027:.06:.0.0 A 
NO .0.33 pl>m 7/211027:.06:.0.0 A 

'ND .0.33 ppm 7122/027:.06:00 A 

ND .0.33 ppm 71221027:.06:00 A 
'ND 1.6 ppm. 71221027:06:.00 A 
NO .0.33 ppm 11221.02 7.: . .06:.00 A 
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2203 S. MadisonS\ieei 

Muncie Indiana 47302 

, .800-874-3563 

CLIENT: 

Lab Order: 

·Projec(: 

LabID: 
Dafe Reccived: 

Analy'ses 

Aamaphthyltme 

Antline 

Anthracene 

SA!.C 
. M02070406 

NSWC Crane OGTSL 

M02070406-ll 
12-J'ul-02 

. Beoz(a)anthracenil 
·Ben;zidlne 

Benzo(ajpyrene 

Bem:o(b)fluoranthene 
Benzo(g;h.i)pel'ylene 
. Benzi:>(k)nudrarithene 
Berizoic ·acid 

BenZyl al.cohol 
BiS(2-chloroelhpxy)methane 

~is(2~loroeU1y1j~ther 
a!~-chlorO!~opY\)?tlier 

. Bi$(2-ethylhexYl)phthaJate 

ButYl ben~1 phthalate 
CarbaZole 
Chryse.ne. 
Ol-n'-llutyl phthalate 
D~n,oclYl ph)halate 

Olbenz(a.h)anthracene 
Olbenzofuran 

Olethyt phthalate 

Dimethyl Phthalate 

Fluoranthene 

Fluorene 
HexachlQrObenzene 

HexachlorobulaQ!ene 
Hexachlol"OC}'clope.nladiene 

Hexachloroethane 

Indeno( 1.2.;3-cd}pyrene 
Isophorone 

N-Nitrosodi-n-propylamine. 

N-Nilrosodlmethylamine 

N-NltrosodJphenyfamine. 

", . 
SHERRYLaboratories 

Terong Today - PtOtecllTlg Tomorrow'·. 

Client Sample lD: J4SS0307t002 

Tag Number: 

CollcctionDlclte: 7f.1~102 8:40:00 AM 

Matrix: SOIL 

Datc Reported: 26-Jul-02 

DetecUoD Date 
Result Limit Units Analyzed Analyst 

NO 0.33 ppm 71221027;06,00 A 

NO 0.66 ppm 71221027:06:00 A 

NO 0.33 ppm 7/22102 7:06:00 A 

NO 0.33 .ppm 71221027:06:00 A 
NO 1.6 ppm 71221027:06:0GA 
NO 0.33 ppm 7122102 7:06:(J0 A 
NO 0_33 pp.m 7/221027:06:00 A 
NO 0:33 ppm 71221027:06:00.A 
NO 0..33 :ppm 7/2~62 7:06:Qo~ 
NO 1.6 llpm 7122102 7:06:00 A 
NO 0.p6 ppm 712.21.02 7:06:.00 A 
NO 0.33 ppm 71221027:06:00 A 
NO 0.3.3 ppm 7121/02'.7;06:00 A 
NO. 0,33 ppin 7122i02 7:06:00 A 

0.83 0.33 .ppm. 712210i 7:06:00 A 

ND 0.33 . ppm "(1221027:96:.00 A 
NO ~.33 ppm 7122J02 7:06:00 A 
NO O.~ ppm 7/W02 7:06:00 A 
NQ 0.3.3 ppm 712·2./027:06:00 A 

NO 0.33 ppm 7/221027:06:00 A 

NO 0.33 ppm 7122/027:06:00 A 
NO 0.33 ppm 7122/027:06:00 A 

NO 0.33' ppm 7122102 7:0!i:00 A 
NO 0.3·3 ppm 7i22/02 7:06:00 A 

NO 0.33 ppm 7/221027:06:00 A 

NO 0.33 ppm 7122/02 7:06:00 A 

NO 0.33 ppm 7122102 7:06:00 A . 

ND 0.33 ppm 7122102 7:06:00 A 
NO 0.33 ppm 7122/027:06:00 A 

NO .0.33 ppm 7122/02 7:06:00 A 
NO . 0_~3 pp'm 71£l102 7:06:00 A . 

NO 0.33 ppm 71221027:06:00 A 
NO 0.33 ppm 71221027:06:00 A 

NO 0.33 ppm 71'),21027:06:00 A 

NO 0_66 ppm 71221027:06:00 A 
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Z203 S. Ma?isoo Street 

Muncie Indiana 47302 

800-87d·3563 

CLIENT: 

Lab Order: 
Project: 

Lab lD: 
Date Receiv.ed: 

Analyses 

Naphthale.ne 
Nitrobenzene 

0;. TOluidine 

Pentacl)loTophenol 

Phenanthrene 

Phenol· 

Pyrene 

Pyridine 

SAIC 

MO)070406 

NSWC Crane OGTSL 

M02070406-13 

12-Jul-02 

. Suw. 2.4,6-Trtbromophenol 
SUrT: 2-Fluorobiphenyl 

Surr: 2.-Fluorophenal 

. SU(T: 4-Terphenyl-d14 

SUrT: Nitrobenzene'(fS 
Sun::}lhellOl-dS 

METALS IN SOIL OR SLUDGE BY ICP 
cadmium 

Chromium 

lead 

PCBS IN SOIL OR SOLID WASTE 
Aroclor 1016 
Aroclor·12.21 

Aroelar: 1232 

Aroclor 1242 

Aroclor 1248 

ArQclor 1254 

Aroclor 1260 

Surr:· DecachloroblphenY! 

... --... -"---------~-----------

SHERRYlaboratories 
Te\ting TOC!ay - f>ro'.ea;ng Ti:JITl(l(row~ 

Client Sample ID: )4SS03071002 

Tag Num!;Jer: 

Collection Date: 7/1 (}/02 8:40:00 Al\1 

M.lltrix: s.orL 
Dlit~ Reported: 26-Jul-02 

Detecijon Date 
Re~lt Limit Units Analyzed Analyst 

NO ·0.33 ppm 71221027:061oo'A 

·ND 0.33 ppm 7/22102 7;06:00 A 
NO 0.66 ppm 7122102 7:06;00 A 

NO 1.6 ppm 71221027:06:00 A 

NO 0.33 ppm 1122102 7:Q6:00 A 

NO 0.33 ppm 71221027:06:00 A 

.NO 0.33 ppm 7/22/02 7;M~oo A 
ND 1.6 ppm 7122102 7:06:00 A 

93.5 19422 %REc 1/221.02 7:06:00 A 

72.4 3~115· oroRE;C 7/22102 7:06:00 A 

58,13 25-121 %R!:C 7122102 7:06:00 A 

82.4 H\--137 %REC 7/2.21027;06:00 A 

~;5 23-120 %REC 7122JfJ2 7:0~:00A 
62.3 24-113 %REo 1.12.2102· 7:06:00 f\ 

SW6010A· FJR 
1.3 0.030 ppm 7/1f$j02 12:H~:49 P 

NO. 0.10 ppm 7(!6!0212:18:49 P 
21 0.25 ppm 7/1S{0212:18:49P 

SWBOB2 SOW 

NO 2.00 ppm Tl23102 

NO 2.00 ppm 7123/02 

NO 2.00 ppm 7/23f02 

NO 2.00 ppm 7/23102 

NO 2.00 ppm 7/2'.3102 

NO 2.00 ppm 7/23/02 

NO 2.0:0 ppm 7/23102 

DiluledOul 70"130 '¥aREC 7123102 
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;!203 S. Madison Street 

MUllGie Indiana 47302 

800·874-3563 

CLIENT: 

L-ab Order: 

Project: 

LabJD: 
Date Received: 

Analyses . 

SAle' 

M02070406 

NSWC Crane OGTSL 

M0207040&-" 14 
12-Jul-02 

SEMI-VOLATILES IN SOIL 
1,2,4 .• 5-T elrachlorobeozene 

t2.4-Tric/)lorobenzene 

1.2-Dlchlorobenzene 
1,2:.tJiphenylhydrazine 

1.3-Dichlorobenzene 

1.3·Dinitrot;lenzene 

1.4-Dichlorobenzene 
2.3.4.6-Tetrachlorophenol 
2.4,5-Trichlorc'lphenol 
. 2;4;6-Trlchlorophimol 

2,4-Dlchlorophenol 

.2.4·D\methylptienol 

2.4:.0initropheliol 

2,4·01nitrotoluene 
i,6-Dinitrotoluene 

, 2·Chloronaphthalene 

2..chlorophenol 

2-Melhylnap~lhalene 

2-M~thylphenol 

2-Nitroaniline 

2·Nitrophenol 

2-Plcoline 

3,3'~Oichlorobenzidine 

3·NitIoanUine 

4.s:.0initro·2-methylphenol 

4-Bromophenyl phenyl ether 

4-Chloro':Hnethylphenoi 

4-Chloroanlline 
4·Chlorophenyl phenyl elher 

4·Methylphenol 
4-Nltroaniline 
4-Nitrophenol 

Acenaptilllene 

.--------~----~-------------------, . 

SHERRYlaboratories . 

Client Sample ID: 34SS0107lO02 

Tag Number: 

Collection Date: 7flOr028:06;OOAM 

M.a(nx: SOlL 

Date Reported: 26-Jul-02 

Detection Date 
Result . Limit Units Analyzed Analy~t 

SW827!lA GB 
NO 0.33 ppm 1/22102 7-:38:00 A 

NO 0.33 ppm 71';.2102 7:38:OQA 
NO .0.33 ppm 7/221027:38:00 A 
NO 0.3.3 ppm 7/22102 7:38:00' A 

NO 0.33 ppm '71221027:38:00 A 

NO 0.33 ppm 7f1!J./02: 7:38:00 A 
NO '0.33 ppm 7!22/02"1:38:0b A 
NO :0.3'3 pPm 1tnJ02 7:38:00 A 
NO ·0.33 ppm 7;22/027:38:00 A 
NO O.3~ ppm 71221027:38:00 A 

NO 0.33 ppm 1/22102· 7:38:00 A 
NO '0.33 ppm 71221027:38:00 A 

NO 1.6 ppm 7122102 7;38:00 A 

NO 0.33 ppm 7/2.21027:38:00 A 

NO 0.33 ppm 7{22102 7:38:00 A 

NO 0.33 ppm fi22JP71:38:0P A 

NO 0.33 ppm 71221.027.:3.8:00 A 

NO 0.33 ppm 7(J.2102 7:38:00 A 

NO 0.33 ppm 7/22102 7:38:00 A 

NO 0.33 ppm 7/221027:38:00 A 

NO 0.33 ppm 71221027:38:00 A 

NO 0.33 ppm 7122102 7:~a:OO A 

NO 0.66 '. ppm 7122102.7;38:00 A 

NO 0.33 ppm 7122102 7.:38,00 A 

NO 1.6 ppm 7t22J02 7:38:00 A 

NO 0.33 ppm 7/22/027:38:00 A 

NO 0.66 ppm 7122102. 7:3.8:00 A 

NO 0.33 ppm 7122102 7:38:00 A 

NO 0.33 ppm 71221027:38:00 A 

NO 0.33 ppm 7/221027:38:00 A 

NO 0.33 ppm 71221C)2 7,38:00 A 

NO 1.6 ppm 71221027:38:00 A 

ND 0.33 ppm 7{22102 7:38:00 A 
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2203 S. "'.adison Street 

Muricie Ind!ana 47302 

800-874·3563 . 

CLIENT: 

Lab Order: 

·Project: 

L.ablD: 
Date Recciycd: 

AnalYSe!! 

Acenaphthylene 

Aniline 

Anthracene 

SAl( 

M02070406 

NSWC Crane OGTSL 

M02070406-14 

12·Jul-02 

· Benz(a)anthracene 

Benzidine 

Benzo{a)pyrene 

Benzo(b)fluoranthene 

Beflzo(g.ti .Ilperytene 

Benzo(k)Huoranthene 

.Benzoic·acid. 

Benzyl alcohol \/ 

Bls{2-chloroelhoXy}methane . 

B.iS(2-thloroelhYl)ether 

1;I(s(2-cl!loro~oprop'yI )ether 

Bis{2~\hythe>n'l}phjhalate . 

Butyl ben?}'i phthalate 

· Carbazole 

Ghrysene 

Oi-n·butYI phthalate 

OI-~ctYIpttthalale 

Dibenz(a.h)anthracene 

Dlbenzofuran 

Oiethyl phthalate 

· Dimethyl phihalale 

( 

Fluoranthene 

Fluorene· 

Hexaehlorobenzene 

Hexacl:tlorobutadiene 

Hexactl!orocyclopenladiene 

Hexacl:tloroelhane 

Indelio(1.2.3-Cd)pyrene 

.Isophorone 

N-Nilrosodf-n-propylamine 

N-Nilrosodimethylamine 

N-Nitrospdiphenytamlne 

SHERRYL3boratories 
Te;tir:-g Today .• Pro!ecting Toniorrow~ 

Client Sample rD: 34S$01071002 

Tag Number: 
Collection Date: 7/10J02 8:06:00 AM 

Matrix: SOIL 

Date Reparted: 26-Jul-02 

Detection Date 
Result Umit Units AJlalyzcd AnilIyst 

NO 0.33 ppm 71221021:38,00 A 

NO 0.66 ppm 7122/02 7:38:00 A 

NO 0.33 ppm 712210i7:3B:OO A 
NO 0.33 ppm 7/22/027:38:00 A 

NO 1.6 ppm 7/221027:38:00 A 
NO 0.33 ppm 7122102 7:36:00 A 

ND· 0.33 ppm . 7122102 7:38:00 A 
NO 0.33 ppm 7J22I027:38:00A 

NO 0.33 ppm 71221027:38:00 A 

NO 1:6 PPm 7/221027:38:90.A 

NO 0.66 PP'm 7122/.0i 7:38:00 A 
NO 0.33 PPm 7i22J02"7:38:00 A 

NO 0.33. ppm 7f221027:38:00A 

NO 0.33 -ppm 7f22f02 7:38:00 A 

ND 0.33 .ppm 7(21102 7:38:00 A 

NO 0.33 ppm 7f22JO~ 7:38:00A 

NO 0.33 ppm 7122i02 7 :38:60 A 

ND 0.33 ppm 71221027:38:00 A 

NO 0.33 ppm 7/22102 7::ia:OO A 

NO 0.33 ppm 71221027:38:00 A 

NO 0.33 ppm 7(221021:38:00 A 

NO 0.33 ppm 7/22102 7:38:00 A 

NO 0.33 ppm 7122102 7:38:00 A 

NO 0.33 ppm 71221027:3'8:00 A 

NO 0.33 ppm 7/22102 7:38:00 A 

NO 0.33 ppm 7/221027:38:0.0 A 

NO 0.33 ppm 7/22102 7:38:.0.0 A 

ND .0.33 ppm 71221027:38:.oOA 

NO .0.33 ppm 7122102 7:38:00 A 

NO 0.33 ppm 71221027:3~:.oO A 

NO .0.33 ppm 7122Jo2 7:38;.0.0 A 
NO .0.33 ppm 71i2l.o2 7:38:0.0 A 

NO 0.33 ppm 7/22/02 7:38:0.0 A 

NO .0.33 ppm. 7122/.02 7:38:.00 A 

NO 0.66 ppm 71221.027;38:.0.0 A 
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2203 S. MadISO" Slreet 

Muncie Indiana 47302 . 

800-874-3563 

CLIENT: 

LlibOrder: 

Project: 

LabIl}: 

. Date Received: 

Analyses· 

Naphthalene 
Nitrobenzene 

0-Toluidine 

Pentachlorophenol 

Ptlehanlhreile 

Phencil 

PYrena 

Pyridine 

SAle 

M02070406 

NSWC Crane OGTSL 

M0207.0406-14 
12-Ju\-02 

$I!IT: 2,4;6-Tr:ibromQPhenof 

SUIT: 2-Ruoro))iphe.nyl 

. ·Surt; 2-Fluarophenol 

Surr: 4-Terphenyl-d14 

Surr: NiirobeOZ~fle-d5 
. Surr, PhenOl-d5 

. / 
METALS IN SOIL ORSLUDGE BY ICP 

Cadmium 

Chromium. 

Lead 

PCBS IN SOIL OR SOLID WASTE 
Af(~cior 1016 

Aroclor 1221 

Arodar 1232 

Aroclor 1242 

Atoclor 1248 

Aroclor 1254 

Aroclqr 1260 

Surr: DecachlorobiPhenyl 

SHERRYLaboratories 
TC5liilg Todiiy - Prote!"llng Tomorro-.v_ 

Client Sampl.e ID: 34SS01071002 

Tag.Number: 

Collection Date: 7/lOi02 8:06:00 AM 

Matrix: SOIL 

Date Reported: 26-Jul-02 

Detection Date 
Resulc Umit Units Analyzed Analyst 

NO ·0.33· ppm· ~/22/0i 7:38;00 A 

NO .0.33 ppm 71221027:38:00 A 

ND 0.66 ppm 71221027;38:00 A 

ND 1.6 ppm 7/221027:38:00 A 

ND 0.33. ppm 11221021:38:00 A 

NO 0.33 ppm 71221027:38:00 A 

ND 0.33 ppljJ 7(22/02 7:38,00 A 

ND. 1:6 ppm 71221027:38:00 A 
88.7 19-122 %REC 11221021:38:00.A 

75;0 30-115 %REC 7(221021:38,0.0 A 
Ei5.9 2~-1~1 %REC 71221027:38:00 A 

81.4 18-137 . %RE¢ 7/22(027:38:00A 

59.7 23-120 %REC 71221021:38:00 A 

67.9 24·113 . %REC . 71221027:38:00 A 

SW6010A FJR 
0.69 o.pao PPf(I 7f.1610212:21:~ P 

5.0 0.10 ppm 7/16102 12:21.;38 P 

31 0.25 ppm 7(16102 12:21 :38 P 

SW8082 SOW 
ND 2.00 ppm 7123102 

ND 2.00 ppm 7/23102 

NO 2.00 ppm 7/23102 

ND 2.00 ppm 7/23f02 

NO. 2.00 ppm 7/23/02 

ND 2.00 ppm. 7123102· 

ND 2.00 ppm 7/23/02 

Di!uted Out 70-130 %REC 7/23102 
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SHERRYLaboratories 

Testing Tqday ... Protectihg Tomorrow ... 

c.'-v-~-e 

Contact Name: 1-k CM'IC, ~ ::r. ,&,..,_~ ... ,. . 

. r-" I' 
Phonc/F,pc S' 1..- ~ 5"Y -(,. \ cO /) 1 i ( 

= Drinklng\~a1t;ir MW::; Monitqring Well, 
= Waste Wat~r SL = Sludge 

= Soil 0 = Oil OT ::; o.thsr 

cg' 2203 S.Madfson St;, ,Mun9Is! IN 47302 

765-747-9000/800-874-3563 Fa?, 765-747-0228 

o 629 Washington St., Suite 300, Columbus, IN 47201 
812,"375-0531 Fax 81'2-375.0731 

o '5738 Industrial Fld;t For1Waynej IN 46825 
219-471-7000 Fax 219;4'71-7m 

Pnrr .. - I;;"ornior;y CoPt ,PaMl" Report ,Cupy Pad j - ClI~,nt·,. T~'"lltl'rAry Copy 

0, 2417W. Pinhook Rd, lafayette, LA 70508 

3~7 -235-0483/800-737 ·2378 ' 

Fax 337-233-6540 
o 3445 S Sheridem, Tulsa, OK 74145 

918-828-9977;800-324-5757 
Fax 918-828-7756 

.' ... "r· 

Comments I 
Remark!> 

lime 

'lime 

k-you for using SHERRY 
LABORATORI,ES, 

PART 2 
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•• ~ 2203 S. Madjson$l,j MUi:i'QI~~·tN41~~ 
765-747"9booia:O·Q:.a74~sSQ$. ·Fax. 76~~7 47-0228. 

o 629 Wil$hll:l9ton·St.. $~i~f!·300, ·QQl~mbUs. IN.472()1 

H RDVI"'-b" - a12.,375'0531·Fax 812-.37S.;{)1aJ . S . E: .~: .• t.i::J, ',or-atones . 0 5738 IndustJial Aei., FQrt Waynej IN 46825 
. 219·4~i·7bO()Fa~ 219.;47h1trt. 

Testing Today' ""'Protecting Tomorrovv "" 

Dute 'Time 

MatriX. 
=: b'rinking Water' MW .=Moriitoring Well 
= Waste: Wat~r SL =·Sludg,e 

o = Oil OT = Other 

.PArt 1 .. l~Ab~tftt.CI"Y Copy'PArt,2 .. ReJlOrl C'1\~y l'~rt"" C1liIQ". T.mJ)oriiry C"l1Y 

•• o '2411W, Pil.'l.ttoO~ Ad, 4ifayette, LA 70508 
3$7 ~235-0.4e3l800;. 737 ·2378 

Fax 337-2.33-6540 o 3445 S Sheridan, Tulsa, OK 74145 
918-828-9977/800-324-5757 
F~ 918-828-7756 

t ,11./, '/,: 

Cum lTle.nts I 
R~~marks 

. UPS 
t\irbonlc7"Snerp

", 

Hand/Mail 

l),IlC I Time 

Time 

k-you for using SHERRY 
LABORATORIES 

I 
! 
i 

": I 
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Jun 24 02 b3:04p DAN KLAYBOR 
~8/11/2002 09:52 F~l 785 7410225 SHERRY LABS 

Jvn-tl-OZ D6:1Z Fron-5IENCE APP. 

574 457 4551 

SOS830D447 ___ . l-stlD_ ................ 210Dl 
.'. ~. 

PURCHASE ORDER 

@JCO.2 

F-2JS 

Science Applications International Corp'oration PO Number I Date . 
4400056285 J 06/11/2002 

For Delivery To: 
.SAlC 
HIGHWAY 231 S ROUTE 6 BOX 28 
BLoOMFIELD IN .47424 

. Attn: A.Netl:lariand 

Supplier: 
SHERRY LABORATORIES INCORPORATEO 
2203 SQUTH MAV/S·D.N STREET 
MUNCIE IN 41302 

Supp(iar Contact: Dan KlaybOr 
. Supplier Pitone: 809-874-3663 

Telephone 'Buyur {S} 
St8ll1peclc, Edward 5Q5" 830-7430 

Prime Convoc:t Nurnbat: N00164-9B"D~OOO8 

D~IiVl;ry O~ar:' 051;2 

Item 

6Opo1 

00002 

00003 

QUantitYl 
Desaipdon 

'7.000 
SVOC Arralysi9 

7.000 
PCBs ~VSis 

7.000 
CadmiUm Analysis 

Unit 

each' 

each 

each 

0.11 To: 

SAIC 
. Ann: Accounts Payable 
Highway 231 South Route 8 BoK 29 
"Ioomfield. IN 47424 

Pfll'lii21s Aa;epted 
IkBvery Date~ 07 n 0/2002 

FOB; Origin 
Supplier Ref.: 89 . 
To Reg. It: 0036874220017 
Currency; USD 
payment Tetms~ Within 30 days Due net 

Fax NiDnber 
50S 830'()44 7 

P.Org.! Pro.:. COtJ-;--
0035 

Unit Price . Extended Price 

225.00 1,575.00 0.00 

75;00 . 52S.00 0.00 

9.00 63.00 . 0.00 

Next Page 2 
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Jun 24 02 03:04p DAN KLAYBOR ·574 457 4551 p.3. 
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~6/11/2002 09:52 FAX 185 7470228 SHERRY LADS 

Jun-IHZ OS:U froa-SlEtlCE APP, 

Science Applications International· Corporation 

he ... 

00004. 

·00005 

0Dantity/ 
D8ScriptiOn 

1.000 
Ch,omium Analysis 

7.000 
Lead Analysis 

~btotoll 'Mdi,ufing tax 
SaIu&/UGe ~;iC 
Total or~e7 

Unit 

eec;n 

each 

Buver's Slgrn.nure: .;£c....~~~ ______ ~~ 

AclmowJedgemeat ot mis Pun:;hase Order is teqUired: 

S06AilDO« T 

Unit Price 

9.00 

9.00 

III 00;) 

. . T-50I1 P .lJ031oB3 F-2, I; . 
,. -':;,- -

PURcHASe ORDER 
PO Nllfnber I Date 

440005628S 10611.112002 

Extended Price 

63.00 

63.00 

Ext.end ed Tax 

0.00 

O.QO 

2.285.00 
0.00 

2,289.00 

~pplier's Name-: DJWI·I=l (.·I:::L4.:.ecrS[gnlnur~: ....... ~a:a...u..~=--,~ 

... 

... ' .... 
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I rem" Aucru,(ed' 

REQUISITION AND INVOICE/SHIPPING DOCUMENT OMB No. 0704.0246 
ExJihes D.~ 3·1. 1999 

rn~ Dubli~ fO~f1't\{) .but den lor IN5 c.ollaction 13r I"formaflon is 'OS1knbtod to D'tIGtaQ'O 1 hout por IQtlP~", inclUding thol (1r'f18.'or rovl.wlng'lnsuuctioN. se.tc~tno itXtStinn data 5OUf!:U. sa,UWrlng .nd m,fnlsit1ing che a .. , .. ne"dDd, and compl81ing 8no reviDlNloc,. 
ttlCl 'o!lo~ljQn QJ 1ll10lrnation. Sand cornrttt'nu ragurdlno thiS burdan e;sttmilll Of any Qlhar asp.ecl of 11'11. colJuliO,n pt'fnformaUan. ine-IIJdfng ~9tJud~s tOt ,.ouci"g Inls bUfdan. to Oapartmeru of C?efen~. W".hfngto,n HeodQvQf~el' SOlvl'Of. OIrectOlDte 'or 
1"lolol~lion Ov",otiOnA Qnd Aftporl' 1070".02461. 121 & JetlOlson Davis HI~hw~Y: 5ull.·l.204., Afl1n~llln,· VA 2;1202-430Z·. Rospoodoitlilihauht\le awlr'· '~al nalvvil/1J1Dlldln9 any olhe, pro.ision alia ... no peiSon ,Mil bo IUbjCC1 10 any pDNhV 10r I.lIIng 
'0 CVrnpl,. wvlllll ~oUectlun 01 dlfurmlJ,liDfl it it do~s nO""ispluj'"a cuir,nlly vall<fOMS ~nlroi numbar. . . . . . ' 

PLEASE. 00 NOT RETU~III YOUR FORM TO THlS AOOR<5$. RETURN C_OMPLtr£D FORM TO THE AOOAESS IN ITiM 2. 

1 Fi10M: I I".,uo_ Z.IP Cod. I . NAVSURFWARCENDIV 
.CODE 1Iil 'BLDG 4lSE 

SHEET 
·mi.· 
. 1 

SHEETS . . 
1 2002'-07-ll 

t.O.·OF IS.REQ,VISITIOIII DATE Ie. RfOUISITION IIIUMBER 

300 'HIGHWAY 36'1 +.7. DATE MATeRIAL REOUIReD (YYYYMMDOI 8. PRIORITY L_. _____ . ______ CP~EI. IN 47522-5001 2002~07-12· 03 

1. TO: I InCIl'.'" ZIP CO"" ) 9 "UTHOAIT .... OR PURPOSE. 

SHERRY LABOR.l\,TORIES 
2203 S, MADISON ST. 
MUNCIE. IN 47302 

ENVIRONMENTAL SAMPLES FOR ANALYSIS 
~SIGNATUR~-:--- . 11 •• VOlJCtiER NUMBER at OAr"e IYY' 

DANA WILLIAMS N00164-2192-3104 

mlill~i~~mIMllmll!~mm~lm 
12. OA·1E SHIPPED IVY\'YM/v1001 b. 3 SHI": 0 . M/4RK. FOri 

A!'lY KIESEL 

.,. ~PPROPRI"'TIO/IS D,nA 

TRANSPORTATION: Al 97X4930. 
LAEOR : Al 9 7X4 930 , 
t-1ATERI Al" : A197X4930, 

13. MODE OF SHIPMENT 

PED E;X 
, '\. BILL OF LADING NUM efR 

1 S. IIIR MOVEMENT DESIGNATOR OR PO~T REFERENCE NO: 

NHIJ 000 77777 0 000164 2F' 000:00·0 096958373454 
NH1J 000 77777 0 000164 :2F 000000 096958318006 
NHIJ 00077777 () 00'0164 2F 000000 0969583734'54 

A~"OUNT 

m/:;r I· UNiT . -1'· . 
N0.1 ' rEOEA"'L 5r.OC~ NliM8ER,.DESCRIPTION: AND CODlf.G OF MATERIAL AND/OII SERVICES OF UNli PRICE TOTAL COST 

ISSUE 

-----p-OC: DANA IULLIAMS PHONE NO: 812-854-3590 ~I w 
RETURN COpy TO; TOf.-l B. . SHOP CD: 09695 

! . . . 111I!illl~lIimmWiiI~III11~IIWlllllmlll~llmIIlUIIIIIII . . . 
!Ol I",""'RONMENTAL 

! 
I 
I 

SAf1PLES FOR ANALYSIS - ONE (l) COOLER 

I.'j',_ 

Ie) . Ihl II) 

;i8fJ 
EA I 

~":: . 

. I L--l ________________ ~ ________________________ ~~ ________________ ~--_r------~~------~--~----~------------~--___ ----__ ~ 
1 (\ nv .. r-:$PORr Id tON ViA rtif\ TS on MSTS CHAR.GEAeLE TO 17. SPECIAL HANDI-ING 

-;&liS5V(be~-·-·-·- I TOTAL I f).'PE 
ri . CON· CON· 

T01AL I TOTAL II s·1 CONTAII'IERS FATE IYYYYMMDO~ BY I SHEET TOTAL 
ViEIGHT .CUSE RECEIVED . 

EXCEPT AS 
DESCRIPTION 

E 0 ~T~A~IN~E~RS~+-~T~AwIN~ER~.-+ __ ~ _____________ ----~----------~r-~----,-------~ 

~:I' D~13946 _ .. _. . .... 

.~. ~lc ... (~~mBY V t t ~=±=:J-. t. )L. I L./ >'- '7 
" ? I 0 f C) "1..... .. --.-_. '-.~"--. - ------.• - I 
I ~ ~11._ .. _.JS!E38 ~1_:~ .. _____ ---.-- '. --.. -_. ----- -----1 

I
T !If "AC~ED OV 
I 1 

.0 I . t I ,,--.-.---- TOTAL -

A NOTED· 

E 

·57-/ Li,cJ I~ OUAIlf11T!~S ATE IYYYYMMOb~ BY la.RAIliO TOTAL 
RECEIVro 
eXCEPT AS 
NOTED 

-. p 
fA n iYYYVMMDDi BY --r?:5:"RfCelvER'S 

T POST~ . VClUCHER NO. 

DD FORM 1149. JAN 1997 51 52 53 54 55 56 57 !i9 59 60 61.62·63 6465.6.6· 67 6861ho. 7172 73 74.75' 76:17 78 79 SO 81 82 8384 6SS(Hii8ii :89' ~0'91 929'3.94 95' 96 97 98 '99 100 
PREVIOUS. EDITION MA·YBE USED. e e. ·e 

1 .' 

.1 

" 

'I~ 

., 

~ 

~ 
g 

~ -~ 
~ 
i 

~ 
~ 

~ 
~ 

· . · I , 

· ':1 ; 
~ 

:i;':j 
)~ 

"rJI 

~::1 
.) 

',.; 

.. ..; 
!:~; 

~~i 
:~ 
":;J 
,~ 

::U 

t1 

~~~ 'i ··1 
:.~ 

ID 



. 
~ 

~ 
I 

'. 
\: 

. 
I 

\ 
~~..a.......L. ..... 

• 
, 

'\\ 
.0

 ~ 
\ 

\
.
:
:
s
 

\ 
\\ 

I-
-...J 

\ 
.. \!\ 

Q
)\'l 

.
\
\
 \
.
~
 

C
)
,
\
 

. 
. ' 

\x. \
.
 

\ 
.
.
l 

as 
\. \ 

» 
· C

) 
I
-

\ 
\ 

. 
I
~
 

o
. \.' 

~'-. ~... 
-c 

+
-' 

.
~
)
 

-
U

)
 

0
)
 0 

----
/ 

.' 
~
'
r
 

. 
_

-
-
-
-
-
.
.
,
.
.
-
"

J
'
 

--~.......".../.~ 

.---"--



Sample Date: 7/10/2002 
Sample # Depth (in) 
01 SS 0-12 
02 SS 0-8 
03 SS 0-24 
04 SS 0-24 
05. SS· 0~2::1 

06 SS 0-24 
06 SB' 24-48 

. 07 SS 0-24 
07 S8 24-48 
08 SS" 0-24 
09 S8' 0-25 
010 SS' 0-26 
011SS 0-27 

' • 

. " 
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• APPENDIX B 

TABULAR PRESENTATION OF RBSLs 

• 



• 
PARAMETERS 
EXPLOS)VES (NITROAROMAT)CS AND NITRAM)NESl 
SW-846 METHOD 8330 SW-846 METHOD 8330 
1 ,3 5· T rlnitrobenzene 
1 3·Dinltrobenzene 
2,46-Trlnltrotoluene NT 
2 4-Dlnitrotoluene 
2 6-Dlnltrotoluene 
2-Amlno-4,6-dinitrotoluene 
2·Nltrotoluene 
3·Nitrotoluene 
4·Amino-2,6·dlnltrotoluene 
4·Nitrotoluene 
Hexahydro·l 3 5-trinitro-l 3,5·triezine RDX 
Methvl·24,6·trlnltrophenylnitramine Tetrvl 
Nitrobenzene 
Octahvdro·l 35 7·tetranltro-l 35 Hetrazocine HMX 
APPENDIX IX HERBICIDES SW·846 METHOD 8151A 
24·D 
24,5·T 
245·TP Silvex 
Dlnoseb 
Pentachloro henol 
Hexachloroohene 
ORGANOCHLORINE PESTICIDES SW-846 METHOD 8081 A 
Aldrin 
Aloha·SHe 
Alpha·chlordane 
Seta·SHe 
44'·DDD 
44'·DDE 
4,4'·DDT 
Delta·SHe 
Dieldrin 
Endosullan I 
Endosulfan II 
Endosulfan sulfate 
Endrln 
Endrln aldehyde 
Endrin Ketone 
Gamma·SHe Lindane 
Gamma·chlordane 
Heptachlor 
Heptachlor epoxlde 
MethoXYchlor 
Toxaphene 
POLYCHLORINATED BIPHENYLS SW-846 METHOD 8082 
Aroclor·l016 
Aroclor·1221 
Aroclor·1232 
Aroclor·1242 
Aroclor·1248 
Aroclor·1254 
Aroclor·1260 
POLYCYCLIC AROMATIC HYDROCARBONS 

• 
APPENDIX B 

TABLE 1 
TABULAR PRESENTATION 01; SOIL AND SEDiMENT RBSLs FOR RBTL SELECTION 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 5 

'. 

FEDERAL FEDERAL 
IDEM 

REGION 5 ~ 
w 'w w DEFAULT 0- AWaC. 0- AWQC. 15 ECOOQLB FEDERAL 0 0 RESIDENTIAL z z FRESHWATER z FRESHWATER z 

SURFACE 15 Met. (ug/L) 0- 0- S GWClOSURE 0 ACUTE ~ CHRONIC 
WATER (ugll) 0 ~ ~ lEVELS 

~ (ugll) (ugll) 

CAS NUMBER 
(ugll) 

99·35·4 
99-65'() 22 
118-96-7 
121-14-2 44 1.3 
606-20-2 81 1.3 

. 35572·78·2 
99-08-1 
99'()8·1 

1946·51·0 
99-99·0 
121·82-4 
479-45·8 
98·95·3 220 4.3 

2691-41.() 

94·75·7 .220 70 70 
93·76-5 686 370 
93·72·1 30 50 
88·85·7 0.48 7 
87·86-5 4 1 19 15 1 
70-30-4 0.228 

309-00-2 0.017 3 0.05 
319-84-6 12.4 0.14 

5103·71·9 2 3 2.4 3 0.0043 3 2 
319·85·7 0.495 0.47 
72·54·8 3.5 
72·55·9 4.51E-09 2.5 
50-29·3 0.000011 1.1 0.001 2.5 
319-86·8 667 0.14 
60·57·1 0.000071 0.24 0.056 0.053 
115·29·7 0.22 0.056 220 

33213·65·9 0.056 '0.22 0.056 220 
1031-07-8 220 
72·2D-8 0.036 2 0,086 0.036 '2 

7421·93·4 0.15 2 
53494·70-5 2 

58·89·9 0.026 0.2 0.95 0.2 
12789'()3-6 2 3 2.4 3 0.0043 '3 .2 

76-44·8 0.0038 0.4 0.52 0.0038 0.4 
1024·57·3 0.0038 0.2 0.52 0.0038 0.2 
72-43·5 0.019 40 0.03' 40 

8001·35·2 0.00014 3 0.73 0.0002 3 

12674·11·2 0.5 7 0.014 7 0.5 
11104·28·2 0.5 7 0.014 7 0.5 
11141-16-5 0.5 7 0.014 7 0.5 
53469·21·9 0.5 7 0.014 7 0.5' 
12672·29-6 0.5 7 0.014 7 0.5 
11097·69·1 0.5 7 0.014 7 0.5 
11096-82·5 0.5 7 0.014 7 0.5 

SW-846 METHOD 8270C WITH SELECTIVE ION MONITORING 
2·Methvlnaphthalene 91·57·6 330 150 
Acenaphthene' 83-32·9 38 460 
Acenaphthylene 208·96·8 . 4840 71 
Anthracene 120-12·7 0.035 43 
B_aDZo a anthracene 56-55·3 0.025 .. 1.2 

• 
IDEM .... -:.' 

w 
DEFAULT w w 

0- S REGION8TAP 15 MlNlMUM 0 INDUSTRIAL z ·z WATERPRGS j!: CRrTERlA VALUE 0- GWCLOSURE 

~. 0 (ugll) 0 (ugll) 
~ lEVELS ~ 

(ugll) 

1100 1100 
3.6 . 3.6 
2.2 2.2 

'1 4.2 1 73 1.3 
1 4.2 1 36 1.3 

7.3 2 7.3 
61 61 
61 61 
7.3 2 7.3 
61 61 

0.61 0.61 
360 360 

51 3.4 3.4 
1800 1800 

1000 360 70 
1000 360 360 

290 30 
36 0.48 

24 ,0.56 0.56 
11 0.228 

0.17 0.004 0.004 
0.45 0.011 0.011 

3 8.2 3 0.19. 3 0.0043 . 
.1.6 0.037 0.037 
12 0.28 0.28 
8.4 0.2 4.51E.()9 
8.4 0.2 0.000011 

4 0.45 4 0.011 4 0.011 
0.18 0.0042 0.000071 

5 510 5 220 5 0.056 
5 510 5. 220 5 0.056 
5' 510 5 220 5 220 

31 11 0.036 
6 31 6 11 6 0.15 
6 '31 6 11 6 2 

2.2 ' 0.052 0.026 
3 '8.2 3 0.19 - 3 0.0043 

0.64 0.D15 0.0038 
0.31 0.0074 0.0038 
45 180 0.019 
3 0.061 0.00014 

7 0.5 7 0.96 0.014 
7 0.5 7 0.034 0.014 
7 0.5 7 0.034 0.014 
7 0.5 7 0.034 0.014 
7' 0.5 7 0.034 0.014 
7 0.5 7 0.034 0.014 
7 0.5 7 0.034 0.014 

2000 6.2 8 6.2 -
4200 370 38 
730 370 9 71 
43 1800 0.035 
3.9 0.092 0.025 



PARAMETERS 
Benzo a)pyrene 
Benzo b fluoranthene 
Benzo(g,h lloeIVlene 
Benzo k fluoranthene 
Carnazole 
Chrysene 
Dibenzo a h anthracene 
Fluoranthene 
Fluorene 
Indeno 1 2 3-cd)pvrene 
Naphthalene 
Phenanthrene 

IPvrene 
SEMIVOLATILE ORGANIC COMPOUNDS EXCEPT PAHs 
SW-846 METHOD 8270C 
1 24,5·Tetrachlorobenzene 
1 24·Trlchlorobenzene 
1 2·Dichlorobenzene 
1 3·Dlchlorobenzene 
1 4·Dlchlorobenzene 
1 4·Naphth~qulnone 
1 4·Phenylenedlamlne 
l·Naohthvlamine 
23,4 6-Tetrachlorophenol 
245·Trichlorophenol 
2,46-Trlchlorophenol 
2 4·Dlchlorophenol 
2 4·Dimethylphenol 
2 4·Dinltrophenol 
2 6·Dlchlorophenol 
2·Acetvlamlnofluorene 
2-Chloronaphthatene 
2·Chlorophenol 
2·Methvlphenol 
2·Naphthvlamlne 
2·Nltroaniline 
2·Nltrophenol 
2·Plcoline 
3 3'·Dichlorobenzldlne 
3,3'·Dimethylbenzldine 
3·Methvlcholanthrene 
3·Methylphenol 
4·Methylphenol 
3-Nltroaniline 
4 6-Dlnltro-2·methVII henol 
4-Aminobiphenyl 
4·BromopMnvl ph en I ether 
4·Chloro-3-meth ,Iphenol 
4·Chloroaniline 
4·Chlorophenyl phenyl ether 
4-Nitroaniline 
4-Nltrophenol 
4·NltroQulnoline·l·oxide 
5·Nitro-o-toluldine 
7 12·Dimethvlbenz a anthracene 
Acetophenone· 
Aniline 
Aramite 
Benzyl atcohot 
Bis 2-chloroethoxv)methane 

• 

APPENDIX B 

TABLE 1 
TABULAR PRESENTATION OF SOIL AND SEDiMENT RBSLs FOR RBTL SEl.ECTION 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF'S 

IDEM 
REGION 5 .. I!! . FEDERAL 6 FEDERAL "' DEFAULT I- AWQC. AWac. l-
ECC DOL. 0 FEDERAL 0 0 RESIDENTIAL z z FRESHWATER z FRESHWATER z 
SURFACE I- MCl. (ugll) I- 8 1-. GWCLOSURE e e ACUTE CHRONIC 8 WATER (ugll) ~ ~ (ugll) ~ (ugll) "-

LEVELS 

CAS NUMBER 
(ugll) 

50-32·8 0.014 0.2 0.2 
205·99·2 9.07 1.2 
191·24-2 7.64 0.26 
207·08-9 0.8 
86·74-8 43 
218·01-9 1.6 
53-70·3 0.12 

206·44·0 1.9 .210 
86·73·7 19 310 
193·39·5 4.31 0.022 
91·20·3 13 8.3 
85·01·8 23 
129·00-0 140 

95-94·3 3 
120-82·1 30 70 70 
95·50-1 14 600 600. 

541·73-1 38 6.9 
106-46-7 9.4 '75 75 
130·15-4 --
106·50·3 
134·32·7 
58-90-2 1.2 
95·95-4 3700 
88-06·2 3.7 
120·83-2 11 110 
105·67·9 100 730 
51-28·5 19 73 
87-65·0 
53-96-3 535 
91·58-7 0.396' 610 
95-57·8 24 38 
95·48·7 67 1800 
91·59·8 
88·74-4 .2.1 
88·75·5 ._. 
109-06·8 
91-94'1 4.5 .1.9 
119·93-7 
56·49·5 0.0891 
108·39-4 62 1800 
106-44·5 25 180 
99-09·2 
534·52·1 23 
92-67·1 
101·55-3 1.5 
59·50·7 34.8 
106-47-8 232 150 

7005·72·3 
100-01·6 
100-02·7 
56-57·5 
99-55-8 

.57·97·6 0.548 
98·86·2 
62·53·3 4.1 
140·57-8 3.09 
10()!51-6 8.6 11000 
111·91-1 

--- -- -• 

IDEM 
I!! OEFAULT w .. 

I- REGION 9 TAP b MINIMUM 0 INDUSTRIAL 0 z 
~ WATERPRGS z CRITERIA VALUE I- GWCLOSURE l-

~ (ugll) ~ (ugll) 
LEVELS ~ 
(ugll) . 

0.39 0.0092 0.0092 
'1.5 0.092 0.092 
0.26 180 10 0.26 
0.8 0.92 0.8 
140 304 3.4 
1.6 9.2 1.6 

0.39 0.0092 0.0092 
210 1500 1.9 
2000 240 19 . 

0.022 0.092 0.022 
2000 6.2 6.2 
310 180 10 23 
140 180 140 

11 3 
1000 190 30 
9200 370 14 

92 5.5 5.5 
120 0.5· . 0.5 

6900 6900 

1100 1.2 
10000 3600 3600. 

10 0.96 0.96 
310 110 11 

'2000 730 100 
200 73 19 

535 
8200 490 0.396 
510 30 24 
5100 1800 67 

5.8 1 1 

6.4' 0.15 0.15 
0.0073 0.0073 

·0.0891 
5100 1800 62 
510 180 25 

'23 
0 

1.5 
34.8 

410 150 150 

2 2 
0.548 

12, 4.1 
2.7 . 2.7 

31000 11000 8.6 

• 



• • • 
APPENDIX B 

TABLE 1 
TABULAR PRESENTATION OF SOIL AND SEDIMENT RBSLs FOR RBTL SELECTION 

. NSWC CRANE, CRANE, INDIANA 
PAGE 3 OF 5 

IDEM IDEM 
REGION 5 ~ w FEDERAL w FEDERAL w DEFAULT w DEFAULT . w w .... Awac. .... Awac. .... .... .... REGION 9TAP .... MINIMUM 
ECQ OCLa 0 FEDERAL 0 0 0 RESIDENTlAL 0 . INDUSTRIAL 0 0 z z FRESHWA~R z FRESHWATER z z z WATEAPRGS z CRITERIA VALUE 
SURFACE .... Mel. (ugIL) .... .... 

~ 
GWCLOSURE .... GWCLOSURE 

~ 8 0 
~ ACUTE ~ CHRONIC ~ (ugIL) (ugIL) WATER (ugIL) 0 LEVELS I:-EVElS "- (ugIL) (ugIL) "-

PARAMETERS CAS NUMBER 
(ugIL) (ugIL) 

Bis 2-chloroethvl ether 111-44-4 19000 0.15 2.6 0.0098 0.0098 
Bls 2-chloroisopropvl ether 108-60-1 ----- 4.2 41 0.27 0.27 
Bls 2-ethylhexyl)phlhalate 117-81-7 0.3 6 6 200 4.8 0.3 
BuIVI benzvl phthalate 85-68-7 23 2700 2700 7300 23 
Chlorobenzilate 510-15-6 7.16 0.25 0.25 
Diallate 2303-16-4 ---- 1.1 1.1 .. - DI-n-buIVI phthalate 84-74-2 9.7 3700 10000 3600 9.7 . 
Di-n-octvl phthalate 117-84-0 30 20 20 1500 20 
Dibenzofuran 132-64-9 4 .15· 200 24 4 
Dlethvl phthalate 84-66-2 .110 29000 82000 29000 110 

- Dlmeth'ylamino azobenzene 60-11-7 1.65 1.65 
a a-Dimeth Ilphenethylamlne 122-09-8 36 36 
Dimethyl phthalate t31-11-3 370000 1000000 360000 360000 
Diphenylamine 122-39-4 412 910 412 
Ethyl methane sulfonate 62-50-0 
Hexachlorobenzene 118-74-1 0.0003 1 1 1.8 0.042 0.0003 
Hexachlorobutadiene 87-68-3 0.053 7.3 .20 0.86 0.053 
Hexachlorocyclopentadlene 77-47-4 77 50 50 610 220 50 
Hexachloroethane 67'72-1 8 37 100 4.8 4.8 
Hexachloroorooene 1888-71-7 
Isodon 465-73-6 0.0309 0.0309 
Isophorone 78-59-1 920 900 3000 71 71-
Isosafrole 120-58-1 
Kepone 143-50-0 0;132 0.0084 0.0084 
Methapyrilene 91-80-5 
Methvl methane sulfonate 66-27-3 
n-Nitrosodi-n-butvlamine 924-16-3 0.002 0.002 
n-Nitrosodiethylamine 55-18-5 768 0.00045 0.00045 
n-Nltrosodlmethylamine 62-75-9 0.0013 0.0013 
n-Nitrosodl-n-oroovlamine 621-84-7 0.12 0.41 0.0096 0.0096 
n-Nitrosomethylethylamlne 62-75-9 0.0013 0.0013 
n-Nitrosomorphollne 59-89-2 
n-Nitrosooloeridine 100-75-4 
n-Nitrosoovrrolidine 930-55-2 0.032 0.032 
Pentachlorobenzene 608-93-5 0.019 29 0.019 
Pentachloroethane 76-01-7 
Pentachloronltrobenzene 82-68-8 0.26 0.26 
Phenacetin 62-44-2 
Phenol 108-95-2 180 11000 31000 22000 180 
Pronamide 23950-58-5 2700 ·2700 

Pyndlne 110-86-1 2380 , 36 36 
Safrole 94-59-7 
o-Toluldine 95-53-4 0.28 0.28 
o 0 0-T Methvl phosphorothloate 102-86-3 0.0038 0.0038 
TAL METALS PLUS TIN 
SW-846 Method 6020 
Aluminum 7429-90-5 750 87 36000 87 
Antimony 7440-36-0 80 6 6 41 15 6 
Arsenic 7440-38-2 148 10 340 150 ·50 . 50 0.045 0.045 
Barium 7440-39-3 220 2000 2000 7200 2600 220 
Beryllium 7440-41-7 3.6 4 4 200 73 3.6 
Cadmium 7440-43-9 0.15 5 2 11 0.25 11 5 51 18 0.15 
Calcium 7440-70-2 
Chromium total 7440-47-3 42 100 16 12 11 12 100 12 310 12 110 12 11 
Cobalt 7440-48-4 24 730 24 
Copper 7440-50-8 1.58 1300 13 13· 11 9 11 1300 13 3800 1500 1.58 
Iron 7439-89-6 1000 11000 1000 
Lead 7439-92-1 1.17 15 13 65 11 2.5 11 15 - 13 42 1.17 
Maaneslum 7439-95-4 
M~IJganese 7439-96-5 880· 880 



PARAMETERS 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Tin 
Vanadium 
Zinc 
SW-846 7470Al7471 A 
Mercurv 
VOLATILE ORGANIC COMPOUNDS 
SW-846 METHOD 5035B/8260B 
1 1 l-Trichloroethane 
11.12-Tetrachlomethane 
1 1.2 2-Tetrachloroethane 
1 1 2-Trichloroethane 
1 2 3-Trichlompmpane 
l.l-Dlchlomethane 
1 l-Dlchlomethene 
1 2-Dlbmmo-3-chloro rooane 
1 2-Dibmmoethane 
1.2-Dichlomethane 
1.2-Dlchlomomoane 
2·Butanone 
2-Chloro-l 3-butadlene chlomprene 
2-Hexanone 
4-Methyl-2-pentanone 
Acetone 
Acmleln 
Acrylonitrile 
All I chloride 3-chloro-l-omoene 
Benzene 
Bromodlchloromelhane 
Bromoform 
Broinomethane 
CartJon disulfide 
CartJon tetrachloride 
Chlorobenzene 
Chlomethane 
Chlomlorm 
Chloromethane 
cls-l 2-Dlchloroethene 
cis·l.3-Dichlompmpene 
Dlbromochloromethane 
Dibromomethane 
Dichlorodifluommethane 
Ethvlbenzene 
Ethvl methacrvlate 
Methacrylonltrile 
Methylene chloride 
Methvl iodide 
Methyl methacrylate 
Methyl tM-Butyi Ether 
Styrene 
Tetrachloroethane 
Toluene 
trans-l 2-Dichlomethene 
trans-l 3-Dlchfomoropene 
trans-l 4-Dlchlom-2-buten'e -

AP~ENDIX B' 

TABLE 1 
TABULAR PRESENTATION OF SOIL AND SEDIMENT RBSLs FOR RBTL SELECTION 

'. NSWC CRANE, CRANE, INDIANA 
PAGE40F5 

IDEM 
REGIDN 5 w w FEDERAL w FEDERAL I!! DEFAULT >- b Awac. >- Awac. Eca DOL_ O FEDERAL 0 0 RESIDENTIAL z 

~ 
FRESHWATER z FRESHWATER 

~ SURFACE >- MCl. (ugll) >- GWClOSURE 8 ACUTE 0 CHRONIC • 
WATER (ugll) 0 lEVELS u. (ugll) u. (ugll) 

CAS NUMBER 
(uglL) 

7440-02-0 470 11 52 11 
7440-09-7 
7782-49-2 5 50 5 50 
7440-22-4 0.12 3.2 11 180 
7440-23-5 
7440-28-0 10 2 2 
7440-31-5 180 
7440-62-2 12 
7440-66-6 65.7 120 11 120 11 11000 

7439-97-6 0.0013 2 1.4 0.77 2 

71-55-6 76 200 200 
630-20-6 6.9 
79-34-5 380 0.9 
79-00-5 5 5 
96-18-4 
75-34-3 47 990 
75-35-4 65 7 .7 
96-12-8 0.2 
106-93-4 0.05 
107-06-2 5 5 
78-87-5 360 5 5 
78-93-3 2200 8400 

126-99-8 
591-78-6 99 
108-10-1 170 2200 
67-84-1 1700 950 

107-02-8 0.19 0.055 
107-13-1 66 
107-05-1 
71-43-2 114 5 5 
75-27-4 80 15 80 
75-25-2 230 80 15 80 
74-83-9 16 11 
75-15-0 15 1300 
56-23-5' 240 5 5 
108-90-7 47 100 100 
75-00-3 62 
67-66-3 140 80 15 80 
74-87-3 
156-59-2 70 70 

10061-01·5 5.6 
124-48·1 80 15 
74-95-3 
75-71-8 

100-4t-4 14 700 700 
97-63-2 
126-98-7 
75-09-2 . 5 5 
74-88-4 0.85 
80-62-6 2800 

1634-04-4 
100-42-5 32 '100 100 
127-18-4 45 5 5 
108-88-3 253 1000 1000 
156-60-5 970 100 100 

10061-02·6 5.6 
110-57-6 

IDEM 
w DEFAULT w I!! b >- REGION 9·TAP MINIMUM 

INDUSTRIAL 0 0 z z WATERPRGS i!: CRITERIA VALUE 

8 GWClOSURE >-
0 (ugll) 8 (ugll) 

lEVELS 0 
u. u. u. 

(ugll) 

730 52 

510 180 5 
510 180 0.12 

/' 

7.2 2.4 2 
180 

260 12 
. 31000 11000 65.7 

31 11 14 0.0013 

29000 3200 76 
110 0.43 0.43 
14 0.055 0.055 
50 0.2 0,2 

0.0056 0.0056 
10000 810 47 
5100 340 7 

0.0016 0.0016 
0.00076 0.00076 

31 0.12 0.12 
42 0.16 0.16 

61000 1900 1900 
14 14 

99 
8200 180 160 
92000 610 610 

51 0.042 0.042 
0.039 0.039 
1800 1800 

52 0.34 0.34 
80 0.18 . 0.18 

360 8.5 8.5 
140 8.7 8.7 

10000 1000 15 
22 0.17 0.17 

2000 110 47 
990 4.6 4.6 
1000 6.2 6.2 

1.5 1.5 
1000 61 61 

'16 29 16 0.4 16 0.4 
0.13 0.13 
61 61 

390 390 
10000 2.9 2.9 

550 550 
1 1 

380 4.3 4.3 
2.9 0.85 

1400 1400 
13 13 

20000 1600 32 
55 0.66 0.66 

20000 720 253 
2000 120 100 

16' 29 16 0.4 16 0.4 
0.0012 17 0.0012 

• 



• • 
APPENDIX B 

TABLE 1 
TABULAR PRESENTATION OF SOIL AND SEDIMENT RBSLs FOR RBTL SELECTION 

NSWC CRANE, CRANE, INDIANA 

REGION 5 
. Eeooal_ 

- SURFACE 
WATER (ugJl) 

PARAMETERS CAS NUMBER 
Trichloroethene 79-01-6 
Trtchlorofluoromethane 75-69-4 
Vinyl acetate 108-05-4 . 
Vinyl chlortde 75-01-4 
Total )(yIenes' 1330-20-7 27 
SW-846 Method 5035B/8015B 
lA-Dioxane ~ 123-91-1 22000 
Acelonitrile 75-05-8 12000 
Ethylene GI col 107-21-1 
Isobutanol 78-83-1 
Proplonltrile 107-12-0 
MISCELLANEOUS PARAMETERS 
CEC SW-846 Method 9081 
Perchlorate EPA Method 314.0 7601-90-3 

H SW -846 Method 9045C ... 
TOC SW-846 Method 9060/Uoyd Khan _. 
Totall'~I!<)leum Hydrocarbons (Tf'H) EPA Method 413.2._ 

1 Dlnitrotoluene mixture. 
2 EPA Region 3 risk·based concentration (USEPA Region 3 RBC Tables, AprtI2004): 
3 Value for chlordane presented. 
4 Value for alpha·BHC presented. 
5 Value for endosulfan presented. 
6 Value for endrin presented. 

Total for all Arodor congeners. 
Value for naphthalene presented. 
Value for acenaphthene presented. 

10 Value for pyrene presented. 
11 Criteria are hardness dependent. 
12 Hexavalent Chromium 
13 Federal Action Level at the Tap. 
14 Value is for mercuIY chloride presented. 

PAGE 5 OF 5 

w w FEDERAL 

b b Awac. 
FEDERAL 

.~ .z FRESHWATE~ Mel. (ugIl) ... 
~ 8 ACUTE 

u. (ugll.) 

5 

2 
10000 

151994 Proposed rule for Disinfectants and Disinfection By·Products. Total for all trthalomethanes combined cannot exceed 80 ugiL. 
16 Value .for l,3-dlchloropropene presented. . 
17 Value for 1 ,4-dlchloro-2-butene presente~. 

IDEM 
w FEDERAL w DEFAULT ... Awac. ... 
0 0 RESIDENTIAL z FRESHWATER z ... 8 GWCLOSURE 0 CHRONIC 
~ (ugll.) u. LEVELS 

(ugll.) 

5 

550 
2 

10000 

• • 
IDEM 

~ DEFAULT ~ w 
REGIONOTAP ... MINIMUM 0 INDUSTRIAL 0 0 z z WATERPRGS § CRITERIA VALUE ... GWCLOSURE ... 

~ 
0 (ugll.l (ugll.) 

LEVELS ~ u. 
(ugll.) 

7.2 0.028 0.028 
1300 1300 

100000 410 410 
2 2 

20000 210 27 

6.1 6.1 
100 100 

73000 73000 
1800 1800 
0.12 0.12 

3.6 3.6 



SW, !ETHOD8330 
T.3J 
~I 
2,4, 

I-Amino-2.' ___ _ 
I-Nitrotoluene 

TN~ 

JAND 

~ex8hydro-1 ,3,5-trlnitro-1 ,3,5-triazlne (RDXl 
Meth J-24 6-trinltro hen Initramlne· Tet I 
Nitrobenzene 
Octah dro-1 3,S,7-tetranltro.1 35.7-letrazoclne HM) 
APPENDIX IX HERBICIDES SW-846 METHOD 8_151A) 

~x4,~ 
',5-TP (Sllvex) 

Dlnoseb 

.Idri 

.lpha-SHe 

) 8081 

CASJI~MBER 

99-35~ 
9rrs:c 
118-96--
~ 

Q6:2o:: 
""35s'i2T8-2-
~ 

)9-C 

IEPA GENERIC 
SSLa 

INHALATION 
I_I 

91 

APPENDIX B 

-', 
TABLE 2 

TABULAR PRESENTATION OF SOIL AND SEDIMENT RBSLa FOR RBTL SELECTION 
NSWC CRANE, CRANE, INDIANA 

EPA 
GENERIC 

BSls 
MIGRATION 

TOGW 

1"""".1 
OAF., 

0.00096 
--o:OoOsf 
0.000049 
0.000042 

0.6 

~ 

J.Oo2i 

0.006 

0.019 - iii4 

100M 

I:! I OEFAUL' ~ RESf~~1AL1 
2 CLOSURE 
It' LEVELS 

(mglkg) 

0.0091 
0.0091 

).(Y.18 

2.2 

PAGE 1 OF4 

IDEM 

CEFAULT II:! 
INDUSTRIAL 0 

SOIL i!' 
CLOSURE 8 
LEVELS '" 
I_I 

0.031 
-0-.1-

1.34 

6: 

REatoNSI 

SOIL PRO.' I I:! 
FOR 0 

"","STRIAL i!g 
LAHDUSE 1.1. 

I_I 

18000 
62 
67 
1200 
620 
"1'6 
-;-000-,--;;;; 

sa 
~ 
~ 

16 
6200 
-:-;00-
31000 

00 

=':·"'1 I:! FOR 
RESICENTIAl ~ 

UNCUSE It 
1""""01 

loo 

2 

61 

REGIONS 
ECOOOL. 

SOlL 
I_I 

0.376 
).655 

1.2il 
0:0328 

I 
REGION 5 
ECOD01.e 
SEDIMENT 
I_I 

~ 

)]'i44 
i:li398 

0.145 

0.0145 

).46 0.00049 0.25 0.8 0.1 0.029 0.00332 0.002 
0.76 0.000038 0.0072 0.024 0.36 0.09 0.0994 0.006 

0.00324 
~a,-SHC _ _________ ____ _ 0.005 

DE 72-55-9 2.2 20 86 7 1.7 0.596 0.00316 
9-3 750 1.3 . 20 86 7' 1.7 0.0035 0.00416 

Delta-SHC 319-88-8 I 0.0072 I 4 I 0.024 I 4 I 0.36 I 4 I 0.09 I 4 I 9.94 I 71.5 
Dieldrin O.lXL_ L I 0.00238 I ---.LO,0019 

10sulfan I 
Iosullan II 3700 370 I 5 I .0.119 I -' 0.00194 
tosulfan sulfate 3700 
jrin 72-20-8 0_05 0.99 15 180 18 0.0101 0.002~ 

7421-93-4 0.05 0.99 15 6· 180 18 0.0105 0.48 

Q CRITERIA VALUE CRrTERlA VALUE BOD.. AND . I:! I ...... UU I " .... UM ICRITERIA VALUE I 
~ . BOll SEDlNENT BEtxMENT 
~ I_I. I_I 1"""",1 

0.1 

19 
ii4 
99 

0.00049 
00036 

.0.224 

w-
1.596 

~ 

1L.00923_ 

..Q,-

lO21 
4A 

6iO 
0.006 
ill 

0.00049 
).000036 

24 

0.00316 
0.00416 

0 . .00194 

22 

0.1 
0.000049 
0,()Q()942_ 

if( 

145 
i14 
iig-

:149 

324 
013 

16 

jrin Kelone 53494-70-5 0.05 6 0.99 6 15 6 180 6 18 6 v.v. v.v. v.v. 

---- : Lindane 58-89-9 0.00047 0.0094 0.1 1.7 0.44 0.005 0.00237 0.00047 0.00047 0.00047 
rdane 12789-03-6 72 3 0.46 3 9.6 3 39 3 6.5. 3 1.6 3 0.224' 3 0.00324 3 0.224 0.00324 0:00324 

He lachlor 76-44-8 4.2 1.1 0.93 2.9 0.38 0.11 .0.00598 .0.0006 0.00596 .0.0006 0.0006 
Heptachlor epoxide 1024-57-3 4.8 0.033 0.47 1 0.19 0.053 ·0.152 0.00247 0.033 0.00247 .0.00247 
Metho chlor , 72-43-5 7.8 - 160 180 3100 310 0.0199 0.0138 0.0199 0.0136 0_.0138 
Toxaphene 80.01-35-2 66 1.5 3.9 12 1.6 .0.44 0.119 o.oooon 0.119 o.oooon o.oooor. 

OLYCHLORINATED BIPHENYLS (SW-846 METHOD 8082' 
~roclor-l016 12674-11-2 

[Aroclor-1221 I 11104-28-2 
Aroclor-1232 11141-16-5 
Aroclor·1242 53409·21-9 
[Aroclor-1g<I8 _____ 12672-29~ 

1097-6 
Aroclor· 1260 I 11096-82·5 
'OLYCYCLIC AROMATIC HYDROCARBONS 
,W-846 METHOD 8270C WITH SELECTIVE ION I 

I Anlhracenl!_ 

:C8rbaJ 
~ne 

• 

91-57-6. 
3-32-1 

08-96-8 
~ 

~18-0 

53To 
~06-44-1 

ii6=E1 

561 
..Q6t 

561 

0.0028 

).0028 

.01: 
0.025 

-'!l.. 

~ 

"J.4T 

~ 

310 
41 

1.8 

;,9 
25 
i.5 
80 ro 

~ 

190 I 8 

~ .J.Q.. 

• 21 

0.: 
0.: 

OJ 
2: 

2i 

00 
r2 
62 

'8 

9 

.1Q. 

~2_ 
332 
332 
332 

3:l.~ 
.000332 

5S 

18.4 
122 

.0598 

0.0598 

),033 
5Ar 

__O.OOO33~ 

D. 
O. 

:-Q; 
0.-

0:: 
0.000332 

03 
~ 

.002 
22 

.025 

.0.0202 
.0061 
.0056) 
----n 

.o . .on4 

103: 

.033 

.423 o:orn 



• 
r~~,~ET 

~ 

Pyrena __ _ 
SEMIVOlATIlE ORGANIC 

"'-846 METHOD 8270C 
U. 

3,4,6-T etrachlorophenol 
4,S-Trichlorophenol 
4,6-Trichlorpehenol 

~-NilropnenOI 

2·Picollne 
33'-Oichlorobenzldine 
~13'-DimethVlbe~zidJne 

~ 
Acetopl 
Aniline 
Aramile 

;jl'I 

II phenvl ether. 

ZVTaiCoiiOi 

3UMbeilZyTPhthalate 
:hlorobenzilate 
)!allate 
)j.n.-butyl phthalate 
)i.n-octyJ phthalate 
)Ibenzofuran 
)iethyl phthalate 
:HDimethylamino 
i,a-Dimethylphen 
Dimethyl phthalate 
)Iphenylamlne 
:Ihvl methane sulfonate 

(EXCEPT PAHs: 

I CAS NUMBER 
19:j:3g: 

91·20< 
as:o;:e 
"129:oo:c 

95-94·3 
~ 
es:so:1 
"""54iT3" 

.06-
94-,. 
:ro: 
~ 

1C 
11 

15-6· 
164 

84-74-~ 

7·84·1 
w:: 
~ 

14-1 
-da:3 

7--47·4 

• 
APPENDix·B 

TABLE 2 
TABULAR PRESENTATION OF SOil AND SEDIMENT RBSle FOR RBTl SELECTION 

NSWC: CRANE, CRANE, INDIANA 

IEPA~~R1CII!! I G~IC II!! 
INHALATION ~ MIGRATION ~ 

1m .... ) 8 TOGW 8 
II. (mglkg) t.r.. 

170 

DAF., 

2... 
23c 

180 0.26 
600 0.86 

11000 0.11 

200 

5490000 

99 
55 

).24 

-43 

0.96 
7.9 
29 

IT 

0.0074 o:os::r 
"0:45 
"""1i.iii5 

14 
iTs" 

0:-

.0.00031 

~ 
0.066 

012 

~ 

""0:0012 

.0:89 
""O:ii034 
0. 

10.000018 
0.00039 

-11iO 
Ii40 
).0005; 

"""2sO 
240000 
2.4' 
23 

2 

""liT 
""0:12 
20 

IDEM 
DEFAULT 

RESIDENTlAL 
SOlI. 

CLOSURE 
LEVELS 
(mgIk,) 

-3-.-

0. 
1: 
570 

·5.: 
~ 
0.2 
2.2 

250 
0:0 
1:1 
9 
""0:29 

42 
0Ts 

14_ 

0.062 

~ 
1.1 

0.97 

-

~ 

0:0007 
0.027 
3(-

760 
2000 
4.9 
4sO 

2.2 
16 
""400 

PAGE20F4 

IDEM 
DEfAULT 

INDUSTRIAl. 
SOIL 

CLOSURE 
LEVELS 
(mglkg) 

70 

3.4 

690 
Q.2 
"3 
25 
i.ii2 

~ 

0.21 

~ 
~ 

_2, 

J.1Q. 

0.01~ 

--0:26 
"""98C 
~ 

760 
2000 
65 
840 

3.9 
44 
T20 

I 
REGION. 

SOILPRG. 
FOR 

INDUSTRIAL 
LAND USE 
. (m ..... ) 

190 
29000 
29000 

I 

sa1 

~-=T_~~_ 
18000 

6200C 
25 
TeOO 

12000 
""""i2Oo 

24C 
!11~ 

3.8 
).19 

2!QQQ.. 
3100 

25C 

--52 

300 
69

1 100000 max 

100000 I rna: 

62000 
""2sOOO 
~ 

MlO 'max 

620 
100000 max 
15000 

TI 
22 
3700 

REGION. 
SOILPRG. 

FOR 
RESIDENTIAL 

LAND USE 
(m .... ) 

"""Q.62 
56 
T301 
T300 

4900 
---s3 
3100 

~ 

21.QQ 
310 

240 

15 

85 
19 

0: 
2: 
3! 

00 
00 

61 

I 

00000 [ max 
1500 .-

""0:3 
6.2 
3i 

REGIONS 
ECODQ1.o 

SOIL 
(mg,'klil) 

109 
·0.0994 

14. 

0.646 
0:104 
0.0779. 

~ 
163 

).144 
0.00305 

f.9s' 

24.8 
0.04 

734 
1.01 

""'D.i99 
o:ii1i98 
0TsS 

i 
REGION & 
ECOOOu 
&EOlMEHT 

(m .... ) 

G:2 
176 

0.081: 
0.304 

·1 0.00621 

""1i:Oi53 
o:41f" 
M3i9 
0.0554 

.0.127 

8190 
·0.0524 
0.0202 

1J.2i 

1.55 
0.388 

"""1i:146 

66.4 

0.0003· 

0.00104 

3.52 

i:i82 
1T7" 

""'ii:8s 

4i 

-0.0348 

---0:02 
""1i.0265 
--0:90 

I MINIMUM 

SOlI. 
(mgIkg) 

0.62 
D.0994 
13 
230 

0: 

0.0003· 
i:liOO23 
0.0779 

--2J.... 
·0.066 
0.0012 
o:OOs1 

0.00305 

"""'7.95 
~ 

0:001: 

"0 

-0: 

ii8 
i39 

52 

'34 
.01 

'""ii:1'f 
"O:iiii9'8 
.. ).755 

MINIMUM 

SEDIMENT 
(mgIkg) 

Q.2 
--o.i76 
13 
230 

0.129 

0: 

0.0153· 
o::ii7 
"0:0319 
--0:0554 

0.00023 
8190 

~ 
0.0202 
0.0012 
0.0051 

1.55 
. Q.388 

0.049 

0:00;: 

0.00031 
----o.iT"" 

0.00104 

o. 

0: 

0i8 
)39 

)57 

~ 

0.02 
0.0265 
D.901 

• 
SOIL"" 
SEDIMENT 

(mgIk.) 

D.2 
""O:ii994 
--13-

23c 

321 

0.00031 
"""Q.iiOO23 

0.0779 

~ 
0.0202 

0.00305 

0.0012 

0: 

o. 
41>. 

mr 

0.0346 

--o:li2 
"'D.li2il5 
0TsS 

" 
J 

""' 



tsoclrin 
.lsophoronB_ 
lsosafrole 

~ 
Methapyrilene 

IMethyl methane sulfonate 

'henacetin 
~ 
~ 
Y.!!QLrl~ 

IS. 
Iidine 
).Trlethyl phosphoro 
~ETALS PLUS TIN 

Aluminum 
Antimony 
Arsenic 
BariUIl 
Beryllium 
Cadmlul!L 
CalCiul 
Chromium (tolal) 
Cobalt 
Copper 
Iron· 
Lead 

ISeleniu~ 
:;Ilver 

xHum 
rhalilum 

lanad!um
~ 

ercury 
LATILE ORGANIC 
'-846 METHOD 60: r:TT -
1& 
1,2-

~8non8 

iiOro: 
~exanone 

• 

I CAS NUMBER 
--.lli 
1888· 
465-i 
78-5 

12D-E 
'i43.E 
~'" 
68-27·, 

924·18-
55-1 

62-44·~ 
Qii:95: 

239s0=58-5 

94-1 
~ 

i62-

IEPAGEN£RI 
SSl.o 

INHAlATION 
(mglkg) 

_54 

200.0 o:oos 
.0 . .01: 

D.01' 

5250 

7429·90-5 I 6860000 

r44Q-38·2 
~_0-39·3. 
440 

r,wo 

745 
...§.86000_ 

1330 
'i78O 

26, 
140 

39-98-5 586C 
4o-02~ 

7~ 
7782-49 
7440:-"" 
7440-
7440: 
7440-
440-

7440-

7439-97·6 

6: 

(}5-' 

ON 
ie:i 
~ 

12~ 

~ 
--o:s; 
--0:98 

13C 
306 
23 
-0.-

0. 
1 
_24< 

APPENDIX B 

TABLE 2 
TABULAR PRESENTATION OF SOIL AND SEDIMENT RBSLa FOR RBTL SELECTION 

NSWC CRANE, CRANE, INDIANA 

EPA 

~ \ GENERIC \ ~ ,0 SSLa 0 
~ MIGRATION ~ 

~ ~s!: R 
OAF.1 

1.02: 

1,026 

.0.0000'-
T5E-07 
4.SE-C7 

'''0:000003 
4':6E-C 

9.4E-C6 
3. 

0.023 

2.8 
16 

...9.0076 

0.29916 

6. 
0. 
0: 

Jl: 

Q,: 

2. 
~o. 
56c 

110 
48 

0.26 
1:6'" 

26C 
~ 

097 
i07i 
001" 

o:ooD91 
-----:os 

IDEM 
DEFAULT 

REstDENTlAL 
SOIL 

CLOSURE 
LEVELS 
(mglkg) 

2.8 

5.:3' 

.0.00.06_ 

56 

38 

.....!@; 

a, 

5.2-

2.8 

'_JOOO< 

. 2. 

1.9 
D.Os3 
ii.Oo7 
.0.03 

5.6 
0.058 

0.024 
D.li3 
35'" 

PAGE 3 OF'4 

ICEJI 

I DEFAULT \ ~ 
I~~IAL ~ 

C1.OSURE· 8 
LEVELS II. 

(_I 

:l!. 

..Jl.OO2 

160 

12.ll.. 

..1ZL 
230 

53 
8r 

10 

lOO 

32 

28.0 o:as-
Q.iT 
--0:3 

58 
4: 

J.15 
"0:25 
2W 

REQI,ON "\ SOu.PRGa ~ 
FOR ~ 

INOUSmlAL 2 
LAND USE ~ 
. (mg/I<gl 

~ 

180C 

'.0.22 

.0 . .058 
' . .011 
034 
:25 

'.034 

0.82 
- 49.0 

6.6 

46.0 
...§.gQ 

L2_ 

REGIONt 

SOIl.PRG'\ ~ .FOR 2 
REstOEHTlAL ~ 

LAND USE ~ 
(mg/I<gl 

~5_ 

51.0 

9Jl<i! 

.0.02· 
-.0.-

0. 
..Q.Q§: 

.0.23 
49 

1.9 

3700c 
"'""4& 
~ 

_2_ 

REGteNS 
ECODQLe 

sou. 
(_I 

.0.596 

UI.Q0332 

c . 

I 3.21E-C5 

L...QML 
I'3.2iE-05 ,---
i"Q.'OO6'6'5 

.0 . .0126 
~ 

36 

o. 
2. 
Q.152 

100000 IITUIX I 7600.2. 
':!Q. 

~ 

-§<l. 

~oo 

_4: 

19C 
2c 

5100 
5iiiO 

67 

00 
3iOO 
23000 
-00-

18C 
---;-sc 

390 
390' 
. 5. 

'7200 1~550 
100000 __ mt\X2_3000 

31C 13 

200 ~ 

I 0.00222 

..:.M. 
).14' 

"5:4 

iJ~ 

) . .0276 
4.04 

0.0569 -7.62 
1.59 
6.62 

13 1_.0, 

sal 29.8 
225 

0.127 

---"36 
2( 

8.2ii" 
Q.03s2 

L23 

3IT 
B9.6 

-o:ci029 
2.8 

ECODCll.A ~ 
REaIONS,' ~ 

~~ ~ 

.0 . .0552 
.0.432 

I' 0.00331 

.0.0228 

. .0 . .024 

.0.049' 

.0.1.06 

I 0.0024 

9.79 

~ 
50 

31.6 

35.8 

.0.5 

~ 

174 

0.213 

'.0.85' 

10.0005, 
~C194 

0.333 
0.042~ 

0 . .0582 

MINIM"" , UlNIllUU \CRfTERlA VALUE I CRITERIA. VALUE CRITERtA VALUE BOll AND 
son. SEDfMENT SEDIMENT 
(_I (mg/I<gl (mg/I<,I 

-- .0 . .023 .0.02: 

.0.00332 0 . .0552 
.0 . .026 

.0.0033' 

.0 . .000017 .0.0000 
0.00000015 .0.00000 
.0.00000046 o.oooa() 

0.000003 . O . 
0.00000046 0, 

. .0.00665 

.0.023 

.0.00332 
026 
.94 

.0003' 
.78 

...Q2!L 
.0.000017 

I 0.00000015 
0.00000046 
'.0.000003 
0.000()0Q4_6 

_0.00665 

~ 
-.0-.-

a.~ 0.0000094 
0.024= 0.024 

136 
.076 
104 
iOi6 

m2 

.:J!, 

46 

.0.0276 
1.6 

.0.0569 
T.62 
1.59' 
6.62 

.0.023 

0.0491 

~ 
0.0.076 

0.00016 
ii:002Z' 

11.0 
48 

0.26 

~ 

260 
W 

.0.174 

).0( 

C.000Qg:37 
J.000575 
0:0029 
5:OOli092 o 

0: 29· 0.000029 
0. 

0: o. 
.ll, 

O. 
C. 
O . 
O. 

o:oi 
Q,(} 

42 

0.00222 

1,14 
5.4 
iOOO 
i53; 

l1C) 

48 

.0.0276 

0 . .0569 
""f.62 

1.59 
--s:62 

~ 

.0.09, 
.0.007' 
D.OOOi 
-xiii, 

.0.0000037 
).000575 
~ 
i:OOli01i2 
i:OOii029 
- 0012 

0015 
ii424 
0029 
0582 



•• • 
APPENDIX B 

TABLE 2 
\. 

TABUlAR PRESENTATION OF SOIL AND SEDIMENT RBSLa FOR RBTL SELECTION 
NSWC CRANE, CRANE, INDIANA 

4·Methyl·2-p~ntanone 

Acetone 
Acrolein 
~crylonitrite 

\lIyt chloride 

~arbon disulfide 
Carbon Istmchloride 

9h19fQlOJl"!"!_ 

1,3-1 

Eth I methac late 
Methac tonitrile 

~elhyl lodid 
vtethyl methacrylate 
~ethyl,tert,BI,IIyI,Elhe,-
;tvrene 

roluene 
trans·1.2-
trans-1.3-

·IEPA:~IC 
INHALATIOf:l 

1""",,1 

I CAS NUMBER I -
'8-10-1 
1-64-1 
17-02-6 

3-5 
l0-7 

75-00-3 
~ 
~ 

ss:59-2 
10061-01-5 
~ 

'4-9IT 
5-71·8 

·1-4 
3-2 

2700 

0.19 
0.26 

1Jj" 

9.5 
120 

120 
---oTa' 
-2.--

25C 
4c 

EPA IDEM 

I!! GENERIC I!! DEFAULT 
0 SSU 0 RESIDENTIAL 

~ 
MIGRATION ~ SOIL 

TOGW .0 CLOSURE 
1""""1 ~ LEVELS 
OAF.1 1""",,1 

0.62 20 
6.6 3.8 

0.0037 0.00027 

1.00 

o. 

~ I I o. 
~ 

0.65 
0.029 0.4~ 

0.002 
1.02 004. 

14 1"0.0003 "14 -, 0.04 

~ 

13 

0.023 
0.0044 9·4 

2-6 
~ 

2700 12 

0-42·j 
·18· 

8·88-
6-6Q. 

10061-02·6 
~ 

l-oH 

~ 
14 

1100 
!i9O 

>29 0.058 

14 , 0.0003 , 14 

0.057 

IVinylacetate 
Vinyl chloride 
Total Xylenes 
SW-846 Method 

~ 
1Qii:05: 
7s:Q,:4 
~3:l9-20-~ 

--0:28 , 0.00067 , 0.013 

1.4-0ioxane 
Acetonitrile 

thylena Gtvcc 
Isobutanol 
Propjonllrlle 

sw·& 
~ 
N·846 

!ethod 908' 
A Melhod 314. 
,thod 9045C 
Aethod 90601l1ovd Khan 

Pelroleum!l'yd~rbc>ns (TPH) EPA Method 413.2 

1 Dlnltrotoluene mixture. 

13-9: 
~e 
)7·21· 
'&83-' 

7601·90-3 

1400 

2 EPA Region 3 rlsk·based concenlretlon (USEPA Region 3 RBC Tables, April 2004). 
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HUMAN HEALTH RISK ASSESSMENT METHODOLOGY 

This section of the Quality Assurance Project Plan (QAPP) outlines the general methodologies and 

procedures that will be used to conduct baseline human health risk assessments (HHRAs) for the 

Building 106 Pond (SWMU 8) c:md the Roads and Grounds Area (SWMU15). The objective of the 

HHRAs is to determine whether detected concentrations of chemicals within the study areas pose a 

significant threat to potential human ,receptors under current and/or future land use. The potential risks to 
. . . . 

human receptors will be estimated based on the assumption that no· actions are taken to control· 

contaminant releases. The methodology presented in this section is essentially the sam~ methodology 

that was used to prepare the HHRAs for SWMUs 4, 5, 9, and 10 (TtNUS, 2003a) and SWMU 3 (TtNUS, 

2003b). 

The following current United States Environmental Protection Agency (U.S. EPA), the State of Indiana 

Department of Environmental Management (IDEM), and United States Navy risk assessment guidance 

documents were used to develop. the framework for the baseline HHRAs: 

• . Risk Assessment Guidance for Superfund: Volume ·1, Hum.an Health Evaluation Manual (Part A) 

(U.S. EPA, 1989a). 

• Human· Health Evaluation Manual, Supplemental Guidance: . Standard Default Exposure Factors 

(U.S. EPA, 1991). 

( 

• Distribution of Preliminary Review Draft: Superfund's Standard Default Exposure Factors for the 

Central Tendency and Reasonable Maxi~um Exposure (U.S. EPA, 1993a). 

• Soil Screening Guidance: Technical· Background Document (U.S. EPA, 1996). 

• Exposure Factors Handbook. Office of Health and Environmental Assessment (U.S. EPA, 1997a). 

• . Risk Assessment Guidance for Superfund: Volume 1 - Humari Health Evaluation Manual (Part 0, . . . '. . 

. Standardized Planning, Reporting, and Review of Superfund Risk Assessments) (U.S. EPA, 2001 a) . 
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• Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part E, 

Supplemental Guidance for Dermal Risk Assessment), Interim Guidance (U.S. EPA, 2001 b). , 

• 'Supplemental Guidanc,e for Developing Soil Screening Levels for Superfund Site. (U.S. EPA 2002a). 

• Navy Final Policy on the Use of Background Chemical Levels (Navy, 2004). 

• Conducting Human Health Risk Assessments under the Environmental Restoration Program (Navy; 

2001). 

• Risk Integrated System of Closure. User's Guide and Technical Resource Guidance Document 

, (IDEM, 2004). 

A baseline HHRA consists of five components:' data evaluatioh, exposure assessment, toxicity 

assessment, risk characterization, and uncertainty analysis. 

Three major aspects of chemical contamination and environmental fate and transport must be considered 

to evaluate potential risks: (1) contaminants with toxic characteristics must be found in environmental 

, media and must be released by either natural processes or by human action; (2) potential exposure 

points must exist; and (3) human receptors must be present at the point of ,exposure. Risk is a function of 

both toxicity and exposure. If anyone of these factors is a,bsent for a site, the exposure route is regarded 

" as incomplete, and no potential risks are considered to exist for human receptors. 

C.l DATA EVALUATION 

Data evaluation, the first component of a baseline HHRA, is a medium'-specific task involving the' 

compilation and evaluation of analytical data. The main objective of. the d~lta evaluation is to develop a 

,'medium-specific list of chemicals of potential concern (COPCs) that will be used to quantitatively 

determine potential human health risks for site media. 

C.l.l Data Usability 

Data from samples collected for the proposed field investigations described, in Section 30f this OAPP will 
, ' 

be used to assess risks to potential human receptors. 'All analytical data used in the quantitative 

'. 

• 

estimation of potential risks will be subjected to data validation. A discussion of the data validation, • 

protocol tO,be followed is provided in the Section 8 of this OAPP. A data evaluation will be generated for 
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the proposed field investigation data. Precision, accuracy, representativeness,· completeness, and 

comparability will be evaluated, and· a brief summary of the results of the data validation will. be 

documented.· Additionally, the "data usability" evaluation wo~ksheet suggested by U.S. EPA. Risk 

Asse~sment Guidance for Superfund (RAGS) Part 0 (U.S. EPA, 2001 a) will be completed as a part of the 

data .evaluation. 

Fixed base analytical results only from the target analyte lists for the proposed field investigations and 

U.S. EPA-approved historical data will be used in the quantitative risk evaluation. Typically, unfiltered 

results for ground water and surface water are used to assess risks associated with these media. Filtered 

ground water results will be used for the risk assessment if the associated unfiltered ground water 

samples are found to be turbid. Field measurements, data regarded as unreliable· (Le., qualified as "R" 

during the data validation process), historical data considered not acceptable by. the U.S. EPA, and 

results of tentatively identified compound (TIC) analyses will not be used i~ .the quantitative risk 

assessment. However, these data may be used to substantiate the conClusions of the quantitative risk 

analysis. 

C.l.2 Selection of Chemicals of Potential Concern 

. The selection of COPCs is a qualitative screening process used to limit the number ·of chemicals and 

exposure routes quantitatively evaluated in the baseline HHRA to those site-related constituents that· 
. . 

dominate overall potential risks. Screening by risk~bas,ed concentrations and basewide· background 

. levels will be used to focus the risk assessment on meaningful chemicals and exposure routes .. 

In general, a chemical will be selected as a COPC and retained for fyrther quantitative risk evaluation if 
r . • • . • • 

the maximum concentration detected in a sampled medium exceeds the lowest screening level, ana the· 

chemical is determined to be present at concentrations exceeding background (~nly naturally occurring 

. inorganic;s are eliminated as COPCs based on background comparisons). The criteria used for screening 

will be the lower of the IDEM Risk Integrated System Closure (RISC) residential and commercial defaults: 

When a constituent is not included in the IDEM RISC tables then the U.S. EPA Region 9 Preliminary 

Remedial Goals (PRGs)wili be used. When a constituent is not available in the IDEM RISC and the U.S. 

EPA Region 9 PRG tables then the U:S. EPA Region 6 Medium Specific Screening Levels (SSLs) will be 

used. For consistency with the previous NSWC Crane Human Health Risk Assessments (HHRAs)" the 

U.S. EPA Region 9 PRGs will be utilized first when, IDEM RISe. defaults are not available. Chemicals 
. ~ . 

. eliminated from further evaluation during this evaluation are assumed to present minimal risks to potential 

human receptors.· 
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Several types of screening levels will be used to identify COPCs for SWMUs 8 and 15. Risk-based 

screening concentrations based on the most .recent U.S~ EPA Region 9 Preliminary Remediation Goals 

(pRGs) will be used, as well as other IDEM (IDEM, 2004) and U.S. EPA criteria. the risk-based U.S .. 

EPA Region 9 screening concentrations will correspond to a systemic Hazard Quotient (HQ) of 0.1 (for 

noncarcinogens) or an in'cremental lifetime cancer risk (lLCR) of 1 x 10-6 (for carcinogens). It should be 

noted that the U.S. EPA .Region 9 PRGs for .no~carcinogens are based on a Hazardous Index (I-H) of 1. 

The Region 9 PRG values for noncarcinogens will be multiplied by 0.1 to account for potential cumulative 

effects of several chemicals affecting the same target area or producing the same adverse 

noncarcinogenic health effect. The screening levels to b~ used for each medium in the risk assessments 

are briefly discussed below .. 

. Soil/Sediment 

.. Screening concentrations based on the following criteria will be used to select COPCs for surface and 

subsurface soil: 

• U.S. EPA Region 9 PRGs for Residential Soil (U,S.E,PA Region 9,·2002). 

• U.S. EPA generic soil screening levels (SSLs) for migration to ground water will be calculated online 

at http://risk,lsd.ornl.gov/calc start.shtml ba,sed on methodology from the U,S. EPA's Soil Screening 

Guidance (U.S. EPA; 1996) . 

•. . U:S. EPA generic SSLs for the inhalation of volatiles and fugitive dusts· will be calculated online at 

http://ri~k.lsd.ornl.gov/calc start.shtml based on methodology from the U.S. EPA's Soil Screening 

·Guidance (U.S. EPA, July 1996). 

• IDEM residential default closure levels for direct contact (IDEM, 2004) 

• .' IDEM residential default closure levels for migration to ground water (IDEM, 2004) 

If the' maximum concentration of a constituent exceeds any, of these criteria (and the constituent is 
.' . l 

considered to be present at concentrations greater than basewide background levels), the chemical will 

be selected as a COPC for .soil and carried through the quantitative risk assessment Given the 

anticipated size of the background and site-specific data sets, it. is' anticipated' that background 
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comparisons will be accomplished by statistical analyses that compare background and site-specific ~qil 

data sets. The background c~mparisons for purposes of COPC selection will be limited to naturally 

occurring inorganics only. ~.S. EPA and IDEM SSLs for migration to ground water and transfers from soil 

to air are based on default fate and transport parameters such as the fraction of organic carbon (foc) in 

soil. 'If site-specific soil information for these parameters becomes available through the investigatiori 

proposed in thisQAPP, the site-specific data will be used to recalculate the SSLs using the methodology. 

from the .U.S. EPA Soil Screening Guidance (U.S. EPA, 1996 and 2002a) and IDEM Risk Integrated 

System of Closure (RISC) guidance (IDEM, 2004). 

Because of the different exposure scenarios for potential human receptors, copes will be identified for 

surface and subsurface soil. Surface soil will be defined as soil collected from Oto 2 feet below ground 

suiface (bgs). Subsurface soil will be defined as soil collected from depths greater than 2 feet bgs. 

. . . '. . 

The comparison of site soil data to U.S. EPA generic SSLs for transfers from soil to air will be used to . 

identify whether a quantitative analysis of the inhalation of particulates or vapors from the soil exposure 

pathway is warranted. If the maximum soil concentration of a chemical exceeds the SSL, a quantitative 

evaluation of potential risks from inhalation will be performed, as described in Section C.2.4. Otherwise, 

the risks associated with the· inhalation pathway will be considered insignificant, and the exposure 

pathway will be eliminated from further evaluation. 

No specific screening levels exist for human exposure to. sediment. COPCs will be selected for sediment 

by comparing detected site concentrations to screening levels based on the following: 

• U.S. EPA Region 9 PRGs for residential soil (U.S. EPA Region 9; 2002) 

• IDEM residential default closure levels for direct contact(IDEM, 20(4) 

A chemical detected .in .sediments will be selected as a COPC for sediments if the maximum detected 

concentration exceeds these screening values and upstream or background concentrations. . The 

background co~parisons for purposes of COPC selection will be limited to naturally occurring inorganics 

orily. U.S. EPA generic SSLs for transfers from soil to air and for migration to ground water are not 

considered to be appropriate for sediment screening because of the high. moisture content associated 

with sediment matrices; The use. of SSLs for ?ediment CO PC identification is regarded as a conservative 

approach because exposure to sediment is anticipated to b.e less than exposure to soil. 
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Ground Water and Surface Water 

The same screening levels will be used to select COPCs for ground wafer andsurface water. Screening 

levels'based on the following criteria will be used: 

.• U;S. EPA Region 9 PRGs for tap water (U.S. EPA Region 9, 2002) 

• IDEM residential default closure levels for groundwater (IDEM, 2004) 

• U.S. EPA Maximum Contaminant Levels (MCLs) (U.S. EPA, 2004a) 

If the maximum concentration of a constituent exceeds any of these criteria (and the constituent is 

· ·,considered to be present at concentrations greater than site-specific upgradient, upstream, or background 

levels), the chemical will be selected as a COPC and carried through the quantitative dsk assessment. 

Depending on the .size of the background and site-specific ground water or surface water data sets, 

background comparisons will be accomplished either by a comparison of maximum site concentrations to 

maximum background concentrations or by statistical analyses that compare background and site

specific data sets. The background comparisons for purposes of CO PC selection will be limited to 

naturally occurring inorganics only. 

Risk-based CO PC screening· levels' for tap water ingestion, which are based on daily,· residential 

exposure assumptions, will be used to select COPCs for ground water and surface water. In general,the . 

use of tap water screening levels is regarded as a highly conservative approach to CO PC selection at 

· SWMUs 8 and 15' because ground water at the sites is not used as a potable drinking water source. 

Potential human exposure to the surface water in intermittent ditches, streams, and ponds located within 

the SWMUs is expected ·to be limited to incidental exposures such as. that which occurs during 

'. trespassing, which is anticipated to be significantly less than the daily exposure assumed for the tap 

· water ingestion scenario. 

Federal Ambient Water Quality Criteria (AWQCs) will not be used to select" COPCs for surface water. 

· AWQCs applicable to the protection of human health assuming routine consumption of water will not be 

used because the conservative U.S. EPA Region 9 PRGs for tap water, the IDEM residential closure' 

levels for residential ground' water, and the U.S. EPA MCLs will be use~ to select COPCs for ground 

... water ,and surface water. In addition, the surfac~ water bodies present within and downgradient of the 

sites do not support game fish populations because of their size and intermittent nature. 
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Limited criteria are available to evaluate the potential risks associated with lead. The're are no risk-based· 

concentrations for this chemical because the U.S. EPA has not derived toxicity values for lead. ' However, 

recommended screening levels are available for lead in soil. that are used to indicate the need for 

"response activities. 

Guidance from both the Office of Prevention, Pesticides, and Toxic Substances (OPPTS) and the Office 

:of Solid Waste and Emergency Response (OSWER) recommend 400 mg/kg as the lowest screening level 

for lead-contaminated soil in a residential setting where children are frequently present (U.S. EPA, 

1994a). OPPTS identifies 2,000 to 5,000mg/kg as an appropriate range for areas where contact with soil 

by children in a residential setting is less frequent. A value of 400 mg/kg will be used as the screening 

level for soil and sediment in the HHRAs for SWMUs 8 and 15. 

Guidc~nce from the U.S. EPA Technical Review Workgroup (TRW) for Lead indicates that "a reasonable 

screening level forsoii lead at commercial/industrial (Le., non-residential) sites is 800 mg/kg" for a typical 

non-contact intensive worker (U.S. EPA, 2004). This value will. not be used for COPC seleCtion but may 

be used in the qualitative evaluation of lead. 

The Safe Drinking Water Act Action Level of 15 Ilg/L will used as the screening level for lead in ground 

water and surface water. 

C.1.2.3 Essential Nutrients arid Chemicals without Toxicity Criteria 

The ,essential nutrients calcium, magnesium, potassium, and sodium will not be identified as COPCs' 

. because these inorganic chemicals are naturally abundant in environmental matrices and are only toxic at 

high doses. In addition, because of the lack of toxicity criteria, risk-based COPC screening levels are not. 

available for some chemicals [e.g., benzo(g,h,i)perylene, phenanthrene]. Surrogates will be selected for 

these chemicals based on similar chemical structures. If appropriate surrogates cannot be found, the 

chemicals will be discussed in the data evaluation section and qualitatively addressed in the uncertainty 

section of the risk assessment. 

C.1.2.4 Determination 6f Site-Related Chemicals 

Chemicals found at concentrations indicative of background levels are not considered to be site-related 

contaminants and will not be retained as COPCs for the quantitative' risk assessment. Basewide . . 

background soil data and site-speCific background ground water, ,surface water, and sediment data will be 
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used to determine whether detected chemicals are present at naturally occurring or non-site-related 

anthropogenic levels. The background data set used for these comparisons will be the soil type from the 

Naval Surface WCirfare Center (NSWC) Crane Basewide Background Soil Investigation (TtNUS, 2001) 

that most closely matches the site soil samples in terms of depositional, environment, depth, and grain 

size. If multiple soil types exist at a site, the appropriate corresponding soil type from the background 

data set will be used inthe comparison with each site soil type. 

, Th'e elimination of chemicals as site-related COPCs on the basis of background ccimparisol'!s will follow 

Navy'Policy on the Use of Background Chemical Levels (Navy, 2004). This document provides the 

NavY's inte'rpretation of the U.S. EPA guidance provided in the document titled Role of Background in the 

CERCLACleanup Program (U.S. EPA, 2002) and details the methodology to ,be used in evaluating 

background under' the Navy's Environmental Restoration and Base Realignment ~nd Closure (BRAG) 

programs. Navy policy applies to both screening-level and baseline risk:assessments and requires the 

following: 

1. A clear and concise understanding of chemicals released from a site thus ensuring that the Navy is 
, 

focusing on remediating, the release. 

2. The lise of background data in the screening-level risk assessment 

a. The compa'rison of site chemi9allevels to risk-based screening criteria. 

b. The comparison of site chemical levels to background concentrations. 

c. The identification of site-related COPCs, based on screening criteria comparisons AND 

background comparisons. Site-related COPCs are those chemicals that exceed risk-based 

screening criteria AND ba'ckground concentrations. To the extent possible, site-related GOPCs 

are·further evaluated quantitatively in the baseline risk assessment. (Non-site related COPCs are 

further discussed in the risk characterization section of the baseline risk assessment.) 

3. The consideration of background in the baseline risk assessment 

a. The calculation of risk estimates for site-related COPCs only. 

b. The further evaluation of non-site related COPCs in the risk characterization section only (e.g., 

the evaluation of chemicals detected at concentrations exceeding screening criteria but less than 

background concentrations). Non-site related COPCs are compared to risk-based screening 

benchmarks and discussed in the risk characterization section. The Navy considers. this'· 

comparison to be consistent with U,S. EPA's Role of Background in the CERCLA Cleanup 

Program (U,S,' EPA, 2002b). 
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4. The selection of site cleanup remedial goals that are not less than .background levels. Additionally, 

cleanup levels should n~t be developed for chemicalsthatare not identified as chemicals of concern 

.(COCs). As defined in the Navy guidance, COCs are site-reiated COPCs that are found t6 be the risk 

drivers in the baseline risk assessment and that may pose unacceptable human or ecological risks. 

Figure C-1 provides an overview of the 'st~tistical methodology that will be LJsed to conduct the 

background analysis. The .recommended statistical analysis .follows guidance provided in t.he U.S~ EPA's 

Guidance for Comparing Background and Chemical Concentrations in Soil for CERCLA Sites (U.S. EPA, 

. 2002c) .. As indicated in the U.S. EPA guidance, tlie background comparisons will involve statistical' 

. dataset-to-dataset comparisons rather than simple site concentration to background benchmark.' 

comparisons such as comparing maximum site concentrations to maximum background concentrations. 

According to the guidance, simple number-to~number comparisons "can be used with very small data sets 

. but are highly uncertain." 

The background data for surface and subsurface soil will be presented in the appendix to the Resource 

Conservation and Recovery Act (RCRA) 'Facility Investigation :(RFI) report. Results Of the background 

screen will be presented in the COPC selection tables for SWMUs 8 and 15 . 

C.l.2.5 Frequency of Detection 

Chemicals may be eliminated from the COPC list if they are detected at a frequency of less than 

5 percent in a medium. A frequency screen will ~e conducted only when there are 20 or more samples in 

the medium of concern. The decision to eliminate a chemical because of low detection freq~ency will 

also be based Or) s}te history (i.e., whether there a reason to believe that a chemical may be related to 

past site 'activities) and the magnitude of the. c;:oncentration (i.e., whether the concentration of a chemical 

indicates a potential hotspot area). 

C.l.2.6 Decision Rules for Establishing COPCs 

. . 

The following decision rules will be used to select initial lists of copes for SWMUs8 and 15: 

• A chemical detected in soil will be selected as a site related COPC for soil if any detected chemical 

concentration exceeds the screening levels for soils and, for inorgqnics, if the background screen 

indicates that site concentrations are statistically greater than corresponding background 

. concentrations . 

.' 
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f\ chemical dete~ted in ground water will be selected as a site related site related COPC for ground 

water if the maximum detected concentration in any downgradient well exceeds scr~ening levels and, 

for inorganics, if background screen indicates that site contaminant concentrations are statistically 

greater than upgradientlcross-gradient concentrations. 

• A chemical detected in surface water or sediment will be selected as a COPC for surface water or 

sediment if the maximum detected concentration in a potentially, impacted surface water body 

exceeds the screening level for surface water or sediment and, for inorganics, the background screen 
, , ' 

indicates that site contaminant concentratioris are statistically greater theln upstream concentrations. 

•• Individual chemicals may be eliminated as COPCs if they are detected at a frequency of less than 

5 percent in any given medium but onlyifthere are no other indications that the chemical would pose 

an unacceptable risk to receptors (e.g., there is no evidence of a contaminant hot spot). Chemicals 

, that exhibit unUsually high concentrations may,be retained as COPCs on that basis at the discretion 

cif the human health risk assessor. 

• If a chemical is not detected in any of the samples in a particular medium, and the detection limit 

exceeds the risk-based screening levels, the chemical will not be selected as a COPC but will be 

qualitatively discussed in the uncertainty analysis section. 

• Chemicals that exceed toxicity screening concentrations but are determined to be less than 

iJackground concentratio,ns based on the background' screen will not be selected as site related 

COPCs but will be retained as non-site related COPCs and further evaluated (qualitatively ,or 

quantitatively) in the risk characterization and in the uncertainty sections of the site-specific risk 

assessments. This evaluation is included in the HHRA as suggested by the foilowing U.S. ,EPA 

guidance documents: Role of Background in the CERCLA Cleanup Program (U.S. EPA, 2002b) and 

Guidance for Comparing Background and, Chemical Concentrations in Soil for CERCLA Sites (U.S. 

EPA, 2002e)~ 

C.2 EXPOSURE ASSESSMENT 

This portion of the risk assessment defines and evaluates, quantitatively or qualitatively, the typ~ and, 

magnitude of human exposure to the chemicals present at or migrating from, a site. The exposure 

assessment is designed to depict the physical setting of the site, to identify potentially exposed 

populations and applicable exposure pathways, to calculate concentrations of COPCs to which receptors, 

might be exposed, and to estimate chemical imakes under the identified exposure scenarios. 
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Actual or potential exposures at SWMUs 8 and 15 will be determined based on the most likely pathways 

of contaminant release and .transport, as well as human activity patterns. A complete exposure pathway 

.. has three components: a source of chemicals that can be relea·sed _ to the environment, a route of 

contaminant transport through an environmental medium, and an exposure or contact point for a human 

receptor. 

C.2.1 'Conceptual Site Model 

A conceptual site model (CSM) facilitates consistent and comprehensive evaluation of the potential risks 

to human health by creating a framework for identifying the pathways by which human receptors may 

come in contact with contaminated media resulting from the source area. A· CSM depicts the 

relationships among the following elements, which are necessary for defining complete exposure 

. pathways: 

• Site sources of contamination 

• Contaminant release mechanisms and transport/migration pathways 

• ... Exposure routes 

•. Potential receptors 

Physical site characteristics, results of previous site investigations, hazard identification (detected 

chemicals of interest based on the 'previous investigations), and current and future land use scenarios 

. also· were considered during the development of the site-specific CSMs. Details on the site background, 

. physical setting, previous investigations, and hazard identification were presented in Section 1.0. The 

site-speCific CSMs for SWMUs 8 and 15 are presented in this section. Figures C-2 and C-3 illustrates the 

·CSMs for SWMUs 8 and 15, respectively .. 

The elements of ·the CSM (contaminant source, release mechanisms, transport/migration pathways, 

exposure routes, and potential receptors) establish the manner and degree to which a potential receptor 

may be exposed to ch'emicals present at the site. The degree of risk incurred by a potential receptor. 

varies according to the means of exposure, the duration of .exposure, and the specific chemical.to which 

;the receptor is expose,d. An exposure, however. long in duration, does not necessarily result in an 

"unacceptable" he,alth or environmental risk, although risks generally increase with increased frequency. 

and/or duration of exposure. , . 
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The element,s of the CSM, including 'how they pertain to SWMUs 8 and 15, are discussed below. 

Sources of contamination, contaminant release mechanisms, transport and migration pathways, expos'ure 

,routes, and potential receptors are defined. The CSMs will be refined during the risk assessment process 

,using the data and information collect~d as part of the proposed field investigations. TableC-1 provides 

a site-specific ~ummary of the potential receptors to be evaluated for SWMUs 8 and 15. A summary of 

the exposure routes that will be addressed quantitatively for each human receptor is also provided in 

Table C-1. 

Site Sources of Environmental Contamination 

:Based on historical site data and sampling, the following parameters are among the site-related chemical 

contaminants known to be present or potentially present in environmental media at SWMUs 8 and 15: 

SWMU8 

• ,Explosives [e.g., 2,4,6-trinitrotoluene (TNT) and cyclotetramethylenetetranitramine (HMX)] 

• Metals 

• Polychlorinated biphenyls (PCBs) (from PCB-contaminated fuels or materials) 

• Semivolatile organic compounds (SVOCs) , 

• ' Volatile organic compounds (V09s) 

• Petroleum hydrocarbons (from waste oils and fuels) 

'SWMU 15 

'. Cyanide (from wash rack activities) 

• Herbicides 

• Metals 

• PCBs (potentially from waste oil storage) 

• Pesticides 

• Petroleum hydrocarbons (from waste oils and fueis) 

'·SVOCs 

• VOCs 
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Potential Contaminant Release Mechanisms and Transport/Migration Pathways 

Based on available historical information for SWMUs 8 and 15, releases of potentially hazardous 

constituents to environmental media have occurred as a result of historical site ~peratioris at these sites. 

Because sampling and analysis of groundwater at SWMU 8 and SWMU 15 have not occurred, little 

, ':'information concerning the ground wate~ quality and hydrogeology of these 'sites is available. However, 

based on the fact that surface and subsurface soil contamination has occurred as a result of activities at 

SWMUs 8 and 15, contaminants may have migrated to ground water. Plausible contaminant release and' 

,migration mechanisms for these sites are discussed in, the following paragraphs. 

,SWMU 8 

Media of concern at the Building 106 Pond have historically included air, soil, surface water, and ground 

water (Halliburton NUS, 1992). Air was considered a medium of concern because particulates had been 

released from building ventilation systems in the past. However, air is no longer considered an important 

medium because a particulate abatement system was installed in 1973. Surface water was considered a 

medium of concern because explosive powders and particulates were generated from the operations in 

Buildings 106 and 107, and the wastewater (e.g., floor drains) for these buildings flowed into the Building 

1'06 Pond, potentially contaminating nearby surface waters during pond overflow events (Halliburton 
" ' 

NUS, 1992). Soil was considered a medium of concern because overflow from the Building 106 Pond 

could have re,sulted in the migration of contaminants to soil. Based on historical information, ,plausible ' 

contaminant release and migration mechanisms forSWMU 8 include the following: 

'. Transpol\ of surface' soil contaminants to the. subsurface soils and ground water (and from one 

aquifer to another) via infiltration, percolation, and migration within the ground water aquifer. 

• Overland n,Jnoff of surface waters and migration of sediments and surface soil from SWMU 8 via 

ditches and culverts to intermittent drainageways on the eastern and western borders of the Mine Fill. 

The intermittent drainage flows into larger intermittent drainageways that flow south-southeastward 

into Boggs Creek. Boggs Creek flows south-southeastward and merges with Turkey Creek. 

• Migration' of, contaminants in ground water (i.e., lateral, migration) to potential receptor locations 

downgradieht of SWMU 8 source areas and beyond the NSWC Crane boundary. 

• Migration of fugitive dusts and VOCs from surface soils ,(and subsurface soils if construction and' 

excavation activities occur). 
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SWMU 15 

.. . 

Media of concern at the Grounds and Road Area have historically included soil, surface water and ground 

water (Halliburton NUS, 1993). Surface water was considered a medium of concern because, reportedly, 
. .. 

pesticide and drum residues released down the hillside south ·of Buildings 2716, 2717, and 2718 may 

. have infiltrated the surface soils or have been washed into a s'mall intermittent .stream located at the base 

of the hill. Surface water drainage f~oin SWMU 15 enters an intermittently flowing tributary of Turkey 
. . . . 

Creek, which flows in a general southward direction and exits the southern boundary of NSWC Crane, 

discharging to the eastern fork of the White River. Su~ace drainage also flows southeast of the Road 

and Grounds Area and enters intermittent drainageways that flow into Turkey Creek. Ground water and. 

soil were considered media of concern because waste oils were observed to hav~ been released to soil in 

the Roads and Grounds Area. In addition, pesticide residues were reportedly released to the soils and 

surface water . 

. Based on historical information, plausible contaminant release and migration mechanism~ for SWMU 15 

inClude the following: 

• Transport of surface soil contaminants to the subsurface soils and ground water (and from one 

aquifer to another) via infiltration, percolation, and migration within the ground water aquifer. 

• Overland runoff ·of surface waters and migration of sediments and surface s'oil from SWMU 15 via 

qitches and culverts to iri~ermittent drainageways on the northwestern and southeastern borders of 

the SWMU, eventually flowing into Turkey Creek and Boggs Creek. 

~ . Migration of contaminants in ground water (i.e~, lateral migration) to potential receptor locations 

qowngradient of SWMU 15 source areas and beyond the NSWC. Crane boundary. 

• Migration of fugitive dusts and VOCs from surface soils and subsurface soils (if construction and 

excavation activities occur). 

Potential Current and Future Receptors of Concern and Exposure Pathways 

NSWC Crane is an active naval base and will remain active for the foreseeable future. SWMUs 8 and 15 . . . . . : . 

are active facilities, and operations at these facilities are expected to continue in the foreseeable future . 

However, for purposes of completeness,the baseline risk assessment will consider receptor exposure 
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under residential, industrial, and recreational land use scenarios. Based on current and 'potential future 

land use, the following potential receptors may be exposed to contaminated environmental media within 

the study areas: 

.• Construction Workers - A plausible receptor under future. land l!se. No construction activities are 

currently planned for the study area. Additiona:lly, the shallow depth to ground water in some sections 

of the study areas would likely preclude excavation and. construction. However, excavation and 

construction are plausible in other sections of the study areas. Consequently, this receptor could be 

exposed to surface and subsurface soils (to ~n estimated maximum depth of 10 feet bgs) (incidental 

ingestion; dermal contact), ground water (dermal contact), and air (inhalation). Routine exposure to 

surface water and sediments is not expected for the construction worker. It should be noted that 

significant exposures by a construction worker to ground water are unlikely because if a construction 

worker is going to have prolonged contact with. ground water, he/she would most 'Iikely wear . 

protective clothing such as rubb~r boots and/or hip waders, which would limit receptor exposure. In 

addition, most excavation activities would utilize construction equipment such as a back hoe, which 

• 

. would limit a construction worker's exposure. Also, if. significant. ground water was encountered 

during an excavation of a trench or foundation, ground water would most likely be pumped out of the 

excavation so that the construction activities could. be c;omplet~d.· 

Maintenance Workers - A plausible receptor under current c;lnd future land use. This includes adult 

military or civilian personnel assigned duties on an infrequent basis within the study areas (e.g., 

groundskeeping activities, storm sewer and drainage maintenance). This receptor could be exposed 

to surface soils (incidental ingestion; dermal contact),' surface water (dermal contact), sediments 
. . 

(incidental ingestion; dermal contact), and air (inhalation). Direct contact with ground water .or 

subsurface soils is not anticipated for this receptor. 

• Occupational Worker - A plausible receptor under current and future land use. This includes adult· . 
. . . 

military or civilian personnel assigned to routine daily work tasks. This receptor could be exposed to 

. surface soil (incidental: ingestion; dermal contact) and air (inhalc;ltion). In addition, it will be 

conservatively assumed that the occupational worker may be exposed: to ground water' (ingestion; 

dermal contact). (It should be noted that a public water supply is not currently available within the 
. . 

study areas.) 'It is anticipated that this receptor would not be ro~tinely exposed to subsurface soils, . 

surface waters, or sediments. This receptor is expected to be exposed on a more frequent basis than 

the maintenance or construction worker. 
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• Trespassers - A plausible receptor under current or future land use. Although access to the base is 

controlled, once inside the base, access to the study areas is not limited by any physical constraints. 

In addition, hunting activities are permitted at the base. Because the study areas are relatively 

remote and surrounded by forested areas, hunters (particularly adolescents) may trespass within the 

study. areas. This receptor may be exposed to potentially contaminated surface soil (0 to 2 feet bgs) 

(incidental ingestion; dermal contact), air (inhalation), and surface water (incidental ingestion; dermal 

. contact) and sediments (incidental ingestion; dermal contact) in the intermittent streams. However, 

exposure to surface water is likely.to be limited in some areas because of the intermittent nature of 

the surface water in swales and drainage ditches. Also potential exposures to surface water will be 

limited to wading because the streams atthe sites are not deep enough for swimming~ Direct contact 

with ground water or subsurface soils is not anticipated for this receptor. 

• Recreational Users - A plausible receptor under future land use. If NSWC Crane were to close, the 

most likely scenario is that the property would be converted to a ·park. A recreational user may be 

exposed to potentially contaminated surface soil (0 to 2 feet bgs) (incidental ingestion; dermal 

contact), air (inhalation), surface water (incidental. ingestion; dermal contact), . and· sediments 

(incidental ingestion; dermal contact). Exposures to surface water will be limited to wading because 

the streams at the sites are not deep enough for swimming. In addition, it will be conservatively 
. . 

assumed that the recreational user may be exposed to ground water (ingestion; ·dermal contact) while 

cleaning up (e.g., washing hands, face, and legs) after visiting the hypothetical park. (A public water 

. supply is not currently available within the study area.) Direct contact with subsurface soils is not 

anticipated for· this receptor. NSWC Crane is not expected to close because principal base 

operations, the demilitarization of munitions, are critical to the support of the United States Naval . 

fleet. 

• On-Base Residents - An unlikely receptor under future land use. Although this scenario is highly 

unlikely, a future re~idential scenario is typically evaluated in a risk assessment for decision-making 

purposes. For example, the need for deed restrictions at a site may be eliminated prior to site closure· 

if minimal risks are estimated for residential receptors. Itis assul'Ded that a hypothetical resident may 

be exposed to surface. soils (incidental ingestion; dermal contract),· ground water (ingestion, dermal 

contact), surface water· (ingestion; dermal contact), air (inhalation), and sediment (incidental 

ingestion; dermal contact). Potential exposures to surface water will b~ limited to wading because the 

streams at the sites .are not deep enough for swimming. 
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Details regarding the assumed receptor characteristics (e.g., intake rate, frequency, duration of exposure) 

are defined in Section C.2.4. 

Current/future occupational workers and future hypothetical residents are not assuri1edto be exposed to 

'subsurface soil, although exposures to subsurface soil might occur if subsurface soil is brought to the 

. surface as a result of excavation activities. A quantitative analysis of exposures to subsurface soils by 

occupational workers and hypothetic residents will be included in the uncertainty analy~is to aid in risk' 

management decision purposes. This analysis will consist of .using a simple "risk ratio" technique that 

involves the comparison of a chemical's exposure point concentration (EPC) to it's U.S. EPA Region 9 

PRG to calculate cancer ana noncaricer risks using the following equation: 

EPC HI ILCR 
-- = --or ------
PRG Hlof1 ILCRof1x10-6 

This is a value technique for estimating risk because all of the intake equations and risk characterization 

equations used to develop the risk-based concentrations are linear . 

C.2.2 Central Tendency Exposure vs. Reasonable Maximum Exposure 

Traditionally, exposures evaluated in the HHRA were based on the concept of a reasonable maximum 

exposure (RME) only, which is defined as ."the maximum exposure that .is reasonably expected to occur 

at a site" (U.S. EPA, 1989a). However, recent risk assessment guidance (U.S. EPA, 1992) indicates the, 

need to address an average case or central tendency exposure (eTE). 

. . 
To provide a full characterization of potential exposure, both RME andeTE scenarios will be evaluated in 

·the site-specific risk assessments for SWMUs8 and 15. The available guidance (U.S. EPA, 1993a) 

.concerning the evaluation of eTE is limited and at times vague. Therefore, professional judgment may be 

exercised when defining eTE conditions for a particular receptor at a site .. 

'C.2.3 Exposure Point Concentrations 

. . . I . 

The EPC, which iscalculate9 for COPCs only, is ariestimate of the chemical concentrations within an· 

exposure, unit (EU) that are 'Iikely to be contacted over time by a receptor and is used to estimate 

exposure intakes. The following. paragraphs discuss the EUs typically evaluated and the guidelines for 

calculating the EPC . 
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EUs for receptors· potentially exposed to surface or subsurface soils will likely inClude· all sampled 

locations within a study area unless: 

The analYtical data for soils suggest thatcsignificant contami~ant hot spot(s)/sub-area(s) exist 

. within the study area; and 

The hot spot(s)/sub-area(s) is (are) large enough to be considered an EU for one or more of the 

receptors. being evaluated. 

For example, a residential lot size of % acre to 2 acres is often used for the evaluation of a hypothetical 

future resident. The size of an EU will be based on the distribution of the chemical concentrations in soils 
I 

and on presumed receptor activity patterns. 

The EU fora ground water receptor may be one well· or a cluster of wells (e.g:, in the heavily 

contaminated part of a plume) and is highly dependent on the distribution of the contamination. If it is 

determined that a ground water contaminant plume is or may be moving beyond. the study area 

boundaries, EPGs for ground water at receptor locations beyond the study area may be estimated using 

modeling techniques or measured by installing and monitoring additional wells. These ground water 

receptor locations may include the study area boundaries and the facility boundary. The locations will be 

selected, if necessary, based on the concentrations detected within a study area (Le., the observed or 

potential contaminant loading to or within the ground water aquifer), the aquifer characteristics (e.g., flow, 

direction), and the chemical and physical nature of contaminants detected in the ground water . 

. The EU for recept.ors potentially exposed to surface waters and sediments will likely include all sampled 

locations in the surface water bodies downstream of a study area. Additional EUs may be defined if, 

based on the analytical data. for the surface water and sediment samples, there are significant 

'contaminant hot spots/sub-areas within or downstream of a study area. As noted above, the distribution 

6f the contamination and presumed activity patterns of the receptor will 'be used to determine the size of 

the EU. 

The following guidelines will be used to calculate the EPGs: 

• If a soil, surface water, or sediment data set for an EU contains fewer than 10 samples, the EPG for 

the RME and GTE cases will be defined as the maximum detected concentration. 

• If a soil, surface water, or sediment data set for an EU contains 10 or more samples, the 95-percent 

upper confidence limit (UGL) on the arithmetic mean, which will be based on the distribution of the 
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data set, will be selected as the EPC for the RME and CTE case. EPCs will be calculated following 

U.S. EPA's Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous 

Waste Sites (U.S. EPA, 2002c). 

• The EPe for a ground water receptor will be the arithmetic average of wells ·in the highly concentrated 

area of the plume. 

Sample and duplicate analytical results will be averaged for statistical use before the EPC is calculated. 

Data values less than sample-specific detection limits will be substituted with ohe-half the detection limit. 
. .' . , 

It should be noted ·that EPCs for ground water may also be developed for specific receptor locations (e.g., 

the·facility boundary), as necessary, using ground water modeling techhiques. 

C.2.4 Chemical Intake Estimation 

The methodologies and techniques used to estimate exposure intakes are presented in this section. 

Intakes for the identified potential re·ceptor groups will be calculated using current ·U.S. EPA risk 

. assessment guidance (e.g., U.S. EPA, 1991, 1997a, and 2001 b) and presented in the risk ·assessment 

spreadsheets. Risk assessment spreadsheets wil.1 be appended to the site-specific risk assessments as . 

support documentation. All quantitative risk assessment results will be presentediri RAGS Part D format· 

tables. 

Noncarcinogenic intakes will be estimated using the· concept of an aV\3rage annual exposure. 

Carcinogenic intakes wil.1 be calculated as an incremental lifetime exposure, which will assume a life 

• expectancy of 70 years. Assumptions regarding exposure are presented in Tables C-2 and C-3!or the 

RME and CTE scenarios, respectively. 

C.2.4.1 Inhalatio~ of Air and Fugitive Dust/Volatile Emissions from Soils 

The amount of a chemical that a receptor takes in as a result of respiration is determined using the . .. . . 

concentration of ttiecontaminant in air. Intakes of both particulates and vapors and gases from soil will 

be calculated using the sarne equation, as follows (U.S. EPA, 1989a): 

I k ~·(Cai)(IRa)(ET)(EF)(ED) 
nta eai - .. (8\N)(AT) . 

where: 

. Intakeai intake of chemical "i II from air via inhalation (mg/kg/day) 
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IRa 

ET 

EF 
ED 

BW 

AT" 

= 

= 

= 

= 

= 

= 

= 

concentration of chemical"i" in air (mg/m3), 

inhalation rate (m3/hour) 

exposure time (hours/day) 

exposure frequency (days/year) 

exposure duration (year) 

body weight (kg) 

averaging time (days); 

for noncarcinogens, AT = ED x 365 days/year; 

,for carcinogens, AT = 70 years x 365 days/year 

The concentrations of chemicals in air resulting from emissions from soil are developed following 

procedures presented in U.S. EPA Soil Screening Guidance (U.S. EPA, 1996). The chemical concentration 

in air is calculated as follows: 

C. =C ,x --+-[ 
1 ' 1 ] 

"Jr SOIl PEF VF 

, where: 

Ca = chemical concentration in air,mg/m3 

Cs = chemical concentration in soil,mg/kg 

PEF = particulate emission factor, m%g , 

VF = volatilization factor, m3/kg 

If no volatile chemicals are retained as COPCs in surface and subsurface soil, the above equation reduces 

. ·to: 

Cai.=CSOiIX[_1 J' , PEF 

The particulate emissions factbr (PEF) relates the concentration of the chemical in soil with the 

concentration of dust particles in air.' A PEF value of 1.316 x 10+9 'will be used for SWMUs 8 and 15 (IDEM, 

2004). This value is based on f~gitive dust emissions from the site. ' Because air emissions resulting from 

fugitive dust' emissions settings will be different 'than dust emissions generated during construction 

, activities, a separate PEF will be used for construction activities. The PEF for construction workers (1.58 x 

10+6
' m3/kg) was calculated using the' equations presented in the supplemental SSL guidance document, ' 

,(U.S. EPA, 2002a). 

050419/P C-20 CTO 0331 

/ , 

• 

• 



• 

• 

• 

NSWeerane 
DraftQAPP 
Revision: 0 ' 

Date: September 2004 
Section: Appendix e 

Page 21 of 42 

As mentioned in Section C.1.2.1, a qualitative evaluation of exposure (i.e., comparison of maxi~um site 

soil concentrations to U.S. EPA generic SSLs for transfers from soil to air) will be used to identify whether 

a quantitative analysis of this exposure pathway is warranted. If it is determined that a quantitative 

evaluation is .not required, the potential risks associated with the inh~lation pathway will be regarded as 

minimal, and no further ,evaluation will be performed. 

C.2.4.2 ' Dermal Contact with Soil/Sediment 

, Direct physical contact, with .soil and sediment' may' result in the dermal absorption of chemicals. 

Exposures associated with the dermal route are estimated in the following manner (U.S. EPA 2'001 b): 

where: 

.Intakes; = 

Cs; = 
SA = 
AF = 
ABS = 
CF = 
EF = 
ED = 
BW 

AT 

IntakeSi 
(CSi)(SA)(AF)(ABS)(CF)(EF)(ED) 

= 
(BW)(AT) 

amount of chemical "i"' absorbed during c~ntact with soil/sediment 

(mg/kg/day) 

concentration of chemical "i" in soil/sediment (mg/kg) 

skin surface area available for contact (cm2/day) 

skin adherence factor (mg/cm2) 

absorption factor (dimensionless) 

conversion factor (1 x 10-6 kg/mg) 

exposure frequency (days/year) 

exposur~ duration (year) 

body weight (kg) 

averaging time (days); 

for noncarcinogens, AT = ED x 365 days/year; 

for carcinogens, AT = 70 years x 365 days/year 

Exposed surface areas· of body available for 'dermal contact are determined on a receptor-specific basis . . . 

hecause they correspond with assumed human activities and clothing worn during exposure events. 

Current guidance documents (U.S. EPA, 1997a and 2001 b) will be used to develop the default· 

assumptions concerning the amount of skin surface area available for contact for a receptor. To maintain 
. . . 

consistency from project to project; input parameters previously used for other NSWC Crane risk 

assessments (e.g., TtNUS, 2003a, 2003b) will also be reviewed when developing the exposed surface 

areas. The rationales used to select the skin areas are as follows:· 
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• For construction workers, maintenance workers, and occupational workers exposed to surface soil or 

sediment, the' surface area available for soil contact is assumed to be the head, hands, and forearms. 

The skin surface' area is 3,300 cm2 for the CTE and RME scenarios. These values represent th~ 
50th-percentile areas forthe head, hands, and forearms (U.S. EPA, 2001 b). 

• For adolescent trespassers, 25 percent of. the total body surface area for an adolescent (aged 6 to 

16) will be assumed to be available for surface soil and/or sedim~ntcontact. The. RME . value 

· (3;820 cm2
) is derived from the 95th -percentile surface area data, and the' CTE value (3,100 cm2

) is 

derived from the 50th-percentile data, as provided in Table 6-6 of the Exposure Factors Handbook 

.(U.S. EPA, 1997a). 

• For adult recreational users assumed to be exposed to soil/sediment, the exposed surface area 

· available for contact is the sum of the head, arms, hands, lower legs, and feet of an adult male. This , 

skin surface area· is 9,070 crri2 for the RME and GTE scenarios. This value represents the 

50th-percentile areas for the arms, hands, lower legs, and feet (U.S. EPA, 1997a). For a small child 

recreational user (0 to 6 years old), it was assumed that 50 percent of the body surface area was 

exposed to surface soil and sediment (i.e., 3,300 cm2
). This valu'e represE!nts the 50th-percentile 

· areas presented in Table 6-6·of the Exposure Factors Handbook (U.S. EPA, 1997a). 

.• For adult residents exposed to surfa:ce soil/sediment, the exposed surface area available for contact 

will be the. U.S. EPA recommended value of 5,700 cm2 for the RME and CTE scenarios (U.S. EPA 

2001 b) .. This va:lue assumes I that the adult resident is wearing a short-sleeved shirt, shorts, and 

shoes; therefore; the exposed skin .surface is limited to the head, hands, forearms, and lower legs. 

For a child resident, the recommended value of .2,800 cm2 was used as the exposed skin surface 

area for the RME and CTE scenarios (U.S. EPA, 2001 b). This value assumes that the child resident 

is wearing a short-sleeved shirt, snorts, and no. shoes; therefore~ the exposed skin surface area is 

· limited tothe head, hands, forearins, lower legs, arid feet. 

The following values of soil adherence factors provided in RAGS PartE (U.S. EPA, 2001b) will be used to 

evaluate risks from exposure to soil and sediment: 

• Construction workers - 0.3 mg/cm2 for the RME and 0.1 mg/cm2 for the CTE. These values are the' 

95th-percentile and geometric mean values for construction workers; respectively (U.S. EPA, 2001 b 

and 2002a). 
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• M~intenance workers and occupational workers - 0.2 mg/cm2 for the RME and 0.02 mg/cm2 for the 

CTE (U.S. EPA, 2001 b). 

'. Adolescent trespassers, child recreational users, and child residents - 0.2 mg/cm2 for the RME and 

. 0.04 mg/cm2 for the CTE. These values are the 95th~percentile and geometric mean values 

presented for soccer players (teens) playing in moist conditions (U.S. EPA, 2001 b). 

• Adult recreational users and adult residents - 0.07 mg/cm2 for the RME and 0.01 mg/cm2 for the CTE 

(U.S. EPA,2001b) . 

. For the constituerits'igentified as COPCs in soil, the following absorption factors will be used (U.S. EPA, 

2001 b): 

• Polynuclear aromatic hydrocarbons (PAHs) - 0.13 

• Dioxins/furans - 0.03 

• Arsenic - 0.03 

• Cadmium - 0.001 

• Semivolatile organics - 0.1 

As indicated in RAGS' Part E, absorption factors for other metals have not been developed due to 

insufficient data to support a default value. Therefore, risks from dermal absorption of metals (other than 
. . 

arsenic ·and cadmium) from soil wilf not be quantified in these risk assessments .. The uncertainty 

associated with the omission of these constituents will bediscussed in the uncertainty analysis .. 

C.2.4.3 Incidental Ingestion of Soi'l and Sediment 

Incidental ingestion of soil (and sediment) by potential receptors coincides with· dermal exposure. 

Exposures associated with'incidental ingestion are estimated in the t'ollowing manner (U.S. EPA, 1989a): 

where: 

Intakes; = 

= 
= 

050419/P 

Intakesi 
(CSi)(IRS)(FI)(EF)(ED)(CF) 

= 
(BVV)(AT) . 

intake of contaminant "i" fro"m soil or sediment (mg/kg/day) 

concentration of contaminant "i" in soil or sediment (mg/kg) 

ingestion rate (mg/day) 

fraction ingested from contaminated source (dimensionless) 
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EF 

.ED 

GF 

BW 

AT 

= 
= 
= 
'-

= 

exposure frequency (days/year) . 

exposure duration (year) 

conversion factor (1 x 10-6 kg/mg) 

body weight (kg) 

averaging time (days); 

for noncarcinogens, AT = ED x 365days/year; 

;for carcinogens, AT = 70 years x 365 days/year 

The same exposure frequencies and durations used in the estimation of dermal intakes will be used to 

estimate exposure via incidental ingestion .. Default values of 1.0 will be used for the fraction of soil 

ingested from the. source for both the RME and GTE scenarios.. Sediment iilgE;lstion rates will be ·the 
. . . ' 

same as those assumed .for soil ingestion except that, for re~reational users, the fraction ingested' is 

assumed to be 0.5 for both the RME and GTE scenarios. 

C.2.4.4 Dermal Contact with Ground Water and Surface Water 

· The same equation is used to estimate intakes for dermal contact with ground water and surface water. 

Direct contact with ground water at SWMUs· 5 and 1,8 is limited to exposure that would occur under • 

residential, recreational, typical industrial (occupational), and construction scenarios. Hypothetical future· . 

. on-base residential receptors are ass ulTl ed to use ground water for domestic purposes (Le., I:>athing, 

showering, washing dishes) that can resuit in dermal exposure. Short-term dermal exposure is assumed 

· to occur for the construction worker during .excavation activities and for the hypothetical recr'eational user 

or occupational worker receptors that may occasionally use restroom facilities (supplied by ground water 

pumped from the underlying aquifer) while working or recreating. (It should, be noted that neither 

restroom facilities nor ground water supply wells· exist at SWMUs 5 and m at this time)~· Dermal contact 

with surface water may also occur while receptors are involved in certain activities such as Ia,ndscaping 

(maintenance worker), trespassing, or recreational sport (e.g." hiking, wading, etc.). 

· The following equation will be used to assess exposures resulting from dermal contact with water 

(U.S.-EPA,2001b): 

where: 

.pADwi == 

DAevent = 

EV = 

050419/P 

. DADwi = -'-( D_A-"!,f1V=ent:..;,) (E-...,.V~) (,-E--,D )c...:....(E_F..:....:.)(A~) 
(BW)(AT) 

dermallyabsorbed.c:lose of chemical "i" from water (mglkg/day) 

absorbed dose per event (mg/cm2-event) 

event frequency (events/day) 
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ED = 

'EF 

A = 

BW = 

AT = 

exposure duration (year) 

, exposure frequency (days/year), 

skin surface area available for contact (cm2) 
~ 

body weight (kg) 

averaging time (days); 

for noncarcinogens, AT= ED x 365 days/year; 

for carcinogens, AT = 70 years x 365 days/year 
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Ground water exposure for hypothetical future on-base residential receptors using the, ground water as 'a 
, ' ' 

domestic water supply is assumed to occur on a daily basis. Exposure to ground water for construction 

workers, recreational' users, or typical occupational workers and exposure to, surface water for 

m~intenance workers, trespassers', and recreational users are also assumed to occur each day the 

, receptor visits the study area. ,Dermal intakes for residents will assume total body exposure.' For 

construction' workers, ,trespassers; occupational workers~ maintenance workers, and recreational 'users, 

the exposed surface area of the body available for contact will be based on assumed activities and is 
, " 

similar to the assumptions outlined for dermal contact with, soil and sediment. Tables, C-2 and'C-3 

,summarize recommendations for exposure' parameters that will be evalLiate~, in the baseline' risk 

assessments. 

The absorbed dose per event (DAevent) will be estimated. using a non-steady-state approach for organic 

compounds and a traditional steady-state approach for inorganics. For organics, the following equations 

apply: 

where: 

., 
050419/P 

.if tevent < f, then: DAevent =(2)( Kp} (FA}(C .. ) (CF) [ ~6 t~eve~t ) 

If toy~nt > t", then: DA";.nt = (Kp}(FA}(Cw }(CF)( tevent + 2 t(1 + 3 B + ~ B2)) 
, "1+B (1+B) 

, ' 

tevent 

.. 
Kp 

FA 

Cwj 

't 

11: 

= 

= 

= 

= 

= 

= 

duration of event (hour/event) 

time it takes to reach steady-state conditions (hour) 

'permeability coefficient from water through skin (cm/hour) 

Chemica'l-specific fraction absorbed (dimensionless) 

concentration of chemical"i" in water (mg/L) 

lag time (hour) 

Pi (dimensionless; equal to ,3.1416) , 
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Dimensionless ratio of the permeability of the stratum corneum relative to 

the permeability across the viable epidermis. 

Values fol' the chemical-specific parameters (f, Kp, 1:, .FA, and B) will be obtained from RAGS Part E the 

current dermal guidance (U.S. EPA, 2001 b). If I}O published values are available for a particular 

compound, they will be calculated using equations provided in the cited guidance. 

The following non-steady-state equation will be used to estimate DAeve~t forinorganics: 

In general, the recommended default value of 0.001 will be used for the dermal permeability of inorganic 

constituents. For most metals, dermal absorption is not a significant pathway because penetration 

through the skin is minimal. 

1 

C.2.4.5 Direct Ingestion of Ground Water and Incidental Ingestion of Surface Water 

Residents may be exposed to ground water via direct ingestion. In addition, maintenance workers; 

trespassers, recreational. users, and residents may incidentally ingest surface water while at the site. 
I . 

Intakes associated with ingestion of water will be evaluated. using the following equation (U.S. EPA, 

1989a): 

where: 

050419/P 

Intakewj = 

EF 

ED 

BW 

= 

= 

= 

= 

. Intake wi 

= (Cwi )(IRw )(EF)(ED) 
(BW)(AT) 

intake of chemicalui" from water (mg/kg/day) 

concentration of chemical "i" in water (mg/L) 

ingestion rate for ground water (Uday) 

ingestion rate for surface water (Uday) = (CR)(ET) 

CR' = contact rate for surface water (Uhour) 

. ET = exposure time for surface water (hour/day) 

exposure frequency (days/year) 

exposure duration (year) 

body weight (kg) 
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AT = averaging time (days); 

for noncarcinogens, AT =ED x 365 days/year; 

for carcinogens, AT = 70 years x 365 days/year 
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. The same exposure times, frequencies, and durations used to assess dermal exposure to water will be 

used to estimate intakes for ingestion of water. 

C.2.4.6 Inhalation of Volatiles in Ground Water 

Ground water exposure may also result in an inhalation exposure if the water resource is used as a 

domestic water supply. This exposure route will be evaluated for residential receptors only who may be 
. " . . 

exposed while showering, bathing, washing dishes, etc. Inhalation exposures will be estimated using a 
- . 

mass transfer model developed specifically for this exposure route, in combination with an air intake 

estimation model. The mass transfer model accounts for inhalation that occurs during a shower and after 

a shower while the receptor remains in the closed bathroom. The method that is employed is as follows 

(U.S. EPA, 1989a and Foster and Chrostowski, 1987): 

where: 

Intakewi = 

S = 

IRsh = 

K 

EF 

ED = 

BW = 

AT -

Ra = 

CF = 

Ds = 

Dt 

050419/P 

Intake. = (S)(IRsh)(K)(EF)(ED) 
.. 51 (BW)(AT)(R.)(CF) 

K = Ds + exp(-R. x D,) exp[R. x(D~ -D,)] 

R. R. 

intake of chemical "i" from water via inhalation (mg/kg/day) 

volatile chemical generation rate (~g/m3-min-shower) 

inhalation rate (Umin) 

mass tra.nsfer coefficient (min) 

exposu~efrequency (showers/year) 

exposure duration (years) 

body weight (kg) . 

averaging tim~ or period of exposure (days) 

air exchange rate (min·1) 

conversion factor (1 x 10.6 Ilg-Umg-m3) 

shower duration (min) 

total time in bathroom (min) 
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The volatile chemical generation rate will be estimated using the Foster and Chrostowski mass transfer 
. . 

.. model, which is based on two-phase film theory. The model employs contaminant-specific mass transfer 

coefficients, Henry's Law constants, droplet diameter, drop time, viscosity, temperature, etc. For most 

metals anticipated at the SWMUs 8 and 15, volatilization is not a significant pathway because these 

substances do not vaporize at room temperature .. 

Construction workers may be exposed to COPCs that have volatilized from. ground water when 

excavation exposes the shallow water table. Exposures for construction workers associated with the . . / 

'inhalation route is estimated in the following manner (U.S. EPA, 1989a): . 

where: Intakeai = 

Cai = 

IRa = 

ET = 

EF = 

ED 

BW = 

AT = 

Intakeai = (C'ai)(IRa)(ET)(EF)(ED) 

(BW)(AT) 

intake of chemical"i" from air via inhalation (mglkg/day) 

concentration of chemical"i" in air (mg/m3) 

inhalation rate (m3/hr) 

exposure time (hours/day) 

exposure frequency (days/year) 

exposure duration (year) 

body weight (kg) 

averaging time (days); 

for noncarcinogens, AT = ED x 365 days/year; 

for carcinogens, AT = 70 year x 365 days/year. 

The same exposure frequency and exposure time used to estimate intake from dermal contact with 

ground water is used to evaluate intake from inhalation of VOCs from ground water during construction 

activities. 

There are no well-established models available for estimating migration of volatile~ from ground water 

into a construction/utility trench. To estimate the EPC for air in a construction trench, the HHRAs will use 

an approach suggested by the Virginia Department of Environmental Quality (V[jEQ~ 2004), which is 

based on a combination of a vadose zone model (to estimate volatilization of gases from contaminated 

. groundwater into a trench) and a box. model' (to estimate dispersion of the contaminants from the air 

inside the trench into the above-ground atmosphere). The VDEQ. methodology is described in the 

• 

following paragraphs. . • 
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The airborne concentration of a contaminant in a trench can be estimated using the following equation: 

where: 

. Cair=CGW X VF . 

C air = air concentration of contaminant in the trench 1l9/m3 

CGW = concentration of contaminant in ground water Ilg/L 

VF= volatilization factor Um3
. : 

It is assumed that a construction project could result in an excavation of 15 feet bgs or less. If the depth 

to ground water at a site is less than 15 feet, the VDEQ model assumes that a worker would encounter 

ground water when digging an excavation or a trench .. The worker would then have direct exposure to 

. the ground ~ater. The worker would also be .exposed to contaminants in the air inside the trench that· 

would result from volatilization from the ground water pooling at the bottom of the trench. 

The following equation· i$ used to calculate the volatilization factor (VF) for a trench les.s than 15 feet 

deep: 

where: 

A 

F 

ACH 

V 
10.3 

104 

= 

= 

= 

= 

3,600 = 

. / 

. VF == ( Ki X A x F x 10.3 
X 104 x 3,600 ) I (ACH x V ) 

overall mass transfer coefficient of contaminant (cm/s) 

area of the. trench (m2
) 

fraction of floor through which contaminant can enter (unitless) 

air changes per hour (h·1
) = 360 h·1 

volume of trench (m3
) 

conversion factor (Ucm3
) 

conversion factor (cm2/m2
) 

. conversion factor (seconds/hour) 

Studies of urban canyons suggest that if the ratio of trench width, relative to wind direction, relative to 

trench depth is less than or eqljal to 1, a circulation cell or cells will be set up within the trench that limits 

the degree· of gas exchange with the atmosphere and, based upon measured ventilation rates of 

buildings, the air changes per hour (ACH) is assumed to be 2. Based upon the ratio ·of trench depth to 

the average wind speed, if the ratio of trench width to trench depth is greater than 1, the air exchange , 
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between the trench and above-ground atmosphere is not restricted, and the A,CH is assumed to. be 360. 

The' exposure assessment performed for these HHRAs will assume thewidth-to-trench depth ratio is 

greater than 1; therefore, the ACH is set at 360. 

Kj is 'calculated using the following equation: 

where: 

Kj 

k;L 

R 

T 

H; 

k;G 

= 

= 

= 

= 

= 

= 

overall mass transfer coefficient of containment (cm/s) 

liquid-phase mass transfer coefficient of i (cm/s) 

ideal gas constant (atm-m3/mole-OK) = 8.2 x 10.5 

, 
average system absolute temperature (OK) (Default = 298°K) 

. Henry's Law constant of i (atm-m3/mole) 

gas-phase mass transfer coefficient of i (cm/s) 

The formulas for calculating k;L and k;G are as follows: 

where: 

where: 

050419/P 

k;L = 

MW02 = 

MW; = 

kL,02 = 

k;G 

MWH20= 

kG,H20 = 

liquid-phase mass transfer coefficient of component i (cm/s) 

molecular weight of oxygen (g/mole) 

molecular weight of component i (g/mole) 

liquid-phase mass transfer coefficient of oxygen at 25°C (cm/s) = . 

0002 cm/s 

gas-phc:lse mass transfer coefficient of component i (cm/s) 

.molecular weight of water (g/mole). 

gas-phase mass transfer coefficient of water vapor at 25°C (cm/s)= 

0.833 cm/s (Superfund I;xposure Assessment Manual, U.S. EPA, 1988) . 
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Site-specific values will be used whenever possible. Model default values will be used when they are 

believed to be representative of site conditions. Chemical properties. will be obtained from the Soil 

Screening Guidance: User's Guide (U.S. EPA, 1996 and 2002a). 

C.2.4.7 Summary of Exposure Parameters 

A summary 6fthe exposure input parameters for all exposure pathways are presented in Table C-3 for 

the identified potential receptor groups at SWMUs 5 and 18. In general, standard default parameters 

(e.g., U.S. EPA, 1991; ,.Exposure Factors Handbook, U.S. EPA 1997a), which combine mid-range and 

'upper-end exposure factors, will be used to assess RME conditions. CTE will be assessed primarily by 

the use of mid-range exposure factors presented in current risk assessment guidance (U.S. EPA, .1989a 

and 1993a). These input parameters may be updated according· to new risk assessment guidance as it 

becomes available. 

C.2.S Exposure to Lead 

The equations and methodology presented in the· previous section cannot be used to evaluate exposure 

to lead because of the absence of published dose'-response' parameters. Exposure to. lead will be 

assessed using the following models: 

• The latest version of U.S. EPA's Integrated Exposure Uptake Biokinetic (IEUBK) Model for lead, (U.S. 

EPA,2002d). This model is typically used to evaluate lead exposure·assuming a residential land use 

scenario. 

• The U.S: EPA's TRW Model for Lead (U.S. EPA, 2003a).· This model is typically used to evaluate 

. lead exposure assuming a non-residential land use scenario. 

The IEUBK Model for lead (U.S. EPA, 2002d) is designed to estimate blood levels of lead in children. 

(under 7 years of age) based on either default or site-specific input values for air, drinking water, diet, 

dust, and soil exposure. .Studies indicate that infants and young children' are extremely susceptible to 

adverse effects from exposure to lead. Considerable behavioral and developmental impairments have 

been noted in children with elevated blood-lead levels. The threshold for toxic effects from this chemical . 

is believed to be in the range of 10 to 15 Ilg/dL. Blood-lead levels greater than 10 Ilg/dL are considered 

to be a "concern." 
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For SWMUs 8 and 15, the IEUBK Model for lead will be used to address exposure to lead in children 

when detected ground water ~r surface water concentrations exceed the 15 Ilg/L Federal Action Level 

promulgated under the Safe Drinking Water Act and when detected soil or sediment concentrations 

exceed the OSWER soil screening level of 400 mg/kg for residential land use (U.S. EPA, 1994b). 

~verage chemical concentrations, as well as default parameters for some input parameters,· will be 

employed. Estimated blood-lead levels and probability density histograms will be presented as support 

documentation for this analysis and will be. appended' to the site-specific risk assessments. 

Non-residential adult exposure to. lead in soil will be evaluated using U.S. EPA's TRW for Model for lead 

(U.S. EPA, 2003a). In this model, adult exposure to lead in soil is addressed by an evaluation of the 

relationship between the site soil lead concentration and the blood-lead concentration in the developing 

fetuses of adult women. The adult lead model will generate a spreadsheet for each exposure scenario 

that is evaluated (i.e., industrial, recreational). The output of the spreadsheet will be the probability that 

the'blood-Iead concentrations in the fetus exceeds 10 Ilg/L. The probability that the fetal blood-lead level 

will exceed 10 Ilg/L will be calculated in accordance with the following EPA guidelines: 

• Use of the TRW Interim Adult Lead Methodology in Risk Ass,essment (U.S. EPA, 1999c). 

• Frequently Asked Questions (FAQs) on the Adult Lead Model (U.S. EPA, 2004) . 

. No models are currently available to ·evaluate the periodic exposure 'of adolescent trespassers to lead. 

Therefore, the results of the IEUBK Model for children will be used to qualitatively assess exposure of this 

. receptor. Essentially, the qualitative discussion will cite that potential adverse effects from exposure to 
.> 

lead are expected to be of a lesser magnitude for adolescent trespassers than for children. 

C.3' TOXICITY ASSESSMENT 

The objective of the toxicity assessment is to identify the potential health hazards and adverse effects in 

exposed populations. Quantitative estimates of the relationship between the magnitude and type of 

exposures and the severity or probability of human h!3alth effects will be defined for the identified COPCs. 

Quantitative toxicity values determined during this component of the risk assessments will be integrated. 

with outputs of the exposure assessments to characterize the potential for the occurrence of adverse 

health effects for each receptor group. 

The toxicity value used to evaluate noncarcinogenic health effects is the reference dose (RfD); 

carcinogenic effects are quantified using the cancer slope factor (CSF). 
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Oral and inhalation RfDs and CSFs to be used in the site-specific risk assessments for SWMUs 8 and 15· 

will be obtained from the following primary literature sources (U.S. EPA 2003b): 

• Integrated Risk Information System (IRIS) (onlin~). 

• U~S .. EPA Provisional Peer Reviewed Toxicity Values (PPRTVs) - The Office of Research. and 

DevelopmenVNational Center for· Environmental Assessment (NCEA) Superfund Health Risk 

Technical Support Center develops PPRTVs on a chemical-specific basis ~hen requested by U.S. 

EPA's Superfund program. ,. 

• Other Toxicity Values - These sources include but are not limited to California Environmental 

Protection Agency (Cal EPA) toxicity values, the Agency for Toxic Substances and Disease Registry 

(ATSDR) Minimal Risk Levels (MRLs), and the Annual Health Effects Assessment Summary Tables 

(HEAST) (U.S. EPA, 1997b). 

• Although RfDs and CSFs can be found in several toxicological sources, U.S. -EPA's IRIS·on-Iine database 

is the preferred source of toxicity values. This database is continuously updated and values presented 

have been verified by U.S. EPA .. The U.S. EPA Region 9 PRG Tables and Region 3 Risk-Based 

Concentration (RBC) Tables will also be used as a source of toxicity criteria when these criteria are not 

available from the aforementioned references. 

• 

\ 

C.3.1.1 Toxicity Criteria for Dermal Exposure 

RfDs and CSFs found in literature may be expressed as administered· doses; therefore, these values are 

considered inappropriate for estimating the risks associated with dermal routes of exposure .. Oral dose

response parameters ·based on' administered doses must be adjusted to absorbed doses before the 

evaluation of estimated dermal exposure intakes is made. 

The adjustment from· administered to absorbed dose will be made using chemical-specific ~bsorption 

efficiencies published in available guida'nce [Le., U.S .. EPA,2001 b (the primary reference), IRIS, ATSDR 

toxicological profiles, etc.] and the following equations: 
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RfDciermal ,= (RfDoral )(ABSG1 ) 

CSFdermal = (CSForal ) I (ABSG1 ) 

where: ABSG, = absorption efficiency in the gastrointestinal tract 

. Absorption efficiencies used in the risk assessments will reflect U.S. EPA's current dermal assessment 

guidance (U.S. EPA, 2001b). 

C.3.1.2 Toxicity Criteria for Carcinogenic Effects of PAHs 

Limited toxicity values are available to evaluate the carcinogenic effects from exposure to PAHs. The 

most extensively studied PAH is benzo(a)pyrene, which is classified by U.S. EPA as a probable human 

carcinogen. Although CSFs are available for benzo(a)pyrene; insufficient data are available to calculate 

CSFs for oth€)r carcinogenic PAHs. Toxic effects for these chemicals will, be evaluated using the concept 

of estimated orders of potential potency, which relate the potency of the other potentially carcinogenic 

PAHs to the potency of benzo(a')pyrene, as presented in current U.S. EPA g~idance (U.S. EPA, 1993b)~ 
The equivalent oral and inhalation CSFs for these chemicals are derived by multiplying the CSFs for 

benzo(a)pyr~ne by the orders of potential potency. 

, ., 

C~3.1.3 Toxicity Criteria for Carcinogenic Effects of Dioxins/Furans 

Similar to the concept of estimated orders of potential. potency for PAHs, chlorinated dibenzo-p-dioxins 

(COOs) and -dibenzofurans (CDFs) will be evaluated using Toxicity Equivalence Factors (TEFs) that 
, . , 

relate the toxicity of· other CDDs/CDFs to the toxicity of 2,3,7~8-tetrachlorodibenzo-p-dioxin (TCDD) 

(WHO, 1998 and U.S. EPA, 1989b). The U.S. EPA and others have developed TEFs for other dioxins 

and furansfrom,~tructl:Jre-activity relationships and available toxicological information. An equivalent oral 

CSF for these chemicals may be derived b~ 'multiplying the CSF for 2,3,7 ,8-TCDD by the TEF. However, 

the TEFs are more typically Used to derive a toxicity equivalent concentration (TEO) 'representing all the 

significant dioxin and furans in a sample. An EPC based on the TEas for a dataset is then evaluated 

using the CSF for 2,3,7,8-TCDD. 

C.3.1.4 Toxicity Criteria for Chromium 

ToxiCity criteria are available for different forms of chromium, which is considered to be more toxic in the 

• 

hexavalent state.· Because there is no evidence to support the conclusion that hexavalent chromium is • 

present at the sites, speciation analyses will not be completed for SWMUs 8 and 15. However, risks 
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associated with this chemical are assessed by conservatively assuming that 100 percent of the reported 

total chromium result is attributable to hexavalent chromium. 

C.3.2 Toxicity Profiles 

Toxicological profiles for' each COPC will be. presented as an appendix to each risk assessment. These 

brief profiles present a summary of the· current available literature on the carcinogenic and 

noncarcinogenic health effects associated with human exposure to COPCs. 

C.4 RISK CHARACTERIZATION 

Potential risks (noncarcinogenic and carcinogenic) for human receptors resulting from the exposures 

outlined in the exposure assessment are quantitatively determined during the risk characterization 

component of the baseline HHRA. 

A summary and interpretive discussion of the quantitative risk estimates will be provided in. the text of .the 

site-specific risk assessments. During the interpretive risk discussion,COPCs that contribute significantly 

to elevated risks will be identified as "risk drivers" or coes. All the numeric estimates of risk will be 
. . 

contained in the risk assessment spreadsheets, which will be appended to the assessr:nents as support 

documentation. 

CA.1 Quantitative Analysis 

Quantitative· estimates of risk will be calculated according to risk assessment. method$ outlined in U.S. 

EPA guidance (U.S. EPA, 1989a).· Lifetime cancer risks will be expressed in the for~ of dimensionless 

probabilities, referred to as incremental. canc~r risks (ICRs), based on CSFs. Noncarcinogenic risk 

estimates will be presented in the form of HQs determined through a comparison of intakes with 

published RfDs. 

ILCR estimates are generated for each COPC using estimated exposure intakes and published CSFs, as 

·follows: 

ILOR = (Estimated Exposure Intake)(CSF) 

If the above equation results in an ILCR greater than 0:01 ,the following equation will be used: 

ILCR = 1-[exp(-Estimated Exposure Intake)(CSF)] 
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An ILCR of 1 x 10-6
, indicates that the exposed receptor has a one-in-one-million chance of developing 

cancer under the defined exposure scenario. Alternatively, such a risk may be interpreted as 

representing one additional case of cancer in an exposed population of one million persons. 

As mentioned previously, noncarcinogenic risks will be assessed using the concepts of HQs and His., , 

The HQ for a COPC is the ratio of the estimated intake to the RfD, as follows: 

HQ = (Estimated Exposure Intake) /(RfD) 

'An HI,' will be generated,' by summing the individual HQs for all COPCs. The HI is not a mathematical 

prediction of the severity of toxic effects and therefore is not a true "risk"; it is simply a numerical indicator 

of the possibility of the occurrence'of noncarcinogenic (threshold) effects. 

C.4.1.1 Comparison of Quantitative Risk Estimates to Benchmarks 

. .' . 

To interpret the qua~titative risks and to aid risk managers in determining the need for remediation at a • 

site, quantitative risk estimates will. be compared to typical benchmarks. Calculated ICRs will be 

interpreted using the U.S. EPA's "target range" (1x 10-6 to 1 x 10-4
), and His will be evaluated using a 

value of 1.0. 

U.S. EPA has defined the range of 1 x 10-6 to 1,x 10-4 as the ILCR "target range" for most hazardous 

, waste facilities addressed underCERCLA and RCRA. Individual or cumulative ILCRs greater than 1 x 

10.4 will typically' not be considered as protective of h~man health, and ILCRs less than 1 x 10-6 will 

typically be regarded as 'protective. Risk management decisions are necessary when the ILCR is within 

the 1 x 10-4 to 1 x 1 0~6 cancer risk range_ 

An HI exceeding unity (1.0) indicates that there may be potential noncarcinogenic health risks associated 

with exposure. If an HI exceeds unity, a segregation of target organ effects associated with exposure to 

COPCs will be performed. Only those chemicals that affect the same target organ(s) 'or exhibit similar 

critical effect(s) will be regarded as truly additive. Consequently, it may be possible for a cumulative HI to 

exceed 1.0, but no adverse health effects are anticipated if the COPCs do not affect the same target 

organ or exhibit the same critical effect. 
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C.4.1.2 Characterization of Risks Associated with Non-Site Related COPCs 
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Potential risks resulting from exposures to non-site related COPCs (i.e., inorganics detected at 

concentrations exceeding risk-based screening levels but within background levels) Will be qualitatively 

evaluated in the risk characterization section. The qualitative evaluation will consist of a comparison' of 

detected concentrations ·of the non-site related COPCs to the U.S. EPA Region IX PRGs and IDEM 

default closure levels. 

C.S UNCERTAINTY ANALYSIS 

The goal of the uncertainty analysis is to identify important uncertainties and limitations associated with 

the baseline HHRA. Uncertainties related to each component of the assessment (i.e., data evaluation, 

'exposure assessme[1t, toxicity assessment, and risk characterization) will be presented. In addition, the 

effect of a particular uncertainty on the outcome of the assessment (i.e., risk estimates) will also /I;>e 

. indicated, where ·possible. The following subsections present an overview of uncertainties that may be 

addressed in the rfsk assessment uncertainty section . 

C.S.1 Uncertainty in Data Evaluation 

This section may discuss uncertainties in the risk assessment associated with analytical data and data 

quality. This may also involve a discussion of uncertainty in the COPC selection process, the inclusion or 

exclusion of copes in the risk assessment on the basis of background concentrations, the unce~ainty in 

CO PC screening levels, and the omission of constituents for which health criteria are not available. The 

presented discussion will be based, in part, on th~ evaluation presented in the Data Useability Worksheet, 

as suggested by U.S. EPA RAGS Part D. 

C.S.2 Uncertainty in the Exposure Assessment . 

. This section will include a discussion of the following: assumptions related to current and future land use, 

the uncertainty in EPCs (for example~ the use of maximum concentrations to estimate risks), uncertair)ty I 

in the selection of potential receptors and exposure scenarios. uncertainty in the selection of exposure 
. . 

parameters (RME versus CTE), and an evaluation of the risks associated with exposures to subsurface 
. ' 

soils by current/future occupational workers and future hypothetical residents. If predictive models are 

used in the risk estimation, the uncertainty associated with the model and modeling paramete~s will be 

evaluated . 
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The uncertainties inherent in RfDs and CSFs and use of available criteria will be discussed. A discussion 

of the uncertainty in hazard assessment, which deals with characterizing the. nature and strength of the· . 

evidence of causation or the likelihood that a chemical that induces adverse effects in animals will also 

induce adverse effects in. humans, will be provided. This section will also: discuss uncertainty in the dose

response evaluations for the COPCs that relates to the determination of a CSF for the carcinogenic 

assessment and derivation of an RfD or Reference Concentration (RfC) for the noncarcinogenic 

assessment.· In addition, a discussion of the uncertainty in the toxicity of specific constituents such as 

PAHs,. arsenic, chromium, aluminum, iron, and copper will be presented, if applicable. 

C.S.4 Uncertainty in the Risk Characterization 

This section wili· discuss the uncertainty in risk characterization that results primarily from assumptions 

made regarding additivity and synergism of effects from exposure to multiple COPCs affecting different 

target organs across various exposure routes. The risk assessment will discuss the uncertainty inherent 

in summing risks. for several substances across different exposure pathways. Probabilistic risk 

assessment techniques may also be used to further define the uncertainty attached to the risk 

characterization results; however, the exposure assumptions (e.g., probability distfibutions) used to 

prepare the probabilistic risk assessments will be reviewed with the regulatory reviewers before they are 

incorporated into the uncertainty sections of the baseline risk assessments. 
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TABLE C-1 

RECEPTORS AND EXPOSURE ROUTES FOR QUANTITATIVE EVALUATION 
SWMUs 8 AND15 

NSWC CRANE, CRANE INDIANA 

Receptors 

Construction Workers 
(future land use) 

Maintenance Workers 
(current and future land use) 

Occupational Worker 
(current and future)(1) 

Adolescent Trespassers 
(6 to 17 years) 

(current/future land use) 

Small Child (0 to 6 years) and 

Adult Recreational Users 

(future land use) 

On-Base Residents (Adult/Children) 
(future land use)(1) 

Exposure Routes 

• Soil dermal contact (surface and subsurface) 

• Soil ingestion (surface and subsurface) 

• Inhalation of air/dust/emissions (surface andsub~urface) 

• Ground water dermal contact (during excavation) 

• Ground water .inhalation of· volatile organics (during 
excavation) 

• Soil dermal contact (surface) 

• ,Soil ingestion (surface) 

• . Inhalation of air/dust/emissions (surface) 

• Surface water/sediment dermal contact 

• Sediment (Incindental ingestion) 

• Soil dermal contact (surface) 

• Soil ingestion (surface) 

• Inhalation of air/dust/emissions (surface) 

• Direct ingestion of ground water 

• Ground water dermal contact 

• Soil dermal contact (surface) 

• Soil ingestion (surface) 

• Inhalation of air/dust/emissions (surface) 

• Surface water/sediment dermal contact 

• Surface water/sediment Ingestion 

• Soil dermal contact (surface) 

• Soil ingestion (surface) 

• Inhalation of air/dust/emissions (surface) 

• Surface water/sediment dermal contact( 

• Surface water/sediment ingestion 

• Groundwater dermal con~act 

• Direct ingestion of ground water . 

• Soil dermal contact (surface) 

• Soil ingestion (surface) 

• Inhalation of air/dust/emissions (surface) 

• Direct ingestion of ground water 

• Ground water dermal contact (showering/bathing) 

• Inhalation of volatiles in ground water (showering/bathing) 

• Surface water/sediment dermal contact 

• Surface water/sediment ingestion 

1 - Occupational workers and residents will also be evaluated for exposures to chemicals of concern in 
subsurface soil. in the uncertainty section of the risk assessments. This scenario is included to 
account for the possibility that subsurface soil could be brought to the surface in future excavation . 
projects~ . . 



• 
Construction Maintenance 

Exposure Parameter 
Worker ·Worker -, 

All Exposures 

CsoiUCsed.(mg/kg) 
Maximum or Maximum or 
95%UCL(1) 95% UCL(l) 

Cgw (Ilg/L) Average NA 

Csw (Ilg/L) NA 
Maximum or 
95% UCL(l) 

ED (years) 1 (2) ·25(3) 

BW (kg) 70(5) 70(5) 

ATn (days) .' 365(6) 9,125(6) 

ATe (days) 25,550(6) 25,550(6) 

Incidental Ingestion/Dermal Contact with Soil 

IR (mg/day) 330(7) 100(5) 

EF-Soil (days/year) 150(8) 24(9) 

FI (unitless) 1 (5) 1 (5) 

SA (cm2/dav) 3300(12) 3300(12) 

AF (mo/cm2) 0.3(12) 0.2(12) 

ABS (unitless) . 
chemical- chemical-
specific(12) specific(12) 

CF (kg/mg) 1E-06 1E-06 

Inhalation Fugitive DusWolatile Emissions from Surface Soil 

CHlr (mg/m3
) calculated(16) calculated(16) 

InhR (m%our) 2.5(17) 20 m3/daP) 
ET (hours/day) 8(18) 8(18) 

PEF (m3/ko) . 1.58E+06(7) 1.316E+09(19) 

Ingestion/Dermal Contact with Ground Water 

IRgw (Uday) NA NA 

EF (days/year) 150(8) NA 

ET (hours/day) and tevenl 2(2) . NA 
(hours/event) 

EV (events/day) 1 (2) NA 

A (cm2/day) 3,300(12) NA 

Kp (cm/hour) 
chemical-

NA 
specific(12) 

--
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TABLE C-2 

. SUMMARY OF EXPOSURE INPUT PARAMETERS 
REASONABLE MAXIMUM EXPOSURES 

SWMUs 8 AND 15 
NSWCCRANE 

.CRANE INDIANA 
PAGE 1 OF 3 

Occupational Adoles-cent 
Child 

Recreational 
Worker Trespasser 

User· 

Maximum or Maximum or Maximum or 
95% UCL(l) 95% UCL(l) 95% UCL(l) 

Average NA Average 

NA 
Maximum or Maximum or 
95'% UCL(l) 95% UCL(l) 

25(3) 11 (4) 6(5) 

70(5) 43(6) 15(5) 

9,125(6) 4~015(6) . 2,190(6) 

25,550(6) 25,550(6) 25,550(6) 

100(5) 100(5) _ 200(5) 

250(5) 26(10) 52(11) 

1 (5) 1(5) 0.5(2) 

3300(12) 3280(13). 3300(14) 

0.2(12) 0.2(12) 0.2(12) 

chemical- chemical- chemical-
specific(12) . specific(12) specific(12) 

1E-06 1E-06 1E-06 

calculated(16) calculated(16) calculated(16) 
20 m3/day(3) 1.2(17) 1.2(17) 

8(18) 4(2) 4(2) 

1.316E+09(19) 1.316E+09(19) 1.316E+09(19) 

1 (2) NA 1 (2) 

250(5) NA 52(11) 

0.25(2) NA 0.25(2) 

1 (2) NA 1 (2) 

·3,300(12) NA 3,300(14) 

chemical-
NA 

chemical-
specific(12) specific(12) . 

• 
Adult 

On-Site Child On-Site Adult 
Recreational 

User 
Resident Resident 

Maximum or Maximum or Maximum or 
95% UCL(l) 95% UCL(l) 95% UCL(l) 

Average Average Average 

Maximum or Maximum or Maximum or 
95% UCL(l) 95% UCL(l) 95% UCL(l) 

24(5) 6(5) 24(5) 

70(5) 15(5) 70(5) 

8,760(6) 2,190(6) 8,760(6) 

25,550(6) 25,550(6) 25,550(6) 

100(5) 200(5) 100(5) 
52(11) 350(5) 350(5) 

0.5(2) 1 (5) 1 (5) 

9070(15) 2800(12) 5700(12) 

0.07(12) 0.2(12) 0.07(12) 

chemical- chemical- chemical-
specific(12) specific(12) specific(12) 

1E-06 1E-06 1E-06 

calculated(16) calculated(16) calculated(16) 
1.6(17) 15 m3/day(17) 20 m3/dav(17) 

4(2) 24(17) 24(17) 

1.316E+09(19) 1.316E+09(19) 1.316E+09(19) 

1(2). 1.5(17) 2(5) 

52(11) 350(5) 350(5) 

0.25(2) 0.25(17) 0.25(17) 

1(2) 1 (2) 1(2) 

9,070(15) 6,600(12) 18,000(12) 

chemical- chemical- chemical-
specific(12) specific(12) _ specific(12) 



Construction Maintenance 
Exposure Parameter 

Worker Worker 

t* (hour/event), i (hour), chemical-
NA 

and B (unitless) specific(12) . 

Inhalation of Volatile Emissions from Ground Water 

Calf (mg/m3) calculated(20) NA 

InhR (m%our) 2.5(17) NA 

ET (hours/day) 2(2) NA 

Ingestion/Dermal Contact with Surface Water 

CRsw (ml/hr) NA NA 

EF (days/year) NA 24(9) 

ET (hours/day) andtevent 
NA 2(2) 

l(hours/event) 
EV (events/day) NA 1 (2) 

A (cm2/day) NA 3,300(12) 

Kp (cm/hour) NA 
chemical-
specific(12) 

t* (hour/event), 't (hour), NA 
chemical-

and B (unitless) specific(12) 

CF (Ucm3
) NA 1E-03 

Incidental Ingestion/Dermal Contact with Sediment 
IR (mg/day) NA 100(5) 

EF-Sediment (days/year) NA 24(9) 

FI (unitless) NA 1 (5) 

SA (cm2/day) NA 3300(12) 

AF (mq/cm2) NA . 0.2(12) 

ABS (unitless) NA 
chemical-
specific(12) 

CF (kg/mg) NA 1E-06 

• 

TABLE C-2 

SUMMARY OF EXPOSURE INPUT PARAMETERS 
REASONABLE MAXIMUM EXPOSURES 

SWMUs 8 AND 15 
NSWC CRANE 

CRANE INDIANA 
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Occupational Adolescent 
Child 

Recreational 
Worker Trespasser 

User 
chemical-

NA 
chemical-

specific(12) specific(12) 

NA NA NA 

NA NA NA 

NA NA NA 

NA 0.05(22) - 0.05(22) 

NA 26(10) 52(11) 

NA 4(2) 4(2) 

NA 1 (2) 1 (2) 

NA 3,280(13) 3,300(14) 

NA 
chemical- chemical-
specific(12) specific(12) 

NA 
chemical- chemical-
specific(12) specific(12) 

NA 1E-03 1E-03 

'- NA 100(5) 200(5) 

NA 26(10) 52(11) 

NA 1 (5) 0.5(2) 

NA 3280(13) 3300(14) 

NA 0.2(12) 0.2(12) 

NA' 
chemical- chemical-
specific(12) specific(12) 

NA 1E-06 1E-06 

• 

Adult 
On-Site Child On-Site Adult 

Recreational 
User 

Resident Resident 

chemical~ chemical- . chemical-
specific(12) specific(12) . specific(12) 

NA Calculated(21 ) Calculated(21) 

NA 0.6(3) 0.6(3) 

NA 0.33(2) 0.33(2) 

0.01(22) 0.05(22) 0.01(22) 

52(11) 52(11) 52(11) 

4(2) 4(2) 4(2) 

1 (2) 1(2) 1 (2) 

9,070(15) 3,300(14) 9,070(15) 

chemical- chemical- . chemical-
specific(12) specific(12) specific(12) 

chemical- chemical- chemical-
specific(12) specific(12) specific(12) 

1E-03 1E-03 1E-03 

100(5) 100(2) 50(2) 
52(11) 52(11) - 52(11) 

0.5(2) 1(5) . 1 (5) 

9070(15) 2800(12) 5700(12) 
0.07(12) 0.2(12) 0.07(12) 

chemical- chemicalc chemical-
specific(12) specific(12) specific(12) 

1E-06 1 E-06 . ___ L_ 1E-06 

• 
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TABLE C-2 

SUMMARY OF EXPOSURE INPUT PARAMETERS 
REAsONABLE MAXIMUM EXPOSURES 

SWMUs 8 AND.15 
NSWC CRANE 

CRANE INDIANA 

Notes: 
.A 
ABS 
AF 

ATe 

ATn 
B 
BW 
CF 
CR 

CsoiUsed 

Cgw/sw 

Cair 

ED 

Skin surface area available for contact 
Absorption factor 
Soil-te-skin adherence fador 
Averaging time for carCinogenic effects 

Averaging time for noncarcinogenic effects 
Bunge Model partitioning coefficient 
Body weight 
Conversion factor . 
Contact rate 

Exposure concentration for soil/sediment 

Exposure concentration for ground water/surface water 
Exposure concentration for air. 
Exposure duration 

1 - U.S. EPA, 2002c. 
2 - Professional judgment. 
3- U.S. EPA, 1991. 
4 - Adolescents ages 7 to 16 years old. 
5 - U.S. EPA, 1993a. 
6 - U.S. EPA, 1989. 
7 - U.S. EPA, 2002a .. 

PAGE 3 OF 3 

8 - Ground is assumed to be frozen or snow covered 22 weeks/year. 

EF 
ET 
EV 
FI 

InhR 
IR 
Kp 
SA 
PEF 

1: 

t* 

levent. 

Exposure frequency 
Exposure time 
Event frequency 
Fraction ingested from contaminated source 

Inhalation rate 
Ingestion rate (soil or groundwater) . 
Permeability coefficient from water through skin 
Skin surface area available for contact 
Particulate emission factor 

Lag time 

Time it takes to reach steady-state conditions 
Duration of event 

9 - Assume two days a month for reasonable maximum exposure and one daya month for central tendency exposure. 
10 - Assume one day a week in warm weather months for resonable maximum exposure and every other week for central tendency exposure. 
11 - Assume two days a week in warm weather months for reasonable maximum exposure and one day a week for central tendency exposure. 
12 - U.S. EPA, 2001a. 
13 - Assume 25 percent of total body surface area is exposed, U.S. EPA, 1997. 
14 - Assume 50 percent of total body surface area is exposed, U.S. EPA, 2001 b. 
15 - Assume that head, arms, hands, lower legs, and feet are exposed, U.S. EPA, 1997a. 
16 - U.S. EPA, 1996. . 
17 - U.S. EPA, 1997a. 
18 - Assume an 8-hour work. shift. 
19 - IDEM, 2004. 
20 - VDEQ 2004. 
21 - Foster, S.A. and P.C. Chrostowski, 1987. 
22 - U.S. EPA Region 4,1995. 

• 
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Construction Maintenance Exposure Parameter 

Worker Worker 

AilE All Exposures 

CsolVCsed (mg/kg) 
Maximum or Maximum or 
95% UCL(l) 95"/0 UCL(l) 

Cgw (1l9/L) Average NA 

Cs~ (1l9/L) NA 
Maximum or 
95% UCL(l) 

ED (years) 1 (2) g(3) 

BW (kg) 70(3) 70(3) 

ATn (days) 365(5) 3,285(5) 

ATe (days) 25,550(5) 25,550(5) 

Incidental In~estion/Dermal Contact with Soil 
IR (mg/day) 165(6) 50(3) 

EF-Soil (days/year) 150(7) 12(8) 

FI (unitless) 1 (3) 1(3) 

SA (cm2/day) 3300(11) 3300(11) 

AF (mg/cm2) 0.1(11) 0.02(11) . 

ABS (unitless) 
chemical- chemical-
~pecific(ll) specific(ll ) 

CF (kg/mg) 1E-06 1E-06 
Inhalation Fugitive DusWolatile Emissions from Surface Soil Inhalat Fuaitive DusWolatile E f Surf Soil 
Co" (mq/m~) calculated(15) calculated(15) 

InhR (m3/hour) 2.5(1~) 20 m3/day(17) 
ET (hours/day) 8(18) 8(18) 

PEF !m3/ko) 1.58E+06(19) 1.316E+09(20) 

Ingestion/Dermal Contact with Ground Water 

IRgw (Uday) NA NA 

EF (days/year) 150(7) NA 
ET (hours/day) and tevent 1.5(2) NA 
(hours/event) 
EV (events/day) 1 (2) NA 

A (cm2/day) 3,300(11) NA 

Kp (cm/hour) 
chemical-

NA specific(ll) 

• 
TABLE C-3 

SUMMARY OF EXPOSURE INPUT PARAMETERS 
CENTRAL TENDENCY EXPOSURES 

SWMUs 8 AND 15 
NSWCCRANE 

CRAN!= INDIANA 
PAGE 1 OF 3 

Occupational Adolescent 
Child 

Worker Trespasser 
Recreational 

User 

Maximum or Maximum or Maximum or 
95% UCL(l) ·95% UCL(l) 95% UCL(l) 

Average NA Average 

NA 
Maximum or Maximum or 
95% UCL(l) 95% UCL(~) 

9(3) 11 (4) . 2(3) 

70(3) 43(5) 15(3) 

3,285(5) 4,015(5) - 730(5) 

25,550(5) 25,550(5) 25,550(5) 

50(3) 50(3) ·100(3) 

219(3) 13(9) 26(10) 
1(3) 1 (3) 0.5(2) . 

3300(11) 3100(12) 3300(13) 
0.02(11) 0.04(11) 0.04(11) 

chemical- chemical- chemical-
specific(ll ) specific(ll) . specific(ll) 

1E-06 1 E-06 1E-06 

calculated(15) calculated(15) calculated(15) 
20 m3/day(17) 1.2(16) 1.2(16) 

8(18) 2(2) 2(2) 

1.316E+09(20) 1.316E+09(20) 1.316E+Og(20) 

1 (2) NA 1 (2) 

219(3) NA 26(10) 

0.167(2) NA 0.167(2) 

1 (2) NA 1 (2) 

3,300(11) NA 3,300(13) 

chemical- chemical-
specific(ll) NA 

SP!3cific(11) 

• 
Adult 

On-Site Child On-Site Adult 
Recreational 

Resident Resident 
User -

Maximum or Maximum or Maximum or 
95% UCL(l) 95% UCL(l) 95% UCL(l) 

Average Average Average 
Maximum or Maximum or Maximum or 
950/0 UCL(l) 95% UCL(l) 95% UCL(l) 

7(3) 2(3) 7(3) 

70(3) 15(3) 70(3) 

2,555(5) 730(5) 2,555(5) 

25,550(5) 25,550(5) 25,550(5) 

50(3) 100(3) . 50(3) 
26(10) 234(3) 234(3) 

0.5(2) 1 (3) '1 (3) 

9070(14) 2800(11) 5700(11) 
0.01(11) 0.04(11) 0.01(11) 

chemical- chemical- chemical-
specific(ll ) specific(ll) specific(ll) 

1E-06 1E-06 1E-06 

calculated(15) calculated(15) calculated(15) 
1.6(16) 15 m3/day(16) 20 m3/dav(16) 

2(2) ·24(16) 24(16) 

1.316E+09(20) 1.316E+09(20) 1.316E+09(20) 

·1(2) 0.66(16) 1.4(3) 

26(10) 234(3) 234(3) 

0.167(2) 0.16i16) 0.167(16) 

1 (2) 1 (2) . 1(2) 

9,070(14) 6,600(11) 18,000(11) 
chemical- . chemical- chemical-
specific(ll ) specific(ll) specific(ll ) 



Construction Maintenance 
Exposure Parameter 

Worker Worker 

Ingestion/Dermal Contact with Ground Water (Continued) 

t* (hour/event), 1: (hour), chemical-
NA 

and B (unitless) specific(ll ) 

Inhalation of Volatile Emissions from Ground Water 

Cair (mg/m3) calculated(21) NA 

InhR (m%our) 2.5(16) NA 

ET (hours/day) 1.5(2) NA 

I/O 'lgestion/Dermal Contact with Surface Water 

CRsw (ml/hr) NA NA 

EF (days/year) NA 12(8) 

ET (hours/day) and tevent 
.NA 1.5(2) 

I(hours/event) 
EV (events/day) NA 

- 1 (2) 

AJcm2/day) . NA 3,300(11) 

Kp (cm/hour) NA 
chemical-
specific(l1 ) 

t* (hour/event), 1: (hour), 
NA 

chemical-
and B (unitless) . specific(11) 

CF (Ucm3) NA 1E-03 

ncidental Ingestion/Dermal Contact with Sediment d II /0 IC h Sed 
IR (mg/day) NA 50(3) 

EF-Sediment (days/year) NA 12(8) 

FI (unitless) . NA 1(3) 

SA (cm2/dav) NA 3300(11) 

AF lmg/cm2) NA 0.02(11) 

ABS (unitless) NA 
chemical-
specific(l1) 

CF (kg/mg) NA 1E-06 

• 

TABLE C-3 

SUMMARY OF EXPOSURE INPUT PARAMETERS 
CENTRAL TENDENCY EXPOSURES _ 

SWMUs 8 AND 15 
NSWC CRANE 

CRANE INDIANA 
PAGE 2 OF 3 

Occupational Adolescent 
Child 

Worker Trespasser 
Recreational 

User 

chemical-
NA 

chemical-
specific(ll) specific(l1 ) 

NA NA NA 

NA NA NA 

NA NA NA 

NA 0.05(23) 0.05(23) 

NA 13(9) 26(10) 

NA 2(2) 2(2) 

NA 1 (2) 1 (2) . 

NA 3,100(12) 3,300(13) 

NA 
chemical- chemical-
specific(11) specific(l1) 

NA 
chemical- chemical-
specific(l1) specific(l1 ) 

NA 1E-03 1E-03 

NA 50(3) 100(3) 

NA 13(9) 26(10) 

NA 1 (3) 0.5(2) 

NA 3 100(12) 3300(13) 

NA 0.04(11) ·0.04(11) 

NA 
chemical- chemical-

. specific(l1) specific(l1) 

NA 1E-06 1E-06 

• 

Adult 
On-Site Child On-Site Adult 

Recreational 
Resident Resident 

User 

chemical- chemical- chemical-
specific(11) specific(11 ) specific(11) 

NA Calculated(22) Calculated(22) 

NA 0.6(17) 0.6(17) 

NA 0.25(2) 0.25(2) 

0.01 (23) ·0.05(23) 0.01(23) 

26(10) ·26(10) 26(10) 

2(2) 2(2) 2(2'-

1 (2) 1 (2) 1 (2) 

9,070(14) 3,300(13) 9,070(14) 

chemical- chemical- chemical-
specific(ll ) specific(11) specific(11) 

chemical- chemical- chemical-
specific(l1) specific(l1 ) specific(11) 

1E-03 1E-03 1E-03 

50(3) 50(2) 25(2) 

26(10) 26(10) 26(10) 

0.5(2) 1 (3) 1 (3) 

9070(14) 2800(11) 5700(11) 

·0.01(11) 0.04(11) 0.01(11) 

chemical- chemical- chemical-
specific(ll) specific(l1 ) specific(l1 ) 

1E-06 1E-06 1E-06 

e . 
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TABLE C-3 

SUMMARY OF EXPOSURE INPUT PARAMETERS 
CENTRAL TENDENCY EXPOSURES 

SWMUs 8 AND 15 

Notes: 
A 
ABS 
AF 

ATe 
ATn 
B 
BW 
CF 
CR 

Skin surface area available for contact 
Absorption factor 
Soil-to-skin adherence factor 
Averaging time for carcinogenic effects 

Averaging time for noncarcinogenic effects 
Bunge Model partitioning ,coefficient 
Body weight 
Conversion factor 
Contact rate 

Exposure concentration for soiVsediment 

NSWC CRANE 
CRANE INDIANA 

PAGE 30F3 

EF 
ET 
EV 
FI 

InhR 
IR 

Kp 
NA 
SA 

PEF CsolVsed 

Cgw/sw 

Calr 

Exposure concentration for ground water/surface water 

Exposure concentration for air 

1: 

t* 

tovent ED Exposure duration 

1 - U.S. EPA, 2002c. 
2 - Professional judgment. 
3 - U.S. EPA, 1993a. 
4 - Adolescents ages 7 to 16 years. 
5 - U.S. EPA, 1989a. 

UCL 

Exposure frequency 
Exposure time 
Event frequency 

Fraction ingested from contaminated source 

Inhalation rate 
Ingestion rate (soil or groundwater) 
Permeability coefficient from water through skin 
Not applicable 
Skin surface area available for contact· 

Particulate emission factor 

Lag time 

Time it takes to reach steady-state conditions 
Duration of event 
Upper confidence: limit on arithmetic mean 

6 - Central tendency exposure is assumed to be one-half the reasonable maximum expousre value. 
7 - Ground is assumed to be frozen or snow covered 22 weeks per year. . 
8 - Assume 2 days a month for RME and one day a month for CTE . 

. 9 - Assume 1 day a week in warm weather months for RME and every other week for CTE. 
10 - Assume 2 days a week in warm weather months for RME and one day a: weekfor CTE. 
11 - U.S. EPA, 2001 b. . . 
12 - Assume 25 percent of total body surface area is exposed (U.S. EPA, 1997a). 
13 - Assume 50 percent of total body surface area is exposed (U.S. EPA, 200tb). 
14 - Assume that head, arms, hands, lower legs, and feet are exposed (U.S. EPA, 1997a). 
15 ~ U.S. EPA, 1996 (PEF values site specific). 
16 - U.S. EPA, 1997a. 
17 - U.S. EPA, 1991. 
18 - Assume an 8-hour work shift. 
19 - U.S. EPA, 2002a. 
20 - IDEM, 2004 .. 
21.- VDEQ, 2004. 
22 - Foster, and Chrostowski, 1987. 
23 - U.S. EPA Region 4, 2000. 
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Complete, 
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BG Data set 

~:~ 
r-, --'--, 

Data 
Check 

-.. 

Make 
Appropriate 
Adjustments .. 

Yes 

Descriptive Statistics 
(e.g., FOD, Mean, Std. 

Dev, MinIMax, UTL) 

Outlier Tests (1) Identity Data (1) 
(Dixon, Gaps 

Discordance, (Site History, 

Rosner, Geostatistics) . 
Walsh) 

Distribution 
Analysis 

(Shapiro-Wilk) 

Both 
Normal 

e 
Ye 

>50%ND~No 
(individual 
data sets) 

i Id,"'~ (1l Identify (1) Identity (1) Stoich. 
Spatial Trends Temporal Trend Correlations 
(Posting Maps, (M~nn-Ke~dall, (Corr. Matrices, 
Geostatistics) Time Senes) Geochemistry) 

No 

Pbpulalion (1) 
. Analysis 

(Pro.t! Plots, 
Scatt~rplots, 
Histodrams) 

! 
I 

·1 
1 UTL(2) 

Comparison 

No Nol . Non-parametric H; Modify Critical(3) 
ANOVA (WRS Test) .; Value for Smaller 
and Quantile Test : Data Set 

Yes 
Dispersion 
Analysis 

(Levene's Test) 

Satte~hwaite's 

t-Test 

Site ~ No 
Exceeds 

BG? 

Retained as 
COPC? 

Ye 

No 

n'-.m <10 

Yes 

UTL(2) 
Comparison 

ANovA-
8G-' 
COPC -'
Corr. -
FOD
HOV
m-

n-

ND-
Prob. -
Std. Dev.
Stoich. -
UTL
WRS-

Footnotes: . 

Analysis of variarce 
Background 
Chemical of potential concern 
Correlation 
Frequency of detection 
Homogeneity of variance 
Number of values in the 
background data set 
Number of values in the site 
data set 
Non-detect 

. Probability 
Standard deviation 
Stoichiometric 
Upper tolerance limit 
Wilcoxon Rank-SuM 

(1) These tests will be completed as necessary 
and useful. Project requirements and needs 
will determine methods for assessment. The 
data analysis suggests that this procedure 
may also be useful when n,m ::;; 2 and n + m ::;; 
12. However, small data sets limit the power 
and significance of all of the. suggested 
techniques and, in some cases,. the data 
analysis is not possible .. 

(2) Three data points are necessary to calculate 
the UTL. Otherwise, the maximum 
background is used as the critical value for 
compC!-rison. 

(3) n + m must be ~ 3. 

Figure C-1 
. Statistical Analysis Diagram 

Background Investigation 
September 2004 
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FIGURE C-2 

HUMAN HEALTH CONCEPTUAL SITE MODEL 
SWMU 8 (BUILDING 106 POND) 

NSWC CRANE, INDIANA 
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1 - Wastewater containing explosives was collected in sumps from which the water was released directly to surface drainage that flows Into Boggs Creek. 
2 - Blank space indicates Incomplete exposure pathway or relatively insignificant or not applicable potential exposure. 
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FIGURE C-3 

HUMAN HEALTH CONCEPTUAL SITE MODEL 
SWMU 15 (ROADS AND GROUND AREA) 

NSWC CRANE, INDIANA 

SECONDARY 
RELEASE TRANSPORT 

MECHANISM MECHANISM 
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Erosion I I Runoff 
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1· Blank space indicates incomplete exposure pathway or relatively insignificant or not applicable pOlenlial exposure. 
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ASTs ... Aboveground s10rage tanks. 
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Css 

Csw 
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ESLs 

FC 

FI 

HMX 

IA 

lAS 

IRIS 
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L 

LOAEL 

MEK 

mg 

MTBE 

050419/P 

·ACRONYMS 

percentage 

'percentage of lipids in fish 

percentage of total organic carbon in sediment. 

microgram 

Agency for T,oxicSubstances and Disease Registry 

Bioaccumulation factor 

Baseline Ecolog'ical Risk Assessments ' 

below ground surface 

biota-sediment accumulation factor 

, benzene, toluene, ethylbenzene, and xylene 

Body weight 

chronic daily intake 

chemical of concern 

contaminants of potential concern 

contaminant concentration in sediment 

contaminant concentration in surface soil 

contaminant concentration in surface water 

Ecological effects quotie'nt 

Environmental Monitoring Reports 

Ecological Risk Assessment 

ecological screening levels 

contaminant concentration in food 

, food ingestion rate t • 
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octahydro 1,3,5,7 tetra,nitro 1 ,2,5,7-tetrazocine or cyclotetramethylene tetranitramine 

Installation Assessment 

. Initial Assessment Study 

Integrate Risk Information System 

kilogram 

liter 

,10'1est-observed-adverse-effect -level 

methyl-ethyl ketone 

milligram 

methyl tert-butyl ether 

CTO 0331 



NOAELs 

NSWC 

ORNL 

PAHs 

PCBs 

PEC 

QAPP 

RCRA 

. RFI 

SC 

SC 

SDSL 

SERA 

SI 

SQG 

SSSL 

SVOC 

SW 

SWMU 

SWSL 

TEC 

TNT 

TRV 

U.S. EPA 

UCL 

VOC 

WI 

WQC 

WQS 
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No-observed-adverse-effects levels 

Naval Surface Warfare Center 

Oak Ridge National Laboratory 

polynuclear aromatic hydrocarbons 

polychlorinated biphenyls 

probable effect concentration 

Quality Assurance Project Plan 

Resource Conservation and Recovery Act 

RCRA Facility Investigation 

soil/sediment concentration 

contaminant concentration in surface soil or sediment 

. sediment screening level 

screening-level ecological risk assessment 

incidental soil/sediment ingestion rate 

Sediment Quality Guideline 

surface soil screening level for plants or invertebrates 

semivolatile organic compound 

surface water concentration 

Solid Waste Management Unit 

surface water screening level 

. threshold effect concentration 

2,4,6-trinitrotoluene 

toxicity reference value 

United States Environmental Protection Agency 

. Upper Confidence Level 

volatile organic compound 

surface water ingestion rate 

Water Quality Criteria 

Water Quality Standard 
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The goal' of the screening-level ecological risk assessment (SERA) to be performed as part of the 

. Resource Conservation and Recovery Act. (RCRA) Facility Investigation (RFI) is to identify the 

contaminants of potential concern (COPC) detected at concentrations that exceed screening levels, to' 

identify the locations of these exceedances, and to establish whether or not further investigation and/or 

remedial actiori at Solid Waste Management Units(SWMUs) 8 and 15 at. Naval Surface Warfare Center 

" (NSWC) Crane is warranted from an ecological perspective. 

D.1 INTRODUCTION 

The SERA methodology used at NSWC Crane is in accordance with the following guidance documents: 

• Department of Navy Environmental Policy Memorandum 97-04: Use of Ecological Risk Assessments 

dated May 16, 1997 . 

• Navy Policy for Conducting,Ecological Risk Assessment (Navy, 1999). 

• Risk Integrated" System of Closure. User's Guide and Technical Resource Guidance Document 

(IDEM, 2004). 

• Final Guidelines for"Ecological Risk Assessment (U.S. EPA, 1998). 

• Ecological Risk Assessment Guidance for Superfund: Process for Designing cmd Conducting. . 

Ecological Risk Assessments (U.S. EPA, 1997a). 

The SERA will consist of Steps 1, 2, and Sa of the eight ecological risk evaluation steps required by 

United States Environmental Protection Agency (U.S. EPA) guidance (U.S. EPA, 1997a and 1998) and 

the NaVy Policy for Conducting Ecological Risk Assessments (ERAs) (Navy, 1999): Thes~ eight steps 

compris"e Steps 1 and 2, which constitute a SERA, followed by four additional steps, which constitute a 

Baseline ERA (BERA), and conclude with Step 8, a,risk management evaluation. Step 3a is technically 

the first step of the BERA and it consists of a refinement of the conservative exposure assumptions . 

Steps 3b through 7 are conducted if additional evaluations or investigations are necessary. Aspects of 

050419/P 0-1 CTO 0331 
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Step 8, risk' management, are addressed throughout the ERA process, in cooperation with the Region 5 

regulators. 

A schematic diagram of the general risk assessment process is provided i~ Figure 0-1 .. In addition, 

Figures 0-2, D-3, and 0-4 are flow charts that summarize the ERA process that will be 'used to evaluate 

risks for ecological receptors exposed to chemicals to surface soil, sediment,' and surface water, 

respectively. These flow charts are discussed later in this methodology. 

0.2 SCREENING-LEVEL PROBLEM FORMULATION 

The screening-level problem formulation includes identification of potential receptor,groups, COPCs, and 

the mechanisms for contaminant fate, transport, and toxicity. Determination of the complete exposure 

pathways that exist at a site is accomplished at this point to facilitate receptor' selection. As part of 

'receptor identification, site habitats and pot!'lntial ecological receptors' are described. These 

characteristics, as they apply to ecological risk, are described in the following subsections. 

0.2.1 .Environmental Setting 

0.2.1.1 Basewide Environmental Setting 

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

presented in the Installation Assessment (IA) (Army, 1978) and the Initial Assessm~nt Study (lAS) 

(NEESA, 1983) and is summarized in the Environmental Monitoring Reports (EMRs) (Halliburton NUS, . 

1992a and 1992b). A list of the species that may inhabit NSWC Crane and are protected under the 

United States Endangered Species Act, Indiana Department of Natural Resource's Heritage Data Center, 

or the United States Fish and Wildlife Service is summarized in the RCRA Facility Permit (U.S. EPA, 

1995). The following paragraphs briefly summarize the environmental setting at the base. 

Eighty percent of NSWC Crane's 63,000 acres is classified as Central Hardwoods Forest of the United 

,States (NEESA, 1983). In addition; some agricultural fields are in various stages of succession. Open 

spaces on dry upland sites contain almost pure stands of grasses with some clumps of woody plants 

such as persimmon, sassafras, and sumac. Wetter sites have river birch, willow, sycamore, and 

cottonwood. Hillside communities have mostly hickory, white and black oak, red maple, sugar- maple, 

tulip poplar, ash, and beech (NEESA, 1983). 

050419/P 0-2 CTO 0331 
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The great variety of habitats at NSWC Crane (i.e., many stages of forest succession, ,streams, ponds, 

Lake Greenwood, grassy open spaces) lead to a high animal species diversity (NEESA, 1983). Some of 

these species include but are not limited to mammals such as white-tailed deer, beaver, coyote, hawks, 

red fox, rabbits, raccoons, and mice; birds ~uch as ducks, geese,. wild turkey, bobwhite quail,red-tailed 

. hawks, and American robins; and various amphibians, reptiles, fish, and invertebrates. 

. . . , . 

The Endangered Species Management Plan· for NSWC Crane (Andrews, 2000) ide.ntified the federal and 

State threatened and endangered species and species of special concern potentially present at NSWC 

Crane. Information included in the Endangered Species Management Plan was obtained from studies 

and surveys conducted by the Navy and other agencies and groups such as research institutions. A . . 
. small subset of these studies include the Inventory of Neotropical Migratory !3irds, Mist Net and 

Radiotelemetry Surveys for the Indiana bat, Bobcat Trapping, Rattlesnake Survey, Purdue University 

. Wildlife Studies, and several fIsh surveys and bird counts .. These studies and others that were used in 

compiling the list of endangered species present at NSWC Crane are desc·ribed in more detail in the 

Endangered Species Management Plan (Andrews, 2000) . 

The Indiana bat and bald eagle are the only federally threatened or endangered species at NSWC Crane. 

The bald eagle is not likely present at either SWMU due to a lack of vast expanses of open water (i.e., the 

preferred hunting habitat for the bald eagle). In addition, a number of State endangered and federal and 

State species of concern have been listed (Andrews, 2000). The State endangered species list includes 

two mammals (bobcat and Indiana bat), one rep~ile (timber rattlesnake), and several birds (bald eagle, 

osprey, loggerhead shrike, yellow-crowned night-heron, Virginia rafl, king rail, and Henslow's sparrow. 

The Rare Animals of Indiana list (Indiana DNR, 2002) was also reviewed to verify that no changes in the· 

status of these species had occurred since October 2000. This list is much .Iarger than that presented in 

Andrews (2000) and is not reiterated here. An internet search was conducted to verify that the species 

listed above did not experience a change In status. . 

Six main creeks receive drainage in five separate drainage basins at NSWC Crane: Furst Creek, Sulphur 

. Creek, Little Sulp~ur Creek, Boggs Creek, Turkey Creek, and Se.ed Tick Creek. There also are many 

smaller streams, creeks, and drainage ditches located at the facility, along with several small man-made 

ponds and one large lake (Lake Greenwood). Lake Greenwood is .the source of potable water for NSWC 

·Crane. Surface water from the facility eventually discharges to the eastern fork of the White River, whic~ 

is located south of the facility . 
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D.2.1~2·Site Specific Environmental Setting 

This section presents the environmental setting at each SWMU. Figures showing the locations of the 

SWMUs are presented in Section. 1.0 of the Quality Assurance Project Plan (QAPP). Figures 0-5 and 

·0-6 are aerial photographs of the SWMUs and indicate the SWMU boundaries. 

SWMU 8 - Building 106 Pond Area 

· SWMU 8 is a relatively industrialized area consisting of buildings, roads, railroad lines, parking lots, a 

retention pond, maintained grass, and wooded areas. The wooded area at the SWMU represents 

sufficient ecological habitat, however, the SWMU is surrounded to the north and west by parking lots and 

. i buildings. Surface drainage from the Building 106 Pond is routed via ditches and culverts to intermittent 

drainageways that traverse slopes on the southern border of the site. These swales are generally grass 

covered, and the solid medium in these ditches could be considered either soil or sediment. Whether the 

· swales will be evaluated as soil or sediment in the risk assessment depends on field observations during 

sample collection. Drainage Jrom these ditches flows into larger intermittent drainageways, which flow 

. south-southeastward into Boggs. Creek. Boggs Creek flows south-southeastward to merge with Turkey • 

Creek, which continues south~ard past the southern boundary of the base. Although the Building 106 

Pond is not regularly stocked and is relatively small (approximately 50 feet by 75 feet), the pond supports 

a small aquatic community. During the field investigation, the pond will be visually inspected to determine 

if the pond supports fish. Other ecological receptors likely· present in the areas surrounding SWMU 8 

include a number of small mammals and birds. Some· of these species may include white-tailed deer, 

coyote, hawks, red fox, rabbits, raccoons, and mice, and birds such as ducks, geese, wild turkey, 

bobwhite quail, red-tailed hawks, and American robins. 

SWMU 15 c Roads and Grounds Area 

The SWMU 15 setting is similar to that described for SWMU 8 and includes buildings, roads, railroad 

lines, parking lots, and a grass-covered hillside. There is little ecological habitat at SWMU 15 except for 

. the hiilside area east of. the SWMU. The forested hillside likely supports ecological receptors similar to 

· those described for SWMU 8. Surface drainage at the Roads and Grounds Area is routed via ditches and 

culverts to intermittent drainageways within the SWMU that flow into a single intermittent drainageway 

that continues to flow towards the south-southeast under Highway 99. Surface flow continues towards 

the south while gaining volume from other intermittent sources until it enters Turkey Creek. Turkey Creek 

flows south-southwest to merge with Boggs Creek. Boggs Creek continues to flow south, exiting the 
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southern boundary of Nswc Crane; South of NSWC Crane, Boggs Creek eventually flows into the 

eastern fork of the White River. 

0.2.2 Contaminants, Ecotoxicity,and Fate and Transport 

.. Based on the. limited hi~torical site data available, the following parameters are among the site-related. 

chemical contaminants known to be present or potentially present in environmental media in SWMUs 8 

and 15: 

SWMU8 

• Explosives [e.g., 2,4,6-trinitrotoluene (TNT) and octahydro 1,3,5,7 tetranitro 1,2,5,7-tetrazocine or 

cyclotetrarilethylene tetranitramine (HMX)] . 

• Metals 

•. Polychlorinated biphenyls (PCBs). 

• Semivolatile organic compounds (SVOCs) 

• Volatile organic compounds (VOCs) [including methyl-ethyl.ketone (MEK)] 

• Petroleum hydrocarbons 

SWMU 15 

• Cyanide 

• . Herbicides . I 

• Metals 

• PCBs 

• Pesticides 

• Petroleum hydrocarbons 

•. SVOCs [including polynuclear aromatic hydrocarbons (PAHsl and carbazole] 

'. VOCs [including benzene, toluene, ethylbenzene, and xylene (BTEX) and methyl tert-butyl ether 

(MTBE}] 

0.2.2.1 Physical .and Chemical Characteristics 

PhYSical and chemical characteristics of contaminants may affect their mobility, transport, and 

bioavailability in the environm~n.t. These characteristics include bioaccumulation factors (BAFs), .organic 
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carbon partition coefficients, and octanol~water partition coeffiCients. The BAFs are briefly discussed in 

this section. 

, The SERA will use various BAFs to predict contaminant loading in food items consumed by wildlife. The 

following list presents the sources of the BAFs that may)be used in the SERA: 

• ,Plant BAFs (Organics): Toxicity and Che~ical-Specific Factors Database (ORNL, 2002). ' 

• . Plant BAFs (Inorganics): Empirical Model for .the Uptake of Inorganic Chemicals from Soil by Plants 

(ORNL, 1998a). 

• Soil Invertebrate BAFs: Development and Validation of Bioaccumulation Models for Earthworms 

(Sample et aI., 1998). 

Other plant and invertebrate BAFs obtained from the literature may be used for contaminants th?t are not 

listed in the above-referenced sources. ' Contaminants that do not have BAFs (i.e., chemicals for which 

literature values could not be found) will be assigned a default value of 1. • 

. . 
If it is.determined during the field investigation that the pond at SWMU 8 and/or the intermittent streams 'at 

SWMU 8 and/or SWMU 15 support adequate numbers of fish to conduct food·chain modeling, . biota

sediment accumulation factors (BSAFs) will be used to predict contaminant concentrations in fish tissue 

from contaminant concentrations in sediment. The BSAFs for organic compounds will be obtained from 

The Incidence and. Severity of Sediment ,Contamination in Surface Waters of the United States, Volume 

1: National Sediment Quality Survey (U.S. EPA, 1997b) and' other literature, as deemed appropriate. 

Fish BSAFs for metals are not available, so sediment invertebrate bioaccumulation factors (ORNL, 

1998b) will be used as default values for metals. 

0.2.3 Potential Exposure Pathways 

Section 1.3 of the QAPP presents detailed descriptions of the potential sources of contamination for each 

of the SWMUs. The contaminants from these SOurces may have migrated to soil, sediment, surface 

water, and/or ground water via various transport pathways (e.g., particulate emissions, runoff,leaks, 

direct discharge, etc.). Section 1.4.1 describes the operational history, deposition mechanisms, and 

potential contaminant migration patterns for SWMUs 8 and 15., 
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Several groups of. terrestrial ecological receptors can be' exposed to contaminants in surface soil. 

.Invertebrates such as earthworms are exposed to contaminants· as they .move through the soil and ingest 

soil particles while searching for food. Plants are exposed to the contaminants via direct contact as 

contaminants are absorbed through the roots. Contaminants are then translocated to different parts of 

the plants (e.g., leaves, seeds). These pathways will be evaluated in the SERA. 

. Small mammals may be exposed to contaminants in soW via several exposure routes. They may. be 

exposed by direct contact as they search for fo.od or burrow into the soil. Exposure of terrestrial wildlife to 

contaminants in the soil via dermal contact is unlikely to represent a major exposure pathway because 

fur, feathers, and chitinous exoskeletons are ·expected to minimize trans~er of contaminants across 

dermal tissue. Therefore, the dermal pathway will not be evaluated in the SERA. Small mammals also 

may be exposed to contaminants in the soil via incidental irigestion of soil and ingestion of plants and/or 

invertebrates that have accumulated contaminants from the soil. These pathways will be evaluated in the 

SERA. 

• Larger predatory species such as the red fox and red-tailed. hawk can be indirectly exposed to soil 

contaminants by ingesting small mammals that have accumulated contaminants from soil. These 
. . 

pathways will not be quantitatively evaluated in the SERA for reasons discussed in Section D.2.~.1. 

0.2.3.2 Ground Water 

Ecological receptors are not directly exposed to contaminants in ground water at the site. Exposure to 

ground water discharging as a seep or directly to a surface water body represents a complete exposure 

pathway and will be evaluated as part of the surface water pathway. 

0.2.3.3 Surface Water/Sediment 

Asmentibned above., contaminants in groundwater may discharge as a seep that flows into surface 

water or may discharge directly into a surface water body.. Contaminants in soil may also enter the 

intermittent drainage channels at SWMUs 8 and 15 via overland flow. 

The· only aquatic habitats at the SWMUs include the industrial wastewater pond at SWMU 8 and 

intermittent drainage channels that support benthic macroinvertebrates and possibly small fish in some 

• areas at SWM'Us 8 and 15. These receptors could be exposed to chemical contamination by direct 
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contact with, and ingestion of, contaminated surface water or sediments.· Piscivorous wildlife may 

. consume fish that have accumulated chemicals from surface water and sediment. Although it is unlikely 

that piscivorous wildlife will obtain significant porti<?ns of their diet from these surface water sources, this 

. exposure. pathway may be evaluated to address potential impacts of .these receptors (see Section' 

0.2.4.3)~· 

. 0.2.3.4 . Air 

Although inhalation of particulates by mammals and birds may be a complete pathway, it is expected to 

be insignificant compared to other pathways such as ingestion of food items that have bioaccumulated 

contaminants from soil. Also, inhalation pathways typically are not evaluated in SERAs because of the 

uncertainty inherent in estimating exposure levels and toxicological effects. 'Therefore, the air inhalation 

pathway will notbe evaluated in the SERA. 

0.2.4 Endpoints 

0.2.4.1' Assessment Endpoints 

Assessment endpoints are an explicit expression of the environmental value that is to be protected (U.S. 

; EPA, 1997a). The selection of these endpoints is based on the habitats preseht, the migration pathways 

of probable contaminants, and the relevant exposure routes for the receptors. 

As already discussed in 0.2.1.2, the habitat at and adjacent to SWMUs 8 and 15 con"sists primarily of open 

areas with grasses and shrubs surrounded by wooded areas; however, a large portion of both SWMUs, 

especially SWMU 15, consists of buildings and paved areas that provide little habitat for ecological 

receptors (see Figures 0-5 and 0-6). The drainageways adjacent to the sites are intermittent, but they 

. ultimately drain to larger water bodies. Based on the habitats at the SWMUs, the assessment endpoints 

include protection of the following groups of receptors from adverse effects of contaminants on their growth, 

survival, and reproduction: 

• Soil invertebrates 

• Terrestrial vegetation 

. • Herbivorous birds and mammals 

• Soil invertebrate-eating birds and mammals (invertivores) 

• Benthic invertebrates 

• Fish (if present) 
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The foliowing paragraphs discuss· the reasons that the above assessment endpoints were selected for 

·evaluation in the SERA. 

Soil Invertebrates: Soil invertebrates are expected to be present in the soil at the SWMUs. They aid in 

the formation of soil and the redistribution and decomposition of organic m~tter in the soil, and they serve 

as a food source for higher trophic-level organisms. They also can accumulate some bioaccumulative 

cOr;ltaminants that can then be transferred to the higher trophic-level organisms. that consum~ 

· invertebrates. 

Terrestrial Vegetation: Terrestrial vegetation at the SWMUs (where present) consists of grasses, shrubs, 

and trees. They serve as a food source and provide shade and cover for many organisms, and they help 

· to prevent soil erosion, among other important functions. They also can accumulate some contaminants 

. that can then be.transferred to the higher trophic-level organisms that consume plants . 

.. Herbivorous Birds and Mammals: Herbivorous birds and mammals (i.e., animals that consume only plant 

tissue) may be present in vegetative. habitats at the SWMUs, Their .role in the community is essential 

because, without them, higher trophic levels could not exist (Smith, 1966). They may be exposed to and 

accumulate contaminants present in the plants they consume, 

Soil Invertebrate-Eating· Birds and Mamf!lals: Soil invertebrate-eating birds and mammals are present 

throughout the base in different terrestrial habitats (i.e., forested, open field) and are likely present at the 

SWMUs. These are considered first-level carnivores, and they serve as a food source for higher trophic

level carnivores. They may be exposed to and accumulate contaminants present in· the. food items they 

consume. 

Benthic Macroinvertebrates: Benthic macroinvertebrates are .similar .to soil invertebrates in that they serve 

as a food source for higher trophic-level organi~ms (Le., fish, amphibians, birds, mammals). They also. 

can accumulate some contaminants that can then be transferred to higher trophic-level organisms that 

· consume invertebrates. Their presence in the intermittent drainageways wilrbe ephemeral because of a 

lack of suitable .habitat and water flow . 
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Fish: Fish are potentially present in the Building 106 Pond, but fish are not expected to be present in the 
. . 

drainageways· leading away from SWMUs 8. or 15 because the drainageways are usually dry. 

Additionally, SWMUs8 and 15 are located within the Boggs and Turkey Creek Drainage Basin, which is 

one of five drainage basins that carry surface water off the· installation. Boggs Creek and Turkey Creek 

~re perennial streams and support fish year-round. Turkey Creek is located adjacent to and downstream 

of SWMU· 15. . Fish in Boggs Creek and Turkey Creek may be exposed to and can accumulate 

contaminants from 'the food items they consume or from the surface water in which they live. However, 

fish in these water bodies will not be evaluated as part of the SERA because no surface water or 

sediment samples will be collected from Boggs Creek or Turkey Creek. 

Piscivorous Birds and Mammals: pisdvorous birds and mammals may occasionally feed on fish if 

. present in the Building 106 Pond. 

Amphibians and Reptiles:· Amphibians are expected to inhabit water bodies and the surrounding areas, 

and reptiles can inhabit both. aquatic environments and terrestrial habitats. Amphibians and reptiles feed 

primarily on invertebrates, plants, fish, and/or small, mammals. They are exposed to and can accumulate 

contaminants from the food items they consume or from the surface water, sediment, or surface soil in. 

which they live. 

Not all of the potential assessment endpoints listed above will be evaluated in the SERA. As indicated in 

U.S. EPA guidance (U.S. EPA, 1997a), "it is not practical or possible to directly evaluate risks to all of the 

individUal components of the ecosystem at a site. Instead, assessment endpoints focus the risk 

· assessment on particular componen·ts of the ecosystem that could be adversely affected by contaminants 

from the site." Therefore, the SERA will focus on the endpoints that will tend to yield the highest risks, 

· . which should then account for endpoints that will have lower risks (see below). 

Upper-level carnivorous birds and mammals were not chosen as· a.ssessment endpoints because the 

· greatest exposure to site contaminants is expected to occur to' small mammals and birds that ingest. 

invertebrates, fish, or plants. Additionally, the known or potentially contaminated areas at SWMUs 8 and 
. ~ 

15 represent only a fraction of these large carnivo,res' home ranges, and they are only expected to obtain 

a small portion of their food from the swMUs. SWMU 8 covers approximately 3.5 acres; SWMU 15 

covers approximately 20 .acres; however, approximately 3.5 acres are covered by buildings, indicating 

that the potential feeding area for upper-level species at SWMU 15 is approximately 16.5 acres. The 

home ranges of the redfox and red-tailed hawk are 193 acres and 370 acres, respectively (U.S. EPA, 

1993), so the SWMUs represent only a fraction (i.e., 2 and 9 percent, for the fox and 1 and 4.5 percent for 
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the hawk at SWMUs8 and 15, respectively) of these species' feeding areas. Also, because of the 

industrialized nature of both SWMUs, there are not likely to be large' numbers of small mammals at the 

SWMUs that could be consumed by upper-level carnivorous birds and mammals. Therefore, by 

protecting the small herbi"vorous and insectivorous mammals and birds that may obtain all of their food 

·from the SWMUs, large carnivorous mammals arid birds will also be protected~ . 

Omnivores were not selected as assessment endpoints because exposure to contaminants in plants is . . '.' 

.greatest for herbivores and exposure to contaminants in invertebrates is greatest for insec,tivores. 

Therefore, omnivores will be protected by protecting herbivores and invertivores. 

0.2.4.2 Measurement Endpoints 

Measurement endpoints are estimates. of measurable biological impacts (e.g., mortality, growth, and 

reproduction) that are used to evaluate the. assessment endpoints. The following measures of effects will 

be used to evaluate the assessment endpoints in the SERA, where applicable: 

• Soil screening values - Mortality, growth, and reproduction of plants and soil invertebrates will be 

evaluated by comparing the measured concentrations of chemicals in surface soil to screening values 

designed to be protective of ecological receptors. 

• . Wildlife toxicity reference values (TRVs) - Mortality, reproductive, and/or developmental effects of 

birds and mammals will be evaluated by comparing the estimated dose incurred (based on 

conservative and average assumptions) from ingestion of contaminants in surface water, sediment, 

surface soil, plants, invertebrates, and potentially fish to wildlife TRVs . 

. • Sediment screening values '- Mortality' and other adverse effects (e.g., growth, feeding. rates, 

behavioral changes) of benthic macroinvertebrates will be evaluated by. comparing the measured 

concentrations of chemicals in sediment to screening values designed to be protective of ecological 

receptors. 

• Surface water screening values - Mortality and other adverse effects (e.g., growth, feeding rates, 

behavioral changes) of aquatic organisms will be evaluated by comparing the measured 

concentrations of chemicals in the surface water to screening values designed to be protective of 

ecological receptors . 
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0.2.4.3 Selection of Receptor Species 

. . 

.. Many receptors in the soil environments at the SWMUs are typicaliy grouped into general categories such 

as soil invertebrates and vegetation. This· is a reflection of the nature aUhe threshold values,affects 

values,· or criteria typically used to characterize risk for such. organisms. However, for. vertebrate 

. receptors selection of a representative species is required so that risks incurred by intake through eating 

and drinking can be estimated to these upper-level species .. 

Ingestion is the primary route of exposure for most mammals and birds. The selection of species used to 

represent the receptor groups identified in Section 0.2.4.1 was· based on considerations of their preferred 

habitat, body size, sensitivity to contaminants, home range, abundance, commercial or sport utilization, 

legal status, and functional role· (e.g., predators). To be conservative, chosen representative species 

have small home ranges. The availability of exposure parameters such as body mass, feeding rate, and 

drinking rate may also be a factor in selecting surrogate species. The following surrogate species are 

proposed for use in food-chain modeling: 

• Herbivorous mammal - meadow vole 

• Herbivorous bird- bobwhite quail 

• Insectivorous bird- American robin 

• Insectivorous mammals - short tail shrew 

• Piscivorous mammal - raccoon 

• Piscivorous bird - belted kingfisher 

Piscivorous receptor species will only be evaluated if it is determjned by visu~1 observation during the 

field investigation that the Building 106 pond and/or the intermittent stream adjacent to SWMU 15 support 

fish. Receptor p~ofiles for each of these species are presented in Attachment 0-1. 

0.2.4.4 Conceptual Model 

A conceptual model in problem formulation is·a written description and visual representation of predicted 

relationships between ecological entities· and the stressors to which they may be exposed. The 

conceptual model consists of two primary components: predicted relationships among stressor, 

exposure, and assessment endpoint response and a diagram that illustrates the relationships (U.S. EPA, 

1998). 
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. The primary sources of known or ,potential contamination at the sites were identified based on past 

operational practices and the physical characteristics of the· sites. The primary stressors are 

contaminants in surface soil, surface water, sediment, and ground water. Because ecological receptors 

'are not directly exposed to contaminants in ground water, secondary stressors are contaminants in the 

surface water and sediment. The primary receptors for contaminants in surface soil are plants and 

invertebrates, and secondary receptors are birds and mammals. The primary receptors for contaminants 

in surface water and sediment are fish and aquatic/benthic invertebrates, and secondary receptors are' 

birds and mammals. Figures 0-7 and 0-8 present the conceptual site models for SWMUs 8 and'15, 

respectively. 

D~3 , ECOLOGICAL EFFECTS EVALUATION/SELECTION OF CONTAMINANTS OF 

POTENTIAL CONCERN 

The preliminary ecological effects evaluation is an investigation of the, relationship between the magnitude 

of exposure to a chemical and the nature and magnitude of adverse effects resulting from exposure .. in 

addition to being a toxicological evaluation, it may also include descriptions of apparent effects seen 

during the site visit (i.e., stressed vegetation). Toxicity thresholds are usually expressed in units of 

concentration when the medium of concern is in intimate contact with the receptor, such as surface water 

, for aquatic organisms' or soil for soil invertebrates. For other receptors, such as terrestrial vertebrates, 

toxicity data are typically available as doses, with units equal to mass of contaminant per unit of body 

.. mass per unit of til)le (usually mg/kg-day). 

As the first step in the ecological effects evaluation, Contaminants of Potential Concern (COPCs) will be 

selected by comparing contaminant concentrations in surface water, sediment, and surface soil samples 

to Region 5 ecological screening levels (ESLs) (U.S. EPA, 1999). U.S. EPA 'has developed Ecological 

Soil Screening Levels (Eco SSLs) for a few chemicals. These values will be used instead of the Region 5 
\ , 

ESLs because they are based on more recent data. Also, the Region 5 ESLs for surface water are the 

lowest water quality criteria for the various states in U.S. EPA Region 5. State of Indiana Water Quality 

Standards (WQSs) or U.S. EPA Water QualityCriteria (WQCs) will be used,inplace of the Region 5 ESLs 

for surface water because the Region 5 ESLs may not be appropriate for Il)diana. The following bullets 

present the rules for selecting chemicals as COPCs: 

• A contaminant will be retained as a COPC if the maximum detected concentration exceeds the 

associated ESL (or substituted screening level as described above) in surface soil, surface water, or 

sediment. 
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• Calcium, magnesium, potassium, and sodium wiil not be retained as COPCs in any medium because· 

of their relatively low toxicity to ecological receptors and their high natural variability in concentrations .. 

• Contaminants without ESLs will be retained as COPCs, but they may only be evaluated qualitatively . 

. Contaminants retained as COPCs will be further evaluated as part of Step 3a of the eight-step ERA 

process. 

0.4 . STEP3A -REFINEMENT OF CONSERVATIVE EXPOSURE ASSUMPTIONS 

StE,'lP 3a consists of refining the conservative exposure assumptions/concentrations when evaluating 

potential risks to ecological receptors (Le., plants, invertebrates, and wildlife receptors) and re-evaluating 

the analytical data using benchmarks that may be more appropriate for the assessment ehdpoints. The 

objective of the Step 3a evaluation is to further reduce the number of chemicals retained as chemicals of 

concern (COCs), if possible, to focus any additional efforts on· those chemicals causing ecological 

concern. The Step 3a evaluation is designed to eliminate chemicals from further evaluation for certain 

groups of receptors. For example, a chemical may not be retained as a COC in soil based on risks to soil 

invertebrates but may be retained for evaluating· risks to plants or wildlife. Therefore, che~icals are 

evaluated during the Step 3a .evaluation in order from plal1ts/invertebrates, aquatic receptors, and ending 

with wildlife. 

As presented in Section 0.1, Figures 0-2, 0-3, and 0-4 are flow charts that present the ERA process that 

· will be used to evaluate risks to ecological receptors from chemicals in the soil,sediment, and surface 

water, respectively. As shown in the flow charts, the very first step in the process is comparing the 

maximum contaminant concentration. to a screening level to determine if the chemical is selected as a 

COPC. The following sections describe the process for further evaluating chemicals that are retained as 

COPCs in soil, sediment, and surface water. 

Surface soil: If the chemical is selected as a COPC in surface soil, the chemical is cqrried through three 

· independent flow paths: 1) to further evaluate risks to plants, 2) to further evaluate risks to invertebrates, 

· and 3) to further evaluate risks to wildlife (i.e., mammals and birds). This further evaluation is conducted 

to determine if there are potential risks, from that chemical to all three· receptor groups (i.e., plants, 

invertebrates, and wildlife), or to only one or two of the receptor groups. This is important because if the 

site proceeds further in a BERA, the studies in the BERA should only focus on the receptors that are at 
. . . 

potential risk. Because most of the Region 5 soil screening levels are based on risks to mammals or 

birds, potential risks to plants and invertebrates are not known. Therefore, the first step in the Step 3a 

evaluation will be to compare the maximum chemical concentration in the soil to no-effects benchmarks 
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for plants and. invertebrates (if benchmarks are available). The following bullets outline decisions that will 

be made based on this comparison: 

• If the concentration is less than the no-effects benchmark, it will be concluded that the chemical is not 

causing an unacceptable risk to that receptor group and the chemical will not be evaluated further in 

Step 3a. 

• If the chemical concentration is greater than the no-effects benchmark (orthe chemical does not have 

a no-effects benchmark) and greater than background, the chemical will be further evaluated in Step 

3a to determine if the risks ar~ great enough to warrant additional evaiuations [Le., proceed to a 

BERA, develop cleanup levels, proceed to a corrective measu'res study (CMS), etc.]. 

. . . 

• . If the concentration is greater than the no-effects benchmark (or the chemical does not have a no-

effects benchmark) but is less than background, it will be concluded that the chemical is not causing 

an unacceptable site-related risk to that receptor group and the chemical will not be evaluated further 

in Step 3a . 

Concurrent with the evaluation of risks to plants and invertebrates, chemicals that are retained as COPCs 

are further evaluated to determine if there are unacceptable risks to wildlife. Even though the screening 

level may have been based on risks to wildlife, risks to wildlife are further evaluated in Step3a because 

the screenin~ levels are very conservative. The first step in the process is to determine if the COPC is 

bioaccumulative. A chemical is considered to be bioaccumulative if it is included in the list of important 

. bioaccumulative chemicals in USEPA (2000). If the chemical is not bioaccumulative, it will not be ~arried 

through. the food chain model and it will be concluded that the chemical is not causing an unacceptable 

risk to wildlife. If the chemical is bioaccumulative, it will be carried through the food chain model. The 

following bullets outline decisions that will be made based on the results of the·food chain model: 

• If the ecological effects quotient (EEQ) (see Section 0'.5) is less than 1.0 using average contaminant 

concentrations and exposure factors. and the No Observable Adverse Effects Level (NOAEL) as the 

TRV, it will be concluded that the chemical is not causing an. un~cceptable risk to wildlife and the 

chemical will not be evaluated further in Step 3a. 

• If the EEQ is greater than 1.0 using average contaminant concentrations and exposure factors and 

the NOAEL) as the TRV, and the concentration of the chemical is greater than backg'round, the 

chemical will be further evaluated in Step 3a to determine if the risks are great enough to warrant 
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additional evaluations [Le., proceed to a SERA, develop cleanup . levels, proceed to a corrective 

measures study (CMS),etc~]. 

• If the EEQ is greater than 1.0 using average contaminant concentrations and exposure factors and 

tlie NOAEL) as the TRV, but the concentration of the chemical is less than background, it will be 

concluded that the chemical is not causing an unacceptable' site-related risk to wildlife and the r 

chemical will not be evaluated further in Step 3a. 

For chemicals that are further evaluated in Step 3a, the factors described in Section D.4.1 will beused to 

determine if the risks are great enough to warrant additional evaluations [Le., proceed to a SERA, 

develop cl.eanup levels, proceed to a corrective measures study (CMS), etc.]. 

Sediment: .If the chemical is selected as a COPC in sediment, the chemical is carried through two 

independent flow paths:.1) to further .evaluate risks to invertebrates, and 2) to further evaluate risks to 

. wildlife (Le., mammals and birds). This further evaluation is conducted to determine if there are potential 

risks from that chemical to both receptor groups (Le., invertebrates and wildlife), or to only one of the 

receptor groups. This is important because if the site proceeds further in a SERA, the studies in the • 

SERA should only focus on the receptors that are at potential .risk. Secause many of the Region 5 

sediment screening levels are based on equilibrium partitioning, if the screening level is not based on the 

. consensus-based freshwater sediment quality guideline, threshold effects concentration (TEC) 

(MacDonald, 2000), the maximum contaminant concentration will be compared to an alternate lower 

effects level following the order of preference in Figure D-5. The following bullets outline decisions that 

will be made based on this comparison: 

• If the concentration is less than the lower-effects benchmark, it will be concluded that the chemical is 

not causing an unacceptable risk to invertebrates and the chemical will not be evaluated further in 

Step 3a . 

• '. If the concentration is greater than the lower-effects benchmark,. or if the TEC was used as the 

Region 5 ESL, and the chemical concentration is greater than background (or upgradient 

concentrations), the chemical will be further evaluated in Step 3a to determine if the risks are great 

enough to warrant additional evaluations [i.e., proceed to a SERA, develop cleanup levels, proc:eed to 

a corrective measures study (CMS), etc.]. 
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If the concentration is greater than thelovyer-effects benchmark, or if the TEC was used as the 

Region 5 ESL, but the chemical concentration is less than background (or upgradient conce~trations), 

it will be concluded that the chemical is not causing an unacceptable site-relatedi"isk to invertebrates . 

and the chemical will not be evaluated further in Step 3a. 

Concurrent with the evaluation of risks to invertebrates, chemicals. that are retained as site-related 

COPCs are further evaluated to determine if there are unacceptable risks to wildlife. The first step in the 

. process is to determine if the CO PC is bioaccumulative. A chemical is considered to be bioaccumulative 

.. if it is included in the list of important bioaccumulativechemicals in USEPA (2000). If the chemical is not 
. . 

bioaccumulative, it will riot be carried through the food chain model and it will be concluded that the 

chemical is not cau·sing an unacceptable risk to wildlife. ,If the chemical is bioaccumulative, it will be 

carried through the food chain model. The following bullets outline decisions that will be made based on 

the results of the food chain model: 

• 

• 

If the EEQ (see Section 0.5) is less than 1.0 using average contaminant concentrations and exposure· 

. factors and the NOAEL as the. TRV, it will be concluded that the chemical is not causing an 

unacceptaole risk to wildlife~ 

If the EEQ is greater than 1.0 using average contaminant concentrations and exposure factors and 

the NOAEL) as the TRV, and the chemical concentration is' greater than background (or upmadient 

concentrations) the chemical will be further evaluated in Step 3a to determine if the risks are great 

enough to warrant additional evaluations [i.e., proceed to a SERA, develop cleanup levels, proceed to 

a corrective measures study (CMS), etc.] 

• If the EEQ is greater than 1.0 using average contaminant concentrations and exposure factors and 

the NOAEL) as the TRV, but the chemical concentration is less than background (or upgradient 

concentrations), it will be concluded that .the chemical is not causing an unacceptable site-related risk 

to wildlife. 

For chemicals that are further evaluated in S,tep 3a, the factors described in Section 0.4.1 will be used to 

determine if the risks are. great enough to warrant additional evaluations [i.e., proceed to a S,ERA, 

develop cleanup levels, proceed to a corrective measures study (CMS), etc.]. 

Surface Water: If the chemical is selected as a COPC in surface water, the chemical is carried through 

. two independent flow paths: 1) to further evaluate risks to aquatic organisms, and 2) to further evaluate 
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risks to Wildlife (i.e., mammals and birds). This further evaluation is conducted to determine if there are 

potential risks from that chemical to both receptor groups (i.e., invertebrates and wildlife), or to only one of 

the receptor groups. This is important because if the site proceeds further in a SERA, the studies in the 

SERA should only focus on the receptors that are at potential risk. Organic chemicflls that are retained 

as COPCs will be evaluated directly in 'Step 3a. However, for metals, the following decisions will be 

made: 

• If the metal was either not detected in the filtered samples, or was detected at a concentration less 

than-the screening level in the filtered samples, it will be concluded that the chemical is not causing 

an unacceptable risk to aquatic organisms and the chemical will not be evaluated further in Step 3a. 

• If the metal was detected in the filtered samples at a concentration greater than the screening level, 

and the chemical concentration is gre'ater than background (or upgradient concentrations), it will be 

concluded that the chemical is not causing an unacceptable risk to aquatic organisms and the 

chemical will not be evaluated further in Step 3a. 

• If the metal was detected in the filtered samples at a concentration greater than the screening level, • 

but the chemical concentration is less than background (or upgradient concentrations), it will be 

concluded that the chemical is not causing an unacceptable risk to aquatic organisms and the 

chemical will not be evaluated further in Step 3a. 

Concurrent with the evaluation of risks to aquatic organisms, chemicals that are retained as site-related 

COPCs are further evaluated to determine if there are unacceptable risks to wildlife. The first step in the 

process is to determine if the COPC is bioaccumulative. A chemical is considered to be bioaccumulative 

if it is included in the list of important bioaccumulative chemicals in USEPA (2000). If the chemical is not 

bioaccumulative, it will not be carried through the food chain model and it will be concluded that the 

chemical is not causing an unacceptable risk to wildlife. If the chemical is bioaccumulative, it will be 

carried through the food chain model. The following bullets outline decisions that will be made based on 

the results of the food chain model: 

• If the EEQ (see Section 0.5) is less than 1.0 (based on the surface water portion of the food chain 

model) using average contaminant concentrations and exposure factors and the NOAEL as theTRV, 

it will be concluded that the chemical. is not causing an unacceptable risk to wildlife. 

050419/P 0-18 CTO 0331 

• 



• 

• 

• 

NSWCCrane 
OraftQAPP 
Revision: 0 

Date: July 2004 
Section: Appendix 0 

Page 19 of 32 

If the EEQ is greater than 1.0 (based on the surface water portion of the food chain model) using 

average contaminant concentrations and exposure factors and the NOAEL) as the TRV, and the 

chemical concentration is greater than background (or upgradient concentrations) the chemical will be 

further evaluated in Step3a to determine if the risks are great enough to ,warrant additional 

evaluations [Le.,proceed to a SERA, develop cleanup levels, proceed to a corrective measures study 

(CMS), etc.] 

• If the EEQ is greater than 1.0 (based on the surface water portion of the food chain model) using 

average contaminant concentrations and exposure factors and'the NOAEL) as the TRV, but the 

chemical concentration is less than background (or upgradient concentrations), it will be 'concluded 

that the chemical is not causing an unacceptable site-related risk to wildlife. 

For chemicals that are further evaluated in Step 3a, the factors described in Section 0.4.1 will be used to 

determine if the risks are great enough to warrant· additional evaluations [i.e., proceed to a SERA, 

develop cleanup levels, proceed to a corrective measures study (CMS), etc.]. 

0.4.1 . Other Step 3a Factors 

For chemicals that are evaluated further in Step 3a, the following factors will be evaluated, as appropriate, 

to determine if the risks are great enough to warrant additional evaluations [i.e., proceed. to a SERA, 

develop cleanup levels, proceed to a corrective measures study (CMS)]. 

• Magnitude of criterion exceedance: Although the magnitude of the risks may not relate directly to the 

magnitude of a criterion. exceedance, the magnitude of the criterion exceedance may be one item 

, use,d in a lines-of-evidence approach to determine the need for further site ,evaluation. 

• Frequency of chemical detection and spatial distribution: A chemical detected at a low frequency 

typically will be of less concern than a chemical detected at higher frequency if toxicity and 

. concentrations of the constituents are similar. All else being equal, chemicals detected frequently will 

be given greater consideration than those detected relatively infrequently. In addition, the spatial 
. . - 1 

distrib,ution of a chemical may be, evaluated to determine the area that a sample represents. 

• Contaminant bioavailability: Many contaminants (especially metals) are present in the environment in 

forms that are typically ,not bioavailable, and the limited ibioavailability will be considered when 

• evaluating the exposures of receptors to site contaminants. 
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. • Habitat: Although exceedances of criteria may occur, potential risks to ecological receptors may be 

minimal if there is little habitat for those receptors. Therefore, the extent of habitat will be used 

qualitatively when considering additional evaluation. 

• Alternate benchmarks: These benchmarks are used to further evaluate risks to specific groups of 

ecological receptors (e.g., plants, invertebrates) because the ESLs are the most conservative values 

available for soil, sediment, and surface water and will ensure, that more realistic exposure 

assumptions are evaluated. However, some of the alternate benchmarks are overly protective for 

some receptors and may not be applicable in some cases. For example, the ESLs for soil may be 

based on risks to small mammals. Therefore, an exceedance of that ESL does not necessarily 

indicate potential risks to plants or invertebrates, so other more appropriate benchmarks will be used 

to evaluate potential risks to those receptors. Some of these alternate benchmarks were used in the 

fist part of Step 3a to refine the list of chemicals thai need further evaluated in Step 3a, as described 

above and in Figures 0-2 and 0-3. 

In addition to the general Step 3a factors above, other factors may be evaluated in Step 3a for each 

receptor group. The following. sections discuss the other factc;>rs th~m may be used, including the specific 

alternate benchmarks that may be used in Step 3a. 

0.4.1.1 Terrestrial Plants and Invertebrates 

The alternate benchmarks that will be used to further evaluate. risks to plants and invertebrates are listed 

beiow. The ecological endpoint for the each benchmark that is used in this step will be provided in the 

ERA. For example, if a benchmark is based on a 25% reduction in growth to a lettuce plant, that 

information will be presented in the ERA. 

• , Canadian Soil Quality Guidelines (CCME,·1997). 

• Oak Ridge National Laboratory (ORNL) Toxicological Benchmarks for Contaminants of Potential 

Concern for Effects on Soil and Litter Invertebrates and Heterotrophic Process: 1997 Revision 

. (Efroymson, et aI., 1997a). 

• . ORNL Toxicological Benchmarks for Screening Contaminants of Potential Concern for Effects on 

Terrestrial Plants: 1997 Revision (Efroymson, etal.,1997b). 
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Additional sources of toxicity data from the literature may be used to evaluate potential risks to terrestrial 

vegetation and invertebrates from contaminants in the surface soil not evaluated in the above documents. 

0.4.1.2 Sediment 

In addition to the' Step 3a factors presented above, additional evaluations for sediment will include 

comparing the chemical concentrations in the sediment to higher effects levels to show the probability a 

range of possible effects. The higher effects levels that will be used to further evaluate risks to benthic 

invertebrates will be from the same sources listed in order of preference in Figure 0-3 with one exception. 

The Probable Effects Concentration (PEe) from MacDonald et aI., (2000) will be the first higher effects 

level that will be selected. A description of what the higher effects level represent used in this step will be 

provided in the ERA. For example, the PECs were intended to identify contaminant concentrations above 

which harmful effects on sediment-dwelling organisms were expected to occur frequently (MacDonald, et 

al.,2000). 

Also, emphasis will be placed on average sediment concentrations because the aquatic organisms will be 

exposed to average chemical concentrations as they swim in the water or as the sediment is transported 

downstream. Contaminants that exceed the SDSLs also will be compared to background contaminant 

levels developed in Sediment Background Concentration Distributions of 172 Potential, Pollutants in 

Indiana (Wente, 1994). The term "background" was interpreted iri that document as "the concentration 

that would be present in the absence of any particular pollutant source." Background values will be used 

a:s another factor to be considered in the lines-of-evidence approach for evaluating sediments . 

. This background comparison will be in addition to the site-specific background/upgradient comparison 

that is presented in the decision diamond on Figure 0-5. 

0.4.1.3 Surface Water 

, In addition to the Step 3a factors presented above, additional evaluations for surface water will include 

comparing the chemical concentrations in the surface water to acute water quality standards/criteria to 

show a range of possible effects,. Also, emphasis will be placed on average surface water concentrations 

because the aquatic organisms will be exposed to' average chemical concentrations as they swim in the 

, water or the water flow over them (for organisms that are relatively sessile). Finally, more emphasis will 

be placed on the dissolved metals concentrations (compared to total metals concentrations) because 

dissolved metals are a better indicator of potential bioavailability that are,total recoverable metals. 
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Most of the above~mentioned standards and benchmark values are not designed to evaluate risks to 

terrestrial wildlife via the ingestion of the soil, sediment, surface water, plants, invertebrates, and fish. 

Therefore, a terrestrial intake model will be used to estimate exposure of terrestrial receptors to COPCs. 
" " 

As presented in Figures 0-2, 0-3, and 0-4, food chain modeling will only be conducted on chemicals that 

are considered to be bioaccumulative [i.e., included in the list of important bioaccumulative chemicals in 

USEPA (2000)]. If the chemical is not bioaccumulative, it will not be carried through the food chain model 

and it will be concluded that the chemical is not causing an unacceptable risk to wildlife. 

Risk to terrestrial receptors as a result of exposure to COPCs in the soil, sediment, and surface water will 

" "be determined by estimating the chronic daily intake (COl) (see Section 0.4.3) and comparing the COl to 

"TRVs representing acceptable daily doses in mg/kg-day. The TRVs will be developed from NOAELs and 

lowest-observed-adverse-effect-Ievels (LOAELs) obtained from ..yildlife studies, if available. The majority 

of the TRVs will come from the ORNL Toxicological Benchmarks for Wildlife: 1996 Revision (Sample, et 

aI., 1996). Toxicity data in the Agency for Toxic Substances and Oisease Registry (ATSOR) toxicity 

" profiles and Integrate Risk Information System (IRIS) printouts will be utilized, when necessary. 

Table 0-1 presents the TRVs thatwill be used for food-chain modeling. If a subchronjc study is used to 

develop the TRV, the final value will be multiplied by a factor of 0.1 to account for uncertainty between 

subchronic and chronic effects. If a LOAEL study is used to develop the NOAEL TRV, the LOAEL will be 

multiplied by a factor of 0.1 to obtain the NOAEL. No body weight scaling or other uncertainty factors will 

be used to adjust the NOAELs and LOAELs from literature studies. 

0.4.3 Characterization of Exposure 

This section describes the potential or actual contact or co-occurrence of contaminants with receptors to 

determine their exposure dose. 

Terrestrial soil invertebrates and plants are exposed to contaminants in surface soil through direct contact 

and/or ingestion. Aquatic organisms are exposed to contaminants in surface water and sediment through 

direct contact and/or ingestion. 

cope intake "for wildlife exposed to the COPCs in surface soil, sediment, and surface water will be 

estimated as a daily dose (mg/kg-day) using exposure equations. The contaminant concentrations in 
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surface soil, sediment, and surface water will be used to calculate COl doses. The following equation 

presents a generic food-chain model' for COl that will be used .for the surrogate species selected for 

modeling: ' 

Where: FI 

FC 

COl 0 ( /k
' d) (FI * FC) + (WI * SW) + (SI * SC) 

ose mg g - ay = , BW 

= Food ingestion rate (kg/day) 

= Food 'concentration (mg/kg) 

WI = Surface water ingestion rate (Uday) 

SW = Surface water concentration (mg/L), 

BW = Body weight (kg) 

, SI = Incidental s6il/s~diment ingestion rate (kg/day) 

SC = Soil/Sediment concentration (mg/kg) 

For inorganic constituents in surface so!1 and sediment and organic constituents in surface soil, the 

contaminant concentrations of prey items (e.g.; earthworms, fish) is calculated using the following 

equation: 

FC = SC * BAF 

Where: FC = Contaminant concentration in food (kg/day) 
, , / 

SC = Contaminant concentration in surface soil or sediment (Ilg/kg for organics and 

mg/kg for inorganics) 

BAF = Bioacc~mulation factor (unitless) 

For Organic constituents in sediment, the contaminant concentration of prey items is calculated using the 

following equation: 

Where: 

050419ip 

Fe 
SC 

Fe = SC *%L *BSAF 
%TOC 

= Contaminant concentration in food (kg/day) 

= Contaminant concentration in sediment (Ilg/kg) 
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%L = Percentage of lipids in -fish [3.6%= the average of various species of sunfish. 
. -

Attachment 0-3 presents the calculation used to derive this value (U.S. EPA, 

1997b)) 

BSAF = Biota-sediment accumulation factor (chemical-specific, unitless) 

% TOC = Percentage of total organic carbon in sediment (site-specific) 

The lower bound of the threshold effects is based on consistently conservative assumptions and NOAEL 

toxicity values (U.S. EPA, 1997a). This bound will present the highest potential risks. The upper boun.d 

is based on -observed impacts or predictions that ecological effects could occur and is developed using 

assumptions consistent with those used in the lower bound, site-specific data, LOAEL toxicity values, or 

an impact evaluation (U.S. EPA, 1997a). This bound will present the average potential risk. Both the 

lower and upper bounds will be evaluated in the SERA, as conserVative and average exposure scenarios, 

respeCtively, to provide the overall range of potential risks, as presented in the following table: 

Conservative Scenario Average Scenario 

95~percent Upper Confidence Level (UCL) soil, Average soil, surface water, or sediment 
surface water, or sediment concentration. concentration. 

90-percent BAF/BSAF value from the literature Median BAF/BSAF value from the literature 
(when available). (when available). 

Highest receptor body weight for NOAEL Average receptor body weight for LOAEL 
calculation. calculation. 

Lowest receptor body weight for COl equation. Average receptor body weight for COl equation. 

Conservative receptor ingestion rate. Average receptor ingestion rate. 

Use NOAELS as the TRVs. Use LOAELs as the TRVs. 

Receptors spend 100 percent of their time at the Receptor's home range taken into account. 
site. 

The exposure assumptions (e.g., ingestion rate, body weight) will be obtained from the Wildlife Exposure 

Factors Handbook (U.S. EPA, 1993) or other literature sources, if necessary. Table 0-2 presents the 

exposure parameters that will be used in the SE;RA. Attachment 0-1 presents the values that were used 

to calculate the exposure parameters and a discussion of how they were cal_culated. _. , 

0.5 ECOLOGICALl RISK CHARACTERIZATION 

The risk characterization is the final phase of a risk assessment that compares the exposure (i.e., 

concentration of medium or intake) to the ecological effects (i.e., screening levels or dose benchmarks). 

• 

It is at this phase- t~at the likelihood of adverse effects occurring as a result of exposure to a stressor will • 

be evaluated. An ecological effects quotient (EEQ) approach will be used to characterize the risk to-
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terrestrial receptors. This approach characterizes the potential effects by, comparing exposure 

'concentration with the effects data. An EEQ of greater -than 1.0 is considered indicative of a potential 

risk. The EEQ is not an expression of probability, and the meaning of values greater than 1.0 must be 

interpreted in light of attendant uncertainties in risk management. 

An EEQ for aquatic receptors will be calculated as follows: 

C C EEQ= sw or~ 
SWSL, SDSL 

Where: EEQ = Ecological effects quotient (unitless) 

Csw = Contaminant concentration in surface water (llg/L) 

Csd = Contaminant concentration in sediment, (Ilg/kg or mglkg) 

SWSL = Surface water screening level, (llg/L) 

SPSL = Sediment screening level, (Ilg/kg or mg/kg) 

An EEQ for terrestrial plants and invertebrates will be calculated as follows: 

Where: 

EEQ=~ 
SSSL 

EEQ = Ecological effects quotient (unitless) 

Css = Contaminant concentration in surface soil (Ilg/kg or mg/kg) 

SSSL = Surface soil screening level for plants or invertebrates (Ilg/kg or mg/kg) 

The EEQ for the terrestrial wildlife model will be calculated as follows: 

Where: 

050419/P 

EEQ = Dose 
TRV 

EEQ = Ecological effects quotient (unitless) 

Dose = Daily intake dose (mg/kg-day) 

TRV = Toxicity reference value (NOAEL or LOAEL) (mg/kg-day) 
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0.6 ECOLOGICAL RISK UNCERTAINTY ANALYSIS 

I, This section discusses some of the uncertainties associated with ecological risk assessments. 
, , 

0.6.1 Measurement and Assessment Endpoints 

. Measurement endpoints are used to evaluate the assessment endpoints selected for the SERA. For the 

SERA, the measures of effects are not the same as the assessment endpoints. Therefore" the measures 

are used to predict effects to the assessment endpoints by selecting surrogate species that will be 

evaluated. For example, a decrease in reproduction, of a shrew is used to assess a decrease in 

reproduction of the small mammal population. However, predicting a decrease in reproduction of a shrew 

may either underprotect or overprotect the small mammal population based on differences in ingestion 

rates, toxicity,. food preferences, etc. between ,different species. 

Risks to reptiles 'and amphibians will not be quantitatively evaluated because exposure factors are not 

established for most species, and toxicity data are very limited. However, risks to reptiles and amphibians 

will be qualitatively evaluated as part of the SERA. 

0.6.2 Exposure Characterization 

The contaminant dose to terrestrial wildlife is calculated using an equation that incorporates ingestion 

,rates, body weights, BAFs, and other exposure factors. These exposure factors are obtained from 

literature studies or predicted using various equat~ons. Ingestion ,rates and body weights vary among' 

species, especially among species inhabiting different areas. For example, food ingestion rates for the 

robin were reported as 0.89 gram per gram~day (gig-day) in California and 1.S2g/g-day in Kansas (U.S. 

EPA, 1993). 

Bioaccumulation of contaminants into various biological media (e:g., plants, inv'ertebrates~ sm~II' 
mammals) depends on characteristics of the media such as pH, organic carbon, etc. Therefore, actual 

BAFs at the sites may be different than those used in the SERA and obtained from the literature. Also, 

the bioavailability of the chemicals is not taken into account in the SERA. 

There is uncertainty in the chemical data collected at the site'. Measured levels of chemicals are only 

estimates of the true site chemical concentrations. For samples that are deliberately biased toward 

known or suspected high concentrations, predicted doses probably will be higher than actual doses. 
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Surface soil will be collected from the 0- to 2~foot below ground surface (bgs) depth interval.· There is 

uncertainty in this approach depending on the source of contamination and how itwasdisposed.at the site 

(Le., deposited on the surface as a result of burning activities, buried, etc.). 

Finally, under the conservative exposure scenario, terrestrial wildlife are assumed to live and feed only at 

the sites. These assumptions will tend to overpredict risk because it is unlikely that most receptors will 

obtain all their food from within the site boundaries and from the most contaminated areas. 

0:6.3 Ecological Effects Data 

There is uncertainty in the ecological toxicity value comparison. The water-quality criteria developed by . 

U.S. EPA in theory protect 95 percent of the exposed species. Therefore, some sensitive species may be 

present at the SWMUs that are hot protected by the use of these criteria. There also are situations where 

theSWSLs are over-predictive of risk if the sensitive species used to develop the criteria do not inhabit 

the site. Finally, with the exception of hardness for a few metals, the SWSLs do not account for site

specific factors such as TOe or pH that may affect toxicity . 

Potential adverse impacts to .aquatic receptors from constituents in sediment are evaluated. by comparing 

eope concentrations to SOSLs. The SDSLs have more uncertainty associated with them than do the 

. SWSLs because the procedures for developing them are not as well established. Screening levels have 

been developed using different methodologies because less sediment toxicity data are available than 

suiiace water toxicity data. Also, sediment characteristics (e.g:, pH, acid volatile sulfides, total organic 

carbon) may have a large impact on the bioavailability and toxicity of constituents. 

Potentially adverse impacts to terrestrial plants and invertebrates from constituents in the surface soil are 

evaluated by comparing eope concentrations to SSSLs. The SSSLs are similar to the SOSLs in that 

they are less established than t~e SWSLs .. Few~r studies and fewer data are available !or establishing 

SSSLs than SWSLs and many of the SSSLs are based on the results of only a few studies. In addition, 

the SSSLs are based on different endpoints, depending on the preference of the agency that developed 

them. Therefore, they have more uncertainty than surface water and sediment scre~ning values. 

The NOAELS and LOAELs selected for the wildlife endpoint species were based on species other than 

the endpoint species (e.g., rats, mice, ducks). There i!? uncertainty in the application of toxicity data 

across species because the contaminant may be more or less toxic to the endpoint species than it was to 

the test study species. 
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The toxicity of chemical mixtures is not well understood. All of the toxicity information used in the ERA for 

evaluating risk to the ecological receptors is for individual chemicals. Chemical mixtures can affect the 

organisms very differently than the individual chemicals because of synergistic or antagonistic effects. 

Finally, toxi.cological data for a few of the COPCs are limited or are not avaiiable. Therefore, there is 

uncertainty in any conclusions involving the potential impacts to ecological receptors from these 

constituents. 

0.6.4 Risk Characterization 

Risks are possible if an EEq is greater than or equal to 1.0 regardless of the magnitude of the EEQ. 

However, the magnitude of effects to ecological receptors cannot be inferred based on the magnitude of 

·the EEQ. Rather, an EEQ greater than 1.0 simply indicates that the dose used to derive the toxicity 

reference value was exceeded. Finally, there is uncertainty in' how the predicted risks to a species at a 

site translate into risk to the population in the area as a whole. 

050419/P 0-28 CTO 0331 

• 

• 

• 



• 

• 

• 

REFERENCES 

NSWCCrane 
Draft QAPP 
Revision: 0 

Date: July 2004 
Section: Appendix D 

Page 29 of 32 

Andrews, Lynn. 2000. Endangered Species Management Plan for the Crane. Division, Naval Surface 

Warfare Center. Ccimarco Systems Incorporated, revised October. 

Army, .1978. Installation Assessment of the NSWC Crane, Record of Evaluation Report No. 117. 

Aberdeen Proving Ground; Maryland, March. 

CCME. 1997. Recommended Canadian Soil Quality Guidelines. Ottawa, Ontario, March. 

Efroymson, A.A., M.E..Will, and G.W. Suter II, 1997a. Toxicological Benchmarks for Contaminants of 

Potential Concern for Effects on Soil and Litter Invertebrates and Heterotrophic Process: 1997 Revisi0n. 

ES/ERrrM-126/R2. Oak Ridge National Laboratory, November. 

Efrpymson, R.A., M.E. Will, G.W. Suter II, and A.C. Wooten, 1997b. Toxicological Benchmarks for 

Screening Contaminants ot. Potential Concern for Effects on Terrestrial Plants: 1997 Revision . 

ES/ERrrM-85/R3. Oak Ridge National Laboratory, November. 

Halliburton NUS, 1992a. RFI Phase I, Environmental Monitoring Report, SWMUs 19/00, 08/17. 12/14, 

13/14. Navy Northern Division, CTO 15, August. 

Halliburton NUS, 1992b. RFI Phase I, Environmental Monitoring Report, SWMUs 15/06, 14/10, 16/16, 

NorthDiv'; CTO 15, November. 

IDEM (Indiana Department of Environmental Management). 1998. Indiana Water Quality Standards. 

Indiana Final Regulations. 

Indiana Department of Environmental Management (IDEM), 2004. Risk Integrated System of Closure 

Users Guide and Technical Resource Guidance Document. Indiana Departm·ent of Environmental 

. Management, February 2001, Updated January 2004. 

Indiana Department of Natural Resources (DNR), 2002. Rare Animals of Indiana. Division of Fish and 

Wildlife. Revised August. 

050419/P D-29 CTa 0331 



NSWCCrane 
Draft QAPP 
Revision: 0 

. Date: July 2004 

Page 30 of 32 
Section: Appendix 0 • 

Long; E.R., and L.G. Morgan (Long and Morgan), 1991. Potential for Biological Effects of Sediment-Sorbed 

Contaminants Tested in the National Status and Trends Program, National Ocean Service, Office of 

Oceanography and Marine Assessment, Rockville, Maryland, NOAAfTM/NOS/OMA-52. 

Long, Edward, R., D.D. MacDonald, S.L Smith, F.D. Calder (Edwards, et.aL) , 1995. Incidence of 

Adverse Biological Effects Within Ranges of Chemical Concentrations in Marine and Estuarine 
! 

Sediments. 

MacDonald, D.O., C.G. Ingersoll, and T.A. Berger; 2000. "Development and. EvalUation of Consensus

Based Sediment Quality Guidelines for Freshwater Ecosystems." Archives of Environmental 

Contamination and Toxicology, Vol. 39, pp. 20-31. 

MHSPE (Ministry of Housing, Spatial Planning and Environment), 2000. Circular on Target Values and 

Intervention Values for Soil Remediation - Soil Quality Standards. Department of Soil Protection, The 

Netherlands, February 4. 

\. 
Navy, 1999.· Navy Policy For Conducting Ecological Risk Assessments. Memo from Chief of Naval 

I . 

Operations to Commander, N·aval Facilities Engineering Command. Department of the Navy, 

Washington, DC, April 5. 

NEESA (Naval Energy and Environmental Support Activity), 1983. Initial Assessment Study of Naval 

Weapons Support Center, Crane, Indiana. NEESA 13-003, May. 

OMOE, 1993. Guidelines for the Protection and Management of Aquatic Sedim.ent Quality in Ontario. 

Ontario Ministry of Environment and Energy. August. 

ORNL (Oak Ridge National Laboratory), 1998a. Empirical Models for the Uptake of Inorganic Chemicals 

from Soil by Plants. BJC/OR-133, September. 

ORNL, 1998b. Biota Sediment Accumulation Factors for Invertebrates: Review and recommendations for 

the Oak Ridge Reservation. BJC/OR-112. August. . 

ORNL, 2002. Toxicity and Chemical-Specific Factors Database. Oak Ridge National Laboratory Web 

Page, http://risk.lsd.ornLgov/cgi-bin/toxITOX_9801. 

050419/P D-30 CTO 0331 

• 

• 



• 

• 

• 

NSWC Crane 
. Draft QAPP 

. Revision: 0 
Date: July 2004 

Section: Appendix D 
Page 31 of 32 

Sample, B.E., D.M. Opresko, and G.W. Suter II (Sample, et. al.),·1996. Toxicological Benchmarks for 

Wildlife: 1996 Revision. ES/ERfTM-86/R3. Oak Ridge National Laboratory, June. 

Sample, B.E., J.J. Beauchamp, A.A. Efroymson, G.W. Suter II, and T.L. Ashwood (Sample, et. al.), 1998 . 

. Development and Validation of Bioaccumulation Models for Earthworms. ES/ERfTM-220. Oak Ridge 

National Laboratory, June. 

Smith, Robert L.,·1966. Ecology and Field Biology. Harper and Row; Publishers, Inc. 

U.S. EPA (United States Environmental Protection Agency), 199~. Wildlife Exposure Factors Handbook. 

EPAl600/R-93/187a. Office of Research and Development. Washington, DC, 1993. 

U.S. EPA, 1995. Final RCRA Facility Permit for NSWC.Crane. Region 5, Chicago, Illinois, July. 
. . 

U.S. EPA, 1996. ECO Update, Ecotox Thresholds. EPA540/F-95/038, Office of Solid Waste and 

Emergency Response. Intermittent Bulletin, Volume 3, Number 2, January . 

U.S. EPA, 1997a. Ecological Risk Assessment Guidance for Superfund: Process for Designing and 

Conducting Ecological Risk Assessments. Interim Final. Environmental Response Team, June 5. 

U.S. EPA, 1997b. The Incidence and Severity of Sediment Contamination in Surface Waters of the 

United States, Volume 1: National Sediment Quality Survey. EPA 823-R-97-006. Office of Science and 

'. Technology, Washington, DC, September. 

U.S. EPA, 1998. Final Guidelines for Ecological Risk Assessment. Effective April 30. 

U.S. EPA, 1999. Region 5 Ecological Screening Levels for RCRA Appendix IX Hazardous Constituents, 

Working Draft. 

U.S. EPA, 2000. Bioaccumulation Testing and Interpretation for the Purpose of §ediment Quality. 

Assessment,Status and Needs. Office of Water, Office of Solid Waste. EPA 823-R-00-001. Febru~ry. 

U.S; EPA, 2002. National Recommended Water Quality Criteria: 2002. Office of Water. EPA 822-R

. 02-047. November. 

·050419/P 0-31 CTO 0331 



NSWCCrane 
Draft QAPP 
Revision: 0 

Date: July 2004 

Page. 32 of 32 
Section: Appendix D • 

U.S. EPA, 2003. Procedures for-the Derivation of Equilibrium Partitioning Sediment Benchmarks (ESBs) 

for the Protection of Benthic Organisms: Dieldrin. EPAl600/R-02l010. August. 

U.S. EPA, 2003. Procedures for the Derivation of Equilibrium Partitioning Sediment Benchmarks (ESBs) 

for the Protection of Benthic Organisms: Endrin. EPAl600/R-02l009. August. 

Wente, S. P., 1994. Sediment aackgrqund Concentration Distribution. of 172. Potential Pollutants in 

Indiana. Department of Forestry and Natural Resources, Purdue University. 
\ 

050419/P CTO 0331 

• 

• 



• 
PARAMETER 

SEMIVOLATILES (mg/kg) 
2,2'-Oxybis( l-chloropropane) , 
2.4,5-Trichlorophenol 
2.4,6-Trichlorophenol 
2-Methylnaphthalene 
2-Methylphenol 
4-Chloro-3-methylphenol 
4-Nitroaniline 
4-Nitrophenol 
AcenClQhthene 
Acenaphthylene 
Anthracene 
Benzo{a)anthracene 
Benzo(a)pyrene 
Benzo(b )fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)f1uoranthene 
bis(2-Ethylhexyl) phthalate 

• Butylbenzyl Phthalate 
, Carbazole 

Chrysene 
Oibenzo(a,h)anthracene 
Oibenzofuran 
Oiethylphthalate 
Oi-n-butyl phthalate 
Oi-n-octyl phthalate 
Fluoranthene 
Fluorene 
Hexachloroethane 
Indeno(l,2.3-cd)~rene_ 

Isophorone 
Naphthalene 
Pentachlor~henol 

Phenanthrene 
Phenol 
PEene-
Perylene 
HERBICIDES (mg/kgl 
Oinoseb 
2.4-0 
2.4,5-T 

• 

( 

TABLE 0-1 

TOXICITy'REFERENCE VALUES 
SWMUS 8 AND 15 

NSWC CRANE, INDIANA 
PAGE 1 OF4 

Mammal 
NOAEL LOAEL 

NV NV 
10 30 

0.42 4.2 
41 410 
5 15 

NV NV 
NV NV 
NV NV 
17.5 35 
70 700 ' 

100 1000 
0.17 1.7 

1 10 
4 40 

7.2 72 
7.2 72 
18.3 183 
15.9 47 

1 ,10 
0.17 1.7 
1.33 13.3 
NV NV 

4583 45830 
550 1833 
NV NV 
12.5 25 
12.5 25 
0.1 1.5 
7.2 72 
15 179 
7.1 14.2 
0.24 2.4 

1 10 
6 '_ 12 

7.5 12.5 
1 10 

0.1 1 
1 5 
3 10 

Bird 
NOAEL LOAEL 

NV NV 
NV NV 
NV NV 
2 20 

NV NV 
NV NV 
NV \ NV 
NV NV 
2 20 
2 20 
2 20 
2 20 
2 20 
2 20 
2 20 
2 20 

NV NV 
NV NV 
2 20 
2 20 
2 20 
2 20 

NV NV 
. NV NV 

NV NV 
2 20 
2 20 

NV NV 
2 20 

NV NV 
2 20 

NV NV 
2 20 

NV NV 
2 20 
2 20 

'NV NV 
- NV NV 

NV NV 



PARAMETER 

TABLE 0-1 

TOXICITY REFERENCE VALuES 
SWMUS 8 AND 15 

NSWC CRANE, INDIANA 
PAGE20F4 

Mammal 
NOAEL I LOAEL 

PESTICIDES/POLYCHLORINATED BIPHENYLS (PCBs) (mg/kg) 
2,4'-DDD 0.8 4 
2,4'-DDE 0.8 4 
2,4'-DDT 0.8 4 

. 4,4'-DDD Q.8 4 
4,4'-DDE 0.8 4 
4,4'-DDT 0.8 4 
Aldrin 0.2 1 
alpha-BHC 0.014 0.14 

. alQha-Chlordane 4.58 9.16 
Aroclor-1232 0.068 0.98 
Aroclor-1242 0.069 0.69 
Aroclor-1248 0.01 0.1 
Aroclor-1254 0.068 0.68 
Aroclor-1260 0.068 .0.68 
PCB-28 0.068 0.68 
PCB-44 0.068 0.68 
PCB-52 0.068 0.68 
PCB-66 0.068 0.68 
PCB-l0l 0.068 0.68 
PCB-l05 0.068 0.68 
PCB-118 0.068 0.68 
PCB-128 0.068 0.68 
PCB-138 0.068 0.68 
PCB-153 0.068 0.68 
PCB-170 0.068 0.68 
PCB-180 0.068 0.68 
PCB-187 . 0.068 0.68 
PCB-195 0.068 0.68 
PCB-206 0.068 0.68 
PCB-209 0.068· 0.68 
beta-BHC 0.4 2 
delta-BHC 0.014 0.14 . 
Dieldrin 0.02 0.2 
Endosulfan I 0.15 1.5 
Endosulfan II 0.15 1.5 
Endosulfan Sulfate 0.15 1.5 
Endrin 0.092 0.92 
Endrin Aldehyde 0.092 0.92 
Endrin Ketone 0.092 0.92 
gamma-BHC (Lindane) 8 80 
gamma-Chlordane 4.58 9.16 
Heptachlor 0.1 1 

• 
Bird 

NOAEL LOAEL 

0.009 0;052' 
0.009 0.052 
0.009 0.052 
0.009 0.052 
0.009 0.052 
0.009 0.052 

NV NV 
0.56 2.25 
2.14 10.7 
0.18 1.8 
0.41 4.1 
NV NV 

0.18 1.8 
0.18 1.8 
0.18 1.8 
0.18 1.8 
0.18 1.8 
0.18 1.8 
0.18 1.8 • 0.18 1.8 
0.18 1.8 
0.18 1.8 
0.18 1.8 
0.18 1.8 
0.18 1.8 
0.18 1.8 
0.18 1.8 
0.18 1.8 
0~18 1.8 
0.18 1.8 
0.56 2.25 
0.56 2.25 

0.077 0.77 
10 100 
10 100 
10 100 

0.01035 0.1035 
0.01 0.1 
0.01 0.1 

2 '20 
2.14 10.7 
NV NV 

• 
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PARAMETER 

TABLE 0-1 

TOXICITY REFERENCE VALUES 
SWMUS 8 AND 15 

NSWC CRANE, INDIANA 
PAGE 3 OF4 

Mammal 
NOAEL LOAEL NOAEL 

PESTICIDES/POL YCHLORINATED BIPHENYLS (PCBs (mg/kg) (Continued) 
Heptachlor Epoxide 0.1 1 NV 
Methoxychlor 4 8 NV 
Toxaphene 8 80 NV 
DIOXINS AND FURANS (mg/kgl 
1,2,3,4,6,7,8-HpCDD 0.0001 0.001 0.014 
1,2,3,4,6,7,8-HpCDF 0.0001 0.001 0.0014 
1,2,3,4,7,8,9-HPCDF 0.0001 0.001 0.0014 
1 ,2,3,4,7,8~HXCDD 0.00001 0.0001 0.00028 
1 ;2,3,4,7,8-HxCDF 0.00001 0.0001 0.00014 
1,2,3,6,7,8-HxCDD 0.00001 0.0001 0.0014 
1,2,3,6,7,8-HxCDF 0.00016 0.0016 0.00014 
1,2,3,7,8,9-HxCDD 0.00001 0.0001 0.00014 
1,2,3,7,8,9-HxCDF 0.00001 0.0001 0.00014· 
2,3,4,6,7,8-HxCDF 0.00001 0.0001 0.00014 
1,2,3,7,8-PECDD 0.000001 0.00001 0.000014 
1,2,3,7,8-PECDF 0.00016 0.0016 0.00014 
2,3,4,7,8-PECDF 0.000016 0.0001.6 0.000014· 
2,3,7,8-TCDD 0.000001 0.00001 0.000014 
2,3,7,8-TCDF . 0.00001 0.0001 0.000014 
OCDD 0.Q1 0.1 0.14 
OCDF 0.Q1 0.1 0.14 
TOTAL HpCDD 0.0001 0.001 0.014 
TOTAL HxCDD 0.00001 0.0001 0.00014 
TOTAL PeCDD 0.000001 0.00001 0.000014 
Total HpCDF 0.0001 0.001 0.0014 
Total HxCDF 0.00001 0.0001 0.00014 
Total PeCDF 0.000002 0.00002 0.000014 
Total TCDD 0.000001 0.00001 0.000014 
Total TCDF 0.00001 0.0001· 0.000014 
EXPLOSIVES (mglkg) 
1 ,3 Dinitrobenzene 0.113 0.264 NV 
1,3,5-Trinitrobenzene 2.64 13.44 NV 
2,4-Dinitrotoluene 0.2 1.5 NV 
2,4,6-Trinitrotoluene 1.6 16 NV 
2-Amino-4,6-dinitrotoluerie NV NV NV 
2-Nitrotoluene 20 200 NV 

. 3-Nitrotoluene 20 200 NV 
4-Amino-2,6-dinitrotoluene NV NV NV 
4-Nitrotoluene 20 200 NV 
Ammonia NV NV NV 
HMX 3 7.5 NV 
Nitrobenzene (exp) NV NV NV 
RDX I 7 35 NV 
Tetryl 1.3 . 13 NV· 

Bird 
LOAEL 

NV 
NV 
NV 

0.14 
0.014 
0.014 
0.0028 
0.0014 
0.014 

0.0014 
0.0014 
0.0014 
0.0014 

0.00014 
0.0014 

0.00014 
0.00014 
0.00014 . 

1.4 
1.4 

0.14 
0.0014 

0.00014 
0.014 
0.0014 

0.00014 
0.00014 
0.00014 

NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 



PARAMETER 
INORGANICS (mg/kg) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Cliromium 
Hexavalent Chromium 
Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Manganese 

, Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 

TABLE 0:-1 

TOXICITY REFERENCE VALUES 
SWMUS 8 AND 15 

NSWC CRANE, INDIANA 
PAGE 4 OF 4 

Mammal 
I NOAEL LOAEL 

1.93 19.3 
0.125 1.25 
0.126 1.26 

5.1 19.8 
0.66 6.6 

1 10 
3.28 13.14 
3.28. 13.14 
1.2 12 

11.71 15.14 
68.7 687 
50 500 
8 80 

88 284 
0.032 0.16 

40 80 
0.2 0.33 

2.38 23.8 
0.0074 0.074 

0.21 2.1 
160 320 

Bird 
NOAEL I LOAEL 

109.7 1097 
NV NV 

2.46 7,38 
20.8 41.7 
NV NV 
1.45 20 

1 5 
1 5 

NV NV 
46.97 61.72 

NV NV 
100 1000 
1.13 11.3 
977 9770 

0.0064 0.064 
77.4 107 
.0.4 0.8 
5.44 54.4 
NV NV 

11.38 113.8 
14.49 130.9 

The sou'rces of these NOAELs and LOAELs are presented in Table 0.1-2 in Attachment 0-1 . 

The NOAELs and LOAELs in the source table were divided by 10 if a subchronic study was the 
basis for the value. Also, if only a NOAEL was available, the value was multiplied by 10 to 
estimate the LOAEL. If only a LOAEL was available, the valuewas divided by 10 to estimate 
the NOAEL. 

NV - No value available. 

• 
I 

• 

• 
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TABLE 0-2 

EXPOSURE PARAMETERS FOR THE TERRESTRIAL WILDLIFE MODEL 
NSWC CRANE, INDIANA 

Exposure Inputs Source 
Short-Tailed Shrew 
Body Weight = BW 1.525E-02 kg 1.687E-02 kg U.S. EPA, 1993 
Food Ingestion Rate = If 1.620E-02 kg/day 1.030E-02 kg/day .U.S. EPA, 1993 

. Water Ingestion Rate = Iw 4.300E-03 Uday 3.800E-03 Uday· U.S. EPA, 1993 
Soil Ingestion Rate = Is 4.860E-04 kg/day 1.545E-04 kg/day U.S. EPA, 2000 
Home Range = HR Assume 100% on site 9.700E-01 acres U.S. EPA, 1993 
Meadow Vole 
Body Weight = BW 3.290E-02 kg 3.660E-02 kg U.S. EPA, 1993 
Food Ingestion Rate = If 1.300E-02 kg/day· 1.200E-02 kg/day U.S. EPA, 1993 
Water Ingestion Rate = Iw 7.700E-03 Uday 6.400E-03 Uday U.S. EPA, 199~ 
Soil Ingestion Rate = Is 3.120E-04 kg/day 2.880E-04 kg/day. Beyer, et aI., 1994 
Home Range = HR Assume 100% on site 1.640E-01 acres U.S. EPA, 1993 . 

. Amencan Robm 
Body Weight = BW 7.730E-02 kg 8.100E-02 kg U.S. EPA, 1993 
Food Ingestion Rate = If 1.231 E-01 kg/day 9.760E-02. kg/day U.S. EPA, 1993 
Water Ingestion Rate = Iw 1.210E-02 Uday 1.130E-02 Uday U.S. EPA, 1993 
Soil Ingestion Rate = Is 1.280E-02 kg/day 1.015E-02 kg/day Beyer, et aI., 1994 
Home Range = HR Assume 100% on site 1.190E+00 acres U.S. EPA, 1993 . 
Bobwhite Quail 
Body Weight = BW 1.620E-01 kg 1.770E-Ol kg U.S. EPA, 1993 
Food Ingestion Rate = If 1.640E-02 kg/day 1.440E-02 kg/day U.S. EPA, 1993 
Water Ingestion Rate = Iw 2.310E-02 Uday 1.840E-02 Uday U.S. EPA, 1993 
Soil Ingestion Rate = Is 1.345E-03 kg/day 1.181 E-03 kg/day Beyer, et aI., 1994 
Home Range = HR Assume 100% on site 2.860E+Ol acres U.S. EPA, 1993 

. Raccoon 
Body Weight = BW 5.340E+00 kg 6.864E+00 kg U.S. EPA, 1993 
Food Ingestion Rate = If 1.651 E+OO kg/day 1.339E+00 kg/day U.S. EPA, 1993 
Water Ingestion Rate = Iw 5.698E-Ol Uday , 5.664E-Ol Uday U.S. EPA, 1993 
Sediment Ingestion Rate = Is 1.552E-01 kg/day 1.258E-Ol kg/day Beyer, et aI., 1994 
Home Range = HR Assume 100% on site 3.855E+02 acres U.S. EPA, 1993 
Belted Kmgfisher 
Body Weight = BW 1.360E-Ol kg 1.520E-01 kg U.S. EPA, 1993 
Food Ingestion Rate = If 7.580E-02· kg/day 6.890E-02 kg/day U.S. EPA, 1993 
Water Ingestion Rate = Iw 1.870E-02 Uday 1.670E-02 Uday U.S. EPA, 1993 
Sediment Ingestion Rate = Is 2,501E-03 kg/day 2.274E-03 kg/day Beyer, et aI., 1994 
Home Range = HR Assume 100% on site 2.185E+00 km U.S. EPA, 1993 

Notes: 
- The food ingestion rates presented in this table are on a wet weight basis; they will be converted 
. to dry weight values for use in the SERA as discussed in Attachment 0-1 .. 
- The sources of these values are listed in Table 0.1-1 in Attachment 0-1. 
- The soil/sediment ingestion rates were calculated by multiplying the food ingestion rates by 

the incidental ingestion percentage discussed in Attachment 0-1 for each surrogate receptor. 

\ 
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FIGURE 0-1. . 
NAVY ECOLOGICAL RISK ASSESSMENT TIERED APPROACH 

SWMUs 8 and 15 
NSWCCRANE 

CRANE, INDIANA 

Tier 1. Screening Risk Assessment (SRA): Identify pathways and· 
compare exposure point concentrations to benchmarks. 

Step 1: Site visit; Pathway Identification/Problem Formulation; 
Toxicity Evaluation 

t----I .. ~ Step 2: Exposure Esiimate;'Risk Calculation (SMDP)(1) 
~ Proceed to Exit Criteria 

forSRA 

Notes: 

1 
Exit Criteria for the Screening Risk Assessment (SRA): Decision for 

exiting or continuing the ecological risk assessment. 
1) Site passes SRA. A determination is made that the site poses acceptable 

risk and shall be closed out for ecological concems. 
2) Site fails SRA: The site must have both complete pathway and 

unacceptable risk. As a result the site will either have an interim cleanup or 
moves to the Tier·2. 

.1 

Tier 2. Baseline Ecological Risk Assessment (BERA): 
Detailed assessment of exposure and hazard to "assessment 
endpoints" (ecological qualities to be protected). Develop site' 
specific values that are protective'of the environment.. . 

Step 3a: Refinement of Conservative Exposure Assumptions(2) 
(SRA)----Proceed to Exit Criteria for Step 3a ---+--'~~ 

Step 3b: Problem Formulation - Toxicity Evaluation; 
Assessment Endpoints; Conceptual Model; 'Risk 
Hypothesis (SMDP) 

Step 4: Study Design/DQO - Line of Evidence; Measurement 
Endpoints; Work Plan and Sampling & Analysis Plan 
(SMDP) 

Step 5: Verification of Field Sampling Design (SMDP)' 
Step 6: Site Investigation and Data Analysis (SMDP) 
Step 7: Risk Cnaracterization 

L-____________ p_r_o_cee_d_to_E_xi_t_C_r_ite_r_ia_fo_r_B_E_R_A __ ~~ . 

Exit Criteria Baseline Risk Assessment 

Exit Criteria Step 3a Refinement 
1) If re-evaluation of the 

conservative exposure 
assumptions (SRA) supports an 
acceptable risk determination, 
then the site exits the ecological . 
risk assessment process. 

2) If re-evaluation of the 
conservative exposure 
assumptions (SRA) does nor 
support an acceptable risk 
determination, then the site 
continues in the BERA process. 
Proceed to Step 3b. 

1) If the site poses acc'eptable risk, then no further evaluation and no 
remediation from an ecological perspective is warranted . 

. 2) If the site poses unacceptable ecological risk and additional evaluation 
in the form of remedy development and evaluation is appropriate, 
proceed to Tier 3. I 

Tier 3. Evaluation of Remedial Alternative (RAGS C) 
A. Develop site-specific, risk-based cleanup values. 
B. Qualitatively evaluate risk posed to the environment by implementation of each 

altemative (short-term) impacts and estimate risk reduction provided by each (long
term) impacts; provide quantitative evaluation where appropriate. Weigh altemative 
using the remaining CERCLA 9 Evaluation Criteria. Plan for monitoring and site 
closeout. 

1 See U.S. EPA's 8 Steps ERA Process for requirements for each Scientific Management Decision Point (SMDP). 
2 Refinement Includes but is not limited to background, bioavailability, detection frequency, etc. 
3 Risk management is incorporated throughout the tiered approach . 



• Acronyms 
BERA - Baseline. Ecological Risk ·assessment 
[Bkg] - Background Concentration 
[CHEM] - Chemical Concentration. 
CMS - Corrective Measures Study 
COPC- Contaminant of Potential Concern 
ESL - Ecological Screening Level 
LOAEL - LowestObserved Adverse Effects Level . . 

Max - Maximum 
NOAEL - No Observed Adverse Effects Level 
ORNL - Oak Ridge National Laboratory 

Yes 

Retain chemical as a 
COPC and proceed to 
Step 3a. . 

• 
No Chemical is not a COPC 

Food Chain Model 
Step 3a 

Evaluation 
Is the COPC 

No Do not conduct 
food chain 
modeling for 
that chemical 

Plant Step 3a Evaluation 
Compare the chemical concentration to 
no-effects risk evaluation benchmark for 
plants 

Invertebrate Step 3a Evaluation 
Compare the chemical concentration to no
effects risk evaluation benchmark for 
invertebrates 

Yes 

Conduct food chain modeling using both maximum 
and average exposure scenarios and NOAELs 
and LOAELs to show the range of risks and· 
discuss other Step 3a Items 

. No 
. [Chemjmax> 

relevant. no-effects risk 
evaluation benchmarks for 
plants(l} or invertebrates(2}? 

Yes 

No 

Does the chemical have a food 
chain model EEQ > 1.0 using 
average exposure factors and 

the NOAELs? 

Conduct further evaluation of the other Step 3a factors as listed below: 
• habitat 
• frequency of detection/spatial distribution 
• magnitude of exceedence 
• background levels 
• chemical bioavailability 
• discuss risk evaluation benchmarks specific for risks to the receptor being 

evaluated 
o ORNL plant benchmarks (Efroymsonet al. 1997a,b 
o Canadian Soil Quality Guidelines (CCME, 1997) 
o Lit~rature data 

• other site-specific factors, as appropriate·and·available 

Are the potential risks 
from the chemical 
great enough to 

warrant additional 
evaluations? 

Yes 

Conduct additional evaluations (i.e., 
proceeding to a 8~RA, development of 
cleanup levels, preparation of eMS, etc.) 

Conclude no unacceptable 
site-related risk to ecological 
receptors from that chemical 

FIGURE 0-2 

GENERAL ERA PROCESS FOR EVALUATION OF RISKS TO CHEMICALS IN SURFACE SOIL AT NSWC CRANE, INDIANA 
SWMUs 8 AND 15. 

NSWC CRANE,CRANE, INDIANA 

No 



• Acronyms 
BERA - Baseline Ecological Risk assessment 
[Bkg] - Background Concentration 
[CHEM] - Chemical Concentration 
CMS - Corrective Measures Study 

• 
No· 

COPC - Contaminant of Potential Concern 
EEQ - Ecological Effects Quotient 

Chemical is not a COPC 

ESL - Ecological Screening Level 
LOAEL - Lowest Observed Adverse Effects Level 
Max - Maximum 
NOAEL - No Observed Adverse Effects Level 
TEC - Threshold Effects Concentration 

Invertebrate 
Step 3a 

Evaluation 
Yes 

Retain chemical as a 
CO PC and proceed to 
Step 3a. 

Food Chain 
Model Step 3a 

Evaluation 
Is the COPC 

bioaccumulative? 

Yes 

. I 

Compare [Chemjmax to the most appropriate lower 
effects level using the following order of 
preferences: 
• USEPA (2003) Sediment Quality Benchmarks 

for dieldrin and endrin . 
• Canadian Sediment Guidelines (OMOE, 1993) 

Lowest Effects Levels 

. Conduct food chain modeling using both 
maximum and average exposure . 
scenarios and NOAELs and LOAELs to 
show the range of risks and discuss 
other Step 3a Items 

• Long and Morgan (1991) Effects-Range Low 
• Long et aI., (1995) Effects-Range Low 
• Ecotox Thresholds (USEPA, 1996) Sediment 

Quality Benchmarks 
• Other values, as necessary and available 

[Chemjmai<> 
-lower effects 

level (if used))? 

• 
• 
• 
• 
• 
• 

• 
• 

Yes 

Yes 

No 

Does the chemical 
have a food chain 
model EEQ> 1.0 
using average 

exposure factors 
and the NOAELs? . 

Conduct further evaluation of the other Step 3a factors as listed below: 
habitat 
frequency of detection/spatial distribution 
magnitude of exceedence 
background levels 
chemical bioavailability 
average chemical concentrations compared to screening levels and lower 
effects levels (because sediment concentrations will change over.time 
from sediment transport) 
comparison to higher effect level (to show probablility of effects) 
other site-specific factors 

Are the potential risks from 
the chemical great enough 

to warrant 
additional evaluations 

Conduct additionai evaluations (Le., 
proceeding to a BERA, development of 
cleanup levels, preparation of eMS, etc.) 

Conclude no unacceptable 
site~related risk to ecological 
receptors from that chemical 
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Acronyms 
BERA- Baseline Ecological Risk assessment 
[Bkg] - Background Concentration 
[CHEM] - Chemical Concentration 
COPC- Contaminant of Potential Concern 
EEQ - Ecological Effects Quotient . 
ESL - Ecological Screening Level . 
LOAEL - Lowest Observed Adverse Effects Level 
Max - Maximum 
NOAEL - No Observed Adverse Effects Level 

Aquatic 
. Organisms Step 

3a Evaluation 
Is the COPC a 

metal? 

Is the [metal]max 
in the filtered 

samples ESL(1)? 

No 

Yes 

• 

Retain chemical as a COPC and 
proceed to Step 3a. 

[Chem] > 
[Skg]? 

Yes 

Yes 

. No 
Chemical is not a COPC 

Food Chain 
Model Step 3a 

Evaluation 
Is the COPC 

Yes 

No 

Conduct food chain modeling using both maximum and 
. average exposure scenarios and NOAELs and LOAELs 

to show the range of risks and discuss other Step 3a 
Items Surface water is included in the food chain model 
for surface soil and sediment, but chemicals in the 
surface water rarely cause adverse risks because of 
their low concentrations compared to the concentrations 
in soil or sediment.. 

No 

Does the chemical have a 
food chain model EEQ > 

1.0 using average 
exposure factors and the 

NOAELs based on the 
surface water portion of 

Conduct further evaluation of the other Step 3afactors 
• as listed below: 

• habitat 
• frequency of detection/spatial distribution 
• magnitude of exceedence 
• background levels 
• chemical bioavailability 
• average chemical concentrations compared to 

screening levels . 
• comparison to acute level (to show range of 

possible effects) 
• other site-specific factors 

Are the potential risks 
from the chemical 
great enough to 

warrant additional 

Yes 

. Conduct additional evaluations (i.e., 
proceeding tb a SERA, development of 

cleanup levels, etc.) 

Conclude no unacceptable 

Do not conduct 
food chain 
modeling for 
that chemical 

·-------:.--,----~~I . site-related risk to ecological ...... r-:-. ----------------------' 
receptors from that chemical 

. (1) If the ESL is ~he Minnesota water quality standard, it will be replaced with the USEPA water quality criteria or the Indiana water quality standard, whichever is most 
current. The screening levels for surface water will be adjusted for water hardness for metals whose criteria are hardness-dependent: 

FIGURE 0-4 

GENERAL ERA PROCESS FOR EVALUATION OF RISKS TO CHEMICALS IN SURFACE WATER AT NSWC CRANE,INDIANA 
SWMUs 8 AND 15 

NSWC CRANE, CRANE, INDIANA 
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ATTACHMENT 0-1 

The following sections present the receptor profiles for the meadow vole, American robin, northern 

. bobwhite quail, short-tailed shrew, raccoon, and belted kingfisher. The majority of the information for the 

profiles was obtained from the Wildlife Exposure -Factors Handbook (U.S. EPA, 1993). Incidental soil 

ingestion rates were obtained from the Estimates of Soil Ingestion by Wildlife (Beyer, et aI., 1994), except 

fot the shrew data, which were in U.S. EPA, 2000. The exposure parameters selected for this SERA 
. . 

work plan are based on animals collected in or near southern Indiana, when available. 

The food and water ingestion rates are presented in grams per gram (grams ingested per body weight)

day (gig-day) on a wet weight basis but will be converted to dry weight for the SERA. Also note that the 

estimated percentages of soil in the diets are listed in dry weight, while the other exposure factors are in 

wet weight. The home ranges for all species are presented in hectares in U.S. EPA, 1993 but were 
. . 

converted to acres in this work plan by multiplying the number of hectares by2A71. The only exception 

is the kingfisher's range, which is presented in kilometers of shoreline. 

The attached table ,(Table 0.1-1) presents the calculation of the exposure parameters. In this table, the 

ingestion rates in kg/day (or Uday) for the conservative scenario were calculated by multiplying the' 

maximum ingestion rate in gIg-day by the average body weight, while the ingestion rates in kg/day (or· 

Uday) for the average scenario were calculated by multiplying the average ingestion rate in gIg-day by 

the average body weight. Typically, a minimum body weight is used in the conservative models. 

However, using the minimum body weight to calculate the maximum ingestion rate sometimes causes the 

conservative ingestion rate to . be lower than the average ingestion rate, Therefore, the average body 

weight was selected to ensure that the ingestion rate for the conservative scenario was higher than the 

ingestion rate for the average scenario. The· minimum body weight will be used in the dose equation for 

the conservative scenario. The only exceptions to this were for the food ingestion rate for the raccoon 

and the water ingestion rates for the shrew, robin, and kingfisher. Because only one ingestion rate was 

available for these receptors, the maximum body weights were used to calculate the conservative 

ingestion rates, and the average body weights were used to calculate the average ingestion rates. 

Meadow Vole (Microtus pennsyllianicus) 

Meadow voles inhabit grassy fields, marshes, and bogs; however, they prefer fields with more grass, 

more cover, and fewer woody plants. They typically consume green succulent vegetation, sedges, 

seeds, roots, bark, fungi, insects, and animal matter. Green succulent vegetati~n makes up the majority 

of their diet. 

050419/P 0-1-1 CTO 0331 



The adult body weight for the vole in southern Indiana ranged from 32.9 to 39.1 g with an average of • 

36.6 g. The only listed food ingestion rates were for voles in Russia, which ranged from 0.3 to 0.35 

gIg-day, with an average of 0.325 gIg-day. The food ingestion rates were then multiplied by 0.30, the 

percent solids of young grass (Sample, et aI., 1997), to convert the ingestion rate from a wet-weight value" 

" to a dry-weight value. The water ingestion rates are 0.14 (estimated) and 0.21 gIg-day, with an average 

of 0.17q gIg-day. Finally, the incidental soil ingestion rate is calculated by multiplying the ingestion rate 

by the percentage of soil that is incidentally ingested (2.4 percent) from Beyer, et al. (1994). 

" The home range for the meadow vole was calculated using data from a Michigan old field. The values 

ranged from 0.0297 to 1.06 acres with an average home range of 0.164 acre. 

"Short-Tailed Shrew (Blarina brevicauda) 

Shrews inhabit a wide "variety of habitats and are common in areas with abundant vegetative cover. They 

need cool, moist habitats because of their high metabolic and water-loss rates. The short-tailed shrew is 

primarily carnivorous, eating insects such as earthworms, slugs, and snails. 

The adult body weight for the short-tailed shrew in various Pennsylvania habitats ranged from 15.25 to 

" 19.21 g with an average of 16.87 g. The listed food ingestion rates are for shrews in labs on Ohio . . '. . . 

(0.49 gIg-day), Wisconsin (0.43 to 0.96 gIg-day), and Virginia (0.541 gIg-day), with an average of 

0.61 gIg-day. The food ingestion rates are then multiplied by 0.16, the percent solids of worms (Sample, 

et aI., 1997), to convert the ingestion rate from a wet-weight value to a dry-weight value. The water 

ingestion rate was determined as 0.223 g/g"day in an Illinois laboratory. The incidental soil ingestion rate 

was calculated by multiplying the ingestion rate by the percentage of soil that is incidentally ingested" 

(assumed 3 percent for conseryative food-chain model and 1.5 percent for the average food-chain model) 

from U.S. EPA, 2000. Three percent is the 90th-percentile value "and 1.5 percent is the 50th-percentile 
\ " 

value from U.S. EPA, 2000. 

The home range for the shrew was calculated using data from a tamarak bog in Manitoba (only value 

available). The value was 0.97 acre. 

American Robin (Turdus migratorius) 

American robihs inhabit parks, lawns, moist forest, swamps, open woodland, and orchards. "Robins 

forage on the ground in open areas, along habitat edges, or the edges of streams. They also may forage 

above ground in shrubs and within the lower branches of trees. In the months proceeding and during the 
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6reeding season, robins ·feed primarily on invertebrates and on some fruits.· During the rest of the year, 

• :their diet consists primarily of fruits. 

The adult body weight for the American robin in New York woodlands and forests and in Pennsylvania 

ranged from 77,3 to 86.2 g with an average of 81 g. The only listed food ingestion rates were for robin in 

Kansas (1.52 gIg-day) and California (0.89 gIg-day), with an average of 1.205 gIg-day. The food 
. . 

· ingestion rates were then multiplied by 0.23, the percent solids of fruit (Sample, et al;, 1997), to convert 

· the ingestion rate from a wet-weight value to a dry-weight value. However, because it is assumed that 

100 percent of the robin's diet consists of worms for the food-chain models, the ingestion rate for the 
. . 

robin was calculated using field metabolism scaling as presented on the attached· table (Nagy, at ·al., 

1999). The water ingestion rate was estimated as 0.14 gIg-day. The incidental soil ingestion rate was 

calculated by multiplying the food ingestion rate by the percentage of soil that is incidentally ingested 

(10.4 percent for a woodcock) from Beyer, et al. (1994). 

The home range for the robin was calculated using data from an Ontario forest. The values ranged from 

0.37 to 2 acres with an average home range of 1.19 acres. 

Northern Bobwhite Quail (Colin us virginianus) 

• . . Quails inhabit grasslands, idle fields, pastures, and large clumps of grasses. Bobwhites forage in areas 

with open vegetation, some bare ground, and light litter. Seeds from weeds, woody plants, and gra~ses 

comprise the majority of an adulfs diet, although green vegetation has been found to dominate their diet 

in winter in the south. 

• 

The adult body weight for the bobwhite quail in southern Illinois agricultural areas ranged from 162 to 

185.5 g with an average of 177 g. The listed food ingestion rates are for quails in Kansas and Texas lab 

studies, and in a captive study from Massachusetts. The values ranged from 0.067 to 0.093 gIg-day, with 

· an average of 0.082 gIg-day. The food ingestion rates were then multiplied by 0.30, the percent sol.ids of 

young grass (Sample, et aI., 1997), to convert the ingestion rate from a wet-weight value to a dry-weight 

value. The water ingestion rate was estimated as 0.10 and 0.11 gIg-day, based on measurements in a 

Texas lab (0.086 to 0.131 gIg-day), with an average water ingestion rate of 0.104 gIg-day. The incidental 

soil ingestion rate is calculated by multiplying the food ingestion rate by the percentage of soil that is 

incidentally ingested (8.2 percent). The 8.2 percent is based on the incidental sediment ingestion rate of a 

· Canada goose (Beyer, et aI., 1994), which also consumes terrestrial vegetation, because an incidental· 

soil ingestion rate was not available for the quail. . 
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The home range for the quail was calculated using data from southern Illinois idle farms, woods, brush, 

and cornfields. The values for individuals ranged from 15.8 to 41.3 acres with an ~verage home range of • 

28.6 acres .. 

Raccoon {Procyon lotor} 

Raccoons are found near virtually every aquatic habitat, particularly in hardwood swamps, mangroves, 

floodplain forests, and freshwater and saltwater marshes. They are also common in suburban residential 

areas. They use surface waters for both drinking and foraging. They feed primarily on fleshy fruits, nuts, 

acorns, and corn but also eat grains, insects,.frogs, crayfish,'eggs, and virtually any animal and vegetable 

matter. 

The adult body weights were based on data from Illinois and range from 5,340 to 8,860 g, with an 

average of 6865 g. The average food ingestion rate of 1.3388 kg/day was calculated using the average 

body weight and the following equation from U.S. EPA; 1993: 

Where: . FI = 

BW = 

( 

FI = (0.0687) (BWo.s22)/0.25 

Food ingestion rate (kg/day) 

Body weight in kg 

To convert the food ingestion rate into a dry weight value, the mean percent solids content of bony fish 

(0.25) was incorporated into the equation (Sample, et al.,1997). The range of water ingestion rates is' 

listed as 0.082 to 0.083 gig-day. The incidental soil ingestion rate is calculated by multiplying the food 

ingestion rate by the percentage of soil that is incidentally ingested (9.4 percent), as presented in Beyer, 

eta!.,1994. 

Based on data from Michigan, home range sizes for the raccoon range from 266.9 to 504.1 acres, with an 

average home range of 385.5 acres. 

Belted Kingfisher {Ceryle ale yon} 

Belted kingfishers are typically found along rivers, streams, and the edges of lakes and ponds. They are 

also common along seacoasts' and estuaries. They prefer water that is free of thick vegetation and 

overhanging trees that obscure the view of the water. Because kingfishers eat primarily fish that swim 

near the surface or in shallow water, they require relatively clear water to see and catch their prey. 

• 

Although kingfishers feed predominantly on fish, they have been known to consume crayfish, crabs, • 
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mussels, lizards, frogs, toads, small snakes, turtles, insects, salamanders, newts, young birds, mice, and . 

berries. 

The adult body weights were based on data from Michigan, Pennsylvania, Ohio,' and Minnesota and· 
.. " 

range from .136 to 170 g, with an average of 152 g. The listed food ingestion rates are based on data 

from Michigan and range from 0.41 to 0.5 gIg-day. The food ingestion rates were then multiplied by 0.25, 

the percent solids of fish (Sample, et aI., 1997), to convert the ingestion rate from a wet-weight value to a 

dry-weight value. The. water ingestion rate is estimated as 0.11. gIg-day. The incidental sediment 

ingestion rate of was calculated by multiplying the ingestion rate by the percentage of sediment that is 

incidentally ingested (3.3 percent). The 3.3 percent .is based on the incidental sediment ingestion rate of 

a mallard (Seyer, et aI., 1994), which also consumes aquatic organisms, because an incidental sediment 

ingestion rate was not available for the· kingfisher. 

The home rang·e for the ki'ngfisher ranges from 0.39 to 2.185 km of shoreline, based on data from 

. streams in Pennsylvania and Ohio, 
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TABLE 0.1-1 

CALGULATION OF EXPOSURE PARAMETERS FOR WILDLIFE RECEPTORS 
NAVAL SURFACE WARFARE CENTER, CRANE, INDIANA 

Exposure Meadow Short-Tailed American Bo~white 
Parameters Vole Shrew Robin Quail Raccoon 

Body Weights (g) 32.9 35.5 17.61 16.87 77.3 180 181 7090 6160 
39.1 39 17.33 15.58 80.8. 168 183 7140 6440 

19.21 15.7 . 86.2 162 179 7600 5340 
17.4 15.25 83.6 175 175 6000 5620 

c· 77.4 178 183.2 6400 8860 
80.6 179 185.5 7740 7560· 

180 173 6560 7600 
162.8 180.4 

Minimum (Conservative Scenario) 32.9 . 15.25' 77.3 162 5340 
Maximum 39.1 19.21 .86.2 186 8860 

Average (Average Scenario) 36.63 16.87 81 177 6865 
Food Ingestion 0.3 0.35 0.49 0.77 0.89 0.067 0.079 
Rate (gig-day) (1)(2) 0.62 0.55 1.52 0.072 0.093 

0.43 0.96 0.09 0.089 
0.52 0.54 

Minimum 0.3 0.43 0.89 0.067 
Maximum 0.35 0.96 1.52 0.093 

Average 0.325 0.61 1.205 0.082 
Food Ingestion Rate (kg/day) . 

Conservative Scenario 0.013 0.016 0.123 0.016 1.65 
Average Scenario 0.012 0.01 0.098 0.014 1.34 

. water Ingestion 0.14 0.21 0.223 0.14 0.115 0.1 0.082 0.083 
Rate (g/g-day) 0.106 0.131 

0.093 0.101 
0.086 0.102 
0.11 0.1 

Minimum 0.14 0.223 0.14 0.086 . 0.082 
Maximum 0.21 0.223 0.14 0.131 0.083 

Average 0.175 0.223 0.14 0.104 0.083 
Water Ingestion Rate (Uday) 

Conservative Scenario 0.0077 0.0043 0.0121 0.0231 0.5698 
Average Scenario 0.0064 0.0038 0.0113 0.0184 0.5664 . 

Home Range (Ha) l~1 0.43 0.097 0.3925 0.15 7.6 6.4 204 108 
0.019 0.041 0.81 16.7 15.6 

~ 

0.Q13 0.033 
0.012 0.013 
0.043 0.057 
0.023 0.032 
0.051 0.078 
0.058 0.061 

Minimum (acres) (3) 0.0297 0.97 0.37 15.8 267 
Maximum (acres) (3) 1.06 0.97 2 41.3 504 

Average (acresl3) 0.164 0.97 1.19 28.6 385 

Notes: 
Source of data is US EPA, 1993. 
1 - Food Ingestion Rate (kg/day) for the raccoon was calculated using the following equation: 

FI = (0.0687)(BW 0.822)/0.25, where FI = Food Ingestion Rate (kg/day) and BW = Body Weight (kg). 
2 - Values presented are wet weight but will be converted to dry weight in the SERA as discussed in Attachment 0-1 .. 
3 - Home range for the kingfisher is presented in km of shoreline. 

Ingestion Rates (kglday or Uday) (if more than one ingestion rate is available) 
- Conservative value = Max Ingestion Rate (glg-day)* Avg. Body Weight 
- Ave~age value = Avg. Ingestion Rate (gig-day)*Avg. Body Weight 

Ingestion Rates (Uday) (if only one ingestion rate is available) 
-·Conservative value = Ingestion Rate (glg-day)* Max. Body Weight 
- Average value = Ingestion Rate (g/g-day)* Avg. Body Weight 

Belted 
Kingfisher 

150 
136 
158 
147 
148 
170 

136 
170 
152 

0.5 
0.41 

0.41 
0.5 

0.455 

0.076 
0.069 
0.11 

0.11 
0.11' 
0.110 

0.0187 
0.0167 

2.185 
1.028 
1.03 
0.39 

0.39 
2.19 
1.16 
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WILDLIFE TOXICITY DATA 



• 
Parameter 

Semivolatiles Organics 

Acenaphthene 
. Acenaphthene 

Acenaphthylene 

Anthracene 

Anthracene 

Benzo(a)anthracene 

Benzo(a)pyrene . 

Benzo(b)fluoranthene. 

Benzo(g,h,l)perylene 

Benzo(k)fluoranthene 
Bis(2·ethylhexyJ)phthalate 
Bis(2-ethylhexyl)phthalate 
Butylbenzylphthalate 

Buty1benzylphthiliate 

Chrysene 

Dibenzo(a,h)anthracene 
1,2·Dichlorobenzene 

1.4·Dichlorobenzene 

Diethyl phthalate 

Di·n·butylphthalate 

DI-n-butylphthalate 

7,12-Dimethylbenz(a)anthracene 

7,12-Dimethylbenz(a)anthracene 

Fluoranthene 

Fluoranthene 

Fluorene • Fluorene 

Hexachloroethane 

Hexachloroethane 

Indeno( 1,2,3-cd)pyrene 

Isophorone 

Isophorone 

2-Methylnaphthalene 

2·Methylphenol 

2-Methylphenol' 

Naphthalene 

. Naphthalene 
Pentachlorophenol 

Pentachlorophenol 

Phenol 
Phenol 

Pyrene 

Pyrene 

2.4 ,5-Trichlorophenol 

2;4,5· T richlorophenol 

2.4,6-T richlorophenol 
2.4 ,6· T richlorophenol 

, 

.. 
HerbICIdes 

Dinoseb 

2.4-0 

2.4·0 

2.4,5-T 

2.4,5-T .. PestIcIdes 

Aldrin 

Aldrin 

BHC (mixed isomers) 

BHC (mixed isomers) •• BHC (mixed isomers) 

beta-BHC 
be·ta·BHC 

gamma-BHC (lindane) 
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Species Primary Reference 

'175 NOAEL systemic subchronic mouse USEPA,1989a 

350 LOAEL systemic subchronic mouse USEPA, 1989a 

700 NOAEL mortalitylBW subchro'nic mouse USEPA,1989a 

1000 NOAEL systemic subchronic mouse . USEPA, 1989b 

1000 NOAEL reproductive Subchronic mouse USEPA,1989b 

17.1 NOAEL carcinogenic acute mouse Clayson et aI., 1968 

10 LOAEL reproductive chronic mouse Mackenzie and Angevine, 1981 

40 LOAEL carcinogenic chronic rodent Lo and Sandi, 1978 

72 . LOAEL carcinogenic chronic rodent Simms' and Overcash, 1983 

72· LOAEL carcinogenic chronic rodent Lo and Sandi, 1978 
18.33 . NOAEL reproductive chronic mouse Lamb et aI., 1987 
183.3 LOAEL reproductive chronic mouse Lamb et aI., 1987 
159 NOAEL systemic subchronic' rat NTP, 198.5a 

470 LOAEL systemic subchronic rat NTP, 1985a 

17.1 NOAEL carcinogenic acute mouse Clayson et aI., 1968 

13.3 LOAEL carcinogenic chronic mouse Lorenz and Siewart, 1948 

120 NOAEL systemic chronic rat NTP, 1985b 

300 LOAEL mortality chronic rat NTP, 1987 

4583 NOAEL reproductive chronic mouse Lamb et aI., 1987 

550 NOAEL reproductive chronic mouse Lamb et aI., 1987 

1833 LOAEL reproductive chronic mouse Lamb et aI., 1987 

2 NOAEL systemic chronic nestling/starlings Trust et aI., 1994 

20 LOAEL systemic chronic nestling/starlings Trust et aI., 1994 

125 NOAEL systemic subchronic mouse US EPA, 1988 

250 LOAEL systemic subchronic mouse USEPA, 1988 

125 NOAEL systemic subchronic mouse . USEPA, 1989c 

250 LOAEL' sysiemic subchronic mouse USEPA: 1989c 

1 NOAEL systemic subchronic . rat Gorzinski et aI., 1985 
15 LOAEL systemic . subchronic rat Gorzinski et aI., 1985 
72 LOAEL carcinogenic chronic rodent Simms and Overcash, 1983 

150 NOAEL systemic subchronic' . dog Nor-Am Agric. Products, 1972 

179 LOAEL systemic chronic rat NTP, 1984 

41 NOAEL mortality chronic rat Schmahl, 1955 

50 NOAEL neurotoxicity subchronic rat USEPA, 1996 and 1997 

150 LOAEL neurotoxicity Subchronic rat USEPA, 1996 and 1997 

71 NOAEL systemic subchronic rat BCL,1980 

142 LOAEL systemic subchronic rat BCL,1980 

0.24 NOAEL reproductive chronic rat Schwetz et aI., 1978 

2.4 LOAEL reproductive chronic rat Schwetz et aI., 1978 

60 NOAEL body weight subchronic rat NTP, 1983 
120 LOAEL body weight subchronic rat NTP, 1983 

75 NOAEL systemic subchronic mouse USEPA,1989c 
125 LOAEL systemic subchronic mouse USEPA, 1989c 

100 NOAEL systemic subchronic rat McCollister, et aI., 1961 

300 LOAEL systemic subchronic rat McCOllister, et aI., 1961 

4.2 NOAEL reproductive subchronic rat Exon and Koller, 1985 
42 LOAEL reproductive subchronic rat Exon and Koller, 1985 

1 LOAEL reproductive chronic rat Dow Chemical, 1981 

1 NOAEL systemic chronic rat Dow Chemical, 1983 

5 LOAEL systemic chronic rat Dow Chemical, 1983 

3 NOAEL reproductive chronic rat Kociba et ai, 1979 

10 LOAEL reproductive' chronic rat KoCiba et ai, 1979 

0.2 NOAEL reproductive chronic rat Treon and Cleveland, 1955 

1 LOAEL reproductive chronic rat Treon and Cleveland, 1955 

0.137 LOAEL reproductive chronic mink Bleavins et aI., 1984 

0.563 NOAEL reproauctive chronic Japanese quail Vos et aI., 1971 

2.25 LOAEL reproductive chronic Japanese quail Vosetal.,19n 

4 NOAEL systemic subchronic rat Van Velsen et aI., 1986 

20 LOAEL systemic subchronic rat Van Velsen et aI., 1986 

8 NOAEL reproductive chronic rat Palmer et aI., 1978 

Source of Reference 

IRIS, 2002 

IRIS, 2002 

PRC, 1996 

IRIS, 2002 

IT Corp, 1997 

PRC, 1998 

Sample et.al., 1996 

PRC, 1996 

PRC, 1996 

PRC, 1996 
Sampleet.al., 1996 
Sample et.al., 1996 

IRIS, 2002 

IRIS, 2002 

PRC, 1996 
'. 

PRC,1996 

IRIS, 2002 

. ATSDR .. 1998 

Sample et.al., 1996 

Sample et.al., 1996 

Sample et.al.; 1996 

IRIS, 2002 

IRIS, 2002 

IRIS, 2002 

IRIS, 2002 

IRIS, 2002 

IRIS, 2002 

PRC, 1996 

IRIS, 2002 
IRIS, 2002 

ATSDR,1989 

IRIS, 2002 
IRIS, 2002 

IRIS, 2002 

IRIS, 2002 

Sample et.al., 1996 

Sample et.al., 1996 

IRIS, 2002 
IRIS, 2002 

IRIS, 2002 
IRIS, 2002 

IRIS, 2002 

IRIS, 2002 

ASTOR,1999 

ASTOR,1999 

IRIS, 2002 

IRIS, 2002 

IRIS, 2002. 

IRIS, 2002 

IRIS, 2002 

Sample et.al., 1996 

Sample et.al., 1996 

Sample et.al., 1996 

Sample et.at., 1996 

Sample et.al., 1996 

Sample et.al., 1996 . 

Sample et.al., 1996 

Sample et.al., 1996 



Parameter 

gamma·BHC (lindane) 

Chlordane. 

Chlordane 

Chlordane 
.. 

Pesticides contd 

Chlordane. 

",4'-DDT 

4,4'-DDT 

4,4'-DDT 

4A'-DDT 

Dieldrin 

Dieldrin 

Endosuijan 

Endosulfan· 

Endrin 

Endrin 

Heptachlor 

Methoxychlor 

Methoxychlor 

Toxaphene 

Aroclor-1242 

Aroclor-1242 

Aroclor-1248 

Aroclor-1254 

Aroclor-1254 

Explostves 

1,3-Dinitrobenzene 

1,3-Dinitrobenzene 

2,4-Dinitrotoluene 

2,4-Dinitrotoluene 

m, 0, and p-Nitrotoluene 

HMX 

HMX 

RDX 

RDX 

Tetryl 

. Tetryl 

1,3,5-Trinitrobenzene 

1,3,5-Trinilrobenzene 

2,4,6-Trinitrotoluene 

Inorganlcs 

Aluminum 

Aluminum 

Antimony 

Arsenic 

Arsenic 

Arsenic 

Barium 

Barium 

Barium 

Barium 

Beryllium 

. Cadmium 

Cadmium 

Cadmium 

Cadmium 

Chromium(III) 

Chromium(III) 

Chrol]1ium(VI) 

Chromium(VI) 

Cobalt 

Coppei 

Copper 
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Concentration ChroniC/ 

(mg/kg-day) Eno;lpoint Effect Subchronic Species Primary Reference 

20 LOAEL reproductive chronic mallard duck Chakravarty and Lahiri, 1986 

. 2.14 NOAEL mortality chronic red-winged blackbird Stickel et aI., 1983 

10.7 LOAEL mortality ctironic red-winged blackbird Stickel et aI., 1983 

4.58 NOAEL reproduction chronic mouse WHO, 1984 

9.16 LOAEL' reproduction chronic mouse WHO, 1984. 

0.8 NOAEL reproductive chronic rat Fitzhugh,l948 

4 LOAEL reproductive chronic rat Fitzhugh, 1948 
0.052(1) LOAEL reproduction chronic brown pelican Anderson et aI., 1975 
0.009(1) NOAEL reproduction chronic brown pelican Anderson et aJ., 1975 

0.077 NOAEL reproduction chronic barn owl Mendenhall et aI., 1983 

0.2' LOAEL reproduction chronic rat . Treon and Cleveland, 1955 . 

1.5 NOAEL reproduction subchronic rat Dikshith et aI., 1984 

10 . NOAEL reproduction chronic gray partridge Abiola, 1992 

0.92 LOAEL reproduction chronic mouse Good and Ware, 1969 

0.1035 LOAEL reproduction chronic screech owl Fleming et al., 1982 

1 LOAEL reproduction chronic mink Crum et aI., 1993 

4 NOAEL reproduction chronic rat Gray et al., 1988 

B LOAEL reproduction chronic rat Gray et aI., 1988 

B NOAEL reproduction chronic rat Kennedy et aI., 1973 

0.6B5 LOAEL reproduction chronic mink Bleavins et aI., 1980 

0.41 NOAEL reproduction chronic screech owl McLane and Hughes, 19BO 

0.1 LOAEL reproductiVe chronic rhesus monkey Barsotti et aI., 1976 

1.8 LOAEL reproductive chronic pheasant Dahlgren et aI., 1972 

0.68 LOAEL reproduction chronic mouse McCoy et aI., 1995 

0.4 NOAEL reproduction subchronic rat Cody et aI., 19B1 

1.07 NOAEL reproductiVe subchronic rat Cody et aI., 19B1 

0.2 NOAEL neurotoxicity chronic dog Ellis et aI., 1985 

1.5 LOAEL neurotoxicity chronic dog Ellis et aI., 19B5 

200 LOAEL. systemic chronic rat Ciss et aI., 19BO 

30 NOAEL mortality subchronic mouse Everett and Maddock, 1985 

75 LOAEL. mortality subchronic mouse Everett arid Maddock, 19B5 

7 NOAEL reproduction chronic mouse Lish et aI., 1984 

35 LOAEL reproduction chronic mouse Lish et al.: 1984 

13 NOAEL reproduction subchronic rat Reddy et ai, 1994 

62 LOAEL reproduction subchronic rat .Reddy et al. 1994 

2.6B NOAEL systemic chroniC rat Reddy et ai, 1996 

13.31 LOAEL systemic chronic' 'rat Reddy et ai, 1996 

160. LOAEL reproductive subchronic rat Dilley et aI., 1982 

109.7 NOAEL reproductive chronic ringed dove Carriere et aI., 1986 

19.3 LOAEL reproductive chronic mouse Ondreicka et aI., 1966 

1.25 LOAEL lifespan chronic mouse Schroeder et al., 1968 

1.261 LOAEL reproductive chronic mouse Schroeder and Mitchner, 1971 

2.46 NOAEL mortality chroniC brown-headed cowbird USFWS, 1969. 

7.38 LOAEL mortality chroniC brown-headed cowbird USFWS, 1969 

5.1 NOAEL growlh chronic rat Perry et aI., 19B3 

198 LOAEL mortality subchronic rat Borzelleca et aI., 1988 

208.26 NOAEL mortality subchronic chicks Johnson et aI., 1960 

416.53 LOAEL mortality . subchronic chicks Johnson et aI., 1960 

0.66 NOAEL systemic chronic rat Schroeder and' Mitchner, 1975b 

'1 NOAEL reproductiVe .chronic rat Sutou et aI., 1960 

10 LOAEL reproductive chroniC rat Sutou et aI., 19BO.· 

1.45 NOAEL reproductive chroniC mallard duck White and Finely, 1978 

20 LOAEL reproductive chronic mallard duck White and Finely, 197B 

1 NOAEL reproductive chronic black duck Haseltine et aI., unpubl. 

5 LOAEL reproductive chronic blackduck . Haseltine et aI., unpubl. 

3.2B NOAEL BW/food cons. chronic rat Mackenzie et aI., 1958 

131.4 LOAEL mortality subchronic rat Steven et aI., 1976 

12 LOAEL growth chronic rat Domingo et aI., 19B5 

11.71 NOAEL reproductive chronic . mink Aulerich et aI., 19B2 

15.14 . LOAEL· reproductive chronic mink Aulerich et aI., 1982 

• 
Source of Reference 

Sample et.al.. 1996 

Sample et.al., 1996 

Sample et.aJ., 1996 

Sample et.al., 1996 

Sample et.al., 1996 

Sample etal., 1996 

Sample et.al., 1996 

USEPA,I995 

USEPA,I995 

Sample et.al., 1996 

Sample et.al., 1996 

ATSDR,1993 

Sample et.al., 1996 

Sample et.al:, 1996 

. Sample et.al., 1996 

Sample et.al., 1996 

Sample et.al., 1996 

Sample et.al., 1996 

Sample et.al., 1996 

Sample et.al., 1996 

Sample et.al., 1996· 

Sample et.al., 1996 

Sample et.al., 1996 

Sample et.al., 1996 

IRIS, 2002 

IRIS, 2002 

tRIS,2002 • IRIS, 2002 

HEAST,1997 

Talmage et aI., 1999 

Talmage et aI., 1999 . 

Talmage et aI., 1999 

Talmage ~t aI., 1999 

Talmage et aI., 1999 

Talmage et aI., 1999 

IRIS, 2002 

IRIS, 2002 

Talmage et aI., 1999 

Sample et.al., 1996 

Sample et.al., 1996 

Sample etal., 1996 

. Sample et.al., 1996 

Sample et.aJ:, 1996 

Sample et.al., 1996 

Sample et.al., 1998 

Sample et.al., 1996 

Sample eLal., 1996 

Sample et.al., 1996 

Sample et.al., 1996 

Sample et.al., 1996 . 

Sample et.al., 1996 

Sample et.al., 1996 

Sample et.al., 1996. 

Sample et.al., 1996 

Sample et.al., 1996 

Sample et.al., 1996 

Sample et.al., 1996 

Eng. Field Activity, 1998 • ATSDR,1989 

ATSDR,1989 



• 

• 

, .< 
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Concentration Chronicl 

Parameter (mglkg-day) Endpoint ' Effect Subchronic Species Primary Reference 

Copper 46,97 NOAEL mortality . chronic chicks Mehring et aI., 1960 

Copper 61.72 ,LOAEL. mortality chronic chicks Mehring et aI., 1960 

Cyanide 68.7 NOAEL reproductive chronic rat Tewe and Maner, 1981 

Iron 500 LOAEL unknown 'chronlc ' rabbit NAS, 1980 

Iron 1000 LOAEL unknown chronic poultry NAS, 1980 

Lead 8 NOAEL reproductive chronic rat Azar et aI., 1973 

Lead 80 LOAEL reproductive chronic rat Azar·et aI., 1973 

Lead 1.13 NOAEL reproductive chronic Japanese quail Edens et aI., 1976 

. Inorganics contd. 

Lead 11.3 LOAEL reproductive chronic Japanese quail Edens et aI., 1976 

Manganese .977 NOAEL growth chronic , Japanese quail Laskey and Edens, 1985 

Manganese 88 NOAEL reproductive chronic rat Laskey lit al.; 1982 

Manganese 284 LOAEL reproductive chronic rat Laskey et aI., 1982 

Mercury , 0.064 LOAEL reproductive chronic mallard duck Heinz, 1979 

Mercury 0.032 NOAEL reproductive chronic' rat Verschuuren et aI., 1976 

Mercury 0.16 LOAEL reproductive chronic rat' Verschuuren et aI., 1976 

Nickel 40 NOAEL ' reproductive chronic rat Ambrose et aI., 1976 

Nickel 80 LOAEL reproductive chronic rat Ambrose et al:, 1976 

Nickel 77.4 NOAEL mortality chronic mallard duck Cain and Pafford, 1981 

Nickel 107 LOAEL mortality chronic mallard duck Cain and Pafford,1981 

Selenium 0.4 NOAEL 'reproductive chronic. mallard duck Heinz et aI., 1989 

Selenium 0.8 LOAEL reproductive chronic mallard duck ' .Heinz et aI., 1989 

Selenium 0.2 NOAEL reproductive' chrooic rat Rosenfeld and Beath, 1954 

Selenium 0.33 LOAEL reproductive . chronic rat. , Rosenfeld and Beath, 1954 

Silver 54.4 LOAEL survival chionic chicks Petersen and Jensen, 1975 

Silver 23.81 LOAEL weight loss chronic, mouse Rungby and Darischer, 1984 

Thallium 0.74 LOAEL reproductive subchronic' rat Forniigli et aI., 1986 

TIn 23.4 NOAEL reproductive chronic mouse Davis et aI., 1987 

Tin 35 LOAEL reproductive chronic mouse Davis et aI., 1987 

Tin 6.76 NOAEL reproductive chronic Japanese quail Schlatterer et aI., 1993 

Tin 16.9 LOAEL reproductive chronic Japanese quail Schlatterer et aI., 1993 

Vanadium 2.1 LOAEL reproductive chronic rat Domingo et aI., 1986, 

. Vanadium 11.38 NOAEL mortality,BW chronic mallard duck White and Dieter, 1978 

Zinc 160 NOAEL ' reproductive chronic rat Schlicker and Cox, 1968 

Zinc 320 LOAEL reproductive chronic rat Schlicker and Cox, 1968 

Zinc 14.49 NOAEL reproductive chronic white leghorn hen Stahl et al., 1990 

Zinc 130.9 LOAEL reproductive ch'ronic white leghorn hen· Stahl et al.; 1990 

Notes: The NOAELS and LOAELS for the PAHs that do not have values are based on the benzo(a)pyrene values. 

The NOAELS and LOAELS for the PAHs for birds are based on 7,12-dimethylbenz(a)anthracene. 

1 - TheLOAEL of 0.052 mg/kg-day was the recalculated LOAEL for the referenced study by assumming a lag time for the reduction of DDT (see USEPA: (995) 

The NOAEL of 0.00.9 was calculated by dividing the original LOAEL of the referenced study (0.027Tng/kg-day) by an uncertainty factor of 3. 

Source of Reference 

Samille et.al., 1996 

Sample et.al., 1996 

Sample et.al., 1996 

Sample et.al., 1996 

Sampleet.al."I996 

Sample et.al., 1996 

Sample et.al., 1996 

Sample et.al., 1996 

Sample et.al., 1996 

Sample et.al.: 1996 

Sample et.al., 1996 

Sample et.a!:, t996 

Sample et.al., 1996 

. Sample et.al., 1996, 

Sample et.aI., 1996 

Sample et.a/., 1996 

Sampleet.al.,I996 

Sample et.al., 1996 

Sample et.al., 1996 

Sample, et.al., 1996 

Sample et.al., 1996 

Sample et.al., 1996 

Sample et.al., 1996 

Sample et.al., 1996 

Sample et.al., 1996 

Sample et.al., 1996 

,Sample et.al., 1996 

Sample et.al., 1996 

Sample et.al., 1996 

Sample et.al., 1996 

Sample et.al., 1996 

Sample et.al., 1996 
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1.0 . PURPOSE 

. STANDARD OPERATING PROCEDURE 

NUMBER CT0331-01 

. SAMPLE LABELING 

.NSWCCrane 
. Draft QAPP 

Revision: 0 
. Date: July 2004 
Section: SOP _CT0331-01 

Page 1 of 3 

This Standard Operating Procedure (SOP) describes' the procedures to be used for labeling sample 

. containers. Sample labels are used to' document the sample ID, date, time, analysis to be performed, 

preservative, matrix, sampler, and the analytical laboratory. A sample label will be attached to ·each 

sample container. The label for each container will contain identical information. 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT 

Writing utensil 

Disposable medical-grade gloves (e.g. latex, nitrile) 

Sample logsheets 

. Required sample containers: All sample containers for analysis by fix-ba~ed laboratories will be supplied 

and deemed certified clean by the laboratory. 

Preprinted sample labels 

Chain-of-custody records 

Sealable polyethylene bags 

Heavy-duty cooler· 

Ice 

'3~ PROCEDURES 

3.1. . The following information will be printed on the labels prior to field activities. 

• Project number (CTO 331) ,. Project location (NSWC Crane) .. Sample ID 

• Preservative 

• Analysis to be performed 
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• Matrix type 

• Laboratory name 

r NSWCCrane 
Draft QAPP 
Revision: 0 

Date: July 2004 
Section: SOP _CT0331-01 

Page 2 of 3 

3.2 Preprinted sample labels will be prepared before the team mobilizes to the field. Check to 

determine if 

• One sample label exists for each sample container that is to be collected for all media during 

the "field activities. 

• The information printed on each label is correct. 

• Extra blank labels are brought to the site in case additional environmental samples or QA 

samples are collected that are not anticipated in the QAPP. Additional blank labels should 

also be brought to the site in case a sample 'container is broken or some of the preprinted 

labels are accidentally lost before they are attached to a container. 

3.3 Once at the 'field site, sample containers should have labels affixed before sampling activities 

begin. " 

3.4 Select the labeled containers that are appropriate for a given sample and fill in the date, time, and 

sampler's initials just before sampling begins. Use a black waterproof marker or pen. 

"3.5 Fill the appropriate containers with sample material. Securely close the container lids without 

overtightening. 

3.6 Write the same date, time, and sampler's initials on the label. 

3.7 Place the sample container in a ziplock plastic bag and place in a cooler containing ice." 

3.8 Fill in appropriate information on the Sample Coilection Log Form and the Chain-of-Custody 

Form. 

Example sample labels and tags are attached at the end of this SOP: " 

4.0 ATTACHMENTS 

1. Sample Label 
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1.0 PURPOSE 

STANDARD OPERATING PROCEDURE 

NUMBER CT,0331-02 

SAMPLE IDENTIFICATION NOMENCLATURE' 

NSWCCrane 
DraftQAPP 
Revision: 0 

Date: July 2004 
Section: SOP _ CT0331-02 

Page 1 of6 

The :purpose cif this Standard Operating' Procedure (SOP) is to' establish a consistent sample 

nomenclature system that will facilitate subsequent data management at the Naval Surface Warfare 

. Center (NSWC). The sample nomenclature system has been devised such that the followjng objectives 

can be attained. 
\ 

• Sorting of data by site, iocation, or matrix 

• Maintenance of consistency (field, laboratory, and database sample numbers) 
" 

• Accommodation of all project-specific requirements 

• Accommodation of laboratory sample number length constraints 

• Ease of identification and direct link to site and year 

The' NSWCCrane Environmental Protection Department must approve any deviations from this 

, procedure. 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT 

Pen with indelible ink 

Sample tags 

Sample container labels 

3.0 SAMPLE IDENTIFICATION NOMENCLATURE 

3.1 Monitoring Samples 

• 

All. monitoring samples collected at NSWC Crane will be properly labeled with a sample label affixed to the 

sample' container and a tag tied around the neck of the sample container. Each sample will be assigned a 

unique sample tracking number. The sample tracking number will consist of a four- or five-segment 

aipha-numeric code that identifies the sample's associated solid waste management unit (SWMU) or 
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associated site, sample type, location, and, for aqueous samples, where applicable, whether a sample is 

filtered, and/or the sample round number. For soil or sediment samples, the final four tracking numbers 

will identify the depth at which the soil or sediment sample was collected. 

The alpha-numeric coding to be used in the NSWC Crane sample system is explained in the diagram and 

the subsequent definitions: 

AorNN 
'2 to 5-

Characters 

SWMU,Site 
Name,orSite 

Number 

Character Type: 

A 

N 

= 
= 

AA 

Sample Type 

Alpha 

Numeric 

AorN 
2 to 5-Characters 

Location 

NN and/or A 
Aqueous only 

Round Identifier 
and/or Filtered 

SWMU, Site Name, or Site Number: 

08 
" 

15 

18 

19 

= 
= 

= 

20 _ 

OGTSL= 

Sample Type: 

050419/P 

GW 

ID 

SB 

SD 

SP 

SS 

ST 

SW 

-. 

Building 106 Pond 

Roads and Grounds Area 

Load and Fill Area Buildings 

Pyrotechnic Test Area 

Crane Army Ammunition Activity 

Old Gun Tub Storage Lot 

Groundwater Sample from a Permanent Monitoring Well. 

Investigation-Derived Waste Sample 

Soil Boring Sample 

Sediment Sample 

Seep Sample or Spring Sample 

Surface Soil Sample 

Storm Sewer Water Sample 

Surface Water Sample 

NNNN 
Soils and Sediment 

only 

Depth Interval 
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.' The sample location code is the well numper, soil' sample location, sediment sample location, or the 

stream sample location (i.e., surface· water, springs, or seeps).' The location code for each sample is 
· , 

listed on figures and tables in the site-specific work plan. Existing well numbers are used when unique. 

New wells will be designated by a SWMU or site number, followed by "MW" for permanent monitoring well, 

· "TW" for temporary well, etc.; a "T" for Tetra Tech NUS; and numbered sequentially, by SWMU, beginning 

with zero one (MWT01). 

Well clusters that are newly installed by TtNUS (two or more wells in 'close proximity) iri the .same 

investigative effort will be designated with the letter P followed by the num~er2, 3, 4, etc~ The number 

signifies the well depth ,in relation to other wells in that cluster. This two-digit code will follow the well 

identification. Using well T02 as. an example of a three-well cluster, the well identification will be as 

follows: 

T02 

T02P2 = 
T02P3 = 

The deepest w~lIin the cluster. 

Intermediate well 

Shallowest well in the cluster 

. .' . 

Note: To keep the sample identification nomenclature to a minimum number of characters and to avoid 

redundancy, "MW". (monitoring well) is used for text, figures, and tables and replaced with "GW" 

(groundwater) in the sample identification. For example, MWT01 would be GWT01. 

Round Identifier and/or Filtered: 
. \ 

This code section will be used for aqueous samples only. 

Round Identifier: 

A two-digit round identifier will be used to track the number of aqueous samples (GW, SW) taken from a 
I 

particular aqueous sample location: The first sample collected from a location will be assigned round 

identifier 01, the second 02, etc. This applies to both existing and proposed monitoring wells and surface 

· water locations. 

Filtered: 

Water samples that are field filtered (dissolved analysis) will be identified with an "F" in the last code 

section. No entry in this segment signifies an unfiltered (total) sample. 
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Depth Interval: 

This code section will be used for soil and sediment samples only. 

The depth code is used to note the depth below ground surface (bgs) at which a soil or sediment sample 

is collected. The first two numbers of the four-flumber code specify the top interval, and the third and 

fourth specify the bottoininterval in feet bgs (soil) or inches bgs (sediment) of the sample. The depths will 

, be noted in wholenumbers only; further detail, if needed, will be recorded on the sample log shElet, boring 

10g,logbook,etc. 

Depth (for soils, in feet bgs) 

0002 = soil collected from 0 to 2 feet bgs 

0204 = soil collected from 2 to 4 feet bgs 

0810= soil collected from 8 to 10 feet bgs 

, Depth (for sediments, in inches bgs) 

0006= sediment collected from 0 to 6 inches bgs 

0612= sediment collected from 6 to 1,2 inches bgs 

3.1.1 Examples of Sample Nomenclature 

The groundwater sample collected from existing monitorin'g well 01 at the Building 106 Pond FilllB 146 

Incinerator (SWMU 08) for a filtered sample would be designated as 08GW01 01 F. 

The unfiltered groundwater sample collected from new monitoring well MWT01 at SWMU 08 would be 

designated a!5 08GWT01 01. 

A 'surface soil sample collected from soil boring 03 at SWMU 19 at the 0- to 2-foot interval would be 

designated as 19S5030002. 
~ 

r 

A subsurface soil sample from the same soil boring 03 at an interval of 4 to 5 feet bgs would be 

designated as 19SB030405. 

A sediment sample collected at SWMU 19 from 0 to 6 inches at location 14 would be designated as 

19SD140006. 
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A surface soil sample collected from soil boring 03 at theOGTSL at the 0- to 2-foot interval would be 

designated as OGTSLSS030002. 

3.2 . Field Quality Assurance/Quality Control (QAtQC) Sample Nomenclature 

Field QA/QC samples are described in .the approved field sampling plan and QAPP. They will be 

. designated using a different coding system. The QC code will consist of a three- tofoLir-segment alpha

·.numeric code that identifies the sample QC type, the date the sample was collected, and the number of 

this type of QC sample collected on that date. 

AA NNNNNN· NN 

QCType Date Sequence Number 
(per day) 

The QC types are identified as: 

TB = Trip Blank 

RB = Rinsate Blank (Equipment Blank) 

FD = Field Duplicate· 

AB = Ambient Conditions Blank 

SB = Source Water Blank 

F 

Filtered 
(aqueous only, if needed) 

The sampling time recorded on the Chain-of-Custody Form, labels, and tags for duplicate samples will be 
\ n 

. ··0000 so that the samples are "blind" to the laboratory. Notes detailing the sample number, time, date, and 

type. will be recorded on the sample log sheets and will document the location of the duplicate sample 

(sample log sheets are not provided to the laboratory). 

3.2.2 Examples of Field QAtQC Sample Nomenclature 

The first duplicate of the day for a filtered ground water sample collected on June 3, 2000 would be 

designated as FD06030001 F. 

The third duplicate of the day taken of a subsurface soil sample collected on November 17, 2003 would be 

designatE!d as FD11170303. 

The first trip blank associated with samples collected on October 12, 2000 would be designated as 

TB10120001. 

050419/P CTO 0331. 



NSWCCrane 
Draft QAPP 
Revision: 0 

Date: July 2004 
Section: SOP _CT0331-02 • 

Page 6 of 6 

The only rinsate blank collected, on November 17, 2001 would be designated as RS 11170101. 

• 

• 
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SAMPLE CUSTODY AND DOCUMENTATION OF FIELD ACTIVITIES 

,1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes the procedures for sample custody and 

, documentation of field sampling and field analyses activities. 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT 

The following logbooks, forms, and labels are required. 

Site logbook 

, Field logbook 

• Sample label 

Chain-of-Custody Form 

• 

Custody seals 

Equipment calibration log 

!Vionitoring Well Inspection Form 

Water-Level Measurement Form 

Low-Flow Purge Data Sheet 

'GroundWater Sample Log Sheet 

Surface Water Sample Log Sheet 

3~ PROCEDURES 

This section describes custody and documentation procedures; All entries made into the logbooks, 

• custody documents, logs, and log sheets described in this SOP must be made in indelible ink (black is 

,preferred). No erasures are permitted. If an incorrect entry is made, the entry will be crossed out with a 

single strike mark, initialed, and dated. 
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3.1 Site Logbook 

The site logbook is a hard-bound, paginated, controlled-distribution record book in which all major 

on-site activities are documented. At. a minimum, the· following activities and events will be 

recorded (daily) in the site logbook: 

• All field personnel present 

• Arrival/departure of site visitors 

• Arrival/departure of equipment 

• Start or completion of sampling activities . 

.• Daily on-site activities performed each day 

• Sample pickup information 

• Health and safety issues 

• Weather conditions 

The site logbook is initiated at the start of the first on-site activity (e.g., site visit or initial 

. reconnaissance survey). Entries are to be made for every day that on-site activities take place. 

The following information must be recorded on the cover of each site lo·gbook: 

• Project name 

• Project number 

• . Book number 

• Start date 

• End date 

Information recorded daily in the site logbook need not be duplicated in other field notebooks but 

must summarize the contents of these other notebooks and refer to specific page locations in 

these notebooks for detailed information (where applicable). At the completion of each day's 

entries, the site logbook must be signed and dated ·by the field. operations leader (FOL). 

:3.2 Field Logbooks 

050419/P 

The field logbook is a separate dedicated notebook used by field personnel to document his or 

her activities in the field. This notebook is hardbound and paginated. 
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Adhesive sample container labels must be completed and applied to every sample container. 

Information on the label includes the project name; location, sample number, date, time, 

, preservative, analysis, matrix, sampler's initials, and the' mime of the laboratory performing the 

analysis. 

3.4 Chain-of,Custody Form, 

The Chain-of-Custody Form (COC) is a mUlti-part form that is initiated as samples are acquired 

and accompanies a sample (or group of samples) a~ it is transferred from person to person. 

Each COC is numbered. This form must accompany any samples collected for laboratory 

chemical analysis. A copy of a blank COC form is attached at the end of this SOP. 

The FOL must include the name of the laboratory in the "Remarks" section to ensure that the 

samples are forwarded to the correct location. If more than one COC is necessary for any cooler, 

the FOL will indilate "Page _ of _" on each COCo The original (top) signed copy of the COC 

will be placed inside a large Ziploc-type bag'and taped !nside the lid of the shipping cooler. Once, 

the samples are received at the laboratory, the' sample custodian checks the contents of the 

cooler(s) against the enclosed COC(s). Any problems are noted on the enclosed COC Form 

(bottle breakage, discrepancies between the sample labels, COC form, etc.) and will be resolved 

through communication between the laboratory point-of-contact and the Task Order Manager 

(TOM). The COC Form is signed and retained by the laboratory and becomes part of the 

sample's corresponding analytical data package. 

3.5 Custody Seal 

The custody seal is an adhesive-backed label with a number on each seal. It is part of the chain

of-custody process and is used to prevent tampering with samples after they have been collected 

in the field and sealed in coolers for transit to the laboratory. The custody seals are signed and 

dated by the samplers and affixed across the opening edges of each cooler (two seals per cooler) 

containing environmental samples. The laboratory sample custodian will examine the custody 

,seal for evidence of tampering and will notify the TOM if evidence of tampering is observed . 
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3.6 Equipment Calibration Log 

The Equipment Calibration Log is used to document calibration of measuring equipment (e.g., 

multi-parameter water-quality meter) used in the field. The Equipment Calibration Log documents 

'that the manufacturer's instructions were followed for calibration of the equipment; including., 

frequency and 'type of standard or calibration device. An Equipment Calibration Log must be 

maintained for each electronic measuring device requiring calibration. Entries must be made for 

each day the equipment is used. 

3.7 Monitoring Well Inspection Form 

The Monitoring Well Inspection Form is used to document the inspection of existing monitoring 

wells in accordance with SOP CT0331-09. 

3.8 Water~Level Measurement Form 

The Water-Level Measurement Form is used to document the determination of water levels in 

monitoring wells in accordance with SOP CT0331-18. 

3.9 Low-Flow Purge Data Sheet 

The Low-Flow Purge Data Sheet is used to document field measurements made while purging 

wells to stabilization in accordance with SOP CT0331-16. 

3;10 Ground Water Sample Log Sheet 

The Ground Water Sample Log Sheet is used to document the samples taken from a monitoring 

well at the end of low-flow well purging. This sheet is used in conjunction with SOP CT0331-05. 

3.11 S.urface Water Sample Log Sheet 

050419/P 

The Surface Water Sample Log Sheet is I,lsed to document the samples collected from surface 

waters. This sheet is used in conjunction with SOP CT0331-19. 
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The Soil and Sediment Sample Log Sheets are used to document the sampling at soils and 
~ , 

sediments. This sheet is used in conjunction with SOP CT0331-08 and SOP CT0331-20. 

4.0 ATT ACHMENTS 

1. Chain-at-Custody Record 
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BOREHOLE ADVANCEMENT AND SOIL CORING USING 

, DIRECT~PUSHTECHNOLOGY 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) describes the procedures for collecting surface and subsurface 

soil cores from unconsolidated overburden materials using direct-push technology (OPT) at the NSWC 

Crane facility, 

2~0 REQUIRED FIELD FORMS AND EQUIPMENT 

, Cut-resistant non-latex Impermeable Gloves 

Cotton gloves 

Disposable medical-grade gloves (e.g., latex, nitrile) 

Writing utensil 

Boring log sheets: A copy of this form is in~luded in SOP CT0331-07 

Photoionization detector (PID) (see SOP CT0331-06) 

Geoprobe® or equivalent OPT equipment 

Geoprobe® Macrocore Sampl,er or equivalent 

Geoprobe® Sampling Kit or equivalent 

Clear acetate liners: one new liner for each soil core 

Required decontamination materials (see SOP CT0331-17) 

Bentonite pellets 

3.0 , BOREHOLE ADVANCEMENT AND SOIL SAMPLING USING A GEOPROBE® 

OPT will be employed to collect soil cores. OPT refers to sampling tools and sensors that are driven 

directly into the ground without the use of conventional rotary drilling equipment. OPT typically utilizes 

hydraulic pressure and/or percussion hammers to advance the' sampling tools. Geoprobe® is a 

manufacturer of a hydraulically powered, percussion/probing machine utilizing OPT to collect subsurface 

environmental samples. 
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3.1 Clear the area to be sampled of any surface debris (herbaceous vegetation, twigs, rocks, litter, 

etc.). 

3.2 Place a new clear acetate liner in the detachable Macrocore core barrel.and attach the coring 

device to the Geoprobe® rig. 

3.3 Drive the macrocore sampler (lined. with acetate) into the ground to a depth of 2 feElt using 

hydraulic pressure. The 0- to 2-foot depth soil interval is considered to be the surface soil. 

3.4 . Retract the sampler from the borehole and remove the acetate liner and the soil core from the 

Macrocore barrel. 

3.5 . Attach the metal trough from the Geoprobe0 Sampling Kit firmly to the tailgate of a vehicle. If a 

vehicle with a tailgate is not available, secure the trough on another suitable surface. 

3.6 Place the acetate liner containing the soil core in the trough. 

. 3.7 While wearing cut-resistant gloves (constructed of non-latex over cotton), cut the acetate liner 

through its entire length using the double-bladed knife that accompanies the Geoprobe0 Sampling 

Kit. Then remove the strip of acetate from the trough to gain access to the collected soils. 

CAUTION: Do not attempt to cut the acetate liner while holding it in your hand. 

3.B Scan the entire length of the soil core for VOCs using the PID. Record the specific depth interval 

and the associated PID reading on the Boring Log Sheet. Collect a soil VOC sample using 

Encore samplers from the soil interval that had the highest PID reading. If no above-background 

PID readings were detected, collect the VOC sample from an interval that is discolored or displays 

other visual signs of being contaminated. If no visual sign of contamination is evident, collect the 

soil VOC sample from the ce.nter of the core interval (i.e., 1-foot depth). Details for collecting a 

VOC sample using the Encore sampler are included in SOP CT0331-0B. 

3.9 Log the soil core on t~e Boring Log Sheet (see SOP CT0331-07). 

3.10 Place the soil core in a stainless-steel mixing bowl, homogenize, and collect the remainder of the 

soil sample aliquots, as described in SOP CT0331-B. 
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3.11 Repeat steps 3.2 through 3.11 for the next depth intervals. 
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3.12 The depth to bedrock should be recorded on the Boring Log and the estimated moisture content 

of the soil and the presence or absence of water in the boring should be noted. 

3.13 If readings fronithe PID are all at background levels below field screening criteria, then excess 

. soil core materials will be returned to the hole and tamped. If insufficient soil is available to fill the 

hole to the ground surface, then bentonite pellets mixed with the soil will be used to backfill the 

hole. 

3.14 . If screening instruments indicate that contaminants may be present in the soil materials, then all 

excess soil core materials will be placed in a plastic bag (or drum if larger quantities). The. bag will 

be tagged identifying the locations and depths from where the soils came from and the date. The 

. bag will then be placed in a 55-gallon drum and stored on site until laboratory analyses of the soil 

are completed and classification of the soil waste materials can be determined (see SOP 

CT0331-15) . 

3.15 If soil materials from the boring are suspected of being contaminated (see 3.14 above), the soil 

boring will be backfilled with bentonite pellets up to the ground surface. 

3.16 Decontaminate all soil sampling equipment in accordance with SOP CT0331-17 before collecting 

the next sample. 

/ 
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This Standard Operating Procedure (SOP) establishes the procedure for collecting ground water samples. 

from perm'anent and temporary m.onitoring wells. Low-flow sampling techniques will be used for ground 

·water sampling at the NSWC' Crane facility .. 

0 •• 

2 .. 0 . REQUIRED FIELD FORMS AND EQUIPMENT 

The following field forms and equipment are required for low-flow sampling of monitoring wells: 

Writing utensil (preferably black ink) 

Stainless steel Geoprobe Screen Point Groundwater Sampler (or equivalent) 

Ground Water Sample Log form: A copy of this form is attached at the end of this SOP 

Low Flow Purge Data Sheet: A copy of this form is attached at the end of this SOP 

Bound field log book 

Chain-of-Custody Form' 

Bladder pump 

Photoionization Detector (PID) 

Peristaltic pump 

Silicon tubing 
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Teflon tubing 

Required sample containers' with appropriate preservative: All ~ample containers for analysis by , 
fixed-base laboratories will be supplied and deemed certified clean by the laboratory. 

Surgical gloves 

Water-level indicator 

0.45-micron filter cartridge 

Bucket: to collect development/purge water 

Calculator, wristwatch, and timer 

.' ' Stainless steel clamps 

Plastic storage bags 

Shipping containers with ice 

3.0 SAMPLING PROCEDURES FOR PERMANENT MONITORING WELLS 

3.1 Ground water sampling may be initiated when the monitoring well has been purged and stabilized 

in accordance with SOP CT0331-16.' 

3.2 Record the sample start time (using military time) on the Ground Water Sample Log Sheet. 

Record the field measurements for pH, oxidation-reduction potential (ORP), specific conductance, 

temperature, dissolved oxygen, and turbidity. 

3.3 With the pump continuing to run, disconnect the flow-through cell from the pump discharge tube 

and immediately start filling sample bottles directly from the pump discharge. All sample 

containers will be supplied by the laboratory, and the laboratory will pre-preserve all sample 

containers, where appropriate. 
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3.4 Allowthe pump discharge to flow gently down the inside of the container with minimal turbulence 

when filling sample containers.' Avoid immersing the discharge tub~ into the sample as the 

sample container is being filled. Sample containers for volatile constituents (VOCs) must be 

completely filled so that no headspace exists inthe container. The VOC vials will be filled to the 

top so that a convex meniscus is formed. Gently secure the cap, turn the. via} upside down, and 

3.5 

( check to see if any air has been trapped inside the viaL If so, open the cap, reform the meniscus, 

and attempt again to secLire the lid without trapping air in the sample. ' All other sample containers 

can have air space included when the container lid is secured. 

Cap each container immediately after filling. 

3.6 Record the sample time on the Ground Water Sample Log Form, the sample label, and the 

sample label. '. 

3.7 Place the tagged sample container into a plastic storage bag and then into a cooler containing 

ice. 

3.8 Enter the proper information on the Chain-of-Custody Form for each sample container (see SOp· 

CT0331-03). 

3.9 Repeat steps 3.3 through 3.9 for each sample container collected . 

. 3.10 The pump rate should not be adjusted after sampling has commenced. If it becomes necessary 

to adjust the pump rate, document the change on the Ground Water Sample Log Form. 

3.11 All samples will be collected into pre-preserved bottles (if required) supplied by an approved 

laboratory. All samples will be collected in the following sequence (where applicable): 

• Volatile organic compounds (VOCs) 

• Other organics 

• Metals 

• Other Inorganics 

• Filtered Metals (only if turbidity reading> '1 0 NTU, see section 3.13 below) 
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3.12 If the . last turbidity measurement prior to the commencement of sampling showed turbidity to be 

greater than 10 nephelometric turbidity units (NTUs), then filtered aliquots of ground water will be 

collected and analyzed for dissolved metals. Without turning off the pump, attach a disposable, 

inline, 0.45-um filter cartridge !'it the end of the discharge tube. Fill sample co~tainers marked for 

dissolved metals so that the laboratory knows that these aliquots are distinct sample fractions al'1d 

that the results should be reported as dissolved analytes. 

3.13 Repeat steps ~.5 through 3.9 for the filtered sample containers. 

·3.14 After completion of sample collection, remove the bladder pump (if bladder pump is used for 

sampling) from. the well and decontaminate the pump following the procedures in SOP 

. CT0331-17. Leave dedicated tubing inside the well for possible future sampling events. 

3.15 Replace the outer protective well cap'and lock the well. 

3.16 All equipment should be cleaned and packed into the sample vehicle, along with the sample 

. cooler for transport. Disposable gloves and other equipment should be placed in a plastic trash 

bag and handled as investigation-derived waste (SOP CT0331-15). 

4.0 SAMPLING PROCEDURES FOR TEMPORARY WELL POINTS 

4.1 . Ground water samples may be collected from temporary well screens inserted into auger holes or 

OPT soil borings. The temporary well screens can be constructed of PVC or stainless steel. 

42 Once the water table has been encountered, and the Geoprobe hole or auger hole has been 

completed, insert a 0.75- to 1.0-inch diameter slotted PVC well screen and .riser to the bottom of 

the hole. 

4.3 ... Field screening of volatile organic vapors (VOCs) in the borehole shall be done using a PID. 

4.4 . The temporary well screen will be allowed to equilibrate for at least 15 minutes. Measure water 

level in well every 5 minutes and record on the Low Flow Purge Data Sheet. 

4.5 Development of the screen point will be accomplished using a peristaltic pump and Teflon tubing . 
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Insert the intake end of a length of Teflon tubing to the bottom of the screen point and attach a . 

length of ,silicon tubing (approximately 1 foot) to the discharge end of the Teflon tubing. The 

silicon tubing will, be threaded around the rotor of the pump and out of the pump. 

4.7 . The Teflon tubing w'ill be lifted and lowered slightly while the pump is operating. The maximum 

pump rate will be approximately 2 liters per minute during development. However, the yield of the 

formation will dictate the pumping rate. Measure water level in well every 5 minutes and record 

on the Low Flow Purge Data Sheet. 

4.8 Measurement of pH, specific conductance, turbidity, dissolved' oxygen, ORP, and temperature 

shall be recorded every 5 to 10 minutes during the development process using a water quality 

meter and flow-through ceiL 

4.9 The screen point will be pumped until discharge water is visibly clear, the turbidity readings do not 

improve over time, or the well screen goes dry. 

4.10 Once ttie w~ter has cleared or will clear no further, the pumping rate will be lowered to 50 to 

100 mL per minute. Stabilization is achieved after two consecutive readings taken at 5 to 

10 minutes intervals of the following field parameters has ,occurred: 

• pH +/- 0.1 standard units 

• Turbidity +/- 10% for values greater than 1 NTU 

• Specific conductance +/- 3% 

• Temperature +/- 3% 

• ORP +/- 10 millivolts 

, • Dissolved oxygen +/- 10% 

4.11 

050419/P 

If the above condition(s) have not been met after three well point volumes have been removed, 

this will be recorded on the field sample form and the ground water sample collection can 

commence. 

Samples will be collected using the peristaltic pump set at a flow rate of1 00 mL per minute or 

less, depending on the yield of the formation. Samples will be collected directly from the pump 

discharge tubing. The pump shall operate continuously between development, purging, and 

sampling. 
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. . 

4.12 Record the sample date and time (using military time) on a TtNUS Ground Water Sample Log 

Sheet and on a chain of custody form . 

. 4.13 Record the sample date and time (using military time) on an adhesive-backed sample label and 

affix the sample label securely to the sample container. 

4.14 With the pump continuing to run, allow the pump discharge to flow gently down the inside of the 

sample container with minimal turbulence when filling sample containers. Avoid immersing the 

discharge tube into the sample as the sample container is being filled. 

4.15 CC\P eachcontain.er immediately after, filling. 
\ ... 

4.16 Place the sample container into a ziplock bag and then into a cooler containing ice. 

4.17 Repea(steps 4.14 through 4.17 for each sample container collected. 

.. 4.18 The pump rate should not be adjusted after sampling has commenced. If it becomes necessary 

to adjust the pump rate, document the change on the TtNUS Ground Water Sample Log Sheet. 

4.19 All samples will be collected into pre-preserved bottles (if required) supplied by an approved 

laboratory. Table 1-3 of the FSP includes information on preservation requirements and types of 

sample containers. The hierarchy of filling sample containers is as follows: 

• Volatile organics 

• . Other Organics 

• Total metals 

• Other Inorganics 
. . 

• Filtered metals (only if turbidity reading> 10 NTU, see section 4.20 below) 

This hierarchy takes into consideration the volatilization sensitivity of groundwater samples. 

• 

4.20 If the turbidity of a: ground water sample is greater than 1 0 NTU and a total metals sample aliquot 

is collected, then a dissolved metals aliquot will also be collected .. A single-use, disposable, in-

line OAS-micron filter cartridge shall be used to collect dissolved metals samples.' Attach the • 
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. filter cartridge to the discharge end of the pump tubing. Prior to filling containers with filtered 

sample, rinse the filter cartridge with approximately 100-ml of water from the boring ,to, be , 

sampled. Direct' the discharge from the filter cartridge into the sample bottle and collect the 

filtered sample. Types of sample containers, sample volume, preservation requirements, arid 

holding times are summarized in Table 1,-3 of the FSP. ' The laboratory will supply all sample 

containers, 'and the laboratory will, pre-preserve sample containers where appropriate. 

4.21 Once all of the sample containers have been filled, the pump shall be shut off. Record the, 

, sample date and time (in military time) on an adhesive-backed sample label and affix the sample 

label securely to the sample container. Record the end time for sampling on a TtNUS , 

Groundwater Sample Log Sheet. 

4.22 Once collection' of samples is complete, remove tubing from temporary well screen' and discard 

as investigation-derived waste (lOW, see SOP CT0311-1S). The screen point shall be removed 

from the boring and decontaminated in accordance with the procedures oytlined in' SOP 

CT0331-17. 

• 4.23 Proceed to abandon the borehole with bentonite chips and excess soil core material. 

5.0 ATTACHMENTS 

1. Ground Water Sample Log Sheet 
( 

2. Low Flow Purge Data Sheet 

• 
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GROUND WATER SAMPLE LOG SHEET 
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CALlB'RATION AND USE OF PHOTOIONIZATION DETECTOR 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes procedures for the maintenance, calibration, and 

use of a photoionization detector (PID). The Photovac 2020 Photoionization Air Monitor will be used 
, • J 

",'during the NSWC Crane facility investigation. The procedures for its use are discussed in detail in the 

following sections. , 

·2.0 GLOSSARY 

Electron-volt (eV) - A unit of energy equal to the en~rgy acquire<;l by an electron IAIhen it passes through a 

potential difference of 1 volt in a vacuum . 

Intrinsically Safe (loS.) - Based on wiring, configuration, design, operation, gasketing, construction, this 

instrument may be employed within locations where flammable gases and/or vapors may exist. 

Io'nization Potential (loP.) -' The energy required to remove an electron' from a molecule yielding a 

positively charged ion and a negatively charged free electron. The instrument measures this energy 

level. 

Photoionization Detector WID) - Photoionizatibn detector is employed as the general reference to air 
, . I , 

monitors of this type. PID's detection method employs ultraviolet (UV) radiation as an energy source. As 

,air and contaminants, are drawn through the ionizatio'n chamber, the' UV light ~ource causes the 

contaminant with ionization potentials equal to or less than the UV source to break into positive and 

negatively charge ions. The created ions are subjected to an electrostatic field. The voltage difference ,is 

measured in proportion to the calibration reference and the concentration of the contaminant. 

Ultraviolet Radiation (UV) Lamp - Ultraviolet radiation is the energy source emplo'yed by the instrument to 

.ionize collected sample gas streams. The UV lamp source is required to be equal to or greater than the 

ionization potential of the substance drawn through the instrument in order to create separate ionized 

species. 
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3.0 REQUIRED EQUIPMENT 

. ·:Pen 

. Equipment Calibration Form 

·.Photoionization detector 

Isobutylene calibration gas (i.e., span gas) 

Regulator 

4D PROCEDURES 

A:1 . Principle of Operation 

) 
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The Photovac portable photoionizer detects many organi~ (and a few inorganic) species. The basis for 

detection of this. instrument is the ionization of components in gaseous streams. The incoming gas 
.' . { , 

molecules are subjected to ultraviolet (UV) radiation, which is energetic enough to ionize. many 

compounds associated with industrial activities. Molecules are transformed into charged-ion pairs, 

creating a current between two electrodes. Each molecule has a characteristic ionization potential, which 

is the energy required to remove an electron from the molecule, yielding a positively charged ion and a 

free electron. The instrument measures this energy level. 

. This instrument measures the concentration of airborne photoionizable gases and vapors and 

automatically displays and records these concentrations. It does not distinguish between individual 

substances. Readings displayed represent the total concentration of all photoionizable chemicals present 

in the sampl~. This instrument is factory-set to display concentration in units of pp~ or mg/m3
• The 

meter display updates itself once per second. 

The 2020 also performs short-term exposure. limit (STEL), time-weighted average (TWA), and PEAK 

calculations. Any of these results can be viewed, but only one mode may be viewed at a time. 

The 2020 has six keys for alphanumeric entry and for accessing multiple functions. The keys· are used to 

set up and calibrate 2020. They allow the user to manipulate the concentration data in various ways. 

All information entered with the keys and stored in the 2020's memory is retained when the instrument is 

switched off. The clock and calendar continue to operate and do not need to be set each time the 2020 is 

turned on. 
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The 2020 has a meter display for reporting detected concentration and a display used for status/ 

· information to guide you through configuration options. All functions of the 2020 will be controlled o.r 

reported using one af these displays. 

4.1.1".1 Meter Display 

The meter display is four digits. It will always be used for reporting detected concentration. When the 

detector and pump are off, the meter display will be blank. 

In ·'order to accommodate the range of concentratians the 2020 can detect, the meter reading will be 

reported using one of two resolutions. A resolutian af 0.1 will be used far concentratians below 100 ppm, 
J • 

and a resalution of 1 will be used far cancentrations above 100 ppm. 

4.1.1 .2 . Status Display 

The status display is a two- line b~ 16-character display. The top line is used to. display status informatian 

and prompts the user far inputs. The battom line is used for soft key names. Up to three \names can be 

di~playedfar the three saft keys. If a name daes nat appear far a saft key, then the saft key has no. 

associated functian .. 

4.1.2 Keys 

4.1.2.1 Fixed Keys 

The three round keys b~low the saft keys each have a fixed function. The first key is the ON/OFF key, 

the middle key is the EXIT k~y, and the last key is the ENTER key. 

The ON/OFF key is used to both turn power on and aff. To turn on the 2020, press the ON/OFF key. To 

turn the power off, press the ON/OFF key and hald it dawn far 2 seconds, and then release it. This is 

· done to prevent accidental pawer off. 

· The EXIT key pravides a way"of returning to the default display. In the functional map, the soft keys allaw 

the user·to advance and the EXIT key provides a way to. go. back. If the user is at the initial entry af the 

menu, EXIT will return you to the default display. 

050419/P CTO 0331 



NSWCCrane 
DraftQAPP 
Revision: 0 

Date: July 2004 
Section: SOP _CT0331-06 • 

Page 4 of 21 

The ENTER key has a context sensitive function. When the user is operating or navigating through the 

function map, the ENTER key is used to exit the' functions and return to the default display. When 

· entering data such as a name, number, date, or time, ENTER is used to confirm the entry. 

4.1.2.2 Soft Keys 

· The three soft keys on t.he 2020 are located directly below the status display.' Each key has varying 

functions for configuring the 2020, editing the data logger, and controlling the display. Because only three. 

· soft keys are available, each function is broken down into a path. 

4.1.2.3 Entering Text with the Soft Keys 

For all information that is entered, the left, center, and right soft keys correspond to the up, down, and 

right arrow. 

The up and down arrows are used to change the character highlighted by the cursor. The right arrow is 

used to advance the cursor to the next character on the right. When the cursor is advanced past the right 

most character, it wraps around to the first .character again. To accept the changes, press the ENTER • 

key. To ignore the change, press EXIT. 

Formatting characters, such as the colon (:) in the time, the decimal (.) in a concentration, and the slash 

(I) in the date, are skipped when advancing the cursor. 

All inputs are an eight-character input, which .is displayed on the right side of the top line of the status 

di~play. The prompt, describing the input, occupies the left half of the top line. The soft keys are defined 

· on the bottom line of the status display. 

4.2 Default Display 

The meter display shows the detected concentration. The resolution of the display changes with the 

magnitude of the reading. A reading of 0 to 99.9 will be displayed with a resolution of 0.1 ppm. A reading 

greater than 99.9 'will be shown with a resolution of 1 ppm or 1 mg/m3
• The meter will display 

concentrations up to 2000 ppm or 2(99) mg/m3
• 

The status display is used to display the instrument status, date, time, units, and active soft keys. 
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The default display provides the following information: instrument status, current detected concentration, 

time, date, and measurement units. The status display toggles between showing time and units and then , 
the date. 

When the display mode is MAX, the date and time correspond to the date and time the MAX 

concentration was recorded. In TWA mode, the time represents the number of hours and minutes during 

which the TWA has been accumulating. For PEAK and STEL monitoring, the date and time correspond 

. to the current date and time. 

Monitoring 

4.3.1. Instrument Status 

The instrument status is shown on the left of the first line of the status display and on the Table and 

Graph outputs. Each status has a priority assigned to it. If more than one status is in effect, then. the' 

status with the highest priority is displayed until the condition is corrected or until the option is turned off. 

4.3.2 Alarms 

. While operating the instrument, anyone of three alarm conditions can occur. To accurately identify the 

source of the alarm, each type of alarm has been given a unique status. 

In addition to the-status, the 2020 also has an audible alarm and a visual alarm LED. To conserve power, 

the 2020 alternates between these two alarm indicators, rather, than operating both concurrently. 

Different alarms are identified by the frequency at which the 2020 alternates as follows: PEAK alarm, 5 

times per second; STEL alarm, 2.5 times per second; and TWA alarm, 1.25 times per second . 

. The left softkey is used for acknowledging alarms, and is labeled "Ack." If no alarm exists,then the "Ack" 

key is not shown. To clear the alarm, press the "Ack" key. Once acknowledged, the alarm indicators are 

cleared. The alarm status will remain until the alarm condition clears. 

The 2020 updates' the peak concentration once every second. Following every update, the peak 

. concentration is compared to the peak alarm level, and,if exceeded, an alarm is triggered. 

If a 15-minute average concentration exceeds the selected STEL, a STEL alarm is generated . 
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The TWA alarm is generated when the current average concentration over an 8-hour period, since the 

TW A was last cleared, has exceeded the TWA exposure limit. 

During calibration, all alarms are disabled. Once the calibration is complete, the alarms are re-enabled. " 

4A STEL, TWA, MAX, and PEAK Operation 

The 2020's meter display can be configured to show one of four values: STEL, TWA, PEAK, and MAX. 

4.4.1 Short-term Exposure Limit Mode 

The STEL mode displays the concentration as a 15cminute moving average. The 2020 maintains 15 

samples, each representing a 1-minute averaging interval. 

Once every minute, the oldest of the 15 samples is replaced with a new 1-minut~ average. This moving 

average provides" a 15-minute average of the last 15 minutes with a 1-minute update rate. Because the 

average is calculated using 15 one-minute averages, "the meter display will only update once every 

minute. 

"The STEL is set to zero each time the instrument is turned on. Because STEL is a 15-minute moving 

average, there is no need to clear or reset the STEL. 

STEL calculations are always being performed by the 2020.. The user can display the results of the 

"calculations by selecting "STELl! as the Display mode. 

4.4.2 Time-weighted Average (TWA) Mode 

The TWA accumulator sums concentrations every second until 8 hours of data have been combined. If 

this value exceeds the TWA alarm setting, a TWA alarm is generated. The TWA is not calculated using a 

moving average. Once 8 hours of data have been" summed, the accumulation stops. In order to reset the 

twA accumulator, press the "Clr" key. 

This sum will only be complete after 8 hours, so the meter displays the current sum divided by 8 hours. 

While in TWA mode, the time on the status display will show the number of minutes and hours of data 

that TWA has accumulated. When this reaches 8 hours, the 2020 stops accumulating data and the TWA 

is complete. 
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TWA calculations are always being performed by the 2020. The 'user can display the results of the 

calculations· by selecting TWA as the Display mode. 

4:4.3 . MAX Mode 

'.l:he MAX mode displays the maximum signal, with the date and time that it was recorded. The 2020 

continues to log data according to the selected averaging interval, but only the maximum detected 

concentration is displayed on the meter display. 

The right soft key is used to clear the meter when displaying MAX. The "Clr" key only affects the reading 

·that the meter is displaying. For example,if the MAX reading is displayed, and "Clr" is pressed, only the 

MAX value is cleared. The TWA is still accumulating in the background. 

4.4.4 PEAK Mode 

The PEAK mode displays the current detected concentration. The reading is updated once a second. In 

the background, the 2020 data logger is sampling the concentration and measuring minimum, maximum, 

and average concentrations for the selected averaging interval. At the end of every interval, one entry is 

placed in the data logger until the data logg.er is full. For CTO 166, the instrument should be operated in 

this mode. Operation within the other specialized modes is the responsibility of the SSO. 

4.5 Set Functions 

Set functions are used to set up the 2020. Three functions can be set on the 2020: Pump, Clock, and 

Calibration. 

'4.5.1 Pump 

The Pump function is used to control the pump. After selecting "Set Pump," the 2020 responds by 

displaying the new pump status. 

The detector is also turned off when the pump is turned off. This prevents the detector fror:n being 

damaged when there is no sample flowing through the qetector. 

. .' 

When the pump and the detector are off, the meter display will be blank: Turn the pump and detector off 

when concentration measurements are not necessary, and the 2020 will only be used for reviewing data 
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or generating reports. By operating the· instrument with. the pump and detector off when they are not 

needed, the lives of the battery and ultraviolet (UV) lamp will beconseNed. 

To.setthe pump:· 

1. Press the ENTER key. The top line of the status display changes to "Select?" The bottom line 

displays three 'soft key names: "Set," "Log," and "Disp." 

2. Press the soft key below "Set." 

" 
3. The names of the soft keys change to reflect the Set options. The display now shows three 

devices that can be set: "Clock," "Pump," and "CaL" Press the "Pump" key. 

4. The 2020 turns the pump off. If the pump was off, pressing "Pump" will turn the pump on. 

5. A message will be displayed to show the status of the pump. The 2020 reverts back to the 

previous .menu after a few seconds. 

6. To return to the default display, press the ENTER key. 

4:5.2 Clock 

The Clock function is used to set both. the current date and time. 

To set the clock: 

:1. Press the ENTER key. 

2. Press the "Set" key. 

3. When the names of the soft keys change, press the "Clock" key. 

The up and down arrows are used to change the character underlined by the cursor. The. right 

arrow ·is used to advance the cursor to the next character on the right. When the cursor is 

advanced past the right-most character, it wraps around to the first character again. 
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Formatting characters, such as the colon (:) in the time and the slash (I) in the date are skipped 

when advancing the cursor. 

4. Use the "arrow keys" to enter the correct time. The time is formatted as Hour:Minute:Second. 

5.. Press the ENTER key to confirm the time and move to the date option. 

6. When setting the date, the 2020 prompts for the current date formatted as Year/Month/Day. Use 

the "arrow keys" to enter the correct date. 

7. Press the ENTER key to confirm' the date and return to the Set options. Wait for the display to , 

timeout or press ENTER to return to the default display. 

4.5.3 Calibration (Cal) 

"Cal" allows the user to set up and calibrate the 2020. There are three options under the Cal function: 

"Zero," "Span," and "Mem." 

A calibration memory.consists of a name, a response factor, and PEAK, TWA, and STEL alarm levels. 

The "Zero" arid "Span" keys are covered· in detail in the manufacturer's operations manual for the 

instrument. 

To edit the calibration memory, select "Mem" and then "Chng." The 2020 prompts the user with two new 

soft keys: "User" and "Lib." 

.4.5.4 Library (Lib) 

Library selections simplify Cal Memory programming and provide standard response factors for 

approximately 70 applications. "Lib" allows the user to select an entry ·from a pre-programmed library. 

The name, response factor, and three alarm levels are all set from the library. To select a library entry to 

program the selected Cal Memory: 

1. Select "Set," "Cal," "Mem," "Chng," and "Lib." 

2. . Use the "Next" and "Prev" keys to scroll through the list. See the manufacturer's manual 

Appendix 8.7 for a list of the library entries. 
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4.6 Preparing for Field Operation of the Photovac 2020 

Turning The 2020 On 

1. Turn the 2020 on by pressing the ON/OFF key. 

2. The 2020 will display the software version number. Wait for the 2020 to proceed to the default 

display. 

3. Allow 10 minutes for the instrument to warm up and stabilize. 

4. Press the Enter Key. The default display will provide three soft key selections, "Set," "Log," and· 

"Display." 

5. Press "Set." From this option, three other soft key selections will be offered: "Pump," "Clock," 

and "Cal.·" 

6 . Press "Cal." This will begin the calibration sequence, The first selection is to zero the instrument. 

. 7. Press Enter; zeroing will begin. (Note: When employing zero gas, attach and activate zero gas 

supply at this time.) 

8. The next selection offered will be Span. Press Enter, at which time the concentration will be 

requested. The isobutylene calibration gas employed under general service will be marked on 

the side of the container. Use the soft keys to toggle into position and to log the concentration. 

Once the concentration is logged, press "Enter." The direction .on the status display will indicate 

spanning. At this time, hook up the span gas with 'a regulator to the Photovac 2020 and open it to 

supply enough flow to elevate the flow rate indicator to the green indicator line (1/8 inch from the 

rest position). 

9. .Once spanning is complete, the alarms, which have been disabled during calibration, will activate, 

indicating that calibration is complete. 

10. 

050419/P 

Document this calibration procedure using a Document of Calibration form (included in 

Appendix A). 
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. Calibration is to be performed daily or prior to each use, in accordance with this section. 

, 

4.7 Maintenance and Calibration Schedule 

Function Frequency 

Routine Calibration Prior to each use. 

Factory Inspection and Calibration Once· a year, or when malfunctioning. 

Wipe Down the Outer Casing of the Unit . After each use. 

Clean UV Light Source Every 24 hours of operation. 

Sample Inlet Filter Change ~n a weekly basis or as required by level of 
use. ., 

~attery charging After each use. 

Clean ionization chamber Monthly. 

4.7.1 Cleaning the UV Light Source Window 

1. Turn the FUNCTION switch to the OFF position. Use the 2020 multi-tool and remove the lamp 

housing cover. CAUTION: The UV lamp is delicate and expensive; handle careful!y. 

2. Tilt the lamp housing with one hand over the opening; slide the lamp out of the housing. 

3. The lamp window may now be cleaned with any of the following compounds using lens paper: 

a. 11.7 eV Lamp - Dry Aluminum Oxide Powder (3.0 micron powder) 

b. All other lamps-HPLC Grade Methanol . 

4. Following cleaning, reassemble by first sliding the lamp back into the lamp housing. Replace the 

o-ring as necessary; reinstall the lamp housing cover, and tighten it using the 2020 multi-tool. 

(Do not over tighte"n.) 

5. Recalibrate the instrument as per Section 4.6 . 
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4.7.2 Cleaning the Ionization Chamber 

.1. Turn the FUNCTION switch to the OFF position and remove the lamp housing cover and lamp as 

per Section 4.7.1. 

2. Using a gentle jet of compressed air, gently blowout any dust or dirt. 

3. .Following cleqning, reassemble by first sliding the lamp back into the lamp housing. Replace the 

o-ring as necessary, reinstall the lamp housing cover,. and tighten it using the 2020 multi~tool. 

(Do not over tighten.) 

4. Recalibrate the instrument as per Section 4.6. 

4.8 Instrument Advantages 

.. The Photovac 2020 is easy to use in comparison to many other types of monitoring instrumentation. Its 

detection limit range is in the low parts-per-million range. Response rapidly reaches 90 percent scale of 

the indicated concentration (less than 3 seconds for benzene). This instrument's automated performance 

covers multiple monitoring functions simultaneously, incorporating data logging capabilities. 

4.9 Limitations of the Photovac 2020 Photo ionization Monitor I 

• Because the 2020 is a nonspecific total gas/vapor detector, it cannot be used to identify unknown 

chemicals; it can only quantitate them in relationship to a calibration standard (relative response 

ratio). 

•. 'For appropriate application 'of the 2020, ionization potentials of suspected contaminants must be 

known. 

'..Because the types of compounds that the 2020 can potentially detect are only a fraction of the 

chemicals possibly present at a hazardous waste site or incident, a background or zero reading on 

.this instrument does not necessarily signify the absence of air contaminants. 

• The 2020 instrument can only monitor certain vapors and gases in air. Many nonvolatile liquids, toxic 

solids, particulates, and other toxic gases and vapors cannot be detected. 
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PIDs aregeneraJly not specific. Their response to different compounds is relative to the calibration 

gas used. This is referred to as relative response ratio. Instrument readings may be higher or lower 

than the true conCentration. This can' be an especially serious problem when monitoring for total 

contaminant concentrations if several different compounds are being detected at once. 

• The 2020 is a small, portable instrument that cannot be expected to yield results as accurately as 

laboratory instruments. ' 

4;9.1 Variables Affecting Monitoring Data 

Monitoring a hazardous waste site environment can pose a significant challenge in assessing airborne 

concentrations and the potential threats to site personnel. Several variables may influence both 

dispersion and the instrument's ability to detect actual concentrations~ Some of the variables, which may 

impact these conditions, are as follows: 

• 'Temperature' - Changes in temperature or pressure will influence volatization and affect ,airborne 

concentrations. Additionally, an increase or decrease in temperature ranges may have an adverse 

effect on the instrument's ability to detect airborne concentrations. 

• Humidity - Excessive levels of humidity may interfere with the accuracy of monitoring'results. 

• Rainfall - Through increased barometric pressure and ,water, rainfall may influence dispersion 

pathways affecting airborne emissions. 

• Electromagnetic interference - High voltage sources, generators, other electrical equipment may 

interfere with the operation and accuracy of direct-reading monitoring instruments. 

/ 
5.0 TROUBLESHO·OTING 

5.1 Fault Messages 

,When the "Fault" status is displayed, the 2020's operation is compromised. 

, Fault 1: Signal from zero gas is too high. 

Cause: If another fault occurred while the 2020 was setting its zero point, then this fault is displayed . 

~ction: Ensure no faults a~e occurring and calibrate the 2020 again. 
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Cause: Contamination of sample line, sample probe, or fittings before the detect~r .. 

Action: Clean or replace the sample line, sample probe, or the inlet filter. 

Cause: Span gas and zero air are switched. 

Action: Ensure clean air is used to zero the 2020. If you are using gas bags, mark the calibration and 

zero gas bags clearly. 

Cause: Ambient air is contaminated. 

Action: If you are unsure about the quality of ambient air, use a supply of commercial zero grade air to 

zero the 2020. 

Fault 2: Signal from span gas is too small . 

. Cause: Operator may have switched the span gas and zero air. 

. Action: Ensure clean air is used t6 zero the 2020. If you are using gas bags, mark the calibration and 

zero gas bags clearly. 

Action: Ensure the span gas is of a reliable concentration. 

Cause: UV lamp window is dirty .. 

Note: Do not remove the detector lamp in a hazardous location. 

. Action: Clean the UV lamp window . 

. Cause: UV lamp is failing. 

Note: Do not remove or replace the detector lamp in a hazardous location . 

. Action: . Install a new UV lamp. 

Cause: Incompatible application. 

Action: The concentration and sample gas are incompatible for use with the 2020. 

Fault 3: UV lamp fault. UV lamp has not started. 

Cause: The UV lamp has not started immediately. 

Action: This fault may be seen momentarily when 2020 is first turned on. Allow 30 to 60 seconds for the 

UV lamp to start and the fault to clear. 

Cause: The UV lamp serial number label is blocking the photocell. 

Note: Do not remove or replace the detector lamp in a hazardous location .. 

Action: If you have a UV lamp with a white serial number label, it is possible that the label is blocking the 

photocell. Rotate the lamp approximately 90 degrees and then try to start the 2020 again. If the 

fault persists, replace the lamp. 

Cause: the UV lamp is not installed. 

Note: Do not remove or replace the detector lamp in a hazardous location. 
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Action: . Install a UV lamp.· 

Cause: The UV lamp has failed. 
.' 

Note: Do notremove or replace the detector/amp in a hazardous location. 

;Action: Install a new UV lamp. 

Cause: Electronic problem. 
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Action: If a new UV lamp still generates this fault, then contact the Photovac Service Department. 

Fault 4: Pump· current too low'or too high_ 

Cause: If the pump sounds labored, then the pump is operating beyond normal operating parameters. 

Action: Check for an obstruction in the sample line. Make .sure sample line, sample probe, or inlet filter 

are not plugged. 

Note: Do not replace the inlet filterin a hazardous location. 

Action: Replace the inlet filter. 

Action: Ensure the sample outlet, located on the underside of. the 2020, is nor obstructed. 

Cause: The UV lamp is too wide, .causing flow to be restricted. 

Note: Do not remove or replace the detector lamp in a hazardous location . 

Action: If you have a UV lamp with a white serial number label,' iUs possible that the lamp is too wide for 

the lampholder. Contact the TtNUS equipment manager. 

Cause: The 2020 has been exposed toa solvent that can pass through the inlet filter and liquid has been 

aspirated. 

Action: Contact the TtNUS equipment manager. 

Cause: The pump has failed. 

Action: Contact theTtNUS equipment manager. 

5.2 Specific Problems 

Problem: Very low or no instrument response detected, yet compounds are known to be present. 

Cause: The 2020 has not been calibrated properly. 

Action: Ensure the calibration gas is of a reliable concentration and then calibrate the instrument as 

outlined in Section 4.6 of the User's Manual. After the instrument has been calibrated, sample the 

bag of calibration gas. A reading 'equivalent to the calibration gas should be displayed. If not,. 

contact the TtNUS equipment manager. 

Note: Do not remove or recharge the battery pack in a hazardous location. 

Action: Disconnect the battery charger before calibrating the 2020 . 

Cause: Calibration memories have not been programmed correctly. 
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Action: Program all the calibration memories you require for your application. You must use the correct 

calibration gas and concentration for each Cal Memory. 

Cause: The response factor has been set to zero. 

Action: Enter the correct response factor. Refer to Appendix 8.6 for a list of response factors. If the 

compound is not listed in Appendix 8.6 or you are measuring gas mixtures, then enter a value of 

1.0 .. See User's· Manual provided by the manufacturer: 

Cause: You are not using the correct Cal Memory. 

Action: Select the correct Cal Memory for your application. 

Note: It does 't:Jot matter which. Cal Memory is selected or which response factor is entered. 
, . 

The 2020's. response is not specific to anyone compound. The reading displayed 

represents the·total concentration of all ionizable compounds in the sample. 

Cause: Detector is leaking. A decrease in sensitivity may·be due to a leak in the detector. 

Note: Do not remove or replace the detection lamp in a hazardous location. 

Action: Ensure the UV lamp has been installed correctly. 

Action: Ensure the lamp cover has been tightened down. Do not overtighten the cover. 

Action: . Ensure the o-ring seal on the lamp cover is positioned correctly. 

Cause: The UV lamp is too long, causing flow to be restricted. 

Note: Do not remove or replace the detector lamp in a hazardous location. 

Action: If you have a UV lamp with a white serial number label, it is possible that the lamp is too long for 

the lampholder. Replace the lamp and contact the TtNUS equipment manager. 

CaUse: UV lamp is too wide, causing flow to be restricted. 

Note: Do not remove or replace the detector lamp in a hazardous location. 

Acti(:m: If you have a UV lamp with a white serial number label, it is possible that the lamp is too wide for 

the lampholder. Contact the nNUS equipment manager . 

. Cause: The sampling environment is extremely humid . 

. Action: Water vapor is not ionized by the PID, but it does scatter and absorb the light and results in a 

lower reading. The 2020 detector has been designed to operate under high humidity conditions. 

Under extreme conditions, you may notice decreased response due to humidity. 

Cause: The LJV lamp is failing. 

Note: Do not remove or replace the detector lamp in a hazardous location~ 

Action: High concentration of non-ionizable compounds. Chemical compounds, such as methane, with 

IPs greater than the 10.6 eVscatter and absorb the UV light. Sensitivity may be decreased 

significantly. Application with high backgrounds of such materials, may be incompatible with the 

2020. Contact the Photovac Applications Group for. more information. 
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Problem: Erroneously high readings. 

Cause: Sampling environment is extremely humid. 
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'Action: Water vapor' may contain mineral salts, which carry a charge. The water vapor becomes an 

electrolytic solution, which becomes ionized when it enters the detecto~: Atmospheric w_ater in 

areas around the sea or stagn~nt water may produce' a response in the absence of contaminants. 
", . 

The same effect may be seen when conducting ground water investigations in areas where the 

water is hard because it contains a significant concentration of minerals . 

. ~ause: The 2020 has not been calibrated properly. 

'Action: Ensure the' calibration gas is of a reliable concentration and' then calibrate the instrument as 

outlined in Section 4.6. After the instrument has been calibrated, sample the bag of calibration 

gas .. A reading equivalent to the calibration gas should be displayed. If not, contact'the TtNUS 

equipment manager, 

Cause: Cal Memories have not been programmed correCtly. 

Action: Program all theCal Memories you require for your application. You must use the correct 

calibration gas and concentration for each Cal Memory. See Section 3.4 of the User's Manual. 

Cause: You are not using the correct Cal Memory . 

Action: Select the correct Cal Memory for your application. See Section 3.2.2· or 3.3.2 of the User's 

Manual. 

Note: It does not matter which Cal Memory is selected or which response facto'r is entered . 

. The 2020's response is not specific ,to anyone compound. The reading displayed 

represents the total concentration of all ionizable compounds in the sample. 

Cause: The detector has been short circuited by foreign matter in the detector cell. 

Note: Do not service the 2020 in a haz,ardous location. 

,Action: Do not touch the wire grid inside the detector cell. Use, a gentle jet of compressed air to remove 

any dust in the detector cell. 

Warning: Do not insert any object, other than the UV lamp, into the lampholder. 

Cause: There is an undetermined problem. 

Action: Contact the TtNUS equipment manager. 

"Problem: Date and time settings are not retained. 

Cause: The battery pack was removed before the 2020 was turned off. 

Note: po not remove or recharge the battery pack ina hazardous location. , 
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Action: Replace the battery pack and reset the time and date. Ensure that the 2020 has been turned off 

before removing· the battery pack. 

Cause: The 2020 has not been used for 3 months or more and the internal battery (not the external 

battery pack) has discharged. 

Note: Do not remove or recharge the battery pack in a hazardous location. 

Action: COnnect the 2020 to the AC adapter and turn the 2020 on. Turn the pump off. While the 2020 is 

running, the internal battery is charging. Leave the instrument running for approximately 24 

hours. 

·Problem: .Instrument status.shows"Over." 

Cause: High concentrations of gases and vapors will cause a rapid change in signal level. The detector 

and associated electronics may become temporarily saturated. 

Action: Wait.a few seconds for the status to return to normal. PIDs are designed to detect relatively low 

concentrations of gases and vapors. Exposure to very high concentrations may result in a very 

high or maximum response. 

Cause: The detector has become saturated. 

Action: Move the 2020 to a . location where it can sample clean air. Sample clean air until the reading • 

stabilizes around O. 

Cause: Detector has been short circuited by foreign matter in the detector cell. 

. Note: Do not service the 2020 in a hazardous location. 
. I 

Action: Do not touch the wire grid inside the detector cell. Use a gentle jet of compressed air to remove 

any dust or dirt in the detector cell. 

Warning: Do not insert any object, other than the UV lamp, into the lampholder . 

. Cause: There is an undetermined problem. 

Action: Contact the TtNUS equipment manager. 

Problem: Display is blank. 

Cause: Battery pack is critically low. 

Note: Do not remove or recharge the battery pack in a hazardous location. 

Action: Replace the battery pack or connect the 2020 to the AC adapter.· 

Cause: The battery pack is not connected to the instrument correctly. 

Action: Ensure the battery pack connector is securely attached to the connector on the 2020. 

Cause: There is an undetermined problem . 
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Action: Reset the 2020. You must leave the instrument on while you disconnect the battery pack. This 

will reset the instrument. Reconnect the battery pack and close the battery hatch. Turn on the 

2020, set the time and date, and program all the calibration ,memories that you are using. 

Action: Contact the TtNUS equipment manager. 

Problem: Sample flow rate is less than 300 mllmin. 

Cause: The inlet filter is plugged. 

Note:' Do not replace the inlet filter in a hazardous location. 

Action: Replace the inlet filter. 

Cause: The inlet filter has not been installed properly . 

. Action: Ensure that the inlet filter has been installed correctly. 

Cause: The UV lamp is too long, causing flow to be restricted. 

Note: Do not remove or replace the detector lamp in a hazardous location. 

Action: If you have a UV lamp with a white serial number label, it is possible that the lamp is too long for 

the lampholder. Replace the lamp and contact the TtNUS equipment manager. 

Cause: The UV lamp is too wide, causing flow to be restricted . 

Action: If you have a UV lamp with a white serial number label, it is possible that the lamp is too wide for 

the lampholder. Contact the TtNUS Equipment Manager. 

Cause: The 2020 has been exposed to a solvent that can pass through the inlet filter and liquid has been 

aspirated. 

Action: Contact the TtNUS equipment manager. 

Cause: Sample outlet is obstructed. 

ACtion: Ensure the sample outlet is not obstructed in any way. 

Cause: Pump has been .damaged. 

Action: Contact the TtNUS equipment manager. 

Problem: Liquid has been aspirated. 

Cause: The 2020 has been exposed to a solvent that can pass through the inlet filter. 

Action: Contact the TtNUS equipment manager. 

Problem: Corrosive gases and vapors have beeri sampled. 

Cause: The 2020 has been exposed to corrosive gases and vapors. 

Action: Corrosive gases and vapors can affect the electrodes within the detector as well as the lamp 

window. Prolonged exposure to corrosive materials may result in permanent fogging or etching 

050419/P CTO 0331 



NSWCCrane 
DraftQAPP 
Revision: 0 

Date: July 2004 

Page 20 of 21 
Section: SOP _CT0331-06 • 

of the window. If the 2020 is .exposed to corrosive material, contact the TtNUS equipment 

manager. 

6.0 SHIPPING. 

The: Photovac may be shipped as cargo or carried on as luggage if there is no calibration gas cylinder 

accompanying the kit. When' shipping or transporting the calibration gas, a Hazardous Airbill must be 

completed. 

~o REFERENCES 

Phdtovac 2020 Photoionization Monitor User's Manual, 1995. 

8.0 ATTACHMENTS 

1. Equipment Calibration Log 
\ . 
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1.0 PURPOSE 

STANDARD OPERATING PROCEDURE 

NUMBER CT0331-07 

BOREHOLE AND SOIL SAMPLE LOGGING 
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This Standard Operating Procedure (SOP) describes the standard procedures and technical guidance on 

the logging of soil cores collected at the NSWC Crane facility. 

2.0 FIELD FORMS AND EQUIPMENT 

Knife 

Ruler (marked in tenths and hundredths of feet) 

,Boring Log: An example of this form is attached. 

Photoionization detector (PID) (see SOP CT0331-06) 

Writing utensil 

3.0 RESPONSIBILITIES 

A field geologist or engineer is responsible for supervising all boring activities and assuring that each 

borehole is properly and completely logged. 

4;0 PROCEDURES FOR BOREHOLE AND SAMPLE'LOGGING 

To maintain a consistent classification of soil, it is imperative that the field geologist understands and 

accurately uses the field classification system described in this SOP. This identification is based on visual 

examination and manual tests . 

. 4;1 USCS Classification 

S9ils are to be classified according to the Unified Soil Classification System (USCS). This method of 

classification is detailed in Figure 1 (attached to this SOP). 

This method of classification identifies soil types on the basis of grain size and cohesiveness . 
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Fine-grained soils, or fines, are smaller than the No. 200 sieve and are of two types: silt (M) and clay (C). 

Some classification systems define size ranges for these soil particles, but for field classification 

pu~poses, ttieyare identified by their respective behaviors. Organic material (0) is a common component· 

. of.soil but has no distinguishable size range; it is recognized by itscomposition. The careful study of the 

USCS will aid in developing the competence and consistency necessary for the. classification of soils. 

Coarse-grained soils will be divided into categories: rock fragments, sand, or gravel. The terms "sand" 

and "gravel" not only refer to the size of the soil particles but also to their depositional history. To insure 

aC'curacyin description, the term "rock fragments" will be used to indicate angular granular materials 

resulting from the breakup of rock. . The sharp edges that are typically observed indicate little or no 

transport from their source area; and therefore, the term provides additional information in reconstructing 

. the depositional environment of the soils encountered. When the term "rock fragments" is used, it will be 

followed by a size designation such as "(1/4 inch<I>-1/2 inch<I>Y' or "coarse-sand size" either immediately 
. \ 

after the entry or in the remarks column. The USCS classification would not be affected by this variation 

in terms. 

4.2 

Soil colors will be described utilizing a single color descriptor preceded, when necessary, by a modifier to 

denote variations in shade or color mixtures. A soil could therefore be referred to as "gray" or "light gray" 

or "blue-gray." Because color can be utilized· in correlating units between sampling locations, it is 

important for color descriptions to be consistent from one boring to another. 

Colors must be described while the sample is still moist. Soil samples will be broken or split vertically to 

describe colors.' Samplers tend to smear the sample surface, creating color variations between. the 

sample interior and exterior. 

The term "mottled" will be used to indicate soils irregularly marked with spots of different colors. Mottling 

in soils usually indicates poor aeration and lack of good drainage. 

4.3 Relative Density and Consistency 

To classify the relative density and/or consistency of a soil, the geologist is to first identify the soil type. 

Granular soils contain predominantly sands and gravels. They are noncohesive (particles do not adhere 

well when compressed). Finer-grained soils (silts and clays) are cohesive (particles will adhere together 

when compressed). 
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Granular soils are given the USCS classifications GW, GP, GM, SW, SP, SM, GC, or SC (see Figure 1 ). 

The consistency of cohesive soils is determined by performing field tests and identifying the consistency 

as shown in the following table. 

CONSISTENCY FOR COHESIVE SOILS 

Consistency Standard Unconfined Field Identification 
Penetration Compressive 
Resistance Strength 
{Blows per (Tons/Sq. Foot by 

. Foot) pocket : 

penetration) 

Very soft Oto 2 Less than '0.25 Easily penetrated several inches by fist. 

Soft 2 to 4 0.25 to 0.50 Easily penetrated several inches by 
thumb. 

Medium stiff 4 to 8 0.50 to 1.0 . Can be penetrated several inches by 
'. 

thumb with moderate effort. 

Stiff 8 to 15 1.0 to 2.0 Readily indented by thumb but 
penetrated only with great effort. 

·Very stiff 15 to 30 2.0 to 4.0 Readily indented by thumbnail. 

Hard Over 30 More than 4;0 Indented with difficulty by thumbnail. 

Cohesive soils are given the USGS classifications ML,· MH, CL, CH, OL, or OH (see' Figure 1). 

, The consistency of cohesive soils is determined by hand by determining the resistance to penetration by the 

thumb. The thumb determination methods are conducted on a selected sample of ~he soil, preferably the 

lowest 0.5 foot of the sample. The sample will be broken in half and the thumb pushed into the end of the 
. . , 

samp'le to determine the consistency. . Do not determine consistency by attempting to 'penetrate a rock 

. fragment. If the sample is decomposed rock, it is classified as a soft decomposed rock rather than a. hard 
-

soil. One of the other methods will be used in conjunction with it. The designations used to describe the 

consistency of cohesive soils are shown in the above-listed table. . 

4.4 Weight Percentages 

In nature, soils are consist of particles of varying size and shape and are combinations of the various 

grain types. The following terms are useful in the description of soil: 
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Terms of Identifying Proportion of the Defining Range of 
Component Percentages by Weight 

.Trace o -10 percent 

Some 11 - 30 percent 

Adjective form of the soil type (e.g., sandy) 31 - 50 percent 

Examples:. 

• Silty fine sand: 50 to 69 percent fine sand, 31 to 50 percent silt. 

• 'Medium to coarse sand, some silt: 70 to 80 percent medium to coarse sand, 11 to 30 percent silt. 

.• . Fine sandy silt, trace clay: 50 to 68 percent silt, 31 to 49 percent fine sand, 1 to 10 percent clay. 

• Clayey silt, some coarse sand: 70 to 89 percent clayey silt, 11 to 30 percent coarse sand. 

4.5 Moisture 

Moisture content is estimated in the field according to four categories: dry, moist, wet, and saturated. In 

dry soil, there appears to be little or no water. Saturated samples obviously have all the water they can 

. hold. Moist and wet classifications are somewhat subjective and often are determined by the individual's 

judgment. A suggested parameterfor this would be calling a soil wet if rolling it iii the gloved hand or on 

a porous surface liberates water (i.e., dirties or muddies the surface). Whatever method is adopted for 

describing moisture, it is important that the method used by an individual remains consistent throughout 

an entire field activity. 

4.6 Classification of Soil Grain Size for Chemical Analysis 

To determine the gross grain size classification (e.g., clay, silt, and sand) from the USCS classification 

described above, the following table will be used. 

Gross Soil Grain USCS Description 
Size Classification Abbreviation 

Clay CL inorganic clays of low to medium plasticity, gravelly clays, sandy 
clays, silty clays, lean clays,. 

CH inorganic clays of high plasticity, fat clays .. 

OH organic clays of medium to high plasticity, organic silts .. 

Silt. ML· inorganic silts and very fine sands, rock four, silty or clayey fine 
sands with slight plasticity. 

OL organic silts and organic 'silty clays of low plasticity .. 

MH inorganic silts, micaceous or diatomaceou~ fine sand or silty soils. 
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Gross Soil Grain USCS 
· Size Classification Abbreviation . 

. Sand SW 

SP 

SM 

SC 

Description 
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well graded sands, gravelly sands, little or no fines. 

poorly graded sands, gravelly sands, little or no fines. 

silty sands, sand-silt mixtures. 

clayey sands, sand-clay mixtures. 

4.7 Summary of Soil Classification 

In.·summary, soils will be classified in a similar manner by each geologist/engineer at a project site.' The 
, 

hierarchy of classification is as follows: 

• Density and/or consistency 

• Color 

• Plasticity (optional) 

• Soil types 

• Moisture content 

• Other distinguishing features 

• Grain size 

• Depositional environment 

4.0 ATT ACHMENTS 

1. Figure 1 - Unified Soil Classification System 

2. Boring Log 
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ATTACHMENT 1 

FIGURE 1 - UNIFIED SOIL CLASSIFICATION SYSTEM 
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ATT ACHMENT 2 

BORING LOG 
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STANDARD OPERATING PROCEDUR~ 

NUMBER CT0331-08 

SURFACE AND SUBSURFACE-SOIL SAMPLING 

.1.0 PURPOSE 
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Draft QAPP 
Revision: 0 

Date: July 2004 
Section: SOP _CT0331-08 

Page 1 of 6 

This Standard Operating Procedure (SOP) describes. the procedures to be used for surface and 

subsurface soil sampling using direct-push technology (OPT) or split-barrel samplers during field activities 

at the NSWC Crane facility. This procedure also describes the collection of samples for analysis of volatile 

organic compounds (VOCs) using EnCore samplers and the use of field screening [Le., photoionization 

detector (PIO)] to select the most appropriate subsurface soil interval for VOC sampling. 

·2.0 . REQUIRED FIELD FORMS AND EQUIPMENT 

Writing utensil with indelible ink 

Disposable medical-grade gloves (i.e. latex, nitrile) 

Boring log 

Soil sample logsheets 

Stainless-steel mixing bowls 

Stainless-steel trowel .or soup spoon 

. EnCore handle and samplers 

.. Required sample containers: All sample containers including shipping coolers for analysis by fix-based 

laboratories will be supplied and certified clean by the laboratory. 

Required decontamination materials 

Chain-of-custody records 

Required personnel protective equipment (PPE) . 

Photoionization detector (PID) (see SOP CT0331-06) 

Wooden stakes or pin fI~gs 

Sealable polyethylene bags 

'Heavy-duty cooler 

Ice 

Razor knife 
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Geoprobe® and sampling equipment . 

Sample labels 

3.0 . COLLECTION OF SOIL SAMPLES FOR VOLATILE ORGANIC COMPOUNDS (VOCs) 

When soil cores are collected using OPT such as Geoprobe®, 2-foot soil intervals will be collected in clear 
., 

acetate tubes; which can be extracted from the Geoprobe® core barrel (see SOP CT0331-04) upon 

retrieval at the surface. 

3.1 Slit the acetate liner lengthwise with a razor knife, remove a section of. the liner, and expose the 

length of the soli interval (see SOP CT0331-04). 

3.2 . Scan the soil core interval with a PIO, slowly moving the intake nozzle along the length'of the core 
, 

where the acetate liner has been slit open. Note on the boring log the range of PIO readings that 

.. are detected and the specific location(s) along the ·sample interval where above-background 

readings are encountered. If elevated volatile organics are mea~ured via the PIO, collect the VOC 

samples from the specific interval where the highest PIO reading is measured. If no abovec 

background PIO readings are measured, then the VOG sample will be collected from a specific 

interval where visual signs of contamination (staining, etc.) are observed. If no above-background 

PIO reading is measured and no discoloration or odor in the soil core indicates potential 

contamination, then collect the VOG sample from near the center of a core .. 

3.3 The 0- to 2-foot core interval will be collected as a surface soil sample. Determine where in this 

core interval the highest PIO reading was encountered. Soil samples collected for volatile 

organics will be obtained directly from soil cores using four EnCore samplers for each VOC 

sample. Th.ese samples are to be collected by pushing the EnCore samplers directly into the soil 

core where the highest PIO readings were measured, ensuring that the sampler is packed tight 

. with soil and. leaving no headspace between cap and container. All four EnCore sample 

containers will be collected as close to each other as possible. Make sure that all caps are 

securely fastened to the samplers and locked in place with both clips (see instructions that come 

with samplers). Write the sample identification on the strip labels that come with the samplers 

and place a label on each of the four samplers. 
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Place the four EnCore samplers in the ziplock pouches that come with the samplers and fill in 

appropriate information,· including sample identification, date, time,· and other information on the 

label. Place the four pouches in a plastic bag and place the tag on the bag, identifying the sample 

identification and other necessary information (see SOP CT0331-01): 

3.5 Once the samples are properly labeled and bagged, place the sample into the cooler containing 

ice and a trip blank. The cooler should be kept at 4°C and shipped to the analytical.laboratoryfor 

.. preservation or extraction within 48 hours. 

3.6 . Fill in the required information on the Soil Sample Log Sheet (attached at the end of this SOP) 

and fill in the required information on theChain-of-Custody (COG) Form. 

3.7 Up to two additional subsurface soil samples will be collected from each boring .. For these 

subsurface soil samples, the collected cores will be scanned with the PIO before a specific depth 

is selected for VOC sampling. Choose the specific location within the collected cores that had the 

highest PIO reading and proceed to collect four EnCore samples, as described above in 3.2 

through 3.6. If readings are not elevated, samples will be collected from the center of each cored 

interval using the default sample depths identified in the QAPP. Place the samples in the cooler 
. L . 

containing ice, after they have been properly labeled, bagged, and tagged. 

4.0 COLLECTION OF OTHER SOIL SAMPLE ALIQUOTS 

Note: A surface soil sample is collected from the 0- to 2-footdepth (Le., one core length). Additional 

subsLJrface soil samples each consist of two 2-foot core segments: 

4.1' After the VOC sample has been collected for the soil interval of interest (see 3.0 above), the 

remainder of the soil interval will be composited and used to fill the remainder of the sample 

containers. Any surface debris (e.g., herbaceous vegetation, twigs, rocks, litter, etc.) should first 

be removed from the top of the surface soil core.. For other core intervals, the top 2 inches of 

each core should be discarded because it often contains material. scraped from the side of the 

borehole and not fresh material from the bottom of the borehole. 

4.2 

050419/P 

Slide the remaining core material out of the acetate liner and into a clean, decontaminated 

stainless-steel mixing bowl. Mix the soil thoroughly with a stainless-steel spoon and remove 

gravel, . large pebbles,· and other coarse materials. Fill the required sample containers in the 

following order: 
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• Containers for organic analyses 

• 'Container for metals 

• Container for Nitrate 

• Container for Nitrite 
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4.3 Complete all required information on the sample labels (see SOP CT0331-01). 

4.4 Place the sample container in a ziplock plastic bag and seal shut. Place the bag in a cooler 

containing ice and cool to 4 ± 2°C. 

4.5 Record the required information on the Soil Sample Log Sheet and the COC Record form. 

5.0 PACKAGING AND SHIPPING OF SAMPLES 

Samples will be packaged-and shipped according to SOP CT0331 ~24. 

6.0 ATT ACHMENTS 

1. Soil and Sediment Sample Log Sheet 

2. Chain of Custody Record 
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SOIL AND SEDIMENT SAM-PLE LOG SHEET· 
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INSPECTION OF EXISTING MONITORING WELLS 

1:0 PURPOSE 

This Standard Operating Procedure (SOP) establishes procedures for the inspection and repair of existing . 

monitoring wells at the NSWC Crane facility. 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT 

The following equipment and field forms are required for inspection of existing monitoring wells. 

Monitoring well inspection form: A copy of the monitoring well inspection form is attached. 

Writing utensil with indelible ink' 

Bound field logbook 

Well keys 

'. Disposab.l~ medical-grade gloves (e.g., latex, nitrile) 

Photoionization detector (PID) 

Electronic water-level indicator 

Steel rod (about 1 inch in diameter with eye bolt at one end) 

.1 00 feet of nylon rope 

Internal pipe cutter 

File, v notch 

3.0 INSPECTION PROCEDURES 

.3.1 Record the well identification information (ID), date, and time on the Monitoring Well Inspection 

Form. 

3.2. Record the condition of the well ID tag. Is the tag in place and legible? If not, note the 

discrepancies on the Monitoring Well Inspection Form . 
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3:3 Record the condition of the protective casing, caps, and lock. Has the casing, cap, and/or lock 

been tampered with or damaged? Has the well been damaged in any way or does it show signs of 

deterioration? 

3:4 Record the condition of the concrete or gravel pads, if a pad is present. Check the condition of the 

pad (or the area around the well if no pad exists) and note any abnormalities. Are concrete pads 
, , 

cracking or heaving? If a gravel pad is present, is there any erosion or plant growth in the pad 

area? 

,3.5 Record the condition of the cement seal surrounding the protective casing. Has the seal cracked or 

pulled away from the protective c,,!-sing? Record any visible signs of deterioration in the area of the 

seal. 

'3.6 Record the presence of depressions and/or standing water around the casing or pad, 

3.7 Unlock the well cap and open the protective cover, if one exists. 

3.8 Inspect and record the condition of the polyvinyl chloride (PVC) riser pipe and the surveyed 

reference point. The surveyed reference point is a V-notch on the top of the PVC riser pipe. 

'3.9 Measure the height of the protective casing and riser pipe above the ground surface. Record these 

readings on the inspection form to the nearest 0.01 foot. 

3.10 Check the existing well log to verify the total original depth of the monitoring well being inspected. 

3.11 Open the well cap and use the PID to screen the air within the well opening to determine whether 

above-background levels of VOCs are present within the well. Refer to the Health & Safety Plan 

(HASP) for procedures to follow for the presence of VOCS in a well. 

3.12 Lower the electronic water-level indicator probe down the well casing. If an obstruction is 

encountered, record the depth of the obstruction and whether the obstruction is partial or complete. ' 

3.13 If no obstruction is encountered, continue lowering the water-level indicator down the well casing 

until ground water is encountered. Measure the depth to water to the nearest 0.01 foot (see SOP 

CT0331-18) and record the depth on the Inspection Log. 
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3.14 Continue lowering the indicator probe down the casing until a rsolid bottom is reached or an 

obstruction. is encountered .. Record the depth to the bottom of the well (from top of casing) on the 

Inspection Log. 

3.15 If an obstruction is encountered in the casing before the well bottom is reached, record the depth of 

obstruction on the Inspection Log and whether the obstruction is partial or complete. 

3.16 Remove the water-level indicator from the well. 

3.17 If an obstruction was encountered during steps 3.12 or 3.14, lower a heavy steel rod slowly down 

the well casing until the obstruction is encountered. Attempt to loosen the obstruction by raising 

and dropping the steel rod, letting it hit the obstruction with gradually increasing force. Record 

whether the obstruction could be loosened. 

3.18 If step 3.17 is performed, remove the steel rod from the well and remeasure the depth to the 

obstruction. If the obstruction has been knocked loose and settles to the bottom, then the well may 

still be· used as a piezometer but will not be used for ground water sampling . 

3.19 Close the well cap and lock, if lock is pre~ent. 

3.20 Decontaminate the water-level indicator and steel rod, if used, per SOP CT0331-17. 

3.21 Make recommendations on the . Inspection Log, if necessary, for repair of the monitoring well. 

Replace lock, if needed, as soon as possible. 

3.22 Perform repair of well as soon as possible. 

4.0 Field Repairs to Monitoring Wells 

Field repairs to monitoring wells, for the most part, will be limited to the repair of the PVC riser (inter case). 

If a monitoring well is damaged beyond the repair capabilities of the field crew, the· NSWC Crane 

Environmental Department will be notified and a decision will be made to repair or replace the well using a 

drilling contractor. 

4.1 

050419/P 

Remove a short section of the top of the PVC riser that is broken, using an inside pipe cutter. 

Before the riser is cut, a clean rag will be inserted into the riser to just below the cut to prevent 
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cuttings from entering the well. Insert the cutter just below the damaged area and remove only 

the damaged section of riser. Carefully remove the rag, measure and record the length of riser 

r~moved and mark the top of the riser for water-Ievei measurement (filing a V notch is the 

preferred method). 

4.2 If the riser damage indicates that a riser must be added, a section of PVC may be attached to the 

existing riser. After removing the damaged riser (see 4.1 above), cut.a new section of riser to the 

needed length and attach a slip coupler to one end. In most cases, the coupler will fit securely to 

the pipe without the need for mechanical fasteners (pop-rivets/screws). 'If needed, fasteners may 

be used, but in no case will glue be used to attach the coupler. Attach the new coupler and PVC 

pipe to the existing riser, mark the top for measurement purposes, and document the length of 

pipe added. All new materials (pipe and couplers) will be decontaminated prior to installation. 

5.0 ATTACHMENTS 

1. . Monitoring Well Inspection Sheet 
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1.0 PURPOSE 

STANDARD OPERATING .PROCEDURE 

NUMBER CT0331-10 

MONITORING WELL DEVELOPMENT 
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This procedure provides general guidance and information pertaining· to proper development of new and 

·existing monitoring wells. The methods described herein are specific for monitoring wells located at the 

:.iNSWC Crane facility .. Guidelines by Sciuth Division·, Naval Facilities Engineering Command, (SOUTHDIV 

NAVFAC, 1997) and the State of Indiana regulatory requirements in Article 16 Water Well Drillers of 

Chapter 310 of the Indiana Annotated Codes (310 lAC 16) should be consulted. 

2.0 RESPONSIBILITIES 

The drilling contractor will provide adequate and operable equipment, sufficient quantities of materials, 

and an experienced and efficient labor force capable of developing monitoring wells. The drilling 

contractor personnel must have all the health· and safety training. required to perform the work, as 

specified in the health and safety plan (HASP). 

3.0 REQUIRED EQUIPMENT/ITEMS 

The following list includes equipment and items required for monitoring well installation: 

Healt.h and safety equipment as required by the HASP and the site safety officer. 

Well development equipment with associated materials (typically supplied by the driller). 

Hydrogeologic equipment (weighted engineer's tape, water-Ievel.indicator, retractable engineers rule, 

electronic calculator, clipboard, mirror and flashlight for observing downhole activities, paint and ink 

marker for marking monitoring wells, sample jars, well installation forms, and afield notebook) . 
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4_0 WELL DEVELOPMENT METHODS 

The development of new wells will not occur until at'least 48 hours after the well has been installed and 

grouted. This time is required so that the grout in the annulus can set and harden. The purpose of well 

development is to stabilize and increase the permeability of the sand pack and the well screen and to 

. restore the permeability of the formation that may have been reduced by drilling operations. Wells are 

typically developed until all fine material and drilling water, if any, is removed from the well. 

Sequential measurements of pH, specific conductance, turbidity, and temperature taken during 

development yield information (stabilized values) that sufficient development is reached. Development 

should proceed until criteria are met as stated in Navy Guidelines. 

A surge plunger (also called a surge block) that is approximately the same diameter as the w~1I casing 

will be .used to agitate the water, causing it to move in and out of the screens. This movement of water 

pulls fine materials into the well, where they may be removed by any of several methods, and prevents 

bridging of sand particles in the gravel pack. There are two basic types of surge plungers, solid and 

valved surge plungers. Site-specific conditions will dictate which type will be used. In formations with low 

yields, a valved surge plunger may be preferred because solid plunger~ tend to force water out of the well 

at a greater rate than it will flow back in. Valved plungers are designed to produce a greater inflow than 

. outflow of water during surging. 

Development should proceed until the following criteria are met: 

• The well water is clear to the unaided eye. 

and 

• A minimum removal of five times the standing water volume in the well (to include the well screen and 

casing plus saturated boreh~le annulus, assuming 30% annular porosity). 

or 
. / . 

• When pH measurements remain constant within 0.1 Standard Units and specific conductance and 

temperature vary no more than plus or minus 3 percent for at least three consecutive readings. 

Turbidity should also show stabilization and ideally be Qelow 10 nephelometric turbidity units (NTUs). 

If forany reason the above criteria cannot be met, the site geologist should document the evenUnwriting 

and consult with the Task Order Manager regarding an alternate plan of action. 
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Well development must be completed at least 24 hours before well sampling. The intent of this hiatus is 

to provide time for the newly installed well and backfill materials to sufficiently equilibrate to their new 

.environment and for the new environmerit to re-stabilize after the disturbance of drilling. 

5.0' ATTACHMENTS 

1. Monitoring Well Development Record 

,n 
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DRILLING AND GEOLOGIC LOGGING OF BOREHOLES IN ROCK 

1.0 PURPOSE 

This procedure describes the methods and equipment necessary to drill rock borings and identify the 
, ~ 

equipment, sequence of events, and appropriate methods necessary to obtain rock cores and prepare 

,:"boring logs during drilling activities. Up to four types of drillin,9 activities and equipment will be used to' 

drill holes and install monitoring wells at the NSWC Crane facility: 

• 

• 

Auger drilling will be used to drill through the overburden material. 

Diamond coring equipment will be used to core through the bedrock. NX or similar size diamond core 

barrels will be used to collect 2- to 3-inch-diameter continuous rock core: These cores will be used to 

describe the' lithologic characteristics and fracture distributions in the bedrock. Diamond coring is 

relatively slow and more expensive compared to the air rotary method of drilling, so only two holes 

are being cored. 

'. Air-rotary drilling will be, used to ream out to a larger diameter in the two diamond-core holes 

mentioned above and to drill the other two deep well borings described in the QAPP. The holes need 

to be a minimum of 5 inches in diameter in order to install 2-inch-diameter monitoring wells. Air rotary 

may also be used to deepen well borings in the event bedrock is encountered before the des'ired well 

boring depth is reached. 

• Rotary drilling with a roller bit and water wash may be used to complete well. borings in the event that 

bedrock is encountered before the desired well boring depth is reached. 

2.0 RESPONSIBILITIES 

Field Operations Leader (FOL) ~ The FOL is responsible for coordinating all on7site personnel and for 

providing technical assistance, when required. The· FOL,or designee, will coordinate and lead all 

activities and will ensure the availability and maintenance of all materials and equipment. The FOL is 

responsible for the completion of all field activities and field and chain-of-custody documentation. The 
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FOl will assume custody of all samples and will ensure the proper handling and shipping of samples. The 

FOlis a highly experienced environmental professional who will report directly to the TtNUS Task Order 

Manager (TOM). Specific FOl responsibilities include the following: 
. , 

• Function as a communications link among field staff members, the site quality assurance/quality . 

control advisor, site safety officer, the site manager, and the TOM. 

• Over~ee the mobilization and demobilization of all field equip.ment and subcontractors. 

• Coordinate and manage the field technical staff. 

• Adhere to the work schedules provided by the TOM. 

• Maintain the site logbook and field record keeping. 

• Initiate field task modification requests, when necessary. 

• Identify and resolve problems in the field, resolve difficulties in. consultation with the NSWC Crane 

Site Manager, implement and document corrective action procedures, and provide communication 
. . 
between the field team and upper management. 

I 

Field Geologist - The field geologist is responsible for ensuring that standard and approved drilling 

procedures are followed. The field geologist will generate a detailed boring log for each borehole. This 

log will include a description of geologic materials, samples (if any), method of sampling, and other 

pertinent information and observations that may be obtained during drilling. 

Determination of the exact location for borings is the responsibility of the field geologist The final location 

for drilling must be properly documented on the boring log. The general area in which the borings are to 

be located will be shown on a site map included in theQAPP .. 

Drilling Subcontractor - The subcontractor operates under the supervision of the FOL. He or she is 

responsible for obtaining all drilling permits and clearances and supplying all services (including labor), 

equipment, and material required to perform the drilling, testing, and well installation program, as well as 

maintenance and quality control of such required equipment except as stated in signed and approved 

subcontracts. 
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The d.riller must report any major technical problems encountered in the field to the FOL within 24 hours 

cif determination and must provide advance written notification of any changes in field procedures, 
. . . . . 

'describing and justifying such chang~s. No such .changes will be made unless requested and authorized 

:.ih writing by the FOL (with the concurrence of the project manager). Depending on the subcontract, the 

project manager may need to' obtain written authorization from appropriate administrative personnel 

before approving any changes. 

'The drilling subcontractor is responsible for following decontamination procedures specified for drilling 

.. and coring equipment specified in the project plan documents. The FOL will oversee the in-field 

.equipment decontamination procedures to confirm compliance with the appropriate SOP and specific 

requirements of the NSWC Crane Environmental Department. Upon completion of the work, the driller is 

.responsible for demobilizing all equipment, cleaning up any materials deposited on site during drilling 

operations, and properly backfilling any open borings. , . 

3~ PROCEDURES 

3.1 General 

The purpose of drilling boreholes is 

.• To determine the type, thickness, and certain physical and chemicaLproperties of the soil, water, and 

rock strata that underlie the site. 

• To install monitoring wells.or piezometers. 

'All drilling . and sampling equipment will be cleaned between samples and borings using .appropriate 

.decontamination procedures as outlined in SOP ~T0331-17. Unless otherwise specified, it is generally 

advisable to drill borings at "clean" locations first and at the most contaminated locations last to reduce 

the .risk of spreading contamination between locations. All borings must be logged by the site geologist 

as they proceed. 

3.2 Rock Coring 

Drilling is done by rotating and applying downward pressure to the drill rods and drill bit. The drill bit is a . 
. . . 

. circular, hollow, diamond-studded bit attached to the outer core barrel in a double-tube core barrel. The 

use of single-tube core barrels is not recommended because the rotation of the barrel erodes the sample 

and limits its use for detailed geological evaluation. Water or air is. circulated down through the drill rods 
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and annular space between the core ba:rrel tubes to cool the bit and remove the cuttings. The bit cuts a 

core out of the rock that rises into an inner barrel mounted inside the outer barrel.. The inner core barrel 

and rock core are removed by lowering a wire line with a coupling' into the drill rods, latching onto the 

inner barrel, and withdrawing the inner barrel. A less efficient variation of this method utilizes a core 

barrel that cannot be removed without pulling all the drill rods. This variation is practical,only if fewer than 

50 feet of core is required. When coring rock, the speed of the drill and the drilling pressure, amount and 

pressure of water, and length of run can. be varied to give the maximum recovery from the rock being 

.drilled . 

. Advantages of core drilling include 

• Undisturbed rock cores can be recovered for examination and/or testing .. 

• In formations in which the cored hole will remain open without casing, water from the rock fractures 

. may be recovered from the well without the installation of a well scre.en and gravel pack. 

• Formation logging is extremely accurate. 

• Drill rigs are relatively small and mobile. 

. Disadvantages include 

• Water.or air is needed for drilling. 

• Coring is slower than rotary drilling (and more expensive). 

• Depth to water cannot accurately be determined if water ~s used for drilling. 

• The size of the borehole is limited . 

. This drilling method is useful if accurate determinations of rock lithology are desired or if open wells are to 

be installed into bedrock. To install monitoring wells in coreholes, the hole will be reamed out to the 

proper size after boring, using 'air rotary drilling methods. Rock coring enables a detailed assessment of 

. borehole conditions to be made, showing precisely all lithologic changes and characteristics. Because 

coring is an expensive drilling method, it is commonly used for shallow studies of 500 feet or less or ·for 

specific intervals in the drill. hole that require detail.ed logging and/or analyzing. Rock coring can, 

however, proceed for thousands of feet continuously, depending on the size of the drill rig, and can yield 

better quality data than air-rotary drilling, although at a substantially reduced drilling rate. 

Borehole diameter can be drilled to various sizes, depending on the information needed. NX, or a similar 

size (2~ to. 3-inch-diameter core.recovery), may be used. 
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Begin the core drilling using a double-tube swivekore barrel of the desired size. After drilling no more 

than 10 feet (3 meters), remove the core barrel from the hole and take out the core. 'If the core blocks the 

flow of the drilling fluid during drilling, remove the core barrel immediately. 

Since rock structures and the occurrence of bedding planes, porosity type and distribution, and fracture 
. . 

patterns are among the most important items .to be detect~d and described, take special care to obtain 

and record these features. If such broken zones or cavities prevent further advance of the boring, one of 

the following three steps shall be taken: cement the hole, ream and case, or case and advance with the' 

next smaller size core barrel, as conditions warrant. 

·3.3 Rock Core Management and Labeling 

When the core barrel has been recovered, the rock core will be carefully removed from the barrel, placed 

in a core tray (previously label,ed"top" and "bottom" to avoid confusion), classified; and measured for 

percentage of recovery as well as the rock quality designation (ROD). Each core will be described, 

classified, and logged using a uniform system (Section 3.5 of this SOP) . 

Rock cores will be placed in the sequence of recovery in well-constructed wooden or cardboard boxes 

provided by the drilling contractor .. Rock cores from tWo different borings will not be placed in the same 

core box. The core boxes will be constructed to accommodate at least 20 linear feet of core in rows of 

approximately 5 feet each. Wood partitions will be placed at the end of each core run. The depth from 
/ . 

. the surface of the boring to the top and bottom of the drill run and run number will be marked on the 

wooden partitions. with indelible ink. These blocks will serve to separate successive core runs and 

indicate depth intervalsifor each run. The order of placing cores will be the same in all core boxes. Rock 

core will be placed in, the box so that, when the box is open, with the inside of the lid facing the observer, 

the top of the cored interval contained within the box is in the upper left corner of the box and the bottom 

of the cored interval is in the lower right corner of the box. The top and bottom of each core obtained and 

their true depths will be clearly and permanently marked on each box. The width of each row must be 

compatible with the core diameter to prevent lateral' movement of the core in the box. Similarly, an empty 

space in a row will be filled with an appropriate filler material or spacers to prevent longitudinal movement 

of the core in the box. 

. , 
The inside. and outside of the core-box lid will be marked by indelible ink to show all pertinent data about. 

the box's contents. At a minimum, the following information will be included: 
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• Project name 

• Project number 

• Boring number 

• Run numbers 

• ·Footage (depths) 

• Recovery 

• ROD (%) 

• Box number and total number of boxes for that boring (Example: Box 5 of 7) 

• .. Contact person's name and telephone number 

. For easy retrieval when core boxes are stacked, the sides and ends of the box will also be labeled and 

will include project number, boring number, top and bottom depths of core, and box number. 

Before final closing of the core box, a photograph will be taken of the reco\(ered core and the labeling on 

the inside cover will be taken. If moisture content is not critical, the core shall be wetted and wiped clean 

for the photograph. (This will help to show true colors and bedding features ·in the cores.) 

3.4 Air Rotary Drilling 

Air-rotary drilling is a method of drilling where the drill rig simultaneously turns and exerts a downward 

pressure on the drilling rods and bit while circulating compressed air down the inside of the drill rods, 

around the. bit, and out the annulus of the borehole. Air circulation serves to both cool the bit and remove 

the cuttings from the borehole. 

Advantages of this method include 

• The drilling rate is high (even in rock). 

• The cost per foot of drilling is relatively low. 

• Air-rotary rigs are common in most areas. 

• No drilling fluid is required (except when water is injected to keep down dust). 

• The borehole diameter is large to allow room for proper well installation procedures. 

/ Disadvantages to using this method include 
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• Formations must be logged from the cuttings that are blown to the surface and thus the depths of' 

", materials logged are approximate. 

• Airblown into the formation during drilling may "bind" the formation and impede well development and' 

natural groundwater flow. 

• In-situ samples cqnnot be taken, unless theh91e is cased. 

• Air-rotary drill rigs are large and heavy. 

'. Large amounts of investigation-derived waste (lOW) may be generated that may require 

containerization, sampling, and off-site disposal. 

4.0, GEOLOGIC DESCRIPTION OF BOREHOLES IN ROCK 

These procedures provide descriptions of, the standard techniques for borehole' and 'sample logging. 

These logging techniques will be used for each boring to provide consistent descriptions of subsurface 
, , 

lithology. While experience is the only method to devel~p confidence' and accuracy in the description of 

soil and rock, the field geologist or engineer' can do a good job of classification by careful, thoughtful 

observation and by being consistent throughout the classification procedl!re. ' 

The classification of soil and rocks is one of the most important jobs of the field geologist or engineer. To 

maintain' a consistent flow bf information, it is imperative that the field geologist or engineer understand, 

and accurately use the field classification system described in this SOP. Thisidentification is based on 

visual examination arid manual tests. 

'4.1 Required Field Forms and Equipment 

When logging soil and rock samples, the geologist or engineer should be equipped with the following: 

Rock hammer 

Knife 

Camera 

10% Dilute hydrochloric acid (HCI) 

Ruler (marked in tenths and hundredths of feet) 
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Writing utensil with indelible ink 

Field logbook 

Disposable medical-grade gloves (e.g., latex, nitrile) . 

SoiVrock classification sheets 

4.2 . Classification of Rocks 
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- Claystone - Very fine-grained rock made up-of particle less than 1/256 mm in diameter. Fractures 

irregularly. Very smooth to touch. Generally has irregularly spaced pitting on surface of drilled cores . 

. Shale - A fissile, very fine-grained rock with particles less than 1/256 mm in diameter. Fractures along' 

bedding planes. 

Limestone - Rock made up predominantly of calcite (CaC03, which is mainly fossilized animal and plant 

debris). Effervesces strongly upon the application of dilute hydrochloric acid. 
I. . 

Coal:- A very dark colored rock consisting mainly of organic (mainly fossilized plant debris) remains. 

Others - Numerous other sedimentary rock types are present in lesser amounts in the stratigraphic 

record. 

The local abundance of any of these rock types is dependent upon the depositional history of the area. 

Conglomerate, halite, gypsum, dolomite, anhydrite, lignite, etc. are some of the rock types found in lesser 

amounts. 

In-classifying a sedimentary rock, the following hierarchy will be noted: Rocks are grouped into three main 

divisions: sedimentary, igneous, and metamorphic. Sedimentary rocks are by far the predominant type 

exposed at the earth's surface and are the only type present at NSWC Crane. The following basic names 

are applied to the types of rocks found in sedimentary sequences: 

Saridstone- Made up predominantly of granular materials ranging between 1/16 t02 mm in diameter. 

Siltstone - Made up of granular materials between 1/16 to 1/256 mm in diameter. Fractures irregularly. 

Medium thick to thick bedded. 
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, 
As described above, there a"re numerous types of sedimentary rocks. In most cases, a rock will be a 

combination of several grain types; therefore, a modifier such as "sandy siltstone" or a "silty sandstone" .. 

. can be used. The modifier indicates that a significant portion of the rock type is composed of the 

modifier. Other modifying descriptions can include carbonaceous, calcCireous, siliceous, fossiliferous, etc. 

Grain size is the basis for the classification of clastic (sandstones, siltstones; and shales) sedimentary 

rocks. The Udden-Wentworth classification will be assigned to sedimentary rocks (shown below). The 

individual boundaries are slightly different than the USGS subdivision for soil classification. For field 

de.termination ·of· grain sizes, a scale can be used for the coarse-grained rocks. Alternatively, the division 

between siltstone and shale may be measurable in the field by the use of a hand lens. If the grains 

cannot be seen with the naked eye but are distingui$hable with a hand len~, the rock is a siltstone. If the 

grains are not distinguishable with a hand lens, the rock is a shale. 

GRAIN SIZE CLASSIFICATION FOR ROCKS 

Particle Name Grain Size Diameter 

Cobbles >64mm 

Pebbles. 4 - 64 mm 

Granules 2 - 4 mm. 

Very Coarse Sand 1 -2 mhl 

Coarse Sand 0.5 - 1 mm 

Medium Sand 0.25 - 0.5 mm 

Fine Sand 0.125 - 0.25 mm 

Very Fine Sand 0.0625 - 0.125 mm 

Silt 0.0039 - 0.0625 mm 

After Wentworth, 1922 

4.2.2 Color 

The color of a rock can be determined ina similar manner as for soil samples. Rock core samples will be 

classified while wet, when possible, and air-cored samples will be scraped clean of cuttings prior to color" 

classifications. Soil colors will be described utilizing a single color descriptor preceded, when necessary, 

by a modifier to denote variations in shade or color mixtures. A soil could therefore be referred to as 

"gray" or "light gray" or "blue-gray." Since color can be utilized in correlating units between sampling 

locations, it is important for color descriptions to be consistent from one boringto another. 
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The bedding thickness designations listed below will also be used for rock classification. 

BEDDING THICKNESS CLASSIFICATION 

Thickness Thickness 
(metric) (Approximate· ' Classification 

English Equivalent) 

> 1.0 meter >3.3' , Massive 

30cm - 1 meter 1.0' - 3.3' Thick bedded 

10 cm - 30 cm 4"" 1.0' Medium bedded 

3 cm -10 cm 1" - 4" Thin bedded 

1 cm- 3 cm 2/5" - 1" Very thin bedded 

.3 mm -1 cm 1/8" - 2/5" Laminated 

1 mm - 3 mm 1/32" - 1/8" , Thinly laminated 

< 1 mm <1/32" Micro laminated 

(Ingram, 1954) 

4.2.4 Hardness 

The hardness ofa rock is a function of the compaction, cementation, and mineralogical composition of 
,. ' 

the rock, A relative scale for sedimentary rock hardness is as follows: 

Soft - Weathered, considerable erosion of core, easily gouged by screwdriver, scratched by fingernail. 

Soft rock crushes or deforms under pressure of a pressed hammer. This term is always usee! for the 

hardness of the saprolite (decomposed rock that occupies the zone between the lowest soil horizon and 

,. firm bedrock). 

Medium soft - Slight erosiQn of core, slightly gouged by screwdriver, or breaks with crumbly edges from 

single hammer blow. 

Medium hard - No core erosion, easily scratched by screwdriver, or breaks with sharp edges from single 

hammer blow. 

Hard ~ Requires several hammer blows to break and has sharp conchoidal breaks. Cannot be scratched 

. with screwdriver. 
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Nqte the difference in usage of the words "scratch" and "gouge." A scratch will be considered a.slight 

depression in the rock (do not mistake the scraping off of rock flour from drilling with a scratch in the rock 

itself), and a gouge is much deeper. 

4.2;5. Fracturing 

Method of Calculating ROD 

(After Deere, 1966) 

Fractures should also be noted. 

ROD % == r/lx 100 

r = Total length of all pieces of the lithologic unit being measured .that are greater th~n 

4 inches in length arid have resulted from natural breaks. Natural breaks include 

slickensides, joints, compaction slicks, bedding plane partings (not caused by drilling), 

friable zones, etc . 

Total length of the coring run. 

4.2.6 Weathering. 

The degree of weather\ng is a significant parameter that is important in determining weathering profiles 

and is also useful in engineering designs . .The following terms can be applied to distinguish the degree of 

weathering: 

Fresh - The rock shows little or no weathering effect. Fractures or joints have iittle or no staining and rock 

has a bright appearance. 

Slight - The rock has some staining that may penetrate several centimeters into the rock. Clay filling of 

joints may occur. Feldspar grains may show some alteration. Oxidation and weathering may affect the 

degree of fracturing or brokenness of a rock. After eliminating drilling breaks, the average spacing of 

natural breaks is calculated and the fracturing is described by the following terms: 

Very broken (V. BA.) c Less than 2-inch spacing between fractures 
, 

Broken (BA.) - 2-inch to 1-foot·spacing between fractures 
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Blocky (BL.) - 1- to 3-foot spacing between fractures 

Massive (M.) - 3- to 10-foot spacing between fractures 

The structural integrity of the rock can be app"roximated by calculating the rock quality designation (ROD) . . 

of cores recovered~ The ROD is determined by adding the total lengths of all pieces exceeding 4 inches 

and 'dividing, by the total length of the coring' run to obtain a percentage. , 

Moderate - Most of the rock, with exception of ,quartz grains, is stained. Rock is weakened due to 

weathering and can be easily broken with a hammer. 

Severe - All rock including quartz grains is stained. Some of the rock is weathered to the extent of 

becoming a soil. Rock is very weak. 

4.2.7 Other Characteristics 

. The following items will be included in the rock description: 

Description of contact between two rock units. These can be sharp or gradational. 

• Stratification (parallel, cross stratified). 

• Description of any filled cavities or vugs. 

• Cementation (calcareous, siliceous, hematitic). 

• Description of any joints or open fractures. 

• Observation of the presence of fossils. 

• 'Notation of joints with depth, approximate angle to horizontal, any mineral filling or coating, and 

. degree of weathering. 

All information shown on the boring logs will be neat so it can be reproduced on a copy machine for report 

presentation. The data will be kept current to provide control of the drilling program and to indicate 

various areas requiring special consideration and sampling; 

4.2:8 Additional Terms Used in the Description of Rock 

The following terms are used to further identify rocks: 

Seam - Thin (12 inches or less), probably continuous layer. 
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. ,Some - Indicates significant (15 to 40 percent) amounts of the accessory material. For example. rock 

com.posed of seams of sandstone (70 percent) and shale (30 percent) would be "sandstone -- some shale 

seams." 

Few - Indicates insignificant (0 to 15 percent) amounts of the accessory materiaL For example. rock 

composed of seam of sandstone (90 percent) and shale.(10 percent), would be "sandstone -- few shale 

. seams." 

Interbedded - Used to indicate thin or very thin alternating seams of material occurring in approximately 

equal amounts. For example. rock composed of thin alternating seams of sandstone (50 pertent) and 

shale (50 percent) would be "interbedded sandstone and shale." 

Interlayered - Used to indicate thick alternating seams of material occurring in approximately equal 

amounts. 

4.2.9 Abbreviations 

Abbreviations may be used in the description· of a rock. However. they"will be kept at a minimum. 

Following are some of the abbreviations that m~y be used: 

C - Coarse Lt - Light VI - Vellow 

Med - Medium BR - Broken Or - Orange 

F - Fine BL - Blocky SS - Sandstone 

V - Very M - Massive Sh - Shale 

SI - Slight Br - Brown LS - Limestone 

Occ - Occasional BI - Black Fgr - Fine-grained 

Tr - Trace 

5.0 BORING LOGS AND DOCUMENTATION 

This section describes in more detail the procedures. to be used in completing boring logs in the field. . . 

Information obtained from the pceceding sections will be used to complete the logs. A sample boring log 

is attached at the end of this SOP. 

The field geologist or engineer will use this example as a guide in completing each boring log. Each 

boring log will be fully described by the geologist or engineer as the boring is being drilled. Every sheet 
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contains space for 25 feet of log. Information regarding classification details is provided either on the 

ba~k of the boring log or on a separate sheet, for field use. All data will be written directly on the boring 

log. Additional notes may be entered in a field notebook if more space is neecjed. 

5.1 Remarks Column 

The following information will be entered under the II Remarks" column and will include, but is not limited 

to, the following: 

Moisture - Estimate moisture content using the following terms: dry, moist, wet, and 

saturated. These terms are determined by the individual. Whatever method is used to 

determine moisture should be consistent throughout the log. 

Angularity - Describe angularity of coarse-grained particles using the terms· angular, 

subangular, subrounded, or rounded; Refer to ASTM 0 2488 or the Earth Manual for 

criteria for these terms. 

Particle shape - flat, elongated, or flat and elongated. 

Maximum particle size or dimension .. 

Water-level observations. 

Reaction with Hel - none, weak, or strong. 

Additional comments: 

050419/P 

Indicate presence of mica, caving of hole, when water was encountered, difficulty in 

drilling, loss or gain of water. 

Indicate odor and photoionization detector (PID) readings. 

Indicate any change in lithology by drawing a line through the lithology change column 

and indicate the depth: This will help when cross-sections are subsequently constructed . 
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At the bottom of the page, indicate type of rig; drilling method, hammer size and drop, 

and any other useful information (Le., borehole size, casing set, changes in drilling 

method). 

Vertical lines shall be drawn in the Material Description column from the bott<;>m of each 

sample to the top of the next sample to indicate consistency of material from sample to 

sample, if the material is consistent. Horizontal lines will be drawn if there is a change in 

lithology, then vertical lines will be drawn to that point. -

Indicate screened interval of well,as needed, in the iithology column. Show top and -

bottom of screen. Other details-of well construction. are provided on the well construction 

forms. 

5.2 Rock Classification 

Indicate depth at which coring began by drawing a line at the appropriate depth. Indicate core run depths 

by drawing coring run lines (as' shown) under the first and fourth columns on the 'Iog.she~t. Indicate core 

run number, ROD percent, and core recovery under the appropriate columns . 

Indicate lithology change by drawing a line at the appropriate depth, as explained above. 

Rock hardness is entered under designated column using terms as described on the back of the log or as 

explained earlier in this section. 

-~Enter color as determined while the core sample is wet; if the sample is cored by air, the core is to be 

_ scraped clean before the color is described. 

Enter rock type based on sedimentary, igneous, or metamorphic. For sedimentary rocks, use terms as 

described in Section 5.3. Again, be consistent in classification. Use modifiers and additional terms as 

.needed. For igneous and metamorphiC rock types, use terms as described in Section 5.3. 

Enter brokenness of rock or degree of fracturing under the appropriate column using symbols VBR, BR, 

- BL, or M, as explained in Section 5.3 and as noted on the back of the boring log. 

The following information will be entered under the remarks column. Items will include but are not limited 

• to the following: 
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Indicate depths of joints, fractures, and breaks and also approximate to horizontal angle . 

. (such as high, low) (Le., 70° angle from horizontal, high angle). 

Indicate calcareous zones, description of any cavities or vugs . 

. Indicate any loss or gain of drill water. 

Indicate drop of drill tools or change in color of drill water. 

Remarks at the bottom of boring log will include 

Type and size of core obtained 

Depth casing was set 

Type of rig us~d 

As a final check, the boring log will include the following: 

. Vertical lines will be drawn as explained for soil classification to indicate consistency of 

bedrock material. 

If applicable, indicate screened interval in the lithology column. Show top and bottom of 

screen. Other details of well construction are provided on the well construction forms. 

5.3 Classification of Soil and Rock from Drill Cuttings 

The previous: sections describe procedures for classifying rock samples when cores are obtained. 

However, some drilling methods (air/mud rotary) may require classification and borehole logging based 

on identifying drill cuttings removed from the borehole. Such cuttings provide only general information on 

subsurface lithology. Some procedures that will be followed when logging cuttings are as follows: 

• Obtain cutting samples at approximately §-foot intervals, sieve the cuttings (if mud rotary drilling) to 

obtain a cleaner sample, place the sample into a small sample bottle or ziplock bag for future 

reference, and label the jar or bag (Le., hole number, depth, date, etc.). Cuttings will be closely 

examined to determine general lithology .. 

• Note any change in color of drilling fluid or cuttings to estimate changes in lithology. 
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• Note. drop or chattering of drilling tools or a change in the rate of drilling to determine fracture 

'locations or lithologic changes. 

• Observe loss or gain of drillin'g fluids or air (if air rotary methods are used) to identify potential fracture 

,zones. 

• Record this and any other useful information onto ~he boring log. 

This logging provides a general description of subsurface lithology, and adequate information can be 

obtained through careful observation of the drilling process. It is recommended that split-barrel and rock 

core sampli,ng methods be used at' selected boring locations during the field investigation to provide 

detailed information to supplement the less-detailed data generated through borings drilled using air a~d 

mud rotary methods. 

5.4 Review 

'Upon completion of the borings logs, copies will be, made and reviewed. Items to be reviewed include 

• Checking for consistency of all logs 

• Checking for conformance to the guideline 

• Checking to see that all information is entered in their respective columns and spaces 

Originals of the boring logs will be retained in the project files. 

7:0 ATTACHMENTS 

1. Boring Log 
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, 'This procedure provides general guidance and information pertaining to proper design and installation of 

ground water monitoring wells. The methods described herein are specific for monitoring well 

""construction at the NSWCCrane facility. Guidelines by South Division, Naval Facilities Engineering 

Command (SOUTHNAVFACENGCOM, 1997) and the State of Indiana regulatory requirements in Article 

,16 Water Well Drillers of Chapter 310 of the Indiana Annotated Codes (310 lAC 16) should be consulted. 

2.0 RESPONSIBILITIES 

; Driller - The driller provides adequate and <?perable equipment, sufficient quantities of materials, and an 

experienced and efficient labor force capable of performing all phases of proper monitoring well 

installation and construction. The drilling contractor personnel must have all the health and safety training 

'required to perform the work, as specified in the health and safety plan. The driller is also responsible for 

obtaining, in advance, any required permits for drilling and monitoring well installation and construction. 

Field Geologist - The field geologist supervises and documents well installation and construction 

performed by the driller and ensure~ that the screen interval for each monitoring well, is properly placed to 

,provide representative groundwater data from the monitored interval. Geotechnical engineers, field ' 

technicians, or other suitable trained personnel may also serve in this capacity. 

,Site Safety Officer - The site safety officer is responsible for clearing the driil site for ~nderground and 

overhead utilities or other potentially hazardous obstructions. 

3.0 REQUIRED EQUIPMENT/ITEMS 

The following list includes equipment and ,items required for monitoring well installation: 

Health and safety equipment as required by the HASP and the site safety officer. 
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Well drilling and installation equipment with associated materials (typically supplied by the driller). 

Hydrogeol~gic equipment (weighted engineer's tape, water-level indicator, retractable engineer's rule, 

electronic calculator, clipboard, mirror and flashlight. for observing downhole activities, paint and ink 

marker. for marking monitoring wells, sample· jars, well installation forms, boring. logs, soil sample log 

Jorms, chain-of-custody records, sample coolers with ice, and a field notebook). 

4.0 WELL DESIGN AND CONSTRUCTION 

Overburden well borings will be drilled using minimum 4-inch inside diameter hollow-stem augers to the 

desired depth ~f each well boring. Rotary drilling with a roller bit and water wash or air rotarY drilling can 

be used to extend the shallow well borings, in the event that bedrock comprising aquifer material· is 

encountered before the desired well depth is reached. In no cases will the Elwren shale be completely 

penetrated unless ~ steel casing is installed and grouted in place at the top of the Elwren shale. 

Bedrock monitoring well borings will be drilled using hollow-stem auger or rotary drilling techniques until 

the bedrock is rea:ched. A 6-inch-diameter steel casing will be installed to the top of the bedrock and will 

be grouted with a cement-bentonite slurry in a manner to ensure that the entire annulus· between the 

casing and borehole is sealed. Diamond coring (NX) will be init·iated aft~r the grout is allowed to cure for 

a minimum of 24 hours in tho~e borings where coring is planned. For each well, the coring will proceed 

from the bottom of the casing to the full depth of the boring. Once the coring has been completed and the 

-core has been logged (see SOP CT0331-11), then the hole will be reamed out with a minimum 5-inch

diameter air rotary bit. Air rotary drilling will be performed through the casing immediately after the grout 

has cured in those cases where coring is not anticipated. These borings will be logged using the rock 

chips and dust blown up the boring by the return air of the drill bit (see SOP CT0331-11). The borehole 

will then be cleaned out using compressed air from the drill bit. The air rotary equipment must have a 

filter on the compressed air line going to the borehole to prevent oil and other organics from being 

introduced. Once the hole has been cleaned out using the compressed air of the rig, packer testing of the 

:hole can proceed (see SOP CT0331-13). Installation of the monitoring well follows the packer testing. 

Note: All drilling and packer testing equipment must be decontaminated before it is placed in a borehole . 

. . All monitoring wells will be constructed of Schedule 40,flush-joint-threaded, 2-inch inside diameter 

polyvinyl chloride (PVC) riser pipe and flush joint threaded, factory slotted well screen with a threaded 

end cap. The well screens will be factory slotted to. O.020-inch size. Each section of well casing and 

screen will.be National Sanitation Foundation (NSF) approved. Well screens will be 10 feet long but may 

be longer or shorter based on the subsurface conditions that are encountered. A PVC cap will be placed 
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on the bottom and will also be flush threaded. Other means of joining casings using glue, gaskets, pop 

rivets, or screws are riot allowed. The screen will pass no more, than 10 percent of the pack material or 

incsitu aquifer material. 

Monitoring wells will. be installed immediately upon completion of drilling or packer testing, if performed. A 

well screen section with bottom cap and the proper amount of riser pipe will be assembled and lowered 

down the borehole. Centralizers will be used as necessary to ensure that the casing and screen are. 
. . .' 

centered and are aligned straight. The sand pack will be. extended from 0.5 foot below the well screen to 

2.0 feet above the top of the well screen. Clean silica sand of U.S: Standard Sieve Size No. 20 to 40 will 

be used. 

A minimum 3-foot-thick bentonite pellet seal will be installed above the filter pack and allowed to hydrate 

for a minimum of 3 hours before grout is added above the seal. Only 1 00 percent, certified pure sodium 

bentonite will be used for well construction. The depths of backfill lT1aterials will be constantly monitored 

during well installation using a weighted stainless-steel or fiberglass tape measure. 

The remaining annulus above the hydrated bentonite seal will be backfilled to the surface using a tremie . 

pipe, with a 20:1 cement/bentonite grout. A'maximum of 10 gallons of water per 94-pound bag of Type 1 

cement will be used. The grout mixture should be blended in an above-ground rigid container or mixer to 

· produce a thick lump-free mixture. This grout mixture will also be used for placement of steel casings in 

deep wells. 

Bentonite expands by absorbing water and provides a seal between· the screened interval and the 

overlying portion of the annular space and formation. Cement-bentonite grout is pla~~d on top of the 

bentonite pellets extending to the surface. The grout effectively seals the well and eliminates the 

possibility for surface infiltration reaching the screened interval. Grouting also replaces material removed 

during drilling and prevents hole coilapse and subsidence around the well. A tremie pipe should be used 

· to introduce grout from the bottom of the hole upward to prevent bridging and to provide a better seal. 

However, in shallow boreholes that do not collapse, it may be more practical to pour the grout from the 

· 5urtace without a tremie pipe. 

When the well is completed and grouted to the surface, a protective steel surface casing is placed over 

the top of the riser pipe. The finished well casing will extend at least 2 feet above the ground level. This 

casing will have a cap that can be locked to prevent vandalism. A vent hole will I be provided in the cap , . . 

to allow venting of gases and ,maintain atmospheric pressure as water levels rise or fall in the well. The 

protective casing has a larger diameter than the riser pipe and is set into the wet cement grout over the 
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well upon completion or can be placed between the steel casing and the riser pipe in the case of deep 

monitoring well borings. ·In addition, one hole is drilled just above the cement collar through the protective 

casing, which acts as a weep hole for the. flow of water that may enter the annulus during well 

. development, purging, or sampling.· 

5.0 DOCUMENTATION OF FIELD ACTIVITIES 

A critical part of monitoring well installation is recording of significant details and events ·in the site 

logbook, on field forms, and' in a field logbook. Details of borehole logging are contained in SOP 

CT0331-11. 

6.0 ATTACHMENTS 

1. Bedrock Monitoring Well Sheet 

2. Overburden Monitoring Well Sheet 
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• "ATTACHMENT 1 

BEDROCK MONITORING WELL 'SHEET 

( It]Tetra Ted! NUS, Inc. WELL No.: 

MONITORING WELL SHEET 

PROJECT: DRILUNG Co.: BORING No.: 

PROJECT No.: DRILLER: DATE COMPLETED: 
\ , 

SITE: DRilliNG METHOD: NORTHING: 

GEOLOGIST: DEV. METHOD: - EASTING: 

", 

Elevation I Depth of Top of Riser: 
\ 

Elevation I Height of Top of 
Surface casing: 

1:0. of Surface caSing: 

Ground" El9vation = Type of Sulface Casing: 
Datum: 

~ <--., v-r- - Type of Surface Seal: 

1.0. of Riser: 

Type of Riser: 

Borehole Diameter: 

111=111= 111= 
" Elevation I Depth Top of Rock: 

Type of Backfill: 

Elevation I Depth at Seal: 

Type of Seal: 

) 
Elevation I Oepth 01 Topol Filter Pack: 

Elevation I Oepth 01 Top of Screen: --
- Type of Screen: 

-
- Slot Size x Length: --- 1.0. of Screen: 
--
- Type of Fdter Pack: 

Elevation I Depth of Bottom of Screen: 

: ;: : Elevation I Depth of Bottom of ',' : 
FiHer Pack: 

Type of Backfill Below Well: 

: 

. Elevation I Total Depth of Borehole: 
Not to ~""'It> 

• 
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.. ·RISEA P1PEI.O~'" . ·2': 
•. TYPE OF RISER PIPE: .·-':CAR:-:-=-=-BON~=ST=EE::'::·::-L""':: .-:-...,..,-

. ;' . . ..' 

. "', 

I;D~ OF SCREEN: . -,-_ . ..:2":.,.. .. _., -:-. ...:.,..;;....,0 __ ..... _ 

t-:-""-.-;..,.±-.,-;,:;-,,,-nfPE OFFIL TERP~CK~ SllICASAND. .' 
. (No. 10'20 u.s. STANDARD SEiVESIZE) . 

. ", . 

'/D~ 'BOTIOMOFscmh:N: 
. I DEPTH aoTI6M OF fiLTER PACK: 

I DEPTH OF BOREHoLE: ' 
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1.0 SCOPE AND APPLICATION 

NSWCCrane 
DraftQAPP 
Revision: 0 

Date: July 2004 
Section: SOP _CT0331-13 

Page 1 of 3 

This Standard Operating Procedure (SOP) delineates protocols for performing packer tests in open holes 

iri bedrock at the NSWC Crane . facility. These tests ~i11 allow hydraulic properties of .rock to be 

· determined and ground water samples to be collected, if needed, from specific depth intervals. 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT 

Submersible pump with 0.5 to 10 gpm capacity 

. Inflatable packers 

Drill rig and associated equipment 

Teflon-coated drop tube 

Stainless-steel cable 

Pressure transducer and data recorder. 

/ Photo ionization detector (PID) 

· Water-quality meter . 

: High-pressure steel tubing 

3.0 PROCEDURE 

· 3.1 Determine depth intervals of the open borehole to be tested. 

3.2 Lower the decontaminated packer assembly down to the first desired interval to be tested. 

3.3 Pack off the top and bottom of the test interval with inflatable packers that are attached to high

pressure steel tubing. 

3.4 

050419/P 

. Monitor the hydraulic pressure in the test section until the pressure reaches a constant value (Le., 

steady state). Record times and pressure values on the data logger. 
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Once the pressure has reached steady state, turn on the pump, which will produce water at a rate 

'of about 1 gpm. 

3.6 Monitor the hydraulic pressure during pumping. Do not let the water level drop below the top 

packer elevation (Le., do not let the packed interval become dewatered) . 

. 3.7 If the water level drops quickly, reduce the pumping rate to the lowest steady level anc~ continue 

to record the water pressure. 

3.8 Monitor water-quality parameters (pH,ORP, temperature, D.O., turbidity, and specific, 

.. .' conductance) in accordance with SOP CT0331-16 in-line in the pump discharge Hne during the 

test. Record values every 2 to 3 minutes~ 

3.9 Monitor the flow rates during the test and record every 2 minutes. Any time the pump rate is 

intentionally reduced, record this information. 

3.10 After approximately 15 minutes of pumping and when the ground water elevation has stabilized 

and is still well above the top packer elevation, a step increase in pumping rate may be 

achievable. Increase the pumping rate to about 5 gpm and repeat steps 3.6 through 3.9. 

3;11 If, after about 15 minutes, the ground water elevation has stabilized, attempt to increase the 

pumping rate to 10 gpm. Do not let the water level drop below ttie top of the packer 

assembly. If the water pressure drops quickly, cut the pumping rate down to 7 or 8 gpm, or stop 

pumping altogether. 

3.12 . Record water pressures and water-quality parameters every 2 to 3 minutes. When the pressure' 

transducer readings have stabilized (i.e., remained constant over a 5-minute period), the test is 

completed. 

3.13 . Turn off the pump and deflate the packers. 

3.14 Lower the pump and the packer assembly to the next interval selected for testing. 

3.15 Repeat steps 3.3 through 3.13 for next test interval.. 
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3.16 When testing is completed; remove the packer. assembly, pump, and other equipment from the 
. . . 

hole. Decontaminate all equipment as described in SOP CT0331-17. 

3.17 Contain all water produced during testing. Transport the lOW water to the central storag\3 area in 

accordance with SOP CT0331-15 . 
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. CALIBRATION AND CARE OFWATER QU'ALlTY METER 

1~0 PURPOSE 

This Standard Operating Procedure (SOP) establishes the procedures for the calibration and 

maintenance of field. instruments used to measure water quality and for the proper documentation of 

"calibration and maintenance. The YSI 6-Series Environmental Monitoring System will be used to 

measure pH, temperature, oxidation~reduction potential (ORP), specific conductance (SC), dissolved 

oxygen (~O), and turbidity in water.· The YSI meter has a mult.iprobe sensor that can be used in 

conjunction with /a flow-through cell attached to a pump discharge tube to measure water-quality 

parameters in a ground water discharge or can be immersed in a surface water body such as a stream, 

pond, or drainage ditch . 

2.0 FIELD FORMS AND EQUIPMENT LIST 

The following logbooks, forms, equipment, and supplies are required: 

Site logbook 

Equipment calibration log sheet . 

YSI Model 610-0 and Sonde: multi-parameter water-quality meter with fiow through cell 

. Equipment manual 

'.Calibration kit 

:·Deionized water, paper towels, spray bottle, etc. 

Disposable medical-grade gloves (e.g., latex, nitrile) 

'3.0 PROCEDURES 

This section describes the calibration procedure for the YSI Model 610-0. The meter is supplied with an 

instruction manual. Sections of this manual are reproduced in this SOP. The manual will be on site and 

. will be used as the calibration guidance document for the meter's calibration (page 29, Section 2.6 of the 
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manual starts the calibration procedure}. This procedure will list requirements for frequency of calibration 

and checks to be performed on the meter. 

The YSI Model 610-0 and Sonde is a multi-parameter, water-quaiity meter that may be used to measure , 

open water bodies (streams, ponds, springs, etc.) with the probe guard install~d. With the flow through 

. cell attached, the meter has the ability to measure water-quality parameters in ground water via a pump 

discharge line. By ·performing the measurements in the discharge line coming directly. from the well, the 

parameters are measured· before the ground water comes in contact with the atmosphere. The 

parameters measured by the YSI for this field effort are as follows: 

.. DO 

• SC 

• Temperature 

• pH 

• ORP 

• Turbidity 

3.1 Documentation 

The Equipment Calibration Log is used to document calibration of measuring equipment used in the field. 

The Equipment Calibration Log documents that the manufacturer's instructions were followed for 

calibration of the equipment, including the frequency of calibration, type of standards used, and checks· 

performed on calibration· during the course of using the equipment. An Equipment Calibration ,Log must 

be maintained for each measuring device that requires calibration. Entries must be made for each day 

the equipment is used. A blank Equipment Calibration Log form is attached at the end of this SOP. 

3;2 Calibration 

All the parameters listed in Section 3.0 must be calibrated prior to the start of each field effort. After this 

initial calibration, the YSI will be checked each day that it is used. If the check shows any out-of

. specification readings, the specific probe will be recalibrated. Meter specifications can be found in the 

equipment manual, starting on page 248. Calibration and calibration checks will be documented in· the 

field logbook and on the Equipment Calibration Log. The name, lot number, and expiration date for all 

calibration buffers and standards used will be recorded on the Equipment Calibration Log. The meter's 

model, serial number, and name of rental company will also be recorded on the equipment calibration 

form. 
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• The DO calibration is a water~saturated air calibration. Make certain to loosen the calibration cup 

. seal to allow pressure to equilibrate before calibrating. 

• Make certain that sensors are completely submersed in solution and readings are stable when 

calibration values are entered. 

• Use a small amount of calibration solution (previously used solution may be used, then discarded for 

this purpose) to pre-rinse the sonde. 

• Fill a bucket with ambient temperature water to rinse the sonde between calibration solutions. 

• Make sure to rinse and dry the probe between calibration solutions. This will reduce carry-over 

contamination and increase the accuracy of the calibration . 

. 4.0 MAINTENANCE 

The YSI Meter will be rented for the duration of each brief ffeld effort. Therefore, little field maintenance 

. will be required. For any maintenance other than the routine cleaning, calibrating, or battery charging, the 

instrument should be returned to the vendor and a replacement sent immediately to the job site. 

4.1 Meter Storage 

.For this field effort, the meter storage will be short term, [i.e. over night or between work shifts (4-day 

break)]. During these breaks, the meter will be charged. One-half inch of tap or distilled water will be 

placed in the meter calibration cup and the cup threaded onto the sonde. The key for short-term storage 

of' probes is to LIse a minimal amount of water so the calibration cup will remain 'at 100 percent humidity. 

The water level must be low enough so that none of the probes are actually immersed. Proper storage of 

the sonde between usage will extend its life and will also ensure that the unit is ready for use as quickly 

as possible for the next application . 

. Multi-parameter short term storage key points: 

• Use enough waterto provide humidity but notenough to cover the probe surfaces . 

• Make sure the storage vessel is sealed to minimize evaporation. 
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• Check periodically to make certain that water is still present. 

4.2 Probe Cleaning 

.' Rinse the probe thoroughly with potable water. 

• ' Wash the probe in a mild solution of Liquinox and water and wipe with paper towels and/or cotton 

swabs. 

• Rinse a'nd soak the probe in deionized water. 

• If stronger cleaning is required, consult Section 2.10 on page 89 of the equipment manual. 

, ,Note: Reagents that are used to calibrate and check the YSI may be hazardous. Review the health and 

'safety plan, Appendix A of the equipment manual, and Material Safety Data Sheets (MSDSs), all of which 

are oli file in the field trailer. 

5.0 ATT ACHMENTS 

1. Equipment Calibration Log 
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MANAGEMENT OF INVESTIGATION-DERIVED WASTE 

1.0 PURPOSE 

This Standard Operating Pro.cedure (SOP) describes how investigation-derived waste (IDW) will be 

collected, segregated, classified, and managed during the field investigations at the NSWC Crane facility. 

:fhe following types of IDW will be generated during this investigation: 

· . 
• 
• 
• 
• 

2.0 

Excess soil and rock materials remaining from subsurface drilling activities 

Well development water and purge water related to monitoring well installation and sampling 

Decontamination solutions 

Personal protective equipment and clothing (PPE) 

Miscellaneous trash and incider:)tal items 

REQUIRED FIELD FORMS AND EQUIPMENT 

Health and safety equipment (with PPE) 

Decontamination equipme·nt 

F~eld logbook and inc;lelible ink pen 

Plastic sheeting and/or tarps 

55-gallon drums with sealable lids 

lOW labels for drums 

'Wastewater container tanks 

Plastic garbage bags . 

3~ PROCEDURES 

Management of IDW includes the collection, segregation, temporary storage, classification, final disposal, 

and documentation of the waste-handling activities. 
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3.1 Liquid Wastes. 

Liquid wastes that will be generated during the. site activities include well development water, well purge 

water (collected during low-flow sampling), and decontamination solutions from drilling and sampling 

e"quipment. As they are collected, these wastewaters will be placed in a 300-gallon (or smaller) portable 

tank attached to a truck. Whenever the portable tank approaches full, it will be transported to a central 

location at NSWC Crane (adjacent to a Crane-designated sanitary sewer manhole). The water in the. 

portable tank will be discharged to the sewer by gravity draining. 

· . " 

An acc:uraterecord will be kept by the FOL of all wastewaters that have been placed in the large holding 

tank. At a minimum, this information will include the following: 

• The location and type of each water that has been placed in the tank (e~g., purge water from wells) 

• The quantity of water from each source 

• The date the wastewater was generated 

• The date and time the wastewater was placed in the tank 

• The person(s) present when the wastewaters were discharged to the sewer 

3.2 Drill Cuttings and Cores 

As cuttings are removed from borings, they will be screened for VOCs. If these results do not show 

above-background levels of VOCs, the cuttings materials will be mixed with bentonite and returned to the 

borehole when sampling activities in the hole are completed or spread on the ground in the area of the 

borehole. The backfill mate"rials will be tamped as they are placed in the hole to increase density and 

reduce perm~ability of the backfill material. 

If any soil materials from a screened borehole interval show evidence of contamination (based on the field 

screening results), then the soil material from the screened interval will be placed in a plastic trash bag (or 

directly in a drum if a larger quantity) and the bag will be tagged. "Information included on the tag will 

consist of the hole from which the material came, the dep"th interval from which the material came, the 

date, and the name of the person filling out the tag. The bag will then be placed in a 55-gallon drum and 

,sealed (more than one bag may be placed in a drum). The waste drums will be stored on site temporarily 

until laboratory results have been received concerning the soil samples" that were collected from the 

suspect borehole. If the results indicate that no contamination is present in the soil samples, then the" 

soils will be disposed on site. If the levels of contamination of any of the samples from a borehole exceed 

Toxicity Characteristic Leaching Procedure (TCLP) limits (using the total soil concentrations), then all 

050419/P CTO 0331 

". 

• 



• 

• 

• 

, NSWCCrane 
DraftQAPP 
Revision: 0 

pate: July 2004 
Section: SOP _CT0331-15 

Page 3 of 3 

'excess soil frqm the borehole will be considered as RCRA-hazardous and disposed off site in accordance 

with RCRA waste disposal regulations. Alternatively; the toxicity characteristic leaching procedure may 

be conducted for any constituent that could exceed the TC limits based on total concentrations. 

• Cuttings from well borings wil,l be handled in the same manner as soil boring cuttings. 

3.3 PPE, Pump Discharge Tubing, Direct-Push Technology (OPT) Sample Liners, and 

. Incidental Trash 

,All PPE wastes, pump discharge tubes, DPT sample liners, and incidental trash materials (e.g., wrapping 

o'r packing materials from supply cartons, waste paper) will be decontaminated (if contaminated), double 

bagged, securely tied shut, and placed in a designated waste receptacle at NSWC Crane. 
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LOW-FLOW WELL PURGING AND STABILIZATION 

1.0 . PURPOSE 

This Standard Operating Procedure (SOP) establishes the procedure for well purging and stabilization 

utilizing low-flow techniques. 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT 

The following field forms and equipment are required for low-flow purging. 

Low-Flow Purge Data Sheet: A copy of this form is attached at the end of this SOP . 

. Ground Water Sample Log Sheet: A copy of this form and instructions fo~ its completion are included in 

SOP CT033.1-0S. 

Bound field logbook 

Writing utensil 

Photoionization detector (PID): The procedures for the operation of the PID are found in the health and. 

safety plan and SOP CT0331-06. 

Well key 

Electronic water-level indicator: The water-level indicator must have a cable of sufficient length to reach 

the water surface and be capable of measurements of 0.01 foot (see SOP CT0331-18). 

Electronic Programmable Controller, model 400: This controller regulates air flow in a bladder pump. 

Cylinder of compressed nitrogen with regulator: Compressed gas serves as the power source for the 

bladder pump. 

Multiple parameter water-quality meter: This unit measures and displays field parameters measured in 

the field including pH; dissolved oxygen, oxidation-reduction potential (ORP), temperature, and specific 

conductance (see SOP CT0331-14). 

Flow-through cell adapter for water-quality meter 

LaMotte Turbidity Meter: Used to measure turbidity (see SOP CT0331-14). 

Purge water containers 

Graduated cylinder and stopwatch: Used to calculate flow rate. 
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Decontamination supplies: SOP CT0331-17 describes required decontamination supplies. 

Disposable medical-grade gloves (e.g., latex, nitrile) 

3.0 PROCEDURES FOR WELL PURGING 

3.1 Prior to mobHizing to the site,. clean, check for proper operation, and calibrate above' equipment in 

accordance with manufacturer requirements as necessary. 

3.2 Follow the steps outlined in SOP CT0331-18 to obtain a static water-level measurement of the well 

to be purged. Record the information on the Ground Water Sample Log Sheet and the Low:'Flow 

Purge Data Sheet. Leave the water-level meter suspended in the well casing. 

3.3 Calculate one well casing volume as follows: 

1. Obtain the total depth of the well by measurement. 
\ 

2. Using the static water level determined in Step 3.2 of this SOP and the total depth of the well, 

calculate the well casing volume using the following formula: 

where: 

V 

T = 

0.163 = 

r 

v = (0.163)(T)(r2
) 

Static casing volume of well (in gallons). 

Vertical height of water column (linear feet of water). 

A constant conversion fac;tor that compensates' for the 

conversion of the casing radius. from inches to feet, the 

conversion of cubic feet to gallons, and pi. 

Inside radius of the well casing (in inches). 

Note: For wells of 1-inch radius (2-inch diameter), V = 0.163 gallons per foot of water column. 

3.4 Connect the pump controller to the well pump air s'upply (at the well cap) by following the 

instructions in the pump control manual. The pump controller must be turned off when it is being 

connected. 
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Connect the nitrogen cylinder to the pump controller. The nitrogen cylinder valve must be closed 

and the regulator line pressure set at zero. pounds per square inch (psi) when it is being 

connected. 

3.6 ' Following the instructions toundin"the water-qualify meter manual, connect the flow-through cell to 

the pump discharge line (at the well cap). 

3.7 Place the discharge tubing from the flow-through cell to direct the purge 'water discharge into the 

graduated cylinder or purge water container. 

3.8 Following the instructions in the pump controller manual, start pumping water from the well. 

. 3.9 Start with the initial pump rate set at approximately 0.1 liters per minute. Use the graduated 

cylinder and stopwatch to measure the pl.!mping rate. Adjust, pumping rates as necessary to 

prevent drawdown from exceeding 0.3 foot during purging. If no drawdown is noted, the pump 

rate may be increased (to a max of 0.4 liters per minute) to expedite the purging and sampling 

. event. The pump rate will be reduced if turbidity is greater than '10 NTUs after all other field 

parameters have stabilized. If ground water is drawn down below the top of the well screen, 

purging 'will cease and the well will be, allowed to recover before purging continues. Slow 

, recovering wells will be identified and purged at the beginning of the workday. If possible, 

samples will be collected from these wells within the, same 8-hour workday and no later than 

24 hours after the start of purging. 

The time to sample any given well will vary greatly due to the many variables assoCiated with low 

flow purging and sampling: 

• Stabilization of parameters 

• Possible drawdown 

,. Analytical changes from quarter to quarter 

• Varying QA sample requirements from quarter to quarter 

• Variable pump rates 

Normally, the time from the start of purging to the end of sampling will be between 1 and 4 hours. 

3.10 Measure the well water level using the water-level meter every 5 minutes. Record the well water 

level on the Low-Flow Purge Data Form (attached at the end of this SOP). 
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3.11 Every 5 to 10 minutes, record on the Low-Flow Purge Data Form the water-quality parameters 

(pH, specific conductance,' temperature, turbidity, oxidation-reduction potential, and dissolved 

oxygen) measured by the water-quality meter and turbidity meter. ·If the cell needs to be cleaned 
. . 

during purging operations, continue pumping (allow the pump to discharge into a container) and 

discpnnect the cell. Rinse the cell with distilled water. After cleaning is completed, reconnect the 

flow-through cell and continue purging. Document the cell cleaning on the Low-Flow Purge Data 

. Form. 

3.12 Measure the flow rate using a graduated cylinder. Remeasure the flow rate any time the pump 
. . 

rate is adjusted~ 

3.13 During purging, check for the presence of bubbles in the flow-through cell. The presence of 

bubbles is an indication that connections are not tight. If bubbles are observed, check for loose 

connections. 

3.14 Stabilization is achieved and sampling' can begin when a minimum of one casing volume has 

been removed and three consecutive readings, taken at 5- to 10-minute intervals, are within the 

. following limits: 

.! pH ± 0.1 standard units 

• . Specific conduct ± 5% 

• Temperature ± 5% 

• Turbidity less than 10 NTUs 

• Dissolved oxygen ± 10% 

If the above conditions have still not been met after the well has been purged for 4 hours, purging 

will be considered complete and sampling can begin. Record the final well stabilization parameters 

from the Low-Flow Purge Data From onto the Ground Water Sample Log Form. 

If there is a need to leave a well ?uring purging, there are two options: 

• One, if the sampler'must move for 30 minutes or less but still has a clear line of sight to the 

well, the sampler may leave the pump running and watch the well from' a distance until he or 

• 

she is able to return to the well. • 
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•. Two, if for whatever reason, the sampler must stop purging for an extended period of time or a 

. clear line of sight cannot be maintained, the pump and cell will be shut down. All equipment 

and supplies will be loaded into the sample vehicle, and the well will be secured before the 

sampler departs: 

In both cases, the time purging was stopped and restarted will be noted on the Low-Flow Purge 

Data Form. 

3.15 . Rinse the flow-through cell, the water-quality meter probes, and the turbidity cell with analyte-free 

.. water and pack the cell and meters for transport. 

4.0 ATTACHMENTS 

1. Low-Flow Purge Data Sheet 
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DECONTAMINATION OF FIELD SAMPLING EQUIPMENT 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes the procedures. to be followed when 

deconta~inating non-dedicated field sampling equipment during the field investigations at the NSWC 

Crane facility. 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT 

Waterproof pens 

Non-latex rubber or plastic gioves 

Cotton gl.oves 

Field logbook 

Potable water 

Deionized water 

LiquiNox detergent 

Brushes, spray bottles, paper towels, etc. 

55-gallon drum or other container to collect and transport decontamination fluids 

3.0 DECONTAMINATION PROCEDURES 

3.1 Don non-latex and/or cotton gloves and decontaminate sampling equipment (in accordance with 

the following steps) prior tofield sampling and between samples, 

3.2 Rinse the equipment with potable water. Rinsing may be conducted by spraying with water from 

a spray bottle 'or by dipping. Collect the potable water rinsate into a container . 

. 3.3 Wash the equipment with a solution of LiquiNox detergent. Prepare the LiquiNox wash solution in 

accordance with the instructions on the LiquiNox container. Collect the LiquiNox wash solution 

into a container. Use brushes or sprays as appropriate for the equipment. If oily residue has 
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. accumulated on the sampling equipment. remove the residue with a isopropanol wash and repeat 

the Liquinox wash. 

3.4 Rinse the equipment with potable water. Rinsing may be conducted by spraying with water from a 

spray bottle or by dipping. Collect the potable water rinsate into a container . 

. 3.5 Rinse the equipment with deionized water. Rinsing may be conducted by spraying with water 

from a spray bottle or by dipping. Collect the deionized waterrinsate into a container. 

3.6 . Remove excess water by air drying. shaking. or by wiping with paper towels as necessary .. 

3.7 Document decontaminatiOn by recording it in the field logbook. 

3.8 Containerized. decontamination solutions will be managed in accordance with the procedures 

described in SOP CT03~1-15 and theQAPP. 
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MEASUREMENT OF WATER LEVELS IN MONITORING WELLS 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes procedures for determining water levels in 

monitoring wells. 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT 

The following equipment and field forms are required for determining water leve!s in monitoring wells. 

Ground Water Level Measurement Form: A copy of the Ground Water Level Measurement Form is 

attached. 

Bound field logbook 

Photoionization detector (PID): Operation and calibration of the PID is discussed in SOP CT0331-06 . 

. Well key 

Writing utensil 

Electronic water-level indicator: The water-level indicator must have a cable of sufficient length to reach 

the water surface and be capable of measurements of 0.01 foot. 

Decontamination supplies: SOP CT0331-17 describes decontamination procedures including 

decontamination supplies. 

3.0 WATER-LEVEL MEASUREMENT PROCEDURES 

3.1 Check the operation of the electronic water;-Ievel indicator or interface meter. 

3.2 Record the well identification (ID), date, and time (using military time) on the Ground Water-Level 

Measurement Form. 

·3.3 Unlock the well and remove the well cap. 

3.4 Place the well cap on a clean piece of plastic. 
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3.5 Check the well for the presence of organic vapors in the 2-inch polyvinyl chloride (PVC) riser pipe 

as follows: 

1. Calibration of the PID shall be done in accordance with the. calibration procedures 

described in SOP CT0331-06. Calibration of the PID shall be done at the field office prior . 

to entering the field. 

2 Insert the PID sample inlet straw approximately 3 inches into the riser pipe. 

3 Record the PID reading on the Ground Water Level Measurement Form. If the reading is 

less than concentrations specified in the site-specific HASP, proceed to step 3.6. If the 

reading is greater. than the concentration· specified in the HASP" measure the 

concentration in the breathing zone. If the concentration in the breathing zone is less than 

the concentration specified in the HASP, proceed to Step 3.6. If the reading is greater 

than the specified concentration, allow the riser pipe to ventilate for 1 0 minutes and repeat 

the measurement of breathing zone concentrations until the concentrations fall below the 

level specified in the HASP before proceeding to step 3.6. 

3.6 Ensure that the water-level indicator probe has been decontaminated before use, in accordance' 

with the procedures outlined in SOP CT0331-17. 

3.7 Slowly lower the probe into the well riser pipe until an audible and/or visible signal is produced, 

indicating contact with the water surface: 

3.8 Read the· ground water-level measurement from the top of· the inner casing at the surveyed 

reference pointto the nearest 0.01 foot. 

3.9 Record the water-level measurement on the Ground Water Level Measurement Form . 

. 3.10 Wind the meter cable measuring tape back onto the spool. 

3.11 Replace the well cap and lock. 

3.12 Decontaminate the meter's probe· and cable following' the procedures outlined in SOP 

CT0331-17. 
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3.13 Containerize any decontamination fluids and PPE in accordance with the procedures described ih 

SOP CT0331-15. 

" 

4.0 ATTAC~MENTS 

1. Ground Water Level Measurement Sheet 
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This Standard Operating Procedure (SOP) establishes the procedure for collecting surface water samples 

at the NSVYC Crane facility. 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT 

Surface Water Sample Log Sheet: A copy of this form is attached at the end of this SOP. 

Field logbook 

Writing utensil 

Multi-parameter water-quality meter: The water-quality meter is used for the measurement of dissolved 

oxygen, pH, specific conductance, temperature, oxidation-reduction potential, and turbidity (see SOP 

CT0331-14).o 

LaMotte Turbidity Meter: Used to measure turbidity in the field, 

Disposable sample containers: Disposable sample containers are used to fill sample containers and 

transport sample(s) to a pump forfiltering. 

Labeled sample containers: Prelabeled, certified-clean sample containers will be provided by the 

laboratory that performs the analyses. 

O.45-micron filter assembly: These are single-use filter cartridges used to filter samples scheduled for 

dissolv~d metals or dissolved thorium isotope analyses. The filters become investigation-derived waste 

(lOW) after one use. 
, 

Peristaltic pump 

. Silicon tubing 

Ziploc-type plastic storage bags 

Shipping container~ (coolers) 

Trip blank sample (if VOCsamples are being collected) 

Temperature blank 
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·3.0 SURFACE WATER SAMPLING PROCEDURES 

3.1· The same methods will be used to collect surface water and seep samples. Sampling will start at 

the downstream end of a stream and proceed to the farthest upstr:eam location. 

3.2 While standing downstream or from the bi:mk, gently remove any floating leaves or'twigs that may 

be present in Rsample pool area in a manner that will not disturb the bottom sediment.· 

3.3 While standing downstream or from the bank, place the sample contaiiler in the water at the 

sampling location at a 45-degree angle and lowerit·to. approximately half the sample pool depth. 

With the mouth of the container facing upstream, fill the container with water, being careful not to 

disturb the sediment. 

. 3.4 All samples will be collected into certified-clean, pre-preserved bottles (if preservation is required 

for the analysis to be performed) supplied by the . laboratory . performing the analyses. Sample 

containers for volatile constituents (VOCs) must be completely filled so no headspace exists in the 

container. Other sample contair:Jers should not be filled completely; a small amount of air should 

be left at the top. Sample containers will be collected in the following sequ'ence: 

Volatile organic compounds (VOCs) 

Other Organics 

Total metals 

Nitrate 

Nitrite· 

Total suspended solids (TSS) 

Dissolved metals. 

3.5 Record the date and time that the sample container~ are filled on the Surface Water Sample Log 

Sheet, the sample labels, and theChain-of-Custody Form. 

3.6 After the sample label is completed and checked, place the sample container into a ziploc~type 

plastic storage. bag and place the plastic storage bag holding the sample container into a cooler 

containing ice. 

3.7 

050419/P 
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. Fill two 1-liter unpreserved polyethylene bottles. Use these bottles to transfer the sample for field 

filtering. Set up a·peristaltic pump for filtering of the dissolved metals samples. Using new, clean, 

disposable silicone tubing and a 0.45-micron filter, place the intake tubing from the pump into the 

transfer bottle with the filter attached to the discharge end and:start the pump. Pre-rinse the filter .. 

with approximately 50-mL of sample water prior to filling the sample containers .. 

3.9 Using the discharge from the filter cartridge, fill one 1-liter polyethylene sample bottle for dissolved 

metals. Repeatsteps 3.8 and 3.9 for these sample containers. 

3.10 Obtain measurements of dissolved oxygen, pH, specific conductance, temperature, turbidity, and 

oxidation-reduction potential using the multi~parameter,water-quality meter and LaMotte Turbidity 

Meter (see SOP CT0331-14). Record the readings in the appropriate fields on the Surface Water 

Sample Log Sheet. 

3.11 

3.12 

Estimate the flow rate of the stream or spring in accordance with SOP CT0331-21. This is an 

es.timate only. Round the flow rate to the nearest 5 gallons and record this number on the Surface 

Water Sample Log Sheet.. 

Decontaminate all equipment and load the .equipment and the sample cooler in the sample 

vehicle for transport. 

4.0 ATTACHMENTS 

1. Surface Water Sample Log Sheet 
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This Standard Operating Procedure (SOP) establishes the procedure for sediment sam~lingat the NSWC 

. Crane facility. 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT 

The following field forms and equipment are required for sediment sampling. 

Sediment Sample Log Forms: A copy of this form is attached at the end of this SOP. 

Bound field logbook 

. Disposable plastic trowels 

Survey stakes and flagging: Used to mark sampling locations after completion of sampling. 

Labeled sample containers: See SOP CT0331-01 for sample identification procedures. Sample 

containers are certified clean by the laboratory supplying.the containers. 

Plastic storage bags· 

. Shipping c:ontainers (containing ice) 

Surgical gloves 

Indelible marker 

Chain-of-Custody Form 

3.0 SEDIMENT SAMPLE LOCATION SELECTION 

In general, sediments composed of fine-grained materials with greater surface area' available for 

adsorption are more desirable for sample selection. The fined-grained materials may act as a sink or 

reservoir for adsorbing heavy metals and organic contaminants even if surface runoff concentrations are 

. below detection limits. Therefore, it is importanUo locate the specific sampling points where the sediment 

has the greatest percentage of fine particles. The sampling personnel will determine specific sampling 

locations with these goals in mind. 
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4.0 . SEDIMENT SAMPLING PROCEDURES 

4.1 . The sampler will wear clean, disposable, surgical gloves. Clear vegetative matter or debris, if 

present, from the sample location using a disposable sampling.trowel or spoon. Use the trowel to 

dig up and homogenize the sediment in an 18-inch-diameter circular area that is 6 inches deep. 

Stir the sediment within the circular a:rea; do not move the sediment outside the Circle. Also, do 

not dig or stir se?lment that is deeper than 6 inches below the ground surface, until the next depth 

interval is sampled. 

4.2 Use the same trowel to scoop the homogenized sedir:nent into the requisite labeled sample 

containers. All sample jars will be filled in the following sequence: 

e Volatile organics 

e Other organics 

.e TAL metals plus and Sn (total) 

e Nitrate 

.e Nitrite 

e TOC· 

e pH 

e Geotechnical parameters 

4.3 Record the sample time {using military time) on the Sediment Sample Log Form and sample 

container labels. Record all other information required on the labels as specified by SOP 

CT0331-01 .. 

4.4 Place the labeled sample container into a plastic storage bag and then place the plastic storage 

bag by holding the sample container into a cooler containing ice. 

4.5 Record date, sampling site, site conditions, location map, and other information (e.g., presence 
. . 

. and flow rate of water in channel) on the Sediment Collection Log Sheet. Enter the sample . 

information onto the Chain-of-Custody Form in accordance with SOP CT0331-03. 

4.6 Using an indelible marker, write the sample identification on a survey stake, and drive the stake 

into the ground at the sample location. Tack a piece of brightly colored flagging to the stake. In 

addition, tie a piece of flagging to an overhead tree branch or other eye-level object to improve the 

ability to relocate the sampling site in the future. 
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SOIL AND SEDIMENT SAMPLE LOG SHEET 

... .:: ....... " ....... . 

' .... Page· :\:;,' .' ~ ...•.. , : .. < .... 
...•. ......•. ..... . ...... . .... ,,:' . "':':.,' .... :,: 
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STANDARD OPERATING 'PROCEDURE, 

NUMBER CT0331-21 

ESTIMATING FLOW IN SMALL STREAMS 

1.0 PURPOSE 
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Page 1 of 2 

'fhis Standard Operating Procedure (SOP) provides technical guidance on the measurement of stream 

channel cross-section arid flow in a small stream. Streain flow measurements will be obtained to 

"evaluate the migration potential of contaminants in a stream channel. This method is applicable for free

, flowing streams with, uniform flow and widths greater than 3 feet and depths greater than about 6 inches. , , ' 

Stream flow rates will be measured at the same time as water-level measurements are collected. 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT 

Measuring rod or yardstick 

Measuring tape 

Waders or rubber boots 

Colored flagging tape 

2x2 inch wooden stakes 

Bound field logbook 

Waterproof pen 

Orange or apple 

Surface Water Sample Log Sheet 

Indelible marker 

'Stopwatch 

3~ PROCEDURES 

3.1 Establish a transect across the stream, along a straight reach where the stream' is relatively 

narrow and velocity across the stream is relatively uniform. Orient the transect perpendicular to 

the flow. 

3.2 Mark both ends of the transect with colored plastic flagging tape. Tie the flagging to a tree branch 

• or other elevated (about eye level) object. Drive wooden stakes into the ground at both ends of 
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transect and tack a short/piece of brightly colored flagging to the stakes. Use a black marker to 

identify the transect number, which will be the same as the surface water sample location .. 

. 3.3 Measure the total distance across the stream with a measuring tape and record the stream width 

(in feet) in the field logbook. 

3.4 Measure the depth of water in the stream at three or four points across the stream. Record these 

measurements and calculate an average depth. Record the average depth (in feet) in the field 

logbook. 

3.5 . Measure a distance of 20 feet upstream of the transect. Tie a piece of flagging on a tree branch 

. or other visible location· above the stream .. 

3.6 Go anoth.er 20 feet upstream and place the orange or apple in the center of the stream or where 

the water current is fastest. 

'3.7 Using a watch with a timer or a stopwatch, ,measure the length of time it takes the orange (or 

apple) to travel from the first marker flag to the transect location (distance of 20 feet). Record the 

time. 

3.8 Repeat step 3.7 two more times. Record the readings and calculate an average time. 

3.9 Calculate approximate flow rate in the stream channel by multiplying the stream width (from step 

3.3) times the average depth (from step 3.4) times the average velocity (from· step 3.8). Record 

the estimated flow rate (in ft%) in the field logbook and on the Surface Water Sample Collection 

Log Sheet. 
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STANDARD OPERATING PROCEDURE 

NUMBER CT0331-22 

HYDRAULIC CONDUCTIVITY TESTING 

1.0 PURPOSE 

NSWCCrane 
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Page 1 of4 

This Standard Operating Procedure (SOP) provides technical guidance for the performance and 

evaluation of an in-situ hydraulic conductivity testing (slug testing) in monitoring wells at the NSWC Crane 

facility. 

, 2:0 REQUIRED FIELD FORMS AND EQUIPMENT 

Solid slug , 

Pressure transducers and data recorder. including instruction manual 

Manual water-level indicator 

Hydraulic Conductivity Testing Data Sheet 

Watch, 

Decontamination equipment and supplies 

Field logbook 

Measuring tape 

3~ PROCEDURES 

Slug tests are short-term tests designed to provide approximate hydraulic conductivity values for the 

portion of a formation immediately surrounding the screened/open interval of a well or boring. These 
. . , . 

tests are much less accurate than pumping tests" because a much more localized area is involved. 

Therefore, a number of slug tests are typically performed and averaged to determine a representative 

hydraulic conductivity value for the formation tested. Performance of slug tests may be preferable to 

pumping tests in situations where handling' of large volumes of contaminated water is a concern or when 
r'. \ . 

time or budget constraints preclude the more expensive and time-consuming setup and performance of a 

pumping test. 

,The procedure is summarized below: 
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3.1 Determine the total depth of the well using a weighted tape or other measuring device. A 

pressure transducer attached to a data logger will be placed in the well approximately 1 foot from 

the bottom of .the well. The transducer will be positioned so that it is about 5 to 10 feet lower than 

the slug. 

3.2 Record the well number, the transducer probe identification number being used, the PSI rating for 

each probe, the depth below top of casing where each probe is positioned, the static water level 

. in the well, and any other information relative to the setup and performance of the slug test. Data. 

and information should be recorded in a bound field notebook and on the Pumping Test Data 

Sheet. 

3.3 A falling-head test can be performed where the slug is lowered into the well and the rate of 

water-level fall with respect to time is recorded until equilibrium is reached. A rising-head test can 

be performed where a slug is lowered into the well ano the water is allowed to equilibrate, then 

the slug is removed and the rate· of water-level rise is measured with respect to time. Falling 

head slug tests. should only be performed in wells with fully submerged screens, and rising head 

slug tests can be performed in wells with either partially or fully submerged screens or open 

intervals. 

3.4 Remove or insert the slug and immediately start the data logger. Record the starting time for the 

data logger on the form sheet. 

3.5 Manually measure the depth to water with a water depth indicator to estimate the rate of recovery 

while the data logger is in the sleep mode. Enter the reading onto the form sheet, along with the 

correspohding transducer reading from the same time. 

3.6 Observe the water-level readings when the data logger can be read. Record the times and the 

readings on the form sheet. 

3.7 Rate of recovery measurements shall be obtained from time zero (maximum change in water 

level) until water-level recovery exceeds 90 percent of the initial change in water level. In low

permeability formations, the test may be cut-off short of 90 percent recovery due to time . 

constraints. Time intervals between water level readings will vary according to the rate of 

recovery of the well. For a moderately fast recovering well, water-level readings at 0, 0.1, 0.2, 

0.3, 0.4, 0.5, 0.75, 1.0, 1.25, 1.5, 2.0, 2.5, 3.0, 4.0, ... minutes may be required: With practice, 

readings at down to 0,05-minute (3 seconds) time intervals can be obtained with reasonable 
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accuracy, using a pressure transducer arid hana-held readout. For wells that recover very fast, 

the pressure transducer and data logger can be set on a logarithmic recording interval. Time 

intervals between measurements can be extended for slow recovering wells. A typical schedule 

fo'rmeasurements for a: slow recovering well wOt,Jld be 0, 0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 3.0, 4.0, 

6.0, 8.0, 10.0,· 15.0, 20.0, 30.0, .... minutes from the beginning the test. Measurements will be 

taken from the top of the well casing. 

3.8· Stop the test when equilibrium is reached and repeat as necessary to ensure reproducibility. 

3.9 Remove the pressure transducer, the slug, and the cables from the well and thoroughly . 

decontaminate,.in accordance SOP CT0331-17. 

3.1 ° . Check all field notes, copy, and place into one file for each test. Download the data recorder as 

soon as possible and check data. Make an electronic file and paper file of all data and place with 

the file for evaluation later. Confirm that the data are usable for the intended analysis prior to . 

leaving the field. Time and recovery should be field plotted on semilog graph paper to determine 

the data quality. The data set should plot along a sloped, straight line. If excessive data scatter 

is observed, the test should be rerun until acceptable results are obtained. 

4.0 PERSONNEL 

A qualified geologist or hydrogeologist, with experience with these test procedures and equipment, will b(f 

needed for each sampling team to carry out the hydraulic conductiv~ty tests. 

5.0 ATTACHMENTS 

1. Hydraulic Conductivity Testing Data: Sheet 
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STANDARD OPERATING 'PROCEDURE 

NUMBER CT0331-23 

TRACER TESTS 
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This Standard Operating Procedure (SOP) provides technical guidance for the operation and 

maintenance of a quantitative tracer test in the Jeep Trail Site, at the NSWC Crane facility .. This type of 

test is pertormed undercnatural hydraulic gradient conditions. Thus, there shall be no pumping of wells in 

the area during this test. Information about the hydraulic properties of geologic materials will be generated 

by this type of test, and is necessary' because the hydraulic properties of the geologic materials control 

the movement of ground water anq contaminants at thesite. 

2.0 REQUIRED FIELD EQUIPMENT 

Submersible or surface (capable of low flow) pump (12 volt DC recommended) 

In-line valves to control pump flow rate 

Pump cables and hoses 

Specific conductivity transducers and data recorder, including instruction manual 

Manual water level indicator 

Power generator (if pump is AC volt operated) 12 volt DC pump use automobile power source 

Gas tank (if power generator is needed) 

55-Gallon drum or other suitable container(s) to hold tracer solution· 

Field Log Book 

. 23'.5 kilograms reagent grade sodium bromide 

lon-selective electrode (ISE) probe for bromide (with calibration 'fluids) 

40-gallons deionized water 

1.6 kilograms of Rhodamine WT (20%) dye 

3.0 PROCEDURES 

, Selected monitoring points, including wells installed at the site during the 1980s, newly installed wells, 

and'springs (surface seeps), shall be part of the tracer study network which will be monitored for the 

presence of the bromide ion and Rhodamine dye. The specific conductivity of the water at each well and 
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spring will be" measured using a conductivity transducer. a"nd automatic recording data logger to record 

water conductivity before, during, and after the injection of' a sodium bromide slug into a well. When the 

specific conductivity begins to increase or dye is visually detected, an ISE probe shall be used to confirm 

the presence of the bromide ion and grab samples will be collected and sent to a fixed based laboratory 

for chemical analysis. Notes and other data related to the tests will be entered into a table format in the" 

field notebook. The procedures are as follows: 

3.1 Perform a synoptic round of water level measurement at all site wells. " 

" 3.2 Set up of" tranducers: Determine the total depth of the well using a weighted tape or other 

3.3 

. measuring device. A specific conductivity transducer attached to a data logger shall be placed in 

" " the well approximately 1 foot from the bottom of the well, and another carefully placed into the 

" spring, being sure not to submerge the probe into the sediment. Record the well number, the 

transducer probe identification number being used, the PSI rating for each probe, the depth below 

top of casing where each probe is positioned, and the static water level in the well. Data and 

information should be recorded in the field notebook. 

Collect water" samples from all monitoring wells and springs, and measure and record the 

bromide ion concentration using a calibrated ion~specific" electrode. 

3.4 Set the data logger(s) on the linear reading frequency of one measurement per 30 minutes and 

start recording data. Record the starting time for the data logger in the field notebook. 

3.5 Dissolve approximately 23.5 kilograms of sodium bromide and 1.6 kilograms of Rhodamine WT 

(20%) dye into 40 gallons of deionized water in a 55 gallon drum. This 40-gallon mixtu(e is called 

the bromide ion slug. 

3.6 Inject the bromide ion slug using a pump and running the pump output hose into the designated 

injection well. Turn the pump on and set flow rate to approximately 100 mUminute. Record the 

time the pump Was.started. While monitoring the water level in the injection well, adjust the flow 

as needed to prevent overflow at the well head and to obtain a maximum flow rate (injection rate). 

Record the time the slug injection is completed in the field notebook. 

3.7 

OS0419/P 

At 2-hour in~~rvals check the data loggers measuring specific conductivity at all of the monitoring 

points (break through points). When break through is achieved (i.e. when the conductivity 

increases above background or the Rhodamine dye is visually detected) begin to collect samples 
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. and measure and record the brdrr;ide Ibn con2entration 'with the ISE probe. Continue to record 

and measure using the ISE probe at 1-hour intervals for approximately 2 hours (2 readings) at 

each break through point. This will confirm the presence of the bromide ion. Once it is confirmed 

that the bromide ion is 'present, water samples will be collected at 1-hour intervals for 
. ., 

approximately 4. to' 8 hours. Up to 20 of the samples collected will be submitted for laboratory 

analysis. Break through may occur at different times at different locations. Therefore it is 

important to continue. to check the data loggers at the prescribed interval at the other monitoring 

·points. If there is an iricrease in the specific conductivity but no bromide ion is measured, 

recalibrate the :ISE probe, and try again. If there is still no bromide measured, continue to 

measure using the data loggers until the specific conduCtivity further increases, then proceed 

using the ISE probe as described above to confirm the occurrence of the bro.mine ion. 

3.8 If break through has occurred and the presence of the bromide ion is confirmed, continue to run 

the data loggers for at least 4 hours after the specific conductivity returns to the background level. 

4.0 PERSONNEL 

Two qualified geologists or hydroQeologists, having experience with the monitoring equipment will. be 

needed for the duration of the test. 
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SAMPLE PRESERVATION, PACKAGING, AND SHIPPING 

1.0 PURPOSE 

This· Standard Operating Procedure (SOP) describes the procedures for sample preservation, packaging, 
• J • • . ' . . 

and shipping to be used in handling .ground water, surface. water (including seeps), soils, and sediments 

collected at the NSWC Crane. 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT 

Shipping labels 

Custody seals 

Chain-of-custody (CO C) form(s) 

Sample containers with preservatives: All sample containers for analysis by fixed-base .Iaboratories will 

be supplied, with preservatives added (if required) and deemed certified clean by the laboratory. 

Sample shipping containers (coolers): All sample shipping containers are supplied by the laboratory. 

Packaging material: Bubble wrap, ZipLoc® bags, strapping tape,etc. 

3.0 PROCEDURES FOR SAMPLE PRESERVATION, PACKAGING, AND SHIPPING 

3.1 The laboratory provides sample containers with preservative already included (as required) for the 

analytical parameter for which the sample: is to be analyzed. All samples will be held, stored, and 

shipped at 4°C. This will be accomplished through refrigeration (used to hold samples prior. to 

shipment) and/or ice. 

3.2 The sampler shall maintain custody of the samples until the samples are relinquished to another 

custodian or to the common carrier. 

3.3 Check that each sample container is properly labeled, the container lid is securely fastened,and 

the cont~iner is se!:lled in a Zi~LOC ® bag·. 
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3.4 If the container is. glass, place· the sample container into a bubble-out shipping bag and seal the. 

bag using the self-sealing, pressure sensitive tape supplied with the bag. 

3.5 Inspect the insulated shipping cooler. Check for any cracks, holes, broken handles, etc. If the 

.. 

. cool,er has a drain plug, make certain it is sealed shut, both inside and outside of the cooler. If the 

cooler is questionable for shipping, the cooler must be discarded . 

. 3.6 Put ice into ZipLoc@bags and place a layer of the sealed bags on the bottom of the. cooler. Place 

the sample containers into the .shipping cooler on top of the ice in an upright position (containers 

will be upright, with the exception of the 40-ml vials). Place ZipLoc@ bags of ice 'flat against the 

sides of the cooler. Continue filling the cooler with samples until the cooler is nearly full and the 

movement of the sample containers is limited. 

3.7 Place a temperature blank in the cooler. Make sure that all samples identified for VOC analysis 

and their associated trip blank are packed in the same cooler (Le., VOC samples and trip blank 

that were stored together during sampling activities can not be separated into different coolers for 

shipping purposes). / • 

3.8 Add a final layer of ice sealed in ZipLoc@ bags to the top of the samples just before the cooler is 

closed and sealed. -' 

3.9 Place the original (top) signed copy of the COC form inside a large ZipLoc@ bag. Tape the bag to 

the inside of the lid of the shippin'g cooler that contains the samples for VOC analysis. 

3.10 Close the cooler and seal the cooler with approximately four wraps of strapping tape at each end 

of the cooler. Prior to wrapping the last wrap of strapping tape, apply a signed, numbered, and 

dated custody seal to each side of the cooler (one per side). Cover the custody seal with the last 

wrap of tape. This will provide a tamper evident custody seal system for the sample shipment. 

3.11 Affix a shipping label to the top of the cooler containing samples for VOC analysis, ensuring all of 

the shipping information is filled in properly. Overnight (e.g~, FedEx Priority Overnight) courier 

services will be used for all sample shipmeots. 
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All ,samples will be shipped to the laooratory no more than 72 hours after collection. Under no 

circumstances will sample' hold times be exceeded. 

CTO 0331 



• 

• 

1.0 PURPOSE 

STANDARD OPERATiNG PROCEDURE 

NUMBER CT0331 :'25 
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This Standard Operating procedure (SOP) establishes the procedure. for multiple depth sediment 

s·ampling at the NSWC Crane facility in the Building 106 Pond. 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT 

The following field forms and equipment are required for sediment sampling. 

Bound field logbook 

Core sampler (e.g., Wildco® Hand Corer Sampler with disposable liners and catch baskets or equivalent) 

Chain-of-Custody Form 

Indelible marker 

Labeled sample containers: See SOP CT0331-01 for sample identification procedures. Sample 

containers are certified clean by the laboratory supplying the containers. 

Plastic storage bags 

.. Sediment Sample Log Forms: A copy of this form is attached at the end of this SOP . 

. Shipping containers (containing ice) 

Surgical gloves 

Labels for each sample container 

Skiff 

3.0 SEDIMENT SAMPLING PROCEDURES 

3.1. Decontaminate the sampling equipment. 
I . 

3.2. Determine the water depth to the top of the porid sediment by using a weighted measuring line . 

3.3. Assemble the coring device by inserting the acetate core into the sampling tube. 
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3.4. Insert the eggshell check valve into the lower end of the sampling tube with' the convex surface 

positioned inside the acetate core. 

3.5. Screw the nosecone onto the lower end of the sampling tube, securing the acetate tube and 

eggshell check valve. 

3.6. Screw the handle onto the upper end of the sampling tube and add extension rods as needed. 

3.7. Place the sampler in a perpendicular position on the sediment to be sampled. 

3.8. If the liT" handle is used, place downward pressure on the device until the desired. depth. is 

. reached. After the desired depth is reached, rotate the sampler to shear off the core at the 

bottom. Slowly withdraw the sampler to a point approximately 2 inches ab_ove the sediment. 

3.9. If the drive hammer is selected, insert the tapered handle (drive head) of the drive hammer 

through the drive head. 

3.10. Drive the sampler into the sediment to the desired depth. [Note: three sediment depth ranges 

(0 to 6, 6 to 12, and;12 to 18 inches) will be collected at each sampling location. 

3.11. Record the length of the tube that penetrated the sample material, and the number of blows 

required to obtain this depth. 

3.12. Remove the drive hammer and fit the keyhole-like opening on the flat side of the hammer onto the 

driv.e head. In this position, the hammer serves as a handle for the ·sampler. 

3.13. Rotate the sampler tb shear off the core at the bottom. 

·3.14. Lower the sampler handle (hammer) until it just clears the two ear-like protrusions on the drive 

head, and rotate about 90 degrees. 

3.15. Slowly withdraw the sampler from the sediment. If the drivehead was used, pull the hammer 

upwards and dislodge the sampler from the sediment. 

3.16. Carefully remove the coring device from the water. 
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3.17. 

3.18. 

Unscrew the nosecone and remove the eggshell check valve. 

NSWC Crane 
DraftQAPP 
Revision: 0 

Date: August 2004 
Section: SOP _CT0331-25 

Page 3 of 5 

Slide the acetate core out of the sampler tube. Decant surface water, using care to retain the fine 

,sediment fraction. If head space is present in ,the upper end, a hacksaw may be used to shear 

the acetate tube off at the sediment surface. Theace~ate coremay then be capped at both ends. ' 

Indicate on'the acetate tube the appropria:te orientation of the sediment core using a waterproof 

marker. The sample ,may be used in this fashion, or the contents transferred t6 a sample or 

homogenization container. 

3.19. Slowly open the acetate tube and transfer the bottom 6 inches of sediment to a stainless steel, 

plastic or other appropriate com'position (e.g., Teflon) container. Ensure that non-dedicated 

containers have been adequately decontaminated. If necessary, continue to collect additional, 

sediment until sufficient material has been secured to fulfill analytical requirements. Thoroughly 

homogenize and then transfer sediment to sample containers appropriate for the analyses 

requested. Samples for volatile organic analysis must be collected directly from the bucket before 

homogenization to minimize volatilization of contaminants . 

3.20. 'Use the same sample device (core or dredge sampler) to place the homogenized sediment into 

the requisite labeled sample containers. All sample jarswill be filled in the following sequence: 

• Volatile organics 

.- Other organics 

• TAL metals plus and tin (total) 

• Nitrate 

• Nitrite 

• TOC 

• pH 

3.21. Record ,the sample time (using military time) on the Sediment Sample Log Form and sample 

container labels. Record all other information required on the labels, as specified by SOP 

CT0331-01,. 

3.22. Place the plastic storage bag holding the sample container into a cooler containing ice . 
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3.23. Record date, sampling site, site conditions, location map, and other information (e.g., presence 

and flow rate of water in channel) on the Sediment Collection Log Sheet. Enter the sample 
I 

information onto. the Chain-of-Custody Form in accordance with SOP CT0331-03. 

3;24. Where possible, using an indelible marker, write the sample identification on a survey stake, and 

drive the'stake into the ground at the sample location. Tack a piece of brightly colored flagging to 
. . 

the stake. In addition, tie a piece of flagging to an overhead tree branch'or other eye-level object 

to improve the abUity to relocate the sampling site in the future. 

3.25. Repeat Steps 3.1 through 3.24 for each depth range of sediment to be sampled. 

4.0 ATTACHMENTS 

1. Soil and Sediment Sample Log Sheet 
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ATTACHMENT 1 

SOIL AND SEDIMENT SAMPLE LOG SHEET. 
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