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EXECUTIVE SUMMARY 

This report documents the Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) 

for Solid Waste Management Unit (SWMU) 16, Cast High Explosives FilllB146 Incinerator, located at the 

Naval Surface Warfare Center (NSWC), Crane, Indiana. Tetra Tech NUS, Inc. (TtNUS) prepared this 

report for the Department of the Navy (Navy) Naval Facilities Engineering Field Division South 

(NAVFACEFD South) under Contract Task Order (CTO) 0343. Comprehensive Long-Term Environmental 

Action Navy (CLEAN) Ill, Contract Number N62467-94-D-0888. 

PURPOSE OF RFI REPORT 

The report summarizes RFI fieldwork (Rounds 1, 2, and 3) conducted from February 2003 through 

January 2004, describes the nature and extent of contamination, presents a conceptual site model (CSM) 

of contamination transport and attenuation, and the results of baseline human health and ecological risk 

assessments. Recommendations for future actions are provided. The initial SWMU 16 RFI fieldwork 

(Round 1) was conducted in accordance with the Approved Quality Assurance Project Plan (QAPP) for 

Mine Fill A (SWMU 12), Mine Fill B (SWMU 13), Cast High Explosives FilllB146 Incinerator (SWMU 16), 

and Pyrotechnic Test Area (SWMU 19) RFI (TtNUS, 2003a). 

SWMU 16 Round 1 fieldwork was conducted from February through May 2003. The results of the 

Round 1 sampling indicated that further sampling would be required to delineate contamination; therefore, 

an addendum to the approved QAPP (TtNUS. 2003a) was developed to conduct a second round of 

sampling at SWMU 16 (QAPP Addendum No. 1) (TtNUS, 2003b). 

The second round of SWMU 16 RFI fieldwork was conducted from October 2003 through January 2004 

(Round 2). The results of the Round 2 sampling indicated that still further sampling would be required to 

delineate contamination. As a result, a second addendum to the QAPP [QAPP Addendum No. 2, 

(TtNUS, 2004)l was developed to conduct a third round of sampling, which was completed in the period 

July through November 2004. 

Rounds 1, 2, and 3 RFI fieldwork and the development of the baseline human health and ecological risk 

assessments were conducted in accordance with the approved QAPP (TtNUS, 2003a) and the approved 

QAPP Addenda Nos. 1 and 2 (TtNUS, 2003b and 2004). 
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SWMU 16 DESCRIPTION 

SWMU 16, which is approximately 16 acres in size, is located in the north-central portion of NSWC Crane 

within the Boggs and Turkey Creek Drainage Basin, which is one of the five drainage basins that carry 

surface water off the installation and eventually drain into the East Fork of the White River and then to the 

Wabash River to the southwest. 

Most of SWMU 16 is covered with buildings and gravel parking lots, and most grassy areas are located 

southeast of Building 146. Building 146, which has an area of approximately two-thirds acre, was an 

explosives fill and pressure washout facility and included three oil-fired, rotary kiln incinerators with fuel 

storage tanks. SMWU 16 is intermittently active and is used for renovation and rework and breakdown of 

munitions and is sometimes used for ammunition demilitarization operations. Although current operations 

are known, it is likely that unknown operations once occurred at this site because of its age. Prior to 

1978, outfalls from sumps located north, east, and west of Building 146 discharged to swales that 

ultimately transported explosives to Boggs Creek via Turkey Creek. These sumps are now welded shut. 

The Cast High Explosives FilllB146 Incinerator consisted of the existing Building 146, an explosive fill and 

pressure washout facility, and the former oil-fired, rotary kiln incinerators system, which included three 

incinerators and fuel oil storage tanks. During incinerator operation, incinerator ash and slag residue 

were stored in waste piles adjacent to the incinerator. The incinerators were closed in the early 1990s, 

and the waste ash piles were removed along with some obviously contaminated soil. 

Site operations also included cast loading [melt pouring of 2,4,6-trinitrotoluene (TNT), 

hexahydro-l,3,5-trinitro-l,3,5-triazine (RDX), and high blast explosive (HBX)] explosives into projectiles, 

demilitarization and incineration of ammunitions (small caliber ammunition, shotgun shells, fuses, 

detonators, boosters, tracers, flare candles, and smoke flares), and high-pressure washout. Steamout of 

Army ammunition and rockets containing TNT and Composition B was reportedly conducted between 

1954 and 1956 (Halliburton NUS, 1992). 

In 1995, a voluntary interim measure (VIM) was conducted at SWMU 16. The objectives of the interim 

measure were to sample, remove, and dispose of sludge contaminated with lead and trichloroethylene 

(TCE) from the east and west sumps, respectively; remove three aboveground storage tanks and 

associated fuel oil-contaminated soils; clean the sumps; excavate and remove the slaglash piles; sample 

the remaining soils; backfill the excavations; and restore the site. During the 1995 interim measure, it 

was discovered that high levels of TCE were entering the east and west sumps through the inlet piping. 

020502lP ES-2 CTO 0343 
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From 1996 to 1998, additional VlMs were conducted at SWMU 16. The objective of the 1996 to 1998 

interim measures were to sample and treat the water that had drained into the east and west sumps 

because this water had elevated levels of TCE; conduct additional soil sampling; repair broken sewer 

lines; reroute Building 146 roof drains away from the sumps; grout Building 146 floor drains; install sump 

pumps and new piping from the sumps to the sanitary sewers; and dispose of polychlorinated biphenyl 

(PCB)-contaminated soil. PCB contamination was discovered during rerouting of some drain lines when 

trenches were dug through the asphalt cover. The soillasphalt mixture sample results showed low 

concentrations of PCBs. 

PHASE Ill RFI PROGRAM 

The most recent investigation (conducted in 2003 and 2004), which is the subject of this report, was a 

Phase Ill RFI. RFI fieldwork was conducted from February through May 2003 (Round 1), October 2003 

through January 2004 (Round 2), and July through November 2004 (Round 3). The environmental media 

sampled included groundwater, surface and subsurface soil, surface water, seeps, and sediment. The 

objectives of this investigation were to: 

Establish the nature and extent of contamination. 

Develop information necessary to evaluate human health risks through a baseline risk assessment. . Develop information necessary to estimate risks to the environment through a screening level 

ecological risk assessment (SERA). 

FIELD AND ANALYTICAL PROGRAM 

During Round 1, the analytical program included explosives, herbicides, metals, volatile organic 

compounds (VOCs), semivolatile organic compounds (SVOCs), and polycyclic aromatic hydrocarbons 

(PAHs). The surface water samples were analyzed for various combinations of energetic compounds, 

total and dissolved metals, miscellaneous parameters, VOCs, water quality parameters (e.g.. temperature 

and pH), and miscellaneous inorganic parameters. After Round 1 sampling, the analyte list was limited to 

metals and VOCs because, for chemicals in other analytical fractions, few detections were observed. 

The subsequent sampling rounds (Rounds 2 and 3) were designed to delineate the extent of VOCs 

underlying Building 146 and along the drain line to the sump and the extent of metals contamination in 

soil and in the area where the ash piles existed. 

Six new monitoring wells were installed and sampled as part of the Round 1 fieldwork. Results from 

Round 1 groundwater sampling indicated that additional monitoring wells were required to fully delineate 

groundwater contamination; therefore, Round 2 included the addition of 12 new monitoring wells. Upon 
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completion of the Round 2 sampling, it was concluded that further delineation of groundwater 

contamination was required; therefore, three new monitoring wells were installed and sampled as part of 

the Round 3 fieldwork. 

During each of the RFI Rounds 1 through 3, samples were collected from various wells, primarily to 

determine the extent of VOC and explosives contamination. Depending on the sampling round, 

groundwater samples were analyzed for various combinations of energetic compounds, herbicides, total 

and dissolved metals, miscellaneous inorganic parameters, SVOCs, VOCs, and water quality parameters. 

The analyie list was shortened over time to reflect what were believed to be the true site-related 

contaminants. 

CONCEPTUAL SITE MODEL 

Past operations at SWMU 16 have resulted in the release of explosives residue (primarily RDX and HMX) 

and chlorinated VOCs to surface and subsurface soils surrounding Building 146 and the three sumps 

located north, east, and west of Building 146. Current releases of contaminants are limited or nonexistent 

at SWMU 16, because operations have changed and/or control measures have been instituted to 

eliminate releases. 

The upper zone of groundwater has been contaminated with explosives (primarily RDX, and to a lesser 

extent HMX and TNT degradation products) and chlorinated VOCs [primarily TCE and 

1,1,2-trichloroethane (1,1,2-TCA), and their degradation products). Nearly all of the groundwater in the 

uppermost bedrock is flowing laterally toward the upper slopes of the ridge. Some of this groundwater 

seeps into the gullies on the side of the ridge, and some of the contaminated groundwater may be taken 

up by trees and other vegetation and transpired. Thus, natural phytoremediation may be playing a part in 

controlling and reducing the rate of contaminants reaching the base of the ridge and entering the tributary 

stream. Chlorinated solvents (TCE) in groundwater are degrading as evidenced by the presence of 

degradation products. Some of the explosives contaminants (mainly RDX and HMX), TCE, and 

cis-l,2-dicchlorothene (cis-1,2-DCE) are reaching the gullies on the northwestern side of the site, which is 

a tributary of Turkey Creek. Low to moderate concentrations of RDX, HMX, and TCE have reached the 

middle aquifer groundwater monitoring wells. The siltstone and shale layers between the upper and 

middle water-bearing zones are a partially effective aquitard and prevent much of the shallow 

groundwater and contaminants from reaching the intermediate groundwater system in the ridge. No 

explosive compounds and minor concentrations of VOCs have been detected in the lower Pennsylvanian 

water-bearing zone and the valley bottom wells. The siltstone and shale layers between the middle and 
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lower water-bearing zones are an effective aquitard and prevent shallow groundwater and contaminants 

from reaching the deeper groundwater system beneath the ridge. 

Contaminants continue to leach from surface and near-surface soils and migrate downhiil in steep gullies 

on the northwestern and southeastern sides of the ridge. Low to moderate concentrations of explosives 

and VOCs were detected primarily in the gullies leading down the northwestern side of the ridge. Turkey 

Creek is the recipient of all waters (surface or subsurface) that flow away from SWMU 16 and the ridge 

containing SWMU 16. Metals and HMX contained in runoff water from SWMU 16 are causing minor 

impacts to Turkey Creek. 

HUMAN HEALTH RISK ASSESSMENT 

The human receptors evaluated for SWMU 16 were the construction worker, maintenance worker, 

occupational worker, adolescent trespasser, adult recreational user, and future adult and child residents. 

Human exposure pathways evaluated for SWMU 16 were surface soil, subsurface soil, groundwater, 

surface water, and sediment. The human health risk assessment was developed in accordance with the 

protocol described in the approved QAPP (TtNUS, 2003a). 

ECOLOGICAL RISK 

A screening ecological risk assessment (SERA) was performed for SWMU 16. The SERA was conducted 

in accordance with the protocol discussed in the original QAPP with modifications made to reflect 

discussion with the United States Environmental Protection Agency (US. EPA) (September 2004) 

regarding comments on other ecological risk assessments for NSWC Crane SWMUs. The ecological 

receptors evaluated in the screening assessment included: 

Those directly exposed to chemicals in surface water, sediment, and surface soil (i.e., plants, 

invertebrates in soil and sediment, and aquatic organisms). 

Those indirectly exposed to chemicals via the food chain (i.e., through the ingestion of plants and 

invertebrates). 

The list of chemicals initially selected as ecological chemicals of potential concern (COPCs) were further 

evaluated in Step 3a, the first step of the baseline environmental risk assessment (BERA). After a review 

of alternate toxicity information (based on soil invertebrates and plants) for the initial COPCs was 

conducted, maximum and average concentrations were compared to the alternate toxicity information, as 

appropriate. 
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CONCLUSIONS 

The soils, groundwater, surface water, and sediment data collected during the RFI were adequate to 

support the development of baseline human health and screening level ecological risk assessments for 

SWMU 16. Upon evaluation of the data obtained during this investigation, the operational history, and the 

development of the baseline human health and screening level ecological risk assessments for SWMU 

16, the following conclusions were reached: 

Human Health Risk Assessment 

For surface soil, subsurface soil, sediment, and surface water, the SWMU 16 incremental lifetime 

cancer risks (ILCRs) for all human receptor exposure pathways were estimated to be within, or less 

than, the range of to l o4  established by the U.S. EPA as acceptable; therefore, the human 

health risk for surface soil, subsurface soil, sediment, and surface water is acceptable for all human 

receptor exposure pathways. 

For groundwater: 

- For the currentlfuture occupational worker, the ILCRs from ingestion of groundwater were 

estimated to exceed the range of to 10' established by the U.S. EPA for TCE and vinyl 

chloride; therefore, the risk is unacceptable for the currentlfuture occupational worker. 

- For the future child recreational user, the ILCRs from ingestion of groundwater were estimated to 

exceed the range of lo6 to established by the U.S. EPA for TCE; therefore, the risk is 

unacceptable for the future child recreational user. 

- For the future lifelong recreational user, the ILCRs from ingestion of groundwater were estimated 

to exceed the range of to l o4  established by the U.S. EPA for TCE; therefore, the risk is 

unacceptable for the future lifelong recreational user. 

For the future child resident receptor and potable use of groundwater, the ILCRs were estimated 

to exceed the range of lo6  to established by the U.S. EPA and/or the HIS were estimated to 

exceeded unity (1.0) for carbon tetrachloride, tetrachloroethene. TCE, vinyl chloride, iron, 

vanadium, 2-amino-4.6-dinitrotoluene, and 4-amino-2,6-dinitrotoluene; therefore, the risk is 

unacceptable for the future child resident. 
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Based on the results of the human health risk assessment, cis-1,2-DCE, carbon tetrachloride, 

tetrachloroethene, TCE, vinyl chloride, iron, vanadium, 2-amino-4,6-dinitrotoluene. and 4-amino- 

2,6-dinitrotoluene in groundwater will be retained for further evaluation during a Corrective 

Measures Study (CMS). 

Ecoloaical Risk Assessment 

For plants and invertebrates, ecological risk was determined to be unacceptable for direct contact by 

terrestrial vegetation and ingestion of surface soil and food by soil invertebrates from exposure to 

antimony, copper, lead, and zinc. 

Additionally, for mammals and birds, ecological risk was determined to be unacceptable for incidental 

surface soil ingestion and ingestion of food by insectivorous birds from exposure to lead and zinc. 

Based on the results of the SERA, antimony, copper, lead, and zinc in surface soil are retained for 

further evaluation during a CMS. 

Table ES-1 contains a summary of SWMU 16 receptor-specific human risks and hazards, ecological 

risks, critical pathways and chemicals of concern (COCs), and, where necessary, recommendations for 

further actions. 

CTO 0343 
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Environmental Critical Pathways 8 
Recommendations 

aintenance Worker 

Proceed lo CMS 

Recreational User 

No unacceptable Proceed to CMS 

Recreational User 

3E-04 1 Groundwater No unacceptable Tetrachlomethene, and Proceed to CMS 

exposures to N/A Vinyl Chloride 
Surface Water - Gullies 3E-07 0.06 lead. N/A N FA 
Surface Water - Turkey Creek 3E-08 0.04 NIA NFA 
Sediment - Gullies 1 E-06 0.06 N/A NFA 
Sediment - Turkey Creek 2E-06 0.06 NIA NF A 
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Future Child Resident F 

Receptor 
Population 

Future Lifelong 
Recreational User 

Groundwater I "-04 ( NA I No Ynacceptable~ 
exposures to 

Surface Water - Gullies 1E-06 
1 E-07 

Sediment - Gullies 3E-06 
7E-06 

Surface Soil 5E-05 
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Surface Soil 

, , 

lead. 
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Carcinogenic 
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57 
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I 4E-03 I I6 NO unacceptable I exwsures lo 1 NIA 

Overall Risk 
(Ecological) 

Trichloroethene, 
Tetrachloroethene, Vinyl 

Chloride, and 
1 ,1 .2-Trichloroelhane 

NI A 
NJA 
N/A 
N/A 
NIA 

Potable use of groundwater 

Proceed lo CMS 

NFA 
NFA 
NFA 
NFA 
NFA 

Surface Water - Gullies 
Surface Water - Turkey Creek 
Sediment - Gullies 
Sediment -Turkey Creek 
Surface Soil 

Critical Pathways 8 
Chemicals of  Concern 

NIA 
ingestion of groundwater 

Surface Water -Gullies 
Surface Water -Turkey Creek 
Sediment - Gullies 
Sediment - Turkey Creek 

I 
~. 

1,l.P-Trichloroethane, 
Trichioroethene. I Proceed to CMS I 

Recommendations 

NFA 

- 
cis-1.2-Dichloroethene, 
1.1 ,2-Trichloroethane, 
Ca*on Tetrachloride, 

Tetrachloroethene. 
Trichloroelhene. Vinyl Chloride, 

Iron. Vanadium. 
2-Amino-4.6-Dinilrotoluene. 
4-Amino-2,6-Dinitrotoluene 

N/A 
N/A 
NIA 
NIA 
NJA 

Potable use of groundwater 
C a h n  Tetrachloride. 

9E-07 
1 E-07 
2E-06 
4E-06 
2E-05 

Tetrachlomethene. 

NIA NFA 
NIA NFA 

Proceed lo CMS 

NF A 
NFA 
NFA 
NFA 
NFA 

0.2 
0.1 
0.5 
0.6 
0.2 

3E-07 
3E-08 
9E-07 
2E-06 

0.06 
0.04 
0.06 
0.06 

lead. 

- 
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Receptor 
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Future Lifelong 
Resident 

Terrestrial Plants and 
Invertebrates 

Mammals and Birds 

Aquatic Organisms 

NIA = Not applicable 
NFA = No funher action 
CMS = Corrective Measures Study 

Environmental 
Medis 

Surface Soil 

Groundwater 

Surface Water - Gullies 
Surface Water - Turkey Creek 
Sediment - Gullies 
Sediment - Turkey Creek 

Surface Soil 

Surface Soii/Surface Water 

Sediment 
Surface Water - Turkey Creek 

Overall 
Carcinogenic 

Risk 
(Human) 

7E-05 

7E-03 

1 E-06 
1 E-07 
3506 
6E-06 

N A 

N A 

N A 
N A 

Overall 
Hazard Index 

(Human) 

NA 

NA 

N A 
N A 
NA 
N A 

N A 

N A 

N A 
N A 

Lead 

Exposure"' 

No unacceptable 
exposures to 

lead. 

N A 

N A 

N A 
N A 

Overell Risk 
(Ecological) 

NIA 

unacceptable 

unacceptable 
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Critical Pathways 6 
Chemicsls of Concern 

NIA 
Potable use of groundwater 

Trichlomethene, C a ~ o n  
Tetrachloride, 

1,l.Z-Trichlomthane, 
Tetrachloroethene, 

Vinyl Chloride 
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N!A 
NIA 
N/A 

Direct contan by terrestrial 
vegetation, and ingestion of soil 
and food by soil invenebrates 
from exposure to some metals 
(Antimony. Copper. Lead, and 

Zinc). 
Incidental soil ingestion and 

ingestion of food by 
insectivorous birds from 

exposure to Lead and Zinc 
NIA 
NIA 

Recommendations 

N FA 

Proceed to CMS 

NFA 
NFA 
NFA 
NFA 

Proceed to CMS 

Proceed to CMS 

NFA 
NFA 
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1.0 INTRODUCTION 

This Resource Consewation and Recovery Act (RCRA) Facility Investigation (RFI) Report for the Cast 

High Explosives FilllB146 lncinerator was prepared for the Naval Surface Warfare Center (NSWC) Crane 

facility, located in Crane, Indiana, through the Naval Facilities Engineering Field Division South (NAVFAC 

EFD SOUTH) under Contract Task Order (CTO) 0343 for the Comprehensive Long-Term Environmental 

Action Navy (CLEAN) Ill, Contract Number N62467-94-D-0888. The Cast High Explosives FilllB146 

lncinerator is also known as Solid Waste Management Unit (SWMU) 16. 

The Cast High Explosives FilllB146 lncinerator consisted of Building 146 and three oil-fired, rotary kiln 

incinerators with fuel storage tanks. 8146 is still in existence; it was previously used as an explosive fill 

and pressure washout facility. The incinerators and fuel storage tanks have been removed. During 

operation, incinerator ash was stored in waste piles adjacent to the incinerator. These ash piles have 

also been removed. In previous investigations, exterior sumps receiving roof drain waters and process 

waters were found to contain trichloroethene (TCE). These sumps discharged into ditches. After this 

discovery, a remedial action was conducted in which an air stripper was used to remove volatile organic 

compounds (VOCs) from liquids within the sumps and the roof drain waters were rerouted to a separate 

line discharging into a ditch. After TCE concentrations in the sump were reduced to acceptable levels, 

the sump drains were rerouted to the sanitary sewer system. 

1.1 PURPOSE 

The purpose of this RFI Report is to describe the site investigation activities conducted at SWMU 16 and 

to present the results and interpretation thereof for the Cast High Explosives FilllB146 Incinerator. This 

investigation provides information regarding concentrations of organic and inorganic chemicals measured 

in surface soils, subsurface soils, sediment, surface water, and groundwater at SWMU 16. In addition, 

human health and ecological risks associated with SWMU 16 were evaluated by way of a baseline human 

health risk assessment (HHRA) and a screening-level ecological risk assessment (SERA). The risk 

assessments were performed using the data collected during the most recent investigations in 2003 and 

2004. However, previous investigation results are presented, as appropriate, to provide perspective on 

current data. 
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1.2 SITE BACKGROUND 

1.2.1 Site Location and Description 

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 site location map of the NSWC Crane facility is provided as 

Figure 1-1. 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. 

SWMU 16 is located in the north-central portion of NSWC Crane within the Boggs and Turkey Creek 

Drainage Basin, which is one of the five drainage basins that carry surface water off the installation and 

eventually drain into the East Fork of the White River and then to the Wabash River to the southwest. 

The location of SWMU 16 within the drainage basins of NSWC Crane is shown in Figure 1-2. 

1.2.2 Site History 

SWMU 16 is approximately 16 acres in size. Building 146 (Figure 1-3) is the largest building at 

SWMU 16, approximately 213 acre in size. It was an explosives fill and pressure washout facility. Most of 

SWMU 16 is covered with buildings and gravel parking lots, and most grassy areas are located southeast 

of Building 146. Although current operations are known, it is likely that unknown operations once 

occurred at this site because the site is so old. Outfalls from sumps once discharged to swales within the 

area. The outfalls have since been welded shut. Sewer lines to sumps have been rerouted to industrial 

sources. Down spouts have also been rerouted. There is only one sewer system at Crane and it is a 

sanitary sewer system. 

Building 146 was an explosives fill and pressure washout facility with two large and one prototype, oil-fed 

rotary kiln incinerators. Three nearby aboveground storage tanks supplied No. 2 fuel oil for the kilns. The 

storage tanks in the eastern and western bays each had an approximate capacity of 2,000 gallons, and 

the central storage tank feeding the prototype kiln had a 300- to 500-gallon capacity. Munitions entered 

the kilns at one end and were exposed to flame combustion, which resulted in the destruction of the 

energetics (propellants, explosives, pyrotechnics) contained within the munitions to demilitarize them 

through burning or detonation. Ash and slag residues from the incinerators were piled on the ground. 

The incinerators were closed in the early 1990s. A decision was made to remove the waste ash piles, 

and the piles were removed along with some obviously contaminated soil. 
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Site operations also included cast loading [melt pouring of 2,4,6-trinitrotoluene (TNT), hexahydro-1,3,5- 

trinitro-l,3,5-triazine (RDX), and high blast explosive (HBX) explosives into projectiles]; demilitarization 

and incineration of ammunitions (small caliber ammunition, shotgun shells, fuses, detonators, boosters, 

tracers, flare candles, and smoke flares); and demilitarization and high-pressure washout. Steamout of 

army ammunition and rockets containing TNT and Composition B was reportedly conducted between 

1954 and 1956 (Halliburton NUS, 1992). Prior to 1978, the generated wastewater was discharged 

through a storm drain to a ditch, with ultimate transport to Boggs Creek via Turkey Creek. After 1978. 

wastewaters generated at Building 146 were transported to the Rockeye Treatment Facility for treatment. 

Two sumps located on the eastern and western sides of 8146 received discharges from floor drains in 

8146. These sumps were designed to drain through clay (terra cotta) tile pipes into ditches in the woods. 

Terra cotta drains are known for leakage potential and may have resulted in the release of contaminants 

to the subsurface soil. Both sumps were expected to contain explosive-contaminated sludge. However, 

it was found that the sumps contained significant quantities of TCE, with the west sump having the 

maximum concentrations. The east sump was piped to the west sump and an air stripper was installed to 

remediate TCE contamination during 1995 and 1996. The clay tile discharge lines were plugged when 

the stripper was installed. Shortly after the air stripper was installed, it was found that stormwater draining 

from the roof of 8146 was flowing into the sumps and causing them to overllow. The roof drains were 

rerouted to separate discharge lines that discharged into ditches. The air stripper was operated until TCE 

levels were low enough to allow direct discharge of the sumps into the sanitary sewer system. The 

discharge from the sumps was rerouted to the sanitary sewer system. After the TCE concentrations were 

low enough to be transferred to the sanitary sewer without treatment by the air stripper, permanent 

pumps were installed. The TCE source was never found. 

Major contaminants from Building 146 loading and washout activities were TNT, RDX, HBX, 

Composition A, Composition B, and ammonium picrate. HBX is a mixture of RDX, TNT, alum~num, and 

wax. Composition A contains RDX and beeswax. Composition B is composed of RDX, TNT, and wax. 

The primary metals of concern associated with the incinerator operations are the heavy metals lead, 

barium, cadmium, chromium, and mercury. Potential combustion of fuels containing polychlorinated 

biphenyls (PCBs) and contamination from PCB oxidation products has also been reported (Halliburton 

NUS. 1992). Polycyclic aromatic hydrocarbons (PAHs) and undetonated explosives have also been 

detected in ash from the Ammunition Peculiar Equipment (APE-1236) incinerators. The incinerator 

emissions testing data provide additional information concerning the potential particulate and gaseous 

releases, particularly those occurring prior to baghouse installation (Halliburton NUS, 1992). Initially, 

incinerator ash was piled near Building 146; later, ash and residue from burning and baghouse dust were 

collected and transferred to the storage facility. Ash from Building 146 operations has been reported to 
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be RCRA hazardous waste (Halliburton NUS, 1992). TCE has been detected at high concentrations at 

the settling basins. 

SMWU 16 is intermittenlly active and is used for renovation and rework and breakdown of munitions. It is 

sometimes used for ammunition demilitarization operations. Nearby facilities include case filling, case 

preparation, lunch and locker, and sewage pumping station buildings to the north and fuse and detonator 

magazines to the south. Magazine and storage buildings are situated east of Building 146, and 

magazines for fuses. detonators, and high explosives lie east of the SWMU. Both Building 145 (the case 

filling plant) and Building 148 (the small arms repacking building) housed significant quantities of 

explosives and smokeless powder. 

Potential historical contaminant migration pathways at Building 146 include air, surface water, and 

groundwater. Air should no longer be a migration pathway of significance because the furnaces and ash 

piles have been removed. Release of contaminants from surface soil or sediments to surface water and 

groundwater is still a possibility. Groundwater may be contaminated, especially because of the high 

concentrations of TCE found near the settling basins. Contaminants likely to be present at this SWMU 

are explosives, SVOCs, VOCs, dioxins, and metals. 

1.3 PREVIOUS INVESTIGATIONS 

A 1972 water sample from Building 146 was reported (Halliburton NUS, 1992) to contain detectable levels 

of HMX and RDX, but the concentrations were not provided. In 1979, water samples were collected (from 

the same areas as the sediment samples) near settling basins or sumps where Building 146 floor drains 

discharge. None of the water samples contained detectable levels of HMX. The TNT concentration was 

0.1 1 mg/L and RDX was 0.03 mg/L. No measurable concentrations or related detrimental effects were 

found in Turkey Creek, the ultimate receptor of the Building 146 discharge. Sediment samples collected 

from drainage ways in the north ditch where the Building 146 drains discharge (Department of the Army, 

1980) contained TNT [I09 to 383 milligram per kilogram (mglkg)]. RDX (31 to 44 mglkg), and HMX (1.0 to 

10.2 mg/kg). 

Quantities of chemicals potentially released at SWMU 16 are unknown. Analytical data for two ash pile 

samples collected in 1982 shows that the ash from the rotary kiln furnaces was a RCRA hazardous 

waste. Barium, cadmium, and lead exceeded the Extraction Procedure (EP) Toxicity limits (Halliburton 

NUS, 1992). Four monitoring wells were installed near Building 146 in July 1983. Soil and groundwater 

samples were collected and analyzed for metals and selected organic constituents. Based on a 

comparison oi concentrations with average United States soil metal concentrations, the soils around 

02050UP 1-4 CTO 0343 
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Building 146 contained elevated concentrations of lead (9.3 to 58 mglkg) and zinc (19 to 280 mglkg). 

Groundwater samples around Building 146 exceeded drinking water regulations for lead [0.5 to 

0.2 milligram per liter (mglL)], chromium (0.038 to 0.16 mglL), nickel (0.16 to 0.55 mglL), cadmium 

(0.006 mglL), mercury (0.0007 to 0.0036 mglL), and TCE, the only organic chemical detected (2.7 to 

27 mglL). TCE was not detected in soil borings collected from 0 to 5 feet at the same locations. 

Surface soil and sediment samples were collected around Building 146 in 1982 and 1985. The 1982 

samples exceeded EP Toxicity Limits for cadmium (1.0 mglL) and lead (5.0 mglL). These samples 

contained trace levels of explosives (RDX = 0.013 mglkg and HMX = 0.022 mglkg) and high oil and 

grease content. One of the 1985 samples exceeded the EP Toxicity Limit for lead. None of the 1985 

samples contained detectable levels of explosives. However, the detection limits were relatively high 

(TNT = 3.6 mglkg, RDX = 5 mglkg. and HMX = 7.2 mglkg). 

Soil samples were collected from the Building 146 incinerator bays as part of closure activities. Between 

October and December 1989, 133 soil samples were collected from 34 locations from depths between 

0 and 2 feet bgs. The samples were analyzed for metals and PCBs. In March 1990, an additional 16 

samples were collected from four locations to represent background conditions. The Indiana Department 

of Environmental Management (IDEM) determined that quality assurancelquality control (QNQC) data for 

the PCB parameters were inadequate, and six locations were resampled from 0 to 2 feet below ground 

surface (bgs) (IDEM, 1990). The analytical results for samples collected from below the incinerator bays 

indicated that concentrations of arsenic, cadmium, chromium, selenium, and silver exceeded background 

levels. Only the concentrations of selenium and silver were considered significant (Halliburton NUS, 

1993), but concentrations were not provided. The PCB analytical data indicated that detectable levels of 

PCBs were not present in Building 146 sampling locations. 

Voluntary interim measures were conducted at SWMU 16 in 1995. The objectives of the interim 

measures were to sample, remove and dispose of sludge contaminated with lead and TCE, respectively, 

from the east and west sumps; remove three aboveground storage tanks and associated diesel 

contaminated soils; clean the sumps; excavate and remove the slaglash piles; sample the remaining 

soils; backfill; and restore the site. During the interim measures in 1995, it was discovered that high 

levels of TCE were entering the east and west sumps through the inlet piping. 

Additional voluntary interim measures were conducted at SWMU 16 from 1996 to 1998. It was 

determined that the effluent required treatment prior to discharge. The objective of the 1996 to 1998 

interim measures was to sample and treat water that had drained into the east and west sumps 

containing elevated levels of TCE; conduct additional soil sampling; repair broken sewer piping sections; 
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reroute roof drains on Building 146 away from the sumps and grout floor drains; install sump pumps and 

new piping from the sumps to the sanitary sewers; and dispose of PCB contaminated soil. During some 

rerouting of drain lines, trenches were dug through the asphalt cover and into the soil. Samples were 

collected from the soillasphalt mixture, and low concentrations of PCBs were detected in the samples. 

1.4 REPORT ORGANIZATION 

This report was prepared in the following format, standard for an RFI Report. Section 1.0 of the report is 

the introduction, including the purpose, site background, site description, site history, previous 

investigations, and report organization, Section 2.0 describes the study area field sampling activities and 

procedures associated with the data collection. Section 3.0 discusses data presentation and data quality 

review. Section 4.0 describes the physical characteristics of SWMU 16. Section 5.0 presents an 

evaluation of the nature and extent of contamination detected at SWMU 16 in this field investigation. 

Section 6.0 presents a discussion on the fate and transport of the contaminants and the conceptual site 

model. Sections 7.0 identifies the chemicals of concern (COCs) and presents the results of the HHRA. 

8.0 presents the results of the SERA. The information included in each appendix is summarized below: 

Appendix A - Field Investigation Photos andlor Survey Locations 

Appendix B - Boring Logs. Well Construction Logs, etc 

Appendix C - Field Log Sheets 

Appendix D - Field Documentation (log books) 

Appendix E - Slug Tests 

Appendix F - Health and Safety Forms 

Appendix G - Laboratory Data 

Appendix H - Data Quality Review 

Appendix I - HHRA Calculations 

Appendix J - Supporting Materials for the SERA 
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2.0 FIELD INVESTIGATION 

This section presents sampling activities, procedures, and documentation utilized during Rounds 1, 2, and 

3 field operations performed in 2003 and 2004 for NSWC Crane SWMU 16. 

2.1 OVERVIEW 

RFI field activit~es were conducted from February through May 2003 (Round I ) ,  October 2003 through 

January 2004 (Round 2), and July through November 2004 (Round 3). All work performed for Round 1 

was conducted in accordance with the procedures and methodologies described in the U.S. EPA- 

approved Quality Assurance Project Plan (QAPP) (TtNUS, 2003a). All work performed for Round 2 was 

done in accordance with the procedures and methodologies described in the Addendum No. 1 to the 

approved QAPP (TtNUS, 2003b). All work performed for Round 3 was conducted in accordance with the 

procedures and methodologies described in the Addendum No. 2 to the approved QAPP (TtNUS, 2004). 

Standard Operating Procedures (SOPS) that governed the field work are included in Appendix H of the 

approved QAPP (TtNUS, 2003a), Appendix E of the Addendum No. 1 to the approved QAPP (TtNUS, 

2003b), and Appendix C of the Addendum No. 2 to the approved QAPP (TtNUS, 2004). Photographs and 

surveyed sample locations of SWMU 16, copies of all field forms, records, field logbooks, and health and 

safety documentation associated with Rounds 1, 2, and 3 field investigations are provided in Appendices 

A through F of this document (Volumes II through IV). 

2.2 MOBILIZATION I DEMOBILIZATION 

Following approval of the QAPP (TtNUS, 2003a), the Addendum No. 1 to the approved QAPP (TtNUS, 

2003b), and the Addendum No. 2 to the approved QAPP (TtNUS, 2004), TtNUS began mobilization 

activities for Rounds 1. 2, and 3, respectively. All field team members reviewed the approved QAPP 

(Round 1) and the Addendums No. 1 and No. 2 to the approved QAPP (Rounds 2 and 3, respectively), 

associated appendices, and the Health and Safety Plans (HASPS) prior to the start of project activities. In 

addition, the Field Operations Leader (FOL) held field team orientation meetings prior to the start of each 

shift to ensure that personnel were familiar with the scope of the field activities. Health and Safety 

documentation is contained in Appendix F. 

Prior to the initiation of fieldwork for each round, the FOL arrived at the site and-began on-site mobilization 

activities. These activities included coordination with base personnel and utility clearance of all proposed 

boring locations through the NSWC Crane Publics Works Office. The equipment required for the field 

020502lP 2-1 CTO 0343 
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activities was shipped to the site. At the conclusion of each round of field activities, the FOL oversaw the 

decontamination and demobilization of all equipment 

2.3 SUBSURFACE INVESTIGATION METHODOLOGIES AND PROCEDURES 

All borings were installed in accordance with SOP CT0166-04 and logged in accordance with SOPS 

CT0166-07 and CT0166-11. Boring logs can be found in Appendix 6.1 Drilling methods used during 

each Round, along with boring date, boring depth, and depth intervals for soil sampling can be seen in 

Table 2-1 

Round 1 

Forty-one (41) borings for so11 sampling and six borings for monitoring well installation were drilled using 

direct-push technology (DPT), hand auger, Rotosonic, and hollow-stem auger (HSA) methods (see Table 

2-1). 

Round 2 

Nine (9) borings for soil sampling and 12 borings for monitoring well installation were drilled using hand 

auger, Rotosonic, and HSA methods (see Table 2-1). 

Round 3 

Thirty-eight (38) borings for soil sampling and three borings for monitoring well installation. were drilled 

using DPT and HSNAir Rotary methods (see Table 2-1). 

2.3.1.1 Direct-Push Technology Borings 

The Direct-Push Technology (DPT) method involves pushing sampling tools hydraulically and/or 

mechanically downward into the ground to the desired depth. Soil samples were collected from borings 

for chemical analyses and for lithologic logging. All samples obtained from the boreholes were screened 

with a photoionization detector (PID) immediately upon opening. All PID readings were recorded on the 

boring logs. Soil sample collection information is provided in Section 2.5.1. 
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DPT was used to complete 36 soil borings at SWMU 16 during Round 1 and 38 borings during Round 3. 

Figure 2-1 shows the locations of all soil borings completed as part of the RFI at SWMU 16. DPT soil 

borings at SWMU 16 were advanced to a total depth of 10 feet, to the water table, or to refusal. Actual 

sample depths for SWMU 16 soil samples are listed in Table 2-1. DPT was not used during Round 2 field 

activities at SWMU 16 

2.3.1.2 Rock Drilling 

Two types of drilling techniques were used to drill through rock, collect rock cores, and to install wells in 

the bedrock. Rotosonic drilling was used for the majority of well drilling sites. The other technique used 

was conventional diamond coring. For Rotosonic drilling, the drill bit was attached to the base of the 

4-inch inside diameter (ID), 4.5-inch outside diameter (OD), 10-foot-long core barrel. The core barrel was 

connected to a drill pipe of the same ID. When the core barrel reached the desired depth, a larger 6-inch 

OD drill pipe was centered on the core barrel and advanced to the same depth to act as a temporary outer 

casing. Core runs were limited to 5 feet to maximize sample recovery. The inner core barrel and drill pipe 

were retrieved and the core was extruded from the inner core barrel using vibration and/or hydraulic 

pressure. Each sampled interval was extruded into a clear plastic sleeve. This technique facilitated 

lithologic classification, environmental sample collection, and vapor monitoring using a PID. All PID 

readings were recorded on the boring logs. This process was repeated to the termination point of each 

well boring. The remaining drill cuttings not retained for analytical or classification purposes were 

disposed in accordance with the approved QAPP (TtNUS, 2003a) and Addendums No. 1 and No. 2 to the 

approved QAPP (TtNUS, 2003b, 2004). See Section 2.14 for more information regarding the handling of 

investigation-derived waste (IDW). The final hole diameter produced by Rotosonic drilling was 

approximately 6 inches in diameter. As a result, these holes were sufficiently large in diameter to install a 

monitoring well without additional reaming. 

In borings where continuous sampling was not required, a 4-inch ID displacement bit was attached to the 

base of the Rotosonic core barrel. This technique used both vibration and water to ream through the 

overburden and bedrock. 

Controlled amounts of water were added where necessary to remove cuttings from the borehole. Any 

excess water generated during this process was collected in a container and transported to and disposed 

at an NSWC Crane-approved sanitary sewer. The Rotosonic drilling rig was also used for collection of soil 

samples as listed in Table 2-1 for both Rounds 1 and 2. Soil sample collection information is provided in 

Section 2.5.1. 

CTO 0343 
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A conventional drilling rig with diamond coring capabilities was used during Round 3 to drill monitoring well 

16MWT21. Once the 2-inch diameter core was collected from the boring, the entire length of the boring 

was reamed to 5.5-inches in diameter, the hole was cleaned out with pressurized air, and a 2-inch 

diameter monitoring well was installed. 

Continuous rock cores were collected from three (Round I) ,  five (Round 2), and one (Round 3) bedrock 

well borings at SMWU 16 for lithologic description purposes. Select cores that were retained were placed 

into labeled core boxes, photographed, and turned over to the NSWC Crane Environmental Protection 

Department (EPD) for storage. Appendix B contains rock drilling logs. All boring depths at SWMU 16 are 

listed in Table 2-1 lor Rounds 1,2. and 3. 

2.3.1.3 Hollow-Stem Augering 

Hollow-Stem Augering (HAS) included the use of 4.25 ID HSAs, with split-spoon samplers to obtain soil 

samples. Split-spoon samplers had a minimum ID of 2 inches and were 2 feet long. The split-spoon 

sampler was driven to the required depth with a rig-mounted hammer weighing 140 pounds and falling 

30 inches. All soil samples obtained from boreholes drilled using the HSA method, were screened with a 

PID immediately upon opening. All PID readings were recorded on the boring logs (Appendix 0.1). Drill 

cuttings were disposed in accordance with the approved QAPP (TINUS, 2003a) and Addendums No. 1 

and No. 2 to the approved QAPP (TtTNUS, 2003b, 2004). See Section 2.14 for more information 

regarding the handling of IDW. 

Nine monitoring well borings were drilled at SWMU 16 using the HSA method during Round 2. All three 

monitoring wells were installed utilizing the HSA method during Round 3. 

2.3.1.4 Hand Augering 

The hand augering system consisted of a stainless steel bucket auger (6-'/2 inches long and 3-'A inches in 

diameter) and a 4-foot-long stainless steel extension rod with a cross handle. Hand augering was typically 

used at locations not accessible by other drilling methods or at isolated locations where its use was more 

practical such as locations requiring boring to depths not exceeding 5 feet bgs. The borings were augered 

to the desired depth or until refusal was encountered. Soil sample collection information is provided in 

Section 2.5.1. All samples obtained from the boreholes were screened with a PID immediately upon 

retrieval from the borehole. All PID readings were recorded on the boring logs. 
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Hand augering was used to collect nine soil borings during Round 2 and five soil borings during Round 3. 

No hand augering was required at SWMU 16 during Round 1. 

2.3.2 Borehole and Sample Loqqinq 

A TtNUS geologist maintained a log for each boring in accordance with SOP CT0166-07 (Borehole and 

Soil Sample Logging) and SOP CT0166-11 (Drilling and Geologic Logging of Boreholes in Rock). The 

boring logs for each Round can be found in Appendix 6.1, and at a minimum, contain the following 

information: 

Well identification (where applicable) 

Boring identification 

Name of geologist logging the boring 

Name of drilling contractor 

Sample number and type 

Sample depth 

Sample recovery and sample interval 

Soil density or cohesiveness 

Soil color 

Unified Soil Classification System (USCS) material descriptions 

Rock type and description, recovery, and rock quality designation (RQD) 

Location of boring 

Drilling and/or well construction problems or deviations from the project-specific approved QAPP or 

the Addendums No. 1 and No. 2 to the approved QAPP. 

Date(s) of drilling 

Screening instrument readings 

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

meter PID readings, drilling methods, and total depth of each borehole were included on each log, as well 

as any other pertinent observations. 

2.3.3 Borehole Abandonment 

All DPT soil borings at SWMU 16 were backfilled with bentonite chips and hydrated in accordance with the 

manufacturer's specifications. The ground surface at all boring locations was restored to its original 

condition. 
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2.4 MONITORING WELL INSTALLATION AND DEVELOPMENT 

2.4.1 Well Installation 

Monitoring wells were installed during Rounds 1, 2, and 3 of the RFI field operations at SWMU 16 in 

accordance with SOP CT0166-12. Table 2-2 provides monitoring well construction details. 

After each boring was drilled to the desired depth, a 2-inch-diameter polyvinyl chloride (PVC) Schedule 40 

well screen and riser pipe was lowered into the boring through the steel isolation casing. Well screens 

ranged in length from 5 to 20 feet depending on well depth. Screens had a slot size of 0.20 inch. After 

the screen and the riser pipe were in place, the annulus of the boring was backfilled with clean silica sand 

from the bottom of the boring to 1 to 2 feet above the top of the well screen. A 2-foot bentonite seal was 

then installed either in pellet (shallow wells) or slurry form (deep wells), and the pellets allowed to hydrate 

in accordance with the manufacturer's recommendations. The remainder of the annulus of the borehole 

(from the bentonite seal to the ground surface) was filled with cement-bentonite grout to approximately 

1 foot bgs. 

The depth of the backfill materials was continuously monitored during the installation of the monitoring 

wells using a weighted steel tape measure to ensure that the sand pack or bentonite did not bridge during 

the installation process. 

lndiana State Well Installation Requirements in 310 lndiana Administrative Code (IAC) 16 were followed 

for all well installation activities. Well construction logs for Rounds 1, 2, and 3 were completed for each 

well and are presented in Appendix B.1. Refer to Section 2.3.1 for the drilling methods. Monitoring well 

construction information and water-level measurements are presented in Table 2-2 for each Round. 

Figures presented in Appendix 0-1 show well construction details. Figure 2-2 presents all well locations. 

2.4.2 Monitorinq Well Protection 

After each monitoring well was installed and the annulus grouted to the land surface, a 4-inch-square, 

steel protective casing with a locking cap was cemented in place over the riser pipe. All caps were keyed 

alike and keys turned over to the NSWC Crane EPD. This stick-up-type protective casing extended 

approximately 3 feet above ground surface and 2 feet bgs. A drain hole was drilled into the protective 

casing approximately 6 inches above the ground surface. Pea gravel was used to fill the space between 

the outer protective casing and the riser pipe. A 4-foot-square and 6-inch-thick concrete apron was 

constructed around the protective casing, and two to four yellow painted, safety barrier posts (nominal 

020502lP 2-6 CTO 0343 



NSWC Crane 
RFI Report 

Revision: 0 
Dale: June 2M)5 

Section: 2 
Page 7 of 22 

4-inch-diameter, 5-foot-long steel pipes buried 2 feet deep and filled with concrete) were cemented around 

the outside of the concrete apron. Stainless steel well plates indicating well ID, depth, date, etc. were 

installed on the outside of each protective well casing. To maintain well security, a locking cap was placed 

on each well. 

2.4.3 Monitorinq Well Repair and Development 

Five existing wells installed by United States Army Corps of Engineers (USACE). Waterways Experiment 

Station (ACE WES) were sampled during this RFI investigation at SWMU 16. Prior to the initiation of 

groundwater sampling during Round 1, these wells were inspected and any noted deficiencies were 

corrected. Inspection reports are included in Appendix C.6 of this document. 

Well Development 

All newly installed monitoring wells were developed by surging and pumping methods no sooner than 

24 hours after installation to remove fine material from around the well screen and the sand pack that 

surrounds the well screen. The period of development for each well was approximately 1 hour. If the well 

was pumped dry, TtNUS personnel typically waited 20 to 30 minutes, noted the rate of recharge, and then 

pumped the well dry at least three times in an effort to maximize the amount of fine material removed. 

Development continued and was considered complete when one of the following was achieved: the purge 

water was clear to the unaided eye, five well volumes were removed, or the well was pumped dry three 

times. 

Wells were developed by up to three surging and purging techniques (a surge block with Whale" pump, a 

bailer, or a check valve method). The surge blocldWhalea pump method consisted of inserting a 2-inch 

surge block into the well and surging over the length of the saturated screen for a minimum of 5 minutes. 

Immediately after surging, the Whalea pump was lowered into the well and was pumped in accordance 

with SOP CT0166-10. The bailer method consisted of purging the well over the length of the saturated 

screen and removing water and fines. The check valve method involved attaching a decontaminated foot 

valve to new dedicated %-inch polyethylene tubing, extending the tubing to the bottom of the well, and 

both surging and purging by moving the tubing in an up and down motion. On the downward stroke, the 

ball in the foot valve lifts and the tubing fills with water, and on the upward stroke, the ball is set and 

surged groundwater is forced out of the tubing and into a purge bucket. Section 2.14 describes the 

disposal of all IDW including development fluids. 
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Water-quality parameters [pH, specific conductivity, temperature, dissolved oxygen (DO), oxidation- 

reduction potential (ORP), and turbidity], pumping rates, volumes of groundwater removed, recharge 

rates, and water levels were recorded on monitoring well development records. Monitoring well 

development records lor Rounds 1, 2 and 3 can be found in Appendix C.7 of this document. 

2.5 SAMPLING OPERATIONS 

This section discusses the methodology for all soil, surface water, sediment, and groundwater sampling 

activities and aquifer testing performed at SWMU 16. Table 2-3 provides a summary of all proposed vs. 

actual samples collected during each Round, as well as a list of the analyses. Table 2-4 provides the 

reasoning why a proposed sample was not collected or why additional samples were collected. 

2.5.1 Soil Samplinq 

During Round 1 of the RFI, 66 soil samples were collected from 41 soil borings. During Round 2, 18 soil 

samples were collected from 9 soil borings. During Round 3, 106 soil samples were collected from 43 soil 

borings. Twenty-one (21) of the soil samples collected during Round 3 were located within Building 146 

after coring out a 6-inch concrete plug from the building floor. Soil samples were collected in accordance 

with SOP CT0166-08. See Figure 2-2 for all soil boring locations. Soil sample log sheets for Rounds 1, 

2, and 3 are included in Appendix C.l of this document. 

2.5.1.1 Surface Soil Sampling 

The surface soil samples were collected from the ground surface to a maximum depth of 2 feet bgs or 

until refusal was reached using DPT or Rotosonic methods and/or hand augering. Upon retrieval, all 

samples were monitored for the presence of VOCs using a PID. The results of this screening were 

recorded on the boring logs andlor soil sample log sheets (found in Appendix B and Appendix C, 

respectively, of this document). Samples for VOC analyses were collected first from the 0.5- to 1.0- or 

2.0-foot bgs interval that had the h~ghest PID reading. Samples to be analyzed for VOCs were collected 

using 5-gram EncoreTM samplers. Sample aliquots for the other analyses were collected from the 

remaining soil core within the 0- to 2-foot depth interval and placed in the appropriate containers lollowing 

homogenization. 
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Round 1 

All 39 proposed surface soil samples were collected at SWMU 16. Thirty-four (34) of the surface soil 

samples were collected from the ground surface to a depth of 2 feet bgs using the DPT method, and five 

samples were collected using Rotosonic drilling. 

Round 2 

Nine surface soil samples were collected at SWMU 16 during Round 2. One surface soil sample was 

collected from each of the nine soil borings from the ground surface to a depth of 1 foot bgs by hand 

auger. 

Round 3 

Thirty-five surface soil samples were collected at SWMU 16 utilizing DPT and hand augering during 

Round 3. All samples were collected at a depth of 0 to 2 feet bgs. Sample locations 165879 through 

165884 were labeled as discretionary samples and were not collected. 

2.5.1.2 Subsurface Soil Sampling 

Upon retrieval, all subsurface samples were monitored for the presence of VOCs using a PID. The results 

of this screening were recorded on the boring logs andlor soil sample log sheets. Samples for VOC 

analyses were collected first from the interval that had the highest PID reading using 5-gram EncoreTM 

samplers. The remaining soil core material was then homogenized, and soil to be analyzed for other 

parameters was placed into the required containers. Subsurface sample intervals for SWMU 16 are listed 

in Table 2-1 for Rounds 1,2, and 3. 

Round 1 

Twenty-seven (27) of the proposed 43 subsurface soil samples were collected at SWMU 16. Subsurface 

soil samples were collected at various depths between 2 to 8 feet bgs using DPT or Rotosonic drilling. 

Round 2 

All four proposed subsurface samples were collected at SWMU 16 during Round 2. Samples were 

collected between 1 to 5 feet bgs using hand augering. 
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Round 3 

Seventy-one (71) subsurface soil samples were collected at SWMU 16 during Round 3, including 19 

samples collected inside Building 146. Subsurface samples were collected between 2 to 10 feet bgs 

using DPT and hand augering. 

2.5.2 Surface WaterISeep Samplinq 

Surface water samples were collected from intermittent streams, drainage ditches, surface runoff 

locations, and sumps throughout SWMU 16. Seep samples were also proposed for Round 2. Sample 

locations were marked with a labeled, wooden survey stake. Fluorescent flagging was tied to the stake 

and to a nearby tree (if available) to facilitate relocation of the sample location for surveying purposes. All 

Round 1 surface water samples that could be collected were collected in accordance with the approved 

QAPP (TtNUS, 2003a). All Round 2 surface water samples were collected in accordance with Addendum 

No. 1 to the approved QAPP (TtNUS, 2003b). All Round 3 surface water samples were collected in 

accordance with Addendum No. 2 to the approved OAPP (TtNUS, 2004). Ail pertinent field data, including 

water quality parameters, sampling method, and location were recorded on a surface water sample log 

sheet (see Appendix C.3). See Figure 2-3 for all surface water and seep sampling locations. 

Round 1 

Only three of the proposed seven surface water samples were collected at SWMU 16 during Round 1. 

Each sample was collected from a sump. Locations 16SW03, 04, 05, and 06 were not collected due to 

lack of water. 

Round 2 

Eleven (1 1) surface water samples were collected at SWMU 16 during Round 2. This included sampling 

the three locations previously sampled during Round 1 (16SW01, 02, and 07). Three locations (16SW16, 

19, and 22) were not collected due to lack of water. Five seep samples were also proposed for collection 

during Round 2; however, due to dry conditions none of the five were collected. 

Round 3 

All 20 proposed surface water sample locations at SWMU 16 were collected during Round 3. Eighteen 

(18) of the 20 locations were initially found to be dry during the sampling period in early October 2004. 

020502'P 2-10 CTO 0343 



NSWC Crane 
RFI Report 

Revision: 0 
Date: June 2005 

Section: 2 
Page 11 of 22 

However, after significant rainfalls over a two week period, the locations were revisited in November 2004 

and all proposed samples were collected. 

2.5.3 Sediment Samplinq 

Sediment samples were collected from intermittent streams, drainage ditches, and surface runoff 

locations at SWMU 16 during the three rounds of sampling. The samples were collected in depositional 

areas that contained predominantly fine (clay and silt) particles present in the streambeds or 

drainageways. All sediment samples were collected at a depth of 0 to 4 inches bgs. All Round 1 

sediment samples were collected in accordance with the approved QAPP (TtNUS. 2003a). All Round 2 

sediment samples were collected in accordance with Addendum No. 1 to the approved QAPP (TtNUS, 

2003b). All Round 3 sediment samples were collected in accordance with Addendum No. 2 to the 

approved QAPP (TtNUS, 2004). All locations were marked with a labeled, wooden survey stake. 

Fluorescent flagging was tied to the stake and to a nearby tree (if available) to facilitate relocation of the 

sample location for surveying purposes. All pertinent field data, including sampling method, depth, 

description, and location were recorded on sediment sample log sheets (see Appendix C.2). See 

Figure 2-3 for all sediment sampling locations. 

Round 1 

Nine (9) of the 11 proposed sediment samples were collected at SWMU 16 during Round 1. Samples 

were not collected from sediment locations 16SD01 and 16SD07 because no sediment was present. 

Round 2 

During Round 2, all 11 new proposed sediment sampling locations at SWMU 16 were sampled 

Round 3 

Twenty (20) sediment samples were collected during Round 3 at SWMU 16. Twelve (12) of these 

locations had been previously sampled during either Round 1 or Round 2. Many of the sample locations 

were dry; however, the sediment samples were collected at an area where the finest particles were found. 
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2.5.4 Groundwater Purainq and Sampling 

Purging and stabilization of wells prior to sampling was accomplished using low-flow techniques in 

accordance with SOP CT0166-16 and SOP CT0166-15. Sampling was accomplished in accordance with 

SOP CT0166-05. 

Wells were purged prior to sampling using a peristaltic pump or bladder pump, depending on the static 

water level, well depth, and recharge information obtained during well development. In general, bladder 

pumps were used to sample wells with a static water level greater lhan 28 feet bgs, and peristaltic pumps 

were used to sample wells having a static water level less than 28 feet bgs. Based on historicai data and 

the proposal of future quarlerly monitoring. 12 monitoring wells were outfitted with dedicated bladder 

pumps and tubing during Round 3. 

Groundwater quality parameters including pH, specific conductance, temperature, DO, and ORP were 

measured during purging at 5- to 10-minute intervals using a YSI Model 600 series multi-parameter water- 

quality meter and flow-through cell. Longer intervals were used for slower pumping wells. Turbidity 

readings were measured using a LaMotte 2020 turbidity meter. Water levels and pumping rates were also 

measured during purging at 5- to 10-minute intervals. Purging continued until a minimum of one well 

volume was removed and the above parameters stabilized or after 4 hours of purge time, in accordance 

with SOP CT0166-16, and SOP CT0166-15. Copies of the monitoring well low-flow purge data sheets 

and groundwater sample log sheets for Rounds 1, 2, and 3 are provided in Appendix C.4 of this 

document. 

To the extent possible, the pumping rates were adjusted to prevent drawdown from exceeding 0.3 foot 

below static level during purging. Well purging continued until all parameters stabilized and the minimum 

purge volume (stabilized well volume plus the extraction tubing volume) was removed. If the water quality 

parameters did not stabilize within 4 hours of purging, sampling was initiated and this information was 

recorded on the low-flow purge data sheet. 

Monitoring wells were sampled with the same pump (peristaltic or bladder) and tubing used during well 

purging. Immediately following the purging process and before sampling, the temperature, pH, specific 

conductance, DO, ORP, and turbidity were measured and recorded on the groundwater sample log sheet 

(included in Appendix C.4). 

Sample containers were filled by allowing the pump discharge to flow gently down the inside of the 

container with minimal turbulence. These samples were immediately sealed in 40-milliliter (mL) vials so 
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that no headspace existed. Samples for semivolatile organic compounds (SVOCs), explosives, explosive 

picrates, total metals, total mercury, ammonia, nitrate, dissolved metals, and dissolved mercury were 

collected next and in the order given (when applicable). Samples with turbidity values greater than 

10 nephelometric turbidity units (NTUs) were field filtered for dissolved metals analyses prior to sample 

preservation using a 0.45 micrometer (pm) in-line filter. All pertinent field data, including sampling 

method, purge inlormation, pump intake depth, and well location were recorded on the low-flow purge 

data sheet and the groundwater sample log sheets (See Appendix C.4). See Figure 2-2 for all 

groundwater sampling locations 

During Round 2, several wells were also sampled for natural attenuation field parameters including DO, 

alkalinity, carbon dioxide, ferrous iron, hydrogen sulfide, sulfide, nitrite, and manganese. 

In 1983, ACE WES had installed monitoring wells at SWMU 16, and five of those wells (16GW01 through 

16GW05), have been incorporated into the TtNUS monitoring activities for Rounds 1, 2, and 3. 

Round 1 

Eleven (1 1) monitoring wells were sampled during Round 1 at SWMU 16, which includes the five existing 

ACE WES wells and six newly installed wells (16MWTOI - 16MWT06). Well location 16GW02 was 

initially sampled for a wide range of parameters, and then re-sampled during the same round for SVOCs 

and mercury due to low surrogate recovery and holding time. Well location 16GWT06 was not proposed 

for installation in the original QAPP (TtNUS, 2003a), but was installed during Round 1 to compensate for 

low-yielding monitoring well 16MWTO1. This location was also initially sampled for a wide range of 

parameters, and then re-sampled during the same round for SVOCs due to low surrogate recovery. 

Round 2 

During Round 2. 12 new monitoring wells (16MWT07 - 16MWT18) were installed at SWMU 16, and a 

total of 21 groundwater samples were collected. Well location 16MWT07 was not sampled due to being 

dry, and well 16MWT14 was abandoned. 

Round 3 

Three new monitoring wells (16MWT19 - 16MWT21) were installed at SWMU 16 during Round 3. A total 

of 23 samples were collected. Well location 16MWT07 was not sampled due to being dry, and wells 

16MWT08 and 16MWT16 were both low yielding wells. Dedicated bladder pumps and associated tubing 
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were installed in monitoring wells WES-14-02-83, WES-14-03-83, WES-14-04-83, 16MWT04, 06, 09, 10, 

11, 12, 13, 15, and 17. 

2.6 FIELD SAMPLE DOCUMENTATION 

Sample documentation consisted of the completion of boring logs, matrix-specific sample log sheets, 

sample bottle tags, chain-of-custody records, field task modification request (FTMR) forms, equipment 

calibration log sheets, field logbooks, and health and safety documentation. Field documentation was 

completed as per SOP CTO 166-03. The sample log sheets contain information such as sample location 

and sample ID, container requirements and analyses to be performed, sample type, time, date, and 

method of sample collection. Any unusual circumstances encountered during sample collection were 

noted on the form. Sample log sheets can be found in Appendix C of this document. Chain-of-custody 

records (see Appendix C.4) were used to track each sample from collection to receipt and analysis at the 

laboratory. FTMRs (see Appendix C.8) were used to document deviations from the approved QAPP and 

the Addendum No. 1 and the Addendum No. 2 to the approved QAPP. Equipment calibration log sheets 

are discussed in Section 2.9.1 and can be found in Appendix C.9 of this document. Upon completion of 

sample analyses, sample bottle tags were forwarded by laboratory personnel to the NSWC Crane EPD for 

storage. 

2.7 SAMPLE HANDLING, PACKAGING, AND SHIPPING 

Sample handling activities included the field-related considerations concerning the selection of sample 

containers, preservatives, allowable holding times, sample custody, and maintaining samples at the 

appropriate storage temperature. Sampling containers were sealed in Ziplocm plastic bags, and glass 

containers were wrapped in plastic bubble wrap to minimize the possibility of breakage during transport. 

The sample containers were then placed in a cooler lined with a large plastic garbage bag. The cooler 

was packed with a cushioning material (bubble wrap) to prevent container breakage. Samples were 

cooled immediately after collection with ice placed over the sample containers. A temperature blank was 

placed in each cooler prior to shipment. The plastic garbage bag was sealed with a knot, and the chain- 

of-custody form was sealed in a Ziploc" bag and taped to the inside of the cooler lid. A signed and dated 

custody seal was applied to each end of the cooler and then covered with strapping tape to provide a 

tamper-evident seal. A Federal Express" airbill was applied to the shipping cooler. TtNUS maintained 

custody of the samples until they were relinquished to Federal Expressa. The Federal Expressa tracking 

number (airb~ll number) was recorded on the chain-of-custody form, and the sender's copy of the airbill 

was maintained for shipment tracking, i f  needed. All samples were shipped to the laboratories for 
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overnight delivery and were received within sample holding times. Sample bottle tags were removed from 

each sample bonle by laboratory personnel and forwarded to the NSWC EPD. 

2.8 QUALITY CONTROL SAMPLES 

QNQC samples were collected and generated during sampling activities to monitor both field and 

laboratory procedures. These procedures are detailed in the approved QAPP. QNQC samples included 

field duplicates, equipment rinsate blanks, trip blanks, source water blanks, and temperature blanks. Field 

duplicate results are tabulated in Appendix F (Analytical Database) of this document. These types of 

QNQC samples are briefly described below: 

Field Duplicates - Field duplicates consisted of two samples collected either independently at a 

sampling location at approximately the same time in the case of soil or sediment VOC samples. 

groundwater, and surface water or as a single sample split into two portions in the case of non-VOC 

soil and sediment samples. Field duplicates were collected at the rate of 1 in 10 during Round 1 and 

Round 2, and 1 in 20 during Round 3 per medium and were used to assess the overall precision of 

the sampling and analysis program. 

Equipment Rinsate Blanks - Equipment rinsate blanks were obtained under representative field 

conditions by collecting the rinse water generated by running analyte-free water through or over 

sample collection equipment after decontamination and before use. However, when pre-cleaned, 

dedicated, or disposable sampling equipment was used (no decontamination was required), one 

equipment rinsate blank was collected as a batch blank. Additionally, bladder pump equipment 

rinsate blanks were collected at a rate of one equipment rinsate blank for every five samples (See the 

FTMR form in Appendix C.8). Equipment rinsate blanks were analyzed for the same chemical 

constituents as the associated environmental samples. 

Trip blanks - Trip blanks were used to determine whether contamination of the VOC samples had 

occurred during transit or storage. Trip blanks consisted of analyte-free water taken from the 

laboratory to lhe site and returned to the laboratory. One trip blank was submitted to the laboratory in 

each cooler that contained samples for VOC analyses and was analyzed for VOCs only. 

Source water blanks - Source water blanks were obtained by sampling the analyte-free water and 

potable water source(s) used for decontamination of sampling equipment. Source water blanks were 

used to determine whether analyte-free water or potable water (used for steam cleaning, etc.) 

contributed to sample contamination. 
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Temperature blanks -Temperature blanks were used to determine if samples were adequately cooled 

during shipment. Temperature blanks consisted of analyle-free water poured into a clean sample 

container at the site or supplied by the fixed-based laboratory. One temperature blank was submitted 

to the laboratory in each cooler, and the temperature was checked upon receipt at the laboratory. 

2.9 FIELD INSTRUMENT MEASUREMENTS 

Field measurements taken and recorded during field sampling operations included water temperature, pH, 

specific conductance, ORP, DO, turbidity, and groundwater level measurements. Ambient air 

measurements included monitoring of organic vapors in the breathing zone during intrusive field 

investigation activities and monitoring of organic vapors emanating from site sources such as soil samples 

and well casings. Several instruments were used during field activities to obtain these measurements 

including the following: 

PID 

YSI Model 6 series, multi-parameter water-quality meter 

LaMotte 2020 turbidity meter 

M-scope water-level indicator 

2.9.1 Equipment Calibration 

Instruments used in the field were calibrated daily prior to use according to manufacturers' requirements 

and in accordance with applicable SOPS. Equipment calibration logs can be found in Appendix C.9. 

2.9.2 Field lnvestiqation Preventive Maintenance ProcedureslSchedule 

The field instruments for this project included the PID, YSI water-quality meter, LaMotte 2020 turbidity 

meter, and water-level indicator. The specific preventive maintenance procedures followed for field 

equipment were those recommended by the equipment manufacturers. 

An appropriate maintenance check was performed daily on each piece of equipment. If damaged or 

defective parts were identified during the maintenance check, and i t  was determined that the damage 

could have an impact on the instrument's performance, the instrument was removed from service until the 

defective parts were repaired or replaced. Critical spare parts were kept on site to reduce downtime. 

Spare parts included batteries, a DO-probe membrane kit (membranes and a bottle of solution), and air 
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particle filters for the PID. Back-up instruments and equipment were available on site or were shipped 

within 1 day via overnight courier to avoid delays in the field schedule. 

2.10 SURVEYING 

All monitoring well, soil boring, surface waterlsediment, staff gauge, seep, and sump sampling locations 

were surveyed. The top of the riser pipe (where the uncapped well riser is marked), lhe top of the 

protective casing, and the ground surface elevation at each monitoring well location were surveyed to 

within 0.01-foot vertical accuracy. For all other locations, the ground surface elevation was surveyed to 

the nearest 0.10-foot. Staff gauge reference point elevations were also surveyed to the nearest 0.01 foot. 

Vertical elevations were referenced to the 1988 North American Vertical Datum (NAVD88). Existing 

survey monuments at NSWC Crane were used as reference points. Horizontal locations of samples, 

borings, wells, and sump pumps were surveyed to lndiana State Plane coordinates to the nearest 

0.10 foot and referenced to the 1927 North American Datum (NAD27). All surveying was performed by a 

surveyor professionally licensed in the State of Indiana. Copies of the survey data can be found in 

Appendix D.3. 

2.1 1 DECONTAMINATION 

The nondedicated, nondisposable equipment involved in field sampling activities was decontaminated 

before beginning work, during drilling and sampling activities, and at the completion of the RFI activities in 

accordance with SOP CT0166-16. This equipment included drilling rigs, down-hole tools, augers, and soil 

and water sampling equipment. 

2.11.1 Maior Equipment 

All down-hole equipment, including down-hole drilling tools, were steam cleaned with high-pressure hot 

water prior to beginning work, between borings, and at the conclusion of each shift of drilling. 

Well riser pipe and screens were supplied at the site in certified clean packaging. All decontamination 

activities took place at a predetermined area within NSWC Crane. 

2.1 1.2 Samplinq Equipment 

All nondedicated (reusable) equipment used for collecting samples was decontaminated both before field 

sampling, between sample collections, and at the end of each sampling event. This equipment included 

020502lP 2-1 7 CTO 0343 
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stainless-steel trowels, stainless-steel mixing bowls, bladder pumps, etc. The following decontamination 

steps were taken: 

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

v Potable water rinse 

Deionized (Dl) water rinse 

Air dry (if possible) . Wrap in aluminum foil (if not to be used immediately) 

An isopropanol rinse was not necessary because no oily residue was evident on the sampling equipment. 

Field analytical equipment such as pH, conductivity, and temperature probes were rinsed first with analyte- 

free water then with the sample prior to making measurements. Water level measurement devices were 

rinsed with Dl water. 

2.12 WATER- LEVEL MEASUREMENTS AND AQUIFER TESTING 

2.12.1 Groundwater Level Measurements 

Water-level measurements were obtained from each monitoring well prior to development and purging. In 

addition, complete synoptic rounds of water levels were taken including all the wells at the end of each 

round of field activities. Each round of synoptic water-level measurements was obtained within a 4-hour 

time period. Measurements were taken with an electrical water-level indicator (M-scope), using the top of 

the riser pipe as the reference point to determine water depth for monitoring wells and using a Surveyed 

mark for staff gauge measurements. All measurements were taken in accordance with the specific SOP 

contained in the Appendix of each respective QAPP. A mark was placed at the top of the riser pipe to 

ensure that measurements were taken from a consistent reference point. Water-level measurements and 

staff gauge measurements were recorded to the nearest 0.01 foot on groundwater level measurement 

forms, which are provided in Appendix C of this document. Table 2-2 contains water level/elevation data 

for each round. 

2.12.2 Staff Gauge Installation and Estimation of Stream Flow 

Staff gauges were installed at the culverts of drainage ditches and intermittent streams where flowing 

water was observed. Marks were placed on these permanent structures denoting the point where 
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measurements would be taken and the staff gauge number. Refer to Figure 2-3 for staff gauge locations 

at SWMU 16. 

Stream flow estimates were made based on visual observations and can be found in Appendix C. Due to 

shallow depths, dense grassy cover, and/or natural features interfering with adequate unrestricted 

streamidrainage ditch runs, stream flow measurement SOP CT0166-20 could not be followed at all 

sampling locations. 

2.12.3 Aquifer Testinq 

Slug tests were performed at SWMU 16 to determine the hydraulic characteristics of the formation in the 

immediate vicinity of the wells. During slug testing, the change in water level in the wells was induced by 

withdrawing (rising head) or introducing (falling head) a solid PVC slug with a volume equivalent to 

approximately 2 to 3 feet of displacement in a 2-inch well. In some instances, one or two bailers (one 

bailer induces approximately 1.5 feet of displacement in a 2-inch well) were used to withdraw water to 

initiate the water level change. Monitoring wells with a water level below the top of the well screen were 

tested only using the rising head method and in most cases using a bailer to induce the water level 

change. Monitoring wells with 3 feet or less of standing water were not slug tested. 

Prior to performing each slug test, the static water level in the monitoring well was measured using an 

electronic water-level indicator. Water levels were recorded with a pressure transducer at linear and 

logarithmic intervals of time via a programmed electronic data logger as the head returned to the original 

static water level. The time and the rate of change required for the water level to return to the original 

static water level are functions of the transmissivity and hydraulic conductivity of the aquifer. The resulting 

drawdown data from the slug tests were evaluated using the Hvorslev Method (Fetter, 1998). The 

geometric mean is the best measure of central tendency; therefore, the average hydraulic conductivity for 

the site is best presented as the geometric mean of the test results. 

Slug tests were performed in monitoring wells 16MWT02, 16MWT04, 16MWT05, 16MWT09, 16MWTI0, 

16MWT15, 16MWT17, and 16MWT21 at SWMU 16 during the three rounds of investigation. Slug test 

data evaluation results are discussed in Section 4.6. 
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TABLE 2-1 

INSTALLATION DATES AND DEPTHS OF MONITORING WELLS AND SOlL BORINGS, 
AND DEPTHS OF SOlL SAMPLES COLLECTED 

SWMU 16 - CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 4 
- 

Total Depth Drilling 
Depth In te~a l (s )  of 

Boring or Well No. Date Drilled 
(feet bgs) 

Soil Samples 
~e thod" '  

(feet bgs) 
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Boring or Well No. 

Discretionary Samples (Not Collected) 

16SB86 
165887 
16SB88 
16SB89 

4 
4 
4 
4 

HA 
HA 
HA 
HA 

14-Aug-04 
14-Aug-04 
14-Aug-04 
14-Aug-04 

0 - 2 , 2 - 4  
0 - 2,2 - 4 
0 - 2 , 2 - 4  
0 - 2 . 2 - 4  
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Notes: 
(1) HA = Hand Auger, DPT s Direct Push Technology, RS = Rotosonic, HSA = Hollow Stem Auger. 

NA = Not applicable 
NS = No sample 
bgs = below ground surface 
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MCNITOnlNG WELL CONSlHUCTlON INFOHMArlOh AND WATLR LEVEL MFAS(1RLMENIS 
SWMU 16 - CASf ttIGlt LXPLOSIVES FILLOUILDINC 1.16 INCoNERAIOR 

NSWC CRANE 
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Well ln~lal lal ion Northing Easling 
Ground 

(NAD83) 
Elevation 

Number Date (NAD83) 

Screened lntewal 

Water- 
I Elevation ~ e ~ t h ( ' )  Bearing 

Bottom Bollom Zone 

May 5,2003 I May 30,2003 I January 24,7004 I February 4. 2005 I 
Depth l o  I Water Deplh ID Waler Deplh to Waler Depth to Waler 
Water Elevalon / Water 1 Elevalon I Water I Elevalon I Water I Elevaton I I I I -- . - I I 

(lee1 arnsl) I (lee1 bgs) I (feet nrp) (feel brp) I (test arnsl) 1 (Icet aotsl) . - 

I 1 -. - I I 
(feet brp) I (tee1 amsl) ( I ~ e l  brp) (feet arnsl) I (feet brp) 1 (feet 3nlsl) 

760.36 18.W 8.02 18.00 749.60 739.69 Pur 

764.41 35. W 25.W 35.00 136.95 726.95 P ~ z  

766.14 1 25.W 1 15.00 1 25.00 1 748.88 1 738.88 1 Pur 

762.87 25.50 15.00 25.00 745.54 735 54 PUZ 

761.56 99.00 85.00 95.W 674.57 664.51 Flr 

llf712W3 

1111112W3 

1 1/7/2003 

11/?112003 

759.57 19.W 

764.74 40.W 26.W 36.00 738.98 726.98 Pmz 

766.53 24.00 14 00 24.W 750.79 740.79 PUL 

764.44 105.00 94.00 104.00 670.99 660 99 

111912003 1321059.4 I 3032814.52 764.98 

lli812003 1321235.88 3032675.07 764.79 

1320729.14 

1321125.76 

am. 

1 3 1  120.81 

NA 

609.31 16.00 500  15.W €41.73 Valley 1 591 73 deposils 

692.43 I 592.43 
deposits 

8.W 

3033074.92 

3032562.41 

ahd. 

3032563.53 

NA 

abd. 

753.23 

757 62 

764.98 

751.13 

18.00 

N A 

NA 

25.00 

749.62 

NA NA 

NA 

15 00 

739.62 

NA 

Puz 10.25 

25.00 

749.32 

Dry, a M .  

11.36 748.21 

Pur 749.96 c 739.98 am. 739.98 am. 
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Well 
Number 

Screened Interval 

I I I I I I I I 

(feel) (feet) I (feet arnsl) I (feet arnsl) I (feet bgs) 1 (feet brp) I (feet brp) ( (feel amsl) 1 (feet amsl) 

Installation 
Dale 

1 May 5,2003 I May 30,2003 I January 24.2004 February 4,2005 I Northing 
(NAD83) 

Notes: 
1 =Total depth of boring: total depth of well may be less 

Easting 
(NADBO) 

amsl =Above mean sea level (NAVD88). 
abd. =wel l  was grouted shut and abandoned 
bgs = Below ground surface. 
brp = Below reference point (top 01 riser lor monitoring wells). 
NA = not applicable 
N M  = not measured 
NAD83 = North American Datum of 1983 
NAVD88 = Norih American Veriical Datum ol1988 
Puz = Upper Pennsylvanian water-bearing zone 
Pmz = Middle Pennsylvanian water-bearing zone 
Plz = Lower Pennsylvanian water-bearing zone 

Depth l o  

Ground 
Elevalion 

Water 
Elevalon 

(feel amsl) 

Depth to 
Water 

(feet brp) 

Top of Riser 
Elevation 

Water 
Elevalon 

(feet amsl) 

Total 

Depth to 
Water 

(feet brp) 

Depth to 
Water 

(feet brp) 

Water 
Elevaton 

(feet amsl) 

Water 
Elevaton 

(feet amsl) 
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- 

Analytical Fraction 

Sample 
Number 5 

fn m 
A fn 
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1 1 Analytical Fraclion 1 
Sample 
Number 

B 
W 3 

u  0  
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1 1 Analytical Fraction 1 
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SWMU 16 Surface Water (Round 1 
16SW0101 
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(1) Samples collected inside Building 146 
X =Analyzed. HG - Mercury. 
U =Unscheduled. NH3 - Ammonia. 
0 = Omined (See Table 2-X for reason). NTlA - Nitriteinitrate. 
TOC -Total organic carbon. SVOC - Semivolatile organic comounds. 
AVS -Acid volatile sulfide. VOC -Volatile organic compounds. 
CEC -Cation exchange capacity. PAH - Polynuclear aromatic hydrocarbon. 
DIOX - Oio*ns. PCB - Polychlorinated biphenyl. 
EXP - Explosives. PIC - Picrates, (picric acid, picrlmic acid). 
HERB - Herbicides. SEM - Simultaneously extracled metals. 
AVSISEM - Acid vo1atileisimultaneou~ly extracted metals. 
ALC - 1,4-dioxane, acetonitrile, isobutyl alcohol, propionitrile as determined by Method 80156 
Metals - U.S. EPA Contract Laboratory Program Target Analyte List Metals 
Water samples with a -F designation were filtered in the field prior to preparation 
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I I Analytical Fraction I I 

ALC = 
CEC = 
DlOX = 
EXP = 
HERB = 
HG = 
HN3 = 
MEE = 
NTlA = 
0 = 

Alcohols 
Cation exchange capacity 
Dioxin 
Explosives 

Herbicides 
Mercury 
Ammonia 
Methane, ethane, ethene 
Nitratednitrites 
Omitted (sample not collected) 

PAH = Polycyclic aromatic hydrocarbons 
PCB = Polychlorinated biphenyl 
pH = Acidity or alkalinity of an aqueous solution 
PIC = Picrates 
SIM = Selected ion monitoring 
SVOC = Semi-voltile organic compound 
TOC = Total organic carbon 
VOC = Voltile orgnaic compound 
U = Unscheduled (sample collected) 
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3.0 DATA PRESENTATION AND QUALITY 

This section describes the data and summarizes the data quality for three separate data sets collected 

over three sampling rounds. Data presentation is provided in Section 3.1; data quality is described in 

Section 3.2. 

3.1 DATA PRESENTATION 

RFI data were collected in three rounds as described in Section 2.0. Laucks Testing Laboratory 

conducted the analyses, which are summarized for each sample in Table 2-3. Validation and quality 

review of the data were conducted by TtNUS as described in Section 3.2. The subsections below present 

descriptions of available background data and SWMU 16 site data. 

3.1.1 ~ a c k a r o u n d  Data Set Descriptions 

In addition to the RFI data collections described above, soil samples were previously collected and 

analyzed in an effort to establish the concentrations of metals representative of the entire NSW Crane 

complex (TtNUS, 2001). All metals likely to be included in NSWC Crane environmental investigations 

were analyzed in that effort. The intent was to provide background soil data sets that could be used to 

gain perspective on whether observed metal concentrations in SWMU soils are indicative of background 

concentrations or not. 

Soil samples were classified into Soil Groups that uniquely represent the chemical and physical soil 

characteristics that cause the various NSWC Crane soils to differ. Those characteristics are: 

Geological parent material (referred to as Depositional Environment in TtNUS, 2001) 

Depth (surface or subsurface) 

Grain size 

The details of sample collection and data generation are provided in TtNUS, 2001. For SWMU 16 there 

is one Depositional Environment (Pennsylvanian), and two depths (surface and subsurface). In the 

subsurface there are three distinct grain sizes. 
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3.1.1.1 SWMU 16 Surface Soil Background Concentrations 

Alter chemical analyses and extensive statistical testing, one distinct soil emerged as representing 

SWMU 16 surface soils: 

Soil Group 3 - Alluvial, Mississippian, and Pennsylvanian surface soil 

Tables 3-1 and 3-2 of this RFI report present summaries of the NSWC Crane background data. These 

tables were taken from lTNUS, 2001. Table 3-1 shows concentration ranges and related statistics for all 

of NSWC Crane soils, regardless of Depositional Environment, depth, or grain size. This table helps the 

data user understand how individual an SWMU-specific background data set compares to all of NSWC 

Crane. Table 3-2 presents surface soil background data summaries specific to SWMU 16 (Alluvial, 

Mississippian, and Pennsylvanian surface soil) 

The tables indicate the metals that were analyzed, the frequencies of detection, the measured 

concentration ranges, simple summary statistics, the location of maximum observed concentrations, an 

estimate of the statistical distribution shape, and an estimate of the concentration (95 percent upper 

tolerance limit (UTL)] that encompasses 95 percent of the data, on average. 

3.1.1.2 SWMU 16 Subsurface Soil Background Concentrations 

Similar to surface soils, the NSW Crane basewide background soil collection effort yielded distinct soil 

groups that represent SWMU 16 subsurface soil metal concentrations for background soils: 

Soil Group 8 - Pennsylvanian Subsurface Clay and Silt . Soil Group 9-  Pennsylvanian Subsurface Sand 

Tables 3 3  and 3-4 present the data associated with these soil groups. The presentation is similar to the 

data presentations of Tables 3-1 and 3-2, described in Section 3.1.1, above. 

3.1.1.3 SWMU 16 Surface Water, Sediment, and Groundwater Upgradient Concentrations 

For mobile environmental media such as surface water, sediment, and groundwater, "background" 

concentrations are represented by upgradient locations and data. These locations represent 

concentrations ol chemicals that are unaffected by SWMU operations. The upgradient locations are not 

necessarily free from contamination, but they do represent locations that are free from site-related 

contamination for the site of interest (in this case, SWMU 16). 



NSWC Crane 
RFI Report 

Revision: 0 
Date: June 2005 

Section: 3 
Page3olll 

Four upgradient locations were sampled for surface water and sediments. Three of these (16WWISD14, 

16WWlSD20, and 16WWlSD21) represent upgradient conditions for gullies; one (16SWISD18) 

represents upgradient conditions for Turkey Creek main stream. The concentrations of metals 

representing the two different classes of drainage channel (gullies and Turkey Creek Main Stream), 

appear to be significantly different. Comparisons of site data to these upgradient values are discussed in 

the surface water and sediment section, as applicable (Sections 5.3). There was a single upgradient well, 

16MWTOl. This well, located in the Pennsylvanian Upper Zone (Piz), is used to represent upgradient 

groundwater conditions for all other SWMU 16 wells. 

The maximum observed chemical concentrations are almost certain to be contained in the site (i.e., 

SWMU 16) surface water and sediment data (rather than the upgradient data) even if the SWMU 16 data 

represent the same material as the upgradient conditions. This is a result of having far fewer upgradient 

samples than downgradient samples. Nevertheless, the available upgradient data do provide some 

insight into conditions that are upgradient of SMWU 16, when one takes into account the relative sizes of 

the site and upgradient data sets. The significance of this is case-specific and is addressed where 

appropriate throughout this report. 

3.1.2 SWMU 16 Data Set Descriptions 

3.1.2.1 SWMU 16 Surface Soil Site Data 

In RFI Rounds 1 through 3, select surface soil samples were collected for a wide array of analyses as 

described in Section 2.0. After Round 1 the analyte list was limited to metals and VOCs because few 

detections were observed for chemicals in the other analytical fractions. The subsequent sampling 

rounds were designed to delineate the extent of VOC and metals contamination in soil and to obtain a 

refined understanding of the extent of contamination. 

Some surface soil samples were not collected as scheduled. Explanations for why certain samples were 

not collected or were collected in addition to the scheduled sample collections are provided in Section 2.0 

and Table 2-4. The Round 1 through Round 3 data for SMWU 16 surface soils are summarized in Tables 

3-5 and 3-6. Appendix Table G-1 is a list of all surface and subsurface soil data generated during 

Rounds 1, 2, and 3. Table 3-5 indicates how often each chemical was detected, the location of the 

maximum and minimum, etc. Table 3-6 is similar to Table G-1 but displays results only for chemicals that 

were detected at least once in surface or subsurface soil. For each chemical that falls into this category, 

all results, including non-detects and rejected values, are shown in Table 3-6. 
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3.1.2.2 SWMU 16 Subsurface Soil Site Data 

In RFI Rounds 1 through 3, select subsurface soil samples were collected for a wide array of analyses as 

described in Section 2.0. After Round 1 the analyte list was limited to metals and VOCs because enough 

data had been collected to adequately characterize the other chemical concentrations. The subsequent 

sampling rounds were designed to bound the extent of metal and VOC contamination and to obtain a 

refined understanding of the extent of contamination. 

Some subsurface soil samples were not collected as scheduled. Explanations for why certain samples 

were not be collected or were collected in addition to the scheduled sample collections are provided in 

Section 2.0 and Table 2-4. The Round 1 through Round 3 data for SMWU 16 subsurface soils are 

summarized in Tables 3-7 and 3-8. Table G-1 is a list of all surface and subsurface soil data generated 

during Rounds 1, 2, and 3. Table 3-7 indicates how often each chemical was detected, the location of the 

maximum and minimum, etc. Table 3-8 is similar to Table G-1 but displays results only for chemicals that 

were detected at least once in surface or subsurface soil. For each chemical that falls into this category, 

all results, including non-detects and rejected values, are shown in Table 3-8. 

3.1.2.3 SWMU 16 Surface Water Data 

Data collected for surface water in Rounds 1 through 3 are summarized in Tables 3-9 through 3-15. The 

surface water samples were analyzed for various combinations of energetic compounds, total and 

dissolved metals, miscellaneous parameters, VOCs, and water quality parameters (e.g.. temperature and 

pH), and miscellaneous inorganic parameters. Details of the analytical scheme are presented in 

Table 2-3. 

After data collection, drainage channel surface water sample data were divided into two data sets. One 

data set (Gullies) represents samples that were collected on the steeper hillsides and generally 

represents drainage channels that are perennially dry, except during storm events. Frequencies of 

detection and other statistics for these data are presented in Table 3-9 through 3-12. The second 

subdivision comprises data from samples collected in streams that are more likely to contain water (i.e., 

Mainstream channels). Similar statistics for these data are presented in Table 3-13. Tables 3-14 and 

3-15 present the results for all parameters detected at least once in surface water and sediment, 

respectively. Table G-2 is a list of all results for surface water samples at SWMU 16. 
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Upgradient samples are labeled as "upgradient" in these tables. Although not part of the drainage 

channel system, data for sump samples are included in Tables 3-9 through 3-12 and Table 3-14. The 

sump data appears in a subsection of each of Tables 3-9 through 3-12. Sump sample locations are 

identifiable by the word "sump" that is included in the column headers of Table 3-14. Sump samples were 

analyzed with other aqueous samples; therefore, the data quality evaluation is common to all aqueous 

samples. No seep samples were collected, so seep samples are not included in the data tables 

3.1.2.4 SWMU 16 Sediment Data 

Data collected for sediment in Rounds 1 through 3 are summarized in Tables 3-16 through 3-19. 

Depending on the sampling round, sediment samples were analyzed for various parameters of interest for 

this SWMU (See Table 2-3). 

Similar to the surface water samples, sediment sample data were divided into two data sets: Gullies and 

Mainstream. The Gully sediment summary statistics are presented in Table 3-16; similar statistics are 

provided in Table 3-17 for Turkey Creek Mainstream (TCMS) sediment data. Data for all chemicals 

detected at least once in Gully sediments are provided in Tables 3-18 and 3-19 for gullies and TCMS 

samples, respectively. The summary formats are similar to those described for surface and subsurface 

soils (See Sections 3.1.2.1 and 3.1.2.2). Appendix Table G-3 presents all sediment data generated 

during Rounds 1 through 3. Upgradient samples are appropriately labeled as "upgradient" in those 

printouts. 

3.1.2.5 SWMU 16 Groundwater Site Data 

During RFI Rounds 1 through 3, samples were collected from various wells, primarily to determine the 

extent of VOC and explosives contamination. Depending on the sampling round, groundwater samples 

were analyzed for various combinations of energetic compounds, herbicides, total and dissolved metals, 

miscellaneous inorganic parameters. SVOCs, VOCs, and water quality parameters. The analyte list was 

shortened over time to reflect what were believed to be the true site-related contaminants. 

The groundwater wells are identified as Puz (Pennsylvanian, Upper Zone), Pmz (Pennsylvanian Middle 

Zone), Plz (Pennsylvanian, Lower Zone) or Valley on Table 2-2. The Puz wells represent shallow 

groundwater on or near to the ridge top and down the side slopes of the ridge toward the valley. Pmz 

wells are of intermediate depth underneath the ridge top. The Plz wells represent deeper groundwater 

underneath the Upper Zone and Middle Zone wells. The Valley wells represent shallow groundwater 
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immediately beneath the "valley" floor near the Mainstream surface water channels. The significance of 

these classifications becomes evident later in this report. 

Summary statistics for groundwater data collected in Rounds 1 through 3 are presented in Tables 3-20 

through 3-30. Data for all chemicals detected at least once in groundwater are presented in Tables 3-31 

through 3-33. Appendix Table G-4 presents all groundwater data generated during Rounds 1 through 3. 

These data are arranged so that each round of data within a well location is side by side to facilitate an 

understanding of temporal concentration trends within each well. 

3.2 DATA QUALITY 

This section summarizes the data quality for three separate data sets acquired during this RFI. TtNUS 

collected data concurrently at NSWC Crane SWMUs 13 and 16 at various times during this RFI. 

Consequently, samples from more than one SWMU but of a similar matrix may have arrived at the 

analytical laboratory in a similar time frame. Samples from the different SWMUs may have been 

combined into the same sample preparation or analysis groups. The number of QC results obtained 

under such circumstances is greater than if only SWMU 16 QC data were available. This provides more 

robust estimates of analytical performance, especially for quantitative measures such as accuracy and 

precision, than could be obtained from SMWU 16 QC data alone. A tabulation of data quality 

characteristics and detailed QC data review for the three rounds of data generation at SWMU 16 are 

presented in Appendix H of this report. The titles of the data tables (Table H-1 through H-13) identify 

which SWMUs are represented by the data. 

Based on the reviews in Appendix H the following can be summarized about SWMU 16 data quality. 

Sample collection and analysis completeness was generally satisfactory with a few, insignificant 

exceptions (See Appendix H, Section H.3.1). The Round 1 through 3 data were also generally of 

sufficient quality to support this RFI. Some analytes exhibited detection limits that exceeded the target 

levels. The exceedances are considered to be typical of environmental investigations and did not have 

any significant adverse effect on data use because they did not affect chemical of primary interest or 

occurred infrequently, etc. The general data quality is summarized below. Significant deficiencies and 

limiting data quality characteristics to be considered when using the data are noted below. 

Dioxins and Furans - The dioxin and furan appear to be satisfactory in all respects. There was no 

significant bias or imprecision exhibited in soil; aqueous samples were not analyzed for these analytes. 
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Explosives - Picramic acid results for samples 16SS150002 and 16SS210002 were the only results 

rejected for the explosive analyses. The picramic acid results were non-detected and were rejected 

because of low matrix spike (MS) recoveries. The low MS recoveries are likely due to a difficult sample 

matrix and they indicate that picramic acid results are generally biased low. A slight to moderate low bias 

[average percent recovery = 59.2 for MS and matrix spike duplicate (MSD), and 88.4 for LCS] was 

detected in aqueous RDX concentrations. The low bias indicates that reported RDX concentrations are, 

on average, less than actual site concentrations. Results for other explosive compounds in aqueous and 

solid sample matrices were not biased significantly low and may be biased slightly high in some cases, 

though not significantly. Some uncertainty beyond the usual level of uncertainty has been indicated for 

the nine explosives chemicals identified in Tables H-10 and H-11. 

Herbicides - Hexachlorophene and pentachlorophenol are not herbicides but they were analyzed by a 

herbicide method to achieve low detection limits. The hexachlorophene results exhibit a severe low bias 

(approximately 20 percent mean recoveries in MS and MSD) and the pentachlorophenol results exhibit a 

moderately low to severe low bias (approximately 37 percent mean recoveries in MSIMSD) in solid 

samples. The results for these compounds exhibit a moderately low bias (recoveries ranging from 32 to 

58 percent) in aqueous samples. Herbicides were not analyzed in Rounds 2 and 3. 

Metals - The metals, overall, exhibit no bias to a slightly high bias, with an apparent but probably false 

indication of moderate high bias for calcium, chromium, titanium, and zinc (See Table H-8). The probable 

false indication is due to spike amounts being significantly less than the native metal concentration in the 

spiked samples. The relative percent difference (RPD) of several soil and sediment results exceeded the 

reference point of 50 percent, however, the laboratory precision was equal to or better than field duplicate 

precision, as expected. This indicates that the greater proportion of uncertainty is associated with natural 

sample heterogeneity. Nevertheless, several metals exhibited some high RPD values (e.g., greater than 

100 percent) that indicate a relatively large degree of heterogeneity in the solid samples. 

Miscellaneous Parameters (ammonia, AVS, SEM. Cation Exchange Capacity, NitriteINitrate and TOC) - 

The data are generally of acceptable quality although the ammonia nitrogen results exhibit a slight low 

bias and occasionally exhibit an uncertainty that is greater than expected. 

PCBs - No significant biases or other data quality deficiencies were detected. 

SVOCs -There were two sets of data collected in Round 1 for SVOCs and a few other parameters (See 

Tables G-4) in well WES-14-02-083. The SVOC data was of slightly higher quality in the second data set 
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of Round 1 because there were fewer rejections of results (there were no groundwater SVOC analyses 

conducted in Rounds 2 or 3). The compounds 1,4-phenylenediamine, 2,3,4,6-tetrachlorophenol, 

2,4,5-trichlorophenol, 2,4-dichlorophenol, 2.6-dichlorophenol. 2-chlorophenol, 2-methylphenol, 

2-nitrophenol. 384-methylphenol, 33-dichlorobenzidine, 4,6-dinitro-2-methylphenol, 4-nitrophenol, 

4-nitroquinoline-1-oxide, aramite, hexachlorocyclopentadiene, kepone, phenol, and benzyl alcohol 

constitute all of the results rejected for the semivolatile analyses for Round 1 soil and groundwater. The 

majority of the results were rejected because several compounds (4-nitroquinoline-I-oxide, aramite, 

kepone, and 1,4-phenylenediamine) yield poor analytical responses. The remaining semivolatile results 

were rejected due to one of the following reasons: low acid surrogate recovery representative of phenolic 

compound recoveries, low MS recovery, gross holding time exceedance, and low laboratory control 

sample recovery. The gross holding time exceedance and low laboratory control sample recovery are 

attributed to laboratory performance and the remaining reasons for data rejection can be attributed to a 

difficult sample matrix. In summary, the semivolatile compounds, including PAHs, generally show a 

slightly low bias, with 33-dichlorobenzidene and 4-chloroaniline exhibiting a moderate low bias and 

hexachlorocyclopentadiene exhibiting a severe low bias. The low phenol compound recoveries indicate 

that site concentrations for phenolic compounds are higher than the reported concentrations. This may 

be significant for the locations at which phenols were detected. Detection limits were acceptable, so it 

does not appear that the ability to detect these compounds was compromised. A moderate degree of 

uncertainty is evident due to sample heterogeneity. 

VOCs - The compounds acrolein, 2-butanone, acetone, acrylonitrile, and methacrylonitrile constitute all 

of the results rejected for the volatile analyses for Round 1. The data were rejected because these 

compounds yield poor analytical responses. This is a systematic problem that occurs for one or more of 

these compounds in the majority of the samples. 

Explosives - Some uncertainty beyond the usual level of uncertainty has been indicated for the nine 

chemicals identified in Tables H-10 and H-1 I. 

Dissolved Organic Gases - The results for ethane and ethene, and possibly other dissolved organic 

gases, should be viewed as having a relatively high degree of uncertainty, (e.g., an RPD of at least 50). 

Metals - The metals, overall, exhibit no bias to a slightly high bias, with an apparent but probably false 

moderate high bias for titanium, and zinc (See Table H-8) on solid matrices. The probable false 

indication is due to spike amounts being significantly less than the native metal concentration in the 



NSWC Crane 
RFI Report 

Revision: 0 
Date: June 2005 

Section: 3 
Page9of 11 

spiked samples. Based on the two MS results for dissolved metals, dissolved metal results appear to be 

biased slightly low (approximately 30 to 40 percent) and outside the reference range of 75 to 125 percent. 

Several soil and sediment RPD results exceeded the reference point of 50 percent, however, the 

laboratory precision was equal to or better than field duplicate precision, as expected. This indicates that 

the greater proportion of uncerlainty is associated with natural sample heterogeneity. Nevertheless. 

several metals exhibited some high RPD values (e.g., greater than 100 percent) that indicate a relatively 

large degree of heterogeneity in the solid samples. 

Miscellaneous Parameters (Ammonia. Chloride, NitriteINitrate, Sulfate, and TOC) - The data are 

generally of acceptable quality. 

VOCs - The compounds 2-butanone, acetone, acrolein, acrylonitrile, methacrylonitrile, and acetonitrile 

constitute all of the results rejected for the volatile analyses. The rejections were because these 

compounds yield poor analytical responses. This is a systematic problem that occurs for one or more of 

these compounds in the majority of the samples analyzed from the Mine Fill B and Cast High Explosives 

FilllB146. These chemicals are reporled along with the other VOC results even though they are not 

expected to be site-related contaminants. The primary site-related contaminants are expected to be 

chlorinated VOCs. 

Explosives - Data quality was generally acceptable but 2,2',6,6'-tetranitro-4,4'-azoxytoluene (4,4'-TN- 

AZOXY) exhibited a low bias (approximately 30 to 40 percent recovery) in some QC samples and some 

uncertainty beyond the usual level of uncerlainty was indicated for RDX in one groundwater duplicate pair 

(See Table H-10). These do not represent significant data quality deficiencies. 

Metals - The metals, overall, exhibit no bias to a slightly high bias, with a moderate high bias for calcium, 

chromium, titanium, and zinc (See Table H-8). Additionally, several metals exhibited some high RPD 

values (e.g., greater than 100 percent) that indicate a relatively large degree of heterogeneity in the solid 

samples (See Appendix H). 

Miscellaneous Parameters (NitriteINitrate) - No results were rejected and data quality was acceptable. 

VOCs - All VOC compounds were rejected in sample 16SB560206 due to poor internal standard 

recovery. No other samples were similarly affected. The compounds acrolein, acrylonitrile, 

methacrylonitrile, and methyl iodide constitute all of the remaining results rejected for the volatile 
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analyses. The rejections were because these compounds yield poor analytical responses. Because the 

primary site-related contaminants are chlorinated VOCs, these rejections are not viewed to represent 

significant data deficiencies 

Completeness 

Sample collection deviated somewhat from the proposed sampling strategy in Rounds 1 and 2 for solid 

and aqueous samples but samples that could be collected were generally collected. Uncollected samples 

resulted in some cases from no surface water being present at or near to the sampling location or refusal 

was encountered during soil boring advancement. Accordingly, the percent completeness for samples 

collected is less than 90 percent in several cases (compare sample collection ratios in Table H-1). 

Comparability 

Sample collection deviated from the proposed sampling strategy in Rounds 1 and 2 for solid and aqueous 

samples. Uncollected samples were generally not collected because surface water was not available at 

all planned locations or refusal was encountered during soil boring advancement. Accordingly, the 

percent completeness for samples collected is less than 90 percent in several cases (compare sample 

collection ratios in Table H-1). There were no data rejections in these cases but the lack of data from the 

planned locations as well as locations where data have been rejected for quality reasons should be 

considered when interpreting the results of the investigation. Use of consistent and appropriate sampling 

and analysis methods and collecting samples from the intended locations ensured that comparability was 

maintained among sampling rounds. Inability to achieve target detection limits or risk-based target levels 

(RBTLs) in several cases should also be considered (See Section H.3.2). 

Representativeness 

All samples appear to be representative of the intended environmental matrix. Lack of data where 

samples could not be collected or where data have been rejected, however, should be considered when 

evaluating representativeness of the areas or volumes of environmental media that were characterized. 

Sensitivity 

Sensitivity was typical of environmental investigations conducted at NSWC Crane. Some risk-based 

screening levels were less than the achievable detection limits and these are identified in detail in 

Appendix H (Tables H-4 through H-7). The inability to achieve certain screening values (SVs) with the 

selected analytical methods was recognized at the outset of the investigation and concluded not to be 
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detrimental to the attainment of project objectives. When it was feasible to achieve lower detection limits. 

it was done. For example, the herbicide analytical method was used to measure hexachlorophene and 

pentachlorophenol concentrations instead of the usual SVOC method. In addition, selected ion 

monitoring (SIM) was used to achieve lower than normal detection limits for PAHs. Where detection limits 

were not low enough to achieve risk-based screening levels, the data user should take this into account 

when interpreting the data 



TABLE 3-1 

SUMMARY OF DESCRIPTIVE STATISTICS 
COMPLETE BACKGROUND SOIL SAMPLE DATA SET 

SWMU 16 -CAST HIGH EXPLOSIVES FILLls-146 INCINERATOR"' 
NSWC CRANE 

CRANE, INDIANA 

Notes: 
NA - Not available 

(1) -Taken from Table 4-1 (TtNUS. 2001) of the Final Basewide Background Soil Investigation Report, Naval Surface Warfare Center Crane. 
Crane. Indiana. January. 2001. 

(2) -This value is the average of all detected and non-detected values. Non-detected values were represented by using one half the detection 
limit. This value was used for statistical analysis when no detections were encountered. 



TABLE 3-2 

SUMMARY OF DESCRIPTIVE STATISTICS 
SOIL GROUP 3 - ALLUVIAL. MISSISSIPPIAN. AND PENNSYLVANIAN SURFACE SOIL 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR"' 
NSWC CRANE 

CRANE, INDIANA 

Notes: 
NA - Not available 
mgikg -milligram per kilogram 

(1) -Taken from Table 4-4 (TINUS, 2001) of the Final Basewide Background Soil Investigation Report. Naval Surface Warfare Center Crane, 
Crane, Indiana. January. 2001 

(2) -This value is the average of all detected and non-detected values. Non-detected values were represented by using one half the detection 
limit. This value was used for statistical analysis when no detections were encountered. 



TABLE 3 6  

SUMMARY OF CHEMICALS DETECTED 
SURFACE SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 - CASTHIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRPNE. INDIANA 
PAGE 2 OF 21 

:AMPLE NUMBER 
;OIL CLASSIFICATION 
,AMPLE CODE I NORMAL I NORMAL 1 NORMAL I NORMAL I NORMAL I NORMAL 1 NORMAL I NORMAL I ORlG 1 NORMAL I NORMAL 1 NORMAL I 
IEPTH RANGE 0 - 2  0 - 2  0 - 2  0 - 2  0 - 2  I 0-2 1 3/20A;03 1 M P L E  DATE u2712003 3/27/2003 3/27/2003 3/27/2003 u27/2003 312712003 



TABLE 3 6  

CRME,  INDIMA 
PAGE 3 OF21 

SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SOIL CLASSIFICATION 
SAMPLE CODE NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 
DEPTH RANGE 
SAMPLE DATE 

MiBCellaneOU8 Parameters 
CATION EXCHANGE CAPACITY (MEOII) I 1 20 1 I 1 I 1 7.4 1 I 1 I I 17 
PH (S.U.) 1 8 7.7 1 5.7 
TOTAL ORGANIC CARBON (rnulku) 1 3800 J 1 I I I I 1000U I I I 1 1 6200 J 



TABLE 2-6 

SUMMARY OF CHEMICALS DEECTED 
SURFACE SOIL SP.MPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUE146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 4 OF 21 



TABLE 3-6 

SUMMARY OF CHEMICALS DETECTED 
SURFACE SOlL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 5 OF 21 

SbMPLING ROUND 
LOCATION 
SMnPLE NUMBER 
SOlL CLASSlFlCAnON 
SAMPLE CODE NORMAL NORMAL NORMAL NORMAL NORMAL 
DEPTH RANGE 

Energetics (mq/kg) 
~ H M X  ( 0 2 5 U  1 0.25U 1 0.25U 1 0.25U 1 0.25U 1 0.25U 1 0 2 5 U  1 0 .25U 1 0 2 5 U  1 0 .25U 1 0 .25U 1 0 2 5 U  I 
Herbicides (pglLg) 
HEXACHLOROPHENE I 1.1 U 1 0.72U 1 0.69U 1 0.72U 1 0.7U I D.99U ( 0 .98U 1 0 9 4 U  1 0 9 7 U  I 1 U 1 1.1 U I 1.1 u 
PENTACHLOROPHENOL 1 0.56U 1 0 5 4 U  1 0.51 U 1 0.54U 1 0 5 2 U  1 0 5 3 U  1 0 5 2 U  1 0 5 U  1 0.52 U 1 0.53U 1 0 5 7 U  1 0 5 7 U  

MANGANESE r 1 0 4 0  J 1 301 J 1 575 J 1 566 J 1 6  J 1 155 J 1 130 J 1 945 J I 244 J 1 208 J 1 275 J 1 205 J 
MERCURY 1 0 0 7 J  I 0 0 4 2 J  I 0 0 1 5 J  / 0 0 0 9 U  I 0 0 2 6 J  I 0 0 0 2 U  1 O O l l U  I 0.015U 1 0.026J I 0.006U I 0.047J I 0 0 4 7 J  
NICKEL 1 1 3 4 J  1 9 . 9 J  1 1 5 J  1 12.1 J 1 41.3J 1 15 .9J  1 5 6 J  1 23.6J 1 1 5 7 J  1 13 .5J  1 1 5 J  1 8 .4J 



TABLE 36 

SUMMARY OF CHEMICALS DETECTED 
SURFACE SOlL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 6 OF 21 

SAMPLING ROUND m 01 01 01 01 01 
LOCAllON 1688013 16SB014 16SB015 16SBO16 1688017 
SAMPLE NUMBER 16SS0130002 16SS0140002 16SS015WO2 16SSO160002 16SS0170002 
SOIL CLASSlFlCAllON 3 3 3 3 3 3 3 
SAMPLE CODE NORMAL NORMAL NORMAL NORMAL ORlG ORlG NORMAL 
DEPTH RANGE 0 - 2  0 - 2  0 - 2  0 - 2  0.2 0 - 2  0 - 2  0 - 2  0 - 2  0 - 2  0 - 2  0 - 2  
SAMPLE DATE 312812003 3tZ7R003 3/27/2003 312712003 3/27/2003 

M i s c e I I ~ n e ~ ~ s  Parameters 
CATION EXCHANGE CAPACITY (MEOI1) I I I I 1 I 13 I 1 I I 1 I 22 
PH (S.U.) I 5.3 1 6.5 
TOTAL ORGANIC CARBON (rnglkg) I I I I 1 3800 J I I 1 I 1 1 5800 J 



SOIL CLASSIFICATION 
SAMPLE CODE 
DEPTH RANGE 

. . . . . - -. .. .. .- 
CRANE, INDIANA 

PAGE 7 OF 21 

3 3 3 3 3 3 3 3 3 3 3 3 
NORMAL ORlG NORMAL NORMAL NORMAL NORMAL NORMAL ORlG NORMAL NORMAL NORMAL NORMAL I 0 - 2  I 0.2 I 0.2 I .. I 0 . .  I 0 . 2  I 0.2 I 0 . 2  I 0.2 I 0.2 I 0.2 I 0 - 2  1 

SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 

~ - ~ - . - . . . . . . . - . . ~ - ~ - 

SAMPLE DATE 1 3 1 2 8 3 1 2 8 / 2 0 0 3  1 0 0 3  3/28/2003 312812003003 1 312812003003 1 3/24/9/2003~03 1 31212003 1 

01 
16S8025 

16SSO250002 

01 
1658026 

16SS0260002 

01 
16SB027 

lffiS0270002 

01 
1658028 

16SS0280002 

01 
16SB029 

16550290002 

01 
1658030 

16SS0300002 



TABLE 3-6 

SUMMARY OF CHEMICALS DETECTED 
SURFACE SOlL SAh4PLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 8 OF 21 

S W P L E  NUMBER 
SOlL CLASSIFICAllON 
SAMPLE CODE NORMAL ORlG 
DEPTH RANGE 

MANGANESE 1 141 J 1 794 J 1 5.1 J 1 51.6 J 1 277 J I 108 J 1 183 J 1 139 J 1 132 J I 3.8 J / 1 0 . 4  1 49.8 J 
MERCURY I 0.034J I 00021J I 0.003U I 0.008U I 0.053J I 0.084J 1 0.0333 1 0.035J 1 0 .03J  / 0.002U I 0 0 0 8 U  / O 0 3 J  
NICKEL 1 9 . 8J  1 24.8J 1 3 . 5 J  1 12.1 J 1 15.5J 1 13.2 J I 5 J 1 10.4 J 1 5.2 J 1 0.71 J 1 3.5 J 1 6.5 J 



CRANE. INDIANA 
PAGE 9 OF 21 

SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SOIL CLASSIFICAllON 
SAMPLE CODE NORMAL ORlG NORMAL NORMAL NORMAL NORMAL NORMAL ORlG 
DEPTH RANGE 
SAMPLE DATE 

MiaceI Ianw~s Parameters 
CATION EXCHANGE CAPACITY (MEOl1) I I I I I I I 15 I 1 I I I 
PH (S.U.) I 5.8 1 
TOTALORGANIC CARBON ( rngkg)  1 I I I I 1 4700 J I I I I I 



TABLE 3-6 

SUMMARY OF CHEMICALS DETECTED 
SURFACE SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 10OF21  

TEO BlRD 
TEO BlRD HALFND 
TEO MAMMAL 
TEO MAMMAL HALFND 
TOTAL HPCDD 
TOTAL HPCDF 

TOTAL HXCDF I I I I I I I I I I I I 
TOTAL PECDO 
TOTAL PEcDF I I I r I I I I I I I 
7--., 

TRICHLOROETHENE 6 I 86 1 I I I I 8 1 61 I 67 
TRICHLOROFLUOROMETHANE I 2 J  I 2 J  1 2 J  1 1 1.09 U 1 0.933 U 1 0.868 U 1 1.05 U 
VINYL ACETATE I 1 . l U  I 1.1U I 1 2 U  I I I I 1 1 1.09 U 1 0.933 U 1 0.888 U 1 1.05 U 



TABLE 3-6 

SUMMARY OF CHEMICALS DETECTED 
SURFACE SOlL SPMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 11 OF 21 

SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SOlL CLASSIFICATION 
SAMPLE CODE 

Energetics (mg/kg) 
[HMX 1 0.25 U / 0.25 U 1 0.25 UJ I I I 1 I 1 I I I 1 
Herbicides (pg/kg) 
HEXACHLOROPHENE 1 0.94 U / 0.97 U 1 0.99 U I I I 1 I I I 1 I 
PENTACHLOROPHENOL 1 0.5 U 1 0.79 J 1 0.52 U I 
Inorganic* (mgng) 
ALUMINUM 1 5470 J 1 10900 J 1 13800 J 1 16000 J 1 23200 J 1 15900 J I 15800 J I 22100 J I I I 1 
ANTIMONY 1 0.44U 1 0 3 6 U  1 0 .78U 1 6 .8J I 1 2 J  1 3 .3J 1 3 1 J  1 2 .6J I 

I I 



TABLE 36 

SUMMARY OF CHEMICALS DETECTED 
SURFACE SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 - CASTHIGH EXPLOSIVES FILlA146 INCINERATOR 
NSWC CRANE 

CRANE. INDIANA 
PAGE 12 OF 21 

ORlG 
0 - 2  0 - 2  0 - 2  0 - 2  0 - 2  0 - 2  0 - 2  0 - 2  1 - 2  1 - 2  1 - 2  1 - 2  

Mil lC~IIane0~6 Parameters 
CATION EXCHANSE CAPAClTf ( M E W )  I 21 I I I I I 1 1 1 I I I 
PH 1S.U) I 5.2 1 

 TOTAL ORGANIC CARBON (mq/kg) I ~ O O O J  I I I I I I I I I I I 



TABLE 3-6 

SOIL CLASSlFlCATlON 3 3 
SAMPLE CODE NORMAL NORMAL 
DEPTH RANGE 1 - 2  1 - 2  

811112004 811212004 

SUMMAFIY OF CHEMICALS DETECTED 
SURFACE SOILSAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 13 OF 21 

TtUBlHU I I 1 I I I I I 
TEO BIRD HALFND I I I I --- . . . . . . . . , I 

SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 

03 
1658062 

16SS0620102 

03 
16SB055 

16S50550102 

03 
1658063 

16SS0630102 

03 03 03 
16SBOM 1658065 16SBC66 

16SSOM0102 16550650102 16550660102 

03 
1658056 

16SS0580102 

03 
1658057 

165S0670102 

03 
16SB058 

16550580102 

03 
1658059 

16SS0690102 

03 
16SBC60 

16SSffi00102 

03 
16SBC61 

16SS0610102 



TABLE 3-6 

SUMMARY OF CHEMICALS DETECTED 
SURFACE SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILLIB146 INCINERATOR 
NSWC CRANE 

CRANE. INDIbNA 
PAGE 14 OF 21 

DEPTH RANGE 1 - 2  1 - 2  1 - 2  1 - 2  1 - 2  1 - 2  1 - 2  
SAMPLE DATE 
Semivolatile Organics (rslLg) 

( 8/12/2004 1 811212004 1 8/1:;204 1 8/113,&4 1 81;&1 1 8/11/2004 1 8111/2004 1 8/13/2004 1 ~ / 1 1 1 2 0 0 4  1 W1112004 1 1 0 4  8111j22004 1 

r L"""c,"= 

INDENO(1.2.3-CDIPYRENE 1 I I I 1 1 I I 1 I I I 
NAPHTHALENE 
PHENANTHRENE I I 1 I I I I I I I I I -..--.,- 

/HMX I I I I 1 I I I I I I I I 
Herbicides (&kg) 

1, , ? ~  ,.-, ,, ,7.,7 

lnorganlsr (rnglkg) 
ALUMINUM I I I I I 1 I I 1 I I I 
ANTIMONY 
ARSENIC I 1 I I I 1 I 1 I I 1 I I 
CADMIUM I I 1 I I I I I I I I 1 
CALCIUM 
CHROMIUM I I 1 I 1 I 1 I I I I I 
---., - 1 
LITHIUM I I I I I I 1 I 1 I I I 
MAGNESIUM 
MANGANESE I I I I I 1 I 1 I I I I 
MERCURY 
.,,-,,-, 



TABLE 3 6  

SUMMARY OF CHEMICALS DETECTED 
SURFACE SOlL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE. INDIANA 
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SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SOlL CLASSIFICAnON 
SAMPLE CODE 
DEPTH RANGE 
SAMPLE DATE 

Miscellaneous Parameter* 
CATION EXCHANGE CAPACITY (MEMI)  I I I I I I I I I 1 I I 
PH (S.U.) I 
TOTAL ORGANIC CARBON (rnyky) I I I I I I I I I I I 



TABLE 3-6 

SUMMARY OF CHEMICALS DETECTED 
SURFACE SOlL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CASTHIGH EXPLOSIVES FILUB116 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
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03 03 
LOCAilON 1658057 16SB068 
SAMPLE NUMBER 16SS0570102 16SS0680102 
SOIL CLASSIFICATION 3 3 3 
SAMPLE CODE NORMAL NORMAL ORlG 
DEPTH RANGE 1 - 2  1 - 2  1 - 2  1 - 2  1 - 2  1 - 2  1 - 2  1 - 2  1 - 2  1 - 2  1 - 2  1 - 2  
SAMPLE DATE .. . . 8/12/2004 W12/2004 

2.3.4.6.7.8-HXCOF 
2.3,7.8-TCDF 
TEQ BlRD 
TEQ BlRD HALFND 
TEO MAMMAL 
TEQ MAMMAL HALFND 

TOTAL HPCDF I I I I 1 I I I I I I I 
TOTAL HXCDD 
TOTAL HXCDF 1 I 1 1 I I I I 1 I I 

Velatilc Organics (pglkg) 
2-BUTANONE 1 4 J 2 J / 0.995 U 1 0.923 U 1 0.943 UJ 1 3 J 1 5 J 1 0.938 U 1 0.967 U 1 0.953 U 1 0.893 U I 1.02 U 
2-HEXANONE I 1.19 U 1 0.963 U 1 0.995 U 1 0 923 U I 0.943 UJ 1 0.933 U 1 1 U ( 0.938 U 1 0.967 U 1 0.953 U 1 0.893 U 1 1.02 U 
4-METHYL-P-PENTANONE I 1.19 U 1 0.963 U 1 0.995 U 1 0.923 U 1 0.943 UJ 1 0.933 U 1 1 J I 0.938 U 1 0.967 U 1 0.953 U 1 0.893 U 1 1.02 U 



TABLE 3+ 

SUMMARY OF CHEMICALS DETECTED 
SURFACE SOlL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE. INDIANA 
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ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 

SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SOIL CLASSiFICAllON 
SAMPLE CODE 
DEPTH RANGE 
SAMPLE DATE 
Semivolatile Organics (pglkg) 
2-METHYLNAPHTHALENE 

NDENO(1.2.3-CD)PYRENE 
NAPHiHALENE 
PHENANTHRENE 
PYRENE 
SAFROLE 
Energetic, (mgkg) 

~ H M X  I 

CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
, =""  

L,,,,,",", I I I I I I I I I I I 
MAGNESIUM I I I I I 
MANGANESE 1 I I I I I 
MERCURY I I ! I I ... " 

Herbicides O&g) 
HEXACHLOROPHENE I 1 I 1 I I I 1 1 I I I 
PENTACHLOROPHENOL 1 

I I I I 

03 
1658078 

16SS077010216SS0780102 
3 

NORMAL 
1 - 2  

8/12/2004 

03 
1658067 

16550670102 
3 

NORMAL 
1 - 2  

8/12/2004 

ACENAPHTHENE 1 1 I 

I I 

I 

03 
1658068 

165S0660102 
3 

NORMAL 
1 - 2  

8/12/2004 

ACENAPHTHYLENE 1 

03 
16SB076 

16550760102 
3 

NORMAL 
1 - 2  

8/12/2004 

I I 

03 
1658077 

3 
NORMAL 

1 - 2  
811212004 

03 
16SBW9 

16SS0690102 
3 

NORMAL 
1 - 2  

8/12/2004 

, , 

03 
1658070 

16550700102 
3 

NORMAL 
1 - 2  

8/12/2004 

03 
1658071 

16SS0710102 
3 

NORMAL 
1 - 2  

8/12/2004 

03 
1658072 

16SS0720102 
3 

NORMAL 
1 - 2  

8/12/2004 

03 
1658073 

16SS0730102 
3 

NORMAL 
1 - 2  

8/12/2004 

03 
1658074 

16SS0740102 
3 

ORlG 
1 - 2  

8/17/2004 

03 
16SB075 

16550750102 
3 

NORMAL 
1 - 2  

8/12/2004 



TABLE 36 

SUMMARY OF CHEMICALS DERCTED 
SURFACE SOIL SWPLES ROUNDS 1 THROUGH 3 

SWUU 16. CAST HIGH EXP-OSIVES FILUB116 INC.NERATOR 
NSWC CRANE 

CRANE, INDIANA 
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SAMPLE NUMBER 16SS0670102 16SS0680102 16SSO690102 16SS0700102 16SS0710102 16SS0720102 16SS0730102 
SOIL CLASSIFICAllON 3 3 3 3 3 3 3 
SAMPLE CODE NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL ORlG 
DEPTH RPlNGE 1 - 2  1 - 2  1 - 2  1 - 2  1 - 2  1 - 2  1 - 2  
SAMPLE DATE 811212004 811712004 811212004 811212004 811UZOO4 811212004 8/12/2004 
Inorganics (mglkg) (Continued) 
POTASSIUM I I I I 
SELENIUM 1 1 ! I 
- -- 

SODIUM I I 1 I I 1 I I 1 I 1 1 
STRONTIUM 
THALLIUM 1 I I I 1 I I I I I 

ZINC 
Miscellaneous Parameters 
CATION EXCHANGE CAPACITY (ME(II1) 1 I 1 I I 1 1 I 1 
PH (S.U.) 1 
TOTAL ORGANIC CARBON (rnglhql I I 1 1 I 1 I I I 



TABLE 3-6 

SUMMARY OF CHEMICALS DETECTED 
SURFACE SOlL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 - CASTHIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRbNE, INDIbNA 
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SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SOIL CLASSIFICATION 
SAMPLE CODE 
DEPTH RbNGE 
SAMPLE DAlE 

03 
16SB088 

16SS0880002 
3 

NORMAL 
0 - 2  

8/14/2004 

03 
16SBO85 

16SS0850002 
3 

ORlG , 

0 - 2  
8/14/2004 

03 
1688089 

16SS0890002 
3 

NORMAL 
0 - 2  

8/14/2004 

03 
16SB086 

16SS0860002 
3 

NORMAL 
0.5 - 2 

1011MZ004 

03 
1688098 

16SS0980102 
3 

NORMAL 
1 - 2  

8/16/2004 

03 
1688087 

16SS0870002 
3 

NORMAL 
0 - 2  

8/14/2004 

03 
16SB099 

16SS0990102 
3 

NORMAL 
1 - 2  

8/16/2004 



TABLE 3-6 

SUMMARY OF CHEMICALS DETECTED 
SURFACESOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 - CASTHIGH EXPLOSIVES FILVB146 INCINERATOR 
NSWC CRANE 

CRWE, INDIANA 
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LOCATION 
SAMPLE NUMBER 
SOIL CLASSIFICATION 
SAMPLE CODE ORlG 
DEPTH RANGE 0 - 2  0.5-2 0 - 2  0 - 2  0 - 2  1 - 2  1 - 2  

Energetics (mgkg) 
IHMX I I I I I I I I 
Herbicides (11gkg) 
HEXACHLOROPHENE I I I I I 1 I 
PENTACHLOROPHENOL 



SUMMARY OF CHEMICALS D E E C E D  
SURFACE SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16. CAST HIGH EXPLOSIVES FsLUBl46 1hC.NERATOR 
NSWC CRANE 

CRANE, INDIANA 
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03 
16SB099 

16SS0990102 
3 

NORMAL 
1 - 2  

8/16/2004 

M i6~e l l ane~u8  Parameter(i 
CATION EXCHANGE CAPACITY (MEWi) I 1 I I 1 1 I 
PH (S.U.) I 
TOTALORGANIC CARBON (mmg) I I I I I I 

Notes: 
Field duplcale sampesare excluded from these summares because lhey are considered to be fieid QC samples. 
p@g = microgram per kilogram 
HMX = octahydio-i.3.5.7-tetranitra-1,3,5.7-tetr~olne 
HPCDD = heptachlorodlbemo-p-I~IOXI~ 
HPCDF = heptachiorodlbemofuian 
HXCDD = hexachiorodiberuo-p.dioxin 
HXCDF = hexachiorodiberuoluran 
MEQIi = milliequivalents per 100 grams 
mukg = milgrams per kogiam 
ngikg = nanograms per kllogram 
OCDD - oclachlorod8benro-p-dih 
OCDF = ~clschlor~dibemofuran 
PECDD = pentachlorodibenzo-p-dlo*n 
PECDF = pentachlorodlbenzofuran 
OC = qualily Conlrol 
S.U. = Standard Unil 
TCDF = ietrachlor~dibem~furan 
TEQ = Toxlcily equivalent 
TV = lhreshold value 

SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SOIL CLASSIFICATION 
SAMPLE CODE 
DEPTH RANGE 
SAMPLE DATE 

03 
16SBO69 

16SS0890002 
3 

NORMAL 
0 - 2  

8n4i2004 

03 
16SBWB 

16SS0960102 
3 

NORMAL 
1 - 2  

811612004 

03 
16SB065 

16SS0650002 
3 

ORlG 
0 - 2  

8/14/2004 

03 
16SB066 

16SS0660002 
3 

NORMAL 
0.5 - 2 

1011612004 

03 
16SB067 

16S50670002 
3 

NORMAL 
0 - 2  

8/14/2004 

03 
16SB066 

16SS0880002 
3 

NORMAL 
0 - 2  

811412004 



TABLE 3-7 

SUMMARY OF DESCRIPTIVE STATISTICS 
SUBSURFACE SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CASTHIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE ~. 

CRANE, INDIANA 
PAGE 1 OF 2 

I 
/Parsmeter 

Frequency of 
Detection 

Minimun] I Maximum 
Concentrat#an Cancentratlan 

Rsngeol 
Nandetects 

Mean 
Concentration "I 

Average of 
Positive Detects"' Sample of Maximum Detect 



TABLE 3-7 

SUMMARY OF DESCRlPilVE STATISTICS 
SUBSURFACE SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUBl& INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF2 

lSCe aneous Parameters 
CATION EXCHANGE CAPACITY (MEQI1) I 616 I 15 I 25 I ... 1 21.3 I 21.3 I 16580120204 
PH (S.U.) I 616 1 4.9 1 7.5 ... 5.60 5.60 16SB0410305 

TOTAL ORGANIC CARBON (rnqikg) 616 I 1400J 1 14000 J I ... 1 5367 I 5367 I 16S80180203 

Field auplicals samples are excluded from these summanes because they are considered lo be field QC samples. 
(1) - Mean concentrations incoporals TVi2 tar nan-detect values where TV = threshold value. 
vdkg  = micrograms per kilogram 
MEQ11 = miliiequivalenls per 100 grams 
mdkg  = miiigrams per kilogram 
Q C =  qualtycontrol 
S.U. =Standard units 
TV = thrashold value 



TABLE 3-8 

SUMMARY OFCHEMICALS DETECTED 
SUBSURFACE SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
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rRoup SAMPLING ROUND TnT7~l~LTrl 01 01 01 01 01 01 01 01 01 01 01 

LOCATION 16SB001 16SB002 16SBO11 16SB012 16SB013 16SB017 16SB018 16SBOl0 16SB022 16SB023 16SB024 
SAMPLE NUMBER 16SB001040 16SB0020406 16SB0110204 16SB0120204 16SB0130204 16SB0170204 16SB0180203 16S80100203 16SB0220203 16SB0230203 16SB0240203 
SAMPLE CODE NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL ORlG NORMAL 
DEPTH RANGE 4.6 4 - 6  2 - 4  2 - 4  2 - 4  2 - 4  2 - 3  2 .3  2 - 3  2 - 3  2 - 3  
SAMPLE DATE 3/2712003 3/27/2003 3/27/2003 3/28/2003 3/28/2003 3/27/2003 3/28/2003 3/28/2003 3/28/2003 3/28/2003 3/28/20(33 

PHENANTHRENE 1 3 9 U  1 3 7 U  1 3 . 8 U  1 4 . 1 U  1 3 . 9 U  1 3 7 U  1 3 .9U 1 3 8 U  1 3 8 U  1 3 9 U J  1 3 . 8 U  
PYRENE 1 3 . 9 U  ( 3.7U 1 3 8 U  1 4 1 U  1 3 .9U 1 3 . 7 U  1 3 . 9 U  ( 3 .8U 1 3 8 U  1 3 9 U J  1 3 .8U 
SAFROLE I 8 0 U  1 7 6 U  1 7 7 U  1 8 3 U  1 8 0 U  1 7 4 U  1 8 0 U  1 7 6 U  1 7 7 U  ( 480 1 7 6 U  
Herbicides (pglkg) 
HEXACHLOROPHENE I 1 U  1 0.88U I 0 9 8 U  I 1 U I 1 U 1 0.94 U I 1 U I 0.97 U 1 0.98 U I 1 U I 0.97 U 
PENTACHLOROPHENOL 1 0.54 U 1 0.51 U 1 0.52 U 1 0.55 U 1 0.54 U 1 0 5  U 1 0.54 U 1 051  U / 0.52 U 1 0.53U 1 0.51 U 
Inorganics (mglkg) 
ALUMINUM I 8090 J ] 13800 J 1 7110 J 1 13500 J 1 12900 J 1 5160 J 1 3520 J 1 6040 J 1 2120 J 1 8380 J / 6110 J 
ANTIMONY 1 0.52 U 1 0.31 U 1 0.39 U 1 0.71 U 1 0.41 U 1 0.31 U 1 051 U I 0 2 4 U  1 0.14 U 1 0.24 U 1 0.28 U 
ARSENIC 1 2.7J 1 3 2 J  1 3 . 3J  1 8 .3J  1 3 .5J 1 1 8 J  1 5 . 9 J  1 2 . 3 J  1 0 .63J  1 4 1 J  1 2 2 J  
BARIUM 1 2 0 6 J  1 76.3 J / 34.8 J 1 40.2 J 1 91.8J 1 2 3 J  1 32.62 1 33.2 J 1 20 J 1 30.9 J 1 26.5 J 



TABLE 3-8 

SUMMARY OF CHEM1CA.S DETECTED 
SUBSURFACE SOILSAMPLES ROUNDS 1 THROUGn 3 

SWMU 16 -CAST HIGH EXP-os VES F ~ 1 ~ 7 4 6  INCI~ERATOR 
NSWC CRANE 

CRANE, INDIANA 
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SOIL GROUP 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 

Mis~s l lane~ue Parameters 
CATION EXCHANGE CAPACITY (MEQil) I I 24 I I 25 I I I 24 I I 1 I I8 
PH (S.U.) 1 5 5.1 5.8 4.9 
TOTAL ORGANIC CARBON (rnq'kq) 1 3400 J I 1 5300 J I I 1 14000 J / I I 1 4700 J 



TABLE 3-8 

SUMMARY OF CHEMICALS DETECTED 
SUBSURFACE SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 3 OF 20 m71 01 01 01 8 rlpTTTrlTrl 01 01 01 01 01 01 01 01 SAMPLING ROUND 

LOCATION 16SB025 1658026 16SB027 16SB028 16SB029 16SB030 16SB032 16SB033 16SB034 1658036 16SB038 
SAMPLE NUMBER 16SB0250203 16580250204 16SB0270203 16SB0280203 16SB0290203 16SB0300203 16580320204 16SB0330204 16SB0340203 16SB0360203 16SB0380203 
SAMPLE CODE NORMAL ORiG NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 
DEPTH RANGE 2 - 3  2 - 4  2 - 3  2 - 3  2.3 2 - 3  2 - 4  2 - 4  2 - 3  2 - 3  2 - 3  
SAMPLE DATE 312812003 4/9/2003 3R812003 3/28/2003 312812003 3RWOO3 4/9/2003 4/9/2003 4/8/2003 4/9/2003 312812003 

Herbicides (@kg) 
HEXACHLOROPHENE 1 1 U 1 0.96 J 1 0.93 U 1 0.96 U I 1 U I 1 U  ( 1 U I 0.97 U 1 0.94 U 1 0.98 11 1 0.96 U 
PENTACHLOROPHENOL 1 0.53 U 1 0 4 7 U  1 0.49 U 1 0.51 U 1 0 .55U 1 1.6J 1 0.54 U 1 0.51 U 1 0.5 U 1 0.52 U 1 0.51 U 
Inorganics (rng/kg) 
ALUMINUM 1 9170 J 1 3610 J 1 1540 J 1 2540 J 1 9780 J 1 9080 J 1 10300 J 1 5330 J ( 4790 J 1 7450 J 1 4530 J 
ANTIMONY 1 0.57U 1 014 U 1 0.97 U 1 0.19 U 1 0.41 U 1 0.48 U 1 0.51 J 1 0.25 U 1 0 3 3 J  1 0.62 J 1 0.4 U 
ARSENIC 1 3.5 J I 1.6 J ( 0.35 J I 1 J 1 5.6 J 1 5.6 J I 10.2 J 1 2.1 J 1 2.8 J 1 2.6 J 1 2.4 J 
BARIUM 1 33.2 J 1 24.1 J 1 9.4 J 1 9.1 J 1 42.5 J 1 37.6 J I 119 J 1 30.2 J 1 34.7 J 1 45.3 J 1 26.7 J 



TABLE 3-8 

SUMMARY OF CHEMICALS DETECTED 
SUBSURFACE SOlL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
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SOlL GROUP 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 
DEPTH RANGE 
SAMPLE DATE 

Mis~e l laneou~ Parameters 
CATION EXCHANGE CAPACITY (MEMI)  I I 1 I I I I I I I 1 
PH (S.U.) I 
TOTAL ORGANIC CARBON (rngikg) I 1 I I I 1 I I I I 



TABLE 3 4  

SUMMARY OF ChEMlCALS DETECTED 
SUBSURFACE SOoL SAMPLES ROUhDS 1 TAROUGA 3 

SWMU 16 -CAST HnGh EXPLOSIVES FILU8146 hClhERATOR 
NSWC CRANE 

CRANE. INDIANA 
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SAMPLING ROUND 01 01 01 01 . 01 02 02 02 02 03 03 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE ORlG ORlG 
DEPTH RANGE 2-3 5 - 6  6 - 8  3 - 5  5-7 4 - 5  2-3 4 - 5  1-3 2 - 4  2-5 
SAMPLE DATE 

PYRENE 1 4.1 U 1 3.9 U 1 3.9 U 1 4 U 1 6 J 1 I I I I I 
SAFROLE 1 82 U 1 80 U 1 80 U 1 81 U 1 67000 1 
Herbicides (pg*g) 
HEXACHLOROPHENE I 1 U  I 1 U / 1 U 1 0.73 U 1 0.74 U I I I 1 I I 
PENTACHLOROPHENOL 1 0.55 U 1 0.54 U I 054 U 1 0.55 U 1 0.56 U I - - - - - - 

Inorganics (rnglkgl 
ALUMINUM I 12600 J 1 9140 J 1 8330 J 1 18600 J / 11800 J I I I I 1 I 
ANTIMONY 1 1.5 U 1 0.54 U 1 0.57 U 1 0.75 U 1 0.33 U I 
ARSENIC ( 7.9 J 1 5.7 J 1 4.8 J I 6 J 1 9.4 J I I I 1 I I 
ICidOll ih" I 1 



TABLE 3-8 

SUMMARY OF CHEMICALS DETECTED 
SUBSURFACE SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FlLUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 6 OF 20 

SOILGROUP 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE NORMAL NORMAL 
DEPTH RANGE 
SAMPLE DATE 

Miscellaneous Parameters 
CATION EXCHANGE CAPACITY (MEOl1) I 1 I 1 22 I 15 I I I I I I 
PH (St.) I 7.5 5.3 
TOTAL ORGANIC CARBON (rnukq) 1 I 1 1400 J 1 3400 J I I I I I I 



SOILGROUP 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE r 

TABLE 3-6 

SUMMARY OF CHEMICALS DETECTED 
SUBSURFACE SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
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I 
FLUORANTHENE 
INDENO(1.2,S-CD)PYRENE 
ISOSAFROLE 
NAPHTHALENE 
DUFNbhlTLi[lEhlF 

DEPTH RANGE 
SAMPLE DATE 

Herbicidas (pgkg) 
HEXACHLOROPHENE I I I I 1 I I I 1 I 
PENTACHLOROPHENOL 

2 - 5  2 - 5  
8/12/2004 811312004 

2 - 6  
8/12/2004 

6 - 7  
8/12/2004 

2 - 6  6 - 8  
811212004 8/12/2004 

2 - 6  
8/13/2004 

2 - 6  
8/13/2004 

6 - 7  
8/13/2004 

2 - 6  
8/13/2004 

6 - 6  
8/13/2004 



TABLE 3-8 

SUMMARY OF CHEMICALS OETFCTFD . -. - - . - - . - - 
SUBSURFACE SOlL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16-CASTHIGH EXPLOSIVES FILUB146 INCINERATOR 

LITHIUM 
MAGNESIUM 
MANGANESE 
MERCURY 
NiCKEL 
Dr,T,.QQ,, ,h*  

NSWC CRANE 
CRANE, INDIANA 

PAGE 6 OF 20 

SODIUM 
STRONTIUM 
TIN 
TITANIUM 
VANADIUM 
ZINC 
Miecallaneaua Parameters 
CATION EXCHANGE CAPACITY (MEOJII 1 I 1 I I I I I I I I 
PH (S.U.) 1 
TOTAL ORGANIC CARBON frnglkq) I I I I I I 1 I I I 

6 
03 

1658058 
16880580206 

ORlG 
2 - 6  

8/13/2004 
2 - 5  2 - 5  2 - 6  6 - 7  2 - 6  

Inorganics (mq/kg) (Continued) 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHROMIUM 

6 
03 

1658056 
16SB0560608 

NORMAL 
6 - 6  

8/12/2004 

8 
03 

1658057 
16580570206 

NORMAL 
2 - 6  

81132004 



TABLE 3 6  

SUMMARY OFCHEMICALS DETECTED 
SUBSURFACESOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUBl46 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 9 OF 20 ~- - -- - 

SOIL GROUP 8 8 8 8 8 8 D 8 
SAMPLING ROUND 03 03 03 03 03 03 03 03 
LOCATION 1658061 16SB062 1658062 1688063 16SBOM 1658064 1658064 1658065 
SAMPLE NUMBER 16SB0610607 16SB0620206 16SB0620607 16SB0630206 16S80630608 16SBO640206 16SB0640608 16SB0650206 
SAMPLE CODE NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 
DEPTH RANGE 2 - 6  6 - 9  6 - 7  2 - 6  6 - 7  2 - 6  6 - 8  2 - 6  6.6 2 - 6  
SAMPLE DATE 811112004 8113/2004 8113/2004 8/11/2004 811112004 811112004 811112004 811112004 

CHRYSENE I 1 1 I I I I I I I I 
FLUORANTHENE 
iNDENO(1.2.3-CDIPYRENE 1 I I 1 1 I 1 1 I I I 

g 
PHENANTHRENE I 1 I 1 I 1 1 1 I 1 I 
PYRENE 
SAFROLE I I I I 1 1 I I I I I 
Herbicides (&kg) 
HEXACHLOROPHENE I 1 I I I I 1 I I 1 I 
PENTACHLOROPHENOL 
lnorganica (rnglkg) 
ALUMINUM I I I I 1 I 1 1 I 1 I 
"k,T,,rn&," 



TABLE 3-8 

SUMMARY OF CHEMICALS DETECTED 
SUBSURFACE SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16. CAST HIGH EXPLOS.VES FILUB146 INCINERATOR 

- 

8 8 6 8 8 8 8 8 9 8 
03 03 03 03 03 03 03 03 03 03 

1658063 1658064 1650064 1658065 
16580630608 16580640206 16580640608 16S80650206 

NORMAL NORMAL NORMAL NORMAL 
2 - 6  6 - 8  2 - 6  6 - 7  2 - 6  6 - 7  2 - 6  6.8 2 - 6  6 - 8  2 - 6  

8/1112004 811112004 811112004 8/1112004 

Miscellaneous Parameters 
CATION EXCHANGE CAPACITY (MEQII) I I I I 1 I I I I I I 
PH (S.U.) I 
TOTAL ORGANIC CARBON (mglkg) I I I I I I I I I I 



TABLE 3-8 

SUMMARY OF CHEMICALS DETECTED 
SUBSURFACE SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 11 OF20 T rT[TTT~rT7Tr l  03 03 03 03 03 03 SAMPLING ROUND 03 03 03 

LOCATION 16S8065 16SB066 1656066 16SEO67 16SB067 1688068 16SB068 16SB069 1658069 1688070 16S8070 
SAMPLE NUMBER 16S80650608 16S80660206 16SB0660608 16SB0670206 16SB0670609 16S80680206 16SB0680609 16SB0690206 16SB0680607 16SB0700206 16SB0700607 
SAMPLE CODE NORMAL NORMAL NORMAL NORMAL NORMAL ORlG NORMAL NORMAL NORMAL NORMAL NORMAL 
DEPlH RANGE 6.8 2 - 6  6 - 8  2 - 6  6 - 9  2 - 6  6 - 9  2.6 6 - 7  2 - 6  6 - 7  
SAMPLE DATE 8/11/2004 8/12/2004 8/12/2004 8/12RM)4 8/12/2004 8/12/2004 8/12/2004 8/12/2004 8/12/2004 8/12/2004 811212004 

CHRYSENE 
FLUORANTHENE 
iNDENO(I.Z.3-CDjPYRENE 
ISOSAFROLE 
NAPHTHALENE 
PHENANTHRENE -. .- - . , - 
V T H t N t  I 1 I I I I I I I 1 
SAFROLE 
Herbicides (&kg) 
HEXACHLOROPHENE I 1 I I I I I I I I I 
DFLlTICUl CIPRDUFLI"I I I 



TABLE 3-0 

SUMMARY OF CHEMICALS DETECTED 
SUBSURFACE SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16- CASTHIGH EXPLOSIVES FILUBl46 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 12 OF 20 

SAMPLE CODE 

M i s ~ e l l a n e o ~ s  Parameters 
CATION EXCHANGE CAPACITY (MEOII) I 1 I I I I I I I I I 
PH (S U )  I 
TOTAL ORGANIC CARBON (rnplkg) I I I I I I I I I I 



TABLE 3 4  

SUMMARY OF CHEMICALS DETECTED 
SUBSURFACE SOlL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16. CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE. INDIANA 
PAGE 13 OF20 

SOlL GROUP 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 
DEPTH RANGE 
SAMPLE DATE 

PHENANTHRENE 
PYRENE 
SAFROLE 
Herblcldss (&kg) 
HEXACHLOROPHENE I I I I I I I 1 I 1 1 
PENTACHLOROPHENOL 
lnorganlcs (rnglkg) 
ALUMINUM I I I I 1 I I I I 1 1 
ANTIMONY 1 
ARSENIC I 1 I 1 I I I 1 1 I 
BARIUM 1 



TABLE 3-8 

SUMMARY OF CHEMICALS DETECTED 
SUBSURFACE SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 14 OF 20 

SOIL GROUP 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 
DEPTH RANGE 

LITHIUM 1 I I I I 1 I I I I I 
MAGNESIUM 
MANGANESE I I I I I I 1 I I I I 
MERCURY 
NICKEL I I I 1 I I I I I I 1 
POTASSIUM 
SELENIUM I I I 1 I I I I I 1 1 

SODIUM 
STRONTIUM 
TIN 
TITANIUM 
VANADIUM -. - IL NL I I I 1 I I I I I I I 
M~rce.laneous Parameters 
CAT O h  FXCnAhGC CAaAC T I  hlC 1 l I 1 1 I 1 ! 1 I 1 1 I - - 
b'n (S.U.) I I I I I I I I I I I 
TOTAL ORGANIC CARBON (mqlkq) 1 



TABLE 3-8 

SUMMARY OF ChEMlCALS DETECTED 
SUBSURFACE SOIL SAMPLES ROUNDS 1 ThROUGh 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGEIS OF20 

SAMPLING ROUND 

SAMPLE NUMBER 
SAMPLE CODE 
DEPTH RANGE 

Herbicides (&kg) 
HEXACHLOROPHENE I I I I I 1 1 I 1 I I 
PENTACHLOROPHENOL 
Inorganics (mglkg) 
ALUMINUM I 1 26700 J ) 22100 J 1 24900 J 1 14600 J 1 25500 J 1 I I 1 I 
ANTIMONY 1 0 .65U I 0 5 6 U  1 1 . 4 J  1 0 .34U 1 0 6 2 U  I 
ARSENIC 1 1 6 . 5 J  1 7 . 9 J  1 9.5 J 1 8 .6J  1 11.5 J I I 1 I I 
BARIUM 1 66.5 J / 56.7 J 1 105 J ( M.3 J 1 93.2 J I 



TABLE 3-8 

SUMMARY OF CHEMICALS DETECTED 
SUBSURFACE SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FlLUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 16 OF20 

SAMPLING ROUND 03 03 03 03 03 03 03 03 03 03 03 
LOCATION 16S8078 16S8065 1658086 1658087 16SBO66 1688089 1658090 1658090 16S8091 tSSEO91 1658092 
SAMPLE NUMBER 16SB0780609 16SB0850204 16880860204 16S80670204 16SB0880204 16S80690204 16SB0900406 16S80900608 16S80910406 16S80910609 16SB0920406 
SAMPLE CODE NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL ORlG NORMAL NORMAL 
DEPTH RANGE 6 - 9  2 - 4  2 - 4  2 - 4  2 - 4  2 - 4  4 - 6  6 - 6  1 - 6  6.9 4 - 6  
SAMPLE DATE 

Miscellaneous Parameters 
CATION EXCHANGE CAPACITY (MEOII) 1 I I I I I I I I I I 
PH (S.U.) 1 
TOTAL ORGANIC CARBON (mglkg) I 1 I 1 I 1 I I I I 



TABLE 3-8 

SOlL GROUP 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 

SUMMARY OF CHEMICALS DETECTED 
SUBSURFACE SOlL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 18 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 17 OF 20 ~ .~ ~. .. 

ORlG NORMAL 

Herbicides (pglkg) 
HEXACHLOROPHENE I I I I I I I I I I 1 
PENTACHLOROPHENOL 
Inorganics (mglkg) 

DEPTH RANGE 
SAMPLE DATE 

ANTIMONY I I I I I I I I I I I 
ARSENIC 

6 - 8  4 - 6  
811612004 8/18/2004 

6 - 8  
811WZ004 

7 - 8  
8/16/2004 

4 . 6  6 - 7  
811612004 8/18/2004 

4 - 6  
811512004 

6 - 8  
8/18/2004 

4 - 6  
8/16/2004 

6 - 7  
8/16/2004 

2 - 6  
8/18/2004 



TABLE 3.6 

CADMIUM I I I I I I I I I I I 
CALCIUM 
CHROMIUM I 1 I 1 I I I I I I 1 
n A m A , T  

SUMMARY OF CHEMICALS DETECTED 
SUBSURFACE SOlL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CASTHIGH EXPLOSIVES FILUBl46 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 16 OF 20 

SOIL GROUP 6 
SAMPLING ROUND 03 
LOCATION 1658094 
SAMPLE NUMBER 16SB0940708 
SAMPLE CODE NORMAL 
DEPTH RANGE 7 - 8  

8/15/2004 
Inorganics (mmgl  (Continued) 
ClCClVi i I, L A  I 

8 
03 

1658095 
16SB0950406 

NORMAL 
4 - 6  

8/16/2004 

I 1 I 1 

I I 1 I 

VANADIUM 1 I I I I I 

ORlG NORMAL 
6 - 7  4 - 6  6 - 8  4 - 6  6 - 7  2 - 6  

I , 4 I I I 

ZINC 
Mtscellaneous Parameters 
CATION EXCHANGE CAPACITY (MEW?) I 1 I I 
PH ( S U I  I 

I 

TOTAL ORGANIC CARBON (mglkq) 1 I I I I 



TABLE 3-9 

SUMMARY OF CHEMICALS DETECTED 
SUBSURFACE SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 19 OF 20 

SOILGROUP 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 
DEPTHRANGE 6 - 7  
SAMPLE DATE 

Herbicides (pglkg) 
HEXACHLOROPHENE I I I 
PENTACHLOROPHENOL 
Inorganics (rnglkg) 
ALUMINUM I 1 I 
ANTIMONY 



TABLE 3-8 

SUMMARY OF CHEMICALS DETECTED 
SUBSURFACE SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CASTHIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 20 OF 20 

SOIL GROUP 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 
DEPTH RANGE 6 - 8  
SAMPLE DATE 

Miscellaneous Parameters 
CATION EXCHANGE CAPACITY ( M E W )  I I 1 
PH (S.U.) 1 
TOTAL ORGANiC CARBON (rngikg) I I 

Notes: 
Field duplicate samples are excluded fmm these summanes because they are considered to be 
field QC samples. 
Subsurface soil samples not taken at locations 3.4,5,6,7.8,9,10.14.15.16.20,21,32,35,37.51. 
52.53.54.57.71.73.74. and 75 due to refusal. 
vglkg = micrograms per kilogram 
MEQII = milliequivalents per 100 grams 
mgikg= milligrams per kilogram 
QC = quaiitycontrol 
S.U. =Standard units 



SLMMMY OF DESCRnPllVE STAllSl lCS 
GULLY SLRFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HoGH EXPLOSIVES FILUBl46 INCINERATOR 
NSWC CRANE 

CRPNE, INDIANA 
PAGE 1 OF 4 

EwrgsUcs (pgll) 
2-AMINO-4.6-OINITRCTOLUENE I 117 I 0.29 J I 0.29 J 1 0.25 - 0.255 1 0.149 I 0.290 1 16SW3001 I NO 
4-AMINC~2.6DlNITROTOLUENE in 0.63 I 0.63 1 0.25 - 0.255 1 0.198 0.630 16SW3001 ND 
HMX 1 317 1 0.27 J 1 4.8 1 0.25 -0255 1 0.869 I 1.66 1 16SW3001 1 ND 
RDX 2n 0.29 J I 24 1 0.25 - 0.255 1 3.56 12.1 16SW3001 ND 

Parameter 

TITANIUM 414 I 2 T  I 156 J I ... I 4 6 3  I 46.3 I 16SW1501 1 3.4 J -  19.7 J 
VANADIUM 1 15/21 1 0.63 J I 1 9 J  1 0.56-1.14 1 3.37 4.51 16SW1501 0.85 J 
ZINC 1 19/21 1 16.9J 1 1340J f 4.2-12.3 1 308 I 340 I 16SW0401 I 16.6 J 

SURFACE WATER SAMPLES 
Vol~t i le  OrganiES (MIL) 
ACETONE I 3110 I 0.5 J I 2.8 J 1 0.5 I 0.665 1 1.63 1 16SW2701 I 0.6 J 
CIS-1.2-DICHLOROETHENE all 1.4 I 3.4 I 0.3 0.559 2.40 16SW2901 ND 
TRICHLOROETHENE I 5111 I 0.8 J I 26 0.3 I 4.51 I 9.74 1 16SW2901 I ND 
- 

Frequency of 
Detection 

Renge of 
Nondetects 

Minimum 
Con~en t re t i~n  

Mean 
Concentration "' Maximum 

Concsnmtion 

AVSR~B 01 ~os l t l ve  
Detects(" Sample of Maximum Detect 

Range of Upgradient 
Delects 



TABLE 3-9 

SUMMARY OF DESCRIPTIVE STATISTICS 
GULLY SURFACE WATER DND SUMP SWPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRDNE, INDIDNA 
PAGE 2 OF 4 

Average 01Pos1Uve 

Misstlllaneour Parameters (rng/L) 
INITRITEINITRATE-N 1 4 i i  I 0 1 1  1 0.55 1 0.025 - 0 0 5  1 0.203 I 0.340 1 16SW1302 I 0.07 . 3.2 I 
Volatile Organics (vg/L) 
CHLOROFORM I 113 I 2.4 1 2.4 I 0.3 1 0.900 I 2.40 I 16SW0202 I NO 
CIS-1 ,BDICHLOROETHENE 213 2.9 7.1 0.3 3.36 5.00 16SW0202 NO 
TRICHLOROETHENE I 313 I 3.3 I 6.8 I ... I 6.23 I 6.23 I 16SW0202 I ND 

. . . ~ .  

HMX I 213 I 1.5 J 1 29000 1 0.55 1 9667 I 14501 I 16SW0101 I NU 
RDX 313 2.9 1 88000 1 ... I 29337 29337 16SW0101 ND 



TABLE 3-10 

neronclaes 
nCXACn-OROPnEh? I 1 1  1 ? 052 . 1 0 082 . I 32:: 1 0 3357 I C 062. I 1bSWOlll I hA 
PFhTACr-OHOPnFhO. t 2 7  1 OM. I 0 19 J 1 I 0 105 0 105 16SvYO101 I hA J 

SUMMARY OF DESCRIPTIVE STATISTICS 
GULLY SURFACE WATER AND SUMP SAMPLES ROUND 1 

SWMU 16. CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 2 

7 
Parameter 

NICKEL 
POTASSIUM 
SODIUM 
STRONTIUM 
TITANIUM 
VANADIUM 
ZINC 

mean 
Concantration"' 

Frequency ol 
Detection 

SURFACE WATER SAMPLES 

SUMP SAMPLES 

Energetics (pglL) 

213 
313 
313 
313 
213 
113 
213 

Average of POsltlve 
De.teBs(" 

Minimum -1 Rangeof 
Concentration Concentratton Nondetests 

2.4.6-TRINITROTOLUENE 
2-AMINO-4.6-DINITROTOLUENE 
4-AMINO-2.6-DINITROTOLUENE 
HMX 
RDX 

0.95 J 
839 J 

12400 J 
190 J 
2.2 J 
1.2 J 

80.1 J 

Sample of Maximum 
Detect 

. . . . . . . .. . 

2.1 
0.89 J 
2.2 J 

290W 
880W 

Range of Upgradient 
Surface Water Detec1. 

113 
113 
113 
8 3  
313 

1.8 J 
2430 J 

84800 J 
226 J 
10.2 J 
1.2 J 
178 J 

0.455- 0.8 
0.455 - 0.8 
0.455 - 0.8 

0.55 
... 

2.1 
0.89 J 
2.2 J 
1.5 J 
2.9 

0.61 
... 
... 
... 

0.24 
0.05 - 0.39 

3.2 

0.909 
0.506 
0.943 
9667 

29337 

1.02 
1636 

42167 
210 
4.17 
0.473 
86.6 

2.10 
0.890 
2.20 
14501 
29337 

1.38 
1636 

42167 
210 
6.20 
1.20 
129 

16SW0701 
16SW0701 
16SW0701 
16SW0101 
16SW0101 

ND 
ND 
ND 
ND 
ND 

16SW0101 
16SW0701 
16SW0701 
16SW0701 
18SW0701 
16SW0701 
16SWO201 

1.1 J - 2 3 J  
1780 J - 2230 J 

9580 J - 15000 J 
NA 

3.4 J - 19.7 J 
0.85 J 
16.6J 



TABLE 3-10 

Notes: 
Feld duplicate samples are excluded from these sumrnarles because they are considered to be field QC samples. 
(1) -Mean concentrations incolporate TVI2 for non-detecl values where TV = threshold value. 
pglL = micrograms per titer 
C =Celsius 
HMX = achhydio-1.3.5.7-tetranitro-1.3.5.7-lelrazocine 
mgR= milligram per liter 
MSicm = milliSiemens per centimeter 
MV = millivolt 
NA = Not Analyzed 
ND = Not Detected 
NTU = nephalometnc turbidity unit 
QC = quality control 
RDX = 1.3.5-hexahydro-1.3.5-trinitrotnazine 
S.U. = Standard unir 
TV = threshold value 

SUMMARY OF DESCRIPTIVE STATISTICS 
GULLY SURFACE WATER AND SUMP SAMPLES ROUND 1 

SWMU 16 -CASTHlGH EXPLOSIVES FILUBI46 INCINERATOR 
NSWC CRANE 

CRANE. INDIANA 
PAGE 2 OF2 

Average of ~os- 
Detect Suriace Water Detects 

Field Parameters (mglL) 
1.91 -7.23 

183.4 - 254.7 
6.78 -7.14 

0.184 - 0.299 
11.7 -15.12 
2.57 - 10.59 

DISSOLVED OXYGEN - METER 
OXIDATION REDUCTION POTENTIAL (MV] 
PH (S.U.) 
SPECIFIC CONDUCTANCE (MSIem) 
TEMPERATURE ( C )  
TURBlDlTY (NTU) 
Miscellaneous Parameters (mglL) 
AMMONIA-N I 113 1 2.6 J 1 2.6 J 1 0.01 I 0.937 1 2.80 1 16SW0101 I NA 
NITRITEIN1TRATE.N 313 0.22 3.3 J ... 1.67 1 6 1  16SW0101 0.07 - 3.2 

212 
212 
212 
HZ 
212 
212 

10.51 
89.1 
8.13 

0.261 
9.14 
2.1 

... 

... 

... 

... 

... 

... 

10.63 
90.9 

8.4 
0.591 
11.78 

4.2 

10.6 
90.0 
8.27 
0.436 
10.5 
3.15 

10.6 
90.0 
8.27 
0.436 
10.5 
3.15 

16SW0701 
16SW0201 
16SW0701 
16SW0701 
16SW0701 
16SW0701 



TABLE 3-1 1 

SUMMARY OF DESCRIPTIVE STATISTICS 
GULLY SURFACE WATER AND SUMP SAMPLES ROUND 2 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE. INDIANA 
PAGE 1 OF 2 

Parameter 
Frequency d 

Detection 
SURFACE WATER SAMPLES 

Volatile Organics (pg/L) 
CIS-1.2-DICHLOROETHENE I 1 14 I 1.4 I 1 4  I 0.3 I 0.463 I 1.40 I 16SW1201 I ND 
~TRICHLOROETHENE 114 15 15 0.3 3.86 15.0 16SW1201 ND 
Energetics ( v d L )  
HMX I 214 I 0.27 J I 0.51 J 1 0.25 I 0 258 1 0.390 1 16SW1501 I ND 
RDX 114 0.29 J 0.29 J 0.25 0.166 0.290 16SW1501 ND 

Field Parameters (mglL) 

Maximum Range of 
Concentration Nondetects 

Minimum 
Concentration 

DISSOLVED OXYGEN - METER 
OXiDATlON REDUCTION POTENTIAL (MV: 
PH (S.U.) 
SPECIFIC CONDUCTANCE (MSlcm) 
TEMPERATURE (C)  
TURBIDITY (NTU) 

Mean 
Concantration(" 

414 
414 
414 
414 
414 
414 

6.49 
2 M  
7.21 

0.376 
1366 
15.9 

2.87 
68.3 
6.4 

0.154 
9.61 
3.39 

Range of Upgradient 
Detects 

Average Of POsltlve 
Dete~ts" '  

1.91 - 7.23 
183.4 - 254.7 
6.78 -7.14 

0.184 - 0.299 
11.7 -15.12 
2.57 - 10.59 

... 

... 

... 

... 

... 

... 

4.58 
165 
6.76 

0.226 
12.2 
9.81 

Sample of Maximum 
Detect 

4.58 
165 
6.76 
0.226 
12.2 
9.81 

16SW1701 
16SW1701 
16SW1201 
i8SW1501 
16SW1301 

16SW1301. 16SW1501 



TABLE 3-1 1 

SUMMARY OF DESCRIPTIVE STATISTICS 
GULLY SURFACE WATER AND SUMP SAMPLES ROUND 2 

SWMU 16.  CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 2 

Parameter 
Range of Upgradient 

Detects 
Frequency of 

Detection 
Mioceilaneour Parameters (mglL) 
NITRITEINITRATE-N I 214 I 0.11 1 0.27 I 0.05 I 0.108 I 0.190 1 16SW1301 I 0.07 - 3.2 

SUMP SAMPLES 
Volatile Organics (pglL) 
CHLOROFORM I 113 I 2.4 I 2.4 I 0.3 I 0.900 1 2.40 1 16SW0202 I ND 
CIS-1.2-DICHLOROETHENE 213 2.9 7.1 0.3 3.38 5.00 16SW0202 ND 
TRICHLOROETHENE I 313 I 3.3 I 8.6 I ... 1 6.23 1 6.23 I 16SW0202 I ND 
Field Parameters (mglL) 

Minimum 
Concentration 

1.91 - 7.23 
183.4 - 254.7 
6.78 -7.14 

0.184 -0.299 
11.7 - 15.12 
2.57 - 10.59 

Notes: 
Feid duplicate samples are excluded from these summaries because they are considered la be field CIC san~ples. 
(1) - Mean concentrations incorporate TV12 lor non-detect values where TV = threshold value. 
pdL = microgram per irer 
C = Celsius 
HMX = octahydio-1.3,5.7-tet1anitro-1,3,5,7~tetrazocine 
mdL  = milligram per liter 
MSICM = miil~Semens per centimeter 
MV = millh~olt 
ND = Not Detected 
NTU = nephaometric tubidify unts 
CIC =quality control 
RDX = 1.3.5-hexahydro-1.3.5-ltinitrottiazine 
S.U. =Standard unit 
TV = threshold value 

16SW0102 
16SW0102 
16SW0702 
16SW0702 
16SW0702 
16SW0202 

DISSOLVED OXYGEN - METER 
OXIDATION REDUCTION POTENTiAL (MV 
PH (S.U.) 
SPECIFIC CONDUCTANCE (MS1cm) 
TEMPERATURE (C ) 
TURBIDITY (NTU) 

Maximum 
Concentration 

313 
313 
313 
313 
313 
313 

Average of Posltlve 
D e t e ~ t 8 " ~  

Sample of Maximum 
b t e c t  

Range of 
Nondetects 

10.69 
123.4 
6.65 

0.224 
6.92 
5.3 

Mean 
Concentration ('I 

12.65 
193.9 
7.68 

0.575 
12.2 
120 

... 

... 

... 

... 

... 

... 

11.4 
154 
7.31 
0.368 
9.54 
49.1 

11.4 
154 
7.31 
0.368 
9.54 
49.1 



TABLE 3-12 

SUMMARY OF DESCRIPTIVE STATISTICS 
GULLY SURFACE WATER AND SUMP SAMPLES ROUND 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CUANF 

CRANE, INDIANA 
PAGE 1 OF 2 

I Frequeneyof I Minimum I Maximum I Rangeof I Mean ( Average ot  Posrtlve 1 Sample of Maximum I Range of Upgradient 1 
I I 

- . - 
/parameter 1 ~e tec t ian  I Concentration I Concentration I   on detects I Concentration(" I Detects"' Detect Detects 

1 SURFACE WATER SAMPLES 
Volatile Orqanics (11glL) 
ACETONE I 37 I 0.5 J I 2.8 J 1 0.5 I 0.843 I 1.63 I 16SW2701 I 0.6 J 1 
CIS-I.2-DICHLOROETHENE in 3.4 3.4 0.3 0.614 3.40 16SW2901 ND 
TRiCHLOROETHENE I 4/7 I 0.8 J I 26 1 0.3 1 4.88 1 8.43 1 16SW2901 1 ND 1 
Energetics (pg/L) 
2-AMINO.4.6-DINITROTOLUENE I 1 i3 I 0.29 J I 0.29 J 1 0.25-0.255 1 0.181 I 0.290 I 16SW3001 I ND 1 
4-AMINO-2.6-DINITROTOLVENE 113 0.63 0.63 1 0.25 - 0.255 1 0.294 0 630 16SW3001 ND 
HMX 1 113 I 4.8 1 4.6 1 0.25 - 0.255 1 1.68 I 4.80 I 16SW3001 I ND 
RDX 113 24 24 ( 0.25 -0.255 1 8.08 24.0 16SW3001 ND 



TABLE 3-12 

Notes: 
Field duplcale samples are excluded from these summaries because they are considered to be field OC samples 
(1) -Mean concentrations incorporate TV/2 far non-derect values where TV = threshold value. 
vg/L = microgram per I ler 
C = Celsius 
HMX = octahydro-1,3,5.7-tetranitro-l.3,5.7-lelraracine 
mg/L = milligram per liter 
MSlcm = milliSiemens per centimeter 
MV = mil l iv~lt  
NA = Not Analyzed 
ND = Not Detected 
NTU = nephalometric turbidity units 
OC = quality control 
RDX = 1.3.5-hexahydro-l,3,5-trinilrolriarine 
S.U. = Standard unit 
TV = threshold value 

SUMMARY OF DESCRIPTIVE STATISTICS 
GULLY SURFACE WATER AND SUMP SAMPLES ROUND 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUBi46 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 2 

Parameter 
Dissolved Metals (pg/L) (Continued) 
LEAD, FILTERED 
MAGNESIUM, FILTERED 
MANGANESE. FILTERED 
NICKEL. FILTERED 
POTASSIUM, FILTERED 
SODIUM. FILTERED 
ZINC, FILTERED 
Field Parameters (mg/L) 
DISSOLVED OXYGEN 
OXIDATION REDUCTION POTENTIAL (MV) 
PH (S.U.) 
SPECIFIC CONDUCTANCE (MSIcm) 
TEMPERATURE ( C )  
TURBIDITY (NTU) 
Miscellaneous Parameters (mg/L) 
NITRITEINITRATE-N 1 a 3  1 0.43 I 0.55 1 0.025 1 0.331 I 0.490 I 16SW1302 1 0.07 - 3.2 

Range of Upgradient 
Detect8 

ND 
5400 J - 7390 J 
10.9 J - 29.8 J 

1 2 J  
1550J -2140J 

9010 J - 14000 J 
18.1 J - 33.3 J 

NA 
183.4 - 254.7 
6.78 - 7.14 

0.184 - 0.299 
11.7 -15.12 
2.57 - 10.59 

Frequency 01 
Detection 

15117 
17117 
15/17 
15117 
17117 
11117 
15117 

17117 
17117 
17/17 
17117 
17117 
17/17 

Minimum 
Concentration 

0.81 J 
1280 J 

1.9 J 
0.95 J 
647 

2030 J 
17.5 J 

Maximum 
Concentration 

16SW0301 
16SW2901 
16SW2901 
16SW1302 
16SW0601 
18SW2801 

Sample 01 Maximum 
Detect 

Range of 
Nondetects 

16SWO301-F 
16SW2601 -F 
16SW1202-F 
16SW1202-F 
16SWllOI-F 
16SW1101-F 
16SW1601-F 

... 

... 

... 

... 

... 

... 

5.66 
36.8 
6.99 

0.056 
10.46 

2 

8.27 
81.5 
7.44 
0.153 
13.4 
32.8 

Mean 
C ~ n c e n t r e t i o n " ~  

35.8 J 
5920 J 
47.4 

9.4 
4720 

19900 J 
421 J 

10.65 
147 

7.95 
0.84 

16.45 
179 

8.27 
81.5 
7.44 

0.153 
13.4 
32.8 

Average ot Posltlve 
Detects(" 

0.1 -0.14 
... 

0.82 - 1.7 
1.2-1.4 
... 

1060 - 1480 
6 -  197 

10.1 
3462 
12.0 
3.51 
1946 
3859 
157 

11.5 
3462 
13.5 
3.89 
1946 
5616 
171 



SUMMARY OF DESCR.PllVE STATISTICS 
TURKEY CREEL MAINSTREAM SURFACE WATER SAMP-ES ROUNDS 1 THROUGh 3 

SWMU 16. CAST h.GH EXPLOSIVES FILLIBl46 INCINERATOR 

Field Paramelen 
DISSOLVEDOWGEN ( rngi l )  I $3 I 3.86 I 7.72 1 ... I 5.45 I 5.45 I 16SW1901 I NA 
OXIDATION REDUCTION POTENTIAL (MV)I $3 55.3 269 ... 176 176 I 16SW2501 I 251 6 
-. . . - . . . "m " "- - 7 -  " " A  " "- 8 .--....--. , - -- 

CRANE. INDIANA 
PAGE 1 OF 2 

Notes: 
F~eid dupr are excluded from these summanes because lhey are considered la be field QC 
Turkey Creek Main Stream SW samples were collecled in md 3 

W (s.u.) I J1 

SPECIFIC CONDUCTANCE (MSIcm) $3 
TEMPERATURE (C ) 1 % 
TURBlDlW (NTUI 313 
Miscellaneous Parameters (mq/L) 
NITRITEINITRATE-N I 411 

Energetics (WL) 
~HMX 1 111 I 0.32 J I 0.32 J I ... 1 0.320 I 0.320 I 16SW2401 ( ND I 

Maximum Range of Bean 
CancsnVation NondeteEts Concentration '" Frquency of 

Detection 

0.43 I ,.>a I I 0.0' I ( I V L  I 1D3WlJU1 ( b.JY ... 
0.081 130 ... 85.4 85.4 I 16SW2401 1 0.108 
11.21 1 15.83 I ... I 13.3 I 13.3 I 16SW1901 I 12.88 

1 1 25 ... 9.33 9.33 I 16SW1901 I 1 

0.05 1 0.05 I ... 1 0.0500 1 0.0500 ( 16SW2401 1 ND 

Range of Upgradient 
Detects 

Average Or Posltlve 
Detects"' 

Minimum 
Concentration 

Sample of Maximum 
Detect 
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STREAM ORDER 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SUBMATRIX 
SAMPLE CODE 

SUMMARY OF CHEMICALS DETECTED 
GULLY SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 18 

SUMP 
01 01 

su SU 

GULLY GULLY 

I I I ".a  "4 I I I Y 3 " Y  I I I I I 
CHLOROFORM 1 I 0 3 U  I I 2.4 I 
CIS-1,'-DICHLOROETHENE I 1 0.3 U I I 7.1 I I I I 

" "  " "  

Semivolatile Organics (MIL) 

Herbicides (pglL) 
HEXACHLOROPHENE I 0.062 J I I 1 0.025 U I I I 1 I I I 
PENTACHLOROPHENOL ( 0.19 J I 1 0.02 J 1 
Total Metals (p@L) 

lbl I lhllhll ihd I 7 E  I l  I 1 I YO* <I  I I 1 7 M I  I I , e m  I I I +?an I 1 

Energetics @@L) 

005 U 
0.05 UJ 
0.05 U 
0.05 U 

2-METHYLNAPHTHALENE 
ACENAPHTHENE 
ANTHRACENE 
6ENZOIA)ANTHRACENE 

2.4.6-TRINITROTOLUENE 
2-AMINO-4.6-DINITROTOLUENE 
4-AMINO-2.6-DINITROTOLUENE 
HMX 
RDX 

flC 91 

0.67 J 
0.9 J 

0.31 J 
0.31 J 

0.455 U 
0.455 U 
0.455 U 
29000 
68000 

0.8 U 
0.8 U 
0.8 U 
1.5 J 
9.2 



TABLE 3-14 



TABLE 3-14 

SUMMARY OF CHEMICALS DETECTED 
GULLY SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 3 OF 16 

SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SUBMATRIX SU SUF SU SU SUF SU SW SF SW SF SW 
SAMPLE CODE ORlG 
SAMPLE DATE 
Field Parametors 

Miscellaneous Parameters (rngll) 
AMMONIA-N 1 2.8 J / I ( 0.01 U I I I 1 I I I 
NITRITEINITRATE-N 1 3.3 J I 1 0.22 1 1 



TABLE 3-14 

SUMMARY OF CHEMICALS DETECTED 
GULLY SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE . . . . . . . . . . . . . - 

CRANE, INDIANA 
PAGE 4 OF 16 

CLASSIFICATION 
STREAMORDER 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SUBMATRIX 
SAMPLE CODE 
SAMPLE DATE 
Volatile Organics (pg/L) 
ACETONE 
CHLOROFORM 
CIS-1.2-DICHLOROETHENE 
TRICHLOROETHENE 

DOWNGRAD 
GULLY 

03 
16SWISD09 
16SWO901-F 

SF 
NORMAL 
111212004 

DOWNGRAD 
GULLY 

03 
16SWISDlO 
16SW1001 

SW 
NORMAL 
11/11/2004 

DOWNGRAD 
GULLY 

03 
16SWISD05 
16SWO501-F 

SF 
NORMAL 

1111 112004 

Energetics (vg/L) 
2.4.6-TRINITROTOLUENE 
2-AMINOd.6-DINITROTOLUENE 
4-AMINO-2.6-DINITROTOLUENE 
HMX 
RDX 

DOWNGRAD 
GULLY 

03 
16SWISD06 
16SW0601 

SW 
NORMAL 
111212004 

2.1 
0.89 J 
2.2 J 

0.55 U 
2.9 

DOWNGRAD 
GULLY 

03 
16SWlSD06 
16SWO601-F 

SF 
NORMAL 
11/2/2004 

DOWNGRAD 
SUMP 

01 
16SWlSD07 
16SW0701 

SU 
ORlG 

U1012003 

DOWNGRAD 
GULLY 

03 
16SWISD08 
16SW0601 

SW 
NORMAL 

1 l l l l R 0 0 4  

DOWNGRAD 
SUMP 

01 
16SWISD07 
16SWO701-F 

SUF 
ORlG 

U1012003 

DOWNGRAD 
GULLY 

03 
16SWISDOB 
16SWO801-F 

SF 
NORMAL 

11/11/2004 

DOWNGRAD 
SUMP 

02 
16SWlSD07 
16SW0702 

SU 
NORMAL 
121612003 

0.5 UJ 

DOWNGRAD 
GULLY 

03 
16SWED09 
16SW0901 

SF 
NORMAL 
111212004 

I 0.3 U 
1 2.9 

6.6 



TABLE 3-14 

SUMMARY OF CHEMICALS DETECTED 
GULLY SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16.  CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 5 OF 18 

DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD 
STREAM ORDER GULLY GULLY GULLY SUMP SUMP 
SAMPLING ROUND 03 03 03 01 01 02 
LOCATION 16SWiSDO5 16SWISDO6 16SWISD06 16SWISDO7 16SWISD07 
SAMPLE NUMBER 16SW0501-F 16SW0601 16SW0601-F 16SW0701 16SW0701-F 
SUBMATRIX SF SW SF SU SUF SU SW SF SF SW 
SAMPLE CODE NORMAL NORMAL NORMAL ORlG ORlG 

1 1 l l l R W 4  1112R004 11/2/2004 411012003 4/1012003 - 



TABLE 3-14 

SUMMARY OF CHEMICALS DETECTED 
GULLY SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGh 3 

SWMU 16. CAST HlGh EXPLOSIVES FILUB146 NCILERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 6 OF 18 

SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SUBMATRIX SF SW SF SU SUF SU SW SF SF SF SW 
SAMPLE CODE ORlG 

Field Parameters 

Miscellaneous Parameters (rnglL) 
AMMONIA-N I I I 1 0.01 U 1 I I I 1 I I 
NITRITEINITRATE-N I 1.5 I 



TABLE 3-14 

SUMMARY OF CHEMICALS DETECTED 
GULLY SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUBl46 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE70F 18 

DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAO OOWNGRAO DOWNGRAD DOWNGRAD -'I SAMPLING ROUND 

G y  rrpfl G Y  mrTl LOCATION 16SWISDIO 16SWISDll 16SW/SD11 16SWlSDlZ 16SWISDl2 16SWISD12 iISWISD12 16SW/SD13 16SWlSD13 16SWISDl3 16SWISDl3 
SAMPLE NUMBER 16SW1001-F 16SW1101 16SWllOl-F 16SWi201 16SW1201-F i6SW1202 16SW1202-F i6SWi301 16SW1301-F 16SWi302 16SWl302-F 
SUBMATRIX SF SW SF SW SW SF SW SF SW SF 
SAMPLE CODE NORMAL NORMAL NORMAL NORMAL NORMAL ORlG NORMAL NORMAL NORMAL NORMAL NORMAL 
SAMPLE DATE 11/11/2004 11/11/2004 l l l l l R 0 0 4  10/2512003 10125/2003 11/2/2004 11/2/2004 10RY2003 10/25/2003 11/2/2004 11M004  
Volatile Organics (vg/L) 
ACETONE I I I 1 0.5 UJ I I l 6 J  I 1 0.5 UJ I 1 0.5 U I 
CHLOROFORM 1 0.3 U I 1 0.3 U 1 1 0.3 U I 1 0.3 U 1 
CIS-1.2-DICHLOROETHENE I 1 1 I 1.4 I 1 0.3 U I 1 0.3 U 1 1 0.3 U ( 
TRICHLOROETHENE 15 I 5.6 I 1 0.3 U I I 0.3 U I 

Herbicides (pglL) 
HEXACHLOROPHENE 1 1 I 1 I I 1 1 1 I 1 
PENTACHLOROPHENOL 



TABLE 3-14 

SUMMARY OF CAEMCALS DETECTED 
GULLY SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGrl3 

SWMU 16. CAST HIGA EXPLOSIVES F l L U B l l 6  NCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 8 OF 18 

CLASSIFICATION 
STREAMORDER 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SUBMATRIX 
SAMPLE CODE 
SAMPLE DATE 

DOWNGRAD 
GULLY 

03 
16SWlSD13 
16SW1302 

SW 
NORMAL 
1112/2004 

DOWNGRAD 
GULLY 

03 
l6SWlSD13 
16SW1302-F 

SF 
NORMAL 
11/2/2004 

DOWNGRAD 
GULLY 

03 
16SWISD10 
16SW1001-F 

SF 
NORMAL 
1111112004 

DDWNGRAD 
GULLY 

03 
16SWISD11 
16SW1101 

SW 
NORMAL 
1111112004 

DOWNGRAD 
GULLY 

03 
16SWISDll 
16SWl101-F 

SF 
NORMAL 

1111112004 

DOWNGRAD 
GULLY 

02 
16SWlSD12 
16SW1201 

SW 
NORMAL 

1012512003 

DOWNGRAD 
GULLY 

02 
16SWISD12 
16SW1201-F 

SF 
NORMAL 

10/25/2003 

DOWNGRAD 
GULLY 

03 
16SWISD12 
16SW1202-F 

SF 
NORMAL 
11/2/2004 

DOWNGRAD 
GULLY 

03 
16SWISD12 
16SW1202 

SW 
ORlG 

1112/2004 

DOWNGRAD 
GULLY 

02 
16SWISD13 
16SW1301 

SW 
NORMAL 
1012512003 

DOWNGRAD 
GULLY 

02 
16SWlSD13 
16SW1301-F 

SF 
NORMAL 

1012512003 



TABLE 3-14 

SUMMARY OF CHEMICALS DETECTED 
GULLY SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
P A G E 9 0 F l l  

CLASSIFICATION DOWNGRAD DOWNGRAD DOWNGRAD 
STREAM ORDER GULLY GULLY GULLY GULLY 
SAMPLING ROUND 03 03 03 02 02 
LOCATION 16SWlSDlO 16SWISD11 16SWISD11 
SAMPLE NUMBER 16SW1001-F 16SW1101 16SWlIOI-F 
SUBMATRIX SF SW SF SW SF SW SW SF SW SF 
SAMPLE CODE NORMAL NORMAL NORMAL NORMAL NORMAL ORlG 
SAMPLE DATE 1111112004 1111112004 11/11/2004 
Field Parameters 

Miscellaneavs Parameters (mglL) 
AMMONIA-N I 1 I 1 I I I 1 I 1 I 
NITRITEINITRATE-N 1 011 1 0.43 1 0.27 1 1 0.55 1 1 



TABLE 3-14 

SUMMARY OF CHEMICALS DETECTED 
GULLY SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCiNERATOR 
NSWC CRANE 

CRANE. INDIANA 
PAGE 10 OF 18 

CLASSIFICATION 
STREAM ORDER 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SUBMATRIX 
SAMPLECODE 
SAMPLE DATE 
Volatile Organics (pglL) 
ACETONE 
CHLOROFORM 
CIS-1.2-DCHLOROETHENE 
TRICHLOROETHENE 

Herbicides (pglL) 
HEXACHLOROPHENE I I 1 I I 1 I I I 1 I 
PENTACHLOROPHENOL 

DOWNGRAD 
GULLY 

02 
16SWlSD15 
1SSW1501-F 

SF 
NORMAL 
1012512003 

DOWNGRAD 
GULLY 

02 
16SWlSD15 
16SWI501 

SW 
NORMAL 

10/2512003 

0.5 UJ 
0.3 U 
0.3 U 
0.3 U 

DOWNGRAD 
GULLY 

03 
lSSWlSD16 
16SW1601 

SW 
NORMAL 
1112/2004 

DOWNGRAD DOWNGRAD 
GULLY GULLY 

03 02 
16SWISD16 16SWlSD17 
16SW1601-F 16SW1701-F 

SF SF 
NORMAL ORlG 
11/2/2004 10124/2003 

0.5 UR 

DOWNGRAD 
GULLY 

02 
16SW15022 
16SW2201 

SW 
DRY 

1012412003 

0.5 U 
0.3 U 
0.3 U 
0.3 U 

I 

1 

0.3 U 1 
0.3 U I 
0.3 U 1 



TABLE 3-14 

SUMMARY OF CHEMICALS DETECTED 
GULLY SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 11 OF18 

CLASSIFICATION DOWNGRAD D D w T D O W N G R A D  DOWNGRAD 
STREAM ORDER GULLY GULLY GULLY GULLY 
SAMPLING ROUND 02 02 03 03 
LOCATION 16SWISD15 16SWBD15 16SW/SD16 16SWISD16 
SAMPLE NUMBER 16SW1501 16SW1501-F 16SW1601 16SW1601.F 
SUBMATRIX SW SF SW SF SW SF SW SW SF SW SF 
SAMPLE CODE NORMAL NORMAL NORMAL NORMAL ORlG ORlG DRY ORlG NORMAL 
SAMPLE DATE 1012Y2W3 1012Y2W3 l l l ?RW4 111212004 



TABLE 3-14 

SUMMARY OF CrlEMlCALS DETECTED 
GULLY SURFACE WATER AND SUMP SAMPLES ROUhDS 1 TdROUGh 3 

SWMU 16 -CAST HIGd EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE. INDIANA 
PAGE 12 OF 18 

CLASSIFICATION 
STREAM ORDER 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SUBMATRIX 
SAMPLE CODE NORMAL NORMAL NORMAL NORMAL 
SAMPLE DATE 
Field Parameters 

Miscellaneous Parameters (mglL) 
AMMONIA-N I 1 I I I I I I I I I 
NITRITEINITRATE-N 1 0.05 U ( 1 0.05 U I 1 0.025 U / 



TABLE 3.14 

SUMMARY OF CHEMICALS DETECTED 
GULLV SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 13 OF18 

D O W ~  
STREAM ORDER GULLY 
SAMPLING ROUND 03 
LOCATION 16SWISD27 
SAMPLE NUMBER 16SW2701 
SUBMATRIX SW 
SAMPLE CODE NORMAL 

111212004 
Volmile Organics (pglL 

DOWNGRAD 
GULLY 

03 
16SWISO27 
16SW2701-F 

SF 
NORMAL 
l l lV2004 

ACETONE 
CHLOROFORM 
CIS-1.2-DICHLOROETHENE 
TRICHLOROETHENE 

2.8 J 
0.3 U 
0.3 U 
0.8 J 

DOWNGRAD 
GULLY 

03 
16SWISD26 
16SW2801 

SW SF SF SF SF SW 
NORMAL ORlG 

11/11/2004 

0.5 UJ 
0.3 U 
0.3 U 

1.3 

1 0.5 J 1 I 0.5 U I 1 0.5 UR I I 0.6 J 
1 0.3 U 1 1 0 3  U I 1 0.3 U I 1 0.3 U 
I 3.4 I I 0.3 U I 1 0.3 U I 1 0.3 U 

26 1 0.3 U 1 1 0.3 U I 1 0.3 U 



TABLE 3-14 

SUMMARY OF CIIEM.CALS DETECTED 
GULLY SURFACE WATER Ah0 SUMP SAMPLES ROUNDS 1 TdROUGh 3 

SWMU 16. CAST HIGH EXPLOSaVES FILUB146 IhClNERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE14OFl8  



TABLE 3-74 

SUMMARY OF CHEMICALS DETECTED 
CU..Y SURFACE WATER AND SUMP SAMPLES ROUNDS 1 ThROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FiLUBi46 INCINERATOR 
NSWC CRANE 

CRANE. INDIANA 
PAGE 15OF 18 

CLASSlFlCATiON 
STREAM ORDER 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SUBMATRIX 
SAMPLE CODE 
SAMPLE DATE 

Mireellaneous Parameters (rng/L) 
AMMONIA-N I 1 1 I 1 I I I I 1 I 
NITRITEINITRATE-N 1 3.2 1 1 0.05 U 



TABLE 3-14 

SUMMARY OF CHEMICALS DETECTED 
GULLY SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 16 OF 18 

STREAM ORDER 
SAMPLING ROUND 
LOCATION 

Volatile Organics ( W L )  
ACETONE I 1 0.5 UR I 
CHLOROFORM 1 0.3 U I 
CIS-1.Z.DICHLOROETHENE I 1 0.3 U I 
TRICHLOROETHENE 1 0.3 U I 



TABLE 3.14 

SUMMARY OF CHEMICALS DETECTED -. . - . . -. 
GULLY SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16-CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRdNF . . - . . - -. . . . . . - 

CRANE, INDIANA 
PAGE 17 OF 18 



TABLE 3-14 

SUMMARY OF ChEMlCALS DETECTED 
GULLY SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FI-UB146 INCSNERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 18 OF 18 

Miscellaneous Parameters (mgll) 
AMMONIA-N I I I 
NITRITEINITRATE-N 1 0.07 1 

Notes: 
Field duplicate samples are excluded from these summaries because they are considered 
to be field OC samples. 
pgJL= microgram per iiter 
C = Celsius 
mgJL = milligram per llter 
MSicm = milliSiemens per centimeter 
MV = millivolt 
NTU = nephalometric tubidity unit 
OC = quality control 
S.U. = Standard unit 



TABLE 8 1 6  

SUMMARY OF DESCRIPTIVE STATISTICS 
GULLY AND SUMP SEDIMENT SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILL10146 INCINERATOR 
NSWC CRANE - .. - 

CRANE, INDIANA 
PAGE 1 OF 2 

INDENO(1.2.3-CD)PYRENE I 6/10 1 7 J  1 55 ( 4.1 - 4.6 1 19.5 1 31.0 I 16S00501 I NA 
NAPHTHALENE ZJlO 5 J  I 6 J  4 1 - 5 . 8  1 2.91 5.50 16500301 NA 
PHENANTHRENE 1 8/10 I 4 J  I 100 1 4.3 -4.8 1 19.8 I 24.3 I 16SD0501 I NA 
PYRENE 9110 6 J  I 170 I 4.6 I 40.8 45.1 16SD0501 NA 
Ensrgetisa (m@kg) 
2.8-DINITROTOLUENE I 2114 I 0.54 J 1 0.92 J I 0.25 1 0.211 I 0.730 I 16SD1501 I ND 
RDX 1/14 0.27 J 1 0.27 J I 0.25 0.135 0.270 16SD0301 ND 

Parameter 

Mean Concentration 
(11 

Frequency d 
Detection 

Volatile Orsanics (pglkg) 
ACETONE I 6/10 1 3 J  
CIS-1.2-DICHLOROETHENE 1/10 3 J 
DiCHLORODlFLUOROMETHANE I 1/10 1 2 J 
TRICHLOROETHENE 2110 2 J 

6 9 J  1 1 3 - 7 0  1 14.1 1 21.8 I 16SD2201 1 5 J - 7 J  
3 J 1 0.948 - 1.58 1 0.877 3.00 16SD1201 ND 
2 J 1 0.948 - 1.58 / 0.772 I 2.00 I 16SD2701 I ND 

19 ( 0.948- 1.58 1 2.61 10.5 16502901 NO 

Average of Positive 
Dete~ts"' 

Minimum 
Concentration 

Sample 01 Maximum 
Detect 

Maximum 
Concentration 

Range of Upgradient 
Deteds 

Range of 
Nandetecta 



TABLE 3.16 

SUMMARY OF DESCR.PTIVE STATISTICS 
GULLY AND SUMP SEDIMENT SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES F l~LB146  INC NERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 2 

Average of Positive sample of ~ a x i m u m  
Parameter Detects'" Detect Detects 

M i sce I I~neo~s  Parameters 
CATION EXCHANGE CAPACITY (MEOIlJ I 313 I 5.7 J I 25 J I ... 1 16.2 I 16.2 I 16SDZ301 I NA 
PH (S.U.) I 313 7.4 8 ... 7.73 7.73 16SD0601 NA 
TOTAL ORGANIC CARBON (mgkg) 313 I 1600 I 8600 1 ... I 4700 1 5700 1 16SD2301 I NA 

Nates: 
Field duplicate samples were excluded from these summaries because they are considered la be field QC samples 
(1) -NO sediment was available in the sumps. 
(2) -Mean Concentrations lncorparate TVIZ far nan-detect values where TV = threshold value. 
11gmg = mlcrobram per kilogram 
mglkg = milligram per blogram 
NA = Not analyzed 
NO = Not detected 
QC = quaiity contml 
ADX = 1.3.5.hexahydro-i .3.5-Lnnilrolriazine 
S.U =Standard unit 
SEM = Simultaneously extracted metal 
N =threshold value 



TABLE 3-17 

SUMMARY OF DESCRIPTIVE STATISTICS 
TURKEY CREEK MAINSTREAM SEDIMENTSAMPLES ROUhDS 1 THROUGrl3 

SWMU 16 -CAST HIGrl EXPLOSIVES FILU0146 INCINERATOR 
NSWC CRANE 

CRANE, INDiANA 

Frequency of Minimum Maximum Range of Mean Average of Positive Sample of Maximum Range of Upgradient 
Parameter Detection Csncsnvation Con~entration Nondetests Concentralion (" Deteots "' Demct Deeots 
Volatile Organics (pglkg) 
ACETONE I 111 7 J 7 J ... I 7.00 I 7.00 1 16SD1901 ND 
DICHLORODIFLUOROMETHANE I 111 22 22 ... 22.0 22.0 16SD1901 ND 

Noles: 
Turkey Creek Mainstream sediment samples were oniy collected in Rounds 2 and 3 
(1) -Mean concenlrations incorporate NIZ for nondelects where N = threshold value 
p@kg = microgram per kilogram 
m@kg = milligram per kilogram 



TABLE 3-18 

SUMMARY OF CHEMICALS DETECTEn 
~ . -. - - . . - - - -. 

GULLY AND SUMP SEDoMEhl SAMPLES ROUhDS 1 THROUGIl3 
SWMU 16 -CAST HGH EXPLOSIVES FILUB146 INChERATOR 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 8 

DRlG 
0-0 .3  0 - 0.33 0 - 0.3 0 - 0.33 0 - 0.3 0 - 0.33 0 - 0.3 0 - 0.33 0 - 0.3 

Volatile Organics (l~glkg) 
ACETONE I I I I I 1 I 1 1 I I 
CIS-1 .P-DICHLOROETHENE 
DICHLORODIFLUOROMETHANE I I I 1 I 1 1 1 I I 1 
TRICHLOROETHENE 



TABLE 3-18 

SUMMARY OF CHEMICALS DETECTED ............ 
GULLY AND SUMP SEDIMENT SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16. CAST HIGH EXPLOSIVES FILVs146 INCINERATOR 
N+WC r R W F  ............ - 

CRANE, INDIANA 
PAGE 2 OF 8 

~ZLASSIFICATION 
STREAM ORDER 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 
DEPTH RANGE 
SAMPLE DATE 

Miscellaneous Parameters 
CATION EXCHANGE CAPACITY (MEW11 1 I I I 1 I 1 1 5.7 J 1 I I 
PH (S.U.) I I 8 1 
TOTAL ORGANIC CARBON (rnglkg) I 1 I 1 I I 1 1600 1 1 I 

DOWNGRAD 
SUMP 

01 
16SWlSDOl 
16SDOlOl 
NOSED - 
41112003 

DOWNGRAD 
GULLY 

01 
16SWISDO3 
16SDW01 
NORMAL 

0 - 0.3 
41112003 

- 
DDWNGRAD 

GULLY 
03 

16SWISD03 
16SDO302 
NORMAL 
0 - 0.33 

1011012004 

DOWNGRAD 
GULLY 

01 
16SWlSD04 
16SP0401 
NORMAL 

0 - 0.3 
41112003 

DOWNGRAD 
GULLY 

03 
16SWlSD04 
16SD0402 
NORMAL 
0 - 0.33 

10/1012004 

DOWNGRAD 
GULLY 

01 
16SWISD05 
16SD0501 
NORMAL 

0 - 0.3 
41112003 

DOWNGRAD 
GULLY 

03 
16SWlSD05 
16SD0502 
NORMAL 
0 - 0.33 

1011012004 

DOWNGRAD 
GULLY 

01 
16SWISD06 
16SD0601 

ORlG 
0-0.3 

41112003 

DOWNGRAD 
GULLY 

W 
16SWISW6 
16SDO602 
NORMAL 
0 - 0.33 

1011M004 

DOWNGRAD 
SUMP 

01 
16SWISD07 
16SD0701 
NOSED .- 
4/112003 

DOWNGRAD 
GULLY 

01 
16SWlSDOO 
16SDO801 
NORMAL 

0 - 0.3 
41112003 



TABLE 3-18 

SUMMdFlV OF CHEMlPdl S OFTECTFD .......... -. 
GULLY AND SUMP SEDIMENT SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FlLUB146 INCINERATOR 

Energetics (mglkg) 
2.6-DINITROTOLUENE I 1 0.25 U I 1 0.25 U I 1 0.25 U I ( 0 5 4 J  I 1 0.25 U I 
RDX 1 0.25 U / 1 0.25 U I 1 0.25 U I 1 0.25 U I 1 0.25 U I 
Herbicides (~ lg lkg )  

IPENTACHLOROPHENOL I 1 2.6 J I I 9.4 J I I I ~ J  I I 1 I I J 



TABLE 3-16 

SUMMARY OF CHEMICALS DETECTED 
GULLY AND SUMP SEDIMENT SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 - CAST HIGH EXPLOSIVES F LU8146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 4 OF B 

CLASSIFICATION DOWNGRAD DOWNORP~D DOWNORAD DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD [m SAMPLING ROUND 1 G U ~  ] ~ ~ p ~ ~ ~ ~ ~ ~ k ~ ~  

LDCATlON 16SWISD08 16SWlSDOS 16SWlSD09 16SWISDlO 16SWISD10 16SWISD11 165WED11 lbSWISD12 16SWlSD12 16SWlSD13 16SWISDl3 
SAMPLE NUMBER 16500802 16SDOS01 16SD0902 16SD1001 16501002 16501101 16SD1102 16SD1201 16SD1202 16SD1301 16501302 
SAMPLE CODE NORMAL NORMAL NORMAL NORMAL NORMAL ORlG NORMAL NORMAL NORMAL ORlG NORMAL 
DEPTHRANGE 0. 0.33 0 - 0.3 0 - 0.33 0 - 0.3 0 - 0.33 0 - 0.3 0 - 0.33 0 - 0.3 0 - 0.33 0 - 0.3 0 - 0.33 
SWPLE DATE io1io1~004 ~ 1 i n o o 3  ion no^ 41112003 i01101zoo4 41i12003 ~OI~OROM ~OIZSIZOO~ i w i o n o c y  i o n 5 n o w  i o n n o 0 4  

Mi~cellaneouS Parameters 
CATION EXCHANGE CAPACITY (MEQII) 1 1 1 8 J  I 1 I I 1 I I I I 
OL. ,", , , I I 7 0 I I 
3 I I JCI." / , ." I 

TOTAL ORGANIC CARBON (rngikg) I 1 3900 1 I I I 1 1 1 1 I 1 



SUMMARY OF CHEMICALS DETECTED 
GULLY AND SUMP SEDIMENT S4MPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILVB146 INCINERATOR 
NSWC CRANE 

CRANE,INDIANA 
PAGE 5 OF 8 

CLASSIFICATION 
STREAM ORDER 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 
DEPTHRANGE 0 - 0.33 
SAMPLE DATE 
Volatile Organics (pglkg) 
ACETONE I 7 J I 3 J  
CIS-1.2-DCHLOROETHENE I 1 2 U  I 1 3 U  
DICHLORODIFLUOROMETHANE 1 1 .2U ( 1 3 U  
TRICHLOROETHENE I 1 2 U  I 1 3 U  

DOWNGRAD 
GULLY 

02 
16SWISD17 
16SD1701 

ORlG 
0 - 0.3 

1012412003 

1.3 U 
1.3 U 
1.3 UJ 
1.3 U 

FLUORENE 
INDENO!l.2,3-CD)PYRENE 
NAPHTHALENE 
PHENANTHRENE 
PYRENE 

DOWNGRAD 
GULLY 

02 
16SWISD22 
16SD2201 
NORMAL 

0 - 0.3 
1012412003 

69 J 
1.58 U 
1.56 U 
1.56 U 

Energetics (mglkq) 
2.6-DINITROTOLUENE 1 0.92 J 1 0.25 U I 1 0.25 U I 1 0.25 U I I 1 I I 
RDX 1 0.25 U 1 0.25 U I 1 0.25 U I I 0.25 U I I 

4.6 U 
4.6 U 
4.6 U 
4.6 U 
4.6 U 

DOWNGRAD 
GULLY GULLY GULLY GULLY 

01 03 
16SWlSD23 
16SD2301 
NORMAL 

0 - 0.3 0 - 0.33 0. 0.33 0 - 0.33 
4/1/2003 

7 BU 35 BJ 10 BU 

4 4  U 
7 J 

4.4 U 
14 
20 

1.49 U 
2 J 

1.49 U 

1 .12U 1 1 4 U  
1 1 2 U  1 1 4 U  
1.12 U I 19 



SUMMARY OF CHEMICALS DETECTED -~ - -..- 
GULLY ANDSUMP SEDIMENTSAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NPWC CRANE 

CRANE, INDIANA 
PAGE 6 OF 8 

DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD DOWNGR*OTOWNGRAD DOWNGRAD DOWNGRM 

~ ~ ~ p ~ ~ ~ ~ ~ ] < o ~ ~  SAMPLiNG ROUND 1 G y  1 G y  1 GI LOCATION 16SWISD15 16SWlSD16 16SWISD16 16SWISDl7 16SWISD22 16SWISD23 16SWISD23 16SWISO26 16SWISD27 16SWISD28 16SWISD29 
SAMPLE NUMBER 16SD1501 16SDlM)l 16SD1602 16501701 16SD2201 16SD2301 16SD2302 16SD2601 16SD2701 16SD2801 16SD2Wl 
SAMPLE CODE NORMAL NORMAL NORMAL ORlG NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 
DEPTH RANGE 0 - 0.3 0 - 0.3 0 - 0.33 0 - 0.3 0 - 0.3 0 - 0.3 0 - 0.33 0 - 0.33 0 - 0.33 0 -0.33 0 - 0.33 
SAMPLE DATE 1012412003 1012412003 1011412004 10124/2003 1012412003 4/1/2003 1011012004 101712004 101712004 101812004 1018/2004 
Inorganics (mqlkg) (Continued) 
IRON 1 87700 J / 29800 J ( 16500 J 1 58500 J 1 1 30600 J 1 20500 J 1 91700 J 1 17700 J 1 45400 J 1 40800 J 
LEAD 1 19.7 J I 371 J 1 466 J 1 34.1 J 1 1 770 J I . . - . . . . . . . , 1300 J 1 55.2 J 1 242 J 1 69.5 J / 565 J 

- - 

SELENIUM 1 0.53 J 1 0.47-J ( 0.45 U 1 0.59 J I 1 0.55 J 1 0.41 U I 1 4 J 1 0.43 U / Oy64 J 1 0.54 
SILVER 1 0.01 U 1 0.06 U 1 0.07 U 1 0.15 U / I 0.04 U 1 0.06 U 1 0.05 U 1 0 1 9 U  1 0 .15U 1 1.5 J 
SODIUM 1 33.8 J 1 26.5 U 1 38.8 U 1 25.9 U I 1 40.2 U 1 28.5 U 1 154 J 1 49.4 U 1 47.6 U 1 83.6 U 

Ll I MlUM 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 

MERCURY. SEM I I I I I 1 0,00011 1 1 I ! 1 
NICKEL. SEM I 0.028 I 
ZINC, SEM 1 I ! 1 1 1 22.4 J I I I I I 
MiSCeilaneo~S Paramrlers  ON EXCHANGE CAPACITY (MEQII) I I I ! 1 1 2 5 J  I I I I I 
m u  to,, 1 I - 2  I I 

748 J 
834 J 

0.034 J 
34.4 J 
1030 J 

STRONTIUM 
THALLIUM 
TIN 
TITANIUM 
VANADIUM 
ZINC 

rn  /a Y , 1 , I I .* , I I I I J 
TOTAL ORGANIC CARBON (mqlkgl 1 8600 1 I 

838 J 
2140 J 

0.93 
21 J 

1120 J 

AVSlSEM Parameters @MO/g) 
ACID VOLATILE SULFIDE. SEM I I I I I 1 0.53 1 I 1 1 I 
CADMIUM. SEM 1 0.024 J I 

0.17 U 
0.31 U 
77.6 J 
47.6 J 
74.9 J 

1310 J 
1450 J 

0.71 
21.5 J 
1450 J 

0.21 U 
1.8 U 
61 7 J 
28.3 J 
644 J 

839 J 
1650 J 
0.037 J 
27.1 J 
1130 J 

0.2 U 
2.5 J 

24.2 J 
936 J 

8.8 J 

1620 J 
893 J 
0.17 J 
13.5 J 
606 J 

0.14 U 
0.59 U 
73.4 J 
36.1 J 
79.9 J 

982 J 
594 J 
0.15 

10.8 J 
957 J 

51 J 
0.14 U 
2.2 J 
82.5 J 
34.9 J 
1700 J 

655 J 
2510 J 
0.056 U 
29.9 J 
872 J 

0.15 U 
5.3 J 

24 J 
1860 J 

1030 J 
867 J 

0.048 U 
40.2 J 
928 J 

0.13 U 
0.33 U 

N . 9  J 
155 J 

908 J 
1630 J 

0.033 U 
27.1 J 
965 J 

0.13 U 
1 V 

20 J 
447 J 

1390 J 
924 J 
0.13 J 
22.3 J 
1220 J 

0.14 U 
0.43 U 

38.1 J 
220 J 

0.17 U 
1.5 J 

326 J 
971 J 



TABLE 3-18 

SUMMARY OF CHEMICALS DETECTED 
GULLY AND SUMP SEDIMENT SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 7 OF 8 

0 - 0.33 0 - 0.3 0 - 0.3 0 - 0.3 

Volatile Organics (pglkg) 
ACETONE 1 2 B U  I 7 J  I 5 J  I l l U J  
CIS-1.2-DICHLOROETHENE 1 0 9 4 8 U  1 1 .2U 1 1 . 2 U  I 1 1 U  
DlCHLORODlFLUOROMETHANE I 0 .948U 1 1 . 2 U  1 1 . 2 U  I 1 . l U  
TRICHLOROETHENE 1 0 .948U 1 1 . 2 U  1 1 . 2 U  I 1 . l U  



TPgLE3-18 

SUMMARY OF CHEMICALS DETECTED 
GULLY AND SUMP SEDIMENT SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE. INDIANA 
PAGE 8 OF 8 

0 - 0.33 0 - 0.3 0 - 0.3 0 - 0.3 

Miscellaneous Parameters 
CATION EXCHANGE CAPACITY (MEO/l) I I 1 I 
PH (S.U.) I 
TOTAL ORGANIC CARBON (mgkg) I I 1 

Notes: 
Field duplicate Samples are excluded from these summaries because they are considered to 
be field OC samples. 
MEW1 - milliequivalents per 100 grams 
mgikg - milligram per kflogram 
OC - qualiry control 
RDX- 1,3.5-hexahydr~l.3,5-triniIrotriazine 
S.U. - standard unit 
SEM - ~imullaneoul~y enracted metal 
pglkg -microgram par kilogram 
pMO/g - micromole per gram 



TABLE 3-19 

SUMMARY OF CHEMICALS DETECTED 
TURKEY CREEK MAINSTREAM SEDIMENTSAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 

Notes: 
TCMS - Turkey Creek Mainstream 
Turkey Creek Mainstream sediment samples were only collected in sampling Rounds 2 and 3 
mglkg - milligram per kilogram 
pglkg - microgram per kilogram 

CLASSIFICATION 
STREAM ORDER 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 
DEPTH RANGE 
SAMPLE DATE 
Volatile Organics (vglkg) 
ACETONE 
~DICHLOROD~FLUOROMETHANE 1 22 I I I 1.2 u 

DOWNGRAD 
TCMS 

02 
16SWISD19 
16SD1901 
NORMAL 

0 - 0.3 
1012412003 

7 J  

UPGRAD 
TCMS 

02 
16SWlSD18 
16SDl8Ol 
NORMAL 

0 - 0.3 
101z41~003 

1.2 U 

DOWNGRAD 
TCMS 

03 
16SWISD19 
16SD1902 
NORMAL 
0 - 0.33 

1 on12004 

DOWNGRAD 
TCMS 

03 
16SWlSD24 
16SD2401 
NORMAL 
0 - 0.33 

IOI~IZOO~ 

DOWNGRAD 
TCMS 

03 
16SWlSD25 
16SD2501 
NORMAL 
0 - 0.33 

IOI~IZOO~ 

I 



TABLE 3-20 

SUMMARY OF DESCRIPTIVE STATlSTiCS 
UPPER AOUIFER GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGHEXPLOSIVES FILUB146 ,NCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 3 

Parameter 
Maximum 

Concentrslion 
Frequency of 

Detection 
Minimum 

Concentration 
Ranged 

Nondstscts 
Mean 

Concentrationi" 
Average of Positive 

Detectsi" 
Semple of Maximum 

Detect 
Range of Upgradient 

Detects 



TABLE 3-20 

SUMMARY OF DESCRIPTIVE STATISTICS - - 

UPPER AOU FER GROUNDWATER SAMPLES ROUhDS 1 TrlROUGrl3 
SWMU 16 -CAST rllGrlEXPLOS VES F LUBt46 IhClNERATOR 

hSWC CUAhF ~- -. .. 
CRANE, INDIANA 

PAGE2 OF 3 

Parameter 
Energetics (pglL) (Continued) 
4-AMINO-2,6-DINITROTOLUENE 
DNX 
HMX 
MNX 
RDX 

Sample of Maximum 
Detect 

16GWT0604 
16GWT0402 
16GWT0402 
16GWT0402 
16GWTO402 

Range of Upgradient 
Detects 

ND 
ND 
ND 
ND 
ND 

Frequency of 
Detection 

6/21 
116 

1312 1 
416 

1812 1 

Maximum 
Concentration 

Minimum 
Concentration 

0.56 
0.63 J 
0.27 J 

0.5 J 
0.79 

Average of Positive 
Detects1" 

Range of 
Nondstects 

2.59 
0.630 
6.87 
1.63 
47.3 

Mean 
Concentration"' 

1.06 
0.195 
4.31 
0.681 
40.6 

14 
0.63 J 

21 
4.1 
200 

0.26 - 0.55 
0.25 - 0.287 
0 26 - 0.365 
0.25 - 0.275 
0.26 - 0.275 



TABLE 3-20 

SUMMARY OF DESCRlPnVE STATISTICS 
UPPER AQUIFER GROULDWATER SAMPLES ROUNDS 1 ThROUGh 3 

SWMU 16-CAST ~IG~EXPLOS~VES FILUBl46 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 30F 3 

Range of upgradient 
Detects Parameter 

Miscsllsnaaus Parameters ("$4 

Sample of Maximum 
Dstect 

Frequency of 
Detection 

Mean 

Concentration'" 

AMMONIA-N 
CHLORIDE 
NITRITEINITRATE-N 
SULFATE 
TOTAL ORGANIC CARBON 

Average of Positive 

Deteots(" 
Minimum 

Concentration 

Notes: 
Field dupilcate samples are excluded from these summaries because they are considered lo be Ibld QC samples. 
(1) -Mean concentrations incarporale TVi2 for nandetect values whereTV = thresholdvalue. 
C -Celsius 
DNX - hsxahydro-1.3-dinilroso-5-dinttro-I ,3,5-lriarine 
HMX - octahydra-I .3.5.7-tstranitio-I ,3,5,7-lellar0~ine 
MEW1 - milliequivalenls per 100 grams 
mgiL .milligrams per liter 
MNX - hexahydra-l.3.5-trinltroso-l.3,5-triarine 
MSicm - milliSiemens per centimeter 
MV - miiliVolt 
NA - Not Analyzed 
ND - Not Dete~led 
NTU - nephelometric turbidity units 
RDX - 1.3,bhexahydra-1.3.5-lrinllrotriarine 
S.U - standard unit 
TV -thresholdval~e 
pgiL - microgram per liter 

414 
6i8 
8112 
618 
Ill 

Maximum 
Concentration 

0.02 
5 

0.03 
40 
1.4 

Range of 
Nondetects 

0.57 
120 
0.7 
980 J 
1.4 

... 
14-17 

0.025 - 0.05 
180-210 

... 

0.288 
36.1 
0.284 
266 
1.40 

0.288 
45.5 
0.415 
322 
1.40 

16GWTO601 
16GWT1701 
16GW0302 

16GWT1001 
16GWT0402 

0.04 
14 
ND 

270 
1.7 



TABLE 3-21 

SUMMARY OF DESCRiPTlVE STATISTICS 
UPPER AQUIFER GROUNDWATER SAMPLES ROUND 1 

SWMU 16 - CASTHiGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 2 

Range of Upgradient 
Detects 

Energetics (&I.) 
2-AMINOd.6-DINITROTOLUENE I 114 I 0.48 J I 0.48 J 1 0.34 - 0.55 1 0.279 I 0.480 1 16GW0301 I ND 
4-AMINO-2.6~DINITROTOLUENE 114 0.86 J I 0.86 J 1 0.34 -0.55 1 0.374 0.860 16GW0301 ND 
HMX 1 214 I 5.7 I 7.8 1 034.0385 1 3.47 I 6.75 1 16GWT0401 I ND 
RDX 414 0.79 77 1 ... I 33.4 33.4 16GWT0401 ND 

Sample of Maximum 
Detect Parameter 

Frequency d 
Detection 

Minimum 
Concentration 

Maximum 
Concentration 

Ronge of 
Nondetects 

Mean 

Concentration "I 

Average Ot PoSltlVe 

Detects "' 



TABLE 3.21 

SUMMARY OF DESCRIPTIVE STATISTICS 
UPPER AQUIFER GROUNDWATER SAMPLES ROUND 1 

SWMU 16 -CAST HIGH EXPLOSIVES FILL18146 INCiNERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 2 

Parameter 
Frequency of 

Detection 

Field Parameters ImglLl 

Minimum Maximum 
Concentration Concsntrstion 

OISSOILVED OXYGEN -METER 
OXIDATION REDUCTION POTENTIAL (MV) 
PH (S.U.) 
SPECIFIC CONDUCTANCE (MSicm) 
TEMPERATURE (C) 
TURBlDlrY (NTU) 

Range of 
Nondetects 

Miscellaneous Parameters (mg/L) 
AMMONIA-N 1 414 I 20 I 570 I ... I 266 I 266 I 16GWT0601 I 0.04 
NITRITEINITRATE-N 414 30 600 ... 418 416 t6GWTM01 ND 

Notes: 
(1) -Mean concentraltons ncorparalsTVI2 for "on-detect values where TV = threshold value. 
C - Celsius 
HMX - octahydro-1.3.5.7-Ie1ranilro-1.3.5.7-tetrazocine 
mgiL - milligrams per liter 
MSIcm - rniliisiemen per centimeter 
MV - milliVO11 
ND -Not Detecled 
NTU . oephelarnet" ttuibidity units 
RDX . 1.3.5-hexahydro-1.3.5-tnnitrotrianne 
S.U. - standad unit 
1giL - rnlcrogram per liter 

616 
616 
616 
616 
616 
616 

Mean Average ot Posltlve Sample of Maximum 

Concentrstion I" Detects I" Detect 
Ranged  Upgradient 

Detects 

460 
-117.1 

5.84 
0.225 
11.51 

2.8 

6940 
154.2 

7.7 
1.061 

15 
999 , 

... 

... 

.- 

... 

... 

... 

3296 
11.1 
6.60 
0.608 
13.4 
176 

3296 
11.1 
6.60 
0.606 
13.4 
176 

16GWT0602 
16GW0301 

16GWT0601 
16GWT0101 
16GWT0601 
16GWTOlOl 

0.64 - 6.3 
-46.1 - 124 
5.75 . 6.69 
0.496 - 1.75 
11.6 -1724 

0 -2.2 



TABLE 3-22 

SUMMARY OF DESCRIPTIVE STATISTICS 
UPPER AQUIFER GROUNDWATER SAMPLES ROUND 2 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF3 . . . - - . . . 

Frequency of Miniimum Maximum Range of 
Parameter Detection Concentralion Concentration Nondetects Concentration"' >etects(" Detects 



TABLE 3-22 



TABLE 3-22 

SUMMARY OF DESCRIPTIVE STATISTICS 
UPPER AQUIFER GROUNDWATER SAMPLES ROUND 2 

SWMU 16 -CAST HIGH EXPLOSIVES FILUBi46 INCINERATOR 
NSWC CRANE 

CRANE. INDIANA 
PAGE 3 OF 3 

Miscellaneous Parsmeters (mglL) 
CHLORIDE 1 618 I 5 I 120 1 14 -17  1 36.1 I 45.5 1 16GWT1701 I 14 
NITRITEINITRATE-N 416 019 J I 0.7 1 0.025 - 0.05 1 0.217 0.413 16GW0302 I ND 
SULFATE I 618 I 40 I 980J I 180-210 1 266 I 322 I 16GWTl001 I 270 
TOTAL ORGANIC CARBON 111 1.4 1.4 I ... I 1.40 1.40 I 16GWTMOZ I 1.7 

Notes: 
ill -Mean Concentrations incorporale TV/2 lor non-detect values where TV = threshoid value. 

Parameter 

C -Celsius 
DNX - hexahydro-l.3dinilroso-5-d~nitro-l.3.5-triazine 
HMX - 0ctahydro-1,3,5.7-tetranitro-l,3,5,7-telrazocins 
mqL - mlligram per liter 
MNX - hexahydra-1,3,5-trinitroso-l.3.5-tnazine 
MSlcm - m~liiS~emsn per centimeler 
MV - milliVOII 
NA -Not Analyred 
ND - Not Detected 
NTU - nephelometric turbdtty "nil 
RDX - 1.3.5-hexahydro-1,3.5-trio~trotriaz1ne 
S.U. -standard unit 
TV - thresholdval~e 
kgiL -microgmm per liter 

Range of Upgradient 
Detects 

Frequency 01 
Detection 

Range 01 
Nandetecte 

Miniimum 
~oncentrstion 

Mesn 
concentration ('I 

Maximum 
concentration 

Average of Posltlve 

h t e c t s  "' Sample of Maximum 
Os lec t~  



TABLE 3-23 

SUMMARY OF DESCRIPTIVE STATISTICS .- .. ~- 

UPPER AQUIFER GROUhDWATER SAMPLES ROUND 3 
SWMU 16 -CAST HIGH EXPLOSIVES FILU0146 INCINERATOR 

NSWC CRANE 
CRANE, INDIANA 

Parameter 
Mean 

Concentrationi" 

Field Parameters (mg/L) 

Average 01 Posltlva 
Detects I" 

Range of 
Nondatacts 

Frequencyof 
Detection 

DISSOLVED OXYGEN 
OXiDATlON REDUCTION POTENTIAL [MV) 
PH (S.U.) 
SPECIFIC CONDUCTANCE (MSlcml 
TEMPERATURE ( C )  
TURBIDITY (NTU) 

Sample of Maximum 
Detect 

Minimum 
Conosntration 

Notes: 
Field duplicate samples are excluded from these summaries because they are considered to be field QC samples. 
(1) -Mean concentrations Incorporate TVl2 lor non-detect values where TV - threshold value. 
C - Celsius 
HMX - actahydra-1.3.5.7-te1ranitr0-1.3.5.7-letrazacine MV . m!lliVolt RDX - 1,3,bhexahydro-1,3.5-trinitratriazine 
mg'L - mllllgram per iiler ND - Not Deiecled S.U. -standard unit 
MSlcm - milliSiemens per centimeter NTU - nephelometric tubiditj unit TV - threshold value 

uglL - microgram per liter 

1.04 
302 
5.04 

0.906 
18.7 
25.5 

Range of Upgradient 
Detects 

Maximum 
concentration 

919 
919 
919 
919 
919 
919 

1.04 
302 
5.04 

0.906 
18.7 
25.5 

0.06 
54 

3.21 
0.232 
16.75 
2.32 

16GWT0103 
16GWT1302 
t6GWT0203 
16GWT0103 
16GWT0203 
16GWT1302 

5.43 
541 

6.03 
2.5 

20.46 
105 

0.12 -0.2 
-46.1 - 124 
5.75 .6.69 

0.496 - 1.75 
11.8 -17.24 

0 - 2.2 

... 

... 

... 

... 

... 

... 



TABLE 3-24 

SUMMARY OF DESCRIPTIVE STATISTICS 
MIDDLE AQUIFER GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSiVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 2 

Parameter 
Range of Upgradient 

Detocb 
Frequency of 

Detection 
Minimum 

Concentration 
Mean 

Concentrationi'l 
Maximum 

Concentration 
Average of Positive 

~ e t e c t s  "I 
Range of 

Nondetects 
sample of ~ s r i m u m  

Detect 



TABLE 3-24 

SUMMARY OF DESCRiPTlVE STATISTICS 
MIDDLE AQUIFER GROUhDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16. CAST HIGH EXPLOSIVES F .U8146 IhClNERATOR 

~ ~~ 

i e 3 U.F ta:e sumy. esare e x  .Jeu lim lnese s.m-anesoora.se Irefare t c ' s ~ a r r o  lo oe Ie 7 OC s w  L .s 
. Maail :m:enlrl'onj .#:?qnra:e T 1 2  lor ror.ue'e? .a .er nrorc TV = w e $ - 2  3 . a  .I, 

NSWC CRANE 
CRANE, INDIANA 

PAGE 2 OF 2 

C - Celsius 
HMX - actahydro-1.3,5,7-tetranitra-1.3.5,7-1e:razacine 
rngiL. milligrams per liter 
MSlm - millisiemen per centimeter 
MV - milliV~lt 
NA - Not Analyzed 
ND - Not Detected 
NTU - nephelametric turbidity unit 
RDX - 1.3,5.hexahydm-l,3,5-trinitrotnaz~na 
S.U. - standad unit 
N - threshold value 
pgiL - microgram per liter 

Parameter 

Miscelianecua Parameters (mglL1 
AMMONIA-N I 515 I 0.03 I 0.41 I ... I 0.234 I 0.234 I 16GW0101 I 0.04 
CHLORIDE 416 7 12 1 2 - 1 5  1 7.25 8.75 16GW0402 14 
NITRITEINITRATE-N I 111 1 1 0.07 I 0.07 1 0.02 -0.05 1 0.0189 I 0.0700 1 16GW0102 I ND 
SULFATE 616 260 J I 660 I ... I 428 428 16GW0102 270 

Notes: 

Maximum 
Concentration 

Frequency of 
Detection 

Range af 
Nondatscts 

Minimum 
Concentration 

Mean 

Concentrationi" 

Average of Popitivs 

Detects I" 
Sample 01 Maximum 

Detect 
Range of Upgradient 

Detects 



TABLE 3-25 

SUMMARY OF DESCRIPTIVE STATISTICS 
MIDDLE AQUIFER GROUNDWATER SAMPLES ROUND 1 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 

Range of Upgradient 
Detects 

ND 
ND 

Parameter 
Frequency of 

Detection 

Energetics ( W L )  
HMX I 215 I 0.39 1 1.2 J 1 0.375 -0.65 1 0.471 I 0.795 I 16GW0501 1 ND 
RDX 215 1.7 4.8 1 0.355 - 0.6 1 1.44 3.25 16GW0501 NO 

Field Parameters (mdL) 

Volatile Organics (vg/L) 
CIS-1,2-DICHLOROETHENE 1 115 
TRICHLOROETHENE 315 

Minimum 
Concentration 

0.64 - 6.3 
-46.1 - 124 
5.75 - 6.69 

0.496 - 1.75 
11.8 -17.24 

0 - 2.2 

0.3 J 
0.5 J 

Miscellaneous Parameters (mg/L) 
AMMON1A.N I 515 I 0.03 I 0.41 I ... I 0.234 I 0.234 I 16GW0101 I 0.04 

Notes: 
Field duplcate samples are excluded lrom these summanes because they are considered to be field OC samples. 
(1) - Mean concentrations incorporate TV12 tor non-detect values where TV = threshold value. 
C -Celsus 
HMX - octahydro-1.3.5.7-tetranitr0-1~3~5~7~tel~~ocine 
mgiL. milligram per liter RDX - 1,3,5-hexahydm-1,3,5-lrinitrot1iazine 
MSicm - millisiemen per centimeter S.U. -standard unit 
MV - milliVolI TV - threshold value 
ND - Not Detected pgiL - microgram per liter 
NTU . nephelometnc lurbidlty unit 

DISSOLVED OXYGEN -METER 
OXIDATION REDUCTION POTENTIAL (MV) 
PH (S.U.) 
SPEClFiC CONDUCTANCE (MSIcrn) 
TEMPERATURE ( C )  
TURBIDITY (NTU) 

Maximum 
Concentration 

0.470 
89.9 
4.82 
0.846 
13.4 
3.47 

0.3 J 
2 

16GW0501 
16GW0401 
16GW0101 
16GW0101 

16GWT0501 
16GWT0301 

515 
515 
515 
515 
515 
515 

Range of 
Nondetecto 

0.3 
0.3 

0.2 
-130 
3.68 

0.607 
12.26 

0 

Mean 
Concentration "' 

0.160 
0.660 

0.9 
207.4 

8.4 
1.606 
14.47 

10 

Average Of POSltlVe 
Detects "' Sample 01 Maximum 

Detect 

0.300 
1 .OO 

... 

... 

... 

... 

... 

... 

16GW0401 
16GW0101 

0.470 
69.9 
4.82 
0.848 
13.4 
3.47 



TABLE 3-26 

SUMMARY OF DESCRIPTIVE STATISTICS 
MIDDLE AQUIFER GROUNDWATER SAMPLES ROUND 2 

SWMU 16 - CASTHIGH EXPLOSIVES FILUBl46 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 2 

Detects Detects 



TABLE 3-26 

SUMMARY OF DESCRIPTIVE STATISTICS 
MIDDLE AOUIFER GROUNDWATER SAMPLES ROUND 2 

SWMU I 6  - CAST d lGd EXPLOSIVES FILUB146 1NC.hERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 2 

Miscellaneous Parameters (mqlL) 
CHLORIDE 1 416 1 7 I 12 1 2 - 1 5  / 7.25 I 6.75 I 16GW0402 I 14 
NITRITEINITRATE-N 116 0.07 0.07 1 0.025 - 0.05 1 0.0263 0.07W 16GWOlOZ ND 
SULFATE I 616 I 260 J I 860 I ... 1 428 I 428 I 16GW0102 1 270 

Notes: 
Field duplicate samples are excluded from these summaries because they are considered to be field OC samples. 
(1) - Mean concentrations incorporate TVl2 far non-detect values where TV = threshold value. 
C .Celsius 
HMX - octahydro-1.3.5.7-tetranitro-1.35.7-telraracine 
mgiL - milligram per liter 
MSlcm - millisiemen per centmeter 
NA - Not Analyzed 
ND - Not Detected 
MV - milliVOll 
NTU - nephelometric turbidily unit 
OC - qualily control 
RDX - t,3,5-hexahydro-1.3.5-trinitrot1iazine 
S.U. - standard unit 
N - threshold value 
pg1L - microgram per liter 



TABLE 3-27 

SUMMARY OF OESCRlPTlVE STATISTICS .. .... ~ ... .. .-. . ... . . - - . .. . 
MIDDLE AOUIFER GROUNDWATER SAMPLES ROUhD 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INClhERATOR 
NSWC CRANE 

CRANE, INDIANA 

Parameter 
Frequency of ~ i n i m y p i m u ~  Range of 

Detection Concentrat~on Concentrat~on Nondetects 
Volatile Organics (pgIL) 
TRICHLOROETHENE 1 Zn I 0.7 J I 340 1 0.3 

Sample of Maximum 
Concentration1" Detect 

Range of Upgradient 
Detects 

46.8 170 I 16GWT1602 ND 
Energetics (vqll) 
2-NITROTOLUENE I in I 1 I 1 1 0.264 - 0.29 1 0.260 I 1 .OO I 16GWT1602 I ND 
HMX 1 n  1 J 1 J 1 0.25 -0.29 1 0.256 100 1 16GW0503 ( ND 
RDX I Zn I 0.66 I 3 1 0.25 -0.29 1 0.620 I 1.83 16GW0503 I ND 

Field Parameters (mg/L) 
DISSOLVED OXYGEN 
OXIDATION REDUCTION POTENTIAL (MV) 
PH (s.u.) 
SPECIFIC CONDUCTANCE (MSlcm) 
TEMPERATURE (C ) 
TURBIDITY [NTU) 

Notes: 
(1) - Mean concenlralions incorporate TV12 for nondetect values where TV - threshold value. 
C . Celsus NTU - nephelometnc turbidiv unit 
HMX - octahydro-1,3,5,7-telranilr0-1.3,5,7-tetrarocine ND -Not Detected 
m@L - milligram per liter RDX - 1.3.5-hexahydro-1.3.5-trinitrotnazine 
MSlcm - milliSiemen per centimeter S.U. -standard unit 
MV - milliV~lt TV .threshold value 

p@L - mlcmgram per liter 

515 
7 n  
7 n  
7 n  
7l7 
7 n  

0.06 
49.9 

4.1 
0.62 

15.03 
4.53 

54.72 
259.9 
6.24 

2.765 
20.33 
1000 > 

... 

... 

... 

... 

... 

... 

16.7 
126 
5.13 
1.27 
17.2 
150 

16.7 
126 
5.13 
1.27 
17.2 
150 

16GW0103 
16GWT0303 
16GWTlM12 
16GWT1202 
16GWT1602 
16GWT1602 

0.12 -0.2 
-46.1 - 124 
5.75 - 6.69 
0.496 - 1.75 
11.8 - 17.24 

0 -2.2 



TABLE 3-26 

SUMMARY OF DESCRIPTIVE STATISTICS 
LOWER ANDVALLEY AQUIFER GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16- CASTHIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 2 



TABLE 3-28 

SUMMARY OF DESCRIPTIVE STATISTICS 
-0WER ANOVALLEY AQUIFER GROUNDWATER SAMPLES ROUhDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FiLUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 2 

Parameter 

Miscelianeous Parameters (mgR) 
CHLORIDE I 212 1 4 1 4 I ... I 4.00 I 4.00 I 16GWT1501, 16GWT1801 1 14 
SULFATE 212 6 8 ... 7.W 7.00 I 16GWT1501 I 270 
TOTAL ORGANiC CARBON I 111 I 2.6 I 2.6 I ... I 2.60 I 2.60 16GWT1501 1.7 

Notes: 
Fleld dup samples are exciuded from these summaries because they are considered to be field QC samples 
Samples only collected in mds 2 and 3 
(1) - Means Incorporate TVl2 for non-detects where TV = threshold value 
C - Celsius 
hMX - octahydro-l.3,5,7-tetranitr0-l.3.5.7-re!razocine 
mgiL - milligram per liter 
MSlcm - milltSiemen per centimeter 
MV - rnilliV~ll 
NA - Not Analyzed 
ND - Not Detected 
NTU - nephelometr~c luibidity unit 
QC . quality control 
RDX - 1.3.5-hexahydro-1.3.5-tnnitrotriazine 
S.U. -standard unit 
TV -threshold value 
ugiL - microgram per liter 

Frequency 01 
Detection 

Minimum 
Concentration 

Meximum 
Concentration 

Range of 
Nondetects 

Mean 
Concentration'" 

Average Of Positive 
Detects1" 

Sample 01 Maximum 
Detect 

Range 01 Upgradient 
Detects 



TABLE 3-29 

SUMMARY OF DESCRIPTIVE STAT.STICS 
LOWER AND VALLEY AOU FER GROUNDWATER SAMP-ES ROUND 2 

SWMU 16 -CAST hlGh EXPLOSIVES F -U8146 INCINERATOR 
NSWC CRANE 

CRANE. INDIANA 
PAGE 1 OF 2 



TABLE 3-29 

SUMMARY OF DESCRIPTIVE STATISTICS 
.OWER AND VALLEY AOUIFER GROUNDWATER SAMPLES ROUND 2 

SWMU 16 -CAST HIGH EXPLOSIVES FILUBl46 INCIhERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 2 

Parameter 

Mean 

Concentration "' 
Dissolved Metals (IlglL) (Continued) 
POTASSIUM, FILTERED 
SODIUM. FILTERED 
TITANIUM, FILTERED 
VANADIUM. FILTERED 
ZINC, FILTERED 

Frequency of 
Detection 

Average at Posltlve 

Detects "' 

Miscellaneous Parameters (mglL) 
CHLORIDE I 212 1 4 1 4 I ... I 4.00 I 4.00 I 16GWT1501, I6GWT18OI I 14 
SULFATE 0 2  6 8 ... 7.00 7.00 I 16GWTl501 I 270 
TOTALORGANIC CARBON I 111 I 2.6 I 2.6 I ... I 2.60 I 2.60 16GWT1501 1.7 

Note*: 
(1) . Mean concentrations incorporale TV12 tor non-detect values where TV = threshold value. 
C - Ceisius 
HMX - octahydro~l.3.5.7-telranitro-1.3,5,7-tstrazoc~ne 
mgiL - milligram per liter 
MSIcm - millisiemen per centimeter 
MV - milIiV01t 
NA - Not Anavzed 
ND -Not Delected 
NTU - nephelametric tubidity unit 
RDX - 1.3.5-herahydr0-1.3,5-l1inif10trianne 
S.U. -standard unit 
TV - threshold value 
pgiL - microgram per liter 

Miniimum 
Concentration 

Sample of Maximum 
Detects 

313 
313 
113 
113 
313 

Maximum 
Concentration 

Range of Upgradient 
Detects 

Range of 
Nondetects 

3410 J 
77500 J 

1.9 J 
0.53 J 

1.6 J 

... 

... 
0.68 - 0.85 
0.31 - 0.59 

... 

4650 
130933 

1.90 
0.530 
19.4 

5860 J 
218000 J 

1.9 J 
0.53 J 
48.2 J 

4650 
130933 
0.886 
0.327 
19.4 

16GWT1801-F 
18GWT1801-F 
16GWTl8Ol-F 
16GWTI801-F 
16GWTI101-F 

NA 
NA 
NA 
NA 
NA 



TABLE 3-30 

SUMMARY OF DESCRIPTIVE STAT.STICS 
LOWER AND VALLEY AOUIFER GROUNDWATER SAMPLES ROUND 3 

SWMU 16. CAST H.GH EXPLOSIVES FILUB146 iNC.NERATOR 
NSWC CRANE 

CRANE, INDIANA 

Notes: 
Fleld duplicate samples are excluded lrom these summaries because they are considered to be field QC samples 
(1) - Mean Concentrations incorporate TV12 lor non-detect values where TV = threshold value. 
C - Celsius 
HMX - octahydra-1,3.5.7-tetranitro-l,3,5,7-tetrarocine 
mgJL - milgram per liter 
MS/crn - milisiemen per centimeter 
MV . miIliVolt 
ND - No1 deteelsd 
NTU - nephelometiie lurt idiv unit 
Q c  . sualty control 
RDX . 1,3,5~hexahydro-l,3.5-ttinitro1~arine 
S.U. - Standard unit 
V ~ L  - microgram per liter 

Range of Upgradient 
Detecb 

ND 
ND 
ND 
NO 
NO 

Parameter 
Frequency of 

Deteotion 

Field Parameters (mglL) 

Minimum 
Concentration 

Volatile Organics ( W L )  

DISSOLVED OXYGEN 
OXIDATION REOUCTION POTENTIAL (MV) 
PH (S.U.) 
SPECIFIC CONDUCTANCE (MSlcm) 
TEMPERATURE (C ) 
TURBIDITY (NTU) 

ACETONE 
CHLOROFORM 
ETHYLBENZENE 
TOLUENE 
TOTAL XYLENES 

16GWT2001 
16GWT1901 
16GWT2101 
16GWT2101 
tGGWTl102 
16GWT1602 

Maximum 
Concentration 

116 
116 
116 
116 
116 

7.4 J 
0.8 J 
0.9 J 
1.3 
2.2 

0.12 -0.2 
46.1 - 124 
5.75 - 6.69 

0.496 - 1.75 
11.6 -17.24 

0 - 2.2 

616 
616 
616 
616 
616 
616 

1.44 
0.258 
0.275 
0.342 
0.492 

7.4 J 
0.8 J 
0.9 J 
1.3 
2.2 

Sample of Maximum 
Detect 

Range of 
Nondekcto 

0.5 
0.3 
0.3 
0.3 
0.3 

7.40 
0.600 
0.900 
1.30 
2.20 

0.67 
6.7 

4.73 
0.126 
13.22 

2 

16GWT21Ol 
16GWT1502 
16GWT2101 
16GWT2101 
16GWT2101 

... 

... 

... 

... 

... 

... 

6.91 
341.9 
11.96 
2.48 

24.93 
150 

Mean 
C ~ n ~ e n l r a l i o n  "' 

Average o t  Posltlve 
Detect8 "' 

2.87 
121 
6.74 

0.913 
197 
31.2 

2.87 
121 
6.74 
0.913 
19.7 
31.2 



TABLE 3-31 

SUMMARY OF CdEMaCALS DETECTED 
UPPER AOU FER GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 9 

ICLASSIFICATION IDOWNGRAD DOWNGRAD I DOWNGRAD ~DOWNGRAD~DOWNGRA~DOWNGRADIDOWNGRAD DOWNGRAD~DOWNGRAD~DOWNGRAD~ 
UP;?] U P E ~ ; P ~ R   UP^ UP? U P ~ R  BEAR[" ZONE 

SAMPLING ROUND 
LOCATION 15-14-03-8 WES-14-03-83 WES-14-03-03 16MWO1 16MWO1 16MWO1 16MW02 16MWOZ 16MWT02 16MWT04 16MWT04 
SAMPLE NUMBER 16GW0301 16GW0302 16GW0303 16GW0101 16GW0102 16GWT0103 16GW0201 16GW0202 16GWT0203 16GWT0401 16GWT0402 
SAMPLE CODE NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 
SAMPLE DATE 511112003 111812003 8/24&?004 4/22/2003 111912003 812812004 4/22/2003 1012612003 8/29/2004 4/22/2003 111812003 



TABLE 3-31 

SUMMARY OF CHEM1CA.S DETECTED 
UPPER AOUIFER GROUNDWATER SAMPLES ROUNDS 1 TdROUGd 3 

SWMU 16 -CAST d.GH EXP-OS VES FILJ8146 1hC.hERATOR 
NSWC CRANE 

CRANE. INDIANA 
PAGE 2 OF 9 

CLASSIFICATION 
WATER BEARINGZONE 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 



TABLE 3-31 

SUMMARY OF CHEMICALS DETECTED 
UPPER AQUIFER GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUBi46 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 3 OF 9 

WATER BEARING ZONE 
SAMPLING ROUND 

SAMPLE NUMBER 
SAMPLE CODE 

Miscellaneous Parameters (mglL) 
AMMONIA-N 
CHLORIDE 
NITRITE!NITRATE-N 
SULFATE 
TOTAL ORGANIC CARBON 

0.02 

0.54 

0.53 

0.03 
5 
0.7 
170 

83 
0.05 U 
40 

0.03 

0.6 
10 
0.49 
70 
1.4 



TABLE 3-31 

SUMMARY OF CHEMICALS DETECTED 
UPPER AQUIFER GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16-CASTHIGH EXPLOSIVES FILUBl46 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 4 OF 9 

CLASSIFICATION 
WATER BEARING ZONE 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 



TABLE 3-31 

SUMMARY OFCHEMICALS DETECTED 
UPPER AOUIFER GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 5 OF 8 

CLASSIFICATION 
WATER BEARING ZONE 
SAMPLING ROUND 
LOCATlON 
SAMPLE NUMBER 
SAMPLE CODE DRY DRY 
SAMPLE DATE - 



TABLE 3-31 

SUMMARY OF CHEMICALS DETECTED 
UPPER AQUIFER GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 .CAST HIGH EXP.OSIVES FI.JB146 IhClhERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 6 OF 9 

CLASSIFICATION 
WATER BEARING ZONE 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 

ITURBlDlTY (NTU) 1 5.13 1 8.8 1 43.1 1 1.99 1 29 I I 1 4.62 1 2.32 1 5.56 1 6.31 
Miscellaneous Parameters (mglL) 

8 J 
0.27 J 
980 J 

14 U 
0.05 U 
210 U 

AMMONIA-N 
CHLORIDE 
NITRITEINITRATE-N 
SULFATE 
TOTAL ORGANIC CARBON 

0.57 

0.5 
47 

0.025 U 
520 



TABLE 3-31 

SUMMARY OF CHEMICALS DETECTED 
UPPER AOUIFER GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUBl46 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 7 OF 9 

CLASSIFICATION 
WATER BEARING ZONE UPPER UPPER UPPER 
SAMPLING ROUND 02 02 03 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 
SAMPLE DATE 



TABLE 3-31 

SUMMARY OF CHEMICALS DETECTED - - - -. - - 
UPPER AOUIFER GROUhDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSsVES FILUB146 lNC,NERATOR 
NSWP r n b w  . . - . . - - . . . . . . - 

CRANE, INDIANA 
PAGE 8 OF 8 

SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 
SAMPLE DATE 



TABLE 3-31 

SUMMARY OFCHEMICALS DETECTED 
UPPER AQUIFER GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16. CASTHIGH EXPLOSIVES FILU8146 IhClhERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 9 OF 9 

Miscellaneous Parameters (mglL) 
AMMONIA-N 
CHLORIDE 
NITRITEINITRATE-N 
SULFATE 
TOTAL ORGANIC CARBON 

Notes. 
Field duplicale samples are excluded from these summaries because they are considered lo be field OC samples. OC - suality controi 
C - Celsus MVcm - milliSiemen per centimeter RDX - 1,3.5-hexahydro-l,3.5-trin1lrolriarine 
HMX . 0clahydro-1.3,5.7-letranitr0-1,3.5.7-fefzocine MV - milliVolt S.U. - standard unil 
mg1L. milligram per liter NTU - nephelomelnc turbidity unit K ~ L  - microgram per liler 

17 U 
01.9 J 
180 U 

120 
0.05 UJ 

150 

0.04 

0.02 U 
14 

0.05 U 
270 
1.7 



CRANE. INDIANA 
PAGE 1 OF 9 

CLASSIFICATION 
WATER BEARING ZONE 
SAMPLING ROUND 
LOCAnON 
SAMPLE NUMBER 
SAMPLE CODE 
SAMPLE DATE 

DOWNGRAD 
MIDDLE 

01 
WES-14-01-83 

16GWOlOl 
NORMAL 
4/23/2003 

DOWNGRAD 
MIDDLE 

03 
WES-14-0583 

16GW0503 
NORMAL 
812512004 

DOWNGRAD 
MIDDLE 

01 
16MWT03 

16GWT0301 
NORMAL 
4,7512003 

DOWNGRAD 
MIDDLE 

02 
WES-14-01-83 

16GW0102 
NORMAL 
10/25/2003 

DOWNGRAD 
MIDDLE 

02 
16MWTO3 

16GWm302 
NORMAL 
111912003 

DOWNGRAD 
MIDDLE 

02 
WES-1-83 

16GW0402 
ORlG 

10/2612003 

DOWNGRAD 
MIDDLE 

03 
WES-14-01-83 

16GW0103 
NORMAL 
812W2004 

DOWNGRAD 
MIDDLE 

03 
WES14-04-83 

16GW0403 
NORMAL 
8/25/2004 

DOWNGRAD 
MIDDLE 

01 
WES-14-04-83 

16GW0401 
NORMAL 
UZU2003 

DOWNGRAD 
MIDDLE 

01 
WES-14-05-83 

16GW0501 
NORMAL 
4/22/2003 

DOWNGRAD 
MIDDLE 

02 
WES-14-05-83 

16GWOS02 
NORMAL 
l(V2612003 



TABLE 3-32 

SUMMARY OF CdEMlCALS DETECTEC 
M DOLE AQUIFER GROUhDWATER SAUPLES ROUNDS 1 THROUGd3 

SWMU 16. CASTdIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE. INDIANA 
PAGE 2 OF 9 

SAMPLING ROUND 01 02 03 01 02 03 01 02 03 01 02 
LOCATION 
SAMPLE NUMBER 



SJMMARY OF ChEMlCALS DETECTED 
M DOLE AOJIFER GROLNDWATER SAMPLES ROLNDS 1 TrlROUGrl3 

SWMU 16 -CAST h Grl EXPLOSIVES FI.JB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 3 OF 9 

DOWNGRAD 
MIDDLE 

02 
16MWTO3 

16GWTO302 
NORMAL 
111912003 

9 
0 0 2 5 U  

290 

CLASSIFICATION 
WATER BEARING ZONE 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 
SAMPLE DATE 
Miasellaneous Parameters (mglL) 
AMMONIA-N 
CHLORIDE 
NITRITrnITRATE-N 
SULFATE 
TOTALORGANIC CARBON 

DOWNGRAD 
MIDDLE 

01 
WES14-01-83 

16GW0101 
NORMAL 
412312003 

0.41 

0.02 U 

DOWNGRAD 
MIDDLE 

02 
WES-14-01-83 

16GW0102 
NORMAL 
1012612003 

7 
0.07 
860 

DOWNGRAD 
MIDDLE 

03 
WES-14-01-83 

16GW0103 
NORMAL 
8/26/2004 

DOWNGRAD 
MIDDLE 

01 

16GWMOl 
NORMAL 
4/23/2003 

0.08 

0.02 U 

DOWNGRAD 
MIDDLE 

02 
WES-14-04-83WES-14-04-63 

16GW0402 
ORlG 

10/26/2003 

12 
0.05 U 

430 

DOWNGRAD 
MIDDLE 

03 
WES-14-04-83 

16GW0403 
NORMAL 
812512004 --- 

DOWNGRAD 
MIDDLE 

01 
16MWT03 

16GWTO301 
NORMAL 
412512003 

0.33 

0 0 2 U  

DOWNGRAD DOWNGRAD 
MIDDLE MIDDLE 

01 03 
WES-14-05-83 WES-14-05-83 

16GW0501 16GW0.503 
NORMAL NORMAL 
4/22/2003 8/25/2004 

0.03 

0.02 U 
7 

0.05 U 
340 



TABLE 3-32 

SUMMARY OF CHEMICALS DETECTED 
MIDDLE AQUIFER GRWNDWAlER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 4 OF 9 



CLASSIFICATION 
WATER BEARING ZONE 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 



TABLE 3-32 

SUMMAAY OF CHEMICALS DETECTED 
MIDDLE AQUIFER GROUNDWATER SWPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRPNE 

CRPNE, INDIPNA 
PAGE 6 OF 9 

CLASSIFICA~DN 
WATER BEARING ZONE 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 
SAMPLE DATE 
Miscellsnaous Parameters (mglL) 
AMMONIA-N 
CHLORIDE 
NITRITEINITRATE-N 
SULFATE 
TOTAL ORGANIC CARBON 

DOWNGRAD 
MIDDLE 

01 
16MWT05 

16GWmSOl 
ORlG 

4/24/2003 

0.32 

0 0 2 U  

DOWNGRAD 
MIDDLE 

02 
16MWT03 

16GWm302-F 
NORMAL 
11M2003 

DOWNGRAD 
MIDDLE 

02 
16MWT05 

16GWTO502 
NORMAL 
- 11tZ2i2003 

2 U 
0 0 2 5 U  
300 J 

DOWNGRAD 
MIDDLE 

03 
16MWTW 

16GWTO303 
NORMAL 
8/28/2004 

MIDDLE 
03 

16MWTOS 
16GWTOSO3 

NORMAL 
8/28/2004 

D O W N G R ~  
MIDDLE 

02 
16MWTl2 

16GWT1201 
ORlG 

11/21/2003 

15 U 
0.025 U 
260 J 

MIDDLE 
03 

16MYTn2 
1 6 G W 2 0 2  

NORMAL 
8/24(2004 

0.04 

0.02 U 



TABLE 3-32 

SUMMARY OF CHEM CALS DETECTED 
MIDDLE AOL FER GROUNDWATER SMnPLES ROLNDS 1 ThROUGn 3 

SWML 16 -CAST n.GH EXPLOSIVES FILUBl46 NClhERATOR 
NSWC CRbNE - 

CRbNE, INDIANA 
PAGE 7 OF 9 

CLASSIFICATION 
WATER BEARING ZONE 
SMnPLlNG ROUND 
LOCAION 
SAMPLE NUMBER 
SAMPLE CODE 
SAMPLE DATE 

UPGRAD 
UPPER 

01 
WES-14-02-83 

16GW0202 
NORMAL 
5/11/2003 

UPGRAD 
UPPER 

02 
WES-14-02-83 

16GW0203 
NORMAL 

1012612903 

UPGRAD 
UPPER 

03 
WES-74-02-83 

16GW0204 
NORMAL 
8/25/2004 



TABLE 3-32 

SUMMARY OF CHEMICALS DETECTED 
MIDDLE AOUIFER GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 - CASTHIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE. INDIANA 
PAGE 6 OF 9 

UPGRAD UPGRAO UPGRAD 
WATER BEARING ZONE 
SAMPLING ROUND 
LOCATION WES-14-02-83 WES-14-02-83 WES-14-02-63 
SAMPLE NUMBER 16GW0202 16GW0203 16GWOZW 
SAMPLE CODE NORMAL NORMAL NORMAL 
SAMPLE DATE 5111i2W3 1012512003 812512004 



TABLE 3-32 

CRANE, INDIANA 
PAGE 9 O F 9  

Notes: 
Field duplicate samples are excluded from lhese summaries because lhey are considered 
to be lreld OC samples. 
C. Celsius 
HMX - anahydro-1.3,5.7-tetranitro-l,3,5,7-lelra2ocine 
m@L - milligram per lifer 
MSicm - mliliSiemen per centimeter 
MV. milliVoll 
NTU - nephelometnctuWdity unit 
OC - quality control 
RDX- 1.3,bhexahydra-l.3.btrinitral~arine 
S.U.. standard unit 
u@L - microgram per liter 

CLASSIFICATION 
WATER BEARING ZONE 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 
SAMPLE DATE 
Miscellanwus Parameters (mglL) 
AMMONIA-N 
CHLORIDE 
NITRITEINITRATE-N 
SULFATE 
TOTAL ORGANIC CARBON 

UPGRAD 
UPPER 

01 
WES14-02-83 

16GW0202 
N O R M N  
511112003 

UPGRAD 
UPPER 

02 
WES14-02-83 

16GWOZW 
NORMAL 

1012612003 

UPGRAD 
UPPER 

03 
WES14-02-83 

16GWOZW 
NORMAL 
8125120M 

14 1 
0.05 U I 
270 1 
1.7 



TABLE 3-33 

SJMHARY OF CHEMICALS DETECTED 
LOWER AND V L L E Y  AOUIFER GROJNDWATER SAMPLES ROUNDS 1 THROUGll3 

SWMU 16. CAST hlGH EXPLOSIVES FILVB146 IhClNERATOR ~ ~- 

NSWC CRPNE 
CRANE, INDIPNA 

PAGE 1 OF 4 

SAMPLING ROUND 

SAh4PLE NUMBER 
SAh4PLE CODE 



TABLE 3-33 

SJMMARY OF CHEMICALS DETECTED 
LOWER AND VALLEY AOJIFER GROJhDWAlER SAMPLES ROUhDS 1 THROUGn 3 

SWMJ 16 -CAST HlGn EXPLOSIVES FILdBlJ6 IhC NERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 4 

SAMPLING ROUND 
LOCAllON 
SAMPLE NUMBER 
SAMPLE CODE 

Misoellanwua Parameters (mg/L) 
AMMONIA-N 1 I I I I I 1 1 1 I 1 
CHLORIDE 4 4 
SULFATE 1 1 I 1 I I 8 I I I 6 I I 
TOTAL ORGANIC CARBON 2.6 



TABLE W3 

SUMMARY OF CHEMICALS DETECTED 
LOWER AND VALLEY AOUIFER GROUNDWATER SbMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 3 OF 4 

UPGRAD 
WATER BEARING ZONE LOWER VALLEY VALLEY UPPER 
SAMPLING ROUND 
LOCAllON 
SPlMPLE NUMBER 
SPlMPLE CODE 
SAMPLE DATE 



TABLE 9 3 3  

SUMMARY OF CHEMlCPlLS DETECTED 
LOWER AND VALLEY AQUIFER GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 -CAST HIGH EXPLOSIVES FiLUB146 INCINERATOR 
NSWC CRANE 

CRbNE, INDIANA 
PAGE 4 OF 4 

Notes: 
Field duplicate samples are excluded from these summaries because lhey are considered lo be field OC samples. 
C - Celsius 
HMX - octahydro-l.3,5,7-lelranilm-i,3,5.7-lelr~ocine 
m@L- milligram per liter OC - qudlly control 
MSlcm - miliisiemen per centimeter RDX - 1,3,5-hexahydro-l,3,5-t~n1trotnaune 
MY - miiliVolt S.U. -standard "nil 
NTU - nephelometncturbidity "nil 11giL- microgram per liter 

CLASSIFICAllON 
WATER BEARING ZONE 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 
SAMPLE DATE 

Miscellaneous Parameters (mgll) 
AMMONIA-N I 1 I I 0.04 1 I 1 
CHLORIDE I 14 
SULFATE I I I I 1 270 I 
TOTAL ORGANIC CARBON I 1.7 

DOWNGRAD 
LOWER 

03 
16MW21 . 

16GWT2101 
NORMAL 

10115/2004 

DOWNGRAD 
VALLEY 

03 
16MW19 

16GW1901 
ORlG 

8/29/2004 

DOWNGRAD 
VALLEY 

03 
16MW20 

16GWT2001 
NORMAL 
812912004 

UPGRAD 
UPPER 

01 
WES14-02-63 

16GW0201 
NORMAL 
4/24/2003 

UPGRAD 
UPPER 

01 
WES-14-02-63 

16GW0202 
NORMAL 
511112003 

UPGRAD 
UPPER 

02 
WES14-02-83 

16GW0203 
NORMAL 
10126/2003 

UPGRAD 
UPPER 

03 
WES-14-02-83 

16GW0204 
NORMAL 
8RY2004 
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4.0 PHYSICAL CHARACTERISTICS OF THE STUDY AREA 

4.1 PHYSIOGRAPHY AND TOPOGRAPHY 

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 Mitchell Plain Physiographic 

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

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

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

the highly irregular, eastern-facing Chester Escarpment. Springs, caverns, caves, and other solution 

weathering features can be found along this escarpment and on the eastern edge of the NSWC Crane 

facility. The boundary between the Crawford Upland and the Wabash Lowland near the western 

boundary of NSWC Crane is gradual (Murphy and Wade, 1995). The terrain is predominantly rolling with 

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). 

The Cast High Explosives FiIIIB146 Incinerator area (SWMU 16) is located in the north-central portion of 

NSWC Crane (Figure 1-I), on the southeast side of Highway 45, which is the main highway running 

through the facilily. Highway 45 runs in a northeast-southwest direction along a ridgetop that is also a 

drainage divide. It separates the Greenwood Lake drainage that lies on the northwest side of the 

highway from Turkey Creek watershed that lies the southeast side (Figure 1-2). SWMU 16 lies on a 

flattened ridgetop that extends southward from the primary ridge along Highway 45, and has an elevation 

of approximately 765 feet amsl. 

SWMU 16 is approximately 16 acres in size. 6146, the largest building at SWMU 16, is located in the 

center of SWMU 16 and covers approximately two-thirds of an acre. A rail spur and gravel parking lot are 

located on the west side of 6146 (Figure 1-3). An asphalt-paved parking lot and loading dock are located 

on the east side of the building. The incinerator bays are located on the south end of 6146. In addition, 

an ash pile was located south of the building in the past. A chain-link fence surrounds the Cast High 

Explosives Fill area. 
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The elevations on top of the ridge range from about 760 to 766 feet amsl. The land surface slopes down 

to a low elevation of 577 feet amsl in the Turkey Creek streambed at staff gauge 16SG09 located about 

300 feet south of the SWMU boundary. The total topographic relief is therefore aboul 190 feet 

(Figure 2-3). The land surface slopes downward at a relatively even slope from the ridgetop down to the 

main drainage gullies and Turkey Creek. This slope is about 18 to 20 percent. 

4.2 METEOROLOGY 

NSWC Crane is located in a warm, temperate climatic zone. In general, the summers 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 (OF) to an average minimum January temperature 

of 26°F. Precipitation is fairly 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 conslsts of 42 inches of rain and 15 ~nches 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 [National Oceanic and Atmospheric Administration 

(NOAA), 19881. 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 4-1 is a wind rose summarizing the 

mean wind direction and wind speed distribution at the Indianapolis International Airport over a 5-year 

period (1 985 to 1989). 

4.3 SURFACE WATER HYDROLOGY 

The topography at SWMU 16 ridgetop is relatively flat; however, the elevation decreases relatively 

steeply to the east, south, and west at a slope of about 18 to 20 percent. All surface drainage in the 

eastern portion of the Cast High Explosives Fill area drains eastward into two gullies that flow eastward 

and then southeastward and eventually drain into Turkey Creek near sampling points 16SWlSD15 and 

16SWISD16 (Figure 2-3). The western side of the area drains into three gullies that flow westward about 

500 feet, where they coalesce and flow southward and then southeastward (Figure 2-3). This 

drainageway also empties into Turkey Creek (near sampling point 16SWlSDI7). 

Three rounds of surface water sampling have been performed at this SWMU and estimates of surface 

water flow have been made each time. During the first two rounds, conditionswere relatively dry. No 

flow was obsewed in the gullies, but surface water was present in small pools in the drainageways 

(Table 4-1). Water samples were obtained from these pools. The pools represent the remnants of storm 
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runoff in the gullies that must have occurred a short time prior to the sampling events. Nine stream 

gauging stations were established on October 16, 2004, prior to the Round 2 sampling event, but flow 

rates were not measured at these stations during Rounds 2 or 3. Measurements at these gauging 

stations will begin during the Round 4 sampling event. 

During the Round 3 sampling event (October 26 to November 11. 2004), surface water flow was 

observed and flow rates were estimated at all of the surface water sampling stations that were scheduled 

to get sampled. Drainage from the northwestern side of the site travels in two small gullies past sampling 

stations 16SWlSDO1, 16SWlSD07, 16SWlSDO8, 16SWlSD28, and 16SWlSD29, and coalesces just 

before it reaches sampling station 16SWlSD12 (Figure 2-3). Flow rates estimated in the small gullies 

ranged from about 15 to 100 gallons per minute (gpm). At 16SW/SD12, the combined flow of the two 

gullies was about 125 to 150 gpm (Table 4-1). Drainage from the southwestern side of the site flows past 

sampling stations 16SWlSD06 and 16SWlSD09 (Figure 2-3). During Round 3 sampling event, the 

estimated flow rates in this single gulley were relatively low (5 to 10 gpm). Drainage from the 

northeastern and southeastern gullies join together, and then flow past sampling stations 16SWlSD27, 

16SWlSD13, and 16SWlSD17. During the Round 3 sampling event, flow rates in the western gulley were 

estimated to be 250 to 700 gprn. This drainage channel joins Turkey Creek about 250 feet downstream 

of sampling station 16SWlSD17 and staff gauge 16SG08. 

Drainage from the northwestern side of the site passes through sampling stations 16SWlSD02, 

16SWlSDI 1, 16 SW/SD22, and 16SWlSD30. At station 16SWlSD30, the drainage gulley from SWMU 16 

joins another gulley flowing from the north (16SW/SD21), which drains the Mine Fill A area (SWMU 12). 

Flow in the gulley draining the northeastern corner of SWMU 16 was low (5 to 15 gpm) during Round 3. 

The eastern gulley (with combined flows from SWMUs 16 and 12) then proceeds southeastward past 

sampling points 16SWlSD26 and 16SWlSD15, before it enters Turkey Creek. Flows in the lower reaches 

of the eastern gulley during Round 3 were estimated to be about 20 to 25 gpm. 

A small gulley drains water from the southeastern corner of SWMU 16 (Figure 2-3). Estimated flow rates 

at sampling stations 16SWlSD04, 16SWlSD05, and 16SWlSD10 at the top of the gulley were about 20 to 

100 gprn during Round 3 (Table 4-1). This gulley runs downhill to the southeast and enters Turkey Creek 

near sampling station 16SWlSD16. During the Round 3 sampling event, flow near the bottom of this 

gulley was estimated to be about 200 to 250 gpm. Like the other two primary gullies, this gulley picks up 

surface flow from road ditches as it passes the road. 

Turkey Creek flows past SWMU 16, flowing from northeast to the southwest. Sampling station 

16SWlSDl8 and staff gauge 16SG07 are located on the Creek a short distance upstream of where the 

020502iP 4-3 CTO 0343 
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eastern gulley enters Turkey Creek (Figure 2-3). Sampling station 16SWISD19 and staff gauge 16SG09 

are located on the Creek a short distance downstream of where the western gulley enters Turkey Creek. 

These locations were established to quantify the effects that discharges from SWMU 16 might have on 

the water quality and sediments in Turkey Creek. During Rounds 1 and 2, flow in Turkey Creek was low 

or nonexistent. During Round 3 sampling event, however, flow at 16SWISD19, the downstream station. 

was approximately 1700 to 1900 gpm. 

All of the flow rates presented above are based on visual estimates and are only rough approximations. 

Based on the flow rates estimated during Round 3, the combined flow in the three gullies constituted 

approximately 40 to 50 percent of the total flow estimated for Turkey Creek. 

4.4 GEOLOGY 

Bedrock underlying NSWC Crane consists of sedimentary rocks from the Lower Pennsylvanian-age 

Mansfield Formation of the Raccoon Creek Group and the underlying Upper Mississippian-age 

Stephensport and West Baden Groups (Figure 4-2). The Pennsylvanian-age sandstones, siltstone. 

shales, coal beds, and thin limestone units of the Mansfield Formation can reach thicknesses of 250 to 

300 feet at NSWC Crane in the central and western portions of the facility. Below the Pennsylvanian rock 

lies Mississippian-age limestone and sandstone formations of the Stephensport Group, including the Glen 

Dean, Golconda, and Beech Creek Limestones and the Big Clifty Sandstone (Figure 4-2). 

NSWC Crane is located on the eastern edge of the Illinois Structural Basin, where the Pennsylvanian- and 

Mississippian-age bedrock dips to the west-southwest at approximately 30 to 35 feet per mile (USACE 

WES, 1982; Kvale, 1992). Locally however, the dip of the Mississippian bedrock can range from 0 to 

15 feet per mile to as much as 100 feet per mile to the southwest (e.g., in Sulphur Creek valley) (Kvale, 

1992). Because the pre-Pennsylvanian bedrock is dipping to the southwest toward the center of the 

Illinois structural basin, the Mississippian-age rocks are closer to the surface and crop out along the 

stream valleys and lower slopes on the eastern side of NSWC Crane (Figure 4-3). On the eastern side of 

NSWC Crane (e.g., near the Dye Burial Ground, Ammunition Burning Ground, and Rockeye). 

Pennsylvanian bedrock is confined to the uppermost portions of hills and ridges. 

An erosional unconformity separates the Pennsylvanian strata above from the Stephensport strata below. 

Depending on the location at NSWC Crane, pre-Pennsylvanian erosion has removed a significant portion 

of the Stephensport strata. At these locations, the paleovalleys are filled with shales and sandstones of 

Pennsylvanian age (Figure 4-2). The PennsylvanianlMississippian unconformity at SWMU 16 is 

estimated to lie between 630 to 640 feet amsl (Barnhill, 1993), or roughly 126 to 136 feet below the top of 
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the ridge. This places the base of the Pennsylvanian rock above the elevation of Turkey Creek. 

According to the basewide geology map (Figure 4-3). Upper Mississippian rock units crop out in Turkey 

Creek valley directly southeast of SWMU 16. Therefore, it is expected that sandstones, shales, and 

limestones of the Hardinsburg, Haney, Indian Springs, and Big Clifty formations may be present at the 

base of the ridge and down near creek level. 

The Cast High Explosives FilllB146 Incinerator area (SWMU 16) is located on a flanened ridgetop with 

relatively steep slopes that lead down to stream channels on the western, southern, and eastern sides of 

the ridge. The geology and hydrogeology of SWMU 16 was first investigated in the early 1980s when the 

USACE installed five monitoring wells in the area (WES-14-01-83 through WES-14-05-83). The area has 

been investigated more recently for the RFI during three field efforts. In March through May 2003 (Round 

1 field effort), six new monitoring wells were installed. In October through January 2004 (Round 2 field 

effort), 12 additional monitoring wells were installed; one of these wells (16MWT14) has subsequently 

been abandoned. In July through September 2004 (Round 3 field effort). 3 addit~onal monitoring wells 

were installed (Table 2-2). A total of 23 monitoring wells currently exist on or near the top of the ridge and 

two monitoring wells (16MWT19 and 16MWT20) have been installed on the lower southeastern slope of 

the ridge. These two monitoring wells have been screened in unconsolidated valley deposits, which 

consist of a mixture of alluvium, colluvium, and/or residual soil overlying Mississippian-age shale (boring 

logs are presented in Appendix B). The shale is presumed to be part of the Hardinsburg Formation or the 

Indian Springs Shale (Figures 4-2 and 4-3). 

The maximum depth of investigation to date for this SWMU was approximately 105 feet below the 

ridgetop (16MWT18). Figure 4-4 illustrates the locations of the hydrogeologic cross sections, including 

select borings, through SWMU 16. Figures 4-5 shows hydrogeologic cross sections A - A '  and B - B', and 

Figure 4-6 shows hydrogeologic cross section C - C'. 

The bedrock found at the site consists of siltstones, sandstones, shales, and coal seams. The layers of 

siltstone and sandstone encountered are discontinuous. A number of shallow, discontinuous, and 

weathered sandstone layers (5 to 10 feet thick) were encountered near the top of the ridge at elevations 

of about 740 to 755 feet amsl (see Figures 4-5 and 4-6). The sandstones are presumably capping the 

ridge and are resistant to erosion. Groundwater was first encountered in lhese sandstones so they have 

been grouped together and are referred to as the Puz. 

Shale layers are somewhat continuous and interlayered with the shallow sandstones. A continuous or 

nearly continuous layer of shale and siltstone, 5 to 10 feet thick, lies beneath the shallow sandstone 

lenses between elevations of 730 and 740 ft amsl (Figures 4-5 and 4-6). The shale and siltstone unit is 
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irregular in thickness, but appears to be an effective aquitard between the Puz and the sandstone lenses 

below. 

Slightly deeper, intermediate-depth sandstone lenses are classified as the Pmz, as discussed below, and 

were encountered at elevations of approximately 720 to 735 feet amsl. The location where the thickest 

intermediate-depth sandstone unit was encountered was in well 16MW01 (see cross section 6-6 '  of 

Figure 4-5). which is located on the southwestern side of SWMU 16. This sandstone unit extends east to 

west across the northern end of SWMU 16 (see cross section A-A' of Figure 4-5) and is interpreted to 

extend south to well 16MW01. However, this sandstone is also discontinuous, based on its absence in 

well 16MWT05. 

About 35 to 50 feet of shale lies beneath the intermediate-depth sandstone lenses (Pmz) and is 

continuous across the site. The elevation of the shale ranges from about 675 to 720 or 725 feet amsl 

(Figures 4-5 and 4-6). Because of its thickness, this shale is acting as an aquitard beneath the 

intermediate-depth sandstone lenses described above (Pmz) and the underlying interlayered sandstone 

and siltstone described below. 

The interlayered sandstone and siltstone unit, located beneath the thick shale, also contains a coal seam 

near the top (Figures 4-5 and 4-6). Four monitoring wells have penetrated into this sandstone/siltstone 

unit; however, none of them extend more than about 12 feet into it. Therefore, it is not possible to 

determine how thick this sandstone is and how its lithologic properties might change at greater depth. 

This interlavered sandstone and siltstone is considered to be the Plz. 

The Pennsylvanian bedrock beneath SWMU 16 is estimated to be 122 to 134 feet in thickness. The 

Pennsylvanian/Mississippian unconformity at SWMU 16 is estimated to be at approximately 630 to 

640 feet amsl, roughly 126 to 136 feet bgs (Barnhill. 1993). This would place the Mississippian rock 

formations about 20 to 30 feet below the deepest monitoring well located on the ridgetop (Figure 4-5 and 

4-6). 

Two monitoring wells were installed along the road near the base of the ridge on the southeast side of 

SWMU 16 (Figure 4-4 and 4-5). These monitoring wells were installed to access the potential for 

contaminated groundwater to be migrating downhill on top of the bedrock-soil interface. While drilling 

these boreholes, 1 to 2 feet of shale was encountered in the bottom of each boring. This shale may be 

part 01 the Hardinsburg Formation or it may be part of the Indian Springs Shale. In either case, the shale 

unit should act as an additional aquitard that prevents migration of groundwater and contaminants 

vertically downward through the core of the ridge. 
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Drilling has not been performed at lower elevations down near Turkey Creek because of accessibility 

problems (i.e.. wet, swampy conditions), so it is not possible to estimate how thick the unconsolidated 

alluvium and colluvium might be near the center of the small valley. 

4.5 SOILS 

The geologic materials that underlie the SWMU 16 ridge include natural unconsolidated soil materials and 

bedrock (Lower Pennsylvanian and Mississippian). Natural unconsolidated materials on the ridgetop and 

sides of the ridge are residual soils formed as a result of weathering of the underlying Raccoon Creek 

Group. The residual soils consist predominantly of fine materials, including varying amounts of clay, silt, 

and sand. The maximum observed thickness of soils on top of the ridge was about 13 feet (e.g., 

16MWT07, 16MWT08, and 16MWT10, Figure 4-5). 

4.6 HYDROGEOLOGY 

The maximum thickness of overburden (i.e., residual soils) encountered on the ridgetop at SWMU 16 was 

13 feet. Elsewhere, the residual soils were generally 10 feet thick or less. While drilling through the 

overburden, no saturated conditions or flowing water was observed in the residual soils on top of the 

ridge. Therefore, it is concluded that very little if any groundwater is perching on top of the ridge at the 

interface between the bedrock and overburden. Water elevations measured at staff gauges located in the 

upper drainage gullies indicate that water in these gullies is not hydraulically connected to the bedrock 

groundwater, and these elevations were not considered during preparation of the potentiometric surface 

maps. The surface water at these locations is believed to be perched on top of the clayey residual soils 

or on the bedrock surface. This is not the case for the soils and saturated conditions in the overburden 

down near the base of the ridge. 

The Pennsylvanian bedrock encountered during the field investigations was divided into three water- 

bearing zones (Puz, Pmz, and Plz) based on stratigraphy, differences in water-yielding properties, and 

differences in hydraulic potential that were encountered in each of the three zones. Shale units and 

occasional siltstone lenses separate the three water-bearing zones and appear to act as aquitards. The 

upper, middle, and lower groundwater potentiometric surfaces and flow patterns were determined based 

on water levels measured on January 24, 2004 (see Table 2-2). 

There are 12 monitoring wells installed across the site that are screened in the shallow water-bearing 

zone (see Table 2-2 and Figure 4-7). Except for well WES-14-03-03, the Puz wells are all screened 
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above an elevation of 735 feet amsl. Well WES-14-03-83 actually penetrated through the uppermost 

sandstone and went down several feel through the underlying shale (see cross section 6-B', Figure 4-5). 

The static depth to groundwater in the Puz wells ranged from 10.25 feet bgs at 16MWT02 to 22.05 feet 

bgs at 16MWT10 in January 2004 (Table 2-2). Groundwater elevations in the Puz monitoring wells 

ranged from 742.38 feet amsl at well 16MWTlO to 753.03 feet amsl at well 16MWT04, with an average 

groundwater elevation of 748.33 feet amsl. Monitoring wells 16MWT07 and 16MWT14 were installed in 

the same shallow depth interval as the other 10 wells. However, these two wells did not encounter any 

sandstone units and failed to produce water, demonstrating the discontinuous nature of the Puz. As a 

result, a kidney-shaped area in the center and southwest side of SWMU 16 is identified as an area where 

Ihe Puz is absent or dry (Figure 4-7). 

In general, the Puz potentiometric surface mimics the surface topography. The highest groundwater 

elevations in the northern portion of the site were measured in monitoring wells WES-14-02-83 and 

16MWT17, which are located near the centerline of the ridge. Groundwater to the west of the divide flows 

to the west and southwest, ultimately discharging into gullies that drain surface water and groundwater 

westward towards a tributary of Turkey Creek. Shallow groundwater east of the divide flows to the east 

towards gullies on the eastern side of the site. Shallow groundwater is also present in the east-central 

portion of the site and flows in a southeasterly direction towards gullies on the southeastern side of the 

site that convey water eastward and southeastward towards Turkey Creek. As stated above, the shallow 

water-bearing zone appears to be absent or dry throughout most of the west-central and southern 

portions and in a small northeastern area of this SWMU (Figure 4-7). 

Monitoring well 16MWTO1 was not used in developing the SWMU 16 Puz potentiometric surface map 

because it is not representative of SWMU 16 groundwater elevations (see Figure 4-5). The 

potentiometric surface elevation for 16MWTO1 was approximately 6.78 feet lower than 16MWT06 during 

the May 30, 2003 measurements, and the water level difference was 1.71 feet during the 

January24. 2004 measurements. The groundwater in this well appears to have a restricted hydraulic 

connection to the shallow groundwater flow system at the site. An evaluation of fracturing during drilling 

activities showed that fewer fractures existed in 16MWTO1 compared to 16MWT06 and other wells at the 

site. A lower groundwater yield was also noted during purging and development of 16MWTO1, which may 

be related to the lower water level elevations in this well. 

There are seven monitoring wells screened in the intermediate water-bearing zone (see Table 2-2 and 

Figure 4-8). The static depth to groundwater ranged from 20.13 feet bgs at 16MWT12 to 32.93 feet bgs 

at 16MWT16 in January 2004 (Table 2-2). Groundwater elevations in the Pmz ranged from 731.81 feet 
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amsl at well 16MWT16 to 736.07 leet amsl at well 16MWT03, with an average groundwater elevation of 

734.74 feet amsl (see Figure 4-8). 

Monitoring well 16MWT16 was not used in developing the SWMU 16 potentiometric surface map for the 

Pmz (Figure 4-8). The potentiometric surface elevation for 16MWT16 was approximately 3 feel lower 

than the average water level for other monitoring wells screened in the intermediate water-bearing zone. 

It is surmised that this well may not have a strong hydraulic connection to the remainder of the 

intermediate groundwater flow system at the site. 

Groundwater elevations are highest near the central portion of this SWMU (near B146), and groundwater 

is flowing toward the southwestern, southern, and southeastern hillsides. When it reaches the hillsides, 

the groundwater is most likely discharging to the ground surface, primarily where gullies are deeply 

incised into the ground surface. These gullies convey water to the tributaries of Turkey Creek 

(Figure 2-3). 

There are five monitoring wells screened in the Plz (see Table 2-2 and Figure 4-9). Monitoring well 

16MWT15 was not used in developing the potentiometric surface map for the deep water-bearing zone, 

because the potentiometric elevation for 16MWT15 was approximately 40 feet higher than the average 

water level measured in the other wells screened in the Plz. This may indicate that the well is in an area 

of increased vertical fracturing and enhanced leakage from the overlying intermediate flow zone. 

The static depth to Plz groundwater ranged from 53.23 feet bgs at 16MWT15 to 97.04 feet bgs at 

16MWTO8 in January 2004. Groundwater elevations in the Plz ranged from 664.53 at well 16MWT08 to 

706.46 feet amsl at well 16MWT15 on January 24, 2004, with an average elevation of 676.93 feet amsl 

(Figure 1-15). Excluding the data for monitoring well I6MWT15, the deep groundwater elevations ranged 

from 664.53 to 668.94 feet amsl, and averaged about 667 feet amsl in January 2004. This groundwater 

elevation is about 68 feet and 81 feet deeper, respectively, than the average Prnz and Puz water levels. 

Thus, there is a very significant downward vertical gradienvhydraulic separation between the three water- 

bearing zones. 

The potentiometric surface measured for the Plz on January 24, 2004 is presented in Figure 4-9. 

Groundwater flow direction on the eastern side of the site is towards the northeast. The groundwater is 

likely discharging to the ground surface on the northeastern side of the ridge. Most of this discharge is 

likely going into the deep gullies that have incised the hillsides. These gullies in turn are conveying water 

to tributaries of Turkey Creek. There is insufficient data to determine which direction groundwater in the 

Plz is flowing on the southern and western portions of SWMU 16. 
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As stated above, the average groundwater elevations in the Puz are significantly greater than the Pmz, 

which in turn are significantly greater than the groundwater elevations measured in the Plz. In Figure 

4-10, the bottom elevation of each well screen versus the measured groundwater elevation measured in 

February 2005 is plotted for each well. It is readily apparent that the measured groundwater elevations in 

the wells decrease significantly and linearly as the elevations of the well screens decrease. There are 

two monitoring wells (16MWT15 and 16MWT21), both part of the Plz group, that have anomalously 

elevated groundwater elevations for the group (Plz) that they belong and they do not lie along the linear 

trend shown in Figure 4-10. In Figure 4-11, the February 2005 groundwater elevations for four sets of 

well pairs are plotted. This figure also shows that the wells screened at higher elevations have much 

higher groundwater elevations. These two figures are evidence that groundwater is perched in the upper 

monitoring zones and flow downward into the deeper sandstones is greatly impeded. In other words, the 

shales and siltstones that separate the three monitoring zones are very effective aquitards. This will be 

substantiated further in Section 6.0. 

Two monitoring wells (16MWT19 and 16MWT2O) are screened in the alluvium, colluvium, and residual 

soil overlying Mississippian shales near the base of the ridge. As shown on Figure 4-10, the bottom 

elevation of the screens in these two wells are about the same as the elevation of the water surface in 

Turkey Creek; however, the groundwater elevations measured in these two wells in February 2005 were 

nearly 15 feet higher than the creek level. Thus, the creek has the lowest hydraulic potential and should 

be receiving groundwater discharge from both sides of the valley. 

The results of slug tests performed on select monitoring wells at SWMU 16 are presented in Table 4-2. 

Water level recovery plots and calculations based on the slug test data can be found in Appendix E.1. 

The average horizontal hydraulic conductivity (Kh) values for the Puz monitoring wells ranged from 0.267 

to 26.7 feet per day [1.20E-4 to 9.42E-3 centimeters per second (cmls)] (Table 4-2). The geometric mean 

K for the shallow water-bearing zone was approximately 1.83 feet per day (5.9 x l o 4  cmls). The 

horizontal hydraulic gradient for the Puz was calculated graphically from groundwater elevations 

measured in the northern area on Figure 4-7. The calculated hydraulic gradient was estimated to be 

0.0198. Assuming a fracture-related porosity of about 0.005 for the bedrock. the linear groundwater 

velocity was estimated to be 7.3 feet per day. Assumptions and calculations for figuring groundwater 

velocity are presented in Appendix E.2. 
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For the east-central area of SWMU 16, the average hydraulic gradient for the site was estimated to be 

0.0727. The same horizontal hydraulic conductivity (1.83 feet per day) and porosity (0.005) were used to 

estimate the seepage velocity to be 26.6 feet per day. 

A single horizontal hydraulic conductivity value (0.611 footlday, 2.16E-4 cmls) was measured for Pmz 

monitoring well 16MWT05 (Table 4-2). The horizontal hydraulic gradient for the Pmz was estimated to be 

0.0048, based on groundwater potentials measured in the southern area of SWMU 16 (Figure 4-8). 

Assuming a fracture-related porosity of about 0.005 for the bedrock, the groundwater velocity was 

approximated to be 0.61 foot per day. This lateral flow velocity is signilicantly less than the velocities 

estimated for the Puz. 

The average horizontal hydraulic conductivity (0.0022 foot per day, 7.76E-7 cmls) was measured in two 

Plz monitoring wells (Table 4-2). The hydraulic gradient for the site was calculated graphically from 

groundwater elevations measured in the northeastern part of the site, as shown on Figure 4-9. The 

average hydraulic gradient for this area was estimated to be 0.02. Assuming a fracture-related porosity of 

about 0.005 for the bedrock, the groundwater velocity was approximated to be 0.009 foot per day. This is 

much lower velocity than the velocities estimated for the two monitoring zones above. The reduced 

lateral flow velocities in the deeper zones are due to the significant reduction of average hydraulic 

conductivity values with depth. 

4.7 DEMOGRAPHY AND LAND USE 

The economic base of communities surrounding NSWC Crane is in transition from agriculture, mining, 

and quarrying to manufacturing and service industries. The patterns of settlement, population statistics. 

and median income are similar throughout the region. Because most of the region is covered by 

vegetation, the area is classified as rural. 

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

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

NSWC Crane. 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 this time. 

4.8 ECOLOGY 

NSWC Crane is a heavily forested facility situated within the Western Mesophytic Forest Region, Hill 

Section, and Beech-Maple Forest Region (Braun, 1950). Lindsey et al. (1970) further subdivided the area 
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of the installation into the south-central Oak and Mixed Woods Division, including the Beech-Maple and 

the Beech-Oak-Maple-Hickory sub-elements. Deam (1940) classified the portion of Martin County in 

which the facility is located as consisting of the Chestnut Oak Upland based on the dominant floral 

components at that time. More recently, Kuchler (1964) mapped this portion of Indiana and classified it 

as belonging to two distinct vegetation classes, the Oak-Hickory and the Beech-Maple forest components 

of the Broadleaf Forest Classificalion. This latter classification most closely resembles the current floristic 

components observed at the facility. 

NSWC Crane contains old agricultural fields in various stages of biological succession. Openings on dry 

upland sites contain almost pure stands of grasses with some clumps of woody plants such as 

persimmon, sassafras, and sumac. Areas that tend to be wetter have river birch, willow, sycamore, and 

cottonwood. Hillside communities include hickory, white and black oak, red maple, sugar maple, tulip 

poplar, ash, and beech [Naval Energy and Environmental Support Activity (NEESA). 19831. Cleared 

areas at the facility have various stages of grassland, oldfield, and scrublshrub vegetational forms 

present. Dominant tree species include black oak, white oak, pignut hickory, and yellow poplar. These 

stands are relatively young, with the average tree diameter ranging from 6 to 12 inches. No scrubs or 

shrubs are present in these areas, and leaf litter, limbs, and fallen saplings cover the understory. 

The wildlife habitats and vegetation types present at NSWC Crane (including many stages of forest 

succession, streams, ponds, Greenwood Lake, and grassy open spaces) support a diverse terrestrial and 

aquatic fauna. The abundance of wildlife is mainly due to the mixture of landforms and vegetation types 

that occur over the installation. In addition, the lack of agricultural pressures has enhanced wildlife 

abundance and served to provide an installation-wide "wildlife enclosure" condition. There is an adequate 

amount of forage materials, concealment opportunities, and shelter locations to support a highly diverse 

wildlife community at the sile. 

Terrestrial habitats (i.e., wooded and grassy areas) near the sites may provide shelter and food sources 

for various species of mammals such as white-tailed deer, coyote, red fox, rabbits, raccoons, and mice 

and for birds such as ducks, geese, wild turkey, bobwhite quail, red-tailed hawks, and American robins. 

The white-tailed deer is the most conspicuous large, wild mammal at the installation. Other mammals 

include opossum, raccoon, rabbits, mice, bats, chipmunks, squirrels, beaver, groundhogs, gray fox. 

coyotes, and long-tailed weasel. Fox, coyotes, and hawks are carnivores whose presence indicates a 

healthy ecosystem with smaller mammals present to provide a food source (NEESA. 1983). 
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The birds at NSWC Crane are diverse. Previous studies identified over 100 species present at the facility 

during breeding seasons (Hengeveld, 1987). Because the facility is largely forested, the species found 

consist predominantly of those that frequent wooded habitat types. Species of waterfowl also use the 

facility, especially in the vicinity of Greenwood Lake (Figure 1-2). A large number of bird species frequent 

the non-forested grassland, oldfield, and scrublshrub vegetation present over portions of NSWC Crane. 

The bird population includes a number of threatened, endangered, or species of special concern that use 

NSWC Crane as their home range. These species include the bald eagle, osprey, sharp-shinned hawk, 

red-shouldered hawk, broad-winged hawk, black and white warbler, hooded warbler, and worm-eating 

warbler [Brown 8. Root (BBR) Environmental, 19971. 

Previous studies conducted at NSWC Crane (Nelson et al., 1987) identified 21 amphibian species and 

22 reptilian species including skinks, lizards, snakes, and turtles. 

A total of 46 distinct fish species were collected from the installation during a 1987 inventory of fish fauna 

at NSWC Crane. Other than Greenwood Lake, the 1987 study observed that the greatest number of 

individual fish species were recorded from the largest stream, Boggs Creek, and that the smallest number 

of species were recorded from Turkey Creek. Boggs Creek contained 29 species, including eight species 

of fish characteristic of large river-type systems. This included long-nose gar, paddlefish, bowfin, gizzard 

shad, ribbon shiner, big mouth buffalo, channel catfish, and flathead catfish. By contrast, the Turkey 

Creek survey yielded 16 species of fish, none of which were unusual to the area. 



TABLE 4-1 

ESTIMATED FLOW RATES AT SURFACE WATER SAMPLING LOCATIONS AND STAFF GAUGES 
SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 

NSWC CRANE 
CRANE, INDIANA 

Monitoring Location 

16SWlSD23 

16SWlSD29 

NA = Not applicable; sampling or gauging station not yet established 
NM = Not measured 
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HYDRAULIC CONDUCTIVITIES OF GEOLOGIC MATERIALS BASED ON SLUG TESTS 
SWMU 16 - CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 

NSWC CRANE 
CRANE, INDIANA 

NM = Not measured 
K = hydrolic conductivity 
ft = feet 
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5.0 NATURE AND EXTENT OF CONTAMINATION 

This section describes the locations, spatial patterns, chemical forms, and concentrations of organic and 

inorganic chemical contaminants at SWMU 16. Where feasible to do so, an attempt is made to identify 

which chemicals appear to be site-related contaminants and which do not. No evidence could be found 

of metal flakes or metal salts in soils, surface waters or sediment, nor was evidence found for the 

presence of pure phase organic liquids or solids in any environmental medium. Therefore all references 

to chemical contamination in the text below are to contaminants that are dissolved in surface water, 

groundwater or vegetation or that are adsorbed to soils or sediment particulates. 

5.1 BACKGROUND 

Organic chemical contamination is defined for this RFI as chemicals whose concentrations exceed 

human health or ecological SVs and therefore are considered to potentially result in unacceptable human 

health or ecological risks. A similar definition applies to metals, however, consideration is also given to 

the natural occurrence of metals in environmental media. Concentrations of metals that are within normal 

background levels are not considered to represent true contamination. Nevertheless, if site-related 

metals exceed COPC SVs, they are discussed in this section. 

The range of analyses conducted during this RFI is documented in Section 2.0 and summarized in 

Table 2-3. Analytical data and data quality were presented in Section 3.0. The data show that multiple 

chemicals of environmental interest appear in multiple areas of SWMU 16 at concentrations greater than 

SVs. Comparisons to SVs are tabulated in Sections 7.0 and 8.0. These comparisons were used to focus 

the list of chemicals used to depict the nature and extent of contamination at SWMU 16. Details are 

provided below. 

To facilitate succinct descriptions of the extent of contamination, representative chemicals are used here 

to depict the extent of contamination. These chemicals represent all chemicals that were detected at 

concentrations greater than applicable SVs and meet one or more of the following criteria: 

Exceeds chemical of potential concern (COPC) SVs (described and evaluated further in Sections 7.0 

and 8.0). 

Representative (based on chemical and physical properties) of a particular group of chemicals (e.g., 

SVOCs, metals). 
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Detected multiple times and generally pervasive, thus representing the greatest extent of 

contamination lor similar chemicals 

Detected infrequently but at environmentally significant concentrations 

May be used to show a connection or no connection among various environmental media 

. May be significant daughter products that demonstrate changes in contaminant concentrations over 

time due to chemical or biochemical degradation. 

Ultimately, was judged to adequately represent contaminants at SWMU 16 in terms oi nature and 

extent. 

Concentrations of some of the representative chemicals are plotted to depict the spatial extent of 

contamination. For other representative chemicals whose extent can be easily described, only text is 

provided. All data can be viewed in Appendix G, Tables G-1 through G-4, therefore the concentration of 

any chemical that was analyzed, but not explicitly discussed in this section, is available for review. 

No formal (e.g., statistical) comparisons of SWMU 16 RFI metals concentrations to background metals 

concentrations were conducted in this investigation. However, NSWC Crane background soil data 

extracted from TtNUS, 2001 may be used to gain perspective on the concentrations of chemicals 

observed in SWMU 16 soils and sediments. This is especially true of surface soils (Soil Group 3) that 

may have eroded into drainage channels such as the gullies on the hillsides of SWMU 16 that are 

typically dry and more akin to soil than sediments. Tables 3-1 through 3-4 present summary statistics for 

metal concentrations in the following soil categories that are germane to SWMU 16: 

All NSWC Crane soils (a composite of nine different soil groups) . Soil Group 3 -Alluvial, Mississippian, and Pennsylvanian surface soil 

Soil Group 8 - Pennsylvanian Subsurface Clay and Silt 

Soil Group 9 -Pennsylvanian Subsurface Sand 

In addition to these tables, box and whisker plots were prepared for select metals to show the data 

distributions for each metal relative to their data distributions in background soils. The plots are provided 

in Figures 5-1 through 5-9. In each figure, NSWC Crane background data and SWMU 16 RFI data are 

plotted side by side for easy comparison. The plots are in the form of pairs of box and whisker plots for 
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each soil group, with three pairs of plots per figure. The vertically oriented rectangular boxes represent 

the lower 25 percent quantile to the upper 75 percent quantile of each data set. The bottom whisker 

represents the minimum detected concentration; the upper whisker represents the maximum detected 

concentration. Above each upper whisker is a number in the format of xly, which indicates the number of 

detections (x) out of number of results (y). The center horizontal line within each box represents the 

median (i.e., middle) value of the data set. The greater chance of obtaining a maximum or minimum 

value between two data sets resides with the data set that has the greater number of values. This 

characteristic is significant because there are generally more site data than background data for each 

metal and soil group pair. The medians of two similar data sets, however, should appear at 

approximately the same location on the concentration scale and the general shape of the box and 

whisker plots should be similar if a site data set is representative of background concentrations. 

Complications may arise when one data set appears to be a subset of another. For example, a 

background data set may have a smaller data spread than the site data when there are fewer background 

values than site values. This could be an indication that the background data set is a subset of a larger 

set of background data that was not included in the background study. However, the background study 

included soil samples from a large coverage of NSWC Crane so the chance of this occurring is small. 

More likely is the case where a site data set is a subset of the overall Crane data background. This could 

occur because the site samples are collected from a relatively small area when compared to the breadth 

of spatial coverage of the background data. The background data set may therefore be a combination of 

smaller, more localized data subsets, each with its own median and data spread and these could cause 

one data set to appear shifted relative to background. In those cases, it is useful to compare the 

maximum values to determine whether the site maximum value appears to represent a value that is 

significantly greater than the background maximum value. What is considered to be significant is 

subjective and requires professional judgment. These issues are described on a case by case basis as 

necessary in the following text. 

Concentrations of all organic compounds were assumed to be zero in each of the background soil 

groups. Therefore the detections of organic compounds at SWMU 16 are considered to be site-related, 

unless the site history and observed concentrations or concentration patterns indicate that the 

contaminants are from non-site related sources. For example, chemicals such as methylene chloride or 

acetone are often detectable and attributable to laboratory contamination. 

Four upgradient locations were sampled for surface water and sediments. Three of these (16SWlSDI4, 

16SWlSD20, and 16SWlSD21) represent upgradient conditions for gullies; one (16SWlSD18) represents 

upgradient conditions for the Turkey Creek mainstream. The concentrations of metals representing the 
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two different classes of drainage channel (gullies and Turkey Creek Mainstream), appear to be 

significantly different. Comparisons of site data to these upgradient values are discussed in the surface 

water and sediment section, as applicable (Section 5.3). There was a single upgradient well, 16MWTO1. 

This well, located in the Puz, is used to represent upgradient groundwater conditions for all other 

SWMU 16 wells. 

Section 3.0 is a description of various data quality characteristics of the SWMU 16 data for all media. 

This section shows that sampling and analysis completeness goals for the project were generally met 

(Tables H-1 and H-2). Where they were not met, it was because representative samples could not be 

obtained. This typically occurred when refusal was encountered during advancement of soil borings or 

when surface water was not present at or near a proposed sampling location. In each of these cases a 

data void exists where the samples could not be collected, however, the data voids have not impaired the 

ability to understand the nature and extent of contamination. Table 2-3 lists the various samples and the 

analyses that were conducted on the samples. Table 2-4 is a detailed list of the reasons why proposed 

samples were not collected and why extra samples were collected or extra analyses were performed. 

5.2 SOIL CONTAMINATION 

Table 2-3 indicates which soil samples were collected and the analyses conducted on the samples. 

Figures 5-10A and 10B are spatial depictions of representative organic chemical detections in surface 

and subsurface soil. Only two chlorinated organic chemicals are plotted because they represent the 

majority of organic chemical contamination in soils. If the concentration of a plotted organic chemical 

exceeds an ecological or human health SV, a flag (e.g., E. H, or EH) is shown on the tag at the affected 

sampling location on the figures. There are two sets of human health risk SVs used for selecting COPCs, 

one for direct contact with soil and the other for migration of contaminants from soil to groundwater. The 

lower of the values was used in the figures. 

Each tag shows surface and subsurface soil concentrations so the vertical soil profile can be examined 

easily at each location. Select metal plots are also presented and are described with the individual metal 

discussions below. 

5.2.1 Explosives 

Tables 3-5 through 3-8 present descriptive statistics and data for chemicals detected in soils at least once 

during the RFI. Appendix Table G-l is the entire RFI analytical database for SWMU 16 surface and 

subsurface soil. Picramic acid results were rejected (See Table H-3) because of non-compliant percent 
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recoveries in MS. Although picramic acid results were rejected in just two samples, it is not clear that 

picramic acid could have been detected if it were present in any soil samples, except at moderate or 

higher concentrations (e.g., 20 times the reporting limit). RDX concentrations were biased slightly to 

moderately low, but RDX should have been detectable at concentrations that were within 2 times the 

nominal detection limit, therefore this low bias is not considered to be significant. No other data 

deficiencies were noted. The only explosive compound detected in SWMU 16 soils was HMX, which was 

detected in a single sample (16SS0330002) at a concentration of 0.34 mglkg. This is less than the 

human health SVs of 310 mgikg. There is no ecological risk SV. The HMX contamination is well 

bounded in all directions and explosives contamination in soils is not discussed further. Overall, 

explosives contamination in SWMU 16 soils is minimal therefore the inability to detect picramic acid at 

moderate to low concentrations is not viewed to represent a significant data deficiency. Explosives 

contamination is considered to be completely bounded vertically and laterally in SWMU 16 soils. 

5.2.2 Dioxins. Furans. PCBs, and SVOCs 

Several dioxin and furan results were detected during Round 1 at near-SV levels with most results within 

a factor of two or three of the human health SV. The worst cases for this group of chemicals were 

11,500 nglkg of 1,2,3,4,6,7,8,9-OCDD in sample 16SS0330002 (SV = 2,800 nglkg) and 1.5 nglkg ol 

1,2,3,7,8-PECDD in sample 16SS0320002 (SV = 0.28 nglkg). The exceedances of SVs are relatively 

minor therefore these chemicals are not discussed further. No dioxins or furans were analyzed during 

Rounds 2 and 3 because of the minor importance of these chemicals. Although PCBs were analyzed in 

several surface and subsurface soil samples, there were no detections of these chemicals so PCBs are 

not discussed further. 

Several SVOC compounds were detected in surface and subsurface soils. Of these, relatively few 

exceeded human health or ecological risk SVs. The exceedances were for 9,600 pglkg 

benzo(a)anthracene, 8,400 pglkg benzo(a)pyrene, 9,200 pglkg benzo(b)fluoranthene, 5,000 pglkg 

benzo(k)fluoranthene, 11.000 pglkg chrysene, 1,600 dibenzo(a,h)anthracene. 4,400 pglkg 

indeno(l,2,3-c,d)pyrene, and 180 pglkg naphthalene, all of which exceeded one or the other of the 

human health or ecological SV in surface or subsurface soil at location 16SB003 only, with one minor 

exception. The exception is a detection of 94 pglkg benzo(a)pyrene in surface soil at location 16SB001, 

which exceeded the 62 pglkg human health SV by about 50 percent. SVs are provided in Sections 7.0 

and 8.0. The exceedances are almost completely limited to surface soil, therefore, all of the PAH 

concentrations in excess of SVs are bounded vertically. 
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Laterally, the PAH exceedances of SVs at 16SB003 are bounded to the west by Building 146 and to the 

north and south by samples with no exceedances of PAHs. No samples were collected to the east for 

PAH analyses, however, based on the available data, it does not appear the PAH contamination is wide 

spread in this area and PAH contamination is confined to surface soils. 

In addition to PAHs, there were a few other SVOC concentrations that exceeded SVs in soils. 

Specifically, 1.200 pglkg bis(2-ethylhexy1)phthalate exceeded the ecological SV of 925 pglkg at location 

16SB036. Safrole exceeded its 404 pglkg ecological SV at a few different locations (15,000 pglkg at 

16SB013,1,200 pgkg at 16SB023, 4,600 pglkg at 16SB025, 1,500 pglkg at 16SB029, and 67,000 pglkg 

at 16SB041). There are no human health SVs for safrole, which is a common food additive (NJDEP, 

2001). The highest observed safrole concentrations was in the 5 to 7 foot interval at 16SB041; however, 

there are no ecological SVs for that depth. Safrole is often found in association with sassafras plants 

(safrole is present in the roots) and sassafras plants are known to grow all over NSW Crane, therefore it 

is not likely that this chemical is site related. This assertion is made in part because the observed SVOC 

exceedances of SVs are very limited and do not appear to represent a site-related source of these 

chemicals. The only safrole exceedances of SVs in the subsurface were limited to the 2 to 3 feet depth at 

location 16SB023; therefore, the safrole is bounded vertically. The detections of safrole were sparsely 

spaced in the lateral direction. 

Hexachlorophene and pentachlorophenol, commonly regarded as SVOCs, were analyzed using an 

herbicide analysis method to achieve lower than normal detection limits because they have relatively high 

toxicities. The hexachlorophene results exhibited a severe low bias (approximately 20 percent mean 

recoveries in MS and MSD) and the pentachlorophenol results exhibit a moderately low to severe low 

bias (approximately 37 percent mean recoveries in MSIMSD) in solid samples. Therefore, it is possible 

that these compounds could not have been detected at concentrations that were greater than but within a 

factor of 3 to 5 of their respective detection limits. Despite this limitation, the infrequent detections of 

these compounds indicates that they are not significant site-related contaminants. 

In summary, there was little soil dioxinburan, PCB, and SVOC chemical contamination detected and the 

detected contamination appears to be well bounded with a few minor exceptions. Furthermore, the 

infrequent exceedances of applicable SVs and the sparse distribution of exceedances suggest that these 

chemical either are not site-related or that they are of little significance as contaminants. 
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Several VOC results were rejected because of poor analytical performance but the rejections have no 

significant effect on the usability of the data. Although a few chlorinated VOC results were rejected, the 

rejections were generally for chemicals that are part of the analytical VOC fraction but are not of particular 

interest for SWMU 16 (See Section 3.0 and Table H-3). 

Despite the rejected VOC results, it is clear that chlorinated organic solvents are site-related 

contaminants. The most frequently detected chemicals or chemicals with the greatest exceedances of 

SVs for surface and subsurface soils were TCE and its degradation product, cis-12-dichloroethene. The 

concentrations of these chemicals are shown on Figures 5-10A and 10B. A trace of vinyl chloride, a 

cis-l,2,-dichloroethene degradation product, was also detected at location 16SB065 (12 pglkg in sample 

16SB0650206 and 9 pglkg in sample 16SB0650608). The VOC detections are limited almost completely 

to the area near the western sump and under Building 146 (See Figure 5-10A). The highest soil VOC 

concentrations (over 1,000 pglkg) are generally in the shallowest sampling interval inside of Building 146 

and in the intermediate sampling interval near borings 16SB053 and 16SB056 outside the building to the 

west. From there, the VOC concentrations decrease in a topographically downgradient direction toward 

the west to become less than 100 pglkg at the westernmost sampled locations. Although there were a 

few minor detections of VOCs to the northeast of Building 146, they are of relatively little significance and 

are not discussed further. 

VOC contamination in soils is bounded well enough to establish the areas that are most contaminated 

and likely to be targets for a remedial action. The contamination is greatest underneath Building 146 and 

extends primarily toward the west from the building. TCE concentrations are not less than the TCE 

human health SV (2.8 pglkg) for surface and subsurface soil at the westernmost sampling locations, 

therefore TCE contamination is not completely bounded toward the west. In all other directions TCE 

contamination in soil is reasonably well bounded laterally and vertically, although the TCE concentrations 

are not less than 2.8 pglkg in the deepest interval at a few locations: 28 pglkg at 16SB058, 6 pglkg at 

16SB062,14 pglkg at 16SB061,17 pglkg at 16SB065,ll pglkg at 16SBO22, and 360 pglkg at 16SB093. 

Because bedrock was encountered in some of the deepest sampling depths, which prevented sample 

collection at those depths (See Tables 2-3 and 2-4), there is little doubt that the soil VOC contamination 

has migrated into the bedrock, especially underneath and west of Building 146 where the reservoir of 

TCE is greatest. No evidence (e.g., TCE concentrations greater than 1,000,000 pglkg) of free product 

TCE was detected. 
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From Tables 3-5 through 3-8 and Figure 5-10, it is evident that the predominant contaminant in surface 

and subsurface soil at SWMU 16 is TCE. Other VOCs were also detected, some related to the 

degradation of TCE. The majority of VOC contamination is situated under and to the west of Building 146 

and the building operations appear to be the primary source of this contamination. The VOC 

contamination is well bounded in all directions except at the westernmost edge of the sampling pattern 

where TCE concentrations exceed soil SVs. Some of the VOC contaminants have presumably migrated 

into bedrock, especially underneath and to the west of Building 146. Therefore, VOC contamination in 

these areas is not well bounded in the vertical direction. 

Metals were frequently detected in soils at concentrations in excess of SVs. These data were of 

generally acceptable quality with the potential for a slight high bias, although the bias is viewed to be 

insignificant. Some of the metals appear to be site-related contaminants and these metals are identified 

below. The presumed origin of the metals contamination is from the 8146 incinerator where munitions 

were roasted to demilitarize them. Accordingly, metals that would be expected to be site-related are 

metals such as antimony, copper, lead, and zinc that are used in shell casings or bullets, or are 

components of alloys of such metals. 

Figures 5-1 1 through 5-19 are posting plots of various widely detected metals that appear to have a site- 

related origin or frequently exceed SVs. Tables 3-5 through 3-8 present detection statistics for metals in 

SWMU 16 soil. Some metals (e.g.. arsenic) were included in the plots even though they appear to be 

representative of background concentrations because they have significant SV exceedances in other 

environmental media at SWMU 16. 

Aluminum - Figure 5-11 displays aluminum concentrations in surface and subsurface soil. All of the 

concentrations except one (16S903) are greater than the human health SV but they appear, as a group, 

to be comparable to background concentrations. This is made more evident by the background-to-site 

data comparisons of Figure 5-1 that show median and maximum values of the site data comparable to 

background data for each of the three soil groups. The increased spread of the aluminum data relative to 

background data appears to be a result of having more samples in the SWMU 16 data set. Therefore, 

aluminum is not discussed further. 

Antimony - This metal is a commonly used hardener for lead and is also chemically similar to lead. 

Therefore, it is found with lead in nature and frequently persists as a contaminant in lead products. The 

concentrations of this metal are elevated relative to background concentrations (See Figure 5-2) and the 
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distribution is such that the highest antimony concentrations are found near the incinerator previously 

located outside the southern end of Building 146. Figure 5-12 shows the spatial distribution of this metal. 

Therefore, this metal is considered to be a site-related contaminant. 

Arsenic - Figure 5-13 shows the arsenic concentrations in surface and subsurface soils. The distribution 

of this metal is similar to aluminum in that all reported soil concentrations exceed the human health SVs 

for surface and subsurface soils but the concentrations are comparable to background concentrations. 

Measured arsenic concentrations appear to represent background concentrations (See Figure 5-3) as 

indicated by the comparable mean values and spread of the various soil group data sets. 

Chromium - Figure 5-14 shows the concentrations of chromium in surface and subsurface soils. The 

concentrations appear to be slightly elevated as compared to background concentrations (See Figure 

5-4) but the elevated status is attributed to a few locations: 33.7 mgkg at 16SB089 (surface), 36.3 at 

16SB087 (subsurface), 38.2 mglkg at 16SB088 (subsurface), 41.7 mglkg at 16SB085 (subsurface), and 

48.2 mglkg at 16SB089 (subsurface). These locations are the easternmost and southernmost soil 

sampling locations and are the furthest sampling locations from the incinerator. Therefore, chromium 

contamination does not appear to be bounded relative to the 2.1 mglkg human health SV and appears to 

be elevated compared to background concentrations in this direction. All other chromium concentrations 

are comparable to background concentrations. 

Copper - The concentrations of this metal are plotted in Figure 5-15. This metal is a major component of 

brass used in making munitions shell casings. Not surprisingly, the copper concentrations around the 

southern end of SWMU 16 are elevated relative to background concentrations (See Figure 5-5). Most of 

the concentrations exceed the ecological surface soil SV (5.4 mglkg) whereas two locations (413 mgikg 

at 16SB015 and 391 mglkg at 16SB021) exceed the human health surface soil SV (310 mglkg). All 

subsurface copper concentrations are less than the subsurface human health SV (310 mgkg); there is no 

ecological SV for subsurface soil. The elevated surface soil concentrations but background level 

subsurface soil concentrations are consistent with surficial deposition of copper. Therefore, SWMU 16 

copper is considered to be a site-related contaminant. The copper contamination is completely bounded 

in the vertical direction but not in the lateral direction. 

Lead -This metal is a major component of bullets and munitions shells. Figure 5-16 shows the spatial 

distribution of lead concentrations' at SWMU 16. Many of the sampled locations exceed the 81 mglkg 

human health surface soil SV and the 16 mglkg ecological surface soil SV. Figure 5-6 shows that the 

surface soil lead data (Soil Group 3) are elevated compared to background data. The highest 

concentrations of lead in surface soil (e.g., 1,240 mglkg at 16SS0140002) occur near the former 
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incinerator and the concentrations show a general pattern of decrease along transects leading away from 

that location. There are no locations at which the subsurface lead concentrations exceeded the human 

health SV. There is no ecological SV for subsurface soil. Based on the available data, the lead 

contamination is completely bounded vertically relative to applicable SVs and the subsurface 

concentrations appear to reflect natural background levels. The lead contamination is not bounded 

laterally because, furthest from the former incinerator location, the lead concentrations in surface soil are 

elevated compared to background concentrations and SVs. 

Nickel -Twenty (20) different surface soil samples exceeded the 14 mglkg and the 13.6 mglkg surface 

soil human health and ecological SVs, respectively (Figure 5-17). Nine subsurface samples exceed the 

human health SV (14 mglkg); there is no ecological SV for subsurface soil. Just four of these (23.6 mglkg 

at 16SB020, 24.8 mglkg at 16SB026, 26.2 mglkg at 16SB088, and 41.3 mglkg at 16SS017) exceed the 

background surface soil 95/95 UTL of 22.1 mglkg for nickel (See Table 3-2). The UTL is the 

concentration below which 95 percent of the data are expected to fall in 95 percent of the measurements. 

These data indicate that the SV is less than typical background concentrations and that the observed 

surface soil concentrations are comparable to background concentrations with perhaps one significant 

exception - 41.3 mglkg at 16SB017. This location is within the distance from the former incinerator that 

other elevated metal contamination is observed. Figure 5-7 supports this interpretation because it shows 

that the median nickel concentrations for site and background data sets are very similar and the spread of 

the data sets are also similar, although having more samples in the site data sets tends to increase the 

chance of obtaining maximum and minimum values in those data sets. The locations furthest from the 

former incinerator location are not less than surface soil SVs, indicating that nickel contamination is not 

completely bounded laterally relative to these values, however, the nickel appears to be well bounded 

relative to background concentrations. Location 16SB017 also had the greatest subsurface nickel 

concentration. Otherwise, subsurface soil nickel concentrations also appear to reflect background 

conditions. Therefore, nickel is not completely bounded relative to SVs, but appears to be well bounded 

by natural background concentration values. 

Vanadium - The concentrations of this metal are plotted in Figure 5-18. There are numerous 

exceedances of the vanadium surface soil human health (7.8 mglkg) and ecological (1.59 mglkg) SVs. 

Figure 5-8 supports this interpretation because it shows that the median vanadium concentrations for site 

and background data sets are very similar and the spread of the data sets are also similar. There are, 

however, just three exceedances of the surface soil background 95/95 UTL (See Table 3-2). Thus, 

similar to nickel, the SVs appear to be within the natural background concentration of vanadium. 

Therefore, while concentrations on the perimeter of the sampling pattern exceed SVs, vanadium appears 

to represent natural background and is well bounded in that regard. 
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Zinc -This metal is the second primary component (next to copper) of brass used to make military shell 

casings that were heated in the incinerator. Figure 5-19 shows the spatial distribution of zinc 

concentrations in surface and subsurface soil. Figure 5-9 presents background and site data sets side by 

side to show that SWMU 16 zinc concentrations are elevated relative to background concentrations. Zinc 

concentrations in surface soil widely exceed the 65.6 mgkg  surface soil 95195UTL (Table 3-2). Six of the 

locations had exceedances of the human health SV for soil (680 mglkg) and all locations had 

exceedances of the 6.62 mglkg ecological SV. Surface soil zinc contamination is not bounded laterally 

with respect to the ecological SV but it is reasonably well bounded in all directions by the 680 mglkg 

human health SV. Surface soil zinc contamination is not bounded laterally with respect to the 95.95 UTL 

for surface soil (65.6 mglkg). Vertically, the bounding of zinc contamination is complete relative to the 

human health SV; there is no ecological SV for subsurface soil zinc. 

In summary, surface soil metals contamination is not completely bounded laterally relative to SVs toward 

the southern and to some degree the eastern sides of SWMU 16. Bounding is nearly complete in the 

other directions. Metal contamination is essentially limited to the top 2 feet of soil in the southern and 

southeastern area of SWMU 16. The primary contaminants that appear to be site-related are antimony, 

copper, lead, and zinc, although other metals (chromium and iron) may be minor contaminants. The 

presence of these site-related contaminants is consistent with site operations, especially the use of the 

incinerator to heat military munitions and drive metal fumes into the air after which they would deposit 

onto the ground surface, as well as metal-containing ash residue off the southern end of Building 146. 

Because these metals are not very mobile in soils, they have not migrated significantly into the 

subsurface. More detail on the fate and transport of environmental contaminants is provided in Section 

6.0. 

Some metals whose concentrations exceed SVs do not appear to be site-related contaminants based on 

comparability of obsetved concentrations to background concentrations. Those metals include: 

aluminum, arsenic, barium, cadmium, cobalt, manganese, nickel, and vanadium. Barium, cadmium, 

cobalt and manganese were not discussed above. 

Chromium and iron may be a site-related contaminants but neither of these metals appears to be 

significantly elevated relative to background concentrations except at a few isolated sampling locations. 

The elevated chromium concentrations were reported for sampling locations that are furthest from the 

former incinerator (locations 16SB088 and 16SB089). The isolated locations for iron exceed 40,000 pgIL, 

which is greater than the 95.905 UTL, at sampling locations 1658020 and 16SB022, southwest of the 

former incinerator. 
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Several metals were not discussed in this section because they are represented by the metals that were 

discussed. None of the metals that were omitted lrom this discussion are believed to be significant site- 

related contaminants. The metals are either macronutrients (i.e. calcium, magnesium, potassium, and 

sodium) and are not significant environmental contaminants; they were detected but did not exceed SVs 

or there are no SVs (i.e., beryllium, lithium, strontium, tin, and titanium); or they were detected 

infrequently or they inlrequently exceeded SVs (i.e., mercury, selenium, silver, thallium). 

5.3 SURFACE WATER AND SEDIMENT CONTAMINATION 

Tables G-2 and G-3 of Appendix G are presentations of all surface water and sediment data, respectively, 

that were collected during RFI Rounds 1 through 3. Surface water and sediment samples were not 

analyzed for dioxins or PCBs because these compounds were not expected to be significant for 

SMWU 16 and because they generally are diluted to insignificant levels in these media. This was borne 

out by the soil analyses for these compounds. Furthermore, these chemicals preferentially adsorb to 

solid substrates such as soil and sediment rather than being dissolved in surface water, so the likelihood 

of detecting these chemicals was expected to be low. Comparisons of the chemical concentrations to 

SVs and selection of COPCs for risk assessment are made in Sections 7.0 and 8.0. 

Tables 3-9 through 3-19 present summary statistics and results for all chemicals detected at least once in 

the respective medium for surface water and sediment samples. Tables 3-9 through 3-12 and 3-14 are 

for gully surface water samples where the sampling locations are on steep slopes and are often dry. 

Tables 3-13 and 3-16 are for mainstream surface water samples where the chance of finding water and 

true, water-covered sediments is higher than in the gullies. Tables 3-16 through 3-19 are for gully and 

Turkey Creek mainstream sediment samples. Organic chemical concentrations are not plotted because 

the degree of organic chemical contamination is low. This is explained in the text below. 

Three gully locations were designated as upgradient of SWMU .I6 investigative surface water and 

sediment gully locations. They are: 16SWlSD14, 16SWISD20, and 16SWISD21. For mainstream 

sampling, one upgradient location, 16SWISD18, was sampled. 

Three sumps were sampled during Rounds 1 and 2 and those samples are numbered as surface water 

samples (i.e., the numbers include "SW"). The sample numbers are: 16SW0101; 16SW0102; 

16SW0201; 16SW0202; 16SW0701; and 16SW0702. These samples represent the contents of the 

sumps and do not represent water that is available in surface drainage channels. Consequently, the 

samples are labeled as "SUMP" on the appropriate Section 3.0 and Appendix G tables and the data user 



NSWC Crane 
RFI Reporl 

Revision: 0 
Date: June 2005 

Section: 5 
Page 13 of 28 

should understand the difference between these samples and actual surface water samples when 

interpreting the data. Transport of contaminants from sumps and exposure to the water represented by 

these samples is likely to be much different than exposure to water found in surface drainage channels. 

This is addressed in more detail in Sections 6.0 through 8.0. 

5.3.1 Explosives 

The upgradient gully and Turkey Creek mainstream samples did not contain detectable levels of 

explosives. Although there were relatively few detections of explosives in surface water and sediment, 

RDX, was detected in downgradient gully surface water samples at a high enough concentrations to 

cause it to be selected as a human health risk COPC for surface water. Similarly, RDX and 

2.6-dinitrotoluene were selected as ecological risk COPCs in sediment and surface water. In addition 

HMX and the TNT degradation products 2-amino-4,6-dinitrotoluene and 4-amino-2,6-dinitrotoluene were 

selected as COPCs for ecological risk in surface water. COPC selection tables that indicate which 

chemicals were selected as COPCs are presented in Sections 7.0 and 8.0. Those tables indicate 

whether concentrations in gully or mainstream locations were the cause for their selections as COPCs. 

Immediately below is a matrix showing where the explosives compounds were detected and the observed 

concentration for each detection. The letters following numerical values are data validation qualifiers. 

2.6-DNT = 2,6-dinitrotoluene 
2-Am-4,6-DNT = 2-amino-4,6-dinitrotoluene 
4-Am-2,6-DNT = 4-aminoP,6-dinitrotoluene 
HMX = ocfahydro-1.3.5.7-tetranitro-lJ.5.7-tetrazocine 
RDX = 1.3.5-hexahydro-l,3,5-trinitrotriazine 
TNT = 2.4.6-trinilrotoluene 
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RDX and HMX were the most pervasively detected explosive compounds in SMWU 16 surface water. 

Each of these compounds was detected in five out of 15 samples over the course of three rounds of 

sampling and HMX was delected in a sixth sample. Except for HMX, RDX, and 2,6-dinitrotoluene, there 

were few exceedances of SVs and the exceedances were typically less than three times the SV. The 

2,6-dinitrotoluene was detected in jusl two locations and is not discussed further because it is a minor 

contaminant of TNT or a degradation product of TNT (compare data from the matrix above to sampling 

locations shown in Figure 2-3). The maximum concentrations of RDX and HMX chemicals were detected 

in Round 1 at location 16SW01, which is a sump sample from the sump north of Building 146 (See 

Figure 2-3). This sample is not a true surface water sample, but it indicates that explosives are present in 

the northern sump at high concentrations. The next highest RDX concentration in any gully surface water 

sample was 24 pg/L at location 16SWlSD30. Upstream of this location RDX was detected at a 

concentration of 9.2 pglL (location 16SWO2). Location 16SW02 is at the eastern edge of SWMU 16 in 

the eastern sump and 16SWlSD30 is in a gully northeast and downgradient of SWMU 16. Location 

16SWlSD15 is the most downgradient gully sampling location east of SWMU 16. There was no 

detectable RDX at that location thus bounding the surface water RDX contamination. Location 

16SWlSD26 is situated between these latter two locations but location 16SWISD26 was not sampled for 

ex~losives. 

To the west and south of SWMU 16, there were no detections of explosives. The pattern described for 

RDX encompasses all other detected explosive compounds in SWMU 16 gullies, including the sumps 

(See Tables 3-9 and 3-14). The mainstream is the most downgradient receiving body for surface water 

contamination from SWMU 16, therefore the SWMU 16 surface water contamination is well bounded in all 

downgradient directions. 

The surface water RDX is mostly dissolved in the surface water rather than being adsorbed to sediments. 

This is evident from the single low concentration of RDX in gully and mainstream sediments. The 

situation is similar for the other explosives (See Tables 3-16 through 3-19). 

In summary, bounding of explosives contamination is complete for all explosives in surface water and 

sediment at SWMU 16. A small amount of explosives contamination was detected in the eastern half of 

the site in surface water and sediments, but the concentrations are less than detectable levels in the most 

downgradient locations that were sampled. The highest concentrations of explosives were observed in 

the sump sample collected from the northern sump. 



NSWC Crane 
RFI Report 

Revision: 0 
Date: June 2005 

Section: 5 
Page 15 of 28 

5.3.2 Dioxins. Furans, and SVOCs 

Dioxins and furans were not analyzed in surface water or sediment samples. SVOCs were analyzed only 

in Round 1; the sediments were sampled for SVOCs more extensively than the surface water (See 

Table2-3). Upgradient locations were not sampled for SVOCs. Pentachlorophenol and 

hexachlorophene, which are SVOCs, were analyzed using an herbicide analytical method. Very few 

SVOCs were detected in the downgradient surface water and sediment. Of the detected SVOCs, few 

had concentrations high enough to cause them to be selected as COPCs. COPC screening tables are 

provided in Sections 7.0 and 8.0. All elevated detections in surface water were at location 16SWISDOl. 

The samples from this location are sump samples and are not true surface water samples. There were 

many more detections of SVOCs, primarily PAHs, in sediments than in surface water. However, the 

concentrations were generally less than human health and ecological SVs with few exceptions. Because 

the SVOC detections were so infrequent and of such low concentrations, these chemicals do not appear 

to be site-related contaminants and are not discussed further. No spatial plots of these chemicals were 

generated for this report. 

5.3.3 Metals and Miscellaneous Parameters 

Figures 5-20 through 5-30 show the concentrations of representative metals in surface water and 

sediments for SWMU 16. The tags display all rounds of data with (usually) two lines of values per tag. 

The top line of values is the surface water data; the lower line is for sediment. If only one line of data is 

present, the data correspond to the type of sampling location (either surface water or sediment). Each 

round of data is separated from the others with a slash and the rounds are presented in sequential order 

reading from left to right. Exceedances of SVs are indicated by a filled black dot at each sampling 

location. The dot is filled if any one of the applicable SVs was exceeded in any round of sampling. For 

example, a filled dot at location 16SWISDl5 on Figure 5-20 indicates that the aluminum concentration in 

surface water exceeded the human health surface water SV of 3,600 pglL. The SVs are shown on the 

Figures. 

The concentrations of several metals in these two media exceeded surface water or sediment SVs at 

numerous locations: aluminum (Figure 5-20), antimony (Figure 5-21), arsenic (Figure 5-22), cadmium 

(Figure 5-23), copper (Figure 5-25), iron (Figure 5-26), lead (Figure 5-27), nickel (Figure 5-28), vanadium 

(Figure 5-29), and zinc (Figure 5-30). Elevated concentrations of other metals were also detected at 

certain locations and are discussed below, as appropriate. The discussions of this section are focused on 

the general pattern of contamination with the intent of showing which metals exceed SVs and background 

levels most frequently and extensively. Metals for which concentrations are not plotted generally had a 
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smaller difference between the measured SWMU 16 concentrations and the SVs, were detected less 

frequently than the plotted metals, or are less likely to be site-related than the plotted metals. While 

reviewing the data it is important to keep in mind the nature of sampling locations 16SW/SDOl. 

16SW/SD02, and 16SW/SD07 as these locations were sumps rather than gullies. There were two rounds 

of surface water samples collected from those sumps. 

Aluminum - Aluminum concentrations in surface water and sediment are plotted in Figure 5-20. The 

highest aluminum concentrations in surface water were generally associated with gully downgradient 

locations (9.510 pg/L at 16SW/SD15; and 8,790 pg/L at 16SW/SD28). All three upgradient surface water 

locations had aluminum concentrations less than 900 pg/L, indicating that the site concentrations, 

especially those greater than 2,000 pg/L, may represent contamination, but there are conflicting 

indications on this. All other SWMU 16 surface water samples had concentrations that were 2,080 pg/L 

or less. The most downgradient locations had aluminum concentrations less than human health SVs but 

exceeded ecological SVs. The more elevated aluminum concentrations are bounded in the downgradient 

directions for surface water; concentrations that exceed ecological SVs in the most downgradient 

directions are comparable to upgradient concentrations and do not appear to be contamination. Many 

sampled locations had sediment concentrations that exceeded the human health SV (7,600 mg/kg); there 

is no ecological SV. Overall, the SWMU 16 downgradient sediment concentrations (maximum value = 

19,500 mg/kg) are slightly greater than upgradient concentrations (maximum value = 12,800 mgkg) 

across the SWMU gullies; the situation is similar for mainstream sediments. Because the concentrations 

are only slightly elevated and do not reveal clear concentration gradients, it appears the aluminum in 

sediment is mostly due to naturally occurring aluminum with a possible slight contribution from SWMU 16. 

The sediment concentrations are comparable to surface soil aluminum background concentrations 

(maximum value = 17,400 mglkg), therefore aluminum is considered not to be a significant site-related 

contaminant in surface water or sediment. 

Antimony - Antimony appears to be a site-related contaminant in soil. Based on Figure 5-21 (antimony 

concentrations in surface water and sediment) it also appears to be a contaminant in surface water and 

sediment. The highest observed sediment concentration (159 mg/kg at 16SW/SD04) is well in excess of 

typical sediment concentrations for this metal. This value is 20 times greater than the maximum value 

reported for surface soils (Table 3-2). Despite these elevated concentrations the antimony contamination 

in both surface water and sediment in gullies and mainstream channels is bounded by undetectable 

concentrations, or concentrations comparable to upgradient locations and SVs in the downgradient 

locations (16SW/SD19 and 16SW/SD25). Therefore, antimony contamination is completely bounded in 

the downgradient directions. 
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Arsenic - Arsenic concentration patterns (Figure 5-22) reveal a relatively uniform distribution of arsenic in 

surface water and sediments. Whereas the upgradient locations did not exhibit detectable levels of 

arsenic many downgradient locations did. Only the human health SVs were exceeded in any surface 

water sample; all sediment samples exceeded the human health SV and approximately half of the 

sediment samples exceeded the ecological SV. The sediment arsenic concentrations are greater than 

surface soil arsenic concentrations (Table 3-2) but the relatively uniform distribution casts doubt as to 

whether arsenic is a site-related contaminant. This is supported by the downgradient concentrations 

being very comparable to the upgradient concentrations in both gullies and mainstream samples. Arsenic 

is probably not a site-related contaminant in surface water or sediment at SWMU 16. 

Cadmium - Figure 5-23 shows that there are few surface water exceedances of the 1.8 pgIL human 

health SVs, but there are numerous exceedances of the ecological SV (0.15 pg/L). Cadmium was not 

detectable in any upgradient surface water sample. The most downgradient mainstream location had 

0.66 pglL cadmium in surface water, which is greater than the 0.15 pgIL ecological SV but less than the 

1.8 pg1L human health SV; otherwise, the most downgradient mainstream channel concentrations were 

less than detection limits and indicate that cadmium contamination is reasonably well bounded. Sediment 

concentrations also frequently exceeded human health or ecological SVs across the drainage channels, 

except in the most downgradient locations (16SWISD25 and 16SWISD19) of the mainstream channel. 

Therefore, cadmium contamination is bounded in the downgradient direction. 

Chromium - Surface water chromium concentrations were less than human health and ecological SVs at 

all sampled locations except I6SWlSDI5 where the 11.8 pgIL concentrations exceeded only the human 

health SV of 11 pglL (See Figure 5-24). All sediment sample concentrations were less than the human 

health SV but several locations had samples with chromium concentrations greater than the 43.4 mglkg 

ecological SV. The maximum concentration, 85.2 mglkg at 16SWISDIO is virtually the same as the 

upgradient concentration (85 mglkg) at 16SWISD20. In general, surface water chromium concentrations 

exceed the upgradient chromium concentrations but not the applicable SVs. All downgradient chromium 

concentrations in sediment are comparable to upgradient sediment chromium concentrations, although 

some SVs are exceeded. Chromium may be a minor site-related contaminant, but this is not clear. 

Copper - Most of the sampled surface water and sediment locations (Shown in Figure 5-25) exhibited an 

exceedance of one or more SVs and many locations had concentrations in excess of the upgradient 

locations. The most downgradient mainstream location 16SWlSD19 (4.1 pglL) exceeded the ecological 

SV (1.58 pglL) in Round 1. The other surface water and sediment copper concentrations were less than 

the other applicable SVs at this location. Copper contamination patterns indicate that locations of highest 

copper concentrations were generally on the SWMU 16 ridge top and decrease in downgradient 
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directions away from that area. However, copper is not completely bounded in the most downgradient 

direction based on the 4.1 pgIL surface water concentration at 16SWISD19 in Round 1. 

lron - lron concentrations in excess of surface water or sediment SVs occur in every sampled location 

(See Figure 5-26). Surface water iron concentrations consistently do not show a pattern of increase or 

decrease with distance from the SWMU; sediment concentrations generally increase from the ridge top to 

midway into the valley on each side (east and west) of the SWMU. Lower elevations also have 

significantly elevated iron concentrations. Surface water concentrations in the most downgradient 

locations are less than the SVs but not less than the upgradient concentrations, so surface water iron 

contamination is completely bounded. The sediment iron contamination is not bounded in the 

downgradient direction as compared to SVs or upgradient concentrations. The source of the iron 

contamination is unknown. Based on the spatial patterns (i.e., high concentrations of iron in samples 

near the ridge top), it appears that groundwater discharges from the hillside may be contributing to 

elevated iron concentrations midway down the ridge and toward the top of the ridge. It is not clear that 

iron is a site related contaminant. 

Lead - The high lead concentration in surface water was 281 pg/L in sample 16SW0401; the high 

concentration in sediment was 15,200 mglkg at location 16SWlSD06 (See Figure 5-27). The high surface 

water concentration exceeds the human health (15 pg1L) and ecological (1.17 pglL) SVs for surface 

water. The sediment concentrations exceed the human health (400 mglkg) and ecological (35.8 mglkg) 

sediment SVs (See Figure 5-11). Additionally, they exceed the mainstream and gully upgradient 

sediment concentrations, and they exceed typical surface soil background concentrations and UTLs 

(Tables 3-1 and 3-2). An UTL represents the concentration below which 95 percent of the concentrations 

values fall 95 percent of the time. An exceedance of a UTL is supposed to occur in less than five percent 

of the data with the chance for exceedance becoming less as the exceeding concentration increases. As 

expected, based on site history, the highest sediment and surface water lead concentrations are 

associated with the southern portion of the site near theformer incinerator. Downgradient of this area, 

concentrations decrease, although the most downgradient sediment concentrations are not less than SVs 

nor are they less than the upgradient concentrations or typical surface soil concentrations. Lead 

contamination in sediments is unbounded in the downgradient direction relative to SVs, upgradient 

concentrations, and typical suriace soil concentrations. 

Nickel - Nickel concentrations do not exceed SVs in surface water, indicating that this metal is not an 

environmental concern in this medium. There were several exceedances of sediment ecological SVs and 

one exceedance of the human health SV for sediment. The maximum sediment concentration 

(804 mglkg) was observed at location 16SWlSD06, southwest of the former incinerator. All other 
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sediment nickel concentrations were less than 50 mg/kg, though many exceed the 22.1 mglkg 95/95 UTL 

for Pennsylvanian surface soils. The most downgradient mainstream channel sediment concentrations 

were less than or slightly greater than SVs (See Figure 5-28). Therefore, nickel contamination is 

reasonably well bounded in the downgradient direction. 

Vanadium - The concentrations of this metal in surface water and sediment are not distributed in any 

particular spatial pattern (See Figure 5-29). Few surface water samples had concentrations that were 

more than 50 percent greater than human health or ecological SVs. The exceptions were 16SWlSD15 

(1 9 pg/L) and 16SWlSD28 (16.3 pg/L). The most downgradient sampling locations had vanadium surlace 

water and sediment concentrations less than the SVs or slightly greater than the ecological SV, therefore 

elevated surface water vanadium concentrations are reasonably well bounded by lesser concentrations in 

downgradient directions. In addition, the SWMU 16 downgradient sediment concentrations, though 

exceeding upgradient locations slightly, appear similar to the upgradient concentrations after accounting 

for the greater number of site samples than upgradient samples. Therefore, it does not appear that 

vanadium is a site-related contaminant. 

Zinc - The highest zinc concentrations in surface water and sediment are associated with sampling 

locations near the former incinerator located at the southern end of SWMU 16 (Figure 5-30). 

Concentrations of zinc generally decrease with distance from that area. There were numerous 

exceedances of the surface water ecological SV for surlace water but not in the most downgradient 

mainstream sampling locations. No surface water concentrations exceeded the human health SV. There 

were few exceedances of the human health sediment SV and the exceedances were less than a factor of 

two. Numerous sediment samples exceeded the ecological SV, but all of the most downgradient 

mainstream sediment samples were less than the human health and ecological SVs. This indicates that 

the zinc contamination is well bounded. 

NitriteINitrate - This analyte, measured in surface water but not in sediment, was detected in surface 

water at several locations and at elevated concentrations over the three sampling rounds (See 

Tables 3-16 and 3-17). This parameter exceeded the 1,000 pg/L human health SV for nitrate at three 

locations in one or more sampling rounds. Data for locations that exceeded this value are summarized 

below: 

Location 16SW/SDOl: 3,300 pg/L in Round 1 (north sump) 

Location 16SWlSD07: 1,500 pg/L in Round 1 (west sump) 

Location 13SWlSD14: 3,200 pg/L in Round 2 (gully upgradient) 
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The second highest nitriteinitrate concentration (3,200 pgikg) was observed in an upgradient surface 

water location (16SWlSD14). Therefore, while this chemical may logically be considered to be a site- 

related contaminant because of its association in nitrated organic explosives, it is not clear that this 

classification is accurate. 

The highest concentration of ammonia in surface water was observed in the north sump (location 

16SWiSDOl) in Round 1 (2.800 pg/L). No ammonia analyses were conducted in Rounds 2 and 3, and 

sediment samples were not analyzed for this parameter. The origin of this elevated concentration is 

unknown although chemical reduction of nitrate and nitrite to ammonia is a plausible explanation. All 

other ammonia concentrations were less than the detection limits. 

In summary, the surface water and sediment total metals concentrations (i.e., antimony, copper, lead, 

zinc, and possibly nickel) associated with known site operations are generally found in higher 

concentrations on the ridge top than in the downgradient samples. Except for copper and lead, the 

contamination from these metals is well bounded by concentrations less than human health or ecological 

SVs, or concentrations comparable to upgradient concentrations or surface soil concentrations. The 

nitrate is presumed to derive from the explosives used at SWMU 16. It may be a breakdown product from 

the degradation of explosives or it may be a manifestation of the use of nitrate salts. Ammonia 

concentrations were elevated at one location and may indicate that reduction of nitrates has occurred. 

All metals that were analyzed in surface water and sediment, but were not plotted in the figures described 

in this section, are believed not to fall into one or more categories: non-site-related contaminants 

(barium, beryllium, cadmium, cobalt, lithium, selenium, silver, thallium) or they are macronutrients 

(calcium, magnesium, potassium, and sodium) that are of little environmental significance, or they may be 

site-related contaminants (mercury, strontium, tin) but are represented by the discussions presented 

above. 

The majority of the following metal concentrations, when detected in surface water, are consistently 

associated with the total metals analylical results but less so w~th dissolved metals (See Table G-5): 

aluminum, arsenic, beryllium, chromium, iron, lead, nickel, titanium, and vanadium. This indicates that 

filtration through a filter with 0.45 um pore size will generally remove most of the metal from the water 

because it is associated primarily with suspended matter in the water. The suspended matter may be 

colloidal or particles of larger size. Collolds are generally considered to range in size from 0.001 microns 

to 1 micron in slze. These data are interpreted to mean that entrained soils or sediments are responsible 

for 50 percent or more of the reported total metals concentrations in surface water for these metals. 

Some other metals (i.e., mercury, seienium, silver, and thallium) may also fall into this category but there 
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were not enough detections of those metals to obtain a clear picture of their distributions between 

dissolved and suspended phases. 

5.4 GROUNDWATER CONTAMINATION 

Table G-4 of Appendix G is a presentation of all groundwater data that were collected during RFI Rounds 

1 through 3. Groundwater samples were not analyzed for dioxins or PCBs because these compounds 

were not expected to be significant for SWMU 16 and because they generally adsorb strongly to solid 

substrates such as soil and sediment rather than being dissolved in groundwater. Comparisons of the 

chemical concentrations to SVs and selection of COPCs for risk assessment are made in Sections 7.0 

and 8.0. 

Tables 3-20 through 3-33 present summary statistics for groundwater samples. Tables 3-20 through 3-27 

are for Puz and Pmz groundwater samples, which represent shallow groundwater on the ridge of SWMU 

16 and in water under the ridge but intermediate between shallow and deep well depths. Tables 3-28 

through 3-30 are for Plz and Valley well samples, which represent deep groundwater underneath SWMU 

16 and in the valley between ridges. Valley wells also represent groundwater in the vicinity where it may 

discharge to surface channels. More on this is presented in Section 6.0. Tables 3-31 through 3-33 

present data for all parameters that were detected at least once in groundwater. 

5.4.1 Pennsylvanian Upper Zone and Middle Zone Wells 

Figures 5-31 through 5-40 depict representative organic and inorganic chemical concentrations in 

groundwater Puz and Pmz wells. 

Figure 5-31 is a tag map of the concentrations of explosives RDX and its degradation products. This 

figure shows data from each round of sampling. The Rounds are indicated by "R-I", "R-2, and R - 3  for 

Rounds 1, 2, and 3, respectively. RDX degradation products were only measured in Round 2, hence 

dashes ("---") appear for the rounds where no data are available. 

The following chemical concentrations were not plotted for reasons indicated in parentheses: dioxins (not 

analyzed), SVOCs (just one detection at about three times SV), PCBs (not analyzed). Table 2-3 indicates 

that herbicides were analyzed in groundwater but herbicides were not actually analyzed. An herbicide 

analytical method was used for SVOCs analysis to obtain lower-than-normal detection limits for the 

SVOCs. The only SVOCs detected in groundwater at a concentration greater than the SV was pyridine 

(9 pg1L in sample 16MWT0601). A small number of PAHs were also detected but at concentrations less 
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than SVs. Therefore, SVOCs are not significant groundwater contaminants for SWMU 16 and are not 

discussed further. 

RDX was the most widely detected explosive compound in groundwater (Figure 5-31), therefore it is 

necessary to plot only RDX concentrations to demonstrate the extent of explosives contamination at 

SWMU 16. RDX detections were limited to the upper and middle zone wells. The upgradient well, 

WES-14-02-83, had no detectable concentrations of explosives, including RDX. The maximum detected 

RDX concentration was 200 pg/L in Round 2 at well 16MWT04, located in the eastern portion of the 

SWMU. This same well had RDX concentrations of 77 and 70 pg/L in Rounds 1 and 3, respectively. 

Other upper and middle zone wells with RDX concentrations greater than 6.1 pg/L (10 times the human 

health SV) were: 

Well WES-14-03-83 (50 to 71 pg/L over 3 rounds), southeast of the former incinerator and 

Building 146. 

Well 16MWT09 (79 to 110 pg1L over the 2 most recent rounds), east and downgradient of 

Building 146 and well 16MWT04. 

Well 16MWT06 (1.8 to 8.8 pg/L over 3 rounds), northeast of Building 146. 

Well 16MWT13 (1.1 to 6.7 pg/L over the 2 most recent rounds), west and downgradient of 

Building 146, near the west sump. 

Well 16MWT10 (55 pglL in Rounds 2 and 3), southeast and downgradient of Building 146 and well 

16MWT04. 

Ten (10) times the SV is a useful tool for describing the groundwater contamination because it ignores the 

less egregious concentrations that are closest to the SV. The RDX concentrations are greatest on the top 

of the ridge near well 16MWT04, within the SWMU 16 operational area. From there, the concentrations 

decrease in downgradient directions away from the ridge top and down the hillsides. Figure 4-7 of 

Section 4.0 shows the potentiometric groundwater surface for Puz and Pmz wells. RDX contamination, 

however, is not completely bounded laterally by wells that have RDX concentrations less than the 

0.61 pg/L human health SV. For example, wells 16MWT09 and 16MWT17 had 110 pg/L and 5.2 ug/L 

RDX, respectively, in Round 3. The extent and magnitude of RDX contamination is greater for the 

eastern side of the SMWU than for the western side. RDX degradation products were consistently 
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detected where RDX concentrations exceeded 50 pg/L. This demonstrates that some RDX degradation 

is occurring. Degradalion of organic compounds is discussed in more detail in Section 6.0. 

The groundwater contaminant movement is physically bounded to the east and west of SWMU 16 by the 

valley streams. Therefore, although RDX contamination moves from the ridge top in groundwater loward 

the streams, it cannot migrate beyond the streams from the direction of SWMU 16. More detail on the 

fate and transport of SWMU 16 contaminants is provided in Section 6.0. 

Figures 5-32 and 5-33 are tag maps for VOCs (e.g., select chlorinated alkanes and alkenes) in SWMU 16 

groundwater. Two different, related series of compounds are plotted: 1,1,2,2-tetrachloroethane 

(1,1,2,2-PCA) and its degradalion products (e.g., select chlorinated alkanes) in Figure 5-32, and 

tetrachloroethene (PCE) and its degradation products (e.g., select chlorinated alkenes) in Figure 5-33. 

Groundwater in several Puz and Pmz wells contained detectable concentrations of VOCs that were 

greater than the SVs for human health; there are no ecological SVs for groundwater. The alkanes and 

I,l,-dichloroethene (Figure 5-32) had less severe SV exceedances than the alkenes (Figure 5-33). TCE, 

in particular, exhibited the highest concentrations of all VOCs and exceeded the SV in most wells in most 

sampling rounds. The TCE and other VOC concentrations are highest on the ridge top near the northern 

end of Building 146 and they decrease in the downgradient directions toward the valleys below. The 

highest VOC concentration (330,000 pg/L TCE in Round 3) is located in well 16MWT06 near the eastern 

sump and near the high soil concentrations described in Section 5.2.3, however, there are slight 

differences in the soil and groundwater patterns. The highest soil concentrations appear to originate 

under Building 146, decrease most dramatically toward the east and decrease less dramatically toward 

the west. The highest groundwater TCE concentration is located east of the northern end of Building 146 

and decrease toward the east and west. Very high concentrations of TCE (28,000 pg/L in Round 2 and 

62,000 pg/L in Round 3) were also detected in well 16MWT13 located near the west sump. A small 

amount of TCE (6.2 pgR), by comparison, was detected in nearby well 16MWT02. Based on the soil and 

groundwater patterns, it appears that soil contamination under Building 146 has leached to groundwater 

and has spread in two directions: toward the east and west in downgradient directions. Recall that RDX 

contamination is worst toward the east. Some VOC contamination appears to have migrated as far as 

the southern end of the SWMU, but the VOC concentrations there are much less than those at the 

northern end of the site. It is also possible that a minor VOC source exists closer to the southern wells 

and is the source of contamination in those wells. VOCs are not bounded laterally in all directions by 

wells with concentrations less than detection limits or SVs. However, the valleys form a physical barrier 

to groundwater migration laterally from SWMU 16 and those wells are described in the next section. 
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VOCs that were not plotted but are of potential significance include benzene, carbon tetrachloride, trans- 

1,2-dichloroethene, and chloroform. These chemicals are not as pervasive as the other VOCs or they 

were not detected at concentrations as high as those of the more important chlorinated VOCs, however, 

they do appear to be related to SWMU 16 and they contribute to the body of knowledge that indicates 

VOCs were used at SWMU 16 and are not bounded in lateral directions. Chlorinated VOC degradation 

products ethane, ethene, and methane were also detected in several wells. The organic chemical k 

degradation products are discussed in more detail in Section 6.0. 

Groundwater metals data are plotted lor Puz and Pmz wells in Figures 5-34 through 5-40 for the most 

significant metals in terms of potential site-related contaminants. An exceedance of the groundwater 

human health SV in one or more sampling rounds is represented by a filled black dot at the affected 

sampling location. An open dot indicates that no exceedance occurred in any round. Ecological SVs do 

not apply to groundwater. Dashes are used to indicate where data are not available for a particular 

round; the rounds are Round 1. Round 2, and Round 3, reading from left to right. Each metal is 

discussed individually in the following text. 

Aluminum - Figure 5-34 shows that there were numerous SV exceedances for aluminum in Puz and Pmz 

groundwater wells. The majority of these exeedances, which are indicated by filled black dots at the well 

locations, are situated in the northern portion of the site. The exceedances, however, are within two 

times the SV, therefore the exceedances do not appear to be very significant and aluminum is not 

discussed further for Puz and Pmz wells. 

Arsenic - Figure 5-35 shows that groundwater arsenic concentrations exceed the 0.045 pg/L SV in many 

groundwater samples. The arsenic SV is so low that the analytical detection limit exceeds the SV and 

every detection of arsenic exceeds the SV. Wells with undetectable levels of arsenic are not identified as 

exceedances on Figure 5-35. The highest arsenic groundwater concentrations in Puz and Pmz wells 

were 16MWTO1 and 16MWT16. These wells are well separated and the arsenic concentrations in 

groundwater reveal no pattern that would link them to site-related contamination, therefore arsenic is not 

discussed further for these wells. 

Chromium - Figure 5-36 displays chromium concentrations in groundwater. The concentration was 

highest in well 16MWT15 (73.6 pglL) in Round 2, but much closer to chromium concentrations in other 

wells in Round 3 (12.4 pg/L) and the 11 pg//L human health SV. In general, chromium contamination 

does not appear to be significant in groundwater and it is not clear that this metal is a site-related 

contaminant. Because it does not appear to be a site-related contaminant in any other medium (See 

discussions above), it is not believed to be a site-related contaminant for groundwater. 
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Iron - Figure 5-37 shows that iron concentrations are high in a few wells with many concentrations 

exceeding the 1,100 pg/L SV. The highest observed iron concentrations were consistently measured in 

well WES-14-01-83 and 16MWT16. Well WES-14-01-83 is southwest of the former incinerator and 

Building 146 whereas the other two wells are located east of Building 146. The available information 

does not allow for identifying the cause of the elevated iron concentrations. In particular, high iron 

concentrations do not appear to correlate to proximity from either the building or the former incinerator. 

The measured concentrations exceed the 1,100 pg/L SV across the SWMU in Puz and Pmz wells. In 

summary, it is not clear that iron is a site-related contaminant. 

Lead - The highest concentration of lead was measured in well 16MWT16, which consistently exhibited 

elevated metal concentrations, including metals that are not plotted spatially for this report such as cobalt 

and copper. The concentrations for lead are plotted in Figure 5-38. 

Nickel - Groundwater concentrations of this metal are shown in Figure 5-39. This metal does not often 

appear as a contaminant but many of the Puz and Pmz wells had exceedances of the 73 pg/L nickel 

human health SV. The highest nickel concentrations were observed in wells 16MWT05 (284 and 

301 pgIL), 16MWTlO (219 pg/L), 16MWTl2 (319 pg/L), 16MWT13 (212 pg/L), and 16MWT16 (714 and 

808 pg1L). Once again, well 13MWT16 shows up as a consistently contaminated well and is located 

immediately east of Building 146. It is not clear, however, that the elevated nickel concentrations are 

linked to Building 146 or other site operations because the spatial patterns appear to be random. The 

elevated nickel concentrations are ndt bounded laterally. 

Vanadium - Figure 5-40 displays groundwater vanadium concentrations in Puz and Pmz wells. Well 

16MWT16 again emerges as a well with the highest metal concentration (64.8 pg/L in Round 2 and 

14.8 pg/L in Round 3), in this case, vanadium. All other Puz and Pmz well vanadium concentrations are 

considerably less than 15 pg/L and the 3.6 pglL SV except for a detection of 4.1 pg/L vanadium in well 

16MWTl3 (sample 16MWT1301). 

When detected, the majority of the following metal concentrations in groundwater are consistently 

associated with the total metals but not with dissolved metals (See Table G-4): aluminum, arsenic, 

beryllium, chromium, copper, iron, lead, tin, titanium, and vanadium. This indicates that filtration through 

a filter with 0.45 um pore size will generally remove most of the metal from the groundwater because it is 

associated with suspended matter in the water. The suspended matter may be colloidal or particles of 

larger size. Colloids are generally considered to range in size from 0.001 micron to 1 micron in size. 
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The highest observed ammonia concentrations (not plotted) were in Puz and Pmz wells WES-14-01-83 

(410 pg1L ammonia), 16MWT02 (530 pg/L ammonia), 16MWT03 (330 pg/L ammonia), 16MWT05 

(320pgIL ammonia), and 16MWT06 (570 pg/L ammonia). The highest observed nitratelnitrite 

concentrations (not plotted) were observed in wells 16MWT03 (540 and 700 pg/L nitratelnitrite). 

16MWT04 (600 and 490 pglL nitratelnitrite), 16MWTlO (270 pg/L nitratelnitrite), and 16MWTl3 (190 pgIL 

nitratelnitrite). All other detected concentrations of these chemicals were less than 100 pg/L. The highest 

observed concentrations of these chemicals were on the ridge top and decrease to lower levels in 

directions away from the ridge top. It is not clear that these chemicals are site-related, but if they are, 

they appear to represent organic nitrate explosives that are far along in the degradation process. More 

on the degradation of chemicals is provided in Section 6.0. None of the observed nitratelnitrite 

concentrations exceeded the SV; there is no ammonia SV for groundwater. 

5.4.2 Pennsylvanian Lower Zone and Valley wells 

There were no explosives detected in Plz or Valley wells, indicating that vertical bounding of explosives 

contamination in groundwater is complete. 

Although high concentrations of VOCs were detected in some Puz and Pmz wells (See Section 5.4.1), 

little VOC contamination was detected in Plz or Valley wells. Chloroform and methylene chloride were the 

only chlorinated VOCs to be detected in these wells; all other detections were for acetone, benzene, 

ethylbenzene, propionitrile, toluene, and total xylenes. Acetone and methylene chloride are common 

laboratory contaminants and may not be related to SWMU 16; benzene, ethylbenzene and xylenes are 

commonly associated with gasoline and may reflect a gasoline spill unrelated to SWMU 16. In addition, 

none of these detected concentrations exceeded groundwater SVs except the chloroform and benzene. 

The chloroform exceeded the groundwater SV (0.17 pg/L) in wells 16MWT08 (15 pg/L), 16MWT11 (16 

pS/L), 16MWT15 (0.8 pgIL), and 16MWT18 (1 pgIL), but it did not exceed the chloroform maximum 

contaminant level for total trihalomethanes in drinking water (80 pg/L) in any of these wells. There were 

several detections of benzene in wells 16MWT06 (0.9 to 3.5 pg/L), 16MWT13 (1 . l  pglL), I6MWTl5 (0.7 

pgIL), and 16MWTl7 (1.1 pg/L) but this chemical was not detected in any other media that were sampled. 

Therefore, this chemical does not appear to be site related. While the chloroform contamination that may 

be related to site operations was detected in Plz wells, it does not appear to be a serious concern. 

Neither of the valley wells (16MWTlS and 16MWT20) were contaminated with VOCs. This is significant 

because the valley wells represent groundwater concentrations near the bounding eastern valley stream. 

If the groundwater concentrations are low, any groundwater discharges to the stream will be low. This 

topic is discussed further in Section 6.0. No Plz or Valley well data are plotted for this report. 
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The matrix below indicates the maximum concentrations of total metals that exceeded their respective 

human health groundwater SV, and in which wells the concentrations exceed those values in Plz or 

Valley wells. Cells containing "NE  indicate that the metal did not exceed its SV in that well 

Wells 16MWT15, 16MWT19. 16MWT20, and 16MWT21 had the least number of SV exceedances. 

Antimony, beryllium, cobalt, and lead generally exhibited few exceedances, whereas aluminum, arsenic, 

barium, chromium, iron, manganese, nickel, and vanadium had four or more exceedances. The most 

dramatic exceedances were for aluminum (296,000 and 77,200 pglL in 16MWT08 and 16MWT11, 

respectively), arsenic (29.2 and 11.8 pglL in 16MWT08 and 16MWTl I), iron (241,000 and 46,200 pglL in 

16MWTO8 and 16MWTl I ) ,  manganese (3.800 pglL in 16MWT08), and vanadium (41 0 pglL in 16MWT08 

and 80.9 pglL in 16MWT15). Two wells dominate the Plz and Valley well exceedances: 16MWT08 and 

16MWTll. These wells are on the same (east) side of the SWMU and therefore appear to represent 

similar conditions. However, the area near well 16MWT08 generally exhibited high VOC concentrations 

in soil whereas the area near 16MWT11 exhibited neither high metal concentrations nor high VOC 

concentrations in soil. These observations raise questions concerning whether these groundwater metals 

are related to SWMU operations. Furthermore, if SWMU 16 were the source of the contamination, it does 

not seem likely that contamination of this magnitude could exist in the Plz wells located underneath the 

Puz and Pmz wells when the Puz and Pmz wells are not as contaminated. Thus, the elevated metals 

concentrations appear to be related to natural conditions that are conducive to dissolution of metals from 

geologic formations, however, there is not enough information available to demonstrate this. More on the 

fate and transport of metals in the environment is presented in Section 6.0. 
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Not enough data are available for the lower zone and valley wells to determine whether the detected 

metals are associated predominantly with suspended or dissolved phases of the surface water, however 

it does appear that the same metals that are predominantly associated with solids for Plz and Pmz wells 

are also predominantly associated with solids in Plz and Valley wells. 

Concentrations of ammonia and nitratelnitrite were much less in the Plz and Valley wells than in Puz and 

Pmz wells. This indicates that lhe elevated concentrations of these chemicals in groundwater are well 

bounded vertically and laterally. Wells 16MWT15 and 16MWT18 were the only wells to exhibit detectable 

levels of these chemicals (50 bg1L nitratelnitrite in each well in Round 2). 

5.4.3 Summary of Upper and Lower Well Contamination 

In summary, the primary groundwater contaminants are VOCs and RDX with minor contributions from 

other explosives and explosives degradation products. The VOCs can be clearly linked to VOC 

contamination in soils at the northern end of 8146. VOC concentrations decrease away from the site, 

although concentrations of these contaminants are well above human health SVs at the perimeter of the 

SWMU. Organic chemical contamination is confined almost completely to the shallow zone wells. 

Some metal contamination seems to be present but it is not clear that the metal contamination is 

assbciated with SWMU 16 operations. For the plotted metals, if one assumes that there is symmetry in 

the groundwater flow to the east and west of the SWMU 16 ridge top and, consequently, in the degree of 

dilution of metals in groundwater as it flows away from the SWMU, metals are bounded in all directions by 

the time they reach the valley streams located east and south of the SWMU. 

The concentrations of several metals were not plotted for groundwater. These metals are: antimony, 

barium, cadmium, calcium, copper, lithium, magnesium, mercury, potassium, selenium, silver, sodium, 

strontium, thallium, tin, titanium, and zinc. These metals either exhibited no exceedances of the human 

health SV for groundwater, the exceedances were siight, or the exceedances were bounded by 

downgradient wells with concentrations less than the SV. Therefore, a discussion of those metals would 

add no new knowledge to the extent of groundwater metal contamination at SWMU 16. 

Elevated concentrations of nitratelnitrite and ammonia in groundwater are well bounded vertically and 

laterally. These chemicals may be indications of explosives degradation. This topic is discussed in more 

detail in Section 6.0. 
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6.0 CONCEPTUAL SITE MODEL, CONTAMINANT 

TRANSPORT, AND ATTENUATION 

This section presents an overview of the movement of contaminants at SWMU 16 among the environmental 

media. The focus is placed on four major contaminant groups (explosives, VOCs, metals, and inorganic 

nitrogen compounds), which can be attributed to historical site operations or that have been detected in 

environmental media at SWMU 16. The information presented in this section is to be used to: 

Provide information on the chemical and physical properties, which affect the mobility, migration, 

biodegradation, and persistence of the principal COPCs at SWMU 16. 

Assist in health and ecological risks presented in Sections 7.0 and 8.0. 

Assist in risk management decisions 

Assess whether movement of contaminants among environmental media will result in significant future 

changes to exposure point concentrations to receptors or significant exposure to receptors not currently 

exposed or at locations not currently exposed. 

Assess whether the potential exists for contaminant concentrations to decrease over time in various 

media. 

Present a conceptual site model which identifies contamination sources, contaminant migration pathways, 

and potential receptors. 

6.1 PROPERTIES AFFECTING MOBILITY, ATTENUATION, AND PERSISTENCE 

COPCs present at SWMU 16 belong to four primary groups: energetic compounds, VOCs, metals, and 

inorganic nitrogen compounds. Not all of the COPCs are discussed in this section, but the primary 

contaminants that were detected at the highest concentrations and frequencies, and that have the highest 

potentials to cause human or ecological risk are discussed and evaluated in this section. These primary 

contaminants are representative of all other site-related contaminants that are not explicitly discussed in this 

section. The primarychemical and biological factors which affect the mobility, migration, biodegradation, and 

persistence of COPCs at SWMU 16 are solubility, adsorptionldesorption, volatility, biodegradation, and plant 

uptake. 
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6.1.1 Solubilities and AdsorptionlDesorption Properties 

Literature values and regulatory guidance values for solubilities, organic matter-water partition coefficients 

(K,), soil-water partition coefficients (&), and biodegradation rates are summarized in Tables 6 1  through 6-3. 

Thesevalues are based on field investigations, laboratory experiments, and theoretical calculations that are 

described in scientific literature. In most instances, the values found for each parameter for each chemical 

has a wide range. Thus, the parameter values listed in Tables 6-1 through 6-3 may not be accurate or entirely 

applicable to the SWMU 16 setting, but they are useful for comparative purposes to rank COPCs against each 

other in terms of their relative mobilities and biodegradation potential. 

As shown in Table 6-1, most of the COPCs have moderate to high solubilities and generally have low to 

moderate affinities for sorbing to organic carbon and soil. However, some of the metals do have high affinities 

for sorbing to soil (e.g., aluminum, beryllium, chromium, lead, and vanadium). For these COPCs, the 

concentrations dissolved in groundwater are low and the rates of migration through surface water, soil, and 

groundwater systems in the dissolved phase should be very slow or insignificant. 

The remaining metals (antimony, arsenic, cadmium, cobalt, copper, iron, manganese, nickel, and zinc), most 

of the energetic compounds, some of the VOCs [ I  ,1,2,2-PCA, 1,1,2-trichloroethane (1,1,2-TCA), and PCE], 

and ammonia have moderate affinities for sorption to soil and can therefore move through the environment 

more quickly than the COPCs listed above. However, their mobility and migration rates are still impeded by 

sorption and in some cases solubility constraints. 

The COPCs with the lowest affinities for sorption (i.e., lowest KO, and Kd values) are RDX, 2-amino-4,6- 

dinitrotoluene (2ADNT), 4-amino-2,6-dinitrotoluene (4ADNT), 1.2-dichloroethane (1,2-DCA), 

1,l-dichloroethene (1,l-DCE), TCE, cis-I*-DCE, vinyl chloride, and nitrate. These compounds have the 

greatest mobilities and should migrate quickly through soil, groundwater, and surface water systems. As 

discussed in Section 5.0, TCE and RDX have migrated into more media and have been detected in more 

samples than any other organic COPC. 

The Kds of the metals are intermediate to high in value and indicate that the metals should be relatively 

immobile. However, the natural soils and groundwater associated with the Pennsylvanian-age rocks in 

southern Indiana are slightly too strongly acidic because: 

The Pennsylvanian shales, coals, and sandstone units typically contain pyrite, which forms sulfuric acid 

when oxidized. 

020502/P 6-2 CTO 0343 
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. The near-surface rocks have undergone chemical and physical weathering through a very long period of 

geologic time, which has allowed the oxidation of pyrite and the leaching and removal of any carbonate 

minerals that may have once been present in the rocks. 

The residual soils and near-surface rock units have been subjected lo acid rain in recent decades 

Because of lower pH values in the soils, bedrock, and groundwater, the solubilities of most metals are 

generally higher than would be expected at near-neutral pH values. In addition, the Kd values of most of the 

metals are depressed. Therefore, the higher concentrations of metals causing screening level exceedances, 

as described in Section 5.0, may be due in large part to the lower pH values that are naturally prevalent. 

Another factor which greatly affects the solubilities and mobilities of iron, manganese, chromium, and arsenic 

are their valence states. Each of these metals has more than one valence state that is stable in nature. The 

oxidation-reduction conditions of the soil, bedrock, groundwater, or sudace water systems where these metals 

reside will control the valence states of the metals in each specific environment and location. Iron and 

manganese are much more soluble and mobile under reduction conditions, where the reduced lorms of these 

metals ( ~ e " ,  ~ n " )  are most prevalent. Chromium is more soluble and mobile under oxidizing conditions (i.e., 

surface soils and surface waters), where the oxidized ionic species ( ~ r " )  should be most prevalent. 

Even though many of the energetic compounds, several VOCs, and many of the metals have relatively high 

affinities for adsorption to soil and sediment, they can still move through the environment away from a source 

area via erosion and sediment transport (i.e., surface water pathway) or via wind erosion and transport. 

6.1.2 Biodeqradation 

As shown in Tables 6-1 and 6-3, HMX. RDX, and many of the VOCs biodegrade relatively slowly (e.g., 

3-30 year half-lives) in groundwater. Some of the VOCs and TNT degrade more quickly (e.g., 0.5-3.0 year 

half-lives). Metals do not degrade at all. Hence, it is probable that the total mass ol the VOCs and energetic 

compounds at SWMU 16 will decrease slowly over time as a result of degradation (chemical and biological). 

An exception to this is TNT, which appears to have degraded very quickly. TNT was not detected in any soil 

or sediment samples and was detected in only one groundwater sample. However, its degradation products 

(2-amino-4,6-dinitrotoluene, 4-amino-2,6-dinitrotoluene, 2-nitrotoluene, and 3-nitrotoluene) are present in 

several groundwater samples (Tables 3-9 and 3-20). 



NSWC Crane 
RFI Report 

Revision: 0 
Date: June 2005 

Section: 6 
Page 4 of 13 

Numerous laboratory studies and past site investigations at Department of Defense facilities have yielded 

information on the biodegradation of energetic compounds (see Table 6-3). TNT in soils, groundwater, and 

surface water can degrade biotically or abiotically and can degrade under a fairly wide range of pH and Eh 

conditions (Price et al., 1997; Brannon et al., 1998; Talmage et al., 1999). The two most common degradation 

products of TNT found in soils and groundwater have been 2ADNT and 4ADNT (Li et al.. 1981; Daun et al., 

1998; Pennington et al.. 1999a,b,c). These compounds subsequently degrade to diaminonitrotoluene 

compounds and other less reactive compounds. As mentioned above, 2ADNT and 4ADNT have been found 

in gully waters (Table 3-9) and the uppermost groundwaters (Table 3-20) collected at SWMU 16, where TNT 

was not detected. Thus, there is ample evidence that TNT has almost completely degraded at SWMU 16. 

Scientific studies have shown that HMX and RDX are also biodegraded in soils and groundwater (Tables 6-1 

and 6-3). However, the half-lives of HMX and RDX are thought by most researchers to be relatively long (e.9.. 

20-40 years), especially in soils. DNX, MNX, and TNX are typically cited as the most prevalent daughter 

products of RDX biodegradation. DNX and MNX have been detected in numerous groundwater samples 

collected from the upper monitoring zone (Tables 3-20 and 3-29). 

HMX is the energetic compound detected at SWMU 16 that is theoretically most resistant to biodegradation. 

Although HMX degradation is most likely occurring at a slow rate at SWMU 16, there are no known 

compounds which can be identified at SWMU 16 that are explicitly attributable to HMX degradation. 

PCE and TCE are chlorinated ethene compounds with four and three chlorineatorns, respectively. Since PCE 

has not been detected in any surface or subsurface soils and has been detected at much lower concentrations 

than TCE in surface water and groundwater samples collected at SWMU 16, it is assumed that PCE was not a 

primary solvent used at SWMU 16, but was a trace constituent of TCE solvents that were used. 

At sites contaminated with chlorinated solvents, most of the solvent degradation occurs by reductive 

(anaerobic) dechlorination (RD) (U.S. EPA. 1998), although aerobic processes can also biodegrade the less- 

chlorinated ethenes. RD is a microbially-mediated reaction whereby a chlorine atom on a chlorinated solvent 

is replaced by a hydrogen atom (Vogel and McCarty, 1987). In aerobic bioremediation processes, anorganic 

contaminant, such as benzene, acts as an electron donor and another compound (e.g., oxygen, nitrate, and 

sulfate) acts as the electron acceptor. However, during RD, hydrogen acts as the electron donor and the 

halogenated aliphatics act as the electron acceptors and thus become reduced, as shown in the following half- 

reaction (Aziz et al., 2000): 

R-CI + H+ + 2 e  + R-H + CI 

6-4 
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During RD, hydrogen atoms are consumed (i.e., alkalinity is produced) and chloride ions are produced 

PCE and TCE are part of a biodegradation chain that involves the sequential dechlorination of ethene 

compounds: 

PCE + TCE -. cis-1,2-DCE -. vinyl chloride - ethene 

One molecule of cis-1,2-DCE is created for each molecule of TCE degraded and so on down the chain. Other 

DCE isomers (trans-l,2-DCE and 1 ,I-DCE) can also be produced in minor amounts during the dechlorination 

of TCE (Vogel and McCarty, 1985; Vogel and McCarty, 1987; Aziz et al., 2000). 

As stated above, TCE is likely the primary chlorinated ethene solvent released at SWMU 16. The other 

ethene compounds detected in groundwater (i.e., cis-1,2-DCE, vinyl chloride, and ethene) are most likely 

degradation products resulting from RD andtor aerobic biodegradation processes. I ,I-DCE has also been 

detected in several Puz monitoring wells. It is unclear if this compound was used at SWMU 16, is a 

degradation product of TCE, or is a trace constituent of another solvent. 

1,1,2,2-PCA and I,1,2-TCA are chlorinated solvents that are commonly used at industrial or paint-related 

operations. At SWMU 16, very minor concentrations of 1,1,2,2-PCA were detected in groundwater 

(Table 6-4). However, 1 ,I ,2-TCA was detected in afew subsurface soil samples and several Puz monitoring 

wells (Tables 3-29 through 3-32. and 6-4). 1.2-DCA is usually considered to be the main biodegradation 

product of 1,1,2-TCA (Lorah et al., 1997: Lorah and Olsen, 1999); 1,2-DCA has been detected infrequently 

and at low concentrations in SWMU 16 Puz groundwaters, which implies that I , I  ,2-TCA is probably being 

degraded to I ,2-DCA at a slow rate. 

6.1.3 Plant Uptake 

Recent research by the USACE (May et al., 2003) suggests that plant uptake and phytoremediation may also 

be removing, degrading, and volatilizing RDX and TNT from the soils at the Ammunition Burning Grounds 

(SWMU 3) at NSWC Crane. During the SWMU 13 RFI, vegetation sanlples were collected from trees and 

shrubs located on the northwest side of the ridge containing SWMU 13. Results of the leaf analyses showed a 

relatively high frequency of detections of RDX, HMX, TNT, and degradation products in the 16 vegetation 

samples that were analyzed. Similar uptake of contaminated groundwater may be occurring at SWMU 16. 
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6.2 CONCEPTUAL SITE MODEL AND MIGRATION OF CONTAMINANTS 

Figure 6-1 presents a schematic diagram of pathways that contaminants may take as migration routes from 

the site. Table 6-4 presents an overall summaryof chemical analyses performed on the samples collected 

from SWMU 16. For each medium or subset of medium, the average and maximum COPC concentrations 

are presented. This summary is intended to present the overall picture of which chemicals are migrating, 

which ones are the most widespread, and which ones have the potential to migrate further. 

6.2.1 Historical Operations and Releases 

81 46 was an explosives fill and pressure washout facility with two large and one prototype, oil-fed rotary kiln 

incinerators. Ash and slag residues from the incinerators were piled on the ground outside the building. The 

incinerators were closed in the early 1990s. The incinerators and ash piles were removed along with some 

obviously contaminated soil. 

Site operations also included cast loading (melt pouring of TNT, RDX, and HBX into projectiles), 

demilitarization and high-pressure washout. Prior to 1978, the generated wastewater was discharged through 

a storm drain to a ditch, with ultimate transport to Boggs Creek. After 1978, wastewaters generated at 

Building 146 were transported to the Rockeye Treatment Facility for treatment. 

Two sumps, which are located on the eastern and western sides of 8146, received discharges from floor 

drains in 8146. These sumps discharged through terra cotta tile pipes into ditches in the woods. Terra cotta 

drains are known for leakage potential. Both sumps were expected to contain explosive-contaminated water 

and sludges. However, when sampled, it was determined that the sumps alsocontained significant quantities 

of TCE, with the west sump having the highest concentrations. The east sump was piped to the west sump 

and an air stripper was installed to remediate TCE contamination during 1995 and 1996. The clay tile 

discharge lines leading away from thesumps were plugged when the stripperwas installed. Shortly afterthe 

air stripper was installed, it was found that storm water draining from the roof of 8146 was flowing into the 

sumps and causing them to overflow. The roof drains were rerouted to separate discharge lines that 

discharge into ditches. The air slripper was operated until TCE levels were low enough to allow direct 

discharge of the sumps into the sanitarysewer system. The discharges from the sumps were then rerouted to 

the sanitary sewer system. 

Major contaminants from Bullding 146 loading and washout activities were TNT, RDX, HBX (mixture of RDX, 

TNT, aluminum, and wax), Composition A (RDX and beeswax), Composition 8 (RDX, TNT, and wax), and 

ammonium picrate. The primary metals of concern associated with the incinerator operations are the heavy 

0205021P 6-6 CTO 0343 
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metals lead, barium, cadmium, chromium, and mercury. PAHs and undetonated explosives have also been 

detected in ash from the APE-1236 incinerators. 

Potential historical contamlnant migration pathways at Building 146 include air, surface water, and 

groundwater. Air should no longer be a migration pathway of significance because the furnaces and ash piles 

have been removed. Release of contaminants from surface and subsurface soils to surface water and 

groundwater is still a possibility. 

6.2.2 Conceptual Physical Model and Hvdroloqy 

For SWMU 16, the building drain lines, the three sumps, the incinerator, and the ash pile were all potentially 

sources of site-related contaminants. The original sources of contaminants have been removed or 

remediated. However, surface and subsurface soils are contaminated and there still exists potential for 

COPCs to leach out of the soils and enter the surface water or groundwater transport systems. There is also 

potential forthe soils to erode and be transported by surface runoff and effect surface waters and sediment in 

drainageways downhill from SWMU 16. Figure 6-1 presents a schematic diagram of pathways that 

contaminants may take as migration routes from the site. The contaminants originate in the overburden soil 

and sumps at SWMU 16 (Location A, Figure 6-1). The contaminants that are leached and/or eroded from the 

soils may enter the gullies that drain the site and transport surface water down the sideslopes of the ridge on 

which SWMU 16 is located (Pathway D). 

Contaminants have been migrating downward and entering the shallow groundwater flow system (Pathway B), 

probably since the beginning of SWMU 16 operations in the 1940s. The majority of groundwater in the 

shallow sandstone (Puz, Upper Pennsylvanian water-bearing zone) and the intermediate zone (Pmz) is 

moving southeastward or southwestward (Figures 4-7 and 4-8). This Puz and Pmz intercept the land surface 

(i.e., crop out) along the upper portions of the ridge between elevations of 730 and 760 feet above msl. The 

groundwater in the Puz and Pmz that reaches the outcrop area will theoretically travel in one of three 

pathways; the groundwater will either be taken up by vegetation and transpired (Pathway Bl) ,  seep into gullies 

at the ground surface and join surface water in the gullies traveling downhill (Pathway B2), or will migrate down 

the side of the hill along the bedrock/soil interface which lies one to three feet bgs (Pathway 83). 

A small portion of the groundwater in the Pmz is migrating downward through a shale and siltstone aquitard 

and enters the deeper groundwater flow system in the Lower Pennsylvanian water-bearing zone (Plz). This 

deeper groundwater (Pathway C) is flowing primarily toward the nearest streams (Figure 4-9). However, the 

primary and secondary permeability of this water-bearing zone is less than the Puz and Pmz and the 

groundwater flow velocities are consequently lower in the deeper groundwater system. 

02050ZP 6-7 CTO 0343 
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During storms and high flow events, most of the surface water flowing down the hillside (Pathway D) probably 

enters Turkey Creek as overland flow in the drainageways (Pathway Dl). As the surface water reaches the 

valley bonom it slows down and some of the surface water will infiltrate into the soils and alluvial deposits 

(Pathway D2) and continue to flow toward the creek as subsurface flow. This D2 groundwater will mix with the 

deep groundwater migrating from within the ridge (Pathway C) and groundwater moving downhill along the 

bedrocklsoil interface and into surface fractures (Pathway 83). This mixing will likely occur in the valley 

bottom sediments and the creek channel. 

Ultimately the creek, when flowing, will have water in it from several different sources: surface water from 

upvalley (i.e., upstream of sampling location 1 6SWlSD1 8), surface water discharge from the gullies (Dl), and 

groundwater emanating from the valley floor deposits. This section of Turkey Creek is dry for a good portion 

of the year, but groundwater may still be traveling down the valley as underflow in the valley bonom deposits 

even when the creek bed is dry. 

6.2.3 Enerqetic Compounds 

As shown in Table 6-1, the energetic compounds are virtually absent in the SWMU 16 soils, gulley sediments, 

and Turkey Creek sediments. These data provide evidence that energetic compounds are not reaching the 

gullies or Turkey Creek in solid form (i.e., sorbed to sediment) in sufficient quantities to cause measurable 

effects to the creek sediments. 

A comparison between RDX and HMX detected in the surface water and sump samples clearly shows that 

energetic compounds were found at highest concentrations in the north sump and at relatively low 

concentrations (RDX < 10 pg/L) in the other two sumps (Table 6-4). RDX and HMX were detected in three out 

of seven gully water samples analyzed for energetic compounds. Concentrations of HMX and RDX at 

16SWlSD30 on the east side of SWMU 16 were moderate (4.8 and 24 pgIL, respectively), but concentrations 

of HMX and RDX were very low (5 0.51 pg/L) at sampling site 16SWlSD15, which is located at the most 

downstream end of the eastern gully system. This information suggests that some energetic compounds are 

migrating southeastward through the eastern drainage system, but the concentrations are low by the time the 

gully drains into Turkey Creek. A very low concentration of HMX (0.32 pglL) was detected in Turkey Creek at 

site 16SWlSD24. Thus, there is a very minor impact to Turkey Creek as a result of HMX migration. Note that 

no energetic compound was detected in the single upstream (background) sample (16SWISD18) collected 

from the creek (Table 3-15). This corroborates the assertion that SWMU 16 is a source of energetic 

compound contamination in Turkey Creek and gullies. 
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In groundwater, the energetic compounds and degradation products are present in over half of the Puz 

samples and about a third of the Pmz samples, but are completely absent in the five Plzand two valley bottom 

monitoring wells. The concentrations of all energetic compounds are much higher in the Puzwhen compared 

against the Pmz monitoring wells (Table 6-I), even though there is less than 10 feet of vertical distance 

separating these two sets of monitoring wells. The complete absence of energetic compounds from the lower 

groundwater zone (Plz) is very strong evidence that the aquitard separating the Puz and Pmz from the 

underlying Plz is an effective aquitard, and is causing nearly all of the shallow groundwater in the ridgetop to 

flow laterally to the edge of the hillside. The fact that the concentrations of energetic compounds (averages 

and maxima) found in the Puz groundwaters are much higher than the concentrations detected in the Prnz 

groundwaters is furlher evidence that most contaminants leaching from SWMU 16 soils and sumps are 

confined to the uppermost groundwaters in the ridge and are not migrating downward through the core of the 

ridge (Pathway C, Figure 6-1). 

Overall, the energetic compounds RDX and HMX are the most widespread energetic contaminants that can 

be attributed to SWMU 16; however, these explosives are not migrating downward through the groundwater 

system and are migrating through the surface water system in a very minor way. A very low concentration of 

HMX was detected inTurkey Creek on a single occasion. Thus, the impacts to the creek are minor and the 

export of energetic compounds down the Creek is barely detectable on some occasions and perhaps not 

detectable at all other times of the year (i.e., Pathway E, Figure 6-1). 

6.2.4 Volatile Orqanic Compounds 

Chlorinated VOCs of two different degradation chains (1,1,2,2-PCA and PCE) were detected in SWMU 16 

surface soils and subsurface soils (see Section 5.0). Spills and/or leaks of these solvents occurred beneath 

Building 146, in subsurface drain lines, and/or the three sumps. These VOCs were detected in higher 

concentrations and more frequently in the subsurface soils than in the surface soils. This is probably due to 

the fact that most of the VOCs were originally released in the subsurface (i.e., sumps, buried drain lines, 

beneath the building) and partially due to the fact that over the years since release, the VOCs in surface soils 

may have volatilized and escaped to the atmosphere, thus reducing surface soil concentrations. 

Only moderate concentrations (5 8.8 pg/L) of TCE and cis-1,2-DCE have been detected in water samples 

from the three sumps. PCE, vinyl chloride, 1,1,2,2-PCA, and 1,1,2-TCA and degradation products have not 

been detected in these sumps. This suggests that the sumps are not presently a significant source of VOCs, 

but were likely sources in the past, as discussed below. Distributions of VOCs in soil suggest that leaks 

beneath Building 146 were a significant source of VOCs in soil (see Section 5.0). 
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There was a slight presence of TCE and cis-1,2-DCE detected in two gully sediment samples, but none of the 

chlorinated VOCs listed in Table 6-1 was detected in the Turkey Creek sediment samples. Thus, surface 

transport of sorbed VOCs is not a significant transport pathway for the VOCs. 

Very large concentrations of 1,1,2-TCA, TCE, cis-1,2-DCE, and vinyl chloride have been detected in the 

uppermost groundwater monitoring zone (Puz), particularly in wells 16MWT06, 16MWT13, and 16MWT17, 

which are located immediately downgradient of the east, west, and north sumps, respectively (see Figure 

5-32 and 5-33). Most other Puz monitoring wells either have not shown any presence of VOCs or had very 

low concentrations detected. This is strong evidence that the east and west sumps are locations of where 

VOCs have historically been released, but these are not current sources of VOC contamination. VOCs were 

also detected in monitoring well 16MWT16 (see Figures 5-32 and 5-33), thereby suggesting that leaks 

beneath Building 146 might also have been a source of VOCs entering the subsurface media. BecauseTCE 

and several other VOCs have reached the outermost edge of the Puz, there is a strong likelihood that these 

contaminants are seeping into the surface soils, discharging to the gullies on the hillside (Pathway B2), or 

evaporated or transpired by vegetation (Pathway 83). Any VOCs entering the gullies are probably evaporating 

to a significant extent since they are being detected in gully waters veryinfrequently and at concentrations that 

are orders of magnitude less than concentrations detected in the Puz groundwater. 

The frequency and the concentrations of VOCs detected in the Pmz groundwater samples were far less than 

maximum and average concentrations detected in the Puz groundwaters (see Table 6-1). For example, the 

maximum and average TCE concentrations in the Pmz were about three orders of magnitude less than the 

Puz groundwaters. In addition, none of the VOCs listed in Table 6-1 were detected in the Plz or the valley 

bottom wells. Thus, there is verystrong evidence that the contaminated shallow groundwater is not migrating 

downward and is not affecting deeper groundwaters beneath the ridge. 

The spatial distribution of RDX and TCE in the Puz aquifer are very similar (see Figures 5-31 and 5-33), 

suggesting that they have a relatively similar locations and timing history of release. Because RDX and TCE 

are both found at concentrations in the Pmz that are two to three orders of magnitude less than concentrations 

found in the Puz (see Table 6-4), it is evident that the downward migration of RDX and TCE are greatly 

inhibited. It is not so much the lack of migration time that has prevented significant downward movement of 

TCE, but rather the low permeability of the shales and siltstone below the Puz that has inhibited downward 

movement. The large drop in hydraulic heads between the Puz and the Pmz wells supports the conclusion 

that downward flow is inhibited. Thus, there are strong lines of evidence (both physical and chemical) that the 

contaminated shallow groundwater in the Puz is migrating veryslowly down to the Pmz, and has not reached 

the Plz at all. 
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In summary, VOCs have apparently been released from the sumps in the past and from beneath Building 146. 

These releases have impacted the surface and subsurface soils and the shallow groundwater at the site. 

However, the VOC contaminants are not significantly affecting surface water quality and have had not 

migrated at all to deeper groundwater. 

The average and maximum concentrations of 14 metals in media sampled at SWMU 16 are listed in 

Table 6-1. As stated in Section 5.0, metals are naturally occurring and it is often difficult to discern what 

concentrations are the result of natural occurrence and what concentrations are indicative of site-related 

contamination. 

Metal concentrations (e.g., aluminum, antimony, chromium, copper, lead, and zinc) are elevated in the 

SWMU 16 surface soils relative to background soils (see Figures 5-1 through 5-9). Based on the maximum 

and average concentrations of metals listed in Table 6-1, the highest aluminum concentrations were detected 

in the SWMU 16 surface soils. However, the highest average concentrations of antimony, cadmium, copper, 

lead, nickel, and zinc (six metal?) were detected in the gulley sediments and the highest average 

concentrations of arsenic, beryllium, chromium, cobalt, iron, manganese, and vanadium (seven metals) 

occurred in theTurkey Creek sediments (Table 6-1). The general increases in metal concentrations from the 

top of the ridge (i.e., surface and subsurface soil samples) toward the bottom of the ridge (i.e., gulley and 

Turkey Creek sediments) suggests that SWMU 16 may not be a source of metals that is impacting Turkey 

Creek sediments. If the surface soil metal concentrations at SWMU 16 are elevated as a result of site 

operations, the highest concentrations of metals should be found near the ridge top. From there, the 

concentrations of metals should decrease in a downgradient (downhill) direction. Based on the observed 

distribution of metal concentrations, it is doubilul whether the SWMU 16 are having a measurable impact on 

the gully or creek sediments. 

For surface waters, the maximum and mean concentrations of total metals in the gullies, in general, were 

greater than the concentrations detected in Turkey Creek (Table 6-1). Because Turkey Creek receives all 

water from these gullies, this suggests that Turkey Creek is being impacted to a minor extent. 

In groundwaters, the highest average and maximum concentrations of arsenic, cadmium, cobalt, manganese, 

nickel, and zinc (six metals) were detected in the Pmz. Whereas, the highest concentrations of the other eight 

metals listed in Table 6-1 were detected in the Plz (the lowermost groundwater samples). The upper 

monitoring wells (i.e., Puz) contained the lowest concentrations of all 14 metals. Thus, there is strong 

evidence that SWMU 16 is not a contributor to metal contamination in groundwater. The source of elevated 
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metal concentrations in the deeper groundwater may be due to a combination of factors, including pyritic 

bedrock units, acidic groundwater, and natural leaching of shales and siltstones that are rich in these metals. 

6.2.6 lnoraanic Nitroqen Compounds 

Soils and sediment samples have not been analyzed for nitrate and ammonia. Analyses of surface waters, 

groundwaters, and sump waters have shown that the sump waters do contain moderate concentrations of 

nitrate and ammonia (up to 3.3 mglL), but concentrations in all groundwaters and surface waters are relatively 

low ( 4 . 0  rnglL), so it does not appear that SWMU 16 has been a significant source of nitrate and ammonia 

entering the surrounding environment (Table 6-1). 

6.3 SUMMARY OF CONCEPTUAL SITE MODEL 

Figure 6-1 is a schematic diagram of the conceptual flow and transport model for SWMU 16. Past operations 

at the site resulted in the release of explosives residue (primarily RDX and HMX) and chlorinated VOCs to 

surface and subsurface soils surrounding 8146 and the three sumps located north, east, and west of B146. 

Current releases of contaminants are limited or nonexistent at the SWMU 16, because operations have 

changed and/or control measures have been instituted to eliminate releases. However, it is unclear whether 

release of RDX from the north sump is continuing to occur. The following is a summary of the conceptualized 

aspects of contaminant migration, fate, and persistence at SWMU 16: 

Explosives, primarily RDX, and to lesser extent HMX and TNT were released to soils and sumps. 

Chlorinated solvents, primarily TCE, have been released to soils and sumps 

. Interim remedial actions were taken to plug off the east and west sumps, clean out the east and west 

sumps, and divert all flow from the Building 146 floor drains into the sanitary sewer.. 

The upper zone of groundwater has been contaminated with explosives (primarily RDX, and to a lesser 

extent HMX and TNT degradation products) and chlorinated VOCs (primarily TCE and I,1,2-TCA, and 

their degradation products). 

Nearly all of the groundwater in the uppermost bedrock (i.e., the Puz) is flowing laterally toward the upper 

slopes of the ridge. Some of this groundwater seeps into the gullies on the side of the ridge, and some of 

the contaminated groundwater may be taken up by trees and other vegetation and transpired. Thus, 
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natural phytoremediation may be playing a part in controlling and reducing the rate of contaminants 

reaching the base of the ridge and entering the tributary stream. 

Chlorinated solvents (TCE) in groundwater are degrading as evidenced by the presence of degradation 

D ~ O ~ U C ~ S .  

Some of the explosives contaminants (mainly RDX and HMX), TCE, and cis-l,2-DCE are reaching the 

gullies on the northwest side of the site, which is a tributary of Turkey Creek. 

Low to moderate concentrations of RDX, HMX, and TCE have reached the middle groundwater 

monitoring wells (i.e., Pmz). The siltstone and shale layers between the upper and middle water-bearing 

zones are a partially effective aquitard and prevent much of the shallow groundwater and contaminants 

from reaching the intermediate groundwater system in the ridge. 

No explosive compounds and minor concentrations of VOCs have been detected in the lower 

Pennsylvanian water-bearing zone or the valley bottom wells. The siltstone and shale layers between the 

middle and lower water-bearing zones are an effective aquitard and prevent shallow groundwater and 

contaminants from reaching the deeper groundwater system beneath the ridge. 

Contaminants continue to leach from the surface and near-surface soils and migrate downhill in steep 

gullies on the northwestern and southeastern sides of the ridge. Low to moderate concentrations of 

explosives and VOCs were detected primarily in the gullies leading down the northwest side of the ridge. 

Turkey Creek is the recipient of all waters (surface or subsurface) that flow away from SWMU 16 and the 

ridge containing SWMU 16. Metals and HMX contained in runoff water from SWMU 16 are causing minor 

impacts to Turkey Creek. 

The overall concentrations of metals in groundwater appear to be higher in the middle (Pmz) and lower 

(Plz) water-bearing zones, and much lower in the upper water-bearing zone, which is the opposite of the 

site-related organic contaminants. Thus, the evidence suggests that the elevated metal concentrations in 

groundwater are not site-related, but are due to the natural oxidation, weathering, and leaching of the 

Pennsylvanian rock units. 



TABLE 6-1 

CHEMICAL AND DEGRADATION CHARACTERISTICS OF SITE CONTAMINANTS 
SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 

NSWC CRANE 
CRANE, INDIANA 

1 Chemical Solubility KO. Kd 1 Biodegradation 
Half-Life 

N/A = Not Available 
NA = Not Applicable 
WR = Wide Range is possible, depending on pH, groundwater composition. and other geochemical conditions 
Vkg = Liters per kilogram 

MNX 
2,4,6-trinitrotoluene 

2-amino-4.6-dinitrotoluene 
4-amino-2,6-dinitrotoluene 

References: 
1 Oak Ridge National Laboratory (2005) 
2 US. EPA (2002, Tables C- l  and C-4, pH = 6.8) 
3 Baes and Sharp (1983) and Baes el al. (1 984) 
4 U.S.EPA (2005) 
5 Howard et al. (1991) 
6 Tomkins (2000) 
7 Talmage et al. (1999) 
8 See Table 6-2 
9 See Table 6-3 
10 K, calculated by multiplying K, limes I, value of 0.0008 (average measurement of hvo SWMU 13 soil samples) 
11 Aziz el al.. 2002 

N/A 
130 [1,4] 

1.223 [I], 2,800 14.71 
1.223 [I], 2,800 [4,7] 

NIA 
1,585 171, 1,834 [ I ]  

100.5 [I] 
100.5 [ I ]  

NIA 
0.08 - 22.2 [8] 

4 171 
4 [ 7 ] 

N/A 
0.1 - 10.7 [9] 

< 0.05 [9] 
c 0.05 19 1 



TABLE 6-2 

PARTITION COEFFICIENTS OF ENERGETIC COMPOUNDS 
SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 

NSWC CRANE 
CRANE, INDIANA 

1 Individual values or range of values listed in column; average value shown in parentheses 



TABLE 6-3 

BIODEGRADATION CHARACTERISTICS OF ENERGETIC COMPOUNDS 
SWMU 16 - CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 

NSWC CRANE 
CRANE, INDIANA 

1 Individual values or range of values listed in column; average value shown in parentheses. 

COMPOUND 

RDX 

TNT 

2ADNT 

4ADNT 

~ a l f - ~ i f e " '  
(years) 

36 
0.88 - 10.7+ (10.6) 

1 .O 
0.1 

0.88 - 10.7+ (4.1) 
1.11 

< 0.05 
< 0.05 

Reference 

DuBois and Baytos, 1991 
Pennington et al., 1999c 

DuBois and Baytos, 1991 
Cataldo et al., 1989 

Pennington et al., 1999c 
May et al., 2003 
Funk et al., 1993 

Alvarez et al., 1995 



GENERA. LEVELS OF COhTAMlNAhT COhCEhTRATIONS Ih EACH El-V RONMENTAL MEDIUM" 
SWMU 16 -CAST hlGH EXPLOSIVES FI. b8146 NCINERATOR 

NSWC CRANE 
CRANE, INDIANA 

Miscellaneous 

ammonia-N I NA I NA I N A I  NA I NA I NA I NA I NA I 
nitrateinilrite~N NA I NA 1 NA I NA I NA I NA I NA 1 NA I 

Contaminant 

pgkg = microgram per kilogram 
mgkg = millogram per kilogram 
NA = Not Analyzed 
ND = Not Detected 
PI1 = Lower Pennsylvania zone 
Pmz = Middle Pennsylvania rone 
Puz = Upper Pennsylvania rone 
VOC =Volatile organic compound 

(1) - Background samples are not included in sample populalions used to calculate means or maximum cancentiations. 
(2) - Mean value uses TVI2 for ND values (TV =threshold value. ND = analyte was not detected). All data are presenled in Appencix G and slalistcal summaries ol data are piesenled in Section 3.0 

Enersetie C o m ~ o u n d s  

vglL 

Gully Surface Waters Mainstream Surface Waters Pmz Groundwaters PI. and Valley Groundwaters Sump Waters PUZ Groundwaters 

meant" I maximum I mean"' I maximum I mean"' I maximum mean'" maximum 

mg/kg 

Mainstream Sediment 

I maximum I mean{" 1 maximum I mean@' I maximum I mean"' I maximum 

Gully Sediment Surface Soil Subsurface Soil 



ACAD: 7448CPtO.dwa 06/15/05 HJB PIT 

LEGEND: 
P A W W  DISCRIPT~ONSL 

A - CONTAMINANT SOURCE AREAS (OVERBURDEN 
SOIL AND SUMPS) ' 

B - SHALLOW GROUNDWATER SYSTEM 
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SWMU 16 
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7.0 HUMAN HEALTH RISK ASSESSMENT 

This section presents the HHRA for the Cast High Explosive Fill/B146 Incinerator (SWMU 16) at NSWC 

Crane. The objective of the HHRA 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 were estimated based on the assumption that no actions 

were taken to control contaminant releases. 

7.1 INTRODUCTION 

The following current U.S. EPA, the State of IDEM, and United States Navy risk assessment guidance 

documents were used to develop the framework for the baseline HHRA: 

Risk Assessment Guidance for Superfund: Volume I. Human Health Evaluation Manual (Part A) 

(U.S. EPA, 1989). 

Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure Factors 

(US. EPA, 1991). 

Distribution of Preliminary Review Draft: Superfund's Standard Default Exposure Factors for the 

Central Tendency and Reasonable Maximum Exposure (U.S. EPA, 1993). 

Soil Screening Guidance: Technical Background Document (U.S. EPA, 1996). 

Exposure Factors Handbook. Office of Health and Environmental Assessment (US. EPA, 1997). 

Risk Assessment Guidance for Superfund: Volume 1 - Human Health Evaluation Manual (Pan D. 

Standardized Planning, Reporting, and Review of Superfund Risk Assessments) (US. EPA, 2001a). 

Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part E, 

Supplemental Guidance for Dermal Risk Assessment). Final Guidance (U.S. EPA, 2004a). 
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Supplemental Guidance for Developing Soil Screening Levels for Superfund Site. (U.S. EPA 2002a). 

Risk Integrated System of Closure. User's Guide and Technical Resource Guidance Document 

(IDEM, 2004). 

This HHRA was prepared using essentially the same methodology used to prepare the HHRAs for 

SWMUs 4,5,9, and 10 (TtNUS, 200%) and SWMU 3 (TtNUS, 2003d). 

A HHRA consists of five components: data evaluation, exposure assessment, toxicity assessment, risk 

characterization, and uncertainty analysis. Sections 7.2 through 7.6 contain detailed discussions of the 

five components of the HHRA. A schematic diagram of the general risk assessment process is provided 

as Figure 7-1. 

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 any one of these factors is absent for a site, the exposure route is regarded 

as incomplete, and no potential risks are considered to exist for human receptors. 

7.2 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 data evaluation is to develop a 

medium-specific list of COPCs that will be used to quantitatively determine potential human health risks 

for site media. 

7.2.1 Data Usability 

Data from samples collected for the field investigations was used to assess risks to potential human 

receptors. A discussion of data validation protocol is provided in Section 3.1 of this report. A data quality 

report is included in Section 3.0 that provides information on precision, accuracy, representativeness, 

completeness, and comparability of the analytical data. 

Fixed-based analytical results only for the Target Analyte Lists for the field investigation were used in the 

quantitative risk evaluation. Unfiltered results for groundwater and surface water were used to assess 
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risks associated with these media. Field measurements and data regarded as unreliable (i.e., qualified as 

"R" during the data validation process) were not used in the quantitative risk assessment. 

7.2.2 Selection of COPCs 

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-based concentrations was used to focus the risk 

assessment on meaningful chemicals and exposure routes. 

In general, a chemical was selected as a COPC and retained for further quantitative risk evaluation if the 

maximum concentration detected in a sampled medium exceeds a conservative concentration(s). 

Chemicals eliminated from further evaluation during this evaluation are assumed to present minimal risks 

to potential human receptors. 

7.2.2.1 Derivation of Screening Criteria 

Several types of screening levels were used to identify COPCs for SWMU 16. Screening concentrations 

based on U.S. EPA Region 9 Preliminary Remediation Goals (PRGs) (US. EPA, Region 9, 2004) and 

IDEM Risk Integrated System Closure (RISC) default closure levels were used, as well as other U.S. EPA 

criteria. The risk-based U.S. EPA Region 9 screening concentrations correspond to a Hazard Quotient 

(HQ) of 0.1 (for noncarcinogens) or an Incremental Lifetime Cancer Risk (ILCR) of 1 x 10.' (for 

carcinogens). It should be noted that the U.S. EPA Region 9 PRGs for non-carcinogens are based on a 

Hazardous Index (HI) of 1. The Region 9 PRG values for non-carcinogens were multiplied by 0.1 to 

account for potential cumulative effects of several chemicals affecting the same target area or producing 

the same adverse non-carcinogenic health effect. 

The IDEM default closure levels for soil are based on the lower of the risk based direct contact criteria, 

soil attenuation capacity, soil saturation concentration, and migration from soil to groundwater criteria. 

The IDEM default closure level for groundwater is based on the U.S. EPA maximum contaminant level 

(MCL) if available; if not the default closure level is the lower of the risked-based criteria and solubility 

limit. The IDEM risk-based default closure levels correspond to systemic HQ of 0.1 (for noncarcinogens) 

or an ILCR of 1 x (for carcinogens). The screening levels to be used for each medium in the risk 

assessments are briefly discussed below. 
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Soil - 

Screening concentrations based on the following criteria were used to select COPCs for surface and 

subsurface soil: 

U.S. €PA Region 9 PRGs for Residential Soil (U.S. EPA, 2004). 

IDEM residential default closure levels for direct contact (IDEM, 2004) 

U.S. EPA generic SSLs for the inhalation of volatiles and fugitive dusts published online at 

http://risk.lsd.ornl.~ovlcalc start.shtml based on methodology from the U.S. EPA's Soil Screening 

Guidance (U.S. EPA, July 1996). 

U.S. EPA generic soil screening levels (SSLs) for migration from soil to groundwater published online 

at http:llrisk.lsd.ornl.~ovlcalc start.shtml based on methodology from the U.S. EPA's Soil Screening 

Guidance (U.S. EPA, 1996). 

IDEM residential default closure levels for migration from soils to groundwater (IDEM, 2004) 

Because of the different exposure scenarios for potential human receptors, COPCs were identified for 

surface and subsurface soil. Surface soil was defined as soil collected from 0 to 2 feet below ground 

surface (bgs). Subsurface soil was 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 was used to 

identify whether a quantitative analysis of the inhalation of particulates or vapors from the soil exposure 

pathway was warranted. If the maximum soil concentration of a chemical exceeded the SSL, a 

quantitative evaluation of potential risks from inhalation was performed, as described in Section 7.3.4. 

Otherwise, the risks associated with the inhalation pathway are considered insignificant, and the 

exposure pathway was eliminated from further evaluation. 

U.S. €PA SSLs and IDEM default closure levels for transfers from soil to groundwater were not used for 

COPC selection but were presented to allow a qualitative evaluation of the potential for chemical 

migration from soil to groundwater. Chemicals with concentrations exceeding the SSLs and IDEM default 

closure levels may potentially migrate from the soil to groundwater in sufficient quantities to pose 

concerns about groundwater quality. 

02050ZP 7-4 CTO 0343 



NSWC Crane 
RFI Report 
Revision: 0 

Date: June 2005 
Section 7 

Page 5 of 62 

Sediment 

No specific screening levels exist for human exposure to sediment. COPCs were 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, 2004) 

IDEM residential default closure levels for direct contact (IDEM, 2004) 

A chemical detected in sediments was selected as a COPC for sediments if the maximum detected 

concentration exceeded screening levels based on these values. The use ol  soil screening criteria for 

sediment COPC identification is regarded as a conservative approach because exposure to sediment is 

anticipated to be less intensive than exposure to soil. U.S. EPA generic soil screening levels (SSLs) for 

transfers from soil to air and for migration to groundwater are not considered to be appropriate for 

sediment screening because of the high moisture content associated with sediment matrices. 

The risk-based screening levels and health-based standards used in the COPC selection for soil and 

sediment are presented in Table 7-1. 

GroundwaterISurface Water 

The same screening levels were used to select COPCs for groundwater and surface water. The following 

criteria were used as the basis of the screening criteria: 

U.S. EPA Region 9 PRGs for tap water (U.S. EPA, 2004) 

U.S. EPA Maximum Contaminant Levels (MCLs) (U.S. EPA, 2004b) 

IDEM residential default closure levels for groundwater (IDEM, 2004) 

U.S.EPA Groundwater Screening Levels for Evaluating the Vapor Intrusion to Indoor Air (U.S. EPA, 

2002e) 

Risk-based COPC screening levels for tap water ingestion, which are based on daily, residential 

exposure assumptions, were used to select COPCs for groundwater and surface water. In general, the 

use of tap water screening levels is regarded as a highly conservative approach to COPC selection at 

SWMU 16, because groundwater at the site is not used as a potable drinking water source. Potential 

human exposure to the surface water in intermittent ditches, streams, and ponds located within SWMU 16 
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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. 

The groundwater screening levels for Evaluating the Vapor Intrusion to Indoor Air are published in 

Table 2c of the recent draft U.S. EPA guidance titled: Evaluating the Vapor lntrusion into Indoor Air, 

EPA530-F-02-052 (USEPA, 2002e). These SSLs were derived to identify chemical concentrations in 

groundwater that may adversely affect the indoor air quality of a building overlying subsurface VOC 

contamination. 

Federal Ambient Water Quality Criteria (AWQC) were not used to select COPCs for surface water. 

AWQC applicable to the protection of human health assuming routine consumption of water were not 

used because the conservative U.S. EPA Region 9 PRGs for tap water, U.S. EPA MCLs, and IDEM 

residential closure levels for residential groundwater were used to select COPCs for groundwater and 

surface water. In addition, the surface water bodies present within and downgradient of the sites do not 

support game fish populations because of their size and intermittent nature. 

The risk-based screening levels and health-based standards used in the COPC selection for groundwater 

and surface water are presented in Table 7-2. 

Lead as a COPC 

Lirnited criteria are available to evaluate the potential risks associated with lead. There are no risk-based 

concentrations for this chemical because the U.S. EPA has not derived toxicity values [i.e., cancer slope 

factors (CSFs), reference doses] 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 mglkg as the lowest screening level 

for lead-contaminated soil in a residential setting where children are frequently present (U.S. EPA, 

1994a). The IDEM default closure level for residential exposures to soil is also 400 mglkg. OPPTS 

identifies 2,000 to 5,000 mglkg as an appropriate range for areas where contact with soil by children in a 

residential setting is less frequent. A value of 400 mglkg will be used as the screening level for soil and 

sediment in the HHRA for SWMU 16. 

The Safe Drinking Water Act Action Level and IDEM default closure level of 15 pglL was used as the 

screening level for lead in groundwater and surface water. 
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Essential Nutrients and Chemicals without Toxicitv Criteria 

The essential nutrients calcium, magnesium, potassium, and sodium were not 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., acenaphthylene, 2-methylnaphthalene, benzo(g,h,i)perylene, 

phenanthrene, 2-amino-4,6-dinitrotoluene, 4-amino-2,6-dinitrotoluene]. In the COPC screening, 

acenaphthene was used as a surrogate for acenaphthylene, naphthalene was used as a surrogate for 

2-methylnaphthalene, pyrene was selected as a surrogate for benzo(g,h,i)perylene and phenanthrene, 

and aminodinitrotoluene was used as a surrogate for 2-amino-4,6-dinitrotoluene and 4-amino-2,6- 

dinitrotoluene. 

Determination of Site-Related Chemicals 

The evaluation of chemical concentrations detected in SWMU 16 media in relation to background levels 

follows guidance presented in the U.S. EPA's Role of Backaround in the CERCLA Cleanua Proqram 

(US. EPA, 2002b). This guidance document recommends that all chemicals which exceed risk-based 

screening concentrations be evaluated in the quantitative risk assessment. Therefore, if the maximum 

concentration of any chemical exceeded screening levels (i.e., was selected as a COPC), risks were 

calculated for that chemical and are presented in Section 7.5. Potential risks attributed to background 

levels are discussed in the risk characterization section (Section 7.5). 

7.2.2.2 Decision Rules for Establishing COPCs 

The following decision rules were used to select initial lists of COPCs for SWMU 16: 

A chemical detected in soil was selected as a COPC for soil if any detected chemical concentration 

exceeded the screening levels for soils. 

A chemical detected in groundwater was selected as a COPC for groundwater if the maximum 

detected concentration in any downgradient well exceeded screening levels. 

A chemical detected in surface water or sediment was selected as a COPC for surface water or 

sediment if the maximum detected concentration in a potentially impacted surface water body 

exceeded the screening level for surface water or sediment. 
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If a chemical was not detected in any of the samples in a particular medium, and the detection limit 

exceeded the risk-based screening levels, the chemical was not selected as a COPC but will be 

qualitatively discussed in the uncertainty analysis section. 

Chemicals lhat exceeded toxicity screening concentrations but were within background levels were 

selected as COPCs and carried through the risk assessment. The potential risks associated with 

chemicals present at naturally occurring levels are discussed in Section 7.5. 

7.2.3 COPCs Selected for HHRA 

COPCs at SWMU 16 were selected for surface soil, subsurface soil, groundwater, surface water, and 

sediment using the risk-based COPC screening levels described in Section 7.2.2. A discussion of the 

chemicals identified as COPCs and the rationale for COPC selection are provided in the following 

subsections. The following subsections do not discuss the nature and extent of the chemicals detected in 

site media. The discussion of nature and extent is presented in Section 5. COPC selection tables for 

each medium are presented in Tables 7-3 through 7-16. Chemicals retained as COPCs for SWMU 16 are 

presented in Table 7-17. The Risk Assessment Guidance for Superfund (RAGS) Parl D tables for COPC 

selection is included in Appendix I. 

7.2.3.1 Surface Soil (0 to 2 feet) 

Fourteen (14) dioxinlfurans congeners, 16 VOCs, 20 SVOCs, HMX, 2 herbicides, and 27 inorganics were 

detected in surface soil samples collected at SWMU 16. A comparison of the maximum detected surface 

soil concentrations to screening levels based on the U.S. EPA Region 9 PRGs for residential exposures 

and IDEM residential default closure levels for direct contact is presented in Table 7-3. The following 

chemicals were detected in surface soils at maximum concentrations exceeding the direct contact 

risk-based COPC screening levels and were retained as COPCs for surface soil at SWMU 16. 

VOCsrCE] 

PAHs [benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, dibenzo(a.h)anthracene, and 

indeno(l,2,3-cd)pyrene] 

lnorganics [aluminum, antimony, arsenic, copper, lead, iron, manganese, and vanadium] 

The maximum detected concentrations of aluminum, antimony, copper, manganese, and vanadium 

exceeded the screening levels (set at an HI of 0.1); however they do not exceed the U.S. EPA Region 9 
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PRGs and IDEM default closure levels for soil. Concentrations of TCE, indeno(l,2,3-cd)pyrene, antimony 

and copper exceeded the screening levels based on U.S. EPA Region 9 PRGs, but were less than the 

IDEM default closure levels. Concentrations of benzo(a)anthracene, benzo(b)fluoranthene, 

dibenzo(a,h)anthracene. and indeno(l.2.3-cd)pyrene only exceeded the screening levels in one sample 

(16SB003). Concentrations of benzo(a)pyrene only exceeded the screening levels in two samples 

(16SB003 and 16SB001). It should be noted that these samples are located under asphalt; therefore it is 

unlikely that a receptor would be exposed to soil at these locations under current conditions. 

Concentrations of TCE exceeded the U.S. €PA Region 9 PRG based on the draft CSF but were less than 

the CAL-Modified PRG. As discussed in Section 5.2, concentrations of aluminum, arsenic, manganese, 

and vanadium appear to be within site background levels and are not considered to be site-related. 

There are no human health screening levels for safrole, which is a common food additive (NJDEP, 2001). 

Safrole is often found in association with sassafras plants (safrole is present in the roots) and sassafras 

plants are known to grow all over NSW Crane, therelore it is not likely that this chemical is site related. 

A comparison of the maximum detected surface soil concentrations to U.S. EPA SSLs for chemical 

migration from soil to air is presented in Table 7-4. Concentrations reported for all chemicals were less 

than the U.S. EPA SSLs for soil to air with the exception of TCE. Concentrations of TCE exceeded the 

screening criteria in three surface soil samples. The U.S. €PA SSL for TCE is based on the draft CSF. If 

the SSL was based on the CAL-Modified CSF, then concentrations of TCE in surface soil would be below 

the SSL. Since the maximum detected concentration of the TCE exceeded its SSLs for soil to air, TCE 

was evaluated for exposures through inhalation of fugitive dust and volatile emissions from surface soil at 

SWMU 16. 

A comparison of the maximum detected surface soil concentrations to U.S. EPA SSLs for chemical 

migration from soil to groundwater and IDEM residential default closure levels for migration to 

groundwater is presented in Table 7-4. The following chemicals were detected at maximum 

concentrations in surface soil that exceeded the COPC screening levels for migration from soil to 

groundwater and were retained as COPCs for surface soil at SWMU 16. 

Dioxins/furans [1,2,3,4,6,7,8,9-OCDD, 1,2,3,4,6,7,8-HPCDD, 1,2,3.7,8,9-HXCDD, and 

1,2,3,7,8-PECDD] 

VOCs [cis-1,2-DCE, methylene chloride, and TCE] 
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PAHs [benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, 

dibenzo(a,h)anthracene, and indeno(l,2.3-cd)pyrene] 

Herbicides [pentachlorophenol] 

Metals [aluminum, antimony, arsenic, barium, cadmium, chromium, cobalt, lead, manganese, 

mercury, nickel, selenium, thallium, and zinc] 

Concentrations of methylene chloride, cis-1,2-DCE, benzo(a)anthracene, benzo(b)fluoranthene, 

benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, pentachlorophenol, aluminum, arsenic, barium. 

cadmium, chromium, cobalt, manganese, mercury, nickel, selenium, thallium, and zinc exceeded the U.S. 

EPA SSL but not the IDEM default closure level for migration from soil to groundwater. As discussed in 

Section 5.2, concentrations of aluminum, arsenic, barium, cadmium, cobalt, manganese, mercury, and 

selenium appear to be within site background levels and are not considered to be site related. Also it 

should be noted that benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, 

dibenzo(a,h)anthracene, indeno(l,2,3-cd)pyrene and pentachlorophenol were not detected in 

groundwater at SWMU 16 indicating migration from soil to groundwater is not occurring for these 

chemicals. 

7.2.3.2 Subsurface Soil (Greater then 2 feet) 

Fourteen (14) VOCs, 15 SVOCs, 2 herbicides, and 26 inorganics were detected in subsurface soil 

samples collected at the SWMU 16. A comparison of the maximum detected subsurface soil 

concentrations to U.S. EPA Region 9 PRGs for residential exposures and IDEM residential default 

closure levels for direct contact is presented in Table 7-5. The following chemicals were detected in the 

subsurface soils at maximum concentrations exceeding the direct contact risk-based COPC screening 

levels and were retained as COPCs for subsurface soil at SWMU 16. 

VOCsrrCEj 

lnorganics [aluminum, arsenic, iron, manganese, and vanadium] 

The maximum detected concentrations of aluminum, manganese, and vanadium exceeded the screening 

levels (set at an HI of 0.1); however, they do not exceed the U.S. EPA Region 9 PRGs and IDEM default 

closure levels for soil. As discussed in Section 5.2, concentrations of aluminum, arsenic, manganese, 

and vanadium appear to be within site background levels and are not considered to be site-related. Also 

as discussed in Section 5.2, iron may be site-related but concentrations of iron appears to be significantly 
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elevated relative to background concentrations except at a few isolated sampling locations. The detected 

concentrations of TCE exceeded the U.S. EPA screening level based on the draft CSF and also exceed 

the CAL-modified PRG. As discussed above, there are no human health screening levels for safrole, 

which is a common food additive (NJDEP, 2001). Safrole is often found in association with sassafras 

plants (safrole is present in the roots) and sassafras plants are known to grow all over NSWC Crane, 

therefore it is not likely that this chemical is site related. 

A comparison of the maximum detected subsurface soil concentrations to U.S. EPA SSLs for chemical 

migration from soil to air is presented in Table 7-6. Concentrations reported for all chemicals were less 

than the U.S. EPA SSLs for soil to air with the exception of TCE. As noted above, the U.S. EPA SSL for 

TCE is based on the draft CSF. Concentrations of TCE would also exceed the SSL if the SSL was based 

on the CAL-Modified CSF. Since the maximum detected concentration of the TCE exceeded its SSLs for 

soil to air, TCE was evaluated for exposures through inhalation of fugitive dust and volatile emissions 

from subsurface soil at SWMU 16. 

A comparison of the maximum detected subsurface soil concentrations to U.S. EPA SSLs for chemical 

migration from soil to groundwater and IDEM residential default closure levels for migration to 

groundwater is presented in Table 7-6. The following chemicals were detected in subsurface soil at 

maximum concentrations exceeding the COPC screening levels for migration from soil to groundwater 

and were retained as COPCs for surface soil at SWMU 16. 

VOCs [1,1,2-TCA, cis-1,2-DCE, TCE, and vinyl chloride] 

Herbicides [pentachlorophenol] 

Metals [aluminum, antimony, arsenic, barium, cadmium, chromium, cobalt, manganese, nickel, and 

selenium] 

Concentrations of TCE exceeded both the U.S. EPA SSL and IDEM default closure level for migration 

from soil to groundwater. Concentrations of the remaining chemicals only exceeded the U.S. EPA SSL 

for migration from soil to groundwater. As discussed in Section 5.2, concentrations of aluminum, arsenic, 

barium, cadmium, chromium, cobalt, manganese, nickel, and selenium appear to be within site 

background levels and are not considered to be site-related. Pentachlorophenol was only detected in 1 of 

27 subsurface soil samples and was not detected in groundwater samples at SWMU 16 indicating that 

migration of pentachlorophenol is not occurring. 
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7.2.3.3 Groundwater 

Upper Zone 

Twenty-five (25) VOCs, 10 SVOCs, 11 energetics, and 21 inorganics were detected in groundwater 

samples collected in the upper zone at SWMU 16. A comparison of the maximum detected groundwater 

concentrations to U.S. EPA Region 9 PRGs for ingestion of tap water, €PA MCLs, and IDEM 

groundwater closure levels is presented in Table 7-7. The following chemicals were detected in 

groundwater at maximum concentrations exceeding the COPC screening levels and were retained as 

COPCs for groundwater at SWMU 16. 

VOCs [1,1.2,2-PCA, 1 ,I  ,2-TCA, 1 ,I-DCE, 1,2,3-trichloropropane, 1,2-DCA, benzene, 

bromodichloromethane, carbon tetrachloride, chloroform, cis-1,2-DCE, methylene chloride, PCE, 

toluene, trans-1,2-DCE. TCE, and vinyl chloride] . SVOCs [pyridine] 

Energetics [2,4,6-trinitrotoluene, 2-amino-4,6-dinitrotoluene. 4-amino-2,6-dinitrotoluene, and RDX] 

lnorganics [aluminum, arsenic, cobalt, iron, manganese, nickel, and vanadium] 

Concentrations of benzene, bromodichloromethane, chloroform, toluene, trans-1,2-DCE, and arsenic 

exceeded the screening criteria based on U.S. EPA Region 9 PRGs, but were less than the U.S. EPA 

MCLs and IDEM default closure levels. As discussed in Section 5.4, concentrations of aluminum, 

arsenic, cobalt, and manganese appear to be within site background levels and are not considered to be 

site-related. 

A comparison of the maximum detected groundwater VOC concentrations to U.S. EPA SSLs for chemical 

migration from groundwater through building foundations and into indoor air is presented in Table 7-8. 

The following VOCs were detected in groundwater at maximum concentrations exceeding the COPC 

screening levels for migration from groundwater to indoor air and were retained as COPCs at SWMU 16. 

- 1,1,2-TCA,carbon tetrachloride, cis-1,2-DCE, methylene chloride, PC€, TCE, and vinyl chloride 

Middle Zone 

Ten (10) VOCs, 3 energetics, and 23 inorganics were detected in groundwater samples collected in the 

middle groundwater zone at SWMU 16. A comparison of the maximum detected groundwater 

concentrations to U.S. EPA Region 9 PRGs for ingestion of tap water, EPA MCLs, and IDEM 
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groundwater closure levels is presented in Table 7-9. The following chemicals were detected at 

maximum concentrations in groundwater that exceeded the COPC screening levels and were retained as 

COPCs for groundwater at SWMU 16. 

VOCs [PCE and TCE] 

Energetics 12-nitrotoluene and RDX] 

lnorganics [aluminum, arsenic, barium, beryllium, cadmium, chromium, cobalt, iron, lead, lithium, 

manganese, nickel, and vanadium]. 

Concentrations of PCE, barium, cadmium, and chromium exceeded the screening criteria based on U.S. 

EPA Region 9 PRGs but were less than the U.S. EPA MCLs and IDEM default closure levels. As 

discussed in Section 5.4, concentrations of aluminum, arsenic, barium, beryllium, cadmium, cobalt, lead, 

lithium, and manganese appear to be within site background levels and are not considered to be site- 

related. 

A comparison of the maximum detected groundwater VOC concentrations to U.S. EPA SSLs for chemical 

migration from groundwater through building foundations and into indoor air is presented in Table 7-10. 

TCE was the only VOC detected in groundwater samples collected from the middle groundwater zone at 

concentrations exceeding the screening criteria for migration from groundwater into indoor air. 

Lower Zone and Vallev Wells 

Eleven (11) VOCs and 22 inorganics were detected in groundwater samples collected from the lower 

groundwater zone and Valley Wells at SWMU 16. A comparison of the maximum detected groundwater 

concentrations to U.S. EPA Region 9 PRGs for ingestion of tap water. EPA MCLs, and IDEM 

groundwater closure levels is presented in Table 7-1 1. The following chemicals were detected in 

groundwater at maximum concentrations exceeding the COPC screening levels and were retained as 

COPCs for groundwater at SWMU 16. 

VOCs [benzene and chloroform] 

lnorganics [aluminum, antimony, arsenic, barium, beryllium, chromium, cobalt, iron, lead, manganese, 

nickel, and vanadium]. 

Concentrations of benzene, chloroform, and barium exceeded the screening criteria based on U.S. EPA 

Region 9 PRGs but were less than the U.S. EPA MCLs and IDEM default closure levels. As discussed in 
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Section 5.4, concentrations of aluminum, arsenic, barium, beryllium, cobalt, lead, and manganese appear 

to be within site background levels and are not considered to be site-related. 

A comparison of the maximum delected groundwater VOC concentrations to U.S. EPA SSLs for chemical 

migration from groundwater through building foundations and into indoor air is presented in Table 7-12. 

The concentrations of all VOCs detected in groundwater samples collected from the lower groundwater 

zone and Valley Wells were less than the screening criteria for migration from groundwater into indoor air. 

7.2.3.4 Surface Water 

Surface water and sediment samples were collected from gullies located throughout the site and Turkey 

Creek which is located on the southeastern boundary of the site. The gully samples were collected on 

the steeper hillsides and generally represent drainage channels that are typically dry, except for storm 

events. Samples from Turkey Creek were collected from locations with more frequent occurrences of 

flowing water where the chance of finding water and true, water-covered sediments was higher than in 

the gullies. It is possible that surface water and sediment from gullies on the eastern side of the site 

could impact surface water in Turkey Creek. 

Three (3) VOCs, 4 energetics, and 22 inorganics were detected in surface water samples collected from 

the gullies at SWMU 16. A comparison of the maximum detected surface water concentrations to U.S. 

EPA Region 9 PRGs for ingestion of tap water, EPA MCLs, and IDEM groundwater closure levels is 

presented in Table 7-13. The following chemicals were detected in the surface water at maximum 

concentrations exceeding the COPC screening levels and were retained as COPCs for surface water at 

SWMU 16. 

VOCs [TCE] 

Energetics [RDX] 

lnorganics [aluminum, antimony, arsenic, barium, cadmium, chromium, iron, lead, manganese, 

vanadium, and zinc]. 

Concentrations of arsenic exceeded the U.S. EPA Region 9 PRG but were less than the U.S. EPA MCL 

and IDEM default closure level for groundwater. Concentrations of aluminum, antimony, barium, 

cadmium, chromium, iron, manganese, vanadium, and zinc exceeded the screening levels (set at an HI of 
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0.1) but were less than the U.S. EPA Region 9 PRG. Concentrations of all inorganics with the exception 

of antimony and lead were below the IDEM default closure levels for groundwater. 

Turkey Creek 

HMX and 17 inorganics were detected in surface water samples collected from the Turkey Creek at 

SWMU 16. A comparison of the maximum detected surface water concentrations to U.S. EPA Region 9 

PRGs for ingestion of tap water, EPA MCLs, and IDEM groundwater closure levels is presented in 

Table 7-14. The following chemicals were detected in surface water at maximum concentrations 

exceeding the COPC screening levels and were retained as COPCs for surface water at SWMU 16. 

lnorganics [arsenic and manganese] 

Concentrations of arsenic exceeded the U.S. EPA Region 9 PRG but were less than the U.S. EPA MCL 

and IDEM default closure level for groundwater. The maximum detected concentration of manganese 

exceeded lhe screening level (set at an HI of 0.1) but was less than the U.S. EPA Region 9 PRG. 

7.2.3.5 Sediment 

Four (4) VOCs, 19 SVOCs, 2 energetics, pentachlorophenol, and 26 inorganics were detected in 

sediment samples collected from the gullies at SWMU 16. A comparison of the maximum detected 

sediment concentrations to U.S. EPA Region 9 PRGs for residential exposures and IDEM residential 

default closure levels for direct contact to soil is presented in Table 7-15. The following chemicals were 

detected in sediment at maximum concentrations exceeding the direct contact risk-based COPC 

screening levels and were retained as COPCs for sediment at SWMU 16. 

PAHs [benzo(a)pyrene] 

lnorganics [aluminum, antimony, arsenic, barium, cadmium, copper, iron, lead, manganese, mercury, 

nickel, vanadium, and zinc] 

The maximum detected concentrations of aluminum, barium, cadmium, copper, mercury, nickel, and 

vanadium exceeded the screening levels (set at an HI of 0.1); however, they do not exceed the U.S. EPA 

Region 9 PRGs and IDEM default closure levels for soil. Concentrations of benzo(a)pyrene, barium, 

copper, mercury, nickel, vanadium, and zinc exceeded the screening levels based on U.S. EPA Region 9 
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PRGs, but were less than the IDEM default closure levels for soil. As discussed in Section 5.3, 

concenlrations of aluminum, arsenic, and vanadium appear to be within site background levels and are 

not considered to be site-related 

Turkey Creek 

Two (2) VOCs and 21 inorganics were detected in sediment samples collected from Turkey Creek at 

SWMU 16. A comparison of the maximum detected sediment concentrations to U.S. EPA Region 9 

PRGs for residential exposures and IDEM residential default closure levels for direct contact to soil is 

presented in Table 7-16. The following chemicals were detected at maximum concentrations in sediment 

that exceeded the direct contact risk-based COPC screening levels and were retained as COPCs for 

sediment at SWMU 16. 

lnorganics [aluminum, arsenic, iron, manganese, and vanadium] 

The maximum detected concentrations of aluminum and vanadium exceeded the screening levels (set at 

an HI of 0.1); however, they do not exceed the U.S. EPA Region 9 PRGs and IDEM default closure levels 

for soil. As discussed in Section 5.3, concentrations of aluminum, arsenic, and vanadium appear to be 

within site background levels and are not considered to be site-related. 

7.2.4 Summary 

Table 7-17 summarizes the chemicals retained as COPCs for soil, groundwater, surface water, and 

sediment at the SWMU 16. RAGS Part D tables for COPC selection are included in Appendix I. 

7.3 EXPOSURE ASSESSMENT 

This portion of the risk assessment defines and evaluates, quantitatively or qualitatively, the type 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 intakes under the identified exposure scenarios. 

Actual or polential exposures at SWMU 16 were 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 released to the environment, a route of 
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contaminant transport through an environmental medium, and an exposure or contact point for a human 

receptor. 

7.3.1 Conceptual Site Model 

This section discusses the conceptual site model (CSM) for SWMU 16. A 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 transpodmigration pathways 

Exposure routes 

Potential receptors 

Section 6.0 presented a detailed CSM forSWMU 16. This section summarizes the CSM as it applies to 

the HHRA. Figure 7-2 illustrates the CSM for SWMU i 6 .  

The elements of the CSM (contaminant source, release mechanisms, transpodmigration pathways, 

exposure routes, and potential receptors) establish the manner and degree to which a potential receptor 

may be exposed to chemicals 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 exposed. An exposure, however long in duration, does not necessarily result in an 

"unacceptable" health or environmental risk, although risks generally increase with increased frequency 

and/or duration of exposure. 

The elements of the CSM, including how they pertain to SWMU 16 are discussed below. Sources of 

contamination, contaminant release mechanisms, transport and migration pathways, exposure routes, 

and potential receptors are defined. Table 7-18 provides a site-specific summary of the potential 

receptors to be evaluated for SWMU 16. A summary ol  the exposure routes that will be addressed 

quantitatively for each human receptor is provided in Table 7-1 9. 
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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 SWMU 16: 

SWMU 16 

VOCs (e.g.. TCE) 

Explosives (e.g., TNT and HMX) and their degradation products (e.g., 2-amino-4,6-dinitrotoluene) 

Metals (e.g., lead) 

Petroleum hydrocarbons (from waste oils and fuels) 

Potential Contaminant Release Mechanisms and TransporVMigration Pathways 

Media of concern at Incinerator 8146 have historically included air, surface water, soil, and groundwater 

(Halliburton NUS, 1993). The sources of contamination at SWMU 16 were the washdown and 

wastewater discharged through floor drains to sumps that emptied into the Boggs Creek watershed, 

particulate and gaseous emissions from the deactivation furnaces prior to baghouse installation, and 

incinerator ash stored in piles near 8146. Air was considered as a migration pathway because 

particulates had been released from furnaces and ash piles. However, air is no longer considered a 

major pathway because the furnaces and ash piles have been removed. Surface water was considered a 

migration pathway because explosive powders and particulates were discharged from the floor drains of 

8146 and may have eventually entered off-site surface water. Based on the historical information, 

plausible contaminant release and migration mechanisms for SWMU 16 include the following: 

Transport of surface soil contaminants to the subsurface soils and groundwater via infiltration. 

percolation, and migration with~n the groundwater aquifer. 

8 Overland runoff of surface waters, sediments, surface soil, and ash via drainageways to the Boggs 

Creek watershed. 

Migration of contaminants in groundwater (i.e., lateral migration) to potential receptor locations 

downgradient of SWMU 16 source areas and beyond the NSWC Crane boundary. 

Migration of fugitive dusts and VOCs from surface soils (and subsurface soils if 

construction/excavation activities occur). 
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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. SWMU 16 is an 

active facility, and operations at this fac~lity are expected to continue in the foreseeable future. SMWU 16 

is used for renovation and rework and breakdown of munitions. It is sometimes used for ammunition 

demilitarization operations. However, for purposes of completeness, the baseline risk assessment will 

consider receptor exposure 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 area: 

Maintenance Workers - A plausible receptor under current and 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 groundwater 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 (inhalation). In addition, it will be 

conservatively assumed that the occupational worker may be exposed to groundwater (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 routinely 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. Indoor full-time occupational workers may also be exposed 

to COPCs that have volatilized from groundwater and have migrated through building foundations into 

indoor air. 

Trespassers - A plausible receptor under current or luture 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, individuals (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. 
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However, exposure to surface water is likely to be limited in some areas because of the intermittent 

nature of the surface water in the gullies and Turkey Creek. Also potential exposures to surface 

water will be limited to wading because the slreams at the sites are not deep enough for swimming. 

Direct contact with groundwater or subsurface soils is not anticipated for this receptor. 

Construction Workers - A plausible receptor under future land use. No construction activities are 

currently planned for the study area. However, this receptor could be exposed to surface and 

subsurface soils (incidental ingestion; dermal contact), groundwater (dermal contact), and air 

(inhalation) if excavation activities were to occur in the future. 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 groundwater are unlikely because i f  a construction worker were to have 

prolonged contact with groundwater, helshe would most likely wear protective clothing such as rubber 

boots andlor 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 groundwater was encountered during an excavation of a trench or 

foundation, groundwater would most likely be pumped out of the excavation so that the construction 

activities could be comoleted. 

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 groundwater (ingestion; dermal contact) while 

cleaning up (e.g., washing hands, face, and legs) after visiting a recreational area. (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 residential 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. It is assumed that a hypothetical resident may 
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be exposed to surface soils (incidental ingestion; dermal contract), groundwater (ingestion, dermal 

contact), surface water (ingestion; dermal contact), air (inhalation), and sediment (incidental 

ingestion; dermal contact). Potential exposures to surface water will be limited to wading because the 

streams at the sites are not deep enough for swimming. Residents may also be exposed to COPCs 

that have volatilized from groundwater and have migrated through building foundations into indoor air. 

Details regarding the assumed receptor characteristics (e.g., intake rate, frequency, duration of exposure) 

are defined in Section 7.3.4. 

Currenufuture occupational workers and future hypothetical residents are not assumed to 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 analysis to assist the 

risk managers tasked with making remedial decisions for SWMU 16. This analysis will use a simple "risk 

ratio" technique that involves the comparison of a chemical's exposure point concentration (EPC) to its 

U.S. EPA Region 9 PRG to calculate cancer and noncancer risks using the following equation: 

EPC - HI or ILCR 

PRG Hlof 1 lLCR of IX IO-~  

This is a valid technique for estimating risk because all of the intake equations and risk characterization 

equations used to develop the risk-based concentrations are linear. 

7.3.2 Central Tendencv 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" (US. EPA, 1989). However, subsequent risk assessment guidance (U.S. EPA, 1992) indicates 

the need to address an average case or central tendency exposure (CTE). 

To provide a full characterization of potential exposure, both RME and CTE scenarios were evaluated in 

the HHRA for SWMU 16. The available guidance (US. EPA, 1993) concerning the evaluation of CTE is 

limited and at times vague. Therefore, professional judgment was exercised when defining CTE 

conditions for a particular receptor at a site. 
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7.3.3 Exposure Point Concentrations 

The EPC, which is calculated for COPCs only, is an estimate ol the chemical concentration within an 

exposure unit (EU) likely to be contacted over time by a receptor and is used to estimate exposure 

intakes. An exposure unit is defined as the area typically encounteredltraversed by a receptor under a 

particular land use scenario. For example, a residential lot size of % acre to 2 acres is often used for the 

evaluation of a hypothetical future resident. However, the size of an EU is typically based on the 

distribution of the chemical concentrations in a medium as well as on presumed receptor activity patterns. 

SWMU 16 is an active facility, and operations at this facility are expected to continue in the foreseeable 

future. Under current conditions an occupational worker can be exposed to soil anywhere within the 

SWMU 16 boundaries during their normal work activities. As discussed in Section 5.2, while 

concentrations of some chemicals are higher in some portions of the site as compared to other portions of 

the site, there are no distinct source areasl'hotspots" of contamination in soils across SWMU 16. 

Therefore, the EU evaluated for receptors potentially exposed to surface soil and surface/subsurface soil 

at SWMU 16 included all sampled locations within the study area. 

It would be possible to install a groundwater well in any of the groundwater zones at SWMU 16. In 

addition the groundwater zones are interconnected; therefore groundwater was evaluated as one EU in 

the HHRA. 

Turkey Creek and the gullies are two distinct and separate areas; therefore, surface water and sediment 

from the gullies and Turkey Creek were evaluated as two separate EUs. 

The following guidelines were used to calculate the EPCs: 

For soil, gully surface water, and gully sediment, the 95-percent upper confidence limit (UCL) on the 

arithmetic mean, which was based on the distribution of the data set, was selected as the EPC for the 

RME and CTE case. EPCs were calculated following U.S. EPA's Calculating Upper Confidence 

Limits for Exposure Point Concentrations at Hazardous Waste Sites (US. EPA, 2002~). 

There were less than 10 samples for Turkey Creek surface water and sediment; therefore, the EPC 

for the RME and CTE cases was defined as the maximum detected concentration. 

The EPC for a groundwater receptor was the arithmetic average of wells in the highly concentrated 

area of the plume (16MWTO1, 16MWT02, 16MWT03, 16MWT04, 16MWT06, 16MWT07, 16MWT08, 
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Data values less than sample-specific delection limits were substituted with one-half the detection limit. 

Table 7-20 summarizes the EPCs used in this HHRA. RAGS Part D Tables for the EPCs are presented 

in Appendix I. 

7.3.4 Chemical Intake Estimation 

The methodologies and techniques used to estimate exposure intakes are presented in this section. 

lntakes for the identified potential receptor groups were calculated using current U.S. EPA risk 

assessment guidance (e.g., U.S. EPA, 1991, 1997a, and 2004a) and presented in the risk assessment 

spreadsheets. All quantitative risk assessment results are presented in RAGS Part D format tables 

(Appendix I). 

Non-carcinogenic intakes were estimated using the concept of an average annual exposure. 

Carcinogenic intakes were calculated as an incremental lifetime exposure, which assumed a life 

expectancy of 70 years. Assumptions regarding exposure are presented in Tables 7-21 and 7-22 for the 

RME and CTE scenarios, respectively. 

7.3.4.1 Inhalation of Air and Fugitive DustNolatile Emissions f rom Soils 

The amount of a chemical that a receptor takes in as a result of respiration was determined using the 

concentration of the contaminant in air. lntakes of both particulates and vapors and gases from soil were 

calculated using the same equation, as follows (U.S. EPA, 1989): 

Intake,, = 
(cai )(IRa )(ET)(EF)(ED) 

(BW)(AT) 

where: 

Intake,, - - intake of chemical "i" from air via inhalation (mglkglday) 

Cai - - concentration of chemical "in in air (mg/m3) 

IRa - - inhalation rate (m3/hour) 

ET - - exposure time (hourstday) 

EF - - exposure frequency (dayslyear) 

ED - - exposure duration (year) 

BW - - body weight (kg) 
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- - averaging time (days); 

for noncarcinogens, AT = ED x 365 dayslyear; 

for carcinogens, AT = 70 years x 365 dayslyear 

The concentrations of chemicais in air resulting from emissions from soil were developed following 

procedures presented in U.S. EPA Soil Screening Guidance (U.S. EPA, 1996). The chemical concentration 

in air was calculated as follows: 

Cat, = C-, x[L+L] PEF VF 

where: 

ca = chemical concentration in air, mg/m3 

cs = chemical concentration in soil, mgkg 

PEF = particulate emission factor, m3kg 

VF = volatilization factor, m3/kg 

The particulate emissions factor (PEF) relates the concentration of the chemical in soil with the 

concentration of dust particles in air. A PEF value of 1.316 x was used for SWMU 16 (IDEM, 2004). 

This value is based on fugitive 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 was used for construction activities. The PEF for construction workers (1.49 x lot6 m3/kg) 

was calculated using the equations presented in the supplemental SSL guidance document 

(U.S. EPA, 2002a). 

Ambient air concentrations resulting from the volatilization of COPCs from soil are chemical dependent and 

were calculated using the following equation from U.S. EPA's Soil Screening Guidance: 

and 
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where: 

VF = volatilization factor (m3-airtkg-soil) 

Q/C = inverse of the mean concentration at the center of source (gm/m2-sec per kg/m3) 

D, = apparent diffusivity, chemical specilic, (cm2/sec) 

T = exposure interval, exposure specific, (sec) 

pb = dry bulk soil particle density (g/cm3) 

0, = air-filled soil porosity (L,iJLsOil) 

D, = diffusivity in air, chemical specific, (cm2/sec) 

n = total soil porosity (L,,JL,,,I) 

0, = water-filled soil porosity (L,,JL,,iI) 

D, = diffusivity in water, chemical specific, (cm2/sec) 

Kd = soil-water partition coefficient, chemical specific 

H' = dimensionless Henry's law constant, chemical specific 

Chemical properties were obtained from the Supplemental Guidance for Developing Soil Screening 

Levels for Superfund Sites (U.S. EPA, 2002a) and are presented in Table 7-23. Input assumptions for 

the calculation of VF are presented in Table 7-24. 

7.3.4.2 Dermal Contact with SoiUSediment 

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 (US. EPA 2004a): 

Intake,, = (C,,)(SA)(AF)(ABS)(CF)(EF)(ED) 
(BW)(AT) 

where: 

Intake,, = amount of chemical "in absorbed during contact with soillsediment 

(mglkgtday) 

c,, - - concentration of chemical "in in soil/sediment (mg/kg) 

SA = skin surface area available for contact (cm2/day) 

AF = skin adherence factor (mg/cm2) 

ABS = absorption factor (dimensionless) 

CF = conversion factor (1 x 1 0-6 kglmg) 

EF = exposure frequency (dayslyear) 
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ED = exposure duration (year) 

BW = body weight (kg) 

AT = averaging time (days); 

for noncarcinogens, AT = ED x 365 dayslyear; 

for carcinogens, AT = 70 years x 365 dayslyear 

Exposed surface areas ol body available for dermal contact are determined on a receptor-specific basis 

because they correspond with assumed human activities and clothing worn during exposure events. 

Current guidance documents (U.S. EPA, 1997b and 2004a) were 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, 2003c, 2003d) were reviewed when developing the exposed surface areas. 

The rationales used to select the skin areas were as follows: 

For construction workers, maintenance workers, and occupational workers exposed to surface soil or 

sediment, the surface area available for soil contact was 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 the 50'~-percentile areas for the head, hands, and forearms (U.S. EPA, 2004a). 

For adolescent trespassers, 25 percent of the total body surface area for an adolescent (aged 6 to 

16) was assumed to be available for surface soil andlor sediment contact. The RME value 

(3,820 cm2) was derived from the 95'h-percentile surface area data, and the CTE value (3,100 cm2) 

was derived from the 50'~-percentile data, as provided in Table 6-6 of the Exposure Factors 

Handbook (U.S. EPA, 1997b). 

For adult recreational users assumed to be exposed to soillsediment, the exposed surface area 

available for contact was the sum of the head, arms, hands, lower legs, and feet of an adult male. 

This skin surface area is 9,070 cm2 for the RME and CTE scenarios. This value represents the 

50'~-~ercentile areas for the arms, hands, lower legs, and feet (US. EPA. 1997b). 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 value represents the 50'~-percentile 

areas presented in Table 6-6 of the Exposure Factors Handbook (U.S. EPA, 1997b). 

For adult residents exposed to surface soillsediment, 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 
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(U.S. EPA, 2004a). This value assumes 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 (US. EPA, 2004a). This value assumes that the child 

resident is wearing a short-sleeved shirt, shorts, and no shoes; therefore, the exposed skin surface 

area is limited to the head, hands, forearms, lower legs, and feet. 

The following values of soil adherence factors provided in RAGS Part E (U.S. EPA, 2004a) were 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, 2004a 

and 2002a). 

Maintenance workers and occupational workers - 0.2 mg/cmz for the RME and 0.02 mg/cm2 for the 

CTE (U.S. EPA, 2004a). 

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 95'h-percentile and geometric mean values 

presented for soccer players (teens) playing in moist conditions (US. EPA, 2004a). 

Adult recreational users and adult residents - 0.07 mg/cm2 for the RME and 0.01 mglcm2 for the CTE 

(U.S. EPA. 2004a). 

For the constituents identified as COPCs in soil, the following absorption factors were used (U.S. EPA, 

2004a): 

PAHs-0.13 

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 
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arsenic and cadmium) from soil were not quantified in this risk assessment. The uncertainty associated 

with the omission of these constituents is discussed in the uncertainty analysis. 

7.3.4.3 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 were estimated in the following manner (US.  EPA. 1989): 

Intake,, = (C,i)(IR,)(FI)(EF)(ED)(CF) 
(BW)(AT) 

where: 

Intake,, = 

csi = 

IRs - - 

intake of contaminant "i" from soil or sediment (mglkglday) 

concentration of contaminant "i" in soil or sediment (mglkg) 

ingestion rate (mglday) 

fraction ingested from contaminated source (dimensionless) 

exposure frequency (dayslyear) 

exposure duration (year) 

conversion factor (1 x 10.~  kglmg) 

body weight (kg) 

averaging time (days); 

for noncarcinogens, AT = ED x 365 dayslyear; 

for carcinogens, AT = 70 years x 365 dayslyear 

The same exposure frequencies and durations used in the estimation of dermal intakes were used to 

estimate exposure via incidental ingestion. Default values of 1.0 were used for the fraction of soil 

ingested from the source for both the RME and CTE scenarios. Sediment ingestion rates were the same 

as those assumed for soil ingestion except that, for recreational users, the fraction ingested is assumed to 

be 0.5 for both the RME and CTE scenarios. 

7.3.4.4 Dermal Contact w i th  Groundwater and Surface Water 

The same equation was used to estimate intakes for dermal contact with groundwater and surface water. 

Direct contact with groundwater at SWMU 16 is limited to exposure that would occur under residential, 

recreational, typical industrial (occupational), and construction scenarios. Hypothetical future on-base 

residential receptors were assumed to use'groundwater for domestic purposes (i.e.. bathing, showering, 

and dish washing) that can result in dermal exposure. Short-term dermal exposure was assumed to 
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occur for the construction worker during excavation activities and for the hypothetical recreational user or 

occupational worker receptors that may occasionally use restroom facilities (supplied by groundwater 

pumped from the underlying aquifer) while working or recreating. (It should be noted that neither 

restroom facilities nor groundwater supply wells exist at SWMU 16 at this time). Dermal contact with 

surface water may also occur while receptors are involved in certain activities such as landscaping 

(maintenance worker), trespassing, or recreational sports (e.g., hiking, wading, etc.). 

The following equation was 

(U.S. EPA, 2004a): 

where: 

DAD,, = 

DAeven, = 

EV = 

ED = 

EF = 

A - - 

BW = 

AT = 

used to assess exposures resulting from dermal contact with water 

dermally absorbed dose of chemical "i" from water (mglkglday) 

absorbed dose per event (rng/cm2-event) 

event frequency (eventdday) 

exposure duration (year) 

exposure frequency (dayslyear) 

skin surface area available for contact (cm2) 

body weight (kg) 

averaging time (days); 

for noncarcinogens, AT = ED x 365 dayslyear; 

for carcinogens, AT = 70 years x 365 dayslyear 

Groundwater exposure for hypothetical future on-base residential receptors using the groundwater as a 

domestic water supply was assumed to occur on a daily basis. Exposure to groundwater for construction 

workers, recreational users, or typical occupational workers and exposure to surface water for 

maintenance workers, trespassers, and recreational users were also assumed to occur each day the 

receptor visits the study area. Dermal intakes for residents assumed total body exposure. For 

construction workers, trespassers, occupational workers, maintenance workers, and recreational users, 

the exposed surface area of the body available for contact was based on assumed activities and was 

similar to the assumptions outlined for dermal contact with soil and sediment. Tables 7-21 and 7-22 

summarize recommendations for exposure parameters that were evaluated in the baseline risk 

assessment. 
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The absorbed dose per event (DA,,,,) was 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: 

duration of event (hourievent) 

time it takes to reach steady-state conditions (hour) 

permeability coefficient from water through skin (cmlhour) 

Chemical-specific fraction absorbed (dimensionless) 

concentration of chemical "i" in water (mgiL) 

lag time (hour) 

Pi (dimensionless; equal to 3.1 41 6) 

conversion factor (0.001 Ucm3) 

Dimensionless ratio of the permeability of the stratum corneum relative to 

the permeability across the viable epidermis. 

Values for the chemical-specific parameters (t', &, z, FA, and B) were obtained from RAGS Part E the 

current dermal guidance (U.S. EPA, 2004a) and are presented in Table 7-25. If no published values were 

available for a particular compound, they were calculated using equations provided in the cited guidance. 

The following non-steady-state equation will be used to estimate DA.,,,, for inorganics: 

In general, the recommended default value of 0.001 was 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. 



NSWC Crane 
RFl Repori 
Revision: 0 

Date: June 2005 
Section 7 

Page 31 of 62 

7.3.4.5 Direct Ingestion of Groundwater and Incidental Ingestion of Surface Water 

Residents may be exposed to groundwater via direct ingestion. In addition, maintenance workers, 

trespassers, recreational users, and residents may incidentally ingest surface water while at the site. 

Intakes associated with ingestion of water were evaluated using the following equation (US. EPA. 1989): 

Intake, = (C,)(IRw)(EF)(ED) 
(BW)(AT) 

where: 

Intake,, = 

c, - - 

IRW - - 

IRW - - 
CR = 

ET = 

EF = 

ED = 

BW = 

AT = 

intake of chemical "i" from water (mglkglday) 

concentration of chemical "i" in water (mglL) 

ingestion rate for groundwater (Uday) 

ingestion rate for surface water (Uday) = (CR)(ET) 

contact rate for surface water (Uhour) 

exposure time lor surface water (hourlday) 

exposure frequency (dayslyear) 

exposure duration (year) 

body weight (kg) 

averaging time (days); 

for noncarcinogens, AT = ED x 365 dayslyear; 

for carcinogens. AT = 70 years x 365 dayslyear 

The same exposure times, frequencies, and durations used to assess dermal exposure to water were 

used to estimate intakes for ingestion of water. 

7.3.4.6 Inhalation of Volatiles in Groundwater 

Groundwater exposure may also result in an inhalation exposure if the water resource is used as a 

domestic water supply. This exposure route was evaluated for residential receptors only who may be 

exposed while showering, bathing, washing dishes, etc. Inhalation exposures were estimated using a 

mass transfer model developed specilically 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 was employed is as 

follows (US. EPA, 1989 and Foster and Chrostowski, 1987): 

CTO 0343 
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where: 

Intake, = 

s - - 

- IRSh - 

K - - 
EF = 

ED = 

BW = 

AT = 

R, - - 

CF = 

D, - - 

DL - - 

intake of chemical "i" from water via inhalation (mglkglday) 

volatile chemical generation rate (pglm3-min-shower) 

inhalation rate (Umin) 

mass transfer coefficient (min) 

exposure frequency (showerslyear) 

exposure duration (years) 

body weight (kg) 

averaging time or period of exposure (days) 

air exchange rate (min-') 

conversion factor (1 x 10" pg-Umg-m3) 

shower duration (min) 

total time in bathroom (min) 

The volatile chemical generation rate was estimated using the Foster and Chroslowski 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 SWMU 16, 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 groundwater when excavation 

exposes the shallow water table. Exposures for construction workers associated with the inhalation route 

were estimated in the following manner (US. EPA, 1989): 

(C,,)(IR,)(ET)(EF)(ED) Intake,, = - 
(BW)(AT) 

where: Intake,, = intake of chemical "i" from air via inhalation (mgtkglday) 

Ca, - - concentration of chemical "i" in air (mg/m3) 

IRa - - inhalation rate (myhr) 

ET = exposure time (hourslday) 

EF = exposure frequency (dayslyear) 
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ED = exposure duration (year) 

BW = body weight (kg) 

AT = averaging time (days); 

for noncarcinogens, AT = ED x 365 dayslyear: 

for carcinogens, AT = 70 year x 365 dayslyear 

The same exposure frequency and exposure time used to estimate intake from dermal contact with 

groundwater was used to evaluate intake from inhalation of VOCs from groundwater during construction 

activities. 

There are no well-established models available for estimating migration of volatiles from groundwater into 

a constructionlutility trench. To estimate the EPC for air in a construction trench, the HHRAs used an 

approach suggested by the Virginia Department of Environmental Quality (VDEQ, 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. 

The airborne concentration of a contaminant in a trench can be estimated uslng the following equation: 

where: 

C,,, = air concentration of contaminant in the trench pglm3 

CGw =concentration of contaminant in groundwater pglL 

VF = volatilization factor I l m 3  

It is assumed that a construction project could result in an excavation of 15 feet bgs or less. If the depth 

to groundwater at a site is less than 15 feet, the VDEQ model assumes that a worker would encounter 

groundwater when digging an excavation or a trench. The worker would then have direct exposure to the 

groundwater. The worker would also be exposed to contaminants in the air inside the trench that would 

result from volatilization from the groundwater pooling at the bottom of the trench. 

The following equation is used to calculate the volatilization factor (VF) for a trench less than 15 feet 

deep: 
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where: 

Ki 

A 

F 

ACH 

v 
I o - ~  
1 04 

3,600 

overall mass transfer coefficient of contaminant (cmls) 

area of the trench (m2) 

fraction of floor through which contaminant can enter (unitless) 

air changes per hour (h-') = 360 h-' 

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 equal 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 

between the trench and above-ground atmosphere is not restricted, and the ACH is assumed to be 360. 

The exposure assessment performed for these HHRAs will assume the width-to-trench depth ratio is 

greater than I ;  therefore, the ACH is set at 360. 

Ki is calculated using the following equation: 

Ki = 1 / ((l/k,L) + [(RT) 1 (Hi kiG)]) 

where: 

Ki - - overall mass transfer coefficient of containment (cmls) 

kiL = liquid-phase mass transfer coefficient of i (cmls) 

R - - ideal gas constant (aim-m3/mole-"K) = 8.2 x 1 0 ' ~  

T - - average system absolute temperature ("K) (Default = 298°K) 

Hi - - Henry's Law constant of i (atm-m31mole) 

kiG = gas-phase mass transfer coefficient of i (cmls) 

The formulas for calculating kiL and kiG are as follows: 
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where: 

kiL = liquid-phase mass transfer coefficient of component i (cmls) 

MWO, = molecular weight of oxygen (glmole) 

MWi = molecular weight of component i (glmole) 

kL.0, = liquid-phase mass transfer coefficient of oxygen at 25°C (cmls) = 

0002 cmls 

where: 

kiG = gas-phase mass transfer coefficient of component i (cmls) 

MWH20 = molecular weight of water (glmole) 

kG,H20 = gas-phase mass transfer coefficient of water vapor at 25°C (cm/s)= 

0.833 cmls (Superfund Exposure Assessment Manual, U.S. €PA, 1988). 

Chemical properties were obtained lrom the Supplemental Guidance for Developing Soil Screening 

Levels for Superfund Sites (US. EPA. 2002a) and are presented in Table 7-23. 

7.3.4.7 Vapor Intrusion into Buildings 

CurrenVfuture occupational workers and hypothetical residents may be exposed to COPCs that have 

volatilized from groundwater and migrated through building foundations into indoor air. Indoor air 

concentrations resulting from vapor intrusion from groundwater were estimated using the Johnson and 

Ettinger volatilization model (US. €PA, 2003d). The model assumes that vapors of volatile chemicals are 

emitted from groundwater, migrate through subsurface soil, through cracks in the building foundation, and 

accumulate in air inside a building. The results of the vapor intrusion evaluation are present in Section 

7.6.4 due to the uncertainty associated with this analysis. 

7.3.4.8 Summary of Exposure Parameters 

A summary of the exposure input parameters for all exposure pathways are presented in Tables 7-21 and 

7-22 for the identified potential receptor groups at SWMU 16. 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, were used to assess RME conditions. CTE was assessed primarily by the 



NSWC Crane 
RFI Report 
Revision: 0 

Date: June 2005 
Section 7 

Page 36 of 62 

use of mid-range exposure factors presented in current risk assessment guidance (US. EPA, 1989 and 

1993). 

7.3.5 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 was assessed 

using the following models: 

The latest version of U.S. EPA's Integrated Exposure Uptake Biokinetic (IEUBK) Model for lead, (US. 

EPA, 2002d). This model is typically used to evaluate lead exposure assuming a residential land use 

scenario. 

The U.S. EPA's Technical Review Work Group (TRW) Model for Lead (US. EPA, 2003a). This 

model is typically used to evaluate lead exposure assuming a non-residential land use scenario. 

The IEUBK Model for lead (US. 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 microgramsper deciliter (wg1dL). Blood-lead levels greater than 

10 pgIdL are considered to be a "concern." 

For SWMU 16, the IEUBK Model for lead was used to address exposure to lead in children when 

detected groundwater concentrations exceed the 15 pg/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 mglkg for residential land use (US. EPA, 1994b). Average chemical 

concentrations, as well as default parameters for some input parameters, were used in the evaluation. 

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 was 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 generates a spreadsheet for each exposure scenario that 
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1s evaluated (i.e.. industrial, recreational). The output of the spreadsheet is the probability that the blood- 

lead concentrations in the fetus exceed 10 pg/L. The probability that the fetal blood-lead level will exceed 

10 pg/L was calculated in accordance with the following EPA guidelines: 

Use of the TRW Interim Adult Lead Methodology in Risk Assessment (U.S. EPA, 1999~) .  

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. 

7.4 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 health effects are defined for the identified COPCs. 

Quantitative toxicity values determined during this component of the risk assessments were 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 non-carcinogenic health effects is the reference dose (RfD): 

carcinogenic effects are quantified using the CSF. 

7.4.1 Toxicity Criteria 

Oral and inhalation RfDs and CSFs used in the HHRA for SWMU 16 were obtained from the following 

primary literature sources (US. EPA 2003b): 

Integrated Risk Information System (IRIS) (online). 

U.S. EPA Provisional Peer Reviewed Toxicity Values (PPRTVs) - The Office of Research and 

Development/National Center for Environmental Assessment (NCEA) Superfund Health Risk 

Technical Support Center develops PPRTVs on a chemical-specific basis when requested by U.S. 

EPA's Superfund program. 
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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. 1997~) .  

Although RfDs and CSFs can be found in several toxicological sources, U.S. EPA's IRIS on-line 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 Ill Risk-Based 

Concentration (RBC) Tables were also used as a source of toxicity criteria when these criteria were not 

available from the aforementioned references. The RfDs and CSFs for the constituents selected as 

COPCs lor SWMU 16 are presented in Tables 7-26 through 7-29. 

7.4.1.1 Toxicity Criteria for Dermal Exposure 

RfDs and CSFs found in literature are typically 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 was made using chemical-specific absorption 

efficiencies published in available guidance [i.e., U.S. EPA, 2004a (the primary reference), IRIS, ATSDR 

toxicological profiles, etc.] and the following equations: 

where: ABS,, = absorption efficiency in the gastrointestinal tract. 

Absorption efficiencies used in the risk assessments reflect U.S. EPA's current dermal assessment 

guidance (U.S. EPA. 2004a). 

7.4.1.2 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 
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CSFs for other carcinogenic PAHs. Toxic effects for these chemicals were 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 guidance (U.S. EPA. 1993b). 

The equivalent oral and inhalation CSFs for these chemicals were derived by multiplying the CSFs for 

benzo(a)pyrene by the orders of potential potency. 

7.4.1.3 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 was not completed for SWMU 16. However, risks associated 

with this chemical were assessed by conservatively assuming that 100 percent of the reported total 

chromium result is attributable to hexavalent chromium. 

7.4.1.4 Toxicity Criteria for TCE 

Toxicity criteria (i.e., RfDs, CSFs) for TCE are not currently published on the U.S. EPA's IRIS database or 

in HEAST. The toxicity criteria developed by the California EPA (CA EPA, 2002) were used for TCE in 

this risk assessment. The uncertainty associated with the use of the CA EPA toxicity values is discussed 

in Section 7.6.3. 

7.5 RISK CHARACTERIZATION 

This section provides a characterization of the potential human health risks associated with the potential 

exposures to COPCs at SWMU 16. Section 7.5.1 outlines the methods used to quantitatively estimate 

the type and magnitude of potential risks for human receptors. A summary of the risk characterization for 

the SWMU 16 is provided in Section 7.5.2. 

7.5.1 Quantitative Analvsis 

Quantitative estimates of risk were calculated according to risk assessment methods outlined in U.S. EPA 

guidance (U.S. EPA, 1989). Lifetime cancer risks are expressed in the form of dimensionless 

probabilities, referred to as ILCRs, based on CSFs. Non-carcinogenic risk estimates are presented in the 

form of HQs determined through a comparison of intakes with published RfDs. 

ILCR estimates were generated for each COPC using estimated exposure intakes and published CSFs, 

as follows: 
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ILCR = (Estimated Exposure Intake)(CSF) 

If the above equation resulted in an ILCR greater than 0.01, the following equation was used: 

ILCR = 1-[exp(-Estimated Exposure Intake)(CSF)] 

An ILCR of 1 x 10.~ indicates lhat 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, non-carcinogenic risks were assessed using the concepts of HQs and Hls. The 

HQ for a COPC is the ratio of the estimated intake to the RfD, as follows: 

HQ = (Estimated Exposure Intake) / (RfD) 

An HI was 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. 

7.5.1.1 Comparison of Quantitative Risk Estimates t o  Benchmarks 

To interpret the quantitative risks and to aid risk managers in determining the need for remediation at a 

site, quantitative risk estimates were compared to typical benchmarks. Calculated ILCRs were 

interpreted using the U.S. EPA's "target range" (1 x 10.~ to 1 x and Hls will be evaluated using a 

value of 1 .O. 

U.S. €PA has defined the range of 1 x 10~' to 1 x as the ILCR "target range" for most hazardous 

waste facilities addressed under Comprehensive Environmental Response, Compensation, and Liability 

Act (CERCLA) and RCRA. IDEM has defined the same range for the nondefault evaluation under their 

RlSC program. Individual or cumulative ILCRs greater than 1 x will typically not be considered as 

protective of human health and ILCRs less than 1 x 1 0 ~ 6  will typically be regarded as protective. Risk 

management decisions are necessary when the ILCR is within the 1 x l o 4  to 1 x 10-kancer risk range. 

An HI exceeding unity (1.0) indicates that there may be potential non-carcinogenic health risks associated 

with exposure. If an HI exceeds unity, a segregation of target organ effects associated with exposure to 

COPCs was perlormed. Only those chemicals that affect the same target organ(s) or exhibit similar 
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critical effect(s) were 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. 

7.5.2 Results of the Risk Characterization 

This section contains a summary of the results of the risk characterization for SWMU 16. Quantitalive risk 

estimates for potential human receptors are developed for those chemicals identified as COPCs. 

Uncertainties associated with the risk estimates are discussed in Section 7.6. The methodology used to 

calculate the risks presented in this section is provided in Sections 7.3 and 7.4. Potential cancer risks 

and Hls were calculated for currenVfuture maintenance workers, occupational workers, adolescent 

trespassers and future construction workers, child recreation users, adult recreational users, and 

hypothetical residents under the RME and CTE scenarios and are summarized in Tables 7-30 and 7-31, 

respectively. Sample calculations are presented in Appendix I, and the results 01 the risk assessment in 

RAGS Part D format are included in Appendix I. 

7.5.2.1 Non-carcinogenic Risks - RME 

Cumulative Hls for maintenance workers, adolescent trespassers, and adult recreational users under the 

RME scenario were less than or equal to unity (I), indicating that adverse non-carcinogenic effects are 

not anticipated for these receptors under the defined exposure conditions. 

Hls for the all receptors exposed to soil under the RME scenario were less than or equal to unity ( 1 ) ,  with 

the exception of the construction worker and hypothetical child resident. The HI for a hypothetical child 

resident exposed to surface soil exceeded unity although the HQ for the target specific organs were less 

than one indicating that adverse non-carcinogenic effects are not anticipated for these receptors under 

the defined exposure conditions. The HI for construction workers exposed to surface and subsurface soil 

was 3. Aluminum (HQ = 1) and manganese (HQ = 2) were the major contributors to the HI for the 

construction worker. It should be noted that as discussed in Section 5.2, concentrations of aluminum and 

manganese are within site wide background levels. 

Hls for the potable use of groundwater by occupational workers (HI = 5), child recreational users (HI = 5), 

hypothetical child residents (HI = 57) and hypothetical adult residents (HI = 16) exceed unity. Manganese 

was the major contributor to the HI for occupational workers and child recreational users. VOCs and 

inorganics were the major contributors to the HI for hypothetical child residents. TCE, iron, and 
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manganese were the major contributors to the HI for hypothetical adult residents. It should be noted that 

as discussed in Section 5.4, concentrations of manganese are within site wide background levels. 

Hls for all receptors exposed to surlace water and sediment under the RME scenario are less than or 

equal to unity ( I ) ,  indicating that adverse non-carcinogenic effects are not anticipated for these receptors 

under the defined exDosure conditions. 

7.5.2.2 Carcinogenic Risks - RME 

Cumulative ILCRs for maintenance workers, adolescent trespassers, and construction workers were less 

than or within U.S. EPA's target risk range of to 10". ILCRs for all receptors exposed to soil, surface 

water, and sediment under the RME scenario were less than or within U.S. EPA's target risk range of lG4 

to 10". 

The ILCRs for domestic use to groundwater by occupational workers (ILCR = 1 x child recreational 

users (ILCR = 3 x lo4), adult recreational users (ILCR = 3 x I O ~ ~ ) ,  lifelong recreational users (ILCR = 5 x 

10.7, hypothetical child residents (ILCR = 3 x lo3), hypothetical adult residents (ILCR = 4 x and 

hypothetical lifelong resident (7 x 10.~) exceeded the U.S. EPA's target risk range. VOCs, primarily TCE 

and vinyl chloride, were the major contributors to the ILCRs for groundwater. 

7.5.2.3 Non-carcinogenic Risks - CTE 

Cumulative Hls for maintenance workers, adolescent trespassers, and adult recreational users under the 

CTE scenario were less than or equal to unity (I), indicating that adverse non-carcinogenic effects are not 

anticipated for these receptors under the defined exposure conditions. 

Hls for the all receptors exposed to soil under the CTE scenario are less than or equal to unity (1) with the 

exception of the construction worker. The HI for construction workers exposed to surface and subsurface 

soil was 3. Aluminum (HQ = 1) and manganese (HQ = 2) were the major contributors to the HI for the 

construction worker. It should be noted that as discussed in Section 5.2, concentrations of aluminum and 

manganese are within site wide background levels. 

Hls for the potable use of groundwater by occupational worker (HI = S), hypothetical child resident (HI = 

17) and hypothetical adult resident (HI = 8) exceed unity. Manganese was the major contributor to the HI 

for the occupational worker. TCE, iron, and manganese were the major contributors to the HI for the 
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hypothetical child and adult residents. It should be noled that as discussed in Section 5.4, concentrations 

of manganese are within site wide background levels. 

HIS for all receptors exposed to surlace water and sediment under the CTE scenario are less than or 

equal to unity (1), indicating that adverse non-carcinogenic effects are not anticipated for these receptors 

under the defined exposure conditions. 

7.5.2.4 Carcinogenic Risks - CTE 

Cumulative ILCRs for maintenance workers, adolescent trespassers, construction workers, child 

recreational users, adult recreational users, and lifelong recreational users were less than or within U.S. 

EPA's target risk range of to 10.~. ILCRs for all receptors exposed to soil, surlace water, and 

sediment under the CTE scenario were less than or within U.S. EPA's target risk range of ln4 to 10.~. 

The ILCRs for domestic use to groundwater by occupational workers (ILCR = 4 x hypothetical child 

residents (ILCR = 3 x hypothetical adult residents (ILCR = 5 x and hypothetical lifelong 

resident (9 x 10.~) exceeded the U.S. EPA's target risk range. VOCs, primarily TCE, were the major 

contributors to the ILCRs for groundwater. 

7.5.2.5 Risks from Lead 

Lead was identified as a COPC in surface soil, groundwater, gully surlace water, and gully sediment at 

SWMU 16. The maximum detected concentration of lead in surface soil (1,240 mg/kg) and gully 

sediment (15,200 mglkg) exceeded the OSWER soil screening level of 400 mg/kg for residential land 

use. The maximum detected concentration of lead in groundwater I127 pg/L) and gully surface water 

(281 pg/L) exceeded the 15 pg/L Federal Action Level promulgated under the Safe Drinking Water Act. 

Hypothetical residential exposures to lead in surface soil, groundwater, and sediment were evaluated 

using U.S. EPA's IEUBK lead model (U.S. EPA, 2002d). Exposures in lead in surface soil and/or 

sediment by occupational workers and adult trespassers and exposures to lead in surface/subsurface soil 

by construction workers were evaluated using a slope-factor approach developed by the U.S. EPA 

Technical Review Workgroup for Lead (US. EPA, 2003a). The IEUBK model and adult lead model can 

not be used to evaluate exposures to surface water by trespassers and recreat~onal users, therefore risks 

from exposures to lead in surface water to these receptors were evaluated qualitatively. 
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Hypothetical future residential exposures to lead in surface soil, groundwater, and gullies sediment were 

evaluated using the IEUBK lead model (U.S. EPA, 2002d). The IEUBK model simulates exposures to 

lead at a single location. In order to use the IEUBK model to estimate exposures to both surface soil and 

gullies sediment at different locations a weighted lead concentration was calculated following the 

methodology presented in U.S. EPA's Assessing Intermittent or Variable Exposures at Lead Sites (US. 

EPA, 2003~). The weighted lead concentration for surface soil and gullies sediment was calculated as 

follows: 

Where: PbS, = weighted lead surface soillsediment concentration (mglkg) 

EFsed = exposure frequency or fraction of the dayslweek receptor is 

exposed to sediment (l/7 - assumed) 

Fse = fraction of time a receptor is exposed to sediment when 

the site is visited (0.5 - assumed) 

Pbs,d = average lead concentration in sediment (1,730 mglkg) 

EF,,,, = exposure frequency or fraction of the dayslweek a receptor 

is exposed to surface soil on days when they are also 

exposed to sediment 

= 1 - Fsed (6/7 - assumed) 

Pbs,,,~ = average lead concentration in surface soil (127 mglkg) 

F,,,I = fraction of time a receptor is exposed to surface soil on 

on days when they are also exposed to sediment 

= 1 - EF,,,, (0.5 - assumed) 

The above equation results in a weighted lead concentration of 242 mglkg, which was used as the EPC 

for surface soillsediment. The average concentration of lead in groundwater(l3.6 pglL) was used as the 

EPC for drinking water. Default parameters were used for the rest of the model input parameters. IEUBK 

model outputs are included in Appendix I. The weighted lead concentration of 242 mglkg in surface 

soillsediment and 13.6 pgIL in groundwater results in 4.3 percent of hypothetical child residents having a 

blood lead level greater than 10 pg/dL (and results in a geometric mean blood lead level of 4.5 pg/dL). 

This value is within the U.S. EPA goal as described in the 1994 OSWER Directive of no more than 5 

percent of children exceeding a 10 pg1dL blood lead level. 

Although the potential risks for exposures to surface soil and sediment from the gullies are within 

acceptable levels under the defined conditions, the lead concentrations in the sediment from the gullies 
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(CmaXimum = 15,200 mglkg) warrant further discussion. Concentrations of lead exceeded the OSWER 

residential screening level of 400 mglkg in 17 of 31 sediment samples from the gullies and 13 of the 

samples had lead concentrations exceeding the industrial screening level of 800 mglkg. In addition, two 

sediment samples had lead concentrations exceeding the screen level of 6,500 mglkg (Gadagbui, 

Pounds, Simons, and Roberts, 2002) for acute exposures to lead by children. The risk estimated 

presented above are based on a receptor being exposed to lead in sediments one day a week. However. 

if the exposure frequency for sediments was changed from one day a week to two days a week then the 

weighted lead concentration would be 356 mglkg. Inputting a weighted lead concentration of 328 mglkg 

for surface soil/sediment and 13.6 pg1L for groundwater results in 9.2 percent of hypothetical child 

residents having a blood lead level greater than 10 pg1dL (and results in a geometric mean blood lead 

level of 5.4 pgldL). This value is exceeds the U.S. EPA goal as described in the 1994 OSWER Directive 

of no more than 5 percent of children exceeding a 10 pg1dL blood lead level. Consequently, frequent 

exposure to lead in sediment from the gullies could result in unacceptable risks. 

Child recreational users and adolescent trespassers couid also be potentially exposed to lead in on-site 

surface soil and sediment. U.S. EPA's IEUBK model is typically used to evaluate exposures to lead by 

children but the evaluation of recreationalltrespass exposures of short duration is outside the limits of the 

model. Exposures to lead in on-site surface soil and sediments by child recreational users and 

adolescent trespassers will contribute to the individual total daily lead exposure for these receptors but 

this exposure is not expected to be significant under exposures of short duration. In addition, a child's or 

adolescent's total daily lead exposure will be heavily influenced by the concentration of lead in the soil of 

the child's or adolescent's own yard. Thus, the recreational child's and adolescent trespassers total daily 

lead exposure may depend mainly on the exposure to soils occurring in the receptor's own yard, which is 

unknown. The potential adverse health effects from exposures to lead in surface soil and sediment at 

SWMU 16 are expected to be of a lesser magnitude for child recreational users and adolescent 

trespassers than for hypothetical child residents. Since the potential risks from exposure to lead in 

surface soil and sediment are not a concern for hypothetical child residents under the defined conditions 

they are also not expected to be a concern for child recreational users and adolescent trespassers. 

Exposures to lead in surface soil and sediment by occupational workers and adult trespassers and in 

surfacelsubsurface soil by construction workers were evaluated using the Aduit Lead Model (ALM) 

developed by the EPA Technical Review Workgroup for Lead (U.S. EPA, 2003a). The ALM was not used 

to evaluate exposures to lead in soil by maintenance workers because the model should not be used 

when exposures are less than one day a week; the exposure frequency assumed for ma~ntenance 

workers is one day every other week (24 dayslyear). As recommended by the model, the average lead 

concentration of 82.2 mglkg in surfacelsubsurface soil was used as the exposure point concentration for 
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construction workers. The weighted surface soillsediment lead concentration of 242 mglkg was used as 

the exposure point concentration for occupational workers and adult trespassers. ILCRs and HIS are 

calculated for non-lead compounds using RME assumptions; however, the adult lead model guidance 

recommends the use of CTE assumptions in evaluating adult exposures to lead in soil (U.S. EPA, 2003a). 

Therefore, the incidental ingestion rate was assumed to be 100 mglday for the construction worker and 

50 mglday for occupational workers and adult trespassers (U.S. EPA, 2003a). The exposure frequency 

was assumed to be 150 dayslyear for the construction worker, 219 dayslyear for the occupational worker, 

and 52 dayslyear for adult trespassers. Values of 2.18 and 1.53 pgldL were used for the standard 

deviation and baseline blood lead concentration, respectively, which are the recommended values for the 

midwestern United States (US. EPA, 2002d). Default parameters were used for the remaining model 

input parameters. Results of the model runs are included in Appendix I. The fetus of a pregnant worker 

is the receptor of concern for the TRW model. For construction workers exposed to surfacelsubsurface 

soil, the lead concentration of 82.2 mglkg results in 1.1 percent of the receptors (fetuses) having a blood 

lead level greater than 10 pg/dL and a geometric mean blood lead level of 1.9 pg1dL. For occupational 

workers exposed to surface soil and sediment, the weighted lead concentration of 242 mglkg results in 

1.1 percent of the receptors (fetuses) having a blood lead level greater than 10.0 pg1dL and a geometric 

mean blood lead level of 1.9 pg1dL. For adolescent trespassers exposed to surface soil and sediment, 

the weighted lead concentration of 242 mglkg results in 0.7 percent of the receptors (fetuses) having a 

blood lead level greater than 10.0 pg/dL and a geometric mean blood lead level of 1.6 pg1dL. These 

results do not exceed the U.S. EPA goal of no more than 5 percent of children (fetuses of exposed 

women) exceeding a 10 pg/dL blood lead level. 

As discussed above, lead was identified as a COPC in surface water from the gullies. The ALM and 

IEUBK models can not be used to evaluate exposures to lead in surface water. The maximum detected 

(281 pglL) and average concentrations (48.4 pglL) of lead in gully surface water exceeded the Federal 

Action Level of 15 pg1L promulgated under the Safe Drinking Water Act. Although concentrations of lead 

in surface water exceed the Federal Action Level, exposure to lead in surface water from the gullies is not 

considered to be a significant exposure pathway. The gullies are not a flowing stream. Surface water is 

only present in the gullies after precipitation events. Consequently, surface water in the gullies can not be 

used as a drinking water source. Any contact with surface water in the gullies is expected to be 

incidental. Also dermal exposure to lead in water is considered to be insignificant (ATSDR, 1999). 

Therefore, exposure to lead in surface water from the gullies is not expected to be significant for the 

identified receptor groups and exposure scenarios. 
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7.5.2.6 Effects of Background on  Risk Estimates 

As discussed in Section 7.2.2.1, all inorganics detected at maximum concenlrations exceeding COPC 

screening levels were carried through the risk assessment regardless of whether they were present at 

naturally occurring levels or not. Table 7-32 indicates those inorganics which were identified in Section 5 

as being within background levels but were retained as COPCs and carried through the HHRA. Table 

7-33 presents the cancer risks and hazard indices for the organic COPCs and inorganic COPCs detected 

at concentrations exceeding background concentrations ( e . ,  risk estimates for ~norganic COPCs 

determined to be less than background were not included in Table 7-33) The RAGS Part D Table 9s for 

the risk estimates presented in Table 7-33 are included in Appendix I. 

Unacceptable HIS were identified for construction workers exposed to aluminum and manganese in soil 

when all inorganic COPCs where carried thought the HHRA. However, as discussed in Section 5, 

concentrations of aluminum and manganese are within background levels in soil. As presented in Table 

7-33, the HHRA HIS for construction workers exposed to soil are less than 1 when the chemicals present 

at background levels are not included in the quantitative risk analysis. 

Unacceptable HIS were identified for occupational workers and child recreational users using groundwater 

as a potable water supply. Manganese is the primary risk driver. However, manganese concentrations in 

groundwater are within background levels. When chemicals that are present at background levels are 

removed from the HHRA, HIS on a target organ basis are within acceptable levels for occupational 

workers and child recreational users using groundwater as a potable water supply. 

VOCs, energetics, and inorganics (aluminum, arsenic, iron, lithium, manganese, and vanadium) for child 

residents and TCE, iron, and manganese for adult residents were the major contributors to the 

unacceptable His for exposures to groundwater when all organic and inorganic COPCs were carried 

through the HHRA. However, aluminum, arsenic, lithium, and manganese are present at background 

levels in groundwater. When chemicals present at background levels are considered, iron and vanadium 

are the only inorganic COPCs that contribute to the unacceptable HI for the child resident routinely using 

the groundwater for domestic purposes and iron is the only inorganic COPC that contributes to the 

unacceptable HI for the adult resident 

7.6 UNCERTAINTY ANALYSIS 

There is uncertainty associated with all aspects of the baseline HHRA. A summary of the uncertainties, 

including a discussion of how they may affect the final risk numbers, is provided in this section. 
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Uncertainty in the selection of COPCs is related to the current status of the predictive databases, the 

grouping of samples, the numbers, types and distributions of samples, and the procedures used to 

include or exclude constituents as COPCs. Uncertainty associated with the exposure assessment 

includes the values used as input variables for a given intake route or scenario, the assumptions made to 

determine exposure point concentrations, and the predictions regarding future land use and population 

characteristics. Uncertainty in the toxicity assessment includes the quality of the existing toxicity data 

needed to support dose-response relationships and the weight-of-evidence used to determine the 

carcinogenicity of COPCs. Uncertainty in risk characterization includes that associated with exposure to 

multiple chemicals and the cumulative uncertainty from combining conservative assumptions made in 

earlier steps of the risk assessment process. 

Whereas there are various sources of uncertainty, the direction of uncertainty can be influenced by the 

assumptions made throughout the risk assessment, including selection of COPCs and selection of values 

for dose-response relationships. Throughout the entire risk assessment, assumptions are biased toward 

a margin of safety so that the final calculated risks are overestimated. 

Generally, risk assessments carry two types of uncertainty: measurement and informational uncertainty. 

Measurement uncertainty refers to the usual variance that accompanies scientific measurements. For 

example, this type of uncertainty is associated with analytical data collected for each site. The risk 

assessment reflects the accumulated variances of the individual values used. 

Informational uncertainty stems from inadequate availability of information needed to complete the toxicity 

and exposure assessments. Often, this gap is significant, such as the absence of information on the 

effects of human exposure to low doses of a chemical, on the biological mechanism of action of a 

chemical, or the behavior of a chemical in soil. 

Once the risk assessment is complete, the results must be reviewed and evaluated to identify the type 

and magnitude of uncertainty involved. Reliance on results from a risk assessment without consideration 

of uncertainties, limitations, and assumptions inherent in the process can be misleading. For example, to 

account for uncertainties in the development of exposure assumptions, conservative estimates must be 

made to ensure that the particular assumptions made are protective of sensitive subpopulations or the 

maximum exposed individuals. If a number of conservative assumptions are combined in an exposure 

model, the resulting calculations can propagate the uncertainties associated with those assumptions. 

thereby producing a much larger uncertainty for the final results. This uncertainty is biased toward over 

predicting both carcinogenic and non-carcinogenic risks. Thus, both the results of the risk assessment 
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and the uncertainties associated with those results must be considered when making risk management 

decisions. 

This interpretation is especially relevant when the risks exceed the point of departure for defining 

"acceptable" risk. For example, when risks calculated using a high degree of uncertainty are less than an 

acceptable risk level (i.e., l o 4  to lo"), the interpretation of no significant risk is typically straightforward. 

However, when risks calculated using a high degree of uncertainty exceed an acceptable risk level (i.e.. 

10.~); a conclusion can be difficult unless uncertainty is considered. 

7.6.1 Uncertaintv in Data Evaluation 

The most significant issues related to uncertainty in COPC selection are the screening levels that are 

used; the absence of screening levels for'a few chemicals detected in the site media, and elevated 

detection limits for some compounds. A brief discussion of each of these issues is provided in the 

remainder of this section. 

Usability of Existing Databases 

All the data used in the HHRA were validated as discussed in Section 3.0. A review of data quality is also 

provided in this section. The qualification of data during the formal data validation process is not expected 

to compromise the results of the baseline HHRA. Analytical data qualified as estimated were utilized, 

even though the reported positive concentrations or sample-specific quantitation limits may be somewhat 

imprecise. The use of estimated data adds to the uncertainty associated with the risk assessment; 

however, the associated uncertainty is expected to be negligible compared to the other uncertainties 

inherent in the risk evaluation process (i.e., uncertainties with land uses, exposure scenarios, 

toxicological criteria, etc.). Analytical data qualified for blank contamination were used in the baseline risk 

assessment. When determining exposure concentrations via statistical procedures, chemicals not 

detected were conservatively assumed to be present at a concentration equal to one-half the 

sample-specific quantitation limit. Analytical results for some chemicals were qualified "R," unreliable, 

and were not used in the risk assessment. The sporadic rejection of a few chemicals in a few samples is 

not considered to be problematic because there are enough usable analytical data for these parameters 

to identify whether these chemicals are actually present at the site and to estimate the necessary data 

distribution parameters. In addition, based on historical knowledge of the site, most of the chemicals with 

rejected results (e.g., 2-butanone, acetone, acrolein, acrylonitrile, methacrylonitrile, and acetonitrile) are 

not expected to be present and are not expected to have been related to site activities. Because all data 

have been validated, the uncertainty in the calculated risks associated with the data is minimal. This is 
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especially true because the COPCs used in the quantitative risk calculations were minimally affected by 

data quality problems. 

Also, as discussed in Section 2, surface water samples planned for four Round 1 field investigation 

locations and for three Round 2 field investigation locations were not collected because surface water 

was not present at the time of the field investigations. The inability to collect these surface water samples 

introduces minimal uncertainty into the risk assessment since these areas are frequently dry and only 

contain water after rainfall events. Consequently, there is limited potential for exposure in these areas. In 

addition, surface water samples were collected from all the designatedtplanned sampling locations during 

the Round 3 field investigation. 

COPC Screening Levels 

The use of risk-based SVs based on conservative land use scenarios (i.e., residential land use), 

corresponding to an ICR of and HI of 0.1, should ensure that all the significant contributors to risk 

from a site are evaluated. The elimination of chemicals that are present at concentrations that 

correspond to an ILCR less than and an HI less than 0.1 should not affect the final conclusions of the 

risk assessment because these chemicals are not expected to cause a potential health concern at the 

detected concentrations. 

Chemicals without Established Screening Levels 

Risk-based screening levels are currently not available for some constituents [e.g., acenaphthylene, 

2-methylnaphthalene. benzo(g,h,i)perylene, phenanthrene, 2-amino-4,6-dinitrotoluene, 4-amino-2,6- 

dinitrotoluene]. Therefore, surrogates with similar chemical structures were selected for these chemicals. 

In the COPC screening, acenaphthene was used as a surrogate for acenaphthylene, naphthalene was 

used as a surrogate for 2-methylnaphthalene, pyrene was selected as a surrogate for 

benzo(g,h,i)perylene and phenanthrene, and aminodinitrotoluene was used as a surrogate for 2-amino- 

4.6-dinitrotoluene and 4-amino-2,6-dinitrotoluene. Applying toxicity values of one compound to another 

adds to the uncertainty in the risk assessment both in regard to the selection of COPCs and the 

subsequently calculated risks. 

Safrole was detected in surface and subsurface soil samples. There are no human health screening 

levels for safrole, which is a common food additive (NJDEP, 2001). Safrole is often found in association 

with sassafras plants (safrole is present in the roots) and sassafras plants are known to grow all over 

NSW Crane, therefore it is not likely that this chemical is site related. 
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A large number of constituents do not have U.S. EPA SSLs for the migration from soil to air pathway. This 

uncertainty is expected to be small because potential risks associated with exposures via inhalation are 

typically orders of magnitude lower than those associated with exposures via incidental ingestion and 

dermal contact with soil. A comparison of the screening criteria for direct contact exposures with the 

screening criteria for migration from soil to air shows that, in most cases, the direct contact screening criteria 

are at least an order of magnitude lower than the soil to air migration screening criteria for the same 

compound. If there are unacceptable risks resulting from inhalation exposures then usually there are also 

unacceptable risks from exposures via the incidental ingestion and dermal contact exposure pathways. 

Uncertainty Associated with Changes in Screening Criteria 

U.S. EPA continually reviews the toxicity data for chemicals that typically are detected at hazardous 

waste sites and as new studies become available U.S. EPA may revise the information presented in the 

IRIS database. In addition, as new information becomes available U.S. EPA may revise the methodology 

used to prepare risk assessments. These changes in the toxicity data or risk assessment methodology 

may result in changes in the screening levels used to select COPCs, which may introduce uncertainty into 

the selection of COPCs. However, given the conservative HHRA methodology presented herein, it is 

unlikely that risk estimates for SWMU 16 have been underestimated. 

7.6.2 Uncertainty in the Exposure Assessment 

Uncertainty in the exposure assessment arises because of the methods used to calculate exposure point 

concentrations, the determination of land use conditions, the selection of receptors and scenarios, the 

estimation of EPCs, and the selection of exposure parameters. Each of these is discussed below. 

Land Use 

The current land use patterns at NSWC Crane are well established, thereby limiting the uncertainty 

associated with land use assumptions. Land use at SWMU 16 is currently limited and is expected to be 

limited in the future, as long as NSWC Crane remains open (occupational workers, maintenance workers, 

and potential and infrequent trespassers are the only current and likely future receptors). To be 

conservative, risks to potential and future construction workers, recreational users, and hypothetical 

residents were estimated for the site. 
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Exposure Point Concentrations 

Uncertainty is associated with the use of the 95 percent UCL on the mean concentration as the EPC. As 

a result of using the 95 percent UCL, the estimations of potential risk for the RME scenario are most likely 

overstated since this is a representation of the upper limit that potential receptors would be exposed to 

over the entire exposure period. In some cases (because datasets contained less than 10 samples or 

because the UCL was greater than the maximum concentration), the maximum concentration was used 

as the EPC. Use of the maximum concentration tends to overestimate potential risks because receptors 

are assumed to be exposed continuously to the maximum concentration for the entire exposure period. 

Uncertainty is also introduced when the nondetects are assigned a value of one-half the nondetect 

quantitation limit in the calculation of the EPC. This may either overstate or understate the risks to the 

receptors. 

There is uncertainty in assuming that current groundwater and surface water concentrations will not 

change in the future, and this would introduce additional uncertainty in the EPC and risks for any 

groundwater or surface water COPCs. Concentrations in groundwater may diminish over time due to 

natural attenuation processes involving source depletion and dilution. Since shallow groundwater 

discharges to surface water in Turkey Creek at the site any change in the groundwater concentrations will 

impact surface water concentrations. 

Exposure Routes and Receptor Identification 

The determination of various receptor groups and exposure routes of potential concern was based on 

current land use observed at the site and the anticipated future land use. Therefore, the uncertainty 

associated with the selection of exposure routes and potential receptors is minimal because they are 

considered to be well defined. Although residential use of groundwater was evaluated as an exposure 

scenario, groundwater is not currently used at the site nor is it expected to be used in the future. 

Therefore, the evaluation of direct exposure to groundwater performed in this baseline HHRA was 

included primarily to aid in risk management decision making. 

Exposure Parameters 

Each exposure factor (for RME and CTE scenarios) selected for use in the risk assessment has some 

associated uncertainty. Generally, exposure factors are based on surveys of physiological and lifestyle 

profiles across the United States. The attributes and activities studied in these surveys generally have a 

broad distribution. To avoid underestimation of exposure, in most cases, the U.S. EPA guidelines (U.S. 

EPA, 1991 and 1993) on the RME receptor were used, which generally specify the use of the 95th 
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percentile for most parameters. Therefore, the selected values for the RME receptor represent the upper 

bound of the observed or expected habits of the majority of the population. 

Generally, the uncertainty can be assessed quantitatively for many assumptions made in determining 

factors for calculating exposures and intakes. Many of these parameters were determined from statistical 

analyses on human population characteristics. Often, the database used to summarize a particular 

exposure parameter (i.e., body weight) is quite large. Consequently, the values chosen for such variables 

in the RME scenario have low uncertainty. 

For many parameters for which limited information exists (i.e., dermal absorption of chemicals from soil), 

greater uncertainty exists. For example, current U.S. EPA guidance (U.S. EPA. 2004a) does not provide 

dermal absorption factors for exposure to most metals (except arsenic and cadmium) in soil. Therefore, 

risks for dermal contact from soil are not evaluated for most metals in this risk assessment. 

Consequently, risks from exposure to soil may be underestimated. 

Many of the exposure parameters used to calculate exposures and risks in this report are selected from'a 

distribution of possible values, including U.S. EPA guidance (US. EPA, 1991. and 1993) and dermal 

guidance (US. EPA, 1997b and 2004a). For the RME scenario, the value representing the 95th 

percentile is generally selected for each parameter to ensure that the assessment bounds the actual risks 

from a postulated exposure. This risk number is used in risk management decisions but does not indicate 

what a more average or typical exposure might be or.what risk range might be expected for individuals in 

the exposed population. 

To address these issues, U.S. EPA (US. EPA, 1992) has suggested the use of the CTE receptor, whose 

intake variables are often set at approximately the 50th percentile of the distribution. The risks for this 

receptor seek to incorporate the range of uncertainty associated with various intake assumptions. Some 

of the parameters presented in this risk assessment were estimated using professional judgment, 

although U.S. EPA does provide limited guidance for the CTE evaluation (U.S. EPA, 1993). 

Uncertainty Associated wi th Exposures t o  Sediment Samples f rom the Gullies 

As discussed in Section 5.3 concentrations of inorganics were elevated in several of the sediment 

samples collected from the gullies at SWMU 16. The HHRA assumed that receptors would be exposed to 

sediments on an infrequent basis (one day a week for recreational users and hypothetical residents and 

one day every other week for trespassers and maintenance workers). If the receptors are exposed to the 

sediments on a more frequent basis than was assumed in the HHRA then the risks would be higher than 
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those presented in Section 7.5. For most inorganics the ILCRs and Hls for exposures to sediments are 

low enough that even if the exposure frequency was changed from one day a week to seven days a week 

the ILCRs and Hls (on a target organ basis) would still be within acceptable levels. However, as 

discussed in Section 7.5.2.4 there is uncertainty associated with exposure to lead in sediment located in 

the gullies. 

7.6.3 Uncertainty in the Toxicoloqical Evaluation 

Uncertainties associated with the toxicity assessment (determination of RfDs and CSFs and use of 

available criteria) are presented in this section. 

Derivation ot Toxicity Criteria 

Uncertainty associated with the toxicity assessment is associated with hazard assessment and 

dose-response evaluations for the COPCs. The hazard assessment 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. Hazard assessment of carcinogenicity is evaluated 

as a weight-of-evidence determination, using the U.S. EPA methods. Positive animal cancer test data 

suggest that humans contain tissue(s) that may manifest a carcinogenic response; however, the animal 

data cannot necessarily be used to predict the target tissue in humans. In the hazard assessment of 

noncancer effects, however, positive animal data often suggest the nature of the effects (i.e., the target 

tissues and type of effects) anticipated in humans. 

Uncertainty in hazard assessment arises from the nature and quality of the animal and human data. 

Uncertainty is reduced when similar effects are observed across species, strain, sex, and exposure route; 

when the magnitude of the response is clearly dose related; when pharmacokinetic data indicate a similar 

fate in humans and animals; when postulated mechanisms of toxicity are similar for humans and animals; 

and when the COC is structurally similar to other chemicals for which the toxicity is more completely 

characterized. 

Uncertainty in the dose-response evaluation includes the determination of a CSF for the carcinogenic 

assessment and derivation of an RfD for the noncarcinogenic assessment. Uncertainty is introduced 

from interspecies (animal to human) extrapolation, which, in the absence of quantitative pharmacokinetic 

or mechanistic data, is usually based on consideration of interspecies differences in basal metabolic rate. 

Uncertainty also results from intraspecies variation. Most toxicity experiments are performed with animals 

that are very similar in age and genotype, so intragroup biological variation is minimal, but the human 
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population of concern may reflect a great deal of heterogeneity, including unusual sensitivity or tolerance 

to the COPC. Even toxicity data from human occupational exposure reflect a bias because only those 

individuals sufficiently healthy to attend work regularly (the "healthy worker effect") and those not 

unusually sensitive to the chemical are likely to be occupationally exposed. Finally, uncertainty arises 

from the quality of the key study from which the quantitative estimate is derived and the database. For 

cancer effects, the uncertainty associated with dose-response factors is mitigated by assuming the 

95 percent upper bound for the slope factor. Another source of uncertainty in carcinogenic assessment is 

the method by which data from high doses in animal studies are extrapolated to the dose range expected 

for environmentally exposed humans. The linearized multistage model, which is used in nearly all 

quantitative estimations of human risk from animal data, is based on a nonthreshold assumption of 

carcinogenesis. Evidence suggests, however, that epigenetic carcinogens, as well as many genotoxic 

carcinogens, have a threshold below which they are noncarcinogenic. Therefore, the use of the 

linearized multistage model is conservative for chemicals that exhibit a threshold for carcinogenicity. 

For noncancer effects, additional uncertainty factors may be applied in the derivation of the RfD to 

mitigate poor quality of the key study or gaps in the database. Additional uncertainty for noncancer 

effects arises from the use of an effect level in the estimation of an RfD, because this estimation is 

predicated on the assumption of a threshold less than which adverse effects are not expected. 

Therefore, an uncertainty factor is usually applied to estimate a no-effect level. Additional uncertainty 

arises in estimation of an RfD for chronic exposure from subchronic data. Unless empirical data indicate 

that effects do not worsen with increasing duration of exposure, an additional uncertainty factor is applied 

to the no-effect level in the subchronic study. Uncertainty in the derivation of RfDs is mitigated by the use 

of uncertainty and modifying factors that normally range between 3 and 10. The resulting combination of 

uncertainty and modifying factors may reach 1,000 or more. 

The derivation of dermal RfDs and CSFs from oral values may cause uncertainty. This is particularly the 

case when no gastrointestinal absorption rates are available in the literature or when only qualitative 

statements regarding absorption are available. 

Uncertainty Associated with Evaluation of the Dermal Exposure Pathway 

According to RAGS Part E (U.S. EPA, 2004a), risks for dermal absorption of inorganics in soil are to be 

quantitatively evaluated for arsenic and cadmium only. Therefore, risks from dermal exposure to aluminum, 

antimony, barium, cobalt, copper, iron, manganese, mercury, nickel, vanadium, and zinc in soils were not 

quantified in the risk assessment. Consequently, potential risks may be underestimated by excluding these 

constituents from the dermal risk assessment calculations. The following paragraphs provide further 
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discussion regarding the uncertainty associated with the evaluation of the dermal absorption of metals from 

soils. 

The model for dermal exposure to soil and sediment assumes that only a very thin, constant thickness layer 

of soil is available for contaminant transfer to the stratum corneum and that a constant amount of 

contaminant, proportional to the soil concentration, will be absorbed per unit area of skin and per exposure 

event. However, adherence to skin varies with such factors as particle size, soil type, and organic carbon 

content. As estimated by U.S. EPA (US. EPA. 2004a), the absorbed dermal dose could vary by as much 

as a factor of 50 from the model estimates, even assuming that activity patterns leading to the exposure 

duration applied in the experimental trials used to develop absorption factors. 

Experimental determination of absorption rates indicates that interspecies differences are considerable, 

which, along with other variables related to condition and age of skin, differences in lag time, and site of 

application effects, yields appreciable uncertainty in estimated dermal exposures using published 

chemical-specific permeation functions. In addition, literature data indicate a variation by as much as a 

factor of 300 in chemical absorption rates for skin in different anatomical areas of the body. It should also 

be noted that children generally have greater absorption rates than adults. 

Uncertainty Associated with Toxicity Criteria for TCE 

As noted in Section 7.4.1.4 toxicity criteria (i.e., RfDs. CSFs) for TCE are not currently published on the 

U.S. EPA's IRIS database or in HEAST. The toxicity criteria developed by the California EPA (CA EPA, 

2002) were used for TCE in this risk assessment. U.S. EPA has published draft toxicity values for TCE in 

a recent technical document (US. EPA, 2001b). The draft toxicity criteria are currently undergoing peer 

review. A range of CSFs [0.02 - 0.4 (rng1kglday)~'], as opposed to a single recommended value, is 

presented in the recent guidance. The draft CSFs are 2 to 30 times higher than the CA EPA CSF [0.013 

(mg/kglday~']. The draft oral RID is 0.0004 mglkglday as compared to the CA EPA RfD of 0.5 mglkglday. 

TCE was identified as a COPC in soil, groundwater, and gully surface water. Risks for exposures to TCE 

in soil and gully surface water were within acceptable levels using the CA EPA toxicity values and would 

be within acceptable levels if the draft U.S. EPA criteria had been used in the calculations. Risks for 

exposures to TCE in groundwater exceeded acceptable levels and would also exceed acceptable levels if 

the draft U.S. EPA toxicity values had been used in the calculations. Therefore, the conclusions of the 

HHRA would be the same if the draft U.S. EPA toxicity values had been used in the calculations instead 

of the CA EPA values. 
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Uncertainty Associated with Toxicity Criteria for Aluminum and Iron 

NCEA provisional RfDs are used to evaluate non-carcinogen~c effects from exposure to aluminum and 

iron. The provisional RfDs for these chemicals are based on allowable intakes rather than adverse effect 

levels. Therefore, there is some degree of uncertainty associated with the use of the RfDs. Note that 

some U.S. €PA regions (e.g., Region 1) consider the use of the oral RfD for aluminum and iron 

inappropriate and recommend that these metals not be evaluated quantitatively in risk assessments. 

Uncertainty Associated with Inhalation RfD for Manganese 

The inhalation reference dose for manganese is based on an epidemiological study of workers exposed 

to manganese in its oxide form at an alkaline battery plant (U.S. €PA, 2004d). Manganese may or may 

not be present in this form in soil at SWMU 16. Consequently, there is uncertainty associated with the 

RfD used to evaluate exposures to manganese via the inhalation route of exposure. It should be noted 

that concentrations of manganese in soil at SWMU 16 are within the range of manganese in background 

soils at NSWC Crane. HIS for inhalation of fugitive dust emissions from background soils would exceed 

acceptable levels. 

7.6.4 Uncertainty i n  the Risk Characterization 

Uncertainty in risk characterization resulted from assumptions made regarding additivity of effects from 

exposure to multiple COPCs from various exposure routes. High uncertainty exists when summing 

noncancer risks for several substances across different exposure pathways. This assumes that each 

substance has a similar effect andlor mode of action. Even when compounds affect the same target 

organs, they may have different mechanisms of action or differ in their fate in the body, so additivity may 

not have been an appropriate assumption. However, the assumption of additivity was considered 

acceptable because in most cases it represented a conservative estimate of risk. 

Risks to any individual may also have been overestimated by summing multiple assumed exposure pathway 

risks for any single receptor. Although every effort was made to develop reasonable scenarios, not all 

individual receptors may have been exposed via all pathways considered. 

Also, the risk characterization did not consider antagonistic or synergistic effects. Little or no information 

was available to determine the potential for antagonism or synergism for the COPCs. Because 

chemical-specific interactions could not be predicted, the likelihood for risks to be over predicted or under 

predicted could not be defined, but the methodology used was based on current U.S. EPA guidance. 
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7.6.4.1 Uncertainty Associated with Risk Estimates for Occupational Workers and Hypothetical 

Residents 

There is uncertainty in risk estimates developed for both the occupational worker and hypothetical resident 

because the HHRA presented in the previous sections did not assume 'that these receptors would be 

directly exposed to subsurface soil contamination. However, Tables 7-34 and 7-35 do provide a risk 

evaluation for the subsurface soil contamination assuming an occupational worker or.hypothetical resident 

are exposed to the subsurface soil contamination (i.e., subsurface soils excavated to the surface). Cancer 

and non-cancer risk estimates were developed using the EPCs and the Region 9 PRGs. As noted 

previously, the EPA Region 9 PRGs represent the 1 x lo6  cancer risk level for carcinogenic effects and a HI 

of 1 for non-cancer effects. Thus risk estimates may be developed using the EPCs and Region 9 PRGs, 

and using a simple ratio technique: 

EPA Region 9 PRG HI of 1 or Cancer Risk Estimate of 1 x lo6  
- - 

EPC for COPC HI or Cancer Risk Estimate 

ILCRs for occupational workers and hypothetical future residents exposed to subsurface soil are within U.S. 

EPA's target risk range of 10" to 10." HIS for occupational workers a M  hypothetical future residents 

developed on a target organ specific basis are less than 1 indicating that potential adverse non-carcinogenic 

health effects are not antici~ated under the defined conditions. 

7.6.4.2 Potential Risks Associated with the Migration of Chemicals from Groundwater through 

Building Foundations into Indoor Air 

As discussed in Section 7.2.3.3, several VOCs were detected in groundwater at concentrations 

exceeding the screening levels for migration from groundwater through building foundations and into 

indoor air. Exposures by hypothetical residents to COPCs that have migrated from groundwater into 

indoor air were evaluated with U.S. EPA's Johnson and Ettinger volatilization model (US. EPA, 2003d). 

Results of the evaluation are presented in Table 7-36. Printouts for the Johnson and Ettinger 

volatilization model are presented in Appendix I. 

Hls for hypothetical child (HI = 0.1) and adult (HI = 0.1) residents exposed to COPCs that have migrated 

from groundwater through building foundations into indoor air are less than unity, indicating that adverse 

non-carcinogenic effects are not anticipated for these receptors under the defined exposure conditions. 

The ILCRs for the hypothetical child (ILCR = 7 x 10.~1, adult (ILCR = 3 x lo5) ,  and lifelong residents (ILCR 

= 4 x 10.7 exposed to COPCs that have migrated from groundwater through building foundations into 
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indoor air are within U.S. EPA's target risk range of to 1 0 . ~ .  HIS and ILCRs for occupational workers 

would also be expected to be within acceptable levels since these receptors would be exposed to 

volatiles in indoor air on a less frequent basis than residential receptors. In addition, industrial facilities 

are typically larger than residential housing units with larger air exchange rates which would result in 

lower indoor air concentrations 

The results of the vapor intrusion modeling are subject to the following sources of uncertainty: 

The model assumes that the areal extent of contamination is greater than that of the building floor in 

contact with the soil and that the contamination is homogeneously distributed within the zone of 

contamination. At SWMU 16, the areal extent of contamination in groundwater is greater than the 

size of the building used in the evaluation, but as shown in Figures 5-33 and 5-34 the contamination 

is not homogenously distributed in groundwater. 

The model does not take into account transformation processes such as biodegradation. As 

discussed in Section 6.1.2, biodegradation of VOCs appears to be occurring in groundwater at 

SWMU 16. 

The model assumes an infinite source. As discussed in Section 1, the source of the VOC 

contamination has been remediated and VOCs are no longer being released to soil and groundwater 

at SWMU 16. 

7.7 SUMMARY AND CONCLUSIONS 

This section summarizes the results of the HHRA performed for SWMU 16. A briel summary of the 

information contained in the HHRA is provided. 

The baseline HHRA for the SWMU 16 was performed to characterize the potential risks to likely human 

receptors under current and potential future land use. Potential receptors under current land use are 

maintenance workers, occupational workers, and adolescent trespassers. Potential receptors under 

future land use are construction workers, child and adult recreational users, and hypothetical child and 

adult residents. Although future land use is likely to be the same as current land use, the potential future 

receptors were evaluated in the baseline HHRA, primarily for decision-making purposes. 

The list of COPCs for SWMU 16 includes the following: 
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Surface Soil - TCE, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 

dibenzo(a,h)anthracene. indeno(l,2,3-cd)pyrene, aluminum, antimony, arsenic, copper, lead, iron. 

manganese, and vanadium. 

Subsurface Soil - TCE, aluminum, arsenic, iron, manganese, and vanadium 

Groundwater - 1,1,2,2-PCA, 1 ,I ,2-TCA. 1 ,I -DCE, 1,2,3-trichloropropane, 1,2-DCA, benzene, 

bromodichloromethane, carbon tetrachloride, chloroform, cis-1,2-DCE, methylene chloride, PCE, 

toluene, trans-l,2-DCE, TCE, vinyl chloride, pyridine, 2-nitrotoluene, TNT, 2-amino-4,6-dinitrotoluene. 

4-amino-2,6-dinitrotoluene, RDX, aluminum, antimony, arsenic, barium, beryllium, cadmium, 

chromium, cobalt, iron, lead, lithium, manganese, nickel, and vanadium. 

Surface Water from Gullies - TCE, RDX, aluminum, antimony, arsenic, barium, cadmium, chromium, 

iron, lead, manganese, vanadium, and zinc. 

. Surface Water from Turkey Creek - arsenic and manganese. 

Sediment from Gullies - benzo(a)pyrene, aluminum, antimony, arsenic, barium, cadmium, copper, 

iron, lead, manganese, mercury, nickel, vanadium, and zinc. 

Sediment from Turkey Creek - aluminum, arsenic, iron, lead, manganese, and vanadium. 

Quantitative estimates of non-carcinogenic and carcinogenic risks (Hls and ILCRs, respectively) were 

developed for potential human receptors. HIS for the all receptors exposed to surface soil under the RME 

scenario are less than or equal to unity (1). The HI for construction workers exposed to surface and 

subsurface soil exceeded unity. Aluminum and manganese were the major contributors to the HI for the 

construction worker. It should be noted that concentrations of aluminum and manganese are within site 

wide background levels. 

HIS for the potable use of groundwater by occupational workers, child recreational users, hypothetical 

child residents and hypothetical adult residents exceed unity. Manganese was the major contributor to 

the HI for occupational workers and child recreational users. VOCs and inorganics were the major 

contributor to the HI for hypothetical child residents. TCE, iron, and manganese were the major 

contributors to the HI for hypothetical adult residents. It should be noted that concentrations of 

manganese are within site wide background levels. 
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HIS for all receptors exposed to surface water and sediment under the RME scenario are less than or 

equal to unity, indicating that adverse non-carcinogenic effects are not anticipated for these receptors 

under the defined exposure conditions. 

ILCRs for all receptors exposed to soil, surface water, and sediment under the RME scenario were less 

than or within U.S. EPA's target risk range of 10.~ to 10.~. 

The ILCRs for domestic use of groundwater by occupational workers, child recreational users, adult 

recreational users, lifelong recreational users, hypothetical child residents, hypothetical adult residents, 

and hypothetical lifelong resident exceeded the U.S. EPA's target risk range. VOCs, primarily TCE and 

vinyl chloride, were the major contributors to the ILCRs for groundwater. 

Exposures to lead in surface soil, groundwater, and gully sediment by hypothetical child residents were 

evaluated with the IEUBK Model. The results of the IEUBK model indicated that risks to hypothetical 

child residents from exposures to lead in surface soil, groundwater, and gully sediment were with the U.S. 

EPA goal as described in the 1994 OSWER directive, of no more than 5 percent of children exceeding a 

10 pgldL blood-lead level when the child resident is only exposed to sediment one day a week. If a child. 

resident is exposed to sediments more than two days a week then the risks would exceed the acceptable 

levels. 

Exposures to lead in surface soil and sediment by occupational workers and adult trespassers and 

surfacelsubsurface soil by construction workers were evaluated using the Adult Lead Model. Results of 

the adult lead model analysis indicate that for occupational workers, adult trespassers, and construction 

workers blood-lead levels for children (fetuses of exposed woman) were within the goal of no more than 

5 percent of children exceeding a 10 pglL blood-lead level. 

In summary for the SWMU 16, no significant potential human health risks are expected for exposures to 

surface soil, surface water, and sediment under current or future land use. Under future land use non- 

carcinogen~c risks were elevated for construction workers exposed to aluminum and manganese in 

surfacelsubsurface soil, although concentrations of aluminum and manganese are within background 

levels. Also non-carcinogenic andlor carcinogenic risks were elevated (i.e., exceeded the aforementioned 

risk benchmarks) for occupational workers, child and adult recreational users, and hypothetical child and 

adult residents using groundwater as a potable water supply. Manganese was the major contributor to the 

HI for occupational workers and child recreational users. VOCs and inorganics were the major 

contributors to the HI for hypothetical child residents. TCE, iron, and manganese were the major 
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contributors to the HI for hypothetical adult residents. It should be noted that concentrations of 

manganese in groundwater are within site wide background levels. A summary of the major contributors 

to risks at SWMU 16 is provided in Table 7-37. 
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2. US.  EPA sol Screening ~evels. EPA lnternei sile al hnp:Nrirk.lrd.ornl.gov/~alc~clrt.htm (Sail laair SSLs lor noncarcinoyens are d'wided by 101 
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3 - lndmna ~ e p a r t m ~ n l  ol Environmental Management. ~ i s k  inlegrated System of Closure (RISC) residenlial closure levels lor soil (IDEM. January 20011. 
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5 -me value for naphthalene is used as asurrogate lor 2-meihylnaphlhalcne. 
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7 -  The vdus lor pyene is used as asurrogste lor benro(g.h.ilpe?kne and phenanthrene. 
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ID. value is for hexavalent chromium. 
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N . Non-carcinogenic. 

C - Carcinogenic. 

IDEM - Indiana Depaflmenl 01 Enviranmenll Manayemenl. 

psiky - microgram per kilogram. 

mgiky - milllyram per tilogram 

NA. Nocrileria avalable. 

PRG - Preliminary Remedialion Goal 

rat - Saluration concentation. 

SVOC . Semi-volatile organic compound. 

US.  EPA . United Stater Env~ronmenlal Protection Agency 
VOC - Volal~le organic compound. 
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2 
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NA 
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NA 
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SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 3 OF 3 

Notes: 

1 - U.S. EPA Region 9 Preliminary Remediation Goal Table. October. 2004, Updated December 28. 2004. 

(Cancer benchmark value = 1E-06, Hi = 1.0). 

2 - U.S. EPA Primary Dtinking Water Standald (U.S. EPA. Winter 2004). 

3 - Indiana Department of Environmental Management, Risk Integrated System 01 Closure (RISC) residential closure levels 

for groundwater (IDEM, January 2004). 

4 - Value is for naphthalene. 

5 - Value is lor pyrene. 

6 - One tenth of me noncarcinogenic PRG is less than the carcinogenic PRG, therefore the one tenth noncarcinogenic 

PRG is presented. 

7 -Values are for aminodinilrotoluene. 

8 - Values are for hexavalent chromium. 

9 - The MCL fw this parameter is actually a treatment technique. The SDWA action level (at the tap) has been presented. 

CAS 
Number 

7440-62-2 
7440-66-6 

N - Noncarcinogenic. 

C - Carcinogenic. 

NA - Not criteria available. 

SDWA- Safe Drinking Water Act 

Chemical 

Vanadium 
Zinc 

U.S. EPA Region 9 
PRG(') 

Tap Water 
36 N 

11000 N 

U.S. EPA 
MCL'~' 

N A 
NA 

IDEM 
Groundwater 
~esidential"' 

N A 
11000 



TABLE 7-3 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACE SOIL 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 3 

Scenario Timeframe: CurrentlFuture 
Medium: Surface Soil 
Exposure Medium: Surface Soil 



TABLE 7-3 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACE SOIL 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE2 OF3 

Scenario Timeframe: CurrentlFuture 
Medium: Surface Soil 
Exposure Medium: Surface Soil 



TABLE 7-3 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACE SOIL 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 3 OF 3 

Scenario Timeframe: CurrenWuture 
Medium: Surface Soil 
Exposure Medium: Surface Soil 

Footnotes Definitions: 
1 - Sample and duplicate are considered as two separate samples when determining the minimum and maximum concentrations. ARARllBC = Applicable or Relevant and Appropriate Requirements To Be Considered 
2 - Values presented are sample-specific quantitation limits. C = Carcinogen 
3 - The maximum detected concentration is used for screening purposes. COPC = Chemical Of Potential Concern 
4 - Taken from Table 4-1 of the Final Basewide Background Soil Investigation Report, Naval Surface Warfare Center Crane, Crane, Indiana, January, 2001. J = Estimated value 
5 - U.S. EPA Region 9 Preliminary Remediation Goal (PRG). The non-carcinogenic values (denoted with a "Nu flag) are the PRG divided by 10 to correspond to a target hazard quotient N = Noncarcinogen 

of 0.1. Carcinogenic values represent an incremental cancer risk of 1 .OE-06 (carcinogens denoted with a "C" flag) (US. EPA Region 9, October 2004, Updated December 28, 2004). NA = Not Applicable/Not Available 
6 - Indiana Department of Environmental Management (IDEM), Risk Integrated System of Closure (RISC) residential closure levels for soil (IDEM, January 2004). ND = Not detected. 
7 - The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level and is statistically PRG = Preliminary Remediation Goal 

determined to be above site background. Chemicals selected as COPCs are indicated by shaded chemical names. sat = Soil Saturation Limit 
8 - Value is derived by multiplying criteria for 2,3,7,8-TCDD by World Health Organization Toxicity Equivalent Factor. TEQs = Toxicity Equivalent Concentration 
9 - The value for naphthalene was used as a surrogate for 2-methylnaphthalene. ng/kg = nanograms per kilogram 
10 - The value for acenaphthene was used as a surrogate for acenaphthylene. pg/kg = microgram per kilogram 
11 - The value for pyrene is used as a surrogate for benzo(g,h,i)perylene and phenanthrene. mg/kg = milligram per kilogram 
12 - The PRG for residential land use for total chromium is presented. 
13 - Value is for hexavalent chromium. Rationale Codes: 
14 - One tenth of the non-carcinogenic PRG Is less than the carcinogenic PRG, therefore the one tenth non-carcinogenic PRG is presented. For selection as a COPC: 
15 - The printed PRG table lists a ceiling limit of 100,000 mg/kg as the PRG. ASL =Above Screening Level and site background. 

The value presented is 1/10 of the actual risk-based PRG presented in the electronic version of the PRG table. 
For elimination as a COPC: 

Associated Samples BKG = Below Background 
16SS0010002 16SS0150002 16SS0290002 16SS0450002 16SS0630102 16SS0770102 BSL = Below Screening Level 
16SS0020002 16SS0160002 16SS0300002 16SS0460002 16SS0640102 16SS0780102 NTX = No Toxicity Data 
16SS0030002 16SS0170002 16SS0310002 16SS0510102 16SS0650102 16SS0850002 NUT = Essential Nutrient 
16SS0040002 16SS0180002 16SS0320002 16SS0520102 16SS0660102 16SS0860002 
16SS0050002 16SS0190002 16SS0330002 16SS0530102 16SS0670102 16SS0870002 
16SS0060002 16SS0200002 16SS0340002 16SS0540102 16SS0680102 16SS0880002 
16SS0070002 16SS0210002 16SS0350002 16SS0550102 16SS0690102 16SS0890002 
16SS0080002 16SS0220002 16SS0360002 16SS0560102 16SS0700102 16SS0980102 
16SS0090002 16SS0230002 16SS0370002 16SS0570102 16SS0710102 16SS0990102 
16SS0100002 16SS0240002 16SS0380002 16SS0580102 1 6SS0720102 
16SS0110002 16SS0250002 16SS0390002 1 6SS0590102 16SS0730102 
16SS0120002 16SS0260002 16SS0420002 16SS0600102 16SS0740102 
16SS0130002 16SS0270002 16SS0430002 16SS0610102 16SS0750102 
16SS0140002 16SS0280002 16SS0440002 16SS0620102 16SS0760102 

Concentration 
Used for 

screening(=) 

2980 
0.31 
0.28 
496 
252 
0.32 
12.3 
348 
65.2 
1840 

R~~~~ of 
~ondects'~) 

--- 
0.03 - 0.82 
0.02 - 0.26 
12.7 - 84.9 

--- 
0.03 - 0.5 
0.32 - 2.4 

--- 
--- 

5.2 - 251 0 

Maximum 
concentration(') 

2980 J 
0.31 J 
0.28 J 
496 J 
252 J 
0.32 J 
12.3 J 
348 J 
65.2 J 
1840 J 

Sample of Maximum 
Concentration 

16SS0880002 
16SS0320002 
16SS0330002 
16SS0030002 
16SS0030002 
16SS0110002 
16SS0080002 
16SS0110002 
16SS0880002 
16SS0420002 

Range of 
Background 

~oncentrations(~) 

280 - 1650 
0.28 - 0.88 
0.04 - 0.1 1 
3.7 - 205 
4.2 - 63.2 
0.05 - 0.31 

N A 
4.1 - 11.7 
14.1 -48.5 

Minimum 
concentration(" 

206 J 
0.16 J 
0.28 J 
162 J 
4.5 J 

0.16 J 
0.25 J 
7.5 J 
3.6 J 
24 J 

Units 

mglkg 
mg/kg 
mg/kg 
mglkg 
mg/kg 
mg/kg 
mgikg 
mglkg 
mg/kg 
rnglkg 

Frequency 
of 

Detection 

49/49 
2/49 
1/49 
4/49 
39/39 
2/49 
8/49 

44/44 
49/49 
36/49 

Chemical 

Potassium 
Selenium 
Silver 
Sodium 
Strontium 
Thallium 
Tin 
Titanium 

Zinc 

Exposure Point 
EPA Region 9 PRG 

(~esidential)'~) 

N A 
39 N 
39 N 
N A 

4700 N 
0.52 N 

4700 N 
31 000 N( '~)  

CAS Number 

7440-09-7 
7782-49-2 
7440-22-4 
7440-23-5 
7440-24-6 
7440-28-0 
7440-31 -5 
7440-32-6 
7440-62-2 
7440-66-6 9.4 - 60.2 I 2300 N 

Potential 
ARARITBC") 

N A 
1700 
1700 
N A 
N A 
24 
N A 
N A 
N A 
P 

I00000 

Potential 
ARARmBC 

N A 
IDEM 
IDEM 
N A 
N A 

IDEM 
N A 
N A 

NA 
IDEM ( No BSL 

COPC 
Flag 

No 
No 
No 
No 
No 
No 
No 
No 

Rationale for 
Contaminant 
Deletion or 
selectionm 

NUT 
- 

BSL 
BSL 
NUT 
BSL 
BSL 
BSL 
BSL 
ASL 
P 



TABLE 7-4 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - MIGRATION FROM SURFACE SOIL 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 3 

Scenario Timeframe: CurrentlFuture 
Medium: Surface Soil 
Exposure Medium: Surface Soil 

CAS Number 



TABLE 7-4 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - MIGRATION FROM SURFACE SOIL 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 2 OF 3 

Scenario Timeframe: CurrentlFuture 
Medium: Surface Soil 
Exposure Medium: Surface Soil 



TABLE 7-4 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - MIGRATION FROM SURFACE SOIL 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 3 OF 3 

Scenario Timeframe: CurrentIFuture 
Medium: Surface Soil 
Exposure Medium: Surface Soil 

CAS Number 

Footnotes 
1 - Sample and duplicate are considered as two separate samples when determining the minimum and maximum concentrations. 
2 - Values presented are sample-specific quantitation limits. 
3 - The maximum detected concentration is used for screening purposes. 
4 - Taken from Table 4-1 of the Final Basewide Background Soil Investigation Report, Naval Surface Warfare Center Crane, Crane. Indiana, January, 2001. 
5 - EPA Soil Screening Levels. EPA Internet Site at http:llrisk.lsd.ornl.govlcalc~start.htm (Soil to air SSLs for noncarcinogens are divided by 10). 

The migration to groundwater value represents a dilution and attenuation factor (DAF) of 1. 
6 - Indiana Department of Environmental Management (IDEM), Risk Integrated System of Closure (RISC) residential closure levels for soil (IDEM, January 2004). 
7 - The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level and is statistically 

determined to be above site background. Chemicals selected as COPCs are indicated by shaded chemical names. 
8 - Value is derived by multiplying criteria for 2,3,7,8-TCDD by World Health Organization Toxicity Equivalent Factor. 
9 - Value is for total chromium. 

Associated Samples 
16SS0010002 16SS0160002 
16SS0020002 16SS0170002 
16SS0030002 16SS0180002 
16SS0040002 16SS0190002 
1 6SS0050002 16SS0200002 
16SS0060002 16SS0210002 
1 6SS0070002 16SS0220002 
16SS0080002 16SS0230002 
16SS0090002 16SSO240002 
16SS0100002 16SS0250002 
16SS0110002 16SS0260002 
16SS0120002 16SS0270002 
16SS0130002 16SS0280002 
16SS0140002 16SS0290002 
16SS0150002 16SS0300002 

Definitions: 
ARAR/TBC = Applicable or Relevant and Appropriate Requirements To Be Considered 
C = Carcinogen 
COPC = Chemical Of Potential Concern 
J = Estimated value 
N = Noncarcinogen 
NA = Not ApplicablelNot Available 
ND = Not detected. 
SSL = Soil Screening Level 
sat = Soil Saturation Limit 
nglkg = nanogram per kilogram 
pglkg = microgram per kilogram 
mglkg = milligram per kilogram 

Rationale Codes: 
For selection as a COPC: 
ASL = Above Screening Level and site background. 

For elimination as a COPC: 
BKG = Below Background 
BSL = Below Screening Level 
NUT = Essential Nutrient 
NTX = No Toxicity Data 



TABLE 7-5 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN -DIRECT CONTACT WITH SUBSURFACE SOIL 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 
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Scenario Timeframe: CurrentlFuture 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 



TABLE 7-5 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN -DIRECT CONTACT WITH SUBSURFACE SOIL 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 2 OF 3 

Scenario Timeframe: Current/Future 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 

Footnotes 
1 - Sample and duplicate are considered as two separate samples when determining the minimum and maximum concentrations. 
2 - Values presented are sample-specific quantitation limits. 
3 - The maximum detected concentration is used for screening purposes. 
4 - Taken from Table 4-1 of the Final Basewide Background Soil Investigation Report, Naval Surface Warfare Center Crane, Crane, Indiana, January, 2001. 
5 - U.S. EPA Region 9 Preliminary Remediation Goal (PRG). The noncarcinogenic values (denoted with a "Nu flag) are the PRG divided by 10 to correspond to a target hazard quotient 

of 0.1. Carcinogenicvalues represent an incremental cancer risk of 1 .OE-06 (carcinogens denoted with a "C" flag) (U.S. EPA Region 9, October 2004, Updated December 28, 2004) 
6 - Indiana Department of Environmental Management (IDEM), Risk Integrated System of Closure (RISC) residential closure levels for soil (IDEM, January 2004). 
7 - The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level and is statistically 

determined to be above site background. Chemicals selected as COPCs are indicated by shaded chemical names. 
8 - The value for naphthalene is used as a surrogate for 2-methylnaphthalene. 
9 - The value for acenaphthene is used as a surrogate for acenaphthylene. 
10 - The value for pyrene is used as a surrogate for benzo(g,h,i)perylene and phenanthrene. 
11 - The PRG for residential land use for total chromium is presented. 
12 - Value is for hexavalent chromium. 
13 - One tenth of the non-carcinogenic PRG is less than the carcinogenic PRG, therefore the one tenth non-carcinogenic PRG is presented. 
14 - The printed PRG table lists a ceiling limit of 100,000 mg/kg as the PRG. 

The value presented is 111 0 of the actual risk-based PRG presented in the electronic version of the PRG table. 

Definitions: 
ARARJTBC = Applicable or Relevant and Appropriate Requirements To Be Considered 
C = Carcinogen 
COPC = Chemical Of Potential Concern 
J = Estimated value 
N = Noncarcinogen 
NA = Not Applicable/Not Available 
ND = Not detected. 
PRG = Preliminary Remediation Goal 
sat = Soil Saturation Limit 
pg/kg = microgram per kilogram 
mglkg = milligram per kilogram 

Rationale Codes: 
For selection as a COPC: For elimination as a COPC: 
ASL = Above Screening Level and si!e background. BKG = Below Background 

BSL = Below Screening Level 
NUT = Essential Nutrient 
NTX = No Toxicity Data 



TABLE 7-5 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN -DIRECT CONTACT WITH SUBSURFACE SOIL 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 3 OF 3 

Scenario Timeframe: CurrenVFuture 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 

Exposure Point 

Associated Samples 
16SB0010406 16SB0290203 16SB0500103 16SB0600609 16SB0680206 16SB0770610 16SB0930608 
16SB0020406 16SB0300203 16SB051 0204 16SB0610206 16SB0680609 16SB0780206 16SB0940708 
16SB0110204 16SB0320204 16SB0520205 16SB0610607 16SB0690206 16SB0780609 16SB0950406 
16SB0120204 16SB0330204 16SB0530205 16SB0620206 16SB0690607 16SB0850204 16SB0950607 
16SB01 30204 16SB0340203 16SB0540205 16SB0620607 16SB0700206 16SB0860204 16SB0960406 
16SB01 70204 16SB0360203 16SB0550206 16SB0630206 16SB0700607 16SB0870204 16SB0960608 
16SB0180203 16SB0380203 16SB0550607 16SB0630608 16SB0710206 16SB0880204 16SB0970406 
16SB0190203 16SB0390203 16SB0560206 16SB0640206 16SB0720206 16SB0890204 16SB0970607 
16SB0220203 16SB0400506 16SB0560608 16SB0640608 16SB0720607 16SB0900406 16SB0980206 
16SB0230203 16SB0400608 16SB0570206 16SB0650206 16SB0730204 16SB0900608 1 6SB0980607 
16SB0240203 16SB041 0305 16SB0580206 16SB0650608 16SB0740206 16SB0910406 16SB0990206 
16SB0250203 16SB0410507 16SB0580607 16SB0660206 16SB0750203 16SB0910609 16SB0990608 
16SB0260204 16SB0470405 16SB0590206 16SB0660608 16SB0760206 16SB0920406 
16SB0270203 16SB0480203 16SB0590608 16SB0670206 16SB0760607 16SB0920608 
16SB0280203 16SB0490405 16SB0600206 16SB0670609 16SB0770206 16SB0930406 

Minimum 

concentration(') 
CAS Number Chemical 

Maximum 

  on cent ration"' Units 
Sample of Maximum 

Concentration 
R~~~~ of 

~ondec t s ' ~ )  

Frequency 
of 

Detection 

Concentration 
Used for Background 

Range Of 

~oncentrat ions(~) 

EPA Region 9 PRG 

(~esidential) '~) 

Potential 

ARAFUTBC" 

Potential 
ARAFUTBC 

Source(G) 

COPC 
Flag 

Rationale for 
Contaminant 
Deletion or 

 election") 



TABLE 7-6 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - MIGRATION FROM SUBSURFACE SOIL 
SWMU 16 (CAST HIGH EXPLOSIVES FILL5146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 2 

Scenario Timeframe: CurrentlFuture 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 

Concentration Range of U.S. EPA Generic U.S. EPA Generic IDEM SSL for 
Rationale for 

Minimum Maximum Sample of Maximum R~~~~ of 
Units Used for Background SSL for Soil to SSL for Migration Migration to COPC Contaminant 

Exposure Point CAS Number Chemical Concentration of 
concentration(') concentration(') ~ondects(') 

~ i r ( ~ )  
Flag Deletion or 

Detection ~oncentrations(~) to   round water(^)   round water@)   election"' 

16SB0560206 2/79 0.814 - 1.48 
16SB0600206 3/70 0.81 4 - 1.48 



TABLE 7-6 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - MIGRATION FROM SUBSURFACE SOIL 
SWMU 16 (CAST HIGH EXPLOSIVES FILLIB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 2 OF 2 

Scenario Timeframe: CurrentlFuture 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 

Footnotes 
1 - Sample and duplicate are considered as two separate samples when determining the minimum and maximum concentrations. 
2 - Values presented are sample-specific quantitation limits. 
3 - The maximum detected concentration is used for screening purposes. 
4 - Taken from Table 4-1 of the Final Basewide Background Soil Investigation Report, Naval Surface Warfare Center Crane, Crane, Indiana, January, 2001. 
5 - EPA Soil Screening Levels. EPA Internet Site at http://risk.lsd.ornl.govlcalc~start.htm (Soil to air SSLs for noncarcinogens are divided by 10). 

The migration to groundwater value represents a dilution and attenuation factor (DAF) of 1. 
6 - Indiana Department of Environmental Management (IDEM), Risk Integrated System of Closure (RISC) residential closure levels for soil (IDEM, January 2004). 
7 -The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level and is statistically 

determined to be above site background. Chemicals selected as COPCs are indicated by shaded chemical names. 

Associated Samples 
16SB0010406 16SB0290203 
16SB0020406 16SB0300203 
16SB0110204 16SB0320204 
16SB0120204 16SB0330204 
16SB0130204 16SB0340203 
16SB0170204 16SB0360203 
16SB0180203 16SB0380203 
16SB0190203 16SB0390203 
16SB0220203 16SB0400506 
16SB0230203 16SB0400608 
16SB0240203 16SB0410305 
16SB0250203 16SB0410507 
16SB0260204 16SB0470405 
16SB0270203 16SB0480203 
16SB0280203 16SB0490405 

Definitions: 
ARARrrBC = Applicable or Relevant and Appropriate Requirements To Be Considered 
C = Carcinogen 
COPC = Chemical Of Potential Concern 
J = Estimated value 
N = Noncarcinogen 
NA = Not ApplicablelNot Available 
ND = Not detected. 
SSL = Soil Screening Level 
sat = Soil Saturation Limit 
pglkg = microgram per kilogram 
mglkg = milligram per kilogram 

Rationale Codes: 
For selection as a COPC: 
ASL = Above Screening Level and site background. 

For elimination as a COPC: 
BKG = Below Background 
BSL = Below Screening Level 
NUT = Essential Nutrient 
NTX = No Toxicity Data 



TABLE 7-7 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER - UPPER ZONE 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 5 

Scenario Timeframe: CurrentJFuture 
Medium: Groundwater 
Exposure Medium: Groundwater 



TABLE 7-7 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER - UPPER ZONE 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 
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Scenario Timeframe: CurrentIFuture 
Medium: Groundwater 
Exposure Medium: Groundwater 



TABLE 7-7 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER - UPPER ZONE 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 3 OF 5 

Scenario Timeframe: CurrenffFuture 
Medium: Groundwater 
Exposure Medium: Groundwater 

Sample of Maximum 
Concentration 

16GWT0402 

1 6GWT0402 

Maximum 
  on cent ration(" 

21 

4.1 

Minimum 
concentration(') 

0.27 J 

0.5 J 

121-82-4 

Units 

ug/L 

ug/L 

Chemical 

HMX 

MNX 

Exposure 
Point 

of 
Detection 

1 312 1 

418 - -- 
0.79 200 ug/L 16GWT0402 1 812 1 200 ND N A 0.26 - 0.275 

N A 

CAS 
Number 

2691 -41 -0 

TTNUS232 

- 

Concentration 
Used for 

21 

4.1 

R~~~~ of 

~ondects(*) 

0.26 - 0.385 

0.25 - 0.275 

P 

N A ASL 
N A 

Upgradient 
~oncentrations") 

N D 

N D 

N A 
Total Metals 

- 

7440-38-2 0.81 J 

5810 J 

4.5 J 

107 J 

1.9 J 

101000 J 

5.5 J 

N A 
FED-MCL 

IDEM 
FED-MCL 

IDEM 
FED-MCL 

IDEM 
N A 
N A 

FED-MCL 
- IDEM(") 

7440-39-3 

7440-41 -7 

7440-70-2 

7440-47-3 

- 

Screening 
Toxicity ~alue(" 

180 N 

N A 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

Barium 

Beryllium 

Calcium 

Chromium 

N A 
N A 

1300 
1300 

ASL 

7440-48-4 2 J  131 J ug/L 16GWT1001 1 211 2 --- 131 9.2J-18.7J - 

Potential 
ARAR/TBC(~) 

N A 
N A 
N A 
N A 

13.4 J 

1.9 J 

22600 J 

0.68 J 

No 

No 

No 

No 

N A ASL 

16GWT1001 

16GWT0601 

16GWT0201 

16GWT1001 

16GWT0603 

16GWTl301 

BS L 

BSL 

NUT 

BS L 

- 

150 N 7440-50-8 

- 

N A 
FED-MCL 

IDEM -------- 
7439-89-6 

Rationale for 
Contaminant 
Deletion or 
 election'^' 

BSL 

NTX 

Potential 
ARAR/TBC 
source(6) 

N A 
N A 
N A 
N A 

11/12 

-------- 
411 2 

1 211 2 

1/12 

1211 2 

411 2 

-- - Copper NO 

COPC 
Flag 

NO 

NO 

BSL 

- 
N A ASL 

29.1 

0.1 - 1.9 

--- 

0.03 - 1.3 

--- 

0.3 - 1.3 

7439-92-1 

7439-93-2 

7439-95-4 

0.82 J 

N A 
FED-MCL"~) 

ID EM('^) 
N A 
N A 
N A 
N A 

581 0 

4.5 

107 

1.9 

101 000 

5.5 

Lead 

Lithium 

Magnesium 

12.4 J 

No 

No 

NO 

BSL 

BSL 

NUT 

7439-96-5 
-- 

353 J 24600 J ug/L 16GWT1001 12/12 --- 24600 . . N A 864 J - 2440 J . . 
N A * -- 

1.5 J 219 J ug/L 16GWT1001 1 211 2 --- 219 27 J - 36.7 J N A 

N A 
N A - - 
N A ASL 

-- .I I N A 
N A 

0.66 J 10 

171 J 

2.6 J 

8.5 J 

8270 J 

ug/L 

7440-09-7 

7782-49-2 

7440-23-5 

7440-24-6 

7440-32-6 

N A 
N A 
N A 

FED-MCL 
IDEM 
N A 
N A 
N A 
N A 
N A 
N A 

17.8 J - 21.6 J 

N D 

97300 J - 21 2000 J 

N D 

50200 J 

6.6 J 

33.2 J 

78800 J 

16GWT1001 

Potassium 

Selenium 

Sodium 

Strontium 

Titanium 

No 

NO 

NO 

No 

No 

260 N 

7.3 N 

N A 

1 1 N( '~)  

NUT 

BSL 

NUT 

BSL 

BSL 

50 
2000 
2000 

4 
4 

N A 
N A 
100 
loo 

ug/L 

ug/L 

ug/L 

ug/L 

711 2 

1360 J 

1.2 J 

6770 J 

186 J 

1 J  

16GWT1001 

16GWT1001 

16GW0301 

16GWT1001 

0.56 - 1.2 

11900 J 

1.2 J 

149000 J 

387 J 

35 J 

1211 2 

311 2 

314 

1 211 2 

12.4 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

0.87 J 

--- 

0.12 - 0.55 

0.72 

--- 

16GWT0601 

16GWT0601 

16GWT0603 

16GWT0201 

16GWT0603 

50200 

6.6 

33.2 

78800 

1 2/1 2 

1/12 

1211 2 

414 

7 i l2  

287 J - 13700 J I I N A 

--- 

0.04 - 1.4 

--- 

--- 

0.45 - 4.5 

N D 

32.7 J - 33.6 J 

6240 J - 35200 J 

1 1900 

1.2 

149000 

387 

35 

N A 

73 N 

N A 

N A 
15 
15 
N A 
N A 
N A 
N A 

738 J - 2640 J 

N D 

17900 J - 20200 J 

88.4 J - 98.4 J 

3 J - 3.8 J 

N A 

18 N 

N A 

2200 N 

15000 N 

N A 
N A 
N A 
50 
50 
N A 
N A 
N A 
N A 
N A 
N A 
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Scenario Timeframe: CurrentIFuture 
Medium: Groundwater 
Exposure Medium: Groundwater 

Footnotes 
1 - Sample and duplicate are considered as two separate samples when determining the minimum and maximum concentrations. 
2 - Values presented are sample-specific quantitation limits. 
3 - The maximum detected concentration is used for screening purposes. 
4 - Upgradient samples are from location 16MW02. 
5 -The U.S. EPA Region 9 tap water screening level is presented. Value represents the risk based tap water screening level divided by 10 to correspond to a target hazard quotient 

of 0.1 for noncarcinogens (denoted with a "Nu flag), or an incremental cancer risk of 1 .OE-6 for carcinogens (denoted with a "C" flag) (U.S. EPA Region 9, October 2004). 
6 - U.S. EPA Primary Drinking Water Standard (US. EPA, Winter 2004). 

Indiana Department of Environmental Management (IDEM), Risk Integrated System of Closure (RISC) residential closure levels for groundwater (IDEM, January 2004). 
7 -The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level and its respective site background value. 

Chemicals selected as COPCs are indicated by shaded chemical names. 
8 - Value is for naphthalene. 
9 - Value is for pyrene. 

Definitions: 
ARAR/TBC = Applicable or Relevant and Appropriate Requirements To Be Considered 
C = Carcinogen 
COPC = Chemical Of Potential Concern 
J = Estimated value 
MCL = Maximum Contaminant Level 
N = Noncarcinogen 
NA = Not ApplicablelNot Available 
ND = Not detected 
PRG = Preliminary Remediation Goal 
SDWA = Safe Drinking Water Act 
pg/L = microgram per liter 
mg/L = milligram per liter 

Concentration 
Used for 

4.1 

443 

342 

56.6 

38800 

58.5 

5.4 

5230 

1 1 800 

3600 

193 

7280 

18500 

244 

0.7 

Sample of Maximum 
Concentration 

-------- 
16GWT1301 

16GWT1001 

16GWT1301 -F 

16GWT1301 -F 

16GWT1301-F 

16GWT1301 -F 

16GWT1301-F 

16GWT1301-F 

16GWT1301-F 

16GWT1301-F 

16GWT1301 -F 

16GWT1301-F 

16GWT1301-F 

16GWT1301 -F 

1 6G W0302 

Units 

ug/L 

uglL 

ug/L 

ug1L 

ug/L 

ug/L 

ug/L 

u ~ I L  

ug/L 

u ~ I L  

ug/L 

ug/L 

ug/L 

ug/L 

mg1L 

Upgradient 
~oncentrations'~) 

Maximum 
concentration(') 

4.1 J 

443 J 

342 J 

56.6 J 

38800 J 

58.5 J 

5.4 J 

5230 J 

11800 J 

3600 J 

193 J 

7280 J 

18500 J 

244 J 

0.7 

Frequency 
of 

Detection 

411 2 

1211 2 

111 

111 

111 

111 

1 I1 

111 

111 

111 

111 

111 

1 11 

111 

811 2 

Minimum 
concentration(') 

0.51 J 

6.2 J 

342 J 

56.6 J 

38800 J 

58.5 J 

5.4 J 

5230 J 

11800 J 

3600 J 

193 J 

7280 J 

18500 J 

244 J 

0.03 

R~~~~ of 
~ondects") 

0.05 - 0.36 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

0.025 - 0.05 

Chemical 

Zinc 

Metals 
Aluminum, Filtered 

Barium, Filtered 

Calcium, Filtered 

Cobalt, Filtered 

Copper, Filtered 

- - a  

Exposure 
Point 

Screening 
Toxicity value'n 

CAS 
Number 

- 
7440-62-2 

7440-66-6 

Dissolved 
7429-90-5 

7440-39-3 

7440-70-2 

7440-48-4 

7440-50-8 

7439-89-6 

Potential 
ARAWBC" 

-- 

Potential 
ARAWBC 

source(6) 

ND N A 

7439-95-4 

7439-96-5 

7440-02-0 

7440-09-7 

7440-23-5 

7440-66-6 

Miscellaneous 

15.8 J - 50 J 

N A 

N A 

N A 

N A 

N A 

N A ASL 

Magnesium, Filtered 

- - a  

- -. 
Potassium, Flltered 

Sodium, Filtered 

Zinc, F~ltered 

Parameters 
Nitr~telNitrate-N 

COPC 
Flag 

N A 
N A 

IDEM 

N A 
N A 

FED-MCL 
IDEM 
N A 
N A 
N A 
N A 

FED-MCL 
IDEM 

N A N A ASL 

Rationale for 
Contaminant 
Deletion or 
 election"' 

N A N A 
N A 

N A N A N A 
N A 
pp 

N A N A 
N A 

P 

1100 N 

3600 N 

260 N 

N A 

73 N 

150 N 

N A 

N A 

N A 

N D 

N A 
N A 

1 1000 

N A 
N A 

2000 
2000 
N A 
N A 
N A 
N A 

1300 
1300 -- 

No 

No 

No 

N o 

No 

No 

BSL 

BSL 

BSL 

NUT 

BSL 

BSL 

N A ASL 

N A 

N A 

1100 N 

1 

N A 
N A 
N A 

N A 
N A 
N A 
N A 
N A 
N A 

1 1000 

1 
N A 

N A ASL 
N A - 

No NUT 

N A 
N A 
N A 
N A 
N A 
N A 

IDEM 

FED-MCL 
N A 

N o 

No 

No 

No 

NUT 

NUT 

BSL 

BSL 
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Scenario Timeframe: CurrentFuture 
Medium: Groundwater 
Exposure Medium: Groundwater 

11 - Values are for aminodinitrotoluene. 
12 - Values are for hexavalent chromium. 
13 - The MCL for this parameter is actually a treatment technique. The SDWA action level (at the tap) has been presented. 

Associated Sam~les  
16GW0301 16GWT0402 
16GW0302 16GWT0403 
16GW0303 16GWT0601 
1 6GWTO1 01 16GWT0602 
16GWT0102 16GWT0603 
16GWT0103 16GWT0604 
16GWT0201 16GWT0901 
16GWT0202 16GWT0902 
16GWT0203 16GWT1001 
1 ~GWT'O~OI 16GWT1002 

Rationale Codes: 
For selection as a COPC: 
ASL = Above Screening Level and site background. 

10 - One tenth of the non-carcinogenic PRG is less than the carcinogenic PRG, therefore the one tenth non-carcinogenic PRG is presented. 

For elimination as a COPC: 
BKG = Below Background 
BSL = Below Screening Level 
NUT = Essential Nutrient 
NTX = No Toxicity Data 

Units 
Maximum 

concentration(') 
of 

Detection 

Sample of Maximum 
Concentration 

Concentration 
Used for 

R~~~~ of 

~ondects") 
Minimum 

concentration(') 
Chemical Exposure 

Point 

Upgradient 

~oncentrat ions'~) 
CAS 

Number 

Screening 

Toxicity 
Potential 

A R A R ~ B C "  

Potential 

Source(6) 

COPC 
Flag 

Rationale for 
Contaminant 
Deletion or 

 election"' 
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OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER - UPPER ZONE 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

Scenario Timeframe: CurrentIFuture 
Medium: Groundwater 
Exposure Medium: Groundwater 

Footnotes 
1 - Sample and duplicate are considered as two separate samples when determining the minimum and maximum concentrations. 
2 - Values presented are sample-specific quantitation limits. 
3 - The maximum detected concentration is used for screening purposes. 
4 - Upgradient samples are from location 16MW02. 
5 - Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway from Groundwater and Soils. November 2002. EPA530-F-02-052. 

Values are from Table 2c and correspond to a target cancer risk level of 1 E-6 or HI =I and an attenuation factor of 0.001. 
6 - The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level and its respective site background value. 

Chemicals selected as COPCs are indicated by shaded chemical names. 

Associated Samples 
16GW0301 16GWT0401 

Definitions: 
ARARnBC = Applicable or Relevant and Appropriate Requirements To Be Considered 
C = Carcinogen 
COPC = Chemical Of Potential Concern 
J = Estimated value 
N = Noncarcinogen 
NA = Not ApplicableINot Available 
ND = Not detected 
pgIL = microgram per liter 

Rationale Codes: 
For selection as a COPC: 
ASL = Above Screening Level and site background. 

For elimination as a COPC: 
BKG = Below Background 
BSL = Below Screening Level 
NUT = Essential Nutrient 
NTX = No Toxicity Data 
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Scenario Timeframe: CurrenVFuture 
Medium: Groundwater 
Exposure Medium: Groundwater 

Maximum 
concentration(') 

0.3 J 

0.3 J 

0.37 J 

0.031 J 

11 

Minimum 
concentration(') 

0.3 J 

0.3 J 

0.032 

0.0093 

0.86 

Exposure 
Point 

Middle Zone 

Units 

ug1L 

ug/L 

ug1L 

ug1L 

ug/L 

CAS 
Number 

Volatile Organic 
75-1 5-0 

156-59-2 

74-84-0 

74-85-1 

74-82-8 

0.3 J 

340 

ug1L 

ug1L 

ugfL 

u ~ I L  

ug1L 

ug1L 

Chemical 

Compounds 
Carbon Disulfide 

cis-l,2-Dichloroethene 

Ethane 

Ethene 

Methane 

1 

1.3 J 

4.8 

-- 

I I 
Energetics 

Sample of Maximum 
Concentration 

16GWT1601 

16GW0401 
16GWT1601 
16GWT1201 

16GWT1201 

16GWT1201 

53900 J 

-- 
32.1 J 

88-72-2 

2691-41-0 

P 

121-82-4 

7440-39-3 

Range of 
~ondects'~)  

0.3 

0.3 

--- 

--- 

--- 

Frequency 
of 

Detection 

111 9 

211 9 

212 

212 

212 

16GWT1601 

~~~~~~ 

16GWT1602 

----- 
16GWTl602 

16GWT1201 

pp---ppp 

16GW0501 

16GWT1601 

P - P m- 

Concentration Rationale for 
Upgradient Potential 

Used for Screening COPC Contaminant Potential 

screening@) 
ARARKBC 

Flag Deletion or ~oncentrations*) Toxicity value" ARARKBC" 
S0urce(6) selectionm 

0.3 N D 100 N N A N A No BSL 
1300 IDEM 

0.3 N D 6.1 N 70 FED-MCL No BSL 
70 IDEM 

0.37 0.062 N A N A N A No NTX 
N A N A 

0.031 0.01 8 N A N A N A No NTX 
N A N A 

11 15 N A N A N A No NTX 
N A N A - PP 

0.3 

0.3 

1/19 

911 9 

1/19 

611 9 

611 9 

Total Metals 

-p 

.. - - 

HMX 

w- 

N A N A 
P 

0.66 J 
P 

FED-MCL ASL 
IDEM --- 

ug/L 16GW0102 

0.3 N D 5 FED-MCL ASL 
5 IDEM 

340 ASL 

1 

0.39 

0.66 

ppp 

32.1 

5 J  16GWTl601 

- -- 
2 J  16GWT1601 

- 
0.1 65 - 0.65 1 N D N A N A wtb - ASL 

1311 3 

611 3 

411 3 

1211 3 

311 3 

p-p--ppp 

1 311 3 

611 3 

0 25 - 0.65 

0.25 - 0.6 

--- 

4 J  

194000 J 

pp 

0.83 J 

39500 J 

7440-43-9 

7440-70-2 

1.3 

4.8 

P 

b. 
Calcium 

53900 

286 

ug1L 

ug/L 

73.6 J 

563 J 

1311 3 

711 3 

0 . I )  N A N A 7 

N D 

N D 

17.8 J -21.6 J FED-MCL ASL 
IDEM -- - 

16GWT1601 

16GW0101 

ug1L 

ug1L 

uglL 

----- 
ug1L 

p--pp 

ug/L 

7440-50-8 

P 

7439-89-6 287J-13700J 1 1  N A N A ASL 

0.1 6 - 2.7 

0.05 - 1.4 

106000 

0.27 - 0.68 

--- 

0.06 - 0.32 

16GWT1601 

16GWTl602 

16GWT1602 

16GW0102 

16GWT1601 

--- 

0.03 - 0.7 
N A N A 

PP P 

ND FED-MCL") 
IDEM") 

N A N A 

pp 

N A 
180 N N A 

N A -- 
N A 

8.3 

4 

194000 

pppp, 

73.6 

563 

51.5 

N D FED-MCL ASL 
IDEM 

Copper - 83900 

54.8 mp ASL 

N A 
N A NO BSL 
N A 
N A ASL 

N D 

97300 J - 21 2000 , 

0.89 J 54.8 J 

1.4 J 

2190 J 

51.5 J 

83900 J 

N A 

5 
5 

N A 
N A 

FED-MCL ASL 

pp 

N D 100 
100 

9.2J-18.7J N A 

IDEM 
N A 
N A 

0.87 J 

FED-MCL ASL 
IDEM@) 

ASL 
N A 

FED-MCL 
IDEM 

No 

-- 
150 N 

NUT 

N A 
1300 
1300 

No BSL 
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Scenario Timeframe: CurrentIFuture 
Medium: Groundwater 
Exposure Medium: Groundwater 

Rationale for 
Contaminant 
Deletion or 

selectionm 

R~~~~ of 

~ondects'~) 

Frequency 
of 

Detection 
- 

Screening 
Toxicity 

7439-93-2 
- 

Potential 
ARARITBC 
Source(6) 

Concentration 
Used for 

Potential 
ARARITBC'~) 

Chemical Exposure 
Point 

Im;hllii 

COPC 
Flag 

Upgradient 

~oncentrations(~) 
Minimum 

concentration(') 
CAS 

Number 
Units 

Maximum 
concentration(') 

Sample of Maximum 
Concentration 

--- 

--- 

--- 

--- 

--- 

0.04 - 0.9 

--- 

--- 

0.03 - 0.58 

0.07 - 1.5 

0.05 - 1.7 

--- 

33 

1 2  

--- 

0.17 

0.04 

--- 

--- 

0.49 

- - - -- 

1140 

0.15 

515 

13/13 

1311 3 

13/13 

1 311 3 

2/13 

13/13 

5/51 

2/13 

7/12 

811 3 

1311 3 

1 12 

1 12 

212 

1 /2 

1 /2 

2/2 

212 

1 12 

1 12 

1 12 

7439-95-4 Magnesium 

328 

133000 

92.7 J 

25000 J 

ug/L 

ug/L 

328 J 

133000 J 

N A ASL 

29300 

808 

19300 

5.2 

107000 

279 

2.5 

134 

64.8 

79 1 

2460 

4.6 

17 

3.8 

3 

158000 

522 

20 

- - 

43200 

6.2 

16GW0101 

16GWT1601 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

- 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

29300 J 

808 J 

19300 J 

5.2 J 

107000 J 

279 J 

2.5 J 

134 J 

64.8 J 

791 J 

- - 

2460 J 

4.6 J 

17 J 

3.8 J 

3 J  

158000 J 

522 J 

20 J 

- 

43200 J 

6.2 J 

N A 
N A 
N A - 

32.7 J - 33.6 J N A 

7439-96-5 2450 J 

P 

16GW0101 

-------- 
16GWT1602 

16GWT1601 

16GWT1601 

16GWT1601 

16GW0501 

16GWT1601 

16GWT1601 

16GWTl601 

16GWT1601 

16GWT1601-F 

pp---ppp 

16GWTl601-F 

16GWT1601-F 

16GWT1601-F 

~~~~-~~~~ 

16GWT1601 -F 

16GWTl601 -F 

16GWT1601-F 

16GWTl601 -F 

16GW~0302-F -- 

16GWT1601 -F 

No NUT 

P 

6240 J - 35200 J 

7440-02-0 

7440-09-7 

7782-49-2 

7440-23-5 

7440-24-6 

7440-31 -5 

7440-32-6 

7440-62-2 

7440-66-6 

Dissolved 
7429-90-5 

7440-38-2 

864 J - 2440 J Lfll . . N A N A . . ASL 

N A 

Potassium 

Selenium 

Sodium 

Strontium 

T I ~  

T~tanium 

w- 
Zinc 

Metals 
Alumtnum, Filtered 

- - e  

N A 
N A 
N A 

86.3 J 

2970 J 

2.8 J 

10400 J 

106 J 

1.8 J 

1.2 J 

0.6 J 

86.1 J 

2460 J 

4.6 J 

7440-39-3 

7440-41 -7 

N A N A 
P P 

27 J - 36.7 J N A ASL 

738 J - 2640 J 

ND 

17900 J - 20200 J 

88.4 J - 98.4 J 

N D 

3 J - 3.8 J 

- 

Barium, Filtered 

Beryllium, Filtered 

12.9 J 

3.8 J 

3 J  

N A 

18 N 

N A 

2200 N 

2200 N 

15000 N 

7440-70-2 

7440-48-4 

7440-50-8 

N A 
N A 
N A 
50 
50 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
pp 

N D N A 

7439-89-6 - -. 43200 J 

7439-92-1 Lead, Filtered 6.2 J 

Calcium, Filtered -- - - e  

Copper, Filtered 

15.8 J - 5 0  J 

N A 

N A ASL 

38900 J 

36.9 J 

20 J 

N A 
N A 
N A 

FED-MCL 
IDEM 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 

N A 
N A 

IDEM 

N A 
N A 

N A 

P 

1100 N 

3600 N 

N o 

No 

NO 

N o 

N o 

N o 

N A 
N A 

1 1000 

N A 
N A -- 

No 

No 

N A 10 

N A 

NUT 

BSL 

NUT 

BSL 

BSL 

BSL 

P 

BSL 

BSL 

P 

N A 

N A 

FED-MCL ASL 

N A N A ASL 

IDEM 
FED-MCL 

IDEM 
FED-MCL 

IDEM 

5 
N A 
N A 

N A 

- 

N A 

N A 

N A 

260 N 

7.3 N 

IDEM 
N A No NUT 
N A 
P P 

50 
2000 
2000 

4 
4 

ASL 

No 

No 

150 N 

I I 

N A 

BSL 

BSL 

P 

N A 
1300 
1300 
N A 
N A 
15 
15 

N A 
FED-MCL No BSL 

IDEM 
N A ASL 
N A 

FED-MCL(') No BSL 
IDEM") 
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Scenario Timeframe: CurrenVFuture 
Medium: Groundwater 
Exposure Medium: Groundwater 

Footnotes 
1 - Sample and duplicate are considered as two separate samples when determining the minimum and maximum concentrations. 
2 - Values presented are sample-specific quantitation limits. 
3 -The maximum detected concentration is used for screening purposes. 
4 - Upgradient samples are from location 16MW02. 
5 - The U.S. EPA Region 9 tap water screening level is presented. Value represents the risk based tap water screening level divided by 10 to correspond to a target hazard quotient 

of 0.1 for noncarcinogens (denoted with a "Nu flag), or an incremental cancer risk of 1 .OE-6 for carcinogens (denoted with a "C" flag) (U.S. EPA Region 9, October 2004). 
6 - U.S. EPA Primary Drinking Water Standard (U.S. EPA, Winter 2004). 

Indiana Department of Environmental Management (IDEM), Risk Integrated System of Closure (RISC) residential closure levels for groundwater (IDEM, January 2004). 
7 - The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level and its respective site background value. 

Chemicals selected as COPCs are indicated by shaded chemical names. 
8 - Values are for hexavalent chromium. 
9 - The MCL for this parameter is actually a treatment technique. The SDWA action level (at the tap) has been presented. 

Associated Samples 
16GW0101 16GWT0302 16GW0202 
16GW0102 16GWT1602 1 6GW0203 
16GW0103 16GWT0303 16GW0204 
16GW0401 16GWT0501 16GWT0302-F 
16GW0402 16GWT0502 16GWT1601-F 
16GW0403 16GWT0503 
16GW0501 16GWT1201 
16GW0502 16GWT1202 
16GW0503 16GWT1601 
16GWT0301 16GW0201 

Definitions: 
ARAFUTBC = Applicable or Relevant and Appropriate Requirements To Be Considered 
C = Carcinogen 
COPC = Chemical Of Potential Concern 
J = Estimated value 
MCL = Maximum Contaminant Level 
N = Noncarcinogen 
NA = Not Applicable/Not Available 
ND = Not detected. 
PRG = Preliminary Remediation Goal 
SDWA - Safe Drinking Water Act 
pg/L = microgram per liter 
mg/L =milligram per liter 

Frequency 
of 

Detection 

212 

212 

212 

2/2 

1 12 

212 

1 12 

212 

111 1 

Rationale Codes: 
For selection as a COPC: 
ASL =Above Screening Level and site background. 

Maximum 

concentration(') 

131000 J 

Minimum 

concentration(" 

27200 J 

For elimination as a COPC: 
BKG = Below Background 
BSL = Below Screening Level 
NUT = Essential Nutrient 
NTX = No Toxicity Data 

Chemical 

Magnesium, Filtered 

Exposure 
Point 

Units 

ug/L 

Range of 
~ondec ts '~ '  

--- 

CAS 
Number 

7439-95-4 

16700 J 

622 J 

Sample of Maximum 
Concentration 

16GWT1601 -F 

ug/L 

ugk 

ug/L 

ug/L 

ugiL 

ug/L 

ug/L 

7440-09-7 

7782-49-2 

7440-23-5 

7440-32-6 

7440-66-6 

p-ppPp 

16GWTl601 -F 

------ 
16GWT1601 -F 

16GWTI601 -F 

16GWT1601-F 

16GWT1601-F 

16GWTI601-F 

16GWT1601 -F 

- 

--- 

--- 

--- 

0.05 

--- 

2.3 

--- 

0.025 - 0.05 

Concentration 
Used for 

~creening(~ '  

131 000 

COPC 
Flag 

No 

Upgradient 

~oncentrations" 

N A 

Potential 
ARARKBC 

s0urce(6) 

N A 
N A 

Screening 

Toxicity value(') 

N A 

Potassium, Filtered 

Selenium, Filtered 

Sodium, Filtered 

Titanium, Filtered 

Zinc, Filtered 

Rationale for 
Contaminant 
Deletion or 

selectionm 
NUT 

Potential 

ARARKBC~~' 

N A 
N A 

16700 N A ASL 
N A - 

622 N A ASL 

Miscellaneous Parameters 
NitritelNitrate-N mg/L 

16500 

3.1 

105000 

2.4 

596 

0.7 

3920 J 

3.1 J 

29000 J 

2.4 J 

67 J 

16GW0102 

16500 J 

3.1 J 

105000 J 

2.4 J 

596 J 

0.07 

N A 

N A 

N A 

N A 

N A 

N D 0.07 

N A 

18 N 

N A 

15000 N 

1100 N 

1 

N A 
N A 
N A 
50 
50 
N A 
N A 
N A 
N A 
N A 

11000 

1 
N A 

N A 
N A 
N A 

FED-MCL 
IDEM 
N A 
N A 
N A 
N A 
N A 

IDEM 

FED-MCL 
N A 

No 

No 

No 

No 

No 

No 

NUT 

BSL 

NUT 

BSL 

BSL 

BSL 



TABLE 7-1 0 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER - MIDDLE ZONE 
SWMU 16 (CAST HIGH EXPLOSIVES FILLIB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

Scenario Timeframe: CurrentIFuture 
Medium: Groundwater 
Exposure Medium: Groundwater 

Sample of Maximum 
Concentration 

Footnotes 
1 - Sample and duplicate are considered as two separate samples when determining the minimum and maximum concentrations. 
2 - Values presented are sample-specific quantitation limits. 
3 -The maximum detected concentration is used for screening purposes. 
4 - Upgradient samples are from location 16MW02. 
5 - Draft Guidance for Evaluating the Vapor lntruslon to Indoor Air Pathway from Groundwater and Soils. November 2002. EPA530-F-02-052. 

Values are from Table 2c and correspond to a target cancer risk level of 1 E-6 or HI =1 and an attenuation factor of 0.001. 
6 - The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level and its respective site background value. 

Chemicals selected as COPCs are indicated by shaded chemical names. 

Associated Samples 
16GW0101 16GWT0302 1 6G W 0202 
16GW0102 16GWT1602 16GW0203 
16GW0103 16GWT0303 1 6G W 0204 
16GW0401 16GWT0501 16GWT0302-F 
16GW0402 16GWT0502 16GWT1601 -F 
16GW0403 16GWT0503 
16GW0501 16GWT1201 
16GW0502 16GWT1202 
16GW0503 16GWT1601 

16GWT0301 16GW0201 

Definitions: 
ARARnBC = Applicable or Relevant and Appropriate Requirements To Be Considered 
C = Carcinogen 
COPC = Chemical Of Potential Concern 
J = Estimated value 
N = Noncarcinogen 
NA = Not ApplicableINot Available 
ND = Not detected. 
pglL = microgram per liter 

Rationale Codes: 
For selection as a COPC: 
ASL = Above Screening Level and site background. 

For elimination as a COPC: 
BKG = Below Background 
BSL = Below Screening Level 
NUT = Essential Nutrient 
NTX = No Toxicity Data 



TABLE 7-1 1 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER - LOWER ZONE AND VALLEY WELLS 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 3 

Scenario Timeframe: CurrentlFuture 
Medium: Groundwater 
Exposure Medium: Groundwater 

N A N A 
ug/L 16GWTl101 218 ASL 

- 

- 
7440-38-2 - -- 1.9 J 29.2 J ug/L 16GWT0801 518 0.13- 1.5 ASL 

- 

7440-39-3 41.7 J 1700 J ug/L 16GWT0801 818 --- 1700 17.8 J -21.6 J ASL 

4.8 J 15.1 J ug/L 16GWT0801 218 ASL 
- 

6800 J 91800 J ug/L NUT 

--- - 
5.1 J 452 J ug/L 16GWT0801 ASL 

---- 
0.3 J 95.7 J ug/L 16GWT0801 718 0.71 95.7 9.2 J - 18.7 J ASL 

- 

N A N A 
7440-50-8 Copper 2.5 86.1 J ug/L 16GWT0801 518 0.24 - 0.47 86.1 0.87 J 150 N 1300 FED-MCL NO BSL 

1300 ---- -- IDEM - 
376 

- 
241 000 J ug/L 16GWT0801 618 19.8 - 73.5 24 1000 287 J - 13700 J N A ASL 

P 

I N A I I 

of 
Detection 

411 0 

1/10 

p---ppp 

511 0 

2/2 

2/2 

1/10 

212 

1/10 

1/10 

1/10 

1/10 

718 

Maximum 

concentration('' 

7.4 J 

0.7 J 

Minimum 

concentration(') 

0.8 J 

0.7 J 

R~~~~ of 
~ondects '~ )  

0.5 

0.3 

0.3 

--- 

--- 

0.3 

--- 

0 3 

20 

0.3 

0.3 

8.35 

Chemical 

Compounds 
Acetone 

Exposure 
Point 

Lower Zone and 
Valley Wells 

Units 

ug/L 

ug/L 

CAS 
Number 

Volatile Organic 
67-64-1 

Sample of Maximum 
Concentration 

16GWT2101 

-------- 
16GWT1501 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

Concentration 
Used for 

screening(=) 

7.4 

0.7 

16 

5.4 

0 22 

0.9 

5800 

0.6 

26 

1.3 

2 2 

296000 

67-66-3 16GWT1101 

16GWT1801 

16GWT1501 

16GWT2101 

16GWT1801 

16GWT0801 

16GWT1501 

16GWT2101 

16GWT2101 

16GWT0801 

1 

0.14 

0.9 J 

4500 

0.6 J 

26 J 

1.3 

2.2 

74-84-0 

74-85-1 

100-41 -4 

74-82-8 

75-09-2 

107-1 2-0 

108-88-3 

1330-20-7 

Upgradient 

~oncentrations'" 

ND 

16 

5.4 

0.22 

0.9 J 

5800 

0.6 J 

26 J 

1.3 

2.2 

Ethane 

Ethene 

Ethylbenzene 

Methane 

Methylene Chlor~de 

Proplon~tnle 

Toluene 

Total Xylenes 

Total Metals 

Screening 

Toxicity 

550 N 

COPC 
Flag 

N o 

Rationale for 
Contaminant 
Deletion or 

 election^ 

BSL 

- rn 
rn 

No 

No 

No 

No 

No 

No 

No 

No 

FED-MCL 
IDEM - 

FED-MCL 
IDEM 
N A 
N A 
N A 
N A 

FED-MCL 
IDEM 
N A 
N A 

FED-MCL 
IDEM 
N A 
N A 

FED-MCL 
IDEM 

FED-MCL 
IDEM 

- 
N A 

Potential 

A R A R ~ ~ B C ( ~ )  

N A 
950 

ND 

N D 

0.062 

0.01 8 

ND 

15 

N D 

ND 

N D 

N D 

ASL 

P 

ASL 

NTX 

NTX 

BSL 

NTX 

BSL 

NTX 

BSL 

BSL 

Potential 
ARARrrBC 
Source(6) 

N A 
IDEM - 

85.6 N A 

5 
5 

N A 

N A 

130 N 

N A 

4.3 C 

N A 

72 N 

21 N 

80 
80 
N A 
N A 
N A 
N A 
700 
700 
N A 
N A 
5 
5 

N A 
N A 

1000 
1000 
10000 
10000 



TABLE 7-1 1 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN -GROUNDWATER - LOWER ZONE AND VALLEY WELLS 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE2 OF 3 

Scenario Timeframe: CurrenVFuture 
Medium: Groundwater 
Exposure Medium: Groundwater 



TABLE 7-1 1 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER - LOWER ZONE AND VALLEY WELLS 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 3 OF 3 

Scenario Timeframe: CurrentIFuture 
Medium: Groundwater 
Exposure Medium: Groundwater 

Footnotes 
1 - Sample and duplicate are considered as two separate samples when determining the minimum and maximum concentrations. 
2 - Values presented are sample-specific quantitation limits. 
3 -The maximum detected concentration is used for screening purposes. 
4 - Upgradient samples are from location 16MW02. 
5 - The U.S. EPA Region 9 tap water screening level is presented. Value represents the risk based tap water screening level divided by 10 to correspond to a target hazard quotient 

of 0.1 for noncarcinogens (denoted with a "N" flag), or an incremental cancer risk of 1.OE-6 for carcinogens (denoted with a "C" flag) (U.S. EPA Region 9, October 2004). 
6 - U.S. EPA Primary Drinking Water Standard (U.S. EPA, Winter 2004). 

Indiana Department of Environmental Management (IDEM), Risk Integrated System of Closure (RISC) residential closure levels for groundwater (IDEM, January 2004). 
7 - The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level and its respective site background value. 

Chemicals selected as COPCs are indicated by shaded chemical names. 
8 - Values are for hexavalent chromium. 
9 -The MCL for this parameter is actually a treatment technique. The SDWA action level (at the tap) has been presented. 

Associated Samples 
16GWT0801 16GWT1802 
16GWT0802 16GWT2101 
16GWT1101 16GWT1901 

16GWT1101-F 16GWT2001 
16GWT1102 16GW0201 
16GWT1501 16GW0202 

16GWT1501-F 16GW0203 
16GWT1502 16GW0204 
16GWT1801 

16GWT1801-F 

Definitions: 
ARARDBC = Applicable or Relevant and Appropriate Requirements To Be Considered 
C = Carcinogen 
COPC = Chemical Of Potential Concern 
J = Estimated value 
MCL = Maximum Contaminant Level 
N = Noncarcinogen 
NA = Not ApplicableINot Available 
ND = Not detected. 
PRG = Preliminary Remediation Goal 
SDWA - Safe Drinking Water Act 
pg/L = microgram per liter 

Units 

ug/L 

ug /L 

ug/L 

ug1L 

ug1L 

ug1L 

Exposure 
Point 

Rationale Codes: 
For selection as a COPC: 
ASL = Above Screening Level and site background. 

Sample of Maximum 
Concentration 

16GWT1101-F 

16GWT1801-F 

16GWT1801-F 

16GWT1801 -F 

16GWT1801-F 

16GWTllOl-F 

For elimination as a COPC: 
BKG = Below Background 
BSL = Below Screening Level 
NUT = Essential Nutrient 
NTX = No Toxicity Data 

Frequency 
of 

Detection 

213 

313 

313 

1 13 

113 

313 

CAS 
Number 

7440-02-0 

7440-09-7 

7440-23-5 

7440-32-6 

7440-62-2 

7440-66-6 

R~~~~ of 
~ondects(~)  

1.4 

--- 

--- 

0.68 - 0.85 

0.31 - 0.59 

-- 

Upgradient 
~oncentrations(~) 

N A 

N A 

N A 

N A 

N A 

N A 

Concentration 
Used for 

5.2 

5880 

21 8000 

1.9 

0.53 

48.2 

Chemical 

Nickel, Filtered 

Potassium, Filtered 

Sodium, F~ltered 

Titanium, Filtered 

Vanadium, Filtered 

Zinc, Filtered 

Minimum 
u on cent ration"' 

4.6 J 

3410 J 

77500 J 

1.9 J 

0.53 J 

1.6 J 

Screening 
Toxicity 

73 N 

N A 

N A 

15000 N 

3.6 N 

1100 N 

Maximum 
concentration(') 

5.2 J 

5880 J 

21 8000 J 

1.9 J 

0.53 J 

48.2 J 

Potential 

N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 

IDEM 

Potential 
A R A R ~ B C ( ~ )  

N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 

11000 

COPC 
Flag 

No 

No 

No 

No 

No 

No 

Rationale for 
Contaminant 
Deletion or 
selectionm 

BSL 

NUT 

NUT 

BSL 

BSL 

BSL 



TABLE 7-12 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER - LOWER ZONE AND VALLEY WELLS 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

Scenario Timeframe: CurrentIFuture 
Medium: Groundwater 
Exposure Medium: Groundwater 

Footnotes 
1 - Sample and duplicate are considered as two separate samples when determining the minimum and maximum concentrations. 
2 - Values presented are sample-specific quantitation limits. 
3 - The maximum detected concentration is used for screening purposes. 
4 - Upgradient samples are from location 16MW02. 
5 - Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway from Groundwater and Soils. November 2002. EPA530-F-02-052. 

Values are from Table 2c and correspond to a target cancer risk level of 1E-6 or HI = I  and an attenuation factor of 0.001. 
6 - The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level and its respective site background value. 

Chemicals selected as COPCs are indicated by shaded chemical names. 

Associated Samples 
16GWT0801 16GWT1802 
16GWT0802 16GWT2101 
16GWT1101 16GWT1901 

16GWTI 101-F 16GWT2001 
16GWT1102 16GW0201 
16GWT1501 16GW0202 

16GWT1501-F 16GW0203 
16GWT1502 16GW0204 
16GWT1801 

16GWT1801-F 

Definitions: 
ARARfrBC = Applicable or Relevant and Appropriate Requirements To Be Considered 
C = Carcinogen 
COPC = Chemical Of Potential Concern 
J = Estimated value 
N = Noncarcinogen 
NA = Not Applicable/Not Available 
ND = Not detected. 
pg/L = microgram per liter 

Rationale Codes: 
For selection as a COPC: 
ASL = Above Screening Level and site background. 

Rationale for 
Contaminant 
Deletion or 
  election'^' 

of 
Detection 

Potential 

Source 

Lower Zone and 
Valley Wells 

For elimination as a COPC: 
BKG = Below Background 
BSL = Below Screening Level 
NUT = Essential Nutrient 
NTX = No Toxicity Data 

COPC 
Flag 

Units 
Maximum 

concentration(') 
Sample of Maximum 

Concentration 
Minimum 

concentration(') 

Volatile Organic Compounds 

Range of 

~ondects'~ '  
Chemical Exposure 

Point 

Screening 
Toxicity value'" 

CAS 
Number 

Potential 
ARARnBC 

Concentration 
Used for 

~creening(~' 

Upgradient 
~oncentrations'~' 

411 0 
1/10 
5/10 
212 
212 
1/10 
2/2 
1/10 
1/10 
1/10 
1/10 

16GWT2101 
16GWT1501 
16GWT1101 
16GWT1801 
16GWT1501 
16GWT2101 
16GWT1801 
16GWT0801 
16GWT1501 
16GWT2101 
16GWT2101 

No 
No 
No 
No 

, No 

N A 
N A 
N A 
N A 
N A 

ug/L 
ug/L 
ug/L 
ugL  
ug/L 
ug/L 
ug/L 
ug/L 
uglL 
ug/L 
ug/L 

220000 N A I BSL 
BSL 
BSL 
NTX 
NTX 

67-64-1 
71 -43-2 
67-66-3 
74-84-0 
74-85-1 
100-41 -4 
74-82-8 
75-09-2 
107-1 2-0 
10888-3 

1330-20-7 

5 
80 
N A 
N A 

N D 
ND 
ND 

0.062 
0.01 8 
N D 
15 
ND 
ND 
ND 
ND 

BSL 
NTX 
BSL 
NTX 
BSL 
BSL 

0.5 
0.3 
0.3 
--- 
--- 
0.3 
--- 
0.3 
20 
0.3 
0.3 

0.8 J 
0.7 J 
0.8 J 

1 
0.14 
0.9 J 

4500 
0.6 J 
26 J 
1.3 
2.2 

Acetone 
Benzene 
Chloroform 
Ethane 
Ethene 
Ethylbenzene 
Methane 
Methylene Chloride 
Propionitrile 

------ 

Toluene 
Total Xylenes 

N A 
N A 
N A 
N A 

7.4 
0.7 
16 
5.4 

0.22 
0.9 

5800 
0.6 
26 
1.3 
2.2 

7.4 J 
0.7 J 
16 

5.4 
0.22 
0.9 J 

5800 
0.6 J 
26 J 
1.3 
2.2 

700 
N A 
6.7 
N A 

1500 
N A 

N A 
N A 
N A 
N A 
N A 
N A 

N A 
N A 
N A 
N A 
N A 
N A 

No 
No 
No 
No 
No 
No 



TABLE 7-1 3 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SURFACE WATER - GULLIES 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 3 

Scenario Timeframe: CurrentlFuture 
Medium: Surface Water 
Exposure Medium: Surface Water 

Concentration 



TABLE 7-1 3 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SURFACE WATER - GULLIES 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 2 OF 3 

Scenario Timeframe: CurrentJFuture 
Medium: Surface Water 
Exposure Medium: Surface Water 

Potential 

Source(6) 

N A 
N A 
N A 
N A 
N A 
N A 

FED-MCL 
IDEM 
N A 
N A 
N A 
N A 

R~~~~ of 

~ondects(~)  

0.94 - 1.6 

--- 

1070 - 1540 

0.04 - 0.41 

0.05 - 0.52 

--- 

7440-62-2 0.63 J 19 J ug/L 16SW 1501 15/21 0.56- 1.14 19 0.85 J N A N A ASL 
N A N A 

COPC 
Flag 

N o 

N o 

N o 

No 

N o 

N o 

Units 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

7440-48-4 

7440-50-8 

7439-89-6 

Rationale for 
Contaminant 
Deletion or 

selectionm 
BSL 

NUT 

NUT 

BSL 

BSL 

BSL 

- 

Concentration 
Used for 

11.8 

4520 

18900 

0.16 

0.84 

156 

Minimum 
concentration(') 

1.2 J 

727 

1820 J 

0.16 J 

0.47 J 

2 J  

Chemical 

Nickel 

Potassium 

Sodium 

Thallium 

Tin 

Titan~um 

Exposure 
Point 

Sample of Maximum 
Concentration 

16SW2701 

16SW1101 

16SW1101 

16SW0601 

16SW0401 

16SW 1501 

Maximum 

concentration(') 

11.8 

4520 J 

18900 J 

0.16 J 

0.84 J 

156 J 

CAS 
Number 

7440-02-0 

7440-09-7 

7440-23-5 

7440-28-0 

7440-31 -5 

7440-32-6 

- 

Cobalt, Filtered 

Copper, F~ltered 

Iron, Filtered 

Upgradient 

~oncentrations(~) 

1.1 J-2.3 J 

1780 J - 2230 J 

9580 J - 15000 J 

ND 

ND 

3.4 J - 19.7 J 

Frequency 
of 

Detection 

1 812 1 

21/21 

1 612 1 

1/21 

212 1 

414 

0.09 J 

1 J  

76.4 J 

7439-92-1 

7439-95-4 

Screening 

Toxicity 

73 N 

N A 

N A 

0.24 N 

2200 N 

15000 N 

- 
0.81 J 

1280 J 

- -. 
Magnesium, Filtered 

Potential 

A R A R ~ B C "  

N A 
N A 
N A 
N A 
N A 
N A 
2 
2 

N A 
N A 
N A 
N A -- 

1.9 J 

2.9 J 

35.7 J 

188 J 

35.8 J 

8870 J 

171 J 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

16SW1301-F 

16SW1001-F 

16SW2901 -F 

16SW0301 -F 

16SW1501-F 

16SW1201 -F 

17/21 

17/21 

912 1 

15/21 

21/21 

18/21 

0.088 - 0.1 1 

0.57 - 0.93 

7.8 - 131 

0.08 - 0.38 

--- 

0.82 - 9.7 

2.9 

35.7 

188 

35.8 

8870 

171 

2.7 J - 3.1 J 

ND 

ND 

ND 

5400 J - 7390 J 

10.9 J - 29.8 J 

73 N 

150 N 

1100 N 

N A 

N A 

. . . . 

N A 
N A 

1300 
1300 
N A 
N A 

N A 
N A 
N A 
N A 

N A 
N A 

FED-MCL('~) 
IDEM 
N A 
N A 

N A ASL 
N A 

- 
FED-MCL"~' 

IDEM 
N A 
N A 

No 

No 

No 

BSL 

BSL 

BSL 

No 

- 
ASL 

NUT 



TABLE 7-1 3 

OCCURRENCE, DISTRIBUTiON AND SELECTION OF CHEMICALS OF POTENTiAL CONCERN - SURFACE WATER - GULLIES 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 3 OF 3 

Scenario Timeframe: CurrentlFuture 
Medium: Surface Water 
Exposure Medium: Surface Water 

Footnotes 
1 - Sample and duplicate are considered as two separate samples when determining the minimum and maximum concentrations. 
2 - Values presented are sample-spec~fic quantitation limits. 
3 - The maximum detected concentration is used for screening purposes. 
4 - Upgradient samples are from locations 16SW/SD14, 16SW/SD20, and 16SW/SD21. 
5 -The U.S. EPA Region 9 tap water PRG is presented. Value represents the risk based tap water screening level divided by 10 to correspond to a target hazard quotient 

of 0.1 for noncarcinogens (denoted with a "N" flag), or an incremental cancer risk of 1.OE-6 for carcinogens (denoted with a "C" flag) 
(U.S. EPA Region 9, October 2004, updated December 28,2004). 

6 - U.S. EPA Primary Drinking Water Standard (U.S. EPA, Winter 2004). 
Indiana Department of Environmental Management (IDEM), Risk Integrated System of Closure (RISC) residential closure levels for groundwater (IDEM, January 2004). 

7 -The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level and its respective site background value. 
Chemicals selected as COPCs are indicated by shaded chemical names. 

8 - Value is for naphthalene. 
9 - Value is for pyrene. 
10 - One tenth of the non-carcinogenic PRG is less than the carcinogenic PRG, therefore the one tenth non-carcinogenic PRG is presented. 
11 - Values are for aminodinitrotoluene. 
12 - Values are for hexavalent chromium. 
13 -The MCL for this parameter is actually a treatment technique. The SDWA action level (at the tap) has been presented. 

Associated Samples 
16SW0301 
16SW0301 -F 
16SW0401 
16SW0401 -F 
16SW0501 
16SW0501 -F 
16SW0601 
16SW0601 -F 
16SW0801 

Definitions: 
ARARITBC = Applicable or Relevant and Appropriate Requirements To Be Considered 
C = Carcinogen 
COPC = Chemical Of Potential Concern 
J = Estimated value 
MCL = Maximum Contaminant Level 
N = Noncarcinogen 
NA = Not Applicable/Not Available 
ND = Not detected. 
PRG = Preliminary Remediation Goal 
SDWA = Safe Drinking Water Act 
pg/L = microgram per liter 
mg/L = milligram per liter 

Maximum 
concentration(') 

0.04 J 

9.4 

4720 

19900 J 

1.6 J 

421 J 

0.55 

Rationale Codes: 
For selection as a COPC: 
ASL = Above Screening Level and site background. 

Units 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

mg/L 

Minimum 
concentrationd) 

0.04 J 

0.95 J 

647 

2030 J 

1.4 J 

3.1 J 

0.1 1 

For elimination as a COPC: 
BKG = Below Background 
BSL = Below Screening Level 
NUT = Essential Nutrient 
NTX = No Toxicity Data 

Sample of Maximum 
Concentration 

16SW1501-F 

16SW1202-F 

I6SW1101-F 

16SW1101-F 

16SW1301 -F 

16SW1601-F 

16SW 1302 

Frequency 
of 

Detection 

1/21 

1812 1 

21/21 

1 512 1 

214 

18/21 

417 

Chemical 

Mercury, Filtered 

Nickel, Filtered 

Potassium, Flltered 

Sodium, F~ltered 

Titan~um, Flltered 

Zinc, Filtered 

Parameters 
NitriteINitrate-N 

Exposure 
Point 

CAS 
Number 

7439-97-6 

7440-02-0 

7440-09-7 

7440-23-5 

7440-32-6 

7440-66-6 

Miscellaneous 

R~~~~ of 

~ondects(~)  

0.02 - 0.03 

0.83 - 1.4 

--- 

1060 - 1480 

0.55 - 1 .I 

6 - 197 

0.025 - 0.05 

Concentration 
Used for 

0.04 

9.4 

4720 

19900 

1.6 

421 

0.55 

Upgradient 
~oncentrations" 

N D 

1.2 J 

1550 J - 2140 J 

9010 J - 14000 J 

1.5 J - 8.5 J 

18.1 J - 33.3 J 

0.07 - 3.2 

Screening 
Toxicity value" 

1.1 N 

73 N 

N A 

N A 

15000 N 

1100 N 

1 

Potential 
ARARKBC" 

2 
2 

N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 

1 1000 

1 
N A 

COPC 
Flag 

No 

No 

No 

No 

No 

No 

NO 

Potential 
ARARKBC 
Source(6) 

FED-MCL 
IDEM 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 

IDEM 

FED-MCL 
N A 

Rationale for 
Contaminant 
Deletion or 
 election"' 

BSL 

BSL 

NUT 

NUT 

BSL 

BSL 

BSL 



TABLE 7-14 
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Scenario Timeframe: CurrenUFuture 
Medium: Surface Water 
Exposure Medium: Surface Water 

Sample of Maximum 
Concentration 

Maximum 
concentration(') 

Exposure 
Point 

Concentration 
Used for 

screeningt3) 
Units Chemical 

C AS 
Number 

Turkey Creek 

Frequency 
of 

Detection 

180 N 

Minimum 
  on cent ration^') 

R~~~~ of 

~ondects '~ )  
Upgradient 

  on cent ration'^) 

0.32 J ' uglL ' 16SW2401 I 111 I I I --- 0.32 ND 
Energetics 
2691-41 -0 'HMX 

Screening 
Toxicity 

No BS L 

146 J 

0.37 J 

48.1 J 

0.09 J 

0.66 J 

9360 J 

0.14 J 

0.24 J 

43.6 J 

1.2 

3370 

21.5 

4.5 J 

989 J 

3660 J 

1.5 J 

6.9 J 

0.32 J N A 
N A 

Total Metals 
7429-90-5 

- 
7440-38-2 

7440-39-3 

7440-4 1-7 

7440-43-9 

7440-70-2 

7440-48-4 

7440-50-8 

7439-89-6 

7439-92-1 

7439-95-4 

7439-96-5 

7440-02-0 

7440-09-7 

7440-23-5 

7440-62-2 

7440-66-6 

Dissolved 

I N A 
N A 

Aluminum 

Barium 

Beryllium 

Cadmium 

Calc~um 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Nickel 

Potassium 

Sod~um 

Vanadium 

Zinc 

Metals 

N A No BSL 
N A 
P 

Rationale for 
Contaminant 
Deletion or 
 election") 

Potential 
ARAMBC@) 

119 

98.3 

0.04 

822 

0.37 

95.7 

0.09 

0.66 

17900 

0.72 

4.1 

886 

1.2 

6340 

476 

5.7 

1680 

8600 

1.5 

18.7 

822 J 

0.37 J 

95.7 J 

0.09 J 

0.66 J 

17900 J 

0.72 J 

4.1 J 

886 J 

1.2 

6340 J 

476 

5.7 

1680 

8600 J 

1.5 J 

18.7 J 

IDEM 
FED-MCL 

IDEM 
FED-MCL 

IDEM 
FED-MCL 

IDEM 
N A 
N A 
N A 
N A 

FED-MCL'~' 
IDEM 
N A 
N A 

FED-MCL'~' 
IDEM 
N A 
N A 
N A 
- 

7429-90-5 

7440-39-3 

7440-41 -7 

ug1L 

ug/L 

ug/L 

ug/L 

uglL 

ug/L 

ug1L 

ug1L 

ug1L 

ug/L 

ug/L 

u ~ I L  

ug/L 

ug1L 

uglL 

uglL 

ug/L 

16SW1901 

16SW1901 

16SW2401 

16SW1901 

16SW1901 

16SW2501 

16SW2501 

16SW 1901 

16SW1901 

16SW1901 

16SW2501 

16SW2501 

16SW2401 
16SW2501 
16SW1901 

16SW2401 

16SW1901 

16SW1901 

213 

313 

113 

Potential 
ARARmBC 
sourcet6) 

61.8 

--- 

0.02 

ND N A 3600 N 
N A 

No 

No 

No 

No 

No 

NO 

No 

NO 

No 

ND 

48.2 J 

ND 

COPC 
Flag 

2/3 

1 13 

313 

1 13 

113 

313 

313 

313 

313 

113 

313 

313 

313 

313 

313 

113 

313 

ND 

23 J 

N D 

ND 

9930 J 

ND 

2.7 J 

ND 

ND 

2460 J 

30 J 

ASL 

BSL 

BSL 

BSL 

NUT 

BSL 

BSL 

BSL 

BSL 

NTX 

ASL 
- 

N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 

IDEM 

Aluminum, Filtered 

Barium, F~ltered 

Beryllium, Filtered 

48.7 

0.09 - 0.23 

--- 

0.02 - 0.03 

0.039 - 0.05 

--- 

--- 

--- 

--- 

0.11 - 0.31 

--- 

--- 

--- 

--- 

--- 

1 . I4  

--- 

3600 N 

260 N 

7.3 N 

90.1 

43.7 J 

0.04 J 

119 J 

98.3 J 

0.04 J 

260 N 

7.3 N 

1.8 N 

N A 

73 N 

150 N 

1100 N 

N A 

N A 

No 

No 

No 

No 

No 

10 
50 

2000 
2000 

4 
4 
5 
5 

N A 
N A 
N A 
N A 

1300 
1300 
N A 
N A 
15 
15 
N A 
N A 
N A 

NTX 

NUT 

NUT 

BSL 

BSL 

ND 

790 J 

8330 J 

ND 

ND 

ug/L 

ug1L 

ug1L 

BSL 

BSL 

BSL 

16SW2401-F 

16SW2401-F 

16SW1901-F 

N A 
N A 

2000 
2000 

4 
4 

73 N 

N A 

N A 

3.6 N 

1100 N 

N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 

11000 

N A 
N A 

FED-MCL 
IDEM 

FED-MCL 
IDEM 

NO 

No 

No 
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Scenario Timeframe: CurrenVFuture 
Medium: Surface Water 
Exposure Medium: Surface Water 

Footnotes 
1 - Sample and duplicate are considered as two separate samples when determining the minimum and maximum concentrations. 
2 - Values presented are sample-specific quantitation limits. 
3 - The maximum detected concentration is used for screening purposes. 
4 - Upgradient concentrations are from location 16SWlSD18. 
5 - The U.S. EPA Region 9 tap water PRG is presented. Value represents the risk based tap water screening level divided by 10 to correspond to a target hazard quotient 

of 0.1 for non-carcinogens (denoted with a "Nu flag), or an incremental cancer risk of 1 .OE-6 for carcinogens (denoted with a "C" flag) 
(US. EPA Region 9, October 2004, updated December 28,2004). 

'6 - U.S. EPA Primary Drinking Water Standard (U.S. EPA, Winter 2004). 
Indiana Department of Environmental Management (IDEM), Risk Integrated System of Closure (RISC) residential closure levels for groundwater (IDEM, January 2004). 

7 - The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level and its respective site background value. 
Chemicals selected as COPCs are indicated by shaded chemical names. 

8 - The MCL for this parameter is actually a treatment technique. The SDWA action level (at the tap) has been presented. 

Associated Samples 
16SW1901 16SW2401 
16SW1901-F 16SW2401-F 

Definitions: 
ARAWTBC = Applicable or Relevant and Appropriate Requirements To Be Considered 
C = Carcinogen 
COPC = Chemical Of Potential Concern 
J = Estimated value 
MCL= Maximum Contaminant Level 
N = Noncarcinogen 
NA = Not ApplicableINot Available 
ND = Not detected. 
PRG = Preliminary Remediation Goal 
SDWA = Safe Drinking Water Act 
pgL = microgram per liter 
mg1L = milligram per liter 

For elimination as a COPC: 
Rationale Codes: BSL = Below Screening Level 
For selection as a COPC: NUT = Essential Nutrient 
ASL = Above Screening Level and site background. NTX = No Toxicity Data 

Rationale for 
Contaminant 
Deletion or 
selection* 

BSL 

NUT 

BSL 

BSL 

BSL 

BSL 

NUT 

P 

of 
Detection 

113 

313 

313 

313 

313 

1 I3 

3/3 

Sample of Maximum 
Concentration 

16SW 1901 -F 

16SW2501 -F 

16SW2501 -F 

16SW1901-F 

16SW2501-F 

16SW1901-F 

16SW2501 -F 

COPC 
Flag 

No 

No 

No 

NO 

No 

NO 

No 

Screening 
Toxicity value(') 

1.8 N 

N A 

73 N 

150 N 

1100 N 

N A 

N A 

313 

313 

313 

313 

313 

Range of 
~ondects") 

0.039 

--- 

--- 

--- 

--- 

0.1 1 - 0.19 

--- 

16SW2501 -F 

16SW2501-F 

16SW2501-F 

16SW2401-F 

16SW2401-F 

Minimum 
  on cent ration") 

1.4 

9910 J 

0.16 J 

0.22 J 

11.8 J 

0.54 J 

3020 J 

Chemical 

Cadmium, Filtered 

Calcium, Filtered 

Cobalt, Filtered 

Copper, Filtered 

Iron, Filtered 

Lead, Filtered 

Magnesium, Filtered 

Exposure 
Point 

Potential 
ARAWTBC(~) 

5 
5 

N A 
N A 
N A 
N A 

1300 
1300 
N A 
N A 
15 
15 
N A 
N A 

7440-02-0 

7440-09-7 

7440-23-5 

7440-66-6 

Miscellaneous 

CAS 
Number 

7440-43-9 

7440-70-2 

7440-48-4 

7440-50-8 

7439-89-6 

7439-92-1 

7439-95-4 

7439-96-5 --- 

--- 

--- 

--- 

--- 

Concentration 
Used for 

screeningt3' 

1.4 

17400 

1.9 

3.9 

163 

0.54 

6450 

NitriteINitrate-N 

7.7 

4 J  

1030 J 

3840 J 

9.1 J 

Maximum 
concentration(') 

1.4 

17400 J 

1.9 

3.9 J 

163 

0.54 J 

6450 

Potential 

Source(6) 

FED-MCL 
IDEM 
N A 
N A 
N A 
N A 

FED-MCL(~) 
IDEM 
N A 
N A 

FED-MCL(~) 
IDEM 
N A 
N A 
P 

- -. 
Nickel, Filtered 

Potassium, Filtered 

Sodium, Filtered 

Zinc, Filtered 

Parameters 
--- 

Upgradient 
  on cent ration'^) 

ND 

10100 J 

2.6 J 

ND 

ND 

ND 

3770 J 

P 

Units 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

Ug/L 

ug1L 

1970 

8.6 

1900 

8190 

21.8 

0.05 

1970 J 

8.6 

1900 J 

8190 J 

21.8 J 

0.05 

ug/L 

ug1L 

ug1L 

ug/L 

ug/L 

0.05 

12.5 J N A ASL 

ND 

846 J 

4360 J 

N D 

ND mg/L 

No 

No 

No 

No 

No 

BSL 

NUT 

NUT 

BSL 

BSL 

73 N 

N A 

N A 

1100 N 

1 16SW2401 111 

N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 

1 1000 

1 
N A 

N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 

IDEM 

FED-MCL 
N A 
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Scenario Timeframe: CurrenUFuture 
Medium: Sediment 
Exposure Medium: Sediment 
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Scenario Timeframe: CurrentIFuture 
Medium: Sediment 
Exposure Medium: Sediment 

Foot notes 
1 - Sample and duplicate are considered as two separate samples when determining the minimum and maximum concentrations. 
2 - Values presented are sample-specific quantitation limits. 
3 - The maximum detected concentration is used for screening purposes. 
4 - Upgradient sampl'es are from locations 16SW/SDl4, 16SWlSD20, and 16SWlSD21. 
5 - U.S. EPA Region 9 Preliminary Remediation Goal (PRG). The noncarcinogenic values (denoted with a "N" flag) are the PRG divided by 10 to correspond to a target hazard quotient 

of 0.1. Carcinogenic values represent an incremental cancer risk of 1 .OE-06 (carcinogens denoted with a "C" flag) (U.S. EPA Region 9, October 2004, Updated December 28, 2004). 
6 - Indiana Department of Environmental Management (IDEM), Risk Integrated System of Closure (RISC) residential closure levels for soil (IDEM, January 2004). 
7 - The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level and is statistically - 

determined to be above site background. Chemicals selected as COPCs are indicated by shaded chemical names. 
8 - The value for naphthalene is used as a surrogate for 2-methylnaphthalene. 
9 - The value for acenaphthene is used as a surrogate for acenaphthylene. 
10 - The value for pyrene is used as a surrogate for benzo(g,h,i)perylene and phenanthrene. 
11 - Value is for dinitrotoluene mixtures. 
12 - The RBC for residential land use for total chromium is presented. 
13 - Value is for hexavalent chromium. 
14 - One tenth of the non-carcinogenic PRG is less than the carcinogenic PRG, therefore the one tenth non-carcinogenic PRG is presented. 
15 - The printed PRG table lists a ceiling limit of 100,000 mglkg as the PRG. 

The value presented is 1/10 of the actual risk-based PRG presented in the electronic version of the PRG table. 

Associated Samples 
16SD0201 16SD0802 

Definitions: 
ARARnBC = Applicable or Relevant and Appropriate Requirements To Be Considered 
C = Carcinogen 
COPC = Chemical Of Potential Concern 
J = Estimated value 
N = Noncarcinogen 
NA = Not ApplicableINot Available 
ND = Not detected 
PRG = Preliminary Remediation Goal 
sat = Soil Saturation Limit 
pglkg = microgram per kilogram 
mglkg = milligram per kilogram 

Rationale Codes: 
For selection as a COPC: 
ASL = Above Screening Level and site background. 

For elimination as a COPC: 
BKG = Below Background 
BSL = Below Screening Level 
NUT = Essential Nutrient 
NTX = No Toxicity Data 



TABLE 7-16 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SEDIMENT - TURKEY CREEK 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

Scenario Timeframe: CurrentIFuture 
Medium: Sediment 
Exposure Medium: Sediment 

Footnotes 
1 - Sample and duplicate are considered as two separate samples when determining the minimum and maximum concentrations. 
2 - Values presented are sample-specific quantitation limits. 
3 - The maximum detected concentration is used for screening purposes. 
4 - Upgradient concentrations are from location 16SW/SD18. 
5 - U.S. EPA Region 9 Preliminary Remediation Goal (PRG). The non-carcinogenic values (denoted with a "Nu flag) are the PRG divided by 10 to correspond to a target hazard quotient 

of 0.1. Carcinogenic values represent an incremental cancer risk of 1 .OE-06 (carcinogens denoted with a "C" flag) (U.S. EPA Region 9, October 2004, Updated December 28, 2004). 
6 - Indiana Department of Environmental Management (IDEM), Risk Integrated System of Closure (RISC) residential closure levels for soil (IDEM, January 2004). 
7 - The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level and is statistically 

determined to be above site background. Chemicals selected as COPCs are indicated by shaded chemical names. 
8 - The RBC for residential land use for total chromium is presented. 
9 - Value is for hexavalent chromium. 
10 - One tenth of the non-carcinogenic PRG is less than the carcinogenic PRG, therefore the one tenth non-carcinogenic PRG is presented. 
11 - The printed PRG table lists a ceiling limit of 100,000 mg/kg as the PRG. 

The value presented is 1/10 of the actual risk-based PRG presented in the electronic version of the PRG table. 

Definitions: 
ARARnBC = Applicable or Relevant and Appropriate Requirements To Be Considered 
C = Carcinogen 
COPC = Chemical Of Potential Concern 
J = Estimated value 
N = Noncarcinogen 
NA = Not ApplicableINot Available 
ND = Not detected 
PRG = Preliminary Remediation Goal 
sat = Soil Saturation Limit 
pg/kg = microgram per kilogram 
mglkg = milligram per kilogram 

Rationale Codes: 
For selection as a COPC: 
ASL = Above Screening Level and site background. 

Associated Samples 
16SD1901 16SD2501 For elimination as a COPC: 

BKG = Below Background 
BSL = Below Screening Level 
NUT = Essential Nutrient 
NTX = No Toxicity Data 



CHEM C4LS RETAlhEDAS COPCr 
SWMJ IB(C4ST r(lGH EXP-OSIVES FI.LB148 thC hER4TOR) 

hSWC CRANE 
CRANE, INDIAN4 

P4GE 1 OF 2 

Herbicides 
lPentachlor0phen01 1 I I X 1 I I X I 1 I I I 1 I I I I I - ~. 

chemical 

Diori"IFurans 
1,2.3,4.6.7,8.9-OCDD 
1.234.6.7.8-HPCDD 

, ,,",- 
ROX I I I I I 1 I I I I 

SulfaseSoil 

1 

D i ren  
COn,8c, 

1.2378.9-HXCDD I 
123.78-PECDD 

X 
X 

Subaurtace Soil 

Soi l toAir  
Contan Groundwater 

X 
X 

soi l  to 
Groundwater 

Ground Waler Surface Water 

upper ~ q u i t e r  
Gullies 

Sediment 

D i ren  
Contan  

22; Gullies 
Vapor 

lmrubion 

Middle 4qui,er TUr*sy 
Creek D i r e  

C o m s n  

Lower and Valley 
4 ,liters 

Directq Vapor Vapor 
intrusion Contsct Intrusion 
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CHEMICALS RETAINED AS COPCa 
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selenium I I I x I I 1 x I  I I I  I I I I  I I  
Thallium X 
Vanadlum 1 x 1  I 1 x 1  I  I X I  1 x 1  1 x 1  1 x 1  I X l X  
21°C I  I  x  I  I I I  I  I  I  I 1 x 1  1 x 1  

Noles 
X - Indcales chemical was retained as a COPC. 
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SELECTION OF EXPOSURE PATHWAYS 
SWMU 16 (CAST HIGH EXPLOSIVES FILL18146 INCINERATOR) 
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Scenario Medium Exposure Receptor RscaPtor 

A98 

Adult 

Adult 

A~~~~~~ Brits 

AduII 

Adull 

 doles scents 

A ~ Y I I  

A ~ Y I I  

Adoles~ents 

Adull 

Adult 

Adaleacsnls 

A ~ U I I  

Adull 

Adoiercenk 

APYII 

Adult 

~ d o l e ~ c e n t ~  

Adult 

Timetrame 

CurrenVFulure Sudace Soii 

S u b ~ u r l a ~ e  so11 

Groundwater 

Rallonals tor Sdsstlon or Erdusian 

of Exposure Pathway 

~aintsnanse wohsrr may contact surface soil dunng normal w a h  ac!~vl~ss. 

Occupational w h e r r  may contact surface soil dunng normal w o h  act~vtes. 

ALhoVgh BCCBIS to the base IS COnllOlled. Once Insidelhe base, accsrslo the SWMU 16 is 
not limited by any phpical reslralnl. Adolescent tresparsers may be sxpossd la surfacs sol  
while at !he r i te. 

Maintenance wohsn  may bs sxpased la lug8llvs dust end vale~ils emsssons dui~ng w o L  
sn~v t t i s~ .  

Occupationai wahen  may be expaesd to tugitivs dust and voatiia emissions durlng work 
adlvitlw. 

Ailhaugn access to the basa 1s controlled, once inside the base, access tothe SWMU 16 r 
not limited by any physical restran,. 

Maintenance wohers are not expected to be exposed to subsurface soil 

~cupa l tona l  wohen  are not sxpecled to beexposed to sukudace soil. 

Trasperren are nal sxparsd to rubsurlece roll. 

Maintenancewhen ere not expected to be exposedto subsurface sol. 

O ~ ~ ~ p a f l o n s l  worken are no1 expected to be exposed to subsurface roil. 

~respersam are nor expassd la subsurfecs sail. 

~alntenance w a h s n  are not smected to have contactwth groundwaler. 

O ~ ~ u p a f i ~ n a t w h ~ n  msy be exposed lo groundwater I groundwater was used ar a potable 
water source. 

Adolescent trespassen are not sxpedsd lo be exposed lo groundwater. 

Maintenance women are no, erpedeo to be exposed to COPCs that have volst~lizsd trom 
groundwalsi. 

occupationalwhers ere notexpscted to be exposed to COPCs that have vois!,lized tram 
groundwater. 

Adolescent trespassen sre not axpected to be exposed to groundwaler. 

o~cupational waher may be e-ad lo COvCs that have uolatilzed from groundwater and 
mgrated through buildlng toundetions into indoor air 

Expoeure 

Route 

lngerl~on 

Dermal 

lnge~tion 

~ e r m a i  

lngesllon 

Dermal 

lnhalsll~n 

nhalal>on 

Inhalation 

ngestion 

oarma 

lngertion 

Dermal 

Ingestion 

Dermal 

Inhalation 

~nhalet~on 

lnhalat~on 

lngertion 

Dermal 
lng~stion 

~ e r m a ~  

Ingertion 

Dermal 

lnhslallon 

Inhalation 

~nhs~a t~on  

Inhalation 

Type ot 

Ana lp is  

Ouan! 

ouant 

Ouent 

ouant 

Ouant 

Ournl 

Quanf 

ouant 

n one 
Nans 
N~~~ 

None 
Nane 

None 
Nans 

~ a n e  

None 

None 

None 
Ouanl 

o ~ a n t  

Nons 
 one 
None 

None 

None 

ouant 

M d i u m  

surface so81 

Air 

S ~ b s ~ r f a c e  so11 

Air 

~roundwsler 

AIK 

SWMU 16 

SWMU 16 

SWMU 16 

SWMU 16 

4\11 A q ~ ~ t e n  

A nqu~lsrr 

vapor intrvsian 

Population 

~aintenance 
womsr 

Occupational 

wohsr 

Tresp 

Ma~ntenence 
woher 

O ~ ~ ~ p s t i o n a l  
woher 

~rnspassen 

~ s i n t e n s n c ~  
worker 

Oc~upatlonal 

womer 

Tre~passen 

Maintenance 
womer 

Occupational 

WOher 

T r s p a s s ~ n  

Ma8nIenm~e 

W a h s n  
Occupational 

worker 

Trespassen 

Mainrenance 

worken 
Occupat~onal 

Workar 

~ r s s p a r ~ e n  

O~c~pat ional  

woher 
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SELECTION OF EXPOSURE PATHWAYS 
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Scenario Medium 

Ssdlmsn! 

Exp0l)ule 
Medium 

Surlace water 

WOhBr I Dermal None 

Sed~ment 

Suilace So11 Surlace Soil SWMU 16 

E X P O B U ~ ~  
Point 

Gulllsr and ~ u r r s y  Creek 

TrBSPwBR 

SWMU 16 

SWMU 16 

Gvier  and Tuhay Creek 

ouanl 

Ouenl 

c a ~ t w c t i o n  
Workers 

RBSiealiOnd 

Users 

~e l lden ls  

I I I 

Recaptor 
P ~ p d e l t o n  

~a~ntenance 

Warken 
O~cup~t ional  

Although acceln lo the bare Is eontralled, once inrlde the base, accsrr la :he SWMU 18 is 
nothmlted by m y  phplcal rsstrelnt. Adolescent trssparrerr may be arposed la raatment 
Whlle BlLhe 6118. 

AdOlsC Bn,5 

Const~~ctDn 
wohsr r  

Rwreationd 
ushm 

Residents 

Constw~tion 
WOhsn 1 I Dermal I Quanf I 

~ ~ ~ r s a t ~ o n a ~  I chrla I lngestlan (   one l~ecrsal lmsl  u r s n  are not expected to be exposed to subsuilaze sol1 

L U  I I Dermal I  one I 

Woher 

TrBSP asIen 

~alnlenance 
workers 

Occ~pafional 

lnaaslion 

D~rmal 

~ d u l t  

Child 

AduL 

Cnt'd 

M Y I ~  

R e w t o r  

AD* 

Adult 

Adult 

Adult 

/\dull 

Child 

Adult 

Child 

Adult 

AO"N 

MoieSC 

Adult 

~ d u l t  

lnpstton 

mrmat 

Exposure 
Rovta 

lngss!~on 
D~rma! 

lngertlon 

Co~tmct ion  wohen may have conlast rttn suflace oolt duilng excavation scl~vltler. 

Thbrcenano Is svsrrislad an the assumpllon (hat the Facity would close and bs lumed Into a 
state p e h  in !nstu$ure. 

~ h i s x e n a d e  k evaluated on ihe arrumption thst ihs ~ a c l r q  wouldclora and betumsd into a 
state p h i ?  the lvture. 

Although a tu~vre r e ~ l d e ~ l l d  scens30 is c~n~ idered  unlikely at the rifa lhls rcenana ir indudad 

lngestlDn 
~ e r n s l  

l n g ~ t i o n  

~~~a 
lngeat~on 
D ~ ~ ~ ~ I  

Ingestion 
oirma 

ngerlion 

D~,,,,~I 
lnh11131ion 

i n ~ a t i o n  

lahatallon 

Inhuatlon 

lnnalation 

iqsstion 

 on^ Recreation# vrsrrare not expensato ce exposed la subrunace sd 
None 

Dermal 

geSt,O 

Darnel 

ingestion 
oermal 

ingestion 

o u m t  
h e n 1  

Ouanl 

nuant 
Ouant 

Ouant 

Type o l  
Aneiyeia 

~ a n s  

O u ~ n l  
 one 

nuant 
Oumt 

nuant 
O U ~ I  

Ouant 

Ouanl 

Ouant 

nuant 

ouant 

Rationale far Salaction or Exclusion 

01 Expoeum Pathway 

Munlenancs workers are no! emested to Ingest rudece water. 

Maintenance wansrs may have dermal contact wlth rudacs water. 
Occupat~onal womsrs are not exmnsa to be exposed to sunace water. 

None 

nuan, 

Ouanl 

Ouanl 
Ouant 
 one 

to aid in tuture 3rk management declrionr 

Ailnough a luture rerldsntideseoaoo lr conrideied unitkely a! merlte thlrscenaro is Included 
foeid in lutvre 3 3  management deslsions. 

c ~ n s t w ~ l i o n  woners may be e-ed to fugtwe dust and voafile emissions d u n g  
con~t rn~ t~oo activities. 

This acenanois evduated on tha assumption that the Faciilty wouu close and be turned into e 
state park in me tuture. 

This scenario is evaluated an the assumption tnal lne Faclily would close ana ae turned Into a 
state p s h  in the future. 

Althougn a future re.identrs1 scensrla is sonrldered unlikely a1 the slls, this scenano 1s tnciuded 
10 # a n  tutus nrk management decldanr. 

Although a tvturs residential rcensm U coosidered unlikely at the l e ,  this rcensria is included 
10 Yd in future nrkmanagementdeclrionr. - 
Conrtrvcfron wohsn may nave contact with subsvrlaes soil dunng ercavs!lan actiaties. 

Anhough a w e s  tothebase iscontrolled, once inrlde the base, acsesr to the SWMU 16 r 
not limned by any phplcd restraint. Adolescent trsrpassers maybs smased lo surlsca water 
Wle at the rlte. 

Maintenance wohen may sontan seatment. 

Occupationd wrkers s s  not expected lo oe exposed to reamant. 



TABLE 7-18 

SELECTION OF EXPOSURE PATHWAYS 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATORI 

Su~ace Weter Suoace Water I 

I 
SWMU 16 I Canstructlon 

users 

I I I 
SWMU 16 Residents mud ~nnatation 

All Aqulsn COWIWCtlO" 

RBcreal80nel Chlld lhgsstlon 

Users Dermal 
Adull ln985110n 

Dermal 

Residents Chlld lngssflon 

None I 
None I ~ u t ~ r e  rerldenfs are nor expected lo h exposed to rvbsvflace soil. 

I 
Type 01 

Anelysis 

None 

R a f i o n ~ l e l ~ i S e l ~ l i o n  or ~ r d u s l o n  
01 Exposure Pathway 

Fulure rer,denta are not sxpacteo to be expose0 ,o SubSufiace so.,. 

~ l o n a l W O h e l S  are not expected to be expored to subsullacesoil. 

None 
None 

 one 

Constructnn workan may baexposed lo lugilve dust and volaf8le emssons dur~np 
con~tructon acttvif>es. 

Racreatona w0he.i are no1 expected io be exposed to rubsurface sol 

  one 

TG+GK~ o m  a not sxpected to ngert groundwater. 

Future residents amnai expected to be exposed to subrurlace sol. 

I 
 me 

ouant lwater source. 

oilant l ~ ~ t h a u g h  e tutuis res~dentia~scenano is cans~asied uniikey at tne rts, this scenana r mcuoeo 

Future resldsnlr ars not expecled lo be exposso fa rubsuilace roll 

OYBO~ 

Ouanl 
O"8"l 
Ouant 

C ~ n s t r ~ ~ t Y n  wohem may nave dermal contact wsln gmund water during exoavat8on acc\vit,er. 

Recreational warp may be exposed to giounovelar 1 gmunouslei was used as a poiaole 
waterSOYrCe. 

Sesrealionsi usen may be exposed to groundwaler il groundwater was used ar e potable 

I I glOundWBter. 
Adult I lnhaletlon I None l~ecreatlonal wen are not exwdad lo be emorsd la COPCs lnal havevalatllzed lrom 

AII A ~ U I B R  

ouant 
Ouant 
ouant 
Ouanl 

None 

Rssidsnls 

to aid in tuture nrk management decislonr. 

Although a fulum rwldential rcenafla Is constdered unliksh. at the site. this scenarlo a included 
to ald in luture RIk management osc~s~ons. 

Construction woher. may ~a exposed lo COPCr lna! nave volatilirsd from graundweler during 
BXC8VallOn Bcinlies. 

Recreational usan am not expected lo M e r m s e d  lo COPCs that nave v~lslihred from 

Construction 
W O h e I  

Recraaf~onai 

vapor intrusion 

Gullie~ and Tumsy Creak 

Chilo 

Adult 

Ae l t  

Adult 

Ch'ld 

Res~dents 

Consfr~clion 

W O ~ X B ~  

D ~ ~ ~ I  
IOQestlon 
D B ~ ~ ~ I  

lnnalaf8on 

lnhaiation 

lnnalatlon 

nhalallon 

CMd 

Adult 

Adult 

Ouant 

Oualt 

QrOYndWateI. 

Aithough a lulure resdenflal scenario is ramdared unlihaly atthe site, lhs  scsnerlo s ncluded 
10 aid In luture ilrr management declrlonr. 

Although a lvlure resldehlial rcsnma Is conrldereo unltkely at fhe sls, this scsnana Is Ineluded 

Inhalalion 

Inhalation 

lngest~on 
tierma! 

Ouant 

ouant 

None 
NOW 

lo Bd In lulum risk managemsnl decsons 

Child Residents may baexposso lo COPCS !ha> have volatilzed from groundvsier 
and migrated thrwgn bu~lding founaatlons into indoor sjr. 

~ d u l t  Residaols may beexposad lo COPCs tnat have volalllzed from groundwater 
and mlgralsd tnmugh bu~ld,ng faunoations nto  ndaar asr 
Construction worksn are not expected to h exposed to suilsce rater  



TABLE 7-1 8 

SELECTION OF EXPOSURE PATHWAYS 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 4 OF 4 

Swnario 
Timdram. 

Future 

~ e d i u m  

Sedlmsnl 

Expolurn 
~ s d i u m  

Sediment 
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RECEPTORS AND EXPOSURE ROUTES FOR QUANTITATIVE EVALUATION 
SWMU 16 CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 

NSWC CRANE, CRANE INDIANA 
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Receptors 

Maintenance Workers 
(currentlfuture land use) 

Occupational Worker 
(currentlfuture land use)(') 

Adolescent Trespassers 
(6 to 17 years) 
(currentlfuture land use) 

Construction Workers 
(future land use) 

Small Child (0 to 6 years) and 
Adult Recreational Users 
(future land use) 

Exposure Routes 

Soil dermal contact (surface) 

Soil ingestion (surface) 

lnhalation of airldustlemissions (surface) 

Surface waterlsediment dermal contact 

Sediment (Incidental ingestion) . Soil dermal contact (surface) . Soil ingestion (surface) 

lnhalation of airldustlemissions (surface) . Direct ingestion of ground water . Groundwater dermal contact . lnhalation of vapors intruding into a building from the 
groundwater 

Soil dermal contact (surface) . Soil ingestion (surface) 

Inhalation of airldustlemissions (surface) 

Surface waterlsediment dermal contact 

Surface waterlsediment Ingestion 

Soil dermal contact (surface and subsurface) 

Soil ingestion (surface and subsurface) 

lnhalation of air/dust/emissions (surface and subsurface) 

Groundwater dermal contact (during excavation) 

Groundwater inhalation of volatile organics (during 
excavation) 

Soil dermal contact (surface) 
Soil ingestion (surface) 

Inhalation of air/dust/emissions (surface) 

Surface waterlsediment dermal contact 

Surface waterlsediment ingestion 
Groundwater dermal contact 

Direct ingestion of groundwater 
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. Inhalation of airldust/emissions (surface) 

Direct ingestion of groundwater 

Groundwater dermal contact (showeringlbathing) 

Inhalation of volatiles in groundwater (showeringlbathing) 

lnhalation of vapors intruding into a building from the 
groundwater 

Receptors 

On-Base Residents (AdultIChildren) 
(future land use)i'' 

Exposure Routes 

Soil dermal contact (surface) 

Soil ingestion (surface) 

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 suriace in future excavation 
projects. 

I Surface waterlsediment dermal contact 

Suriace waterlsediment ingestion 
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Notes 
NA: Not applicable. Not a COPC for this media 
1 -Arithmetic Mean. 
2 - 97.5% Chebyshev(Mean, Std) UCL. 
3 - 99% Chebyshev(Mean, Std) UCL. 
4 - Approximate Gamma 95% UCL. 
5 - 95% Chebyshev(Mean, Std) UCL. 
6 - Maximum detected concentration. 
7 - Student-t UCL. 
8 - H-UCL. 
9 - 95% Chebyshev(MVUE) UCL. 

Chemical 

RAGS Part D tables for the exposure point concentrations are included in Appendix I. 

Surface Water I Sediment 
Gullies 
(ug/L) 

Groundwater 
(uglL) 

Surface 
Soil 

(mglkg) 

Surface1 
Subsurface Soil 

(mqkg) 
Turkey Creek 

(ug1L) 
Gullies 
(mqkg)  

Turkey Creek 
(mgkg) 
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On-Site Adult 
Resident Exposure Parameter 

On-Site Child 
Resident 

Child 
Recreational 

User 

Adult 
Recreational 

User 

Construction 
Worker 

Occupational 
Worker 

Maintenance 
Worker 

Adolescent 
Trespasser 
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Exposure Parameter 

t^ (hourlevent), r (hour), 
and B (un~tless) 

Inhalation of Volatile Emissions from Groundwater 

t' (hourlevent), i (hour). 
and B (unitless) 

Construction 
Worker 

chemical- 
~peci f ic"~'  

Cat, (mglm3) 
lnhR :m31hour) 

ET (hourslday) 

Maintenance 
Worker 

NA 

NA 
NA 
N A 

NA 

Occupational 
Worker 

chemical- 
specific"" 

ca~culated'~~' 

2.5"') 
2'21 

CF (ucm3) 

Child 
Recreational 

User 
chemical- 
specific"" 

Adolescent 
Trespasser 

NA 

N A 
N A 
N A 

N A 
N A 
NA 

chemical- 
specific'12' 

Recreational 

chemical- chemical- chemical- 
specific"" spe~if ic"~' ~peci f ic"~'  

NA 
NA 
NA 

NA 

N A NA 1 E-03 

NA 
NA 
NA 

chemical- 
specif~c"~' 

1 E-03 

~alculated'~" 

0.6'~' 

0 .33 '~~  

chemical- 
~peci f ic"~'  

~a lcu la ted '~ '~  

0.6'~) 

0.33'" 

1 E-03 

chemical- 
specific"" 

1 E-03 

chernical- 
specific"2' 

chemical- 
~peci f ic"~'  

1 E-03 1 E-03 
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Notes: 
A Skin surface area available for contact EF Exposure frequency 
ABS Absorption factor ET Exposure time 
AF Soil-to-skin adherence factor EV Event frequency 

ATc Averaging time for carcinogenic etfects FI Fraction ingested from contaminated source 
AT, Averaging time for non-carcinogenic etfects lnhR Inhalation rate 
B Bunge Model partitioning coefficient IR Ingestion rate (soil or groundwater) 
BW Body weight K~ Permeability coefficient from water through skin 
CF Conversion factor S A Skin surface area available for contact 
CR Contact rate PEF Particulate emission factor 

Cs~wseb Exposure concentration for soillsediment T Lag time 
cgwisw Exposure concentration for groundwaterlsurface water t' Time it takes to reach steady-state conditions 

c,,, Exposure concentration for air S,,I Duration of event 
ED Exposure duration 

1 - U.S. EPA. 2002. Calculating Upper Confidence L~mits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. . . 
2 - Professional judgment. 
3 - U.S. EPA. 1991: Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure Factors. OSWER Directive 9285.6-03 

On-Site Adult 
Resident 

4 - Adoiescents ages 7 to 16 years old. 
5 - U.S. EPA. 1993. Su~erfund's Standard Default Exoosure Factors for the Central Tendency and Reasonable Maximum Exposure. 

On-Site Child 
Resident Exposure Parameter 

6 - S EPA 1989 R s* Assessment G, annce lor S-perf-no Vol 1 rl-man rleam E$a .at.on Man-a . Pan A 
7 .  S EPA 2002 S-DD emenla GL oance lor De$e OD n3 SO Screen nq ~ e . e  s lor Suoerfdno S les OSWER 9365 4-24 , . 
8 -Ground isassumed to be frozen or snow covered 22 weekslyear. 

- 
9 - Assurne two days a month for reasonable maximum exposure and one day a month for central tendency exposure. 
10 -Assume one day a week in warm weather months for reasonable maximum exposure and every other week for central tendency exposure. 
11 - Assurne 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. 2004: Risk Assessment Guidance lor Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. PAJ540iRi991005 
13 -Assume 25 percent of total body surface area is exposed, U.S. EPA, 1997b: Exposure Factors Handbook. EPAJ60018-951002FA. 
14 - Assume 50 percent of total body surface area is exposed, U.S. €PA, 2004. 
15 -Assume that head, arms, hands, lower legs, and feet are exposed, U.S. EPA, 1997b. 
16 - U.S. EPA, 1996: Soil Screening Guidance: Technical Background Document (PEF values site specific). 
17 - U.S. EPA, 1997: Exposure Factors Handbook. EPAJ60018-951002FA. 
18 -Assume an 8-hour work shift. 
19 - IDEM, 2004: RlSC Technical Guide, January Update. 
20 - VDEQ September 2004. Virginia Department of Environmental Quaiity (VDEQ, online -hnp:liwww.deq.state.va.usibrownfieidweb/vrp.html). 
21 - Foster, S.A. and P.C. Chrostowski, 1987, inhalation Exposure to Volatile Organic Contaminants in the Shower. 
22 - U.S. EPA Region 4, 2000: Supplement Guidance to RAGS: Region 4 Bulletins. 

Construction 
Worker 

Maintenance 
Worker 

Occupational 
Worker 

Child 
Recreational 

User 

Adolescent 
Trespasser 

Adult 
Recreational 

User 
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On-Site Child On-Site Adult 
Recreational Recreational 

Resident Resident 

axlmum or 
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Exposure Parameter 

Inhalation of Volatile Emissions from Groundwater - -- - 
c.,, (mg/m3) v N A N A N A p e d ~ a l c u l a t e d ' ~ ~ '  

lnhR (mvhour) ~ . 5 ~ " '  N A N A N A N A N A 0.6'"' 0.6"" 

ET (hourstday) I .5Calculated'21 N A N A N A N A NA 0.25'~' 0 . 2 5 ' ~ ~  

Construction 
Worker 

Maintenance 
Worker 

Occupational Adolescent 
Worker Trespasser Resident Resident 
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A Skin surface area available for contact EF Ex~osure freauencv . . 
ABS Absorption factor ET ~xbosure time 
AF Soil-to-skin adherence faclor EV Event frequency 
ATc Averaging time for carcinogenic effects Fi Fractlon ingested from contaminated source 

ATn Averaging time for non-carcinogenic effects inhR Inhalalion rate 
B Bunge Model panilioning coefficienl IR Ingestion rate (soil or groundwater) 
BW Body weight K~ Permeability coefficient from water through skin 
CF Conversion factor N A Not applicable 
CR Contact rate S A Skin surface area available for contact 

Csm,vred Exposure concentration for soillsediment PEF Particulate emission factor 

C,,., Exposure concentration for groundwaterlsurface water r Lag time 

cam, Exposure concentration for air I* Time i t  takes to reach steady-state condttions 
ED Exposure duration t.,,,, Duration of event 

UCL Upper confidence limil on arithmetic mean 
1 - U.S. EPA, 2002. Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Siles. OSWER 9285.6-10. 
2 - Professional judgment. 
3 - U.S. EPA. 1993: Superfund's Standard Default Exposure Factors for the Cenlral Tendency and Reasonabie Maximum Exposure. 
4 -Adolescents ages 7 to 16 years old. 
5 - U.S. EPA. 1989: Risk Assessment Guidarce for SuDerfund. Vol 1: Human Health Evaluation Manual. Part A. 

Exposure Parameter 

6 - Central tendency exposure is assumed to be one-helf the reasonable maximum exposure value. 
7 - Ground Is assumed to be frozen or snow covered 22 weeks per year. 

Notes: 

Occupational 
Worker 

8 -Assume 2 davs a month for RME and one dav a month for CTE. 

Construction 
Worker 

9 - Assume I oa, a wee* n narm weatner montns for RME an0 erer) olher nee* for CTE 
10 . Ass~rne 2 oavs a nee* ~n warm neather mcnths for RME and one oa, a wee* for CTE 

Adolescent 
Trespasser 

Maintenance 
Worker 

11 - U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Pan E. ~upplemental Guidance for Dermal Risk Assessment) Final. PN540lR/99/005. 
12 - Assume 25 percent of total body surface area is exposed. U.S. EPA, 1997b: Exposure Faclors Handbook. EPAi60018-951002FA. 
13 . Assume 50 Dercent of total bodv surface area is ex~osed. U.S. EPA. 2004. 
14 . Assdme 1nal neao arms. hanos. owe1 lays an0 fe.4 are exposad ,- S FPA 1997b. 
15. L S EPA 1996 So I Screen.ng GL~oance T e c n ~  ca Bac*gro~no Doc~ment PEF r a  Les s te Spec f c, 
16 - U.S. EPA, 1997: Exposure  actors Handbook. ~ ~ ~ 6 0 0 / 8 - 9 5 1 0 0 2 ~ ~ .  
17 - U.S. EPA, 1491: Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure Factors. OSWER Directive 9285.6-03. 
18 - Assume an 8-hour work shift. 
19 - U.S. EPA, 2002: Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9365.4-24. 
20 - IDEM, 2004: RlSC Technical Guide, January Update. 
21 - VDEQ Seotember 2004. Viroinia OeDartment of Environmental Qualitv IVDEQ. online -hn~:llw.deo.state.va.usibrownfieldweb/vr~.html~. 

Child 
Recreational 

User 

- ~ ~ , . 
22 - ~os ler .  S.A ana P C. Cnros;ons*, i987 lnha,alion Expos~re lo Vo~a l  e 0rginlc contam,nanls .n l n i  Shoner 
2? . J S EPA Reg on V 2000 S~pp.emenl G- oance 10 RAGS' Reg on 4 B~llet'ns 

Adult 
Recreational 

User 

On-Site Child 
Resident 

On-Site Adult 
Resident 



TABLE 7-23 

CHEMICAL PROPERTIES FOR 
VOLATILIZATION FROM SOIUGROUNDWATER TO OUTDOOR AIR MODELS 

SWMU I 6  (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 

Source: Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites, U.S. EPA, December 2002. 



TABLE 7-24 

INPUTPARAMETERS FOR CALCULATION OF 
THE VOLATILIZPITION FROM SOIL TO OUTDOOR PllR MODELS 
SWMU 16 (CASTHIGH EXPLOSIVES FILVB146 INCINERATOR\ 

NSWC CRANE 
CRANE, INDIANA 

Chemical specific values are presented in Table 7-20 
IDEM, 2004: RlSC Technical Guide, January Update. 
U.S. EPA, 1996: Soil Screening Guidance: iechnical Background Document. EPN540IR95l128. 
U.S. EPA, 2002: Supplemental Guidance lor Developing Soil Screening Levels for Supertund Sites. OSWER 9355.4-24 



TABLE 7-25 

INTERMEDIATE VARIABLES FOR CALCULATING DAIEVENll 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 3 



INTERMEDIATE VARIABLES FOR CALCULATING DA(EVENT) 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 2 OF 3 

Surface Water, 

Sudace Water 

Zinc 6.OE-04 crn/hr 
Sediment 



TABLE 7-25 

INTERMEDIATE VARIABLES FOR CALCULATING DA(EVENT) 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 3 OF 3 

All values from EPA's Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluatton Manual (Part E. Supplemental Guidance for Dermal Risk Assessment) Final, July 2004a 
1 - T(event) Is 2 hr for the construction worker and 0.25 hr for the occupational worker, child and adult recreational user, and child and adult resident for exposures to groundwater. 

T(event) e 2 hr for the construction worker and 4 hr for the occupational worker, child and adult recreational user, and child and adult resident for exposures to surface water. 
FA = Fraction Absorbed Water i. = Time to Reach Steady-State 
Kp = Dermal Permeability Coefficient of Compound in Water B = Dimensionless Ratio of the Permeability Coefficient of a Compound Through the 
T(event) = Event Duration Stratum Corneum Relative to its Permeability Coefficient Across the Viable Epidermis 
Tau = Lag Time NA = Not applicable. 

Chemical of 
Potentisl Concern 

Notes: 

Media Dermal Absorption 
Fraction (soil) 

FA I Kp I T(event) 1 Tau I T' 1 B 
Value I Value I Units I Value 1 Units 1 Value I Units I Value I Units I Value 



TABLE 7-26 

NON-CANCER TOXICITY DATA - ORAUDERMAL 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 2 



TABLE 7-26 

NON-CANCER TOXICITY DATA - ORAUDERMAL 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 2 

Noles: 
1 EPA 20048 R s k  ASSeSSmenl GYdanCBlol Superiund (Pan E. Supplemenfa1 Gudance lor 

Dermal R s k  Assessment) Interim. EPA1540iRi991005. 
2 - Adlusled dermal RID = Oral RID x Oral Absorption Enclency for Dermal 
3 - Walervalue lor cadmlum s llsled. 
4 .  Value 1s 10, melCUlc chlorde. 

Dellnltlons 
CNS = Central Nervous System 
CVS = Cardlovascular system 
EPA 3 3. U S  EPA R ~ g l o n  111 Rsk-Based Concenlialon Table. October 19 2004 

NA = NoI Applcabe 
NOEL = No Observed Enecl Level 

CA EPA Callorna EPA Technical Suppon Document for Descrbng Ava~lable Cancer Pafency Faclorr 

December ZOO2 



TABLE 7-27 

NON-CANCER TOXICITY DATA - INHALATION 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 2 

Inhalation RfC 

d Potential UncertalntyiMaditylng 



TABLE 7-27 

NON-CANCER TOXICITY DATA - INHALATION 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF  2 

Chemical Inhalation RIC Extrapolated RID"' Comblned RIC : Target Organ(s) 

01 Potential UncertaintylModilying 

Notes: 
1 - Extrapolated RID = RfC '20m3/day 170 kg 

Defnitans: 

CNS = Central Nelvaus System 

EPA 3 = U.S. EPA Region 3 RBC Table, October 19.2004. 

HEAST= Health Etlects Assessment Summary Tables 

IRIS = Inlegrated Risk Information System 

NA = Not Applicable 

NCEA = National Center tar Environmental Assessment 

CA EPA = California EPA. Technical Support Document lor Describing Available Cancer Potency Factors. 

December 2002. 



TABLE 7-28 

CANCER TOXICITY DATA - ORAUDERMAL 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 2 

Oral Cancer Slope Factor Oral CSF 
of Potential Cancer Guideline 



TABLE 7-28 

CANCER TOXICITY DATA - ORAUDERMAL 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 2 

Cancer Guideline 

Notes: €PA Group: 
1 - U.S. EPA, 2004a: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance A - Human carcinogen. 

for Dermal Risk Assessment) interim. EPN5401Rl991005. B1 -Probable human carcinogen - indicates that limited human data are available. 
2 - Adjusted cancer slope factor for dermal = 02 - Probable human carcinogen - indicates suHicient evidence in animals and 

Oral cancer slope factor x Orai Absorption Eflic8ency for Dermal. inadequate or no evidence in humans. 
C - Possible human carcinogen. 
D - Not classifiable as a human carcinogen. 

EPA 3 = US. EPA Region 3 RBC Table, October 19. 2004. E - Evidence of noncarcinogenicity. 

EPA(1) = U S .  EPA. Provisional Guidance for Quantitative Risk Assessment of Polycyclic Aromatic Hydrocarbons. July 1993, EPN600lR-931089. 

IRIS = Integrated Risk Information System. 

NA = Not Available. 

CA EPA = California EPA, Technical Support Document for Describing Available Cancer Potency Factors, December 2002. 



TABLE 7-29 

CANCER TOXICITY DATA - INHALATION 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 3 

Inhalation Cancer Weight of Evidence1 Unit Risk : Inhalation CSF 

of Potential Cancer Guideline 



TABLE 7-29 

CANCER TOXICITY DATA - INHALATION 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 3 

Unit Risk Inhalation Cancer Weight of Evidence1 Unit Risk : Inhalation CSF 

of Potential Cancer Guideline 



TABLE 7-29 

Notes: EPA Group: 

1 - Inhalation CSF = Unit Risk ' 70 kg / 20m3/day. A - Human carcinogen. 

81 - Probable human carcinogen -indicates that limited human data are available. 

82 - Probable human carcinogen - indicates sufficient evidence in animals and 
Definitions: inadequate or no evidence in humans 

IRIS = Integrated Risk Information System. C - Possible human carcinogen. 
NA = Not Available. D - Not classifiable as a human carcinogen. 

NCEA = National Center for Environmental Assessment E - Evidence of noncarcinogenlcity. 
EPA 3 = U.S. EPA Region 3 RBC Table, October 19. 2004. 

CA EPA = California EPA. Technical Support Document for Describing Available Cancer Potency Factors, December 2002. 

CANCER TOXICITY DATA - INHALATION 
NSWC CRANE 

CRANE, INDIANA 
PAGE 3 OF 3 

Chemical 

o f  Potential 

Concern 

Unit Risk 

Value Units 

Inhalation Cancer 
Slope  actor"' 

Weight of Evidence1 

Cancer Guideline 

Description Value Units 

Unit Risk : Inhalation CSF 

Source(s) Date@) 

(MMIDDNYYY) 



TABLE 7-30 

SUMMARY OF CANCER RISKS AhD HbZARD NDICES 
REAS0hAB.E MAXIMUM EXPOSURES 

SWMU 16 (CAST HIGd EXPLOSIVES F.LbBl46 INC NERATORI 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 6 

Receptor Media Exposure Cancer Chemicals with Chemicsle with Chemicals with 
Cancer Risks Cancer Risk6 

Dibenro a,h anthracene. 



TABLE 740 

Receptor Media Exposure Cancer Chemical. wdth Chemicals with Chemi~ale with 
Rove  Riak Cancer Risks Csncer Risk8 Contributing to an 

> lo4 > 10- and 5 lo4 



TABLE 7-30 

SUMMARY OF CANCER RISKS AND HAZARD INDICES 
REASONABLE MAXIMUM EXPOSURES 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 3 OF 6 

Chemisels with Chemissla with 
Cancer Riaka Cancer Risks 

Trichloroslhene 



TABLE 7-30 

SUMMARY OF CANCER RISKS AND HAZARD INDICES 
REASONABLEMmIMUMEXPOSURES 

SWMU 16 (CAST HIGH EXPLOSIVES FILUBl46 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 4 OF 6 

Receptor r 
Chlld Residents 

Groundwater 

Surface Water - Gullhes 

Ingeslion 

Dermal Contan 

Inhalation 

lnc~denlal lnqssl~on 
Dermal Contact 

ITotal 

Te l la~h lo r~dh~ne ,  RDX, 
Arsenic 

Chemicals 
Contributing toan 

HI > 1 

. . 

. . 

. . 

. . 

CIS-1 .2-Dichloroelhene, 

Media 

Surface Sol1 

3E-03 

Surface Water - TulXey Creek 

3E-03 

1E-04 

4E-04 

T!ichloroethene, 
Vinyl Chloride 

lnc~denlal Ingestion 
Dermal Contacf 
T-+>, 

~i~.l .2-Di~hlometh~ne. 
Carbon Telrachlonds. 

Trichloroelhene. 
Vinyl Chloride. Aluminum, 

Arsenic, Iron, Lithium, 
Manganese, Vanadium, 

2.hino-4,6-Dinilr0l0i~ene 
4-Amin0-2.6-Dlnitr0toI1ene 

Expollure 
RouLB 

lncldemal Ingestion 

Dermal Comacf 
Inhalation 

Total 

1.1.2.2-Tetrachtoroelhane. 
1,2-Di~hlor0e1hane. 

1.1.2-Tti~hlor~elhane, 
Carbon Telrachlotide 

TricMaraelhene, 
vinyl chloride 

. . 
Tnchloroethene 

57 

Cencer 
Risk 

4E-05 

1E-05 
1 E-06 

5E.05 

9E-08 
6E-09 
1 E-07 
2E-06 
3E-07 
2E-06 
4E-06 
6E-07 
4E-06 
,G~nQ 

Telrachloroelhene, RDX, 
~rsenic  

Trichlor~ether~ 

. . 

H m r d  
Center Riake Index 

> lo4  and r 10' 

BeNo(a)anthracene. 
BenroiblWuoranlhene. 

2 
Dtberua(a.hlainhracBne, 

Arsenic 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

1.1.2.2-Tetrachloroethane, 
1.1.2-Tri~hloroelhane. 
Carbon Telrachlonde 

Telrachloroelhen~. 
Vinyl Chionde 

1,1,2-Ttichloraelhene 

a" 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Betuoiajpyrene 

1 

5 

Trichloroelhene. 
Vinyl Chloride, .Aluminum, 

Arsenic. Iron. Lilhium. 
Manganese. Vanadium, 

2-Amin0.4.6-0ini110101Uene 

. . 

Tnchloroethene 

. . 

. . 

. . 
Arsenic 
. . 

Arsenic 
Arsenic 
. . 

Arsenic 

Bemo(a)wrene 
. . 

Benro(a)amhraeene. 
Beru~(b)n~~lanthene, 

Dlberu~(a.h)anlhraCs~e. 
Amsnlc 

0.02 
0.03 

2 

0.04 
0.06 
0.1 
0.5 
001 
0.5 
0.6 
0.02 
0.6 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 



TABLE 7-30 

1 I I 1 Arsenic I I 
Dermal Contact I 7E.06 ( . . . . Benro(a)pyrene 1 0.003 1 . . 
inhalation I IE-08 I . . I . . I . . 1 0.008 1 . . 

I I Benzola)pvrene, I 

SUMMARY OF CANCER RISKS AND HAZARD iNDlCES 
REASONABLE MAXIMUM EXPOSURES 

SWMU 16 (CAST HIGH EXPLOSiVES FILUB146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 5 OF 6 

Receptor 

.. ,,-,- ,*., "" ", I 4E.03 I Ttichioroelhene, I Tetrachioioethene, RDX, I 1.2-Dichloroelhme, Trichloroelhens, Iran, 
Total Vinyl Chloride Arsenic 1.1,2-TnchIoroelhane, Manganese 

Groundwater 

Media 

Ingestion 

Dermal Contact 
Inhalation 

Surface Water - Gullies 

Surface Water - Turkey Creek 

ITotal Ali Media I 4E-03 I 1 17 1 

Adult Residents 

Sediment - Gullies 

Sediment -Turkey Creek 

. . 

Expoeure 
Route 

3E-03 

3E-04 
4E-04 

Incidental ingestion 
Dermal Contact 
Total 
lncidentai ingestion 
Dermal Contact 

Chamicsie with 
Cancar Risks 

.lo4 

Cancer 
Rivk 

Sudace Sol 

Inndental lnqestian 
Dermal Contact 
Total 
incidental Ingestion 
Dermal Contact 

Chemical8 with 
Cancer Riek11 Cancer Risks Contributing to  an 

. i ~ " ~ ~ d s i o '  HI . 1 

. . 

Trichior~elhene. 
V i ~ l  Chloride 

Tri~hloroethene 
Ttichlorcethene 

1E-07 
2E-07 
3E-07 
2E-08 
1E-08 

Incidental Ingestion 

- ,  -- -- 
7E.07 
2E-07 
9E-07 
2E-06 
4E-07 

Bema(a)pyrene, 
Dtbemo(a,h)anthracene, 2E-05 

Telrachloroethene, RDX, 
Arsenic 

Tetrachloroethene 
. . 

. . 

. . 

. . 

. . 

. . 
" - A  

- .  , .- -. . ~~~ ~ 

. . 

. . 

. . 

. . 

. . 
n "" 

- 

0.2 

Arsenic 
1,1.2.2-Telrachloroelhane. 

i,1,2-Ttichlorcelhane. 
Carbon Tetrachloride 

Vinyl Chloride 
1 .i .2-Ttichloroethane , , 1 i.T.tr.rhlnm.thlncl 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

15 

0.7 
1 0  

Carbon Tetrachlotide 
. . 
. . 
. . 
. . 
. . 

Tnchioioelhene, Iron. 
Manganese 

. . 

. . 

. . 

. . 

. . 
ArseGc 
. . 

0.005 
0.05 
0.06 

0.002 
0.04 

. . 

. . 

. . 

. . 

. . 

0.06 
0.002 
0.06 
0.06 
0.003 

. . 

. . 

. . 

. . 

. . 



TABLE 7-30 

SUMMARY OF CANCER RISKS AND HAZARD INDICES 
REASONABLE MAXIMUM EXPOSURES 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 6 OF 6 

Media Exposure Cancer Chemicals Chemicola 
Route Risk Cancer Risks Cancer Riske Cancer Risks Index Contributing 10 an 

> l o 4  > 106and < l o 4  > 10' ends lo4  

- - 
Bema(a)amhracene. 

L~lelong Residenls . . Bema(b)fluoranthene, . . 
(Chlld and Aduil) Dibema(a.h)anlhracene. 

Anenic 

Dermal Cornan 2E-05 . . . . NA . . Benzo(a)pyrene, 
Dibenzo(a,h)anthracene 

inhalation 3E.08 . . . . . . NA . . 
B~nz~(a)amhraCene. 

7E-05 . . 
Benzo(b)Uuoranthene, 

Total aema(a)py'ene' Arsenic NA . . D~b~rna(a.h)amhracene, 
Indsno(l.2.3-cd)pyrene 

1,1,2-Tnchlomethane, 
1.1.2.2-Telrachloraethane. 

lngenion 6E-03 NA . . 
Tr~chloraethene. 

Tetrachloroethene, ROX, 
1.2-Dichlaroelhane. Benzene. 

Vlnyl Chloride 
Arsenic 

Bromedichlommelhane, 
Carbon Tetrachloride. 

0 e m d  Contact 5E-04 T"h1oroelhene 
Tetrachloroethene. . . 

NA . . 
Vinyl Chlonds 

Inhalation BE.04 Tnchloroelhene . . 1.1.2-Tnchl0r0eIhane. . . 
Chlorofom. Vlnyl Chlonde 

NA 

1.1.2.2-Teliachloroelhane. 

Carbon Tetrachloride. 



TABLE 7-31 

SUMMARY OF CANCER RISKS AND HAZARD INDICES 
CENTRAL TENDENCY EXPOSURES 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals wlth 
Route Risk Cancer Rtsks Cancel Risks Cancer Risks Contributing lo an 

> lo4 > 1w6and < lod  > lodand<1w6  



SUMMARY OF CANCER RISKS AND HAZARD INDICES 
CENTRALTENDENCYEXPOSURES 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
PAGE 2 OF 6 

Chemical8 with Chernieela 
Contributing to en 



TABLE 7-31 

SUMMARY OF CANCER RISKS AND H U R D  INDICES 
CENTRALTENDENCYEXPOSURES 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 
NSWC CRANE -. - 

CRANE, INDIANA 
PAGE 3 OF 6 

Receptor Media Chemicals with Chemicals with 



TABLE 7 3 1  

Medla EXp08Ure Cancer Chemisaia with Chemicals with Chemicale wiUl Hazard Chemicaie 
Route Riek Cancer Risk* Cancer Risk8 Cancer Risks index Contributing laan 

> 1 1  i04 > 1 0 ~ a n d i l 0 ~  > i O d a n d i l o d  I HI 
-- 

Child Residents 



TABLE 7 3 1  

- - -  

CRANE. INDIANA 
PAGE 5 OF 6 

Receptor Chemicsia with 
Cancer Risks 

> lO1ands tO~s  

Hazard Chemicals 
index Contributing to an 

H I > l  

Media EIIp06Ule 
Route 

Chemicals with 
Cancer Riaka 

> 10~'and s lo4  

Cancer 
Riek 

Chemicals with 
Cancer Risks 

s lo' 



TABLE 7 4 1  

SUMMARY OF CAhCER RISKS AND HAZARD INDICES 
CENTRAL TENDEhCY EXPOSURES 

SWMJ I 6  (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 
NSWC CRANE 

CRANE, INDWNA 
PAGE 6 OF 6 

- 

Receplor Media Exposure Cancer Chemicals with Chemicals with Hazard Chemicals 
Routs Risk Cancer Risks Cencer Riekr Cancer Risks 

> lod > tv 'and < lo4  > lO"and<lWE 

(Child and Adult1 

Sediment - Turkey Creek 
Total 
Incidental Ingestion 
Dermal contact 
Total 
Total Ail Medla 

NA 
NA 
NA 
NA 
NA 

. . 

. . 

. . 

. . 

2E.06 
4E-06 
6 ~ - 0 7  
5E-06 
9E-04 

. . I . . I Arsenic 

. . . . Arsenic 

. . I . . I . . 

. . . . Arsenic 



TABLE 7-32 

INORGANIC RETAINED AS COPCs INCLUDING BACKGROUND ANALYSIS 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

Ground Water Surface Waler Sediment 
Subsurface 

Surface Soil 
Soil Middle Aquifer Lower and Gully Turkey Creek Gully Turkey Creek 

Valley Aquifers 

Notes 
B - Indicates that chemical was present at concentration exceeding screening levels but were within background levels, 
X - Indicates chemical was retained as a COPC. 



TABLE 7-33 

SUMMARY OF CANCER RISKS AND HPZARD INDICES 
REASONABLE MAXIMUM EXPOSURES - EXCLUDING BACKGROUNO 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 6 

Chemicals with 
Cancer Riska Contribvting to an 

r l O d ~ n d ~ l O '  

O ~ ~ ~ p a l l o n a l  Worker 

. . Trlchloi~~lhene 0.03 . . I ncnioroernsne. 
Vinyl Chloride 

TrichIoroBthene, 
,,:-.., pLt-2A- Tetrachloroethane 1.1.2-Trichloroelhane. RDX 2 . . i 

latal z~.u, . . I . . . . . ,  . . . / Oibenzo(a,h)anlhracene 1 V'09 1 

SurfeceISubsurIacs Soil Incidental lnoeslian 7E-07 . . . . . . 0.2 . . 
D e n ~ l  Contact 3E-07 . . . . . . 0000001 . . 
Inhalalion 9E-09 . . . . . . . . 
Tola1 1 E-06 . . . . . . 0.2 . . 

Groundwater Dermal Coman 3E-06 . . . . Trichloroetkne 0.07 . . 
Inhalalion 2E-06 . . . . Ttimloroelhene 0 1 . . 
T..,-, c c ~ n z  . . ~ ~ T&.h,".-*k""* n ,  

Surface Sol1 l~cldemal InaeStlan I YE-06 I . . 1 . . 1 Benzo(a1pyrene 1 009  I . . 
Oenal  Comact 1 0E.06 1 . . . . Benro l8)~~rene 1 0000001 ( . . 
lnhalatlon I 5E-09 1 . . 1 . . I . . 1 00001 1 . . 

Groundwafer 
- . .  . 

2 Incidental lngeslion 1 1 E.03 ( Trichloroe'hene' I Telrachloroethane Vinyl Chloride 
. . 1,1,2.Trichloroelhane. RDX 



TABLE 7-33 

SUMMARY OF CANCER RISKS AND HAZARD INDICES 
REASONABLE MAXIMUM EXPOSURES - EXCLUDING BACKGROUND 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
PAGE 2 OF 6 

Receptor Media EXP06Uro Cancer Chemical6 with 
Route Risk 

> 1 0 ~ a n d ~ 1 0 ~  

L I . . I . . I . . 1 0.04 1 . . I 



CRANE, INDIANA 
PAGE 3 OF 6 

Recaptor I Media Exposure Cancer Cherni~ala wilh Chemical8 with Charnicals with Hamrd Chernicala 
Route Risk Cancer Riaka Cancar Risk. Cancer Risks Index Contributing to an 

> 10. > 1Odand < lod  > iodand s lod H i > !  



TABLE 7-33 

SUMMARY OF CPNCER RISKSAND HAZARD INDICES 
REASONABLE MAXIMUM EXPOSURES - EXCLUDING BACKGROUND 

SWMU I 6  (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIPNA 
PAGE 4 OF 6 

Receptor Media Chemicals wilh Chemical8 with Chemical. 

I Routs Cancer Rirka Censer Rieks Contributing to  an 
>1WLend i1o4  > 10-and i 10.' 

Bemo(b1fluoranlhene. 

1.1.2.2-Tebachi0r~elh~n~. Trichloroe~hene, 

Camon Tetrachlonde 

Carbon Tetrachlonde, 
1.1.2.2-Telrachi~r~elhane, 

1.2-Dichloroethane, 
Tnchloroethene. 

V~nyl Chlo!idd, Iron. 



SUMMARY OF C m C E R  RISKS N.0 HAZARD IN0  CES 
REASONABLE MPIXlMUM EXPOSURES - EXCLUDlhG BACKGROUND 

SWMU 1G (CAST HlGn EXPLOSiVES FI-UB146 INCIhERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 5 OF 6 

Media ChemlEel6 with Chemi~ala with Chemical. 
Route Cancer Risks Cencer Risk* Conlributing lo  an 

> l o ' a n d r  ID* > 1 0 ~ a n d i 1 0 '  



Groundwater 

TABLE 7.33 

SUMMARY OF CANCER RISKS AND nunno INDICES 
REASONABLE MkXlMUM EXWSURES - EXCLUDING BACKGROUND 

SWMU 16 (CAST HIGH EXPLOSIVES FLUB146 INCINERATOR) 
NSWC CRbNE 

CRANE, INDIANA 
PAGE 6 OF 6 

lngestlon 
Tnchoroethene, 1.1,2.Tri~hloroethane, 1.2-Dichloroethane, Bemsne, 

Tetrachlaroelhene Bromodichloromethane. 
Carbon Tetrachloride, I " I NA I 

Receptor 

Dermal Contact 5E-04 Trichlaroethene 
Telrachloroethene. . . NA . . 

Vinyl Chloride 

BE-04 Tnchloroelhene . . 1.1.2-Tnchloroethane. . . 

1.1.2-Tnchlor~~lhane. 
1.2-Dlchloroethane, Bemene. 

Total I 7r.03 1 Trchhroethene, 
Vinyl Chlonde Tetrachloioelhene, RDX B ~ ~ ~ ~ ~ 9 ~ , " C ~ ~ 2  1 

Media 

Notes: 
NC - Not ~ a l c ~ a l e d ,  no carcrnogenic COPCs were identihedfar this media. 

Exposure 
Route 

Benzo(a/anthracene. 
Bema(b)Ruoranthene. 

Dlbenzo/a,h)anthracene 
Benzo(a)pyrene, 

Dtbem'a(a.h)anlhracBne 
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Lifelong Residents 
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TABLE 7-34 

SUMMARY OF OCCUPATIONAL WORKERS CANCER RISKS AND HAZARDS INDICES FOR EXPOSURES TO SUBSURFACE SOIL 
SWMU 16 (CAST HIGH EXPLOSIVES FILUBI46 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

1 1 1 Incremental Lifetime Cancer Risk (ILCR) I Estimated Non-Carcinogenic Hazard Quotient (HQ) I 
CAS 
Number 

Taraet Oraan Hls 

I I I I 1 I I I I 

Volatile Organic Compounds 
1 79-01-6 ITrichloroethene I 1.43 1 0.1 1 I 1 .E-05 1 Liver 1 110 I 0.01 
Inorganics 

Total Liver HI = 
Total Central Nervous System (CNS) HI = 

Total Skin HI = 
Total Card~ovascular System (CVS) HI = 0.02 

Total Kidney HI = 
Total None Available (NA) HI = 0.06 

Footnotes: 
1 - Exposure Point Concentration (EPC) is the 95 percent UCL calculated accord~ng to U.S. EPA's ProUCL guidance. 
2 - U.S. Region 9 Preliminary Remediation Goals (PRGs), October 2004, Updated December 28, 2004. 
3 - Primary Target Organs are from IRIS and NCEA. 
4 - NA(4) - Not applicable. The U.S. EPA has not established a cancer slope factor (CSF) for this chemical. 

Chemical 

0.01 
0.02 
0.06 
0.008 
0.02 
0.1 

920000 
260 

31 0000 
19000 
1000 

CNS 
Skin, CVS 

NA 
CNS 

Kidney 

Primary Target 
Estimated lLCR 

. 

EPC(" 

(mglkg) 

-- 
4.E-06 
.. 
.- 
.- 

PRG. ~nd~s t r i a l ' ~ '  Estimated HO PRG - lndustr ia~(~) 

(mg/kg) 

Total HI Total Cancer Risk 

NA '~ )  
1.6 

NA") 
N A ' ~ '  
NA'" 

7 organs'" 1-7 (mg/kg) 

2.E-05 

12668 
5.71 

19793 
148 
24.8 

7429-90-5 
7440-3&2 
7439-89-6 
7439-96-5 
7440-62-2 

Aluminum 
Arsenic 
iron 
Manganese 
Vanadium 



TABLE 7-35 

SUMMARY OF HYPOTHETICAL FUTURE RESIDENT CANCER RISKS AND HAZARDS INDICES FOR EXPOSURES TO SUBSURFACE SOIL 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

Taraet Oraan Hls 

CAS 
Number 

Inorganic5 

Total Liver HI = 0.089 
Total Central Nervous System (CNS) HI = 

Total Skin HI = 
Total Cardiovascular System (CVS) Hi = 0.3 

Volatile Organic Compounds 
79-01-6 l~richloroethene I 1.43 1 0.053 I 3.E-05 I Liver I 16 I 0.09 

Incremental Lifetime Cancer Risk (ILCR) 

Chemical 
Estimated ILCR 

Estimated Non-Carcinogenic Hazard Quotient (HQ) 

Total Kidney HI = 
Total None Available (NA) HI = 

Primary Target 
~ r g a n s " '  

0.2 
0.3 
t 

0.1 
0.3 
2 

Footnotes: 
1 - Exposure Point Concentration (EPC) is the 95 percent UCL calculated according to U.S. EPA's ProUCL guidance. 
2 - U.S. Region 9 Preliminary Remediation Goals (PRGs), October 2004, Updated December 28, 2004. 
3 - Primary Target Organs are from IRIS and NCEA. 
4 - NA(4) - Not applicable. The U.S. EPA has not established a cancer slope factor (CSF) lor this chemical. 
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Total HI Total Carcinogenic Risk 

~ * 4 )  

0.39 
NA'~ '  
NA'~' 
NA'" 

Alum~num 
Arsenic 
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Manganese 
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4.E-05 
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1 .E-05 
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TABLE 7-36 

SUMMARY OF CANCER RISKS AND HAZARD INDICES 
VAPOR INTRUSION MODELING 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 

Carbon Tetrachloride 

NA - No toxicity criteria available. 
Printouts for the vapor intrusion modeling are presented in Appendix I. 



TABLE 7-37 

SUMMARY OF CONCLUSIONS 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 5 

Chemical of concern"' I Impact on Human Receptors Comments 
SURFACE SOlL 

lBenzo(a)anthracene Child Resident ILCR = 3E-06 
Lifelong Resident ILCR = 4E-06 
l0ccupational Worker ILCR = 1 E-05 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Arsenic 

Dibenzo(a.h)anthracene 

Child Resident ILCR = 1 E-05 
Adult Resident ILCR = 5E-06 

~h i ld~ecreat iona l  User ILCR = 3E-06 
Adult Recreational User ILCR = 2E-06 
Lifelong Recreational User ILCR = 4E-06 
Child Resident ILCR = 3E-05 
Adult Resident ILCR = 1 E-05 
Lifelong Resident ILCR = 4E-05 
Child Resident ILCR = 3E-06 
Lifelong Resident ILCR = 4E-06 
Occu~ational Worker ILCR = 2E-06 
~h i l d '~es iden t  ILCR = 5E-06 
Adult Resident ILCR = 2E-06 
Lifelong Resident ILCR = 7E-06 
Occupational Worker ILCR = 4E-06 

Concentrations of arsenic are within base-wide background levels 
Recommend no further action. 

Concentrations of benzo(a)anthracene. benzo(b)fluoranthene, and 
dibenzo(a,h)anthracene only exceeded the screening criteria in sample 
16SS0030002. Concentrations of benzo(a)pyrene only exceeded the 
screening criteria in samples 16SS0010002 and 16SS0030002. These 
samples are located under asphalt; therefore it is unlikely that a receptor 
would be exposed to soil at these locations under current conditions. 
Recommend no further action. 

 i if el on^ Resident ILCR = 2E-05 
SURFACUSUBSURFACE SOlL 

minum are within base-wide background levels. '~ luminum 

Manganese r er action. 
.nganese are within base-wide background levels. 

Construction Worker HO = 1 

Construction Worker HO = 2 

Concentrations of alu 
Recommend no furth~ 
Concentrations of ma 
nnrnmmonri nn f, lrth, , ,, .,--, , ,, , ,,, ,, . ., ,,, ,, ,er action. 

GROUNDWATER 
1,1,2.2-Tetrachloroethane Child Resident ILCR = 3E-06 

Adult Resident ILCR = 4E-06 
Lifelong Resident ILCR = 7E-06 

1,1,2,2-Tetrachloroethane was only detected in 2 of 23 groundwater 
samples. Recommend no further action. 



TABLE 7-37 

SUMMARY OF CONCLUSIONS 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 2 OF 5 

Chemical of concern(') 
1,1,2-Trichloroethane 

l,2-Dichloroethane 

Benzene 

Bromodichloromethane 

Carbon Tetrachloride 

Chloroform 

cis-l,2-Dichloroethene 
Tetrachloroethene 

Impact on Human Receptors 
Occupational Worker ILCR = 4E-06 
Lifelong Recreational User ILCR = 2E-06 
Child Resident ILCR = 1 E-05 
Adult Resident iLCR = 1E-05 
Lifelong Resident ILCR = 2E-05 
Child Resident ILCR = 2E-06 
Adult Resident iLCR = 2E-06 
Lifelong Resident ILCR = 3E-06 

Lifelong Resident ILCR = 2E-06 

Lifelong Resident ILCR = 2E-06 

Child Resident ILCR = 3E-06 
Child Resident HQ = 0.5 
Adult Resident lLCR = 4E-06 
Lifelong Resident ILCR = 7E-06 

Lifelong Resident ILCR = 2E-06 

Child Resident HQ = 3 
Occupational Worker ILCR = 2E-05 
Child Recreational User ILCR = 5E-06 
Adult Recreational User lLCR= 6E-06 
Lifelong Recreational User ILCR = 1 E-05 
Child Resident ILCR = 6505  
Adult Resident ILCR = 8E-05 
Lifelong Resident ILCR = 1 E-04 

Comments 

Concentrations of 1,l.Z-trichioroethane exceeded the U.S. EPA MCL and 
IDEM default closure level in six groundwater samples. Proceed to CMS. 

1,2-Dichloroethane was only detected in 2 of 23 groundwater samples and 
the detected concentrations were less than the U.S. EPA MCL and IDEM 
default closure level. Recommend no further action. 
Detected concentrations of benzene were less than the U.S. EPA MCL and 
IDEM default closure level. Recommend no further action. 

Detected concentrations of bromodichloromethane were less than the US. 
EPA MCL and IDEM default closure level. Recommend no further action. 

Concentrations of carbon tetrachloride exceeded the U.S. EPA MCL and 
IDEM default closure level in three groundwater samples. Proceed to 
CMS. 

Detected concentrations of chloroform were less than the U.S. EPA MCL 
and IDEM default closure level. Recommend no further action. 
Proceed to CMS. 

Proceed to CMS. 



TABLE 7-37 

SUMMARY OF CONCLUSIONS 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 3 OF5 

Chemical of concern"' 1 Impact on Human Receptors Comments 
richloroethene loccu~ational Worker ILCR = 1 E-03 I 

~onsiruction Worker ILCR = 5 ~ - 0 6  
Child Recreational User ILCR = 2E-04 
Adult Recreational User ILCR = 2E-04 
Lifelong Recreational User ILCR = 4E-04 
Child Resident ILCR = 3E-03 

IProceed to CMS. 

Child Resident HQ = 9 
Adult Resident ILCR = 3E-03 
Adult Resident HQ = 2 

 ifel el on^ Resident ILCR = 6E-03 
inyl Chloride loccupational Worker ILCR = 1E-04 

Child Recreational User ILCR = 3E-05 
Adult Recreational User ILCR = 3E-05 
Lifelong Recreational User ILCR = 6E-05 
Child Resident ILCR = 3E-04 
Child Resident HQ = 0.8 
Adult Resident ILCR = 4E-04 

Concentrations of vinyl chloride exceeded the U.S. EPA MCL and IDEM 
default closure level in three groundwater samples. Proceed to CMS. 

.Amino-4,6-Dinitrotoluene 

.Amino-2.6-Dinitrotoluene 

DX 

- 

Child Resident HQ = 0.6 

Child Resident HQ = 0.4 

Occupational Worker ILCR = 1 E-05 

uminum 

Concentrations of 2-amino-4,6-dinitrotoluene exceeded the U.S. EPA 
Region 9 PRG in only one groundwater sample. Proceed to CMS. 
Concentrations of 4-amino-2.6-dinitrotoluene exceeded the U.S. EPA 
Region 9 PRG in only one groundwater sample. Proceed to CMS. 

Child Recreational User ILCR = 2E-06 
Adult Recreational User ILCR = 2E-06 
Lifelong Recreational User ILCR = 4E-06 
Child Resident ILCR = 2E-05 
Adult Resident ILCR = 3E-05 
Lifelong Resident ILCR = 5E-05 

Recommend no further action. 

Child Resident HQ = 2 Aluminum is not a site related chemical. Recommend no further action. 



TABLE 7-37 

SUMMARY OF CONCLUSIONS 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 4 OF 5 

Comments 

Arsenic is not a site related chemical. Recommend no further action. 

Proceed to CMS. 

Lithium is not a site related chemical. Recommend no further action. 

Manganese is not a site related chemical. Recommend no further action. 

Proceed to CMS. 

Concentrations of arsenic are within base wide background levels. 
Recommend no further action. 

Lead was detected at a maximum concentration of 15,200 mglkg. 
Concentrations 01 lead exceed the OSWER residential screening level of 
400 mglkg in 17 of 31 samples and the industrial screening level of 800 
mgikg in 13 of 31 samples. Proceed to CMS. 

Chemical of concern"' 
Arsenic 

Iron 

Lithium 
Manganese 

Vanadium 
SEDIMENT - GULLIES 

Arsenic 

Lead 

Impact on Human Receptors 
Occupational Worker ILCR = 3E-05 
Child Recreational User ILCR = 6E-06 
Adult Recreational User ILCR = 6E-06 
Lifelong Recreational User ILCR = 1 E-05 
Child Resident ILCR = 7 5 0 5  
Child Resident HQ = 2 
Adult Resident ILCR = 7E-05 
Lifelong Resident ILCR = 1 E-04 
Child Resident HQ = 9 
Adult Resident HQ = 3 
Child Resident HQ = 2 
Occupational Worker HQ = 2 
Child Recreational User HQ = 2 
Child Resident HQ = 20 
Adult Resident HQ = 6 
Child Resident HO = 3 

Child Recreational Users ILCR = 2E-06 
Lifelong Recreational Users ILCR = 3E-06 
Child Residents ILCR = 2506  
Lifelong Residents ILCR = 3E-06 
Hypothetical residents - More than 5 % of children 
are predicted to have blood lead levels greater 
than 10 ug/dL if they are exposed to lead in 
sediments from the gullies more than one day a 
week. 



TABLE 7-37 

SUMMARY OF CONCLUSIONS 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 5 OF 5 

HQ = Hazard Quotient. 
ILCR = Incremental Lifetime Cancer Risk 
(1 )  - Any carcinogenic chemical with an ILCR greater than 1 .OE-6 or a non-carcinogenic 

chemical contributing to target organ hazard indices (HI) greater than 1 .O. 

Chemical of concern"' 1 Impact o n  Human Receptors Comments 
SEDIMENT - TURKEY CREEK 

Arsenic 

Maintenance Workers ILCR = 2E-06 
Child Recreational Users ILCR = 5E-06 
Adult Recreational Users ILCR = 2E-06 
Lifelong Recreational Users ILCR = 7E-06 
Child Residents ILCR = 4E-06 
Adult Residents ILCR = 2E-06 
Lifeionq Residents ILCR = 6E-06 

Concentrations of arsenic are within base-wide background levels. 
Recommend no further action. 
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8.0 ECOLOGICAL RISK ASSESSMENT 

The goal of this SERA for SWMU 16 - Cast High Explosives FilllB146 Incinerator is to evaluate the 

potential for adverse ecological impacts ol site-related contamination. The goal of this SERA was 

accomplished by identifying the COPCs detected at concentrations that exceed screening levels, 

identifying the iocations of these exceedances, and concluding whether or not further investigation and/or 

remedial action at SWMU 16 at NSWC Crane is warranted from an ecological perspective. 

8.1 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). 

Final Guidelines for Ecological Risk Assessment (U.S. EPA, 1998). 

. Ecological Risk Assessment Guidance for Supertund: Process for Designing and Conducting 

Ecological Risk Assessments (U.S. EPA. 1997a). 

This SERA consists of Steps 1, 2, and 3a of the eight ecological risk evaluation steps required by U.S. 

EPA guidance (US. EPA, 1997a and 1998) and the Navy Policy for Conducting ERAS (Navy, 1999). 

These eight steps comprise 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, but it is included in this SERA in accordance with Navy guidance. Steps 3b through 7 are 

conducted if additional evaluations or investigations are necessary. Aspects of 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 in Figure 8-1. In addition, 

Figures 8-2, 8-3, and 8-4 are flow charts that summarize the ERA process that was used to evaluate risks 

for ecological receptors exposed to chemicals to surtace soil, sediment, and surface water, respectively. 

These flow charts are discussed later in this ERA. 

CTO 0343 
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8.2 SCREENING-LEVEL PROBLEM FORMULATION 

The screening-level problem formulation is the first step of the SERA and 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. The problem formulation process enables the risk assessor to identify the 

ecological resources to be protected (known as assessment endpoints); the measurements that will be 

used to evaluate risks to those resources (known as measures of effects); and the chemicals, geographic 

areas, and environmental media relevant to the risk assessment. 

As part of receptor identification, site habitats and potential ecological receptors are described. These 

characteristics, as they apply to ecological risk, are described in the following subsections. 

8.2.1 Environmental Settinq 

8.2.1.1 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 Assessment Study (IAS) 

(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 Resources Heritage Data Center.. 

or the United States Fish and Wildlife Service is summarized in the RCRA Facility Permit (U.S. EPA, 

1995) and below. The following paragraphs briefly summarize the environmental setting at the base. 

Eighty (80) 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 

cononwood. Hillside communities have mostly hickory, white and black oak, red maple, sugar maple, 

tulip poplar, ash, and beech (NEESA, 1983). 

The great variety of habitats at NSWC Crane (i.e., many stages of forest succession, streams, ponds, 

Lake Greenwood, grassy open spaces) lead to great diversity of animal species (NEESA, 1983). Some 

of these species include, but are not limited to, mammals such as white-tailed deer, beaver, coyote, 
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hawks, red fox, rabbits, raccoons, and mice; birds such as ducks, geese, wild turkey, bobwhite quail, red- 

tailed hawks, and American robins; and various amphibians, reptiles, lish, and invertebrates. 

Six main creeks receive drainage in five separate drainage basins at NSWC Crane: Furst Creek, Sulphur 

Creek. Little Sulphur Creek, Boggs Creek, Turkey Creek, and Seed 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 ol  potable water for 

NSWC Crane. Surface water from the facility eventually discharges to the eastern fork of the White River, 

which is located south of the facility. 

Threatened and Endanqered S~ec ies  

The Endangered Species Management Plan for NSWC Crane (Comarco Systems, Inc., 2000) identified 

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 

universities and research institutions. A small subset of these studies include the Inventory of Neotropical 

Migratory Birds, Mist Net and Radiotelemetry Surveys for the lndiana 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 described 

in more detail in the Endangered Species Management Plan (Comarco Systems, Inc., 2000) and below. 

The lndiana bat and bald eagle are the only federally threatened or endangered species at NSWC Crane. 

The bald eagle is not likely present at SWMU 16 due to a lack of vast expanses of open water (i.e., the 

preferred hunting habitat for the bald eagle). Two mist net sites were located in the mainstream tributary 

to Boggs Creek adjacent to SWMU 13; however, no lndiana bats were captured at these two locations 

between May 18 and July 11, 1998. Therefore, although lndiana bats have been captured at 

NSWC Crane, their presence surrounding SWMU 13 has not been documented. 

In addition, a number of state endangered and federal and state species of concern have been listed for 

NSWC Crane (Comarco Systems, Inc., 2000). The state endangered species list for NSWC Crane 

includes two mammals (bobcat and lndiana bat), one reptile (timber rattlesnake), and several birds (bald 

eagle, osprey, loggerhead shrike, yellow-crowned night-heron, Virginia rail, king rail, and Henslow's 

sparrow. The Rare Animals of lndiana 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 larger than 
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that presented in Comarco Systems, Inc. (2000) and is not reiterated here. An internet search was 

conducted and it was verified that the species listed above did not experience a change in status. 

Turkey Creek discharges off-site to Boggs Creek, which eventually discharges to the East Fork of the 

White River. River otters, a state endangered species, are being reintroduced to Indiana. The otters are 

expanding from their original release sites into other watersheds including the East Fork of the White 

River (IDNR, 2000). Also, the East Fork of the White River is the site for an ongoing study of lake 

sturgeon populations, another state endangered species (IDNR, 2000). Finally, spotted darters, a state 

endangered species, has been found in the East Fork of the White River (IDNR, 2000). Note that other 

threatened, endangered, or special concern species also may be present in the water bodies just off-site 

of Crane. as well. 

8.2.1.2 Site Specific Environmental Setting 

Figure 8-5 is an aerial photograph of SWMU 16 and indicates the SWMU boundaries. Appendix J. l  

presents the ecological assessment checklist and a figure presenting the different ecological habitats at 

the SWMU. 

Building 146 (Figure 1-3) is the largest building at SWMU 16, approximately 213 acre in size. The areas 

immediately surrounding Building 146 consist of gravel parking lots and paved road that allows access to 

Building 146. Most grassy areas are located southeast of Building 146. The majority of the SWMU 

surrounding Building 146 consists of heavily forested areas (see Figure 8-5). Surface drainage at 

SWMU 16 is routed via ditches and culverts to intermittent drainage ways that drain to Turkey Creek. 

The drainage ditches at SWMU 16 (which is approximately 16 acres in size) discharge to Turkey Creek. 

The drainage ditches are usually dry and are typically only wet during and immediately after rain events. 

The Turkey Creek waterbody segment was included in the 2004 Indiana Integrated Water Quality 

Monitoring and Assessment Report, but was not assessed because insufficient data or no data was 

available to determine designated state water uses (i.e., aquatic life support, fish consumption, and 

primary contact) (IDEM, 2004). 

Based on the fact that the creek was dry or only had ponded water during some of the sampling events, it 

appears that this portion of Turkey Creek is intermittent. Location 16SDlSW19 and the intermittent gullies 

are typically dry except during heavy rain events; however, during' several site visits water was present 

and there is a possibility of macroinvertebrates at these locations at least during some portions of the 

year. It is not likely that the gullies at SWMU 16 support small fish; however, small fish may be present in 
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Turkey Creek. As previously mentioned portions of Turkey Creek are perennial and support aquatic 

organisms, including fish, year-round. In fact, small fish (2 to 3 inches) were noted in ponded water at 

locations 16SDlSW24 and 16SDlSW25 during Round 3 (see the supplemental sample documentation 

sheets in Appendix C). Appendix A presents photographs of many of the surface water and sediment 

sample locations and from the photographs it can be seen that many locations were dry. 

8.2.2 Contaminants. Ecotoxicitv, and Fate and Trans~or t  

Based on the 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 in SWMU 16: 

Explosives and their degradation products 

s v o c s  

v o c s  

Dioxins 

lnorganics 

8.2.2.1 Physical and Chemical Characteristics 

Physical and chemical characteristics of contaminants may affect their mobility, transport, and 

bioavailability in the environment. These characteristics include bioaccumulation factors (BAFs), organic 

carbon partition coefficients, and octanol-water partition coefficients. The physical and chemical 

characteristics of the different chemical classes present in SWMU 16 media are presented in 

Appendix J.2. 

8.2.3 Potential Exposure Pathwavs 

Section 1.2 of this RFI describes the operational history, deposition mechanisms, and potential 

contaminant migration patterns for SWMU 16. Section 1.3 presents detailed descriptions of previous 

investigations and the potential sources of contamination for SWMU 16. The contaminants from these 

sources may have migrated to soil, sediment, surface water, andlor groundwater via various transport 

pathways (e.g., particulate emissions, runoff, leaks, direct discharge, etc.). 
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8.2.3.1 Surface Soil 

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 are evaluated in the SERA. 

Small mammals may be exposed to contaminants in soil via several exposure routes. They may be 

exposed by direct contact as they search for food 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 transfer of contaminants across 

dermal tissue. Therefore, the dermal pathway was not evaluated in the SERA. Small mammals also may 

be exposed to contaminants in the soil via incidental ingestion of soil and ingestion of plants andlor 

invertebrates that have accumulated contaminants from the soil. These pathways are 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 were not evaluated in the SERA for the reasons discussed in Section 8.2.4.1. 

8.2.3.2 Groundwater 

Ecological receptors are not directly exposed to contaminants in groundwater at the site. Exposure to 

groundwater discharging as a seep or directly to a surface water body represents a complete exposure 

pathway and is evaluated as part of the surface water pathway. 

8.2.3.3 Surface WaterISediment 

As mentioned 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 SWMU 16 via overland flow. 

The aquatic habitat at SWMU 16 consists of small and intermittent gullies that drain SWMU 16 water run- 

off to Turkey Creek. Although the small tributaries are typically wet during rain events only, these gullies 

contribute water and sediments to Turkey Creek. Figure 2-3 shows Turkey Creek and its unnamed 

tributaries. Fish could be exposed to chemical contamination by direct contact with, and ingestion of, 

0205021P 8-6 CTO 0343 



NSWC Crane 
RFI Reporl 

Revision: 0 
Date: June 2005 

Section 8 
Page 7 of 57 

contaminated surface water or sediments. Piscivorous wildlife may consume fish that have accumulated 

chemicals from surface water and sediment; however, it is unlikely that piscivorous wildlife will obtain 

significant portions of their diet lrom these surface water sources because the drainage channels and 

Turkey Creek at SWMU 16 do not support significant populations of fish. Therefore, this exposure 

pathway was not evaluated in this SERA. 

8.2.3.4 Air 

Inhalation of particulates by mammals and birds is not considered a complete pathway at SWMU 16 

because the incinerators at SWMU 16 were closed in the early 1990s; therefore, air should no longer be a 

migration pathway of significance because the furnaces and ash piles have been removed. Also, 

inhalation pathways are not typically evaluated in SERAs because of the uncertainty inherent in 

estimating exposure levels and toxicologicaf effects. Therefore, the air inhalation pathway is not 

evaluated in the SERA. 

8.2.4 Endpoints 

8.2.4.1 Assessment Endpoints 

Assessment endpoints are an explicit expression of the environmental value that is to be protected (US. 

EPA, 1997a). The selection of these endpoints is based on the habitats present, the migration pathways 

of probable contaminants, and the relevant exposure routes for the receptors. 

As already discussed in 8.2.1.2, the habitat at SWMU 16 consists primarily of wooded areas. However, the 

contaminated areas at the SWMU are covered to some extent by roads and Building 146 (see Figure 8-5). 

The drainageways adjacent to the site are intermittent, but they ultimately drain to Turkey Creek. Based on 

the habitats at SWMU 16, 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 

Benthic macroinvertebrates 

Fish 

Amphibians and reptiles 
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The following paragraphs discuss the reasons that the above assessment endpoints were selected for 

evaluation in the SERA. 

Soil Invertebrates: Soil invertebrates are present in the soil at SWMU 16. They aid in the formation of soil 

and the redistribution and decomposition of organic matter in the soil, and they serve as a food source for 

higher trophic-level organisms. They also can accumulate bioaccumulative contaminants that can then 

be transferred to the higher trophic-level organisms that consume soil invertebrates. 

Terrestrial Vegetation: Terrestrial vegetation at SWMU 16 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) forage in some portions of SWMU 16. 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 lnvertebrate-Eating Birds and Mammals: Soil invertebrate-eating birds and mammals are present 

throughout the base in different terrestrial habitats (i.e., forested, open field) and are present at 

SWMU 16. 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 organisms (i.e., fish, amphibians, birds, mammals). Their 

presence in the intermittent drainageways will be ephemeral because of a lack of suitable habitat and 

water flow; however, these receptors are likely present in Turkey Creek during and after heavy rain 

events. Benthic macroinvertebrates can accumulate contaminants that can then be transferred to higher 

trophic-level organisms such as fish in Turkey Creek that consume them. 

Fish: Fish are not present in the drainageways leading away from SWMU 16 because the drainageways 

are usually dry. However, SWMU 16 is located within the Boggs and Turkey Creek Drainage Basin, 

which is one of five drainage basins that carry surface water off the installation. In particular, surface run- 

off at SWMU 16 flows to Turkey Creek, which is a perennial stream that supports fish year-round. Fish in 
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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. Additionally, fish in Turkey Creek may swim upstream into the 

intermittent drainageways at SWMU 16 during higher flow periods. Therefore, in order to be 

conservative, fish in Turkey Creek are evaluated as part of the SERA for the potential migration of 

SWMU 16 surface water and sediment concentrations and the potential migration of fish into the 

intermittent drainageways. 

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, andlor 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 (US. 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 components 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. 

Large carnivorous mammals and birds (e.g., red fox, red-tailed hawk) were not selected as assessment 

endpoints because the greatest exposure to site contaminants is expected to occur to small mammals 

and birds that ingest invertebrates, fish, or plants. Additionally, SWMU 16 represents only a small 

percentage of these large carnivores' home ranges. Conservative data indicates a home range size of 

150 hectares (ha) (370 acres, southern Michigan fields and wood lots) for the red-tailed hawk and 78 ha 

(193 acres, Wisconsin marsh, forests, and prairies) for the red fox (U.S. EPA, 1993). Although SWMU 16 

is approximately 16 acres, the potentially contaminated area that wildlife are exposed to is approximately 

1.7 acres, representing approximately 0.5 percent and 0.9 percent of the home ranges for the hawk and 

fox, respectively. Therefore, by protecting the small mammals and birds, large carnivorous mammals and 

birds will also be protected. The uncertainties associated with not performing food-chain modeling for 

large carnivorous mammals at the site are presented in Section 8.5. 

Omnivores were not selected as assessment endpoints because exposure to contaminants in plants is 

greatest for herbivores and exposure to contaminants in animals is greatest for insectivores. Therefore, 

omnivores will be protected by protecting herbivores and insectivores. 

CTO 0343 



NSWC Crane 
RFI Reporf 

Revision: 0 
Date: June 2005 

Section 8 
Page 10 of 57 

8.2.4.2 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 

were used to evaluate the assessment endpoints in the SERA: 

Soil screening values - Mortality, growth, and reproduction of plants and soil invertebrates are 

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 are evaluated by comparing the estimated dose incurred (based on conservative 

and average assumptions) from ingestion of contaminants in suriace water, sediment, surface soil. 

plants, and invertebrates TRVs. 

Sediment screening values - Mortality and other adverse effects (e.g., growth, feeding rates, and 

behavioral changes) of benthic macroinvertebrates are 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, and 

behavioral changes) of aquatic organisms are evaluated by comparing the measured concentrations 

of chemicals in the suriace water to screening values designed to be protective of ecological 

receptors. 

8.2.4.3 Selection of Receptor Species 

Many receptors in the soil environments at SWMU 16 are typically grouped into general categories such 

as soil invertebrates and vegetation. This is a reflection of the nature of the threshold values, effects 

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 8.2.4.1 was based on considerations of their preferred 

habitat, body size, sensitivity to contaminants, home range, abundance, commercial or sport utilization, 
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legal status, and functional role (e.g., predators). The availability ol exposure parameters such as body 

mass, feeding rate, and drinking rate may also be a factor in selecting surrogate species. The following 

surrogate species were used in the food-chain modeling: 

Herbivorous mammal - meadow vole 

Herbivorous bird - bobwhite quail 

lnsectivorous mammals - short tail shrew 

lnsectivorous bird - American woodcock 

Receptor profiles for each of the species above are presented in Appendix J.3 

8.2.4.4 Conceptual Model 

A conceplual 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). 

The primary sources of known or potential contamination at SWMU 16 were identified based on past 

operational practices and the physical characteristics of the sites. As discussed in Section 1.0, the 

primary sources of contamination have been identified as washdown and wastewater from Building 146, 

incineration furnaces, and ash piles. These contaminants have been released to environmental media 

via washdown and wastewater discharge through floor drains of Building 146 to sumps that emptied into 

the Boggs Creek Watershed, particulate emissions, and runoff from incinerator ash piles; therefore, the 

primary stressors to ecological receptors are contaminants in surface soil, surface water, and sediment. 

The primary receptors for contaminants in surface soil are plants, invertebrates, amphibians and reptiles, 

and secondary receptors are birds and mammals. The primary receptors for contaminants in surface 

water and sediment are fish, amphibians and reptiles, and aquaticlbenthic invertebrates. Figure 8-6 

presents the conceptual site model for SWMU 16. 
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8.3 ECOLOGICAL EFFECTS EVALUATIONISELECTION OF COPCs 

8.3.1 Ecoloqical Effects Evaluation 

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, see Appendix J.l). 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 time (usually mglkglday). 

As the first step in the ecological effects evaluation, COPCs were selected by comparing contaminant 

concentrations in surface water, sediment, and surface soil samples to Region 5 ecological screening 

levels (ESLs) (U.S. EPA, 2003). U.S. EPA has developed Ecological Soil Screening Levels (Eco SSLs) 

for a few chemicals. These values were used in place 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) and U.S. EPA 

Water Quality Criteria (WQC) were considered; however, only the WQC were used in the Step 3a 

evaluation because these values have been more recently updated. The following bullets present the 

rules used in the selection of COPCs: 

A contaminant was retained as a COPC for risks to plants and inverlebrates, aquatic organisms, and 

benthic invertebrates andlor wildlife if the maximum detected concentration exceeded the associated 

ESL (or substituted screening level as described above) in surface soil, surface water, or sediment, 

respectively. Contaminants retained as COPCs are furlher evaluated as part of Step 3a of the eight- 

step ERA process. 

Calcium, magnesium, potassium, and sodium were not retained as COPCs in any medium because 

of their relatively low toxicity to ecological receptors and their high natural variability in concentrations. 

These inorganics are considered essential nutrients. 

Contaminants w~lhout ESLs (or substituted screening levels, as appropr~ate) were retained as COPCs 

for further evaluation as part of Step 3a of the eight-step ERA process. 
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An Ecological Effects Quotient (EEQ) approach was used to characterize the risk to ecological receptors. 

This approach characterizes the potential effects by comparing exposure concentrations with the effects 

data. The EEQs for terrestrial receptors were calculated as follows: 

Css 
EEQ =- 

SSSL 

where: 

Css =Contaminant concentration in surface soil (pglkg or mglkg) 

SSSL = Surface Soil Screening Level (pglkg or mglkg) 

The EEQs for the aquatic receptors were calculated as follows: 

Csw Csd EEQ =---or- 
SWSL SDSL 

where: 

Csw = Contaminant concentration in surface water (pg/L) 

Csd = Contaminant concentration in sediment (pglkg or rnglkg) 

SWSL = Surface Water Screening Level (pg/L) 

SDSL = Sediment Screening Level (pglkg or mgkg) 

An EEQ of greater than 1.0 was considered to indicate potential risk. Such values do not necessarily 

indicate that an effect will occur but only that a low (i.e., conservative) threshold has been exceeded. 

8.3.2 Selection of COPCs at SWMU 16 

As discussed in Section 2.5.1, 66 surface and subsurface soil samples were collected from 41 soil 

borings during Round 1 of the RFI activities. During Round 2, 18 soil samples were collected from 9 soil 

borings and during Round 3, 106 surface and subsurface soil samples were collected from 43 soil 

borings. Twenty-one (21) of the soil samples collected during Round 3 were located within 8146 after 

coring out a 6 inch concrete plug from the building floor. Other samples that were collected during the 

three rounds were not included in the ecological risk evaluation for various reasons. Samples were 

excluded because they were collected from within Building 146 or they were collected under a roadway or 

parking lot. Figure 8-7 shows the surface soil locations included in the ecological COPC selection. 

These locations represent areas where ecological receptors could potentially be exposed to. Samples 

were analyzed for a wide array of chemical fractions: however, after the first round, the analyle list was 
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reduced to inorganics and VOCs because only few detections were observed for chemicals in the other 

analytical fractions. The subsequent sampling rounds were designed to delineate the extent of VOC and 

inorganics contamination in soil and to obtain a refined understanding of the extent of contamination. 

Sediment and surface water samples were collected from intermittent streams, drainageways, and 

surface runoff locations at SWMU 16 during the three rounds of sampling for the RFI. These data were 

separated into gully samples and mainstream samples. Because SWMU 16 sits atop a ridge, gully 

samples were collected to evaluate contaminants migrating from the SWMU into the Turkey Creek 

mainstream that is located at the base of the ridge. The mainstream samples were collected in order to 

evaluate contaminant concentrations that have already migrated from the SWMU and their impacts on 

aquatic receptors. 

8.3.2.1 Surface Soil 

Table 8-1 is the ecological surface soil screening table for SWMU 16. Dioxins, VOCs. SVOCs, 

herbicides, and inorganics data were collected as a part of the RFI investigation. Only sample data 

collected in areas where potential ecological habitat exists were included in Table 8-1 as discussed 

above. The maximum concentrations were used for the initial screening. Chemicals that were selected 

as COPCs for plants, invertebrates, and wildlife have been highlighted in Table 8-1. 

Although samples were analyzed for individual dioxins, the TEQ was used to evaluate risks in surface 

soil. This was done because individual congeners have been found to cause toxic responses similar to 

those caused by tetrachlorodibenzo-p-dioxin (TCDD) and the TEQ accounts for the cumulative effects of 

the individual congeners. Dioxins were retained as COPCs because the TEQ value exceeded the 

2,3,7,8-TCDD ESL. Two SVOCs, and 13 inorganics were selected as COPCs because the maximum 

detected concentrations exceeded associated ESLs. Additionally, six inorganics were selected as 

COPCs for further evaluation in the Step 3a because no criteria are available. 

Dioxin TEQs and nine inorganics in surface soil were included in the food chain model (Section 8.4.2), 

because they are considered bioaccumulative chemicals (US. EPA, 2000) (see Table 8-1). 

8.3.2.2 Sediment 

Table 8-2 is the ecological sediment screening table for gully samples collected at SWMU 16. One VOC, 

three SVOCs, one energetic, and nine inorganics were selected as COPCs because the maximum 
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detected concentrations exceeded associated ESLs. Additionally, 1 VOC, 1 energetic, and 12 inorganics 

were selected as COPCs for further evaluation in Step 3a because no criteria are available. 

Table 8-3 is the ecological sediment screening table for Turkey Creek samples collected at SMWU 16. 

Four inorganics were selected as COPCs because the maximum detected concentrations exceeded 

associated ESLs. Additionally, one VOC and nine inorganics were selected as COPCs for further 

evaluation in Step 3a because no criteria are available. 

8.3.2.3 Surface Water 

Table 8-4 is the ecological surface water screening table for the gully samples collected at SWMU 16. 

Nine inorganics in unfiltered samples and seven dissolved inorganics in filtered samples were selected as 

COPCs because the maximum detected concentrations exceeded associated ESLs. Additionally, all 

explosives, two inorganics in unfiltered samples, two inorganics in filtered samples, and nitritelnitrate-N 

were selected as COPCs for further evaluation in Step 3a because no criteria are available for 

comparison to the maximum concentrations. 

Table 8-5 is the ecological surface water screening table for Turkey Creek samples collected at 

SWMU 16. Four inorganics (aluminum, cadmium, copper, and lead) in unfiltered samples and three 

inorganics (aluminum, cadmium, and copper) in filtered samples were selected as COPCs because the 

maximum detected concentrations exceeded associated ESLs. Additionally, HMX, nitritelnitrate-N, and 

manganese (unfiltered and filtered) were selected as COPCs for further evaluation in Step 3a because no 

criteria are available. 

8.3.2.4 Summary 

A conservative ecological screening on surface soil, sediment, and surface water data collected as part of 

the RFI was conducted at SWMU 16. The chemicals selected as COPCs are evaluated further in the 

Step 3a evaluation. 

In summary, a SERA was performed for SWMU 16. Based on the results of the evaluation, adequate 

information exists to determine that potential risks are possible for receptors exposed to the selected 

COPCs. Also, sampling locations were biased towards areas where the contamination, if present, should 

be detected. Therefore, the SERA is advancing to the Step 3a of the BERA - the refinement of the 

conservative exposure assumptions. 
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8.4 STEP 3A -REFINEMENT OF CONSERVATIVE EXPOSURE ASSUMPTIONS 

Step 3a consists of refining the conservative exposure assumptionslconcentrations when evaluating 

potential risks to ecological receptors (i.e., plants, invertebrates, and wildlife receptors) and re-evaluating 

the analytical data using benchmarks that are more appropriate for the assessment endpoints. The 

objective of the Step 3a refinement was to better define those chemicals that contribute to potentially 

unacceptable levels of ecological risk, and to identify and eliminate from further consideration those 

COPCs that were retained because of the use of very conservative exposure scenarios. 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 COPC in soil based on risks to soil invertebrates, but may 

be retained for evaluating risks to plants or wildlife. Therefore, chemicals are evaluated during Step 3a in 

order of plantstinvertebrates, aquatic receptors, and wildlife. 

Figures 8-2, 8-3, and 8-4 are flow charts that present the ERA process that is used to evaluate risks to 

ecological receptors from chemicals in the soil, sediment, and surface water, respectively. The following 

sections describe the process for further evaluating chemicals initially selected as COPCs in soil, 

sediment, and surface water. 

Surface Soil 

Chemicals that were initially selected as COPCs in surlace soil were carried 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 evaluation was conducted to determine 

whether there are potential risks 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 SSLs are based on risks to mammals or birds, potential risks to plants and invertebrates cannot 

be determined using these values. Therefore, the first step in the Step 3a evaluation was to compare the 

maximum chemical concentration in the soil to "no-effects benchmarks'' for plants and invertebrates such 

as the U.S. €PA Eco-SSLs. Although some of the alternate benchmarks may be based on effects 

concentrations such as EC2& samples with chemical concentrations less than the "no-effects 

benchmarks" are not expected to have significant effects. The following bullets outline decisions that 

were made based on this comparison: 



NSWC Crane 
RFI Repoll 

Revision: 0 
Date: June 2005 

Section 8 
Page 17 of 57 

If the concentration was less than the no-effects benchmark, it was concluded that the chemical is not 

causing an unacceptable risk to that receptor group and the chemical was not evaluated further in 

Step 3a. 

. If the chemical concentration was greater than the no-effects benchmark (or the chemical does not 

have a no-effects benchmark) and greater than background concentrations, the chemical was further 

evaluated in Step 3a to determine if the risks are great enough to warrant additional evaluations [i.e., 

proceed to a BERA, develop cleanup levels, proceed to a corrective measures study (CMS), etc.]. 

If the concentration was greater than the no-effects benchmark (or the chemical does not have a no- 

effects benchmark), but is less than background concentrations, it was concluded that the chemical is 

not causing an unacceptable site-related risk to that receptor group and the chemical was not 

evaluated further in Step 3a. 

Concurrent with the evaluation of risks to plants and invertebrates, bioaccumulative chemicals that were 

selected as COPCs were evaluated to determine if there are unacceptable risks to wildlife. Even though 

the conservative COPC screening level may have been based on risks to wildlife, risks to wildlife were 

further evaluated in Step 3a to determine potential risks under an average exposure scenario. The first 

step in the process was to determine whether the COPC is bioaccumulative. A chemical was considered 

to be bioaccumulative, and thus carried through the food chain model, if it was included in the list of 

important bioaccumulative chemicals in U.S. EPA (2000). Also, some chemicals, such as energetics, that 

are not typically considered to be very bioaccumulative were included in the food chain models to be 

conservative. Non-bioaccumulative chemicals were not carried through the food chain model and it was 

concluded that they were not causing an unacceptable risk to wildlife. The following bullets outline 

decisions that were made based on the results of the food chain model: 

. If the EEQ is less than 1.0 using average contaminant concentrations and exposure factors and the 

No Observable Adverse Effects Level (NOAEL) as the TRV, it was concluded that the chemical is not 

causing an unacceptable risk to wildlife and the chemical was not 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 is greater than background concentrations, the 

chemical was further evaluated in Step 3a to determine if the risks are great enough to warrant 

additional evaluations (i.e., proceed to a BERA, develop cleanup levels, proceed to a CMS, etc.). 
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If the EEQ is greater than 1.0 using average contaminant concentrations and exposure factors and 

the 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 

chemical was not evaluated further in Step 3a. 

For chemicals evaluated further in Step 3a, the other Step 3a factors described below were used to 

determine if the risks were great enough to warrant additional evaluations (i.e., proceed to a BERA, 

develop cleanup levels, proceed to a CMS, etc.). 

Sediment 

Chemicals initially selected as COPCs in sediment were carried through one single flow path, i.e., to 

further evaluate risks to invertebrates. Because many of the Region 5 sediment screening levels are 

based on equilibrium partitioning, the maximum contaminant concentration was compared to an alternate 

lower effects level following the order of preference listed below (as applicable): 

Long and Morgan (1991) Effects-Range Low . Long et al. (1995) Effects-Range Low 

Other values, as necessary and available 

The following bullets outline decisions that were made based on this comparison: 

If the concentration was less than the lower-effects benchmark and greater than the upgradient 

concentrations, it was concluded that the chemical is not causing an unacceptable risk to 

invertebrates and the chemical was not evaluated further in Step 3a. 

. If the concentration was greater than the lower-effects benchmark, the chemical was further 

evaluated in Step 3a to determine if the risks are great enough to warrant additional evaluations (i.e., 

proceed to a BERA, develop cleanup levels, proceed to a CMS, etc.). 

If the concentration was greater than the lower-effects benchmark but the chemical concentration was 

less than upgradient concentrations, it was concluded that the chemical is not causing an 

unacceptable site-related risk to invertebrates and the chemical was not evaluated further in Step 3a. 
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For chemicals evaluated further in Step 3a, the other factors described below were used to determine if 

the risks are great enough to warrant additional evaluations (i.e., proceed to a BERA, develop cleanup 

levels, proceed to a CMS, etc.), 

Surface Water 

Chemicals selected as COPCs in surface water were carried through two independent flow paths: I )  to 

further evaluate risks to aquatic organisms, and 2) to further evaluate risks to terrestrial wildlife (i.e., 

mammals and birds). This further evaluation was conducted to determine if there are potential risks from 

that chemical to both receptor groups (i.e., invertebrates and wildlile), or to only one 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. Organic chemicals that are initially selected as 

COPCs were evaluated directly in Step 3a. However, for inorganics, the following decisions were 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 was concluded that the chemical is not causing an 

unacceptable risk to aquatic organisms and the chemical was not 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 was greater than upgradient concentrations, it was concluded that the 

chemical may be causing an unacceptable risk to aquatic organisms and the chemical was 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 was less than upgradient concentrations, it was concluded that the 

chemical is not causing an unacceptable risk to aquatic organisms and the chemical was not 

evaluated further in Step 3a. 

Concurrent with the evaluation of risks to aquatic organisms, chemicals that are retained as site-related 

COPCs were further evaluated to determine if there are unacceptable risks to terrestrial wildlife. The 

following bullets outline decisions that were made based on the results of the food chain model: 

If the EEQ (see Section 8.4) 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 the TRV, 

it was concluded that the chemical is not causing an unacceptable risk to terrestrial wildlife. 

CTO 0343 
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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 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 BERA, develop cleanup levels, proceed to a 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 upgradient concentrations, it will 

be concluded that the chemical is not causing an unacceptable site-related risk to terrestrial wildlife. 

For chemicals evaluated further in Step 3a, the other Step 3a factors described below were used to 

determine if the risks are great enough to warrant additional evaluations (i.e., proceed to a BERA, 

develop cleanup levels, proceed to a CMS, etc.). 

Other Step 3a Factors 

For chemicals that are evaluated further in Step 3a, the following factors were evaluated, as appropriate. 

to determine if the risks are great enough to warrant additional evaluations (i.e., proceed to a BERA, 

develop cleanup levels, proceed to a CMS). Note that all of these factors may not be discussed for each 

chemical and/or receptor group. 

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 

used in a lines-of-evidence approach to determine the need for further site evaluation. The greater 

the criterion exceedance, the greater the probability and concern that an unacceptable risk exists. 

Frequency of chemical detection and spatial distribution: A chemical detected at a low frequency 

typically is of less concern than a chemical detected at higher frequency if toxicity and concentrations 

and spatial areas represented by the data are similar. All else being equal, chemicals detected 

frequently were given greater consideration than those detected relatively infrequently. In addition. 

the spatial distribution of a chemical may be evaluated to determine the area that a sample 

represents. 

Contaminant bioavailability: Many contaminants (especially inorganics) are present in the 

environment in forms that are typically not bioavailable, and the limited bioavailability was considered 

when evaluating the exposures of receptors to site contaminants. Contaminants with generally less 
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bioavailability are considered to be less toxic than the more bioavailable contaminants, all other 

factors being equal 

Habitat: Although exceedances of criteria may occur, potential risks to ecological receptors may be 

minimal if there is litlle habitat for those receptors. Therefore, the extent of habitat was used 

qualitatively when considering additional evaluation. Areas with little habitat were less of a concern 

than areas with suitable habitat to support the receptors of interest. 

Alternate benchmarks: These benchmarks are used to further evaluate risks to specific groups of 

ecological receptors (e.g., plants, invertebrates) because while ESLs are useful for initial screening 

they are the most conservative values available for soil, sediment, and surface water evaluation. Use 

of alternate benchmarks ensures 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 that potential risks to plants or invertebrates 

exist, so other more appropriate benchmarks were used to evaluate potential risks to those receptors. 

Use of these alternate benchmarks was case-specific. 

In addition to the general Step 3a factors above, other factors were evaluated in Step 3a for each 

receptor group. The following sections discuss the other factors that may be used, including the specific 

alternate benchmarks that may be used in Step 3a. 

Terrestrial Plants and Invertebrates: The alternate benchmarks that were used to further evaluate risks 

to plants and invertebrates are listed below. The ecological endpoint for each benchmark that was used 

in this step was provided in the ERA. For example, if a benchmark is based on a 25 percent reduction in 

growth to a lettuce plant, that information was presented. 

Canadian Soil Quality Guidelines (CCME. 1997). 

Oak Ridge National Laboratory (ORNL) Toxicological Benchmarks for Contaminants of Potential 

Concern for Effects on Soil and Litter lnvertebrates and Heterotrophic Process: 1997 Revision 

(Efroymson, et al., 1997a). 

ORNL Toxicological Benchmarks for Screening Contaminants of Potential Concern for Effects on 

Terrestrial Plants: 1997 Revision (Efroymson, et al., 1997b). 
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Additional sources of toxicity data from the literature were used to evaluate potential risks to terrestrial 

vegetation and invertebrates from contaminants in the surface soil not included in the above documents. 

Sediment: In addition to the Step 3a factors presented above, additional evaluations for sediment 

included comparing the chemical concentrations in the sediment to higher effects levels to show the 

probability of a range of possible effects. The higher effects levels that were used to further evaluate 

risks to benthic invertebrates were from the same sources listed in order of preference in the sediment 

subsection. A description of what the higher effects levels that are used in this step represent is provided 

in the Step 3a. 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). 

Surface Water: In add~tion to the Step 3a factors presented above, additional evaluations for surface 

water include comparing the chemical concentrations in the surface water to acute water quality 

standardslcriteria to show a range of possible effects. More emphasis was placed on the dissolved 

inorganics concentrations (compared to total inorganics concentrations) because dissolved inorganics are 

a better indicator of potential bioavailability than are total recoverable inorganics. Also, emphasis was 

placed on average concentrations because at least some aquatic organisms (i.e., fish and other aquatic 

invertebrates) are exposed to average chemical concentrations as they swim in the water or as the water 

is transported downstream. 

8.4.1 Terrestrial Plants, Terrestrial and Aquatic Invertebrates, and Fish 

Potential risks to terrestrial plants, terrestrial and aquatic invertebrates, and fish from exposure to 

chemicals initially selected as COPCs were further evaluated as discussed above. The following 

subsections discuss whether COPCs are retained for further evaluation for soil invertebrates and 

terrestrial vegetation (Section 8.4.1.1), benthic invertebrates (Section 8.4.1.2), and aquatic organisms 

(Section 8.4.1.3). COPCs based on risk to upper level receptors via the food-chain are discussed in 

Section 8.4.2. 

8.4.1.1 Soil Invertebrates and Terrestrial Vegetation -Surface Soil Risk 

Risks to  terrestrial plants and invertebrates resulting from exposure to the COPCs in surface soil are 

evaluated using the methodologies described above (Section 8.4). Table 8-6 presents a summary of 
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some of the common alternate benchmarks available for surface soil COPCs, along with a summary of 

the Step 3a evaluation. The toxicological basis ol the alternate benchmarks is presented below. 

Dioxins were initially selected as COPCs because the maximum total TEQ exceeded the 2,3,7,8-TCDD 

ESL. However, the ESL is based on risks to wildlife (i.e., the masked shrew) and not risks to 

invertebrates and plants; therefore alternate toxicological data was used to further evaluate risks to plants 

and soil invertebrates. 

One study reported in the literature demonstrated that two species of earthworms showed no adverse 

effects when exposed for 85 days to soil containing levels of 5 mglkg of 2,3,7,8-TCDD, but both species 

died at 10 mglkg (Eisler, 1986). The reason dioxins are not harmful to invertebrates at dioxin levels 

considered "high, is that many, if not all, invertebrates lack the aryl hydrocarbon (Ah) receptor, or a 

comparably sensitive receptor for dioxins. For example, in U.S. EPA (1993b), it is noted that the Ah 

receptor has not been detected in plants or nine species of invertebrates, representing eight classes of 

four phyla. The document further notes that aquatic invertebrates are much less sensitive to TCDD than 

fish, this is perhaps due to the absence of the Ah receptor, or a comparably sensitive receptor for dioxins 

U.S. EPA (1993b). The Ah receptor is important because the dioxins need to bind to the receptor in order 

to cause toxicity. Also. Van den Berg, (1998) states that "At this time, development of TEFs for 

invertebrates is not recommended because there is limited evidence for ligand activation of Ah receptor 

or for TCDD-like toxicity in invertebrates." For this reason, the potential for risks to invertebrates from 

dioxins in the soil are unlikely. Also, because the Ah receptor has not been detected in plants, it is not 

likely plants at SWMU 16 will be impacted by the detected levels of dioxins in the soil. Therefore, risks to 

plants and invertebrates from dioxins in the soil are acceptable so dioxins are not retained as COPCs for 

risks to these receptors. However, because dioxins are bioaccumulative chemicals, risks to wildlife from 

dioxins are evaluated in Section 8.4.2 to be conservative. 

Bis (2-ethvlhexvl) phthalate 

Bis (2-ethylhexyl) phthalate was initially selected as a COPC because the maximum detected surface soil 

concentration of 1.2 mglkg at location 16SS014 exceeded the Region 5 screening level (0.925 mglkg). 

However, the ESL is based on risks to wildlife (i.e., the masked shrew) and not risks to invertebrates and 

plants; therefore, alternate benchmarksltoxicity information were used to further evaluate risks to plants 

and soil invertebrates: 
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ORNL Plant - 100 mgikg (Efroymson et al.. 1997b) 

The bis(2-ethylhexyl) phthalate ORNL benchmark for plants is based on an EC50 value of 134 mglkg 

based on effects on the growth of lettuce from seedling to 14 days in loam soils. Even though the ORNL 

benchmark is based on an EC50 concentration, the maximum detected concentration is much lower than 

the ORNL plant benchmark so impacts to plants are not expected. Therefore, risks to plants from bis 

(2-ethylhexyl) phthalate are acceptable; bis(2-ethylhexyl) phthalate is not retained as a COPC lor risks to 

plants. 

No benchmarks are available for bis(2-ethylhexyl) phthalate to evaluate risks to earthworms; therefore, 

the ORNL earthworm benchmark for dimethylphthalate (200 mglkg) was used because the toxicity of 

these two phthalates is anticipated to be generally similar in magnitude. The ORNL earthworm 

benchmark for dimethylphthalate was developed based on survival of adults of four earthworm species. 

After 14 days, a three-fold difference in sensitivity of the earthworms was observed. An LC50 value of 

1,064 mglkg was the lowest toxic concentration of the three reported. The ORNL earthworm value of 

200 mglkg for dimethylphthalate was obtained by dividing the LC50 (1.064 mglkg) by a safety factor 5 

(Efroymson et al., 1997a). Although there are uncertainties in comparing the maximum 

di-n-butylphthalate concentration to toxicity information available for dimethylphthalate, the maximum 

di-n-butylphthalate concentration is less than the ORNL earthworm benchmark for dimethylphthalate and 

impacts to invertebrates are not likely. The maximum detected concentration is less than the ORNL 

earthworm benchmark di-n-butylphthalate so risks to earthworms from bis (2-ethylhexyl) phthalate are 

acceptable; bis (2-ethylhexyl) phthalate is not retained as a COPC for risks to earthworms. 

Safrole was initially selected as a COPC because the maximum detected concentration of 15 mglkg at 

location 16SS013 exceeded the Region 5 ESL (0.404 mglkg). However, the ESL is based on risks to 

wildlife (i.e.. the masked shrew) and not risks to invertebrates and plants; however, alternate toxicity 

information for safrole could not be located. Therefore, other factors were considered in evaluating site- 

related risks to plants and invertebrates from safrole in SWMU 16 surlace soils. 

Safrole is a naturally occurring compound found in sassafras trees, and is the principal component 

(80 percent) of sassafras oil (FNA, 1993). Sassafras trees were noted during the ecological site 

evaluation (see Appendix J . l  for the ecological checklist). The locations of all six samples in which this 

compound was detected near the site perimeter, where sassafras trees are abundant. Because 

sassafras trees exist at SWMU 16 the presence of safrole in surlace soils at SWMU 16 is likely to be 
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naturally occurring. Also, the use of safrole has not been documented at the site and sources of safrole 

at the base are not known. 

Although the ESL is based on risks to wildlife and not plants and invertebrates, no alternate benchmarks 

are available for quantitatively evaluating risks to these receptors from safrole. Safrole was detected at 

only five locations and in six samples (safrole was detected in the duplicate at location 16SS023, see 

Table 3-6). These locations are located in the shrublforest border in the southern portion of the SWMU 

boundary, which is consistent with the belief that safrole is present as a result of sassafras trees at the 

SWMU. Additionally, these samples were collected from areas not immediately surrounding the former 

ash piles, further supporting that its presence is due to natural conditions and not former SWMU activities. 

Also, the spatial distribution of the five detections (the samples were scattered across the southern 

shrublforest boundary) suggests that safrole is not related to site activities. For these reasons, site- 

related potential risks from safrole are considered acceptable. Therefore, safrole is not retained as a 

COPC for risks to plants or invertebrates. 

Aluminum 

Aluminum was initially selected as a COPC because a Region 5 ESL is not available. According to the 

U.S. EPA Eco-SSL for aluminum, aluminum is only considered toxic when soil pH is less that 5.5 S.U. 

Although pH was less than 5.5 S.U. at one location collected for pH analysis, the average pH 

concentration in surface soil at SWMU 16 was 5.83 S.U. Therefore, risks to plants and soil invertebrates 

are acceptable and aluminum is not retained as a COPC. 

Antimony 

Antimony was initially selected as a COPC because the maximum detected soil concentration at location 

of 27.2 mglkg at location 16SS014 exceeded the Region 5 screening level of 0.29 mglkg. However, the 

ESL is based on risks to wildlife (i.e., the masked shrew) and not risks to plants and invertebrates. 

Therefore, antimony concentrations were compared to the following alternate benchmarks to evaluate 

risks to plants and invertebrates: 

Eco-SSL for soil invertebrates - 78 mglkg (U.S. EPA, 2003) 

Oak Ridge (ORNL) Plant - 5 mglkg (Efroymson et al., 1997b) 

The Eco-SSL for soil invertebrates is the geometric mean ol the EC20 values reported for each of three 

test species (i.e., Enchyiraeid, Springtail, and Earthworm) exposed under similar conditions. The 
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maximum concentration of antimony at SWMU 16 is less than the Eco-SSL for soil invertebrates; 

therefore risks to soil invertebrates are acceptable. 

An Eco-SSL for plants is not available; however there is an ORNL plant value. The ORNL plant value of 

5 mglkg is based on a report of unspecified toxic effects on plants grown in a surface soil with the addition 

of 5 mglkg antimony. Antimony was detected in nine samples at concentrations exceeding the ORNL 

plant value. These samples were collected from areas surrounding the former ash piles. Vegetation in 

these areas is minimal and it is possible that vegetation has been adversely impacted by the former ash 

piles. However. SWMU 16 is heavily vegetated and antimony does not appear to be significantly 

impacting the plant community in other areas of the SWMU. 

In summary, risks to plants from antimony in the surface soil are possible in areas surrounding the 

location of the former ash piles. Therefore, risks to plants are unacceptable; antimony is retained as a 

COPC for further evaluation in this area. 

Arsenic was initially selected as a COPC because the maximum surface soil concentration of 12.7 mglkg 

exceeded the ESL of 5.7 mglkg. However, the ESL used in the conservative COPC screening is based 

on risks to wildlife and not risks to plants and invertebrates; therefore, arsenic concentrations were 

compared to the Canadian Soil Quality Guideline (SQG) for soil invertebrates and plants to evaluate risks 

to these receptors. 

Canadian SQG - 17.1 mglkg (EC, 1999a) 

The Canadian SQG for soil contact is the geometric mean of effects concentrations for reduction in 

spinach yields and is the 25Ih percentile of 46 data points (EC, 1999a). The maximum arsenic 

concentration is less than the SQG and so risks to plants and invertebrates are acceptable and arsenic is 

not retained as a COPC. However, because arsenic is a bioaccumulative chemical, risks to wildlife from 

arsenic in the surface soil are further evaluated in Section 8.4.2. 

Cadmium 

Cadmium was initially selected as a COPC because the maximum soil concentration of 2.8 mglkg 

exceeded the U.S. EPA Eco-SSL for mammals of 0.38 mglkg. Because the Eco-SSL used in the 

conservative COPC screening is based on risks to wildlife and not risks to plants and invertebrates. 
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cadmium concentrations were compared to the U.S. EPA Eco-SSLs for soil invertebrates and plants to 

evaluate risks to these recedors. 

U.S. EPA Eco-SSL for soil invertebrates - 140 rnglkg (U.S. EPA. 2005a) 

U.S. EPA Eco-SSL for plants - 32 mglkg (U.S. EPA. 2005a) 

The U.S. EPA Eco-SSL for soil ~nvertebrates of 140 mglkg was developed after a review of over 

239 technical studies. Of these, 10 studies were accepted for inclusion in the development of the 

Eco-SSL. The Eco-SSL is the geometric mean of the Maximum Acceptable Toxicant Concentration 

(MATC) or Effects Concentration for 10 percent of the test population (EC,,) values (based on growth, 

population, or reproduction) reported for each of three test species evaluated under six separate test 

conditions of pH (U.S. EPA. 2005a). The U.S. EPA Eco-SSL for plants (32 rnglkg) was developed after a 

review of over 716 technical studies. Of these, 14 studies were accepted for inclusion in the development 

of the Eco-SSL. The Eco-SSL is the geometric mean of the MATC (based on growth) reported for 14 test 

species under six separate test conditions of pH and percent organic matter (US EPA, 2005a). 

The maximum cadmium detection is less than the Eco-SSLs for plants and soil invertebrates; therefore, 

risks to plants and invertebrates from cadmium are acceptable and cadmium is not retained as a COPC 

lor risks to these receptors. However, because cadmium is a bioaccumulative chemical, risks to wildlife 

from cadmium are evaluated in Section 8.4.2 of this ERA. 

Chromium 

Chromium was initially selected as a COPC because the maximum soil concentration of 38.2 rnglkg 

exceeded the ESL of 0.4 mglkg. However, even though the ESL is based on risks to invertebrates, the 

following alternate benchmark was used to further evaluate risks to plants and soil invertebrates: 

. Canadian SQG - 64 mglkg (EC, 1999b) 

As presented in the supporting document for the Canadian SQG for chromium (EC, 1999b), the Canadian 

guideline for total chromium (64 mglkg) is the geometric mean of the threshold effects concentration 

(TEC) of 78 mgkg for risks to plants and invertebrates and the nutrient and energy cycling check value 

(NECC) of 52 mglkg. The TEC is the 6Ih of 22 data points associated with the no observable effects and 

observable effects data for plants and invertebrates and corresponds to the average radish germination 

EC25. As detailed in the supporting document, no effects concentrations for earthworms (235 mglkg to 

900 rnglkg) were greater than the no effects concentrations for plants (10 mglkg to 230 mglkg) indicating 
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invertebrates are less sensitive to total chromium than plants. Additionally, the Canadian SQG is based 

on totalchromium (for which soil samples at this site were analyzed). Chromium toxicity is due primarily 

to hexavalent chromium; other forms of chromium are much less toxic (ATSDR, 2000). It is unlikely that 

most, if any, chromium in SWMU 16 soil is hexavalent chromium. Trivalent chromium is the predominant 

form of this metal in most soils and is not bioavailable (ATSDR, 2000). 

The maximum concentration of chromium is less than the SQG; therefore, risks to plants and 

invertebrates are acceptable overall and chromium is not retained as a COPC for these receptors. 

However, because chromium is a bioaccumuiative chemical, risks to wildlife from chromium are evaluated 

in Section 8.4.2 of this ERA. 

Cobalt was initially selected as a COPC because the maximum concentration of 25.9 mglkg at location 

16SS017 exceeded the screening level (based on the U.S. EPA Eco-SSL for plants) of 13 mglkg. 

However, the maximum background concentration for soil group 3 is 27.1 mglkg; therefore, site-related 

risks to plants and inverlebrates from cobalt are acceptable and cobalt is not retained as a COPC. 

Copper was initially selected as a COPC because the maximum detected soil concentration (413 mglkg) 

at locat~on 16SS015 exceeded the Region 5 ESL of 5.4 mgkg. However, the ESL is based on risks to 

wildlife (i.e., the masked shrew) and not risks to plants and invertebrates. Therefore, the maximum 

copper concentration was compared to the SQG and ORNL values to evaluate risks to plants and 

invertebrates. 

Canadian SQG - 63 mgkg (CCME, 1997) 

ORNL Plant - 100 mglkg (Efroymson et al., 1997b) 

ORNL Earlhworm - 60 mglkg (Efroymson et al., 1997a) 

The copper Canadian SQG of 63 mglkg is the 25Ih percentile of effects and no effects data distribution for 

plants and invertebrates, which is the 17Ih of 69 data points and corresponds to an effect on radish 

seedling emergence. Therefore, some studies showed effects below 63 mglkg but many more studies 

did not show effects at this concentration. Copper concentrations below the Canadian SQG of 63 mglkg 

are expected to be protective of plants and inverlebrates. However, there is some level of uncertainty in 

assuming that concentrations slightly greater than the SQG present unacceptable risks because the 



NSWC Crane 
RFI Report 

Revision: 0 
Date: June 2005 

Section 8 
Page 29 of 57 

copper sulfate, copper nitrate, and copper chloride used in the toxicity studies are likely to be more 

bioavailable than the copper in the soils from the site. Copper in soil is likely to form relatively insoluble 

carbonates, oxides, and hydroxides. Also, as discussed above, although some studies demonstrated 

measurable effects to plants and invertebrates at copper concentrations less than 63 mglkg, the effects 

concentrations in many other studies were much greater than 63 mglkg. 

The copper ORNL benchmark for plants (100 mglkg) was based on toxicity data from three studies. Two 

of the studies demonstrated reductions in root and shoot weights of little bluestem grown in sandy soil to 

which 100 ppm copper (as copper sulfate) was added (Miles and Parker, 1979). The third study showed 

no effect on leaf and stem weights of bush beans grown in soil to which 100 ppm copper (as copper 

sulfate) was added, but leaf weight was reduced 26 percent when 200 ppm copper was added 

(Wallace et al., 1977). 

The copper ORNL benchmark for invertebrates (60 mglkg) was based on toxicity data from 10 to 20 

studies. The endpoints for most of the studies cited in Efroymson et al., (1997b) are survival or impacts 

on reproduction (i.e., cocoon production, hatchling success). Because there were more than 10 studies, 

the benchmark was based on a lo fh  percentile lowest observed effects concentration (LOEC) value. 

However, a review of the data in Appendix A.l of Efroymson et al., (1997b) shows that most of the 

studies cited in that document have no observed effects concentration (NOECs) that are greater than 

60 mglkg. 

Copper was detected at 10 locations at concentrations exceeding the SQG. These samples were 

collected from areas surrounding the former ash piles. Vegetation in these areas is minimal and it is 

possible that vegetation has been adversely impacted by the former ash piles. However, SWMU 16 is 

heavily vegetated and copper does not appear to be significantly impacting the plant community in other 

areas of the SWMU. All other soil concentrations were less than the SQG. Copper concentrations were 

greater than the ORNL earthworm value at 11 locations within the former ash pile area. Therefore, risks 

to plants and invertebrates from copper in the surface soil are possible in areas surrounding the location 

of the former ash piles and copper is retained as a COPC for further evaluation in this area. Because 

copper is a bioaccumulative chemical, risks to wildlife from copper are evaluated in Section 8.4.2 of this 

ERA. 

Iron was initially selected as a COPC because no Region 5 screening level is available. According to the 

Ecological SSL for iron (US. EPA, 2003), iron is essential for plant growth, and is generally considered to 
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be a micronutrient. Because plants regulate its uptake, iron is not expected to be toxic to plants in well 

aerated soils with pH levels between 5 and 8 S.U. (U.S. EPA, 2003e). Measured pH levels ranged from 

5.3 S.U. to 6.5 S.U. at SWMU 16. Therefore, iron is not expected to be toxic to plants at the site. No 

toxicity data was located to evaluate risks to invertebrates from iron; however because iron is generally 

considered a non-toxic metal, i t  is highly unlikely that soil invertebrates are being impacted by iron at the 

SWMU. For these reasons, any potential risks to plants and invertebrates from iron are acceptable and 

iron is not retained as a COPC for risks to these receptors. 

Lead - 

Lead was initially selected as a COPC because the maximum soil concentration of 1,240 mgkg 

exceeded the U.S. EPA Eco-SSL for birds of 16 mglkg. Because the Eco-SSL used in the conservative 

COPC screening is based on risks to wildlife and not risks to plants and invertebrates, lead 

concentrations were compared to the U.S. EPA Eco-SSLs for soil invertebrates and plants to evaluate 

risks to these receptors. 

Eco-SSL for soil invertebrates - 1,700 mglkg (US. EPA, 2005b) 

Eco-SSL for plants - 11 5 mglkg (US. EPA, 2005b) 

The Eco-SSL for soil invertebrates is the geometric mean of the MATC values for one test species 

(Folsomia candida) under three different test conditions (pH of 4.5 to 6.0) and is based on a reproductive 

endpoint. The maximum concentration is less than the Eco-SSL for soil invertebrates; therefore, risks to 

soil invertebrates are acceptable. 

The Eco-SSL for plants is the geometric mean of the MATC values for four test species under three 

different test conditions (pH of 4.0 to 6.3). The ecological endpoint for the derivation of the Eco-SSL for 

plants was growth. Lead concentrations exceeded the Eco-SSL for plants at 13 locations. These 

samples were collected from areas surrounding and southeast of the former ash piles. Vegetation 

surrounding the former ash piles is minimal and it is possible that lead concentrations have impacted 

vegetative growth. It is possible that the elevated concentrations southeast of the former ash piles are 

attributable to wind dispersion or run-off while the ash piles were still present. SWMU 16 is heavily 

vegetated and lead does not appear to be significantly impacting the plant community in other areas of 

the SWMU. All other soil concentrations were less than the Eco-SSL for plants. 

In summary, risks to plants from lead in the surface soil are possible in areas surrounding the location of 

the former ash piles. Therefore, risks to plants are unacceptable: lead is retained as a COPC for further 
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evaluation in this area. Because lead is a bioaccumulative chemical, risks to wildlife from lead are 

evaluated in Section 8.4.2 of this ERA, 

Lithium was initially selected as a COPC because no Region 5 ESL is available; therefore, lithium 

concentrations were compared to ORNL values to evaluate risks to plants and invertebrates. 

ORNL Plant - 2 mglkg (Efroymson et al., 1997b) 

ORNL Soil Microorganisms and Microbial Processes - 10 mg/kg (Efroymson et al.. 1997a) 

The ORNL Plant value is based on undefined toxic effects on sweet orange seedlings grown in surface 

soil containing 2 ppm lithium for 6 months (Efroymson, et al., 1997b). An ORNL value for earthworms is 

not available, so the ORNL soil microorganisms and microbial processes value was used instead. The 

value is based on a study in which a lithium concentration of 17 ppm reduced respiration in soil microflora 

in small coniferous forest soilllittler microcosms. An effective concentration of 10 ppm was derived lrom 

the study (Efroymson et al., 1997a). 

Lithium was detected in 24 of 25 samples collected at SWMU 16. Concentrations exceeded the ORNL 

plani value in all 24 samples, including samples not collected within the former ash piles (i.e., west of 

Building 146). The spatial distribution of these samples is different from other chemicals whose 

presences are believed to be associated with the former ash piles (i.e., antimony, copper, and lead). 

Elevated concentrations of these chemicals are centered around the former ash piles. Additionally, 

lithium concentrations in the site samples (3.4 to 21.5 mg/kg) were within the range of background 

detections for Soil Group 3, which ranged from 9.1 mglkg to 29.9 mglkg. For these reasons, site-related 

risks to plants and invertebrates are acceptable and lithium is not retained as a COPC for further 

evaluation. 

Manqanese 

Manganese was initially selected as a COPC because no Region 5 ESL is available; therefore, 

manganese concentrations were compared to ORNL values to evaluate risks to plants and invertebrates. 

ORNL Plant - 500 mglkg (Efroymson et al., 1997b) 

ORNL Soil Microorganisms and Microbial Processes - 100 mglkg (Efroymson et al., 1997a) 
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An ORNL value for earthworms is not available, so the ORNL soil microorganisms and microbial 

processes value was used instead. The value is based on a 21-day study in which nitrification by native 

soil microflora (in a sandy loam soil) was severely inhibited at 100 ppm, added as a sulfate salt. The 

ORNL plant value is based on a 17-day study in which stem weight of bush beans grown in loam soil was 

reduced by 29 percent at a concentration of 500 ppm manganese sulfate. 

Manganese was detected at a maximum concentration of 1,040 mglkg at location 16SS013. Although 

the maximum manganese concentration at SWMU 16 is greater than the ORNL values, concentrations of 

manganese are within the range of background concentrations for Soil Group 3 (268 mglkg to 

3,040 mg/kg). Therefore, manganese in the suriace soil at SMWU 16 does not appear to be related to 

historical activities and site-related risks to plants and soil invertebrates are acceptable. Manganese is 

not retained as a COPC for risks to these receptors. 

Mercury was initially selected as a COPC because the maximum soil concentration of 0.16 mglkg 

exceeded the ESL of 0.1 mgikg. The ESL of 0.1 mglkg is based on risks to earthworms; however, even 

though the derivation of the ESL is based on earthworms, the following alternate benchmark was used to 

further evaluate risks to plants and soil invertebrates: 

. Canadian SQG - 12 mglkg (EC, 1999c) 

As presented in the supporting document for the Canadian SQG for mercury (EC, 1999c), the Canadian 

guideline of 12 mglkg for mercury is based on the 25Ih percentile of effects and no effects data distribution 

for plants and invertebrates. The 25Ih percentile is the 6Ih of 22 data points and corresponds to an EC50 

for turnip seedling emergence (50 mglkg). The EC50 value of 50 mglkg was then divided by an 

uncertainty factor of 4 considering the importance of definitive effects data. In Appendix Vlll of the 

supporting document. NOECs for earthworm survival were reported at 96 mglkg and 100 mglkg in soils of 

pH 4.0 to 4.2 and 7.4, respectively. 

The maximum detected mercury concentration is less than the SQG; therefore risks to plants and soil 

invertebrates are acceptable. Mercury is not retained as a COPC for risks to plants and invertebrates; 

however, because mercury is a bioaccumulative chemical, risks to wildlife from mercury are evaluated in 

Section 8.4.2. 
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Nickel was initially selected as a COPC because the maximum concentration of 41.3 mglkg at location 

16SS017 exceeded the Region 5 ESL of 13.6 mglkg. However, the ESL is based on risks to wildlile (i.e., 

the masked shrew) and not risks to plants and invertebrates. Therefore, the maximum copper 

concentration was compared to the Canadian SQG to evaluate risks to plants and invertebrates. 

Canadian SQG - 50 mglkg (EC, 1999d) 

The Canadian SQG (soil contact) is the 251h percentile (81h datum point of 31) of 50 mglkg from a study 

where unspecified effects on onion growth were noted. The maximum concentration is less than the 

SQG and so risks to plants and invertebrates at SWMU 16 are acceptable; nickel is not retained as a 

COPC for risks to plants and invertebrates. However, because nickel is a bioaccumulative chemical, risks 

to wildlife from nickel are evaluated in Section 8.4.2. 

Selenium 

Selenium was initially selected as a COPC because the single detected surface soil concentration of 

0.16 mglkg exceeded the ESL of 0.0276 mglkg. However, the ESL is based on risks to wildlife and not 

plants and invertebrates. Therefore, selenium concentrations were compared to alternate benchmarks to 

evaluate risks to these receptors. 

Canadian SQG - 1 mglkg (EC, 2001) 

The SQG is based on an approximately 60% reduction in sorgrass (Sorghum vulgare) shoot growth over 

42 days. The detected concentration of selenium is less than the SQG and risks to plants and 

invertebrates are acceptable. Selenium is not retained as a COPC for risks to these receptors. Because 

selenium is a bioaccumulative chemical, risks to wildlife from selenium are evaluated in Section 8.4.2. 

Strontium was initially selected as a COPC because a Region 5 ESL is not available. Alternate toxicity 

information for strontium was not located; therefore, other Step 3a factors were used to evaluate risks to 

plants and invertebrates from strontium. 
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Strontium concentrations (6.8 to 145 mglkg) were greater than the maximum background concentration 

for Soil Group 3 (63.2 mglkg) at eight locations. However, strontium is not typically considered to be very 

toxic because of its similar physical and chemical properties to calcium (Irwin, 1997). In fact, only two 

instances where strontium is released to the environmental by artificial means were located. These 

include the release of produced water from the oil industry and pollution for cattle feedlots (Irwin, 1997). 

These activities are not associated with SWMU 16 and there is no reason to believe that strontium is 

present in surface soils as a result of former SWMU 16 activities. Although the paucity of data for 

strontium precludes a thorough risk evaluation, the uncertainties associated with strontium toxicity and 

the source of strontium at SWMU 16 do not warrant retaining strontium for further investigation. Site- 

related risks from strontium in the surface soil to plants and soil invertebrates are acceptable and 

strontium is not retained as a COPC. 

Thallium 

Thallium was initially selected as a COPC because the maximum concentration of 0.32 mglkg at location 

16SS011 was greater than the ESL of 0.0569 mglkg. However, the ESL is based on risks to wildlife (i.e., 

masked shrew) and not risks to plants and invertebrates. Therefore, thallium concentrations at SWMU 16 

were compared to the Canadian SQG to evaluate risks to these receptors: 

Canadian SQG - 1.4 mgkg (EC, 1999e) 

The SQG of 1.4 mglkg is based on a study in which root and top development of soybean, wheat, 

buckwheat, alfalfa, and rye grass was observed. The maximum thallium concentration is less than the 

SQG so risks to plants and invertebrates are acceptable and thallium is not retained as a COPC. 

Titanium 

Titanium was initially selected as a COPC because a Region 5 ESL is not available. The only available 

toxicity information for titanium is the ORNL soil microorganisms and microbial processes value of 

1,000 mglkg. This value is based on a study in which aryl sulfatase activity was reduced by 1.198 ppm of 

titanium (as titanium sulfate). Soils were chosen with a varied range in pH, organic matter, and clay 

contents. Soil was air dried, sieved, and placed into flasks where titanium sulfate (as solution) was 

added. Samples were incubated until microbial activity ceased and aryl sulfatase activity was measured. 

Although there is some uncertainty in applying the ORNL soil microorganism value to the protection of 

earthworms, titanium toxicity to earthworms would not be expected to significantly differ from those of 

microorganisms. Therefore, because the maximum concentration of titanium (348 mglkg at location 
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16SS01 1) is less than the ORNL microorganism value of 1,000 mglkg, risks to soil invertebrates are also 

expected to be acceptable. 

Toxicity information for plants is not available; however, titanium is considered generally poorly soluble. 

poorly bioavailable, and non-toxic. Additionally, there is no reason to suspect that titanium is present in 

media at SWMU 16 as a result of former activities at SWMU 16 (i.e.. washdown and wastewater, and 

former incinerator). Although the paucity of data precludes a thorough risk evaluation of titanium in 

surface soil, the uncertainties are not great enough to warrant retaining titanium for further evaluation in a 

BERA and titanium is not retained as a COPC for plants. 

Vanadium 

Vanadium was initially selected as a COPC because the maximum.concentration (65.2 mglkg) exceeded 

the ESL of 1.59 mglkg. However, the ESL is based on risks to wildlife (i.e., masked shrew) and not risks 

to plants and invertebrates. Therefore, vanadium concentrations at SWMU 16 were compared to the 

Canadian SQG to evaluate risks to these receotors: 

Canadian SQG - 130 mglkg (EC, 1999f) 

The Canadian SQG of 130 mglkg corresponds to the 3Id datum polnt of 10 data points, which is the 25Ih 

percentile based on seedling emergence by lettuce. The maximum vanadium concentration is less than 

the SQG and so risks to plants and invertebrates from vanadium at SWMU 16 are acceptable; vanadium 

is not retained as a COPC. 

Zinc - 

Zinc was initially selected as a COPC because the maximum soil concenlration (1,840 mglkg) exceeded 

the ESL of 6.62 mglkg. However, even though the ESL is based on risks to invertebrates, the following 

alternate benchmarks were used to further evaluate risks to plants and soil invertebrates: 

Canadian SQG - 200 mglkg (EC. 19999) 

ORNL Plant - 50 mgkg (Efroymson et al.. 1997b) 

ORNL Earthworm - 100 mglkg (Efroymson et al., 1997a) 

The Canadian SQG of 200 mglkg is the lowest LOEC of the plants and invertebrate data set and is based 

on an effect on seedling emergence for radish (EC, 19999). The weight-of-evidence method was not 
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used to develop the SQG because greater than 50 percent of the "effects" data were dominated by 

median effective or median lethal concentrations (EC, 19999). As presented in Appendix VI of the 

Canadian SQG document (EC, 1999g), all of the earthworm effects and no-effects data (with the 

exception of one test in one study) were equal to or greater than 200 mglkg, indicaling that earthworms 

appear to be less sensitive to zinc than plants. As indicated in Efroymson et al., (1997a), the ORNL 

benchmark for invertebrates (100 mgikg) is lower than concentrations at which effects have been 

observed. This is further supported by the toxicity test data presented in the Canadian SQG document 

for earthworms. 

The ORNL plant value (50 mgikg) was based on toxicity data from fewer plant studies than were used to 

develop the Canadian SQG. The majority of the studies had NOEC and LOEC values greater than 

50 mgikg, with many greater than 100 mglkg and several greater than 200 mglkg. Therefore, the ORNL 

plant benchmark appears to be somewhat conservative. 

The maximum zinc detection of 1.840 mglkg is above the Canadian SQG, as well as the ORNL plant and 

earthworm benchmarks. Although these benchmarks are likely conservative as discussed above, risks to 

terrestrial plants and invertebrates are possible. Therefore, risks to plants and invertebrates from zinc are 

unacceptable and zinc is retained for further evaluation. Because zinc is a bioaccumulative chemical, 

risks to wildlife from zinc are evaluated in Section 8.4.2. 

Summary of Surface Soil Risk 

In summary, the list of chemicals initially selected as COPCs were further evaluated in Step 3a, the first 

step of the BERA. After a review of alternate toxicity information (based on soil invertebrates and plants) 

for the initial COPCs was conducted, concentrations were compared to the alternate toxicity information, 

as appropriate. 

Antimony, copper, lead, and zinc were retained as COPCs for further evaluation because concentrations 

were greater than alternate toxicity information at multiple locations, including those surrounding the 

former ash piles. Vegetation in these areas is minimal and it is possible that vegetation has been 

adversely impacted by the former ash piles (see photographs in Appendix A). However, SWMU 16 is 

heavily vegetated and these inorganics do not appear to be significantly impacting the plant community in 

other areas of the SWMU. 
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8.4.1.2 Benthic Invertebrates -Sediment Risk 

As presented in Sections 8.3.2.2 and 8.3.2.3, several sediment and surface water samples were collected 

in the intermittent drainage ditcheslgullys leading from SWMU 13, and several chemicals detected in the 

samples were initially selected as COPCs because they were detected at concentrations that exceeded 

screening levels. Although surface water samples were collected from many of these locations, most of 

the samples were taken from small pools of standing water as recorded in the sample log sheets (see 

Appendix C) and the photographs (see Appendix A). In fact, during the Round 3 sampling event, many of 

the surface water locations were dry during the first attempt to collect samples so the water samples were 

collected after a rain event when water was present. Surface water and associated aquatic habitat is 

absent in these drainage ditches throughout most of the year (see photographs in Appendix A). 

Therefore, although some of the chemical concentrations in the sediment and surface water samples 

exceeded the screening levels for aquatic receptors, there is very little exposure so any risks would not 

be significant. For that reason, none of the chemicals in the drainage ditchlgulley samples are retained 

as COPCs for further evaluation for risks to aquatic organisms. However, the chemical data in these 

samples is qualitatively used, where appropriate, in the Step 3a evaluation of the main stream samples 

(in Sections 8.4.1.2 and 8.4.1.3) to determine whether the chemicals may be related to site activities. 

Additionally, antimony, arsenic, beryllium, chromium, iron, nickel, titanium, and vanadium in the main 

stream sediment samples were detected at concentrations less than or similar to upgradient 

concentrations. Concentrations of these COPCs are not expected to be related to historical activities. 

For this reason. these chemicals are not retained as COPCs for further evaluation for risks to aquatic 

organisms. 

Table 8-7 presents a summary of the common alternate benchmarks used in refining the list of COPCs in 

sediment, along with a summary of the Step 3a evaluation. The upgradient sediment concentration range 

is also presented. 

Dichlorodifiuoromethane 

Dichlorodifluoromethane was initially selected as a COPC because an ESL was not available. 

Toxicological information regarding dichlorodifluoromethane in sediment is not available. However, 

dichlorodifluoromethane is typically not considered toxic to ecological receptors, particularly in sediments 

due to the volatility of the chemical. Analysis of dichlorodifluoromethane was conducted in only one of the 

samples collected from the main stream (16SD19), and dichlorodifluoromethane was detected in one of 

10 gully sediment samples. Because the gully sediment samples were collected from locations across 
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the SWMU, frequency of detections in these samples is a better indicator of surface soil run-off from the 

SWMU. If the SWMU was contributing significant quantities of dichlorodifluoromethane to the main 

stream, its presence would be more apparent in gully samples. Additionally, impacts to benthic 

invertebrates are not likely because the poor habitat would preclude their presence in the main stream 

except during and after heavy rain events. Although uncertainties exist regarding 

dichlorodifluoromethane toxicity to benthic invertebrates in the maln stream because of a paucity of data, 

the uncertainties are not great enough to warrant further evaluation in a BERA. Therefore, 

dichlorodifluoromethane is not retained as a COPC for risks to benthic invertebrates. 

Aluminum 

Aluminum was initially selected as a COPC because an ESL is not available. The benchmark selected 

for aluminum is the Threshold Effects Level (TEL) of 25.500 mgikg (Buchman, 1999). The TEL 

represents the concentration below which adverse effects on survival or growth of the amphipod Hyalella 

azteca are expected to occur only rarely in 28-day tests (MacDonald et al., 2000). 

The maximum concentration of 10.500 mgikg is less than the TEL; therefore, risks to sediment-dwelling 

biota are acceptable and aluminum is not retained as a COPC. 

Barium was initially selected as a COPC because an ESL was not available. The only available alternate 

benchmark for barium is the Apparent Effects Threshold (AET) of 48 mglkg (Buchman. 1999). Based on 

the Navy's agreement with U.S. EPA, if a chemical only has a higher effects level such as an AET, the 

chemical will not be eliminated as a COPC even if the maximum detection is below the higher effects 

level, unless other Step 3a factors can be used to justify the chemical's elimination as a COPC. 

Barium was detected in all four Turkey Creek main stream sediment samples at SWMU 16 with 

concentrations ranging from 69.7 mgikg to 110 mgikg; the upgradient concentration was 62.5 mglkg. The 

maximum concentration was detected during Round 2 at location 16SD19. The detected concentration at 

this location during Round 3 was 88.9 mglkg, which is similar to the upgradient concentration. Although it 

is possible that barium concentrations in main stream sediments are related to former SWMU activities 

(i.e.. barium concentrations in surface soil were greater than the background concentration for soil group 

3), impacts to benthic invertebrates are not likely because the poor habitat would preclude their presence 

at location 16SD19. Concentrations at locations 16SD24 and 16SD25 were similar to background 

(77.2 mdkg and 69.7 mglkg, respectively). Locations 16SD24 and 16SD25 are small pools of standing 
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water: however, if benthic invertebrates are present in the main stream channel, they are more likely 

present at these locations than at location 16SD19 where barium concentrations were slightly elevated 

with respect to the upgradient location. Additionally barium was detected at a wide range of 

concentrations in gully samples and the maximum upgradient gully concentration was 454 mglkg. 

Therefore, it appears that barium concentrations within the range of the concentrations detected in main 

stream sediments is attributable to background conditions at the SWMU. 

The paucity of toxicity data inhibits a complete evaluation of risks posed by barium. However, barium is a 

common element in sediments and it is not generally associated with significant toxicity (ATSDR, 1997). 

Although potential risks may exist in the area of the maximum detection, the uncertainties associated with 

the source of barium concentrations and the actual exposure to benthic organisms do not warrant 

retaining barium as a COPC for further evaluation in a BERA. 

Manqanese 

Manganese was initially selected as a COPC because an ESL is not available. Because an ESL and a 

consensus based TEC are not available for the screening, manganese concentrations are compared to 

the Canadian SQGs. 

Canadian Sediment Guidelines lowest effects level (LEL) - 460 mglkg (OMOE, 1993) 

Canadian Sediment Guidelines severe effects level (SEL) - 1,100 mglkg (OMOE, 1993) 

The LEL indicates the level of sediment contamination which has no effect on and can be tolerated by the 

majority of sediment-dwelling organisms and the SEL is the level in which sediment is considered 

detrimental to the health of the majority of sediment-dwelling organisms. Manganese was detected in all 

four Turkey Creek mainstream sediment samples collected at SWMU 16. It should be noted; however, 

that upstream concentrations, although less than site sample concentrations, were also greater than the 

SEL. Concentrations were similar to or less than the upgradient location at locations 16SD24 and 

16SD25. Manganese concentrations during Rounds 2 (1,900 mglkg) and 3 (1.730 mglkg) at location 

16SD19 were greater than the concentrations at the upgradient location; however, this location is usually 

dry and does not likely support benthic invertebrates most days of the year. Impacts to benthic 

invertebrates are not likely because the poor habitat would preclude their presence at this location except 

during and after heavy rain events. Actual exposure to benthic invertebrates at this location is unknown 

for this reason. 
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Manganese was detected in surface soil samples at a maximum concentration of 1,040 mglkg. The 

maximum background soil concentration for soil group 3 is 3,040 mgkg. Therefore, manganese 

concentrations in the surlace soil are attributable to background conditions and not to former SWMU 

activities. Any potential contamination in sediment samples that is related to the SWMU would be 

migrating surface soil run-off; therefore, manganese concentrations in main stream samples are not 

expected to be related to SWMU activities. Additionally manganese was detected at a wide range of 

concentrations in gully samples and the maximum upgradient gully concentration was 3,650 mglkg. 

Therefore, it appears that manganese concentrations within the range of the concentrations detected in 

mainstream sediments is attributable to background conditions at the SWMU. Therefore, although 

impacts to benthic invertebrates are possible at this location, the uncertainties associated with the source 

of manganese concentrations and the actual exposure to benthic organisms do not warrant retaining 

manganese for further evaluation in a BERA and manganese is not retained as a COPC for benthic 

invertebrates. 

Selenium 

Selenium was initially selected as a COPC because an ESL is not available. No alternate benchmarks 

are available for selenium so other Step 3a factors, as discussed in Section 8.4.1, are used to evaluate 

risks to sediment invertebrates. 

Selenium was detected at similar concentrations in three of the four Turkey Creek mainstream sediment 

samples at SWMU 16 ranging from 0.5 mglkg to 0.8 mglkg; selenium was not detected at location 

16SD25. The concentration at the upgradient location was 0.5 mgkg. 

Selenium was only detected in one out of 35 surface soil samples at SWMU 16 at a concentration of 

0.16 mglkg. The maximum background soil concentration for soil group 3 is 0.64 mglkg. Therefore, 

selenium concentrations in the surlace soil are most likely attributable to background conditions and not 

to former SWMU activities. Therefore, although the paucity of data precludes a complete evaluation of 

selenium concentrations in sediment, the selenium in the sediment does not appear to be related to site 

activities. For that reason, site-related risks to benthic invertebrates from selenium are acceptable so 

selenium is not retained as a COPC for risks to sediment dwelling invertebrates. 

Zinc was initially selected as a COPC because the maximum concentration of 206 mglkg exceeded the 

ESL of 121 mglkg which is based on the threshold effect concentration (TEC). Because the maximum 
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concentration exceeds the TEC, zinc concentrations were compared to the probable effect concentration 

(PEC) to further evaluate risks lo sediment invertebrates. 

The consensus-based PEC is 459 mglkg (MacDonald et al. 2000). Concentrations greater than the TEC 

but less than the PEC indicate that impacts to benthic invertebrates are possible, but actual risks are 

unknown. However, zinc concentrations are closer to the TEC than they are to the PEC. 

Zinc was detected in all four Turkey Creek main stream sediment samples with concentralions ranging 

from 84.4 mglkg to 206 mglkg; the upgradient concentration was 92.5 mglkg. The maximum 

concentration was detected during Round 2 at location 16SD19; however, the concentration at this 

location during Round 3 (84.4 mglkg) was less than the upgradient concentration. Concentrations at the 

other two locations during Round 3 were also similar to the upgradient concentration (89.4 mglkg and 

114 mglkg at locations 16SD24 and 16SD25, respectively). Although it is possible that zinc 

concentrations in main stream sediments are related to former SWMU activities (i.e., zinc concentrations 

in surface soil were greater than the background concentration for soil group 3). impacts to benthic 

invertebrates are not likely because of the poor habitat in the main stream. Therefore, risks to benthic 

invertebrates from zinc are acceptable and zinc is not retained as a COPC for these receptors. 

Acid Volatile Sulfides/Simultaneouslv Extracted Metals 

Three sediment samples in the drainage ditchlgully samples were analyzed for AVS and SEM. AVS 

binds, on a molar basis, a number of cationic metals of environmental concern (cadmium, copper, lead, 

nickel, silver, and zinc) (US. EPA, 2005). In sediment samples where the AVS molar concentrations are 

greater than SEM molar concentrations, the SEM metals are not expected to be bioavailable or directly 

toxic to benthic invertebrates. In sediment samples where the AVS molar concentrations are less than 

SEM molar concentrations, all of the SEM metals were not bound to AVS. However, the SEM metals are 

not necessarily bioavailable or directly toxic to benthic invertebrates because other parameters such as 

TOC may reduce the bioavailability and toxicity of metals in the sediment. Sediments that are anoxic 

typically have greater AVS concentrations than sediments that are well aerated. 

The metals included in the SEM analysis at SWMU 16 included cadmium, copper, lead, mercury, nickel, 

and zinc. Silver was not included in the list of analyles because it was not expected to be a metal of 

concern, and is supported by the fact that it was detected in only one of 31 sediment samples. 

As discussed above, because of the poor habitat in the drainage ditches/gullys, it is not likely that benthic 

invertebrates will be present for significant periods of time, if at all. Therefore, although the utility of the 
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SEMIAVS measurements in samples from these areas may be somewhat limited, the results do provide 

some useful insight into the potential bioavailability of these metals in Turkey Creek. In all three sediment 

samples analyzed for AVS and SEM, the ratio of AVS to SEM was greater than 1.0, with values ranging 

from 50 S.U. to 220 S.U. (see Table G-3). The SEM metal with the greatest molar concentration in all the 

samples is zinc and to a lesser extent, copper and lead. The bulk sediment concentrations of these 

metals were elevated and because the sediment was from the gullys where the sediment is not 

anaerobic, the AVS values were low (i.e., less than 1 umollg). Bulk sediment concentrations in main 

stream samples were much less than those in gully sediment samples; therefore. SEMIAVS ratios would 

also be expected to be lower. However, it is likely that the SEM concentrations may be greater than the 

AVS concentrations because the stream is dry for a majority of the year and so the AVS concentrations 

are expected to be similar to the concentrations in the gully samples. Additionally, the only SEM metal 

retained as a COPC in main stream sediments is zinc and the maximum zinc concentration was less than 

the upgradient concentration; therefore, the uncertainties with not having AVS and SEM data for the main 

stream samples is not that great. 

Summaw of Sediment Risk 

In summary, the list of chemicals initially selected as COPCs were further evaluated in Step 3a, the first 

step of the BERA. After a review of alternate toxicity information (based on sediment invertebrates) and 

other step 3a factors for the initial COPCs was conducted, concentrations were compared to the alternate 

toxicity information, as appropriate. No chemicals initially selected as COPCs were retained as COPCs 

for further evaluation. 

8.4.1.3 Aquatic Organisms - Surface Water Risk 

Table 6-13 presents a summary of some of the common alternate benchmarks that were used in refining 

the list of COPCs in the main stream surface water samples, along with a Step 3a evaluation. The 

summary of upgradient surface water comparisons is presented in Appendix G. 

Water-quality standards (WQS) for surface water have been developed for Indiana (IDEM, 1998). In 

addition, U.S. EPA has established AWQC for several contaminants (US. EPA, 2002b). The IDEM WQS 

and AWQC were reviewed; however, only the AWQC were used for further evaluating chemicals initially 

selected as COPCs, where appropriate, because the AWQC have been updated more recently than the 

WQS. Other, non-regulatory surface water screening values were also used to evaluate the data, where 

necessary. The following sections discuss these values, as appropriate. 
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HMX was initially selected as a COPC because no Region 5 surface water screening level is available. 

The maximum detections of HMX (0.32 pg/L) is less than the secondary chronic value (SCV) of 330 pg/L 

developed in Talmage et al. (1999). Therefore, HMX in the surface water is not likely to cause adverse 

effects to aquatic receptors and risks are considered acceptable; HMX is not retained as a COPC for risks 

to aquatic receptors. 

Aluminum 

Aluminum was initially selected as a COPC in unfiltered and filtered metal samples because maximum 

concentrations (822 pg/L and 119 pg/L, respectively) exceeded the screening level of 87 pg/L, which is 

the chronic U.S. EPA AWQC. Aluminum was not detected in the upgradient sample. 

An emphasis is placed on the filtered samples instead of the unfiltered sample results because the filtered 

samples represent the bioavailable portion of the inorganics (US EPA, 1992): therefore, filtered surface 

water results are most indicative of the level of direct risk to aquatic receptors. The maximum filtered 

surface water concentration (1 19 pg/L) was detected at location 16SW24 which is a small pool of 

standing water (see photographs in Appendix A). Aluminum was not detected in the next downstream 

sample, which was collected from location 16SW25 and is approximately 325 feet downstream of location 

16SW24. Location 16SW25 is also a small pool of standing water. The filtered aluminum concentration 

(90.1 pg/L) at location 16SW19 (farthest downstream) only slightly exceeded the chronic AWQC. 

Although aluminum concentrations in unfiltered surface water samples are greater than the chronic 

AWQC, these concentrations do not represent true exposure concentrations to aquatic organisms; 

concentrations in filtered surface water samples are less than or similar to the chronic AWQC. 

Additionally aluminum was detected sporadically in gully samples and the maximum upgradient gully 

concentration in liltered samples was 164 pg/L. Therefore, it appears that aluminum concentrations 

within the range of the concentrations detected in main stream sediments is attributable to background 

conditions at the SWMU overall. For these reasons, aluminum is not retained as a COPC for risks to 

aquatic organisms. 

Cadmium 

Cadmium was initially selected as a COPC in unfiltered and filtered metal samples because maximum 

concentrations (0.66 pg/L and 1.4 pg/L at location 16SW19, respectively) exceeded the Region 5 ESL of 

0.15 pg/L. Typically, concentrations in filtered samples are less than concentrations in unliltered samples 

0205021P 8-43 CTO 0343 



NSWC Crane 
RFI Repart 

Revision: 0 
Date: June 2005 

Section 8 
Page 44 of 57 

because filtered samples represent only the dissolved portion of chemical concentrations in the surface 

water column while unfiltered samples represent the dissolved portion plus sediment particulate 

concentrations. The cadmium concentrations in filtered and unfiltered samples therefore, are somewhat 

perplexing because the filtered concentration was reported as greater than the unfiltered concentration by 

the analytical laboratory. 

Additionally, cadmium was detected at location 16SW19, which is typically dry (see photographs in 

Appendix A) and not at locations 16SW24 and 16SW25 (which are small pools of standing water, where 

the presence of benthic invertebrates is possible). Therefore, overall risks to aquatic organisms from 

cadmium are acceptable because cadmium was not detected at locations where the presence of aquatic 

organisms is possible. Although risks to aquatic organisms are possible at the location of 16SW19 during 

and after heavy rain events, the potential risks are not great enough to warrant retaining cadmium as a 

COPC for risks to aquatic organisms. However, because cadmium is a bioaccumulative chemical, risks 

to wildlife from cadmium are evaluated in Section 8.4.2. 

Copper was initially selected as a COPC in unfiltered and filtered metal samples because maximum 

concentrations (4.1 pglL and 3.9 pgIL, respectively) exceeded the Region 5 ESL of 1.58 pg/L. As 

mentioned previously, an emphasis is placed on the filtered samples instead of the unfiltered sample 

results because the filtered samples represent the bioavailable portion of the inorganics (US. EPA, 

1992). The maximum concentration of copper was detected at location 16SW19, which is typically dry 

(see photographs in Appendix A). Copper concentrations at the other two locations were less than the 

ESL. Therefore, overall risks to aquatic organisms from copper are acceptable because copper 

concentrations did not exceed the ESL at locations where the presence of aquatic organisms is possible. 

For these reasons, risks to aquatic organisms are acceptable and copper is not retained as a COPC for 

risks to aquatic organisms. However, because copper is a bioaccumulative chemical, risks to wildlife from 

copper are evaluated in Section 8.4.2. 

Lead was initially selected as a COPC in unfiltered samples because the single detected concentration of 

1.2 pgIL slightly exceeded the Region 5 ESL of 1.17 pglL. Lead was not detected in filtered samples. 

Because the filtered samples represent the bioavailable portion of the inorganics (US. EPA, 1992), the 

filtered surface water results are most indicative of the level of direct risk to aquatic receptors. Therefore, 

risks to aquatic receptors from lead are considered acceptable and lead is not retained as a COPC for 
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risks to aquatic organisms. However, because lead is a bioaccumulative chemical, risks to wildlife from 

lead are evaluated in Section 8.4.2. 

Manganese 

Manganese was initially selected as a COPC in unfiltered and filtered mainstream surface water samples 

because an ESL is not available. Because an ESL and AWQC are not available for manganese, 

concentrations in the surface water are compared to the following benchmark: 

. ORNL SCV for aquatic life - 120 pg1L (Suter and Tsao, 1996) 

Also, the U.S. EPA 1986 Quality Criteria for Water (the Gold Book) indicates that ions of manganese are 

found rarely at concentrations above 1 mg/L and, because the tolerance values reported range from 

1.5 mg/L to over 1000 rngIL, manganese is not considered to be a problem in fresh waters (US. EPA. 

1 986). 

For manganese in mainstream surface water samples, the maximum detected concentrations were 

476 pg/L (unfiltered samples) and 1,970 pg/L (filtered samples). However, the manganese 

concentrations in filtered and unfiltered samples are somewhat perplexing because the maximum 

concentration in filtered samples is an order of magnitude greater than the maximum unfiltered 

concentration. As mentioned previously, this is unexpected because the filtered samples represent only 

the dissolved portion of chemical concentrations in the surface water column while unfiltered samples 

represent the dissolved portion plus sediment particulate concentrations. This raises some uncertainty in 

the actual concentrations of manganese that are bioavailable to aquatic organisms. 

Concentrations at locations 16SW19 (7.7 pg/L) and 16SW24 (128 pg/L) were less than and similar to the 

ORNL SCV; which is considered a very conservative value by Suter and Tsao, 1996. Additionally, the 

maximum manganese concentration (1,040 mglkg) was less than the maximum background 

concentration for soil group 3 of 3,040 mglkg indicating that manganese in the surface soil is attributable 

to background conditions and not former activities at the SWMU itself. Therefore, although potential 

impacts to aquatic organisms are possible at the location of the maximum concentration, the uncertainties 

associated with the manganese concentrations, the level at which manganese causes toxicity, and the 

actual source of manganese concentrations in the surface water indicate the potential risks are not great 

enough to warrant retaining manganese as a COPC for aquatic organisms. 
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NitritelNitrate-N was initially selected as a COPC in unfiltered and filtered samples because an ESL is not 

available. The form of N that is present in surface waters is based on the amount of oxygen present 

(CCME, 2003). In well oxygenated (i.e.. aerated) waters, anionic species of nitrogen such as nitrate are 

easily transported and stable (USGS, 1992). Nitrite, on the other hand, is considered unstable in well 

oxygenated (and shallow) surface waters (USGS, 1992). In fact, nitrite is rapidly oxidized to nitrate in well 

oxygenated waters, such as typical surface water bodies. DO concentrations ranged from 3.86 mgIL to 

7.72 mg1L. These values are low in part because they were collected from small standing pools of water. 

In fact, the maximum concentration of DO was collected from location 16SW19, which is typically dry, but 

the sample was collected after a rain event. DO concentrations were greater in gully samples, where 

flowing water was more prominent during the field sample collection event and ranged from 5.66 mglL to 

10.65 mglL. Therefore, the nitrite-nitrate-N concentration at 16SW24 was compared to the Canadian 

water quality guideline for nitrate. 

The Canadian water quality guideline for freshwater aquatic life (CCME, 2003) for nitrate is 13 mg1L. This 

value is based on a 10-day chronic study where toxicity of nitrate as sodium nitrate to the Pacific treefrog 

(P. regilla) was studied. A significant decrease in larval weight was observed at 133 mgkg. The water 

quality guideline for freshwater aquatic life of 13 mg/L was derived by multiplying the LOEC from this 

study by a safety factor of 0.1. Other literature studies based on other freshwater aquatic life were 

reviewed in deriving the water quality guideline (i.e., invertebrates, amphibians, and fish); however, 

amphibians were identified as the most sensitive species. The maximum concentration of 0.05 mglL in 

Turkey Creek main stream samples is less than the Canadian water quality guideline for freshwater 

species. Although there is some uncertainty regarding which anion species predominates at location 

16SW24, the uncertainties do not warrant retaining nitrite-nitrate-N as a COPC; therefore, risks to aquatic 

organisms are considered acceptable. Nitrate (and the N-complex) is not retained as a COPC for aquatic 

organisms. 

Summary of Surface Water Risk 

In summary, the list of chemicals initially selected as COPCs were further evaluated in Step 3a, the first 

step of the BERA. After a review of alternate toxicity information (based on aquatic organisms) for the 

initial COPCs was conducted, concentrations were compared to the alternate toxicity information, as 

appropriate. Other Step 3a factors as discussed in Section 8.4 were also considered for the initial 

COPCs, where appropriate. No chemicals initially selected as COPCs were retained as COPCs for 

further evaluation. 
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8.4.2 Food-Chain Modelinq 

The above-mentioned alternate benchmark values are not designed to evaluate risks to terrestrial wildlife 

via the ingestion of the soil, surface water, plants, and invertebrates. Therefore, a terrestrial intake model 

was used to estimate exposure of terrestrial receptors to COPCs. As presented in Figures 8-2 and 8-4, 

food chain modeling was conducted on chemicals that are considered to be bioaccumulative [i.e., 

included in the list of important bioaccumulative chemicals in U.S. EPA (2000)] and energetics (to be 

conservative) and also exceeded the Region 5 ESL, which do take into account risks to wildlife. If the 

chemical was less than the ESL or is not bioaccumulative, it was not carried through the food chain 

model. It was concluded that these chemicals are not causing an unacceptable risk to wildlife at 

SWMU 16. Tables 8-1 (surface soil) and 8-5 (surface water) list the chemicals that were retained for food 

chain modeling. 

8.4.2.1 Food Chain Modeling Methodology 

Risk to terrestrial receptors as a result of exposure to COPCs in the soil and surface water were 

determined by estimating the total chronic daily intake (CDI) (see below) and comparing the CDI to TRVs 

representing acceptable daily doses in mglkglday. The TRVs were developed from NOAELs and lowest- 

observed-adverse-effect levels (LOAELs) obtained from wildlife studies, when available. The majority of 

the TRVs came from the ORNL Toxicological Benchmarks for Wildlife: 1996 Revision (Sample, et al., 

1996). 

For avian species, the NOAEL (or LOAEL) for the test species was used as the NOAEL (or LOAEL) for 

the surrogate species in accordance with Sample et al. (1996) or other sources that were used. For 

mammalian species, the NOAEL (or LOAEL) from one species was adjusted to a NOAEL (or LOAEL) for 

the surrogate species using the following modified body weight scaling equation (from Sample et at., 

1996): 

NOAEL, = NOAEL,'(bw,/bw,) 

Where: NOAEL, = no-observed-adverse-effect level for the surrogate wildlife species 

NOAEL, = no-observed-adverse-effect level for the test species 

bw, = body weight of the test species 

bw, = body weight of the surrogate test species 
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Note that based on more recent publications [Sample, B. and C. Arenal 1999, Allometric Models for 

lnterspecies Extrapolation of Wildlife Toxicity Data (Bull Environ Contam Toxicol 62: 653-663)], U.S. EPA 

Region 5 indicated that the use of the metabolic scaling factor may not be appropriate for toxicitylbody 

weight extrapolation factors. Therefore, U.S. EPA recommended that the toxicitybody weight equation 

be performed without the use of the scaling factor of 0.25. The body weight scaling is performed because 

studies have shown that, for mammals, numerous physiological functions such as metabolic rate, as well 

as responses to toxic chemicals, are a function of body size (Sample et al., 1996). 

Appendix J.4 presents the derivation of the TRVs. Table J.4-1 in Appendix J.4 presents the TRVs as they 

were used in the food-chain modeling. If a subchronic study was used to develop the TRV, the final value 

was multiplied by a factor of 0.1 to account for uncertainty between subchronic and chronic effects. If a 

LOAEL study was used to develop the NOAEL TRV, the LOAEL was multiplied by a factor of 0.1 to obtain 

the NOAEL. 

Terrestrial soil invertebrates and plants are exposed to contaminants in surface soil through direct contact 

andlor ingestion. Aquatic organisms are exposed to contaminants in surface water and sediment through 

direct contact andlor ingestion. 

COPC intake for wildlife exposed to the COPCs in surface soil and surface water were estimated as daily 

dose (mglkg-day) using exposure equations. The contaminant concentrations in surface soil and surface 

water were used to calculate CDI doses. The following equations presents the CDI equations that were 

used in calculating a total daily dose for the surrogate species selected for modeling: 

Dose, surface soil (mglkg - day) = 
(SC . SI) 

BW 

(SW 'WI) 
Dose, surface water (mglkg -day) = 

BW 

(FC * FI) 
Dose, food (mglkg - day) = 

BW 

Total CDI (mglkg - day) =[Dose (surface soil) + Dose (surface water) + Dose (food)] ' H 

Where: FI = Food ingestion rate (kglday) 

FC = Food concentration (mglkg) 

WI = Surface water ingestion rate (Uday) 

SW = Surface water concentration (mglL) 
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BW = Body weight (kg) 

SI = Incidental soil ingestion rate (kglday) 

SC = Soil concentration (mglkg) 

H = Home Rangelcontaminated Area (assume = 1 for maximum exposure) 

For organic constituents and inorganics in surface soil, the contaminant concentration of prey items for 

the insectivorous and herbivorous species (e.g., earthworms and vegetation) is calculated using the 

following equation: 

FC = SC * BAF 

Where: FC = Contaminant concentration in food (e.g., earthworms and vegetation, kglday) 

SC = Contaminant concentration in surface soil (mglkg) 

BAF = Soil to plant or soil to invertebrate bioaccumulation factor (unitless) 

Contaminant concentrations in food items were calculated using BAFs from published sources. The 

following sources of BAFs were used in the SERA: 

Plant BAFs (Organics): Toxicity and Chemical-Specific Factors Database (ORNL, 2002). 

Plant BAFs (Inorganics): Empirical Model for the Uptake of lnorqanic Chemicals from Soil by Plants 

(ORNL, 1998). 

Soil Invertebrate BAFs: Development and Validation of Bioaccumulation Models for Earthworms 

(Sample et al., 1998). 

Table J.2-1 in Appendix J.2 presents chemical specific BAFs and other BAF data from the literature that 

were used in this SERA. A default value of 1.0 was used for the BAF if chemical-specific data were not 

available in the above sources. 

The lower bound of the threshold effects is based on consistently conservative assumptions and NOAEL 

toxicity values (US. EPA, 1997a). This bound presents the greatest potential risks. The upper bound 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 and LOAEL toxicity values (U.S. EPA, 

1997a). This bound presents the average potential risk. These conservative and less conservative 
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exposure scenarios were calculated, respectively, to provide the overall range of potential risks to all 

levels of potential ecological receptors. 

The exposure assumptions (e.g., ingestion rates and body weight) were obtained from the Wildlife 

Exposure Factors Handbook (U.S. EPA, 1993). Studies conducted in or surrounding states of Indiana 

were used, when available, to estimate the exposure factors. If only one value was available for a given 

exposure parameter, the value was used regardless of where the study was conducted in developing the 

value. The exposure parameters from U.S. EPA (1993) are wet weight values; however, the BAFs 

presented in the above sources estimate the tissue concentrations in dry weight. Therefore, the exposure 

parameters from U.S. EPA, 1993 were converted to dry weight values for the food chain model 

calculations. Table 8-9 presents the exposure parameters that were used in the SERA and Appendix J.3 

presents the values that were used to calculate the exposure parameters and a discussion ol how they 

were calculated. 

An EEQ approach was used to characterize the risk to 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. 

The EEQ for the terrestrial wildlife model was calculated as follows: 

Total CDI 
EEQ = 

TRV 

Where: EEQ = Ecological effects quotient (unitless) 

Total CDI =Total daily intake dose (mglkg-day) 

TRV = Toxicity reference value (NOAEL or LOAEL) (mglkg-day) 

8.4.2.2 Results and Discussion 

Appendix J.5 presents the calculations of the food-chain modeling. Separate discussions are provided 

below for evaluations of potential risk to herbivorous and insectivorous receptors. Table 8-10 presents 

the EEQs under both the conservative and average exposure scenarios for herbivorous and insectivorous 

receptors. Table 8-1 1 presents a summary of the Step 3a evaluation for terrestrial wildlife. 
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Herbivorous Receotors 

Under the conservative food-chain scenario, COPCs with EEQs greater than 1.0 for representative 

herbivorous receptors included arsenic for the vole, and lead, mercury, and zinc for the quail (Table 8-10). 

However, under the average food-chain scenario, all NOAEL-based EEQs were less than 1.0; therefore, 

risks to herbivorous receptors at SWMU 16 are acceptable. 

lnsectivorous Receptors 

Under the conservative food-chain scenario, COPCs with EEQs greater than 1.0 for representative 

insectivorous receptors included arsenic, cadmium, lead, and zinc for the shrew, and cadmium. 

chromium, copper, lead, mercury, and zinc lor the woodcock (Table 8-10). Under the average food-chain 

scenario, no NOAEL-based EEQs exceeded 1.0 for the shrew; therefore, risks to insectivorous small 

mammals are acceptable. However, NOAEL-based EEQs for lead, mercury, and zinc (NOAEL and 

LOAEL-based EEQs) exceeded 1.0 for the American woodcock under the average food-chain scenario. 

The bird TRV for mercury was derived from a study using Mallard duck as the test species. Significant 

effects (fewer eggs and ducklings were produced) were observed at a dose level of 0.5 mgkg. Because 

the study considered exposure over three generations, the dose was considered a chronic LOAEL and 

was multiplied by an uncertainty factor of 0.1 to develop a chronic NOAEL. 

The avian NOAEL and LOAEL for lead were developed from a study in which no adverse effects were 

observed among Japanese quail consuming 10 mglkg lead, but where reproduction was less impaired at 

100 rngkg (Sample et al., 1996). Because the study was greater than 12 weeks in duration and 

considered exposure during reproduction, the 10 mglkg dose was considered a chronic NOAEL 

(1 . I3  mglkglday) and the 100 mg/kg dose was considered a chronic LOAEL (1 1.3 mg/kg-day). The EEQ 

based on the NOAEL was slightly greater than 1 and the dose was closer to the NOAEL than the LOAEL 

so risks to birds are unlikely after consideration of other factors as discussed below. 

The bird NOAEL and LOAEL for zinc were developed from a study in which no adverse effects were 

observed among hens consuming 48 and 228 mg/kg zinc, but where egg hatchability was less than 

20 percent of controls among hens consuming 2,028 mglkg zinc (Sample et al., 1996). Because the 

study was greater than 10 weeks in duration and considered exposure during reproduction, the 

228 mglkg dose was considered a chronic NOAEL (14.5 mglkglday) and the 2,028 mglkg dose was 

considered a chronic LOAEL (131 mglkglday). 
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Since the majority of risks to insectivores were for the insectivorous bird (i.e., woodcock), the food-chain 

model was reevaluated considering an area use factor (AUF) of 20 percent for lead, mercury, and zinc. 

The AUF of 0.2 is expected to be a conservative number for the woodcock because the acreage of the 

contaminated area is estimated to be approximately 2 acres, compared to a woodcock's typical home 

range of approximately 61 acres. However, the AUF of 0.2 was selected to ensure protection of other 

insectivorous birds that may have a smaller home range than the woodcock, such as the American robin. 

For the reasons discussed below, it was assumed that birds would not obtain more than 20 percent of 

their food from the SWMU. 

Most insectivorous birds are not solely invertebrate feeders. For example, the American robin's diet 

consists of soft-bodied invertebrates and fruit (Sallabanks and James, 1999), and so the diet of this 

smaller bird is not adequately represented by 100 percent invertebrates, which is assumed in the 

woodcock food-chain model. 

. The home ranges of the different insectivorous birds the woodcock is meant to be protective of varies. 

For example, some small insectivorous birds have home ranges less than the 2 acres that is 

assumed with the use of an AUF of 0.2, while others have home ranges greater than 2 acres. While 

assuming an AUF of 0.2 for species whose home ranges are greater than 2 acres is conservative 

because it assumes the maximum exposure possible for these species, the same assumption is not 

as conservative for species whose home ranges are less than 2 acres. However, the uncertainties 

are reduced because the ecological habitat at the site is not immediately surrounding the most 

contaminated areas of SWMU 16 (i.e.. surrounding Building 146). For example, the American robin 

has a small home range (average of 0.61 acres); however, these small birds frequent forests, 

woodlands, and garden and breed where lawns and other short-grass areas are interspersed with 

shrubs and trees (Sallabanks and James, 1999). Therefore, although the American robin is likely 

present at SWMU 16, their presence is most likely surrounding the outer boundaries of SWMU 16 

(i.e., along the forested boundaries) and not surrounding Building 146. It is possible that robins are 

feeding near the former ash piles, however, and would be exposed to elevated inorganics levels. 

NOAEL and LOAEL-based EEQs were less than 1.0 for mercury after using an AUF of 20 percent (see 

Appendix J.5). The NOAEL-based EEQ for lead and zinc were still greater than 1.0 at 1.3 and 1.51, 

respectively. LOAEL-based EEQs were less than 1 .O. Therefore, potential risks to insectivorous birds 

exist from lead and zinc, and these inorganics are retained as COPCs for further evaluation. 
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8.5 ECOLOGICAL RISK UNCERTAINTY ANALYSIS 

This section discusses some of the uncertainties associated with the SWMU 16 ERA. 

8.5.1 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 were 

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, home ranges, etc. between different species. 

Risks to reptiles and amphibians are not quantitatively evaluated because exposure factors are not 

established for most species and toxicity data are very limited. Using aquatic organisms as a surrogate 

species, risks to amphibians exposed to sediment are possible; however, risks from surface water 

contaminants are expected to be low based on the Step 3a evaluations. Potential risks to reptiles cannot 

be evaluated in this ERA because of a lack of toxicity and exposure data (see below for a discussion of 

potential risks to the timber rattlesnake). 

As discussed in Section 8.2.1.1, several endangered and threatened species or species of special 

concern are present at NSWC Crane, and potentially may inhabit SWMU 16. Risks to these species were 

not specifically calculated so the uncertainties of not calculating risks to these species are presented 

here. As discussed above, risks to carnivorous mammals and birds were not evaluated because the 

contaminated portions of SWMU 16 represent only a small portion of these receptors home range. For 

this reason, significant risks are not expected from exposure to chemicals at SWMU 16; therefore, 

unacceptable risks to the bobcat, bald eagle, Northern harrier, and osprey, and to carnivorous reptiles 

such as the timber rattlesnake are also not expected, although there is uncertainty with this conclusion 

because risks were not quantitatively evaluated. Loggerhead shrikes and the sedge wren consume 

mostly aboveground insects such as caterpillars, beetles, spiders, and flies, as opposed to the worms that 

are consumed by the American woodcock in the food-chain model. Because worms are in direct contact 

with exposure to the soil, it is expected that they would have greater levels of contaminants at SWMU 16 

than aboveground insects; therefore, risks to the woodcock from consuming worms are expected to be 

greater than risks to the loggerhead shrike and sedge wren from consuming aboveground insects. Risks 

to the worm eating American woodcock from chemicals in the surface soil and surface water were not 
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acceptable for lead and zinc; therefore, risks to the loggerhead shrike and sedge wren are also 

considered possible if these species are present at SWMU 16. The American bittern is a marshland 

loving bird that feeds on fish, frogs, eels, insects, and water snakes. Although there is some aquatic 

habitat, it is not suitable for supporting piscivorous wildlife such as the bittern. As mentioned in Section 

8.2.1.1, the presence of the Indiana bat has not been documented at or surrounding SWMU 16; therefore, 

risks to this endangered mammal from SWMU 16 are acceptable. 

Finally, there are uncertainties in risks to reptiles because there is a lack of exposure factors for reptiles 

and a lack of reptile toxicity data for the detected chemicals. As discussed in Section 8.2.1.1, one 

threatened reptilian species is listed as potentially present at NSWC Crane. Based on the preferred 

habitat of the timber rattlesnake and the ecology of SWMU 16 (i.e., located on a ridge top), this species 

may potentially inhabit areas of SWMU 16. Risks to carnivorous reptiles were not specifically calculated; 

however, risks are unlikely when using carnivorous birds and mammals as surrogates, however there is 

uncertainty in this conclusion because risks to carnivorous birds and mammals were not quantitatively 

evaluated (see above). 

8.5.2 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 equations. Ingestion rates and body weights vary among 

species, especially among species inhabiting different areas. This was taken into account when selecting 

exposure parameters from U.S. EPA (1993) and an attempt was made to minimize the uncertainties 

associated with the exposure characterization by selecting exposure parameters from studies conducted 

in and surrounding states of Indiana. 

Bioaccumulation of contaminants into various biological media (e.g., plants, invertebrates, small 

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. BAFs 

for estimating concentrations of HMX and pentachlorophenol in earthworm tissue were not available so a 

BAF of 1.0 was used for the food chain models for the shrew and woodcock. As presented on Table 6-1, 

HMX has a relatively high water solubility value and low Koc value so it is not expected to accumulate to 

any significant degree in animal tissue. Therefore, using a BAF of 1.0 is likely causing the concentrations 

of HMX in the animal tissue to be overestimated in the food chain model. 
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Also, the bioavailability of contaminants reported in toxicity studies is typically greater than the 

contaminants in environmental media. Typically, highly bioavailable forms of the chemicals are used 

when conducting toxicity tests and/or conducting dosing studies for wildlife. For example, many of the 

toxicity tests used to develop screening levels for inorganics use highly bioavailable forms of the metal, 

such as metal salts, which in many cases are much more toxic than equivalent concentrations of the 

inorganics in field collected soils (Allen, 2002). 

There is uncertainty in the chemical data collected at the site. Measured levels of chemicals are only 

estimates of the true site chemical concentrations. At SWMU 16, samples were deliberately biased 

toward known or suspected high concentrations so predicted doses are higher than actual doses. 

Whereas this is a conservative approach in predicting exposure concentrations, actual exposure of 

ecological receptors to chemical concentrations at SWMU 16 is likely overestimated, in particular, wildlife 

which typically roam over multiple sample locations and unlikely that wildlife will obtain all their food from 

within the most contaminated areas at SMWU 16. This overestimation of exposure was taken into 

account for wildlife by using AUFs in the food chain model calculations for insectivorous birds. Also, 

because the contaminated areas occupy only a very small portion of the overall ecological habitat at 

SWMU 16, a discussion of the overall risks to ecological receptors was included in the ERA. 

The exposure of and potential risks to ecological receptors to chemicals in the gullys were only evaluated 

in the conservative COPC screening table. In the first part of the Step 3a refinement, it was determined 

that risks to aquatic receptors from chemicals in the gully were low because the intermittent nature of the 

gullys precludes a significant aquatic community from being present, and therefore exposed to chemicals. 

There is some uncertainty in not further evaluating risks to aquatic receptors in the gullys, but the overall 

conclusion of the ERA is not likely to be impacted because the lack of exposure would limit the ecological 

significance of any potential risks. 

8.5.3 Ecoloqical Effects Data 

Toxicological data for a few of the chemicals are limited or do not exist. This occurred for several COPCs 

in the surface soil, sediment, and surface water but it did not affect the outcome of the risk assessment 

because the chemicals without toxicity data were evaluated using the other Step 3a factors discussed in 

Section 8.4. 

Several alternative benchmark values were used to gain a better understanding of the relationship 

between the maximum concentration values of the selected COPCs to the overall ecological assessment 

of the site. There is some uncertainty involved when using these alternative benchmarks; however, 

020502iP 8-55  CTO 0343 
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attempts have been made to lessen the uncertainties by providing the toxicological basis of the alternate 

benchmarks when they were used. 

8.5.4 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. 

8.6 ECOLOGICAL RISK SUMMARY AND CONCLUSIONS 

A SERA was performed for SWMU 16, Cast High Explosives FilllB146 Incinerator. Several chemicals 

were retained as COPCs in surface soil as a result of the initial screening of surface soil, sediment, and 

surface water. These chemicals were further evaluated and data were scrutinized as a part of the Step 

3a refinement. Tables 8-6, 8-7, 8-8, and 8-1 1 present summaries of the Step 3a evaluation including the 

overall conclusion of whether chemicals initially selected as COPCs are retained as COPCs after the 

refined evaluation. 

In summary, the list of chemicals initially selected as COPCs were further evaluated in Step 3a, the first 

step of the BERA. After a review of alternate toxicity information (based on soil invertebrates and plants) 

for the initial COPCs was conducted, maximum and average concentrations were compared to the 

alternate toxicity information, as appropriate. Several chemicals initially selected as COPCs were 

retained as COPCs for further evaluation for plants and invertebrates including antimony, copper, lead, 

and zinc because concentrations were greater than alternate toxicity information for plants and soil 

invertebrates at multiple locations, including those surrounding the former ash piles. Additionally, 

NOAEL-based EEQs for lead and zinc were greater than 1.0 for insectivorous birds assuming an AUF of 

0.2. Therefore, potential risks to insectivorous birds exist from lead and zinc, and these inorganics are 

retained as COPCs for further evaluation for these terrestrial receptors. 

Similarly, the list of chemicals initially selected as COPCs in sediment and surface water were further 

evaluated in Step 3a, the first step of the BERA. After a review of alternate toxicity information (based on 

aquatic organisms) and other step 3a factors for the initial COPCs was conducted, maximum and 
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average concentrations were compared to the alternate toxicity information, as appropriate. No 

chemicals initially selected as COPCs were retained as COPCs for further evaluation in sediment and 

surface water. 
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ECOLOGlCliCOPCSELECTION(SURFACE SOIL SAMPLES EXCLUOlHGTHOSE UNDER BUILDING, P I Y E M E N ,  m D  GRAVEL) 
ROUNDS 1 THROUGH3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINER&TDR) 
NSWC CRbNE 
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~ ~ q u e n c y  of Minimum 
Dstenion concantration 

TEO BIRD 23123 0.0000790 1 2.86 1 0.520 1 0.520 llGSS02700021 0.199 1 1 4 4  
TEQ MAMMAL 



ECOLOGICALCOPC SELECTiOH(SURFACE SOIL SAMPLES EXCLUOINGTHOSE UNDER BUILDING, PAVEMENT, AND GRAVEL) 
mOUNDS 1 THROUGH3 

SWMU lB(CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 
NSWC CRANE 

CRANE. I N D I N A  
PAGE I OF 2 

w 
Fel6 duplcate r a n l p e ~  are excluded from h e r e  rvmmanar because (hey areconrdsred lo be Iel6 OC ralnprs 
NA = Not Applicable or Not A v a a b e  
i l l  . Mesn conc~nlralior~r ncamorale TV12 lor nan~delectvauer where N = fhrerhold value. 

Parameter 
VIINADIUM 
ZINC 
M8ss3lanoous Paramofon 
CATION EXCHANGE CAPACITY 1MEOJIJ 
PH I S U I  
TOTAL ORGANIC CARBON lmgikgl 

BamAC 
ASL = libare Scrsenlng Level 
B S i  = BelovScreening Level 
NC : NO screenno s ere livaoaele 

NUT = Essential Nulnenl 
NZ = M ~ s ~ e l l a n e ~ u ~  Paremeler nal ncluded n COPC Selecl8on 

Frequency of 
Oetect80n 

35135 
27135 

414 
W 4  
U1 

Minimum 
Concentration 

5.8 J 
24.1 J 

Region 5 
ESL 
1.59 
6.62 

13 
5.3 

3800 J 

Maximum 
Consenwalion 

65.2 J 
1840 2 

ECo10giC.I COPC lor 
Ellacla Food Chain 

ouofisnr 
11 

278 

22 1 16.8 
6.5 1 5 63 

6200 J 1 5125 

Mean 
concentration1') 

26.9 
d l 8  

16.8 

Average ol 
Posiliva 
Detects 

26.9 
7 7  

Semple ol 
Madmum 

Detasf 
16SS0880002 
16SSM20002 

5.83 116SS02400021 NA I NA I NA I NA I NZ 
5125 116SS01200021 NA I NA I NA I NA I NZ 

16SS02400021 NA NA I NA 1 NA I NZ 



TABLE 5 2  

crnl  nmral CODC SFI ecTloU - - - - - . - . .- - - . - - - - - - . . - . . 
GULLY SEDIMENT SAMPLES ROUNDS I THROUGH 3 
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NSWC CRANE 
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ACETONE 
CIS-1.2-DICHLOROETHENE - 
DICHLORODIFLUOROMETHANE 
TRiCHLOROETHENE 

EneIgetics (mglkg) 
2.6-DINITROTOLUENE 1 2114 1 0.54 J I 0.92 J 1 0.211 1 0.730 1 16SD1501 1 ND 1 0.0398 1 23.1 
RDX 1114 1 0.27J / 0.27 J 1 0.135 1 0.270 1 16SD0301 I 1 NA I NA 
Herbicides (udkg) 

~PENTACHLOROPHENOL I 519 I 2.6 J I 19 J I 4.74 1 8.30 / 16501101 1 NA 1 23000 1 0.0008 1 NO I BSL I . . .. . 

Sample of 
-Maximurn Detect Parameter 

Yolatilo organics (ugkg) 

7.. Maximum Concentration 

Concentration 

Average 01 
~oe i t i ve  
Deteaa 

Range of Upgradient 
Detects 

~requency of 
Detection 

~ i o i m u m  
Concentration 

Region 5 
ESL 

Esologicsl 
EHeas 

Mlotient 

COPC 

Sediment 
tnvertsbrstes Rationale 



TABLE &2 

ECOLOGICAL COPC SELECTlON - 
GULLY SEDIMENTSAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CASTHIGH EXPLOSIVES FILU8146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
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1 16.2 1 16SD2301 1 NA I NA I NA I 
1 7.73 1 16SD0601 1 NA I NA I NA I 

TOTAL ORGANIC CARBON (MGIKGU 313 1 1600 1 8600 1 4700 1 4700 1 16SD2301 / NA I NA I NA I NO I NZ 

NOle5 
NA - Not Applcable or Not Avalable 
NO. Not Delecied 
( 0 .  Mean ~on~enlralions ncurporate TV12 for non.delens where N = threshold value 
UM0.G 

EcJgmk 
ASL = Above Scrssnlng Level 
BSL = Below Screenno Level 



TABLE 8.3 

ECOLOGICAL COPC SELECTION - 
TURKEY CREEK MAINSTREAM SEDIMENT SAMPLES ROUNDS 2 AND 3 

SWMU I6 (CAST HIGH EXPLOSIVES FlLUB146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 

Frequency 
of Minimum 

Parameter Detection Concsntretion 
Volatile Organics (uglkg) 
ACETONE 111 7 J 7.00 I 7.00 I 16SD1901 I ND 1 9.9 1 0.71 

Inorganic* (mglkg) 
ALUMINUM 1 414 1 8730 J 1 10500 J 1 9658 1 9656 I 16SD1902 I 8090 J I NA I NA NC 

I I 1 1 16SD1901. 1 I I 

LEAD 

w 
Tulkey Creek Mainstream sediment sampies were only collected in rounds 2 and 3 
NA - Not Applicable or No1 Available 
NU -Not Detected 
(1) -Mean cancentralions incorporate TVI2 for non-defects where TV = threshold value 

ASL= A b v e  Screening Level 
BSL = Below Screening Levei 
NC = No Screening Level Available 
NUT = Essential Nutnent 



ECOLOGiCAL COPC SELECTION - 
GULLY SURFACE WATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
PAGE 1 OF 2 

Parameter 
Volatile Organics (uq/L) 
ACETONE 
CIS-1.2-DICHLOROETHENE 
TRICHLOROETHENE 
Energetics (ugll) 
2-AMINO-4.6-DINITROTOLUENE in I 0.29 J I 0.29 J 0.149 0.290 16SW3001 ND I NA I NA 
+AMINO-2,6-DINITROTOLUENE in I 0.63 I 0.63 0.198 0.630 16SW3001 ND I NA I NA 
HMX 317 1 0.27 J I 4.8 0.869 1.86 16SW3001 ND I NA I NA 
RDX 2/7 1 0.29 J I 24 3.56 12.1 16SW3001 ND I NA I NA 

Frequency ol 
Detection 

311 0 

Minimum 
Concentration 

0.5 J 

~~~i~~~ 
Concentration 

2.8 J 
211 1 

Mean 
Concentration 

io 

0.665 
1.4 1 3.4 

5111 / 0.8 J 1 26 
0.559 

Rationale 

BSL 

Average of 
positive 
D a e n s  

1.63 

4.51 

Sample of 
Maximum D m n t  

16SW2701 
BSL 

9.74 
2.40 

Range of Upgradient 
Detects 

0.6 J 

16SW2901 
16SW2901 

ND 1 47 1 0.55 1 NO I BSL 

Region 5 
ESL 

1700 
NO 

Ecological 
Eltests 

Quotient 

0.0016 
970 

COPC tor 
Aquatic 

Invertebratea 

NO 
0.0035 NO 



ECOLOGICLL COPC SELECTION 
GJLLY SURFACE WATER SPIUPLES ROJNDS 1 THROLGH 3 

SWYU I 6  (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 2 

I Froauencv o l  I Minimum Samnle of Ranae of Umradient 

Mnscsllaneous raramerers img rq  
NITRITONITRATE-N 4/7 0.11 0.55 1 1  16SW1302 0.07 - 3.2 NA NA NC I 
Fieid duplicate samples are exciuded from there summanes becausethey are considered l o  be field QC sampler 
NA - Not Analyzed 
ND - Not Detected 
(1) .Mean concentrations incorporate N I P  lor nondele3vdues where TV = threshold value. 

ASL= Above Screenng Level 
BSL= Below screening Level 
NC = No Screeninp Level Available 
NUT = Essential Nutrient 
NZ = Field paramelers not selected as COPCs 



TABLE 8-5 

ECOLOGlCII COPC SELECTION 

w 
Feld oupr are ercludedlrom mere summares because lnslere consloered to be lieldQC 
~ u + e y  creek ~ a , n  stream sw santper were collected in md 3 
NA- Not Analyzed 

Parameter 

NICKEL 313 45  J 5.7 5 30 6.30 16SW2501 NO 28.8 0.20 NO NO BSL 

ND NO! Datedam 
(1) - Meens lncamarate TV12 lor NDr where TV = threihold value 

Enorqellc, ("qiL, 
~ H M X  I lil 1 0.32 J 1 0.32 J 1 0.320 I 0.320 1 16SW2401 / ND / NA I NA lpl NC~BIO 

Frequency of 
Detestion 

POTASSIUM I 
SODiUM 
VANIIOIUM 
ZINC 

muk%k 
ASL = Above Screennp Lavsi 
BSL = Below Screennp Level 
NUT- Erssnlia Nulnsnf 
810 = Boaccvmulallve Cnemcal 
NONBO = N~nOaac~umvlallve Chemical 
NC = Na Screening Leva1 Ausilalle 
NZ = Feid parameterr no! rslecfed sl SOPCS 

Minimum 
Concentration Wildlife 

~nsseaansous Psrsmsrrr (mgl~)  
INITRITEINITRATE-N / l i t  1 0.05 1 0.05 / 0.0500 / 0.0500 I 16SW2401 I ND I NA I NA NO INClNONBiOI 

313 
aC 
~n 
ZC 

Rationale 
Maximum 

Consenfration 

989 J 
3660 J 

( 5  J 
6.9 J 

Mean Auersge of 
  on cent ration"^ POSI~~IC DeIscts 

is80 
8600 J 

1 6 2  
76.7 2 

Esolog#cal 
Enect. 

Quotien) 

6amLe of 
Maximum 

001851 

liquslic 
Inrsnobratoe 

1336 
6703 
o 860 
11.1 

Range 01 
Upgradient 

Detests 

1336 
6703 
3.50 
11.1 

Reglon 5 
ESL 

16SW1901 
16SW24Ol 
16SW1901 
15SW1901 

7901 
8330 J 

NO 
NO 

NA 
NA 
12 

65.7 

NA I NO 
N* I NO 

013  1 NO 
0.28 1 NO 

NO 
NO 
WO 
NO 

NUT 
NUT 
BSL 
BSL 



TABLE 8-6 

STEP 3A EVALUATION FOR RISKS TO PLANTS AND INVERTEBRATES 
SURFACE SOIL COPCs 

SWMU 16 - CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 2 

locations surrounding former ash piles; vegetation is minimal and 
appears stressed in this area. 

Chemical of Potential Concern 
(COPC) 

Dioxins (nglkg) 
TEQ BIRD 
TEQ MAMMAL 

Semivolatile Organics (uglkg) 
BlS(2-ETHYLHEXYL)PHTHALATE 

SAFROLE 

Inorganics (mglkg) 
ALUMINUM 

ANTIMONY 

ARSENIC 

CADMIUM 

CHROMIUM 

COBALT 

COPPER 

IRON 

LEAD 

Maximum 
Detected 

Concentration 

2.86 
3.30 

1200 

15000 

34200 

Frequency 
of 

Detection 

23/23 
23/23 

7/25 

5/25 

35/35 

19/35 

35/35 

14/35 

35/35 

35/35 

35/35 

35/35 

34/35 

Risk 
Determination 
(Acceptable1 

Unacceptable) 

Acceptable 

3a Eval~at ion'~ '  

Other Step 3a Factors Considered in  Evaluation 

- A study in the literature found that two species of earthworms showed 
adverse effects from soil containing 5 mg'kg of 2,3,7,8-TCDD. 

- Dioxins are not harmful to invertebrates at "high" levels because they 
lack the aryl hydrocarbon (Ah)receptor: invertebrates are not likely to 
be impacted by dioxin concentrations in the soil. 

- Plants also lack the Ah receptors so they are not likely to be impacted 
concentrations of dioxins in the soil. 

Step 

Screening 
Level 

0.199 
0.199 

925 

404 

Retained 
as a 

COPC? 

No 

Alternate 
Eco-SSL 

19 

17 

13 

35 

4 

34 

N A 

28 

Maximum 

EEQ(') 

14.4 
16.6 

1.30 

37.1 

N A 

Benchmarks 

Canadian 

SQG'~) 

N A 
N A 

Plant 

-- 

N A 

N A 

-Maximum concentration is less than alternate benchmarks for plants Acceptable 
and invertebrates. 
-Safrole is naturally occurring in sassafrass trees; use and disposal of Acceptable 
safrole has not been documented at SWMU 16. 
-Samples containing safrole were collected distrant from the former 
ash piles. 

-Soil 5.83 S.U. pH levels and aluminum ranged from levels 5.3 are S.U. not to expected 6.5 iH S.U. with to be an toxic to plants Acceptable No 

27.2 

12.7 

2.8 

38.2 

25.9 

41 3 

43000 

1240 

Number of 
Samples > 
Screening 

~ e v e l ' ~ )  

14 
17 

1 

4 

pp 

NA 

N A 

N A 

Earthworm 

N A 

N A 

ORNL ~enchmarks(~ '  

p ~ ( 8 '  

N A 

N A 

32 

N A 

13 

N A 

p ~ ( 6 '  

115 

Yes 

No 

No 

No 

No 

Yes 

No 

Yes 

0.29 

5.7 

0.38 

0.4 

13 

5.4 

N A 

16 

and invertebrates. 
-Maximum concentration is less than Eco-SSL for earthworms. 
-Concentrations were greater than the ORNL plant value in nine 
samples surrounding former ash piles; vegetation is minimal and 
appears stressed in this area. 
-Maximum concentration is less than alternatebenchmarks for plants 
and invertebrates. 
-Maximum concentration is less than alternate benchmarks for plants 
and invertebrates. 
-Maximum concentration is less than alternate benchmarks for plants 
and invertebrates. 
-Concentrations were within the range of background concentrations 
(6 mglkg to 27.1 mglkg). 
-Concentrations exceeded the SQG at 10 locations and the ORNL 
earthworm value at 11 locations surrounding former ash piles; vegeta- 
tion is minimal and appears stressed in this area. 
-Soil pH levels ranged from 5.3 S.U. to 6.5 S.U. and so iron levels are 
not expected to be toxic to plants. 
-Generally considered non-toxic. 
-Maximum concentration is less than Eco-SSL for earthworms. 
-Concentrations were greater than the ORNL plant value at 13 

Plant 

N A 
N A 

100 

NA 

93.8 

2.2 

7.4 

95.5 

2.0 

76.5 

N A 

77.5 

Unacceptable 
(plants) 

Acceptable 

Acceptable 

Acceptable 

Acceptable 

Unacceptable 

Acceptable 

Unacceptable 
(plants) 

Earthworm 

N A 
N A 

-- 

ZOO'~' 

N A 

N A 

NA 

N A 

N A 

N A 

NA 

60 

N A 

p ~ ' O J  N A 

N A 
N A 

78 

N A 

140 

N A 

N A 

N A 

N A 

N A 
N A 

NA 

17.1 

NA 

64 

N A 

63 

N A 

5 

N A 

N A 

N A 

NA 

100 

N A 
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Footnotes: 
1 Maximum EEQ = Maximum detection divided by the screening level. 
2 Number of samples with concentrations greater than the screening level. 
3 Canadian and ORNL benchmarks were used only in the absence of Eco-SSLs. 
4 See Section 8.4.1.1 for a more detailed Step 3a evaluation. 
5 Value is the ORNL earthworm benchmark for dimethylphthalate. 
6 Value for iron is pH dependent where levels between 5 and 8 S.U. are not expected to cause toxicity 
7 Value is the ORNL benchmark for soil mircroorganisms and microbial processes. 
8 Aluminum is only considerd a COPC when the soil pH is less than 5.5. 

STRONTIUM 

THALLIUM 
TITANIUM 

VANADIUM 

ZINC 

Acronyms: 
COPC = Chemical of Potential Concern 
Eco-SSL = U.S. EPA Ecological Soil Screening Level 
EEQ = Ecological Effects Quotient 
NA = Not Available or Not Applicable 
ORNL = Oak Ridge National Laboratory 
SOG = Soil Quality Guideline 

Risk 
Determination 
(Acceptable1 

Unacceptable) 
Acceptable 

Acceptable 

-Concentrations were greater than the range of background concen- 
trations (24.4 mglkg to 60.2 mglkg). 

25125 

1 135 
30130 

35/35 

27135 

Retained 
as a 

COPC? 
No 

No 

Number of 
Samples > 
Screening 

N A 

NA 

MERCURY 27135 

NICKEL 35135 

SELENIUM 

Maximum 
Detected 

Concentration 

21.5 

1040 

Screening 
Level 

N A 

N A 

- 

Chemical of Potential Concern 
(COPC) 

LITHIUM 

MANGANESE 

145 

0.32 
348 

65.2 

1840 

1 

19 

1 

Maximum 

EEQ") 

N A 

NA 

Frequency 
of 

Detection 

24125 

35135 

Step 3a Evaluation"' 

0.1 

13.6 

0.0276 

NA 

0.0569 
N A 

1.59 

- 

6.62 

1.60 

3.04 

5.80 

Other Step 3a Factors Considered in Evaluation 
-Concentrations were within the range of background concentrations 
(9.1 mglkg to 29.9 mglkg). 
-Concentrations were within the range of background concentrations 
(268 mglkg to 3,040 mglkg). 

Alternate Benchmarks 

-Maximum concentration is less than alternate benchmarks for plants Acceptable 
and invertebrates. 
-Maximum concentration is less than alternate benchmarks for plants Acceptable 
and invertebrates. 
-Maximum concentration is less than alternate benchmarks for plants Acceptable 

N A 

5.6 
NA 

41.0 

278 

Eco-SSL 

N A 

N A 

NA 

Canadian 

SQG'~' 

NA 

N A 

12 

50 

1 

- 
Plant 

N A 

N A 

NA 

N A 

N A 

NA 

1 
NA 

35 

27 

Earthworm 

NA 

N A 

ORNL ~enchmarks '~ '  

N A 

N A 

NA 

N A 

N A 
N A 

N A 

NA 

Plant 

2 

500 

NA 

NA 

NA 

Earthworm 

10"' 

100"' 

NA 

N A 
N A 

NA 

N A 

NA 

1.4 
N A 

130 

200 

NA 

N A 
N A 

N A 

50 

N A 

NA 
1,000"' 

N A 

100 

and invertebrates. 
-Typically considered non-toxic. 
-Not associated with SWMU 16 activities. 
-Single detected concentration is less than SQG. 
-Maximum concentration is less than ORNL mircroorganism value. 
-Generally considered poorly soluble, poorly bioavailable, and non-toxic. 
-Not associated with SWMU 16 activities. 
-Maximum concentration is less than alternate benchmarks for plants 
and invertebrates. 
-Concentrations exceeded the ORNL plant value in 22 samples. 

Acceptable 

Acceptable 
Acceptable 

Acceptable 

Unacceptable 

No 

No 
No 

No 

Yes 
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Number of 
Samples > 
Screening 

~ e v e l ( ~ )  

NA 

N A 
N A 
3 

N A 

N A 
2 

N A 
N A 

3 
N A 

NA 

. 

Chemical of Potential Concern 
(COPC) 

Volatile Organics (uglkg) 
DICHLORODIFLUOROMETHANE 

lnorganics (mglkg) 
ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 

BERYLLIUM 
CHROMIUM 
IRON 
MANGANESE 

NICKEL 
SELENIUM 

TITANIUM 

Screening 
Level 

N A 

NA 
N A 

9.79 
NA 

N A 
43.40 
N A 
NA 

22.70 
NA 

NA 

Maximum 

EEQ") 

N A 

NA 
N A 

3.15 
N A 

NA 
1.84 
N A 
N A 

1.91 
N A 

N A 

Frequency 
of 

Detection 

111 

414 
314 
414 
414 

314 
414 
414 
414 

4/4 
314 

111 

Maximum 
Detected 

Concentration 

22 

10500 
1.1 

30.8 
110 

2.4 
79.9 

122000 
1900 

43.4 
0.8 

50.6 

Risk 
Determination 
(Acceptable1 

Unacceptable) 

Acceptable 

Acceptable 
Acceptable 
Acceptable 
Acceptable 

Acceptable 
Acceptable 
Acceptable 
Acceptable 

Acceptable 
Acceptable 

Acceptable 

--- 
Step 3a Evaluation 

Other Step 3a Factors Considered in  valuation(^) 
----- 

-Typically considered non-toxic to ecological receptors. 
-Detected in one of 10 gully sediment samples 
-Significant impacts to benthic invertebrates are not likely because the 
poor habitat would preclude their presence in the mainstream. 

-Maximum concentration is less than the TEL. 
-Concentrations were similar to the upgradient location. 
-Concentrations were similar to the upgradient location. 
-Concentrations at locations 16SD24 and 16SD25 were similar to the up- 
gradient concentration (62.5 mglkg). 
-Maximum concentration was detected at location 16SD19 during Round 
2; the barium concentration at this location during Round 3 (88.9 mglkg) 
was similar to the upgradient concentration. 
-Significant impacts to benthic invertebrates are not likely because the 
poor habitat would preclude their presence in the mainstream. 
-Barium is a common element in sediments and is not generally associated 
with significant toxicity. 
-Concentrations were similar to the upgradient location. 
-Concentrations were similar to the upgradient location. 
-Concentrations were similar to the upgradient location. 
-All SWMU 16 sample concentrations, including the upgradient location, 
were greater than the SEL (1,100 mglkg). 
-Concentrations at locations 16SD24 and 16SD25 were similar to the up- 
gradient concentration (1,370 mglkg). 
-Concentrations at location 16SD19 were greater than the upgradient con- 
centration; however, the poor habitat at this location would preclude the 
presence of benthic invertebrates at this location. 
-Manganese was detected in surface soil samples at a maximum concen- 
tration of 1,040 mglkg, which is less than the maximum background con- 
centration for soil group 3 (3,040 mgikg); therefore, manganese in the 
sediment is not likely attributable to SWMU activities. 
-Concentrations were similar to the upgradient location. 
-Detected at similar concentrations ranging from 0.5 mgkg to 0.8 mglkg; 
upgradient location concentration was 0.5 mgkg. 
-Selenium was detected in only 1 of 35 surface soil samples at a concen- 
tration of 0.16 mglkg, which is less than the maximum background con- 
centration for soil group 3 (0.64 mglkg); therefore, selenium in the 
sediment is not likely attributable to SWMU activities. 
-Concentrations were similar to the upgradient location. 

Alternate Benchmarks Retained 
as a 

COPC? 

- 
No 

No 
No 
No 
No 

No 
No 
No 
No 

No 
No 

No 

TEL 
Canadian 

LEL AET 

NA 

25500 
N A 
N A 
N A 

N A 
N A 
N A 
N A 

N A 
N A 

N A 

NA 

N A 
N A 
N A 
NA 

N A 
N A 
N A 
460 

N A 
NA 

NA 

NA 

NA 
NA 
NA 
48 

NA 
NA 
NA 
NA 

NA 
NA 

NA 



TABLE 8-7 

STEP 3A EVALUATION FOR RISKS TO BENTHIC INVERTEBRATES 
SEDIMENT COPCs 

SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 2 

Footnotes: 
1 Maximum EEQ = Maximum detection divided bv the screenina level - 
2 Number of samples with concentrations greater than the screening level 
3 See Section 8.4.1.2 for a more detailed Step 3a Evaluation. 

Acronvms: 
AET = A~oarent Effects Threshold 

Chemical of Potential Concern 
(COPC) 

VANADIUM 
ZINC 

. . 
COPC = Chemical ot Potential Concern 
EEQ = Ecological Effects Quotient 
LEL = Lowest Effects Level 
NA = Nol Available or Not Applicable 

Maximum 

EEQ(') 

N A 
1.70 

Step 3a Evaluation Number of 
Samples > 
Screening 

~eve l ( "  
N A 
1 

-Maximum concentration was detected at location 16SD19 during Round 
2; the zinc concentration at this location during Round 3 (84.4 rnglkg) 
was less than the upgradient concentration. 

Risk 
Determination 

(Acceptable1 
Unacceptable) 

Acceptable 
Acceptable 

Frequency 
of 

Detection 

414 
414 

Retained 
as a 

No 
No 

Other Step 3a Factors Considered in  valuation'^' 
-Concentrations were similar to the upgradient location. 
-Concentrations are closer to the TEC than they are to the upper effects 
level PEC of 459 mgfkg. 
-Concentrations at locations 16SD24 and 16SD25 were similar to the up- 
gradient concentration (92.5 rnglkg) 

Alternate Benchmarks 
Maximum 
Detected 

Concentration 

51.2 
206 

TEL 

N A 

Screening 
Level 

N A 
121 

Canadian 

LEL 
N A 

AET 
NA 

NA NA NA 



TABLE 8-8 

COMPARISON OF COPCS IN SURFACE WATER TO EDQLS AND ALTERNATE BENCHMARKS 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

CADMIUM 
CADMIUM, FILTERED 
COPPER 
COPPER, FILTERED 

. . 
and raises uncertainties with the bioavailable portion of 
metals available to aquatic organisms. 
-Average concentration (750 ug1L) in filtered samples is 
greater than ORNL SCV but is significantly less than toler- 
ance values reported in U.S. EPA Gold Book (1.5 mq1L to 

Frequency 
Chemical of Potential Concern (COPC) of 

Detection 

LEAD 

MANGANESE 
MANGANESE. FILTERED 

Screening 
Level 

Retained 
as a 

COPC? 

Detected 
Concentration 

Energetics (ug/L) 

113 
113 
313 
313 

Footnotes: 
1 Maximum EEQ = Maximum detection divided by the screening level. 
2 Number of samples with concentrations greater than the screening level 
3 See Section 8.4.1.3 for a more detailed Step 3a Evaluation. 

Risk 
Determination 
(Acceptable1 

Unacceptable) 

Step 3a Evaluation 

113 

313 
313 

Miscellaneous Parameters (mg/L) 

Acronyms: 
COPC = Chemical ol Potential Concern 

Maximum 

EEQ") 
WQC I ORNL 

Acute I Aquatic 

111 

0.66 
1.4 
4.1 
3.9 

EEQ = Ecological Effects Quotient 
NA = Not Available or Not Applicable 
ORNL = Oak Ridge National Laboratory 
WQC = U.S. EPA Water Quality Criteria 
SCV = Secondary Chronic Value 
EDQL = Environmental Data Quality Level 
AWQC = Ambient Water Quality Criteria 

Number o 
Samples : 
Screening 

Other Step 3a Factors Considered in   valuation'^' 

NA 

1.2 

476 
1970 

NITRITEINITRATE-N 

0.32 

Metals (ug/L) 

0.15 
0.15 
1.58 
1.58 

0.05 111 

NA N A 

1.17 

N A 
N A 

Acceptable 1 
4.4 
9.33 
2.59 
2.47 

N A 

ALUMINUM 
ALUMINUM, FILTERED 

1.03 

NA 
N A 

N A 

2 
2 

1 
1 
1 
1 

NA 

NA 

213 
213 

1 

NA 
NA 

N A 

87 

N A 

N A 

-Concentration is less than the Canadian water quality 
guideline of 13 mg/L. 

NA 

822 
119 

N A 

N A 

N A 

NA 

NA 

NA 

Acceptable 

-Concentration is less than the SCV of 330 ug/L reported 
in Talmage et al, 1999. 

87 
87 

NA 

NA 

NA NO 

9.45 
1.37 

NA 

NA 

NA 

NA 

Acceptable 

-Maximum filtered concentration was detected at location 
16SW24; aluminum was not detected in the next downstream 
location 16SW25 and only slightly exceeded the AWQC at 
location 16SW 19 (90.1 ug1L). 
-Average concentration in filtered samples is 80 ugIL, which 

NA 

120 

No 

is less than the AWQC. 
-Cadmium was detected at location 16SW19, which is typic- 
ally dry and not at locations 16SW24 and 16SW25. 
-Copper was detected at location 16SW19, which is typic- 
ally dry and concentrations at locations 16SW24 and 16SW25 
were less than the ESL. 
-Lead was not detected in filtered samples which represents 
the bioavailable portion of metals. 
-Concentrations in filtered samples is an order of magnitude 
areater than detected in unfilted sam~les: this is unex~ected 

Acceptable 

Acceptable 

No 

No 

Acceptable 

Acceptable 

No 

No 



TABLE 8-9 

EXPOSURE PARAMETERS FOR THE TERRESTRIAL WILDLIFE MODEL 
SWMU 16(CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 

NSWC CRANE, INDIANA 

S eciesIEx osure In uts 

. . . . . - . . - - . . . . - - - - - - . . 
Body Weight = BW 
Food In g estion Rate = If 
Water Ingestion Rate = Iw 

9 
Home Range = HR 
Bobwhite Quail 
Body Weight = BW 
Food Ingestion Rate = If 
Water Ingestion Rate = Iw 

9 
Home Range = HR 

Consewalive Inputs I Average Inputs 
Units Source 

Meadow Vole 

1.660E-01 
1 3.032E-02 

1.900E-02 

Body Weight = BW 
Food Ingestion Rate = If 
Water Ingestion Rate = Iw 

9 

kg 
1 kgiday 

Uday 

3.290E-02 
3.840E-03 
7.700E-03 

kg 
kgiday 
Uday 

Home Range = HR 
Short-Tailed Shrew 
Body Weight = BW 
Food Ingestion Rate = If 
Water Ingestion Rate = Iw 
Soil Ingestion Rate - Is (1 3%) 
Home Ran e = HR 

1.895E-01 
2.526E-02 
1.900E-02 

Assume 100% on site 

3.663E-02 
3.570E-03 
6.400E-03 
8.5681-05 

6.133E+01 

1.770E-01 
4.320E-03 
1.840E-02 
3Rate542E-04 
2.860E+01 

1.620E-01 
4.920E-03 
2.310E-02 

American Wnnrlcock 

kg 
1 kglday 

Uday 
kglday 

kg 
kglday 
Uday 

kg 
kgiday 
Uday 

1 kkgiday 
Assume 100% on site 

USEPA. 1993 
1 USEPA, 1993 

USEPA, 1993 
Beyer, 1993 

pp 

acres 

kg 
kgiday 
Uday 

1 kglday 
acres Assume 100% on site 

1.640E-01 

1.687E-02 
1.648E-03 
3.800E-03 
2.142E-04 

USEPA, 1993 
USEPA, 1993 
USEPA, 1993 
Beyer, 1993 

1.525E-02 
2.592E-03 
4.300E-03 
3.370E-04 

USEPA, 1993 

USEPA. 1993 
USEPA, 1993 
USEPA. 1993 
Beyer, 1993 

USEPA, 1993 

kg 
kg/day 
Uday 
kgiday 

acres 

kg 
kglday 
Uday 

kkgiday 
9 

USEPA, 1993 

USEPA. 1993 
USEPA, 1993 
USEPA, 1993 
Beyer, 1993 



TABLE 8-10 

SUMMARY OF FOOD CHAIN MODEL EEOS USING CONSERVATIVE AND AVERAGE INPUTS 
SWMU 16- CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 

NSWC CRANE 
CRANE, INDIANA 

Dioxins 
TEO BIRD I N A I N A 1 N A I N A I N A I N A 1 N A I N A I 8.3E-01 1 8.3E-02 1 5.5E-02 1 5.5E-03 1 5.3E-04 1 5.3E-05 1 7.8E-05 1 7.8E-06 
TEQ MAMMAL 1.2E-03 I 1.2E-04 I 2.OE-04 I 2.OE-05 ) 6.9E-01 ( 6.9E-02 1 3.7E-02 ( 3.7E-03 1 NA I N A I N A I N A I N A I N A I N A I N A 
Energetics 

~ H M X  1 3.3E-05 1 1.3E-05 1 2.3E-05 1 9.1E-06 1.9E-05 1 7.7E-06 1 1.4E-05 1 5.4E-06 1 #VALUE! I #VALUE! I #VALUE! 1 #VALUE! I #VALUE! 1 #VALUE! ( #VALUE! I #VALUE! I 

Herbicides 
~PENTACHLOROPHENOL I XNIA 1 # NIA I #N/A I UNIA I # N / A ~  #NlA 1 #N/A 1 #NIA I #N/A I #N/A 1 #NIA I UNIA 1 #N/A I #N/A I #NIA I #N/A 1 

Parameter 

Notes: 
Cells are shaded il the EEO is greater than 1.0 

NA - Not applicable 

Bobwhite Quail 
Conservative Inputs 

NOAEL 
EEQ 

American Woodcock 
Conservative Inputs I Average Inputs 

Short-Tailed Shrew 
Conservative Inputs I Average Inputs 

EEQ - ~ c o l o ~ i c a l  EHects Quotient 
NOAEL - No Observed Adverse Eflects Level 

NO AEL 
EEQ 

NO AEL LOAEL 
EEO EEQ 

Meadow Vole 
Conservative Inputs I Average Inputs 

LOAEL - Lowest Observed Adverse Ellecls Level 

NOAEL 
EEQ 

LOAEL 
EEQ 

NOAEL 
EEQ 

LOAEL 
EEQ 

LO AEL NOAEL 
EEQ EEO 

NO AEL 
EEQ 

LO AEL 
EEQ 

LOAEL 
EEQ 



TABLE 8-1 1 

STEP 3a EVALUATION FOR RISKS TO WILDLIFE 
SWMU 16 -CAST HIGH EXPLOSIVES FILUB146 INCINERATOR 

NSWC CRANE 
CRANE, INDIANA 

I I I I I I I I I an uncetialntv factor of 0 1 I I I 

I 
Chemical of Potential r 

Footnotes: 
1 -These columns present the Frequency of Deleclion and concentrations for soil 

Frequency 
..' 

Basis of Wildlife 
Toxicity Reference Value 

Reproduction not impaired at 10 mg/kg (NOAEL). 

Fewer eggs and ducklings were produced in mallad 
ducks fed 0.5 mgkglday dose (LOAEL). NOAEL 

was estimated by multiplying the chronic LOAEL by 

EEQs Using Average 

Zinc 

2 -See Section 8.4.2.2 for a more detailed Step 3a evaluation 

Maximum 
Detected Retained as 

a COPC? 

Yes 

NO 

Other Step 3a Factors Considered in Eva~uation'~' 

-NOAEL-based EEQs were greater than 1.0 when the woodcock food chain model was 
using an area use factor 0,2. 

-NOAEL-based EEOs were less than 1.0 when the woodcock food chain model was calculated 

Acronyms: 
EEO - Ecological Elfects Ouolient 

Risk 
Determination 
(Acceptable1 

Unacceptable) 

Unacceptable 

Acceptable 

Average 

27/35 

NA - Not available or not applicable 
NOAEL = No Observed Adverse Effect Level 
LOAEL = Lowest Observed Adverse Effect Level 

Exposure Values 

Concern (COPC) 

lnsectivorouslHerbivorous 

Lead 

Mercury 

1840 

" 8  

~etection"' 

Wildlife 

34135 

27/35 

NOAEL 
EEQ > 

1.0 

7 

1.7 

LOAEL 

41 8 

Concentration 

( m ~ g ) " '  

1240 

016 

Species 

Woodcock 

Woodcock 

EEQ > 
1.0 

Concentration 

m k g )  

165 

0.0356 

Species 

14.0 

NO 

NO 

Woodcock 

N A 

NA 

1.6 WOOdCOCk 
LOAEL based on egg halchabliv of hens which was 

<20% of controls. 
- N O A E L - ~ ~ S ~ ~  EEOS were greater than 1.0 when the woodcock food chain model was 
calculated using an area use factor of 0.2. 

Unacceptable Yes 



FIGURE 8-1 
NAVY ECOLOGICAL RISK ASSESSMENT TIERED APPROACH 

SWMU 16 

n NSWC CRANE 
CRANE, INDIANA 

compare exposure point concentrations to Dencllmalks. 
Step 1: Site visit: Pathway IdentilicaliodProblem Formulation; 

Toxicity Evaluation 
Step 7: Exposure Esllmate; Risk Calcutalion (SMDP)~" 

compare exposure point concentrations to Dencllmalks. 
Step 1: Site visit: Pathway IdentilicaliodProblem Formulation; 

Tnriritv F' 
1 

. - _+I Step 7: Exposure E 

- 
Exit Criteria lor the Screening Risk Assessment (SRA): Decision lor 

exiling or continuing the ecological risk assessment. 
1) Sile passes SRA. A determination is made that the site poses acceptable 

riskand shall be closed oul for ecological concerns. 
2) Sile fails SRA: The sile must have both complete pathway and 

unacceptable risk. As a result the sile wiU ellher have an inlerim cleanup or 
moves to the Tier 2. 1 

~ E c o l o ~ a t  Risk Assessment E E R A  Exit Criteris Step 3s Relincmenl 
Delailed assessment 01 exposure and hazard to "assessment 1 )  I1 reevaluation of the 
endpainls" (ecological qualities lo be protected). Develop site- con6ewative expasule 
specllic values that are proleclive of the environment. assumptions (SRA) supports an 

Step 3a: Relinement of Conservative Exposure ~ssumptionsl~' acceptable risk determination. 
(SRA)----Proceed to  Exit Criteria for Step 3s then the site exits the ecotoa~at 

I I TJer 3. Evaluation of Remedial Alternative (RAGS C)  
A. Develop site-specific, rkk-based cleanup values. 
8. Qualitatively evaluate risk posed to the environment by imptemenlation of each 

allemative (short.lerm1 !moacts and esl~rnate risk roduct~on orovided bv each ltono- 

Step 3b: Problem Formulation -Toxicity Evaluation; 
Assessmenl Endpoints; Conceptual Model. Risk 
Hypothesis (SMDP) 

Slep 4: Study DeslgdDOO - Line 01 Evidence; Measuremenl 
Endpoints; Work Plan and Sampling 8 Analysis Plan 
(SMDP) 

step 5. Verification 01 Field Sampling Design (SMDP) 
Step 6: Sle Investigation and Data Analysis (SMDP) 
Step 7: Risk Charaderlzat~on 

Proceed to Exit Criteria tor BERA 

term) impail?.; prov&'quantilative evalualion where appropriate weigh alternative 
using the remaining CERCLA 9 Evaluation Criteria. Plan tor monitodng and silc 

Notes: 1 See U.S. EPA's 8 Steps ERA Process for requirements lor cach Scientific Management Decision Point (SMDP). 
2 Raiinement includos but is not limited to background, bioavailability, detedlon frequency, etc. 
3 Risk managemenl is incorporated throughout the tiered approach. 

I )  It the site poses acceptable risk, lhen no further evaluation and no 
remediatlon lrom an ecotogimt perspective is warranled. 

2) If the site poses unacceplable ecological risk and additional evaluation 
in the lorm of remedy development and evalualion is appropriate, 
proceed to Tier 3. 

+ 

- 
riskassessment process 

2) If re-evaiuation 01 the 
conservative exposure 
assumptions (SRA) does no1 
support an acceptable risk 
determinat~on, then the site 
conlinues in the BERA process. 
Proceed to Step 3b. 



Acronvms 
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 - Lowest Observed Adverse Effects Level 
Max - Maximum 
NOAEL - No Observed Adverse Effects Level 
ORNL - Oak Ridge National Laboratory 

Retain chemical as a 
COPC and proceed to 
Step 3a. 

1 Food Chain Model 

7r 
4 Evaluation 

food chain 

Is the COPC modeling for 
that chemical 

+ 
Plant Step 3a Evaluation Invertebrate Step 3a Evaluation 

Compare the chemical concentration to Compare the chemical concentration to no- 
no-effects r~sk evaluation benchmark for effects risk evaluation benchmark for 
planrs invertebrates 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 

Conduct further evaluation of the other Step 3a factorsas lisled below: . habitat . frequency of detect~onlspatial distribution 
magnitude of exceedence 
background levels 
chemical bioavailability 
discuss risk evaluation benchmarks specilic for risks to the receptor beinq - 
evaluated 

o ORNL ~ l a n t  benchmarks 1Efrovmson et al. 1997a.b 
o ~anad/an  Soil Quality ~u;del i ies (CCME, 1997) 
o Literature data 

other site-specific factors, as appropriate and available 

Are the potential risks 
from the chemical 
great enough to 

warrant additional 

I Yes 

proceeding to a BERA, development of 
cleanup levels, preparation of CMS, etc.) 

I I 

FIGURE 8-2 

1 
GENERAL ERA PROCESS FOR EVALUATION O F  RISKS T O  CHEMICALS IN  SURFACE SOIL AT NSWC CRANE, INDIANA 

SWMU 16 

, 

NSWC CRANE, CRANE, INDIANA 

Conclude no unacceptable 
site-related risk to ecological 
receptors from that chemical 

4 



Acronyms 
BERA - Baseline Ecological Risk assessment 
[Bkg] - Background Concentration 
[CHEM] - Chemical Concentration 
CMS - Corrective Measures Study 
COPC - Contaminant of Potential Concern 
EEO - Ecological Effects Quotient 
ESL - Ecological Screening Level 
LOAEL - Lowest Observed Adverse Effects Level 
Max - Maximum 
NOAEL - No Observed Adverse Effects Level 
TEC -Threshold Effects Concentration 

Yes 1 
Retain chemical as a 
COPC and Droceed lo I 
Step 3a. L 

Compare [Chem],,, to the most appropriate lower 
effects level using the following order of 
preferences: . Canadian Sediment Guidelines (OMOE, 1993) 

Lowest Effects Levels 
Long and Morgan (1991) Effects-Range Low 
Long et al., (1995) Effects-Range Low 
Other values, as necessary and available 

Yes 

4 Yes 

Conduct further evaluation of the other Step 3a factors as listed below: 
habitat 
frequency of detectionlspatial 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-s~ecific factors 

. 
Are the potential risks from 
the chemicai great enough 

to warrant 
additional evaluations 

proceeding to a BERA, development of 
cleanup levels, preparation of CMS, etc.) 

I Conclude no unacceptable 
b site-related risk to ecological 4 

receptors from that chemical 

FIGURE 8-3 

GENERAL ERA PROCESS FOR EVALUATION OF  RISKS T O  CHEMICALS IN  SEDIMENT AT NSWC CRANE, INDIANA 
SWMU 16 

NSWC CRANE, CRANE, INDIANA 



Acronvms 
BERA - Baseline Ecological Risk assessment 
[Bkg] - Background concentration 
ICHEMI - Chemical Concentration 

NO 
Chemical is not a COPC 

NO 

Oraanisms Step 
3a Evaluation b 
Is the COPC a 

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 

Food Chain 
Model Step 3a 

Evaluation 
Is the COPC 

Retain chemical as a COPC and 
proceed to Step 3a. 

Do not conduct 
food chain 
modeling for 
that chemical 

4 
I 

1 Yes 

1 Yes 

Conduct further evaluation of the other Step 3a factors 
as listed below: . habitat 

frequency of detectionlspatial 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 

f 

Conduct food chain modeling using both maximum and 

Are the potential risks \ 
from the chemical \ 

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, but chemicals in the surface water 

Yes 
rarely cause adverse risks because of their low 

b concentrations compared to the concentrations in soil. 

great enough to 
warrant additional 

I Yes 

Conduct additional evaluations (i.e., 
proceeding to a BERA, development of 

cleanup levels, etc.) 

r 
site-related risk to ecological 
receptors from that chemical 

''I If the ESL is the 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 sutiace water will be adjusted for water hardness for metals whose criteria are hardness-dependent. I 

FIGURE 8-4 

GENERAL ERA PROCESS FOR EVALUATION OF RISKS TO CHEMICALS IN SURFACE WATER AT NSWC CRANE, INDIANA 
SWMU 16 

NSWC CRANE, CRANE, INDIANA 





ECOLOGICAL CONCEPTLAL SNE M3DE. 
SWUL 16. C I S 1  W SH E I R O S l V E  FlLL I IhCINERATOR BL..OINC 146 

NSWC CRANE. IhDlAhA 

p p p p p p p p -  p -  ~ 

PRIMARY SECONDARY 
PRlMIRl  RELEASE ECOHDARY RELEASE TRANSPORT EXPOSURE 
SOURCES MECHANISM SOURCE MECHANISM MECHANISM MEOlUM 

W.*hdOW" and 
W.Ot*W.dl 

1.0". Building 

hCi"e,atlon 

Piles 

I././ / I I. 

. -COMPLETE EXPOSURE F A l H l l A Y  

1 .  Washdown and washaul wastewater were d#schargedlhrough floor draiw of Blnlding 146 to sumps lhal emplied into lhe Boggs Creek watershed. 
2. Runon from ncinerator erh piles. 
3. Blank space indicate. ~mornplete erposure palhuay or relalively imlgntlicam or OM appllcaale potenual exposure 
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APPENDIX A 
SWMU 16 

PHOTOGRAPHS AND PHOTOGRAPH DIRECTION FIGURE 
ROUND 1, ROUND 2, ROUND 3 



Figure A-I Photographs 
SWMU 16 

Figure A-1 a: 16SW/SD05 upstream (SW) Figure 1 b: 16SW/SD06 upstream (E) 

Figure A-1 c: 16SWlSD08 upstream (E) Figure A-1 -d: 16SWlSD08 6" conc discharge 



Figure A-I Photographs 
SWMU 16 

Figure A-1 e: 16SWlSD09 upstream (E) Figure A-1 f: 1 6SW/SD10 upstream (W) 

Figure A-1 g: 1 6SWISD11 upstream (SW) Figure A-1 h: 16SW/SD12 upstream (NE) 



Figure A-1 Photographs 
SWMU 16 

Figure A-1 i: 16SWlSD12 10-25-03 Figure A-1 j: 16SWlSD13 10-25-03 

Figure A-1 k: 16SWlSD13 upstream (N) Figure A-1 I: 16SWlSD15 10-24-03 



Figure A-1 Photographs 
SWMU 16 

Figure A-lm: 16SW/SD15 10-25-03 Figure A-1 n: 16SW/SD17 10-24-03 

Figure A-1 o: 16SW/SD18 10-24-03 Figure A-1 p: 16SWISD19 10-24-03 



Figure A-1 Photographs 
SWMU 16 

Figure A-1 q: 16SWISD19 upstream (NE) Figure A-1 r: 1 6SWlSD20 10-25-03 

Figure A-1 s: 16SWlSD21 10-24-03 Figure A-1 t: 16SWlSD22 10-24-03 



Figure A-I Photographs 
SWMU 16 

Figure A-1 u: 16SWfSD23 upstream (SW) Figure A-1 v: 16SW/SD24 upstream (N) 

Figure A-1 w: 16SW/SD25 upstream (NE) Figure A-1 x: 1 6SWISD26 upstream (NW) 



Figure A-1 Photographs 
SWMU 16 

Figure A-1 y: 16SWlSD27 upstream (NE) Figure A-1 z: 16SWlSD28 upstream (NE) 

Figure A-1 aa: 16SW/SD29 upstream (NE) Figure A-1 bb: 16SWlSD30 upstream (W) 



Figure A-2 Photographs 
SWMU 16 

Figure A-2a :View north showing rotosonic rig 
setting up at monitoring well location 16MWT02. 

Figure A-2b: View north of drillers installing 
PVC at monitoring well location 16MWT03. 

Figure A-2c: Soil cores from 16MWT03 showing 
yellow orange sandstone overlying gray shale. Figure A-2d : View north showing drillers 

finishing up monitoring well installation at 
16MWT03. 



SWMU 16, Figure 2a Photographs 

Figure A-2e:View northeast of the east sump 
where surface water sample 16SW02 was 
collected. Also shown are monitoring wells 
16MWTO1 (foreground and painted) and 
16MWT06 (background and unpainted). Note 
that site restoration was completed at this 
location. 

Figure A-2f : View southwest showing 
monitoring well 16MWT02 and the west sump 
where surface water sample 16SW07 was 
collected. 

Figure A-2g: View SSE with monitoring well 
16MWT02 and the west sump in the foreground, 
and monitoring well 16MWT03 in the background. 

Figure A-2h: View south of the former 
location of the incinerator ash piles with 
existing monitoring well W ES-14-04-83 in the 
background. 



Photograph Identification and 
a * Direction of Photograph 

Surface WaterlSediment 
Sample Location 

. Fence 

- StrearnlRiverNVetland 

SURFACE WATER I SEDIMENT LOCATIONS 
SWMU 16 CAST HIGH EXPLOSIVES FlLU 

BUILDING 146 INCINERATOR 
NSWC CRANE 



I I I NSWC CRANE - - 
SCALE DRAWING NO. REV 

AS NOTED CRANE, INDIANA FIGURE A-2 0 



APPENDIX B 
SWMU 16 

BORING LOGS, MONITORING WELL CONSTRUCTION 
DIAGRAMS, AND RELATED MATERIALS 

ROUND 1, ROLIND 2, ROUND 3 



APPENDIX B. 1.1 
SWMU 16 

BORING LOGS AND MONITORING WELL CONSTRUCTION 
DIAGRAMS 
ROUND 1 



Tetra Tech NUS, Inc. BORING LOG Page _L of 1 
, 

'When rrr* -. enter d tmk- 

"1nr~emmnorna+.-g~n6~nl~vels8bashols t r r r a u , r e a c % w ~ d B l w a l e d r - r e a d  Drilling Area 
Remarks: k'/ u-4' LJEIL sme.xr/ b - h - ~  Background (ppm): a 

kunw \'Y' 
DEN'TWL.~ V u . ( u - - b ' V  

Converted to Well Yes Zc No Well I D  # 



Teba Tech NUS, Inc. BEDROCK W R L  No.: \dmw7 0 \ 
MONITORING WELL SHEET PERMIT No: 

PROJECT No.: 9060 CTO 0279 DRILLER DATE COMPLETED: 

DRILLING MEMOD: 

Stick Up of Casing Above Gmund Surlace: %-%% 
Elevation ol Top of Riser: 

1.D. af Sudace Casing: Gr,%-E 
Type of Surface Casing '%&EL 

~ y p e  01 surface seal: ur>GT b" P ~ Q  
I.D. of Permanent Casing: .w 

Borehole Diameler. 

Elevation I DBp(h Top of Seal: 
Elevation I DepVl Top of Bedrodc 

Elevation I Depth of Top d FJ(er Pack '1$3aa/ 1% - 
Elevation I Deplh of Top ql Screen: 7-.-l/ tk- 

Type of Screen: 

Slot S i i  x Length: 

I.D. d Scmen: . 2' 

Type of Fmer Padc . No. 20-40 sAI;ID 

Elevation I Depth of Bottom of S c m ,  7 ~ ~ ~ ~ l  >r\' 

Oevalion I Tolal Depth of Borehde: 







BORING LOG Page I of 2 

Converted to Well: Yes No Well I.D. 8: \\-Vu.u-t 03 



BORING LOG Page 2 of 2 

Converted to Well: Yes x NO Well I.D. #: \ L m M o J  



Tetra Tech NUS, Inc. BEDROCK WELL No.: \LWTO'~ 

MONITORING WELL SHEET PERMIT No: 

ROJECT No.: 9060 CTO 0279 DRILLER: DATE COMPLETED: 

DRILLING METHOD: ROTOSONIC NORTHING: 

OLOGIST: B. BALKOVEC DEV. METHOD: 

Stick Up of Casing Above Ground Surface: a-kb 
Elevation of Top of Riser: 

I.D. of Surface Casing: \+s&(& 
Type 01 Surface Casing: sxSL 
~ y p e  of surface Seal: kc& <,k bri P ~ D  
I.D. of Permanent Casing: 

Borehole Diameter: 

Type of BackiiII: 

Elevation I Deplh Top of Seal: 
Elevaljon I Deplh Top of wrack: 

Elevarion I DepUl of Top of Screen: 

I.D. of Screen: 

Type of Filter Pa&: No. 20.40 SAND 

Elevation I Dep~h of Bollom of Screen: 
. 3%si 1 3 

Uevalion I Total Depth of Borehole: ?~.q5 1 35 ' 



relra Tech NUS. Inc BORING LOG Page I of - 

" Wude m m m r e x b q  in 6 (od nleN& C% bonhole. kuease &ng frequency !f eleraled -e read 
r Y  

Drilling Area 
Remarks: b" o+ 5 4 i - w c  5 ' ' ~ ~ r n  & -2s , - -  Background ( p p r n ) : a  

' Y  % 
Convened to Well: Yes A No Well I D. #r \~ tcu~-y ,q  ! 



Tetra Tech NUS, Inc. BEDROCK WELL No.: t b ~ X 0 9  
MONITORING WELL SHEET PERMIT No: 

PROJECT No.: 9060 CTO 0279 DRILLER: DATE COMPLETED: 

DRlUlNG METHOD: ROTOSONIC NORTHING: 

S t i i  Up of Casing Above Ground Surface: 1.x 
Elevation of Top of R i r :  

1.6 of Surface Casing: 4/'ud& 
Type of Surface Casing: %&EL 

~ y p e  of surface seal: \ r r ~ r p b * p k 9  
I.D. of Permanent Casing: 

Borehole Diameler: 

Elevation I Depth Top of Seal: 
Ekvation I Depth Top of Bedrock: 

Elevation I Depthof Top d Filter Pack: 
Elevation I Depth of Top of Screen: 

Slot Size x Length: 

I.D. of Ween: 

Type of Filter Pa& No. PMO SAND 

E k v a h  I Depth d Bottom of Screen: 7%- I 

Elevation I TOM Depth of Borehole: 



BORING LOG 

" ~ m m b r r r a a n , i , s w h ~ * a ~ ~ b a e h o l a .  h r r e a u , r e a b g ~ a h l s d - d  Dnllng Area 
Remarks: Backgrwnd ( p p m ) : a  

- - pp - - - - 

Converted to Well: Yes X No Well I.D. t-nOr 



B etra Tech NUS. Inc BORING LOG Page 1 of 1 
PROJECT NAME NSWC CRANE BORING NUMBER: \bwX,)</\p,x 
PROJECT NUMBER. N9060 CTO 0279 DATE: %/qm ' 
DRILLING COMPANY. BOWSER MORNER GEOLOGIST: BOB HALKOVEC 
DRILLING RIG ROTOSONIC DRILLER: 0~&5. 

' W h s l m d r a . , ? & ~ m d r ~  
" h c h % m o r i b x r e a ~ n 6 L r m 1 1 1 ~ 8 ~  hrearareadn~-de&adrepaasread Drilling Area 
Remarks: Background (ppm): 

Converted to Well: Yes No Well I.D. It: b-6 



Teba Tech NUS, Inc. BEDROCK WELL NO.: \ ~ W ~ T ~ <  

MONlTORlNG WELL SHEET PERMIT No: . 



BORING LOG Page \of I 

. W h e " m a ~ e n t a m a W I e n e n  
- ' ~ m m b m a & g i l 6 b d ~ ~ ~  ~ s r e a d n g t r e q u e r y i l ~ r e p m s a r e a d  

Remarks: 
Drilling Area 

Backgmund ( p p r n ) : a  



Tetra Ted NUS, Inc. BEDROCK WELL No.: --b 
MONKORlNG WELL SHEET PERMIT No: 

PROJECT: NSWC CRANE DRILLING Co.: BOWSER MORNER BORING No.: \ b ~ b  
PROJECT No.: 9060 CT0 0279 DRILLER: -=.\ h, DATE COMPLETED: 

SITE: SWMU 16 DRILLING METHOD: V T J  NORTHING: 

GEOLOGIST: 8. BALKOVEC D N .  METHOD: ~ - E W  EASTING: 

1% %l\%%%? 

303x9 .\-I3 



Tetra Tech NUS, lnc. BORING LOG Page 1 of 

m m a i . e n t e r n d r b m e n s r r  
"hj&mMarreaanphSMhIwdsObaehde hcrsapereamgkequwr7'delerahrdrspmreread Drilling Area 
Remarks: C F O  f E o R E  ~ a c e o  C O P E  Background ( p p r n ) : a  

Converted lo Well: Yes No I/ Well I.D. It: 



Tetra Tech NUS, Inc. lrtl. BORING LOG I Page \ of - 

Converted to Well: Yes No * Well 1.0. #: 



Tetra Tech NUS. Inc BORING LOG Page \of 1 

- 
\ 

Converted to Well: Yes No / Well I.D. It: ' 



Tetra Tech NUS. Inc. BORING LOG L Page - of j- 

, 
Converted to Well: Yes No \/ Well I.D. I :  



l R I T e t r a  Tech NUS lw. BORING LOG Page 1 of I 

Converted to Well: 'Yes N"i Well I.D. #: 



BORING LOG Page _L of L 



l ~ l ? ~ t ~ ~  Tech NUS, lnc. BORING LOG 
\ t Page - of - 

'Whnmdmring.&rndbrcbms - - - %  reabg h 6 irm ~enslr o baehde hmase re* lrequerrl1 ele*ated re- read Drilling Area 
Remarks: Background ( P W ) : ~  

Converted to Well: Yes No I/ Well I.D. #: 



BORING LOG \ I Page - of - 

Convetted to Well: Yes No Wetl 1.0. Y: 



1=lTetra Tech NUS, lnc BORING LOG Page \of 

"lndudemmdlrleadngh6kanlmabOhehde INSea~ereadng-flhted-d Drilling Area 
Remarks: Background ( p p m ) : m  

Fb r 9 7  17 O h  0 l t O & L C C  C F D  
Convelled lo Well: . 

- - 
yes L Well I.D. B: 



BORING LOG I Page \of - 

-hdudemxr~rreadgheloolHernkObaehds. Lxreaserea6Wfre9uency1eMledrrpomaread. Ddling Area 
Remarks: Background ( p p m ) : m  

n 
Converted to Welt: Yes No I/ Well I.D. #: 



Tetra Tech NUS, Inc. BORING LOG Page \of 1 

Converted to Well: Yes No \ /  Well I.D. 8: 



[Ttl Tetra Tech NUS, Inc. BORING LOG 
\ Page 1 of - 

Converted to Well: Yes No L/- Well I.D. U : ~  



I ~ l T ~ t r a  Tech NUS.. BORING LOG Page 1 of \ 

" M u d s l r m r t r ~ h s k d m D N a b B m e h o s .  boearercsangh~l-reparreread. Drilling Area 
Remarks: Background ( p p m ) : m  

Converled to Well: Yes No / Well I.D. k 



I R l T e I r a  Tech NUS. hT. BORING LOG \ Page - d 

--mrrOrrea6nghbbolhterrasObaehde ~ w a & g h - ~ ~ b + j a d ~ d  Dnimg h a  
Remarks: Background ( p p m ) : m  

Converted to Well: Yes No _ 1. y o  



BORING LOG Page \of L 

Converted to WeU: Yes No Well 1.0. #: 



I n l T e t r a  Tech NUS. lnc. BORING LOG 

Convected to Well: Yes No Wen I.D. D: 



BJ Tetra Tech NUS. Inc. BORING LOG Page \ of L 

Converted lo Well: Yes No A/ Well I.D. X: 
, 



BORING LOG Page \ of 

Converted to Well: Yes No 2 Wen I.D. C: 



Telra Tech NUS. Inc. BORING LOG Page I_ of 

PROJECT NAME: NSWC CRANE BORING NUMBER: / b s o  14 
PROJECT NUMBER: N9060 CTO 0279 DATE: 3 - 2 8  - 0-3 
DRILLING COMPANY: . BOWSER MORNER GEOLOGIST: M 6 .  C- O C  I*& 

DRILLING RIG: Gcopt-ao S Y  L'T DRILLER: 3. & r ~ e - 5  

' w k " i m h a r h g , ~ ~ ~  
-hdudemaumr~hebdmmk~baehole. h r e a r e m 6 q l r e g u e n l l s s * a l e d r e p a ~ e ~ .  Drilling Area 
Remarks: Badground ( p p m ) : m  

Converted to Well: Yes No b' wen I.D. #: 



BORING LOG Page of _L 

,. Drilling Area 
Remarks: Background (ppm):LfU 

Converted to Well: Yes NO _I/ Well I.D. t: 



Tetra Nus, 1°C. BORING LOG Page L of 1 

"Mude-mxbtgh6bdhtenats~baehde. haeassreadvgn-asleraledrr~onoans~d. Drilling Area 
Remarks: W h S I  MS 0 cotlekof(3 ShJs / o c ~ d i o l / .  Background ( p p m ) : m  

Converted to WeU: Yes No J Well I.D. r: 



BORING LOG 

Drilling Area 
Remarks: Backgmund @ p m ) : m  

Converted to Well: Yes No / Well I.D. #: 



IRI Tetra  dl NUS. inc. BORING LOG Page 1 of 

Converted to Well: Yes No i /  Well I.D. t:  - 



BORING LOG Page L of 1 

Converted to Well: Ye5 No 1/ Well I.D. #: 



Tetra Tech NUS; Inc. BORING LOG Page I_ of I 

-h*rdsmmuredngh6irmhtwahObaehda rrrsasersadrgh-lelrnaDdreponreread Drilling Area 
Remarks: mQm ( ~ ~ m ) : a  

Converted to Well: < - 
Yes No Well I.D. #: 



1-1 Tetra Tech NUS. lnc. BORING LOG Page 1_ of c 

Converted to Well: Yes No k Well I.D. I: 



Tetra Tech NUS. Inc, BORING LOG 

Converted to Well: Yes No A Well 1.D. #: 



BORING LOG Page \ of _l_ 

- h d d e r m a r ~ n 6 f m & m k U b r r e h d e .  haeasereadn~-ae(ea~dreanreread Drilling Area 
Remarks: Badground (ppm): a 
Converted to Well; Ye$ No k Well I.D. #: 



lTtl Tetra Tech NUS. Inc. BORING LOG Page 1 of 

- ~ ~ - ~ e a d h l h 6 k d h ~ 8 b a e h o l s .  h r r e ~ l e a d h l * - ~ ~ m -  

Remarks: 
Drilling Area 

Background. (ppm): a 
Converled to Well: Yes No A wen I.D. R: 



IRl- Tech NUS. lnc. BORING LOG Page \ of 1 

, 
Converted to Well: Yes No V' wen I.D. r: 



BORING LOG Page \ of _l_ 

Drilling Area 
Remarks: ~adcgmund ( p p m ) : a  

Converted lo Wen: Yes No d Wel I.D. #: 



IRI Telra Tech NUS, Inc. BORING LOG Page 4 of 1 

h d ~ k k ~ ~ h 6 k d ~ O W e h d e  h a w R e d t o - d M r - r e a d  DflNhg Area 
Remarks: ~adgmund (ppm):J 

A ConveFted to Well: Yes - No Well I.D. #: -- 



Tetra Tech NUS, Inc. BORING LOG Page L of 

- m - r e a r h g h 6 k d h l ~ * a t r Q ~  hcrearem&ytrequencyde(waedrepomeread Drilling Area 
Remarks: Badcgrwnd ( p p r n ) : a  

Converted to Well: Yes No k Well I.D. #: 



Tetra Tech NUS. Inc BORING LOG Page \of J- 

Converted to Well: Yes 
No & Well I.D. t: 



BJ Tetra Tech NUS, Inc. BORING LOG Page - of - 

- h d u d e ~ ~ i n i l o d h l e r r a h O b a e M e .  hrre~~~madinglrequencyYebvaed~ponrsresJ. Drilling Area 
Remarks: Badtground ( p p m ) : m  

Converted to Well: Yes No 1/ Well I.D. #: 



I R ( T e t .  Twh Nus. *2. BORING LOG Page 1 of 

Converted to Well: Yes No A Well I.D. t: 



Tetra Tech NUS, Inc. BORING LOG Page - of - 

Drilling Area 
Remarks: Badground ( p p m ) : m  

Converted to Well: Yes No / Well I.D. #: 



Tetra Tech NUS. Inc. BORING LOG Page \of _L 

Converted to Well: Yes No Well I.D. U: 



"hdudemorvOrreadkgh6IrmmenakDtuebk h o - , ~ ~ d k g h e q u e n n l d e ~ n a t e d ~ r e a d  Drilling Area 
Remarks: ~ a & ~ r n u n d  (ppm): 

Converted to Well: Yes No \ / Well I.D. #: 



IR] Tetra Tech NUS. lnc BORING LOG Page _L of 



Tetra T d  NUS. I- BORING LOG Page _L of 1 

*' hade -tedng h 6 lrm M B hehole. her- hequennlil e~w&d repa~e read. Drilling Area 
k-rks: t - loL6 ~ F a k  S u m p .  q u m P  H L D L E u E L  y ' ~ ~ ~ a & g r o u n d ( p p m ) : n  

< U ~ P  R rm 
Converted to Well: Yes No Well I.D. #: 



APPENDIX 8.1.2 
SWMU 16 

BORING LOGS AND MONITORING WELL 
CONSTRUCTION DIAGRAMS 

ROUND 2 



MONITORING WELL SHEET 

Tetra Ted, MIS. hc. 
WELL INSTALLED IN BEDROCK 



Tetra Tech NUS, Inc. BORING LOG Page 1 of 

Converted to Well: Yes No Well I.D. #: 1 ( O ~ % W T R ~  



MIL NO.:J 6buJT08 
BEDROCK 

MONITORING WEU- SHEET 
WELL INSTALLED H BEDROCK 

Tetra Tech MIS, hc 
I ~ G C P M  N>wc LOCATION SWIM U 1 b DRILLER 36hl ~E:,IFFR 

PROJECT NO. 406 0 BORING fbpwT08 
DATE BEGUN 11-7-07 DATE COMPLETED 1 1 -  9-03 
FIELD GEOLOGIST ~%FD W- ~ R M S W  
GROUND ELEVATION 75q.57 DATUM NAVo f?B 

DRILLING 
M ~ W  50ulc 

DN~OPMENT SULG€/ 
M ~ W W  I S A I L ~ / W A T E ~  



Tetra Tech NUS, Inc. BORING LOG 
PROJECT NAME: Crane NSWC BORING No.: I ( , m d ~  0 B 
PROJECT NUMBER: DATE: I/-7-07, 
DRILLING COMPANY: GEOLOGIST: ~ K F D  i*, Rr\msCk 
DRILLING RIG: 

.- m d u d . m n b r r s a d n ~ ~ ~ l o o ( ~ ~  bwshda ~ n u e a s e + e a d & - i f ~ t ~ d ~  rae&~ : .-+ ' .. .. Drilling Area -. 

Remarks: T C  . - Background ( p ' p m ) : m  

Converled to Well: Yes !/ No Wel1I.D.R: IGYvlWOS 



Tetra Tech NUS, Inc. BORING LOG Page of 

Crane NSWC BORING No.: 
\ % Y\l.\d~(=Ja 

PROJECT NAME: 
PROJECT NUMBER: '- DATE: - 7 - 03 
DRILLING COMPANY: SFR. MO I~W- GEOLOGIST: J = r ( f i  LU+& 
DRILLING RIG: V m 5 b  S O ~ J L C  DRILLER: ~ X ~ U L S  CIML 

-- - 

Whm mck mmg, enlw mdi b m k k  
*' lndude-lta reading+6Irmimtervab o b~rehda lnneare ~~~~~i-eleva~ed repo~etead . . -D!illing Area - - -  

Remarks: ~~ - ~ a  (3fiLOL3 W W C  I2 -H-OY Background ( 6 p r n ) : a  
S P W  B SQ'* F t u r u . m  7 9 '  b~ , -S-by  - 

Convelled to Well: Yes 4 No Well I.D. #: l G h ? r ~ m B  



Tetra Tech NUS. Inc. BORING LOG 

'When d mirq, enler & brokenesL 
- - ~ r s a d n g i n ~ i r n t ~ s r ~ a h ~  bonhd~. k u e a u , ~ ~ ~ i s l e v a t s d ~ ~ d  - -  Drilling Area ' .~ . . 

Remarks: Background ( p p m ) : m  

I Convetled to Well: Yes J No Well I.D. # : J C \ M U B  



Tetra Tech NUS, Inc. BORING LOG Page of t 

'When mk mring, enler mclr Wemaso.  ~ - \ .-\ .' . *,* 
" Indude m n b r  readivin 6 faof MwaB B baehals. Imees mdng Irsquw~-eleuatedrewi?sa mad. - - ~ Drilling Area , -+ ' - 

Remarks: 6WFW B C - 4 ~ 5 r v p f 3 ~ - 4 ~ .  11-9-03 Background ( p p r n ) : m  

I t  I ' 
Convened to Well: - Yes I /  No Well I.D. tk I,(',, fiW 



w a ~  NO.: / 6 h * w ~ 0 9  
BEDROCK 

MONITORING WELL SHEET 
Tetra Tech MIS hc 

W E U  INSTALLED IN BEDROCK 

ELE~ATIOH/HEICHT TOP OF RISER: 76YYZe/i,4 

PROJECT /Y F w (. C R A ~ E  LOCATION ( RnuF- /I\/ 
PROJECT NO. YO(,& BORING / b NL W r09 
DATE BEGUN 1 1 - 8 -0 3 DATE COMPLETED J I  - 8-03 
REU) GEOLOGIST M. G . f 0 c ti ~ 4 -  
GROUND ELEVATION 7 6 L  , ' l 3  DATUM ~ J R V D  R8 

1.D. OF SURFACE CASINO 4" * 'i" S 9  S n f i ~  I 

DRILLER & O W S L C ~ - M ~ .  1 
DRILLING 
MEIHOD HSA 
m W M E N T  SUPGE/ 
ME~HOD Oh ILER 

I *  
RIS€R PIPE 1.D.: 2 
TYPE OF RISER PIPE O u t  -i C I + E O U L €  

y 0 

w A n o N b E p m  TOP OF SEAL' ,7$-5:q<p ; 
.ELEVAlloN/klWTH TOP OF BEDROCK: 

. .. . 2 . .. . .*.,-- 
 TYPEO OF^ C 

. , d r r  0 P'O e E 

G o  LD .. . ". 
~ € O I U ~ - ,  c t4 105 

~ E V A ~ O N / ~ E P T H  TOP OF SCRW: 7YZrt3r ,r 
rrPE OF SCREEN: P v c  
. % ~ T ~ ~ x L P ( c T H :  . O L O X  10' 
1.D. SCRW: ,. 

DIWETER OF HOLE IN  BEDROCK: 

CWE/tEM 

ELNATION- m m  s m m  737.0 2s 
ELNATI~N/~~WTH BOTTOL~ OF SAND: 737.?3/ 2 5  
E L N A T I ~ N ~ T H  BOTTOL~ OF HOLE 7 3 7 , V Y Z S  
BACKFILL MATERIAL BELOW SAND: IU A 



Tetra Tech NUS. Inc. BORING LOG Page I of L 

"Indude monm reading in 6 frm M& e B k  Increarsreadng kEqtlsnT i( -led repmse read -- - Drilling Area 
Remarks: H A &  Y/Y IQ 0%00 PO w Background ( p p m ) : m  

Converted to w Well: 



YIEU. NO.: / b  M W  
BODROCK 

MONITORING WELL S E E T  

Tetra Tech NUS. hc. 
WELL WSTAUED IN BEDROCK 

4m-t 
ELEVATION/liEIGHT OF lW OF SURFACE CASING:~L~.%' 2.5 

ELEVATION/liEIGHT T W  OF RISER: 76Y.9+ g p 5  

TIP€  OF SURFACE SEAL: C0h)aF-E 

I ,  11 

1.D. OF SURFACE CASING: 9 * 9 s a C ~ G L  

DIAMEIER OF H W :  €3 ;/a'' 

' I  
RISER PIPE 1.D.: 
W E  OF RISER PIPE PWt T L U  40 

I 

TIPEOFBAWFIll: C E T C O  PVRL 
G O L D  R r w r o h ~  IT€ c I+ IPS 

i 

ELEVATION/DEPTH l W  OF SEAL: 750, w 3 
w ~ n w / ~ ~ p m  ~ O P  OF BEDROCK: 753.93 8.5' - 
T I P E W S E A L  ~ E T C O  DURC 6 o ~ O  

~ & ~ J V O F , I T E  CII IPS 

wATION/ba'm TOP OF SAND. 3 t 7 

E L E v A n o N m m  w OF SCRW: 
W E  OF 

7 9 1 ~  IY 
P U c  s c o m o  

SLOT SIZE x LENGTH: '. b 2 0  x 1 0  ' 
1.D. sc%Em 2" 

M O F U N D P A C K :  t i 8 f l A ~  MFwQ- 
S A u o  

DIM- OF H W  IN BEDROCK: 9 ;/z 
COREpEAu: 

ELEVAlfON/WPlH BOlTOU SCRW: 737.431 2~ 
E L E v A n o N m m  w r n  OF w m  
E L E v A n o N m m   om OF HOLE: 
BACWIU MAERIM B M W  SAND: 

&!_A 



Telra Tech NUS. Inc. BORING LOG Page I of _L 

.. hdude m r r e a d n g  m 6 bo( ~ n t e ~ e k  o ~ . d d e .  brrease reading bxpwq 1 *IB~ rsponw read. Drilling Area 
Remarks: Background ( p p m ) : m  O1. 

Converted to Well: Yes \1/ No Well I.D. #: / b fl4 WTlO 



WEU NO:&- 
EDFIOCK 

MONITORING WELL SHEET 

Tetra Tech MJS, hc. 
WELL INSTALLED IN BEDROCK 

METHOD R0m -Eoh/ l  C 

J 
I 
m 
P 
A 
-2 
m 

NVATION/liOGHT TOP OF RISER: 

P 
9 
t 
7 
I 
% 
1L 
d 
a < DIAMETER OF HOLE: 1 / 

ELEVATlON/DEPTH TOP OF SEAL: 

ELEVATION/DEPM TOP OF BEDROCK: 

ELEVATION/bEPTH TOP OF SAND: 

ELEVATION/DEPTH TOP OF SCRW: 
M P E O F S C R W :  P d C  
SLOT SlZE x LENGTH: 0-02 %LO' 

DlAMElER OF H W  1N BEDROCK: 5' 
mRE/Rwr: carte 

ELEVATION/DPTH BOllOM SCREEN: 
E L N A T I O N ~ T H  BOT~OU OF SAND: 
E L N A T I O N ~ T H  BOT~OU OF HW 
BACKRLL MA7ERlN BELOW SAND: b I V ~  



Tetra Tech NUS, Inc. 
, BORING LOG Page _L of 



Tetra Tech NUS. Inc BORING LOG Page a. 01 4 
PROJECT NAME: Crane NSWC 
PROJECT NUMBER: 
DRILLING COMPANY: W S c h  w 
DRILLING RIG: 



Tetra Tech NUS. Inc. BORING LOG Page 2 of 4 

PROJECT NAME: Crane NSWC BORING No.: Idn?kjT \ \ 
PROJECT NUMBER: DATE: /I-I1 -03 
DRILLING COMPANY: fi~.mlirc p . o R u X L  GEOLOGIST: F K ~ D  W 
DRILLING RIG: vm?s-wic DRILLER: Jor~ YEIF% 

- . 

--- 

-- 

'When rc& mmg. enler mk Wenes. 
.* hduj. mon(lor reading in 6 irm hte& e b e .  hcraare rasdinp 1- i( elmatedrepome read. Drilling Area 
Remarks: '3fKb&Y h h l  PIT) V O T  Uf>fZ0 11-11-03 ~ackgmund. (ppm) :m 

Converted to Well: Yes / No Well I.D. #: [bmwr  I] 



Tetra Tech NUS. Inc. BORING LOG Page +J- of 3 
PROJECT NAME: Crane NSWC BORING No.: I l  W T  ( 1 
PROJECT NUMBER: DATE: - - 
DRILLING COMPANY: 5 r ~ ~ ~ ~  IhoQwW- GEOLOGIST: 
DRILLING RIG: VEp% S O U  C DRILLER 'f,$ L&TfZSCR 

. . . .  

: Whsn nodr mring, enler nodr M a s s .  
~ ~ h d u a , ~ w r e a c s t g h 6 t m l l n ~ O t m r e h o l e .  l n u e a a t ~ ~ ~ c s t g ~ e r ~ ~ i ~ t e d ~ r e a d  Drilling Area 
Remarks: ~ / ? & Q Y  nbtd NO pl O WU-Qlfd & S - Background ( p p m ) : B  

S C Q ~ E W  SG 96 - UU-rnulT& 5-  - BJ' 
Converted to Well: Yes , No Well I.D. #: / C  &b f l u  



=NO.: I ~ M w T I z  
BEDROCK 

MONITORING WELL SEET 

Tetra Tech NUS. hc. 
WELL INSTALLED IN BEDROCK 

-8 
Z .. 
D s 
s s ELEVAllON/HElGHT TOP OF RISER: 7s 9q2.7 

e 
S 
e m 

TWE OF SURFACE SEAL: CO~JCRFPV- 
B 
7 

I.D. OF SURFACE CASING: Ltf/w yIf  SU a-k%t- E 
2 < I " 

DIAMETER OF HOLE: 8 /Z 

RISER PIPE I.D.: 
TWE OF RISER PIPE: p u c gcnrsgu~c qb 

GDLP MELIIOM 

ELEVATION/bEPlH TOP OF SEAL: 7 5 ~ q  3 
E L E V A T I O N ~ T H  TW OF B ~ R O C .  7*523/ 8 ' 
TWEOFSEAL: C E T L O  P U ~ E  C ~ D  

M E O I U I ~  C I ~  IPS 

E L E V A ~ O N ~ T H  TOP OF SAND: 739.231 1 r 

E L E V A ~ O N ~ ~  TOP OF SCREPI: 73?.23/ lb 
TYPE OF SCREP(: PV(- gLo-m-€o 
SLOTSIZE x L P I G l M  .020 x 1 0 '  
I.D. SC-: 2" 

DlALlElER OF H W  IN  BODROCK: 

ELEVATIoN/DEPlH BOTiDLl SCRW: 727.231 2b 
E L E V A ~ ~ N ~ ~  ~ o r n  OF SAND: 7~6~73 /zb.s 
ELEVATION/DDJlH BOTFOU OF HOLE: 726.73 /2b-r 
BACKFILL MATERIAL BELOW SAND: I\, A 



Tetra Tech NUS. Inc. BORING LOG Page I of 2 
PROJECT NAME: Crane NSWC 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

. . .  

' W h a r o c k ~ o ~ s n t s r r o c k ~  - lnclude - k w e i n  efool m b  e b o w  ~ncwase readng kequency w elevated rrgonw read - - .  -- . . - Drilling Area 
Remarks: Background ( p p m ) : w  

/ 

Converted to Well: Yes 1/ No Well I.D. I: 1 lo r\w r I z 



Tetra Tech NUS, Inc. BORING LOG Page P of 2 

Converted to w Well: 



WLL NO.:- 
BEDROCK 

MONITORING WELL Sl€ET 
WELL INSTALLED IN BEDROCK 

Tetra Tech MIS. hc 

4 n - t  
ELNATION/HEICHT OF TDP OF SURFACE CASIN@?~~.~~ /  2, \ 

PROJECT kl W WSC C R4 dE LOCATION C RA RIE ,I N 
PROJECT NO. Qoc, o BORING l u, MWT13 
DATE BEGUN \ I - I I - O >  DATE COMPLETED - -  
FIEU) GEOLOGIST 4 G C o c  1- \R4u  
GRWND ELEVATION 7 5 7 . 6  Z DATUM h)hV D f3 8 

DRIIJ-ER EQwJ~EL - 
DRILLING E.n W r e  
M ~ O D  HSP 
D ~ O P M E N T ~ ~  
LlETHOD SU G E  



Tetra Tech NUS, Inc. BORING LOG Page _L of 1 
PROJECT NAME: Crane NSWC BORING No.: jbM'NT 1'4 
PROJECT NUMBER: 9 n tga r>  DATE: I I - ~ I - o ~  
DRILLING COMPANY: ~JWZJ r /e- fir\ aF NT (7- GEOLOGIST: PE\ I . .  C O ~ ~ + R A H  
DRILLING RIG: C M E  S S O  DRILLER: 4. ~ J I I L S L . ~  

'When mck rmiw, enlsr mcL brokenarr. .- Indude monitor mdng h 8fool i n l d  8 borehde. lncrsare readw hequerry Y e a e d  repmre read. Drilling Area 
Remarks: - I Background ( p p m ) : m  - l r , ~ . r n d * b + ~ r  h 6 w M  . I . I ,LL  v o r ~ r n r r ~  d ~ ~ k  u p  

Conveded to Well: Yes A /  No Well I.D. #: (("f lu/ i-13 



IMU NO.: I bM WS-I y 
BEDROCK 

MONITORING WELL SHEET 

Tetra Tech HIS. hc 
WELL HSTALLED IN BEDROCK 

ELNATIOH/?-lOCHT OF TOP OF SURFACE CASlNa - / - 
f L U S H  ~ o u u r  X A&--a,= 

ELNAlIOH/?iDCHT TOP OF RISER. - - 

r l p E  cf SURFACE S E k  ~ O ~ E O O U E  0 

1.0. OF SURFACE CASlNQ fJ 0 c - h ~ p u ~ ~ d  

/ 4 

DIAUETER OF H U E  7 

RlSR PIPE 1.0.: 2 " 
W E  OF RISER PIPE: P vf. S r. cc E ~ \ , L E  
40 - R C n o J € p  11-Z7-07 - 

lYPEOFBAWFl lk  CEW-o PURE 

ELEvAnoN/DEpm TOP OF SW. /3 
E L E ~ A ~ O N / ~ T H  TOP OF BEDROCK: 7 ' 
P~PEOFSEAL~ CETCO PURCGOLP 

MED\\JM C w l p s  

A 

ELEVATIoN/mM TOP OF SCREM: / IF 
rm OF SCRW: PV L - aem.rol~o 11-27-07 
SLOTSPXLENGTH: , 0 7 0  X 1 0 '  
ID. SCRW: 2 " 

M P E O F W P A C K :  LEST-  ME13tut-1 
5 A . 3 0  

11 

DIAMIIER OF HOLE IN  BEDROCK: tI YZ 
coRE/RE.uk 

W A T I W / ~ M  BOW SCRW: 
ELEvAnoN/mm BOW OF WD: 

/LS 
/ 2F 

ELNATIOH/mTH B O W  OF HOLE: / 18 
BACKFILL UATERIM B M W  SAND: 

N A 

PROJECT /VW S C  C ~ 4 1 -  / 

PROJECT NO. O W 0  BORING (P 
DATE BEGUN DATE COMPL~TEDh'Yl r~~03 
FIELD GEOLOGIST fl. G COLH P A  N mvauw' 1 1  -27 -03  
GROUND ELEVATIONh.A=?1.9 DATUM- N4VD 8 8  

DRILLING 
METHOD H 5 4  

D ~ O P M ~ T  
METHOD kt4 



Tetra Tech NUS, Inc. BORING LOG Page J!- of 1_ 

PROJECT NAME: Crane NSWC BORING No.: - 1  bMvVT ly  
WOJECT NUMBER: 9 060 DATE: I / - 7 - 0 5  
JRILLING COMPANY: f i  o\n,s€e . MOANK& GEOLOGIST: ( C oc~Ra ,o  
DRILLING RIG: C M E  ESO Aru DRILLER: LT WALJ ff 

. . 

'When nx* m, e n t e r d  bmlrmess. '. Wude m i l o r  read' in 6 6x4 hlervak, B borehob. Increase Wwlrequ6wj 1 fdersled repcnss mod - Drilling Area- - -  . 
Remarks: q'h 10. gkltd9 If54 - w E CL O A Y . 6 r J  Background ( p p m ) : m  - wOCC)W.. - 2 , - 0 % .  W E L L  Icna*rrovF-9 0 / I  - >  7 0 3  13Y 4L u TP. C) r acteew our. F ~ L L  w ( t f i - )aoh.  ~ . a - o u r ,  P- WL. PJC, 
Converted to Well: Yes I/ No well I.D. #: I \D M\N T 1'4 "fifuv " 



- No.: i m w - 1 5 -  
BEDROCK 

MONITORING WELL SHEET @ WELL INSTALLED IN BEDFIOCX 
Tetra Tech MW, hc. 

PROJECT C c b M c  f.lSu c LOCATION SWPI 0 ( 6 
PROJECT NO. qobo BORINGJ bMu/l- lF 
DATE BEGUN 11-7-03 DATE COMPLETED- 
REID GEOLOGIST Faeo w . K~ms% 
GROUND ELEVATION 75 7.73 DATUM b j A V 0  8% 

. 

DRILLER C\OU (CF-IFW I 

DRILLING 
1 - 9 - 0 5  K070 SOV-I(C 

DEV~OPMENT 6 " ~r*/ 
METHOD k/IvMBn 



Tetra Tech NUS, Inc. BORING LOG Page I of fL 
PROJECT NAME: Crane NSWC BORING NO.: t 6 ~ W T  15 
PROJECT NUMBER: mbD DATE: 11-7-03 
DRILLING COMPANY: I 5 m S  IMonfip GEOLOGIST: FREO I* ,  f ? m s r n  

. . 

J cz a:. 

r/ 

<: 

'When nr* mling. enler d brc*enesr 
" IndudemDnaot ream in 6 lod hlerals O borehola Increase readng irequ-Weveled ~ r &  - - -- - - -  - - -  - ~ DriUing Area 
Remarks: ( ~ 5 p 3 ~ c  w C Y CW1t.K 38.5' EL3 (r R ~ / L  8' -L- ~ P L  Background (ppm):( 

?;11" O D .  

Converled to Well: Yes I No Well I.D. #: I 6 W l - \ 5  



Tetra Tech NUS, Inc. BORING LOG Page of 

PROJECT NAME: Crane NSWC 
PROJECT NUMBER: UCXi.0 
DRILLING COMPANY: 6cwsmt t % l ~ R w r m  

i 

i 

. .  ~ . .  

.... 

- - -  -- - 

When rodr ming. enta rodr bmkener* 
- "lnduds mnbmahs inbmlnlenals B b r e w  ~rrrea~e.readnghequey~slevate&e.pme . . ~ ~ ~. . . . DriUing Area - 

Remarks: Background ( ~ p r n ) : ( L  

Converted t 



Tetra Tech NUS, Inc. BORING LOG 

Converted to W e t  Y e s  J No Well I.D. #: ( 6  POW T ( S  



Tetra Tech NUS. Inc. BORING LOG Page of 5 
PROJECT NAME: BORING No.: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

'Whenmc(lmnsg,aamdbmkonesr.  

" I n d t & m m a o t ~ h B M W e n a ! s B b a e h o l a  hcreareraadnph~quency#elWrep~nremad Drilling Area 
Remarks: Ebckgmund ( w m ) : m  

Yes r/ No Well I.D. #: \ & W I T  Converted to Well: 



BEDROCK 
MONITORING WELL SHEET 

WELL INSTALLED IN BEDROCK 
Tetra Tach PUS. hc 

w A n c m p n w T  OF TOP OF SURFACE CASING: hlb / MA 
F L U S  u M O J ~ T  

ELEVATION/HEIGHT TOP OF RISER: 7 6 4  7 ' f @ . ~ )  

TYPE OF SURFACE SUL: C O U ~ C T  - 
I.D. OF SURFACE CASING: l2" Q I 6 we L L COVCA 

DIAMETER OF HW 8 YL "m rs', 9 "n rn 

RISER PIPE I.D.: 
TYPE OF RISER PIPE: 

2" 
D Q r 

TYPE OF BACKFILL: (3 lj A E  G VU 
M E B l u m  R E ~ r o w ~ r g  CW-I@" 

ELEVATIffl/aEPlH TOP OF SEAL: 76l.98 3 
WATIffl/BEPW TOP OF BEDRCCK: 

r lPEOFsEAL Po-E G O L D  

7*+ 

~ E D I V F I  @, ~ ~ r r ~ h )  IT€ C (4 IPS  

ELEVATION/DEPlH TOP OF SAND: 7Lt1.?8/ -L% 

ELEVATION/bEPlH TOP OF SCRW: 
TYPE OF SCRW: 

73W8/ 26 
P 3 e  S L O ~ O  

SLOT SIZE x mcm: ' .07 0 XIO'  
I.D. SCRW: 2 I N t l t r - ~  - 
TYPE OF SAND PACK: C-, LOaP L r?EprVm 

S A M  

DIA)I(!CER OF HOLE IN BEDROCK: L( " 
C O R E p € A k  

OIEVATIffl/DEPTH BOTTOU SCRW: 728.98 / %h 
ELEVATIffl/bEPlH BOTTOU OF SAND: / S h  
E L E V A T I ~ ~ / D ~ ~  eom OF HOLE: 720@LD 
BACKFILL MAERIAL B a O W  SAND: Goz 0 

' ~ ~ F - N ~ o ~ , w ~  cq&, 

PROJECT C PAdC LOCATION C R A d e  IN 
PROJECT NO. BORING I b lvr wr 1 b 
DATE BEGUN DATE COMPLETED 1 - 0 3  
FIELD GEOLOGIST M.G. COC I-IRAQ 
GROUND ELEVATION 9 Lt. 9 
? 

DRILLER ~ O ~ J E L -  

DRIUNG 
P O A * e h  

KTIioD 5a 4-R 
DEELOPMENT I L M Z ~  
M E l ' H o D i & W e  



Tetra Tech NUS, Inc. BORING LOG Page L of 1 

. ~ h c ~ e ~ b r s a b n g h e m n l m a h B ~  hereesanednptrsqu~lelevaledrpponrersad Drilling Area 
Remarks: % 0 0  ' t /4  I0 5.4 T I ?  LS. ', A Q COQE Background (PP~):D 

T O  NY 1 . tE &2‘1 f u z T '  kPIPP I 14'& 
++T - 

Converted to Well: Yes I/' No Well I.D. #: /C ,A4Wr?b 



TetraTech NUS, Inc. BORING LOG Page 1 of 2 

PROJECT NAME: Crane NSWC BORING No.: ' 1  b fl 7- lb 
PROJECT NUMBER: DATE: 

GEOLOGIST: 
I \ -  9-03 

DRILLING COMPANY: t4.b C=N-  
DRILLING RIG: p? f 5-5-0 DRILLER: 

Whm mk wring, enter ror* braLaesr 
" Indude mibt reading in 6lrm hterv& B borehde. Increase mdng 1requenc)r i~~ read. - - -; - Drilling Area 
Remarks: - Background (ppm):[gJ 

Converted to Well: Yes I /  No Well 1.D. #: / b MW 7th 



VEUNO.: / I , /v \wr17 
BEDROCK 

MONITOR@& WELl SHaT 
Tetra Te41 MIS, hc. 

WELL INSTALLED IN BEDROCK 

PROJECT LOCATION C P ~ ~ E  ~y DRILLER DOW~EP--  f 
BORING I b m W T  DRILLING r \ o a ~ ~ q  
DATE COMPLETED I 0 - 0 

oMLoPUENT @R I 
wmm Su R O1P- 

W A l l a J / r m U i T  OF XIP OF SUUFACE  CASING^^^^@ L 7 

ELEVATICN/hElCHT TOP W RISER- 76&q3/ 1 7 

TlPE OF %FACE SUL: C ~ C R  &= 

I.D. OF SURFACE CASINO: 4" * Y" SQ,  mc I_ 

I, 

D l w m O F H W .  8 7L 
RISER PIPE I.D.: 
TlPE OF RISER PIPE: 

2 " 
O U f .  Z , , , f O V L r C  

l.4 0 

TlPEOFBACXFlll: C c r ~ o  P O P E  

m E D l u m  P E L L C T ~  

n + v ~ n o ~ e  TOP OF SEAL: ?6L79/ 3 
E L E ~ A ~ ~ N / ~ O P T H  TOP OF BEDROCK: 7~.tg! 

mffsuk 
M €0  corn P C L L ~ T S  

E L E ~ A ~ ~ N / ~ E P T H  TOP OF SAND: 7R.79/ I r 

ELEvAnalbEpni TCP OF SCREEN: 
mclFscaEm put 5 L O m D  

'15- 
slOTSlZExLMGTH: o L O  )F lo '  

I.D. 92EW 2 " 

T'lPE ff SAND PA= G L O O A L  mEDrum 
5 P w O  

DIAMETER OF HOLE IN BEDROCK: 8 ;/z. 

ELEVATlONldEpTH BOTTOU 7w.-/ z, 
w ~ n a r l b ~ p m  BOW OF SAND: 720.79 / tr 
E L E V A ~ O N ~ ~  EOTTOU OF HCE f'tO,VI/ 2r 
BAaCnU MATERIAL BELOW SANE - 



Tetra Tech NUS, Inc. BORING LOG Page 1 of 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 

When rod; wring. enter rodr brokenass. 
- hdude moninrrdng in8 IOOI MenaIs e b m k k  kr- readng l r a q u e n c y i ~ + e w m e ~ m d  - - Drilling Area . .- . . . - 

Semarks: Background ( p p m ) : a  
010 DRIFT ,h) fiCAb. 

Converted to Well: Yes 4 No Well I.D. #: 1 6,fJ yLT ) 7 



w u  NO.: 16WwT18 
BEDROCK 

MONITORING WELL SHEET 

Tetra Tech NUS, hc. 
WELL INSTALLED IN BEDROCK 

PROJECT NSNC CPIWE LOCATION S ' W W ~  \ 6 
PROJECT NO. BORING l b m ~ r  
DATE BEGUN [-Ifo -0'1 DATE COMPLETED I -i.S-O'j 
FIELD GEOLOGIST FRED k~ R w 5 r ~  
GROUND ELEVATION 764.9 9 DATUM h/AVO B B  

-- - - 

ELEVATION/HEIGHT OF TOP OF SURFACE CASING: Nk / 
FLU Sr( rl T. C€,,-.,PL~TI 0 J 

ELEVATION/HDGHT TOP OF RISER: ~L~.v~Ao.ss> 

TYPE OF SURFACE SEAL: 0~ dCR&'l-E 

I( 

OF SURFACE CASING: 6 
t s o u n o v  C M I U L  .m 90' BGS) 

4/ 
DIAMETER OF HOLE: / 

RISER PIPE 1.D.: a 
TYPE OF RISER PIPE: PV C SCM -6 . , 

WE OF BACKFILL.& -~ \ 

"pla&Go~o' W L .  
BOWOLI W I W L  G & o M ' ( ~ w & c ~ s ' - ~ ~ ~ T  

ELNATION/DEPM TOP OF SEAL: 

ELNAl lON/DEPlH TOP OF BEDROCK: 

TYPE Of SEAL: mT%Afl CU 1.f j) 
Pure 60%" G ~ L  

O+VAlION/OEPM TOP OF SAND: 6737?/ 9 1 

W A n O N / D E P M  TOP OF SCREEN: 67O.7Y/YY 
SLOT SIZE x LPIGM: 
I.D. SCREEN: 2 4  

TTPE OF S A ~ )  PACK: G C O O ~ L  'M 
JI E" \O/to F~W/C,ORS& sw 

DIAMETER OF HOLE I N  BEDROrn Sf' 
CORE/EAM: 

ELEVATION/MPM BOITOM SCREEN: 6&0.7?/ 10 
W A T I O N / D E P M  BOITOM OF SAND: 659.74/ foF 
ELEVATION/DEPM B O W  OF HOLE: 65P. 79 / LOT 
e A c x n u  MATERIM BQOW SAND: w OIJE_ 

, 

DRlUER J O E  ~ ~ & L O U C  

DRILLING 
METHOD ~ O T O - ~ O ~ ( L  

DEMLOPMENT [jPr I L CP/ 
MESHOD mfi~h 

P 1 



Tetra Tech NUS. Inc. BORING LOG Page _L of j_ 

PROJECT NAME: Crane NSWC BORlNGNo.: \ b w a r 1 8  
PROJECT NUMBER: 9060 DATE: I - 18- 07 
DRILLING COMPANY: ~ 0 l . d ~ ~  won u~; l t  GEOLOGIST: F%w W R w 5 c 4  
DRILLING RIG: v EesA -Sou \ C DRILLER: ~ l n s  M=CL~VO 

- - ,  



Tetra Tech NUS. Inc. BORING LOG - 
, , 

PROJECT NAME: BORING No.: 
PROJECT NUMBER: 
DRILLING COMPANY: 

-~ - --- 
-/- 

- - ,  

" kdu&m~nnw readng in 6ml nlmalr WR l m a z e  resay I rewsq,ll *led rpmnre mad - -- -0dlingArea 
Remarks: PHOTD LOb:*5?7 Yb  -70 Background @ p m ) : a  

5 7 s  1 0  - 105 

/ 
, 

No Converted to Well: Yes Well 1.0. #: I& /kwT fa 
I 



Tetra Tech NUS. Inc. BORING LOG Page 3 of Q 
PROJECT NAME: Crane NSWC BORING No.: \ & ~ U J T  1 P, 
'ROJECT NUMBER: YDLO DATE: - -a?. 
DRILLING COMPANY: 6- GEOLOGIST: ~ 3 2 6 ~  W ~ > M  
DRILLING RIG: v t z n s b - ~ o v t ~ ,  DRILLER: JOE ~ ~ C L O ~ D  

. . 

-When mr* corirg, enter m k  buk-s. 
" Irrtudemonitmreadng n 6 foolhtenab e barrhole. m a s e  reading lrequency it elevated -nss read. ~. DlillingArea 
'+marks: Background (pprn):(- - 

d No Converted lo Well: Yes WellI.D.#: )B 



Tetra Tech NUS. Inc. BORING LOG Page I of I 

" lnciuda monllorreadngin 0 (mhntewak B tcd~& haears M frequenl Y cbaled- read BnlliiArea 
Remarks: Background @ p m ) : a  

- - 
I 

Convened to Well: Yes No d Well I.D. C: 



Tetra Tech NUS, Inc. BORING LOG Page 1 of _L 

-hmdsmmiBrrea&gh6MM~BtomMa lncreessrsadnghe+enc).leksaedrq*nseresd Drilling Area 
Remarks: Backgroucd ( p p m ) : D  

- / .  
Converted to Well: Yes No v Well I.D. #: 



Tetra Tech NUS. Inc. BORING LOG I I Page - of - 
- ~ 

PROJECT NAME: crane NSWC BORING NO.: 16 38 q? 
PROJECT NUMBER: - DATE: fa /.< 103 
DRILLING COMPANY: t.J A GEOLOGIST: S:MIM 
DRILLING RIG: M a ~ o  AUGER DRILLER: N4 

' W ~ ~ ' ~ s n l e r m d r b r o l s n e n .  
" hdvde m r  readng in 6 lmt hlewalr €3 borehde. hueart d n g  lrequencyif W t e d  mpmse mad. Dlilling Area 
Remarks: Background ($pin):= 

Converted to Well: Yes No Well 1.0. #: 



I 

Converted to Wdl: Yes No \ /  Well I.D. #: 



APPENDIX 8.1.3 
SWMU 16 

BORING LOGS AND MONITORING WELL 
CONSTRUCTION DIAGRAMS 

ROUND 3 



Tetra Tech NUS, tnc. BORING LOG Page 1 of 1 

PROJECT NAME: NSWC CRANE-SWMU-16 BORING No.: 16 M&, 19 - 
PROJECT NUMBER: ~ 7 4 4 8  DATE: 7- ZB- oe 
DRILLING COMPANY: BOWSER MORNER GEOLOGIST: c,,,, 
DRILLING RIG: C M E . 5 5 0  k T V  DRILLER: W 

IS.*..L*- . . .*<. .' .._.Y__~ 

'When mk wring. enlet mk Men- 
-- ~ndude m l t o r  reading in 6 ka inleds B t-xetde. hcreass readng imqu-i~ dmted -e mri DrillingArea 
Remarks: Background ( p p m ) : m  

Converted to Well: Yes r/ No WellI.D.#: tbb\hl~lq 



aoRlNGN0' lbld.w-i\q 
Tetra Tach NUS, lnc. OVERBURDEN MDNlTORlNG WELL SHEET 

PROJECT: DRILLING Co.: 
PROJECT No.: N 7 DRILLER: 
SITE: DRILLING METHOD: ~ q &  NORTHING: 
GEOLOGIST: DEV. METHOD: EASTING: 



Tetra Tech NUS. Inc. BORING LOG Page 1 of \ 
PROJECT NAME: NSWC CRANE~SWMU-16 BORING No.: raa 
PROJECT NUMBER: N7448 DATE: 3 -18- 04 
DRILLING COMPANY: BOWSER MORNER GEOLOGIST: C . 0 ~ 7  ( 

DRILLING RIG: CME 5 5D ATV DRILLER: WlrLSt+ 

When roc*mnng, enler mk bmkensls. 

" Indude manitr~readng h 6 la inervalr B hehale.  lncreawr reading hequencjil elwatai r w s e  read. Drilling Area 
Remarks: Background ( p p r n ) : m  

Converted to Well: Yes r /  No Well \.ill.#: ~ ~ M W T  am 



OORING NO.: I~M\NT a0 
Tetra Tech NUS. lnc. OVERBURDEN MONITORING WELL SHEET 

PROJECT: yg DRILLING C O . : ~ % W ~ E ~  M- BORING NO.: 
PROJECT No.: DRILLER: wcsgu 
SITE: pce' GEOLOGIST: C ~ U T ,  

DRILLING DEV. METHOD: METHOD: HS & 
EASTING: 



Tetra Tech NUS, Inc. BEDROCK WELL No 1LhvJT ?\  

MONITORING WELL SHEET PERMIT No. 

PROJECT: NSWC CRANE DRILLING Co: BOWSER-MORNER BORING No.' Ik )YIH)q L\ 

PROJECT No ' N7448 DRILLER: WN-544 DATE COMPLETED: q - 9 - Oy 
SITE: SWMU-16 DRILLING METHOD: a /Rm NORTHING: 13205 8 \ . 35 
GEOLOGIST: DEV. METHOD. EASTING: 30')296o.O'% 



Tetra Tech NUS. Inc. BORING LOG Page 1 of _CL 

^ Indude ~ O T  M n g  n 6 frm n m b  O rn know, resdng hequw n elevated rewnw read Drilling Area 
Remarks: S t e  RbDve Background (ppm): (0 

Converted to Well: Yes I /  No Well I.D. #:. lhb1~7- dl 



Tetra Tech NUS, Inc. BORING LOG Page A of 2 
PROJECT NAME: NSWC CRANE-SWMU-16 BORING No.: (L, h~ - , 7 \ 
PROJECT NUMBER: N7448 DATE: E l l 3 l O 4  
DRILLING COMPANY: BOWSER MORNER GEOLOGIST: &UT\ 
DRILLING RIG: CME. 5%- AT v DRILLER: u bLhH 

W h e n  lock mring, m m c k  brolrenan. 
"!dude monitor reading in 6 iml intervals e baehda mu, reading frequency i( elevated mporne read Drilling Area 
Remarks: Background (ppm): a 
Converted to Well: Yes r /  No Well I.D. #: 16IUWT 2\ 



Tetra Tech NUS. Inc. BORING LOG Page 1 of 4 
PROJECT NAME: NSWG CRANE-SWMU-16 BORING No.: ( I , M W  7 1 
PROJECT NUMBER: N7448 DATE: q - ' 3 - 0 4  
DRILLING COMPANY: BOWSER MORNER GEOLOGIST: P 

C.MF sf3 A DRILLER: 
f 

DRILLING RIG: TV ILI ALS U 

'When mdr m h  enter mck brokeness. 
*. Wde mbr ready in 6lobl inerrak @ M s .  nuease ma&g b v m q  l d m  read. Dliliing Area 
Remarks: Background ( p p m ) : m  

Converted to Well: Yes / No Well I.D. #: I b b W  7 2\ 



Tetra Tech NUS, Inc. BORING LOG Page 4 of 4 

PROJECT NAME: NSWC CRANE-SWMU-16 BORING No.: I(,-, MW T 7.\ 
PROJECT NUMBER: N7448 DATE: 4 - 4 - 0 4  
DRILLING COMPANY: BOWSER MORNER GEOLOGIST: W N T  1 
DRILLING RLG: CUE 550 h T V  DRILLER: W RLs t+ 

w h e n d m r i n g , ~ m d i w e n g r  
" I* m i t a  nrading h 6 imt inlervals B bwehole. &ease reading frequency il elwated re- read. Drilling Area 
Remarks: --TO qb' w 1 5)z" & Background ( p p m ) : m  

Converted lo Well: Yes L/ No WellI.D.#: \ ( , M w T ~ \  



IRI Tetra Tech NUS. Inc BORING LOG Page _I of 1 

'When rwk m*, enter mt bmkenerr 

" Iklude m b r  reading in 6 lml inlenalr B mrehole. lnsrease reading lrequcncy if eleraled v n s e  read. Drilling Area 
Remarks: I6 55 51 d 142 & 9 - Background ( p p m ) : m  

16585) @Z@Y sCW CD w b l m ~ u r ~ ~ 1 6 3 z  

Converted to Well: Yes No )C Well I.D. #: 



lelra Tech NUS. Inc. BORING LOG I Page I of - 



Tetra Tech NUS, Inc. BORING LOG Page 1 of 1 

.' Include monitor readrg in 6 1-1 imenals B borehole. increase readinp l r e w n q  il eleraled reponre read. Drilling Area 
Remarks: / 6 S S S 3  1g28 Background (ppm): 

1 6 s B s ~  Q z g S  *@> /<s i  

Converted to Well: Yes No X Well I.D. #: 



Tetra Tech NUS. lnc BORING LOG 
I Page 1 of - 

- hclude mmtor ~ d n g  n 6 lml nnlewak baehole brreare mduq h e ~ ~ n y  1 elevated re- read Dnlllng Area 
Remarks i6SSY @ l @ Z  C d L j t G L a  Background ( p p m ) : m  

16 SUSS & t @ S  &t&ZZJ GO M I D ~ I * ~  sLr w/ 1 6 P  -- 
- 

~onvettedto Well: Yes No Well l .~ .  #: 



Tetra Tech NUS. Inc. BORING LOG Page 1 of I 

Drilling Area 
Background (pprn):= 

PROJECT NAME: NSwc W E ,  SWMU g BORING No.: 16 st3 5s 
PROJECT NUMBER: *3L)\(8 c ro  &3YS DATE: 8 /rt/aLt 
DRILLING COMPANY: E F S  GEOLOGIST: ck.les C. h ~ c r  Fi& 
DRILLING RIG: G@obe DRILLER: - Tosh IA4i-d 

%+e 
m 
ad 

rWeol 
ROD 

' When roc* wing. enter mck bm*enS.  

b p t h  

IF,) 
or 

nun 
Ho. 

a)owr I 
6.MROD 

I%) 

sample 
RecOwR 

I 

ST* 
Length 

L ~ ~ ~ O I W ,  
C b q e  

( ~ P ~ N F L )  
or 

Sued 
lnlenal 

MATERIAL DESCRIPTION 
u 
S 
c 
s 

De-it* 
C O ~ ~ ~ S I ~ ~ C V  

a 
Rork 

nard- 

~ ~ r u n o  neadog (ppn) 

GO~W 
Remarks 

Mawrial ClarriRcation 
- 
:: 

N .  

:5 

- o m b k  

F i i 2  
0 

, m b  

- 
m 

- - 



Tetra Tech NUS, lnc. BORING LOG Page _I_ of I 

Background (ppm): 



Tetra Tech NUS. Inc. BORING LOG Page I of 1 

'When rod: mriog. enter mck bd- 
" I- mmim reamng in 6 loot intenals O borehole. lnuease rea~ng lrequenq I &rated reponre read. Drilling Area 
Remarks: 165s 5+91Q2. +&&@ Background ( p p m ) : m  

l b S R ~ + & ? @ f i  dsUa43 Gh m~-(-tfiCXY Ml.3 

Converted lo Well: yes -_ No )c Well I.D. #: 



Tetra Tech NUS. Inc BORING LOG Page I of I 

.' Wude monilor ,-ding in 6 

Remarks: 16 S 5 5  

Convene 



Tetra Tech NUS. Inc. BORING LOG Page )of 1_ 

W h a  mc% m+g mtermc% Wmess. 

.' I n c M  mmilor reading in 6 lrm inlsrvak O borehde. Increase reading lreqwncy if e+evaled reponre read. Drilling Area 
Remarks: I Background (ppm):= 

Converte 



Tetra Tech NUS, Inc. BORING LOG Page ) of ) 

Drillng Area 
Background ( p p m ) . m  





Tetra Tech NUS. Inc. BORING LOG Page of 

PROJECT NAME: N5wc C c a e ,  S M U  16 BORING No.: 16 5 8 6 2  
PROJECT NUMBER: w w y g  cm 93- DATE: 8/13 /F? 
DRILLING COMPANY: EFS GEOLOGIST: ~ l e s  C. lnrevCLe 
DRILLING RIG: G-enbe DnlLLER: Josh b o d  

Material CI.uiruation 

brilling Area 
Background ( p p m ) : a  



Tetra Tech NUS, Inc. BORING LOG Page I of I 

" I- -nor r-mg m 6 bot  vltemk baehde. hr-e 7 - 3 3  fmqvennl d elevafed r- read Drilling Area 
Remarks: 

Conveiled 10- Well: Yes No _2L__ Well I.D. #: 



Tetra Tech NUS, Inc. BORING LOG J 1 Page - of - 

Drilling Area 
Background (ppm): (a-8 



Tetra Tech NUS, Inc. BORING LOG Page - I of I 
PROJECT NAME: hlswc -€, S w u  I6 BORING No.: tb sg 65 
PROJECT NUMBER: ~3-'cve . c+o 63% DATE: 8/11 / d Y  
DRILLING COMPANY: f.35 GEOLOGIST: C h 4 r l c s  C .  Law7 +ZZ 
DRILLING RIG: G w p r a b e  DRILLER: & ~ h  O e ~ t c r l  

" hcludsmnlhw readno in 6 lml inlenals my ilelevated -ss lead. 

Converted to Well: Yes No )C Well I.D. #: 



Tetra Tech NUS. Inc. BORING LOG I o f 1  Page - 

Dnlling Area 
Background ( p p m 1 : m  



Tetra Tech NUS, Inc. BORING LOG Page L of / 

" include m a o r  readmg m 6 lmt inlerrals @ borehde. Increase reading R w e n n l  1 elwaled -re read. Drilling Area 



Tetra Tech NUS. Inc. BORING LOG Page I of 

- + I ~ B  -on dng y ~ m t  mewas o baehds hoeass r d n g  hequerry 1 derated repome read Drilling Area- 



Tetra Tech NUS. Inc. BORING LOG Page I of j 

Ie4waled rsponse lead. 

Background (pprn): 



Tetra Tech NUS, Inc. BORING LOG Page I oi I 

Dnlling Area 
Background ( p p m ) : m  

- 



Tetra Tech NUS. Inc. BORING LOG Page _I of 1 

" W -nor readq m 6 irm inlewdr B tarehde hnease reading I r q l m r q  d ekeled reronse read Drilling Area 
Remarks l6Sa 3@162 c&ZGIa )Ya Background ( p p r n ) : m  

16 Ss 3 1  @Z*6 R) r u r r r r o - a  IY18 

Converted to Well: Yes No ,X Well I.D. #: 



Telra Tech NUS, Inc. BORING LOG Page L of I 

i " mude monaor reading in6 lmt i n m k  O t q r e w .  hn- readinofreqverq il dneled r w n r e  r&. Ddhg Area 
Remarks: I C S S T L  @I@ 2- ma kfZ'& sackground ( p p r n ) : m  

13 $2 9 t $ d  e - @ & i s r r r m  
16.30 32 66 d c(l.sar W 

-- 

Converted to Well: Yes No Well I.D. #: - 



Tetra Tech NUS. Inc. BORING LOG 
1 Page of 1 

PROJECT NAME: h j ~ e  c-E, SWMU G BORING NO.: 16 SB 73 
PROJECT NUMBER: N Z Y V ~ ,  cro02'43 DATE: 8lrz/dv 
DRILLING COMPANY: E F5 GEOLOGIST: C&-ar\c~ C. Lamel= 

DRILLING RIG: +frsbe DRILLER: 3-S.h Dd-kd 

~.lerial Clas.silisslion 

'When rodi ming. enler mck Wmen. 
" Include -la reading in 6 lmt mterrak O borehole. Imreare readng lrequew 1 elwaled repome read. Drilling Area 
Remarks: SS 7'3 4 ~ 4 ~  CAClJ m. I 4.Y6 Background ( p p r n ) : m  

W3 QZQ3-I Td (0% 

Converted to Well: Yes No Well I.D. #: 



Telra Tech NUS. Inc. BORING LOG Page L of 

.'lc&da mm.m ma$ng in 6 tool ilkmk @! tmehols. kmre reading l r e g u e n l  il elerated reprise read. Drilling Area 
Remarks: ground ( p p m ) : m  

Converted lo Well: Yes Well I.D. #: 



Tetra Tech NUS. Inc. BORING LOG Page j of 1 

W h e n  m k  miw. emer mk bmkenw. 

.. lwlude rnmror reading in 6 lmt inlenak B b h d e .  lncreare readng lrequenq l elwaled repnse cead. Drilling Area 

*%I@L @&&a@ I \ + L  , . Remarks: f &, $ S Background ( p p m ) : a  
*.<rbZQS - C U h  

Converted to Well: Yes No )< Well I.D. #: 



Tetra Tech NUS. Inc BORING LOG Page _1_ of _L 



Tetra Tech NUS. Inc. BORING LOG Page 1_ of 

'' Include -nor reading m6 loo4 mervals B borehole hmease reaLng lrequency 11 elevaled rewnse read Drilling Area 
Remarks: 

Converted to Well: Yes -&GAL No Well I.D. #: 



Tetra Tech NUS. Inc. BORING LOG Page 1 of I 

"Include M o r  ,eating in 6 imt intcwab B b o r e M .  hoeare reading hewenq if elevated reponre read. 



Tetra Tech NUS. Inc. BORING LOG Page I of 

PROJECT NAME: *6wc Cpwf ,  SWFV 16 BORING No.: I6  SB 8 5 ' 
PROJECT NUMBER: k7W8 cTu @3q3 DATE: 8l19/9q 
-DRILLING COMPANY: 7- T-\ * S  GEOLOGIST: Ch-rws C-  brri EE 
DRILLING RIG: k.nd. A u s r  DRILLER: Tcr.v v-whl 

S.Wk 
No. 
ad 

TWO, 
ROD 

'When m b  m&& enlw nxk w e -  
" !dude maulor reading m 6 fmt inlewalr e baw. Increase reading tequency # d w a ~ e d  r-se read. Drilling Area 
Remarks: O4k m s m e V  5-W pw*,q , S r r L L u W  IS  Background ( p p m ) : m  

IN - DLf-rCmld . W W r c  b w  c- nOIIL S)rN&s ~ S T C I C ~ J .  
I6.SSa50062 B2U; 16,aba#& -8 t & t  

Conve~led to Well: Yes ' N o  )C Well I.D. #: 

RIMO wading (ppm) 

N .  - 
Remarks . m b k  - 

Dcpth 

IFL) 
or 

nun 
NO. 

m 

Bl rna l  
I' or ROO 

(%I 

$ , x f  E 
; 

Sampk 
k o r q  

I 
srnpla 

u w h  

2 
g - 
6 

Li,hologl 
Clunpc 

( b p ~ t  .. 
scrrrnd 
hterral 

u 
s 
C 
S 

MATERIAL DESCRIPTION 

soil D ~ = ~ Y I  
Consistcncl 

ar 
Rock 

nardlxrs 

COlor ~aleriat c~azsi( i~t ion 



Tetra Tech NUS. Inc. BORING LOG Page I of L 

.' lnbds Rannor m&% in 65od imervals B t o t  hde h r e  ere- lrsqumq I elevated reponse read. * r  +, achvPS Drilling Area 
Remarksi go@ OF rrrmvc-~ (,-TI+) c Background (ppm):= 

a'- ~UWOS cs7orw w) .II~u"s 
A . & S Z B C & ~ Q Z .  cdCG5 Q 16- : ~ 7 - T  H t P  , 

Converted to Well: Yes No' y Well I.D. #: 



Tetra Tech NUS, Inc. BORING LOG Page -I of I 

'When mli cahu), mler mli hk-. 
I& mni~orreadins in 6 imt intelvak B baeho(e. kucase reading hsquency a dwaled v s e  read. Drilling Area 

Remarks: 1 6 S S 8 7 ' b W @ z  c d Z X l @  112d Background ( p p r n ) : m  
b65SBgBzdY M @ Ma@ 

Converted lo Well: Yes No )c Well I.D. #: 



Tetra Tech NUS. Inc. BORING LOG I Page I of - 

Dnlling Area 
Background ( p p m 1 : m  

Converted to Well: Yes No Well I.D. #: 



1 Tetra Tech NUS, Inc. BORING LOG Page 2 01 

" w e  mta re- m 6 bol n w a l t  e lrxrease readng hequew 6 der;~ed nqonse read Dnlling Area 
Remarks: I ~ S S B P W L  IW Background ( p p m ) : m  

lbSR8?&2r64 cb%W ch 13e 

Converted to Well: Yes No )C Well I.D. #: 



Tetra Tech NUS. Inc. BORING LOG Page i; of _L 

PROJECT NAME: W w c  C-€, &.nu 16 BORING No.: i 6 58 q$ 
PROJECT NUMBER: N 999 B c- 93- DATE: B/lal+y 
DRILLING COMPANY: € F S  - GEOLOGIST: - C&=rks t. buy512: 
DRILLING RIG: b 9 r  DRILLER. -5h auew 1 

M&l C ~ i c n i o n  

" ~ u d e  mmnot ream n 6 loo( infewab B borehole. hnease r e a h  Irequw l ebaled repoow, mad. Drilling Area 
Remarks: 16 SB4 Q) (p'i66 u( , - &%4-(,@8' Background ( p p m ) : m  

16 Saqcb P66R CEY CUT 
- 

K we11 I DX Converted lo Well: Yes No 
- 



Terra Tech NUS, Inc. BORING LOG Page 1 of 

" m e  mimr readng in 6 lod in~anals B baehde, Increase d n g  hq il deraied -se read. Drilling Area 
Rernalks: 16-28 9 144& e-U;td 4 w/  up: KFOb8 16rbY6l Background ( p p r n ) : m  

c&LZZ%Cd 135. 
K<a%td669 -6il L X % . G  D-MdC99 

Converted to Well: Yes No )c Well I.D. #: 
- 



Tetra Tech NUS. Inc. BORING LOG Page I of 1 

PROJtC I NAME: N Swc c e w E ,  Swnu & -- BORING No.: \g SB 9 2 
PROJECT NUMBER: M 3 9 V 8  c t o  WC13 -- DATE: @/16&Y 
DRILLING COMPANY: -- € FS GEOLOGIST: Ckck~ C. I p - r r X  
DRILLING RIG: ~ e r  DRILLER: Tech OuHacl 

Material Clsuicdion 

When & coring. enter mkDm*eneu. 

-' Indude mmbr  re* in 6 la imwak e h b b .  m z c  rcadqtrequsq  11 ewevalod r w  read. Driling Area 
Remarks: lb2+ c&&- 1660UrCd 6 he( 8,s / Background ( p p m ) : m  m w 16- 

--- 
Converted to Well: yes -- No x Well I.D. #: 



Tetra Tech NUS, Inc. BORING LOG Page L of 

PROJECT NAME: Ns& C w c ,  S M u  L6 BORING No.: 
PROJECT NUMBER: t.~qyYB CTD 93- DATE: 
DRILLING COMPANY: €FS 

+ 
GEOLOGIST: C)ulr+ C. L w c y  

DRILLING RIG: DPr DRILLER: Tosh D M  

MWrial Classilicnirn 

'When mdr mr*r). mer mdr bm*eness. 

-Mia mnna  reading in 6 M intervals O borewe. Increase readng frequemif elwaled r e m e  read. Drilling Area 
Remarks: 16 5893 dq06 UZZS @ l Y S 8  f!d&d@ %'6 Background ( p p m ) : m  

W S R w 6 R  c&dzf(a) lSa< 

Converted to Well: Yes No )C Well I.D. #: 



Irt] Tetra Tech NUS, Inc. BORING LOG Page I_ of L 
~ - ~ p ~  

PROJECT NAME: Mur W E ,  swu t BORING NO.: 16 Sg qY - -- 
PROJECT NUMBER: M ~ ~ Y L I ~  era 0392 DATE: 8/16 f * y  
DRILLING COMPANY: € 6 ~  - GEOLOGIST: a'-< ~ c s  C. &.Y= 

DRILLING RIG: D?T DRILLER: rash W 

Uahrial Clasification 

'When d m - .  enter roc* bmlsners. 
" lndude mon~tor readwq m 61- n(erva~s e boreme. h e a r e  &ng hq- I dwald r-sa read. Drilling Area 
Remarks: 16 S84V @Td8;. cA&W fW@ Background ( p p m ) : m  

----- 

F 
---- 

Converted to Well: Yes No Well I.D. #: 



Tetra Tech NUS. Inc. BORING LOG Page _1_ of _1_ 

" Indude mmilor reading in 6 I d  inlewals O borehde. k r e a s e  readii hequeq I h a l e d  repoose red .  Drilling Area 
Remarks: 16 SBTS $966 bCLIt;d@ I Y ~ S  d&-~hs/iyeb Backgrou,nd ( p p m ) : m  

16S&qS@60* clL;wW 19% W-c@ Z 

Converted to Well: Yes No F Well I.D. #: 



Tetra Tech NUS. Inc~ BORING LOG Page I of 1_ 

'. l l r l~de manot  reaaim rn 6fm aarralt (t borehob loueasa re& b e m a  elevaea rpmrue *ad Drillino Area 

Converted lo Well yes No S . -  Well I.D. #: 



" lndude manlor r&ng in 6 fm inlenak 13 bonehole. Increaw reading 1-ncl iI elwined r se read. Drilling Area 
Remarks: 166 8 9~ 6Y66 1.5 VS + dxs/wn Background ( p p r n ) : m  

16Sf39T Q66.F & W - w  + - w l o w :  16 F D & 8 1 6 0 Y $ L  
RCFrW@T-' 

Converted to Well: Yes No )t Well I.D. #: 



Tetra Tech NUS, Inc. BORING LOG Page I of 

PROJECT NAME: NSwc Ce*uE, Suw/(j' BORING No.: \ 6 s R  48 
PROJECT NUMBER N t Y Y 8  C-Tb P 3 Y 3  DATE: 8/16/6r 
DRILLING COMPANY: 

- 
E F S  GEOLOGIST: - &TICS C.  .!stnrr 

DRILLING RIG: &frebe DRILLER: TOS~ 0-,d 

surple 
No. 
ad 

Twtor 
mm 

-- 

Converted to Well: Yes No __25_ Well I.D. 4%: -- 

hpth 

(Ft 1 
or 

Run 
NO. 

eox.1  
6' or ROD 

61 

%",3e 
R.mrery 

I 

Same 
rmwn 

Li,hol~~" 
C m g .  

(kptwt.) 

or 
s m m d  
Merral 

U 
s 
C 
S 

-lo nudmg(-) MATERIAL DESCRIPTION 

Remarks 
5 0 i l ~ a w i l ~ l  
Conrial-l 

mdncs. 

- 
Color Hatvial Cb=ificatiar 

a ' - -  
* P g L  
~ 5 2 ~  
1 5 g 1  

- m d  

m 



Tetra Tech NUS, Inc. BORING LOG 
1 Page - of 

' mM m k  mnng. mler m k  besnesr. 
" Idude rnmilor reading in 6 lm inlenalr B borehole. hcrsase readvlg Irequeq n elwaled reponse read. Drilling Area 
Remarks: L P ~  I--4 lu51dc &Ids . ) Yc , -1  @ 7,s / ' Background ( p p r n ) : a  

i ~ ~ S 4 9 C g l 9 L G c L c r z t  G!) 1869 
l S  St3V4.Sc06 ddLjlBil C.> 1116 

1esssqd6 $8 GPLtf@ i11.3 

Converted to Well: Yes No )c Well I.D. #: 



APPENDIX B.1.4 
SWMU 16 

BORING LOGS AND MONITORING WELL 
CONSTRUCTION DIAGRAMS FROM THE CORPS OF ENGINEERS 



Pea ~;av;l  

Pipe 

!!SL 

Water Depth a t  Time of D r i l l i n g  - 
@ Uell  Screen 

Nh'SC. Crane. Indiana 
Building 146-Ordnance 
Demil F a c i l i t y  
We11 CompleIion 
Boring Number: VTS-14-1- 



I Sandy clay(CL1: b r o w ,  s o f t .  damp. very f i n e -  
grained sand .. g r a v e l l y  ( s a n d s t o n e ) .  - 

I 

S i l t s t o n e :  b r o ~ n  t o  l i g h t  g r e y ,  u n i f o r x ,  COP 
p o s i t i o n  ( q u a r t z ) ,  s o f t  t o  s t i f f .  h igh ly  vea the re  
damp. 

T 
Clay Shale: r e d ,  b r o w ,  b l a c k ,  orange brovn. 
very t h i n l y  bedded (1 /16"-I /&")  h i g h l y  weathered.  
s o f t  t o  v:?y s t i f f .  b r i t t l e ,  and concains  i r o n  
concreacions or  l e n s e s .  

.Shale: dark  grey r o  b i a c k ,  weathered  and o x i d i z  
i n  r eg ions ,  ve ry  t h i n l y  bedded, c o n t a i n s  micro 
subhedra l  g r a i n s  of c a l c i t e .  

1 - 
Coal: b l ack ,  s o f t  t o  modera te ly  h a r d .  ear th"  
b i tue inous .  b r i t t l e ,  block?,  c o n t a i n s  l i m n i  
and approximately 5% s u l f i d e s  ( p y r i t e  and - c h a l c o p y r i t e ) .  

Sandstone: wh i t e  t o  l i g h t  g r e y ,  r e d ,  and brovn 
t h i n l y  bedded, f r a c t u r e d ,  o x i d i z e d .  u n i f o m .  
predominantly ve ry  f ine -g ra ined  q u a r t z  sand.  
moderately t o  s l i g h t l y  f r i a b l e .  bedding d i p s  
approximately 15 d e g r e e s  from h o r i z o n t a l  w i t h  
cross-bedding v i s i b l e .  

continued I 
i 

W$C, Crane. Ind iana  
Bui ld ing  146-Ordnance Demil F a c i l i t y  
L i t h o l o ~ v  
~ o r i n p  Xumber: FTES-ll-1-83 



- 
Sandstone (60:) and sha le  ( L O X ) :  very f 
sandscone interbedded with black s o f t  s h  
ding c o n s l s t s  o f  very f i n e  lamina, rando 
dxsplaying i rregu lar  near shore depos i t11  

Shale:  dark grey.  sandy, uniform. s o f t  

- 

Nh'SC. Crane. Indiana 
Bui ld ing  166 Ordnance Demil 
Li thology  
Boring Number: VES-16-1-83 



3" S r e e l  Procecror 

Bentonite 

Pea 
Gravel 

\2" Schedule 40 PVC Pipe 

P uater Depth ac  Time of Drrl l ing 

l j e l l  Screen 

Nh'SC, Crane, Indiana 
Building 146-Ordnance 
Dmnil F a c i i i t y  
Well Completion 
Boring Number: L'ES-10-2- 



Clay(CL): broun. s o f t ,  damp, organic mt 

- 
Clayey sand(SC): brovn, s o f t  t o  s t i f f .  v 
f ine -gra ined  sand. uniform, s l i g h t l y  da=? 

Sandstone: brown, dark brown, very f i n e -  
grained sand (quar tz ) ,  wet f r o r  15 t o  16  

Shale: dark grey and brown, s o f t .  

- 

WSC, Crane, Indiana 
Bui ld ing  146-ordnance Dem.U F a d l i t  
Li thology  
Boring Number: WES-14-2-83 



Steel Protector P 

Grout 

Pea 
Gravel 

f 

2" Schedule PO PVC 

Uater Depth at Time of Drilling 

@ Eel1 Screen 

Pipe 

hl1SC, Crane. Indiana 
Building 106-Ordnance 
Danil Facility 
Well Completion 
Boring Nunber: LTS-14-3-83 

L 



Clay (CL): brovn,  s o f t ,  sandy ,  damp 
o r g a n i c  u t t e r  ( r o o t s )  
Clay (CL): g r e e n i s h  grey .  v e r y  s o f  

Sandscone: brown, s o f t ,  v e r y  f ine-g 
c l a y  l e n s e s  

Sha l e :  brown, v e a t h e r c d ,  ha rd  f r o m  
11 f t  ( i r o n )  

Sands tone :  brovn, g r e y  ( b e g i n n i n g  a 
15 f t ) ,  ve ry  f i ne -g ra ined .  s o f t  

Shale: .  g r ey ,  da rk  grey .  s o f t .  vatex 
25 f t  

Coal: b l a c k ,  s o f t  ( b i t uminous )  

- Sha le :  see above 

NUSC. Crane. I n C i r n a  
Bu i ld ing  1L6-Ord nance Demf 
Li tho logy  

- Boring Nurher: bES-14-9-S3 



f 2" Schedule LO PVC Pipe 

Grout 

Benconice 

Pea 
'Gravel 

P Water Depth at  Time of Drilling 

well Screen 

WSC. Crane. Indiana 
E ~ i l C i n g  106-Ordnance 
Demil Faci l i ty  
Well Completion 
Boring h'umber: LZS-10-t-83 



Sandy s i l t  (.a): brown v i t h  grey r c r e a i s  
sof c , damp ; very  f i n e - g r a i n e d  sand. 

Coal:  b l a c k ,  s o f t ,  e a r t h y  

S i l t s t o n e :  l i g h r  t o  d a r k  g r e y , ,  l i g h t  
brown, s o f t .  

Sha le :  g r ey ,  r ed  (13 .3  - 13.8  f t ) ,  s o f c  

Sandstone and s h a l e :  g r ey  t o  dark g r e y ,  
t h i n l y  bedded, s o f t .  

Shale:, . da rk  g r ey ,  s o f t  

Coal: b l a c k ,  s o f c ,  u e c  becveen 35-36 ft 
(bi tuminous)  

Sandstone a n d / o r  s h a l e  (?)- no cutting.. 
v e r y  v e t  

%'SC, Crane,  I n d i a n a  
B u i l d i n g  106-Ordnance Demil Fac i l f i  
Li tho logy  
Bor ing  Number: MS-16-0-83, 



Grout 30.8' 

Bentonite 1.5'' 

'1 

l' 
2" Schedule LO PVC Pipe 

P Uater Depth at Time of Drilling 

@ Uel, screen 

hXSC, Crane. Indiana 
Building Ib6-0rdnance 
Demil Facility 
e l  Completion f- 
Boring Number: LZS-1L-5-83 



- 767.10 f r  HSL 

Sandy clay(CL1: b rovn .  s o f t  t o  v e r y  s: 
d r y ,  sandy- very  f i ne -g r a ined  s and .  

Sandstone and c l a y :  brovn.  r e d d i s h  b r o  
t h i n l y  bedded. wea thered .  s o f t .  v e r y  f i  
g ra ined  sands tone .  

Coal :  b l a c k ,  s o f c  

Sha l e :  l i g h t  g r e y ,  s o f c .  un i fo rm  

Sandstone and s h a l e :  l i g h t  b rovn  t o  br 
and l i g h t  grey t o  d a r k  g r e y  t h i n l y  bedd 
v e r y  f ine -gra ined  s a n d s t o n e ,  s o f t .  

Sha le :  g r ey ,  s o f t ,  un i fo rm,  sandy  - f: 
g r a ined .  

L 
con t i nued  

WSC, Crane. I n d i a n a  
Bui ld ing  lb6-Ordnance Demi 1 F a c i l i c v  

L i r h ~ l o p l v  
 ori in^ Nmber:  MS-14-5-83 



. 732.10 f c  nsL 
Coal: b lack ,  r o f c ,  b r i t c l e ,  uniform - 

. bituminous. 
Shale: prey, s o f t .  c h i t ~ l y  bedded v i r h  ver: 
fine-grained sandstone .  
Sandstone: grey ,  s h a l e y .  very f ine-grainel 

Shale: grey ,  r o f c .  c h i n l y  bedded v i c h  vcr 
fine-grained sandstone .  

NUSC. Crane, Indiana 
Building 146-Ordnance D e d l  
: f a c i l i c y  
Lithology .. 
Boring lumber : 1ES-10-5-63 



APPENDIX B.2 
SWMU 16 

DIGGING PERMITS 
ROLIND 1, ROLIND 2, ROLIND 3 



HIGH VOLTAGE ELECTRICAC 

. ~ V 
In  addFtion to the general pecaiutisk for exd;r=ting*re underground utili i  are &e$. c&, tbe folla*ring: . , , i  i . .  ~.. x.... . .  

... . . .  
.. 

- 3 .  ~: 

'ERMIT HOUIER S G N A N R E  

DATE 

. 
-' 

ORIGINAL -Code 09Z5 File 
YELLOW - Supv. At work site ....... .. 



WORKREQUEST ON U S  NO. 

n HANO TOOLS II CORE DRILL n mmcnER n BAaUioE n n m  eauiPuEm 

/337od 1$-/9?&' 4 A-/Y?h dn/ kor/ , - 

GROUNDING 22 / , I / , -  , ; .  , :  

NATURAL GAS 

WORK WILL BE PERFORMED BY 
/ / 

s m  @A . \,\ 
I I I 

DATE ( S M  - on or abouff 

STEAM 

TELEPHONE 

/ P  llA' F) /P  e4 dm, Zdf , , 

. . 

7 

WATER rJI A 
SECOND ELECTRICAL 

- 
In addition to the general precauticns for excavating where underground utilitcs arb present. canply wiUl the foUo*rlng: 

DISTRIBUTION: 
ORIGINAL -Code 0925 File 
YELLOW - Supv. At work site ",.," "--: 4--....--4-- 



~ J G G I N G  PERMIT 
NSWC CRANE 1100013 (REV. 8102) 4341 

WORK REQUEST ON EIS NO. 

L - 9  tJ WORK DESCRIPTION 7 -p 

7 
/ 

2b,/ bo~injh~ --La & I  s~,i-fAce Y- &uhr/,Kf;;ce S & ~ ~ / P S  e 

u 
EQUIPMENT MPE 

HAND TOOLS DCORE DRILL TRENCHER BACKHOE HEAW EQUIPMENT 

COMPRESSED AIR 

K 

k 
GROUNDING N/& /6/A'2/03 & 

I I I 

RALGAS 

GENERAL DYNAMICSNMCI 

In addition to the general precautions ior excavating where underground utilites are present, comply with the followtng: 

DATE . ' 
DISTRIB~TION: 

ORIGINAL 



1 

SG&NGFE  IT'^ t- 
NSWC CRANE 100013 (REV. 8102) 4 3 4 1  

, n 

7 /i A A ~ ~ L C .  
- >< z E / n A 15% T/ AX'& I 

WORK REbUEST ON US NO. / I 
/ 

WORK WlLL BE PERFORMED B ,A DATE (SLarl- on w abovl) 

L d  d - LO) /DL!?/ /O . 
WORK DESCRIPTION J 

n$tB/n/ sd,e$r c oc A vh 

V 
5 - 

EQUIPMENT WPE 

HAND TOOLS CORE DRILL TRENCHER BACKHOE HEAW EQVIPMENT 

COMPRESSED AIR 

HIGH VOLTAGE.ELECTRICAL 

NATU~AL GAS . . 

SECOND ELECTRIC 

GENERALDYNAMICSMHCI 

v 
In addiioi tothe general precautlono for excavatingwhere underground uti& are present, comply rvlth the folloivlng: 

-. 

B/J .. . ~ 
. / Q ~ - A .  ~. 0-f 1 d / mr/,ud PH -ch , siTJ!- . . >A 

. . 

ORIGINAL - Cod 
YELLOW - Supv. At work site 
-~ ~- - 



r 

E PERFOWED BY ,.- ,, ,: 

I WORK DESCRIPTION 

C A / ~  ,Y Alee P.  +lfd/.hc? . 
EQUIPMENT TYPE 

HAND TOOLS CORE DRILL TRENCHER a OAEKHOE d WEAW EQUIPMERT 

In addition to the general precautions for excavating where underground utiliies are present comply with the following: 

S . . -  
I . -  , :- .; ,. . , , 

. . . . .  
: , 

ORIGINAL - C 
YELLOW - Supv. At work site - . . . . . - . . 



APPENDIX 8.3.1 
SWMU 16 

MONITORING WELL MATERIALS 
CERTIFICATES OF CONFORMANCE 

ROUND 1 



MONITORING WELL MATERIALS 

Well Designation: 

Site Name: 

Date Installed: 

Project Name: 

CERTIFICATE OF CONFORMANCE 

IGMWTOI 

SWMU 18 CAST HIGH 

4/8/2003 

NSWC CRANE 

Slte Geologist: BOB BALKOVEC 

Drilling Company: BOWSER MORNER 

Driller: DAVE S. 

Project Number: N9060 CTO 0279 

To the best of my knowledge, I certify that the above described materials were used during the installation of this monitoring well. 

Signature of Site Geologist: 



MONITORING WELL MATERIALS 

CERTIFICATE OF CONFORMANCE - 
Well Designation: 16MWT02 Site Geologist: BOB BALKOVEC 

S~te Name: 
Date Installed: 
Project Name: 

SWMU 16 CAST HIGH Drilling Company: BOWSER MORNER 
4/11/2003 Driller: DAVE S. 
NSWC CRANE Project Number: N9060 CTO 0279 

To the best of my knowledge, I ceiify that theabove desc"bed materials were used during the installation of this monitoring well. 

Signature of Site. Geologist: 



MONITORING WELL MATERIALS 

16MWT03 Well Designation: Site Geologist: BOB BALKOVEC 

Site Name: SWMU 16 CAST HlGH Drilling Company: BOWSER MORNER 

Date Installed: 411 012003 Driller: DAVE S. 

Project Name: NSWC CRANE Project Number: N9060 CTO 0279 

. ~ 

SOURCE/SUPPLIER 

- - - - 

To the best of my knowledge, I certify that the above described materials were used during the installation of this monitoring well. 

Signature of Site Geologist: 



MONlTdRlNG WELL MATERIALS 

CERTIFICATE OF CONFORMANCE 

Well Designation: 16MWT04 Slte Geologist: BOB BALKOVEC 

Site Name: SWMU 16 CAST HIGH Drilling Company: BOWSER MORNER 

Date Installed: 4/9/2003 
Project Name: NSWC CRANE 

Driller: DAVE S. 
Project Number: N9060 CTO 0279 

I I I I 1 
To the best of my knowledge, I cerHfy that the above described materials were used during the installation of this monitoring well. 

~ & m m h + '  : ,,,. _L , Signature of Site Geologist: 
, . 

, 
I .: . I ,. , . . .  . 



MONITORING WELL MATERIALS 

CERTIFICATE OF CONFORMANCE 

Well Designation: 16MWT05 Site Geolog~st: BOB BALKOVEC 

Site Name: SWMU 16 CAST HIGH Drilling Company: BOWSER MORNER 

Date Installed: 4/9/2003 Driller: DAVE S. 

Project Name: NSWC CRANE Project Number: N9060 CTO 0279 
I - 

To the best of my knowledge, I certify that the above described materials were used during the installation of this monitoring well. 

Signatwre of Site Geologist: Q A k 0  h\ ~ , ~ V L J  



MONITORING WELL MATERIALS 

CERTIFICATE OF CONFORMANCE 

Well Designation: 16MWT06 S~te Geologist: BOB BALKOVEC 

Site Name: SWMU 16 CAST HIGH Drilling Company: BOWSER MORNER 

Date Installed: 4/24/2003 Driller: DAVE S. 

Project Name: NSWC CRANE Project Number: N9060 CTO 0279 

To the best of my knowledge. I certify that the above described materials were used during the installation of this monitoring well. 

Signature of Site Geologist: I 



APPENDIX B.3.2 
SWMU 16 

MONITORING WELL MATERIALS 
CERTIFICATES OF CONFORMANCE 

ROUND 2 



Tetra Tech NUS. Inc. 
CERTIFICATE OF CONFORMANCE 

Well Designation: 16MWT07 Site Geologist: MATT COCHRAN 
Slte Name: SWMU 16 CAST HIGH Drilling Company: Bowser Morner 
Date Installed: 1111 1103 Driller: J. WALSH 
Project Name: NSWC CRANE Project Number: 9060 CTO 279 

To the best of my knowledge, I certify that the above described materials were used'during installallon of this monitor~ng well 

Signature of Site Geologist: - FOG ~ ~ ~ c .  



Tetra Tech NUS. Inc. 
CERTIFICATF OF CONFORMANCE 

Well Designation: 16MWT06 
Slte Name: SWMU 16 CAST HIGH 
Date Installed: 1 1 /09/03 
Project Name: NSWC CRANE 

Site Geologist: FRED RAMSER 
Drilling Company: Bbwser Morner 
Driller: JOHN KEIFER 
Project Number: 9060 CTO 279 

To the best of my knowledg ve described materials wepe used during installation of this monitoring well. 

Signature of Site Geologist: 



Tetra Tech NUS. Inc. 
CERTIFICATE OF CONFORMANCE 

Well Designation: 16MWT09 
Site Name: SWMU 16 CAST HIGH 
Date Installed: 1 1 /08/03 
Project Name: NSWC CRANE 

Site Geologist: M A T  COCHRAN 
Drilling Company: Bowser Morner 
Driller: J. WALSH 
Prolect Number: 9060 CTO 279 

To the best of my knowledge, i certify that the above described .. ... . . . . materials' were used during installation of this monitoring well. 

Signature of S~te Geologist: ,%a &H?-C- 



Tetra Tech NUS. Inc. 
CERTIFICATE OF CONFORMANCE 

Well Designation: 16MWT10 Site Geologist: 
Site Name: SWMU 16 CAST HIGH Drilling Company: Bowser Morner 
Date Installed: 1 1 /09/03 Driller: J. WALSH 
Project Name: NSWC CRANE Project Number: 9060 CTO 279 

To the best of my knowledge, I certify that the above described materials were used during installat~on of this monitoring well. 
. . 

&U/L b m C  Signature of Site Geologist: v 
. .  . 



~. , . . .  . ., 

Teca Tech NUS. lnc. 
. CERTIFICATE OF CONFORMANCE 

Well Designation: 1 6MWT1 1 Site Geologist: <RED RAMSER 
Site Name: SWMU 16 CAST HIGH Drilling Company: Bowser Morner 

Date Installed: 11H1103 Driller: JON KEIFER 
Project Name: NSWC CRANE Project Number: 9060 CTO 279 

To the best of my knowledge, I certify that the above described materials were used dur~ng installation of this monitoring well 

Signature of Site Geologist ,A 



Tetra Tech NUS. Inc. 
CERTIFICATE OF CONFORMANCE 

Well Designation: 16MWT12 Site Geologist: MATT COCHRAN 
Site Name: SWMU 16 CAST HIGH Drilllng Company: Bowser Morner 
Date Installed: 1 1/07/03 Dr~ller: J. WALSH 
Project Name: NSWC CRANE Project Number: 9060 CTO 279 

To the best of my knowledge, I certify that the above described materials were used during installation of this monitoring well. 

Signature of S~te  Geologis - 



Tetra Tech NUS. Inc. 
CERTIFICATE OF CONFORMANCE 

Well Designation: 16MWT13 Site Geologist: MATT COCHRAN 
Site Name: SWMU 16 CAST HIGH Drilling Company: Bowser Morner 
Date Installed: 11/11/03 Driller: J. WALSH 
Project Name: NSWC CRANE Project Number: 9060 CTO 279 

To the best of my knowledge, I certify that the abovedescribed mategals were used during installation of this monitoring well. . , . . "  . ,  . ,  . . .  
-. 

Signature of Site Geologist: &A 0 . . T 



. - . .  
Tetra Tech NUS. Inc. 

CERTIFICATE OF CONFORMANCE 

Well Designation: 16MWT14 
Site Name: SWMU 18 CAST HIGH 
Date lnstaied: 11/07/03 
Project Name: NSWC CRANE 

Site Geologist: M A n  COCHRAN 
Drilling Company: Bowser Morner 
Driller: J. WALSH 

Project Number: 9060 CTO 279 

To the best of my knowledge, I certify that the above described materials were used during installation of this rnonltorlng well. 

Signature of Site Geologist: . . 



Tetra Tech NUS. Inc. 
CERTIFICATE OF CONFORMANCE 

Well Designation: 16MWT15 
Site Name: SWMU 16 CAST HIGH 
Date Installed: 1 1 /09/03 
Project Name: NSWC CRANE 

Site Geologist: FRED RAMSER 
Drilling Company: Bowser Morner 
Driller: JON KElFER 
Project Number: 9060 CTO 279 

To the best of my knowledge, I certify that the above described materials were used during installation of this monitoring well. 
F 

Signature of Site Geologist: 



. . ' : ,.. : 

, Tetra Tech NUS. Inc. 
CERTI'FICATE 0F:CONFORMANCE 

Well Designation: 16MWT16 
Site Name: SWMU 18 CAST HIGH 
Date Installed: 1 1 I09103 
Project Name: NSWC CRANE 

Site Geologist: MATT COCHRAN 
Drilling Company: Bowser Morner 
Driller: J. WALSH 
Project Number: 9060 CTO 279 

To the besi of my knowledge, I certify that the aboved~scribed:m.aterials were-used during installation of this monitoring well. 
. . . .. 

Signature of Site Geologist: - 



Tetra Tech NUS. Inc. 
CERTIFICATE OF CONFORMANCE 

Well Designation: 16MWT17 Site Geologist: MATT COCHRAN 
Site Name: SWMU 16 CAST HIGH Dr~lling Company: Bowser Morner 
Date Installed: 1 1 /08/03 Driller:- 
Project Name: NSWC CRANE Project Number: 9060 CTO 279 

To the best of my knowledge, I certify that the above describedmaterials were used during installation of this monitoring well. 

Signature of Site Geologist: 



Tetra Tech NUS. Inc. 
CERTIFICATE OF CONFORMANCE 

Well Designation: 16MWTl8 
Site Name: SWMU 16 CAST HIGH 
Date Installed: 0111 8104 
Project Name: NSWC CRANE 

Site Geologist: FRED RAMSER 
Drilling Company: Bowser Morner 
Driller: JOE McCLOUD 
Project Number: 9060 CTO 279 

To the best of my knowledge, I certify that the above described materials were used during Installation of this monitoring well. 

Signature of Site Geologist: - 



APPElVDlX 8.3.3 
SWMU 16 

MONITORING WELL MATERIALS 
CERTIFICATES OF CONFORMANCE 

ROUND 3 



MONITORING WELL MATERIALS 
CERTIFICATE OF CONFORMANCE 

Well Designation: b M W  21 20, lq Site Geologist: C 0 MT 1 
Site Name: SWMU Ib Drilling Company: XSOWSEK- hA0@4‘ER - 
Date Installed: A&-5-T 2004 Driller: 3, W b ~ s  ~ 
Project Name: L S W  C ~ L Q E  Project Number: N 34'48) 

To the best of my knowledge, I certify tpat the above described materials were used dur~ng ~nstallat~on of thls monltorlng well. 

Signature of S~te Geologist, 



APPENDIX C 
SWMU 16 

SAMPLE LOG SHEETS AND OTHER FIELD FORMS 
ROLIND 1, ROUND 2, ROUND 3 



APPENDIX C.l.l 
SWMU 16 

SOIL SAMPLE LOG SHEETS 
ROUND 1 



Tetra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

NSWC CRANE Sample ID No.: l6ss 0 1 0002 
~ 9 0 6 0  CTO 0279 Sample Location: 1 6 s ~  0 I 

Sampled By: M. C o c h d T .  Rqahn 
C.O.C. No.: 0'159 

Type of Sample: 
[XI Low Concentration 

SVOCs (8270C. SIM & 8151A) b 
(1) Bor. Glass Jar 

( I )  Boz. Glass Jar 

(1) -02. Glass Jar 

Soil Group No. p 5-3 See figure 3 3  in me OAPP 

SlgnaturHs): , - =- - - ~ -  : . : . . ~ ~ -  - ~ ; ~  :.;., ..-:a .~ -<-&:<:> i i ,A 
- ' - 

z-.~ s . ~ =  : , ~ 7 : > .  " ~ 6 - ,  : - . <. .. 
z~ ~~~ -=*. ~- . . . ~ ~ . .:: . .. . . ~. . ..*...!. ~: .~~<5..:::3::::<$:; 

MYYSD - Duplicate ID No.: 
- 



Tetra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

NSWC CRANE 
N9060 CTO 0279 

Type of Sample: 
D(] Low Concentration 

802. Glass Jar 

(1) Bar Glass Jar 

See Fgure 3-3 in h e  QAPP 



Telra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

Project Sire Name: NSWC CRANE 
~9060  CTO 0279 Sample Location: 

(XI Surface Soil 

Type of Sample: 
[XI Low Concentration 

x&sives (@3J 6 Pmates) 8 (1) 80L Glass Jar 

See figure 3-3 in lhe OAPP 

. .  . 
signatun(s): 

soil Group No. PS -3 

. . 
.-mi . . ..*. ~ 

~ ~ . . i ~ ~ 3 C < ~ ~ P r Z : J f ~ ~ : ~ ~ ~ & ~ f - ~ i ~ ; ~ g ~ ~ ~ =  
M W S D  

- 

Duplicate ID No.: 



Tetra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

Project Sile Name: NSWC CRANE Sample ID No.: lsse 02 0 c f  
Prqecl No.: ~m CTO 0279 Sample Location: 16se 0 2 

Sampled By. M. CodKan IT.  Rojahn 
0 Surface Soil C.O.C. No.: 0 9 . ~ 9  
[XI Subsurface Soil 
0 Sediment Type 01 Sample: 
0 Other. [Xj Low Concentration 
U OA Sample Type: High Concentration 

Monitor Readings 

(Range in ppm)- 

SVOCs (B2mC. SIM 6 8151A). 
Expkdves (8330 a Pitales) a (1) 802. Glass Jar 

PCBs (8082)' , , 

MeW (6020) 6 Hg (7471A) (1) 802 Glass Jar Yesl Np . . 

Metals (W). Mg (7471A). (1) 80r Glass Jar 
TOC. CEC a pH 

. . .. 



Tetra Tech NUS, Inc. SOIL SAMPLE LOG SHEET 

Page\ of 1 

Project Sile Name: NSWC CRANE Sample ID No.: 165s ~ 3 ~ ~ 2  
Project No.: N9060 CTO 0279 Sample Localion: 16% 0 3 

Sampled By: M. CochrardT. Rqahn - 
[XI Surface Soil C.O.C. No.: d 9 s 9  
U Subsurface Soil 
0 Sediment Type of Sample: 
n Other: [XI Low Concenlration 
U QA Sample Type: 0 High Concentration 

Da!: Depth C o l a  hscription (Said. Sill, Clay. Moisture, etc.) 
P 

1 .  
Memod: 

Mwtor Readings 

(Rawe ~n m): - 
i 

bnteiner Requirements Collected 

VOGS (WISE) (2) Encore Samplers ( Y ~ ~ N O  - 
SVOCs (8270C. SIM L 8151A) L 

(1) 80r Glass Jar YesJ No 
Explosives (8330 pi it^^) 

SVOCs (BTIOC. SIM L 8151A). 

(~?$asives (8330 L Piirafesi.& I (1) 802. Glass Jar I 
PCBs (8082) 

Metals (602Q) L Hg (7471A) 

Metals (6020). Hg (7471A). 

TOC. CEC L pH 
Dio~ns/FwanS 

. . 
See FIpm 3-3 in Uw QAPP 

(1) 802 Glass Jar -- 
(1) 802 Glass Jar 

( 1) -02. Glass Jar I 

SwaturNs): -~ m~=~c~-~-s~Fi2r:4-.q~z:<.$.7~::r.>z:-~:~~.w:+?r<> - . . .;~ ~~ :~.+-:y=.r EaiiS3&E& AT=eie. *:.* ~ . r = . , s . ~ . . . ~ ~ ~ = 2 .  ~ ~~;sg+$::~;-2..z.. .d-:hn:.!~.d~Ar3 

Yes1 No 

Yes/ No 

HS/MSD 

L 

Duplicate ID No.: - 



Telra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE Sample ID No.: l6ss m z  
N9C60 CTO 0279 

[XI Surface Soil 
n Subsurlace Soil 

Type of Sample: 
Low Concentration 

osiws 8330 8 Picrales) 8 (1) &z. Glass Jar 

Duplicate ID No.: - 



Tetra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

p a g e 1  of 1 

Project Site Name: NSWC CRANE Sample ID No.: 16sS 05-m~ 
N9060 CTO 0279 Sample Location: 1 6 s ~  0 5. 

M. Ccchran! T. Roiahn 

Type of Sample: 

(1) Boz. Glass Jar 

(1) Bor Glass Jar 

See Rgufe 3-3 in the OAPP 

SknaturNsb ' ~ ~ : ~ ~ y @ # ~ ~ :  .. . %?;!;:;:. . ~ ; . ; ~ ~ & ~ " ~ ~ : ~ * * , ~ + ? . 3 - ' ~ - g ~ : * ~ ~ * ~ . ? T G . :  ~ 
MYl lSO - Ouplicate IOHO.: - 



Tetra Tech NUS. lnc. SOIL SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE Sample ID No.: isss OCom 
~ 9 0 6 0  CTO 0279 Sample Location: tsss 0b 

Sampled By: M. Cochrad T. Rojahn 

[XI Surface Soil C.O.C. No.: 

(1) BOL G l e s  Jar 

See Fwre  3-3 n me QAPP 

. . . , . .  



TetraTech NUS. Inc. SOIL SAMPLE LOG SHEET 

NSWC CRANE Sample ID No.: 16ss 07 0002 
N9060 CTO 0279 Sample Location: 16sE 0 7 

M. CochmrJ T. Rojahn 
[XI Surface Soil 
U Subsurface Soil 

Monitor Readings 

(1) Boz. Glass Jar 

8330 (L Piirales) h (1) Bor. Glass Jar 

See Figure 3 3  in the QAPP 



TelraTech NUS. Inc. SOIL SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE Sample ID No.: 
Project No.: ~ 9 0 6 0  CTO 0279 Sample Location: I ~ S E  0 

Sampled By: 
-F=- 
M. Cochranf T. Rqahn 

D() Surface Soil C.O.C. No.: o 959 .?L dog62 
ll Subsurface Soil 
ij sediment Type of Sample: 
n Other: [XI Low Concentralion 
0 QA Sample Type: 11 High Concentration 

: vocs(82608 . .~ 

: VOcs(8OlsS) (2) Enaxe Samplers (YeS)NO 
,,' 

S V m s  (82mC; SIM h 8f 'Sf~)  h 
- .~ 

(1) 8 0 ~  GI~SS Jar Y ~ N O  > 
, m- . . .  ~. . . 

pp 

SVOCs (827s. SIM 18151A). - . . 

See ngwe 3-3 in me QAPP 

i 
' 

- 

Eaosiwes (8330 & Pierales) & 

PCBs (8082) 
~ e l a l s  (6020) 6 ~g (7471A) 

Metas (6020). ng r7471A). 
roc. CEC & pH 
M o m u r a m  

(1) Boz. Glass Jar 

(1) 802:  lass Jar 

(1) Boz. Glass Jar 

(1) p z .  Glass Jar 

@NO 

C Y ~ N O  - 
Yes/ No 

( ~ 0 2 f 4 0  
V 

., 

, ' )  . 
. . 



Tetra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

NSWC CRANE Sample ID No.: 165s 0 9  w 2  
N9060 CTO 0279 Sample Location: 1656 0 q 

Sampled By: M. Cochrad T. Rqahn 
C.O.C. No.: 0 4 5 ~  

pur - 0 9 6 ' .  

(1) &z. Glass Jar Yes/ No 

E@osives (8330 & Picrates) & (1) &z. Glass Jar 

See figure 3-3 in OAPP 



Telra Tech NUS, Inc. SOIL SAMPLE LOG SHEET 

NSWC CRANE Sample ID No.: 16ss /O w m  
N9060 cTO 0279 Sample Location: less I 0 

Sampled By: M. Cochraru' T. Rojam 

[XI Surface Soil C.O.C. No.: 0x0 E o9hL 
[I Subsurface Soil 

1 M G I Z L S S  Jar Yesl No 

( I )  &L. G l w  Jar 

SeeF~ure 3 3  in the QAPP 



Tetra Tech NUS, Inc. SOIL SAMPLE LOG SHEET 

NSWC CRANE 
N%0 CTO M79 

[XI Surface Soil 
fl Subsurface Soil 

330 & Picrales) & (1) Bar Glass Jar 

(1) Bor GGss Jar 

See Frgure 3.3 in lhe QAPP 



Tetra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE Sample ID No.: 1 6 s ~  $ \ 0 10% 
-0 CTO 0279 

Type of Sample: 

VOCs (827s.  SIM& 8151A) a (1) 8or Glass Jar 

(1) 802. Glass Jar 



R Tetra Tech NUS. Inc. 0 SOIL SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE Sample ID No.: ISSS 12  OM^ 

~9060 CTO 0279 Sample Location: isss 1 z 
Sampled By: M. Cochrard T. Rojahn 

[XI Surface Soil C.O.C. No.: 
Subsurface Soil 

Low Concenlration 

oIives (8330 L Piuales) B 

See figure 3 3  in the QAPP 

Duplicate ID No.: 
- 



Tetra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE Sample ID No.: 16% I 2 b ~ o y  
Project No.: ~ 9 0 ~ )  CTO 0279 Sample Location: 16ss , 2 . 

Sampled By: M. Codran I T .  Rojahn 
fl Surface Soil C.O.C. No.: 0977- 
[XI Subsurface Soil 
0 Sed~ment Type of Sample: 
0 Other: [ X j  Low Concentration 
fl QA Sample Type: 0 High Concentration 

Monitw Readings 

(Range in ppm): 

Container Ibqulrements 
VOCs (82soe) (3) Encote Samplers YeslNo . '  

Vocs (Wl5B) (2) Encore Samples Y& No . . .  

SVOGS (8270~. SIM 6 8151A) 6 
(1) 802. Glass Jar . , ~ . , .  .~. 

ISVOCS ( 8 z ~ .  SIt.4 (L8151Al. I I - r 
E m v e s  (8333 6 P i l e s )  6 (1) Bar. Glass Jar Yes/ No 

P ~ S  (am2) 
Me& (60201 (L Hg (7471A) (I) BOL Glass Jar Yes/ No 
MeWs (6020). Hg (7471A). (1) Boz. Glass Jar 
TOC, CEC 6 pH 

See Figure 3-3 in the M P P  



Tetra Tech NUS. lnc. SOIL SAMPLE LOG SHEET 

Type of Sample: 
[XI Low Concenlralion 

0 QA Sample Type: High Concentration 

(1) 802. Glass Jar 

(1) 8or Glass Jar 

See Figure 9 3  in me OAPP 



Tetra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

NSWC CRANE 
N9060 CTO CQ79 

Sampled By: M Cochran / T. Rojahn 
C.O.C. No.: 

Type ol Sample: 
[XI Low Concentration 

7 b n b i n ~  Requlrementa 

SVOCs (8270C. SIM 6 8151A). 
(1) 802. Wass Jar 

1) 80r Glass Jar 

(1) Boz. Glass Jar 



Tetra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

I I page- of 1, 

N9060 CTO 0279 

Type of Sample: 
[XI Low Concentration 

0 QA Sample Type: [I High Concenlration 

(1) 802. Glass Jar 

(1) 802 Glass Jar 

1 802 Glass Jar 

See figure 3-3 in Uv2 QAPP 

. ~ 

sigmt"re(s): 

S& G ' w  No. p \ -3 

- ,.. . .  . - - .  - -  .-.-* -*---,, 
~~ -.... ---. , + ~ ; ~ ~ z z * * ~ L ~ ~ : T ~ ~ ~ ~ - ~ ~ ~ T + z ~ ~ e ~ ~ . : & ; L ~ ; $ ~ ~ : ~ ~ ~  

MY)IISD 
d 

Duplicate ID No.: . 



1-1 Tetra Tech NUS. lnc. SOIL SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE Sample ID No.: isss / 5-ooo2 
Project No.: N9060 CTO 0279 Sample Location: isse I 

Sampled By: M. C o c h r d  T. Rojahn 
[XI Surface Soil C.O.C. No.: 0960 E 0962 
n Subsurface Soil 

I n Sediment Twe of Samole: 
i ~ ]  Low concentration 

0 QA Sample Type: I Other: [I High Concentration 

YOCS (8ZWB) (3) Enaxe Samplers 
vocs (80158) (2) Enmre Samplers (Y& . . 

, .,,. ". 
. SY- (B27DC. SIM 6 8151 A) 6 YeslNo ' (1) B ~ L  Glass Jar ' a  

Ex@osives (8330 a Pi i tes)  
. ..- 

S V a  l8270C. SIM 68151A). 

I~xptoslves (€336 Pkmles) 6 I (1) 801. Glass Jar I e0 I - 
PCBs (8082) .i 

p+ .3 
Meells (60P)h Hg (7'471A) (1) Boz. Glass Jar . '. !: - . .. 
Metals (6020). Hg (747i~) .  

(1) Bor Glass Jar Yesl No 
. . 

~o&urans (1) -02. Glass Jar . . 
. .  . ~ .  . 



Tetra Tech NUS, Inc. SOIL SAMPLE LOG SHEET 

p a g e 1  of I_ 
I I 

Project Site Name: 
Project No.: 

[XI Surface Soil 
I1 Subsurlace Soil 

NSWC CRANE sample ID NO.: 1 6 s ~  ib  0002 

NODM) CTO 0279 Sample Location: 1 6 ~ 6  l lg  
Sampled By: M ~ochrad T. R& 
C.O.C. No.: 

- 0960 .E 0 % ~  

ii Sediment T v ~ e  oi Samole: , . 
Other: [XI Low concentration 

IJ QA Sample Type: 0 High Concentralion 

Analysis Container Requlmenrs Mher - 
(3) Encore Samplers 

VOCs (80158) (2) E r n e  Samplers 

SVOCs (8270C. SIM (L 8151A) (L 
(1) &z. Glass Jar Ye9 No 

Expbsives (8330 (L Piales) 
SVOCS (827OC. SIM (L 8151A). 

1 &z. Glass Jar 

. 
E W v e s  (8330 (L Picrates) (L (1) 802. Glass Jar 

Metals (6MO). Hg (7471A). 
(1) 802. Glass Jar Yes/ No 

, .PX. CEC (L pH 
DioinslFurans ' ( I )  _or. Glass Jar <Y&)~o - - 

See Figure 3-3in me QAPP 

.. 

MYMSD Dvplicata ID No.: -~ - 
- 



Tetra-Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

NSWC CFIANE 
N9060 CTO 0279 

C.0.C. NO.: 0960 e 0962- 

Type of Sample: 
[XI Low Concentration 

(1) Boa Glass Jar 

(1) Boz. Glass Jar 

(1) Bor Glass Jar 

See F y r e  9 3  in Ihe QAPP 



Tetra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

Page- 2 of 2 
Project Site Name: NSWC CRANE 

N9060 CTO 0279 

Low Concentration 

(1) Bor. Glass Jar 

OCs (8270.  SIM 8 8151A). 
(1) Bor. Glass Jar 

(I) Boz. Glass Jar 

See Figure 3-3 in lte M P P  

Sig~hlre(s): Cm-w~T.??f j : ? < -  h- ~ -.-. ~- - 
M M S D  Duplicate ID No.: 



Tetra Tech NUS, Inc. SOIL SAMPLE LOG SHEET 

N ~ O  CTO 0279 Sample Location: iffie 1 13 
Sampled By M. Cochmn/ T. Rojahn 

[XI Surface Soil 
[j Subsurface Soil 

Type of Sample: 
[XI Low Concenlration 
fl High Concentration 

(1) Bor Glass Jar 

(1) Bor. Gbss Jar 

See Fgum 53 h me QAPP 



Tetra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

NSWC CRANE Sample ID No.: l6se I 0 o 2 0 3 
~9060 CTO 0279 Sample Localion: 16SB I p, 

Sampled By: M. Gxhran / T. Roiahn 

[XI Subsurface Soil 
Type of Sample: 

Monita Readings 

(1) 80r. Glass Jar 

See Fgunt3-3 In ihe OAPP 



Tetra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

Projecl Site Name: NSWC CRANE 
N90W CTO 0279 

M. Gxhmn' T. Rojam 
[XI Surface Soil 

Type of Sample: 

(1) &r Glass Jar 



Tdra Tech NUS, Inc. SOIL SAMPLE LOG SHEET 

Project Sile Name: NSWC CRANE 

N90FO CTO 0279 

Type of Sample: 
[XI  Low concentration 
0 High Concentration 

C L A Y E Y  S I L T ,  P R M P .  

E W v e s  18330 a Picrates) & (1)801. Glass Jar 



Tetra Tech NUS. Inc. 0 SOIL SAMPLE LOG SHEET 

page_\_ of I 
NSWC CRANE 

~ 9 0 6 0  CTO 0279 Sample Localion: 

[XI Surface Soil 

Type of Sample: 

QA Sample Type: 

( I )  802. Glass Jar 



Tetra Tech NUS, Inc. 0 SOIL SAMPLE LOG SHEET 

P a g e l  of 

Project Site Name: NSWC CRANE Sample 10 No.: 16ss 2.10002 

NWO CTO 0279 Sample Location: 1 6 s ~  2 
Sampled By: M. Cochmd T. Rojahn 

(X I  Sudace Soil 

Type ol Sample: 

xplosives (83% 6 Picmtes) 6 (1 ) Boz. G ass Jar 

6<;:~~5~~~~<,-~~:;~ ~ . .  ~ . 7 . -  .... s 3 : < $ y  . . ~  Signature(*): 

Duplicate ID No.: 
-- 



R Tetra Tech NUS, Inc. 0 SOIL SAMPLE LOG SHEET 

NSWC CRANE Sample ID NO.: 16% 2 2  0002 
~9060 CTO 0279 Sample Location: 16S8 Z Z 

Sampled By: M. Gxhrad  T. Roiahn 
C.O.C. No.: 0972 0 9 6 7  

Type of Sample: 
[XI Low Concentration 

Monilor Readings 

SVOCs (8270C. SIM 6 8151A). 
( I )  Boz. Glass Jar 

1) Ear. Glass Jar 

(1) 8 0 ~  Glass Jar 

1 oz. Glass Jar 

See Figure 3 3  in the QAPP 

. . . . . .  
~~&~~~~~@~;:.~5:~:~~'11.=~:~<:~~~~13g.~;;~;~;:~~~~~%~~~;$~~<;~:~*~~~.~~~~~~.~;~~ 

~. 

MSNSD 

/ 

Dupli~ale ID No.: - 



It; Tetra Tech NUS, Inc. 0 SOIL SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE Sample ID No.: 1 6 s ~  2 2 02 o 3 
~ 9 0 6 0  CTO 0279 Sample Location: 16ss Z L 

Sampled By: M. COchran / T. Rojahn 
C.O.C. No.: 

Type of Sample: 

SVOCs (8270C. SIM 6 8151A) & 

(1) 802. Glass Jar 

See Figure 3-3 in the OAPP 



Tetra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

NSWC CRANE 
N9060 CTO 0279 

Type of Sample: 
[XI Low Concentration 

ives 8330 6 Picrates) 6 (1) 8oz. Glass Jar 

See Figure 3-3 in the QAPP 



Tetra Tech NUS. lnc. SOIL SAMPLE LOG SHEET 

Project Site Name: NSWC CPANE Sample ID No.: I ~ S B  2 3 0 ,L o j 
Project No.: NSO CTO 0279 Sample Location: ( 6 ~ 8  z 3 

Sampled By M. Cochran IT .  Rojahn n Surface Sail C.O.C. No.: 0 9 L /  f G Y  s i (9  
1x1 Subsurface Soil 

1 i] Sediment Type of Sample: 

I [I Other: [a Low concentration 
[I  QA Sample Type: High concentration 

~- ~ 5 othel 
VoCs (82608) Yesl NO 
VOCs (80158) (2) Enme Samplers YeslNo 1 
svocs (8270~. SIM a 8151~)  a 

(1) 802. Glass Jar 
Wosives (8330.5 Piuales) 

SVOCS (8270C. SIM.5 8151A). 

I (1) 802. Glass Jar 

soil Group NO. P D L-Q 

C i r ~ : i ~ ~ ~ ~ > . ; ~ ~ ~ , ~ ~ 2 ~ 5 ~ < < + ~ ~ $ ~ > g ~ > ~ ; < + : ~ = . s > ~ ~ ; ? ~ ~ , * y $ f < ~ ~ ~ ~ ~ ; ~ & ; - ~ - z ~ ~ ~ 1  - . . .. . : . . . . - T::~:;" -;._, ~... ~1'- Signa,"rN*): 

MYMSD Duplicate ID No.: 
/~ 

FD 03 2 $ o w r  



SOIL SAMPLE LOG SHEET 

NSWC CRANE Sampk ID No.: isss Zqoc02 
~ 9 0 6 0  CTO 0279 Sample Location: 1 6 s ~  LI-( 

Sampled By: M. GxhrarJ T. ~ojatm 

(XI Surface Soil C.0.C. No.: O?L/  P 0967 
0 Subsurface Soil 

Type of Sample: 
[XI Low Concentration 

0 QA Sample Type: High Concentration 

OCs (827CC.SIM & BISiA) & 
(1) Bor. Glass Jar 

(I) Bor. Glass Jar 

Oiodns/Furam 

See Figure 3-3in lhe QAPP 



Tetra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

Page& of 2 
Projcct Site Name: NSWC CRANE Sample ID No.: lfise 2 OL 01 
Project No.: ~9060 CTO 0279 Sample Location: ifis8 2 q 

Sampled By: M Cochran 1 T. Roiahn 
U Surface Soil C.O.C. No.: 076' 
IXI Subsurface Soil 

I 
. . 
0 Sediment Type of Sample: 

Other: 1x1 Low Concentratton 
0 OA Sample Type: U High Concentration 

GqAt\~~fi~B~~fi;,;,~~7j~Tr:.ri~~;r~..;.r: .. . . . ,. . -  .--:. ..-. ,+.-, . .. ... , . . ,*...- ,: ..7q>.z it .,!? -....,: .-,.:,'::.j .'.:~:i>..:;:y44+ 
-". "h.'T.7. ' 

, .  .~ .. . -.-,.,,:. t ,+.>. 

Dale: DEpth Color I Desnlption (Sand. Sill, Clay. Moisture, efc.) 

Explosives (8330 L Plcrates) L ( I )  Boz. Glass Jar Yesl No 

pees (8082) 

Metals (6020). Hg (7471A). 
(1) 8or Glass Jar 

TOC. CEC 8 pH 

See Figure 3-3 in me UAPP 

Sigbw+): 

Soil Group No. f 6 L -% 

C C ~ - & ~ ~ ~ ~ g $ ~ ~ ~ ~ ~ ~ g ~ g g ~ ~ i ~ ~ + ~ ~ j ~ ~ I - ~ i = J r ; ~ ~ ~ - ~ = ~ ~ ; ~ ~ 5 $  . .. .. 

MYMSO - Duplicate 10 No.: - 



Tetra Tech NUS, Inc. SOIL SAMPLE LOG SHEET 

P a g e l  ot 

Project Site Name: 
Project No.: 

[XI Surface Soil 
[I Subsurface Soil 
[I Sediment 
[] Olher: 
0 QA Sample Type: 

NSWC CRANE 

N9OMI CTO 0279 

Sample ID No.: 16Ss 2 ~ m  - 
Sample Location: 16SB L.5 
Sampled By: M. C o c h d  T. Rojahn 
C.O.C. No.: ~ 9 7 2  C O Y 6 7  

Type of Sample: 
[XI Low Concentration 
fl High Concentration 

, . , . . . . . . . . - . ::i=.-.-;:;'*,.,~!"+,'; y2ry;f: :<<.~.L<.+-:.."-!:y:~y,.:-~-. <. $ ; , ; 7, ~ : z.7::;. .:+::. ,,.,*> .. .+ , . . . . . , - . . . . . . . , . . <, . .. . > . .**=+$::? . - .  
I w m  I Color I Description (Sand. Silt, Clay. Moisture. etc.) 

430 I I RED I I 

Analysis ConMiner Requirements I C o l M  

VWs (82608) I (3) Encore Samplers . .. . , 

(1) Boz. Glass Jar 

See F p r e  3 3  in me QAPP 

signaturefs,: ~~;~~&>?;3>g~$~;;~j~i~;$~~~~;~~~~~~+~&~$z-g~(~;~g;~-*k~~;f:3~~1: ~ .. .~-~~~.~~.v---.~-. ~ .A=L "~&. . --.= 

MYMSD - Duplicate ID No.: 
\ 



Terra Tech NUS. Inc. 0 SOIL SAMPLE LOG SHEET 

Project Silc Name: NSWC CRANE Sample ID No.: 1 6 ~ 8  2 5- DDLo 3 
' ~ 9 0 6 0  CTO 0279 Sample Localion: 1 6 s s  2 5- 

Sampled By M. ~achran I T. Rojahn 
C.O.C. No.: 

Type of Sample: 
[XI Low Concenlration 

( I )  Bor Glass Jar 

~ * ~ ~ ; ~ ~ @ ~ ~ i ~ ~ ~ ~ < ~ ~ ~ ; ~ < ~ ~ * ~ F * ~ . ~ * : ~ ~ * * : - ~ - ~ ~ ~ c 5 ~ - ~ * ~ ~ * ~ ~ ? $ + - * g * : ~ + ~  -~=:. ~ ~ --:~ . -~ ~ n A ~ ~  ~~ .~ ~ ~~ .~>?::.&=~L~. ~ p 
M S ~ ~ S O  Duplicate ID No.: 

a 



Tetra Tech NUS. Inc. 0 SOIL SAMPLE LOG SHEET 

Page\ of 2 

N9060 CTO 0279 

[XI Surface Soil 

Type of Sample: 
[XI  Low Concentralion 
0 High Concentration 

losives (8330 & Picrales) & 



Tetra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

p a g e s  of 1 
I 

Project Site Name: NSWC CRANE Sample ID No.: 1 6 s ~  h o h q  
~ 9 0 6 0  CTO 0279 Sample Location: 16SB 

Sampled By: -. Rojahn 
C.0.C. No.: n9Rb , 

Type of Sample: 
[XI Low Concentration 
0 High Concentration 

I Boz. Glass Jar 

(1) Bor, Glass Jar 

See Figure 3-3 in the OAPP 

~~~.~ .... .. . ~~ ~ ~ ~~~ 

+;IAz,*:i ~ ~ . .  ;z:~~~:~:~>~:$.*; ~. ~.. .  . . ~ - ~~~~. .. 3~:~q;y+:;-$:7:4;~521:i~;*F~:~::>~ ~ . . ~ ~  ~ . . . . ~ ~~ ~ Signature(s): 

Duplicate ID No.: 

FDaqac0~a3 



Tetra Tech NUS, tnc. SOIL SAMPLE LOG SHEET 

page\ of A 
I 

Project Site Name: 
Project No.: 

[XI Surface Soil 
Il Subsurface Soil 

NSWC CRANE 
N9060 CTO 0279 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 

1 ~ ~ s  27 
1SSB z7 
M. CochradT. Rojahn 

o p 6 /  f 0967 
.. - 

Sediment Type ol Sample: 
U Other: [XI Low Concentration 
0 QA Sarnple Type: 0 High Concentration 

GRABSAMPLE DATA'-. ::' . . :''.':{ ;:;, :: , . :.. : 
. . . . . '  . . .  . .  , 

. . . - . . . . . . . . .  . .. . ,..:. . 
. .  . . .  . . .  . . .. . . ..:.. .. ,.., .. .. . . .  , . - . . . .  t7~. -.-, . - :. : .i-. ?:.. . .  .! '. .7: ;:.?&. *'.'-:- %- 

Dab: -3 - 28 - 0-5 I O e p  I C o b  I DerripIion (Sand, Sill. Clay. Uoistwe. e k )  

(1) &z. Glass Jar 

Explosives (8330 & Picrates) & 

PCBs (8082) 

Metals (6020) 8 Hg (7471A) 
Melds (6020). Hg (7471A). 
TOC. CEC & pH 

DloxinsEuram 

Soil Grmp No. p 5~~ 

(1) &r Glass Jar 

(1) &r. Glass Jar 

(1) &z. Glass Jar 

( I )  -02. Glass Jar 

See Figure 53 in me QAPP 

NO 

No 
V 

Yes1 No 

( Y ~ ~ N O  
U 

MS/MSD Duplicate ID No.: 
/ . - 



Tetra Tech NUS, Inc. SOIL SAMPLE LOG SHEET 

NSWC CHANE Sample IDNO.: l6SB 2 7 0.2 o'j 
~ 9 0 6 0  cTO 0279 SampleLocation: issB Z7 

M. Cochm I T. Rojahn 
C.O.C. No.: 

[XI  Subsurface Soil 
Type of Sample: 

[XI  Low Concentration 

(1) 802. Glas Jar 

Explosives (8330 .& Picmtes) .& (1) 8or. Glass Jar 

(1) 8or. Glass Jar 

See Figure 3-3 in the QAPP 

Signatur.$s): . ,~~?-*:~1~~~@>i;&~cs~~~~f~~+;g~g~~~?~~~~;>g~+s~~&:~~;~$~~i$?:@~~$ ~-=.-.*-~- .~ ~ - ~ ~ ~ ~ ~ .  .. , . .~ .- . ~ ..-=. . * .~  ~: 

MSlklSD -~ Duplicate ID No.: - 



Tetra Tech NUS, Inc. SOIL SAMPLE LOG SHEET 

Project Site Name: NSWC CUANE -- Sample ID No.: isss 2 9  0002 

~ 9 0 ~ )  CTO 0279 Sample Location: isse 2 B 
M. Cochranl T. Rojahn 

Type of Sample: 

( I )  802. Glass Jar 

See Figure 3 3  in h OAPP 

SlgnaWrHs): 

.. . . .  . 

Wl Group No. P 5 -3 

, r : - .  ;= 
- . -~ ~ 

M m S D  - Duplicate ID No.: - 



Tetra Tech NUS, Inc. 0 SOIL SAMPLE LOG SHEET 

NSWC CRANE Sample ID NO.: 1 6 s ~  2$ oz 0 5  
~ 9 0 6 0  CTO 0279 Sample Location: i6SB Z 8 

M. Cachran 11.  Rajahn 
C.O.C. No.: 

[XI Subsurface Soil 

(1) 802. Glass Jar 

(1) 802. Glass Jar 



R Tetra Tech NUS. Inc. 0 SOIL SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE 
N W 0  CTO 0279 

(XI Surface Soil 
U Subsurface Soil 

Type 01 Sample: 
Low Concenlration 

xplosives (8330 8 Picrates) 8 

Sdl Group No. 
~ p 5 -3 

w* 3f+,@,:9-tiE -~..~ e---aL-7n, .rrs ~ z~.=?5~aj=zz~=~~~l jr~A.z,=yp~+-zs-..t ~~-~z~z.~~~;~L~~ .;~zy-z-,~ ~%.?@:!L:zs.F+ ~ ~;.;;=7y-+s& -z2.%% - 
MSNSD DupllaL ID NO.: - - 

See Four0 83 in me OAPP 

Signature@): . . 



Tetra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

page% of 

'roject Sile Name: NSWC CRANE SampleIDNo.: 
'roject No.: . N9060CTO0279 Sample Location: 

Sampled By: M. Cochran I T. Rojahn 

0 Surface Soil C.O.C. No.: 0 9 7 2  
1x1 Subsurface Soil 

"Sedimenl Type of Sample: 
0 Other: [XI Low Concentration 
[I QA Sample Type: U High Concentration 

. ... . , . :  .*._ 
p . :  . -  - . -... , . :  - . .  . . - , ,  . ... - , ,  -' . ;:; :' -. : ' - . . .  . -. ??.*< 

~te: 1 - 2 8 -  0% M t h  ! Color I Description (Sand. Silt Clay. Yoislure, etc.) 

IOCS (8270C. SIM 8 8151A) 8 
( I )  Boz. Glass Jar 

plosives (8330 8 Plcrates) 

IOCs (8270C. SIM 8 8151A). 

plosives (W 8 Plmtes) 8 (1) Boz Glass Jar Yes/ No 

ne: 3 o r  
:thod: DPT 

mitci Reading @pm): 0 

rir G r ~ v p  NO. PO L-8 

2-31 

:Bs (8082) 

~tals (6020) 8 Hg (7471A) 

BIAS (6020). Hg (7471A). 

X .  CEC 8 pH 

MSIMSD Duplicate ID No.: - - 

R E  0 
O ~ Q - ~  

(1) 802 Glass Jar 

( I )  Bor Glass Jar 

CUYE Y ~/\LT; S M ~  

f ied30 

Yes/ No 



Tetra Tech NUS, Inc. SOIL SAMPLE LOG SHEET 

NSWC CRANE Sample ID No.: i s s  7 Om2 
- -  N9060 CTO 0279 Sample Location: 1 6 s ~  31> 

Sampled By: M. Cochran! T .  Rojahn 
C.O.C. No.: 0 9 7 2  € 0 9 6 7  

Type of Sample: 
[q Low Concentration 

n QA Sample Typo: 0 High Concentration 

(1) 802. Glass Jar 

. . 

' w G ~ w & .  'Ps-7 

~ ~ ~ ~ ~ ~ ~ ' ~ + ~ 3 ~ : * ~ = g * ~ > ~ ~ ~ ~ < g ~ 5 ~ 5 - ~ ~ ~ ~ ~ g ~ g ~ ~ g ~ * ? & ; - * p ~ ; : $  ~-. ~ :~-~- ~~~ .- ..~ A 

M S l S D  Duplicate ID No.: 
-- - 

See Figure 3 3  in me QAPP 

sq~t",~~):  



Tetra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

NSWC CRANE Sample ID No.: less 3 0 O L  03 
N9060 CTO 0279 Sample Location: l6sB ?, 0 

M. Cochran i T. Rojahn 

Type of Sample: 

xplosives (8330 8 Picrates) 8 (1) 802. Glass Jar 



Tetra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE Sample ID No.: 1 6 s  ,3 I m 2  
Project No.: N m  CTO 0279 Sample Location: tsss '5 

Sampled By: M. ~ochram!~. Rojahn 
. [XI Surface Soil C.O.C. No.: 0 9 7 2  P 0947 
1 u Subsurface Soil 

(1 Sediment Type of Sample: 
1 U Other: [XI Low Concentration 

fl CIA Sample Type: fl High concentration 

-egNo 
vocs (sotsa) (2) E w e  Sanplen fie&o 
SVOCs (827OG. SIM 6 8151A) 6 

(1) Boz. Glass Jar YeslNo ' 
E+sives (8330 8 Picmtes) . ., 

SVCCs (8270C. SIM 6 8151A). 



Tetra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

page\ of 

NSWC CRANE Sample ID No.: 1 6 s s  ?,I m 2  

NQWO CTO 0279 Sample Location: 1 6 s ~  ?,x 
Sampled By: M Cochraru'T Rojahnb 

[XI Surface Soil C.O.C. No.: o 986 P dPB3- 
[I Subsurface Soil 

Type of Sample: 
[XI Low Concentration 

QA Sample Type: 0 High Concentration 

(1) Boz. Glass Jar 

I 
~ ~ ~ ~ ~ : n p - ~ @ ~ @ - ~ j ~ - ~ ~ ~ ~ ~ ~ ~ ~ , ~ j i ~ ; ~ ~ ~ ~ ~ ~ ~ ~ ; ~ ~ ~ ; ~ + ~ ~ + ~ ~ ~ ~ ~ = ~ ~ ; p r . - ~ ~ i i ~ ~ ~ ~ : p P ~ ~ : ;  .. .. ... . . .. . . .  ~ i ~ ~ ~ t ~ q ~ ) :  

MSJMSD I Duolicale ID No.: 



Tetra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

Project Site Name: NSWC CHANt Sample ID No.: 16se 33 i)aeq 
Project No.: ~9060 CTO 0279 Sample Location: 

Sampled By: M. Cochmn I T. Rojahn 
0 Surface Soil C.O.C. No.: 
1x1 Subsurface Soil 
iI Sediment Twe of Sample: 

Other. [XI Low concentration 
11 QA Sample Type: High Concentration 

.. ::-z;>,'=&-&.:. . ... z> j.: :,I,; ; .,,::,y!;<:j:.;,: ::~y.>p:;..-. ,,:> .>-, ..: ..; 
DepUl I Color ( Oe~niplion {Sand. Silt. Clay, 

(1) 802. Glass Jar 

(8330 & Picrales) & (1) Boz. Glass Jar 

Sw Figufe 3 3  m \he OAPP 

MSlMSD Duplicate ID No.: 
2_. 



R Tetra Tech NUS. Inc. U SOIL SAMPLE LOG SHEET 

page& A 
I 

Project Site Name: NSWC CRANE Sample 10 No.: isss 31 w a 2  

Project No.: N W ~ O  CTO 0279 Sample Location: l6ss  \\ 
Sampled By: 

[XI Surface Soil C.O.C. No.: 0986 F O78'K 
11 Subsurface Soil 

Sediment Type of Sample: 
I] Other: [XI Low Concentration 
0 Q A  Sample Type: High Concentration 

SVOCs (8270C. SIM 8 815lA) 8 (1) 8or. Glass Jar 

losives 8130 8 Piates) 8 (1) Bor. Glass Jar 

(1) 802. Glass Jar 

(1) -oz. Glass Jar 

LIS/MSD Duplicate ID No.: 

- \ 



R Tetra Tech NUS. Inc. 0 SOIL SAMPLE LOG SHEET 

page& of 2 
Project Site Name: 
Project No.: 

U Surface Soil 
[XI Subsurface Soil 
U Sediment 

Other: 
0 QA Sample Type: 

NSWC CRANE 

N9060 GTO 0279 

Sample ID No.: t6se 3-30 
Sample Location: i6ss \3 
Sampled By: M. Cochran / T. Rojahn 
C.O.C. No.: 

Type of Sample: 
[XI Low Concentration 
n High Concentration 

. . . .  ... ...... : :  . .  .. . . . . . . . . . . . . . .  . ? .  . Q&,&s&,p'E~,,,~,. ; . :  ';"; .:. . . 7 . 7 . ' ? . .  . . . . . . I .  . . . .  . . . . . . . .  ................. . . . . . .  . . . . *... . . : . .  

Dale $f@> 1 Depth Colw I Description (Sand. Silt, Clay, Moisture, etc.) 

Soil Gmup No. 65 -q 

~ ~ Z ( 8 2 7 0 C .  SIM & B151A) 8 (1) Boz. Glass Jar 
Expioslves (8330 8 Picrates) 

I . . . . .  . .  : ... . . : .  lrcie i t  lpplible: . . . . ' .  . %  : I 

SVOCs (8270C. SIM 8 8151A). 
Explosives (8330 8 Picrates) 8 

PCBs (8082) 
Melak (6020) 8 Hg (7471A) 
Mews (m). Hg (7471A). 

TOC. CEC & pH 

( 1 )  80r. Glass Jar 

- (1) 8or Glass Jar 

(1) 802. Glass Jar 

MYMSD . 

yes/ @ - 
(ye$ No 

ye@ 

Duplicate 10 No.: 



Tetra Tech NUS, Inc. SOIL SAMPLE LOG SHEET 

Project Site Name. NSWC CRANE Sample ID No.: 1 6 s s 3 9  ~ o ; ?  

Project No.: NWO CTO 0279 Sample Location: lsss 3- 
Sampled By: M. CochradT. flojahn/R 1 

[XI Surface Soil C.0.C. No.: OY 86  
0 Subsurface Soil 
0 Sediment Type of Sample: 
fl Other: [XI Low Concentration 
fi OA Sample Type: 0 High Concentration 

i ~ ~ ~ p ~  OAT& . . : :;. , . ,.. : ,. ;<:. ::.-. ,; .. ,;:::.~~~~~;<~ ; : : { ~ ~ ; > ; . ; : ~ ~ ~ ; ; ; ~ ~ ~ g ~ ? ~ ;  ?cc>.:->>;;i; 
late. LI [ ' \ ~ 3  I D ~ P *  C o l a  I Description (Sand. Silt. Clay, Moisture, etc.) 



Tetra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

p a g e 1  of L 
I 

Projecl Site Name: 
Project No.: 

0 Surface Soil 
[XI Subsurface Soil 

Sediment 
0 Other: 
0 QA Sample Type: 

NSWC CRANE 

N90MI CTO 0279 
Sample ID No.: 1658 7901~3 
Sample Location: 1656 \r 
Sampled By: 
G.O.G. No.: 

Type of Sample: 
[XI Low Concentration 
IJ High Concentration 

I SVOCs (82700, SIM 8 8151A). 

Explosives (BWO 8 Picrates) 8 I ( I )  8or. Glass Jar I I 
PCBs (8W2) 
Metals (6920) 8 Hg (7471A) 

Metals (6020). Hg (7471A). 

TOC. CEC 8 pH 

(1) 802 Glass Jar 

(1) 802. Glass Jar 

si,,"at"@sj: qi.E?s:it:~pLQQ$?:;~;<~-~;5~~;.:$~.~;:~g~~gz~~*-~~~~~+;:~~~<<~*:~~-; .. ~.~~.. 

(yes) No 

U m S D  - Duplicate ID No.: 

. .. u . . -. . .. . . . . 



Tetra Tech NUS. Inc. 0 SOIL SAMPLE LOG SHEET 

Page-? of 1 

~ 9 0 6 0  CTO 0279 amp e Locat~on: 1 6 s ~  -, j 
Sampled By: M. CochradT. Rojahn 
C.O.C. No.: 

Type of Sample: 
[XI  Low Concenlration 
0 High Concentration 

Monitor Readings 

80r Glass Jar 

(1) Bor. Glass Jar 

See Figure 9 3  in me QAPP 

Duplicate ID No.: 



Tetra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

NSWC CRANE 
N9060 CTO 0279 

Type of Sample: 
[XI Low Concentration 

VOCs (827tC. SIM 6 E151A) (L 
(1) 80r Glass Jar 

Explosives (8330 L Picrates) L ( 1 )  Bor Glass Jar 

(1) 80r Glass Jar 

%l Group No. P\ ' 3 See Ftgwe 3-3 in me QAPP 

SSlgnature(s): -;..- -, *.~ -:.- =*&~z%.?.~~~=~z~A7-~ ~ - - -  - .  - 
~@~~~~.-~~~r~~.i~::~~:~2-~~~:~;~~:.:&~~~~s~5~A~~~~::;~:i;;~~:~~~;~~~~~~~ 

MSMSD 

C 

Duplicale ID No.: 

CI 



Tetra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

Project Site Name: 
Projecl No.: 

n Surface Soil 
IX1 Subsurface Soil . . 
[I Sediment 
0 Other: 
[I QA Sample Type: 

NSWC CRANE 

N9060 CTO 0279 

Sample ID No.: 1 6 ~ ~ 3 1 0 3 0 3  
Sample Location: 1 6 s ~  

M. Cochran / T. Rojahn .I Sampled By: -fi 
C.O.C. NO.: 0486 

Type of Sample: 
[X I  Low Concentration 
0 High Concentration 

1 8oz. Glass Jar 

(1) 802. Ghss Jar 

(1) 802. Glass Jar 

I I I 
OBSERVMONS I NOTES: 

Circle if Applicable: Slgnature(s): 

MSlMSD I Duplicate ID No.: 



Tetra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE Sample ID No.: t f f is 37 0002 
Project No.: ~ 9 0 ~ )  CTO 0279 Sample Location: issa 3 7 

Sampled By: M. Cochranl T. Rojahn 
[X] Surface Soil C.O.C. No.: OY E?/ 
fl Subsurface Soil 

Type of Sample: 
[XI Low Concentration 

U QA Sample Type: fl High Concentration 

Description (Sand, Silt, Clay. Moisture. etc) 

losives (8330 8 Picrales) 8 ( I )  802. Glass Jar 

(1) 80r. Glass Jar 

Signature(s): Circle If qpplieabk 

MSMSD ---- Duplicate ID No : 
'--- 



R Tetra Tech NUS, lnc. 0 SOIL SAMPLE LOG SHEET 

Projecl Sie Name: NSWC CRANE 
~9060 CTO 0279 Sample Location: isse 4 8 

Sampled By: M. Cochranl T. Rqahn 

[XI Surface Soil C.O.C. No.: 
11 Subsurface Soil 

Type of Sample: 
[XI Low Concentration 

(1 QA Sample Type: 0 High Concentration 

Explosives ( 8 W  & Picrales) & (1) 802. Glass Jar 

See Figure 3-3 in lhe QAPP 

Signature(s): ~ r c k : ~ ~ ~ j ~ e ~ : : ~ ~ ~ + s  ~ ~~ ~~ ~ ,!.I ': : ~ :; , .  . ;-. ~~. ~ . ~ - ~ ~  ;; ; ,<-;;,;-: ~ ~~.~ ~~~~ -:,:- ~ , ~ . .. . 

MWASD Duplicate ID No.: - 



SOIL SAMPLE LOG SHEET 

NSWC CRANE 
~9060 CTO 0279 Sample Location: i6se 5 8 

Sampled By: M. Cochran I T. Rqahn 
C.O.C. No.: 

Type of Sample: 
[XI Low Concentration 
0 High Concenlralion 

Explosives (8130 a Picrales) b (1) Boz. Glass Jar 

See Figure 3 3  in the QAPP 



R Tetra Tech NUS. Inc. 0 SOIL SAMPLE LOG SHEET 

p a g e l  of 1 

NSWC CRANE 

~ 9 0 6 0  CTO 0279 Sample Location: ISB 3 7 
M. Cochranl T. Rojahn 

C.O.C. No.: 

Type of Sample: 
M Low Concentration 

fl QA Sample Type: I] High Concentration 

OCs (8270C. SIM 8 8151A). 

8333 8 Picrales) 8 (1) 802. Glass Jar 

Duplicate ID No.: 



SOIL SAMPLE LOG SHEET 

NSWC CRANE Sample ID No.: i6sa 1 9 o 2 D 3 
N9060 CTO 0273 Sample Location: 1 6 s ~  3 4 

Sampled By: M. Cochran I T. Roiahn 

Type of Sample: 
[XI Low Concentraliorr 

Monitor Readings 

(1) Boz. Glass Jar 

SVOCs (82700. SIM B 8151A). 

Explosives (8330 8 Picrales) a (1) 802. Glass Jar 

( I )  Boz. Glas Jar 
TOC. CEC B pH 

~ . - 

' ~ ~ ~ - ~ ~ g g : ~ ; ~ ~ ~ : ~ . : < ; ~ ~ + ~ ~ ; ; -  :~ : j. +~{fz:: - : ~ ~ ~ . ~ c . : i ~ - , t ; ~ ~ ~ ~  ~~ '~.:: -.~<'::?-;! .~~ . ~ m,!:~~! . 4 ~ . . . .  ~~, 7T5s~~~2ziT;252>E~';>~~<~<.~$$&~F55KE~~s, .~ __;~.__ 

See Fgure 3-3 in tk OAPP 

Signoture(s): 

Soil Group No. P && - 8 

Circt@iFwk+~bte: _ . : . i\ 
. ~ ~. ~- ~~ ~ .. .~ - ~~ 

~ ~. . > .  . ~ 

~ ~ 

. ~. 
. ~ .~~ : 

MSIMSD 

/ 

Duplicate ID No.: 
Y 



Tetra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE Sample ID NO.: ~ S B Y  o o z o h  
~9060 CTO 0279 Sample Location: 1 6 s ~  0 

Sampled By: M. Cochran IT.  Rojahn 
C.O.C. No.: 

Type of Sample: 

(1) Boz. Glass Jar 

(1) &r Glass Jar 

See Figure 3-3 in ihe QAPP 



Tetra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

Project Sile Name: NSWC CRANE Sample ID No.: 16se y 0 OL, 08 
Project No.: N9060 CTO 0279 Sample Localion: 1 6 s ~  '+ 0 

Sampled By: M Cochran 1 T. Rojahn 
U Surface Soil C.O.C. No.: oYg/ 
[XI Subsurface Soil 
U Sediment Type of Sample: 
I] Othen [XJ Low Concentration 
U QA Sample Type: u High Concentration 

R@$A~EO*T&.::F:.. . .~:,;.y~e;~~?<,:,?,.,: .;..-., > ., :.: . - - . ..Lz+: , ~ - : .. . . . . . .. ... .,?, ..;: . . . ... : . . . . . .:.. . .. . ..+ :.: .. ., ... . ... >..... -- -A,-Ap - . .. - . .; .. ... .?. :9&>>,:..., -p.,&&. 
ate -3 - L Q - 07 I &pa I ~ o ~ o r  I Oescription (Sand. Silt. Clay, Moistwe, etc.) 

Date: Time Color Description (Sand, Silt, Clay. Moisture, etc.) 

P 

Memod. 

I Monitw Readings 

(Aanye in ppm): 

I container Requirements I Collected 
VOCs (8260B) 

VOCs (80158) 

SVOCs (8270C. SIM 8 8151A) 8 
Explosives (8330 8 P'crates) 

SVOCs (8270C. SIM 8 8151A). 

Explosives (8330 8 P'imles) 8 

PCBs (8082) 

M e l d s  (5020) 8 Hy (7471A) 

Metals (€GZO). Hg (7471A). 

TOG. CEC 8 pH 

(3) E m  Samplers 

(2) E m  Samplers 

(1) 8oz Glass Jar 

(I) Bor. Glass Jar 

Sail Group Na. P~L-'i, 

(I) @or. Glass Jar 

(1) Bor Glass Jar 

See Figure 3-3 in ihe OAPP 

f l e d ~ o  - 
-No - 

@NO 

Yes/ No 

Yes/ No 

i I 

MSMSD Duplicale 10 No.: 
/ 

F o 0 3 2 8  0 3 0 7  

. , 

, . . .  
. . 

. .  . - : . . 

I 



Tetra Tcch NUS. lnc. 0 SOIL SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE Sample ID No.: l6sB 4 1 0 3 0 5  
N9060 CTO m79 Sample Localion: 1 % ~  Y ( 

Sampled By: M. Cochran IT. Rojahn 
C.O.C. No.: 

Type ol Sample: 
[XI Low Concentration 

(1) 80r. Glass Jar 



Tetra Tech NUS. Inc. SOIL SAMPLE LOG SHEET 

NSWC CRANE Sample ID No.: iese L( I 0 
~ 9 0 6 0  CTO ~ 7 9  Sample Location: t6ss 1-1 1 i : 

M. Cachran I T. Rcjahn 

Type of Sample: 
[XI Low Concentration 

1 soz  Jar 

(1) 80r. Glass Jar 

See figure 3-3 in me M P P  

Sgnature(s): 
. , . . . . . ;'; ...i -'-- -=-..- -i--L --=-=- > zc.. ~+mTGs*.F& - ~ ~ ~ ' i - ' i - z ; ~ ~ ~ ~ ~ z + ~ ~ ~ 2 ~ ~ ~ ~ ~ s z z ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ F ~ 7 ~ ~ L ~ ~ ~ ~ ~ a  

MS/MSD 
~ 

Duplicate ID No.: 
-. 



APPENDIX C.1.2 
SWMU 16 

SOIL SAMPLE LOG SHEETS 
ROUND 2 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMUIG Sample 10 No.: 16 5s ~ L O O O L  
Project No.: ~ 9 0 6 0 .  CTO 0279 Sample Location: j r m d  1 6  

Sampled By: SG t TR 
(X I  Surface Soil C.O.C. NO.: 4 @ Z 9  

Subsurface Soil 
U Sediment Type of Sample: 

Other: [XI Low Concentration 
I] OA Sample Type: High Concentration 

Oate: 1215103 b P m  Color Description (Sand, Silt. Clay. Moisture. etc.) 

Tme: 11 55 0 - 2 ‘  
Memod: H~IPJO 4V64 

Date' lime Depth Color DesxipUon (Sand, Silt, Clay. Moisture, etc.) 

NA NA N A N A N A 

Memod rn mnrs mTu d/,/ge ~o4d&*uOP 
N A 1.- 2. CLAY . ., so-tFNFSqrrP 

Monotor Readngs 

(Range ln ppm) 

MWSO Dupliile ID No.: 

Analysis , 
Metals SW-846 M)20 9 klf ( 747/,4 1 . , 

Vc4abk SW-846 82608 

Vdatiles SW-846 80158 

Container Requirements 

(1) 402 Jar 
(3) Encore Samplers 
(3) Encore Samplers 

Collecled 

V F ~  - 
- 

Other 



Tetra Tech NUS, lnc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Color I Description (Sand. Si4 Clay, Mo&ture. etc.) I 

Project Site Name: NSWC CRANE. S W M U I ~  Sample ID NO.: 1 6 5s Y3 0002 
Project No.: ~9060. CTO 0279 Sample Localion: - 

Sampled By: '56 +TR 
[Xj Surface Soil C.O.C. No.: 4829 
fl Subsurface Soil 
41 Sediment Type of Sample: 
fl Other: [XI Low Concentration 
1 QA Sample Type: k$/w0 fl High Concentration 

nMlysis Container Requirements I Colkted 

M ~ W  sw-8.16 ~ M O  # 4~ (747/R 1 (1) 402 Jar Y6r 1 I 

f 

I (3) Emore Samplers I - I 
(3) Erme SarnCkrc - 

I I I 

n 
- . . - - -..-l----.-4--% - ---.--: e3-=-----..-acii+5<r* ~ g * k * ~ ~ * ~ ~ - F ~ ~ f + y ~ - * ~ - : : , ,  - .. . . 

Duplicate ID No.: 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

page_l_ ot L 
NSWC CRPINE SWMUIG 

N9060. CTO 0279 Sample Location: 

[XI Surface Soil 
0 Subsurface Soil 

Type of Sample: 
[a Low Concenlralion 

High Concenlralion 

I I 



Tetra Tech NUS. 1%. SOIL & SEDIMENT SAMPLE LOG SHEET 

I I P a g e  of -- 

(I Subsurface Soil 
Type of Sample: 

[XI Low Concenlrdion 
fl QA Sample Type: fl High Concentraton 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

p a g e l  of 1- 

Subsurface Soil 
Type of Sample: 

[ X j  Low Concentration 
QA Sample Type: Hgh Concentration 

Collected 

(3) Enmre Samplers 

- =  ~ . . ~ - ~  ~... ~ ....... ... ...... 

MYllSD h p l i i l e  ID Na.: , 
' -)r 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWCCAANE. SWMU~G 

N9060. CTO 0279 
-- 

0 Subsurface Soil 
Type of Sample: 

[XI Low Concentration 
QA Sample Type: fl High Concentration 

- - 
- ' -::T&7yr=----& : - .<f::<:2z~+.~;&.y~~-y-~z:-*~~~.-;:;:~;;z:~~~K*-~; ) . . 

M Y y S D  - D u p l ' i  ID No.: - 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

I I Page- of 

NSWC CRANE. SWMU16 

~9060.  CTO 0279 Sample Location: 

0 Subsurface Soil 
Type of Sample: 

[ X I  Low Concentration 
0 High Concentration 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

1 I page- of - 
I 

N A NA N A W 

Memod 0'1'  GREY G P A u ~  + SArJay L o w  
N A 1 '-5 LT BE. /GR SILW w p f  ~/~m*wrc~ 

Monitor Readngs U E T ~  brf€3l~g 
(Range m w). 

Sample ID No.: Project Site Name: NSWC ME. SWMUIG 
Project No.: N9060. CTO 0279 Samplc Location: 

Sampled By: 
[XI Surface Soil C.O.C. No.: 
I] Subsurface Soil 
I] Sediment Type of Sample: 
0 Other: Low Concentration 

Analysis Conhtner Requirements Collected 
Metals SW-846 6020 (1) 402 Jar - 
VdaSIes SW-846 82608 (3) W e  Samplers .fes 
VdaMes SW-846 80158 (3) W e  Samplers '/6 

j 

QA Sample Type: 0 High Concentration 

I MYMSO Duplicate 10 No.: I A&m 1 



Tetra Tech NUS. Inc SOIL & SEDIMENT SAMPLE LOG SHEET 

Paoe 1 of I 
Project Site Name: NSWC CRANE. SWMUIG Sample ID NO.: IG, SE; 5b0103 
Project No.: N9060. CTO 0279 Sample Location: I I, S ~ r v l ~  

Sampled By: SG 1-73? 
[XI Surface Soil C.O.C. No.: 482.9 
fl Subsurtace Soil 

Sediment Type of Sample: 
0 Other. D(1 Low Concentration 
0 QA Sample Type: fl High Concenlration 

Date- lime Color Description (Sand. SilS Clay. Moisture, etc) 

N A  N A N A N4 N A 

Methcd 0'- I /  WE^ GQWEL t SAEJO‘/ L ~ A M  
r 

N A ('-3 LXB~. /W SILTY CLA% GRAUFL~WK; 
MO(H1or Readings b%,v ? - C o H t t < ~ t > e -  
(Range in ppm): 

N A 

Vdauks SW 846 82600 I (3) E w e  Samplers I 
Vdablcs SW846 801 50 (3) Encore Samplers y . 5  

I I I 

- 
, ;  ~~ . . ~~ . .  > < . . ~ : ; ; ~ ~ : ; ~ s ~ 7 ~ z < : ~ : ~ ~ ~ ~ . < z  - . ~. ~~~.~~ .~~ ~. ~.~. ::;.?~ ?<;e$: ~~z~ .;?; . ~ Z  a,"r6 . . ~ ~ ~ ~ ~  . .  . . .  . .. .~~~ ~ ~~ .~~~~~ .~~ 

MSMSD Ouplicale ID No.: 

'16 Fo 12056361 



APPENDIX (3.1.3 
SWMU 16 

SOIL SAMPLE LOG SHEETS 
ROLlND 3 



Im,l Tetra Tech NUS, lnc. SOIL & SEDIMENT SAMPLE LOG SHEET 
LJ I 1 Page- of - 

Project SI 'e Name: NSWC CRANE, SWMU16 Sample ID No.: 16sSS 1 +I02 
Project No : N7448 CTO 0343 Sample Localion: 1658 5 1 

Sampled By: CCL/ 3% 
wsurfac Soit C.O.C. NO.: no68 
0 Subsu. face Soil 
I] Sedimtmt Type of Sample: 
U Other: [XI Low Concentration 
U QA Sample Type: u High Concentration 

.... . . . . . . . . . .  .. . . . .  ............ . . . . .  . . . . .  ... . . .. .. .... . . .  . . . . . . .  . . .  . . .  . . .  >. . . . . .  . . . . . . .  -SAMPLE LtATK : - - . :  -.i.ii; 
:... . . . .  .: i i j :  . . . . . . . .  . ..:. . . . . .  . . . . .  ..... 

..".:> :... 
... ~ . .  : ? .-.-; .>. ; ~.- ss-. 

i- l. x- 7 . . s  .! .-: .- =::, -..- :: r:?. . - 
Dalw 8/13/+'-i I Deplh Color I Description (Sand, Silt  Clay. Moisture. eb.) 

See Figure 3-2 

MYMSD Duplicate ID No.: - / 
- 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

U Surface Soil 
*Subsurface Soil 

U Sediment 
U Other: 
I] QA Sample Type: 

NSWC CRANE, SWMUIG 
N7448 CTO 0343 

Sample ID No.: i6SRSI @ z O Y  - 
Sarnple Location: l6Se 5 1 - 
Sampled By: cec 1% - 
C.O.C. No.: 006 8 

Type of Sample: 
[XI Low Concentration 
0 High ~onc~ntration 

Date. - - Time Depth C o b  Description (Sand, Sih Clay, Moisture, etc.) 

N A N A N A N A N A 

M e l M  

See Egu:e 3 2  



1-1 Tetra Tech NUS, Inc SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUl6 Sample ID No.: 1 6 5 s ~ ~  @l@2 
Project No.: N7448 CTO 0343 Sample Location: 2 

Sampled By: CLL (z 
m u r f a c e  Soil C.O.C. No.: -0065 
I1 Subsurface Soil 

I 0 Sediment Type of Sample: 
0 Other: [XI Low Concentration 

QA Sample Type: 0 High Concentration 

NA N A W I N A N A 

Method. 

~ - - - 

Monitor Readings. , , 

. . . .  (Ran@ in ppm): - . - 
. . . . .  . ..... :::. ... ,):$J'S.<. .+,;i::, . . .  -, . ,..: . ..: 2;.rc. ,.,,. :..>, s> :... >; . . . . . . . .  .... .... I :  

: N A  A .  &. 

... - -.,> ....... 
. . . . . . .  , . . . . . . . . . .  . . . . . . .  (3) Encore Samplers I -NO . 1 - 
- . . - - . . .  ...... . , . , ,  1 : . F ( e  ~nmre~arnplen .-I : r -@&o I .._ 

I (1) 402 Jar percent Moistwe I 1 . . 

Metals SW-1346 6G20 8 MemrySW-846 7471A I (1) 402 Jar YW&O) I 

N/& 

See Figure 3 2  

C ~ , ~ ~ ~ ~ ~ ; A p p f i ~ l e _ ~ ~ ; j ~ ~ ; 1 : ~ ~ L ~ ; ; ~ ~ ~ : ~ < ~ ~ ~ ~ ~ ~ ~ ~ ~ ; ~ < + - ~ ~ ~ ~ ~ ~ . ; ~ - ~ f ~ t ~ ~ : ~ ~ ~ ~ ~ ~ . : S ~ - ~ ~ : ~ - ~ ~ & ~ : ~  . .~ ~~~-~ 
~ ~~ . . . . . . .  . ............................ ~~~. .~ ~~~ 

MSJMSD 
f 

Duplicate ID No.: 

w 



Tetra Tech NUS. lnc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Siie Name: NSWC CRANE. SWMU16 Sample ID No.: 16s 8 52 @2&S 
Project No.: N7448 CTO 0343 Sample Location: 16% 52 - 

Sampled By ccc /TG- 
0 Surface Soil C.O.C. No.: - ~ ocG.5 

-@ubsurface Soil 
[I Sediment Typo of Sample: 

Other: [XJ Low ~onccntrafion 
fl QA Sample Type: High Concentration 

ulethod: 

Metals SW-846 6020 8 MercurySW-8467471A I (1) 4oz JK . . ... Ye@) . . . . _.i_ _ .,  .. 

I See  Figure 3 2  

~ ~ * ~ j @ + @ . j , , ~  <G*>=- ~ ~ ~ ~ . ~ ~ . F ~ ~ ~ s ~ ~ ~ ~ ~ . & ~ ~ - ~ ~ - ~ 4 ~ ~ ~ . ~ * ~ ~ . ~ k ~ ~ ~ ~ ~ ~  &*r7s -3: ;<<; ;*ss< 
. . . : . Signature(s): 

MSlMSD Duplicate ID No.: - 
/ / 



Tetra Tech NUS. lnc SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUIG Sample ID No.: I ~ S S  53 &02 
Project No.: N7448 CTO 0343 Sample Location: 16se 5 3  

Sampled By. - CLL /& 
m u d a c e  Soil C.O.C. No.: 0065 
u Subsurface Soil 

Sediment Type of Sample: 
n Other: [XI Low Concentration 

OA Sample Type: High Concentration 

. ... GRn&sA~pe~&r&:;- . . . - .  , '  : ,.:. . - ,! .:; .:;:;: ,.: . ,: -. ;: :, ...-. : := .:. ~ ~ ~ ~ ; ~ ~ - ~ : . ~ ~ ; ~ z - : - . . ~ ~  :-.:.:- ., .: .; . . .  ::-..;.:. . . - . s.:T!= . ,.....7...... . -. .. --?2, 

Dale: 0/12 167 Depth Color - I Description (Sand. Silt. Clay. Moisture, etc.) 

See Figure 3 2  

Signature(*): ~ , ~ ~ ~ ~ ~ A p p l i i ~ ~ , ~ ~ 1 I I i i i i 2 ~ ~ j ~ : i i ~ ~ ~ : ~ I ~ I . I ~ ~ I ~ ~ ~ ~ ~ ~ f f f f f  ~ ~ <3>g~~-.::*:+:;;'.;~5:~~<$:$;::=;;:::g;$~~~-; .~ . . . .  - - ~ ~ . ~ -  .~ ~ ~ .. ~ 
~~ .. -- . ~ .  ~ ~ 

M W S D  
/ 

Duplicate ID No.: 

Y~ 



Tetra Tech NUS, In. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

I 
U Surface Soil 
subsurface Soil 

NSWC CRANE, SWMUl6 Sample ID No.: 
N7448 CTO 0343 Sample Location: 

Sampled By. 
C.O.C. No.: 

I 0 Sediment Type of Sample: 
U Other: M Low Concentration 

QA Sample Type: 0 High Concentration 

Date: ' - T i  O ~ P *  Color Description (Sand, Silt, Cby, Moisture, dr) 

N A N A N A NA - N A 

M O W  
: 

N A - 
M h o r  Readings. . ~. ,,,.. ,, . 

. .  - 

(-.in . w): . . ... :~ ,.$.. , 
. , . . .  : NA ,. 

? . . .  ~~ , . . 

, , I .. . (1)4ozJar 
. . ..,>.>. .: 

Metals S W 4 6  €020 8 MercurySW-846 7471A , . (I)  402 Jar 
. . 

:< 

See Figure 5 2  



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

P a g e L  of I_ 

Project Site Name: NSWC CRANE, SWMUl6 Sample ID No.: 1 6 ~ 5  Sc( d IQ2 
Project No.: N7448 CTO 0343 Sample Location: I~sBSCI 

Sampled By: C L  /ZJ& 
8 Surface Soil C.O.C. No.: 0068 
0 Subsurface Soil 

Sediment Type of Sample: 
0 Other: [XI Low Concentration 
0 QA Sample Type: 0 High Concentration 

, . 

Monilor Reading (ppm): 

See Figure 3 2  

. . 
Circkif AppticaMe: . ' .. 

Duplicate ID No.: 



1-1 Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: - NSWC CRANE. SWMU16 Sample ID No.: 16sg 5'1+z&C- 
Project No.: - N7448 CTO 0343 Sample Location: GB 5 y 

Sampled By. e C / T 6  

0 Surface Soil C.O.C. No.: . 0068 
~ u b s u r l a c e  Soil 

Sediment Type of Sample: 
n Other: [XI Low Concentration 
0 QA Sample Type: 0 High Concentration 

~3trnsb  ~ o l t r c k e d  . 

I'~~ ~ ~ :2~~=:.: te-:y::~ ~~.ie:.:-:g;:~ . x ~ ~ ~ < . L ~ ~ + ~ > : ~ ~ ~ * z L ~ ; r z * ~ z ~  . ~ ~ ~ ~ ~ L . : ~ ~ - ~ * 3 ~ L e s = ~ % z y ? : - ~ * ; . ~ : ~ - ~ : - z r  -;..:=-*<~ ..?%-= - = ~ ~  -::--. ~ 

Duplicate ID No.: 

/ ,  

See Figurc 3.2 

5 ~gnature(s): 

* 



1-1 Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: ISS SScPIQ2 
Project No.: N7448 CTO 0343 Sample Location: lssa Ss 

Sampled By. CCL /36 
w u r f a c e  Soil C.O.C. No.: 0065 
0 Subsurface Soil 
0 Sediment Type of Sample: 
0 Other: [ X )  Low Concentration 
0 QA Sample Type: 0 High Concentration 

~ ~ ~ ~ ~ , ~ ~ @ & ~ ~ ~ ~ ~ 5 ~ ~ 3 ~ ~ ~ ~ z ~ z ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ ; ~ ~ ~ = ~ - ~ ~ s ~ ~ ~ ~ ~ = ~ ~ ~ ~ = = * = - * - ~ ~ ~ ~ ~ ~ & ~ : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ - ~ - - - -  : . q . . . ~  .._~;;--_.----~z*T.&y ---=~ . . c . ~ ~ T A ~ * ~  ---- ---%=- ~. .?':~ --.. ~--- ~ -?c-L-~- ~ ~--%?s.-- ............ ...-. ........... ....... .................... 

Dale:'$/lz/rpr) Depth Color I Description (Sand, Silt, Clay, Moisture. etc.) 

. . . . . .  Porccnt Mdsture I (1)402J~s I o I 
Mblals SW-84G602U 8 Mercury SW-846 7471A (1) 402 Jar 

I I 

N /& 

See Figure 3-2 

Cj rEfe'iITAprrrrbaw;,;>z . .... . ........ :~~~- ~~ ~ ~ . = . - . .  . ; ~ ;  . . . .  =.. ......... . ... ....... .... ........... .. ~.~ ..... . . . .  ....-... . . . . . . . . . .  .- . . . . .  .... ~~ ~~ 

.:r..: ~- z.Ld. ~z . . . . . Y . ~  *-&,-..-~ Signature(5): 
- 

MSlMSD Duplicate ID No.: 
Y Y 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: 1% B 5~ga@6 
Project No.: N7448 CTO 0343 Sample Location: 1 % ~  

Sampled By: --&?&& - 
u Surlace Soil C.O.C. No.: 0065 

~ u b s u r f a c e  Soil 
0 Sediment Type of Sample: 
0 Other: [XI Low Concentration 
U QA Sample Type: 'High Concentration 

c : .  . 

See Figure 32 

Signahlre(s): 
- 

MSIMSD 
/ 

Duplicate ID Na: 

- 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Nanie: NSWC CRANE, SWMU16 Sample ID No.: 1 6 5 8  55-7- 
Project No.: N7448 CTO 0343 Sample Location: l6ss 5s 

Sampled By. Cc-L / ?i& 

0 Surface Soil C.O.C. No.: 0065 
wubsur face Soil 
U Sediment Type of Sample: 
0 Other: [XI Low Concentration 
0 OA Sample Type: High Concentration 

-$-Mp&oATA'-'--': : 
. . . . .  ............. 

Dato: &iflz@.Y I Depth Color I Descriplion (Sand. Sin. Clay, Moislure, etc) 
s ecr rug* ~,*+-c t -d  
SAYD ICYS-ZS, 

Date: . . . . .  

See Figure 3-2 



1-1 Tetra Tech NUS. Irc. SOIL & SEDIMENT SAMPLE LOG SHEET 

I 
Project Site Narne: NSWC CRANE, SWMUIG Sample ID No.: i s 5  56 QIe2 
Project No.: N7448 CTO 0343 Sample Location: l s s  56 

Sampled By: CCL /SG 
W u r f a c e  Soil C.O.C. No.: do65 
fl Subsurface Soil 
0 Sedirnent Type of Sample: 

I 0 Other: [XI Low Concentration 
QA Sample Type: 0 High Concentration 

,--3:. , - -? . m m D A T A :  . , ,  : :  , , . -:-..--.. .. . . - .  . - . . . . ~ ..:: z-..:;:: ?.:. -:G-%S. 
I hm 1 Color I Descriplion (Sand, Sih Clay. Yoislure, etc.) 

FJ /A- 

See Figure 3 2  

~ , ~ ~ ~ ~ ~ p p l ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ z s ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ' ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ,  ~ ~ ~ . . . ~  .- .. . ~ - ..~ - .  . .  . . . . . . ..7;..i. Signature,s,: 

MSlMSD Duplicate ID Na: 
J Y 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

- - 

Project Sile Name: NSWC CRANE. SWMU16 Sample ID No.: 16~8 56 4266 
Project No.: N7448 CTO 0343 Sample Location: 1 6 ~ ~  56 

Sampled By: C r L  /J& 
1 Surface Soil C.O.C. No.: aoGG, 

%Subsurface Soil 
U Sediment Type of Sample: 
1 Other: [XI Low Concentration 
0 QA Sample Type: U High Concentration 

I Description (Sand. Silt, Clay, Moisture, etc.) 

Time: 16 3 lpTpl 2 - 6 /  1 Be.* I S.lb C M Y ,  
Method: Dt5fbrble Tra*rl 

Dale. '- Color 

wl! NA 

Description (Sand. Silt, Clay, Moisture, etc.) 

N A 

Method: 

See figure 3-2 



TetraTech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: . ~- NSWC CRANE. SWMUl6 Sample ID No.: 1% 56 &&#@ 
Project No.: N7448 CTO 0343 Sample Location: isss 56 

Sampled By. ccc / 3 G  
fl Surface Soil C.O.C. No.: 
%Subsurface Soil 

L 
0 Sediment Type of Sample: 
n Other: p] Low Concentration 
0 QA Sample Type: High Concentration 

See Figure >2 

~ ~ j f ; w ~ ~ ~ p ~ ~ ~ ~ ~ z ~ ~ ~ ; ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ f ~ , . ~ ~ p ~ ~ ~ ~ $ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ . ~ , - ~ ~ ~ ~ d ~ ~ ; T ~ T ~ ~ I I I I  - ~~. .. ~ . . . ~  . .~~ . ~ .~ . .~. . ~ signatures): 
MSMSD Duplicate ID No.: 
/ / 



Tetra Tech NUS. lnc SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMUIG Sample ID No.: i6sSSF 0 Id2 
Project No.: N7448 CTO 0343 Sample Location: 16.56 57- 

Sampled By. CCL /SG 
XSullace Soil C.O.C. No.: 6067 
n Subsullace Soil 

Sediment Type of Sample: 
fl Other: [XI Low Concentrat~on 
fl QA Sample Type: 0 High Concentrat~on 

S M W  oATk:.-.- : ~ ;. ; i ~ ~ ~ ; < . ~ . ~ ~ . ~ + ~ ~ . : & ~ < ~ ~ < ~ K ~ ~ ~ . ~ & + ~ ~ y ~ ~ = ~ ~ - : ~ ~ ; ~ ~ . 5 - & ' ; s ~ ;  +:,:'.,?: ;.7:.~T2L~;;.t ,=.,.: +~~<~i~&~<= . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . - . - . . . . . .. . -1 T..... .-.. . . 

Dale: @l13 169 Depth Color I Description (Sand. S i h  Clay. Moisture. elc) 

See Figure 3-2 

Signature(*): 

Nl4- 

Ci.&if*j@~~*:;~~~j:;$;$~:.$$~f~:;$;.gj&~gg~&~~$;~$g~$~;~:~-g-*;gg~: ~ . -~~ . ~.. ~ 

MSlMSD 

7 

Duplicate ID No.: 



1-1 Tetra Tech NUS. Inc SOIL & SEDIMENT SAMPLE LOG SHEET 

Projecl Stte Name: - NSWC CRANE, SWMU16 Sample ID No.: 1% 6 53 O 2% 
Project No.: N7448 CTO 0343 Sample Localion: 16% 53- 

Sampled By: CCL /Jt- 
Surface Soil C.O.C. No.: 0068 

#Subsurface Soil 

I Sedimenl Type of Sample: 
0 Other: [XI Low Concentration 
0 QA Sample Type: 0 High Concentralion 

;;;: . ,~i<-:2.3;~*~:~:g++>~*-~;:7..~~L~*.b~ -. r:.. .: .... -....~.7..?++-&.-. ~;::.:,e.-Tfe2;z; :..- .%>. ?<<. .~*:-. ---.:*:T2.;F.: -...<..<.,>-, ?<;::=. :. ~ 

I Depth I Colw 

See Figure 32 

signsture(s): c*~n~~~~:~~~~;~.~~~~-~~;g~g~g~f~f~f~ij+~~i~~~.;~=p;~-~~g~~~g ~ . . ~  ~ , . ~  . - 
M ~ S D  
1 

Duplicate ID Na.: 

Y 



Telra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

~age_l_ of L 
Project Site Name: NSWC CRANE, SWMUl6 Sample ID No.: issS ~ 8 @ 1 ~ 2  
Project No.: N7448 CTO 0343 Sample Location: 1 6 s ~  58 

Sampled By: C c L  /3G 
m u r f a c e  Soil C.O.C. No.: 00&7 
0 Subsurface Soil 

I 0 Sediment Type of Sample: 
0 Other: [XI Low Concentration 

QA Sample Type: High Concentration 

NI fk  

., 

C~<~J~:if:appl~~rrj;~~i;~7~i~r;-~~f&~:~~;;~:;x~~:~~;z~i~~I$p~;~~~~:j~y$~~~g~$I~*-~i ~~- ... --- ~-~ ~ T~ ~ ~. ~~~~.~ ~ ~. . ~T~ ~:.; .~ .~ .-.. 

See Figure 3 2  

Signs,",+): 

MYMSD 
/ 

Duplicate ID No.: 



(=I Tetra Tech NUS, lnc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMU16 Sample ID No.: tssg 58 0r & 
Project No.: N7448 CTO 0343 Sample Location: i6se 59 

Sampled By: c c ~ I 3 - 6  ~- 
0 Surface Soil C.O.C. No.: 0067 

~ u b s u r f a c e  Soil $ d06a 
0 Sediment Type ol Sample: 
fl Other: [XI Low Concenlralion 
0 QA Sample Type: 0 High Concentration 

4=.:*:.;=--..-, :=-%...=*...-- :=.-:-: ..<-..:; .. :.,.... :. 
. . -- .-i.-,. .--. '..;'C ..,...= .._ :.-. .SAM@J?@AT&T.?. :!.;::=.:y 2;.;3,j::y<&L :%2G. ::&- . +,*-- .*: , >.,-- .>.,.. ,~ .. =... ,*. 

1 Depth I Color I Oescription (Sand. Sin, Clay, Moisture, etc.) 

N A I I 
. . 

Monitor Readings .. . .. . , .. , . .. . . , .-.? ,.~.. ,we-.i.;. .  ~ . . 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

p a g e d  of I 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: 16SB 58 +C@? 
Project No.: N7448 CTO 0343 Sample Location: 16so 58 

Sampled By: CLL /- 
Surface Soil C.O.C. No.: 00 67 

&!3ubsurlace Soil 
Sediment Type ol Sample: 
Other: [XI Low Concentration 
QA Sample Type: 0 High Concentration 

N / A  

See Rgure 3-2 

;g&~:*~@Ptf*i&;-;-=~g~:g.~~*~g:~$g~-~:~$:~;$g~z~g=&:.~$~;;g~~~~~;-$g~s Signature(*): 
MVMSD Duplicate ID No.: 



I R ~  Tetra Tech NUS. lnc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

W u r f a c e  Soil 
0 Subsurface Soil 
n Sediment 
IJ Other: 

QA Sample Type: 

NSWC CRANE, SWMUl6 Sample ID No.: lsss 5q q( (a2 
N7448 CTO 0343 Sample Location: 16Se Sq 

Sampled By. a%/- 
C.O.C. No.: 0667 

Type of Sample: 
[XI Low Concentration 
U High Concentration 

~ ~ 

, .  , ,, .. 
hhitc!r Readings - .. . .. 

* . -  (~~,,geinppm): .. . . , ,, . . . 
. ,' '";: . NA;:.. :,::, y:;:~,::..:! , . .  . , .  . . .. . . -. .. . _ . , . , .. ~* ......,., 7..,*~a. 

see Figure 3 2  

Sig,,aure(s,: 

N4- 

~ j r ~ a j t - ~ p l ~ ~ : ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ r ; ; - ~ ~ ~ ~ ~ ~ + ~ ; ~ ~ ~ : ~ , .  ~~ .~ .~ .~~ ~. ':+! - + T : ~ ~ ~ ~ ~ + : ~  

MYMSD ' 

7 
Ouplkatw ID No.: 

'Y 



[=I Tetra Tech NUS, lnc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

n Suriace Soil 
s u b s u r f a c e  Soil 
n Sediment 
n Other: 

QA Sample Type: 

NSWC CRANE. SWMU16 
N7448 CT0 0343 

Sample ID No.: l6Sq Sq@2& 
Sample Location: l6SB 5 9  
Sampled By: -/% 
C.O.C. No.: 0067 

Type of Sample: 
[XI Low Concentration 
0 High Concentration 

sn7-=.3~.z=~ -..- g~@K~~+gs~~~~~~~y**=~.. 

MelalsSW-846 W 0  d Mer 

M W S D  Duplicate ID No.: 

/ 
- 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

(1 Surface Soil 
~ u b s u r f a c e  Soil 
0 Sediment 
n Other: 
(1 QA Sample Type: 

NSWC CRANE, SWMU 16 
~ 7 . 1 4 8 m ~ 3  - - 

Sample ID No.: 16sggq +6@8 
Sample Location: lsse 59 
Sampled By: CLL /*6- 
C.O.C. No.: 006.7 

Type of Sample: 
[XI Low Concentration 
u High Concentration 

Date: ' ' 1 

r ~ 1 4  

Sea Rgure 32 

m ~ ~ : i ~ ~ ~ ~ ~ . < ; ~ ~ ~ ~ g & ~ ~ t = ~ ~ + ~ ~ ~ g ~ g ~ $ & ~ ~ ~ ~ : = ~ : ~ - ~ ~ ~ 2 ~ ~ ~ ; : < ~ ~ ~ 3 ~ ~ : ~ ~ ~  ~~~ ~ ~ . . ~  ~ . . ~  .. . . .- . -2.. ~. si,,m,"m(s,: 
MSNSO Duplicate ID No.: 
/ 



(=I Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: l 6 s S  &B81QZ 
Project No.: N7448 CTO 0343 Sample Location: 1 % ~  6+ 

Sampled By. a/% 
&Surface Soil C.O.C. No.: 0062 
0 Subsurface Soil < 
0 Sediment Type of Sample: 
0 Other: [XI Low Concentration 
0 QA Sample Type: 0 High Concentration 

. . . ..:; . . , . . .  . . ~ s ~ ~ s p + T ~ n - : , . . .  i-:_ .., :: ..::; :I;. . . .. -. . . . . . . .:;i.-. . - - :i ,..;:: .-:?..?:.-: 7 - : - s . * + 7 : .  - . . . . . . . . . . . . . , , . , . --"i - . . . . . . . .. , . . .  . .. ..-..-.z=rr .* . . . . : - .  i - ---. , -. '* 
Date: 8/11 1&Y I Depth Color I Description (Sand. Silt, Clay, Moisture, etc.) 

Mowtor Reading (pp-n): & I 1 I 
~~>~fi~;~;;:::::::~;r~ -.,=*= .-L7..:.7..= .: :-:: ,:., ;.,.-L .;. ~ '-,. -- - .-; .r,. '1:: ,. ; . ,. :. ::;; .-+::-: .:rz,= .:-. = ,:T;+=7y.T; .'? ,.-:;:.. .,?. -=- *::* ,, 

"'/A- 

- j 5 .  .. - .. - ~ .~. , - ~ ~ . .  : :  ;. . ~ . ~ ~ ~. , . ~ . ~ : ~ ; ~ ~ ~ ; ~ ~ ~ : < ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ .  ~ ~ 

MS/hlSD Duplicate ID No.: 

7 Y~ 

See Figure 92 

SigMtUrefsr. 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

See Figure 3-2 

MSNSD Duplicate ID No.: 
r - 

u p a g e l  ot _L 

Project Site Name: NSWC CRANE. SWMU16 Sample ID No.: 16sB 6$ +a 
Projecl No.: N748 CTO 0343 Sample Localion: isse 69s 

Sampled By: C C L / ~ &  

Surface Soil C.O.C. No.: OOLZ 
mubsurface Soil 

Sediment Type of Sample: 
Other: [XI Low Concentration 
QA Sample Type: High Concentration 

f ;  



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMUI6 Sample ID No.: l 6 S g  66 66+q 
Project No.: N7448 CTO 0343 Sample Location: lsse 66 

Sampled By: CCc /5Ct 
U Surface Soil C.O.C. No.: 0062 

Wubsurface Soil 
n Sediment Tlfpe ol Sample: 
u Other: [XI Low Concentration 
1 QA Sample Type: 0 High Concentration 

. . . . . . . ~ ~ ~ ~ ~ ~ u ~ ~ ~ ; = ~ - . : ~ - ~ : ~ ~ ~ ~ ~ . - . ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ < ~ . ; ~ ~ ~ ; ~ : : ~ ~ . ~ ~ : : ,  . ;j:-:;-:- y;.+$$; .:wz-z, , .~.* -.., .;. -- . ~ , .  .:.:! . . . .  -. . . .. . .- .. - . . ;  . . . . .. :.. 
Date: a/,, /,$Y I ~ e p t h  color I Desc iption (Sand. Silt, Clay, Moisture, etc.) 

'on (Sand, Si4 Clay, Moisture, etc) 

NA 

See Ftgure 3-2 

.. - ~~~ ,,r~jgg~~r@a~~~~;<:zg~~:z~:~+: ?~F ~2:~f;F~;s~:g;~rz~1:Piti;<::+~;~+:~~f~~i;~I-i ~~~~. - -. . ~. .-. . . ... . .. ~~T 

MSIMSD Duplicate ID No.: I - 



Tetra Tech NUS. lnc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: . . NSWC CRANE.. SWMU16 Sample ID No.: 16S5 6 [ @\QL -~-- 
Project No.: - N7448 CTO 0343 Sample Location: 16Se 6 1 

Sampled By: c ~ . / ; l k  
m u r f a c e  Soil C.O.C. No.: 0060 - 

Subsurface Soil 
[] Sediment Type of Sample: 
fl Other: -- [XI Low Concentratior~ 
fl OA Sample Type: fl High Concentration 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

page\ of 1 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: r6sg 6 14- 
Project No.: N7448 CTO 0343 Sample Location: 

Sampled By. I 
Surlace So11 C.O.C. No.: 0060 

wubsurface Soil 
U Sediment Type of Sample: 
n Other: [XI Low Concentration 
U QA Sample Type: 0 High Concentration 

.. . A . , :&- . . . 2 : . .. .=. :~ Q R ~ . ~ ~ I * ~ Q A ~ & ; - , ; ~ { : ~ ~ : ~ ~ ~ ~ ~ . ; ; ~ : + ~ ~  ~:.::, j 7:eG:zL.: =-?= 5s7k+2t:,<. i;; .:..: ,-;: ~;27~;f~,:;~::::;.2,~.:~:~~~i~;~~~:.~ . -  .... ... ..: ,: ...<:= ::. ' : ': 
. . . . . . , . . , . . -  . ..di_i.rT.. . . 

Dole 8 /#I /@ 'f I Depth .. C o b  I Description (Sand. Sill, Clay. Moisture. etc) 

See Figure 3-2 

Signature(s): 

N/A 

~~eif:npp,-~>;CQ=>~;f+;;~$~;~-; ~ ~~~~- ~ ~~ ~. ~ ~~ : ... - ~~ - ;,:~;~~~~~.<;::;::+:~g~~<~*,~~*~;~~z~$~;<~~~2;; ~ .,=~ . . ~~ . ~ ~ . ~ :i+g2- . . ~ .  

MSf?4SD 
/ 

Duplicate ID NO.: 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

'roject Site Name: NSWC CRANE. SWMU16 Sample ID No.: IS 5 61 46@'iL -- 
'rojed No.: N7448 CTO 0343 Sample Location: i6Se 8 1 

Sampled By: Q L / W  ,- -- 
[I Surface Soil C.O.C. No.: 0 0 6 ~  

XSubsurface Soil 
Sediment Type of Sample: 

U Olher: [XI Low Concentrat~on 
0 QA Sample Type: 0 High Concentration 

.. - . IA@S,V@EDAT&.;': :., ; . ::-. .-; ,:.. $.;!.f~~~-~,7<;<;~: ?~.$;;2~1+.=~+:~~>z:2<;2~x.::~ :. ;::7,..:.,- .:. 
- . - . . ... 

. . . . - -. :, . ?,..:;. 
. . . . .  . . . . . ... - .-. 7r% - 

I.: 8/,, ! Depth ! Colar 1 Desniptim (Sand. SilI, Clay, Moisture, etc.) 

ne: 1559) 
s b u n * b t c  -m..,l 6- 7' I Bmwu I S.* CUy 

- - . .  . < ~ . .  . ~. . .. . ~ - 

~te: ; Time W 

See Figure 3-2 

~ ~ l q ~ ~ ~ ~ ~ [ ~ g : ~ f ~ < ~ ~ ~ ~ ~ : ~ ~ $ ~ $ ~ g ~ $ $ + ~ g = ~ ~ $ g g ~ p ~ g ~ ~ ~ ~ ~ - $ ~ g ~ ~ & ~ ~ ~ g - ~  S i ~ ~ t ~ ~ ~ ) :  

Duplicate ID No.: 



1 ~ 1  Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMUI6 Sample ID No.: 16sS 6 2 $ I @ 2  
Project No.: N7448 CTO 0343 Sample Location: 16s~ 6 2 

Sampled By: c c C  /56- 
m u d a c e  Soil C.O.C. No.: a67 
n Subsudace Soil 

Sediment Type of Sample: 
n Other: [XI Low Concentration 
[I QA Sample Type: n High Concentration 

Date:' - 
N A 

M e w :  

N /A- 

% .  rime 

NA 

See Figure 3-2 

Depth 

N A 

ci~~;~:~~~ret;~z~~gr,;gzg=~~pqL~$$~gi~$;;~ii+~~r~~~-=~:~:;$i~jt~Lg~~;~;i~>~$~~ 
- ~ - ~  ~ " ~ - ~ T - . - . ~ - - 7 z = ~ ~  ~ ~ ~~ ~ . -~ .  . 

M W S D  

7 

Color 
, , 

NA ~ 

Duplicate ID No.: - 

Description (Sand, Silt, clay, Moisture. etc) 

N A 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: i&sBdzOL&- 
Project NO.. - N7448 CTO 0313 sample Location: 16S~ 6 z 

Sampled By CC-C- /~%-  

0 Surface Soil C O.C. No.: 0067 
KSubsurface Soil 

I ii Sediment Tvue of Sam~le: I 

I ij Other: - (XI Low  centrat ration n QA Sampb Type: 0 High Concentralion 

MSIMSD Duplicale ID Na: 
/ Y 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

page_l_ of L 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: issB 6r @6@i. 
Project No.: N7448 CTO 0343 Sample Location: 46SB 6 z  

Sampled By: c u  /5d 
Surface Soil C.O.C. No.: 0067 

wubsurface Soil 
I1 Sediment Type of Sample: 

I 0 Other: [XI Low Concentration 
0 QA Sample Type: I] High Concentration 

signalurqs): g~~~~gAp@~gMee~&~g~~~-~=+~~~g~~g~~~g~~~;;$~~~~~~~~:::~:~~r~:I~~~i~;gi& . ..... ... . . . - - ~  .. . . ~. . -. 

MVMSD 
7 

Duplicate ID No.:, 

Y 



1-1 Tetra Tech NUS. Iw. SOIL & SEDIMENT SAMPLE LOG SHEET 

=':- .-'. ,,. . -  .. . f# SMpLE OAT&'.. - , :,: , .: .: -. ~. ~.~~.:~:gl;;~~:$.:~~:;:<-. ,f -;;, ,, . , ..= , - .->. ~ .>,-,-,; % ,. , . . - r.-.....y , - . . . - :?.. 2 . : .  ..;.+:-.;: 
. . 

. . .  

1 m t h  I Color ( Description (Sand. Sill, Cby, Uo 

NSWC CRANE, SWMUl6 Project Site Name: Sample ID No.: i6SSS6 3 6 I@-2- 
Project No.: N7448 CTO 0343 Sample Location: 1 6 s ~  6 3 

Sampled Ry 
m u d a c e  Soil C.0.C. No.: 0060 
0 Subsuriace Soil 

Sediment Type of Sample: 
0 Other: [XI Low Concentration 
n QA Sample Type: 0 High Concentration 

..... . 

-- 

See Figure 32 

i 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

page_L of 1_ 

Project Sie Name: NSWC CRANE, SWMUl6 Sample ID No.: 16s B 6  3 d3~66 
Project No.: N7448 CTO 0343 Sample Location: 16SB 6 3 

Sampled By. CLL/=  
u Surface Soil C.O.C. No.: oc%o 

wubsur face Soil 
0 Sediment Type of Sample: 
0 Other: [XI Low Concentration 
IJ QA Sample Type: [I High Concentration 

. ; , . . .. . .  . .  . . - .  '.;-ii<2 -=:,--. :.T:.::: ::< 

I Depth 1 Color I Description ( S a n d s l a y ,  Moisture, etc.) 

Monitor Readi~~g (ppm): @ I 1 * Y  I 
W Z : ~  +x:x*- *- =. -yz- 2,.,..w>c > =.>=.-? - -.m::v,< ?. ~ - .  ~: A%.,**.L-. -. .. . *.> ..: c 0 1 1 6 0 1 1 6 ~ . D & T e . = . .  .- :, .F,~~~-~;.>:q~i=ize&-.< k,~~~-:..7~ee~~--{*-*: :x:;:.-.; ++:T=*+T?~%~ 

See Figure 3 2  

1 

~ j ~ ~ ~ t ~ ~ ( ~ ) :  

~ / 4 -  

,.,~ 
~~eJ&1#:&p!ic;66~<~!~~~+;{.;~~;~;;$g~~$~$+~~~;<i$;~-~$~;~~~~$<g~~~~~+Z~+~~+~~+~#~i. ~..  .~ . . ...~ . - . . . .. . ~ . ~~~ ~ ~ ~ ~ ~ . . J T 2 ~ ~ - : . ~ ~ = - . - . a .  

MSlMSD 
7 

Duplicate ID No.: -~ 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: - NSWC CRANE, SWMU16 Sample ID No.: 16s p, 4698 
Project No.: N7448 CTO 0343 - sample ~ocation: l s s e  22 

Sampled By: C c X  /3-G 
C.O.C. No.: 60Lo 

I Sediment Type of Sample: 
0 Other: -- [XI Low Concentration 
[I QA Sample Type: - [I High Concentration 

. . 
Dale: . ~, Time ~ e &  Color Description (Sand. Silt, Clay, Moisture, etc) 

NA N A NA NA NA 

Method: 

NA 

P m n t  Moishrre ( I )  40r Jar I 1 
MeYs.SW-846 €020 8 ~ e m u y  SW-846 7471A (1) 4 0 2  Jar .  em ,,.. , 

I I I 

See Figure 3-2 

axwe#:.wr ~ ; : ~ $ . ~ *  2:.s.+ye=i$z ~ y?zz:? ~?+=+::~ :+c--,< ~ > : # . ~ . ~ . > = ~ ~ ? z  :~ar-~~x:.~ ~ . .  
.~ . ,-:- ~~~~ ~- ~ .,~ ~?:;~.~.~~-~~. ~ . .  - . . : ~ - . ~ ; z ~ ~ ~ . ~ . . = ~ , ~ . , - : ~  7.,- ~;~ 

&~s~~.--->--.~A *:.. ~:~~~ :. ? ~ L -  -... -~.-, ~c-.A*~- . ,~ ~~ ~ = .  ~ ~ ~. .- ... ~ . ~ . ~ ~ . ~  ~~.. - Signature@): 

M W S D  Duplicate ID No.: 

Y / 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

p a g e l  of _L 

Project Site Name: NSWC CRANE. SWMU16 Sample ID No.: IGS d'l dl02 1 
Project No.: N7448 CTO 0343 Sample Location: ISB Gq 

Sampled By: U/Jt 1 
&%dace Soil C.O.C. No.: 0060 
0 Subsudace Soil 
0 Sediment Type of Sample: 
0 Other: [XI Low Concentration 

QA Sample Type: High Concentration 

late: - - Time I Depth color , I Desuiption (Sand, Silf Clay, Moisture, el=.) 
N A  N A  N A  1 N A  1 N A  

don it^ Readings. 



Tetra Tech NUS. tnc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: IESB 6'1 @2b 
Project No.: N7448 CTO 0343 Sample Location: ?ESB 6 y 

Sampled By. CCL /\Tb 
Surface Soil C.O.C. No.: 0066 

@ubsurface Soil 
U Sediment Type of Sample: 
n Olher: [XI Low Concentration 

QA Sample Type: 0 High Concentration 

-:? :: :;;:.:.~::2.:$..::;;~i;:<&:;;.~..:-;;~-.~ - .. . ;;: :::;~...:' ?<7*>r~..:::..: ..;:>->:+. -- :F,L,~;- .. .. .. . . , . - ~.: -. . .. . . . ;=. * -. . :-. , .. . . . .>-- <. . . ..=. e5.. :*-. ,.. .. ' 7 " .  '- - .. . . .*~ :.*e::: 
Depth I Color I hscription (Sand. Sill, Clay, Uoisture, clr) 

I I See Flgure 3 2  

Duplicate ID No.: 

.-. 



I R ~  Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Projecl S~te Name. NSWC CRANE, SWMU16 Sample ID No: 16~S 65 d 162 
Project No.: N7448 CTO 0343 Sample Location: isss 6 5  

Sampled By: C ~ L  /Sk 
m u d a c e  Soil C.O.C. NO.: 0060 I 

Subsurface Soil 
U Sediment Type of Sample: 
1 Other: [XI Low Concentration 

QA Sample Type: High Concentration 

GRAI5SA)Ipl.E . . . .. . OAT&::':;-- . . . . . . ; , : : 2'; ?,$..;.; :<;f<.C: .::;.; .::;.2.:-.<*:L{; , :~~~;;~~:~~~~<~j~~~~~;;;~~.~.-~.;:~.: -.. .,? ..< : 

Dale: B/lt /d ~1 I Depth I Color I Desuiption (Sand, Sih Clay. Moisture, elc.) 

Time I ~ e p t k  I Color 1 Description (Sand. Silt, Clay, Moisture, elc.) 

N A N A N A N A 

See Flgure 3-2 

. 

. . 

Method: 
I NA 

MonitM Readings 



1-1 Tetra Tech NUS, Irc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Projecl Site Name: NSWC CRANE, SWMUl6 Sample ID No.: icisB67 6689 
Project No.: -- N7448 CTO 0343 -- Sample Location: 16% 6 Y 

Sampled B y  c4-/3?2 
fl Surface Soil C.O.C. No.: 0060 

mubsurface Soil 
n Sediment Type of Sample: 
n Olher: [XI Low Concentration 
0 QA Sample Type: 0 High Concentration 

, .  - , .  - ,. .:::2.7<::.; .:.,;:.: ,-<-;;;:,:,,.:<> -:.~,+<;:;-: 
. . ..- , . . . . . - 

! Depth - Color I Ocsnlptlon (Sand. SilL Clay. Moisture, e t r )  

Tima Depth Cdor &scription (Sand. S i l t  Clay, Yoislure, etc) 

N A NA ' N A , :, 
, . - 

Method: . ~, ,. , . . 

I 
. . . . . . . . Circle WA&icablc: '. . - - . . . . . .  . .. . . . ; Signature(s): I 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

p a g e l  of I 
-- - 

Project Site Name: NSWC CRANE. SWMUIG Sample ID No.: 16s S 65 5 I@L 
Project No.: N7448 CTO 0343 Sample Locat~on: l6sa 6s 

Sampled By: CCL /JG 
KSurface Soil C.O.C. No.: do60 
U Subsurface Soil 
11 Sediment Type of Sample: 

I [I Other: [XI Low Concentration 
QA Sample Type: [I High Concentration 

GRAB SAMPLE DATA: I 

Monitor Ha~11111q (ppn) 4. Y I 
COMPOSITE SAMPLE DATA' I 

Date: @ / I  r C/ 

Time: ( ~ Y B  
Method: D,SPDS.CIC T-I - 

Depth 

1 -2' 

- 
Date: 

N A 

Method- 

I I I I 
swpcE ~ ~ E t ~ ~ o ~ ~ ~ & ~ ~ ~ i 1 ~ ~ ~ - ~ ~ I 4 C ; ; ; ; z : ~ $ ~ ; ~ ~ . 2 : : ~ ; i ~ ; ; I : , :  ~:;!:<:;~:~; $ :~~+;;~~:<:~::,~ :;.; ' , , , . ', :. 

~ .. . _._: 
.. . ... ~ . . ~ .  . ~ ~ ~ ~ . ~. ~. ~ 

. ~. <:. 3 

Analysis Container Requirements Collected Other 

Volatiles SW-846 82608 (3) Enmre Samplers GINO 
Volatiles SW-846 80158 Encore Samplers 

Percent Moisture (1) 402 Jar -40 

Metals SWB46 6020 8 Mercury SW-846 7471A (1) 402 Jar ye& 

N A 

Monitor Readings 

(Range in ppm): 

N A 

I I I 
BSERVATIONS I NOTES: IYAP: I 

Color 

Ornuge 

Br-d 

Time 

N A 

- 

Description (Sand. Silt. Clay, Moisture, etc.) 

C l p y ~ v  SANS . 

Depth 

N A 

See Ggure 3-2 

Signaturefs): 

fvft 

:ifde i f  mlicable: - 

Color 

N A 

UYMSD .----- 

Description (Sand. Silt. Clay. Moisture, etc.) 

NA 

Dupllcale ID No.: 



(=I Tetra Tech NUS, lnc. SOIL & SEDIMENT SAMPLE LOG SHEET 

'roject Site Name: NSWC CRANE, SWMUl6 Sample ID No.: 1% B6S+2+6 
'roject No.. N7448 CTO 0343 Sample Location: i ts6 6 5 

Sampled By -L/JZ; 
U Surface Soil C.O.C. No.: 0060 

~ u b s u r f a c e  Soil 
n Sediment Type of Sample: 
Q Other: I [XI Low concentration n QA Sample Type. 0 High Concentratton 

I I Cola 1 Desuiption (Sand, Silt, Clay. Moisture, etc.) 

ate. - -  - Time 1 Depth Color 1 Description (Sand, Sill, Clay, Moisture, etc.) 

N A N A N A I N A N A 

See Figure 3 2  

~,~leit;~~~@=~~:.:~i~-;~;~~E~~~"-~~.~~~~~~~~*~3*g1$,eI2B~~tt:tttttiii~L . ~~~ . . .~. ~ ... ~ . . .~, ~ %T;*.~S%~>~~:~?- Signa,"re(s)-~ 

MSlMSD Duplicate ID No.: 

/ Y 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUl6 Sample ID No.: 16s B 6 ~ 1 $ 6 @ 8  
Project No.: N7448 CTO 0343 Sample Location: i s 6  65 

Sampled By: CU-/JG 
fl Surface Soil C.O.C. No.: 0060 

sacSubsurface Soil 
I ii  Sediment Tvoe of Sam~le: , . 

Other: [XI Low Concentrat~on 
I] QA Sample Type: 0 Hlgh Concentration 

1 I Color I Description (Sand, Silt, Clay. Moisture, etc.) 
Time: f 9 &.S b r o * ) e  
e I T  6- 8' 1 B m u r ~  
Moniiw Reading (ppm): d . 6 I 1 

Dale: - Time Depth Color Description (Sand. Silt, Clay. Moisture, elc.) 

Qy~lgff~~~;$<;q;*g~~;~::+~e~>=:~~:g:*~g:~-~.$gg.gf~~$=~~&~$;g~~~ =-=-. -. ..... ....... ~ ~ . .  . . ~~- Signature(s): 

MSIMSD Duplicate ID No.: 

7 / 



Telra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Projecl Sile Name: NSWC CRANF, SWMUI6 Sample ID No.: 16sS66@1@2 
Project No.: N7448 CTO 0343 Sample Location: %SB 66 

Sampled By: CCL /.TG 
m u r f a c e  Soil C.O.C. No.: 0063 
0 Subsurface Soil 
0 Sediment Type of Sample: 
U Olher: [XI Low Concentralion 
1 QA Sample Type: U High Concentration 

. . 

See figure 3-2 

- 
:ircle if Applicable SinaIum(s): . 

MSlMSD Duplicate ID No.: 
/ 7- I 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMU16 Sample ID NO.: 16s g 6 6 @ d  6 
Project No.: N7448 CTO 0343 Sample Location: l6sB 6 6 

Sampled By. CLL / T G  
0 Suriace Soil C.O.C. No.: 0063 

mubsur iace  Soil 
n Sediment Twe of Sam~le: 

Other: -, [XI Low concentration 
QA Sample Type: High Concentration 

See Figure 3 2  

arews:m..iwf5 ~ - .. ... ~ ~ ~-~ ~.~ ~~ - ~. ;~~+.++~~t+z~-5:cek ~ L . sy +-z2~;~~~ryLz:~-~~~~~~i~5~~~-~~~F;~E5~~~i ~ ~ . . . .  h....ea ~~ ~ . : ~  . ;:.;;::. :;:*-: ~ .~~~ s ~gnaturets): 

M W S D  Duplicate ID No.: 

/ Y 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

p a g e d  of 1_ 

Project Site Name: NSWC CRANE. SWMU16 Sample ID No.: 16s g6& @@B 
Projecl No.: N7148 CTO 0343 Sample Location: i6ss 66 

Sampled By: cu /sG 
n Surface Soil C.O.C. No.: 0063 

.;I)TS~~bsurlace Soil 
n Sediment Type of Sample: 
11 Other: - -- 

[XI Low Concentration 
0 QA Sample Type: High Concentration 

-~sm~~&;~&~3~Fi~3~$3~f-3~~~*g~~g*2~~:~*~:~~~~~::7e:~<z:+s2~::~g~~r==-=-x=+. 7s::: :::7:< ?~~.~;z2~;;;;~$$~;+$~gg;<~~:, 
. . -.+* - p..=2~.~~s-y~,~*7a7* :.->-.. :::~.3:&~~>~F:~~ezz~~~!*~:~~:?~..:.. .?>.~ ,,~.~ ~.~~ - 

NA 1 . . 

I 
- 

~ . 
. . . , ~ ~ i o r  Readings. . .  . 

, . , . . . . .- 

Dater,.- 
. , .  

. NA 

~ e * :  

Description (Sand, Silt, Cby. Moislure, elc.) 

SILT W /  b- C6mplcw 
S u e  L r u 5 e s .  

0ate: @/rz /$I CI . 
Time: 6 8 28 
Mehod: Q t ~ c ~ o b l c  7-1 

~ i &  

N A 

. 

Depth 

6-8' 

Color 

~ r - ~ g e  
QmwH 

,: DepVI..... , 

N A 

". 

See Figure 3-2 

, .. Colw 

. . NA 

~. 

Description (Sand, Silt Clay. Moisture. etc.) 

N A - 

l r c t ~ :  -~ --= ~~ . E .  , --. . .~  . + * ~  . . . .~ Signa,"re(sg 

MSIMSD 
/--- 

Duplicate ID No.: 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

page_L of L 

Project Site Name: NSWC CRANE, SWMUl6 Sample ID No.: 16s s 63 9\92 
Project No.: N7448 CTO 0343 Sample Location: 16% 6+ 

Sampled By: CCL fir& 
&Surface Soil C.O.C. No.: 0063  

Subsurface Soil 
1 Sediment Type of Sample: 

I IJ Other. [w Low Concentration 
QA Sample Type: 1 High Concentration 

See Figure 32 

~ ~ ~ * ~ ~ ~ ~ ~ : ~ ~ : ~ ; . ~ ~ ~ ~ ~ < % ; 5 ~ ~ ~ ~ 3 3 : z g ~ ~ ~ ~ ~ ; ; ~ ~ ~ ~ ; + ~ $ ~ z ~ 2 ; < ~ 3 ~ 2 g ~ ; ~ * ~ ~ ~ ~ j 3 :  - .. - ~ .  . ..~. ~~~~ . . ~ .  &,mt"@s): 

MSlMSD Duplicate ID No.: 

7 y- 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: l6SB 6 ~ 4 2 %  
N7448 CTO 0343 Sample Location: i s 8  6F 

Type of Sample: 
[XI Low Concentration 

High Concentration 

cir*.= ~ ~ . .  -- ; . ~ -. .~~ ~ ~ ~ > ~ * & ~ - - ~ ~ ? ~ ? ~ ~ - > ~ . . 9 > > 5 e z . ~ ~ ~ : . : ~  -----..~-__-___ ~-.+~ .-7-. .=;:>3z.%>+.*: . I__.._; ~:~.c~~.:&k>~~.:::e:. i_ 

;_. . -.~-- . . . . Signature(s): 
Duplicale ID No.: 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

p a g e 1  of _L 
Project Site Name: NSWC CRANE, SWMUl6 Sample ID No.: 1% g 63 &99 
Project No.: N7448 CTO 0343 Sample Location: IESB 6s 

Sampled By: cu /3& 
Surface Soil C.O.C. No.: 6063 

wubsur face Soil 
0 Sediment Type of Sample: 
n Other: [XI Low Concentration 

QA Sample Type: High Concentration 

Date: ' - Time Depth Color Desuiption (Sand. Silt, Clay, Moisture, eC.) 

N A N A N A N A N A 

M e W .  

N A 
, .  . Monitor Readings, ~.. ,, . ,. .; .~ . . 

See Flgure 3 2  

;~i aimzw~3~~~- .~e irs~LFLg,~~~~, :~e~~ ~; ..;. .-. -- .. . . ... . . ~~~ ~~~~ ~ ~ ~~ - 7i,r+ . ~~ . ce~~y~~giiTg~~q:,;;.~+s~~i ~ ~- ~ :-.:: ~ ~~ .~fz~~,G2::~~a~c~~ - , . :$:.&: % ~gnaturets): 

MyMSD Duplicale ID No.: 

/ - 



TetrnTcch NUS. Inc. 0 SOIL & SEDIMENT SAMPLE LOG SHEET 

p a g e l  ot _L 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: lssSG6 Q 102 ~ ~- 
Project No.: N7448 CTO 0343 Sample Location: 16% 60 

Sampled By. CLL /Jb 
r n u r f a c e  Soil C.O.C. No.: 0063 
Il Subsurface Soil 

I 
- 
0 Sediment Type of Sample: 
fl Other: w] Low Concentrat~on 
0 QA Sample Type: 0 High Concentration 

a B m ~ ~ e ~ ~ ~ T ~ ~ ? z t s i > ~ ~ ~ ~ ~ z ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ < ~ z E ~ + ~ ~ ~ ~ ~ ~ . ~ ~ z 3 ~ . ~ ~  *+T-:s< -p+ ;-. -7!7 .;el.>~j~~~T - :;:- ~~ T;A;~,-- , -;- ~; 
- 

~ ~ - . . ~ ~ .  . ~ -=--e%s ~=.>~T<z-z7F* . ~ .  , ~ ~ *- ~ *-- =ey-*4- ~&z4s%&!z ~.x G- A-~~F~Z-F-=--- -...-- <*. 

uale: B/r2 l e y  Depth C d a  *scription (Sand, Silt. Clay, Moisture, etc.) 

Tie:  a6 Br(2 or--3 c C L A Y .  
M e t h o d : b t ~ p b W e 7 i a u l  1-zt 0r-d 

- m + d  

- 
Date: ' l i m e  : Depth ~ & i  .t 1 Desniption (Sand. Silt, Clay, ~okhure,  etc.) . 

' NA N A N A , N A . .  . . ... NA ~ . 

See figure 3-2 

MYUS0 Duplicate ID No.: 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

I P a g e  of I 
Project Site Name: NSWC CRANE, SWMUl6 Sample ID No.: is 6 6% 4266 
Project No.: N7448 CTO 0343 Sample Location: i s s  6 8 

Sampled By: 
I] Sutface Soil C.O.C. No.: 

wubsut face So11 0066. 

0 Sediment Type of Sample: 
11 Other: [XI Low Concentration 
U QA Sample Type: 0 H~gh Concentration 

D-pll-+e c w l e  b l l t r ~ e d  C k x  

* B f ~ & C # ~ ~ ~ ~ * ~ ~ ~ ~ ~ $ g + ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ; ~ ~ r - z ~ ~ ~ ~ ~ ~ & < ~ ~ < i i i ~ ~ ~ + : * : ~ ~ ~ 2 ~ ~ ~ i * ; $ ~ :  ~ 

... ..... - ~ I .....i; ~ ....... ~* ~; -;;- - -  r*--- - .  

MSlMSD 

/ 08 lzd- 

See Figure $2 

I 



1-1 Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMUIG Sample ID No.: 1 6 s g  6% 4689 
Project No.: N7448 CTO 0343 Sample Location: isss 6 8 

Sampled By: tc~/xG- 
Surface Soil C.O.C. No.: 0063 

mubsur face  Soil 
n Sediment Type of Sample: 

Other: [XI Low Concentration 
1 QA Sample Type: n High Concentration 

-2. 
. . : . . ~ .  . . . . .  . . .  .:. . .. . . . ,. ,-,: -. ~*!, .~.-..~-. -. 

. - . . . -  i . . .. . - .. . . .  . . . . . . . . . . . . , , . . . . . ; . . . ... ..+--:--+-A. ., ...... - :*.=.. - y- 

Date: 8/12 /& '4 1 Depth Cola ( Description (Sand. Silt, Clay, Moisture. ctc.) 

MonitQr Readings 
. . '% ,- , - . i* 

(~ange in ppn): , . , .. , , . , .,., . -.,,. jq. ,. ,!:;>?:,@;? 
:~., , . ,  

. ,  NA , - ,.., . .  , ,. .,:, -. , :, , ,, ,. , , ,,, , , : t , ;z: . i~: :2: ;&jg&~#~~.,  : . <. ' 

Percent Moisture .. . . ..,: i i 1 (1) 402 Jar 
( , cyeg,o , ~~ 1 ;  ,>.$, . +'b$.;%?s:3; . - ,,. . , .p!+$?g ,:,<. .:~. . . ~ , . . "  ,.,.,..<.: -.. *c+ia.e ' ; , 

(1) 402 Jar . . . - .Ye -..T+,~,.- -+..$, . . , .  

ul f+ 

~ ~ ~ ~ ~ ~ a p p r ~ ~ ~ : ~ ~ ~ = ~ ~ ~ f ~ ~ ~ i ~ ~ ~ ~ z p < ~ : ~ ~ ~ ~ ~ ~ : ~ i ~ ~ ~ ; ~ ~ I , . : .  , ,  . A - - . * ~ . ~ = : . - ~ . . .  . .~  ~.~.:.-.-~ .. .. .~ ~~~ ~ ~ ~ . . . . ~  ~ ~ .. ~ 

MSlMSO 
/ 

See Figure 3-2 

Signature(s): 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUIG Sample ID No.: 
Project No.: N7448 CTO 0343 Sample Location: 16s~ 6 q 

Sampled By: CCL /J-6- 
tfSurface Soil C.O.C. No.: 0063 
U Subsurface Soil 
[I Sediment Type of Sample: 
0 Other: [XI Low Concentration 

QA Sample Type: 0 Hgh Conc.entration 

I I Color ( Description (Sand, Silt, Clay, Moisture, etr) 

Monitor Readin 

. . .  Metals SW-846 MMO (L Menwy SW-846 7471A 1 . . ' . . . ' (1) 402 Jar '. . .  . , . ~  .'i 

See Figure 3 2  

>-.r;; ; 
cir@@:@npp~r~tcw~r~;-.2q~~~~~~5~-~p~;q-~~~~~g9;ip;~~f~z~~x+~~i~+ ~ i ~ ~ ~ ~ ~ ~ + ) :  

I Dupliale ID No.: 

, /  



1-1 Tetra Tech NUS. lnc SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMU16 Sample IDNo.: 16s 869 @tQ6 
Project No.: N7448 CTO 0343 Sample Location: 1656 6 9 

Sampled By: ccc/TG- 
n Surface Soil C.O.C. No.: 00 6 3  

e u b s u r f a c e  Soil 
0 Sediment Type of Sample: 
U Other. [XI Low Concentration 
fl QA Sample Type: fl High Concentration 

I . . 
Circle ij Applicable: .' . ' - .  . . . . . .  . .  - Signature(s): 



I R I  Tetra Tech NUS. lnc. SOIL & SEDIMENT SAMPLE LOG SHEET 

'reject Site Name: NSWC CRANE. SWMUI6 Sample ID No.: 1% B 64 +a+ 
3oject No.: N7448 CTO 0343 Sample Location: ISB 64 

Sampled By. U L  /T& 

$i%ZE2soi, 
C.O.C. NO.: 0063 

0 Sediment Type of Sample: 
fl Other: [XI  Low Concentration 
0 OA Sample Type: 0 High Concentration 

ethod: --LA 

k.3 r+ 

See figure 3-2 

. . : ,  . , .  

MYMSD Duplicats ID No.: 

/ 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

~ a g e I  of L 
I I 

Project Site Name: NSWC CRANE. SWMUI6 Sample ID No.: 16sS 744 I02 
Project No.: N7448 CTO 0343 Sample Location: 16s~ ;4p 

Sampled By: CCL /TG 
Wurface Soil C.O.C. No.: 0066 
n Subsurface Soil 

I ii Sediment T v ~ e  of Sam~le: , . 
Other: [XI Low concentration 
QA Sample Type: I - High Concentration 

See Figure 3-2 

signature(s,: 

)J'4- 

@ic&jf . -.~ ~~ ~p@-w-@$<+:g=-:-g:g . . . .. .- . ... . . . . ; c ~ - : ~ ~ = ~ =  l . z = ~ . = ~ i ~ ~ ~ ~ e @ ~ ; ~ ~ i i ~ ~ ~ ~ ~ + g ~ ~ g ~ ~ ~ + ~ ~ ~ ~ ~ - ~ ~ : ~ + ~ ~ ~  ~ -- - .~~ . ~.. 

HSMSD 

f 
Duplicate ID No.: 

- 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMU16 Sample ID No.: 16sg 70 @2;16 
Projecl No.: N7448 CTO 0343 Sample Location: 16s~ 3p3 

Sampled By: CCL/JG n Surface Soil C.O.C. No.: - 0066 
.RrSubsurface Soil - n Sediment Type of Sample: 
0 Other: v] Low Concentration 
Q QA Sample Type: 1 High Concentration 

DeMiption (Sand, SiY Cby. Moisture, etc.) 

N A N A N A N A , N A 

Memod: . . 
., . - , . ,% :' N A  , , ~ ~. . , 

* .  . ;. , . . i ~  Monitor ~e'kIin95, \ .  : ,..,, ', ,.. . 1 ,  ". .:, -,,,,,..; . , ,  .. . :..< >.. <i. * . .  , 
I. .' ~. , 

L:,,.b::2.:,.:.';..: .~ , . ..~ <..,,, : ;+:; .: .; ' . -. ..: .. ~. .. ,. . 

hJ /fk 

See Agure 32 

~ * ~ * ~ ! i ~ ~ = . : ~ ~ ~ ~ g z ~ ~ ~ ~ ~ * ~ ~ : : s ~ ~ ~ $ ~ ; ~ x ~ ~ ~ ~ : ~ . ~ ~ + ~ ; ~ ~ ~ ~ ; < & ~ ~ ~ ~ g ; ,  . ~ ~~~ ~~ .- . . ~  .. . , .. . ~, ..~. -~ ,~ ->-syz ~ Signature(s): 

YSlMSD ' Duplicate ID No.: 
7 / 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMU16 Sample ID No.: 16s B W 6647 
Project No.: N7448 CT0 0343 Sample Location: 1 6 ~ ~  +p 

Sampled By: U L  /7& 
0 Surface Soil C.O.C. No.: 00Gh 
wubsurface Soil 

Sediment Type o l  Sample: 
Other: [XI Low Concentration 

U QA Sample Type: 0 High Concentration 

I 
Circle if Applicable: ' . . . , Signature($): . .  . . . . . . . . . . . . I 

MYMSD Duplicate ID No.: I - -  I - 



1 ~ 1  Tetra Tech NUS, bc ,  SOIL & SEDIMENT SAMPLE LOG SHEET 

Projecl Site Name: NSWC CRANE. SWMUl6 Sarnple ID No.: IS j 1 @ (62 
Project No.: N7448 CTO 0343 Sample Location: ISB +r- I 

Sampled By: CCL /m5- 
#Surface Soil C.O.C. No: 0065 
I1 Subsurface Soil 
(I Sediment Type of Sample: 
0 Other: [XI Low Concentration 
fl QA Sample Type: High Concentralion 

arE,&rwi&, -&,i aR;. *"...* L*<-=z,EA: .*::-- ~;->~: :=,~ 3ig?c ~::: :>.< ~~ *>.?< -*~zs+* <,2!-2a.*za ~ . . . . . Signature($): 
~ ~~ ~-~.- ~ . ~~ - . . ~ 

MyMSD Duplicate ID No.: 

/---- / 



Tetra Tech NUS, I-. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMUl6 Sample ID No.: 16s B $ I @2+6' 
Project No.: N7448 CTO 0343 Sample Location: ISB 7 1 

Sampled By: CCL /3G 
U Surlace Soil C.O.C. No.: oS65 
Mubsur lace Soil 
ij Sediment Type of Sample: 
0 Other: [XI L.ow Concentration 
0 QA Sample Type: 0 High Concentration 

~ : ~ . ' , , ~ . . ~ ~ : - ~ ~ ~ , . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . , ~ ~ ~ : . : ~ ~ ~ ~ ; + : . .  C Y -  - 7 -  .-. ..?..,.<. *'. . .-. <;-~~*i~:&~'g:.;~,~.~:::::~:..7 .. .i... -5: ;.;, ..: : .  1,: -:...:>-;z=.: :?;;? , .. . 

1 Df P a  1 Color I Description (Sand. Sin. Clay. Moisture, etc.) 

Monitw Reading (ppn): . .  . . . .  . .  -, . . , 

< A 

See Figure 3-2 

MSMSD ' Duplicate ID No.: I I I  7 



1 ~ 1  Tetra Tech NUS, lnc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMU16 Sample ID No.: 16% 32 0 182 
N7448 CTO 0343 Project No.: Sample Location: i s e  icr 

Sampled By: ccc /TG 
&Surface Soil C.O.C. No.: 0064 
0 Subsurface Soil 
[1 Sediment Type of Sample: 
0 Other: [XI Low Concentration 
[I QA Sample Type: 0 High Concentration 

. .. . W B  $mpLE,DAT&A::i:&; .,:;-;:; 2;~<~~-L:;~*-";- . - . . - . . . . -. . . . > : . , . . . ... .: . . . ... . . . .. --a;i.. . . .. . . . . -  . . . . . - . . . - . .. . - ,, . .. . . \ '  ;.;-:..--..--.-.. . . . - *. . -=?:s%. . 

Date: 8 / ) 2 / 4  Y 1 Depth 1 Color Description (Sand. Sih Clay. Moisture. etc.) 

See figure 3-2 

Signature(s): 

NIA 

C*~~*Rppl~s5F<i+i;$; i j*;r .  ~.. . . . .. . .. . ;r.;r.*I <;;:: ~:~ e:2. 1 = ~ ~ ~ < , 1  ;:,. - , , : 
~ ~ ~ ~ . ,  ~ .... ~ ~~ . ~ ~~~ .~ ~. . .. . - ... .~ . ~ . . ~  ~~ . ~. . ~ . 

MS/MSD 
7 

Duplicate ID No.: 

/ 



Telra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUl6 Sample ID No.: i6sB iFZd 266 
Project No.: N7448 CTO 0343 Sample Location: 16% 3 2 

Sampled By. cec /56 
Surface Sod C.O.C. No.: 0064 

wubsurface Soil 
U Sediment Type of Sample: 
U Other: [XI Low Concentration 
n QA Sample Type: U High Concentration 

Date: 8/12 /dv I Depth Color I Description (Sand. Sin, Clay, Moisture, etc.) 

Time: 16 3 3  I Ohw9u I CLAY w l  rr 107. oF S I L T .  

See Figure %2 

I 
Circle il Appliible: Signature(s): 

1 
MyMSD 
/ 

Duplicate ID No.: 

Y 



1 ~ 1  Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUIG Sample ID No.: iss 8 7 2  @a+ 
Project No.: N7448 CTO 0343 Sample Location: i6se 3.z. 

Sampled By. -L /r& 
0 Surface Soil C.O.C. No.: 0064 

SrSubsurface Soil 
i j  Sediment Type of Sample: 
n Other: [XI Low Concentration 

QA Sample Type: High Concentration 

LJ/A 

Soc ngure 3 2  

q* - ..~... i&nppI'w@!e;:&:i<: . .~ ~ . .  iii<i+:I.-:?..:? ~ . .~ y-;~:~+:5=$:~+~5.;:~+~*~5;; pIff::4;~;;ig- .~ . ..~ .... .. ... - 

MYMSD Duplicale ID No.: 
/ 



R Tetra Tech NUS, lnc. 0 SOIL & SEDIMENT SAMPLE LOG SHEET 

P a g e l  of _L 

Project Site Name: NSWC CRANE. SWMUIG Sample ID No.: 16sC&~q@ (Q$Z 
Project No.: N7448 CTO 0343 Sample Location: lsse +3 

Sampled By: ccc / 3-6- 
*Surface Soil C.O.C. No.: 0064 

- 

0 Subsurface Soil 
0 Sedimenl Type of Sample: 
n Other: [XI Low Concentration 
n QA Sample Type: I] High Concentration 

Time. 16 Yd Bm*-sk I u a y  u,/% G---Is, 
Memod. Dt-Mr l h c l  I 

. . .  - . . .  . .  . . . .  . . . . .  . . 
afl&r++N.m.C!AT&:. : . . . .  . . . . . . . . . . .  -, ............. ... ....... . .  . . .  ........ . .  

. . 
... . . .  . . . .  . . . .  . . .  .... 

, ,. . ,, . &2-r -.- . .: - -..-- ;..... rfr  

Date: ' - Time Depth Color ; Description (Sand, Silt, Clay, Moisture. etc.) ., 
.A*' . . . . .  NA N A N A N A .. , NA 

Method: , , ' .  

Dale: 9 /IZ/@Y I Depl h 

Monitor Read~ngs 

, . 
........ 
C'.!;;: 

.,?:&. , 4 g i  i- 
,..,:,I,;.:. -. ~. 

,~ . . 

Color I Description (Sand. Sill, Clay. Moisfure. ete.) 

See Figure 3-2 

Signature(s): 

"/4 

ar=kit M~@C*,*T < 1 ; . ~:'~!:.;~~< .. . . . . . . . . .  ~~<;;:,;:~ :~:::~: :-;<=:.~:...!..: ...... ..=- .... ~ :~*~ .<  .... ............ ... ............ .=..*=.. ~<& .... . . . .  ~ ~~ .. .... . ~ ~ ;; ~ . ;, . ~~ 

MSIMSD .----- Duplicate ID No.: 

Y 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: 
Project No.: N7448 CTO 0343 Sample Location: 16SB 73 

Sampled By. CLL /- 
0 Surface Soil C.O.C. No.: 006+ 
;BSubsurface Soil 
0 Sediment Type of Sample: 

[XI Low Concentration 
0 QA Sample Type: 0 High Concentration 

. :. . , ,  . , 

See figure 3-2 

Signature(s): 

N/4 

Cif*E~,p,i&g,,et-$::4*~. ~ ~ . .. . ~~ ~. . ~- ~~ .... ~ . ' ::-:; ~~~ ~g;*+T~:,.f~7~%c~: .~ . ~ . z!5;E . ;z$<~$,xxl;.~~~~ ~~- ~ ~ . ~ ; -:;: ~. :-. . .  

MSlMSD - Duplicate ID NO.: 

y- 



Telra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUIG Sample IDNo.: I ~ S S ~ ? + ~ @ Z  
Project No.: N7448 CTO 0343 Sample Location: 1 6 s ~  7'1 

Sampled By: r u  / TD 
%Surface Soil C.O.C. No.: 00  82 
n Subsurface Soil e- 
n Sediment Type of Sample: 

Other: [ X j  Low Concentration 
(1 QA Sample Type: 0 High Concentrat~on 

- - - - - - -- - - 

Depth C o b  ( Description (Sand, Silt, Clay, Moisture, etc) 

Q * P ~ = +  S - M ~ I C  r . t ~ ~  &re. 

See Figure 3 2  

~r~~~~~i~~,~<~~,~';:~<~=iii~~~:jj;~~.~*;3~~7<;<7~~-s: r.?: , : 6  t:*,:::%-5=i ,<>& 
. . ~ ~ ~ ~ ~ ~ . .~ ~. ~~-~ ~ 

.-.. ~ . ~ .  = ~ . 

MYMSD Duplicate ID No.: 
/ 16 FD@BI7;zq@j 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: 16s B 3-Y @246 
Project No.: N7448 CTO 0343 Sample Location: tsse ?Y 

Sampled By: CLL /TD 
0 Surface Soil C.O.C. No.: 
Wubsurface Soil 
[I Sediment Type of Sample: 
I] Olher: [XI Low Concentration 

QA Sample Type: High Concentration 

;, ' . . . ,  ,'~ :.;- -2;: !.,j :,=, L .:.; :,=. : : . . ~ i . . ~ ~ ~ ~ ~ . . ! ' ~ . $ : ; : . ~  .:..-? ~ ~ ~ ~ . : ~ ; - ~ ~ ~ ~ & : , ~ ~ : 2 . ~ ~ ~ ~ ~ - ~ , , ~ = : ~ ~ : ~ . ~ , ~ ~ ~ ? z ~ ~ ~ ~ ~ - ~  . , . i T '  . .. . . . . . . .  - . . .. . . . . ;.> ,; ... .. .. -. .~ =.:.,. -.-. -:+==.- 

I Depth ! Color I Description (Sand, Sill. Clay, Moisture, etc) 

~ i m e  I D ~ P %  Color ( Description (Sand, Silt, Clay. Moisture, etc.) 

N A N A N A N A NA 

Method. 

N A 
. ~ .. .. 

Monit~i Readings. . . . ,.: 

MSD\ Duplicate ID No.: 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: 1 6 5 s  7s (P \@a 
Project No.: N7448 CTO 0343 Sample Location: l6SB 75  

Sampled By c r ~ -  /3% 
m u r f a c e  Soil C.O.C. No.: 0664 
0 Subsurface Soil 
n Sediment Type of Sample: 
Q Other: [XI Low Concentration 

QA Sample Type: 0 High Concentration 

See Figure 3-2 

Si ,,,,=, as*k ~~~~~~ . ~ .  ~ i*-w@&*:: . -~ ~ ::. ,:~:-~..~~&~:!::~::= ~~ ~~ :. :, ~ .<<.>::?~':,<; :+;3;zi ~ :;, . . ~ ~  ~::!>:;: .... :y=%7~~>.:~:=.~~~~t ~.~ ~.~~ 

MSIMSD - Dupliate ID No.: 

/ 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Projecl Site Name: 
Project No.: 

1 Surlace Soil 
w u b s u r l a c e  Soil 
0 Sediment 
0 Other: 
n QA Sample Type: 

NSWC CRANE. SWMU16 
N7448 CTO 0343 

Sample ID No.: 16s g ;LS &z+3 
Sample Location: ISB 7 s  
Sampled By: c-12~ /TG- 
C.O.C. No.: 0064- 

Type of Sample: 
[XI Low Concentration 
0 High Concentration 

I I 1 Description (Sand. Sin, Clay. Moisture, etc.) I 

See Figure 3 2  

w/&.  

CirGKif ngpl~I~~L;IIiir:~=:;~~;;<~>2~;~;-~:.*~;~$:.<~.i~<~~~.jff.~:;+~:i . . ~  . . ; $~:~::2:;:iszi;I . .. ..- . ...- ~~ 

MYMSD 

/-- 

Duplicate ID No.: 

7- 



Tetra Tech NUS, Inc. 
' 

SOIL 81 SEDIMENT SAMPLE LOG SHEET 

Projecl Sile Name: NSWC CRANE, SWMUl6 Sample ID No.: i s 4  76 616.2 
N7448 CTO 0343 

u Subsurface Soil 
Type of Sample: 

[XI Low Concentration 
I] High Concentration 

-- 

N In- 

See Figure 3 2  

D u p l i l e  ID No.: 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUl6 Sample ID No.: 16s (3 8 2  46 
Project No.: N7448 CTO 0343 Sample Location: 16s~ j% 

Sampled By: u* /5-G- 
n Surface Soil C.O.C. No.: 0065 

wubsurface Soil 
Sediment Type of Sample: 

I] Other: [XI Low Concentration 
n QA Sample Type: 0 High Concentration 

. . .. . ,., . "  "?.  . . .. . . . I . .  . . 

. . ,  . r 
. . .r ,.. ,;. .. . , ;,, . . .. , . : >, - . .. , . . +,. .,. .. .. . , . , .,.,b-':. 

I I I 

See Figure 3 2  

signat",,+): 

N lh. 

ci~re ~ ~~~~ j~~i-~i$-~s~;$afT-gygr~:~~~~;~f;+*~~+-~r~~.~~~~ij;$;:fp-g:$~~ . .. ~- ~ - 

MYMSD ' 

f 
Duplicate ID No.: - 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: i s 8  y6 @6&F 
Project No.: N7448 CTO 0343 Sample Location: 16~s 2 6 .  

Sampled BF CLL / J Z  
0 Surface Soil C.O.C. No.: 0065 

mubsurface Soil 
0 Sediment Type of Sample: 
0 Other: [XI Low Concentration 
0 QA Sample Type: 0 High Concentration 

. . 
I .. Mmitor Readings,. - : - I , . . . . . . . . .  I ..., I . . . . .  

Date: &3/12/QI~ 
Time: (r(& L 
Melhod:~,cp~wb(~ 

Depth 

g- 7 

See F~gure 3 2  

SignaturHS): 

, 

. 
. .  ~~ ~ ............ : , ,  3 ;  

Color 

L\9h+ 0- 

Bro-r 

MYMSD - 

Description (Sand, Silt. Clay. Moisture, elc) 

Salt, SAwo ~ l s o n r  St iTSTc l~ f  

Duplicate ID No.: 



1 ~ 1  TetraTech NUS. Irc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: 16.s F;FQI(@ z 
Project No.: N7448 CTO 0343 Sample Location- isse ;rt 

Sampled By: CCL / S?G 
W u r f a c e  Soil C.O.C. No.: 006 4 
n Subsurface Soil 

I Sediment Type of Sample: 
1 Other: [XI Low Concentration 
0 QA Sample Type: U High Concentration 



Tetra Tech NUS, Inc. 
j SOIL & SEDIMENT SAMPLE LOG SHEET 

Projecl Sfle Name. NSWC CRANE. SWMUl6 Sample ID No.: issg~t&2& 
Project No.: N7448 CTO 0343 Sample Location: 

Sampled By: 
C.O.C. No: 

0066 
I] Sediment Type of Sample: 
fl Other: [XI Low Concentration 
fl QA Sample Type: 11 High Concentration 

Dup\,eq+t LHPI~ COIICCW r r C ~ <  

See Figure a2 

E ,  . . .~~ .~.; ..-= ~~ . .  .. Signature@): . - -- -. - 
=~=: :- ~ . *~:,r~k~. .. *%~iT:- 

uplicate ID No.: 

16 



Tetra Tech NUS, Inc. SOIL 81 SEDIMENT SAMPLE LOG SHEET 

~ a ~ e - 1  of _L 
I 

Project Site Name: NSWC CRANE, SWMUIG Sample ID No.: l6s13j,& I@ 
Project No.: N7448 CTO 0343 Sample Location: isss 37 

Sampled By: .=&L / 3-6 
[I Surface Soil C.O.C. No.: 0064 

mubsur face  Soil 
I] Sediment Type of Sample: 
[I Other: [X I  Low Concentration 

QA Sample Type: High Concentration 

. 
elEQAfA:::; :: - >- . ;.. . . ..:; ..; .,!:<:.:+~ . . .: . ~ L : : - z . 3 ; ~ ~ . ~ ~ : ~ - ~ , ~ ~ : ! ~ ~  . . ?<. :.;:-<,: . . : ' : . ' .  ' . . . . . 

Tlme Deplh Color Description (Sand. Silt. Clay, Moisture, etc.) 

See Figure 3-2 

Signature(*): 

NlA- 

i i -  j : . : ~ : :  ~ ' , . : . ... .. ~~.~ 

MSMSD -~ Duplicate ID No.: 

Y 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

page-L of _L 

Project Site Name: NSWC CRANE, SWMU16 
N7448 CTO 0343 

C.O.C. No.: 

Type of Sample: 
[XI Low Concentration 

1 QA Sample Type: High Concentration 

. . >  . : - .  :, 

I . .  . . 
Circk if Applicable: . .:,-.::j ::,:.<:: .;.: 1-<- .~ ,. . . . . . . Signoture(s): I 

MYMSD Duplicate ID No.: I - 



1-1 Tetra Tech NUS. Inc SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMUl6 Sample ID No. 16s g 78 +2&6 
Project No.: N7448 CTO 0343 Sample Locat~on: 16ss ~8 

Sampled By C-u- J T i  
Surface So11 C.O.C. No.: 0064 

wubsurface So11 
u Sediment Type of Sample. 
U Other: [XI Low Concentration 
0 QA Sample Type: I] High Concentration 

..~ ~~ ~ ~.~ ... . .. . ~- ~ ... ... . . ~= ~: .~ ~~.~--.~...~....-.72 .- . .. ~ ....... . z . . ~ . .  . ~-~~ . - .z .7z  --+' . . . , .... ... . . .... ~ . .  ~~ ~-~~~ 

Duplicate ID No.: - 

See.F~gure 32 

Signature(s): 



[RJ Tetra Tech NUS. lnc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: 1ssB78  @&4 
Project No.: N7418 CTO 0343 Sample Locat~on: I ~ S B  3-8 

Sampled By. crc  /T&- 
0 Sudace Soil C.O.C. No.: 0064 

Gubsurface So11 

I ii Sediment Type of Sample: 
U Other: [XI Low Concentrat~on 
U QA Sample Type: , 0 High Concentration 

Date: 8kr (49 Depth Color Description (Sand. Silt, Clay, Moisture, etr) 
Time: 13 3 8  

6 -  7' b9h+ Vcty f l y  S A N ~  W/ SSLX 
Metho@ D t c p e  blc Tcac I Brow* 

Date: ' - Time ='ep"l Color Descripiibri'(Sand. Silt, cl~+,'Moi&ure, eb5.i .: 
' .. . ~ 

N A N A N A N A . . N..:. ~ ~ ~, ~. . . .< . . 
Mothod: . , , ,,: ~ , ,  , . , ' , _.., > ~. 

. , 
NA . , , 

. . ." ,,. .:> . - .  . . .  . , . >. . . 
Monitoc Readings . ~ .. ., , . ~. ~ ~ . .  . ,. . , ,  . . . 

p/A- 

See Figure 3 2  

MSIMSD Ouplicate ID No.: 

,--- 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Srte Name: NSWC CRANE, SWMUl6 Sample ID No.: isss BS rp@ a z  
Project No.: N7448 CTO 0343 Sample Location: 16% 05 

Sampled By: m; e l -  
%Surface So11 C.O.C. No.: 0073 
[I Subsurface Soil 
[I Sediment Type of Sample: 
0 Other: [XI Low Concenlration 
0 QA Sample Type: [I High Concentration 

Depth Color I Description (Sand.Si4 Clay. Moisture, etc) 

Time: l @ Z Y  CCnY, SOFT, ~ 6 8 s ~ .  

Method: CC-d he& 

S = c  80r3w3 b 3  16 S B B S  

See Figure 3 2  



lRl Tetra Tech NUS. lnc. SOIL & SEDIMENT SAMPLE LOG SHEET 
u Page ' I  of - 

L 

Project Site Name: NSWC CRANE. SWMIJ16 Sample ID No.: 16s 88s br-Q y 
Projecl No.: N7448 CTO 0343 Sample Location: 16~1385 

Sampled By: CLL /= 
Surface Soil C.O.C. No.: 0073 

gSubsurface Soil 
0 .Sediment Type of Sample: 
n Other: [XI Low Concentralion 
11 QA Sample Type: I] High Concentration 

I Depth I Color -- I Desc~iption (Sand. -- Si15 Clay. Moisture. ctc.) 

Peicenl Mcishlrs . . I (1) 402 Jar 1 .  . ye@@ .-.:. . I ,... . ... 
Metals SW-846 6020 a Mercuv SW-8467471~ . 1 , . . (1) 4az Jar , , . .. 

. . , , ~ . . . .  

S- X0r-u~  Lcg I6 SE8-5 

See Figure 3 ~ 2  

: , :. . . signature+): 

MSMSD Duplicate ID No.: ,. 
/ '&c-&iE -- A 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMU16 Sample ID No.: 1 6 ~ 5  860@ 6 2  
Project No.: N7448 CTO 0343 Sample Location: 1 6 s ~  86 

Sampled By. CCL /m 
g Surface Soil C.O.C. No.: 0073 
0 Subsurface Soil 
(I Sediment Type of Sample: 
(1 Other: [XI Low Concentration 
(I QA Sample Type: (I High Concentration 

See Figure 8 2  



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: 16sS86 0 6 0  L 
Project No.: N7448 CTO 0343 Sample Location: i6se 86  

Sampled By: 75A~,+,yc/ 
4 Surface Soil C.O.C. No.: 0/2 L 
0 Subsurface Soil 
0 Sediment Type of Sample: 
[I Other: [XI Low Concentration 
0 OA Sample Type: High Concentration 

Rc s#m,/~ 

. 

a ~ b f e - ~ f ~ @ ~ ~ e g ~ ~ ~ ~ ~ ~ p ~ = . ~ ~ ~ ~ ; ; ~ f r ; ~ ~ ~ ~ ~ ~ ~ ; ~ ~ : - ~ ~ ~ ~ ~ ~ ~ ; ~ - ; ~ ~ p ~ ~ ~ ~ ~ - ~ ~ ~ :  -. ~- - . . .~~~~ . ~~ -~ . .~~ ~~ ~ - 

See Figure 3-2 

~ i ~ ~ ~ ~ ~ ~ + ) :  

MSI)JISD - Dupliiala ID No.: - 



I R ~  Telra Tech NUS, lnc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: 16~B 86& OL) 
Projecl No.: N7448 CTO 0343 Sample Location: 1 6 s ~  86 

Sampled By. T-fcc L 
1 Surface Soil C.O.C. No.: 0073 

*Subsurface Soil 
fl Sediment T v ~ e  of Sam~le: , , 
1 Other: [X I  Low Concentrat~on 
1 QA Sample Type: I - I] High Concentration 

. . .. . . +- : . . ~  . -smm.DAT&. ::.,.:~.: ..:-;. ?<, , :...<:<;;- .:;<:;!. :!:>.!;; ' ~ . ~ ~ ~ ~ ~ ~ ~ ~ . ' , . , ; . ~ ~ ~ ~ ; > y - ~ ~ ~ ~ . ' ~ ~ < ~ ~ . ~ ~ ~ , -  . . . , .: .- ,,  . . . - . . . . . ..*-az&T... : ~ .  .- -. . - . . : . . - ... . 

Date: ~ / I V  /d 'I I Depth 1 Color I Description (Sand, Silt, Clay. Moisture, etc.) 

. ~ , ,~ ~. . I (1) 402 Jar I ,!"~,, .,2s, 
y- 

-. . * .  
-. Mews SW-846 6020 8 Mercury SW-846 7471A (1) 402 Jar , 1 0 
,, ,, *;*. .>.*, .. , , .. ~ . .  . ~ , ,  . .  I I 

, . 
. , 

>.. .. .. ~. ' 
, . . , 

 ale:'- 
N4 

Metfad: 

signature(s): Q-~~,'&.#:~~~,~<~$.:;~:$<+;;$~;::*:!;~;,: .-..-*~:: ....... . ~. . ~ - ~~~ . ~~ ~ . <  ~;:~.;~:~:;;:*:~.~;-::~;~;;;~:$~~f;;:f.~*:~ .~ -.~. ~~~ ~~~ ~. ~~- .. 

Time 

N A 

MSlMSD 
/ 

Duplicate ID No.: 

v 

Depth 

NA 

Color 

N4 
, 

Dewription'(Sand. Silt, Clay. Moisture, etc.) 

N A 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUIG Sample ID No.: 16ssB?$)dZ. 
Project No.: N7448 CTO 0343 Sample Location: l6se 8~ 

Sampled By Te JCCL 

Surface Soil C.O.C. No.: 0073 
I1 Subsurlace Soil 

I Sediment Type of Sample: 
D Other: [XI Low Concentration 
n QA Sample Type: n High Concentration 

....... *. ... vs,,@&DJ,T&.: -:.- ;- - : ,  : :;. .i:.:r.;..<-r'.:, . :.: ;'. .:i "- -: - - 5 ;  . .  . :  >.  :, - . .-.= ........... . - .. - . - .. ~ ?> :,::.L.-.: <-.. -.. .. .;.- ;:-.; .. .;. . . . -  ? --- .- . . % -.r-~- 

Date: @/I /@'I I Depth color I Description (Sand. Silt, Clay. Moisture, etc.) 

Date: r- 4 ~ e p t h  

NA N A NA N A N A 
% ~ - .~ Metticd: 

- .,.,, - - -- -~ . ~ .  .......... ... ~ ,;. 3)"&&, SGpjers~ . 
.'.;*"* $,:>&:,.-,~. ,~ 

': Ye * , ~  . . ,  
. . . . .  . . . . . . . . .  ~ i . ~ ,  (1 402 Jar . . 1,. Ye L - 

Metals SW-846 MnO (L Mercury SW-846 7471A A '. Ye , $-' " "' . 

See 16 SB83 

See Figure 3-2 

c i r c t i j : & n r j p ~ - ~ @ , : ~ ~ ~ ~ . : : ~ p - : ~ ~ ~ ~ ~ ~ : g ~ + ; ~ ~ ~ ~ ' j ~ ~ g ~ ~ ; ~ ; ~ ~ ~ ~ ~ ~ ~ + ~ ~ . ~ ~ ~ ~ ~ ~  ~~ ~~~. ~~ . Sigmturefs,: 

M W S D  Duplicale ID Na: + 

/-- 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

page-.!- of _1- 

Project Site Name: NSWCCRANE. SWMU16 Sample ID No.: i s 3  $3  62#9 
Project No.: N7448 CTO 0343 Sample Location: 16s~ 83 

Sampled By: c c ~  /TI?- 
n Surface Soil C.O.C. No.: 0 0 7 3  
KSubsurface Soil 

Sediment Type of Sample: 
1 Other: [XI Low Concenlralion 
n QA Sample Type. High Concentration 

I I N A N A N A N A N A 

Method: I 

~ . n g i ~ ~ ~ = ~ + ~ ~ ~ ; ~ ~ ~ ~ + ~ i ~ : ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ; ~ + ~ ~ g ~ g g ; ~ ~ ~  ~ - 

M W S D  Duplicate ID No.: ---- ----- 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUl6 Sample ID No.: isss 88dp 62 
Project No.: M448 CTO 0343 Sample Location: tssa 8p, 

Sampled By: TQ / C L L  

m u r f a c e  Soil C.0.C No.: 6073 
IJ Subsurface Soil 
0 Sediment Type of Sample: 
0 Other: 1x1 Low Concentration 
0 QA Sample Type: 0 High Concentration 

See Fquie 3-2 

Signatures): - ~ . .~~~~ . . . . .. ~~~ . . . .. ~ -. ~ 

U9?4SD Duplicate ID No.: 

/--- 



1-1 Tetra Tech NUS. lnc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMUIG Sample ID No.: 16~8 BS62dY 
Project No.: N7448 CTO 0343 Sample Location: 1 6 ~ s  88 

Sampled By: ~e /d L 

n Surface Soil C.O.C. No.: 0073 
mubsurface  So11 
I1 Sediment Twe  of Sam~le: , . 
r] Other: [ X )  Low Concentration 
1 QA Sample Type: I] High Concentration 

Date: 8 ( r ~  (w I Depth . I Cdor I Description (Sand. Silt, Clay, Moisture, etc) 

. . 
Dale.." iim Depth .: Cdor Description (Sand. Silt, clay, ~oisthe,  etc) ' . , ~ .  . . . . 

N A MA N A NA NA " ' 
., . . ~ . ~ 

Method: , . ,  . . . , 

... 

See Rgure 3 2  

si9na,"res): ~~~~~**-pJ~@$L~:~~;-~-~g~~<~:~;~q++~z;;~~~~~<i>$;~::;y-;~;<;~~~;;g~~f~:~:~;~7z~$>~ ~~.~ ~ ~. . . - . - .. . . .. . . 

MWMSD Duplicate ID No.: - 



1-1 Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Projecl Site Name: NSWC CRANE, SWMU16 Sample ID No.: 1 6 s ~  8q +*@z 
Project No.: N7448 CTO 0343 Sample Location: lsss Bq 

Sampled By: CCL /rR 
&dace soil C.O.C. NO.: 0073 
Il Subsurface Soil 

I 
~ ~ - ~ .  ~- - 

0 Sediment Type of Sample: 
Other: [XI Low Concentration 
QA Sample Type: n High Concentration 

-' 
-~~ . .. ~~~~ . ..... ~ 

* & 7 ~ ~ r < * ~  *~ . s*><>e*~~*~~:  

,,. . , . . ,, : $.!gJ..: 1 1 1  , ..% ,+i'. . , :.!$ , :.,' , . . .  (1)4oz Jar . . : . 1. ' . Y o .. , . ~  . ~ 

Date: 8/+i 14 
Xrne: 1256 
M e W :  Wnd Aogrp 

Date:' - 

r N A  

Method: ~. .. . 

. .  . . .  c;;,,;. ~. ) Metals SW-846 WJZO & ~ercury SW-846 7471A : 1 : (1) 4oz Jar :. ... ~- ~ 0 .  ! '~ I 

See Figure 3-2 

Depth 

6- 2 

Time 

N A 

Color 

812~-  / 
oacd.ce 

na-..,..> 

.,, .; hp*.:;'i.!. 

N A 

I 
Cii&-jf*p!@BJ62: ~~~~- .. . ~~ . -~~- ...~ ~ ~ - ;.~~~$~~~ij~i~G-:$~;;i;;i>tt;. ~~ ~ ~- ~~ -~~ -~-;;=-$;:$~.;;S:~z&:~g;~~.~;~~:~;?<:~ . . - ~ ~ ~  . -~ ~ ~ ~~ Signature(=): 

Description (Sand, Sib Clay, Moisture, etc.) 

%id? CUY w ( h % ,  

h l ~ ~  

Color ~ ~A 

N A 

Duplicate ID No.: 
F 

Descriptisn (Sand. Sib ~lay.'Molsture, etc.) 

N A 

.. . - 



1 ~ 1  Tetra Tech NUS. lnc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMU16 Sample ID No.: 16s B 8 q ~ z 4 y  
Project No.: N7448 CTO 0343 Sample Location: issa 

Sampled By: Te /CLL  

0 Surface Soil C.O.C. No.: 007 3 
Wubsurface Soil 
0 Sediment . Type ol Sample: 
0 Other: [XI Low Concentration 
0 QA Sample Type: U High Concentration 

sqdv CLAY WI htl, 

Method H d  4 0 s ~ ~  
Monllor Readlm Im) & .d 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

I I Page- of - 
I 

Project Site Name: 
Project No.: 

1 Surface Soil 
&Subsurface Soil 
1 Sediment 
0 Other: 
0 OA Sample Type: 

NSWC CRANE. SWMU16 
N7448 CTO 0343 

Sample ID No.: 1s Eqcp b V b 6  
Sample Localion: less 9rb 
Sampled By: CLL /J-G 
C.O.C. NO.: 0080 

Type of Sample: 
[XI  Low Concentration 
0 High Concentration 

SlIiy CLAY, 

See Figure 3-2 

Signs,",+): CitelecJrp-@{~@~~~~$~*~~$~gg;~~~gLL:;~ge~~g*g::I-'ii~j-;-:f;;&;Ig~*~~555~ ~~ -.-.-~-#-.~- ~. ,~~~ ~~~~ . ~ - ~ .. .~ ~ ~~ ~~~ . .~~.~ ... = ~~ ~ . ~ ~ .~ .. 

M m S D  
r, 

Duplicate ID No.; 

/ 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMUIG Sample ID No.: IISB q@&b@8 
Project No.: N7448 CTO 0343 Sample Location: IISB 

Sampled By: 
0 Surface Soil C.O.C. No.: 

72%- 
ongo 

mubsurface Soil 
U Sediment Type of Sample: 
0 Other: [XI Low Concentration 
U OA Sample Type: 0 High Concentration 

>> -..; ,. ; :;, :: >-*.=. :~. :);i;j:-...7=~g&;:{;<;,72:;.: :=j:<:.~=.- :. -- -< . . .  , . , ;..: 7.  -:s:..: ..: .--+* .>. . , - ,. -.:: .<=:.>:-T+:**z% - 
oate 8/16/47 1 DV* 1 Cobr I Dexripiion (Sand. Silt, Clay. Moisture, e k )  

oate: ' - Depth I Color I Description (Sand, Silt, Clay, Moisture, etc.) I NA NA I NA NA I NA 

.. ~. 
. ... Monitw Readings . . 

, ~ '~. , . . (mng; in ppn): ,.<:: . ~ : :,$.:.~ . ,. :, ,7~27j:i,. 

. . : . . .  ........ ' ,'; NA . , , , . . ..*. i ' - >>,$ : .'. , ' ~ , .  ... :.. < ,,:.>, j<f.,+ " : ; _ i *.~.., . . . . . . . . . . .  

Metals SW-846'6020 8 Mercury SW-846 7471A . :  , . . ,  

I MSlMSD Duplicate ID No.: 
1 



TetraTech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

p a g e 1  of 2_ 
I 

Project Site Name: NSWC CRANE, SWMUl6 Sample ID No.: 16sB 41 @4@6 
Project No.: N7448 CTO 0343 Sample Location: 1 6 ~ ~  1 

Sampled By. ccL /3-G 
Surface Soil C.O.C. No.: oom 6 

WSubsurface Soil 0001 
Sedimenl Type of Sample: 
Other: [XI Low Concentration 
Q A  Sample Type: .U High Concentration 

Melals SW-846 6020 8 Mercury SW-846 7471A - - r . ,  (1) 4 0 1  Jar 



I=( Tetra Tech NUS, 6: SOIL & SEDIMENT SAMPLE LOG SHEET 

Sediment Type of Sample: 
fl Other: [Xj Low Concentration 
fl QA Sample Type: High Concentration 

Projecl Site Name: NSWC CRANE, SWMU 16 Sample ID No.: 16sB q lU% (bq 
Project No.: N7448 CT0  0343 Sample Localion: 1 6 s ~  q I 

Sampled By: CcL /= 
[I Surface Soil C.O.C. No.: 0080 
R'!3ubsurface Soil 

I 

NI4- 

See Figure 3-2 

Signa,ure(s): -~ - .. . . .. ~ 

MYMSD Duplicate ID No.: - /- 



1-1 Tetra Tech NUS. Inc SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMUIG Sample ID No.: 16Sg 92 0966 
Project No.: N7448 CTO 0343 Sample Location: lsss L 

Sampled By. 
C.O.C. No.: 
A, 

0 Surface Soil 0080 
mubsurface Soil 

Sediment Type of Sample: 
Other: [X I  Low Concentration 
QA Sample Type: High Concentration 

... 
G R ~ . s ~ ~ E . D A , T ~ - : '  . . . . . . . - : .. , ; ,.,. - -:-!-, .:-ijr7- ,. . . :-:;.-., . ';.;.::: .., . :.;:::~..<~:~~,:;;5.;:~.=~~: 2- ;. .,.; .:,:~~.--~;~>?<.:L:~;~g~ . 

Date: $11 b /&v I Deplh Color I Desuipfion (Sand, Silt, Clay. Moisture, etc.) 

1 . , 
, . 

Method: . .. . . . . ..:. ::.: ? . ' . 
NA. I I . .  , . .. , , ,  . . , -  

Monitor Readim!js 

See figure 3-2 

signatures): 

hJ /A 

~il~~Yi~;ePPPfifi&~p~;z~;~11~+~<<if~;i~~iz~~~~~~;;~'i~~;:.~.~jj~~~7 ~ ~ ~ ~ . ~ z - ~ ~ ~ ~ . . ~ ~ 7 = . ~ - - - ~  ~ ~~ .. ~ ~-~ ~~ . -~ . . --.: . ~ ~ +.~ ~~ ~ ~ ~ ,...: rrrr ...: ~ 2 ; :  ~. ~~~z~ . -- . ~~ . ::ii~-::::~*iii~.~;2~i>~:;;: - . I; 

M W S D  

f 
Duplicate ID No.: 



Tetra Tech NUS. Inc. SOIL 81 SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUl6 Sample ID No.: 16s 6 q24608 
Project No.: N7448 CTO 0343 Sample Location: 1 6 s B 9 2  

Sampled By. cc-L /TG- 
n Surface Soil C.0 C. No.: 00- 

Subsurface Soil 

I Sediment Type of Sample: 
fl Other: [XI Low Concentration n OA Sample Type: fl High Concentrat~on 

Scc Figure 32 

Ui&:~<m~!@~<=L&f<:g;$:-~:;-~?g>;~.e+;~.+;;<;fg5&$~: .. ~s . .. ~ ~- .. -~ .... . . ~.~~ . signakur~s): < 
M W S D  

1 . 
Duplicare ID No.: 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUIG Sample ID No.: issgq3t$Y& 
Project No.: N7448 CTO 0343 Sample Location: ISB q 3 

Sampled By. CCL /JG 
u Surface So11 C.O.C. No.: OOQ \ 

S u b s u r f a c e  Soil 
ij Sediment Type of Sample: 
n Other: [XI Low Concentralion 
0 QA Sample Type: U High Concentration 

Dale:'- - . Time Depth Cobr Description (Sand, Sib, Clay. Moisture, etc.) 
. . 

. N A  N A N A N A N A 

Melhod: 

N A  -. *. . - ~ . , ~ :  .. 

See figure 3-2 

Q/#t 

Elir-if~np -~~ltaaltaasII:i~~~t';rii~T .. ~- ~ 
L--i>3&%F*>>--~-x**z;-55+:~*:::--- ~- 11::.3x -~~~~ .~ . ~*~ .. -+;xa ~%*;FG*y . . . . . . n n  g99~*z$f~<T>2~$ .. .. . i-zi% 

' MSlMSD 
/ 

Duplicate ID No.: 

/ 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project S~te Name: NSWC CRANE, SWMUI 6 Sample ID No.: icsg93w8 
Project No.: N7448 CTO 0343 Sample Location: 16ss q j  

Sampled By. e l / / =  
[I Surlace Soil C.O.C. No.: 0081 

&Subsurface Soil 
[I Sediment Type of Sample: 
IJ Other: M Low Concentration 
[I QA Sample Type: 0 High Concentration 

See ngttre 5 2  

I Duplicate ID No.: 



I R ~  Tetra Tech NUS. lnc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUI6 Sample ID No.: IS 6 97 @*8 
Project No.: N7448 CTO 0343 Sample Location: ISFJ g 

Sampled By: ccc /G 
0 Surface Soil C.O.C. No.: 0080 
Wubsurface Soil 

Sediment Type of Sample: 
0 Other: [XI  Low Concentration 
0 QA Sample Type: u High Concenlration 

N A I I . 
. . . . 

". 
Monitcn Readings . . ~ ?  

... .,A". . .: .. : 

signature(s,: c i r c l a i c ~ p r i r c a b @ ~ ; .  - . g  .... 

MSIMSD 

dl--- 

Duplicate ID No.: 



1-1 Tdra Tech NUS. inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

'roject Site Name: NSWC CRANE. SWMU16 Sample ID No.: issg qsrp~(b6 
'roject No.: N7448 CTO 0343 Sample Location: lsss 9 5  

Sampled By: ccc /T& 
U Surface Soil C.O.C. No.: a a a l  

-A1 Subsurface So11 
7- 

U Sediment Type ot Sample: 
U Other [XJ Low Concentration 

QA Sample Type: iJ High Concentration 

ne: 1435 
: t M :  D\spo~pb(e TCcreJ 
mitor Reading (p): 52.3 
#vlp~&-~eyimfj&t~~i ; -  . 

See Fgure 3-2 

Duplicate ID No.: - 



Tetra Tech NUS. lnc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: 16SB 9 5  +6@'F 
Project No.: N7448 CTO 0343 Sample Location: issa 9s 

Sampled By: /T&- 
0 Surface Soil C.O.C. No.: 0081 
mubsurface So11 
n Sediment T v ~ e  of Sam~le: 
0 other: i ~ ]  Low Concentration 
0 QA Sample Type: 0 High Concentration 

Monitor Roadrng (ppn): 5 s  .5 1 . . 1 .  
DAY&-?::: .<<,? >::;: < :g.x.-.e- 2 2.2*z. ;-=F-*:G~:;~=- +<,&%.- .& ,. ... . . 

C L * I V .  ~ .~. . , . . -.:-.--.-..; L.---y2.-.> * -2yr7.=.. ~&~~.F*--;:<>::-:.::.'.'.. : . .' 

, . ~  . ,. 

~ ~ ~ ~ g 6 ~ - z ~ z ~ ~ ~ r - ~ 3 L F k ~ ~ f & ~ ~ - ~ = ~ ~ ~ : i ~ : ~ ~ ~ ~ - ~ ~ ~ ~  i-TcFFy**- alT- =7+zzz>s ~ - = s ~ ~ : ~ < :  :rr=7 ~ ;;zzzgTz 5 
-- -..-*.-: *..-.* ~~ ~ . = - * : ~ ~ ~ - ~  ~ ~ ~ - ~ 2 ~ + - i ~ - - : - - - ~ ~ ~ ~ t - i i ~ ~ ~ ~ ~ ~ i i 2 ~ ~ i i i j a ~ 1 ~ & ; ~ ~ 5 ~ z ~ : ~ ~ ~ ~ ~ ~ & ~ i ~ - ~  ~ - ~ -  ~~~~~ ~~~ ~ ~- 

Description (Sand, Silt, Clay. Moisture, etc.) 

.$\II./ CLOY W I + ~  P d  colwc4 
S t o ~ r S .  

Date: 8/16/49 
Time: . I YYS 
Memod: D t ~ p s - b l e  7 - e ~ ~ )  

signatuws): S i ~ I e e R ~ p ~ - ~ & ~ ; ~ & . ; ~ ~ g ~ : ~ ~ ~ . ~ ~ ~ ~ ; ; r _ i $ + ~ ~ ~ ~ : ~ ~ ~ - ~  :$:~::~.~~.;+~$~~~~~g~~ ---- .- -~ ~ 

Depth 

6 -3' 

MSlMSD - 

color 

 OR&^ 
B W '  

Duplicate ID No.: 

7~ ~ 



Tetra Tech Nt.J.5. lnc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

0 Surface So11 
rnubsur lace Soil 
0 Sediment 
n Other: 
0 QA Sample Type: 

NSWC CRANE. SWMU16 
N7448 CTO 0343 

Sample ID No.: i6sg 9 6 4 4 6  
Sample Location: tsss q6 
Sampled By: / ~ 6 -  
C.O.C. No.: 0081 

Type of Sample: 
[XI Low Concentration 
0 High Concentration 

. ~g~:~~-~~~$&g*:~g&~&~~~&~-~~y=-~-~;e:y~:&3c~ ~ rc.;+ss*!s<&;<i;2 ~ ,~5~222s~;;~,~,:z~,~sz*:%~~~e& -. = 
~ ~ . . . . +-.-- , ~ ---rc-, .*.= *:+*= F:z=*~=~s7w+ :~~2::~~::~:~ ,?.? - ~ ~ 2 ~ ~ < ~ - ~ ~  - -= _ .?>.> 

ulh- 

q~~jf~si~fq~<,~1~;~i~~+.~%~L~~-~<~+r+~7~+~;~g~~~27~;~rs;-22g~j2g-~s~~j~ ~ . - ~ . . ..~ ~~~ .. , .. . ~.~.~..~~Z:~+-:.~.T,~:Z~.-~=-++~~~~.~-~ . --~~ ~ . . ~  .~ ... ~ . 

M W S D  Duplicate ID No.: 

T 

Dale: B 
Time: 1s 24 
MB~~KXJ: bdpeble  r-) 

See figure 3 2  

s ~ ~ ~ ~ ~ ~ H ~ ) :  

Depth 

Y - 6 

Color 
e c ~ e m c  
-4 
mansPb 

Descfiption (Sand. Silt, Clay. Moisture. etc.) 

Swtv C L & ~  



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

p a g e l  of I_ 

Project Site Name: NSWC CRANE, SWMUl6 Sample ID No.: 16s 096-8 
Project No.: N7448 CTO 0343 Sample Location: l6sB 96 

Sampled By: cr~. 1% 
fl Surface Soil C.O.C. No.: 008 I 

WSubsurface Soil 
fl Sediment Type of Sample: 
fl Other: [XI Low Concentration 
fl QA Sample Type: fl High Concentration 

@ A t f ~ 4 ~ ~ ~ 5 r e - g ~ * ; j ~ - ~ ~  =s.=c-*.* =-.=-. ~~ =*- =-*-.=*;;* -*=+*-~ -7<>..Tvm...-, ~*--: -..-..=..--. ..*:~ .--. .?.~ T--=v.T=% 

Date: 8/16/Q6 Y Depth Color Description.(Sand, Sin, Clay. Moisture, etc.) 

Time: ' 152s ~ ~ L L + J G €  
BR0ruF.r 

'Sn1t-r CLAY,  
MeUlod: D~po5=-ble TCwcl 6 -  8 ' ~ . ~ r r f b  
M c m h  Readina fmt q. q GUM ~. , . ,  - ,. 7 , , - , , - 

_? _ .  .-i.i;..:.iii_ w- . T.iiii- j_-._- <v. 2= .= .:>> zwzz+ .~.. -..- --=-. =--- --.- T:T-;G~;;:?&II .- . :,-..L;- -=: - -- . , .- . . .... . . ' .. . . . . . . . . . . - 
Dale:.: -' lime Deplh ' Color I Description (Sand. Silt, Clay, Moisture, etc.) 

See Figure 3-2 

c i~EE iE~mj~m~:%s~~7+~~+s~~~L= ;~7= ; :~~+~ :~<~~~~ ;~~~~~ ;~ i  ~ .. ~ ~ ~ - ~ .  ~~ . ..~.. .. '.z-:z ~ ~ . :=-~-a-.-:-~7.. ~- ... .%z.~z::.3:.~~+z72.e15zF *-~.~ .. ~~ .. ~ . .~~ ~ -~ - ..: . ~~~ . :...~~...~ . ~~ ~ ~~ ~ sisnat"rr(s): 

YSMSD Duplicate ID No.: 
/ 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUI6 Sample ID No.: 16s 0 ~+ IPV& 
Project No.: N7448 CTO 0343 Sample Location: rsse q ) 

Sampled By: CCL / ~ c r  
0 Surface Soil C.O.C. No.: ooBl 

&Subsurface Soil 
0 Sediment Type of Sample: 
n Other: [XI Low Concentration 

QA Sample Type: 0 High Concentration 

DRAB sAM~LZ;oAT&~..::, , . , . ,  : ' : . ,  . , , ,  , : . ' . I '::: --.. ., :.;.> =i<..::,:i,: . . 
Ode: B/l&lq+i I bfi I Cdor  1 'bsmiption (Sand. Silt, Clay, Moisture, elc.) 

@~- -; --.-. ~ .~; - .r:~~,; -:- ,~~ . . - --.- '"" . . .%.>~ >-:; ...~.i,'( ~ ~ . * ~ ; . ~ - - = ~ -  :"...i ~.. . . . -  ,_,.,,; ,:+>%;-&, 

See Figure 9 7  

Signature(s): 

. - 
Duplicale ID No.: 

4 



Tetra Tech NUS. lnc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMU16 Sample ID No.: ISB 93+6@+ 
Project No.: N7448 CTO 0343 Sample Location: l S B  77 

Sampled By: CLL /T& 
Surface Soil C.O.C. No.: 0 0 8 (  

wubsur face Soil 
Sediment Type of Sample: 
Other: [XI Low Concentration 
QA Sample Type: High Concentration 

Date: 8 116 /@ 9 
Time: IS55 
Me-: otsp-bl, yr,) 

Depth 

6 - j~ ' 
Color 

O m €  
BRW 

Description (Sand. Silt, Clay, Moisture, etc.) 

SILT W /  SII)S+DYC G W , C I . ~ ,  



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUIG Sample ID No.: i 6sS98  @I*Z 
Project No.: 

- 
N7448 CTO 0343 Sample Location: i6se 9 8  

Sampled By. ceL/fG 
wur face  Soil C.O.C. No.: 0 0  80 
fl Subsurface Soil 

Sedirnenl Type of Sample: 
(1 Other. [XI Low Concenlration 
0 QA Sample Type: n High Concentrat~on 

;:- .:"~~;-~.:;:=;;J::~;~+.;~g;~:;;~~;~5.~:~~::::~:~?;+~~:~~:..~<;*;~~.-~~~~:=~:~~=:.~?~. .. . - -.. -. ? . ~  : : . :.?:,::::>~&=&+&Y -.-. .-: -4 
1 Depth 1 Color I - Desuiption (Sand, Silt, Clay, Moisture, etc.) 

,- 

S& figure 32 

~~-~*r~p,i~~w;~$~g33is~2~xs~:*~i*z~;*~ * ~ = ~ : > : L ~ 2 z ~ . G ~ ~ ~ ~ ~ + ~ F & ~ & ~ ~ ~ ; ~ ~  
. . . =  = . ,  Signature(s): 
MSMSD' Duplicate ID No.: 

/ / 
. 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

p a g e 1  of I 
Project Site Name: NSWC CRANE, SWMUt6 Sample ID No.: 16s B 98 @ 266 
Project No.: N7448 CTO 0343 Sample Locat~on: i s 6  qe 

Sampled By: Cr.L /sk 
Surface Soil C.O.C. No.: 0080 

aCSubsurface So11 
0 Sediment Type of Sample: 
n Other: [XI Low Concentration 

QA Sample Type: High Concentration 

. . . . .  
- - -. .......;.... ......... . . . . . . . . . . . . . . . . . . . .  . . .... .. . .  : :  : - 7  . . .  ;: . ,.= : ... ...... .. .................... -. . > . -7.- -.: ...... . . . . . . . . .  .i .Ti.T . . . .  

Dale: a16b5C) ! Depth Color I Description (Sand. Silt. Clay. Moisture, etc.) 
e r r n u  SII+ CLhY. 

Memod: D B F ~ & ~  rib*\ 
Monitor R e a d i i  1-k rf .Z .. ., ,. . 

.-,,.. 
Time : Depth . . ~  :, color :. Desaiption (Sand, Silt, Clay. Moisture, etc) 

N A N A N A NA.'~' . . . 'NA  
. . 

Method: 
, 

. . . . . . . . .  . : . .  

Duplicate ID No.: 

7 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: 16s 048+6@7 
Project No.: N7448 CTO 0343 Sample Location: I sse 8 

Sampled By: CrL /36 
Sudace Soil C.O.C. No;: 00 90 

KSubsudace Soil 

I 0 Sedimenl Type of Sample: 
Other: [XI Low Concentration 

0 QA Sample Type: [I High Concentration 

N A - 
Monitor Readings . . .. --- 

,P 
. . . ~~ 

(Ransginppn): ~ . .. t ..,..I 
. ~ t? ~ ~ , , . , :. . . ,.:.. . , 

. - NA . 1 ,  ~~ 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUl6 Sample ID No.: l6sS qq +l#Z 
Project No.: N7448 CTO 0343 Sample Location: i6se qq 

Sampled By: CCL /TG 
m u r f a c e  So11 C.O.C. No.: 0 0  80 
0 Subsurface Soil 
0 Sediment Type of Sample: 
0 Other. [XI Low Concentration 
0 QA Sample Type: 0 High Concentration 

. . . .  . . . . . . .  . . . . . .  N A I . NA ' I NA ,';..~. : 

I . ~ .. . . . . . . . . . .  . . : 4 , .  
Method: .*+< .~ ~ 

. . I I Pcrccnt Moisturo 

MCOls SW-046 & Mer~vry SW-846 7471A (1)40zJar ' 

See Figure 3-2 

N 14- 

( ; ~ , ~ t w r r r g ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ; ~ ; ~ ~ ~ ; ~ ~ j ~ ~ ~ ~ ~ g ~ ; ~ : r - ~ . $ ; ; . ~ + ~ ~ ~ - ~ ~ ~ ~ ~ ; ~ : ; i ~ ~ ~ ~ ~ ~ ~ ~ ~ + - ~ ~ ~ ~  .~ ~ ~~. ..... . . . . . . . . . . .  

MyMSD 
7 

Duplicate ID No.: 

/ 



I R ~  Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

I Project Site Name: NSWC CRANE, SWMUl6 Sample ID No.: 
Project No.: N7448 CTO 0343 Sample Location: IFSB qq 

I 0 Surface Soil 
WSubsurface Soil 

- ~ - 

Sampled By: CLL- 776- 
C.O.C. NO.: OQ ao  

I fi Sediment T v ~ e  of Samole: 

I 
,r 

[j Other: [ X J  Low Concenlration 
n QA Sample Type: U High Concentral~on 

Sll+v c l a y .  

See Figure 3-2 

MSiUSD Duplicate ID No.: I - I  



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

p a g e l  of 1 

Project Site Name: NSWC CRANE. SWMU16 Sample ID No.: 16SB 994688  
Project No.: N7448 CTO 0343 Sample Location: lsse qq 

Sampled By. CCL / ~ k  
IJ Surface Soil C.O.C. No.: 00 80 
&'Subsurface Soil 
0 Sediment Type of Sample: 
n Other: [XI Low Concentmtion 
n QA Sample Type: n High Concentration 

Monitor Readings, . . .~ :. ,, 

(Ftange in ppn): ,' ;. > ..:, -..:.9s,**;. 
,~,: .. >,,:.<,? ' ' A ,  . .. , . . . ~  , ',. ~ ~ . . . , ' .  . , , ,  , 

.-A~+p'.; ( NA '*,: ' , ' 
, - ,$% .~ ,$ ?< . . , ~ , ,  ;; ,. .. ..., .:'.:.i:.-.::, ..~.' ' . . . . .  ~ . ,  , , " 

, . ... . ,, ~, ,, , , , ~  . ~ 

, ~ ,... . ,, .<*;2* .*b': 

. . ., > ~datiles SW-846 80158 1 . z (9 Encwe Samplers 

I ,. .. Percent Moisture (1) Qz'Jir ~ . j . ~ :  

Metals SW-846 6020 8 Mercury SW-846 7471A (1) 401 Jar y e a  . , .;. . 

See Figure 3 2  

~ ~ r ~ ~ : j f ; ~ p p ~ ~ g ~ ~ ~ ; ~ ~ ~ ~ ~ ~ ; ~ ~ ~ ~ ~ ~ ~ f ~ ~ ~ i , ~ ~ ~ = ~ ~ ~ ~ $ ~ ~ ~ ~ ~ . ~ g ; ~ ~ ~ ~ : ~ . : ~ ; ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ = ~ ~ ~  ~~ -~ . ~~. ~ .. ~~~~ ~~~-~~ ~ ~ . . .  ~. .~. ~ ~~ 

MS/MSD Duplicate ID NO.: - - 



APPENDIX C.2.1 
SWMU 16 

SEDIMENT SAMPLE LOG SHEETS 
ROUND 1 



Tetra Tech NUS, Inc. SEDIMENT SAMPLE LOG SHEET 

/ 1 Page- of 

NSWC CRANE Sample ID NO.: 1 6 ~ ~  
N9060 CTO 0279 Sample Location: 1 6 s ~  02- 

C.O.C. No.: 

Type of Sample: 
[XI Low Concentration 

u QA Sample Type: 1 High Concentration 

Signaturefs): ~ i ~ ~ l e i r , , + , ~ l m ~ + .  7 6 -  i . . , , , . ~ : 

MSmSD 
_Z 

Duplicate ID No.: 
___C 



Telra Tech NUS. Inc. SEDIMENT SAMPLE LOG SHEET 

/ Page- ot - 
I I 

Project Site Name: NSWC CRANE Sample ID No.: issoC3ooo4 
Projecl No.: ~ 9 0 ~ )  CTO 0279 Sample Location: - isso o , j  

Sampled By: T Rojahn 
0 Surfacg Soil C.O.C. No.: d Y 8 Z  

Subsurface Soil 
[XI Sediment Type of Sample: 

Other: [XI Low Concentration 
0 QA Sample Type: [I High Concentration 

Reler to ngure 3-3 ol the QAPP In CTO 0166 

Signature(s): Cgd~eJf ~ @ ~ ~ ~ ~ ~ ; ; ~ ~ ~ ; & ~ ~ ~ ~ ~ ! : ~ ~ ~ ~ : ~ ~ ~ ; ; ; ~ ~ i ; ~ ; f ~ < ~ ~ ~ - ~ ~ ~ i ~ - + ~ ~ ~ ~ ~ = ~ ~ ; ~ ; ; ~ : i ~ ~ ~ 1 ~ ~ ~ ~ 1 ~ ~ ~ . ~ ~  . . . .  

MS/MSD 
7 

Duplicate ID No.: - 



Tetra Tech NUS. Inc. SEDIMENT SAMPLE LOG SHEET 

Paae 'of 
/ 

Project Site Name: NSWC CRANE Sample ID No.: issrr- 
Projecl No.: N90W CTO 0279 Sample Location: i 6 s w e  

Sampled By: T. Rojahn 

U Surface Soil C.O.C. No.: o g g z  
[I Subsurface Soil 
[XI Sediment Type of Sample: 
1 Other: [XI Low Concentration 
1 QA Sample Type: 1 High Concentration 



Tetra Tech NUS. Inc. SEDIMENT SAMPLE LOG SHEET 

/ / Page- of 

'roject Site Name: NSWC CRANE Sample ID No.: i~suo6cw 
'roject No.: ~9060 CTO 0279 Sample Location: 

Sampled By: T. Rojahn 
(1 Surface Soil C.O.C. No.: 098Z 
0 Subsurface Soil 
[q Sediment Type of Sample: 
I] Other: [XI Low Concentration 
[) QA Sample Type: 0 High Concentration 

Refer to Figwe 5 3  of ihe OAPP fa CTO 0166 

i r ~ t k : i f : I v , ~ S ~ , ~ : ~ ~ c ~ g ~ f ; ~ f ~ ~ ~ g ~ $ ~ ~ ~ ~ f ~ ~ ~ ~ t - g ~ ~ ~ ~ ~ ~ ~ f ~ ~ s ~ ~ ~ $ ~  -~~ . ~~ --- .... ~ ~ 

~ i ~ ~ ~ t ~ ~ ( ~ ) :  

M ~ S O  Duplicate ID NO.: - 



Telra Tech NUS, Inc. SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE Sample ID No.: I~SD& 

Project No.: ~9060  CTO 0279 Sample Location: 1 6 ~ ~ 0 6  
Sampled By: T. Rojahn 

0 Surtace Soil C.O.C. No.: o?%L 
11 Subsurtace Soil 
IX1 Sediment Type of Sample: 

I other: [Xl Low concentration 
0 QA Sample Type: U High Concentration 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : + ~ ~ ~ ~ ~ ~ . ~ ~ ~ . ~ & ~ ~ 1 1 ~ ~ ~ ~ f ; . ' ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ 1 ; ~ ~ ; : : ~ ~ L L ~ F ~ : ~ ~ . ; . ~ ~ ~ ~ : ~ ~ ~ ~ j ~ ~ ~ ~ ~ ~ ~ ~  ? . : ~ ~ ~ . ~ ~ + ; r ; ~ ~ s ' ~ z ; i 3 ; ~ ; ~ < ~ ; ~ e ~ ~ ~ ~ ~ ~ & + ~ . , ~ S ~ ~  ................. ...; ? ... ~.;-...+.-r.~is;$..z2%17~ . -E~.-_.*. ...----. ~.~-=-; .................. ~.-?..---- -=- ......... .- 
~~~ ~~ ~ . , , .  , ~. .......... ., ....,........ . .  , . . . . . . . . . . . . . . . . . . . . . . .  

Date: 6 11/03 ! Depth Cdor I Descriptioo (Sand. Sill Clay. Moisture, etc.) 

Time: I 5d- 

Refer to Rgure 3 3  of lhe QAPP lor CTO 0166 

- ........ . -%*~;rTz:~~z:=lT > 7=s;<;-z7T :<-:~ :<.3=r-*&7*.* ~:-~&.:* .-.; . .*z<<.:ea ... ..+ .% .:=.*=:** . -.~~~~- ~ ~ ~ : ~ ~ ~ T  :~z2:; 5>F7::T ~ J : ~ ~ ~ ~ ~ ~ ~ ~ : ~ z ~ ~ s . ~ : ~ : . = ~ ; :  Signature(*): :. ~~.~ ~ . ~ ~ ~~~ ~~ ~. ~ . . . . . . . . .  

Duplicate 10 No.: 

FP 0 q o / O  3 0.2- 



Tetra Tech NUS, Inc. SEDIMENT SAMPLE LOG SHEET 
/ / Page- of - 

I I 
Project Site Name: NSWC CRANE Sample ID No.: 16sDd&cm 
Project No.: N9060 CTO 0279 Sample Location: isso.+ 

Sampled By: T. Rojahn 
I] ~uriace Soil C.O.C. No.: n9&z 
IJ Subsurface Soil 
[XI Sediment Type of Sample: 
I] Olher: [XI Low Concentration 
fl QA Sample Type: I] High Concentration 

GRAB. SAMPLE DATA: . '. . . . . . . . . . . .  . . .  . . . . _.. . .. .. .. ..: - . . . .  

cute' 4///03 I DePul 1 Color 1 Description (Sand. Silt  Clay. Moisture, etc.) 

C/4rcy 5-i'f &71"k7,4u c 

eaz. Glass Jar 

Refer to figure 3 3  of the QAPP for CTO 0166 

,+):. 

> 

~r*?~.*pP~,F%fl--~~s - . ~~~~ .~...~ ~~ . .. ~ 
'i-----: ~ ~ ~- +?: . ; ; . .  ~ ~ . . .  I~~~~I~;~~-~B,;~<~=~<~Ti:;i~~~~~i<~~~.~~~~~~Z~=;~~~<~I~~~: -_ . .~,.~--::~::E?--I. ~ ~ ~ - =  

MYMSD - Duplicate ID No.: - 



[-rt] Tetra Tech NUS. Inc SEDIMENT SAMPLE LOG SHEET 
/ 

Paae of 

Project Site Name: NSWC CRANE Sample ID No.: 16SDU90034 
N9060 cTO 0279 Sample Location: 1 6 s ~  0 9  

fl Subsurface Soil 
Type of Sample: 

[XI Low Concentration 
0 High Concentration 

Metals (6020) 6 Hg (7471A) I (1) 802. Glass Jar I I 
Me& (6020). Hg (i'471A). TOG. CEC, p H 6  AVSJSEM I (1) 802. Glass J.ar 

I I I 

Signature(*): cj*pi~;mppl~~y*~$=:~~*~*~~=*;~;~~~~~==g~~-;~~~~g*~-~~~-&~g~~~~~~f* .. ~ ~ ~ ~ - .~  . . 

MYMSD 
/ 

Duplicak ID No.: 



Tetra Tech NUS, lnc SEDIMENT SAMPLE LOG SHEET 
u / Page- of - 

~-~ - 

Project Site Name: NSWC CRANE Sample ID No.: 1 6 ~ ~  iaooo4 
Project No.: ~ 9 0 ~ )  CTO 0279 Sample Location: I ~ S D  lo  

Sampled By: T. Rqahn 
fl Surface Soil C.O.C. No.: 
0 Subsurface Soil 

ogat 

IX I  Sediment Tvoe of Sarnole: 
b bther: ;A] Low  ohc cent ration 

QA Sample Type: n High Concentration 

~ ~ ~ ~ 5 ~ ~ ; ~ ~ ~ : * e ~ : ~ ~ ~ s ~ ~ ~ ~ ~ ~ + ~ ; ~ ~ + - ~ ~ ~ ~ * ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  .~A~~~--F*~>...~*:7~- ~=~~ . ~ - - ~ ~ ! ~ . ~ ~ . ~ ~ = - ~ - - ~ ~ . - .  . .~  ~ .... .~ 

Refer to Figure 3 3  of me OAPP for CTO 0166 

a,,nature(S,: 
M W S D  DuplicaIe ID No.: - 



Tetra Tech NUS. Inc. SEDIMENT SAMPLE LOG SHEET 

/ 1 Page- of - 

Project Site Name: 
Project No.: 

fl Surface Soil 
n Subsurface Soil 
[XI Sediment 
fl Other: 
I] CIA Sample Type: 

NSWC CRANE 
N9060 CTO 0279 

Sample ID NO.: 1 6 s ~  i Lm 
Sample Location: l6sD I 1  
Sampled By: T. Roiahn 

C.O.C. No.: 098L 

Type of Sample: 
[XI Low Concentration 
1 High Concentration 

Refer to Figure 3 3  of the OAPP for CTO 0166 



APPENDIX C.2.2 
SWMU 16 

SEDIMENT SAMPLE LOG SHEETS 
ROUND 2 



Tetra Tech NUS. Inc. SOIL &SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMUIG sample ID NO.: / 6 ~  12 Do0 Y 
Project No.: ~ 9 0 6 0 .  CTO 0279 Sample Location: JLSD I Z  

Sampled By: W I LZC 
u Surface Soil C.O.C. No.: 43// 
[] Subsurface Soil I D(I Sediment Type of Sample: 

I other: [XI Low Concentration 
U QA Sample Type: n High Concenlration 

GRAB SAMPLE DATA: 

0atp 10 - "5- 0J I Depth I Color I Descrlplion (Sand, klt. Clay. Moisture, etc.) 

Time: m r / l T  I 0-4"' 
Method:D&. l-&wh c I S I L T  d A ~ 0  

in 1 c - r  

Method: 

N A 

Monitor Readings 

(Range in ppm): 

N A 

Date: Time Depth 

Ci '& i f f tppl lm~: -  ;.73:~:~.- =: ~l:-!~;_l'5':;-T~' '' , < : , -  ' ' , . . . .  .~~ ~ 

MSMSD - 

Color 

N A N A 

Duplicale ID No.: . 2 

Description (Sand. Silt, Clay. Moisture, etc.) 

N A N A N A 



Tetra Tech NUS. Inc. SOIL &SEDIMENT SAMPLE LOG SHEET 

NSWCCRANE. SWMU I6 

N9060, CTO 0279 

C.O.C.  no^: 

Type ol Sample: 
[XI Low Concenlralion 
U High Concentralion 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

/ / Page- of - 

Project Site Name: NSWC CRANE. SWMUl6 SampleIDNo.: / 6 5 Q i C . ' o e *  
Project No.: ~9060, CTO 0279 Sample Location: 6 5 0 / p 

Sampled By: /'?< 
[I Surface Soil C.O.C. No.: 4807 
U Subsurface Soil 
[XI Sediment Type ol Sample: 
[I Other: [XI Low Concentralion 
U QA Sample Type: 0 High Concentration 

GRAB SAMPLE DATA: I 
Date: /d/Ly/O 3 
Time: (T/O 
Melhod: p>,,, 7~. .-, = / 

I Monitor Readings 

(Range in ppm): 

Date: 

N A 

Method: 

I I .Container Requirements I Collecled I 

Depth 

4 /' 

Expbsives 6 Miscellaneous Eqhsives SW-846 gUO I (1) Q z  Jar I J I 
Mews SW-846 -8  MfrcurySW.846 7471A 1 (1) 402 Jar J I 

Time 

N A 

Iselected Ion Monitwing - PAHs 1 (1) 402 Jar I I I 

Color 

8 x A  

Description (Sand. Silt, Clay. Moisture, eh.) 

5,/fj -rsc 5r-f C-WL/ 
~ * f u x  -+A/ 

Depth 

N A 

Color 

N A 

Description (Sand, Silt Clay, Moisture, etc.) 

N A 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMUIG Sample ID NO.: (6 9O /jd&SL 
Project No.: ~9060. CTO 0279 Sample Location: / 6  5 P /-j- 

Sampled By: &'c 
[] Surface Soil C.0.C. No.: 4 8 0 7  
I] Subsurface Soil 
[XI Sedirnenl Type of Sample: 
[] Other: [XI Low Concentration 
0 QA Sample Type: (1 High Concentration 

pyur. 

... . 
f : : . . . . :  , {  . .- ~ ~~~ - SigMtur$s): 

MYMSD 
F 

L 

Duplicate ID No.: 
7 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

/ '  Page- of - 
I 

Project Site Name: NSWC CRANE. SWMU 16 Sample 10 No.: / 6 S D  / 6  
Project No.: ~9060. CTO 0279 Sample Location: /A50 4 

Sampled By: . MC 
[I Surface Soil C.O.C. No.: +do7 
[I Subsurface Soil 
[XI Sediment Type of Sample: 
[I Other: [XI Low concentration 
fl Q A  Sample Type: U High Concentration 

GRAB SMlPtE DATI: - 
Illate: /NA q L  03 I Depth I Color I Description (Sand. Silt, Clay, Moisture. etc.) 

Time: / ? 3 O  1 4  I / I C / y y  r2/+ 
Method: a ~ ~ w c /  I DLM vL7 
Monitor Reading (ppm): - I I I 
~ ~ - ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ & ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ $ ~ l ~ 5 ~ ~ ~ ~ ~ ; ~ = ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ; ~ i ~ ~ . ~ ~ ; ~ i ; ~ ~ ~ . ~ ~ ~ , * ~ > ~ & ~ ~ : ~ ~ ~ ~ - ~ . ' ~ : . ~ ~ ~ . ~  ~- .~ . ~ . . . ~ - -~  ->--. ~~ .~ ~ ;~$::;:::i;g;,<:;?::$.';:> :.g<g+g;$cg~<j~;<$:<:~j~~.~~; 

. ,. -. . ,. ~~. ,. . ..... ~ ~ , ~. . .. ~ ~~~ .. ,%:~ 

Date: Time Depth Cnlor Description (Sand, Silt, Clay, Moisture. etc.) 

N A NA N A N A N A 

Memod: 

I Monitor Readings I 
(Range in pprn): 

I Analysis I Con ta im Requirements 1 I Other 

Explosives 8 M i c e l l a m s  E@ouves SW846 8330 1 (1) 401 Jar Y I 
MeWs SW-Mi3 W2U 8 Mercury SW-846 7471A 1 (1) 402 Jar I J 

Iselected Im Monitoring - PAW I (1) 402 Jar I I 

CiWe if AppIicijble : . . :; ~ : ~ . . , 

MSIMSD - Duplicate ID No.: 
7 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 
/ p a g e l  of - 

NSWC CRANE. SWMUl6 Sample ID NO.: / 6 5 ~ / 7 o o q  
N9060. CTO 0279 Sample Location: /dro 17 

Type of Sample: 
[XI Low Concentration 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 
/ ~ a g e /  of 

Project Sile Name: NSWC CRANE. SWMUIG Sample ID NO.: /d 5C) /200oq 
Project No.: ~9060. CTO 0279 Sample Location: 

Sampled By: m4 I*/ A'c 
0 Surface Soil C.O.C. No.: -9% 07 
[I Subsurface Soil 
[XI Sediment Type of Sample: 

Other: [XI Low Concentration 
U QA Sample Type: [I High Concentration 

Gm:SAXpm~liATA; .-.~:-.- ::.; 7_:,.~L,.:. ~~~ 
. . ~ .  :;. ~ :. ~ . ~ , .~ ~- . . . ~ ~ . ~  .~~ ~ :--.. -~ ~. . ~ . . ~  - - ~ 

~ ...~.. 
~ ~ . . .  . ~ 

~ . - .~~~~ 
~ .. ~. . ~ ~ : . ~  ~ . . ~ - . s ~ . . ~ : ~ = .  .~ . . . . .  ~ 

~ . ~~ .. . ~ - --. . . . .. ~.~ ~- 
, .~ . . .  . .. .. ~ . ~ - ~ ~  ~~ ~ ~ . ~ 

. ~ ~ 

~. ~ , ~ ~ 

. ~ . . ~  , = : ~ .  .... ~ . .  . ~ .~ ~~~ ~ ~~~~, . . ~ .  .. ~ 

Expbsives L Misdanrous Explosives SW-846 81Yl I (1) 401 Jar I J I 
Metals SW-846 6020 6 Mercury SW-WG 7471A 1 (1) 401 Jar J 1 

Date: / "/z f / 6  3 
/p/* Time: 

Method: - DJS %awe/ 
Monitor Reading (wm): - 
Date. 

N A 

Memod. 

N A 

Monltor Readlngs 

(Range m ppm). 

l~elected Ion Monitwing - PAHs I (1) Qz Jar I 4"' I I 

cirw ir~weam~ ~~; 

~ ~ - =  ~. .-. ~ ~. .- , ~ ~ .  .: . ~ = ~  ~-.: .,-,,.. ~ ~ . 
~. . . ~  

- . ............ . 
- ~ ~ ; ~ ~ ~  :*. -~ ~~~. ~ ~ ~ ~~ ~~ 

- - ~ ~ ~ ~ ~  . - -  - . . . ~ - ~ : ~  ~..: ~ ~ : ~ . - ~ - ,  . ~ ~ . :  ~-~ ~~ .. . Signature(s): ... ~~ 

~. . . .  ~ ~~ 
~ . . ~  >~~ ~ . ~ .  . ... ~~~~ ~~ ~ - ....,.. ~ ~ . . ~ ~ . .  . ~ .  ~ . ~ 

MSMSD Duplicate ID NO.: - 

~ ~ ~ ~ ~ ; ~ g ~ ~ i ~ ~ & $ 3 ~ : g ~ f ; ~ ~ ~ ~ ; ~ : ~ $ ; - ~ ; $ ~ z ~ ~ ~ ; : ; ~ g $ - ; $ ; = ~ g ; ~ $ .  ~. ~~ ~ - ~ -  ~ .... ::ii:: : : ; ; ;~ ; -~ ;~ : ; . ;~ j~~,g~ i -~ ; ;> ;~~~$&*~~g~*~~~~g ,.. . I+i*:ei-~:i.:.;.~. 

l ime  

N A 

Description (Sand, S i l l  Clay, Moisture, etc.) 

6?*/<c r,w/ 4 G-"uc/ 

54 b4.4 fir J 

Depth 
4 " 

Color 

~ 4 r J  

Depth 

N A 

Color 

N A 

Description (Sand, Silt, Clay, Moisture, etc.) 

NA 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

/ / Page- of - 

Project Site Name: NSWC CRANE. SWMUIG Sample ID No.: i65 D / 9  0004 
Project No.: ~9060.  CTO 0279 Sample Location: 1 6  50 I 7 

Sampled By: FLJ 
U Surface Soil C.O.C. No.: $807 
[I Subsurface Soil 
[XI Sediment Type of Sarnple: 
[I Other: [XI Low Concentration 
[I Q A  Sample Type: U High Concentration 

~~ ~~ - - - ~ 

GRAB SAMPLE DATA: . . . . . . 

0ate /0/~4/ ' 3  1 Lkpth 1 Color ( Description (Sand. Silt. Clay. Moisture, etc.) 

Memod: 13,s' + 
Mmitor Reading @pm): -- 

I Mmibr Readings 1 
(Range in ppm): 1 I 

Date: 

N A 

Method. 

o-- ~ 

- .  
Dan. r 

~ M T P a S r t E : 9 ~ p ~ @ g & ~ ~ ~ ~ g ~ ; ~ ~ ~ ~ - B ~ g f ~ ~ ~ ~ i ~ & ~ ~ ~ ~ : ~ ~ ~ ~ ~ i f ~ i ~ : ~ : ~ ~ ; ~ f f ~ g ~ ~ ~ ~ ~ ~ g ~ ~ s g ~ : 5 ~ 4 t E ~ ~ i ~ ~ ~ ~ i r ~ 5 X z + f F ~ j P ~ ~ ~ ~ ,  ~ . . . , , .. . . . ~ ~ - ~  ..... ~. :. .+....~.-~.. 

time 

NA 

',.~ 
D~P*  

N A 

Cokn 

N A 

Description (Sand. Sill, Clay, Moisture, etc.) 

N A 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMUIG 
~9060. CTO 0279 Sample Location: 

0 Subsurface Soil 
Type of Sample: 

[XI Low Concentration 
0 CIA Sample Type: [I High Concentration 



Tetra Tech NUS. lnc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Sile Name: NSWCCRANE. SWMU16 Sample ID No.: 2 / ~ o d q  
Project No.: ~9060. CTO 0279 Sample Location: / ~ / p  r /  

Sampled By: MC /c&/~;c 
1 Surface Soil C.O.C. No.: 4 8  07 
n Subsurface Soil 
[XI Sediment Type 01 Sample: 

Other: [XI Low Concentration 
U QA Sample Type: U High Concentration 

Signaturefs): 
~ -. 'Cir*.ifAi)pli csb*>..' . -  ~.~~ 

- ~ .~ ~ . ~ ~ - -  -~ . .  
. . . ~ .... .~ . -:-:... ~ 

~~ . ~ 

~ .... : ....,. : ~~. ~ .- ~ ~ . . . . ~ . . ~  .. .~ ~ ~ . ~ - ~ ~ ~ . ~ . . ~  ~. .. . ~ ~ . . ~ ~  - .  ~ 

MS/MSD 
/ 

Duplicate ID No.: 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

1 / Page- of - 

Project Site Name: NSWC CRANE. SWMU16 Sample ID NO.: /6r&z 
Project No.: ~9060 .  CTO 0279 Sample Location: 16 suZt 

Sampled By. F ~ / 7 4  
1 Surface Soil C.O.C. No.: 4@7 
11 Subsurface Soil 1 

1 kl Sediment T v ~ e  of Sam~le:  
i] bther: i ~ ]  Low ~okcentration 
fl CIA Sample Type: 0 High Concentration 

Monilor Readings 

(Range in ppm): 

(1) 402  Jar I I 
Metals SW-846 M n O  R Mercury SW.846 7471A (1) 402  Jar 

Selected Ion Mon~tonng - PAHs 

Volatiles SW-846 82608 

Volatiles SW-846 80158 

(1) 402 Jar 

(1) 4oz Jar or (3) Encore Samplers 

(1) 407. Jar or (3) Encore Samplers 

L/E f 
/Ya 

d 



Tetra Tech NUS, Inc. SOIL &SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMUIG 

N9060. CTO 0279 

C.O.C. No.: 
U Subsurface Soil 

Type of Sample: 
[XI Low Concentration 
[I High Concentration 

----. 



APPENDIX C.2.3 
SWMU 16 

SEDIMENT SAMPLE LOG SHEETS 
ROUND 3 



Tetra Tech NUS, lnc. 0 SOIL & SEDIMENT SAMPLE LOG SHEET 

P a g e l  of 2 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: 16~~0302 
N7448 CTO 0343 

C.O.C. No.: 
0 Subsurface Soil 

~ u p ~ ~ r r n s ~ ~ d  L 5-d T See Figure 34 

" -.-. 



SUPPLEMENTAL SURFACE WATIWSEDIMENT SAMPLE DOCUMENTATION SHEET 
NSWC CRANE, INDIANA 

Z d ~ t  

Sample Number: 1 (o5D030L Date: , ioll~tO4 Time: I445 Sampler: %/36 
340' 

Photograph Number/Directlon: r/UpstreamhS D o w n s t r e a m  E a s t  W e s t  N o r t h  S o u t h  

Predominant Surrounding Land Use: Wooded Other 
- 

Canopy cover: en Partly Open Shaded 

' - )..;: *.?..i;!i 
Deep Pools Present (>2 feet): Yes . No If yes (approxlmate.size) 

Sedlment substrate: Bedrock -,10.2,5 in) 

(Circle ail that apply) Muck 

Iron deposits I 
I Sediment Odor Chemical Anaerobic - 

Sediment 011s- Sligh! Moderate Profuse 

Water Odors: Normal L J ~  Sewage ~etroleum Chemical Anaerobic 

Organisms Present: Fish (in) - " Other (insects:frogs, etc.): - 
3 

Water Surface Olls: None h)& Droplets Sheen 

Turbidity: Clear QA Slightly ~ u r b i d  i :? Turbld Opaque 
. ,  , 

. . . 1 '  

Olher CommenIslObservatlons: . ,  ,. 

Water Width (11): bf3 

Channel Width (ft): hi & 
. . 

. . 
A 

Slgns offloadlng (circle all that apply) Yes No Water mafks on tries. Water-borne debris piles Other: 1 

Water Depth (It): !?$.j & 
,, - 8 .  . 

: Channel Depth(ft):'. df$ . 

' Estimated FlowNaloclty: Ni'$ 

. . P\j 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

P a g e I  of& 

Project S~te Name: NSWC CRANE. SWMU16 Sample ID No.: 1 6 S D 0 4 0 2  

Project No.: N7448 CTO 0343 Sample Location: 16sWlsD 04 

U Surface Soil 
U Subsurface Soil 
[XI Sediment 

Sampled By: SG/rx 
C.O.C. No.: 01 \4  

Type of Sample: 
U Other: [XI Low Concentration 
U QA Sample Type: 0 High Concentration 

iRAB SAMPLE DATA: . . . .. . . . ,, .. . . . . . . . .. -. . , , ., . . . . . . . . . 

late: \9/rOf@+ I Depth I Color I Description (Sand, Silt, Clay, Moisture, etc.) 
1,"-- I *'-,q I 

M t c i  Rodding (ppm): I I I MOIST 
... . . . . . . . . .  . . . ... 

DMPOS'KE SAMPLE DATA: . .  . . ...-. .. . . . .. ><.:: 

N A 

h i t a r  Read~ngs 

Range in ppm). 

N A 

)ate: 

N A 

Time 

.cjignawre(s): grwif ~ ~~~ ~~~ wee: -'::~~ 1 j.j:;r* : . j l ~ ~ - : ; . ; z y : - ,  ~~ . . . ,  . .~ . 

~ e p t h  

- 
MS/MSD - 

color I Description (Sand, Silt, Clay. Moisture, etc.1 

Dupliite ID No.: 

N A N A N A N A 



NSWC CRANE, INDIANA 

I Sediment Substrate; ' Bedrock 

(Clicle all that apply) 

,~ + . ~  : /  
Channel Wldth (ft): 6 ' 1 Channel ~ e ~ i h  (ft):. : .= .- I 

. . .  . . .. , .., 
Slgns ot floodlng (clrcle all that apply) . s No Water marki on tree;. --borne d e b r l a s  Other: 

, . 
. .>, . ?. J t,,c '. 

Deep Pools Present (>2 feet): Yes . If yes (approxlmatesize) 

. .,, . .:,. $2- 

Slight . . ..- .$L;;   ode rate 
- ,  . . 

Profuse 
' ' ,, .i, 

Water Odors: Normal h, Sewage .:. .i;$.: . Petroleum Chemical Anaerobic 
. . 

I ,:;;. 
Water Surface Ollr:.None N D Droplets ~ % ::~.cv. . sheen 

' ..:. . , . .  , , I s$e!. . 
Turbidity: Clear QQ, slightly Turbld::.+xs.j . .Turbid 

. . . ~ .  . 
Opaque 

,> .... , . . - ,&.~ 
1 

i 
.% 

Other Cornments/Obsewatlons: . , - . . .  :.' '"C';., , , . . .. . 
., . I 



Tetra Tech NUS. lnc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMUIG Sample ID No.: I 6 S l k 3 S m  

Project No.: N7448 CTO 0343 Sample Location: I ~ S W I S D O ~  

Sampled By: JG/SXC 
[I Surface Soil C.O.C. No.: &//4 
I1 Subsurface Soil 
[Xl Sediment Type of Sample: 
0 Other: [XI Low Concentration 
1 QA Sample Type: [I High Concentralion 

I ~ t o r  Readings I I 

Dale: 

' NA 

Methcd: 

I 
Circle i f  Applhbk Slgnalure(s): I 

Time 

N A 

MSJMSD 

Depth 

N A 

Duplicate ID No.: 

" 

Color 

N A 

Description (Sand, SilI, Clay. Moisture, etc.) 

N A 



, . 
, . .  I . .- 

SUPP~EMENTA~ SURFACE WATER/SEDIMENT SAMPLE DOCUMENTATION SHEET 
NSWC CRANE, INDIANA 

Z@ t 
- - 

SedlmentSubstrate: Bedrock 

Other Comments/Obse~ations: 



( ~ 1  Tetra Tech NUS, inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: I~SDC&= 
Project No.: N7448 CTO 0343 Sample Location: 16~wlsoog 

Sampled By: W I G  
u Surface Soil C.O.C. No.: 
u Subsurface So11 

L 
[XI Sediment Type of Sample: 
n Other: [XI Low Concentralion 
0 QA Sample Type: U High Concentration 

. . . .  . . . .  . . .  . . . .  . : . . . . . . . .  GR.M . W P L E  DATA: . . . . . . . . . .  . . . . .  . . . . . . . . . . . . . .  
. . 
. . . . .  . . . . . . - ' . ;Ll:.L..: : . .  

I Depth 1 Color I Description (Sand, Silt, Clay, Moisture, etc.) 1 

Monitor Readings 
, , ~  . . . * . ~  , , (Range in ppm): . . .  ';.'.. ?,>?'.. ;, ..~:,: 

. , . . . .  
. . . 

ir . < .  ; , ; . ,  
N A , .~ , , , . .  1.. "~ ; ;;k - . . . . . .  . . . . .  ‘.. . . , . . . . , ,  . ,  . .  ..,: 6;; ,,>ir:"-.i"'...:,;:. 3 ::.s 

See Figure 34 

Ignature(s): 

JU,0yL&#dN7A L S-XKLcT 

ci.#t~f,p@$$-:$::q~: . . . . . . . . .  ~ ~ ~~~ .................. ~ ~~ $?+; :: ~ ~ ~ ~ ~ ~ : ~ ~ ; : ~ 7 ~ ~ ~ - ~ ~ ~ : ; ~ ~ : ~ : - ~ ~ ~ ; ~ , ~ ~ ~ ~ ~ z ~ ~ c ~ i ~ + ~ ~ z ~ 5 5 ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~  .......... . ~7 . . ~  ...... 

MYMSO - Duplicate I0 No.: 



. ,. 

(Clrcle all that apply) 

P ofuse 

Other CommsntslObss~atlons: 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

- - 

Project Sile Name: NSWC CRANE, SWMUl6 Sample ID No.: 1 6 S D 0 8 0 2  
Project No.: N7448 CTO 0343 Sample Location: IsSw/SDCf& 

Sampled By. S-C/ 36 
0 Surface Soil C.O.C. No.: d / / +  
0 Subsurface Soil 
[q Sediment Type of Sample: 

I b other  [XI Low Concentration 
0 QA Sample Type: 0 High Concentration 

Date: lo/ (01- Depth I Color I Description (Sand. Silt, Clay, Moisture. etc.) 
- I 

Time: l 1- 
Memod: blsma,% 0- 4 
Maulor Reading (ppm): - I I 

. . . . .  . .  . . .  . . . . . .  . . . . . .  ... . . . .  . . .  . . . .  : .. . . . . . .  . .  . . . . .  
DRY'DA~P 

COMPOSITE SWPLE DATA: ' - . . . . .  . . . . . . . . . . . .  ... - . .  . " . ~  . . 
s:.. :. 

c*-~*~z~~&~g+.-::~::$~~;~;:: ~ .. .... g::eiz!it>TI~~e~; ..*l%..->=?...7e.......<- .y:<<.$ $ :;.*?;;;p7;;*: 
~ . . .  ~ ~ . . . . . .  .~. . . .  . . .  ~ . -~  . ~ . ~ 

MSlMSD Duplicate ID No.: - - 



(Circle all that apply) @ 
2 :.. 

' Debris Detritus . . . , .. . Concrete Iron deposits 
* .+..:: ,::. , . . Sewage ; ' ?  , Petroleum Chemical Anaerobic 

. . ; ,,,; ' , , , ht ,' :, . ..a: .:~ 
~ s d l m s n t . 0 l l ~  iu . .z,tL.z . ~ o d & a t e  Profuse - :. . , . : -. 

Water Odors: Normal ).) /& Sewage , ;: ::: . . -  Petroleum Chemical Anaerobic . 
-,. 3 . :  , 

Water Surface Oils: None hl& 1 '. Droplets .*A , : , z : r : r  ., Sheen 
7 , .  5,. .,;.,.*~ 

Turbidity: .clear h) a Slighuy ~urbid.: i%::& . ~ u r b l d  Opaque 
. . . . , r . .  , ' . :. ;,i . " " ,  s:. >, * ,, K$s 

Other CommentslObse~atlons: \ ~ d  q ! ,*:, o ,.. GMPLIM~ f%t fl u/ 
. .- &".*.:.j:~$, , . ' ,  :. 

" B e O w  ' OF(:.b6Q&&E&FF p, QK 
, . ., * 

, ~ 

> .  



Tetra Tech NUS. lnc SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMUIG Sample ID No.: I s s o b q o a  
Project No.: N7448 CTO 0343 Sample Location: 16swnD oq 

Sampled By: SrC/TjG 
Surface Soil C.O.C. No.: OtOS 

1.1 Subsurface Soil 
[XI Sediment Type of Sample: 
[] Other: [XI Low Concentration 
I] QA Sample Type: [I High Concentration 

. . 
GRAB SAMPLE OAT& . , .. . . . :. 

.. 
. .  .. . .  . .. : ? -. . ... 

Date: lo -3 - 04 ! Depth ! Color \ Description (Sand. Silt, Clay, Moisture. ek.) 

Time: ( ( 15 

Memod: DISP 7RCWELL 0- 4" I S ~ b y  GILT- w + * M p  
I ~ ~ o r ~ a a d i w j  (ppn): - I 

. .  . 
COMPOSITE SAIlPLE DATA' - '.;. " ' '.: : . ' . . ,.. .. . 

Date: l lme Depth Color Description (Sand. Silt, Clay. Moisture, etc.) 

N A NA N A N A N A 

Memod: -, 

Container Requirements Coll&ed 

Me& s w ~ i 4 s . ~  a MerbiirySW446 7471A i - . Klj).4oz Jar (ye&) . r : <  , . I 

SW-~M ; : 3 ' . i . , (1) 4oz &;(3) Encore Samplers Y ~ O  ' - 

Vdatiles SW-846 80158 :, ' .. 
, . ,  . . (1) 402 Jar or (3) Encwe Samplers Y e d N o  

. . 

f ~~ ~. .,~ .... ~. - <: -- . -  ~~ *~ .~~ , :, . , :.;;r~ ;. ' .  Signature(s): 
- 

MSlMSD Duplicate ID No.: 
-- .- 



SUPPLEMENTAL SURFACE WATERISEDIMENT SAMPLE DOCUMENTATION SHEET 
NSWC CRANE. INDIANA 

- -  - - ., . , - - - 

P 

Sample Number: ' \ ~ S D & ~ O  a~ Date: ' \o/:y/ 04 Tlme: I f  15 Sampler: sG/G/S3C 

2 70- E :. *. 9,:: 
Photograph Number/Dlrectlon: Upst earn Downst ream: : : . :  .East W e s t  - North S o u t h  

, . : . 
% .  

Predominent SurroundIngLand Use& open Field, ; , , . other - 
"\J 

Canopy Cover: Open ' . Shaded 
' . r .  c* ,, .i:o 

Dlcharge Plpe Present: Yes cis6> -,:$ . . . . . ,  .r,&& : 1 , . 

Channel ~ l c k h  (ft): 
. . 

Signs of flooding (circle all that apply) 
. , -  ,, :,: : .'* 

Deep Pools Present (>2 feet): Yes . if yes (approxlmitd'6ize) 1\ - 
Sed1ment.Subetrate: Bedrock . .., 

, ... " 
(Clrcle all that apply) @' .*., .;b.3r,'Clays,j , , :" , , : Muck 

, . 

1 : , . " '.: ".,>.?, ,,-, . 
:. ;:r:2;e%.$:. ' .:: Aquatic Vegetation Present: Yes . . . : ,,. 

Water Width (ft): 

, .,t ." '. 
~ e b f l s  . . Detritus: ;kI:@+$p#@, :>,: conciete Iron deposits 

. . ,  . 
,, . , . . , . r , :  

Sediment odors- sewage - .' ~5.:. .::fq; ~.y.pitiojeum Chemical Anaerobic 
. , 

;; :;< . ' ' 
Sediment d l l a m  

. *-S; 
. S t  , . 1 -  ' ' $  Modeiate Profuse 

- .  , . 
, .. , ., ..: , , , . , . . . . ..:K . ,:.,* . . 

Weter odors; Normal MA. Sewage :; '.!~:.~:.::,~&..:~rPetroleum Chemical Anaerobic 
. , 

Stream channelized: No 
w 

Water flowing: Yes . . ,., 
, . 

Organlama Present: Fish (in) - 7; (ins&;frogs, etc.): B%s 
. Water Depth (ft): N A  Estlmated FlowNeloclty: fd A 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Projecl No.: 

Surface Soil 
1 Subsurface Soil 
[XI Sediment 
1 Other: 
1 QA Sample Type: 

NSWC CRANE, SWMU16 
N7448 CTO 0343 

Sample ID No.: 1 6 s ~  1002 
Sample Location: %?SW/SD 1 0  
Sampled By: STc/5G 
C.O.C. No.: 01 I.\ 

Type of Sample: 
[XI Low Concentration 
1 High Concentration 

See Figure 3 4  

5 ~ /  5 ~ p p & m ~ ~ r 4  zMkLr 

- :  ~ .. .--~-.~ ~~ ~ 3 . =  j .c:~.:;$:<;!;:;+F;f:[fj: 
~~ ~ ~ ~. ~ ~. . . ~ .  ~ ~ . ~ ~ . . . ~  ~~~ ~~ 

MS/MSD 
L 

Duplicate ID No.: w- 



.. ,. 
. . 

, . 

SUPPLEMENTAL SURFACE WATE EMT'SAMPLE DOCUMENTATION SHEET 

i NSWC CRANE,lNDlANA ~ o c  .z 
, . 

Sample Number: (Q 5 ~ 1 0  0 2 : Date: , L ~ / I o J o ~  Time: 13 1 0 
. , >.  

Sampler: JG / SSC 
435-w . . . . 

Photograph NumberIDlrectlon: -pstream D o w n s t r e a m  .:: E a s t  W e s t  N o r t h  S o u t h  
: 

,,:. *,'!. . . 
Predomlnint Surrounding Land Use: . . Open Field ::.v-'L% .? ' .. +Other ' , - & .,~. 

Canopy Cover: Open 1 .~+ $i.. I ,  shaded 
~ , .  ., - .; , ,~ . , 

Dicharge Plpe Present: Yes . ;?.:;+,: ga,;:!h .: . ~. 

Aquatic Vegetation Present: Yes stream channellred: (?& NO 
v 

.Water flowing: Yes I ,.Q - 

Sedlrnent Subatrate; 

(Circle ail that apply) 

Water Surtace Oils: None 

Other CommentalObaervatlons: 



[=I Tetra Tech NUS. lnc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMUIG Sample ID No.: 1 6 s ~ )  \Oa 
Project No.: N7448 CTO 0343 Sample Location: 16SWISDU 

Sampled By: a C  lJG 
0 Surface Soil C.O.C. No.: 
0 Subsurface Soil 

O\\Ct 

[XI Sediment Type of Sample: 
0 Other: [XI Low Concentration 
0 QA Sample Type: 0 High Concentration 

- 

rime: 1340' 
Memod. Dtg TRcJWEC; 0-4 Pod m+, % h b ~  k ~ - m  
Monitw Reading (ppm): - F GRAuCL - M ~ Y  - WuP 
c m ~ o - s m E ~ ~ ~ ~ ~ < D A ~ ~ 5 ; ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ = ~ ~ z ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ < ~ ~ 3 ~ ~ ~ ~ - ~ ~ ~ ~ ~ * ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ ; ; ; ~ ~ : ~ ~ ~  ;:;--~. ~~+~~+*?~7=~7+$:$~~ ~ & - ~ ~ ; . ~ = ~ ~ ~ g  
. ~ ~ . . ~ ..- ~ ...... .~~ 

~ ~~ , ~ - . .~ .  ,~ ~ ~ ., ~ 
%,F.*..c *s=:r: z:.:,7<.,-ss ,.~.,. . .+~ 7- . . 5 ~ ? ~ : ~ ~ s ~ >  ;=%-&- ~ ~ > ~ * = ~ . . . * ~ . . s ~ ~ * ~  ~ ~ -, , .  . .  . ~- .. ~... ". . 

. . .  . . . 
GRAB SAMPLEDATA: . . * .  . . . . . . . - ... .... . . . . . 

~u . . 

Monilw Readings 
xz .. . 

v" .A,,:-' 2 3 ,:.,>, ;- 
.:? , iT- I I , .  .: .< 

"# b' -.&.,r ,i;? ." .**,<'..;;i:;! 
. .<... , .-.. >? p. , :  . .,.3;: jy$e: 
,<,::. .~i$#$ 
.&.:, ,+, .'" . ~ 

2, ,@::,:>;a '.. 
~j?< gy:.+>v 
:,?".. .;;?' ~. . , , <: . .,., , .,. :, 

~ ... 

. . 

031P: lo \lo[04 I D ~ P *  Color ( Dcscriplion (Sand. Silt. Clay. Moisture, etc.) 

See Figure &I 

Signature(+): 

5 '&g ~uP/-LL--- 7kL JXPs7- 

Ci<* i~~&@~~~- ;z~ j~~~~ f ;~~~~~~d : . z~ ;~~~~~ . ;~~~~~<~+ ;~ ;~ I I I~~~ j~~~~ ;~~ ;~~~ ;~ i i $~~ ; *5 r r~~ i~  . . . ~  ~. 
~~~~~ ~. . ~ ~ ~-~~ ~ ~ ~ . .  .~ . ~ ~~~ -. . 

V 

MSNSD 
7 

Duplicate ID No.: 



N S W C  CRANE,INDIANA . ,  . 
. ",. :..:!,. ;. , .. . . , . . ~ .  ,... ~~ . ., .. 



R Tetra Tech NUS, Inc. 0 SOIL & SEDIMENT SAMPLE LOG SHEET 

P a g e l  of & 
, . 

Project Site Name: NSWC CRANE. SWMUl6 Sample ID No.: 1 6 s ~  la02 
Project No.: N7448 CTO 0343 Sample Location: IGSWISD la, 

Sampled By: =/3G 
n Surface Soil C.O.C. No.: a//+ 
I] Subsurface Soil 
[XI Sediment Type of Sample: 
fl Other: [XI Low Concentration 
fl QA Sample Type: [j High Concentration 

GRAB SAMPLE DATA: . . .  ......... . . . . . . .  . . . .  . . . . .  . . 
. . .  .......... . . . .  . . . 

I Depth I Color I Description (Sand. Silt, Clay, Moisture, etc.) I 
Time. 1 \7,0 

0 - 4  I Bad S A U D ~  SILT- 712 cl~q 1 
I I . . .  1 gAtAp 3 kA01ST . . .  . . .  . . . .  . . . . . .  . . . . . . . .  . . .  . . . . . .  . . .  . . . . .  . .  . . . . .  .. ..... .. . . . . . . .  . . 

. . . . .  . . . . . .  C O # @ W S A M P L C  DATA! . ' ..+. ._.i. Z-:-~ 

Date: Time Depth Color Description (Sand. Silt, Clay. Moislure, e e )  ' ! 

N A MA N A N A N A , .  ,.:.. , . ~ * Z , T .  

Memod: . . .  . . . -. 
, ; ...,... ?,. .>.. 

, , 
. , 

N A , *, .." 

. ~. , 1 
Monitor Readings : 1 .; 

Circle if Appthble: Signahtre(s): 

MSMSD Duplicate ID No.: I -  - 



SUPPLEMENTAL SURFACE WATE AMPLE DOCUMENTATION SHEET 
NSWC CRANE:INDIANA 

. . zosZ 
. . 

I , , . .. si,';sd , 
Sample Number: I bSb 1202 Date:,.: ;170 / (0 /04  Time: sampler: SG / ac 

26 € : > . Bi*&! .; , , , . Photograph Number/Dlrectlon: JUpstreGd D o d n s t r e a m  , * " E a s t  W e s t  -~orth S o u t h  
' ... . ;;:. . #,.t.,< 

Predornlnaint Surroundlng Land use:-- . .~ Open Field -:. :.. ..;e:f;: : Other - . -&<,+ . , :1..c.,. Canopy Cover: Open a -: Shaded - . . 
Dlcharge PlpePresent: Yes , ;  ;.- $b{J*.>;*.!.:. ., 

. r:F9Gj ! 

(Clrcle all that apply) a 1 

: &:;;#.:; .> 
Turbidity: Clear ~ 1 1  ~ ~ ~ ~ h ~ l ~  iurbG:: ~.p.:t.~i' ' .  Turbid . .. .. . . 

Opaque 
, , .  . :>a ;;.iL L , . 

Other CommentslObsawatlona: , . : +:& ' , : . 
;-., >,,,..cz. ; ~*:">%& 
:, .!..%:r* ;:&. ,, , :.,! 
: ;:*! . ?+? 

, . 
, . : ,  ' f ;  >$;j!', . , ,. 
i , - .  .-.;:,j?;-. . 7 ;  . : 

. k? 
. .... .:. 3, 



1-1 Tetra Tech NUS. lnc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

U Surface Soil 
fl Subsurface Soil 

NSWC CRANE. SWMUl6 Sample ID No.: IGSD 13oa 
- N7448 CTO 0343 Sample Location: IGSWISO 

Sampled By. yc I 3 ~ -  
C.O.C. No.: o/r, 5 

i~ Sediment T w e  of Sam~le: 
0 bther: i ~ ]  Low Co~centration 

QA Sample Type: 0 High Concentration 

. . . .  . GRAB S W P E  DATA: . . . . . . . . . .  . . .. . . . . .  . . . . .  I 
1 Depth I Color ( Description (Sand, Silt, Clay, Moisture, etc.) I 

Time: I050 
~ethod: by T w ~  
Monitor Reading (ppm): - 
~ ~ ; ~ ~ 7 ~ ~ ; ~ ~ E A ~ ~ ~ g ~ i : $ ~ ~ 1 ~ ~ ~ - < + : + > : - ~ : < 7 ~ + ; ; ~ ~ ; ~ $ ~ ~ 2  . . .  

~ ~~~ 

0- 4" 

~ ~ ~ ~ - ~ - - ~ < . = 7 T 7 . ~  ...;... : ..... ~ . 

~ e p m  

. NA 

Date: 

NA 

Method: 

See figure 3 4  

Slg naturets): ~ ~ i f ~ - i ~ ~ ~ ~ - ~ ~ i ? ~ ~ : ~ ~ g ~ ~ ~ ~ : : $ - i g ~ ~ g ; i [ ~ ; = & ~ ~ ~  ~.~ s-s . ~ . ~  L L  ~ . .. .. . -~ . ~ ~ z2-g:+zzyz+ ~~ ~~ ~-~..~ ii3~e;5;tp ~~. ~ ~~ 

Time 

N A 

MSlMSD - 

mh, 
~~+g$gcg~~~L$;;~f~~;:; . . .. ...~ . ~ . . ~  ~ .~ . .  

Color 

.NA . 

Duplicate ID No.: - 

F ~ C  SAND-TR ,F GPAVEL 
UOt57 'i 3 

i~,;:: .),>;$;* ;~2;~~'~s~;;~~:.;;~~~;i:~~~~~:;-;z~~;; i ;.;,: ~ r ~ - ~ ; $ ~ ~ X ~ ;  ~.~~ ....... . . .  ~ - ~~.~ .... -.. 

bscrlption (Sand, Silt, Clay, hloisture, etc) 

3 NA i '.. 

,~ .~~ . , .  ,~ . 

, . ~ 

5~ . 
. *, .., '. 



,..,:"'.a;,.-.. . .  ,,-:,. 
. . . . . , +:r,,, c.. ., I -.:. , 

SUPPLEMENTAL ~ ~ ~ F A C E ' W A T E W S E D ~ M E ~ ~ ; ~ V ~ : M P ~ ~ D O C ~ M E N T A T I ~ N  . . . . .. _ .-> SHEET 
- ,  . NSWC:CRA~@I'NDIANA~+ . . . . . , x-. I . . , : , 

(Circle all that apply) 

Water Surface Oils: None QA 
.'.::$.*.. : 

I 
Turbidity: Clear h1 ~ l l ~ h t l ~ ~ u r b i d .  ;ui*;$ . : Turbid 

. . ,  
Opaque 

.- , 
, ,: , .. . , , ~... . , 

? :.,'- Other Comments/Observatlona: . . . .. ~ , * :  . . , . , > :: 

. .  . 
. . , " . .  :;~ , : , , 

,.: ; ;,>!<;>*& , .~ .: ,:*ss .,.. '&+P , .  ,,.;:, , . ~  . ' 
. , . ... . ~ ' .  . .. . . . . , , . . . . I  .% , . , , . 

, . 



1-1 Tetra Tech NUS. lnc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: i s s ~  /6 d L 
Project No.: N7448 CTO 0343 Sample Location: IGSWISD / C 

Sampled By. ,:do ~n H f l  

U Surface Soil C.O.C. No.: d / L  z 
[I Subsurface Soil 
[XI Sediment Type of Sample: 

I other: [XI Low Concentration 
QA Sample Type: U High Concentration 

. . .  . . . . .  . . .  . . . .  . . . . . .  . . ... ... :. . GRAB SAMPLE DATA: .. .., . .  . . . . .  . . . . .  .- . . . . .i;... .% . .  ?- .-,. - . 

Date: Time Depth Colw 
PP 

N A N A N A N A .:. NA ' ,  . . ,; . . ;. . i..; . . 

. . . . . .  . .  . . . .  ......... . . . . . . .  ~,.. Memod: . ~ ~ , :  , i 4. ,>.. --, %i l' 

NA . . , p ' .I 

*6, 
,,/ '-.-' 

See Figure 3-4 

. 

~. . 

Q ~ f ~ ~ ~ ~ ~ ~ ~ @ ~ ~ ~ ~ ; . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ * ~ ~ ~ ~ + i : s ~ ; ~ ; ~ ~ : ; . > ~ c . ~ ~ ~ , l r ; ' ~ ~ ~ ; ~ ~ = = ~ j : ~  .... .-*~ ....... . . . . . . . . .  ~- . . . . . . .  . ..~ ~ 

MYMSD 
CI 

- 
Duplicate ID No.: -~ 



: , , . ,.,. -., ..̂  r. . . . 
$- . ,b.+:,, .: ' , .. . 

LEMENTAL SURFACE WATERISEDIMENT SAMPLE DOCUMENTATION SHEET 

Sediment Substrate; Bedrock Gravel (0110.2.5 in) 

(CI~CI~ a11 th i t  appiyj @ , a *  Muck 

Debris Iron deposits 
. . 

Sediment Odors: .??? . . . Sewage ; - Petroleum Chemical Anaerobic 
. ! . ~ ,  

Sedimpnt 011s: a)- Sli ht . . . * b . .  - Moderate Profuse 
. . . .  

Water Odors: WNA ' sewage' ' . . Petroleum Chemical Anaerobic 

Water Surface Oils: N z  /VA Droplets .,.. 
! Sheen 

Turbidity: clear 
. . 

Sllghtfy ~ u r b l d  : '". Turbid Opaque 

Other C 0 ~ ~ e n t s / O b 8 e ~ a t l 0 n s !  

:..,,,.L> 
1:;". ., : 

Water flowing: ' Yes .m Not present ?,. '. . ' 1 ,., 
' >  .. . . , .  

Organlams Present: Fish (in) d 0  Other (Insects: frogs, etc.): N 0 - Water Wldlh ((1): 

Channel width ((1): 

' ,,.;$.. '... :-: .:. 
Slgns of flooding (circle all that apply) . . 

Yes @ ' Water marks on.tr6es;. : Water-borne debris piles Other: 
..- . . .;.;,::. 

Deep Pools Present (>2 feet): Yes If yes (approximete'slze) , ' . 
. . 

. . ~  . , 

Water ~ ~ p i h  (ft)!. i i - "  > 
. . 

: :..; f?l.>>,, 
Channel Depth ((1):. . :-. . 

Estimated FlowNeioclty: - 
. . 



1-1 Tetra Tech NUS, lnc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUl6 Sample ID No.: 1 6 s ~  lq 02 
Project No : N7448 CTO 0343 Sample Location: 1sSWIso (q 

Sampled By: STC/ JG 
U Surface Soil C.O.C. No.: Ql I 3  
ll Subsurface Soil - 
[XI Sediment Type ol Sample: 

Other: [XI Low Concentration 
0 QA Sample Type: High Concentration 

GRAB SAMPLE DM& . .  . . . .  . . . . . . . 

IDate: \013104 1 Depth 1 Color I Description (Sand, Silt, Clay, Moisture, etc.) 

Date; Time . Depth Cofw Deicription (Sand, Silt, Clay, Moisture, @c.) 

NA NA ,. N A NA ', N A ' , .  , 
Memod: . . . . , ./* . : ,  . .~ 

lime: 1400 
Method: 015 T- 
M i o r  Reading (ppm): - 
~~~~.~@~@g&~&~~;~~I;~~;~:<;~~~::;$:;~~:?~~:- ~. ~~ ~ ~ 3: 7 ; : ~ ~ ~ ~ ~ ~ ~ ~ : g ; . ~ g ~ < ~ - : ; + ~ f ~ ~ g $ g z $ 7 g - T - ; $ ~ ~ g g $ ; ~ g ; ; $ ~ ~ ~ $ ~ ~ ; ~ ~ ; ~ ~ ~  .. ~~~~ . . . ~ ~ ~. .. .. ~ - ~ - ~  ~ ~. . ~ 

0 -4" 

SigMture(s): s f -  ~- ~ . .  ~- ~ ~~ : .  ~ ~~ , :  ~ ~- : ~. ;. f _: ~~~~~ i_=jzi;:;,~:!z';:g;;- ~~ 

6 u  
TPU 

MyMSD 
/ 

SILTY F %b-XL 6RhvfX, 
Dm'-+ bbNIp. 

Duplicate ID No.: - 



SUPPLEMENTAL SURFACE WAT DOCUMENTATION SHEET 
NSWC CRANEilNDlANA 

. . 7-62 
j , . + . .  

Sample Number: 16 SO 1402 ' .  Date: : 'qo1\+[0S( 
. . Time': 1406 Sampler: 53d JG 

26" NE . . , , ..p :j  ' ; 
Photo ra h Number/Dlrectlon: 1 

(Circle all that apply) 

. 



I R ~  Tetra Tech NUS. I.: SOIL & SEDIMENT SAMPLE LOG SHEET 

CeeJ 
Project Site Name: NSWC CRANE. SWMU16 Sample ID No.: 1 6 S D t r 3 0 2  
Project No.: N7448 CTO 0343 Sample Location: %swiSo23 Cez)  

Sampled By: SC/% n Surface Soil C.O.C. No.: 0 1 l q  
0 Subsurface Soil 
[XI Sediment Type of Sample: 
n Other: [XI Low Concentration 
n QA Sample Type: [I High concentration 

IDate: 10l101n4 I Depth I Color Description (Sand, Silt, Clay, Moisture, etc.) I 
- - 

Time: 1130 
0-  4 T A 0  

Memod: his TROW. E d  SAuW SIC?- 
~oniior fleading (ppn): DhY * bA& 
~~_ff._ff.2i~saM~&fg~ig~-~E~~~+~&Fr~;P~7~~s~7gg~~r$;~~-~;~~gfiF=-~~~7~~$~f~~~ir~t$y~f~g~~+?z~ -:T==~=.--- +-LL: ~,~ :.,-..- ~ ~ . .  . .. .. . . . . . . ~ .  ~- I+.-;=~ . ..,.. . . :+ __ :;>;;:, ;-- ,. . . .  ~ ;;;2;3:$$$$Z<< ~ ii 

See Figure 3-4 

Signature(~): 

6 ~ -  gw//f -LA/ 7-A L 7 

. --y=>?%~~7%>:~~;3::*~<~~y< **?%: =;z~ ~~. &:$&3~ E*F.f:;; :i:5+zz+:r>$>=LF !5z#7; 
~- ... . . . .._;=Ti =~ >;._ . . . ~ ~ ~ ~ ~  ~.~~~ ~ . . .  ~~~~ 

MSR(SD 
/~ 

Duplicale ID No.: 





1-1 Tetra Tech NUS. Irc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

1 Surface Soil 
Subsurface Soil 

(XI Sediment 
n Other: 
fl QA Sample Type: 

NSWC CRANE, SWMUl6 
N7418 CTO 0313 

Sample ID No.: 16soaqol 
Sample Location: 16sw1sosq 
Sampled By:. s 3 C  136 
C.O.C. No.: 01 13 

Type of Sample: 
[XI Low Concentration 
0 High Concentration 

Time: 09 lo 
Method: .DIS TuowEu. 0- B" BRr, CLAqE'r' SILT - -R 
Mooitor Reading @pn): - (us 4 S T U W  

. ~ i r a ~ : i ~ ~ - ~ : : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ g ~ i - - ~ ~ ~ ~ ~ - ~ ~ ; ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ; ; ~ ~ ~ + - ~ ~ ~ ~ ~ ~ ~ ~ ~  - - .  ..~~~.a.. - ~ ~ .  - ~ ~~~ -- ~ ~ ~~ 
~~ .~ .~ 

~ . ~. ~- 

See figure 3 4  

Signamre(s): 

MSIMSD 

7 

Duplicale ID No.: - 



. .  . , ..> 

, , ..' 
SUPPLEMENTAL SURFACE WATERISEDIMENT.SAMPLE DOCUMENTATION SHEET 

NSWC CRANE,$INDIANA - 
1... i . . 2 o F  

5 0  2 e o  
 ample Number: ' S W ~ + . Q /  1' ' D&: : \6,g(o4 ,, . :  

Tlme: ~ q a  sampler: SG/=C 
345 '2 

. . ,  

Photograph ~umber l~~rect ion:  U p s t r e a m N  ~ o w n i i r & i n f + ' : . ;  Fast W e s t  t q o n h  South 
. ; . . , .izl,d. 1. 

Predomlna-nt Surrounding Land u s e m  . . Open Pield..i.,;;.:i ?:$$ Y Other 
. . . . .... .., :<:* 

Canopy Cover: .' Open m.: - %.?: ! Shaded 

Other CommentslObservatlons: 



R Tetra Tech NUS. Inc. 0 SOIL & SEDIMENT SAMPLE LOG SHEET 

~ a g e L  of A 
Project S~te Name: NSWC CRANE, SWMU16 Sample ID No.: 1 6 ~ ~ 2 5 0  I 

Project No.: N7448 CTO 0343 Sample Location: 16SWISDa5 
Sampled By: =lTG 

I] Surface Soil C.O.C. No.: 01 13 
0 Subsurface Soil 
[X I  Sedimenl Type ol Sample: 
fl Other: [XI Low Concentration 
[] QA Sample Type: U High Concentration 

See Figure 3-4 

SignaturMs,: 

s#=mk 

5 . 

cinte*-:;- ::~~G:~!I;~~;' .~ -jl;~~~';l~:ir~i~:~~:l~~iy~:+~;;es+5F+ig~~~:z~~s: + n - ~ c z ~ ~ - z . - = ~ . - - ~ ~  ~-. 

V 

MS/MSD - Duplicate ID No.: 
C 



. , 
,. : k c  , . . . , 

SUPPLEMENTAL SURFACE WATEWSEDIMEMT SAMPLE DOCUMENTATION SHEET 

Other Cornrnents/Obsewatlons: 
. , .. 



Tetra Tech NUS. Inc. SOIL & SEDIMENTSAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUl6 Sample ID No.: i 6 s o a 6 b ~  
Project No.: N7448 CTO 0343 Sample Location: I~SWISD 

Sampled By: S5C/ 3% 
I] Surface Soil C.O.C. No.: 01 13 
1.J Subsurface Soil 
[XI Sediment Type of Sample: 
n Other: [XI Low Concentration 
0 QA Sample Type: U High Concentration 



. - . . ~.~ . .  , 

SUPPLEMENTAL SURFACE WATEWSEDIMENT SAMPLE DOCUMENTATION SHEET 
NSWC CRANEi INDIANA 

. . .  . . , ,_> *. : ..:. , 
Sample Number: tb SD a&Q \ Date:-. 1'0 [?-104. '' Tlme: 1 440 Sampler: s~c(SG 

3LS0 N W .:.; ,~ 
P : P ' $ ~ %  . s . . . . .  : " 

Photograph ~ u m b e ~ / ~ l r e c t i o n :  C /ups t rea rn  ~ o w n ~ t r e ~ m ' ~ t ~ . i ~ a s t  W e s t  .- North S o u t h  
. , I , , ,  . 

.&.: :", i: .$&&&;>;,jf * . Pradomina'nt Surrounding Land Use: Ope" Pieid'%Ca..:..',; -.;. ther - . . 

Canopy Cover: Open 
,tuc\l 

Dlcharge Pipe Present: Yes ERi LQC D.5. "33 
I '  

Aquatic Vegetation Present: Yes Stream channelized: No 
it" . ;  - 

.Water flowing: Yes -. . .,.,.. .yp:: 6 .  ,, r % , * a ,  
-. 

(Clrcle all that apply) -: ,. 

4 
Turbidity: Clear NQ .,., ,. , .? - , r Turbld . . Opaque 

' ,,~..- ., 

:.:;>;?z!'~, ;*+. .,;;: ;; ,;;<. ; . . 
Other ~ o m m e n t s l ~ b s e ~ a t i o n i  , ~..,&*<+, ,.. A-. ~% .., , 

,:; ?. * ;$I. . . .. , . . .,. ,d j.:.?.~<, ,. .. " ,,..+, F , , . .: 
; : . E .  :, 

, . ,:,<"s.., .'!,:::.,: ' ' ' c.. , 
: ' ; .. ....*!, ,a*. ..., : .@&:t  , , , .  . , 

: %,.. . . . >. 
, . 

: . . . ~ .  . . . .- , . 
. . .  . . .  . . 



1 ~ 1  Tetra Tech NUS, lnc SOIL & SEDIMENT SAMPLE LOG SHEET 

I Project Site Name: NSWC CRANE, SWMUl6 Sample ID No.: I B S D ~  0 I 
Project No.: N7448 CTO 0343 Sample Location: I ~ S W I S D ~ ~  I 

I fl Surface Soil 
I1 Subsurface Soil 

Sampled By: S J c i  TG 
C.O.C. No.: 0105 I - 

[XI Sediment Type of Sample: 
U Other. [XI  Low Concentration 
U QA Sample Type: U High Concentration 

. . . . . .  . . . .  RAB SAMPLE DATA: . . . .  . - .  . .... . <A' - 

I Depth 1 Color I Description (Sand. Sill. Clay, Moisture, etc.) 

Dale: J Tlme Depth Color c - . Description (Sand;Silf Clay. Moishlre.etc) -. 

N A N A N A NA , : , NA ?: ,; : , .-: .' 

. . . .  .... .......... Memod: .. , A ~ ! -....<, ~,,i *..,: ....-s,. 
. . .  . . . . . . . . . .  N A . . . . .  , . , . 

3 , .  . . .a 
< ., . , ,  . ,  ~ . *  ... Monitor Readings .',: s j .  , ,., i ,>'.:., 

, .~ 

. . . . .  . .  ~. :, , .  
" .  ,.> <. 

Vdatiles SW-846 8015B (1) 40z3aror(3~nmre samplers I .. .?:* (y@,,,c=*+ . 1 , .$.-;+~, .:,~$:A:,v - I , ~. 7 .  . 8 I , : 1. 

MYMSD I Duplicate ID No.: I - 



(Circle all that apply) a 

. ., 
,,, . ,I,. 

Water Surface Olla: None ,N /3 Dro lets .: ' '" 
: . '. ..A : Sheen 
, . ~. . . , .  . ~ 

Turbidity: Clear hl Slightly ~ u r b i d  2 :  Turbid Opaque 
. . . . .. . . . , . ,  ' . .*,. $5 

Other CommentalObaewatlons: ! ! ~ . ,  .. ,i, I..*<.%. .. . . . 
, . .,;t". 
,,, .<::;: :,%.a* 

, :EO. . . *.%-;T ., ..,... 7. 

. . .  , .  - . ." : . : .. :,:" ~ .*: ?. , 
, ~ , * , : . v . > ~  ,:..*,: .. . i s :  
<, -. ?. ?* .. ,P&: . 

, ;.r-. . . I ;  
. ,. ',,*,,< ;<*, ' , 

..~. , . . , . . . . , . ... .: ,: , .. 



TetraTech NUS, Inc SOIL & SEDIMENT SAMPLE LOG SHEET 

Project S~te Name: NSWC CRANE, SWMUIG Sample ID No.: 1 6 s D a g ~  1 
Projecl No: N7448 CTO 0343 Sample Location: 16swls~ag 

Sampled By: S i C i 3 6  
0 Surface Soil C.O.C. No.: 0lr3 
I1 Subsurface Soil 

I k Sediment Tme of Sam~le: 

I i] bther:  XI Low concentration 
U QA Sample Type: High Concentration 

. . . . .  . . . . .  . . . . .  GRAB SAMPLE DATA: . . . . .  . . .  . . .  . . . .  . . .  . . . .  
n~tp .  l n l E l ~  I b n t h  I color I hser int ion lsnnd s i l t  claw uoi+tn~ro ctr \ 

Date: ~ i m e  1 Depth I Color ' ' I ' ~ -scr i~ t ion(~an '<~ i l t ,  Clay, Moisture, etc.)" rC 1 N A  N A  I N A  N A  I. , 'i ... N A  
1,. a ;  

Time: 13t5 
Memod: b15 7m- 
Monitor Reading @pin): 

... .... 

o - 4" 

Method: .... ... . 

Beu 

See Figure 3 4  

si g,,amr4s,: 

5 e  JmLN 7AL sddd 

~irg@~~~~~:: . ; j~~:-;g:-F~~:;:~~~i~-:-~~;;;~:~:;s~I:~-~=~~. ,~  . . . . .  . ~~~ , ~ ~ ~ :~ ~:j :~:.~~31;zz:s,i~ ~~ ~ 

'51b77-y F/M s i u p  
M O I S T  

I 

M W S D  
w 

, . 

Duplicate ID No.: 

,..7.:, .4 .-<. a* > , ~: I N A  . . I , , : . . ,  , I .%, .  . * . , ~:..> ~ . .  



. , . , ... . - . , A : , , .;. : ', : ..& >@7v,:,.i? 
SUPPLEMENTAL SURFACE WATEFUSEDIMENT;SAMPI;E DOCUMENT+TION SHEET 

. , ~ ~ ~ ~ : ~ i S ; & i j , ~ f ~ ~ ~ ~ ~ ~ ~ ~ ~ .  .. , 

t ,. 
. . :3 >y*:;.j.>$.w&';: ,A,,. !,, .<: :: . , 

Other CommentalObseruations:, 

, >. -*i 
. ,  , : .pI:~,  

. 



Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: l6SDa901 
Project No.: N7448 CTO 0343 Sample Location: 16SWISDaq 

Sampled By. S C  IJG 
fl Surface Soil C.O.C. No.: O\ 13 
fl Subsurlace Soil 
[ X J  Sediment Type ol Sample: 

Other: - [XI Low Concentration 
QA Sample Type: 0 High Concenlration 



SUPPLEMENTAL SURPACE WATERISEDIMENT SAMPLE DOCUMENTATION SHEET 
NSWC CRANE, INDIANA 

Sample Number: 1Q S~a901  Date: i1018(0C Time: 1- sampler: s C /  56 
a w N E  . . . . < 

Photograph ~umbei /~ i rec t lon:  (/upstream D o w n s t r e a m  : E a s t  W e s t  North S o u t h  
. . 
. . 

Predominant Surroundlng Land use:- . . Open Pleld :. ': 
. ' Other - 

Canopy Cover: Open @a@opefi ' Shaded - 

, 5. 
. ~ a t e r f l o w l n ~ :  Yes : !  I . . ,,I\ 

. . . . . . 

. . .  . .,. . -  .. , . 
Dlcharge Plpe Present: Yes @ , . . :  ... . . . . .  : 

. . 
' , : .  , Aquatic Vegetatlon Present: Yes : . .. ,. 

(CIrcl6 all that apply) 

I 

stream channelized: No 

Organlsms Present: Fish (in) NR Other (inszcts, frogs, etc.): No 

Turbidity: Clear WQ Opaque 

Other CommentslObsewatlons: \b %/SW 03. 

' ~ ! ..,, .;: *$*.&t>,:&$$::2;~: T?~$;:. :?;.'". j{~ . ;< . '  , ' . . . "  . , ? ,  :$. ..A!) ,. *k, , :..:.-. 
. . 

Water Wldth (ft): 

Channel Width (ft):' 3 '2. 

- . . .  
Water Depth (ft): "~b;?' 

.;. ;.,:~$ ./ 
Channel ~ b ~ t h ( f l ) ~ . ; ~ : . ~ \ : ,  f :.,, 

~st lmated FlowNeloclty: 1\3A 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUl6 Sample ID No.: 1 6 ~ ~ 3 0 0 ~  
Project No.: N7448 CTO 0343 Sample Location: I6SW/SD 30 

Sampled By: Sii / 3G 
n Sudace Soil C.O.C. No.: 0 1 1 3  
n Subsudace Soil 
[XI Sediment Type ol Sample: 
n Other: [XI Low Concentration 
0 QA Sample Type: I] High Concentration 

I - . , THEE7 I See figure 5 4  - I 

5;*; x.;7;~c<~+s- :?.:-< *==%<. .~~~ >:> ~!~~=~ . .  < 7.?<..:.: ~ .*=: ~:~ <~/-.:<.: - -  . -~ ~ - ~ ~ ~ . ~  ~~ - . . ~ m . > . . s  . ~~ . ~ .. ~. ... ~ -~ . ... ~ ~ . . - 
~ 

~~ . - ~ . . ~ . . .--~ 

Duplicate ID No.: 
IbFD 10080q 03 

Signature(s): D3 



- - Organisms   resent: Fish (in) . . 
oti;'er (insii$ frobs, etc.): . -. 
: .: ; .; 

Water Width (it): U% Water ~ e ~ l h ( f t ) :  . Qg .' I ~dtimated FlowNelocity: hl A 



APPENDIX C.3.1 
SWMU 16 

SURFACE WATER SAMPLE LOG SHEETS 
ROUND 1 



Tetra Tech NUS. Inc. SURFACE WATER SAMPLE LOG SHEET 

/ 1 Page- of - 

Project Site Name: NSWC CRANE 

N 9 m  CTO 0279 Sample Location: IESW &/ 

C.O.C. No.: 

Type of Sample: 
[XI Low Concentration 

U High Concentration 

fl OA Sample Type: 

Refer to Figure 3-3 of me QAPP for CTO 0166 



Tetra Tech NUS. Inc. SURFACE WATER SAMPLE LOG SHEET 

f 
Project Sile Name: NSWC CRANE Sample ID No.: i6sw J Zol / 
Project No.: N9060 CTO 0279 Sample Location: i s w  UZ 

Sampled By. T. ~ojam 

C.0.c. NO.: 696 .9  

0 Pond Type ol Sample: 
0 Lake [ X J  Low Concentration 

%Other: ,c u High Concentration 
u Q A  Sample Type: 

( Presenatiw I Container Requirements 

/$,~,ih'np /L' AeJfT>- &*//of;.-/ Refer to Figure 5 3  of lhe QAPP lor CTO0166 
f &//d 5) ud J- 

/2.. 5 ' W r s  , 

7 o  B.03' 

c/,up 4#0'.' 



Tetra Tech NUS, Inc. SURFACE WATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE ~ a m p k  ID NO.: ~ssw ~ 7 0 1  f 
Project No.: - N9ffi0 CTO 0279 Sample Location: l6Sw 0 7 

Sampled By: T. Rojahn 

C.O.C. No.: 0 9  67 
U Spring 
[I Pond Type of Sample: 

Lake [XI Low Concenlration 
Other: ld gi.,,,,~ [I High Concentration 

U QA Sample Type: 

Eqlosives Piuales 

1 1 L HOPE 

I 
Circle it Applicable: Signature(s): 

UYMSD 

- 
, 

Duplicate ID No.: 

J ~ C J ~ / U O ~ ~ /  { F 
-I 

/7,47& 



APPENDIX C.3.2 
SWMU 16 

SURFACE WATER SAMPLE LOG SHEETS 
ROUND 2 



TetraTech NUS, Inc. SURFACE WATER SAMPLE LOG SHEET 

/ / Page- of - 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: /&<Wo[OZ 
Project No.: N9060 CTO 0279 Sample Location: 5 WM u /L 

0 Stream 

- 

Sampled By T L  1 5 6  
C.O.C. NO.: 4 8  3 3  

0 Sprins 
Pond Type of Sample: 
Lake [XI Low Concentration 

I Other: TUMY - [I High Concentration 
u QA Sample Type: 

I M y  / Duplicate IDNO.: 
_I_ 



Tetra Tech NUS. Inc. SURFACE WATER SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

u Stream 

0 Spring 
0 Pond 
u Lake 

Other. 
fl QA Sample Type: 

Sample ID No.: /6 g y o  z ~ z  
Sample Location: S W M U  1 6  

Sampled By. 7 A  / %  
C.O.C. No.: 4833 

Type of Sample: 
D(] Low Concentration 
[1 High Concentration 

U W S D  Duplicate ID No.: 
7- - / b F D  /2 d b o 3  a /  



I . .  . GiYif:pprebb: , . . . . >  . , " " . - - . . 
. . I Signatures): I 

Tetra Tech NUS. Inc. SURFACE WATER SAMPLE LOG SHEET 

. ,- , 
L Page- of - 

Projecl Site Name: NSWC CRANE, SWMUl6 Sample ID No.: / 1 r ~ o 7 ~ 2  
N9060 CTO 0279 Sample Location: 5HHU /d ; 

Typc of Sample: 
[XI Low Concentration 

High Concentration 
U QA Sample Type: 

N& C.~~~Z+,.. i Ii -.., , 

p,q. 
+, ~f: 'y &,. .AZ 
; ,:$ ' !  

? '- 
+. 

1 h- 

M W S D  - Duplicate ID No.: / I 



Tetra Tech NUS. Inc. SURFACE WATER SAMPLE LOG SHEET 

/ / Page- of - 

G 9  
Project Site Name: NSWC CRANE, SWMU@/~ Sample ID No.: I ~ ~ U I & O (  
Project No.: N9060 CTO 0279 Sample Location: 165a 1 2  

Sampled By: F W  
C.0.C. No.: 42308 

0 Pond I Il Lake 

Type of Sample: 
[XI Low Concentration . . 

Other: 0 High concentration 
QA Sample Type: I - 

m 
i g " "  s): 

a- :.--. e 
Duplicate ID No.: 



-- . 
TetraTech NUS, Inc. SURFACE WATER SAMPLE LOG SHEET 

1 / Page- of 
I 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: 6 5  w /3O( 
Project No.: N9060 CTO 0279 Sample Location: 16 9 LU L 3  

fl Pond 
fl Lake 

Sampled By: F& 
C.O.C. No.: 4808 

Type of Sample: 
D(] Low Concentration 

fl Other: fl High Concentration 
0 QA Sample Type: 

MSMSD Duplicate ID No.: - /- I CJ &/ I 



Tetra Tech NUS. Inc. SURFACE WATER SAMPLE LOG SHEET 

i' p a g e l  of - . 

NSWC CRANE. SWMU16 Sample ID No.: 1 6 5  w / 4 o /  
N9060 CTO 0279 Sample Location: / CS w / 4  

Type of Sample: 
[XI Low Concentration 

poubro  d o  Wad fl High Concentration 
[) QA Sample Type: 

Vdatiles Sw846 80158 

es SW-846 ga0 

... . 

g~f~~~~@&=;"-~~+~~~~&*~~3z~~~~~q;~~~~zij~fI~tF~:*:s:~~;f;~~~;;I_ff 
. - . .. = -A,. -.--.w!*~==<ra= ~. ~- ,~..,~ ..*a ss*r- ~+~,~.~~.-2<Lsx23<>.:-..: =-=L.T.v.* 

MyMSD - Duplicate ID No.: 



TetraTech NUS, Inc. SURFACE WATER SAMPLE LOG SHEET 
/ 1 

Page- of - 
I 

Project S~te Name: NSWC CRANE, SWMU16 sample ID NO.: /b5G/j&O / 
Project No: N9060 CTO 0279 Sample Location: 165 1 < 

Sampled By. FW 
$stream C.O.C. No.: 48"e 
0 Spring 
0 P o d  Type of Sample: 

lake D(] Low Concentration 
Other: 0 High Concentration 

[j QA Sample Type: 

US'MSD - Dupliite ID No.: I G5i.i.L- 



Tetra Tech NUS. Inc. SURFACE WATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUIG Sample ID No.: /65W/ 7 G / 
Project No.: N9060 CTO 0279 Sample Location: /" Sw( (7 

Sampled By. MC /ird 
2] Stream Kdoh 0 C.O.C. No.: 8 8 0 6  
I1 Spring 
I] Pond Type of Sample: 

Lake [X] Low Concentration 
0 Other: I] High Concentration 
0 QA Sample Type: 

vda~es SWSIG 80158 4 e ~ a  (3) 4anl v& 
~ v e s S W 6 4 6 ~  4% (2) L Glass Amber Yes 
M i i - S W B 4 6 8 3 3 0  4°C (2) L Glass Amber Yes 
TOW Me& S W W  fXRCb4&lrxlry 7470A 4°CMN0, (1) L HDPE Yes -F 
Oiss. Metals SW846 Mn&'?Anxry 7470.4 Yes 
Nibale + Nime (asN) EPA 3532 (L 4O-4 (1) L HOPE Yes 
Selected lon Monito~ing - PAHs 4°C (2) L Glass Amber - 

M m S D  Duplicate ID No.: ( yZJ ( / & F D / & L ~ ~ ~ U /  



Tetra Tech NUS. Inc. SURFACE WAfERWSAMPLE LOG SHEET -. ., 

Project Site Name: NSWCCRANE, SWMU16 Sample ID No.: /6 S @ / / B O  / 

Project No.: N9060 CTO 0279 Sample Location: / 6 S  W / B  

Sampled By: MC 

Stream C.O.C. No.: 4806 
U Spring 
[I Pond I u La*. 

Type of Sample: 
D(1 Low Concentration 

I [1 Other: U High Concentration 
(1 QA Sample Type: 

I 4°C I (2) L Glass Amber I 
1 -  

. - 
M e t a b  SWIM6 6m0rmerarry 7470A 4°CMN0, (1) L HDPE 7 Yes 

Diss. MOWS SWIM6 ~ O / M e r c w y  7470A I 4OCMNG (1) L HOPE I Yes -f= 
INibate + Mbile (asN) €PA 3532 .5 (1) L HDPE I 

MYMSD Duplicate ID No.: - - 



Tetra Tech NUS. Inc. SURFACE WATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUl6 sample ID NO.: ( ~ w J o  a( 
Project No.: N9060 CTO 0279 Sample Location: 16 5 &La 

Sampled By: F& 
g ~ t r e a m  C.0.C. No.: 4 t 3 -  

0 Spring 
0 Pond I 0 Lake 

Type of Sample: 
[XI Low Concentration 

I 
- .  

Other. 0 High Concentration 
0 QA Sample Type: 



Tetra Tech NUS. Iw. SURFACE WATER SAMPLE LOG SHEET 

I ' Page- of - 
I I 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: / 6 5 f i / Z /  0 

Project No.: N9060 CTO 0279 Sample Location: 16 2 I 
Sampled By. N L  /7/ 

n Stream C.O.C. No.: 4806 
fl Spring 
1 Pond Type ol Sample: 
fl Lake [XI Low Concer~tration 
(1 Other: Powoao N o  Pyau 1 High Concentration 
fl QA Sample Type: 

I . ~- ~ -..--.-=- -- 
~Gii=epif~~~QQti!~~zC~~z~~~~-f~-~2E~d~f~~2e~E~~L~s5zg-~~~~~ -. &.:- ---==-~~-7=6~-~..=c~~..-~~z~;~: ~ - . ~ Signature(s): 

MSMSD - Duplicate ID No.: 
v 



APPENDIX C.3.3 
SWMU 16 

SURFACE WATER SAMPLE LOG SHEETS 
ROUND 3 



Tetra Tech NUS. lnc. SURFACE WATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMUl6 Sample ID No.: i6sw- 

Project No.: N7448 CTO 0343 Sample Location: I&SW/SD 03 
Sampled By: SG I S  

Stream C.O.C. No.: - 
1 Spring 
0 Pond Type of Sample: 
I] Lake [XI Low Concentration 
f l  Other: Dasc clan= A E A  [I High Concenlration 

QA Sample Type: 

N i t r m t i c s  and Nitramines 4% (2) L Glass Amber 

Total Metals SW846 MmVMercury 7470A 4'CMNG (1) L HDPE .+ ' . 
' 

Diss. Me& SW846 6OXbWefiwry 7470A ~ ' C M N ~  ( I)  L HDPE *' - : 
Nitrate + Nitrite (aasN) EPA 3532 4"CMS04 (1) L HDPE ye&& 

.. . .. ... .. . -. ... . .. ~~ ~~ ~ ~ ~ ~. ; .  
~ ~ %*~>. ~ ~- ~ 

MYMSD - Duplicate ID No.: - 



Tetra Tech NUS. Inc. SURFACE WATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUl6 Sample ID No : 1 6 ~ ~ 0 3 0 ,  

Project No.: N7448 CTO 0343 Sample Location: 16sWlsD 03 

Sampled By: % C / X  

[I Stream C.O.C. No.: 0/33 

[I Spring 
0 Pond Type of Sample: 
[I Lake [ X I  Low Concenlral~on 

8 Other. C.BAI r.4 AGE. b!TC* [I H ~ g h  Concentrat~on 
0 QA Sample Type 

. . . . . .  : .. -<::.?SAMPLING Dg:' ,:. 6 . . . . . .. : ... . . . ~ ' 
. . ~. . . . . -  ,. 

Date: 1 r f  2104 Color 

Time: 1330 (Visual) 

Deplh: 0- 1'' 
Method: J2Q. f ILL ~ :,, Icw 3 - w O /  . . .  - .  16-30 -' 1 ' / . "  . 10.65 36.6,. - 
s ~ ~ ~ ~ & . ~ ~ ~ i @ ~ ~ # ~ @ p n ~ ~ Q ~ ~ : f ~ ~ $ : @ ~ ~ & ~ ~ ~ $ ~ 2 : ~ ; ~ ~ ~ $ $ : ~ ~ $ Z . $ : ~ 1 . $ ~ ~ ~ ~ ~ ? $ ~ $ i ~ : ~ ~  . . -. . . .. . ,,. . . .. ~ ..-. .> .-.. 

Diss. Mews SW846 6MOIMerurry 7470A I 4'C/HN03 I . .. , ( i i i r H D P E  1 
, .. -, .-..I @&9 

(1) L HDPE Niinta Nittila las NI FPA 253 7 , I 4OC/HSO. I . -~ , " I  ye&& 

N~lroaromat~cs and Nitmmines 

Filtered Sampie Collecled YesIX) NoU 

. 

pH 
(S. V.) 

Collected 

Ye@ 

ye- 

Analysis 

Volatiles SW-846 82608 

Volatiles SW-846 80158 

Exolosives SW-846 8330 

4OC 

Preservative 

~'CMCI 

~OCMCI 

Total Metals SW846 6020IMertury 7470A 

Other 

N A 

S.C. 

(mYcm) 

Coritainer Requirements 

(3) 4 0 d  Vials 

(3) 40ml Vials 

(2) L Glass Nnber 

4'CRINOI I . (IF~L HDPE 

YedNo 

Temp. 

('c) 
TurbkliPf 

W) 
W 

(m&) 

ORP 

(mV) 



Tetra Tech NUS, Inc. SURFACE WATER SAMPLE LOG SHEET 

Paae of 

Project Site Name: NSWC CRANE. SWMUl6 

Project No.: N7448 CTO 0343 

0 Stream 
0 Spring 
0 Pond 

Lake 
fl Other: 

QA Sample Type: 

Sample ID No.: I S W  - 
Sample Location: 1 S W I S D W  

Sampled By: T G / S 3 C  
C.O.C. No.: N A  

Type of Sample: 
[XI Low Concentration 
[I High Concentration 

~itter~d sample Collected YesM NOU 13GWT -F hb s P M M  WX' 

I 
Signature(s): 

~ ~ ~~~ -~ - . .. . . ~  
= 

MSMSD 
/ 

Duplicate ID No.: 



Tetra Tech NUS, Inc. SURFACE WATER SAMPLE LOG SHEET 

Proiect Site Name: 
Project No.: 

I Stream 
0 Spring 
[I Pond 
I] Lake 

NSWC CRANE, SWMU16 Sample 10 No.: lssw o 4 d/ 
N7448 CTO 0343 Sample ~ocation: IGSWISD 04 I 

Sampled By: 77 ~ O J A H ~  

C.O.C. No.: o i 3s  I 
Type of Sample: 

[XI Low Concentration 

I 
~. 

(I Other: High Concentrat~on 
OA Sample Type: 

Explos~es SW-B46 8330 

ECboam+atics a d  Nitramines. 4% (2) L Glass Amber 

Total Metats SW846 MmYMerCq 7470A 4°WHNos (1) L HDPE .w 
V i :  Metals SW846 MnONercury 7470A . 4'WHNQ (1) L HDPE 
Nitrate + Nibite (as N) EPA 353.2 .' ' 4"-, 1 (1) L HDPE 

. . . . - - . 

165J 
Filtered Sample Collected YesM Mil tBtW)T 04 01 -F I 5E6 F/6 3-# 

MLAL C/-r/ 3 0 -  5*f r r r  

I 
Signature(s): Circle if Applicable: 

MSIMSD 
+ 

Dupllwle ID No.: - 



Tetra Tech NUS, Inc. SURFACE WATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUl6 Sample ID No.: l6SW - 
Project No.: N7448 CTO 0343 Sample Location: 1 6 S W I S D g 5  I 

u Stream 

u Spring 
I] Pond 
ll Lake 

Sampled By: SrclSG 
C.O.C. No.: I 
Type of Sample: 

[XI Low Concentration 
~ - 

0 Other: U High Concentration 
U QA Sample Type: I - 

ntainer Requirements 

- - - 

MyMSD Duplicate ID No.: 
Y / 

w 



Tetra Tech NUS. Inc. SURFACE WATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: 16sw 0 5 0 1  

-.- N7448 CTO 0343 Sample ~ ~ c a t i o n :  1ssw1.s~ o 3 i  
Sampled By: T. bZd~e.4 

Type of Sample: 
[XI Low Concentration 
(1 High Concentration 

0 QA Sample Type: 

~ilte& Sample Collected YeYXJ N d  

Signature(s): 
~~ .. ~~ ---~.- -~*>> > .,:c* *.:*.* ~s e.z#-*-: &+;- ~.~>+::.: 5r;c>,.2 =z--+>-s! %+ a3e< >.=*I 
- , , - ~ i F . ~ T ~ ~ ~ ~  .- ~ - 

MYMSD 
J 

Duplicale ID No.: 
/ 



Tetra Tech NUS, Inc. SURFACE WATER SAMPLE LOG SHEET 

Project S~te Name: NSWC CRANE. SWMUIG Sample ID No.: issw - 
Project No.: N7448 CTO 0343 Sample Locallon: I~SWISOO~, 

Sampled By: JG/ sJc 
g Stream C.O.C. No.: Nk 

n Spring 
n Pond Type of Sample: 
n Lake [XI Low concentration 
fl Other: n High Concentration 
fl QA Sample Type: 

MyMSD Duplicate ID No.: --- 
/ 

" 

Nibwmmtxs and Nitramines 

Totd ktals SW846 602ONefcu1y 7470A "~.. 

Diss. Met& S W M  MnOlMercuiy 7470A . : 
Nibale + Nibib (as N) EPA 3532 , . ': 

r 

4% 
4°UHN03 

4'- 
4"C&SO, 

(2) L Glass Amber. 
(1) LHDPE. ~ ~ : 

~ (1) L HDPE < ,  

(1) L HDPE .., . 

Y& ." 

kw 
. 

Y ~ S ~ Q  ".: .- - 



Tetra Tech NUS. Inc. SURFACE WATER SAMPLE LOG SHEET 

- 

Project Site Name: NSWC CRANE. SWMUl6 Sample ID No.: 1 6 s w c & o  1 - 
N7448 CTO 0343 Sample Location: 1 6 S W I S D 0 &  

Sampled By: ThlSc 
C.O.C. No.: u/33 

Type of Sample: 
[XI Low Concentration 
U High Concentration 

, 
Nirornat ics  and Nitramines . 4°C (2) L Glass Amber 

, 

Total Metals SW846 60201Mera~y 7470A 4'UHNO, HDPE . , @ye:t 
Diis. Melals SW846 60L@JMerwry 7470A '.. ~'CMNO~ . (irrr HDPE - 
N i t e  + Nitrite (as N) EPA 353.2 ' '.. 4'UHSO. ( I )  L HDPE 

5EE /=/.'4 - 3 -+. , . 
filtered Sample Collected Yes[Xl No[] +36'.V? 

L b S w o b ~ l - ~  

RAIN EM 

, . 

(0.5 ' )  

&7 
'Sc/~i-  

&"E*. twLw-  ~ I K . %  

%c@ O F  %hU 16 

Circle if Applicable: - Signature@): 



Tetra Tech NUS, Inc. SURFACE WATER SAMPLE LOG SHEET 

Project S~le Name: NSWC CRANE, SWMUl6 Sample ID No.: 1 6 s ~ -  

Project No.: N7448 CTO 0343 Sample Locat~on: i ~ ~ W / S D  08 
Sampled By: SSC/IG 

Stream C.O.C. No.: 4 4  
0 Spring 
0 Pond Type of Sample: 
U Lake [XI Low Concentration 
U Other: U High Concentration 
0 QA Sample Type: 

Nikoamma6cs and Nihamiis 4% (2) L Glass Amber Ye 
TOM ~etals ~ ~ 8 4 6  K~3M.4ercury 7470~ 4 ° ~ ~ 3  (I)LHDPE ' ~ YG? 
Diss. h!etals SW846 GMOIMercury 7470/\ 40CMN03 (I) LHDPE . -. . ' Ye< 
N i e  + Nibite (as N) EPA 3532 . , 4°C&S01 (1)LHDPE , - 

. ~ 

MWdSO Duplicate ID No.: - 
V 



Tetra Tech NUS, Inc. SURFACE WATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUlG Sample ID No.: i6sw 08 0 I 

Project No.: N7448 CTO 0343 - -- Sample Location: 16swf.s~ of3 
Sampled By: T. R o i n M  

1 Stream C.O.C. No.: 0 1  3s- 
0 Spring 
fl Pond Type of Sample: 
U Lake 1x1 Low Concentration 
0 Other: u High Concentration 
[I QA Sample Type: 

Nilmarwnatics Jnd Nllrarnines 4OC (2) L Glass Amber 

Total M e w  SW846 GMOIMorcq 7470A 4'CR(N03 (1) L HDPE 

Diss. Metals SW846 KEO/Merauy 7470A 4°CMN0, ( I )  L HDPE 

N-2 
4°UHs0, (1) L HOPE 

Filtered Sample Cdlecled Yes[XJ NoO S& F/6 3-q 

I 

Signature(s): Circle i f  Applicable: 
M W S D  

/ 
Dupllcale ID No.: / 



TetraTech NUS, Inc. SURFACE WATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: 1%~- 

Project No.: N7448 CTO 0343 Sample Location: 16SWED 09 
Sampled By. 5Tc I 5 G  

%Stream C.O.C. No.: r\)A 
[I Spring 
[I Pond Type of Sample: 
I] Lake [XI Low Concentration 
I] Other: [I High Concentration 
[I QA Sample Type: 

MyMSD Duplicate ID No.: - 
- 



TetraTech NUS. Inc. SURFACE WATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMU16 -- Sample ID No.: I~SWCE,O\ -- 

Project No.: N7448 CTO 0343 -- Sample Location: IGSWISDO~ 
Sampled B y  %/7Q 

%Stream C.O.C. No.: 08.3 / 
11 Spring 
(1 Pond I ,I h * e  

Type ol Sample: 

[XI Low Concentration 

I I] Olher: [I High Concentration 

[I QA Sample lype: 

Filtered Sample Collected Yesp) No(] 

\Q GPM 

----.----- 

I 

Circle if  Applicable: I Signature(s): 

MYMSD 
M 

I 
\ 

Duplicate ID No.: - - 



Tetra Tech NUS. Inc. SURFACE WATER SAMPLE LOG SHEET 

Project Sile Name: NSWC CRANE, SWMUl6 Sample ID No.: 1 % ~  - 
Project No.: N7448 CTO 0343 Sample Location: I~SW/SD 10 

Sampled By. S S C l  JG 
&Stream C.O.C. No.: ~4 

Spring 
Pond Type of Sample: 

U ~ a k e  [XI Low Concentration 
n Other: I] High Concentration 
[I QA Sample Type: 

Nitwarmatics and Nitmmines 
Total k t *  SWW ~ ) ~ ~ ~ ~ e r c u r y  7470A 
Dh. Metals S W W  6020Nerany 747DA 
Nibate +' Niite (as N) EPA 3532 

~iltered Sample Cdlecled YesM NoU 13- 

~ 

4°C 
4OC/HN& 
4'CMN& 
4°CM2S04 

hX) S&mPLE- I3-Z-Y 

(2) L Glass Amber ,.. :, 
~, . (1) L HDPE , , ~ . .  

(I, L HDPE .. . . .- . ... ; 
(1) L HOPE l_.. 

C E ~ ~ ~ ~ r f ~ ~ = * , w ~ i i ~ ~ ~ ~ ~ ~ ~ ~ . I i ~ ~ ~ ~ ~ r ~ ~ ~ i ~ ; f I - i L i s  3;:,~.-< 
~~p~~ ---< .>:>- ~7<~-~+-$:<7$;>7&z. : . . ~ . ~ . ; . . . ~ % , ~ ~ ; ~ ~ < ~ s  :;=* i:iiE~~gg~-~sli~s~z+-~~j~~~i =---- ~~~ 

? 
.... ~ ~ --==.--~ ~ ~- ~ ~ . . ~ 

MYMSD Duplicale ID No.: - - 
Signature(s). 

ye& , . -  

, ,.&; -., ~. 
. .  .., 

,;;. - ~ - 7  
yes@) .. - 

:a 

, 



Tetra Tech NUS. Inc. SURFACE WATER SAMPLE LOG SHEET 

p a g e l  of _L 

P r o j F A e ,  Name: 
Proj 0.. 

)( Stream 
0 Spring 
0 Pond 
[I Lake 
n Other: 
I] Q A  Sample Type: 

NSWC CRANE, SWMU16 Sample ID No.: 16sw /a O l  

N7448 CTO 0343 Sample Location: 16swIso /0 

Sampled By: T. K-JAHN 

C.O.C. No.: 

Type of Sample: 
[XI Low Concentration 
[I High Concentration 

Nibuamnalics and Nitramines 4°C (2) LGlass Amber Y&' 
Total Metals SW846 M)2Q(Menury 7470A 4"cnlNo, (1)LHDPE : @a 
qiss. Metas SW846 6MO/Merwry7470A 4°C%lN0. (1) L HDPE . . . 

. .~ , , .. , , . , . 
4 " W 4  Nilrata + Nibile (as N) EPA 3532 : (1)LHDPE : . - y e '  - 

. . . . 

t65d 
Filtered Sample Callecfed YesM Noll --L-F 

mc45 Buc/&% @ /=*/Is 
z o - / 0 0 ~ , ~  

I 
SignatuMs): 

- - . ~ ~  -.=~ %... *:+~- .~.. -=.*** *E=-%.e;*: -s=z:e -*:z~?,$:;r-&c,+~ ..- g~~:~p~&:~f~~Eg+gTz~J-se3.;iE~5sBi~~&g&&g 
m%SD 
w 

Duplicate ID No.: / 



Terra Tech NUS. Inc. SURFACE WATER SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

'jjl Stream 
U Spring 

Pond 
I1 Lake 

NSWC CRANE, SWMU16 Sample ID No.: lssw - 
N7448 CTO 0343 Sample Location: isswlsr, I ( 

Sampled By: JG /SJC 

C.O.C. No.: ~4 

Type of Sample: 
[XI Low Concentration . . 

fl Other: fl High Concenlration 
QA Sample Type: I - 

. . 
Rnered Sample Collected Yes[Xj NoO t!?&WT- .& 

. . ~. , .. , ,. 
uo SAMPLE-  DLY. 



Tetra Tech NUS, Inc. SURFACE WATER SAMPLE LOG SHEET 

I I Page- of - 

Project Site Name: NSWC CRANE, SWMUIG Sample ID No.: l ~ s w  // */ 
Project No.: N7448 CTO 0343 Sample Location: 16sW/sD // 

Sampled By: Z e a / n ~ J  
I] Stream C.O.C. No.: o / j 6  
fi Spring 
fi Pond Type of Sample: 

Lake [XI  Low Concentration 

1 Other. U Hiyh Concentration 
n QA Sample Type: 

l 6 S W  
Filtered Sample Collected YesIXl No[] -V&?WT1/ d/ -F 

/"x 8 " 5.z-/f /- 

I 
Circle if Applicable: ) Signature(s): 

MYMSD Duplicate ID NO.: - - 
- 



Tetra Tech NUS, Inc. SURFACE WATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUl6 Sample ID No.: i6sw .-- 
Project No.: N7448 CTO 0343 Sample Location: IGSWISD \a 

Sampled By: 55CI J G  

;B Stream C.O.C. No.: MA 
0 Spring 

Pond Type of Sample: 

Lake [XI Low Concentration 
n Other: n High Concentration 
0 QA Sample Type: 

EMasives SW-846 8230 

Nitroaromalics and Nilramines 4% (2) L Glass Amber 

Tow Metals S W W  MmYMemry 7470A 4OCMN03 ' ' . (I) L HDPE 

Diss. Metals SWW6 GMQIMerculy 7470A 4OCMN4 . . . ~ ' . (1) LHDPE 
(1) L HDPE Nitrate + Nibite (as N) EPA 353.2 4"CMSO. v&", ~~ - 

MSMSD Duplicate ID No.: 
/ 

- 



Tetra Tech NUS, Inc. SURFACE WATER SAMPLE LOG SHEE7 

Depth: 0- 2'' 
Method: .I D ~ R .  FI& . . 
smPm~CO~9em : ~ ~ ~ ~ ~ ~ ~ & ~ ~ a : ~ ~ , ~ Y ~ 4 ; ~ 1 p e . .  vP+. .&:@{-&p+zy-;-e + %:::j;>z%-~~:.# >s>i:F?+* 

~ s .... - , S f .  .,., , ~. , ..;-. ,, . . , : .  . : . -1.: ..,.. '.~.w?:.:I '..>+1 -9 . ::., . .  ,".. "*r 

Analysis Preservative -. Container Requirements - - Collected -- P 

Volaliles SW-846 82608 4DWHU p Y& 

Volatiles SW-846 80158 ~"CMCI <(3&0% bids. YesMo - 
#,. Explosives SW-846 8330 -- 

p a g e l -  of 1- 

- 
Total Meals SW846 BOZO/Mercury 7470A 4'CMNO, @'J,L HDPE 1 yes 

h5s Mewls SW846 EJJPOmnerwry 7470A 4°VHN0, . a HDPE I yes 

Nstmte + Nllr~to (ss N) EPA 353 2 4 ° ~ ~ ~ ~ ,  3 p  Y d O  

Project Site Name: NSWC CRANE. SWMUl6 Sample ID No.: - 1 6 s w \ a 0 1  

Projecl No.: -~ ~ 7 4 4 8  CTO 0343 Sample Localion: i s sw~su  1 x 
. .- Sampled By: TRIs 

Stream C.O.C. No.: ON/ &'0/33 

I1 Spring 
[I Pond Type of Sample: 
U Lake [XI Low Concenlralion 

[I Other: High Concenlralion 
[I QA Sample Type: 

... 
>, 

A. . , . 
'i 

,ddr /=/G - 3-4! Filtered Sam& Collected YesM No1 -- 2 ,  

',.&Liasw lay,,- ,z 

w 
.. .* 

'-. - . ~ n l d  E v a 7  
. . 

~. . ,'~> , 
. . . ~~ . . 

_C_ 

. 

2. SEC/ 

FT 

Circle i f  Applicable: 
A Duplicate ID No.: 

1 b F ~ l  t 0 2 % ~  01 
7 

Signature(s): 

$, ~ S Y ~ C L ~  : ,  
V 



Tetra Tech NUS, Inc. SURFACE WATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUl6 Sample ID No.: iesw 

Project No.: N7448 CTO 0343 Sample Location: I~SWISD 13 
Sampled By: S r C / 3 G  

$stream C.O.C. No.: - 
Spring 
Pond Type of Sample: 
Lake [XI Low Concentration 

fl Other: n High Concentration 
QA Sample Type: 

, ..~ .. . , '(1)LHDPE . , - -  .-. , ."S .. , 
-. 

Diss. Metals SW846 MnOIMerculy 7470A ,. 4%liNO, . ~ ,,*-,* ( , )LH~PE . L.:: ... :.,: ,.,. :.., . ; , ~ : ; . . . '  

N m e  + Nibite (as N) EPA 3532 . 4 ° ~ , ~ o ,  . ..‘.^., .,:. :c-r"r:.,i (I) L HDPE . .  . - , .:. ,. ' ,;.~. - y e >  
.. . . . , . . . , 

- i . 

. ., . . 

. . , ,  . . < ~ ,  . ,. ~, . ~ ,  ~, . , .. 

Analysis 
Vdahles SW-846 82608 

vdati~es SW-846 80158 

-F 1 l~iltered Sample Collected YesM NW l 3 i W T  I 
MO SAMPLE - DRY 

Preservative 1 CowIalner Requirements . ,- -- 
4OC/HCI 1 (3) 4Gml Vids 
4 ° ~ ~ ~  (3) 4mn1 V ~ I S  

collected 

Y@ 

Y&J 



Tetra Tech NUS, Inc. SURFACE WATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMU16 --- Saniple ID No.: 16SW 130% 
Project No.: N7448 CTO 0343 Sample Location I ssw/So13 

Sampled By: 5 3 r l T e  
Stream C.O.C. No. -- 6 i 3 1  

I1 Spring 
[] Pond Type of Sample: 

U Lake [XI  Low Concentration 

[I Other: [I High Concentration 
U OA Sample Type: 

.. ..... .....-,...-. ....... Preservaive , - container Requirements .~ tcllected 

Volatiles SW-846 82608 ~'CMCI a 4 0 r n l  Vials 

4°cma Volatiles SW-846 80158 . , m o r n 1  Vials 

I I I 
. , . . 

S E N  : 2;. : '. . ' y 6  -.:. Y . . .  -: ' . :.:,Y. ;.;,,.::~:.:,;.;.:~; 



Tetra TechNUS. 1 -  SURFACE WATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUl6 Sample IF1 No.: IGSW lbQl 
N7448 CTO 0343 Sample Location: 16SWlSD lb -- 

C O  C. No.: 

Type of Sample: 
[ X I  Low Concenlration 

[I High Concentration 

n OA Sarnple Type: 

Nihoammatics and Nihamines ; - 4°C (2) L Glass Amber 

Total ~ e t a ~ s  SW846 GOZO/M~~CW 7470A ~"UHNO, . . ,., . . . ~ H D P E  . 
Diss. Melab SW846 GOUYMercury 7470A 4 ° k N 0 ,  .. . ~.. .:%:, ~:. .. $ , '.; O~HDPE ,. <yes) 
N i l e  + Ninite (as N) EPA 3532 . :'. .. . . 4°UHs0, _ ,. . . ' (m HDPE Y* , . .  . - 

I filtered Sample Collocled Yes[X] NoU M * I < ~ k -  G/c . 3-4 

I r ; i 0 s V  ESE Mri gRlheS ' 

Circle if Applicable: Signature(s): 

MYMSD Duplicate ID  No.: 

5&L,lhi - -- 



Tetra Tcch NUS, Inc. SURFACE WATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: l a w  , 
-- 

Project No.: N7448 CTO 0343 Sample Location: r6sw/su \q 
Sampled By: D C  1x6 

XStream C.O.C. No.: N A 

[j Pond Type of Sample: 
fl Lake [XI Low Concentration 
fl Other: [j High Concentration 
U QA Sample Type: 

Analysis 
Volatiles SW-846 82608 

vola~iles SW-846 80158 

Explosives SW-846 8330 

MYMSD Duplicate ID No.: 
7 I 

U 

NiWammatics ad N m i n e s  

Total Metals SW846 60201Mefcurf 7470A 

O ' i .  MtalsSWI346 ~ r c . u r y 7 4 7 0 A  
Nibate + N i e  (is N) EPA 3532 

Presenratlve 
4 0 w a  
4 ° ~ a  

4% 

4'CMNO, 

4DCAN& 

~ " W W O ~  

Container Requirements 

(3) 40m1 Vials 

(3) 40m1 vats 

CoUected 

YO& 

Y&G 
V 

(2) L Glass Amber 

(I) L HDPE 

(1) L HOPE 
(1) L HDPE 

Y e m  - 
--Ves 

' -%s- 
.ye& . . 



Tetra Tech NUS. Inc SURFACE WATER SAMPLE LOG SHEET 

P a g e l  of I 

Project Site Name: 
Project No.: 

W: Stream 
n Spring 
[I Pond 
[I Lake 
0 Other: 
[I QA Sample Type: 

NSWC CRANE. SWMU16 Sample ID No.: i6sw 1901 
N7448 CTO 0343 Sample Location: 16sw1.s~ 19 

Saqpled By: S c  VcL 
C.O.C. No.: O i S  i 

Type of Sample: 
[XI Low Concentration 
U High Concentration 

Date. 1 l \ ~ l o +  Color pH S.C. Temp. Tu*idii W ORP Othw 
(Visual) (S. V ) (mSIem) ( O C )  (Env) ( m f i )  (mV) N A 

f Analysis I Preservative I Conlainer Requirements 

volaiiles sW-846 82608 I 4OCMCI 1 (3) 4Oml Vials 

Volables SW-846 801 58 4"MCI (3) 40ml Vials ye@%, 

Exdasaes SW-846 8330 I I I - 

Finered Sample Collected Yes[W NoO - 7 .  

~&:SX.& lqb\-F 

Rare EVCNT 

L- \'/S€L EST. 

11m GPbx 

' . .  '.... . 
Nibmmmatics and NiUamin- 

Total Metais SW846 6020/Merculy 7470A 

Diss. Metals SWffl6 602a'Me&y 7470A 

Nitrale + Nihite (as N) EPA 3532 
, . 

4% 
4'CMNO3 

4°CMN03 

4°CM;S0, 

I 

~ ~ ... . (2) L Glass Amber 

@)L HOPE . . 
<TPn HDPE .. , . . . . 
m~ HDPE 

Signature(s): Circle if Applicable: 

, . ye, 

Ye$q - . 

MYMSD - Dupl~cate ID No.: - 



Tetra Tech NUS. Inc. SURFACE WATER SAMPLE LOG SHEET 

pageJ of _L . 
[02> 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: a 
Project No.: N7448 CTO 0343 Sampk ~ocatbn: -- 

Sampled By: JG/ SL 
-g Stream C.O.C. No.: ~4 
U Spring 
a Pond Type of Sample: 
0 Lake [XI Low Concentration 
0 Other: [J High Concentration 
U QA Sample Type: 

Vdaliles SW-846 80158 (3) 40ml Vials 

-s SW-046 g a 0  

MYMSD Duplicate ID No.: - - I - I 

- 

N i i m t i c s  and Nitramires 
Total M e w  SW846 60201Mermry 7470A 

~i&. Metals SW846 GMONercwy 7470A 

Nibate + Nibile (as N) EPA 3532 

4% 

4OCMN4 

4"CMNo, 

~"WQ 

(2) L Glass Amber 

(1) L HDPE 
(1) L HOPE . . .. 
(1) L HOPE . , 

~. 

Y& 
. .* 
. & .: : ,~ 

Yesplw\ .' 
w r  



Tetra Tech NUS. Inc. SURFACE WATER SAMPLE LOG SHEET 
I 1 

Page- of 
- 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: issw z3 6 i 

Projecl No.: N7440 CTO 0343 Sample Location: l s s W / s D 2 3  

Sampled By: T; ? ? . . A H A  

1 Stream C.O.C. No.: O i 3 6  
0 Spring 
U Pond Type of Sample: 
U Lake [XI Low Concentration 
0 Other: [ I  High Concentration 
[I QA Sample Type: 

. ' 

, ~ . ,  . . ~  
' 

I 

Nitrodatics and Nilmmines 

Total Metals SWB46 6MO/&rcury 7470A 

Diss. Metals SW846 GO2OlMerurry 7470A 

Nitrate.+  itr rite (as N) EPA 353.2 

Circle if Applicable: 

M W S D  I D u ~ l l a t e  ID No.: 

Signature(s): 
/ /;I P 

4'C 
4'CiHNO, 

4"CMNO, 

4 " a @ ,  

(2) L Glass Amber 

. (1) LHDPE 

(1) L HDPE 
(1) L HDPE 

ye@ 
. 

- 
es) 

Y- - 

. 



Tetra Tech NUS, Inc. SURFACE WATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMUl6 
Project No.: N7448 CTO 0343 

I ' $ Stream C pOw,m) 
(1 Spring 

Sample ID No.: 
Sample Location: 
Sampled By. 
C.O.C. No.: 

(1 Pond Type of Sample: 
0 Lake [XI Low Concentration 
(1 Other: (1 High Concentration 

QA Sample Type: 

Nlmvomatics and Nibmines 

TOW Metals S W W  GMQ(Mcnuw 74704 

Diss. Metals S W W  MmYMorcury 7470A 

Nmle + Nitrite (as N) EPA 353.2 

.... .. ~~ ~~~~. .~~~ - -- .. .-,,. ~ .~ .:.:~~-~<. =~-. .77z.<*z -- ~~ ~ ~ . . ~~ ~ @ ~ ~ ~ ~ & ~ @ p ] I c 8 b ( q ~ 6 2 z ~ I + 4 ~ - f G ~ : z ~ ~ ~ ~ ~ ~ $ ~ ~ ~ ~ ~ ~ ~ f ~ ~ & ~ ~ ~ ~ ~ - ~ ~ ~ ~ f ~ ~ f ~  .. . - - Signature(s): 

Duplicate ID No.: 

gu vokS 
1 6 f 0 l 0 0 8 D 4 . 0 2  

ObLY ou VOAS V 



Tetra Tech NUS, Inc. SURFACE WATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUl6 Sample ID No.: l ~ W 2 5 ~ 1  

Project No.: N7448 CTO 0343 Sample Location: 1 6 ~ ~ 1 s ~  a5 
Sampled By: SJC/ TG 

3 Stream C Po N rxa) C.O.C. No.: 0 1  13 
0 Spring 
0 Pond Type of Sample: 
fl Lake [XI Low Concentration 
0 Other: 0 High Concentration 
0 QA Sample Type: 

datiles SW-846 82608 I 4 D ~ ~ ~ ~  (3) 4 h l  vials 
ciatiles SW846 8015B 4 ° ~ ~  I (3) 4 h l  v i s  1 Y* 

Emlosives SW-846 wo I I 
N i i a k  and Nilramines 4% (2)L Glass Amber . . . . ye& :... . , {  

(4-3 
: 

T d  M e w  SW846 6020/Merwry 7470A 4%+lNOS HDPE 
Diss.MeWs SW846 GOXYMercury 7470A 4"cnlN03 - (I)LHDPE,~.: 

N i i e  + Nibite (as N) EPA 3532 4O-0, (1) L HDPE 
. . . .  



TetraTech NUS. Inc. SURFACE WATER SAMPLE LOG SHEET 

Project Sile Name- NSWC CRANE, SWMUIG Sample ID No.: tmw, 

Project No.: N7448 CTO 0343 Sample Location: l s s w l s o a ~  
Sampled By: S T C  / s G  

%Stream C.O.C. No.: N G  
0 Spring 

Pond Type of Sample: 

11 Lake [XI Low Concentration 
fl Other: (1 High Concentration 
I] QA Sample Type: 

Method: - 

Vdables SW-846 8015B 

. 

. 
Nilmammatics and Nitramines 

Total Metds SW846 602Olkrcury7470A 
Diss. Me& SW846 602Olkrcuy 7470A 

~trate.+ Nitrite (as N) EPA 353.2 

4°C 

40c/HN03 
.4'CMN4 

4'-0, 

, ,. 

(2) i Glass Amber Y@ 
.(I)LHDPE . . .: .~ 6,:: .. ',. . 

. . (1)LHDPE ..*i: . . v. 

(1)LHDPE . . Y= :>: 



Tetra Tech NUS. lnc SURFACE WAER SAMPLE LOG SHEET - T 

i Page- 0 -_ 

Project Site Name: NSWC CRANE, SWMUIG Sample ID No.: l 6 s w Z d 0  / 

Project No.: N7448 CTO 0343 Sample Location: 16swisD z 6  
e Sampled By: T ; ~ ~ J A c ( &  

1 Stream C.O.C. No.: 0 /2 4 
0 Spring 
[I Pond Type of Sample: 
11 Lake 1x1 Low Concentration . . 

0 Other: fl High Concentration 
QA Sample Type: I - 

Time: N A I 
Depth: 3 " 

- . . . -. . . . . . . . , 
Volatilos SW.846 82600 I 4-CMCI I (3) 40ml Vials I CY&O 
Volaliles S W ~  80158 4 0 m a  (3) 46n1 V L S  @e& 

Evlosives SW-846 8330 

Nitmammatics and Nibamines . . .  4OC (2) L G h s s  Amber . ye@ 
Total Metals ~W846 6020Nercury 7470A : . - 4 ' W W  , . , ,  :(I) L HDPE . . . . ..-. . . - ~ 

Diss. W s  SW846 6Q20Nerany 7470A . . 4'CMN4 : .: . . t:" "1) LHDPE . . . .:, . . . .: . '  . #. y&J :: :, ., 

: , PIXgj0, . ~ , ~ . .  ~ , * .  . .'(I) L HDPE . ~~ , , . ... Nilrate + Nibite (as N) EPA 3532 . ,. ~. > .  . , 

MSIMSD Duplicate 10 No.: 

Yd 5 /&,Go/" E 6  d+ / 

k 



Tetra Tech NUS. Inc. SURFACE WATER SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

KStrearn 

0 Spring 
Pond 

0 Lake 
Other. 

U QA Sample Type: 

NSWC CRANE, SWMU16 Sample ID No.: 
N7448 CTO 0343 Sample Location: ~ssw/sDaq  

Sampled By: SSC 156 
C.O.C. No.: - 

Type of Sample: 
(XI Low Concentration 
0 High Concentration 

~mxwnatics and Nibamines 4Oc (2) L Glass Amber Y e w  
. (I) L HOPE Total Metals SW846 MnWrcury 7470A 4OWHIQ . ~. . .. 

' 
YOcl' 

:.,,*:;. . .M. Metals SW846 GmO/Me&ry 7470A : . : 4°WHN09 I . , . , . . . ( I )  L HDPE . -yes? 
I. .', . ~, (1) L HDPE I. 

~lltered Sample Cdlected YesM No0 1 a- 
rJ0 ShMPW - bhg 

- -  

M W S D  Duplicate ID No.: 
+ - 

V 



Teira Tech NUS. Inc. SURFACE WATER SAMPLE LOG SHEET 

Project Sile Name. NSWC . CRANE, SWMU16 Sample ID No .  IGSW 

N7448 CTO 0343 Sample Locat~orl. 1 6 s w / s ~  a? - 
C.O.C. No.. 

Type ol Sample: 
[XI  Low Concentration 
11 H ~ g h  Concenlralion 

[I OA Sample Type: 

LGlass Amber , , 

.. , 

, a  . . . 
'3 

~ 

Filtered Sample CoUecled YesM Ncfj t4C-F ( 3 
J L S W Z ~ O / - C  

/ 

l2AW.J Ev&j- 
\ 
i - 
'\, b4'x'. </' .- 

2C€$/ 
. J -  

Fi. 

Signature(s): 

b c b -  

Circle i f  Applicable: 
M9MSD 

-- 
~uplicate ID No.: - 



Tetra Tech NUS, Inc. SURFACE WATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUIG Sample ID No.: 16s-@ 

Project No.: N7448 CTO 0343 Sample Location: I~SWISD as 
Sampled By: 

g siream C.0.c. No.: s N r -  
0 Spring 
I] Pond Type of Sample: 
[I Lake [XI Low Concentration 
I] Other: [I High Concentration 
U QA Sample Type: 



Tetra Tech NUS, Inc. SURFACE WATER SAMPLE LOG SHEET 
I I P a g e  of - 

I 

I Project Sile Name: NSWC CRANE. SWMU16 Sample ID NO.: l6sw ZB 0 I 
Project No.: N7448 CTO 0343 Sample Location: IGSWISDZ~ 

I Sampled By: TI R o ~ + r  J 

1 Stream 

I1 Spring 
[I Pond 
n Lake 

C.O.C. No.: O i 3 5  

Type of Sample: 
[XI Low Concentration 

Other: [I High Concentration 
OA Sample Type: I -- 

IDate: I Color I pH I S.C. I Temp. I T u h i d t y ]  W ( ORP 1 Other 

lime: ,5950 1 (Visual) I (S. U.) I (mSIcm) 1 ( k) I (NTU) I (mgn) I (mv) I N A 

I 1 6 ~ d  
Filtered Sample Collected Yes[V Ncfj +a6Wf 2% 0 1 

-F I 

Circle i f  Applicable: - 
Duplicate ID No.: / 

Signature(s): 



Tetra Tech NUS. Inc. SURFACE WATER SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

2 Stream 

I1 Spring 
fl Pond 
I] Lake 
n Other: 
0 QA Sample Type: 

NSWC CRANE. SWMUl6 
N7448 CTO 0343 

Sample ID No.: tssw&&+ 
Sample Location: issw~sr, a 
Sampled By: %C/JG 
C.O.C. No.: N A  

Type of Sample: 
[XI Low Concentration 
[I High Concentration 

4% (2) L Glass Amber I 
TOM wtals ~ ~ 8 . 4 6  6oaXMenxlty 7 4 7 0 ~  I 4 a ~ ~  1 (1) L HOPE 1 m- - 
Ikss Metals SW846 6C20Nenury 7470A ' 4°WHN0, 1 (1) L HOPE 
NlIrate + ~ m t e  (as N) EPA 3532 I 4 " ~ .  I (1) L HDPE 



Tetra Tech NUS. Inc. SURFACE WATER SAMPLE LOG SHEET 
1 I Page- of 

Project Site Name: NSWC CRANE. SWMU16 SampleSD No.: l6SW 2 9  o I 
N7448 CTO 0343 Sample Location: 16sW/SD 2 9 

C.O.C. No.: 

Type of Sample: 
[XI Low Concentration 
11 High Concentration 

(1 OA Sample Type: 

Filtered Sample Collected Yesm NolJ MGYW t 9 0 /  -F 

5 7 C O 4 h  & V D r  

" J '  /.5,f~/ff 

Signature(s): 
. . ~. Circle i f  Applicable: . - 

MYMSD - Duplicale ID No.: - 



Project Site Name: - NSWC CRANE, SWMUl6 Sample ID No.: r6sw - --- 
Project No.: N7448 CTO 0313 Sample Location: ~ ~ S W / S D ~  

Sampled By: ZS G/JG 

g Stream C.O.C.  no^: - 
O Spring 
0 Pond Type 01 Sample: 
(1 Lake [XI Low Concentration 
0 Other: High Concentration 
0 QA Sample Type: 

VdabsS SW-846 82608 4 m ~ 4  (3) 4 m l  Vials 

vdat i~e~ SW-846 8 0 1 s ~  4 ° ~ a  (3) 4oml vials Y& . 

ExplosivesSW-846 ape . ,. 
Nilmammaticsand Nibamines 4% (2) L Glass Amber Y& 

Telra Tech NUS. Inc SURFACE WATER SAMPLE LOG SHEET 

". . . . . . . . . . . . .  . . . .  .. ,~ ........... 

Filtered Sample,Coll&ed YesM NcU +4W_ 

1 MS/MSD 1 Duplicale ID No.: I 



Tetra Tech NUS. Inc. SURFACE WATER SAMPLE LOG SHEET 

Project Site Name NSWC CRANE, SWMUIG sample ID No.: l6SW 3 0 a I 
Project No.: N7448 CTO 0343 Sample Location: IESW/sD j o 

Sampled By: Z ~ # ) A M /  1 
Stream 

0 Spring 
Pond 

[I Lake 

C.O.C. No.: 0 /a+ 

Type of Sample: 
[XI Low Concenlralion 

I Other: n High Concentration 
I n Q A  Sample Type: 

[Dale: /o- 26 - 0 4 I Color I pH I S.C. I Temp. I Turbidity1 DO I ORP I Other I 
Time: /,?ad I (visual) I (s. u.) I (dm) I ( OC) I (NTU) I (W) I (my) I N A 

Finered Sample Collected Yer[w ~ o ( j  

.r 5 - / " 9 r M  
I 

fi--,&l G' 4 /*a /  3 x 4 ' 

I 
Circle if Applicable: Signature@): 



APPENDIX C.4.1 
SWMU 16 

GROUND WATER SAMPLE LOG SHEETS 
ROUND 1 



Tetra Tech NUS. IK. GROUNDWATER SAMPLE LOG SHEET 

/ 2- Page- of -- 

Project Site Name: NSWC CRANE Sample ID No.: tffiw oc ot 
Project No.: ~9060 CTO 0279 Sample Location: w , f - 0 1 -  €13 

Sampled By: - r .  . 4 e ~ . + u d  

Domestic Well Data C.O.C. No.: 0.98 s 
[XI Monitoring Well Dala Type of Sample: 
(1 Other Well Type: I Low Concentration 

CIA Sample Type: High Concentration 

c w : - ,  .. -- ~ - ~ ~~~. : , , . , ,  . . ~. . .~~ 

M S i S D  Duplicate ID No.: 
b C-------- 

m: To Be Determtned 



Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: N9060 CTO 0279 

WELL ID.: 1 ~ f ~  - /4 -n / -  BJ 
DATE: 4/23/ 03 

Comments 



Tetra Tech NUS. 1%. GROUNDWATER SAMPLE LOG SHEET 

Project Site Name: - NSWC CRANE Sample ID No.: lffiw 02 01 
Project No.: ~ 9 0 ~ )  CTO 0279 Sample Location: -.,q-oA-Q3 

Sampled By: R . R W t x  
fl Domestic Well Data C.O.C. No.: 059L 
D(] Moniloring Well Dala Type of Sample: 
fl Other Well Type: 1 Low Concentralion 
fl QA Sample Type: n High Concentration 



Tetra Tech NUS, ~nc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: N9060 CTO 0279 

WELL ID.: k l c \ .  \c\-01- 'j)? 
DATE: 9 / ~ 3  

PAG! 3 ~ 2  



Tetra Tech NUS. tnc GROUNDWATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE 

Project No.: ~ 9 0 6 0  CTO 0279 

0 Domestic Well Data 
[XI Monitoring Well Data 
0 Other Well Type: 
0 QA Sample Type: 

Sample ID No.: i s ~ w  Q& o& 
Sample Location: &5.~q.r>3+3 
Sampled By: 
C.O.C. No.: 
Type of Sample: 
1 Low Concenlralim 
0 High Concentration 

~gnature(s): . =  ~ .~ ~~ ~ ~.~ ~~ .- + . 
A ~ ~ . =  ~ -~~ ~~~- . . . . . . . . . . . . .  . . . . . . . .  . . .  . . .y_ . .= . . . . - .  . 

r TO Be Determined 

MSlMSD Duplicate ID No.: 



1 ~ 1  Tetra Tech Nus, lnc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: NO060 CTO 0279 ' 

WELL ID.: ~ & - \ ~ - ~ ) a ' d ?  
DATE: 5/c\& 

Time Water Level Flow Temp. Cond. DO ORP Turb. Comments 



~e(ra  Tech NUS. ~nc. GROUNDWATER SAMPLE LOG SHEET 

Pmject Site Name: NSWC CRANE Sample ID No.: iffiw 3 01 

N9060 CTO W79 

0 Domestic Well Data C.O.C. No.: 
[XI Monitoring Well Data Type of Sample: 
fl Other Well Type: 1 Low Concenlration 



Q Tetra Tech NUS, Inc. LOW FLOW P ~ R G E  DATA SHEET 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: NO060 CTO 0270 

WELL ID.: uL% - \q-c>% -Q3 
DATE: \ /%An 

- - - 

Comments 



Tetra Tech NUS. I W ~  GROUNDWATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE Sample ID No.: 16GW 04 01 

Project No.: ~9060 CTO m79 Sample Location: b-q-?% 
Sampled By: BOn\uo- 

0 Domestic Well Data C.O.C. NO.: G 9 8B 
1x1 Monitorina Well Data Type of Sample: 

I 0 other ~ell ' iype: Low Concentration 
QA Sample Type: Hgh Concentmlion 

WeH Casing Diameter & Malerial 

Type: 2'- P O L  I 1 
Total Well ~ e p ~ h  (TD) 99. &' 1 SEE LOW FLOW PURGE DATA SHEET I 

Signa,",ds,: w ~ ~ ~ * ~ ~ * ; ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ; ~ , ~ ~ ~ ~ ~ ~ L ~ ~ : ~ < ~ : ; . ~ ~ ~ ~ ~ : . : ~ . ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ . ~ ~ : ~ ~ ~ ~ ~ . ~ , ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ . : ~ - : ' ~ : ~ ~ ~ ~  

~ T O  8e Delermnned 

MWSD - Duplicate ID No.: 



@El Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: N9060 CTO 0279 

WELL ID.: WE5 .~.\q- \-QT 
DATE: 4fi5133 

I 

Time 1 Water Level Flow I i o n .  r - 

Turb. Comments 



Tetra Tech NUS. ~ n c  GROUNDWATER SAMPLE LOG SHEET 

~ a o e  of Z 

Project Site Name: NSWC CRANE 
Project No.: ~ 9 0 6 0  CTO 0279 

fl Domestic Well Data 
[XI Monitoring Well Data 
0 Olher Well Type: 
0 QA Sample Type: 

Sample ID No.: IGGW 05 01 

Sample Location: k/&<- i /  - 05 -  €73 
Sampled By. 7. ro&+qn/ 
C.O.C. NO.: a703 
Type ol Sample: 
I Low Concentration 
0 High Concentration 



LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: N9060 CTO 0279 

WELL ID.: Wff .  /4- 05- 43 
DATE: ~ / L L / u ~  

I Time I Water Level ( Flow I Temp. I pH I Cond. I DO I ORP I Turb. 1 Comments 



Telra Tech NUS. IW. GROUNDWATER SAMPLE LOG SHEET 

NSWC CRANE Sample ID No.: l%W -to\ ol 
NXW CTO 0279 Sample Location *y TO\ 

fl ~ohestic Well Data 
[XI Monitoring Well Data Type of Sample: 

Other Well Type: Low Concentration 

SVOCS 8151A 

. .. .. ~~--~-.=",.;.~.~:~~~z~: - >.::= ~~. ~- ~., . . . .. . . ~~- ~.~ 
~~ ~ --h~~~s.s.= 

w- 4- ya2fo3 



Tetra Tech NUS, Inc. LOW, FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: N9060 CTO 0279 

WELL ID.: Ib-f 6\ 
DATE: 4) %I33 

I Tlrne 1 Water Level I Flow I Temp. I pH I Cond. ( DO I ORP ( Turb. ( Comments I 



Telm Tech NUS. ~nc. GROUNDWATER SAMPLE LOG SHEET 

p a g e l  of 2 
Project Site Name: NSWC CRANE Sample ID No.: iffiwToa 01 

Project No.: NWEU CTO 0279 Sample Location: u ~ 0 3  
Sampled By: 8 .  B d k & ~ c c  

U Domestic Well Data C.O.C. No.: 0 7 8  Er 
v) Monitoling Well Data Type d Sample: 

Other Well Type: 1 Low Concentration 
0 Q A  Sample Type: n High Concentration 



R T e v s  Tech NUS. 1°C. 

w 
LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: N9060 CTO 0279 

WELL ID.: \L 'cN~J~ 
DATE: waam 

Comments 



lRl Telm Teeh NUS. Im. GROUNDWATER SAMPLE LOG SHEET 

Project Sile Name: NSWC CRANE 

Projecl No.: ~ 9 0 6 0  CTO U279 

0 Domestic Well Data 
[XI Monitoring Well Data 
I] Olher Well Type: 

QA Sample Type: 

Sample ID No.: 16GWT03 01 

Sample Location: / 6 ~  u j-03 
Sampled By: T .  Rrr4rrd 
C.O.C. No.: 0 9 9 /  
Tme of Samole: , . 

Low Concentration 
High Concentration 



Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: N9060 CTO 0279 

WELL ID.: /4MW703 
DATE: 4/t f/03 



 elm Tech NUS. IX. GROUNDWATER SAMPLE LOG SHEET 

P a g e l  of _;k 

Project Sile Name: NSWC CRANE Sample ID No.: 1 % ~  -by 01 
Project No.: ~4)60 CTO 0279 Sample Location: Lbwx & 

Sampled By: 9 .bwc~J,.ltc 

0 Domestic Well Data C.O.C. No.: OMS 
[XI Moniloring Well Data Type of Sample: 
fl Other Well Type: Low Concentration 
fl QA Sample Type: 0 High Concentration 

-:;'~ .wB..:7zs +7z:<.r: ~.:~ <--- ~=->>" ~ ~ x - ~  c. ~.<:~ ...*... -....... >-:< ~ ~ , * ~  . . . . . .  ... % .  _ ?  . . .  . . ~~~ .............. . .  -. ............... , ................. ; .  ;l:::.>~+i=..z21 Signafure(s): 
MSNSO hiplieale ID No.: 

- 
C 



Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: N9060 CTO 0279 

WELL ID..: \bmW-t04( 
DATE: 5 n~ roq 

-- - - 

PAGE-OF- 



GROUNDWATER SAMPLE LOG SHEET 

NSWC CRANE 

N9060 CTO 0279 Sample Location: /6 A )./ 7-05 
7, U O J A  /fd 

[XI Monitoring Well Data Type of Sample: 
0 Other Well Type: Low Concentration 
fl QA Sample Type: 0 High Concentration 



Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE WELL ID.: /&Adw 705 
PROJECT NUMBER: N9060 CTO 0279 DATE: f/7&/03 

I I I I I I I I I I I 
7.01 *A* , * / .  l / a L .  

SIGNATURE(S): P A G E ~ F A  



Tetra T ~ A  NUS. ~nc. GROUNDWATER SAMPLE LOG SHEET 

- 

Project Site Name: NSWC CRANE Sample ID No.: IGWW 6 01 

Project No.: N 9 m  CTO 0279 Sample Location: 16 ~ W T O  6 
Sampled By: T.  & ~ r t n J  

0 Domestic Well Data C.O.C. No.: 0 9 9 4  
[XI Monitoring Well Data Type ol Sample: 
0 Other Well Type: I Low Concentration 
0 QA Sample Type: 0 High Concentration 

3 ~~~ -, ~, - ~~ .~~ .... ~~~. - ~ ~~~ > ~ < <  ~ . .  -.: 

MyMSD Duplicate ID No.: - -~ 
: lo Be Delermlned 



Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 
, 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: NO060 CTO 0279 

WELL ID.: 16 M W T O C  
DATE: 4 / 2 9 / 0 3  

e = PAGE-OF- 



~ e t n  Tech NUS. 1% GROUNDWATER SAMPLE LOG SHEET 

2 Page- of - 

Project S~te Name: NSWC CRANE Sample ID No.: 16~a60ai  
Project No: ~ 9 0 6 0  CTO ~ 7 9  Sampk Location: \ b ~ , , , ~ a  

Sampled By. t 3 . A ~ x . a  
Domesllc Well Data C.O.C. No.: 0997 

D(I Monitoring Well Data Type of Sample: 
0 Other Well Type: Low Concentration 
0 QA Sample Type: 0 High Concentration 

Oae: 5 ntro') Cabr pH S . C ~  TT 1 Tub$ 1 SaZW ify ORP I V-d SLpndlnl lnv- mv 

Wen Casing m e t e r  h MaleMl 

Stak Water Level (WL): 



Tetra Tech NUS. Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: N906O CTO 0279 

WELL ID.: \knh)~Ob 
DATE: 

- 



APPENDIX C.4.2 
SWMU 16 

GROUND WATER SAMPLE LOG SHEETS 
ROUND 2 



~ e b a  ~ c c h  NUS. IW. GROUNDWATER SAMPLE LOG SHEET 

Sample Location: 

[I Domestic Well Data 
M Monitoring Well Data 
[I Other Well Type: [XI Low Concentration 
fl QA Sample Type: 0 High Concentration 

Filtered Sample Collecled Y e a  N 



Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE WELL ID.: t b  G k 1 o 1 o - 7  . 
PROJECT NUMBER: N9060, CTO 0279 DATE: /O -/A- c. 3 

I I I 



m -  TeUaTech NUS. IW. GROUNDWATER SAMPLE LOG SHEET 

p a g e l  of 2 

Project Site Name: NSWC CRANE, SWMUl6 sample ID NO.: /bGMOL43 
N9060 CTO 0279 Sample Location: W s -  [ Y - a  -83 

Domestic Well Data 
[a Monitoring Well Data Type of Sample: 
0 Other Well Type: D(] Low Concentration 

QA Sample Type: 0 High Concentration 

~~*?~&~~$g<:~~g$$*;s$*~~+-$$g~.~*~gg-~p~j-*~<~g;*gzvI~j*~. .. -~ -- -~ ~==*.---~ ~?~~ ~~ ~ - = ~ ~~ -- ~.. ~ - a * ~  L.L- 

M m S D  - Duplicate ID No.: . 



1-1 Tetra Tech NUS, ~nc, LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: N9060, CTO 0279 

WELL ID.: 
DATE: / 0 -&-7-03 



Note. Analyle, method, andlor equipment may be deleted lrom l ~ r m  if not being performed 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

~ e l r a  Tech NUS. h. Page 1 of 2 

ORP (Eh) (+I- mv) Eleclmde Make 6 Model: Yri - 
Reference Electmde (circle r Chloride Calomel 1 Hydrogen 

Dissolved Oxygen: / 

EqulpnenL Chemetw Test Kit Carenlrabon d,Z ppm 

Alkalinity: 
Eqopment Chemelna Tesl Kit Concentrabon ppn 

Range Used: 

- Is+' 

Notes 

Ferrous Iron (~e'*): r > 3.30 
Equlpmenl ORBY) 

- 

R a w  

0101 ppn 

1to12ppn 

I 

Analysis Time: / d $ l  

s >3.3on * n - 2 ,,.,? , ;;1 . + ntwed: 

Notes: 

C a h n  Dioxide: 
Equipment ChRneVlcs Test Kit m t r a t i m :  / 05 

Hydrogen Sum H&): Range. 0 - 5 @ 

Equipment: 9 Oher m n t r a t i a n :  0. Q ppm 

Ex& 5.0 @ range on &or marl: Analysis Tim: 1 0 5-q 

Memod 

K-7510 

K-7512 

I Notes: 

CMIcentralion ppm 

0, 2. A d p i s  Time: /O 2 5 



Note: Analyte, method, andlor equipmenl may be deleted from form if not being performed 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

eva Tech NUS. Inc Page2 of 2 

Pqject Site Name: NSWC CRANE 

Project No.: A 9 960 
Sampled By: C. HO,-~KWVC tf 

Sample ID No.: HE$ -/4-OL-93 
Sample Localion: /6 I L J O G  3 
Duplicate: 

Field Analyst: % R.JA,~,-+ i- K - ~ ~ A C I I ~ X  Blank: 

iulfi* (s? - 
i q u h t  DRB50 Carienfmm P . 0  ppm 

'ragranYModule: 61- 93 Analysis Tune: / /o 4 Filtered: 

kales: . . ~  ~ 

Write (NO;*): m n t m t i m :  0.003 ppm . . 

iquipment D W  Range:O-0.35Omgll Analysis Xme: / / .a I . Finered: 
.,. , ~ ~ 

'm-le: 62 

itandard Solulh: Resutb: Reagent Bl&-Corrsc(ion: I 
lots: 

Manganese (~n"): 

!q&pnent: DRg50 Analysis Xme: //3 / Filtered: 

'mgmm?&dule: 5 2 5 ~ -  41 - - - 
lotes: 

IAIQC Checklist: 

UI data fields have been completed as necessary. 

2nect measurement units are cited n Ih SAMPLING DATA block: 

lalues cited in me SAMPLING DATA bbck are msislenl  vim me Groundrmter Sample Log Sheet 
I 

duMplication is correct for each Multiplier table: , . 
. . 

3x31 calulated concenlralim is wim-i me appropriate Range Used bloclc w 
4Ikalinity Relalionship is determined appmpriatty as per manufacturer (HACH) inslrucliis: d 
>NW sample (e.g.. ad. Additions, etc.) frequency is appropriate as per me project planning documents: EY 
\litrile Inlerfer~+Ueabnent was used lor Nitrate lest if NlU~te was detected &A/4 
riHe blodc on saclapage of form is nitialied by pemn  rvho performed lhis QNW Checklist: 



TeUa Tech NUS. Inc. GROUNDWATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMU16 Sample ID No.: /G 4 W a  3 a 
Project No.: N9060 CTO 0279 Sample Location: i l / ~ s  - M - o g - 83 

Sampled By: 
I] Domestic Well Data 
D(1 Monitorino Well Data 

C.O.C. No.: * 
Tme of Sam~le: 

0 bther [XI Low concentration 
I] QA Sample Type: I] High Concentration 

pH S.C. Temp. Turbidity DO ORP Other 

-me: / z /  5- 0 (S.U.) (dm) ("0 W m  (mSn) (=V) N A 
nethod: & 54~9 ,o6 a74 ,350 ~ - 

Analysis ( ~reservative I Container Requiremenk I co l lec~  
~ o l i ~ e s  S W ~  ~ 6 0 8  I 4 ° ~ ~  I (3) 40mt Vails I yes 
ldables SW846 80158 Yes 
~ ~ O S N ~ S  SW846 8330 4°C (2) L Glass Amber Yes 

L4icellanews E@osives SW-846 8330 4% (2) L Glass Amber Yes 

y (1) L HDPE Yes - 
11s~. Metals SW846 6a%Wmny 7470A 4"CmNq (1) L HDPE No 
ultrate + Nmte (asN) EPA 3U 2 6 4"CMaO. (1) L HDPE Yes 

sum& (L mnwe 4°C (1) L HDPE Yes 

Wthane. E m  (LEth~ne 4% (2) 40ml Vats v& r 
rota1 organic carbon ~ O C M ~ P O .  (2) WI vats hlc-' 

Fiitered Sample cdlected yes@ 

fs.31- Z d . 7 5 ~  /761 # & , / k 3  =2,8gm/0" /d. 9 L 

~= :-- . ;-=*Fe&v ..:..== * .-=-F--<*-&z.-.=*>==.L. ~.:.:%~ =.-- -==-...- 
_ _ _ .  ~ - _ = w ~ E + ~ 4 = ; 3 L ~ : ~ ~ ~ ~ p : F s O ~ i i s ~ ~ z  Signature(~): 

YSlMSD Duplicate ID No.: 

I - 



Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: N9060, CTO 0279 

WELL ID.: / d E S - / 4 -  03 -83 
DATE: /// 8/03 

Z ?- PAGE-OF- 



. . 
Nole: Analyte, method, andlor equipmenl may be deleted from form if not being performed 

FIELD ANALYflCAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

~ e t r a  ~ e c h  NUS, lnc Page 1 of 2 

Project Slte Name: NSWC CRANE Sample ID No.: / A d d 0  3 0 Z- 

project NO.: N 9 " d o  Sample Lccation: LUE~ - /4-0 3 -83 

Sampled By. Z &a w d  Duplicale: 

(oate. /1 - 8 - 03 I color ( pH I S.C. 1 Temp. I T u r b i i  I DO I Salinity (ORP(E~) 

IORP (Eh) (4- mu) - 
Relerence Electrode (cirde ~hbride) Calomel I Hydrogen 

Dissolved Oxygen: L 
1 

Equipment Chemelrin Test Kil Concenlration: P P .  

- 
Notes 

Alkalinity: 
Equrpment Chffnetncs Test Kil CMcenlrabon: ppn 

Range used. 

0 

Ra eused: Melhod Concentration 

m i s T i m e :  /3O* 
50 lo 500 K-9815 

100101000 K-9820 Rllwed: 

- - 
Noles: ,4 LI/.L ~ k ~ ~ 9 e  &,,+/) 
Carbon Dioxide: 
Equipment: Chemelric3 Test Kil CMcenlratm: /gP Ppn 

Range 

0101 ppm 

1 to I 2  ppm 

1010100 pm K-1910 Anawis Time: / 3  * 2 
100101000 K-1920 

Notes: 

Ferrous Iron (~e'3: 

Eqtipenl: ORB50 @ 2 ~ ~ :  0.3.00, ~mcenlralion: 0.54 ppn 

pmgramod . 
Analysis Tme: ~ /j '/= - 

~ethod  

K-7510 

K.7512 

~ o ~ e s :  f i t t e d  1_1 

Range: 0 - 5 m@ 

Equipment Cownlmtm: O,cJ ppn 

ed 5.0 mnge on cdor chad: AmaIyssTim: J j Z u  

c m e n t r a ~ ~ m p p  

/ 
/ 

Adysis Time: /24/ 



Note: Analyte, method, andlor equipment may be dekted from fonn if not being performed 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra redl NUS. hc Page Z of 2 

Project Site Name: NSWC CRANE Sampk ID No.: /6dMQ3oz 
Project No.: 90 60 Sample Location: W&.S - /4 - 0 3  - 83 
Sampled By: I. A ~ ~ H , 4  Duplicate: 

Feld Analyst: 7, ~ % J A N ~ /  Blank: 

sum* (s']: - 
Equipmmt OR850 a Range: 0-070nxyL CarcentArm a r b /  ppn 

PmgmmWhle: 610nm 93 Analysis Tune: /?z 7 F i l l ed  

was: 

N i i e  (NO2--N): CmoentraUcn: 0.00 7 ppn 

Equipment DR850 ~ l y s i s  rime: /3 o 6 Finwed: 

P m g r a W l e :  

standardsolufiom Resuns: Reagent BlanCEomSax 

Notes: 

Manganese (~n'7: ~arcentraticn: Z. ppn 

Equipment OR850 Analysis Erne: / 3 3h Filtered: 

Pmgmn4Adule: 525runn - - - 
Notes: 

QAlQC Checklist: 

All dab fields have been mp le ted  as necessary. d , 

Conect measurement units are ciled il the SAMPUNG DATA block [3/ 
Values ciled in the SAMPUNG DATA block are ansistent with the Groundwater Sample Log Sheet: 

Mulitpliilion is correct for each Mu/fip/ier table: 

Final calulated concentration 6 within the appmpriate Range Used block: 0/ 
Alkalinity Relatiomhip is determined approprialty as per manufacturer (HACH) inslnrclis: [3/ 
WOC sample (e.g., Std. Additions, etc.) hequency is appropriate as per the project planning dmrnents: 

Nitrite lnterier treabnent was used for Narale test if Nitrite was detected: ph 2's 
liUe b W  on oack page of form is initialized by person who performed mis OA/W Checklist 



Tetra T& NIJS, I ~ C  GROUNDWATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUl6 sample ID NO.: /6 ~ ~ 0 ~ 0 2  
Project No.: N9060 CTO 0279 Sample Location- WE3- /4-4- 83 

Sampled By. 
1 Domestic Well Data C.O.C. No.: 
M Monitoring Well Data Type of Sample: 

T%+a%T 

[1 Other Well Type: [XI Low Concentration 
n QA Sample Type: n High Concentration 

Volatiles SW-846 80158 

Methana Ethane (LEWne 

Aterod Sample Collected Yesn NO$ 



I R ~  T~~~~ Tech NUS. lnc. LOW FLOW PURGE DATA SHEET 
u 

PROJECT SITE NAME: NSWC CRANE WELL ID.: 4ks - /q- Y- g3 
PROJECT NUMBER: DATE: /o-2 6 -03  



GROUNDWATER SAMPLE LOG SHEET 

/ 2 5  Page- of - 
- -- - - 

Project Site Name: NSWC CRANE. SWMU16 Sample ID No.: 1 1n 6@ CSO? 
Project No.: N9060 CTO 0279 Sample Location: WCS-14-65-%3 

Sampled By: fv(. & e x 1 4  

u Domestic Well Data C.O.C. No.: 4 W Z  C 4808 
[XJ Monitoring Well Data Type of Sample: 
0 Other Well Type: [XI Low Concentration 

QA Sample Type: 0 High Concentration 

Filtered Sample Collected Yeso Wl s 3 d 3 . b  

MtD s ~ e E  m 62 3%5431 - 3 b .  7c( 
w - I &, . Cb I PC" "OLV W E  



\ 

Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE WELLID.: b lE5-  17- 05-85 
PROJECT NUMBER: N9060, CTO 0279 DATE: Id - zr-03 



Note: Analyle. method, and/or equipment may be deleted from form il not being performed. 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

TeUa Tech NUS. Inc. Page 1 of 2 

Project Site Name: NSWC CRANE Sample 10 No.: 16 6 W0So 

Sample Location: L;c/Ps- I4 - 05- 83 
Sampled By: M, C&MAAL~ Duplicate: 

Field Analyst: T. Po J 4 f f d  Blank: 

FC!d Form Chffked as per QAlOC Checkl;st (initials): 

9l 
lo to lw  pm K-9810 Ma &*.ckrd a ~ l y s b  ~ime: ./6 go 

K4815 NO E.C#rf>i J 

1WtolWOppn K-9820 Filtered: 0' 

Equipment Chemetrics Test Kn Cancenvation: 0. ~ 5 -  ppm 

Notes 

Carbon Dioxide: 
~qulpment ~ h e ~ n c s  rest 61 ~oncentrat~on. l s d  ppn 

Analysis ~ i m e :  16 4 2 

Notes: 

Ferrous Iron (~e''): 

~quipmenl: DRW ~oncen~ratim: 2 . 9 '  ppm 

PrograrmModule: 500nm 33 

Analysis Time: 
/7" 3 

Notes: Rllered: 

Hydrogen Sg Range: 0 - 5 nqt 

Equipmenl Omer: cpxznlratim: Or0 ppm 

Exceeded 5.0 mqh range mcolor a*. 0 AcvdpisTne: /7/6 

- 
Notes: 

Alkalinity: 
Equipment Chemet- Tesl KI( cpxzntralion: 410 ppn 

Range Used: 

IT 

FWpUsed 

. 
L? 

Memod 

K-7510 

K-7512 

Range 

o la 1 ppm 

1 M 1 2 ~  

Cancentralion ppm 

0. 25 

Range 

1010100pp 

l w ~ r ~ ~ p p m  

250 to 2500 ppm 

M e o d  

K.1910 

K-1920 

K-1925 

cm%ntratlonppm 

150 
halysis  me: 166 2 



Note: Analyte, melhod, and/or equipmenl may be deleted from form if no1 being performed. 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra T g h  NUS. ITT. PageZof 2 
I 

Project Sie Name: NSWC CRANE Sample ID NO.: /G Gh'd502  
Project No.: 9 0 6 O Sample Location: WE5 -14 - 0 5 -  83  
Sampled By: IL( d Duplicate: 

F i  Analyst: TR Blank: 

Sufi* (s? - 
Equipment; D R W J  0 OR496 Range:O-0.70rn@ Caxentrah: 0. ' ppm 

Progl;nnNodule: 61Gm 93 Analysis Time: 17/8 Finered: 

Notes: 

Ni i te  (NO;H): CmcentraSon: 0,005 ppm 

E-t DA8W ~ R a n g e : O - 0 . 3 5 0 r n @  h l y s i s  lime: 1745 Filered: 

PmgrarAbMa: 62 

SlandardSdutim Resdls: Reapnl fJlan*_Correclm: a 
Notes- 

Manganese (~n'3:  Cmentration: 2.7 ppm/ 

Equipment: DR- @ Raqe: 0  - m.0 m@ Analpis Time: /7a7 Finer& 

Pmgmm!?&dule: 5 2 5 ~ -  41 - - - 
Notes: 

~. 

QAlQC Checklist: 

All data fiekls have been completed as necessary. d 
Correct mea~uremenl units are cited in the SAMPLING DATA block: 6 
Values cited in the SAMPLING DATA blodr are cornistent wiLh the Groundwater Sample Log Sheet: d 
Murtprkalh is mnect foieaeh Multiplier table: d 
Final calubted wncentrah is within the appropriate Range Used block: 

Ahlinity Relationship is delemined approprially as per manufacturer (HACH) nsmcli is: d 
QNQC sample (e.g.. Sid. Additions, elc.) frequency is appropriate as per the project planning documents: d 
Nitrite Inlwferey+ treabnent was used foiNiirate lest il Nitrite was detected; MA 
?ib ~ o c k  o n h  page of fom is iniiliied by person who performed this QNQC Checkli d ' . . . ?,, 



T e h  Tech NUS. IW. GROUNDWATER SAMPLE LOG SHEET 

C 2 P a g e  of - 

Project Sie Name: NSWC CRANE, SWMUl6 sample ID NO.: / 6 ~ ~ 7 7 3 I U  
Project No.: N9060 CTO 0279 Sample Location: lbfiry 7 0 1  

Samnlerl R v  c.-, 171 

I [I Domestic Well Data 
[XI Monitoring Well Data 

r.-- -,- ,---, ,-- 
C.O.C. No.: 4818 
Type of Sample: 

I other ~ e l l ~ ~ ~ e :  D(] Low Concentration 
[I QA Sample Type: [I High Concenlrafion 

Explosives SW-846 8330 4% (2) L Glass Am& + 
Maellamam Explosives SW-846 8330 4% (2) L Glass Amber 

TOW Metads S W W  6MO/Merany7470A 4°CMN03 (1) L HOPE +es 

$Mate (L Ctloride 4% (1) L HDPE Y- 
Metharm. Ehane &Ehne 4% (2) 4Rnl Vails e 

T o t a l O ~ C a r b o n  4"'JWQ (2) 4Oml Vals - 

I Filtered Sample Cdlected Yes0 No(l 

MSMSD Dupl io  ID No.: 

- 



Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE WELL ID.: 
PROJECT NUMBER: N9060, CTO 0279 DATE: /I-R-07 

i 

SIGNATURE(S): Vdb PAGE-OF- 2 3 
~ , . .  ' . -  . . . 

' . , .  

. . 



[=I Tcln Tech NUS. Im. 
GROUNDWATER SAMPLE LOG SHEET 

Project S ie  Name: NSWC CRANE. SWMU16 Sample ID No.: 
Project No.: N9060 CTO 0279 Sample Location: 

Sampled By. 
fl Domestic Well Data 
[Xj Monitoring Well Data 

C.0.C. No.: 
Type of Sample: 

1 Other Well Type: [XI Low Concentration 
1 QA Sample Type: 0 High Concentration 

 ate: 10 -26- 03 ( Volume I pH ( S.C. I Temp. (C) I Turbidity I DO I Salinity ( Other 

Memod: L O b J  n0f.U I I I I I I 

Expbives SW846 8330 

M i e o u s  Eqk ives  SW-846 8330 

Total Metals SW846 GMO/Mercury 7470A 
hss. Metals S W M  GOMIMercury 7470A 
Ntbate + N i i e  (asN) EPA 353 2 8 

Sulfate 6 C&iicle 
Meltme. Eltme 8Ethene 

Total Opgamc Cafbnr~ 

4% 

4OC 
4°WHN4 
4OCIHN4 

4"=04 
4OC 

4°C 
4DWH3P0, 

(2) L Glass Amber 
(2) L Glass Amber 

(1) L HDPE 
(1) L HDPE 
(1) L HDPE 

(1) L HDPE 
(2) 4(knl Vai i  
(2) 401111 Vails 

Yes 

Yes 

. Yes 
m 

Yes 

Yes - - 



 eta Tech NUS. 1"s. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: N9060, CT0 0279 

WELL ID.: / 6 ~ ~ 7 - 0 2  
DATE: 1 0 - 1 6 - 0 3  

a 2 PAGE-OF- 
. . 



GROUNDWATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUIG 
Project No.: N9060 CTO M79 

0 Domestic Well Data 
[a Monitoring Well Data 

Other Well Type: 
OA Sample Type: 

Sample ID NO.: 16L1J'To 70a 
Sample Location: /64w ~ 0 3  
Sampled By. 
C.O.C. No.: 
Type of Sample: * 

[XI Low Concentration 
High Concentration 

=?~*-*:~~~~z~~-+i:~I -.--*s3+z *-:.- =; -a.Ee . - tgnature(s): . .  _.:.- x.&__---_-_E.fi- -- 
MSlMSD Duplicate ID No.: -~ / 



Tetra Tech NUS, Inr. LOW FLOW PURGE DATA SHEET 
I - m 7  

PROJECT SITE NAME: NSWC CRANE WELL ID.: 
PROJECT NUMBER: N9060, CT0 0279 DATE: 

16 /dW V/ 
11- 9 -03 

2 2  PAGE-OF- 



Teba Tech NUS, ~nc. GROUNDWATER SAMPLE LOG SHEET 

Project Sile Name: NSWC CRANE. SWMU16 Sample ID No.: pBL/n/TOC(o 2 
Project No.: N9060 CTO 0279 Sample Location: I(, MWO y 

Sampled By. 7- 4?"~4~ad 
[1 Domestic Well Data C.O.C. No.: 4610 < 48r9 
[ X j  Monitoring Well Data Type of Sample: 
0 Other Well Type: [XI Low Concentralion 
0 OA Sample Type: 0 High Concentration 

Filtered Sample Cdlecled Yesl] 

2 7 - 5 9  -/4./8' IJ.4/ X 0./63 : Z . , Z ~ ~ /  a* 8 .3  f 



Tetra Tech NUS, ~nc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: N9060, CTO 0279 

WELL ID.: I 6 M W ~ O  9 
DATE: 

z z  PAGE-OF- 



Nole: Analyie, m e W .  andlor equipment may be deleled from form if no1 being performed. 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

. . 
7 

Releence Electrode (nrde ~ e ) 6 i e r - ~ l v e r  ~ o n d e )  C a l d  I Hydmgen 

issolved Oxygen: 
1 / 

Eqrupnmnt Wlemetrics Test Kit ~acenvation. Z ppm ~ r /  

Analysls lime: / 7 0 9  

Alkalinity: 
Equi-t Chemelnn Tesl Kit 

C a d n  Dioxide: 
EWpmenL Chemelncs Tesl Kil COnopnUalM /‘? ppn fd 

Analysts iim: / 7 C, 

I Ferrous Iron ( ~ e ~ 3 :  73.3 " 
EqupmW DRaYl  COncenlrallm * ppn C B  

Analysis =me; I 7 2 L 

Notes: Rllered: 

Range 0-5- F& 
ConceotrallMl CJ. 0 ppm 

e d 5 O ~ r a n g e m ~ c h a n  AMlysrsiim 17L3 



Note: Analyte, method. and/or equipment may be deleted from form if not being performed 

FIELD ANALYnCAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra Tech NUS. Inc. Page201 2 

Project Site Name: NSWC CRANE Sample ID No.: /C 4 U p  0 9 0 E  
Project No.: N 9 0 6 0  Sample Location: (6 YLr(70 9 
Sampled By: ?; d o  ~ 4 . 4 4  Duplicate: 

Field Analyst: 7: / P u ~ . 4 d d  //=& Blank: 

Sulfide (s? TL- 
Esuipnent DR-850 D R B ~  Range: 0 - 0.70 nyl. 0 m l m :  O.O'-' ppn 

Program?ADdule: 61aUn 93 Analysis nme:  i73 9 Fill& 

Notes. 

Nitrite (NO;-N): CarenmhQ.004 ppn 7'. 

Equipment ~ ~ 1 - 8 5 0  w e  0-0350nyl.  h a t y s r s ~ i m e  1723 ~i!terd. 

Prw-B 62 

SlandaFdSoluhm Revlltr Reagent Blank - Comdcn 

Notes 

Manganese (~n'?: Conasnm: /.d & ' ;m 
Equipment DR850 Andpis  lim: /74d ' Filtered: 

PmgrarwModule: 525nmn 41 - - - 
Noles: 

QWQC Checklist: 

All dala T R M  have been mpleted as necessary . 
Con& measurement units are ded fi me SAMPLING DATA block. 

Valuesded in me SAMPLING DATA block are consistent .m ihe Groundwater Sample ~ o g  Sheet W d .  Mulilplicalii is mned for each Multiplier lable: 

Final calulated mcenlration is within me appropriate Range Usedbbck . .d 
Alkalinity Relationship is determined appmpriatiy as per manufacturer (HACH) instructions: d. 
WOC sample (e.g.. Std. A d d i i .  ew.) frequency is appropriate as per me proied planning documents: I 

Nilrte lnterfer beatment was used for Niiale test if Nlbite was detecled: N4 sw 
Tine block on w a g e  of form is intialtiedby & rrho performedihis QAIW ~heddist 6 



Tetra Tech NUS. kc. GROUNDWATER SAMPLE LOG SHEET 
u f L  

Page- of - 
I I 

Project Site Name: NSWC CRANE. SWMUl6 
Project No.: N9060 CTO 0279 

0 Domestic Well Data 
[X I  Monitoring Well Data 

Sample ID No.: 
Sample Location: 
Sampled By. 
C.O.C. No.: 
Type of Sample: 

I Other ~ e l i ~ ~ ~ e :  [x] Low cdncentration 
fl QA Sample Type: fl High Concentration 

1-1 &lor I pH I S.C. I Temp. I Turbidity I DO I ORP I Other 1 

VolaSles SW-846 801 SB 4'CRICI I (3) 40111 Vails Yes 
Explosives SW-846 8930 4°C (2) L Glass Amber Yes 
Ucsllaneous Explosives SW-846 8330 4% I (2) L Gbss Amber Yes 

- - 

IFltered Samp(e Collected Y e a  No(l 

Sulfate & Chlolide 

MeWiaw. Ethane (LEhne 
Total Organic Carbon 

I M 4  ( DuplIcat.3 lo No.: - 

4% 
4°C 

4'CM3PO, 

(1) L HDPE 
(2) 40mI Vails 
(2) 40ml Vaik 

Yes 
d o  
d 0 



IRI Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT : NSWC CRANE 
PROJECT NUMBER: N9060 
PROJECT SITE NAME: ~ N U U  /G 

WELL ID.: I 6  hbfr o3-0.Z 
DATE: / / - e Z - a 3  
WEATHER: P ? L 7  L0.F 

Time I Water Level I Volume I Flowrate I pH I Cond. Comments 

Water Quality Meter (SIN) 9 7 43 /4/t: 44 Pump Intake Depth /nrs s s c 4  
Control Box Type (SIN) ~p LU r 1 s g d  /'iiC QhL) 
Turbidity Meter (SIN) 1 3 j / i - & f b z :  .. ... 

. .. 
. ... i .  

, , > C G 9  , , . ,, . . . . . 
. s  , .. : . 8 ,  : .  

SIGNATURE(S): &/#A , . . . I PAGE-OF- 2 2 
.; .,., .. . . . . , , . . . . . 



Tetm Tech NUS. IX. GROUNDWATER SAMPLE LOG SHEET 

1 2  Page- of - 

Project Site Name: NSWC CRANE, SWMUl6 sample ID NO.: 
Project No.: N9060 CTO 0279 Sample Location: 

Sampled By FCW 

fl Domest~c Wel Data C.O.C. No.: 4 1 8  f$ 48'9 
[XI Monitonng Well Data Type of Sample: 
0 Other Well Type: D(] Low Concentration 

QA Sample Type: fl High Concentration 

Monitor Reaaing (ppn): - I 1 1 1 I 

Nitrate + Ndrite (aN) EPA 3532 8 (1) LHDPE . Yes 
Sulfate & ChlMide 4 O C  (1) L HDPE Yes / 
Mdane, Etharm &EUmrm 4% (2) 4Oml Vails 
TOW Organic Carbon 4"C&PO. (2) 4anl Valk No 

M k c  

Signatu4sk -dz---t. =ex=n% ~ = ~ ~ ~ z - > . ~ 3 ~ ~ = ~ z  =w 
-L..-L-.y=~ .=. .d~~~---=~--~az-~-~.~~~ 

MSIWlSD - Duplicate ID No.: - 



Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE WELL ID.: 
PROJECT NUMBER: N9060, CTO 0279 DATE: 

16Ao rob 
I / -  8-07 



Note: Analyle. method, andlor equipment may be deleled from form if not being performed. 

FIELD ANALYIlCAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra T& NUS, Inc Page 1 of 2 

Project Site Name NSWC CRANE sample ID No.: 16CiM7-0 d O.3  

Equipment. Chemelrics Tesl Kit 

Ra Used: nge_ cOIt~onceotrall0,l ppm 

~ ~ l y s i s  rime: 0 Y / 5  
Et' 1 lo12ppm K-7512 N 
- 

Noles 

Alkalinity: 
Equspment Chemelna Test ffil Cancwnrabw zoo  pppn 

Rango U d :  nange Method Concentration ppm 
K-9810 Analysis Tme: 0 9 2 3 

E X  Soto 320 pp l l  K-9815 Zoo 
Rllmed: 

- - 
Notes 

Catton Dioxide: 
Equipment; Ckmelrics Test Kit ~onomlratim; ppn 

~nawis  %me: 0 7 3 fl 

Notes: 

Ferrous Iron (Fez?: 

Equipment- D R W  Range% 0 - 3.00- ~oncentraim: d.03 ppm 

PmgramkWule: mrn 33 

A M I ~ ~ Z  lime: 09 'Yg - 
Notes: Rilered: U 
Hydrogen Sulfide (H S Range: o - s m y t  

E w m  OVler cmcentratiw 6 .o ppm 

~xceeded 5.0 ~ ( Y L  range on C&N cham AWIWS %me: ~94'3- 
Notes: 



Note: Analyte, method, a d o r  equipment may be deleted from form if not being performed. 

FIELD ANALYnCAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

ie(ra Tech NUS. Inc. Page 2 of 2 

Pmiect Site Name: NSWC WANE sampe ID NO.: /66/J7dd0 3 
Prqed No.: N 9  ob" Sample Location: /LAM7 0 L 

Sampled By: F* Id Duplicate: . 

FM Analyst: 5 4  Blank: 

(s? - 
:quipnent: DA-BY) Range: 0 - 0.70 mgh ~cncentra* 0.0 7 ppn 

'r-: 6l(k~n ~na lys is  TAW: ~9 3-6 f i l l e d  

No(es: 

Nitrite (NO;-N): omemtim '0.0;6 ppn 

WPment OIlM @w:O-o.Mmgh h l y s i s  mme: 02~5- Filtered: 0. 
ProgramrModule: 

srandardS0lulk-m Resulk: Reagenl Elan~2mecticw 

Nol- - - 
Manganese (~n '?  Gnmnhafiau 3,s ppn 

Equipment DRBSO Analyskllma 0 9 5  Rltered 

Progmd4cdule 525nm- 41 - - 

QAlQC Checklist: 

All data fields have been completed as necessary: 

C&ed measurement units are ded in the SAMPLING DATA block: @ 
Values ded in the SAMPLING DATA block are the Groundwater Sample Log Sheet: & 
Muliilicalii is wrred for each Multiplier lable; 

Final calulated m m l r a t i m  k wimhr the appropriate Range Used block:. , & 
Alkalinity R&tiomhip is determined appropriaw as per manufactwer (HACH) instmcm: Et' 
QAIW sample (e.g.. Std. W i n s ,  btc.) frequenq is appropriate as per the prolexi planning documents: 

' 

Nitriie ~nterferen~treabneni was used for Nlrate test if Nitrite was detected: Mfi 
I . ~ 

Tine blc& on&page of form is initialized by person who perlormed th$ QAIQC Cheddii ' d 



Tetra TE& NUS. ~nc. GROUNDWATER SAMPLE LOG SHEET 

N9060 CTO 0279 
Sampled By. -w ' 

C.O.C. No.: 9833 
Type of Sample: 

0 Other Well rype: [XI Low Concentration 



I ~ l T e t r a  Tech NUS. lnc, 

PROJECT : NSWC CRANE 
PROJECT NUMBER: N9OBO 
PROJECT SITE NAME: S W m a  \b 

LOW FLOW PURGE DATA SHEET 

Water Quality Meter (Sm) YBFOYIB A !  Pump intake Depth #LA (&/k-a 
Control Box T$pe (SIN) N& , 

Turbidity Meter (SIN 

SIGNATURE( Z P AGEAOF- 
.. . 

Temp. ORP Cnmrnmts pH Cond. Turb. DO Time Water Level Volume Flowrate 



Teka T& NUS. I ~ K  GROUNDWATER SAMPLE LOG SHEET 
d page\ o f L  

I 

Project Site Name: NSWC CRANE. SWMU16 
Project No.: N9060 CTO 0279 

I1 Domestic Well Data 
' [?J Monitoring Well Data 

(I Other Well Type: 
I] QA Sample Type: 

Sample ID NO.: .+&h&~m 
Sample Locatimw 
Sampled By: GoeY& 
C.O.C. No.: 48-  
Type 01 Sample: 

[XI Low Concentration 
0 High Concentration 



I ~ l T e t r a  Tech NUS, Inc. 

PROJECT : NSWC CRANE 
PROJECT NUMBER: N9060 
PROJECT SITE NAME: Su.,rn,~ \L 

LOW FLOW PURGE DATA SHEET 

WELL ID.: \ L & ~ h 3 y O q  
DATE: \\- a a  - 0 3  
WEATHER: LSD Pcr\r\., c \o+ 

ater Quality Meter (SIN) 9 8 r 0 9 7 %  d B  Pump Intake Depth - / r ~ p  l i r *d&d . . -  - 2,. ,. ., - .  Conrro~ uox I ype (S IN)  M W  .. . 

. . 



Teba Tech NUS. ~ n c  GROUNDWATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMU16 
Project No.: N9060 CTO 0279 

Domestic Well Data 
[X I  Monitoring Well Data 
0 Other ~ e l l ~ y ~ e :  
0 QA Sample Type: 

Sample ID No.: ) & c7 wy 
Sample Location9 \ &- T \ c, 

\o 0\ 

Sampled By. -=A\ 
C.O.C. No.: 48Zr C $826 
Type of Sample: 

[XI Low Concentration 
fl High Concentration 

mered Sampe Collected Y M  No 

a7.>s 
aa. 30 - c(,-~sCO-IL~) = .-)w = a.99 1- 9 



LOW FLOW PURGE DATA SHEET [=betra Tech NUS. ins. 

PROJECT : NSWC CRANE 
PROJECT NUMBER: N9060 
PROJECT SITE NAME: Scucrru I b  

WELL ID.: \ 6 G w  T \o 
DATE: \\- a\- o 3 
WEATHER: =, L\, c \,-a, 5 5 0  F 

I I 

Water Quality Meter (S/N) ,*, Pump Intake Depth e x '  
Control Box Type (SIN) 
Turbidity Meter (S/N) .a0 z 

SIGNATURE(S or, ' A-L-: 
/ . .  . 

, , 



Note: Analyte, method, andlor equipment may be deleted fmm form if not being performed 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra Tech NUS, Inc Page 1 of 2 

Project Site Name: NSWC CRANE Sample ID No.: 164 W T / ~  a/ 
~ r o j e c ~  NO.: 9 06 O Sample Localion: / d ~  W T / O  

Duplicate: 

Reference Eleclmd! (drde one): 

Dissolved Oxygen: - 

I Alkalinity: 
Equipment Chemetria Tesl fit 

- 
~ q q p n e n ~  a ~ i n e t n a  l e d  ffit ~oneentmtion 8, 3 J ppm 

m t y s s  lime: 144 Z 

Filtered: 

Analysis T m  /d3 q 
Range W. - 
B 
El' 

I Carbon Dioxide: 
Equipment: C h m M w  Tesl fil 

- 
Notes 

Range 
0101 m 

11012ppm 

D R 8 _ _  Range 0 - 3 W m y t  ~onoenfrabon > 3 - j J  ppm 

5Mnm 33 

Range Used: 

~ n w s l i m e :  / U S  7 
Rltered: 

Hydrogen Sulfide (H,S): Range: o - 5 myt 

Equipment Other cmentrabn: 0. cJ ppn 

Exceeded 5.0 rd range on color chart: A M W  lime: 1 /& 2 
Notes: 

Memod - K-7510 

K-7512 

Concentratlonppm 

d, Sf 

- - 
Ndes \. 

Range 

1010100ppm 

10010 IWO ppm 

250 to 2500 ppm 

Memod 

K-1910 

K-1920 

K-1925 

Cancentrationppm 

2 Gd 

h i  l i :  



Note: Analyie, method. andlor equipment may be deleted from form if not being performed. 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

-elm ~ e c h  NUS. 1%. Page2 of 2 

Project Site Name: NSWC CRANE Sample ID NO.: 16 G W T / 0  o/ 
Project No.: 9060 Sample Location: / & u ( h / ~  /u 
Sampled By: JG Duplicate: 

Field Analyst: 7K Blank: 

juItiie (s'): - 
i-1: DRaSO ~ s w o - o . i o n "  GxcmlmSon: @.at ppn 

'mgmmMcduk: 6 1 m  93 ~ ~ l y s i s ~ l m e :  //// F i n d  

QAlQC Checklist: 

411 dala fields have been completed as necessary: 

%rrect measurement units are cited in me SAMPUNG DATA block: 

Values cited in me SAMPUNG DATA block are masistent with the Groundwater Sample Log Sheet 6 
., . 

Uuliircalbn is correct for each Multipcer labk: 

Final calulaled concentration is within the appropriate Range Used bhxk 0' 
Alkalinity Relationship is determined appropriatb as per manufacturer (HACH) instmctions: 

- 

QAICIC sample (e.g.. Std. AddlUons, etc.) lrequency is appropriate as per me project planning documents: 
. . ''r 

trealrnenl was used for Niale lest if Nibie was detected: * r / k  
TiUe block page ol form is hiialized by person *rho performed this O A / X  Checklit :..* ,. , .,.,. 



Teka ~ e c h  NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 

Page- I 2  of 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: 
N9060 CTO 0279 Sample Location: Project No.: 

Sampled By. 
Domestic Well Data C.O.C. No.: 

[XI Monitoring Well Data Type of Sample: 
- 

Other Well Type: [XJ  Low Concentration 
.O QA Sample Type: High Concentration 

Ifitered Sample Collected Yes! @ d; h-4- b%L' 

w:?rz!~ zzLF - +=*==: FeEez el+.g.IT-*=: GL ~-~.-=-:=%;%+ ---- r-==s->..i;; -L-*F-r->= - =--= : - -- =-... ----~==-- -==-= -<==- <=====.-- -.-.- ---- . .~R. 

MSMSD Duplicate ID No.: 

rqs,: 



I R l T e t r a .  Tech NUS, inc, 

PROJECT : NSWC CRANE 
PROJECT NUMBER: N9060 
PROJECT SITE NAME: 18,S~)Yu ~, 

&a 

LOW FLOW PURGE DATA SHEET 
6. 

WELLID- I $  M W  ( I  
DATE: 12 / S / o  Y 
WEATHER: air?, ~ , V 0 k l ,  33 e F 

I I I I I I I I I I I 
I I I . I , ~ -  

B O O L A .  
Water Quality Meter (SIN) 028H/' Pump . Intake . Depth 2 ?@' /';/d p&y 
Control Box Type (SIN) / .  
Turbidity Meter (SIN) 

SIGNATURE(S).: 
I 

A a PAGE-OF- 



Tetra Tech NUS. ~nc. GROUNDWATER SAMPLE LOG SHEET 

page\_ of 2 
\b 

Projecl S~te Name: 
T N s w c  CRANE. s w M u H  Pa sample 10 No.: \ h<--?a!\ 

Project No.: N9060 CTO 0279 Sample Location. \LC,- I a 
Sampled By: <~DQ* A f  

Domestc Well Data C.O.C. No.: P 4326 
[X I  Monitoring Well Data Type of Sample: 

Other Well Type: [XI Low Concentration 
QA Sample Type: High Concentration 

Filtered Sample Cdlected Yeso NN 1 2.8.57 

s): 

\ L F O \ \ a \ o ? o \  P- 



I ~ l T e t r e  Tech NUS; ~nc. 

PROJECT : NSWC CRANE 
PROJECT NUMBER: N9060 
PROJECT SITE NAME: SW'C?U \b 

LOW FLOW PURGE DATA SHEET 

Time I Water Level 1 Volume I Flowrate I pH 

WELL ID.: ) d G  w \ a 
DATE: \ \-  a\-03 
WEATHER: PO A\, <\.,a4 Lno 

/ 

Water Quality Meter (SIN) 48 ,fa? 78 ~ Pump Intake Depth -z/ 
Control Box Type (SIN) A/ /A 

c-19 a.0 ' y aq-6 . . 

z PAG EZOF- 



Note: Analyte, method. andlor equipment may be deleted from form if not being performed 

Q FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

~ e h a  T& NUS, hr Page 1 of 2 
I 

NSWC CRANE Sample ID No : / '  
Sample Locahon: /& &WT/Z 
Duplicate: 

Blank- 

Equipment atemel- Test Kit ~menlmtion: 0. / ppm 

Analysis Time: 

Alkalinity: 
Equipnenl: Chemetria Test Kit CornIration: < to p 

AnaesTirn:  . /4/& 

Filtered: 

- 
Noles P L U ~  p-*,,,- 
Carbon Dioxide: 
Eqipmenl ChRnelno Test Kn ~ o n c e n l r a h ~  260 ppm 

A M I ~ S  Time: 1424 

Notes: 

Ferrous Iron (~e'3: 
Equipnent: I J R W  a Ray: 0 - 3 . i  m j L  ~aasnl rakn:  1 3.3 ' 'ppn 

PmgrarrvModule. 5 m m  33 

Analpis Time: /43/ - 
Notes: Filtered: u 

Ran*: 0 - 5 mph 

Equ-t camntmtian: d, d ppm 

Exceeded 5.0 rn@ range on c o b  chaot AnalysisTw / # 3 3  
Notes: 



Note: Analyte, method, andlor equipment may be deleted from form if not being performed. 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

T& ~ e r h  NUS. hc Page i of 2 

Project Site Name: NSWC CRANE Sampk ID No.: //&447/2 D/ 
Project No.: 906 * Sample Lacawn: /& w ~ / z  
Sampled By: JG Duplicate: 

Field Analyst: 7% Blank: 

sum* (s?: - 
E q d p o s n t  DR850 O R B 9  Range: 0 - 0.70 mgrl c 3  ~asentralion: 6.01 ppn 
PmgmmMdule: 610nm 93 AnaMislime: 3 fiitered: 

Notes: 

Nitrite (NO;*): mcenhabon: 4 , M b  ppm 

Equipment: DR850 Range: 0 - 0.350 mgrl Analysis lime: 

ProgmtwU&le: 

Standard Solulion: Results: Reagmt Blan-k Cmredm: - 
Notes 

Manganese (htn23: Carentrabm 9% ppm 

Equprnent Dl3850 Analystslime /50/ Filtered 

P r c g ~ u l e  525nm- 41 - - - 

wes 

QAIQC Cheddist: 

AJ data fields have been wmpleted as neoessary: d 
Correct measwemenl units are ded in the SAMPUNG DATA block: 

Values ded in the SAMPUNG DATA block are wnsistent w?th me Gmundwater Sampk Log Sheet d 
Muli$lication is wnecl lor each Multiplier table: r' 
Final calulated axKznlralion is within the appropriate Range Used block d- 
Alkalinity RelaWhip is detennhed appropriatly as per manufacturer (HACH) in-lions: Q' 
QAfQC sample (e.Q., Std. Additions, elc.) frequency is appropriate as per the project planning documents: [Y 
Nitrite Interfere treahent was used for Nitrate test if Nitrile was detected: MA f l s  
T I  block otuaciqage of form is iniliatized by person who performed mii QA~W ~ h e c ~ i s t -  , , , , . 



Teba ~ e c h  NUS. Inc. GROUNDWATER SAMPLE LOG SHEET 

N9060 CTO 0279 

0 Domestic Well Data 
[X I  Monitoring Well Data 
0 Other Well Type: D(] Low Concentration 
0 QA Sample Type: 0 High Concentration 

FiteredSample Mleded 
~ u o r n o b r h  b G \  - a0 .3a -A--L % p--y,. LLAL 

3 8 0  
- m . \ d 3 )  = .899 ' 3-?\ L - a b . F,\U 

-1% 0\%.-.4L> 

MSlMSD Duplicate ID No.: 
7 -~ 



B e t r a  Tech NUS. ~nc .  LOW FLOW PURGE DATA SHEET 

PROJECT : NSWC CRANE 
PROJECT NUMBER: . N9060 
PROJECT SITE NAME: . %-mu \I 

WELLID.: \So\ 
DATE: I \ -  a&-(> 3 
WEATHER: .50 a iJk+ 'C\J <\,.-a Y 

Water Qual~ty Meter (SIN) ~ s P o Y ~ ~  AB Pump Intake Depth - 
Control Box Type (SIN) /Vk 
Turbidity Meter (SIN) nsab 9 29 g 



Note: Analyle, method, andlor equipment may be deleted from form il no1 being performed. 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

~ e t m  T R ~  ~us.lnc. Page 1 of 2 

Project Site Name: NSWC CRANE S a m p 6 ' l ~  NO.: / 6 & W 7 / 3  / 
Project No.: fud  a Sample Localion: /-&/ 7/j 

Sampled By: dG &~cd{ Duplicate: [7 
Blank: 17 

ORP (Eh) (+I- mv) Electrode W e  8 Wet 

Relerenca Dedmde (drde 

Dissolved Oxygen: 
(~guipmcnt Test Kit .~ancenlralion: $ ppm 

- 
Notes: 

Alkalinity: 
Equlpnen~ Chemetna rest Kit cm&umtion: < /o ppn 

I Carbon Dioxide. 
Equipment: Chemelrk5 Test Kit 

Range Used: 

Ei' 

Ferrous Iron ( ~ e ~ 9 :  

Equipmenk D R W  

PwmrrYModule: 5Mnm 33 

- 7 

Nntes 

Range 

I010 l00ppm 

50 lo 500 ppm 

100 to loo0 p p  

Ykl/ PcJ bt f /Yu~ Y ~ L ~ I ~ X  +-* AM, d- - ~ r ;  J ' ~  mysis mme: / j  4 0 
*u nrrr,-,*e f - 

Notes: f 13 35) f i w r - 2  /&Kc - turbdfdl  / u c r c ~ ~ l  filtered: - 
Range: 0 - 5 rr& 

Equiprent ~xcmtration: 0.0 ppm ( J G ~  
Exceeded 5.0 rr& range on mlrn "wl,sisTme: / 3 z r  

Nates: 

M e l M  

K-9810 

K-9815 

K-9820 

1 lWto  1033 ppm I K-1920 I 140 
lolo 100ppn 

Conrzntration ppm 

.< 1.3  

K-1910 I 



Note: Analfie, method, andlor equipment may be deleted from form if not being performed 

FIELD ANALYnCAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

~ e ( m  T& NUS. hc Page2 of 2 
I 

Project Name: NSWC CRANE Sample ID No.: /6 GWI /JO/  
Project NO.: pod0 Sample Location: / d d / d  7 /3 
Sampled By: J . G Duplicate: 

Field Analyst: %A Blank: 

su l f i  (s?: - 
Equipnent: D R E O  @ -0-0.70, Concenmlmn 0 . O L  ppn 

ProgramNodule. 61- Ana~yusTie /+0/ Fillered 6 

N i i e  (NO;*): ccm~nhhn: 0.00% ppn 

EguipnenL D R E O  ~na lyv~~ ime 1 3 3 1  Filtered 

PmgramrModule- 62 

Standard SdMon. Results. Reagent 8 lanGrred lon  a 
Notes: 

Manganese (tdn23: m -$/ ,m 

Equipment: D R E O  Range: 0 - 20.0 mg(L h l ys i~ ime :  /40>- m' 
PmgramlModule: 525nmn 41 - - - 
Notes 

QAlQC Checklist: 

All data W have been completed as necessary: I3 
~onect measurement units are dted in the SAMPLING DATA block: @ 
Values cited in me SAMPLING DATA block are mnslsten wth the Groundwater Sample Log Sheel: 

Muliilikatwn is correct for each Mulfiplter table: 
d' . 

Fnal calulated concentration k *in the appopriate Range Used block: 

AlkaKty Relationship is determined appropriatly as per manufacturer (HACH) inslructions: d 
WQC sample (8.g.. !%I. Additans. etc.) frequency is appropriate as per me project planning documents: 

Nrhite lnterferptreabnent was used fw N h t e  test if Nilrite was detected: %&A 

Title block onaaebfJage of form is by person vho performed this QnKH: Checklist [Y 



TelraTech NUS. ~nc. GROUNDWATER SAMPLE LOG SHEET 

page\ of 3 

Project Srte Name: NSWC CRANE, SWMU16 Sample ID No.: \&[,cur \?r o 1 
Project No.: N9060 CTO 0279 Sample Location: ) (" (, b , ~ ,  

Sampled By. 
Domest~c Well Data C.O.C. No.: 

[X] Monitoring Well Data Type of Sample: 
&&$$&- 

Other Well Type: [XI Low Concentration 
, 0 QA Sample Type: High Concentration 

Filtered Sample MBcted Y 



m e t r a  k t ~  NUS. lnc. LOW FLOW PURGE DATA SHEET 

PROJECT : NSWC CRANE 
PROJECT NUMBER: N9060 
PROJECT SITE NAME: Sw-4 \ b  

WELLID.: \ b C r w ~  \ S O \  
DATE: \a- L -  03 
WEATHER: -5, -u\- 

n 
V 

Comments 

. . 
( 1 8 ~ 6 Y 7 i -  A G . .  I - Water Quality Meter (SIN! 'Pump Intake Depth 

# A  
. , 

Control Box Type (SIN) 
q31-i- a96.a 

. . .., 
. - 



I ~ l T e t r a  Tech NUS. lnc. 

PROJECT : NSWC CRANE 
PROJECT NUMBER: N9060 
PROJECT SITE NAME: SLLIPC) \G 

LOW FLOW PURGE DATA SHEET 

WELL ID.: \ (, (, WT \ 50\ 
DATE: 
WEATHER: 5, ., q x o  

Water Qual~ty Meter (SIN) 98For 7~ ,hB 
Control Box Type (SIN) flk 
Turbidity Meter (S* 331 7 - Cl 0 a- 

Pump Intake Depth q6\ 



Note: Analyte, method, and/or equipment may be deleted lrom form if not being performed. 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra Tern NUS, hc. Page 1 of 2 

Project Site Name: NSWC CRANE Sample No.: \ (n(Tll ,f \ 5b\ 
Project No.: 4 0 ~ 0  CTD a79 Sample Location: 

Sampled By: 6 A b Duplicate: M 
Field Analyst: 6 G .( +- Blank: 

field Form Ct~ecked as per QAlW Checklist (initials): 7~ 
- P ~ D A T &  ..-s LL- ::; :'? - ~ ; & - ; ~ - T , T T T , ' .  . q - -- -- :' ., . , . . . . . . . ..... .,. . -=>, e--<-;.T * ~ - ~ - ~ > ; . * : ~ ~ - ' - - . . ' .  ... .>.e= 
lhte: \ & -  ~ ~ 0 3  I Cdor ( pH I SC. I Temp. I Turbidly I W I Salinity I ~ A P ( E ~ )  

Reference ORnode (drde ane) SllverSIIwr Chloide I Ca me1 I Hydrogen 

Dissdved Oxygen: \ / 

EqupnenL Wlemetncs Tesl ffil 

Alkalinity: 
Equipment Chememcs Tesl ffil -z;/!Yo 

Range Used. 

Chemehn Tesl ffil 

:, 

- 

Ferrous Iron (~e''): 

~quipnent: ma-- ~ange:o-3.00rn@ 

P r o g r a W e :  50(km 33 

h ~ f i m \ ~ 0 7 / i G ~ ~  

wes: 6"er&: ET 
Hydrogen Sulfide (W): ~ange:0-5rn@ 

~quipnent- Othw. C o m t i n :  Q QD/O . 
Notes: 

I 

Range 

Otolppm 

l l o l 2 ~  

Method 

K-7510 

K-7512 

Cancenlratlm ppm 

3.5 /q,o 



Note: Analyle. method. andlor equipment may be deleted fm form if not being performed. 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

~ e b a  ~ e c h  NUS. I ~ C  Page 2 of 2 
eY 

Project Site Name: NSWC CRANE Sample ID No.: 1 bwu-y \.TO\ 

Project No.: 90 & CTQ 139 Sample Location: " \( &T\5 
Sampled By: (-A& Duplicate: d 
Feld Anal 1: 

''Y3 

s* (s%@ 
Equipnsnt: D R a  _ _  Range: 0 -0.70 rn@ C.3noxtration: 

PrugmmhW: 61Dnm 93 

Manganese (~n'3: cmmntm~im: 7.$$L~y 
 quipm men; @ D R a  _ - Range: 0 - 20.0 rn@ Analpis lime: L3 Fillered d 
Prog~anvhWule: 5zsnm1 4' i - - - 
Note: 

' 

OAIQC Checklist: 

All dab fields have been wp le ted  as necessanl. d 
Cwrecl meawremenl units are cited in lhe SAMPLING DATA b M c  

a l w  ciled in me SAMPLING DATA Mock are mnsistent with lhe ~ r o u n d w e r  '&ample I.og Sheet 

MulilplIcation is mcrecl lor each Mulbplier lab&: ' 0/ 
Faal caluhted menhat ion is wilhin me appropriale Range Used block 

Alkalinity Relafionsh@ is determined appropriatty as per rnanuladurer ( H A M  inslruchons: 0/. 
QAXX sample (e.g., Std. Addins, etc.) frequency is appropriate as per me project planning documents: 

Notes: 

~ i i   NO^-*& correncratim:o,oo-) 1 O k 8 \ A  

EqUipmentl D R W  D R a  _ _  lbrgc: 0 - 0.350 r@ An+is Time: \- q\ '/ t ~ o a  Fillered: Et' 

~ i ~ t e  lntkder lreabnent was used for Nitrate test if ~ i m e  was detected: I+ M4 "R$ 
Ti& bkk oneaetrpage of form is lntia!ized by person wha Wormed lhii WQC Checkkt ' , 1 



Teba T&I NUS, ~nc. GROUNDWATER SAMPLE LOG SHEET 

N9060 CTO 0279 

Domestic Well Data 
[q Monitoring Well Data 

Other Well Type: ' 
QA Sample Type: High Concentration 

Ffflered Sample Collected Y e a  No0 

352-33.p~' / , + B ' ~  0,/63 = 0 , 2 ~ 9 * / ~ ~  /L 

WrlL Dry AF7zZZ / Y*/urnk 



Teba ~ e c h  NUS. ~nc. GROUNDWATER SAMPLE LOG SHEET 

Project S~te Name: NSWC CRANE. SWMUIG Sample ID No: \(,G~T \7 6 \ 
Project No : N9060 CTO 0279 Sample Location: 

Sampled By: 
Domestic Well Data C.O.C. No.: 

M Monitoring Well Data Type of Sample: 
WZ 

O Other Well T w  [XI Low Concentration 
0 QA Sample Type: [I H~gh Concentration 

Stalt Purge (hn): 0-e 

mPuge(hn): \ O a S  

F&red Sample Colleded Yeso 

ac.oa 
\s.a7 

MSRlSD Duplicate ID No.: - 
-/----- fie- 



LOW FLOW PURGE DATA SHEET 

PROJECT : NSWC CRANE 
PROJECT NUMBER: N9060 
PROJECT SITE NAME: SW-u \b 

WELL ID.: \ & GvcrT \7 0 \ 
DATE: \ X - S - a 3  
WEATHER: \ .?To G 

Water Quality Meter (S/N) 98Fd V3848 
Control Box Type (S/N) N A  
Turbidity Meter ( S / N h  3 3 ) ~  - a90a 

Pump Intake Depth +..?I ' 



TetraTech NUS. Inc. GROUNDWATER SAMPLE LOG SHEET 
f Page- of 

I I 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: /d c ; W T / @ O /  
Project No.: N9060 CTO 0279 Sample Location: /I; - Mw T / @  

Sampled By: 1 .  R O J H N ~  
[I Domestic Well Data G.O.G. No.: @?Yd .d 9575- 
IX1 Monitoring Well Data Type of Sample: 

I 0 Other ~ e l l i y p e :  [XI Low Concentration 
QA Sample Type: I] High Concentration 

I ~ o t a l  Purgelime (min): / / O  1 1 1 I 1 

- p~~-p~ppp~p - - 

Analysis Preservative Collected 

Volatiles SW-846 826OB 4"cMCI (3) 4Cml Vails c ~ e d  

Volatiles SW-846 80150 4 D ~ ~ ~  (3) 40ml Vails (yes) 

Explosives SW-846 8330 4°C ( L Glass Amber <yes> 

I 
- - - -  -- 

llaneous Edos~ves SW.846 8530 4% ! @L Glass m b e r  I c ~ e s y  
I Metals SW846 6G20/Mercury 74:OA 4'CMN03 I (1) L hDPE 1xQs-z 

Dls. Metals SW846 GmOlMercury 7470A 4 ° C A w  (1)L HDPE ~ \ y&k) 
pp 

Nitrate +Nitrite (&N) EPA 353.2 8 4°CH30, (1) L HOPE T ? s ~  
Sulfate 8 Chloride 4% (1) L HDPE <A,, 
Mefl~aw, Ethane (LEthene 4% (2) 40mlVails . ~ (. &s/ 
Total Organic C .  4"CM,PO, (2) 4CmlVails ' . # . a  

Rltered Sampe Collected Yesn NN 

, /cqf  - y d < / 7 - - -  7.9.5-d 0./6'; = 49L 

PA/EP der  ~V'&LL u / -Zp-09 

MSMSD Duplicate ID No.: - - I - 



B e t r a  Tech NUS. lnc ' LOW FLOW PURGE DATA SHEET 

PROJECT : NSWC CRANE 
PROJECT NUMBER: N9060 
PROJECT SITE NAME: s&/uru /6 

WELL ID.: 1LQ~tr T / S  
- 

DATE: I-24 -GJ 
WEATHER: M u s f / ,  Sun.ry %'.; 

Comments 

-' 

Water Quality Meter (SIN) o / m o ~ ( d ,  A + , :  . ., ~ ; . ~ ~  Pump Intake Depth -*I ' c6F &+/a,.- 

Cpntrol Box Type (SIN) , 
. ?. . . .. 

Turbidity Meter (SIN) 



Note: Anme,  method, andlor equipment may be deleted from f o n  if not being performed. 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Telra Tech NUS. Inc Page 1 of 2 - 
Sample  ID^^.: ~ G W  r / B  
Sample Location: /& M W 7 '8 

Duplicate: 

I Field Analyst: Blank: 
Field Form Checked as per QAIQC Checklisl (initials): 1 7LX I . . ~ - ~ ~ .  -.. 

!$g@g&-- L ~ ~ ~ : * ~ * ~ * ~ * ~ g ~ ~ ~ & g * ~ g * ; ~ + ~ < ~ ~ ~ g r * ~ - ~ - ~ ~ = ~ : & y & ~ ~ g ~ g T g 7 - ~ ~ ~  .̂  - '  

, ~ a t e :  1-25-04 I Color ] pH I S.C. 1 Temp. I Turbidity I DO I Salinity ~ O R P ( E ~ )  

Equipment: Cbemetrics Test KI   on cent rat ton: $ ppm 

Notes: I - 

Range Used. 

Et'- 
B' 

Alkalinity: 
Equlpmenl Chemelncs Test )(I1 ~oncentrat~on JC' CI ppm 

Analysis Time: /d d /  

Range 

0101 ppm 

1 to 12 ppm 

Notes: 

DR4 - _ Range: 0 - 3.00 mgll  Concentration: U,L L ppm 

Analysis lime: /&@ 

Melkd 

K-7510 

K-7512 

Notes: 

Carbon Dioxide: 
Equipmsnt: Chemelti- Tesl Kt . Concentration: 18 P P ~  

IHydrogen Sulfide (H,S): Range: o - 5 mgll 

Range Vsed: 

m, 
Ef 

Equipment: HSC Ofher Concentration. - ppn 

E x d e d  5.0 W range on color chart. 0 Analysis lime: - 
Notes: 

Concsntratim ppm 
/ 

4 
Analysis Time: 0914 

Analysis lime: / 7 
Range 

10lolWppm 

100 LO loo0 ppm 

250 to 2500 Ppn 

Method 

K-1910 

K-1920 

K-1925 

Concentration ppm 

/'3 
- 



Note: Analyle, method, andlor equipment may be deleted from form if not being performed. 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra ~ e c h  NUS. hc Page 1 of 2 

Project Site Name: NSWC CRANE 
$3- \b 

Sample ID No.: MGWT/B O ' 
Project No.: N M  90L4 Sample Location: d / M  U/ T / 8  
Sampled By: Z&AY ) & J ~ ~ J c - /  Duplicate: 

Field Analyst: 7C/t Blank: 

Sulfide (59  - 
Equipment: DR850 DR-8 _ Range: 0 - 0.70 mq/L ~arentratim: 0-0@ ppm 

Pmgrammdule: 610r 93 Analysis lime: / 6 3 /  filtered: d .  

Notes: 

Nitrite (No;w CarenIration: 0.00.r PP. 

Equipnenl: DR0 _ _ Range: 0 - 0.253 m g t  Analysis lime: /ad9 Filtered: d 
PmgmVMdule: 62 

standard ~olulim: Results Reagenl Blan+rreRion: 

Notes 

Manganese (~n"): ~naentratlon 0 0 ppm 

Equipment DRBSO DR-8__ Range 0 20 0 m@ Analys~s lime JQYZ filler& 
Prqlmflodule 575nm- 41 - - - 
Notes 

' 

' 

QNQG Chkkl is t :  - 

d All data flelds have h e n  completed as necessary: 

Coned measuremeo: units are caed in the SAMPLING DATA block: - 
Values cited in h e  SAMPLING DATA Mock are consisten h e  Groundwater Sample b g  Sheet w 
Mulitpliition is correct for each Muniplief table: < 
Final calulated concentration is within the appropriate Prrnne Used block: 

Alkalinity Relationship is determined appropriatv a. cr (HACH) instructjons: d' 
QAIQC sample (e.g., Std. Additions etc.) lrequenq , a, ... .*.o as per me project planning documents: 

Nitrite Interference treatment was used lor Nitrate test il Nilrite was detected: 

13' 
Title block on each page of form is ihi i l i ied by pemn  who performed this QAlOC Checklist O/ . . . 1 T. 



APPENDIX C.4.3 
SWMU 16 

GROUND WATER SAMPLE LOG SHEETS 
ROUND 3 



Tctn T C C ~  NUS. Inc. GROUNDWATER SAMPLE LOG SHEET 

Project Sile Name: NSWC CRANE, SWMUl6 Sample ID No.: 1 6 ~ ~  0 \ 3 
Projecl No.: N7448 CTO 0343 Sample Location: ( ~ € 3  \ y  o, 3 2 

Sampled By: -QL 
0 Domeslic Well Dala C.O.C. No.: 
[XI Monitoring Well Data Type of Sample: 

L 

[XI Low concentration 

Tow Purge Time (min): a? b 1 I I I I 

Nltroammatics and Nitramines (2) L Glass Amber 

Total Metals SW-846 MnOMercury 7470A ' (1)LHDPE YT@ 
Dl=. Metals SW-846 GOZWhIenury 7470A ye& . 

Filtered Sample Collected Yes0 -F 

Pump lntake B 9 3' 

'~r(4e~jt.*~rjfe:~~ ~ - - . .  ~::<z~;~?,~~~;;- <,,;~. , .,,;,, , ~,, ,~ ~ > ,  
: ~ . ~ 

MSIMSD Duplicate ID No.: 
h 



IRI Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: 
PROJECT NUMBER: 

NSWC CRANE 
7 L) L) 

WELLID.: L O E L  \ U \ - o \ - 8 1  
DATE: 

- - . . . . . . - . . . - 
.n ? ..*T *,, . . ..- .... " *., -* ..y,? .,;, .... *.*-. .-,Z ,;. . . ."" 

(Hrs.) I (~ t :  below TOC) I w ) ' ~ m ~ i n : ) I . . - i . ( ~ : ~ ~ ? $ l ~ ~ f c m ~ I . I A ~ ~ ~ )  . I ; (mg l~ ) I : (~e ls ius ) I  (mV) I ( Volume & Color) 

Water Quality Meter (SN) 44\< c ~ o s k  
- 

Control Box type (SN) - 

Comments 

Pump Intake 

Time Water Level I Volume I Flowrate I pH I Cond. Turb. Temp. DO ORP 



TelraT~ch NUS. Inc. GROUNDWATER SAMPLE LOG SHEET 

p a g e l  of 

Project Sile Name: NSWC CRANE. SWMUl6 - Sample ID No.: 
Project No.: N1448 CTO 0343 Sample Location: ~3 \y -0a.83 

Sampled By: 70- 

u Domestic Well Data C.O.C. No.: 0 0 8 5  
[XI Monitoring Well Data Type of Sample: 
1 Other Well Type: [XI Low Concenlralim 
0 QA Sample Type: fl High Concentration 

Wen Casing Diameler & Material 

Filtered Sample Colleclcd YesU N % IGGW -F 

Pump intake 8 \% - 

MYMSD Duplicate ID No.: 
/ d 

h. I 



~~~h NUS, I ~ C .  - LOW FLOW PURGE DATA SHEET 

PRQJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: 3 Y Y y  

WELL ID.: L>E 5 \u\ 0 
- a ti.3 

DATE: as- 09 

I Time I Water Level I Vqlume I Flowrate I pH I Cond. I Turb. I DO Temp. I ORP I I 

Water Quality Meter (SN) 9s k 6 %.\, - / Pump Intake 
Control Box type (SN) 

\9' 

Turbidity Meter (SN) i 



~ e ~ m  Tech NUS. 14s. GROUNDWATER SAMPLE LOG SHEET 

p a g e 1  of 3 

Project Site Name: NSWC CRANE. SWMU I6  Sample ID No.: IGW 0303 
Project No : NT448 CTO 0343 Sample Location: W, -, \L\~z-~ 

Sampled By &-4h \ 
fl Dori~eshc Well Data C.O.C. No.: 0 0 835 
1x1 Mon~loring Well Data Type of Sample: 
fl Other Well Type: [XI  Low Concentration 
u QA Sample Type: n High Concentration 

$@#euNGGJ,&r&z:~ .~ .~ ~ >:&+ ... j<gz:* ~~. :~ .; ,~~;:$~::;;;; $::.~&$ :>;:sg!g ;::;>:;~;~:.:+~>g<~$$;;;$~:~&j~~-y:~$. ::.~;;*; . ~ . .  ~ .~~ ........ ~~~~ -.~,- 

Dale: - a+ - 0 y Temp. Turbidity DO I OR,. I Other 

Well Casing Diameter 8 Material 

Flllered Sample Cdeded Yeq] -F 3p-3/ 
pump intake B a B SO,?,- - 

c6 <. 1621 -- -3, r6 & 

Nitmaromalics and NRramines 

Total Metals SW-@46 MmYMercury 7470A 

oiss. Metals SW-846 GMO/Mercury 7410A 

~i~~,@~*:*j~:cie~i;~-~;~z-~~z!$~~ >:5;:: ~ ;:.: ~ gz;,!<j ~..<~+ .;?? :.!:~~ . 
... ~ ~ ~ . . .  z~~.~. - ~ ~- ~~~. 

MYMSO Duplicate ID No.: 
/ Y n 

4°C 

S0CMNO, 

4"CMN03 

(2) L Glass Amber 

(1) L HDPE 

(1) L HDPE 

C G '  
Ye* 

Y& 
I - 



Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 
/ 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: p 

WELLID.: LES \ +  -03 - 83 
DATE: - - 

Water Quality Meter (SN) Pump Intake 



Tetra Tech NUS. 111c. GROUNDWATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMUl6 Sample ID No.: IGGW 0+o3 
Project No.: N7448 CTO 0343 Sample Location: & & w / o q  

Sampled By: Z M ~ d ~ i f d  
n Domestic Well Data C.O.C. No.: 
[XI Monitoring Well Data Type of Sample: 

OOI35 

(1 Other Well Type: [XI Low Concentration 
QA Sample Type: High Concentration 

Date: 8/25/04 ( Volume I pH I S.C. I Temp. (C) I Turbidity I DO I Salinity I Other 

~e thru l  V!n ~ h d d ~  I I I I I I I I 
I h i t o r  Reading (ppn): ' I I I 

ell Casing Diameter 8 Material 

Total Vd. Purged (ga 

Filtered Sample Collected Yeso No1 16GW -F 

Pump intake @ 3 8 

/9.72'r 0.163 3 . z p r / . ~  / z , Z  L 

- . - ~ ~ -- ~ -, 
Signature(s): Q-,$~if~w~~@5:~:g:3~3:$7~.3~c~;.;;~+:;.>2~5.~==:~3~*<+=E~ic<~ . ~ . . . ~  ~ ~ . . . - ~ ~ ~ . ~ ~  . ~ ~ . . . . . ~~ -~ ~ ~ ~ . . . ~ . .  a-. ~ fI:,2; . ~t<~5;;;~iii 

MyMSD 
/ 

Duplicate ID No.: 



Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE WELL ID.: / C  M W  04 
PROJECT NUMBER: 744 0 DATE: B/z T/o 4 

Water Level 



Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 

Projecl Site Name: NSWC CRANE. SWMUIG Sample ID No.: isGW 0 50.3 
Project No.: N7448 CTO 0343 Sample Location: CI>ES \UI- S - K 3  

Sampled By: -- 
n Domestic Well Data C.O.C. No.: 0 0 8 7  
[q Monitoring Well Data Type of Sample: 
[I Olher Well Type: [XI Low Concentration 
[] OA Sample Type: 0 High Concentration 

Flnered Sample Cdlmed Yesn N -F 53.30 
Pump intake B 9% I 35. L a  

\ 7. L B(..+L~) '2.9 gl( 



Tetra Tech NUS. lnc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: 7 Y L i %  

WELLID.: \--.7-%3 
DATE: - 



Tetra ~ e c h  NUS. ~ n c  GROUNDWATER SAMPLE LOG SHEET 

Project Sile Name: NSWC CRANE, SWMUl6 Sample ID No.: 16GW-r 0 \ 6 3 
Project No.: N7448 CTO 0343 Sample Location: \ b mu T o \ 

Sampled By: cme A+ 
0 Domestic Well Data C.O.C. No.: 
[XI Monitoring Well Data Type of Sample: 

nOBd 
0 Other Well Type: [XI  Low Concentration 
fl CIA Sample Type: 0 High Concentration 

Well Caslng Diameter .% M a l e d  

Type: 

TOW Well Depm VD): ad. 
StaSc Water Level (WL): \3 & 
One Casing Volume(ga 

Start Purge (hrs): 

End Purge (hn): \ 3 a L 

. . . .. . . . . . . . L  : . . . . .  . .  . 
. . - . .. . . . . 

. . .  .... . . 
. . . .  . . . . .  . . . . . .  . . 

pH 1 S.C. I Temp. I Turbidiw 1 DO I ORP I other 

pH S.C. Temp. (C) Turbidity DO Salinity Other 

I I I I I 

See Low Flow Purge Data Sheets 

I I I 

Nltnwromatics and N~tramines (2) L Glass Amber 
Total Metals SW.846 MnOmrlercuty 7470A I 4'CNNO3 I (1) L HOPE I yes@, 
Diss. Metals SW-846 MnOIMercury 7470A 4 O C M N q  I (1) L HOPE Y W $ ~  

I I 

Filtered Sample Collected Yes[] N@ 16GW 

Pumpintake o a31 



[Ttl Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE WELL ID.: \ ~ T ? u T o \  
PROJECT NUMBER: 1 Y Y 8  DATE: - S - O Y  

. Pump Intake +\ 

PAGEAOFA 



Tetra Tech NUS. Inc. GROUNDWATER SAMPLE LOG SHEET 

Filtered Sample Collected Yes11 Not 16GW -F 

Pump intake e i d  
jl; B 

Projecl Site Name: NSWC CRANE, SWMUl6 Sample ID No.: I%W.LZ a 3 
Project No.: N7448 CTO 0343 Sample Location: ~ ~ ' i ~ w  7 0 

Sampled By: 7.4~7~4~d 
I] Domestic Well Data C.O.C. No.: 06.96 
[XI Monitoring Well Dala Type of Sample: 
0 Other Well Type: [XI Low Concentration 
n QA Sample Type: 0 High Concentration 

Circb it Applicable: Signature(s): I 

.$ 

:i -. , $ 
f 

MyMSD - Duplicate ID No.: 
/ I 



Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: 744 8 

WELLID.: / 6 M w r o r .  

DATE: €?/z 8/0 v 

Pump Intake /c,g ' 

P A G E ~ F ~  



Tetra Tech NUS. Inc. GROUNDWATER SAMPLE LOG SHEET 

Project S~te Name: NSWC CRANE, SWMUI6 SampleIDNo: l f f i W f 6 3 0 3  

Project No.: N7448 CTO 0343 Sample Location: \(pmWT 0 1 
Sampled By: m e  

Domestic Well Data C.O.C. No.: 000 c. 
IX1 Monitorino Well Data Tme of Sam~le: 
0 Other ~ e l l i y p e :  [XI Low concentration 

QA Sample Type: I High Concentration 

mlered Sample Colleded YesU 

Pump inlake Q 



Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: 7 44 8 

WELL ID.: \ (- n w - i  0 3 
DATE: X-a%-06 

Comments 

. , 

Water Quality Meter (SN). Pump Intake 
Control Box type (SN) -9 \a 
Turbidity Meter ( 

. 
SIGNATURE(S) Wcs --A\ UC&.V, "a 

P A G E ~ O F ~  

... ,,. . . .  
" (Z a0 *%/c). 

, . 
" .  . .. : 

. . . . , .  ,. . . +'-. . ,  ,. . , 



Tetra Tech NUS. IK. GROUNDWATER SAMPLE LOG SHEET 
I Page- of - 

I - 
Project Site Name: NSWC CRANE, SWMU16 
Project No.: N7448 CTO 0343 

n Domestic Well Data 
D(] Monitoring Well Data 
n Other Well Type: 
0 QA Sample Type: 

Sample ID No.: tscqb4 03 
Sample Location: 16 4 

Sampled By: i T X o ~ ~  -2 

C.O.C. No.: 0 0 7 2  
Type of Sample: 

[XI Low Concentration 
IJ High Concentration 

i 

Nltroaromatics and Nltramlnes 4°C (2) L Glass Amber 

Total Metals SW-846 GOMIMemry 7470A 4'UHN03 (1) L HDPE y e a  
Diss. Metals SW-846 GMWMerany 7470A 4°CMN03 (1) L HDPE ~esffG+j - 

Fliered Sample Collected Yeso Nos 16GW -F 

pump intake o ~ED,~~J'J ~ - 0 6 ~  P-P 

'293'~ o-/63 = z.zp+/ 5 . 3 1  

. , - - .  - * :  - = * ,  3 . .  .- ? - :  . I ~ -  
. . .. - - - - . h&= "~.~---i-%I- r-~-- 

-+~.~ e-=sazz.-;--re -;-; =;~;;~ ;:;;., -i. -z+.i ,,, Signaturefs): .~ . ~ 

HSdMSD Duplicale ID No.: 

\ 



Tetra Tech Nus, Inc, LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: 744 8 

WELL ID.: /6 M W 7 o  4 
DATE: a / ~ 5 / d 4  



Tetra re& NUS. Inc. GROUNDWATER SAMPLE LOG SHEET 

f a  Page- 0 - 

Project Site Name: NSWC CRANE, SWMU16 
N7448 CTO 0343 

Sampled By: C, -X )F 

[I Domeslic Well Dala C.O.C. No.: 
[XI Monitoring Well Data Type of Sample: 

[XI Low Concentration 



I n l T e f r a  Tech NUS. I c .  LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: - I V Y %  

WELL ID.: \ b ~ u 3 ?  O g  

DATE: 8 -as- O Y  



reIra Tech NUS. ~oc. GROUNDWATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMUl6 sample ID NO.: I ~ G W  706"e 
Project No.: N7448 CTO 0343 Sample Location: l G M w r u 6  

Sampled By: ZMYJA I V ~  

[I Domestic Well Data C.O.C. NO.: 0085 
1x1 Monitorina Well Data Twe  of Sample: 

fl QA Sample Type: 

.> 
sir 

, ,' .. 
*.z 9 
.. ,... 
..st ..a 
I V  

4°ClHu (3) Qanl VLlls I . ,, ~ 

Vdables SW-846 80158 4OCMU (3) 4Chnl Vials (Y&> 
Eoosives SW-846 8370 -? 

Rtered Sample Colleded Yesn Noll 1ffiW- -F 

Pump make O 2 5 ' 
2 ' 6 = 4 6 .  9L 

Nitroaromatics and Nilramines 

Total Metals SW-846 MnWMercury 7470A 

Diss. MeWs SW-846 GMONercury 7470A 

MS'MSD Duplicate ID No.: 
C-- -' 

4% 

4 ° ~ ~ ~ 3  

4°CRIN& --- 

(2) L Glass Amber 
(1) L HDPE 

(1) L HDPE 

CY& 
ye@ 

yes@ . ' 



Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWCCRANE , . WELL ID.: / C & w I o C  
PROJECT NUMBER: 7448 DATE: 8/2 #/u + 

Water Level  

P = PAGE-OF- 



Tetn ~ e c h  NUS. Inc GROUNDWATER SAMPLE LOG SHEET 

Project Sile Name: NSWC CRANE. SWMUl6 
T 

Sample ID NO.: 1 6 ~ w , o 8  
Project No.: N7448 CTO 0343 Sample Location: j ,& , 0 8  

Sampled By: . ' . ~ 4  ~,r3  
n Domestic Well Data C.O.C. No.: N 4  
[XI Monitoring Well Data Type of Sample: 
n Other Well Type: [XI Low Concentration 
0 QA Sample Type: fl High Concentration 

ID;&: / 0 / / b / e 4  1 Color I pH ( S.C. I Temp. I Turbidity I DO I ORP I Other I 
Time: I (Visual) I (S. U.) I (mSlcm) I ( '0 I grr~, I (m~n) I (mv) 1 N A I 

I Volume pH I S.C. I Temp. (C) I Turbidity I DO Salinity Other 1 

Filtered Sample Collected Yeso No(l 1ffiW -F 
PA,+ p 4. A", c? 1/30  

pump intake B 96.6 wf~c d 
A/&= = c . I / ~ L F  3 d o - l  l J / ' ~  

1 . 7 9 ' ~  d / d J - .  u.ZY,*/ r r  /// a ,0//7 L J S ~  Z ~ * N  9 - 1  2 4  

UELL ggcDVK</O < 

Nitroaromatics and Nitramines 

Total Melals SW8466020/Mercury 7470A 

Diss. Melals SW-046 GMO/Mercury 7470A 

. . .  . . . . .. . 
Circle iF Applicable: 1 - , ' ;, . , .., . . . . Signature(s): 

. . 
. . .. I M Z D  I Duplimte ID No.: 
5__ 

4% 

4°CNNC?3 

4°CMNo9 

(2) L Glass Amber 

( I )  L HOPE 

(I) L HDPE 

-yOr_ 

+tewNo 

M O  



., '*. ."" .r?x, 
I ,. , 

[Tt] 
., " 

Tetra Tech NUS, Inc. LOW FLOW PURGE DATA S H E E ~ ,  

PROJECT SITE NAME: NSWC CRANE WELL ID.: /ddW709 
PROJECT NUMBER: 744 8 DATE: ~ / / ~ j / c *  4 

Water Quaiity Meter (SN) 
Control Box type (SNY 

SIGNATILRE(S): 



Tetra Tech NUS. Inc. GROUNDWATER SAMPLE LOG SHEET 

r I Page- of ~-p 

Sample Location: \6 krl r 
Sampled By: T. U e i ~ u N  

[I Domestic Well Data C.O.C. No.: 0/3 3 
[XI Monitoring Well Data Type ol Sample: 
U Other Well Type: [XI Low Concentration 

I I I . . .  . Total Purge Time (min): . .. .~ . , , . 

Total Metals SW-846 SM~ercunl7470A (1) L HDPE 

Diss. Metals SW-846 6U2W'Morcury 7470A 4nWHN0, I ( I )  L HDPE YC~&J 
I I I 

!filtered Sample Collected Yes" No1 l6GW N4 -F 

Pump intake B A/A 

e$/*r3 9 " e  W C ~ C ~ C  Bdr/d<. ?Y,LK/J  7G 3 ', e/1700/b~ 0-9 I "  
06 * I C + ~ <  /C' 0 4 i / & 4  w ~ / /  lf.,- 411J ddru-b r6-aF-v + P , . . ~  x b ~ & * ~ ~ ~ f  

~ ~ ~ ~ ~ ~ > * < 7 ~ & . : G + : ~ * : i - 3 ~ . ~ ~ ; ~ : . ~ > : . 7 ~ : * g ~ 2 ~ ; < ~ ~ - . : ~ ~ ~ < z ~ : : ~ ~ g g + ~ + : g ~  ~ ~~. ---- . ~~ . ~ ...~.. .. . .- . . ... .. .,..- = - ~ ~  ?.!. ~c<z.: ~-~ ~ ~ . - A 

MSlMSD - Duplicale ID No.: 



Tetm Tech NUS. Inc. GROUNDWATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMUl6 Salnple ID No.: 1 6 ~ w  -I g q o  a 
Project No.: -- N7448 CTO 0343 Sample Location: \ dm,,.,~ ~ a ,  

Sampled By: b - i A b  
Domestic Well Data C.O.C. No.: 0 0 ~ ~  

[q Monitoring Well Data Type of Sample: 
Other Well Type: [XI Low Concer~tration 
QA Sample Type: High Concentration 

Rltered Sample Collected Yeso N$( ItGW___- -F a3.7 o 

pump ,"take B 22' \ s - ) q  
)as, c . 1 ~ 3 )  a . 0 ~  +- 

O 42X\&9, '&\*8L+ y--f = 3.5  L 

~ - c - ~ f - & j @ ~ j ; . + . . ~ f :  - ~= %: ~ ~ \ ~ ~ $ . ~ ~ ~ > , * ~ ~ ; ~ ~ * ~ < ; ~ f ~ +  :i:. ~;~;,~~:<+g;.~:~<eF>$~.i~ 
. ...~ .~ - . . ~ . . ~  ~- .~ 

MSNSD Duplicate ID No.: - -- ( 



LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE WELL ID.: \ b m u ~  09 
PROJECT NUMBER: 7'13% DATE: - \7 -0'1 

I I I I I I 



Tefta Ted,  NUS. Inc. GROUNDWATER SAMPLE LOG SHEET 

p a g e l  of 3 
I 3 

Prolect Site Name: NSWC CRANE, SWMU16 Sample ID No.: 1 6 ~ W  T 10 O& 
Project No.: N7448 CTO 0343 Sample Location: \ d m ~ T  1 0  

Sampled By: & - = Y A ~  
0 Domestic Well Data C.O.C. No.: ~ 0 8 Z  
[XI Monitoring Well Data Type of Sample: 
U Other Well Type: [XI Low Concentration 
0 QA Sample Type: fl High Concentration 

N i b ~ a m m i f i c s  and Nitmminss 4°C (2) L Glass Amber ..." - 
Total Metals SW-846 GmO/Mercury 7470A 4"cnlNQ ' (1) L HDPE yes@) 

. ' 

MSJMSD Duplicate ID No.: 

J 
, 

\ L C  ~ O g \ 7 0 3 0 ~  - 



Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: 79'4 8 

WELL ID.: \ L M W - ~  \O 
DATE: %-\-I - 0- 

Water Quality Meter (SN) 

PAGESOFS 

. , 



Tetra Tech NUS. Inc~ GROUNDWATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: IGGWT//LIZ 
N7448 CTO 0343 Sample Location: A,+,,,,,- // 

Sampled By: 7 X w r  r/c( 
U Domestic Well Data C.O.C. No.: 
[XI Monitoring Well Data Type of Sample: 
U Other Well Type: [XI Low Concentralion 
0 QA Sample Type: n High Concentration 

Fdtered SamW Collected YesU NoF, l M j W  -F 

Pumpintake@ 9 7 '  

+ HJ" isYdL pya 6~ ou 5, 8~ ~ L H .  S A M D J A  /&*/ 

Signature(s): * .  ~. . ~~~ . . .  . . . ;  .. . , ;>s; ;~~~~~7~~;;~~;~~~,~~L~$*g.~z*x ~. -~. ~~ ~~~~...~-szn 

MSNSD - Duplicate ID No.: 



Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE WELL ID.: /& MM7/' 
PROJECT NUMBER: - DATE: 8/.~/04 , 

Comments 

Water Quality Meter (SN) Pump Intake 97 ' 

z 2. PAGE-OF- 



Tetra Tech NUS. IK. GROUNDWATER SAMPLE LOG SHEET 

Projecl Site Name: NSWC CRANE. SWMUI6 Sample ID No.: IGGWT \a ha 
Project No.: N7448 CTO 0343 Sample Location: )b p-,-~ \a 

Sampled By: cm e - ~  

0 Domestic Well Data G.O.C. No.: O d e 5  
[XI Moniloring Wcll Data Type of Sample: 

Other Well Type: - [XI Low Concentration 
QA Sample Type: 0 High Concentration 

Ffflered Sample CoUected Yea  I ~ G W  -F a%.s7 
pump Intake o a\. ss 

7.oaC.,ca = 
- - 9 . a ~ ~  



Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: -I?-6 

WELL ID.: \ L - ~ T  \a 
DATE: k - aL\ -oY 

Water Quality Meter (SN) Pump Intake a 3  1 

, . ., 
PAGEAOFA 



Tetra Tech NUS. tm. GROUNDWATER SAMPLE LOG SHEET 

1 Project Site Name: NSWC CRANE. SWMU 16 Sample ID No.: IGWT 130 Z 
Project No.: N7448 CTO 0343 Sample Location: 

Sampled By: 1 u Domesl~c Well Data C.O.C. No.: 
I [XI Monitoring Well Data Type 01 Sample: 

U Olher Well Type: [XI Low Concentration 1 fl QA Sample Type: 0 High Concentration 

Well Casing Diameter h Material 

See Low Flow Purge Data Sheets 

One Casing Volume(ga 

Nilroarornab and N~tramines 4% (2) L Glass Amber - 
TOM Metals SW-846 Go/Mercury 7470A 4'CRIN03 (1) LHDPE Yesn40 
hss Metals SW-846 Go/Mercury 7470A 4°CiHN0, (1) L HOPE y e s l ~ o  
, 

Filtered Sample Collecled YesU NOD 16GW -F 

Pump inlake O /7 / 

7.53 X o . / 6 3 =  / Z p c /  44 4 , k C  

MYMSD Duplicate ID No.: 
-?_ - 



I T e t r a  Tech Nus, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE WELL ID.: /6MLd7N 
PROJECT NUMBER: 7448 DATE: 8 / / 7 / 0 b  

I 

. . 
Water Quality Meter(SN) 
Control Box type (SN) 
Turbidity Meter (SN) 

. ,  . 
SIGNATURE(S): PAGE-OF- 

. , 

. . 
, . 

. . . . 



Teln Tech NUS. Inc. GROUNDWATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMU16 Sample ID No.: 1 f f i w T j 5 0 ~  
N7448 CTO 0343 Projecl No.: Sample Localion: 16Cwr-l 

Sarnped By 
0 Domestic Well Data C.O.C. No.: Oop,Z 
1x1 Monitorin0 Well Data TvDe 01 Sam~le: 

I i] other ~ e l l ' i ~ p e :  i ~ ]  Low  centra ration 
fl QA Sample Type: 0 High Concentration 

Moritor Reading @pin): - I I I 
Well Casing Diarneler 8 Material 

Type: 2.0 " i;VC See Law Flow Purge Data Sheets 

Total Well Depth (TD): q4.76 1 
Static WaIer Level (wL):S/&OI 

Circle if. Opplicable: .I-: : . . .  .... . . . . . . . . . . . . : . . Signature(s): I 

Nilroarornatics and Nitramin- 

Total Melab SW-846 €iIPO/Menuty 7470A 

Diss. Me& SW-B46 M)201Memry 7470A 

4% 

CCMN4 

4'CMNG 

MYMSD 

(2) L Glass Amber 
' (1) L HDPE 

(1) L HDPE 

Duplicate ID No.: 

eS, 
ye% 
Y d o  

, 
/o- 



1 Id Tetra Tech NUS, In.. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: w WELL ID.: / 6 G ~ T 7 5  

DATE: 

I Tlme ( Water Level 1 Volume 1 Flowratel pH ,) Cond. 1 Turb. 1 DO 1 Temp. 1 ORP 1 Comments I 

Water Quality Meter (SN) 

Turbidity Meter (SN 

PAGESOFZ 



TetmTech NUS. Inc. GROUNDWATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMUl6 sample ID NO.: I M ; ~ ~ I ~ Z  

Projecl No.: N7448 CTO 0343 Sample Location: IGMwr/c 
Sampled By: T R o J ~  

0 Domestic Well Data C.O.C. No.: 0086 
[XI Monitoring Well Data Type of Sample: 0087 
I] Other Well Type: [XI Low Concenlration 
0 OA Sample Type: [I High Concentration 

Filtered Sample Collecled YesUNw 16GW -F 
I 

Pump tntake B /&, 5 

I . B z  x 0 . 1 6 3 s  d , S p / u  /-I1 



Tetra Tech NUS, IIK GROUNDWATER SAMPLE LOG SHEET 

~ a g e L  of -a 
Project Site Name: NSWC CRANE. SWMUI6 Sample ID No.: 1ff iW-t \70 x 
Project No.: N7448 CTO 0343 Sample Location: \(..mu 7 

Sampled By: 
I] Domestic Well Data C.O.C. No.: 0087 
[XI Monitoring Well Data Type of Sample: 
[I Other Well Type: [XI Low Concentration 
0 QA Sample Type: I] High Concentration 

e l  Casing Diameter & Material 

Fillered Sample Collected YesU N$( 16GW 

Pump inlake Q a\' 

~~6:~:@&,;g;~&~c:;.~.<z.:.~~~ ~- . 

MyMSD - Duplicate ID No.: - 



[RJ Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: 3 U\YS 

WELL ID.: \b  C Y L ~ T  \3 
DATE: 53 - ~ S - O Y  

. 
. - ,. .. ;,., . 

, r :5.<: .,A,; , ,., . .~ 

, : ,: ,,.. , . . , 

. :  
, . , . 

Water Quality Meter (SN) . 99 \<c . r~ ,  ss . i j~ .k - '  
, .,.. #.. 
. . . , *.?-! . g..'~. :&.; . ... 1 ;  :I. .; . Pump' Intake 

\ 6% :, . : ,, ;, 
,. ., . *i, ,&z,.?:::. ''T, ': 

a)' 
Control Box type (SN) -P\ 0 . . ~ ~ & . . , . ? ~ . , c . . , . , , : ~ ~ ~ ~ ; . ~  

L\G<(, y 3 m  , . 
Turbidity Meter - , , ,&!.t;:.:!>;..::~,4 , ' 

., , . .'< ,:,: ;;: ,.. .:. 8:::. :.:. : 
. . 

,,,- bSZ. .",,.:. .:, . . . a ., .:, .,* ;L3K*?* ;,j ,;;,2$.,:': ..! .. . . 
SIGNATURE(S): . , . . : .  , , , ... ,,,!.U*., <. .,~, <d;~.: , .  : v: : ,  .<., ::.:; 

, , .v ,.,a. ; 
, . , ..: . ...-:+J+? $,., $5: .$ .';&;i. 

P A G E ~ O F ~  
. . . .  < .  . : , ,  

~ ~. 



Telra Tech NUS. Inc~ GROUNDWATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE. SWMUl6 
Project No.: N7448 CTO 0343 

U Domestic Well Data 
Monitoring Well Data 

blher ~ e l l ~ ~ ~ e :  
0 Q A  Sample Type: 

Sample ID No.: 1ffiW-T \ %  o a( 
Sample Location: (,,x---,-~ \ 3 
Sampled By: cm %-A+ 
C.O.C. No.: 0 0 8 7  
Type of Sample: 

[XI Low Concentration 
0 High Concentration 

. .  ....... . . . . .  . :  ... SAMPLING DATA: - . . . . . 
.... 
- 

.... < - . .~ 

Color pH S.C. Temp. TurbidiIy DO ORP Other 

(Vi~ual) (S.U.) (mS/un) ('0 W'JI (mdL) (mV) N A . . .  - 

Filtered Sample Collected YesU NA] 16GW~ 

Pump intake @ \ 9 ' 



IRI Tetra ~ e c h  NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE WELL ID.: \ b w w 7  \X 
PROJECT NUMBER: 7 ~ 9 %  DATE: & -a7- O Y  

Water Level 



Telra T&I NUS. Inc. GROUNDWATER SAMPLE LOG SHEET 

Project Site Name: NSWC CRANE, SWMUl6 Sample ID No.: IGWT \ q ~ \  
Project No.: N7448 CTO 0343 Sample Location: \ bmuu r)q 

Sampled By C- L-&+ 
[I Domestic Well Data C.O.C. No.: 0013~2. 
[XI Monitoring Well Data Type of Sample: 
fl Other Well Type: [XI Low Concentration 
fl QA Sample Type: 1 High Concentration 

Total Well Depth [TD): \>. C?, & 
Static Water Level (WL): 3 .a3 
One Casing ~ o l u r n e ( ~ a a  8 
Start Purge (hrs): 0 q qq 

LI ' 

End Purge (hffi): \\ \q ! ! ! ! I 
1 . . .  . ,  .. . . 

Told Purge lime (rnin): q I . . 
I., 

, ~. I I I . * 

Analysis Preservative. ' : r i Container Requirements ' 

VdaMes sw-846 82608 4"cma (3) 40m1 vials &s>. . ., 

Volables SW-846 80158 4ma (3) 40m1 vials fie-. - 
Explosives SW-846 8330 

Faltered Sample Collected YesU N 16GW -F \7 .O\d 
Pump intake @ '3' 3.a3 

\ \ 2 - 7 3 - ~ - \ ~ 3  = a -3  %a 

signature(*): ~ g - ~ ~ g ~ * ~ & * : ~ ~ ~ ~ ~ ~ * , + ~ : ~ $ ; : ~ ~  ~ .. ~~-~ - .  ... ~ ~. ~:;!;~~ ~ ~ !~ ~ , ~ ~ ~ .  ~~~ ~ <<: ~~ ~~ ;:,;3::;:::,: .. ~,~~ 4: . .?! . .~~~:~;<~~;:~.;~:<~~: . . .~ . .  .. . ~. . 

MSlMSD 

4 
Duplicate ID No.: 

\LFD083'30.-\ 0) ( 



1-1 Tetra Tech NUS, inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: 799% 

WELL ID.: \ b c ? ~ ~  \9 
DATE: % -aq - 09 

. .. 

Water Quality Meter (SN) \ 3' 
Control Box type (SN) 
Turbidity Meter 

SIGNATURE(S): P A G E ~ O F ~  

' . .  



Tetra ~ c c h  NUS. Inc. GROUNDWATER SAMPLE LOG SHEET 

page) of a 
Project Site Name: NSWC CRANE. SWMUIG Sample ID No.: t 6 G W T Z O  o/ 
Project No.: N7448 CTO 0343 Sample Location: / d M N  IZ 

Sampled By: 
0 Domestic Well Data C.O.C. No.: 0086 
D(] Monitoring Well Data Type of Sample: 
[I Other Well Type: 1x1 Low Concentrat~on 
0 QA Sample Type: 0 Htgh Concentration 

IFillered Sample Coflected&a~ 16GW -F 

Pump intake 63 

/3.8f1/ 0, /6j= Z,3/*/ r c  8- 5 L  

s ~gnature(s): . : : .  ~ . ~ . . . 
~ ~. m~m ~- > ~ ~ - .  . . .~ .. . .. ... ~ ~ ~~ . . . . . . . . ~  . . . .  . 

~~~ ~~ .. . . ~. . ~. .... . 

M W S D  - Duplicate ID No.: 



LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: 74G8 

WELL ID.: /6 M W 7 Zd 
DATE: A / Z ~ / O Q  

Time Water Level Volume Flowrate pH Cond. Turb. DO Temp. ORP 

Water Quality Meter (SN) Pump Intake 13 ' 
Control Box type (SN) 
Turbidity Meter ( 

SIGNATURE(S) PAGE- ZOF - 2 



TelraTech NUS. Inc. GROUNDWATER SAMPLE LOG SHEET 

Project Sile Name: NSWC CRANE. SWMUl6 sample ID NO.: 1 6 ~ ~ 7  2 I 0 1 1 
Project No.: N7448 CTO 0343 Sample Location: 16 u U T L I  

Sampled By: x X o J a ~ n /  
U Domestic Well Data C.O.C. No.: d / Z  2- 1 
IX1 Monitorino Well Data Twe  of Sam~le: 

Filtered Sample Cdlecled Yes0 No1 16GW -F 28. /6 Zr 0. /6 3 = 4.6 10.- /x4L 

Pump Intake @ 9.2-5 
/r* 

.. . .. . Circle if witable: . :: : .!>+ ..,. . . . . . . 
.. ... . .. .. . - . . . . . . . . . . . . . . . , . . . . . , . . . .,. . . - .::. . . .. : 1 Signature(s): 

MyMSD - DuplicaIe ID No.: - 



Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: NSWC CRANE 
PROJECT NUMBER: 7448 

WELL ID.: / L O l b / Z  / 
DATE: /O / / S / U l  

Water Quality Meter (SN) 
Control Box type,(SN) 

Z t  PAGE-OF- 

. . ~. 
. . . .. . . - .: '°*- . 



APPENDIX C.5.1 
SWMU 16 

CHAIN OF CUSTODY RECORDS 
ROUND 1 



A T E C X  N I INC. CHAIN O F  CUSTODY MBER 0 9 7.0 1 / 
& I  0 2 7 9  

PAGELOF- 

. , . . . . . . i '8: 1 
DISTRIBUTION: WHITE(ACG0MPANIES SAMPLE) YELLOW(FIELD C,OPY) , ' PINK  FILEC COPY^ 4102R 

> .. 
.~ . FORM NO. TtNUS.001 





0.9 60 ' A T E C H  NUS INC. CHAIN OF C L I S m b Y  \\ !WEER I 
c 7 d ;  0279 . , 

PROJECT h r .  I 
SAMPLERS (SIGNATURE1 I FIELD OPERATIONS LEADER I PHONE NUMSER I ADDRESS 

. . ,  
, :. . . . , . 

,., . ~. . ,. . , 2 .t' : . FORM NO. TlNU 





, . . . .  I 
3 RELINQUISHED BY DATE. , ' TIME' , 3.RECEIVED:BY 

1 I 
. . , . ., DATE TIME 

. ,  . I , .. . 

COMMENTS x : ~ d & . # , ~ ~ . f /  &dr'&>q '?u. ' .d>$&=;< / ' ' '. . -' ', .'. ., 
DISTRIBUTION: WHITE (ACCOWPANIESSAMP.LE)- . . YKLOW (FIELDCOPY) PINK (FILE.COPY)' 

7 
4102R 

FORM NO. TlNUS.001 

CHAIN OF CUSTODY MBER 09.61 I PAGE. I OF - / 
, ., 

PROJECT NO: 
9060 NSWC C & A * / ~  R ~ ~ P M B A S I A / S X /  1 & 2 ' 9 2 / + 8 3 0 8  L A U C . ~ ~  /JUGC/ f?&~r(-/rc& 

SAMPLERS (SIGNATURE) 1 FIELO OPERAT'IONS LEADER 1 .PHONE HUMLER 1 ADORESS I 
I: 

FACILIPI: PROJECTMANAQER PHONE NOMBLR LABORATORY NAME AN0 CONTACT: 



CHAIN OF CUSTODY' 
. , 

/ / PAGE - OF - 

.. . , 
FORM NO. TIN' 11 







I & T E C H  NUS. INC. CHAIN O F  CUSTODY ABER 097 1 1 PAOE - / OF - / 
&TO - 0279 . ,- 

3 ,  RELINQUISHED BY 

. . .  

PROJECT NO: 

1. RELINQUISHED BY 

2 RELINQUISHED BY 

, ' ... , : ..> I 

DISTRIBUTION: -AMPLE)' . , : ., YELLOW (FIEL~COPYJ ,' PINLCFILE COPY) 4 1 0 2 ~  
' FORM NO. TlMUS.001 

2.l 9060 N5#? C A A ~ K  1 R : & s / A / ~ K /  (4/2 J 9 2 / - 8 3 ~  6. 7 2 / n d G C P  d48 / UUICM KUFFA 7 11, 
SAMPLERS (SIGNATURE) I FIELD OPERATIONS LEADER I PHONE NUMBER I ADDRESS 

FACILITY: PROJECT MANAGER 

. . 

PHONENUMBER 

p-p------------- 

LABORATORY NAME AND CONTACT: 

DATE TIME 1. RECEIWEDBY, , ' 

3/3//a 3 ..) o 1 .  FJS~~ARL & y ~ . & S l  

. , :, 

D AT 1 TIME 
3 /do0 

7, 
1 

DATE '. . 1. TIME , 1 2. RECEjVED'BY / DATE' 1 TIME 



'w TETRA TECH NUS. INS. CHAIN OF CUSTODY i NUMBER. 0,982, 1 / / 
CTO 0279 PAGE - OF - 

. . 

"* . , 



HAlN OF CUSTODY. 1 PAGE /_ OF /. 

1 

i 

I i. ' . , , . . .. . . . . . , .  . 
D!$TRIBUTION: WHITE(ACC0MPANIES SAMPLE) . . YELLOW (FIELD COPY) ' . ' ' , PINK (FILECOPY) 

, ,  . . . . . .  , . . . .  . ,  
4102R 

, .  , . FORM NO. TlNUS.001 





I ' . ' I .  , . I , , I ,' I 
DATE' . f IME 3. RECEjVED,BY DATE TIME 3.  RELINQUISHED BY 

. . . . . ., . A  , , . . . .  
. . .  . . .  COMMENTS . ,. . . .  . . .  . , ,  . . . . . .  . . . .  . . . . . . . . . . :  

, , 

. . . . .  . . . :. . , ., . . 
. . .  

. . . , . . .  r. ';. 
.., , ' PINK (FILE COPY) . .  . .  . DISTRIBUTION: WHITE . . (ACCOMPANIESSAMPLEJ . . +  j.e ._ . j . . . . . . . . .  Y&OW(FI& COPY) I - , , . . . .  . 4iOZR 

. . . .  ........ ,.. . .  . ; . . . . .  . . 
FORM NO. TINUS.001 

.. 



~ ~~ 

TETRATECH NUS. 1NC. CHAIN OF CUSTOOY ( ).IUM~ER 09 86 I PAGE - / OF / 
, . , .,. . 

FORM NO TtNU 





. .  , . . . .,. . .. , ... . .. ;u::>,., ,. . . .  . . .  , ... . ., , . ,  r FORM NO: TtF' 101 . . . . i .. ~. . . . . 
. . 



@ TI TECH N"S. IVC. 
L70: O f  7 9  

CHAIN OF CUSTODY I BER 0991 1 
. . 

PAGE I OF I 

FORM NO. TINU 



CHAIN.OF CUSTODY 1, NUMBER , ,0994 



I I I 
3 RELINQUISHED BY 1 DATE / TIME 1 3 RECEIVED BY 

- - - - - - 
30MMENTS 1 
OISTRIBUTION: WHITE (ACCOMPANIES SAMPLE) YELLOW (FIELO COPY) PINK (FILE COPY) 4102R 

. . . . FORM NO, TiNUS.001 



APPENDIX C.5.2 
SWMU 16 

CHAIN OF CUSTODY RECORDS 
ROUND 2 



, . 5 

CHAIM:DF CUSTODY I NUMBER I ?PAGE-OF, / - &&&$ 
liri.. 

COMMENTS 
- - 

, .. 
. . . ., 

DISTRIBUTION: WHlTE (ACCOMPANIES SAMPLE) YELLOW (FIELP COPY) PINK (FILE COPY) 
I 

4102R 
. - . . FORM NO. TtNUS.001 



SAMPLE ID 
. , 

, : 



..:, . . i i  9: 
, . 4-8: ' .  .y 

CHAIN OF CUSTODY. I NUMBER I P A ~ E  1 OF - - 
, .. 

, I 
3 RELINQUISHED BY I DATE I TIME 1 3. RECEIVED BY 1 DATE I TIME 

. . 
, . I 

DISTRtBUTION: W H ~ E  (ACCOMPANIES SAMPLE) YELLOW (FIELD COPY) PINK (FILE COPY) riOZR. 
,. FORM N 3 .  TtNUS.001 ,~ 





T -A TECH NUS, INC. C ~ ~ A I N  OF CUSTODY I NUMBER I I 
,, . . ,  

PAGE - OF -' . , 

FORM NO. TtNUS.001 



. . . . .  . . . . .  . . . . . . . . . .  . .  , 
, 

. . . , . . .  . . 
WH& (ACCOMPANIES SAMPLE) ,YELLOW (FIL .OPY) PtNK (FILE.,COPY) DISTRIBU'i.,< . .: 

. . . .  , . .. . . . . FORD,. .J. T1NUS.001, 







. . 
. . .  . . , , . 

CHAIN OF CUSTODY NUMBER 4&:&$,$. . ' . ,  , .  
/ 

. .  ,. 
PAGE - OF - 

.. ,* , , 



. !  &.$y&.. , . .  , , @.~:~ETI)*TLCW ., .::7":.;.. L :  IW. CHAIN OFCUSTO~Y . I  . NUMBER . ..,. . ' I '  ' / 
. .. , . PAGE OF 

W H I P  (ACCOMPANIES SAMPLE) '. . j ' YELLOW (FIE JPY) . . PINK (FILE COPY) 410213 , ' .  FORka . TINUS-001 



CHAIN d~ CUSTODY NUMBER 1 PAGE - / OF - 



I 

, . . 
. ,  . , . , . I I I. 

3. RELlNaulsHED BY D U E  TIME 1. ~ . . ~ E C E I V E D  0.y~ .: - . . 

.I 

. . , . !  . .  2'' , .  I , .. 

1.  RELINQUISHED BY DATE TIME ' 1, RECEIVED BY 
. 

COMMENT? 4ou+.r.4,h;o M A L I  /6  4wt ,ae /  )~1r 4 y~e. ~ . . . . 

DISTRIBUT~L, .. WHITE(ACCOMPANIES SAMPLE) - '  : YELLOW (FIELL. ,JPY). , : . . . . . . .  . . . . '  . .. . PINK . (FILE . COPY) 4 1 0 2 ~  ---.. ..- -,.,..- ... 

DATE 

. 

! 3 1 9 1 , . xgr. //.2+'.a,3 / f u O  
2. RELINQUISHED BY I DATE I TlME 1:2. RECEIVED BY 1 DATE 1 TIME 

DATE 

TIME 

TIME 



, . .. , ,  

PAGE I OF - 

.P r r k/rv 



. . ..,; 
' . , , ,  

. . , . . -  
,,:', ,,.. . .  . , , . . ..,, . :-- > 

. . 
CHAIN OF CUSTODY I NUMBER. $82.8,. I PAGE - / OF - / 

, . 

C 

. .. . 
. . , .  

DISTRIBUTlbr. .,WHITE;(ACCOMPANIES SAMPLE) YELLQW (FIE,L,.SPY) . . .. . 
--: 

. . PINK (f1l.E COPY) 
.:. . 4102R ,, 

m n a r  .I- rr.ucr nn. 









. . , . . . . . . . . .  , .  . . .  
TETWTECH NYS. INC. CHAIN OF CUSTODY I NUMBER ' 4.39:4. ' ' 

. . . . :I 
. ,: 

/ PAGE / OF - 

, , . . , . FOR1 TINUS-001 



I '  , ,  . . , ,  . , 
.$ 

['NUMBER as CHAIN OF CUSTODY ' , PAGE - ( '  OF - 

I I 
DISTRIBUTION: WHITE (ACCOMPANIES SAMPLE) YEUOW . .  (FIELD . COW) . PINK (FILE COPY) , .  . 4102R 

. , .  . - .( . " ,  . . . .  . . . . . , .  FORM NO. TtNUS.001 



APPENDIX C.5.3 
SWMU 16 

CHAIN OF CUSTODY RECORDS 
ROUND 3 



.-.. 
3. RELINQUISHED BY DATE TIME 3. RECEIVED BY DATE TIME 

COMMENTS + : .~ , 
? , _,* ..,... . 

DISTRIBUTION: WHITE (ACCOMPANIES SAMPLE) , ' YELLOW (FLL'D ,&iJ:.;'.:, PINK (FILE COPY) ~ O Z R  
. . Q*>.-; .,,..I, . 

.,,.>,,-,,.* ...,' FORM NO. TtNUS.001 

. . . .  , , , . , 

RA TECH NUS, INC. CHAIN OF CUSTODY I NUMBER 0Q56 I PAGE - / O F  
. . 

1 RELINQUISHED BY 

2. RELINQUISHED BY 

I . , .  I I I 1 I I 1 

I 
! 

;;;YO& i DATE TIME 1. RECEIVE0 BY ' DATE 
F 4 = 4 . ~ x .  1 B A , ~ ~  a////04 

DATE I TIME , 1 2. RECEIVED BY 1 DATE 
/YOC, 



/ 3 RELINQUISHED BY 
I 

1 DATE I TIME 1 3. RECEIVED BY I DATE I TIME 
I I I 1 

, . . . 
I 

COMMENT? . . . . .  . , , . , . . . 
L . . . ,  . . . .  . , 

WHITE (ACCOMPANIES SAMPLE] . >ELL'OW (FIE. JP?) 
. . 

DISTRIBU1. 
. ,  . 

. . ,  . . .  
PINK (FILE COPY) 

2 
4102R 

. . .  , . . . . . ,  . . - : >  . . .  '. FORM NO. TINUS.001. 



. . . . , : 

Q A  TECH NUS, INC. CHAIN OF CUSTOO'Y~. 1, NUMBER OQ.&? I PAGELOF- - 

DISTRIBUTION: . P INK  (FILE COPY) 4102R 
FORM NO. TINUS-001 



. . . .  . . . .  . . ,  . . . . . .  . . .  . . .  . . . . . . .  , . . . . .  . . .  ,. . . . . . . . . . .  
. . 

. . . . . . .  . . . . .  ....... :,:::;: , , . . .  . . . . . . . . . . .  
.:. i .<..:. . . 

, 5.: . . .., " C~Am$.CLJSf~~Y::  . . . . . .  :,;.. .:, . .  . . . . . . . . . . . . . . .  .:I. huha,=k.:. . : : -0 O;&3 . . , I 
. . . .  . .  . . . ~ .. . . . . .  , . .  

/ / P A G E  - OF 

I I .  I I I 
3. RELINQUISHED BY 

COMMENT? \ .,,., . . , , .  . . .. '. '. .. . . . . . . . . .  . . . . s .  , .,, . .  

WHITE.(ACCCMPANJES SAMPLE) . . .  .. ....... . . .  .YELLOW (FIL OPY) DISTRIBU'I . . .  . . . .  . . . . .  . . .  . . . - ,  . . . : . . .  . . .  . . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . : . . .  
. . PINK (FILE COPY) 4102R 

. . FORM NO. TINUS-001 

DATE TIME TIME '3. RECEIVEDBY DATE 



, . 
, , . , . . 

. ATEGH NUS, INS. CHAI'N . , OFCUSTODY , ., '., , ' . . . . .  
,. , . IJUMBER . . . .  . . .  ,( :Q.Q64 I PAGELOF- - 

r' . . . . .  . . 

. . .  I . . . . . .  ... . . . . .. I I 

. . . , . . . . 
COMMENTS . . . .  . . . . . .  . . . . .  . . . .  . . . .  , . ' . 

. . . .  . . , . . . .  . . . . .  , .. , . : . , , .  ; . . . . .  

. . . . . . . . . . .  DISTRIBUTION; WHITE (ACCOMPANIES SAMPLE) . . ,.YE COPY) :,. :: : . ~ PINK (FILE COPY) 
. . . .  . .  . . . .  

4102R 
. . . .  . . . .  :. . . .  . . , .  FORM NO. TINUS-001 
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APPENDIX C.6.1 
SWMU 16 

MONITORING WELL INSPEC'TION SHEETS 
ROUND 1 



Well ID: h/b S '/ 4 - ul - 63 
Time: /.34$ 

MONITORING WELL INSPECTION SHEET 

Date: ?//3:/~ Inspector's Name: 

Note: S- Satislactory, U= Unsalisfactorj 
Check one, ll unsatlslactory explain 

NSWC Crane 
Fleld Form 
Revision: 1 

January: 1899 

Inspection Item 

Well Tag 

Well security 

Weil pad 

Well seal 

Area Immediately around 1 w e  pad 

Types of Problems 

Is it in-place, legible 

Condition protective case, cap, lock 

Concrete or gravel &condition 

Condition of ... 

Record any evidence oflor standing 
water in area of well 

Condition of ... 

Condition of riser & survey reference 
point 

- Dedicated sampling 
equipment 

PVC Riser 

Observation 

d o  &(/6LL 7-74 i l ( / n d f b  Z D  ~ / & / d f  
m e &  

ow$ P y L  s/ /=& o r  

6 " ~ , + I , / L  ; w / g c l ;  / A r s U b  JJ+i= 

M& k a l  4c~d-UL c / 0 2- 

Status 

s 

,U.+ 

.Uh 

/ 

J 

I /  

,UA 

/ 

U 

Acd 

L/h 

A/I 



MONITORING WELL INSPECTION SHEET 

Well ID: I ~ E S  - /  +- 0 2 - 83 

Time: C ~ / O  Date: 9,5/3 Inspector's Name: 

Comments: (3)  RA f / * c ~ ~ s  ,GO& b & f h d  

Inspection Item 

Well Tag 

Well security 

Well pad 

Well seal 

Area lmmed~ately around 
well pad 

Dedicated sampling 
equipment 

PVC Riser 

Note: S= Satisfactory, U= Unsatisfactory 
Check one, if unsatisfactory explain 

NSWC Crane 
Field Form 
Revision: 1 

Jar , 1989 

Types of Problems 

Is lt in-place, legible 

Condit~on protective case, cap, lock 

Concrete or gravel & condition 

Condition of ... 

Record any evidence oflor standing 
water in area of well 

Condition of. .. 

Condition of riser & survey reference 
point 

Observation 

3 -ft/. 
% . . w f 6 ~  T o  o4 P i d c c ~ ~ ~ <  es,$ 

G/+ Y L  / 49-3 2 

9y7 L , * z s .  , u o  s / d d . / / ~ )  A3 

Status 

S 

N,+ 

J 

J 

r /  

/ ( I &  

U 

N A  



MONITORING WELL INSPECTION SHEET 

welt ID: hAk/ - /P-? 83 

Time: /2-06 a//&3 Date: Inspector's Name: 2 

1 Inspection Item 1 
I 

Types of Problems ( Status I Observation I L. 

Well security 

l s l u l  
Well Tag I Is it in-place, legible - ( - 1 WdLL 7 4 6 .  

I Condition protective case, cap, lz L/A,A.JP C ~ P  1 J I  X -  - 

~ '. 

I I I I I I 
Well seal- I Condition of. .. I J I  

/ ( Well pad 
I I I I 

Concrete or gravel & condition V 

Area Immediately around 
well  ad 

I I I I I 

Comments: (3 )  A,L. + R ~ U < J  / No .. p L o j c ~ + ; u ~  @bs/'+] 

Record any evidence oflor standing 
water in area of well 

, . I I I I 

Note: S= Satisfactory, U= Unsatisfactory 
Check one, if unsatlslactoy explain 

Dedicated sampling 
eouloment 

PVC Riser 

NSWC Crane 
Fleld Form 
Revision: 1 

Januaw: 1999 

d 

(VP. 
Condition of.. . 

1 

d A  

Condition of riser & survey reference 
point i/ 



Well ID: 1Jff -/4.4-83 

Time: /Joe 

MONITORING WELL INSPECTION SHEET 

Date: f??/F3 Inspector's Name: fh  i 4  

Note: S- Satisfactory, U= Unsatisfactory 
Check one, if unsatisfactory explain 

Inspection Item 

Well Tag 

Well security 

Well pad 

Well seal 

Area Immediately around 
well pad 

Dedicated sampling 
equipment 

PVC Riser 

NSWC Crane 
Field Form 
Revision: 1 

Jana 1909 

Types of Problems 

Is it in-place, legible 

Condition protegtive case, cap, lock 

Concrete or gravel 8 condition 

Condition of... 

Record any evidence oWor standing 
water in area of well 

Condition of.. . 

Condition of riser 8 survey reference 
point 

Observation 

N d  &/kc L 7 4 6 ;  

, p r / / . c6  Br4!rd J - / /L/d 

g n o ~ f ~ ~ /  u/j / /  4 & / d / . L  

Nb /+.r&/ ,d/  H, -, ; G,* ' ,d l  ZcrF7 

N A  

Status 

S 

- 
r/ 

J 

- 
L/ 

U 

- 

v 

r/ 

- 



MONITORING WELL INSPECTION SHEET 

Date: 5?////3 Inspector's Name: ~ 4 ~ ~ x 2  

Comments: 
(3)  bd ~ l ~ h d ' s  ; Nb Pfd i c e J ; ' / ~  & j / h r  9 

1 

Note: S= Satisfactory, U= Unsatisfactnry 
Check one, if unsatisfactory explain 

NSWC Crane 
Field Form 
Revision: 1 

January: 1999 

Inspection Item 

Well Tag 

Well security 
I 

Well pad 

Well seal 

Area Immediately around 
well pad 

Dedicated sampling 
equipment 

PVC Riser 

Types of Problems 

is it in-place, legible 

Condition protective case, cap, lock 

Concrete or gravel & condition 

Condition of ... 

Record any evidence oflor standing 
water In area of well 

Condition of.. . 

Condition of riser & survey reference 

Observation 

,a*,.*+ Z D  

L; /A&/* / 

Status 

S 

NP 

J 

J 

J 

J 

rDA 

L/ polnt 

U 

PA 

I 

/// 



APPENDIX C.7.1 
SWMU 16 

MONITORING WELL DEVELOPMENT RECORDS 
ROUND 1 



EXISTING 
Tetra Tech NUS, Inc. MONITORING WELL DEVELOPMENT RECORD I I Page - of - 

Well: W . 5 - / # - a / -  a3 Depth to Bottom (ft.): rnEkJ. 54.89- Responsible Personnel: 7 .  Ro.r~  ud 
Site: SWMU \b Static Water Level Before (ft.): 3). 35 Drilling Company: 5F2- .e6.-~r 
Date Installed: i;;./03 Static Water Level After (ft.): PAC.\/ Project Name: NSWC CRANE 
Date Developed: Screen Length (ft.): 4.67 Project Number: 
Dev, Method: Suraed & P u m ~ e d  One Well Volume (galiL): 3 . R  L,c/wCc r d ~  PID Readings: Bore H o l e o p p m  1 
Pump Type: d.44L~' Casing ID (in.): 2 inch PVC g,mr zdbpp b r e d n o p  PID Readings: Breathing Z o n e B p p m  

5 u r n /  

Remarks (odor, color. e l c l  



EXISTING 

Tetra Tech NUS, Inc. MONITORING WELL DEVELOPMENT RECORD 1 I Page - of - 

well: WLS- 1 4 - 5 2  - 83 Depth to Bottom (ft.): 28,74 Responsible Personnel: z f " d 4 r / c d  
Site: SWMU \G, Static Water Level Before' (ft.): + $ E e  Drilling Company: Ckdc/( h d - d /  
Date Installed: (983 , Static Water Level After (11.): Project Name: YSWC CRANE 
Date Developed: 4/ /</03 Screen Length (11.): , d  ' Project Number: N9060 CTO 0279 
Dev. Method: Suraed 8 ~ur6wed  One Well Volume (gal/L): 2 . 2  PID Readings: Bore H o l e A p p m  
Pump Type: / /A 4752 /A Casing ID (in.): 2 inch PVC PID Readings: Breaihing Z o n e a p m  

Remarks (odor, color, e tc )  



EXISTING 

Tetra Tech NUS, Inc. MONITORING WELL DEVELOPMENT RECORD page 1_ of L 
0 

g+;& - 3 8 4  
well: L i L S  - / 4 ; 3 '  83 Depth to Bottom (ft.): IHdN- 38.26 / Responsible Personnel: /- 40J*h'/J 
Site: $WMU lL, Static Water Level Before (ft.): 18 -58  / ; T ~ C  S C  Dr~lllng Company: D&uuwr/ 
Date Installed: Static Water Level After (ft.): . 2% 7' )Project Name: NSWC CRANE 
Date Developed: Screen Length (ft.): 2 // ' Project Number: N9060 CTO 0279 

One Well Volume (galIL): 3 - 3  9-1 PID Readings: Bore Hole-ppm 
Pump Type: W ; Y A U  Casing ID (in.): 2 inch PVC PID Readings: Breathing Zone-ppm 

Remarks (odor, color, etc.) 



EXISTING 

Tetra Tech NUS. Inc. MONITORING WELL DEVELOPMENT RECORD / / Page - of - 
A>L?-,c 49*d 

, 
/. 49 4/rr=c Y4kf 

wel l :  i d f 5 ' .  i464 .&-3 Depth to Bottom (ft.): b " d A ~  : q / -  47 ciuc)  g6'%e'sponsible Personnel: ~ A % . / A H ~ . /  

site: SWMU \L Static Water Level Before (11.): 2 7 9 7 Drilling Company: L/NCJ.WN 
Date Installed: /'9 83 Static Water Level After (ft.): 27.73 , e / 3 &  1 Project Name: NSWC CRANE 
Date Developed: 4// ' /0 3 Screen Length (ft.): 9. d 9 Project Number: N9060 CTO 0279 
Dev. Method: ~ u r o e b  & Pumped One Well Volume (galiL): 3.5~9 / PID Readings: Bare  ole-ppm 
Pump Type: L J M ~ L  J Casing ID (in.): 2 inch PVC PID Read~ngs: Breathing Zone-ppm 

Remarks (odor, color, etc.) 



EXISTING 

Tetra Tech NUS, Inc. MONITORING WELL DEVELOPMENT RECORD / / Page - of - 
A%%4~''5-~ '3 

0 
Well: /&&J - /@: 5 - 8  3 

- 
Depth to Bottom (11.): MX&S.-' 52 -41  Responsible Personnel: / -  

Site: ~ W M U  \b " Static Water Level Before (ft.): 33.5" Drilling Company: UU&&O u*/ 
Date Installed: /Y 3 3  Static Water Level After (ft.): .y Project Name: NSWC CRANE 

Date Deveioped: O#/ l th  3 Screen Length (ft.): 9- Z f  Project Number: N9060 CTO 0279 
Dev. Method: Suraed & P u m ~ e d  One Well Volume (gallL): 'V 9- 4 PID Readings: Bore Hole-prn 
Pump Type: ~ L / A / A L ~  Casing ID (in.): 2 inch PVC PID Readings: Breathing Z o n e p p m  

Time 

/ 5 z 3  
/5L 9 

Cumuiat~ve 
Water 

Volume 
(Gal.) 

0 
L 

Rate 
(mumin') 

- 
- 

'*Water Level 
Readings 

(Ft, below TOC) - 
- 

Temperature 
C) 

- 
1'4. LL 

pH 

- 
X . L /  

Specific 
Conductance 
(Units -) 

- 
/I u/*/ 

Turb~dity (NTU) 

- 
+ L O O 0  

Remarks (odor. color, etc.) 

LRA v - B,'/ 



Tetra Tech NUS, Inc. MONITORING WELL DEVELOPMENT RECORD' Page I of L 

well:  / ~ ~ l t / ~ ~  ' Depth to Bottom (11.): z h .  d 5  Responsible Personnel: ~ & J A M ~ '  
S~te: SWMU Ub Stat~c Water Level Before (ft.): 1.2.72 

+$$+ 
Drliltng Company: Bowser-Morner 

Date Installed: Static Water Level After (ft.): 7 5 . 9 9  Project Name: NSWC CRANE 
Date Developed: Screen Length (ft.): 10' Project Number: N9060 CTO 0279 
Dev. Method Sumed & P u m ~ e d  One Well Volume (gal/L): U- 7 PID Readings: Bore ~ o l e L p p m  
Pump Type: LC/A #&//~/d Casing ID (In.): 2 ~nch PVC PID Read~ngs: Breathing Zone-pm 

Water Level I , I I Specific I I 
Readings 

I errlperalure 
Conductance I Turbidity (NTU) I Remarks (odor, color, elc.) 

(Ft. below TOC) 



Tetra Tech NUS, Inc. MONITORING WELL DEVELOPMENT RECORD / / 
;F) 

Page - of - 

well: \BAA W 7 0 2  Depth to Bottom (ft.): t /, 08 Responsible Personnel: zdfl~+'~/ 
Slte: SWMU \b Static Water Level Before (ft.): /LLg Drilling Company: - Bowser-Morner 
Date Installed: &//A 3 Static Water Level After (ft.): 20.25 Project Name: NSWC CRANE 
Date Developed: 47/2/63 Screen Length (ft.): 10' Project Number: N9060 CTO 0279 
Dev. Method: s u r a e d ~  P u m ~ e d  One Well Volume (gal/L): /.L 9 , /  PID Readings: Bore Hole>pm 
Pump Type: W ~ f f w / ~  C a s i ~ g  ID (in.): 2 inch PVC , 

PID Readings: Breethlng Z o n e A p p m  

Remarks (odor, C O ~ O : ,  elc.) 



Tetra Tech NUS, Inc. MONITORING WELL DEVELOPMENT RECORD Page - / of 1 

Well: . L b W h / 7 0 3  Depth to Bottom (ft.): f8.07 Responsible Personnel: ZA~.+nf l  
Site: SWMU Static Water Level Before (ft.): 2 7 . 9 L  Drilling Company: - Bowser-Morner 
Date Installed: Static Water Level After (ft.): 3 6 . ~ 4  Project Name: NSWC CRANE 

Screen Length (fi.): 101 Project Number: N9060 CTO 0279 
One Well Volume (gai/L): / . 6 / 4 /  '~ PID Readings: Bore H o l e c p p m  

Pump Type: Casing ID (in.): 2 inch PVC PID Readings: Breathing Z o n e L p p m  

Remarks (odor, color, etc.) 



Tetra Tech NUS, Inc. MONITORING WELL DEVELOPMENT RECORD Page - I 0 f /  - 

Well: /6 M d r U  4 Depth to Bottom (ft.): 27.40 Responsible Personnel: C ~ O J A ~ J A /  
Site: SWMU \b Static Water Level Before (ft.): /2'.3Z Drilling Company: - Bowser-Morner 
Date Installed: 4 / f / 3  Static Water Level After (ft.): 24 .63  Project Name: NSWC CRANE 
Date Developed: 4%5/63 Screen Length (ft.): 10' Project Number: N9060 CTO 0279 
Dev. Method: ~ u r a e a  & Pumoecl One Well Volume (gal/L): 2.4jr/ PID Readings: Bore H o l e O p p m  
Pump Type: k/*.ffba94 Casing 10 (in.): 2 inch PVC PID Readings: Breathing ~ o n e z p p m  

Remarks (odor, color, etc.) 

--- 



TetraTech NUS, Inc. MONITORING WELL DEVELOPMENT RECORD Page JL of L 

Well: I6 MU TO 5 Depth to Bottom (ft.): 4/. 8t Responsible Personnel: K ~ A L K ~ U A - c  
Site: SWMU \.lo Static Water Level Before (ft.): 3 0 . 5 4  Drilling Company: - Bowser-Morner 
Date Installed 4/9/03 Static Water Level After (ft.): Project N a m x  NSWC CRAN 
Date Developed: 4//2-/4 ? Screen Length (ft.): 
Dev. Method: Suraed &punbed One Well Volume (gal/L): ~ / , L # A  / PIDFadings;  Bore H o l e ~ p p m  

Project Number: N9OBO CT0?279 

Pump Type: W44ur Casing ID (~n.): 2 Inch PVC 
, 

PID elqd~ngs. Breathing Z a n e m p m  

Remarks (odor, color, etc.) 



Tetra Tech NUS, Inc. MONITORING WELL DEVELOPMENT RECORD / / 
Page -of - 

Well: /6&wr06 Depth to Bottom (ft.): m-28 Responsible personnel: T&W+KJ 
- - 

Static Water Level Before (ft.): /7 .9 0 Drilling Company: - Bowser-Morner 
Date Installed: Static Water Level After (ft.): 947' Project Name: NSWC CRANE 
Date Developed: Screen Length (ft.): 10' Project Number: N9060 CTO 0279 
Dev. Method: Suided & P.umweQ One Well Volume (gal/L): 7 .  L e.+ / PID Readings: Bore H o l e a p r n  - ,  
Pump Type: &,'A Caslng ID (~n.): 2 inch PVC PID Readings: Breathlng Zone-ppm 

Remarks (odor, color, e tc !  

1 



APPENDIX C.7.2 
SWMU 16 

MOAIITORING WELL DEVELOPMENT RECORDS 
ROUND 2 



MONITORING WELL DEVELOPMENT RECORD I / Page - of - 

well: /&/LIv70 7 Depth to Bottom (ft.): 7 7 . 8 3  Respons~ble Personnel: Fu/&x/J 
Site: S W M U  /6 Static Water Level Before (ft.): DxY Drilling Co.: R O W S ~ X  ~ O ~ C A / ~ A  

Date Installed: //////d3 Static Water Level After (ft.): D Project Name: H 5 d C  &cwJ 
Date Developed: - Screen Length (ft.): /a '  - Project Number. &9dd3 
Dev. Method: One Well Volume: 0 PID Readings: Borehole- ppm 

Pump Type: 
- 

Caslng ID (in.): 2 " PID Readings: Breathing Zone" P P ~  

(odor, color, etc.) 

I I 



MONITORING WELL DEVELOPMENT RECORD Page L! of / 

Well: /6k ~470.9 Depth to Bottom (ft.): 7 7  Ld Responsible Personnel: 7TA ~ 4 ~ 4  /M. && ~4 .d 
Site: - P W M 4  /c Static Water Level Before (ft.): ZO-Py Drilling Co.: B6wrr.r muusrr 
Date Installed: I/- Y 'O3 Static Water Level After (ft.): DC'/ Project Name: / v r w C  -4u.9- 
Date Developed: Screen Length (ft.): /o Project Number: Pod 0 

Dev. Method: One Well Volume: 9 PiD Readings: Borehole= ppm 
Pump Type: 1 1  Casing ID (in.): 2 " & PID Readings: Breathing Z o n e L  ppm 



MONITORING WELL DEVELOPMENT RECORD Page I of - I 

Well: / 6 M W 7 0 9  Depth to Bottom (ft.): 2 7. Lo Responsible Personnel: K H ~ R N ~  
Static Water Level Before (ft.): ib.73 Drilling Co.: RUM€& &ec 

Date Installed: Static Water Level After (ft.): DRY Project Name: N<WC .--/A*/& 
Date Developed: Screen Length (ft.): /of Project Number: M906d 
Dev. Method: fidt One Well Volume: - L p c /  PID Readings: Borehole= ppm 

Pump Type: L J X R d L  Casing ID (in.): 2 " PID Read~ngs: Breathing Z o n e 2  ppm 

odor color etc. 



16nw7- 10 MONITORING WELL DEVELOPMENT RECORD Page -of 1 1  - 

Well: Depth to Bottom (ft.): 2 Responsible Personnel: ~ W U D % ~ - / ~ / ~  
Site: Static Water Level Before (ft.): a?.& Drilling Co.: D0~xe.e M o c N ~ . ~  
Date Installed: i f  - 9 - " Static Water Level After (ft.): project Name: N S  w c L'R4dh 
Date Developed: * ' Screen Length (ft.): 1 0 Project Number: A' 9 O6 
Dev. Method: P j  One Well Volume: 3,  SP4/ PID Readings: Borehole>pm 

Pump Type: bJtW 8 5 M - L T b ~  Casing ID (in.): a .. ' PID Readings: Breathing Zone--ppm 

(odor, color, etc.) 



MONITORING WELL DEVELOPMENT RECORD 1 f Page - of - 

Well: 1 Lwwr  A I Depth to Bottom (ft.): 98.6 5 Responsible Personnel:  J JAM^' 
Site: S u f ~ u  IC Static Water Level Before (ft.): 3 3, OT Drilling Co.: &WSU< / r s / o r - / ~ ~ A  
Date Installed: i I - L I - O3 Statlc Water Level After (ft.): 97.3- Project Name: N 5 w d  F.K&~.S- 
Date Developed: L I -  2 l - U 3  Screen Length (ft.): /u ' Project Number: 904 o 
Dev. Method: Su?i i P<,- One Well Volume: /dL PID Read~ngs: Borehole: pprn 
Pump Type: & c i l ~ ~  Casing ID (In.): ., PID Readings: Breathing Z o n e  ppm 

(odor, color, etc.) 

. . 



MONITORING WELL DEVELOPMENT RECORD Page - / of - 

Well: 16 M v 4  T rZ Depth to Bottom (ft.): .- z8.3- Responsible Personnel: R O J ~  wc-f 

Site: SWMU 16 Static, Water Level Before (ft.): 2 2 ,  Y 3 Drilling Co.: iSa 4 s CK @wr.+.~< 
Date Installed: /:// 7/03 - , Static Water Level After (ft.): Z 8 ; ~ 5  Project Name: N S  wc CRAML= 

Date Developed: // / 9% 03 Screen Length (ft.): /d ' Project Number: N 9 06 0 
Dev. Method: 4u#:.r k' Fu<af One Well Volume: - /94  / PID Readings: Borehole: ppm 
Pump Type: j4hy.ctt+&~,gh// . i~asin~ ID (in.): ' 2 ,. b. PID Readings: Breathing Zone= ppm 

Time Cumulative Flow Rate Water Level ' Temperature pH Specific Turbidity 
Water (mllmin.) Readings (Degrees C) Conductance (NTU) Remarks 
Volume (Ft. below TOG) (Units -) (odor, color, etc.) ' 

W L  



MONITORING WELL DEVELOPMENT RECORD Page - 1 o fI 

Well: I ~ Y I ~ T I ~  Depth to Bottom (ft.): ?b. \ Responsible Personnel: r\. C U L  A C O ~  

Site: SWMU /6 Static Water Level Before (ft.): 1 0  .-Z 7 . Driiling Co.: B ~ ~ v s E - ~  MOLNCA 
Date Installed: ( 1  - 1 1  - O 3  Static Water Level After (ft.): 'D r.l Project Name: R S W C  'CAAA//  
Date Developed: 1 1 . z  1 -0 3 Screen Length (ft.): Lo' Project Number: 9 0 6 0  
Dev. Method: Su~r;d One Well Volume: 6 L PID Readings: : Borehole; ppm 
PumpType: ~ W U L E  b ~ a w  I Casing ID (in.): Z Q PID Readings: - BreaVllng Zone- ppm 

Pu h P Q ~ P t s m ~ v L  

Remarks 
(odor, color, etc.) 



MONITORING WELL DEVELOPMENT RECORD / / Page - of - 

Well: /&MW I/4 Depth to Bottom (ft.): 2 4130 Responsible Personnel: F: UUDKLUYC N 
Site: .<bhr/ I h  Static Water Level Before (ft.): DRY Drilling Co.: RfllJst-~ - AopAj~z'~ 
Date Installed; ((-7- 03 Static Water Level After (ft.): p44 Project Name: d 9 0 6 ~  CCIAE 

10 Project Number: N 9 0  6 0 

*r4 PID Readings: Borehole- - pprn 
PID Readings: Breathing Zone: ppm 

(odor, color, etc.) 

I I 



MONITORING WELL DEVELOPMENT RECORD Page L of I 

Well: I ~ M U X  15 Depth to Bottom (It.): 4 7. 0 Responsible Personnel: M . Locur  A &  ./s / 74 
Site: S W W  LG Static Water Level Before (It.): 51 7 O Drilling Co.: Bpurw.r L N O I ~ V ~ ~  
Date Installed: i I - 9 -0s Static Water Level After (ft.): 04 7' Project Name: N S W C  CZ4dLC 
Date Developed: I 1  - t l . -  0 3 Screen Length (It.): ld ' Project Number: 9 0  6 0  

Dev. Method: s w  e P P U ~ G  . One Well Volume: 794  I PID Readings: ... Borehole: ppm 
Pump Type: LI+%G IG v k~ *C Casing ID (in.): , t, PID Readings: Breathing Zone= pprn 

N*.ffE4/'4 

(odor, color, etc.) 



MONITORING WELL DEVELOPMENT RECORD i 1 Page - of 

ihM/ WT /6 - 
Well: Depth to Bottom (ft.): 6.5 Responsible Personnel: Z L ~ 4 x / c /  

Static Water Level Before (ft.): -2.3. Drilling Co.: Bo w s r l  HLAMA~C 
Static Water Level After (ft.): D%v Project Name: N ~ U ~ C  c~ANC- 
Screen Length (ft.): /d Project Number: 9 060 
One Well Volume: - 2  L PID Readings: Borehole: ppm 

Pump Type: &HAL& Casing ID (in.): Z "0 PID Readings: Brealhlng Z o n e L  ppm 

Time Cumulative Flow Rate Water Level Temperature pH spepiti. I ~,,.hi~it,, I I 
Water (mllmin.) Readings (Degrees C) Cond~ 

,-,,," ' "L'"'.I 
rctance I (NTU, I Remarks I . . - . . . -. . .- 

(odor, color, etc.) 



MONITORING WELL DEVELOPMENT RECORD i / Page - of - 

Well: 16 MW 7 / 7 Depth to Bottom (ft.): Z h  Responsible Personnel: 7: TUJAMA/ 
Site: 5 w ~ ~ V r  Y 6  Static Water Level Before (ft.): /F.4 / Drilling Co.: % u / r ~ ~  Mssn/C~ 
Date Installed: //-a -03 Static Water Level After (ft.): 17. 85 Project Name: N s  W c  - 
Date Developed: // -22-a Screen Length (ft.): /o ' Project Number: 7 u L  0 

Dev. Method: 5 ~ x 4  6 ?PUP/. :One Well Volume: 7 L PID Readings: i Borehole= ppm 
Pump Type: PEA/< Casing ID (in.): 2 ".p PID Readings: Breathing ZonePyppm 

(odor, color, etc.) 

- 



MONITORING WELL DEVELOPMENT RECORD Page 1 of 1 

well: l 6 h L ~ ~ f  8 Depth to Bottom (R.): "/u ye 5< Responsible Personnel: Ffl.m h &?.- 
Site: 16 L6tIJt&WL Static Water Level Before (R.): ? Drilling Co.: ~~ bonuQL  
Date Installed: 1-15 -f3Y Static Water Level After (R.): / / Project Name: CRM G W  t 
Date Developed: 1 - 14 -GV Screen Length (R.) Project Number: ?DL O 
Dev. Method: &bTfX& * ( S p r l ~ ~  One Well Volume: PID Readings: B o r e h o l e 2  ppm 
Pump Type: iV& Casing ID (in.): PID Readings: Brealhing Z o n e 2  ppm 



APPENDIX C.7.3 
SWMU 16 

MONITORING WELL DEVELOPMENT RECORDS 
ROUND 3 



Tetra Tech NUS, Inc. MONITORING WELL DEVELOPMENT RECORD ( ( Page - of - 

Well: 19 Depth to Bottom (ft.): /8. da Responsible Personnel: /% J L ~  /+d 
Site: 5 . w ~  Y 16 Static Water Level Before (ft.): 4. 3 3 Drilling Company: B a  w s c a  - M c , r ~ b <  
Date Installed: * Static Water Level After (ft.): li: Project Name: - NSWC-CRANE 
Date Developed: Screen Length (ft.): L d  ' Project Number: 744 8 
Dev. Method: 5-ACE ;r P ~ A G ~  One Well ~olume&): j?,2 PID Readings: Bore Hole-ppm 
Pump Type: @///a L &A Casing ID (in.): 2"iQ PID Readings: Brealhing Zone-ppm 

Remarks (odor, color, etc.) 

JY k / . L  4 ~ / c r . . ,  / OF 



Tetra Tech NUS, Inc. MONITORING WELL DEVELOPMENT RECORD Page - / of 1 

Well: C 6 m W 7 2 0  Depth to Bottom (it.): /8.08' Responsible Personnel: T. auJ 
Site: U /6 Stat~c Water Level Before (ft.): 5, O 0  Drilling Company: o W ~ ~ X .  - ~ ~ & . / . 4 ~  

Date Installed: Static Water Level After (it.): ~ a q  Project Name: - NSWC-CRANE 

Date Developed: Screen Length (ft.): 10' Project Number: 7e0 
One Well Volume@L): 2. / PID Readings: Bore Hole-pm 

Pump Type: W U A L ~  Caslng ID (In.): 2" 0 PID Readings: Breathing Z o n e z p p r n  

Remarks (odor, color, elc I 



Tetra Tech NUS, Inc. MONITORING WELL DEVELOPMENT RECORD / I Page - of 

Well: /6 M l c / 7 7 /  Depth to Bottom (ft.): 93. 45- 5&f Responsible Personnel: CwX/Rcv- -4  M IJ 
Site: S'WAU /6 Static Water Level Before (ft.): , 7. 0%- Drilling Company: 8-14 
Date Installed: 9 / ~  / 0 4  Static Water Level After (ft.): DL-4 Project Name: - NSWC.CRANE 
Date Developed: P / z  9 . / 0 4  Screen Length (ft.): 15' Project Number: 741E)  
Dev. Method: SU--PC f ' ~ ?  c One Well Volume @L):' 4 3 PID Readings: Bore Hole-ppm 
Pump Type: /v'd ?%e*cln - Casing ID (in.): 2" PID Readings: Brealhing Zone-ppm 

Remarks (odor, color, e t c ,  

C dB30 j' T9x.l 7 87 11. 9 /  2 , 6 Z a  > too3 A / A  4, e G Y C Y  
I 

L = $ 4  TL/b,&l< 
/ /  = 7 ; f n /  / 



APPENDIX C.8.1 
SWMU 16 

WATER LEVEL MEASUREMENT SHEETS 
ROUND 1 



Tetra Tech NJS. IW. GROUNDWATER LEVEL MEASUREMENT SHEET I 
'rojecl Name: - CRANE -. 

.ocalion: CRANE. IN Personnel: 8. BalkoveclT. Wphn 

Vealher Condilions: 75 degrees and Sunny Measuring Device: M-Soope 

idally lnlluenced: Yes- Ho-x- Remarks: SWMU 1 6  



APPEhlDIX C.8.2 
SWMU 16 

WATER LEVEL MEASUREMENT SHEETS 
ROUND 2 



1 ~ e c h  NUS. IW GROUNDWATER LEVEL MEASUREMENT SHEET 

~rojec i  Name: NSWC CRANE Project No.: 

Location: SWMU 16 Personnel: T. Rojahn 

Weather Conditions: Partly Cloudy wlTemp. in the 20s Measuring Device: M-Scope 

Tidally Influenced: Yes - No -X- Remarks: 

I 
~ M ~ ~ ~ ~ ~ ~ ~ o . o ~ I ~  Page L of I 



APPENDIX C.9.1 
SWMU 16 

FIELD TASK MODIFICATION REQUEST FORMS 
ROUND 1 



TETRA TECH NUS 
FIELD TASK MODIFiCATION REQUEST FORM 

MSWC @N.-~N& 0279 / 9  0 6 0 9060 - O /  
R o j d r n d b h  Name a0 & h%ject Numbs Task M a t  Nranba 

SWHUS 1/34 16 MACCN 4 2003 
Modifidm To (e.g. Wort Plan) Si(r/Samplc Location Date 

Activity k&@irn UKLL DA/ILI& a# S W Y ' s  / 3  3 /6 w4 s P ~ O ~ O S K P  
pf d& h o / / o w  AUPEN w,'/& sp& ~ ~ o o i  Ear 

B f C O d . 4  R-OC-tl 
Mp/'"4 

3/'-1% 3 
Date 



ADDVANTAGES TO SONIC TECHNOLOGY 

lmprovesproductivity., , . . 
While dfing k pedC%med a casing is a&nced, therefore, dimi&ti& the need for a 
permanent casing lo be installed in the unconsdiated material. 
Dnllimg provides a continuous curenilh nearly a 100% recmery rate thus f&ilitating 
borehole bggimg activitii. . . 
Larger- volume (4-inch diameter b;5-foot j d ~ j .  1 

This technology pr& a cleaner hole thus enhandng w d  e e p p m e n l  . . . . . ' P&,uQs le;j IDW. ..,~ ~ 

.. ., > . . . .  .. . ~. 
> . , 

. . 

ll can be set up for DPT. 



'Sonic .Drilling Page 1 of 4 

BSonic Technology Description 

.Bowser-Mornef s four sonic;rigs are among the newest on the 
market.-While actual depth capability in various formations-is 
hkown, these 'new and improved' rigs are capable of advancing 
in excess if 400' using 4", 6", 8", iO"  or 12" sonic tooling. A brief 

.,.discu'$sion of Sonic technology folfows. -. 

,'>'. . - , - ,,b + 

A sonic-drill &bs high frequency ' 

mqhapical cgcillations, developed * .. - -'in the spekihl drill head, to transmit 
, ..-i ,;<. 

rdsmant vibrations and rotaiy 
.power through the drill tooling to the 

1 - 

;-* dfllt;bit : aitodir'g -it to achieve - ' ... %i,..- 

- : ".;,el$eptiohar dril1i.g penetrdti6~ :. 
- 'kites vjithdut the need f o ~  drilling r* 

.. zfi@ids%r;iir t ' ~  effieetivefy f-ak&' . .'-:-.; 
-6ve~i~rden core sbmples, f i Is- i$  - * -. 
accomplished by the oscillator's conversion of cent dugat:force' +',. 
generated by counter rotating, chambered rollers to sinusoidal or 

. loitgitudin~l force. Frequencies in-excess of !I80 Hz:@ previously 
mentioned) are* mnerated: These frequemk's match the~naturak : - 
frequency of the drill too ling^ causing no dampening,0f.~tht3..@bra@~ , 
:wavelength to the bit. Therefore, this sonic vibratory action fluidizes 

- :.the soil pitrtidek,, destroying 'the. shear. strength band ,pushi~g ,the-: . 
paiticfes away from.the tip of.the drilt bitr a@ along- th+~ide~<~'sf,$!$e drill 

' 

.stting: This)liquefaction~process at&-for dean, -rapidlqpd smop@ 
' ! 'jpxietration of overburden formathns. '.. . .. , . .  I ,- $ .  . v .  + v  



. . 

. . Sonic Drilling Page 2 of 4 

methodology. 

The sonic rig also utilizes a dual line of drill pipe. The inner string of P-- 

I 

drill rods has the core barrel(s) attached. All o~erburden eqre,mpling 
is done ahead of the outer string of drill casing 

'with no fluid-or air added to insure amrate, 4 

representative, undiluted samples. After the 
core barrel has been advanced-, the outer drill 

I 

i ,  > . * <  . L  - .  < ,  . * , , ! '  , . s > :  . . i ,  . s 

Alslr;.whefi water u3e is p~~ed~fo~casjng'ildva~cement, ahby far . . 
the quickestandlmst effective means of oomtytipg :heaving k d s  

.w*%&t We'irsc+of.-driIiirogi mud or bentonite; . .r . . .  ., y : $ ~ ; c - 5 . ; t  c - 
., '1 :::$* 71 ' f l -  \: I,. .- .. ! +s , , , > '; % 2 .  - . ; . ;; :%,d: "25 fi..k5: ,+:. <%, ::\*., , 

ih&f8~@cashi9:~lsdd~~&szto hb~the~borelrcde fdi~nsta~tation 
- -., :% r ~ , f  ~rtdiihgwells,: pietomet&rs; vetits, *obsetvatidn wells, - 4 

, &shume#ation or lother ddwnhdle equipment. <The quter chilCcasing ) 
has nominal diameters of 6* arrd .8'i,allbwing ahple-Space.td Mtrtll2' 
and 4" wells With a 1" or 1 114' tremie pipe to- place sand packs, seals, 

, I;s&p&s and grouts.into,the mnu?a~~p~c&~Betuu&~~.the~weI~~ ,:ss 
'+~&$&6q@ser ~d.~ei*~~~.-in~~~dboreb~e.'anh~i'~~~.~~e~dil'~l~bit~ ' 

< .  

- ~ ~ ' ~ ~ @ ~ t ~ 6 0 u . t e r  dtik&hgad+open aahwe.5'2' i@-%woug6:8 1/2' 
) L* . . L< --.\.. " - 

diameter depending on borehoie size r@qqirements: . 5 .  . t . ,  -. 
" .,$.: ,..' .. ,. r 1 . . --  .-. 

'\ 



Sonic Drilling I'age 3 of 4 

of cuttings slurry. such as in auger 
drilling, this positive placement greatly reduces well development time 
and increases well yiekls. 

As required, h e  Sonic can retrieve thin wall (Shelby) or lined split 
spoon samples for lab analysis. Another feature is the ability to vibrate 
a two-inch drive point screen on the end of drill rods with an inflatable 
packer to seal off the casing. Then, a submersible pump can be 
lowered in the drill rods to evacuate x volumes of water before 
collecting a water sample. 

Other features of the rig are: 

ted as astraight fluid rotary machine; 
4. It can core through rocks and boulders and most bedrock 

formations; 
5. Due to the liquefaction principal, it produces a fraction of the drill 

cuttings and fluids that other methods produce. 

The speed, efficiency, superior sampling procedure, depth capacity, 
safety, reduction of drill cuttings and fluids, and the versatility of the 
Sonic machine make it a very a x 1  effective and productive way of 
drilling, sampling, and installing. 

Applications include environmental brings, installation of monitoring 
wells, aggregate exploration (ideal with the large diameter sample to 
significant depths), rock exploration, methane probes, conductor 
casing installation, extraction wells, instrumentation and virtually any 
other application < 12' in d i e t e r  and 500' in deplh. We have also 
set up the Sonic for angle brings up to 45. Our Sonic Rig can 
advance a borehole up to 18' in diameter with some modifications, 
such as fabrication of an appropriate-sized trash barrel, customized 
rod make upbreak-ut, etc. 

With the addition of Sonic capability. Bowser-Momer has acquired the 
latest technology to the subsurface industry and shown its 
'commitment to excellence' once again in meeting customers' needs. 

Boring, SamplingandLesl ingRi~dLq&menl  

Environments! (1 a c h n i c a l  and Mineral ll Olher Applicalions 11 Sonic 
Technology Applicalions 

Well Rehabilitalion Services 



Sonic Drilling Page 4 of 4 

H- U ~ n a -  ~ervices H cFokcmik.4 Enqineaing 11 MateMk Tesfing 
Cmrbvzib F& obsematjar 6 ~es(i.4 ~nr imnmata l  Seniaes 11 Subsurlace Explorations 

&don Laboncon- H What's Ner II Yae AboutUr 
A d h h  6 ~ ~ f a n r  (I Con- Us 



TETRA TECH NUS 
FIELD TASK MODIFTCATTON REQUEST FORM 

, 

NSwC L'XANK 02 79/9 060 9060- oz 
RojcdllhstaUation Name CM & Rojm Numbu T d  Mod Number 

-ibiLMU,- NF/A 
) S~tdSample Lodian Date 

Activity Desaiption: w . ~ . K  ~ l e n  544te~ S h d  b~n+wrl+~~ p e l l 4 ~  bc 
a L \ o w ~ . - + ~  h-r&:wk- 4%~ a+ \*a<+ 3 . b w r s  . ksCdre - I5 
Bd 'j e: & t*. : . ~ ~ ~ ~ ~ ~ o o + . e  . . ~ : . . .  .. . , ~.. . . ~ .-. . . . . . . . .  . . 

, , i : . ., . . . 

Rognm/Roj& Fie - 
R o j d a s k  (Xda Managa - 

- r7-- 



NSWCCrane 
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VOCs as indicated by lhe PI0 reading). T e  d u p l i i e  samples *Id. be pbced in the same type 01 
., - 

wntakci and hajldled in lhe . m e  m m i  & the reguhr 'mil samples: -The dupli i te samples will be 

given unique QC saw identificatiom (see SOP CT0166-02). ~nerin&blanl('wi~be.dected'~br 

every 10 soil Samples. For soil samples. the k l e  blank will conSisl of ~ m i n g  disWled water over a 

deaxlarninaled semphi spoon into a decontaminated miiag bow(. This water will be used lo Tdl 
, .  . 

sample tdtks lor he rh&tebhnk This proa& mi i%nti-~ unla all the ne&saiy& are fill& f&r 

lhe rinsatc sample (see Tables 3-3 and 3-16). 

. . 
?&-brings wjll be b a d d i  with ehher t& so] &gs (ii. Mla in ina ted )  di bentonite peait$ (if 

wntaminated) 6 amqance wilh SecGon 3.1 1: . . . .~ 

. .~ . 

:WW a boring has been . . . . . .  sampled and wi. #,wiF: be:lileQtified by.3 (all d. 
. . . . ; '. . 

*; a ,n4YY2w 4 ;&*:&. ).. . b(;dhL . . . . .  en.e.witO,.the ;:ihkr $ k;: ...  ..... . \ I . . .  
- % stake *andme'& bth *:&&G aua&d lo increase 

both will be libekd using a waterprodmarker wjth iunique soil number. a ~ e s p o d k q l o  !& 
..- . : -. . . . .  ,; bMins ipgwingw . ~ . . .  . ~ - .  =~eyd+lor thsboring. .. . .. . .,. . , . ~. 

. . . . . . . .  
~ ~ r . . .  : . ... '2 , . . . . . . . .  . .. 8.' . .  . . : I .  .*. -. . . .  :: < > .  . - . .  , .  - ~ - - .  ~ , . . ' ~  . .~ ., ~.- .. , ~ . - .  . . .. . . .  

' , ~ i ,  ' 
. ........... ...... . . . . .  . 

. ~ , . : .<;. ! - 1  i ::,~;,. ,,..: *. ', ",- ,: ..~!!::;.9:: ;. .!.. , . . .  , . -. 
. :  . . ~ :353,.,  ' : ~ p e ~ & & R ~ t d ~ ~ & Y ~ ~ . W ~ ( s ; , ,  .:., . . .  i. '< . .~i<.'...: . 

. . . . . . . . . . . . .  ...+~ . 
.... . . . . . .  . . . . . . . .  . . - .  . ,  . . . . . . .  . .  . . . . . . . .  . . . . . . . . . . .  

. . - .., >. 4 7 . . . .  ? .  :;j ::, :.:->..p:<l::;,3'~,:> : ~~ 
, . . . . I  

- .  
. . ,I 

m*wdls ~isvVM"',~,@,(WES~,44,S3 . . throu.:, WES1i&83):aC9 rt.4 
. . .  

: this . i n v & l i @ i o n . ' : C ~  &+ls.&&.@ve broken casings, bent casings. missiwcai;s;:.nri I&k; &,& 
. . . .  . . . . .  :.. !,*> . . ~. ..;. . , ,<<$, ..,~ -.:.>.y:: 

kcks, obstluctions, and other problems. In addition. ? is 6kely thal soine'b  ells niay'hlain m# 
. . .  - .  

sedjmenl at the boltom lhat the well &een may be partially or totally dogged, Therefore. at the 
, . ;  F. ....... . : . . . .  

beginning d kid &i,  the exLsling wells All be . . locakcl. .-. and repaired if . p&%k . , Fd  , ' .. 

example. broken or bid polyv@y(chloride (PVC) I%& pipes above ihe ground sitciace will be sawed dj . . 

and new risec pipes-will be added. Caps and lodts.will be rephced.3 nece&ry. The heiGh1 d cascasd 

. ' a b ~ v ~ ~ t u u n d  surface d l h e  depth (0 the &om of. the well will be measired and rtxatded.'. .lhk 

inlormalion win be campared lo the boring bgs and well moslnrction logs lo'conlim ifat the wells are 
. . . . . .  

open (hrargh the s c r ~  inii&i activilies are addressed iii SOP ~ ~ 0 1 6 6 0 9 :  :: EX& d .tha 

: existing w e k  will need to 

sampling all existing wells will be resu~eyed..~ 
. . 

35.4 Well D r i l l i i  and Installalion . . . . 

. . . . .  . . .  . . .  
, . . .  

A I&I d 57 shallow wells win be installed at SWMUS 12.13, and 16, and 30 wells be i k t a ~ ~ A - 4 1  

SWMU 19. as part d this investigation. Shallow well &rings that do no1 enaxlnter bedrock will be drilled 
. . 
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ushg DPT or holbwstem auger drilling with split-spoon soil sampting. In some localions a1 SWMUs 12. 

13. and 16, bedrock may be reached belore s h a h  ground water is emuntered. At these l o c a b .  

hating weits will be cumpkted as bedrodc i n s t a l b t i  using rotary d m .  -- 
lu &MU~ , ,, , .. f ~ ' 1 3 .  . . and . ~. . . lF..vrhere , . .. bed!od+ell.@staE?fiyks . . . ,  . .  a? smt+up elyo (* . . . riand.i$j,atiocings &*I.B;bon'*wed*"."' usns,,.&*GvStern e.ij&mg,e split-. 

. . 

I yxwxl sd sam@ing ocDPTlhm& . . ches@ uni +lrodt$ reached; thiswill be wilh mlary 
, . 

. . 

. , 

. . . ~ .  
fradured .arid have abov&ave&e: pehe&G(y 

' d Qmudwaler.: . . -. 

. .. 

.through the overburden and 

.., : .  ' 

. . -  . . . .  , 

er; DPT & s@:spdon 

b,&g$&ay be. T:at.5(&t;&tervak w & .bf fi&. g e t  .&,jr&.&ing; a 
mquired in the shallow well brings, can be oonduded using a conventional rolary d n l l i  with a roller bit 

and water wash. I 

! .  ~- ... .~ . , , : . . . .  

A -1 monitonncj .Well will be installed in each ol ths.weU beings.   hew ells will be constRlded d 

2 i n c h ~ I ' ' i . ! ~ i r l e  40, flush joint. PVC riser.pipk and skied sue& (see SOP ~~0166-12): In 

each we% tlk meen wH be f 0 feel bng and have a slot size of O M  &A ( l a d q  slotted). All riser pipe 

and SaWn s t ?  win be &w a n d ~ ~ i ~ i C l e a n . '  Each well will -is1 of sloned scfeen and &otlgh 

di riser pipe above sd that the riser will exlend appmhately 2.5 feet ahve the ground surface 
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v. 
A s a d  nter pack mu be phced ammd the annulus d the well meen. lmm the Wan of ihe W e  

clpwad lo 3 lea above the lop d the well screen. Three feel &ips will be placed above the 
bent--If< 

sadpa&. and liye be allowed to wet and expand for a1 rf beforevgmM s added to 4he 

hde. After a1 lea!$-& has elapsed, the remainder d the well annulus will be lilled UD to the around 
She ht& m d u t  c 

s u h c e d a  m o d w ~ A l m n ~ e p c p e w i l t e r s e d t o  g r a u t m t f w w  
r k~ h smhds -Is ,$--wdaly L( 4-4 es-_ .ma& w % 

A n  duter. bhdc sled pmlec&vt? cwa@ will 9 

be Enstalled around the PVC casing. The outer casing will exlend at least 2 leet below the gmund surface f 
and no more than 4indies'abbe the. sled &sing will have 'a hinged &.,:"or 

remOMMe cap. and a'bd a~aete surfcid-jmd will be ph&d a 

at %~ surfiice. In wb be instzi,~waAncithe 
. ., . 

Oetaits regadingwell a2mmdmh . s;t;dr.* grout ..&& ouler .dasdasw h.;:iijg,, 
pa4aid.,&tm&"ebariierwarei&"&&.#,SOP . ,  .:.,. 

. . 
. .* . . ., ~. . , .,:. . . .. 

. ; ~""ilCaSed , . . . . , , ~  :.. 

.- . ~. 
. . . .  . , : . . . . 

~ ~ , . , . . 
t .  ' 

. . '.. . . :., 
A1 SWMUs 12, 13.0~16. . . where Wrodc w e % ; i n s t a i b i .  are anticipaled. ~. (he ,p@ well@oring~ 

akn be padcer tested. The decision to perfom W e r  les&.hil be based ori infomalion cdk&ed :..., 
c3uring.d- (fmdyes-Weryieldi andlor @(al.footage corec!),,@al would wanant 3 ~ e d e l a i k d  .. 

' 

eva&alh of speck ~ater:yie+q.~&es . in the . kdmdc ~ - d ? u b k + i @ a ~ . & &  w b l y  , . . .:, 
. to w ' k s t r i n g  d~'~hling rig will be used to .hydrau[s4IY:l& sp&lii section&:+ r& u& 

...: . ,~, , ,*,;. ~ ' 

- bocing, - lhe procedures far wiductiw. pa& le are pcesqied . . in &P CT0166-13,. . . .. ;' 
..'.?1 

'&smbly will be mawghly'demi&(ed belore tjeingpbced i" a boring-'. ~ : p ~ ~ e , p a & a ~ ~ i y i i  ,,.,. .. 
' 

. 

besel5 lo 10 feel apad (i.e.. the vertical &tian 01 rock iested in a~ing(eilest is 5.ldid I&). The &&er 

.asemtiy wilt be I-red dorm h e  boring so that the .a:sectiG. o f : , q : ~ t ~ ~ r ~ , . . ,  
5 . .  ..,... 

identifd during drilling asbeing fractured or yielding Wve-average rat- ofgpgnd ya!ef., T*tg wee . . ~ . 
. :  . 

ddferent rones wl.be Id' foreach Me. as,determi&.by the I i i g q W i s L .  .$ ~mher,anddepr.& ..  . . " 

:iol the-zones. lo be tested wiU.bedetennin@ by.:the FOL a @ - l e a d . f i e l d ~ s i . b a s $  p";thejr:.~st 

judgment . ~ , .  . .. . . . : ,  . ,  . . 

 he packec lests.wii be .h pumpat me. where ground water is pumped out of the hole ihe 

isdated sect& -bl bociog. A pump pos@oned belyeeri the lym packers ell.. pump mler put 01 'e 
- W e d d l  i n t d .   hug no eflepd w t &  win introduced lo the holes &ring thepacker tes(s. .,me 

llow rate dwa te rd i rg ing  lrom the pump and the hydraulic pressure win,& Ute pack-oll intt?y$ @be 

measured frequenHyduring fhelest The pumping rate will k L b l d  nearly -tanL Initially. pumping 

rale ;Hnl be at: i  kiwfevel ie.g.. 1 gallan per minute or less). ;lI..,hii pumping rate can be susla* lor 

15 minutes and the water level slabiizes. lhen the rale will be increased to abut 5 gallons per minute. 
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TA+~ 3 - i '. S W U U s  1 3  e.lG:, , . 
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M- To ( e . ~  W d  Pbn) SitcfSample Location Date 

1 D i i i  
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TETRA TECH NUS 
F L E D  TASK MODLFLCATION REQUEST FORM 

~ ~ o u & ' u ~ C x ~  .C" . . 

rbUhfL/~/3 76 ' . 

,To (c.g W a t  Pko) ~ l d a m p l c  Liocatroo Date 

. ~ 

; 
, , . . 

. :  dd ' L-df=(sk~-=) Date . :: . . 
. . .  
i 

i 

. 

. 
~ . .  ~, , . .  

Appmvcd Di.+sition: 

. . 

. 
. 

. . 
3h,/03:. y . ,  . :  

Date 

Dblrhtion: 
. - 

jo=lF&- Ochu. . , 

=*-a- 
F&o,laali~t~~L=a&- 

I 

. 

' '  
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1 5  b e  CN, 0 279 /?d60 
RojccVInstaUatMn Name CTO k h j &  Number 

. . .  Activity Dcsuiption: $ w . ~  ,> Qe d p k b  &&cclkn,os f a d m e &  fo d e  
/A 30idx .6o, JiJ@L( 13. 

RognmlPmjed File - 
RojatfCasL Orda Manager - 
Weld Opcratioos Laadex - 
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TETRA TECH NUS 
FLELD TASK MODIFICATION REQUEST FORM 

0a;,9/7<0 yodo- 07 
CTO & Projut Number T& Mad. Number I 



SUMMARY OF SAMPLE ANPL~SES, CONTP;INER.TYPES AND VOLUMES, 
PRESERVATION REQUIREMENTS, AM~'HPL~INQ TIMES FOR AQUEOUS SAMPLES 

CTO168, NSWC CRANE 
" P A G E I O F ~ :  . ' , .. 

psrnmetsr ( AnalyteIMethodology I Sample Containrr Contalnrr 1 ~rb,abwatlon"~ I Msximum noldlng ~ t r n e l ~  / 

Explorlver 

I . A " , * , .  

Explosivss SW.846 8330 

Plcrlc and Plcrrmlc Acld 
L ~ U C ~ S  HPLC Method 

,v,m,a,a 

Volatlies 

~ o ~ ~ l r n ~ t e n e ,  plnstlb cap wi 
Total SW-846 6020,747OA 

plasdc l l ~ r  

SW.846 B270C 

Amberplaaa, Tellon-llnedcap 

~mberp lass,  Tdlon.linbd onp 
.. - 

Dl9aolved SW.846 8020, 
7470A , . 

. 

SW.846 82608 

SW.848 80158 ' 

Semlvolatlta 

t 000 m~ 

, Ambir plasa; T!!l6n;llnad . iai . 

. (2).10ob mL 

' (2) 1000 mL " 

POlyplhyleM, pla3ClC cap ivl' . 

plastic liner . . ., 
. 
GlP.si; b l q k  phenollcplasb . . 

sbpw cap,:feflon~llnad raptum 

Glass, bliek p h d c  I . 
- screw cap, Tellgn-llnecl saptum 

Salecliva Ion Menltoftng SW: 
846 8270C 

PCP and Hamchlorophens . 

HNWO ~ H B  

- .. (2) loo om^ 

Cool t i  4 ?C, dark 
. . 

~ i o l t o  4 PC; dark 

~ i t h h  180 days: mercury within I 

28 days 

,1000 m~ 

. . 

(8):iOmL 

(6) 40 m i  . 

~ k h o r  glao, ~q,Uqn.linbd.ca~ : 
. . 

A m b i r  plats, ~et~an;ljnsa cap ' 

Earactlon 7 days: analysls wlthln 
40 days of earactlon 

Earactlon 7 days: analysis wlthln 
40 daysol earactlon 

.. . 
6osl,to 4 PC. dark . ~ '  

H N O ~ ~ O ~ H  a 

Cool 104'C,.Qprk, zlro 
h.ihdspaOi, HCI to p~ <2 

coatto 4 'c, dm, z ~ i o  . , 
h e a d s p a c i ; ~ ~ ~  to pH ck 

Earactlon 7 days: analysis within 
40 days 01 enracuon 

(2) 1000 mi 
. , . .  

(~)IOOO~L 

Wllhln 180 days; mercury wllhln 
28 days 

14 days to anaiyslr 

I 14 aaya to nnalytls 

. . . . .  
~ O Q I , I & ~ ~ C ,  dark Earacllon7 days: analysla wlthln 

40 days of earaction 
. . 

C ~ I  to 4  dark . ' 1 Earaction 7 day¶: analyrjc wltnln , 
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SAMPLING LOCATIONS SHIFTED SIGNIFICANTLY 
(50 FEET OR MORE) 

FROM THE PROPOSED LOCATION 
AS A RESULT OF A FIELD DECISION 

. . 

(1) Moved to avoid steep terrain 
(2) Moved to avoid possibkunderground utilities 
(3) Moved to avoid a wngested area (surfacdobst~ctions. above gmund utilities. k f f i  hds ,  
.' ' padcjng lot..etc.) 

(4) Moved to avoid wet terrain a@ possibly immobilize the drilling rig 
(5) Moved sampling bcation closer to lhe possible contamination source 
(6) Moved to avoid disturbing a riparian woodlot :!. . 

': , . . ' 

(7) Moved location were a sufiGent amount of aqueous sample could be.&tected 
(8) Moved bcation to i d @ e  stream's confluence with nearby stream receiving tun off from 

study area 
(9) Moved locafm were a sufficjent amount of depositional material could be collected. also paced 

in location 
(10) Moved sampling location down gradient of debris pile 



TETRA TECE NUS 
PrtELD TASK MODITICATION REQUEST FORM 

>O&O - 09 
Tmk Mod N u m b  1 

. ' ,  . . 
- . s . h / ~  .U /6 : 6 -  09 -03 .... :... 

. . .  Plan) Si(dSampk Logtion Darc ~ 



TETRA TECH NUS 
FIELD TASK MODIFICATfON REQUEST FORM 

I & ) A P P / ~ A B L ~  3-2 S W M U ~  13 4 1 6  6-09-03 - 
M&- Ta (c.g. W a k  Plan) S i l e  Date 

Approved D i i :  

c 
\ 

. . 6k/o -7 -- 
&W Manager @-) : w  - . . pf"l"d"' 
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HELD TASK MODEPICATION REQUEST FORM 

- 

N~bfd  dk4.45 07 7 Y,/UL 0 6 d  90 60 - // 
PmjdustaMh Name C F C ) k R o ~ N u m b a  Task M o b  N u m k  

(3f l /7~,9& 3-// 5WMlc//6 6 -/d -03 
&&To (cg. Wat- Phn) SifdSampk Locarion Dace 



TETRA TECH NUS 
FIELD TASK MODIFICATION REQUEST FORM 

'. 
NSWC CRAAld 0279 / k Y o  6 d  g o 6  0 - 12 

Nxnc CXO & Pr&jjcd N-ba Tadr Mod. Nmba 
I &fl/mBs 5-13 /3‘&wh J3 i /6 06 -10 - 03 

MMifi& To (eg. Wmt Pbn) SitdSamph Location Date 
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TETRA TE(=EI NUS 
HELD TASK MODlPICATLON REQUEST FORM 

XIS T&o - qOb0-1 
m 6c mojad Number ~ a ~ l r  Mod. w2ba 

RooIltl for w g c - h u & S  F-TWI 9kUEQ 7,-& w U 1 =  
xwb &%%lhtl oU8 h ~ ~ = % U q , W € u 9  &&nod rats? 

wD%%8x-&n C k u . ~ Y X % w & .  

- 

-A M a w  (3-1 
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FIELD TASK MODIFICATION REQUEST FORMS 
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TETRA TECH NUS 
FEELD TASK MODIFICATION REQUEST FORM 

Nsud .484dk - 0 2 ~ L 9  060 -A d/ ( R O U ~ P )  
Namc cn> & Projad Numbu Tsrk Mod. Numb 

\ b / \ e l o j  \3Gw1 %so\ - 
QAPP SWMV /3 

r 3 ~ w 7 9 \ 0 1  - 
wditidm TO (c.g walr Pbo) sadsample bcation  are '(- G-7 O%O\ - \a/ 6 / 0 3  

\b b-=T \ \ a\ - \ajLI03 

A d *  Dcs&@m SEE S6.z  or/ 3.5-7 / g ~ ~ ~ & d , o ~  
,I L o w  - F/ow 

F /Y OW/70A,uy 
" 

-- 

Ram fa aaogc: 

- 

I Projec~rdir Orda Manager (Signabm) 
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. . 

EQUIPMENT ... . . .  CALIBRATIONLOG 

PROJECT NAME.: NSWC CRANE INSTRUMENT NAMWMODEL: P ~ ~ v K  
U.S. L , Q V ~ & , ~ ~ . ( \ ,  SITE, NAME: SwMU~13 8 SMWU 16 .MA~UFAC~URER:  TkL 

. . 
PROJECT NO.: ~ 9 0 6 0  CTO 0279 . SERIAL NUMBER: eo HLC %\ 



. . .  

'RATION . . . . . . . . . . . . . . .  LOG 
. , .  . . . . . . . . .  6 . .  

........ - . \ . ~  . . .  
PROJECT NAME : NSWC CRANE" : . . . . . . . . . . . .  : .;i.i~sipu~!:fi,? N:AMVMODE,A~. %SWV RC 

. . .  
SITE NAME: , SWMU 13 ~ . S M W U . ~ . B  . . . . . . . . . .  : , : . . ~ ~ ~ F ~ U F A C ~ U ~ ~ E R : . ,  :: U.\. ~ m \ & - t  

' , ,  . .  . . . .  EQ 3.x k~ PROJECT NO.: ' ~ 9 0 8 0  dTP'027B ..... 
. . SERIALNU.MBER: 



PROJECT NAME : NSWC CRANE . -  INSTRUMENT'NAMULIODEL: YSI 6 92 
. ,. 

SITE NAME: swhlu 13 a i 6  MANUFACTURER: YSI 

,~ . . Sikl.Ai NUMBE RT..,,.. 
PROJECT No.: N9060 CTO 0279 0 / ~ # 7 v ; r 4 &  



. . . . .  , . . . . . . . . .  ~ .. . , 
, . , . 

. . . . . . . . . . . .  

Tetra Tech NUS, Inc. 
. - .  . . . . . .  i . , . \  ...... ..... 

FIELD CALIBRATION 
,.,,. . 

PROJECT NAME : NSWCCRANE : . . . . . . . . . . .  , . ~INSTRUMENTNAMUMODEL:. YSI d 92 * 
. . . . . . . . . . . . . . . . .  . ~ .  . 

SITE NAME: SWMU 13 a 16  
, ,. 

. . MAFJUFACTUR'ER: . . - . .  .'. . . Y SI 

: O / L  0 7 0  7 A C  PROJECT NO.: N9060 CTO 0279 ' " - . SERIAL' NUMBER: 
. . . .  



Tetra Tech NUS, Inc. 
. ... .. . , . . . . 

DOCUMENTATION OF FIELD CALIBRATION 
. ~ ,  . , . . .  . .  

, . . , .. 

PROJECT NAME : NSWC CRANE 
, . " -  . 

INSTRUMENT.NAMWMODEL YSI . b 4 ~  
. ~ 

SITE NAME: SWMU 1 3 & 1 6  . . MANUFACTURER: . , ,  
YSI 

. . 
9%k0 5y4 &. PROJECT N O ,  N9060 CTO 0279 ~' ' " SERIAL NUMBER . . . ,  



. , 

LIBRATION LOG 
... .. :.: c$$;. , , . 

. , . i<.*. .. ...*. 
. . 

PROJECTNAME :- TRUME'NT NAMWMODEC: ~ 4 f i H ~  t0/r, 
. .  . TURER:' , ' - .  .. . A /?tofJc 

: 3 .3  2 3,.',-+402 
. . .  



.. . 

PROJECT NAME : 

SITE NAME::. ' ' SWMUl3 .8  SMWU.16 '" " ' 

;I. 
, ,. . . . .,. uh F MWJ 

, , . . . , . ,< :. . ,. , .343%-c& ,. . ,  
PROJECT NO.: . N9060 CTO.0179 ' * 

, .. , .. , -. . SEWIAC~~UMBEFI: + -.., ...l.. 



. . 

. . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  Fr... . . . . . . . . . . . . . .  ..* ....... 
. . [.btlianirh Nus. 1;. . . . . . . . . . . . . . . .  EOUIPMEM~AL~BRATION LOG, . .  

. .  . .  . . .  . . . . . . .  .....I. - .  . . . . . . . . . .  : ,; / ,  - .  

PROJECT. NAME : NSWC CRANE , . . -  . - : .-.. INSTRQMENT NAMVMODEL:. ... 2020 7 Z ~ a / & r v  
. . . . . . . . . . . . . .  . . . . . .  - . . .  . . . . . .  ... . . . . . . . .  . . .  . ., . 

SITE NAME: . . S W ' M U - ~ ~ . ~  SMWU 16. ' ,. , . MANUFACTURGR: . . ,, , LA. ,4704 f& 
. . . .  . . . . . . . .  ............. . , .  .: . ." 

PROJECT No.; '. N9060 CT0.0279~.  . . . . .  : ... SERIAL NUMBER:. . . . / 74i- ./doO. 
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Terra Tech NUS. Inc. EQUIPMENT CALIBRATION LOG 

. 
PROJECT NAME : NSWC CRANE . .. , . LN~~RUMENT NAMWMQDEL: ?/a , Lotd 

. 
,~ ., . . -  . . ~ .  , , ,  .,. , . .  

SITE NAME: SWMUs 13 &I6 ' - MANUFACTURER: - . / ~ k k -  w //+~m . ,. . ." . ~ , 

, - 
PROJECT No.: - SERIAL NUMBER: 457 FM 3// 



Tetra Tech NUS, Inc. EQUIPMENT CALIBRATION LOG 
..... 

, _  ,,__ . . . . . . . . . . . . . . . . . . . . . . . . .  
, . . . . . . . . .  . _ " _ i . _ ,  . . . . .  . . . . . . . . .  ....... ' 

" 
..- . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  

PROJECT NAME :. NSWC.CRANE.+ -.., .... -: ...... '- .. ..-.. .... 
INS~R~&EHT.NAME/MODEL:. . , . . ; "-, .? ," <.,., .&,.. /&u~.o.YA . .  c 

-, . . . . . . .  . ...... .. . . . . . .  .... . ,. ,. . . . . . . . . . . .  .....I._ /.,, . .  ..?< I:. . .  --. . " . .  SLTE.NAME: . ..SW+&Js 13 &18.> .. . . . . .  . . . .  . . . . . . . . . . . . . .  MANUFAgTURER: . , ..-... . .... . .  , _ -2-l-;, ,....i. , ..-- , . Fdke',~, E/HCX . . . . . . . . . . .  
, . . . .  . . .  ,:_* :. .... 1 ........ .... PROJECT No,: ... - . N Q ~ ~ o  CTO 0 2 ~ .  . : '  :. .---.. - ,  .>' 
; SERIALNUM~.ER: . : & i;5.Z ..................... /... _._.;_ - -  -- ........... .......... . . . . . . . .  



@I Tetra Tech NUS, Inc EQUIPMENT CALIBRATION LOG 
,... . . . .. ..,. . .  

, . . . , ,. ~ . .  . ., . .. 
. ,. . 

PROJECT'NAME : N~WCCRANE . INSTRUMENT NAMBMODEL: - -  , , ~ ' H O T ~ W A C  f' I D 
~ ~ 

. . .. 
SITE NAME: " '  SWMUs 13 816 . . MANUFACTURER: - :f'&eYk v EL*?& 

. . . .  ~ , .  
€-jJ PROJECT No.: N9060, CT6 0279 . .~ SERIAL: NUMBER:.. #/J 339 



L. 

Tetra Tech NUS, Inc. EQUIPMENT CALIBRATION LOG 
.,., . 

PROJECT-No;: . .,, . . 

, . . . 



Tetra Tech NUS, Inc. IRI. EQUIPMENT CALIBRATION LOG 
., . . . . . . . .  ... 

.. . . . . . . . .  PROJECT.NAME :, NSWC CRANE. ' ~ 

. . . .  . . .  . . . . . . . . .  . . INS~RUMEM . . NAMUMODE~ M J C c  ret.i 
SITE,NAME:. . SWMUs 1.3 816- . 

. . . . .  . . . . . . .  . . . .  ' MA$JFAC~URER: ;" . 
dr M a  Hd. 

.. , ~ . .  PROJECT NO.: N9080, CTO 0279 . , : SERIAL N~MOER: 3 3 / 7 -  Z&UL 
. . . . . . . .  . . . .  . . ~ . ,  



Bl ' .  

Tetra ~ e c h  NUS, Inc. EQUIPMENT CALIBRATION LOG 
...... . . . . . . . . . . . . . . . . . . .  

. . . .  
PROJECT.NAME :. NSWC CRANE . . .  . ~ .  . ~~ - .  - - INSTRUMENT NAME~~ODEL: . L& MO~C/TURD( D MEEE 
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bg&$t7hw .. .. .... & .  .~. .-. . . . . . ,, .<6'.~,... ;,: ., ..., ,>. ~%.:.-~-.. >. :, ,, ',, :. , : .~ , : ,. ,;.j: ,. s-::~.??. .': :-. 
Fcom: Johnson. Douglas G [JohnsonD@rane.anny.mil] 
Sent: Wednesday. February 12.2003 10:09 Ah4 
To: Brent Thomas J CNlN 
Subject- FW: lTNUS ACCESS 
: Lf y, 

Importance: . High 

> .  Here are the rules of engagement Main issue is to ensure *rdination-with the area supervisors 
. before begiining opeptions. I should have covered thatrequirement a l i  more dearly. Also. 

.. . . anotheitule that is riot l i e d  but is very important - POVs are not allowed inside red flagged ... .. 
: I areaSL(denotjng explos~es operations). IYs easier tophonethe supervised ahead of 6me, as the - - :~' :~ 

I supprvisors are normally within the red-flagged area and are not easily accessible if you're driving . 1 - .  
i :.-a &v. .. ... 

i 

; I can help in coordination with ,the prcduction f d  
.. . . . 

t '& @ 146 is Mike .. -. ,. 
. . . ,~  
, .  ... 

. ~ 
~~ 

. . 

~. 
Here's the pian forthis week: . . . . ... 
1. MEA wiU notify people assigned & &trd duties. . ..* ~ l t ho " '~h the  & A t o r  must check 

- ,..in. &xes willbriauthdrtied without,an e v r t  
2 Doug Johns? win: 
' 

a --inate ac&ss f6r ~riday. 14 Feb 
b. , Make,Lure me wnkktor  is made aware of the oonbactor's responsibilii6s (3 below). 

3: Thec?ntr@orwiU: ., .. .,,. <. : 
a stop a i i d h t i f y   hi^^ to thi p&on per@?ing adcess c&d: 
b. Check Uwith lhe area s u p r w i r  imthedi@yup& enwi f  thezha is in opedtion and 

. . ~  comply with all ins~~onslprohibi ions giwn I0 him by the supervisor aMarning safety i ~;; . . ~ .  . . 
Bnd seturity. . . 

~. 
... - I  

Here's the plan for the longer term operation planned for mi&March: .. .*I 

i! 
.~ . . . 

I .  Doug Johnson will: . .! 
a M&e arrangements to provide the KeyRock ORicer mth a copy of the conbact or scope : . ~. of work. . ~. ! 
b. Sign for all wntrolled contractor core keys .. . 

c. Issue aonboUed keys to the wntactor on DA Form 551 b R  ( 

d. Make sure the mtractm are made aware of their responsibilities. 
3 

e. Oversee vmk and make sure lhe wntractor turns the keys back in immediately upon 
' 

completion of me work and prior to authorization for release 01 payment 



TITLE PROJECT NO. 78 6 * 
--)OK NO. /3k 3 

; .. 2. The KeyILodc Officer will: 
a. Install wntrolled conbactor awe locks on 1451146 area and MFB 
b. Provide assistance to Doug Johnson on proper issuance of keys to the contractor 
c. Remwe the conhlled bcks once all keys have been returned by Doug 

Johnson. 

: j 3. The mtraclor will: 
I- a. Strictly control keys and immediately turn the keys back in once the contract work has 

, ' .  5 ! ,  been completed. 
I b. Stop and identify himself to the person performing access control. 
: j. If gates are bcked and nobody is at the guard house, the mhactor is responsible for securing 

I the,gate behind him (corning and going). NOTE: 

1 Locks must be relocked in theii specific original order 

c. Check in with the area supervisor immediately upon entry if the area is in operation and 

.I 10 
m p l y  with all instruc6ons/prohiiitions given to him by the supervisor concerning safety 

i and security. 
i 4. MEA will notify people who are assigned access control duties. A(thwgh ~econkactor must 
. . check in, access will be authorized without an escort . 

~ - ?.,~. . . ~ , 
: . *  

, r; .. . : ;  . . . .  , - ~ , ,  . :> .Leah. , ' ., : , . ". . ! .  '.<-'. .* ' . .  , ,  
.. , .. . , 

. TetraTech is an environmentalcbrihadto'~ih6t does c o k k e ' a  . Thev 
are wanting to work on flagging. soil sampling, and drilling fw studies at El46 and ~ i n e  kll B d 

I. . "1 determime levels of mntamirntion. These adjons are Wrt of the overall Crane site dqnup effort 
. ! ~  ... 

.;+ . Since we're at Bravo +.what is the best wa) to get TebaTech access to wo& in those areas and 
. ti . .. 

wM level of supervision will they need? The scope of the operationsis listed in Tom Brent's e- 

I . maa below. Terry Rojahn is at Crane currently. and would like to begin the flagging operations. 

i The soil boring and drilling operations should not begin until March. 
i 

. I{ Let me know your thoughts on this issue 
i 

Thanks. 

Doug Johnson 
Environmental Protectjon Specialist 
SJMCNSF 
Crane Army Ammunition Activity 
(812)854-1481 
DSN 482-1481 

Brent Thomas J CNIN [mailto:brent t@c~ane.naw~mifl 
Tuesday. February 11.2003 3-14 PM 

DATE WIINESS 

ed to Page 
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,, ; : . I  . , ':;:~;' ITo: .Johnson;Do~igla$.G . ~ " . . ~  , . . . . . . . . . .  
--. ., , , . ,  <-. 

....... 
: Subject: lTNUS ACCESS ~. . - . , 

. .J 
... , , .;-! 
;Lb. . . ..... . I-; .:- { . . , ! 8 .  - ,  
....... / Doug, . .. , 
i .  , . .  - - ,  

! I  / ' . i .  ; .  ; - 1  ' .  . . . .  . , .  . , . . . ., A . , Teny Rojahn from Teba Tech NUS needs access to B146.area & MFB to pttt in pioibgs to:." 
. ~. ., . 
. . .  .. obtain a PW digging permit This will take about 3 days Furthemgore, he ha$ a rented vehiie 8 
, ! .: ;. . . ?~ ... . . . would very mud, l i e  to get this into the 2 sites (after al\, MFB is a BIG plBce$. Let me- h a t  . : :4 : 
r 2:. ~; .... . . 
+-.- yw can work oul. -! ' 
r+.,.... : . ,  : -i. . 
*.". . Just so you know, Tetra Tech will be mobilizing a full ,@ld,uew about maMarch wldrill rigs to . ..: 
;?:j <~ 

, mned soil boring sainples and inslall wells.. I'll let you know more as soan.+ I find out details. 
' -.4 -> 

; ...... ! 
:-,:..!. Please 1 ke this happen atthese 2 sites. . . .  . , . . .  

. . , .  . 2 -{  
C'..: L. . . 

... & k s ,  . . . . .  . . :..:,+ :.< , . . . 
i ! . .  : . .. . . ;i 
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Brent Thomas J CNlN 
- . -  

, .. :* 

From: Basin*. e l p h  [&i~ki~@Unus.o~n] 

1- dnt: Thirsday.Feb~ary 13.'2003 9:56 &A 

:. :To: ;lohns&:Tom; ~ochdn.  h4aIth&'kchy. valerie;'Bill ~etes';  Bkn'l~~homas J CNlN 
. . CNIN , . . . .  . ~ 

Subject: N S W  CravesWM~s 13 and 16 Sampling Lotxticins I ~ccess  Issuds-. .... 

When: Thupday. FebGry 13.2003 230 PM-3130 PM(qTt I5 ;y )  E a s t 9 3 m e  (US & Canada). , - .  . . Wh&: ~ a &  ~onferen& Room , 
. 

. . . .  . .:. . . .  . . . . .  . . 

.... *-*---.-*-.---*---9,: . . .~ . \.: > .  .~. ~ . 

. . 
, _ . . .  . . . . . . . . .  . . '. ( _  .i 

- .  
I 

Teny Rojahn is cu'i&~'&ndi&&j he utility dearan& site visi t  ~e has identified several issues. These j 
indude 

> .  . . . . . . . .  

11 Inadequate # of sampks for G& at therimonal k w s  . .  , atGB . . , 

. . 
i,.:' . . .  . ;  . ; 21 AcQss issues for several monitoring locations a l  S&U~ 13 and'l6 '1 ~. . . . . . 

. , . :  . , . . . .  . . ~  
.. . *  

31 General . . &cess issues due to &going operations and heighten& security: . ,: . . 
. - Y i,li . . 

,gj 
It rnav'bk d to *or move bcation5.: A oinfererkx call will be: held ile&na Bill Gates. Tom - ~ " -  
Breni TW ~+ah;. Ralph B, ~ o m  ~ohn;ton, anti ~akrie P. ~t the end of the conference caw we 6 to have . 

' n 
delermined thescations of additional sampl'& and whether any sample &tans have to beinoved.. Also any 
modficatpns to the QAPP (Subm.mal of the revisions to the OAPP is bf3w held uo until it is determined whether - ~ - ~ ~ ~. ~~~ 

any a d d i a l  modification &st be made to the &P). 
. . ~. 

Field sketches made by Teny are attached for use in the meting. ' 4 
<uFeJd Skelch fa PCB Samples MFB.pdf= 
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Tuesday. April 08.2003 4:18 PM 
'ClintonL@crane.army.miY 

. . 

-. :., 

---4lriginal Message-- 

From: ' Clinton, Leah K 
Tuesday. April08,2003 345 PM 

Personnel : 
Subjeclr ' Contract Work in MFB 

1mportance:High 

make sure that: 

access controls are maintained in all of our operaliunal areas . . conbactors are granted the necessary access in order to perform > requested work and 
VW access is consistent with safety and security requirements 



TITLE 
PROJECT NO.  

BOOK NO. 

I ~ a k  mtimmi f ran  page i i l l \ l l \ l l l l i i l i : l I I I  

. contractors are made aware of and comply with key and access control requirements 
persons performing access control (both CAAA guards and in-house personnel) are 
glven the proper guidance necessaly to adequately perform their duties 

TTNS employees or other contractors performing work in the area shall- 
I 

wovide the namek) of the contract emolovees or a list of su~ervlsors who can 'Vouch" 

, 

check in and out with the auardlacce'ss control Derson ~r io r  to enterino and uwn  leaving . r( 
, MFB (the guard is located% the gate nearest bldg 165j. Chntraltorsir6 not'required to 

check inlout if a guard is noVno longw on duty (e.g.. after hours or on weekends when 
there are no operations in the area). 

. call the bldg 165 su~ewisor (854-1790) to notifv himlher &at cori&ctors will beworking 
in the areaand to obtain any ~pproval~/prohibiions mceming movement 
inlaroundlbehind the general area of bldg 165 (as provided by Mr. Mike Roach on a 
wlor-coded map). F& mvenience, the guard will make the phone in the guard house 
available for this purpose. Th$ contractor shall not go inlaroundmehind bldg 165 Without , 
specific approval in advance by the bldg 165 supervisor. Approval shall be obtained on a 
casebycase basis. 
gp around to the opposite gate and enteithe area (nearest bldg 174) (where a ~ n t p c t o r  
cored lodc has been installed). The conbador shall secure the gate behind h i i f .  The 
conbador shall not permit anyone other than hidier own employees to enter the area at 
the same time (i.e., no-piggybacking"). 
exit thru the samegate helshe entered, secure the gate behind , himher; and w e *  our 
thru the gate guard. 
control keys assigned to them. Making duplicates is unauthoiized. 
turn in a11 keys immediately upon 'bmpletion of requested w w k  

ALL: Similar Cttenldetailed inslmctions must be provided to all conbactop working in our areas 
and coordinated with all oa- concerned. I will be ~ ~ D D V  to orovide vou advice and assistance . . >  

you are preparing stmijar instructions for contract work being perfo&ed in your area of 
responsibility. 

Mr. Brent Please acknowledge receipt and provide the names of the contract employees who 
can enter our areas on an unaccompanied basis (e.g , a roster that we can furnish to the gUmds 
so we know who is wofing for TTNS on this pmjed or a liit of supemisors who ran Vouch" for 
TTNS employees) 

1 eah Clintnn - - - . - , .- . . 
CAAA Security Officer 
DSN 482-3960 

' I  "Only Our Best For the Worl8s Besr 
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Frm: 
Sent: 
To: i CC: 
Subject: 

I 

Rojahn. Terry 
.W.dnest&y, October 15,2003 4:07 PM 
Tom Brenr ,. 
Basinski, Ralph 
RE: Bowser Morner personnel Participating in Fieldwork Starting October 20. &3 at,NSWC ~. . < 

Crane 

. . ~ .  
Tom, the following personnel from Bowser Momer need clearance. however not all of them kill& starting:$&& on 
Ociokr 20.2003: 

. , .  

Tim Boehmer Dayton. OH 
Ken Boehmer Dayton. OH 
John Davis Dayton. OH 
Jon Keler Dayton, OH .,.: 

,. . .  . , . 
Maynard Laati Dayton,OH . . ~ 

Dennis Sinic Dayton. OH . ,  . . . 

Robert Tiader , . '  Daylon, OH , I.+ 

Todd Wdlenhavpt Dayton, OH 
N i i  Pm; t : . .r .>~ , Dayrbh, OH , . .. ., ~ 

Tony Mayrer - .. Dayton;OH : 

Joshua Bean 7 , .  . . . Toledo, OH . . 
James Walsh-, . .  - . .  ~ ~ l e d q o ~  I , - :  . . 

All the above are US citizens. . . .  , . . 
, . 

. . Just a heads up ...yo u should be receiving a lot of ooolers and equipment over the next few day;. .. 8 . .  ' . . 
. ..., . 

--Wlw- .,. . . 

F m m :  Basimlrl Ram 
Sene , . . .  We&x&y, IS, 2003 2 3 4  pH 

To: Tall Emll' 
Cc RoM, T m  C&rmiMatUw;iWum&t, Fa& R a m ,  Fred; !BY -; 
Subje& ~ P e r s m n e l P a r t i c i p a r P l s I n F k k h w k S t v t i n g O d o b e r 2 0 . Z W 3 a t ~ ~  ' >., 

The following Tetra Tech NUS, Inc. personnel will be participating in fieldwork at NSWCCmne SWMUs I, 13, and 16 

I starting October 20.2CQ3 

. , Terry Rojahn 
Matt Cochran 
Frank Wudlohych 
Fred Ramser . . 

Robert Balkovec . , . , 
. .. . . ~. 

All of lhese staff are located at Pittsburgh. Pennsylvania office of Tetra Tech NUS: . . 
I The award for the drillers hawbeen made to Bowser-Momer. Terly Rojahn is in contact with the driller and will send 

an e-mail to pu nidh4he he1 d d d h  and their home offrce lccations. 



TITLE PROJECT NO. 101 
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Terry, Jeff, and Matt 

&MU 13- No operations will be &ur"ng that will limitacce&:~llow the procedure 
developed last time in regards to access. 

operations wilt occur on Friday, Saturday, and Sunday. S W M W  i6 is  
time. Please nole that the A n y  is working the 4-10s in order. to 
SWMU 16. Therefore, we need-to make sure Ulat any schedule-changes are wmrnunroat 
the Tom and the Army as soon as known. Also, we should, inform Torn as s . . 
SWMU 16 is complete so that the A n y  can revert to their normal schedule 

Fmm: Basinski, Ralph 

Dumg the last field event we m.into access issues ai SWMUs 13 and 16 due to 
opemtions muning at these facilities. Can you find out anything about the ope raw^ 
schedules from October 20 through mid-December. -This information would be useful for 
pkming purposes; . . ~. 

Also. during the last field eventsecbrity / access procedures were established for TtNUS 
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DUE 
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.@cent Thomas 3 CNlN 

Tuesday. October 07,2003 356 PM 
Clinton, Leah K (PKI); Voorhies, John D (PKI); Roach. Michael D (PKI) 
Brent Thomas J CNlN 

Fmm: Brent Thomas J CNlN [mailto:brent t@crane.navy.ri~iQ 
Tuesday, October 07,2003 2:27 PM 
Johnson, Douglas G (PKI) 

Subject . NV. TINUS Participanls in Fieldwork at SWMUs 1, 13 & 16 

. . 



T- RE: Bowser Momer persomel Participating in Fieldwork Starting October 20,2003 at N... Page 1 of 2 

Brent Thomas J CNlN 
\ - .. 
! From: Brent Thomas J CNlN 

rs 
i p 

Sent: Thursday, October 16. 2003 1:41 PM 
< .  

. r To: Johnson Douglas G CNlN . . ~. ~. 

i 
; 

Subject: FW. Bowser Momer personnel Part~cipating in Fieldwork Starting 0 ctober 20, 2003 at NSWC 

I 
Crane J 

Doug. 
. . .  ~ . . ,  . 

.& promised, here is the list of bril16rs who &I,' be ~ O ' ~ C J ' &  th$Tetra ~ e q  iol,&-&..fhe..upconii fieldworlc i t  
81.46 and MFB. Please distribute to CAAA ~ecurityi~'& i'teminder; they will begin mobiliiing here on. Monday. 

. Octobw20.2003. The IS' shii will end on Wednesday. October 29.2003. P lea&le fd  h o w  if you haveany 
. . .  questions. . . . . .  ,... .,, , . ~ .  . 

OrigMI -- I 
< .. 

Fmm: B a W ,  Ralph 

t Sent: W-ay, OQober 15,2003 234  Pn - 
To: Tan w 
& . Rojaln. ~ e r r l ;  m. Matmew; Wudlmych, Frank Rarmer. hed; '89 Gat& Gddman. Elarl Lou 

.manks. 
Tom 

I ,  ' 

. . 
i'A+riginal Message-- 

. , 
Fmm ~ojahn, Teny [mailto:RojahnT@ttnus.axn] 

. , 'Sent: Wedn-y, October 15,2003 3:07 PM 
: ,To;@Wt T h ~ k s  JCNINi .. ~ ~ , - . 

m l p h ' . ,  ' . ' ! .  . 

. . : mwGr Momer personnel 

. . . . . thefollowkg pemnnel from Bowser M 

. . 

Ken Mmer , . , , Dayton;, OH 

- Dayton, OH, 
Jon Keifer C J K ) 

. . 

Robert ~rader 

. . .  
< . .  

. . . .  ... ~. ,~,  - , - 
% J ~ -  Walsh S h .  Toledoi OH' . . . . . . . . . .  -, :,.~ - . ,! '. . . . . . 

. . .  . '2.. . . .  . . . . . .  . . .  
. All the above are US citizens. . a - 

: . . . . . .  . .  . . . . . . > ,  ::, 

Just a heads up ...y ou should be receiving a lot of coolers and equipment over the next few days. 
- 
- . . 

- .  . . . 



RE: Bowser Morner personnel Participating in Fieldwork Starting October 20,2003 at N... Page 2 o f  2 

Subject TWUS PeMMel P h p a C w  in Fiddwok Yam Odober 20,2003 at NSWC Cmne 

The following Tetra Tech NUS. Inc. personnel will be participating in fieldwork at NSWC Crane SWMUs 1, 
13. and 16 starting October 20.2003 

Teny Rojahn ; .$ 
Matt Cochian : ~. 

. . . .  
Frank Wudkwych 
Fred Ramser 
Robert Balkovec 

. . .  . . .. 

An of these staff are located at Pittsburgh. Pendsylvania office ofTelra Tech NUS. 
. ~ 

. . . . .  i . 
. . . . 

The &ird fot the drillers has been niade to Bowser-Morner. ~ k n y ~ o j a h n  is in contact with the'd"lley' : 
. . . .' andwillsend an e-mail to youyiih the r$t of 3nllers and their hgme ofiice locations. 

.. - . 
. . . . , . 

:? 
. . . . . 

. . ,, 

~ o u g  Johnson 

DSN 482-1481 
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Sent: Thursday. August 05, 2004 1.28 PM 
Brent Thomas J CNlN 

Subject. RE: Emailing: 8146 Interior DPT Locations F~eld.Markup.~df 

Tom, to our knowledge, there are no utilities under i~el loor 'at 8.1'46. 
. -_"rtll 1 ----Original Message---- a 

From: Blent-Thomas J CNlN Lmailto;brent t@,CrdrJe?na~y.mil] 
Sent. Thursday, August 05.2004 9:08 
To: Thompson. Susan CIV NAVFAC MWCrane Det CROP2 
Cc: Gates, W~lliarn H CIV EFDSOUTH; Ralph Basinski (E -mail) 
Subject: m. Emailing: 8146 Interior OPT Localions Field Markup.pdf 

Importance: High 

Sosan. 

Per my v-rnail yesterday. I need some guidan'&.on who &ars utilities inside C M  buildings. I 
understand that Zone 2 (or the Pw Detachment formerly known as Zone 2) is responsiMe for Mis. 
We are needing to core through the floor inside 6-146to collect soilssamples under me Roor of 
the building. As such, we need to make sure that we're not going to hit any buried utilities under 
the building. Please get back with me as soon as possible. 

Thanks, 
Thomas J. Brent 
Corrective Action Program Manager 
Crane Division. Naval Surface Warfare ~ e n ! e r ( ~ ~ ~ ~ ~ r a n e )  
Hamessing Me Power of Technology for the Wanighter 

---Original Message-- 

From: Basinski,:Ralph fmailto:BasinskiR@ttnus;com~ 
Sent: Thursday. August 05,2004 8:34 AM 

Orenl Thomas J CNlN 
Cc: Bin Gates; Johnston. Tom; Rojahn, Terry 
Subject: Emailing: 9746 Interim OPT Locations Field Markuppdf 

t L  
<<B146 Interior OPT Locations Field Markup.pdf.pdb> Tom: 

'2 Per our discussion. the maw-up figure showing Ule 8146 inte"or DPT locations is attached to this ! , 
e-mal Terry Rojahn provided this mark-up based on the site visit m e  by U Terq, and Doug g d  r_I Johnson. Please let me know if you need anything else for utility clearance by Zone I!. .-L- 

A2 
:I- Ralph 
I<- 
;--. ,~~'.. c<B116 Interior OPT Locabons Field Markup.pdf.pdf>> 

I: 
,~ -- . ~. : L- l - - -L .L .  ~ 

A:.; ~ .--4 ~* ? ~ ~ .  . ~ v~ ...: r ~.-- . -  ; .  -~ I 
-..-- .*.-. , . . . 

. . ~L -... -~..* . . ~  
' . 1- '~ ~~ ~ . .  . 



TITLE 33 
Brent Thomas J CNlN 

. From: Basinski. Ralph [BasinskiR@ttnus.com~ .~ 

I "Jork conti sent: Thursday. August 05, 2004 3.45 PM i 
.~ --- 

To: Brent Thomas J CNIN, Bill Gates ~~ ~~~~. 

. _ Subject: RE: Emailing B14F Interlor DPT Locations F~eld Markup pdf 

OK. We will keep a copy of the e-mail. 

-, 
----Original Message----- I 

From: Brent Thomas J CNlN [mailto:brent t@crane.navy.niill ~ ~ ~,, ! 

Thursday. August 05. 2004 435 PM ! 

B~l l  Gates (E-mail); Basinsk~. Ralph ~ ~ 

ect: RE: Emailing: B146 lnierior DPT Locations Field Markup.pdf . ~ . . ~  ~ 

I I : : 1 
) . _. ' 

' BilVRalph. i ..~.-~ 

j . , '  
- 

i Other than what we have I don't know how to get a "dig permit." Perhaps we can check with iJ 
: .  -A-1- Donna next week and see if she would cut us some sort of official dig permit. However, I think -L--L 

we're covered with this ernail 
. .~ ..-.. -. .* 

5i : : Thanks. 
- 

---Original Message- 
. ~,~ 

From: Basinski, Ralph [mailto:BasinskiR@ttnus.coml 
Thursday. August 05,2004 2:57 PM 
Brent Thomas J CNlN 
Bill Gates (E-mail): JDhnston, Tom: Rojahn. Terry; Conti, Stanley 

Subject: R.E: Emailing: 8146 Interior DPT tocations Field Markup.pdf 

c. 

I interpret that to mean 'Drill at will". 

Do Navy procedures call lor issuing the equivalent of a 'Digging Permil" in his case? Or are we 
io consider this the 'Digging Permit? 

--Original Message- 

Brent Thomas J CNlN [mailto:brent t@crane.navy.rniQ 
Thursday, August 05, 2004 3:04 PM 
Bill Gates (E-mail); Basinski. Ralph 

Subject: FW: Emailing: 8146 Interior DPT Locations Field Markup.pdf 

Here is the official reply from 'Zone 2.' 

hompson Susan L CNlN (NMCI) 
I ( 

~ ~. 
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k Disp lacement  Me thod  (for 114" OD d ischarge tubing) C.. I. lmmcdiately aAersamples have hem callsle4 inscn the small. 118" OD freeze ploleclion tubong Connects to 
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GROUND 
VERT 
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ELEVATION 
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ELEVATION ELEVATION 
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SURVEY DATA 
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NSWC CRANE 
CRANE, INDIANA 

LOCATION 

16SG01 
16SG02 
'"SG03 

GO4 

NORTHING EASTING 

1321342.91 1 
1321 121.912 
1320712.519 
1320748.568 

3032498.825 
3032465.012 
3032705.1 17 
3033005.162 

NAD 83 
NAD 83 
NAD 83 
NAD 83 
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734.32 
761.79 
762.44 

GROUND 
SURFACE 

ELEVATION 

NAVD 88 
NAVD 88 
NAVD 88 
NAVD 88 

VERT 
DATUM 

N A 
NA 
N A 
N A 

TOP OF 
CASING 

ELEVATION 

N A 
NA 
N A 
N A 

TOP OF 
PVC RISER 
ELEVATION 
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WDRAUUC CONDUCTIVITY 
'TESTING DATA SHEET 



16MWT02 Rising 

In-Situ Inc. Midrol l  Pro 

Rewrt generaled: 511 1i-2003 13:21:39 
Remrt lrom file: ... \SNOW24 -05-1 1 091704 16MWT02 Rising.bin 
win-Situ Version 4.41 

Serial number. 824 
Firmware Version 3.06 
Unit name: 

Test name: 16MWT02 Rising 

Test defined on: 511 112003 9:16:47 
Test started on: 511 In003 9:17:04 
Test stopped on: NIA NIA 
Test extraded on: NIA NIA 

Data galhered using LogatiVunic testing 
W m u m  Cme bSecunds. 
Number of &la 5 116 

TOTAL DATA SAk 116 

Cimnnel number 111 . . 
Measurement IypTemperalure 
Channei name: Temperature 

Channel number [2] 
Measurement typ Pressure 
Channel name: Depth 
Sensor Range: 30 PSIG. 
Specific gra* 1 

Date 

Ylli-2003 
511 112003 
511 1 m  
51111m 
5 1 1 1 m  
511112003 
511112003 
511 lmKn 
511 lm 
Y l l m  
Y l  lm 
511 1 m  
511 112003 
Y l l m  
Y l l l r n  
y 1 1 m  
511 112003 
511 112003 
511 112003 
Y1112003 
9 1  lm 
511 112003 
5111120C3 
Y I I I ~  
YllRMU 
Y l l R M U  
5111,2003 

Olan[ll Chan[2] Displacement 
i7me ET (sec) ET (min) Fahrenheit Feet HZ0 Feet ' adjusted time hmo 

P -- 
9:17:04 0 0 52.23 . 14.045 0 
9:17:05 0.3 0.005 52.27 14.058 0.013 
9:17:05 0.6 0.01 52.29 14.065 0.02 
9:17:05 0.9 0.015 52.29 12.005 -2.04 
9:17:06 1.2 0.02 52.29 14.575 0.53 
9:17:06 1.5 0.025 52.32 12.293 -1.752 
9:17:06 I .8 0.03 52.32 12.97 -1.075 
9:17:07 2.1 0.035 52.32 12464 -1.581 
9:17:07 2.4 0.04 5232 12.907 -1.138 
9:17:07 2 7  0.045 52.32 12.694 -1.351 
9:17:07 3 0.05 52.32 12815 -1.23 

3.3 0.055 5232 1283 - -1215 9: 17:W 
9:17:08 3.6 0.06 52.32 i2.786 -1.259 
9: 17:W 3.9 0.065 52.34 I2862 -1.183 
9:17:09 4.2 0.07 52.34 12.873 -1.172 
9:17:09 4.5 0.075 52.34 12.886 -1.159 Plotted shaded values. 
9:17:09 4.8 0.08 52.34 12.899 -1.146 
9:17:10 5.1 0.085 52.34 12.903 -1.142 adjusted time hmo 
9:17:10 5.4 0.09 52.34 12.935 -1.11 
9:17:10 5.7 0.095 52.34 12.931 -1.114 0:005 1.034 
9:17:10 6 0.1 52.34 12951 -1.094 0.010 0.986 
9:17:11 6.4 0.106667 52.34 12.965 -1.08 0.017 0.973 
9:17:11 6.7 0.111667 52.34 12.979 -1.066 0.0'22 0 . W  
9:17:12 7.1 0.118333 52.34 12.994 -1.051 0.028 0.947 
9:17:12 7.5 0.125 52.34 13.007 -1.038 0.035 0.935 
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TETRA-TECH NUS 

HYDRAULIC CONDUCTIVITY TEST DATA EVALUATION SHEET 
Hvorslev Method 

P r o w  Name: Crane IN 
P r o w  No.: 9060 CTO 0279 
~ e s t  ~ype: Falling Head 

WelVBoring No.: 16MWT04 
Aquifer Type: confined 
Test Dare: 1 1 -May-03 

Done ~ y .  Fred W. Rarnser 
checked BY &,b bp?@3 

Radm of Well Casing (in ) : 1 = r  
Eneclive Rad~us of Well Screen (in ) : I = R  
Len* ol Wen Screen (H) : 10 = L  
Tdne lor 37% head change (min.) : 2.20 =To 

Equation: 
Hydraulic Conductivity (K) : 

ADJUSTED SLUG TEST DATA ATTACHED 



HYDRAULIC CONDUCTIVITY 
TESllNG DATA SHEET -& 

Tetra Tech MIS. hc. 
~ - .- 

....... P,3(MCT HAME %&-%?L wXL/BORWG NO.: ..!bb&?>0~. 
.... ...... P R m c T  No.: .-..... 9% W..-SZ;C~A cEaocIsT:  .-.b.a-b.e 

// ,- , 
.......... .... ............. waL D l U E l E R  .-.% sCRW LDIGTH/WFnl: LO.../-%~.:Q TEST NO.: 

/ 
............ .....- ....................................... STATIC WATER LEKL (Depth/Elevotkm): >LI.c~ OAT& ..sL!-3 

.................... k T  TlPE (Rlshg/Sdlhg/hstant Head): ... .!&!&!?% CHECKOD: - /< '7 
...... WlHOD Cf INWCING WAER LEY& CHANCE: .-.!:%.-k.k~ h!...%% PAGE ..-..OF 

.... ... 3.Qhh.u %Yi& 





1 6 w 0 4  Falling 

IrrSitu lnc. MiniTmll Pro 

Repart gen 9 1  112003 13:22:45 
Report fror ... LSNOOB24 XX)34511 102438 16MWT04 Falling-bin 
Win-Sib V 4.41 

Serial num 824 
Firmware \ 3.06 
Unit m e :  

Test name: 16MWT04 Falling 

Test define Yl lR003 10:24:28 
Test starte 5/11/2003 10:24:38 
Ted stopp# N/A NIA 
Tesl e%tmcN/A N/A 

Data gathered using Logarilhmic tesling 
Madmun Seconds. 
Number 8 I24 

TOTAL DA 124 

Channel number [ I )  
Measurer Temperature 
Channel r Temperah~re 

Channel nmber 121 
Measurer Pressure 
Channel r Depm 
Sensor R 30 PSIG. 
Spedk g 1 

Dare 
-11 Chan[2] Displacement 

ET (min) Fahrenheit Feet HX) Feet adjusted time Mw 

0 k .56 18.609 0 
0.005 55.61 18.609 0 
0.01 55.61 18.609 0 

0.015 55.63 18.61 0.001 
0;Cn '! 55.63 18.609 0 

0.025 55.'63 18.609 0 
0.03 55.63 18.609 0 

0.035 55.63 18.609 0 
0.W 55.63 18.609 0 

0.045 55.65 18.61 0.001 
0.05 55.65 18.609 0 

0.055 55.65 18.609 0 
0.06 55.65 18.609 0 

0.065 55.65 18.609 0 
0.07 55.65 18.609 0 

0.075 55.65 18.609 0 
0.08 55.65 18.609 0 

0 . W  55.65 18.609 0 
0.09 55.65 18.609 0 

0.695 55.65 18.609 0 
0.1 55.65 18.609 0 

0.106667 55.65 18.609 0 
0.111667 55.65 18.609 0 
0 . 1 1 ~  55.65 18 .W 0 

0.125 55.65 18.636 0.027 
0.1- 55.65 18.64 o.mi 

0.14 55.67 21.9W 3.294 



16MWT04 Falling 

1.344 
1.335 
1.324 
1.312 
1.299 
1.288 
1.277 
1.262 
1.249 
1.232 
1.219 
1.204 
1.187 
1.174 Ploned shaded values. 
1.157 
1.139 adjusted time htw 
1.12 0 . m  I.MM 

1.101 0.038 0.983 
1.081 0.080 0.965 

1 .36 0.123 0.946 
1.038 0.170 0.927 



16MWT04 Falling 



TETRA-TECH NUS 

HYDRAULIC CONDUCTIVITY TEST DATA EVALUATION SHEET 
Hvorslev Method 

Projed Name: Crane IN 
projecl No.: 9060 CTO 0279 
Tesl ~ype:  Rising head 

Done BI: Fred W. Ramser 

ChecwBY: h b  6P?i/b'i 

WelVBoring No.: 16MWT04 
Aquifer Type: confined 
Tesl Date: 11-May43 

Radius d Well Casing (in ) : 1 = r  
Enective Radius of Well Screen Qn.) : 1 = R  
Lmglh d Well Screen (It) : 10 = L  
Time for 37% head change [rnln.) : 2.27 =TO 

Equation: 
Hydraulic Conductivity (K) : 

ADJUSTED SLUG TEST DATA ATTACHED 



HYDRAULIC CONWCTlVKY 
TESTING DATA SHEET 

Tetra Tech NUS, hc 
& 

........... PRWCT NAUE- kbl~ .- kEUfiORlNG NO.: - . !b .w.y .  
..... . .... ....... PRaECr NO.: w %..a&% n(xmIsT: ..b.rt)...%.a~~4.t~- 

I 0' / 

........... ........... WELL DWETER: SCRW LENGM,WPM: .-b ../...% TEST NO.: 

1.80' ......... STATIC WATER EWL (Dapth/EIe~ltkm): ._ D A E  ..5/%/(.?3 
. EST TlPE (RlshgFdlhg/Constant Headb .-.!&I>& CHECKDD: 

..... .... MEIHOO OF INWCIHG WATER LEVn CHANCE: L!%?&...~%~...%..~...5.~ PAGE ..._.OF 





1 W 0 4  Rising 

Report generaled: 511 1R003 13:24:50 
Reporl from lile. ..\SNM)824 -051 1 110513 16MWT04 Rising .bin 
Win-Silu Version 4.41 

Serial number. 824 
Finnware Version 3.06 
una m e :  

Tesl name: 16MWT04 Rising 

Test defined om 51llR003 11:05:04 
Tesi starled on: YllR003 11:&:13 
Test stopped on: WA WA 
Test extraded on: N/A NIA 

Dah gath~ed using Logalilhmic lesting 
Madmum time beiwo Secads. 
Number of dab sam 125 

TOTAL DATA SAMPL 125 

Channel number [ l ]  
Measurement type: Tempemlure 
Chamel name: Temperature 

Channel number 121 
Measurement type: Pressure 
Channel name Depth 
S m r  Range' 30 PStG. 
Spenfic grawty. 1 

Date Time 
-- .- 

511112003 11:05:13 
Ylll2003 11:05:14 
Y l lROm 11:05:14 
Y11ROm 11:05:14 

Chan[ll ChanlZ] Displacemenl ho= -1 .I24 
ET (min) Fahrenheil Feet HZ0 Feel adjusled time h h  
-- -- 

0 55.63 18.605 0 
0.005 55.67 18.605 0 
0.01 55.67 18.606 0.001 

0.015 55.7 18.605 0 
0.02 55.7 18.605 0 

0.025 55.7 18.632 0.027 
0.03 55.7 17.777 0.828 

0.W 55.72 17.519 -1.086 
0.04 55.7 18.317 0.200 

0.045 55.72 16.364 -2241 
0.05 55.72 17.805 0.8 

0.055 55.72 16.69 -1.915 
0.06 55.7 17.529 -1.076 

0.065 55.72 16.935 -1.67 
0.07 55.72 17.361 -1.244 

0.075 55.72 17.084 -1.521 
0.08 55.72 17.271 -1.334 

0.085 55.72 17.181 -1.424 
0.09 55.72 17.235 -1.37 

0.M5 55.72 17219 -1.386 
0.1 55.72 17.23 -1.375 

0.106657 55.72 17.228 -1.377 
0.1 11667 55.72 17.249 -1 356 
0.118333 55.72 17.237 -1.368 

0.125 55.72 17.254 -1.351 
0.133333 55.72 17.258 -1.347 

0.14 55.72 17.262 -1.343 



16MWTW Rising 

-1.336 
-1.327 
-1.33 

-1.319 
-1.315 
-1.313 
-1.306 
-1 298 
-1.291 
-1.281 
-1.274 
-1.264 
-1.257 
-1.246 
-1.235 
-1.223 
-1.214 
-1P03 
-1.192 
-1.179 
-1.165 Plotted shaded values. 
-1.152 
-1 .I36 adjusted time hhn 
-1.124 0.000 1.WO 
-1.109 0.032 0.987 

-1.1 0.067 0.979 
-1.076 0.103 0.957 
-1 -059 0.142 0.942 



16MWT04 Rising 



TETRA-TECH NUS 

HYDRAULIC CONDUCTIVITY TEST DATA EVALUATION SHEET 
Hvorslev Method 

Proiect m. Crane IN 
P r o w  No.: 9060 CTO 0279 
Test Type: Falling head 

h n e  BY: Fred W. Ramser 

cheeMBy ~ w R ,  bmp9 

Radius of Wen Casing e.) : 1 = r  
Elferne Radius of Well Saeen (in.) : I = f l  
Lengm d Well Screen (It.) : lO=L  
m e  fa 37% head change (min.) : 3.75 =To 

Hydraulic Conductivity (K) : 

WelVBoring No.: 

Aquifer Type: 

Test Date: 

Equation: 

16MWT05 
confined 
9-May-03 

ADJUSTED SLUG TEST DATA AlTACHED 



Tetra - 
HYDRAULIC CONDUCllVITY 

TESTMG DATA SHEET 
MJshc 

& 

.... P R M C T  NAME: ..... c@?f9L WEU/BORlNG NO.: .!b.%.?.oS 
. .... .... .... . P R M C T  NO.: ......... 9(3.bs, &?? 0 % ~ ~ .  GEW3Gl% b . b  !?&*.3.~ 

I4 
/ q\-%s' WELL DIAMETER: .... 2 .- ................ SCRW LPIGM/DWM: .... 1~ ...... .- ........................ TESi NO.: 

,- 
STATIC WATER LEML (Oepth/Oevotlon): %B.:~.Q DAJE .5.[1$?.3 ........... 

TEST TYPE (Rlshg/Fallhg/Constont Head): ... EAU* CHECKED: 
- 4 'I 

MERIOO OF INWClNG WATER LEML CHANCE: ..-\..> ...... h.33 d ... ~ ~ . . . . . . .  PAGE ......OF 

REFERENCE Pi.  FOR W MEAS. (Top of Caslng. Transducer, etc): x . h P 3 ~  %.Psz - 





16MWT05 Falling 

Rep& generate Yl lRaW 13:25:59 
Report horn file: ... \SN09015 2003-05-1 1 093526 16MWT05 Falling.bin 
Win-SiN Versia 4.41 

Serial number 9015 
Firmware Venic 3.04 
Unit name: MV-14FW 

Test name: 16MWT05 Falling 

Tesl defined on: Y l  112003 9:35:15 
Test s w e d  on: 511 If2003 935% 
Test stopped on NIA UIA 
Tesl extracted o NIA NIA 

Data gathered using Lcgarimmic testing 
Madmum time Seconds. 
Number of &I 130 

TOTALDATAS 130 

Channel number 111 . . 
Measurement I Temperature 
Channel nanc Onbard Temp 

C h n e l  number 121 
Measurement I Pressure 
Chand  name: 
Sensor Range: 30 PSIG. 
Speciic grant) 1 

Date 
- 

Ytli2003 
511 1Roo3 
511 1i2003 
511 1 n m  
511 In003 
YllR003 
511112003 
511112003 
511112003 
9 1  112003 
91112m 
91112003 
9 1  112003 
9 1  lrn 
9 1  112m 
9 1  112003 
9 1  112003 
9 1  1R003 
5'1 1120x3 
511112003 
Y1112003 
511 1120x3 
9 1  112003 
511112003 
9 1  112003 
9 1  112003 
91112003 

Time 
-- 

9:35:26 
93527 
93527 
93527 
9:35:28 
9:35:28 
9:35:28 
9:3529 
9:35:29 
9:35:29 
9:35:29 
9:35:30 
9:35:30 
9:35:30 
9:35:31 
9:35:31 
9:35:31 
9:35:32 
935:s  
9:35:32 
93532 
9:35:33 
9:35:33 
9:35:34 
9:35:34 
9:35:34 
9:35:35 

C h M l ]  Chan(2) Displacement 
ET (sec) ET (min) Fahrenheit Feet HZiJ Feet adjusted lime IVho ho= 1.525 
-- 

0 0 58.54 11.855 0 
0.3 0.005 58.56 11.855 0 
0.6 0.01 58.59 11.855 0 
0.9 0.015 58.59 11.855 0 
1.2 0.02 58.59 11.855 0 
1.5 0.025 58.61 11.855 0 
1.8 0.03 58.61 11.855 0 
2.1 0.035 58.61 11.855 0 
2.4 0.04 58.61 11.855 0 
2.7 0.045 58.61 11.855 0 

3 0.05 58.61 11.855 0 
3.3 0.055 58.61 11.855 0 
3.6 0.06 58.61 11.855 0 
3.9 0.065 58.63 11.855 0 
4 2  0.07 58.63 11.855 0 
4.5 0.075 58.63 11.905 0.05 
4.8 0.08 58.63 11.913 0.- 
5.1 0.085 58.63 14.338 2483 
5.4 0.09 58.63 13.417 1.562 
5.7 0.095 58.63 13.85 1.995 

6 0.1 58.63 14.T79 2.924 
6.4 0.106667 58.63 14.,M9 2.194 
6.7 0.111667 58.63 14.375 2.52 
7.1 0.118333 58.63 14.418 2.563 
7.5 '0.125 58.63 13567 1.712 

8 0.133333 58.63 14.205 2.35 
8.4 0.14 58.63 13.928 2.073 

Page 1 01 3 



16MWT05 Falling 

i 
1.441 
2.118 
1.771 
1.931 
1.e41 
1 .872 
1 .&15 
1.837 
1.835 
1.824 
1.814 
1.804 
1.795 
1.783 
1.771 
1.759 
1.748 
1.734 
1.724 
1.709' 
1.697 
1.683 
1.668 
1.654 
1.6B 
1.619 adjusted time h!ho 
1 .W 
1.586 Ploned shaded values. 
1.566 
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1 6 M O 5  Falling 



TETRA-TECH NUS 

HYDRAULIC CONDUCTlVrrY TEST DATA EVALUATION SHEET 
Hvonlev Method 

Propa Name: Crane IN 
propa No.: 9060 CTO 0279 
Tesl Type: Rising head 

Done BF Fred W. Ramser 
Check4 Bp *P> bfX3p.Q 

WelVBoring No.: 

Aquifer Type: 

Test Date: 

Raem of well casing (in ) : 1 = r  
Enective Ra6us of Well Screen (in.) : 1 = R  
Length ol WeU Screen (It) : l O = L  
Time fu 37% head change (rnin.) : 4.10 =To 

Equation: 
Hydraulic Conductivity (K) : 

16MWT05 
confined 
9-May-03 



HYDRAULIC CONDUCTIVITY 
TESTING DATA SHEET 

Tetra Tech NUS. he 
& 

PROJECT 'NAME: ... = ~ . w L  ........... WELL/BORING NO.: .!k%~.??x. . 
......... .... PR~JECT NO.: .....3 ~~...~a74.... GEOLOGIST: .....Bo - :.- 

l/ / P 

. ....... YKU. DIAMETER: 2 s a m  LMGM~~EPM: LQ..-~..?!A~ TEST NO.: 

9 STATIC WATER LML (Depthfievatlon): 1 ......... DATE: ..5/?p3 
....... .......................... TEST m ( ~ l s ~ / ~ d ~ [ n g / ~ o n s t o n t  ~d): ‘ ? i i > ~ . k  CHECKED. 

// r, 
.... ....... MElHW OF INWCING WATER LML CHANGE: \:?. ......X...B >-. ..%* PAGE ......OF 

REFERENCE PT. FOR M MEAS. (Top of Caslng. Transducer. etc): .-a ..-% .-.-...-%...!&I 





16MWT05 Rising 

IwSilu Inc. MiniTroll Pro 

Report generate 511 112003 13:27:01 
Report from Be: ... 'SNOW15 2MX3-05-11 103052 16MWT05 Rising-bin 
WiiSilu Versiol 4.41 

Sm-al number. 9015 
Firmware Venio 3.04 
Unit m e :  MW-14FW 

Tesl m e :  16MWT05 Rising 

Test &lined on: Y l  112aU 10:30:37 
Test started on: YllR003 10:30:52 
Test stopped on NJA NJA 
Test extracted o NJA NlA 

Data gathered using Logarithmic testing 
Maimurn 6meSeconds. 
Number 01 dal 126 

TOTAL DATA S. 126 

Charnel number Ill . . 
Mc3l;urmenl I Tempenluro 
Channel m o  OnDoard Temp 

Channel number (21 
Measurement 1 Pressure 
Channel name: 
Sensor Range: 30 PSIG. 
Specific gravily 1 

Chan[l] Char(21 Displacement 
Date l ime ET (sec) ET (min) Fahrenheit Feet HZ0 Feet adjusled time hho ho= -1.515 
-- -- - --- - - -- 

511 If2003 10:30:52 0 0 58.5 11.863 0 
Y1 l/XX)3 10:30:53 0.3 0.005 58.54 11.863 0 
Y l  In003 10:30:53 0.6 0.01 58.54 11.863 0 
Y l lROm 10:30:53 0.9 0.015 58.56 11.728 -0.135 
Y l  In003 10:30:54 1.2 0.02 58.56 8.765 -3.098 
YllR003 10:30:54 1.5 0.025 58.56 9.583 -2.28 
YIl/XX)3 10:30:54 1.8 0.03 58.56 10.19 -1.673 
Yll/2003 10:30:54 2.1 0.035 58.56 9.511 -2.352 
5/11R003 10:m55 2.4 0.04 58.59 10.12 -1.743 
5/11/2003 10:30:55 2.7 0.045 58.59 9.716 -2.147 
YllR003 10:30:55 3 0.05 58.59 10.03 -1.833 
5/11/2003 10:30:56 3.3 0.055 . 58.59 9.835 -2.028 
Y l l m X a  10:30:56 3.6 0.06 58.59 9.975 -1.888 
YllR003 10:30:56 3.9 0.065 58.59 9.895 -1.968 
5/11/2003 10:30:57 4.2 0.07 58.59 9.958 -1.905 
511 112003 10:3057 4.5 0.075 58.59 9.9'26 -1.937 
Y l l m X n  10:30:57 4.8 0.08 58.59 9.956 -1.907 
Y l  lmXa 10:30:57 5.1 0.085 58.61 9.95 -1.913 
Y l  lRCQ3 10:30:58 5.4 0.09 58.61 9.961 -1 .W 
5/1 1,7003 10:30:58 5.7 0.095 58.61 9.965 -1.898 
511 112003 10:30:58 6 0.1 58.61 9 . W  -1.898 
Y11/2003 10:30:59 6.4 0.106667 58.61 9.973 -1.89 
511 112003 10:3059 6.7 0.111667 58.61 9.979 -1.884 
Y1112003 10:30:59 7.1 0.118733 58.61 9.981 -1.882 
YllIZOm 10:31:00 7.5 0.125 58.61 9.991 -1.872 
Y11R003 10:31:M) 8 0.133333 58.61 9.995 -1.868 
Yl lR003 i0:31:01 8.4 0.14 58.61 10 -1.863 



lGMWTO5 Rising 

-1.718 
-1.706 
-1.694 
-1.681 
-1 -667 
-1 -653 
-1.636 
-1.622 
-1,609 
-1.585 
-1.566 
-1 558 Plotted shaded values 
-1 -554 
-1.534 adjusted time hho 
-1.515 
-1.495 0.052 0.907 
-1.472 0.107 0.972 
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APPENDIX E.1.2 
SWMU 16 

SLUG TEST RESULTS AND CALCULATIONS ROUND 2 



TETRA-TECH NUS 

HYDRAULIC CONDUCTIVITY TEST DATA EVALUATION SHEET 
Hvorslev Method 

Projeet Name: Crane NSWC 
Projeet No.: 9060 
Test Type: Falling head 

WelVBoring No.: 16MWT09 
Aquifer Type: Bedrock 
Test Dale: 23-NOV-03 

Done By. FWRamser 
Checked By: 

Radius of Well Casing (in.) : 1 = r  
Effective Radius 01 Well Screen (in.) : 4.25 = Fi 
Length 01 Well Screen (It.) : 12 = L  
Time for 37% head change (min.) : 5.50 = TO 

Equation: 
Hydraulic Conductivity (K) : 



HYDRAWC CONDUCTIVITY 

Tetra Tech MIS. hc. 
TESTING DATA SHEET 

6 

........... PRWCT NAUE: &..s...L~..L - c..!%..~N..!Z -L/BORING NO.: .l.b.!f!!?.T.(2.9 I 
.. .............. PRWCT NO.: %..!?.b.~ ...fi. :...G2..&.%...!.d~..%m 

2' .............................. ....... WOI DIAMETER: SCRW L~NGTH/~EPTH- ........ f..O ma NO.: 1 
I 

STATIC WATER LEM. (Depth/Dsvatkn): .h32..2.6 ..............FS1..................FS1..............FS1..... DATE .:1:!.23..2.3.. - 
................. TEST lW€ (Rtdng/Fallhg/Constcnt Head): !???.L.L!..??...c~ CHEcKoo: 

I .... ........... UETHW OF IHWCING W A ~  LEM. CHANGE: >..Q..L.L.C! ~..&.~..k PAGE ...(..OF 

WFERP~CE PT. FOR m U E A ~  ( ~ o p  of cash% Transducer, etc): ..10._5,.+-.~.~~~..fi~.~~~+..t.Sn..~~ 
MEASURED DRAWDO' 

WATER LEVEL OR HEAD (an, 
(fed) (f-0 

I .  263 





16mwt09111 

In8itu Inc. Minirroll Pro 
4 

Report generated: 12/9/2003 16:23:20 
Report from file: H:\Crane IMSWMU13-16WGC slug tests O3bite 16\SN06899 20031 1-23 094607 
DalaMgr Version 3.68 1 6MWTOSfalling#l .bin 

Setial number: 6899 
Firmware Version 3.07 
Unit name: 

Test name: 16MWTOSfalngltl 

Test defined on: 11/23/2003 9:45:24 
Test started on: 11/23/2003 9:46:07 
Test stopped on: 11/23/2003 10:06:55 
Test extracted on: NIA 

Data gathered using Linear testing 
Time between da Minutes. 
Number of data s 209 

TOTAL DATA SAM 209 

Channel number 121 
Measurement typt Pressure 
Channel name: 
Sensor Range: 30 PSI. 
Specific gravity: 1 
Mode: Surface 
Userdefined refel 0 Feet H20 
Referenced on: test start 
Pressure head at 14.226 Feet H20 

Date Time 
--- 

11/2312003 9.46 
1 1 / 2 m  9% 
11/23/2003 9.46 
11/23/2003 9.46 
11/23$L003 9% 
11/23/2003 9:46 
11/23/2003 9:46 
1 1/23/2003 9.46 
11/23/2003 846 
11/23/2003 9.47 
1 i n m  9.47 
11/23/2003 9:47 
1 l/23RO03 9.47 
11/23/2003 9.47 
11/23/2003 9:47 
11/23/2003 847 
1 1/23/2003 R47 
11123/2003 9:47 
11/23PLo03 9.47 
1 1/23/2003 9:48 
11/23/2003 9:48 
1 1/23/2003 9:48 
11/23/2003 9.48 

Chant21 
Adjusted 

ET (min) Feet ti20 ET. (rnin) hho 
-- - 

0 0 
0.1 2.333 0 1.000 r 
0.2 2.184 0.1 0.936 
0.3 2.142 0.2 0.918 
0.4 2.089 0.3 0.895 
0.5 2.043 0.4 0.876 
0.6 1.999 0.5 0.857 
0.7 1.956 0.6 0.838 # 
0.8 1.914 0.7 0.820 
0.9 1.876 0.8 0.1304 r 

1 1.837 0.9 0.787 
1.1 1.797 1 0.770 
1.2 1.765 1.1 0.757 
1.3 1.731 1.2 0.742 
1.4 1.696 1.3 0.727 
1.5 1.66 1.4 0.712 
1.6 1.634 1.5 0.700 
1.7 1.602 1.6 0.687 
1.8 1.572 1.7 0.674 
1.9 1.543 1.8 0.661 

2 1.51 3 1.9 0.649 
2.1 1.489 2 0.638. 
2.2 1.461 2.1 0.626 
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ETRA-TECH NUS 

HYDRAULIC CONDUCTIVITY TEST DATA EVALUATION SHEET 
Hvorslev Method 

project Name: Crane NSWC 
Project No.: 9060 
Test Type: Falling head 

Done ~ y :  FWRamser 
Checked By: 

I 

Radius 01 Well Casing (in.) : ,083 l = r  
EHective Radius of WeU Screen (in.) : . 3 rq 4.25 = R 
Length of Well Screen (H) : 1 2 = L  
Time lor 3746 head change (min.) : 5.50 =TO 

Hydraulic Conductivity (K) : 

WelVBoring No.: 16MWT09 
Aquikr Type: Bedrock 
Tesl Date: 23-NOV-03 

Equation: 
- 



i 

TETRA-TECH NUS 

HYDRAULIC CONDUCTIVITY TEST DATA EVALUATION SHEET 
Hvorslev Method 

profeet Name: Crane NSWC 
project No.: 9060 
Tesl Type: Rising head 

WelVBoring No.: 16MWT09 
Aquifer ~yps: Bedrock 
Test Date: 23-NOV-03 

DOW ~ y :  FWRamsel 
Checked By. 

Radius of Well Casing (in.) : 1 = r  
EHecbLe Radius of Well Screen (in.) : 4.25 = R 
Length of Well Screen (H.) : 12 = L  
Time for 37% head change (min.) : 3.55 = TO 

Equation: 
Hydraulic Conductivity (K) : 



HYDRAULIC CONDUCTIVITY 
TESTING DATA SHEET 

W b  - 
... PR~ECT NAYL. N..~.W..CI ..CI...... ~...~..!3.ri..C WEU./~ORING NO.: !..(DM.K.T~~ 

PRaECT NO.: .......... 3...~..b.Q ....................... GEOCOGIST: .......... !? ..... b.: .... ~ . . ~ . ~ . . ~ . f  &.IY ...IY..IY.............IY.. 
11 

WEU. D I A U m  ............ 2 .......... SCRW LP(GlH/bEPM: ....... !..O l%ST NO.: ...... 1 
... ........... ............................................. sr~nc WATER  LEV^ (~th/Elewtlon):  !...3:-.Z..B DATE L.!..:..~.J.T.*.? 

TEsT TYPE (Rlshg/Fdllng/Conotont Head) ............ g.!..s...!..kk .............. CHECKED: ...... 

UEMW OF INDUCING WATER  LEV^ CHANGE: ........ 3.2 ..k. !...Q S...L..L!.G.. PAGE ... 1.w ... :I --.. 
REFERENCE PT. FOR W MEAS. (Top of Cdshg. Transducer. atc): ...T.!?L.d & - ~ . ~ ~ . r .  -5. w.(I...x.-s..~%T 





In8itu Inc. Min~Tmll Pro 

Reporl generated: 12/10/2003 8:41:24 
Report from file: H:\Crane IN\SWMU13-1MGC slug tests Wkite 16\SN06899 2003-1 1-23 100953- 
DataMgr Version 3.68 16MWTO91ising#l.bin 

Serial number: 
Firmware Version 
Unit name: 

Test name: 

Test defined on: 11/23/2003 10:08:47 
Test started on: 11/23/2003 10:09:53 
Test stopped on: 11/23/2003 10:21:03 
Test earacted on: MIA 

Data gathered using Linear testing 
Time behveen data point Minutes. 
Number of data samples 112 

TOTAL DATA SAMPLES 112 

Channel number 121 
Measurement type: Pressure 
Channel name: 
Sensor Range: 30 PSI. 
Specific gravity: 1 
Mode: Sudace 
User-defined reference: 0 Feet H20 
Referenced on: test start 
Pressure head at referem 13.749 Feet HZ0 

Dale Time ET (min) ' 

11/23/2003 10:09 
11/23/2003 1o:w 
11/23/2003 10:IO 
l l /232M3 10:lO 
11/23/20(33 10:lO 
11/23mXM iaio 
11/23/2003 la10 
11/23/2003 1&10 
11/n/2003 10:lO 
11/23/2003 l a l o  
11/23/2003 lalo 
11/23i2003 10:IO 
11/23/2003 10:ll 
11R3/2003 10:ll 
11/23'2003 10:11 
11/23/2003 10:11 
11/23/2003 10:ll 
11/23/2003 1O:ll 
111231XW)3 10:ll 
1 1 / 2 3 / m  1o:t1 
11/23/2003 1O:ll 

Chan[2] 
Adj Feet Adjusted 

Feet HZ0 HZ0 ET. (min) h h  
- - 

0 0 
0.1 -1.213 
0.2 -1.485 
0.3 -1.491 -1.741 0 1.000* 
0.4 -1.447 -1.697 0.1 0.975 
0.5 -1.397 -1.647 0.2 0.946 8 

0.6 -1.346 -1.596 0.3 0.917 
0.7 -1.3 -1.55 0.4 0.890 
0.8 -1.253 -1.503 0.5 0.863 
0.9 -1.209 -1.459 0.6 0.838. 

1 -1.169 -1.419 0.7 0.815 
1.1 -1.131 -1.381 0.8 0.793 r 
1.2 -1.092 -1.342 0.9 0.771 
1.3 -1.054 -1.304 1 0.749 
1.4 -1.02 -1.27 1.1 0.729 
1.5 -0.983 -1.233 1.2 0.708 
1.6 0.949 -1.199 1.3 0.M19 
1.7 0.921 -1.171 1.4 0.673 
1.8 -0.687 -1.137 1.5 0.653 
1.9 4.856 -1.106 1.6 0.635 

2 -0.828 -1.078 1.7 0.619 







TETRA-TECH 

HYDRAULIC CONDUCTIVITY TEST DATA EVALUATION SHEET 
Hvorslev Method 

P r o m  Name: Crane NSWC 
Project No.: 9060 
Test Type: Rising head 

WeWBxing No.: 16MWT09 
Aquifer Type: Bedrock 
Test Dabe: 23-Nov-03 

Done 6y. WRarnser 
Checked By. 

, 
RadnJs of Well Casing (in.) : .O% ,= ~ = r  
Effective Radius of Wel Screen (ln.) . .35L( = 4.253 R 
Length ol Well Screen (ft.) : 1 2 = L  
Time lor 3% head change (mm.) : 3.55 = T O  

Equation: 
Hydraulic Conductivity (K) : 



TETRA-TECH NUS 4 

HYDRAULIC CONDUCTIVITY TEST DATA EVALUATION SHEET 
Hvorslev Method 

Project Name: Crane NSWC 
Project No.: 9060 
Test Type: Rising head #2 

Done By. FWRamser 
Checked By: 

Radius 01 Well Casing (in.) : 1 = r  
Effective Radius of Well Screen (in.) : 4.25 = R 
Length 01 Well Screen (H.) : 5.64 = L 
Time for 37% head change (rnin.) : 0.094 =To 

Hydraulic Conductivity (K) : 

WelVBoring NO.: 16MWT10 
Aquifer Type: Bedrock 
Test Date: 23-NOV-03 

Equation: 



HYDRAUUC CONDUCTIVITY 
TESTING DATA SHEET 

Tetra Tech WS, hc + 

I b ~ w r c o  I PRaECT N& ........... A! .... S.-~?..C ......... t...!?.!?!!?~ KU/BORINC N W  'l 
O b  0 PRaECT NO.: .-.. .:.v% GEOLOGIST: ....... .b ~..I...C...O..C!.~.RP_~ ........rJ.rJ.rJ.rJrJ.......rJ-. I 

\ 8 1  
WEU DIAMETER: Z .- ......-... SCRW LENGTH/~EPM: !..D...: Tm NO.: L .- 
STATIC WATER LEWL (Dapth/Elevatlm): .- 2.&:.!..k ........ roo.!% DATE ..!J.I.&-C.?_>.. 

R\st;.,t EST TlPE (Rlshg/Sdlhg/Constont ~eod): CHECKED: ..- .......... 
YE7HM) (Y INDUCING WATER LEWL CHANGE: ....... !&.!!!..!..k.!%% P A E  ... 1. OF .-L .... 

.... ZCLD .... kx.>-~-nL ...... 





In-SNu Inc. MiniFroll Pro 

Report generated: 12/4/2003 10:26:23 
Report from file: C:\Win-Situ\Data\SNO0916 2003-1 1-22 113435 .bin 
DalaMgr Version 3.68 

Serial number. 
Firmware Version 
Unit name: 

Test name: 

Test delined on: 11i22I2003 11:34:13 
Test started on: 11/22/2003 113435 
Test stopped on: 11/22/2003 11:59:02 
Test extracted on: NIA 

Data gathered using Linear testing 
Time between data Minutes. 
Number of dala san 1467 

TOTAL DATA SAMPL 

Channel number [2] 
Measurement type: Pressure 
Channel name: 
Sensor Range: 30 PSI. 
Specilic gravity. 1 
Mode: Surface 
User-defined referer 0 Feet H20 
Referenced on: channel definition. 
Pressure head at re1 4.706 Feet HZ0 

Date Time ET (min) -- 
11/22/2003 11:34 
1 1 m 0 0 3  1124 
11m2003 1 1 : ~  
11/22/2003 11:34 
11/22/2003 11:s 
1 1 m 0 0 3  1134 
1 1 m 0 0 3  11:M 
11m00311:34 
11m2003 1 1 : ~  
11/22/2003 11:34 
11m00311:34 
11/22/2003 11:34 
11m00311:34 
1 1 m 0 0 3  11:M 
1 1 m 0 0 3  11:34 
11/22/2003 11:34 
1 1 m 0 0 3  11:34 
11/22/2003 11:34 
11/22/2003 11:34 

Chan(2) 
Adjusted 

Feet HZ0 ET. (min) hho ho = -1.461 







TRA-TECH NUS 

HYDRAULIC CONDUCTlVrrY TEST DATA EVALUATION SHEET 
Hvorslev Method 

Pr+t Name: 
PI- No.: 

Test Type: 

Done By: f%~amser 
Checked Byl 

Crane NSWC 
9060 

Rising head #2 

Radius ol Well Casing (in.) : . 003 ' 1 = r 
EHecfive Radius of Well Screen (in.) : . qfl 1 4.25 = R 
Lengm of Well Screen (n.) : 5.64 = L 
Tme f a  3P/. hoad change (min.) : 0.094 =TO 

Hydraulic Conductivity (K) : 

WeIVBon'ng NO.: 16MWTlO 
Aquiler Type: Bedrock 
Test Date: 23-NOV-03 ' 

Equation: 



TETRA-TECH NUS * 

HYDRAULIC CONDUCTlVrrY TEST DATA EVALUATION SHEET 
Hvorslev Method 

P r o m  Name: Crane NSWC 
P r o m  No.: 9060 
Test TW: Rising head 

Done ey: FWRamser 
Checlted By: 

Rad i i  of Well Casing (in.) : 

Effective Radius o l  Well Screen On.) : 

~ength of Weu Screen (ft) : 
Time for 37% head change (min.) : 

Hydraulic Conductivity (K) : 

WeW8oring NO.: 16MWT10 
Aquifer Type: Bedrock 
Test Date: 23-NOV-W 

1 = r  
4.25 = R 
5.64 = L 
0.09 =To 

Equation: 



HYDRAULIC CONDUCTIVITY 
TESTHG DATA SHEET 

Teba Tech MIS, hc. L 

PRMCT NAUE: ........ /!/..5..b~C ......... CccK. .Q.h'...Er ............................................. WU/BORING NO.: .!.B.!?.!!.IlD. 
. .. .... P R M C T  NO.: ......... 9 .......... O b O  GEOCOGIST: :fi.& .,..... ~..%~-!d..&.&.hl...... 

, I  
............... w u  o r w m  ........ 2 ............... XRW L E N G T H ~ T H :  ... !..(?l.... TEST NO.: 1 

R ..... . ....... ......................................... ..... STATIC WATER LEKL (DepUl/Ele~ltlon): z.&..:..t..k r..p DATE: .(.!.:..z.~.:.o.'i.. 

- 

D 
ELAPSED MEASURED D R A ~ ) o ~  ELAPSED MEASURED 

, TIME WATER LEVEL OR HEAD AH) TIME act-) (feet) (f-9 (mh. ar ac) 

A - - 
f 
3 

< 
L&Q 

I ID .N I5  I- . 03-v 1 
5335 I I I Z . S > ~ ~  I - ,  0 9 3  I 

........ TEST m ( ~ i s h g ~ ~ ~ h g / c o n s t a n t  ~eod): ....... :.:R.!.'~..h/.k.. .................... CHECKED: - 
... .... MEMOO OF INDUCING WATER LEML CHANGE: ........ G.A.!.L..G..& - PAGE !.OF 

REFERENCE PT. FOR W W S  (Top of Caslng. Transducer. etch ..710.~..,.:.t:~.~.~..1h~..~?..~t!~::.:: ...... 





IwSitu lnc. MiniTmll Pro 

Report generated: 12fIl2003 10:01:35 
Report from file: C:\Win-Situ\Data\SNO0916 2003-11-22 105857 16MVYTlOrising#l.bin 
DataMgr Version 3.68 

Serial number: 
t inware Version 
Unit name: 

Tesl name: 16MWTlOking#l 

Test defined on: 11/22&'033 10:56:32 
Test started on: 11/22/2003 10:58:57 
Test stopped on: 11/22/2003 11 :30:49 
Test extracted on: NIA 

Data gathered using Logarithmic testing 
Maximum time betwec Minutes. 
Number of data sampl 121 

TOTAL DATA SAMPLE: 121 

Channel number [2] 
Measurement type: Pressure 
Channel name: 
Sensor Range: 30 PSI. 
Speclic gravity: 1 
Mode: Surface 
User-defined reference 0 Feet H20 
Referenced on: channel definition. 
Pressure head at refers 4.704 Feet H20 

= D A - ~  Q~o~rn-0  
Chan[2] 

Adjusted 
Date Time ET (min) Feet H20 ET. (min) Nho ho: -1.806 
-. - - -- .- - . -- - - 

1 1/22/2003 10:58 0 0.01 
11/ZU2003 10:- 0.0048 0.009 
11/22/2003 10:- 0.0098 0.011 
1 1m2003 10:- 0.015 0.011 
11/ZU2003 10:- 0.0198 0.569 
11/22/2003 10:- 0.025 -2.664 
11/72/2003 10:- 0.03 -1.806 .0.000 1.000 g 

11/22/2003 10:- 0.035 -1.561 0.005 0.864 - 
111ZU2M)3 I&-  0.0398 -1.525 0.010 0.844 
11/22/2003 10:- 0.045 -1.45 0.015 0.803 
11/2212003 1&59 0.65 -1.354 0.020 0.750 
11122/2003 10:59 0.0548 -1.294 0.025 0.717 
11/22/2003 10:59 0.06 -1.243, 0.030 0.688 
1 11ZU2M)3 10:59 0.0648 -1.141 0.035 0.632 
11/22/2003 10:59 0.07 -1.085 0.040 0.601 
1 1 i ~ ~ 2 0 0 3  10:59 0.075 -1.03 0.045 0.570 
1 1/22/2003 10:59 0.0798 -0.972 0.050 0.538 
11/22/2003 10:59 0.0848 0.928 0.055 0.514 
11/22/2003 10:59 0.09 -0.843 0.060 0.467 
11/22/2003 10:59 0.095 -0.794 0.065 0.440 
11/72/2003 10:59 0.1 -0.756 0.070 0.419 







TETRA-TEC 

HYDRAULIC CONDUCTIVITY TEST DATA EVALUATION SHEET 
Hvorslev Method 

project Name: Crane NSWC 
Project No.: 9060 
Ten  Type: Rising head 

Done By: FWRamser 
Checked By: 

I 
Radius of Well Casing (in.) : '003, 1 = r  
Effeclive Radius of Well Screen (In.) : 3 4.25 = R 
Len@ of Well Screen (t) : 5.64 = L 
Time lor 37% head change (rnin.) : 0.09 =To 

Hydraulic Conductivity (K) : 

WelllBoring No.: 16MWTlO 
Aquifer Type: Bedrock 
Test Date: 2SNov-03 

Equation: 



TETRA-TECH NUS + 

HYDRAULIC CONDUCTIVITY TEST DATA EVALUATION SHEET 
Hvorslev Method 

Project Name: Crane NSWC 
Project No.: 9060 
Test Type: Falling head 

Done ~ y :  FWRamser 
Checked By: 

Radius of Well Casing (in.) : I = r  
Enective Radius of Well Screen (in.) : 2.5 = fl 
Length of Well Screen (n.) : 14 = L  
Time for 37% head change (rnin.) : 385.00 =To 

Hydraulic Conductivity (K) : 

WelUBoring No.: 16MWT15 
Aquifer Type: Bedrock 
Test Date: 23-NOV-03 

Equation: 



HYDRAULIC CO1JWCTIVITJ 
TESTING DATA SHEET 

Tetra Tech NUS, hc - 
I 

PRMCT NAUE: ......... hi ... 5..%L ......... C..K.h.%. ..€ rnufim~~c NO.: . L.(o.Hwr.!.S 
PRMCT NO.: ........... ?.o.~...D GEOLOGIST: .............. $/\:-.G.: ... c.~.~.trl..&.~..% -.. 

2 " r m ~   DIME^ ........................... ~ C R ~ E N  LDICTH/~EPTH: ...... !..o..: ................................ =T NO.:, I 
STATIC WATER LML (Depth/Eisvath): ............ s..bk...h...k? ........ ~." . .b  ...................... DATE .../.. 1.~..%2.:.!?.3... - L I ~ L  
TEST T'rPE (~lslng/Fdllng/c~nstont Head): ...... c.!?-~rr - CHECXOD: 

S O L  1'0 I UETHOO OF INDUCING WATER LB€L CHANGE: S...&...k?..k PAGE ..A. OF .- ........ 
REFERENCE PT. FOR WL MEAS (Top of Casing. Tmnsduca. stc.): .... r0.C A..-& c.c ."...fi.T... S W ~ : . ~ ? . . . ~ . ~ O ~  





ImSiiu Inc. MinirroU Pm 
F-- 

Report generaled: 1%4,ZaU 9:49:15 
Report imm file: C:\Wk+Situ\DataENOO916 20M11-23 124002 16MWT15lallingXlbin 
DataMgr Version 3.68 

Serial number: 
Firmware Version 
Unn name: 

Tesl name: 16MWT15IallingXl 

Ted Mned on: 
Test slatal(ed on: 
Test stopped on: 
Testexbanedon: WA 

Data galhered using Unear testing 
Tme b e h e n  &la poinls: Minutes. 
Number d data samples: 3057 

TOTAL DATA SAMPLES 3057 

Channel number 121 
Measurement lype: Pressure 
Channel name: 
Sensor Range: 30 PSI. - gnnty. 1 
Mode: S u d w  
user&rned reference. 0 Feel H20 
R e t e r e d  on: lest start 
Pressure head at reference 18.509 Feet Hz0 

Dale 
- -  

Tine ET (min). - -- 
l l R m  12:40 
11n3/2003 1240 

Chanl21 
Aqusled 

Feel HZ0 ET. (min) Ma ho = 2.748 



Page 2 01 3 



Page 3 of 3 



TETRA-TECH NU 

HYDRAULIC CONDUCTIVITY TEST DATA EVALUATION SHEET 
Hvorslev Method 

Project Name: 
Propa No.: 

Test Type: 

Done BY: FWRarnse~ 
Checked By: 

Crane NSWC 
9060 

Falling head 

WeWEaing NO.: 16MWT15 
fquifer ~ype: Bedrock 
Test Date: 23Nov-03 

# 

Radius ol Well Casing (in.) : -083 I =r  
Effective Radius of Well Screen (in.) : . Z 0 @ ' 2.5 = R 
Length d Well Screen (n) : 14 = L  
lime fcf 37% head change (min.) : 385.00 = TO 

Hydraulic Conductivity (K) : 
Equation: 



TETRA-TECH NUS + 

HYDRAULIC CONDUCTIVITY TEST DATA EVALUATION SHEET 
Hvorslev Method 

Project Name: Crane NSWC 
P r o m  No.: 9060 
Test Type: Falling head 

WelVBoring Na: 16MWT17 
Aquifer Type: Bedrock 
Test DaW 23-NOV-03 

Done ~ y .  FWRamser 
Checked By. 

Radius of WeU Casing (in.) : 1 = r  
Effective Radius of Well Screen (in.) : 4.25 = R 
Len@ ot well Saeen (K) : 10.6 = L  
Time b r  37% head change (min.) : 3.20 =TO 

Equation: 
Hydraulic Conductivity (K) : 



HYDRAUUC C o w c n v r r Y  
TESTING DATA SHEET 

T stra Tecb NUS, hc. A 

... .......... PROJECT NAUE: hl-5 ..u 6 L. WLL/BORING NO.: ...J.;b.t9.~!' 
PRoJECT NO.: ............... y..?h.Q . .  GEOLOGIST: ........... w.: -.. L ..~...~.o~.~.!.~.~. rS.\I \I\I ..................... 

I I 
lrrm ormm ........ 2 ............. XWEN LENGTH/~EPTH: ....... 1.0 .............................. ;... TEST NO.: 1 - o c  = A ~ C  WATER LEML ( ~ e p t h n e ~ t l m ) :  ......... '.>.:..t( .......... T. DATE: .... \..?..:.2.3.:.0.3.. 
EST M ( u l s h g / ~ d h g / c ~ ~ t m t  ~eod): .... E!!.L.L.!.&!.~ CHECKED: 

METHO0 OF lNWClNG WAmP E E L  CHANGE ..... S..%!..b ........ S.L..?.k PAGE ...&.OF ...I .... 
R E ~ C E  PT. FOR m u m  ( ~ o p  of casing. TWS~UW.  st^): .T.Q.C: ..... a€@ .... e . r r r~ .ww~. t . .a .~  





InSitu Inc. MinlTroll Pro 

Report generated: 1211 0/2003 8:47:40 
Report from file: H:\Crane IN\SWMUI3_1GUIIGC slug tests O3kite 16\SN06899 2003-1 1-23 105031) 
DataMgr Version 3.68 16MWTl7falling#l.bin 

Serial number: 6899 
Firmware Version 3.07 
Unit name: 

Test name: 1 6MWTl7falling#l 

Test defined on: 11/23/2003 10:50:06 
Test started on: 11/23/2003 10:50:30 
Test stopped on: 11/23/2003 11 :08:30 
Test extracted on: N/A 

Data gathered using Linear testing 
Time between data Minutes. 
Number of data san 180 

TOTAL DATA SAMPI 180 

Channel number [2] 
Measutement type: Pressure 
Channel name: 
Sensor Range: 30 PSI. 
Specific gravity: 1 
Mode: Suriace 
User-defined referer 0 Feet HZ0 
Referenced on: test start 
Pressure head at re1 10.617 Feet HZ0 

rn -3 ? t o w  Dwrh . 
Chan[2] 

Adjusted 
Date Time ET (min) Feet HZ0 ET. (min) tvho ho = 1.725 

-- - -- --- -- - -- ----- - 
11/23/2003 10:50 0 0 
11/23/2003 10:50 0.1 1.28 
11/23/2003 10:50 0.2 1.725 0 l . O O O *  
11/23/2003 10:50 0.3 1.651 0.1 0.957 
11/23/2003 1050 0.4 1.59 0.2 0.922 
11/23/2003 10:51 0.5 1.526 0.3 0.885 
11/23/2003 1051 0.6 1.469 0.4 0.852 . 
11/23/2003 10:51 0.7 1.419 0.5 0.823 
11/23/2003 10:51 0.8 1.362 0.6 0.790 s 
11/23/2003 10:51 0.9 1.324 0.7 0.768 
11/23/2003 10:51 1 1.276 0.8 0.740 • 

11/23/2003 10:51 1.1 1.233 0.9 0.715 
11/23/2003 10:51 1.2 1.193 1 0.692 
11/23/2003 10:51 1.3 1.153 1.1 0.668 
11/23/2003 10:51 1.4 1.114 1.2 0.646 
11/23/2003 1052 1.5 1.08 1.3 0.626 
11/23/2003 10:52 1.6 1.044 1.4 0.605 * 
11/23/2003 10:52 1.7 1.012 1.5 0.587 
11/23/2003 10:52 1.8 0.979 1.6 0.568 







TET 

HYDRAULIC CONDUCTlVlPl TEST DATA EVALUATION SHEET 
Hvorslev Method 

p r o w  kme: Crane NSWC 
Project NO.: 9060 
~ e s t  ~ype: Falling head 

b n e  By: FWRamser 
Chec*Bd By. 

Radius of Well Casing (~n.) : .003 : 1 = r  
EffecSve Radii  of Well Screen (in.) : . 3w 4.25 = R 
Lenglh of Well Screen (ft) : 10.6 = L 
Time for 37% head change (min.) : 3.20 =To 

Hydraulic Conductivity (K) : 

WelVBoring ~ o . :  16MWT17 
Aquifer TW: Bedrock 
Test Date: 23-Nov-03 

Equation: 

I I 



TETRA-TECH NUS 

HYDRAULIC CONDUCTlVlTY TEST DATA EVALUATION SHEET 
Hvorslev Method 

Project NiIme: Crane NSWC 
Project No.: 9060 
Test ~ype :  Rising head 

h n e  ~ y :  FWRamser 
Checked By: 

Radius d Well Casing (in.) : 1 = r  
Effective Radius d Well Screen (in.) : 4.25 = R 
Length of Well Screen (K) : 10.6 = L 
Time for 37% head change (min.) : 3.15 =TO 

Hydraulic Conductivity (K) : 

W e ~ ~ o r i n g  No.: 16MWT17 
tquiter Type: Bedrock 
Test DaB: 23-NOV-03 

Equation: 



HYDRAWC CONDUCTIVITY 
TESTWG DATA SWrr 

Tetra Tech MIS, hc. .-A- 

_1 

9 
3 

PRaECT NAME: ......... At... ~...w..c ....... .f+~!&.....k!..E W / W U N G  NO.: ... l..(Cl.&X.n7 I 
PR~ECT NO.: ............ q..Q.(cz.D .................... GEOLOGIST: ......... :M.:.-G.: .... C..B.L,.I~__R.A.~ I 

11 

rrm DI- ......... Z ............. ~CRW LENGTH/~EPTH: 1.. D..: ......................... TEST NO.: ...... 1 
STATIC WATER LEKL (~epthfie~tlon): ............. :.I ..z < ..Y ..... . . .~.~. .~ ............................ DATE: .... !..!.1-2.3.:-Q.3 

.......... ........... ............................. TEST TYPE (Rlshg/Fdllng/Cmstont Head): fi..!..~..!..&..k CHECKED. ........... : 
..... ........ .....- ................. M m c o  w I w l N G  WATER mm CHANGE: ~..KL..!..o aa.t..~..6: PAGE ...I.. w . . . ~  

..... ....... . RmRWCE PT. FOR WL M E A S  (Top of Cuslng. Transducer, atc): r . g L  2 





In-Silu Inc. MinXroll Pro 

Report generated: 1ZV1012003 8:54:48 
Report fmm file: H:\Crane IMSWMU13-16VdGC slug tests O3kite 16\SN06899 2003-1 1-23 11 1045 
DataMgr Version 3.68 16MWTl7nsing#l .bin 

Serial number. 
Fimlware Version 
Unit name: 

Test name: 16MWT17rising#l 

Test defined on: 11/23/2003 11:10:06 
Test started on: 11/23/2003 11:10:45 
Test stopped on: 11/23/2003 11:31:18 
Test extracted on: WA 

Data gathered using Linear testing 
l ime behveen data points: Minutes. 
Number of data samples: 206 

TOTAL DATA SAMPLES 206 

Channel number (21 
Measuremenl type: Pressure 
Channel name: 
Sensor Range: 30 PSI. 
Specifc gravity. 1 
Mode: Surface 
Userdefined reference: 0 Feet H20 
Referenced on: test start 
Pressure head at reference: 10.706 Feet t i20 

Date l ime.  ET (min) - --A 

11/23/2003 11:lO 
11/23/200311:10 
11/23/2003 11:lO 
11/23/2003 11:ll 
11/23/200311:11 
i 1 m 0 0 3  11:ll 
11/23/2003 11:11 
1 1 / 2 m  11:ll 
11/23/2003 11:ll 
11/23/2003 11:11 
11/23/2003 11:11 
11/23/2003 11:11 
11/23/2003 11:ll 
11/22i2003 11:12 
11/22i2003 11:12 
11/23/2003 11:12 
11/23/2003 11:12 
11/23/2003 11:12 
11/23/2003 11:12 

Chan[2] 
Adjusted 

Feet t i20  ET. (min) hho 

Page 1 of 3 





Page 3 of 3 



1 TETRA-TECH NUS 

I HYDRAULIC CONDUCTIVITY TEST DATA EVALUATION SHEET 
Hvorslev Method 

Project Name: Crane NSWC 
R o w  No.: 9060 
 en TF: Rising head 

 om ~ y :  FWRamser 
Checked By. 

Radius d Well Casing On.) : 0 6 3  , I = r  
Eflectivs Radius of Well Screen (in.) : .5 5- 4.25 = R 
Lengb ol Well Screen (It.) : 10.6 = L  
Time for 37% head change (min.) : 3.15 =To 

Hydraulic Conductivity (K) : 

WelWring No.: 16MWT17 
Aquifer Type: Bedrock 
Test Date: 23-NOV-03 

Equation: 

r I 



APPENDIX E.1.3 
SWMU 16 

SLUG TEST RESULTS AND CALCULATIONS ROUND 3 



Tetra 
7 

HYDRAULIC CONWCllVITY 
TESTING DATA SHEET 

Tech MIS. hc. 
I 

N S W C  CRkhlE P R M C T  NAME: 

PROXCT NO.: ... !!%.?.% .................................. CE(XOGIST: 

2" ................................. WOI DIAM-: .......................... SCRW L E N G ~ / D E P ~ :  . . .  1.5' TEST NO.: ........ 1 
I\- 1s-og STATIC WAlER LML (Depth~swt lan) :  ....... Ct:..%L ..... x.!??.c.: DATE: ....................... 

TEST TYPE (Rlslng/Falllng/Constant Head): ..... F.&~AUCI ............................ CHECKED: 

METHOD OF INDUCING WATER LEWL CHANGE .... z...%..s.LvG ., .......... ~:z'..c~.s.. PACE .I...oF 
REFERENCE PT. FOR W MEAS (Top of Coslng Transducer. stc.): .... 1% . 



HYDRAULIC CONDUCTIVITY TEST DATA I CALCULATIONS 

Note: Yellow tells are inplt cells, blue cells are aulomalically calculated 

TEST DATA 

Note: To exclude a data point from the regression. place an ' x '  in the 'exclude' 
column I data point's row. The firs4 row carmot be excluded. 

. . ~ . .:. . .,, : . /.. . . .,. . - .  . . . . .  . ' . , ? ., - , . . :: ....,am. $ ' ; ; . . ,. .* "..S*;.S~~-;--::.~obpQ .:.fb . , ..,. . . 
2 .: : . , , ..'.: . .. . .  . . . , . ,  1 ,  .. . . . , . 

, "o:oodo .. , ., am- :-'. . . : .. ' '  , 



CALCULATION OF HYDRAULIC CONDUCTIVIN (K)' 

4XW)-(ExXEY) n: Number of dala points. c 
m - Elapsed time point. Y: 
n~(x~))-(XxY I~(WHO) point 

b -  
(XYXE(x2)) -(XxXXw) 

dX(x2))-E x)' 

Number of dala points in the slug 
test: 

Slope of me line that linearty 
approximates !n(thO) (m in 

y=mx+b): 
Y-intercept of me line mat 

linearty approximates h(NhO) (b 
in y=mx+b): 

Actual Y-intercept is set lo 0. 

To (min): 

K (Wmin): 

K (ftlday): 

L: Screenedlmonitored interval 

To: Time at which tn(WHO)=-1 below water table (fl) 

K = ~'^I~(UR)/(ZLT,,) r: Well radius (fl) 

R: Gravel pack radius (fl) 

.. :24. 

;, 
' ; fJ;W .<.> 

,,.,:.a. . . ,. 
.;:' -- .*!;,.: .,. :. 
; :. a.O16? ' 
2 . .  : $  .: 

1.; 0.000 
;;:?2f3,i6F;: 

.,)i. -... ' 

, .&3.97&07, ' . , 

. *  . .  -0133~; .: 

Time, rninuteo 
6W.W t000.00 12W.W 

1. HVORSLN. M.J. 1951. Trne Lag and Soil Permeability in Groundwater Observalbru;. U.S. Amny 
Corps of Engineers. Waterways Experiment Station Bulletin 36. Vicksburg, Mississippi. 



Repn  generaled: 
Report lrom filer 
Win-% Venion 

Serial numbor: 
Fnn~are  Version 
Unit Mme: 

Test dermed ax 
Tssl scheduled fw: 
Tesl shrted on: 
Tssl slopped on: 
Tesl edraued on. 

Data gahmd ususing L o p r i i c  IesVlg 
Maxinun time mrween data pdvlts Minules. 
Number d data samples: 207 

TOTAL DATA SAMPLES 287 

Chawal nunber [ l ]  
Measuremmt type: Temperalure 
Chanoel namw: 

ChaMel number pl 
Measuremen1 type: Preszure 
Channel name: 
S e m ~  Range: 30 PSIG. 
S&i gravny: 1 
Mode: surlace 
User-defined r e l e m :  0 Feet HZ0 
A e l e r e d  m: lest slan 
Pressure head al r e h n m :  15.793 Feet HZ0 

c h a w ]  ChanI21 Musted 
Dale T i  ET (mn) Celsius Feat H20 ET (min) Feet HF2 
-- A -- - 

1 1 1 1 m  15:W.m 0 13.4 0 
lT~lY2004 15:00:00 0.005 13.41 0.004 
11IlSRoa) 15.W.00 0.01 13.42 0.006 





288.1 , 1s-LLZ 
888'1 19SLSZ 
268'L 19S'LSZ 
668'1 19SLPZ 
206'1 -19YLU 
L06-1 19S'LU 
ELK1 19SLlZ 
616.1 LWL02 
C26.1 LSL61 
6251 1SL8l 
w1 LWUl 
16'1 W19'L91 
LWI Wa'8S1 
LS6.1 E6S6P1 
LS6L 1wm1 
I961 lWEL 
% ? % I  Lzmnl 
696'1 16S'Bll 
ILK1 LZW'III 
9L6I LL99'501 
e6 1 LZPL-w 
E86'1 E6Pl'P6 
LW1 E698'88 
66>1 EPB8'EB 
266'1 LLLI '6L 
9W1 EWLPL 
866'1 1WOL 
ZWZ 18s-99 
200'2 LZP8'29 
900'2 EPLE'6S 
800'2 LZ86'SS 
10'2 LLEelS 
ZIOZ ES98'6P 
kl0'Z 990'LP 
910'2 C61P'W 
81V2 LW1P 
20'2 LZSbE 
201 9EE'LE 
ZUTZ EPEZ'SE 
PrnZ 1ZEE 
P241 UCLE 
924-2 Em62 
BZWZ 1P6'LZ 
BUY2 -92 
WZ' LLLB'PZ 
ZmZ LZLP'EZ 
m2 UPl'ZZ 
Pm'z 968'02 
SWZ WlL-61 
WZ E66SBl 
w2 9PS'Ll 
BCoz LZss91 
W1 WI9'Sl 
W'z E6ZLPI 
ZW'Z LZfflB1 
ZWZ L24IBl 
ZWZ USE'ZI 
wz m11 
wz 156'01 
9002 m-01 
9W'Z LZU'6 
9002 EPLt6 
WZ U898 
WZ E681'8 
WZ E6IL-L 
WZ 9LZ'L 
SD‘Z UW9 
wz LW9 

288'1 PEL 8U'LLZ W:LC:61 WXk%l/ll 
8881 PC1 8ELL92 PP:LZ:6l POOUS1111 

668'1 %El 8EL'LPZ W:LO:61 WOUSlIll 
206'1 P'El 8EL'LEZ PPLS:81 -1111 

~16.1 PFI WLLZ W:LE:~L -1111 - 
616'1 PEL 8EL'LOZ W:LCBl WOUSIl11 

- 

6261 P'El EL'L81 W:L0:81 WOUS1111 
Wl PC1 BCL'Lfl W.LS'L1 WOUSLlll 

Em I PEI C9ZCPG 61:PE:91 POOUSllll 
LBC'l P-21 LW6B 2062:91 POOUSllll 
6C'I 6CEI C190P8 L%P2:91 WOUSIII1 

2002 GECl LGIOC9 IO:W:9l -1111 
9MZ PPI CIGP'6S 62:6S:SI WOZICJIII I 
8002 PC1 L6Sl.S 60:95S1 WOUSIIII 

Z10'2 P'EI Wffi Ma:SI WOUSIILL 
P1VZ PC1 EPZ LP P1:LP:Sl WOZ/S1/11 

RLOZ WE1 8WZP GOZVSL -1IlI 
202 P'EL - L6Er6E W:6C:SL WOZElIll 

9202 P'EI F98L'62 LP:B:Sl ~ll11 
8202 P'EI 811.82 L0:BFSI WOUSIIIL 

m'Z =El LPS06Z W:ZSl WXX.El/ll 
2CWZ P'EI L6WU 8E:CZSl WOUSllll 
Zm'2 POI LPXZZ 61.Z:Sl KKESlIll 
Pm'Z 6EB1 UWIZ W:lZ:Sl -1111 
9m'Z P'El E1W61 FS:6l:S1 ~1111 
9E0'2 PC1 €9~5-81 811 tMUSIlI1 
WZ P'EI WLL EP:LLFL ~1111 
8m'Z PEL L6ZC91 W:9L:SL WOUSLlll 
W'Z 
W'z 
2w'z 
ZWZ 
Z wz 
wz 
mz 
9002 
9002 
9W1 
WZ 
8WZ 
w2 
so1 
SD'Z 
SD'2 

6CB1 
PB1 
P'EL 
PB I 
P'E I 
PEL 
P%1 
P'E I 
PFI 
WE 1 
PC I 
PEL 
P'E I 
PC1 
PC L 
YE I 





Page 5 015 



APPENDIX E.2. 
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HYDRAULIC GRADIENT AND GROUND WATER 
VELOCITY CALCULATIONS 
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APPENDIX F 
SWMU 16 

HEALTH AND SAFETY DOCLIMENTATION 
ROUND 1, ROUND 2, ROUND 3 



APPENDIX F.l 
SWMU 16 

HEALTH AND SAFETY DOCUMENTATION 
ROUND 1 



Project-Level H&S Recordkeeping 

On-site H&S training (topics, participants, dates) ... See Section F 

Air monitoring instrument calibration.. .See Section C (C. 10.1. C. 10.2 & C. 10.3) 

Monitoring instrument results including background levels, breathing zone 
readings, personnel exposure records, etc. (air monitoring, noise monitoring, 
other H&S quantitative measurements) ... See Section B (8.1 .I ,  8.1.2 & 8.1.3) 

H&S training and medical certificates/documents for site personnel ... See 
Section F 

Site specific written program documentation (e.g., Hazard communication) ... NA 

H&S Site clearance letters ... See Section F 



, TETRA TECH NUS, INC. 
66 1 Andersen Drive. Pinsburgh, Pennsylvania 15220.2745 
(412) 921-7090 9 FAX (412) 9214040. w.tetrarech.com 

March 21.2003 

Project Nunlber 9060 

Commander. Southern Division 
Naval Facilities Engineering Command 
AnN:  Bill Gates (Code ES 32) 
P.O. Box 190010 
North Charleston. SC 29419-9010 

Reference: CLEAN Contract No. N62467-94-D-0888 
Contract Task Order Number 

Subject: Personnel Clearance for Site Visit 

Dear Mr. Gates: 

The purpose of this letter is to inform you of upcoming site activities to be performed by Tetra Tech NUS, 
Inc. personnel under the CLEAN contract, and to attest that the personnel identified herein are in 
compliance with applicable OSHA~regulations. This information is being submitted as specified in Section 
H.14 of the Comprehensive Long-Term Environmental Action Navy (CLEAN) Contract N62467-94-D-0888 
The specific OSHA regulations involved for this project pertain to employee health and safety training and 
medical surveillance requirements, as identified in OSHA 29 CFR 1910.120. 

The subject project and planned activities include DPT: drilling: and surface and subsurface soils, 
sediments, ground water, and surface water sampling at the NSWC Crane site in Indiana. This is  
scheduled to be conducted from March 24-May 31. 2003. The ind~viduals that will perform these tasks are 
employees of Tetra Tech NUS. They will follow the Health and Safety Plan for Mine Fill A, Mine Fill 0, 
Cast High Explosive FilVlncinerator, Pyrotechnic Test Area dated October 2002 prepared under 
CTO 0166. These individuals are as follows: 

Bob Balkovec 
Matt Cochran 

Terry Rojahn 

If you have any questions, concerns, or if I can be of further assistance, please do not hesitate to contact 
me. 

Very truly yours, 

wAmf& 
Matthew M. Soltis. C~H. CSP 
CLEAN Health and Safety Manager 

MMS:lld 
c: 0. Gorman (Code ES34) 

D. Wroblewski 
M. Perry 
K. Henn 
R. Basinski 
T. Johnston 



Revision 0 
October 2002 

FIGURE 8-2 

SITE-SPECIFIC TRAINING DOCUMENTATION 

My signature below indicates that I am aware of the potential hazardous nature of performing investigation 
activities at NSWC Crane, and that I have received site-specific training that included the elements 
presented below: 

Names of personnel and alternates responsible for site safety and health 
Safety, health and other hazards present on site 
Use of personal protective equipment 
Work practices to minimize risks from hazards 
Safe use of engineering controls and equipment 
Medical surveillance requirements 
Signs and symptoms of overexposure 
The contents of the health and safety plan including Table 5-1 and 6-1 
Emergency response procedures (evacuation and assembly points) 
Review contents of relevant Material Safety Data Sheets . Review of Safe Work Permits 

I have been glven the opportunity to ask questions and that my quest~ons have been answered to my 
sat~sfact~on. The dates of my tra~ning and my med~cal 2urveillance requirements are accurate and correct 
to the best of my knowledge. 

Name 

(Printed and Signature) 

40-Hour 
Training 

(Date) 

Site- 
Specific 
Training 

Date 

8-Hour 
Refresher 
Training 

(Date) 

8-Hour 
Supervisory 

Training (Date) 

Medical 
Exam 



Revision 0 
October 2002 

FIGURE 8-2 

SITE-SPECIFIC TRAINING DOCUMENTATION 

My signature below indicates that I am aware 01 the potential hazardous nature of performing investigation 
activities at NSWC Crane, and that I have received site-specific training that included the elements 
presented below: 

Names of personnel and alternates responsible for site salety and health 
Safety, health and other hazards present on site 
Use of persoml protective equipment 
Work practices to minimize risks from hazards 
Safe use of engineering controls and equipment 
Medical surveillance requirements 
Signs and symptoms of overexposure 
The contents of the health and safety plan including Table 5-1 and 6-1 
Emergency response procedures (evacuation and assembly points) 
Review contents of relevant Material Safety Data Sheets 
Review of Safe Work Permits 

I have been given the opportunity to ask questions and that my questions have been answered to my 
satisfaction. The dates of my training and my medical Su~eilhnCe requirements are accurate and correct 

(Printed and Signature) 



A Trademarl o f  W d C s c .  Inc 

RELEASE TO DUTY 

CLINIC INSTRUCTIONS: Complete and give to employee before they 
leave the facility. This is a requirement of Tetra-Tech NUS. 

Employee Name: TE R K ~  R 0 a s ~ 1 - i  

Office Location: P I T T S ~ U R G ~  

Yes No 

To work with hazardous materials in 
accordance with 29 CFR 191 0.120. 

El To use respiratory protective equipment 
in accordance with 29 CFR 1910.1341 

Based on the limited information available to me at this time. I find no necessity ' 

for immediate restrictions and I release this employee for duty. It is understood 
and agreed upon by the employer or potential employer of thjs examinee that . 
subseauent com~rehensive review of all laboratorv and other test data bv 
~ o r k & r e  may detect health conditions not apparent to me. It is further Hgreed 
and understood that such health conditions may necessitate the need for 
workplace restrictions. Examination has been performed in compliance with 
1910.120 and 1910.134. 

Signed: M.D. 

Date: 

"'Employee"' 

Bring this form back to the of ice and fax i t  to: 
Matt Soltis, Corporate Health & Safety (412) 921-4040. 

333 S. An'- Drivc. Suite 630. Omngc W 92868 (114) 978-7483 . (8W)45MI55 . FAX (714) 4S2154 
E-mail: inf@wmk-.corn W&rc wm..w&xare.com 



THIS CERTIFIES THAT 

TERRY ROJAHN 
has successfully completed a course of instruction on 

SUPERFUND TRAINING CLASS 
prepared and conducted by the 

NUS Corporation, Pittsburgh, Pennsylvania 

SEPT. 30 - OCT. 4,  1985 

Date of. Award 

h, C.S.F? E. Dennis Escher, RE. 
Director; He Safety Training Vice President 



TETRA TECH NUS 

CERTIFICA~E OF TRAINING 
THIS CERTIFIES THAT 

Terrv R. Rojahn 
has successfully complefed an 8-hour course of instruction in 

QSHA,29 CFR ? 91 0.1 20 
,. " < *, : ~ . .  

GENERAL SITE WORKER REFRESHER 
AND SUPERVISOR REFRESHER TRAINING 

prepared . .-.:a<. and instructed by 
.L:~&tia.,~ech N:US, ~nc .  

piitsburgh, ~ennsylvania 

January 30,2003 
- .  ... . PI * lvde nvder 

~ e i o r  lnsiructor 
Training Services 

Date of Award 

Manager 
Training Services 



TETRA TECH NUS 

CERTIFICATE OF TRAINING 
THIS CERTIFIES THAT 

, . . * i ,./ 

has successfully combletedan 8-tiourcourse of instruction in 

OSHA 29CER i 191,0.120 
. . , .., ~' 

, ' . . , > ., . .,. .. 

. .- . ,. , . ..~ . Miy s .24., :*KO* 
. r " T," . , * ' ' ': ;~. , 

. , 
. 

Dzte'of Award ' ' 

Clyde Snyder 
Senior Instructor Manager 
Training Services Training Services 



HEALTH STATUS MEDICAL REPORT 
Employer Copy 

TYPE OF EXAMINATION: Periodic Examination 

EMPLOYEE: Balkovec, Robert 
SSN: 181-66-7235 
DATE OF EXAM: 07/15/2002 
EXPIRATION DATE: 07/15/2003 

COMPANY: TTlNUS 
POSITION: Geologist 
LOCATION: TTINUS-Pittsburgh 
SITE: Pittsburgh 

The following recommendations are based on a review of one or all of h c  following: a base hislory queslionnaire, supporting 
diagnostic tests, physical emminakn, and Vlc csscntial functions of Vie position applied for or occupied by Vlc individual 
named above. No - Undecided 

Has h e  employee any detecled medical conditions hat  would 
increase hislher risk of material health impairment from 

17 
occupational exposure in accordance with 29 CFR §1910.120? 

Does the employee have any limitations in the use of respirators 
in accordance with 29 CFR §1910.134? 

Pi 0 

STATUS 

1. QUALIFIED The examination indicates no significant medical condition. Employee can be assigned 

.I 
any work consistent with skills and training. 

2. QUALIFIED -WITH LIMITATIONS The exarninalion indicates that a medical condition currently exists 
that limits work assignments on the following basis: 

3. U NOT QUALIFIED 

4. DEFERRED The examination indicated that additional information is necessary. The employee has 
been given the following instructions. 

COMMENTS: 

I have reviewed h e  medical data of the above named employee, and informed the employee of the results of the medical 
examinalion and any medical conditions that require follow-up examination or treatment. 

Name of Physician: Peter P. ~ r & n e ~ .  MQ I @er H. Wald. MD Date: 07/22/02 

Signahre: Ik- Jq' 
WorkCare 

333 S. !4ia Drive. Qite 630. Orange. CA 92868 
(714) 9787488.  (BW)45EdlSS.  FAX(714)456-2154 



HEALTH STATUS MEDICAL REPORT 
Employer Copy 

TYPE OF EXAMINATION: Periodic Examination 

EMPLOYEE: Cochran, Matt 
SSN: 174-54-3686 
DATE OF EXAM: 03/17/00 
EXPIRATION DATE: 03117102 

COMPANY: TTINUS 
POSITION: Project Manager 
LOCATION: TTINUS-Pittsburgh 
SITE: Pittsburgh 

The following recommendations are based on a review of one or all of the following: a base history questionnaire, supporting 
diagnostic tests. physical examination, and the essential functions of  the position applied for or occupied by Me individual 
named above. 

Yes - NO - Undecided 
Has the entployee any detecled medical conditions that would C] 
increase hislher risk of material health impairment from 

0 
occupational exposure in accordance with 29 CFR §1910.120? 

Does the employee have any limitations in the use of respirators 0 
in accordance wilh 29 CFR §1910.134? 

0 

STATUS 

1. a QUALIFIED The examination indicates no significant medical condition. Employee can be assigned 
any work consistent with skills and training. 

I 

2. QUALIFIED -WITH LIMITATIONS The examination indicates that a medical condition currently exists 
that limits work assignments on the following basis: 

3. NOT QUALIFIED 

4. 0 DEFERRED The examination indicated lhat additional information is necessaly. The employee has 
been given the following instructions. 

COMMENTS: 

I have reviewed the medical data of the above named employee. and informed the employee of the results of the medical 
examination and any medical conditions that require follow-up examination or treatment. 

Name of Physician: Peter P. Greaney. MD I Peter H. Wald. MD Date: 03/21/00 

I _  '1 
Signature: \. ,.... &.-;?- .-., g #'> . .. .-.. 

..- -. 

WorkCare 
533s. Anila Drive. Suite 630. Orange. CA 92868 

(714)318-7488 .(8W)455-6155 - FAX(714)456-2151 



Date of Award 

Senior Instructor Manager 
Training Services Training Services 
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L.\FICitTC)S.V S TLYCiES (;Lo03 .Q.D UR.IXE TESTS) eiD FOIP.ID :WE>i IN 
EC3D F!:.A;TF:. ,XI:~F; FOR THOSZ CO%L\ENTS NOTED ON TkE ?ZY?l.CAL 
E.i%M!V.\TlCiX. THIS ?I!VS!CAl, E,U\LlXATIOi4 MEETS 1HE MEI)!CAL 
5b"hVElii.GiCS XECSl?.ZhlENTS FOR THE ZAZ.ARDOUS WASTE 
OPCRU'!OFS .V.D SS1EXGE:iZY ESPOYSZ STANDARDS 1910.120. I'I I!; MY 
O?lSlrJK ?F!;:- AhE . S i E  TO XO2K X THIS TYPE OF ENVIRONMENT I X N G  
PXOPiR SA!!F.:';' !.!;ACLGES %VI) WE.mG P ESPIRA-i(>R. 

IF YO2 I L i V E  .+NY F1:I;THEK QLESTIONS. PLEASE CONTACT OUX OFFICE 





CSRTIFIEB 
THAT 

DAVE SCHRECENGOST 
 HA^ SUCCEBBFULLY OPMPCETED 

HAZWOPER 
SUPERVISOR 

TRAINING 
IN ACCORDANCE W I T H  

29  CFR 1 9 1 0 . 1 2 0  
O N  THE 

23RD DAY UF DECEMBER 2002  

.? 3 l7u4 - 
S C O T T  HCRNDT, C H M M  D A T C  



MAR. 10. 2 0 0 3  I O : 3 2 A M  BOWSER MORNER 

, . 

- . .. . . . .  ., 
725 S. ~udlow .Street: Dsyrar. Ohb &!id&- 

To: 

L.UO&TORY STLDiES (BLOOD A ~ D  L'mT TESTS) A\CD FOUND T i & [  I3 
GOOD FiE.=TH. EXCEPT FOR THOSE C O h b E M S  NOTED ON THE P n S I C x L  
7 -.L~.>,!T?;.\T!CF --- T-zS PI;."S!C.iL :xAJ,5?.TIOS 4EETS I-% \S3!C..IL 
SL2VZiLL.kYCE ?<Ci':XE.L[ESTS F 3 2  T Z  KftiZ.mOUS KASTE 
OPSR+TIOSS i\B ELlERGMCY ESPONSE STL-DXRDS 1910.120. IT 15 MY 
O?r\;TOS THEY .i?.E . U L E  TO tVOx< 5 TIdS TYPE OF i 2 3 I R O W E N T  LSWG 
?ROPER SAFETi  bExSIIRES AXD ~ E A R N G  A R E ~ R ~ T U R .  

;F I'OU SAVE LY-i FLRTHER QLTSTIONS. PLEASE CONT.\CT ObR OFF!CE 
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MAR. 18. 2003 1O:IdAM BOWSER MOANER 
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MAR. 10. 2003 3 :  22PM BOWSER MORNER , NO. 2958 P. 2 

Dare: //. ).z-r> - ' 
To: 

From: 

/--- 

Re: /A&' / . ! .  
1. 

THE ABOVE EhPLOYEE HAS BEEN EXAMINED AT MEDWORK. NC. ON 
I HAVE REVIEWED THEIR MEDICAL 

HISTORY, THERIF CHEST X-RAY, PULMONARY R M C n O N  AND 
LABORTORY STUDIES (BLOOD AND URINE TESTS) AND FOUND THEM IN 
GOOD HEALTH. EXCEPT FOR THOSE COMMENTS NOTED ON PHYSICAL 
EXAMMATION. THIS PHYSICAL EXAMMATION MEETS THE MEDICAL 
SURVEILLANCE REQUIREMZNTS FOR THE HAZARDOUS WASTE 
OPERATIONS AND ELMERGENCY RESPONSE STANDARDS 1910 120. IT iS MY 
OPINION THEY ME ABLE TO WORK IN THIS TYPE OF ~ O N M E N T  USING 
PROPER SAFETY hIEASURES AND WEARlt'JG A RESPIRATOR. 

IF YOU HAVE APU'Y FURTHER QUESTIONS, PLEASE CONTACT OUR OFFICE. 

/2/& 
PHYSICIAN SIGNATURE 



JEFF AKERS 

Raa comp&trd t/L 40 b u r  c a r r u e :  

O S M  40 3bur P e r s o n d  Prowtion & SaJety Course 
Ln accordunce with 29Cl?R19 10.120 

P u u n t c d  G9 



CERTrFIEb 
T H A T  

JEFF S. AKERS 
H A E  BLJCCEaSFUlLY COMPLETED 

H A Z W O P E R  

ANNUAL REFRESHER TRAINING 

TRAI NINE 
IN ACCORDANCE WITH 

. Z 9  CFR 1 9 1 0 . 1 2 0  
ON T H E  



MAR.  18. 2 0 0 3  1 U : 3 5 A M  BOWSER M O R N E R  



To: . . 
..:,,:;.. . . . 

. . -, .5,&g'.:: : :. , 1 ........ . . . . . . .  From: 

. . . . .  
. a  ....:...... . . .  .. . ,  . . ,~;:':: .:< ..,. ...<.p ...... 

THE ABOVE EMPLOYEE HAS B E J 3  EXAMINED AT MEDWORK; INC. ON ; . : . ,;.%::':: .- . . .  .: .;.: . . < - 7 e - m  I m.D THEIR ..\. .:.;.. .!, ,.:,,..., 

HISTORY, THERIF CHEST X-RAY, PULMONARY fiNCTION AND 
-72 ,,,. "C.7  :<. ~. LABORTORY STUDIES (BLOOD AND UKINE TESTS) AND FOUND.THEiU .LN.) ... : ":... ..-:.-.F;:..:.. 

GOOD HEALTH. EXCEPT FOR THOSE COMMENTS NOTED ON ?&  PHYSICAL^:'.,"^:^::. . . . .  . ,-... , .; 
EXAMINATION. THIS PHYSICAL EXAMINATION MEETS THE MEDICAL . . .  -..' :: :>'.:: . . . .  .... SU2VEILLANCE R E Q W M E N T S  FOR THE HAZARDOUS WASTE '. - 
OPEblTIONS AND EMERGENCY RESPONSE STANDARDS 1910.120. IT IS MY 
OPINION THEY ARE -4BLE 'TO WORK IN M S  TYPE OF ENVIRONMENT USING 
PROPER SAFETY MEASURES AND WEARING A RESPIRATOR. 

. . . . . .  

IF YOU HAVE ANY FURTHER QUESTIONS, PLEASE CONTACT OUR OFFICE. " . . .  

W F  ' . 
WX4N SIGNATURE 



OCCUPATIONAL HAZARD MANAGEMENT 
C r R T l r l E e  

T H A T  

CHAD MAHAFFY 
H A 6  B U C C E 8 5 F U L L Y  EOMPLETED 

HAZWOPER 
SUPERVISOR 

& 
ANNUAL REFRESHER TRAINING 

TRAINING 
IN ACCORDANCE WITH 

29  CFR 1 9 1 Q . 1 2 [ 3  

ON T H E  

TRAINING CERTIFICATE NO. 
Z 3 D E C 0 2  021  

2 3 /7c;-r,, 
~ C O T T  BERHDT, C H U M  DATE 

mCCY..IIDI.L HA.... " V L D U U .  
I ..as on. 10. 

"*.YI, i * , m  .... 
4 ,  .-.x,.ns#. 



MAR. 18. 2003 IO:36AM BOWSER MORNER NO. 2930 P. 15/29 

. 
OCCUPATIONAL HAZARD 

MANAGEMENT 
S C O T T  BERNDT. C H M M  

8-3. Sou.. "0.m an. .,..--. -9 -1.- 

CERTIFIES 

THAT 

C H A D  R. MAHAFFY 

HAS 
BUCCESSCULLY 

CDHPLETED 

4 C l  H O U R  
SITE WORKER 

2% 

OPERATIONS 
TRAINING 

IN ACCORDANCE WITH 

2 9 C F R  1 9  1 0 . 1 2 0  
CERTIFICATE Nn: OZDCTOZ oz 

O N  THE 

zND DAY OF OCTOBER 2002 

SCnTT BERNDT, C H M M  Dnre 



MAR. 10. 2003 10:36AM BOWSER MORNER 

47 7 ::;.:.. > - .- -. - !a.:.:.~: -. . . .. .. 
I,'.', ... 

.- p- -, . &,.I 
....... . . .  :-.,...> 

- I .1 - .  .... . .  .( 

. 
.. , . ., .? 
..: , '  . . -. 



M A R  18. 2003 10: 36AM BOISEX MORNER 

725 S Ludlw Street. Osytm. Ohio 65402 

Date: 

To: 

From: 

a&:. , - %",MJ - 

THE ABOVE EMPLOYEE HAS BEEN F X 4 M P E D  AT MEDWORK, MC. ON - -7% -ap. 
2 . I HAVE REVIEWED THEIR MEDICAL 

HISTORY. THERIF -Y, PULMONARY FUNCTION AND 
LABORTORY STUDIES (BLOOD AND URINE TESTS) AND FOUND THEM EN 
GOOD HEALTH. EXCEPT FOR M O S E  COMMENTS NOTED ON THE PHYSICAL 
EXAMINATION. THIS PHYSICAL FXMdINATION MEETS THE MEDICAL 
SURVEILLANCE REQUIREMENTS FOR THE HAZARDOUS WASTE 
OPERATlONS AND EMERGENCY RESPONSE STANDARDS 1910.120. IT IS MY 
OPINION THEY ARE ABLE TO WORK IN TIUS TYPE OF ENVIRONMENT USING 
PROPER SAFETY MEASURES AND WEARING A RESPlR4TOR 

IF YOU HAVE ANY FURTHER QUESTIONS, PLEASE CONTA& OUR OFFICE. 



THAT 

TONY MAYRER 
H A 6  SUCCESSFULLY CDMPLETED 

HAgWDPER 
S U P E R V I S O R  

TRAININO 
IN ACCORDANCE W l T n  
29 CFR 1 9 1 D . 1 2 0  

O N  THE 

z 3RD DAY O F  DECEMHER 2002 

2 7 2 y m  
Scnss BERNOT,  CHMM DATE 

OLS",.rnO*.L W.U.0 L W I ~ I I ~ Y  

,...a C.. ID .  
n m u v ,  ollm 4aa.n 

I 1.-4¶'l.D1Ia 



Certificate of Completion 

Given this 

, , , .  . .  
: , . . .  .. .. 



MAR 18 2003 10:31AM BOWSER MORNER NO. 2930 P. 20/29 



MAT\ 18. 2 0 0 3  1 0 :  37AM BOWSER MORNER 

LxBOXTO&Y SF-:DES !9LOOLl AND l;iUXE TESTS) h X T )  FOUXD 11-E4i IN 
GOOD HEi\T,T?I. EXCEPT FOR THOSE CO$I>IENTS S';OFI:.D ON THE PBYSICAL 
EXLLLIXATiON. THIS PHYSICAL EXLblliL'ATION MEETS THE 4EDIC.IL 
sERVEILLA):CE ~Qi ' lR? ;LE.VTS FOk THE 14AZMDOijS WASW 
OPE?-ATIOiLS ;l\D E4IERCEYCY FLESPONSC- ST,L'iD.WS 19!.1.130. 1-T 15 LIY 

F -. OPll\iiON TtiEk A?,: ;.-f.I. = 10 W0P.K Pi THIS TYPE CF EhylRO.'.&fLNT ES .EG 
PROPEX StCETY klE~S!ik!S AKD V i E - W G  A RESPLRATCIX. 

IF YOU HAVE A i Y  FUZTFEX QUESTIONS, PLWSE COWACT OUR OFFICE. 



OCCUPATIONAL HAZARD MANAGEMENT 
CERTIFIEB 

THAT 

T IM BOEHMER 
HAS SUCCESSFULLY COMPLETED 

H A Z W O P E R  
SUPERVISOR 

& 
ANNUAL REFRESHER TRAINING 

TRAININB 
IN ACCORDANCE W I T H  

2 9  C F R  1 9  1 0 . 1 2 0  
O N  THE 

2 Z R D  DAY O F  DECEMBER 2 0 0 2  

2 33 0 0  02 
6 C O T T  BLRNDT, CHMM DATE 





T I M  BOEHMER 

O S U  40 %ur Pwsonnd Protection & Safety Course 
in accordance wLth 29C~1910.120 

Spsnnlng !he Hazardous Materials 
Health and Safely Horizons 



MAR. 18. 2 0 0 3  I O :38AM BOWSER MORNER NO. 2 9 3 0  P. 2 5 / 2 9  

This is to certify that 

has successfully completed the 
MSHA 30 CFR Part 46.8 

8-Hour Annual Refresher Training 
given at 

Bowser-Morner, Inc. 
4518 Taylorsville Road, Dayton, Ohio 

December 28,2000 

k,& 
1 2 2 ~ 0 0 0 0 0 2  I 

Certificate Idenlificatinn Numher Henry M. Butcher, REM, CEA 



TIM BOEHMER 

Teaching the Safe Operations of Powered Industrial Trucks 

B $gnnenreh outhwest Regio pg a1 ffice 

April 11, 1896 Bob H w r  &Mona W e i n  

~ n a l r u c l o r  



[his is fo c e r f 8 )  rho! 

Tim Boehrner 
has successfiil(~: contplered the 

DuPont Corpovate Remediation Group 
Training PI-ogvam on 

Safety Audit Skills 

on this 30th day of November 1998 

Lwa S Ed11 rlr. CSP 



MAR. IB. 2 0 0 3  1 0 : 4 0 A M  BOWSER MORNER NO. 29313 P. 29/29 



CERTtPtEB 
THAT 

DENNIS A. S INK 
HAS B U C C E B S P U L L Y  COMPLETED 

HAZWOPER 
SUPERVISOR 

& 
ANNUAL REFRESHER TRAININP 

TRAINING 
IN A C C O R D A N C E  WITH 
29  CFR 1 9  1 CJ. 1 2 0  

O N  THE 

23RD DAY O F  DECEMBER 2 0 0 2  



D E N N I S  S I N K  

"FORTY HOUR PERSONNEL PROTECTION & SAFETY COURSE'' 
( 1 1 1  c o m p l  i a r ~ c e  ui t11 Federal R e g u l a t i o r l  2 9  CTR 191 0. 1 2 0 1  

January  2 9 ,  199.0 - . - . - - - - . . . . . - - - - - - - . - 8.c. sckaggheh 
. - - - . - -. - - - . . . . - - . - -. - - 

'&I< ' A u r ( o r  c U a J r i i , ~ ~ .  '_7rnljling 



APPENDIX F.2 
SWMU 16 

HEALTH AND SAFETY DOCUMENTATION 
ROUND 2 



Project-Level H&S Recordkeeping 

On-site H&S training (topics, participants, dates) ... See Section F 

Air monitoring instrument calibration ... See Section C (C.lO.l, C.10.2 & C.10.3) 

Monitoring instrument results including background levels, breathing zone 
readings, personnel exposure records, etc. (air monitoring, noise monitoring, 
other H&S quantitative measurements) ... See Section B (B.l .l, B.1.2 & 8.1.3) 

H&S training and medical certificates/documents for site personnel ... See 
Section F 

Site specific written program documentation (e.g., Hazard communication) ... NA 

H&S Site clearance letters ... See Section F 



TECH NUS. INC. 
I Psldersm Drive - Pittsburgh. PA IS220 - Fax 4 12.92 1.4040 - wwwtetratech.com 

PITT-11-3-029 

November 14,2003 

Project Numbers 9060 and 0845 

Commander. Southern Division 
Naval Facilities Engineering Command 
ATTN: Bill Gates (Code ES 32) 
P.O. Box 190010 
North Charleston, SC 29419-9010 

Reference: CLEAN Contract No. N62467-94-D-0888 
Contract Task Order Numbe nd 0315 

Subject: ~ersonnel clearance for Site Visit 

Dear Mr. Gates: 

The purpose of this lener is to add personnel conducting the field activities at the NSWC Crane site from 
November 17 through Decembe( 19. 2003. Mr. Jim GO'brdt and ~r . 'Scol t  Grier have been added to the 
field .,. crew , performing this wok. All other informati& in our lener dated October 17. 2003 remains the 

. . , . 
same. 

If you have any q~estions, concerns. or if I can be of further assistance, please do not hesitate to contact 
me. 

Manhew M. Solt~s. CIH. CSP 
CLEAN Health and Safely Manager 

c: 8. Gorman (Code ES 34) 
D. Wroblewski 
M. Perry 
K. Henn 
R. Basinski 
T. Johnston 



TETRA TECH NUS, INC. 
661 Andem Drive Pntrburgh PA 15220 
Tel 4 l L92 1.7090 Fax 4 1192 1.4040 - w.tetratech.com 

October 17. 2i%3 

Project Numbers 9060 and 0845 

Commander. Southern Division 
Naval Facilities Engineering Command 
ATTN: Bill Gates (Code ES 32) 
P.O. Box 190010 
North Charleston. SC 29419-9010 

Reference: CLEAN Contract No. N62467-94-D-0888 
Contract Task Order N u m b e m n d  0315 

Subject: Personnel Clearance for Site Visit 

Dear Mr. Gates: 

The purpose of this letter is to inform you of upcoming slte activities to be performed by Tetra Tech NUS. 
Inc. personnel under the CLEAN contract. and to attest that the personnel identified herein are in 
compliance with applicable OSHA regulat~ons. This information is being submitted as specified in Section 
H.14 of the Comprehensive Long-Term Environmental Act in Navy (CLEAN) Contract N62467-94-D- 
0888. The specific OSHA regulations involved for this project pertain to employee health and safety 
training and medical surveillance requirements. as identifled in OSHA 29 CFR 1910.120. 

 he subie.bt,,project I .  and planned"aclivities include OPT; (drilling; and'surface and subsudace soils, 
s+im?,pii,;'ground water, and &rf?& !(;l& sampling at. ,fie NSWC. Crane site in Indiana. This is 
Sclieduled to be conduciedfrom October 20 through D&ember 19. 2003. The individuals that will perform 
these tasks are employees of Tetra Tech NUS. They will follow the Health and Safety Plan for Mine Fill A. 
Mine Fill €3. Cast High Explosive FilVlncinerator. Pyrotechnic Test Area. Revision 1. dated October 2003. 
prepared'under CTO 0166; and' the Health and' Safely Plah for Corrective Measures Study Field Work at 
Mustard Gas Burial Ground (SWMU 01) dated October 2003 prepared under CT0 0315. These 
individuals are as follows: . , 

Bob Balkovec 
Matt Cochran 
Fred Ramser 

Terry Rojahn 
Frank Wudkwych 

I f  you have any questions. concerns, or if  I can be of further assistance, please do not hesitate to contact 
me. 

Matthew M. Soltis. CIH. CSP 
CLEAN Health and Safety Manage1 

MMS:lld 
c: B. Gorman (Code ES34) 

D. W roblewski 
M. Perry 
K. Henn 
R. Basinski 
T. Johnston 



Revision 1 
October 2003 

FIGURE 8-2 

SITE-SPECIFIC TRAINING DOCUMENTATION 

My signature below indicates that I am aware of the potential hazardous nature of performing investigation 
activities at NSWC Crane, and that I have received site-specific training that included the elements 
presented below: . Names of personnel and alternates responsible for site safety and health 

Safety, health and other hazards present on site 
Use of personal protective equipment 
Work practices to minimize risks from hazards 
Safe use of engineering controls and equipment 
Medical surveillance requirements 

' Signs and symptoms of overexposure 
The contents of the health and safety plan including Table 5-1 and 6-1 
Emergency response procedures (evacuation and assembly points) 
Review contents of relevant Material Safety Data Sheets 
Review of Safe Work Permits 

I hdve been given the opportunity to ask questions and that my questions have been answered to my 
satisfaction. The dates of my training and my medical surveillance requirements are accurate and correct 

(Printed and Signature) 

CTO 0166 



Revision 1 
October 2003 

FIGURE 8-2 

SITE-SPECIFIC TRAINING DOCUMENTATION 

My signature below indicates that I am aware of the potential hazardous nature of performing investigation 
activities at NSWC Crane. and that I have received site-specific training that included the elements 
presented below: 

Names of personnel and alternates responsible lor site safety and health . Safety, health and other hazards present on site 
Use of personal protective equipment 
Work practices to minimize risksfrom hazards 
Safe use of engineering controls and equipment 
Medical surveillance requiremerlts 
Signs and symptoms of overexposure 
The contents of the health and safety plan including Table 5-1 and 6-1 
Emergency response procedures (evacuation and assembly points) . Review contents of relevant Material Safety Data Sheets 
Review of Safe Work Permits 

I have been glven the opportunity to ask questions and that my quest~ons have been answered to my 
satisfaction. The dates of my tmlnlng and my med~cal surveillance requirements are accurate and correcl 

(printed and Signature) 

8-4 CTO 0166 



RELEASE TO D U N  

CLINIC INS'TRUCTIONS: Complete and give to employee before they 
leave the facility. This is a requirement of Tetra-Tech NUS. 

- 
Employee Name: I E R ~ Y .  R a ~ 4 ~ t 4  . 

Office Location: P I T T S ~ U N G ~  

Yes No 

d o  To work with hazardous materials in 
accorctance with 29 CFR 1910.120. 

To use respiratory protective equipment 
In accordance with 29 CFR 1910.1341 

Based on the limlted Information available to me at this time, I find no necessity " 
for immediate restrictions and I release this employee for duty. It is understood 
and agreed upon by the employer or potential 'employer of this examinee that 
subsequent comprehensive review of all laboratory and other test data by 
WorkCare may detect health conditions not apparent to me. I t  IS further agreed 
and understood that such health conditions may necessitate fhe need for 
workplace restrictions. Examination has been performed in compliance wlth 
1910.120 and 1910.134 

"'Employee"' 

Bring this form back to the office and fax it to: 
Matt Soltis, Corporate Health & Safety (412) 921-4040. 

333 S. Aniu Dnvc. Suue 630.Orangc. CA 92868 - (714)978-7488 . (100) 4JS-6155 . FAX (714) 4J621W 
E-mail. infcQw0rtorc.m Wcbsilc: m.& cwn 



Certificate of Trohhg 
THIS CERTIFIES THAT 

TERRY ROJAHN 
has successfully-completed a course of instruction on 

SUPERFUND TRAINING CLASS 
prepared and conducted by the 

NUS Corporation, Pittsburgh, Pennsylvania 

SEPT. 30 - OCT. 4,  1985 

Date of Award 

h, C.S.F! E. Dennis Escher, RE. 
Director; He Safety Training Vice President 



TETRA TECH NUS 

CERTIFICATE OF TRAINING 
THIS CERTIFIES THAT 

Terry R. Roiahn 
has successfully completed an 8-hour course of instruction in 

OSHA 29 CFR 191 0.1 20 

GENERAL SITE WORKER REFRESHER 
AND SUPERVISOR REFRESHER TRAINING 

prepared and instructed by 
Tetra Tech NUS, Inc. 

Pittsburgh, Pennsylvania 

Januarv 30.' 2003 

sen-ior lnst-ructor 
Training Services 

Date of Award 

Manager 
Training Services 



HEALTH STATUS MEDICAL REPORT 
Employer Copy 

TYPE OF EXAMINATION: Periodic Examination 

EMPLOYEE: Wudkwych, Frank 
SSN: 181-64-7566 
DATE OF EXAM: 05/01/2003 
EXPIRATION DATE: 05/01/2005 

COMPANY: =/NUS 
POSITION: Geologist 
LOCATION: =/NUS-Pittsburgh 
SITE: Pittsburgh 

The following recommendations are based on a review of one or all Of the following: a base hislory queslionnaire. 
supporting diagnostic tests, physical examination, and the essenlial functions of the posifion applied for or occupied by the 
individual named above. hS NQ Vndecided 

Has the employee any detected medical ~ n d i t i o n s  that would 
increase hislher risk of material health impairment from 

lzl 
occupational exposure in accordance with 29 CFR §1910.120? 

Does the employee have any limitations in the use of respirators 
in accordance with 29 CFR §1910.134? 

1. QUALIFIED The exammation indicates no significant medical wndit~on. Employee can be assigned 
any work consistent with skills and training. 

2 QUALIFIED -WITH LIMITATIONS The examination indicates that,.a medical condition currenIly exists 
that limits work assignments on, ttlk following basis:' .. . , 

3. NOT QUALIFIED 

4. DEFERRED The examination indicated Uiat additional infohnation is necessary. The employ'ee.has 
been given the following instructions. . . 

.. , :'. 

COMMENTS: 

I have reviewed the medical data of the above named employee, and informed the employee of Ule resunsof the medical 
examination and any medical conditions lhat require follow-up examination or treatment 

- 
Name of Physician. Peter P. Greaney. M.D. Date: 05/06/03 

Signature: f & / g ~ ~ , - *  
WorkCare 

333 5. Anlla h e .  Sulte 630. Orange. CA 92868 
(714) 978-7488. (BM) 4554155 - FAX (1141 4562154 





, , . ~  . , ,  , ,  , . . ., . , , . .,,. 

. , ,  

. . 

Date of Award . . 

Matthew M. Soltis, CIH, CSP 
Senigr Instructor: . , =. . ,  ,. . . . ~ Corporate Health and Safety 

Hazardous Materials  raining Manager 
1 



TETRA TECH NUS 

CERTIFICATE OF TRAINING 
THIS CERTIFIES THAT 

Frank Wudkwych 
has successfully completed an 8-hour course of instruction in 

OSHA 29 CFR 1910.120 

GENERAL SITE WORKER REFRESHER 
AND SUPERVISOR REFRESHER TRAINING 

prepared and instructed by 
Tetra Tech NUS, Inc. 

Pittsburgh, Pennsylvania 

May 23,2003 

w lvde nvder 

Date of Award 

lnsGuctor 
Training Services 

Manager 
Training Services 



HEALTH STATUS MEDICAL REPORT 
Employer Copy 

TYPE OF EXAMINATION: Periodic Examination 

EMPLOYEE: Cochran, Matthew COMPANY: TTINUS 
SSN: 174-54-3686 POSITION: Geologist 
DATE OF EXAM: 03/01/2002 LOCATION: TTINUS-Pittsburgh 
EXPIRATION DATE: 03/01/2004 SITE: Pittsburgh 

The tollowing recommendations are based on a review of one or all of Ulc following: a base history questionnaire. supporting 
diaanostic tests. ~t>vsic;~l examination. and ttie essential functions of the Dositton aD0licd for 111 occuoied bv the individual . .  . . . 
named above. 

& - No Undecided 
Has the employee any delected medical conditions that would 0 
increase histher risk of material health impairment from 
occupalional exposure in accordance with 29 CFR §1910.120? t- : 

Does the employee have any limitations in the use of respirators 
in accordance with 29 CFR §1910.134? 

STATUS 

I .  QUALIFIED The examinatibn indicates nb signilicanl medical condition. ~ m ~ l ' o ~ e e  cari be assigned 
any work consistent with skills and training. ... 

2. QUALIFIED -WITH LIMITATIONS The examination indicates that a medical condition c$rtently exists 
that limits wolk assignments onthe following &&is: 

, .. %. 

C 

. . 
.. 5 

3. NOT QUALIFIED 

:~,+ 'C 

-4. C ]  DEFERRED The examination indicated that additional information is necessary. The employee has . :' ~ 

been given the following instructions., ..:z 

. .  . . ,: . - 

COMMENTS: 

I have reviewed the medical data of the above named employee, and informed the employee of the results of the medical 
examination and any medical conditions that require follow-up examination or lreatmenl. 

MD I Peter H. Wald. MD Date: 03/07/02 

Signature: 
2 9  

WorkCare 
333 S. Anita Dn're. Srnhb30. Orange. CA 92868 

(714) 978-7488 .(BW)4556155'FbX (711)a562154 



Senior Instructor 
Training Services 

Manager 
Training Services 

' I .  
. . < I , ,  

: :, . . 
, . <a:, 
'II. .,- d 

, , . .  , .. , 





WORKCARE TM 

A Trademark of WorkCare, Inc. 

RELEASE TO DUTY 

CLINIC INSTRUCTIONS: Complete and give to employee before they 
leave the facility. This is a requirement of Tetra-Tech. 

TfQ Ls, r Employee Name: p- 

Office Location: +&cL- LA 

Yes No 

B To work with hazardous materials in 
accordance with 29 CFR 1910.120. 

D To use respiratory protective equipment 
.-in accordante with . ,a. 29CFR 19.1~0.134. 

1 ' > .  < "  . . ' 
. . 

Based on the limited infoLmation available'fo me atthis time, :I find no n&6essity 
for immediate restrictions .$nd I releas'~ kigemp~oyee for duty. It isilnderstood 
and agreed upon by the employer or potential employer of,tf$s examineethat 
subsequent~omprehens/ie,review of all l$borato$and oth6i test dsta by 
WorkCare miy  detect health conditions. not apparent to me; It is futther agreed 
and understood that such, hdalth conditionsmay necessitate the need for 
workplace r.estrictions. Examination has bsen performed , in , wmpliance with 
1910.120 and 1910.134. 

Signed: - M.D. 

Date: t ' l t  -' 

Bring this form back to the office and fax i t  to: 
Matt Soltis, Corporate Health & Safety (4 12) 921-4040 

333 S. Anita Drive, Suite 630, Orange, CA 92868 (714) 978-7488 (800) 4554155 FAX (714) 456-2154 
E-mail: info~workcare.wrn . Websile: \nnu.workcare.wm 



TETRA TECH NUS 

CERTIFICATE ( OF TRAINING 
THIS CERTIFIES THAT 

Fred W., Fhmser 
has successfully completed an 8-hour course of instruction in 

OSHA 29 CFR 191 0.1 20 

GENERAL SITE WO-RKER REFRESHER 
AND SUPERVISOR REFRESHER TRAINING 

prepared and instructed by 
Tetra Tech NUS, Inc. 

Pittsburgh, Pennsylvania 

May 23,$2003 
Date of Award 

~en;'or lnstiuctor Manager 
Training Services Training Services 



CERTIFICATE OF TRAINING 

THIS CERTIFIES THAT 

HAZARDOUS WASTE HEALTH AND SAFETY TRAINING 

prepared and conducted by the 
HALLIBURTON NUS Environmental Corporation, 

Pittsburgh, Pennsylvania 

JULY 15-19,  1991 
Date of Award 

A R dAr-w-J 
- 

Dana R. irvin 
Principal Instructor, Project Manager 
Environmental Management Group Environmental Management Group- 



WORK STATUS REPORT 
Employer Copy 

TYPE OF EXAMINATION: Periodic Examination 

EMPLOYEE: Goerdt, James 
SSN: 481-86-2691 
DATE OF E3AM: 11/07/2003 
EXPIRATION DATE: 11/07/2005 

COMPANY: TTNUS 
POSITION: Environmental Scientist 
LOCATION: TTNUS-Pittsburgh 
SITE: Pittsburgh 

m e  following recommendations are based on a revlew of one or all of the following: a base hislory questionnaire. 
supporbng diagnostic tests, physical examination, and the essential funclions of the position applied for or occupied by the 
individual named above. YSS MI 

Has the employee any detected medical conditions that would 0 
increase hisher risk of matenal heallh ~mpa~rment fmm 
0a3Ipcdk3~l exposure in accordance with 29 CFR 51910.120') 

Does the employee have any limilations in the use of respirators 
in amrdance with 29 CFR 51910 134? 

STATUS 

1. QUALIFIED The examination i n d i t e s  no signirkant medical condition. Employee can be a 5 s - W  
any work consislent with skills and training. 

2 QUALIFIED -WITH LIMITATIONS The examination i n d i t e s  that a medical conditin currently exists 
that limits work assignments on the following basis: 

3. NOT QUALIFIED 

4. DEFERRED The examination ind i ted  that additional information is necessary. The employee has 
been given lhe following insbuctlons. 

COMMENTS: 

I have reviewed the medical data of the above named employee. and informed the employee of the results of the kdical .  
3 

examination and any medical conditions that require follow-up examination or trealment. 

Name of Physician: Scott Hardy. M.D. Date: l I I I IL(M 

...&A~&+,M. 
Signature: 

Workcare 
353 S. Wive. Sute 630. Orayp. CA 92868 

(714) 97e-7188. (BOO) 4556155 -FAX (714) 4S2154 . 



CER TIFICA TE 

OSHA, 1910.120 
Hazardous Waste 
Operations and 

Emergency Response 
40 Hour Course 

December 13,1991 
ISSUE DATE: 

EXPIRATION: I)gQmh131L991 

CERTIFICATE: H&?~111001052~ 

President 

P. 0. Box 300068 

Fern Park, Florida 32730-0068 



.. 
I TETRA TECH NUS 

, 

Senior Instructor 
Training Services Training Services 



HEALTH STATUS MEDICAL REPORT 
Employer Copy 

TYPE OF EXAMINATION: Baseline Examination 

EMPLOYEE: Grier, Scoti COMPANY: lT/NUS 
SSN: 209-56-9743 POSITION: Earth Scientist 
DATE OF EXAM: 02/28/2002 LOCATION: lT/NUS-King Of Prussia 
EXPIRATION DATE: 02/28/2004 SITE: King Of Prussia 

The following recommendations are based on a review of one or all of lhe following: a base history queslionnaire, supporling 
diagnostic tesls, physical examination. and lhe essential funcllons of the position applied for or occupied by the individual 
named above. 

NO - Undecided - 

Has the employee any detected medical conditions that would I4 ~. 
increase hislher risk of malerial heallh impairment from 
occupational exposure in accordance with 29 CFR ~1910.120? 

Does the employee have any limitations in the use of respirators 
in accordance with 29 CFR §1910.134? 

rn 0 

1. m' QUALIFIED The examination indicates no signilicant medical condition. Employee can be a;sig$& 
:. , ,~ ., 

any work consistent with skills and training. . . 

2. 0 QUALIFIED -WITH LIMITATIONS The examination indicates that a medical condition currently exists 
~ 

that limits work assignments on the following basis: 

3. NOT QUALIFIED 
.,, . . .,,- 

4. a DEFERRED The examination indicated that additional information is necessary. The employee has 
been given the following instructions. 

COMMENTS: 

I have reviewed the medical dala of lhe above named employee. and ~nlormed lhe employee of h e  results of the medical 
examination and any medical condil~ons lhal require follow-up exammallon or treatment. 

,~~ . 

Date: . , 03/07/02 

Signature: 
WorkCare 

353 5. M a  Drive. Suite 630. Orange. CA 92868 
(714)9767488. (800)455-6155. FAA (714) 4S215-4 





Compliance Solutions srudrnr AJfl/io,lnn: 

Trrrii Tech WLIC inr 
- 'Today's h l n l n g  ... Tomorrow's Solullon' s I 4R IR  

10515 E 4Dlh A M .  Sulla 118. Denver Colorado 80239 800-711-2708 

Certificate of Completion 
This is to certify that 

Scott Grier 
has successfully completed the classroom requirements for 

8 Hour HAZWOPER Refresher 
29 CFR 1910.12O(e) 

Presented 
Friday. March 21, 2003 

Compliance Solutions Occupational Trainers, Inc. 
Cer/rJica/r Number 47837 

- ---. r 
*., c--- - ,--7;-- --- -- , 

1 - A,: /,/-=====A 



!F YOIj HAVE .4XY FCP.iE!LEX QLESXONS, PLEASE COhTACT OUR OFFICE. 



OCCUPATIONAL HAZARD MANAGEMENT 
CERTIFIES 

T H A T  

TIM BOEHMER 
H A S  S U C C E B S F U L L Y  C O M P L E T E D  

HAZWOPER 
SUPERVISOR 

& 
ANNUAL REFRESHER TRAINING 

TRAINING 
IN ACCORDANCE W I T H  

29 CFR 1 9  1 0 . 1 2 0  
ON T H E  

23RD DAY O F  DECEMBER Z o O Z  

-- 
3 ->go/, '3 2. - 

SCOTT BERNDT, CHMM DATE 





TIM BOEIIMER 

La& comblztrd tR 4 0  Rout c o u t ~ c :  

O S U  40 3bur Personnel Protation & Safety Course 
i n  accordance with 29C??R1910.120 

P l e a e , r ~ e d  G9 

~ p a n n l n  the Hazardous Materials 
Heall 71 and Safety Horizons 



This is to certify that 

has' successfilly completed the 
,, MSHA 30 CFR Part 46.8 

8-Hour Annual Refresher Training 
given at 

. . Bowser-Morner, Inc. 
4518 Taylorsville Road, Dayton, Ohio 

December 28, 2000 

%%?< 
122S000002 I 

Certificate Identification Numher 
Henry M. Butcher, REM, CEA 



~. . . , ahe;, $.fate . , gf @.bin 
. . ,' < 

. . . . 
'> . . + 'I 

@kin @nrean nf $IBarkere7 Mompenention 

TIM BOEHMER 

6 
hne enf iefnsfnrilg snmple f~b  lpure  

Teaching the Safe Operations of Powered Industrial Trucks 

B $gott0areb outhwest Regio ?{ a1 ffice 

April 11, 1996 Bob Heater & MOM W e h  

3nelruclor 





mls cartt&lta hrs been mrded by the Ohlo Chamber 01 C ~ m m m  and the 
IWandamrers' Edueatlon Council to 

m %mmm 
For r demonstratad c o m m ~ m  to sound safety management enctleea 

Cemffed for tBe successh~l wmeletloo of all requirements In the OSW 
E e t o t d k a 8 ~ ~  course conducted lbrll29,1998 lE Colmmba ObL 





NUV. 4. 2 ~ 1 1 3  8 :59AM BOWSER MORNER 

Orcu#rtimnal Healtk C ~ r c  725 S. Ludbw Stree~ Oayron. Ohio 45402 

Date: Y o - 0 3  
To: d0f-v-P 

From: 

Re: 

HAS BEEN EXAMINED AT MEDWOW INC. ON . I HAVE REVIEWED THEIR MEDICAL 
HISTORY. THkRlF CHEST X-RAY. PULMONARY FUNCTION AND 
LABORTORY STULNES (BLOOD AND URINE TESTS) AND FQUM) THEM IN 
GOOD HEALTH. EXCEPT FOR THOSE COMMENTS NOTED ON 'IHE PHYSICAL 
EXAMINATION. THIS PHYSICAL EXAMINATION MEETS THE MEDICAL 
SURVEILLANCE REQUIREMENTS FOR THE HAZARDOUS WASTE 
OPERATIONS AND EIMERGENCY RESPONSE STANDARDS 1910.120. IT IS MY 
OPMON THE'Y ARE N3LE TO WORK IN THIS TYPE OF ENVIRONMENT USING 
PROPER SAFELY MEASURES AND WEAKNG A RESPIRATOR 

KF YOU HAVE ANY FURTHER QUESTIONS, PLEASE CONTACT OUR OFFICE. 



i t  
& L l  W R r r E N  OR P R I N E I  WFORUaTION UUST BC CEtlBCE ,, f 

Publ~hed fq J J. KEUERB A S S ~ ~ A T E S .  3C- h h .  WI- U s  
(Em1 327-6868 - w.i ikelei .com - Prnled c Ve U r n ~  Slarps 551-F5.U - 



.:% . 
-,.. . . . .  . . . . . . - - . - - 

H:$&ZWO P E R 

*RAINING 
IN ADCPRQANC.E WITH 

2 9 CF.R 1 ~ ~ 1 ~ 0 . 1  2 
CIN THE 

- ' -1  ~ 6 d k ~ 0 3  OD6 

. . 



CERTIFIUTE O F  COMPLETION 
This is to certdy that 

UAYNARD LWR 

has ~s~ccessfilUy completed 

HAZMAT T.I.S.I.,.cQ,LUMBIA, MARYLAND 

O ~ O B E R ,  1990 
Dare 

r 



JAN. 16. 2004 2: 01PM BOWSER MORNER 

12P19M01 

NO. 5 0 6 4  P. 1 6  

L A B T W  LAKn 
FlRSTYAVE MAYNARD 

FKTESTREPORT 

flt &st ~~n 

m NUMaER m 2 - 2 4 0 3  

UmNAMEuwn 
FIRST )(*ME UAmARD 

C O M P M  BOWSER HORNER 

LOCITK)N MYTON 
udTE 

RESPIRATOR 

WUFACWRER SUVNAIR 

M O D E I . ~  

M A S  STYLE FULL FACE 

MASK SIZE STAFlMRO 
APPROVU 

EFF. e =% N 

EXUm_SE 
NORMAL BRUTHINO 

DEEP BREATHING 

HEAD SIDE TO SlOE 

HEnD UP-AN0 DMNN 
TALKlNG 

GRlkYICE 
BPK) AND TOUCH TOES 

N W L  BREAMING 

PROTOCDL OSHA 29CFR1910.134 

PAS9 LEVP. 1WO 

OVERALL FF I Z79 Y 

FIT TEST OPERATOR DATE 



COMPANY; 

w 
A new q u b n a ~ r e  should be mmpfeted annoally or sooner if a mediel mndStlon intervenes. OCC 
reammends that a prepbaemsnt medm evaluahon be done an all empkyees using a resprmtnr. 

PHYSICAL EXAMINATION REQUlREDt NO 

(If examination is required, it mub be mmpkted within M of questionnale.) 

J A. - No lrrn-rtatlMs regatdlng respirator use. 

8. - Pemztms are p(md on tMs employee fa respiratsr use related tn a mediel 
condition w to the oondltlons in which the respltator WRI be used. 
Rsbfctions are as f0llavs: 

c- Folbwup m e w  evaluatim is remmmended as per MOM guidelines. 
pRFI5year~fapers~1sunderage35 
EVeF/2yamfwpmnsaged35m45 
Every year fa persom over the age d 45 

brakatlons for pernMS m n g  sbenwylb wqk with SCBA: 
Evefy 3 years for moSe under age 35 
Ewy18manmSforthaseased35b45 
AnnllirllyfOrortnaseageof45 

D. - Your em- hm been prwided a cow of thls Licensed Health Care 
remnmendatlan. 

T.E. &, fl~&Eby, MD; G. 1: labaly, MD; 0.C Russdl, PA€, G. Mpk, RN, CNP 



CERTIFIES 
TUAT 

. . 

JOSH' DEAN 
HAS SUCGE~&FULLY CQMPLETEL) 

HAZWOPER 
ANNUAL REFRESHER T R A ~ N ~ N ~  

TR#, ah,I.lr~ G 
. . 

I N  ACCORDANC~ W!TH 

z . ~ , c ( ~ R  1 910.1 2 0  
O N  THE 
' , ND 2 . ,  ,. 0 - F "  S E.PTEM BER 2 3 

TRAINING CERTIF~CATE NO. 
OZSEPO~' 00  I 

roo I o-mam .t-u. 
n*DUI# O I m  413.Dr' 



I m awarded by 1 B 

<* 

FmLW w 
w 
-T .- 

2 I 

THE UNIVEHS~+Y*OF FINDLAY 
pr. 
C 
D 

r LG 

.i 

THE NAtlUNAk ~PNTER oF EXCELLENCE 
FOR ENVIRONME#$AL MANAGEMENT 

, * 

Certificate of Achievement 

ENVlRONMENTAL RESQURGE TRAlNINO CENTER 1 

. . 

.p z 

I JOSHUA DEAN -- ------ 
for S,uccessjul -I Completion I- of 

OSHA 44-HOUR SAFETY TRAINING WORRSHOP 
(FULFILLS THE REQUIREMENTS 0 ~ 2 9  c m  19talzo C O V E R I N G ~ U S  WASTE O P E ~ T I O N ~  

4.0 W S  
APm 27,zonz 

-, 
/ 

Zs 
P - 
cn 
CO 
W 

EXECUTIVE DIRECTOR- 
, . ,. . ~.. 

.w 

.p 
\ 
Sr 

. 



RUV. j. 1Uuj 5 :  J'IYM BUWSER M O R N E R  
w- - i 

I NO. 2280 P. 2 
r I 

.. 

OCC - E d .  3020 h n e  Ave - Oregon. OH 43616 . . 
(41 9) 697-6850 . Fa (dl  9) 6976861 

RESPIRATOR QUESIXOWNAIRE 

@ -mination is required, it must be am&tetJ t- , i t~ 30 days d quenalre)  

Q U ~ M ~ ~ W  ,: i 
Nurse ~ i g n a d  

Date.& 

tcll 
A- No l i m i i  regakkg use 

B. - ~ c t i o n s  am placed m this em- for respreq,htor use relakj b a tqe&cal 
mndltbnorto t h e ~ a x l d h r c i h ~ t h e i e s D i r a t w w l  be& 
Restrictions are as rdnpws: 

C- Followup M i l  eduatlm 8 reammended as per MMH guideOnes ' 

E v e r / 5 y e a ~ f w ~ u n d e r a g e 3 5  
Every 2 yean for peraxls aged 35 to 45 
EMlYy~ariwpernwmrtheaged45 

E v a ~ f w ~ ~ ~ u w s w o r k w 8 h s c B k .  
Every 3 years for t h ~ ~  under age 35 
Eiey18manths~thoseaged3St645 

/ 
h u a l t j  for those over the age of 45 

D. - Ycur m~bvee  has been poMkd a copy d thls Ucensed Health Q m  * 

~ s m r e m m m e n d a t l o n .  

- 
T.E W, MD; PJ. Eby, MD; G. Ilabaty, MMD; B PAC, G btfak RN, CNP 



OCCUPATIONAL HAZAFSD MANAGEMENT 
CrRttrtEe 

XHAT 

JAMES R. WALSH 
HAS SUCCESSFULLY COMPLETED 

HAZWOPER 
SUPERVISOR 

& 
ANNUAL REFRESHER TRAINING 

TRAIN IN^ 
IN ACCORDANQE WITH 

29 CFR 1910.12D 
ON THE 

23RD DAY O F  DECEMBER Z O O 2  
TRA(NINP CERTIFICATE NQm 

23DECClZ  0 1 4  

2 32cf A 2 - 
8 n o - r ~  BCRNDT, CHMM DATE 



. , 
O S H A  40 Nour Personnel. Protection & Safety Course . . .  

HAZCO 
.- - 

Spann~ng Ihe Hazardous Malerlals 
Heallh and Sately Horizons 



NUV. J. ZUUJ S:jXYM HUWSEK MOKNER 

... v m . .  . . .  ..'?A 

NO. 2280 P. 5 '  - '  

- -- I 



, - 

Occupational Hcaith Car. . -. . P 
725 S Ludlow Streel. &$&I Oha 4562  

. . . ~- . 
. . ~~. . . .  . . .  ., .,= :-:-- .is: z-:*:--:;:. : 

. . . . -. ; .:"> , 
. . .  - . *-..& . .&>.*. . . . . 

. . -~ 
. ~ 

. . . . . .__,_ i:.. . .  -. .- . . .  . ~ - 
Date: / / / 2 3 / L  . . . . .  ~ ~ ~. 

To: 

. --. v 2 E V I E W D  Z-XLR ~EDIC,V. ; . I.--,-- - s ? OR\-, T E Z T  C E S T  X - . W ,  ?LCbIO?.l.4I?'f FLTSCXDX .&hiD - - 
1.4302TORk- S T L D E S  (i3LOOD .-XI LRPZ TESTS) .ALD F O L m  T&>( B 
,3393 pS.Aj-T<. EMCE?T FOR M O S E  C@>&!DTS.NIJTE~ O?j ?>7SICa< 



CERTIFIES 
T H A T  - 

HAS BUCCEBBFULLY COMPLETED 

HAZWOPER 

ANNUAL REFRESHER TRAINING 
TRAINING 

IN ACCORDANCE WITH 

29 CFR 1 9  1 0 . 1 2 0  

TH, D A Y O F  JANUARY Z O O 3  
TRAINING CERTIF ICATE No. 

1 6 J A N 0 3  0 1 3  

O o ~ U n r l o n r L  C l r l r m D  MrueaculUI 
I4a-5 OR. 2 0 5  

nUm.-v, OWID 4 5 ~ 4 0  

A; ,!,jj.i3 :.:L ;..: . . ,  . , . .  , , .  , , ,,' ,: ..t-. ~~ . . .: .i'. .$ ,;. !,! ..,,di', :; .; . , 





725 S Ludlou S b w  D a m .  Ohm 45402 

Date: <-!I- -% 5 . 
To: 

From: 

Re: QGPY~J % n / 6  

EXAMINED AT MEDWORK, INC. ON 
. I HAVE !LEvIEwED THEIR MEDICAL 

FUNCTION AE(D 
LABORTORY STUDIES (BLOOD AND URINE TESTS) AND FOUND THEM IN 
GOOD HEALTH, EXCEPT FOR THOSE COMMENTS NOTED ON THE PHYSICAL 
EXPuMTNATION. THIS PHYSICAL EXAMlNATION MEETS lHF. MEDICAL 
SURVEILLANCE REQUIREMEWS FOR THE HAZARDOUS WASTE 
OPERATIONS AND EMERGENCY RESPONSE STANDARDS 1910.120. IT IS MY 
OPINION THEY ARE ABLE TO WORK N THlS TYPE OF ENVIRONMENT USNG 
PROPER SAFETY MEASURES AND WEARING A RESPIRATOR 

A service 01 Mami Valley Hospnal 937-2086755 



CERTIFIES 

THAT 

DENNliSiA. SINK 

ANNUAL REFRESHER TRAINING 
? 

TRAINING 
IN ACCORDANCE WITH 

29 CFR 1 9  1 0 . 1 2 0  
UN THE 

2 3RD DAY O F  DECEMBER 2002 



D E N N I S -  S I N K  - - - -1- - - - - - 

January 29., 1990 , . ....... .......... - ---- - :-'* .. .... .. ......... .. . . . - - . , 
J.C. Scha66seic 

-. -- -. - - - .- - - - 
<&I; 'L\iu<fot c,M4tLLcfilt3. 1-7tdtb!inq 



This is to certify that 

has successfUlly completed the 
MSHA 30 CFR Part 46.8 

8-Hour Annual Refresher Training 
given at 

Bowser-Morner, Inc. 
4518 Taylorsville Road, Dayton, Ohio 

December 28,2000 

4 , ~  w,> 

l22800001:3 
Certificate Identification Kumher Henry M. Butcher, REM, CEA 





725 5. LuClw~ Strer!. DzyIvtcn. Ohio 45G2 

Date: h - G . t'7 
To: 

From: 

\\ -6 .6X . I HAVE RE'J'EWED THE= MEDIICAL 
iqSTORY, ?TIEMF C E S T  X-RAY, PULMONARY FU?lClTCX X i D  
LABORTORY STUDIES BLOOD AND -TESTS) P2-D FOUILD TEEM IS 
GOOD H E A ~ ~ ,  E X C E P ~  FOX THOSE C O ~ ~ ~ T S  NOTED ON EE PHYSICAL 
EXAMINATION. THIS PHYSICAL E X A ~ ~ I I N A T I ~ N  MEETS THT bED1C.C 
SUREiLLAVCE YXEQUiMESTS FOR TXE W A R D O U S  WASTE 
OPERATIONS Ah?) E?+ERGENCY RESPOKSE ST.WARDS 1919.120. iT IS MY 
OPINIGN T i i Y  ARE .eLE TG WOPX IN THIS TYPE OF EXq.2R0b<hEKT USMG 
PROPER SAFETY MEASURES AW FVEMC- A RESPIUTCX. 

IF YOU HAVE hW FliRTHER QUESTIONS, PLEASE CONTACT GLT. OFFICE. 

J$gfc . .  

PH\iSICWI ' SIG AXiRE 



MANAGEMENT . -  
&.T;9C.6if:LB.E R-Eih+ , *CH~M '. .z-.+$$~-~. 

C E R T I F I E S  
i 1 

THAT : 

H A S  
S U C C E S S F U L L Y  

C O M P L E T E D  

40 H O U R  
SITE W O R K E R  

& 
OPERATIONS 

TRAIN ING 

IN A C C O R D A N C E  W I T H  

2 9 C F R  1 9  1 0 . 1  Z O  ' 

CERTIFICATE NO: Z 7 N O V . 0 2  00 1 

O N  THE 

2 7TH OF NOVEMBER 2002 



CERTIFIES 
THAT 

T O D D  WOLLENHAUPT 
HAS SUCCESSFULLY COMPLETED 

HAZWOPER 
SUPERV,ISOR 

& 
ANNUAL REFRESHER TRAINING 

TRAINING 
IN ACCORDANCE WITH 

29 CFR 1 9  1 0 . 1  20 
ON THE 

23RD DAY O F  DECEMBER 2002 
TRAINING CERTIFICATE NO.  

2 3 D E C D Z D 0 7  



OCCUPATIONAL HAZARD MANAGEMENT 
14655 CR 2 0 5  

FINDLAY, OHIO 45840 
41 9-427-0356 

.Qualitative 
Respirator Fit Test Log 

Date: 2 7 /tL -7 
-L j  &A -- 

Time: 07 ---L G . -- 

Personal lnformation 
Name: <& i,? i;l\ < h hci& ' 

. ,. ss#: >5>-LY- [;&\.~ .- L - 
Company: fi<-ic;5c< - rn-c f l < C  . I\.(, -, - - 

irator Information , ~, 
, 

Type: - , PAPR 
~anufadure ,. - .5zL . ". y~~ 

:; ,; 
. . . ,. 

? . 1 

Fit Test Media: IrntanPSrnoke: 
6. i 

h .. 
Banarid Oil: , 

,* 
. '  

* .  
Positive - Negativs Self Test: 

. , 

Looking Forward:- w .~ 

Head Right 

Head L e t  

Head Up: 

Head Down: 

After Jumping Jacks: 
, . 

After Bending D o h :  

After Walking: 

Rainbow Passage: 





Occupational Health Care i 
725 S Ludlw SneeC Oaylcn. Ohio 45402 

Date: 10) \0\,a3 
To: 

From: Di L ~ P  

ABOVE EMPLOYEE HAS BEEN EXAMINED AT MEDWORK, INC. ON 
. I HAVE REVIEWED THEIR MEDICAL ' 

, PULMONARY FUNCTION AND 
LABORTORY STUDIES (BLOOD AND URINE TESTS) AND FOUND THEM IN 
GOOD HEALTH, EXCEPT FOR THOSE COMMENTS NOTED ON THE PHYSICAL 
E X A i i A T I O N .  THIS PHYSICAL EXAMINATION MEETS THE MEDICAL 
SURVEILLANCE REQUIREMENTS FOR THE HAZARDOUS WASTE 
OPEIWTIONS AND EMERGENCY RESPONSE STANDARDS 1910.120. IT IS hlY 
OPINION THEY ARE ABLE TO WORK M THIS TYPE OF ENVIRONhCENT USING 
PROPER SAFETY MEASURES AND WEARING A RESPIRATOR 

IF YOU K4VE AW FURTHER QUESTIONS, PLEASE CONTACT OUR OFFICE. 

\ 

PHYSICIAN SIGNATURE 

. A  service ci bliami Valley Hospilzl 





2,3RD . . . .  - ,  DAY, , .  ?.,,.. . ,  . OF, DECEMBER . 20.02 
" , 

, .  ,, T R A I ~ I N E  CERTIFIC~TE NO. 
,- . , ' L .  2 3 ; ~ ~ ~ 0 . ~ " 0 2 5  

. 2 2 3 022 
SCOTT BERND+,CHMM :~ ! ,  DATE 



APPENDIX F.3 
SWMU 16 

HEALTH AND SAFETY DOCUMENTATION 
ROUND 3 



Project-Level H&S Recordkeeping 

On-site H&S training (topics, participants, dates) ... See Section F 

Air monitoring instrument calibration ... See Section C (C.lO.l, C.10.2 & C.10.3) 

Monitoring instrument results including background levels, breathing zone 
readings, personnel exposure records, etc. (air monitoring, noise monitoring, 
other H&S quantitative measurements) ... See Section B (B.l .l, B.1.2 & B.1.3) 

H&S training and medical certificates/documents for site personnel ... See 
Section F 

Site specific written program documentation (e.g., Hazard communication) ... NA 

H&S Site clearance letters ... See Section F 



TETRA TECH NUS. INC. 
661 Andenen Drive . Pittrburgh. PA 15120 
Tel 4 12.921.7090 . Fax 4 12.92 1.4040 . w.vwtetratech.com 

PlTT-06-4-023 - 

June 8,2004 

Project Number 7448 

Commander. Southem Division 
Naval Facilities Engineering Command 
ATTN: Bill Gales (Code ES 324) 
P.O. Box 190010 
North Charleston, SC 29419-9010 

Reference: CLEAN Contract No. N62467-94-0-0888 
Contract Task Order Numbers@%#&wi. 

Subject: Personnel Clearance for Site Visit 

Dear Mr. Gates: 

The purpose of this letter is lo ipform you of upcoming site activities lo be performed by a Tetra Tech 
NUS. Inc. employee under the CLEAN contract, and to attest that the individual identified herein is in 
compliance withapplicable OSHA regulations. This i,nformation is being submitted as specified in Section 
H.14 pf, the ~ombreh'ensiv6 Ldng-Term Environmentql..Action Navy (CLEAN) Contract N62467-94-D- 
0888.'  h he specific OSHA regulations.involved f p  this project pertain to employee health and safety 
training and medicat suweill,a"ce requirements, as identified inOSHA 29 CFR 1910.120. 

The subjecl project and planned activities include localing and slaking locations for proposed groundwater 
monitoring and soilboring locations in and around the following$WMUs at NSWC Crane site in Indiana: 

s w ~ u  12. ~ i " e  Fill A L 

SWMU 13. Mine ~i1l.B ~, , . 

SWMU 16, Cast High Explosive FilVBuilding 146 

This is scheduled to be conducted from June 10 through June 15, 2004. These activities will be performed 
by Mr. Stan Conti, a Telra Tech NUS, Inc. employee. After an evaluation of available historical 
information, it has been determined lhal Mr. Conti's planned activities will no1 involve a reasonable 
potential for any exposures to hazardous waste site safety or health hazards, and as such. the 
requirements of OSHA Hazardous Wasle Operations and Emergency Response (HAZWOPER) 
regulations are not considered to  be appliible for the purposes of this visit.   one the less. Mr. Conti is 
current in both HAZWOPER training and medical surveillance program requirements. 

If you have any queslions. concerns. or if I can be of further assistance, please do no1 hesitale to contact 
me. 

Manhew M. Sonis. C~H, CSP 
CLEAN Health and Safety Manager 

MMS:lld 
c: Mr. B. Gorman (Code ES34) 

Mrs. D. Humbert 
Mr. M. Perr): 

Mr. K. Henn 
Mr. R. Basinski 
Dr. T. Johnston 



TETRA TECH NUS. INC. 
661 A n d e m  Dnve - Ptnsburgh. PA 15220 
Tel 4 12 92 1.7090 - Fax 4 12.92 1.4040 w.tetntech.com 

July 7, 2004 

Project Numbers 7448 and 6878 

Commander, Southem Division 
Naval Facilities Engineering Command 
A l lN :  Bill Gates (Code ES 32) 
P.O. Box 190010 
North Charleston, SC 29419-9010 

Reference: CLEAN Contract No. N62467-94-D-0888 
Conlracl Task Order Numbers-nd 0357 

Subject: Personnel Clearance for Site V~sit 

Dear Mr. Gates: 

The purpose of lhis letter is to inform you of upcoming site activities I0 be performed by Tetra Tech NUS. 
Inc. personnel under the 'CLEAN contract, and -to'anest that'lhe personnel identified herein are in 
c o m p l i i  with applicable OSHA regulations. THis inforniation U k i n g  submiffed as specified in Section 
H.14 of the Comprehensive Long-Term Environmental.Aciion Navy (CLEAN) Contract N62467-94-D- 
0888. The specific OSHA rcfjulations- involved fbr this pm]&tpeitain to employee health and safety- 
training and medical su~eilla&. requ'irements, asidentified inOSHA29 CFR 1910.120. 

The subject project and planned activities inklilde 'staking locations of intrusive sampl~ng; 
installationldeveiopment~and sampling df'mo'ioring' &ells; 'surface w'ater. seep.and sediment sampling; 
and soil sampling using DPT at the NSWC Crane site in Indiana. This is scheduled to be conducted from 
July 8 through August 6, 2004. The individuals that will perform these tasks are employees of 7'etra Tech 
NUS. They will follow the Health and Safety Plan for Cast High Explosives Fill and 8-146 Incinerator 
dated June 2004, prepared under CTO 0343 and the Heallh and Safety Plan forMine Fill A (SWMU 12) 
prepared under CTO 0357. These individuals are as follows: 

Stan Conti , ' Chip Laney 
Jim G&rdt Terry Rojahn 

If you haveany iuestions, concerns. or if I can be of furt6~r:assistance. please'do not hesitate to contact 
me. . ''. 

Very truly yours. 

Matthew M. Soltis. CIH. CSP 
CLEAN Health and Safety Manager 

MMSrtld 
c: B. Gorman (Code ES34) 

D. Humberl 
M. Perry 
K. Henn 
R.  Basinski 



TETRA TECH NUS. INC. 
66 1 Pndersen Dnve . Pltthrgh. PA 15220 

. ;el 4 I2 92 1.7090 - Fax 4 1292 1 4040 - rvww telralerh ram 

PlTT-07-4-052 

July 27. 2004 

Project Numbers 7448 and 6878 

Commander. Soulhem Division 
Naval Facilities Engineering Command 
ATTN: Bill Gates (Code ES 324) 
P.O. Box 190010 
North Charleston, SC 29419-9010 

Reference: CLEAN Conlracl No. N62467-94-D-0888 
Contract Task Order Numbersw3'and 0357 

Subject: Personnel Clearance for S~le V~stt 

Dear Mr. Gates: 

The purpose of lhis letter is to inform you of upcoming s/te activities to be performedby a Tetra Tech 
NUS, Inc. employee under the CLEAN contract, and to attest that the individual identified herein is in 
compliance with applicable OSHA regulations. This information is being submitted as specified in Section 
H.14 of the Comprehensive Long-Term Environmenlal Action Navy (CLEAN) Contract N62467-94-D- 
0888. The specific OSHA regulations involved for this project pertain to employee health and safety 
training and medical su~eillancerequirements. as identified in OSHA 29 CFR 1910.120. 

The subject project and planned activities include overhte of field activities being conducted'at NSWC 
Crane site in Indiana.,-This is scheduled to be conducted from July 28-29, 2004. These activities will be 
performed by Mr.-Mark Peterson. a Tetra Tech NUS. Inc. employee. 

If you have any questions, concerns, or if I can be of further assistance. please do not hesitate to conlacl 
me. 

Very t ~ l y  you 

Matthew M. Soltis. CIH. CSP 
CLEAN Health and Safety Manager 

MMS:lld 
c: Mr. 6. Gomlan (Code ES34) 

Mrs. D. Humbert 
Mr. M. Peny 
Mr. K. Henn 
Mr. R. Basinski 



,TETRA TECH NUS. INC. 
661 Andenen Dnve - Pdtsburgh. PA 15220 
Tel 4 12921.7090 . Fax 412.921.4040 - \*vnv tetratechcorn 

Project Numbers 7448 and 6878 

Commander. Southem Division 
Naval Facilities Engineering Command 
ATTN &I1 Gates (Codc ES 32) 
P.O. Box 190010 
North Charleston. SC 29419-9010 

Reference: CLEAN Conlracl No. N62467-94-D-0888 
Contract Task Order Numbe 0357 

Subject: Personnel Clearance lor Site Visil 

Dear Mr. Gates: 

The purpose of this letter is to inform you of upcoming site activities to be performed by Tetra Tech NUS, 
Inc. personnel under the CLEAN contract, and to attest thal the personnel identified herein are in 
compliance with applipable OSHA regulations. This information is being submined as specified in Seclion 
H.14 or the Comp&hensive Long-Term Environmental Action Navy .(CLEAN) Contract ~62467-94-6  
0888. -The specific OSHA regulations.involved for this project pertain to ernployee health and safety 
trainingand m e d i i l  sukeillance requirements, as identified in OSHA 29;CFR 1910.120. 

The subject projecl and* ,planned activitiesi include staking locations- of intrusive sampling:. 
installation/development and sampling of monitoring wells; surface water, seep and sediment sampling; 
and soi! sampling using DPT at the NSWC Crane site in Indiana. This.is scheduled lobe conducted from 
August 9.th.mugh September 6.2004.The individuals that will perform tkiese tasks are employees of Tetra 
Tech NUS. They will follow the Health and Safety Plan for Cast High Explosives Fill and 8-146 Incinerator 
dated June 2004, prepared under CTO 0343 and the Health and Safely Plan for Mine Fill A (SWMU 12) 
prepared under CTO 0357. These individuals areas follows: 

Stan Conti 
Jim Goerdl 

Chip Laney 
Terry Rojahn 

If you have any questions, concerns. or i f  I can be of further assistance, please do not hesitate to contact 
me. 

Matthew M. Sdtis. CIH. CSP 
CLEAN Health and Safely Manager 

MMS:lld 
c: 6. Gorman (Code ES34) 

D. Humbert 
M. Perry 
K. Henn 
R. Basinski 



TETRA TECH NUS, INC. 
661 Andersen Dnve - Pinsburgh. PA 15220 
TeI 41 2 921 7090 Fax 411921 4040 . wwwtetratechcorn 

August 13,2004 

Project Numbers 7448 and 6878 

Commander. Southern Division 
Naval Facilities Engineering Command 
ATTN: Bill Gates (Code ES 31) 
P.O. Box 190010 
North Charleston, SC 29419-9010 

Reference: CLEAN Contract No. N62467-94-D-0888 
Contract Task Order Number and 0357 

Subject: Personnel Clearance for Site VISI~ 

Dear Mr. Gates: 

The purpose of this letter is to add personnel conducting the fie1d:activities at the NSWC Crane Site from 
August:l5-18,:2M14.. Mr. TontDickson has been added to the field crew performing this work All other 
inforhation in our.tener dated August 6. 2004 remains ,the same. 

, 

If youhave any questions, wncems, or i f  I can be of further assistance, please do not hesitate to contact 
me. 

f 
Matthew M. Soltis. CIH: CSP 
CLEAN Health and Safety Manager 

c: B. Gorman (Code ES 42) 
D. Humbert 
M. Perry 
IC Henn 
R .  Basinski 



TETRA TECH NUS. INC. 
7;61 Andersen Dnve P1m4wrg.h. PA IS220 
Tel41L921.7090 - Fax 41?92 1 4040 - wwwtetrat~hcom 

September 3.2004 

Project Numbers 7448 and 6878 

Gommander. Southern Division 
Naval Facilities Engineering Command 
ATTN: Bill Gates (Code ES 32) 
P.O. Box 190610 
North Charleston. SC 29419-9010 

Reference: CLEAN Contract No. N62467-94-D-0888 
Contract Task Order Number nd 0357 

Subject: Personnel Clearance lor Site Visit 

Dear Mr. Gates: 

The purpose of this letter is to inform you ol  upcoming site activities to'be performed by Tetra Tech NUS; 
Inc. personnel under the CLEAN contract. and to attest-:that the personnel identified herein are in 
cwnpliance with applicable OSHA regulations. This information is being submitted as specified in Section 
H.14 of the Comprehensive Long-Term Environmental Aclion Navy'(GLEANJ Contract N62467-94-D- - ,  

0888. The specific OSHA regulations involved for this project pertain to employee health and safely 
training and medical surveillance requirements, as identified in OSHA 29 CFR 1910.120. 

The subject project and planned activities include staking locations o f  intrusive sampliog; 
installalion~development and sampling of monitoring. wells; -and. surfade:'water, seep 'and sediment 
sampling at the NSWC Crane site in Indiana. This is soheduledto beconducted from September ' -30. 
2004. The i d ~ i d u a l s  that will perform these tasks are employees of Tetra Tech NUS- They will follow the 
Health and Safely Plan for Cast High Explosives Fill antl 8-146 lncine(ator. dated June 2004, prepared,. 
under CTO 0343 and the Health and Safety Plan for Mine Fill A (SWMU 12) Revision 1, dated August 
2004, prepared under CTO 0357. These individuals are as follows: 

Stan Conti 
Jim Goerdt 

Terry Rojahn 
<. ~. '. : . . 

I f  you have any questions, concerns, or if I can be of further assistance. please do not hesitate to contact 
me. 

Matthew M. Soltis, CIH. CSP 
CLEAN Health and Safely Manager 

MMS:lld 
c: B. Gorman (Code ES34) 

D. Humbert 
M. Peny 
K. Henn 
R. Basinski 



TETRA TECH NUS, INC. 
66 1 h d e m n  Dnve . P~lirbu@. PA 15220 
Tel 412 921 7090 - Fax 412921.4040 - wwwtetratechcm? 

PITT-10-4-057 

October 25. 2004 

Project Number 7448 and 6878 

Commander. Southern Division 
Naval Facilities Engineering Command 
ATTN: Bill Gates (Code ES 324) 
P.O. Box 190010 
North Charleston, SC 29419-9010 

Reference: CLEAN Contract No. N62467-94-D-0888 
Contracl Task Order Numbers 3343 and 0357 

Subject: Personnel Clearance for Sile Visit 

Dear Mr. Gates: 

The purpose of Ahis letter is to inform you of upcoming site activilies to be performed by  a Tetra Tech 
NUS. Inc. employee, under the CLEAN contract, and lo attest tbat the individual identified herein is in 
compliance with applicable 0SHA.regulations. This inlormation is being submitted as specified in Section 
H.14 of the Comprehensive Long-Term Environmental Action Navy (CLEAN) Contract N62467-94-D- 
0888. The specific OSHA regulations involved lor this project pertain to employee health and safety 
training and medical surveillance requirements. as identified in OSHA 29 CFR 1910.120. 

~. , . , 

The subject projeci and planned activities include staking locations of intrusive sampling; 
installat~onld~velopme?! and sampling q f  monitoring wells; surface water. seep and sediment sampling; 
and soil sampling using DPT at the NSWC Crane.sile in Indiana. This is scheduled to be conducted from 
October 25 through ~ovember 22. 2004.'-  he individuals that will perform these tasks are employees of 
Tetra Tech NUS. 'Theywill, follow the Healthand Safety Plan for,Cast High Explosives Fill and 6-146 
Incinerator dated August 2004, prepared under CTO 0343 and the Health and Safety Plan for Mine Fill A 
(SWMU 12) dated August 2004, prepared under CTO 0357. These individuals are as follows: 

"stan Conti 
Jim Goerdt 
Terry Rojahn 

If you have any quest~ons, concerns, or if  I can be of further assistance. please do not hesitate to contact 
me. 

Matthew M. Soltis, C I ~ ,  CSP 
CLEAN Health and Safety Manager 

c: Mr. B. Gorman (Code ES34) Mr. K. Henn 
Mrs. D. Humbert Mr. R. Basinski 
Mr. M. Perry File copy CTO 0343 and CTO 0357 



TETRA TECH NUS. INC. 
661 Andersen Dnve . Pittsburgh PA 15220 
Tel 41 2.9L1.7090 . Fax 4 12921.4040 - w.tetratech.com 

November 3.2004 

Project Numbers N0039. N0989. and N8925 

Commander, Southern Division 
Naval Facilities Engineering Command 
ATTN: Mark Davidson (Code ES33) 
P.O. Box 19001 0 
North Charleston, SC 2941 9-9010 

Reference: CLEAN Contract No. N62467-94-D-0888 
Contract Task Order Number 0078.0328, an&33%-- 

Subject: Personnel Clearance for Site Visit 

Dear Mr. Davidson: 

The purpose of this letter is lo inform you of upcoming site activities lo be periormed by Tetra Tech NUS. 
Inc. personnel ,under the CLEAN contract. and t o  attest that the personnel identified herein are in 
compliance with applicable OSHA regulations: This information is being submitted as specified in Section 
H.14 o f the  Comprehensive Long-Term Environmental Action Navy (CLEAN) Contract N62467-94-D- 
'0888. !The s w i f i c  OSHA regulations involved for this project pertain to employee t ial th add safety 
training and medical su~eillance requiremenls. as identifikd in OSHd 29 CFR 1910.120. 

The subject project and plannedactivities include collecting groundwater samples at Site 8, Sites 36 and 
37. and'Site:59; and collectinga soil sample af'Site 37 at the NAS Cecil Fieldsite in ~acksonville, Florida. 
This is schduled to be conducted November 4 and Novembr-30, 2h4.  The individuals that will~peiform.' 
these tasks are' ef'npbyees 6f'Tetia TekhNUS. They iv i~fo l law the h l t h  and Safely Plan for National 
Attenuation Groundwhter Monitoring Sites. Revision 4 datedMay 2bb4;a"d the Health and ~ i i f e *  PI& for 
Operable Unit 9. Site 59 ' Buildings 3241 845 Area ~emedi,all.nves~ation . . , .  . . dated ~eptember 2W4. These 

. . individuals are as follow$: 
,.. . , . 

Scon McGuire . Dave Siefken 
Chris Gleaton Shina Ballard 
Gus Nelson M~MII Dale 

If you have any questions, concerns. or i f  I can be of further assistance, please do not hesitate to contact 
me. 

MMS:lld 
c: B. Gorman (Code ES34) 

D. Humbert 
M. Perry 
K. Henn 
M. Speranza 
File 



TETRA TECH NUS. INC. 
661 Anrlrrrn Dnve . Flllrburgl~. PA 1 S L L O  
rc l  412921 7W0 . Fax .1 I2921 1040 - ~ i r l r a l e ~ l ~ c o r r ~  

PITr- 12-4-003 

December 3,2004 

Project Number N6878 

Commander, Southern Division 
Naval Facilities Engineering Command 
ATTN: William Gales (Code ES31) 
P.O. Box 190010 
North Charleston. SC 29419-9010 

Reference: CLEAN Contract No. N62467-94-D-0888 
Contract Task Order Numbers 0160.0331 .-. and 0357 

Subject: Personnel Clearance for Site Visit 

Dear Mr. Gates: 

The purpose 01 this letter is to inform you of upcoming site activities to be performed by Tetra Tech NUS. 
Inc. employees under the CLEAN contracl, and to attest that thc individuals identilid herein are in 
compliance with applicable OSHA regulations. This information is being submined as $&ciI i i  in Section 
H.14 of the Comprehensive Long-Term Environmental Action Navy (CLEAN) Contract N62467-94-D- 
0888. The specific OSHA regulations involved for this project pertain to employee health and safety 
training and medical surveillance requirements. as identilied in OSHA 29 CFR 1910.120. 

The subject project and planned aclivlies include staking locations' of intrusive sampling; 
installation/development and sampling of monitoring wells; surface water, seep and sediment sampling; 
and soil sampling using DPT and hand augering techniques at the NSWC Crane site in Indiana. This is 
scheduled to be conducted from December 6.2004 through December 17.2004. The individuals that will 
perform these tasks are employees of Tetra Tech NUS. They will follow these listed health and salety 
plans. 

. Health and Safely Plan for Solid Waste Management Unit 7, dated December 2004. 
prepared under CTO 0160. 
Health and Safely Plan for RCRA Facillty lnvestigabon at Bullding 106 Pond (SWMU 8 )  
and Roads and Grounds Area (SWMU 15). dated November 2004, prepared under 
CTO 0331. 
Health and Safety Plan lor Environmental lndlcator lnvestlgation for SWMUs 18, 19. 20. 
and the Old Gun Tub Storage Lot. dated November 2004. prepared under CTO 0331. 
Health and Safely Plan for Cast High Explosives Ftll and 8-146 Incmeralor, dated August 
2004. prepared under CTO 0343. - Health and Safely Plan lor Mine Fill A (SWMU 12), Revislon 1, dated August 2004, 
prepared under CTO 0357. 

These individuals are as follows: 

Stan Conti 
Jim Goerdt 
Terry Rojahn 
Donald Westertioff 



1 R 1 TETRA TECH NUS. INC. 

Mr. William Gates 
Naval Facilities Engineering Command 
December 3.2004 - Page 2 

If you have any questions, concerns. or 3 I can be of furlher assistance, please do not hesitate to contact 
me. 

Very truly yours. 

w A m /  
Manhew M. Soltis, CIH, CSP 
CLEAN Heallh and Salety Manager 

cc: Mr. B. Gorrnan (Code ES34) 
Ms. D,ebc& Humberl,"TtNUS. Inc. 
Mr.  ark Perry. TtNUS. Inc. ~ ': 

Mr. Keith Henn TUJUS. Imi .  , . 
Roger Clark. Ph.D.. TWUS, Inc. 
Mr. Ralph Basinski. TINUS. Inc. 
File copy CTO , . e ,  0160,0331.034,~. and 0357 



TETRA TECH NUS. INC. 
66 1 hdznrr~  Drive . P~rtrburgh PA 15220 
Tel 4 1292 1.7090 - Fax 4 12.921.1040 - wte l r a l ech . com 

December 30. 2004 

Project Numbers 3961. 1215. 7448, and 6870 

Commander, Southem Division 
Naval Facilities Engineering Command 
ATTN: William Gates (Code ES31) 
P.O. Box 190010 
North Charleston. SC 29419-9010 

Reference: CLEAN Contract No. N62467-94-D-0888 
Contract Task Order Numbers 0160.0331.0343. an 

Subject: Personnel Clearance lor Site Visit 

Dear Mr. Gates: 

The purpose of lhis letter is to inform you of upcoming site activities to be performed by Tetra Tech NUS. 
Inc. employees under the CLEAN contract. and to atlest that the individuals identified herein are in 
compliance with applicable OSHA regulations. This information is being submitted as specified in Section 
H.14 of the Comprehensive Long-Term Environmental Action Navy (CLEAN) Contract N62467-94-D- 
0888. The specific OSHA regulations involved for this project pertain to employee health and safely 
training and medical surveillance requirements, as identilied in OSHA 29 CFR 1910.120. 

The subject project and planned activities include slaking locations 01 intrusive sampling; 
installation~developmenl and sampling of monitoring wells; surface waler, seep and sediment sampling; 
and soil sampling using DPT and hand augering techniques at the NSWC Crane site in Indiana. This is 
scheduled lo be conducled lrom January 4-28, 2005. The individuals that will these lasks are 
employees of Tetra Tech NUS. They will tollow these listed health and safety plans. 

Health and Safety Plan for Solid Waste Management Unit 7, dated December 2004, 
prepared under CTO 0160. 
Heanh and Safety Plan lor RCRA Facilily lnvesligation at Building 106 Pond (SWMU 8) 
and Roads and Grounds Area (SWMU 15). dated November 2004. prepared under 
CTO 0331. 
Health and Safely Plan for Environmental Indicator Investigation for SWMUs 18, 19. 20. 
and the Old Gun Tub Storage Lot. daled November 2004, prepared under CTO 0331. 
Health and Safely Plan for Cast High Explosives Fill and 8-146 Incinerator, dated August 
2004. prepared under CTO 0343. 
Health and Safely Phn for Mine Fill A (SWMU 12). Revision 1. dated August 2004. 
prepared under CTO 0357. 

These individuals are as follows: 

Stan Conli 
Colin Doohn 
Jim Goerdt 
Terry Rojahn 



I'rtl TETRA TECH NUS. INC. 

Mr. William Gates 
Naval Facilities Engineering Command 
December 30,2004 - Page 2 

If you have any questions, concerns, or if I can be of furlher assistance, please do not hesitate to contact 
me. 

Very truly yours. 

Matthew M. Soltis. CIH, CSP 
CLEAN Health and Safety Manager 

cc: Mr. B. Gorrnan (Code ES34) 
Ms. Debra Humbert, TtNUS. Inc. . 
Mr. Mark Peny. TtNUS, Inc. 
Mr. Keith Henn. TtNUS. Inc 
Roger Clark. Ph.D.. TtNUS. Inc. 
Mr. Ralph Basinski. TtNUS. Inc. 
File copy CTO 0160.0331.0343, and 0357 



TETRA TECH NUS. INC. 
661 Andmen Drive , Pittsbwgh. PA 15220 
Tel 4 12.92 1.7090 . Fax 4 12.92 1.4040 - w.tetntech.com 

February 25.2005 

Project Numben N1245, N6878, and 00042 

Commander. Southem Division 
Naval Facilities Engineering Command 
ATTN: William Gates (Code ES31) 
P.O. Box 19M)IO 
North Ct~arleston. SC 29419-9010 

Reference: CLEAN Contract No. N62467-94-D-0888 
Contract Task Order Numbers 0331. m i n d  0376 

Subject: Personnel Clearance for Site Visit 

Dear Mr. Gates: 

The purpose of this letter is to inform you of upcoming site activities to be performed by Tetra Tech NUS. 
Inc. employees under the CLEAN contract. and to attesl !hat the individuals idenlified herein are in 
compliance with applicable OSHA regulalions. This information is being submined as specified in Seclion 
H.14 of the Comprehensive LongTerm Environmental Action Navy (CLEAN) Contraci N62467-94-D- 
0888. The specific OSHA regulations involved for lhis project pertain lo employee heallh and safety 
training and medical surveillance requirements. as identified in OSHA 29 CFR 1910.120. 

The subject project and planned aclivities include staking locations of intrusive sampling; 
install.alion/developmenl and sampling of moniloring wells; surface waler, seep and sediment sampling; 
and soil sampling using DPT and hand augering techniques atthe NSWC Crane site in Indiana. This is 
scheduled lo be conducted from February 28 through March 16. 2005. The individuals thal will perform 
these lasks are employees of Tetra Tech NUS. They will follow these listed health and safely plans. 

Health and Safely Plan for RCRA Facility lnvesligalion at Building 106 Pond (SWMU 8) 
and Roads and Grounds Area (SWMU 15). dated November 2004, prepared under 
CTO 0331 
Health and Safety Plan for ~nvironmental Indicator Investigation lor SWMUs 18. 19, 20. 
and the Old Gun Tub Storage Lol, dated November 2004. prepared under CTO 0331. 
Health and Safety Plan for Cast High Explosivcs Fill and 0-146 lncineralor, daled Augusl 
2004, prepared under CTO 0343. 
Health and Safely Plan for Mine Fill A (SWMU 12). Revision 1. dated August 2004. 
prepared under CTO 0357. 
Health and Safety Plan for Risk Assessment and CMS at Solid Waste Management Unit 
(SWMU) 9. daled February 2005. prepared under CTO 0376. 

~ h e s e  individuals are as follows: 

Jim Goerdl 
Terry Rojahn 



' TETRA TECH NUS, INC 

Mr. William Gales 
Naval Facilities Engineering Command 
February 25.2005 -Page 2 

If you have any questions, concerns, or if I can be of furlher assistance, please do not hesitate to contact 
me. 

Very truly yours. 

Matthew M. Soltis, CIH. CSP 
CLEAN Health and Safety Manager 

cc Mr. B. Gorman (Code ES34) 
Ms. Debra Humbert. TtNUS, Inc. 
Mr. Mark Perry. TINUS. Inc. 
Mr. Keith Henn. TtNUS. Inc. 
Roger Clark. Ph.D.. TINUS, Inc. 
Mr. Ralph Basinski. TtNUS. Inc. 
File copy CTO 0331,0357. and 0376 



SITE-SPECIFIC TRAINING DOCUMENTATION 

My signature below indicates that I am aware of the potential hazardous nature of performing remedial 
investigation activities at CRAM 't5 and that I have received site-specific training which 
included the elements presented below: 

Names ol designated personnel and alternates responsible for site safety and health 
Safety, health, and other hazards present at the sites 
Use of personal protective equipment 
Safe use of engineering controls and equipment 
Medical surveillance requirements 
Signs and symptoms of overexposure 
Contents of the Health and Safety Plan 
Emergency response procedures (evacuation and assembly points) 
Initial response procedures 
Review of the contents of relevant Material Safety Data Sheets 
Review of the use of Safe Work Permits 

I have been gtven the opportunity to ask questions and all of my questions have been answered to my 
satisfaction. I further state, that the dates of my tra~ning (introductory, refresher, and supervisory, as 
applicable) and my medical surveillance requirements are accurate and correct to the best of my 
knowledge. 

Name 

(printed and Signature) 

Site- 
Specific 
Training 

Date 

40-Hour 
Training 

(Date) 

&Hour 
Refresher 
Training 

(Date) 

&Hour 
Supervisory 

Training 
(Date) 

Medical 
Exam 



Revision 0 
July 2004 

FIGURE 8-2 

SITE-SPECIFIC TRAINING DOCUMENTATION 

My signature below indicates lhat I am aware of the potential hazardous nature of performing investigation 
activities at NSWC Crane, and that I have received site-specific training that included the elements 
presented below: 

Names of personnel and alternates responsible for site safety and health 
Safety, health and other hazards present on site 
Use of personal protective equipment 
Work practices to minimize risks from hazards 
Safe use of engineering controls and equipment 
Medical surveillance requirements 
Signs and symptoms of overexposure 
The contents of the health and safely plan including Table 5 1  and 6-1 
Emergency response procedures (evacuation and assembly points) 
Review contents of relevant Material Safety Data Sheets 
Review of Safe Work Permits 

I have been given the opportunity to ask questions and that my questions have been answered to my 
satisfaction. The dates of my training and my medical surveillance requirements are accurate and correct 

- 

8-4 CTO 0357 



Railway Access Plan Pre-Task Briefing 
Attestmenl 

By my signature below. I attest that I have parlicipated in a pre-task briefing which included a 
review ol the TtNUS Railway Access Plan for NSWC Crane Hill 600 aclivities. This briefing 
addressed supervision and cornmunicalion o l  on-track salety methods prior to commencing work 
in this area. in accordance with Federal Railroad Administration regulation 49 CFR 214.315. 

My signalure also indicales lhat I was provided an opporlunily to ask questions during this 
briefing, and lhat any questions raised were addressed lo my sat~slaction. 



THIS CERTIFIES THAT 

TERRY ROJAHN 
has successfully completed a course of instruction on 

SUPERFUND TRAINING CLASS 
prepared and conducted by the 

NUS Corporation, Pittsburgh, Pennsylv*ania 

SEPT. 30 - OCT. 4. 1985 

Date of Award 

E. Dennis Escher, RE. 
Vice President 



TETRA TECH NUS 

Terry Rojahn . . . . . . . . . .  
, . . , ~  , , ., . . .  i . _ .  . . . . . . .  

has successfully completedin , , .  .8-hou~,:~o.y.rs,~. ,~f  . . . .  *. .. ijnstiuction , . in 

. ~ 

GENERAL S~TE::W( ..v. ;,?. ;,< z.~,... :..: 
*.+;'::?r!e.i. a,.,.. ..... ..,.... :....,> ..:+ ,,>, . 

AND. SUPERVISOR'~R.CF~.ES&ER +*...,. . ,$,., *., . .r.+, e ~ i ~ 7 : ~ ~ ~ ~ ~ ~ . ? F  j !?,, ~3:~. TRA~N~NG 
. -, :... :., '!?,>$<t ........... ..... . , . ,  P ;, , . , , . : , .,<,'. :, ... . . . . . . . .  , , *...- . . . . . . . .  *,$..:. ........ ..-, ,,><.;r:? j;;;:. 

prepared and jnSf?$$ted .$,.a.p% .- ed?: by 
. . Tetra ... ;. 

" a...,:"l.;,. .,,: Pe7":;,<;'.. , . , ....... nnsy:lvahia * . 
, 2 ; ,  

, , ' ,  .,. , . . . . . .  %, >: 
,. ! , ,  

Senior Instructor 
Training Services 

Date of Award 

Manager 
Training Services 



RELEASE TO DUTY 

CLINIC INSTRUCTIONS: Complete and give to employee before they 
leave the facility. This is a requirement of Tetra-Tech NUS. 

Employee Name: ~ E R K Y  R Q - J ~ H M  - 

Of'fice Location: P I T T S ~ L / A G / . /  

Yes No .>* , , 

d o  To work with hazardous materials in 
accordance with 29 CFR $:910.120. . .  , . 

. . 

To:use respiratory protective~equipment . " 0' in accordanc6:with 29.CF'R 19'1 0.1341. . . ~ . 

i 
: Based on the limited information availableto metat this the. I find:no newssi6 
j for immediate restrictions and I release @is employee for duty. It.is understood, 

and agreed.upon by the employer or potential emplo&rof this examin,ee that 1: 
.: subsequeni comprehensive review qf'alli&boratd@ and dher te$3ata4& ~. ' 

WorkCare may detect heah-conditions not appaienF:to &. It is::fbrth8rbgreed ,,. . 
and understocid.:that such h,ealth confitiank may necessitate the fieedjor 
workplace restiictions. ~~xamination: ha6 been p&formed in ~ o m ~ l i a n c e ~ i t h  
1910.120 and 1910.134.' . , .  . 

. . ~, . 
' ~~. 

, . .' '.. 
Signed: M.D. 

. i 

. .. 
, 

Date: . . 
t :  

Bnng this fom back to the office and fax it to: 
Matt Soltis, Corporate Health & Safety (412) 921-4040. 



RELEASE TO DUTY 

CLINIC INSTRUCTIONS: Complete and give to employee before they 
leave the facility. This is a requirement of Tetra-Tech. 

Employee Name' TQ\!~$ % d b  
Ofice Location. 

Yes No 

l3 To work with hazardous materials in 
accordance with 29 CFR 191 0.120. 

a ,@ 
To.use respiratoy protective.equipment 

~. in accordance with 29 ~ ~ ~ 1 9 1 0 . 1 3 4 1  
., . ,  , 

Based on the limited information available to me at this time, I find no secassity 
for immediate restrictions and I release this employee for duty It is understood 
and agreed upon by the employer or potential employer of this examinee that 
subsequent comprehensive review of all laboratory and other test data by 
WorkCare may datact health conditions not apparent to me It 1s further agreed 
and understood that such health conditions may necessitate the need for 
workplace restrictions Examination has been performed in compliance with 
1910120and 1910134 

Signed: wfi k b d  M. D 

Date: 1 1 -  '?-iY 



TETRA TECH NUS, INC. 
661 Anderscn Drive. Plnsbur~h. Pennsylxania 15220-2745 
(112) 921-7090 . FAX (412) 921-4040 m b v u , w  iciratcch corn 

March 1 1, 2003 

Mr. Stanley Conti 
Tetra Tech NUS, Inc. 
Foster Plaza 7 
661 Andersen Drive 
Pittsburgh, PA 15220 

Whom It May Concern: 
,." . 

This letter is to c9rtify that Mr. Stanley. donti: successfully completed a course of 
instruction in Hazardous  ater rials Mandling for. Hazardous Waste Site Workers which 
meets the criteria established in 29 CFR 1910.120(e)(3)(i). This course was prepared 
and conducted by Tetra Tech NUS (formerly Brown and Root Environmental, a division 
of HALLIB.~R~%N HUS ~orpckation) in September 1983. If you have any questions. 
please feel fre& to contact me. 

. ,  . , .: 

Very truly yours. ~. 
. . . . 

arnes K. 



@ T E T R A  T E C H  NUS 
CERTIFICAFE OF TRAINING 

THIS CERTIFI68 THAT 

hsa ruccesnlully complelsd an &hour Course ol lnslructlon in 

OSHA2QCFR 18101120 

GENERALSITE WORKBRREFRESHER 
ANDSUPERVISORREFRESHER TRAINING 

preparsdandinnlrucled b y h l r s  Tsch NUS n c  
Plll~bulgh. Pennaylvnn,~ 

M a y  14.2004 
Dnls ol Ausrd 

Senbr Immdor 



WORKCARE TM 

A Trademark of WorkCare, Inc. 

RELEASE TO DUTY 

CLINIC INSTRUCTIONS: Complete and give to employee before they 
leave the facility. This is a requirement of Tetra-Tech. 

Employee Name: 

Office Location: 

Yes No 

a To work with hazardous materials in 
accordance with 29 CFR 1910.120. 

B To use respiratory protective equipment 
in accordance with 29 CFR 1910.134. 

i Based on the limited information available to me at this time, I find no necessity 
for immediate restrictions and I release this employee for duty. It is understood 
and agreed upon by the employer or potential employer of this examinee that 
subsequent comprehensive review of all laboratory and other test data by 
WorkCare may detect health conditions not apparent to me. It is further agreed 
and understood that such health conditions may necessitate the need for 
workplace restrictions. Examination has been performed in compliance with 
1910.120 and 1910.134. 

Bring this form back to the ofice and fax it to: 
Matt Soltis, Corporate Health & Safety (412) 921-4040 

333 S .  Anita Drivc,Sujlc 630. Orange, CA 92868 (714)978-7488 (800) 455-6155 . FAX (714)4562154 
E-mail: ido@workcarc.com Websilc urw.wotkcarc.com 







- 

Release to Duty 

> 

NAME OF EXAMINEE: W e Y  TK 
DATE: 7-(b-67 

Based on the limited information WorkCareTM has requested me to review, as stipulated in the 

WorkCare Clinical Operations Manual, I find nd'necessity for immediate restrictions and I 

release this employee for duty. It is understood and agreed upon by the employer or potential 

employer of thisexaminee that subsequent comprehensive review of all laboratory and other test 

data by WorkCare, may detect health conditions not apparent to me. It is further agreed that 

such health conditions may necessitate the need for workplace restrictions. 

Dated: '3. L f - h 7 3 0 1  



TETRA TECH NUS 



CER TIFICA TE 

OSHA, 1910.120 
Hazardous Waste 
Operations and 

Emergency Response 
40 Hour Course 

Dnceabr 13,1991 
' ISSUE DATE: 

EXPI RATION: -bar 1 3 3  

CERTIFICATE: ~ 1 ~ ~ 0 5 8  

P. 0. Box 300068 

Fern Park, Florida 32730-0068 





WORK STATUS REPORT 
Employer Copy 

TYPE OF EXAMINATION: Periodic Examination 

EMPLOYEE: Goerdt, James 
SSN: 481-86-2691 
DATE OF EXAM: 11107/2003 
EXPIRATION DATE: 11107/2005 

COMPANY: TTINUS 
POSITION: Environmental Scientist 
LOCATION: TTNUS-Pittsburgh 
SITE: Pinsburg h 

The following rewmmendalions are based on a review of one or an of the following: a base history queslionnaire, 
supportingdiagnostic tests, physical examination, and the essential functions of the position applied for or occupied by the 
individual named above. Yes Vndecided 

Has f ie  employee any detecled medical conditions that would 
increase hislher risk of mateMl health impairment from 

a 
ocwpational exposure in amrdancz with 29 CFR §1910.120? 

Does the employee have any limitations in the use of respimtors 
in accordancz wlUl29 CFR §1910.1341 

a 

1. QUALIFIED The examination indiiles.no significant medical condition. Employee can be assigned 
any work consistent with skills and lraining. 

,- . , . ... . . *,. 
2. QUALIFIED -WITH LIMITATIONS The examination indicates that a medical condition +.rrentifexiits 

that limits work assignments on the following basis: . .~ '  

3. NOT QUALIFIED 
. . 

4. 17 DEFERRED The examination indicated that addilional informahn is necessary. The & p l ~ ~ &  has . .: >. . ~ , 

been given the following instructions. . . 

COMMENTS; 

I have reviewed the medical data of the above named employee. and informed the employee of the results of the medical 
examination and any medical wndi l i is  that require follow-up examinawn or treatment 

Name of Physician: ScoH Hardy. M.O. Date: 11111/03 
/5-: 

Signature: ...- m /- 
Workcare 

333 S. A d a  hive.  Suite 630. M. CA 92868 
(714) 9787488. (8m) 4556155 -FAX (714)4562154 







MEDlCAL Al'PliOVAL FORM 
F o r  En~ployecs  ~ T E I I V ~ ~ ~ I I I I I ~ I I ~ I  I'ield Scrviccs, Isc.  

Pa~ticipanl Nanlc : JusI~ua Dutton I.);~lc & 'Tin~c o l  Examination: Janutiry 16th (02 8:0Oa.111. i -p. 
The a b o v e - ~ i : ~ ~ ~ ~ a l  intlivitlu;~l has: 

- 

1. U~~dcrgonc a physical examination in c~ccortlnncc with OS11A 20 CPR 1') 10.120, and found lo be 

4' 
medically 

( qualified lo perfor111 work at haul-dous work sites. 
( ) not qoalified to pcrforn~ work at ha7ardons work sitcs. 

- and - 
ndergone a physical cxamination as pcr OSI-IA 29 CFR 1910.1 34, and found to he medically 

( 'o/" qualiiicd to wear respiratory protection. 
( ) not qualified to wear rcspiralor protection. 

My evaluation has been baed  on the following, as provided to me by the e~l~ployer. 
( f A Copy of OSHA Standards 29 CFR 191 0.120 and appcndiccs. 
( 3' A description of the en~ployee's duties as tllcy relate lo the employee's exposure. 
I .  ) A list of  known/suspccted contan~inants and their concentrations (if known) 
( 4 A description of any personal protective equipment used or to be used. 
.(a Inforn~ation from previous n~edieal exa~tlinatio~~s ortht. c~nploycc which is used not 

mining physician. 
. . 

. , . .  :. S o G ~  DJ& 1, : , have examined - ". 

Physician's Name (Print) Participant's Name (Print) , . .  
. .  , 

. :. 4, 

and:havc determined the following information: - .  

I Results of medical exanlination and te2 (excluding finding or diagnoses unrelated to occupational ' .; 

exposure): .. , 

P , + .  

1 

-- ~. 

. . : d 
v,. . . . . , , , .~  , "  

2. Any detected medical conditions which place theemployee at increase risk of material impairmentof the " 
cn~ployce's health : .. , 

, :. , .. . , . ,. 
3. Recommended limitations upon the employee's assigned work : 

I have informed this participant of the results of this medical examination atd any n~edical conditions which require 
further examination of treatment 

, ., . . . 
Based qn this information piovid.ed to me, and in view of the activities and hazardous potentials involved at hazardous, , 

work sit&, his participant 
(4 nlaY 
( ) may not 

, 

perform hisiher assigned tasks. i-3 '-7 
Physician's S~gnature : - .  

r n I 
Address: \ ‘ 5 t8  w u  Lr 

(pO5~- 
Pl~one Nun~bcr: 5 S z q ~ i O  



INDIANA WATER WELL DRILLING LICENSE 
Department otNatuqal Resources 

Issued by~lheDkisionof Waler 
, - ~- . ~\ 

~ e & &  ~ : ' ~ o i h m e r  -. . 
is entitled to operate waler welt drilling Pquipnenl and engage in 

the drilling of walei wells. pursuant lo lndiana Code 25-39 

License NurnbCr Erp~ratian Date 

345 December 3 1.2005 
DNR Rece~pt Number St n ure 

INDIANA WATER WELL DRILLING LICENSE 
Department of.Natural Resources 

Issued W;,Uie ~ivi i io;,of Waler 
. . .~ . .: /i. . 

~ o n a ~ d . , ~ : . ~ i r k j a t r i c k  .~ 

is entilled lo operate water weltdri!ling Guipment and engage in 
the drilling of wafe'iwells. pursuant la ln'diana Code 25.39~ 

License Number '. Exb~rition'Da~e 

344 December 3 1.2004 
~ .. . ~ 

DNR Rece~pt Number 

10 10563 

-- 

WATER WELL DRILLING LICENSE INDIANA WATER WELL DRILLING LICENSE 
epartment of Natural Resources 

lssued by lne Divislon ofwater 

License Number 

Department of Natural Resources Department of-Natural Resources 
lssued by lhe Division of Water I Issued by the Division of Waler 

; I - John E. Filbrun Timothy L. Boehmer 
is entitled lo operate water well drilling equipment and engage in 

the drilEng of water wells, pursuant to Indiana Code 25-39 
Expiralion Date icense Number 

Department of Natural Resources Department of Natural Resources 
Issued by t\e Division of Water Issued by the Division of Water. 

I 

Jon T. Keifer James Nidzgorski 
is entitled to operate water well drtlling equipment and engage in , 

the drilling of water wells. pursuant to Indiana Code 25-39. 

Expiralian Da1.2 Llcense Number Expiration Date 

Department of Natural Resources Department of Natural Resources 
lssuea by lhe Div~s~an orwater lssued by the Divtsion of Waler 

Joseph C. hlcCluud James R. Walsh 

Exp~ratlon Date License Number Expbralton Date 

- December 3 I. 2004 
"h!O D ., ........ 



MectWor~ 
Occuuat ional  Health Cnrr 1 

725 S. Ludlow Sireet. Damn. Ohio 45403 1 

Date: \ 0 .\u + a3 

To: 

From: 

THE ABOVE EMPLOYEE HAS BEEN EXAbiINED AT MEDWORK. NC.  ON - 

\Cl -\tl -ci, . I HAVE REVIEWXD THEIR MEDICAL - 

HISTORY, THE-. PULMONARY FUNCTION AND 
LABORTORY STUDIES (I3LOOD AND URINE TESTS) AND FOUND THEM N 
GOOD HEALTH, EXCEPT FOR THOSE CObMENTS NOTED ON THE PHYSICAL 
EXAiiATION. THIS PHYSICAL EXAIMINATION MEETS THE MEDICAL 
SURVEILLhVCE REQUIREMENTS FOR THE HAZARDOUS WASTE 
OPERATIONS AND EMERGENCY RESPONSE STANDARDS 19 10.120. IT I S  IvlY 
OPINION THEY ARE iBLE TO WORK IN THIS TYPE OF -0NhENT USING 
PROPER SAFETY biWSURES AMI) W E W G  A RESPIRATOR 

IF YOU HAVE ANY F6RTHER QUESTIONS, PLEASE CONTACT OUR OFFICE. 

.-. 
A service of Miami Valley Hospital 







% 

OCCUPATIONAL HAZARD 
MANAGEMENT 

5 C O l T  BERNDT,  C H M M  
,.e,, =o""r. mL..n=ns 

n*-.. o*,o .se.o 

CERTIFIES 
THAT 

C H A D  Rm MAHAFFY 

HAS 
SUCCESSFULLY 

COMPLETED 

40 H O U R  
S4TE WORKER 

& 

OPERATIONS 
T R A I N I N G  

IN ACCORDANCE WITH 
2 9 C F R 1 9  10.1 20 

CERTIFICATE NO: 0 2 0 C T 0 2  02 

O N  T H E  

2 ND DAY OF OCTOBER 2002 

S C O n  EERNDT, CHMM DATE 



LAST NAME MAHAFFY 

FIRSTNAME CHAD 

-T 
FIT TEST REPORT . . - - .. ... .; - . . ~  
Fit lest Information . . 

~ ~ 

... 
. . -  . 

ID NUMBER 295762583 - 
LAST NAME W M  . - CUSTOM1 
FIRST NAME 'CHAD CUSTOMZ . ~ 

COMPANY BOWSER MOWER . . 
CUSTOM3 

LOCATION- DAYTON CUSTOM4 ~. 

NOTE 

TEST DATE 12129R003 WRTACOUNT SR1 44721 

TESTTIME 09:47 N95 COMPANION H 
DUE DATE 12/2912004 

RESPIRATOR 

MANUFACNRER SUVlVAlR 

MODEL 20RO . 
W K  STYLE F U U  F ACE 

WSK SIZE STANDARD 

APPROVAL 

EFF. < 99% N 

EXERCISE 

, NORMAL BREATHING 

DEEP BREAMING 

HE4D SIDE TO SIDE 

HEAD UP AND DOWN 

TALKING 

GRlWCE 
BEND AND TOUCH TOES 

NORMAL BRVITHING 

PROTOCOL OSHA29CFR1910.134 

PASS LEVEL 1000 

FIT FACTOR 

11400 

4230 

46300 

78900 

4 9  
&d 

7380 

26700 

OVERALL FF 9330 Y 

FIT TEST OPERATOR DATE 

ERIC HORSTMAN 

NAME ATE 17 I -27-03 



( ~ r c u ~ a t l o n a l  H e a l t h  c a r e w (  
725 S. Ludlow Street, Daytm. Ohio 45402 

Date: . 

From: /"/lsdQak. 

Re: -. &&mzd 

THE ABOVE EMPLOYEE HAS BEEN EXAh4PED AT MEDWORK. INC. ON 

LABORTORY S ~ I E S  (BLOOD AND URINE TESTS) AND FOUND THEM IN 
GOOD HEALTH, EXCEF'T FOR THOSE COMMENTS NOTED ON THE PHYSICAL 
EXAMINATION. THIS PHYSICAL EXAh4INATION MEETS THE MEDICAL 
SURVEILLANCE REQUIREMENTS FOR THE HAZARDOUS WASTE 
OPERATIONS AND EMERGENCY RESPONSE STANDARDS 1910.120. IT IS MY 
OPINION THEY ARE ABLE TO WORKIN THIS TYPE OF ENVIRONMENT USING 
PROPER SAFETY MEASURES AND WEARING A RESPIRATOR 

IF YOU HAVE ANY FURTHER QUESTIONS, PLEASE CONTACT OUR OFFICE. 

- -- 

A service of Miami Valley Hospital 









This is to certify that 

has success~lly completed the 
MSHA 30 CFR Part 46.8 

8-Hour Annual Refresher Training 
given at 

Bowser-Morner, Inc. 
4518 Taylorsville Road, Dayton, Ohio 

December 28,2000 

1228000001 
Certificate Identification Numher 

 en& M. Butcher, REM, CEA 



LAST W E  BOEHMER 

RRSTNAME KENNETH 

FIT TEST REPORT 

Fit test Information 

10 NUMBER 277521850 

LAST NAME B O W E R  CUSTOM1 

FIRST W E  KENNETH . . - CUSTOWI;' , ii 

COMPANY EIOWSER MORNER CUSTOM3 

LOCATlON DAYTON CUSTOM4 

NOTE 

TEST DATE 1U29RM)3 WRTACOUNT SN 44721 

TEST TlME W26 N95 COMPANION N , . 
. . 

DUEDATE 1- . . "  

RESPIRATOR 

MANUFACTURER S W A l R  

MODEL 20RO 

MASK STYLE FULLFACE 

MASK SIZE MEDAARGE 

APPROVAL 

EFF. < 99% N 

EXERCISE 

NORMAL BREATHING 

DEEP BREAMING 

HEAD SlOE TO SlOE 

HEAD UP AND DOWN 

TALKING 

GRIWCE 

BEND AND T O K H  TOES 

EIORMAL BREATHING 

OVERALL FF 

DURATION lSECl 

60 

60 

60 

60 

60 

15 

60 

60 

PROTOCOL OSHA 2SCFR1910.134 

PASS LEVEL 1000 

FIT FACTOR 

12200 

15000 

30800 

34300 

3750 

EKd. 

7340 

8990 

FIT TEST OPERATOR 

w DATE ,& -27-05 
KWNETH BOEHMER 



OCCUPAT~ONAL CARE CONSVLTANTS 

OCC - East - 3028 Navone Ave . Oregon. OH 4361 6 
(41 9) 697-6850 Fax (419) 697-6861 

RESPIRATOR Q U M O N N A I R E  

COMPANY: 

A new q&onnaire should be wmpleted annually or wner if a medical condition intervenes. OCC 
reoommends that a pre-placement medical evaluation be done on all employees using a respimtor. 

PHYSICAL €%AMINATION REQUIRED: NO 

(If emmination is required, it must be wmpleted within 30 days of questionnaire.) 

Reviewed by: 
Nurse Signature 

J A- No limitations regarding respirator use. 

B. - Restrictions are placed on this employee for respirator use related to a medical , 
condition or to the workplace conditions in which the respirator will be used. 
Resbickns are as follows: 

c. - Follow-up medical evaluation is recommended as per MOSH guidelines. 
Every 5 years for persons under age 35 
Every 2 years for persons aged 35 to 45 
Every year for p m n s  wer  the age of 45 

Evaluations for mns performing strenuous work with SCBA: 
Every 3 years for those under age 35 
Every 18 months for those aged 35 to 45 
Annualiy for those over the age of 45 

Your employee has been provided a wpy of Uliu Licensed Health Care 
ional's written reommendation. 

" .~ . . 
i . - 

8. , 

.,? ' T.E. ti&, MDJE?~, MD; G. 3; labaiy, MD; B.C. Russell, PAC, G. Myak, RN, CNP 





T H E  UNIVERSITY OF FINDLAY 

Certificate o f  Achieuement 
awarded by 

THE NATIONAL CENTER OF EXCELLENCE 
FOR ENVIRONMENTAL MANAGEMENT 

ENVIRONMENTAL RESOURCE TRAINING CENTER 

JOSHUA DEAN 

for Successful Completion of 
OSHA 40-HOUR SAFETY TRQINIflG WORKSHOP 

(FULFILLS THE REQUIREMENTS OF29 CFR 1910.120 COK??RING&4ZAlWOUS W M T E  OPERATIONS) 
4.0 CEU'S 

APRIL 27,2002 
,/-- 

EXECUTIVE DIRECTOR 



LAST NAME DEAN 

FIRST NAME JOSHUA 

FTT TEST REPORT 

Fd LLSt Intomalion 

ID NUMBER 270869191 

LAST NAME DEAN CUSTOM1 

FIRST NAME JOSHUA ctis~om 
COMPANY BOWSER MORNER CUSTOM3 

LOCATION DAYTON CUSTOM4 

NOTE 
. . 

TEST DATE 12R9RW3 PORTACOUNT S/N 44721 ? . '  . . 
TEST  ME 10:24 N95 COMPANION N ' . . 

WE DATE 12129~001 . . . , ' . . 
RESPI'RATOR PROTOCOL O S M  29(%R1910.134 .,, 

MANUFACTURER SWlVAlR P~.~~..LEVEL ,... loo0 h, 
2' . . 

MODEL 2 a m  
?,. . _ ~  '.:: 

. , 1/ :. 
. . .  , 

. < 

MAsK,sI%LE FULL FACE :. .A . . >. 

MASK s q  STANDARD 
*" 
.I 

APPROVAL .L .~ .! 
$.. 

. . . ' 

EFF. < 99% N . . . , .. . ?,.. ... . : 

EXERCISE 

NORMAL BR~THING . .. 

D& BREATHING:,i 

HEAD SIDE TO SIDE , ., 

HEAD UP AND DOWN 

TAWNG 

GRIMACE 
BEND AND TOUCH TOES 

NORMAL BREATHING ' ' 

OVERALL FF 
L' 

.,' > Bb4d3 
FTT TESl OPFRATOR DATE 

W C  HORSTMAN , 
. . , ~  

, . 
NAME lz$q -03 

.. , 



O c a r ~ ~ n w  CARE CoMlarANa 

OCC - Ead - 5028 rbvane Ave - megon, OH 4361 b 
(A1 91 697-6650 FaX (41 9) 697-6861 

RESPIRATOR QUEfT'IONNAIRE 

A new questbnnalre should be mmplded annually or xwrner if a medbl cmdltlon Internes. oCt 
remmmends that a pre-placement medical evaluauon be done on all employees usln mplrator. 

5% 
PHYSICAL EXAMINATION REQUIRED: YES cw' 
( ~ f  examlnadon is required, It musf be wnpleted withln 30 days of quedonnire.) 

Questbnnalre Rwiewed by: /& 
NU!& Sgnature 

C- 
A -  No llrnitatbns regarding respirator use. 

8. - Resblctlons are placed on this employee for resplmtor we related ta a medical 
condition or tu the workplace andltlons In which the resplratw will be used. 
ResMdions are as Follows: 

c. - W h - u p  rnedlcal mluatlon is r e m e n d e d  as per NIOSH guidelines. 
Every 5 years fw persons under age 35 
Every 2 yearc for prsons aged 35 to 45 
Evety year for p e ~ m  over the age of 45 

Pmluations for p M n s  performing strenuous work wlth SCBA: 
5 e 1 y  3 years for those under ape 35 
Every 18 months (br those aged 35 to 45 
Annually tbr those over h e  age of 45 

D. - Your empkyee has been prcvided a ccpj of this Ucensed Hell3 Care 
P&slondls written remmmendatron. 







ID NUMBER BlBd 
L M W L  W H  
F W T I I U E  -3 

CoUPAwf ecmm-m 
m n o n  nArrON . 

NOTE 

TEST DATE 12nBR00j 
m1wc 10.35 
WEMTE 12RMDOI 

PMITAUHlM SIN 44721 
MOM COMPANION N 

PROTOML OSH4 20CFRlBlO.IU 
PAS8 LEVEL 1000 

T U I N Q  .,. 80 374 N 
GRIMACE 3s  W. X 

. . BEND AND TOUCH TOES W 1- I 
NORM4L BWTHING 60 22900 I 

" '  

rl *~ , 
,.: . " .... 

...~. 
~* . ~ MPAU FF 13W Y ' r :  
. . 

FITTEST OPERATOR 



Y I , L o l L Y ~ ~  10 J I  r n n  Y J I L J ; ~ L U I ~  

FAX TRANSMISSION 
BOWSER-MORNER 

4518 Taylorsville Road P.O. Box 51 Dayton, Ohio 45401-0051 
Phone (937) 236-8805 Fax (937) 233-2018 

!Mh other offices io: lolsdo, Ohla Lexington, Ky. 
Phone: (419) 6 9 1 4 0 0  (606) 233-0250 

Fax (419) 6814805 (608) 253-01 @3 

compsny: Tetra Ted, 

Phone No: 

Fax No.1 812-854-3981 
Rsl 

Fmm Penny L. Keifer, Administrative 
Manager 

If you have any pmbkme with, or do not receive all the pages h this t1an8miea'm, please call our office. 

BOWSER-MORNER is w 8omMt8d Mqxdd tem lalwaby end engineem u n a u M  pmf&g mkss in 
~ ~ & & P c  envlmltllmnsAa cwahthrnW and bdng, an- ~ c i e n ~ e ~ .  8nd wrbsuIm 

Confldsntipllly Notlw -The documen@ snd mataials ImwnXied Mewith ambin confidential and pmpipmprietary hbmabn 
belmglng to Iha he e w d e c i  are bga!4y l y p h n l e e e d .  They are solely For the use of thelr Intended ~ . p i e n t  Wiredion of 
Ihi telecopy h M i s & m  idl doao mtUW a waiver of any tighb or pnvlwee granted under law. Use of these matedals 
by my pam other than tho intended recOient 1s sbWy prohbited, end may be prnishaMe by civil andlor dn*lar penaides. 
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To: S P r - fl7nfflvc 

Fmm: fl4d D o  rlc - 
Re: /& &V!!9)1 h&pf- 

EXtWlNED AT MEDWORK, INC. ON 
R E V I E W  THEIR MEDICAL 

HISTORY, PULMONARY FUNCTSON AND 
LABORTORY STUDIES (BLOOD KND URINE TESTS) AND FOUND THEM IN 
GOOD HEALTX, EXCEPT FOR THOSE CO- NOTED ON THE PHYSICAL 
EXAiiATION. TIXIS PHYSICAL EXAMINATION MSETS THE MEDICAL 
SURVEILLANCE REQUIREMENTS FOR THE W O U S  WASTJi 
OPERATIONS AND EMERGENCY RESPONSE STANDARDS 1910.120. IT 19 MY 
OPMON THEY ARE ABLE TO WORK IN THIS TYPE OF ENVIRONMENT USING 
PROPER s m n  MMSURES AND WEARZNG A RESPIRATOR 

IF YOU HAVE ANY FURTHER QUESTIONS, PLEASE CONTACX OUR OFFICE. 





THAT 

TODD WALLENHAU PT 

, , . .  ~ . ., 

FRPelESB SAFETY ,.. MANABEMENT 

, , , v<.  
I ., TRAI N'INQ ,. 

% . ., 



0 8 / 2 6 / 2 0 0 4  1 0 : 4 9  F A X  9 3 7 2 3 3 2 0 1 6  

- 
B O I S E R - I O R N E R .  INC 

MANAGE'MENT .. 
,:$.&&.z:;&ce,+ek R ~ ~ , ~ i , . , ~ & W :  - ,34rMb~ 6 

C E R T I F I E S  
THAT 

HAS 
SUCCI?ESFULLY 

CQHPLETCP 

4 H O U R  
SITE WORKER 

& 
OPERATIONS 

TRAINING 

IN ACCEQDANCL WITH 

2 Q C F R 1 9 1 0 . 1 2 0  
CCATlFlCATE NCI: 27NOV.UZ 00 1 

/-* 3/lA/& - 
Scam E F R ~ D T ,  CHMM 275J~~ 

DSTL 
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lamnm 

PIT TEST RliPORT 

Fit r#t lrdormrtron 

RE8PIRATOR 
MANUFACTURER BUVNAIR 

MODEL 2DRO 
MASK STYLE FUU FACE 

MASK SUE STANDARD 
APPROVAL 

EFF. SS% N 

D(ERCIE 
NORMU BREATHING 

DEEP BREATHING 
HEM) SIDE TO SIDE 
H W  UP AND DOWH 

TALKING 
GRIMACE 
BEN0 ANDTOUCH TOES 
N O W  BREATHING 

OVERALL FF 

WRTACOUWT BlN 44721 
NSIKmPANIOH N 

PROTOCOL OSHA.29CFR1010.1S4 
PAaaLEVEL 1m 

PIT FACTOq 

10800 
28300 
83100 
28600 
iaiw 
A. 

10(00 
50200 

FIT TEST OPERATOR 
W C  H O W .  

NAME I a- a - 03 



Date: 12 -5-03 
To: 

From: 

Re: 

THE ABOVE EMPLOYEE HAS BEEN EXAMINED AT MEDWORK. INC. ON 
. 1 HAVE REIlfEWED THEIR MEDICAL 

HISTORY, THERIF -I PULMONARY FUNCTION AND 
LABORTORY STUDIES @LoOD AND URINE TESTS) AND FOUND THEM IN 
GOOD HEALTH, E X C W  FOR THOSE COMMENTS NOTED ON 'IHE PHYSICAL 
F,XAMNATION. THIS PHYSICAL EXAMPIATION MEETS THE MEDICAL 
SURVElLLANCE REQ-S FOR TIG HAZARDOUS WASTE 
OPERATIONS AND EMERGENCY RESPONSE STANDARDS 1910.120. IT IS MY 
OPINION THEY ARE ABLE TO WORK IN THIS TYPE OF E N V X R O ~  USING 
PROPER SAFETY blEXjURES AND WEARING A RESPIRATOR 

lF YOU HAVE ANY FURTHER QUESTIONS, PLEASE CONTACT OUR OFFICE. 









ID WUBER 292889671 
U g T  NAMe DAVIS CU3TOMl 
FIRS NAME JOHN CUITOYI 

CfJMP4NY BOWSER MORNER C W T W I  
LOCATION MYlON CUSTOM4 

NOT6 

RWPIMTOR PR&OL OSW 2QCFR1@10.434 
MA)rUFACTURm SWNAIR PWPBB LEVEL 1OOQ 

MODU2P120 . . 
. wqsme NLLFACE~ 

W K  EKE STMMRL) 
N P R O V ~  
EFF. P. i% N 

SmSBE 
NORMAL BmmIts 
DEEP BREATHIN0 
HEAD SIDE TO SIDE 
H W  UP AN0 OOWN 
TAWNG 
GRIWCE 
B W O  MU TOUCH TOW 
NORMAL BREATHNO 

Fl7 TEST OPERAlOR DATE 



725 S. Lodlow Streel. Osyton. Ohio 45.402 

Date: r ~ - a - ~ * /  
To: ~~ /17-) 

From: fld.!d&. 

THE ABOVE EMPLOYEE HAS BEEN MAMINED AT MEDWORK, INC. ON 
/t -27w . I HAVE WVIEWED THEIR MEDICAL 

HISTORY. THERZF CHEST X-my. PULMONARY FUNCTION AND 

SURVEILLANCE REQUIREhENTS FOR THE HAZARDOUS WAS*' '--- 
OPERATIONS AND EMERGENCY RESPONSE STANDARDS 19I&fZO. IT IS MY 
OPINION THEY ARE ABLE TO WORK IN THIS TYPE OF ENVIRONMENT USING 
PROPER SAFETY MEASURES AND WEA,RrNG RESPIRATOR 

IF YOU HAVE ANY NKTHER QUESTIONS, PLEASE CONTACT OUR OFFICE. 

A s a ~ i c e  ol Miml Valley Hospital 937-228-6155 









08/26 /2004 1 0 : 5 2  FAX 9372332016 BOISER-MORNER, I N C .  
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orf ifiratp 
This is. to certify that 

t: 
f as successfully completed the 

MSHA 30 CFR Part 46.8 
8-Hour Annual Refresher Training 

given at 
Bowser-Morner, Inc. 

4518 Taylorsville Road, Dayton, Ohio 

December 28,2000 

"'. ~. ,, 
. ,+I * . , I  . , ~ .  . ,  ,. . .> 

~ .. , . .. - . ' I  

. '  
1228000001 , m ~ ,  CEA 

Ccrtlficatc ldentificatlnn Nurnher I 
. . ,  
, , .  , :. , 



ID NUMBER 177Ut850 
M T  WA#E B O W E R  CUBTOM1 
NCSTWCWS KENNm, . . 

c m u a  
COMPAhT BOWSER MORNER . 

. . 
c u w m  

L0CATK)Y DAYTON CUaTOUI 
m 

TEST DATE 12RgRa03 

Tm TIME 011'a 
Due DATE im~004 

RESPIRATOR PROTOCOL 0(m42KFRlBlO.134 
MANUFAOTURLR W A R  PASS LEVEL IWQ 

MOOEL lPRO 
W K S W  FULLFACE 

MA8K 8- MMEDMRGE 
APPROVIL 
EPF. C 00% N 

ufi&w 
N O R W  BREATHING 
DEEP BREATHING 
HEAD SIDE TO SIDE 
HEAD UP AN0 DOWN 
TALKING 
G R M C E  
BEND AND TOUCH TOES 

NORMAL BREATHING 

FIT PACT04 
12200 
16000 
300W 
WOO 
3750 
Ed 
7340 
89W 

OVERALL Fr 9070 Y 

FtTTEST OPERATOR 
W C  HoR61M*H 



725 S. Ludlow Street. Dayion. Ohio 45402 

Date: 1 1 )  1,5\a.a03 
To: J m l h  mw1 

o L \ M  
L&+ -U;WIW 

LOYEE HAS BEEN EXAMINED AT MEDWORK, INC. ON THEzE*/- 4 . I HAVE REVIEWED THEIR MEDICAL. 
HISTORY, THERLF'CHEST X-RAY, PULMONARY FUNCTION AND 
LABORTORY STUDTF,S (BLOOD AND URINE TESTS) AND FOUND THEM IN 
GOOD KEALTH, EXCEPT FOR THOSE COMMENTS NOTED ON THE PHYSICAL 
EXAMINATION. THIS PHYSICAL EXAMINATIONMEETS THE MEDICAL 
SURVEELANCE REQUIREh4JTNTS FORTHE HAZARDOUS WASTE 
OPERATIONS AND EMERGENCY RESPONSE STANDARDS 1910.120. IT IS MY 
OPINION THEY ARE ABLE TO WORK IN THlS TYPE OF ENVIRONMENT USING 
PROPER SAFETY MEASURES AND WEARING A RESPIRATOR 

,. 
IF YOU HAVE ANY FURTHER QUESTIONS, PLEASE CONTACT OUR OFFICE. 

A service of Miami Valley Hospital 937-M86755 





*. . , . 
. . . -. ... 

CCUPATIONAL 
CERTIFIES 

THAT 

B R U C E  KIRKPATRICK 
HAS SUCCESSFULLY COMPLETED 

P R O C E S S  SAFETY MANAI3EMENT 

TRAINING 
IN ACCORDANCE WITH 

29 CFR 1 9 1 0 . 1  1 9  

ON THE 

PSM. 29JAN04 00 

aooi  D U W O N V ~ D  OTRIIT 
n Y D L I I ,  ON10 4SB40~ ~. . . .  



This is to certify that 

has successfully completed the 
MSHA 30 CFR Part 46.8 

8-Hour Annual Refresher Training 
given at 

Bowser-Morner, Inc. 
4518 Taylorsville Road, Dayton, Ohio 

January 18,2001 

q,k 
l l S 0 l O O O l  

Certificate Identiticatinn Numher ~ e i r - y  M. Butcher, REM, CEA 





~uwsKR-MORNER 
Dayton, OH 45401 

Safety Manual 
. . Revision: 0 Date: Om9 

/I 

Employee: -& J 6 c? ,&,,R& f&&d Date: 

Person Fitting Respirator: / a  

All respirator /it tests will be conductedper the protocol of Appendix A to 19I0.134: Fit-testing 
Procedures Any devintion from thkprotocol will be noted in the YRem~rksn sedion below. 

Manufacturer: -7 - 

Model: -Y&d 

Size: .fly/ 

Spectacle Kit: - . 
Nose Cup: I 

c o m m m i c a t i o n ~ ~ / ~  

- 

Pass:  ail: -- 



Date: \ \  115 )03 
To: o.\FR, u\nw 

From: MF~dmk 
Re: ~ C \ C I  0 d d( 

LO BEEN EXAMINED AT MEDWORK, INC. ON 
. I HAVE REVIEWED THEIR MEDICAL - 

HISTO~Y, THEW CHEST X-RAY. PULMONARY FUNCTION AND 
LABORTORY STUDIES (BLOOD F&D URINE TESTS) AND FOUND THEM IN 
GOOD HEALTH, EXCEPT FOR THOSE COhQEWS NOTED ON THE PHYSICAL 
EXAMINATION. THIS PHYSICAL ~AMQTA-UON MEETS THE MEDICAL 
SURVEILLANCE REQUIREMENTS FOR TH?3 HAZARDOUS WASTE 
OPERATIONS AND EMERGENCY RESPONSE STANDARDS 1910.120. IT IS MY 
OPINION THEY ARE ABLE TO WORK IN THIS TYPE OF ENVIRONMENT USING 
PROPER SAFETY MEASURES AND WEARING A RESPIRATOR 

IF YOU HAVE ANY FURTHER , QUESTIONS, , PLEASEC0WA.C-T QUR OFFICE. 
:. >:-, ;,' . . .. ,* . .  . .  

i .  .~. ,. . ,> 

PKYSI 

A service of Miami Valley Hospild 937-2086755 







RESPONSE 

HAS' ATTENDED THE-.COURSE AND 
SUCCESSFULLY COMPLETED STUDIES IN 



This is to certify that 

DO;?uTALD NULL 

has successfully completed the 
MSHA 30 CFR Part 46,8 

8-Hour Annual Refresher Training 
given at 

Bowser-~orner, Inc. 
4518 Taylorsville Road, Dayton, Ohio 

, 

December 28,2000 

12128000010 
Certilicate rdentilicatinn Nurnher  en& M. Butcher, REM, CEA 



LAST NAME N U U  

FIRST NAME D O W  

FIT TEST REPORT 

Fit test Information 

ID NUMBER 297Ea-4998 

LAST NAME NULL 

FIRST NAME DONALD 

COMPANY BOWSER MORNER 

LOCATION DAYTON 

NOTE 

TEST DATE 1229.2003 

TEST TIME 0959 

DUE DATE 1229.2004 

RESPIRATOR 

W N U F A C T U ~ R  SLMVAIR 

MODEL 20.20 

MASK STYLE FULL FACE 

MASK SIZE STANDARD 

APPROVAL 

EFF. < 99% N 

EXERCISE 

NORMAL BREATHING 

DEEP BREAMlNG 

HEAD SlDE TO SlDE 

HEAD UP AND DOWN 

TALKING 

GRIMACE 

BEND AND TOUCH TOES 

N O W  BREATHING 

DURATION lSECl 

60 

60 

60 

60 

60 

15 

60 

60 

PORTACOUNT S N  44721 

N95 COMPANION N 

PROTOCOL OSHA29CFR1910.134 

PASS LEVEL 1 ow 

FIT FACTOR 

21100 

9370 

25300 

29000 

664 

Exd. 
8970 

16000 

OVERALL FF 3670 Y 

Fr r  TEST OPERATOR 4' DATE 

ERIC H O R S T W  

NAME DATE 



APPENDIX G 

ANALYTICAL DATA 



T I .  

SUMMARY OF ANALYTIC RESULTS 
SO. SAMP-ES ROUNDS 1 T ~ R O J G G  3 

SWYU 181CASl NIGH EXPLOS.VES F .UB.IIO hC hERATORJ 
NSWC CRANE - -  - 

CRANE, INDlANA 
PAGE 1 OF 205 

(1) No subsurlace roll sample due la refusal. 
.- 

SAMPLING ROUND 
LOCATION 
SAMPLE DATE 
Dioxins (n#rs) 
1,2.3.4.6.7.8,9-OCDD 

. 0 ' .  . 

.. .. ~ l 6 ~ ~ 0 0 a  ~ 

"I 

312711003 
I 

3% ~ ! 1 6 ~ ~ 0 0 6 0 0 0 2  

. 
1 

4 

1600 J 
. . . A  , 

01 
OS8001 
Y2712003 
I 

&660116SSSOg0_2 - p~4~!/16_SSO~7D0_02 

01 
15SBOO7"' ~ -. 
312712005 

I 

01 
ldSBOO2 
311712003 
I 

01 
111SB003 "' 
311712003 

1 

01 
i6S8004 "' 
312712003 

I 

01 
15S8005 ('I 
512712003 

I 

01 i 
1858006 '" 
512712003 

I 



'Igrnle1 ai enp e~duns 1109 s r aN (1) 



T I  

SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB.146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
PAGE3 OF 108 



TABLE G.1 

SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 1 

SWMU 10 (CAST HIGH EXPLOSIVES RLUB-146 INCINERATOR1 
NSWC CRbNE 

CRbNE, INDIbNA 
PAGE4 OF 200 

SAMPLING ROUND 1 01 1 01 I 01 I 01 I 01 1 01 I 01 . 9 ' .  .. - 

LOCATION 1SS8001 1658002 1058003 '" IeSBOW I" l6S8003 i" 1858006 "' 1858007 ''I 13S8008 "' 
I I I I I I I 

1 
SAMPLEDATE 3117i2003 511712003 JIlN2003 312711003 312712003 UZlllOO3 312712003 312712001 
3.CIILOROPROPENE I I U/16SSOO10002 1 1.1 U/l6SSO020002 1 1.1 U11655003OW2 1 1.2 U116SSW40002 1 1.2 U/l6SSO050002 1 1.2 U116SS0060002 1 1 1  U116SS0070002 I 1:!3) !~655opspO2 - 1 ? 

I I I I I I I I I ! I I I I I I 
BROMOFORM I 1 U16SSOOiOW2 1 1.1 UIISSSW2W02 1 1.1 U116SS0030W2 1 1.2 UJ16SSOo40002 1 1.2 Ul165S0050W2 1 1.2 U116SS0060002 1 1 1  U~16SS0070002 / 1.1 Ul6SSW60002 

I I I 1 I I I I I 1 I I I I I I 
1 1.2 U11SS80010406 1 1.1 U/16SBOMW6 1 





TABLE G-l 

SUMMARY OF ANALYTIC RESULTS 
Sol. SAMP-ES ROJhDS 1 1.lROUO.lJ 

SWMU 18 (CAST H.On EXPLOSIVES FILUE-116 IhClhERAlORl 
NSWC CRANE . .. . 

CRANE. INDIANA 
PAGE 8 OF 208 



I I I I 1 I I I I I I I 
I sovozwessiLn 1 1 I oovoloosss~ln z 1 I 

n z 1-1 I I I I 1 I I I 1 I I I I I 
n I I 1 zooosoosss~in L i I zoooioosssln I I I zooosoosss~ln z 1 I zooosoosss~ln 2 1 I zooovwssslln z L I zooocoossslln I L I moczoossolln 1 I I zOOoloosssiln 1 I 301U01H3 1ANlA 

I I I I I I 1 I I I I I I I I I 
I 1 sorozocassiln 1.1 ~soro~ooase~ln 2.1 I 

I I I I I I I I I I I I I 
ZOOO~OOSS~L~ ,'I 1 zooosoosss~ln 2'1 1 zooosoosssiln ai 1 zooovoosss~ln 1-1 I zwccoosss~ln 1.1 l zwozwsss~ln L i I zow~oosssiln I I ~N~L~B.L.OUO~H~I~.*'L.SNVU~ 

I I I I I I I I 

I I 1 I I I I I I I 1 I I 1 I 
n i I I zooosoosssiln I I I zooo~oosss~ln I I I zooosoosss~ln 2.1 I zcooswsss~ln 2'1 I zooovwsss\ln 2'1 l zwomsoiln 1'1 I zwozwsss~ln 1'1 I zooo~oossscln I I ~N~~OU~O~~O~H~I~C'L-SNV~L 

I I I I I I I I I I I I I I I 1 I 
I I sovozooass~~n 1 I aovo~wos~~~n z 1 I 

n ZL 1 I I i 1 I I I I I 1 I 1 I I I 
n i i I zooosoosssiln I I I zoooioosss~n t I I zooosoossslln z I l zoooswssstln 2 1 I zooovwsss~ln z L I zwomosss~ln I I I zwazoosss~n r 1 I zwo~oosss~ln I I ~3~31~ TVIOI 







TABLE 0-1 

SUMMARY OF ANALYTIC RESULTS 
SO.; SANPLG ROUNDS I THROUOA 3 

SWMU I 8  (CAST HIGd EXPLOSIVES FILJ8.148 IhCINERATO~) 
NSWC CRANE . ~~ - 

CRANE. INDIANA 
PAGE 10 OF108 

( I  No ' so soil sample due lo refursl. 



#OI 10 11 3DVd 
VNVlaNI'3NVt13 

3~Vb3 3MSN 
lHOlVt13N13NI SPL.Enlll S3AlSOldX3 HDIH lSV3) 81 nWMS 

C HDnOtlHL 1 SaNnOtl S3ldWVS 110s 
SLlnS3t1 31LhlVNV 30 AIVWWnS 

IVl 



TABLE G-l 

SUMMARY OF ANALMIC RESULTS 
SOIL SAHPLES ROUNDS 1 THROUGH 3 

SWMU 1 I  (CAST HIGH EXPLOSIVES FILM-11U INCINERATOR) 

( I )  NO si.' .ce $ 0 1  ssmple due to relural. 

./ 



'1BEn)B101 Bnp Bld~lD9 1109 B1P)l"Eq"l ON (I) 



- 
~psqs~ 01 snp eldues 1109 s. ON (1) 

I 
smozooass1 n o~ wvotwossl n os 

I 
EL IZOOOLOOSS~~ n SL zooosoosssi n 1s zooosooss?i n LL zooovoosssl n BL zowsoossst n 051 zowzaosss~ n QL zwa~wsss~ n 69 ~LV~IZN~OOHO~H~ 

-~ .... I 

: . 
11~!8 
n 9~ ~000900~~91in CL ~0~0~00~~91 n FL ZOOO~OOSS~~ n 18 ZO~QFOOSS~I n LL ~000~00~~91 n SL ZCGOC~SS~~ fl 0% 

~OVOZOOOS~~ 

~~0~00~~91 

n 9~ 

fl SL 

sovotaaoss~ 

Z~OICOSS~I 

n 08 

n 69 31VlVHlHd 1MflE'N'Ia 



TA. 

SUMMARY O F  ANALYTIC RESULTS 
SOL SAMPLES ROUhDS 1 THROJGW 1 

S h M J  18 (CAST Hl0.l EXP.OS.VES F LJs.148 h C  I.ERATOR, 
NSWC CRlUlE 

CRANE, INDIANA 
PAGE 15 OF108 

j t )  NO S U ~ S U ~ ~ C B  soil Sample due la relulal, 



TAELE 0.1 

SUMMARY O F  ANALnlC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 18 (CAST HIGH EXPLOSIVES FILUB-148 INCINERATOR) 
NSWC CRANE 

CRANE. INDINA 
PAGE 16 OF108 









1 I I 
I 

I ~OVOZWESYL n sz'o I sam&wess~ln s2'0 
I I I 

n no zooo~oosssi n 52'0 zwosoosss~ n sz-o zowsoosss& n sao lzwo~oosss~ln 52.0 zoomwsss~ n sz'o zowzwsssl n no I t~l00~~sll~ 52.0 3N3nl010YllNIO~V'Z 

n szo 
n szo zooosoossst n 52'0 zooo~wss9l n sz'o 

1 
zoooswsss~ln sz'o 

I 
zow~wsse~ n sz'o zwoowsss~ n sz'o zwoclxlsssr 

I 
I sotomess~ 
I 

n sza l zowzoowl 
I 

n sz'o 

n 52'0 

wto~weset 

ZOW~ODSSBL 

n sz'o 

n Sz'O ~~3nlOlo~ll~'z 



SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIOH EXPLOSIVES FILUB.116 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 5  OF 10a .~~ .. -.- 

SAMPLING ROUND 1 01 1 01 I 01 I 01 1 01 I 01 1 01 I 01 
LOCATION 1ESBOO1 l tS8002 1658003 "' lESB004 1ESB005 "' 16S8006 1'1 11S8007i" 1 6 S 8 0 0 ~ ' "  -_ 1 
SAMPLE DATE 1 Y27l.7005 1 3/27/2OOJ 1 3/27/2003 I 3/27/2005 1 Y27/2005 I 3/27/2003 1 3/17/2003 3/27!2003 
3-NITROTOLUENE 1 0.25 U116SSOO1W02 1 0.25 U/!6SS0020002 1 025 U116SSO030002) 0.25 U116SSW49002 1 0.25 Ull6SS0050002 1 0.25 U116SSO060002 1 0.25 Ul16SSO070002 1 025 U L 1 ~ 0 8 0 0 0 2  I 0 25 U 

11) NO PYb6UOaCB (id1 IlmDle due lo slussl. 



TABLE 0-1 

SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 1 

SWMU I 8  (CAST HIGH EXPLOSIVES FILUB-I48 INCINERATOR1 
NSWC CRANE 

CRANE, INDIANA 
PAGE22 OF 208 

" 7  1 " m " m " ,  ". I ", I 

I I 
- ", " ,  

~ .. 
LOCATION l(1SBOO1 18SBOOZ 18SB003 "' f658006 "I 16S8005'" I 16SB006"' 16S8007'" 16S8008"' 

I I ! I 1 ~ 

SAMPLEDATE 312712003 3/27/2003 3/27/2003 312712003 312712003 312712003 312112003 312712003 

(I) NO r 'PCB 60il sample due to refusal. 



SLMMARY OF ANA.YT.C RESLLIS 
SOIL SAhtPLES ROrhDS 1 THROCG. 1 

SWML 16 :CAST H.OH EXP.OS.VES F l L u e l 4 8  INC hERATORl 
NSWC CRANE 

CRANE, INDIANA 
PAGE 23 OFID8 

" 8  I " 8  I "1  I "1 I "I I "7  I 01 01 

I 
-- 

LOCATION 1658001 l6S8002 16S8003 "' 16S8004 "' 16SB005"' 18S8006"' 16S8007 "' 76SB006 "I 

I I I I 
1 

SAMPLE DATE M7lZ003 5127t20W M7l2003 1 U27/2003 3/27/2003 U27lZOOS 3/27/2003 UZ712003 
I 468 J/16SB00!0106 1 602 JI16SBW20408 l I I I I I I 1 
I - 

MERCURY 1 0.027 JI16SSWlMK12 I 0 . m  U118SSWzW02 1 OW7 U / I 6 S S 0 0 3 ~ 2  )-0.026'~Jl16SSOO6WO2 1 0.22 JIi6SSWSOWZ 1 a028 J116SSCQ6W02 10.002 U116SSW70002 1 0 OI6 J16SS0080002 ( 0.016 J 

(1) No rubrurlace ro~l lsmple due lo refusal. 





TA. .1 

SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES RO-NDS t THRO-GII 3 

SWMJ 10 CAST n GH ExPLOSlVES FILJB-140 IhC.NERbTOR1 
NSWC CRAhE 

CRANE. INDIANA 
e m F  2s " C 1 O I  . - - -- - . - - - 

SAMPLING ROUND I 01 I 01 I 01 I 01 1 01 I 01 I 01 1 01 1 
LOCATION 1658101 18S8002 1SSBOOJ "' l(lSB004"' 18S8006 "' 1858008"' 16S8007"' 1658008 I" 1 
SAMPLE DATE I JI2712WJ 1 312712003 1 312712003 I N27/2003 I 312712003 1 312712003 I 312712003 I JI2712003 I 
TITANIUM 1 128 Jll8SS0010002 1 121 Jl16SSW20002 1 39 1 J116550030002 1 239 Jl16SS001OW2 1 61 8 JJ16SSW5WOZ 1 125 J(16SS0060002 1 68 2 J~6550070002 1 82 7 J116550080002 / 53 6 J . . 

I I I I I I I I I 1 I I I I 
MI.~eIIaneou. P.nm-l.r8 1 1 I I I I 
CATION EXCHANGE CAPACITY IMEOII) I 1 I 201 16S50020002 1 1 I I I I / 7 4116SSOO70002 I 

I 1 241165BW20406 1 I I 4 1 I - 1 

(1) N ~ s ~ b s ~ d a c s  8011 eample due 10 refural. 

PH (S U.1 

TOTAL ORGANIC CARBON (mp/kg) 

8 
5 

3800 J 
3400 J 

i8SS0020002 
165B0020406 

16SSW2OW2 
16SB00204W 

7 7 l 1 ~ ~ 5 0 0 7 0 0 0 ~  

I 
loo0 U~1655007Oo02 

I 

1 

1 
I .  

~ - . . . ~~ ~~ 

- -- .- 

I 

~~~ 





S60C5 C 
c 
I 

I 

COOZ~LZ~C 
,, SLOBS91 

LO 

I 
COOZ~LILM J 

I,, SLOBS9L -- LO 

I 

COOZ~LZ~C 

(,IDLO(ISOL 
LO 

I 

COOMM 
CLOESSL 

I 

coawzis 
ZlOBSOL -- 10 10 10 LO LO 

I 

COOZILM 
ILOBSSL 

ONnOU DNlldWVS 

I 

COOZILUC 
l,10LOES9L 

O'ZOOC6WSS9L 
COOLILZI 
I,, 8OOES 

~LVO~~~WVS 
N011V301 -- 



TABLE G.1 

SUMMARY OF ANALYTIC RESULTS 
SOILSWPLES ROUNDS 1 THROUGH 3 

SWMU 18 (CAST HIGH EXPLOSIVES FILM-146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
PAGE 28 OF 208 

01 01 01 SAMPLlNCRoUNNL I 01 I 01 I 01 I -- 01 01 .. 
LOCATION 58009 "' 1658010"~ 1658011 16SBOlZ 16S8013 16S8014 "' 16SBOT5 "' I S S ~ O ~ ~ ~ ~ ~ . .  - 
SAMPLE DATE 112712003 I 312712003 ! 512712003 1 512Y2003 I 312812003 1 312112003 ! 312112003 I 512712003 



I I I I I I I I I I I I I I I I 
ACRYLONITRILE ~16SSO090002 I 1 2 U116SS0100002 ( 1 3 U~l~SSO110002 1 1 3 U116SS0120002 1 1 3 U116SS0130002 1 1 2 U~6SS0140002 1 1 1 U16SS0150002 1 1 2 UI16SSn160002 1 1 2 U 

116S50090002-0 1 I I 1 I 1 I 1 I 1 I , I I  , I I 

SUMMARY OF ANALITIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 18 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWCCRWE 

CRANE. INDIANA 
PAGE 19 OF 108 

SMPLING ROUND 
LOCATION 
SAMPLE DATE 
3-CHLOROPROPENE 

I I I I I I I I I I I I I I I I 
BROMODICHLOROMETHANE IiSSSW9M102 1 1.2 UJ16SS01WWZ I 1.3 U116SS01100021 1 3  U116SS01200021 1.3 U16580130002 1 1.2 UJ16SS0140002 I 1.1 U116SS0150002 1 1.2 U165S0160002 1 1 2  U 

ll6SSOO9OW2.D I 1 1 1 I 1 I 1 I 1 I 1 ! 1 I $ 1  U 

I 

BENZENE I16SS0090002 
116550090002-0 

I I 1 I I I I I I I I I I I I 1 
BROMOMETHANE )16SSW9W02 1 1 2  UJ118SSOlOW02 ( 1 3  UJI16SSOIIWOZJ 1 3  UJ16SS0120W21 1 3  UJ116SS013W02 1 1 2  UJ165S01400021 1 1  UJ116SS0150002 1 1 2  U J l l b S S e 0 2  / 1 2  UJ 

IlBSSW9WOZ.D I I ! 1 I 1 ! 1 1 1 ! ! ! 1 1 1 1 U J  

01 
1SBOOS I" 
127/2003 
16SS0090002 
16550090002~D I 1 1 1 1 1 1 --- 

1.2 U 

01 
16SE0101" 
312712003 

1 2  U116SS01M1002 
-. 1 1  -. U 

1 
16SS01MX102 

- 

01 
16SBO11 
312712005 

1 3  U16SSO110002 

1.3 U 

01 
16SB012 
312MOO3 

1 3  U116SSO120002 

01 
16SBO13 
312812003 

1 3  U16550130002 

16550110002 

01 
I6SEO16'" 
312712003 

l l U116SSO150002 

01 
16S8014 "I 

312712003 
1 2  U16550140002 

1.3 U 

01 
1658016 "I 
312712003 

1 2  U16SSO1_60002 ._-'.cX 

16SS012W02 1.3 U 16SS0130002 1.2 U 16550140002 1.1 U 16SS0150002 1 2  U 16550160002 1 2  U 
1 1  U 



SUMMARY OF ANALYIIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 18 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 30 OF PO8 

, ", , "- " 9 I " 8 I " t I 1 " 8 I " ,  " m 

I 
~ 

LOCATION b58003'" 16S8010'" 1688011 1858012 1698013 18S8014'" 16S8015 I" 1658016 "' 
SAMPLE DATE )/2712003 I 312712003 3/27/2003 1 ?J26/2003 ! 312a12003 1 312712003 I 312712003 ! 312712003 1 

I I I I I I I I I I , I I I 1 
CARBON TETRACHLORIDE (16S50090002 1 1.2 Ul6SSOIWOO2 1 1.3 Ul16SS0110002 1 1.3 U~16550120002 I 1.3 U116550130002 / 1.2 U116550140002 I 1.1 U165S0150002 

116S50090002~D 1 1 I 1 I j 1 1 1 [ I 

I I I I I I I I I I I I I I I I 
CHLOROBENZENE 116550090002 1 $ 2 U116SS0100002 1 1 3  U116SS0110002) 1 3  U/16SSOlZOW21 1 3  U116SS013M02 1 1 2  U(16SS01d0002 I 1 1  U16SS0160002 ( 1 2  U116SS0160002 1 1 2  U 

~16550090002-D 1 1 I I I 1 I 1 1 1 I 1 1 I 1 1  U 

I I I I I I 1 I i I I I I I I I 
CHLOROETHANE 1165SW90W2 1 1.2 U116SSOlOW02 I 1.3 U16SSO11W02 1 1.3 U116550120002 1 1.3 U/16SS0130002 1 1.2 U1i6SSOldOO02 1 1 1 U116550150002 L 1 2  U116S50160002 1 1 2  U 

ll6SSOOSOW2.0 I I I 1 I I I 1 I 1 1 1 I 1 1 i l  U 

I I I I I I I I I I I I 1 I I, I 
CHLOROFORM l16SSOOBW02 1 1.2 U16550100002 1 1 3 U116550110W2 1 1.3 U/tSSS0120002 1 1.3 Ul16SS0130002 1 1.2 U116S50140002 I i 1 U116SSOIS0002 1 1 2 Vlr6550160002 I 1 2 U 

116SSOO90002~0 I ! 1 I ! 1 1 ! 1 ! 1 1 1 1 1 l U  

I I I I I I I I I I I I 1 I 
CHLOROMETHANE (16SSW9W02 1 1.2 Ul6SS01W002 1 1 3 U116SSOllOW2 1 1.3 U116SSO120002 1 1 3  U(165S0130002 1 1.2 U/165501r(0002 1 1 1 UJ116550150002 I t 2 U1 16SS0160002 

/16SS0080002.D 1 1 I I I I I 1 1 1 1 I I I 

I I I I I I I I I I I I I I I I 
CHLOROPRENE (16SS0090002 1 1.2 U16SSO100002I 1.3 U116SSOllOW21 1.3 U/165501200021 1 3  U16SSO130002( 1.2 U116SS0140002I 1.1 U116550150002I 1 2  U165SO160002I 1.2 U 

116SSOOSW02-D I 1 I I I I I 1 1 I I 1 I 1 I 1 1  U , 

( I )  Nor, ce sail sample due to relursl. 



I I 1 I I I 1 I I.. I. I I I 7 *A*, 8 I 

POI 30 IC39Vd 
VNVILIYI '%NIL19 



TABLE 0-1 

SUMMARY OF ANALICIIC RESULTS 
SOIL SbMPLES ROUNDS 1 THROUGH 3 

SWMU 10 (CAST HIGH EXPLOSIVES FILUB-140 INCINERATOR) 
NSWC CRANE 

CRANE; INDIANA 
PAGE 3 1  OF 100 

SAMPLING ROUND 1 01 I 01 I 01 I 01 I 01 1 01 \ 01 01 . . - 
LOCATION b50009 "' 10SB010"' 10S0011 1858012 105BO13 l6SBOl4 1650016"1 1650016 "' 

I I I I I 
~ ~ 

SAMPLE DATE 112712003 3/27/2003 YlT12003 I 312012003 312612003 312712003 312712003 312712003 7 
TOLUENE 11655009W02 1 1 2  Ul6SS0100W2 1 1.3 U116550110002 I 1.3 U116SS012WOZ I 1 3  Ull6SS0130002 1 1 2  Ul16S501dO002 1 -1 1 U 16SS0(60002 ' L U 

~16SS0090002~D I 1 1 I I I I I I 1 I 
I I i 

" U 

1 ! 1 ! I I I 1 1 1 t ~ 

~~ -~ 

7 . ~ .  .. . .~ . 
I 1 I I 1 I 1 I I I I I I 

TOTAL XYLENES 116SSW80002 1 1.2 UJl6SSO100002 1 1.3 Ujl6SS0110002 1 1 3  U/165501~0002 1 1.3 U116SS0130002 1 1.2 U/16SS0140002 I 1 > UJ76SS _liU 76550160002 > Z Lt 

116SSW90002.D 1 1 1 ! I p i -  ~~- - .~ ~~ ~ 

I I I 1 I I I I I 
TRANS-? .3.DCHLOROPROPENE (16SS0090002 1 1.2 U16SS0100002 / 1 3  Uj16550110W2 / 1 3  U116SS0120002 ( 1 3  U/16SS0130002 1 1 2  U/16SSO140002 I 1 l U76S50150002 1 

116SS0090002.D I 1 I 1 1 1 

TRICHLOROFLUOROMETHANE 116SS0090W2 I 1 2  U116SS0100002 1 1 3  UlESS0110002 1 2 JI16SSOl2WOZ ( 3 J16SS0130002 1 2 Jjl6SS014OOOZ 1 l 1 U116550150002 1 2 J 16550160002 1 2 
(16SS009OW2.0 I I I 1 I 1 I 1 I I 1 1 1 1 I 2 J 

TRCHLOROETHENE /16SS0090002 
116SSO00W02.D 
I 

I I I I I I I I I I I I 1 I I 
VINYL ACETATE ~16SS00~0002 1 1 2 U116SS010W02 1 1 3 U~16SSOl10002 1 1.3 U116SS0120002 1 1.3 Ul16SSO130WZ I 1.2 UJ~l6SSOlIOOO2 I 1 1  UJ] 16SS0150002 I 1.2 U J  16SS016000 

116SSOO90002~0 I 1 I I I I I I I 1 I 1 I I 

1 2  U 

VINYL CHLORIDE 

16SS0100002 

16SSW80W2 
16SSWgOW2.D 

1 3  U 

1 2  U 

16SSOllOW2 

16SS01WW2 

1 3  U 

1 3  U 

16SSO120W2 

16SS0110WZ 

1 3  U 

1 3  U 

I 
16SS0130002 / 1.2 U 

I 

I 

16SS0120002 

1.1 U 16SS01d0002 

1 3  U 

16SS0150002 

16SS0130002 

1 2  ~116SSO160002 

1 
- 

I 

_ 1 2  U 

.----lLLu. 
- .. .- 

1 2  U 16SS0140002 1 1 U 16SS0150002 1 2  U116SS0160002. 
I 

I 

1 2  U 
1 1  U 





TABLE 0.1 

SUMMARY OF ANALYIIC RESULTS 
SOILSbMPLES ROUNDS 1 THROUGH 3 

SWMU I8 (CAST HIGH EXPLOSIVES FILUB-I46 INCINERATOR1 

s-m.b,,"" mu","" I " I  I " 8 I " 8 I " I  I " 8 I " 8  I V- 1 ", .. . 
LOCATION ~ ~ ~ 0 0 9 ~ "  1650010"~ 1658011 1658012 (658013 1658014 ''I 1658015"1 1658016"' 

-1 

! ! ! ! ! 1 I .~ -. .. ~- ~~~ 2 
SAMPLE DATE )I2712003 312712003 312712003 3128i2003 312812003 312712003 312712003 312712002 



I I 

POZOE~O~S~~ n os I vozoz~o~ssl n ~a vozoiloess~ n LL I 
n ii I I I O~OW~WSSSLI 
n 81 zooos~ossel n 18 zooos~osss~ tin LL zooovlosss~ n oe zwoc~ossoi n ~e Izwozlossei n se ZOWIIOSS~I n te ZWOOLOSS~~ n LL ZOW~WSSBII ~NI~IZN~~O~~O~H~I~..C'E 







TABLE G.1 

SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 18 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 38 OF 208 

I I 1 1 I I I I I I I I I I 
ANTHRACENE 116SSOOBW02 1 3.8 U116SSO100002 1 4.1 U116SS0110002 1 4.2 U116SS012W02 ( 4.3 U116S50130002 I 4 U/16SS0140002 1 3 8  U165SO150002 1 4 U1l6SS016OOO2 

116SSW9W02-0 I 1 I I I I I I I I I I I 
I I 1 3.8 U/16580110204 1 4.1 U16S80120204 1 3.9 U116580130204 1 I 

I I I I I I I I I I I I I I I 
ARAMITE 116SSW90002 I 77 UR116SSOlOW02 1 64 URll6SS0110002 I 85 UR116SS0120002 I 87 Ul6SS0130002 1 60 URl6SS0140002 I 77 URllSSS0150002 ( 61 ~ ~ 1 6 ~ ~ 0 1 6 0 0 0 2  

116550090W2.0 I I I 1 I 1 I 1 I I I i 1 1 
I I 1 77 URlSS80110204 1 83 UR(16S80120204 1 80 UR(16S80130204 1 1 

I I I I I I I I I I I I I I I I 
BENZYL ALCOHOL I16SSWWW2 I 77 U116SSOlWW2 1 84 UIi66SOllOW2 I 66 U1165S012W02 1 81 U118SS013W02 1 80 U116SSOl40002 I 77 U116SS0150002 1 61 U~16550160002 1 76 U 

IlBSSWgOW2.D I I I I I I I I I I I I 1 1 I 77 u 
1 1 I 77 U/l8SB0110204 1 83 UIl8SB0120204 1 80 U116SB0130204 1 I - 74 U 

:, 

(1) No em se mll  sample due lo relusal. 



TAr 

SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUhOS t ThROUGn 3 

SKM. I 8  (CAST HoGd CXPLOSlVES F.LUB.IJ8 IhC NERATOR) 
hSWC CRAhE . - 

CRANE, INDIANA 
PAGE 30 OF 206 

I I I I I I I I I I I 1 I I I 
QUTYL BENZYL PHTHALATE 116SSWSWO2 I 77 Ul18S6010~02 1 84 UJl6SSo110002 1 85 U/ l~Ss0120002 1 87 U/16SSO130002 1 80 Ul6SS0140002 1 77 UiSSSOl50002 1 81 UIBSS0160002 1 78 U 

(16SSW9WO2-D 1 1 I I 1 1 I I I 1 I 1 I I 77 U 
1 I 1 77 U16SBO110204 1 83 Ul6SBOl20204 1 80 U16SBO130204 I 1 - 1 74 U 

I I I I I I I I I I I I I 
CHLOROQENZILATE 116SSOO9OWZ / 77 UI~6SSO100002 1 84 UI16SSOlIOW2 1 85 U116SS0120002 I 87 Ul8SSOl30002 I 80 U/16SSO140002 / 77 U11ESS0150002 I 9 

[16SS0090002~D I I 1 1 I I I 1 1 I I 1 1 
I I 1 77 UlSSBOllOZO4 1 83 U116SBO120204 I 80 Ul6SB0130204 1 

I I 
CHRYSENE 16SSOOWW2 5 J 16SS0100002 4.1 U 16SS0110W2 +.2 Ul16SS0120002 4.3 U l6SSOl30002 4 U 16SSO140002 6 J 16SS0150002 1016SS0160002 >! 'J 

16SSW00002.D I 
3.8 U 16SB0110204 d l  U~l6SS012020d 3 9  U ?6SQ0130204 1 7  U 

1 

O1.N-OCNL PHTHALATE ~16SSW90002 / 77 UJ165501WW2 / 84 U116SSOliWO2 85 Ui18S5012OW2 1 87 U~lSSSO130002 1 80 U/165S0140002 / 77 Ui16SSOl50002 I 81 Ul6SS01600OZ 1 78 U 
116SS009OO02-D 1 I 1 77 U 
I I 1 77 U116SB0110204 1 83 UllBSB0120204 1 80 U116S00130204 1 I ! 1 1 1 1 4  U 

I I I I I I ! I I 
D'ALLATE liBSSW8W02 I 77 U116SSOlOOW2 1 84 UJ1BSS0110002) 85 UllBSS012WO2 1 87 U116SSO130002 80 Ull8SSOt40002 1 77 U116SSOlSW02 1 91 Ull6SSO160002 1 79 U 

IlBSSWBWOZ-D I I 1 1 I 1 I I I 1 I 1 1 1 1 77 U 
I I 1 77 U/lSSB0110204~ 83 UI18SB01202D4 1 80 U116S80130204 1 1 74 U 

I I , I I I 1 



TABLE 0-1 

SLUUARV OF ANA.IT.C RESLITS 
SOLSAMPLL8ROLhD8 I ThROJGh 3 

SWMJ ( 8  tCA87 HIGH EXPLOSIVES F ,UB148 1NC.hERATORI 
NSWC CRbNE 

CRbNC. INDIANA 
PAGE 40 OF 20II 

, " 1  I " s I " 3  0 ,  I "1 I "1 I I "I I 01 - 
LOCATION bS8009 "' 1658010"' 1 16S8011 16SB012 16S8013 1658014") 16S8015 "' 1658016" 
SAMPLE DATE )12712003 1 U2712003 U2712003 1 U21V2003 312612003 312712003 1 312712003 1 312712003 I 

I 
DIETHYL PHTHALATE 16SS0090002 77 U116SS0100002 64 U 16550i10002 85 U 16550120002 67 U 16SS0130002 60 U 16550140002 77 U 16550150002 81vi1655)!SSt)E< 

16SSWsOO02.0 1 
77 U 16SS0110201 83 U 16580120204 80 U 16S80130204 

I .~ ~~ ~ 

~ 

I 1 I 1 I 1 I I 
DIPHENYLAMINE li6SSOO9WO2 1 77 U/16SSOiOOO02 1 84 U16SS0110002 1 85 U116SS0120002 1 67 ~~16S50130002 1 60 U~165S0140002 1 77 U116SSO150002 I 81 

116550090002.D ( 1 I 1 I 1 I I I I I I I 
I 1 1 77 U/16S80110204 1 63 U116S80120204 I 80 U116SBOl3020~ I 
I I I I I 

DIMETHYL PHTHALATE 

I I I I I I I I I I I I I I I I 
FLUORANTHENE 116SS0090002 ! 6 J116SSOlOOW2 1 4.1 Ull6SS0110002 I 4.2 U116SSO120WZ 1 4.3 U116SS0130002 1 6 J116SS0140002 I 6116SS0150002 1 1616SS0160002/ 3 6 U  

116SSW90002.D I I I I I 1 I 1 I 1 1 I I I L 6 J  
I I 1 3.6 Uli6SBOllO2O.I I 4.1 U/16880120204 1 3.9 U116S80130204 I I 3 7  U 

16SS0090002 
165SWBOW2.0 

ETHYL METHANE SULFONATE 

77 U 

16SSW9WO2 
265S009W02.0 

I 
FLUORENE 116S5WOW02 

l16SSWOW02.D 
1 

(1) NO sub- ' ~ C B  soil sample due lo relusal 

HEXACHLOROBENZENE 

16SS0100002 

77 U 

3.8 U 

16SSOPBWOZ 
16SMMBWOZ.D 

64 U 

77 U 

16SSOl00002 

l6SS01WW2 

I 
77 UIl6SS01W002 

I 
1 

16SS0110002 

16580110204 

6P U 

77 U 

4.1 U 

3.8 U 

B4 U 

77 U 

85 U 

63 U 

ISSS0110002 

16580110204 

16SS0110002 

16S80110204 

16SS011WM 

16600110204 

16SS0120002 

16S80120204 

85 U 

63 U 

4.2 U 

4.1 U 

85 U 

83 U 

87 U 

80 U 

16SS0120002 

16580120206 

16SS0120W2 

16SB0120204 

18SS012WM 

16SeQ120204 

16SS0130002 

16SE0130204 

67 U 

80 U 

4.3 U 

3.9 U 

U7 U 

80 U 

80 U 

165S0130002 

16580130204 

16SSO73OOO2 

16SBO130204 

lESS013W02 

18SBOl30204 

165S0140002 

80 U 

4 U 

80 U 

I 
77 U16550150002 

1 

16SS0140002 

16SS0140W2 

16SSO14W02 

I 

1 
77 U16550150002 

I 

I 
3.8 Uj165S0150002 

1 

I 

I-. - -  

77 U 

___ 74 U 

61 

4 U 

18SS015WO2 

- 

U.16SS0160002 

16SS0160002 

77 U 
7' U .~ 

3 8  U 
3 8  U 
3.7 U 

61 u 
1 
16Ss0160002 78 u 

77 U 
74 U 





3NVtl3 ~MSN~ 
(dOlVL13NDYt OIl.Bnll4 S3AlSO7dX3 rl0lH lSV3) 91 nWMS 

C H9nOUHl1 SONnOU S37dWS 110s 
snnna ~U~VNV 30 ~bvwwns 



SUMMARY OF ANALnlC RESULTS ~ ~ 

SOL SAMPLES ROJNDS l TmROUCC 3 
SWMJ !((CAST *.OH EXPLOSIVES F L-B.I.8 hC hERATORI 

LSWC CIALE .. . 
CRANE. INDIANA 
PACE13 OF 101 

I I I I I I I I 1 I I I I 
PENTACHLOROBENZENE ll8SSOOBOCQZ I 77 UJl6SSOlWOO2 I 84 U1l6SS0110002 1 85 UJl8SS0120002 1 87 Uj18SSO13OW2 I 80 Uj lSSSO14~02 1 77 Uj16SS0150002 1 81 U115SSO160002 I 78 U 

~ ~ B S S O O ~ M X ~ ~ . D  I I I 1 I 1 I I I 1 1 I I 1 I 77 U 
I I 1 77 U~18S00110204 1 83 U/16S00120204 1 80 U116S00130204 1 1 74 U 

I I , I 
PENTACHLOROETHANE ll8SSOO90W2 1 77 U~16SSOlO0002 1 84 U~l8SSOllWO2 I 85 U/lSSSO12W021 87 UllSSSO130002 1 80 Ull8SSO140W2) 77 U/16SS015W02 I 81 U1165S0160002 1 78 U 

I16SSOOs(lWZ~D I I I I I I I 1 1 I 1 1 1 1 77 U 
1 77  U(16SB01102M 1 83 U(lSSs0120204 1 80 UllSSB0130204 I 1 1 L 74 U 

, ! I I 
PENTACHLORONITROBENZENE ll8SS0090002 1 77 UIl6SSOlOOW2 1 84 UIl8SSOllOW2 I 85 U116S50120002 1 87 Ull0SSO13OW2 1 80 UllGSS014WOZ I 77 Ull6SSO150002 1 81 UI16SSOlG0002 1 75 U 

116SSWBOOM.D I 1, 1 1 1 I 1 I I 1 I I I 1 1 77 U 
I I 1 77 UlSSB0110204 I 83 U116Ss0120204 1 80 U116S8(1130204 1 j "lJ 

(1) No subsuilacerall sample due lo  rolural 





1 I I I I I I I I I I I I I I 
I ~ozocioassi/n szo I~oaozioa~~iln szo 1 POZOIIORSBL~~ szo 1 

I I I I I I I I I I I I I l 0-zw06WS9911 
ZOOO~LOSSOI~~ szo 1 zc~ostffi~s~n sz o I zooovioss~~ln $2'0 I zooociosssiln sz'o I woozio~~s~ln SZ'O I zm~i~s~siln 1'0 I ZOWOLOSSBII~ 92'0 I zm~ss~I 3~3n1010~11w 

I 1 , I I 
n szo 1 1 I I ~ozoeioa~st~n szo ~POZOZIO~S~~~~ szo JPOZOIIO~SSI~~ SZ'O I I I I 
n szc 1 I I I I I I I I I I l o-zo~600~~s~1 
n sz o 1 zooos~osse~in sz o I zooosiosssiln szo I zooo~iosssiln sz'o I zwoclossslln szo 1 zoooziossslln sz.0 1 zmiiossslln sz.0 l zowoiossslln s~o I zow6wsssii 



TABLE 0-1 

SUMMARY OF ANALnlC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 11 (CAST HIGH EXPLOSIVES F l u - 1 4 8  INCINERATOR) 
NOWC CRANE 

CRANE, INDIANA 
PAOE 48 OF108 

SAMPLING ROUND 1 01 01 01 01 01 O I  0, 01 ~ -- .. -. - 
LOCATION ~ S ~ D O V  1 6 ~ ~ 0 1 0 ~ "  16S8011 16S8012 1658013 16S8011i" 1658015 "' l658016"' ~ 

SAMPLEDATE Y2712003 Y2712003 312812003 312812005 312712003 3121120DI 31Z712003 

~6SSOOQW02.0 1 1 I 1 1 
I C 25 U~16S00110204 0 25 U~16580120204 0 25 U116S00130204 

I I I I I I I I I I I I I I I 
HMX )16SSWWM)2 I 0.25 U(,6SSOIWWZ 1 0.25 U/16SSOllOWZ 1 0.25 Ull6SS012W02 1 0.25 UI16SS013WOZ 1 0.25 UI16SS0140002 1 0.25 U(15SS0150W2 1 025 UJ16 

116SSW90W2.D 1 I I I 1 1 1 1 I I I 1 I I 
I I 1 0.25 U116580110204 1 0.25 U/l6SB01202041 0.25 U/1658013020d] 

I I I I I 
RDX Jl6SSWBOW2 1 0.26 UIl6SSOlWW2 1 0.25 Ul655011CCQ2 I 0.25 U11655012CCQ2 1 0.25 U/16SSOI3CQO2 1 0.25 U116S50140MZ 1 0.25 U16SS0150WZ 1 025 U(16SSO16W02 1 0.25 U 

116SSWBW02.0 I I 1 1 I 1 I 1 I I I 1 I I 1 0.25 U 
I 1 1 025 U116S80110204 1 0.25 Ul6S80120204 1 0.25 U116S80130204 1 1 0.25 U 
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TABLE 0 1  

SUMMARY OF UIALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 10 (CAST HIGH EXPLOSIVES FILUB-148 INCINERATOR) 
NSWC CRbNE 

CRUIE, INDIbNA 
PAGE 48 OF 208 

SAMPLING ROUND 01 01 01 01 01 01 01 O l  
LOCATION iSBOOS") 1658010"~ 1658011 1658012 1658011 10S8014 "' 1058015"' 16s8016!>.~ - -~-! 
SAMPLEDATE 12712005 Ji2712003 312712003 312lV2003 312612003 312712003 312712003 312712003 

I 334 ~ / 1 6 ~ ~ 0 1 1 0 2 0 4  143 J116SBOt20204 _ 360 U11-04 1 I 
I 

.. EL:! 

I 

I I I I I I I 1 I I I I I I 
COBALT 118SS0090002 I 7.4 J116SS0100W2 1 5.6 J11655011W02 1 11 5 J(16SS0120002 1 13.7 Jll6SS0130W2( 4 5  J116SSo140002~ 9 4  JIl6SSOt50002~ 

116SSOOSW02-D I I 1 I 1 1 I 1 I 1 1 I 
I 1 3 JI6SBO110204 1 3.7 J/16SB0120204 ( 2.8 J/16SB0130204 1 

I I I 1 I I I I I 1 I I 
LEAD 

I I I I I I I I I I I I I I 1 I 
MANGANESE ll6SSOD80002 1 311 JJl6SSO1W(YIZI 231 J116SS0110002 ( 706 JIl6SS0120002 1 1040 JIl6SS013MK)Z 1 301 J116SS0140002 1 575 J(l6SS0150002 1 566 J116550160002 ( 536 J 

116SSOMWOZ.D I 1 1 1 1 1 I I I I I 1 I 1 1 236 J 
I 1 1 82 J/l6SB0110204 / 111 J(l6S80120204 1 7.3 J/16SS0130204 1 1 254 J 
I I I I I I I I I I I I 

I 
I I I I 1 I I I I I I I I 

MERCURY ll6SSOWW02 I 004 JllBSSOlW002/ 016 Jl16SS01100021 0073 JIlBSS0120002 1 007 JIl6SS013WQ2 1 0042 Jll6SSO14W02 1 0015 J116SS0150002 10009 U116SS0160002 1 0026 J 

ill Norv' '-0s roll aenple due to rsluaal. 





TABLE G.1 

SUMMARY OF ANALYTIC RESULTS 
smL  S ~ P L E S R O U N O S  1 THRDUGH 3 

SWMU 16 (&ST HIGH UPL~SIVES FILUB.II8 WCINERATOR) 
NSWC CRANE 

CRANL INDIANA 
PAGE 50 OF 208 

(1) No 5 ee sol1 asmpla due to relursl. 

! -- ~ 7 62.1 J)16S80110204 162 J116S80120204 43.5 Jl16S80130204 ~ 36 7 .'/ 

01 
185~010"' 
31271103 

22.9 Jl6SS0100002 

I 

SAMPLING ROUND I 01 
LOCATION ~ S B O O V  "' Or 

16SBOi1 
3IZ712003 

346 JjlESSOllOW2 
1 

SAMPLEDATE 
TITANIUM 

01 

16SBO15i" 
U2712003 

123 J116SS0150002 

1 

L!2712003 
16SSWOOW2 
16SS009W02.D 

01 
16SBO12 
312W1003 

113 J116SSO120002 

I 

- - 01 - - -- 
l8SBOl l " '  . . . 
312712003 

119 J116SSO!6Op~ 

. . . - . . 

. . - .~ 

. _K7-? 
55 5 ~ J  

01 
1658013 
Y2812003 

71.7 J116SS0130002 

1 

01 

16SBOi4"' 
512712003 

99 9 J116SS0140002 



TAL 

SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH J 

SWMU 10 (CAST HIGH EXPLOSIVES F ILM- I40  INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
PAGE I1 OF 200 



TABLE G-1 

SUMMARY OF bNALYTlC RESULTS 
SOILWMPLES ROUNDS 1 THROUGH3 

SWHU 1e (CAST RlOH UPLO81VES CILUB-148 INCINERATOR1 
NSWC CRANE 

CRANL INDIANA 
PAGE 52 OF 203 

SAMPLING ROUND I 01 1 01 I 01 I 01 1 01 I 01 01 01 ~ ~ ~ . . ~ ~ ~  
LOCATION 1658017 1658018 1858019 1658020 ('I 1658021 "I 1658022 I I6SBOZd 

I I 
1858023 . 

SAMPLE DATE b112003 1 312612005 1 312812003 311612003 1 312612003 311812003 312&12003 312812003 3: 
/l6SS0170002-D I 1 1 1 1 1 ; ~ 7 9 3 8 7 1 6 S ~ 0 2 3 0 ~ 0 2 - 0  I _ ___ - -  

I I I 
TEO BIRD !6SS0170002 0.463162116SSC160002 0.3061 16SS0190002 l 0 0 0 W 7 8  16SS0200002 0.1167 16550210002 *>.I376 16SS0220002 1 31B76!16SS023Ol2 >!3!16S>SJ!cCi O f 5  

'6SSO170002.D 1 0 35731l6SS0230002.0 
_C _ ~~p ~- ~ 

I I I I 
TEO MAMMIL HALFNO IOSSOllOOOZ 069 i i~2~16SS0110002  U $ i l O Z S  lbSSO190002 10 146299 165S0200002 0 50382S165S0210002 035681 16S30220002 14653616SS0230032 

16SS01700C2-D 1 0 9380716SS0230032~D 

- 
0.1 U i 6 S 5 0 2 2 0 o 0 2  0 4  UJ 16SS0230002 0 2  UJjl6SSC240002 - 

165S0170002~D 0.3 U 16S50230OC2~D 1 --- 
TDTAL PECDF 165S0170002 0.07 U 16SS0180002 0.36 U 16550190002 0 0 7  U 16SS0200002 0.2 U 16SS0210002 0.07 U 16550220002 0 2  UJ 16S50230002 0 2  U J l 6 S ~ 0 2 4 0 0 0 2  

16SS0170002.D 0 1  L! 18SS0230002-0 < 
TOTAL TCOD 16SS0170002 0.09 U 16550180WZ 0.2 U 16SSO190W2 0.07 U 1655020W02 0 1  U 16S50210002 0 0 9  U 16S50220002 0 3  UJ 1SSS0230002 0 1 6 5 5 0 1 E 0 2 .  p 

16SS0170W2-D 0.2 U 16SS0230002~0 -- -. 

TOTAL TCOF 16SS0170002 0.06 U 16550180002 0.1 U 16SS0190002 0.26 16SS020W02 0 1  L1 16SS0210002 0 0 5  U 16SS0220002 2.4 J 16SS0230002 0 1 U J ~ 1 6 S S 0 2 4 0 0 ~  ,.-,!1 U - 
16SS0170002-0 0 1  U 16550230002.D 



SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB.14B INCINERATOR) 

I " I  , " 8  I " 3  I " 8  I " 7  I " 8 I " >  " >  

I 
- 

LOCATION llSB017 16SBO18 1658019 I 16SBOZO "' lBSBO21 I" 16S8012 16SBOZJ 16SB021 1 
SAMPLE DATE h712003 I .VZ(V2003 1 312(V20C3 YZ(VZ003 I 3IZBIZOO3 1 J12Lv2003 I U2812003 312812003 1 31 

(1) NO O U ~ S U ~ ~ C B  soil sample due 10 rslusal 



TABLE G.i 

SUMMARY OF ANALYTIC RESULTS 
501. SIMP-ES RO.hDS 1 THRO-GH 1 

SWM. 14 (CAST nlGH EXPLOSIVES FI.Ll&lb¶ IhCINERATORl 
hSWC CRANE - - 

CRANE. INDIANA 
PAGE 54 OF203 



SUMMARY OF ANALUIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILU8.146 INCINERATOR) 
HSWC CRANE 

CRWE. INDIANA 
PAGE 55 OF 208 

SAMPLING ROUND I 01 I 01 I 01 1 01 1 01 I 01 1 07 I 01 1 
LOCATION 1668017 11S8018 18SB01S 16S8020 "I 1658021 I" 16S0022 1858023 1658024 1 
SAMPLE DATE !2712003 I 312612003 I U1Y2003 I J12Y2003 I 3/2MDO3 I 312812003 1 312612003 1 312U2003 1 31 

I I I I I I I I I I I I I I 
CARBON TETRACHLORIDE 116SS017W02 1 1 2  U/16SSOlBOWZ ( 1 2  U16SS0190002 1 1 1 U(16SS02WW2 I 1 1 U116SS0210002 ( 1 2  U16SSD220002 1 1 3  U(16SSO230002 1 l 3  UIl6SS 

~16SS0170002~0 I ! 1 ! 1 1 1 ! ! 1 1 3  Ull6SSO230002.D I ! 

I I I I I I I I I I 1 I I I I I 
CHLOROBENZENE 116SS017W02 1 1.2 U116SS01MIW2 1 1.2 U116SS019W02 1 1.1 U116SS0200002 1 1.1 UJ116SSOZlOWZ 1 1.2 U(l6SSO220002 1 1.3 U116SS0230W2 1 1.3 U/16SSO240002 1 1 2  U 

116SS0170002.D 1 1 1 I ! 1 1 I ! 1 1 1.3 U116SS0230002-D / ! 

I I I I I I I , I I I I , 
CHLOROETHANE (lSSS017W02 I 1 2  U/lBSS0180002 1 1 2  UII6SSO190W2 I 1 1 U/1BSSOZOWOZ I 1 1 U116SS0210002 1 1 2  U116SS0220W2 1 1 3  U116SSO23WOZ 1 1 3  U/l6SSO210002 1 1 2  U 

I16SS017W02-D I I I 1 I I I I 1 I 1 I I 1 3  U/l6SS0230002.D I 

I I I I I I I I I I I I I I 1 1 

CHLOROFORM 118SS0170002 I 1 2  Ul16SSDlBW02 1 1 2  UllBSS0190002 I l 1 UllBSS020W02 1 1 1  Ul6SS021OWZ 1 1 2  U/?6SSOZ20002 1 1 3  U116SS0230002 1 1 3  U116SSO240002 I 2 
116SS017OWZ.D I 1 I I 1 I I 1 I 1 1 1 3  U~16SS0230002~0 I 1 

I I I I I I I I I I I I I I I I 
CHLOROMETHANE ll6SSO170032 1 1.2 UIl6SSO16WO21 1.2 UJ16SS0190~2 I 1.1 Ull6SS02W002[ 1.1 UJIlBSS0210wZI 1.2 U/16SSO220002I 1.3 U116SS0230002 / 1.3 Ul~SS0240002 1 1 2  U 

~16SS(I17WOZ.D 1 1 ! I 1 I ~ ~ 1 1 I 1.3 U116SS0230002~D 1 

I I I I I I I 1 I 
CHLOROPRENE 1185S0170W2 1 1.2 Uj16SS0180W2 1 1.2 U116SS018W02 I 1.1 Ull6SS02W002 1 1.1 U116SS0210002 I 1.2 Uj16SS0220002 I 1.3 Ull6SS0230002 1 1.3 U116SS0240002 I 1.2 U 

116SSO170W2.D I 1 I I I 1 1 I I 1 1 1.3 ~16SS0230002.0 I 

I I I , 4 I I I I I , 
DIBROMOMETHANE l16SSO17OW2 1 1 2  U116SSO18OWZ 1 1 2  U/16SS0190(102) 1 1 U116W2WO2 I 1 1 U/16SSO210WZ 1 1 2  U116SS0220002 ( 1 3  U/l6SS0230002 I 1 3  UJ16SSO240002 / 1 2  U 

I16SSO17OWZ-D 1 I 1 1 I 1 I 1 1 I I 1 3 U116SSO230002-D I 1 



SUMUARYOF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 5 THROUGH 3 

SWUU 18 (CAST HIGH UPLOSIVES FILUB-148 INCINERATOR1 
NSWC CRANE 

CRANE, INDIANA 
PAQE I 8  OF 108 

SAMPLINO ROUND I 01 1 01 I 01 I 01 I 01 I 01 I 01 I 01 1 I 
LOCATION l858017 1SSBOl1 1658019 1658020"' 1658021 "' 1158022 IS58023 16S8024 

I I 
1 

SAMPLE DATE I2712003 5/28/2003 32812003 J/Z(VZ003 I 312812003 I 312(V2003 1 312812003 I 312812003 31 
116SSO170002.D I ! I ! 1 1 1 1 3  'JJ116SSO230002~0 1 1 ! 

EMYL METHACRYLATE (16SS017OWZ 1 1.2 Ui6SSO180002 1 1.2 Ul6SSOlsOW2 I 1.1 UI16SSOZOWO2 I 1.1 U/16SS0210002 1 1.2 U/16SSO22OW2 I 1.3 U116SS0230002 I 1.3 U116SS0240002 / 1 2  U 
)16sS017WO2-D I I 1 I 1 I 1 1 I I I 1.3 U(l6SSo23OW2.D ( 

I 
-- 

I I I I I I I I 1 I I I I I I 1 
ETHYLBENZENE JI6SSOI7WOZ I 1 2  UIlBSS016WO2] 1 2  U11655019W02) 1 1  UIl6SS0200W2 I 1 1  UlIsSS0210002I ? 2 Ul16SS0220002 1 1 3  U116SS0230002 I 1 3  UIl6SS0240002 / 12  U 

116SSO170WZ.D I I ! 1 1 1 1 ! ! 1 1 1 3  U116SS0230002-D I I ! 

I I I I I I I 1 I I I 
METHYL IODIDE 116SSO170002 / 1.2 UJ(16SSOI60002 1 1.2 UJ/16SSO19OW2 I 11  UJ~16SS0200002 I 1.1 UJ(16SS021WO2 1 1.2 UJ/16SSO220002 / 1 3  W16SS0230002 1 1 3  

)16SS0170002.D I ! I 1 1 ! 4 ! I ! ! l3 UJ!'6ss02JWO2.D 1- 
I I I I I I I I I I I I 

I 
ETHYLMETHACRYLATE )165S0170002 1 1.2 U116SSOlBoW2 I 1.2 U(16SS0190WZ / 1 1 U~16SSO200WZ I 1.1 U16SS0210002 1 1.2 Uj16SS0220002 1 1 3 U16SS0230002 

116550170W2.0 1 I 1 1 I 1 I 1 I I I i 3 U116SS0230002.D 

I 

METHYLENE CHLORIDE 16SS0170W2 2 8U116SSO18W02 12 BU 16SSOlSWO2 2 BU 16SSO20COO2 5 BU 16SS021WO2 3 BU 16SS0220002 6 BU 16SSO23OW2 
lSSSOI7WOZ-D I 2 BU 16SS0230002.D 

I 

I I I I I I 1 I I , I I I I I I 
STYRENE llBSSOl7WO2 1 1.2 UJ16SSOlBWOZ 1 1.2 U/l6SSOlSWO2 I 1 1  U116SSOZWW2 1 1.1 UJ/lGSSO210WZ I 1.2 U116SSOZ20002 I 1.3 U116SS0230002 1 1.3 Ul6S50240002 1 1 Zqi 

ll(lSSOllW02-D I I I I I I I I I 1 1 1.3 UllSSSO230002.D I 1 I I 

TETRACHLOROEMENE 16SSO17W02 
llffiS017W02.0 1 I I 1 I I I I I 1 1 1 3  U/16SS0230002-D 1 1 

I I I 
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SUMMARY OF AhALYTIC RESULTS 
SOIL SAUP-ES ROUhDS I THRO.Gr( 3 

SWMU 18 (CAST HtGn EXP-OS VES FILJB-146 hClhERATORI 
NSWC CRANE 

CRANE, INDIANA 
PACE as OF 10a . . . -- . . - . .. . 

SAMPLING ROUND I OI I 01 I 01 I 01 I 01 1 01 I 01 1 01 I 
LOCATION 166~017 16S8018 1SSBOlO 16SB020 I" 16SB021 "' 16SB022 1658023 1858024 1 
SAMPLE DATE !27/2003 I J121V2003 I 512Y2003 I YZUl2009 I YZY2003 1 J12U2003 I W M 0 0 3  I 3/28/2003 I M 

I I I I I I I I I I I I I 
DIETHYL PHTHALATE [16SS017W02 I 78 UJIl6SSOlBW02 1 77 UIISSSOIDWOZI 7d U ~ 1 6 5 5 0 2 ~ 0 0 2 ~  77 Ul655021CQO21 76 U/16SS0220002 1 85 U116S50230002 64 ~l i6550240002 _-6 l !  

116SS0?70002.0 I 1 I 1 I I I 1 1 1 1 65 d~i8SS0230002~0 1 
116580170204 1 80 U\16580180203 1 76 U/l6580180203 1 1 77 U/165802202031 78 U16S80230203 
! 1 I ! ! ! 1 ! 1 ! I 1 78 U16580230203-0 . 

I 
DIMETHYL PHTHALATE J16SSO17W02 

1155SO170002.D 
) t85~0170204 

1 

ETHYLMETHANESULFONATE - 16SS017W02 
16SS0170002-D 
18580170204 

I I I I I I I I I I I 

FLUORANTHENE 

78 UJ/16SS0180002 1 77 UI~SSSOI(KMOZ I 74 U(16SS0200002 1 77 U~16550210002 1 78 U118550220002 1 65 UI16SS0230002 / 64 Ull6SS02~0002 

, 

78 UJ 

80 U 

HEXACHLOROBENZENE 

-821 

16SS0170002 
16550170002-0 
16580170204 

1 I 1 I I I I I I 1 85 U/16SSO230002-0 I 
60 U16S80180203 1 78 UjrSSBO18O203 I 1 77 U/16580220203 1 78 UllBS80230203 1 76 ~ l ~ 6 ~ 8 0 2 6 0 2 ~ 3  I 80 U ! ! 1 ! I ! 1 ! 1 76 Ull8580230203.D I I 

I 
16SS0160W2 1 77 U 
(7 

16580180203 1 76 U 
1 

I 
18SS017W02 1 76 UJ 
16SSO17MoZ-D I 
16580170201 1 80 U 

I 

3.9 U 

3.8 U 

I - 16SSOlsW02 74 U 165502W002 1 77 U 16550210002 78 U 16550220002 

16S80190203 I 77 U 16580220203 

16SS018W02 

16580180203 

16SS0180002 

16S80160203 

I 
85 U116SS0230002 

r K T % % G E m p -  
78 U116580230203 
78 U\16580230203.0 

77 U 

76 U 

I 
3.8 Ul6550190002 

1 
3.8 U116580190203 

1 

64 U 

76 U 

18550790002 

16580180203 

I 
16SS0240002 I 82 'J 

16580240203 1 60 IJ 

1 

3.6 U 

74 U 

16550200002 

168S0200002 

3.8 U 

77 U 

16550210002 

16SS0210002 

I 

3.8 U(16550220002 
I 

3.8 U116SB0220203 
i 

76 U 

77 U 

I 
4.2 U!16550230002 
A2 Ui16550230002.D 

3 8  ~J116580230203 
48 J(l6580230203.D 

1SSS0220002 

16880220203 

4 2  U 

3 6 U 

85 U 
85 U 
79 U 
78 U 

16550240002 

16580240203 

4 U 

3 8 U 

18550230002 
165S0230002~D 
16880230203 
16880230203~0 

64 U 

76 U 

16SS0240002 

16580240203 

82 U 

60 J 



TABLE G-1 

SUMMARY OF ANALITIC RESULTS 
SOIL SAMPLES ROJNDS 1 THROJGH 3 

SWMJ 18 c c A n  HIGI( EXPLOSIVES FILJB.II~ ILC.LERATORI 
NSWC CRANE 

CRANE. INDIANA 
PAGE 88 OF 208 

SAMPLING ROUND 1 01 I 01 I 01 I 01 1 01 I 01 1 01 01 -- 
LOCATION l 8~8017  18SEOl6 1858019 16S8020"' I6SBO21 I" 16S8022 1658023 1658024 

! I I I 
- 

SAMPLEDATE h r n o o ~  3/28/2003 3/2(V2003 1 311112003 3/28/2003 312812003 3128/2003 1 312812003 31 

I I I I I I I I 
HEXACHLOROBUTADIENE /16550170002 1 76 UJ/16550180WZI 77 U116SS0190002 I 74 U116550200002 1 77 U/16S50210002 

116SS0170WZ.D 1 I I I I 1 1 1 

I I I I I I I I I I I I I I 
KE ONE 0 

I16SS017WO2.D 1 1 I I I I I 1 I 1 1 65 UR/16SSOZJW02-D 1 I 
116S8017020rl I 80 UJIl6SBO180203 I 76 UJ~l8SB0190203 I 1 77 UJ116580220203 1 79 UJ116580230203 1 76 UJ116SB0210203 1 80 UJ 

I I I I I I I I I I I I I I 
HEXACHLOROCYCLOPENTADIENE 116SSOllOW2 ( 78 UJ11655018W2 I 77 UJ116SSOlSW02 1 74 UJ(16550200002 1 77 UJ116SSO210002 / 78 UJll6SS0220002 1 85 UJ116550230002 / 64 U 

(16SSOllOW2.D I 1 I I I / I I 1 I 1 85 UJl65S0230002~D 1 

( I )  Nor, -e s o  sampledue lo refusal 

I 
76 U116SSO22MOZ 

I 
165- 

580220203 

)16580170204 1 60 U/16S80180203I 76 U/16580190203 1 1 77 U116580220203 / 79 U(16SBO230203 1 76 U l6S00240203 I 80 U 

1 1 1 1 1 1 1 I 1 76 U16500230203-D 1 

85 U 
65 U 
79 U 
78 U 

16550230002 
I6SS0230W2.0 

I I 

16880230203 
15500230203.0 - 



I I I O-ZOWCZOSS~~~~ SB I 1 I I I I I I I 1 I a.zooo~~osssi~ 
n zs Izoooszosss~~n re I zoooczossslln se I zooozzosssiln sr lzo ZOWhoSS9lI 3N10113dldOSOLIlIN'N 

I 
~.EOEOEZOES~~ n EL 

n os ~ozorzoess~ n 9i EOZOCZOESO~ n SL ~ozozzo~ss~ cozm1oass~ n s~ rozosiaass~ n os WZOL~OBS~~ 
~.ZOOOEZOSSOL n ss a.zow~~ossst 

n re rooorzoss9~ n 9s ZOOOCZOSS~~ n ss zooozzosssi n s~ zooouosss~ n LL zoowzosssl n vr zooosiwssi n LL ZWOB~OSS~~ rn BL ZMXILIOSS~L 3NllOHdtlOlYOSO~LIN.N 

I I I I I I , I 
/ a~~~zoezoassiln SL I I I I I I I I I 

n os I ~ozotzosss~ln sr I mzoczoess~ln EL I EOZOZZOBS~~~~ LL I I 1 EOZ~LOOSS~I~ PL I COZO~LOES~L~~ 0s 1 WZOLLOOS~LI 
I I 1 ~.ZOOOCZOSSOI!~ ss I I I I ! I I I I I ~EOWLIOSS~II 
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SUMMARY OF ANALmlC RESULTS ~~- ~ 

501. SAMPLES ROJNDS 1 TelRDJGm 3 
SWMU 10 (CAST H.Gn ~aP.Os~vLs Pl.uB.14e LCI~ERATORI 

hSWC CRAhE 
CRANE. INDIANA 
PAGE71 OF108 



TABLE 0 1  

SUMYARY O f  AhA.nlCRESL.TS 
SOIL SAMPLE8 ROUNDS I THROoGn 3 

SWNU I 8  (CAST H an EXPL081VES FI.LRI.Il8 INC NERATORI 
NBWC CRANE 

CRANE. INDIANA 
PAGE 72 OF 208 

SAMPLING FOUND / 01 1 01 1 01 I 01 1 01 I 01- 01 01 - ~ . . . ~  
LOCATION ~~SBOIT  16SB018 18SBOID 16SB02O1" 11S8021 "I 18S8122 76SBOPJ >158011 
SAMPLEDATE t2712003 I 3/28/2003 1 512812003 I 3/28/2003 1 3/28/2003 1 512812003 I 3126!2003 1 312812003 I 31 

I I I 

Herbicidal (uskg 1 I 
HEXACHLOROPHENE 

165SW70002.0 / 1 

I i i I I I I I I I I I 1 
PENTACHLOROPHENOL 0 5 7  U,16SS0240002 1 @ 55 U'  

116S50170002-D 1 1 I 1 1 1 1 1 I 1 1- 
116SB0170204 1 0 5 4  U116SBO180203 1 0.51 U16580190203 [ 1 0 5 2  U/16580220203) 0 5 3  U16SB0230203 / 0 5 1  UII 
! 1 1 ! I ! ! 1 1 I 1 / 0 5 2  U116SBOZ30203.D 1 1 1 - 



S-MMARY OF A h A L n l C  RESULTS 
SOL SAMP-ES ROUhD6 1 THROOOo 3 

SWM. 18 (CAST nlGn EkP.OS.VES F LU8.146 ~ C I ~ E R A T O R I  
NSWC CRANE 

CRANE, INDIANA 
PAGE 73 OF 201 

I I 
LEAD 16S5017W02 9.8 J 16SS0160W2 8.1 J 16550190002 765 J 16SS020W02 211 J 16SS0210002 69.9 J 16SS0220002 43 J 165S023W02 16 Jll6550240002 I 24 9 J 

16SSOI7OW2.0 95.6 J 16SS0230002-D I 1 
16SB0170204 14.2 J 16S80180203 6.3 J 16580190203 3.4 116SBO220203 7.3 J 16S80230203 5 5 Jl16500240203 1 

4 J 16580230203-0 I 

I I I I I I I 
MAGNESIUM 16SS0170W2 654 J 16S50180002 I 10% J 16SS0190002 1 969 J/16SS0200002 ( 651 J(l6SS0210002 I 1190 J(IBSS0220W2 ) 2320 J16SS023OW2 I I250 Jl6S502A0002 I l4dO J 

16SS017W02.0 I I 1 1 I I 1 / 1210 J1l6SSO230002-D I I 
16SB0170204 910 J 16SEQ1802031 849 J 16S80190203 1 1 535 J118SBO220203 1 1360 J116SW230203 1 955 J!15SB02402031 10!0 J 

1 1 1 ! 1 1 / 766 ~116S80230203-D I 1 

SAMPLING ROUND 
LOCATION 
SAMPLE DATE 

1 1 I 58.7 U116S80230203-D 1 

01 
1858022 
312W2003 

218 J116580220203 

01 
1858024 
312812003 

139 Jl6SB0240203 

01 
i6SB023 
312Y2003 

66.7 ~ 1 6 5 ~ 0 2 3 0 2 0 3  

01 I 01 
8S8017 18SBOl8 
'2712003 1 SnlYZ003 
16S80l70204 I 1810 J116SB0180203 

1 
31 

312 J 

01 
16S8O2O1" 
JlZM003 

I 

01 
11158019 
312M003 

234 J/16SB0190203 

01 
18S8021 "' 
312812003 

I 



'1ssn)el 01 enp eldui~e IIOD s: .ON(I) 



SUMMARY OF ANALWIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVESFILUB-746 INCINERATOR) 
NSWC CRANE 

CRANE. INQUNA ~. 
PAGE IS OF 108 

(1) NO SUbSuTIBCB 6011 sample due lo refusal. 



TABLE G-1 

SUMMARY OF ANALYTIC RESULTS 
SOL SWPLES RObhDS 1 Tl l lObGn 3 

SHHI) I 6  (CAST H.Gn EXP.OSIVL6 FI.UB.118 INCINERATOR) 
NSWC CRAhE 

CRWE. INDIANA 
PAGE 18 OF 208 

" " , -. - ,  -. ", 
I I 

- -- 
LOCATION IS8025 1658026 16S8027 

I 
'=%- -.I 

SAMPLEDATE k812003 41912003 312612003 Y2312003 312811003 312812003 312812003 4lllIlOIJ 

TEO BlRO HALFND 



SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 18 (CAST HIGH EXPLOSIVES FILUB-I48 INCINERATOR) 
NSWC CRANE 

CRANE. 1NDIhA 
; PAGE77OFZO8 

SAMPLINO ROUND 101 I 01 I 01 I 01 I 01 I 01 I 01 I 01 I 
LOCATION ISBOZS 18SB028 1658027 ldSBOZ8 16SBOZS 1658030 1ESBO31 I" 1658032 1 
SAMPLEDATE )81~003 1 UslZOO3 I 312812003 I 3/28/2003 1 512812003 I 312812003 I 312LV2003 1 41912003 I 4 

I I I I I I I I I I 1 I I I I 
TEO BIRD 16S50250002 1 0.00901116SS0260W2 1 2.85567116550270002 1 0.57762116S50280002 1 0.4434/16SS0290002 I 0.4896~16550300002 / 0 2328116S50310002 1 2 4 0 4 6 5 1 1 6 5 5 0 ~  

I I I I I I I I I I I I I I I I 
TEO MAMMAL HALFNO 116550250002 10 228675116S50260002 1 3 48472j16SS027W02 I 1 58067~16SSO280002 ( 1 467935116SSO290002 I 1 137021165S0300002 10 676955116SS0310002 1 3 11 175 16550320002 1 2 00792 

I I I I 1 I I I I I I I I I I I 
TEO MAMMAL 116SS0250W2 1 001881118560260002 1 329877116S50270002 1 1 29042116SS0280002 1 O679/16SSO290WZ 1 0835116SS0300002 1 015661l6SS0310002 1 2 95~7516850320002 / 1 86562 

I 1 I I I I I I I I I I I I I I 
TOTAL PECDF ltBSS025WOZ I 2 3  JIl6S5026W02 1 5.1 J116SS0270002I 1.3 J116SS02600021 0 3  U/16SS0290002) 0 2  U!16SS0300002 I 1 5  J(l6SS0310002 I 6 3  J116SS0320002 1 2 5  J 

I I , 
I I I I I I 1 I I I I I I I I I 

TOTAL TCDD 116S50250002 1 0 1 U118SS0260W2 1 0 2  U116SS027W02 I 0 1 Uj16SS0280002 I 0 3  U116SS0290002 1 0 2  U/16SSO300002 ( 0 1 U16SS0310002 1 0 2  U 16SS0320002 1 0 2 U 

1 I I I I I I I I I I I I I I I 
TOTAL TCDF 116SS0250002 1 3.8 U/l6S60260002 1 4.5 JJ16550270002 I 1.9 J116SS0280002 1 0.2 UJ16SS0290002 1 0.1 U1165S0300002 1 1 U116SSO310002 ( 13.3 J16SS0320002 / 2 4 U 



I 1 I 1 I I I I I I I I I I I I 
1 @ZOWBZOSS91(n 011 1 

n at1 I zoaozcosss~n 021 1 zoooli.ossstln ozi I zoooocosss~ln acl ~zoooszosssrln or1 Izowszosssrn oz~ Izwo~zosssbln oil I zwoszosss~lrn obi I zwoszosssll INVXOIWP'I 
I , 

I I I L I I I I 1 I I I I I 
I I @zo~szo~~s~~n L'I 1 

ssstln z i I ZO~OIC~SSSL~ z I zoooocosssin ct I zoooszosssln c I l zoooszosssiln z I I zooo~zosss~ln 1.i I zoooszosss~n 1.1 l zoooszosss~l ~N~HL~OUO~H~I@~'C 





TABLE G.1 

CRANE, INDIANA 
PAGEIDOF208 

.. . 
. , . . 

(1) NO sub. '-ce soil sample due 10 reluld. 



SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLESRO.HD9 I ThRO.Gh 9 

SWY. 18 (CAST hlGh EXPLOSIVES FILLB-148 ,hClhERATOR' 
NSWC CRANE 

CRANE, INDIANA 
PAGE 81 OF206 

I I I I I I I I I I I I I I I 
ETHYL METHACRYlATE 116SSO25W02 I 1 1 UlSSSD260002 I 1 l U116SS0270W2 1 1 2  UJ16SS0260W2 I 1 3  U16SS0290002 I 1 3  U(lSSS0300002 1 1 2  ~11SSS0310002 / 1 2  U1145S0320002 1 1 1 U 

I I 1 1 Ul16SS02SWo2.D I 1 I 1 I I 1 I I 
I I I I I I I 

I I I I I I I I I I I I I I I I 
ETHYLBENZENE 116SS0250002 I 1 i U116SSO260W2 I 1.1 UIlISSO27W02 1 1.2 U116SS0280002 1 1.3 U16SS0290002 1 1.3 U/lSSSo300002 / 1 2  U116SSO310002 ( 1.2 Ul6SS0320002 / 1 ' U 

I 1 1 1  U(l6SS0260002-D I I I 1 I 1 1 I I I I 1 
! I I I 

I I I I I I I I I I 1 I I I I I 
ISOBUTANOL l l 6SS02~002  1 44 U/lSSS02SOW2 1 45 U(16SS0270002 1 47 u/16sS028W02 / 51 U116SS0290002 1 51 Ul6SS0300002 I 16 ~16SSO310002 1 50 U116550320002 

I 1 44 Ul6SSOZMIW2.0 1 I I I I 1 I 1 1 ! I 
I 1 1 I I I I I I I I I I J I ~- 

I 
METHACRYLONITRILE lr6SS0250002 I 1.1 Ul16SSO260002 1 1.1 U/16SS0270002 1 1.2 U/l6SS0260002 1 1.3 Ull6SS025W02 1 1 3  UlSSS0300002 1 1.2 U116SS0310002 1 1 2 U16SS0320002  

I I 1.1 Ull6SSO260002.D I 1 I I 1 1 I 1 I 1 1 

1 I I I I I I I I I I I I 
METHYL IODIDE 116SS0250002 1 1 1  UllBSS0260W2 [ 1.1 UJ16SS0270002 1 1 2  UJ1lSSS0260002 1 1 3  VJ116SS0290002 ( 1.3 UJ116SS0300002 1 1.2 UJl16SM310002 1 1 2  U116SS0320002 1 I 1 9 

I I 1.1 Ull6SS02SW02.D I 1 I 1 I 1 I I 1 1 1 
I I I i 

I I I I I I I I I I I I I I I I 
METHYL METHACRYLATE 116SS0150002 I 1.1 U116S50260002 1 1.1 U116SSC270002 1 1.2 U/l6SS0260002 1 1.3 U(16SS0290002 1 1 3  U16SS0300002 I 1.2 U/lSSS0310002 1 1.2 'J11SSS0320002 1 1 1 U' 

I I 1.1 UlSSS0260W2.D I 1 I I I 1 I 1 1 ! 1 
I I I I I I I I I I I I 1 I I I 

MEIHYLENE CHLORIDE 116SS025WOZ I 1 1 UJ16SS0260~2 1 3 0U/lSSS027W02 1 4 BU116SSO260002 1 5 BUll6SSO250W2 I 3 BU/lSSSOJOW02 1 2 BU116SS0310002 1 1 2 UJltSSS0320002 / 1 CJ 

1 1 1 1  UJIl6SS026W02-0 I [ 1 1 I 1 I 1 I I I 

I I I I I I I I I 

STYRENE 116SS0250W2) l l UJ1lSSSQZSW02 I 1 1  Ull6SS0270002 1 1 2  U/l6SS0260002 1 1 3  U116SS0290W2 1 1 3  Ul6SS0300W2 1 1 2  U/16SS031W02 1 1 2  U~6550320002 I 1 l U 
! 1 1 1 ~ \ 1 6 ~ ~ 0 2 6 0 ~ 2 w  I 

TETRACHLOROETHENE 
1;1 U 16SS0280002-0 

- + ~ - 1 . 1 - ~ - 3  
I I I I 

I 1 I 1 1 

I I I I 1 
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TABLE G-1 

SUMMARY OF ANALYTIC RE6ULT6 
SOIL 6IUPLES ROUNDS I ThROUGh 3 

SWUU I 6  (CAST h.Gh EXPLOSIVES FILUB.146 INC NERATORI 
NSWC CRbNE 

CRANE, RDlANA 
PAGE I 6  OF 100 

6AMPLlNO ROUND 1 01 I 01 I 01 1 01 I 01 I 01 I 01 I 
LOCATION 
SAMPLE DATE 

(1) No SY' '.CB 8011 sample due lo relull. 

4.BROMOPHENYL PYENYL ETHER 16SSO25WO2 

16SB0250203 

71 U 
74 U 
70 U 
71 U 

16SSO28W02 
16SS026W02-0 
16SBO2802M 
16S00260204~0 

76 U 

73 U 

16SSO270W2 

16S00270203 

76 U 

75 U 

16SSO28W02 

16S80280203 

65 U 

82 U 

16550290002 

I6500290203 

65 U 

81 U 

16S50300002 

16S00300203 

81 U 63 U 

60 U 

165S0310002 165S0320002 

16SB0320201 

76 U 

76 U 
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TABLE G.l 

SUMMARY OF ANALYTIC RESULTS 
SOIL S A ~ P L E S  ROUNDS 1 THROUGH 3 

SWMU I O  (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
PAGEOZOFZOO 

SAMPLING ROUND 1 01 I 01 I 01 I 01 I 01 I 01 I 01 I 01 I 
LOCATION 150025 1658026 1658027 16SBOZ8 1658029 1658030 16SB031 "' 16S8032- 
SAMPLE DATE )U2003 I V912003 I 3121112003 1 JiZY2003 I 31212Q03 I 312612003 I 312812003 I 41~2003 

METHAPYRILENE 

. ;;/ . . . , 

~ ~ 

, ~, . . 
(1) No s t '  s s  8011 sample due lo relusal. 

_-1 
e 

METHYL METHANE SULFONATE 

I 1 71 URl16S8026020P~D 1 I I 1 I ! 1 I 

16SS0250002 

16S00250203 

16500250203 70 U 16580260204 73 U 16500270203 1 75 U 16SB0280203 62 U 16580290203 81 U 16500300203 60 U 16580-4 
71 U 16S80260204.0 I 

18550250002 

74 U 
74 U 
70 U 
71 U 

74 U 
74 U 

16SSO260002 
16SSOZMK42.D 
1650026Q204 
16S80260204.D 

16SS0260002 
16SS0280002-D 

I 
76 U16SS0270002 

1 
73 UJ16SB0270203 

1 

76 U 

76 U 

75 UJ 

I 
16SS0270002 1 78 U 

I 

18SSDZBWOZ 

16S80280203 

16SS028WOZ 

85 U 

82 U 

65 U 

165S0290002 

16500290203 

16550290002 

65 U 

8, U 

65 U 

16SS0300002 

76980300203 

16S50300002 

I 
81 Ul65S0310002 

1 

I 
81 U16550310002 

1 

I 
63 Ul6S50320002 

60 uir6sBo32ozoa 
I . 

.---% 
. 

*U 
- 

63 U 1655~320002 76 U 



T. 

SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUQ146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
PAGE W OF 100 
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SUMMARY OF ANALWIC RESULTS 
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CRANE, INDIANA 
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TABLE 0 1  

SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS I THROUGH 3 

SWMU 10 (CAST HIGH EXPLOSIVES FILUB.140 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
FAGE 100 OF 100 
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SUMMARY OF ANALYTIC RESULTS 
SOL SAMPLES ROUhOS 1 THROrGdJ 

SWU, I6 (CAST AlGH EXPLOS.VES F LJ0.148 IhClhERATCR. 
hSWC CRAhL 

CRANE, INDIANA 
PAGE 195 OF 208 

CHLOROETHANE )16SSCWW02 I 1.1 U]l6SSO340W2 I 1.1 U116SSO350002 I 1.2 UIl6SS0360WZ I 1.1 U16SSW70002 [ 1.1 U16SSO360002 1 1.2 U ~ ~ S ~ O ~ ~ O W Z  I ... 1 ... 
I I 1 

1 2  U/16SB0360203 1 1 U 16S80360203 1 2  U 16S80390203 1 2  Ull6S80400506 1 2  U 
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I I I I I I I I I I I I I 
1 1 2 U116580360203 1 1 I 1 1 U116S80360203 l 1 2  U]lSSB0390203 1 1 2  U~16SSO400506 1 1 2 U 

1 1 1 I 1 1 I I I I I 1 / 1 2  U116S80400608 1 1 2  U 
I I / I 2  U ~ l 6 S B 0 4 ~ 6 0 6  D I 

DIBROMOMETHANE 1 .  
I I I I I I I I I I I 1 

1.2 U110SB0360203 I 1.1 UllBSB0360203 I 1.2 U116SB0390203 / 1.2 U116SBO400506 I 1 2 U 
I I I I I I I I I 1 1.2 U116SsO400608 I 1.2 U 

1 1 2  Ull6SBO4MS08~D I 
DICHLORODIFLUOROMRHANE ll8SS033W02 1.1 UJ 16560340W2 1 1.1 UI16SS0350W2 1.2 UJ[I6SSC36W02 1.1 Ull6SS037OW2 1 1.1 Ull6SS0360002 1 1.2 UJll8SS039OoOZ I .-- 1 ... 

, . 



TABLE G1 

SUMMARY OF ANALYTIC RESULTS 
SOIL SUIPLES ROUNDS 1 THROUGH 3 

SWMU I 8  (CAST HIGH EXPLOSIVES FILUB.I48 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
PAOE I08 OF 208 

SAMPLING ROUND 1 01 I 01 I 01 1 01 I 01 I 01 I 01 I 01 _ -  
LOCATION )sea33 16S8034 16S8035 ''I 1 16SB038 1658037 "I 18S8038 16SBO39 18~8040_ -  __> 
SAMPLE DATE !9!2003 I 41812003 1 3/28/2003 1 41912003 1 Y2812003 ! 312812003 ! 312812003 I 312812003 3 

I I I , L 
I I I I 1 1 1.2 Ul6580360203 1 I / 1.1 U~16S00360203 1 1 2  U116500390203 1 1 2  U116500400506 / 1 2  U 

I I I I 1 I I I 1 2 U~16S8Od00606 [ 1 2 U 
I 1 I 1 I 1 / 1 2  U~16580600608.0 1 

ETHYLBENZENE 116550330002 I 1.1 U16S50340002 1 1.1 UI16550350W2 I 1.2 U116SS0360W2 I I 1  U16550370002 I 1.1 U/16550380002 1 7 2 U116SS03SW02 I .-. 1 ... 

ETHYLMETHACRYLATE 

I I I I I I I I , I I I I I I I 
I 1 1 1.2 U116580360203 I 1 1.1 U~16S80360203 1 1.2 U16580390203 1 1.2 U116SBOPOO506 I 1 2  U 

I I I I I I I I 1 I I I 1.2 U~16S80400606 I ( 2 U 
I I 1 1.2 u l l 6s~oa00608 .~  I - 

METHYL IODIDE ll6SS0330002 I 1.1 U116550340002 1 1 1  UJ/16SS035W02 1 1.2 U116SS0360002 I 1.1 UJl16SSW7W02 I 1.1 UJ116S50380002 I 1.2 UJ/16550390002 I ... 1 ... 

16550330002 

I I 1 I I I I I I I I I I I I 
I 1 1 1 2 U116S80360203 1 I 1 1 U116S80360203 1 1 2  Ul6500390203 1 1 2  U116500400506 / 1 2  U 

I I I I I I I I I I I 1 1 2  U~16S00100606 1 1 2  U 
I I 1 1 2  Ul16500400606-0 1 

METHYLENE CHLORIDE 116SS033W02] 1 1 UJ118SS0340W2 ( I 3  BUll6SS0350002 I 1 2  UJ116SS03SW02 I 1 BUl16SS0370002 1 2 8Ul16SS0380002 I 3 0U/16550390WZ I ... 1 

METHYL METHACRYLATE 

1 1  U 

7 
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1.1 U 

1.1 U 

16SSWrW02 
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1.1 U 

1.2 UJ 
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I 
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1.2 U 

1 2  U 
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1 1 U 

1 l U 

1.1 U 
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1 2  UJ 

1.2 U 
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1.1 U 
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1 2  UJ 
1 2  UJ 
..- 

1.2 UJ 

1 2  U 

1 6 ~ 8 0 ~ 0 0 5 0 6 - ~  
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Y-2-c _-= 
... - 

l6S80380203 
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1.2 UJ 
1.2 UJ 
1 2  UJ 
... 
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1 2  UJ 
1.2 UJ 

... 







SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HlOH EXPLOSIVES FILU8-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 100 OF I00 

(1) NO S U ~ S Y I ~ ~ C ~  9011 rsrnple due lo raluaal. 



TABLE 0.1 

SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUhOS 1 lHRO-GH 3 

s w u  qe ,c&sr non UPLOS VES FILJB.IM I ~ C  ~ERATOI: 
LSWC CRAhE 

CRANE. INDIANA 
PAGE 110 OF108 

(1) No I es soil sample due to relusal 
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SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNOS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-I06 INCINERATOR) 
NSWC C R W E  

CRANE.INO!ANA 
PAGE 111 OF108 . 

CNI~ROANILINE 

. . ,  . , . 

16SS0330002 72 U 16SSWbOW2 76 U 
~. 

16SS0350002 78 U 16SSWSW02 
. . 
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... 
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SUMMARY OF bNALYTIC RESULTS 
SOIL SAMPLESROUNDS 1 THROUGH 3 

SWMU 11  (CAST HIGH EXPLOSIVES FILUB-148 INCINERATOR) 
NSWC CRANE ~~ - 

CRANE, INDIANA 
PAGE 117 OF208 

SAMPLING ROUND ( 01 I 01 I 01 1 01 I 01 1 01 1 01 I 01 1 
LOCATION bs.033 1 l S B W  18SBWS "' I 10S8W6 1658037 "' 16S8031 16S8039 11S8040 1 
SAMPLEDATE rWZ003 I 4lW20W I YZMO03 I USlZOW I 3/2U2003 1 W2Y1003 I 3/2(V2003 I 312L112OOS 1 

I I 
I I I I I I I I I I I 1 80 UR]16S80400608 ( 03 'JJ 

I 1 1 81 URll8SB0100606-D I 
METHAPYAILENE 118SS0330002 1 72 Ul16SS0340002 1 76 UJlI6SS0350002 1 78 Ul16SS0360WZ I 74 UJl6SS0370W2 1 76 UJIl6SSO38OOOZ I 78 UJll8SSO39W02 1 ... I ... 



Ieanlu 01 enpe~dvlas IIOS eo. ,nu ON (11 



SOIL SUP-CS ROUhDS 1 TdROUGH 1 
SUIMU 18 (CAST don  EXPLOSIVE^ ~ I L J B . ~ ~  ~ C I ~ E R A I O R ,  

NSWC CRAhE . - 

CRANE, INDIANA 
PAGE l l S O F  208 

SAMPLING ROUND I 01 1 01 I 01 I 01 I 01 I 01 I 01 I 01 1 
LOCATION )SOW 1858034 1658036 "' 1 16S8036 1618037 "' 1688031) 1658039 1658040 1 
SAMPLEDATE Iw?O03 1 4 1 ~ ~ 0 0 3  I 3121V2003 1 M n O W  1 312U2003 I 9/28/2003 I J/28ROO3 I 312112003 1 3 

I 

(11 NO SYDIUIIBCB sol! sample due la refusal. 
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SLMYARV OF A~PLVTIC RESJ-TS 
SOL SAMPLES ROLNDS 1 THROLOH 3 

SYYMJ I 8  (CAST HIOH UP.OSIVES FI.LB.II8 INS NERATORI 

1 
TEQ BIRD 

TEC M W M L  HA.Fh3 I 

I 
TEQ MAMMAL 1 

I 
TOTAL HPCOO 1 I 

1 
TOTAL HPCDF - - 

1 

TOTAL HXCDD I 
I 

TOTAL HXCDF I 

I 
TOTAL PECDD I 1 

I 
TOTAL PECDF , 

I 
TOTAL TCDD 

TOT/\L TCDF 

(1) NO SU~IYIIBSB 661 ample due to rslusd. 



~UMMARY OF A N A L ~ I C  RESULTS 
SOIL M P L E S  ROUNDS 1 THROUGH 3 

SWMU 18 (CAST HIGH~EXPLOBIVES FILLIB-148 INCINERATOR) 
NSWC CRANE . 'CRUIL INDWA 

~P*?ei% OP 208 

SAMPLING ROUND 
LOCATION 
SAMPLE DATE 

16080410305 
16500410507 

1.1-DICHLOROETHANE 

( I ]  No e 'e soil sample due lo rdued 





( I )  No I,' ?a roll sample due lo relusal. 

SUMMARY OF ANALYTIC REBULTS 
SOIL SbMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-148 INCINERATOR) 



SUMMARY OF bhA.Vl C RESULTS 
SO. SAMPLES ROUhDS 1 TnROUGn) 

SWMU I 8  1CbST nlGH EXPLOS.VES FILLB.146 1NC.hERATOR. 
N IWC CRANE 

CRANS INDIANA 
PAQE 131 OF 101 ~ ~ - 

SAMPLING ROUND 
LOCATION 58041 
SAMPLE DAT,E 

, , 

18S80410507 

( I )  NO a ~ b l ~ r l s c e  soil sample due 10 ieIu6al. 



TABLE 0-1 

SUMMARY OF A N A L ~ I C  RESULTS 
SOIL W P L E S  ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES ALUB-146 INCINERATOR) 
NSWCCRPNE , 

' ' ckmi  INDIPNA . J 

PAGE 132 OF201 

(1) N o s  .ce aoil sample due to refusal. 

TOLUENE 

TOTAL XYLENES 

TRANS.1.Z-OICHLOROETHENE 

TRANS1 .SDICHLOROPROPENE . . 
. y  , 
, -  * . .. ~.... 

TRMIS.l.4-DICHLOR02-BUTENE 

. . 

lBSB0410305 
18SBM10507 

. . 

lSSB0410305 
18580410507 

18SB0410305 
18S80410507 

, . 

18580410305 
16SBM10507 



1 

SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 1 1  (CAST HlGM EXPLOSIVES FILUB.148 INCINERATOR1 
NSWC CRANE 

PAGE I S O F  101 



S U M N R Y  OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH J 

SWMU 16 (CA? HIGH EXPLOSIVES FILLfB.146 INCINERATOR) 

~ ..- . N W C  CRANE 
~UANE. WDIWA ' . 
PAGE !?OF 206 

SAMPLINGROUND ' , 1'01 
LOCATJON ( 9 8 ~ 1  
SAMPLEDATE - -  ' ' .  . FRO03 

(1)  NO ?it,' '.ce loll sample due lo rBlural. 





( I )  N o '  :e soil aarnple due lo refusal. 

SLMMARY OF A N A L ~ I C  RESLLTS 
SOIL S U P L E S  ROLHDS 1 THROUO6 3 

SWMU I4 ICAST HIGH EXPLOSIVES F I L U B I M  IHCIHERATORb 
NSWC CRANE. 

CRANE. INDIANA 
PAGE 136 OF 208 -. . . . . . . 

1 01 
)SBP~I 

SAMPLE DATE wnooa 



SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 18 (CAST HIGH EXPLOSIVES FILUB-I48 INCINERATOR1 
NSWC CRANE - -- 

CRANE, INDIAN~ 
PAGE 137 OF 108 

SAMPLING ROUND 1 01 
LOCATION ~SBMI 
SAMPLE DATE k7120W 

~18S80410305 

(1) NO s ~ b ~ u ~ a ~ s ~ o i l  sample due 10 relusal. 



SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 10 (CAST HIGH EXPLOSIVE8 FILUB-168 INCINERATOR) 

. . . .  . NSWC CRANE 
C W E ,  INDIANA 
PAQE'13B-OF 101 - - . . . . . . 

SAMPLINO ROUND I 01 
LOCATION ~ S E M ~  
SAMPLE DATE !+'I12003 



( I )  NO B Y D D U ~ ~ E ~  soil sample due to relu~al. 

SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUOH 3 

SWMU l a  (CAST HlOH EXPLOSIVES FILUB.146 INCINERATOR) 
N6WC CRANE 

CRAN4 INDIANA 



SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU Id  (CAST HIGH EXPLOSIVES FILUB148 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1400F 101 

SAMPUNO ROUND 1 01 
L Q C A ~ N  )SBMI 
SlMPLE DhlE kW2003 



(1)  No rubsurface roll sample due to relusal. 

SUMMARY OF ANALVTlC RESULTS 
SOIL SAUPLES ROUNDS 1 THROUGH 3 

SWMU 18 (CAST HIGH EXPLOSIVES FILLIB-I48 INCINERATOR) 



TABLE G.1 

(1) No P .CB 6011 ~ a m p l e d ~ e l e  refusal. 

SLMHARYOF ANALWIC RESULTS 
SOIL SAMPLES ROULDS 1 ThROUGdJ 

SWMJ 10 (CAST HlOn EXPLOSIVES F LVB-140 IhClhERATORI 
N8WC CRAhE 

CR*NE, INDIANA 7 
PAQE 141OF 108 



SUMMARY OF ANALVllC RESULTS 
SOIL SAUPLES ROUNDS 1 THROUGH 3 

SWMU I 6  (CAST HIGH EXPLOSIVES FILW-146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIbNA 
P A G E I U  OF 108 

(1) No subsurlacs rail sample due to reluaal. 



TABLE 0-1 

SUMMARV OF ANALYTIC RESULTS 
SOIL SAMPLES POUNDS 1 THROUGH 3 

SWMU 10 (CAST HIGH EXPLOSIVES FILUB-I46 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
PAOE 144 OF 10B 



SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS I THROUGH 3 

SWMU I 8  (CAST HIGH EXPLOSIVES FILUQ-14) INCINERATOR) 
NSWC CPINE 

CRANE. INDUNA 
PACE 145 OF a00 

SAMPLING ROUhD ) 01 
LO CAT.^ ksur 
M U P L E  DATE p711003 







SUMMARY OF ANALYTIC RESJ-TS 
60.L SAMPLES ROUhD8 1 THROUOH 3 

SUMU 16lCAST HnOH UPLOS.VE8 FILVB.346 INCINERATORI 
N8WC CRANE 

CRAUL. INDIANA 
PACE 146OF 108 



'vmler 01 enp sldliler (0s elspnrqnr ON (1) 

LOSOLtOBS9l 

OMLVOBSBL 

L0SOiV00S9L 

SOEOIWOS91 

LOS01V00S91 

SOEOlPOBS9L 

LOSOLVOOS9l 

Nll 

wnnivnl 

WnllNOULS 





SUMMARY OF AhALYIIC RES.LlS 
S O L  SAMPLES R0,hOS I TnROUGk 3 

SWMU 16 (CAST k l G n  EXPLOSIVES FILUB.148 INC.hERblORI 
~~~ ~ -~ 

NSWC CRANE 
CRANE. INOIbJ4A 
PAOE 151 OF 108 ~ -~ 

SAMPLING ROUNO 02 02 02 02 02 02 02 
LOCATION 16SB041 18SB043 16SEOM 16SE045 1858046 16S8W7 l 8 ~ 8 0 b 8  16 
SAMPLE DATE 121512003 121512003 121312003 l U S 2 W 3  1215l2003 121512003 12/5/2003 1 8  

... 1.1.1.2~TETRACHLOROETHANE ... 
I 1.16 U 16580470405 1 12 U l6SB046O2OJ / O i i 4  U 

I t )  No subtullace so1 sample due to relural 



TABLE G.1 

SUMMARY OF M A L W  C RESU-TS 
SOIL SAMPLES RO-NDS I THRO-GH 3 

SWNU 10 l C A 8 r  mIGn eXPL08lVES Fl.Ubl46 hClhERAlOR, 
NSWC CRPNE 

CRANE. INDIANA 
PAGE 152 OF 208 

SAMPLING ROUND 
LOCATION 
SAMPLE DATE 

ACROLEIN 

ACRYLONITRILE 

BENZENE 

BROMODICHLOROMETHANE 

BROMOFORM 

BROMOMETHANE 

CARBON DISULFIDE 

CARBON TETRACHLORIDE 

CHLOROBENZENE 

02 
18SB042 
121512003 

... 
1 1 8  UR 18580470405 

... 
1.16 U 16500470405 

... 
1.16 U 18S00470405 

... 
1.18 U 16580470405 

... 
1.18 UJ  16S00470405 

... 
1 1 8  U 16580470405 

... 
1.18 U 16500470405 

... 
1 18 U 16500170105 

02 
18SB04 
121512003 

... 
1.12 U 16S00480203 

... 
1 12 U 16500480203 

... 
1.12 U 16S00480203 

... 
1.12 U 18500480203 

... 
1.12 UJ 16S00460203 

... 
1.12 U 16500460203 

... 
1 1 2  U 16500460203 

... 
1.12 U 16S00480203 

... 
OBI4 UR 

... 
0614  U 

... 
0814 U 

... 
0 814 L1 

... 
0814 U 

... 
0 814 Li 

... 
0.616 U 

... 
0814 U 

02 
l(iSBOI4 
lU512003 

02 
18SB048 
121512003 

02 
1658045 
121512003 

02 
1858047 
121512003 

42 4 U 16500470605 

... 
1.18 UR 16S00470405 

02 
1656048 
121512003 

58 UR 16SB0480203 

... 
1 12 UR 16800460203 

16 
7 72 

4 2  6 U 

... 
0 814 UR 



SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 1 1  (CAST HIGH EXPLOSIVES FILUCl48 INCINERATOR) 
NSWC CRANE 

CRIEIE. INDIANA 
PAGE 153 OF 201 

(1) No subsurlsce roll sample due lo refusal. 

TRANS~1.4~DICHLORO.Z-BUTENE 

TRICHLOROETHENE 

TRICHLOROFLUOROMETHANE 

... 
1.12 U 16580460203 

... 
97 J 16SB0480203 

... 
1.12 U 16SB0480203 

... 
1.18 U 16S80470405 

... 
61 18580470405 

... 
1.18 U 16SB0470405 

... 
0814 U 

... 
31 

... 
0.814 U 



SUMMARV OF ANALYTIC RESULTS 
SOIL SbJAPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB.148 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
PAGE 154 OF 208 

SAMPLING ROUND 
LOCATION 
SAMPLE DATE 

VINYL ACETATE 

VINYL CULORIDE 

02 
1858042 
121512003 

I I I I I I I I I 
Inorganisa (mglkg) 

... 
116 U 16500470405 

... 
116 U 16580470405 

ALUMINUM 

ARSENIC 

BARIUM 

BERYLLIUM 

02 
l8SBM3 18SB045 18SBO48 16SBO48 
lY512003 121512003 lU512003 121512003 121512003 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

16 
1Z! 

... 
112 U 16550480203 

... 
1 12 U 16580660203 

ANTIMONY I 6 8 J 16550420002 1 1.2 J 16550630002 1 3.3 J 16550440W2 1 3.1 J 16SS0450002 I 2 6 J 16SS0460002 / 1 1 

16000 J 16SS0420002 

5 J 165S0420002 

186 J 16SS0420002 

066 U 16SSO420002 

I I I I 1650 J 16SS0450002-D I I I I 

(1) Nor  .e rail sample due lo refusal 

... 
0814 U 

... 
0614 U 

1740 J 16SS042W02 

316 J 16SS0420002 

0045 J 16550420002 

14 7 J 1655042W02 

1460 J 16850420002 

- 

SODIUM 

THALLIUM 

TIN 

TITANIUM 

23200 J 16SS0430002 

8.3 J 16SS0430002 

111 J 16550430002 

0.87 U 16550430002 

2700 J 16SS0430002 

446 J 16SSO430002 

0037 J 16550430002 

17 5 J 16550430002 

1630 J 16SS0430W2 

SILVER I 0 16 U 16550420002 1 0 09 U 16SSDd3W02 1 0 08 U 16SSO440002 I 0 06 U 16550450002 I 0 08 U 16550460002 1 I I 

0 82 U 16SS0450002 
0 65 U 16SS0450002.D 

SELENIUM 

. . 

42.7 U 16550420002 

0.27 U 1665042W02 

1.S J lSSSM2K02 

92.3 J 16SSO42OWZ 

15900 J 16550440002 

5.4 J 16550440002 

215 J 16550440002 

0.7 U 16550440002 

0 47 U 16SS0460002 0 4 U 16550420W2 0 52 U 1655043W02 

1770 J 16SS0140002 

787 J lSSSO64OOD2 

0035 J 16SS0440002 

14 1 J 16SSO440002 

1220 J 16550440WZ 

0 37 U 16SSO44W02 

38.6 U 16SS0430002 

0.32 U IBSSW30002 

012 U 168SOUW02 

256 J lbSSWW02 

15800 J 16SS0450002 
16300 J 16550650002-D 

1 1  J 16SSOd50002.D 
10.4 J lSSSO45OODZ 
9 9 J ISSS0450002-D 
170 J lSSS0450002 
116 J 16550450002-D 

0.63 U 16SS0450002 

22100 J 165S0460002 

6.6 J 16SS0460002 

112 J 16550460002 

0.66 U 16550460002 

69 J 16SS0450002.D 
1350 J 16SS0450002 
1390 J 16S50460002~D 
213 J 16550450002 
162 J lSSSO450002~0 

0037 J 16S50450002 
0 036 J 16SS0450002-D 

10 6 J 16SS0450002 
10 5 J lSSS0450002~D 

1780 J 16SS0450002 

30.5 U 16550440002 

0.25 U 16550440002 

1.1 J 16SS044W02 

186 J lBS.SOd4W02 

2440 J 16550460002 

241 J I6550460002 

0025 J 16SS0460002 

16 1 J 16SS0660W2 

1810 J 16S50460002 

005 U 16SSO450002-D 
203 J 16SSO460002 

47.8 U 16SS0450002-D 
0.24 U 16SS0450002 
0.23 U 16SSO450002.D 
0.83 U 16SS045W02 
0.61 U 1655045W02.0 

76 J l8SSMSWPZ 

53 U 16SS046W02 

0.29 U 16SS0460002 

0.92 U 16SSO460002 

247 J 16SSO46W02 



SaMMbRY OF AhALnlC RESATS 
501. SAMPLES ROUhDS 1 lnROUGd 3 

SWM.! 10 ICAST dlGd EXPLOSIVES FI.LB.'IO hC  hERATORl 

I11 NO ~ u b ~ ~ r l a c e  lo i l  sample due to refusal. 

- ~ - ~ 

NSWC CRANE 
CRI\HE, INDIANA 
PAGE 155 OF 208 

SAMPLING ROUND 
LOCATION 
SAMPLE DATE 

VANADIUM 

ZINC 

02 
1USBDIZ 
1ZCiZOD3 

30.1 J 18SSOb20002 

1840 J 18SS0420002 1 

02 
1USBW 
1NY2003 

42.6 J 16SSO43W02 

144 J 16550430002 

16 
12, 

02 
l l S B W  
1Z512003 

27.8 J i8SSOd40002 

967 J 18SS0440002 

02 
i1SBDI5 
iZY2003 

87.4 J 16SS0450002.D~ 
31.8 J 186SM>0002 
34.2 J 16SS0150002.D 
455 J 18550450002 
331 J 16SS0450002.0 

01  
16SB048 
I ZW2003 

42.9 J 16550480002 

280 J 16SS046W02 

02 
1158011 
lVSIZOO3 

OZ 
18SB048 
111512003 





SUMMARYOF W A L W I C  RESULTS 
SOILSAMPLES ROUNDS 1 THROUOH J 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-148 INCINERATOR) 
NSWC CRANE 

CRANE. INOIANA 
PAGE I l l  O f  208 . . 

SAMPLING ROUND 02 
LOCATION 6040 
SAMPLE DATE Y?OO3 

16SBO680405 

ACROLEIN 

02 
18S8010 
1 ?I6/2003 

4 5 7  U 16SB0500103 
4s 3 u 16~60500~03.0  ... 





S O L  SAUP-ES ROUhDS ;T~RO:CH 3 
SAM" 18,CAST 4 G n U P L O S . V I S  FlL-8.l4B.hC:hLRATOR. 

hSWC CRAhE 

ARSENIC I I 

CRANE. INDIANA 
PAGE 150 OF 208 

I I 
BARIUM 

SAMPLING ROUND D l  
LOCATION 8040 
SAMPLEDATE %OOJ 

VINYL ACETATE 
18SB0490405 

VINYL CHLORIDE 
16SB0680405 

Inora.nlc. (m@kg) 
ALUMINUM 

*NTIMONIP 

CADMIUM I I 

01 
lUSBO50 
12/5/2003 

1 0 4  UJ 16580500103.0 ... 
OQ78 11 16SB0500103 
1 0 4  U: 1SSB0500103-D -. 
0978  11 ISSEOSMiOl 
1 0 4  UJ 16SB0500103-D 

I I 
CHROMIUM 

COBALT I I 
COPPER 

IRON 

LEAD 

IAAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM 

TIN 

TITANIUM I 1 

11) No I Y J I Y ~ ~ ~ F ~  $011 sample aue lo r8lural 



TABLE (i-1 

SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

EWMU 111 (CAST HIOH EXPLOSIVES FILUB-1411 INCINERATOR) 
NSWC CRANE . .. - 

CRANE. INDIANA 
PAOE 160 OF 106 

SAMPLING ROUND 
LOCATION 1610050 
SAMPLE D&TE 

VANADIUM 
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SUMMARVOF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU i6(CAST HIGH EXPLOSIVES FILUB-1461NCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 18JOFlO8 

SAMPLING ROUND 
LOCATION 
SAMPLE DATE 

1.17 U 165805102C4 1.05 U 16S005202W 1.01 U 16500530205 1.04 U 16580570206 ' 38 U 
0.95 U 

0.946 U 16500550607 1 13 U 16580560608 1 3 3  U 

P 

BENZENE 
-- 

105 U 10553540102 0.93 U 16550550102 1.02 U 16SS0560102 0.993 U 2E550570102 0.945 U 

ACRYLONITRILE 

03 
I6SB051 ''I 

811312004 

1.17 U R  16500510204 

1.09 U 16SS05101C2 

03 
1850052 "' 

811 112004 

BROMOMETHANE 

CARBON OISULFDE 

(I] ND IYb6urlDCB sot sample due to refusal, 

1.05 UR 16580520205 

0.933 J 16SS0520102 

1 0 5  U 165B0520205 

0933  U 16SS0520102 

1 17 U 165805!0204 

1 0 9  U 16550510102 

CARBON TETRACHLORIDE 

03 
1658051 "' 
(V1112004 

1.17 U 16500510204 

1 0 9  U lbSS0510102 

1.01 UR 16580530205 

0.888 U 16SS0530102 

1 0 1  U 16580530205 

0666  U 16SS0530102 

1 17 U 1650?510204 

109  U 1ESS0510102 

03 
1658054 "' 
WlJ/2004 

105  U 16580520205 
I 

0.933 U 16550520102 

1 3  UR 16500540205 

1.05 U 16550540102 

1 3  U 1BSBO540205 

1 0 5  U 165SCS40502 

105  U 16S00520235 

0933 U 16550520102 

03 
16SB055 
811112004 

1 0 1  U 16S00530205 

0.886 U 16SSV530102 

1.07 UR 16500550206 

0.946 UR i8S00550607 

0.93 U 16550550102 

1 0 1  U 16S00550205 

0666  U 18550530102 

03 
15SS050 
81lY2004 

1 0 7  U lSS00)50206 

0946 U 16S80550607 

0 9 3  U 16SS0550102 

1 3  U 16580540205 

1.05 U 16550540102 

105  UR 16580560236 

1.13 UR 15500560638 

1.02 U 16SS0560102 

1 04 J 16500570206 

0 993 U 16SSOJiC102 

105  UR 16500560205 

1 13 U 16500560805 

1 0 2  U (6SS0560302 

1 3  U 16S80540205 

105  U 16550540102 

03 
16SBOS7 "' 
811312004 

I ?6 U 
055 U 
' i 3  U 

U P i 5  b 

1.07 U 16580550206 

0.946 U 18580550607 

0.93 U 16850550102 

1 
81 

7.04 UR 16S80570208 

0 9 9 3  U 16SS0570102 

1 0 7  U 16580550206 

0946  U 16500550607 

1 9 3  U 16550550102 

1.35 UR 
0 9 5  UR 
IC3  L1R 

C945 U 

4 J 15580560206 

1.13 UJ 16500580608 

1.02 U l6550560102 

1.04 U 1858057C206 I 0 5  U I 0.35 U 
1 03 U 

0.993 U 16550570102 ( 0945 U 

105  U R  16500560206 

1 13 U 36500560505 

1 0 2  U 16550550102 

104  U 16500570206 

0993  L 16SS0570102 

106 U 
095 U 
1 03 U 

0965 U 
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SUMMARY OF WALYTIC RESULTS 
BOIL SUIPLES ROUNDS 1 THROUGH 3 

6WMU 10 (CAST HlOH EXPLOSIVES FILUB.148 INCINERATOR) 
NSWC CRWE 

CRWE. INDIANA 
PAGE 170 OF 108 

SAMPLING ROUND 
LOCATION 
SAMPLE DATE 

1.2~0ICHLOROETHANE 

1.2-DICHLOROPUOPANE 

1.4.DIOXANE 

2.0UTANONE 

2,HEXANONE 

3.CHLOROPROPENE 

4,METHYL-2.PENTANONE 

ACETONE 

ACETONITRILE 

03 
6SB058 
15/2004 
16500580206.0 
16500560607 

16SS0560102 

16S00560208 
16500560206~D 
16580580607 

16550580102 

16580560206 
165B0560206~D 
16500580607 

16550580102 

16500580206 
16500580206~0 
16500560607 

16SSO580102 

16500580208 
16500580206.D 
16500580607 

16850580102 

16500680206 
16S00560206~0 
16500580607 

16SS0560102 

165B0660206 
16S80560206-D 
16580560607 

16SS0560102 

16500560206 
16500560206-D 
16580580607 

16550500102 

16S00580206 
16S00580206.D 
16500560807 

16SSO580102 

03 
1860089 
8113/2004 

0.986 U 18580590608 

101 U 16550590102 

1.22 U 15500590206 

0.966 U 16S00590606 

101 U 16SS0590102 

122 U 16580590206 

0.966 U 16500590508 

967 U 16550590102 

136 U 16500590206 

96.6 U 16S00590606 

1.01 U 16S50580102 

1.22 U 16500590206 

0.966 U 16500590606 

1.01 U 16550590102 

1.22 U 16S005W206 

0.966 U 16500590608 

1.01 U 16SS0590102 

1.22 U 16SBO5W206 

0.966 U 16S00790608 

1.01 U 16550590102 

1.22 U 16500590206 

0.966 U 165005W606 

1.01 U 16500580102 

1.22 U 16SWSW206 

0.9M U 1&SW5BYJ06 

38.5 U 1BSSOS80102 

03 
1050001 
811312004 

0.966 U 16500620607 

1 U 16550620102 

1.01 U 16500620206 

0966 U 16500620607 

1 U 16550620102 

101 U 16500620206 

0966 U 16500620607 

94.2 U 16SS0620102 

101 U 16580820206 

103 U 16500620607 

1 U 16S50620102 

101 U 16500620206 

0966 U 16500620607 

1 U 16SS0620102 

101 U 16S00620206 

0.966 U 16500620607 

1 U 16550620102 

101 U 16500520206 

0.966 Li 16580620607 

1 U 16SSO620102 

1.01 U 16500620206 

0.966 U 16500620607 

1 U 16SS0620102 

1.01 U 16500620206 

0.966 U 16500620607 

37.7 U 16550620102 

03 
1856063 
8/11/2004 

1.3 U 16S00630608 

101 U 16550630102 

1.19 U 16500630206 

1 3  U 16500630606 

101 U 76550630102 

1 19 U 16580630206 

1 3  U 16500630608 

102 U 16550630102 

106 U ?6500630206 

108 U 16500630608 

1.01 UR 16SS0630102 

1.19 UR 16500630206 

1.3 UR 16500630606 

101 U 16550630102 

1.19 U 16500630206 

1.3 U 16580630608 

1.01 U 16SS0630102 

1.19 U 16580630206 

1.3 U 16500630606 

101 U 16SS0630102 

1.19 U 16500630206 

1.3 U 16580630606 

1.01 UR 16550650102 

1 U 16500630206 

1.3 UR 16500630608 

W.7 U 16SS0630102 

03 
1858080 
8/11/2004 

1.02 U 16500600609 

1 14 U 168506W102 

1.04 UJ 16SBO6W206 

1.02 U 16S00600609 

1.14 U 16550600102 

1.04 UJ 16S00600206 

1.02 U 16500600609 

105 U 16550600102 

107 UJ 16500600206 

106 U 16S00600609 

1.14 UR 16SS06W102 

2 J 16580600206 

102 UU 165006W609 

1.14 U 16SS0600102 

1.01 UJ 18SBOW0206 

1.02 U 16500600609 

1.14 U 16SS06W102 

1.01 UJ 16500600206 

1.02 U 16580600809 

1.14 U 16SS06W102 

1.04 UJ 165006W206 

1.02 U 16500600609 

13 U 16SS06W102 

19 U 16SB0600206 

24 U 165806006W 

42 U 16SS0600102 

W 
1856081 
811112004 

1.2 U 16500610607 

1.18 U 16550610102 

1.09 U 16S00610206 

1.2 U 16500610607 

1.19 U 16SS0610102 

1.08 U 16500610206 

1.2 U 16500610607 

114 U 16550610102 

124 U 16500610206 

120 U 16500610607 

1.1 J 16550610102 

1.09 UR 16580610206 

I 2  U 16580610607 

119 U 16550610102 

109 U 16500610206 

1.2 U 16500610607 

1.19 U 16SSffi10102 

1.09 U 16500610206 

1.2 U 16500610607 

1.19 U 16550610102 

1.09 U 16500610206 

1.2 U 16500610607 

10 U 16SS0610102 

3 U 16500610205 

5 U 16500610607 

45.5 U 16SSOg10102 

03 
1656064 
811112004 

1.24 U 16500640608 

1.05 U 16SS06.(0102 

1 0 9  U 16580640206 

124 U 16500640606 

105 U 16SS0640102 

1.09 U 16580640206 

124 U 16580640606 

105 U '6550640102 

131 U 16SBO640206 

106 U 16500640606 

105 UP 16550640102 

1.09 UR 165006i0205 

124 UR 165806*0608 

105 U 16550640102 

109 U 16500640206 

1.24 U 16500640606 

105 U 16550640102 

109 U 16500640206 

1.24 U 16500640606 

105 U 16550640102 

109 U 16580640206 

1.24 U 16500640606 

1.1 U 18550640102 

2 U ?6500640206 

7 U 16500640606 

41.9 U 165S0640102 

03 
16SBO85 
811 112004 

145 U 16500650808 

1 17 U 16SS0650102 

1.27 U 16500650206 

145 U 16580650608 

1 I7 U 16550650102 

1 2 7  d 1658085C206 

1 a5 U 16500650508 

> l a  U ISSS0650lC2 

I13 U r6500650206 

$ 1 9  U 16500650606 

l 17 UR 15SM650102 

127 UR 16500650206 

145 UR >6580650606 

1 17 U 16550650102 

127 U 16580650206 

I 4 5  U 16500650606 

1.17 U 16550550102 

127 U 16500650206 

I 4 5  U 16580650608 

1.17 U 16550650102 

127 U 16500650206 

1.45 U 16580650608 

1.17 UR 16SS0660102 

72 J 16500650206 

6 U 16580650608 

456 U 16550650102 



SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUICIII) INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 171 OF 208 

SAMPLING ROUND 
LOCATION 
SAMPLE DATE 

ACROLEIN 

BENZENE 

16500580206 122 U 16550590208 104 UJ 15580600206 1 0 9  UR 76500510205 1.01 U 16500620206 1.79 UR 16580630206 
16S00580205-D 
16SB0560607 0.966 U 16S00590606 1.02 UR 16580600609 1 2  U 15S80610607 0.868 U 16580620607 1.3'UR 16580630606 

16SS0560102 1.01 U 16550690102 1.14 U 16SS0600102 1.19 U 16550610102 1 U 16550620>02 1.01 U 16550630102 

16SBO560206 
16580580206-D 
16SBO580507 

BROMODICHLOROMETHANE !16550580102 

03 
858051 
1312004 

16580580206 
16S80580208-D 
16580580607 

16550580102 

03 
1858065 
Sit liZOO4 

a5 1 U 16SB0650206 

676 U 15500550608 

1 17 UR 16550655102 

03 
l(158OdO 
WllAOO4 

42.8 W 16SBObW206 

424 U 16500600609 

1.14 UR 16550600102 

03 
1(15805@ 
811312001 

54.5 U 16580530205 

39.5 U 16SB0580506 

1.01 UR 16SS0590102 

1.22 U 16S80560206 

0.986 U 16580590808 

1.01 U 16550590102 

BROMOMETHANE L 
CARBON TETRACHLORIDE 

03 
1658081 
IV1112004 

49.8 U 15500510205 

47.8 U 16580610601 

1.19 UR 165S0610102 

1.22 U 16SB0590206 

0.986 U 15580590606 

1.01 U 16550590102 

1.22 U 16580590206 

0,966 U 18580590608 

16580550206 
16580580206.D 
15500580607 

16SSO560102 

16580580206 
16S80580206~D 
16580580807 

104 UJ 16SBO600206 

1.02 U 16SBO600609 

1.14 U 16550600102 

16580580208 
18580580206~D 
16880580607 

16SS0560102 

03 
18S8062 
(111312004 

40.5 U 16580620206 

41.2 U 16580620607 

1.04 UJ 16580600208 

1.02 U 16580600609 

1.14 U 16SS0600102 

104  UJ 16580500206 

1.02 U 16S80600609 

CARBON DISULFIDE 

1.09 U 16580610206 

1.2 U 16580610607 

1.19 U 165506101O2 

1.14 U 16SS0600102 16550560102 , 101 U 16550590102 

1.22 U 16SB0590208 

0.088 U 16S80590606 

1.01 U 16SS0590102 

03 
18~8083 
811 112004 

42 1 11 15580530206 

43.1 U 15580630605 

101 U 16500520206 : 19 U 15580630206 1.05 U 16500640206 1 2: U 16500650iC6 

0.966 U 16580620607 1.3 U 16500530606 12a U 16580640608 1 4 5  V 16580650606 A L L  1 U 16850520102 1.01 U 16550630102 1.05 U 16550640102 l 17 U 16SS0650102 

1.09 U 16580610205 

1.2 U 16S80510607 

1.19 UJ 16SS0510102 

i 09 U 16580610206 

1.2 UJ 16580610607 

03 
16S808d 
811112004 

52.3 U 16500540206 

432 U 16SBOSn0606 

1 UR 15SS0620102'1 1.01 UR 16550630102 

1.19 U 16SS0510102 

1.01 UJ 165806CQ206 

7.02 U !6580600609 

1.14 U 16SSOB00102 

1.05 UR 16550640102 

1.01 U 15580620206 

0.868 U 16500620607 

1 U 16550620102 

1.01 U 16580620206 

0.966 U 15580620607 

1 U 16SS0620102 

1.09 U 16500610206 

1.2 U 16580610607 

1.19 U 18550610102 

1.19 U 16580630206 

1.3 U 16580530606 

1.01 U 16550630102 

1.19 U 16580630205 

1.3 U 16580630606 

1.01 U 18550630102 

1.01 U 16500620206 

0.9M U 16580520607 

1 U 16850620102 

1.09 U 16500660206 

1.24 U 16580640608 

1.05 U 16S50640102 

109 U 16580640206 

1.24 U 16580640608 

' 2 7  U 16SBC650206 

1.45 LI 16500650608 

1 1 7  U 16S50650102 

127 U 16585650206 

I d 5  U 16580650606 

105 U 16550660102 

1.16 U 15580630206 

1.3 U 16580630608 

1.01 U 16580830102 

117 U 16550650102 

1.09 U 16580640205 

1.24 U 16580640605 

1.05 U 16850640102 

2 J 16500660206 

7 15 U 16580650606, 

1 l i  U 15SS0650102 
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SUMMARY OF ANALWIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB.146 INCINERATOR1 
NSWC CRANE 

CRANE INDIANA 
PAGE 174OF 106 

I 

SAMPLING ROUNO 

LOCATION 
SAMPLE DATE 

STYRENE 

TETRACHLOROETHENE 

TOLUENE 

TOTAL XYLENES 

TRANS-1.2.OICHLOROETHENE 

TRANS-1,>DICHLOROPROPENE 

TRAN5.1,4.D&HLORO.?0UTENE 

TRICHLOROETHENE 

03 
6SBOl6 
1512004 

16500560206 
16500560206.D 
16500560607 

16550580102 

16500660206 
16500560206~D 
16580580607 

16550580102 

16500560206 
16500560206-D 
16500560607 

16550580102 

16500580206 
16500680206.0 
16500580607 

16SS0560102 

16500580206 
16500560206.D 
16580560607 

16550560102 

16580560206 
16500580206-0 
16500660607 

16550580102 

16500560206 
16SB0660206-D 
16500560607 

16550560102 

llSB0560206 
16S00580206.D 
16580560807 

16SSO560102 

16500560208 
16500560206~0 
16580560607 

03 
16S0050 
8/13/1004 

54.5 U 16500590206 

39.5 U 16500590606 

1.01 U 16550590102 

1.22 U 16500590206 

0.986 U 16500590606 

1.01 U 16550500102 

1.22 U 16580590206 

0.866 U l6S00590606 

1.01 U 16SS0590102 

1.22 U 16500590206 

0.966 U 16500590608 

1.01 U 16550590102 

1.22 U i658059U206 

0.966 U 16500590Q06 

1.01 U 16SSOS90102 

1.12 U 16500590205 

0.966 U 16500590506 

1.01 U 16550590102 

1.22 U 16580580206 

0.866 U 16500590608 

1.01 U 16550590102 

1.22 U 16580580206 

0.966 U 16500590608 

13 16550580102 

190 1ffiM580208 

9 16500580608 

03 
1658064 
8/11/2004 

52.3 U 16500640206 

43.2 U 16500640608 

1.05 U 16550640102 

1.09 U 16560640206 

1.24 U 16500640608 

1.05 U 16550640102 

1.09 U 16500640206 

! 24 U 16500640606 

1.05 U 16550640102 

109 U 165006d0206 

1.24 U 16500640606 

1.05 U 16SS0640102 

1 09 U 16500640206 

r Z d  U 16500640608 

105 U 16SS0640102 

1.09 U 16500540206 

1.24 U 16500640608 

105 U 16SS0640102 

108 U 16500640206 

124 U 16580640608 

1.05 U 16550640!02 

TO9 U 16500640206 

1.24 U 16500640608 

1.05 U 16550640102 

1.09 U 16580640206 

1.24 U 16560610606 

03 
1658065 
Ili1112004 

d5 1 U 16500650206 

478 U 16500650606 

1.17 U 16SS0650102 

1 2 7  U 16500650206 

1.45 U 16500650608 

3 17 U 16SS0650102 

1.27 U 16500650206 

1 4 5  U 16500650608 

1.17 U r6550650102 

1 2 7  U 16500650206 

1.45 U 16500650608 

1.17 L1 16550650102 

1 27 U 16500650206 

145 U 16500650608 

1.17 U 16SS0650102 

3 J 16500550206 

4 J 16500550608 

1.17 U 16550650102 

127 U 16580650206 

1.45 U 16580550608 

1 1 7  U '6SS0650102 

127 U 16500650206 

1 d5 U 16500650608 

1.17 U 16SS0650102 

3 J 16500650206 

17 16500650606 

03 
1658060 
811112001 

42.6 UJ 16S006W206 

42.4 U 16500600609 

1 1 4  U 1655060102 

1.04 UJ 165006W206 

1.02 U 16500600609 

1.14 U 165506W102 

1.04 UJ 165806W206 

1.02 U 16500600609 

1.1d U 16550600102 

1.04 UJ 16500600206 

1.02 U 16500600609 

1.14 U 16500600102 

1.04 UJ 165006W206 

1.02 U 16500600608 

1.14 U 16SSObW102 

1.04 UJ 16500600206 

1.02 U 16500600609 

1.14 U 16SSOBW102 

1.04 UJ 165006W206 

1.02 U 16500600609 

154 U 16550600102 

1.04 UJ 16500600206 

1.02 U 18SB08WM9 

0 l f f i6060102 

26 J 165006W208 

1.02 U 1650060080$ 

03 

1 6 ~ 8 0 6 1  
Bl11lZOOI 

49.6 U 16500610206 

47.9 U 16500610607 

1.19 U 16550610102 

1.09 U 16580610206 

1 2  U 16500510607 

1.19 U 16SS0610102 

1.09 U 16500610206 

1 2  U 16580610607 

1.19 U 16560810102 

1.09 U 16500610206 

1.2 U 16500610607 

1.19 U 16550610102 

1.09 U 16500610206 

1.2 U 16500610607 

1.19 U 16550610102 

5 16500810206 

1.2 U 16580610607 

1.19 U 18550610102 

1.09 U 16S00610206 

1.2 U 16500610607 

1.19 U 16550510102 

1.09 U 16S808l0206 

1.2 U 16500610607 

3 J 16550610102 

180 16580810208 

14 16580610607 

03 
16S0062 
8/13/2004 

40.5 U 16500620206 

412 U 16500520607 

1 U 16550620102 

1.01 U 16S00620206 

0968 U 16500620607 

1 U 16550620102 

1.01 U 16500620206 

0.966 U 16500620607 

1 U 16550620102 

1.01 U 16580620206 

0.966 U 16500620607 

? U 16550620102 

1.01 U 16500620206 

0.968 U 16500620607 

1 U 16SS0620102 

1.01 U 16580620208 

0.968 U 16500620607 

1 U 16550620102 

1.01 U 16500620206 

0.966 U 16500620507 

1 U 16550620102 

1.01 U 16500620206 

0.966 U 16500620607 

1 U 165S0620102 

5 16S80620208 

6 16500620607 

03 
1658063 
ll l1/2004 

42.4 U 16500630206 

43.1 U 16500630606 

1.01 U 16550630102 

r.19 U 16500630206 

1 3  'd 16580630608 

101 U 16550630102 

1.19 U 16500630206 

1 3  U 16500630608 

101 U 16550630102 

1.19 U 16500630206 

1.3 U l6500630606 

1.01 U 16550630102 

1.19 U 16500630206 

1.3 U 16500630608 

1.01 U 16550530102 

1 1 9  U 16580630206 

1.3 U 16500630606 

1.01 U 16550630102 

1.19 U 16500630206 

1.3 U 16500630606 

1.01 U 16550630102 

1.19 U 16580630206 

1.3 U 16500630608 

1.01 U 16550630102 

1.19 U 16500630206 

1.3 U 16500630606 





TABLE G-1 

SUMMARY OF ANALYTIC RESULTS 
SOIL SAUPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVE6 FILUB-146 INCINERATOR) 
NSWC CRANE - .. - 

CRbNE. INDIANA 
PAGE 178 OF208 

03 03 
1858061 
811112004 

LOCATION 
SAMPLE DATE 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM 

TIN 

VANADIUM 

ZINC 

658058 16S8080 
1312004 IVI 112004 

03 
1858062 
81131200* 

03 
16SB063 
811112004 

03 
1858064 
811 112004 

03 
1658065 
8/11/2004 
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SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUOH 3 

SWMU 18 (CAST HIGH EXPLOSIVES FILUW.148 INCINERATOR) 
NSWC CRANE . .. . 

CRbNE, INDIANA 
PAOE 178 OF 208 

SAMPLING ROUND 
LOCATION 
SAMPLE DATE 

1.2.DlCHLOROETHANE 

1.2-DICHLOROPROPANE 

!,4.DIOXANE 

2.8UTANONE 

2.HEXANONE 

3.CHLOROPROPENE 

d.METHYL.2.PENTANONE 

ACETONE 

ACETONITRILE 

03 
16S8088 
811212004 

0.92 U 16580660606 

1.26 U 16SS0660102 

1.23 U 16580660206 

0.92 U 16580660608 

1.28 U 16550660102 

1.23 U 16S80660206 

0.92 U 16580660508 

106 U 16550660102 

99.6 U 16S80660206 

123 U 16SBO680608 

1.26 U 16550660102 

1.23 U 16580680206 

1 J 16580660606 

1.26 U lS550660102 

1.23 U t6580660206 

0.92 U 16S80660606 

1.26 U 16550660102 

1.23 U 16S80660206 

0.92 U 16580660606 

1.26 U 16550660102 

1.23 U 16S80680206 

0.92 U 76~80660606 

51 BJ 16550660102 

6 U 16580660206 

21 U 16S80660808 

43.1 W 16SS0680102 

03 
18S8087 
81lYZOO4 

1.21 U 16S80670609 

1.19 U 16SSO670102 

1.09 U 16580670206 

1.21 U 16580670509 

1.19 U 16SSO670102 

1.09 U 16580570206 

1.2i U 16580670609 

110 U 16550670102 

96.7 U 16580670206 

105 U 16500610509 

4 J 16SS0670102 

1.09 U 16580670206 

1.21 U 16580670609 

1.18 U 16SS0670102 

1.09 U 16SB0670206 

1.21 U 1650067ffi09 

1.19 U 16650670102 

109 U 16580670206 

1.21 U 16580670608 

1.19 U 16SSD670t02 

1.09 U 16580670206 

1.21 U r658067ffiD9 

33 BJ 16550670102 

6 BU 16680670206 

6 U 18580670509 

43.9 UJ 168506701D2 

03 
18SB088 
81lZ2004 

1 U 16580680206-D 
1.12 U 16SBOB60609 

0.883 U 16660680102 

1.02 U 16580680206 
1 U 16SB0680206-0 

1.12 U 16580660609 

0.963 U 16SS0660102 

1.02 U 16500680206 
1 U lSS8066OZ06.D 

3.12 U 16SB0660609 

101 U 16S50860102 

101 U 16SsOB80206 
100 U 16580680206.0 

97.6 U 16S80660609 

2 J 16550660102 

1.02 U 16580680206 
1 U 16680660206~0 

1.12 U 16580680609 

0.863 U 166S0660102 

1.02 U 16580680208 
1 U 16SB0660206~0 

1 12 U 16580680609 

0.963 U 16SS0680102 

1.02 U 16S80660206 
1 U 16580680206.0 

1.12 U 16500680609 

0.963 U 16550680102 

1.02 U 16580680206 
1 U 16580680206~0 

1.12 U 18580660609 

25 W 16SS0680102 

7 8U 16~80680208 
2 J 16SB0880206-0 

5 8U 18580680509 

40.4 UJ 16550600102 

03 
18SBOBQ 
811212004 

1.35 UJ 1658069C607 

0.995 U 16SS0690102 

1.05 U 16580690206 

1.35 U 16S80690607 

0.995 U 16SS0690102 

1.05 U 16580690206 

1.35 U 16580690507 

107 U 16550690102 

112 U 16580690206 

116 U 16580690607 

0.985 U 16550690102 

1.05 U 16580690206 

1.35 U 16580690607 

0.985 U 16550690102 

1.05 U 16580690206 

1.35 U 16580690607 

0.995 U 166S0690102 

1.05 U 16580690206 

1.35 U 16580690607 

0.995 U 16550690102 

1.05 U 16500690206 

1.35 U 16580690607 

13 8'J 16550690102 

5 U 16580690206 

6 8U 16580690607 

42.7 UJ 16S50690102 

03 
1668070 
811212004 

0.976 UJ 16500700607 

0.923 U 16SS0700102 

1.2 U 16680700206 

0.976 U 16580700607 

0.923 U 165507W102 

1.2 U 16580700206 

0.976 U 16580700607 

96.5 U 16SS07W102 

125 U 76580700206 

126 U 16580700607 

0.923 U 16SSO7W102 

1.2 U 165807W206 

0976 U 16580700607 

0.923 U 16SS0700102 

1.2 U 16580700206 

0.976 U 16580700607 

0.923 U 16550700102 

1.2 U 16500700206 

0.978 U 16580700607 

0.923 U 16560700102 

1.2 U 16580700206 

0.976 U 16580700607 

4 U 16SS0700102 

2 U 16580700206 

5 U 16500700607 

36.6 U 16SS0700102 

03 
1658071 I" 

811Z2004 

0.943 UJ 16S50710102 

1.16 U 16580710206 

0.943 UJ 16550710102 

1 16 'J 16680710206 

99.7 UJ 16550710102 

113 U 16580710206 

0.943 UJ 16650710102 

116 U 16580710206 

0.943 UJ 16SS0710102 

1.16 U 16580110206 

0 943 UJ 16550710102 

1.16 U 16580710206 

0.943 UJ 16SS0710102 

1.16 U 165807!0206 

15 J 16SSO710IOZ 

3 J 16580710206 

39.9 UJ 16550710102 

03 
1658072 
811212004 

1.22 UJ 16580720607 

0.933 U 16550720102 

0.986 U 165BD720206 

1.22 U 16580720607 

0.933 U 16550720102 

0986 U 16580720206 

1.22 U 16580720607 

91 U I6SS0720102 

96.6 U 16680720206 

109 U 16680720607 

3 J 16550720102 

0,966 U 16580720206 

1.22 U 16580720607 

0.933 U 16550720102 

0.986 U 16580720206 

1.22 U 16580720607 

0 933 U 16SSO720102 

0.986 U ?6680720206 

1.22 u 16580720607 

0.933 U 16550720102 

0 966 U 16580720206 

1:22 U 16580720607 

28 J 16550120102 

6 BU 16580720206 

7 BU 16580720607 

36.4 UJ 16550720102 

165 
61 

1 L' 

103 U 

1 U 

103 U 

101 U 

105 U 

5 J 

1.03 U 

1 U 

103 U 

I U 

1.03 U 

1 J 

1.33 U 

51 BJ 

13 BU 

405 U 
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SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNOS 1 THROUGH 3 

SWMU 18 (CAST HIGH EXPLOSIVES FILUE.148 INCINERATOR) 
NSWC CRANE 

CRANU;INOIANA 
PAGE 101 OF208 

(1) NO IY~~YIIBCB 1011 sample due lo refusal. 

SAMPLING ROUND 
LOCATION 
SAMPLEDATE 

DICHLOROOIFLUOROMETHANE 

ETHYLMETHACRYLATE 

ETHYLBENZENE 

lSO0UTANOL 

METHACRYLONITRILE 

METHYL IODIDE 

METHYL METHACRYMTE 

METHYLENE CHLORIDE 

PROPIONITRILE 

03 
18SB008 
8112r2004 

0.92 U 16500660606 

1.26 U 16SSO660102 

5 J 16S00660206 

6 J 1650,0660606 

1.26 U 16SS0660102 

1.23 U 16580660206 

0.82 U 16500660606 

1.26 J 16SSO660102 

1.23 U 16580660206 

082 U 16500660606 

43.1 U 16SS0660102 

38.8 U 16500660206 

49.2 U 16S00660606 

1.26 U 16SS0860102 

1.23 U 16580660206 

0.92 U 16500660606 

1.26 U 16SS0660102 

1.23 U 16580660206 

0.92 U 16580660606 

126 U 16SS0660102 

1.23 U 16580660206 

092 U 16S00660606 

1.26 U !6SSffi60102 

5 U 16580660206 

5 U 16SB0660606 

43.1 U 16SSOBW102 

03 
18SB087 
W1ZI2004 

1.21 U 16580670609 

4 16550670102 

1.09 U 16500670206 

16 J 16500670W9 

1.19 J 16S50670102 

1.09 U 16500670206 

1.21 U 16580670608 

1.19 U 16SS0670102 

1.09 U 16S00670206 

1.21 U 16SB0670609 

43.9 U 16550670102 

39.5 U 16500870206 

42.1 U 16S80670609 

1.19 U 16SS0670102 

1.09 U 16500670206 

121 U 16S00670609 

1.19 U 16550570102 

1.09 U 16580670206 

121 U 16500670609 

1.19 U 16550670102 

1.09 U 16SB0670206 

1.21 U 16SB0670609 

3 BU 16550670102 

2 0U 16500670206 

6 U 16SB0670609 

43.9 U 16SSQ670102 

03 
18S0072 
8il2/2004 

1.22 U 165B0720607 

0.933 UJ 16SS0720102 

0.966 U 16580720208 

1.22 U 165B0720607 

0 933 U 16550720102 

0.966 U ?65B0720206 

122 U 16580720607 

0.933 U 16550720102 

0.986 U 155B0720206 

122 U 16580720607 

36.4 U 16550720102 

394 U 1658072C206 

a . 6  U 16500720607 

0 933 U 16550720102 

0966 U 16503720208 

1.22 U 16580720607 

0933 U 16550720102 

0.966 U r6500720206 

1.22 U 16500720607 

0933 U 16550720102 

0.986 U 16580720206 

$ 2 2  U 16S00720607 

2 U 16550720102 

2 U 16580720206 

1.22 U 16S80720607 

36.4 U 16550720102 

03 
1698068 
Y1112OM 

I U 16SB0660206.0 
1.12 U 18580660609 

2 J 16SSffi80102 

1.02 U 16S80660206 
1 U 16SBO680206~D 

1.12 U 18SBO680609 

0.963 U 16SS0660102 

1.02 U 16S80680206 
1 U 16SB0660206-D 

1.12 U 165B0660609 

0.863U 16550660102 

1.02 U 16580680206 
I U 16580660206-D 

1.12 U 165B0660609 

40.4 U 16SS0680102 

403 U 16880660206 
40 U 165B0660206-D 

39.1 U 16500660609 

0.963 U 16550680102 

1.02 U 165B0660206 
1 U 16880660206.D 

1.12 U 16S00660609 

0.963 U 16550660102 

1.02 U 16S00660206 
1 U 16S80660206.D 

1.12 U 16SB0680609 

0.963 U 16SS0660102 

1.02 U 16S00660206 
1 U 16S00680206.D 

1.12 U 16500680609 

2 0U 16SS0660102 

1.02 U 15580660206 
1 W 16SB06802C6D 

2 0U 16SB0680609 

40.4 U 16SSOBB0102 

18! 
81 

1 U 

13 

3 U 

103 U 

1 U 

103 U 

605 U 

41 9 U 

1 li 

103 i 

1 U 

103 U 

1 U 

103 U 

2 U 

5 U 

40.5 U 

03 
18SB070 
6/12/2001 

0.976 U 165B0700607 

0.823 U 16SS0700102 

1.2 U 16500700206 

0.976 U 16500700607 

0.923 U 16SS0700102 

1.2 U 165B0700206 

0.976 U 16S00700607 

0.923 U 16550700102 

1.2 U 16500700206 

0976 U 16500700607 

36.6 U 16SS0700102 

49.8 U 16500100206 

50.3 U 16580100601 

0.923 U lSSSO7OOlOZ 

1.2 U 16S00700206 

0976 U 16SBO700607 

0.923 U 16S50700102 

1.2 U 16S00700206 

0.876 U 16SB0700607 

0.923 U 16S50700102 

1.2 U 16S00700206 

0.876 U 16500700607 

2 U I6SS07WIO2 

2 U 16500700206 

0.976 U 16580700607 

36.6 U 16SS0700102 

03 
18SBO89 
W l M 0 0 4  

1.35 U 16S00690607 

0.995 U 16SS0690102 

1.05 UJ 16S00690206 

1.35 U 16S80690607 

0.995 U lBSS0690102 

1.05 U 16500690206 

1.35 U 16S00690607 

0.985 U 16550690102 

3 05 U 16S00690206 

1.35 U 16SB0690607 

42.7 U 16550690102 

44.9 U 16500680206 

465 U 16S00690607 

0.995 U 16550690102 

1.05 U 16S00690206 

1.35 U 16580690607 

0.995 U 16SS0690102 

1.05 U 16S00680206 

1.35 U 16S80690607 

0.985 U 16SS0690102 

1.05 U 16500690206 

1.35 U 16580680607 

0.995 U 16SS0690102 

2 U 165B0690206 

1.35 U 16S00680607 

-12.7 U 16SS0680102 

03 
18SB071 "' 
811U2004 

20 J l6SS0710102 

10 165B0710206 

0.943 UJ 16SS0710102 

116 U 16500710206 

0.843 UJ 16SS0710102 

1.16 U 16500710206 

399 UJ 16SS0710102 

45.2 U 16500110206 

0.943 JJ 16550710102 

1 16 U 16SB0710206 

0943 LiJ 16SS0:10102 

1 16 U 16500710206 

0.943 UJ 16SS0710102 

1.16 U 165B0710206 

3 J 165S0710102 

1.16 UJ 16580710206 

39.9 UJ 16SS0710102 



SUMMARY OF WALYTIC RESULTS 
SOIL SAMPLES ROUNDS1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-14 INCINERATOR1 
NSWC CRANE 

CRANE. INDIANA 
PAGE Ill OF 108 

03 03 
1858072 
811212004 

394 U 16580720206 

436 U '6S80720607 

0933 U 165S0120102 

0.966 U 16SBO720206 

1.22 U 16580720607 

0 933 U 16550720102 

0966 U 16580720206 

1 22 U 16580720607 

0933 U 16550720102 

0,966 U 76500720206 

1.22 U 16SBOT20607 

0.933 U 16550720102 

0.966 U 16580720206 

1.22 U 16580720607 

0933 U 16550720102 

0.986 U 16580720206 

1.22 U 16500720607 

0.933 U 16550720102 

0.996 U 16500720206 

1.22 U 16580720607 

0.933 U 16SS0720102 

0.966 U 16580720206 

i.22 U 16580720607 

2 J 76550720102 

5 16S80720206 

11 16580720607 

LOCATION 
SAMPLE DATE 

STYRENE 

TETRACHLOROETHENE 

TOLUENE 

TOTAL XYLENES 

TRANS.l.2-DICHLOROETHENE 

TRANS.1.3.DICHLOROPROPENE 

TRANS~l.4~OICHLOR0-2~8UTENE 

TRICHLOROETHENE 

16: 
81 

'1 9 U 

1 U 

103 U 

1 U 

> 03 U 

1 J 

103 L 

3 

1.03 'd 

1 U 

103 U 

1 U 

103 U 

1 U 

1.03 U 

1 u 

103 U 

18S0088 
8/11/1004 

39.9 U 16500660206 

49.2 U 165B0660608 

1.26 U 16SS0660102 

1.23 U 16500660206 

0.92 U 16500660608 

1.26 U 16SS0660102 

1.23 U 16500660206 

0.82 U 16580660608 

1.26 U 16550660102 

1.23 U 16580660206 

0.92 U 16580860606 

1.26 U 16S.50660102 

1.23 U 16500660206 

092 U 16SBO660606 

1.26 J 16SSO660102 

1.23 U 16500680206 

0.92 U 16500660608 

1.26 U 166SO660102 

1.23 U 18SB0660206 

0.92 U 16S00660608 

1.28 U I65SOB60102 

1.23 U 16S00660106 

0.92 U 16980680608 

34 16SSOBB0102 

9 16580680206 

0.92 U 16500660606 

lbSBO87 
8/1212004 

39.5 U 16500670206 

42.1 U 16580670609 

1.19 U 16SS0670102 

108 U 16580670206 

1.21 U 16500670609 

1.19 U 16SS0670102 

1.00 U 16500670206 

1.21 U 16580870609 

l.18 U 16SS0670102 

109 U 16580670206 

1.21 U 16580670609 

1.19 U 16550670102 

1.09 U 16580670206 

1.21 U 16500670609 

1.19 U 16550610102 

1.09 U 18500670206 

1.21 U 16500670809 

1.18 U 16SS0670102 

1.09 U 16580670205 

1.21 U 16580670609 

1.19 U 16SS06701OZ 

1.09 U 16580670206 

1.21 U 16580670809 

3 J 16SS0670102 

2 J 18580670206 

2 J 16580670608 

1890068 
SilY1004 

40.3 U 16580680206 
40 U 16580660206~0 

39.1 U 16SB0660609 

0.963 U 16550680102 

1.02 U 16580660206 
1 U 16580680206.0 

112 U 16500680809 

0.863 U 16550680102 

1.02 U 16500680206 
1 U l6580660206-D 

1.12 U 16580680609 

0.963 U 16550680102 

1.02 U 16580680206 
1 U 16580660205D 

1.12 U 16580660608 

' 0963 U 16SS0660102 

1.02 U 16580680206 
1 U 165806802050 

1.12 U 16500680508 

0.963 U 16SS0660102 

1.02 U 16500680206 
1 U 16580660206~0 

1.12 U 16580680608 

0.963 U 16SS0660102 

1.02 U 16500680208 
1 U 16S00660M50 

1.12 U 18500680609 

0.983 U 16SS0680102 

1.02 U 15580680206 
1 U 165808802050 

1.12 U 16SB0860809 

0.963 U 16550680102 

1.02 U 16S80BB0206 
2 J 16SW@2C&D 

1.12 U 1 8 S W @ X W O  

1850089 
Y1212004 

44.9 U 16500690206 

46.5 U 16580690607 

0.995 U 16SS0690102 

105 U 16500690206 

1.35 U 16S80690607 

0.995 U 16SS0690102 

1.05 U 16S006902Ob 

1.35 U 16580690607 

0.995 U 16550690102 

1.05 U 16S00690206 

1.35 U 16580690607 

0.995 U 16SS0690102 

1.05 U 16580690206 

1.35 U 16500690607 

0.996 U 16SS0690102 

1.05 U 16500580206 

1.35 U 16580690607 

0.996 U 16SS0690102 

1.06 U 16580690206 

1.35 U 16580690607 

0.995 U 16SS0800102 

1.05 U 16SBO680206 

1.35 U 16504680507 

0.995 U 16SS0690102 

1.05 U 18580690206 

1.35 U 16500690607 

d9.6 U 16500700206 

503 U 16590700607 

0.923 U 16550700'02 

1.2 U 16500700206 

0.976 U 16S00700607 

0 923 U 16550700102 

I 2 U 16500700206 

0.976 U 16500700607 

0.923 U 16550700102 

1.2 U 16500700206 

0.976 U 16500700601 

0.923 U 16SS0700102 

1.2 U 16580700206 

0.976 U 16500700607 

0.923 U 16SS0700102 

1.2 U 16S80700206 

0.979 U 16580700607 

0.923 U 16SS0700102 

1.2 U 16SBO7W206 

0.976 U 16500700607 

0.923 U 16SS0700102 

1.2 U 165007W206 

0.976 U 16580700507 

0,923 U 18550700102 

I 2  U 165007W206 

10 16580700607 

1658071 
811212004 

45.2 U 16500710206 

0943 UJ 16SS0710102 

1 16 U 16500710206 

0943 UJ 16550710102 

116 U 16580710206 

0.943 UJ 16SS0710102 

1 16 U 16580710206 

0943 UJ 16SS0710102 

1 16 U 16S80710206 

0.943 UJ 16550710102 

1.16 U 16SBOT10206 

0.943 UJ 165S0710102 

l l 6  U 16580710206 

0.943 UJ 16SS0710102 

1.16 U 16S80110206 

0.943 UJ 16SS0710102 

1.16 U 16500710206 
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TABLE 0.1 

SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPUS ROUNDS 1 THROUGH 3 
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SUMMARY OF ANALYTIC RESULTS 
SOILSAMPLES ROUNDS 1 THROUGH 3 

SWMU 18 (CAST HIGH EXPLOSIVES FILU8-1411 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 188 OF 106 

SAMPLINGROUND 
LOCATION 
SAMPLEDATE 
Vola11l.Organics rumg) 
11.1 ,2-TETRACHLOROETHANE 

03 
8073 I" 
m o o 4  

16550730102 

16580730204 

03 
16SB074 'I' 
6/17/2004 

0.936 U 16550740102 
1.02 U 16SS0740102.D 

03 
165806> 
811412004 

03 
1850075 "' 
8/12/20M 

0.967 U 1SSS0750102 

1 I 
81 

1.04 U 16580740206 1 0.975 U 16500750203 

03 
1850078 
8/12/2004 

0.953 Li 16550760102 

0929 U 16580760206 0.966 U 16580770206 101  U 18580780206 

03 
18SB077 
6/12/2004 

0.693 U 16550770102 

03 
1850078 
8/12/2004 

1.02 U I6SS0760102 
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SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB.116 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
PAGE 186 OF 208 

( I )  NO 9"' -.B soil sample due to relusal 

SAMPLING ROUND 
LOCATION 
SAMPLEDATE 

CHLOROBENZENE 

CHLORODIBROMOMETHANE 

CHLOROETHANE 

CHLOROFORM 

CHLOROMETHANE 

CHLOROPRENE 

CIS-1.2-DICHLOROETHENE 

CIS.l.3.DICHLOROPROPENE 

DIBROMOMETHANE 

03 
,8073 "' 
212004 

16550730102 

16580730204 

16SS0730102 

16500130204 

16550730102 

16500730204 

16550730102 

18500730204 

16SS0730102 

16500730204 

16550730102 

16500730204 

16550730102 

16500730204 

16SS0730102 

16S00730204 

16SS0730102 

16500730204 

03 
1658074 "' 
811712001 

0.936 U 16550740102 
1.02 U 16550740102-0 
1.04 U 16500740206 

0.936 U 16550740102 
1.02 U 16SS0740102.0 
1.04 U 16500740208 

0.936 U 16550740102 
1,02 U 16SS0740102~0 
1.04 U 16S00740206 

0.936 U 16550740102 
1.02 U 16SSO740102~0 
1.04 U 16S00740206 

0.836 U 165507d0102 
1.02 U 166S0740102.0 
1.04 U 16500740206 

0.936 U 16550740102 
1.02 U 16SS07d0102.0 
1.04 U 16S00760206 

0.836 U 16SS0740102 
1.02 U 16SS0740102.0 
1.04 U 16S80740206 

0.938 U 16SS0740102 
1.02 U 16SS07d0102.0 
1.01 U 16580740208 

0.936 U 16550740102 
1.02 U 18550740102~0 

1.04 W 16S00740208 

03 
16S0075 lo' 

811212004 

0.867 U 16550750102 

0.875 U 16580150203 

0,967 U 16SS0750102 

0.875 U 16500150203 

0.967 U 16550750102 

0.875 U 16500750203 

0.967 U 18550750102 

0.875 U 16S00750203 

0.967 U 16550750102 

0.875 U 16500150203 

0.967 U 16550750102 

0.875 U 16S80750203 

0.967 U 16SS0750102 

0.875 U 16S00750203 

0.967 U 16SS0750102 

0.875 U 16Ss0750203 

0.967 U 16SS0750102 

0.875 U 16580750203 

03 
16S0076 
611212004 

0.953 U 16550760102 

0.829 U 16500760206 

1.12 U 16500760601 

0.953 U 165S0760102 

0.828 U 16500760206 

1.12 U 16S00760607 

0.953 U 16SS0760102 

0.828 U 16S00760206 

1.12 U 16S00760607 

0.953 U 16550760102 

0.829 U 16S00760206 

1.12 U 16S00760607 

0.953 U 16SS07Mll02 

0.828 U 16S00760206 

1.12 U 16S00760607 

0.953 U 16SS0760102 

0.828 U 16500760205 

1.12 U 16S00760607 

0.953 U 16SS0760102 

0.828 U 16S00760208 

1.12 U 16500760607 

0.953 U 16SS0760102 

0.828 U 18500760206 

1.12 U 16500760607 

0.853 U 16550760102 

0.928 U 16S00760206 

03 
t6SB077 
811212004 

0.693 U 16550770102 

0.966 U 16500770206 
0.876 U 16500770206.D 
0.92 U 16500770610 

0.693 U 16550770102 

0.966 U 16500770206 
0.976 U 16500770206-0 

0.82 U 16Ss0770610 

0.693 U 16550770102 

0.866 U 16500770206 
0.976 U 16500770206-D 
0.92 U 16500770610 

0,693 U 16550770102 

0.966 U 16500770206 
0.876 U 16Ss0770206-0 
0.82 U 16500770610 

0.893 U 16SSO770102 

0.866 U 16580770205 
0.976 U 16S00770206.0 
0.82 U 16S80770610 

0.683 U 16SS0770102 

0.966 U 16500770206 
0.878 U 16500770206.0 

0.92 U 16500770610 

0.693 U 16050770102 

0.966 U 16500770206 
0.876 U 16S00770206.D 

0.92 U 16S00770610 

0.693 U 16SS0770102 

0.868 U 16S00770206 
0.976 U 16500770206~0 

0.92 U 16S00770610 

0.893 U 18550770102 

0.966 U 16500770208 

03 
16SB078 
611212004 

1.02 U 16550760102 

1.01 U 16500780206 

1.04 UJ 16S00760608 

102 U 16SS0780102 

101 U 16580760206 

1.04 UJ 16500780609 

1.02 U 16550780102 

1.01 U 16500780206 

1.04 UJ 16S00760608 

1.02 U 16550780102 

1.01 U 16500780206 

1.04 UJ 16500760609 

1.02 U 16SS0760102 

1.01 U 16500760206 

1.04 UJ 16500780609 

1.02 U 16550780102 

1,Ol U 16500780206 

1.04 UJ 16S00760609 

1.02 U 16SS0760102 

1.01 U 16500760206 

1.04 UJ 16580760609 

102 U 16SS0780102 

1.01 U 16500760206 

1.01 UJ 16500760609 

1.02 U 16SS0760102 

1.01 U 16500780206 

03 
16SB065 
811412004 

1, 
61 



= 2j 

-7 
* 

* g
8

 
c.:$ z 5 

0
 

z
 5 

m
Z

S
%

%
m

m
m

m
m

 

"7
 

"7 

x - 

m
 

* 
0

0
 

N
 

- 
g

 

= - " c. 
z:; 

is
 

- * 
"

X
Z

 
a
s
s
 

$
5
 

-
"

 
2
 8

 
B;S 

0
 

Z
 

r
)
 
0
 

&" 
m

 
"

Z
a

 
rA

o , 
+

 3
 

4 6
%

 
4

5
2

 

m
N

"
m

N
m

m
N

m
m

N
m

m
w

"
m

N
"

m
N

m
m

"
m

m
w

 
"

"
0

g
"

g
g

%
%

g
%

Z
S

0
"

0
8

0
0

:
:

g
0

 
~

h
~

~
~

~
~

~
~

~
f

f
E

E
L

E
?

L
E

E
E

E
?

f
f

E
P

f
f

 
~

~
$

$
$

9
~

$
$

8
9

8
8

$
9

8
$

g
$

$
9

$
$

$
$

$
$

:
:

 
m

 
m

 

*
N

-
 

- 
- 

- 

" 
0
 

2
 s 

0
 

0
 

n
 

n
 

5 
$ 

p 
p 

7
 

7
 

" - 

D
 

4
4

0
 

5ik 
z z

z
 

-
7

s
 

- N
 

" 
" 

0
 g 

8
 

$
 

m
 

g 
z 

L
" 

Z
 

2 5 2 0 3
 

Y
 

0
 

2 3 
I
 

0
 
0
 

m
 

w
 

- - 

" 0 
a 

- 5
$

 
Z 

2
 

m
 

z 
p 

3
 
3
 

C
 

"
,
 

" 
C

 

2
 

2 

'? 

3 8 8 ;
 

z z
 z 

3
3
3
 

m
 W

"
 

0
0

"
 

2
;- 

N
 

D
 

2
 

6
 
8
 

2
 
2
 

5i 
2
 

p 
p 

W
 
t
 

5 2 0 4
 
I
 

5 < t w 

"7
 

m
 

D
O

D
O

O
D

~
O

O
~

~
~

 

3
3

"
=

3
3

3
3

3
3

3
3

3
3

3
5

3
3

3
3

3
3

 
-? 

N
 

0
, 

0
 8

 
%

 
X 

,
C

 
C

 

&
;! 9 

m
 '

g
 

'D 
- 

3
 
3
 

C
 
n
 

" 
C

 

z 
z 

0
 

" N
 " 

0
2

: 
3 8

8
 

'D
zz 

3
 3
 3
 

S
8

a
 

" ;
 -. 

D
 

w
 

"
 

0
 s 

n
 

n
 

0
, 

" 
C

 
C

 
D

 
0
 

%
 

E
 

z 
'D 

w
 

Z
 
", N z
 

rn 
m

 
< x + W 

N
 

- 
"

"
g

g
g

x
b

;
9

g
:

x
~

:
g

s
~

g
"

-
-

 
- 

"
 

0
 

2
 :: 

%
 

X 
m

 
6

 
m

 
6
 

m
.

2
 

'D 
- 

3
 
3
 

" 
C
 

z 
z 

0
 

~
$

5
 

c
c

c
 

4
 

0
 

4
 

$
8
:
 

m,, z
 z

 2
 

3
3
3
 

-!c" 
8

9
0

 

N
*

 

D
 s 

n
 

n
 

2
 
2
 

8
 

8
 

m
 

i 
z 

G 4
 
t
 
3
 

m
 

$ 

N
 

- 
- 

"
 

0
, 

0
 :: 

D
 
n
 
:: 

h
 

C
 

8 
;
 

? 
z

 
3
 
3
 

C
 

"7 
m

 
C

 

z 
z 

0
 

N
&

"
 

0
 

0
 

s 
0

0
"

 
6

6
.5

 
m

 m
 m

 

i g p 
3
2
3
 

g
o
 s
 

"
"
*
 

t
i
r
-
 

N
.

,
 

0
 
:: 

0
 

D
 

F? 
:: 

8
 

Z "7 
5 

z 

L
" 
d
 

CC 
t
 

Z
 

2 a 9 L k 

w
 

7
 

- 

"
 

0
, 

0
 :: 

n
 

n
 

"
,
 

"7 

w
 

6
 

m
 

6
 

m
 

g 
z 

3
 
3
 

C
 
n
 

W
C

 

z 
2 

4
 

"
N
"
 

0
0
:: 

0
0

0
 

6
%

6
 

m
m

m
 

m
m

m
 

'D
zz 

3
 

3
 3

 - 
Z

?
?

 
0
 

N
 

*
 

0
 
:: 

n
 

0
 

$ 
", 

rn 
m

 
'D z 

W
 

D
 

0
 

Q
 

< I - T
 

w
 

3
3

3
=

 
"

0
s

:
 

-
-

-
-

 

n
 

n
 

N
 

0
, 

0
 s 

n
 

n
 

"
,
 
n
 

C
 

C
 

n
 

m
 

m
 

0
 

m
 

!? 
z 

3
 
3
 

,- 
"
,
 

m
 

C
 

z 
:
 

0
 

;
 $ g 

0
0

0
 

$5: 
pgp 
3
 3
 3
 

"
N

.3
 

8 9 P
 

0
 

w
 

T
 

0
, 

0
, 

:: 
0
 
0
 

C
 

C
 

8
 

9 ", 
? 

z 

W
 

+
 

2 m
 

0
 

<
 

* L" I 
>

 
1
 

+
 

!2 

" 

N
 

" 
0
 

s 
n
 

0
 

"
7

.
7

 
C

 
h

 

8
 

2
 

? 
g 

3
 
3
 

" 
*
 

0
 

" d
 " 

0
0

s
 

0
 n

 " 
*

*
-
 

h
 C

 C
 

o
n

-
 

m
m

m
 

"3 
m

 m
 

z z z
 

3
3
3
 

0
-

0
 

"
N
*
 

" ;
 
;
 

0
 

w
 

e
 

0
 8

 
0
 

0
 

rn 
0

,
 

b
 

b
 

8
 

g
 

p 
'g 

L
" 
0
 
0
 

L
 
U
 

"
I 

5 F' L $ 

N
 

2
 

0
 
", 
0
 

h
 

m
 

? 3
 

2 O
 

"
 

0
 

0
 

.. 8
 

? 3
 

2 O
 

c" 0 
0
 

O
 

"
 

a
 

"7
 
", 
'D 

w
 

=
' 
a
 

C
 

Z
 

0
 

a
 

'2 



=
a

 

$5 
8
 m

e 
w

 " 
- c

 
- - -- 

a
m

N
 

",a
 
:
:
 

-6
s

 
-
;
x
 

m
i

 

- - w
 a

 

- -- 
,:W 0 iz 

7
 , 

-.-sm
z 

o
$E

m
m

 

- =:! 
-2

:: 
-S

a
 

0
 

Z
 

a u oz
:
 

Z
 e

u
 

J
b

.
d

 

% 5
%
 

2
9

2
 

0
 

0
0

0
 

'0 
7
 

?
. D

 
8

8
. 

"
N

m
 

0
 0

 0
 

66% 
m

m
m

 
m

m
w

 
--- 3

3
3

 

7" 
* -

"
 

"
"
0

 

0
 

0
 

w
 

0
 

"7
 
,. .3 ? 3

 

:
 

"
 

2
- 

O
R

 
0
 
0
 

.X
X

 
.,"SO 

?
a

3
3

 
;
 "? 

"
3

 

- 0 W g ? 

~
a

g
.

5
o

o
o

%
o

o
%

s
 

%
"

"
"

 

3
5

3
3

3
7

3
3

7
3

 
w

 - 
- 

D
 

" 
"

S
 

g 
N

"
"

 
0

0
0

 

"7 
m

m
m

 
w
 
(n

 w
 

--- 
3
 

7
3

7
 

a 
3:; 

z 
:zO

 

w
 

Y
)
 

w
 

0
 

0
 

R
 

0
 

0
 

.,, 
b
, 

6
 

6
 

8 
z 

z 
z 

3
 

3
 

.. 
b
, 

a
 

?
. 

$
2

 

" 9
 N m
 

O
k
'8

 
0

0
0

 

;;z 
Y

)
Y

)
~

 

? g g 
3
 7

 7
 

"
N

*
 

0
0

0
 

2:; 
w

 
" 

0
 

s 
4
 

4 
5 
i
 

g u
 

L
 

W
 

.z 
>

 
h C

C
C

C
C

F
.

.
,

.
C

C
 

w
 - 

z
z

:
"

X
p

"
:

"
-

-
 - 

D
 

W
EE 
0

0
0

 

5 ikk 
w
 w
 
(n

 

z 
m

-z 
3
 

3
3

3
 

a 
"
"
 

2 
2

2
0

 

g
g

z
g

g
$

~
g

$
n

-
 

g
g

O
O

O
%

o
c

.
n

g
O

 
?

.?
.z

e
e

?
.,?

...,.?
...,,. 

s
g

P
B

W
P

O
Z

P
P

8
P

8
8

P
P

Z
$

 
w

 

*
"

z
!
-
2

:
-
?

z
-
m

 
N

 
0
 

0
 

R
 

%
 

8
 

,. 
?
. 

8
 m" 

'" 
Y
)
 

m 
z 

3
 

3
 

?
. 

b
, 

0
 

?
. 

2 N
 r(l " 
0
 

0
 Z R

 
0
 0

 
0
 

"
"
"
 

,. ,. .. 
0

-
0

 

8
8

: 
z'0Z

 
3

3
3

 
- N

 * 
0
 0

 0
 

9
 ;
 

-' 
0
 

w
 

v
 

0
 
:: 

- 
0
 

0
 

0
 

6
 

m
 

m
 

z
?

 

"
I 

Z
 

", I L
 

2 0 4
 

u
 

L + 

"7 

w
 

- 
- 

4
 

% 
0

0
0

 
2
 

g 
Y
)
Y
)
"
,
 

z 
m

-: 
3
 

3
3

3
 

0
 

"
"
 

. -
,
.
,
 

2 
?

?
, 

0
0

 

Y
)
 

0
 

w
 

0
 

0
 

R
 

8
 
:: 

?
. 

?
. 

8
 

m" 
w

 
"
,
 

m 
z 

I
 

I
 

?
. 

b
, 

rn 
?
. 

2 
2 

'? 
N

 w
 w

 
0
0
:: 

0
0

0
 

-
*

*
 

6
6

6
 

w
w

m
 

w
w

~
 

m '0 '0 
3

3
3

 

:
g

z
 

?
-

-
 

0
 

w
 

* 
0

 
R

 
0
 

0
 

C
 

C
 

8
 m" 

w
 
"
,
 

'o 
m 

u
 

L
 

W
 

3
 

!? 

"
m

w
"

m
w

"
m

N
"

m
w

m
m

N
"

m
w

m
m

w
"

m
w

"
m

 

N
s

0
E

%
.

%
g

Z
R

%
0

S
%

S
Z

s
Z

R
s

2
8

%
0

$
%

 
~

-
w

5
8

8
~

~
%

8
5

8
~

9
8

9
8

8
~

8
%

8
%

8
~

8
 

Y
)
 

'
O

'
O

'
O

g
g

z
g

m
g

g
m

s
z

m
P

m
z

P
'

O
~

'
O

g
m

z
 

- 
9
 

g
 

0
0

0
 

c
?
.
?
.
 

s 
6;s 

m
 

m
m

m
 

"7 
Y
)
Y
)
Y
)
 

5
 

m
z- 

3
 

3
3

3
 

0
 
::s 

2 
?

?
6

 

w
C

w
w

?
.

N
"

C
w

w
C

N
w

C
w

w
F

w
w

?
.

N
m

,
.

 

w
 

v
l 

~
m

~
~

~
~

m
'

O
~

~
~

m
~

~
~

m
'

O
m

~
~

~
'

O
~

~
z

~
~

z
~

 
m

5
3

3
3

7
3

3
3

7
3

3
3

3
3

7
3

7
3

3
3

3
7

3
3

3
3

3
 

~
:

a
s

r
a

s
r

a
e

z
a

s
r

q
g

r
a

s
r

a
~

r
~

:
s

r
 

0
 z 

- 
"
 

"3 

0
 

8
 

8
 :: 

?.
 

,. 
8

 m" 
m

 
m 

P 
3
 
3
 

- 
P. 

,. 
b
, 

2 
:
 

'? 
" N

 " 
0

 Z
 8

 
3

 3
 3

 
5 g 5 
Y

) 
Y
)
 
"
,
 

m
"0: 

3
3

3
 

$55 
0
 

w
 
" 

0
 

R
 

c, 
0
 

0
 

r
,
 

$ 
g 

Y
)
 

"
,
 

'0 
z 

2 Z W
 

< X
 

2 b
. 

2 

g
8

g
i

$
g

g
g

g
!

5
$

g
 

"7 
Y
)
 

3
:

2
3

7
3

5
3

3
 

"
 - 

- 
- 

- 

$?: 
E

 
,E

D
 

6
 ~

6
%

 
m

 
m

m
m

 
Y
)
 m

 w
 

8 
'0-z 

3
 

3
3

3
 

a 
Z

K
; 

2 

m
o

s
o

g
~

~
-

-
"

-
 

Y
)
 

0
 

0
 

w
 

0
 

0
 

R
 

8
 

5: 
?. .. 
8

 S
 

Y
)
 

k"0 
3
 

3
 

6 
C
 

2 
q
 

0
 

'? 
g

 8
 $

 
5
 5 3 

,. ,. 
?
. 

8
 Z

 
P

 
Y
)
 
"
,
 
"
,
 

m
zz 

3
 3

 3
 

m
 w

 " 
-

0
0

 
"
;
;
 

0
 

N
 

" 
0

 
R

 
W 

8
 

L
 
,. 

%
 

m" ffl 
?

:
 

W
 

Z
 

W
 
I
.
 

L
 

9 1 
9
 

'? N
 

- m Z d + 

m
 

Y
)
 

" - 
"

"
B

S
S

X
e

~
X

p
p

X
~

p
X

 
- 

D
 

5 
"
S
 

8;; 
6 --- 
m

 
P

P
P

 
fflw

w
 

z 
z-m

 
3
 

7
3

3
 

a 
3:; 

z 
"
0

 
0

0
 

m
o

8
0

-
~

g
~

~
%

0
8

%
g

$
j

5
 

Y
)
 

w
 

"
 

0
 

0
 

R
 

%
 

5: 
.. 

?
. 

8
 P

 
m

 
"
,
 

z 
z 

3
 

3
 

,. 
b
, 

m
 

?
. 

2 
:
 

D
 

w
N

w
 

0
 0

 Z
 

0
 0

 
0
 

X
?

 z 
?ii?$ 
Z

 z
?

 
3
 3

 3
 

"
w

.
 

" 0
 
0
 

9
 -. 
;
 

0
 

N
 . 

0
 

R
 

X 
:: 

,. 0 
,. o 

Y
)
 

m
 

Y
)
 

m 
m 

W
 

5 n
 

B a B 9 1 9
 

9
 

"? 
- "i Z d c
 

Y
)
 

w
 

3
3

3
2

3
3

3
 

" - 
- 

D
 
:
"
 

5 
s

g
s

 
- 

E
L

L
 

8
 ~

S
S

 
m

 
Y
)
 
Y
)
 

g --- 
3
 

3
3

3
 

n 
Z

X
; 

" 
"
'0

 
0
 

0
0

 0
 

?
.

e
e

:
e

g
e

:
:

?
 

g
8

P
P

8
m

P
Z

g
P

 
Y
)
 

-
~

~
-
2
m

!
?
~

$
-
 

w
 

0
 

0
 

R
 

0
 

0
 

"7 
"7

 
,. 

?
. 

8
 
S
 

Y
)
 

"
,
 

m 3 
z I 

.. 
"7

 
" 

?
. 

2 
2 

'? 
0

 0
 R

 
5
 5
 3

 
6

B
6

 
w

 
Y
)
 m

 

", 
'0

'0
- 

cO
 
Y
)
 

3
 3

 3
 

w
w

*
 

0
0

0
 

?
 ;
 
;
 

0
 

w
 

* 
0

 
R

 
0
 

0
 

0
 

r
,
 

5 
$ Y) 

? 
m 

W
 

5
 

5 2 9 9 I L? $ 7 "i Z : 
+

 

g
$

$
g

 
Y
)
 

Y
)
 

w
 - 

- 
0
 

g , 0
0

0
 

k
 L

 k
 

5 
8

:~
 

z --- 
3
 

3
3

7
 

a 
g

e
- 

2 
2

2
 

0
 

rd
 

0
 

g 
5 * 

z 
? 

m 
3

.
3

 

6
 
2
 

2 
2 

0
 

g $
8

 
$ 

3
 3

 3
 

0
, 

w
. 

5 z z 
N

 

S 
5 

0
 

0
 

?
 

Z
 

8 
P

 
Y
)
 

m 
(n

 
m 

t" 
Z
 

"I 

+
 
I
 

L" 

0
.
 

=
 
9
 

= I? 
u
 

+ 



0-Z000SBOSSPL r S'L 

18 I ll 

- 
002 30 181 31Vd 
VNVIaNI '3NVL13 

INVl'I3MSN 
(lOIVY3N13M 0#l.Bml3 S3AlSOldn HOlH LSv3) BL nWMS 

C HDnOlHl 1 SaNnOU S3ldWS 1108 
slins3~ ~INVNV 30 Auvwwns 

L-' L 

toozi~~n 
5808591 

CO 

~O~O~LOBS~L rn rob 

90109108591 11 LO'L 

LOLOBLOSS~I n 20'1 

6090n~oos91 rn POL 

BOZO~LO~S~L n bob 

ZO~O~LOSSOL n zo~ 

80son~oas9i r z 

~OZOELO~S~L n 10'1 

ZOIOBLOSSDL n zai 

voozniis 
BLOSSSI 

CO 

90ZOtLOOS91 n VO'l 
n-ZolovLoSS9l n Za'l 

zoio*~osss~ n scso 

sozov~osss~ n tol 
~.ZO~OVLOSS~L n zo.! 

ZOZOIOPLOSSSI n nceo 

~OZOPLO~S~L n 
a.zo1o~Loss91 n 10'1 

zo~ov~ossor ii erso 

POOZ/LI~ 
,,I 9LOES81 

m 

o~soi~aas~i n 26'0 
a-~OZOLLO~S~L n siso 

90ZOLL08891 n 996'0 

ea~o~~osssi n mso 

OL~OLLOBS~L n zs.o 
~-~OZOLLOSS~L n 9is.o 

sozo~~oess~ n esco 

ZOLOLIOSSOL n EBBO 

OLR)LLOBSOL n zso 
~-~OZOLLOBS~L n siso 

~OZOLLOOS~L r I 

ZOLOLLOSS(II n CBWO 

vooz,z~ 
LLO8SB1 

EO 

POZOCLOe581 

zo~ouosss~ 

~azoc~oess~ 

ZOLOCLOSS~I 

VOZOPLO~S~L 

zo~oc~osss~ 

POOZR 
(0, worn 

CO 

~osos~oossi n 21.1 

90209L08591 n 628'0 

zo~osrosssr n rsco 

iosos~osssi n z1.1 

sozos~oess~ n 6zs.o 

ZOLO~LOSS~L n csco 

iosog~ooss~ n 21.1 

SOZO~LO~S~I r 1 

ZO~O~LOSS~~ r L 

POOLRL~B 
BLOBS01 

CO 

8n1~01~3 ~ANIA 

31~133~ 1.4~1~ 

3NVH13WOVO~llOYOlH3IYl 

31va aidwvs 
N01LV301 

ONnOl DNlldWVS 

POZOS108S9I n SL6'0 

roios~oss~~ n ~neo 

~ozos~oess~ n s~eo 

ZOIOSLOSS~~ 

COZOSLOBS~L r L 

ZOIOSLOSSSL n ~sso 

~OOZEM 
,,I SLOES01 

PO 



SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU I 6  (CAST HIGH EXPLOSIVES ALU8.146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
PAGE 192 QF 208 

[I) No $I' ,e rail sample due lo refusal. 
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TABLE 0-1 

CRANE INDIANA 
PAGE194 OF 208 

> ~ 

(1) N o r  B 60il6amp18 ~ U B  lo ~BIYI~I. 

SAMPLING ROUND 

LOCATION 
SAMPLE DATE 

I.2~DICHLOROETHANE 

I.2.DICHLOROPROPANE 

I.4.DIOXANE 

2.BUTANONE 

2.HEXANONE 

3-CHLOROPROPENE 

4.METHYL.Z.PENTANONE 

ACETONE 

ACETONiTRlLE 

03 
SB086 
412004 

03 
18180117 
811412004 

03 
18SB088 
811412004 

03 
1658088 
811412004 

03 

811612004 

1.17 U 16580900608 

... 

0.955 U 16580950406 

117 U 16580900608 

... 

0.855 U 16500900405 

3 17 U 16580900608 

... 

698 U 16SB0800406 

97.2 U 16S809W608 

... 

0,955 U 16580900406 

1 1 7  U 16580900608 

... 

0,955 U 16580500406 

1.17 U 16580900608 

... 

0.955 U 16500900406 

l . l 7  U 16580900608 

... 

0.955 U 16SB09W406 

117 U 16SBOW0606 

... 

0955 U 18580900406 

1.17 U 16SBOQW6M 

... 

811612004 
0.908 U 16580910406.D 
0.974 U 16S80910609 

... 

0.944 U 16500910406 
0.908 U 16580910406.D 
0.974 U 16500910609 

... 

0.944 U 16S80910406 
0.908 U 18580910406-D 
0.974 U 16S80910609 

... 

9 4 4  U 16500910406 
908 U 16S80910406-D 
102 U 16580910609 

... 

0,944 U 16580910406 
0.908 U 16S80910406~D 
0.974 U 16S80910809 

... 
0.844 U 16500910406 
0908 U 16580910408~D 
0.974 U 16580910609 

... 

0.944 U 16S80910406 
0.908 U 16S80910406-0 
0.974 U 16S80910609 

... 
0.944 U 16580910406 
OW8 U 16580910406-0 
0.874 U 16500910609 

... 

0.944 U 16580910406 
0.908 U 18S80810406-D 
0.974 U 165B0910609 

". 

811812004 

0869 U 16500920808 

... 

0932 U 16500920106 

0.669 'd 16500920608 

... 

0.932 U 16SBDP20~06 

0,869 U 16580920606 

... 

90.9 U 16500920406 

96 'd 16580920608 

... 

0.932 U 16580920636 

0,869 U 16500920608 

... 
0.932 U 16580920406 

0869 U 16580920606 

... 

0932 U 16580920606 

0.869 U 18500920608 

... 

0.932 U 16580920406 

0.868 U 16580920608 

... 

0.932 U 16580920408 

0.869 U 18580920608 

... 

1856083 
811612004 

' 05 U 16500930508 

... 

095 U 16S00930106 

1.05 U 16500930608 

... 

095 U 15500930406 

t 05 U 16500930608 

... 

I03 U 16500930n06 

109 U 16500930508 

... 

095 U 16580930406 

l o 5  U 16580930508 

... 

095 U 16S00930436 

105 U 16580930608 

... 

0.95 U 16500930406 

105 U 16580930606 

... 
0.95 U 16580930405 

I 0 5  U 16500930608 

... 

0.95 U 16500930406 

1.05 U 16580930608 

... 



SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH3 

SWMU I 8  (CAST HIGH EXPLOSIVEB FILU8-148 INCINERATOR) 
NSWC CRANE - 

CRANE, INDIANA 
PAGE 195 OF 201 

l l j  No I Y ~ S Y ~ B C B  soil $ample due 10 i e lu~a l .  

SAMPLING ROUND 
LOCATION 
SAMPLE DATE 

BROMOFORM ... .- 
0.955 U 16580900406 0.9d4 U 16580910406 

0.906 U 16S80910406~D 
1.17 U 16580900606 0.974 U 16580910609 

03 
IS0081 
1UlOO4 

03 
1ISBO87 
8/14/2001 

BROMOMETHANE ... ... 

0.955 U 16S80900106 0.944 U 165B0910406 
0.908 U 16580910406~D 

1.17 U 16580900608 0.974 U lbS80910609 

03 
18SBO88 
8/14/2004 

03 
1658089 
8/14/2004 

03 
11S8000 
BllMOO4 

35.9 U 16580900406 

36.9 U 165809W608 

03 
1858091 
8/18/2004 

37.7 U 16S80910406 
36.3 U 16580510406.D 
40.9 U 16SB09r0609 

03 
18SB092 
8/18/2004 

36.4 U 16580920406 

36.4 U 16580920608 

03 
16SB093 
811612004 

41.3 U 16SB0930406 

436 U 16580930606 
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SUMUARY OF ANA.YT.C RESULTS 
SOL SAMPLES ROUhOS I THROLGH 3 

SWMU l a  l C A n  H G h  EXP-OSIVES F I - U Q l I 6  hClhERATOR) 
NSWC CRANE 

CRANE. INOIANA 
PAGE 1 I  OF 208 

1 N $ 8 '  '-ce n o  sample due lo relusal. 

SAMPLING ROUND 
LOCATION 
SAMPLE DATE 

STYRENE 

TETRACHLOROETHENE 

TOLUENE 

TOTAL XYLENES 

TRANS.i.2-DICHLOROEIHENE 

TRANS-1.3-DICHLOROPROPENE 

TRANS.1.LDICHLORO.Z.BUTENE 

TRICHLOROETHENE 

03 
IS8088 
1412004 

03 03 
11158087 1050080 
811412004 8/14/2004 

03 
1858080 
8/16/2004 

359 U 16500900406 

38.9 U 16S00900606 

... 
0965 U 16S00900406 

1.17 U 16500900608 

... 

0955 U 18500900406 

1 17 U 16S009W606 

... 
0.955 U 16SB0900406 

117 U 16500900606 

... 
0.955 U 16500900a06 

1.17 U 16500900608 

... 

0.955 U 16SB0900406 

1 17 U 16S009W606 

... 
0.955 U 16500900406 

1 t 7  U 16500900608 

... 

0.955 U 16S00900406 

1.17 U 16S00900808 

... 
220 J 16500900405 

220 J 16S00900606 

03 
1858091 
811612004 

37.7 U 16500910406 
36.3 U 16500910406.D 
40.9 U 16500910609 

... 
0.944 U 16500910406 
0.906 U 16500910406.D 
0.974 U 16500910609 

... 
0.944 U 16580910406 
0.908 U 16SB0910406.D 
0.974 U 16500910609 

... 

0.944 U 16500910406 
0.906 U 16S00910406-D 
0.974 U 16S00910609 

... 

0.944 U 16SB0910406 . 
0.908 U 16SB0910406.D 
0.974 U 16500910609 

... 
0.944 U 16SB0910406 
0.906 U 16500910406.D 
0.974 U 16SB0910609 

... 

0.944 U 16500910405 
0.908 U 16S00910406.D 
0.974 U 16SBOB10609 

... 
0.944 U 16SB0910406 
0.908 U 16SB0910406.D 
0.974 U 16S00910609 

... 

390 J 16S00910406 
1500 J 16S80910406.D 

960 16S80910609 

03 
1650082 

I tllltll2004 

36.4 U 16500920106 

364 U 16563920608 

... 

0.932 U 16500920406 

0669 U 16500920608 

... 
0.932 U 165B0920406 

0.669 U 16500920606 

... 

0.932 U 16500920406 

0.669 U 16580920606 

... 
0.932 U 16500920406 

0,669 U 16550920608 

... 

0.932 U 16500920406 

0.669 U 165B0920608 

... 
0.932 U l6S00920406 

0.669 U 16580920608 

... 

0.932 U 16S00920d06 

0,669 U 16500920606 

... 

32 16S80920406 

28 16500920608 

03 
1658093 
8/16/2004 

4 1  3 U 18550930408 

(3.6 U 16550930606 

... 

0.95 U 16550930406 

105 U 16580930608 

... 

095 U 1658093C406 

105 U 16500930608 

... 

035 U 1SSB0930406 

105 U 165B0930808 

... 

095 U 16500930405 

1.05 U 16580330608 

... 

0 95 U 185B0830406 

1.05 U 16500930808 

... 

0.95 U 16500930408 

r 05 U 16500930806 

... 

0.95 U 16500930408 

1.05 U 16500930808 

... 

250 J 18500930408 

360 18550930606 
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CRANE. INDIANA 
PAOE 1DJOF 108 

SAMPLINO ROUND 
LOCATION 
SAMPLEDATE 

ACROLEIN 

BROMODICHLOROMETHANE 

BROMOFORM 

BROMOMETHANE 

CARBON DiSULFlDE 

03 
1658004 
811612004 

5 1 1  U'6SB0940706 

1.48 U 18S809A0706 

... 
1.46 U 16SB09d0706 

... 

l.B U 16SBO9d0706 

... 
i.46 U 165809A0706 

... 

W 
1868005 
B l lM004 

409 U 16880850406 

406 U 16580850607 

-. 8 .- 

1.01 U 16500950406 

1.05 U 16SBQ950607 

... 

' 0 1  U 16Ss0950406 

1.05 U 1658095ffi07 

... 

1.01 U 16500950406 

1.05 U 16580850607 

... 

1.01 U l6S80850406 

1.05 U 16S80850607 

... 

03 
1858008 
611612004 

366 U 16S0086M06 

404 U 165809606ffi 

03 
1858007 
611 612004 

363 U 16SB0970406 

41 9 U 16580970607 
39 U 16580970607-1 ... 

0.966 U 16500860406 

1.06 U 16S80960606 

... 

0.966 U 16580960406 

1.06 U 1650096ffi06 

... 

0.966 U 16SB0960106 

' 1.06 U 16SBO960606 

... 

0.966 U 16500860408 

1.06 U 16S80960606 

... 

... 

0.857 U 16580970406 

1 DO U 16580870607 
1.02 U 18580970607-1 
... 

0.957 U 16580970106 

1.09 U l6S80970607 
i o i  u i6saoo7o607.1 ... 

0.957 'd 16580970406 

10.9 U 16580E70607 
1.02 U 16580970607-[ ... 

0.857 U 16S80970406 

1.09 U 16580970607 
1.02 U 16SB0970607.[ ... 
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SLMMARV OF Ahb.Vl C RESU-16 
SOIL SAMPZS ROUhDS 1 THROUGn 3 

SWM- 18 (CAST n.GH EXPLOSIVES F.LJ8.'46 INC NE-ATOR, 
NSWC CRANE 

CRANE. INDIANA 
PAGE 205 OF 206 

SAMPLING ROUND 
LOCATION 
SAMPLE DATE 

DICHLORODIFLUOROMETHANE 

ETHYLMETHACRYLATE 

ETHYLBENZENE 

ISOBUTANOL 

METHACRYLONITRILE 

METHYL IODIDE 

METHYL METHACRYLATE 

METHYLENE CHLORIDE 

PROPIONITRILE 

03 
1658004 
8/15/2004 

... 

28 18S809IOlO8 

... 

1.46 U 18580940708 

... 
1.46 U 16580940708 

... 
51.4 U 16580840708 

... 
1.48 U 16SB0940706 

... 
1.48 U 16SB0940708 

... 

1.46 U 16SB0840708 

... 

1.48 UJ 18580940708 

... 

03 
16580Sl 
WlW2004 

1.05 U 16580950607 

... 

1.01 J 16SBOQ50108 

8 16SBO950607 

... 

1.01 U 16580950406 

1.05 U 16580950607 

... 
101 U 16580950408 

1.05 U 16580950607 

... 

40.9 U 16580950406 

40.6 U 16580850607 

... 
. - 

1.01 U 16SB0950406 

1.05 U 16S89850607 

... 
1.01 U 1680091046 

1.05 U 16S80850607 

... 

101 U 16580850406 

1.05 U 18S80950607 

.- 
1.01 UJ 16SsO950406 

1.05 W 16580950607 

... 

03 
16SB096 
W1WPOO4 

1.06 U 16S80960608 

... 
4 16589960406 

2 J 16680980609 

.- 

0.966 U 16580960406 

1.08 U 16580960600 

.- 
0.966 U 16S80860406 

1.06 U 16580860608 

... 

36.6 U 16580860406 

40.4 U 16580960608 

... 
0.966 U 18500960406 

1.06 U 16500060608 

... 
0.966 U 16580860406 

1.06 U 18500960608 

... 

0.866 U 16580960406 

1.06 U 16S80860608 

.., 
0.966 UJ 16580980106 

1.06 UJ 16580060608 

... 

03 
1658097 
8/18/2004 

1.09 U 18500970607 
1.02 U lSS00970607~0 
... 

6 16580970406 

5 16500970607 
2 J 18500970607~0 

... 

0.957 U 16500970406 

1.08 U 16580870607 
102 U 16800970607.D 
... 

0 957 U 16580970406 

1.09 U 165B0870607 
1.02 U 16500970607~0 
-. 

36.3 U 16580970406 

41.8 U 16580870607 
39 U 16580970607.D ... 

0.957 U 16~B0870408 

1.09 U 16500970807 
1.02 U 16S80970607-0 .- 

0.857 U 16580970405 

1.09 U 16580970607 
1.02 U 16S80970607.D 
... 

0,857 U 16500970106 

1.08 U 16580970607 
102 U 16SB0970607-0 ... 

0.957 UJ 16S80910406 

1.09 UJ 16580970607 
1.02 UJ 16580970607-D ... 

03 
16S8008 
811812004 

0.929 U 16500980607 

1 2 4  U 16550980102 

1 J 16500960206 

0.929 U 16580980807 

1.24 U 16550980102 

0.822 U 16500960206 

0.828 U 16580980607 

1.24 U 16SS0980102 

0.822 U 16500980206 

0.829 U 16580980607 

42.4 U 16S50980102 

43.2 U 16580980206 

36 U 16580980607 

1 24 U 16550980102 

0.822 U 16500980206 

0.829 U 18500980607 

1.24 U 16550880102 

0.822 U 16500980206 

0.929 U 16580980607 

1.24 U 16550960102 

0.922 U 16580960206 

0.929 U 16S80980607 

1.24 UJ 16SS0880102 

0.922 UJ 16500980206 

0.829 UJ 1658086Q607 

42.4 U 16SS0980102 

03 
1658088 
6i1612004 

106 U 16500990608 

5 J 16550990102 

6 J 16500990206 

10 J 16580990608 

0.98 U 16SS0990102 

111 U 18S00990206 

106 LI 18580990608 

0.98 U 16S50990102 

1.11 U 16580990206 

1.06 U 16580990608 

3 8 7  U 16550990102 

39.9 'd 16500990206 

443 U 16580990608 

0.96 U 16550990102 

1.11 U 16580990206 

1.06 U 16580990608 

0 9 6  J 16550980102 

1.11 U (6580990206 

1.06 U 16S00990606 

0.98 U 16550990102 

1 1 1  U 18580990206 

1.06 'U 16580990608 

0.96 UJ 16550390102 

1.11 UJ 16500980206 

1.06 UJ 16500990600 

38.7 U 16SS0990102 





(I) NO e ~ t  "CB I~II S B ~ P I B  due 10 refusal 

TABLE G.1 

SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNOS 1 THROUGH 3 

SWMU 18 (CAST HIGH EXPLOSIVES FILU8-148 INCINERATOR) 
,' NSWCCRANE 

CRANE, INDIANA 
PAOE207OF 208 

SAMPLING ROUND 
LOCATION 
SAMPLE DATE 

TRICHLOROFLUOROMETHANE 

VINYL ACETATE 

VINYL CHLORIDE 

03 
16SBO99 
(V1612004 

0.98 U 16550990102 

1.11 U 16580990206 

1.06 U 16S80990806 

0.96 U 16S50990102 

l l l  U 16580990206 

1.06 U 16500990606 

0.96 U 16SS0990102 

1 .11  U 18580990206 

1.06 U 16580990800 

03 
lBS80BI 
U1612004 

... 

2 J 16580940708 

... 

1 4 0  U 16580940706 

... 

1 dB U 16S80940706 

- 
COPPER 

RON 

I . . 

03 
18S8096 
811 lV2001 

... 

1 Dl U 16S00960406 

105 U 16SBW50607 

... 

1.01 U 16580950406 

1.05 U 16SW950607 

... 

1.01 U 16580950406 

1.05 U 16580950607 

03 
18S8098 
611lV2004 

... 

0.966 U 16580960406 

1 0 6 U  16500960608 

... 

0.966 U 16580960406 

106 U 16580960806 

... 

0.966 U 16580960406 

1.06 U 16580960608 

03 
1eS8097 
YllV2004 

6 J 16S80970607~0 
... 

0.957 U 16580970406 

1.09 U 16580970607 
102 U 16580970607.0 
-. 

0.957 U 16SB0970106 

1.09 U 16580910607 
1.02 U 16500970607-0 
... 

0.951 U 16580970406 

1.09 U 16580970607 
102 U 1658097C607.D 

03 
18SB098 
811IY200< 

1.24 U 16SS0960102 

0922 U 16580980206 

0.929 U 16580980607 

1.24 U 16SS0960102 

0.922 U 16500960206 

0.929 U 16SB0980807 

124 U 16550980102 

V.022 U 16580960206 

0.928 U 16580980607 



SUMMARY OF ANALYTIC RESULTS 
SO!. SAMP-ES ROUNDS 1 THROUOH 3 

SWM. 18 ,CAST HIOH EXP-OSIVES F ILA-148  INCINERATOR) 
NSWC CRUIC . . . . . . . . . . . . - 

CRbNE. INDIANA 









SUMMARY OF ANALYTIC RESULT6 
SOIL SAMPLES ROUNDS 1 THROUOH J 

SWMU i t )  (CAST EXPLOSIVES FILLIB.~~ INCINERATOR) 
NSWCCRANE 

CRANE, INDIANA 
PAGE 4 OF 10 

SAMPLING ROUND I 02 1 02 I 02 I 02 1 02 1 02 I 02 I 02 
LOCATION 16SB042 1658043 1650044 1656045 16SB046 16S0047 16S8046 1650049 
SAMPLE DATE 1 1Y512003 I 12lY2003 I 1YY2003 I lU612003 I 121512003 I 121512003 1 1213i2003 I 121512003 

I I I I I I I I 1 I I I I I I I 
VINYL ACETATE 1 ... ... ... 

I 1 1 I 1 1 I 1 I 1.18 U116580470405 1 112  U/ISSB0480203J 0814 U116580490405 
1 I I I I I I I I I I I 

VINYL CHLORIDE ... 
I 1 1 I 1 I I 1 I 1.78 U116580670405 

[ I ]  Nos :e sol  rample due la refusal. 





'~ssnle~ ol enp elduns 110s b ,ns ON (1) 



SUMMARYOF ANALYTIC RESULTS 
SOIL SAMP-ES ROUhDS I ThROJGd 3 

SWMJ IB(CAST hlGh EXP-OS VES F.UB.118 A C  hERATOill 
NSWC CRAhE 

CRANE, INDIANA 
PAGE7 OF 70 

[ I )  NO ~ U ~ S Y ~ ~ B C B  soil $ample due to refusal 



(I) NO s ,e 8011 immpls due lo rsluanl. 

SUMMARY OF ANALYT.C RESULTS 
SOIL SAMPLES ROUhDS 1 THROUOn 3 

S W J J  I8lCAST HlGh UPLOS.VES FILJB.148 sNChERITOR1 
NSWC CRbNE 

CRWE, INDIAN& 
PAGE 8 OF 10 

TETRACHLOROEIHENE 

- 
TOLUENE 

TOTAL XYLENES 

TRUiC1,Z~DICHLOROETHENE 

TRANS-1.3~DICHLOROPROPENE . - 

TRANS1.4.DlCHLOR0-2.BUTENE 

- .. . 
TRlGHCOROEiHENE 

, , .. . . . 
TRICHLOROFLUOROMETH*NE . - '  

. .  . . , 

. . .  - 

... . 
0.878 U 
7.04 U 
.- 

0.878 U 
1.04 U ... 

0.876 U 
1.04 U 
... 

1 J 
2 J .- 
I J 

1.04 UJ ... 
0.976 U 
1.04 U -. 

0.918 U 
1.04 UJ .- 

190 j 
180 ... 

0.878 U 

16S80500103 
16SBOSW103-D 

16S805W103 
16SB05W103-D 
. 
16S805Wl03 
16SB05WlO3.D 

.. . . 
i65B05W103 
18SBOSWl03.D 

16SB0500103 
16S80500103.D 

18SBO5WlO3 
16SBO5WlOJ.D 
. . 
16SB0500103 
16SBOM01030 

~%BDSW~OJ 
lffiBMW103~D 

18SBO5W103 







I I I 
I 1 BO~O~POBS~~~~ EL'I 1 L~~OSSOBS~LI~ 996'0 1 I I I I I 1 I 
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SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS I THROUGH 3 

SWMU 18 (CAST HIGH EXPLOSIVES FILUB.148 INCINERATOR) 
NSWC CRANE ~~- ~. . ~ ~. 

CRANE, INOIANA 
PAGE 4 OF 18 

CHLOROETHANE 

CHLOROFORM 1 1.09 U16550510102 / 0 933 U16SSO520102 1 OBBB U!16SSO530102 1 1 0 5  U116SS0540102 1 0.93 U16SS0550102 1 102  U116S50560102 I 0 993 UI16SSC57D~2 

,, 
Ill NO 6 B 6011 sample due lo relusal. 





TABLE 0.1 

SUUMARV OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNOS 1 THROUGH 3 

SWUU 18 (CAST HIGH EXPLOSIVE6 F I L U C I I E  INCINERATOR1 
NSWC CRANE 

CRANE, INOIANA 
PAGES OF48 



1 1  1 

SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 11) (CAST HIGH EXPLOSIVES FILUB-141) INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 Of 48 

ANTIMONY I I I 1 I I 1 1 I 1 1 1 I 1 1 
I 

ARSENIC I 1 1 1 1 1 I I I 1 1 1 I 1 1 1 





SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
PAGE 9 OF 48 

(1)  N O ~ U ~ J Y ~ ~ ~ S B  $011 sample due lo relural, 

SAMPLING ROUND 
LOCATION 
SAMPLE DATE 
Volat~lr Organics Iumi11 
1 1,1 2.TETRACHLOROETHANE 

03 
16SBOS9 
811312004 

I 
101 U116SSO590102 

03 
16SB060 
YllRODO 
I 

114 U116SSOBWIOZ 

03 
16SB066 
811212004 

I 
126 U/16SS0660102 

03 
16SB061 
8/11/2004 

I 
119 U116SS0610102 

03 
16SBO62 
(VlS12OM 

I 
1 U116SS0620102 

03 
9USB063 
811112004 

1 
101 U116SS0630102 

03 
1658084 
811 112004 

I 
105 Ull6SS0640102 

03 
16SB065 
811 112004 

1 
117 U1'6SS0650102 



TABLEG-1 

SUMMARY OF ANALYTIC RESULTS 
SOIL SAhWLES ROUNDS 1 THROUGH 5 

SWMU 16 (CAST HIGH UPLOSIVES F I L U I . l I I  INCINERATOR) 
NSWC CRANE 

CRAN4 INOIPIHA 
PAGE 10 OF 48 

- -~ .~.~ 
U,16SBC660236 

(1)  No st,' +cs roll remple due lo refusal. 



T/ 1 

SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUE-146 INCINERATOR) 
NSWC CRANE 

CPANE. INDIANA 
PAGE 11 OF48 

( I )  No subsurlsce $01 sample due I0 relusal 





SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS I THROUGH 3 

SWMU I6 (CAST HIGH EXPLOSIVES FILUB.148 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 13 OF 48 

(1) No subrurlase soil sample due 10 relural 



TABLE G-l 

SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 7 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB.146 INCINERATOR) 
NSWCCRANE 

CRANE, I N D l F A  
PAGE 14 OF 4 

. . .. 



T. 1 

SUMMARY OF W A L n l C  RESULTS 
SO - SIMP-€5 RO-NDS I THRO-Gd 3 

SUM. 1 8   CAST^.^^ UP.OSIVES F.-LB.IU INCINERATOR) 
HSWC CRANE . . 

CRANE. INDIANA 
PAGE 15 OF 48 

~",.,..,,." """,." "9 "0 I "0 I "a I "> I "a I "2 I "a 

LOCATION I 1858050 1. tSSB080 16SBO61 18S8062 16SB063 18SB064 16SB085 11158066 
SAMPLEDATE 811511004 (Vl1/2004 I 811112004 I 811312004 I 811112004 8A 112004 611 112004 1 811 212004 

I I I I I I I I I I I 1 I I I I 
1nors.n1<. LrnSka) 
ALUMINUM I 1 I I I I I 1 I 1 I 1 I I 1 1 I 

IRON I I I I I 1 I 1 I 1 I I 1 

LVBIILI 

COPPER 

I 

I 

I 
-- 







SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILVB-148 INCINERATOR) 
NSWC CRANE 

CRANE INDIANA 
PAGE 16 OF 46 

[ I )  No si,' r so l  sample due to relusd. 

SAMPLING ROUND 
LOCATION 
SAMPLEDATE 

03 
16880117 
8/12/2004 

1 
1.21 UI16SBO670609 

03 
16S80611 
8/12/2004 

1 U116SB0660206-0 
1.12 U116S80660609 

03 
16S606S 
8/12/2004 

I 
1.35 UJ116S00690607 

03 
1656073 "I 

811Y2004 
1 - 

03 -~ 
16SB074 "I -. 
611 712004 

~ 

03 
l8SB070 
8112120M 

1 
0876 W116580700607 

03 
l6S8071 "' 
811Y2004 

1 

03 
1858072 
8/12/2004 

1 
1.22 UJ116S80720607 



SUMMARY OF AhALVl C RES.-TS 
SOIL SAMPLES RO-hOS 1 THRO.GH 3 

SWMU I8 (CAST hlGh EXPLOSIVES F.LJB.!dO hC.hlRATOR 
NSWC CRANE 

CRANE, INOIANA 
PAGE 19 OF48 

CARBON DlSULFlDE 

CARBON TETRACHLORIDE 

18880670102 

16500670208 

16500670609 

1.19 U 

1.09 U 

1.21 U 

1.19 

1.09 U 

1.Zl U 

0.963 V 

1.02 U 
1 U 

1.12 U 

U16S50670102 

16580670206 

16SB0670609 

0.995 U 

1.06 U 

1.35 U 

16SS0660102 

16S80BB0206 
16S80BB0206.0 
16SBO6BDBOB 

0.963 U 

1.02 U 
1 U 

1.12 U 

16550690102 

16SB0680206 

16S806gO807 

18550680102 

16SB0680206 
18580680206.0 
165008808M) 

0.923 U 

1.2 U 

0.978 U 

16880700102 

16S80700206 

16980700607 

0,995 U 

1.05 U 

1.35 U 

16SS0710102 

16SBO710206 

0.943 UJ 

1.16 U 

16550690102 

18550690206 

16SB08gOW7 

3 

0.966 U 

1.22 U 

0.923 U 

1.2 U 

0.878 U 

16SS0720102 

16S80720206 

16580720607 

16SS0700102 

185807W206 

16580700607 

0.938 U 
1.02 U 
104 U 

2 J 

103 U 

16SSOi401D2 
16SS07401Dz.D- 
165307~0206 

0.943 UJ 

1.16 U 

16SSO730102 

16500730204 

16550710102 

16580710206 

0.933 U 

0986 U 

122 U 

16SS0720102 

16530720206 

16580720607 

1 U 

1.03 

16SS0730i02 

dl6580730204 

0.936 U,165507dO102 
i 02 u ] ~ e s s o i r o i o ~ ~  
104 U/16580740206 

I 
A 



/ -_: ~ -A- ~1 - 
~- 
A m9ozLoassiin zz I ~ LDQ0010BS9L n siao i09069OESSb n wi 6090890sS9L n zi I 6090L9oEsYl n IZ I 

~ -. . . . - - ~sozosso8ss~ n 1 
93~01106s~iT'~~~-~TOi3ELd~ccs ~ I sozozioess~n seso sozo~ioesst n si~ sozoo~osss~ n z i ~ozoesossg~ n sot ~ozossawss~ n ro 1 sozaisosss~ n 60 i - 

LC 1 

scco LOIOCIOSSBII~ I ZO~QZLOSS~L~ ~~60 ZOLOIL~SSYL i.n ct.60 ZOIOQLOSSQL n EZSO ~010690~~91 n 5660 ZOLOB~OSS~I n ~96'0 2010~90~~91 n 61'~ 3N3ZN380YOlH3 

~OZOPLOQS~L 
a~zo~otio~ss~ 

ZIIOILOSS~I 

UP 30 OZaOvd 
VNVIONI 'atNY3 

3NVY3 3MSN 
(YOIVLIIHI~HI 9~1-ani1d saNso1m HDIH 1513) 91 ~WMS 

C HOnOYHl 1 SONnOY S3ldllVS 1109 
SllnSIY 31lAlVNV 40 AYVWWnS 

n to I 
n zo I 
n 9~6'0 

~~ZOFLOESYL 

~OLO?~~SSY~ 

s 

r c 

LO~ZLO~S~I 

~OZOZLOBSOL 

ZOIOZ~OSS~I 

ES 

zc 

el 

n 9l.1 

rr? CPBO 

Y~ZO~LOQSSI 

ZOIOILOSSOL 

LOQO~LOBS~~ 

sozoo~osss~ 

ZOLOOLOSSOI 

r z 

n 1'1 

n ~26'0 

~osoa808ss~ 

sazossoessl 

2010690~~~1 

n sci 

n so I 

n ~66'0 

s 1 
r PI 
r L 

s 

aosoesosss~ 
~sozoswe~s~ 

sozossoasoi 

10~0890~~91 

soso~sosss~ 

~OZOLWBSSL~~ 

~010~90~~9~ 

n 1z.1 

 so^ 

r E 3N3H130YOlH31DZ'l~S13 



SV dO 11 3016 
VNVIONI '3NVIJ3 

3NVY3 3MSN 



O'COIOIIOSS9L,I CO 1 I I I I I I I I I I I I I I 
zoiavioss~iln scso I ~OLOELOSS~~~~ 1 I ~OIO~LOSSOIJ~ ~~6'0 1 ZO~O~LOSS~LIP~ cv60 I ZOLOOLOSSSI~ ezwo 1 zo10690ss0t/n 966'0 I zoio8~0~s~~ln ~96'0 1 ZOLOLSOSS~~~~ 61.1 1 

I 
3N3HUOtlOlH3VLIUL 

BP JOZZ 30Vd 
VNVIONI '3NVY3 

3NVY33MSN 
lYOLVY3N13NI 9P1-Bnlld SIAlSOldX3 HOlH LSV3) 91 nWMS 

C HOnOLIHL I SdNnOY S3ldWVS 110s 
SLlnS3Y 31UlVNV 40 AYVWWnS 



3NVW ONSN 
(tlOlV'd3N13Nl SVI.Bnlld 63AlSO7dX3 HDlH 15V3191 nWfiS 

C HDnOLIHl I SONnOtl S3ldWVS 7105 



SUMMARY OF ANALYTIC RESULTS 
SOL SAMPLES ROLNDS I TnROLCH 1 

SWMU Id  (CAST HlOn EXPLOSIVES FILUB.148 ohC hERATORI 
M6WC CRANE . . . . . . . . . . . . . 

CRANE. INDIANA 
PACE 24 OF 48 

( I )  NO f rce 6011 sample duslo rsluaal. 





TABLE 0-1 

SUMMARY OF ANALYllC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 10 (CAST HIGH EXPLOSIVES FILUB.140 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
PAGE 26 OF 48 

ACETONE 

SAMPLING ROUND 
LOCATION 
SAMPLE DATE 

I11 NO I Y ~  -e 6011 sample due lo relural. 

03 
16SB075 "I 

811212004 
I 

03 
1058076 
8112i2004 

1 
1 12 U116S80760607 

03 
16S8077 
811212001 

0 976 U(16S80770206~C 
092 U116SB0770610 

W 
1658078 
8112i2004 

1 
104 UJj16S00760609 

03 
1658065 
811412004 
I 

03 
1658066 
811412004 

1 

03 
1658067 
81ll12004 

1 

03 
1658086 
811412001 

I- - 



SJMMARV0FbhALW:C RESL-IS 
SOIL SAMPLES ROLNDS 1 ThROLGm 3 

SWMJ 18 (CAST n,Gh EXPLOSVES FLJB.~ I~ INCNERATORI  
NBWC CRANE 

CRANE. INDIANA 
PAGE 27 OF 411 

SAMPLINO ROUND 1 03 I 03 I 03 I 03 I 03 I 03 1 03 I 03 
LOCATION 1USB07S "' 115607K 16SB077 1KSBO78 1KSBO85 111SBO66 1658087 111SBOUU 
SAMPLEDATE 1 6/11/2004 ! 6/1YZOW I IVIYZOW ! 6/i1/2004 I 8/14/2004 I 11/14/2004 1 6/14/2001 1 811412001 

I , I I I I I I I I I 
BROMOWETHANE 1 0.967 UJjlBSSO750102 1 0.953 U16SS0760102 1 0.693 UJ(16SS0770102 1 1.02 U16SS0760102] 1 ! & 1 - 

I I I I I I I I I 1 I I I I 
CARBON DlSULFlDE 1 0967  Ujl6SS07501021 0953  UJ16SSO7601021 0893  U16SSO770102 1 1 0 2  U/lSSSO780102I 1 I 1 1 

CARBON TETRACHLORIDE 

(1) No subrurlace 3011 sample due to relusal. 





SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 18 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
PAGE 19 OF 48 
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SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 18 (CAST HIGH EXPLOSIVES FILUB-148 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
PAGE 33 OF 48 

ill No subrurlase roll aarnple due la reluaal 



SUMMARY OF ANALW.C RESULTS 
501. SAMPLES ROUNDS 1 TnROUGn 3 

SWHU 18 ,CAST HIGH EXPLOSIVES F LUB.I.0 INC.NERATORI 
NSWC CRANE 

CRANE, INOIANA 
PAGE 34 OF 40 
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TABLE G-l 

SUMMARY OF ANALYTIC RESULTS 
SOILBWPLES ROLNDS 1 THROUGd 3 

SWYU I 6  (CAST H GH EXPLOSIVES FILU8.146 IhClhEIATORl 
hSWC CRAhE - - -  - 

CRANE, INDIANA 
PAOE 38 OF 4s 

SAMPLING ROUND 1 03 I 03 I 03 I 03 1 03 1 03 I 03 1 03 I 
-- 

LOCATION 16SB089 1858090 1658091 16S8092 1858093 18SB094 1658095 

I ! ! -. 16SBO96 
SAMPLEDATE 811412004 1 811612001 YlY2004 ! 811M004 I 811612004 ! 811612004 811612004 811612004 

I 
35.9 U 16580900406 37.7 U 16580910406 364 U 16500920406 41.3 U 1650093040d 51.4 U 16S00910706 

36.3 U 16S00910406~D 
38.9 U 16580800608 40.8 U 16SB09?0609 38.4 U 16580920608 43.6 U 16580930608 

STYRENE ... ... ... ... ... ... ... - -- -- - - 

I I I I I I I 1 I I I I 
TETRACHLOROETHENE ... ... ... ... ... ... ... 

4 1  ... ... ... ... ... TOTAL XYLENES 1 1 1 

TOLUENE 

( I )  No su' '1 sail sample due lo refural. 

0.855 U 

1.17 U 

... , 

16880900406 

16SS0800608 

0.844 U 
0.906 U 
0.974 U 

... I 

168S0910406 
168BQSi04ffi-D 
16SB0910609 

0.832 U 

0.868 U 

... 

16500820406 

16SS0920608 

0.95 U 

105 U 

... 
i 

1650093M06 

16880930608 

1.48 

... 

?16S80940706 1.01 U 

1.05 U 

... 

16580950406 

16580950607 

0966 U 

106 U 

... - 

1-1 

16500960608 

-- 
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SUMMARY OF ANALYTIC FESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 10 (CAST HIGH EXPLOSIVESFILU0.146 INCINERATDRI 
NSWC CRANE 

CRANE. INDIANA 
PAGE41 OF 48 



SUMMARY OF ANALYTIC RESULTS 
SOIL SPIMPLES ROUNDS 1 THROUGH 3 

SWMU 1% (CAST HlUH EXPLOSIVES FILUB-14% INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
PAUE 11 OF 4% 





SUMMARY O F  ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB.148 INCINERATOR) 
NSWC CRANE 

-CRANE. INDIANA 
PAGE 44 OF 48 



SUMMARY OF ANALYTIC RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 3 

S W U  16 (CASTHIGH EXPLOSIVES FILUB.140 INCINeRATOR) 
NSWC CRANE 

CRbNE, INDIANA 
P I C E 4 1  OF46 

SAMPLING ROUND I W I 03 1 03 
LOCATION 1ESB097 14S8098 10SB099 
SAMPLEDATE I (VIWZO04 I (Vl(V2004 I (VlWZO04 

I I I I I I 
1 108 U116S80970607 1 0929 U(i65B0960607I 1 0 8  U116580990606 
1 1 02 U116880870607.D 1 ' I I 

METHYL IODIDE .- d 1 1 2 4  U116SS09601021 0 9 8  U116SS0990102 

I I I I .. . ~ .  
1 1.09 W)16SBO970607 1 0.929 UJ/16SB0960607 1 1.06 Wl6SBO990608 
1 1.02 UJIl6580970607'D I 1 I 1 

PROPIONITRILE - 1 42.4 Ull6SSO960102 1 36.7 Ull6SSO940102 

(1) No subsudaoe s o  sample due la relural 







TABLE 0-1 

SUMMARY OF M A L I T I C  RESULTS 
SOIL SAMPLES ROUNDS 1 THROUGH 5 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRPHE 

C R M E .  INDIANA 
PAQE 48 OF48 

v. "" "" 
LOCAhON I l(168091 I 1888008 I 16S8099 
SAMPLE DATE W l M 0 0 1  W1M004 WlMOO4 

SODIUM 

THALLIUM 

TIN 

VANADIUM 
I ~ 
I 

I 

1 

I 
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TABLE G.2 

SUMMARY OFANALnlC RESULTS 
SURFACE WATER ANDSUMP SAMPLES ROUNDS 1 THROUGH 3 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 2 OF 56 

TCMS - T  'qy Creek Maln Stream 



n I 
C00Z19RL COOWOIlP COOZ/OLn fOOMRI EOOULtb 

DIM0 1VWUON 1VWUON 1VWUON 1VWUON 
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TABLE G.2 

. 
SUMMARY OF ANALYTlC RESULTS 

SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 4 OF 58 

ISODRIN I I 1 I I I 1 1 
ISOPHORONE 1 U  I ] 1 U  1 
ISOSAFROLE 1 1 U  I I I 1 U  1 I I I 1 I 

PYRlDlNE I I U  ( 1 I 1 U  I I 1 1 1 I I 
SAFROLE 

TCMS . "sy Creek Maln Stream 

'p- 



1 j.2 

SUMMARY OF ANALYTIC RESULTS 
SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB-746 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 5 OF 56 

Total MelaIs l u s t )  
ALUMINUM 1 7.6 U I I I 82.4 U ( 1 1 1 704 J I / 1 6 6 0 J  1 
ANTIMONY 1 1 . 3 U  I .I 2.9 U I 1 1 4 . 2 J  I 1 10 .6J  / 

I I ? d I  I I 1 I " 5 7  I 

TCMS -Turkey Creek Main Stream 

0 8  U 
039  UJ 
0 3 9  U 

9 2 
0 8  U 

NITROBENZENE 
PICRAMIC ACID 
PlCRlC ACID 
RDX 
TETRYL 

0.455 U 
039  U 
039  U 
880W 

0455 U 



- . . . - - - . . . - . . (YOLVY~NI~NI 9DYBnlU S3AISOldX3 H9IH 1513) 91 nWMS 
C HDnOMHl 1 SONnOM S3ldWVS dWnS ONV M31VM 33V.tlnS 



SUMMARY OFAhALYTlC RESU-TS 
SURFACE WATER AhD SUMP SAMPLES ROUhDS 1 ThROUGh 3 
SWMU 16 (CAST hlGH EXPLOSIVES FI.UB.146 IhCIhERATOR) 

NSWC CRANE 
CRANE. INDIANA 

TCMS. Turkey Creek Main Slream 

PAGE 7 OF 56 
CLASSIFICATION 
STREAM ORDER 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SUBMATRIX 
SAMPLE CODE 
SAMPLE DATE 
TURBIDIN (NTU) 
Misoelhneoua Parameters (mg/L) 
AMMON1A.N I 2 8 J  I I I O O l U  I I I I I I 
NITRITUN1TRATE.N I 3 3 J  I 0 2 2  [ I 

DOWNGRAD 
GULLY 

03 
16SWlSD03 
16SW0301.F 

SF 
NORMAL 
111212004 

DOWNGRAD 
GULLY 

01 
16SW/SD01 
16SWOlOl 

SU 
NORMAL 
4/1/2003 

DOWNGRAD 
GULLY 

03 
16SWlSD04 
16SW0401 

SW 
NORMAL 

1111112004 
65 

DOWNGRAD 
GULLY 

01 
16SWISDOl 
16SWOlOl-F 

SUF 
NORMAL 
4/1/2003 

DOWNGRAD 
GULLY 

03 
16SWlSD04 
16SW0401.F 

SF 
NORMAL 
11/1112004 

DOWNGRAD 
GULLY 

02 
16SWlSDOl 
16SW0102 

SU 
NDRMAL 
12/6/2003 

22 

DOWNGRAD 
GULLY 

01 
16SWlSDO2 
16SW0201 

SU 
NORMAL 
411012003 

2 1 

DOWNGRAD 
GULLY 

02 
16SWISDO2 
16SW0202 

SU 
ORlG 

1216/2003 
120 

DOWNGRAD 
GULLY 

01 
16SWISD02 
16SW0201.F 

SUF 
NORMAL 
4HO12003 

DOWNGRAD 
GULLY 

02 
16SWISD02 
16SW0202-D 

SU 
DUP 

121612003 

DOWNGRAD 
GULLY 

03 
16SWlSD03 
16SW0301 

SW 
NORMAL 
111212004 

14 



- . . . - - -, . , -, . 
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1 G-2 

SUMMARY OF ANALYTIC RESULTS 
SURFACE WATER AND BUMP SAMPLES ROUNDS 1 THROUGH 3 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB-148 INCINERATOR) 

NSWC.CRANE 
CRANE. INDIANA 

PAGE 9 OF 56 

-Tu rkey  Creek Main Stream 



TABLE G.2 

SUMMARY OF ANALYTIC RESULTS - . . . . .. . . . . . . - . . . . . - . . - . . - - - - . - 
SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGrl3 
SWMU 18 (CAST rllGH EXPLOSIVES FILUB-146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 10 OF S6 

DIETHYL PHTHALATE I I I I I 1 U  I 1 U I 1 I 
DIMETHYL PHTHALATE 1 1 U  I 1 U 
DIPHENYLAMINE I I 1 I I 1 U  I 1 U I 1 1 I 
ETHYL METHANE SULFONATE I 1 U  1 1 U  I 

TCMS ey Creek Main Stream 



1, j.2 

SUMMARY OF ANALYTIC RESULTS 
SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 
SWMU I 6  (CAST HIGH EXPLOSIVES FILUB-160 INCINERATOR) 

NSWC CRANE. 
CRANE. INDIANA 

PACE 11 OF 56 

. , .  

.Turkey Creek Main Slream 



TABLE G-2 

SUMMARY OF ANALYTlC RESULTS 
SURFACE WATER AND SUMP SAMPLES ROUNDS 1 ThROUGH 3 
SWMU 16 (CAST hlQh EXPLOSIVES FILUB-148 INCINERATOR) 

'NSWC CRANE 
CRANE. INDIANA 
PAGE 12 OF 68 

, . . .  . . 

TCMS ' b y  Creek Main Stream 



SUMMARY OF ANA-YTIC RESULTS 
SURFACE WATER AND SUMP SAMPLES ROUhDS 1 TnROUCn 3 
SWUU 16 (CAST hlCH EXPLOSIVES FILUB.146 NCohERATORl 

NSWC CRANE 
CRANE, INDIANA 
 PAGE^^ 0 ~ 5 6  

. . 

TCMS . Turkey Creek Main Slream 



TABLE G-2 

SUMMARY OF ANALVlIC RESULTS 
SURFACE WATER AND SUMP SAMPLES ROJNDS 1 THROUGrl 3 
SWMJ 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 

NSWC CRANE 
CRANE. INDIANA 

SUBMATRIX 
SAMPLE CODE 

PAGE 14 OF 56 

SW SF SW SF SU I NORMAL I NORMAL I NORMAL 1 NORMAL I ORlG I DUP 

CLASSIFICATION 
STREAM ORDER 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 

DOWNGRAD 
GULLY 

01 
16SWISDO7 
16SWO701-F 

SUF 
ORlG 

DOWNGRAD DOWNGRAD DOWNGRAD 
GULLY GULLY GULLY 

16SWlSD07 16SWISDO7 16SWISD08 
16SWO701.F.D 16SW0702 16SW0801 I,, DUP NORMAL NORMAL 

DOWNGRAD 
GULLY 

03 
16SW/SD05 
16SW0501 

TCMS .- 'by  Creek Maln Stream 

DOWNGRAD 
GULLY 

03 
16SWISD05 
16SWO501-F 

SAMPLE DATE 1 11/11/2004 1 11/11/2004 1 11/212004 1 11/212004 1 4110l2003 1 4l1012003 1 4/10/2003 1 4/10/2003 1 12/6/2003 
TURBIDITY (NTU) I 24 I I 2 1 I 4 2 I I 1 1 5 3 
Mlsoellanaoua Parameters (mglL) 
AMM0NIA.N I 1 I I 1 0 0 1 U  I 0 0 2  1 I I 

11H112004 
39 

DOWNGRAD 
GULLY 

03 
16SWISD06 
16SW0601 

NRRITEINITRATE-N I 1 5  1 1 5  I I 

DDWNGRAD 
GULLY 

03 
16SWISD08 
16SW0601.F 

DOWNGRAD 
GULLY 

01 
16SWISDO7 
16SW0701 

DOWNGRAD 
GULLY 

01 
16SWISDO7 
16SW0701-D 



- 

00- 
GULLY 

02 
16SWlSD12 
16SW1201 

SW 
NORMAL 

1012512003 

SUMMARY OF ANALYTIC RESULTS 
SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 
SWMU 16 (CASTHIGH EXPLOSIVES FILLls-146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 15 OF56 

GULLY GULLY 

16SWISD12 16SWISD12 
16SW1201-F 16SW1202 

NORMAL ORlG 
1012512003 111212004 

CLASSIFICATION 
STREAM ORDER 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SUBMATRIX 
SAMPLE CODE 
SAMPLE DATE 

DOWNGRAD 
GULLY 

16SWiSD12 
16SW1202.D 

DUP 
111212004 

DOWNGRAD 
GULLY 

03 
16SWISD08 
16SWO801.F 

SF 
NORMAL 

1111112004 

BENZENE 1 1 1 1 1 1 0.3 U I 1 0.3 U 1 
BROMODICHLOROMETHANE 1 0.3 U I 1 0.3 U 1 

3CHLOROPROPENE 
4.METHYL.Z.PENTANONE 
ACETONE 
ACETONITRILE 
ACROLEIN 

IMETHYL IODIDE 1 1 1 I I I 1 1 0 5 U J  I I O 5 U  I I 

DOWNGRAD 
GULLY 

03 
16SWlSDll 
16SW1101-F 

SF 
NORMAL 
1111112004 

DOWNGRAD 
GULLY 

03 
16SWISDOB 
16SW0901 

SW 
NORMAL 
111212004 

I 

CARBON TETRACHLORIDE 1 
CHLOROBENZENE 
CHLORODIBROMOMETHANE 
CHLOROETHANE 
CHLOROFORM 
CHLOROMETHANE 

TCMS .Turkey Creek Main Slream 

DOWNGRAD 
GULLY 

03 
16SWISDOB 
16SWO901-F 

SF 
NORMAL 
11/2/2004 

0 5  U 
0 5  U 
0 5  UJ 
20 U 

0 5  UR 
n L  I ,  

n c  I ,  " C  I ,  

0.3 U 
0.3 U 
0.3 U 
0.5 U 
0.3 U 
0.3 U 

0 5  U 
0 5  U 
1 8  J 
20 U 

0 5  UR 
n c  I ,  

1 0.3 U 
0.3 U 
0.3 U 
0.5 U 
0.3 U 
0 3  U 

DOWNGRAD 
GULLY 

03 
16SWISDiO 
16SW1001 

SW 
NORMAL 

1111112004 

DOWNGRAD 
GULLY 

03 
16SWlSDlO 
16SW1001-F 

SF 
NORMAL 
1111112004 

DOWNGRAD 
GULLY 

03 
16SWISD11 
16SW1101 

SW 
NORMAL 
1111112004 



 no AV~O  no  n no mno ~llnt) ~vno mno ~nno ~tlno ~iino 

BE 30 91 39Vd 
VNVIONI '3NVU3 

3NVY3 3MBN 



,. : . 31VNOjlflS INVHUW lAH13 
, 3NIWbIANIHdlO 

3lVlVHlHd lAH13WlC 
3lVlVHlHd lAH131C 

NvtlnjOZN3aIa 
3NI3VUHlNV(H'V)OZN3ElO - . . - - . . . . 

1 I I I I 1 I 1 31VNOjlflS INVHUW lAH13 
I , 3NIWbIANIHdlO 

- "-VHlHd lAH13WIC 
- . .. . . . , . - 

I I I I I I I I I I I NVUll3UZN3fiIa 

! ! 3NI3VUHlNV(H'V)OZN3ElO - . . - - . . . . 



TABLE G-2 

SUMMARY OF ANALYTIC RESULTS 
SURFACE WATER ANDSUMPSAMPLES ROUNDS 1 THROUGH 3 
SWMU 18 (CASTHIGH EXPLOSIVES FILUE-146 INCINERATOR) 

NSWC CRANE 
CRANE. INDIANA 

PAGE 18 OF56 

, . . . , .  , - 
, , ., 

TCMS :y Creek Main Slream 



I I neoo I I nzoo I I n co'o I I n ~o.0 I I n so.0 I I . ~nn3n3w 
I VSL I I r 602 I 1 P6V I I EL I I r z:11 1 

I I I I I I I I I XNL 
/ nsszo I I n szo i I lhtl~3.t 
I nsszo I I n szo ( I I ! 1 I xan . 

2.9 
r OSEZ 
r 9.~1 
r sz 
r L'Z 

P ""a+, 

n is-o 
r ELZ 
n 1'1 
r 9e.o 
n 99'0 
P nnc~8 

r ws 
r LW 
r 9'61 
r VP'O 
n two 

I F ~7.7 

r w~e 
r ozoi 
r 1.e~ 
r BE'O. 
r 6'1 

I P ""74. 

woc 
r OPLL 
r LEP 
r ~E'O 
n EL 

P ,?no* 

mnlHLIi 
. , ov37 

NO~I. 
n3ddo3 
llVB03 

W~IWO~H~ 
-mnv,7w'1 



-. . . - . . . . . . 
(t101~~3~19NI 99L.OnllJ S3A160ldX3 H9IH 1SV3) 91 nWMS 

E H9nOYHL 1 SONnOY S3ldWWS dWnS ONV t131VM 33WJYnS 
SllnS3Y 31MlVNV 30 A8WWWflS 

I-D 31811 



SUMMARY OF ANALYTIC RESULTS - . . . . - . 
SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB-148 INCINERATOR) 

h9WC CFlANF 

TCMS .Turkey Creek Main Stream 

. . - . . - - . . . .. . - 
CRANE, INDIANA 
PAGE 21 OF 56 

STREAM ORDER 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SUBMATRIX 
SAMPLE CODE 
SAMPLE DATE 
TURBlOlTV (NTU) 

6 DOWNGRAD 
GULLY 

03 
16SWlSDO6 
16SWOBOl.F 

SF 
NORMAL 
1111112004 

Mlsc*llnnaoue Parameters (mglL) 
AMMONIA-N 1 1 I I I I 

DOWNGRAD 
GULLY 

03 
16SWffiDOS 
16SWOB01 

SW 
NORMAL 
l l N 2 0 0 4  

16.5 

NITRIT.E/NITRATE-N I I I 0.11 1 0.43 1 0.43 

DOWNGRAD 
GULLY 

03 
16SWlSDOQ 
16SWOS01-E 

SF 
NORMAL 
11/2/2004 

DOWNGRAD DOWNGRAO 
GULLY GULLY 

03 03 
16SWlSDlO 16SWISD12 
16SW1001 16SW1202 

SW SW 
NORMAL ORlG 

11/11/2004 l l lU2004  
46.7 10 4.06 38.4 

DOWNGRAO 
GULLY 

03 
16SWISDlZ 
16SWlZOZ.D 

SW 
DUP 

111212004 



TABLE G-2 

SUMMARY OF ANALYTIC RESULTS 
SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGh 3 
SWMU 16(CAST hlGH EXPLOSIVES FILU8.146 INCINERATOR) 

NSWC CRANE 
CRANE. INDIANA 

PAGE 22 DF56 

SUBMATRIX 
SAMPLE CODE 
SAMPLE DATE 

. . 
, 

TCMS .- ' s y  Creek Main Stream 

-, 





SUMMARY OF ANALYTlC RESULTS 
SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 

NSWC CRANE 
CRANE. INDIANA 
PAGE 24 OF 56 

DOWNGRAD DOWNGRAD DOWNGRAO DOWNGRAO DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAE 
STREAMORDER GULLY GULLY GULLY GULLY GULLY GULLY GULLY GULLY 

SF SW SF SW SF SW SF SW SF SW / NORMAL 1 NORMAL 1 NORMAL I NORMAL I NORMAL I NORMAL 1 NORMAL I NORMAL I NORMAL 1 ORIG 
SUBMATRIX 
SAMPLE CODE 

I I I I I I I 
ATE 1 I I 1 1 I 1 1 

I 1 
u i E  I 1 1 1 I I 1 1 I I 
.,--.. , .. . . ITHRACENE 1 

IAN 1 I I I I I 1 1 .. . . . -- I .- 

DOWNGRAE 
GULLY 

0 1  
16SW!SD17 
16SW170!-D 

SW 
DUP 

10124/2003 

TCMS .. ,Creek Main Stream 
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4s 
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TABLE G-2 

SUMMARY OF ANALYTIC RESULTS 
SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 
SWMU 16 (CASTHIGH EXPLOSIVES FILUB-146 IhCINERATORJ 

NSWC CRANE 
CRANE, INDIANA 
PAGE 26 OF 56 

TCMS . . .I CreekMaln Stream 

b- . 



SUMMARY OF ANALYTIC RESULTS 
SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 27 OF56 

TCMS -Turkey Creek Main Stream 

DISSOLVED OXYGEN (rngli) 
DISSOLVED OXYGEN. METER (rnfl) 
OXIDATION REDUCTION POTENTIAL (MV) 
PH (S.U.) 
SPECIFIC CONDUCTANCE (MSICM) 
TEMPERATURE (C) 

I 
1 2.94 
1 68.3 
1 6.4 
1 0.168 
1 13.68 

9.18 

49.4 
7.64 '~ 

0.84 
16.03 

' 

c 

2.87 
194.100000 

6.51 
0.378 
12.45 

6.7 

64.2 
7.55 
0.067 
15.97 

6.49 
204 
6.93 
0.154 
9.61 



TABLE 0-2 

SUMMARY OF ANALYTIC RESULTS 
~ .... .... -. . .... .. -... . 

SURFACE WATER AND SUMP SAMPLES ROUNDS 1 ThROUCd 3 
SWMU 18 (CAST HIGH EXPLOSIVES FILUB.146 INCIhERATOR) 

TCMS . ly Creek Maili Stream 

NSWC CRANE 
CRANE. INDIANA 
PAGE 18 OF 56 

CLASSIFICATION 
STREAM ORDER 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SUBMATRIX 
SAMPLE CODE 
SAMPLE DATE 
TURBIDITY (NTU) 

DOWNGRAD 
GULLY 

03 
16SWlSD12 
16SW1202.F 

SF 
NORMAL 
11/2/2004 

Mfseellsneous Parameters (mglL) 
AMMONIA-N I 1 I I I 1 
NITRITWN1TRATE.N I 0 2 7  1 I 0 5 5  1 I 0 0 5 U  I 1 I 0 0 5 U  1 0 05 

1 

DOWNGRAD 
GULLY 

02 
16SWISD13 
16SW1301 

SW 
NORMAL 

15 9 
10/25/2003 

DOWNGRID- 
GULLY 

02 
16SWISD15 
16SW1501-F 

SF 
NORMAL 
1012512003 

I 

GULLY 
02 

16SWISD15 
16SW1501 

SW 
NORMAL 

22 8 1 5 9  
1W2512003 

OOWNGRAO 
GULLY 

03 
16SWlSD16 
16SW1601 

SW 
NORMAL 

14 9 
1112/2004 

DOWNGRAD 
GULLY 

03 
l6SWlSD16 
16SW1601-F 

SF 
NORMAL 
11/212004 

OOWNGRAD 
GULLY 

02 
16SWlSD17 
16SW1701 

SW 
ORlG 

3 39 
1012412003 

DOWNGRAD 
GULLY 

02 
16SWISD17 
16SW1701.D 

DUP 
sw ' 10/24/2003 



1 G-2 

SUMMARY OF ANALYTIC RESIILTS - - - - - - - 
SURFACE WATER AND SUMP SAMPLES ROUNDS 1 TrlROUGrl3 
SWMU 16 (CAST rl lGh EXPLOSIVES FI-UB.146 IhCnhERATOR) 

NSWC CRANE 
CRANE, INDIANA 
PAGE 29 OF 58 

CLASSIFICATION 
STREAM ORDER 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SUBMATRIX 
SAMPLE CODE* 
SAMPLE DATE 

DOWNGRAD 
GULLY 

02 

. , t ,  . ... 
, . 

TCMS .Turkey Creek Main Stream 

1 8 ~ ~ 1 ~ ~ 1 7  
18SW1701-F 

SF 
ORlG 

10124/2003 

IOSW/SD~~ 
16SW1701-F.D 

SF 
DUP ' 

1012412003 

DOWNGRAD 
TCMS 

03 

DOWNGRAD 
GULLY 

02 
1 6 S ~ k D 1 9  
16SW1901 

SW 
NORMAL 

. 111212004 

DOWNGRAD 
TCMS 

03 
16S~/SD19 
18SW1901.F 

SF 
NORMAL 
111212004 

DOWNGRAD 
TCMS 

03 
1 6 S ~ / S ~ 2 2  
16SW2201 

SF 
DRY 

10124/2003 

DOWNGRAD 
GULLY 

02 
1 6 ~ ~ / 5 0 2 3  
16SW2301 

SW 
NORMAL 
1111112004 

DOWNGRAD 
TCMS 

03 

DOWNGRAD 
GULLY 

03 
1 6 S ~ k ~ 2 3  
16SW2301.F 

SF 
NORMAL 

11/1112004 

DOWNGRAD 
TCMS 

03 

DOWNGRAD 
GULLY 

03 

OOWNGRAD 
TCMS 

03 
1 6 S ~ k D 2 4  
16SW2401 

SW 
ORlG 

101812004 

1 6 S ~ k D 2 4  
16SW2401-D 

SW 
DUP 

101812004 

1 6 S ~ / S D 2 4  
16SW2401-F 

SF 
NORMAL 
1011212004 

16SVIISD25 
16SW2501 

SW 
ORlG 

101812004 
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T. 3.2 

SUMMARY OF ANALYTIC RESULTS 
SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 
SWMU 16(CASTHlGH EXPLOSIVES FILUB-146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 31 OF 56 

, . . . . ,, 
. I ,  . . , , 

TCMS .Tuhey Creek Maln Stream 



SUMMARY OF ANALMIC RESULTS 
SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 
SWMU 16 (CASTHIGH EXPLOSIVES FILUB-146 INCINERATOR) 

NSWC CRANE 
CRANE. INDIANA 
PAGE 32 OF 56 

STREAM ORDER 
SAMPLING ROUND 

SAMPLE NUMBER 

SAMPLE CODE 

TCMS ry Creek Maln Slream - 
/' 



SUMMARY OF ANALYTIC RESULTS 
SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 

NSWC CRANE 
CRANE. INDIANA 

SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 

 PAGE^^ OF 56 

TCMS .Turkey Creek Main Slream 

DOWNGRAD 
TCMS 

SUBMATRIX 
SAMPLE CODE 
SAMPLE DATE 

DOWNGRAD 
TCMS 

DOWNGRAD 
TCMS 

SF 
ORlG 

10/24/2003 

CLASSIFICATION 
STREAM ORDER 

DOWNGRAD 
GULLY 

SF 
DUP 

10124i2003 

DOWNGRAD 
GULLY 

DOWNGRAD 
GULLY 

SW 
NORMAL 
11/2/2004 

DOWNGRAD 
TCMS 

DOWNGRAD 
GULLY 

SF 
NORMAL 
1112R004 

DOWNGRAD 
TCMS 

DOWNGRAD 
TCMS 

DOWNGRAD 
GULLY 

SF 
DRY 

1012412003 

SW 
NORMAL 

11/11/2004 

SF 
NORMAL 

1111 112004 

SW 
ORlG 

101612004 

SW 
DUP 

10/8/2004 

SF 
NORMAL 

10112/2004 

SW 
ORlG 

101812004 



TCMS .- '.sv Creek Main Stream 

TABLE G.2 

SUMMARY OF ANALYTIC RESULTS 
SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 
SWMV 16 (CAST HIGH EXPLOSIVES F I L U B - l a  INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 
PAGE 34 OF 56 

DOWNGRAD 
TCMS 

03 
16SWlSD24, 
16SW2401 

SW 
ORlG 

101812004 
8600 J 

, 0.043 U 

CLASSIFICATION 
STREAM ORDER 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SUBMATRIX 
SAMPLE CODE 
SAMPLE DATE 
SODIUM 
STRONTIUM 
THALLIUM - 

DOWNGRAD 
TCMS 

03 
16SWISDlP 
16SWl901 

SW 
NORMAL 
11/2/2004 

3660 J 

0.043 U 
. .. .. 

DOWNGRAD 
GULLY 

02 
l6SWlSDlT 
16SWl7OI.F 

SF 
ORlG 

1012412003 

TCMS 
03 

DOWNGRAD 
GULLY 

03 
16SW/SD23 
16SW2301 

SW 
NORMAL 
11/11/2004 

2110 J 

, - . . 0.043 U 

DOWNGRAO 
GULLY 

02 
16SW/SD17 

16SW1701-F-D 
SF 

DUP 
1012412003 

SW 
DUP 

10/8/2004 

DOWNGRAD 
GULLY 

03 
16SWISD23 
16SW2301-F 

SF 
NORMAL 

11/1112004 

, 

DOWNGRAD DOWNGRAD 
GULLY 

TT)~~ 
16SW/SD19 16SW/SD22 
16SW1801.F 

SF 
NORMAL 
11/2)2004 

, 0.043 U 
. . .. 

SF 
NORMAL 

10/1212004 

16SW2201 
SF 

DRY 
1012412003 

SW 
ORlG 

101812004 
7850 J 





TABLE G-2 

TCMS - -y Creek Maln Stream 





TABLE G.2 

SUMMARY OF ANALYTIC RESULTS 
SURFACE WATER ANDSUMP SAMPLES ROUNDS 1 THROUGH 3 
SWMU 18 (CAST HIGH EXPLOSIVES FILUB-146 1NC:NERATOR) 

NSWC CRANE 
CRANE. INDIANA 
PAGE 38 OF 54 

7.12.DIMETHYLBENZ(A)ANTHRACENE 
A.A.DIMETHYLPHENETHYLAMlNE 
ACENAPHTHENE 
ACENAPHTHYLENE 
ACETOPHENONE 
. . . . . . . - 
ANlLlNt I I I 1 I I 1 I I I I 
ANTHRACENE I I 
hOA&I ITC I I I I I 1 I I 1 

BENZO(K)FLUORANTHENE 
BENZYL ALCOHOL 
BIS(2GHLOROETHOXY)METHANE 
BIS(2-CHLOR0ETHYL)ETHER 
BlS(2-ETHYLHEXYL)PHTHALATE 
BUTYL BENZYL PHTHAIATE 

CHRYSENE I I I I I I I I I I I 
D1.N-BUTYL PHTHALATE I 
Dl-N-OCTYL PHTHAIATE I I 1 1 I 1 1 1 1 1 

TCMS. T. ' -v Creek Main Stream 

-' 



SUMMARY OF ANALYTIC RESULTS 
SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 39 OF 56 
CLASSIFICATION DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAI 
STREAM ORDER TCMS TCMS TCMS GULLY GULLY GULLY GULLY 
SAMPUNG ROUND 03 03 03 03 03 03 03 
LOCATION 16SWlSD25 16SWlSD25 16SWISD25 16SWISD26 16SWISD28 16SWlSD26 16SWED27 
SAMPLE NUMBER 16SW2501-D 16SW2501-F 16SW2501-F-D 16SW2601 16SW2601.D 16SW2601.F 16SW2701 
SUBMATRIX SW SF SF SW SW SF SW 
SAMPLE CODE DUP ORlG DUP ORlG DUP NORMAL NORMAL 

SF SW SF 
NORMAL I NORMAL I NORMAL NORMAL 

PENTACHLOROETHANE 1 I I I I 1 I 1 I I 1 
PENTACHLOMONITROBENZENE . - . - . . 

TCMS . Turkey Creek Maln Stream 



TABLE G.2 

SUMMARY OF ANALYTIC RESU-TS 
SURFACE WATER AN0 SUMP SAMPLES ROUNDS 1 THROUCh 3 
SWMU 16 (CAST h1GA EXPLOSIVES FILU8.146 INClhERATOR) 

NSWC CRANE 
CRANE, INDIANA 
PAGE 40 OF 56 

TCMS - -  ' b y  Creek Maln Stream 



SUMMARY OF ANA-YTIC RESULTS 
SURFACE WATER AhD SUMP SAMPLES ROUNDS 1 THROUGH 3 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB-1.46 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 
PAGE P1 OF 56 

TCMS .Turkay Creak Main Slraarn 



TABLE G-2 

TCMS - -  sy Creek Maln Slream 

SUMMARY OF ANALYTIC RESULTS 
SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 
SWMU 16 (CAST HIGH EXPLOSIVES FILM-146 INCINERATOR) 

NSWC CRANE 
CRANE. INDIANA 
PAGE 42 OF 56 

CLASSIFICATION 
STREAM ORDER 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SUBMATRIX 
SAMPLE CODE 
SAMPLE DATE 
TURBIDITY (NTU) 
Mlacellaneous Parameare (mg/L) 
AMMONIA-N I 1 1 1 I I I I I I 
NITRITWNITRATE-N 1 0 0 2 5 U  I 0 0 2 5 U  I 1 

DOWNGRAD 
TCMS 

03 
16SWISD25 
16SW2501-F 

SF 
ORlG 

10/12/2004 

DOWNGRAD 
TCMS 

03 
16SWISD25 
16SW250l.D 

SW 
DUP 

10/8/2004 

DOWNGRAD 
GULLY 

03 
16SWISD26 
16SW2601.F 

SF 
NORMAL 
10/26/2004 

DOWNGRAD 
GULLY 

03 
16SWISD26 
16SW2601-D 

SW 
DUP 

10126/2004 

DDWNGRAD 
TCMS 

03 
16SWISD25 

16SW2501-F-D 
SF 

DUP 
10112/2004 

DOWNGRAD 
GULLY 

03 
16SWlSD26 
16SW2601 

SW 
ORlG 

1012M004 
4 74 

DOWNGRAD 
GULLY 

03 
16SWlSD27 
16SW2701 

SW 
NORMAL 
11/2/2004 

31 9 

DOWNGRAD 
GULLY 

03 
16SWISDZ7 
IBSW27Ol.F 

SF 
NORMAL 
11/2/2004 

DOWNGRAD 
GULLY 

03 
16SWISD28 
16SW2801 

SW 
NORMAL 
H11112004 

179 

DOWNGRAD 
GULLY 

03 
16SWISD28 
16SW2801.F 

SF 
NORMAL 

11/1112004 
1 

OOWNGRAO 
GULLY 

03 
16SWISD29 
16SW2901 

SW 
NORMAL 
11/11/2004 

32 2 



SUMMARY OF ANALYTIC RESULTS 
SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 
SWMU 16 (CAST HlCH EXPLOSIVES FILUQ-146 INCINERATOR) . 

. . . . NSWC CRANE 
CRANE. INDIANA 
PAGE &3 OF 56 

TCMS - Turkey Creek Main Stream 



TABLE G.2 

SUMMARY OF ANALYnC RESULTS 
SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 
SWMJ 16 (CAST HIGH EXPLOSIVES FILVB.146 IhClNERATOR) 

NSWC CRANE 
CRANE, INDIANA 

, . . . . . $ 

. .  , , 

TCMS . ' v Creek Maln Slreem ' 
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SUMMARY OF AhALYTlC RESULTS 
SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 
SWMU 16 (CAST HIOH EXPLOSIVES FILUB.146 INCINERATOR) 

NSWC CRANE 
CRANE. INDIANA 
PAGE 47 OF 66 

E M S .  Tuhsy Crssk Main Stream 



TABLE G-7 
.. , 

SUMMARY OF ANALYTIC RESULTS 
SURFACE WATER AND SUMPSAMPLES ROUNDS 1 THROUGH 3 
SWMU 16 (CAST HIGH EXPLOSIVESFILLIB-146 INCINERATOR) 

NSWC CRANE 
CRANE. INDIANA 
PAGE 48 OF 56 

:> . .  ' ,  . ,. 

TCMS . - ,,Creek Main Stream 





TABLE G-2 

SUMMARY OF ANALnlC RESULTS 
SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB.146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 

TCMS -y Creek Main Stream 

SUBMATRIX 
SAMPLE CODE 
SAMPLE DATE 

SF 
NORMAL 

10124i2003 

. . 



SUMMARY OF ANALMIC RESULTS 

TCMS . Tuhey Creek Main Stream 

- . -  
SURFACE WATER ANDSUMP SAMPLES ROUNDS I T ~ R O U G ~  3 
SWMU 18 (CAST ntGn EXPLOSIVES FILUB.I~B .NC.NERATORI 

NSWC CRANE 

SAMPUNG ROUND 
LOCATION 
SAMPLE NUMBER 
SUSMATRIX 

- - - .. . - 
CRANE, INDIANA 
PAGE 51 OF 56 

CLASSIFICATION 
STREAM ORDER 

UPGRAO 
GULLY 



TABLE G-2 

SUMMARY OF ANALYTIC RESULTS 
SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 
SWMU , ~ .  . 16 (CASTiHlNEXPCOSIVES FILUB.148 INCINERATOR) .. ~ 

, ,  ., .: ..r . , ~ NSWC CUAaE 
.;, CRANE, INDIANA . ' 

., -. ..~ . :. . PAGESZOFS~  

W L E C O D E  -~ .. . 

. .:. 

rCMS ,y Cree'~ Main Stream 



TCMS . Turkey Creek Main Slream 

SUMMARY OF ANALYllC RESULTS 
SURFACE WATERAND SUMP SAMPLESUOUNDS 1 THROUGH 3 
SWMU 161cAST.HlGH EXPLOSIVES FILUB-146 INCINERATOR) 

NSWC CRANE 

Ens etlcs u L 

I.3~OINlTROEENZENE *: 
2.2'.6.6'~TETRANITR~d,44~AZO)MOLUENE 

2.4~01AMIN06NITRQTOLUENE 
.. . . 

CLASSIFICATION 
,STREAM ORDER 

UPGRAD 
GULLY 



TABLE G-P 

SUMMARY OF ANALYTIC RESULTS 
SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 
SWMU 16 (CAST HIOH EXPLOSIVES FILUB.146 INCINERATOR) 

.- 
,. . . ~  ~. CRANE, INDIANA 

' . . ' PAGE54OF56 

SAMPUNC ROUND 
LOCkflON 
SAMPLE NUMBER , . 
SUBMATRIX 
SAMPLE CODE 

UPCRAD 
GULLY 

i6SWPlOl-F 
SF 

NORMAL 
lW4i2003 ~ L E D A E ~ * , ,  I 

2.4.DINlTROTDLUENE.~ 
2.B~DlAMINO.4-NITR TOLUENE 
2.6~0INlTROTDLUEfE 
2-AMINW.6-QNFRQTOLUENE 
2-NITROTOLUENE :I 

Horb1sid.r (ugR1 
nEXACdLOROPHEDiE . 1 
PENTACHLOROPnEhOL 

IRON 

LlTHlU " 

MAGNESIUM 
MANGANESE 
MERCURY. 
NICKEL . . 
POTASSIUM ; ..*, :., . , .  . . ,  , . ?  

SELENIUM . <  . .  ,. . .  
SILVER ; . , . ' . .' 

, . , . ,.>. , , . . ." ! .. , 

rCMS -' y Creek Main Stream 



SUMMARY OF ANALYTIC RESULTS 
SURFACE WATER AND SUMP SAMPLES ROUNDS 1 THROUGH 3 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB.146 INCINERATOR) 

NSWC CRANE 
CRANE, INDIANA 
PAGE 65 OF 66 

UPGRAD 
STREAM ORDER GULLY 
SAMPUNG ROUND 
LOCATION 16SWISDZl 
SAMPLE NUMBER 16SW2101-F 
SUBMATRIX 
SAMPLE CODE NORMAL 
SAMPLE DATE iW2412003 
SOOlUM 
STRONTIUM 
THALLIUM 
TIN 1 
TITANIUM 
VANADIUM I 
7,h,,. 

Field Param.1.r. 

OX DAT ON REDUCTION POTENT A. M V  

TCMS . Turkey CraeK Main Stream 





SUMMARY OF AhALYToC RESU-TS 
SED.MENTSAMPLES ROUNDS 1 THROLGH 3 

SWMU 16 (CAST hlGH EXPLOSSVES FILJB.146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
PAGE 1 OF 30 

CLASSIFICATION DOWNGRAD DOWNGRAD 
STREAM ORDER GULLY GULLY 
SAMPLING ROUND 01 01 03 01 
LOCATION 16SWISDOl 16SWlSDOJ 
SAMPLE NUMBER 16500101 16SD0301 
SAMPLE CODE NOSED NORMAL 
DEPTH RANGE - 0-0.3 0 - 0.33 0.0.3 0 - 0.33 0 - 0.3 0 - 0.33 0. 0.3 0 - 0.3 0 . 0.33 ... 

DIBROMOMETHANE I 1 I I I I I 1 I I 1 
DICHLORODIFLUOROMETHANE 
ETHYL METHACRYLATE I I I I 1 1 I I I 1 I 
ETHYLBENZENE 1 ,"?.", ,-".,", 

lCMS .Turkey Creak Main Stream 



TABLE G-3 

SUMMARY OF ANALYTIC RESULTS 
SEDIMENT SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FlLUB.146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 30 

, , , . .  

. .,. . . 
rCMS .' "Creek Main Stream 



SUMMARY OF ANALYTIC RESULTS 
~~ .~ .~ ~ ~. 

SEDIMENT SAMPLES ROUNDS 1 THROUGH 3 
SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 

TCMS .Turkev Creek Main Slream 

NSWC CRANE 
1 C R A ~ ~ E .  INDIANA 

PAGE 3 OF30 
CLASSIFICATION 
STREAM ORDER 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 

DOWNGRAD 
GULLY 

01 
16SWlSD06 
16SDO601.D 

DOWNGRAD 
GULLY 

01 
l6SWlSDOl 
16SDOlOi 

DOWNGRAD 
GULLY 

03 
16SWISDO6 
16SDO602 

OOWNGRAD 
GULLY 

01 
16SWlSDO7 
16SD0701 

DOWNGRAD 
GULLY 

01 
16SWISDO3 
16SDO301 

DOWNGRAD 
GULLY 

03 
16SWISD03 
16SDO302 

DOWNGRAD 
GULLY 

01 
16SWlSD06 
16SD0601 

DOWNGRAD 
GULLY 

01 
16SWISD04 
16SDO401 

DOWNGRAD 
GULLY 

03 
16SWlSDO4 
16SD0402 

DOWNGRAD 
GULLY 

01 
16SWlSD05 
16SD0501 

DOWNGRAD 
GULLY 

03 
i6SWISD05 
16SDO502 



TABLE 0-3 

SUMMARY OF ANALYTIC RESU-TS 
SEDIMENTSAMPLES ROUNDS 1 THROUGH 3 

SWMU I 8  (CAST HIGH EXPLOSIVES FI-UB-140 INClhERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 4 OF 30 

DEPTH RANGE 

Energetics (rn@g) 
11.3.5-TRINITROBENZENE I 1 0.25 U I 1 0.25 U I 1 0.25 U I 1 0.25 U 1 0.25 U ( I I 

iCMS .- , r  Creek Main Slream 



SUMMARY OF ANALYTIC RESULTS 
SEDSMENT SAMPLES ROUNDS 1 ThROUGh 3 

SWMU 16(CASTHlGh EXPLOSIVES FI-VB.lPB INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 5 OF 30 

TCMS. Turkey Creek Maln Stream 



TABLE G.3 

SUMMARY OF ANALYTIC RESULTS 
SEDIMENT SAMPLES ROUNDS 1 THROUGh 3 

SWHJ 16 (CAST HlCh EXPLOSIVES FILUB.146 INCINERATOR) 
NSWC CRANE . 

CRANE, INDIANA 
PAGE 6 OF 30 

SAMPLE CODE 

CATION EXCHANGE CAPACITY (MEW)  1 I I 1 I I I 1 5.7 J I 17 J / I 
PH (S.U.1 I 1 8 1 8 I 
TOTAL ORGANIC CARBON (mgkq) I 1 I 1 1 I 1 1600 1 1OOOU I 1 

TCMS ey Creek Main Stream 



SUMMARY OF ANALYTIC RESULTS 
SEDIMENT SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CASTHIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 7 OF 30 

CLASSIFICATION DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD OOWNGRAD DOWNGRAD 
STREAM ORDER GULLY GULLY GULLY GULLY GULLY GULLY GULLY GULLY GULLY GULLY GULLY 
SAMPLING ROUND 01 03 01 03 01 
LOCATION 16SWISD08 16SWlSDOB 16SWISD09 16SWISDOP 16SWISDiO 16SWiSD10 16SWlSDli 16SWlSD11 16SWISDll 16SWISD12 16SWlSD12 
SAMPLE NUMBER 16SDO601 16SD0802 16SDOOO1 16SD0002 16SD1001 16SD1002 16SD1101 16SD1101-D 16SD1102 16SD1201 16SD1202 
SAMPLE CODE NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL ORlG NORMAL NORMAL NORMAL 
DEPm RANGE 0.0.3 0 - 0.33 0 - 0.3 0 - 0.33 0.0.3 0 - 0.33 0.0.3 0.0.3 0.0.33 0.0.3 0. 0.33 
SAMPLE DATE M/2003 1W10/2004 4/1/2003 lM/2004 4nR003 10/10/2004. 4/1/2003 4/1/2003 1011012004 1012512003 1011012004 

rCMS. Turkey Creek Main Stream 



TABLE G J  

SUMMARY OF ANALYTIC RESULTS 
SEDIMENT SAMPLES ROUNDS 7 THROUGH 3 

SWMU 18 (CAST HIGH EXPLOSIVES FlLUB.148 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 

TCMS . - ,Creek Main Stream 

w 



SUMMARY OF AhALYTlC RESU-TS 
SEDIMENT SAMPLES ROUhDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR1 
NSWC CRANE 

CRANE. INDIANA 

DOWNGRAD OOWNGRAD OOWNGRAD DOWNGRAO 
GULLY GULLY GULLY GULLY 

16SWISDl1 16SWISD11 16SWISD12 16SWlSD12 
I6SDlIOl.D 16SDI102 16SD1201 16SD1202 

NORMAL NORMAL NORMAL 
0 - 0.3 0.0.33 0. 0.3 0. 0.33 

4/1/2003 1011012004 1012512003 1011012004 
120 U 
120 UJ 

7CMS. Tuhey Creek Main Stream 



. - 
I I fl S2.0 I 1 fl ~2.0 I n sz'0 I I n 52'0 I I n ~2'0 I I fl ST0 I 3N3ZN3QOHllNlHl-S'E'LI 
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SllIlS3U 3LUlVNV 30 AMVWWflS 

f.9 31BVl 



T s-3 

SUMMARY OF ANALWIC RESULTS 
SEDIMENTSAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CASTHIGH EXPLOSIVES FILUE-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 11 OF 30 

STREAM ORDER 
SAMPLING ROUND 

SAMPLE NUMBER 
SAMPLE CODE 

TCMS . Tuhey Creek Main Stream 



SUMMARY OF ANALYTIC RESULTS 
SEDIMENT SAMPLES,ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
PAGE 12 OF 30 

Mlscallanaoua Paramet*rs 
CATION EXCHANGE CAPACIN (MEOIIJ I I I 1 8 J  I I I I I I 1 I 
PH (S.U.) I I 7.8 I 
TOTAL ORGANIC CARBON (mgkg) I 1 3900 1 I I I I I I I 

TCMS y Creek Main Slream 





SUMMARY OF ANALYTIC RESULTS 
SEDIMENT SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA . . . . .. . -. . . . .. . . . 
PAGE 1 4 0 F  30 

CLASSIFICATION DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD 
STREAM ORDER GULLY GULLY GULLY GULLY GULLY 
SAMPLING ROUND 02 02 03 02 02 
LOCATION 16SWISD13 16SWlSD13 16SWISD13 16SWlSD15 16SWISD16 

. , 

TCMS - -  y Creek Main Stream 
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TABLE GJ 

SUMMARY OF ANALYTIC RESULTS 
SEDIMENT SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 

SAMPLING ROUND 02 1 02 1 03 1 02 1 02 1 03 1 02 I 
LOCATION I 16SWISDl3 16SWlSDl3 18SWlSD13 16SWlSD15 16SWlSD16 16SWlSDl6 16SWlSD17 16SiySD17 1 1 6 S i k D 2 2  116Si;SD23 16Si;SD23 1 

PAGE 16 OF 30 

SAMPLENUMBER 
SAMPLE CODE 
DEPTH RANGE 

16SD13Ol 16SD1301-0 1YD1302 161D1501 161D1601 161D1602 16101701 16SD1701.D 1 16SD2201 1 16102301 16102302 1 1 O R  1 DUP 1 NORMAL 1 NORMAL 1 NORMAL I NORMAL / ORIG I OUP NORMAL NORMAL NORMAL 
0.0.3 0 - 0.3 0 . 0.33 0.0.3 0 - 0.3 0 - 0.33 0 - 0.3 0-0.3 1 0-0.3 0 .0.3 0.0.33 

DOWNGRAO 
STREAM ORDER GULLY 

- 
ETHYL METHANE SULFONATE I I I I I I 1 1 I 1 8 9 U  I 
c, 8 , n m A k , T u c k t c  I I 1 ,  I *< I 

DOWNGRAD 
GULLY 

HEXACHLOROBUTADIENE 1 I I I I 1 I I 1 1 8 9 U  1 
HEXACHLOROCYCLOPENTADIENE 1 89 UJ ( 

DOWNGRAO 
GULLY 

HEXACHLOROPROPENE I 1 1 1 I I I 1 I 1 8 9 U  I I 
INDENO(l.2.3-CD)PYRENE I I 4 6 U  1 7 3  1 
,o,.m-,., 8 8 

OOWNGRAD 
GULLY 

, -" -" , 
METHYL METHANE SULFONATE I I I I 1 1 1 1 1 1 8 9 U  1 , 8 3 I I o n , ,  / 

OOWNGRAD 
GULLY 

DOWNGRAD OOWNGRAD 
GULLY GULLY DOWNGRAD 

GULLY 

O-TOLUIOINE 1 I I I 1 1 I I I 1 8 9 U  I 
P-(DlMETHYLAMIN0)AZOBENZENE 1 8 9 U  I 

N-NITROSOMETHYLETHYLAMINE 
N-NITROSOMORPHOLINE 
N-NITROSOPIPERIDINE 
N-NITROSOPYRROLIOINE 
NAPHTHALENE 

PENTACHLORONITROBENZENE I I I I I I I 1 I 8 9 U  1 
% " " , ,  8 

I IN I 1 I I 1 I I I 1 I O J U  I 
I ~ ~ N A N  IHRENE 1 4 6 U  I 14 I 
DUEUOl I I I I I I I I I I I I O I  I 

I no I ,  
4 6  U 

PHUNAMlUt 1 I I I I I I 1 I I U Y U  I 
PYRENE 1 4.6 U I 20 I 
PYRlOlNE 1 1 I I 1 1 I I I 1 8 9 U  1 
SAFROLE 1 8 9 U  I 

89 u 
89 U 
89 U 
89 U 
4.4 U 

TCMS - -  sy Creek Maln Stream 



SUMMARY OF ANALYTIC RESULTS 
SEDIMENT SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA - ~ 

PAGE 17 OF 30 

lCMS. Turkey Creek Main Stream 



TABLE G J  

SUMMARY OF ANALYTIC RESULTS 
SEDMENT SAMPLES ROUNDS 1 THROUGH 3 

SWMJ 16 (CAST n l c u  EXPLOSIVES FILUB-1.w .NCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 18 OF30 

STREAMORDER 
SAMPLING ROUND 

PH (S.U.) 1 I I I 1 I 1 1 I I 7.4 1 
TOTAL OROANIC CARBON (rnp'kg) ~. ... 1 8600 1 

lCMS .- 'y Creek Maln Stream 



TCMS - Turkey Creek Main Stream 

G 4  

SUMMARY OF ANALYTIC RESULTS 
SEDIMENT SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 19 OF 30 

CLASSlFlCATlON 
STREAM ORDER 
SAMPUNGROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 
DEPTH RANGE 
SAMPLE DATE 

DOWNGRAD 
TCMS 

03 
16SWISDZ4 
i6SD240i 
NORMAL 
0 - 0.33 

io181zoo4 

DOWNGRAD 
GULLY 

03 
l6SWlSDZ6 
16SD2601 
NORMAL 
0.0.33 

io~1zoo4 

OOWNGRAD 
TCMS 

03 
16SWISDZS 
16SD2501 
NORMAL 
0 - 0.33 

~OIBIZOO~ 

UPGRAO 
GULLY 

02 
16SWISDi4 
16SD1401 
NORMAL 

0. 0.3 
101~412003 

DOWNGRAD 
GULLY 

03 
16SWISDZ7 
16SDPOl 
NORMAL 
0 - 0.33 

ionno04 

DOWNGRAD 
GULLY 

03 
16SWISDZB 
leSDZBD1 
NORMAL 
0 - 0.33 

i o m o o a  

DOWNGRAD 
GULLY 

03 
16SWffiDZO 
teSDZ901 
NORMAL 
0 - 0.33 
i ~ 8 n 0 0 4  

DOWNGRAD 
GULLY 

03 
16SWlSD30 
16SD3001-D 

DUP 
0 - 0.33 

irvsnooa 

DOWNGRAD 
GULLY 

03 
l6SWlSD30 
16SD3Wl 

ORlG 
0 - 0.33 

l o l ~ 0 0 4  

DOWNGRAD 
TCMS 

02 
16SWISD18 
16SD1901 
NORMAL 

0.0.3 
ionmoos 

DOWNGRAD 
TCMS 

03 
16SWISDlQ 
16SDl9OZ 
NORMAL 
0 - 0.33 

i on~zoo r  



TABLE G.3 

SUMMARY OF ANALYTIC RESULTS 
SEDIMENTSAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILM-146 INCINERATOR) 
NSWC CRANE 

CRANF INDIANA . . . . .. . -, . . . . .. .. .. . 
PAGE 20 OF 30 

CLASSIFICATION DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD DOWNGRAD 
STREAM ORDER GULLY GULLY GULLY GULLY GULLY GULLY TCMS GULLY 
SAMPUNGROUND 03 03 03 03 03 03 02 03 
LOCATION 16SWlSD26 16SWlSD27 16SWffiDZB 16SWlSD29 16SWISDJO 16SWlSD30 
SAMPLE NUMBER 16SD2601 16SD2701 16SD2601 16SD2801 16SD.3001 16SD3OOl-D 
SAMPLE CODE NORMAL NORMAL NORMAL NORMAL DRlG DUP 

TCMS - -  y Creek Main Stream 





TABLE G-3 

SUMMARY OF ANALYTIC RESULTS 
SEDIMENTSAMPLES ROUNDS 1 THROUGH 3 

SWMU 18 (CAST n l c n  EXPLOSIVES FILUB-14~ INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 22 OF 30 

AINE 
{MINE . . . . . . . . . 

NE 
LINE 

LENE I I I I I I I I I I I 
ETHYL PHOSPHOROTHIOATE I 
.~,. . . .,.,- ~ .NZENE I I I I I 1 I I 1 I 1 

L tNt 

'IE I I 1 I 1 I I I I I 1 

. , .  .. 
. . . . ,. . .. , : .  .~ 

TPLIE _ T  ...l.r..nC L l r i "  El..... 



SUMMARY OF ANALYTIC RESULTS 
SEDIMENT SAMPLES ROUNDS 1 THROUGh 3 

SWMU 16 (CAST HlGh EXPLOSIVES FILUB-116 1NC.NERATOR) 

CLASSIFICATION 
STREAM ORDER 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 
DEPTH RANGE r GULLY GULLY 

0 - 0.33 0.0.33 

NSWC CRANE 
CRANE, INDIANA 
PAGE 23 OF 30 

GULLY GULLY GULLY 

0 - 0.33 0 - 0.33 0 - 0.33 
DUP 

0 - 0.33 0 - 0.3 0. 0.33 0 - 0.33 0 - 0.33 0. 0.3 

HMX I I I I I I 1 0.25 U I I I / 0 2 5  U 
NITROBENZENE 1 0.25 U 1 1 025 Ll ..., - .-,- 
rlbtW.MIbHbIL I I 1 I I 1 I I I I I 
PlCRlC ACID 1 
RDX I 1 I I I I 0 2 5  U I I I I 025 U 
TETRYL I 1 0 2 5 U  1 I 025 U 
Herbicides (ugllg) 
HEXACHLOROPHENE I 1 1 I I 1 I I 1 1 1 
PENTACHLOROPHENOL 

TCMS - Turkey Creek Main Stream 









SUMMARY OF ANALYTIC RESULTS 
SEDIMENT SAMPLES ROUNDS I THROUGH 3 

. SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
. - , . NSWC CRANE., 

CRANE, INDIANA 
PAGE 27 OF M 

i . .  ' 

TCMS .Turkey Creek Maln Stream 



TABLE G.3 

SUMMARY OF ANALYTIC RESULTS 
SEDIMENT SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST H.GH EXPLOSIVES FILVs-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 28 OF 30' 

E n e r g e r i ~  (m@g) 
I1.3.5-TRINITROBENZENE . ., 1: 0:25 U I 0.25 U I 0.25 U I 

. . : L .  , . ,. 
, , 

TCMS y Creek Maln Stream 





TABLE C-3 

SUMMARY OF ANALYTIC RESULTS 

TCMS y Creek Maln Stream 

. . - - 

SEDIMENTSAMPLES ROUNDS 1 THROUCh 3 
SWMJ 16 (CAST HIGH EXPLOSIVES FILUB-140 INCINERATOR) 

NEWC CRANE . . - . . - -. . . . . . - 
CRANE, INDIA* 

DACS .)n n~ m 

~AMPUNG ROUND 
LDCATION 

. --- -- -. -- 
CLASSIFICATION 
STREAM ORDER 

UPGRAO 
GULLY 

UPGRAO 
GULLY 

UPGRAO 
TCMS 



SUMMARY OF ANALYTIC RESU-TS 
GROUNDWATER SAMPLES ROUNDS 1 ThROUGh 3 

SWMU 16 (CAST rl Gh EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 48 

SAMPLING ROUND 

SAMPLE NUMBER 

. . .  

Location 16MW02 wiil be used as an upgrad~enl well for all water bearing zones. 



TABLE G-4 

SUMMARY OF ANALYTIC RESULTS 
GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB.146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 49 

local lo^ 102 will be used as an upgradlent well lor all water baanng zones. 



- . . . - - - . . . - . . 
(~(01vY3N13~I OPL-Bflllj S3AlSOldX3 HDIH IS131 9L nWMS 

D HDnOMHl L SONflOll STIdWVS Y31VMONnOtJ3 
SllllS3Y 31lhlVNV JOAYVWWflS 



TABLE G-4 

SUMMARY OF ANALYTIC RESULTS 
GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU I 0  (CAST HIGH EXPLOSIVES FILUB.146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 4 OF 40 

Location ' - . 'W02 will be used as an upgradient well lor ali wafer beadng zones 
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TABLE 0-4 

SUMMARY OF AhALYllC RESJLTS 
GROJNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 10(CASTHlGH EXPLOSIVES FILUB-146 INC.NERATORJ 
NSWC CRANE 

CRANE, INDIANA 
PAGE 6 OF 48 

Locatio, 'W02 will be used as an upgradient well lor allwater bearing zones. 



T, r - 4  

SUMMARY OF ANALYTIC RESULTS 
GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 7 OF 49 

AMMONIA-N 
CHLORIDE " 4 4 
NITRITE/NITRATE-N 0.05 UJ 0.05 U 
SULFATE . . 8 6 
TOTAL ORGANIC CARBON 2.6 

Localion 16MW02 will be used as an upgradlenl well lor all water bearing zones. 





SUMMARY OF ANALYTIC RESULTS 
GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CASTHIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE U OF 49 

Location 16MW02 will be used as an upgradienl well lor all water bearing ranes, 
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TABLE G-4 

S I I M M A R V  OF ANAl WlC RESI ILTS - - . . . ... . . . . . - . . . . . . . - . . . - . . - - - - . - 
GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 12 OF 49 

,.: , . . 
, . . .. '3 

.1, , . >, . 

Localior 'W02 will be used as a? upgradienl well for all water bearing zones. 

CLASSIFICATION 
WATER BEARING ZONE 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 
SAMPLE DATE 
SAFROLE 

DOWNGRAD 
LOWER 

03 
16MWT21 

16GWT2101 
NORMAL 
10116/2004 

DOWNGRAD 
MIDDLE 

01 
WES-14-01-83 

16GW0101 
NORMAL 
4123t?003 

1 U 

DOWNGRAD 
MIDDLE 

03 
WES-14-01-83 

16GW0103 
NORMAL 
6/26/2004 

DOWNGRAD 
MIDDLE 

02 
WES-14-01.83 

16GW0102 
NORMAL 

10126R003 

DOWNGRAD 
MIDDLE 

01 
WES-14-04-83 

16GW0401 
NORMAL 
4/23/2003 

1 U 

DOWNGRAD 
MIDDLE 

02 
WES-1444-83 

16GW0402 
ORlG 

10126/2003 

DOWNGRAD 
MIDDLE 

02 
WES-14-04-83 
16GW0402-D 

DUP 
10126/2003 

DOWNGRAD 
MIDDLE 

03 
WES-14-04-83 

16GW0403 
NORMAL 
8125/2004 

DOWNGRAD 
MIDDLE 

01 
WES-1445-83 

16GWOSO1 
NORMAL 
412212003 

1 U 

DOWNGRAD 
MIDDLE 

02 
WES-14.05-83 

16GWOS02 
NORMAL 
10126/2003 



SUMMARY OF AhALYTIC RESULTS 
GROUNDWATER SAMPLES ROUhDS 1 THROUGh 3 

SWMU 14 (CAST hlOh EXPLOSIVES FILUB-144 INClNERATORl 
NSWC CRANE 

CRANE, INDIANA 
PAGE 13 OF 49 

Locallon 16MW02 will be used as an upgradient well lor all water beanng zones. 



.. 
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Locatlo 'W02 will be used as an upgradlent well lor all water bearin0 zones. 

TABLE G-4 

SUMMARY OF ANALYTIC RESULTS 
GROUNOWATER SWPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
PAGE 1 4 0 F 4 B  

DOWNGRAD 
MIDDLE 

01 
WES.14-05-83 

l8GWOSOi 
NORMAL 
rV2MOO3 

CLASSIFICATION 
WATER BEARING ZONE 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 
SAMPLE DATE 

DOWNGRAD 
MIDDLE 

02 
WES.14.05-83 

16GW0502 
NORMAL 
10126/2003 

OOWNGRAD 
MIDDLE 

02 
WES-14-04-63 

18GW0402 
ORlG 

10/26/2003 

M l r c ~ l l a n e o u ~  Parameters (rnglL) 

DOWNGRAD 
LOWER 

03 
l 8 M W l 2 l  

16GWT1101 
NORMAL 
10/1M004 

DOWNGRAD 
MIDDLE 

02 
WES-1444.83 
16GW0402-D 

DUP 
1012612003 

7 
0.05 U 

340 

DOWNGRAD 
MIDDLE 

03 
WES-14-04-83 

16GW0403 
NORMAL 
6/25/2004 

. ~ 

. . 

DOWNGRAD 
MIDDLE 

01 
WES-1444.83 

16GW0401 
NORMAL 
4/23/2003 

DOWNGRAD 
MIDDLE 

01 
WES-1441.83 

16GW0101 
NORMAL 
4/23/2003 

0.08 

0.02 U 
7 

0.07 
860 

AMMONIA-N 
CHLORIDE 
NITRITEINITRATE-N 
SULFATE 
TOTAL ORGANIC CARBON 

0.41 

0.02 U 

DOWNGRAD 
MIDDLE 

02 
WES-14-01-63 

16Gwo102 
NORMAL 

1 0 n M 0 0 3  

DOWNGRAD 
MIDDLE 

03 
WES.14-01-83 

1 6 ~ ~ 0 1 0 3  
NORMAL 
W6i2004 

0.03 

0.02 U 
12 

0.05 U 
430 

13 
0.05 U 

410 



SUMMARY OF ANALYTIC RESU-TS 
GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 10 (CAST nlcn EXPLOSIVES FI-UB-146 I~C I~ERATOR)  

Location 16MWOZ will be used ar an upgradient well for all water bearlng mnes 

NSWC CRANE 
CRANE, INDIANA 
PAGE 15 OF 49 

CLASSIFICATION 
WATER BEARING ZONE 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 
SAMPLE DATE 

. . .., .- . 

DOWNGRAD 
MIDDLE 

03 
WES-1445-83 

lEGWOSO3 
NORMAL 
8/25/2004 

DOWNGRAD 
MIDDLE 

02 
16MWT05 

16GWT0502 
NORMAL 

11/22/2003 

DOWNGRAD 
MIDDLE 

01 
1EMWT03 

16GWT0301 
NORMAL 
412512003 

DOWNGRAD 
MIDDLE 

03 
16MWT05 

16GWT0503 
NORMAL 
8/26/2004 

DOWNGRAD 
MIDDLE 

02 
16MWT03 

1EGWTO302 
NORMAL 
111012003 

DOWNGRAD 
MIDDLE 

02 
16MWT12 

16GWT1201 
ORlG 

i1/21/2003 

- 
DOWNGRAD 

MIDDLE 
02 

16MWT12 
16GWT1201-D 

DUP 
11121~003 

DOWNGRAD 
M I D D L E  

02 
16MWTO3 

16GWT0302.F 
NORMAL 
11/9/2003 

OOWNGRAD 
MIDDLE 

01 
1EMWTOS 

10GWT0501-D 
DUP 

4/24/2003 

DOWNGRAD 
MIDDLE 

03 
lSMWTO3 

16GWT0303 
NORMAL 
8/28/2004 

DOWNGRAD 
MIDDLE 

01 
16MWT05 

16GWT0501 
ORlG 

4/24/2003 



TABLE G-4 

SUMMARY OF ANALYTIC RESULTS 
GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU I6 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 16 OF49 

Locatir 'W02 will be used as an upgradienl well for all waler bearing zones. 
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TABLE G-4 

SUMMARY OF ANALYTIC RESULTS 
GROUNDWATER SAMPLES ROUNDS I THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
PAGE 18 OF 49 

Locatlop '"'4WOZ will be used as an upgradlent well for all water bearing zones 
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TABLE 0-4 

SUMMARY OF ANALVllC RESLLTS 
GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
PAGE 20 OF 48 

.. 
. .  ~ 

-. 

Locatior 'W02 will be used as an upgrsdient well lor sll wsler bearing zones. 



TL .-4 

SUMMARY OF A N A L n l C  BESIII  TI: - -  . ~ 

GROUhDWATER SAMPLES ROUNDS 1 THROLGH 3 
SWML 16 (CAST HIGH EXPLOSIVES FILUB-148 INCohERATOR) 

NSWC CRANE 
CRANE, INDIANA 
PAGE 21 OF 49 

CLASSIFICATION 
WATER BEARING ZONE 
SAMPUNGROUND 
LOCATION - 
SAMPLE NUMBER 
SAMPLECODE NORMAL NORMAL NORMAL NORMAL NORMAL ORlG NORMAL NORMAL ORlG DUP 
SAMPLE DATE 

Locallon 16MW02 wlll be used as an upgradlent well lor ail water beanng zones 
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TABLE G-4 

SUMMARY OF ANALYTIC RESULTS 
GROUNDWATER SAMPLES ROUNDS 1 T n R o u c n  3 

SWMU 16 (CAST n lGn EXPLOSIVES FILM-14~ INCINERATOR) 

CLASSIFICATION 
WATER BEARING ZONE 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 
SAMPLE DATE 1 8/24/2004 1 ll122i2003 1 1112312003 1 8/27/2004 1 511112003 1 11/6/2003 1 8/24/2004 1 412212003 ( 11/9/2003 1 612812004 ( 4iZZI2003 
2-NITROANILINE 1 1 1 I I 1 U  I I I 1 1 I I U  
2-NITROPHENOL 1 U  I I 1 U  

NSWC CRANE 
CRANE, INDIANA 

PAGE 24 OF 49 

ANlL lNt  I I I I I I I I 
ANTHRACENE 1 0.05 U I 1 0.05 U 

I I I I I I I I 

DOWNGRAD 
MIDDLE 

03 
16MWT12 

16GWT1202 
NORMAL 

Locatior "W02 will be used as an upgradient well lor all water bearing wnes 

DOWNGRAD 
MIDDLE 

02 
16MWT16 

1 6 G W 6 0 1  
NORMAL 

DOWNGRAD 
MIDDLE 

02 
16MWT16 

15GWT1601-F 
NORMAL 

DOWNGRAD 
UPPER 

01 
WES-14-03-83 

16GW0301 
NORMAL 

DOWNGRAD 
MIDDLE 

03 
16MWT16 

16GWT1602 
NORMAL 

DOWNGRAD 
UPPER 

02 
WES-14-03-83 

16GW0302 
NORMAL 

DOWNGRAD 
UPPER 

03 
WES-14-03-6: 

16GW0303 
NORMAL 



1 G.4 

SUMMARY OF ANAl YTlA mEelll T9 - - . . . . - . . . . . . - , . . - . . -- - - . - 
GROUNDWATER SAMPLES ROUNDS 1 lHROUGH 3 

SWMU I6 (CAST HIGH EXPLOSIVES FI-UB-146 IhCIhERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 25 OF 49 

WATER BEARING ZONE 
SAMPLING ROUND 

Location IGMWOZ wlll be used as an upgradlent well lor all water beanng zones 



TABLE G d  

Harblcldrs (u&) 
HEXACHLOROPHENE I 1 I I 1 0.025 U 1 I I 1 I I 0 025 U 
PENTACHLOROPHENOL 1 0.013 U I 1 0 0 1 3 U  

SUMMARY OF ANALYTIC RESULTS 
GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 26 OF 49 

Locatic 'W02 will be used as an upgradten1 well for all waler beadng zones 

DOWNGRAD 
UPPER 

01 
16MWTO1 

16GWTOlOl 
NORMAL 
4/22/2003 

CLASSIFICATION 
WATER BEARING ZONE 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 
SAMPLE DATE 
SAFROLE 

DOWNGRAD 
MIDDLE 

02 
16MWT16 

16GWT16Ol.F 
NORMAL 
11/23/2003 

DOWNGRAD 
MIDDLE 

03 
16MWT12 

16GWTl2OZ 
NORMAL 
8/24/2004 

DOWNGRAD 
UPPER 

01 
16MWTO2 

16GWT0201 
NORMAL 
412212003 

1 U 

DDWNGRAD 
MIDDLE 

03 
16MWT16 

16GWT1602 
NORMAL 
8/27/2004 

DOWNGRAD 
UPPER 

02 
16MWTOI 

16GWTOlOZ 
NORMAL 
111912003 

DOWNGRAD 
MIDDLE 

02 
l6MWTl6 

16GWT1601 
NORMAL 
1112212003 

DOWNGRAD 
UPPER 

03 
16MWTO1 

16GWT0103 
NORMAL 
6128/2004 

DOWNGRAD 
UPPER 

01 
WES-14-03-83 

16GW0301 
NORMAL 
5/11/2003 

1 U 

DOWNGRAD 
UPPER 

02 
WES-1443-63 

16GWO302 
NORMAL 
11/8/2003 

DOWNGRAD 
UPPER 

03 
WES-14.03-63 

16GW0303 
NORMAL 
612412004 
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TABLE G-4 

SUMMARY OF ANALYTIC RESULTS 
GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB.146 INCINERATOR) 
NSWC CRANE . - -  

CRANE, INDIANA 
PAGE28 OF 40 

MIDDLE MIDDLE MIDDLE MIDDLE UPPER UPPER UPPER UPPER UPPER 

LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 
SAMPLE DATE 

. . . ,, . . ,  
', . 

~, 

Locatlor ' 'YO2 will be used as an uppradient well for all water bearing zones. 



T j.4 

SUMMARY OF ANALYTIC RESULTS 
GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 18 (CASTHIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 29 OF 49 

.- . ~ 

Location 16MWOZ will be used as an upgradient well tor all waler bearing zones. 



TABLE G-4 

Localio. 'W02 will be used as an upgradient well lor all water bearing zones. 
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(MOLVU~NI~NI PPL-En113 S3A160ldX3 HDIH lSV3) 01 flWMS 

C HDnOMHl L SONllOU S3ldWVS I31VMONllOUD 
SllIISIY 31LAlVNV 30 AUVWWnS 

PD 318V1 



SAMPLE DATE 1 10/26/2003 1 6/29/2004 I 4/22i2003 I l l /Bn003 1 6/1512004 1 4/26/2003 1 Y1112003 I 11/6/2003 1 8/24/2004 1 111812003 1 8/24[2004 
SAFROLE 1 1 I 1 U  I 1 I 1 U  I 1 U  I I I I 

T 2-4 

SUMMARY OF ANALYTIC RESULTS 
GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
PAGE 35 OF 48 

Locallon 16MW02 will be used as an upgradient well for all waler bearing zones 

CLASSIFICATION 
WATER BEARING ZONE 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 

DOWNGRAO 
UPPER 

02 
16MWTO2 

18GWTOZOZ 
NORMAL 

DOWNGRAD 
UPPER 

03 
16MWT07 

16GWT0702 
DRY 

DOWNGRAD 
UPPER 

03 
16MWT02 

18GWT0203 
NORMAL 

DOWNGRAD 
UPPER 

01 
16MWT04 

16GWT0401 
NORMAL 

DOWNGRAD 
UPPER 
' 02 

16MWT04 
16GWT0402 

NORMAL 

DOWNGRAD 
UPPER 

03 
16MWT04 

16GWT0403 
NORMAL 

DOWNGRAD 
UPPER 

02 
16MWT06 

16GWT0603 
NORMAL 

DOWNGRAD 
UPPER 

01 
16MWTOE 

18GWTOBO1 
NORMAL 

DOWNGRAD 
UPPER 

03 
16MWT06 

16GWT0604 
NORMAL 

DOWNGRAD 
UPPER 

01 
16MWT06 

16GWT0602 
NORMAL 

DOWNGRAD 
UPPER 

02 
16MWT07 

16GWT0701 
DRY 



TABLE G 4  

SUMMARY OF ANALYTIC RESULTS 
GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 34 OF 48 

Locatlo 'W02 mll be used as an upgradlent well for all water bearing zones. 



3-4 

SUMMARY OF ANALYTIC RESULTS - -..- 
GROUNDWATER SAMPLES ROUNDS 1 MROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 35 OF 49 

LOCATION 
SAMPLE NUMBER 
SAMPLE CODE DRY DRY 

Locatl~n 16MW02 will be used as an upgradlenl well lor all water beanng zones. 



TABLE G.4 

SUMMARY OF AhALYTIC RESULTS 
GROUhOWATER SAMPLES ROUhDS 1 THROUGh 3 

SWMU 16 [CAST HIGH EXPLOSIVES FILLIB.148 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
PAGE360F40 - 

SAMPLE NUMBER 

Locallr IW02 will be used as an upgradlsnl well for all water bearlngzones. 



SUMMARY OF ANA-YTIC RESULTS 
GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST n lGd  EXPLOSIVES FI.UB.146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 37 OF 49 

Locallon 16MWOZ wll be used as an upgradlent well for all water bearing zones 



TABLE G-4 

SUMMARY OF ANALYTIC RESULTS 
GROUNDWATER SAMPLES ROUNDS i THROUGH 3 

SWMU 18 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 38 OF 49 

. . 

Locatio, 'W02 will be used ssan upgradient well lor all water bearing zones. 



SUMMARY OF ANALnlC RESU-TS 
GROUNDWATER SAMPLES ROUNDS 1 TrlROUGrl3 

SWMU 16 (CAST rllGH EXPLOS.VES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 30 OF 49 

.EN€ I I 1 I 1 1 1 I I I I 
LTHYL PHOSPHOROTHiOATE I 
NE I 1 I 1 I 1 I 1 I 1 I 

'BENZENE 

Location 16MW02 will be used as an upgradient well for all walsr bearing zones. 
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SUMMARY OF ANALYTIC RESULTS 
GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 

SWMU 16 (CAST HIGH EXPLOSIVES FILM-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 41 OF 49 

Location 16MW02 will be usedas an upgradienl well lor all water bearing zones. 



TABLE G-4 

SUMMARY OF ANALYTIC RESULTS 
GROUhDWATER SAMPLES ROUNDS 1 TnROUGH 3 

SWMU 16 (CAST hlGH EXPLOSIVES FILLlB.14d INCILERATORI 
NSWC CRANE 

CRANE, INDIANA 
PAGE 42 OF 49 

Locatlo YO2 will be used as an upgradlent well for all water beanng zones 

CLASSIFICATION 
WATER BEARING ZONE 
SAMPUNOROUND 
LOCATlON 
SAMPLE NUMBER 
SAMPLE CODE 
SAMPLE DATE 

DOWNGRAD 
UPPER 

02 
16MWTO9 

16GWm001 
NORMAL 
1112Y2003 

DOWNGRAD 
UPPER 

03 
16MWTO9 

16GWTO902 
NORMAL 
8/17/2004 

DOWNGRAD 
UPPER 

02 
16MWT10 

16GWT1001 
NORMAL 

11/2112003 

DOWNGRAD 
UPPER 

02 
16MWT13 

lBGWTl301 
NORMAL 

11/22/2003 

DOWNGRAD 
UPPER 

03 
1BMWTlO 

16GWT1002 
ORlG 

8/17/2004 

DOWNGRAD 
UPPER 

02 
16MWT13 

16GWT1301.F 
NORMAL 

11/22/2W3 

DOWNGRAD 
UPPER 

03 
16MWT10 

16GWT1002-D 
DUP 

8/17/2004 

DOWNGRAD 
UPPER 

03 
16MWT13 

16GWT1302 
NORMAL 
8/1M004 

DOWNGRAO 
UPPER 

02 
16MWT17 

16GWT1701 
NORMAL 
12/5/2003 

DOWNGRAO 
UPPER 

03 
16MWT17. 

16GWT1702 
NORMAL 
8/25/2004 

D O W N G R A ~  
VALLEY 

03 
16MWT19 

16GWT1901 
ORIG 

8/29/2004 





TABLE G-4 

SUMMARY OF ANALYTIC RESULTS 
GROUhOWATER SAMPLES ROUNDS 1 THROUGd 3 

SWMU 16 (CAST dlGH EXPLOSIVES FILUB-146 INCINERATOR) 

. . . . NSWC CRANE 
. . CRANE, INDIANA . . 

.~. . . PAQE 44 OF 49 

.acalion ' "Yo2 will be used as an upgradient well lor all water bearing zones. 



'seuoz Euueeqlelsm llelol lle~ IuetperEdn ue se Peon eq lllm ZOMI~IQI uolluao7 

. . ., : . - ,. . . , .. . 
' , ,. 

~VWLION 
POLOMOB1 

CB-ZO-P L-S3M 
EO 

M3ddn 
OVMDdn 

l)*,dO ED 30Vd 
VNVlONI '3NVL13 

3NVM3 3MSN 
(LIOlVM3N13NI 80L.EnlU S3AISOldX3 H0IH 1SV3) 01 nWMS 

E H'JllOMHl L SaNIIOLI S3ldWVS Y31VMaNllOHO ' 

SllnS3Y 3UlVNVdO ALIVWWIIS 

, , 
t-E '1 

~VWLION 
EOZOM9OL 

CB.ZC-VI'S3M 
20 

LI3ddn 
aVt(Odn 

WWLION 
ZOZOM00L 

C89WL-S3M 
LO 

Lllddn 
aVMOdn 

~VWYON 
lOZOMOOL 

EO-ZLWL'S3M 
LO 

Mlddn 
aVMOdn 

WW~ON 
LOOUMO91 
OZlMW9l 

to. 
AlllVA 

aVLIDNMOO 

dna 
&10l)~lMOOl 

8LlMWOL 
EO 

A3llVA~ 
aVLIDNMOa 

3aa3 3idwvs 
LllEWnN 31dWS 

NOUV301 
aNn0.n DNI~~WVS 

3NOZ ONlYV38 Y3lVM 
NOIlV31dlSSVl3 



.seuoz Buvweq lelem Ile JOI llem ~uelpwBdn ue re pssn eq lllm ZOM. ~ollwaol 



SUMMARY OF ANALYllC RESULTS 
GROUNDWATER SAMPLES ROUNDS 1 ThROUGh 3 

SWMU 16 (CAST hlCH EXPLOSIVES FILUB-148 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
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SAMPLE NUMBER 

Locallon 16MW02 will be used as an upgradient well lor all wafer beadng mnes. 
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SUMMARY OF ANALYTIC RESULTS - - - - -  

GROUNDWATER SAMPLES ROUNDS 1 THROUGH 3 
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WAn,R BEARING ZONE 
SAMPLING ROUND 

. . 

, . 

Locatlor ' "WOZ will be used as an upgradient well for all waler bearing zones. 



SUMMARY OF ANALYTIC RESULTS 
GROUhDWATER SAMPLES ROUNDS 1 THROUGh 3 

SWMU 16 (CAST rllGH UPLOSlvES FILUB.146 INCINERATOR) 

Location 16MWOZ wlll be used as an uppradlent well for all waler bearing zones. 

NSWC CRANE 
CRANE, INDIANA 
PAGE 49 OF 49 

CLASSIFICATION 
WATER BEARING ZONE 
SAMPLING ROUND 
LOCATION 
SAMPLE NUMBER 
SAMPLE CODE 
SAMPLE DATE 

DOWNGRAD 
VALLEY 

03 
16MW19 

16GWT1901.D 
DUP 

8/29/2004 

Mlsesllanoous Parameters (mgR) 

DOWNGRAD 
VALLEY 

03 
16MW2O 

16GWT2001 
NORMAL 
8/28/2004 

AMMONIA-N 
CHLORIDE 
NITRITUN1TRATE.N 
SULFATE 
TOTAL ORGANIC CARBON 

0.04 

0.02 U 

UPGRAD 
UPPER 

01 
WES-14-02-83 

16GW0201 
NORMAL 
4/2412003 

14 
0.05 U 

270 
1.7 

UPGRAD 
UPPER 

02 
WES-14-02.83 

16GW0203 
NORMAL 

10126l2003 

UPGRAD 
UPPER 

01 
WES.1442-83 

16GW0202 
NORMAL 
5/11/2003 

UPGRAD 
UPPER 

03 
WES.14.02-83 

16GW0204 
NORMAL 
8/25/2004 
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APPENDIX H. DATA QUALITY REVIEW AND DATA REDUCTION METHODS 

This appendix contains a description of the data review processes used to determine whether analytical 

laboratory data were of acceptable technical quality for use in decision making. The review began with 

data validation, which is a comparison of data quality indicators (DQls) against prescribed acceptance 

criteria. The DQls used are measures to assess the bias and precision of the analytical calibrations and 

sample analyses. The output of this review was a set of alphabetic flags such as "U," "J," 'R," or 

combinations thereof, that may have been assigned to individual results based on the validation effort. 

These flags were used to infer the general quality of the data. The data validation was followed by a 

summary of quantitative data quality measures to provide the user with a more quantitative estimate of 

any bias or imprecision associated with the data. Also evaluated were the measures of data 

completeness, sensitivity, comparability and representativeness. 

Sections H.l and H.2 provide an o v e ~ i e w  of the data validation process, Section H.3 presents an 

evaluation of the data quality beyond data validation. Appendix G contains a printout of all qualified and 

unqualified data and the applicable qualifier flags. 

H.l DATA VALIDATION PROCESS 

Data were generated for this RFI report in multiple rounds, Rounds 1, 2, and 3. Field analytical data and 

sampling location coordinates for Rounds 1 through 3 were reviewed both in the field and after 

completing the field event to assure data users that the results and sampling location coordinates were 

accurate. Calibration logs and QC check sample results were reviewed for accuracy. In addition, field 

data were reviewed for comparability among sampling locations and consistency with theoretical 

expectations. For example, low pH values would not be expected if alkalinity values were high. These 

evaluations were based, in part, on professional judgment. Well stabilization parameters were required to 

represent stable sampling conditions (manifested as reproducible measurements) prior to sample 

collection but were not required to compare well to field test kit results. 

All of the TtNUS results from analytical laboratory samples (Rounds 1 through 3) were validated by 

TtNUS according to several specifications. Assignment of data qualification flags by TtNUS conformed to 

U.S. EPA Region 5 Standard Operating Procedures for Validation of Contract Laboratory Program 

Organic Data (U.S. EPA, 1993~); to Region 5 Standard Operating Procedures for Validation of Contract 

Laboratory Program Inorganic Data (U.S. EPA, 1993d); to the U.S. EPA Contract Laboratory Program 
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National Functional Guidelines for Organic Data Review (US. EPA. 1994a); and to US. EPA Contract 

Laboratory Program National Functional Guidelines for Inorganic Data Review (US. EPA. 1994b) to the 

greatest extent practicable for non-contract laboratory program data. 

Data validation specifications require that various data qualifiers be assigned when a deficiency is 

detected or when a result is less than its detection limit. If no qualifier is assigned to a resun that has 

been validated, the data user is assured that no technical deficiencies were identified during validation. 

The qualification flags used are defined below: 

U - lndicates that the chemical was not detected at the numerical detection limit (sample-specific 

detection limit) noted. Non-detected results from the laboratory are reported in this manner. This qualifier 

is also added to a positive result (reported by the laboratory) if the detected concentration is determined 

to be attributable to contamination introduced during field sampling or laboratory analysis. 

UJ - lndicates that the chemical was not detected; however, the detection limit (sample-specific detection 

limit) is considered to be estimated based on problems encountered during laboratory analysis. The 

associated numerical detection limit is regarded as inaccurate or imprecise. 

J - lndicates that the chemical was detected; however, the associated numerical result is not a precise 

representation of the concentration that is actually present in the sample. The laboratory reported 

concentration is considered to be an estimate of the true concentration. 

UR - lndicates that the chemical may or may not be present. The non-detected analytical result reported 

by the laboratory is considered to be unreliable and unusable. This qualifier is applied in cases of gross 

technical deficiencies (i.e., holding times missed by a factor of two times the specified time limit, severe 

calibration non-compliances, and extremely low analyte recoveries). 

R - lndicates that the chemical may or may not be present. The positive analytical result reported by the 

laboratory is considered to be unreliable and unusable. This qualifier is applied in cases of gross 

technical deficiencies. 

BU - lndicates that the associated organic chemical was detected in this sample as well as the associated 

laboratory method blank, but has been qualified as non-detected because the concentration was less 

than the blank level adjusted for uncertainties (i.e., the blank action level) per the validation guidelines. 
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BJ - lndicates that the associated organic chemical was detected in this sample as well as the associated 

method blank and rather than being considered a non-detect, is considered to be an estimate because 

the concentration is in excess of the blank action level. The use of 'B" qualifiers is a U.S. EPA Region 5- 

specific requirement. 

> - lndicates that the true value is probably greater than the reported value. This 'qualifier flag" is used to 

identify reported values that exceed the calibration range of field measurements but could not be re- 

analyzed for various reasons. 

The preceding data qualifiers may be categorized as indicative of major or minor problems. Major 

problems are defined as issues that result in the rejection of data and qualification with UR or R data 

validation qualifiers. These data are considered invalid and are not used for decision making purposes 

unless they are used in a qualitative way and the use is justified and documented. Minor problems are 

defined as issues resulting in the estimation of data, and qualification with U, J, B, BJ, BU, and UJ data 

validation qualifiers. Estimated analytical results are considered to be suitable for decision-making 

purposes unless the data use requirements are very stringent and the qualifier indicates a deficiency that 

is incompatible with the intended data use. It is noteworthy that a U qualifier does not necessarily 

indicate that a data deficiency exists because all non-detect values are flagged with the U qualdier 

regardless of whether a quality deficiency has been detected. 

H.2 DATA VALIDATION OUTPUTS 

After data were validated, a list was developed of non-conformities requiring data qualifier flags that were 

used to alert the data user to inaccurate or imprecise data. For situations in which several QC criteria 

were out of specification, the data validator made professional judgements and or comments on the 

validity of the overall data package. The reviewer then prepared a technical memorandum presenting 

qualification of the data, if necessary, and the rationale for making such qualifications. The net result was 

a data package that had been carefully reviewed for its adherence to prescribed technical requirements. 

Validators incorporated data qualifiers into the electronic database and submitted the information to the 

data management group. A complete printout of the TtNUS data with validation flags is in 

Appendix G. Pertinent quality estimates are summarized in a more quantitative format in the following 

section. 
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H.3 GENERAL DATA QUALITY REVIEW 

DQls are parameters that are monitored to help establish the quality of data generated during an 

investigation. Some of the DQls are generated from analysis of field samples (e.g., field duplicates) and 

some are generated from the analysis of laboratory samples (e.g., laboratory duplicates). Individually, 

field and laboratory DQls provide measures of the performance of the respective investigative operations 

(field or laboratory). During data validation, individual QG results were evaluated. If individual QC results 

were acceptable, no validation flag was assigned to an analytical result, otheiwise a flag indicating the 

type of QC deficiency was assigned to the result. The data quality review provided in this section, which 

was implemented after the data validation process was completed, is not designed to identify data that 

are acceptable or unacceptable according to data QC criteria. Instead, it is designed to provide an overall 

quantitative measure of analytical performance not provided by data validation. These quantitative 

evaluations are frequently analyte-specific. They reflect, for example, biases associated with the 

quantification of particular analytes in a particular matrix. Many of the summary tables referenced in the 

sections below reflect this and the data user must be aware that even chemicals in the same analytical 

fraction (e.g. VOCs) may exhibit different data quality. Taken together, the DQls provide a measure of 

overall analytical performance. 

At the same time that samples were collected at SWMU 16, samples were also collected at NSWC Crane 

SWMUs 12 and 13. Samples of similar matrix from all three SWMUs may have been grouped together 

for analysis. Consequently, the QC data may be common to samples from different SWMUs. This is a 

benefit when compiling accuracy and precision statistics because a more robust estimate of these 

characteristics is obtained when using larger data sets. Because data sets were combined, data qualiy 

may be presented and discussed below for the combined data sets. The titles of the data tables 

referenced in the text below identify which SWMUs are involved. 

The data for the Cast High Explosives Film146 were of generally acceptable quality. Comparability, 

Representativeness. and sensitivity, in parlicular, were typical of environmental investigations and do not 

indicate any paflicular problems although any samples that were not collected must be considered data 

voids relative to the sampling and analysis plan. Data quality exceptions are summarized briefly 

~mmediately below for each round of sampling. After the brief summary, a more detailed data quality 

analyses is presented. 

Round 1 
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Dioxins and Furans - There was no significant bias exhibited in soil samples; aqueous samples were not 

analyzed for these analytes. In the soil field duplicate sample pair and the LCSILCSD pair, 2,3,7,8-TCDF 

exhibited a fairly high degree of imprecision (approximately 104 relative percent difference), otherwise the 

precision appears to be normal with minor qualifications of dioxin and furan data for various reasons. 

Explosives - Completeness goals were satisfied except that several soil and surface water samples could 

not be collected because refusal was encountered or no surface water was present at or near the 

selected sampling location. Picramic acid results for samples 16SS150002 and 16SS210002 were 

rejected. The picramic acid results were non-detected and were rejected because of low matrix spike 

recoveries. The low matrix spike recoveries are likely due to a difficult sample matrix and they indicate 

that picramic acid results are generally biased low. A slight to moderate low bias (average percent 

recovery = 59.2 for MS and MSD, and 88.4 for LCS) was detected in aqueous RDX concentrations. The 

low bias indicates that reported RDX concentrations are, on average, less than actual site concentrations 

for this sampling round. Results for other explosive compounds in aqueous and solid sample matrices 

were not biased significantly low and may be biased slightly high in some cases, though not significantly. 

Some uncertainty beyond the usual level of uncertainty has been indicated for the nine chemicals 

identified in Tables H-10 and H-1 1. 

Herbicides - The hexachlorophene results exhibit a severe low bias (approximately 20 percent recovelies 

in MS and MSD) and the pentachlorophenol results. exhibit a moderately low bias (approximately 37. 

percent recoveries in MSIMSD), bordering on severe, in solid samples. The results for these compounds 

exhibit a moderately low bias (recoveries ranging from 32 to 58 percent), at times approaching a severed 

low bias, in aqueous samples. Herbicides were not analyzed in Rounds 2 and 3. 

Metals - The metals, overall, exhibit no bias to a slightly high bias, with an apparent but probably false 

indication of moderate high bias for calcium, chromium, titanium, and zinc (See Table H-8). Several soil 

and sediment RPD results exceeded the reference point of 50 percent, however, the laboratory precision 

was equal to or better than field duplicate precision, as expected. This indicates that the greater 

proportion of uncertainty is associated with natural sample heterogeneity. Nevertheless, several metals 

exhibited some high RPD values (e.g., greater than 100 percent) that indicate a relatively large degree of 

heterogeneity in the solid samples. 

Miscellaneous Parameters (Ammonia, AVS, SEM, Cation Exchange Capacity, Nitritemitrate and TOC) - 

The data are generally of acceptable quality although the ammonia nitrogen results exhibit a slight low 

bias and occasionally exhibit an uncertainty that is greater than expected. 
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PCBs - No significant biases were detected 

SVOCs - The compounds 2,3.4,6-tetrachlorophenol, 2,4,5-trichlorophenol, 2,4-dichlorophenol, 2.6- 

dichlorophenol, 2,4-dimethylphenol, 2,4-dinitrophenol, 2,6-dichlorophenol, 2-chlorophenol, 2,4- 

dimethylphenol, 2-methylphenol. 2-nitrophenol, 3B4-methylphenol, 3,3-dichlorobenzidine, 4,6-dinitro-2- 

methylphenol. 4-nitrophenol, 4-nitroquinoline-1-oxide, aramite, hexachlorocyclopentadiene, kepone, 

phenol, 1,4-phenylenediamine, and benzyl alcohol constitute all of the results rejected for the semivolatile 

analyses for Round 1. The majority of the results were rejected because several compounds (4- 

nitroquinoline-1-oxide. aramite, kepone, and 1,4-phenylenediamine) yield poor analytical responses. The 

remaining semivolatile results were rejected due to one of the following reasons: low acid surrogate 

recovery representative of phenolic compound recoveries, low matrix spike recovery, gross holding time 

exceedance, and low laboratory control sample recovery. The gross holding time exceedance and low 

laboratory control sample recovery are attributed to laboratory performance and the remaining reasons 

for data rejection can be attributed to a difficult sample matrix. In some cases, the rejected semivolatile 

data are for compounds (e.g., the benzidine, aramite, kepone, 1,4-phenylenediamine and benzyl alcohol) 

that are not expected to be associated with Cast High Explosives FillB146 operations and were detected 

infrequently or not detected at all and are clearly not site-related even though a low bias exists; therefore 

the impact on overall data quality is minimal. However, phenols appear to have been used at this site 

and the low recoveries for phenols may be significant. Overall, the semivolatile compounds, including 

PAHs, generally show a slightly low bias in solid matrices, with 2,4-dimethylphenol, 2,4-dinitrophenol, 

3,s-dichlorobenzidene and 4-chloroaniline exhibiting a moderate low bias and 

hexachlorocyclopentadiene exhibiting a severe low bias. In aqueous matrices 2,4-dinitrophenol exhibited 

a severe low bias and several other chlorobenzenes and phenols exhibited a moderate low bias (See 

Table H-9). In addition, a moderate degree of uncertainty is evident, presumably due to sample 

heterogeneity, solid sample matrices. 

VOCs - The compounds acrolein, 2-butanone, acetone, acrylonitrile, and methacrylonitrile constitute all 

of the results rejected for the volatile analyses for Round 1. The data were rejected because these 

compounds yield poor analytical responses. This is a systematic problem that occurs for one or more of 

these compounds in the majority of the samples analyzed from the Mine Fill B and Cast High Explosives 

FilVB146. 

Round 2 

Explosives - Completeness, precision, and accuracy were generally acceptable. Some aqueous 

samples could not be collected for lack of water at the sampling location. Some uncertainty beyond the 

&P H-6 CTO 0343 
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usual level 01 uncertainty has been indicated for the nine chemicals identilied in Tables H-10 and H-11. 

The energetic compounds of primary interest (i.e.. RDX, 2, 4, 6-trinitrotoluene, and HMX) were not 

affected in any matrix. TNX, an RDX degradation product is aflected by moderate imprecision in aqueous 

samples. 

Dissolved Organic Gases - The results lor ethane and ethene, and possibly other dissolved organic 

gases, should be viewed as having a relatively high degree of uncertainty, (e.g., and RPD of at least 50). 

Metals -The metals, overall, exhibit no bias to a slightly high bias, with a moderate high bias for calcium, 

chromium, titanium, and zinc (See Table H-8). Several soil and sediment RPD results exceeded the 

reference point of 50 percent, however, the laboratoly precision was equal to or better than field duplicate 

precision, as expected. This indicates that the greater proportion 01 uncertainty is associated with natural 

sample heterogeneity. Nevertheless, several metals exhibited some high RPD values (e.g., greater than 

100 percent) that indicate a relatively large degree of heterogeneity in the solid samples. 

Miscellaneous Parameters (Ammonia, Chloride, NitritelNitrate. Sulfate, and TOC) - The data are 

generally of acceptable quality with a moderate low bias and moderate imprecision for ammonia results in 

aqueous samples. 

VOCs - The compounds 2-butanone, acetone, acrolein,aclylonitrile, methaclylonitrile, and acetonitrile 

constitute all of the results rejected lor the volatile analyses. The rejections were because these 

compounds yield poor analytical responses. This is a systematic problem that occurs lor one or more of 

these compounds in the majority of the samples analyzed lrom the Mine Fill B and Cast High Explosives 

FilliB146. These chemicals are reported along with the other VOC results even though they are not 

expected to be site-related contaminants. The primaly site-related contaminants would be expected to be 

chlorinated volatile organic compounds. 

Round 3 

Explosives - completeness, precision, and accuracy were generally acceptable. 4,4'-TN-AZOXY 

exhibited a low bias (approximately 30 to 40% recovely) in some QC samples and some uncertainty 

beyond the usual level of uncertainty is indicated for RDX in one groundwater duplicate pair (See Table 

H-10). 

Metals -The metals, overall, exhibit no bias to a slightly high bias, with a moderate high bias for calcium, 

chromium, titanium, and zinc (See Table H-8). Several soil and sediment RPD results exceeded the 

x.xxnJP H-7 CTO 0343 



NSWC Crane 
Phase Ill RCRA RFI Report 

Date: December 2004 
Appendix: H 
Page 8 of 30 

reference point of 50 percent, however, the laboratory precision was equal to or better than field duplicate , 
precision, as expected. This indicates that the greater proportion of uncertainty is associated with natural 

sample heterogeneity. Nevertheless, several metals exhibited some high RPD values (e.g., greater than 

100 percent) that indicate a relatively large degree of heterogeneity in the solid samples. 

Miscellaneous Parameters (NitritelNitrate) - No results were rejected. Scheduled samples were collected 

when water was present at or near the designated sampling location and the data are generally of 

acceptable quality. 

VOCs - All VOC compounds were rejected in sample 16SB560206 due to poor internal standard 

recovery. This difficulty was isolated to this sample and is not indicative of a systematic problem. The 

compounds acrolein, acrylon~trile, methacrylonitrile. and methyl iodide constitute all of the remaining 

results rejected for the volatile analyses. The rejections were because these compounds yield poor 

analytical responses. This is a systematic problem that occurs for one or more of these compounds in the 

majority of the samples analyzed from the Mine Fill B and Cast High Explosives FilVB146. These 

chemicals are reported along with the other VOC results even though they are not expected to be site- 

related contaminants. The primary site-related contaminants are chlorinated volatile organic compounds. 

Sample collection deviated somewhat from the proposed sampling strategy in Rounds 1 and 2 for solid 
- 

and aqueous samples. Uncollected samples were generally not collected because surface water was not 

available at planned locations or refusal was encountered during soil boring advancement. Accordingly, 

the percent completeness for samples collected is less than 90 percent in several cases (compare 

sample collection ratios in Table H-I). There were no data rejections in these cases but the lack of data 

from the planned locations as well as locations where data have been rejected for quality reasons should 

be considered when interpreting the results of the investigation. 

All samples appear to be representative of the intended environmental matrix. Lack of data where 

samples could not be collected or where data have been rejected, however, should be considered when 

evaluating representativeness of the areas or volumes of environmental media that were characterized. 

Inability to achieve target detection limits or RBTLs in several cases should also be considered (See 

Section H.3.2). 

The various DQls are discussed in detail below. In addition to the DQls discussed below, temperature 

blanks that accompanied each cooler containing samples were used to assess whether the samples had 

been stored at the appropriate temperature during shipping. All temperature blanks were less than or 

equal to 4%. indicating no deficiencies with regard to shipping temperature. 
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Each section below addresses data quality for a particular DQI for samples of a given matrix (solid or 

aqueous) and analytical fraction (e.g., metals or VOCs). 

H.3.1 Completeness 

Completeness is a measure of the number of valid samples or measurements that are available relative 

to the number of samples or measurements that were intended to be generated. For this project, 

completeness was measured on three different bases: samples collected, field measurements, and 

laboratory measurements. 

Sample collection completeness was a measure of the usable samples collected as compared to 

those intended to be collected. 

Field measurement completeness was a measure of the usable field measurements made relative to 

those intended to be made. 

Laboratory measurement completeness was a measure of the amount of usable, valid laboratory 

measurements per matrix obtained for each target analyte. 

Usable, valid samples (or results) were those judged, after data assessment, to represent the sampling 

populations and to have not been disqualified for use through data validation or additional data review. 

The total number of samples (or results) planned to be collected or generated are those listed in the Mine 

Cast High Explosives Fi111B-146 QAPP (TtNUS, 2003a) for Round 1, QAPP addendum Number 1 (TtNUS, 

2003b) for Round 2), and QAPP addendum Number 2 for (Round 3). Completeness was determined 

using the following equation: 

where %C = percent completeness 

v - - number of samples (or results) determined to be valid 

T - - total number of planned samples (or results) 

Discretionary samples and provisional wells were not included in the estimates of total planned samples. 

d P  H-9 CTO a343 
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H.3.1.1 Sample Collection Completeness 

Round 1. Round 2, and Round 3 

Table H-I compares the samples collected to the samples proposed; discretionary samples are not 

included in the tallies. Sample completeness goals were met for all sample mattices in Rounds 1, 2, and 

3 with the following exceptions. Sixteen soil samples in Round 1 and nine soil samples in Round 3 (See 

Table 2-4) were not collected due to encountering refusal in their respective soil borings. Dry conditions 

prevented the collection of four surface water samples in each of Rounds 1 and 2 (Table 2-4). Two 

sediment samples could not be collected from sumps during Round 1 because there was no sediment in 

the sumps. Three wells were dry during Round 3 sampling accounting for one uncollected groundwater 

sample that was scheduled for explosives analyses and two uncollected groundwater samples scheduled 

for volatiles and metals analyses. All instances showing seep samples that were not collected were 

caused by no seeps being detected during the sampling period. All Round 2 sediment samples were 

collected except where water was not present at or near the designated sampling location. Failing to 

collect particular samples is not considered to be a deficiency in field performance although failure to 

have obtained the desired samples must be considered when interpreting the data. One extra ground 

water sample was collected during Round 1 and two wells were resampled because the holding times for 

analyses scheduled on previously collected samples had expired. Unscheduled sample collections and 

samples that could not be collected in Rounds 1, 2, and 3 are discussed in the field report (Section 2.0 of 

the RFI report text) with explanations for the observed deviations from the QAPP. 

H.3.1.2 Field Measurement Completeness 

Round 1. Round 2, and Round 3 

The percent completeness for field measurements, including natural attenuation parameter 

measurements, and well stabilization measurements was 100. 

H.3.1.3 Laboratory Measurement Completeness 

Under ideal conditions, the laboratory completeness objective would be 100 percent. However, samples 

can be rendered unusable during shipping and preparation (e.g.. bottles broken or extracts accidentally 

destroyed) or analysis (e.g., loss of instrument sensitivity, strong matrix effects). Laboratory 

completeness objectives were 90 percent for each critical target analyte per sample matrix. It is possible 

for individual analytes to exhibit very low completeness values while achieving the overall completeness 

a u u x l P  H-10 CTO 0343 
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goals on the basis of analytical fraction. This occurred in a few cases and is discussed in more detail 

below for the affected analytes and fractions. 

Round 1. Round 2. and Round 3 

Table H-2 presents the percent completeness among analytical fractions for solid samples and aqueous 

samples, Rounds 1 through 3. With one exception, the percent completeness goal (590 percent) was 

achieved for laboratory analytical data collected during Rounds 1 and 2. The exception was 83.3 percent 

completeness for herbicides in Round 1 sediment. The majority of data (87 percent) that were rejected in 

Rounds 1, 2, and 3 were rejected because of poor calibration sensitivities. Table H-3 lists all the rejected 

data and the reasons for the rejections. Immediately evident is that most rejections resulted from poor 

calibration performance and were limited to a small list of analytes in the VOC and SVOC fractions. The 

only data rejected in solid matrices were rejected for calibration noncompliances. However, the 

calibration noncompliances also occurred in all other matrices. This is an indication of the state of 

chemical analyses today using the selected analytical methods. The VOC and SVOC analytes that were 

rejected for calibration non-compliances (1,2-phenylenediamine, 1,4-phenylenediamine, 2-butanone, 4- 

nitroquinoline-1-oxide, 1,2-dibromo-3-chloropropane, iodomethane, acetone, acetonitrile, acrolein, 

ac~ylonitrile, aramite, kepone, and methacrylonitrile) are not particularly important to this investigation 

because they have low potential for being present at SWMU 16, or they are not very toxic or both. If they 

were more important to the investigation, a recommendation might be made to seek other chemical 

analysis methods for those compounds. For this investigation no such additional work is necessary. 

The more significant rejections are those that were caused by a poor surrogate recovery noncompliance 

(Code = R), poor internal standard recovery noncompliance (Code = N), LCSACSD noncompliance 

(Code = E), or matrix spike noncompliance (Code = D). These are more significant because they affect 

potentially site-related compounds and indicate that the analytical methods are not quantitatively 

recovering the chemicals from the environmental matrices. All results (except acrolein in sample 

16SB0600206) that were rejected for internal standard noncompliance were limited to sample 

16SB560206 so this particular problem was not widespread. The remaining compounds (See Table H-3) 

are more commonly encountered environmental contaminants. Sixteen of these 20 analytes are phenols. 

The four remaining analytes are benzyl alcohol. 3,3'-dichlorobenzidine, hexachloprocyclopentadiene, and 

picramic acid. The ground water sample rejections are limited primarily to three samples (16GWT0601, 

16GW0201, 16GWT0301), so that problem also is not widespread. There is no need to recollect or re- 

analyze samples although the rejected values are to be viewed as data voids when using the data. 

CTO M43 
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H.3.2 Sensitivity 

Tables H-4, H-5. H-6, and H-7 compare the obsewed minimum and maximum non-detect values during 

laboratory analyses to the target laboratory reporting limits contained in Table 1-4 of the Cast High 

Explosives FilllB-146 QAPP (TtNUS, 2003a) for soils, sediments, ground water, and surface water, 

respectively. The data in Tables H-4, H-5, H-6, and H-7 represent data for SWMU 13 and SWMU 16 for 

Rounds 1, 2, and 3. The reason data were consolidated for SWMUs 13 and 16 is that the analytical 

methods, laboratories, and sensitivities were similar for those rounds. 

At the outset of the project, it was known that the concentrations of several chemicals could not be 

measured at concentrations that were as low as the RBTLs; however, the analytical methods selected are 

standard methods used throughout the environmental industry. Development of methods with greater 

sensitivity was not practicable nor was it required for the chemicals of plimary interest (e.g.. explosives, 

PCBs, and chlorinated VOCs). Yellow (or gray, if printed in black and white) highlight in the tables 

indicates those parameters for which at least one non-detect value exceeded the RBTL. Although many 

analytical fractions had at least one such exceedance, most nondetected results were less than the target 

limits for critical parameters. The impact of these exceedances is discussed in appropriate sections of 

this report. 

In some cases, elevated detection limits were incurred because select samples had to be diluted to obtain 

measurable concentrations of VOCs. This was especially true in Round 2 for a few ground water 

samples that had high concentrations of TCE. The high concentrations of TCE resulted in a need to 

dilute the samples to prevent contamination of laboratory purge equipment. In Appendix G, results of 

undiluted samples are presented for the same samples for concentrations that did not exceed calibration 

ranges and results of diluted samples are presented for concentrations that exceeded the calibration 

range. 

To understand the impact of not having achieved RBTLs, it is important to understand the convention 

used for reporting non-detect values. Concentrations of organic analytes that were less than their MDLs 

were reported as the threshold value (not the MDL) followed by a 'U' qualifier. The threshold values were 

generally less than typical laboratory reporting limits, but were typically greater than MDLs. This 

convention was used in response to the need to try to measure concentrations as low as the RBTLs. If a 

measured organic analyte concentration exceeded the MDL but was less than the reporting limit, the 

reported concentration was the measured concentration followed by a 'J' qualifier. The 'J' qualifier 

signified that the reported concentration had a high degree of uncertainty even though there was a high 

level of confidence that the analyte had been detected in the sample. Concentrations less than the TV for 
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inorganic chemicals were reported as the TV with a "U' qualifier. Inorganic chemical concentrations 

between the TV and RL were reported with no qualifier. Concentrations of organic and inorganic 

chemicals that exceeded reporting limits were not qualified unless a data quality deficiency was identified. 

These reporting conventions are summarized below: 

Analyte Non-Detect Reporting 

Tables H-4 through H-7 show the nominal TVs and the minimum and maximum non-detect values for 

each analyte in particular matrices (one table per matrix). The nominal TVs represent TVs as estimated 

by the laboratory without any adjustments for sample-specific conditions such as moisture content or 

sample dilutions. Especially in cases where a dilution caused the maximum obsewed non-detect value to 

exceed the RBTL, the nominal N may be less than the RBTL. For example, vinyl chloride had a nominal 

ground water TV of 0.3 pg/L, but the maximum observed non-detect value was 60 pg/L in Round 3 (Table 

H-6). The significant elevation of the N was due to the dilution of at least one ground water sample in 

Round 3 that had a high concentration of at least one other target analyte. 

Measured Concentration 

<TV 

>TV and <RL 

>TV and <RL 

>RL 

The elevated detection limits that were incurred are viewed to be the consequence of uncontrollable, 

sample-specific factors and reflect normal laboratory performance. They did not prevent the use of the 

data for decision making. 

H.3.3 Laboratow Accuracy 

Reported Concentration 

TV (inorganics) 
TV (organics) 

Measured concentration 
(organics) 

Measured concentration 
(inorganics) 

Measured concentration 

Accuracy is the degree of agreement between an obsewed value and an accepted reference value. 

Accuracy measurements are designed to detect biases resulting from sample handling and analysis. This 

parameter is assessed by measuring spiked samples (e.g., MSs) or wellcharacterized samples of 

certified analyte concentrations (e.g., LCSs) and by measuring blanks. 

Qualifier' 

U 

J 

No qualifier 

No qualifier 
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Accuracy requirements for field measurements are typically ensured through control over the sample 

collection and handling and through routine instrument calibration. Field accuracies were monitored 

through the use of blanks to detect cross-contamination and by monitoring adherence to procedures that 

prevent sample contamination or degradation. Source blanks were collected from analyte-free water and 

potable water sources to assess the water sources used for decontaminating sampling equipment. 

Equipment rinsate blanks were collected for this investigation to assess cross-contamination via sample 

collection equipment. These blanks were obtained under representative field conditions by collecting the 

rinse water generated by running analyte-free water through sample collection equipment after 

decontamination and before use. Rinsate blanks were obtained for each type of sampling equipment for 

each day that the sampling equipment was decontaminated. Where pre-cleaned, dedicated sampling 

equipment was used, one rinsate blank was collected as a 'batch blank". Rinsate blanks were analyzed 

for the same chemical constituents as the associated environmental samples. 

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 was also assessed by 

monitoring the analytical recovery of select surrogate compounds added to samples that are analyzed by 

organic chromatographic methods. LCSs were used to assess the accuracy of laboratory operations with 

minimal sample matrix effects. MS and surrogate compound analyses measure the combined accuracy 

effects of the sample matrix, sample preparation, and sample measurement. Spiking concentrations 

equaled or approximated the default concentrations detailed in the applicable sample preparation or 

analysis SOPS. LCS and MS analyses were performed at a frequency of one per 20 associated samples 

of like matrix as required by the Cast High Explosives FilVB-146 QAPP (TtNUS, 2003a). Laboratory 

accuracy was assessed by comparing calculated %R values to accuracy control limits specified in the 

Cast High Explosives FilVB-146 QAPP (TtNUS, 2003a). 

Percent recovery is calculated using the following equation: 

where %R = percent recovery 

- Ss - result of spiked sample 

So = result of non-spiked sample 

S - - concentration of spiked amount. 
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Absence of bias is represented as a recovery of 100 percent. Mean recovery values less than 

100 percent indicate a low bias, and recovery values greater than 100 percent indicate a high bias. 

Because measurement uncertainty exists in all bias estimates, a bias is not considered to be significant 

unless it falls outside the range of 100 percent + 25 percent. The more extreme the bias value, the more 

significant the bias. 

Accuracy data for Rounds 1, 2, and 3 are compiled in Tables H-8 and H-9. Unless otherwise specified, 

each percent R value cited in the discussions below refers to the mean percent R value. Only mean 

percent recoveries that fall outside the range of 100 percent 525 percent are discussed below. Percent 

recoveries that are invalid due to concentrations greater than 4x the spike amount in the native sample 

have been removed from the mean percent recovery calculation. Data qualifiers assigned during data 

validation because of non-compliant bias indicators are presented in Appendix G. 

~olychlorinated Dibenzodioxins (PCDD) and Polychlorinated Dibenzofurans (PCDF) in Soil, Round 1 

The mean LCS, LCSD, MS, and MSD target compound percent recoveries ranged from 78.1 percent to 

125.7 percent. No dioxins were measured in Rounds 2 and 3. 

The 2.3,7,8-TCDF mean percent recovery (125.7 percent) was marginally outside the upper end of the 75 

to 125 percent recovery range. This is considered to be insignificant and there is no significant bias for 

polychlorinated dibenzodioxins and polychlorinated dibenzofurans in soil. 

Explosives in  Soil and Sediment, Round 1 

The mean LCS, MS, and MSD target compound percent recoveries ranged from 16.4 percent to 123.9 

percent. The mean LCS, MS, and MSD recoveries for picramic acid 54.1, 16.4, and 17.6 percent 

respectively, show a severe low bias. This appears to be a systematic problem as all picramic acid 

recoveries were low. 

Overall the recoveries were within the expected range except for picramic acid, which showed a severe 

low bias. 

Explosives in  Soil and Sediment, Round 2 

The mean LCS, MS, and MSD target compound percent recoveries ranged from 69.0 percent to 110.0 

percent. Although picramic acid exhibited low recoveries during Round 1. this compound was not viewed 
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to be a significant contaminant and was not analyzed in Round 2. The mean LCS recovery for tetryl at 

69.0 percent was the only mean less than 93 percent. Of the three LCS percent recoveries that make up 

the mean. only one. at 41.9 was less than 75 percent. 

Overall the recoveries were within the expected range except for one tetryl LCS recovery. No bias is 

expected for the explosives in Round 2. Tetryl is generally unstable in an aqueous environment and 

would not be expected to persist in environmental samples unless large quantities were originally present. 

Therefore, poor recoveries of tetryl are not a concern. 

Explosives in  Ground Water and Surface Water, Round 1 

The mean LCS, MS, and MSD target compound percent recoveries ranged from 58.7 percent to 129.6 

percent. The mean MS and MSD recoveries for RDX (59.7 and 58.7 percent, respectively) show a 

moderately low bias. The mean LCS and MS recovery for picramic acid were slightly low and the mean 

LCS recovery for picric acid was slightly high. These recoveries are just outside the expected range and 

no significant bias is expected. 

Except for RDX, which showed a moderately low bias, the other explosive compound recoveries were 

within the expected range. The RDX is a significant compound to this project because it is widely 

detected in ground water and is operationally related to site activities. All RDX data in surlace and 

ground water should be viewed to be biased moderately low (e.g., perhaps by a factor of two), however, 

biases do change with concentration. 

Explosives in  Ground Water and Sutface Water, Round 2 

The mean LCS, MS; and MSD target compound percent recoveries ranged from 58.8 percent to 157.7 

percent. The mean MS and MSD recoveries for 2,2',6.6'-tetranitro-4,4'-azoxytoluene 58.8 and 64.6 

percent respectively, show a moderately low bias. The mean MSD for 2.4-diamino-6-nitrotoluene and 

mean MS for RDX were above expectations and a slight high bias can be expected. 

Overall the recoveries were within the expected range except for 2,2',6.6'-tetranitro-4.4'-azoxytoluene 

which showed a slightly low bias and 2,4-diamino-6-nitrotoluene, which showed a slightly high bias. 

The potential high RDX bias in Round 2 and the moderately low bias in Round 1 may cause Round 2 

concentrations to appear greater than Round 1 concentrations when there is actually no difference. This 

characteristic should be considered when using the data. 
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Explosives in  Ground Water and Surface Water, Round 3 

The mean LCS, MS, and MSD target compound percent recoveries ranged from 30.0 percent to 123.7 

percent yet nearly all recoveries were within the reference range of 75 to 125 percent. The mean LCS, 

MS. and MSD recoveries for 2,2',6.6'-tetranitro-4,4'-azoxytoluene (38.7, 31.0, and 30.0 percent 

respectively). show a moderate low bias approaching a severed low bias. The mean LCS, MS, and MSD 

recoveries for TNX were below expectations and a slight low bias can be expected. The mean LCS 

recovery (69.9%) for tetryl was also slightly below expectations. No bias is expected for tetryl because 

the mean MS and MSD recoveries were within the expected range. 

Overall the recoveries were within the expected range except for 2,2',6,6'-tetranitro-4,4'-azoxytoluene 

which showed a moderately low bias and TNX, which showed a slightly low bias. 

Herbicides in  Soil and Sediment, Round 1 

Mean MS and MSD target compound percent recoveries for hexachlorophene and pentachlorophenol 

were well below the expected range. The mean LCS percent recovery for hexachlorophene was 61.8 

percent, which is slightly below expectations. The low MS and MSD recoveries (19.8 and 22.2 percent) 

for these compounds appear to be systematic because all mean MS and MSD recoveries were less than 

75 percent (See Table H-8). 

The hexachlorophene recoveries exhibit a severe low bias and the pentachlorophenol recoveries exhibit a 

moderately low bias. These compounds are not expected to be detected at Mine Fill B and Cast High 

Explosives Film-146, so there should be minimal impact on decision making. Should these chemicals 

become important for decision making, however, the low bias must be considered. 

Herbicides in Ground Water and Surface Water. Round 1 

Mean LCS, MS, and MSD target compound percent recoveries for hexachlorophene and 

pentachlorophenol ranged from 30.6 to 57.7 percent and were below the reference range of 75 to 125 

percent (See Table H-9). The low LCS, MS, and MSD recoveries for these compounds appear to be 

systematic because all recoveries were low. 

The hexachlorophene and pentachlorophenol recoveries exhibit a moderately low bias. These 

compounds are not expected to be related to Cast High Explosives FiIVB-146 activities so there should be 
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minimal impact on data quality. Should these chemicals become important for decision making, however. 

the low bias must be considered. 

Semivolatile Organic Compounds in  Soil and Sediment, Round 1 

The majority of semivolatile compound mean LCS, MS, and MSD recoveries were within the expected 

range, with the exceptions of the MS and MSD recoveries for 33-dichlorobenzidine, 4-chloroaniline, and 

hexachlorocyclopentadiene. These compounds typically exhibit poor analytical sensitivities and all MSs 

and MSDs exhibited moderate to low recoveries. 

The semivolatile compounds generally show a slightly low bias, with 3,3'-dichlorobenzidene and 4- 

chloroaniline exhibiting a moderate low bias and hexachlorocyclopentadiene exhibiting a severe low bias. 

Semivolatile Organic Compounds in Ground Water and Surface Water, Round 1 

The majorlay of semivolatile compounds exhibit a slight to moderate low bias with respect to mean LCS, 

MS, and MSD percent recoveries range, with the exceptions of the LCS, MS, and MSD recoveries for 2,4- 

dinitrophenol, 4,6-dinitro-2-methylphenol, 4-nitrophenol, and hexachlorocyclopentadiene. These 

compounds typically exhibit poor analytical sensitivities and all LCS, MS, and MSDs exhibited moderate 

to severe low recoveries. 

Polycyclic Aromatic Hydrocarbons (PAHs) in Soil and Sediment, Round 2 

Mean LCS, MS, and MSD target compound percent recoveries were slightly less than expected. 

indicating a slightly low bias for PAH data for Round 2. 

Polycyclic Aromatic Hydrocarbons (PAHs) in  Ground Water and Surface Water, Round 2 

The mean LCS. MS. and MSD target compound percent recoveries ranged from 34.1 percent to 129.1 

percent. The mean LCS, MS, and MSD recoveries for several PAHs were less than expected. 

Overall, a moderately low bias exists for PAHs for ground water and surface water in Round 2. 

Volatile Organic Compounds in Soil and Sediment, Round 1 

The majority of volatile compound recoveries were within the mean LCS, MS. and MSD percent recovery 

reference range of 75% to 125% or were only slightly outside that range. The mean recoveries falling 
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outside the 75 to 125 percent range are highlighted in Table H-8. The most notable recoveries falling into 

this category because of a potential link to site activities and relatively high toxicity are 1,1,2,2- 

tetrachloroethane, tetrachloroethene, and vinyl chloride. 

The volatile compounds, on average, show a slightly low bias, with the exception of carbon disulfide 

which exhibits a slight high bias. 

Volatile Organic Compounds in Soil and Sediment, Round 2 

The majority of volatile compounds were within the expected mean LCS, MS, and MSD percent recovery 

range of 75 to 125 percent and are generally higher than the Round 1 VOC recoveries. Several ketones 

(2-butanone. 2-hexanone, and 4-methyl-2-pentanone) had slightly low mean MS and MSD recoveries 

ranging from 55 percent to 63 percent. Ketones have an affinity for water which reduces their purging 

efficiency and this is likely cause for the slightly low recoveries. They also exhibit generally lower 

toxicities than other organic analytes such as chlorinated VOCs. Therefore, the slight low bias is of little 

importance. 

The volatile compounds show a slightly low bias that should not impact the overall usability of the volatile 

compounds for Round 2 (See Table H-8). 

Volatile Organic Compounds in Soil and Sediment, Round 3 

The majority of volatile compounds were within the expected mean LCS. MS, and MSD percent recovery 

range of 75 to 125 percent and are generally higher than the Rounds 1 and 2 VOC recoveries. One 

ketone (2-hexanone) had slightly low mean MSD recovery of 73.6 percent in solid samples. Ketones 

have an affinity for water which reduces their purging efficiency and this may be the cause for the slightly 

low recovery. Ketones also exhibit generally lower toxicities than other organic analytes such as 

chlorinated VOCs. Therefore, the slight low bias is of little importance. 

The volatile compounds bromodichloromethane, cis-l,3-dichloropropene, styrene, tetrachloroethene, and 

trans-l,3-dichloropropene also showed a slightly low bias (all between 70 and 75 percent) in the MSDs 

but the bias should not impact the overall usability of the volatile compounds for Round 3 (See Table H- 

8). 

The percent recoveries for tnchloroethene in the MSIMSD of samples 16SB970406, 16SB540205, and 

16SB950406 were removed from the mean MSIMSD calculations because the concentration of 
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trichloroethene present in the un-spiked sample was greater than the spiked concentration which caused 

abnormal percent recoveries. This type of situation invalidates samples as a QC sample for the 

analyte(s) in question. 

Volatile Organic Compounds in Ground Water, Rounds 1,2, and 3 

All volatile compounds were within the expected mean LCS, MS. and MSD percent recovery range, with 

the exceptions of bromomethane, chloromethane, and vinyl chloride, which had moderately low mean MS 

and MSD recoveries for Round 1 and bromomethane which had a slightly low mean MS recovery for 

Round 2. 

The volatile compounds overall show no significant bias, with the exceptions of bromomethane, 

chloromethane, and vinyl chloride which exhibit a moderately low bias for Round 1 (See Table H-9). 

Polychlorinated Biphenyls in Soil, Round 1 

Mean LCS, MS. and MSD PCB percent recoveries were within the expected range with a slightly high but 

insignificant bias for Aroclor-1260 (mean recovery in MS and MSD = 143 percent). 

Polychlorinated Biphenyls in Soil, Round 2 

Mean LCS, MS, and MSD PCB percent recoveries were within the expected range with a moderately high 

bias for Aroclor-1016 (mean recovery in MS and MSD = 143 percent). 

Polychlorinated Biphenyls in Soil, Round 3 

Mean LCS PCB percent recovelies were within the expected range although a moderately high bias was 

evident for Aroclor-1016 (mean recovery in MS and MSD = 159.3 percent) and Aroclor-1260 (mean 

recovery in MS and MSD = 128.7 percent). These chemicals were not detected, which renders the high 

biases insignificant. 

Metals in Soil and Sediment, Rounds 1,2, and 3 

The mean LCS percent recoveries across all Round 1 and 2 soil and sediment spikes for metals analyses 

ranged from 95 to 105 percent. This exceptionally narrow recovery range centered on the theoretically 

perfect value of 100 percent indicates that there is no systematic laboratory bias associated with the 

metals analysis process. The mean LCS percent recoveries across all Round 3 soil and sediment spikes 
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for metals analyses ranged from 100.6 to 140.2 percent. The 140.2 percent recovery for potassium was 

the only mean LCS recovery that exceeded the expected range of 75 to 125 percent. In general the 

percent mean percent recoveries in Round 3 were slightly higher than Rounds 1 and 2. This may cause 

Round 3 concentrations to appear slightly greater than Rounds 1 and 2 concentrations when there is 

actually no difference. 

Whereas the LCSILCSD recoveries were generally acceptable, the soil and sediment sample matrix 

recoveries show a moderate high bias with the mean MS recoveries for calcium, chromium, and titanium 

in Round 1, titanium and zinc in Round 2, and aluminum and manganese in Round 3, all greater than 150 

percent. The metals with the highest MS recoveries are metals that typically have native sample 

concentrations approaching 4 times the spike amount, which falsely creates an apparent bias because of 

the heterogeneity typical of soil samples. 

The low mean percent recovery for lead and negative mean percent recovery for zinc were caused by 

one of three MS samples (16SD0802) having high concentrations of lead and zinc which falsely created a 

low bias. 

The metals, overall, exhibit no bias to a slightly high bias, with a moderate high bias for aluminum, 

calcium, chromium, manganese, titanium, and zinc for Rounds 1, 2, or 3 (See Table H-8). The moderate 

high bias appears to be a false indication caused by invalid QC samples wherein the amount of metal 

added to the unspiked samples did not increase the metal concentration enough to generate a detectable 

difference between the unspiked and spiked samples. 

Metals in Ground Water and Surface Water, Rounds 2 and 3 

The mean LCS percent recoveries across all Round 2 and 3 ground water and surface water spikes for 

metals analyses ranged from 90.8 to 108.8 percent. This exceptionally narrow recovery range centered 

on the theoretically perfect value of 100 percent indicates that there is no systematic laboratory bias 

associated with the metals analysis process. 

The filtered ground water and surface water sample matrices (dissolved metal results) show a slightly low 

bias for all metals except calcium and sodium in Round 2 and show no significant bias in Round 3 with 

the exception of calcium. The low bias shown for calcium in Round 3 was caused by the MS of one 

sample (13GWT4801) with a low percent recovery. This data point was considered to be invalid because 

the concentration of calcium in the native sample approaches 4 times the spiked concentration. The 
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removal of this invalid QC result would yield an acceptable mean percent recovery of calcium across all 

samples. 

The total ground water and surface water sample matrix had one slightly high mean MS for sodium. The 

dissolved metal results exhibit an overall slightly low bias and the total metal results do not exhibit 

significant bias (See Table H-8). 

Miscellaneous Parameters, Rounds 2 and 3 

Mean LCS, MS, and MSD percent recoveries were within the expected range for all analysis except for a 

slightly low bias for ammonia nitrogen (mean recovery approximately = 67 percent in MS and MSD) in 

Round 2. 

H.3.4 Laboratorv Precision 

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. 

Precision for chemical parameters is expressed as a Relative Percent Difference (RPD), which is defined 

as the ratio of the difference to the mean for the two values being evaluated. RPDs, typically expressed 

as percentages, are used to evaluate both field and laboratory duplicate precision and are calculated as 

follows: 

where RPD = relative percent difference 

V1,V2 = two results obtained by analyzing duplicate samples 

The precision estimates obtained from duplicate field samples encompass the combined uncertainty 

associated with sample collection, homogen~zation, 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 (i applicable), and analysis uncertainties. 
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Field duplicates for Cast High Explosives Fill/B146 soils and sediments were collected as a single sample 

that was sampled in duplicate for VOCs, then homogenized, split into two portions, and placed into 

separate sample bottles for the non-VOC analyses. Each sample bottle was assigned .a unique 

nomenclature so as to be 'blinb to the laboratory. Field duplicates were collected during a single act of 

sampling and were analyzed for chemical constituents to measure the precision of the sampling and 

analysis program, as well as the natural sample heterogeneity 

Field duplicates were to be collected at a rate of one per 10 environmental samples for Round 1 and 1 

per 20 environmental samples for Rounds 2 and 3. The number of duplicates collected was greater than 

these frequencies because the analytical suite is not identical for all samples. The number of duplicates 

collected corresponds to the number of samples collected for a particular analytical fraction. The number 

of duplicates per samples collected for all analytical fractions met the 10 percent frequency criterion 

specified in the Cast High Explosives FiIllB-146 QAPP (TtNUS, 2003a). 

Laboratory precision QC samples [i.e., laboratory duplicates for inorganic chemicals and LCSILCSD and 

matrix spike (MS) I matrix spike duplicate (MSD) samples for organic chemicals] were scheduled to be 

analyzed at a rate of one QC sample per 20 environmental samples. This 5 percent rate as specified in 

the Cast High Explosives FilllB-146 QAPP (TtNUS, 2003a) was achieved for aqueous, soil, sediment, and 

seep samples. 

Laboratory duplicates are usually analyzed during the metals and miscellaneous analyses as a check on 

the precision of the analyses. For organic compounds analyzed by chromatography, laboratory 

duplicates are commonly supplanted with MSDs because the organic compounds do not occur naturally 

in samples and precision can not be estimated from non-detect values. 

During Rounds 1, through 3, 13 aqueous laboratory duplicates were analyzed and 8 soil laboratory 

duplicates were analyzed. Laboratory precision was assessed by comparing calculated RPD values to 

precision control limits specified in the Cast High Explosives FillIB-146 QAPP (TtNUS, 2001 b). 

RPD values greater than 50 percent for solid matrices and 30 percent for aqueous matrices are 

occasionally observed. In addition, values of this magnitude are often small compared to the 

concentration variability o b s e ~ e d  across site samples. This characteristic is important because it 

indicates that the uncertainty associated with decision making is often most affected by the overall site 

data variability and not as much by the local variability at any one location. Nevertheless, Table H-10 and 

H-11 represent all exceedances of these reference points (aqueous 30% and solid 50%) for laboratory 

duplicates, field duplicates. LCSRCSD, and MSIMSD RPDs. Field and laboratory precision values that 
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did not exceed the reference points are not included in the discussions below. Unless otherwise specified, 

RPD values cited in the discussions below refer to individual RPDs of a single pair of original and 

duplicate samples. 

Explosives in  Ground Water and Surface Water, Round 1, Round 2, and Round 3 

RPDs for ten target compounds in four out of six MSIMSDs exceeded the 30 percent reference point 

(Table H-10). The RPDs ranged from 31.4 percent to 179.5 percent. The most severe exceedances are 

for 3,5-dinitroaniline and 4-nitrotoluene (in different samples, 13GWT3601 and 13SW1302). Most of the 

exceedances are associated with these two samples, which indicates that the large RPDs are specific to 

those samples. Otherwise, the data indicate few RPD values in excess of the 30 percent reference point. 

One ground water and one surface water field duplicate RPD exceeded 50 percent for TNX (Table H-11). 

MNX exceeded the 30 percent reference point four times. 

Given the number of RPD results generated for aqueous samples, there are relatively few exceedances 

of the 30 percent reference point for explosives and the data should be considered useful as reported. 

however, some uncertainty beyond the usual level of uncertainty has been indicated for the nine 

chemicals identified in Tables H-10 and H-1 1. ) 

Sernivolatiles in  Ground Water and Surface Water, Round 1 and Round 2 

RPDs for 12 different surrogate and target compounds in two out of five MSIMSDs exceeded the 30 

percent reference point (Table H-10). All of the high RPDs in Round 1, except for 

hexachlorocyclopentidiene. are associated with phenolic compounds. The loss of phenols indicates that 

the laboratory may be occasionally reducing the volume of the sample extracts too aggressively. This 

does not appear to be a systemic problem as it only occurred in two sets of MSMSDs. The existence of 

this problem indicates a moderate possibility for a greater than normal uncertainty with phenolic 

compounds in samples associated with Round 1. An RPD for pyrene (30.5) in a single surface water 

MSIMSD during Round 2 was in excess of the 30 percent reference point (Table H-11). The RPD of 30.5 

barely exceeds the reference point and this exceedance is considered to be insignificant. In general, 

precision for SVOCs in aqueous samples for Rounds 1 and 2 was acceptable with an apparent degraded 

precision when analyzing phenolic compounds. 
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Semivolatiles in Soil and Sediment, Round 1 and Round 2 

RPDs for 24 different target compounds in four out of seventeen MSIMSDs exceeded the 50 percent 

reference point (Table H-10). Several PAHs from sample 13SD050004 had RPDs of 200. Most of the 

exceedances of 50% RPD occurred in this sample and one other sample. All others were generally 

within expectations. These exceedances were therefore evidently not widespread and do not indicate the 

existence of widespread precision problems. Instead. they indicate that precision is generally acceptable 

for soil sample SVOC analyses. The 3,3'-dichlorobenzidine RPD for sample 13SS040002 had an RPD of 

200. This compound has a poor analytical response and only had a 12% recovery in the MS and a zero 

percent recovery in the MSD See Section H.3.4. This compound is not likely to be detected at the Cast 

High Explosives FilVB-146 and should not affect data usability. The possibility for moderate uncertainty 

exists for the SVOC compounds listed on Table H-10. 

Several PAHs and safrole had field duplicate RPDs in excess of the 50 percent reference point for 

sediment and surface soil samples in Round 1 and Round 2 (Table H-11). These RPDs indicate sample 

heterogeneity among sediment and surface soils. The possibility for moderate uncertainty exists for 

PAHs and safrole in sediments and surface soils. 

Volatiles in Soil, Rounds 1,2, and 3 

No VOC compounds had RPDs in excess of the 50 percent reference point for Round 1. The absence of 

exceedances for soil samples indicate that VOC data are generally useful as reported with no unusual 

uncertainties for Round 1. 

One VOC compound had a field duplicate RPD in excess of the 50 percent reference point for one soil 

sample in Round 2. One Round 2 VOC compound also had MSIMSD duplicate RPD in excess of the 50 

percent reference point for one soil sample. The few exceedances of the 50% reference point for soils 

indicate that VOC data are generally useful as reported with no unusual uncertainties fro Round 2. 

Six Round 3 VOC compounds had a field duplicate RPD in excess of the 50 percent reference point. The 

few exceedances of the 50% reference point for soils indicate that Round 3 VOC data are generally 

useful as reported with no unusual uncertainties. Three Round 3 RPD results for trichloroethene were 

omifled from this evaluation because the concentration trichloroethene present in the unspiked sample 

greatly exceeded the spiked concentration causing the RPDs to be severely skewed. 
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Dioxins and Furans in  Soil, Round 1 

An RPD for 2,3,7,8-TCDF in one MSIMSD exceeded the 50 percent reference point (Table H-1 0). 

Several dioxins had field duplicate RPDs in excess of the 50 percent reference point (Table H-11). 

The absence of MS/MSD exceedances indicates that the RPD reference value exceedances are 

associated with field rather than with laboratory duplicates. This may be a consequence of having very 

low dioxin concentrations or it could reflect the better mixing associated with laboratory rather than field 

duplicates. Thus, the exceedances are attributed either to the low observed dioxin concentrations or to 

greater heterogeneity in the field duplicates than the laboratory duplicates. Neither of these situations 

indicates a sampling or analylical deficiency. The level of uncertainty described here should be 

considered when using the dioxin data. 

Metals in  Soil and Sediment, Rounds 1,2, and 3 

Several Round 1 and Round 2 metals in multiple field duplicates and laboratory duplicates out of a total of 

19 field and laboratory duplicates exceeded the 50 percent reference point (Table H-1 I). This is indicative 

of sample heterogeneity in sediment and soil samples. In general, the RPDs for the laboratory duplicates. 

performed on the same samples as field duplicates, are less than the RPDs for the field duplicates, this is 

to be expected. Based on these QC data the possibility for moderate uncertainty exists for metals in 

sediment and soil. Whether the uncertainty is significant depends on how the uncertainty affects 

decisions associated with, for example, evaluating the nature and extent of contamination and the 

evaluation of risks. 

RPDs for 4 metals in one Round 3 soil field duplicate and two metals in one Round 3 laboratory duplicate 

exceeded the 50 percent reference point. RPDs for metals in the field duplicate in exceedance of the 

50% criterion ranged from 51.7 percent to 154.5 percent and elevated RPDs for metals in the laboratory 

duplicate were 66.7 percent and 104.6 percent. The RPDs appear to reflect natural sample 

heterogeneity, based on the number of exceedances and the observed RPD values. 

Metals in Ground Water and Surface Water, Rounds 1 and 2 

Four metals in five out of twenty-seven field duplicates exceeded the 30 percent reference point (Table H- 

11). The range of RPDs is 53 to 127, this is higher than would be expected for aqueous samples 

because water samples are relatively homogenous. The possibility for high uncertainty exists occasionally 

for metals in surface water and ground water for Rounds 1 and 2. The high uncertainty may be caused 

by entrained solids in the samples. 

x3xcdP H-26 CTO 0343 
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Metals in Ground Water and Surface Water, Round 3 

Eight metals (beryllium, cadmium, lead, selenium, silver, thallium, tin, and vanadium) in a total of 14 

laboratory duplicates were detected in only one of the samples in a duplicate pair. This yielded RPDs of 

200% but these values are not indicative of analytical performance because a valid RPD can not be 

computed with a single sample result. The 200 %RPD values are not shown in Table H-12. RPDs 

(ranging from 31.8 percent to 141.9 percent) for eleven metals in 10 field or laboratory duplicates 

exceeded the 30 percent reference point. Therefore, the relative uncertainty for these metals is not 

accurately represented by the tabulated RPDs and is not discussed further. It appears that some of the 

imprecision could be caused by suspended solids in the samples because all of the highest RPD values 

are associated with unfiltered metals concentrations. Therefore, precision is viewed to be generally 

acceptable for aqueous metals analyses with the potential for occasional high imprecision, caused in part 

by entrained solids. 

Polychlorinated biphenyls in Soil, Round 1 

An RPD for Aroclor-1248 in one out of six field duplicates exceeded the 50 percent reference point (Table 

H-11) This indicates sample heterogeneity in soil samples. Otherwise. RPD values were within 

expectations and there do not appear to be any unusual uncertainties associated with the PCB data. 

Miscellaneous Parameters in Ground Water and Surface Water, Round 2 

RPDs for ammonia nitrogen in three out of eleven MSIMSDs exceeded the 50 percent reference point 

(Table H-10). The RPDs ranged from 34 to 48 indicating that moderate uncertainty occasionally exists for 

ammonia nitrogen in water samples collected during Round 2. 

An RPD for ammonia nitrogen in one of eight field duplicates exceeded the 50 percent reference point 

(Table H-11). The RPD (120.0) was higher than expected for an aqueous matrix and the possibility for 

occasionally high uncertainty exists for ammonia in surface waters. 

Dissolved Gases in Ground Water, Round 2 

RPDs for ethene and ethane in one field duplicate exceeded the 50 percent reference point (Table H-11). 

The RPDs (83, ethene and 96, ethane) were higher than expected for an aqueous matrix and the 

possibility for high uncertainty exists for ethene and ethane in ground water. Other dissolved organic gas 

XXULWJP H-27 CTO 0343 
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concentrations may suffer from a relatively high degree of uncertainty that did not manifest itself because 

only one field duplicate sample was analyzed. In the absence of additional data, the results for ethane 

and ethene. and possibly other dissolved organic gases, should be viewed as having a relatively high 

degree of uncertainty, (e.g., and RPD of at least 50) 

Comparability is defined as the confidence with which one data set can be compared with another (e.g., 

among sampling points and among sampling events). Comparability was achieved by using standardized 

sampling and analysis methods, as well as standardized data reporting formats. Comparability of field data 

was ensured by following the Cast High Explosives FiIVB-146 QAPP (TtNUS, 2003a) and related addenda 

(TtNUS, 2003b; TtNUS, 2004). Comparability of laboratory measurements was achieved primarily through 

the use and documentation of standard sampling and analytical methods. Results were reported in units 

that ensured comparability with previous data and with current state and federal standards and guidelines. 

Comparability of laboratory measurements was assessed primarily through the use of QC samples and 

through adherence to the QA plan. No comparability problems were detected. 

The laboratory analyzed various QC samples along with the environmental samples to allow data users to 

assess the quality of the data. Tables H-12 and H-13 show the rates of data qualification that resulted 

from application of the data validation process for aqueops and solid samples. respectively. The 

numerical qualification rates presented in the table represents the percentage of data qualified as 

indicated forthe indicated reason. An example is the best way to explain how to interpret the table: 

The 33.3 in the =I" Validation Qualifier column indicates that 33.3 percent of the J-qualified data for 2- 

amino-4.6-dinitrotoluene were qualified that way because of reasons 'P" (Code = P) and 'U" (Code = U) . 
The 'P" definition at the bottom of the table indicates that the result(s) was near the detection limit and 

this proximity to the detection limit introduced additional uncertainty into the measured result(s). Reason 

'U" is defined at the bottom of the table to represent a Percent Difference between columns or detectors 

that exceeds 25 percent for positive results determined via gas or liquid chromatographic methods. 

Parameter 

X~LWJP H-28 CTO W43 

Code Validation ~ua l i f ie r '  
BJ I B U I  J  I R  I U  I U J I U R  
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Similarly, the 66.7 in the 'J" column indicates that 66.7 percent of the J-qualified data were qualified that 

way because of reason "U". 

All other values in the table are to be interpreted in a similar manner. Quantitative summaries of accuracy 

and precision are provided in Sections H.3.3 and H.3.4. Inability to achieve target detection limits or 

RBTLs in several cases should also be considered (See Section H.3.2). 

Representativeness is an expression of the degree to which data accurately and precisely depict the 

actual characteristics of a population or environmental condition existing at an individual sampling point 

and is contingent on a good design for the sampling program. For each environmental medium 

investigated, there were two general populations - site and background. The site population(s) is the 

portion of a medium potentially contaminated as a result of site operations. Sampling of the site 

population was designed to directly support the project objectives of determining the nature and extent of 

contamination and evaluating human and ecological risks. The background population is that portion of a 

medium that is similar to the site population but expected or known not to be contaminated through site 

operations. A background population is a point of reference for understanding whether or not site 

chemical concentrations represent site-related contamination. For mobile media (sediment, surface water 

and ground water) the term upgradient, rather than background, is generally used to refer to locations 

unaffected by site operations. 

Data were collected from the locations specified in the Mine Fill B and Cast High Explosives FilUB-146 

QAPP with only minor modificatioris that reflect uncertainty in marking the locations in the field. The 

(Mine Fill B and Cast High Explosives FilIlB-146 QAPP and the use of standardized sampling, sample 

handling, sample analysis, and data reporting procedures were designed so that the final data would be 

accurate representations of actual site conditions. It is believed that all reported data are adequately 

representative of site conditions. 
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Analytical Fraction 

1 The completeness estimate lor the composting operation was 100 percent for each fraction. Yellow or gray (if printed in Mack and white) 
highlight inrhtes that the number of samples coilecled is less than proposed; heavy outline indicates that the number of samples collecled 
exceeds the number proposed. Reasons for not cdlecting particular samples are provided in Secllon 2.0. 

2 Includes both surface and subsurface soil samples, some d which could not bemllecled because 
of encwntering retusal. Neglecting refusal. the percentages that are shown as less than 90 percent in 

this table are greater than 90 percent. 

3 Some aqueous samples were littered to allow for determining whether or not the observed metals concentrations were associated with 
turbidity. 

4 The tolal number d samples proposed does not include discretionaty samples that were not collected. 

p 
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1. The completeness estimate for the composting operation was 100 percent for each fraction 

CEC - Cation Exchange Capacity 
EXP - Explosives 
HERB - Herbicides 
M - Metals 
SVOC - Semivolatile organic compounds, except PAHs 
NH3 - Ammonia 
NITA - NitratelNitrite 
SEM - AVSISEM 
CL - Chloride 
SO, - Sulfate 

VOC -Volatile organic compounds 
PCB - Polychlorinated biphenyls 
PEST - Pesticides 
PAH - Polynuclear aromatic hydrocarbons 
TOC -Total organic carbon 
AVS - AVSISEM 
OVG - Dissolved organic gases 
AVSISEM - Acid volatile sulfideslsimultaneously extracted metals 
DlOX - Dioxins and furans 
NA - Not Analyzed 
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ACROLEIN 
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16SB0630608 ACROLEIN 

16SB0680206 ACROLEIN 

16580690206 
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ACENAPHTHYLENE 

ANTHRACENE 

DlETHYL PHTHALATE 

Dl-N-OCNL PHTHALATE 

FLUORANTHEN 
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BROMOMETHANE 

CHLOROBENZENE 

PROPIONITRILE 

TRANS-1 3-DICHLOROPROPENE 

AROCLOR-1221 
AROCLOR-1232 
AROCLOR-1242 
AROCLOR-1248 
AROCLOR-1254 

35 
18 
18 
18 
18 

50 
25 
25 
22 
25 

34 
17 
17 
17 
17 

67 
33 
33 
33 
33 

220 
220 
220 
220 
220 
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I 
DlOX - Dioxins and furans 
! 3 P  - Explosives 
HERB - Herbicides 
. . . . . . - 

, Miscellanous . ..., . " e cornposting operation. 1 
~wnds  

VOC - Volatile organic compounds 
PEST - Pesticides 
P C B -  
-limit) 
TV - Analytical Threshold value (method detection limit adjusted for estimated sample malrix effects) 
-- - Not applicable 1 I 

I I I 
I 

MGKG = milligrams per kilogram 
NGMG = nancgnns per kilogram 
UGKG = micrograms per kilogram 

I 
I I I I I I 

1 Yellow or gray highlight indicates that the value exceeds the risk-based target level. Analytes that did not 
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2-NITROANILINE 

5-NITRO-0-TOLUIDINE 79 120 67 333 15000 
7,12-DIMETHYLBENZ(A)ANTHRACENE 79 120 67 333 66400 
A.A-DIMETHYLPHENETHYLAMINE 79 120 67 670 61000 
ACENAPHTHENE 3.9 5.9 3.3 6.7 6.71 
ACENAPHTHYLENE 3.9 5.8 3.3 6.7 5.87 
ACETOPHENONE 79 120 67 333 246 
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3-CHLOROPROPENE 

BROMOFORM 

CARBON TETRACHLORIDE 
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AVSISEM = Acid volatile sulfides/simullaneously extracted metals 
EX? - Explosives 
HERB - Herbicides 
M -Mews 
MISC - Miscellanous 
PAH - Polycyclic ammatic hydrocarbons 
SVOA - ~emivolatile organic compounds 
VOC -Volatile organlc cwnwnds 

MGKG = milligrams per Ulogram 
UGKG =micrograms per kilogram 
UMOIG = mlcmoles per gram 

Fraction 

1 Yellow or gray highlight indicates lhal the value exceeds me risk-based target level. Analytes that did not exhibit any concentrafions less than 
detecM limits are not shown. 
2 RFI Round 1 lhrough 3 RBTL is th e lowest of all risk-based target levels llsted In the QAPP. Cornposting data RBTLs are 
the residentialclanup levels as presented in the Interim Measures Reporl Onserl reference). 

Parameter 
VINYL ACETATE 
VINYL CHLORIDE 

Data 

Minimum Non- 
detect 

Concentration 
0.948 
0.948 

Reference Values 

Maximum Non- 
detect 

Concentration 
1.49 
1.49 

Laboratory 
(3) 

1 
1 

Laboratory 

RL''' 
10 
3 

Risk- 
Based 
Target 

~evet"' 
12.95 

2 



TABLE H- 6 

GROUND WATER MAXIMUM AND MINIMUM DETECTION LIMITS VERSUS RBTLs, ROUNDS 1.2, AND 3 
SWMU 13 -(MINE FILL 6) 

- 

SWMU 16 -(CAST HIGH EXPLOSIVES ~ 1 ~ ~ ~ 1 4 6 ) " '  
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 9 

Parameter 

6-DINITROTOLUENE 



TABLE H- 6 

GROUND WATER MAXIMUM AND MINIMUM DETECTION LIMITS VERSUS RBTLs, ROUNDS 1,2, AND 3 
SWMU 13 -(MINE FILL 6) 

- 

SWMU 16 -(CAST HIGH EXPLOSIVES FILL/BI~~)"' 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 9 



TABLE H- 6 

GROUND WATER MAXIMUM AND MINIMUM DETECTION LIMITS VERSUS RBTLs, ROUNDS 1 ,2 ,  AND 3 
SWMU 13 -(MINE FILL B) 

SWMU 16 -(CAST HIGH EXPLOSIVES F I L U B ~ ~ ~ ) " '  
NSWC CRANE 

CRANE, INDIANA 
PAGE 3 OF 9 

Parameter 

- 



TABLE H- 6 

GROUND WATER MAXIMUM AND MINIMUM DETECTION LIMITS VERSUS RBTLs, ROUNDS 1,2, AND 3 
SWMU 13 -(MINE FILL B) 

SWMU 16 -(CAST HIGH EXPLOSIVES F I L U B ~ ~ ~ ) " '  
NSWC CRANE 

CRANE, INDIANA 
PAGE 4 OF 9 



TABLE H- 6 

GROUND WATER MPXIMUM AND MINIMUM DETECTION LIMITS VERSUS RBTLs. ROUNDS 1,2, AND 3 
SWMU 13 -(MINE FILL B) 

SWMU 16 -(CAST HIGH EXPLOSIVES FILLIB~~~)" '  
NSWC CRANE 

CRANE, INDIANA 
PAGE 5 OF 9 



TABLE H- 6 

GROUND WATER MAXIMUM AND MINIMUM DETECTION LIMITS VERSUS RBTLs, ROUNDS 1.2, AND 3 
SWMU 13 -(MINE FILL B) 

- 

SWMU 16 -(CAST HIGH EXPLOSIVES F I L U B ~ ~ ~ ) ' "  
NSWC CRANE 

CRANE, INDIANA 
PAGE 6 OF 9 



TABLE H- 6 

GROUND WATER MAXIMUM AND MINIMUM DETECTION LIMITS VERSUS RBTLs, ROUNDS - 1,2. AND 3 
SWMU 13 -(MINE FILL B) 

SWMU 16 -(CAST HIGH EXPLOSIVES ~ 1 ~ ~ ~ 1 4 6 ) ' "  
NSWC CRANE 

CRANE, INDIANA 
PAGE 7 OF 9 



TABLE H- 6 

GROUND WATER MAXIMUM AND MINIMUM DETECTION LIMITS VERSUS RBTLs, ROUNDS 1.2, AND 3 
SWMU 13 -(MINE FILL 8) 

SWMU 16 -(CAST HIGH EXPLOSIVES FILUB~~~)("  
NSWC CRANE 

CRANE, INDIANA 
PAGE 8 OF 9 



TABLE H- 6 

GROUND WATER MAXIMUM AND MINIMUM DETECTION LIMITS VERSUS RBTLs, ROUNDS 1.2, AND 3 
SWMU 13 -(MINE FILL 6) 

SWMU 16 -(CAST HIGH EXPLOSIVES F I L U B ~ ~ ~ ) ( "  
NSWC CRANE 

CRANE, INDIANA 
PAGE 9 OF 9 

1 Yellow or gray highlighl lndicales mat the value exceeds lhe risk-based large1 level. Analytes that did n exhibn any Concentrations less than detection 
limits are not shorn. 
2 RFI Round I lhrwgh 3 RBTL is th e lovest of all n*-k-basad target levels listed In lhe QAPP. Camposting data RBTLs are 1 
the ~ ~ ~ n l i a I  clenup levels as presented in ihe Interim Measures Report (inserl refersnce). 1 1 

I I I I 

I 
EXP - Ex*ive?. I 
HERB - He-s 
M - Metals 1 
MF - Metals linered 
MISC - Miscellanous 
SVOC - Semivolatile organic compounds 
VOC - Volat~le organic compounds 
FIEU) - Feld parameters 

I I 
MGR = milligrams per Uter I 
UGIL = miucgrams per Liter 1 

I I 

1 



TABLE H- 7 

SURFACE WATER MAXIMUM AND MINIMUM DETECTION LIMITS VERSUS RBTLs, ROUNDS 1,2, AND 3 
SWMU 13 -(MINE FILL B) 

SWMU 16 -(CAST HIGH EXPLOSIVES FILLIB~~~)" '  
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 10 

PlCRAMlC ACID 



TABLE H- 7 

SURFACE WATER MAXIMUM AND MINIMUM DETECTION LIMITS VERSUS RBTLs, ROUNDS 1,2, AND 3 
SWMU 13 -(MINE FILL B) 

SWMU 16 -(CAST HIGH EXPLOSIVES FILLIB~~~)"' 
NSWC CRANE 

CRANE, INDIANA 
PAGE20FlO 



TABLE H- 7 

SURFACE WATER MAXIMUM AND MINIMUM DETECTION LlMrrs VERSUS RBTLS, ROUNDS I ,  2, AND 3 
SWMU 13 -(MINE FILL B) 

SWMU 16 - (CAST HIGH EXPLOSIVES Fl~UB146)"' 
NSWC CRANE 

CRANE,lNDlANA 
PAGE 3 OF 10 

CNITROPHENOL 

ACENAPHTHYLENE 



TABLE H- 7 

SURFACE WATER MAXIMUM AND MINIMUM DETECTION LIMITS VERSUS RBTLs, ROUNDS 1,2, AND 3 
SWMU 13 - (MINE FILL 6)  

SWMU 16 - (CAST HIGH EXPLOSIVES ~l~L/B146)(' '  
NSWC CRANE 

CRANE, INDIANA 
PAGE 4 OF 10 



TABLE H- 7 

SURFACE WATER MAXIMUM AND MINIMUM DETECTION LIMITS VERSUS RBTLs, ROUNDS 1,2, AND 3 
SWMU 13 -(MINE FILL B) 

SWMU 16 - (CAST HIGH EXPLOSIVES F ILUB~~~)" '  
NSWC CRANE 

CRANE, INDIANA 
PAGE 5 OF 10 

3-NITROTOLUENE 

CADMIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 

0.04 
0.13 
0.11 
0.26 
5.7 

0.3 
1.5 

0.52 
0.93 
123 

0.04 
0.02 
0.02 
0.06 
2.22 

1 
1 
1 
2 
50 

0.66 
42 
5 
5 

300 



TABLE H- 7 

SURFACE WATER MAXIMUM AND MINIMUM DETECTION LIMITS VERSUS RBTLs, ROUNDS 1,2, AND 3 
SWMU 13 -(MINE FILL B) 

SWMU 16 -(CAST HIGH EXPLOSIVES F I L L ~ B ~ ~ ~ ) " '  
NSWC CRANE 

CRANE, INDIANA 
PAGE 6 OF 10 



TABLE H- 7 

SURFACE WATER MAXIMUM AND MINIMUM DETECTION LIMITS VERSUS RBTLs, ROUNDS 1,2, AND 3 
SWMU 13 -(MINE FILL B) 

SWMU 16 - (CAST HIGH EXPLOSIVES FILLIB~~~)"' 
NSWC CRANE 

CRANE, INDIANA 
PAGE 7 OF 10 

PHENAMHRENE 



TABLE H- 7 

SURFACE WATER MAXIMUM AND MINIMUM DETECTION LIMITS VERSUS RBTLs, ROUNDS 1,2, AND 3 
SWMU 13 -(MINE FILL B) 

SWMU 16 - (CAST HIGH EXPLOSIVES FILLIB~~S)" 
NSWC CRANE 

CRANE, INDIANA 
PAGE 8 OF 10 



TABLE H- 7 

SURFACE WATER MAXIMUM AND MINIMUM DETECTION LIMITS VERSUS RBTLs, ROUNDS 1,2, AND 3 
SWMU 13 - (MINE FILL B) 

SWMU 16 -(CAST HIGH EXPLOSIVES ~ l ~ L B 1 4 6 ) " '  
NSWC CRANE 

CRANE, INDIANA 
PAGE 9 OF 10 



TABLE H- 7 

SURFACE WATER MAXIMUM AND MINIMUM DETECTION LIMITS VERSUS RBTLs, ROUNDS 1.2, AND 3 
SWMU 13 -(MINE FILL B) 

SWMU 16 - (CAST HIGH EXPLOSIVES F I L U B ~ ~ ~ ) " )  
NSWC CRANE 

CRANE, INDIANA 
PAGE 10 OF 10 



TABLE H- 8 

SOLID MATRIX MEAN PERCENT RECOVERIES OF LABORATORY BIAS INDICATORS f OR ROUNDS 1.2, 
AND 3 

SWMU 13 -(MINE FILL B) 
SWMU 16 -(CAST HIGH EXPLOSIVES FILUB146) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 9 



TABLE H- 8 

SOLID MATRIX MEAN PERCENT RECOVERIES OF LABORATORY BIAS INDICATORSFOR ROUNDS 1,2, 
AND 3 

SWMU 13 -(MINE FILL B) 
SWMU 16 -(CAST HIGH EXPLOSIVES FILLIB146) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 2 OF 9 



TABLE H- 8 

SOLID MATRIX MEAN PERCENT RECOVERIES OF LABORATORY BIAS INDICATORSFOR ROUNDS 1,2, 
AND 3 

SWMU 13 -(MINE FILL B) 
SWMU 16 - (CAST HIGH EXPLOSIVES FILLIB146) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 3 OF 9 



TABLE H- 8 

SOLID MATRIX MEAN PERCENT RECOVERIES OF LABORATORY BIAS INDICATORSFOR ROUNDS 1.2, 
AND 3 

SWMU 13 -(MINE FILL B) 
SWMU 16 -(CAST HIGH EXPLOSIVES FILUB146) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 4 OF 9 



TABLE H- 8 

SOLID MATRIX MEAN PERCENT RECOVERIES OF LABORATORY BIAS INDICATORS FOR ROUNDS 1,2, 
AND 3 

SWMU 13 -(MINE FILL B) 
SWMU 16 -(CAST HIGH EXPLOSIVES FILLIB146) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 5 OF 9 



TABLE H- 8 

SOLID MATRIX MEAN PERCENT RECOVERIES OF LABORATORY BIAS INDICATORS FOR ROUNDS 1.2, 
AND 3 

SWMU 13 -(MINE FILL B) 
SWMU 16 - (CAST HIGH EXPLOSIVES FILUB146) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 6 OF 9 



TABLE H- 8 

SOLID MATRIX MEAN PERCENT RECOVERIES OF LABORATORY BIAS INDICATORSFOR ROUNDS 1,2, 
AND 3 

SWMU 13 -(MINE FILL B) 
SWMU 16 -(CAST HIGH EXPLOSIVES FILUB146) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 7 OF 9 



TABLE H- 8 

SOLID MATRIX MEAN PERCENT RECOVERIES OF LABORATORY BIAS INDICATORSFOR ROUNDS 1.2, 
AND 3 

SWMU 13 -(MINE FILL B) 
SWMU 16 - (CAST HIGH EXPLOSIVES FILLIB146) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 8 OF 9 

CHLOROETHANE 

OMOMETHANE 

ISOBUTANOL 



TABLE H- 8 

SOLID MATRIX MEAN PERCENT RECOVERIES OF LABORATORY BIAS INDICATORSF OR ROUNDS 1,2, 
AND 3 

SWMU 13 -(MINE FILL B) 
SWMU 16 - (CAST HIGH EXPLOSIVES FlLUB146) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 9 OF 9 

I I Pement recovery information was not available for chemical parameters. I 1 

DlOX - Dioxins and furans -- 
EXP - Energetics 
HERB - Herbicides 

control sample 
LCSD - L m a  uplicate 
M - Metals I 

- 

MS - Matnx spike 
MSD -Matrix splke duplicate 

2 RFI Round 1 through 3 RBTL IS th e lowest of all nsk-based target levels listed in the OAPP. Cornposting -- -- 
RBTLs are the residential clenup levels as presented in the lntenm Measures Report (insert reference). 

- 

q 
RPD - Relative percent difference (See OAPP for calculation method) 
SVOC Semivolatile organic compound 

NA - Not applicable 
I 

I 

-- 

- - - 



TABLE H- 9 

AQUEOUS MATRIX MEAN PERCENT RECOVERIES OF LABORATORY BIAS INDICATORS FOR ROUNDS 1, 
2, AND 3 

SWMU 13 -(MINE FILL B) 
SWMU 16 -(CAST HIGH EXPLOSIVES FILLIB146) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 0 6  10 



TABLE H- 9 

AQUEOUS MATRIX MEAN PERCENT RECOVERIES OF LABORATORY BIAS INDICATORS FOR ROUNDS 1, 
2, AND 3 

SWMU 13 - (MINE FILL B) 
SWMU 16 -(CAST HIGH EXPLOSIVES FILUB146) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 2 OF 10 



TABLE H- 9 

AQUEOUS MATRIX MEAN PERCENT RECOVERIES OF LABORATORY BIAS INDICATORS FOR ROUNDS 1, 
2, AND 3 

SWMU 13 - (MINE FILL B) 
SWMU 16 -(CAST HIGH EXPLOSIVES FILUB146) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 3 OF 10 



TABLE H- 9 

AQUEOUSMATRIX MEAN PERCENT RECOVERIES OF LABORATORY BIAS INDICATORS FOR ROUNDS 1, 
2, AND 3 

SWMU 13 - (MINE FILL B) 
SWMU 16 - (CAST HIGH EXPLOSIVES FILLB146) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 4 0 F l O  



TABLE H- 9 

AQUEOUS MATRIX MEAN PERCENT RECOVERIES OF LABORATORY BIAS INDICATORS FOR ROUNDS 1, 
2, AND 3 

SWMU 13 -(MINE FILL B) 
SWMU 16 - (CAST HIGH EXPLOSIVES FILLIB146) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 5 OF 10 



TABLE H- 9 

AQUEOUS MATRIX MEAN PERCENT RECOVERIES OF LABORATORY BIAS INDICATORS FOR ROUNDS 1, 
2, AND 3 

SWMU 13 -(MINE FILL B) 
SWMU 16 -(CAST HIGH EXPLOSIVES FILUB146) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 6 OF 10 

NITRITEMITRATE-N 

1 I-DICHLOROETHANE 

1 2-DICHLOROETHANE 

BROMODICHLOROMETHANE 



TABLE H- 9 

AQUEOUS MATRIX MEAN PERCENT RECOVERIES OF LABORATORY BIAS INDICATORS FOR ROUNDS 1, 
2, AND 3 

SWMU 13 -(MINE FILL B) 
SWMU 16 -(CAST HIGH EXPLOSIVES FILUB146) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 7 OF 10 



TABLE H- 9 

AQUEOUS MATRIX MEAN PERCENT RECOVERIES OF LABORATORY BIAS INDICATORS FOR ROUNDS 1, 
2, AND 3 

SWMU 13 - (MINE FILL 6) 
SWMU 16 - (CAST HIGH EXPLOSIVES FILUB146) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 8 OF 10 



TABLE H- 9 

AQUEOUS MATRIX MEAN PERCENT RECOVERIES OF LABORATORY BIAS INDICATORS FOR ROUNDS 1, 
2, AND 3 

SWMU 13 - (MINE FILL B) 
SWMU 16 -(CAST HIGH EXPLOSIVES FILLIB146) 

NSWC CRANE 
CRANE, INDIANA 

PAGE 9 OF 10 



TABLE H- 9 

AQUEOUS MATRIX MEAN PERCENT RECOVERIES OF LABORATORY BIAS INDICATORS FOR ROUNDS 1, 
2, AND 3 

SWMU 13 -(MINE FILL B) 
SWMU 16 -(CAST HIGH EXPLOSIVES FILLIB146) 

NSWC CRANE 
CRANE, INDIANA 
PAGE 10 OF 10 

1 Percent recovery infomtion was nor availme for chemical parameters. 1 1 I 1 I 

MiSC - Miscellaneous parameterr 
- 

MF - Metals filtered 
MS - Ma!ix spike I 

- - 

MSD - Mabix spike duplicate 

DlOX - Dioxim and furans 

EXP - Energetics ( -- 
HERB - ~erbicidesl I 

LCS - Laboratory contml sample 
- 

LCSD - Laboratory control sample dupl~cate 
M - Metals 

- 

OVG - Organic Gases 
PCB - ~ o l ~ c c h  
PESTIPCB - Pestiades and pdychlorinated biphenyls 
RPD - RelaSve percent diflerence (See W P  fa calculation meihod) 
SVOC - Semivdatile organic compound -- 
VOC - Volatile organic compcund 
NA - Not applicable 

- 

- 
- 



TABLE H-10 

RELATIVE PERCENT DIFFERENCES EXCEEDING REFERENCE POINTS FOR LCSs AND MSs 
ROUNDS 1,2, AND 3 

SWMU 13 -(MINE FILL B) 
SWMU 16 -(CAST HIGH EXPLOSIVES FILLIB-146)"' 

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 3 

TRG 

TRG 

TRG 

TRG 

4.6-DINITRO-2-METHYLPHENOL 

4.6-DINITRD-2-METHYLPHENOL ' 
4CHLORO-3-METHYLPHENOL 

&NITROPHENOL 

16SW0201 

16GW0501 

16GW0501 

16SWMOl 

2W.O 

200.0 

51.9 

134.5 



TABLE H-10 

RELATIVE PERCENT DIFFERENCES EXCEEDING REFERENCE POINTS FOR LGSs AND MSs 
ROUNDS 1,2, AND 3 

SWMU 13 -(MINE FILL 6) 

SWMU 16 -(CAST HIGH EXPLOSIVES FILLIB-146)"' 
NSWC CRANE 

CRANE, INDIANA 

PAGE 2 OF 3 



TABLE H-10 

RELATIVE PERCENT DIFFERENCES EXCEEDING REFERENCE POINTS FOR LCSs AND MSs 
ROUNDS 1,2, AND 3 

SWMU 13 -(MINE FILL 6) 

SWMU 16 - (CAST HIGH EXPLOSIVES FILUB-146)"' 
NSWC CRANE 

CRANE, INDIANA 

PAGE 3 OF 3 



TABLE H-11 

RPDs EXCEEDING REFERENCE POINTS FOR LAB AND FIELD DUPLICATES 
ROUNDS 1,2, AND 3 

SWMU 13- (MINE FILL 8) 
SWMU 16 - (CAST HIGH EXPLOSIVES F I L U B - ~ ~ ~ ) ( "  

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 4 



TABLE H-11 

RPDs EXCEEDING REFERENCE POINTS FOR LAB AND FIELD DUPLICATES 
ROUNDS 1,2, AND 3 

SWMU 13- (MINE FILL B) 
SWMU 16 -(CAST HIGH EXPLOSIVES FILUB-146)"' 

NSWC CRANE 
CRANE, INDIANA 

PAGE 2 OF 4 



TABLE H-11 

RPDs EXCEEDING REFERENCE POINTS FOR LAB AND FIELD DUPLICATES 
ROUNDS 1.2, AND 3 

SWMU 13- (MINE FILL B) 
SWMU 16 -(CAST HIGH EXPLOSIVES FILUB-146)"' 

NSWC CRANE 
CRANE, INDIANA 

PAGE 3 OF 4 

I 113SD3102 (MAGNESIUM 1 109.3 1 -- I - - - - - - 
113SW2802-F IALUMINUM - - - - - 1 35.2 1 - - 
113~W2802-~  CHROMIUM - -- - - - 1 39.5 1 - -- 



TABLE H-11 

RPDs EXCEEDING REFERENCE POINTS FOR LAB AND FIELD DUPLICATES 
ROUNDS 1.2, AND 3 

SWMU 13- (MINE FILL B) 
SWMU 16 -(CAST HIGH EXPLOSIVES FILUB-I~~)('' 

NSWC CRANE 
CRANE, INDIANA 

PAGE 4 OF 4 

WUP = Laboratory duplicate 



TABLE H-12 

QUALIFICATION RATES FOR AQUEOUS SAMPLES, ROUNDS 1.2, AND 3 

SWMU 16 - (CAST HIGH EXPLOSIVES ~ 1 ~ ~ ~ 1 4 6 ) " '  
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 12 



TABLE H-12 

QUALIFICATION RATES FOR AQUEOUS SAMPLES, ROUNDS 1,2, AND 3 

SWMU 16 -(CAST HIGH EXPLOSIVES FILLIB~~~)"' 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 12 



TABLE H-12 

QUALIFICATION RATES FOR AQUEOUS SAMPLES, ROUNDS 1,2, A N 0  3 
SWMU 16 -(CAST HIGH EXPLOSIVES F IL IJB~~~)" '  

NSWC CRANE 
CRANE, INDIANA 

PAGE 3 OF 12 

2,CDINITROPHENOL 

ACENAPHTHENE 



TABLE H-12 

QUALIFICATION RATES FOR AQUEOUS SAMPLES, ROUNDS 1,2, AND 3 

SWMU 16 - (CAST HIGH EXPLOSIVES ~ 1 ~ ~ ~ 1 4 6 ) " '  
NSWC CRANE 

CRANE, INDIANA 
PAGE 4 OF 12 



TABLE H-12 

QUALIFICATION RATES FOR AQUEOUS SAMPLES, ROUNDS 1,2, AND 3 

SWMU 16 -(CAST HIGH EXPLOSIVES F I L U B ~ ~ ~ ) " '  
NSWC CRANE 

CRANE, INDIANA 
PAGE 5 OF 12 

PROPIONITRILE 

TRICHLOROETHENE 



TABLE H-12 

QUALIFICATION RATES FOR AQUEOUS SAMPLES, ROUNDS 1,2, AND 3 

SWMU 16 -(CAST HIGH EXPLOSIVES ~ 1 ~ ~ ~ 1 4 6 ) " '  
NSWC CRANE 

CRANE, INDIANA 
PAGE 6 OF 12 



TABLE H-12 

QUALIFICATION RATES FOR AQUEOUS SAMPLES, ROUNDS 1.2, AND 3 

SWMU 16 -(CAST HIGH EXPLOSIVES ~ l ~ U B l 4 6 ) ' "  
NSWC CRANE 

CRANE, INDIANA 
PAGE 7 OF 12 



TABLE H-12 

QUALIFICATION RATES FOR AQUEOUS SAMPLES, ROUNDS 1,2, AND 3 
SWMU 16 - (CAST HIGH EXPLOSIVES F I L U B ~ ~ ~ ) " '  

NSWC CRANE 
CRANE, INDIANA 

PAGE 8 OF 12 



TABLE H-12 

QUALIFICATION RATES FOR AQUEOUS SAMPLES, ROUNDS 1,2, AND 3 

SWMU 16 -(CAST HIGH EXPLOSIVES ~ 1 ~ ~ 1 ~ 1 4 6 ) " '  
NSWC CRANE 

CRANE, INDIANA 
PAGE 9 OF 12 



TABLE H-12 

QUALIFICATION RATES FOR AQUEOUS SAMPLES, ROUNDS 1,2, AND 3 

SWMU 16 -(CAST HIGH EXPLOSIVES F I L L / B ~ ~ ~ ) " '  
NSWC CRANE 

CRANE, INDIANA 
PAGE 10 OF 12 



TABLE H-12 

QUALIFICATION RATES FOR AQUEOUS SAMPLES, ROUNDS 1,2, AND 3 
SWMU 16 - (CAST HIGH EXPLOSIVES ~ 1 ~ ~ ~ 1 4 6 ) " '  

NSWC CRANE 
CRANE, INDIANA 
PAGE 11 OF 12 



TABLE H-12 

QUALIFICATION RATES FOR AQUEOUS SAMPLES, ROUNDS 1,2, AND - 3 

SWMU 16 -(CAST HIGH EXPLOSIVES F I L U B ~ ~ ~ ) " '  
NSWC CRANE 

CRANE, INDIANA 
PAGE 12 OF 12 

MF = Metals, dissolved 
MlSC = Miscellaneous parameters 
SVOC = Semivolatile organic mmpounds 
VOC = Volatile organic canpounds - 



TABLE H-13 

QUALIFICATION RATES FOR SOLID SAMPLES, ROUNDS 1,2, AND-3 
SWMU 16 -(CAST HIGH EXPLOSIVES F I L U B ~ ~ ~ ) " '  

NSWC CRANE 
CRANE, INDIANA 

PAGE 1 OF 16 



TABLE H-13 

QUALIFICATION RATES FOR SOLID SAMPLES, ROUNDS 1,2, AND3 
SWMU 16 -(CAST HIGH EXPLOSIVES FILLIB~~~)" '  

NSWC CRANE 
CRANE, INDIANA 
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TABLE H-13 

QUALIFICATION RATES FOR SOLID SAMPLES, ROUNDS 1,2, AND3 
SWMU 16- (CAST HIGH EXPLOSIVES ~ l ~ L B 1 4 6 ) " '  

NSWC CRANE 
CRANE, INDIANA 
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TABLE H-13 

QUALIFICATION RATES FOR SOLID SAMPLES, ROUNDS 1,2, AND3 
SWMU 16 - (CAST HIGH EXPLOSIVES FILLIB~~~)" '  

NSWC CRANE 
CRANE, INDIANA 
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TABLE H-13 

QUALIFICATION RATES FOR SOLID SAMPLES, ROUNDS 1.2, AND3 

SWMU 16 - (CAST HIGH EXPLOSIVES ~ 1 ~ ~ ~ 1 4 6 ) " '  
NSWC CRANE 

CRANE, INDIANA 
PAGESOF 16 



TABLE H-13 

QUALIFICATION RATES FOR SOLID SAMPLES, ROUNDS 1.2, AND-3 

SWMU 16 -(CAST HIGH EXPLOSIVES ~ 1 ~ ~ 1 ~ 1 4 6 ) " '  
NSWC CRANE 

CRANE, INDIANA 
PAGE 6 OF 16 



TABLE H-13 

QUALIFICATION RATES FOR SOLID SAMPLES, ROUNDS 1,2, AND3 
SWMU 16 - (CAST HIGH EXPLOSIVES FILLIB~~~)"' 

NSWC CRANE 
CRANE, INDIANA 
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TABLE H-13 

QUALIFICATION RATES FOR SOLID SAMPLES, ROUNDS 1,2, AND3 
SWMU 16 - (CAST HIGH EXPLOSIVES ~ 1 ~ ~ ~ 1 4 6 ) " )  

NSWC CRANE 
CRANE, INDIANA 
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TABLE H-13 

QUALIFICATION RATES FOR SOLID SAMPLES, ROUNDS 1,2, AND.3 
SWMU 16 - (CAST HIGH EXPLOSIVES ~ l ~ U E 1 4 6 ) " '  

NSWC CRANE 
CRANE, INDIANA 
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TABLE H-13 

QUALIFICATION RATES FOR SOLID SAMPLES, ROUNDS 1,2, AND-3 
SWMU 16 - (CAST HIGH EXPLOSIVES FILLIB~~~)"'  

NSWC CRANE 
CRANE, INDIANA 
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TABLE H-13 

QUALIFICATION RATES FOR SOLID SAMPLES, ROUNDS 1,2, AND-3 
SWMU 16 -(CAST HIGH EXPLOSIVES ~ l ~ U E 1 4 6 ) " '  

NSWC CRANE 
CRANE, INDIANA 
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TABLE H-13 

QUALIFICATION RATES FOR SOLID SAMPLES, ROUNDS 1,2, AND3 
SWMU 16 - (CAST HIGH EXPLOSIVES ~ l ~ L 5 1 4 6 ) " '  

NSWC CRANE 
CRANE, INDIANA 
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TABLE H-13 

QUALIFICATION RATES FOR SOLID SAMPLES, ROUNDS 1,2, AND3 
SWMU 16 - (CAST HIGH EXPLOSIVES F I L U B ~ ~ ~ ) " '  

NSWC CRANE 
CRANE, INDIANA 
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TABLE H-13 

QUALIFICATION RATES FOR SOLID SAMPLES, ROUNDS 1,2, AND3 
SWMU 16 - (CAST HIGH EXPLOSIVES FILLIB~~~)"' 

NSWC CRANE 
CRANE, INDIANA 
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TABLE H-13 

QUALIFICATION RATES FOR SOLID SAMPLES, ROUNDS 1,2, AND3 
SWMU 16 - (CAST HIGH EXPLOSIVES FILLIB~~~)"' 

NSWC CRANE 
CRANE, INDIANA 
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TRICHLOROETHENE 



TABLE H-13 

QUALIFICATION RATES FOR SOLID SAMPLES, ROUNDS 1,2, AND3 
SWMU 16 - (CAST HIGH EXPLOSIVES FILLIB~~~)('' 

NSWC CRANE 
CRANE, INDIANA 
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Validation Qualifier 
Fraction I Parameter I Code I BJ I BU I J I U I UJ I UR 

Q =Other problems (can enmmpass a number of issues; i.e.chrcmatography, interferences, etc.) 1 
R = Surrogates Recovery Noncompliance 
U = X Dinerewe behveen columnsldelectorr >25% for positive resullsdelermined via GCIHPLC 

W = EMPC result L- 
6.l = Assoclatod blank was contam~natd, anlayte was delectod and reportod result 1s an estlmale - .- 
IBIJ = As?.oclatoa blank was r n b r n , n a ~ ~ a S ~ n o "  da -- , + I 



TABLE H-13 



TABLE H-13 

QUALIFICATION RATES FOR SOLID SAMPLES, ROUNDS 1,2, AND3 
SWMU 16 -(CAST HIGH EXPLOSIVES FILLIB~~~)"'  

NSWC CRANE 
CRANE, INDIANA 

PAGE 2 OF 16 



TABLE H-13 

QUALIFICATION RATES FOR SOLID SAMPLES, ROUNDS 1,2, AND-3 
SWMU 16 -(CAST HIGH EXPLOSIVES FILLIB~~~)"' 

NSWC CRANE 
CRANE, INDIANA 

PAGE 3 OF 16 



TABLE H-13 

QUALIFICATION RATES FOR SOLID SAMPLES, ROUNDS 1,2, AND-3 
SWMU 16 - (CAST HIGH EXPLOSIVES F I L U B ~ ~ ~ ) " '  

NSWC CRANE 
CRANE, INDIANA 

PAGE 4 OF 16 



TABLE H-13 

QUALIFICATION RATES FOR SOLID SAMPLES, ROUNDS 1,2, AND3 
SWMU 16 - (CAST HIGH EXPLOSIVES F I L V B ~ ~ ~ ) " '  

NSWC CRANE 
CRANE, INDIANA 

PAGE 5 OF 16 



TABLE H-13 

QUALIFICATION RATES FOR SOLID SAMPLES, ROUNDS 1,2, AND3 
SWMU 16 - (CAST HIGH EXPLOSIVES F I L V B ~ ~ ~ ) " '  

NSWC CRANE 
CRANE, INDIANA 

PAGE 6 OF 16 



TABLE H-13 

QUALIFICATION RATES FOR SOLID SAMPLES, ROUNDS 1,2, ANIl3 
SWMU 16 -(CAST HIGH EXPLOSIVES FILL/B~~~)" '  

NSWC CRANE 
CRANE, INDIANA 

PAGE 7 OF 16 



TABLE H-13 

QUALIFICATION RATES FOR SOLID SAMPLES, ROUNDS 1,2, AND-3 
SWMU 16 -(CAST HIGH EXPLOSIVES FILLIB~~~)"'  

NSWC CRANE 
CRANE, INDIANA 

PAGE 8 OF 16 

FLUORANTHENE 

HEXACHLOROETHANE 

METHAPYRILENE 

N-NITROSO-Dl-N-PROPYLAMINE 

N-NITROSOMETHYLETHYLAMINE 
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I Validation Qualifier 
Fraction I Parameter I Code I BJ I BU I J I U I UJ I UR 

0 = Other problem-ncornpass a number of issues: i.e.chromatography, interferences, etc.) 

W =Associated blank was contaminated; anlayte was detected and reported result is an estimate 
I L.. . I BU = Associated blank was contaminated and result was classified as non-detect .- 7 .-. I - -. 

J = Result is estimated 

EXP = Explosives 
HERB = Herbicides 

- 

MlSC =Miscellaneous parameters 

I 

- 

SVOC = Semivolatile organic compounds 
VOC =Volatile organic compounds 

PESTIPCB = Pesticideslpolychlonnated biphenyls 

I 

I 

- 
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TABLE 1 

SELECTION OF EXPOSURE PATHWAYS 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 

NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 4 

Rationale for Selection or Exclusion 

of Exposure Pathway 

Mainlenance workers may contact surface soil durlng normal work activltles. 

Occupational workers may contact surface soil durlng normal work activities. 

Although access to the base is controlled, once inside the base, access to the SWMU 16 IS 

not limited by any physical restraint. Adolescent trespassers may be exposed to surface soil 
while at the site. 

Maintenance workers may be exposed to fugillve dust and volatile emissions durlng work 
activities. 

Occupational workers may be exposed to fugitive dust and volatile emissions dur~ng work 
activities. 

Although access to the base is controlled, once ~nslde the base. access to Ihe SWMU 16 IS 

not limited by any physical restraint. 

Maintenance workers are not expected lo be exposed to subsurface soil. 

Occupational workers are not expected to be exposed to subsurface soil. 

Trespassers are not exposed to subsurface soil. 

Maintenance workers are not expected to be exposed to subsurface soil. 

Occupational workers are not expected to be exposed to subsurface soil. 

Trespassers are not exposed lo subsurface soil. 

Maintenance workers are not expected to have conlacl with groundwater. 

Occupational workers may be exposed lo groundwater ~f groundwater was used as a potable 
waler source. 

Adolescent trespassers are not expected to be exposed to groundwater. 

Maintenance workers are not expecled lo be exposed lo COPCs that have volat~llzed from 
groundwater. 

Occupational workers are not expected to be exposed lo COPCs that have volat~l~zed lrom 
groundwater. 

Adolescenl trespassers are not expected to be exposed to groundwater. 

Occupational workes may be exposed to COPCs that have volatilzed lrom groundwater and 
migrated through building foundations into indoor air 

Exposure 

Route 

Ingestion 

Dermal 

Ingestion 

Dermal 

Dermal 

Inhalation 

Inhalation 

lnhalation 

Ingestion 

Dermal 

Ingestion 

Dermal 

Ingestion 

Dermal 

Inhalation 

Inhalation 

lnhalation 

Ingestion 

Dermal 

Ingestion 

Dermal 

lngestion 

Dermal 

Inhalalion 

Inhalation 

lnhalation 

lnhalation 

Scenario 

Timeframe 

CurrentIFuture 

Type of 

Analysis 

Quant 

Quant 

Quant 

Quant 

Quant 

Quant 

Quant 

Quanl 

Quant 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

Quant 

Quant 

None 

None 

None 

None 

None 

Quant 

Receptor 

Population 

Maintenance 
Worker 

Occupational 

Worker 

Trespassers 

Maintenance 
Worker 

Occupational 
Worker 

Trespassers 

Maintenance 
Worker 

Occupational 

Worker 

T~~~~~~~~~~ 

Maintenance 
Worker 

Occupational 

Worker 

Trespassers 

Maintenance 

Workers 
Occupational 

Worker 

Trespassers 

Maintenance 

Workers 
Occupational 

Worker 

Trespassers 

Occupational 

Worker 

Receptor 

Age 

Adult 

Adult 

Adult 

Adult 

Adolescents 

Adult 

Adult 

Adolescents 

Adult 

Adult 

Adolescents 

Adult 

Adult 

Adolescents 

Adult 

Adult 

Adolescents 

Adult 

Medium 

Sudace Soil 

Subsurface Soil 

Groundwater 

Exposure 

Medium 

Surface Soil 

Alr 

Subsurface Soil 

Air 

Groundwater 

Air 

Exposure 

Point 

SWMU I6 

SWMU 16 

SWMU 16 

SWMU I6 

All Aquifers 

All Aqulfers 

Vapor Intrusion 
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Exposure 

Route 

Ingestion 

Dermal 

Ingestion 

Dermal 

Dermal 

Ingestion 

Dermal 

Ingestion 

Dermal 

Dermal 

'ingestion 
Dermal 

Ingestion 
Dermal 

ingestion 

Dermal 

Ingestion 

Dermal 

lngestion 

Dermal 

Inhalation 

Inhalation 

lnhalation 

lnhalatlon 

lnhalation 

Ingestion 

Dermal 

Ingestion 

Dermal 

lngestion 

Dermal 

Ingestion 

Dermal 

lngestion 

Dermal 

Receptor 

Population 

Maintenance 

Workers 
Occupational 

Worker - 

Trespassers 

Maintenance 

Workers 
Occupational 

Worker 

Trespassers 

Construction 
Workers 

Recreational 

Users 

Residents 

Construction 
Workers 

Recreational 

Users 

- 
Residents 

Construction 
Workers 

Recreational 

Users 

Residents 

Exposure 

Point 

Gullies and Turkey Creek 

Gullies and Turkey Creek 

SWMU 16 

SWMU 16 

SW.MU 16 

Scenario 

Timeframe 

CurrenVFuture 

Future 

Type of 

Analysis 

None 

Quant 

None 

None 

Quant 

Quant 

Quant 

None 

None 

Quant 

Quant 

Quant 

Quant 

Quant 

Quant 

Quant 

Quant 

Quant 

Quant 

Quant 

Quant 

Quant 

Quant 

Quant 

Quant 

Quant 

Quant 

Quant 

None 

None 

None 

None 

None 

None 

None 

None 

Receptor 

Age 

Adult 

Adult 

Adolescents 

Adult 

Adult 

Adolescents 

Adult 

Child 

Adult 

Child 

Adult 

Adult 

Child 

Adult 

Chlld 

Adull 

Adult 

Child 

Adult 

Child 

Adult 

Rationale for Selection or Exclusion 

of Exposure Pathway 

Maintenance workers are not expected to ingest surface waler. 

Maintenance workers may have dermal contact with surface water. 

Occupational workers are not expected lo be exposed to surface water. 

Although access to the base is controlled, once inside Ihe base, access to the SWMU 16 Is 
no1 limited by any physical restraint. Adolescent trespassers may be exposed to surface water 
while at the site. 

Maintenance workers may contact sediment. 

Occupational workers are not expected to be exposed to sediment. 

Although access to the base is controlled, once inside the base, access to the SWMU 16 IS 

not limited by any physical restraint. Adolescent trespassers may be exposed to sediment 
while at the site. 

Construction workers may have contact with surface soil during excavation activltles. 

This scenario is evaluated on the assumption that the Facilily would close and be turned Into a 
state park In the future. 

This scenario is evaluated on the assumption that the Facility would close and be turned into a 
state park in the fulure. 

Although a future residential scenario is considered unlikely at the site this scenarlo 1s Included 
to aid in future risk management decisions. 

Although a future residential scenario is considered unlikely at the site ihls scenarlo IS included 
to aid in future risk management decisions. 

Construcllon workers may be exposed to fugitive dust and volatlie emlssions during 
construction activities. 

This scenario is evaluated on the assumption that the Facility would close and be turned lnto a 
state park in the future. 

This scenario is evaluated on the assumption that the Facility would close and be turned Inlo a 
state park in the future. 

~ 

Although a future residential scenario is considered unlikely at ihe slte. this scenarlo IS included 
to ald in future risk managemenl decisions. 

Although a future residential scenario is considered unlikely at the site, thls scenarlo is ~ncluded 
to aid in future risk management dec~sions. 

Construction workers may have contact with subsurface so11 durlng excavation actlvltles 

Recreational users are not expected to be exposed to subsurface soil. 

Recreational users are not expected to be exposed to subsurface soil. 

Future residents are not expected lo be exposed to subsurface soil. 

Future residents are not expected to be exposed to subsurface soil. 

Medlum 

Surface Water 

Sedlment 

Surface Soil 

Subsurface Soil 

Exposure 

Medium 

Surface Water 

Sediment 

Surface Soil 

Air 

Subsurlace Soil 



TABLE 1 

SELECTION OF EXPOSURE PATHWAYS 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 

NSWC CRANE 

CRANE, INDIANA 
PAGE 3 OF 4 

Rationale for Selection or Exclusion 

of Exposure Pathway 

Construction workers may be exposed to fugltlve dust and volatile emissions dur~ng 
construction activities. 

Recreational workers are not expected to be exposed to subsurface soll. 

Recreational workers are not expected to be exposed to subsurface sod 

Future residents are not expected to be exposed to subsurface soil. 

Future residents are not expected to be exposed to subsurface soil. 

Construction workers are not expected to ingest groundwater. 

Construction workers may have dermal contact with ground water during excavation activities. 

Recreational users may be exposed to groundwater 11 groundwater was used as a potable 
water source. 

Recreational users may be exposed to groundwater if groundwater was used as a potable 
water source. 

Although a future residential sceriario is considered unlikely at the site, thls scenario is lncluded 
to aid in future risk management decisions. 

Allhough a future residential scenario is considered unllkely at the site, lhls scenarlo 15 ~ncluded 
to aid in future risk management decisions. 

Construction workers may be exposed to COPCs that have volatilized from groundwater durlng 
excavation activities. 

Recreational users are not expected lo be exposed to COPCs that have volatilized from 
groundwater. 

Recreational users are not expected to be exposed to COPCs that have volatilized from 
groundwater. 

Although a future residentlal scenario is considered unlikely at the site. this scenario IS included 
to aid in future risk management decisions. 

Although a future residential scenario is considered unlikely at the site. thls scenarlo is lncluded 
to aid in future risk management decisions. 

Child Residents may be exposed to COPCs that have volatilzed lrom groundwater 

and migrated through building foundations Into indoor air. 

Adult Residents may be exposed to COPCs that have volatilzed from groundwater 

and migrated through building foundations into indoor air. 
Construction workers are not expected lo be exposed to surface water. 

This scenario is evaluated on the assumption that the Facility would close and be turned inlo a 
state park in the future. 

This scenario is evaluated on the assumption that the Facility would close and be turned Inlo a 
stale park in the future. 

Although a future residential scenario is considered unllkely at the site, thls scenarlo IS Included 
to aid in luture risk management decisions. 

Allhough a luture residential scenario IS considered unlikely at the slle. thls scenario IS included 
to aid in future risk management decisions. 

Receptor 

Age 

Adult 

Child 

Adult 

Child 

Adult 

Adult 

Child 

Adult 

Child 

Adult 

Adult 

Child 

Adult 

Child 

Adult 

Child 

Adult 

Adult 

Child 

Adult 

Child 

Adult 

Receptor 

Population 

Construction 
Workers 

Recreational 

Users 

Residents 

Construction 
Workers 

Recreational 

Users 

Residents 

Construction 
Workers 

Recreational 

Users 

Residents 

Residents 

Construction 

Workers 

Recreational 

Users 

Residents 

Scenario 

Timeframe 

Future 

Exposure 

Route 

Inhalation 

inhalation 

lnhalation 

Inhalation 

Inhalation 

Ingestion 

Dermal 

lngestlon 

Dermal 

lngestion 

Dermal 

Ingestion 

~~~~~l 

lngestion 

Dermal 

Inhalation 

lnhalatlon 

lnhalation 

inhalation 

Inhalation 

Inhalation 

lnhalation 

Ingestion 

Dermal 

Ingestion 

~~~~~l 

lngestion 

~~~~~l 

Ingestion 

Dermal 

lngestion 

Dermal 

Exposure 

Medium 

Air 

Air 

Groundwater 

Air 

Surface Water 

Medium 

Subsurface Soil 

Groundwater 

Surtace Water 

Type of 

Analysis 

None 

None 

None 

None 

None 

None 

Quant 

Quant 

Quant 

Quant 

Quant 

Quant 

~~~~t 

Quant 

Quant 

Quant 

None 

None 

Quant 

Quant 

Quant 

Quant 

None 

None 

Quant 

Quant 

Quant 

Quant 

Quant 

Quant 

Quant 

Quant 

Exposure 

Point 

SWMU 16 

SWMU 16 

All Aquifers 

All Aquifers 

Vapor Intrusion 

Gullies and Turkey Creek 
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Notes: 

Quant - Quantitative 

Qual - Qualitatlve. 

Scenario 

Timeframe 

Future 

Medium 

Sediment 

Exposure 

Medium 

Sediment 

Exposure 

Point 

Gullies and Turkey Creek 

Receptor 

Population 

Construction 

Workers 

Recreational 

Users 

Residents 

Receptor 

Age 

Adult 

Child 

Adult 

Child 

Adult 

Exposure 

Route 

Ingestion 

Dermal 

Ingestion 

Dermal 

Ingestion 

Dermal 

Ingestion 

Dermal 

Ingestion 

Dermal 

Type of 

Analysis 

None 

None 

Quant 

Quant 

Quant 

Quant 

Quant 

Quant 

Quant 

Quant 

Rationale for Selection or Exclusion 

of Exposure Pathway 

Construction workers are not expected to be exposed to sediment. 

This scenario is evaluated on the assumption that the Facility would close and be turned into a 
state park in the future. 

This scenario is evaluated on the assumption that the Facillty would close and be turned into a 
state park in the future. 

Although a future residential scenario is considered unlikely at the slte, thls scenario is included 
to aid in future rlsk management decisions. 

Although a future residential scenario IS considered unlikely at the site. th~s scenario IS included 
to aid in future risk management decisions. 
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TABLE 2.1 
OCCURRENCE. DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACE SOIL 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 

PAGE 1 OF 3 
Scenarlo Timeframe: CurrenVFuture 
Medium: Surface Soil 
Exposure Medium: Surface Soil 

nallonale lor 

Point CAS Number Background 
EPA Region 9 PRG Potential ~~~~~c COPC Contaminant Chemical I Minimum I Maximum I I SampleofMarimum Frequency Rangeof 

r on cent ration^" r on cent ration"' Con-tration I D e t ~ ~ t i o n  I ~ondec t s~ "  1 s:z:;i~13, ~concentralionsf4~ (~esidential)~" 1 ARARiTBcfE'~ source l~~ 1 Flag 1 Deletion Or 1 
90,0rtinn171 

SWMU 16 

1 108-05-4 lvlnyl Acetate I 1~ I I J I uglkg I ::znTEA 1 169 1 0.888. 1.3 1 1 I NA I 43000 N 1 IIOOOOO 1 IDEM 1 ~o I BSL I 



TABLE 2.1 
OCCURRENCE. DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACE SOIL 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 

PAGE 2 OF 3 
Scenario Timefrsme: CurrenVFuture 
Medium: Surface Soil 
Exposure Medium: Surface Soil 

Point CAS Number ExpOsurOI  I c,mical I Minimum I Maximum I ,.,, 1 Sample of Maximum 
Concentration"'   on cent ration^'^ Concentration 

Footnotes 
1 - Sample and duplicate are considered as two separate samples when determlnlng the mlnimum and maximum concentrallons. 
2 -Values presented are sample-speciflc quantitatlon limits. 
3 - The maximum detected concentration is used for screening purposes. 
4 - Taken from Table 4-1 01 the Final Basewide Background So11 lnvestlgation Report. Naval Surface Warlare Center Crane. Crane. Indiana. January, 2001. 
5 - U.S. EPA Region 9 Preliminary Remedlatlon Goal (PUG). The noncarcinogenic values (denoted with a "N' flag) are the PUG divided by 10 to correspond to a target hazard quotient 

of 0.1. Carcinogenic values represent an incremental cancer risk of 1 .OE-06 (carcinogens denoted with a "C" flag) (U.S. EPA Region 9, October 2004. Updated December 28, 2004) 
6 - Indiana Department of Environmental Management (IDEM). Risk Integrated System of Closure (RISC) residential closure levels for soil (IDEM. January 2004). 
7 -The chemical is selected as a COPC if the maximum detected concentration exceeds the risk.based COPC screening level and is statistically 

determined to be above site background. Chemicals selected as COPCs are indicated bv shaded chemical names. 
8 - Va Je s oerveo oy mL1l.p y.ng cr 6rla lor 2 3 7 8.TCDD oy Worio neallh Organ rat on TO; c~ty Eqd va.ent Factor. 
9 - Tne va Je for napntna ene was Jsed as a sLrrogate for 2.metnylnapntna ene. 

Definitions: 
AUARflBC = Applicable or Relevant and Appropriate Requlremenls To Be Consldered 
C = Carc~nogen 
COPC = Chemlcal Of potential Concern 
J = Estimated value 
N = Noncarcinogen 
NA = Not ApplicableINot Available 
ND =Not detected. 
PUG = Preliminary Remediation Goal 
sal =Soil Saturation Limit 
TEOs =Toxicity Equivalent Concentration 

10 -The value for acenaphthene was used as a su;rogate for acenaphthyiene. 
11 -The value for pyrene is used as a surrogate for benzo(g.h.i)perylene and phenanthrene. 
12 -The PUG for residential land use for total chromium is presented. 
13 -Value is for hexavalent chromium. 
14 - One tenth of the noncarcinogenlc PUG Is less than the carcinogenic PUG. therefore the one tenth noncarcinogenic PUG is presented 
15 -The printed PUG !able lists a ceiling limit of 100.000 mglkg as the PUG. 

The value presented is 1/10 01 the aclual risk-based PRG presented in Ihe electronic version ol the PUG table. 
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Scenario Timeframe: CurrenWFuture 
Medium: Surface Soil 
Exposure Medium: Surface Soil 

Assoclated Samples 
16SS0010002 16SS0160002 16SS0310002 16SS05201 02 16SS06701 02 16SS0880002 

Rationale Codes: 
For seleclion as a COPC: 
ASL = Above Screening Level and slle background 

Potential 
ARARITBC~'~ 

For ellmlnallon as a COPC: 
BKG = Below Background 
BSL = Below Screening Level 
NTX = No Toxiciv Dala 
NUT = Essential Nulrlenl 

B ~ ~ ~ ~ r ~ ~ ~ d  
Concentrations~a~ 

~~~~~c EPA Region 9 PRG 
(~esidenl ial)~" 

Sample of Maximum 
Concentration 

Exposure 
Point 

Chemical CAS Number 
COPC 
Flag 

"*:yCy 
Detection 

atlona e or 
Eontamln~nt 
Deletion or 
- - , - ~ . . - - 1 1 1  

Minimum 
  on cent ration"^ 

Range of 
~ondects"' 

Maximum 
concentration") 

c O ~ ~ t ~ O n  

Screening~l~ 



TABLE 2.2 
OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - MIGRATION FROM SURFACE SOIL 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
P A R F  1 OF 7 

Scenarlo Tlmeframe: CurrenVFuture 
Medlum: Surface Soil 
Exposure Medium: Surface Soll 

. - - - . - . - 



TABLE 2.2 
OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - MIGRATION FROM SURFACE SOIL 

SWMU 16 (CAST HIGH EXPLOSIVES FILLls-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 

PAGE 2 OF 2 
Scenario Tlmeframe: CurrenVFuture 
Medium: Suriace Soll 
Exposure Medlum: Suriace Soil 

Exposure 
Polnt 

Energetics 
2691-41-0 IHMX I 0 3 4 J  I 0 34 J I uglkg 1 16SS0330002 1 1139 1 0 25 1 0 34 1 NA I NA I NA I NA I No 1 NTX .. . . . .  

Footnotes 
1 - Sample and duplicale are considered as two separate samples when determining the minimum and maximum concentrations. 
2 - Values presented are sample-specific quanlilation limits 
3 - The maximum detected concenlration is used for screenlno Dumoses 
4 Taren from Taoe 4.1 01 Ine F na Base* oe Bacdgro.no S; lniesl gal on Repon hatal  S~ i lace  nailare Cenler Crane Crane notana .an.ary 2001 
5 EPA Sod Screening .eves EPA nlernel Slle a1 nllp Ilr sr Isa ornl govrca c .stan ntm (So lo a r SSLs tor noncarcmogens are 0.v oea 01 10) 

, ? ~ ~ ~ t ~ l l l  

The migrallon to groundwater value represenls a dilulion and allenuatlon faclor (DAF) of 1. 
6 - Indiana DeDartment of Environmenlal Manaoement (IDEM). Risk Inteoraled Svstem of Closure (RISCI residenlial closure levels for so11 (IDEM. Janualv 20041 

Range of 

NOndects"' 
C I S  Number 

. , . . 
7 . The cnem~cal 0s seecleo as a COPC I lne max~m.i oelecleo concentraldon exceeos Ine risk-oaseo COPC screenong eve1 an0 s slat sics iy 

oetsrm neo lo be aoove s le oac<gro~no Chernlca s selecleo as COPCs are no caleo or shaoeo cnem ca names 
8 - Va 4e s oer.. ed by m-1 p y ng croler a lor 2 3.7 8.TCDD 0, Wor o nsa In Orqanlzal I" TOXIC l y  Eq, r a en1 Factor 

IDEM SSL for 
Migration l o  

~ r o u n d w s t e P ~  

Maxlmum 
~oncentratlon"' 

9 -Value is for tolal chromium. 

C o n n r n  
Used for 

~ c r e e n i n ~ l "  
Chemlcal 

Assocleted SsmDles 
16SS0010002 16SS0160002 16SS0310002 16SS0520102 16SS0670102 16SS0880002 
16SS0020002 16SS0170002 16SS0320002 16SS0530102 16SS0680102 16SS0890002 

Flag Units 
Minimum 

~oncentrat lon~' '  

Deflnitlons: 
ARARnBC = Applicable or Relevanl and Appraprlale Requlremenls To Be Considered 
C =Carc~nogen 
COPC = Chemical 01 Polenltal Concern 

allona e or :,,,,,in:, 
Deletion Or 

~ e ~ e c t ~ o n ' "  

Range of 
Background 

~oncent ra t lons~ '~  

J = Esl~mated value 
N = Noncarc~nogen 

U.S. EPA Generic 
SSL for Soll to 

AI~(" 

of Maximum 
Concentration 

NA = Nol ApplicablelNol Available 
ND = Nol detected. 

~ n c  

Detection 

SSL = Soil Screening Level 
sal = Soll Saluralion Limll 

Rationale Codes: 
For selecllon as a COPC 

ASL = Above Screenmg Level and slte background 

For eliminalion as a COPC: 
BAG = Be o#  Bac~ground 
BS- = B e o r  Screen ng .eve 
h,T = Essent a1 Nulr en1 
NTX = No Toxicity Data 



TABLE 2.3 
OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SUBSURFACE SOIL 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 2 

Scenario Timeframe: CurrentlFuture 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 





TABLE 2.4 
OCCURRENCE. DlSTRlBUTiON AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - MIGRATION FROM SUBSURFACE SOIL 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 

PAGE 1 OF 2 
Scenario Timeframe: CurrenVFuture 
Medium: Subsurface Soil 
Exposure Medium: Subaurface Soil 



TABLE 2.4 
OCCURRENCE. DiSTRlBUTlON AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - MIGRATION FROM SUBSURFACE SOIL 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 

PAGE 2 OF 2 

Footnotes 
1 - Sample and duplicate are considered as two separate samples when determining the minimum and maxlmum concenlrations. 
2 -Values presented are sample-specific quantllalion limits. 
3 - Tho maximum detected condentration is used for screening purposes. 
4 - 
5 - EPA Soil Screening Levels. EPA Internet Site a1 hnp:llrisk.lsd.ornl.gov/calc_slarf.htm (5011 to air SSLs for noncarcinogens are div~ded by 10). 

The migration to groundwater value represents a dilulion and anenuatlon factor (OAF) of 1. 
6 - Indiana Department of Environmental Management (IDEM), Risk lntegraled Syslem of Closure (RISC) residential closure levels for soil (IDEM. January 2004). 
7 -The chemlcal is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level and is statistically 

delermlned lo be above site background. Chemicals selected as COPCs are indicated by shaded chemical names. 

Definitions: 
ARARflBC =Appl~cable or Relevant and Appropriate Requirements To Be Considered 
C =Carcinogen 
COPC =Chemical Of Potential Concern 
J E Est~mated value 
N = Noncarcinogen 
NA = Not ApplicablelNol Ava~lable 
ND = Notdetected. 
SSL = Soil Screening Level 
sat = Soil Saturallon Limit 

Scenario Timeframe: CurrenVFuture 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 

Rationale Codes: 
For selection as a COPC: 
ASL =Above Screening Level and slte background 

For elimination as a COPC: 
BKG = Below Background 
BSL = Below Screening Level 
NUT = Essential Nulrient 
NTX =No Toxic~ty Data 

Chemical Exposure Point 
COPC 

Flag CAS Number 

allona e or Fontam\n:nt 
~elect ian" '  Or _ 

U.S. EPA Generic 
SSL lor Migration 
to  roundw water'^' 

IDEM SSL for 
Migration to 

Groundwater"' 

Range of 
Background 

Concentrations1" 

Concentration 
Used for 

Screening"' 

U.S. EPA Generic 
SSL for Soil to 

A 

Frequency 

Det:Jtion 

Minimum 
t on cent ration"' 

Range 

~ondects" '  
Units 

Maximum 
Concentration'" 

Sample of Maximum 
Concentration 



TABLE 2.5 
OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER - DIRECT CONTACT. UPPER ZONE 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 

PAGE 1 OF 4 
Scenario Timelrame: CurrentlFuture 
Medium: Groundwater 
Exposure Medium: Groundwater 

Exposure 
Point 

I I I I I I I I I 
74-85-1 [Ethene 

I 
1 0.027 1 65 1 u g I L I  16GWT0603 1 414 1 ... 0.018 I NA I NA I NA I NO I NTX 

84-66-2 IDlethyl Phthalate I 1 J  ( 1 J 1 ugiL 1 16GWT0601 1 t i 5  1 1 2900 N I NA I NA I No I BSL I 1 1 1  ND I 



TABLE 2.5 
OCCURRENCE. DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER - DIRECT CONTACT - UPPER ZONE 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 

PAGE 2 OF 4 
Scenario Timeframe: CurrenVFuture 
Medium: Groundwater 
Exposure Medium: Groundwater 

Exposure 
Polnt 



TABLE 2.5 
OCCURRENCE. DlSTRlBUTiON AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER. DIRECT CONTACT - UPPER ZONE 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 

PAGE 3 OF 4 
Scenario Timeframe: CurrenVFuture 
Medium: Groundwater 
Exposure Medlurn: Groundwater 

Exposure 
Point 

Chemical 

7440-66-6 Zlnc 6.2 J 443 J ug/L 16GWT1001 ... 443 15.8J-50J 1100 N NA NA No BSL 
11000 IDEM 

Footnotes Definitions: 
1 - Sample and duplicale are consldered as two separate samples when determining the minimum and maximum concentrations. ARARnBC = Applicable or Relevant and Appropriate Requ~remenls To Be Considered 
2 - Values presented are sample-specific quantitation limits. C =Carcinogen 
3 -The maximum detected concentration is used for screening purposes. COPC = Chemical Of Potential Concern 
4 - Upgradient samples are lrom locallon 16MW02. J =Estimated value 
5 .  The U.S. EPA Reglon 9 tap water screening level is presented. Value represenls Ihe risk based tap water screening level divided by 10 lo correspond to a target hazard quotlent MCL = Maxlmum Contaminant Level 

of 0.1 for noncarcinogens (denoted wilh a 'N" flag), or an incremental cancer risk ol 1 .OE.6 for carcinogens (denoted wlth a "C" flag) (U.S. EPA Region 9. October 2004). N = Noncarcinogen 
6 - US. EPA Primary Drinking Water Standard (U.S. EPA. Winter 2004). NA = Not Appl~cable/Not Available 

Indiana Departmenl of Environmental Managemenl (IDEM). Risk Integrated System ol Closure (RISC) resldentlal closure levels for groundwater (IDEM, January 2004). NO = Not detected 
7 -The chemical is selected as a COPC if the maximum detected concentratton exceeds the risk-based COPC screening level and its respective site background value. PRG = Preliminary Remedlatlon Goal 

Chemicals selected as COPCs are indicated by shaded chemical names. SWDA = Safe Water Drinking Act 
8 - Value is for naphthalene. 
9 .Value is for pyrene. 
10 - One tenth of the noncarcinogenic PRG is less than the carclnogenlc PRG, therefore the one tenth noncarclnogenlc PRG IS presented. 
11 - Values are for aminodlnltrotoiuene. 
12 - Values are for hexavalent chromium. 
13 - The MCL for this parameter is actually a treatment technique. The SDWA actlon level (at the tap) has been presented. 



TABLE 2.5 
OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER - DIRECT CONTACT - UPPER ZONE 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 

PAGE 4 OF 4 
Scenario Timeframe: CurrenUFuture 
Medium: Groundwater 
Exposure Medium: Groundwater 

Associated Samoles 
16GW0301 16GWT0402 
16GW0302 16GWT0403 

Rationale Codes: 
For selection as a COPC: 
ASL = Above Screening Level and site background. 

For ellmlnatlon as a COPC 
B<G z 8eow Bacrqro.no 

COPC 
Flag 

BSL = Below sc reekg  Level 
NUT = Essential Nutrlent 
NTX = No Toxlclly Data 

Concentratio n Used for 

Screeningill 

Rationale for 
Contaminant 
Deletion or 
~ e l e c ~ i o n " ~  

Exposure 
Point 

Minimum 
concentration") 

Upgradient 
~oncentrations" 

CAS 
Number 

Maximum 
~oncentrationi') 

Chemical 
Screening 

Toxicity ~alue''' 
Units 

Potential 
ARARITBC'~~ 

ARARnBC 
Source161 

Sample of Maximum 
Concentration 

Freq:;ncy 

Detection 

Range of 
~ondects"' 



TABLE 2.6 
OCCURRENCE. DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN -GROUNDWATER - VAPOR INTRUSION - UPPER ZONE 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 

Scenario Timeframe: CurrenVFuture 
Medium: Groundwater 
Exposure Medlum: Groundwater 

Footnotes 
1 - Sample and dupllcale are considered as two separate samples when determining the minimum and maximum concentrallons. 
2 - Values presenled are sample-specific quantltation Ilmlts. 
3 -The maximum detected concentration is used lor screening purposes. 
4 - Upgradient samples are from location 16MW02. 
5 - Drafl Guldance for Evaluating the Vapor lntruslon to Indoor Air Pathway from Groundwater and Sotls. November 2002. EPA530-F-02-052. 

Values are from Table 2c and corres~ond lo a larael cancer risk level of 1E-6 or HI =1 and an attenuation factor of 0.001. 
6 -The chemical IS selected as a COPC if the maximum detected concentration exceeds Ihe rlsk-based COPC screening level and I$ respective slle background value. 

Chemicals selected as COPCs are indicated by shaded chemical names. 

Associated S a m ~ l e s  
16GW0301 16GWT0402 16GWT1301 
16GW0302 16GWT0403 16GWT1301-F 
16GW0303 16GWT0601 16GWT1302 
16GWTO101 16GWT0602 16GWT1701 
16GWT0102 16GWT0603 16GWT1702 
16GWT0103 16GWT0604 16GW0201 
16GWTO2Ol 16GWT0901 16GW0202 
16GWT0202 16GWT0902 16GW0203 
16GWT0203 16GWT1001 16GW0204 
16GWT0401 16GWT1002 

Definitions: 
ARARnBC = Applicable or Relevanl and Approprlate Requirements To Be Considered 
C =Carcinogen 
COPC =Chemical 01 Polenllal Concern 
J = Estimated value 
N = Noncarcinogen 
NA = Not Applicable/Not Available 
ND = Not detected 

Rationale Codes: 
For seleclion as a COPC: 
ASL = Above Screening Level and site background. 

For ellmlnatlon as a COPC: 
BKG = Below Background 
BSL = Below Screening Level 
NUT = Essential Nutrienl 
NTX = No Toxiclty Data 



TABLE 2.7 
OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN -GROUNDWATER - DIRECT CONTACT - MIDDLE ZONE 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 

Scenario Timeframe: CurrenVFuture 
Medium: Groundwater 
Exposure Medium: Groundwater 

PAGE 1 OF 3 

Exposure 
Point 

Middle Zone 

CAS 
Number 

Volatile Organic 
75-15-0 

156-59-2 

74-84-0 

Screening 
Toxicity value'" 

100 N 

6.1 N 

NA 

Minimum 
~oncentrationl" 

0.3 J 

0.3 J 

0.032 

Chemical 

Compounds 
Carbon Disulfide 

cis-1.2-Dichloroethene 

Ethane 

Units 

ug/L 

ug/L 

ug/L 

Maximum 
  on cent ration'" 

0.3 J 

0.3 J 

0.37 J 

Potential 
ARARITBC'~' 

NA 
1300 
70 
70 
N A 
NA 

Sample of 
Concentration 

16GWT1601 

16GW0401 
16GWT1601 
16GWT1201 

ARAmBC 

Source~61 

NA 
IDEM 

FED-MCL 
IDEM 
NA 
NA 

Frequency 

Detection Of 

1/19 

2/19 

2l2 

COPC 
Flag 

No 

No 

No 

Rationale for 
Contamlnant 
Deletion or 
Selection"' 

BSL 

BSL 

NTX 

Range of 
N~ndects '~ '  

0.3 

0.3 

... 

Used for 
Co"entration 

0.3 

0.3 

0.37 

Upgradient 
~oncentrations'" 

ND 

ND 

0.062 



TABLE 2.7 
OCCURRENCE, DiSTRlBUTiON AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER - DIRECT CONTACT - MIDDLE ZONE 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 3 

Scenario Timeframe: CurrenVFuture 
Medium: Groundwater 
Exposure Medium: Groundwater 

Footnotes Definilions: 
1 -Sample and dupilcate are considered as two separate samples when determining the minimum and maximum concentralions. ARAWTBC = Applicable or Relevant and Approprlate Requtremenls To Be Considered 
2 - Values presented are sample-specific quantitation limits. C = Carc~nogen 
3 - The maximum detected concentration is used for screening purposes. COPC =Chemical 01 Potenl~ai Concern 
4 - Upgradlent samples are from location 16MW02. J = Estimated value 
5 -The U.S. EPA Region 9 tap water screening level is presented. Value represents the rlsk based tap water screening ievel dlvided by 10 lo correspond to a target hazard quolient MCL =Maximum Contamlnanl Level 

of 0.1 for noncarcinogens (denoted with a "N" flag), or an lncremenlal cancer rlsk of 1.OE-6 for carcinogens (denoted with a " C  flag) (U.S. EPA Region 9. October 2004). N = Noncarcinogen 
6 - U.S. EPA Primary Drinking Waier Standard (U.S. EPA. Winter 2004). NA = Noi Applicable/Nol Available 

Indiana Depariment of Environmental Management (IDEM). Risk Integrated System of Closure (RISC) residential closure levels for groundwater (IDEM. January 2004). ND = Nol delected. 
7 - The chemical is selected as a COPC if the maximum detected concentratton exceeds the risk-based COPC screening level and its respective siie background value. PRG = Preliminary Remediation Goal 

Chemicals selected as COPCs are indicated by shaded chemical names. SWDA - Safe Water Drinking Act 
8 - Vaiues are for hexavalent chromium. 



TABLE 2.7 
OCCURRENCE. DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER - DIRECT CONTACT - MIDDLE ZONE 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 3 OF 3 

Scenario Timeframe: CurrentlFuture 
Medium: Groundwater 
Exposure Medlum: Groundwater 

9 -The MCL for lhls parameter is actually a treatment technique. The SDWA action level (a1 the lap) has been presented. Rationale Codes: 
For selection as a COPC: 

Associated Samples ASL = Above Screening Level and slle background. 
16GW0101 16GWT0302 16GW0202 
16GW0102 16GWT1602 16GW0203 For elimination as a COPC: 
16GW0103 16GWT0303 16GW0204 BKG = Below Background 
16GW0401 16GWT0501 16GWT0302-F BSL = Below Screen~ng Level 
16GW0402 16GWT0502 16GWT1601.F NUT = Essential Nutrient 
16GW0403 16GWT0503 NTX = No Toxiclty Data 
16GW0501 16GWT1201 
16GW0502 16GWT1202 
16GW0503 16GWT1601 

16GWT0301 16GW0201 

Exposure 
Point 

Minimum 
~oncent ra t lon"~ 

CAS 
Number 

Chemical 
Maximum 

  on cent ration'" 

Frequency 
Of Used for 

Range of 
~ondec t s "~  

Units 
Upgradient 

~oncentrations'" 
Sample of Maximum 

Concentration 
Screening 

Toxicity ~a lue ' "  
Potential 

ARARITBC'~' 
ARARnBC 
SoUrCe161 

CFya; 

Rationale for 
Contaminan1 

~eleclion"' Deletion or 





TABLE 2.9 
OCCURRENCE. DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER - DIRECT CONTACT - LOWER ZONE AND VALLEY WELLS 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
PAGE 1 OF 3 

Scenario Timeframe: CurrentIFuture 
Medium: Groundwater 
Exposure Medium: Groundwater 



TABLE 2.9 
OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER - DIRECT CONTACT - LOWER ZONE AND VALLEY WELLS 

SWMU I6 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 3 

Scenario Timeframe: CurrenVFuture 
Medium: Groundwater 
Exposure Medium: Groundwater 

Footnotes 
1 - Sample and duplicate are considered as two separate samples when determining the minimum and maximum concentrations. 
2 - Values presented are sample-specilic quantilation limits. 
3 - The maximum detected concentration Is used for screening purposes. 
4 - Upgradlent samples are trom location 16MW02. 
5 - The U.S. EPA Region 9 tap water screening level is presented. Value represents the risk based tap water screening level divided by 10 to correspond to a target hazard quotient 

of 0.1 for noncarclnogens (denoted with a "N" flag), or an incremental cancer risk ol 1.OE-6 lor carcinogens (denoted w~lh  a "C" flag) (U.S. EPA Region 9, Oclober 2004). 
6 - U.S. EPA Primaw Drinking Water Standard (U.S. EPA. Winter 2004). 

Indiana ~epartment of ~lvironmental ~anabement (IDEM). Risk hiegrated System 01 Closure (RISC) resldentlal closure levels lor groundwater (IDEM. January 2004). 
7 -The chemical is selected as a COPC 11 the maximum detected concentration exceeds the risk-based COPC screenina level and its resoective site backaround value. 

Chemicals selected as COPCs are indicated by shaded chemlcal names. 
8 - Values are for hexavalent chromium. 
9 -The MCL for this parameter is actually a treatment technique. The SDWA actlon level (at the tap) has been presented. 

Definitions: 
ARARlTBC =Applicable or Relevant and Approprlale Requirements To Be C 
C = Carcinogen 
COPC =Chemical Of Polent~al Concern 
J = Estlmaled value 
MCL = Maxlmum Contaminant Level 
N = Noncarclnogen 
NA = Not ApplicableINot Available 
ND =  NO^ detected. 
PRG = Preliminary Remedlation Goal 
SWDA - Safe Water Drinking Act 



TABLE 2.9 
OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER - DIRECT CONTACT - LOWER ZONE AND VALLEY WELLS 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 3 OF 3 

Scenario Timeframe: CurrenVFuture 
Medium: Groundwater 
Exposure Medium: Groundwater 

Rationale Codes: 
For seleclion as a COPC: 
ASL =Above Screening Level and slte background. 

For elim~naiion as a COPC. 
BKG = Below Background 
BSL = Below Screening Level 
NUT = Essenlial Nulrlent 
NTX = NO Toxlcity Data 

Source16, 

Screening 
Toxicity ~a lue" '  

COPC 
Flag 

Potential 
ARARTTBC"' 

Freq,"y 
Detection 

Exposure 
Point 

atlona e or 
:ontam:n:nt 
Deletion Or 
 election"' 

Minimum 
  on cent ration^" 

Range Of 
~ondec t s ' ~ '  

CIS 
Number 

Maximum 
  on cent ration'" Chemical used for 

Screening131 

Upgradient 
~oncentrations"' 

Units 
Sample of Maximum 

Concentration 



TABLE 2.10 
OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER - VAPOR INTRUSION - LOWER ZONE AND VALLEY WELLS 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 

Scenario Timeframe: CurrenVFuture 
Medium: Groundwater 
Exposure Medium: Groundwater 

Footno1es 
1 - Sample and duplicale are considered as two separale samples when determining the minimum and maximum concentrations. 
2 - Values presented are sample.specif~c quantitation limits. 
3 . The maximum detected concentration IS used for screening purposes. 
4 - Upgradient samples are lrom locatlon 16MW02. 
5 - Draft Guidance for Evalualing Ihe Vapor Intrusion to Indoor Alr Pathway lrom Groundwater and Soils. November 2002. EPA530-F-02-052. 

Values are lrom Table 2c and CorresDond lo a taraet cancer risk level of 1E-6 or HI =1 and an atlenuation lactor of 0.001. 
6 - The chemlcal is selected as a COPC if lhe maximum detected concenlratlon exceeds the rlsk-based COPC screening level and its respective site background value. 

Chemicals selected as COPCs are Indicated by shaded chemical names. 

Associated Samples 
16GWT0801 16GWT1802 

Definitions: 
ARARflBC =Applicable or Relevant and Approprlale Requ~rements To Be Considered 
C = Carcinogen 
COPC = Chem~cal Of Potentla1 Concern 
J = Estlmaled value 
N = Noncarclnogen 
NA = Not Appl~cableINot Avatlable 
ND = Not detecled. 

Rationale Codes: 
For selecllon as a COPC: 
ASL =Above Screening Level and slle background 

For elimination as a COPC: 
BKG = Below Background 
BSL = Below Screening Level 
NUT = Essenlial Nulrienl 
NTX = No Toxlcity Data 



TABLE 2.1 1 
OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN -SURFACE WATER 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 2 

Scenario Timeframe: CurrentlFuture 
Medlum: Surface Water 
Exposure Medium: Surface Water 

. . . - - . - . - 



TABLE 2.11 
OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SURFACE WATER 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
"a,.= - A.2" 
TCIUC ' vr 0 

Scenario Timefreme: CurrenVFuture 
Medium: Surface Water 
Exposure Medium: Surface Water 

I I I I I I I I I 
7440-66-6 Zinc. Filtered 3.1 J 421 J ug/L 16SW1601.F 18/21 6 -  197 421 18.1 J - 33.3 J 1100 N N A NA No BSL 

11000 IDEM 
Miscellaneous Parameters 

NilrilelNilra1e.N 0.1 1 0.55 mglL 16SW1302 417 0.025 - 0.05 0.55 0.07 - 3.2 1 1 FED-MCL No BSL 
N A N A 



TABLE 2.11 
OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN -SURFACE WATER 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 

PAGE 3 OF 3 

Footnotes 
1 -Sample and duplicate are considered as two separale samples when determining the minimum and maximum concentrations. 
2 - Values presented are sample-specific quantitation limits. 
3 - The maximum detected concentralion is used for screening purposes. 
4 - Upgradient samples are from locations 16SWlSD14. 16SWlSD20, and 16SWlSD21. 
5 - The U.S. EPA Region 9 tap water PRG Is presented. Value represents Ihe risk based lap water screening level dlvlded by 10 to correspond to a target hazard quotient 

of 0.1 for noncarcinoaens (denoted with a " N  flaal, or an incremental cancer rlsk 01 1.OE-6 for carcinoaens (denoted with a "C" flaal 
( J s EPA ~ e g  on 9. October 2004 "poatea ~ec imoe r  28.2004) 

6 .  J S EPA Prlmaw Dr nd na Water Stanaard (L S EPA W nler 2004). 

Scenario Timeframe: CurrentlFuture 
Medium: Surlace Water 
Exposure Medium: Surface Water 

Indiana ~ e p a r t ~ e n t  of E~vironrnental Management (IDEM). Risk Integrated System 01 Closure (RISC) residential Closure levels lor groundwater (IDEM. JaWary 2004). 
7 -The chemical is selected as a COPC if the maximum detected concenlratlon exceeds the risk-based COPC screening level and its reSpeCtlve Site background value. 

Chemicals selected as COPCs are indicated by shaded chemical names. 
8 - Value is for naphthalene. 
9 - Value is for pyrene. 
10 -One tenth of the noncarcinogenic PUG is less than the carclnogenlc PRG. therefore the one tenlh noncarcinogenic PRG is presented. 
11 -Values are for aminodinitrotoluene. 
12 -Values are for hexavalent chromium. 
13 - The MCL for this parameter is actually a treatment lechnique. The SDWA action level (a1 Ihe tap) has been presented. 

Exposure 
Point 

Associated SarnDIes 
16SW0301 16SW1001 

16SWO301.F 16SW1001-F 
16SW0401 16SW1101 

16SWO401-F 16SW1101-F 
16SW0501 16SW1201 

16SW0501 -F 16SW1201-F 
16SW0601 16SW1202 

16SW0601 -F 16SW1202-F 
16SW0801 16SW1301 

16SWO801-F 16SW1301-F 
16SW0901 16SW1302 

16SW0901 -F 16SW1302-F 

Definitions: 
ARARrrBC =AppllCable or Relevant and Appropriate Requirements To Be Considered 
C =Carcinogen 
COPC =Chemical Of Potential Concern 
J = Eslimaled value 
MCL = Maxlmum Contaminant Level 
N = Noncarcinogen 
NA = Not ApplsableINot Available 
ND =  NO^ detected. 
PRG = Preliminary Remediation Goal 
SWDA = Safe Water Drlnklng Act 

CFyaPgC 
CAS 

Number 

Rationale Codes: 
For seleclion as a COPC: 
ASL = Above Screening Level and slte background 

Rat~onale for 
Contaminant 
Deletion or 
 election"' 

Screening 
Toxiciw value'" Chemical 

For elimination as a COPC: 
BKG = Below Background 
BSL = Below Screening Level 
NUT = Essenlial Nulrlenl 
NTX = No Toxlcihl Data 

Range of 
N~ndects '~ '  

Minimum 
concentration"' 

Potential 
A R A R ~ B C " '  

Sample of Maximum 
Concentration 

ARAWTBC 
Sourcelm 

for 
Screening,ll 

Freqxy 
Detection 

Maximum 
  on cent ration'" 

Upgradient 
Concentrations'" 

Units 



TABLE 2.12 
OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN -SURFACE WATER 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 
PAGE 1 OF 2 

Scenario Timeframe: CurrenVFuture 
Medium: Surface Water 
Exposure Medium: Surface Water 



TABLE 2.12 
OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SURFACE WATER 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 2 

Footnotes 
1 - Sample and dupllcale are considered as two separale samples when determinlng the minimum and maximum concentrations. 
2 - Values presented are sample-specific quantitation Ihmits. 
3 - The maximum detected concentralion is used for screening purposes. 
4 - Upgradient concentrations are from location 16SWISD18. 
5 -The U.S. EPA Region 9 tap water PRG is presented. Value represents the risk based tap water screening level divided by 10 to correspond to a large1 hazard quotient 

of 0.1 for noncarcinogens (denoled with a " N  flag), or an incremental cancer risk of 1.OE-6 for carcinogens (denoted with a " C  flag) 
(U.S. EPA Reglon 9. October 2004. updated December 28. 2004). 

6 - U.S. EPA Primaw Drinkina Water Standard fU.S. EPA. Winler 20041. 
Indiana ~epar tkent  of €&ironmental Manhement (IDEM). Risk lniegrated System of Closure (RISC) residenlial closure levels for groundwaler (IDEM. January 2004). 

7 -The chemical IS selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screenina level and its resDective site backaround value. 

Scenario Timeframe: CurrenffFuture 
Medium: Surlace Water 
Exposure Medium: Surface Water 

Chemicals selected as COPCs are indicaled by shaded chem~cal names. 
8 -The MCL for this parameter is actually a treatment technique. The SDWA action level (a1 Ihe tap) has been presented. 

Exposure 
Point 

Associated Samples 
t6SW1901 

16SW1901-F 
16SW2401 

16SW2401-F 
16SW2501 

16SW2501-F 

Minimum 
  on cent ration'" 

4 J  

1030 J 

3840 J 

9.1 J 

Miscellaneous Parameters 

Deflnitions: 
ARARITBC = Applicable or Relevant and Approprlate Requ~remenls To Be Considered 
C = Carcinogen 
COPC =Chemical Of Potentlal Concern 
J = Esl~mated value 
MCL = Maxlmum Contaminant Level 
N = Noncarcinogen 
NA = Not ApplicableINot Available 
ND = Not detected. 
PUG = Preliminary Remediatlon Goal 
SWDA = Safe Water Drlnking Acl 

Units 

ug/L 

ug1L 

ug/L 

ug/L 

CAS 
Number 

7440-02-0 

7440-09-7 

7440-23-5 

7440-66-6 

Maximum 

  on cent ration'" 

8.6 

1900 J 

8190 J 

21.8 J 

Rationale Codes: 
For selection as a COPC: 
ASL =Above Screening Level and site background 

Chemical 

Nlckel. Flllered 

Potassium. Fillered 

Sodium, Filtered 

Zinc, Flltered 

NitrlteINilrate-N 

For elimlnalion as a COPC: 

Sample of 
Concentration 

16SW2501.F 

16SW2501-F 

16SW2401-F 

16SW2401-F 

16SW2401 

BS- = Below Screening Leve 
h,T = Essenf a1 hJtrlenl 
hTX = ho TOXIC ly Dala 

0.05 

Frequency 

Detection Of 

313 

313 

313 

313 

111 0.05 

Range of 
~ o n d e c t s ~ "  

... 

... 

... 

... 

mg1L ... 

Concentration 
,r 

Screeningla, 

8.6 

1900 

8190 

21.8 

0.05 

U r a d i e n  
  on cent ration"' 

ND 

846 J 

4360 J 

NO 

ND 

Screening 
Toxicity ~a lue l "  

73 N 

N A 

N A 

1100 N 

1 

Potential 
ARAFITTBC"' 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

11000 

1 
NA 

~~~~~c 
Source~61 

NA 
NA 
NA 
N A 
NA 
NA 
NA 

IDEM 

FED-MCL 
N A 

COPC 

Flag 

NO 

No 

NO 

No 

No 

atlona e or 
~ontam~n:nt 

 election"' Deletion or , 

BSL 

NUT 

NUT 

BSL 

BSL 



TABLE 2-13 
OCCURRENCE. DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SEDIMENT - GULLY 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 2 

Scenario Timeframe: CurrentlFuture 
Medium: Sedlment 
Exposure Medium: Sediment 



TABLE 2-13 
OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SEDIMENT - GULLY 

SWMU I 6  (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 2 

Footnotes 
1 . Sample and dupllcale are considered as Iwo separate samples when determlnlng the mlnlmum and maxlmum concentralions. 
2 . Values presenled are sample-specific quanlilatlon limits. 
3 .  The maximum detected concentration is used lor screening purposes. 
4 - Upgradient samples are from locations 16SWlSD14. 16SWlSD20, and 16SWlSD21. 
5 - U.S. EPA Reglon 9 Prel~minary Remediat~on Goal (PRG). The noncarcinogenic values (denoted with a "N" flag) are the PRG divided by 10 lo correspond to a target hazard quollent 

of 0.1. Carcinooenic values remesent an incremental cancer risk of 1.OE-06 icarcinooens denoted with a "C" flaa) (U.S. EPA Reoion 9. October 2004. U~dated December 28. 2004) . - ". . 
6 - no ana Department ol Env ronmenla Management (IDEM) R s, Integrate0 System of ClosLre (R SC) resloent a c 0s-re evels tor so ( DEM. .an-ary 20041. 
7 - Tne cnem cal s selecteo as a COPC tf  tne rnaxlrnLm oetecteo concenlrat on exceeds tne r s6-oaseo COPC screen ng evei an0 s stat st ca I\ 

Scenario Timeframe: CurrentlFuture 
Medium: Sediment 
Exposure Medium: Sediment 

determined to be above site background. Chemicals selected as COPCs are indicated by shaded chemical names. 
8 .  The value for naphthalene IS used as a surrogate for 2-methylnaphthalene. 
9 -The value for acenaphthene is used as a surrogate lor acenaphthyiene. 
10 -The value for pyrene is used as a surrogate for benzo(g.h.i)perylene and phenanlhrene 

Rationale for 
Contaminant 
Deletion or 
~elect~on'" 

Chemical 
Exposure 

Point 

1 1 - Value is for dinitrotoluene mixtures. 
12 -The RBC for residential land use for lolal chromium is presented. 
I 3  -Value is for hexavalent chromlum. 
14 - One tenth of the noncarcinogenic PRG is less than the carcinogenic PRG, therefore the one tenth noncarclnogenlc PRG is presented. 
15 -The printed PRG table lists a ceillng limit of 100.000 mglkg as the PRG. 

The value presented is 1/10 of the actual risk.based PRG presented in the electronic version ol the PRG table. 

CAS Number 

Associated SamDies 
16SD0201 16SD0802 16SD1302 16SD2901 
16SD0301 16SD0901 16SD1501 16SD3001 

EPA Region 9 PRG 
(~esidential)'~' 

Definitions: 
ARARrrBC = Applicable or Relevant and Appropriale Requ~rements To Be Consrdered 
C = Carcinogen 
COPC = Chemical 01 Potential Concern 
J = Estimated value 
N = Noncarclnogen 
NA = Not Appl~cable/Not Available 
ND = Nol delected 
PRG = Preliminary Remedtatlon Goal 
sat = Soil Saluratlon Limit 

Range of 
Nondec~s'~' 

Minimum 

  on cent ration'" 

Rationale Codes: 
For seleclion as a COPC: 
ASL = Above Screening Level and site background 

Potential 
ARARITBC"' 

Sample of Maximum 
Concentration 

For ellmlnallon as a COPC: 
BKG = Below Background 
BSL = Below Screening Level 
NUT = Essential Nutrlent 
NTX = No Toxiciw Dala 

C o ~ e ~ ; ~ i o n  
Freq,"yy 
Detection 

Maximum 
d on cent ration^'^ A ~ o ~ ~ ~  

Upgradient 
~oncentrations'" 

units 
COPC 
Flag 



TABLE 2.14 
OCCURRENCE. DlSTRiBUTlON AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SEDIMENT - TURKEY CREEK 

SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
NSWC CRANE 

CRANE. INDIANA 

Scenario Timeframe: CurrenWFuture 
Medium: Sediment 
Exposure Medium: Sediment 

Footnotes 
1 -Sample and duplicate are considered as k o  separate samples when determining the mlnlmum and maximum concentratlons. 
2 - Values presented are sample-speciflc quantllation Ilmlts. 
3 - The maximum detected concentratlon is used lor screening purposes. 
4 - Upgradient concentrations are from location 16SW/SDI8. 
5 .  U.S. EPA Region 9 Preliminary Remediation Goal (PRG). The noncarcinogenic values (denoted with a "N" flag) are the PUG divlded by 10 to correspond to a target hazard quotlent 

of 0.1. Carcinooenic values reoresent an incremental cancer risk of 1.OE-06 lcarcinoaens denoted wlth a "C" f l a d  (U.S. EPA Ueolon 9. October 2004. UDdated December 28. 2004) 
6 .  nd ana Department ol Env ronmenta Management (OEM) R s* Inlegratso Syslern of C o s ~ r e  (R SC) resloenl a c os.re evels tor so ( DEM .anJay 2004) 
7 . Tne cnem ca s selecteo as a COPC 11 tne maxlmLm oelecteo concentral on exceeds tne r s6 oaseo COPC screen no level ano IS stat st ca \ 

oelerm neo to oe above s re oac*groJno Chemicals se ecled as COPCs are lnolcaleo oy snaded cnemlcal names 
8 .  Tne RBC tor resloentla~ and Jse lor Iota cnrom Jrn s presenleo 
9 - Value is for hexavalent chromium. 
10 -One tenth of the noncarcinogenic PRG IS less than the carcinogenic PRG. therefore the one tenth noncarcinogenic PRG is presented 
11 -The prlnted PRG table lhsts a ceiling limit ol 100.000 mgkg as the PRG. 

The value presented is 1/10 of the actual risk-based PRG presented In the eleclronic verslon ol the PRG table. 

Definitions: 
ARARITBC = Appilcable or Relevant and Appropr~ate Requirements 1 
C E Carc~nogen 
COPC = Chemlcal 0 1  Potential Concern 
J = Estimated value 
N = Noncarclnogen 
NA = Not ApplicableiNot Available 
ND = Not detected 
PRG = Prellmlnafy Remedlatlon Goal 
sat = Soil Saturation Llmll 

Rationale Codes: 
For selection as a COPC: 
ASL = Above Screening Level and site background 

For ellmlnatlon as a COPC: 
BKG = Below Background 
BSL = Below Screening Level 
NUT = Essent~al Nutrlent 
NTX = No Toxlclty Data 

Associated Samples 
16SD1901 16SD2501 
16SD1902 16SD180l 
16SD2401 



RAGS Part D Table 3 

Medium-Specific Exposure Point Concentration Summary 



LIST OF TABLES 
RAGS PART D TABLE 3 

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY 

Table No. 
Reasonable MaxirnurnICentral Tendency Exposures 

3.1 .RME Surface Soil 
3.2.RME Surface/Subsurface Soil 
3.3.RME Groundwater 
3.4.RME Surface Water - Gullies 
3.5.RME Surface Water - Turkey Creek 
3.6.RME Sediment - Gullies 
3.7.RME Sediment - Turkey Creek 



TABLE 3.1 .RME 
EXPOSURE POINT CONCENTRATION SUMMARY 

REASONABLE MAXIMUM EXPOSURE 
NSWC CRANE, CRANE, INDIANA 

Scenario Timeframe: CurrentIFuture 
Medium: Surface Soil 
Exposure Medium: Surface Soil 

G = Gamma 
L = Lognormal 
N = Normal 
NP = Non-parametric 
1 - The Shapiro-Wilks, Anderson-Darling, and Kolmogorov-Smirnov tests indicate that the data is non-parametric. The ProUCL guidance recommends that the 

97.5% Chebyshev(Mean, Std) UCL be used as the exposure point concentration. 
2 - The Shapiro-Wilks, Anderson-Darling, and Kolmogorov-Smirnov tests indicate that the data is non-parametric. The ProUCL guidance recommends that the 

99% Chebyshev(Mean, Std) UCL be used as the exposure point concentration. 
3 - The Shapiro-Wilks, Anderson-Darling, and Kolmogorov-Smirnov tests indicate that the data is non-parametric. The ProUCL guidance recommends that the 

95% Chebyshev(Mean, Std) UCL be used as the exposure point concentration. 
4 - The Shapiro-Wilks W test indicates that the data are normally distributed. The ProUCL guidance recommends that the 95% Student-t UCL be used as 

the exposure point concentration. 
5 - The Shapiro-Wilks W test indicates that the data are log-normally distributed. The ProUCL guidance recommends that the H-UCL be used as 

the exposure point concentration. 
6 - Anderson-Darling (A-D) and Kolmogorov Smirnov (K-S) test indicates that the data follows a gamma distribution, the approximate gamma 95% UCL is used 

as the exposure point concentration. 
7 - Mean concentration is used as exposure point concentration for evaluating exposures to lead. 

U.S. EPA, 1994:Guidance Manual for the Integrated Exposure Uptake Biokinetic Model for lead in Children. 

Exposure Point 

Exposure point concentrations for the RME scenarios are also the exposure point concentrations for the CTE scenarios. 

Exposure Point Concentration Chemical of 
Potential Concern Value 

Units 
Units 

Arithmetic 
Mean Statistic Rationale 

95% UCL 
(Distribution) 

Maximum 
Concentration 

(Qualifier) 



TABLE 3.2.RME 
EXPOSURE POINT CONCENTRATION SUMMARY 

REASONABLE MAXIMUM EXPOSURE 
NSWC CRANE, CRANE, INDIANA 

N = Normal 
NP = Non-parametric 
1 - The Shapiro-Wilks, Anderson-Darling, and Kolmogorov-Smirnov tests indicate that the data is non-parametr~c. The ProUCL guidance recommends that the 

99% Chebyshev(Mean, Std) UCL be used as the exposure point concentration. 
2 - The Shapiro-Wilks, Anderson-Darling, and Kolmogorov-Smirnov tests indicate that the data is non-parametric. The ProUCL guidance recommends that the 

97.5% Chebyshev(Mean, Std) UCL be used as the exposure point concentration. 
3 - The Shapiro-Wilks, Anderson-Darling, and Kolmogorov-Smirnov tests indicate that the data is non-parametric. The ProUCL guidance recommends that the 

95% Chebyshev(Mean, Std) UCL be used as the exposure point concentration. 
4 - The Shapiro-Wilks W test indicates that the data are normally distributed. The ProUCL guidance recommends that the 95% Student-t UCL be used as 

the exposure ~ o i n t  concentration. 
5 - The ~"derson-oarling and Kolmogorov-Smirnov tests indicate that the data follows a gamma distribution. The ProUCL guidance recommends that the approximate gamma UCL 

be used as the exposure point concentration. 
6 - Mean concentration is used as exposure point concentration for evaluating exposures to lead. 

U.S. EPA, 1994:Guidance Manual for the Integrated Exposure Uptake Biokinetic Model for lead in Children 

Exposure point concentrations for the RME scenarios are also the exposure point concentrations for the CTE scenarios. 



TABLE 3.3.RME 
EXPOSURE POINT CONCENTRATION SUMMARY 

REASONABLE MAXIMUM EXPOSURE 
NSWC CRANE, CRANE, INDIANA 

Scenario Timeframe: CurrenVFuture 
Medium: Groundwater 
Exposure Medium: Groundwater 

Exposure Point Chemical of Units Arithmetic 95% UCL Concentration Exposure Point Concentration 
Potential Concern I I Mean I (Distribution) I (Qualifier) 11 Value I Units Statistic Rationale 

Exposure point concentrations for the RME scenarios are also the exposure point concentrations for the CTE scenarios 



TABLE 3.4.RME 
EXPOSURE POINT CONCENTRATION SUMMARY 

REASONABLE MAXIMUM EXPOSURE 
NSWC CRANE, CRANE, INDIANA 

Scenario Timeframe: CurrentIFuture 
Medium: Surface Water 
Exposure Medium: Surface Water 

Potential Concern 

For non-detects, 112 sample quantitation limit was used as a proxy concentration; for duplicate sample results, the average value was used in the calculation. 
G - Gamma distribution. 
NP - Non-parmetric distribution. 
L - Lognormal distribution. 
J - Estimated value. 
1 - The Shapiro-Wilks, Anderson-Darling, and Kolmogorov-Smirnov tests indicate that the data is non-parametric. The ProUCL guidance recommends that the 99% Chebyshev(Mean, Std) UCL 

be used as the exposure point concentration. The 99% Chebyshev(Mean, Std) UCL is greater than the maximum detected concentration therefore ProUCL suggested 
that the 97.5% Chebyshev(Mean, Std) UCL be used as the exposure point concentration. 

2 - The Shapiro-Wilks, Anderson-Darling, and Kolmogorov-Smirnov tests indicate that the data is non-parametric. The ProUCL guidance recommends that the 99% Chebyshev(Mean, Std) UCL 
be used as the exposure point concentration. The 99% Chebyshev(Mean, Std) UCL is greater than the maximum detected concentration therefore ProUCL suggested 
that either the 95% or 97.5% Chebyshev(Mean, Std) UCL be used as the exposure point concentration. Both are greater than the maximum detected concentration, therefore, 
the maximum detected concentration is used as the exposure point concentration. 

3 - Anderson-Darling (A-D) and Kolmogorov Smirnov (K-S) test indicates that the data follows a gamma distribution, the approximate gamma 95% UCL is used 
as the exposure point concentration. 

4 - The Shapiro-Wilks W test indicates that the data are log-normally distributed. The ProUCL guidance recommends that the 95% Chebyshev(MVUE) UCL be used as 
the exposure point concentration. 

5 - Mean concentration is used as exposure point concentration for evaluating exposures to lead. 
U.S. EPA, 1994:Guidance Manual for the Integrated Exposure Uptake Biokinetic Model for lead in Children. 

Exposure point concentrations for the RME scenarios are also the exposure point concentrations for the CTE scenarios. 



TABLE 3.5.RME 
EXPOSURE POINT CONCENTRATION SUMMARY 

REASONABLE MAXIMUM EXPOSURE 
NSWC CRANE, CRANE, INDIANA 

1 - There were an insufficient number of samples to calculate statistics, therefore the maximum detected concentration was used for the exposure point concentration 
Exposure point concentrations for the RME scenarios are also the exposure point concentrations for the CTE scenarios. 

Scenario Timeframe: CurrentIFuture 
Medium: Surface Water 
Exposure Medium: Surface Water 

Exposure Point 

Turkey Creek 

Units 

ug1L 
uglL 

Chemical of 
Potential Concern 

Arsenic 
Manganese (Water) (1) 

Arithmetic 
Mean 

0.177 
200 

95% UCL 
(Distribution) 

(1 ) 
(1 ) 

Maximum 
Concentration 

(Qualifier) 

0.37 J 
476 

Exposure Point Concentration 
Value 

0.37 
476 

Units 

ug1L 
ug1L 

Statistic 

Maximum Detected Concentration 
Maximum Detected Concentration 

Rationale 

(1) 



TABLE 3.6.RME 
EXPOSURE POINT CONCENTRATION SUMMARY 

REASONABLE MAXIMUM EXPOSURE 
NSWC CRANE, CRANE, INDIANA 

Scenario Timeframe: CurrentIFuture 
Medium: Sediment 
Exposure Medium: Sediment 

Potential Concern 

G - Gamma distribution. 
N - Normal distribution. 
NP - Non-parmetric distribution. 
L - Lognormal distribution. 
J - Estimated value. 
1 - Anderson-Darling (A-D) and Kolmogorov Smirnov (K-S) test indicates that the data follows a gamma distribution, the approximate gamma 95% UCL is used 

as the exposure point concentration. 
2 - The Shapiro-Wilks W test indicates that the data are normally distributed. The ProUCL guidance recommends that the 95% Student-t UCL be used as 

the exposure point concentration. 
3 - The Shapiro-Wilks, Anderson-Darling, and Kolmogorov-Smirnov tests indicate that the data is non-parametric. The ProUCL guidance recommends that the 

99% Chebyshev(Mean, Std) UCL be used as the exposure point concentration. 
4 -The Shapiro-Wilks W test indicates that the data are log-normally distributed. The ProUCL guidance recommends that the H-UCL be used as 

the exposure point concentration. 
5 - The Shapiro-Wilks W test indicates that the data are log-normally distributed. The ProUCL guidance recommends that the 95% Chebyshev(MVUE) UCL be used as 

the exposure point concentration. 
6 - The Shapiro-Wilks, Anderson-Darling, and Kolmogorov-Smirnov tests indicate that the data is non-parametric. The ProUCL guidance recommends that the 

95% Chebyshev(Mean, Std) UCL be used as the exposure point concentration. 
7 - Mean concentration is used as exposure polnt concentration for evaluating exposures to lead. 

U.S. EPA, 1994:Guidance Manual for the Integrated Exposure Uptake Biokinetic Model for lead in Children 

Exposure point concentrations for the RME scenarios are also the exposure point concentrations for the CTE scenarios. 



TABLE 3.7.RME 
EXPOSURE POINT CONCENTRATION SUMMARY 

REASONABLE MAXIMUM EXPOSURE 
NSWC CRANE, CRANE, INDIANA 

Scenario Timeframe: CurrentIFuture 
Medium: Sediment 
Exposure Medium: Sediment 

1 - There were an insufficient number of samples to calculate statistics, therefore the maximum detected concentration was used for the exposure point concentration 
Exposure point concentrations for the RME scenarios are also the exposure point concentrations for the CTE scenarios. 

Exposure Point 

Turkey Creek 

Chemical of 
Potential Concern 

Aluminum 
Arsenic 
Iron 
Manganese (Soil) 
Vanadium 

- -  - 

Exposure Point Concentration Units 

mglkg 
mglkg 
mglkg 
mglkg 
mglkg 

Value 

10500 
30.8 

122000 
1900 
51.2 

Arithmetic 
Mean 

9658 
21.1 

74325 
1337 
40.0 

Units 

mglkg 
mglkg 
mglkg 
mglkg 
mglkg 

95% UCL 
(Distribution) 

(1 ) 
(1 ) 
(1 ) 
(1 ) 
(1 ) 

Statistic 

Maximum Detected Concentration 
Maximum Detected Concentration 
Maximum Detected Concentration 
Maximum Detected Concentration 
Maximum Detected Concentration 

Maximum 
Concentration 

(Qualifier) 

10500 J 
30.8 J 

122000 J 
1900 J 
51.2 J 

Rationale 

(1) 
(1) 

(1 ) 

(1) 
(1) 



RAGS Part D Table 4 

Values Used For Daily Intake Calculations 



LIST OF TABLES 
RAGS PART D TABLE 4 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

Table No. 
Reasonable Maximum Exposures 

Maintenance Workers Exposed to Surface Soil 
Maintenance Workers Exposed to Air Emissions from Surface Soil 
Maintenance Workers Exposed to Surface Water 
Maintenance Workers Exposed to Sediment 
Occupational Workers Exposed to Surface Soil 
Occupational Workers Exposed to Air Emissions from Surface Soil 
Occupational Workers Exposed to Groundwater 
Adolescent Trespassers Exposed to Surface Soil 
Adolescent Trespassers Exposed to Air Emissions from Surface Soil 
Adolescent Trespassers Exposed to Surface Water 
Adolescent Trespassers Exposed to Sediment 
Construction Workers Exposed to SurfacelSubsurface Soil 
Construction Workers Exposed to Air Emissions from SurfacelSubsurface Soil 
Construction Workers Exposed to Groundwater 
Construction Workers Exposed to Volatile Emissions from Groundwater 
Child Recreational Users Exposed to Surface Soil 
Child Recreational Users Exposed to Air Emissions from Surface Soil 
Child Recreational Users Exposed to Groundwater 
Child Recreational Users Exposed to Surface Water 
Child Recreational Users Exposed to Sediment 
Adult Recreational Users Exposed to Surface Soil 
Adult Recreational Users Exposed to Air Emissions from Surface Soil 
Adult Recreational Users Exposed to Groundwater 
Adult Recreational Users Exposed to Surface Water 
Adult Recreational Users Exposed to Sediment 
Child Residents Exposed to Surface Soil 
Child Residents Exposed to Air Emissions from SurfacelSubsurface Soil 
Child Residents Exposed to Groundwater 
Child Residents Exposed to Volatile Emissions from Groundwater 
Child Residents Users Exposed to Surface Water 
Child Residents Users Exposed to Sediment 
Adult Residents Exposed to Surface Soil 
Adult Residents Exposed to Air Emissions from SurfacelSubsurface Soil 
Adult Residents Exposed to Groundwater 
Adult Residents Exposed to Volatile Emissions from Groundwater 
Adult Residents Users Exposed to Surface Water 
Adult Residents Users Exposed to Sediment 

Central Tendency Exposures 
Maintenance Workers Exposed to Surface Soil 
Maintenance Workers Exposed to Air Emissions from Surface Soil 
Maintenance Workers Exposed to Surface Water 
Maintenance Workers Exposed to Sediment 
Occupational Workers Exposed to Surface Soil 
Occupational Workers Exposed to Air Emissions from Surface Soil 
Occupational Workers Exposed to Groundwater 
Adolescent Trespassers Exposed to Surface Soil 
Adolescent Trespassers Exposed to Air Emissions from Surface Soil 
Adolescent Trespassers Exposed to Surface Water 
Adolescent Trespassers Exposed to Sediment 
Construction Workers Exposed to SurfacelSubsurface Soil 
Construction Workers Exposed to Air Emissions from SurfacelSubsurface Soil 
Construction Workers Exposed to Groundwater 
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TABLE 4.1 .RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE. CRANE INDIANA 

Medium: Surlace Soil 

Notes: 

1 - Professional Judgemenl. Assume 2 days a month for RME and 1 day a month for CTE. 

Sources: 

U.S. EPA, 1989: Risk Assessment Guidance for Superlund. Vol 1: Human Health Evaluation Manual, Part A. 

U.S. EPA, 1993: Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guidance for Dermal Risk Assessment) Final. EPA/540/R/99/005 

Exposure Route 

Ingestion 

Dermal 

Unit Intake Calculations 

Incidental lngestion lntake = (IR-S x CF3 x FI x EF x ED)/(BW x AT) 

Dermal lntake = (CF3 x SA x SSAF x EF x ED)/(BW x AT) 

Cancer Ingestion intake = 3.35E-08 Cancer Dermal intake = 2.21 E-07 

Noncancer lngeslion Intake = 9.39E-08 Noncancer Dermal Intake = 6.20E-07 

Receptor Population 

Maintenance Workers 

Maintenance Workers 

Receptor Age 

Adult 

Adult 

Exposure Point 

SWMU 16 

SWMU 16 

Value 

Max or 95% UCL 

100 

0.000001 

1 

24 

25 

70 

25550 

91 25 

Max or 95% UCL 

0.000001 

3300 

0.2 

Chemical Specific 

24 

25 

70 

25550 

9125 

Unlls 

mglkg 
rnglday 

kg/m9 

unitless 

dayslyear 

years 

k9 

days 

days 

mglkg 

kglmg 

cm2 

mglcm2levent 

unitless 

dayslyear 

years 

k9 

days 

days 

Rationalel 
Reference 

U.S. EPA. 2002 

U.S. EPA. 1993 

U.S. EPA. 1993 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

U.S. EPA. 2002 

U.S. EPA. 2004 

U.S. EPA. 2004 

U.S. EPA, 2004 

(1) 

U.S. EPA. 1993 

U.S. EPA, 1993 

U.S. EPA, 1989 

U.S. EPA. 1989 

Parameter 
Code 

CS 

IR-S 

CF3 

FI 

EF 

ED 

BW 

AT-C 

AT-N 

CS 

CF3 

SA 

SSAF 

DABS 

EF 

ED 

BW 

AT-C 

AT.N 

Intake Equat~onl 
Model Name 

Intake (mglkglday) = 

C S x I R S x C F 3 x F I x E F x E D  

B W x A T  

Dermaily Absorbed Dose (mglkglday) = 

CS x CF3 x SA x SSAF x DABS x EF x ED 

BW x AT 

Parameter Definition 

Chemical concentration in soil 

ingestion Rate 

Conversion Factor 3 

Fraction Ingested 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Chemical concentration in soil 

Conversion Factor 3 

Skin Surface Available for Contact 

Soil to Skin Adherence Factor 

Absorption Factor 

Exposure Frequency 

Exposure Durai~on 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 



TABLE 4.2.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE. CRANE INDIANA 

Medium: Surface Soil 

Exposure Route 

U.S. EPA. 1989: Rlsk Assessment Guidance for Superfund. Vol 1: Human Health Evalualion Manual. Part A. U.S. EPA/540/1.86/060 

U.S. EPA. 1993: Superfund Slandard Default Exposure Factors lor the Central Tendency and Reasonable Maxlmum Exposure. 

U.S. EPA. 1997: Exposure Factors Handbook. U.S. EPN60018-951002FA. 

U.S. EPA, 2002a: Suppiemenlal Guidance lor Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24. 

Receptor Population 

\ 
lnhalat~on 

U.S. EPA. 2002b: Calculating Upper Confidence Limits lor Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

Noles: 

1 - Prolessional Judgement. Assume 2 days a monlh for RME and 1 day a month for CTE. 

Sources: 

IDEM. 2004: RlSC Technical Guide. January Update. 

Adult 

I 

Maintenance Workers 

U.S. EPA. 2OO2b 

m3lhour U.S. EPA, 1997 

Receplor Age 

SWMU 16 

days U.S. EPA. 1989 

m3lkg IDEM. 2004 

Exposure Polnt 

hourslday 

dayslyear 

years 

kg 

makg U.S. EPA. 2002a 

glm2.s per IDEM. 2004 

CA 

CS 

IR 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

PEF 

VF 

QIC 

(1) 

(1 )  

U.S. EPA, 1993 

U.S. EPA. 1993 

5 , )  

lntake (mgkgday) = 

Parameter 
Code 

Unit lntake Calculations 

lnhalation lntake = (IR x ET x EF x ED)/(BW x AT) 

Chemical concentration in air 

Chemical concenlratlon in soil 

Inhalation Rate 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Part~culate Emission Faclor 

Volatilizalion Factor 

Inverse of mean concentration at 

center of source 

Cancer Inhalation Intake = 6.71E-03 Noncancer Inhalation Inlake = 1.88E-02 

Parameter Definilion 

Calculated 

Max or 95% UCL 

2.5 

8 

24 

25 

70 

25550 

9125 

1.316E+09 

Chemical-spec~f~c 

68.81 

Value Units Rationale1 
Reference 

Intake Equal~onl 
Model Name 

.., 



TABLE 4.3.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE. CRANE INDIANA 

Medium: Surlace Water 

Notes: 

1 - Professional Judgement. Assume 2 days a month for RME and 1 day a month for CTE. 

Sources: 

U.S. EPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A. 

U.S. EPA, 1993: Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guidance for Dermal Risk Assessment) Final. EPA/540/R/99/005 

Exposure Route 

Dermal 

Unit lntake Catculalions 

ingestion lntake = (CR X CF x ET X EF x ED)/(BW x AT) 

Dermal lnlake = (SA x EV x EF x ED)/(BW x AT) 

Cancer lngest~on Intake = 0.00E+00 

Noncancer Ingestion Intake = 0.00E+00 

Receptor Population 

Maintenance Workers 

Cancer Dermal lntake = 1.1 1 E+00 

Noncancer Dermal lntake = 3.10E+00 

Receptor Age 

Adult 

Exposure Point 

SWMU 16 

Parameter Definition 

Absorbed dose per event 

Skin Surface Available for Contact 

Event Frequency 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Parameter 
Code 

DAevent 

SA 

EV 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

Value 

Calculated 

3300 

I 

2 

24 

25 

70 

25550 

9125 

Units 

mgIcm2-evenl 

cm2 

eventslday 

hoursievent 

daysiyear 

years 

kg 

days 

days 

Rationale1 
Reference 

U.S. EPA. 2004 

U.S. EPA. 2004 

(1) 

(1) 

(1) 

U.S. EPA, 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA, 1989 

Intake Equal~onl 
Model Name 

Dermally Absorbed Dose (mglkglday) = 

DAevent x EV x EF x ED x SA 

B W x A T  

See text for calculat~on of DAevent. 



TABLE 4.4.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE, CRANE INDIANA 

Parameter Parameter Definition 

II I I I I Code I Exposure Route Receptor Population 

Ingestion 

CF3 

FI 

EF 

ED 

11 I I I I CF3 l~onversion Factor 3 

Receptor Age 

Maintenance Workers 

Conversion Factor 3 

Fraction Ingested 

Exposure Frequency 

Exposure Duration 

Dermal 

Exposure Point 

Notes: 

1 - Professional Judgement. Assume 2 days a month for RME and 1 day a month for CTE. 

Sources: 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual. Part A. 

U.S. EPA. 1993: Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure, 

U.S. EPA, 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. EPN540lR1991005 

Adult 

Maintenance Workers 

EF 

ED 

BW 

AT-C 

Unit lntake Calculations 

Incidental lngestion lntake = (IR-S x CF3 x Fi x EF x ED)I(BW x AT) 

Dermal lntake = (CF3 x SA x SSAF x EF x ED)/(BW x AT) 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

I Value 

SWMU 16 

Adult 

Max or 95% UCL 

100 

25550 

9125 

Max or 95% UCL 

CS 

IR-S 

SWMU 16 

0.2 

Chemlcal Specific 

Chemical concentration in sediment 

lngestion Rate 

BW 

AT-C 

AT-N 

CS 

mg/kg 
mglday 

kglmg 

unitless 

dayslyear 

years 

kg 

days 

Unlts 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Chemical concentration in sediment 

days 

mg/kg 

kg/mg 

cm2 

rng/cm2/event 

unitless 

dayslyear 

years 

kg 

days 

Rationale1 
Reference 

inlake Equat~onl 
Model Name 

U.S. EPA, 1993 

(1) 

U.S. EPA. 1993 

U.S EPA. 1993 

U.S. EPA, 1989 

U.S EPA. 2002 

U.S. EPA, 1993 

U.S. EPA, 1989 

U S. EPA. 2002 

Intake (mglkglday) = 

U.S. EPA. 2004 

U.S. EPA, 2004 

U.S. EPA. 2004 

(1) 
U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA, 1989 

Dermally Absorbed Dose (rnglkgldayl = 

Cancer lngestlon Intake = 3.35E-08 Cancer Dermal Intake = 2.21 E-07 

Noncancer Ingestion Intake = 9.39E-08 Noncancer Dermal Intake = 6.20E-07 



TABLE 4.5.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE. CRANE INDIANA 

Medium: Surface Soil 

Unit lntake Calculations 

Incidental lngestion lntake = (IR-S x CF3 x FI x EF x ED)/(BW x AT) 

Dermal lntake = (CF3 x SA x SSAF x EF x ED)/(BW x AT) 

Exposure Route 

lngeslion 

Dermal 

Sources: 

mglkg 
mglday 

kglmg 

un~tless 

dayslyear 

years 

kg 

days 

days 

mg/kg 

dayslyear 

years 

kg 

days 

U.S. EPA. 1989: Rlsk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual. Pan A. 

U.S. EPA. 1993: Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA, 2002: Calculating Upper Conlidence Limits lor Exposure Polnt Concentratlons at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA, 2004: Rlsk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. EPN540lRl991005. 

Receptor Populatlon 

Occupational Workers 

Occupational Workers 

Rat~onalel 
Reference 

Intake Equat~onl 
Model Name 

Receptor Age 

Adult 

Adull 

U.S. EPA. 2002 Intake (mglkglday) . 
U.S. EPA. 1993 

U.S. EPA, 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

Exposure Point 

SWMU 16 

SWMU 16 

U.S. EPA. 2004 

U.S. EPA, 2004 

U.S. EPA, 2004 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA, 1989 

Parameter 
Code 

CS 

IR-S 

CF3 

FI 

EF 

ED 

BW 

AT-C 

AT-N 

CS 

CF3 

SA 

SSAF 

DABS 

EF 

ED 

BW 

AT-C 

AT-N 

U.S. EPA, 1989 

U.S. €PA. 2002 

CS x CF3 x SA x SSAF x DABS x EF x ED 

B W x A T  

Dermally Absorbed Dose (mglkgiday) = 

Parameter Definition 

Chemical concentration in soil 

Ingestion Rate 

Conversion Factor 3 

Fraction Ingested 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Chemical concentration in soil 

Conversion Factor 3 

Skin Surface Available for Contact 

Soil lo Skin Adherence Factor 

Absorption Factor 

Exposure Frequency 

Exposure Duralion 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Cancer Ingestion Intake = 3.49E-07 Cancer Dermal Intake = 2.31 E-06 

Noncancer Ingestion Intake = 9.78E-07 Noncancer Dermal Intake = 6.46E-06 

Value 

Max or 95% UCL 

100 

0.000001 

1 

250 

25 

70 

25550 

9125 

Max or 95% UCL 

0.000001 

3300 

0.2 

Chemical Specific 

250 

25 

70 

25550 

91 25 days U.S. EPA, 1989 



TABLE 4.6.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE. CRANE INDIANA 

Notes: 

1 - Length ol lyplcal work day. 

sources: 

IDEM. 2004: RlSC Technical Gulde. January Update. 

U.S. EPA, 1989: Rlsk Assessment Guldance for Superfund. Vol 1: Human Health Evaluation Manual. Part A. U.S. EPAl54011-861060. 

U.S. EPA. 1993: Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonallle Maximum Exposure. 

US. EPA. 2002% Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24. 

U.S. EPA. 2002b: Calculating Upper Confidence Limits for Exposure Point Concentrations al Hazardous Waste Sites. OSWER 9285.6-10 

Unit intake Calculations 

Inhalation Intake = (IR x ET x EF x ED)/(BW x AT) 

- 

Exposure Route 

lnhalatlon 

Cancer Inhalalion Intake = 6.99E-02 Noncancer lnhalatlon Intake = 1.96E-01 

Parameter Delinltion 

Chemical concenlrallon in air 

Chemical concentration in soil 

inhalation Rate 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Welght 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Partlculale Emission Factor 

Volalilizatlon Facior 

Inverse of mean concentration at 

center of source 

Receptor Population 

Occupat~onal Workers 

Value 

Calculaled 

Max or 95% UCL 

2.5 

8 

250 

25 

70 

25550 

9125 

1.316E+09 

~hemical-specilic 

68.81 

Receptor Age 

Adull 

Units 

m@m3 

mgikg 

m3lhour 

hourslday 

dayslyear 

years 

kg 

days 

days 

m3lkg 

m3lkg 

gIm2-s per 

k@m3 

Exposure Point 

SWMU 16 

Parameter 
Code 

CA 

CS 

IR 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

PEF 

VF 

QIC 

Ral~onalel 
Reference 

U.S. EPA. 2002a 

U.S. EPA. 2002b 

U.S. EPA. 1993 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. €PA. 1989 

U.S. EPA. 1989 

IDEM. 2004 

U.S. EPA. 2002a 

IDEM. 2004 

Intake Equalloni 
Model Name 

(1) 

lnlake (rnglkgldayl = 

C A x l R x E T x E F x E D  

8WxAT  

CA = (IIPEF + IIVF) x CS 



TABLE 4.7.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE. CRANE INDIANA 

Medium: Groundwater 

( I )  - Professional judgement. 

Exposure Route 

Ingestion 

Dermal 

Notes 

Sources: 

U.S. EPA, 1989: Risk Assessment Guidance for Superlund. Vol 1: Human Health Evaluation Manual, Parl A. EPN54011-861060. 

Receptor Population 

Occupational Workers 

Occupational Workers 

U.S. EPA. 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure 

U.S. EPA. 2002: Calculating Upper Confidence Limlts for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guidance for Dermal Risk Assessment) Final. EPN540lRl991005. 

Receptor Age 

Adult 

Adult 

Unit lntake Calculations 

lngestion lntake = (IR-GW X EF X ED)/(BW x AT) 

Dermal lntake = (SA x EV x EF x ED)/(BW x AT) 

Rat~onalel 
Relerence 

Exposure Point 

SWMU 16 

SWMU 16 

U.S. EPA ,2002 

(1) 

U.S. EPA, 1993 

U S. EPA, 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 I 

Parameter 
Code 

CGW 

CF 

IR-GW 

EF 

ED 

BW 

AT-C 

AT-N 

Daevent 

SA 

EV 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

1 I S .  EPA. 1989 

U.S. EPA, 2004 

U.S. EPA, 2004 

U.S. EPA. 2004 

U.S. EPA. 2004 

U.S. EPA. 1993 

U.S. EPA, 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

Parameter Definition 

Chemical Concentration In Groundwater 

Conversion Factor 

Ingestion Rate of Groundwater 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging T~me (Cancer) 

Averaging Tlme (Non-Cancer) 

Dermally Absorbed Dose per Event 

Skin Surface Available for Contact 

Event Frequency 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

lntake Equat~onl 
Model Name 

Chronlc Dally lntake (CDI) (mglkgiday) = 

Value 

Average 

0.001 

1 

250 

25 

70 

25550 

9125 

Calculated 

3300 

1 

0.25 

250 

25 

70 

25550 

9125 

C W x C F x I R . G W x E F x E D  

B W x A T  

Units 

uglL 

m!3/ug 

Uday 

dayslyear 

years 

kg 

days 

days 

mglcm2-even! 

cm2 

eventslday 

hourslday 

dayslyear 

years 

kg 

days 

days 

Dermally Absorbed Dose (mglkglday) = 

DAevent x EV x EF x ED x SA 

BW x AT 

See text for calculat~on of DAevent 

Cancer lngestion intake = 3.49E-06 

Noncancer lngestion Intake = 9.78E-06 

Cancer Dermal lnlake = 1 .I 5E+01 

Noncancer Dermal lntake = 3.23E+01 



TABLE 4.8.RME 

VALUES USED FOR DAILY INTAKE CALCULATiONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE. CRANE INDIANA 

Medium: Surface Soil 

IYYLC.D. 

1 - Assume one day a week in warm weather months for RME and one day every other week for CTE. 

2 -Adolescents from age 6 lo 17. 

3 - Assumes lhat the lower arms, hands, lower legs, and feet are exposed. (Values based on Exposure Factors Handbook 1997.) 

Sources: 

U.S. EPA. 1989: Risk Assessment Guldance tor Superfund. Vol 1: Human Health Evaluation Manual. Part A. EPN54011-861060. 

U.S. EPA. 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA, 1997: Exposure Factors Handbook. U.S. EPAl60018-951002FA. 

U.S. EPA. 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste S~les. OSWER 9285.6.10. 

U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guidance for Dermal Risk Assessment) Final. EPPJ540/W99/005. 

Exposure Point Parameter Definition lnlake Equat~onl 
Model Name 

C S x I R S x C F 3 x F I x E F x E D  

Unit lntake Calculations 

incidental Ingestion lntake = (IR-S x CF3 x FI x EF x ED)l(BW x AT) 

Dermal lntake = (CF3 x SA x SSAF x EF x ED)/(BW x AT) 

Dermal 

%,".--. 

Cancer Ingestion Intake = 2.60E-08 Cancer Dermal Intake = 1 .71~-07 

Noncancer Ingestion Intake = 1 .66~-07 Noncancer Dermal lnlake = 1.09E-06 

Trespassers Adolescent SWMU 16 

Fi 

EF 

ED 

BW 

AT-C 

AT-N 

CS 

CF3 

SA 

SSAF 

DABS 

EF 

ED 

BW 

AT-C 

AT-N 

Fractlon Ingested 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averag~ng Time (Cancer) 

Averaging Tlme (NonCancer) 

Chemical concentration in soil 

Conversion Factor 3 

Skin surtace Available for Contact 

Soil to Skin Adherence Faclor 

Absorpt~on Factor 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Tlme (Cancer) 

Averaging Time (Non-Cancer) 

1 

26 

11 

43 

25550 

4015 

Max or 95% UCL 

0.000001 

3280 

0.2 

Chemical Specilic 

26 

11 

43 

25550 

4015 

unllless 

dayslyear 

years 

kg 

days 

days 

mglkg 

kg/mg 

cm2 

mglcrn2/event 

unitless 

dayslyear 

years 

kg 

days 

days 

U.S. EPA. 1993 

(1) 

(2) 

U.S. EPA. 1997 

U.S. EPA. 1989 

U.S. EPA. 1989 

U.S. EPA. 2002 

(3) 

U.S. EPA. 2004 

U.S. EPA. 2004 

(1) 

(2) 

U.S. €PA. 1997 

U.S. EPA. 1989 

U.S. EPA. 1989 

BW x AT 

Dermaliy Absorbed Dose (mglkglday) = 

CS X CF3 x SA x SSAF x DABS x EF x ED 

BW x AT 



TABLE 4.9.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE. CRANE INDIANA 

1 - Professional judgement. 

2 -Assume one day a week in warm weather months for RME and one day every other week for CTE. 

3 - Adolescents from age 6 to 17. 

Sources: 

IDEM. 2004: RlSC Technical Gulde. January Update. 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Heallh Evaluation Manual. Part A. U.S. EPN54011-861060, 

U.S. EPA. 1997: Exposure Factors Handbook. U.S. EPN60018-951002FA. 

U.S. EPA. 2002a: Supplemental Guidance for Develop~ng Soil Screening Levels for Superfund Sltes. OSWER 9355.4-24. 

U.S. EPA. 2002b: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

Medium: Surface Soil 

Unit Intake Calculations 

lnhalatlon lntake = (IR x ET x EF x ED)I(BW x AT) 

Exposure Route 

Inhalation 

Cancer lnhalat~on Intake = 1.25E-03 Noncancer lnhalat~on Intake = 7.95E.03 

Receptor Population 

Trespassers 

Receptor Age 

Adolescent 

Exposure Polnt 

SWMU 16 

Parameter 
Code 

CA 

CS 

IR 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

PEF 

VF 

QIC 

Parameter Definition 

Chemical concentration in air 

Chemical concentration ~n soil 

lnhatatlon Rate 

Exposure Time 

Exposure Frequency 

Exposure Duratlon 

Body Weignl 

Averaging Tlme (Cancer) 

Averaging Time (Non-Cancer) 

Particulate Emisslon Factor 

Volatilization Factor 

Inverse of mean concentration at 

center of source 

Value 

Calculated 

Max or 95% UCL 

1.2 

4 

26 

11 

43 

25.550 

4.015 

1.316Ec09 

Chemical-specific 

68.81 

Units 

mglm3 

mglkg 

m31hour 

nourslday 

dayslyear 

years 

kg 

days 

days 

m3lkg 

mYkg 

gIm2-s per 

kglm3 

Rallonalel 
Reference 

U.S. EPA. 2002a 

U.S. EPA. 2002b 

U.S. EPA. 1997 

(1) 

(2) 

(3) 

U.S. EPA. 1997 

U.S. EPA. 1989 

U.S. EPA. 1989 

IDEM. 2004 

U.S. EPA. 2002a 

IDEM. 2004 

Inlake Equatlonl 
Model Name 

(1) 

Inlake (rnglkglday) = 

C A x l R x E T x E F x E D  

BW x AT 

CA = (1IPEF + 1IVF) x CS 



TABLE 4.lO.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE. CRANE INDIANA 

1 - Profess~onal judgment. 

2 .  Assume one day a week in warm weather months for RME and one day every other week for CTE. 

3 -Adolescents from age 6 to 17. 

4 - Assumes 25 percent of total body surlace area is exposed. U.S. EPA 1997. 

Sources: 

U.S. EPA. 1989: Risk Assessmenl Guldance for Superfund. Vol 1: Human Heallh Evaluation Manual. Par1 A. EPN54011-861060. 

U.S. EPA. 1997: Exposure Factors Handbook. EPN600/8~95/002FA. 

U.S. EPA Region 4, 2000: Supplement Guidance to RAGS: Region 4 Bulletins. 

U.S. EPA. 2002: CalC~latlng Upper Confidence Limits for Exposure Polnt Concentrations at Hazardous Waste Sltes. OSWER 9285.6-10. 

U.S. EPA, 2004: Risk Assessment Guidance for Superlund (Part E. Supplemental Guidance for Dermal Risk Assessmenl) Final. EPN5401Ri99i005. 

Medlum: Surface Waler 

Unit Intake Calculations 

Ingestion lntake = (CR x CF x ET x EF x ED)/(BW x AT) 

Dermal Intake = (SA x EV x EF x ED)/(BW x AT) 

Exposure Route 

Ingestion 

Dermal 

hlnfs.. 

Cancer Ingestion lntake .: 5.21E-08 

Noncancer lngestlon intake = 3.31E-07 

Cancer Dermal lntake = 8.54E-01 

Noncancer Dermal lntake = 5.43E+00 

Receptor Population 

Trespassers 

Trespassers 

Receptor Age 

Adolescent 

Adolescent 

Exposure Polnt 

SWMU 16 

SWMU 16 

Parameter 
Code 

CW 

CR 

CF 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

DAevent 

SA 

EV 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

Parameler Dellnition 

Chemlcal Concentration in Water 

Contact Rate 

Conversion factor 

ExposureT~me 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Absorbed dose per event 

Skin Surface Available for Contact 

Event Frequency 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging T ~ m e  (Cancer) 

Averag~ng Time (Non-Cancer) 

Value 

Max or 95% UCL 

0.05 

0.001 

4 

26 

11 

43 

25.550 

4.015 

Calculated 

3.280 

1 

4 

26 

11 

43 

25.550 

4.015 

Unlls 

ug/L 

Uhr 

ug/mg 

hourslevenl 

evenlslyear 

years 

kg 

days 

days 

mgicm2.event 

cm2 

eventsiday 

hours/evenl 

dayslyear 

years 

kg 

days 

days 

Rat~onale/ 
Reference 

U.S. EPA. 2002 

U.S. EPA 4,2000 

. . 

(1) 

(2) 

(3) 

U.S. EPA. 1997 

U.S. EPA. 1989 

U.S. EPA. 1989 

U.S. EPA. 2004 

(4) 

(1) 

(1) 

(2) 

(3) 

U.S. EPA. 1997 

U.S. EPA, 1989 

U.S. EPA. 1989 

Intake Equal~onl 
Model Name 

Chronic Dally lntake (CDI) (mgikglday) = 

C W x C F x I R - G W x E F x E D  

B W x A T  

Dermally Absorbed Dose (mglkgiday) = 

DAevenl x EV x EF x ED x SA 

B W x A T  

See text for calculallon of DAevenl. 



TABLE 4.1 1.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE, CRANE INDIANA 

Medium: Sedlment 

NOleS: 

1 - Assume one day a week in warm weather months tor RME and one day every other week for CTE. 

2 -Adolescents from age 6 to 17. 

3 - Assumes 25 percent of total body surface area is exposed. U.S. EPA 1997. 

Sources: 

U.S. EPA, 1989: Rlsk Assessmenl Guidance for Superfund. Vol 1: Human Health Evaluation Manual. Part A. EPPJ54011-861060. 

U.S. EPA. 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA, 1997: Exposure Factors Handbook. U.S. EPPJ60018-951002FA. 

U.S. EPA. 2002: Calculating Upper Confidence Llmits lor Exposure Point Concentrations at Hazardous Waste Sltes. OSWER 9285.6-10. 

U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guldance for Dermal Rlsk Assessment) Final. EPN540lW991005. 

Exposure Route 

lngestlon 

Dermal 

.. . 

Unit lntake Calculations 

Incidental Ingestion lntake = (IR-S x CF3 x FI x EF x ED)/(BW x AT) 

Dermal Intake = (CF3 x SA x SSAF x EF x ED)/(BW x AT) 

Cancer Ingestion Intake = 2.60E-08 Cancer Dermal Intake = 1.71E-07 

Noncancer Ingestion Intake = 1.66E-07 Noncancer Dermal Intake = 1.09E-06 

Receptor Population 

Trespassers 

Trespassers 

Receptor Age 

Adolescent 

Adolescent 

Exposure Po~nt 

SWMU 16 

SWMU 16 

Parameter 
Code 

CS 

IR-S 

CF3 

FI 

EF 

ED 

BW 

AT-C 

AT-N 

CS 

CF3 

SA 

SSAF 

DABS 

EF 

ED 

BW 

AT-C 

AT-N 

Parameter Definition 

Chemical concentration in sedlment 

lngest~on Rate 

Converslon Factor 3 

Fraction Ingested 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Tlme (Cancer) 

Averaging Time (Non-Cancer) 

Chemical concenlratlon in sediment 

Conversion Factor 3 

Skin Surface Available lor Contact 

Sol1 to Skin Adherence Factor 

Absorption Factor 

Exposure Frequency 

Exposure Duralion 

Body Weight 

Averaging Time (Cancer) 

Averaging Tlme (Non-Cancer) 

Value 

Max or 95% UCL 

100 

1.OE.06 

1 

26 

11 

43 

25.550 

4.015 

Max or 95% UCL 

1 .OE-06 

3,280 

0.2 

Chemical Speclfic 

26 

11 

43 

25,5513 

4.015 

Unlts 

mglkg 

mglday 

kg/mg 

unitless. 

dayslyear 

years 

kg 

days 

days 

mglkg 

kg/mg 
cm2 

mglcm2levent 

unitless 

dayslyear 

years 

kg 

days 

days 

Ralianalel 
Reference 

U.S. EPA. 2002 

U.S. EPA. 1993 

U.S. EPA. 1993 

(1) 

(2) 

U.S. EPA. 1997 

U.S. EPA, 1989 

U.S. EPA. 1989 

U.S. EPA. 2002 

(3) 

U.S. EPA, 2004 

U.S. EPA. 2004 

(1) 

(2) 

U.S. EPA. 1997 

U.S. EPA, 1989 

U.S. EPA. 1989 

lntake Equat~onl 
Model Name 

Intake (mglkglday) = 

CSx IRSxCF3xF IxEFxED 

BW x AT 

Dermally Absorbed Dose (mglkglday) = 

CS x CF3 x SA x SSAF x DABS x EF x ED 

BWxAT  



TABLE 4.12.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE, CRANE INDIANA 

Scenario Timeframe: Future 

Medium: Sudace SoillSubsurface Soil 

Notes: 

1 - Professional judgement. Ground is assumed to be frozen or snow covered for 22 weekslyear. 

Sources: 

U.S. EPA, 1989: Risk Assessmenl Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A. 

U.S. EPA. 1993: Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 2002a: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA, 2002b: Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24. 

U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guidance for Dermal Risk Assessment) Final. EPA/540lR/991005. 

Exposure Route 

Ingestion 

Dermal 

Unit Intake Calculations 

Incidental lngestion lntake = (IR-S x CF3 x FI x EF x ED)I(BW x AT) 

Dermal intake = (CF3 x SA x SSAF x EF x ED)/(BW x AT) 

Cancer Ingestion Intake = 2.77E-08 Cancer Dermal Intake = 8.30E-08 

Noncancer lngeslion Intake = 1.94E-06 Noncancer Dermal Intake = 5.81E-06 

Receptor Populalion 

Construction Workers 

Construction Workers 

Receptor Age 

Adult 

Adult 

Exposure Point 

SWMU 16 

SWMU 16 

Parameter 
Code 

CS 

1R.S 

CF3 

FI 

EF 

ED 

BW 

AT-C 

AT-N 

CS 

CF3 

SA 

SSAF 

DABS 

EF 

ED 

BW 

AT-C 

AT.N 

Parameter Definition 

Chemical concentration in soil 

Ingestion Rate 

Conversion Factor 3 

Fraction Ingested 

Exposure Frequency 

Expbsure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Chemical concentration in soil 

Conversion Factor 3 

Skln Surface Available lor Contact 

Soil to Skin Adherence Factor 

Absorption Factor 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Value 

Max or 95% UCL 

330 

0.000001 

1 

150 

1 

70 

25550 

365 

Max or 95% uCL 

0.000001 

3300 

0.3 

Chemical Speclfic 

150 

1 

70 

25550 

365 

Units 

mgtkg 

mglday 

kglmg 

unitless 

dayslyear 

years 

kg 

days 

days 

mgtkg 

kglmg 

cm2 

mglcm2levent 

unitless 

dayslyear 

years 

kg 

days 

days 

Rationale1 
Reference 

U.S. EPA. 2002a 

U.S. EPA. 2OO2b 

U.S. EPA. 2002b 

(1) 

(1) 

U.S. EPA, 1993 

U.S. EPA. 1989 

U.S. EPA, 1989 

U.S. EPA. 2002a 

U.S. EPA. 2004 

U.S. EPA. 2004 

U.S. EPA, 2004 

(1) 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

Intake Equatlonl 
Model Name 

Intake (mgfkgglday) = 

CS x lRS x CF3 x Fl x EF x ED 

BW x AT 

Dermally Absorbed Dose (mglkglday) = 

CS x CF3 x SA x SSAF x DABS x EF x ED 

BW x AT 



TABLE 4.13.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE. CRANE INDIANA 

Scenario Timeframe: Future 

Medium: SurfaceISubsurlace Soil 

Exposure Medium: Air 

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Rationale1 I Code I Reference 

CA Chemical concentration in air 

CS Chemical concentration in soil 

IR Inhalation Rate 

ET Exposure Time 

EF Exposure Frequency 

ED Exposure Dural~on 

BW Body Weight 

AT-C Averaging Time (Cancer) 

AT-N Averaging Time (Non-Cancer) 

PEF Part~culate Em~ssion Factor 

VF Volat~l~zation Factor 

QIC Inverse of mean concentration at 

Max or 95% UCL 

25550 

365 

Chemical-spec~fic 

14.31 

mgIm3 

mg/kg 

m3lhour 

hourstday 

dayslyear 

years 

kg 

days 

days 

m3lkg 

mYkg 

gIm2.s per 

I 

I U.S. EPA. 2002a 

U.S: EPA. 2002b 

U.S. EPA. 1997 

(1) 

(1) 

(1) 

U.S. EPA. 1993 

U.S. EPA. I989  

U.S. EPA. 1989 

U.S. EPA. 2002a 

U.S. EPA. 2002a 

U.S. EPA. 2002a 

lnlake Equallonl 
Model Name 

I 
lnlake (mglkgtday) = 

C A x l R x E T x E F x E D  

BW x AT 

center of source kgtm3 

Notes: 

1 - Professional ludgement. Ground is assumed to be frozen or snow covered for 22 weekslyear. 

Sources: 

U.S. EPA. 1989: Rlsk Assessment Guidance lor Superfund. Val 1: Human Health Evaluation Manual. Part A. EPAJ54011-861060. 

U.S. EPA. 1997: Exposure Factors Handbook. U.S. EPAJ60018-95t002FA. 

U.S. EPA, 2002a: Supplemental Guidance lor Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24. 

U.S. EPA. 2002b: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Wasle Sites. OSWER 9285.6-10. 



TABLE 4.14.RME 

' VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE. CRANE INDIANA 

Medium: Groundwater 

Dermal Construction Workers 

Sources: 

Receptor Age Exposure Polnt Parameter 
Code 

Parameter Definition 

1 - Professional Judgement. Ground is assumed to be frozen or snow covered for 22 weekslyear 

Daevent 

SA 

EV 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

U.S. EPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A. EPN54011-861060. 

U.S. EPA. 1993: Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guidance for Dermal Risk Assessment) Final. EPN5401R1991005. 

Dermally Absorbed Dose per Event 

Skin Surface Available for Contact 

Event Frequency 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Unit lntake Calculations 

lngestion lntake = (IR-GW x EF x ED)/(BW x AT) 

Dermal lntake = (SA x EV x EF x ED)/(BW x AT) 

Cancer lngestion Intake = NA 

Noncancer lngestion Intake = NA 

Calculated 

3300 

1 

2 

150 

1 

70 

25550 

365 

Cancer Dermal lntake = 2.77E-01 

Noncancer Dermal lntake = 1.94E+01 

lntake Equal~onl 
Model Name 

mglcm2-event 

cm2 

eventslday 

hourslday 

dayslyear 

years 

kg 

days 

days 

Dermaliy Absorbed Dose (mglkglday) = U.S. EPA. 2004 

U.S. EPA, 2004 

(1) 

(1) 

(1) 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA, 1989 

DAevent x EV x EF x ED x SA 

B W x A T  

See text for calculallon of DAevenl 



TABLE 4.15.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE. CRANE INDIANA 

Unit lntake Calculations 

Inhalation Intake = (IR x ET x EF x ED)I(BW x AT) 

Scenario Tmeframe: Future 

Medium: Groundwater 

Exposure Medium: Air 111 

Cancer Inhalation Intake = 4.19E-07 Noncancer Inhalation intake = 2.94E-05 

Exposure Route 

Inhalation 

Notes: 

1 - Professional Judgment. 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual. Part A. EPN54011-86/060. 

U.S. EPA. 1993: Superfund's Standard Default Exposure Faclors for Ihe Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 1997: Exposure Factors Handbook. U.S. EPN60018-951002FA. 

VDEQ. 2004: Vlrginla Department of Environmental Quality (VDEQ, oniine- http://w.deq.state.va.us/vrprisk). 

Receptor Population 

Construction Workers 

Receptor Age 

Adult 

Exposure Point 

SWMU 16 

Parameter 
Code 

CA 

CW 

CF 

IR 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

VF 

Parameter Definition 

Chemical concentration in air 

Chemical concentration In water. 

Conversion Factor 

Inhalation Rate 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Tme (Cancer) 

Averaging Time (Non-Cancer) 

Volatilization Factor 

Value 

Calculated 

Average 

0.001 

2.5 

2 

150 

1 

70 

25550 

365 

Calculated 

Unlts 

mglm3 

uglL 

mg1u9 

m3hour 

hourslday 

dayslyear 

years 

kg . 
days 

days 

(mg/m3)/(mglL) 

Ratlonalel 
Reference 

VDEQ, 2004 

U.S. EPA. 1997 

(1) 

(1) 

(1) 

U.S. EPA, 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

VDEQ. 2004 

Intake Equat~onl 
Model Name 

Intake (mghglday) = 

C A x l R x E T x E F x E D  

BW x AT 

CA=CW x C F x V F  



TABLE 4.16.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE, CRANE INDIANA 

Medium: Surface So11 

ExDosure Route 

lngestion 

Dermal 

Exposure Point 

Recreational Users 

Recreational Users 

Parameter 
Code 

Notes: 

1 - Professional judgment. Assumes two days a week in warm weather months tor RME and one day a week lor CTE. 

2 -Assumes that 50 percent of the total body surface area Is exposed. U.S. EPA. 2004. 

Sources: 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual. Part A. EPAI540/1-86/060. 

U.S. EPA. 1993: Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA, 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guidance for Dermal Risk Assessment) Final. EPAI540lRl991005 

Parameter Definition 

Child 

Child 

CS 

IR-S 

CF3 

FI 

EF 

ED 

BW 

AT-C 

AT-N 

CS 

CF3 

SA 

SSAF 

DABS 

EF 

ED 

BW 

A T X  

AT-N 

Unit lntake Calculations 

Incidental lngestion lntake = (IR-S x CF3 x FI x EF x ED)/(BW x AT) 

SWMU 16 

SWMU 16 

Chemical concentration in soil 

ingestion Rate 

Conversion Factor 3 

Fraction Ingested 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Chemical concentration in soil 

Conversion Factor 3 

Skin Surface Available for Contact 

Soil to Skin Adherence Factor 

Absorption Factor 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (cancer) 

Averaging Time (Non-Cancer) 

Value 

Max or 95% UCL 

200 

1 .OE-06 

0.5 

52 

6 

15 

25.550 

2.190 

Max or 95% UCL 

1 .OE-06 

3,300 

0.2 

Chemical Specific 

52 

6 

15 

25.550 

2.190 

Units 

mg/kg 
mg/day 

kglmg 

unltless 

dayslyear 

years 

kg 

days 

davs 

mglkg 

kglmg 

cm2 

mg/cm2levent 

unitless 

dayslyear 

years 

kg 

days 

days 

Rationale/ 
Reference 

inlake Equat~onl 
Model Name 

I 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA, 2002 

U.S. EPA, 1993 

(1) 

(1) 

U.S EPA. 1993 

U.S. EPA. 1989 

U.S. EPA, 2002 

U.S. EPA, 2004 

U.S. EPA. 2004 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

lntake (mglkglday) = 

C S x I R S x C F 3 x F i x E F x E D  

BW x AT 

Dermally Absorbed Dose (mglkglday) = 

CS x CF3 x SA x SSAF x DABS x EF x ED 

BW x AT 

Dermal lntake = (CF3 x SA x SSAF x EF x ED)/(BW x AT) 

Cancer lngestlon Intake = 8.14E-08 Cancer Dermal Intake = 5.37E-07 

Noncancer Ingestion Intake = 9.50E-07 Noncancer Dermal Intake = 6.27E-06 



TABLE 4.17.RME 

VALUES USED FOR DAILY INTAKE CALCULATiONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE, CRANE INDIANA 

Medlum: Surface Soll 

Unit lntake Calculations 

lnhalation lntake = (IR x ET X EF x ED)/(BW x AT) 

Exposure Route 

inhalation 

Cancer Inhalation Intake = 3.91E-03 Noncancer inhalation Intake = 4.56E-02 

Notes: 

1 . Professional judgment. Assumes two days a week in warm wealher months for RME and one day a week lor CTE. 

Sources: 

IDEM. 2004: RlSC Technical Guide. January Update. 

U.S. EPA, 1989: Rlsk Assessment Guidance for Superfund. Voi 1: Human Health Evaluation Manual. Part A. U.S. EPN54011-861060. 

U.S. EPA. 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 1997: Exposure Factors Handbook. U.S. EPN60018-951002FA. 

U.S. EPA. 2002a: Supplemental Guidance for Developing Soil Screening Levels lor Superfund S~tes. OSWER 9355.4-24. 

U.S. EPA, 2002b: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

Receptor Populat~on 

Recrealionai Users 

Receptor Age 

Child 

Exposure Point 

SWMU 16 

Parameter 
Code 

CA 

CS 

IR 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

PEF 

VF 

QIC 

Parameter Definition 

Chemical concentrat~on in air 

Chemlcal concentration in so11 

Inhalation Rate 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Particulate Emission Factor 

Volatilization Factor 

Inverse of mean concentration at 

center of source 

Value 

Calculated 

Max or 95% UCL 

1.2 

4 

52 

6 

15 

25.550 

2190 

1.316E+09 

chemical-specif~c 

68.81 

Units 

mglm3 

mglkg 

m3lhour 

hourslday 

dayslyear 

years 

kg 

days 

days 

m31kg 

m31kg 

gIm2.s per 

Rationale1 
Reference 

U.S. EPA. 2002a 

U.S. EPA. 2002b 

U.S. EPA. 1997 

(4) 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

IDEM. 2004 

U.S. EPA. 2002.3 

IDEM. 2004 

Intake Equal~onl 
Model Name 

(1) 

Intake (mglkglday) = 

C A x l R x E T x E F x E D  

BW x AT 

CA = (11PEF + 1NF) x CS 



TABLE 4.18.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE. CRANE INDIANA 

Medium: Groundwater 

Notes: 

1 - Professional judgment. 

2 - Prolesslonal judgment. Assumes two days a week in warm weather months for RME and one day a week for CTE. 

3 - Assumes that 50 percent of the total body surface area is exposed. U.S. EPA, 2004. 

Sources: 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual. Part A. EPAl54011-861060. 

U.S. EPA, 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Siles. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. EPAf5401R1991005. 

Unit lntake Calculations 

lngestion lntake = (IR-GW x EF x ED)/(BW x AT) 

Dermal lntake = (SA x EV x EF x ED)/(BW x AT) 

Cancer lngeslion Intake = 8.14E-07 

Noncancer lngestion Intake = 9.50E-06 

Receptor Age 

Child 

Child 

Exposure Route 

Ingestion 

Dermal 

Cancer Dermal lntake = 2.69E+00 

Noncancer Dermal lntake = 3.13E+01 

Exposure Point 

SWMU I 6  

SWMU 16 

Receptor Population 

Recreational Users 

Recreational Users 

Parameter 
Code 

CGW 

CF 

IR-GW 

EF 

ED 

BW 

AT-C 

AT-N 

Daevent 

SA 

EV 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

Rationale1 
Reference 

U.S. EPA. 2002 

(1 

(2) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

U.S. EPA, 2004 

(3) 

(1) 

(1) 

(2) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA, 1989 

U.S. EPA. 1989 

Units 

mglkg 

mg/ug 

Uday 

dayslyear 

years 

kg 

days 

days 

mgIcm2-evenl 

cm2 

eventslday 

hourslday 

dayslyear 

years 

kg 

days 

days 

Parameter Definition 

Chemical Concentratlon in Groundwater 

Conversion Factor 

Ingestion Rate of Groundwater 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Dermally Absorbed Dose per Event 

Skin Surface Available for Contact 

Event Frequency 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Tlme (Cancer) 

Averaging Time (Non-Cancer) 

Intake Equation1 
Model Name 

Chronic Daily Intake (CDI) (mglkglday) = 

CGW x CF x IR-GW x EF x ED 

B W x A T  

Dermally Absorbed Dose (mglkglday) = 

DAevent x EV x EF x ED x SA 

B W x A T  

See text lor calculation ol DAevent. 

Value 

Average 

0,001 

I 

52 

6 

15 

25.550 

2.190 

Calculated 

3.300 

1 

0.25 

52 

6 

15 

25,550 

2.190 



TABLE 4.19.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE, CRANE INDIANA 

Medium: Surface Water 

Unit lntake Calculations 

lngestion lntake = (CR x CF X ET x EF x ED)l(BW x AT) 

Dermal lntake = (SA x EV x EF x ED)/(BW x AT) 

Cancer Ingestion Intake = 1.63E-07 Cancer Dermal Intake = 2.69E+00 

Noncancer Ingestion Intake = 1.90E-06 Noncancer Dermal Intake = 3.13E+01 

Exposure Route 

Ingestion 

Dermal 

Notes: 

1 - Professional judgment. Assumes two days a week In warm weather months for RME and one day a week for CTE. 

2 - Assumes that 50 percent of the total body surface area is exposed. U.S. EPA, 2004. 

Sources: 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A. EPAi54011-861060, 

U.S. EPA. 1993: Superfund Standard Defaull Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

EPA Region 4, 2000: Supplement Guidance to RAGS: Region 4 Bulletins. 

U.S. EPA, 2002: Calculating Upper Confidence Limits lor Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Rlsk Assessment) Final. EPAJ540lRl991005. 

Receptor Population 

Recreational Users 

Recreational Users 

Receptor Age 

Child 

Child 

Exposure Point 

SWMU 16 

SWMU 16 

Parameter 
Code 

CW 

CR 

CF 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

DAevent 

SA 

EV 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

Parameter Definition 

Chemlcal Concentration in Water 

Contact Rate 

Conversion factor 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Absorbed dose per event 

Skin Surface Available for Contact 

Event Frequency 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Value 

Max or 95% UCL 

0.05 

0.001 

4 

52 

6 

15 ' 

25.550 

2.190 

Calculated 

3.300 

1 

4 

52 

6 

15 

25.550 

2,190 

Units 

ug/L 

Uhour 

uglmg 

hours/evenl 

eventslyear 

years 

kg 

days 

days 

mgIcm2-event 

cm2 

eventslday 

hourslevent 

dayslyear 

years 

kg 

days 

days 

Rationale1 
Reference 

U.S. EPA, 2002 

U.S. EPA 4. 2000 

. . 

(1) 

(1) 

U.S. EPA. 1993 

U.S. EPA, 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

U.S. EPA. 2004 

(2) 

U.S. EPA. 2004 

(1) 

(1 

U.S. EPA, 1993 

U.S. EPA. 1993 

U.S. €PA. 1989 

U.S. EPA. 1989 

intake Equat~onl 
Model Name 

Chronlc Daily Intake (CDI) (mgikglday) = 

C W x C F x I R - G W x E F x E D  

BW x AT 

Dermally Absorbed Dose (mglkglday) = 

DAevent x EV x EF x ED x SA 

BW x A T  

See text for calculation of DAevent. 



TABLE 4.20.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE, CRANE INDIANA 

Medium: Sediment 

Unit Intake Calculations 

Incidental Ingestion lntake = (IR-S x CF3 x FI x EF x ED)I(BW x AT) 

Dermal lntake = (CF3 x SA x SSAF x EF x ED)/(BW x AT) 

Exposure Route 

Ingestion 

Dermal 

Notes: 

Cancer Ingestion Intake = 8.14E-08 Cancer Dermal Intake = 5.37E-07 

Noncancer Ingestion Intake = 9.50E-07 Noncancer Dermal Intake = 6.27E-06 

1 - Professional judgment. Assumes two days a week in warm weather months for RME and one day a week for CTE. 

2 -Assumes that 50 percent of the total body surface area is exposed. U.S. EPA, 2004. 

Sources: 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vol I :  Human Health Evaluation Manual. Part A. EPN54011-861060. 

U.S. EPA. 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA, 2002: Calculating Upper Conlidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EP4. 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guidance for Dermal Risk Assessment) Final. EPN5401R1991005. 

Receptor Population 

Recreational Users 

Recreational Users 

Receptor Age 

Child 

Child . 

Exposure Point 

SWMU 16 

SWMU 16 

Parameter 
Code 

CS 

IR-S 

CF3 

FI 

EF 

ED 

BW 

AT-C 

AT-N 

CS 

CF3 

SA 

SSAF 

DABS 

EF 

ED 

BW 

AT-C 

AT-N 

Parameter Definition 

Chemlcal concentration in sediment 

Ingestion Rate 

Conversion Factor 3 

Fraction Ingested 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Chemical concentration in sediment 

Conversion Factor 3 

Skin Surface Avallable for Contact 

Soil to Skin Adherence Factor 

Absorption Factor 

Exposure Frequency 

Exposure Duratlon 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Value 

Max or 95% UCL 

200 

1 .OE-06 

0.5 

52 

6 

15 

25.550 

2.190 

Max or 95% UCL 

1 .OE-06 

3.300 

0.2 

Chemical Specific 

52 

6 

15 

25.550 

2.190 

Units 

mglkg 

mglday 

kglmg 

unitless 

dayslyear 

years 

kg 

days 

days 

mglkg 

kglmg 
cm2 

mg/cm2/event 

unitless 

dayslyear 

years 

kg 

days 

days 

Rationale1 
Reference 

U.S. EPA, 2002 

U.S. EPA, 1993 

(1 

(1) 

U.S. EPA. 1993 

U.S. EPA, 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

U.S. EPA. 2002 

(2) 

U.S. EPA. 2004 

U.S. EPA. 2004 

(1) 

U.S. EPA. 1993 

U.S. EPA, 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

lntake Equat~onl 
Model Name 

lntake (mglkglday) = 

C S X I R S X C F ~ X F I X E F X E D  

B W x  AT 

Dermally Absorbed Dose (mglkglday) = 

CS x CF3 x SA x SSAF x DABS x EF x ED 

BW x AT 



TABLE 4.21.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE, CRANE INDIANA 

NO10S: 

1 - Professional judgment. Assumes two days a week in warm weather months for RME and one day a week for CTE. 

2 -Assumes that head, arms, hands, lower legs, and feet are exposed, U.S. EPA, 1997. 

Sources: 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual. Part A. EPN54011-861060. 

U.S. EPA. 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guidance for Dermal Risk Assessment) Final. EPA/540/R/99/005 

Medium: Surface Soil 

Unit lntake Calculations 

lnc~dental lngestion lntake = (IR-S x CF3 x FI x EF x ED)/(BW x AT) 

Exposure Route 

Ingestion 

Dermal 

.. . 

Dermal lntake = (CF3 x SA x SSAF x EF x ED)I(BW x AT) 

Cancer Ingestion Intake = 3.49E-08 Cancer Dermal Intake = 4.43E-07 

Noncancer Ingestion Intake = 1.02E-07 Noncancer Dermal Intake = 1.29E-06 

Receptor Population 

Recreational Users 

Recreational Users 

Receptor Age 

Adult 

Adult 

Exposure Point 

SWMU 16 

SWMU 16 

Parameter 
Code 

CS 

IR-S 

CF3 

FI 

EF 

ED 

BW 

AT-C 

AT-N 

CS 

CF3 

SA 

SSAF 

DABS 

EF 

ED 

BW 

AT-C 

AT-N 

Parameter Definition 

Chemical concentration in soil 

Ingestion Rate 

Conversion Factor 3 

Fraction Ingested 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaglng Time (Non-Cancer) 

Chemical concentration in soil 

Conversion Factor 3 

Skin Surface Available for Contact 

Soil to Skin Adherence Factor 

Absorption Factor 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Value 

Max or 95% UCL 

100 

1 .OE-06 

0.5 

52 

24 

70 

25,550 

8.760 

Max or 95% UCL 

1 .OE-06 

9,070 

0.07 

Chemical Specific 

52 

24 

70 

25.550 

8.760 

Units 

mglkg 
mglday 

kg/mg 

unitless 

dayslyear 

years 

kg 

days 

days 

mg/kg 

kg/mg 

cm2 

mg/cmZ/event 

unitless 

dayslyear 

years 

kg 

days 

days 

Rationale1 
Reference 

U.S. EPA. 2002 

U.S. EPA, 1993 

(1) 

(1 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA, 1989 

U.S. EPA, 1989 

U.S. EPA. 2002 

(2) 

U.S. EPA, 2004 

U.S. EPA. 2004 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA, 1989 

U.S. EPA, 1989 

lntake Equatlonl 
Model Name 

Intake (mglkglday) = 

C S x I R S x C F 3 x F I x E F x E D  

BW x AT 

Dermally Absorbed Dose (mglkglday) = 

CS x CF3 x SA x SSAF x DABS x EF x ED 

BW x AT 



TABLE 4.22.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE. CRANE INDIANA 

Medlum: Surface Soil 

Notes: 

1 - Profess~onal judgment. Assumes two days a week in warm weather months for RME and one day a week for CTE. 

Sources: 

IDEM, 2004: RlSC Technical Guide. January Update. 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vot 1: Human Health Evaluation Manual. Part A. U.S. EPN54011-861060. 

U.S. EPA. 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA, 1997: Exposure Factors Handbook. U.S. EPN60018-951002FA. 

U.S. EPA. 2002a: Supplemental Guidance for Develop~ng Soil Screening Levels for Superlund Sites. OSWER 9355.4-24. 

U.S. EPA. 2002b: Calculating Upper Confidence Limlts for Exposure Point Concentrations at Hazardous Wasle Sites. OSWER 9285.6-10. 

Exposure Route 

Inhalation 

Unit lnlake Calculations 

Inhalation Intake = (IR x ET x EF x ED)/(BW x AT) 

Cancer Inhalation Intake = 2.23E-03 Noncancer Inhalation Intake = 6.51 E-03 

Receplor Population 

Recreational Users 

Receptor Age 

Adult 

Exposure Point 

SWMU 16 

Parameter 
Code 

CA 

CS 

iR 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

PEF 

VF 

QIC 

Parameter Definition 

Chemical concentration ~n air 

Chemical concentration in soil 

Inhalation Rate 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Parttculale Emission Factor 

Volatilization Factor 

Inverse o l  mean concenlrat~on at 

center of source 

Value 

Calculated 

Max or 95% UCL 

1.6 

4 

26 

24 

70 

25,550 

8760 

1.316E+09 

Chemical-specif~c 

68.81 

Units 

mglm3 

mglkg 

m3lhour 

hourslday 

dayslyear 

years 

kg 

days 

days 

m3lkg 

m3lkg 

gIm2.s per 

kglm3 

Rattonalel 
Relerence 

U.S. EPA. 2002a 

U.S. EPA. 2002b 

U.S. EPA. 1997 

(1) 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

IDEM. 2004 

U.S. EPA. 2002a 

IDEM. 2004 

Intake Equal~onl 
Model Name 

(1) 

Intake (mglkglday) = 

C A x l R x E T x E F x E D  

BW x AT 

CA = (IIPEF + 1NF) x CS 



TABLE 4.23.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE. CRANE INDIANA 

Medium: Groundwater 

Unit lntake Calculations 

lngestion lntake = (IR-GW x EF x ED)/(BW x AT) 

Dermal Intake = (SA x EV x EF x ED)I(BW x AT) 

Exposure Route 

Ingestion 

Dermal 

Notes: 

Cancer lngestion Intake = 6.98E-07 

Noncancer lngestion Intake = 2.04E-06 

Cancer Dermal Intake = 6.33E+00 

Noncancer Dermal lntake = 1.85E+01 

1 - Prolessional judgment. 

2 - Professional judgment. Assumes two days a week in warm weather months for RME and one day a week for CTE. 

3 -Assumes that head, arms, hands, lower legs, and feet are exposed. U.S. EPA, 1997. 

Sources: 

U.S. EPA. 1989: Risk Assessment Guldance for Superfund. Vol 1: Human Health Evaluation Manual. Part A. EPAl54011-861060. 

U.S. EPA. 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guidance for Supstfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. EPA15401R1991005. 

Receptor Population 

Recreational Users 

Recreational Users 

Receptor Age 

Adult 

Adult 

Exposure Point 

SWMU 16 

- 

SWMU 16 

Parameter 
Code 

CGW 

CF 

IR-GW 

EF 

ED 

BW 

AT-C 

AT-N 
- 

Daevent 

SA 

EV 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

Parameter Definition 

Chemical Concentration in Groundwater 

Conversion Factor 

Ingestion Rate of Groundwater 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 
- -~-p - -p --- 

Dermaiiy Absorbed Dose per Event 

Skin Surface Available for Contact 

Event Frequency 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Value 

Average 

0.001 

1 

52 

24 

70 

25,550 

8.760 
~ - 

Calculated 

9.070 

1 

0.25 

52 

24 

70 

25.550 

8.760 

Units 

m91kg 

mglug 

Uday 

dayslyear 

years 

kg 

days 

days 

mglcm2-event 

cm2 

eventslday 

hourslday 

dayslyear 

years 

kg 

days 

days 

Rationale1 
Reference 

U.S. EPA. 2002 

(1) 

(2) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

U.S. EPA. 2004 

(3) 

(1) 

(1) 

(2) 

U.S. EPA. 1993 

U.S. EPA, 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

Intake Equallonl 
Model Name 

Chronic Daily Intake (CDI) (mglkglday) = 

CGW x CF x IR-GW x EF x ED 

B W x A T  

Dermally Absorbed Dose (mglkglday) = 

DAevenl x EV x EF u ED x SA 

B W X A T  

See text lor calculat~on ol DAevent. 



TABLE 4.24.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE. CRANE INDIANA 

Medium: Surface Water 

NOIeS: 

1 - Professional judgment. Assumes two days a week in warm wealher months for RME and one day a week for CTE. 

2 -Assumes that head, arms, hands, lower legs, and feet are exposed, U.S. EPA, 1997. 

Sources: 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vol I :  Human Health Evaluation Manual. Part A. EPA/540/1-861060. 

U.S. EPA. 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA Region 4, 2000: Supplement Guidance to RAGS: Region 4 Bulletins. 

U.S. EPA, 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. EPA/540/R/99/005. 

Exposure Route 

Ingestion 

Dermal 

., . 

Unit lntake Calculations 

lngestion lntake = (CR x CF x ET x EF x ED)I(BW x AT) 

Dermal lntake = (SA x EV x EF x ED)/(BW x AT) 

Cancer lngestion Intake = 2.79E-08 

Noncancer ingestion Intake = 8.14E-08 

Receptor Population 

Recreational Users 

Recreational Users 

Cancer Dermal lntake = 3.16E+00 

Noncancer Dermal lntake = 9.23E+00 

Receptor Age 

Adult 

Adult 

Exposure Point 

SWMU 16 

SWMU 16 

Parameter 
Code 

CW 

CR 

CF 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

DAevent 

SA 

EV 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

Parameter Definition 

Chemical Concentration in Water 

Contact Rate 

Conversion factor 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Welght 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Absorbed dose per event 

Skin Surface Available for Contact 

Event Frequency 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Value 

Max or 95% UCL 

0.01 

0.001 

4 

52 

24 

70 

25.550 

8.760 

Calculated 

9,070 

1 

4 

26 

24 

70 

25.550 

8.760 

Units 

ug1L 

Uhour 

hourslevent 

eventslyear 

years 

kg 

days 

days 

mgIcm2-event 

cm2 

eventslday 

hourslevent 

dayslyear 

years 

kg 

days 

days 

Ralionalel 
Reference 

U.S. EPA. 2002 

U.S. EPA 4. 2000 

. . 

(1) 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA, 1989 

U.S. EPA. 1989 

U.S. EPA. 2004 

(2) 

(1) 

(1) 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA, 1989 

U.S. EPA. 1989 

lntake Equat~oni 
Model Name 

Chronic Dally Intake (CDI) (mglkglday) = 

CW x CF x IR-GW x EF x ED 

BW x AT 

Derrnally Absorbed Dose (mglkglday) = 

DAevent x EV x EF x ED x SA 

BW x AT 

See texl lor calculation of DAevent. 



Medium: Sediment 

TABLE 4.25.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE. CRANE INDIANA 

Notes: 

1 - Professlonai judgment. Assumes two days a week in warm weather months for RME and one day a week for CTE. 

2 -Assumes that head, arms, hands, lower legs, and feet are exposed, U.S. EPA, 1997. 

Sources: 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual. Part A. EPN54011-861060. 

U.S. EPA. 1993: Superlund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA, 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guidance for Dermal Risk Assessment) Final. EPN540/Rl99/005 

Exposure Route 

Ingestion 

Dermal 

Unit lntake Calculations 

Incidental ingestion lntake = (IR-S x CF3 x Fi x EF x ED)/(BW x AT) 

Dermal lntake = (CF3 x SA x SSAF x EF x ED)I(BW x AT) 

Cancer ingestion intake = 3.49E-08 Cancer Dermal Intake = 4.43E-07 

Noncancer Ingestion Intake = 1.02E-07 Noncancer Dermal Intake = 1.29E-06 

Receptor Population 

Recreatlonai Users 

Recreational Users 

Receptor Age 

Adult 

Adult 

Exposure Point 

SWMU 16 

SWMU 16 

Parameter 
Code 

CS 

IR-S 

CF3 

FI 

EF 

ED 

BW 

AT-C 

AT-N 

CS 

CF3 

SA 

SSAF 

DABS 

EF 

ED 

BW 

AT-C 

AT-N 

Parameter Definition 

Chemical concentration in sediment 

ingestion Rate 

Conversion Factor 3 

Fraction Ingested 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Chemical concentration in sediment 

Conversion Factor 3 

Skin Surface Avallable for Contact 

Soil to Skin Adherence Factor 

Absorption Factor 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Value 

Max or 95% UCL 

100 

1.OE-06 

0.5 

52 

24 

70 

25,550 

8.760 

Max or 95% UCL 

1 .OE-06 

9.070 

0.07 

Chemical Specific 

52 

24 

70 

25.550 

8.760 

Units 

mglkg 

mglday 

kg/mg 

unitless 

dayslyear 

years 

kg 

days 

days 

mglkg 

kg/mg 
cm2 

mglcm2levenl 

unitless 

dayslyear 

years 

kg 

days 

days 

RationaW 
Relerence 

U.S. EPA. 2002 

U.S. EPA. 1993 

(1) 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA, 1989 

U.S. EPA, 2002 

(2) 

U.S. EPA. 2004 

U.S. EPA, 2004 

(1) 

U.S. EPA, 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

Intake Equalion1 
Model Name 

Intake (mglkglday) = 

CSx IRS x CF3 x FI x EF x ED 

B W x A T  

Dermally Absorbed Dose (mglkglday) = 

CS x CF3 x SA x SSAF x DABS x EF x ED 

BW x AT 



TABLE 4.26.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE, CRANE INDIANA 

Scenario Timeframe: Future 

Medium: Surface Soil 

value 1 units 1 ~ a t i o n a ~ e l  
Reference 

Exposure Route 

Ingestion 

Dermal 

Sources: 

200 mglday U.S. EPA. 1993 

1,OE-06 1 kglmg / -- 
1 unitless U.S. EPA. 1993 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Voi 1: Human Health Evaluation Manual. Part A. EPAI54011-861060. 

U.S. EPA. 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 2002: Calculating Upper Confldence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guidance for Dermal Risk Assessment) Final. EPAI540lRl991005. 

Receptor Population 

Residents 

Residents 

I I 

350 

6 U.S. EPA. 1993 

Max or 95% UCL 

15 U.S. EPA. 1993 

25.550 U.S. EPA. 1989 

Receptor Age 

Child 

Child 

2,190 U.S. EPA. 1989 

U.S. EPA, 2002 

1 E-06 

2.800 U.S. EPA. 2004 

mglkg 

Chemical Specific unitless U.S. EPA. 2004 

350 I dayslyear 1 .  U.S. EPA. 1993 

Exposure Point 

SWMU 16 

SWMU 16 

U.S. EPA. 2002 

6 1 years I U.S. EPA. 1993 

15 U.S. EPA, 1993 

25.550 1 d:s 1 U.S. EPA. 1989 

Parameter 
Code 

CS 

IR-S 

CF3 

FI 

EF 

ED 

BW 

AT-C 

AT-N 

CS 

CF3 

SA 

SSAF 

DABS 

EF 

ED 

BW 

AT-C 

AT-N 

Parameter Definition 

Chemical concentration in soil 

ingestion Rate 

Conversion Factor 3 

Fraction Ingested 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Chemical concentration in soil 

Conversion Factor 3 

Skin Surface Available for Conlact 

Soll to Skln Adherence Factor 

Absorption Factor 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Unit lntake Calculations 

Incidental Ingestion lntake = (IR-S x CF3 x FI x EF x ED)I(BW x AT) 

Dermal lntake = (CF3 x SA x SSAF x EF x ED)/(BW x AT) 

2.190 

Cancer Ingestion Intake = 1 . lo€-06 Cancer Dermal Intake = 3.07E-06 

Noncancer Ingestion Intake = 1.28E-05 Noncancer Dermal Intake = 3.58E-05 

days 1 U.S. EPA. 1989 

lntake Equalion1 
Model Name 

lntake (mglkglday) = 

Dermally Absorbed Dose (rnglkglday) = 

CS x CF3 x SA x SSAF x DABS x EF x ED 

BW x AT 



TABLE 4.27.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE, CRANE INDIANA 

Scenario Timeframe: Future 

Medium: Surlace Sol1 

U.S. EPA. 1989: Risk Assessment Guidance lor Superfund. Vol 1: Human Health Evaluation Manual, Part A. U.S. EPN540/1-861060. 

Exposure Route 

inhalation 

U.S. EPA. 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure 

U.S. EPA. 1997: Exposure Factors Handbook. U.S. EPN60018-951002FA. 

U.S. EPA. 2002a: Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24. 

U.S. EPA, 2002b: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

Sources: 

IDEM. 2004: RlSC Technical Guide. January Update. 

Receptor Population 

Residents 

Unit Intake Calculations 

inhalation Intake = (IR x ET x EF x ED)/(BW x AT) 

Cancer Inhalation Intake = 8.22E-02 Noncancer lnhalat~on Intake = 9.59E-01 

Receptor Age 

Child 

lntake Equation, 
Model Name 

(1) 

lntake (mglkglday) = 

Exposure Point 

SWMU 16 

Parameter 
Code 

CA 

CS 

IR 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

PEF 

VF 

O/C 

Parameter Definition 

Chemical concentration in air 

Chemical concentratioh in soil 

Inhalation Rate 

Exposure Time 

Exposure Frequency 

Exposure Duratlon 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Particulate Emission Factor 

Volatilizat~on Factor 

Inverse of mean concentration at 

center of source 

Value 

Calculated 

Max or 95% UCL 

0.625 

24 

350 

6 

15 

25.550 

2190 

1.316E+09 

Chemical-specific 

68.81 

U ~ I ~ S  

mglm3 

mglkg 

mYhour 

hourslday 

daysiyear 

years 

kg 

days 

days 

m3lkg 

m3ikg 

g/m2-s per 

kgIm3 

Rationalel 
Reference 

U.S. EPA. 2OO2a 

U.S. EPA. 2002b 

U.S. €PA, 1997 

U.S. EPA. 1997 

u.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

IDEM. 2004 

U.S. EPA. 2002.3 

IDEM. 2004 



TABLE 4.28.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE, CRANE INDIANA 

Medium: Groundwater 

Sources: 

U.S. EPA. 1989: Risk Assessment Guidance for Supetfund. Vol 1: Human Health Evaluation Manual. Part A. EPAl54011-861060. 

U.S. EPA. 1993: Superfund Standard Default Exposure Factors lor the Central Tendency and Reasonable Maxlmum Exposure. 

U.S. EPA. 1997: Exposure Factors Handbook. EPAl600lP-951002Fa 

U.S. EPA. 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guldance for Superlund (Part E. Supplemental Guidance for Dermal Risk Assessment) Final. EPAl540/R/99/005. 

Exposure Route 

Ingestion 

Dermal 

Unit lntake Calculations 

lngestion lntake = (IR-GW X EF x ED)/(BW x AT) 

Dermal lntake = (SA x EV x EF x ED)/(BW x AT) 

Cancer Ingestion Intake = 8.22E-06 

Noncancer lngestion Intake = 9.59E-05 

Receptor Population 

Residents 

Residents 

Cancer Dermal Intake = 3.62E+01 

Noncancer Dermal lntake = 4.22Ec02 

Receptor Age 

Child 

Child 

Exposure Point 

SWMU 16 

SWMU 16 

Parameter 
Code 

CGW 

CF 

IR-GW 

EF 

ED 

BW 

AT-C 

AT-N 

Daevent 

S.4 

EV 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

Parameter Definition 

Chemical Concentration in Groundwater 

Conversion Factor 

Ingestion Rate of Groundwater 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Dermally Absorbed Dose per Event 

Skin Surface Available for Contact 

Event Frequency 

Exposure Time 

Exposure Frequency 

Exposure Duration 

~ o d y  Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Value 

Average 

0.001 

1.5 

350 

6 

15 

25.550 

2.190 

Calculated 

6.600 

1 

0.25 

350 

6 

15 

25.550 

2.190 

Units 

mglkg 

mglug 

Uday 

dayslyear 

years 

kg 

days 

days 

mglcm2-event 

cm2 

eventslday 

hourslday 

dayslyear 

years 

kg 

days 

days 

Rationale1 
Reference 

U.S. EPA, 2002 

U.S. EPA, 1997 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

U.S. EPA. 2004 

U.S. EPA. 2004 

U.S EPA. 2004 

U.S. EPA. 2004 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA, 1993 

U.S. EPA. 1989 

U.S. EPA, 1989 

Intake Equattonl 
Model Name 

Chronic Dally Intake (CDI) (mglkglday) = 

CGW x CF x IR-GW x EF x ED 

BW x AT 

Dermally Absorbed Dose (mglkglday) = 

DAevent x EV x EF x ED x SA 

B W x A T  

See text for calculatton of DAevent. 



TABLE 4.29.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE, CRANE INDIANA 

Medium: Groundwater 

Sources 

Exposure Route 

U.S. EPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A. EPN54011-861060. 

U.S. EPA, 1993: Superlund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

Receptor Population 

Child 

U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guidance for ~ e r m a l  Risk Assessment) Final. EPN5401R1991005. 

Value Receptor Age 

SWMU 16 Derived 

0.6 

350 

Derived 

6 

15 

0.0167 

60 

15 

20 

25.550 

2,190 

Units Exposure Point 

S 

lRsh 

EF 

K 

ED 

BW 

Ra 

CF 

Ds 

Dt 

AT-C 

AT-N 

mglm3-min shower 

m31hr 

dayslyear 

min 

years 

kg 

mln-1 

minlhr 

min 

min 

days 

days 

Volatile Chemical Generation Rate 

lnhalation Rate of volatiles in shower 

Exposure Frequency 

Masss Transfer Coefficient 

Exposure Duration 

Body Weight 

Air Exchange Rate 

Conversion Factor 

Shower Duration 

Total Time in Bathroom 

Averaging Time (Cancer) 

Averaging Time (Noncancer) 

Rationale1 
Reference 

Parameter 
Code 

FosterBChroSto~ski 1987 

U.S. EPA, 1993 

U.S. EPA, 1993 

FOsterBChrostowski 1987 

U.S. EPA. 1993 

U.S. EPA. 1993 

FosterBChrostowski 1987 

Parameter Definition 

U.S. EPA. 2004 

Professional judgement 

U.S. EPA, 1989 

U.S. EPA. 1989 

lntake Equation1 
Model Name 

lntake (mglkglday) = 

Foster. S.A. and P.C. Chrostowski. 1987. Inhalation Exposure to Volatile Organic Contaminants in the Shower. 



TABLE 4.30.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE. CRANE INDIANA 

Medium: Surface Water 

Notes: 

1 - Professional judgment. Assumes two days a week in warm weather months lor RME and one day a week for CTE. 

2 -Assumes that 50 percent of the total body surface area is exposed. U.S. EPA, 2004. 

Sources: 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vol I :  Human Health Evaluation Manual. Part A. EPN54011-861060. 

U.S. EPA, 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA Region 4. 2000: Supplement Guidance to RAGS: Region 4 Bulletins. 

U.S. EPA. 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Pail E, Supplemental Guidance for Dermal Risk Assessment) Final. EPN540lR/99/005 

Unit lntake Calculations 

lngestion lntake = (CR x CF x ET x EF x ED)/(BW x AT) 

Dermal lntake = (SA x EV x EF x ED)/(BW x AT) 

Cancer lngestion lntake = 1.63E-07 

Noncancer lngestlon lntake = 1.90E-06 

Value 

Max or 95% UCL 

0.05 

0.001 

4 

52 

6 

15 

25.550 

2,190 

Calculated 

3.300 

1 . 
4 

52 

6 

15 

25,550 

2,190 

Exposure Route 

Ingestion 

Dermal 

Cancer Dermal lntake = 2.69Ec00 

Noncancer Dermal lntake = 3.13E+01 

Receptor Age 

Child 

Child 

Receptor Population 

Residents 

Residents 

Units 

uglL 

Uhour 

uglmg 

hourslevent 

eventslyear 

years 

kg 

days 

days 

mglcm2-event 

cm2 

eventslday 

hourslevent 

dayslyear 

years 

kg 

days 

days 

Exposure Point 

SWMU 16 

SWMU 16 

Rationale1 
Relerence 

U.S. EPA. 2002 

U.S. EPA 4. 2000 

. . 

(1) 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

U.S. EPA. 2004 

(2) 

(1) 

(1) 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

Intake Equat~onl 
Model Name 

Chronic Daily Intake (CDI) (mglkglday) = 

C W x C F x I R - G W x  E F x E D  

B W X A T  

Dermally Absorbed Dose (mglkglday) = 

DAevent x EV x EF x ED x SA 

BW x AT 

See text lor calculation ol DAevent. 

Parameter 
Code 

CW 

CR 

CF 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

DAevent 

SA 

EV 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

Parameter Definition 

Chemical Concentration in Water 

Contact Rale 

Conversion factor 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Absorbed dose per event 

Skin Surface Available for Contact 

Event Frequency 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 



TABLE 4.31 .RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE, CRANE INDIANA 

Medium: Sediment 

Unit lntake Calculations 

incidental lngestion lntake = (IR-S x CF3 x Fi x EF x ED)/(BW x AT) 

Dermal Intake = (CF3 x SA x SSAF x EF x ED)/(BW x AT) 

Exposure Route 

Ingestion 

Dermal 

Notes: 

Units Ratlonalel 
Reference 

1 - Professional judgment. Assumes two days a week in warm weather months for RME and one day a week for CTE. 

Sources: 

U.S. EPA. 1989: Risk Assessment Guidance for Superlund. Vol 1: Human Health Evaluation Manual, Part A. EPN54011-861060, 

U.S. EPA, 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guidance lor Superfund (Pan E. Supplemental Guidance for Dermal Risk Assessment) Final. EPN5401R1991005. 

Receptor Population 

Residents 

Residents 

lntake Equat~onl 
Model Name 

Receptor Age 

Child 

Child 

mglday 

kg/mg 

unitless 

dayslyear 

years 

kg 

days 

days 

mglkg 

kg/mg 
cm2 

mgIcmZIevent 

unitless 

dayslyear 

years 

kg 

days 

I 

U.S. EPA. 1993 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

Exposure Point 

SWMU 16 

SWMU 16 

rnglkg 

U.S. EPA. 1989 

U.S. EPA. 2002 

I U.S. EPA. 2002 1 Intake (mglkglday) = 

U.S. EPA, 2004 

U.S. EPA. 2004 

U.S. EPA. 2004 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA, 1989 

Parameter 
Code 

CS 

IR-S 

CF3 

FI 

EF 

ED 

BW 

AT-C 

AT-N 

CS 

CF3 

SA 

SSAF 

DABS 

EF 

ED 

BW 

AT-C 

AT-N 

Dermally Absorbed Dose (mglkglday) = 

Parameter Definition 

Chemical concentration in sediment 

Ingestion Rate 

Conversion Factor 3 

Fraction Ingested 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Chemical concentration In sediment 

Conversion Factor 3 

Skin Surface Available for Contact 

Soil to Skin Adherence Factor 

Absorption Factor 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Cancer Ingestion Intake = 8.14E-08 Cancer Dermal Intake = 4.56E-07 

Noncancer lngestlon Intake = 9.50E-07 Noncancer Dermal Intake = 5.32E-06 

Value 

Max or 95% UCL 

100 

1 E-06 

1 

52 

6 

15 

25.550 

2.190 

Max or 95% UCL 

1 E-06 

2.800 

0.2 

Chemical Specific 

52 

6 

15 

25,550 

2.190 days U.S. EPA, 1989 



TABLE 4.32.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE, CRANE INDIANA 

Medium: Surface Soil 

Sources: 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A. EPN54011-861060. 

U.S. EPA. 1993: Superlund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 2002: Calculating Upper Conlldence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guidance lor Superfund (Part E. Supplemental Guidance for Dermal Risk Assessment) Final. EPN540lR/99/005 

Exposure Route 

Ingestion 

Dermal 

Unit lntake Calculations 

lncldental lngestion lntake = (IR-S x CF3 x FI x EF x ED)/(BW x AT) 

Dermal lntake = (CF3 x SA x SSAF x EF x.ED)/(BW x AT) 

Cancer Ingestion Intake = 4.70E-07 Cancer Dermal Intake = 1.87E-06 

Noncancer lngestlon Intake = 1.37E-06 Noncancer Dermal Intake = 5.47E-06 

Receptor Population 

Residents 

Residents 

Receptor Age 

Adult 

Adult 

Exposure Point 

SWMU 16 

SWMU 16 

Parameter 
Code 

CS 

IR-S 

CF3 

FI 

EF 

ED 

BW 

AT-C 

AT-N 

CS 

CF3 

SA 

SSAF 

DABS 

EF 

ED 

BW 

AT-C 

AT-N 

Parameter Definition 

Chemical concentration In sol1 

Ingestion Rate 

Conversion Factor 3 

Fraction Ingested 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaglng Time (Non-Cancer) 

Chemical concentration in soil 

Conversion Factor 3 

Skin Surface Available for Contact 

Soil to Skin Adherence Factor 

Absorption Factor 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Value 

Max or 95% UCL 

100 

1.OE-06 

1 

350 

24 

70 

25.550 

8.760 

Max or 95% UCL 

1 .OE-06 

5.700 

0.07 

Chemical Specific 

' 350 

24 

70 

25.550 

8.760 

Unlts 

mglkg 

mglday 

kg/mg 

unitless 

dayslyear 

years 

kg 

days 

days 

mglkg 

kg/mg 
cm2 

mglcm2levent 

unilless 

dayslyear 

years 

kg 

days 

days 

Rationalel 
Reference 

U.S. EPA. 2002 

U.S. EPA, 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

U.S. EPA. 2002 

U.S. EPA. 2004 

U.S. EPA. 2004 

U.S. €PA. 2004 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

Intake Equation1 
Model Name 

lntake (mglkglday) = 

C S x I R S x C F 3 x F I x E F x E D  

BW x AT 

Dermally Absorbed Dose (mglkglday) = 

CS x CF3 x SA x SSAF x DABS x EF x ED 

BW x AT 



TABLE 4.33.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE. CRANE INDIANA 

Scenario Timeframe: Future 

Medium: Surface Soil 

Exposure Medium: Air 7 

Sources: 

IDEM. 2004: RlSC Technical Guide. January Update. 

U.S. EPA. 1989: Risk Assessment Guldance for Superfund. Vol 1: Human Health Evaluation Manual. Part A. U.S. EPA/540/1-861060. 

U.S. EPA. 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 1997: Exposure Factors Handbook. U.S. EP~60018~951002FA. 

U.S. EPA. 2002a: Supplemental Guidance for Developing Soll Screening Levels lor Superfund Sltes. OSWER 9355.4-24. 

US. EPA. 2002b: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10 

Exposure Route 

Inhalation 

Unit Intake Calculations 

lnhalat~on Intake = (IR x ET x EF x ED)/(BW x AT) 

Cancer lnhalatlon Intake = 9.36E-02 Noncancer Inhalalion Inlake = 2.73E-01 

Receptor Population 

Residents 

Receptor Age 

Adult 

Exposure Point 

SWMU 16 

Parameter 
Code 

CA 

CS 

IR 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

PEF 

VF 

Q/C 

Parameter Definition 

Chemical concentration in air 

Chemical concentration in soil 

Inhalation Rate 

Exposure Tlme 

Exposure Frequency 

Exposure Duration 

60dy Welght 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Particulate Emission Factor 

Volatil~zation Factor 

inverse of mean concentration al 

center of source 

Value 

Calculated 

Max or 95% UCL 

0.83 

24 

350 

24 

70 

25.550 

8760 

1.316E+09 

Chemical-specific 

68.81 

units 

mg/m3 

mglkg 

mYhour 

hourslday 

dayslyear 

years 

kg 

days 

days 

m3lkg 

m3lkg 

g/m2-s per 

kgIm3 

Rationale1 
Reference 

U.S. EPA. 2002a 

U.S. EPA. 2002b 

U.S. EPA. 1997 

U.S. EPA. 1997 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

IDEM. 2004 

U.S. EPA. 2002a 

IDEM. 2004 

Intake Equat~onl 
Model Name 

Intake (mglkglday) = 

C A x i R x E T x E F x E D  

BW x AT 

CA = (1IPEF + INF )  x CS 



TABLE 4.34.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE. CRANE INDIANA 

Medium: Groundwater 

Sources: 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual. Part A. EPN54011-861060. 

U.S. EPA. 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 1997: Exposure Factors Handbook. EPN600lP-951002Fa 

U.S. EPA. 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guidance for Dermal Risk Assessment) Final. EPN540/R/99/005 

Exposure Route 

Ingestion 

Dermal 

Unit lntake Calculations 

lngestion lntake = (IR-GW x EF x ED)l(BW x AT) 

Dermal lntake = (SA x EV x EF x ED)/(BW x AT) 

Cancer lngestion Intake = 9.39E-06 

Noncancer lngestion Intake = 2.74E-05 

Receptor Population 

Residents 

Residenls 

Cancer Dermal lntake = 8.45E+OI 

Noncancer Dermal lntake = 2.47E+02 

Receptor Age 

Adult 

Adult 

Exposu;e Point 

SWMU 16 

SWMU I 6  

Parameter 
Code 

CGW 

CF 

IR-GW 

EF 

ED 

BW 

AT-C 

AT-N 

Daevent 

SA 

EV 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

parameter Definition 

Chemical Concentration in Groundwater 

Conversion Factor 

Ingestion Rate of Groundwater 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Dermally Absorbed Dose per Event 

Skin Surface Available for Contact 

Event Frequency 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Value 

Average 

0.001 

2 

350 

24 

70 

25.550 

8.760 

Calculated 

18,000 

1 

0.25 

350 

24 

70 

25,550 

8,760 

Units 

uglL 

mg/ug 

Uday 

dayslyear 

years 

kg 

days 

days 

mgIcm2-event 

cm2 

eventslday 

hourslday 

dayslyear 

years 

kg 

days 

days 

Rat~onalel 
Reference 

U.S. EPA. 2002 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

U.S. EPA. 2004 

U.S. EPA. 2004 

U.S. EPA. 2004 

U.S. EPA, 2004 

U.S. EPA. 1993 

U.S. EPA, 1993 

U.S. EPA, 1993 

U.S. EPA, 1989 

U.S. EPA, 1989 

Intake Equal~onl 
Model Name 

Chronic Daily Intake (CDI) (mglkglday) = 

CGW x CF x IR-GW x EF x ED 

BW x AT 

Dermally Absorbed Dose (mglkglday) = 

DAevent x EV x EF x ED x SA 

B W x A T  

See text for calculation of DAevent. 



TABLE 4.35.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE, CRANE INDIANA 

Medium: Groundwater 

Sources 

U.S. EPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual. Part A. EPN54011-861060. 

U.S. EPA. 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guidance for Dermal Risk Assessment) Final. EPN540lRl991005 

Foster. S.A. and P.C. Chrostowski. 1987. lnhalation Exposure to Volatile Organlc Contaminants in the Shower. 

Rationale1 
Reference 

Foster&Chrostowski 1987 

U.S. EPA. 1993 

U.S. EPA, 1993 

Foster&Chrostowski 1987 

U.S. EPA, 1993 

U.S. EPA, 1993 

Foster&Chrostowski 1987 

U.S. EPA. 2004 

Professional judgement 

U.S. EPA, 1989 

U.S. EPA ,1989 

Exposure Route 

Inhalation 

Intake Equal~onl 
Model Name 

Chronic Daily Inlake (CDI) (mglkg-day)= 

S x lRsh x K x EF x ED 
BW x AT x Ra x CF 

Parameter 
Code 

S 

lRsh 

EF 

K 

ED 

BW 

Ra 

CF 

Ds 

Dt 

AT-C 

AT-N 

Receptor Population 

Residents 

Parameter Definition 

Volatile Chemical Generation Rate 

Inhalation Rate of volatiles in shower 

Exposure Frequency 

Masss Transfer Coefficient 

Exposure Duration 

Body Weight 

Air Exchange Rate 

Conversion Factor 

Shower Duration 

Total Tlme in Bathroom 

Averaging Time (Cancer) 

Averaging Tlme (Noncancer) 

Receptor Age 

Adult 

Value 

Derived 

0.6 

350 

Derived 

24 

70 

0.017 

60 

15 

20 

25550 

8760 

Exposure Point 

SWMU 16 

Units 

mglm3-min shower 

m31hr 

dayslyear 

min 

years 

kg 

min-1 

minlhr 

min 

min 

days 

days 



TABLE 4.36.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE. CRANE INDIANA 

Scenario Timeframe: Future 

Medium: Surlace Water Ii 
Exposure Medium: Surface Water 

Ingestion Residents 

Dermal Residents 

Notes: 

Receptor Age Exposure Point 

-- 

Parameter 
Code 

Parameter Deflnltlon 

I 

Value 

CW 

CR 

CF 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

DAevent 

SA 

EV 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

Max or 95% UCL 

0.01 

0.001 

4 

52 

24 

70 

25.550 

8.760 

Calculated 

9.070 

1 

4 

52 

24 

70 

25.550 

8.760 

Cnem ca Concentrat on In Water 

Contact Rate 

Conversion factor 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Absorbed dose per event 

Skin Surface Available for Contact 

Event Frequency 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Welght 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

1 - Professional judgment. Assumes two days a week in warm weather months for RME and one day a week for CTE 

2 -Assumes that head. arms. hands. lower legs, and feet are exposed, U.S. EPA, 1997. 

Sources: 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vol I: Human Health Evaluation Manual, Part A. EPN54011-861060. 

U.S. EPA. 1993: Superlund Standard Delault Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA Region 4, 2000: Supplement Guidance to RAGS: Region 4 Bulletins. 

U.S. EPA. 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guldance for Superfund (Part E, Supplemenlal Guidance for Dermal Risk Assessment) Final. EPN540lR/99/005 

Unit lntake Calculations 

lngestion lntake = (CR x CF x ET x EF x ED)/(BW x AT) 

Dermal lntake = (SA x EV x EF x ED)/(BW x AT) 

Cancer lngestion Intake = 2.79E-08 

Noncancer lngestion Intake = 8.14E-08 

Cancer Dermal lntake = 6.33E+00 

Noncancer Dermal lntake = 1.85E+01 

UgIL 

Uhour 

ug/mg 

hourslevent 

eventslyear 

years 

kg 

days 

days 

mgIcm2-event 

cm2 

eventslday 

hourslevent 

dayslyear 

years 

kg 

days 

days 

Units 

U.S. EPA. 2002 

U.S. EPA 4. 2000 

. . 

(1) 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

U.S. EPA. 2004 

(2) 

(1) 

(1) 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA, 1989 

U.S. EPA. 1989 

Rationale1 
Relerence 

Intake Equatlonl 
Model Name 

Chronlc Dally Intake (CDI) (mglkglday) = 

Dermally Absorbed Dose (mglkglday) = 

DAevent x EV x EF x ED x SA 

BW x AT 

See text for calculal~on of DAevent 



TABLE 4.37.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

NSWC CRANE, CRANE INDIANA 

Medium: Sediment 

Notes: 

1 - Professional judgment. Assumes two days a week in warm weather months for RME and one day a week for CTE. 

Sources: 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual. Part A. EPAl54011-861060. 

U.S. EPA. 1993: Superfund Standard Default Exposure Factors tor the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guidance tor Dermal Risk Assessment) Final. EPA/540/R/99/005 

Unit lntake Calculations 

lncldental lngestion lntake = (IR-S x CF3 x FI x EF x ED)/(BW x AT) 

Dermal lntake = (CF3 x SA x SSAF x EF x ED)/(BW x AT) 

Cancer ingestion Intake = 3.49E-08 Cancer Dermal Intake = 1.39E-07 

Noncancer Ingestion Intake = 1.02E-07 Noncancer Dermal Intake = 4.06E-07 

Rationalel 
Reference 

U.S. EPA, 2002 

(1) 

U.S. EPA. 1993 

(1) 

U.S. EPA. 1993 

U.S. EPA, 1993 

U.S. EPA, 1989 

U.S. EPA, 1989 

U.S. EPA, 2002 

U.S. EPA, 2004 

U.S. EPA. 2004 

U.S. EPA. 2004 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

Exposure Route 

Ingestion 

Dermal 

Intake Equatlonl 
Model Name 

lntake (mglkglday) = 

C S s x i R S x C F 3 x F I x E F x E D  

BW x AT 

Dermally Absorbed Dose (mglkglday) = 

CS x CF3 x SA x SSAF x DABS x EF x ED 

B W x A T  

Exposure Point 

SWMU 16 

SWMU 16 

Receptor Population 

Residents 

Residents 

Parameter 
Code 

CS 

IR-S 

CF3 

FI 

EF 

ED 

BW 

AT-C 

AT-N 

CS 

CF3 

SA 

SSAF 

DABS 

EF 

ED 

BW 

AT-C 

AT-N 

Receptor Age 

Adult 

Adult 

Parameter Definition 

Chemical concentration in sediment 

lngestlon Rate 

Conversion Factor 3 

Fraction ingested 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaglng Time (Cancer) 

Averaging Time (Non-Cancer) 

Chemical concentration in sediment 

Conversion Factor 3 

Skin Surface Available for Contact 

Soil to Skin Adherence Factor 

Absorption Factor 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Value 

Max or 95% UCL 

50 

I .OE-06 

1 

52 

24 

70 

25,550 

8,760 

Max or 95% UCL 

1 E-06 

5,700 

0.07 

Chemical Specific 

26 

24 

70 

25.550 

8.760 

Units 

mglkg 

mglday 

kglmg 

unitiess 

dayslyear 

years 

kg 

days 

days 

mglkg 

kglmg 
cm2 

mglcm2levent 

unitless 

dayslyear 

years 

kg 

days 

days 



TABLE 4.1.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

Medium: Surface Soil 

Notes: 

1 - Professional Judgement. Assume 2 days a month lor RME and 1 day a month for CTE. 

Sources: 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual. Part A. 

U.S. EPA, 1993: Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA, 2002: Calculating Upper Confidence Limits for Exposure Polnt Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guldance for Dermal Risk Assessment) Final. EPA/540lR/99/005. 

Exposure Route 

Ingestion 

Dermal 

Unit lntake Calculations 

Incidental Ingestion lntake = (IR-S x CF3 x FI x EF x ED)/(BW x AT) 

Dermal intake = (CF3 x SA x SSAF x EF x ED)/(BW x AT) 

Cancer Ingestion Intake = 3.02E-09 Cancer Dermal Intake = 3.99E-09 

Noncancer Ingestion intake = 2.35E-08 Noncancer Dermal intake = 3.10E-08 

Receptor Population 

Maintenance Workers 

Maintenance Workers 

Receptor Age 

Adult 

Adult 

Value 

Max or 95% UCL 

50 

0.000001 

1 

12 

9 

70 

25550 

3285 

Max or 95% UCL 

0.000001 

3300 

0.02 

Chemical Specific 

12 

9 

70 

25550 

3285 

Exposure Point 

SWMU 16 

SWMU 16 

Intake Equation1 
Model Name 

Intake (mglkglday) = 

C S x I R S x C F 3 x F I x E F x E D  

B W x A T  

Dermally Absorbed Dose (mglkglday) = 

CS x CF3 x SA x SSAF x DABS x EF x ED 

BW x AT 

Parameter 
Code 

CS 

IR-S 

CF3 

FI 

EF 

ED 

BW 

AT-C 

AT-N 

CS 

CF3 

SA 

SSAF 

DABS 

EF 

ED 

BW 

AT-C 

AT-N 

Units 

mglkg 
mglday 

kglmg 

unitless 

dayslyear 

years 

kg 

days 

days 

mglkg 

kg/mg 

cm2 

mg/cmZevent 

unitless 

dayslyear 

years 

kg 

days 

days 

Parameter Definition 

Chemical concentration in soil 

lngestlon Rate 

Conversion Factor 3 

Fraction Ingested 

Exposure Frequency 

Exposure Duration 

~ o d y  Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Chemical concentration in soil 

Conversion Factor 3 

Skin Surtace Available for Contact 

Soil to Skin Adherence Factor 

Absorption Factor ' 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Tlme (Non-Cancer) 

Rationale1 
Reference 

U.S. EPA. 2002 

U.S. EPA. 1993 

U.S. EPA. 1993 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA, 1989 

U.S. EPA. 2002 

U.S. EPA, 2004 

U.S. EPA. 2004 

U.S. EPA, 2004 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 



TABLE 4.2.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE, CRANE INDIANA 

Medlum: Surface Soil 

Notes: 

1 - Professional Judgement. Assume 2 days a month lor RME and 1 day a month for CTE. 

Sources: 

IDEM, 2004: RlSC Technical Guide, January Update. 

U.S. EPA, 1989: Risk Assessment Guidance for Supertund. Vol 1: Human Health Evaluation Manual. Part A. U.S. EPN54011-861060. 

U.S. EPA. 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maxlmum Exposure. 

U.S. EPA, 1997: Exposure Factors Handbook. U.S. EPAl60018-951002FA. 

U.S. EPA. 2002a: Supplemental Guidance lor Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24. 

U.S. EPA, 2002b: Calculating Upper Conlidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

Unit Intake Calculations 

lnhalat~on Intake = ( in  x ET x EF x ED)/(BW x AT) 

Cancer Inhalation Intake = 1.21E-03 Noncancer Inhalation Intake = 9.39E-03 

Units 

mglm3 

mglkg 

m3lh0~1 

hourslday 

dayslyear 

years 

kg 

days 

days 

m3lkg 

m ~ k g  

g1m2-s per 

kglm3 

Parameter 
Code 

CA 

Cs 

IR 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

PEF 

VF 

OIC 

Exposure Route 

Inhalation 

- 

~ a l ~ o n a l e l  
Reference 

U.S. EPA. 2002a 

U.S. EPA. 2002b 

U.S. EPA, 1997 

(1) 

(1) 

U.S. EPA. 1993 

. U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

IDEM. 2004 

U.S. EPA. 2002a 

IDEM. 2004 

Receptor Age 

Adult 

Receptor Population 

Maintenance Workers 

Intake Equat~onl 
Model Name 

(1) 

Intake (mglkglday) = 

C A x l R x E T x E F x E D  

8W x AT 

CA = (1IPEF + I N F )  x Cs 

Parameter Deflnllion 

Chemical concentration in air 

Chemical concentration In soil 

Inhalation Rate 

Exposure Tlme 

Exposure Frequency 

Exposure ouration 

~ 0 d y  Welght 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Particulate Emission Factor 

Volatilization Factor 

lnverse of mean concenlrat~on at 

center of source 

Exposure Point 

SWMU 16 

Value 

Calculated 

Max or 95% UCL 

2.5 

8 

12 

9 

70 

25550 

3285 

1.316E+09 

chemical-specitic 

68.81 



TABLE 4.3.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

Notes: 

1 - Professional Judgement. Assume 2 days a month for RME and 1 day a month for CTE. 

Sources: 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual. Part A. 

U.S. EPA. 1993: Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. EPN540/R/99/005. 

Medium: Surface Water 

Unit lntake Calculations 

lngestion lntake = (CR x CF x ET x EF x ED)/(BW x AT) 

Dermal intake = (SA x EV x EF x ED)l(BW x AT) 

Cancer lngestion Intake = 0.00E+00 

Noncancer lngestion Intake = 0.00E+00 

Cancer Dermal lntake = 1.99E-01 

Noncancer Dermal lntake = 1,55E+00 

Units 

mglcm2-event 

cm2 

evenlslday 

hourslevent 

dayslyear 

years 

kg 

days 

, days 

Value 

Calculated 

3300 

1 

1.5 

12 

9 

70 

25550 

3285 

Exposure Route 

Dermal 

Rationalel 
Reference 

U.S. EPA, 2004 

U.S. EPA, 2004 

(1) 

(1) 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

, U.S. EPA. 1969 

Receptor Age 

Adult 

Receptor Population 

Maintenance Workers 

lntake Equat~onl 
Model Name 

Dermally Absorbed Dose (mglkglday) = 

DAevent x EV x EF x ED x SA 

B W x A T  

See text for calculalion of DAevenl. 

, 

Exposure Point 

SWMU 16 

Parameter 
Code 

DAevent 

SA 

EV 

ET 

EF 

ED 

BW 

AT-C 

, AT-N 

Parameter Definition 

Absorbed dose per event 

Skin Surface Available for Contact 

Event Frequency 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

,Averaging Time (Non-Cancer) 



TABLE 4.4.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

Notes: 

1 - Professional Judgement. Assume 2 days a month for RME and 1 day a month for CTE. 

Sources: 

U.S. EPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A. 

U.S. EPA, 1993: Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA, 2002: Calculating Upper Confidence Limits lor Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guidance for Dermal Risk Assessment) Final. EPA/540lR/99/005 

Medium: Sediment 

Unit lntake Calculations 

Incidental lngestion lntake = (IR-S x CF3 x FI x EF x ED)/(BW x AT) 

Dermal lntake = (CF3 x SA x SSAF x EF x ED)/(BW x AT) 

Cancer Ingestion Intake = 3.02E-09 Cancer Dermal Intake = 3.99E-09 

Noncancer Ingestion Intake = 2.35E-08 Noncancer Dermal Intake = 3.10E-08 

Intake Equatlonl 
Model Name 

Intake (mglkglday) = 

C S x l R S x C F 3 x F l x E F x E D  

BW x AT 

Dermally Absorbed Dose (mglkglday) = 

CS x CF3 x SA x SSAF x DABS x EF x ED 

BW x AT 

Units 

mglkg 
mglday 

kglmg 

unitless 

dayslyear 

years 

kg 

days 

days 

mglkg 

kglmg 

cm2 

mg/cmZ/event 

unitless 

dayslyear 

years 

kg 

days 

days 

Rationalel 
Reference 

U.S. EPA. 2002 

U.S. EPA. 1993 

U.S. EPA. 1993 

(1) 

U.S. EPA, 1993 

U.S. EPA, 1989 

U.S. EPA, 1989 

U.S. EPA. 1989 

U.S. EPA. 2002 

U.S. EPA. 2004 

U.S. EPA. 2004 

U.S. EPA. 2004 

(1) 
U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

U.S. EPA. 1989 

Parameter Definition 

Chemical concentration in sediment 

Ingestion Rate 

Conversion Factor 3 

Fraction Ingested 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Tlme (Cancer) 

Averaging Time (Non-Cancer) 

Chemical concentration In sediment 

Conversion Factor 3 

Skin Surface Available for Contact 

Soil to Skin Adherence Factor 

Absorption Factor 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Exposure Route 

Ingestion 

Dermal 

Value 

Max or 95% UCL 

50 

0.000001 

1 

12 

9 

70 

25550 

3285 

Max or 95% UCL 

0.000001 

3300 

0.02 

Chemical Specific 

12 

9 

70 

25550 

3285 

Receptor Age 

Adult 

Adult 

Receptor Population 

Maintenance Workers 

Maintenance Workers 

Exposure Point 

SWMU 16 

SWMU 16 

Parameter 
Code 

CS 

IR-S 

CF3 

FI 

EF 

ED 

BW 

AT-C 

AT-N 

CS 

CF3 

SA 

SSAF 

DABS 

EF 

ED 

BW 

AT-C 

AT-N 



TABLE 4.5.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE, CRANE INDIANA 

Medium: Surface Soil 

Unit Intake Calculations 

Incidental lngestion lntake = (IR-S x CF3 x FI x EF x ED)/(BW x AT) 

Dermal Intake = (CF3 x SA x SSAF x EF x ED)I(BW x AT) 

Exposure Route 

Ingestion 

Dermal 

Notes 

Cancer Ingestion Intake = 5.51E-08 Cancer Dermal Intake = 7.27E-08 

Noncancer Ingestion Intake = 4.29E-07 Noncancer Dermal Intake = 5.66E-07 

1 - One half the RME value is used for the CTE value. 

Sources: 

U.S. EPA. 1989: Rlsk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual. Part A. 

U.S. EPA. 1993: Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance lor Dermal Risk Assessment) Final. EPAJ540lRl991005. 

Receptor Population 

Occupational Workers 

Occupational Workers 

Receptor Age 

Adult 

Adult 

Parameter 
Code 

CS 

IR-S 

CF3 

FI 

EF 

ED 

BW 

AT-C 

AT-N 

CS 

CF3 

SA 

SSAF 

DABS 

EF 

ED 

BW 

AT-C 

AT-N 

Exposure Point 

SWMU 16 

SWMU 16 

Parameter Definition 

Chemical concentration in soil 

Ingestion Rate 

Conversion Factor 3 

Fraction Ingested 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Chemical concentration in soil 

Conversion Factor 3 

Skin Surface Available for Contact 

Soil to Skin Adherence Factor 

Absorption Factor 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Value 

Max or 95% UCL 

50 

0.000001 

1 

21 9 

9 

70 

25550 

3285 

Max or 95% UCL 

0.000001 

3300 

0.02 

Chemical Specific 

219 

9 

70 

25550 

3285 

Units 

mglkg 
mglday 

kg/mg 

unitless 

dayslyear 

years 

kg 

days 

days 

mglkg 

kg/mg 

cm2 

mglcm2levent 

unitless 

dayslyear 

years 

kg 

days 

days 

Rationale1 
Reference 

U.S. EPA. 2002 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

U.S. EPA. 2002 

U.S. EPA. 2004 

U.S. EPA. 2004 

U.S. EPA. 2004 

U.S. EPA. 1993 

U.S. EPA, 1993 

U.S. EPA, 1989 

U.S. EPA, 1989 

U.S. EPA, 1989 

Intake Equation1 
Model Name 

Intake (mglkglday) = 

C S x l R S x C F 3 x F l x E F x E D  

B W x A T  

Dermally Absorbed Dose (mglkglday) = 

CS x CF3 x SA x SSAF x DABS x EF x ED 

BW x AT 



TABLE 4.6.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

Medium: SurlaceISubsurface Soil 

Notes: 

1 - Length of typical work day. 

Sources: 

IDEM. 2004: RlSC Technical Guide. January Update. 

U.S. EPA. 1989: Risk Assessment Guidance tor Superfund. Vol 1: Human Health Evaluation Manual. Part A. U.S. EPA/540/1-861060. 

U.S. EPA. 1993: Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 2002a: Supplemental Guidance for Developing Soil Screening Levels for Supertund Sites. OSWER 9355.4-24. 

U.S. EPA. 2002b: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

Unit Intake Calculations 

lnhalation Intake = (IR x ET x EF x ED)/(BW x AT) 

Cancer Inhalation Intake = 2.20E-02 Noncancer Inhalation Intake = 1.71E-01 

Units 

mglm3 

mglkg 

m31hour 

hourslday 

dayslyear 

years 

kg 

days 

days 

m3lkg 

m3lkg 

gIm2-s per 

kgIm3 

Value 

Calculated 

Max or 95% UCL 

2.5 

8 

219 

9 

70 

25550 

3285 

1.316E+09 

Chemical-specific 

68.81 

Exposure Route 

Inhalation 

Ral~onalel 
Reference 

U.S. EPA, 2002a 

U.S. EPA, 2002b 

U.S. EPA. 1993 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

IDEM. 2004 

U.S. EPA. 2002a 

IDEM. 2004 

Exposure Point 

SWMU 16 

Intake Equat~onl 
Model Name 

(1 )  

Intake (mglkglday) = 

C A x l R x E T x E F x E D  

BW x AT 

CA = (1IPEF + 11VF) x CS 

Receplor Population 

Occupat~onal Workers 

Parameter 
Code 

CA 

CS 

IR 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

PEF 

VF 

Q/C 

Receptor Age 

Adull 

Parameter Definition 

Chemical concentration in air 

Chemical concenlratlon In soil 

lnhalatlon Rate 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Particulate Em~sslon Factor 

Volatllization Factor 

Inverse of mean concentration at 

cenler of source 



TABLE 4.7.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

Medium: Groundwater 

Exposure Route 

Ingestion 

Dermal 

Notes 

Exposure Point Parameter Parameter Definition I value I Units I Rationale1 
Reference 

Occupational Workers 

Occupational Workers 

Average 

0.001 

1 

219 

9 

70 

25550 

Adult 

Adult 

CGW 

CF 

IR-GW 

EF 

ED 

BW 

AT-C 

mg/ug 

dayslyear 

years 

days t SWMU 16 

SWMU 16 

Chemical Concentration in Groundwaler 

Conversion Factor 

lngestion Rate of Groundwater 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

U.S. EPA, 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

AT-N 

(1) - Professional judgement. 

SA 

EV 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

Sources: 

Daevent I~ermal ly  Absorbed Dose per Event I Calculated I mgIcm2-event I U.S. EPA. 2004 

Averaging Time (Non-Cancer) 

Skin Surface Available for Contact 

Event Frequency 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A. EPAl54011-861060. 

U.S. EPA. 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

3285 

U.S. EPA, 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sltes. OSWER 9285.6-10. 

U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guidance for Dermal Risk Assessment) Final. EPN5401R1991005. 

Unit lntake Calculations 

lngestion lntake = (IR-GW x EF x ED)/(BW x AT) 

Dermal lntake = (SA x EV x EF x ED)I(BW x AT) 

days U.S. EPA. 1989 

lntake Equat~onl 
Model Name 

3300 

1 

0.167 

219 

9 

70 

25550 

3285 

Chronic Daily lntake (CDI) (mglkglday) = 

CW x CF x IR-GW x EF x ED 

BW x AT 

cm2 

eventslday 

hourslday 

dayslyear 

years 

kg 

days 

days 

Dermally Absorbed Dose (mglkglday) = 

U.S. EPA. 2004 

U.S. EPA. 2004 

U.S. EPA. 2004 

U.S. EPA, 1993 

U.S. EPA, 1993 

U.S. EPA, 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

DAevent x EV x EF x ED x SA 

B W x A T  

See text for calculation of DAevent 

Cancer lngestion Intake = 1.10E-06 

Noncancer lngestion Intake = 8.57E-06 

Cancer Dermal lntake = 3.64E+00 

Noncancer Dermal Intake = 2.83E+01 



TABLE 4.8.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRAL TENDENCY EXPOSURES 

NSWC CRANE. CRANE INDIANA 

Scenario Tlmeframe: CurrenVFuture 

Medium: Surface Soil 

Exposure Medium: Surlace Soil 7 

Notes: 

1 - Assume one day a week in warm weather months for RME and one day every other week for CTE. 

2 - Adolescents from age 6 to 17. 

3 - Assumes that the lower arms, hands, lower legs, and feet are exposed. (Values based on Exposure Factors Handbook 1997.) 

Sources: 

U.S. EPA, 1989: Risk Assessment Guidance lor Superfund. Vol I :  Human Health Evaluation Manual. Part A. EPN54011-861060. 

U.S. EPA. 1997: Exposure Factors Handbook. U.S. EPN60018-951002FA. 

U.S. EPA. 1993: Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guidance for Superlund (Part E. Supplemental Guidance for Dermal Risk Assessment) Final. EPA/540/W99/005. 

Unit intake Calculations 

Incidental Ingestion lntake = (IR-S x CF3 x FI x EF x ED)/(BW x AT) 

Intake Equatlonl 
Model Name 

Intake (mgkglday) = 

CSsx iRSxCF3xF l xEFxED 

BW x AT 

Dermally Absorbed Dose (mglkglday) = 

cs x CF3 x SA x SSAF x DABS x EF x ED 

BW x AT 

Dermal lntake = (CF3 x SA x SSAF x EF x ED)/(BW x AT) 

Cancer lngestlon Intake = 6.51E-09 Cancer Dermal Intake = 1.61E-08 

Noncancer Ingestion Intake = 4.14E-08 Noncancer Dermal Intake = 1.03~-07 

Parameter 
Code 

CS 

IR-S 

CF3 

FI 

EF 

ED 

BW 

AT-C 

AT-N 

CS 

CF3 

SA 

SSAF 

DABS 

EF 

ED 

BW 

AT-C 

AT-N 

Exposure Route 

Ingestion 

Dermal 

Receptor Age 

Adolescent 

Adolescent 

Receptor Population 

Trespassers 

Trespassers 

Parameter Delinltlon 

Chemical concentration in soil 

Ingestion Rate 

Conversion Factor 3 

Fraction Ingested 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Chemical concentration in soil 

Conversion Factor 3 

Skin Surface Available tor Contact 

Soil to Skin Adherence Factor 

Absorption Factor 

Exposure Frequency 

Exposure Duration 

Body Welght 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Exposure Point 

SWMU 16 

SWMU 16 

Value 

Max or 95% UCL 

50 

0.000001 

1 

13 

11 

43 

25550 

4015 

Max or 95% UCL 

0.000001 

3100 

0.04 

Chemical Specilic 

13 

11 

43' 

25550 

4015 

Units 

mglkg 
mglday 

unitless 

dayslyear 

years 

kg 

days 

days 

mgtkg 

kg/mg 

cm2 

mg/cm2/event 

unitless 

dayslyear 

years 

kg 

days 

days 

Rationale1 
Reference 

U.S. EPA. 2002 

U.S. EPA, 1993 

U.S. EPA. 1993 

(1) 

(2) 

U.S. EPA, 1997 

U.S. EPA. 1989 

U.S. EPA. 1989 

U.S. EPA. 2002 

(3) 

U.S. EPA. 2004 

U.S. EPA. 2004 

(1) 

(2) 

U.S. EPA. 1997 

U.S. EPA. I989 

U.S. EPA. 1989 



TABLE 4.9.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

Medium: Surface Soil 

Exposure Route 

lnhalation 

Notes: 

Exposure Point 

Trespassers Adolescent SWMU 16 

Parameter I Parameter Definition I value 

CA Chemlcat concentration in air 

Max or 95% UCL 

2 

Calculated 

CS 

IR 

ET 

EF l~xposure Frequency 1 l3 

Chemlcal concentrallon in soil 

lnhalation Rate 

Exposure Tlme 

ED 

BW 

AT-C 

lcenter of source 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

AT-N 

PEF 

VF 

QIC 

1 - Professional judgement. 

2 -Assume one day a week in warm weather months for RME and one day every other week for CTE. 

3 - Adolescents from age 6 to 17. 

Sources: 

IDEM. 2004: RlSC Technical Guide, Januaty Update. 

Averaging Time (Non-Cancer) 

Particulate Emission Factor 

Volat~iization Factor 

Inverse of mean concentration at 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A. U.S. EPN54011-861060 

U.S. EPA. 1997: Exposure Factors Handbook. U.S. EPN60018-951002FA. 

U.S. EPA. 2002a: Supplemental Guidance for Developing So11 Screening Levels lor Superfund Sites. OSWER 9355.4-24. 

U.S. EPA. 2002b: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Slles. OSWER 9285.6-10 

Units 

mglm3 

mglkg 

m3lhour 

hourslday 

dayslyear 

years 

kg 

days 

days 

m31kg 

m31kg 

gIm2-s per 

kglm3 

Rationalel 
Reference 

U.S. EPA. 2002a 

U.S. EPA. 2002b 

U.S. EPA. 1997 

(1) 

(2) 

13) 

U.S. EPA. 1997 

U.S. EPA. 1989 

U.S. EPA. 1989 

IDEM. 2004 

U.S. EPA. 2002a 

IDEM. 2004 

lntake Equat~onl 
Model Name 

(1) 

lntake (mglkglday) = 

C A x t R x E T x E F x E D  

BW x AT 

Unit lntake Calculations 

lnhalation lntake = (IR x ET x EF x ED)/(BW x AT) 

Cancer Inhalation Intake = 3.12E-04 Noncancer inhalation Intake = 1.99E.03 



TABLE 4.lO.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

Medium: Surface Water 

Exposure Route 

Notes: 

CW 

CR 

CF 

ET 

EF 

ED 

BW 

A T C  

AT-N 

DAevent 

SA 

EV 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

1 - Professional judgment. 

2 -Assume one day a week in warm weather months for RME and one day every other week for CTE 

3 -Adolescents from age 6 to 17. 

Receptor Population 

4 -Assumes 25 percent of total body surlace area is exposed. U.S. EPA 1997. 

Chemical Concentration in Water 

Contact Rate 

Conversion factor 

Exposure Tlme 

Exposure Frequency 

Exposure Duration 

~ o d y  Welght 

Averaging Tlme (Cancer) 

Averaging T~me (Non-Cancer) 

Absorbed dose per event 

Skin Surface Available for Contact 

Event Frequency 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Tlme (Non-Cancer) 

Sources: 

Receptor Age 

U.S. EPA. 1989: Risk Assessment Guldance for Superfund. Vol I :  Human Health Evaluation Manual. Part A. EPN54011-861060 

U.S. EPA. 1997: Exposure Factors Handbook. EPN60018-951002FA. 

Max or 95% UCL 

0.05 

0,001 

2 

13 

11 

43 

25.550 

4.015 

Calculated 

3.100 

1 

2 

13 

11 

43 

25,550 

4.015 

EPA Region 4, 2000: Supplement Guidance to RAGS: Region 4 Bulletins. 

Exposure Point 

ug/L 

Uhr 

uglmg 

hours/event 

eventslyear 

years 

kg 

days 

days 

mgIcm2-event 

cm2 

eventslday 

hours/event 

dayslyear 

years 

kg 

days 

days 

U.S. EPA, 2002: Calculating Upper Confidence Limits for Exposure Polnt Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA, 2004: Rlsk Assessment Guldance for Superfund (Part E. Supplemental Guidance for Dermal Risk Assessment) Final. EPN540/W99/005. 

Unit lntake Calculations 

IngeStlOn intake = (CR x CF x ET x EF x ED)/(BW x AT) 

Dermal lntake = (SA x EV x EF x ED)/(BW x AT) 

Parameter 
Code 

U.S. EPA, 2002 

U.S. EPA 4. 2000 

. . 

(1) 

(2) 

(3) 

U.S. EPA. 1997 

U.S. EPA. 1989 

U.S. EPA. 1989 

U.S. EPA, 2004 

(4) 

(1) 

(1) 

(2) 

(3) 

U.S. EPA. 1997 

U.S. EPA. I989 

U.S. EPA, 1989 

Chronic Dally lntake (CDI) (mgtkglday) = 

Parameter Definition 

Dermaliy Absorbed Dose (mglkglday) = 

DAevent x EV x EF x ED x SA 

BW x AT 

Value 

See lext for calculation of DAevent. 

Cancer ingestion Intake = 1 .30~-08 

Noncancer Ingestion Intake = 8 .28~-08 

Units 

Cancer Dermal intake = 4.03E-01 

Noncancer Dermal intake = 2.57E+00 

Rationalel 
Reference 

Intake Equation1 
Model Name 



TABLE 4.1 1.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRAL TENDENCY EXPOSURES 

NSWC CRANE. CRANE INDIANA 

Notes: 

1 - Professional judgment. 

2 -Assume one day a week In warm weather months for RME and one day every other week for CTE. 

3 - Adolescents from age 6 to 17. 

4 -Assumes 25 percent of total body surface area is exposed, U.S. EPA 1997. 

Sources: 

U.S. EPA, 1989: Rlsk Assessment Guidance for Superfund. Vol I :  Human Health Evaluation Manual, Part A. EPPJ54011-861060. 

U.S. EPA. 1993: Superfund's Slandard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 1997: Exposure Factors Handbook. U S .  EPPJ60018-951002FA. 

U.S. EPA. 2002: Calculating Upper Confidence Lim~ts for Exposure Po~n l  Concentrations at Hazardous Waste Sites. OSWER 9265.6-10. 

U.S. EPA. 2004: Rlsk Assessment Guidance lor Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Flnal. EPA~540lR1991005. 

Medium: Sediment 

Unit lntake Calculations 

Incidental ingestlon lntake = (IR-S x CF3 x FI x EF x ED)I(BW X AT) 

Dermal lntake = (CF3 x SA x SSAF x EF x ED)/(BW x AT) 

Cancer Ingestion Intake = 3.25E-09 Cancer Dermal Intake = 1.6lE-08 

Noncancer Ingestion Intake = 2.07E-08 Noncancer Dermal lnlake = 1.03E-07 

lntake Equation/ 
Model Name 

lntake (mgRglday) = 

C S x l R S x C F 3 x F l x E F x E D  

BW x AT 

Dermally Absorbed Dose (rnglkglday) = 

CS x CF3 x SA x SSAF x DABS x EF x ED 

BW x AT 

Units 

mgRg 

mglday 

kglmg 

unltless 

dayslyear 

years 

kg 

days 

days 

mglkg 

cm2 

mglcm2levent 

unitless 

dayslyear 

years 

kg 

days 

days 

Value 

Max or 95% UCL 

50 

1.OE-06 

0.5 

13 

11 

43 

25.550 

4.015 

Max or 95% UCL 

1 .OE-06 

3,100 

0.04 

Chemical Specif~c 

13 

11 

43 

25,550 

4.015 

Ralionalel 
Reference 

U.S. EPA. 2002 

U.S. EPA. 1993 

(1) 

(2) 

(3) 

U.S. EPA. 1997 

U.S. EPA. 1989 

U.S. EPA. 1989 

U.S. €PA, 1992 

(4) 

U.S. EPA. 2004 

U.S. EPA, 2004 

(2) 

(3) 

U.S. EPA. 1997 

U.S. EPA, 1989 

U.S. EPA, 1989 

Parameter 
Code 

CS 

IR-S 

CF3 

FI 

EF 

ED 

BW 

AT-C 

AT-N 

CS 

CF3 

SA 

SSAF 

DABS 

EF 

ED 

BW 

AT-C 

AT-N 

Exposure Point 

SWMU 16 

SWMU 16 

Parameter Definltlon 

Chemical concentration in sediment 

Ingestion Rate 

Conversion Factor 3 

Fraction Ingested 

Exposure Frequency 

Exposure ~ u i a t i o n  

~ o d y  Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Chemical concentration in sediment 

Conversion Factor 3 

Skin Surface Available for Contact 

Soil to Skin Adherence Factor 

Absorption Factor 

Exposure Frequency 

Exposure Duration 

~ o d y  Weight 

Averaging Time (Cancer) 

Averaging Time (NonCancer) 

Receptor Age 

Adolescent 

Adolescent 

Exposure Route 

Ingestion 

Dermal 

Receptor Population 

Trespassers 

Trespassers 



TABLE 4.12.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

Medium: Surface SoilISubsurface Soil 

-- 

Notes: 

1 - CTE is assumed to be one half of RME. 

2 - Professional judgement. Ground is assumed to be frozen or snow covered for 22 weekslyear. 

Sources: 

U.S. EPA, 1989 Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A. 

U.S. EPA, 1993: Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA, 20028: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2002b: Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24. 

U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. EPA~540lR/991005 

Unit lntake Calculations 

Incidental lngestion lntake = (IR-S x CF3 x FI x EF x ED)/(BW x AT) 

Dermal lntake = (CF3 x SA x SSAF x EF x ED)/(BW x AT) 

Cancer ingestion Intake = 1.38E-08 Cancer Dermal Intake = 2.77E-08 

Noncancer Ingestion Intake = 9.69E-07 Noncancer Dermal Intake = 1.94E-06 

Rationale1 
Reference 

U.S. EPA, 2002a 

(1) 

U.S. EPA. 2002b 

(2) 

(2) 

U.S. EPA. 1993 

U.S. EPA, 1989 

U.S. EPA, 1989 

U.S. EPA. 2002a 

U.S. EPA. 2002b 

U.S. EPA, 2004 

U.S. EPA. 2004 

(2) 

(2) 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

Intake Equation1 
Model Name 

Intake (mgkglday) = 

CSx lRSxCF3xF lxEFxED 

BW x AT 

Dermally Absorbed Dose (mglkglday) = 

CS x CF3 x SA x SSAF x DABS x EF x ED 

BWxAT 

Value 

Max or 95% UCL 

165 

0.000001 

1 

150 

1 

70 

25550 

365 

Max or 95% UCL 

O.OOOOOI 

3300 

0.1 

Chemical Specific 

150 

I 

70 

25550 

365 

Units 

mglkg 
mglday 

kglmg 

unitless 

dayslyear 

years 

kg 

days 

days 

mglkg 

kg/mg 

cm2 

mg/cm2/event 

unitless 

dayslyear 

years 

kg 

days 

days 

Exposure Point 

SWMU 16 

SWMU 16 

Parameter 
Code 

CS 

IR-S 

CF3 

FI 

EF 

ED 

BW 

AT-C 

AT-N 

CS 

CF3 

SA 

SSAF 

DABS 

EF 

ED 

BW 

AT-c 

AT.N 

Exposure Route 

Ingestion 

Dermal 

Parameter Definition 

Chemical concentration in soil 

Ingestion Rate 

Conversion Factor 3 

Fraction Ingested 

Exposure Frequency 

Exposure Duration 

~ o d y  Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Chemical concentration in soil 

Conversion Factor 3 

Skin Surface Available for Contact 

Soil to Skin Adherence Factor 

Absorption Factor 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Receptor Population 

Construction Workers 

Construction Workers 

Receptor Age 

Adult 

Adult 



TABLE 4.13.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE, CRANE INDIANA 

1 - Professional judgement. Ground is assumed to be frozen or snow covered for 22 weekslyear. 

Sources: 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual. Part A. EPN54011-861060. 

U.S. EPA. 1997: Exposure Factors Handbook. U.S. EPN60018-951002FA. 

US. EPA. 2002a: Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24. 

U.S. EPA, 2002b: Calculating Upper Conlidence Limits for Exposure Point Concentrations at Hazardous Waste Sltes. OSWER 9285.6-10. 

Medlum: SurfaceISubsurface Soil 

Unit Intake Calculations 

Inhalation intake = (IR x ET x EF x ED)/(BW x AT) 

Exposure Route 

Inhalation 

h,-,..?. 

Cancer lnhalat~on Intake = 1.66E-03 Noncancer Inhalation intake = 1.17E-01 

Receptor Population 

Construction Workers 

Receptor Age 

Adult 

Exposure Point 

SWMU 16 

Parameter 
Code 

CA 

CS 

IR 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

PEF 

VF 

QIC 

Parameler Definit~on 

Chemical concentration in air 

Chemical concentration in soil 

lnhalatlon Rate 

Exposure Tlme 

Exposure Frequency 

Exposure Duration 

Body Welght 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Particulate Emission Factor 

Volatilizalion Factor 

Inverse of mean concentration at 

center of source 

Value 

Calculated 

Max or 95% UCL 

2.5 

8 

150 

1 

70 

25550 

365 

1.49E+06 

Chemical.spec~fic 

14.31 

Unils 

mgIm3 

mglkg 

m3lhour 

hourslday 

dayslyear 

years 

kg 

days 

days 

m3lkg 

m3lkg 

glm2.s per 

kgIm3 

Ratlonalel 
Relerence 

U.S. EPA. 2002a 

U.S. EPA. 2002b 

U.S. EPA. 1997 

(1 )  

(1) 

(1) 

U.S. EPA. 1993 

U.S. EPA. I969 

U.S. EPA. 1989 

U.S. EPA. 2002a 

U.S. EPA. 2002a 

U.S. EPA. 2002a 

lnlake Equallonl 
Model Name 

Intake (mglkglday) = 

C A x l R x E T x E F x E D  

BW x AT 

CA = (IIPEF t IIVF) x CS 



TABLE 4.14.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

Sources: 

1 - Professional judgment. 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual. Part A. EPN54011-861060. 

U.S. EPA. 1993: Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 2004: Rlsk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. EPN540IR/991005. 

Unit lntake Calculations 

Ingestion lntake = (IR-GW x EF x ED)/(BW x AT) 

Dermal lntake = (SA x EV x EF x ED)l(BW x AT) 

8 

Cancer lngestion Intake = NA 

Noncancer Ingestion Intake = NA 

Intake Equation1 
Model Name 

Dermally Absorbed Dose (mglkglday) = 

DAevent x EV x EF x ED x SA 

B W x A T  

See text for calculation ol DAevent. 

Cancer Dermal lntake = 2.77E-01 

Noncancer Dermal lntake = 1.94E+01 

Units 

mgIcm2-event 

cm2 

eventslday 

hourslday 

dayslyear 

years 

kg 

days 

days 

Value 

Calculated 

3300 

1 

1.5 

150 

1 

70 

25550 

365 

Rationale1 
Reference 

U.S. EPA. 2004 

U.S. EPA, 2004 

(1) 

(1) 

(1) 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

Parameler Definition 

Dermally Absorbed Dose per Event 

Skin Surface Available for Contact 

Event Frequency 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Parameter 
Code 

Daevent 

SA 

EV 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

Exposure Route 

Dermal 

Receptor Age 

Adult 

Receptor Population 

Construction Workers 

Exposure Point 

SWMU 16 



TABLE 4.15.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRAL TENDENCY EXPOSURES 

NSWC CRANE. CRANE INDIANA 

Notes: 

1 - Professional judgment. 

U.S. EPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual. Part A. EPN54011-861060. 

U.S. EPA. 1993: Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 1997: Exposure Factors Handbook. U.S. EPN60018-951002FA. 

VDEQ, 2004: Virginia Department of Environmental Quality (VDEQ, online- http:llwww.deq.state.va.uslvrprisk). 

Medium: Groundwater 

Unit lntake Calculations 

lnhalation lntake = (IR x ET x EF x ED)/(BW x AT) 

Cancer Inhalation Intake = 6.29E-08 Noncancer Inhalation Intake = 4.40E-06 

Rationale1 
Reference 

VDEQ. 2004 

U.S. EPA. 1997 

(1) 

(1) 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

VDEQ. 2004 

Units 

mgIm3 

ug1L 

mg/ug 

m3lhour 

hourslday 

dayslyear 

years 

kg 

days 

days 

(mglm3)/(mg/L) 

Intake Equation1 
Model Name 

Intake (mglkglday) = 

C A x l R x E T x E F x E D  

BW x AT 

CA=CW x C F x V F  

Value 

Calculated 

Average 

0.001 

2.5 

1.5 

30 

1 

70 

25550 

365 

Calculated 

Parameter 
Code 

CA 

CW 

CF 

IR 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

VF 

Exposure Point 

SWMU 16 

Parameter Delinition 

Chemical concentration in air 

Chemical concentration in water. 

Conversion Factor 

Inhalation Rate 

Exposure Time 

Exposure Frequency 

Exposure Duration 

~ o d y  Weight 

Averaging Time (Cancer) 

Averaging l lme  (Non-Cancer) 

Volatilization Factor 

Receptor Age 

Adult 

Exposure Route 

Inhalation 

Receptor Populatlon 

Construction Workers 



TABLE 4.16.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE, CRANE INDIANA 

Unit lntake Calculations 

incidental lngestion lntake = (IR-S x CF3 x FI x EF x ED)/(BW x AT) ' 

Dermal intake = (CF3 x SA x SSAF x EF x ED)/(BW x AT) 

Scenario Timeframe: Future 

Medium: Surface Soil 

Exposure Medlum: Surface Soil r 

Cancer Ingestion Intake = 6.78E-09 Cancer Dermal Intake = 1.79E-08 

Noncancer ingestion Intake = 2.37E-07 Noncancer Dermal Intake = 6.27E-07 

Exposure Route 

Ingestion 

Dermal 

Notes: 

1 - Professional judgment. Assumes two days a week in warm weather months for RME and one day a week for CTE. 

2 -Assumes that 50 percent of the total body surface area is exposed. U.S. EPA, 2004. 

Sources: 

U.S. EPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A. EPN54011-861060, 

U.S. EPA, 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA, 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guidance for Dermal Risk Assessment] Final. EPN540/R/99/005. 

Receptor Population 

Recreational Users 

Recreational Users 

Receptor Age 

Child 

Child 

Exposure Point 

SWMU 16 

SWMU 16 

Parameter 
Code 

CS 

IR-S 

CF3 

FI 

EF 

ED 

BW 

AT-C 

AT-N 

CS 

CF3 

SA 

SSAF 

DABS 

EF 

ED 

BW 

AT-C 

AT-N 

Parameter Definition 

Chemical concentration in soil 

lngestlon Rate 

Conversion Factor 3 

Fraction Ingested 

Exposure Frequency 

Exposure Duration 

Body Welght 

Averaging Time (Cancer) 

Averaging Tlme (Non-Cancer) 

Chemlcal concentration in soil 

Converslon Factor 3 

Skin Surface Available for Contact 

Soil to Skin Adherence Factor 

Absorption Factor 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Value 

Max or 95% UCL 

100 

1 .OE-06 

0.5 

26 

2 

15 

25.550 

730 

Max or 95% UCL 

1 .OE-06 

3,300 

0.04 

Chemical Specific 

26 

2 

15 

25.550 

730 

Units 

mglkg 
mglday 

kg/mg 

unitless 

dayslyear 

years 

kg 

days 

days 

mglkg 

kglmg 

cm2 

mglcm2levent 

unitless 

dayslyear 

years 

kg 

days 

days 

Rationale1 
Reference 

U.S. EPA. 2002 

U.S. EPA. 1993 

(1) 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

U.S. EPA. 2002 

(2) 

U.S. EPA, 2004 

U.S. EPA. 2004 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA, 1989 

U.S. EPA, 1989 

lntake Equation1 
Model Name 

Intake (mglkglday) = 

C S x I R S x C F 3 x F I x E F x E D  

BW x AT 

Dermally Absorbed Dose (mglkglday) = 

C S x C F 3 x S A x S S A F x D A B S x E F x E D  

B W x A T  



TABLE 4.17.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE, CRANE INDIANA 

Medlum: Surlace Soil 

Notes: 

1 - Protessional judgment. Assumes two days a week in warm weather months for RME and one day a week for CTE. 

Sources: 

IDEM. 2004: RlSC Technical Guide. January Update. 

U.S. EPA. 1969: Risk Assessment Guidance for Superfund. Vot 1: Human Health Evaluation Manual. Part A. U.S. EPAJ54011-861060. 

U.S. EPA. 1993: Supertund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EVA. 1997: Exposure Factors Handbook. U.S. EPN60018-951002FA. 

U.S. EPA. 2002a: Supplemental Guidance for Developing Soil Screening Levels for Superlund Sltes. OSWER 9355.4-24. 

U.S. EPA. 2002b: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

Unit lntake Calculations 

Inhalation Intake = (IR x ET x EF x ED)/(BW x AT) 

Intake Equat~onl 
Model Name 

Intake (mglkglday) = 

C A x l R x E T x E F x E D  

BW x AT 

CA = (IIPEF + INF) x CS 

Cancer Inhalation Intake = 1.63E-04 Noncancer Inhalation Intake = 5.70E-03 

Units 

mgIm3 

mglkg 

m3lhour 

hourslday 

dayslyear 

years 

kg 

days 

days 

m31kg 

m3lkg 

g/m2-s per 

kgIm3 

value 

Calculated 

Max or 95% UCL 

1.2 

2 

13 

2 

15 

25.550 

730 

1.316Ec09 

Chemlcal.specific 

68.81 

Rationale1 
Reference 

U.S. EPA, 2002a 

U.S. EPA. 2002b 

U.S. EPA. 1997 

(1) 

(1) 

U.S. EPA. 1993 

U.S. EPA, 1993 

U.S. EPA. 1989 

U.S: EPA, 1989 

IDEM. 2004 

U.S. EPA. 2002a 

IDEM. 2004 

Parameter Deflnltlon 

Chemical concentration in air 

Chemical concentration in soil 

Inhalation Rate 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Particulate Emission Factor 

volatilization Factor 

Inverse of mean concentration at 

center of source 

Parameter 
Code 

CA 

CS 

IR 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

PEF 

VF 

C)/C 

Exposure Route 

Inhalation 

Receptor Age 

Child 

Receptor Population 

Recreational Users 

Exposure Point 

SWMU I 6  



TABLE 4.18.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

Notes: 

1 - Professional judgment. 

2 - Professional judgment. Assumes two days a week in warm weather months for RME and one day a week lor CTE. 

3 -Assumes lhat 50 percent of the total body surface area is exposed. U.S. EPA, 2004. 

Sources: 

U.S. EPA. 1989: Risk Assessment Guidance lor Superfund. Vol 1: Human Health Evaluation Manual. Part A. EPAl54011-861060. 

U.S. EPA, 1993: Supelfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA, 2004: Rlsk Assessment Guidance for Superfund (Part E. Supplemental Guidance lor Dermal Risk Assessment) Final. EPAI540lRl991005. 

Medium: Groundwater 

Unit Intake Calculations 

lngestion lntake = (IR-GW x EF x ED)/(BW x AT) 

Dermal Intake = (SA x EV x EF x ED)/(BW x AT) 

Cancer lngestion Intake = 1.36E-07 

Noncancer lngestion Intake = 4.75E-06 

Intake Equatlonl 
Model Name 

Chronic Dally lntake (CDI) (mglkglday) = 

CGW x CF x IR-GW x EF x ED 

BW x AT 

Dermally Absorbed Dose (mglkglday) = 

DAevent x EV x EF x ED x SA 

B W x A T  

See text for calculation ol DAevent. 

Cancer Dermal lntake = 4.48E-01 

Noncancer Dermal lntake = 1.57E+01 

Units 

mglkg 

m!3/Ug 

Uday 

dayslyear 

years 

kg 

days 

days 

mglcm2-event 

cm2 

eventslday 

hourslday 

dayslyear 

years 

kg 

days 

days 

Value 

Average 

0,001 

1 

26 

2 

15 

25.550 

730 

Calculated 

3,300 

1 

0.167 

26 

2 

15 

25.550 

730 

Rationale1 
Reference 

U.S. EPA, 2002 

(1) 

(2) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

U.S. EPA, 2004 

(3) 

(1) 

(1) 

(2) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

Parameter Definition 

Chemical Concentration in Groundwater 

Conversion Factor 

Ingestion Rate of Groundwater 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Dermally Absorbed Dose per Event 

Skin Surface Avallable for Contact 

Event Frequency 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Tlme (Cancer) 

Averaging Time (Non-Cancer) 

Parameter 
Code 

CGW 

CF 

IR-GW 

EF 

ED 

BW 

AT-C 

AT-N 

Daevent 

SA 

EV 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

Exposure Point 

SWMU 16 

SWMU 16 

Receptor Age 

Child 

Child 

Exposure Route 

Ingestion 

Dermal 

Receptor Population 

Recreational Users 

Recreational Users 



TABLE 4.19.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

Scenario Timeframe: Future 

Medium: Surface Water 

Unit lntake Calculations 

lngestion Intake = (CR x CF x ET x EF x ED)/(BW x AT) 

Dermal lntake = (SA x EV x EF x ED)I(BW x AT) 

Exposure Route 

Ingestion 

Dermal 

Notes: 

Cancer lngestion lntake = 1.36E-08 

Noncancer lngestion Intake = 4.75E-07 

Cancer Dermal Intake = 4.48E-01 

Noncancer Dermal Intake = 1.57E+01 

1 - Professional Judgment. Assumes two days a week In warm weather months lor RME and one day a week lor CTE. 

2 -Assumes that 50 percent of the total body surface area is exposed. U.S. EPA. 2004. 

Sources: 

U.S. EPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A. EPN54011-861060. 

U.S. EPA. 1993: Supelfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maxlmum Exposure. 

EPA Region 4, 2000: Supplement Guidance to RAGS: Region 4 Bulletins. 

U.S. EPA, 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. EPN540lR1991005. 

Receptor Population 

Recreational Users 

Recreational Users 

Receptor Age 

Child 

Child 

Exposure Point 

SWMU 16 

SWMU 16 

Parameter 
Code 

CW 

CR 

CF 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

DAevent 

SA 

EV 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

Parameter Definition 

Chemical Concentration in Water 

Contact Rate 

Conversion lactor 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Absorbed dose per event 

Skin Surface Available for Contact 

Event Frequency 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Tlme (Non-Cancer) 

Value 

Max or 95% UCL 

0.05 

0.001 

2 

26 

2 

15 

25.550 

730 

Calculated 

3.300 

I 

2 

26 

2 

15 

25.550 

730 

Units 

ug1L 

Uhour 

uglmg 

hourslevent 

eventslyear 

years 

kg 

days 

days 

mglcm2-event 

cm2 

eventslday 

hourslevent 

dayslyear 

years 

kg 

days 

days 

Ratlonalel 
Reference 

U.S. EPA. 2002 

U.S. EPA 4, 2000 

. . 

(1) 

(1) 

U.S. EPA. 1993 

U.S. EPA, 1993 

U.S. EPA. 1989 

U.S. EPA, 1989 

U.S. EPA, 2004 

(2) 

(1) 

(1) 

(1) 

U.S. EPA, 1993 

U.S. EPA, 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

intake Equat~onl 
Model Name 

Chronic Daily intake (CDI) (mglkgiday) = 

C W x C F x I R - G W x E F x E D  

B W x A T  

Dermally Absorbed Dose (mglkgiday) = 

DAevenl x EV x EF x ED x SA 

B W x A T  

See text for calculat~on ol DAevenl. 



TABLE 4.20.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

Medium: Sediment 

Exposure Route 

Unit lntake Calculations 

Incidental lngestion lntake = (IR-S x CF3 x Fi x EF x ED)/(BW x AT) 

Dermal lntake = (CF3 x SA x SSAF X EF X ED)/(BW x AT) 

Ingestion 

Dermal 

Cancer Ingestion Intake = 6.78E-09 Cancer Dermal Intake = 1.79E-08 

Noncancer Ingestion Intake = 2.37E-07 Noncancer Dermal Intake = 6.27E-07 

Receptor Population 

Notes: 

1 - Professional judgment. Assumes two days a week in warm weather months for RME and one day a week for CTE. 

2 - Assumes that 50 percent of the total body surface area is exposed. U.S. EPA. 2004. 

Sources: 

U.S. EPA, 1989: Risk Assessment Guidance for Superfund. Voi 1: Human Health Evaluation Manual, Part A. EPN54011-861060. 

U.S. EPA. 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 2002: Calculating Upper Confidence Llmits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guidance lor Dermal Risk Assessment) Final. EPAJ5401R1991005. 

Recreational Users 

Recreational Users 

Receptor Age 

Child 

Child 

Exposure Point 

SWMU 16 

SWMU 16 

Parameter 
Code 

CS 

IR-S 

CF3 

FI 

EF 

ED 

BW 

AT-C 

AT-N 

CS 

CF3 

SA 

SSAF 

DABS 

EF 

ED 

BW 

AT-C 

AT-N 

Parameter Definition 

Chemical concentration in sediment 

Ingestion Rate 

Converslon Factor 3 

Fraction Ingested 

Exposure Frequency 

Exposure Duration 

Body weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Chemical concentration in sediment 

Conversion Factor 3 

Skin S~ i face  Available for Contact 

Soil to Skin Adherence Factor 

Absorption Factor 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Value 

Max or 95% UCL 

100 

1 .OE-06 

0.5 

26 

2 

15 

25,550 

730 

Max or 95% UCL 

1.OE-06 

3.300 

0.04 

Chemical Specllic 

26 

2 

15 

25.550 

730 

Units 

mglkg 

mglday 

kg/mg 

unitless 

dayslyear 

years 

kg 

days 

days 

mglkg 

kg/mg 
cm2 

mglcm2/event 

unitless 

dayslyear 

years 

kg 

days 

days 

Rationale1 
Reference 

lnlake Equation1 
Model Name 

U.S. EPA, 2002 

U.S. EPA. 1993 

(1) 

(1)  

U.S. EPA. 1993 

U.S. EPA, 1993 

U.S. EPA, 1989 

U.S. EPA. 1989 

U.S. EPA. 2002 

(2) 

U.S. EPA. 2004 

U.S. EPA. 2004 

(1) 

U.S. EPA, 1993 

U.S. EPA, 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

Intake (mglkglday) = 

C S x I R S x C F 3 x F I x E F x E D  

B W X A T  

Dermally Absorbed Dose (mglkglday) = 

CS x CF3 x SA x SSAF x DABS x EF x ED 

BW x AT 



TABLE 4.21 .CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

Unit lntake Calculatlons 

Incidental lngestion lntake = (IR-S x CF3 x FI x EF x ED)/(BW x AT) 

Dermal lntake = (CF3 x SA x SSAF x EF x ED)/(BW x AT) 

Scenario Timeframe: Future 

Medium: Surface Soil 

Exposure Medium: Surface Soil L 

Cancer Ingestion Intake = 2.54E-09 Cancer Dermal Intake = 9.23E-09 

Noncancer Ingestion Intake = 2.54E-08 Noncancer Dermal Intake = 9.23E-08 

Exposure Route 

Ingestion 

Dermal 

Notes: 

1 - Professional judgment. Assumes two days a week in warm weather months for RME and one day a week for CTE. 

2 -Assumes that head, arms, hands, lower legs, and feet are exposed. U.S. EPA, 1997. 

Sources: 

U.S. EPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual. Part A. EPN54011-861060. 

U.S. EPA. 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guidance for Dermal Risk Assessment) Final. EPN540lRl991005. 

Receptor Population 

Recreational Users 

Recreational Users 

Receptor Age 

Adult 

Adult 

Exposure Point 

SWMU I 6  

SWMU 16 

Parameter 
Code 

CS 

IR-S 

CF3 

FI 

EF 

ED 

BW 

A T C  

AT-N 

CS 

CF3 

SA 

SSAF 

DABS 

EF 

ED 

BW 

AT-C 

AT-N 

Parameter Deflnition 

Chemical concentration in soil 

Ingestion Rate 

Conversion Factor 3 

Fraction Ingested 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaglng Time (Cancer) 

Averaging Time (Non-Cancer) 

Chemical concentration in soil 

Conversion Factor 3 

Skin Surface Available for Contact 

Soil to Skin Adherence Factor 

Absorption Factor 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Value 

Max or 95% UCL 

50 

1 .OE-06 

0.5 

26 

7 

70 

25,550 

2,555 

Max or 95% UCL 

1 .OE-06 

9.070 

0.01 

Chemical Specific 

26 

7 

70 

25.550 

2.555 

Unlts 

mglkg 
mglday 

kglmg 

unitless 

dayslyear 

years 

k9 

days 

days 

mg/kg 

k91mg 

cm2 

mg1cmZevent 

unltless 

dayslyear 

years 

k9 

days 

days 

Rationale1 
Reference 

U.S. EPA. 2002 

U.S. EPA. 1993 

(1) 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA, 1989 

U.S. EPA, 1989 

U.S. EPA. 2002 

(2) 

U.S. EPA. 2004 

U.S. EPA. 2004 

(1) 

U.S. EPA, 1993 

U.S. EPA, 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

Intake Equaiionl 
Model Name 

Intake (mglkglday) = 

C S x I R S x C F 3 x F I x E F x E D  

BW x AT 

Dermally Absorbed Dose (mglkglday) = 

C S x C F 3 x S A x S S A F x D A B S x E F x E D  

BW x AT 



TABLE 4.22.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

Medlum: Surface Soil 

Notes: 

1 - Professional judgment. Assumes two days a week in warm weather months for RME and one day a week for CTE. 

Sources: 

IDEM. 2004: RlSC Technical Guide. January Update. 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual. Part A. U.S. EPAl54011-861060. 

U.S. EPA. 1993: Superfund Standard Default Exposure Factors far the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 1997: Exposure Factors Handbook. U.S. EPN600/8~95/002FA. 

U.S. EPA. 2002a: Supplemental Guidance for Develop~ng Soil Screening Levels lor Superfund Sites. OSWER 9355.4-24. 

U.S. EPA. 2002b: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

Unit Intake Calculations 

lnhalation Intake = (IR x ET x EF x ED)/(BW x AT) 

Exposure Route 

Inhalation 

Cancer lnhalatlon Intake = 3.26E-04 Noncancer lnhalatlon Intake = 3.26E-03 

Rationale1 
Reference 

U.S. EPA. 2002a 

U.S. EPA, 2002b 

U.S. EPA. 1997 

(1) 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

IDEM. 2004 

U.S. EPA. 2002a 

IDEM. 2004 

Intake Equalton1 
Model Name 

(1) 

Intake (mglkglday) = 

C A x l R x E T x E F x E D  

BW x AT 

C A E  (1IPEF + IIVF) x CS 

Receptor Population 

Recreational Users 

Receptor Age 

Adult 

Exposure Polnt 

SWMU 16 

Parameter Definition 

Chemical concentration in air 

Chemlcal concentrat~on in so11 

Inhalation Rate 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaglng Time (Cancer) 

Averaging Time (Non-Cancer) 

Particulate Emlssion Factor 

Volatilization Factor 

Inverse of mean concentration at 

center of source 

Parameter 
Code 

CA 

CS 

IR 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

PEF 

VF 

QIC 

value 

Calculated 

Max or 95% UCL 

1.6 

2 

26 

7 

70 

25.550 

2555 

1.316E+09 

Chem~cal-specific 

68.81 

Units 

mgIm3 

mglkg 

m3lhour 

hourslday 

dayslyear 

years 

kg 

days 

days 

m31kg 

m3/kg 

gIm2-s per 

kglm3 



TABLE 4.23.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

Unit lntake Calculations 

lngestion lntake = (IR-GW x EF x ED)/(BW x AT) 

Dermal Intake = (SA x EV x EF x ED)/(BW x AT) 

Scenarlo Timeframe: Future 

Medium: Groundwater 

Exposure Medlum: Groundwater 1 

Cancer lngestion lnlake = 1.02E-07 

Noncancer lngestion lntake = 1.02E-06 

Cancer Dermal Intake = 9.23E-01 

Noncancer Dermal lntake = 9.23E+00 

lnlake Equallonl 
Model Name 

Chronic Dally lntake (CDI) (mglkglday) = 

CGW x CF x IR-GW x EF x ED 

B W X A T  

Dermally Absorbed Dose (mglkglday) = 

DAevent x EV x EF x ED x SA 

B W x A T  

See tea for calculal~on of DAevent. 

1 - Professional judgment. 

2 - Professional judgment. Assumes two days a week in warm weather months for RME and one day a week for CTE. 

3 -Assumes that head. arms, hands, lower legs. and feet are exposed, US.  EPA. 1997. 

Sources: 

U.S. EPA, 1989: Risk Assessment Guidance lor Superfund. Vol 1: Human Health Evaluation Manual. Part A. EPN54011-861060. 

U.S. EPA, 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guidance for Dermal Risk Assessment) Final. EPN540lRl991005. 

Units 

mglkg 

mg/ug 

Uday 

dayslyear 

years 

kg 

days 

days 

mglcm2-event 

cm2 

eventslday 

hourslday 

dayslyear 

years 

kg 

days 

days 

Value 

Average 

0.001 

1 

26 

7 

70 

25.550 

2.555 

Calculated 

9.070 

1 

0.167 

26 

7 

70 

25,550 

2,555 

Rationale1 
Reference 

U.S. EPA, 2002 

(1)  

(2) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

U.S. EPA. 2004 

(3) 

(1) 

(1) 

(2) 

U.S. EPA. 1993 

U.S. EPA, 1993 

U.S. EPA, 1989 

U.S. EPA. 1989 

Parameter Definition 

Chemical Concentration in Groundwater 

Conversion Factor 

Ingestion Rate of Groundwater 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Dermally Absorbed Dose per Event 

Skin Surface Available for Contact 

Event Frequency 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Tlme (Non-Cancer) 

Parameter 
Code 

CGW 

CF 

IR-GW 

EF 

ED 

BW 

AT-C 

AT-N 

Daevent 

SA 

EV 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

Exposure Route 

Ingestion 

Dermal 

Notes: 

Receptor Age 

Adult 

Adult 

Receptor Population 

Recreational Users 

Recreational Users 

Exposure Point 

SWMU 16 

SWMU 16 



TABLE 4.242.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

Scenario Timeframe: Future 

Medium: Surface Water 

Parameter Parameter Definition 

CW Chemical Concentration In Water 

CR Contact Rate 

CF Conversion factor 

ET Exposure Time 

EF Exposure Frequency 

ED Exposure Duration 

weight 

AT-C Averaging Time (Cancer) 

AT-N Averaging Time (Non-Cancer) 

DAevent Absorbed dose per event 

Skin Surface Available for Contact 

EV Event Frequency 

ET Exposure Time 

EF Exposure Frequency 

ED Exposure Duration 

BW Body Weight 

AT-C Averaging Time (Cancer) 

AT-N l ~ v e r a ~ i n ~  Time (Non-Cancer) 

I Units I Rationale1 
Reference 

Notes: 

Max or 95% UCL 

0.01 

o.001 

2 

26 

7 

70 

25.550 

2.555 

Calculated 

9.070 

1 

2 

26 

7 

70 

25.550 

2.555 

1 - Professional Judgment. Assumes two days a week in warm weather months lor RME and one day a week for CTE 

2 -Assumes that head, arms, hands. lower legs, and feet are exposed. U.S. EPA. 1997. 

ug1L 

Uhour 

ug/mg 

hourslevent 

eventslyear 

years 

kg 

days 

days 

mglcm2-event 

cm2 

eventslday 

hourslevent 

dayslyear 

years 

kg 

days 

days 

Sources: 

U.S. EPA. 2002 

U.S. EPA 4. 2000 

. . 

(1) 

(1) 

U.S. EPA, 1993 

U.S. EPA, 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

U.S. EPA. 2004 

U.S. EPA. 2004 

(1) 

(1) 

(1) 

U.S. EPA. 1993 

U.S. EPA, 1993 

U.S. EPA.,1989 

U.S. EPA. 1989 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual. Part A. EPAf54011-861060 

U.S. EPA. 1993: Superfund Standard Delauit Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA Region 4, 2000: Supplement Guidance to RAGS: Region 4 Bulletins. 

U.S. EPA. 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guidance for Dermal Risk Assessment) Final. EPAf540/R/99/005 

Unit Intake Calculations 

lngestion lntake = (CR x CF x ET x EF x ED)/(BW x AT) 

Dermal lntake = (SAX EV x EF x ED)/(BW x AT) 

Cancer lngestion Intake = 2.04E-09 

Noncancer lngestion Intake = 2.04E-08 

Cancer Dermal lntake = 9.23E-01 

Noncancer Dermal lntake = 9.23E+00 

lntake Equat~onl 
Model Name 

Chronic Dally lntake (CDI) (mglkglday) = 

Dermally Absorbed Dose (mglkglday) = 

DAevent x EV x EF x ED x SA 

BW x AT 

See text for calculation of DAevent. 



TABLE 4.25.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

Medium: Sediment 

Notes: 

1 - Professional judgment. Assumes two days a week in warm weather months for RME and one day a week for CTE. 

2 -Assumes that head. arms, hands, lower legs, and feet are exposed. U.S. EPA. 1997. 

Sources: 

U.S. EPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual. Part A. EPA/540/1-861060. 

U.S. EPA. 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA, 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Parl E, Supplemental Guidance for Dermal Risk Assessment) Final. EPA/540lR/99/005. 

Unit lntake Calculations 

Incidental lngestion intake = (IR-S x CF3 x FI x EF x ED)/(BW x AT) 

Dermal lntake = (CF3 x SA x SSAF x EF x ED)/(BW x AT) 

Intake Equatlonl 
Model Name 

lntake (mglkglday) = 

C S x I R S x C F 3 x F I x E F x E D  

BW x AT 

Dermally Absorbed Dose (mglkglday) = 

CS x CF3 x SA x SSAF x DABS x EF x ED 

BW x AT 

Cancer Ingestion Intake = 2.54E-09 Cancer Dermal Intake = 9.23E-09 

Noncancer Ingestion Intake = 2.54E-08 Noncancer Dermal Intake = 9.23E-08 

Parameter Definition 

Chemical concentration in sediment 

Ingestion Rate 

Conversion Factor 3 

Fraction ingested 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Tlme (Non-Cancer) 

Chemical concentration in sediment 

Conversion Factor 3 

Skln Sullace Available for Contact 

Soil to Skin Adherence Factor 

Absorption Factor 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Exposure Route 

Ingestion 

Dermal 

Receptor Age 

Adult 

Adult 

Receptor Population 

Recreational Users 

Recreational Users 

Value 

Max or 95% UCL 

50 

1 .OE-06 

0.5 

26 

7 

70 

25,550 

2,555 

Max or 95% UCL 

1 .OE-06 

9.070 

0.01 

Chemical Specific 

26 

7 

70 

25.550 

2.555 

Exposure Point 

SWMU 16 

SWMU 16 

Units 

mglkg 

mglday 

kglmg 

unitless 

dayslyear 

years 

kg 

days 

days 

mglkg 

kglmg 
cm2 

mglcm7Jevent 

unitless 

dayslyear 

years 

kg 

days 

days 

Parameter 
Code 

CS 

IR-S 

CF3 

FI 

EF 

ED 

BW 

AT-C 

AT-N 

CS 

CF3 

SA 

SSAF 

DABS 

EF 

ED 

BW 

AT-C 

AT-N 

Rationale1 
Reference 

U.S. EPA. 2002 

U.S. EPA, 1993 

(1) 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

U.S. EPA. 2002 

(2) 

U.S. EPA. 2004 

U.S. EPA. 2004 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 



TABLE 4.26.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE, CRANE INDIANA 

Medium: Surface Soil 

Sources: 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual. Part A. EPA/540/1-861060. 

U.S. EPA. 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Rlsk Assessment Guidance for Superfund (Part E, Supplemental Guidance lor Dermal Rlsk Assessment) Final. EPA/540/R/99/005 

Unit lntake Calculations 

Incidental lngestion lntake = (IR-S x CF3 x FI x EF x ED)/(BW x AT) 

Dermal lntake = (CF3 x SA x SSAF x EF x ED)/(BW x AT) 

Exposure Route 

Ingestion 

Dermal 

Cancer Ingestion Intake = 1.22E-07 Cancer Dermal Intake = 1.37E-07 

Noncancer Ingestion Intake = 4.27E-06 Noncancer Dermal Intake = 4.79E-06 

Parameter Definition 

Chemlcal concentration in soil 

Ingestion Rate 

Conversion Factor 3 

Fraction Ingested 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Chemical concentration in soil 

Conversion Factor 3 

Skin Surface Available lor Contact 

Soil to Skin Adherence Factor 

Absorption Factor 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Receptor Population 

Residents 

Residents 

Value 

Max or 95% UCL 

100 

1 .OE-06 

1 

234 

2 

15 

25.550 

730 

Max or 95% UCL 

1 E-06 

2.800 

0.04 

Chemical Specific 

234 

2 

15 

25.550 

730 

Receptor Age 

Child 

Child 

Units 

mglkg 

mglday 

kg/% 

unitless 

dayslyear 

years 

kg 

days 

days 

mglkg 

kg/mg 
cm2 

mg/cmZ1event 

unitless 

dayslyear 

years 

kg 

days 

days 

Exposure Point 

SWMU 16 

SWMU 16 

Rationale1 
Reference 

U.S. EPA. 2002 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA, 1989 

U.S. EPA. 1989 

U.S. EPA. 2002 

U.S. EPA. 2004 

U.S. EPA. 2004 

U.S. EPA. 2004 

U.S. EPA. 1993 

U.S. EPA, 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA, 1989 

Parameter 
Code 

CS 

IR-S 

CF3 

FI 

EF 

ED 

BW 

AT-C 

AT-N 

CS 

CF3 

SA 

SSAF 

DABS 

EF 

ED 

BW 

AT-C 

AT-N 

Intake Equalton1 
Model Name 

lntake (mglkglday) = 

C S x I R S x C F 3 x F I x E F x E D .  

BW x AT 

Dermally Absorbed Dose (mglkglday) = 

CS x CF3 x SA x SSAF x DABS x EF x ED 

B W x A T  



TABLE 4.27.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

Medium: Surface Soil 

Sources: 

IDEM. 2004: RlSC Technical Gulde. January Update. 

U.S. EPA. 1989: Risk Assessmen1 Guidance for Superfund. Vol I :  Human Health Evaluation Manual, Parl A. U.S. EPN54011-861060. 

U.S. EPA. 1993: Superfund Standard Delault Exposure Faclors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA, 1997: Exposure Factors Handbook. U.S. EPA/60018-951002FA. 

U.S. EPA. 2002a: Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24. 

U.S. EPA. 2002b: Calculating Upper Conlidence Limits tor Exposure Point Concenlratlons at Hazardous Waste Sites. OSWER 9285.6-10 

Exposure Route 

Inhalalion 

Unit lntake Calculations 

Inhalation Intake = (IR x ET x EF x ED)/(BW x AT) 

Cancer Inhalation Intake = 2.74E-02 Noncancer lnhalatlon Intake = 9.59E-01 

Receptor Population 

Residents 

Receptor Age 

Child 

Exposure Point 

SWMU 16 

Parameter 
Code 

CA 

CS 

IR 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

PEF 

VF 

QIC 

Parameter Deflnilion 

Chemical concentration in air 

Chemical concentration in soil 

Inhalation Rate 

Exposure Time 

Exposure Frequency 

Exposure Duratlon 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Particulate Emission Factor 

Volatilizat~on Factor 

Inverse of mean concentration at 

cenler of source 

Value 

Calculated 

Max or 95% UCL 

0.625 

24 

350 

2 

15 

25.550 

730 

1.316Ec09 

Chemical-specific 

68.81 

Units 

mglm3 

mglkg 

m3lhour 

hourslday 

dayslyear 

years 

kg 

days 

days 

mYkg 

m3Ikg 

gIm2-s per 

kgIm3 

Rationalel 
Relerence 

U.S. EPA. 2002a 

U.S. EPA. 2002b 

U.S. EPA. 1997 

U.S. EPA. 1997 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA, 1989 

U.S. EPA, 1989 

IDEM. 2004 

U.S. EPA. 2002a 

IDEM. 2004 

lnlake Equatlonl 
Model Name 

(1) 

Intake (mglkglday) = 

C A x l R x E T x E F x E D  

BW x AT 

CA = (IIPEF + INF) x cs 



TABLE 4.28.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE, CRANE INDIANA 

Medium: Groundwater 

Sources: 

U.S. EPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluatlon Manual, Part A. EPN54011.861060. 

U.S. EPA. 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA, 1997: Exposure Factors Handbook. EPN600lP-951002Fa 

U.S. EPA, 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. . . 
U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. EPAl540lR1991005. 

Exposure Route 

Ingestion 

Dermal 

Unit lntake Calculations 

lngestion lntake = (IR-GW x EF x ED)/(BW x AT) 

Dermal lntake = (SA x EV x EF x ED)/(BW x AT) 

Cancer lngestion Intake = 8.06E-07 

Noncancer lngestion Intake = 2.82E-05 

Receptor Population 

Residents 

Residents 

Cancer Dermal lntake = 8.06E+00 

Noncancer Dermal lntake = 2.82E+02 

Receptor Age 

Child 

Child 

Exposure Point 

SWMU 16 

SWMU 16 

Parameter 
Code 

CGW 

CF 

IR-GW 

EF 

ED 

BW 

AT-C 

AT-N 

Daevent 

SA 

EV 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

Units 

mg/kg 

"xl/ug 

Uday 

dayslyear 

years 

kg 

days 

days 

mglcm2-event 

cm2 

eventslday 

hourslday 

dayslyear 

years 

kg 

days 

days 

Parameter Definition 

Chemical Concentration in Groundwaler 

Conversion Factor 

ingestion Rate of Groundwater 

Exposure Frequency 

Exposure Duralion 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Dermally Absorbed Dose per Evenl 

Skin Surface Available for Contact 

Event Frequency 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Rationale1 
Reference 

U.S. EPA, 2002 

U.S. EPA, 1997 

U.S. EPA, 1993 

U.S. EPA, 1993 

U.S. EPA, 1993 

U.S. EPA, 1989 

U.S. EPA, 1989 

U.S. EPA. 2004 

U.S. EPA. 2004 

U.S. EPA. 2004 

U.S. EPA. 2004 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

Value 

Average 

0.001 

0.66 

234 

2 

15 

25.550 

730 

Calculated 

6.600 

1 

0.167 

234 

2 

15 

25,550 

730 

Intake Equat~onl 
Model Name 

Chronic Daily Intake (CDI) (mglkglday) = 

CGW x CF x IR-GW x EF x ED 

B W x A T  

Dermally Absorbed Dose (mglkglday) = 

DAevent x EV x EF x ED x SA 

B W x A T  

See text for calculation of DAevent. 



TABLE 4.29.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

Sources 

U.S. EPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual. Pad A. EPAJ54011-861060. 

U.S. EPA. 1993: Superfund Slandard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 2004: Risk Assessment Guidance lor Superfund (Part E. Supplemental Guidance for Dermal Risk Assessment) Final. EPAJ540/R/99/005 

Foster, S.A. and P.C. Chrostowski. 1987. Inhalation Exposure to Volatile Organlc Contaminants in the Shower. 

Medium: Groundwater 

Rationale1 
Reference 

Foster&Chrostowski 1987 

U.S. EPA. 1993 

U.S. EPA. 1993 

Foster&Chrostowski 1987 

U.S. EPA. 1993 

U.S. EPA. 1993 

Foster&Chrostowski 1987 

U.S. EPA. 2004 

Professional judgement 

U.S. EPA. 1989 

U.S. EPA. 1989 

Exposure Route 

Inhalation 

Intake Equation1 
Model Name 

Intake (mglkglday) = 

S x l R x K x E F x E D  

B W x A T x R a x C F  

Value 

Derived 

0.6 

234 

Derived 

2 

15 

0.0167 

60 

10 

15 

25550 

730 

Units 

mglm3-min shower 

m31hr 

dayslyear 

min 

years 

kg 

min-1 

minlhr 

min 

min 

days 

days 

Receptor Population 

Residents 

Receptor Age 

Child 

Exposure Point 

SWMU I 6  

Parameter 
Code 

S 

iRsh 

EF 

K 

ED 

BW 

Ra 

CF 

Ds 

Dl 

AT-C 

AT-N 

Parameter Definition 

Volatile Chemical Generation Rate 

Inhalation Rate of volatiles In shower 

Exposure Frequency 

Masss Transfer Coefficient 

Exposure Duration 

Body Welght 

Air Exchange Rate 

Conversion Factor 

Shower Duration 

Total Time in Bathroom 

Averaging Time (Cancer) 

Averaging Time (Noncancer) 



TABLE 4.30.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE, CRANE INDIANA 

Notes: 

1 - Professional judgment. Assumes two days a week in warm weather months for RME and one day a week for CTE. 

2 -Assumes that 50 percent of the total body surface area is exposed. U.S. EPA. 2004. 

Sources: 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual. Part A. EPN54011-86/060. 

U.S. EPA. 1993: Superiund Standard Delault Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA Region 4, 2000: Supplement Guidance to RAGS: Region 4 Bulletins. 

U.S. EPA. 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guidance for Superiund (Parl E. Supplemental Guidance lor Dermal Risk Assessment) Final. EPN540lRl991005. 

Medium: Surface Water 

Unit lntake Calculations 

Ingestion lntake = (CR x CF x ET x EF x ED)/(BW x AT) 

Dermal intake = (SA x EV x EF x ED)/(BW x AT) 

Cancer Ingestion Intake = 1.36E-08 Cancer Dermal Intake = 4.48E-01 

Noncancer Ingestion intake = 4.75E-07 Noncancer Dermal Intake = 1.57E+01 

Units 

uglL 

Uhour 

ug/mg 

hourslevent 

eventslyear 

years 

kg 

days 

days 

mgIcm2-event 

cm2 

eventslday 

hourslevent 

dayslyear 

years 

kg 

days 

days 

Value 

Max or 95% UCL 

0.05 

0.001 

2 

26 

2 

15 

25.550 

730 

Calcuialed 

3.300 

1 

2 

26 

2 

15 

25.550 

730 

Exposure Route 

Ingestion 

Dermal 

Rationale1 
Reference 

U.S. EPA. 2002 

U.S. EPA 4. 2000 

. . 

(1) 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

U.S. EPA. 2004 

(2) 

(1) 

(1) 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

Parameter 
Code 

CW 

CR 

CF 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

DAevent 

SA 

EV 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

Intake Equation1 
Model Name 

Chronic Daily lntake (CDI) (mglkglday) = 

C W x C F x I R - G W x E F x E D  

B W x A T  

Dermally Absorbed Dose (mglkglday) = 

DAevent x EV x EF x ED x SA 

BW x AT 

See text lor calculation ol DAevent. 

Parameter Dellnition 

Chemlcal Concentration in Water 

Contact Rate 

Conversion factor 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Absorbed dose per event 

Skln Surface Available for Contact 

Event Frequency 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Receptor Populatlon 

Residents 

Residents 

Receptor Age 

Child 

Child 

Exposure Point 

SWMU I 6  

SWMU 16 



TABLE 4.31 .CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

Notes: 

1 - Professional judgment. Assumes two days a week in warm weather months for RME and one day a week for CTE. 

Sources: 

U.S. EPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A. EPN54011-861060. 

U.S. EPA, 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA, 2002: Calculating Upper Confidence Limits lor Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guidance tor Superfund (Part E. Supplemental Guidance for Dermal Risk Assessment) Final. EPN540lR/99/005 

Scenario Timeframe: Future 

Medium: Sediment 

Exposure Medium: Sediment r 

Unit lntake Calculations 

Incidental lngestion lntake = (IR-S x CF3 x FI x EF x ED)/(BW x AT) 

Dermal lntake = (CF3 x SA x SSAF x EF x ED)/(BW x AT) 

Cancer ingestion Intake = 6.78E-09 Cancer Dermal Intake = 1 S2E-08 

Noncancer ingestion Intake = 2.37E-07 Noncancer Dermal Intake = 5.32E-07 

Intake Equation1 
Model Name 

lntake (mglkglday) = 

C S x I R S x C F 3 x F I x E F x E D  

B W x A T  

Dermally Absorbed Dose (mglkglday) = 

CS x CF3 x SA x SSAF x DABS x EF x ED 

BW x AT 

Units 

mglkg 

mglday 

k9/m9 

unitless 

dayslyear 

years 

k9 

days 

days 

mglkg 

k91m9 
cm2 

mglcm2levent 

unltiess 

dayslyear 

years 

k9 

days 

days 

Ratlonalel 
Reterence 

U.S. EPA. 2002 

U.S. EPA. 1993 

U.S. EPA. 1993 

(1) 

U.S. EPA, 1993 

U.S. EPA. 1989 

U.S. EPA, 1989 

U.S. EPA. 1989 

U.S. EPA. 2002 

U.S. EPA. 2004 

U.S. EPA. 2004 

U.S. EPA. 2004 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

U.S. EPA. 1989 

Parameter 
Code 

CS 

IR-S 

CF3 

Fi 

EF 

ED 

BW 

AT-C 

AT-N 

CS 

CF3 

SA 

SSAF 

DABS 

EF 

ED 

BW 

AT-C 

AT-N 

Exposure Point 

SWMU 16 

SWMU 16 

Exposure Route 

Ingestion 

Dermal 

Parameter Definition 

Chemical concentration in sediment 

Ingestion Rate 

Conversion Factor 3 

Fraction Ingested 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Chemical concentration in sediment 

Conversion Factor 3 

Skin Surface Available for Contact 

Soil to Skin Adherence Factor 

Absorption Factor 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Receptor Population 

Residents 

Residents 

Value 

Max or 95% UCL 

50 

1 .OE-06 

1 

26 

2 

15 

25,550 

730 

Max or 95% UCL 

1.00E-06 

2.800 

0.04 

Chemical Specific 

26 

2 

15 

25.550 

730 

Receptor Age 

Child 

Child 



TABLE 4.32.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

Medium: Surface Soil 

Sources: 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vol I :  Human Health Evaluation Manual. Part A. EPN54011-861060. 

U.S. EPA, 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. EPN540/R/99/005. 

Unit lntake Calculations 

Incidental lngestion lntake = (IR-S x CF3 x FI x EF x ED)/(BW x AT) 

Dermal lntake = (CF3 x SA x SSAF x EF x ED)/(BW x AT) 

Intake Equat~onl 
Model Name 

lntake (mglkglday) = 

C S x I R S x C F 3 x F I x E F x E D  

B W x A T  

Dermally Absorbed Dose (mgtkgtday) = 

CS x CF3 x SA x SSAF x DABS x EF x ED 

BW x AT 

Cancer Ingestion Intake = 4.58608 Cancer Dermal Intake = 5.22508 

Noncancer Ingestion Intake = 4.58E-07 Noncancer Dermal Intake = 5.22E-07 

Exposure Route 

Ingestion 

Dermal 

Value 

Max or 95% UCL 

50 

1 .OE-06 

1 

234 

7 

70 

25,550 

2,555 

Max or 95% UCL 

1 .OE-06 

5.700 

0.01 

Chemical Specific 

234 

7 

70 

25.550 

2.555 

Receptor Population 

Residents 

Residents 

Units 

mglkg 

mglday 

kg/mg 

unitless 

dayslyear 

years 

kg 

days 

days 

mglkg 

kglmg 
cm2 

mglcm2levent 

unitless 

dayslyear 

years 

kg 

days 

days 

Rationale1 
Reference 

U.S. EPA. 2002 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA, 1989 

U.S. EPA. 2002 

U.S. EPA. 2004 

U.S. EPA. 2004 

U.S. EPA. 2004 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

Receptor Age 

Adult 

Adult 

Exposure Point 

SWMU 16 

SWMU I 6  

Parameter 
Code 

CS 

IR-S 

CF3 

FI 

EF 

ED 

BW 

AT-C 

AT-N 

CS 

CF3 

SA 

SSAF 

DABS 

EF 

ED 

BW 

AT-C 

AT-N 

Parameter Definition 

Chemical concentration in soil 

Ingestion Rate 

Conversion Factor 3 

Fraction Ingested 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Chemical concentration in soil 

Conversion Factor 3 

Skin Surface Available for Contact 

Soil to Skin Adherence Factor 

Absorption Factor 

Exposure Frequency 

Exposure Duration 

Body Welght 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 



TABLE 4.33.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

Sources: 

IDEM. 2004: RlSC Technical Guide, January Update. 

U.S. EPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual. Part A. U.S. EPN54011-861060. 

U.S. EPA, 1993: Superfund Standard Default Exposure Factors lor the Cenlral Tendency and Reasonable Maxlmum Exposure. 

U.S. EPA, 1997: Exposure Factors Handbook. U.S. EPAJ60018-951002FA. 

U.S. EPA. 2002a: Supplemenlal Guidance lor Developing Soll Screening Levels for Superfund Sites. OSWER 9355.4-24. 

U.S. EPA, 2002b: Calculating Upper Conlidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

Medium: Surface Soll 

Unit lntake Calculations 

lnhalatlon Intake = (IR x ET x EF x ED)/(BW x AT) 

Cancer Inhalation Intake = 1.82E-02 Noncancer Inhalation Intake = 1.82E-01 

Intake Equalionl 
Model Name 

(1) 

Intake (mglkglday) = 

C A x l R x E T x E F x E D  

BWxAT 

CA = (IIPEF + INF )  x CS 

Ratlonalel 
Reference 

U.S. EPA. 2002a 

U.S. EPA. 2002b 

U.S. EPA, 1997 

U.S. EPA. 1997 

U.S. EPA. 1993 

U.S. EPA, 1993 

u.S. €PA, 1993 

U.S. EPA, 1989 

U.S. EPA, 1989 

IDEM. 2004 

U.S. EPA. 2002a 

IDEM. 2004 

value 

Calculaled 

Max or 95% UCL 

0.83 

24 

234 

7 

70 

25.550 

2555 

1.316E+09 

~hemlcal-specl~ic 

68.81 

Exposure Route 

Inhalation 

Units 

mglm3 

mglkg 

m3lhour 

hourslday 

dayslyear 

years 

kg 

days 

days 

m3lkg 

m31kg 

g/m2-s per 

kglm3 

Parameter 
Code 

CA 

CS 

IR 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

PEF 

VF 

QIC 

Parameler Definition 

Chemical concentration in air 

Chemical concentration in soil 

lnhalatlon Rate 

Exposure Time 

Exposuie Frequency 

Exposure Duration 

Body Weight 

Averaglng Time (Cancer) 

Averaglng Time (Non-Cancer) 

Particulate Emission Factor 

Volatilization Factor 

Inverse of mean concentration at 

center of source 

Receptor Population 

Residents 

Receptor Age 

Adult 

Exposure Point 

SWMU 16 



TABLE 4.34.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

Sources: 

U.S. EPA. 1989: Risk Assessment Guidance for Superlund. Vol 1: Human Wealth Evaluation Manual. Part A. ~~;4/54011-861060. 

U.S. EPA. 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA, 1997: Exposure Factors Handbook. EPN6OOlP-951002Fa 

U.S. EPA. 2002: Calculating Upper Confidence Limlts for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. EPN540lR/99/005 

Medium: Groundwater 

Unit lntake Calculations 

lngestion lntake = (IR-GW x EF x ED)/(BW x AT) 

Dermal lntake = (SA x EV x EF x ED)/(BW x AT) 

Cancer lngestion Intake = 1.28E-06 

Noncancer lngestion intake = 1.28E-05 

Intake Equation1 
Model Name 

Chronlc Daily Intake (CDI) (mglkglday) = 

CGW x CF x IR-GW x EF x ED 

BW x AT 

Dermally Absorbed Dose (mglkglday) = 

DAevent x EV x EF x ED x SA 

B W x A T  

See text for calculation of DAevent. 

Cancer Dermal lntake = 1.65E+01 

Noncancer Dermal intake = 1.65E+02 

Ratlonalel 
Reference 

U.S. EPA. 2002 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA, 1989 

U.S. EPA. 2004 

U.S. EPA, 2004 

U.S. EPA. 2004 

U.S. EPA. 2004 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

Value 

Average 

0.001 

1.4 

234 

7 

70 

25,550 

2.555 

Calculated 

18,000 

1 

0.167 

234 

7 

70 

25.550 

2.555 

Units 

ug1L 

"Xl/U!3 

Uday 

dayslyear 

years 

kg 

days 

days 

mglcm2-event 

cm2 

eventslday 

hourslday 

dayslyear 

years 

kg 

days 

days 

Parameter 
Code 

CGW 

CF 

IR-GW 

EF 

ED 

BW 

AT-C 

AT-N 

Daevent 

S.4 

EV 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

Exposure Point 

SWMU 16 

SWMU 16 

Exposure Route 

Ingestion 

Dermal 

Parameter Definition 

Chemical Concentration in Groundwater 

Conversion Factor 

Ingestion Rate of Groundwater 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaglng Time (Non-Cancer) 

Dermally Absorbed Dose per Event 

Skin Surface Avaliable lor Contact 

Event Frequency 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Welght 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Receptor Population 

Residents 

Residents 

Receptor Age 

Adult 

Adult 



TABLE 4.35.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

Medium: Groundwater 

Sources 

U.S. EPA, 1989: Risk Assessment Guldance for Superfund. Vol l: Human Health Evaluation Manual, Part A. EPN54011-861060. 

U.S. EPA. 1993: Supelfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. EPN540/R/99/005 

Foster, S.A. and P.C. Chrostowskl, 1987, inhalation Exposure to Volatile Organic Contaminants in the Shower. 

Ralionalel 
Reference 

Foster&Chrostowski 1987 

U.S. EPA. 1993 

U.S. EPA. 1993 

Foster&Chrostowski 1987 

U.S. EPA. 1993 

U.S. EPA. 1993 

Foster&Chrostowski 1987 

U.S. EPA, 2004 

Professional judgement 

U.S. EPA. 1989 

U.S. EPA ,1989 

Units 

mglm3-min shower 

rn3lhr 

dayslyear 

min 

years 

kg 

min-1 

minlhr 

min 

min 

days 

days 

Intake Equat~onl 
Model Name 

Chronic Daily Intake (CDI) (mglkg-day)= 

S x l R s h x K x E F x E D  
B W x A T x R a x C F  

Value 

Derived 

0.6 

234 

Derived 

7 

70 

0.017 

60 

10 

15 

25550 

730 

Exposure Route 

Inhalation 

Exposure Polnt 

SWMU 16 

Receptor Population 

Residents 

Parameter 
Code 

S 

lRsh 

EF 

K 

ED 

BW 

Ra 

CF 

Ds 

Dt 

AT-C 

AT-N 

Receptor Age 

Adult 

Parameter Definition 

Volatile Chemical Generation Rate 

Inhalation Rate of volatiies In shower 

Exposure Frequency 

Masss Transfer Coefficient 

Exposure Duration 

~ o d y  Weight 

Air Exchange Rate 

Conversion Factor 

Shower Duration 

Total Time in Bathroom 

Averaging Tlme (Cancer) 

Averaging Time (Noncancer) 



TABLE 4.36.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE, CRANE INDIANA 

Medium: Surface Water 

Exposure Route 

lngestion 

Dermal 

Receptor Population 

Residents 

Residents 

Receptor Age Exposure Polnt 

Adult SWMU 16 

Parameter I Parameter Definition 

CW Chemical Concentration in Water 

CR Contact Rate 

Conversion factor 

ET Exposure Time I 
EF Exposure Frequency 

ED Exposure Duration 

BW Body Weight 

AT-C Averaging Time (Cancer) 

A;; i~~~~~~~~~ Time (Non-Cancer) 

DAevent Absorbed dose per event 

Skin Surface Available for Contact 

EV Event Frequency 

ET Exposure Time 

EF Exposure Frequency 

ED Exposure Duration 

BW Body Welght 

AT-C Averaging Time (Cancer) 

AT-N l~veraging Time (Non-Cancer) 

Value 

Max or 95% UCL 

0.01 

0.001 

2 

26 

I 

70 

25,550 

2.555 

Calculated 

9.070 

1 

2 

26 

7 

70 

25,550 

2,555 

Notes: 

1 - Professional judgment. Assumes two days a week in warm weather months for RME and one day a week for CTE. 

2 -Assumes that head, arms, hands, lower legs. and feet are exposed, U.S. EPA, 1997. 

Sources: 

U.S. EPA, 1989: Rlsk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual. Part A. EPN54011-861060. 

U.S. EPA. 1993: Superfund Standard Default Exposure Factors lor the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA Region 4, 2000: Supplement Guidance to RAGS: Region 4 Bulletins. 

U.S. EPA. 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guidance for Dermal Risk Assessment) Final. EPN540/R/99/005 

Unit lntake Calculations 

lngestion lntake = (CR x CF x ET x EF x ED)/(BW x AT) 

Dermal lntake = (SA x EV x EF x ED)/(BW x AT) 

Cancer lngestion Intake = 2.04E-09 

Noncancer lngestion Intake = 2.04E-08 

Cancer Dermal lntake = 9.23E-01 

Noncancer Dermal lnlake = 9.23E+00 

Unlts 

ug1L 

Uhour 

ug/mg 

hourslevent 

eventslyear 

years 

kg 

days 

days 

mgIcm2-event 

cm2 

eventslday 

hourslevent 

dayslyear 

years 

kg 

days 

days 

Ralionalel 
Reference 

U.S. EPA. 2002 

U.S. EPA 4. 2000 

. . 

(1) 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA, 1989 

U.S. EPA, 2004 

(2) 

(1 

(1) 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

lntake Equat~onl 
Model Name 

Chronlc Daily lnlake (CDI) (mglkglday) = 

Dermally Absorbed Dose (mglkglday) = 

DAevent x EV x EF x ED x SA 

B W x  AT 

See text for calculation ol DAevent 



TABLE 4.37.CTE 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDENCYEXPOSVRES 

NSWC CRANE. CRANE INDIANA 

Notes: 

1 - Professional judgment. Assumes two days a week in warm weather months for RME and one day a week for CTE. 

Sources: 

U.S. EPA. 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A. EPN54011-861060. 

U.S. EPA. 1993: Superiund Standard Delault Exposure Factors lor the Central Tendency and Reasonable Maximum Exposure. 

U.S. EPA, 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 

U.S. EPA. 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance lor Dermal Risk Assessment) Final. EPN540lRl991005. 

Scenario Timeframe: Future 

Medium: Sediment 

Exposure Medium: Sediment r 

Unit lntake Calculations 

Incidental lngestion lntake = (IR-S x CF3 x FI x EF x ED)/(BW x AT) 

Dermal lntake = (CF3 x SA x SSAF x EF x ED)I(BW x AT) 

Cancer Ingestion Intake = 2.54E-09 Cancer Dermal Intake = 5.80E-09 

Noncancer Ingestion Intake = 2.54E-08 Noncancer Dermal Intake = 5.80E-08 

Rationalel 
Reference 

U.S. EPA. 2002 

(1) 

U.S. EPA. 1993 

(1) 

U.S. EPA. 1993 

U.S. EPA, 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

U.S. EPA, 2002 

U.S. EPA. 2004 

U.S. EPA, 2004 

U.S. EPA, 2004 

(1) 

U.S. EPA. 1993 

U.S. EPA. 1993 

U.S. EPA. 1989 

U.S. EPA. 1989 

Intake Equation1 
Model Name 

lntake (mglkglday) = 

C S s x l R S x C F 3 x F l x E F x E D  

B W x A T  

Dermally Absorbed Dose (mglkglday) = 

CS x CF3 x SA x SSAF x DABS x EF x ED 

BW x AT 

Value 

Max or 95% UCL 

25 

1 .OE-06 

1 

26 

7 

70 

25.550 

2.555 

Max or 95% UCL 

1.00E-06 

5,700 

0.01 

Chemical Speclflc 

26 

7 

70 

25,550 

2,555 

Exposure Route 

Ingestion 

Dermal 

Units 

mglkg 

mglday 

kg/mg 

unitless 

dayslyear 

years 

kg 

days 

days 

mglkg 

kg/mg 
cm2 

mglcrnZJevent 

unitless 

dayslyear 

years 

kg 

days 

days 

Parameter 
Code 

CS 

IR-S 

CF3 

FI 

EF 

ED 

BW 

AT-C 

AT-N 

CS 

CF3 

SA 

SSAF 

DABS 

EF 

ED 

BW 

AT-C 

AT-N 

Parameter Definition 

Chemical concentration in sediment 

Ingestion Rate 

Conversion Factor 3 

Fraction Ingested 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Chemical concentration in sediment 

Conversion Factor 3 

Skin Surface Available for Contact 

Soil to Skin Adherence Factor 

Absorption Factor 

Exposure Frequency 

Exposure Duration 

Body Welghl 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Receptor Population 

Residents 

Residents 

Receptor Age 

Adult 

Adult 

Exposure Point 

SWMU 16 

SWMU 16 
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TABLE 5.1 
NON-CANCER TOXICITY DATA -- ORAUDERMAL 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF 2 

Notes: 
1 - U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guidance for 

Dermal Risk Assessment) Interim. EPA/540/R/99/005. 
2 - Adjusted dermal RID = Oral RfD x Oral Absorption Efficiency for Dermal. 
3 - Water value for cadmium is listed. 
4 -Value is lor mercuric chloride. 

Definitions: 
CNS =Central NE!NouS System 
CVS = Cardiovascular system 
EPA 3 = U.S. EPA Region 3 Risk-Based Concentration Table, October 19. 2004 
GS = Gastrointestinal System 
HEAST= Health Effects Assessment Summary Tables 
IRIS = Integrated Risk Information System 
NA = Not Applicable 
NOEL = No Observed Elfect Level. 

Chemical 
of Potential 

Concern 

Mercury") 
Nickel 
Selenium 
Vanadium 
Zinc 

CA EPA = California EPA. Technical Support Document for Describing Available Cancer Potency Factors. 

December 2002. 

RfD:Target Organ@) Chronic1 
Subchronic 

Chronic 
Chronic 
Chronic 
Chronic 
Chronic 

Source(s) 

IRIS 
IRIS 
IRIS 

NCEA 
IRIS 

Date(s) 
(MMIDDNYYY) 

3/24/2005 
3/24/2005 
3/24/2005 
1011 912004 
3/24/2005 

Oral RfD Oral Absorption 
Efficiency 

for ~ermal ' "  

0.07 
0.04 

1 
0.026 

1 

Value 

3.OE-04 
2.OE-02 
5.OE-03 
1 .OE-03 
3.OE-01 

Units 

mglkglday 
mglkglday 
mglkglday 
mglkglday 
mglkglday 

Absorbed RfD for ~erma l '~ '  Primary 
Target 

Organ@) 

CNS 
Body Weight 
Skin, CNS 

Kidney 
Blood 

Value 

2.1E-05 
8.OE-04 
5.OE-03 
2.6E-05 
3.OE-01 

Combined 
UncertaintylModifying 

Factors 

100011 
30011 
311 
300 
311 

Units 

mglkglday 
mglkglday 
mglkglday 
mglkglday 
mglkglday 



TABLE 5.2 
NON-CANCER TOXICITY DATA -- INHALATION 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 2 

of Potential UncertaintylModifying 



TABLE 5.2 
NON-CANCER TOXICITY DATA -- INHALATION 

NSWC CRANE, CRANE, INDIANA 
PAGE 2 OF2 

Notes: 
1 - Extrapolated RfD = RfC '20m3/day I 7 0  kg 

~ - -  - 

Chemical 

of Potential 

Concern 

Definitions: 

CNS =Central N~NOUS System 

EPA 3 = U.S. EPA Region 3 RBC Table. October 19. 2004. 

HEAST= Health Effects Assessment Summary Tables 

IRIS = Integrated Risk Information System 

NA = Not Applicable 

NCEA = National Center for Environmental Assessment 

CA EPA = California EPA, Technical Support Document for Describing Available Cancer Potency Factors. 

December 2002. 

Chronic1 

Subchronic 

Inhalation RfC 

Value 

Extrapolated R ~ D " '  

Units 

Primary 

Target 

Organ@) Value Units 

Combined 

UncertaintylModifying 

Factors 

RfC : Target Organ(s) 

Source(s) Date(s) 

(MMIDDNYYY) 
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TABLE 6.1 

CANCER TOXICITY DATA -- ORAUDERMAL 
NSWC CRANE, CRANE, INDIANA 

PAGE 2 OF 2 

of Potential 

Notes: 
1 - U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guidance 

for Dermal Risk Assessment) Interim. EPA/540/Rl99/005. 
2 - Adjusted cancer slope factor for dermal = 

Oral cancer slope factor x Oral Absorption Efficiency for Dermal. 

EPA 3 = U.S. EPA Region 3 RBC Table, October 19, 2004. 

EPA Group: 
A - Human carcinogen. 
B1 - Probable human carcinogen - indicates that limited human data are available. 
82 - Probable human carcinogen - indicates sufficient evidence in animals and 

inadequate or no evidence in humans . 
C - Possible human carcinogen. 
D - Not classifiable as a human carcinogen. 
E - Evidence of noncarcinogenicity. 

EPA(1) = U.S. EPA, Provisional Guidance for Quantitative Risk Assessment of Polycyclic Aromatic Hydrocarbons, July 1993, EPA/600/R-931089. 

IRIS = Integrated Risk Information System. 

NA = Not Available. 

CA EPA = California EPA, Technical Support Document for Describing Available Cancer Potency Factors. December 2002. 



TABLE 6.2 
CANCER TOXICITY DATA -- INHALATION 

NSWC CRANE, CRANE, INDIANA 
PAGE 1 OF 3 

Weight of Evidence1 Unit Risk : Inhalation CSF 
of Potential Cancer Guideline 

enzo(a)anthracene 
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Notes: EPA Group: 
1 - Inhalation CSF = Unit Risk ' 70 kg 1 20m3/day. A - Human carcinogen. 

B1 - Probable human carcinogen - indicates that limited human data are available 

82 - Probable human carcinogen - indicates sufficient evidence in animals and 

Definitions: inadequate or no evidence in humans . 

IRIS = Integrated Risk Information System. C - Possible human carcinogen. 

NA = Not Available. D - Not classifiable as a human carcinogen. 

NCEA = National Center for Environmental Assessment E - Evidence of noncarcinogenicity. 

EPA 3 = U.S. EPA Region 3 RBC Table, October 19, 2004. 

CA EPA = California EPA, Technical Support Document for Describing Available Cancer Potency Factors, December 2002. 

Weight of Evidence1 

Cancer Guideline 

Description 

Unit Risk : Inhalation CSF Chemical 

of Potential 

Concern Source@) Date(s) 

(MMIDDIYYYY) 

Inhalation Cancer 

Slope  actor") 

Value 

Unit Risk 

Units Value Units 
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Benzo(b)lluoranthene 

D~bsnro(a.hlanthracene 

lndeno(1.2.3.cd)pyrm 

Naphthalene 

Aluminum 

Anlimony 

Arsenic 

Copper 

Iron 

Lead 

Manganese (So~l) 

Vanadlurn 

2 59 

0.451 

1 2 4  

0 027 

13725 

5 15 

6 29 

7 0  0 

21817 

127 

354 

28 3 

mglkg 

mglkg 

mglkg 

mglkg 

rnglkg 

mglkg 

mglkg 

rnglkg 

mglkg 

mglkg 

mglkg 

mglkg 

Dermal Trlchloroethene 0 0E+00 

Beozo(a1anthracene 4 5E-07 

Benro(a)pyrene 4 OE-07 

Benza(b)lluoranthene 4 4E-07 

Dlbenzo(a.h)anthiacene 7 6E-08 

indeno(l.2.3.cd)pyrene 2 1E-07 

Naphthalene 4 5E-09 

Aluminum 13725 rnglkg 0 0E+00 (rnglkgldayl NA (rnglkglday) ' - - 0 OE+OO 

Antimony 5.15 mglkg O.OE+OO (mglkglday) NA (mglkglday] ' . . 0 OE+Oo 

Arsenlc 6 29 rnglkg 8 4E-08 (mgkglday) 1 5E+00 (rnglkglday] ' 1 3E-07 2 4E.07 

(mglkglday) 

(rnglkglday) 

(mglkglday) 

(mglkgldayl 

(mglkglday] 

(rnglkglday) 

(rnglkglday) 

imglkglday) 

(mgRgiday1 

(rnglkglday) 

(mgikgldayl 

Imglkglday) 

imglkglday) 

(rngikgldey) 

Copper 

Iron 

Lead 

Manganese (Soil) 

9 0E-08 

1 SE-08 

4 3E.06 

9.4E-10 

4 8E.04 

1 BE-07 

2.2E-07 

2 4E.06 

7 6E-04 

4 4E-06 

1 2E-05 

9.9E.07 

0 0008 

0 02 
P 

0 02 
P 

5 0E.01 

NA 

NA 

NA 

NA 

NA 

2 OE-02 

1 0E+OO 

6 0E-05 

3 0E-04 

4 OE-02 

3 OE-01 

NA 

2 9E-03 

70 0 

21817 

127 

354 

lnhalallon 

(mglkglday) 

(rnglkglday) 

(rnglkglday] 

~rnglkgldayl 

(mglkglday) 

(mglkgldayl 

(mglkglday) 

(rnglkgldsy) 

(rnglkgldayl 

(rnghgldayl 

(mglkgldayl 

(rnglkglday) 

(rnglkgidayl 

imglkgldayl 

irnglkgldayl 

lrngikgldayl 

(rngikgldayl 

(rnglkgldayl 

(rnglkgldayl 

(rnghgidayl 

(mglkglday) 

(rnglkgidayl 

lrnglkglday) 

(rnglkgldayl 

(mglkglday) 

(rnglkgiday] 

mglkg 

mglkg 

mglkg 

mglkg 

Tr~chloroethene 

Bsnzo(a1anthracene 

Benzo(a1pyrene 

Benzo(b1lluoranlhene 

D ~ b e n z ~ ( a . h ) ~ n t h r a c m  

lndena(l.2.3.cd)pyrene 

Naphthalene 

Alum~num 

Antlmony 

Arsenic 

Copper 

7 3E-01 

7 3E+00 

7 3E-01 

NA 

NA 

NA 

1 5E+00 

NA 

NA 

NA 

NA 

NA 

1 7  

0 0000002 

0 0008 

0 OE+OO 

O.OE+OO 

0 OEtOO 

O.OE+OO 

9.6E-6 

2 1E-9 

1 BE-9 

2.OE-9 

3.4E.10 

9 4E.10 

4 9E-7 

I OE-5 

3.9E-9 

4 8E.9 

5 3E.8 

(rnglkglday) ' 
(mglkglday] ' 
(rnglkglday) ' 

(rnglkglday) ' 
(rnghgldayl ' 

(mgkgiday) ' 

(rnglkglday] ' 
(mglkglday) ' 
(rnglkgiday) ' 
(rnglkglday) ' 

(rnghglday] ' 

(mglkglday] ' 

(rnglkgldayl 

(mglkglday) 

(mglkglday) 

(mglkgldayl 

mg/m3 

rnglm3 

rnglrn' 

rnglm3 

mglrn3 

mglrn3 

mg/rnJ 

mglrn3 

rnglm3 

mglm3 

mglm' 

6 6E-08 

1 1E-07 

3 2E.08 

- . 

. - 
3 3E-07 

- - 

- . 
. - 

NA 

NA 

NA 

NA 

4 3E-08 

9.2E-12 

8 0E-12 

8.8E-12 

1 5E.12 

4.2E.12 

2 2E-09 

4 7E-08 

1.7E-11 

2.1E.11 

2.4E.10 

2 6E.07 

a 6E.08 

1 3E-07 

2 7E-09 

1 4E-03 

5 2E-07 

6 4E.07 

7 1E-06 

2 2E-03 

I 3E-05 

3 6E.05 

2 9E.06 

(mglkglday) ' 

(mglkglday) ' 
(rnglkglday)" 

(mglkglday) ' 

(mglkglday) 

(mglkgldayl 

(rnglkglday] 

(rnglkglday) 

(rnglkglday) 

(rnglkgldayl 

(rnglkglday) 

(mglkglday) 

(mglkgldayl 

(rnglkglday) 

(rnglkgldayl 

irnglkgldayl 

(rngikgiday) 

/rnglkgldayl 

(rnglkgldayl 

(mglkgldiiy) 

(mgkgldayl 

(rngltgldayl 

(mgikglday) 

(rngikgidayi 

(rnglkgldayl 

(rnglkg~dayl 

(rnglkgldayl 

. . 
- - 

. . 
- - 

7 0E.03 

NA 

3 lE+00 

NA 

NA 

NA 

NA 

NA 

NA 

1 5E+01 

NA 

NA 

NA 

NA 

2 0E-02 

l OE.00 

4 oE-Oh 

3 0E-04 

4 0E-02 

3 0E-01 

NA 

7 2E-02 

1 0E.03 

0 OE+OO 

0 OE+OO 

0 0E+00 

0 OE+OO 

(mglkglday) ' 
(mglkglday] ' 
(rnglkglday) ' 
(rnglkglday) ' 
(rnglkglday) ' 
(rnglkglday) ' 

(mglkglday) ' 
(rnglkglday) ' 
(mglkglday) ' 
(rnglkglday) ' 
(rnglkglday) ' 

(rnglkgldayl 

irnglkqldsyl 

irnqikqidayl 

imgikqidayl 

~rnglkgldayl 

frnq~kqldayl 

irnq;kqiday) 

(rngikgldayi 

imq,kg!dayj 

(rngikgidayl 

lrngikg~dayl 

irngikglday) 

0 nonnofl l  

0 003 

0 00, 

0 002 

0 0002 

0 007 

0 0005 

0 003 

3 OE.10 

- - 

2 5E-1 1 

. . 

- - 

. . 
- - 

3 2E.10 

. . 

1 3E-07 

2 7E-1 1 

2 3E.I 1 

2 6E-1 1 

4 5E-12 

1 2E.l 1 

6 4E.09 

1 4E-07 

5 1E.l l 

6 2E-11 

6 9E-10 

(rnglkgldayl 

(mglkglday) 

(mglkglday] 

(rnglkgidayl 

(rngikgldayl 

(rnglkgldny] 

(rnglkglday) 

(mgikgldayl 

(rnglkglday) 

(rnglkglday) 

(rnglkglday) 

1 7E-01 

NA 

NA 

NA 

NA 

NA 

8 6E 0 1  

1 0E-03 

NA 

NA 

NA 

(rnglkgldayl 

(rnglkgidoyl 

(rnglkgiday) 

(rnglkgtdayl 

frngikgldayl 

(rnglkqrday) 

lmglkgldayl 

(mgIkgIday1 

(rnglkgldsyl 

irngikgldayl 

(rngikgldayl 

0 0000007 

0 000007 

0 0001 
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Bramodichlorornethsne 

Carbon Telrschloride 

cts-1.2-Dichloroelhene 

Methylene Chlorlde 

Tetrachloroethene 

Irsns.l,2.Dlchlomelhsns 

2 4.6-Tnnilrolaluene 
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anganess (Water) 

1.1-Dichloroelhene 

1.2.3.Trichloropropane 

1.2-Drchlaroethane 
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I Tola1 of Receplor Hazards Across All Medla 1 60 1 
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2.59 mglkg 1 2E-06 (mglkglday) 7 3E-01 (mglkglday) ' 8.9E.07 3 5E.06 (mglkgldayl NA (rnglkgldayl 

0 451 mglkg 2 1E-07 (mglkglday) 7 3E+00 (mglkglday) ' 1 5E-06 6 ZE-07 (rnglkglday) NA irngikgldayl 

1 24 mglkg 5 8E.07 (mglkglday) 7 3E.01 (rnglkglday) ' 4 3E-07 1 7E-06 (mglkglday) NA imglkgidayl 

0.027 mglkg 1.3E-08 (rnglkglday) NA (mglkglday) ' - . 3 7E-08 (rnglkglday) 2 0E.02 i~ngikgldnyl 0 000002 

13725 mglkg 6.4E.03 (mglkglday) NA (mglkglday) ' - - 1 9E-02 (rnglkglday) 1 OE+OO imgikgldayl 0 02 

5.15 mglkg 2.4E-06 (mglkglday) NA (mglkglday) ' - - 7 IE-06 (rnglkglday) 4 OE-04 imglkgidayl 0 02 

6.29 mglkg 3 0E.06 (mglkglday) 1 5E+00 (mglkglday) ' 4 4E-06 8 6E.06 (rnglkglday) 3 0E-04 (mglkgidiyl 0 03 

70 0 mglkg 3 3E.05 (mglkglday) NA (mglkglday) ' 9 6E.05 (rnglkglday) 4 OE-02 imgikgldayl 0 002 

21817 mglkg I OE-02 (mglkgldayl NA (mglkglday) ' 3 0E.02 (rnglkglday) 3 0E-01 (mgikgidayl 0 I 

127 mglkg 6 0E.05 (mglkglday) NA (rnglkglday) ' 1 7E-04 (rnglkgldayl NA imqikqJdayl 

354 mglkg 1 7E.04 (rnglkgldayl NA (rnglkglday) ' - - 4 8E-01 (rnglkglday) 7 2E.02 imgikqidayl 0 007 

28 3 mglkg 1 3E-05 (rnglkgldayl NA (rnglkglday) ' - - 3 9E-05 (mglkglday) I OE-03 imq!kqldayl 0 04 ------ 
16E.05 

0 031 rnglkg O.OE+Oo (rnglkgldayl 1 3E-02 (mglkglday) ' - - 

Beo2ola)anthracene . 
Benm(a1pyrene 

Benzo(b)lluoranlhsns 

D~bsnro(a.h)anthracene 

Indenoil .2.3.cd)pyrene 

Naphlhalene 

Alum~num 

Antimony 

0 027 

13725 

5 15 

0 OE+OO (mglkglday) 4 0E.02 (mgkglday) 

O.OE+OO (mglkgldsy) 3 0E-01 (rnglkglday) 

0 0E+00 (rnglkglday) NA imglkgiday) 

Manganese (Soil) 0 0E+00 (mglkglday) 2 9E-03 (mglkg~dayl 

rnglkg 

mglkg 

mglkg 

AII 

6 6E-09 

0 0E+00 

0 OE+OO 

SWMU 16 

(mghglday) 

(mglkgldayl 

(rnglkgldayl 

lnhalal~on 

NA 

NA 

NA 

Trlchloraethene 

Benzo(a)anlhracene 

Benzo(a1pyrene 

Benza(b)lluoranlhsne 

D~benzo(a.h)anthracm 

Indsno(1 .2.3-cd)pyrsne 

Naphlhalene 

Aluminum 

Anlimany 

Arsenic 

Capper 

(rnglkglday) ' 
(rnglkglday) ' 
(rnglkglday) ' 

9.6E-6 

2 lE.9 

1 8E-9 

2.OE-9 

3.4E-10 

9 4E-10 

4 9E.7 

1.OE-5 

3 9E.9 

4.8E.9 

5.3E-8 

- - 

. . 
- - 

mglrn' 

mg/ma 

mglml 

mglm' 

mglrn3 

mg/m3 

mglm3 

rnglmJ 

1 9E-08 

0 0E+00 

0 OEIOO 

mglm"9.0E-07 

1 9E.10 

1.7E.10 

1 BE-10 

3.2E.11 

mglrn\.8E-1 1 

4 6E-08 

9 8E-07 

m g l m ~ 3 . E . 1 0  

4 5E.10 

5 0E-09 

(rnglkgldayl 

(rnglkgldayl 

(rnglkglday) 

(rnglkglday) 

(mglkgldayl 

(mglkglday) 

(mglkgldayl 

(mglkgldayl 

(rnglkgldayl 

(mglkgldayl 

(mglkgldayl 

(mglkgldayl 

(mglkglday) 

(mglkgldayl 

2 OE-02 

1 OEIOO 

6 0E-05 

7.OE-03 

NA 

3 1E+00 

NA 

NA 

NA 

NA 

NA 

NA 

1 5E+01 

NA 

imgJkgidayl 

(mglkgldayl 

imglkgldiiy) 

(rnglkglday) ' 
(mglkglday) ' 
(rng/kg/day) ' 
(rnglkgldey) ' 
(mglkgiday)' 

(mglkglday) ' 
(mglkglday) ' 
(mglkglday) ' 
(mglkglday) ' 
(mglkglday) ' 
(mglkglday) ' 

0 00Onnl 

6 3E-09 

5 2E-10 

- - 

.. 
- - 

- - 

- - 

. . 
6 8E.09 

- - 

2 6E-06 

5 6E.10 

4 9E-10 

5 4E-10 

9 4E.l l 

2 6E-10 

1 3E-07 

2 8E.06 

1 lE-09 

1 3E.09 

1 5E-08 

(rnglkglday) 

(rnglkgldayl 

(rnglkglday) 

(mglkglday) 

(rnglkglday) 

(rnglkglday) 

(mglkglday) 

(mglkglday) 

(rnglkglday) 

(rnglkglday) 

(rnglkglday) 

1 7E-01 

NA 

NA 

NA 

NA 

NA 

8 6E-04 

1 0E-03 

NA 

NA 

NA 

irnglkglday) 

imgikgidayl 

imglkgidayl 

(mglkgldayl 

(mglkgldayl 

(mglkglday) 

(rnglkgldayl 

(mglkgldayl 

(rngikgidayl 

(rngikgldayl 

imglkglday) 

0 00002 

0 0002 

0 003 
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Carbon Telrachloride 

CIS-1 ,2-D~chloroelhene 

Melhylene Chloride 

Telrachloroethene 

trans-I ,Z-Dichloroelhene 

2.4.6-Trin~lroloI~ene 

anganese (Walsr) 
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rans-1.2-D~chloraethene 

anganese (Water) 
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Manganese (Soil) 
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I Total of Receptor Risks Across All Media 1 3 8E.03 1 Total 01 Receptor Hazards Across All Media 1 17 



TABLE 7.1 CTE 

CALCULATION OF CHEMICAL CANCER RISKS AND NONCANCER HAZARDS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE, CRANE INDIANA 

PAGE 1 OF 3 





TABLE 7 1.CTE 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS 

CENTRALTENDENCYEXPOSVRES 

NSWC CRANE. CRANE INDIANA 

PAGE 3 OF 3 

Medlum Exposure Medlum Exposure Pomt Exposure Route I I Chemrcal o i  
Polenllat Concern 

Barium 

Cadmium 

Copper 

Iron 

Lead 

Manganese (Soil) 

Mercury 

Nlckel 

- 
Value 

cer Risk Calculations 

CSFIUnlt Rlsk 

NA (mglkglday) ' 
NA (mglkgldayl ' 

1 5E+00 (mglkglday) ' 
NA (rnglkglday) ' 
NA (mglkglday) ' 
NA (mglkglday) ' 
NA imgikgldayl ' 
NA (mglkglday) ' 
NA (mglkglday) ' 
NA (mglkglday) ' 
NA (mglkglday) ' 
NA (mglkglday) ' 

Non-Cancer Hazard Catculallons 

cancer InlakelExposure Concenlrat,on AIDIRIC Hazard Ouot8en 

Value Unlls Value Unlls 

jrnglkgidayl NA frngikgidayl 

I OEa00 jmgikq'dayi 

6 0E-05 fmgl tg~dayl  

3 0E-04 Irngikqidayl 

19E-03 Img'kqidayl 

2 5E-05 irnglkgldayl 

A OE-02 fmglkqidayl 

3 OE-01 (rngikgldnyl 

NA img1kqld;lyl 

2 9E.03 imgikgldayl 

2 1E.05 imglkgldayl 

8 0E-04 (mgikglday) 

2 6E-05 jrnglkglday) 

- 
Medium Total 

- --- -- 

Total of R >F. All Media I R RF-07 I Total o l  Rece~lor  Hazards Across All Media 1 0 04 
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anganese [Water) 
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anganese (Waler) 

anganese (Waler) 
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Sediment 
P 

T ~ r k e v  Creek 

Exp Route Total 

Dermal Alurnlnurn 1 10500 1 mglkg 

Medium Total 

L'rng~kgldavl ; I Irng~kg~day l  : 00; i rng/kg lda~l  (rnghglday] ' imglkgldayl lrngikgiday) 

6.2E.06 (rnglkglday) (rnglkgldayl ' 3 9E.05 (rnglkgldnyl 7 2E.02 lrnglkgiday) 0 0005 

1.7E-07 (rnghgldayl (rngkgldayl ' - - 1 lE-06 (rnglkgldayl 1 OE-03 (rngikgldayl 0 OOI 

I 1 5E.07 11 
0 OE+OO I irnghgldayl I NA I (rnglkgldayl I . . 1-i) 

(mglkglday)' imglkgldayl 

0 0E+00 (rnglkglday) 2 6E-05 jmgikglday) 

0 0003 

I n n, 

I 1.7E-07 

T O I ~ I  01 Receojar Hazards ~ c r a a r  AII ~ e d l a  1 o 06 
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deno(l.2.3.cd)pyrene 

l~anganese (Soll) 1 354 1 mglkg 

Vanadium 28 3 mglkg 

Exp. Roule Total 

Dermal Trlchloroelhene 0 031 mglkg 

Benzo(a)anlhrscene 

Benzo(a)pyrsne 

Benro(b)lluoranthene 

D~benzo(a.h)anlhracsns 

lndeno(1.2.3-cdlpyrene 

Naphlhalens 

Aluminum 

Anl~many 

Arsenic 

Copper 

Iron 

Lead 

Manganese (Soil) 

4 9E-06 (mglkgldayl NA (mglkglday) ' 
3.9E.07 (mglkglday) NA (mglkglday) ' 

O.OE+OO (mglkglday) 1.3E.02 (mglkglday) ' 
9 7E.09 (mglkglday) 7 3E-01 (mglkglday) ' 
8.5E-09 (mglkglday) 7 3E+00 (mglkglday) ' 
9.3E.09 (mglkglday) 7.3E-01 (mglkglday) ' 
1.6E.09 (mglkglday) 7 3Et00 (mglkglday) ' 
4 5E.09 (mglkglday) 7 3E-01 (mglkglday) ' 
9 7E-11 (mglkgldayl NA (rnglkglday) ' 
O.OE+OO (mglkglday) NA (mglkglday)' 

0 OEtOO (mglkglday) NA (mglkglday) ' 
5 2E-09 (mglkglday) 1.5E+00 (mglkglday)' 

O.OE+OO (mglkgldayl NA (mgkglday) ' 
O.OE+OO (mglkgldayl NA (mglkglday) ' 
O.OE+OO (mghgldayl NA (mglkglday)' 

O.OE+OO (mglkgldayl NA (mglkglday)' 

3 dE.04 (mglkgldayl 7 2E-02 (mgikqtdnyl 

2 7E-05 (mglkgiday) 1 OE-03 (rnglkgldayl 

0 OE+OO (mglkglday) 5 0E.01 (mglkgidayl 

6 8E-07 (mglkgldayl NA (mgikglday) 

5 9E-07 (mglkglday) NA imgikgiday) 

6 5E-07 (mglkglday) NA (mglkgldayl 

1 lE-07 (mglkglday) NA (mgikglday) 

3 1E.07 (mglkgldayl NA (mgikgidny) 

6 BE-09 (rnglkgldayl 2 0E.02 (mg/kgidayl 

0 OE+OO (mglkglday) l OE+OO (mglkgidayl 

O.OE+OO (mglkglday) 6 0E.05 (mgitglday) 

3 7E.07 (mglkglday) 3 0E-04 (mglkgldayl 

0 0Ei00 (rnglkglday) 4 0E-02 lmgikglday) 

O.OE+OO (mglkgldayl 3 0E-01 (mglkgldayl 

0 OE+OO (mglkglday) NA (mgikglday) 

0 0E+OO (mghglday) 2 9E-03 (rngikgidayl 

Benzo(a)anlhracene 

Benzo(a)pyrena 

Bsnzo(b)lluoranlhene 

Dlbenzo(a.h)snthracene 

Indeoa(l.2.3-cd)pyrene 

Naphthalene 

Aluminum 

Antimony 

Arsenic 

Coooer 

(mghgiday) ' 

(mghgldayl ' 

(mglkglday) ' 
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Brornod~chloramethane 

Carbon Tetrachloride 

cis-1.2-Dlchloroethene 

Methylens Chlor~de 

Tetrachloroethene 

trans.l.2-Dichlaroelhene 

Manganese (Water) 
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I Total of Receplor Risks Across A11 Media 1 3 6E.06 I Total of Receplor Hazards Across All Media 1 3 8 
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Tetrachloraalhene 

trans.1.2-Dichloroelhene 

2.4.6-Tr~n~lrololuene 

anganese (Wafer) 
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c1s.1.2-D~chloraethene 

Methylene Chloride 

Tetrachloroelhene 

Irans-1.2-D~chlaroelhene 

anganese (Water) 
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- 

Exposure Medlum Cancer Risk Calculalions Non-Cancer Hazard Calc~!lal#ons 

InlakelExposure Concenlral~on CSFlun~l Rlsk cancer ~~~k InlakalExposure Concenlrallon 41DlRfC Hazard Ouol8er 

Value Unlts Value Unlls - 
7.9E-11 I (mglkglday) 1 3E.02 I (mglkglday)i 1.OE-12 7 9E.10 I (mglkgiday) 5 0E-OI 1 lmgikgldayl 0 000000002 

Benzo(a)anlhracene 

Bsnzo(e)pyrene 

Benzo(b)lluoranthene 

Dlbsnzo(a.h)anthracene 

lndeno(1 ,2,3.cd)pyrm 

Naphthalene 

Aluminum 

Anllmony 

Arsenic 

Copper 

Iron 

Lead 

mglkg 6.9E.09 

mglkg 6.OE.09 

mglkg 6.6E.09 

mglkg 1.1 E-09 

mglkg 3.2E-09 

mglkg 6.9E-11 

mglkg 3 5E-05 

mglkg 1 3E-0s 

mglkg 1.6E-08 

mglkg 1.8E-07 

mglkg 5.6E-05 

mglkg 3.2E-07 

(mglkglday) ' 5 0E.09 

(mglkglday) ' 4 4E-08 

(mglkgldsy)' 4 6E.09 

(mglkglday) ' 8 4E-09 

(mglkglday) ' 2 3E.09 

(rnglkglday) ' . . 
(mghglday)' - - 
(mglkglday)' - - 
(mglkglday) ' 2.4E.06 

(mglkglday) ' . - 
(mglkglday) ' - - 

(mglkglday)' - - 

I l~anganese (Soil) 1 354 1 mglkg 11 9 0E-07 I (mglkgldayl ( NA I (mglkglday)' I - - 1) 
~ ~ 

Vanadlum 26.3 mglkg 7 2E.06 (mglkglday) NA (mgikglday)' . . 
6.8E.08 

Benzo(a)anlhiacene 2.70 mglkg 3.2E-09 (mglkgldayl 7 3E-01 mglkglday) 2 4E.09 

Bsnzo(a)pyrene 1 236  1 mglkg 11 2.8.-09 I (mglkgldayl 1 73E+OO 1 ~mglkglday)'~ 2 lE -08  11 
Bsnzo(b)lluorsnlhsne 

Dibenzo(a.h)anthracene 

Indena(1 2.3-cd)pyrene 

Naphlhalene 

Alum~num 

Anllmony 

Arsenic 

Capper 

Imn 

Lead 

Manganese (Soli) 

mglkg 3.1 E-09 

mglkg 5.4E-10 

mglkg 1.5E-09 

mglkg 3.2E-1 1 

mglkg 0 0E+00 

mgitg 0 OE+OO 

mglkg 1.7E-09 

mglkg O.OE+OO 

mglkg . O.OE+OO 

mglkg 0 OE+OO 

mglkg 0 0E+00 

7 3E-01 (mglkglday) ' 
7 3E+00 (mglkglday) ' 
7 3E-01 (mgikglday) ' 

NA (mghglday) ' 
NA (mglkglday) ' 
NA (mglkglday) ' 

1 5E+00 (mglkglday) ' 
NA Imglkgldayi ' 
NA (mglkglday) ' 
NA (mglkglday) ' 
NA (rnglkgldayl ' 

0 0E+00 (mglkgidayl 2 6E 05 Imghgidayl 

(mglkgldayl 1 7E 01 

imglkgldav) 

Imgkglday) 

imglkgldayi 

imglkgldayl 6 6E.04 

(mglkglday) 1 0E-03 

(mglkgldayl 

imglkgldayl 

lmg/kgldavl 

0 00000003 

0 0003 

0 0003 

0 0005 

0 00004 

0 002 

OOOOI 

0 0007 
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angansse (Water) 
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I Total o l  Receplor Risks Across All Medla 1 3 7E-05 I Tola1 ol Receplar Hazards Across All Medla 1 
0 6 1 
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I Total of Receptor Rlsks Across All Medm 1 3 5E-04 I Total ol Receplor Hazards Across All Medla 1 34 1 
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anganese (Water) 

1 .2-Dlchloroethane 
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I I I I I I I Value I I Units I I 1 1, Value Unlls 1 Groundwater Air SWMU I 6  lnhalatlon Bromodichlorornethans I 6.OE-4 I rnglrn3 11 3.3E-07 1 lrnglkglday) I NA I [mglkglday) ' - - I 2E-05 lrnglkglday) NA (mgikgidayl 
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Receptor Population: Maintenance Workers 

Y 

Medium Exposure Exposure Carcinogenic Risk Non-Carc~nogen~c Hazard Ouollent 

Medlum Point of ~otenl lal  

Concern 

Roules Tolal 

Surface So11 Surface Soil SWMU 16 Trichloroethene 1E-11 . . 1E.11 Liver 0.00000001 - .  0.00000001 

Benzo(a)anthracene 7E-08 6E-08 1 E-07 N A . . 

Benzo(a)pyrene 6E-07 5E-07 1 E.06 N A . . 
Benzo(b)fluoranihene 6E-08 5E-08 1 E-07 N A . . 
Dibenzo(a.h)anthracene 1 E-07 9E-08 2E.07 N A . . 

Indeno(1.2.3.cd)pyrene 3E-08 3E-08 6E-08 NA . . 

Naphthalene . . . . . . Body Weight 0.0000001 . . 0.0000001 0.0000002 

Aluminum . . . . . . CNS 0.001 . . 0.001 

Antimony . . . . . . Blood 0.001 . . 0.001 

Arsenic 3E.07 6E-08 4E.07 Skln. CVS 0.002 . . 0.0004 0.002 

Copper . . . . . . GS 0.0002 . . 0 0002 

Iron . . . . None Reporled 0.007 . . 0.007 

Lead . . . . . . NA . . 

Manganese (Soil) . . . . . . CNS 0.0005 . . 0 0005 

Vanadium . . . . . . Kldney 0.003 . . 0.003 

Chemical Total 1 E-06 BE.07 2E-06 0.01 0 0006 7 1  
Exposure Point Tolal 2E.06 

Exposure Medium Total I 2E.06 

Air SWMU 16 Trichloroethene 5E-10 5E-10 Liver . . 0.000001 0 000001 

Benzo(a)anthracene . . . . NA . . . . 

Benzo(a)pyrene 4E-11 4E-11 NA . . 

Benzo(b)fluoranthene . . . . NA . . . . 

Dlben~o(a,h)anthracene . . . . NA . . . . 

Indeno(i.2.3-cd)pyrene . . . . NA . . 

Naphthalene . . . . Nasal . . 0.00001 o 00001 
Alum~num . . . . CNS . . 0.0002 0.0002 
Antlmony . . . . NA . . . . 

Arsenic 5E-10 5E-10 N A . . 

Copper . . . . NA . . . . 

Iron . . . . N A . . . . 

Lead . . . . NA . . . . 

Manganese (Soil) . . . . CNS . . 0.0004 . . 0.0004 

Vanadium . . . . N A . . . . 
Chemical Total 1 E-09 1 E-09 . . 0.0006 

Exposure Polnt Total 

Exposure Medlum Total 

Medium Tolal 
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Receptor Population: Malnlenance Workers 

Medium Exposure 

Medium 

Exposure 

Point 

Gullies 

Exposure Point Total 

Medium Total 2E-08 7 1  
Medlum Total 2E-08 7 1  

Chemical 

of Potential 

Concern 

Trlchloroethene 

RDX 

Atumlnum 

Antlmony 

Arsenic 

Barium 

Cadmlum 

Chromlum 

Iron 

Lead 

Manganese (Water) 

Vanadlum 

Zinc 

Chemical Total 

Carcinogenic Risk Non-Carclnogenlc Hazard Quotlent 

Surface Water 

Surface Waler 

lngestlon 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Surtace Water 

Exposure 

Medium Total -1 1E-09 7 1  

Surface Water 

lnhalatlon 

Exposure Medium Total I lE.09 

Turkey Creek 

External 

(Radialion) 

Dermal 

1 E-08 

5E-09 

. . 

. . 

5E.09 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

ZE-08 

Arsenlc 1E.09 1 E-09 Sk~n. CVS 0.000008 0.000008 

Manganese (Water) 

Chemical Total . . 1 E-09 1 E.09 

Exposure 

Routes Total 

Exposure Polnt Total 1 E-09 

1 E-08 

5E-09 

. . 

. . 

5E-09 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

2E.08 

Liver 

Prostate 

CNS 

Blood 

Skln. CVS 

Kidney 

Kldney 

Fetotoxiclty. GS. Bone 

None Reported 

N A 

CNS 

Kidney 

Blood 

- -  

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.000005 

0 00004 

0.00002 

0 0006 

0 00003 

0.0003 

0.0006 

0.0006 

0.00006 

0.0008 

0.001 

0 000006 

0.004 

0.000005 

0.00004 

0.00002 

0.0006 

0 00003 

0.0003 

0.0006 

0.0006 

0.00006 

0.0008 

0 001 

0.000006 

1 0 . 0 0 4 1  



TABLE 9.1.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 3 OF 3 

Scenario Timelrame: CurrenVFuture 

Receptor Populallon: Mainlenance Workers 

Receptor Age: Adult 

Total Blood HI 

Tolal Body Wemght HI 

Total CNS HI 

Total CVS HI 

Tolal GS HI 

Total Kldney HI 

Total Llver HI 

Tolal Skrn HI 

Tolal Nasal HI 

Total None Reported HI 

Total Prostate HI 

Medium 

Sed~ment 

Medlum Total 

Exposure 

Medium 

Sedlmenl 

Sediment 

Exposure Point Total 8E-07 

Exposure Medlum Total 

Exposure Carcinogenic Risk Non.Carclnogenlc Hazard Quol~ent 

Point 01 potentla1 

Concern 

Routes Total 

Sedlment Turkey Creek Aluminum 

Guii~es 

Arsenic Skin. CVS 

Iron None Reported 0.04 0.04 

Manganese (Soil) . . . . . . CNS 0.002 . . 0.002 

Vanadium . . Kidney 0.005 . . 0.005 

lchemlcal Total . . 

Exposure Point Tolal 2E-06 

Exposure Medium Total 2E.06 

Medium Total 2E.06 I 
Receptor Total Receptor Risk Total 5E-06 Receptor HI Total 0 I 

7E-07 0 05 . . 0.001 

Benzo(a)pyrene 

Aluminum 

Antimony 

Arsenic 

Barium 

Cadmium 

Copper 

Iron 

Lead 

Manganese (Salt) 

Mercury 

Nlckel 

Vanadium 

Zlnc 

1 E-08 

. . 

. . 

7E.07 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

9E-09 

. . 

. . 

1 E-07 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

2E-08 

. . 

. . 

8E-07 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

NA 

CNS 

Blood 

Skln. CVS 

Kldney 

Kidney 

GS 

None Reported 

N A 

CNS 

CNS 

Body Weight 

Kldney 

Blood 

0 001 

0.01 

0.004 

0.002 

0.003 

0.003 

0.02 

0.002 

0.0003 

0.0007 

0.004 

0.002 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.0008 

0.0004 

0 001 

0 01 

0.005 

0.002 

0 003 

o 003 

0 02 

0 002 

0 0003 

0 0007 

0.004 

0.002 



TABLE 9.2.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE, CRANE INDIANA 

PAGE 1 OF 3 

Receptor Population: Occupational Workers 

Medlum Carclnogenlc Rlsk Non.Carctnogen~c Hazard Ouotlenl 011 (Radiation) Routes Tolal Target Organ(s) Roules Tnlal 

Exposure 

Medlum 

r-%E-'l 

1E-10 

7 ~ - 0 7  

6E-06 

7E-07 

1 E-06 

3E-07 

. . 

. . 

. . 

3E-06 

. . 

. . 

. . 

. . 

. . 

1 E-05 

Exposure Point Total 

Exposure 

Poinl 

Liver 

N A 

NA 

NA 

NA 

NA 

Body Welghl 

CNS 

Blood 

Skin. CVS 

GS 

None Reporled 

NA 

CNS 

Kidney 

Surface Soil 

1 E-08 

Chemical 

of potentla1 

Concern 

. . 

6 ~ - 0 7  

5E-06 

6E-07 

1 E-06 

3E-07 

. . 

. . 

. . 

7E-07 

. . 

. . 

. . 

. . 

. . ---- 
8E-06 

Surface Soil 

Exposure 

SWMU 16 

Exposure Medium Total ' 7 1  
Medlum Total I 2E-05 I 

0.00000006 

0 000001 

0.01 

0.01 

0.02 

0.002 

0.07 

0.005 

0.03 

0.2 

tE.10 

1 E-06 

1 E-05 

1 E-06 

2E-06 

6E-07 

. . 

. . 

. . 

4E-06 

. . 

. . 

. . 

. . 

. . 

2E.05 

2E-05 

Air 

Trichloroethene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranlhene 

D~benzo(a,h)anthracene 

Indeno(l.2.3.cd)pyrene 

Naphthalene 

Aluminum 

Antlmony 

Arsenic 

Copper 

Iron 

Lead 

Manganese (Soil) 

Vanadium 

Chemical Total 

I 
5E-09 
. . 

4E-10 
. . 
. . 

. . 

. . 

. . 

. . 
5 5 0 9  
. . 
. . 

. . 

. . 

. . 

22-05 

5E-09 
. . 

4E.10 
. . 

. . 

. . 

. . 

. . 

. . 

5 ~ - 0 9  
. . 

. . 

. . 

. . 

. . 

m 

. - 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

1 E-08 

Exposure Poinl Total 

Medium Tolal 

0.00001 

0.0001 
0.002 

0.004 

7 1  

SWMU 16 

0.000001 

0.004 

Tr~chloroethene 
Benzo(a)anthracene 
Benzo(a)pyrene 

Liver 
NA 
NA 
NA 
NA 
N A 

Nasal 
CNS 
N A 
N A 
N A 
N A 
N A 

"CNS 

NA 

0.00000006 

0.000002 

0.01 

0.01 

0.02 

0.002 

0.07 

0.005 

0.03 

0.00001 

0.0001 
0.002 

0 004 

0 006 

Benzo(b)fluoranthene 
D~benzo(a.h)anlhracene 
Indeno(l.2.3-cd)pyrene 
Naphthalene 
Alumlnum 
Antimony 
Arsenic 
Copper 
Iron 
Lead 
Manganese (Soil) 

Vanadium 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.004 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

- -  



TABLE 9.2.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 2 OF 3 

Receptor Population: Occupational Workers 

Medlum 

Groundwater 

Carc~nogen~c R~sk Non.Carcinogen~c Hazard Ouol~enl 11 Exposure 

Medium 

Groundwater 1 E-06 

4E-06 

. . 

1 E-08 

5E-07 

3E-07 

3E-07 

1 E-06 

. . 

. . 

7E.08 

2E-05 

. . 

. . 

1 E-03 

1 E-04 

. . 

1 E-07 

3E-08 

. . 

. . 

1 E.05 

. . 

. . 

3E.05 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Exposure 

P O I ~ I  

SWMU 16 

of chemlcal Concern ~otent lal  

1 .I .2.2-Telrachloroethane 

1 , I  ,2-Trlchloroethane 

I .I-D~chloroelhene 

1.2.3-Trichloropropane 

1.2-D~chloroelhane 

Benzene 

Bromodichloromelhane 

Carbon Tetrachloride 

Chloroform 

cis-1.2-D~chloroethene 

Melhylene Chloride 

Telrachloroelhene 

Toluene 

trans-1.2-Dichloroethene 

Trlchloroethene 

Vinyl Chlorlde 

Pyrldlne 

2.Nitrotoluene 

2.4.6-Trin~lrotoluene 

2-Amino-4.6-Dinitrololuene 

4-Amino-2.6-Dinitrololuene 

RDX 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Iron 

Lead 

Llthlum 

Manganese (Water) 

Nickel 

Rorlles Tnlal 

0 0003 

0.05 

0 002 

0 002 

0.0007 

0 004 

0.0007 

0.04 

0.004 

0 3 

0.0004 

0 01 

0.001 

0 001 

0.4 

0 08 

0 02 

0.0002 

0.006 

0.06 

0 04 

0.08 

0.2 

0 02 

0.2 

0.04 

0.01 

0.009 

0.1 

0.04 

1 .O 

0.2 

2 

0.07 

Targel Organ(s) 

Liver 

Blood 

Ltver 

Blood 

None Reporled 

Blood 

Kldney 

Liver 

Liver 

Blood 

Liver 

Llver 

Liver. K~dney 

Blood 

Liver 

Liver 

L~ver 

Spleen 

L~ver 

Llver 

Liver 

Prostate 

CNS 

Blood 

Skln, CVS 

Kidney 

GS 

Kldney 

Fetotox~city, GS. Bone 

CVS. lmmune, CNS 

None Reported 

N A 

None Reporled 

CNS 

Body Welght 

Roules Total 

1 E-06 

4E-06 

. . 

1 E-08 

5E-07 

3E-07 

3E-07 

1 E-06 

. . 

. . 

7E-08 

2E-05 

. . 

. . 

1 E-03 

1 E-04 

. . 

1 E-07 

3E.08 

. . 

. . 

1 E-05 

. . 

. . 

3E-05 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

3E-08 

BE-08 

. . 

3E-I0 

6E-09 

1 E-08 

6E-09 

BE-08 

. . 

. . 

6E-10 

3E-06 

. . 

. . 

4E-05 

2E-06 

. . 

4E-09 

2E-10 

. . 

. . 

2E-08 

. . 

. . 

2E-08 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.0002 

0.04 

0.002 

0 002 

0.0007 

0.004 

0.0007 

0.04 

0.004 

0.3 

0.0004 

0.01 

0.0009 

0.001 

0.4 

0.08 

0.02 

0.0002 

0.006 

0.06 

0.04 

0.08 

0.2 

0.02 

0.2 

0.04 

0.009 

0.009 

0.1 

0.04 

1 .O 

0.2 

2 

0.07 

(Radiation) 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.00000R 

0.001 

0.00007 

0.00007 

0.000009 

0.0002 

0 00001 

0.002 

0.00009 

0.008 

0.000004 

0 002 

0.00008 

0.00003 

0 02 

0.001 

0.00007 

0.000005 

0.00003 

0.0006 

0.001 

0.0002 

0.0002 

0.0001 

0.0001 

0.0005 

0.001 

0.0001 

0.007 

0.00003 

0.0006 

0.00007 

0.04 

0.0003 



TABLE 9.2.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 3 OF 3 

Receptor Population: Occupational Workers 

Carcinogenic Risk Non-Carclnogenlc Hazard Quot~enl 

Tolal Blood HI 

Total Body Welghl HI 

Total CNS HI 

Total CVS HI 

Tolal GS HI 

Tolal Immune HI 

Total Kldney HI 

Total Llver HI 

Tolal Skln HI 

Total Nasal HI 

Tolal None Reporled HI 

Tolal Pmslale HI 

Total Spleen HI 

Tolal Bone HI 

Tolal Fetolox~c~ty HI 



TABLE 9.3.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE, CRANE INDIANA 
PAGE 1 OF 3 

Receptor Population: Trespassers 

Medium 

Surface Soil 

Vanadium . . . . . . Kldney 0 005 0 00s 

9E-07 6E.07 2E-06 0.03 00007 1 1  
Exposure Point Total 2E.06 

Exposure Medium Total 7 - j  
Air 8E-11 Liver . . 0.0000005 . . 0.0000005 

. . NA . . . . 

7E-12 NA . . . . 
. . NA . . 

. . NA . . . . 

. . NA . . . . 

. . Nasal . . 0.000005 . . 0.000005 

. . CNS . . 0.00008 . . o onnoR 

. . NA . . 

9E-11 NA . . . . 
. . NA . . . . 

. . NA . . 

. . NA . . . . 

. . CNS . . 0.0002 0.0002 

. . NA . . . . 

2E.10 . . 0.0002 

Exposure Point Total 2E.10 [-XGq 
Exposure Med~um Total 2E-10 rx%iq 

Medium Total 2E-06 

Exposure 

Point 

SWMU 16 

Exposure 

Medium 

Surface Sail 

Chemlcai 

01  Potential 

Concern 

Trlchloroethene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoramhene 

Dibenzo(a,h)anthracene 

Indeno(l.2.3-cd)pyrene 

Naphthalene 

Aluminum 

Antimony 

Arsenic 

Copper 

Iron 

Lead 

Manganese (Soil) 

Carcinogenic Risk Nan-Carcinogenic Hazard Quot~ent 

ingestion Inhalation Dermal External Exposure 

(Radiation) Routes Total 

1E-11 

5E-08 

4E-07 

5 5 0 8  

9E-08 

2E-08 

. . 

. . 

. . 

2E-07 

. . 

. . 

. . 

. . 

. . 

4E-08 

4E-07 

4E-08 

7E-06 

2E-08 

. . 

. . 

. . 

5E.08 

. . 

. . 

. . 

. . 

1E.11 

1 E.07 

8E-07 

9E-08 

2E.07 

4E.08 

. . 

. . 

. . 

3E-07 

. . 

. . 

. . 

. . 

Liver 

N A 

NA 

N A 

N A 

NA 

Body Welght 

CNS 

Blood 

Skln. CVS 

GS 

None Reported 

NA 

CNS 

0.00000001 

0.0000002 

0.002 

0.002 

0.003 

0.0003 

0.01 

0.0008 

- - 

. . 

. . 

. . 

. . 

. . 

. - 

. . 

. . 

. . 

. . 

. . 

0.0000002 

0.0007 

0 00000001 

0 0000004 

0 002 

0 002 

n on4 

0.0003 

0.01 

0.000R 



TABLE 9.3.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 
PAGE 2 OF 3 

Receptor Population: Trespassers 

None Reported 



TABLE 9.3.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE, CRANE INDIANA 

PAGE 3 OF 3 

Receptor Population: Trespassers 

Total Blood HI 

Total Body Welght HI 

Tolal CNS HI 

Tolal CVS HI 

Total GS HI 

Total Kldney HI 

Total Llver HI 

Total Skln HI 

Total Nasal HI 

Total None Reported HI 

Total Prostate HI 



Scenario Tirnelrarne: Future 

Receptor Population: Construction Workers 

TABLE 9.4.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE, CRANE INDIANA 

PAGE 1 OF 4 

Receptor Age: Adult I I  

Medium Exposure Exposure Chemical 

Medium Point of Potentla1 

0.0000001 

0enzola)pyrene 

Benzo(b)lluoranthene 

Dlbenzo(a.h)anthracene 

Indeno(l.2.3-cd)pyrene 

0.000001 0.000004 

Arsenic 

Air SWMU 16 Trichloroelhene 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Dibenzo(a.h)anthracene 
Indeno(l.2.3-cd)pyrene 
Naphthalene 
Alumlnum 
Anlirnony 
Arsenic 
Copper 
Iron 
Lead 
Manganese (Sod) 

Vanadium 

Chemical Total 

Exposure Point Total 

Exposure Medium Total 

Medium Total 

. . 
8E-09 
. . 

. . 

. . 

. . 

. . 

. . 

1 E-07 
. . 
. . 

. . 

. . 

. . --- 
I E-07 

. . 

BE-09 
. . 
. . 

. . 

. . 

. . 

. . 
1 E-07 
. . 
. . 
. . 
. . 

. . 

1 3 1  

NA 
NA 
NA 
N A 
NA 

Nasal 
CNS 
N A 
N A 
N A 
N A 
N A 

CNS 

N A 

m 
. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

3 

0.0003 
1 

2 

- -  1 7  

. . 

. . 

. . 
. .. 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0 0003 
1 

2 



TABLE 9.4.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE, CRANE INDIANA 

PAGE 2 OF 4 

Receptor Population: Conslruction Workers 

J 

lngestlon 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Medium 

Groundwater 

Non-Carc~nogen~c Hazard Quot~ent Exposure 

Point 

SWMU 16 

Exposure 

Medlum 

Groundwater 

Inhalation 

Liver 

Blood 

Liver 

Blood 

None Reported 

B I O O ~  

Kldney 

Llver 

Liver 

Blood 

Liver 

Liver 

h e r .  Kidney 

Blood 

Llver 

Llver 

~ l v e r  

Spleen 

Liver 

Liver 

Llver 

Prostate 

CNS 

Blood 

Skin. CVS 

Kldney 

GS 

Kldney 

Fetotox~clty. GS. Bone 

CVS, Immune. CNS 

None Reported 

N A 

None Reported 

CNS 

Body Weight 

Chemical 

of Potent~al 

Concern 

1.1.2.2-Tetrachloroethane 

1 .1 .2-Trichloroethane 

1 ,I-Dichloroethene 

1.2.3-Trlchloropropane 

1 ,2-Dichloroethane 

Benzene 

Bromodichloromelhane 

Carbon Tetrachloride 

Chloroform 

cis-1.2-Dichloroethene 

Methylene Chlorlde 

Telrachloroethene 

Toluene 

Irans-1 ,2.Dichloroelhene 

Trichloroethene 

Vinyl Chloride 

Pyridine 

2-Nitrololuene 

2.4.6-Trinitrotoluene 

2-Amino-4.6-Din~trotoluene 

4-Amino-2.6-Dinilrololuene 

RDX 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromlum 

Cobalt 

iron 

Lead 

Lithium 

Manganese (Water) 

Nickel 

Carcinogenic 

Dermal 

2E-09 

6E-09 

. . 

2E-11 

4E-10 

1 E-09 

4E-10 

5E-09 

. . 

. . 

5E-11 

2E-07 

. . 

. . 

3E-06 

1 E-07 

. . 

3E-10 

1E-11 

. . 

. . 

1 E-09 

. . 

. . 

4E-09 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

--  

Risk 

External 

(Radlatlon) 

.- . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Exposure 

Routes Total 

2E-09 

6E-09 

. . 

2E-11 

4E-10 

1 E-09 

4E-10 

5E-09 

. . 

. . 

5E-11 

2E-07 

. . 

. . 

3E-06 

1 E-07 

. . 

3E-10 

1 E-1 1 

. . 

. . 

1 E.09 

. . 

. . 

4E.09 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.00001 

0.002 

0.0001 

0.0001 

0.00002 

0.0003 

0.00002 

0 004 

0.0002 

0.02 

0.000008 

0.003 

0.0001 

0.00006 

0.03 

0.002 

0.0001 

0.00001 

0.00006 

0.001 

0.002 

0.0003 

0.0009 

0.0005 

0.0007 

0.002 

0.005 

0.0007 

0.03 

0.0002 

0.004 

0.0003 

0.2 

0.001 

0 00001 

0.002 

0.0001 

0.0001 

0 00002 

0.0003 

0.00002 

0.004 

0.0002 

0 02 

0.000008 

0.003 

0.0001 

0.00006 

0 03 

0.002 

0.0001 

0.00001 

0.00006 

0.001 

0.002 

0.0003 

0.0009 

0 0005 

0.0007 

0.002 

0.005 

0.0007 

0.03 

0.0002 

0.004 

0.0003 

0.2 

0.001 



Receptor Population: Construction Workers 

TABLE 9.4.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE, CRANE INDIANA 

PAGE 3 OF 4 

Carc~nogenic R~sk Non-Carcinogenic Hazard Quolient 



TABLE 9.4.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 4 OF 4 

Receptor Population: Conslruction Workers 

Carcinogenic Risk Non-Carclnogenlc Hazard Quollenl 

Total Blood HI 

Total Body Welghl HI 

Total CNS HI 

Tolal CVS HI 

Total GS HI 
Tolal Immune HI 

Total K~dney HI 
Total Llver HI 

Total Skln HI 

Tolal Nasal HI 

Tolal None Reported HI 

Tolal Prostate HI 

Total Spleen HI 

Tolal Bone HI 

Total Fetotoxrclly HI 



TABLE 9.5.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE, CRANE INDIANA 

PAGE 1 OF 4 

Receplor Population: Recreational Users 

Medlum Carcinogenic Risk Non.Carc~nogenc Hazard Quollent lr (Radiation) Routes Tolal Targel Organ($ Roules Total 

Exposure 

Medium 

a 5E.06 
Air SWMU 16 Trichloroelhene 3E-10 3E-10 

Benzo(a)anthracene . . . . 

Benzo(a)pyrene 2E.11 2E.11 
Benzo(b)fluoranthene . . . . 
Dibenzo(a,h)anthracene . . . . 
Indeno(l.2.3.cd)pyrene . . . . 

Naphlhalene . . . . 
Atumlnum . . . . 

Anlirnany . . . . 
Arsenic 3E-10 3E-10 
Copper . . . . 

Iron . . 
Lead . . . . 

Manganese (Soil) . . . . 

Vanadium . . . . --- 
Chemical Total 6E.10 

3E-11 

2E-07 

1 E-06 

2 5 0 7  

3E-07 

7E-08 

. . 

. . 

. . 

8E-07 

. . 

. . 

. . 

. . 

. . 

3 ~ - 0 6  

Exposure 

Polnl 

Surface Soil 

Exposure Point Total 6E-10 

6E.10 7 1  
Medium Total 7 1  

Liver 

N A 

N A 

N A 

NA 

N A 

Body Welght 

CNS 

Blood 

Skln. CVS 

GS 

None Reporled 

NA 

CNS 

Kidney 

Chemical 

of Potential 

Concern 

Surface So11 SWMU 16 . . 

1 E.07 

1 E-06 

1 E-07 

2E-07 

6E-08 

. . 

. . 

. . 

2E-07 

. . 

. . 

. . 

. . 

. . ---- 
ZE-06 

7 1  
0.000003 

0 00003 
0.0005 

0 0009 

Liver 
NA 

N A 

NA 
NA 
NA 

Nasal 
CNS 
NA 
NA 
NA 
NA 
NA 

CNS 

NA 

Exposure 

Trichloroethene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Dibenzo(a.h)anlhracene 

Indeno(1.2,3-cd)pyrene 

Naphthalene 

Aluminum 

Antlmony 

Arsenic 

Copper 

Iron 

Lead 

Manganese (SOII) 

Vanadium 

Chemlcal Total 

3E-11 

3E-07 

3E.06 

3E-07 

5E-07 

1E.07 

. . 

. . 

. . 

9E.07 

. . 

. . 

. . 

. . 

. . 

5E.06 

5E.06 7 1  

0.00000006 

0.000001 

0.01 

0.01 

0.02 

0.002 

0.07 

0.005 

0.03 

0.1 

Exposure Poinl Total 

Medlum Total 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

- - 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.000003 

0.00003 
0 0005 

0.0009 

0.000001 

0.004 

0.004 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.00000006 

0.000002 

0.01 

0.01 

0 02 

0.002 

0.07 

0.005 

0.03 

7 1  
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REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 2 OF 4 

Receptor Population: Recreational Users 

Carcinogenic Risk Non-Carcinogen~c Hazard Quolnent 

None Reported 
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Receptor Population: Recreational Users 

Carcinogenic Risk Non.Carc~nogen~c Hazard Ouotlenl 



TABLE 9.5.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 4 OF 4 

Receptor Population: Recreational Users 

Med~um Exposure Exposure Chemical Carc~nogenic Risk Non-Carcmogentc Hazard Ouotlent 

Medium Polnt of Potential 

Concern 

ROIII~S Tolal 

Sediment . . . . . . None Reported 0.2 . . 0 2 

Lead . . . . . . NA . . 

Manganese (Soil) . . . . . . CNS 0.02 . . 0 02 

Mercury . . . . . . CNS 0.003 . . 0 003 

Nlckel . . . . . . Body Welghl 0.008 . . 0.008 

Vanadium . . . . . . Kldney 0.04 . . 0.04 

Zlnc . . . . . . Blood 0.02 . . 0 02 

2E-06 3E-07 ZE-06 

Exposure Medium Total 

Medium Total -I[ 2E-06 
Sediment Sediment Turkey Creek Alurn~num 

m 
Arsenlc 

Iron . . . . . . None Reported 0.4 . . 0.4 

Manganese (Soll) . . . . CNS 0.03 . . 0.03 

Vanadium . . . . . . Kidney 0.05 . . 0.05 

4E-06 0.6 . . 

Exposure Point Total 5E-06 

Exposure Medium Total 5E.06 

Medium Total 

Receptor Total Receptor Risk Total 3E-04 Receptor HI Total 
m 

7 

Total Blood HI 

Tolal Body Welght HI 

Tolal CNS HI 

Total CVS HI 

Total GS HI 

Total Immune HI 

Total Kldney HI 

Total Lwer HI 

Total Skln HI 

Tolal Nasal HI 

Total None Reported HI 

Total Prostate HI 

Total Spleen HI 

Total Fetotox~c~ty HI 

Total Spleen HI 
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SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 
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Receptor Population: Recreallonal Users 



TABLE 9.6.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 2 OF 4 

Receptor Population: Recreational Users 

Medlum 

Groundwater 

Carcinogenic Risk Non.Carc~nogen~c Hazard Quotlenl Exposure 

Medium 

Groundwater 2E-07 

7E-07 

. . 

2E-09 

1 E-07 

7E-08 

6E-08 

2E-07 

. . 

. . 

1 E-08 

4E-06 

. . 

. . 

2E-04 

3E.05 

. . 

3E-08 

6E-09 

. . 

. . 

2E-06 

. . 

. . 

6E.06 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Exposure 

Point 

SWMU 16 2E.08 

5E-08 

.. 

2E-10 

3 5 0 9  

7E-09 

3E-09 

4E-08 

. . 

. . 

4E.10 

2E-06 

. . 

. . 

2E-05 

9E-07 

. . 

2E-09 

1E-10 

. . 

. . 

1 E-08 

. . 

. . 

1 E-08 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Chemical 

of Potential 

Concern 

1 .1 .2.2-Tetrachloroethane 

1.1.2-Trichloroelhane 

1.1-D~chloroethene 

1,2,3-Trichloropropane 

1.2-Dichloraethane 

Benzene 

Bromodichloromethane 

Carbon Tetrachloride 

Chloroform 

cis-1.2-Dichloroethene 

Methylene Chiorlde 

Tetrachloroethene 

Toluene 

trans-1.2-D~chloroetnene 

Trichloroelhene 

Vlnyl Chloride 

Pyridine 

2.Nilrotoluene 

2.4.6-Trinitrotoluene 

2-Amino-4.6-Dinitrololuene 

4-Amino.2.6-Dinitrotoiuene 

RDX 

Alumlnum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmlum 

Chromium 

Cobalt 

Iron 

Lead 

Lithium 

Manganese (water) 

N~ckel 

2E-07 

8E.07 

. . 

2E-09 

1 E-07 

7E-08 

7E-08 

3E.07 

. . 

. . 

1 E-08 

6E.06 

. . 

. . 

2E-04 

3E-05 

. . 

3E-08 

6E-09 

. . 

. . 

2E.06 

. . 

. . 

6E.06 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Liver 

' Blood 

L~ver 

Blood 

None Reported 

Blood 

Kldney 

Llver 

Llver 

Blood 

Llver 

Llver 

Llver. Kidney 

Blood 

Liver 

Liver 

Llver 

Spleen 

Liver 

Llver 

Liver 

Prostate 

CNS 

Blood 

Skin. CVS 

Kidney 

GS 

Kldney 

Felotox~c~ly. GS. Bone 

CVS. lmmune. CNS 

None Reported 

N A 

None Reported 

CNS 

Body Welght 

0.00005 

0.009 

0.0004 

0.0005 

0.0002 

0.0009 

0.0001 

0.008 

0.0009 

0.06 

0.00009 

0.002 

0.0002 

0.0003 

0.09 

0.02 

0.004 

0.00004 

0.001 

0.01 

0.007 

0.02 

0.05 

0.004 

0.04 

0.008 

0.002 

0.002 

0.02 

0.008 

0 2 

0.03 

0.4 

0.01 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.000004 

0 0006 

0.00004 

0 .0000~ 

0.000005 

0.00009 

0.000008 

0.001 

0.00005 

0.005 

0.000002 

0.0009 

0.00004 

0.00002 

0 010 

0.0006 

0 00004 

0 000003 

0.00002 

0 0004 

0 0007 

0.00010 

0.0001 

0.00006 

0 00008 

0.0003 

0.0006 

0.00008 

0.004 

0.00002 

0.0005 

0.00004 

0.02 

0.0002 

Routes Total 

0.00006 

0.01 

0.0005 

0.0005 

0.0002 

0.001 

0.0002 

0.009 

0 0009 

0.06 

0.00009 

0 003 

0.0002 

0.0003 

0.1 

0.02 

0.004 

0.00004 

0.001 

0 01 

0.008 

0 02 

0 05 

0 004 

0 04 

0 009 

0 003 

0.002 

0 03 

0 00R 

0.2 

0.03 

0.4 

0.01 
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Receptor Population: Recreational Users 

Carcinogenic Rlsk 



Receptor Population: Recreational Users 

TABLE 9.6.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 
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Total Blood HI 

Tolal Body Welghl HI 

Tolal CNS HI 

Total CVS HI 

Total GS HI 

Total Immune HI 

Tnlal Kldney HI 

Tolal Llver HI 

Total Skln HI 

Total Nasal HI 

Total None Reported HI 

Total Proslale HI 

Total Spleen HI 

Total Bone HI 

Total Fetotoxic~ly HI 



TABLE 9.7.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE, CRANE INDIANA 
PAGE 1 OF 4 

Receptor Population: Recreational Users 

Medlum Carcinogenic Risk Non.Carcinogen~c Hazard Ouotlenl Exposure 

Medium 

lngest~on 

5E-11 

2E-07 

2E.06 

2E-07 

4E-07 

1 E-07 

. . 

. . 

. . 

1 E-06 

. . 

. . 

. . 

. . 

. . 

Exposure Point Total 8E.06 
1 

Exposure Medium Total 
- 

8E-06 I- 

Exposure 

Point 

8E-06 

Inhalation 

Surface So11 

Trichloroethene 6E-10 ' 6E.10 
Benzo(a)anthracene . . . . 

Air 

Chemical 

of Potenlial 

Concern 

SWMU 16 Surface Soil 

Benzo(a)pyrene 5E.11 5E-11 
Benzo(b)fluoranthene . . . . 
Dlbenzo(a,h)anthracene . . . . 
Indeno(l.2.3-cd)pyrene . . . . 

Naphthalene . . . . 
Aluminum . . . . 
Antlmony . . . . 
Arsen~c 6E-10 6E-10 
Copper . . . . 

Iron . . . . 
Lead . . . . 
Manganese (Soil) . . . . 

Vanadium . . . . .  ----- 
Chemical Tolal 1 E-09 1 E-09 

Exposure Point Total 
- 

I Exposure Medium Total 
Medium Total I 8E-06 0- 

SWMU 16 

Trichloroelhene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)lluoranthene 

Dlbenzo(a.h)anthracene 

Indeno(l.2.3-cd)pyrene 

Naphthalene 

Aluminum 

Antimony 

Arsenic 

Copper 

Iron 

Lead 

Manganese (Soil) 

Vanadium 

Dermal 

. . 

3E.07 

2E-06 

2E-07 

4E-07 

1 E-07 

. . 

. . 

. . 

3E-07 

. . 

. . 

. . 

. . 

. . 

External 

(Radiation) 

Exposure 

Roules Total 

5E-11 

5E.07 

4E-06 

5E-07 

8E-07 

PE-07 

. . 

. . 

. . 

1 E-06 

. . 

. . 

. . 

. . 

. . 
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NSWC CRANE. CRANE INDIANA 
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) 

Medium 

Groundwater 

Non-Carclnogenlc Hazard Ouotlenl Exposure 

Medium 

Groundwater 

Ingestion 

5E-07 

2E-06 

. . 

4 ~ - 0 9  

2E.07 

I E-07 

1 E.07 

5E-07 

. . 

. . 

3E-08 

9E-06 

. . 

. . 

4E-04 

5E-05 

. . 

6E.08 

1E.08 

. . 

. . 

4E-06 

. . 

. . 

1 E-05 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Exposure 

~ o l n t  

SWMU I 6  

Inhalation 

Chemical 

of Potential 

Concern 

1.1.2.2-Tetrachloroethane 

1 .I .2-Trlchioroethane 

t ,I-Dichloroethene 

1.2.3-~r~ch~oropropane 

1,2-Dohloroethane 

Benzene 

Bromodichloromethane 

Carbon Tetrachloride 

Chloroform 

CIS-1 ,2-Dlchloroethene 

Methylene Chloride 

Tetrachloroethene 

Toluene 

trans-1.2-Dichloroethene 

Trichloroethene 

Vlnyl Chloride 

Pyrldine ' 

2-Nitrololuene 

2,4.6-Tr1n1trotoluene 

2-Amino-4.6-D~nitrotoluene 

4-Amino-2.6-Din~trotoluene 

RDX 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Iron 

Lead 

Llthlum 

Manganese (Water) 

Nickel 

Carcinogenic 

Dermal 

----- 
3E-08 

6E-08 

. . 

2 ~ - 1 0  

4E-09 

9E-09 

5E-09 

6E-08 

. . 

. . 

5E-I0 

2E.06 

. . 

.. 

3E-05 

1 E.06 

. . 

3E-09 

1E-I0 

. . 

. . 

2E-08 

. . 

. . 

2E-08 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Risk 

External 

(Radialion) 

... 

Exposure 

Routes Total 

5E-07 

2E-06 

. . 

5 ~ - 0 9  

2E-07 

ZE-07 

1 E-07 

6E-07 

. . 

. . 

3E-08 

1 E-05 

. . 

. . 

4E.04 

6E-05 

. . 

6E.08 

1 E-08 

. . 

. . 

4E-06 

. . 

. . 

1 E-05 

. . 

. . 

. . 

. . 

. . 

. . 

.. 

. . 

. . 

. . 
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Scenario Timeframe: Future 

Receptor Population: Recreational Users 

Receptor Age: Lilelong (Child and Adult) 7 
Non-Carclnogenlc Hazard Ouot~enl 



SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 
PAGE 4 OF 4 

Receptor Population: Recreatlonal Users 

Carcinogenic R ~ s k  Non-Carcinogenic Hazard Quotlent 



TABLE 9.B.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 
PAGE 1 OF 6 

Receptor Population: Resldenl 

Medium Carcinogenic Rlsk Non-Carclnogene Hazard Oool~enl Exposure 

Medlum 

4E-10 

2E-06 

2E.05 

2E-06 

4E-06 

1 E-06 

. . 

. . 

. . 

1 E-05 

. . 

. . 

. . 

. . 

Medium Total 

Exposure 

Point 

Surface Soil . . 

BE-07 

7E-06 

8E.07 

1 E.06 

4E-07 

. . 

. . 

. . 

9 5 0 7  

. . 

. . 

. . 

. . 

Vanadlum . . . . . . Kidney 0.4 . . 0.4 

Chemlcal Total 4E-05 1 E-05 5E-05 2 0.02 -- 
Exposure Point Tolal 5E-05 

Exposure Medium Total 

Chemical 

of Polential 

Concern 

Surface So11 SWMU 16 

Air 

Trichioroelhene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)lluoranthene 

Dlbenzo(a.h)anlhracene 

Indeno(1 2.3-cd)pyrene 

Naphthalene 

Aluminum 

Anllmony 

4E-10 

3E-06 

3E-05 

3E-06 

5E-06 

1 E-06 

. . 

. . 

. . 

1 E-05 

. . 

. . 

. . 

. . 

Arsenic 

Copper 

Iron 

Lead 

Manganese (Soil) 

SWMU 16 

Llver 

NA 

NA 

N A 

N A 

NA 

Body Weight 

CNS 

Blood 

Skln. CVS 

GS 

None Reported 

N A 

CNS 

Exposure Medium Total 

~ -- 

Trichloroethene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Dlbenzo(a.h)anlhracene 
Indeno(l.2.3-cd)pyrene 
Naphthalene 
Aluminum 
Antlmony 
Arsenic 
Copper 
Iron 
Lead 
Manganese (So~l) 

Vanadium 

l~hemical Total 

0.0000008 

0.00002 

0.2 

0.2 

0.3 

0.02 

0.9 

0.06 

Exposure Point Total 

I 
1 E-08 

6E-09 
. . 

5E-10 
. . 

. . 

. . 

. . 

. . 

. . 
6E-09 
. . 
. . 

. . 

. . 

. . 

I E-08 

1E-08 

. - 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

6E-09 
. . 

5E-10 
. . 
. . 

. . 

. . 

. . 

. . 
6E-09 
. . 

. . 

. . 

. . 

. . 

1 E-08 

0.000006 

0 02 

0.000000R 

0 00002 

0.2 

0.2 

0.3 

0.02 

0 9 

0.06 

Liver 
N A 
N A 
N A 
NA 
NA 

Nasal 
CNS 
N A 
N A 
N A 
N A 
NA 

CNS 

NA 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.00005 

0.0005 
0.01 

0.02 

0.03 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 
- .  

0.00005 

0.0005 
0.01 

0.02 

7 1  



SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 
PAGE 2 OF 6 

Receptor Populalion: Residenl 

Medlum 

Groundwater 

Carclnogenlc Rlsk Non-Carclnogenlc Hazard Quollenl Exposure 

Medium 

Groundwater 2E-06 

9E-06 

. . 

2E.08 

1 E-06 

8E-07 

7E-07 

3E-06 

. . 

.. 

2E.07 

5E-05 

. . 

. . 

2E-03 

3E-04 

. . 

3E-07 

7E-08 

. . 

. . 

2E-05 

. . 

. . 

7E-05 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Exposure 

Point 

SWMU 16 

-- - 

Chemical 

of Potentla1 

Concern 

1.1.2.2-Tetrachloroethane 

1.1.2~Trichloroethane 

1 .t -Dichloroethene 

.2.3-Trlchloropropane 

1.2-Dichloroethane 

Benzene 

Bromodichloromethane 

Carbon Tetrachloride 

Chlorolorm 

cis-1.2-Dichloroethene 

Methylene Chloride 

Tetrachloroethene 

Toluene 

Irans-1.2-Dichlaroethene 

Trichloroelhene 

Vinyl Chlorlde 

Pyridlne 

2-N~trotoluene 

2.4.6.Trin1lrotoluene 

2-Amin0-4.6.D1nitro1oluene 

4-Amino-2.6-Dlnitrotoluene 

RDX 

Aluminum 

Antimony 

Arsenic 

Barlum 

Beryllium 

Cadmium 

Chromlum 

Cobalt 

Iron 

Lead 

Lithium 

Manganese (Water) 

Nlckel 

1 E-07 

3E-07 

. . 

9E-I0 

2E-08 

4E-08 

2E-08 

2E-07 

. . 

. . 

2E-09 

9E.06 

. . 

. . 

1 E-04 

5E-06 

. . 

1 E-08 

6E-10 

. . 

. . 

6E-08 

. . 

. . 

7E-08 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

3E.06 

9E-06 

. . 

2E.08 

1E-06 

BE-07 

BE-07 

3E-06 

. . 

. . 

2E-07 

6E-05 

. . 

. . 

2E-03 

3E-04 

. . 

3E-07 

7E.08 

. . 

. . 

2E-05 

. . 

. . 

7E-05 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Liver 

Blood 

L~ver 

Blood 

None Reported 

Blood 

Kldney 

Llver 

Liver 

Blood 

L~ver 

L~ver 

Liver. Kldney 

Blood 

Llver 

Llver 

Llver 

Spleen 

Llver 

Llver 

Liver 

Proslale 

CNS 

Blood 

Sktn. CVS 

Kidney 

GS 

Kldney 

Felolox~c~ty. GS. Bone 

CVS. Immune. CNS 

None Reporled 

N A 

None Reporled 

CNS 

Body Weight 

0.002 

0.4 

0.02 

0.02 

0.007 

0.04 

0.007 

0.4 

0.04 

3 

0.004 

0.1 

0.009 

0.01 

4 

0.8 

0.2 

0.002 

0.05 

0.6 

0.3 

0.8 

2 

0.2 

2 

0.4 

0.09 

0.09 

1 

0.4 

9 

2 

20 

0.7 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.0001 0 

0 01 

0.0009 

0.0009 

0 0001 

0.002 

0 0002 

0.03 

0.001 

0.1 

0.00005 

0.02 

0.001 

0 0004 

0.2 

0.01 

0 0009 

0.00007 

0.0004 

0 008 

0.02 

0 002 

0.002 

0.001 

0 002 

0.006 

0.01 

0.002 

0.09 

0.0004 

0 01 

0.0009 

0.5 

0.004 

0.003 

0.4 

0 02 

0 02 

0 007 

0.04 

0.007 

0.4 

0.04 

3 

0.004 

0 I 

0.01 

0.01 

4 

0 R 

0 2 

0.002 

0.05 

0 6 

0.4 

0.R 

2 

0 2 

2 

0 4 

0 1 

0.09 

1 

0.4 

9 

2 

20 

0.7 
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REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 
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Receptor Population: Resident 

Medium Exposure Exposure Chemical Carcinogenic Risk Non.Carc~nogen~c Hazard 011at~ent 

Medium Point ol  Potent~ai 

Concern 

Groundwater Groundwater SWMU 16 Vanadium Kldney 3 . . 0.1 3 

Exposure 

Alr 

Chemical Total 

Exposure Point Total 3E.03 

51 . . 

Medium Total 

SWMU 16 1 .I .2.2-Tetrachioroethane 

1.1.2-Trichloroethane 

1 ,t-Dichloroethene 

1.2.3-Tr~chioropropane 

1.2-Dichloroethane 

Benzene 

Bromodichloromethane 

Carbon Tetrachloride 

Chloroform 

cis-1.2-Dichioroethene 

Methylene Chloride 

Tetrachioroethene 

Toluene 

Irans-1.2-Dlchloroethene 

Trlchioroethene 

Vinyl Chloride 

Pyridine 

2.Nttrotoluene 

2.4.6-Trin~trotoiuene 

2-Am1no-4.6-D1n1lrotoiuene 

4-Am1no.2.6.Dinitrotoiuene 

RDX 

Alumlnum 

Antimony 

Arsenlc 

Barium 

Beryllium 

Cadmium 

Chromlum 

Coball 

iron 

5E-07 

3E.06 

. . 

. . 

4E-07 

2E-07 

. . 

4E-07 

1 E-06 

. . 

1 E-08 

6E-07 

. . 

. . 

4E.04 

1 E.06 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

3E-03 

5E-07 

3E-06 

. . 

. . 

4E-07 

2E-07 

. . 

4E-07 

1 E-06 

. . 

1E.08 

6E-07 

. . 

. . 

4E-04 

1 E-06 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

m 
NA 

N A 

Liver 

Blood 

N A 

Blood 

NA 

Liver 

Llver 

N A 

Llver 

Llver 

N A 

NA 

Llver 

Llver 

NA 

NA 

N A 

N A 

N A 

NA 

CNS 

NA 

NA 

Fetus 

N A 

Kidney 

L U ~ Q S  

N A 

NA 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.007 

0.03 

0.04 

0.05 

0.2 

0.01 

0.0001 

0.003 

0.007 

4 

0.04 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.007 

0.03 

0.04 

0.0s 

0.2 

0.01 

0.0001 

0 003 

0.007 

4 

0 04 



TABLE 9.8.RME 
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Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carc~nogen~c Hazard Ouotlenl 

Medlum Polnt of Potential 

Concern Ingestion Inhalation Dermal External Exposure 

(Radiation) Routes Tolal 

Groundwater Alr SWMU 16 Lead 

Lithium 

Manganese (water) 

Fetotoxic~ly, GS. Bone 0.002 

None Reported 
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Scenario Timeframe: Future 

Receptor Population: Resident 

Receplor Age: Child 

Carcinogenic Risk Non-Carclnogenlc Hazard Quollenl 



Receplor Population: Resident 

TABLE 9.8.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 
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Tolal Blood HI 

Tolal Body Wetghl HI 

Total CNS HI 

Tolal CVS HI 

Total GS HI 

Total Immune HI 

Total Kldney HI 

Total Lover HI 

Tolal Skln HI 

Total Nasal HI 

Total None Reporled HI 

Totai Proslale HI 

Tolal Spleen HI 

Totai Bone HI 

Total Fetotoxlclly HI 

Medium Exposure 

Medium 

Exposure 

Poinl 

Carcinogenic Risk Non-Carclnogenlc Hazard Quotient 

of Potential 

Concern 



Receptor Population: Resident 

TABLE 9.9.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 1 OF 6 

Medlum Exposure Chemlcal 

Point 01 Potential 

Concern 

Carclnogenlc Risk Non-Carcinogenic Hazard Quotient 

Surface Soil 

Exposure 

Air 

lngesl~on 

2E-10 

9E-07 

BE-06 

9E-07 

2E-06 

4E-07 

. . 

. . 

. . 

4E-06 

. . 

. . 

. . 

. . 

. . 

2E-05 

Indeno(1.2.3-cd)pyrene 

Naphthalene 

Alumlnum 

Antimony 

Arsenic 

Copper 

Iron 

Lead 

Manganese (So~l) 

Vanadium - 
Chemical Total 

Surface Soil 

inhalation 

--- 

Exposure Point Total 1 E-08 

Medium Total 2E-05 7 

Dermal Exlernai Exposure 

SWMU 16 . . 

5E-07 

4E-06 

5E-07 

8E-07 

2E-07 

. . 

. . 

. . 

5E-07 

. . 

. . 

. . 

. . 

. . --- 
7E-06 

Exposure Point Total 2E.05 

Medium Total 2E-05 

Trichloroethene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benza(b)lluoranthene 

Dibenzo(a,h)anthracene 

Liver 
NA 
NA 

NA 
NA 
NA 

Nasal 
CNS 
N A 
N A 
N A 
N A 
N A 

CNS 

N A 

SWMU 16 

2E-10 

1 E-06 

1 E.05 

1 E-06 

2E.06 

6E-07 

. . 

. . 

. . 

5E-06 

. . 

. . 

. . 

. . 

. . 

2E.05 

. . 0.008 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Chemical Total 1 E.08 1 E-08 

Tr~chioroethene 
Benza(a)anihracene 
~enzo(a)pyrene 
Benzo(b)fluoranthene 
D~benzo(a.h)anthracene 
Indeno(l.2.3-cd)pyrene 
Naphthalene 
Aluminum 
Antimony 
Arsenlc 
Copper 
Iron 
Lead 
Manganese (Soil) 

Vanadium 

Liver 

N A 

N A 

N A 

N A 

N A 

Body Welght 

CNS 

Blood 

Skln. CVS 

GS 

None Reported 

NA 

CNS 

Kidney 

0.00002 

0.0002 
0.003 

0.005 

6E-09 
. . 

5 ~ - 1 0  
. . 

. . 

. . 

. . 

. . 

. . 

7E-09 
. . 
. . 

. . 

. . 

. . 

0.2 0 003 

0.00000008 

0.000002 

0.02 

0.02 

0.03 

0.002 

0.1 

0.007 

0.04 

P 
6E-09 
. . 

5 ~ - 1 0  
. . 

. . 

. . 

. . 

. . 

. . 

7E-09 
. . 
. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

- - 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.00002 

0 0002 
0.003 

0.005 

0 0000010 

0.003 

0.00000008 

0.000003 

0 02 

0.02 

0.03 

0.002 

0.1 

0.007 

0.04 



TABLE 9.9.RME 
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REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE, CRANE INDIANA 

PAGE 2 OF 6 

Receptor Population: Resident 

Medium 

Groundwater 

Carcinogenic Risk Non.Carc~nogen~c Hazard Quotlent c ~ i  (Radiation) Routes Total Target Organ($ Routes Total 

Exposure 

Medium 

Groundwater 3E-06 

1 E-05 

. . 

3E-08 

1 E-06 

9E-07 

BE-07 

3E-06 

. . 

. . 

2E-07 

6E-05 

. . 

. . 

3E-03 

3E-04 

. . 

4E-07 

8E-08 

. . 

. . 

3E.05 

. . 

. . 

7E-05 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Exposure 

Point 

SWMU 16 ~ l v e r  

Blood 

Liver 

Blood 

None Reported 

Blood 

Kldney 

Liver 

Llver 

Blood 

Llver 

Liver 

Llver. Kidney 

Blood 

Liver 

Llver 

Llver 

Spleen 

L~ver 

Liver 

Liver 

Prostate 

CNS 

Blood 

Skin, CVS 

Kldney 

GS 

Kldney 

Fetotoxicity. GS, Bone 

CVS. Immune. CNS 

None Reported 

N A 

None Reported 

CNS 

Body Welght 

Chemical 

of Potential 

Concern 

1.1.2.2-Tetrachloroethane 

1 , I  ,2-Trichloroethane 

1.1-Dichloroethene 

1.2.3-Trichloropropane 

1,2-Dichloroelhane 

Benzene 

Bromodichloromethane 

Carbon Tetrachloride 

Chloroform 

cis-1.2-Dlchloroethene 

Methylene Chloride 

Tetrachloroethene 

Toluene 

tran~~1.2~D1~h10roethene 

Trichloroethene 

Vinyl Chlorlde 

Pyridine 

2.N1lrotoluene 

2.4,6-Tr~nitrotoluene 

2-Amino-4,6-D1n1trotoluene 

4-Amin0-2,6-D1n1trotoluene 

RDX 

Aluminum 

Antlmony 

Arsenic 

Barlum 

Beryllium 

Cadmium 

Chromlum 

Coball 

Iron 

Lead 

Llthlum 

Manganese (Water) 

Nickel 

2E-07 

6E-07 

. . 

2E-09 

4E-08 

9E-06 

5E-08 

6E-07 

. . 

. . 

5E-09 

2E-05 

. . 

. . 

3E-04 

1 E-05 

. . 

3 ~ - 0 8  

1 E-09 

. . 

. . 

1 E-07 

. . 

. . 

2E-07 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

3E-06 

1E-05 

. . 

3E-08 

1 E-06 

1E-06 

9E-07 

4E.06 

. . 

. . 

2E.07 

8E-05 

. . 

. . 

3E-03 

4E-04 

. . 

4 ~ - 0 7  

BE-08 

. . 

. . 

3E-05 

. . 

. . 

7E-05 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.0007 

0.1 

0.006 

0.007 

0.002 

0.01 

0.002 

0.1 

0.01 

0.8 

0.001 

0.03 

0.003 

0.004 

1 

0.2 

0.05 

0.0005 

0.02 

0.2 

0.1 

0.2 

0.6 

0.05 

0.5 

0.1 

0.03 

0.02 

0.3 

0.1 

3 

0.5 

6 

0.2 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.00006 

0.008 

0.0005 

0.0005 

0.00007 

0.001 

0.0001 

0.02 

0.0007 

0.06 

0.00003 

0.01 

0.0006 

0.0002 

0.1 

0.008 

0 0005 

o.00004 

0.0003 

0.005 

0.01 

0 001 

0.001 

0.0008 

0.001 

0 004 

0.008 

0.001 

0.05 

0.0003 

0.006 

0.0005 

0.3 

0.002 

0.0008 

0.1 

0.006 

0.007 

0.002 

0.01 

0.002 

0.1 

0.01 

0.8 

0.001 

0.04 

0.003 

0.004 

1 

0.2 

0.05 

o 0005 

0.02 

0.2 

0.1 

0.2 

0 6 

0 05 

0.5 

0 1 

0.03 

0 03 

0.3 

0.1 

3 

0.5 

6 

0.2 
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Receptor Population: Resident 

Medium Exposure Exposure Carcinogenic Risk Non-Carclnogenlc Hazard Quotlent 

Medium Po~nt of Potential 

Concern 

Routes Tolal 

. . Kidney 0.8 . . 0.07 0.9 

Chemical Total 3 ~ - 0 3  15 . . 1 0.7 

Exposure Point Total 3E.03 

Exposure Medlum Total 3E-03 

SWMU 16 1.1.2.2-Tetrachioroethane 5E-07 N A . . . . 

1- 
1 .I .2-Trichloroethane 2E-06 N A . . . . 
1.1-Dichloroethene . . Liver . . 0.002 . . 0.002 

1.2.3-Trichloropropane 

1.2-D~chioroethane 

Benzene 

Bromod~chloromethane 

Carbon Tetrachtorlde 

Chloroform 

cis-1.2-Dichloroethene 

Methylene Chloride 

Tetrachloroethene 

Toluene 

trans-1.2-Dichloroethene 

Trichioroethene 

Vinyl Chlorlde 

Pyridlne 

2-Nitrotoluene 

2.4.6-Trinitrotoluene 

2-Amino-4.6-Dinitrotoluene 

4-Amin0-2,6.D1nitro1oluene 

RDX 

Aluminum 

Antlmony 

Arsenic 

Barium 

Beryllium 

Cadmlum 

Chromium 

Cobalt 

Iron 

3E-07 

1 E-07 

. . 

3E-07 

9E.07 

. . 

1 E-08 

5E-07 

. . 

. . 

4E-04 

1 E-06 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

3E-07 

1 E-07 

-. . 

3E-07 

9E-07 

. . 

1 E-08 

5E-07 

. . 

. . 

4E-04 

1 E-06 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Blood 

NA 

Blood 

NA 

Liver 

Liver 

NA 

Liver 

Llver 

N A 

N A 

Liver 

Llver 

N A 

N A 

N A 

N A 

N A 

N A 

CNS 

N A 

N A 

Fetus 

N A 

Kldney 

Lungs 

N A 

N A 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.007 

0.008 

0.01 

0.03 

0.002 

0.00003 

0.0005 

0.001 

0.9 

0.008 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.007 

0.008 

0.01 

0.03 

0.002 

0.00003 

0.0005 

0.001 

0.9 

0 008 
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Receptor Populalion: Resldenl 

Medium Exposure Exposure Chemlcal Carcinogenic Risk Non-Carc~nogen~c Hazard Quot~enl 

Medium Point of Potential , 

Concern lngeslion lnhalatlon Dermal Exlsrnal Exposure 

Groundwater Air SWMU 16 Lead . . . . 
Lithium . . . . 
Manganese (Water) . . . . 

Nickel . . . . NA . . . . 
Vanadlum . . . . NA . . . . ---- 

4E-04 4E.04 . . 

Exposure Medlum Total 

Medium Total 1 4E.03 

Surface Water 

Medium Total 

Surface Water 7E-09 

7E-08 

. . 

. . 

6E-08 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

1 E-07 2E-07 3E-07 0.005 . . 0.05 

3E-07 

0.04 

1 E-08 3E-08 0.002 . . 0.04 

3E-08 

3E-08 I 1- 
3E-08 1- 

1 E.07 

1E-07 

. . 

. . 

1 E.07 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

1 E-07 

4E.08 

. . 

. . 

6E-08 

.. 

. . 

. . 

.. 

. . 

. . 

. . 

. . 

Surface Water 

Exposure Medlum Total 

Gullles Trichloroethene 

RDX 

Aluminum 

Antlmony 

Arsenic 

Barium 

Cadmlum 

Chromium 

Iron 

Lead 

Manganese (Water) 

Vanadium 

Zinc 

Chemical Total 

Medium Total 

Surface Water 

0.00005 

0.0010 

0.0004 

0.01 

0.0008 

0.003 

0.007 

0.007 

0.002 

0.01 

0.02 

0.0002 

Exposure Poinl Total 

Liver 

Prostate 

CNS 

Blood 

Skin. CVS 

Kldney 

Kldney 

Fetotox~city. GS. Bone 

None Reported 

NA 

CNS 

Kldney 

Blood 

Exposure Medlum Total 

Turkey Creek 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . . 
. . 

. . 

0.000003 

0.0007 

0.0002 

0.001 

0.0004 

0.0002 

0.0004 

0.0001 

0.0008 

0.0004 

0.0004 

0.0001 

Arsenlc 

Manganese (water) 

IChemical Total 

0.00006 

0.0004 

0.0002 

0.01 

0.0004 

0.003 

0.007 

0.007 

0.0007 

0.01 

0.02 

0.00008 

Exposure Point Total 
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Receptor Population: Resident 

Medlum 

Sedlment 

Carcinogenic Risk Non-Carcinogenic Hazard Quotlent 

(Radiat~on) Routes Total Targel Organ(s) Routes Tolal 

Medium Total 

Exposure 

Medium 

Sediment 1 E.08 

. . 

. . 

7E.07 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Exposure 

Exposure 

Point 

0.06 . . 0.002 

1 E-08 

. . 

. . 

2E-07 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

r T E l  
Exposure Point Total 

Medium Total 

Chemical 

01 Potential 

Concern 

> 
Sedlment 

9E-07 

2E-08 

. . 

. . 

8E-07 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Gullies 

Medlum Total 2E-06 

Receptor Total Receptor Risk Total 4E-03 Receptor HI Total 17 

Sediment 

Benzo(a)pyrene 

Aluminum 

Antimony 

Arsen~c 

Barium 

Cadmium 

Copper 

Iron 

Lead 

Manganese (Soil) 

Mercury 

Nickel 

Vanadium 

Zinc 

N A 

CNS 

Blood 

Skln, CVS 

Kidney 

Kidney 

GS 

None Reported 

N A 

CNS 

CNS 

Body Weight 

Kidney 

Blood 

Turkey Creek Aluminum . . . . . . 0.001 0.001 

Arsenic 2E-06 4E-07 2E-06 Skln. CVS 0.003 

Iron . . . . . . None Reported 0.04 0.04 

Manganese (So~l) . . . . . . CNS 0.003 . . 0.003 

Vanadium . . . . . . Kidney 0.005 . . 0.005 

l~hemical Total ZE-06 4 ~ - 0 7  ZE-06 0.06 . . 0.003 

Exposure Point Total 

Exposure Medium Total 2E-06 

0.001 

0.01 

0.004 

0.002 

0.003 

0.004 

0.02 

0.002 

0.0003 

0.0008 

0.004 

0.002 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.001 

0.0005 

0.001 

0.01 

0.006 

0.002 

0.003 

0.004 

0 02 

0.002 

0.0003 

0.0008 

0 004 

0.002 



TABLE 9.9.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 6 OF 6 

Receptor Population: Resident 

Total Blood HI 

Total Body Welght HI 

Total CNS HI 

Total CVS HI 
Tolal GS HI 

Total Immune HI 

Total Kldney HI 
Tolal Laver HI 
Total Sbn HI 

Total Nasal HI 
Total None Reported HI 

Tolal Proslale HI 

Total Spleen HI 
Total Bone HI 

Total Fetotox!clly HI 

Carcinogenic Rlsk Non-Carclnogenlc Hazard Quotlenl Medium Exposure 

Medium 

Exposure 

Polnt 

Chemical 

01 ~oienl lal  

Concern 



TABLE 9.1O.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 1 OF 5 

Receptor Population: Resident 

Carcinogenic Risk Non-Carcinogenic Hazard Quol~ent 
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TABLE 9.IO.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE, CRANE INDIANA 

PAGE 3 OF 5 

Receptor Population: Resldent 

Medlum 

Groundwater 

Exposure Exposure Chemlcal Carcinogenic Risk Non-Carc~nogen~c Hazard Quot~ent 

Medium Point of Potential 

Concern ingestion Inhalation Dermal External Exposure 

Groundwater . . . . . . --- 
6E-03 5E-04 

Exposure Point Total 

Exposure 

Air 

Medium Total 

SWMU 16 1.1.2.2-Tetrachloroethane 

1 , I  ,2-Trichloroethane 

1.1-Dichioroethene 

1.2,3-Trlchioropropane 

1.2-Dichloroethane 

Benzene 

Bromodichloromethane 

Carbon Tetrachloride 

Chloroform 

cis-1 ,2-Dichloroethene 

Melhylene Chloride 

Tetrachloroethene 

Toluene 

trans-I .2-Dchloroethene 

Trlchloroethene 

Vlnyl Chloride 

Pyridlne 

2-Nitrotoluene 

2.4.6-Trinilrotoluene 

2-Amlno-4.6-Dinitrotoluene 

4-Amino-2.6-Dlnitrotoluene 

RDX 

Aluminum 

Antlmony 

Arsenic 

Barlum 

Beryllium 

Cadmum 

Chromium 

Cobalt 

Iron 

1 E-06 

5E-06 

. . 

. . 

7E-07 

3E-07 

. . 

7E-07 

2E-06 

. . 

3E-08 

1 E-06 

. . 

. . 

BE-04 

3E-06 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

.. 

. . 

. . 

. . 

. . 

1 E-06 

5E-06 

. . 

. . 

7E.07 

3E-07 

. . 

7E-07 

2E-06 

. . 

3E-08 

1 E-06 

. . 

. . 

BE-04 

3E-06 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

.. 

. . 

. . 

.. 

. . 

. . 

. . 

. . 



TABLE 9.1O.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE, CRANE INDIANA 

PAGE 4 OF 5 

Receptor Population: Resident 

Chemlcal 

of Polential 

Concern 

Medium Carcinogenic Risk 

- 
Medium Total 

Groundwater 

Exposure 

Medium 

Non-Carclnogenlc Hazard Quol~enl 

Surlace Water Surface water Gullies Trichioroethene 5E-08 1 E.07 2E-07 

RDX 5E-07 6E-08 6E.07 

Aluminum . . . . . . 

Antimony . . . . . . 
Arsenlc 4E-07 BE-08 5E.07 

Barium . . . . . . 
Cadmium . . . . . . 

Chromium . . . . . . 

Iron . . . . . . 

Lead . . . . . . 

Manganese (Water) . . . . . . 
Vanadium . . . . . . 
Zlnc . . . . . . ---- 
Chemical Total 1 E-06 3E.07 1 E-06 1 

1 E-06 

Medium Total 1 E-06 

Surface Water Surface Water 1 E-07 

Manganese (Water) . . . . 
1 E-07 2E-08 1 E-07 

Exposure Point Total 1 E-07 

Exposure Medium Tolal 1 E-07 

Medium Total 1 E-07 - 
1 
1 

. . 

8E.04 

Exposure Point Total 8E.04 

Exposure Medium Total 

Exposure 

Point 

Exposure 

Routes Total 

. . 

. . 

. . 

Ingestion 

Air 

Primary 

Targel Organ(@ 

. . 

Dermal lnhalatlon 

. . 

. . 

. . 

Exposure 

Routes Total 

lngesl~on 

SWMU 16 

lnhalallon Dermal 

Lead 

Lithium 

Manganese (Water) 

External 

(Radiation) 



TABLE 9.lO.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 5 OF 5 

Receptor Population: Resident 

Medium 

Sediment 

Non-Carcinogenic Hazard Quot~enl Exposure 

Medium 

Sedlrnent 

Carcinogenic Risk 

lngestlon 

4E-08 

. . 

. . 

2E-06 

Exposure 

Point 

Gullies 

Chemical 

of Potential 

Concern 

Benzo(a)pyrene 

Aluminum 

Antimony 

Arsenic 

Inhalation Dermal 

3E-08 

. . 

. . 

4E-07 

External 

(Radlalion) 

Exposure 

Routes Total 

7E-08 

. . 
. .. 

3E-06 



SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE, CRANE INDIANA 
PAGE 1 OF 3 

Exposure Polnt 

edlum Total 

Receptor Population: Maintenance Workers 

Medium Exposure Exposure Carcinogenic Rlsk Non-Carc~nogenlc Hazard Ouotlent 

Medium Point of Potential 

Concern 

Surlace So11 

Benzo(a)anthracene N A . . 
Benzo(a)pyrene N A . . . . 

Benzo(b)fluoranthene N A . . . . 
Dlbenzo(a.h)anthracene N A . . . . 
Indeno(1,2.3-cd)pyrene N A . . . . 

Naphthalene Nasal . . 0.000005 . . 0.000005 
Aluminum CNS . . 0.00010 . . 0.00010 
Antimony N A . . . . 

Arsenic N A . . . . 

Copper N A . . 

Iron NA . . . . 

Lead N A . . 
Manganese (Soil) CNS . . 0.0002 . . 0.0002 

Vanadium N A . . . . 

Chemical Total . . 0.0003 . .  

Total 

Exposure M8 I 2E-10 

Medlum Total 

Roules Tolal 

Surlace So11 

Chemical Total 0.004 - - 0.00002 -1 

P 

Air SWMU 16 Trlchloroethene Liver . . 0.0000005 - .  0 0000005 

SWMU 16 Trichloroethene 

Benzo(a)anlhracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

D~benzo(a.h)anthracene 

Indeno(l.2.3-cd)pyrene 

Naphthalene 

Aluminum 

Antimony 

Arsenic 

Copper 

Iron 

Lead 

Manganese (Soil) 

Vanadium 

1E-12 

6E-09 

5E-08 

6E-09 

1 E-08 

3E-09 

. . 

. . 

. . 

3E.08 

. . 

. . 

. . 

. . 

. . 

. . 

1 E-09 

9E-09 

1 E-09 

2E.09 

5E-10 

. . 

. . 

. . 

1 E-09 

. . 

. . 

. . 

. . 

. . 

1E-12 

7E.09 

6E-08 

7E-09 

1E.08 

3E.09 

. . 

. . 

. . 

3E-08 

. . 

. . 

. . 

. . 

. . 

Llver 

N A 

N A 

N A 

N A 

N A 

Body Welght 

CNS 

Blood 

Skln. CVS 

GS 

None Reported 

N A 

CNS 

Kldney 

0.000000001 

0.00000003 

0.0003 

0.0003 

0.0005 

0.00004 

0.002 

0.0001 

0.0007 

- - 

. . 

. . 

. . 

. . 

. . 

- - 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.000000005 

0.00002 

0000000001 

0.00000004 

0 0003 

0.0003 

0.0005 

0.00004 

0.002 

0 0001 

0 0007 



TABLE 9.1.CTE 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 
PAGE 2 OF 3 

Receptor Population: Maintenance Workers 

Medium 

Surface Waler 

Carcinogenic Risk Non-Carcinogenic Hazard Ouotlenl Exposure 

Medlum 

Surface Water 

Medium Total 

Exposure 

Point 

Roules Total 

2E.09 

BE-10 

. . 

. . 

7E-I0 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

3E-09 
-- 

Chemical 

of Potential 

Concern 

2E-09 

8E-10 

. . 

. . 

7E.10 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

rx'%q 

Llver 

Prostate 

CNS 

Blood 

Sktn. CVS 

Kidney 

Kldney 

Fetotoxiclly. GS. Bone 

None Reported 

N A 

CNS 

Kldney 

Blood 

. . 

Surface Water 

7 1  

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

.. 

Gullies Trichloroethene 

RDX 

Aluminum 

Antimony 

Arsenic 

Barium 

Cadmium 

Chromium 

Iron 

Lead 

Manganese (Water) 

Vanadlum 

Zinc 

Chemical Total 

3E-09 

3E.09 

3E-09 

0 000003 

0 001 

p i i i K -  

Skln. CVS 

CNS 

Surlace Water 

0.000002 

0.00002 

0.000006 

0 0002 

0.00001 

0.00009 

0.0002 

0.0002 

0 00002 

0.0003 

0.0005 

0.000002 

Exposure Point Total 

3E-09 

Medium Total 

0 000002 

0.00002 

0.000006 

0.0002 

0.00001 

0.00009 

0.0002 

0 0002 

0 00002 

0.0003 

0.0005 

0.000002 

. . 

. . 

. . 

Turkey Creek 

2E-10 

0.000003 

0.001 

0.001 ) 
Manganese (Water) 

Arsenlc 

. . 2E-10 

Exposure Polnt Total 

Exposure Medlum Total 

2E.10 2E-10 

2E-10 

2E.10 

2E-10 
P 



TABLE 9.1.CTE 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 
PAGE 3 OF 3 

Receptor Population: Maintenance Workers 

Carcinogenic Risk Non.Carc~nogenic Hazard Ouotlenl 

Tolal Blood HI 

Total Body We~ght HI 

Total CNS HI 
Total CVS HI 

Tolal GS HI 

Total Kldney HI 
Total Liver HI 
Total Skin HI 

Total Nasal HI 

Total None Reported HI 
Total Prostale HI 



SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

CENTRAL TENDENCY EXPOSURES 

NSWC CRANE, CRANE INDIANA 

PAGE 1 OF 3 

Receptor Populalion: Occupational Workers 

Medium Carcinogenic Risk 

Surface So11 

Non-Carclnogenlc Hazard Ouollent Exposure 

Medium 

Surface Soil 

Exposure 

Air 

Exposure 

Point 

Exposure 

Chemical 

of Potential 

Concern IngeStlOn Inhalation Dermal External Exposure 

(Radiation) Roules Total 

Medium Total 2E-06 

SWMU 16 

- 

Tr~chloroethene 2E-11 . . 2E-I1 Liver 0.00000003 - - 0.00000003 

Benzo(a)anthracene 1 E-07 2E-08 1 E-07 N A 

Benzo(a)pyrene 9E.07 ZE-07 1 E-06 N A . . 

Vanadium N A . . . . 
l~hemlcal Total 3 5 0 9  3 ~ - 0 9  . . 0.005 - .  

Exposure Point Total 3E-09 

Medium Total 3E-09 0.005 

Benzo(b)fluoranthene 1 E.07 2E-08 1 E-07 N A . . 
Dibenzo(a.h)anthracene 2E.07 3E-08 2E-07 N A 

Indeno(l.2.3-cd)pyrene 5E-08 9E-09 6E-08 N A . . 

Naphthalene . . . . . . Body Welght 0.0000006 - - 0.0000001 0.0000007 

Aluminum . . . . . . CNS 0 006 . . 0.006 

Antimony . . . . . . B I O O ~  0.006 0 006 

Arsenic 5E-07 2E-08 5E-07 Skln. CVS 0.009 . . 0.0004 0 009 

Copper . . . . . . GS 0.0008 . . 0.000R 

Iron . . . . None Reported 0.03 0.03 

Lead . . . . . . N A 

Manganese (So~l) . . . . . . CNS 0.002 . . 0.002 

Vanadium . . . . . . Kldney 0.01 0.01 

l~hemical Total 
---- 

2E-06 3E-07 2E-06 0 07 

Exposure Point Tolal 

Medium Tolal -1 22-06 

SWMU 16 Trlchloroethene Liver . . 0.00001 . . 0.00001 
Benzo(a)anlhracene N A . . . . 

Benzo(a)pyrene N A . . . . 

Benzo(b)fluoranthene N A . . 

Dlbenzo(a.h)anlhracene N A . . . . 

Indeno(l.2.3.cd)pyrene NA . . 

Naphthalene Nasal . . 0.0001 . . 0 0001 
Alumlnum CNS . . 0.002 0.002 
Anl~mony NA . . 

Arsenic NA . . . . 
Copper NA . . . . 

Iron N A . . . . 

Lead N A . . . . 

Manganese (soil) CNS . . 0.003 . . 0.003 



TABLE 9.2.CTE 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

CENTRAL TENDENCY EXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 2 OF 3 

Receptor Population: Occupal~onal Workers 

Medium 

Groundwater 

Exposure 

Medium 

Groundwater 

ingestion 

3E-07 

1 E-06 

. . 

3E-09 

2E-07 

1 E-07 

1 E-07 

4E-07 

. . 

. . 

2E.08 

6E-06 

. . 

. . 

3E-04 

4E-05 

. . 

4E-08 

9E-09 

. . 

. . 

. 3E-06 

. . 

. . 

9E-06 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Non-Carcinogen~c Hazard Quol~ent Exposure 

Point 

SWMU 16 

. 

Inhalalion 

Liver 

Blood 

Liver 

Blood 

None Reporled 

Blood 

Kldney 

Llver 

L~ver 

Blood 

Llver 

Liver 

Liver. Kldney 

Blood 

Liver 

Llver 

Llver 

Spleen 

Llver 

Llver 

Liver 

Prostale 

CNS 

Blood 

Skln. CVS 

Kidney 

GS 

Kidney 

Fetolox~city. GS, Bone 

CVS, Immune. CNS 

None Reporled 

NA 

None Reporled 

CNS 

Body Weighl 

Chemlcal 

of Potential 

Concern 

1.1.2.2-Tetrachioroethane 

1.1.2-Trichioroelhane 

1.1-Dichloroethene 

1.2.3-Trichloropropane 

1.2-Dichloroethane 

Benzene 

Bromod~chloromethane 

Carbon Tetrachloride 

Chloroform 

CIS-! .2-D~chloroethene 

Methylene Chlorlde 

Telrachloroelhene 

Toluene 

trans.1.2-Dichloroethene 

Trichloroethene 

Vinyl Chloride 

Pyrldlne 

2.Nilrololuene 

2.4.6-Trinitrotoluene 

2.Am1n0-4.6-D1nitrotoluene 

4-Amino-2.6.Dinitrotoluene 

RDX 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromlum 

Coball 

iron 

Lead 

Lithium 

Manganese (water) 

Nickel 

Carcinogenic 

Dermal 

----- 
8E-09 

2E-08 

. . 

7E-11 

1 E-09 

3E-09 

2E-09 

2E-08 

. . 

. . 

2E-10 

BE-07 

. . 

. . 

1 E-05 

4E.07 

. . 

1 E-09 

5E.l l 

. . 

. . 

5E-09 

. . 

. . 

5E-09 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.0002 

0.04 

0.002 

0.002 

0.0006 

0.004 

0.0006 

0.03 

0.004 

0.2 

0.0004 

0.009 

0.0008 

0.001 

0.4 

0.07 

0.02 

0.0001 

0.005 

0.05 

0.03 

0.07 

0.2 

0.02 

0.2 

0.03 

0.008 

0.008 

0.09 

0.04 

0.8 

0.1 

2 

0.06 

Risk 

External 

(Radialion) 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Exposure 

Routes Total 

3E-07 

1 E.06 

. . 

3E-09 

2E-07 

1 E-07 

1 E-07 

4E-07 

. . 

. . 

2E-08 

7E-06 

. . 

. . 

3E-04 

4E-05 

. . 

4E.08 

9E-09 

. . 

. . 

3E-06 

. . 

. . 

9E-06 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.000005 

0.0007 

0.00005 

0.00005 

0 000006 

0.0001 

0.00001 

0.002 

0.00007 

0.006 

0.000003 

0.001 

0.00006 

0.00002 

0.01 

0 0007 

0.00005 

0.000004 

0.00002 

0.0004 

0.0009 

0.0001 

0.0001 

0.00006 

0 00008 

0.0003 

0.0006 

0.00009 

0.004 

0.00002 

0.0005 

0.00004 

0.02 

0.0002 

0 0002 

0 04 

0.002 

0.002 

0 0006 

0.004 

0.0006 

0 03 

0 004 

0.3 

0.0004 

0.01 

0 0009 

0.001 

0.4 

0.07 

0.02 

0.0002 

0 005 

0 05 

0 03 

0 07 

0.2 

0.02 

0 2 

0.04 

0.009 

0.008 

0.10 

0.04 

0.8 

0 1 

2 

0 06 



Receptor Population: Occupat~onal Workers 

TABLE 9.2.CTE 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 3 OF 3 

Total Blood HI 

Total Body Welght HI 

Total CNS HI 

Total CVS HI 

Total GS HI 

Total Immune HI 

Total Kldney HI 
Total L~ver HI 

Total Sk~n HI 

Total Nasal HI 

Total None Reported HI 

Total Prostate HI 

Total Spleen HI 

Total Bone HI 

Total Fetotoxlclty HI 

Carcinogenic Risk Non-Carcinogen~c Hazard Quot~ent 

4E-04 I 

Receptor Total Receptor Risk Total I 4 ~ - 0 4  Receptor HI Tolal 

1- 
5 

Medium 

Exposure Medium Total 

Medium Total 

Exposure 

~ o l n t  

Exposure 

Medium 

Chemical 

01 Potential 

Concern 

Groundwater SWMU 16 Groundwater Vanadium 

Chemical Total 

Exposure Point Total 



TABLE 9.3.CTE 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE, CRANE INDIANA 
PAGE 1 OF 3 

Receptor Population: Trespassers 

Carcinogenic Rlsk Non-Carclnogenlc Hazard Ouollent 

Indeno(l.2.3-cd)pyrene 

None Reported 

Indeno(l.2.3-cd)pyrene 



TABLE 9.3.CTE 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 
PAGE 2 OF 3 

Receptor Populatlon: Trespassers 

Carcinogen~c R~sk Nan-Carclnogenlc Hazard Quollenl 



TABLE 9.3.CTE 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 
PAGE 3 OF 3 

Receplor Populatlon: Trespassers 

Total Blood HI 

Medium 

Tolal Body Weight HI 

Total CNS HI 

Total CVS HI 
Tolal GS HI 

Total Kldney HI 
Total L~ver HI 

Total Skln HI 

Total Nasal HI 

Tolal None Reported HI 

Total Prostate Hi 

Sedimenl Sediment Gullies Vanadlum . . . . . . Kidney 0.002 . . 0.002 

Zinc . . . . . . Blood 0.0008 0 0008 

Chemical Tolal 1 E-07 1 E-08 1 E-07 0.02 . . 0.0002 

Exposure Point Total 

Exposure Medium Total -1 
Medium Tolal I IE-07 7 1  

Sediment Sediment Turkey Creek Aluminum 

Arsenic Skin. CVS 

Iron None Reporled 

Manganese (So~l) . . . . CNS 0.0005 . . 0.0005 

Vanadlum . . . . . . Kidney 0.001 . . 0.001 

2E-07 0.01 . . 

Exposure Polnt Total 2E-07 

Exposure Med~urn Total 2E-07 

Medium Total 2E-07 

Receplor Total Receptor Risk Total 7E.07 Receptor HI Total 0.06 

Exposure 

Medium 

Exposure 

Polnt 

Carcinogenic Risk Non-Carc~nogenlc Hazard Qllot~enl 

of Potential 

Concern 
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Receptor Population: Construction Workers 

Medium Carc~nogenic R~sk Non-Carc~nogen~c Hazard Ouol~ent 

(Radiation) Routes Tolal Target Organ(s) Routes Total 

Exposure 

Air 

Exposure 

Exposure 

Medium 

6E-12 

3E-08 

2E-07 

3E-08 

5E-08 

1 E-08 

. . 

. . 

. . 

1 E-07 

. . 

. . 

. . 

. . 

. . 

5E-07 

Exposure 

Point 

Surface SoilISubsurface Soil . . 

7E-09 

6E.08 

7E-09 

1 E-08 

3E-09 

. . 

. . 

. . 

BE-09 

. . 

. . 

. . 

. . 

. . 

1 E-07 

Chemical 

of Polenl~al 

Concern 

SWMU 16 Surface/Subsurface Soil 

Exposure Point Total 

I-P Medlum Total 

Tr~chloroethene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fiuoranthene 

Dibenzo(a,h)anthracene 

Indeno(l.2.3-cd)pyrene 

Naphthalene 

Aluminum 

Antlmony 

Arsenic 

Copper 

Iron 

Lead 

Manganese (Soil) 

Vanadium 

Chemical Total 

3E-09 
. . 

BE-09 
. . 
. . 
. . 

. . 

. . 

. . 

1 E-07 
. . 

. . 

. . 

. . 

. . 

1E-07 

1-m 

6E-12 

3E-08 

3E-07 

3E.08 

6E-08 

2E-08 

. . 

. . 

. . 

1 E-07 

. . 

. . 

. . 

. . 

. . 

131 

SWMU 16 

Medium Total 

Trichloroethene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Dibenzo(a.h)anthracene 
Indeno(l.2.3-cd)pyrene 
Naphthalene 
Alumlnum 
Antlmony 
Arsenic 
Copper 
Iron 
Lead 
Manganese (So~l) 

Vanadium 

I 7E-07 

I= 6E-07 

I 6E-07 

3E-09 
. . 

8E.09 
. . 
. . 

. . 

. . 

. . 

. . 
1E.07 
. . 
. . 
. . 

. . 

. . 

1 E-07 

1 E-07 

Liver 

N A 

N A 

NA 

NA 

NA 

Body Weighl 

CNS 

Blood 

Skln. CVS 

GS 

None Reported 

NA 

CNS 

Kidney 

Exposure Polnt Tolal 

Medlum Total 

6E-07 

0.00000006 

0.000001 

0.01 

0.01 

0.02 

0.002 

0.07 

0.005 

0.03 

0.2 

1 7  
0.0002 

0.002 
1 

2 

7 1  

Liver 
N A 
N A 
N A 
NA 
NA 

Nasal 
CNS 
NA 
NA 
NA 
NA 
NA 

CNS 

NA 

0.001 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

'1131 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.0000003 

0.001 

0.00000006 

0.000002 

0 01 

0 01 

0 02 

0.002 

0 07 

0 005 

0 03 

0.0002 

0.002 
1 

2 

3 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

- -  
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Receptor Populalion: Construclion Workers 

Medium Exposure Exposure 

Medium Point 

Chemical 

of Potential 

Concern 

Carcinogenic Rlsk Non-Carclnogenlc Hazard Ouot~enl 01 (Radialton) Roules Total Target Organ@) Routes Total 

Groundwater Groundwater SWMU 16 . . . . . . 

3E-06 

3E-06 

Vanadium 

Chemlcal Total 

Kidney . . 0.03 0 03 

5E-10 

2E-09 

. . 

. . 

3E-10 

IE-10 

. . 

3E-10 

7E-10 

. . 

1E-11 

4E-10 

. . 

. . 

3E-07 

1 E-09 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

5E-10 

2E-09 

. . 

. . 

3E-10 

IE-10 

. . 

3E-10 

7E-10 

. . 

1E-11 

4E-10 

. . 

. . 

3E-07 

1 E-09 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

1 7 1  

0.00003 

0.0001 

0.0002 

0.0002 

0.0006 

0.00004 

0.0000005 

0.00001 

0.00003 

0 02 

0.0002 

Exposure Polnl Total 

Exposure Medium Total 

Air SWMU 16 NA 

N A 

Liver 

Blood 

NA 

B I O O ~  

NA 

Liver 

Liver 

NA 

Liver 

Liver 

NA 

N A 

Liver 

Llver 

N A 

N A 

N A 

N A 

NA 

N A 

CNS 

NA 

NA 

Fetus 

NA 

Kidney 

Lungs 

NA 

NA 

1 .I .2.2-Telrachloroethane 

1 .1,2-Trichloroethane 

1.1-Dlchloroethene 

1.2.3-Tr~chloropropane 

1.2-Dichioroethane 

Benzene 

Bromod~chloromethane 

Carbon Telrachlor~de 

Chloroform 

cis-1.2-Dichloroethene 

Methylene Chloride 

Tetrachloroethene 

Toluene 

trans-1.2-Dlchloroelhene 

Trichloroethene 

Vinyl Chloride 

Pyridlne 

2-Nitrotoluene 

2.4,6-Trinitrotoluene 

2-Amino-4.6-Din1lr0toluene 

4-Amino-2.6-Dinilrotoluene 

RDX 

Aluminum 

Anlimony 

Arsenic 

Barium 

Bevllium 

Cadmlum 

Chromlum 

Cobalt 

Iron 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.00003 

0.0001 

0.0002 

0.0002 

0.0006 

0.00004 

0.0000005 

0.00001 

0.00003 

0.02 

0.0002 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

- - 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 
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Receptor Population: Construction Workers 

Medium Exposure Exposure Chemical Carcinogenic Risk Nan-Carclnogenlc Hazard Ouollent 

Medlum Po~nl of Potenl~al 

Concern Ingestion Inhalation Dermal Exlernal Exposure 

Groundwater Air SWMU 16 Lead 

Lithlum 

Manganese (Water) . . . . NA . . 
Nickel . . . . N A . . . . 

Vanadium . . . . N A . . . . 

l~hemlcal Total . . 0.02 

Exposure Point Total 3E-07 - 
3E-06 7 1  

Medium Total 3 ~ - 0 6  

Receptor Total Receptor Risk Total 4E-06 Receptor HI Total 4 

Total Blood HI 

Tolal Body Welght HI 

Total CNS HI 

Total CVS HI 

Tolal GS HI 
Tolal Immune HI 

Total Kldney HI 

Total Llver HI 

Total Skln HI 

Total Nasal HI 

Total None Reported HI 

Total Proslale HI 

Total Spleen HI 

Tolal Bone HI 

Total Fetotox~c~lv HI 
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Receptor Population: Recreational users 

Medium 

Surface Soil 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Dibenzo(a.h)anthracene 
Indeno(l.2.3-cd)pyrene 
Naphthalene 
Aluminum 
Antimony 
Arsenic 
Copper 
Iron 
Lead 
Manganese (Soil) 

Vanadlum 

l~hemical Total 

Exposure 

Medium 

Surface Soil 

Exposure 

Air 

Carcinogenic Risk 

Exposure Medium Total I 5E-11 1 
Medlum Total I 3E-07 I 

Ingestion 

3E-12 

1 E-08 

1 E-07 

1 E-08 

2E-08 

6E-09 

. . 

. . 

.. 

6E-08 

. . 

. . 

. . 

. . 

r -TGF-1 7 1  

Non-Carclnogenlc Hazard Ouol~enl Exposure 

Point 

SWMU 16 

Exposure Polnt Total 

L~ver 

NA 

NA 

NA 

NA 

NA 

Body Welght 

CNS 

Blood 

Skln. CVS 

GS 

None Reported 

NA 

CNS 

K~dney 

Chemical 

01 Potentla1 

Concern 

Trichloroethene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)lluoranthene 

Dibenzo(a.h)anthracene 

Indeno(l,2.3.cd)pyrene 

Naphthalene 

Aluminum 

Antimony 

Arsenic 

Copper 

Iron 

Lead 

Manganese (Soil) 

Vanadium 

Chemical Total 

lnhalatlon 

0.00000001 

0.0000003 

0.003 

0.003 

0.005 

0.0004 

0.02 

0.001 

. 0.007 

0.04 

. . ... . . . . ----- 
3E.07 

3E-07 

1,- 3E-07 
2E-11 2E-11 

Dermal 

. . 

5E-09 

4E-08 

4E-09 

BE-09 

2E-09 

. . 

. . 

. . 

5E-09 

. . 

. . 

. . 

. . 

Medlum Total 

Liver 
NA 
NA 
NA 
NA 
NA 

Nasal 
CNS 
N A 
N A 
N A 

N A 
N A 

CNS 

NA 

. . 

2E-12 
. . 
. . 

. . 

. . 

. . 

. . 
2E-11 
. . 
. . 

. . 

. . 

. . 

5E-11 

- - 

. . 

. . 

. . 

. . 

- - 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

SWMU 16 
. . 

2E-12 
. . 

. . 

. . 

. . 

. . 

. . 

2E-11 
. . 

. . 

. . 

. . 

. . 

External 

(Radiation) 

Trichloroethene . . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Exposure 

Routes Total 

0 0000001 

0.0004 

0.0004 

3E.12 

2E-08 

2E-07 

2E.08 

3E.08 

8E-09 

. . 

. . 

. . 

7E-08 

. . 

. . 

. . 

. . 

0 nnn00001 

0.0000004 

0 003 

0.003 

0.005 

0.0004 

0.02 

0.001 

0 007 

7 1  

0.0000006 

0.000006 
0.0001 

0 0002 

0.0003 

- - 
. . 
. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.0000006 

0.000006 
0.0001 

0.0002 
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Receptor Population: Recreational Users 

Medium Exposure Exposure Chemlcal Carcinogenic Risk Non.Carc~nogenlc Hazard Ouot~ent 

Medium Point of Potentla1 

Concern Ingestion lnhalatlon Dermal External Exposure 

Groundwater Groundwater SWMU 16 Vanadium 

Chemical Total 

Exposure Point Total 

Medium Total 

Surface Water Surface Water 

. . None Reported 0.005 . . 0 0003 0.005 

. . N A . . 

. . CNS 0.003 . . 0.004 0.007 

. . Kldney 0.003 . . 0 006 0 . n ~  

. . Blood 0 0008 . . 0 00003 0 0008 

8E-08 0.03 . . 0.02 

8E.08 

8E-08 

BE.08 

8E.09 Skin. CVS 0.0006 . . 0.00004 0 0006 

. . CNS 0.009 . . 0 02 0.02 

8E.09 0.01 . . 0.02 r-G-- 
BE-09 7 1  - 
8E-09 1- 
BE-09 7 1  

Gull~es 

Sediment 

Trichloroethene 

RDX 

Aluminum 

Antimony 

Arsenic 

Barium 

Cadmium 

Chromlum 

Sedlment 

4E-09 

4E-08 

. . 

. . 

3E-08 

. . 

. . 

. . 

Gullies 

4E-09 

2E-09 

. . 

. . 

2E-09 

. . 

. . 

. . 

Benzo(a)pyrene 

Alumlnum 

Antimony 

Arsenlc 

Barlum 

Cadmium 

Copper 

8E-09 

4E-08 

. . 

. . 

3E-08 

. . 

. . 

. . 

2E-09 

. . 

.. 

1 E-07 

. . 

. . 

. . 

Liver 

Prostate 

CNS 

Blood 

Skln. CVS 

Kidney 

Kldney 

Fetotox~c~ly. GS. Bone 

7E-10 

. . 

. . 

1 E-08 

. . 

. . 

. . 

0.00002 

0.004 

0.001 

0.01 

0.002 

0.001 

0.002 

0.0006 

- 
3E.09 

. . 

. . 

1 E-07 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

NA 

CNS 

Blood 

Skln. CVS 

Kidney 

Kidney 

GS 

0.00002 

0.0002 

0.00009 

0 003 

0 0002 

0 001 

0.003 

0 003 

0.003 

0.03 

0.01 

0.006 

0.007 

0.009 

0.00004 

0 004 

0.001 

0 O t  

0 003 

0 003 

0 00s 

0 000 

. . 

. . 

. . 

. . 

. . 

0.0008 

0.0004 

0.003 

0.03 

0.01 

0.006 

0.007 

0.009 



TABLE 9.5.CTE 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE, CRANE INDIANA 

PAGE 4 OF 4 

Receptor Population: Recreational Users 

Tnlal Blood HI 

Total Body Welghl HI 

Tolal CNS HI 

Tolal CVS HI 

Total GS HI 
Total Immune HI 

Total Kldney HI 

Total Llver HI 

Total Skln HI 

Total Nasal HI 

Total None Reported HI 

Total Prostale HI 

Tolal Spleen HI 

Total Fetotoxacity HI 

Total Spleen HI 
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Scenario Timeframe: Future 

Receptor Population: Recreat~onal Users 

Receptor Age: ~ d u l t  

Carcinogenic R~sk Non-Carclnogenlc Hazard Ouot~enl 

Indeno(l.2.3-cd)pyrene 
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Receptor Population: Recreational Users 

Carcinogenic Risk Non-Carclnogenlc Hazard Quotlenl 
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SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE, CRANE INDIANA 

PAGE 4 OF 4 

Receptor Population: Recreational Users 

Carc~nogen~c ~ l s k  Non.Carcinogenlc Hazard Quotlenl 

Total Blood HI 

Total Body Welght HI 

Total CNS HI 
Total CVS HI 

Total GS HI 
Total Immune HI 

Total Kldney HI 
Total Lwer HI 
Total Skin HI 

Tolal Nasal HI 
Tolal None Reported HI 

Tolal Proslate HI 
Total Spleen HI 

Tolal Bone HI 
Tolal Felotoxlclty HI 
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Receptor Population: Recreational Users 

Carcinogenic Risk Non.Carcinogenic Hazard Ouollenl 
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Receptor Population: Recreational Users 

Medium 

Groundwater 

Non-Carclnogenlc Hazard Ouot~enl Exposure 

Medium 

Groundwater 

Ingestion 

7E-08 

2E-07 

. . 

7E-10 

3E-08 

ZE-08 

ZE-08 

BE-08 

. . 

. . 

5E-09 

1 E-06 

. . 

. . 

6E-05 

9E-06 

. . 

9E-09 

2E-09 

. . 

. . 

7E-07 

. . 

. . 

2E.06 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Exposure 

~ o l n t  

SWMU 16 

Inhalation 

Chemical 

01 Potential 

Concern 

1.1.2.2-Tetrachloroethane 

1 .l,2-Tr~chloroethane 

1.1-D~chloroethene 

1.2.3-Trichloropropane 

1.2-Dichloroethane 

Benzene 

Brornod~chloromelhane 

Carbon Tetrachloride 

Chlorolorm 

CIS-1 ,2-Dichloroelhene 

Melhylene Chlorlde 

Tetrachloroethene 

Toluene 

trans-l,2-Dichtoroethene 

Trlchloroethene 

Vinyl Chloride 

Pyridine 

2-Nitrotoluene 

2.4.6-Trin~~rololuene 

2-Amino-4.6-Dlnitrotoluene 

4-Amino-2.6-Dinitrotoluene 

RDX 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Iron 

Lead 

Lithium 

Manganese (Water) 

Nickel 

Carcinogenic 

Dermal 

3E-09 

8E-09 

. . 

3E-11 

5E-10 

1 E-09 

6E-10 

7E-09 

. . 

. . 

6E-11 

3E-07 

. . 

. . 

4E-06 

2E-07 

. . 

4510 

2E-11 

. . 

. . 

2E-09 

. . 

. . 

2509 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Risk 

External 

(Radiation) 

Exposure 

Routes Total 

8E.08 

3E-07 

. . 

7E-10 

3E-08 

2 ~ - 0 8  

ZE-08 

9E-08 

. . 

. . 

5E-09 

2E-06 

. . 

. . 

7E-05 

9E-06 

. . 

1E.08 

2E.09 

.. 

. . 

7E-07 

. . 

. . 

2E-06 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 
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Receptor Population: Recreational Users 

Carcinogenic Rlsk Nan-Carcinogenic Hazard Ouollent 
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Receptor Population: Recreational Users 
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Receptor Population: Resident 

Medrum Exposure 

Medlum 

Exposure 

Point 

Non-Carcinogenic Hazard ouol~ent Carcinogenic Risk 

Surface Soil 

Chemical 

of Potential 

Concern Ingestion 

5E-11 

2E-07 

2E-06 

2E-07 

4E-07 

1 E-07 

. . 

. . 

. . 

1 E-06 

. . 

. . 

. . 

. . 

. . 

4E-06 

Surface So11 SWMU 16 

Exposure Point Total 3E-09 

Medlum Total 

Exposure 

Air 

Trichloroethene 

Benzo(a)antnracene 

Benzo(a)pyrene 

Benzo(b)lluoranthene 

Dibenzo(a.h)anthracene 

Indeno(1.2.3-cd)pyrene 

Llver 

N A 

NA 

N A 

N A 

N A 

Body Weight 

CNS 

Blood 

Skln. CVS 

GS 

None Reported 

NA 

CNS 

Kidney 

r 7zT- l  
1 0 . 0 2 1  

lnhalatlon 

. . 

4E-08 

3E.07 

3E-08 

6E-08 

2E-08 

. . 

. . 

. . 

4E-08 

. . 

. . 

. . 

. . 

. . 

5E-07 

5E.06 

5E-11 

3E-07 

2E-06 

3E-07 

5E-07 

1 E-07 

. . 

. . 

. . 

1 E-06 

. . 

. . 

. . 

. . 

. . 

1 7  

0.0000003 

0.000006 

0.06 

0.06 

0 09 

0.007 

0.3 

0.02 

0.1 

0.7 

Naphthalene 

Aluminum 

Antlmony 

Arsenic 

Copper 

Iron 

Lead 

Manganese (Soil) 

Vanadium 

Chemical Total 

Exposure Point Total 

Medium Total 

Dermal 

SWMU 16 

- .  

. . 

. . 

. . 

. . 

. - 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Trichloroethene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Dlbenzo(a.h)anthracene 
Indeno(1.2.3-cd)pyrene 
Naphthalene 
Alumlnum 
Antimony 
Arsenic 
Copper 
Iron 
Lead 
Manganese (So~l) 

Vanadium 

1 E-09 
. . 

1E-10 
. . 
. . 

. . 

. . 

. . 

. . 

1 E-09 
. . 
. . 

. . 

. . 

. . 

External 

(Radiation) 

l~hemical Total 

Exposure 

Routes Total 

0.0000008 

0.003 

0.003 

1 E-09 
. . 

1E.10 
. . 

. . 

. . 

. . 

. . 

. . 
1 E-09 
. . 

. . 

. . 

. . 

. . 

0.0000003 

0.000007 

0 06 

0.06 

0 01) 

0.007 

0.3 

. . .  

0 02 

0.1 

3 ~ - 0 9  3 ~ - 0 9  

Liver 
N A 
N A 
NA 

N A 
NA 

Nasal 
CNS 
N A 
N A 
N A 
N A 
N A 

CNS 

NA 

. . 0.02 

. . 

. . 

. . 

.. 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.00004 

0.0004 
0.007 

0.01 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.00004 

0.0004 
0.007 

0 01 
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TABLE 9.8.CTE 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 3 OF 6 

Receptor Papulatlon: Resldent 

Medium 

Groundwater 

Exposure 

Medlum 

Groundwater 

Exposure 

Air 

Exposure Chemical Carcinogenic Rlsk No~l.Carc~nagen~c Hazard Quat~ent 

Paint 01 Potential 

Concern 

Routes Total 

. . Kidney 0.8 . . 0.05 0.9 

3E-04 15 . . 1 0.6 dm 
Exposure Point Total 3E-04 -- 

Medlum Total 

SWMU 16 1 .t .2.2-Telrachloroethane 

1 , I  ,2-Trichloroethane 

1 .I-D~chloroethene 

1.2.3-Trichloropropane 

t ,2-DichlOrOelhane 

Benzene 

Bromod~chloromelhane 

Carbon Tetrachiorlde 

Chloroform 

cis.1.2-Dlchloroethene 

Methylene Chloride 

Tetrachloroethene 

Toluene 

trans-1.2.Dichloroethene 

Trichloroethene 

Vlnyl Chloride 

Pyridlne 

2.N1trotoluene 

2.4.6-Trinitrotoluene 

2-Am1n0-4,6-Dinilrotoluene 

4-Amino-2.6-D~nilrotoluene 

RDX 

Aluminum 

Antimony 

Arsen~c 

Barlum 

Beryll~um 

Cadmium 

Chromium 

Cobalt 

Iron 

6E-08 

3E-07 

. . 

. . 

5 ~ - 0 8  

2E-08 

. . 

5E-08 

1 E-07 

. . 

2E-09 

7E-08 

. . 

. . 

5E-05 

2E-07 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

3E-04 

6E.08 

3E-07 

. . 

. . 

5 ~ - 0 8  

2E-08 

. . 

SE-08 

1 E-07 

. . 

2E-09 

7E-08 

. . 

. . 

5E-05 

2E-07 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

NA 

NA 

Llver 

Blood 

NA 

Blood 

N A 

Liver 

Liver 

N A 

~ l ve r  

Liver 

N A 

N A 

Liver 

~ l v e r  

N A 

N A 

N A 

NA 

N A 

N A 

CNS 

N A 

N A 

Fetus 

NA 

Kidney 

Lungs 

N A 

NA 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 
, . 
. . 
. . 
. . 

0.003 

0.01 

0.01 

0.02 

0.05 

0.004 

0.00004 

0.0009 

0.002 

2 

0 01 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0 003 . 

0.01 

0.01 

0.02 

0.05 

0.004 

0 00004 

0.0009 

0.002 

2 

0 01 



SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

Receptor Populat~on: Resident 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 4 OF 6 

Carcinogenic Risk 
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CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 
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Receptor Population: Resident 

TABLE 9.8.CTE 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 6 OF 6 

Medium Exposure Exposure Carcinogenic Risk Non-Carcinogen~c Hazard Quot~ent 

Medium Po~nt of Potential 

Concern 

Total Blood HI 

Total Body Welght HI 

Total CNS HI 

Total CVS HI 

Tolal GS HI 
Total Immune HI 

Total Kadney HI 

Total L~ver HI 

Total Skln HI 

Total Nasal HI 

Total None Reported HI 

Total Prostate HI 

Total Spleen HI 

Total Bone HI 

Total Fetatoxlc~ty HI 



SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE, CRANE INDIANA 
PAGE 1 OF 6 

Receptor Population: Resident 

Medlum Exposure 

Medium 

Exposure 

Point 

Surface Soil 

Carcinogenic Risk Non-Carclnogenlc Hazard Quol~enl 

01 Potential 

Concern 

-- 
Tr~chloroethene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(h)fluaranlhene 

Dibenzo(a.h)anthracene 

Indeno(l.2.3-cd)pyrene 

Naphthalene 

Aluminum 

Antimony 

Arsenic 

Copper 

Iron 

Lead 

Manganese (Soil) 

Vanadium 

Exposure Point Total 

Exposure 

Air 

Exposure 

Surlace Soil SWMU 16 

Chemlcal Tolal 2E-06 2E-07 2E.06 0.0003 - 
2E.06 

2E-11 

9E-08 

8E-07 

9E-08 

2E-07 

4E.08 

. . 

. . 

. . 

4E-07 

.. 

. . 

. . 

. . 

. . 

Medlum Total 

. . 

1 E.08 

1 E-07 

1 E.08 

2E-08 

6E-09 

. . 

. . 

. . 

1 E-08 

. . 

. . 

. . 

. . 

. . 

SWMU 16 

Medlum Total 2E-06 
P 

2E-11 

1 E-07 

9E-07 

1 E-07 

2E.07 

5E.08 

. . 

. . 

. . 

4E-07 

. . 

. . 

. . 

. . 

. . 

Trichloroethene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fiuoranthene 
Dibenzo(a.hfanthracene 
Indeno(l.2.3-cd)pyrene 
Naphthalene 
Alumlnum 
Antimony 
Arsenic 
Copper 
iron 
Lead 
Manganese (Soil) 

Vanadium 

Exposure Point Total 

Llver 

NA 

NA 

NA 

N A 

N A 

Body Welght 

CNS 

Blood 

Skin. CVS 

GS 

None Reported 

NA 

CNS 

Kldney 

1 E-09 
. . 

1E-10 
. . 
. . 

. . 

. . 

. . 

. . 

1 E-09 
. . 

. . 

. . 

. . 

. . 

Medlurn Total 

3E-09 

0.00000003 

0.0000006 

0.006 

0.006 

0.01 

0.0008 

0.03 

0.002 

0.01 

1 E-09 
. . 

1E-10 
. . 

. . 

. . 

. . 

. . 

. . 
1 E.09 
. . 
. . 
. . 

. . 

. . 

3E-09 

3E-09 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Liver 
N A 
N A 
N A 
N A 

N A 
Nasal 
CNS 
N A 
N A 
N A 
N A 
N A 

CNS 

NA 

. . 

0.00000009 

0.0003 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.00000003 

0.0000007 

0.006 

0.006 

0.01 

0.0008 

0.03 

0.002 

0.01 

0.006 

0.00001 

0 0001 
0.002 

0.004 

- 7 1  

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.00001 

0.0001 
0.002 

0.004 



TABLE 9.9.CTE 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

CENTRALTENDENCYEXPOSURES 

Scenario Timeframe: Fulure 

Receptor Population: Resident 

Receptor Age: Adult 7' 
NSWC CRANE, CRANE INDIANA 

PAGE 2 OF 6 

Carcinogenic Risk Non-Carcinogenic Hazard Ouollenl 

trans.1.2-Dichloroethene 



SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 3 OF 6 

Receptor Population: Resident 

Medlum 

Groundwater 

Exposure Exposure Chemical Carc~nogenic Risk Non.Carc~nogen~c Hazard Ouol~enl 
Medium Point 01 ~ o t e n t ~ a l  

Concern 

Routes Total 
Groundwater SWMU 16 Vanadium . . . . . . Kidney 0.4 . . 0.03 0.4 

Chemical Total 4 ~ - 0 4  7 1 0.3 r l  
Exposure Polnt Total 

Exposure Medium Total 5E.04 

Alr SWMU 16 1.1.2.2-Tetrachloroethane 

1.1.2-Trichloroelhane 

1.1-Dichtoroethene 

1.2.3-Trichloropropane 

1.2-Dichloroethane 

Benzene 

Bromodichloromethane 

Carbon Tetrachloride 

Chloroform 

~i~-1,2-Di~h1oroethene 

Methyiene Chloride 

Tetrachloroethene 

Toluene 

trans-1.2-Dichloroethene 

Trichloroethene 

Vlnyl Chloride 

Pyridine 

2-Nitrotoluene 

2.4.6-Tr~nitrotoiuene 

2-Amino-4,6-Dinltrotoluene 

4-Amino-2.6-Dinitrotoluene 

RDX 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromlum 

Cobalt 

Iron 

5E-08 

2E-07 

. . 

. . 

4E-08 

2E-08 

. . 

4E.08 

9E-08 

. . 

1 E-09 

5E-08 

. . 

. . 

4E-05 

1 E-07 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

5E-08 

2E.07 

. . 

. . 

4E-08 

2E-08 

. . 

4E-08 

9E-08 

. . 

1 E-09 

5E-08 

. . 

. . 

4E.05 

1 E-07 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

NA 

NA 

Llver 

Blood 

N A 

Blood 

NA 

Liver 

Liver 

N A 

Liver 

Liver 

NA 

N A 

Liver 

Liver 

NA 

NA 

N A 

N A 

N A 

NA 

CNS 

N A 

N A 

Fetus 

NA 

Kidney 

Lungs 

NA 

N A 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

.. 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.002 

0.01 

0.01 

0.01 

0.04 

0.003 

0.00003 

0.0007 

0.002 

1 

0.01 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.002 

0.01 

0.01 

0.01 

0.04 

0.003 

0.00003 

0.0007 

0.002 

1 

0.01 



TABLE 9.9.CTE 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE, CRANE INDIANA 
PAGE 4 OF 6 

Receptor Population: Resident 

Carcinogenic Risk Non-Carcinogen~c Hazartl Quot~enl 



TABLE 9.9.CTE 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

CENTRAL TENDENCY EXPOSURES 

NSWC CRANE, CRANE INDIANA 
PAGE 5 OF 6 

Receptor Population: Resident 

Carclnogenlc Risk Non-Carclnogentc Hazard Ouoltenl 



TABLE 9.9.CTE 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

CENTRAL TENDENCY EXPOSURES 

NSWC CRANE, CRANE INDIANA 

PAGE 6 OF 6 

Receptor Population: Resident 

Total Blood HI 

Total Body Wetght HI 

Total CNS HI 

Total CVS HI 

Total GS HI 

Total Immune HI 

Total Kldney HI 

Total L~ver HI 

Total Skln HI 

Total Nasal HI 
Total None Reported HI 

Total Prostate HI 

Total Spleen HI 

Total Bone HI 

Total Fetotox~c~ly HI 

Medium Exposure 

Medium 

Carcinogenic Rlsk Non-Carclnogenlc Hazard Quotlenl Exposure 

Point 

Chemical 

of Potential 

Concern 



TABLE 9.lO.CTE 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE, CRANE INDIANA 

PAGE 1 OF 5 

Receptor Population: Resident 

Medium Non-Carc~nogen~c Hazard Ouot~ent Exposure 

Medium 

Carcinogenic Risk 

Ingestion 

7E-11 

3 ~ - 0 7  

3E-06 

3E-07 

6E-07 

2E-07 

. . 

. . 

. . 

2E-06 

. . 

. . 

. . 

. . 

. . 

Medium Total I 7E.06 ' i l l  

Exposure 

Point 

Surface Soil 

I Exposure 

Air 

Exposure 

Exposure Point Total 

Chemlcat 

of Potential 

Concern 

6E-06 7E-07 7E-06 

Inhalation 

Surface Soil SWMU 16 Trlchioroethene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Dibenzo(a.h)anthracene 

Medium Total 

Dermal 

----- 
. . 

5E-08 

4E-07 

5E-08 

BE-08 

2E-08 

. . 

. . 

. . 

5E-08 

. . 

. . 

. . 

. . 

. . 

Indeno(l.2.3.cd)pyrene 

Naphlhatene 

Aluminum 

Antlmony 

Arsenic 

Copper 

Iron 

Lead 

Manganese (Soil) 

Vanadium 

SWMU 16 

I 

I 

0- 
Trichloroethene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Dibenzo(a.h)anthracene 
Indeno(l.2.3-cd)pyrene 
Naphthalene 
Aluminum 
Antimony 
Arsenic 
Copper 
Iron 
Lead 
Manganese (So~l) 

Vanadium 

Chemical Total 

I 7E.06 

External 

(Radiation) 

Exposure Polnt Total 

Medium Total 

2E-09 
. . 

2E-10 
. . 

. . 

. . 

. . 

. . 

. . 
3 ~ - 0 9  
. . 
. . 
. . 

. . 

. . 

Exposure 

Routes Total 

7E.11 

4 ~ - 0 7  

3E-06 

4E-07 

6E-07 

2E-07 

. . 

. . 

. . 

2E-06 

. . 

. . 

. . 

. . 

. . 

5E-09 - -- 

2E.09 
- 

. . 

2E.10 
. . 

. . 

. . 

. . 

. . 

. . 
3 ~ - 0 9  
. . 
. . 
. . 

. . 

. . 

I 5E-09 
.- 
1 



TABLE 9.1O.CTE 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 2 OF 5 

Receptor Population: Resident 

Medium 

Groundwater 

Ingestion 

6E-07 

2E-06 

. . 

6E-09 

3E-07 

2E-07 

2E.07 

7E.07 

. . 

. . 

4E-08 

1E-05 

. . 

. . 

6E-04 

8E-05 

. . 

8E-08 

2E-08 

. . 

. . 

6E-06 

. . 

. . 

2E-05 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

.. 

Exposure 

Medium 

Groundwater 

Inhalation 

Exposure 

POI~ I  

SWMU 16 

Chemical 

of Potential 

Concern 

1.1.2.2-Tetrachloroethane 

1.1 2-Trichloroethane 

1.1-Dlchloroethene 

I .2.3-Trichloropropane 

1.2-Dichloroethane 

Benzene 

Bromodichloromethane 

Carbon Tetrachloride 

Chloroform 

cis-1,2-Dichloroethene 

Methylene Chloride 

Tetrachloroethene 

Toluene 

trans-1.2-Dichloroethene 

Trichloroethene 

Vinyl Chlorlde 

Pyridlne 

2-Nitrotoluene 

2.4.6-Trinitrotoluene 

2-Amino-4,6-Dinltrotoluene 

4-Amino-2.6-Din~trotoluene 

RDX 

Alumlnum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chrom~um 

Cobalt 

Iron 

Lead 

Lllhium 

Manganese (Water) 

Nickel 

Carcinogenic 

Dermal 

----- 
6E-08 

1 E-07 

. . 

5E-10 

1 E-08 

2E-08 

1 E-08 

1 E-07 

. . 

. . 

1 E-09 

5E-06 

. . 

. . 

7E.05 

3E.06 

. . 

BE-09 

3E-10 

. . 

. . 

4E-08 

. . 

. . 

3E-08 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

.. 

. . 

Risk 

Exlernal 

(Radialion) 

Non.Carclnogenlc Hazard Quoilenl 

Exposure 

Routes Total 

7E-07 

2E-06 

. . 

7E-09 

3E-07 

2E.07 

2E-07 

8E-07 

. . 

. . 

4E.08 

2E.05 

. . 

. . 

6E-04 

8E-05 

. . 

9E-08 

2E-08 

. . 

. . 

6E-06 

. . 

. . 

2E-05 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 
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CENTRALTENDENCYEXPOSURES 
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LIST OF TABLES 
RAGS PART D TABLE 10 

RISK SUMMARY 

Table No. 
REASONABLE MAXIMUM EXPOSURES 

Maintenance Workers 
Occupational Workers 
Adolescent Trespassers 
Construction Workers 
Child Recreational Users 
Adult Recreational Users 
Lifelong Recreational Users 
Child Residents 
Adult Residents 
Lifelong Residents 

CENTRAL TENDENCY EXPOSURES 
Maintenance Workers 
Occupational Workers 
Adolescent Trespassers 
Construction Workers 
Child Recreational Users 
Adult Recreational Users 
Lifelong Recreational Users 
Child Residents 
Adult Residents 
Lifelong Residents 



TABLE IO.1.RME 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

Receptor Population: Maintenance Workers 

Tolal CVS Hi 
Tolal Skin HI 

411 212005 

Carc~nogenic Risk Non-Carc~nogentc Hazard Quolnent 

ingeslion inhalation Dermal 

6E-07 5E-07 1E.06 NA . . 

Medlum Exposure 

Medium 

Chemical Total 6E-07 5E.07 1 E-06 . . . . 1 . .  r"-T-l - 

Exposure 

Point 

Surface Soil 

Chemlcal 

01 Potential 

Concern 

SWMU 16 Surface So11 

Exposure Po~nt Tolai 1 E-06 

Exposure Medium Tolal 1 E-06 
I 

Air SWMU 16 Benzo(a)anthracene . . N A . . . . 
a 

. . 

Exposure Poinl Total . . 

Medlum Total I IE-06 

Surface Water Surface Water All Cancer Risks Within Acceptable Levels 
1 

All Hazard Quotients Wlthin Acceptable Levels 
. . I . .  - 

All Hazard Quotients Wlthin Acceptable Levels 

I - -  I . . I . 

I I. 

Medium Tolal p 
Sediment Sediment Gullies All Cancer Risks Within Acceptable Levels 

m 
All Hazard Quotients Wlthin Acceptable Levels 

Benzo(a)pyrene 

Chem~cal Total _In . . 

E Z I I l  

E z z I  
0 01 

. . I . _  

Exposure Polnt Tolal 

Exposure Medlum Total 

Medium Total 
- 

Sediment Sediment Turkey Creek Arsenlc 2E-06 3E.07 2E-06 Skln. CVS 

Chemical Total 2E-06 0.01 . . 1 0.002 

0.01 

Exposure Point Tolal 2E-06 - 
Exposure Medium Total 2E-06 7 

Medium Total I 22.06 7 
Receptor Total Receplor R~sk Total 3E-06 It 0.01 

0.002 



TABLE 10.2.RME 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE, CRANE INDIANA 

Receptor Population: Occupational Workers 

Total Blood HI 

Total CNS HI 

Total CVS HI 
Total L~ver HI 

Total S k ~ n  HI 
Total Prostale HI 

Medium 

Surface Soil 

Exposure 

Medium 

Suriace Soil 

Exposure 

Air 

Exposure Chemical Carcinogenic Risk Non-Carcmogenlc Hazard Quotient 

Point of Potential 

Concern 

SWMU 16 Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 7E-07 6E-07 1 E-06 NA . . 

Dibenzo(a.h)anthracene 1 E-06 1 E-06 2E-06 NA . . 
Arsenic 3E-06 7E-07 4E-06 Skln. CVS 0.02 . . 0.004 0 02 

2E-05 0.02 0.004 

Exposure Point Total 2E-05 

Medium Total 2E-05 1m 
SWMU 16 Benzo(a)anthracene 

Exposure 

Benzo(a)pyrene 
Benzo(b)fluoranthene . . .. NA . . . . 
Dibenzo(a.h)anthracene . . . . NA . . . . 
Arsenic 5E-09 5E.09 NA . . . . 

Chemical Total 5E-09 5E-09 . . 
Exposure Point Total 5E-09 

Medium Total 5E-09 

Medium Total 
I 1  

-1 2E-05 1 1 7 1  
Groundwater Liver 0 0002 . . 0.000008 0 0003 

Blood 0 04 . . 0.001 0.05 

Liver 0.04 . . 0.002 0.04 

Tetrachloroethene 

Trichloroethene 

Vinyl Chloride 

RDX 

Arsenic 

Manganese (Water) 

Chemical Total 

Exposure Point Total 

Exposure Medium Total 

Medium Total 

Groundwater 

Liver 0.01 . . 0.002 0.01 

L~ver 0.4 . . 0.02 0.4 

Liver 0.08 . . 0 001 0 08 

Prostate 0.08 . . 0.0002 0.08 

Skin. CVS 0 2 . . 0.0001 0 2 

CNS 2 . . 0.04 2 

1 E-03 4 ~ - 0 5  1 E-03 3 . . 0.06 

1 E-03 131 
IE-03 0- 
I IE-03 

Receptor Total Receptor Risk Total I 1 E-03 Receptor HI Total I 3 

SWMU 16 1,1.2.2-Tetrachloroethane 

1,l.Z-Trichloroethane 

Carbon Tetrachloride 



TABLE lO.3.RME 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

Receptor Population: Trespassers 

Carcinogenic Risk Non-Carc~nogenic Hazard Ouot~ent 



TABLE 10.4.RME 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

Receptor Population: Construction Workers 

Total CNS HI 
Total L~ver HI 

Carcinogenic Risk Non-Carcinogenic Hazard Quot~ent 

CNS . . 1 .  . . 1 

CNS . . 2 . . 
. . 3 

131 

Liver . . 0.03 0.03 
I- 

. . ( 0.03 r l  
7 1  

3E-06 I I r l  
2E-06 2E-06 Llver . . 0.1 . . 0.1 1 
2E-06 2E-06 . . 0 1 I - -  

2E-06 m 
IE-06 0 7 1  
IE-06 1 1 -  

Receptor Risk Total 5E-06 Receptor HI Total 3 

Medium Exposure 

Medium 

Exposure 

Point 

Surface So~llSubsurface Soil 

Chemical 

of Potential 

Concern 

SurfacelSubsurface Soil SWMU 16 Aluminum 

Manganese (Soil) 

Chemical Total 

1 Exposure Medium Total 

Exposure Point Total 

Air SWMU 16 Aluminum 
Manganese (Soil) 

l~hemica l  Total 

Exposure Medium Total 

Medium Total 

Exposure Point Total 

Groundwater 

Medium Total 

Receptor Total 

Groundwater SWMU 16 Trichloroethene 

Chemical Total 

Exposure Point Total 

Exposure Medium Total 

Air 

Exposure Medium Total 

SWMU 16 Trichloroethene 

Chemical Total 

Exposure Point Total 



TABLE 10.5.RME 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 
PAGE 1 OF 2 

Receptor Populallon: Recrealional users 

Carcinogenic Risk Non-Carcinogen~c Hazard Quot~ent 



TABLE 10.5.RME 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE, CRANE INDIANA 
PAGE 2 OF 2 

Receptor Population: Recreational Users 

Total CNS HI 

Tolal CVS HI 

Tolal Llver HI 

Tolal Skln HI 

Total Proslale HI 

Medium Exposure 

Medium 

Exposure 

Point 

Sediment 

Exposure Medlum Total 

Medium Total 
-I' 

5E-06 

Receptor Total Receptor Rlsk Total 3E-04 Receptor HI Tolal 3 

Carcinogenic Risk Non-Carc~nogen~c Hazard Quollent 

of Potential 

Concern 

Roules Tolal 

Turkey Creek Sediment Arsei 1 4 ~ - 0 6  I -- I 7 ~ - 0 7  5 ~ - 0 6  Skin. cvs 0.10 . . 0.02 0. I - 
1 4E-06 I -- I 7E-07 5E-06 

Exposure Point Total I 5E-06 



TABLE 10.6.RME 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE, CRANE INDIANA 
PAGE 1 OF 2 

Receptor Population: Recreational Users 

Carcinogenic Risk Non.Carc~nogentc Hazard Quol!ent 



TABLE 10.6.RME 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 
PAGE 2 OF 2 

Receplor Population: Recreational Users 

Carc~nogenic Risk Non.Carclnogenlc Hazard Ouol~enl 

Total CVS HI 

Total Llver HI 
Tolal Sk~n HI 

Total Prostate HI 



TABLE 10.7.RME 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 
PAGE 1 OF 2 

Receplor Population: Recreational Users 

Carcinogenic Risk Nan-Carc~nogenic Hazard Quot~ent 

Tetrachloroethene 

Trlchloroethene 



TABLE 10.7.RME 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE, CRANE INDIANA 
PAGE 2 OF 2 

Receptor Population: Recreational Users 

Carcinogenic Risk Non-Carc~nogenlc Hazard Ouotlenl 

Routes Total 

Medium Exposure 

Medium 

Turkey Creek Arsenic 5E-06 1 E-06 7E-06 

Chemical Total 7E-06 

Exposure Point Total 7E-06 -- 

Sediment 

Exposure Medlum Total 7E-06 

Medlum Total 7E-06 
I 1  

Receptor Total Receptor Risk Total 5E-04 
1 

Exposure 

Point 

Sedlment 

Chemical 

of Potential 

Concern 



TABLE lO.8.RME 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 1 OF 2 

Receptor Population: Resident 

Medium 

Suriace So11 

Medium Tolal 

Exposure 

Medium 

Surlace Sail 

Exposure 

Air 

Exposure 

Groundwater 
I 5E-05 

Exposure 

Point 

SWMU 16 

Chemical Carcinogenic Rlsk Non.Carc#nogen~c Hazard Quot~enl 

of Potential 

Concern 

RoLlleS Tolal 

Benzo(a)anthracene N A . . 

Benzo(a)pyrene NA . . 
Benzo(b)fluoranthene NA . . 

Dibenzo(a.h)anthracene N A . . 

lndeno(l.2.3-cd)pyrene NA 

Arsenic Skln. CVS 0.3 . . 0.02 0.3 

Chemical Total 0.3 0.02 

Groundwaler 

I 

Exposure Point Total 

Medium Tolal 

SWMU 16 

SWMU 16 

I1 Exposure Medium Total 

Benzo(a)anlhracene 
Benzo(a)pyrene 
Benzo(b)fluoranlhene . . . . 

Dibenzo(a,h)anthracene N A . . . . 
1ndeno(l.2.3-cd)pyrene N A . . . . 

Exposure Po~nt Total 

m 

1.1.2.2-Tetrachloroethane 

1 , l  ,2.Trchloroethane 

1.2-Dichloroethane 

Carbon Tetrachloride 

cis-1.2-Dichloroethene 

Tetrachioroethene 

Trichloroethene 

Vinyl Chloride 

RDX 

Aluminum 

Arsenic 

Chromium 

iron 

Lithlum 

Manganese (Water) 

Vanadlum 

Chemical Total 

Arsenic NA . . . . 

Chemical Total . . 

Exposure Point Total 

Medlum Tolal 

2E-06 

9E-06 

1 E-06 

3E-06 

. . 

5E-05 

2E-03 

3E-04 

2E-05 

. . 

7E-05 

. . 

. . 

. . 

. . 

. . 

1 E-07 

3E-07 

2E-08 

2E-07 

. . 

9E-06 

1 E.04 

5E-06 

6E-08 

. . 

7E-08 

. . 

. . 

. . 

. . 

. . 

48 

3E-06 

9E-06 

1 E-06 

3E.06 

. . 

6E-05 

2E-03 

3E-04 

ZE-05 

.. 

7E-05 

. . 

. . 

. . 

. . 

. . 
. . 

Liver 

Blood 

None Reported 

Liver 

Blood 

Llver 

Llver 

Liver 

Prostate 

CNS 

Skln. CVS 

Fetotoxicity, GS. Bone 

None Reported 

None Reported 

CNS 

Kidney 

0.002 

0.4 

0.007 

0.4 

3 

0.1 

4 

0.8 

0.8 

2 

2 

1 

9 

2 

20 

3 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.00010 

0.01 

0.0001 

0.03 

0.1 

0.02 

0.2 

0.01 

0.002 

0.002 

0.002 

0.09 

0.01 

0.0009 

0.5 

0. I 

0.003 

0.4 

0.007 

0.4 

3 

0.1 

4 

0.8 

0 8 

2 

2 

1 

9 

2 

20 

3 



TABLE IO.8.RME 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 2 OF 2 

Receptor Population: Residenl 

Tolal Blood HI 

Total CNS HI 

Total CVS HI 

Total Kldney HI 

Total Llver HI 

Total Sknn HI 

Total None Reported HI 

Total Prostate HI 

Tolal Bone HI 

Total Fetotoxiclty HI 



TABLE 10.9.RME 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 1 OF 2 

Receptor Population: Resident 

Carcinogenic Rlsk Non-Carcinogen~c Hazard Quotient 



TABLE 10.9.RME 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 2 OF 2 

Receptor Population: Resldent 

Carcinagenlc Risk Non.Carcinogenic Hazard Quol~ent 

Total Blood HI 

Total CNS HI 
Total CVS HI 
Total Liver HI 
Total Skin HI 

Total None Reported HI 
Total Prostate HI 



TABLE 10.10.RME 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 1 OF 2 

Receptor Population: Resident 

Carcinogenic Risk Non-Carcinogentc Hazard Ouol~ent 

Dlbenzo(a.h)anthracene 

Bromodichloromethane 

Carbon Tetrachloride 

Telrachloroethene 

Trichloroethene 



TABLE 10,iO.RME 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 2 OF 2 

Receptor Population: Resident 

Carcinogenic Risk Non.Carclnogen~c Hazard Quol~ent 

Tetrachloroethene 

Trichloroethene 



TABLE 1O.l.CTE 

RISK SUMMARY 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

Scenario Timeframe: CurrenVFuture 

Receptor Population: Maintenance Workers 

Receptor Age: ~ d u l t  

lithin Accept: 7 



TABLE 10.P.CTE 

RISK SUMMARY 

CENTRAL TENDENCY EXPOSURES 

NSWC CRANE. CRANE INDIANA 

Receptor Popuiat~on: Occupational Workers 

Medium Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

of Potential 

Ingestion Inhalation Dermal External Exposure 

Surface Soil Surface Soil SWMU 16 Benzo(a)pyrene 9E-07 2E-07 1 E-06 NA . . 

Chemical Total 9E-07 2E-07 I .. 1 . . 

Exposure Point Total 

Exposure Medium Total I IE-06 0 1  
EIIxl 

Air SWMU I 6  1E-10 NA . . . . 

1 E-10 . . 

Exposure Point Total 1E-I0 

Exposure Medium Total 

m 
=[-[- 

Medium Total IE-06 o r ]  
Groundwater Groundwater SWMU 16 1 .I ,2-Trichloroethane 1 E-06 Blood 0.04 . . 0.0007 0 04 

Tetrachloroelhene 7E-06 Llver 0.009 . . 0 001 0 01 

Trichloroethene 3E-04 Llver 0 4 . . 0.01 0 4 

Vinyl Chloride 4E-05 Liver 0.07 . . 0 0007 0 07 

RDX 3E-06 Proslate 0.07 . . 0.0001 0 07 

9E-06 Skln, CVS 0.2 . . 0.00008 0 2 

. . CNS . . 0.02 2 2 

4E-04 2 . . 0 0 4  1 1  
Exposure Point Total 4E-04 

Exposure Medium Total 
131 

Medium Total 4E-04 1 1 -  
Receptor Total Receptor Risk Total 4E-04 Receptor HI Total I 3 

Total Blood HI 

Total CNS HI 

Total CVS HI 
Tolal Llver HI 
Total Skln HI 

Tolal Prostate HI 







TABLE 10.5.CTE 

RISK SUMMARY 

CENTRALTENOENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 
PAGE 1 OF 2 

Receptor Population: Recreational Users 

Carc~nogenic Rlsk Non-Carc~nogen~c Hazard Ouot~enl 





TABLE 10.6.CTE 

RISK SUMMARY 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

Receplor Populallon: Recreallonal Users 

Medium Exposure 

Medium 

Surtace So11 Surface Soil SWMU 16 All Cancer Risks Within Acceptable Levels All Hazard Quotients Wlth~n Acceptable Levels I 

Exposure 

~ o l n l  

Chemical Total . . . . . . 

Chemical Carcinogenic Risk Non-Carclnogenlc Hazard Quol~enl 

01 Potentla1 

Concern 

Routes Tolal 

. . I .. 

1 m 
r-7- l  - 
1 

0.05 

0.008 

7 1  
7 1  

Exposure Point Total 

Exposure Medium Total 

Air SWMU 16 All Cancer Risks Within Acceptable Levels All Hazard Quotients Wlthin Acceptable Levels 
Ichemlcal Total . . I .. 

3E-05 

Exposure Point Total 

Exposure Medlum Total 
I 

Medium Total 

Medium Total 

Groundwater Groundwater SWMU 16 Trichloroethene Llver 

Vlnyl Chloride Liver 

Chemical Total 

Exposure Point Total . . - 
Exposure Medlum Total I I- I 1  m 

Medium Total 

Surface Water Surlace water Turkey Creek 
I .. 

All Cancer Risks Within Acceptable Levels 
c Z I  

All Hazard Quotients Wlthin Acceptable Levels 
Chemical Total . . I _ _  7 1  

Exposure Medium Total 

Medlum Total 

Sedlmenl Sediment Gullies 
1- - -  

All Cancer Risks Within Acceptable Levels 
1- 

Chemlcal Tolal 

Exposure Poinl Total 

r Exposure Medium Total 
Medium Total 

Sedlment Sedlmenl 
1 

All Hazard Quotients Wlthin Acceptable Levels 

r - -  I . . I .. 

Exposure Point Total -D 

Medium Total 
1 

Receptor Tolal Receptor Risk Total 3E-05 Receptor HI Tolal 0.06 
1 

All Cancer Risks Within Acceptable Surlace Water 

Exposure Point Total 3E.05 

0.04 

0.008 

0.05 

3E-05 - 
Levels 

. . 
Surface Water 

0.06 

. . I .. 

. . 

. . 

. . 

Gullies 

0.004 

0 0002 

0.004 

Chemical Total 



TABLE 10.7.RME 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE, CRANE INDIANA 
PAGE 1 OF 2 

Receptor Population: Recreational Users 

Carcinogen~c Rlsk Non-Carclnogenlc Hazard Ouollenl 



RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE, CRANE INDIANA 
PAGE 2 OF 2 

Receptor Population: Recreational Users 



TABLE 10.8.CTE 

RISK SUMMARY 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 1 OF 2 

Receptor Population: Resident 

Carcinogenic Risk NOn-Carcinogenic Hazard Quol~ent 



TABLE 10.8.CTE 

RISK SUMMARY 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 2 OF 2 

Receptor Population: Resident 

Total CNS HI 
Total CVS HI 
Total Llver HI 
Total Sk~n HI 

Total None Reported HI 
Total Prostate HI 

Medium 

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total 

Surface Water Surlace water 

Exposure 

Medium 

Carcinogenic R~sk Exposure 

Point 

Non-Carcinogenic Hazard Ouot~ent Chemical 

of Polent~al 



RISK SUMMARY 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 
PAGE I OF 2 

Receptor Population: Resident 

Carcinogenic R~sk Non-Carcinogenic Hazard Quol!enl 



TABLE 10.9.CTE 

RISK SUMMARY 

CENTRALTENDENCYEXPOSVRES 

NSWC CRANE, CRANE INDIANA 
PAGE 2 OF 2 

Receptor Populatlon: Resldent 

Tolal Blood HI 

Tolal CNS HI 
Total CVS HI 

Total Llver HI 

Total Skln HI 

Total None Reported HI 
Total Prostate HI 



TABLE 10.10.CTE 

RISK SUMMARY 

CENTRAL TENDENCY EXPOSURES 

NSWC CRANE, CRANE INDIANA 

PAGE 1 OF 2 

Receptor Population: Resident 

Medium 

Concern Ingestion inhalation Dermal External Exposure Primary Ingestion inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Toial 

Surface Soil Surface Soil 

Exposure 

Medlum 

Carcinogenic Risk Exposure 

Point 

Non-Carcinogenic Hazard Quotient Chemical 

of Potentla1 



Receptor Population: Resident 

TABLE 10.10.CTE 

RISK SUMMARY 

CENTRALTENDENCYEXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 2 OF 2 



APPENDIX 1.2 

SAMPLE CALCULATIONS 



CALCULATION WORKSHEET Page 1 of 2 

PURPOSE: To estimate intake, carcinogenic and noncarcinogenic risks from incidental ingestion of 
surface soil. 

CLIENT: 
NSWC CRANE, INDIANA 

EQUATION: IEX = C S x I R x E F x E D x F I x C F  
BW x AT 

JOB NUMBER: 
7448 

Where: 
I EX 
Cs 
IR 
EF 
ED 
F I 
CF 
BW 
AT 
CSFo 
Rf Do 

estimated exposure intake (rnglkglday) 
exposure point concentration in soil (mglkg) 
incidental ingestion rate (mglday) 
exposure frequency (dayslyear) 
exposure duration (years) 
fraction ingested from contaminated source (unitless) 
conversion factor (1 .OE-6 kglrng) 
body weight (kg) 
averaging time (days) 
oral carcinogenic slope factor ((mg/kg/day)-') 
oral noncarcinogenic reference dose (mglkglday) 

SUBJECT: 
CALCULATION OF INTAKEIRISK FROM INCIDENTAL INGESTION OF SOIL 
FUTURE ON-SITE ADULT RESIDENT 
BASED ON: 
U.S. EPA, DECEMBER 1989 

RISKS: 
ILCR (Carcinogens) = Intake (mglkglday) x CSFo (mglkg1day)-1 
HQ (Noncarcinogens) = Intake (rnglkglday) I RFDo (rnglkglday) 

BY: 
R. JUPlN 

ASSUMPTIONS: 
Cs - - 6.29 mglkg Chemical: Arsenic 
IR - - 100 mglday 
E F - - 350 dayslyear 
ED - - 24 years 
F I - - 1 
CF = 1.OE-06 kglmg 
BW - - 70 kg 
ATc = 25550 days 
ATnc = 8760 days 
CSFo = 1.5E+00 (mglkg/day)-' 
RfDo = 3.OE-04 (mglkglday) 

DATE: 
0311 512005 



CALCULATION WORKSHEET Page 2 of 2 

EXAMPLE CARCINOGENIC CALCULATION 

CLIENT: 
NSWC CRANE, INDIANA 

lEXc = 6.29 mglkg x I 00  mglday x 350 dayslyear x 24 years x 1 x 1 .OE-06 kglmg 
70 kg x 25550 days 

JOB NUMBER: 
7448 

IEXc = 2.95E-06 mglkglday 

ILCR = 2.95E-06 mglkglday x 1.50E+00 (mglkg1day)-1 = Incremental Lifetime Cancer Risk 

ILCR = 4.4E-06 

SUBJECT: 
CALCULATION OF INTAKEIRISK FROM INCIDENTAL INGESTION OF SOIL 
FUTURE ON-SITE ADULT RESIDENT 
BASED ON: 
U.S. EPA, DECEMBER 1989 

EXAMPLE NONCARCINOGENIC CALCULATION 

BY: 
R. JUPlN 

lEXnc = 6.29 mglkg x 100 mglday x 350 dayslyear x 24 years x 1 x I .OE-06 kglmg 
70 kg x 8760 days 

DATE: 
0311 512005 

lEXnc = 8.62E-06 mglkglday 

HQ = 8.62E-06 mglkglday 13.00E-04 (mglkglday) = Hazard Quotient 



CALCULATION WORKSHEET Page 1 of 2 

IICLIENT:  JOB NUMBER: 1 
NCWS CRANE, INDIANA 17448 
SUBJECT: I 
FUTURE ON-SITE ADULT RESIDENT 
BASED ON: 

PURPOSE: To estimate intake, carcinogenic and noncarcinogenic risks from dermal contact with 
surface soil. 

I 
U.S. EPA, JULY 2004 

EQUATION: DEX = C s x C F x S A x A F x A B S x E F x E D  
BW x AT 

BY: 
R. JUPlN 

Where: 
DEX 
Cs 
C F 
S A 
ABS 
AF 
EF 
ED 
BW 
AT 
CSFd 
Rf Dd 

estimated exposure intake (mglkglday) 
exposure point concentration in soil (mglkg) 
conversion factor (1 .OE-6 kglmg) 
skin surface available for contact (cm2/day) 
absorption factor (unitless) 
adherence factor (mg/cm2) 
exposure frequency (dayslyear) 
exposure duration'(years) 
body weight (kg) 
averaging time (days) 
dermal carcinogenic slope factor ((mglkg1day)-') 
dermal noncarcinogenic reference dose (mglkglday) 

CH 

RISKS: 
ILCR (Carcinogens) = Intake (mglkglday) x CSFd (mg/kg/day)-1 
HQ (Noncarcinogens) = Intake (mglkglday) I RFDd (mglkglday) 

DATE: 
0311 512005 

ASSUMPTIONS: 
Cs - - 6.29 mglkg Chemical: Arsenic 
C F - - 1 .OE-06 kg/mg 

S A - - 5700 cm2/day 

AF - - 0.07 mg/cm2 
ABS = 0.03 
EF - - 350 dayslyear 
ED - - 24 years 
BW - - 70 kg 
ATc = 25550 days 
ATnc = 8760 days 
CSFd = 1.5E+00 (mg/kg/day)-' 
RfDd = 3.OE-04 (mglkglday) 



CALCULATION WORKSHEET Page 2 of 2 

~ICLIENT:  JOB NUMBER: 
NCWS CRANE, INDIANA 17448 
SUBJECT: 
CALCULATION OF INTAKEIRISK FROM DERMAL CONTACT WITH SOIL 

1Iu.s. EPA. JULY 2004 11 

FUTURE ON-SITE ADULT RESIDENT 
BASED ON: I 

EXAMPLE CARClNgGENlC CALCULATION 
J' 1 1 /' J 1' J 

BY: 
R. JUPlN 

DEXc = 6.29 mg/kg x I .OE-06 kg/mg x 5700 cm2/day x 0.07 mglcm2 x 0.03 x 355 daysfyear x 24 years 
70 g x 255 0 days 

/ 4 f 
DEXc = 3 . 5 4 ~ - 0 7 ~  mg/kg/day 

1' 

CHE 

J 
ILCR = 3.54E-07 mq/kg/day x 1.50E+00 (rng/kg/day)-1 = Incremental Lifetime Cancer Risk 

DATE: 
0311 512005 

ILCR = 5.3E-07 ./ 

EXAMPLE NONCARCINOGENIC CALCULATION 

DEXnc = 6.29 mg/kg x 1 .OE-06 kg/mg x 5700 cm2/day x 0.07 mglcm2 x 0.03 x 350 dayslyear x 24 years 
70 kg x 8760 days 

DEXnc = 1.03E-06 

HQ 
/ 

= 1.03E-06 mg/kg/day / 3.00E-04 (rng/kg/day) = Hazard Quotient 



CALCULATION WORKSHEET Page 1 of 2 

PURPOSE: To calculate ambient air concentrations resulting from fugitive dust and volatilization 
from surface soil. 

CLIENT: 
NSWC CRANE, INDIANA 

RELEVANT EQUATIONS: 

JOB NUMBER: 
7448 

Cair = Cs x (11PEF + 1NF) 

Csat = Slpb x (Kd x pb +Ow + H x 8a) 

SUBJECT: 
ESTIMATION OF AMBIENT AIR CONCENTRATIONS RESULTING FROM FUGITIVE DUST EMISSIONS 
AND VOLATILIZATION FROM SOIL 
BASED ON: 
U.S. EPA 1996 

Where: 
Cair 
Cs 
PEF 
VF 
Q/C 
T 

pb 
PS 
OT 
8w 
8a 
Di 
H 
S 
Dw 
D A 
Kd 
Koc 
foc 

BY: 
R. JUPlN 

Chemical concentration in air (mg/m3) 
Chemical concentration in soil (mglkg) 
Particulate emission factor (m3/kg) 
Volatilization factor (m3/kg) 
Inverse of mean conc. at center of source (g/m2-s per kg/m3). 
Exposure interval (seconds). 
Dry soil bulk density (g/cm3). 
soil particle density (g/cm3). 
Total soil porosity (LporeILsoil). 
Water-filled soil porosity (LporeILsoil). 
Air-filled soil porosity (LairILsoil). 
Diffusivity in air (cm2/sec). 
Dimensionless Henry's Law Constant. 
Solubility limit (mg/L) 
Diffusivity in water (cm2/sec). 
Apparent diffusivity (cm2/sec). 
Soil-water partition coefficient (cm3/g). 
Soil organic carbon partition coefficient (cm3/g). 
Fraction organic carbon in soil (919). 

DATE: 
0311 512005 



ESTIMATION OF AMBIENT AIR CONCENTRATIONS RESULTING FROM FUGITIVE DUST EMISSIONS 
AND VOLATILIZATION FROM SOIL 
BASED ON: 

CALCULATION WORKSHEET Page 2 of 2 
CLIENT: 
NSWC CRANE, INDIANA 

ASSUMPTIONS: 
Cs = 0.031 mglkg Chemical: Trichloroethene 
PEF = 1.32E+09 m3Ikg 
QIC = 68.81 glm2-s per kglm3 
T = 9.46E+08 sec 

pb - - 1.5 glcrn3 
PS = 2.65 g/cm3 
OT = 0.434 LporeILsoil 
8w = 0.15 LporeILsoil 
8a = 0.284 LairILsoil 
Di = 7.90E-02 cm2/sec 
H = 4.22E-01 Uniltess 
S = 1 .lOE+03 mg/L 
Dw = 9.10E-06 cm2Isec 
Koc = 1.66E+02 cm3/g 

- foc = 0.006 g/g 
Kd = 0.996 cm3lg 

JOB NUMBER: 
7448 

U.S. EPA 1996 R 

EXAMPLE CALCULATIONS 

SUBJECT: 

VF = (68.81 g/m2-s per kglm3) x [(3.14) x (1.51 E-03 cm2Isec) x (9.46E+08 sec)lAl/2 x (1 E-4 m2lcm2) 
2 x 1.5gIcm3 x 1.51 E-03 cm21sec 

VF = 3.22E+03 m3/kg 

DATE: 
0311 512005 

BY: 
R. JUPIN 

Csat = (1.10E+03 mg/L)/(1.5 g/cm3) x [(0.996 cm3lg) x (1.5 g/cm3) + (0.1 5 + 4.22E-01 x 0.284)] 

Csat = 1.29E+03 mg/kg 

Csat is greater than Cs, therfore use Cs in calculation of air concentration. 

Cair = 0.031 mglkg x [(1/1.32E+09 m3/kg) + (1/3.22E+03 m3/kg)] 

Cair = 9.64E-06 mg/m3 

CHEC 
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PURPOSE: To estimate intake, carcinogenic and noncarcinogenic risks from inhalation of 
fugitive dust and volatiles. 

CLIENT: 
NSWC CRANE, INDIANA 

EQUATION: IEX = C a x I R x E T x E F x E D  
BW x AT 

JOB NUMBER: 
7448 

Where: 
IEX - - 

Ca - - 

IR - - 

ET - - 

E F - - 

ED - - 

BW - - 

AT - - 

CSFi = 
RfDi = 

estimated exposure intake (mglkglday) 
exposure point concentration in air (mglm3) 
inhlation rate (m3lhr) 
exposure time (hrslday) 
exposure frequency (dayslyear) 
exposure duration (years) 
body weight (kg) 
averaging time (days) 
inhalation carcinogenic slope factor ((mg/kg/day)-') 
inhalation noncarcinogenic reference dose (mglkglday) 

SUBJECT: 
CALCULATION OF INTAKEIRISK FROM INHALATION OF FUGATIVE DUST EMISSIONS 
AND VOLATILES BY A ADULT RESIDENT 
BASED ON: 
U.S. EPA, DECEMBER 1989 

RISKS: 
ILCR (Carcinogens) = Intake (mglkglday) x CSFi (mglkg1day)-1 
HQ (Noncarcinogens) = Intake (mglkglday) I RFDi (mglkglday) 

BY: 
R. JUPlN 

ASSUMPTIONS: 
Ca = 9.64E-06 mglm3 Chemical: Trichloroethene 
I R - - 0.83 m3lhr 
ET - - 24 hrlday 
E F - - 350 dayslyear 
ED - - 24 years 
BW - - 70 kg 
ATc = 25550 days 
ATnc = 8760 days 
CSFi = 7.OE-03 (mg/kg/day)~' 
RfDi = 1.70E-01 (mglkglday) 

DATE: 
0311 512005 
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EXAMPLE CARCINOGENIC 
1 ,/ 

CLIENT: 
NSWC CRANE, INDIANA 

lEXc = 9.64~-d6 mglm3 x 0.83 m3lhr x 24 hr/day x 350 dayslyear x 24 years 
, 7Wkg x 25560 days 

JOB NUMBER: 
7448 

lEXc = 9.02E-07 rnglkglday J 
J' 

lLCR = 9.02E-07 rnglkglday x 7.00E-03 (mglkg1day)-1 = Incremental Lifetime Cancer Risk 

EXAMPLE NONCARCINOGENIC CALCULATION 

SUBJECT: 
CALCULATION OF INTAKEIRISK FROM INHALATION OF FUGATIVE DUST EMISSIONS 
AND VOLATILES BY A ADULT RESIDENT 
BASED ON: 
U.S. EPA, DECEMBER 1989 

IEXnc = 9.64E-06 mglm3 x 0.83 m3lhr x 24 hrlday x 350 dayslyear x 24 years 
70 kg x 8760 days 

BY: 
R. JUPIN 

1 lEXnc = 2.63E-06 mglkglday - 

HQ 
/ 

= 2.63E-06 rnglkglday I 1.70E-01 (mglkglday) = Hazard Quotient 

CHE ED : DATE: C K ~ Y & t ~ u  10311 512005 
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Equation 5-5 
Derivation of the Particulate Emission Factor 
Construction Scenario - Construction Worker 

1 
i TxAR 

PEF,,=Q;'C,,x - 
F3 1 556 x (W,/3)" x 'mdC-p) x =!,KT 

C SWM 

Pararneterlaefinition [unjts) 

I 
Default 

PEF,,!subcRronic road particulate emiston factor (mdRrg) s i t e - ~ ~ j f i  c 

QICJ inverse af the ratio of the 1-h geometric mean sir 23.02t 
concentmtian to the emission ftux along a straight road (Equation 5-6) 
segment bisecting a square site (gim4-s per kg/&] 

FJdBpersion correction factor (unitfess) 0.185 
(Appendix E) 

T,rtotai t in~e over which construction occurs ts) site-specific 

Adsurface area of contan~inated road segment (m2) 274.213 
Wlength of road segment jft) (A, = L, x WR x 0.092903mPlft2) 

Walwidth of road segnient (R] 

W/mesn vehicle weight [tons) sitespecific 

plnumber of days with at least 0.01 inches of precipitation site-specrfic 
4days:year) {Exhibit 5-2) 

ZVKTlsum of fleet vehicle kilometers traveled during the exposure stte-specific 
duration (km) 

" Assunles a O 5 acre slte 

CLIENT: 

NSWC CRANE, INDIANA 

Q/C 
Fd 

T 

Area (A) 

W 

JOB NUMBER: 

7448 

P 
VKT 

PEF = 

SUBJECT: 
CALCULATION OF PARTICUALATE EMISSION FACTOR FOR CONSTRUCTION WORKERS 

BASED ON: 

Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites (USEPA, December 2002) 

23.02 (g/m2-s per kg/m3) 

0.185 dispersion correction factor (unitless) 

4.32E+06 sec 3600 seclhr x 8hrlday x 150dayslyr 

274.213 m2 

8 tons 

1 15 daylyear 

175.5 km 

BY: 
R. JUPlN 

DATE: 

0311 512005 
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PURPOSE: To estimate intake, carcinogenic and noncarcinogenic risks from ingestion of 
groundwater. 

CLIENT: 
NSWC CRANE, INDIANA 

EQUATION: IEX = C g w x C F x I F x E F x E D  
BW x AT 

JOB NUMBER: 
7448 

Where: 
I EX 
Cgw 
CF 
IR 
EF 
ED 
BW 
AT 
CSFo 
Rf Do 

estimated exposure intake (mglkglday) 
exposure point concentration in groundwater (ug1L) 
conversion factor (1 .OE-3 mglug) 
ingestion rate (Uday) 
exposure frequency (dayslyear) 
exposure duration (years) 
body weight (kg) 
averaging time (days) 
oral carcinogenic slope factor ((mg/kg/day)-') 
oral noncarcinogenic reference dose (rnglkglday) 

SUBJECT: 
CALCULATION OF INTAKEIRISK FROM INGESTION OF GROUNDWATER 
ADULT RESIDENT 
BASED ON: 
U.S. EPA, DECEMBER 1989 

RISKS: 
ILCR (Carcinogens) = Intake (mglkglday) x CSFo (mglkg1day)-1 
HQ (Noncarcinogens) = Intake (mglkglday) I RFDo (mglkglday) 

BY: 
R. JUPlN 

ASSUMPTIONS: 
Cgw = 21055 ug/L Chemical: Trichloroethene 
I R - - 2 Uday 
CF = 1.OE-03 mglug 
E F - - 350 dayslyear 
ED - - 24 years 
BW - - 70 kg 
ATc - - 25550 days 
ATnc = 8760 days 
CSFo = 1.3E-02 (mg/kg/day)~' 
RfDo = 5.OE-01 (mglkglday) 

DATE: 
0311 512005 
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 CALCULATION OF INTAKEIRISK FROM INGESTION OF GROUNDWATER 11 

CLIENT: 
NSWC CRANE, INDIANA 

JOB NUMBER: 
7448 

EXAMPLE 
i 

lEXc = 
1' J 

21 055 ug/L x 0.001 mglug x 2 Uday x 350 dayslyear x 24 years 

i 79kg x 2 5 5 7  days 

SUBJECT: 

ADULT RESIDENT 
BASED ON: 
U.S. EPA, DECEMBER 1989 

1 lEXc = 1.98E-01 rnglkglday 

J 
ILCR = 1.98E-01 rnglkglday x 1.30E-02 (mglkg1day)-1 = Incremental Lifetime Cancer Risk 

BY: 
R. JUPlN 

ILCR = 2.61-03 ../ 

DATE: 
0311 512005 

EXAMPLE NONCARCINOGENIC CALCULATION 

t d" i 
lEXnc = 21 05dg11  x 0.00~mg/u9x 2 day x 35 dayslyear x 24 years 

70 kg x 8760,days 

/ 
J 

IEXnc = 5.77E-01 rnglkglday 

HQ - / 
- 5.77E-01 rnglkglda~ = Hazard Quotient 

5.00E-01 (rnglkglday) J 
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PURPOSE: To estimate intake, carcinogenic and noncarcinogenic risks from dermal contact with 
groundwater. 

CLIENT: 
NSWC CRANE, INDIANA 

EQUATION: DAD = DAevent x EV x ED x EF x A 
BW x AT 

JOB NUMBER: 
7448 

Where: 
DAD - - 

DAevent = 
EV - - 

E F - - 

ED - - 

A - - 

BW - - 

AT - - 
CSFo = 
Rf Do - - 

SUBJECT: 
CALCULATION OF INTAKEIRISK FROM DERMAL CONTACT WITH GROUNDWATER 
ADULT RESIDENT 
BASED ON: 
U.S. EPA, DECEMBER 1989, JULY 2004 
BY: --... DATE: 
R. JUPIN ICHE'y5w< 10311 512005 

dermally absorbed dose (mglkglday) 
absorbed does per event (mg/cm2/event) 
event frequency (eventslday) 
exposure frequency (dayslyear) 
exposure duration (years) 
skin surface available for contact (cm2) 
body weight (kg) 
averaging time (days) 
oral carcinogenic slope factor ((mg/kg/day)-') 
oral noncarcinogenic reference dose (mg/kg/day) 

RISKS: 
ILCR (Carcinogens) = DAD (mg/kg/day) x CSFd (mg/kg/day)-1 - .  . - - 
HQ (~oncarcinogens) = DAD (mg/kg/dayj / RFDd 

EQUATIONS for DAevent: 

For lnoraanics: 

l ~ ~ e v e n t  = Kp x Cw x CF x tevent 

For Oraanics: 

j 6 x  tau: tevent 
if tevent I t', then : DAevent= 2xFAxKpxCwxCFx 

tevent 1+3B+3B2 
if tevent > t', then : DAevent= FAX Kpx CwxCFx +?xtaux( ]] + B)2 
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CLIENT: 
NSWC CRANE, INDIANA 

Where: 

KP = permeability coefficient from water (cmlhr) 
cgw = concentration of chemical in groundwater (rng1L) 
tevent = duration of event (hrtevent) 
C F = conversion factor (0.001 L/cm3) 
t ' = time it takes to reach steady-state (hrlevent) 
'r = lag time (hrlevent) 
B = Bunge Model Constant (dimensionless) 

JOB NUMBER: 
7448 

U.S. EPA, DECEMBER 1989, JULY 2004 

EXAMPLE CALCULATION OF DAevent 

SUBJECT: 
CALCULATION OF INTAKEIRISK FROM DERMAL CONTACT WITH GROUNDWATER 
ADULT RESIDENT 
BASED ON: 

BY: 
R. JUPlN 

ASSUMPTIONS: 

DATE: 
0311 512005 

cgw 
KP 
FA 
tevent 
C F 
t * 
'r 

B 

- - 21.055 mg1L Chemical: Trichloroethene 
= 1.16E-02 cmlhr 
- - 1 unitless 
- - 0.25 hrtevent 
- - 0.001 ucm3 
- - 1.39 hrtevent 
- - 0.58 hrlevent 
- - 0.051 

tevent < t*, therefore, 

J ' 1 1  / 
DAevent = (2 x 0.01 16 cmlhr) (1) (21.055 rng/L) (0.001 Ucm3) x 

J 6 x 0.581 hrlevent x 0.25 hrlevent 
It 

DAevent = 2.57E-04 mg/cm2-eveni 

RISK CALCULATIONS 

ASSUMPTIONS: 
A - - 

EV - - 

ED - - 

E F - - 

BW - - 

ATc - - 

ATnc - - 

CSFd = 
Rf Dd - - 

18000 cm2/day 
1 eventlday 

24 years 
350 dayslyear 
70 kg 

25550 days 
8760 days 

1.3E-02 (mglkg1day)-' 
5.OE-01 (mglkglday) 
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EXAMPLE CARCINOGENIC CALCULATION 

CLIENT: 
NSWC CRANE, INDIANA 

J J J 
DADc = 2.57~f04 mglcm2-event x 1 evenVday x 24 years x 350 dayslyear x 18000 cm2lday 

7 0 2  x 2 5 7 0  days i 

JOB NUMBER: 
7448 

DADc = 2.18E-02 1 mglkglday 

DADc = 2.18E-02 mglkglday x 1.30E- = Incremental Lifetime Cancer Risk 

ILCR = 2.83E-04 

EXAMPLE NONCARCINOGENIC CALCULATION 
/ ,' / / i 

SUBJECT: 
CALCULATION OF INTAKEIRISK FROM DERMAL CONTACT WITH GROUNDWATER 
ADULT RESIDENT 
BASED ON: 
U.S. EPA, DECEMBER 1989, JULY 2004 

DADnc = 2.57~4% mglcm2-event x devent/day x 24 years x 350 dayslyear x 18000 cm2lday 
70 kg ,x 8760 d ys 

/ B 

BY: 
R. JUPlN 

DADnc = 6.34E-02 ,' mglkglday 

DATE: 
10311 512005 

HQ 
/ 

= 6.34E-02 mglkglday I 5.00~-01 (mglkglday) = Hazard Quotient 
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PURPOSE: To estimate intake, carcinogenic and noncarcinogenic risks from inhalation of 
volatiles while showering by an adult resident. 

CLIENT: 
NSWC CRANE, INDIANA 

EQUATIONS: 

JOB NUMBER: 
7448 

lntake = 
S x  lRshx K x  EFx ED 

B W x A T x R a x C F  
Where: 

K = Ds + exp(-Ra x Dt) - exp[Ra x (Ds - Dt)] 
Ra 

SUBJECT: 
CALCULATION OF INTAKEIRISK FROM INHALATION OF VOLATILES WHILE SHOWERING 
BY AN ADULT RESIDENT 
BASED ON: 
U.S. EPA, 1989 AND FOSTER AND CHROSTOWSKI, 1987 

S = Cwd x FRISV Cwd = Cw x [ I  -exp(-Kal x tsI60d)l 

BY: 
R. JUPlN 

Kal = KI x [(TI x Us)/(Ts x UI).'.~ KI = l / [ l /k l  + RT/(H x kg)] 

DATE: 
0311 512005 

k l  = 20 cmlhr x ( 4 4 / ~ ~ ) ' . ~  kg = 3000 cm/hr x (1 ~ I M W ) ' . ~  
RISKS: 

ILCR (Carcinogens) = lntake (mglkglday) x CSFi (mg/kg/day)-1 
HQ (Noncarcinogens) = lntake (mglkglday) / RFDi (mglkglday) 

- ..- . 

Where: 
lntake 
S 
lRsh 
EF 
ED 
BW 
AT 
Ra 
Ds 
Dt 
FR 
sv 
ts 
d 
MW 
H 
T 1 
Ts 
U 1 
Us 
CSFi 
RfDi 

estimated exposure intake (mglkglday) 
volatile chemical generation rate (mg/m3-min - shower) 
inhalation rate (m3lhr) 
exposure frequency (showerslyear) 
exposure duration (years) 
body weight (kg) 
averaging time (days) 
air exchange rate (llmin) 
shower duration (min) 
total time in bathroom (min) 
shower water flow rate (Umin) 
shower room air volume (m3) 
shower droplet drop time (sec) 
shower droplet diameter (mm) 
molecular weight of compound (glmole) 
Henry's Law constant (atm-m3lmole) 
calibration water temperature (K) 
shower water temperature (K) 
water viscosity at T I  (cp) 
water viscosity at Ts (cp) 
inhalation carcinogenic slope factor ((mg/kg/day)-') 
inhalation noncarcinogenic reference dose (mglkglday) 
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ASSUMPTIONS: Chemical: Trichloroethene 
lRsh = 0.6 m3/hr 
E F - - 350 showerslyear 
ED - - 24 years 
BW - - 70 kg 
ATc - - 25550 days 
Atn - - 8760 days 
Ra - - 0.0167 llmin 
CF - - 60 min/hr 
Ds - - 15 min 
Dt - - 20 min 
F R - - 10 Umin 
sv - - 12 m3 
Cw = 21.055 mg1L 
ts - - 2 sec 

d - - 1 mm 
MW - - 131.4 glmole 
H = 1.03E-02 atm-m3/mole 
RT = 2.40E-02 atm-m3/mole 
T 1 - - 293 K 

T s - - 320 K 
U1 - - 0.982 centipoise 
Us - - 0.61 6 centipoise 
CSFi = 7.00E-03 (mg/kglday)-1 
RfDi = 1.70E-01 (mg/kg/day) 

CLIENT: 
NSWC CRANE, INDIANA 

EXAMPLE CALCULATION: 

JOB NUMBER: 
7448 

k 1 - - 11.57 cmlhr 

kg = 1110.35 cmlhr 

SUBJECT: 
CALCULATION OF INTAKEJRISK FROM INHALATION OF VOLATILES WHILE SHOWERING 
BY AN ADULT RESIDENT 
BASED ON: 
U.S. EPA, 1989 AND FOSTER AND CHROSTOWSK1,,1987 

KI = 1.13E+01 cmlhr 

BY: 
R. JUPlN 

DATE: 
0311 512005 
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CLIENT: 
NSWC CRANE, INDIANA 

JOB NUMBER: 
7448 

BY AN ADULT RESIDENT 
BASED ON: 

Kal = 1.13E+01 crnlhr x [(293 K x 0.616 centipoise)/(320 K x 0.982 centipoise)]A0.5 

SUBJECT: 
CALCULATION OF INTAKEIRISK FROM INHALATION OF VOLATILES WHILE SHOWERING 

I 
U.S. EPA, 1989 AND FOSTER AND CHROSTOWSKI, 1987 

Kal - - 14.9 cmlhr 

BY: 
R. JUPlN 

Cwd = 21.055 mg1L x [ I  - exp((-14.9 cmlhr x 2 sec)/(60 x 1 mm))] 

DATE: 
0311 512005 

Cwd = 8.25E+00 mg/L 

S = 8.25E+00 rng1L x 10 Umin I 12 rn3 

K = 15 rnin + exp(-0.0167 1 Irnin x 20 rnin) - exp[0.0167 llrnin x (1 5 rnin - 20 rnin)] 
0.01 67 llmin 

K - - 2.79 min 

CARCINOGENIC INTAKE- I' / i' -/ / 
Intake = 6.87E+00 rnglrn3-rnig-shower fl.6 rn3lhr x 2.79 min x 350 showerslyear x 24 years 

fd kg x 25550 days x 0.0lJ7 llmin x 6yrninlhr 

i 
intake = 5.40E-02 mglkg-day 

Risk = 0. dd 7 (mglkg1day)-1 x 5.40E-02 rnglkg-day 
I 

i Risk = 3.8E-04 

NONCARCINOGENIC INTAKE: 

Intake = 6.87E+00 mglrn3-rnin-shower x 0.6 rn3lhr x 2.79 min x 350 showerslyear x 24 years 
70 kg x 8760 days x 0.01 67 llrnin x 60 rninlhr 

intake = 1.57E-01 mglkg-day , J 
HQ 

J 
= 1.57E-01 mglk -day 1 1.70E-01 (rnglkglday) 3 
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PURPOSE: To calculate ambient air concentrations resulting from volatilization of chemicals 
from groundwater. 

CLIENT: 
NSWC CRANE, INDIANA 

Ctrench = CGW x VF 

JOB NUMBER: 
7448 

Where: 

Ctrench = concentration of contaminant in the trench Clg/m3 
CGW = concentration of contaminant in groundwater pg/L 
VF = volatilization factor um3 

SUBJECT: 
ESTIMATION OF AMBIENT AIR CONCENTRATIONS IN A TRENCH RESULTING FROM VOLATILE EMISSIONS 
FROM GROUNDWATER. 
BASED ON: 
VDEQ, 2004 

1. Calculate kiG (qas-phase mass transfer coefficient of component il_ 

BY: 
R. JUPlN 

Where: 

DATE: 
0311 512005 

kiG = gas-phase mass transfer coefficient of component i cm/s 
MW,,, = molecular weight of water = 18 g/mol 

MWTcE = molecular weight of TCE = 131.39 g/mol 

kG,H,O = gas-phase mass transfer coefficient of water vapor at 25°C cm/s = 0.833 cm/s 
T = average system absolute temperature = 298 
The value of kG, H,O is 0.833 cm/s (Super-fund Exposure Assessment Manual, U. S. EPA, April 1988) 

2. Calculate kiL (liquid-phase mass transfer coefficient of component i) 

Where: 
kiL = liquid-phase mass transfer coefficient of component i cmls 
MWo2 = molecular weight of 0, = 32 g/mol 

MWTcE = molecular weight of TCE = 131.39 g/mol 
T = average system absolute temperature = 298 
kL, 0, = liquid-phase mass transfer coefficient of oxygen at 25°C cm/s = 

./ /' J'- 
kiL = (3% 31.39)' x (2981298) x 0.002 cm/s = 9.87E-04 cm/s 



ESTIMATION OF AMBIENT AIR CONCENTRATIONS IN A TRENCH RESULTING FROM VOLATILE EMISSIONS 
FROM GROUNDWATER. 
BASED ON: 

CLIENT: 
NSWC CRANE, INDIANA 

JOB NUMBER: 
7448 

3. Calculate Ki (overall mass transfer coefficient of contaminant) 

SUBJECT: 

VDEQ, 2004 

Ki = 1 / {(l/kiL) + [(RT) / (Hi x kiG)]) 

BY: 

Where: 

C H DATE: 

kiL = liquid-phase mass transfer coefficient of i cm/s = 9.87E-04 
R = ideal gas constant atm-m3/mole-OK = 8.20E-05 
T = average system absolute temperature = 298 
Hi = Henry's Law constant of TCE (atm-m3/mol) = 1.03E-02 
KiG = gas-phase mass transfer coefficient of i cm/s 4.28E-01 

1 / f / 
Ki = 1 / {(1/9.78E-4) + [(298 x 8.2E-5) / (1.03E-2 x 0.4281) = 9.82E-04 cmls 

R. JUPIN X~L  - .lo311 512005 

4. Calculation of VF (Volatilization Factor 

Where: 

VF = volatilization factor (L/m3) 
Ki = overall mass transfer coefficient of contaminant = 

A = area of the trench = 
F = fraction of floor through which contaminant can enter (unitless) = 
ACH = air changes per hour = 
V = volume of trench = 

= conversion factor ucm3 0.001 
l o4  = conversion factor cm2/m2 10000 
3,600 = conversion factor secondslhr 3600 

5. Calculation of Ctrenrh (concentration of contaminant in the trench) 

Where: 

CvenC, = concentration of contaminant in the trench (yg/m3) 

CGW = concentration of TCE in groundwater = 

VF = volatilization f 'ctor = 7 
4 4' 

C,,,,,, = 21 055 yg/L x 3.22E-02 Urn3 = 6.78E+02 pg/m3 
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PURPOSE: To estimate intake, carcinogenic and noncarcinogenic risks from incidental ingestion of 
surface water. 

CLIENT: 
NSWC CRANE, INDIANA 

EQUATION: 

JOB NUMBER: 
7448 

Where: 
I EX 
Csw 
CF 
CRsw 
ET 
E F 
ED 
BW 
AT 
CSFo 
Rf Do 

IEX = 
C s w x C F x C R s w x E T x E F x E D  

BW xAT  

SUBJECT: 
CALCULATION OF INTAKEIRISK FROM INCIDENTAL INGESTION OF SURFACE WATER 
ADULT RESIDENT 
BASED ON: 
U.S. EPA, DECEMBER 1989 

estimated exposure intake (mglkglday) 
exposure point concentration in surface water (ug1L) 
conversion factor (1 .OE-3 mglug) 
contact rate (Uhour) 
exposure time (hourslday) 
exposure frequency (dayslyear) 
exposure duration (years) 
body weight (kg) 
averaging time (days) 
oral carcinogenic slope factor ((mg/kg/day)-') 
oral noncarcinogenic reference dose (mglkglday) 

BY: 
R. JUPlN 

RISKS: 
ILCR (Carcinogens) = Intake (mglkglday) x CSFo (mg/kg/day)-1 
HQ (Noncarcinogens) = Intake (mglkglday) I RFDo (mglkglday) 

DATE: 
0311 512005 

ASSUMPTIONS: 
Csw 
CRsw 
CF 
ET 
E F 
ED 
BW 
ATc 
ATnc 
CSFo 
Rf Do 

20.4 ug1L Chemical: Trichloroethene in gully surface water 
0.01 Uhr 

1 .OE-03 mglug 
4 hours 

52 dayslyear 
24 years 
70 kg 

25550 days 
8760 days 

1.3E-02 (mg/kglday)~' 
5.OE-01 (mglkglday) 
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EXAMPLE CARCINOGENIC CALCULATION 

CLIENT: 
NSWC CRANE, INDIANA 

1' 1' 1 J 1 4  lEXc = 20.4 ug1L x 1 .OE-03 mglug x 0. Uhr x ours x 52 dayslyear x 24 years - 
70 kg x 25550 days 

JOB NUMBER: 
7448 

lEXc = 5.69E-07 mglkglday 

ILCR = 5.69E-07 mglkglday x 1.30E-02 (mglkg1day)-1 = Incremental Lifetime Cancer Risk 

SUBJECT: 
CALCULATION OF INTAKEIRISK FROM INCIDENTAL INGESTION OF SURFACE WATER 
ADULT RESIDENT 
BASED ON: 
U.S. EPA, DECEMBER 1989 

ILCR = 7.41-09 , 
EXAMPLE NONCARCINOGENIC CALCULATION 

DATE: 
0311 512005 

BY: 
R. JUPlN 

lEXnc = 20.4 uglL x 1 .OE-03 mglug x 0.01 Uhr x 4 hours x 52 dayslyear x 24 years 
70 kg x 8760 days 

CH 

lEXnc = 1.66E-06 mglkglday ./ 
HQ = .66E-06 mglkglda~ = Hazard Quotient 

5.00E-01 (mglkglday) 
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 CALCULATION OF INTAKEIRISK FROM DERMAL CONTACT WITH SURFACE WATER 11 

CLIENT: 
NSWC CRANE, INDIANA 

JOB NUMBER: 
7448 

SUBJECT: 

ADULT RESIDENT 
BASED ON: 

PURPOSE: To estimate intake, carcinogenic and noncarcinogenic risks from dermal contact with 
surface water. 

I 
U.S. EPA, DECEMBER 1989, JULY 2004 

EQUATION: DAD = DAevent x EV x ED x EF x A 
BW x AT 

BY: 
R. JUPlN 

Where: 
DAD 
DAevent 
EV 
E F 
ED 
A 
BW 
AT 
CSFo 
Rf Do 

DATE: 
0311 512005 

dermally absorbed dose (mg/kg/day) 

Y 

absorbed does per event (mg/cm2/event) 
event frequency (eventslday) 
exposure frequency (dayslyear) 
exposure duration (years) 
skin surface available for contact (cm2) 
body weight (kg) 
averaging time (days) 
oral carcinogenic slope factor ((mg/kg/day)-') 
oral noncarcinogenic reference dose (mg/kg/day) 

RISKS: 
ILCR (Carcinogens) = DAD (mglkglday) x CSFd (mg/kg/day)-1 
HQ (Noncarcinogens) = DAD (mg/kg/day) / RFDd (mglkglday) 

EQUATIONS for DAevent: 

For lnoraanics: 

I ~ ~ e v e n t  = Kp x Cw x CF x tevent 

For Orqanics: 

If tevent I t', then : DAevent= 2xFAxKpxCwxCFx 

If tevent > t', then: DAevent= FAxKpxCwxCFx 
1 +3B+3B2 
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 CALCULATION OF INTAKEIRISK FROM DERMAL CONTACT WITH SURFACE WATER 11 

CLIENT: 
NSWC CRANE, INDIANA 

JOB NUMBER: 
7448 

SUBJECT: 

ADULT RESIDENT 
BASED ON: 

Where: 

KP = permeability coefficient from water (cmlhr) 
cgw = concentration of chemical in groundwater (mgIL) 
tevent = duration of event (hrlevent) 
C F = conversion factor (0.001 ucm3) 
t* = time it takes to reach steady-state (hrlevent) 
T = lag time (hrlevent) 
B = Bunge Model Constant (dimensionless) 

I 
U.S. EPA, DECEMBER 1989, JULY 2004 

EXAMPLE CALCULATION OF DAevent 

BY: 
R. JUPlN 

ASSUMPTIONS: 

DATE: 
0311 512005 

cgw 
KP 
FA 
tevent 
C F 
t* 
Z 

B 

- - 0.0204 mg1L Chemical: Trichloroethene in gully surface water 
= 1.16E-02 cmlhr 
- - 1 unitless 
- - 4 hrlevent 
- - 0.001 ucm3 
- - 1.39 hrlevent 
- - 0.58 hrlevent 
- - 0.051 

tevent > t*, therefore, 

DAevent = (0.01 16 cmlhr) (0.0204 mg/L) (0.001 Ucm3) x 

4 hrlevent + 2 x 0.581 hrlevent x [ I  + 3 x 0.051 + 3 x 0.051 x (0.051)A2] 
1 + 0.051 (1 + 0.051)/\2 I 

DAevent = 1.1 9E-06 mg/cm2-event 

RISK CALCULATIONS 

ASSUMPTIONS: 
A - - 9070 cm2/day 
EV - - 1 evenuday 
ED - - 24 years 
EF - - 52 dayslyear 
BW - - 70 kg 
ATc - - 25550 days 
ATnc - - 8760 days 

CSFd = 1.3E-02 (mglkg1day)-' 
Rf Dd = 5.OE-01 (mglkglday) 
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PURPOSE: To estimate intake, carcinogenic and noncarcinogenic risks from dermal contact with 
surface water. 

NSWC CRANE, INDIANA 
SUBJECT: 
CALCULATION OF INTAKElRlSK FROM DERMAL CONTACT WITH SURFACE WATER 
ADULT RESIDENT 
BASED ON: 
U.S. EPA, DECEMBER 1989, JULY 2004 

EQUATION: 

BY: 
R. JUPIN 

Where: 
DAD - - 

DAevent = 
EV - - 

EF - - 
ED - - 

A - - 

BW - - 

AT - - 

CSFO = 
Rf Do - - 

DATE: 
0311 512005 

DAD = 
DAevent x EV x ED x EF x A 

BW x AT 

dermally absorbed dose (mglkglday) 
absorbed does per event (mg/cm2/event) 
event frequency (eventslday) 
exposure frequency (dayslyear) 
exposure duration (years) 
skin surface available for contact (cm2) 
body weight (kg) 
averaging time (days) 
oral carcinogenic slope factor ((mg/kg/day)-') 
oral noncarcinogenic reference dose (mg/kg/day) 

RISKS: 
ILCR (Carcinogens) = DAD (mglkglday) x CSFd (mg/kg/day)-1 
HQ (Noncarcinogens) = DAD (mg/kg/day) / RFDd (mg/kg/day) 

EQUATIONS for DAevent: 

For lnorqanics: 

l ~ ~ e v e n t  = Kp x Cw x CF x tevent 

For Orqanics: 

if tevent I t', then : DAevent= 2xFAxKpxCwxCFx 

tevent 
if tevent > t', then : DAevent= FAxKpxCwxCFx 

1 +3B+3B2 
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EXAMPLE CARCINOGEN C CALCULATION I J" i 1 j 
DADc = 1.1 9E-06 mglcm2-event x 1 event/d$y x 24 years x 52 dayslyear x 9070 cm2lday 

i 

CLIENT: 
NSWC CRANE, INDIANA 

1 
DADc = 7.53E-06 mglkglday 

JOB NUMBER: 
7448 

i 
DADc = 7.53E-06 mglkglday x 1.30E-02 (mglkg1day)-1 = Incremental Lifetime Cancer Risk 

EXAMPLE NONCARCINOGENIC CALCULATION 

SUBJECT: 
CALCULATION OF INTAKEIRISK FROM DERMAL CONTACT WITH SURFACE WATER 
ADULT RESIDENT 
BASED ON: 
U.S. EPA, DECEMBER 1989, JULY 2004 

DADnc = 1.1 9E-06 mglcm2-event x 1 eventlday x 24 years x 52 dayslyear x 9070 cm2lday 
70 kg x 8760 days 

BY: 
R. JUPlN 

i DADnc = 2.20E-05 mglkglday , 

HQ = 2.20E-05 mglkglday I 5.00g01 (mglkglday) = Hazard Quotient 

HQ = 4.4E-05 uZ 

DATE: 
0311 512005 
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PURPOSE: To estimate intake, carcinogenic and noncarcinogenic risks from incidental ingestion of 
sediment. 

CLIENT: 
NSWC CRANE, INDIANA 

EQUATION: = C S x I R x E F x E D x F I x C F  
BW x AT 

JOB NUMBER: 
7448 

Where: 
I EX 
Cs 
I R 
E F 
ED 
F I 
CF 
BW 
AT 
CSFo 
Rf Do 

estimated exposure intake (mglkglday) 
exposure point concentration in sediment (mglkg) 
incidental ingestion rate (mglday) 
exposure frequency (dayslyear) 
exposure duration (years) 
fraction ingested from contaminated source (unitless) 
conversion factor (1 .OE-6 kglmg) 
body weight (kg) 
averaging time (days) 

SUBJECT: 
CALCULATION OF INTAKEIRISK FROM INCIDENTAL INGESTION OF SEDIMENT 
ADULT RESIDENT 
BASED ON: 
U.S. EPA, DECEMBER 1989 

oral carcinogenic slope factor ((mg/kg/day)-') 
oral noncarcinogenic reference dose (mglkglday) 

BY: 
R. JUPIN 

RISKS: 
ILCR (Carcinogens) = Intake (mglkglday) x CSFo (mglkg1day)-1 

DATE: 
0311 512005 

HQ (Noncarcinogens) = Intake (mglkglday) 1 RFDo (mglkglday) 

ASSUMPTIONS: 
Cs - - 13.1 mglkg Chemical: Arsenic in gully sediment 
IR - - 50 mglday 
E F - - 52 dayslyear 
ED - - 24 years 
F I - - 1 
CF = 1.OE-06 kglmg 
BW - - 70 kg 
ATc = 25550 days 
ATnc = 8760 days 
CSFo = 1.5E+00 (mg/kg/day)-' 
RfDo = 3.OE-04 (mglkglday) 
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EXAMPLE CARCINOGENIC CALCULATION i 

CLIENT: 
NSWC CRANE, INDIANA 

lEXc = 4.57E-07 mg/kg/dayJ 

J 
ILCR = 4.57E-07 mglkglday x 1.50E+00 (mglkg1day)-1 = Incremental Lifetime Cancer Risk 

JOB NUMBER: 
7448 

ILCR = 6.9E-07 

EXAMPLE NONCARCINOGENIC CALCULATION 

SUBJECT: 
CALCULATION OF INTAKEIRISK FROM INCIDENTAL INGESTION OF SEDIMENT 
ADULT RESIDENT 
BASED ON: 
U.S. EPA, DECEMBER 1989 

lEXnc = 13.1 mglkg x 50 mglday x 52 dayslyear x 24 years x 1 .OE-06 kglmg 
70 kg x 8760 days 

BY: 
R. JUPlN 

lEXnc = 1.33E-06 mglkglday 1 

DATE: 
0311 512005 

J 
HQ - = 1.33E-06 mglkglday I 3.00E-04 (rnglkglday) = Hazard Quotient 
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PURPOSE: To estimate intake, carcinogenic and noncarcinogenic risks from dermal contact with 
sediment. 

CLIENT: 
NCWS CRANE, INDIANA 

EQUATION: DEX = C s x C F x S A x A F x A B S x E F x E D  
BW x AT 

JOB NUMBER: 
7448 

Where: 
DEX 
Cs 
CF 
S A 
ABS 
AF 
EF 
ED 
BW 
AT 
CSFd 
Rf Dd 

SUBJECT: 
CALCULATION OF INTAKEJRISK FROM DERMAL CONTACT WITH SEDIMENT 
ADULT RESIDENT 
BASED ON: 
U.S. EPA, JULY 2004 
BY: 
R. JUPlN 

estimated exposure intake (mg/kg/day) 
exposure point concentration in sediment (mglkg) 
conversion factor (1 .OE-6 kg/mg) 
skin surface available for contact (cm2/day) 
absorption factor (unitless) 
adherence factor (mg/cm2) 
exposure frequency (dayslyear) 
exposure duration (years) 
body weight (kg) 
averaging time (days) 
dermal carcinogenic slope factor ((mg/kg/day)-') 
dermal noncarcinogenic reference dose (mglkglday) 

RISKS: 
ILCR (Carcinogens) = Intake (mg/kg/day) x CSFd (mg/kg/day)-1 
HQ (Noncarcinogens) = Intake (mgtkglday) / RFDd (mglkgtday) 

ASSUMPTIONS: 
Cs - - 13.1 mg/kg Chemical: Arsenic in gully sediment 
CF - - 1 .OE-06 kg/mg 

S A - - 5700 cm2/day 

AF - - 0.07 mg/cm2 
ABS = 0.03 
EF - - 52 dayslyear 
ED - - 24 years 
BW - - 70 kg 
ATc = 25550 days 
ATnc = 8760 days 
CSFd = 1.5E+00 (mg/kg/day)-' 
RfDd = 3.OE-04 (mg/kg/day) 
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EXAMPLE CARCINOGENIC CALCULATION 
/ / /' / / 

DEXc = 13.1 mgikg x 1 .OE-06 kglmg x 5700 cp2Iday xp.07'mg/cm2 x 0.0dx 52 daysiyear x 24 years 
70 u x  2555aays 

CLIENT: 
NCWS CRANE, INDIANA 

DEXc = 1.09E-07 mg/kg/day 
/ 

JOB NUMBER: 
7448 

J 
ILCR = 1.09E-07 mg/kg/day x 1.50E+00 (mg/kg/day)-1 = Incremental Lifetime Cancer Risk 

ILCR = 1.6E-07 J 

SUBJECT: 
CALCULATION OF INTAKEJRISK FROM DERMAL CONTACT WITH SEDIMENT 
ADULT RESIDENT 
BASED ON: 
U.S. EPA, JULY 2004 n 

EXAMPLE 

i 

BY: 
R. JUPlN 

DEXnc = 133 mglkg x 1 .OE-06 kglmg x 5760 cm2/day x 0.07 mglcm2 x 0.03 x 52 dayslyear x 24 years 
70 k x 8760 ays 2 P 

DATE: 
0311 512005 

DEXnc = 3.19E-07 mg/kg/day / /  

- .  
> 

HQ 
J 

= 3.19E-07 mg/kg/day / 3.00E-04 (mg/kg/day) = Hazard Quotient 



APPENDIX 1.3 

LEAD MODELING RESULTS 



LEAD MODEL FOR WINDOWS Version 1.0 

---------------------------------------------------------------------------------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Model Version: 1.0 Build 261 (Page 1 of 3 )  
Location: NSWC Crane, Crane, Indiana 
Site Name: SWMU 16 
Date: 4/12/2005 
Run Mode: Site Risk Assessment 
--------------------------------------------------------.---.--.-.--.-..--.------- 

# Soil/Dust Data 
Average weighted concentration of lead in surface soil and sediments 
from the gullies = 242 mg/kg. 
# Water Data 
Average concentration of lead in groundwater = 13.6 ug/L. 
.................................................................................. .................................................................................. 
The time step used in this model run: 1 - Every 4 Hours (6 times a day). 

Indoor Air Pb Concentration: 30.000 percent of outdoor 
Other Air Parameters: 

Time 
Outdoors 
(hours) 

Ventilation 
Rate 

(mA3/day) 

Diet Intake (ug/day) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5.530 
5.780 
6.490 
6.240 
6.010 
6.340 
7.000 

* * * * * *  Drinking Water * * * * * *  

Water 
Age 
-----. 

.5-1 
1-2 
2-3 
3-4 
4 - 5 
5-6 
6-7. 

Consumption: 
Water (L/day) 

Lung 
Absorption 

( 2 )  
_ _ L  _ _ _ _ _ _ _ _ _ _ _  ___.  

Outdoor Air 
Pb Conc 

(ug pb/mA3) 
. - - - - - - - - - - - - 

Drinking Water Concentration: 13.600 ug Pb/L 



---------------------------------------------------------------------------------- ---------------------------------------------------------------------------------- 
Model Version: 1 . 0  Build 2 6 1  (Page 2  of 3 )  
Location: NSWC Crane, Crane, Indiana 
Site Name: SWMU 1 6  
Date: 4 / 1 2 / 2 0 0 5  
Run Mode: Site Risk Assessment 
.................................................................................. 

Multiple Source Analysis Used 
Average multiple source concentration: 1 7 9 . 4 0 0  ug/g 

Mass fraction of outdoor soil to indoor dust conversion factor: 0 . 7 0 0  
Outdoor airborne lead to indoor household dust lead concentration: 1 0 0 . 0 0 0  
Use alternate indoor dust Pb sources? No 

Soil (ug Pb/g) House Dust (ug 

* * * * * *  Alternate Intake * * * * * *  

Alternate (ug Pb/day) 

0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  

* * * * * *  Maternal Contribution: Infant Model * * * * * *  

Maternal Blood Concentration: 2 . 5 0 0  ug Pb/dL 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CALCULATED BLOOD LEAD AND LEAD UPTAKES: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Year 

Year 

Air 
(ug/day) 

Diet 
(ug/day) 
. . . . . . . . . . . . . . . . . . . .  

2 . 5 0 7  
2 . 5 7 4  
2 . 9 2 8  
2 . 8 5 5  
2 . 8 1 1  
2 . 9 9 0  
3 . 3 1 5  

Total 
(ug/day) 

Alternate 
(ug/day) 

- - - - - - - - - - - - - - - -  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  

Blood 
(ug/dL) 

. . . . . . . . . . . . . . . . . . . . . . .  
4 . 6  
5 . 4  
5 . 1  
4 . 9  
4 .2  
3 . 8  
3 . 5  

Water 
(ug/day) 



--__----------___----------------------------------------------------------------- --_-----__------------------------------------------------------------------------ 
Model Version: 1.0 Build 261 (Page 3 of 3) 
Location: NSWC Crane, Crane, Indiana 
Site Name: SWMU 16 
Date: 4/12/2005 
Run Mode: Site Risk Assessment 
--....-___-----..--.-.----------------------------------------------------.---..-- 

Prob. Density (Blood Pb) 
251 

0 3 6 9 12 15 18 21 24 27 30 33 36 

Blood Pb Conc (ug/dL) 

Cutoff = 10.000 ug/dl 
Geo Mean = 4.461 
GSD = 1.600 
% Above = 4.293 
% Below = 95.707 

Prob. Distribution (Ti) 

Age Range = 0 to 84 months 
Time Step = Every 4 Hours 
Run Mode = Site Risk Assessment 
Comment = SWMU 16 - EF = 1 day/Week 

0 3 6 9 12 15 18 21 24 27 30 33 36 

Blood Pb Conc (ug/dL) 

Cutoff = 10.000 ug/dl 
Geo Mean = 4.461 
GSD = 1.600 
% Above = 4.293 

Age Range = 0 to 84 months 
Time Step = Every 4 Hours 
Run Mode = Site Risk Assessment 
Comment = SWMU 16 - EF = 1 day/Week 



LEAD MODEL FOR WINDOWS Version 1.0 

---------------------------------------------------------------------------------- ---------------------------------------------------------------------------------- 
Model Version: 1.0 Build 261 (Page 1 of 3) 
Location: NSWC Crane, Crane, Indiana 
Site Name: SWMU 16 
Date: 4/12/2005 
Run Mode: Site Risk Assessment 

# Soil/Dust Data 
Average weighted concentration of lead in surface soil and sediment 
from the gullies = 356 mg/kg. 
# Water Data 
Average concentration of lead in groundwater = 13.6 ug/L. 
---------------------------------------------------------------------------------- .................................................................................. 
The time step used in this model run: 1 - Every 4 Hours (6 times a day). 

Indoor Air Pb Concentration: 30.000 percent of outdoor. 
Other Air Parameters: 

Time 
Outdoors 
(hours) 

Ventilation Lung 
Rate Absorption 

(mA3/day) ( % )  

Diet Intake (ug/day) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* * * * * *  Drinking Water * * * * * *  

Water Consumption: 
Age Water (L/day) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - .  

Outdoor Air 
Pb Conc 

(ug pb/mA3) 

Drinking Water Concentration: 13.600 ug Pb/L 



---------------------------------------------------------------------------------- ---------------------------------------------------------------------------------- 
Model Version: 1 . 0  Build 2 6 1  (Page 2  of 3) 
Location: NSWC Crane, Crane, Indiana 
Site Name: SWMU 1 6  
Date: 4 / 1 2 / 2 0 0 5  
Run Mode: Site Risk Assessment 

Multiple Source Analysis Used 
Average multiple source concentration: 2 5 9 . 2 0 0  ug/g 

Mass fraction of outdoor soil to indoor dust conversion factor: 0.700  
Outdoor airborne lead to indoor household dust lead concentration: 1 0 0 . 0 0 0  

Use alternate indoor dust Pb sources? No 

Age Soil (ug Pb/g) 
---------------------------------. 

House Dust (ug 
- - - - - - - - - - - - - - -  

* * * * * *  Alternate Intake * * * * * *  

Alternate (ug Pb/day) 

* * * * * *  Maternal Contribution: Infant Model * * * * * *  

Maternal Blood Concentration: 2 . 5 0 0  ug Pb/dL 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CALCULATED BLOOD LEAD AND LEAD UPTAKES: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Year 

Year 

Air 
(ug/day) 
- - - - - - - - - - - - - - - - - - -  

0 . 0 2 1  
0 .034  
0 .062  
0 . 0 6 7  
0 . 0 6 7  
0 .093  
0 .093  

Diet 
(ug/day) 
- - - - - - - - - 

2 . 4 5 0  
2 . 5 0 4  
2 . 8 5 9  
2 . 7 9 7  
2 . 7 7 2  
2 . 9 5 7  
3 . 2 8 3  

Total 
(ug/day) 

Alternate 
(ug/day) 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

Blood 
(ug/dL) 

- - - - - - - - - - - - -  
5 . 6  
6 . 6  
6 . 2  
5 . 9  
5 . 1  
4 . 5  
4 . 1  

Water 
(ug/day) 
- - - - - - - - - - - - -  



---------------------------------------------------------------------------------- ---------------------------------------------------------------------------------- 
Model Version: 1.0 Build 261 (Page 3 of 3) 
Location: NSWC Crane, Crane, Indiana 
Site Name: SWMU 16 
Date: 4/12/2005 
Run Mode: Site Risk Assessment 

Rob. Density (Blood Pb) 

I 

Blood Pb Conc (ug/dL) 

Cutoff = 10.000 ug/dl 
Geo Mean = 5.393 
GSD = 1.600 
% Above = 9.448 
% Below = 90.552 

Age Range = 0 to 84 months 
Time Step = Every 4 Hours 
Run Mode = Site Risk Assessment 
Comment = SWMU 16 - EF = 2 dayslweek 

Rob. Distribution (%) 

Blood Pb Conc (ug/dL) 

Cutoff = 10.000 ugtdl 
Geo Mean = 5393 
GSD = 1.600 
% Above = 9.448 

Age Range = 0 to 84 months 
Time Step = Every 4 Hours 
Run Mode = Site Risk Assessment 
Comment = SWMU 16 - EF = 2 dayslweek 



Calculations of Preliminary Remediation Goals (PRGs) 

SITE NAME: SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
LOCATION: NSWC CRANE, CRANE, INDIANA 
RECEPTOR: CONSTRUCTION WORKER 
MEDIA: SURFACEISUBSURFACE SOIL 
DATE: APRIL 12,2005 

Calculations of Blood Lead Concentrations (PbBs) 
U.S. EPA Technical Review Workgroup for Lead, Adult Lead Committee 

Version date 05/19/03 

I Equation I does not apportion exposure helween soil and dust ingestion (excludes W,. KsI,). 
When IRs = IR,,l) and W, = 1.0, the equalions yield the same PbB ,,,:,, ,,,,. 

"Equation 1, based on Eq. 1,2 in USEPA (1996). 
I 

"Equation 2, alternate approach hased on Eq. 1,2, and A-19 in USEPA (1996). 

p b ~  ,,,,,,, = P~S:'BKSF*([(IR~+I~)'~AF~~~F~*W~~+[K~I,*(~R~+~~)*(I-W~)"AF~,*EF~,~)/~~~+P~B~ 11 .... I 

I PhB f,,Ill, 0.9s = PbB,,I,,I, "GSD,""~ * R) 
Source: U.S. EPA (1996). Recommendations of Llie Teclinical Review Workgroup for Lead 
for an Interim Approach to Assessing Risks Associated with Atlult Exposures to Lead in Soil 



Calculations of Preliminary Remediation Goals (PRGs) 

SITE NAME: SWMU 16 (CAST HIGH EXPLOSIVES FILUB-146 INCINERATOR) 
LOCATION: NSWC CRANE, CRANE, INDIANA 
RECEPTOR: OCCUPATIONAL WORKER AND ADULT TRESPASSER 
MEDIA: SURFACE SOIUGULLY SEDIMENT 
DATE: APRIL 12, 2005 

Calculations of Blood Lead Concentrations (PbBs) 
U.S. EPA Technical Rcview Workgroup for Lead, Adult Lead Committee 

Version date 05/19/03 

I Equation I does not apportion exposure between soil and dust ingestion (excludes W,, Ksl,). 
When IR, = IR,,,, and W, = 1.0, the equations yield the same PhB,,,,,,,,,,. 

*Equation I, based on Eq. 1 , 2  in USEPA (1996). 

PbB .,a..~, = (PbS"BKSF''IRs+l,*AFs.l,"EFs/ATs I,) + PbBo 

**Equation 2, alternate approach based on Eq. l , 2 ,  and A-19 in USEPA (1996). 

PbB ..I..I, = PbS*BKSF'Y[(1Rs+l,)*AFs*EFs*Ws1+[Ksl,*(IRs+o)*(l-Ws)*AFl,*EFl,])/36S+PbBo I 
I .. ".... I 

PbB fetal. 0.95 = PbB,,I,,Il * ( G S D ~ ~ " ~ ~  * R) 

Source: U.S. EPA (1996). Recommentlalions of the Technical Rcview Workgroup for Lead 
for an Interim Approach Lo Assessing Risks Assoeialetl with Atlull Exposures to Lead in Soil 



APPENDIX 1.4 

VAPOR INTRUSION MODELING RESULTS 



Version 3.0; 04/03 rE l  
DATAENTRYSHEET 

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "Xu in "YES" box) 

, YES I I 
I 

Reset to OR 
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION 
(enter "Xu in "YES" box and initial groundwater conc. below) 

YES I X I 
ENTER ENTER 

Initial 
Chemical groundwater 
CAS No. conc., 

(numbers only. cw 
no dashes) (MIL) Chemical 

56235 1 2.58€+00 1 Carbon tetrachloride I 

ENTER ENTER ENTER ENTER 
I MORE 1 D e ~ t h  
I * I be10w'~rade Average 

to bottom Depth soill 
of enclosed below grade SCS groundwater 
space floor, to water table, soil type temperature. 

LF Lwr directly above Ts 

(cm) ( 4  water table ("c) 

15 I 600 I SIC I 12 1 

ENTER 
Average vapor 

flow rate into bldg. 
(Leave blank to calculate) 

ENTER ENTER ENTER 

ENTER ENTER ENTER ENTER ENTER ENTER 
Target Target hazard Averaging Averaging 
risk for quotient for time for time for Exposure Exposure 

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency. 
TR THQ ATc ATNC ED EF 

(unitless) (unitless) (Y~s) (yrs) ( ~ r s )  (dayslyr) 

Used to calculate risk-based 
groundwater concentration. 

Carbon Tetrachloride - Child Residents 



CHEMICAL PROPERTIES SHEET 

Henry's Henry's Enthalpy of Organic Pure 
law constant law constant vaporization at Normal carbon component Unit 

Diffusivity Diffusivity at reference reference the normal boiling Critical partition water risk Reference 
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, conc., 

Da DW H TR AH,b TB TC KO, S URF RfC 

(cm2/s) (cm2/s) (atm-m3/mol) ("C) (cal/mol) (OK) (OK) (cm3/g) (mg/~ )  (pg/m3)-' (mg/m3) 

Carbon Tetrachloride - Child Residents Page 2 of 4 



INTERMEDIATE CALCULATIONS SHEET 

Vadose Vadose zone Vadose zone Vadose zone Vadose zone Total Air-filled Water-filled Floor- 
Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall 
building air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary capillary seam 

separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter, 

LT ea" S,e kl krg kv ~ c z  ncz 8a.cz %,cz Xcrack 

(cm) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm) 

585 1 0.265 1 0.284 1 1.49E-09 1 0.844 1.26E-09 192.31 0.481 0.057 0.424 1 4,000 1 

Area of Capillary Total 
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall 

Bldg. space to-total depth vaporization at constant at constant at viscosity at , effective effective effective 
ventilation below area below ave. groundwater ave, groundwater ave. groundwater ave. soil diffusion diffusion diffusion 

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, 

AB 9 
Dell Dell 

Qbui~ding Zcrack AHV.TS H~~ , PTS v cz T 

(cm3/s) (cm2) (unitless) (cm) (callmol) (atm-m3/mol) (unitless) (glcm-s) (cm2/s) (cm2/s) (cm2/s) 

Exponent of Infinite 
Average Crack equivalent source Infinite 

Diffusion Convection Source vapor effective foundation indoor source Unit 
path path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference 

length, length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc., 

Ld 
,,crack 

LD Csource rcrack Qso11 A,,,,, exp(pef) ct Cbullding URF R ~ C  
(cm) (cm) (W/m3) (c m-) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (pg/m3) (pg/m3).' (mg/m3) 

Carbon Tetrachloride - Child Residents Page 3 of 4 



RESULTS SHEET 

RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: 

Indoor Indoor Risk-based Pure Final 
exposure exposure indoor component indoor 

groundwater groundwater exposure water exposure 
conc., conc., groundwater solubility, groundwater 

carcinogen noncarcinogen conc., S conc., 
(MIL) (P~IL)  (P~IL)  (P~ IL )  (PSIL) 

MESSAGE SUMMARY BELOW: 

Carbon Tetrachloride - Child Residents Page 4 of 4 

INCREMENTAL RISK CALCULATIONS: 

Incremental Hazard 
risk from quotient 

vapor from vapor 
intrusion to intrusion to 
indoor air, indoor air, 
carcinogen noncarcinogen 
(unitless) (unitless) 



DATAENTRYSHEET 

Version 3.0; 04/03 rzrl CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "Xu in "YES" box) 

YES -1 
OR 

Defaults CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION 
(enter "Xu in "YES" box and initial groundwater conc. below) 

YES 

ENTER ENTER 
Initial 

Chemical groundwater 
CAS No. conc., 

(numbers only, CW 
no dashes) ( w )  Chemical 

I 56235 1 2.58E+00 1 Carbon tetrachloride I 

ENTER ENTER ENTER ENTER 
Depth 

below grade Average 
to bottom Depth soil/ 

of enclosed below grade SCS groundwater 
space floor, to water table, soil type temperature. 

LF L WT directly above Ts 

(cm) (cm) water table ("c) 

15 I 600 I SIC I 12 1 

ENTER 
Average vapor 

flow rate into bldg. 
(Leave blank to calculate) 

Qsa~ 

ENTER ENTER ENTER ENTER ENTER ENTER 
Target Target hazard Averaging Averaging 
risk for quotient for time for time for Exposure Exposure 

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency. 
TR THQ ATc ATNC ED EF 

(unitless) (unitless) (yrs) (yrs) (yrs) (dayslyr) 

ENTER ENTER 
Vadose zone User-defined 

SCS vandosezone 
soil type soil vapor 

(used to estimate OR permeability. 

soil vapor kv 

permeability) (cm2) 

SIC 

ENTER ENTER ENTER ENTER 
Vadose zone Vadose zone Vadose zone Vadose zone 

SCS soil dry so11 total soil water-filled 
soil type bulk density, porosity, porosity. 

~ookup Soil nv 
Parameters 

(g::3) 

owV 
(unitless) (cm3/cm3) 

1 1.38 1 0.481 I 0.216 1 

Carbon Tetrachloride - Adult Residents 

1.OE-06 I 1 

Used to calculate risk-based 
groundwater concentration. 

Page 1 of 4 

70 I 24 I 24 I 350 I 



CHEMICAL PROPERTIES SHEET 

Henry's Henry's Enthalpy of Organic Pure 
law constant law constant vaporization at Normal carbon component Unit 

Diffusivity Diffusivity at reference reference the normal boiling Critical partition water risk Reference 
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, conc., 

Da D w  H TR TB Tc KO, S URF RfC 
(cm2/s) (cm2/s) (atm-m3/mol) (OC) (ca~/mo~) (OK) (OK) (cm3/g) ( m g / ~ )  (pg/m3)" (mg/m3) 

1 7.80E-02 1 8.80E-06 1 3.03E-02 1 25 7,127 1 349.90 1 556.60 1 1.74€+02 1 7.93E+02 1 1.5E-05 I 2.OE-03 I 

Carbon Tetrachloride - Adult Residents 



INTERMEDIATE CALCULATIONS SHEET 

Vadose Vadose zone Vadose zone Vadose zone Vadose zone Total Water-filled Floor- Air-filled 
Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall 
building air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary capillary seam 

separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter. 

L~ 02 st, 4 kr, kv Lcz ncz Oa.cz fJw.cz Xcrack 

(cm) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (crn2) (cm) (cm3/cm3) (cm3/cm3) (crn3/cm3) (crn) 

Area of Capillary Total 
enclosed Crack- Crack Enthalpy of Henry's law Heyry's law Vapor Vadosezone zone overall 

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective 
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soil diffusion diffusion diffusion 

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, 

AB 'l AH~,Ts H~~ H ' ~ ~  
Delf Deff 

Qbuilding zcrack ~ T S  V cz T 

(cm3/s) (cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (crn2/s) (cm2/s) 

1 1.69E+04 1 1.00E+06 1 4.00E-04 I 15 7,839 1.66E-02 7.09E-01 1 1.76E-04 1 4.05E-03 1 2.78E-05 1 8.35E-05 1 
Exponent of Infinite 

Average Crack equivalent source Infinite 
Diffusion Convection Source vapor effective foundation indoor source Unit 

path path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference 
length, length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc., 

Ld 
Dcrack 

L~ Csource rcrack Qsoi~ Acrack exp(pel) a CbUildmq URF RfC 
(cm) (cm) (W/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (W/m3) (pg/m3).' (mg/m3) 

Carbon Tetrachloride - Adult Residents Page 3 of 4 



RESULTS SHEET 

RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: 

Indoor Indoor Risk-based Pure Final 
exposure exposure indoor component indoor 

groundwater groundwater exposure water exposure 
conc., conc., groundwater solubility, groundwater 

carcinogen noncarcinogen conc., S conc., 
(IlgIL) (IlgIL) (IlgIL) (IlgIL) (IlgIL) 

MESSAGE SUMMARY BELOW: 

Carbon Tetrachloride - Adult Residents Page 4 of 4 

INCREMENTAL RISK CALCULATIONS: 

Incremental Hazard 
risk from quotient 

vapor from vapor 
intrusion to intrusion to 
indoor air. indoor air, 
carcinogen noncarcinogen 
(unitless) (unitless) 



DATAENTRYSHEET 

Version 3.0; 04/03 r r l  
Defaults 

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "Xu in "YES" box) 

YES 7 1  
OR 

CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION 
(enter "X" in "YES" box and initial groundwater conc. below) 

YES 

ENTER ENTER 
Initial 

Chemical groundwater 
CAS No. conc.. 

(numbers only, cw  
no dashes) (PSIL) Chemical 

ENTER ENTER ENTER ENTER 
Depth 

below grade Average 
to bottom DeDth soill 

of enclosed belowgrade SCS groundwater 
space floor, to water table, soil type temperature, 

LF Lwr directly above Ts 
(cm) (cm) water table ("c) 

1 15 600 I SIC I 12 

ENTER 
Average vapor 

flow rate into bldg. 
(Leave blank to calculate) 

Qsm, 

ENTER ENTER ENTER ENTER ENTER ENTER 
Target Target hazard Averaging Averaging 
risk for quotient for time for time for Exposure Exposure 

carcinogens, noncarcinogens, carcinogens, noncarcinogens. duration, frequency. 
TR THO ATc ATNC ED EF 

(unitless) (unitless) (Y~s)  (YrS) (yrs) (dayslyr) 

ENTER ENTER 
Vadose zone User-defined 

SCS vandosezone 
soil type soil vapor 

(used to estimate OR permeability, 
soil vapor " 

permeability) (cm2) 

SIC 

Used to calculate risk-based 
groundwater concentration. 

ENTER ENTER ENTER ENTER 
Vadose zone Vadose zone Vadose zone Vadose zone 

SCS soil dry soil total soil water-filled 
soil type bulk density, porosity. porosity. 

Lookup Soil nv 
Parameters D ( 6 ,  

9," 

(unitless) (cm3/cm3) 

1 1.38 1 0.481 I 0.216 1 

cis-l,2-Dichloroethene - Child Residents 



CHEMICAL PROPERTIES SHEET 

Henry's Henry's Enthalpy of Organic Pure 
law constant law constant vaporization at Normal carbon component Unit 

Diffusivity Diffusivity at reference reference the normal boiling Critical partition water risk Reference 
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, conc., 

Da Dw H TR AHv.b TB TC KO, S URF RfC 

cis-l,2-Dichloroethene - Child Residents Page 2 of 4 



INTERMEDIATE CALCULATIONS SHEET 

Vadose Vadosezone Vadosezone Vadosezone Vadose zone Total Air-filled Water-filled Floor- 
Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall 
building air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary capillary seam 

separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter, 

LT 08" Ste ki k I, kv Lcz ncz 0a.cz %.cz Xcrac, 
(cm) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (crn3/cm3) (cm3/cm3) (cm3/crn3) (cm) 

585 1 0.265 1 0.284 1 1.49E-09 1 0.844 1.26E-09 192.31 0.481 0.057 0.424 1 4,000 1 

Area of Capillary Total 
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall 

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective 
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soil diffusion diffusion diffusion 

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient. 

AB v H~~ HITS 
Dell 

Qbulldlng Zcrack  AH^.^^ ~ T S  v cz  T 

(crn3/s) (cm2) (unitless) (crn) (callmol) (atm-m3/mol) (unitless) (glcm-s) (cm2/s) (crn21s) (crn2/s) 

cis-l,2-Dichloroethene - Child Residents 

Exponent of Infinite 
Average Crack equivalent source Infinite 

Diffusion Convection Source vapor effective foundation indoor source Unit 
path path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference 

length, length, conc., radius, into bldg., coefficient, crack, number, conc., factor, conc., coefficient, 

L d  
,,crack 

'-P csource Icrack Qsoii Acrack exp(pef) CL Cbu~ld~ng URF RfC 
(cm) (c m) (!Jg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitiess) (unitless) (W/m3) (~g /m~) . '  (mg/m3) 

Page 3 of 4 

585 '1 5 1 2.75E+04 1 0.10 1.26E+00 3.82E-03 4.00E+02 1 3.72E+03 1 1.29E-05 1 3.55E-01 1 N A NA 



RESULTS SHEET 

RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: 

Indoor Indoor Risk-based Pure Final 
exposure exposure indoor component indoor 

groundwater groundwater exposure water exposure 
conc., conc., groundwater solubility, groundwater 

carcinogen noncarcinogen conc., S conc., 

MESSAGE SUMMARY BELOW: 

cis-l,2-Dichloroethene - Child Residents Page 4 of 4 

INCREMENTAL RISK CALCULATIONS: 

Incremental Hazard 
risk from quotient 

vapor from vapor 
intrusion to intrusion to 
indoor air, indoor air, 
carcinogen noncarcinogen 
(unitless) (unitless) 

I N A I NA 1 



DATAENTRYSHEET 

Version 3.0; 04/03 r T  CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box) 

YES n 
OR 

Defaults CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION 
(enter "X"  in "YES" box and initial groundwater conc. below) 

YES I X I 
ENTER ENTER 

Initial 
Chemical groundwater 
CAS No. conc., 

(numbers only, cw 
no dashes) (vg/L) Chemical 

156592 1 2.86E+02 1 cis-1 -2-Dichloroethylene I 
ENTER ENTER ENTER ENTER 
Depth 

below grade Average 
to bottom Depth soill 

of enclosed below grade SCS groundwater 
space floor, to water table, soil type temperature. 

LF L WT directly above Ts 

(cm) (cm) water table ("c) 

I 15 I 600 I SIC I 12 

ENTER 
Average vapor 

flow rate into bldg. 
(Leave blank to calculate) 

Q,,I 

(Um) 

ENTER ENTER ENTER ENTER ENTER ENTER 
Target Target hazard Averaging Averaging 
risk for quotient for time for time for Exposure Exposure 

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency. 
TR THQ ATc ATNC ED EF 

(unitless) (unitless) (Yrs) (yrs) (Y~s) (dayslyr) 

ENTER ENTER 
Vadose zone User-defined 

SCS vandosezone 
soil type soil vapor 

(used to estimate OR permeability. 

soil vapor kv 

permeability) (cm2) 

SIC 

ENTER ENTER ENTER ENTER 
Vadose zone Vadose zone Vadose zone Vadose zone 

SCS soil dry soil total soil water-filled 
soil type bulk density, porosity. porosity. 

) (g;;3) 
nV 8," 

(unitless) (cm3/cm3) 

1 1.38 1 0.481 I 0.216 

cis-1,2-Dichloroethene - Adult Residents 

1.OE-06 I 1 

Used to calculate risk-based 
groundwater concentration. 

Page 1 of 4 

70 I 24 I 24 I 350 1 



CHEMICAL PROPERTIES SHEET 

Henry's Henry's Enthalpy of Organic Pure 
law constant law constant vaporization at Normal carbon component Unit 

Diffusivity Diffusivity at reference reference the normal boiling Critical partition water risk Reference 
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, conc., 

Da DW H TR AHv,b TB TC Koc S URF RfC 
(crn2/s) (cm2/s) (atm-m3/mol) ("I (caI/rnoI) (OK) (OK) (cm3/g) ( m g / ~ )  (I.LS/~~)-' (mg/m3) 

cis-l,2-Dichloroethene - Adult Residents Page 2 of 4 



INTERMEDIATE CALCULATIONS SHEET 

Vadose Vadosezone Vadosezone Vadosezone Vadose zone Total Air-filled Water-filled Floor- 
Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall 
building air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary seam capillary 

separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter. 

LT 8a" Ste ki k r q kv Lcz ncz 8a.cz %cz Xcrac, 
(cm) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (cm3/dm3) (cm3/cm3) (cm3/cm3) (cm) 

Area of Capillary Total 
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall 

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective 
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soil diffusion diffusion diffusion 

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, 

AB 
Dell ,,ell 

Qbuildtng 'l Zcrack %TS TS HITS ~ T S  V cz  T 

(cm3/s) (cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (cm2/s) 

Exponent of Infinite 
Average Crack equivalent source Infinite 

Diffusion Convection Source vapor effective foundation indoor source Unit 
path path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference 

length, length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc., 
Dcrack 

Ld LP Csource lcrack Qsoi~ Acrack exp(pel) ~1 Cbulldlnq URF R ~ C  
(cm) (cm) (K2/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (pg/m3) ( ~ g / m ~ ) "  (mg/m3) 

cis-l,2-Dichloroethene - Adult Residents Page 3 of 4 



RESULTS SHEET 

RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: 

Indoor Indoor Risk-based Pure Final 
exposure exposure indoor component indoor 

groundwater groundwater exposure water exposure 
conc., conc., groundwater solubility, groundwater 

carcinogen noncarcinogen conc., S conc., 
(MIL) (P~IL) (P~IL)  ( Y ~ / L )  (MIL) 

MESSAGE SUMMARY BELOW: 

cis-l,2-Dichloroethene - Adult Residents Page 4 of 4 

INCREMENTAL RISK CALCULATIONS: 

Incremental Hazard 
risk from quotient 

vapor from vapor 
intrusion to intrusion to 
indoor air, indoor air, 
carcinogen noncarcinogen 
(unitless) (unitless) 

NA I N A 



DATA ENTRY SHEET 

Version 3.0; 04/03 r r l  CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X"  in "YES" box) 

YES n 
OR 

Defaults CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION 
(enter " X  in "YES" box and initial groundwater conc. below) 

YES 

ENTER ENTER 
Initial 

Chemical groundwater 
CAS No. conc., 

(numbers only, cw 
no dashes) (MIL) Chemical 

75092 I 2.70€+00 I Methylene chloride I 
ENTER 

I MORE I Depth 
ENTER ENTER ENTER 

I * I below grade Average 
to bottom Depth soill 

of enclosed below grade SCS groundwater 
space floor, to water table, soil type temperature. 

LF L WT directly above Ts 

(cm) (cm) water table ("c) 

I 15 I 600 I SIC I 12 

ENTER 
Average vapor 

flow rate into bldg. 
(Leave blank to calculate) 

Qsa~ 

ENTER ENTER ENTER ENTER ENTER ENTER 
Target Target hazard Averaging Averaging 
risk for quotient for time for time for Exposure Exposure 

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency. 
TR THQ ATc A T N ~  ED EF 

(unitless) (unitless) (yrs) (Y~s) (Y~s) (dayslyr) 

1.OE-06 I 1 I 70 I 6 I 6 I 350 1 

ENTER ENTER 
Vadose zone User-defined 

SCS vandosezone 
soil type soil vapor 

(used to estimate OR permeability, 
soil vapor 

permeability) 
kv 

, (cm2) 

SIC 

Used to calculate risk-based 
groundwater concentration. 

ENTER ENTER ENTER ENTER 
Vadose zone Vadose zone Vadose zone Vadose zone 

SCS soil dry soil total soil water-filled 
soil type bulk density, porosity, porosity. 

Lookup Soil n" eWv 
Parameters . (g,:i3, (unitless) (cm3/cm3) 

1 1.38 1 0.481 I 0.216 

Methylene Chloride - Child Residents 



CHEMICAL PROPERTIES SHEET 

Henry's Henry's Enthalpy of Organic Pure 
law constant law constant vaporization at Normal carbon component Unit 

Diffusivity Diffusivity at reference reference the normal boiling Critical partition water risk Reference 
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, conc., 

Da DW H TR AH",,, TB TC Koc S URF RfC 

(cm2/s) (cm2/s) (atm-m3/mol) ("C) (cal/mol) (OK) (OK) (cm3/g) (mg/L) (pg1m3)-' (mg/m3) 

Methylene Chloride - Child Residents Page 2 of 4 



INTERMEDIATE CALCULATIONS SHEET 

Vadose Vadosezone Vadosezone Vadosezone Vadosezone Total Air-filled Water-filled Floor- 
Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall 
building air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary seam capillary 

separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone. perimeter, 

LT eaV Ste k, kr, kv Lcz ncz ea,cz %cz Xcrack 

(cm) (cm3/crn3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm) 

Area of Capillary Total 
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall 

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective 
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soil diffusion diffusion diffusion 

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, 

Qbui~d~ng AB rl zcrack AHV,TS H~~ PTS Defl v Defl cz Deff T 

(cm3/s) (cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (glcm-s) (cm2/s) (cm2/s) (cm2/s) 

[ 1.69E+04 1 1.00E+06 I 4.00E-04 I 15 7,013 1.27E-03 5.44E-02 1 1.76E-04 1 5.25E-03 1 8.53E-05 1 2.51E-04 1 
Exponent of Infinite 

Average Crack equivalent source Infinite 
Diffusion Convection Source vapor effective foundation indoor source Unit 

path path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference 
length, length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc., 

Ld LP Csource rcrack Qsoi~ Acrack exp(pef) a Cbu~ld~ng URF R ~ C  
,,crack 

(cm) (cm) (hg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (W/m3) (IJg/m3)" (mg/m3) 

1 585 15 1 1.47E+02 ( 0.10 1.26E+00 5.25E-03 4.00E+02 1 3.99E+02 ( 1.89E-05 1 2.78E-03 1 4.7E-07 1 3.OE+00 1 

Methylene Chloride - Child Residents Page 3 of 4 



RESULTS SHEET 

RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: 

Indoor Indoor Risk-based Pure Final 
exposure exposure indoor component indoor 

groundwater groundwater exposure water exposure 
conc., conc., groundwater solubility, groundwater 

carcinogen noncarcinogen conc., S conc., 

MESSAGE SUMMARY BELOW: 

Methylene Chloride - Child Residents 

INCREMENTAL RISK CALCULATIONS: 

Incremental Hazard 
risk from quotient 

vapor from vapor 
intrusion to intrusion to 
indoor air, indoor air, 
carcinogen noncarcinogen 
(unitless) (unitless) 

Page 4 of 4 



DATAENTRYSHEET 

Defaults 

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "Xu in "YES" box) 

OR 
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION 
(enter "X" in "YES" box and initial groundwater conc. below) 

YES 

ENTER ENTER 
Initial 

Chemical groundwater 
CAS No. conc., 

(numbers only, c w  
no dashes) (P~IL) Chemical 

75092 I 2.70Ec00 I Methylene chloride I 
ENTER ENTER ENTER rn Depth 

ENTER 

I * I below grade Average 
to bottom Depth soill 

of enclosed below grade SCS groundwater 
space floor, to water table, soil type temperature, 

LF Lwr directly above Ts 

(cm) (cm) water table ("c) 

ENTER 
Average vapor 

flow rate into bldg. 
(Leave blank to calculate) 

Qsa~ 

(Um) - 15 600 I SIC I 12 

ENTER ENTER ENTER ENTER ENTER ENTER 
Target Target hazard Averaging Averaging 
risk for quotient for time for time for Exposure Exposure 

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency, 
TR THQ ATc ATNC ED EF 

(unitless) (unitless) (yrs) (Y~s) (yrs) (dayslyr) 

1.OE-06 1 1 I 70 I 24 I 24 I 350 

ENTER ENTER 
Vadose zone User-defined 

SCS vandosezone 
soil type soil vapor 

(used to estimate ' OR permeability, 

soil vapor 

permeability) 
kv 

(cm2) 

SIC 

Used to calculate risk-based 
groundwater concentration. 

Methylene Chloride - Adult Residents 

ENTER ENTER ENTER ENTER 
Vadosezone Vadosezone Vadosezone Vadosezone 

SCS soil dry soil total soil water-filled 
soil type bulk density, porosity, porosity. 

Lookup Soil nv eWV 
Parameters LII3 (g;i3) (unitless) (cm3/cm3) 

1 1.38 ( 0.481 0.216 



CHEMICAL PROPERTIES SHEET 

Henry's Henry's Enthalpy of Organic Pure 
law constant law constant vaporization at Normal carbon component Unit 

Diffusivity Diffusivity at reference reference the normal boiling Critical partition water risk Reference 
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, conc., 

Da Dw H TR AHv.b TB TC KO, S URF RfC 

Methylene Chloride - Adult Residents Page 2 of 4 



INTERMEDIATE CALCULATIONS SHEET 

Vadose Vadose zone Vadose zone Vadose zone Vadose zone Total Air-filled Water-filled Floor- 
Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall 
building air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary capillary seam 

separation, - porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter. 

LT 8,V st, kl kr, kv ~ c z  ncz 0a.cz 0w.cz Xcrack 

(cm) (cm3/crn3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (cm3/cm3) (crn3/crn3) (cm31crn3) (cm) 

I 585 1 0.265 ' ] 0.284 1 1.49E-09 1 0.844 1.26E-09 192.31 I 0.481 0.057 1 0.424 1 4,000 1 

Area of Capillary Total 
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall 

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective 
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soil diffusion diffusion diffusion 

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, 

Qbui~ding AB l-l Zcrack A H v , ~ ~  H~~ H ' ~ ~  ITS V cz T 
,,elf 

(cm3/s) (cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (glcrn-s) (cm2/s) (cm21s) (cm2/s) 

Exponent of Infinite 
Average Crack equivalent source Infinite 

Diffusion Convection Source vapor effective foundation indoor source Unit 
path path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference 

length, length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc., 

Ld LD Csource rcrack Qso11 Acrack exp(pef) 01 Cbulldlnq URF R ~ C  
Dcrack 

(cm) (cm) (kg/m3) (crn) (cm3/s) (crn2/s) (cm2) (unitless) (unitless) (pg/m3) (pg1m3)-' (mg/m3) 

1 585 I 15 1 1.47E+02 1 0.10 I 1.26E+00 5.25E-03 4.00E+02 1 3.99E+02 1 1.89E-05 1 2.78E-03 1 4.7E-07 1 3.OE+00 1 

Methylene Chloride - Adult Residents Page 3 of 4 



RESULTS SHEET 

RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: 

Indoor Indoor Risk-based Pure Final 
exposure exposure indoor component indoor 

groundwater groundwater exposure water exposure 
conc., conc., groundwater solubility, groundwater 

carcinogen noncarcinogen conc., S conc., 

MESSAGE SUMMARY BELOW: 

Methylene Chloride - Adult Residents Page 4 of 4 

INCREMENTAL RISK CALCULATIONS: 

Incremental Hazard 
risk from quotient 

vapor from vapor 
intrusion to intrusion to 
indoor air, indoor air, 
carcinogen noncarcinogen 
funitless) funitless) 



Version 3.0; 04/03 r r l  
I Reset to 1 

DATAENTRYSHEET 

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box) 

YES 1- 
OR 1 Defaults ) CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION 

(enter "Xu in "YES" box and initial groundwater conc. below) 

YES I x I 

ENTER ENTER 
Initial 

Chemical groundwater 
CAS No. conc., 

(numbers only, cw 
no dashes) (NIL) Chemical 

I 1271 84 I 1.09E+01 I Tetrachloroethvlene I 

ENTER ENTER ENTER ENTER 
I MORE 1 Deoth 
( * 1 be10w'~rade Average 

to bottom Depth soil/ 
of enclosed below grade SCS groundwater 
space floor, to water table, soil type temperature, 

LF L WT directly above Ts 

(cm) ( 4  water table ("c) 

ENTER 
Average vapor 

flow rate into bldg. 
(Leave blank to calculate) 

15 I 600 I SIC 12 

. ENTER ENTER ENTER ENTER ENTER ENTER 
Target Target hazard Averaging Averaging 
risk for quotient for time for time for Exposure Exposure 

carcinogens, noncarcinogens, carcinogens, noncarcinogens; duration, frequency. 
TR THQ ATc ATNC ED EF 

(unitless) (unitless) (Y~s) (Y~s) (YrS) (dayslyr) 

ENTER ENTER 
Vadose zone User-defined 

SCS vandosezone 
soil type soil vapor 

(used to estimate OR permeability. 
soil vapor kv 

permeability) (cm2) 

SIC 

Tetrachloroethene - Child Residents 

ENTER ENTER ENTER ENTER 
Vadose zone Vadose zone Vadose zone Vadose zone 

SCS soil dry soil total soil water-filled 
soil type bulk density, porosity. porosity. 

~ookup SOII nv 
Parameters a (,:i3) @,V (unitless) (cm3/cm3) 

1 1.38 1 0.481 0.21 6 

Used to calculate risk-based 
groundwater concentration. 

Page 1 of 4 



CHEMICAL PROPERTIES SHEET 

Henry's Henry's Enthalpy of Organic Pure 
law constant law constant vaporization at Normal carbon component Unit 

Diffusivity Diffusivity at reference reference the normal boiling Critical partition water risk Reference 
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, conc., 

Da Dw H TR AHv,b TB TC Koc S URF RfC 
(crn2/s) (cm2/s) (atm-rn3/mol) (OC) (callmol) ( O K )  (OK) (cm3/g) ( rng l~)  g m 3 )  (rng/m3) 

1 7.20E-02 1 8.20E-06 1 1.84E-02 1 25 8,288 1 394.40 1 620.20 1 1.55E+02 1 2.00E+02 1 5.7E-06 1 4.9E-01 1 

Tetrachloroethene - Child Residents Page 2 of 4 



INTERMEDIATE CALCULATIONS SHEET 

Vadose Vadosezone Vadosezone Vadosezone Vadosezone Total Water-filled Floor- Air-filled 
Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall 
building air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary capillary seam 

separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter. 

LT eaV st, ki krg kv Lcz nu Oa,cz Ow.cr Xcrack 

(cm) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm) 

585 1 0.265 1 0.284 1 1.49E-09 1 0.844 1.26E-09 192.31 0.481 0.057 0.424 1 4,000 ] 

Area of Capillary Total 
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall 

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective 
ventilation below area below ave. groundwater ave. groundwater ave, groundwater ave. soil diffusion diffusion diffusion 

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient. 

Qbulldlng AB 'l Zcrack AHV,TS HTS 'TS ~ T S  V cz T 

(cm3/s) (cm2) (unitless) (cm) (callmol) (atm-m3/mol) (unitless) (glcm-s) (cm2/s) (cm2/s) (cm2/s) 

1 1.69E+04 1 1.00E+06 I 4.00E-04 ( 15 9,533 I 8.81 E-03 3.77E-01 1 1.76E-04 1 3.74E-03 1 2.82E-05 1 8.46E-05 1 
Exponent of Infinite 

Average Crack equivalent source Infinite 
Diffusion Convection Source vapor effective foundation indoor source Unit 

path path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference 
length, length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc., 

Ld L~ csaurce rcrack Qsai~ Acrack exp(pef) a Cbulldlng URF RfC 
Dcrack 

(cm) (cm) ( I J .s /~~)  (crn) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) ( ~ 9 1 m ~ )  (!41m3)-' (mglm3) 

Tetrachioroethene - Child Residents Page 3 of 4 



RESULTS SHEET 

RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: INCREMENTAL RISK CALCULATIONS: 

Incremental Hazard 
Indoor Indoor Risk-based Pure Final risk from quotient 

exposure exposure indoor component indoor vapor from vapor 
groundwater groundwater exposure water exposure intrusion to intrusion to 

conc., conc., groundwater solubility, groundwater indoor air, indoor air, 
carcinogen noncarcinogen conc., S conc., carcinogen noncarcinogen 

(PS/L) ( P W  (MIL) (P~/L) (unitless) (unitless) 

MESSAGE SUMMARY BELOW: 

Tetrachloroethene - Child Residents Page 4 of 4 



Vers ion  3.0; 04/03 r r l  
I Reset to 1 

DATAENTRYSHEET 

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "Xu in "YES" box) 

YES 

OR 
Defaults 1 CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION 

(enter "X"  in "YES" box and initial groundwater conc. below) 

YES 

ENTER ENTER 
Initial 

Chemical groundwater 
CAS No. conc.. 

(numbers only, . Cw 
no dashes) (P~ /L )  Chemical 

1271 84 I 1.09E+01 I Tetrachloroethylene I 
ENTER ENTER ENTER ENTER 
Depth 

below grade Average 
to bottom Depth soil/ 

of enclosed below grade SCS groundwater 
space floor, to water table, soil type temperature. 

LF L WT directly above TS 

(cm) (cm) water table ("c) 

15 I 600 I . SIC I 12 

ENTER 
Average vapor 

flow rate into bldg. 
(Leave blank to calculate) 

Q,,l 

(urn) - 

ENTER ENTER ENTER ENTER ENTER ENTER 
Target Target hazard Averaging Averaging 
risk for quotjent for time for time for Exposure Exposure 

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency. 
TR THQ ATc ATNC ED EF 

(unitless) (unitless) (Y~s) (Y~s)  (Y~s) (dayslyr) 

1.OE-06 I 1 I 70 I 24 I 24 I 350 

ENTER ENTER 
Vadosezone User-defined 

SCS vandosezone 
soil type soil vapor 

(used to estimate OR permeability, 

soil vapor kv 

permeability) (cm2) 

SIC 

Used to calculate risk-based 
groundwater concentration. 

ENTER ENTER ENTER ENTER 
Vadose zone Vadose zone Vadose zone Vadose zone 

SCS soil dry soil total soil water-filled 
soil type bulk density, porosity. porosity. 

~ o o k u p  SOII nv 
Parameters a ( , d )  0; (unitless) (cm3/cm3) 

1 1.38 1 0.481 0.216 

Tetrachloroethene - Adult Residents 



CHEMICAL PROPERTIES SHEET 

Henry's Henry's Enthalpy of Organic Pure 
law constant law constant vaporization at Normal carbon component Unit 

Diffusivity Diffusivity at reference reference the normal boiling Critical partition water risk Reference 
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, conc., 

Da Dw H TR AHv,b TB TC K o c  S URF RfC 
(cm2/s) (cm2/s) (atm-m3/mol) ("C) (cal/mol) (OK) (OK) (cm3/g) (mg/L) (~.~g/m~)- '  (mglm3) 

1 7.20E-02 1 8.20E-06 1 1.84E-02 1 25 8,288 1 394.40 1 620.20 1 1.55E+02 1 2.00E+02 1 5.7E-06 1 4.9E-01 I 

Tetrachloroethene - Adult Residents Page 2 of 4 



INTERMEDIATE CALCULATIONS SHEET 

Vadose Vadose zone Vadose zone Vadose zone Vadosezone Total Air-filled Water-filled Floor- 
Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall 
building air-filled total fluid . intrinsic relative air effective vapor capillary capillary capillary capillary seam 

separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter, 

LT 8aV Ste kl kr, kv Lcz ncz e m  8w,cz Xcrack 
(cm) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm) 

585 1 0.265 1 0.284 1 1.49E-09 1 0.844 1.26E-09 192.31 0.481 0.057 0.424 1 4,000 1 

Area of Capillary Total 
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall 

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective 
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soil diffusion diffusion diffusion 

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, 

Qbuilding A~ '-I Zcrack W.TS H~~ H ' ~ ~  J*TS V Dell cz Dell T 

(cm3/s) (cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (cm21s) 

1 1.69E+04 1 1.00E+06 I 4.00E-04 I 15 9,533 8.81 E-03 3.77E-01 ( 1.76E-04 1 3.74E-03 1 2.82E-05 1 8.46E-05 1 
Exponent of Infinite 

Average Crack equivalent source Infinite 
Diffusion Convection Source vapor effective foundation indoor source Unit 

path path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference 
length, length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor. conc., 

Ld LP Csource rcrack Qso11 A,,,,, exp(pef) a Cbu~ldlnq URF R ~ C  
Dcrack 

(cm) (cm) (!41m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (Pg/m3) ( ~ g l m ~ ) . '  (mglm3) 

Tetrachloroethene - Adult Residents Page 3 of 4 



RESULTS SHEET 

RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: 

Indoor Indoor Risk-based Pure Final 
exposure exposure indoor component indoor 

groundwater groundwater exposure water exposure 
conc., conc., groundwater solubility, groundwater 

carcinogen noncarcinoaen conc., S conc.. 

NA NA I .  NA I 2.00E+05 1 NA 

MESSAGE SUMMARY BELOW: 

Tetrachloroethene - Adult Residents Page 4 of 4 

INCREMENTAL RISK CALCULATIONS: 

Incremental Hazard 
risk from quotient 

vapor from vapor 
intrusion to intrusion to 
indoor air, indoor air, 
carcinogen noncarcinogen 
(unitless) (unitless) 



DATAENTRYSHEET 

CALCULATE AISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box) 

YES -1 
OR 

Defaults CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION 
(enter "Xu in "YES" box and initial groundwater conc. below) 

YES 

ENTER ENTER 
Initial 

Chemical groundwater 
CAS No. conc., 

(numbers only. CW 
no dashes) ( P ~ I L )  Chemical 

79005 I 1.82E+01 I 1 .I  .2-Trichloroethane I 
ENTER ENTER ENTER ENTER 
Depth 

below grade Average 
to bottom Depth soill 

of enclosed below grade SCS groundwater 
space floor, to water table, soil type temperature, 

LF LWT directly above Ts 

(cm) (cm) water table ("c) 

1 15 I 600 I SIC I 12 1 

ENTER 
Average vapor 

flow rate into bldg. 
(Leave blank to calculate) 

Q,,I 

(Um) 

. ENTER ENTER ENTER ENTER ENTER ENTER 
Target Target hazard Averaging Averaging 
risk for quotient for time for time for Exposure Exposure 

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency. 
TR THO ATc ATNC ED EF 

(unitless) (unitless) (Y~s) (yrs) (yrs) (dayslyr) 

1.OE-06 I 1 I 70 I 6 I 6 I 350 1 

ENTER ENTER 
Vadose zone User-defined 

SCS vandosezone 
soil type soil vapor 

(used to estimate OR permeability, 

Used to calculate risk-based 
groundwater concentration. 

ENTER ENTER ENTER ENTER 
Vadose zone Vadose zone Vadose zone Vadose zone 

SCS soil dry soil total soil water-filled 
soil type bulk density, porosity. porosity, 

1,1,2-Trichloroethane - Child Residents 

soil vapor nv 0,"" 

permeability) (unitless) (cm3/cm3) 

SIC 1 1.38 1 0.481 0.21 6 



CHEMICAL PROPERTIES SHEET 

Henry's Henry's Enthalpy of Organic Pure 
law constant law constant vaporization at Normal carbon component Unit 

Diffusivity Diffusivity at reference reference the normal boiling Critical partition water risk Reference 
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, conc., 

Da Dw H TR AHv,b TB TC KO, S URF RfC 

(cm2/s) (cm2/s) (atm-m3/mol) (OC) (cal/mol) (OK) (OK) (cm3/g) ( m g / ~ )  (pg/m3)-' (mg/m3) 

1,1,2-Trichloroethane - Child Residents Page 2 of 4 



INTERMEDIATE CALCULATIONS SHEET 

Vadose Vadose zone Vadose zone Vadose zone Vadosezone Total Air-filled Water-filled Floor- 
Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall 
building air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary capillary seam 

separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter, 

LT 0a" St, ki kr, kv Lcz ncz '&.cz %.cz Xcrack 
(cm) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (cm3/cm3) (cm3/crn3) (cm3/cm3) (cm) 

I 585 1 0.265 1 0.284 1 1.49E-09 1 0.844 1.26E-09 192.31 0.481 0.057 0.424 1 4,000 1 

Area of Capillary Total 
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall 

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective 
ventilation below area below ave. groundwater ave. groundwater ave, groundwater ave. soil diffusion diffusion . diffusion 

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, 

AB '-I HITS 
Dell 

Qbul~ding Zcrack %TS H~~ ~ T S  V cz T 

(cm3/s) (cm2) (unitless) (cm) (callmol) (atm-m3/mol) (unitless) (glcm-s) (cm2/s) (crn2/s) (cm2/s) 

Exponent of Infinite 
Average Crack equivalent source Infinite 

Diffusion Convection Source vapor effective foundation indoor source Unit 
path path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference 

length, length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc.. 

L d  
Dcrack 

LD Csou~ce Icrack QsOil Acrack exp(pel) cr Cbu~ldinq URF R ~ C  
(crn) (cm) (kg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (!Jg/m3) (N/m3).' (mg/m3) 

I 585 15 1 3.40E+02 1 0.10 1.26E+00 4.06E-03 4.00E+02 1 2.30E+03 1 2.62E-05 1 8.91E-03 1 1.6E-05 I N A 1 

1,1,2-Trichloroethane - Child Residents Page 3 of 4 



RESULTS SHEET 

RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: 

Indoor Indoor Risk-based Pure Final 
exposure exposure indoor component indoor 

groundwater groundwater exposure water exposure 
conc., conc., groundwater solubility, groundwater 

carcinogen noncarcinogen conc., S conc., 
(Pg/L) (P9/L) (P~/L) (P9/L) (PS/L) 

MESSAGE SUMMARY BELOW: 

1,1,2-Trichloroethane - Child Residents Page 4 of 4 

INCREMENTAL RISK CALCULATIONS: 

Incremental Hazard 
risk from quotient 

vapor from vapor 
intrusion to intrusion to 
indoor air, indoor air, 
carcinogen noncarcinogen 



DATA ENTRY SHEET 

Defaults 

I MORE I 

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "Xu in "YES" box) 

YES -1 
OR 

CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION 
(enter "X"  in "YES" box and initial groundwater conc. below) 

YES 

ENTER ENTER 
Initial 

Chemical groundwater 
CAS No. conc.. 

(numbers only. cw 
no dashes) (PglL) Chemical 

ENTER ENTER ENTER ENTER 
Depth 

below grade Average 
to bottom Depth soill 

of enclosed below grade SCS groundwater 
space floor, to water table, soil type temperature. 

LF L WT directly above Ts 

( 4  (cm) water table ("c) 

ENTER 
Average vapor 

flow rate into bldg. 
(Leave blank to calculate) 

Q,,I 

(um) 

ENTER ENTER ENTER ENTER ENTER ENTER 
Target Target hazard Averaging Averaging 
risk for quotient for time for time for Exposure Exposure 

carcinogens, noncarcinogens, carcinogens, noncarclnogens. duration, frequency. 
TR THQ ATc ATNC ED E F 

(unitless) (unitless) (Yrs) (yrs) (yrs) (dayslyr) 

ENTER ENTER 
Vadose zone User-defined 

SCS vandosezone 
soil type soil vapor 

(used to estimate OR permeability, 
soil vapor kv 

permeability) (cm2) 

SIC 

1,l ,2-Trichloroethene - Adult Residents 

ENTER ENTER ENTER ENTER 
Vadose zone Vadose zone Vadose zone Vadose zone 

SCS soil dry soil total soil water-filled 
soil type bulk density, porosity. porosity. 

Lookup Soil nv 
Parameters . d i 3 )  0,V 

(unitless) (cm31cm3) 

1.OE-06 1 1 

Used to calculate risk-based 
groundwater concentration. 

Page 1 of 4 

1 1.38 1 0.481 

70 I 24 I 24 1 350 

0.216 



CHEMICAL PROPERTIES SHEET 

Henry's Henry's Enthalpy of Organic Pure 
law constant law constant vaporization at Normal carbon component Unit 

Diffusivity Diffusivity at reference reference the normal boiling Critical partition water risk Reference 
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, conc., 

Da DW H TR AHv,b TB TC KO, S URF RfC 

I END I 

1,1,2-Trichloroethene - Adult Residents Page 2 of 4 



INTERMEDIATE CALCULATIONS SHEET 

Vadose Vadosezone Vadosezone Vadosezone Vadose zone Total Air-filled Water-filled Floor- 
Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall 
building air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary seam capillary 

separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone. perimeter, 

LT eaV S,e k, krg kv Lcz ncz ea.cz 8w.c~ Xcrack 
(cm) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm) 

Area of Capillary Total 
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall 

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective 
ventilation below area below ave. groundwater ave, groundwater ave. groundwater ave. soil diffusion diffusion diffusion 

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, 

Qbuilding AB 'l zcrack  AH^,^^ TS FTS v cz T 
DeV 

(cm3/s) (cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (cm2/s) 

Exponent of Infinite 
Average Crack equivalent source Infinite 

Diffusion Convection Source vapor effective foundation indoor source Unit 
path path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference 

length, length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc., 

Ld LD Csource rcrack Qsoi~ Acrack exp(pef) 0: Cbulldlnq URF R ~ C  
Dcrack 

(cm) (cm) (I4/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (pg/m3) (l~g/m3)‘' (mg/m3) 

585 15 1 3.40E+02 1 0.10 1.26E+00 1 . 4.06E-03 4.00E+02 1 2.30E+03 1 2.62E-05 1 8.91E-03 1 1.6E-05 I NA 

1,1,2-Trichloroethene - Adult Residents Page 3 of 4 



RESULTS SHEET 

RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: 

Indoor Indoor Risk-based Pure Final 
exposure exposure indoor component indoor 

groundwater groundwater exposure water exposure 
conc., conc., groundwater solubility, groundwater 

carcinogen noncarcinogen conc., S conc., 
(PSIL) (PgIL) (PglL) (PgIL) (PSIL) 

MESSAGE SUMMARY BELOW: 

I END I 

INCREMENTAL RISK CALCULATIONS: 

1 , I  ,2-Trichloroethene - Adult Residents 

Incremental Hazard 
risk from quotient 

vapor from vapor 
intrusion to intrusion to 
indoor air, indoor air, 
carcinogen noncarcinogen 
(unitless) (unitless) 

Page 4 of 4 

4.7E-08 NA 



Trichloroethene - Child Residents 

Version 3.0; 04/03 PTEl 
DATA ENTRY SHEET 

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box) 

Y E S 1  I 
OR 

Defaults CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION 
(enter "X"  in "YES" box and initial groundwater conc. below) 

YES 

ENTER ENTER 
Initial 

Chemical groundwater 
CAS No. conc., 

(numbers only, cw 
no dashes) (NIL) Chemical 

I 79016 I 2.11Et04 1 Trichloroethvlene I 

ENTER ENTER ENTER ENTER 
Depth 

below grade Average 
lo bottom Depth soil/ 

of enclosed below grade SCS groundwater 
space floor, to water table, soil type temperature, 

LF LWT directly above Ts 

(cm) (cm) water table ("c) 

15 I 600 I SIC I 12 

ENTER 
Average vapor 

flow rate Into bldg. 
(Leave blank to calculate) 

Q3.x 

(um) 

ENTER ENTER ENTER ENTER ENTER ENTER 
Target Target hazard Averaging Averaging 
risk for quotient for time for time for Exposure Exposure 

carcinogens, noncarcinogens, carcinogens, noncarcinogens. duration, frequency. 
TR THQ ATc ATNC ED EF 

(unitless) (unitless) (yrs) (Y~s) (Y~s) (dayslyr) 

ENTER ENTER 
Vadose zone User-defined 

SCS vandosezone 
soil type soil vapor 

(used to estimate OR permeability. 
sail vapor kv 

permeability) (cm2) 

SIC 

Used to calculate risk-based 

ENTER ENTER ENTER ENTER 
Vadose zone Vadose zone Vadose zone Vadose zone 

SCS soil dry soil lolal soil water-filled 
soil type bulk density, porosity. porosity. 

Lookup Soil nv 
Parameters . (,,5) 

0,"" 

(unitless) (cm3/cm3) 

1 1.38 1 0.481 I 0.216 



CHEMICAL PROPERTIES SHEET 

Henry's Henry's Enthalpy of Organic Pure 
law constant law constant vaporization at Normal carbon component Unit 

Diffusivity Diffusivity at reference reference the normal boiling Critical partition water risk Reference 
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, conc., 

Da DW H TR AHv.b TB TC K o c  S URF RfC 

I END 1 

Trichloroethene - Child Residents Page 2 of 4 



INTERMEDIATE CALCULATIONS SHEET 

Vadose Vadosezone Vadosezone Vadosezone Vadose zone Total. Air-filled Water-filled Floor- 
Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall 
building air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary capillary seam 

separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter, 

LT 8,V S,e  ki kr, kv Lcz ncz 8a.cz ew,cz Xcrack 
(cm) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm) 

Area of Capillary Total 
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall 

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective 
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soil diffusion diffusion diffusion 

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, 

A, 'I 
Dell Dell Dell 

Qbui~ding zcrack AH",Ts TS PTS v cz T 

(cm3/s) (cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (glcm-s) (cm2/s) (cm2/s) (crn2/s) 

Exponent of Infinite 
Average Crack equivalent source Infinite 

Diffusion Convection Source vapor effective foundation indoor source Unit 
path path vapor Crack flow rate diffusion Area of Peclet attenuation bidg. risk Reference 

length, length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc., 
Dcrack 

Ld LP Csource lcrack Qsoli Acrack exp(pef) 0: Cbulldlng URF R ~ C  
(cm) (cm) (pg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (N1rn3) (~g /m~) . '  (mg/m3) 

Trichloroethene - Child Residents Page 3 of 4 



RESULTS SHEET 

RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: 

Indoor Indoor Risk-based Pure Final 
exposure exposure indoor component indoor 

groundwater groundwater exposure water exposure 
conc., conc., groundwater solubility, groundwater 

carcinogen noncarcinogen conc., S conc., 
(PgIL) (PgIL) (PsIL) (PSIL) (PdL) 

MESSAGE SUMMARY BELOW: 

Trichloroethene - Child Residents Page 4 of 4 

INCREMENTAL RISK CALCULATIONS: 

Incremental Hazard 
risk from quotient 

vapor from vapor 
intrusion to intrusion to 
indoor air, indoor air, 
carcinogen noncarcinogen 



Reset to 

DATA ENTRY SHEET 

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "Xu in "YES" box) 

YES -1 
OR 

CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION 
(enter "X"  in "YES" box and initial groundwater conc. below) 

YES 

ENTER ENTER 
Initial 

Chemical groundwater 
CAS No. conc., 

(numbers only. cw  
no dashes) (P~ IL )  Chemical 

79016 I 2.11E+04 I Trichloroethylene I 
ENTER ENTER ENTER 

I MORE I Depth 
ENTER 

+ I below grade Average 
to bottom Depth soil/ 

of enclosed below grade SCS groundwater 
space floor, to water table, soil type temperature, 

LF L WT directly above Ts 

(cm) (cm) water table ("c) 

15 I 600 I SIC I 12 

ENTER 
Average vapor 

flow rate into bldg. 
(Leave blank to calculate) 

Q,,,, 

ENTER ENTER ENTER ENTER ENTER ENTER 
Target Target hazard Averaging Averaging 
risk for quotient for time for time for Exposure Exposure 

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency. 
TR THQ ATc ATNC ED EF 

(unitless) (unitless) (yrs) (YrS) (yrs) (dayslyr) 

Used to calculate risk-based 
groundwater concentration. 

ENTER ENTER 
Vadose zone User-defined 

SCS vandosezone 
soil type soil vapor 

(used to estimate OR permeability, 

soil vapor 

permeability) (cm2) kw 

Trichloroethene - Adult Residents 

SIC 

ENTER ENTER ENTER ENTER 
Vadose zone Vadose zone Vadose zone Vadose zone 

SCS soil dry soil total soil water-filled 
soil type bulk density, porosity. porosity. 

Lookup Soil nv 8,"" 
Parameters C=i ,glri3) (unitless) (cm3/crn3) 

I 1 1.38 1 0.481 0.216 



CHEMICAL PROPERTIES SHEET 

Henry's Henry's Enthalpy of Organic Pure 
law constant law constant vaporization at Normal carbon component Unit 

Diffusivity Diffusivity at reference reference the normal boiling Critical partition water risk Reference 
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, conc., 

Da DW H TR AHv.b TB TC Koc S URF RfC 

Trichloroethene - Adult Residents Page 2 of 4 



INTERMEDIATE CALCULATIONS SHEET 

Vadose Vadose zone Vadose zone Vadose zone Vadose zone Total Air-filled Water-filled Floor- 
Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall 
building air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary capillary seam 

separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter. 

LT @aV Ste ki krg kv Lcz ncz 0a.cz 0w.cz Xcrack 
(crn) (cm3/cm3) (cm3/crn3) (crn2) (cm2) (cm2) (cm) (cm3/cm3) (cm3/cm3) (crn3/cm3) (crn) 

I 585 1 0.265 1 0.284 1 1.49E-09 1 0.844 1 1.26E-09 192.31 0.481 0.057 0.424 1 4,000 1 

Area of Capillary Total 
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor - Vadose zone zone overall 

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective 
ventilation below area below ave. groundwater ave, groundwater ave. groundwater ave. soil diffusion diffusion diffusion 

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient. 

A0 rl 
Dell 

Qbuildinq Zcrack AHV.TS HTS H'TS ~ T S  V cz T 

(cm3/s) (cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (crn2/s) (cm2/s) (cm2/s) 

Exponent of Infinite 
Average Crack equivalent source Infinite 

Diffusion Convection Source vapor effective foundation indoor source Unit 
path path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference 

length, length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc., 

Ld 
Dcrack 

LP Csource lcrack Qso,~ Acrack exp(pef) ~1 Cbulldlnq URF R ~ C  
(cm) (crn) (pg/m3) (c m) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (pg/m3) (pg/m3)" (mg/m3) 

585 15 1 4.79E+06 1 0.10 1.26E+00 4.1 0E-03 4.00E+02 1 2.13E+03 1 9.24E-06 1 4.43E+01 1 2.OE-06 I 6.OE-01 ] 

Trichloroethene - Adult Residents Page 3 of 4 



RESULTS SHEET 

RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: 

Indoor Indoor Risk-based Pure Final 
exposure exposure indoor component indoor 

groundwater groundwater exposure water exposure 
conc., conc., groundwater solubility, groundwater 

carcinogen , noncarcinogen conc., S conc., 
(PSIL) (PgIL) (PgIL) (PglL) (PglL) 

MESSAGE SUMMARY BELOW: 

Trichloroethene - Adult Residents Page 4 of 4 

INCREMENTAL RISK CALCULATIONS: 

Incremental Hazard 
risk from quotient 

vapor from vapor 
intrusion to intrusion to 
indoor air, indoor air, 
carcinogen noncarcinogen 
(unitless) (unitless) 



Version 3.0; 04/03 rzrl 
DATAENTRYSHEET 

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X"  in "YES" box) 

YES -I' 

OR 
Defaults CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION 

(enter "X" in "YES" box and initial groundwater conc. below) 

YES 

ENTER ENTER 
Initial 

Chemical groundwater 
CAS No. conc., 

(numbers only, cw 
no dashes) (IJgIL) Chemical 

I 7501 4 I 2.42Ec01 I Vinvl chloride (chloroethenel i 

ENTER ENTER ENTER ENTER 
Depth 

below grade Average 
to bottom Depth soill 

of enclosed below grade SCS groundwater 
space floor, to water table, soil type temperature. 

LF Lwr directly above Ts 

(cm) (cm) water table ("c) 

15 I 600 I SIC I 12 

ENTER 
Average vapor 

flow rate into bldg. 
(Leave blank to calculate) 

Q,,I 

ENTER ENTER ENTER ENTER ENTER ENTER 
Target Target hazard Averaging Averaging 
risk for quotient for time for time for Exposure Exposure 

carcinogens, noncarcinogens, carcinogens, noncarcinogens. duration, frequency. 
TR THQ ATc ED EF 

(unitless) (unitless) (yrs) (yrs) (YrS) (dayslyr) 

ENTER ENTER 
Vadose zone User-defined 

SCS vandosezone 
soil type soil vapor 

(used to estimate OR permeability. 

soil vapor kv 

permeability) (cm2) 

SIC 1 

Used to calculate risk-based 
groundwater concentration. 

ENTER ENTER ENTER ENTER 
Vadose zone Vadose zone Vadose zone Vadose zone 

SCS soil dry so11 total soil water-filled 
soil type bulk density, porosity. porosity. 

Lookup soil nv 
Parameters . (g,:i3) 

8,V 

(unitless) (cm3/cm3) 

1 1.38 1 0.481 0.216 1 

Vinyl Chloride - Child Residents 



CHEMICAL PROPERTIES SHEET 

Henry's Henry's Enthalpy of Organic Pure 
law constant law constant vaporization at Normal carbon component Unit 

Diffusivity Diffusivity at reference reference the normal boiling Critical partition water risk Reference 
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, conc., 

Da Dw H TR AHv.b TB TC Koc S URF RfC 

Vinyl Chloride - Chiid Residents Page 2 of 4 



INTERMEDIATE CALCULATIONS SHEET 

Vadose Vadosezone Vadosezone Vadosezone Vadose zone Total Air-filled Water-filled Floor- 
Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall 
building air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary capillary seam 

separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone. perimeter. 

LT eaV S,e kt kr, kv Lcz ncz ea.cz %.cr Xcrack 
(crn) (crn3/crn3) (crn3/crn3) (crn2) (crn2) (cm2) (crn) (crn3/cm3) (cm3/cm3) (crn3/crn3) (crn) 

Area of Capillary Total 
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall 

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective 
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soil diffusion diffusion diffusion 

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, 

AB rl AHV.TS H~~ H ' ~ ~  
Defl Dell 

Qbuildlng zcrack ~ T S  V cz T 

(crn3/s) ' (crn2) (unitless) (c rn) (cal/rnol) (atrn-m3/rnol) (unitless) (g/cm-s) (cm2/s) (crn2/s) (cm2/s) 

Exponent of Infinite 
Average Crack equivalent source Infinite 

Diffusion Convection Source vapor effective foundation indoor source Unit 
path path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference 

length, length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc., 

L d  
Dcrack 

L, Csour ce rcrack Qso11 Acrack exp(pef) CI Cbulldlnq URF R ~ C  
(cm) (crn) (pg/m3) (crn) (crn3/s) (cm2/s) (cm2) (unitless) (unitless) (pg/m3) (ug/m3)" (mg/m3) 

585 15 I 1.90E+04 I 0.1 0 1.26E+00 5.50E-03 4.00E+02 1 3.03E+02 1 9.86E-06 1 1.87E-01 1 4.4E-06 1 1.OE-01 I 

Vinyl Chloride - Child Residents Page 3 of 4 



RESULTS SHEET 

RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: 

Indoor Indoor Risk-based Pure Final 
exposure exposure indoor component indoor 

groundwater groundwater exposure water exposure 
conc., conc., groundwater solubility, groundwater 

carcinogen noncarcinogen conc., S conc., 
(PSI'-) (PgIL) (PdL) (PgIL) (Pg/L) 

MESSAGE SUMMARY BELOW: 

r m q  

Vinyl Chloride - Child Residents 

INCREMENTAL RISK CALCULATIONS: 

Incremental Hazard 
risk from quotient 

vapor from vapor 
intrusion to intrusion to 
indoor air, indoor air, 
carcinogen noncarcinogen 
(unitless) (unitless) 

Page 4 of 4 



DATAENTRYSHEET 

Version 3.0; 04/03 lzzl 
Reset to ) 

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "Xu in "YES" box) 

Defaults ! CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION 
(enter "X" in "YES" box and initial groundwater conc. below) 

YES 1 x I 
ENTER ENTER 

Initial 
Chemical groundwater 
CAS No. conc., 

(numbers only. cw 
no dashes) (UglL) Chemical 

I 75014 1 2.42E+01 1 Vinvl chloride (chloroethene) I 

ENTER ENTER ENTER ENTER 

bel::E:ade Average 
to bottom Depth soill 

of enclosed below grade SCS groundwaler 
space floor, to water table, soil type temperature. . 

LF L WT direclly above Ts 

( 4  (cm) water table ("c) 

15 I 600 1 SIC I 12 

ENTER 
Average vapor 

flow rate inlo bldg. 
(Leave blank lo  calculate) 

Q,,I 

(urn) 

ENTER ENTER ENTER ENTER ENTER ENTER 
Target Target hazard Averaging Averaging 
risk for quotient for time for time for Exposure Exposure 

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency. 
TR THQ ATc ATNC ED EF 

ENTER ENTER ENTER ENTER 
Vadosezone Vadosezone Vadose zone Vadose zone 

SCS soil dry soil total soil water-filled 
soil type bulk density, porosily. porosity. 

~ookup  Soil nv 
Parameters (g;;3) 8," (unitless) (cm3icm3) 

1 1.38 1 0.481 0.216 

ENTER ENTER 
Vadose zone User-defined 

SCS vandosezone 
soil type soil vapor 

(used to estimate OR permeability. 

soil vapor " 
permeability) (cm2) 

(unitless) (unilless) (Yrs) (yrs) (YrS) (dayslyr) 

1.OE-06 I 1 I 70 I 24 1 24 I 350 

SIC 

Vinyl Chloride - Adult Residenls 

I 

Used to calculate risk-based 
groundwater concentration. 



CHEMICAL PROPERTIES SHEET 

Henry's Henry's Enthalpy of Organic Pure 
law constant law constant vaporization at Normal carbon component Unit 

Diffusivity Diffusivity at reference reference the normal boiling Critical partition water risk Reference 
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, conc., 

Da DW H TR AHv,b TB TC Koc S URF RfC 
(cm2/s) (cm2/s) (atm-m3/mol) ("C) (cal/mol) (OK) (OK) (cm31g) ( m g / ~ )  (pg1m3)" (mglm3) 

1 END I 

Vinyl Chloride - Adult Residents Page 2 of 4 



INTERMEDIATE CALCULATIONS SHEET 

Vadose Vadosezone Vadosezone Vadosezone Vadose zone Total Water-filled Floor- Air-filled 
Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall 
building air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary seam capillary 

separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter, 

LT eaV St e k, kr, kv Lcz ncz ea,cz %.cz Xcrack 
(cm) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm) 

Area of Capillary Total 
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall 

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective 
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soil diffusion diffusion diffusion 

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient. 

AB 11 AH,,,, H~~ 
,,ell Dell Deli 

Qbuilding Zcrack ~ T S  V cz T 

(cm3/s) (cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (glcm-s) (cm2/s) (cm2/s) (cm2/s) 

Exponent of Infinite 
Average Crack equivalent source Infinite 

Diffusion Convection Source vapor effective foundation indoor source Unit 
path path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference 

length, length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc., 

Ld 
@rack 

LP Csource rcrack Qsoi~ Acrack exp(pef) (X Cbuildlnq URF R ~ C  
(cm) (cm) (K31m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) ( ~ g l m ?  ( ~ g / m ~ ) - '  (mg/m3) 

Vinyl Chloride - Adult Residents Page 3 of 4 



RESULTS SHEET 

RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: 

Indoor Indoor Risk-based Pure Final 
exposure exposure indoor component indoor 

groundwater groundwater exposure water exposure 
conc., conc., groundwater solubility, . groundwater 

carcinogen noncarcinogen conc., S conc., 
(P91L) (P91L) (P9lL) (P9/L) (P91L) 

MESSAGE SUMMARY BELOW: 

Vinyl Chloride - Adult Residents Page 4 of 4 

INCREMENTAL RISK CALCULATIONS: 

Incremental Hazard 
risk from quotient 

vapor from vapor 
intrusion to intrusion to 
indoor air, indoor air, 
carcinogen noncarcinogen 
(unitless) (unitless) 



APPENDIX 1.5 

BACKGROUND ANALYSIS 



LIST OF TABLES 
RAGS PART D TABLE 9 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

Table No. 
REASONABLE MAXIMUM EXPOSURES 

Maintenance Workers 
Occupational Workers 
Adolescent Trespassers 
Construction Workers 
Child Recreational Users 
Adult Recreational Users 
Lifelong Recreational Users 
Child Residents 
Adult Residents 
Lifelong Residents 



SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 
PAGE 1 OF 3 

Receptor Population: Maintenance Workers 

 on-Carclnogenlc Hazard Ouot~en~ 

Concern Ingestion Inhalation Dermal External Exposure 

(Radlatlon) Routes Total 

Surtace Soil Surface Solt SWMU 16 Tr~chloroelhene 1E.11 . . 1 E-11 Lover 0.00000001 - - 0.0000000 1 

Benzo(a)anthracene 7E-08 6E-08 1 E-07 NA 

Benzo(a)pyrene 6E-07 5E-07 1 E-06 NA . . 

Benzo(b)fiuoranthene 6E-08 5E-08 1 E-07 NA . . 

D~benzo(a,h)anthracene 1 E-07 9E-08 2E-07 NA . . 

Indeno(l.2.3-cd)pyrene 3E-08 3E-08 6E-08 NA . . 

Naphthalene . . . . . . Body Welghi 0.0000001 . . o 0000001 0 0000002 

Aiumlnum . . . . . . CNS 0.001 0 0 0 1  

Antimony . . . . Blood 0 0n l  0 0 0 1  

Arsenic 3E-07 6E.08 4E-07 Skln. CVS 0.002 . . 0.0004 0 002 

Copper . . . . . . GS 0.0002 0 0002 

Iron . . . . . . None Reporled 0.007 n 007 

Lead . . . . . . NA . . 

Manganese (Soil) . . . . CNS 0 0005 n nnns 

Vanadturn . . . . . . Kldney 0 003 . . n nnn 

1 E-06 BE-07 2E.06 0 01 0.0004 7 1  
Exposure Polnt Tolal 

Exposure Medium Total 

Alr SWMU 16 Trlchloroethene 5E-I0 5E.10 ~ w e r  0.000001 0 00n00i 

Benzo(a)anthracene . . . . NA . . . . 

Benzo(a)pyrene 4E-11 4E-11 NA . . . . 
Benzo(b)fluoranthene . . . . NA . . 

Dibenzo(a.h)anthracene . . . . NA . . . . 
1ndeno(l.z.3-cd)pyrene . . . . NA . . 
Naphthalene . . . . Nasal . . 0.00001 . . 0 00001 
Aluminum . . . . CNS . . 0.0002 . . 0 0002 
Antimony . . . . NA . . 

Arsenic 5E-10 5E.10 NA . . . . 

Copper . . . . N A . . . . 
Iron . . . . NA . . . . 

Lead . . . . N A . . 

Manganese (Soil) . . . . CNS . . 0.0004 . . 0.0004 

Vanadium . . . . N A . . 

1E-09 . . 0.0006 . -  pzkzq 
Exposure Point Total 1 E-09 pzkzq 

Exposure Medium Total I 1- ' lE.09 

Medium Total 2E.06 

Carcinogenic Rlsk Medium Exposure 

Medium 

Exposure 

Point 

Chemlcal 

of Potential 



TABLE 9.1 .RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE [NDIANA 
PAGE 2 OF 3 

Receptor Population: Maintenance Workers 

Carcinogenic Risk Non-Carclnogenlc Hazard Quot~enl 



TABLE 9.I.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE, CRANE INDIANA 
PAGE 3 OF 3 

Receptor Population: Maintenance Workers 

Carcinogen~c R ~ s k  Non-Carclnogenlc Hazard 011ot1enl 

None Reported 

Total Blood HI 

Total Body Welght HI 

Tolal CNS HI 

Total CVS HI 

Tolal GS HI 

Total Kldney HI 

Total Llver HI 

Total Skln Hi 

Total Nasal HI 

Tolal None Reporled HI 

Tolal Prostale HI 



TABLE 9.2.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 1 OF 2 

Receptor Population: Occupational Workers 

Carc~nogenlc Rlsk Non-Carclnogenlc Hazard Ouol~enl 

None Reported 

-Dichloroethene 

.3.Trichloropropane 

-Dlchloroethane 



TABLE 9.2.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 2 OF 2 

Receptor Population: Occupational Workers 

Tolal Blood HI 

Total Body Welghl HI 

Tolal GS HI 

Total K~dney HI 

Tolal Laver HI 

Total Nasal HI 

Total None Reported HI 

Total Prostate HI 

Total Spleen HI 

Chemical 

01 Polentlal 

Concern 

Carcinogenic Risk Non.Carc!nogenlc Hazard Ouotlent Exposure 

Point 

Medium 

Exposure 

Exposure 

Medium 

Ingestion 

. . 

7E-08 

2E-05 

. . 

. . 

1 E-03 

1 E-04 

. . 

1 E-07 

3E-08 

. . 

. . 

1 E-05 

. . 

Iron 

Chemlcal Total 

Exposure Point Total 

Medium Total 

lnhalatlon 

. . . . . . 

1E-03 4E-05 1E-03 

Groundwater 

Medium Total 

Receptor Total 

Exposure 

Routes Total 

Dermal 

SWMU 16 Groundwater 

External 

(Radiation) 

1E-03 

1 E-03 

1 E-03 

Receptor Risk Total 1 E-03 Receptor HI Tolal 2 

None Reported 

c1s.1.2.Dichloroethene 

Methylene Chloride 

Tetrachloroethene 

Toluene 

. . 

6E-10 

3E-06 

. . 

. . 

4E.05 

2E-06 

. . 

4E-09 

2E-10 

. . 

. . 

2E.08 

. . 

trans-1.2-Dichloroethene 

Trichtoroethene 

Vinyl Chloride 

Pyridine 

2-Nitrotoluene 

2.4.6-Tr~n~lrotoluene 

2-Amino-4,6-D1n1trotoluene 

4-Amino-2,6-D1n1trotoluene 

RDX 

Antlmony 

1 .0 

2 

. . 

7E-08 

2E-05 

. . 

. . 

1E-03 

1 E-04 

. . 

1 E-07 

3E-08 

. . 

. . 

1 E-05 

. . 
. . 
. . 

Blood 

Llver 

Liver 

Liver. Kldney 

Blood 

Llver 

Llver 

Liver 

Spleen 

L~ver 

Llver 

Liver 

Prostate 

Blood 

0.0008 

0.03 

0.3 

0.0004 

0.01 

0.0009 

0.001 

0.4 

0.08 

0.02 

0.0002 

0.006 

0.06 

0.04 

0.08 

0.02 

1 .0 

1- 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.008 

0 000004 

0.002 

0.00008 

0.00003 

0.02 

0.0010 

0.00007 

0 000005 

0.00003 

0.0006 

0.001 

0.0002 

0.0001 

0 3 

0 0004 ' 

0.01 

0.001 

0.001 

0 4 

0.08 

0.02 

0.0002 

0.006 

0 06 

0.04 

0.08 

0.02 



TABLE 9.3.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE, CRANE INDIANA 

PAGE 1 OF 3 

Receptor Poptllalion: Trespassers 

. . . . N A . . 

. . . . N A . . 

. . . . NA 

. . . . N A . . 

9E-11 9E-11 . . 0.000005 

9E-11 

Medium Total I lE.06 

Surface Water Surlace Water Gullies Trichloroethene 1 E-08 1 E-08 3E-08 Liver 0.00001 0.00001 0.00003 

RDX 1 E-07 6E-09 1 E-07 Prostate 0.003 . . 0 0001 0.003 

Antimony . . . . . . Blood 0.005 . . 0.002 0.007 

Barium . . . . . . Kldney 0.0009 . . 0.0009 0 002 

Cadmium . . . . . . Kidney 0.001 . . 0.002 0.003 

Chromium . . . . . . Fetoloxlclty. GS. Bone 0.0004 . . 0.002 0.003 

iron . . . . . . None Reported 0.003 . . 0.0002 0.004 

Lead . . . . . . NA . . 

Manganese (Waler) . . .. . . CNS 0.002 . . 0.003 0.00s 

Non.Carc~nogenlc 'Hazard Quotient Medium Carcinogenic Risk 

Llver 

N A 

NA 

NA 

NA 

NA 

Body Welght 

Blood 

GS 

None Reported 

NA 

Exposure 

Point 

Exposure 

Medlum 

lngestlon 

1E-11 

5E-08 

4 ~ - 0 7  

5E-08 

9E-08 

2E-08 

. . 

. . 

. . 

. . 

. . 

7E-07 

Chemlcal 

of ~olent lal  

Concern 

0.00000001 

0.0000002 

0.002 

0.0003 

0.01 

0.01 

Inhalation 

Surface So11 

rn 

- - 
. . 
. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

--  

SWMU 16 Surface Soil 

Dermal 

. . 

4E-08 

4 ~ - 0 7  

4E-08 

7E-08 

2E-08 

. . 

. . 

. . 

. . 

. . 

6E.07 

Trichloroethene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranlhene 

Dibenzo(a.h)anthracene 

Indeno(l.2.3-cd)pyrene 

Naphthalene 

Antimony 

Copper 

Iron 

Lead 

Chemical Total 

Exposure 

Air 

1E.06 

1E-06 

8E-11 
. . 

7E.12 
. . 
. . 
. . 

0 0000005 
7 

0.0000002 

0.0000002 

. . . . 
N A . . 

Nasal . . 0.000005 0.000005 

- - Liver 
N A 
N A 

NA 

N A 

8E-11 
. . 

7E-12 
. . 

. . 

External 

(Radiation) 

0.00000001 

0.0000004 

0.002 

0.0003 

0.01 

rn 
Exposure Point Total 

Medium Total 

. . .  

Exposure 

Routes Total 

. . 

. . 

. . 

. . 

. . 

SWMU 16 

. . 

1E-11 

1 E-07 

8 ~ - 0 7  

9E-08 

2E-07 

4E-08 

. . 

. . 

. . 

. . 

. . 

1 E-06 

0.0000005 Trichloroethene 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)lluoranthene 
Dibenzo(a.h)anthracene 
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Receptor Population: Trespassers 

Carcinogenic Rlsk Non.Carc~nogentc Hazard Quallent 

- 0 003 
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SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 
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Receptor Populalion: Trespassers 

Total Blood HI 

Total Body Welght HI 

Total CNS HI 
Total GS HI 

Tolal Kldney HI 
Tolal L~ver HI 

Total Nasal HI 
Total None Reported HI 

Total Prostate HI 

Carcinogenic Risk Non-Carc~nogenic Hazard Quot~enl Medlurn Exposure 

Point 

Exposure 

Medlum 

Chemical 

of Potential 

Concern 



TABLE 9.4.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE, CRANE INDIANA 

PAGE 1 OF 3 

Receptor Population: Construction Workers 

Med~um I Exposure I Exposure Chemlcal 

Medium Po~n l  of Potential I 
h 

SWMU 16 Surface So~l/Subsurface Soil 

Carcinogenic Risk 

Trlchloroethene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranlhene 

D~benzo(a.h)anthracene 

lndeno(1.2.3-cd)pyrene 

Naphthalene 

Anl~rnony 

Copper 

SurfacelSubsurlace Soil 

Exposure 

Air 

lngestlon 

lron 

Lead 

l~hemica l  Tolal 

Exposure Point Total 

Medtum Total 

Non-Carc!nogenlc Hazard Quol~enl 

I (Radiation) I Routes Tolal 

SWMU 16 

1E-11 

Trlchloroethene 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)lluoranthene 
Dibenzo(a.h)anthracene 
Indeno(t.2,3-cd)pyrene 
Naphthalene 
Antimony 
Copper 
lron 

Primary 

Target Organ(s) 

L~ver 

NA 

NA 

N A 

NA 

NA 

Body Welghl 

Blood 

GS 

None Reported 

NA 

Inhalation External Dermal 

. . 

II I 

lngeslion 

0.0000001 

0.000003 

0.02 

0.003 

0.1 

0.2 

Exposure 

1E.11 

IExposure Point Tolal 

Exposure Medium Total - 
Medium Total 

1.2.Dichloroethane 

Benzene 

Brornod~chloromethane 

Carbon Tetrachloride 

Chlnrnlnrm 

Lead 

0 0004 

None Reporled . . 0 00002 0.00002 

Blood . . 0 0003 0 0003 

Kldney . . 0.00002 0.00002 

Liver 0 004 0 004 

Liver 0 0002 0 0002 

lnhalat~on 

- - 

. . 

. . 

. . 

. . 

. . 

. . 

. . 
--  

E 1y 
0 00003 

0.0003 

Liver 
N A 
N A 
N A 
N A 
N A 

Nasal 
NA 
N A 
NA 

. . 1 . . NA . . 

2E-09 2E-09 Liver . . 0 00001 0 00001 

6E-09 6E-09 Blood . . 0.002 0.002 

. . . . . . Liver . . 0 0001 0 0001 

. . 2E-11 2E-1 I Blood . . 0.000 I 0.0001 

Groundwater 

Chemical Total 11 - -  I 9E-09 9E-09 . . 0.0004 

Dermal 

0.000001 

0.000001 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Groundwaler 

Exposure 

Roules Tnlal 

0.0000001 

0.000004 

0 02 

0 003 

0.1 

y 

0.00003 

0.0003 

SWMU 16 

. . 

. . 

. . 

. . 

. . 

1.1.2.2.Tetrachloroethane 

1.1.2.Tr1chloroethane 

1 .l-Dichloroethene 

1.2.3-Trichloropropane 



TABLE 9.4.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

Receptor Population: Conslruct~on Workers 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE, CRANE INDIANA 

PAGE 2 OF 3 

Medium 

Groundwater 

Exposure 

Medium 

Groundwaler 

Exposure 

Exposure Carcinogenic Rlsk Non-Carc~nogen~c Hazard Ouot~enl 

Point 01 Potential 

Concern 

Routes Tnlal 

. . Blood . . 0.02 0 02 

5E.11 Llver . . 0.000008 0 OOOflOR 

2E-07 Liver . . 0.003 0.003 

. . Llver. Kldney . . 0 0001 0 0001 

. . Blood . . 0.00006 0 00006 

3E.06 L~ver . . 0 03 0.03 

1 E-07 Llver . . 0 002 0 002 

. . L~ver . . 0.0001 0.0001 

3E-10 Spleen . . 0.000010 0 000010 

2.4.6-Trlnltrotoluene 1E-11 Liver . . 0.00006 0.00006 

. . Liver . . 0.001 0.001 

. . Llver . . 0.002 0.002 

1E-09 Proslate . . 0.0003 0 0003 

. . None Reported . . 0.004 0.004 

3E-06 . . 

Exposure Point Total 3E.06 -- 
Medium Total 3E-06 

Air SWMU 16 1.1.2.2.Telrachloroelhane 

1.1.2-Trichloroethane 

1 .l .Dlchloroelhene 

1.2.3.Trichloropropane 

1 .2.Dichloroethane 

Benzene 

Bromod~chloromethane 

Carbon Tetrachloride 

Chloroform 

cis-1.2-Dicnloroethene 

Methylene Chlorlde 

Tetrachloroethene 

Toluene 

trans-1.2-Dichloroethene 

Trichloroethene 

Vinyl Chloride 

Pyridine 

2-Nilrotoluene 

3E-09 

1 E-08 

. . 

. . 

2E-09 

BE-10 

. . 

2E-09 

5E-09 

. . 

7E.11 

3E-09 

. . 

. . 

2E-06 

7E-09 

. . 

. . 

3E-09 

1 E.08 

. . 

. . 

2E-09 

8E.10 

. . 

2E-09 

5E-09 

. . 

7 5 1 1  

3E-09 

. . 

. . 

2E-06 

7E-09 

. . 

. . 

-- 
NA 

NA 

L~ver 

Blood 

N A 

B I O O ~  

N A 

Llver 

Liver 

N A 

Llver 

Liver 

NA 

NA 

L~ver 

Liver 

N A 

NA 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0 0002 

0.0009 

0.00 1 

o 001 

0.004 

0 0003 

0.000004 

0.00007 

0.0002 

0.1 

0.001 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. .. 

0.0002 

0 000'1 

0 001 

o 001 

0 004 

0 0003 

0.000004 

0.00007 

0 0002 

0.1 

0.001 

1 



TABLE 9.4.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE, CRANE INDIANA 

PAGE 3 OF 3 

Receptor Population: Construclion Workers 

Medlum Exposure Exposure Chemical Carcinogenic Risk Non-Carclnogen~c Hazard Ouollenl 

Medlum Polnt 01 Potenlial 

Concern 

(Radiation) Roules Total Targel Organ(s) Routes Tolal 

Groundwater Air SWMU 16 2.4.6-Tr~n~trololuene . . . . 
2-Am1n0-4.6-D1nitrotoluene . . . . 
4-Amino-2.6-Dinitrotoluene . . . . . . . . 

RDX . . . . NA . . . . 

Iron . . 
Chemical Total 2E.06 2E-06 . . 

Exposure Point Total 

Exposure Medium Total 5E-06 

Medium Tolal 

Receptor Total Receptor Rlsk Total 6E-06 Receptor HI Tolal 0 4 

Total Blood HI 

Total Body Welghl HI 

Tolal GS HI 

Tolal Kldney HI 

Total L~ver HI 

Total Nasal HI 

Tolal None Reporled HI 

Tolal Prostate HI 

Tolal Spleen HI 



TABLE 9.5.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 1 OF 4 

Receptor Population: Recreational Users 

Medium 

Surface Soil 

Medium Total 

Exposure 

Medlum 

Surface Soil 

I Exposure 

Exposure Chemical Carcinogenic Risk Non.Carclnogenlc Hazard Ouot~enl 

Point 

Concern 

Routes Total 

SWMU 16 

Air 

Exposure Point Total 

Medium Total 

Trichloroethene 

Benzo(a)anthracene 

Benzo(a1pyrene 

Benzo(b)fluoranthene 

Dlbenzo(a.h)anthracene 

Indeno(l.2.3-cdlpyrene 

Naphthalene 

Aluminum 

Antimony 

Arsenlc 

Copper 

Iron 

Lead 

Manganese (Soil) 

Vanadium 

Chemical Total 

3E-10 

Chemical Total 

SWMU 16 

Exposure Point Total 

Exposure Medlum Total 

3E-11 

2E-07 

1 E-06 

2E-07 

3E-07 

7E-08 

. . 

. . 

. . 

8E-07 

. . 

. . 

. . 

. . 

. . 

3E-10 Trichloroethene 
Benzo(a)anlhracene 
Benzo(a1pyrene 
Benzo(b)lluoranthene 

6 ~ - 1 0  

6E.10 

5E-06 - 

m 

Dibenzo(a,h)anthracene 
Indeno(l.2.3-cd)pyrene 
Naphthalene 
Aluminum 
Antlmony 
Arsenlc 
Copper 
Iron 
Lead 
Manganese (Soil) 

Vanadium 

3 ~ - 0 6  ZE-06 5 ~ - 0 6  0.1 o 004 7 1  

. . 

1 E-07 

1E.06 

1 E-07 

2E-07 

6E.08 

. . 

. . 

. . 

2E-07 

. . 

. . 

. . 

. . 

. . 

. . 
2E-11 
. . 
. . 

. . 

. . 

. . 

. . 

3E-10 
. . 

. . 

. . 

. . 

. . --- 

Liver 

3E-11 

3E-07 

3E-06 

3E-07 

5E-07 

1E.07 

. . 

. . 

. . 

9E.07 

. . 

. . 

. . 

. . 

. . 

. . 

2E.11 
. . 

. . 

. . 

. . 

. . 

. . 

3E-10 
. . 
. . 
. . 
. . 

. . 

0 000003 . . 

6E-10 

. . 

Liver 

NA 

NA 

NA 

NA 

NA 

Body Welght 

CNS 

810od 

Skin. CVS 

GS 

None Reported 

NA 

CNS 

Kldney 

.0.001 .. 

0 000003 

0.00003 
0.0005 

0.0009 

0.00000006 

0.000001 

0.01 

0.01 

0.02 

0.002 

0.07 

0.005 

0.03 

N A 
N A 
N A 
N A 
N A 

Nasal 
CNS 
N A 
N A 
NA 
NA 
NA 

CNS 

NA 

0.00003 
0.0005 

0.0009 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

- - 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0 000001 

o nod 

0.00000006 

0.n00002 

0 01 

0.01 

0 02 

0 002 

0 07 

0 005 

0.03 



TABLE 9.5.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE, CRANE INDIANA 

PAGE 2 OF 4 

Receptor Populallon: Recrealional Users 

Medium 

Groundwater 

Exposure 

Medlum 

Groundwater 

Exposure 

Point 

SWMU 16 

Chemical Carcinogenic Rlsk Non-Carclnogenlc 

of Potenrial 

Concern Primary Ingestion 

1.1.2.2-Telrachloroethane 2E-07 8E.09 3E-07 0.0002 

1.1.2-Trichloroethane BE-07 2E-08 9E-07 0.04 

1.1-Dichloroethene . . . . . . 0.002 

1.2.3-Trichloropropane 2 5 0 9  7E-11 2E-09 0.002 

1.2-Dichloroethane 1 E-07 1 E-09 1 E-07 None Reported 0.0007 

Benzene BE-08 3E-09 8E-08 0.004 

Br~m~dichlor~methane 7E-08 1 E-09 7E-08 0 0007 

Carbon Telrachloride 3E-07 2E-08 3E-07 0 04 

Chloroform . . . . . . 0.004 

cis-1.2-Dichloroethene . . . . . . 0.3 

Methylene Chloride 2E-08 2E-10 2E.08 0 0004 

Tetrachloroethene 5 5 0 6  7E-07 5E.06 0.01 

Toluene . . . . . . 0.0009 

trans-1.2-Dichloroethene . . . . . . 0.001 

Trlchloroelhene 2E-04 9E-06 2E-04 0.4 

Hazard 

Inhalalion 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Vinyl Chlorlde 

Pyridine 

2.Nitrotoluene 

2.4.6-Tr~n~trololuene 

2-Amino-4.6-Dinllrotoluene 

4-Amino.2.6-Din~trololuene 

RDX 

Aluminum 

Antimony 

Arsenic 

Barlum 

Beryllium 

Cadmlurn 

Chromium 

Cobalt 

Iron 

Lead 

L~thlum 

Manganese (Waler) 

N~ckeI 

Ouot~ent 

Dermal 

---- 
0.000007 

0.001 

0.00006 

0.00006 

0.000008 

0 0001 

0 00001 

0.002 

0.00009 

0.008 

0 000004 

0.002 

0.00008 

0 00003 

0 02 

0 0010 

0.00007 

0 000005 

0 00003 

0.0006 

0 001 

0 0002 

0.0002 

o 0001 

0.0001 

0.0005 

0.001 

0.0001 

0.007 

0.00003 

0.0008 

0.00006 

0.06 

0.0003 

3E-05 

. . 

3E-08 

7E-09 

. . 

. . 
2E-06 

. . 

. . 

6E.06 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Exposure 

Routes Total 

0.0002 

0.04 

0.002 

0.002 

0.0007 

0 004 

0.0007 

0.04 

0.004 

0.3 

0 0004 

0 01 

0 0010 

0.001 

0.4 

0 08 

0 02 

0.0002 

0.005 

0 06 

0.04 

0 08 

0 2 

0.02 

0.2 

0.04 

0.010 

0.009 

0.1 

0.04 

0 9 

0 2 

2 

0.07 

4E-07 

. . 

1 E-09 

4E-11 

. . 

. . 

5E-09 

. . 

. . 

5E-09 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

3E-05 

. . 

3E-08 

7E.09 

. . 

. . 

2E-06 

. . 

. . 

6E-06 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

~ l v e r  

Spleen 

L~ver 

Liver 

Liver 

Prostate 

CNS 

B I O O ~  

Skin. CVS 

K~dney 

GS 

K~dney 

Fetotoxicily. GS. Bone 

CVS. Immune. CNS 

None Reported 

NA 

None Reported 

CNS 

Body Welght 

0.08 

0.02 

0.0002 

0.005 

0.06 

0.03 

0.08 

0.2 

0.02 

0.2 

0.04 

0.009 

0.009 

0.1 

0.04 

0.9 

0.2 

2 

0.07 
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SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE, CRANE INDIANA 

PAGE 3 OF 4 

Receptor Population: Recreational Users 

Medlum Exposure Exposure Carc~nogenic Rlsk Non.Carc~nogen~c Hazard Quot~enl 

Medlum Point of Potential 

Concern 

Roules Tolal 

Groundwater Groundwater SWMU 16 Vanadium . . . . . . Kldney 0.3 . . 0.009 0.3 1 
3 5 0 4  5 . . 1 0.09 

Exposure point Total 3 ~ - 0 4  

Exposure Medium Total 7. 3E-04 

Medium Tolal I 33-04 

Surlace Water Surface Water 

Chemical Total 8E-07 BE-08 9E.07 0.1 . . 0.1 7 1  
Exposure Point Total 9E.07 

Exposure Medium Total 7 9E.07 
m 

Medium Total 

Surface Water Surface Water 
m 

0.002 

Manganese (Water) CNS 0.04 . . 0.06 0.10 

Chemical Total 9E.08 6E-09 1 E-07 0.04 . . 0.06 

Exposure Point Total 1E-07 7 1  
Exposure Medlum Total 1 E-07 

1E-07 

Gullies 

Sedlment 

Trlchloroethene 

RDX 

Alumlnum 

Antlmony 

Arsenic 

Barium 

Cadmlum 

Chromlum 

Iron 

Lead 

Manganese (Water) 

Vanadium 

Zinc 

Sediment 

4E-08 

4E-07 

. . 

. . 

4E-07 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Gullies 

" 

---- 

Benzo(a)pyrene 

Alumtnum 

Antlmony 

Arsenlc 

Barium 

Cadmtum 

Copper 

4E-08 

2E-08 

. . 

. . 

2E-08 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

3E-08 

. . 

. . 

2E-06 

. . 

. . 

. . 

8E-08 

4E-07 

. . 

. . 

4E.07 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

2E-08 

. . 

. . 

3E-07 

. . 

. . 

. . 

L~ver 

Prostate 

CNS 

Blood 

Skln. CVS 

Kldney 

Kldney 

Fetotoxic~ty. GS. Bone 

None Reported 

NA 

CNS 

Kidney 

Blood 

5E-08 

. . 

. . 

2E-06 

. . 

. . 

. . 

0.00008 

0.02 

0.005 

0.03 

0.009 

0.005 

0.009 

0.002 

0.02 

0.01 

0.010 

0.003 

N A 

CNS 

Blood 

Skin. CVS 

Kidney 

Kldney 

GS 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.01 

0.1 

0.04 

0.02 

0.03 

0.03 

0 00007 

0.0006 

0.0003 

0.01 

0.0006 

0.005 

0.01 

0.01 

0.001 

0.02 

0.03 

0.0001 

. . 

. . 

. . 

. . 

. . 

. . 

0.0002 

0.02 

0 006 

0 04 

0.010 

0.01 1 

0.02 

0.01 

0.02 

0.03 

0.04 

0 003 

0.008 

0.004 

0 01 

0 1 

0.05 

0.02 

0.03 

0.03 



TABLE 9.5.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 4 OF 4 

Receptor Population: Recreational Users 

Medlum Exposure Exposure Carcinogenic Risk Non-Carcinogenic Hazard Quotlenl 

Medlum Polnt 01 Potential 

Concern 

Sediment Sedlmenl . . None Reported 0.2 . . 0 2 

. . N A . . 

. . CNS 0.02 0 02 

. . CNS 0.003 . . 0.003 

. . Body Weight 0.008 . . 0.008 

. . Kldney 0.04 . . fl.04 

. . Blood 0.02 . . 0.02 

2E.06 0.5 . . 0.01 

Exposure Point Total 2E-06 

Exposure Medium Total I ZE-06 

Med~um Total I 2E-06 

Sediment Sediment Turkey Creek Aluminum . . . . . . 

Arsenic 4E-06 7E-07 5E-06 Skln. CVS 

Iron . . . . . . None Reported 

Manganese 6011)  . . . . . . CNS 0.03 . . 0.03 

Vanadium . . . . . . Kidney . . 

4E-06 7E-07 5E-06 

Exposure Point Total 5E-06 

Exposure Medium Total 

Medlum Total I 5E-06 

Receptor Total Receptor Risk Total 3E-04 Receptor HI Tolal 7 

Tolal Blood HI 

Total Body We~ghl HI 

Total CNS HI 

Tolal CVS HI 

Total GS HI 

Total Immune HI 

Total Kldney HI 

Total Llver HI 
Total Skln HI 

Total Nasal HI 

Tolal None Reported HI 

Tolal Proslate HI 

Tolal Spleen HI 

Tolal Felotoxlc~ty HI 

Tolal Spleen HI 



TABLE 9.6.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 1 OF 4 

Receptor Population: Recreational Users 

Medium Chemical Carcinogenic Risk Non.Carcinogenic Hazard Quollent 

of Potential 

Concern 

Routes Tolal 

Exposure 

Alr 

Exposure 

Exposure 

Medium 

Trichloroethene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

D~benzo(a.h)anthracene 

Indeno(l.2.3-cd)pyrene 

Naphthalene 

Aluminum 

Antimony 

Arsenic 

Copper 

Iron 

Lead 

Manganese (Sail) 

Vanadium 

1E-06 2E-06 3E-06 0.02 0.0008 1-1 
Exposure Point Total 3E-06 

pp 

Medium Total 

SWMU 16 Trichloroethene 3E-10 3E.10 Liver . . 0.0000007 - - 0.0000007 

Benzo(a)anthracene . . . . NA . . . . 

Benzo(a)pyrene 2E-11 2E-11 NA . . 

Benzo(b)fluoranthene . . . . NA . . 

D~benzo(a.h)anlhracene . . . . NA . . 

Indeno(l.2.3-cd)pyrene . . . . N A . . 
Naphthalene . . . . Nasal . . 0 000007 . . 0 000007 

Aluminum . . . . CNS . . 0.0001 . . 0.0001 

Antlmony . . . . NA . . 

Arsenic 3E-10 3E-10 NA . . 

Copper . . . . NA . . . . 

Iron . . . . NA . . 

Lead . . . . NA . . 

Manganese (SOII) . . . . CNS . . 0.0003 . . 0.0003 

Vanadium . . . . NA . . . . 

6E-10 . . 0.0004 -- 
Exposure Point Total 6E-10 

Medium Total 6E-10 

Exposure 

Point 

Medium Total 7 3E-06 - 

SWMU 16 1E.11 

7E-08 

6E-07 

7E-08 

1 E-07 

3E.08 

. . 

. . 

. . 

3E-07 

. . 

. . 

. . 

. . 

. . 

Surface So11 Surlace Sall . . 

1 E-07 

1 E-06 

1 E-07 

2E-07 

5E-08 

. . 

. . 

. . 

1 E-07 

. . 

. . 

. . 

. . 

. . 

1 E-1 1 

2E-07 

2E-06 

2E.07 

3E-07 

8E-08 

. . 

. . 

. . 

5E.07 

. . 

. . 

. . 

. . 

. . 

Liver 

NA 

NA 

NA 

NA 

NA 

Body Welght 

CNS 

Blood 

Skin. CVS 

GS 

None Reported 

N A 

CNS 

K~dney 

0.000000006 

0.0000001 

0.001 

0.001 

0.002 

0.0002 

0.007 

0.0005 

0.003 

- - 

. . 

. . 

. . 

. . 

- - 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.0000002 

0.0008 

0.000000006 

0.0000004 

0.001 

0.001 

0.003 

0 0002 

0 007 

n nnos 

0.003 



TABLE 9.6.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 2 OF 4 

Receptor Population: Recreational Users 

Carcinogenic Rlsk Nan-Carclnogenlc Hazard Quol~ent 

l.l.Dichloroethene 

None Reported 



TABLE 9.6.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 3 OF 4 

Receptor Population: Recreational Users 

Carcinogenic Rlsk Non-Carclnogenlc Hazard Quollent 

anganese (Water) 



TABLE 9.6.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 4 OF 4 

Receptor Population: Recreational Users 

Total Blood HI 

Medium 

Sediment 

Medium Total 

Tolal Body Welght HI 

Total CNS HI 

Total CVS HI 

Total GS HI 

Total Immune HI 

Total Kldney HI 

Tolal Llver HI 

Total Skln HI 

Total Nasal HI 

Total None Reported HI 

Total Prostate HI 

Tolal Spleen HI 

Total Bone HI 

Total Fetotoxlclty HI 

Exposure 

Medium 

Sediment 

Sedlment 

1 E-06 0.06 . . 0.002 rn 
Exposure Point Total 1 E-06 

I Exposure Medium Total 

1 E.06 

Exposure 

Point 

Sediment Turkey Creek Aluminum . . . . . . 0.001 

Arsenic 2E-06 6E-07 2E-06 Skin. CVS 0.004 

Iron . . . . . . None Reported 0.04 0.04 

Manganese (Soll) . . . . . . CNS 0.003 . . 0.003 

Vanadium . . . . . . Kidney 0.005 . . 0.005 ---- 
Chemical Total PE-06 6 ~ - 0 7  ZE-06 

Exposure Point Total 

Exposure Medium Total 

Chemical Carcinogenlc Rlsk Non-Carclnogen~c Hazard Ooollenl 

of Potential 

Concern 

Medlum Total 2E-06 o r ' - - T % l  
Receptor Total Receptor Risk Total I 3E-04 Receptor HI Total 1 

Gullies Iron 

Lead 

Manganese (Soil) 

Mercury 

Nickel 

Vanadium 

Zinc 

. . 

. . 

. . 

. . 

.. 

. . 

. . 

0 02 

0 002 

0 0003 

0.0008 

0.004 

0.002 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

None Reported 

N A 

CNS 

CNS 

Body Weight 

Kldney 

Blood 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.02 

0.002 

0.0003 

0.0008 

0.004 

0.002 

. . 

. . 

. . 

. . 

. . 

. . 

. . 



TABLE 9.7.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 
PAGE 1 OF 4 

Receptor Population: Recreational Users 

Medium 

Medium Total I 8E-06 0 7 1  

Exposure 

~ o l n t  

SWMU 16 

Exposure Point Total 

Exposure 

Medium 

Surface Soil 

Carcinogenic Risk Nnn-Carclnogenc Hazard O~ln l~en l  

of Potential 

Concern 

Surface Soil 

Exposure 

Trlchloroethene 

Benzo(a)anlhracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

D~benzo(a,h)anthracene 

1ndeno(1.2.3-cd)pyrene 

Naphthalene 

Aluminum 

Antimony 

Arsenic 

Copper 

Iron 

Lead 

Manganese (Soil) 

Vanadium 

Chemical Total 

Air 

Exposure 

Medium Total 

Exposure ~ o l n t  Total 1 E-09 

Medium Total 

5E-1 1 

2E.07 

2E.06 

2E.07 

4E-07 

1E.07 

. . 

. . 

. . 

I E-06 

. . 

. . 

. . 

. . 

. . 

4E-06 

6E-10 SWMU 16 Trichloroethene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)lluoranthene 
D~benzo(a.h)anthracene 
Indeno(l.2.3-cd)pyrene 
Naphthalene 
Aluminum 
Antimony 
Arsenic 
Copper 
Iron 
Lead 
Manganese (Soil) 

Vanadium 

Chemical Total 

. . 

3E-07 

2E-06 

2E-07 

4E-07 

1 E-07 

. . 

. . 

. . 

3 ~ - 0 7  

. . 

. . 

. . 

. . 

. . 

4E-06 

8E.06 

6E-10 

5E-11 

5E-07 

4E.06 

5E-07 

BE-07 

ZE-07 

. . 

. . 

. . 

1 E-06 

. . 

. . 

. . 

. . 

. . 

8E-06 

8E-06 1 
1 

. . 
5E-1 1 
. . 
. . 
. . 

. . 

. . 

. . 
6E-10 
. . 

. . 

. . 

. . 

. . 

. . 
5E-11 
. . 
. . 
. . 
. . 
. . 

. . 

6E.10 
. . 
. . 

. . 

. . 

. . 

1 E-09 1 E-09 



TABLE 9.7.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 
PAGE 2 OF 4 

Receptor Populallon: Recreational Users 

Carcinogenic Risk Non-Carclnogenlc Hazard Ouollenl 
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SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 
PAGE 3 OF 4 

Receptor Population: Recreational Users 

Carcinogenic Risk Nan-Carclnogenlc Hazard Ouotlenl 



TABLE 9.7.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE, CRANE INDIANA 
PAGE 4 OF 4 

Receptor Population: Recreational Users 

Medium Total 

Sediment Sediment Turkey Creek Aluminum . . . . . . 
Arsenic 5E-06 1E.06 7E-06 

Iron . . . . 
Manganese (Soil) . . . . . . 

Vanadlum . . . . . . 

5E.06 1 E-06 7E-06 

Exposure Polnt Total 7E-06 

Exposure Medium Total 7E-06 

Medlum Total 7E-06 

Receptor Total Receplor Risk Tolal I 5 ~ - 0 4  
1 

Chemical 

of Potential 

Concern 

Medium Carcinogenic Risk Non-Carclnogenz Hazard Ouot~ent 

Ingestion 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

2E-06 

Exposure 

Medlum 

Exposure 

Point 

inhaiatlon 

--- 
Sediment Gullies Sedlment 

3E-06 

Iron 

Lead 

Manganese (Soil) 

Mercury 

Nickel 

Vanadium 

Zinc 

Chemical Total 

Dermal 

1 
Exposure Point Total 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

6E-07 

1 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

3E-06 



SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 
PAGE 1 OF 6 

Receptor Population: Resident 

Medium Chemical Carclnogenlc Risk Non-Carcmogenlc Hazard Ouotlenl 

of Potentla1 

Surface Soil Surface Soil SWMU 16 

121 
0.00005 

0 0005 
0.01 

0.02 

. . Kldney --- 
Chemlcal Total 4E-05 1 E-05 5E-05 

Air SWMU 16 Trichloroethene Llver 
Benza(a)anthracene N A 
Benzo(a)pyrene N A 
Benzo(b)fluoranthene NA 
Dibenzo(a.h)anthracene - N A 
Indeno(l.2.3-cd)pyrene NA 
Naphthalene Nasal 
Alumlnum CNS 
Antlmony NA 
Arsenic N A 
Copper N A 
Iron N A 
Lead N A 
Manganese (Sail) CNS 

Vanadturn NA 

Trichloroethene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)lluoranthene 

Dibenzo(a.h)anthracene 

Indeno(l.2.3-cd)pyrene 

Naphthalene 

Alumlnum 

Antlmony 

Arsenic 

Copper 

Iron 

Lead 

Manganese (Soil) 

Vanadlum 

0.00005 

0.0005 
0.01 

0.02 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. - 

. . 

. . 

. . 

. . 

. . 

Exposure Point Total 5E-05 

Exposure Medium Total 

0.4 

2 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Chemlcal Total - 

4E-10 

2E-06 

2E-05 

2E-06 

4E-06 

1 E-06 

. . 

. . 

. . 

1 E.05 

. . 

. . 

. . 

. . 

.. 

Exposure Point Total 1E.08 

Exposure Medium Total 7 IE-08 

Medlum Total I IE-05 

0.03 . . 

. . 

. -  

. . 

8E-07 

7E-06 

8E-07 

1E-06 

4E.07 

. . 

. . 

. . 

9E-07 

. . 

. . 

. . 

. . 

. . 0 4 

0.02 

4E-10 

3E.06 

3E-05 

3E-06 

5 5 0 6  

1E.06 

. . 

. . 

. . 

1 E-05 

. . 

. . 

. . 

. . 

Liver 

NA 

NA 

NA 

N A 

N A 

Body Weight 

CNS 

Blood 

Skln. CVS 

GS 

None Reporled 

NA 

CNS 

0.0000008 

0.00002 

0.2 

0.2 

0.3 

0.02 

0.9 

0.06 

- - 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0 0000008 

0.000006 0.00002 

0.2 

0.2 

0.02 0 3 

0 02 

0 8 

0 06 



TABLE 9.8.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE, CRANE INDIANA 

PAGE 2 OF 6 

Receptor Population: Resldent 

Medium 

Groundwater 

Carcinogenic Risk Non.Carclnogenlc Hazard Ouotlenl 01 (Radiation) Routes Total Target Organ(s) Roules Tolai 

Exposure 

Point 

SWMU 16 

Exposure 

Medium 

Groundwater 

Chemical 

01 Potential 

Concern 

1.1.2.2-Telrachioroelhane 

1,l.Z-Tr~chioroethane 

1 .l .Dichloroethene 

1,2.3-Trichioropropane 

1.2-D~chloraethane 

Benzene 

Bramod~chloromethane 

Carbon Tetrachloride 

Chlarolorm 

cis-1.2-Dichioroelhene 

Methyiene Chloride 

Tetrachioroethene 

Toluene 

tran5-1.2-Dlchloroethene 

Trichioroethene 

Vinyl Chloride 

Pyridine 

2-Nitrotoluene 

2.4.6-Trin~trotoiuene 

2-Am1n0-4.6-Dinitr01oluene 

4-Amino-2.6-Dinilrololuene 

RDX 

Aiumlnum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

iron 

Lead 

Lithium 

Manganese (Water) 

Nlckei 

2E-06 

9E-06 

. . 

2E-08 

1 E-06 

8 ~ - 0 7  

7E-07 

3 5 0 6  

. . 

. . 

2E-07 

5E-05 

. . 

. . 

2E-03 

3E-04 

. . 

3E-07 

7E-08 

. . 

. . 

2E-05 

. . 

. . 

7E-05 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Liver 

Blood 

Llver 

Blood 

None Reported 

~ i o o d  

Kidney 

Llver 

Liver 

Biood 

Llver 

Llver 

Liver. Kldney 

Blood 

Llver 

L~ver 

Llver 

Spleen 

L~ver 

Llver 

Llver 

Prostate 

CNS 

Blood 

Sktn. CVS 

Kldney 

GS 

Kldney 

Fetotoxic~ly. GS. Bone 

CVS. immune. CNS 

None Reported 

N A 

None Reported 

CNS 

Body Weight 

1 E-07 

3E-07 

. . 

9E-10 

2E-08 

4 ~ - 0 8  

2E.08 

2 5 0 7  

. . 

. . 

2E.09 

9E-06 

. . 

. . 

1 E-04 

5E.06 

. . 

1 E-08 

6E-10 

. . 

. . 

6E-08 

. . 

. . 

7E-08 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.00010 

0.01 

0 0009 

0 0009 

0 0001 

0.002 

0.0002 

0.03 

0.001 

0.1 

0.00005 

0.02 

0 001 

0.0004 

0.2 

0 01 

0.0009 

0.00007 

0.0004 

0.008 

0.02 

0.002 

0.002 

0 001 

0.002 

0.006 

0.01 

0.002 

0.09 

0.0004 

0.01 

0.0009 

0.5 

0.004 

3E-06 

9E.06 

. . 

2E.08 

1E.06 

8E.07 

8E-07 

3E-06 

. . 

. . 

2E.07 

6E.05 

. . 

2E.03 

3E-04 

. . 

3E-07 

7E-08 

. . 

. . 

2E-05 

. . 

. . 

7E-05 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0 003 

0.4 

0.02 

n 02 

0 007 

o no 

0 007 

0 4 

0.04 

3 

0 004 

n l 
0 01 

0.01 

d 

0 8 

0.2 

0.002 

0 05 

0.6 

0.4 

0.8 

2 

0 2 

2 

0.4 

0.1 

0.09 

1 

0 4 

9 

2 

20 

0.7 

0.002 

0.4 

0.02 

0.02 

0.007 

0.04 

0.007 

0.4 

0.04 

3 

0.004 

0.1 

0.009 

0.01 

4 

0.8 

0.2 

0.002 

0.05 

0.6 

0.3 

0.8 

2 

0.2 

2 

0.4 

0.09 

0.09 

1 

0.4 

9 

2 

20 

0.7 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 
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Receptor Population: Resident 

Non-Carc~nogenlc Hazard Ouotieni 
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Receptor Population: Resident 

Non-Carclnogenlc Hazard Ouollenl 



TABLE 9.8.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES 

Receptor Populallon: Resident 

NSWC CRANE. CRANE INDIANA 
PAGE 5 OF 6 

None Reporled 

None Reported 



TABLE 9.8.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE. CRANE INDIANA 

PAGE 6 OF 6 

Receptor Population: Residenl 

Total Blood HI 

Total Body Welght HI 

Total CNS HI 

Tolal CVS HI 

Tolal GS HI 

Total Immune HI 

Total Kldney HI 

Total Ltver HI 

Tolal Skrn HI 

Total Nasal HI 

Total None Reported HI 

Total Prostale HI 

Tolal Spleen HI 

Total Bone HI 

Total Fetotoxlclly HI 

Chemical Carcinogenic Rtsk Non.Carclnogenlc Hazard Quol~enl 

of Potential 

Concern 

Roules Total 

Exposure 

Po~nt 

Medium Exposure 

Medium 



TABLE 9.9.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS 

REASONABLE MAXIMUM EXPOSURES 

NSWC CRANE, CRANE INDIANA 
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Carcinogenic Risk Non.Carc~nogenlc Hazard Quollenl 

None Reported 
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Receptor Population: Resident 

Medium 

Groundwater 

Exposure 

Medium 

Groundwater 

Exposure 

Air 

Exposure Carcinogen~c R~sk Non-Carclnogentc Hazard Quol~enl 

Point of Potentlal 

Concern 

Routes Total 

. . Kidney 0.8 . . 0.07 0.9 

3E-03 15 . . 1 0 7  1 1  
Exposure Point Total 3E-03 

Medlum Total 3E-03 
m 

SWMU 16 5E-07 

2E.06 

. . 

. . 

3E-07 

1 E-07 

. . 

3E.07 

9E-07 

. . 

1 E-08 

5E-07 

. . 

. . 

4E.04 

1 E-06 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

1.1.2.2-Tetrachloroethane 

1 .1 .2-Trichloroethane 

I .l-D~chloroethene 

I .2.3-Tr1chloropropane 

1.2-D~chloroethane 

Benzene 

Bromodichloromethane 

Carbon Telrachloride 

Chlorolorm 

ci~-1.2-D1ch10roethene 

Melhylene Chloride 

Tetrachloroethene 

Toluene 

trans-l,2-Dichloroethene 

Trichloroethene 

Vinyl Chlorlde 

Pyridine 

P-Nitrotoluene 

2.4.6-Tr~n~trotoluene 

2-Am1n0.4.6.D1nitrotoluene 

4-Amino-2.6-Dinitrotoluene 

RDX 

Aluminum 

Antimony 

Arsenic 

Barlum 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Iron 

5E-07 

2E-06 

. . 

. . 

3E-07 

1 E-07 

. . 

3E-07 

9E-07 

. . 

1 E-08 

5E-07 

. . 

. . 

4E.04 

1 E-06 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.002 

o 007 

0.008 

0.01 

0.03 

0 002 

0.00003 

0.0005 

0.00 1 

0.9 

0.008 

NA 

NA 

Liver 

B I O O ~  

NA 

Blood 

NA 

Liver 

Liver 

NA 

Liver 

Liver 

NA 

NA 

Liver 

Liver 

NA 

NA 

NA 

NA 

NA 

NA 

CNS 

N A 

N A 

Fetus 

NA 

Kldney 

Lungs 

N A 

NA 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.002 

0.007 

0.008 

0 01 

0.03 

0.002 

0.00003 

0.0005 

0.001 

0.9 

0.008 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 
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Chemical 

of Potenllal 

Concern 

Benzo(a)pyrene 

Aluminum 

Antlmony 

Arsenic 

Barium 

Cadmium 

Copper 

Iron 

Lead 

Medium 

Sediment 

Carcinogenic R~sk Non-Carc~nogen~c Hazard Ouol~enl 

Routes Tolal 

1 E-08. 

. . 

. . 

7E-07 

. . 

.. 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

7E-07 

Medlum Tolal 

Exposure 

Medium 

Sediment 

Sedlment 

Exposure 

Point 

Gullies 1 E-08 

. . 

. . 

2E.07 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

2E-07 

. . 

2E-06 

. . 

. . 

. . 

2E-06 

Exposure 

Medlum Total 

Receptor Total 

Sedimenl 

Manganese (Soil) 

Mercury 

NIckel 

Vanad~um 

Zlnc 

Chemical Total 

Exposure Polnt Tolal 

Medium Total 

2E.08 

. . 

. . 

8E-07 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

2E-06 

z ~ . o 6  1 -  
2E-06 1 1  

Receptor Risk Total 4E-03 Receptor HI Total 17 

. . 

4E-07 

. . 

. . 

. . ---- 
4E-07 

r Exposure Medium Total 

Turkey Creek . . 0.001 

2E-06 Skin. CVS 0.003 

. . None Reporled 0.04 0 04 

. . CNS 0.003 0 003 

. . Kldney 

2E.06 

0.06 

9E-07 

N A 

CNS 

B I O O ~  

Skin. CVS 

Kldney 

Kldney 

GS 

None Reported 

N A 

CNS 

CNS 

Body Welghl 

Kidney 

Blood 

Alumlnum 

Arsenic 

iron 

Manganese (Soil) 

Vanadium 

Chemical Total 

Exposure Point Total 

0.001 

0.01 

0.004 

0.002 

0.003 

0.004 

0.02 

0.002 

0.0003 

0.0008 

0.004 

0.002 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

0.001 

0 0005 

0 001 

o 01 

0.006 

0 002 

0.003 

0.004 

0.02 

0.002 

0.0003 

0.0008 

0.004 

0002 
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Receptor Populalion: Residenl 

Tolal Blood HI 

Tolal Body Welgnl HI 

Tolal CNS HI 

Tolal Total CVS GS HI HI 

Tolal immune HI 

Total K~dney HI 

Tolal Llver HI 

Total Skln HI 

Total Nasal HI 

Tolal None Reporled HI 

Total Proslale HI 

Total Spleen HI 

Total Bone HI 

Total Felotoxlcity HI 

Medium Exposure 

Medlum 

Exposure 

Point 

Carcinogenic Risk Nan-Carcinogen~c Hazard Quotlenl 

of Polentlal 

Concern 

Routes Tolal 



TABLE 9.1O.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURES , 

NSWC CRANE, CRANE INDIANA 
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Scenario Timeframe: Future 

Receptor Population: Resident 

ReceDtor Aoe: Lifelono (Child and Adult) 

Medium 

Surface Soil 

Carcinogenic R~sk Non-Carc~nogenlc Hazard Ouotlent Exposure 

Medium 

Surface Soil 

Exposure 

Alr 

Roules Total 

- 
-- 

6E-10 

3E-06 

3E-05 

3E-06 

5E-06 

1 E-06 

. . 

. . 

. . 

1 E-05 

. . 

. . 

. . 

. . 

. . 

5E-05 

Benzo(a)pyrene 
Benzo(b)fluoranthene 
Dibenzo(a.h)anthracene 
Indeno(1.2.3-cd)pyrene 
Naphthalene 
Aluminum 
Antlrnony 
Arsenic 
Copper 
iron 
Lead 
Manganese (SOII) 

Vanadium 

Chemical Tolal 1 
Exposure Point Total 

Medium Total 

Exposure 

Point 

Medium Total 

Chemical 

of Potential 

Concern 

3E-08 

3E-06 

7E.05 

.. 

1 E-06 

1 E-05 

1 E-06 

2E-06 

6E-07 

. . 

. . 

. . 

1 E-06 

. . 

. . 

. . 

. . 

. . 

2E-05 

Exposure 

.l 
1 
1 
1 

6E-10 

4E-06 

4E-05 

4E-06 

7E-06 

2E.06 

. . 

. . 

. . 

ZE-05 

. . 

. . 

. . 

. . 

. . 

7E-05 

7E-05 

7E-05 

1 E-08 
. . 

1 E-09 
. . 

. . 

. . 

. . 

. . 

. . 

1 E-08 
. . 

. . 

. . 

. . 

. . 

SWMU 16 

-- 

Trichloroethene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)tluoranthene 

Dibenzo(a.h)anlhracene 

Indeno(l.2.3-cd)pyrene 

Naphthalene 

Aluminum 

Antimony 

1 E-06 
. . 

1 E-09 
. . 
.. 
. . 
. . 

. . 

. . 

1 E-06 
. . 
. . 
. . 
. . 
. . 

3E-08 

Arsen~c 

Copper 

Iron 

Lead 

Manganese (Soil) 

Vanadium 

Chemical Total 

Exposure Point Total 

Medium Total 

SWMU 16 Trichloroelhene 
Benzo(a)anthracene 
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Receptor Population: Resident 

Carcinogenic Risk Non-Carclnogenlc Hazard Ouol~enl 

1 , I  .2-Trichloroethane 

1.1-Dichioroethene 

cis-1.2-Dichioroelhene 

Methyiene Chloride 

Tetrachioroethene 
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Medlum Carcinogenic Risk Non.Carclnogen~c Hazard Quot~enl cc (Radiation) Routes Total Targel Organ@) Routes Tolal 7 - c  . . . . 
. . . . 

Exposure 

Medium 

- - 

8E-04 

-7 

Medlum Total -1- 

Exposure 

Point 

Groundwater 

8E-04 

BE-04 

7E-03 

7E.03 

2E-07 5 5 0 8  

Chemical 

ol Potential 

Concern 

Alr SWMU 16 - m - - 
1 E-07 

1 E-07 2E-08 1E-07 Surface Water 

Lead 

Lithium 

Manganese (Water) 

Nickel 

Vanadlum 

Chemical Total 

m .a 

1 
1 
1 

Exposure Medium Total 

Medium Total 

5E-07 

. . 

. . 

4E-07 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

1 E-06 

Manganese (Water) 

Chemical Total 

Exposure Point Total 

Exposure Medium Total 

Medium Total 

Exposure Point Total 

Surface Water 

1 E-07 2E-08 1 E-07 

1E.07 

1E.07 

1 E-07 
P 

Surface Water 

1 E-06 

1 E-06 

6E-08 

. . 

. . 

8E-08 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

3 ~ - 0 7  

Surface Water 

6E.07 

. . 

. . 

5E-07 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

IE-06 

Turkey Creek Arsenic 

Exposure Medium Total 

Gull~es Trichloroethene 

RDX 

Aluminum 

Antimony 

Arsenic 

Barium 

Cadmium 

Chromium 

Iron 

Lead 

Manganese (Water) 

Vanadlum 

Zinc 

lchemlcal Total 

Exposure Poinl Total 
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Carcinogenic Risk Non-Carcinogentc Hazard Ouollent 



Checklist for Ecological AssessmentlSampling 

I. SITE DESCRIPTION 

Location: SWMU /6 - C A S ~  M/~ /c /  

EXPI o S/ V&S Fk L /,/#d -ZNC/MERA 7-06 

County: . /MA RT/N City: state: ZVP/R MA 

. . 2. Latitude: 38.)87.465 Longitude: - 8 6 .ig o 1 89 

3. What is the approximate area of the site? 5 WaU= /5, / '. 

&CT/C/B 3/74 = 6 .4  A c ~ ~ s  

4. Is this the first site visit? p y e s  0 no If no, attach trip reporl ofpkvious site visit@), ifavailable. 

sf Date(s) of previous site visit@): / . s,*& . Ks4 4 H~A?, E d o .  ~ S ~ ~ S S - Z U  f 
U+P rir(e u/r,+ crweNc &rde ~ i : ' ~ ~ u , e a w / n i ~ ~ - /  

54 m/ / I*@/.  

5. Please attach to the checklist USGS topographic map(s) of the site, if available. 
ASi;(e/md f ib~.ed 3-3 O F  T&K QAPP ( J u / ~  2 0 0 2 )  d FLB(z003)  

6. Are aerial or other site photographs available?# yes O no If yes, please attach any available photo(s) to'the site 
map at the conclusion of this section. 



7. The land use on the site is: 

% Urban 

The area surrounding the site is: 
mile radius 

% urban 

% Rural % Rural 

% ~esidential - % Residentiai - 
2 1 % Ind@rial a l i gh t  heavyj -----. -.- / O O ~ ~ ~ i ~ - ~ v y ~  

% Agricultural % Agricultural 

(Crops: ) (Crops: . , 1 

% Recreational % Recreational - 
(Describe; note ifit is opa& efc.) (Describe; note.ifit is apark; etc.) 

2 1 o/, w ~4,;5,fd;;~addf~sr % Other 
9 O/t s#RuB~/ 

8. Has any movement of soil W n  at the site? D y a x  no. If yes, please identify the most likely cause ~f this 
disturbance: 

Agricultural Use Heavy Equipment - Mining 

Natural Events - Erosion . Other 

Pleas= describe: N*f A E ~ ~ A # & ,  haWcvrc pi/eJ p e m ~ v e d  
~ o u . t k  . . o C  Ac+iuc s I+= Area . 



9. Do any potentially sensitive environmental areas exist adjacent to or in proximity to the site, e.g, Federal and State 

i .  parks, National and State monuments, wetlands, prairie potholes? Remember, jloodplaim and wetland are not 
always obvious; do not answer "no" without confiming information. 

Please provide the so&ce(s) ofinformation used toidentify thse sAitive area, and indieate their general location . 
on the site map. . - . . 

10. What type of facility is located at the site? 

0 Chemical Manufacturing Mixing 0 Waste disposal 

other (specify) P&M,A ;/*&=A 4 *q - 
I I .  what are the suspcted contaminants of concern at the site? If known, what m the max imu  c6nsmtnuion levels? 

L/oCs, S V Q c s ,  .rnr&/r 4 &xP~r,i.rr, 

12. Check any potential mutes of off-site migration of contaminants observed at the site: 

-P Runoff 

Depressions g ~ r a i n a ~ e ,  ditches 

Windblown particulates Vehicular traffic 

Other (specify) 

13. Ifknown, what is the approximate depth to the water table? 9 - 30 ' ( M ~ Y  ) 
14. Is the direction of surface runoff apparent fmm site observations?~ yes 0 no If yes, to which of the following 

does the surface runoff discharge? Indicate all that apply. 

;Cil Surface watei $I Groundwater " Sewer 

IS. Is there a navigable waterbody or tributary to a navigable waterbody? 0 yes g n o  



- 

16. Is there a waterbody anywhere on or in the vicinity of the site? If yes, also complete Section 111: Aquatic Habitat 
Checklist -- Non-Flowing Systems and/or Section 1V: Aquatic Habitat Checklist - Flowing Systems. 

0 yes (approx. distance ) @no 

17. Is there evidence of flooding? 0 yes#no Wetlands andjloodplains are not always obvious; do not answer "no" 
without confirming information. If yes, complete Section V: Wetland Habitat Checklist. 
5;~c ~afidi+iaaa  my poop F a 4  w&+/v~ p/rr+~ C ~ ~ J ; ~  6. s;/ l irrvey)  

18. If a field.gvidcwa~-used to aid any of the identificati~n~,pl&~p~ovide..a . , . . . . . . . - . refer_e~ce-~Also,~es.timatg.fie.timesp~:. . - - - - -. - - . . . - -. . . .,: .. . . . . . ... 

.id'eritifying faiina. BT&.i@ei if additional-Spas is needed for text] 

19. - Are any threatened andlot endangered species (plant or anima~~~~uYh"~O'~'i~ihabit the area of the site? yes U no 
Ilye, you are requiied to verilj, this information with the U.S. Fish and. Wild!@ Service. 1f species' identities are 
known, please list them next. 

THG X ~ P I A N ~ ~  % s ~  bee0 observed 0 4  ~ / s l z / c  c~An/a' 
,4/#hrqk n o f  O S w m u  /6 

20. Record weather conditions at the time this checklist was. prepared: 
. . 

DATE: 5 - / / -  03 
75. s 70 2 Ternperatu& (o& Normal daily high temperature 

W 3 . Wind (directionlspeed) ~ b .  Precipitation (rain, snow) 

> So % cloud cover. 



IA. SUMMARY OF OBSERVATIONS AND SITE SETTING 

Light industry comprises 21% (3.2 acres) of SWMU 16, as well as, half of the active area within 
the site fence. Light industry consists of several buildings (with Building 146 being the largest), 
three magazines, railroad spur R-170, asphalt and gravel roads, and asphalt and gravel storage 
lay down areas. Approximately 21% (3.2 acres) of SWMU 16 and the other half of the active area 
within the site fence is vegetated with maintained grass. Outside the southern portion of the site 
fence lies a shrubby area making up approximately 9% (1.3 acres) of SWMU 16. This area 
formerly contained the incinerator ash piles; however, it is now a transitional area composed 
mainly of grasses with multifora rose, brambles (Rubus spp.), flowering dogwood and black 
locust. The remaining 49% (7.4 acres) of SWMU 16 is forested. For the spacial distribution of 
land use see the cover type as shown on Proposed Sample Locations Map (Figure 3-3) of the 
QAPP attached to this ecological assessment checklist. 

The forested area, although it makes up a large portion of the SWMU, only occurs along the 
perimeter of the active site. Maples and oaks make up the dominant species in the tree canopy, 
with yellow poplar and sassafras as associated species. Sassafras and flowering dogwood are 
common species in the understory. Additionally, black locust is a very common invader species 
in disturbed areas along the outside of the fence line. 

The active portion of SWMU 16 is relatively flat but drains to the east, west and south. There are 
three main drainage systems that divert the SWMU's surface water run-off away from the site. 
They are as follows: one drainage ditch east of Bldg.146 runs north to south and contains 
sediment sampling location 16SD03 (see attached photograph Figure 1 -41), the second drainage 
ditch runs west to east just south of Bldg. 146 and contains sediment sampling location 16SD05 
(see attached photograph Figure 1-4n), and the third drainage ditch runs east to west just 
southwest of Bldg.146 and contains sediment sampling location 16SD06 (see attached 

I photograph Figure 1-40). Once drainage leaves the active site area via relatively flat drainage 
ditches the surface water run off would be diverted into rather steeply sloped intermittent streams. 

All SWMU 16 drainage flows into tributaries that feed Turkey Creek. Turkey Creek flows into 
Boggs Creek which flows into Lake Gallimore near the southern boundary of NSWC Crane then 
continues to flow out of Lake Gallimore until it ultimately discharges into the East Fork of White 
River. 

At the time of this assessment no flow was observed on site. The occurrence of aquatic receptors 
(i.e. fish, and sediment invertebrates) would be unlikely. Surface water flow would probably only 
occur during extended periods of heavy rain and spring thaw. Furthermore, this site is an upland 
site well outside of FEMAs flood hazard area (Zone A). Additionally, Martin County soil survey 
considers this a very poor site for wetland plants. 

White-tailed deer tracks were observed outside of fenced area and spring peepers were observed 
inside the north sump (see attached photograph Figure 1-4k). Eastern cottontail rabbits were 
also observed within the active portion of SWMU 16. 

See attached SWMU 16 photographs, cover type map and photograph direction map to enhance 
site familiarity. 

Completed by SURY 7% JA H A Affiliation TS dUS 

Additional Preparers 

Site Manager T ~ ~ L P  H %s/~ /sA(~  

Date 6 4 9 -  03 



I 
11. TERRESTRIAL HABITAT CHECKLIST 

HA. WOODED 

I. Are there any wooded areas at the sitemyes no If no, go to Section IIB: Shrub/Scmb. 
fl/owdr/&A, N O  .w~f M,.A;~ +4L de+e A&<* OF / F C  s tk . 

2. What percentage or area of the site is wooded? ( 4 9 % Z 4 acres). Indicate the wooded area on ,he site map 
which is attached to a copy of this checklist. Please identify what information was used to determine-the wooded 

-area of the site. . . . . . .  . . . .. 
. , .  . . - , . . .  

3. What is the dominant type of vegetation in the wooded area? (Circle one: Evergree 
photograph, if available. 

Dominant plant, if known: SEc' QL(z&O,, I A 

4. What is the predominant size of the rrees at the site? Use diameter at breast height 

0 0-6 in. dl 2 in. > 12 in. 

c, E / / J ~ . .  .+f t 

5- type of understow PreSenf if known. Provide a photograph, if available. 

F I e w ~ ~ ; . l j  dq~e-ed,  s~Ss&.,s,  ~ l ) / e =  G . r / $ : , c C d )  d 0 4 t r .  

IIB. SHRUBISCRUB 

I .  1s shrub/scrub vegetatibn present at the site?ayes O n o  If no, go to Section IIC: Open Field. 

. 2. What percentage of the site is covemd by scmWshrub vegetation? ( % /- 3 a m ) .  lndiue the - of 9 
shrublscrub on the site map. Please identitj. what information was used to determine this area. 

a , , , j r v a 4 ,  g ~ * u d / r c r i , ~  ~0+42* *e c s  LP IYc 
A ~ / ; V C  s.-fl& C russde s i '  ~ & c r )  

3. What is the dominant type of scrub/shrub vegetation, if knqwn? Provide a photograph, if available. 

#/?+c K /a=- r ' f 

4. What is the approximate average height of the scmblshrub vegetation? 

0 0-2 ft. 0 2-5 ft. . d 5  A. 



5. Based on site observations, how dense is the scrublshrub vegetation? 

0 Dense &patchy 0 Sparse 

IIC. OPEN FIELD 

1 .  Are there open (bare, barren) field areas present at the site? yes d if yes, please 
indicate the type below: 

El Prairielplaivs O -Savannah Cl-01d field Other (specify; 

2. What percentage ofthe site is open field? ( % acres). Indicate the open fields on the site map. 

3. What is/are the dominant plant(s)? Provide a photograph, if available. 

4. What is the approximate average height of the dominant plant? 

5. Describe the vegetation cover: Dense 0 Sparse 0 Patchy 

IID. MISCELLANEOUS 

I 
- A - ~ ~ ~ ~ s ~ ~ ~ t , i t a f ~ ~ t ~ - f i  site, other than woo& smb/shrub, and open field? des a no 
If yes, identify and describe them below. 

~ ~ ; ~ k ; ~ c d ~ ~ ~ r r  2,'' ( ~ Z ~ ~ ~ ~ ~ J  OF sWNL/- 

2- Describe the terrestrial miscellaneous habitat(s) and identify these area(s) on the site map. 

pEdrr s s  ~ ' ' 6 "  ie  A@#IAJ* 



3. What observations, ifany, were made at the site regardin& the presence andlor absence of insects, fish, birds, 
I mammals, etc.? 

4. Review the questions in Section I to determine if any additional habi.tat ehecklists should be completed for lhis site: 
. . . . 

.. . 



Ill. AQUATIC HABITAT CHECKLIST - NON-FLOWING SYSTEMS A'4 
Note: Aquatic systems are 0% associated with wetland habitats. Please refer to Section Y .  Wetland Habilat . 

Checklist. 

1. What type of open-water, non-flowing system is present at the site? . , 

0 Natural (pond,.lake) . . . 

. O Artificially .created (lagoon, reservoir, canal, impoundment) . 
. . .  

. . . . . . .  . . 

. . . . . . . . . .  . . . . . .  - . . 

2. If known, what is the name(s) of the.waterbody(ies) on or adjacent to the site? 

3; If a waterbody is.present, what are its known uses (e-g.: recreation, navigation, etc.)? 

4. What is the approximate size of the waterbody(ies)? am(s). 

5. Is any aquatic vegetation present? yes no If yes, please identify the type of vegetation present if known. 

Emergent Submergent 0 Floating . 

6. If known, what is the depth of the water? 
I 

7. What is the general composition of the substrate? Check all that apply. 

Bedrock Sand (coarse) Muck (findblack) 

.Boulder (>I 0 in.) 0- Silt (fine) . Debris 

0 Cobble (2.5-10 in.) Marl (shells) Detritus 

Gravel (0.1-2.5 in.) 0 Clay (slick). Concrete 

8. What is the source of water in the waterbody? 

River/Stream/Creek 0 Groundwater Other (specify) 

Industrial discharge D Surface runoff 



9. Is there a discharge from the site to the waterbody? yes 0 no If yes, please describe this 
I discharge and its path. 

10. Is there a discharge h m  the waterbody? 0 yes 0 n a  If yes, %d the iifomkio" is avail* identify h m  the list .. . 

below the environment into which thewaterbody discharges. . 
.. . -. . . . - .  - - .  

0 River/SWCreek onsite offsite Distance 

Groundwater onsite offsite 

Wetland onsite 0 of&ite Distance 

Impoundment onsite 0 offsite 

I I. Identifyany field measurements and observations of water qblity that wen made. For those parametem for which 
data were collected provide the measurement and the units of measure below: 

Depth (average) . . 

Dissolved oxygen 

Salinity 

Turbidity (clear, slightly turbid, turbid, opaque) (Secchi disk depth . . 1 

other (specify) 

12. ~ e k r i b e  observed color and area of coloration. 

13. Mark the open-water, non-flowing system !n' the site map attached to this checklist. 



14. Whatabservations, if any, were made at the wa(erbody regarding the presence andlor abs&v of beinhie 
macroinvertebrates, fish, birds, mammals, etc.? 



I IV. AQUATIC HABITAT.CHECKLIST - FLOWING SYSTEMS , 

Note: Aquatic systems are oflen associated with wetland habitats- Please refer to Section Y, Wetland Habitat 
CheckI$t. 

I .  -What ty-pe(s) of flowing watersysteni(s) is (are) present at the site? 

River , Stream 0 Creek 
Drywash Arroyo Brook 

d k t i f i c i a ~ ~ y  . . .Witemittent stream . - --..a .Channeling . ' . . .. 
. . C created 

(ditch, etc.) du+,.,,de /,lef;v,? 5 - - / ~ ' 4 ~ e ~  flu+ 

ZMcflbde - R c k u ~  S';Cd die4 +4c co~+;;.cr ~ 4 c  * k  
2. If knowqwhat is  the name of the waterbody? #6&med %AM i4 #* 7 Z A  ZPcc& 

:3. . F O ~  natural systems, a& there any indicators of physical alteration ( eg ,  chamieling debris, etc.)? 
yis d n o  If yes, please describe indicators that were observed. 

4. What is the gened composition of the substrate? Check all that apply. 

1 'hdmmk d s a n d  (coarse) 0 Muck ( fineblack) 

d ~ o u l d e r  (>lo in.) d s i l t  ( he )  0 Debris 

R6bble (2.5-1 0 in.) 0 Marl (shells) d ~ e t r i t u s  

d~iavel(0. l -2.5 in.) d & a Y  (slick) ' . Concrete 

Other (specify) 

5. what is the conditionof the bank (e-g., height, slope, extent of vegetative mver)? 
$+dbp s h e s  , r / b / .  u6p-y e 6 N o N e  . 
'H. u&//;d. 

/ ,  - 6. Is the system influenced by tides? 0 yes no What information was used to make this determination? 



1 - .  7. Is the flow intermittent? O no Ifyes, please note the information that was used in making this detemination. 

I I 3,. @ +;,, +.(pis A ~ s ~ ~ ~ ~ ~ ~ ~ -  

- .  

8. Isthere a discharge f i m  the site to the waterbody? Ore no ifyes, please des* the discharge and its path. 
: . 

9. Is there a discharge from the waterbody? 0 yes 0 no If yes, and the information is available, please identifl what 
the waterbody discharges to-and whether the dischaige is on site or off site. 

10. Identifi any field measurements and observations of water quality that were made. For those parameters for which . 
data were collected, provide the measurement and the units of measure in the appropriate space below: 

I Width (R) 

Velocity (specify units): 

Temperature (depth of the water at which the reading w& taken ) 

pH 

Dissolved oxygen 

Salinity 

Turbidity (=lear, slightly turbid, turbid, opaque) 
(Secchi disk depth ) 

- Other (specifj.) 



i 1 1. Describe observed color and area of coloration. 

12. Is any aquatic vegetation present? 0 yes @& Ifyes, please identify the type of ?&tation present, ifhown. 
. . 

Emergent D Submergent Floating 

. . 

13. Mark the flowing water system on the attached site map. 

. 14. What observations were made at the waterbody reg~ding the presence andlor absence of benthic 
macroinvertebrate, fish, birds, mammals, . . etc.? 

N4 



V. WETLAND HABITAT CHECKLIST 
I 

I . ,  Based on observations andlor available information, are designated or known wetlands definitely present at the site? 
o yes dn/o 

Please note the sources of observations and information used (e-g., USGS Topographic Maps, National Wetland 
Inventory, Federal or State Agency, etc.) to make this determination. 

2. B&ed on the location ofthe site (e.g., along a waterbody, in a floodplain) and site conditions (e-g, standing water, 
dark, wet soils; mud cracks; debris line; water marks), are wetland habitats suspected? 

yes 0 no If yes, proceed with the remainder of the wetland habitat identification checklist 

3.  hat type(s).of veietation are present in the wetland? 

Submergent 0 Emergent 
0 ScruWShrub O Wooded- 

0 Other (specifL) 

Provide a general description of the vegetation present in and around the wetland (height, color, etc.). Provide a 
photograph of the known or suspected wetlands, if available. 

5. Is standing water present? O yes D no If yes, is this water: Fresh Brackish 
What is the approximate area of the water (sq. R)? 
Please complete questions 4,11, 12 in Checklist 111 - Aquatic Habitat -- Non-Flowing Systems. 

6. ' 1s there evidence of flooding at the site? What observations were noted? 

0 Buttressing I7 Water marks I7 Mud cracks 

0 Debris line 0 other (describe below) 



; - 7. 1f known, what is the source of the water in the wetland? 

Flooding Surface Runoff 

8. Is there a discharge'from the site to a known or suspected wetland? yes no If yes, please describe. 

9. Is there-a distharge from the wetland? yes no. Ifyes, to what waterbody is discharge released? 

surface StrearnlRiver Groundwater 0 LakePond 0 Marine 

I 10; If a soil sample was collected, describe the appearance of the soil in the wetland area. circle or write in the best 
1:eSponse. 

Color (bludgray, brown, black, mottled) 

Water content (dry, wet, saturatedlunsaturated) 

1 1. Mark the observed wetland area@) on h e  attached site map. 
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