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A screening-level human health and environmental risk assessment of the hazardous constituents present 
as environmental contaminants at three Open BurninglOpen Detonation (OB/OD) SWMUs at the Naval 
Surface Warfare Center, Crane Division, Crane, Indiana, is presented in this document. The three SWMUs 
addressed in this study are: the Ammunition Burning Grounds (ABG, including the Jeep Trail Area: SWMU 
#03/10), the Old Rifle Range (ORR: SWMU #07/09) and the Demolition Range (DR: SWMU #06/09). 

This screening-level risk assessment is prepared consistent with a previously submitted and approved 
Workplan (HNUS, 1995). It is also prepared to be consistent with the latest USEPA risk assessment 
guidance -- "Risk Assessment Guidance for Superfund. Volume I. Human Health Evaluation Manual (Part A) 
and Volume II. Environmental Evaluation Manual" (USEPA, 1989a,b). 

The Naval Surface Warfare Center, Crane Division (NAVSURFWARCENDIV) is located in southwestern 
Indiana, approximately 40 miles south of Bloomington, Indiana. The facility encompasses more than 100 
square miles within the northern half of Martin County and portions of Greene, Daviess, and Lawrence 
Counties. The majority of the facility is forested, with the surrounding acreage either wooded or farmed land. 

NAVSURFW ARCENDIV has over a 50 year history of operations. In 1940, Congress authorized construction 
of a Naval Ammunition Depot in southern Indiana. In late 1941, the Burns City Naval Ammunition Depot was 
commissioned. In 1943, NAD Burns City was renamed NAD Crane, and the town of Crane was built to house 
the rapidly growing number of civil service employees at the facility. NAD Crane's overall mission was to load, 
prepare, renovate, receive, store, and issue ammunition to the U.S. Naval fleet. 

During World War II, NAD Crane's mission expanded to include pyrotechnics production, mine filling, rocket 
assembly, field storage, torpedo storage, and ordnance spare parts and mobile equipment storage. During 
the 1950s, several new departments were created, the Ammunition Loading and Production Engineering 
Center (ALPEC) was transferred to Crane, and the Central Ammunition Supply Control Office (CASCO) was 
established. NAD Crane supplied ammunition to the fleet during the Korean and Vietnam Conflicts. During 
the Southeast Asia crisis, the number of full-time employees at NAD Crane grew to 6,800. 

In 1976, NAD Crane was deSignated Naval Weapons Support Center Crane (NWSCC). Its new mission was 
to provide support for ship and aircraft equipment, shipboard weapons systems and assigned ordnance items, 
and to perform additional functions as directed. 

In 1977, the CAAA (Crane Army Ammunition Activity) was created, and the Army assumed ordnance 
production, storage, and related responsibilities as a tenant organization. Other functions remained Navy, and 
currently the Navy retains ownership of all real estate and facilities at NAVSURFWARCENDIV. Responsibility 
for overall facility safety, security, and environmental protection remains with the Naval Commanding Officer. 

Most recently in 1992, NWSCC was designated NAVSURFWARCENDIV. Presently approximately 
4,000 people are employed at the facility. 

Following promulgation of the United States Environmental Protection Agency (USEPA) RCRA hazardous 
waste regulatory program, NAVSURFWARCENDIV filed notification and application to operate as a RCRA 
hazardous waste treatment, storage, or disposal (TSD) facility. Interim status was granted, subject to 
operating requirements and applicable technical standards found in Title 40 Code of Federal Regulations, 
Part 265. 

Corrective Action programs established as part of the 1984 RCRA Hazardous and Solid Waste Amendments 
required NAVSURFW ARCENDIV to address past releases of hazardous waste or hazardous constituents at 
the facility's SWMUs. Accordingly, NAVSURFWARCENDIV submitted a Hazardous Waste Management 
Report to the USEPA in January 1985. A RCRA Facility Assessment was then conducted by a USEPA 
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contractor to characterize the potential for releases of hazardous waste or hazardous constituents from 
approximately 100 SWMUs at the facility. 

In 1989, USEPA issued the federal portion of the facility's Final RCRA Part B permit for 
NAVSURFWARCENDIV to the U.S. Navy. This permit contained the Corrective Action requirements and 
compliance schedules obligating the U.S. Navy to perform RCRA Facility Investigations at 30 SWMUs, and 
to conduct Corrective Measures Studies and implement Corrective Measures, if needed. The Corrective 
Action requirements identified in the RCRA operating storage permit are directed primarily at addressing the 
potential human health and ecological impacts that could result from past waste management operations at 
NAVSURFWARCENDIV. The three OB/OD units at the Facility [Ammunition Buming Ground (ABG), Old Rifle 
Range (ORR) and Demolition Range (DR)) were identified as SWMUs subject to further investigation. In the 
early 1990s, the U.S. Army Corps of Engineers completed RCRA Facility Investigations at these three 
SWMUs. In 1988, the OB/OD units became subject to RCRA permitting. A Part B application was submitted. 
As part of the regulatory requirements, the Navy must show how the units do not impact human health and 
the environment under 40 CFR Part 264, Subpart X. This risk assessment is also used to evaluate the risk 
from the operating units. 

In order to determine the potential human health and ecological impacts caused by the identified hazardous 
constituent contamination at these three SWMUs (due to past operations at ABG, DR, and ORR) as required 
by the RCRA Corrective Action requirements, a site-specific baseline risk assessment was performed. This 
document is one of two studies that has been conducted as separate components of this baseline risk 
assessment. This study addresses the potential incremental impacts on human health and the environment 
due to the existing environmental contamination at ABG, ORR and DR. A companion document addresses 
the potential risks associated with the current and anticipated future OB/OD air emissions at these three 
SWMUs. The final baseline risk assessment is a composite of these two individual assessments. 

SWMU DESCRIPTIONS 

Ammunition Burning Ground 

The ABG cover approximately 20 acres of the facility. This SWMU is located near the east center boundary 
in a remote area within the valley of Little Sulphur Creek. This creek is intermittent in that its flow varies 
considerably with the seasons and becomes a sinking stream most of the year. Surface flow ceases in the 
dry months of the year as the water is captured by vertical infiltration into the underlying sandstone and 
limestone aquifer beneath ABG until it returns after the spring outlets on-site. 

Ordnance and ordnance-contaminated materials from the facility's production areas have been taken to ABG 
for treatment by burning since the 1940s. This burning ground has been used extensively for destroying 
unwanted materials contaminated with explosives, bare explosives, rocket motors, candles, flares, solvents, 
detonators, and fuse materials. A variety of separate burning areas are located within the site proper. The 
area is als~ used for flashing the residues from bombs and projectiles after they have been subjected to melt
out or drill-out operations. Powder flashing and bomb burn-out were also conducted at an adjacent area 
called "Jeep Trail". 

The largest quantities of materials were destroyed at this SWMU from 1956 to 1960, when 15,000 Ibs per day 
of smokeless powder was flashed. In the same period, approximately 46,000 Ibs per day of high explosives 
were burned. 

Old Rifle Range 

ORR is a ten-acre SWMU located near the center of the facility, adjacent to Turkey Creek. ORR is another 
open burning area at NAVSURFWARCENDIV. The majority of the open burning activity that takes place at 
this SWMU is thermal treatment of projectiles which had been loaded with ammonium picrate. This area has 
also been used for bomb cook-off tests, and in the past as a small arms practice range. 
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DR is located just west of ORR near the center of the facility. It is bounded on its western side by Boggs 
Creek. The DR covers an area of approximately 40 - 50 acres. The active areas lie on the top of two steep
sided ridgetops. The east ridge is utilized by the U.S. Navy Explosive Ordnance Disposal Detachment to 
detonate ordnance. The south ridge is utilized by the Crane Army Ammunition Activity to detonate ordnance. 
The majority of the detonation activities at DR are performed by the CAAA personnel on the south ridge. Four 
man-made sedimentation ponds receive runoff from the DR areas. These ponds are all regulated under 
USEPA's National Pollutant Discharge Elimination System (NPDES) permit program. 

SITE CONCEPTUAL MODEL 

The human health risk assessment conceptual model for this study contained three land use scenarios for 
this facility -- a current land use scenario, and two future land use scenarios. Under the current land use 
scenario, the OBIOD activities at these three SWMUs were assumed to continue indefinitely. Within this 
scenario, three receptor populations, i.e. those individuals most likely to be impacted by current SWMU 
contamination, were evaluated: base personnel and their families, off-facility residents, and SWMU workers. 

Base personnel and their families (adults, toddlers) live on the facility, near Lake Greenwood. As this housing 
complex is upgradient (groundwater, surface water) from the three SWMUs and because these SWMUs have 
limited access, only the base personnel adult in this family was assumed to come into direct contact with 
contaminates at these SWMUs. This adult individual was assumed to enter each SWMU on occasion as part 
of hislher job responsibilities at the facility. While at each SWMU, this individual is assumed to contact 
contaminated surface soil. The other members of this family (adult, toddler), along with the Base worker, were 
assumed to occasionally recreate in the creeks at the Facility. 

One off-site residential population was evaluated in the current scenario. Individuals currently living at the 
Padanaram Commune (southeast of the ABG) are directly downgradient (groundwater) from the ABG and 
therefore were selected for inclusion in this study. Other local communities, e.g. Burns City, are not 
downgradient from these SWMUs. Individuals in the Padanaram Commune are also known to have contact 
with area creeks and springs. These off-facility residents are assumed to be self-sufficient, Le. raise their own 
fruitslvegetables, and raise their own beef cattle and dairy cows. These individuals were evaluated for 
exposure to OBIOD contamination through the following pathways: 

• Ingestion and dermal contact with off-facility springs (Springs 8 and 10). 
• Ingestion and dermal contact with Little Sulphur Creek surface water. 
.. Ingestion and dermal contact with Little Sulphur Creek sediment. 
• Ingestion and dermal contact with groundwater. 
• Inhalation of VOCs in groundwater while showering/bathing. 
• Ingestion of wild game caught at the facility. 

SWMU workers comprise the third current use scenario receptor population. Separate workers for each 
SWMU (and each subarea of a SWMU where applicable; e.g., DR - south ridge vs. DR - east ridge) were 
evaluated in this study. These workers were evaluated for exposure to OBIOD contamination through 
incidental ingestion and dermal contact with soil at each SWMU, and ingestion of groundwater at the ABG. 
These workers were also assumed to hunt game on the facility. 

Both future land use scenarios evaluated in this study assumed that the OBIOD activities would cease at 
some future date. In the first scenario, the facility is assumed to be turned into a public park/natural area at 
that time. Visitors to and employees of this park/natural area would thus be the primary receptor populations 
of interest. These individuals would be expected to come into contact with contaminants in surface soil, 
surface waters (creeks; springs at ABG), sediments and groundwater. Both visitors and employees are also 
assumed to hunt game on the facility property. 
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The second future land use scenario assumed that the facility would be developed as rural farm land. Rural 
residents living in the future on this property were assumed to be self-sufficient, similarly to the current off
facility residents. These individuals were assumed to be exposed to site contaminants via: 

• Incidental ingestion and dermal contact with soil (surface only; surface/subsurface soil mix). 
• Incidental ingestion and dermal contact with surface water (creeks; springs at ABG). 
• Incidental ingestion and dermal contact with sediment (creeks). 
• Ingestion and dermal contact with groundwater. 
• Inhalation of VOCs in groundwater while showeringlbathing. 
• Ingestion of homegrown fruits/vegetables. 
• Ingestion of beef and milk. 
• Ingestion of wild game caught at the facility. 

RISK CHARACTERIZATION - HUMAN HEALTH 

Chemical exposure doses were calculated for each exposure pathway listed above for each receptor 
population using standard USEPA exposure dose equations (1989a). These doses were then combined with 
USEPA chronic health criteria (reference doses, carcinogen slope factors) to quantify estimated health 
riskslhazards to these receptors. 

Tables ES-1 and ES-2 summarize the calculated risks/hazards for the various human receptor populations 
addressed in this study. To put the calculated values in these tables in perspective, USEPA Region V has 
issued a project memorandum that states that 'it is general Agency policy to allow a cumulative cancer risk 
[for each receptor population] in the range of 1 E-06 to 1 E-04 and a cumulative hazard index up to 1.0 for no 
further action decisions.' These two risk management criteria are thus used to characterize the results 
presented in Tables ES-1 and ES-2. 

Chemical Hazard Assessment 

In Table ES-1, if an overall hazard index is calculated to be greater than 1.0 for a particular receptor, then the 
exposure pathway(s) primarily responsible for the result are identified as "critical pathways." For each critical 
pathway, those chemical contaminants responsible for the majority of the hazard index are listed as 
"chemicals of concern." 

As can be seen inTable ES-1, neither the Base Personnel and their Families receptor population nor the 
SWMU worker receptor populations are at risk due to the existing noncarcinogenic chemical contamination 
at these three SWMUs. Each of the overall hazard indices calculated for these receptors is less than 
USEPA's risk management criterion of 1.0. 

Off-facility residents, however, are shown to be at potential risk from the existing contamination at the Facility. 
These receptors could be at risk if the alluvial groundwater at ABG is used as their primary drinking water 
source, or if Little Sulphur Creek surface water is used as their primary drinking water source. If spring water 
(Springs 8 and 10) is their sole source of drinking water, no hazard is present. Three chemicals of concern 
(COCs) were identified in groundwater for these receptors - 1,2-dichloroethylene, trichloroethylene, and 
manganese. All three of these contaminants have the ABG proper as their source. 

With respect to the future park employees and future park visitor populations, only groundwater contamination 
presents a potential hazard. None of the other environmental media at these SWMUs posed a significant 
hazard for these receptors. The only aquifers which do not pose a risk to these receptors are the Beaver 
Bend at the ABG and the Beech Creek at DR. The COCs for groundwater for these receptor populations are: 
arsenic, manganese, antimony, RDX, trichloroethylene, 1,2-dichloroethylene, and heptachlor epoxide. 

In the future residential scenario, both soil and groundwater presented potential hazards to the On-SWMU 
resident receptor populations. For soil, lead and zinc at ABG proper are the only two COCs. The zinc hazard, 
however, is likely to be grossly over-stated for two reasons: first, the FDA's recommended minimum daily 
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allowance' (RDA) for zinc was used as the criterion to assess exposure to this contaminant for toddlers since 
no applicable USEPA RfD is available. Exceedance of this RDA does not indicate potential toxicity. Secondly, 
zinc was only shown to exceed this RDA if dairy cattle are raised at the ABG and used to supply milk to the 
homestead family. Given the size and terrain at the ABG, this scenario is not very likely to ever happen. The 
groundwater COCs for these receptor populations include: arsenic, manganese, RDX, trichloroethylene, 
aluminum, antimony, barium, chromium, nickel, 1,2-dichloroethylene, cadmium, disulfoton, TNT, and 
heptachlor epoxide. 

Cancer Risk Assessment 

In Table ES-2, if an overall cancer risk is calculated to be greater than 1 E-04 for a particular receptor, then 
the exposure pathway(s) primarily responsible for the result are identified as "critical pathways." The COCs 
are those chemicals that are individually responsible for a cancer risk to the receptor of 1 E-05 or greater. 

Presented in Table ES-2 are the potential cancer risks calculated for each of the receptor populations. As 
in the chemical hazard assessment, both the Base Personnel and their Families receptor populations and the 
SWMU worker receptor populations are found not to be at risk from the existing carcinogenic contaminants 
at these SWMUs. The overall cancer risk calculated for each of these receptors is less than USEPA's risk 
management criterion of 1.0E-04. 

Off-facility residents are potentially at risk from the site contaminants if they use groundwater (ABG Alluvium) 
or Little Sulphur Creek water as their sole drinking water source. Springs 8 and 10, however, do not pose a 
cancer risk to these individuals, even if this water is used as a drinking water source. The COCs in 
groundwater for this receptor population are: arsenic, trichloroethylene, 1,1 ,2,2-tetrachloroethane, 1,1,
dichloroethylene, 1,1 ,2-trichloroethane, and vinyl chloride. All of these contaminants originate from the ABG. 

Both future park employees and future park visitors could be at potential significant risk if groundwater 
beneath the SWMUs is ever used as drinking water. No other environmental media at the facility, however, 
pose a significant cancer risk to these individuals. The COCs for groundwater for these receptors include: 

. arsenic, beryllium, RDX, trichloroethylene, vinyl chloride, 1,1 ,2,2-tetrachloroethane, 1, 1-dichloroethylene, and 
heptachlor epoxide. The Beaver Bend aquifer at the ABG and the Beech Creek aquifer at DR are the only 
two groundwater sources not potentially posing a risk to these receptor groups. 

In the future residential land use scenario, both soil and groundwater present potential risks to the On-SWMU 
resident receptor populations. For soil, only PCDD (polychlorinated dibenzo-p-dioxins/dibenzofurans) at ABG 
proper and PAHs (polynuclear aromatic hydrocarbons) at ORR present significant risks. The PCDD 
contamination identified at the ABG proper, however, is not likely SWMU-related. The concentrations found, 
as well as the isomer profiles observed in the site samples, resemble anthropogenic background data 
published in the scientific literature for "non-contaminated" areas. PCDD were not analyzed for in the site 
background samples, so no direct evaluation of the source of these analytes could be made in this 
assessment. PCDD only presents a potential risk if the ABG is converted into a rural homestead and beef 
and dairy cattle are raised there. As mentioned previously, this scenario is not likely to occur at this SWMU. 

The PAH contamination at the ORR is most likely due to the burning of wood (dunnage) at this SWMU. These 
compounds, like the PCDD at ABG, were shown to potentially be a risk only within the agricultural foodchain 
pathways. Thus, in this scenario the homestead at ORR would have to include the raising of beef and dairy 
cows for their own consumption. Given the size and topography of ORR, this scenario is also not likely to ever 
occur. In addition, the bioconcentration potential of these contaminants in the animals' bodies is likely to be 
over-stated in this assessment, since default bioaccumulation factors derived from chlorinated pesticides 
research were used as surrogates in this analysis due to the fact that no scientific studies were found that 
evaluated PAH bioconcentration in the terrestrial foodchain. The groundwater COCs for these receptor 
populations included: arsenic, aldrin, RDX, trichloroethylene, vinyl chloride, beryllium, 1,1,2,2-
tetrachloroethane, 1,1 ,2-trichloroethane, 1, 1-dichloroethylene, and heptachlor epoxide. 

Arsenic was the most prevalent COC in groundwater in this study. It should be noted, however, that the 
concentrations of this analyte are, with only a few exceptions, similar in magnitude between aquifers and 
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between the three SWMUs. These concentrations were also similar to the concentrations detected in the 
background samples. Since an insufficient number of background samples were taken for this study, a 
statistical comparison between the datasets could not be done. More importantly, again with only a few 
exceptions (two wells at the ABG proper [Golconda] and two wells at the Jeep Trail Area [Beech Creek)), all 
of the detected arsenic concentrations are below USEPA's drinking water MCL. 

RISK CHARACTERIZATION - ECOLOGICAL 

Ammunition Burning Ground 

The ABG was studied as part of the Ecological Risk Assessment. For soils, barium, copper, lead, and zinc 
were detected. Each of these metals concentration exceeded the published toxic dose to wildlife/vegetation 
at low levels. Based on site observations and the conservative nature of the toxic dose rates used, the 
expected impact of operation of the ABG is minimal and no further action is recommended for soils. 

For sediments, the metals; barium, lead, and zinc levels exceeded published toxic dose to wildlife/vegetation 
at low levels. Impacts from these detected levels are expected to be minimal. Concurrent site-specific 
population studies indicate no impact to the wildlife population resulting from current site operations. 

The surface water medium was analyzed and many compounds exceeded AWQC. However, when 
compared to AQUIRE database information, only the metals; aluminum, cadmium, lead, and zinc appear to 
pose a minimal risk to aquatic life. 

Wildlife and plant tissue analysis for contaminants was conducted at the site. In animal tissues mercury, 
vanadium and nitrogen were detected in raccoon liver but not in muscle tissue. Toluene and 2-butanone were 
detected organic compounds detected in liver and muscle tissues. All detections of metals and organics in 
animal tissues were made at trace levels. For plant tissues, trace levels of cyanide, selenium vanadium and 
silver were detected in plant tissue samples in only one or two of the five tissue samples collected. Similar 
detection constituents and levels were obtained from a control (non-impacted) area. Aquatic tissues were 
analyzed for metals and a low level of lead was detected in one frog sample, vanadium was detected in 
suckers and crayfish and cobalt was detected in one minnow sample. For organiC constituents, methyl 
isobutyl ketone was detected in one frog sample; toluene was found in a crayfish, bass, and frog sample; 
diethylphthalate was detected in the minnows, suckers, and bass; and carbon disulfide was detected in 
minnow, sucker, and frog samples. 

Population studies within and outside of the impacted area of the ABG do not indicate on the basis of 
abundance and diversity any adverse effect to the indicator species investigated resulting from operation of 
the ABG. As a result of the combination of the low trace levels of metals and organics detected in the media 
and tissues associated with the Ammunition Burning Ground and the population studies conducted at the site, 
the effects of the current activities at this SWMU are not considered to be adversely impacting the ecological 
population at this site. Implementing a surface water erosion control program to prevent erosion and surface 
runoff from reaching the surface water preventing sedimentation would further reduce any potential aquatic 
risk. 

Old Rifle Range 

ORR Ecological Risk Assessment studies were conducted as part of the Risk Assessment. For soils, barium 
was the only constituent detected. The barium concentration exceeded the published toxic dose to 
wildlife/vegetation at low levels. Since barium does not bioaccumulate, the expected impact to operation of 
the old rifle range is expected to be minimal, and no further action is recommended for soils. 

For the surface water and sediments, no COPECs were detected exceeding the published toxic dose level. 
As a result, there should be no adverse impact to the ecological community of the site from the surface water 
and sediment media at the ORR. 
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Wildlife and plant tissue analysis for contaminants was conducted at the site. In animal tissue, cadmium and 
mercury were detected at trace levels in only the opossum liver tissue sample. Cobalt was detected in one 
opossum liver sample, and cyanide was detected in a fox squirrel sample. For plant tissues, cadmium was 
detected in a hickory sample, silver in a whitegrass sample, and vanadium and nitrogen in a whitegrass 
sample. 2-butanone, carbon disulfide, and toluene were the only trace organics detected in any of the 
vegetation samples. Similar detection constituents and levels were obtained from a control (non-impacted) 
area. Aquatic tissues were analyzed for metals, and lead was detected in one frog sample and cobalt was 
detected in one minnow sample. Toluene was detected in one bullhead and one sunfish sample, carbon 
disulfide was detected in a frog sample, and phenol was detected in the bullhead and shad samples. 4-methyl 
phenol was detected in the bullhead samples, a sunfish, and a bass sample. PAHs including acenaphthylene, 
fluorene, and phenanthrene were detected in the bass and shad samples. 

Population studies within and outside of the impacted area of the ORR do not indicate on the basis of 
abundance and diversity any adverse effect to the indicator species investigated resulting from operation of 
the ORR. As a result, the combination of the low trace levels of metals and organics detected in the media 
and tissues associated with the ORR and the population studies conducted at the site, the effects of the 
current activities at this SWMU are not considered to be adversely impacting the ecological population at this 
site. 

Demolition Range 

The DR was studied as a component of the Risk Assessment program. The media were evaluated and for 
soils, barium was the only metal detected at levels exceeding toxic dose values. Based on site observations 
and the conservative nature of the toxic dose rates used, the expected impact of operation of the DR is 
negligible, and no further action is recommended for soils. 

For DR Sediments, no exceedances were found. As a result, no adverse impacts are expected. Surface 
water at the DR was analyzed, and cadmium and zinc exceeded AWQC. These constituents appear to 
present potential risk to aquatic life when compared to AQUIRE database information. 

Tissue analysis of wildlife and plant material was conducted at the site. In animal tissue, only a few heavy 
metals were detected in any of the samples, including; cadmium in the raccoon liver, and low levels of copper 
and zinc were detected in all of the samples. The only organic compounds detected included 2-butanone, 
4-methylphenol, and carbon disulfide. The 2-butanone is believed to be a laboratory artifact, and the 
4-methylphenol and carbon disulfide were detected only in the deer liver and muscle tissue. In the vegetation 
tissue analysis, only copper and zinc were metals detected in the plant tissue. Nitrogen was detected in the 
whitegrass sample. Carbon disulfide and 2-butanone were the only organic constituents detected in the 
vegetation samples. Similar detection constituents and levels were obtained from a control (non-impacted) 
area. 

Aquatic tissues were analyzed for metals and copper and zinc were the only heavy metals detected. Nitrogen 
was detected in the bullhead sample. The only organic constituents detected in the aquatic tissue samples 
were 4-methylphenol, 2-butanone and carbon disulfide. The 4-methylphenol was detected in the bullhead 
sample. Carbon disulfide was detected in the bullhead and chub samples. 2-Butanone was detected in the 
minnow and chub samples and is believed to be a laboratory artifact. 

Population studies within and outside of the impacted area of the Demolition Range, do not indicate on the 
basis of abundance and diversity any adverse effect to the indicator species investigated resulting from 
operation of the ORR. As a result, the combination of the low trace levels of metals and organics detected 
in the media and tissues associated with the DR and the population studies conducted at the site, the effects 
of the current activities at this SWMU are not considered to be adversely impacting the ecological population 
at this site. Implementing a surface water erosion control program to prevent erosion and surface runoff from 
reaching the surface water preventing sedimentation would further reduce any potential aquatic risk. 

L:IWORKlCT022901IWPlCCRA2lCCCHHRS.JBS ES-7 CTO No. 229 



Receptor Population 

Base Personnel and Their 
Families: 

Base Worker 

Spouse 

Toddler 

SWMU Workers: 

@ ABG Proper 

@ ABG Jeep Trail 

@ORR 

@ DR (Navy) 

@ DR (Army) 

Off-Facility Residents -
Padanaram Commune 

Option 1 

Option 2 

Option 3 

TABLE ES-1 

USEPA 10 No. IN51', ,3498 
NAVSURFWARCENDIV CCRA 

February 1999 

SUMMARY OF RECEPTOR-SPECIFIC CHEMICAL HAZARDS 
Page 1 of 6 

Overall 
Environmental Media Hazard Index Critical Pathway(s) and Chemicals of Concern 

Surface soil, surface water, sediment 0.01 

Surface water, sediment 0.01 
I 

Surface water, sediment 0.07 

Surface soil, Beech Creek aquifer, venison 0.6 

Surface soil, venison 0.2 

Surface soil, venison 0.1 

Surface soil, venison 0.03 

Surface soil, venison 0.1 

Groundwater as drinking water, Little Sulphur Adult - 24.6 Ingestion of groundwater - 1,2-DCE, Mn, TCE 
Creek surface water and sediment, venison Toddler - 56.7 Ingestion of groundwater - 1,2-DCE, Mn, TCE 

Springs as drinking water, Little Sulphur Creek Adult - 0.4 
surface water and sediment, venison Toddler - 0.9 

Little Sulphur Creek as drinking water, incidental Adult - 1.2 
contact with Little Sulphur Creek surface water Toddler - 2.7 Ingestion of groundwater - None 
and sediment, venison 

------- '''--
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TABLE ES-1 (Continued) 
SUMMARY OF RECEPTOR-SPECIFIC CHEMICAL HAZARDS 
Page 2 of 6 

Receptor Population Environmental Media 

Future Park Employees 

@ ABG Proper 

Option 1 Surface soil, Beaver Bend aquifer, venison 

Option 2 Surface soil, Beech Creek aquifer, venison 

Option 3 Surface soil, Golconda aquifer, venison 

Option 4 Surface soil, Alluvial aquifer, venison 

@ ABG Jeep Trail Surface soil, Beech Creek aquifer, venison 

@ORR 

Option 1 Surface soil, Beech Creek aquifer, venison 

Option 2 Surface soil, surficial aquifer, venison 

@ DR - Navy 

Option 1 Surface soil, Beech Creek aquifer, venison 

Option 2 Surface soil, surficial aquifer, venison 

@ DR -Army 

Option 1 Surface soil, Beech Creek aquifer, venison 

Option 2 Surface soil, surficial aglJifer, ven~s~I1 .. 
.-
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Overall 
Hazard Index 

0.5 

8.0 

10.1 

8.8 

13.8 

3.3 

2.0 

0.7 

5.8 

0.7 

0.7 

USEPA 10 No. IN5 170023498 
NAVSURFWARCENOIV CCRA 

February 1999 

Critical Pathway(s) and Chemicals of Concern 

Ingestion of groundwater - RDX, TCE 

Ingestion of groundwater - Sb, As, Mn 

Ingestion of groundwater - 1 ,2-DCE, Mn, TCE 

Ingestion of groundwater - As, Mn 

Ingestion of groundwater - As, heptachlor epoxide 

Ingestion of groundwater - None 

Ingestion of groundwater - As, Mn 
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TABLE ES-1 (Continued) 
SUMMARY OF RECEPTOR-SPECIFIC CHEMICAL HAZARDS 
Page 3 of 6 

Receptor Population Environmental Media 

Future Park Visitors 

@ ABG Proper 

Option 1 Surface soil, Beaver Bend aquifer, Little Sulphur 
creek surface water and sediment, spring water, 
venison 

Option 2 Surface soil, Beech Creek/Big Clifty aquifer, 
Little Sulphur creek surface water and sediment, 
spring water, venison 

Option 3 Surface soil, Golconda aquifer, Little Sulphur 
creek surface water and sediment, spring water, 
venison 

Option 4 Surface soil, Alluvial aquifer, Little Sulphur creek 
surface water and sediment, spring water, 
venison 

@ ABG Jeep Trail Surface soil, Beech Creek aquifer, Little Sulphur 
Creek surface water and sediment, spring water, 
venison 

@ORR 

Option 1 Surface soil, Beech Creek aquifer, Turkey Creek 
surface water and sediment, venison 

Option 2 Surface soil, surficial aquifer, Turkey Creek 
surface water and sediment, venison 

@ DR (Navy) 

Option 1 Surface soil, Beech Creek aquifer, Boggs Creek 
surface water and sediment, venison 

Option 2 Surface soil, surficial aquifer, Boggs Creek 
surface water and sediment, venison 

Future Park Visitor 

@ DR (Army) 

Option 1 Surface soil, Beech Creek aquifer, Boggs Creek 
surface water and sediment, venison 
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Overall 
Hazard Index 

Adult - 0.2 
Toddler - 1.0 

Adult - 3.5 
Toddler - 8.6 

Adult - 4.4 
Toddler - 10.7 

Adult - 3.8 
Toddler - 9.4 

Adult - 6.0 
Toddler - 14.4 

Adult - 1.5 
Toddler - 3.6 

Adult - 0.9 
Toddler - 2.2 

Adult - 0.3 
Toddler - 0.9 

Adult - 2.5 
Toddler - 6.0 

Adult - 0.3 
Toddler - 0.9 

USEPA 10 No. IN51; 3498 
NAVSURFWARCENDIV CCRA 

February 1999 

Critical Pathway(s) and Chemicals of Concern 

Ingestion of groundwater - TCE 
Ingestion of groundwater - RDX, TCE 

Ingestion of groundwater - As, Mn 
Ingestion of groundwater - Sb, As, Mn 

Ingestion of groundwater - Mn, TCE 
Ingestion of groundwater - 1,2-DCE, Mn, TCE 

Ingestion of groundwater - As, Mn 
Ingestion of groundwater - As, Mn 

Ingestion of groundwater - Heptachlor epoxide 

Ingestion of groundwater - None 

Ingestion of groundwater - Mn 
Ingestion of groundwater - As, Mn 
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TABLE ES-1 (Continued) 
SUMMARY OF RECEPTOR-SPECIFIC CHEMICAL HAZARDS 
Page 40f6 

Receptor Population Environmental Media 

Option 2 Surface soil, surficial aquifer, Boggs Creek 
surface water and sediment, venison 

Future On-SWMU 
Residents 

@ ABG Proper 

Option 1A Surface soil, Beaver Bend aquifer, Little Sulphur 
Creek surface water and sediment, spring water, 
fruits/vegetables, beef, milk, venison 

Option 1B Surface/subsurface soil, Beaver Bend aquifer, 
Little Sulphur Creek surface water and 
sediment, spring water, fruits/vegetables, beef, 
milk, venison 

Option 2A Surface soil, Beech Creek/Big Clifty aquifer, 
Little Sulphur Creek surface water and 
sediment, spring water, fruits/vegetables, beef, 
milk, venison 

Option 2B Surface/subsurface soil, Beech Creek/Big Clifty 
aquifer, Little Sulphur Creek surface water and 
sediment, spring water, fruits/vegetables, beef, 
milk, venison 
---- ----
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Overall 
Hazard Index 

Adult - 0.3 
Toddler - 0.9 

Adult - 4.9 
Toddler - 13.5 

Adult - 4.0 
Toddler - 10.9 

Adult - 26.0 

Toddler - 62.6 

Adult - 25.1 

Toddler - 60.1 

USEPA 10 No. INS 170023498 / 
NAVSURFWARCENOIV CCRA 

February 1999 

Critical Pathway(s) and Chemicals of Concern 

Ingestion of milk - Zn 
Ingestion of groundwater - As 
Ingestion of milk - Zn 

Ingestion of milk - Zn 
Ingestion of groundwater - As 
Ingestion of milk - Zn 

Ingestion of groundwater - Mn, RDX, TCE 
Ingestion of milk - Zn 
Ingestion of groundwater - As, Mn, RDX, TCE 
Ingestion of milk - Zn 

Ingestion of groundwater" Mn, RDX, TCE 
Ingestion of milk - Zn 
Ingestion of groundwater - As, Mn, RDX, TCE 
Ingestion of milk - Zn 
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TABLE ES-1 (Continued) 
SUMMARY OF RECEPTOR-SPECIFIC CHEMICAL HAZARDS 
Page 5 of 6 

- ----- -- - ----

Receptor Population Environmental Media 

Future On-SWMU 
Residents 

@ ABG Proper 

Option 3A Surface soil, Golconda aquifer, Little Sulphur 
Creek surface water and sediment, spring water, 
fruits/vegetables, beef, milk, venison 

Option 3B Surface/subsurface soil, Golconda aquifer, Little 
Sulphur Creek surface water and sediment, 
spring water, fruits/vegetables, beef, milk, 
venison 

Option 4A Surface soil, Alluvial aquifer, Little Sulphur 
Creek surface water and sediment, spring water, 
fruits/vegetables, beef, milk, venison 

Option 4B Surface/subsurface soil, Alluvial aquifer, Little 
Sulphur Creek surface water and sediment, 
spring water, fruits/vegetables, beef, milk, 
venison 

@ ABG Jeep Trail Surface soil, Beech Creek aquifer, Little Sulphur 
Creek surface water and sediment, spring water, 
fruits/vegetables, beef, milk, venison 

@ORR 

Option 1A Surface soil, Beech Creek aquifer, Turkey Creek 
surface water and sediment, fruits/vegetables, 
beef, milk, venison 

Option 1B Surface/subsurface soil, Beech Creek aquifer, 
Turkey Creek surface water and sediment, 
fruits/vegetables, beef, milk, venison 
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---

Overall 
Hazard Index 

Adult - 32.0 

Toddler - 76.1 

Adult - 31.0 

Toddler - 73.6 

Adult - 28.5 

Toddler - 68.0 

Adult - 27.6 

Toddler - 65.4 

Adult - 39.3 
Toddler - 91.6 

Adult - 9.7 
Toddler - 23.3 

Adult - 9.6 
Toddler - 23.4 

USEPA 10 No. IN51', .3498 
NAVSURFWARCENDI V CCRA 

February 1999 

Critical Pathway(s) and Chemicals of Concern 

Ingestion of groundwater - AI, Sb, As, Mn 
Ingestion of milk - Zn 
Ingestion of groundwater - AI, Sb, As, Ba, Cr, Mn, Ni 
Ingestion of milk - Zn 

Ingestion of groundwater - AI, Sb, As, Mn 
Ingestion of milk - Zn 
Ingestion of groundwater - AI, Sb, As, Ba, Cr, Mn, Ni 
Ingestion of milk - Zn 

Ingestion of groundwater - 1,2-DCE, As, Mn, TCE 
Ingestion of milk - Zn 
Ingestion of groundwater - 1,2-DCE, As, Cd, disulfoton, Mn, 
TCE 
Ingestion of milk - Zn 

Ingestion of groundwater - 1,2-DCE, Mn, TCE 
Ingestion of milk - Zn 
Ingestion of groundwater - 1,2-DCE, As, Cd, disulfoton, Mn, 
TCE 
Ingestion of milk - Zn 

Ingestion of groundwater - AI, As, Mn, RDX 
Ingestion of groundwater - AI, Sb, As, Ba, Mn, RDX 

Ingestion of groundwater - As, heptachlor epoxide 
Ingestion of groundwater - TNT, As, heptachlor epoxide, Mn 

Ingestion of groundwater - As, heptachlor epoxide 
Ingestion of groundwater - TNT, As, heptachlor epoxide, Mn 
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TABLE ES-1 (Continued) 
SUMMARY OF RECEPTOR-SPECIFIC CHEMICAL HAZARDS 
Page 6 of 6 

Receptor Population Environmental Media 

Future On-SWMU 
Residents 

@ORR 

Option 2A Surface soil, surficial aquifer, Turkey Creek 
surface water and sediment, fruits/vegetables, 
beef, milk, venison 

Option 2B Surface/subsurface soil, surficial aquifer, Turkey 
Creek surface water and sediment, 
fruits/vegetables, beef, milk, venison 

@ DR (Navy) 

Option 1 Surface soil, Beech Creek aquifer, Boggs Creek 
surface water and sediment, fruits/vegetables, 
beef, milk, venison 

Option 2 Surface soil, surficial aquifer, Boggs Creek 
surface water and sediment, fruits/vegetables, 
beef, milk, venison 

@ DR (Army) 

Option 1 Surface soil, Beech Creek aquifer, Boggs Creek 
surface water and sediment, fruits/vegetables, 
beef, milk, venison 

Option 2 Surface soil, surficial aquifer, Boggs Creek 
surface water and sediment, fruits/vegetables, 
beef milk venison 

Overall 
Hazard Index 

Adult - 5.9 
Toddler - 14.6 

Adult - 5.9 
Toddler - 14.6 

Adult - 1.9 
Toddler - 4.8 

Adult - 16.4 
Toddler - 38.2 

Adult - 2.0 
Toddler - 4.9 

Adult - 2.0 
Toddler - 5.1 

USEPA 10 No. IN5 170023 498 
NAVSURFWARCENOIV CCRA 

February 1999 

--

Critical Pathway(s) and Chemicals of Concern 

Ingestion of groundwater - As, TNT 
Ingestion of groundwater - As, Mn, TNT 

Ingestion of groundwater - As, TNT 
Ingestion of groundwater - As, Mn, TNT 

Ingestion of groundwater - As 
Ingestion of groundwater - As 

Ingestion of groundwater - AI, As, Mn, Ni 
Ingestion of groundwater - AI, As, Mn, Ni 

Ingestion of groundwater - As 
Ingestion of groundwater - As 

Ingestion of groundwater - None 
Ingestion of groundwater - As, Mn 

NOTES: 1 ,2-DCE = 1,2-dichloroethylene; Mn = manganese; As = arsenic; TCE = trichoroethylene; Sb = antimony; Zn = zinc; AI = aluminum; Ni = nickel; Ba = barium; 
Cr = chromium; Cd = cadmium; TNT = 2,4,6-trinitrotoluene. 

Options 1 through 4 denote different assumed drinking water sources. The assumed source for each listed option for each receptor population is detailed in the 
"Environmental Media" column. "A" and "B" options refer to whether the receptor was assumed to contact just surface soil or a combined surface and subsurface 
soil mixture. The "Environmental Media" column details the specific assumption in each option. 

L:\WORi .J22901\WP\CCRA2\TABES-1.JBS ClL .J.229 



---_._--

Receptor Population 

Base Personnel and Their 
Families: 

Base Worker 

Spouse 

Toddler 

SWMU Workers: 

@ ABG Proper 

@ ABG Jeep Trail 

@ORR 

@ DR (Navy) 

@ DR (Army) 

Off-Facility Residents -
Padanaram Commune 

Option 1 

Option 2 

Option 3 

TABLE ES-2 

USEPA 10 No. IN517l. .... 23498 
NAVSURFWARCENOIV CCRA 

February 1999 

SUMMARY OF RECEPTOR-SPECIFIC CANCER RISKS 
Page 1 of 9 

------

Overall 
Environmental Media Cancer Risk Critical Pathway(s) and Chemicals of Concern 

Surface soil, surface water, sediment 2.2E-07 

Surface water, sediment 9.3E-OS 

Surface water, sediment S.1E-07 

Surface soil, Beech Creek aquifer, venison 4.3E-OS 

Surface soil, venison S.7E-OS 

Surface soil, venison S.SE-OS 

Surface soil, venison 3.SE-07 

Surface soil, venison 2.SE-OS 

Groundwater as drinking water, Little Sulphur Adult - S.2E-03 Ingestion of groundwater - 1,1,2,2-TCA, vinyl chloride, 1,1-
Creek surface water and sediment, venison DCE, 1,1,2-TCA, As 

Dermal contact with groundwater - TCE 
Inhalation of VOCs - 1,1,2-TCA, 1,1,2,2-TCA, TCE, vinyl 
chloride 

Toddler - 1.1 E-03 Ingestion of groundwater - 1,1,2,2,-TCA, vinyl chloride, TCE, 
1,1-DCE, 1,1 ,2-TCA, As 
Inhalation of VOCs - 1,1,2,2-TCA, TCE 

Springs as drinking water, Little Sulphur Creek Adult - 1.SE-OS 
surface water and sediment, venison Toddler - 1.1 E-OS 

Little Sulphur Creek as drinking water, incidental Adult - 1.5E-04 Ingestion of drinking water - As, RDX 

I 
contact with Little Sulphur Creek surface water Toddler - 3.3E-05 
and sediment, venison 

-
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TABLE ES-2 (Continued) 
SUMMARY OF RECEPTOR-SPECIFIC CANCER RISKS 
Page 2 of9 

Receptor Population Environmental Media 

Future Park Employees 

@ ABG Proper 

Option 1 Surface soil, Beaver Bend aquifer, venison 

Option 2 Surface soil, Beech Creek aquifer, venison 

Option 3 Surface soil, Golconda aquifer, venison 

Option 4 Surface soil, Alluvial aquifer, venison 

@ ABG Jeep Trail Surface soil, Beech Creek aquifer, venison 

@ORR 

Option 1 Surface soil, Beech Creek aquifer, venison 

Option 2 Surface soil, surficial aquifer, venison 

@ DR - Navy 

Option 1 Surface soil, Beech Creek aquifer, venison 

Option 2 Surface soil, surficial aquifer, venison 

@ DR - Army 

Option 1 Surface soil, Beech Creek aquifer, venison 

Option 2 SurfCice soil, s~rfic:ial aquifer, venison 

L:\WORI ~901\WP\CCRA2\T ABES-2.JBS 

Overall 
Cancer Risk 

5.0E-05 

3.1E-04 

4.1 E-04 

5.3E-04 

7.BE-04 

2.0E-04 

1.5E-04 

5.9E-05 

2.BE-04 

5.9E-05 

3.1E-05 

USEPA 10 No. IN5170 023 498 
NAVSURFWARCENOIV CCRA 

February 1999 

Critical Pathway(s) and Chemicals of Concern 

Ingestion of groundwater - As, RDX, TCE, vinyl chloride 

Ingestion of groundwater - As, Be 

1,1,2,2-TCA; vinyl chloride, 1, 1-DCE, TCE, As 

Ingestion of groundwater - As, Be, RDX 

Ingestion of groundwater - As, heptachlor epoxide 

Ingestion of groundwater - As 

Ingestion of groundwater - As, Be 

CT .229 



TABLE ES-2 (Continued) 
SUMMARY OF RECEPTOR-SPECIFIC CANCER RISKS 
Page 3 of 9 

Receptor Population Environmental Media 

Future Park Visitors 

@ ABG Proper 

Option 1 Surface soil, Beaver Bend aquifer, Little Sulphur 
creek surface water and sediment, spring water, 
venison 

Option 2 Surface soil, Beech Creek/Big Clifty aquifer, 
Little Sulphur creek surface water and sediment, 
spring water, venison 

Option 3 Surface soil, Golconda aquifer, Little Sulphur 
creek surface water and sediment, spring water, 
venison 

Option 4 Surface soil, Alluvial aquifer, Little Sulphur creek 
surface water and sediment, spring water, 
venison 

@ ABG Jeep Trail Surface soil, Beech Creek aquifer, Little Sulphur 
Creek surface water and sediment, spring water, 
venison 

@ORR 

Option 1 Surface soil, Beech Creek aquifer, Turkey Creek 
surface water and sediment, venison 

Option 2 Surface soil, surficial aquifer, Turkey Creek 
surface water and sediment, venison 

@ DR (Navy) 

Option 1 Surface soil, Beech Creek aquifer, Boggs Creek 
surface water and sediment, venison 

Future Park Visitors 

@ DR (Navy) 

L:\WORK\CT022901\WP\CCRA2\TABES-2.JBS 

Overall 
Cancer Risk 

Adult - 2.2E-05 
Toddler - 2.0E-05 

Adult - 1.3E-04 
Toddler - 9.7E-05 

Adult - 1.7E-04 
Toddler - 1.3E-04 

Adult - 2.2E-04 

Toddler - 1.7E-04 

Adult - 3.3E-04 
Toddler - 2.4E-04 

Adult - B.BE-05 
Toddler - 7.4E-05 

Adult - 6.4E-05 
Toddler - 5.7E-05 

Adult - 2.6E-05 
Toddler - 2.4E-05 

USEPA 10 No. IN51'/ ".::3498 
NAVSURFWARCENOIV CCRA 

February 1999 

Critical Pathway(s) and Chemicals of Concern 

Ingestion of groundwater - As, RDX, TCE, vinyl chloride 
i 

Ingestion of groundwater - As, Be 
Ingestion of groundwater - As, Be 

Ingestion of groundwater - 1,1,2,2-TCA, As, TCE, vinyl 
chloride 
Ingestion of groundwater - 1,1,2,2-TCA, As, TCE, vinyl 
chloride 

Ingestion of groundwater - As, Be, RDX 
Ingestion of groundwater - As, Be, RDX 

. 
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TABLE ES-2 (Continued) 
SUMMARY OF RECEPTOR-SPECIFIC CANCER RISKS 
Page 4 of 9 

---- -- -

Receptor Population Environmental Media 

Option 2 Surface soil, surficial aquifer, Boggs Creek 
surface water and sediment, venison 

@ DR (Army) 

Option 1 Surface soil, Beech Creek aquifer, Boggs Creek 
surface water and sediment, venison 

Option 2 Surface soil, surficial aquifer, Boggs Creek 
surface water and sediment, venison 

Future On-SWMU 
Residents 

@ ABG Proper 

Option 1A Surface soil, Beaver Bend aquifer, Little Sulphur 
Creek surface water and sediment, spring water, 
fruits/vegetables, beef, milk, venison 

Option 1B Surface/subsurface soil, Beaver Bend aquifer, 
Little Sulphur Creek surface water and 
sediment, spring water, fruits/vegetables, beef, 
milk, venison 

L:\WOR 22901\WP\CCRA2\TABES-2.JBS 

Overall 
Cancer Risk 

Adult - 1.2E-04 
Toddler - 9.1 E-OS 

Adult - 2.6E-OS 
Toddler - 2.4E-OS 

Adult - 1.4E-OS 
Toddler - 1.SE-OS 

Adult - 3.1 E-04 

Toddler - 1.4E-04 

Adult - 3.0E-04 

Toddler - 1.4E-04 

USEPA ID No. IN5170 023 498 
NAVSURFWARCENDIV CCRA 

February 1999 

------------------- ---

Critical Pathway(s) and Chemicals of Concern 

Ingestion of groundwater - As, Be 

Ingestion of groundwater - As 
Ingestion of beef - PCDD 
Ingestion of milk - PCDD 
Ingestion of groundwater - As 
Ingestion of beef - PCDD 
Ingestion of milk - PCDD 

Ingestion of groundwater - As 
Ingestion of beef - PCDD 
Ingestion of milk - PCDD 
Ingestion of groundwater - As 
Ingestion of beef - PCDD 
Ingestion of milk - PCDD 

CT ,.229 



TABLE ES-2 (Continued) 
SUMMARY OF RECEPTOR-SPECIFIC CANCER RISKS 
Page 5 of 9 

Receptor Population Environmental Media 

Future On-SWMU 
Residents 

@ ABG Proper 

Option 2A Surface soil, Beech Creek/Big Clifty aquifer, 
Little Sulphur Creek surface water and 
sediment, spring water, fruits/vegetables, beef, 
milk, venison 

Option 2B Surface/subsurface soil, Beech Creek/Big Clifty 
aquifer, Little Sulphur Creek surface water and 
sediment, spring water, fruits/vegetables, beef, 
milk, venison 

L:\WORK\CT022901\WP\CCRA2\T ABES-2.JBS 

-

Overall 
Cancer Risk 

Adult - 1.6E-03 

Toddler - 6.7E-04 

Adult - 1.6E-03 

Toddler - 6.7E-04 

USEPA 10 No. INS 17k . ..:..:3 498 
NAVSURFWARCENOIV CCRA 

February 1999 

Critical Pathway(s) and Chemicals of Concern 

Ingestion of groundwater - Aldrin, As, RDX, TCE, vinyl chloride 
Dermal contact with groundwater - TCE 
Inhalation of VOCs - TCE, vinyl chloride 
Ingestion of beef - PCDD 
Ingestion of milk - PCDD 
Ingestion of groundwater - Aldrin, As, RDX, TCE, vinyl chloride 
Inhalation of VOCs - TCE 
Ingestion of beef - PCDD 
Ingestion of milk - PCDD 

Ingestion of groundwater - Aldrin, As, RDX, TCE, vinyl chloride 
Dermal contact with groundwater - TCE 
Inhalation of VOCs while showering- TCE, vinyl chloride 
Ingestion of beef - PCDD 
Ingestion of milk - PCDD 
Ingestion of groundwater - Aldrin, As, RDX, TCE, vinyl chloride 
Inhalation of VOCs while showering - TCE, vinyl chloride 
Ingestion of beef - PCDD 
Ingestion of milk - PCDD 

CTO No. 229 
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TABLE ES-2 (Continued) 
SUMMARY OF RECEPTOR-SPECIFIC CANCER RISKS 
Page 6 of 9 

Receptor Population Environmental Media 

Future On-SWMU 
Residents 

@ ABG Proper 

Option 3A Surface soil, Golconda aquifer, Little Sulphur 
Creek surface water and sediment, spring water, 
fruits/vegetables, beef, milk, venison 

'" 

Option 3B Surface/subsurface soil, Golconda aquifer, Little 
Sulphur Creek surface water and sediment, 
spring water, fruits/vegetables, beef, milk, 
venison 

Option 4A Surface soil, Alluvial aquifer, Little Sulphur 
Creek surface water and sediment, spring water, 
fruits/vegetables, beef, milk, venison 

Future On-SWMU 
Residents 

@ ABG Proper 

L:\WORf ~2901\WP\CCRA2\T ABES-2.JBS 

Overall 
Cancer Risk 

Adult - 2.1 E-03 

Toddler - B.5E-04 

Adult - 2.1 E-03 

Toddler - B.5E-04 

Adult - 2.9E-03 

Toddler - 1.2E-03 

USEPA 10 No. INS 170023498 
NAVSURFWARCENOIV CCRA 

February 1999 

Critical Pathway(s) and Chemicals of Concern 

Ingestion of groundwater - As, Be 
Dermal contact with groundwater - Be 
Ingestion of beef - PCDD 
Ingestion of milk - PCDD 
Ingestion of groundwater - As, Be 
Dermal contact with groundwater - Be 
Ingestion of beef - PCDD 
Ingestion of milk - PCDD 

Ingestion of groundwater - As, Be 
Dermal contact with groundwater - Be 
Ingestion of beef - PCDD 
Ingestion of milk - PCDD 
Ingestion of groundwater - As, Be 
Dermal contact with groundwater - Be 
Ingestion of beef - PCDD 
Ingestion of milk - PCDD 

Ingestion of groundwater - As, TCE, vinyl chloride, 1,1,2,2-
TCA, 1,1,2-TCA, 1, 1-DCE 
Dermal contact with groundwater - TCE 
Inhalation of VOCs while showering - 1,1,2,2-TCA, TCE, vinyl 
chloride 
Ingestion of beef - PCDD 
Ingestion of milk - PCDD 
Ingestion of groundwater - 1,1,2,2-TCA, As, TCE, vinyl 
chloride, 1, 1-DCE, 1,1,2-TCA 
Inhalation of VOCs while showering - 1,1,2,2-TCA, TCE 
Ingestion of beef - PCDD 
Ingestion of milk - PCDD 

-----
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TABLE ES-2 (Continued) 
SUMMARY OF RECEPTOR-SPECIFIC CANCER RISKS 
Page 7 of 9 

Receptor Population Environmental Media 

Option 4B Surface/subsurface soil, Alluvial aquifer, Little 
Sulphur Creek surface water and sediment, 
spring water, fruits/vegetables, beef, milk, 
venison 

@ ABG Jeep Trail Surface soil, Beech Creek aquifer, Little Sulphur 
Creek surface water and sediment, spring water, 
fruits/vegetables, beef, milk, venison 

@ORR 

Option 1A Surface soil, Beech Creek aquifer, Turkey Creek 
surface water and sediment, fruits/vegetables, 
beef, milk, venison 

L:\WORK\CT022901\WP\CCRA2\ TABES-2.JBS 

Overall 
Cancer Risk 

Adult - 2.9E-03 

Toddler - 1.2E-03 

Adult - 3.8E-03 

Toddler - 1.SE-03 

Adult - 4.0E-03 

Toddler - 3.0E-03 

USEPA 10 No. INS 17 :3 498 
NAVSURFW ARCENOIV CCRA 

February 1999 

Critical Pathway(s) and Chemicals of Concern 

Ingestion of groundwater - As, TCE, vinyl chloride, 1,1,2,2-
TCA, 1,1,2-TCA, 1,1-DCE 
Dermal contact with groundwater - TCE 
Inhalation of VOCs while showering - 1,1,2,2-TCA, TCE, vinyl 
chloride 
Ingestion of beef - PCDD 
Ingestion of milk - PCDD 
Ingestion of groundwater - 1,1,2,2-TCA, As, TCE, vinyl 
chloride, 1,1-DCE, 1,1,2-TCA 
Inhalation of VOCs while showering - 1,1,2,2-TCA, TeE 
Ingestion of beef - PCDD 
Ingestion of milk - PCDD 

Ingestion of groundwater - As, Be, RDX 
Dermal contact with groundwater - Be 
Ingestion of groundwater - As, Be, RDX 
Dermal contact with groundwater - Be 

Ingestion of groundwater - As, heptachlor epoxide 
Dermal contact with groundwater - Be 
Ingestion of beef - B{a)P, B{b)F, DBA, IP 
Ingestion of milk - B{a)P, B{b)F, DBA, IP 
Ingestion of groundwater - As, heptachlor epoxide 
Ingestion of beef - B(a)P, B(b)F, DBA, IP 
Ingestion of milk - B(a)P, B(b)F, DBA, IP 

--- -- - - - -- - -_ .. _-
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TABLE ES-2 (Continued) 
SUMMARY OF RECEPTOR-SPECIFIC CANCER RISKS 
Page 8 of 9 

Receptor Population Environmental Media 

Future On-SWMU 
Residents 

@ORR 

Option 1B Surface/subsurface soil, Beech Creek aquifer, 
Turkey Creek surface water and sediment, 
fruits/vegetables, beef, milk, venison 

Option 2A Surface soil, surficial aquifer, Turkey Creek 
surface water and sediment, fruitslvegetables, 
beef, milk, venison 

Option 2B Surface/subsurface soil, surficial aquifer, Turkey 
Creek surface water and sediment, 
fruits/vegetables, beef, milk, venison 

--~--. - .. -.~-.--- ... -- - -

L:\WOR 22901\WP\CCRA2\TABES·2.JBS 

Overall 
Cancer Risk 

Adult - 4.0E-03 

Toddler - 3.0E-03 

Adult - 3.7E-03 

Toddler - 2.8E-03 

Adult - 3.7E-03 

Toddler - 2.8E-03 

-- -

USEPA 10 No. INS 170023 498 
NAVSURFWARCENOIV CCRA 

February 1999 

Critical Pathway(s) and Chemicals of Concern 

Ingestion of groundwater - As, heptachlor epoxide 
Dermal contact with groundwater - Be 
Ingestion of beef - B(a)p, B(b)F, DBA, IP 
Ingestion of milk - B(a)P, B(b)F, DBA, IP 
Ingestion of groundwater - As, heptachlor epoxide 
Ingestion of beef - B(a)P, B(b)F, DBA, IP 
Ingestion of milk - B(a)P, B(b)F, DBA, IP 

Ingestion of groundwater - As, 2,4,6-TNT, 2,6-DNT, B(a)A, 
RDX 
Ingestion of beef - B(a)P, B(b)F, DBA, IP 
Ingestion of milk - B(a)P, B(b)F, DBA, IP 
Ingestion of groundwater - As, RDX 
Ingestion of beef - B(a)P, B(b)F, DBA, IP 
Ingestion of milk - B(a)P, B(b)F, DBA, IP 

Ingestion of groundwater - As, 2,4,6-TNT, 2,6-DNT, B(a)A, 
RDX 
Ingestion of beef - B(a)P, B(b)F, DBA, IP 
Ingestion of milk - B(a)P, B(b)F, DBA, IP 
Ingestion of groundwater - As, RDX 
Ingestion of beef - B(a)P, B(b)F, DBA, IP 
Ingestionof mi~ B(a)p~(b)F, DBA, IP 

~- .. --.. ~.-- -
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TABLE ES-2 (Continued) 
SUMMARY OF RECEPTOR-SPECIFIC CANCER RISKS 
Page 9 of 9 

Receptor Population Environmental Media 

@ DR (Navy) 

Option 1 Surface soil, Beech Creek aquifer, Boggs Creek 
surface water and sediment, fruits/vegetables, 
beef, milk, venison 

Option 2 Surface soil, surficial aquifer, Boggs Creek 
surface water and sediment, fruits/vegetables, 
beef, milk, venison 

@ DR (Army) 

Option 1 Surface soil, Beech Creek aquifer, Boggs Creek 
surface water and sediment, fruits/vegetables, 
beef, milk, venison 

Option 2 Surface soil, surficial aquifer, Boggs Creek 
surface water and sediment, fruits/vegetables, 
beef milk venison 

Overall 
Cancer Risk 

Adult - 2.6E-04 
Toddler - 1.1 E-04 

Adult - 1.4E-03 

Toddler - S.SE-04 

Adult - 2.BE-04 
Toddler - 1.2E-04 

Adult - 1.4E-04 
Toddler - 7.1 E-OS 

USEPA ID No. IN5 17(' J.:!3 498 
NAVSURFWARCENDIV CCRA 

February 1999 

Critical Pathway(s} and Chemicals of Concern 

Ingestion of groundwater - As 
Ingestion of groundwater - As 

Ingestion of groundwater - As, Be, RDX 
Dermal contact with groundwater - Be 
Ingestion of groundwater - As, Be, RDX 
Dermal contact with groundwater - Be 

Ingestion of groundwater - As 
Ingestion of groundwater - As 

Ingestion of groundwater - As 

NOTES: 1,1,2,2-TCA = 1,1 ,2,2-tetrachloroethane; TCE = trichloroethylene; 1, 1-DCE = 1, 1-dichloroethylene; 1,1,2-TCA = 1,1 ,2-trichlorethane; As = arsenic; Be = 
beryllium; PCDD = polychlorinated dioxins/furans (2,3,7,B-tetrachlorodibenzo-p-dioxin equivalents); B(a)p = benzo(a)pyrene; DBA = dibenz(a,h)anthracene; 
IP = indeno(1 ,2,3-cd)pyrene; B(b)F = Benzo(b)fluoranthene; 2,4,6-TNT = 2,4,6-trinitrotoluene; B(a)A = benzo(a)anthracene; 2,6-DNT = 2,6-dinitrotoluene. 

Options 1 through 4 denote different assumed drinking water sources. The assumed source for each listed option for each receptor population is detailed in 
the "Environmental Media" column. "A" and "B" options refer to whether the receptor was assumed to contact just surface soil or a combined surface and 
subsurface soil mixture. The "Environmental Media" column details the specific assumption in each option. 
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1.0 INTRODUCTION 

1.1 PROJECT DESCRIPTION 

USEPA ID No. IN5 170 023498 
NAVSURFWARCENDIV CCRA 

November 1997 

This document represents a screening-level human health and environmental risk assessment of the various 
hazardous constituents identified in environmental media at the Open Burning/Open Detonation (OB/OD) 
areas at three Solid Waste Management Units (SWMUs) at the Naval Surface Warfare Center, Crane 
Division, Crane, Indiana (NAVSURFWARCENDIV). This screening-level risk assessment is submitted to t he 
Naval Facilities Engineering Command (Charleston, South Carolina) in partial fulfillment of the RCRA-related 
operating requirements (40 CFR Part 264 Subpart X) and the corrective action requirements identified in the 
facility's RCRA Part B permit. This deliverable has been prepared pursuant to Contract Task Order No. 0076 
under a Comprehensive Long-Term Environmental Action Navy (CLEAN) Prime Contract No. N62472-90-D-
1298 and Subcontract No. GCPP-91-001-1298. 

The purpose of this risk assessment is to estimate the potential incremental human health and environ men tal 
risks associated with the current level of contamination present due to past waste explosive open burning 
activities at SWMU #03/10 - Ammunition Burning Grounds (ABG) and SWMU #07/09 - Old Rifle Range 
(ORR), and open detonation activities at SWMU #06/09 - Demolition Range (DR). It should be noted that with 
respect to this analysis, the Ammunition Burning Grounds SWMU also includes an adjacent area known as 
the 'Jeep Trail Area'. 

This screening-level risk assessment has been prepared to be consistent with a previously submitted 
workplan (Halliburton NUS, 1995) and the most recent USEPA guidance methodologies. The risk 
assessment guidance documents entitled "Risk Assessment Guidance for Superfund. Volume I Human 
Health Evaluation Manual (Part A) and Volume II. Environmental Evaluation Manual" (USEPA, 1989a,b) 
serve as the primary guidance documents for this study. 

1.2 OVERVIEW OF THE RISK ASSESSMENT PROCESS 

A risk assessment represents an organized approach that is used today by risk managers to address the 
potential impacts of chemical contaminants/emissions associated with a project or site, e.g. SWMU, on 
regional public health and ecology. This approach is designed to investigate, in a consistent manner, th e two 
aspects of an environmental project which contribute most to biological risk - chemical toxicity (Le., the ability 
of a chemical to adversely affect humans, plants, animals) and exposure (Le., the extent of contact by these 
biological 'receptors' with site contaminants/emissions). 

Risk assessment is therefore a risk management tool, and as such, it represents one of several inputs into 
risk management decisions. One primary use of a chemical-specific risk assessment, such as this one 
performed on the existing OB/OD area contaminants at these three NAVSURFWARCENDIV SWMUs, is to 
focus remediation decisions, if necessary, onto only those specific contaminants in those specific 
environmental media that have the potential to be responsible for producing significant risks. This risk 
assessment thus evaluates the potential of the existing chemical contaminants associated with these SWMU s 
to generate risks currently as well as potentially in the future so that preventative ma nagement decisions can 
be made today. . 

It is important to put the risk assessment process into perspective, however. Risk assessments are not 
medically accurate, Le., they cannot accurately predict future health outcomes such as cancer incidence in 
exposed populations. There are some very basic reasons for this limitation. Not all of the data on the toxici ty 
of chemical substances towards humans and animalslplants are known today, nor can future human 
exposures to site-specific chemical contaminants be accurately quantified. The latter qualification is due to 
a lack of complete knowledge of the fate and disposition of chemicals in the environment, the variability in 
contaminant concentrations throughout the Units, and the myriad of individual behaviors that exist in any 
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USEPA 10 No. IN5170 023498 
NAVSURFWARCENOIV CCRA 

November 1997 

potentially exposed population which would lead to highly variable chemical exposure. Risk assessments 
thus utilize a variety of types of input information in order to calculate "risk" to receptor populations. These 
inputs take the form of scientific/engineering data, state and federal regulatory policies, and subjective 
assumptions. The latter two forms of input information are used in risk assessments to compensate for the 
current limitations in the necessary databases required to perform an accurate assessment. In general, these 
policies and assumptions are designed for regulatory caution, i.e., they are designed to insure that the 
potential risks that are calculated for a site are not likely to be underestimated. 

The objective of a risk assessment, therefore, is not to calculate actual risks to real people, but rather they 
are designed to estimate on a relative scale potential risks to hypothetical 'receptor populations'. Although 
scientists, behavioralists, and engineers cannot predict exactly how sensitive an individual's body or a specifi c 
animal/plant might be to a chemical or how much exposure they will receive in the future due to SWMU 
emissions and/or contamination, upper bounds of these characteristics/behaviors can be rationally 
established. In a screening-level risk assessment, such as the one presented in this document, high-end 
exposure conditions are assumed for various hypothetical sensitive populations. High-end exposure 
conditions, also termed reasonably maximal exposure (RME) conditions, represent the highest expos ure that 
likely could occur at/near the site (USEPA, 1994b). Thus, the overall approach used in a screen in g-Ievel risk 
assessment today ensures that if the calculated risks for any chemical contaminant fa" into a regulatory
defined insignificant category, then any real risks presented by the contaminant in the Units should be trivial, 
and no remedial activities would be necessary. 

1.3 ORGANIZATION OF THIS DOCUMENT 

This screening-level risk assessment has been structured to provide a sequential discussion of the four ba sic 
components of a risk assessment forwarded by NRC (1983): 

• 
• 
• 
• 

Hazard Identification. 
Exposure Assessment. 
Toxicity Assessment. 
Risk Characterization. 

This chapter (Chapter 1.0) and the two that follow provide an introduction and background to this study. 
Chapter 2.0 describes the facility location and provides a general facility description. The facility history is 
also discussed in Chapter 2.0. Chapter 3.0 discusses the environmental setting and 08/00 activities at/near 
each of the three SWMUs addressed in this study. 

Chapter 4.0 (Hazard Identification) presents the study's site-specific human health conceptual model, 
summarizes the analytical results from the field investigation efforts at these three SWMUs, and then identifies 
the process used to select the chemicals of potential concern (COPCs) for this assessment. 

Chapter 5.0 (Human Exposure Assessment) presents the approach for calculation of exposure doses for the 
various hypothetical, high-end exposure human receptor populations addressed in this study. 

Chapter 6.0 (Toxicity Assessment) presents the health criteria used in the assessment to quantify the excess 
lifetime cancer risks and chemical hazards to the various human receptor populations. 

Chapter 7.0 (Human Health Risk Characterization) presents the quantitative risks/hazards calculated for the 
various hypothetical human receptors in this study. Also provided in this section are regulatory guidelines 
typically used to interpret the quantitative risks/hazards that are calculated. 

Chapter 8.0 (Environmental Risk Assessment) presents the analysis of the potential adverse effects that the 
existing SWMU contamination might have on plants and animals residing near/at the three SWMUs. 
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November 1997 

Chapter 9.0 (Uncertainty Analysis) presents a listing of the various uncertainties inherent in the calculated 
risk/hazard estimates, as a result of the methodologies employed. 

Chapter 10.0 lists all of the scientific articles, guidance documents, and project documents referenced in this 
assessment. 
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2.0 PROJECT BACKGROUND 

2.1 FACILITY LOCATION AND DESCRIPTION 

USEPA ID No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

February 1999 . 

NAVSURFWARCENDIV is located in southwestern Indiana, approximately 40 miles southwest of 
Bloomington, Indiana (Figure 2-1). The facility occupies the northern half of Martin County and small portions 
of Greene, Daviess, and Lawrence Counties (Figure 2-2) (Murphy, 1992a). The site encompasses more than 
100 square miles (62,463 acres) including 800-acre Lake Greenwood (Figure 2-3). The locations of the three 
SWMUs addressed in this study are also presented in Figure 2-3. 

NAVSURFWARCENDIV is located in a rural, sparsely populated area. The majority of the facility is covered 
by forest with the surrounding acreage either wooded or farmed land. NAVSURFW ARCENDIV provides naval 
support for equipment, shipboard weapons systems, and ordnance. In addition, NAVSURFWARCENDIV 
supports the Crane Army Ammunition Activity (CAAA) including production and renovation of conventional 
ammunition, and storage, shipment, demilitarization and disposal of conventional ammunition (Murphy, 
1992b). 

2.2 FACILITY HISTORY / 

2.2.1 History of Ownership and Operation 

In 1940, Congress authorized construction of a Naval Ammunition Depot (NAD) in southern Indiana. In late 
1941 the Burns City Naval Ammunition Depot was commissioned. In 1943, NAD Burns City was renamed 
NAD Crane, and the town of Crane was built to house the rapidly growing number of civil service employees 
at the facility. NAD Crane's overall mission was to load, prepare, renovate, receive, store, and issue 
ammunition to the US Naval fleet. 

During World War II, NAD Crane's mission expanded to include pyrotechnics production, mine filling, rocket 
assembly, field storage, torpedo storage, and ordnance spare parts and mobile equipment storage. During 
the 1950s, several new departments were created, the Ammunition Loading and Production Engineering 
Center (ALPEC) was transferred to Crane, and the Central Ammunition Supply Control Office (CASCO) was 
established. NAD Crane supplied ammunition to the fleet during the Korean and Vietnam Conflicts. During 
the Southeast Asia crisis, the number of full-time employees at NAD Crane grew to 6,800. 

In 1976, NAD Crane was designated Naval Weapons Support Center Crane (NWSCC). Its new mission was 
to provide support for ship and aircraft equipment, shipboard weapons systems and assigned ordnance items, 
and to perform additional functions as directed. 

In 1977, the CAAA (Crane Army Ammunition Activity) was created, and the Army assumed ordnance 
production, storage, and related responsibilities as a tenant organization. Other functions remained Navy, and 
currently the Navy retains ownership of all real estate and facilities at NAVSURFWARCENDIV. Responsibility 
for overall facility safety, security, and environmental protection remains with the Naval Commanding Officer. 

Most recently in 1992, NWSCC was designated NAVSURFWARCENDIV. Presently, approximately 4,000 
people are employed at the facility. 

Operations specific to the ABG, ORR, and DR are detailed within Sections 3.2.1, 3.2.2, and 3.2.3, 
respectively. Operations within the ABG and ORR can be generalized as open burning of waste explosives 
and explosive-contaminated materials; operations within the DR can be characterized as ordnance detonation. 

2.2.2 History of Regulatory Actions 

Following promulgation of the USEPA RCRA hazardous waste regulatory program, NAVSURFWARCENDIV 
filed notification and application to operate as a RCRA hazardous waste treatment, storage, or disposal (TSD) 
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facility. Interim status was granted subject to operating requirements and applicable technical standards found 
in Title 40 Code of Federal Regulations, Part 265 (40 CFR Part 265). 

Corrective Action programs established as part of the 1984 RCRA Hazardous and Solid Waste Amendments 
(HSWA) required NAVSURFWARCENDIV to address past releases of hazardous waste or hazardous 
constituents at SWMUs. Accordingly, NAVSURFWARCENDIV submitted a Hazardous Waste Management 
Report to the USEPA in January 1985. Following the Hazardous Waste Management Report, a RCRA Facility 
Assessment (A.T. Keamey, Inc., 1987) was conducted to characterize the potential for releases of hazardous 
waste or constituents from 100 SWMUs at the facility. 

On December 23,1989, the USEPA issued the federal portion of the facility's Final RCRA operating storage 
permit for NAVSURFWARCENDIV to the U.S. Navy. This permit established the Corrective Action 
requirements and compliance schedules obligating the U.S. Navy to perform RCRA Facility Investigations 
(RFls) at 30 SWMUs, to conduct Corrective Measure Studies (CMSs), and to implement Corrective Measures 
if needed. The Corrective Action requirements identified in the RCRA operating storage permit are directed 
primarily at addressing human health and ecological impacts of past waste management operations at 
NAVSURFWARCENDIV. The ABG, DR, and ORR were identified as SWMUs subject to further investigation 
pursuant to the Corrective Action requirements identified in the RCRA operating storage permit. 

On January 26,1992, NAVSURFWARCENDIV filed a RCRA Part B permit application with USEPA in order 
to continue waste explosive open burning activities at ABG and ORR and to continue waste ordnance 
detonation activities at DR. These areas where open burning and detonation activities are occurring are 
considered "Miscellaneous Units" by the USEPA and are subject to the requirements of 40 CFR Part 264 
Subpart X. 

One of the requirements of 40 CFR Part 264 Subpart X is that a miscellaneous unit must be designed and 
operated in a manner that will ensure protection of human health and the environment. Protection of human 
health and the environment includes, but is not limited to, prevention of any releases that may have adverse 
effects on human health or the environment due to migration of waste constituents in the groundwater or 
subsurface environment, in surface water or wetlands, on the soil surface, and in the air. 

In order to determine the potential human health and ecological impacts caused by past operations at ABG, 
DR, and ORR as required by the RCRA Corrective Action requirements, and to determine the potential human 
health and ecological impacts that may be caused by current and proposed OB/OD operations at ABG, DR 
and ORR as required by 40 CFR Part 264 Subpart X, a baseline risk assessment addressing soil, 
groundwater, surface water/sediments, and air was performed. 

This document is one of two assessments that was conducted as separate components of the baseline risk 
assessment. This study addresses the incremental human health and environmental impacts due to the 
existing environmental contamination at ABG, ORR and DR at NAVSURFWARCENDIV. A companion 
document to this risk assessment addresses the potential human health risks associated with the current and 
expected future air emissions from these three SWMUs. 

L:\WORKlCT022901\WPlCCRA2ICCCHHRS.JBS 2-2 CTO No. 229 



.... 
(J 

o 
~ 

.;:;. 
l-

I 

w 
~ 
Cl 

c: 
0' 
"0 

$}:--It'l 
co 
CII 
.;' 
N ... 
'0 
.;' ... 

CLEAN CTO ~ ~q 

INDIANA 

EPA ID NO, INS 170 023 498 
NAVSURFW ARCENDIV 
OCTOBER 1997 

'0 

/~----------------------------------~-----------------------------------------1 " I"} 
N 
N 
~ 
.;' -I Rust Environment & Infrastructure Inc. 

FIGURE 2-1 
GENERAL LOCATION OF NAVSURFWARCENDIV 

CURRENT CONDITIONS RISK ASSESSMENT 
NAVSURFW ARCENDIV gL-__________________________________________________ ~O~C~T~0=B=ER~,~19~9~7 __________ C_R_AN_E_._IN_D_IAN ___ A ______________ ~2~0~62~6~ 



~ 

u 
o 

lLJ 

~ 
Cl 

c: 
C1' 

""0 

$?: 
~ 

U1 
co 
QJ 
,;' 
C'-I 
'-
'0 
,;' 
'-
'0 

CLEAN CTC ~~q 

. . . r . 

EPA 10 NO. INS 170 023 498 
NAVSURF"W ARCENDIV 
OCTOBER 1997 

N 

NO SCAL! 

SOURCES: CHESAPEAKE DIVISION, NAVAL FACILITIES ENGINEERING COMMAND, 1979 
AND NAVAL ENERGY AND ENVIRONMENTAL SUPPORT AGENCY, 198~. 

,;'~----------------------------------~~------------------------------------------i C'-I 
FIGURE 2-2 

SPECIFIC LOCATION OF 
,.., 
C'-I 
C'-I 

~ 
,;' -• NAVSURFW ARCENDIV 

CURRENT CONDITIONS RISK ASSESSMENT 
Rust Environment & Infrastructure Inc • NAVSURF"W ARCENDIV 

6 OCTOBER.1997 CRANE, INDIANA 20626 
ClL-__________________________________ ~~~~~~ __________________________ ~~~ 



N 
01 
o 
~ 

..... 
(J 

o 
:J 

.r::. 
f-
• 

CLEAN CTO !l~q 

SWMU #03/10: AMMUNITION BURNING GROUNDS 
SWMU #06/09: DEMOLITION RANGE 

SWMU #07/09: OLD RIFLE RANGE 

§. SOURCE: CHESAPEAKE DIVISION NAVAL 
"0 

$:--U"l 
co 

411 
,/ 
N 
\., 

'0 
,/ 
\., 

FACILITIES COMMAND, 1979 

EPA 10 NO, INS 170 023 498 
NAVSURFW ARCENDIV 
SEPTEMBER 1997 

SWMU #03/10 

SWMU #07/09 

SWMU #06/09 

LAKE 
GAWMORE 

N 

SCALE 

2 0 2 • MI ... -=~~~ ...... c=====~ 

'0 

'/~---------------------------------r--------------------------------------~ N ,.., 
N 
N 
~ 
,/ -• Rust Environment & Infrastructure Inc • 

FIGURE 2-3 
FACILITY MAP OF NAVSURFWARCENDIV 

CURRENT CONDITIONS RISK ASSESSMENT 
NAVSURFW ARCENDIV gL-________________________________ -L~O~C~TO~B~E~R~19~9~7 ______ C_R_AN_E_._IN_D_IAN __ A __________ ~2~0~6~26~ 



USEPA 10 No. IN5170 023 498 
NAVSURFWARCENDIV CCRA 

February 1999 

3.0 ENVIRONMENTAL SETTING AND 08/00 ACTIVITIES DESCRIPTION 

3.1 GENERAL PHYSICAL CHARACTERISTICS 

3.1.1 Climate 

NAVSURFWARCENDIV is located in a temperate climate zone displaying a wide temperature range among 
seasons. The summers are warm and humid, and the winters are generally mild with short periods of very 
cold weather. The mean minimum temperature in January is 26° F; the mean maximum temperature in July 
is 89° F. The area receives an average of 44 inches of precipitation annually, with 42 inches of rainfall and 
15 inches of snowfall (NEESA, 1983). The prevailing wind is from the south-southwest (McElrath, 1988). 

3.1.2 Topography 

The topography at NAVSURFWARCENDIV consists of undulating terrain dissected by many small 
drainageways. The elevation of the site ranges from a minimum of 470 feet above mean sea level (MSL) at 
a southern drainageway to a maximum of 860 feet MSL on a ridge in the west-central portion of the site. 
V-shaped drainage ways in the north progress to 2,000-foot wide floodplains in the south (NEESA, 1983). 

3.1.3 Hydrology 

Six creeks receive drainage in five separate drainage basins at NAVSURFWARCENDIV (see Figure 2-3). 
The six creeks are: Furst Creek, Sulphur Creek, Little Sulphur Creek, Boggs Creek, Turkey Creek, and Seed 
Tick Creek. Surface drainage from NAVSURFW ARCENDIV eventually empties into the east fork of the White 
River, south of the facility. Situated within Crane are Lake Greenwood and several man-made ponds. Lake 
Greenwood is the main source of water at NAVSURFWARCENDIV; it is also used for recreation (NEESA, 
1983). Each of the three SWMUs addressed in this assessment are in different drainage basins (separated 
by divides) from that of Lake Greenwood. Surface water flow within each of the three SWMUs is away from 
Lake Greenwood. 

Potable water use at NAVSURFWARCENDIV is obtained from Lake Greenwood. Wells located on-site are 
used for process water, not potable water. Lake Greenwood water is pumped to a surface water treatment 
plant where the water is processed in a coagulation, sedimentation, chlorination, and fluoridation system. 
Water use is seasonal, winter use is approximately 600,000 gallons/day, and summer use is approximately 
900,000 gallons/day. Potable water is provided to 100 full-time people and during operating hours, 
3,500 people. 

3.1.4 Soil 

Four soil units have been mapped at NAVSURFWARCENDIV in the Soil Survey of Martin County. Indiana 
(McElrath, 1988), including Wellston-Gilpin, Wellston-Berks-Gilpin, Wellston-Berks-Ebal, and Wakeland
Wilbur-Haymond soils. These soils are primarily silt loams with permeabilities ranging from 0.6 to 2.0 in/hr 
(McElrath, 1988). 

3.1.5 Geology 

NAVSURFWARCENDIV is located in the eastern flank of the Illinois Basin. Beneath unconsolidated colluvial 
and alluvial deposits, Paleozoic age sedimentary rocks underlying NAVSURFWARCENDIV have been 
deformed to yield a gentle dip of 50 feet per mile towards the west-southwest. Rock units in the basin are 
reported to exceed a thickness of 13,000 feet in some areas (Murphy and Ciocco, 1990). The distribution of 
the unconsolidated surficial deposits and bedrock units at NAVSURFWARCENDIV is presented in Figure 3-1. 

The bedrock surface at NAVSURFW ARCENDIV is made up of lower Pennsylvanian and upper Mississippian 
age sandstones, limestones, and shales. A generalized stratigraphic column of bedrock units in the 
NAVSURFWARCENDIV area is shown in Figure 3-2. 
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In general, Mississippian-age Chester Series sandstones, shales, and limestones are exposed in the valley 
walls of eastern portions of NAVSURFWARCENDIV and in the lower elevations of the deep valleys in the 
western portions. Pennsylvanian-age Mansfield Formation sandstone, siltstones, claystones, and shale are 
found at the crests of hills and ridges in eastern portions of NAVSURFWARCENDIV and as the surficial 
bedrock unit further west. The contact between the Mississippian units and overlying Pennsylvanian units is 
an unconformity formed by long-term erosion of the Mississippian surface (Murphy and Ciocco, 1990). 

3.1.6 Hydrogeology 

Hunt (1988) discussed regional groundwater trends pertaining to the unglaciated southwest portion of Indiana. 
In general, groundwater is contained in joint openings of the limestone and sandstone aquifers. Based on 
studies conducted in the eastern portion of NAVSURFWARCENDIV (Hunt, 1988; Murphy and Ciocco, 1990), 
rock units considered to be aquifers and aquicludes are presented in Figure 3-3. Although unit thicknesses 
may vary, the distribution of bedrock units at NAVSURFW ARCENDIV suggests similar aquifer characteristics 
throughout the facility. Surficial unconsolidated aquifers are thin and have limited potential as water supplies. 

Aquifers beneath NAVSURFWARCENDIV are considered to be vertically isolated from each other by 
interlayered shale beds which act as aquitards. Groundwater recharge occurs where aquifer units outcrop. 
After entering an aquifer outcrop, groundwater flows by gravity down the dip of the aquifer unit. Since the 
regional dip of rock units is to the southwest, regional groundwater flow in all aquifers is directed towards the 
southwest. The locations of each of the three SWMUs relative to Lake Greenwood coupled with local and 
regional groundwater flow directions also indicate that groundwater beneath these three SWMUs does not 
discharge to Lake Greenwood. 

Local variations in bedding, dip, aquifer and aquitard, incision by surface drainage, and karstic conditions 
cause local groundwater movement at the three SWMUs at NAVSURFW ARCENDIV to differ from regional 
trends (see Section 3.2). Where erosion resulting from surface drainage has cut through aquifer units, springs 
and seeps are produced which locally complicate groundwater flow. Springs and seeps are prevalent at 
contacts between aquicludes and overlying aquifers. Groundwater flowing from springs and seeps into 
surface water can potentially re-enter the groundwater system as recharge to a lower aquifer outcropping 
downstream. 

In the eastern portion of NAVSURFW ARCENDIV Hunt (1988) hypothesized that karstic conditions are present 
primarily in major drainage valleys where erosion has cut into permeable sandstones overlying easily 
dissolved limestone units. Rapid infiltration within the Big Clifty sandstone unit has caused dissolution and 
weathering of the underlying Beech Creek Limestone. The result of this occurrence has been the creation 
of karst and collapse conditions along major drainage ways within the eastern part of 
NAVSURFWARCENDIV. 

3.1.7 Biology 

The NAVSURFWARCENDIV facility is heavily forested. The facility is situated within the Western Mesophytic 
Forest Region, Hill Section and Beech-Maple Forest Region (Braun 1950). Lindsey et al. (1970) further 
subdivided the area of the installation into the South-central Oak and Mixed woods Division, comprising the 
Beech-Maple and the Beech-Oak-Maple-Hickory sub-elements. Deam (1940) classified the portion of Martin 
county in which the NAVSURFWARCENDIV facility is located as consisting of the Chestnut Oak Upland, 
based on the dominant floral components of 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 Classification. This latter classification most closely resembles the 
current floristic components observed at the NAVSURFWARCENDIV facility during the ecological studies 
conducted as part of this program. 

The site also 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. Wetter sites have river birch, willow, sycamore, and cottonwood. Hillside communities 
have included hickory, white and black oak, red maple, sugar maple, tulip poplar, ash, and beech (NEESA, 
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1983}. Cleared areas at the facility have various stages of grassland, oldfield, and scrub/shrub vegetational 
forms present. 

The great variety of habitats present at the facility (many stages of forest succession, streams, ponds, Lake 
Greenwood, and grassy open spaces) support a variety of wildlife species. The white-tailed deer is the most 
conspicuous large wild mammal on 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 because smaller mammals are present 
to provide a food source (NEESA, 1983). 

The birds at the NAVSURFWARCENDIV facility are diverse. Previous studies at the facility have identified 
over 100 species present at the site during breeding seasons (Hengeveld, 1987). Because the 
NAVSURFW ARCENDIV facility is largely forested, the species found at the site consist predominantly of those 
species that frequent wooded habitat types. There are also species of waterfowl that use the site especially 
in the vicinity of Lake Greenwood in the northern portion of the facility and a large number of bird species 
frequent the non-forested grassland, oldfield, and scrub/shrub vegetation present over portions of the site. 
Included in the bird population are a number of Threatened and Endangered species or species of Special 
Concern that use the site as part of their home range. These species include the bald eagle, osprey, sharp
shinned hawk, Cooper's hawk, Red-shouldered hawk, Broad-winged hawk, Black and white warbler, Hooded 
Warbler and the Worm-eating Warbler (Indiana DNR 1987, Indiana DNR 1988). 

Previous studies conducted at the NAVSURFWARCENDIV facility (Nelson et al., 1987) identified 21 
amphibian species and 22 reptile species (including skinks, lizards, snakes, and turtles). 

A total of 46 distinct fish species were collected from the installation during a 1987 inventory of the fish fauna 
at NAVSURFW ARCENDIV. Other than Lake Greenwood, the 1987 study observed that the greatest number 
of individual fish species were recorded from the largest stream (Boggs Creek) while 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, including; 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. The Sulphur Creek drainage was surveyed and yielded a total 
of 19 species. Four species from this drainage were not found anywhere else on the installation, including; 
southern redbelly dace, blacknose dace, black bullhead, and blacks ide darter. 

The wildlife habitats and vegetation types present at the NAVSURFW ARCENDIV support a diverse terrestrial 
and aquatic fauna. The abundance of wildlife on the site is due in large measure to the mixture of land forms 
that occur over the installation. In addition, the lack of agricultural pressures has enhanced the wildlife 
abundance and served to provide an installation wide "wildlife enclosure" condition whereby there is an 
adequate amount of forage materials, concealment opportunities and shelter locations to support a highly 
diverse wildlife community at the site. 

Preexisting environmental stresses - The above site conditions do not represent a static condition, rather the 
dynamic nature of site development, changes in land use and changes in the operational emphasis occurring 
at the installation all affect the wildlife community in some way. For this reason, it is important in considering 
the operational activities associated with the three SWMUs under evaluation in this Risk Assessment 
document to recognize that the environmental stresses that have occurred in the past will continue through 
the present and into the future given continuation of the current operational programs at the installation. For 
consideration here, these environmental stresses have been divided into two categories: 1) naturally 
occurring stresses and 2) man-made stresses. The following subsections consider the stresses that are 
attributable to each of these categories. 

3.1.7.1 Natural Stresses 

At NAVSURFWARCENDIV natural stresses include a wide range of conditions that affect the baseline 
conditions associated with the three SWMUs. The natural stresses considered most important include 1) 
flooding, 2) fires, 3) erosion and siltation, 4} severe weather (Le. tornados, blizzards, and other severe 
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weather), and 5) infestations and diseases. Flooding causes inputs to the natural system through the 
deposition of silts and sediments, disrupts and mixes the elements of the litter layer altering the decomposition 
rates of organic material and removing cover vegetation as well as surficial soils. Flooding can also cause 
significant oxygen stress in the root zone of site vegetation if it continues for weeks at a time. This influence 
of flooding is usually most apparent in low-lying flat areas or along drainageways on the site. Fires of natural 
origin (Le., lightning strikes) can start woodland fires and brush fires that remove much forage and cover 
vegetation used by site wildlife. In addition, fires of this type consume valuable woodland resources on the 
installation. In the long run, some of the fire related damage can result in expanded scrub/shrub openings 
where the fire action has removed the understory and overstory trees that shaded out the ground cover 
vegetation. With the canopy removed, these ground cover species can flourish and develop into dense 
thickets which in time will support additional wildlife species. 

Erosion and siltation as a natural stress have the same general effect as that observed directly from flooding 
action. However, where flooding is an acute, relatively infrequent occurrence, erosion and siltation represent 
chronic conditions that over time progressively affect the ecology of an area (including both the terrestrial and 
aquatic ecosystems). Severe weather of the type associated with windstorms, hail storms, ice storms, 
blizzards and tornados wreak havoc with the ecosystem on a localized basis. This is particularly true for 
woodland areas which are more susceptible to storm damage. A primary effect is evident in the downed 
timber. A secondary effect however is the result of wind damage and injury to healthy vegetation that leaves 
these species susceptible to decay, rot or insect damage. Infestations and diseases including a variety of 
vectors such as insects, bacteria and fungi can cause major damage to woodland and grassland alike by 
defoliating the vegetation, weakening plant resistance to disease or other mechanisms which debilitate an 
otherwise healthy vegetation cover. 

All of these major natural stresses work independently or collectively and can produce effects such as those 
observed for Dutch elm disease, grass rusts, or dogwood blights. 

3.1.7.2 Man-Made Stresses 

Man-made stresses are principally those that result from human actions causing either a primary or secondary 
effect to the natural population. Man-made stresses for the purposes of the Risk Assessment program are 
defined as stresses including: 1) land clearing and construction, 2} logging and timber management, 3) fires 
of man-made origin, and 4) munition related stresses. Land clearing and construction related stresses 
include: earthwork, drainage construction, road construction, demolition site activities and modification to 
existing facilities. This group of stresses causes soil compaction and horizon mixing. Compaction from 
vehicular traffic causes reduction in soil permeability results in greater surface water runoff after storm events, 
alters the erosion potential of the soil and alters the ability of the soil to support vegetation. These physical 
changes increase the potential for siltation effects in nearby surface water bodies. In addition, land clearing 
and construction cause removal of cover vegetation that exposes soils and subsoils to erosion and eventually 
siltation. 

Logging and timber management stresses are similar to those described above except that they occur on a 
generally small acreage at the facility. Selected removal of mature hardwoods removes some wildlife habitat 
including both forage and cover vegetation. This results in increased competition by wildlife species for 
available resources on adjacent lands. Fires of man-made origin normally include range fires set off by 
incendiary charges, range clearing burns or accidental ignition resulting from field operations. These man
made fires have essentially the same effect as fires of natural origin discussed earlier, however their 
frequency and potential effects on the three SWMU areas has a higher potential for occurrence. 

Munition related stresses include a group of stresses which are unique to military activities. Munition related 
stresses include the effect of fires on the wildlife habitat, physical danger to wildlife resulting from shrapnel 
or projectile impact, concussion, fragmentation, noise and noise avoidance related stresses, chemical 
stresses and modification of the demolition range environment. Both the fire effects and potential physical 
danger to wildlife effects are obvious and would have potential detrimental effect on a limited number of 
species at any given interval. Noise effects relate to the temporary avoidance of areas in which strong impact 
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type noise or excessive overpressures occur on a frequent basis. In some species this noise response results 
in preconditioning and acclimatization to the noise related effects of demolition or burning activities. 

Modification of the demolition and burning ranges by munitions includes the removal of vegetation as the 
result of impact detonations which cause fragments to be propelled into the woodland fringe adjacent to the 
active demolition range. This propelling of fragments into and through most trees and brush causes the injury 
and killing of the bordering woody tree species and creates a pathway for insect or plant disease infestations 
to become established. In addition, another aspect of environmental modification is the alteration of the 
surface and near surface environment. This effect results from the detonation of munitions in subsurface pits 
which when detonated cause physical soil mixing. This action occurs repeatedly on the demolition range. As 
a result, no surface vegetation remains on the demolition range. 

Addition of the combustion products of demolition and burning activities to the air and the surficial soils 
represents an effect that can cause bioconcentration through bioaccumulation or biomagnification actions in 
the various ecological trophic levels occurring at the SWMU sites. 

Overall the munition related stresses have a limited effect on most wildlife species downrange other than 
noise and mechanical vibrations though the effect on vegetation is more significant. The long term effects 
of continued physical damage to vegetation is probably the most important stress to the ecosystems of the 
SWMU areas. 

3.2 SWMU CHARACTERISTICS 

The following sections present background information specific to ABG, DR, and ORR. However, before 
discussing the three SWMUs separately, a general discussion of the disposal of waste explosives and 
ordnance at NAVSURFWARCENDIV is presented. 

In the interest of national security, enormous inventories of military ordnance items and bulk propellants, 
explosives, and pyrotechnics (PEP) are maintained at various military installations around the country. 
Because the ordnance items and PEP held in this military readiness stockpile are subject to deterioration and 
obsolescence, action has to be taken to safely remove and thermally treat these items on an ongoing basis. 
Other explosive wastes are generated at military manufacturing facilities such as NAVSURFWARCENDIV. 
This source of hazardous waste is generally composed of off-specification energetic materials. Off
specification materials are generally composed of the same ingredients that the specification materials are 
composed of, but do not meet all performance specifications. Off-specification items are sold as foreign sales 
to allied countries, reprocessed through a procedure known as renovation, or demilitarized. Off-specification 
materials are usually demilitarized. The term "demilitarized" means to render the item no longer functional 
for the intended military use and to free it of hazard to the point that materials (Le., metal parts) may be sold 
as salvage to the general public (Murphy, 1992b). 

Once ordnance or PEP is determined to be a waste material and designated for demilitarization, the proper 
demilitarization process is selected based upon a review of the physical and chemical characteristics of the 
waste material. If the waste material is determined to be highly energetic and expected to detonate with 
sufficient force, the demilitarization method of detonation is selected. Detonation can take place either 
underground or on-grade (open detonation). Detonation of waste ordnance at NAVSURFWARCENDIV 
occurs at the DR as described in Section 3.2.3. 

If the waste material is not expected to detonate, it may be able to be demilitarized by the thermal treatment 
process known as open burning or flashing. In general, the waste· material is received in bulk or loose form 
(Le., not confined), placed in a burn pan or other similar device, remotely initiated, and allowed to burn. Open 
burning activities can generate ash which accumulates in the burn pan. The ash generated by the thermal 
treatment process (open burning) is collected, burned a second time, containerized in bulk containers, and 
disposed of off-site at a permitted hazardous waste facility. The ash is always burned a second time by 
placing the collected ash on top of contaminated material and dunnage at specific contaminated material burn 
pads at the ABG. Double burning is conducted because both Army and Navy safety regulations require the 
facility to flashlburn twice to insure that the material is no longer reactive (NWSCC, 1992a). Some of the PEP 
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solvents that are burned are also F001-F005 RCRA-listed (40 CFR Part 261) solvents. Since these solvents 
are restricted from land disposal unless established treatment standards are met for the waste, the ash from 
PEP/solvent treatment is placed in drums and kept segregated from other ash prior to disposal off-site 
(NWSCC, 1992a). Open burning or flashing of waste materials at NAVSURFW ARCENDIV occurs at the ABG 
and ORR. 

From approximately 1981 through 1983, the "Jeep Trail Area",located approximately one-half mile southeast 
of the ABG, was also used to burn-out bombs and flash powder. This Jeep Trail Area has not been used 
since 1983; the flashing operations are now performed at the ORR (Murphy, 1992a). 

3.2.1 Ammunition Burning Grounds (SWMU #03/10) 

3.2.1.1 Location and Description 

The ABG covers approximately 20 acres and is located near the east center boundary of the facility, as shown 
in Figure 3-4. The ABG is located in a remote area in the NW 1/4 of Section 28 and SW 1/4 of Section 21, 
T5N, R3W. The site lies in the valley of Little Sulphur Creek (Murphy, 1992b). Little Sulphur Creek is 
approximately 4.6 miles long from its northernmost headwaters to its intersection with Sulphur Creek south 
of the NAVSURFWARCENDIV. The stream consists of a north and a south fork from the headwaters to 
approximately the center of the ABG where it becomes a single channel (Figure 3-5; Murphy and Wade, 
1994a). Surface drainage flows into and from the ABG via Little Sulphur Creek. The creek is intermittent in 
that its flow varies considerably with the seasons. Some flow is usually present in the north and south forks 
above the center of the ABG. Downstream, however, the surface flow ceases in the dry months as the 
surface water sinks into the underground system and flows in solution-widened joints and bedding planes 
within the sandstone and limestone aquifer underlying the ABG. 

Ordnance and ordnance-contaminated materials from NAVSURFWARCENDIV production areas have been 
taken to the ABG for treatment by burning since the 1940s. The burning ground is used extensively for 
destroying unwanted materials contaminated with explosives, bare explosives, rocket motors, candles, flares, 
solvents, detonators, and fuse materials. Several separate burning areas are located within the site proper. 
Figure 3-5 shows the location of the various open burning/thermal treatment units at the ABG. Discussion 
of these individual areas is provided in Sections 3.2.1.6 and 3.2.1.7. The largest quantities of materials were 
destroyed at this SWMU from 1956 to 1960, when 15,000 Ibs per day of smokeless powder was flashed. In 
the same period, about 46,000 Ibs per day of high explosives were burned. The area is also used for flashing 
the residue from bombs and projectiles after they have been subjected to melt-out or drill-out operations for 
removal of the bulk of the explosive (Murphy, 1992b). Powder flashing and bomb burn-out were also 
conducted at an area called "Jeep Trail". The location of the Jeep Trail relative to ABG is shown on Figure 
3-6, with the layout of the Jeep Trail area shown on Figure 3-7. 

3.2.1.2 Topography 

The ABG is located in the eastern part of NAVSURFWARCENDIV within the northern reaches of the valley 
of Little Sulphur Creek. The ABG is characterized by rugged relief with ground surface elevations ranging 
from approximately 580 to 800 feet MSL (Figure 3-6). Along the Jeep Trail portion of the ABG, to the 
southeast, the average elevation is approximately 500 feet MSL. However, the valley slopes adjacent to Little 
Sulphur Creek rapidly approach elevations of 700 feet MSL. Ground surface elevations greater than 800 feet 
MSL occur within one mile of the ABG to the north, west, and southwest. 

3.2.1.3 Physiography and Hydrology 

Surface runoff at the ABG drains almost exclusively to the south and southeast through Little Sulphur Creek. 
Little Sulphur Creek exits the southeast boundary of NAVSURFWARCENDIV approximately 1.5 miles 
southeast of the ABG (Figure 3-6). Little Sulphur Creek merges with Sulphur Creek which in turn continues 
to flow south before discharging to Indian Creek. 
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Detailed soil mapping (McElrath, 1988) in the vicinity of the ABG indicates the presence of primarily two soil 
units. These two soil units include the Burnside loam and Wellston-Berks-Gilpin complex. 

The Burnside loam is described as deep, well drained, moderately permeable soil. At the ABG this soil occurs 
on the Little Sulphur Creek valley floor. As discussed by McElrath (1988), this soil was formed as loamy, 
skeletal alluvium derived from sandstone, siltstone, and shale residuum. Bedrock in areas mapped as 
covered with Burnside loam generally occurs at depths between four and five feet below ground surface. 

The Wellston-Berks-Gilspin complex consists of moderately deep to deep, well drained, moderately 
permeable soils on uplands. At the ABG, these soils occur on the Little Sulphur Creek valley sideslopes. 
These soils were formed as material weathered from sandstone, siltstone, and shale. 

Bedrock 

Bedrock at the ABG has been described in detail by the U.S. Army Corps of Engineers Waterways Experiment 
Station (WES) (Hunt, 1988; Murphy and Ciocco, 1990; Murphy, 1992a). The bedrock surface beneath the 
ABG is composed of sandstone, shale, and limestone of the Pennsylvanian Age Raccoon Creek Group and 
the Upper Mississippian Age Stephensport Group (Figure 3-8). The contact between the Mississippian and 
Pennsylvanian strata is an unconformity formed by erosion of the Mississippian surface. The regional dip of 
the bedrock units is to the southwest at approximately 50 feet per mile. The bedrock units at the ABG are 
briefly described in the following subsections (Murphy and Ciocco; 1990). A vertical profile of the subsurface 
bedrock units along the axis of the Little Sulphur Creek valley from west to east is presented in Figure 3-9. 

Raccoon Creek Group (Pennsylvanian Mansfield Formation) 

The Mansfield Formation caps the hills and ridges at the ABG and ranges from 0 to 65 feet thick. The 
formation consists of interfingered sandstones, thin-bedded and laminated shale and sandstone, thin-bedded 
to massive carbonaceous shale, massive claystone, siltstone, and occasional thin seams of coal. The strata 
tend to pinch out laterally. 

Hardinsburg Formation 

The Hardinsburg Formation occurs immediately below the Mississippian/Pennsylvanian unconformity in many 
parts of the ABG. Its maximum reported thickness at the ABG is approximately 47 feet. The formation 
consists of thick, laterally variable beds of fine-grained, friable sandstone, thickly bedded sandstone and shale, 
and carbonaceous shale. 

Golconda/Haney Formation 

The Golconda/Haney Formation is present immediately below the Mississippian/Pennsylvanian unconformity 
where the Hardinsburg Formation has been removed by erosion. The Golconda/Haney Formation varies from 
two to 14 feet in thickness. It consists of crystalline, very hard limestone with interbeds of shaley limestone. 
The Golconda/Haney Formation forms the uppermost aquifer at the ABG. 

Big Clifty Formation 

The Big Clifty Formation is divided into two distinct lithologic members. The upper member is the Indian 
Springs Shale and consists of 20 feet of dark gray, platey to fissile carbonaceous shale. The Indian Springs 
Shale serves locally as an aquiclude at the base of the Golconda/Haney aquifer in the western portion of the 
ABG; it is absent due to erosion in the eastern portion. The lower member of the Big Clifty Formation consists 
of 40 feet of tan, massive fine-grained permeable sandstone that is cut by abundant intersecting joints. The 
lower portion of the Big Clifty and the underlying Beech Creek limestone form the middle aquifer of the ABG. 
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The Beech Creek Formation consists of very hard and dense limestone ranging from 18 to 22 feet thick 
except in areas where dissolution has removed the upper portion. The limestone has numerous intersecting 
joints. Previously completed rock corings in the Beech Creek limestone encountered voids interpreted as 
solution cavities, indicating that dissolution of the formation has produced buried karst conditions in the valley 
areas southeast and southwest of the ABG. 

Elwren Formation 

The Elwren Formation is a 20 foot thick unit of relatively impervious shale with claystone. It forms an effective 
aquiclude at the base of the Beech Creek limestone. The base of the Beech Creek (top of the Elwren) is 
exposed in several outcrops in the valleys within the ABG. 

3.2.1.5 Hydrogeology 

The geologic units previously described comprise three aquifers and three aquitards beneath the ABG. The 
Golconda/Haney limestone, the Big Clifty sandstonelBeech Creek limestone, and the Beaver Bend limestone 
comprise the upper, middle, and lower aquifer, respectively. Where the Indian Springs shale is absent, the 
Big Clifty and Beech Creek aquifers are interconnected and, therefore, are combined and regulatorily define 
the "uppermost aquifer." The three shale aquitards include the Indian Springs, Elwren, and Sample. The 
Indian Springs Shale underlies the Golconda/Haney limestone in the western and upper slopes portion of the 
ABG. The Elwren Shale is an effective aquitard to groundwater moving through the Beech Creek limestone 
and directs water laterally along the bedding contact and through joints in the Beech Creek (Murphy, 1992a). 
Where exposed in the valleys within the ABG, groundwater flowing along the top of the Elwren forms springs. 
The Sample Shale lies between the Elwren Shale and Beaver Bend limestone. The Sample and Elwren 
collectively separate the Beaver Bend limestone (lowermost aquifer) from the upper and middle aquifers. 

Analysis and interpretation of groundwater conditions at the ABG has been performed by Hunt (1988) and 
further refined by Murphy (1992a). Groundwater from the Golconda/Haney flows into the ABG by seepage 
eastward along the top of the underlying Indian Springs Shale. Groundwater seeping from the 
Golconda/Haney eventually infiltrates the Big Clifty/Beech Creek aquifer, (Hunt, 1988). 

The Big Clifty sandstone is hydraulically connected to the Beech Creek limestone. Surface water enters the 
Big Clifty Sandstone outcrop in the central part of the ABG. During dry seasons, surface water becomes 
groundwater in the Beech Creek limestone through the Big Clifty Sandstone outcrop area. During periods of 
heavy rainfall, the runoff flows out the east end of the site as surface flow (Murphy, 1992a). 

Groundwater in the Beech Creek enters the ABG from the north-northwest. Primary groundwater flow at the 
ABG is to the east and south down the Little Sulphur Creek drainageway (Figure 3-10). Secondary 
groundwater flow components are to the southwest and south through Johnson Hollow. Figure 3-10 indicates 
a low groundwater divide trending approximately northeast-southwest in the western third of the Unit. Surface 
and Golconda/Haney aquifer waters enter the Beech Creek east of this divide and exit the ABG to the 
southeast through Little Sulphur Creek drainage. The occurrence of the Indian Springs Shale in the western 
and west-central portion of the ABG prevents direct recharge to the Beech Creek and restricts subsequent 
groundwater flow to the southwest through Johnson Hollow (Hunt, 1988). The occurrence of groundwater 
within the respective aquifers is shown on Figure 3-9. 

Dye trace studies performed by WES (Murphy and Ciocco, 1990; Murphy, 1992a) indicated that Spring A 
(Figure 3-6), located approximately 1.5 miles south of the ABG, and Little Sulphur Creek below Spring A are 
prime outlets for Beech Creek groundwater beneath the ABG. 

3.2.1.6 Biology 

The dominant vegetation on and adjacent to the ABG is different in composition depending on the slope 
aspect of the sampled area. West and northwestern facing slopes are characterized by a mixed mesophytic 
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hardwood forest association and include overstory vegetation consisting of predominantly mockernut hickory, 
shagbark hickory, sugar maple, American beech, and white oak. 

More northerly and easterly slope exposures on and adjacent to the ABG include species indicative of a more 
moist, growing environment. Dominant species in the overstory include sugar maple, shagbark hickory, white 
oak, mockernut hickory, tuliptree, sassafras, red oak, eastern red cedar, American Beech, and flowering 
dogwood. 

South facing slope aspects reflect the presence of species that favor drier sites with dominant overstory 
species including tuliptree, red oak, sugar maple, sassafras, Chinquapin oak, and flowering dogwood. 

The diversity of forested land vegetation supports a bird population that is similarly diverse and that is able 
to make use of the various strata of the forest to satisfy their individual habitat requirements. 

3.2.1.7 Description of Past Operations and Wastes Managed 

Many modifications have been made over the recent past at the ABG to address changing military operating 
procedures and regulatory requirements. As a result of these modifications, several areas or activities 
addressed in the baseline risk assessment are no longer operational. These areas or activities are discussed 
below in this section of this document. 

Former On-Grade Berm Pads and Flash Pits 

Prior to construction and use of steel pans (lined and unlined) for open burning operations, PEP was spread 
and ignited on pads or in pits at ABG (Murphy, 1992a). These burn pads and pits were reportedly in the area 
now occupied by the clay-lined steel burn pans shown as Areas 2 in Figure 3-5. 

FormerSuriacelmpoundmenffi 

Three surface impoundments were used in the past for the purpose of removing liquids from otherwise 
combustible sludges resulting from the blending and loading of munitions. In 1982, each impoundment was 
modified to include a liner and leachate collection system. Each of the impoundments were approximately 
40 feet in diameter. The former covered impoundments are shown as open circles (Areas 6) on Figure 3-5. 
The two adjacent impoundments held TNT, RDX, and breakdown compounds in water from Rockeye and 
other locations within NAVSURFWARCENDIV. A third impoundment, in the upper left corner of Figure 3-5, 
held phosphorus compounds. The three impoundments have been replaced by the three sludge burn pads 
and associated tanks, shown as Areas 1 on Figure 3-5. The impoundments are now empty and scheduled 
for closure. 

Two empty underground storage tanks (USTs) were used to store runoff and leachate from the three Area 
6 impoundments. One tank was located immediately east of the phosphorus impoundment. The other tank 
(Area 6A) contained runoff from the two adjacent TNT and RDX impoundments. The tanks were removed 
in 1994 and are currently undergoing closure pursuant to a RCRA closure plan. 

Former Ash Pile 

The area labeled Ash Pile on Figure 3-5 is the site of a former stockpile of burn residue. The pile was 
removed between July 1986 and February 1987 pursuant to a RCRA closure plan (Murphy, 1992a). The pile 
consisted of approximately 12,290 pounds of burn residue. The function served by the former Ash Pile has 
been replaced by use of tarped ash roll-off boxes, shown as Area 12 on Figure 3-5. 

Pink Water Burn Pit 

Prior to approximately 1985, red water sludge was placed and burned in an unlined pit in the location of the 
Pink Water Tanks (see Area 13 on Figure 3-5). This flashing process was relocated to the burn pads in 
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approximately 1985 (NWSCC, 1992b; NWSCC, 1993). The pink color of the water and sludge is caused by 
the presence of explosives. 

Former Primer Burn Box 

The former primer burn box (see Area 11 on Figure 3-5) was used for thermal treatment of ammunition 
components (for example, small impact sensitive primers) and pyrotechnic munitions. The bum box has been 
decommissioned, and these activities are now performed at the Primer Pit (Area 5 of Figure 3-5) and the 
Incendiary Cage (Area 8 of Figure 3-5) (Murphy, 1992a). 

Former Jeep Trail Burn Area 

From approximately 1981 through 1983 the Jeep Trail Area shown on Figure 3-7 was used to burn-out bombs 
and flash powder. Bombs were tilted up on-end west of Jeep Trail 25, filled with initiating powder, and flashed 
to finish the demilitarization process (Le. following wash-out). A trench was reportedly also excavated west 
of Jeep Trail 25 to flash powder. This area has not been used for any operations since 1983 (Murphy, 1992a). 
The powder flash function served by this area has been relocated to the ORR. 

3.2.1.8 Current Operations 

All treatment devices listed below are equipped with run-on and run-off controls in the form of lids for pans 
(used when inactive) or drains with sumps (NWSCC, 1992a). 

Bulk Propellant and Explosive Burn Pans (Areas 2 on Figure 3-5) 

Solid bulk propellant and explosives are open-bu rned (thermally treated) in 18 clay-lined steel pans at ABG. 
Each pan is 14 feet by 7 feet in dimension, and 12 inches in depth. The pans have aluminum lids for use 
when the pans are not in operation. The maximum net bulk propellant weight for each pan is 1,500 pounds, 
while the maximum net bulk explosive weight is 500 pounds. The operator pours and spreads the 
propellant/explosive evenly and uniformly across the width of the pan. Every other pan in each row is loaded 
in this fashion. Remote initiation for each pan is accomplished by using a non-electric time fuse. The operator 
pulls the time fuse on each pan and then exits the area and goes to the office at the ABG. The average time 
of burn for 1,500 pounds of bulk propellant is 5 to 30 seconds, while 500 pounds of bulk explosive can take 
5 to 30 seconds depending upon the type of explosive (NWSCC, 1992a). Individual burn durations may vary 
widely on occasion due to unusual moisture or other inert material content in the explosive or propellant. 

Primer Pit (Area 5 on Figure 3-5) 

The primer pit operation involves treatment of small explosive components such as hand grenade fuses and 
cartridge primers. This operation consists of a small operations building with two gravity feed chutes 
connected to two heavy steel pans with graded covers. The top of the pans are 7 feet by 5.5 feet in 
dimension, tapering to 2.5 feet by 3.5 feet at the bottom. The pans stand approximately 2.5 feet to 3 feet tall. 
The lids have half-inch slots which allow oxygen to enter and hot gases to vent. A 12-inch hole is provided 
in the lid through which the primers are directed into the burn box. The two pans are separated and contained 
on three sides by metal-clad concrete walls. The walls are approximately three feet tall. The feed chutes are 
designed with double gates which allow the items to be directed into the fire box without a direct opening being 
present which would expose operators to possible fragmentation hazards. The amount of items to be fed in 
each increment is limited by explosive safety standards (NWSCC, 1992a). Burn times are typically three to 
four hours in length (NWSCC, 1993). 
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Primer Pit Ash Inspection Pan (Area 7 on Figure 3-5) 

An additional 14 foot by 7 foot pan is present near the primer pit area for the purpose of inspecting the treated 
primers. No thermal treatment occurs in this inspection pan. Primers which have been treated at the primer 
pit are placed in this pan and visually inspected by the CAAA personnel to insure all have functioned. These 
treated primers, after they have been inspected, are then transported to the Defense Reutilization Marketing 
Office (DRMO) to be offered for sale as scrap metal (NWSCC, 1992a). 

PEP-Contaminated Solvent Burn Pan (Area 9 on Figure 3-5) 

PEP-contaminated solvents are burned in one unlined steel pan at the ABG. This pan is the westernmost pan 
of the three Area 9 pans (Murphy, 1992a). This pan is 4 feet by 8 feet in dimension, and 12 inches in depth. 
The maximum net explosive weight permitted to be treated at one time in this pan is 100 pounds. The 
operator pours the contaminated solvent into the pan. Remote initiation is accomplished by using a non
electric time fuse. The operator pulls the time fuse on the pan and then exits the area and goes to the office 
at the ABG. Average length of time required for this burn is 30 to 45 minutes. After all visible flames have 
subsided, the operators go back in and clean up any residual ash. 

The PEP-contaminated solvents are generated by the following operations: 

• 

• 

• 

• 

Solvents used in munition production processes to clean equipment and tools. These solvents 
when used for cleaning become contaminated with the PEP. 
Solvents used in the production of pyrotechnic compositions as carriers for rubber binders. The 
RCRA F-listed solvents most commonly used for this purpose are hexane and acetone. After 
mixtures are blended, they are allowed to settle, and then the solvents are decanted and sent 
to the ABG to be managed as a PEP-contaminated waste. 
Solvents used during the production of explosive munition items. The solvents that are used 
during these operations include toluene, cyclohexanone, 1,1, 1-trichloroethane, and carbon 
disulfide. 
Toluene and acetone used for tool and machine/equipment cleaning. The primary waste 
generated in these operations are rags soaked with explosive-contaminated solvents. 

The waste ash generated by the burning of these waste solvents is collected and segregated from other ash 
streams at the ABG. This operation generates a very minimal amount of ash (NWSCC, 1992a). 

Desensitized Waste Scrap Pvrotechnics Burn Pan (Area 9 on Figure 3-5) 

Waste scrap pyrotechnics desensitized in No.2 fuel oil is burned in one unlined steel pan at the ABG. This 
pan is the middle pan of the three Area 9 pans (Murphy, 1992a). This pan is 4 feet by 8 feet in dimension, 
and 12 inches in depth. The maximum net explosive weight permitted to be treated in this pan is 100 pounds. 
The operator pours the fuel oil/pyrotechnic mixture into the pan. Remote initiation for the pan is accomplished 
by using a non-electric time fuse. The operator pulls the time fuse on the pan and then exits the area and 
goes to the office at the ABG. Average length of burn is 30 to 45 minutes. After all visible flames have 
subsided, the operators go back in and clean up ash and any 'pop out' (NWSCC, 1992a). 'Pop out' refers to 
the materials that are ejected from the burn pan during the burn event. 

Desensitized Scrap Black Powder Burn Pan (Area 9 on Figure 3-5) 

Scrap black powder desensitized in water is burned in one unlined steel pan at the ABG. This pan is the 
easternmost pan of the three Area 9 pans (Murphy, 1992a). This pan is 4 feet by 8 feet in dimension, and 
12 inches in depth. The maximum net explosive weight permitted to be treated at one time in this pan is 125 
pounds. The same procedure described above for the Desensitized Waste Scrap Pyrotechnics Burn Pan is 
used here. Average length of time required for a burn is 60 minutes (NWSCC, 1992a). 
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A waste mixture containing red phosphorous and No.2 fuel oil is burned in unlined steel pans in Area 4 at the 
ABG. Currently at the site, two sets of four pans are setup for this operation. These pans are 4 feet by 4 feet 
in dimension, and 12 inches in depth. Each pan is elevated two to three feet off the ground by a metal stand. 
The maximum net explosive weight permitted to be treated in these pans is 100 pounds per pan. The 
operator pours the red phosphorouslfuel oil mixture into the pan. Remote initiation for each pan is 
accomplished by using a non-electric time fuse. The operator pulls the time fuse on the pan and then exits 
the area and goes to the office at the ABG. Average length of time required for this burn is two hours. After 
initial ignition, the operators are allowed to enter areas not immediately adjacent to these operations. After 
all visible flames have subsided, the operators go back in and clean up any ash and pop out (NWSCC, 
1992a). 

Incendiary Cage (Area 8 on Figure 3-5) 

The incendiary cage at ABG is set up primarily to allow open burning of pyrotechnic devices and components. 
One mechanized conveyor runs from an adjacent building and ends over a caged burn box. The burn box 
is contained within a reinforced concrete structure that has three walls, a concrete floor, and an interior heavy 
steel frame covered with a fine stainless steel screen. The screening serves to contain burning embers. The 
structure is equipped with run-on, run-off protection in the form of a graded perforated pipe, a collection 
trough, and a covered sump. The floor of the structure is insulated with sand to protect the concrete from 
spalling due to the intense heat (NWSCC, 1992a). During and shortly after the Vietnam Conflict, flares 
containing manganese were burned at this unit. 

Contaminated Material Burn Pads (Areas 10 on Figure 3-5) 

Three concrete-lined burn pads have been provided at the ABG for the flashing and thermal treatment of 
suspect explosive-contaminated materials. Only two of the three pads are currently used. The pad near 
Area 9 in Figure 3-5 is not used (Murphy, 1992a). The primary contaminated materials burned in Area 10 
include cardboard, paper, and/or metal packaging which have been in physical contact with PEP materials. 
Also included are expended flare casings which have been generated from lot-acceptance function tests. For 
the sake of safety, these items are presumed to be explosives contaminated and are burned only to ensure 
personnel safety, particularly with regard to subsequent metal recycling. 

The concrete burn pads have 18 inch high sidewalls with an 8 inch thick reinforced concrete floor sloped 
towards the center, where a graded collection system directs any precipitation to a collection sump. The pads 
are surrounded by six foot tall chainlink fenCing and gates to aid in containing small bits of paper or cardboard 
prior to flashing or thermal treatment. The floor of these concrete pads is covered with 6 inches of sand to 
prevent damage to the concrete floor due to the intense heat of the burning operations. If materials to be 
treated are readily combustible, additional materials are not needed. If materials are primarily metal, 
uncontaminated lumber (dunnage) is added to the pads. Strict procedures are enforced to prohibit the use 
of PCP (pentachlorophenol)-treated materials as dunnage. 

Remote initiation of the burn pads is accomplished by using a non-electric time fuse. The operator pulls the 
time fuse on the pad and then exits the area and goes to the office at the ABG. After initial ignition, the 
operators are allowed to enter areas not immediately adjacent to these operations. After all visible flames 
have subsided, the operators go back in and clean up ash and any pop out (NWSCC, 1992a; NWSCC, 1993). 

Sludge Burn Pans and Tanks (Areas 1 on Figure 3-5) 

Three Sludge Burning Pans with double-walled underground tanks equipped with automatic leak detection 
receive explosive and pyrotechnic contaminated sludges from production operations at Minefill A Area, the 
Rockeye Area, and the Pyro-Production Building 133. The northernmost pan is for RDX sludge, the 
southernmost pan is for phosphorus sludge, and the middle pan has not been used to date. The maximum 
amount of sludge that can be treated per month in these pans is 10,000 gallons. These units replace 
treatment operations previously provided by the surface impoundments. These sludges are transported to 
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the ABG in a 1,250-gallon tank truck and placed in the pans, dewatered by gravity in an underdrain system, 
air-dried to an optimum point, ignited, and burned in-place. Each of the three subunits is separate from the 
others and has its own underdrain and filtrate storage system (double-walled underground tanks). Each pan 
is equipped with a cover when it is not in use. 

Remote initiation for each pan is accomplished by using a non-electric time fuse. The operator pulls the time 
fuse on the pan and then exits the area and goes to the office at the ABG. After all visible flames have 
subsided, the operators go back in and clean up ash and any pop out (NWSCC, 1992a; NWSCC, 1993). 

3.2.2 Old Rifle Range (SWMU #07/09) 

3.2.2.1 Location and Description 

The ORR is a ten acre site located near the center of the facility in the northwest 1/4 of Section 35 and the 
southwest 1/4 of Section 26, T5N, R4W (Figure 3-4). The ORR is another open burning area at 
NAVSURFWARCENDIV. Open burning/flashing, a thermal destruction process for explosive wastes, was 
and is operated at the ORR. Past flashing operations were carried out in earthen containment structures or 
flash pits. Today, earth-filled steel pans are used (USACE, 1991). The area has also been used for "bomb 
cook-off" tests (A.T. Kearney, Inc., 1987). 

3.2.2.2 Topography 

The ORR lies immediately east and downslope of the DR, at elevations between approximately 530 and 500 
feet MSL (Figure 3-11). The ORR occupies a roughly rectangular cleared area bordered on the east by 
NAVSURFWARCENDIV Road H-8. The area east of the ORR continues to slope eastward toward Turkey 
Creek, where the minimum elevation is approximately 485 feet MSL. 

3.2.2.3 Physiography and Hydrology 

Runoff draining east and downslope of the DR reaches the ORR. Drainage at the ORR is directed east 
toward Turkey Creek. The northern end of the ORR is drained by a perennial stream that flows southeast and 
east into Turkey Creek. 

Turkey Creek flows south-southwest to merge with Boggs Creek. Boggs Creek continues to flow south, 
eventually exiting the southern boundary of NAVSURFWARCENDIV (Figure 3-11). 

3.2.2.4 Geology 

At the ORR, the northern portion of the site is covered with occasionally flooded Burnside loam, the western 
portion with Wellston silt loam, and the eastern portion with frequently flooded Haymond silt loam (McElrath, 
1988). The Burnside loam is adjacent to tributary drainage ways and consists of deep, well drained, 
moderately permeable soil. The Wellston silt loam occurs adjacent to Wellston-Gilpin complex soils of the 
DR and exhibits the same characteristics as the Wellston-Gilpin complex soils. The Haymond silt loam was 
formed in silty alluvium on the floodplain of Turkey Creek. The variability of soil thickness of the ORR reflects 
the erosional effects of the ancestral Turkey Creek and its tributaries. The thickest soil corresponds to areas 
of deepest fluvial incision of the rock surface and subsequent alluvial (stream-deposited) and colluvial (slope 
debris) filling of the Turkey Creek Valley. 

Bedrock 

At the ORR, the geologic setting has been characterized by WES during several investigations (Dunbar, 1982; 
Dunbar 1984a,b; USACE, 1991). The ORR is situated adjacent to the DR, but lower within the stratigraphic 
sequence than the DR. Accordingly, bedrock underlying the ORR is comprised of the Mansfield Formation 
of the Pennsylvanian Age Raccoon Creek Group (as at the DR) and the Golconda/Haney Formation and Big 
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Clifty Formation of the Mississippian Age Stephensport Group. Borings completed by WES are shown in 
Figure 3-12. The interrelationships between the respective soil and bedrock units at the ORR are represented 
by the cross-sections presented in Figures 3-13 and 3-14. The lithologic-characteristics of the bedrock units 
at the ORR and DR are consistent with regional descriptions previously presented in Section 3.1.5. 

3.2.2.5 Hydrogeology 

Hydrogeologic information for the ORR was obtained from Dunbar (1982), Dunbar (1984a,b), USACE (1991), 
and Murphy and Wade (1994b). Groundwater level information and water table maps presented in these 
sources indicate that the uppermost occurrence of groundwater is within the alluvium which occurs over much 
of the ORR. Groundwater elevations within the underlying Big Clifty-Beech Creek aquifer are similar to those 
in the alluvium. The two units are hydraulically connected and considered one unconfined aquifer in this area 
(Murphy and Wade, 1994b). Groundwater flow beneath the ORR is primarily to the east-southeast, toward 
Turkey Creek (Figure 3-15). The occurrence and movement of groundwater is closely tied to the bedrock 
surface (USACE, 1991). Groundwater elevations range between approximately 510 and 495 feet MSL. 
Dunbar (1984a,b) notes rather significant seasonal fluctuations in groundwater elevations (on the order of five 
feet). 

3.2.2.6 Biology 

The overstory vegetation surrounding the ORR site is a product of the slope exposure as described previously 
for the ABG site. Dominant overstory species southeast facing slopes include white oak, sugar maple, red 
oak, shagbark hickory, and northern red oak. 

Dominant overstory vegetation in northeast slope exposures (more moist soil regime) includes sugar maple, 
sassafras, American beech and white oak. 

South facing slopes in the ORR area include an overstory comprised of sugar maple, white oak, red oak, white 
ash, mockernut hickory, and red maple. 

Bird species from the ORR area represent the intergradation of species from open grassland habitats, riparian 
habitats, and wooded land habitat areas. 

3.2.2.7 Description of Operations and Wastes Managed 

The Old Rifle Range (ORR) has been in use at Crane since 1940. During the 40's it was utilized as a practice 
firing range for small caliber arms. 

In the 1950's and 1960's, the range was used primarily for flashing material associated with explosives as a 
safety precaution. This was performed on the ground. In the 1970's, this area was used for the test firing of 
flares and other pyrotechnic items. Also, tests were conducted by detonating a charge of high explosive on 
a sheet of metal to test the strength of the metal. 

In early 1980, three plastic-lined shallow pits were constructed for the burning of bulk explosives and 
pyrotechnics. Around 1984, metal pans were installed, similar to the ones located at the Ammunition Burning 
Grounds (ABG), on top of the existing lined pits. No remediation of the burn areas occurred prior to the 
installation of the pans. Solid bulk propellant and explosives were open-burned (thermally treated) in three 
clay-lined steel pans at ORR. Each pan was 14 feet by 7 feet in dimension, and 12 inches in depth. The pans 
had aluminum lids for use when the pans were not in operation. The same procedures for ABG apply at ORR. 
The operator pours and spreads the propellant/explosive evenly and uniformly across the width of the pan. 
Remote initiation for each pan is accomplished by using a non-electric time fuse. The operator pulls the time 
fuse on each pan and then exits the area and goes to the office at the DR. The average time of burn for 9,000 
pounds of ammonium picrate (Yellow D) projectiles is approximately two hours, while 500 pounds of bulk 
Yellow D will burn in each of three pans for up to four hours. Individual burn durations may vary widely on 
occasion due to unusual moisture or other inert material content. Metal scrap collected from the DR area also 

L:\WORK\CT022901\WPlCCRA2\CCCHHRS.JBS 3-14 CTO No. 229 



USEPA ID No.IN5170 023 498 
NAVSURFWARCENDIV CCRA 

February 1999 

flashed in this area to assure complete deactivation of any residual explosives which may have remained on 
the material. 

In 1997, three concrete-lined burn pads were constructed at ORR for the flashing and thermal treatment of 
Yellow D projectiles, bulk Yellow D and suspect explosive-contaminated materials. These pads have the 
former metal, clay-lined pans placed in them for burning of bulk Yellow D. Installation of these concrete pads 
occurred over the burn areas, again with no remediation of the underlying soil conducted. The original liners 
beneath the burn areas are still in-place, however. 

The concrete burn pads have 18-inch high sidewalls with an 8-inch thick reinforced concrete floor sloped 
towards the center, where a graded collection system directs any precipitation to a collection sump. The pads 
are surrounded by 6-foot tall chainlink fencing and gates to aid in containing small bits of paper or cardboard 
prior to flashing or thermal treatment. The floor of these concrete pads is covered with 6 inches of sand to 
prevent damage to the concrete floor due to the intense heat of the burning operations. If materials to be 
treated are readily combustible, additional materials are not needed. If materials are primarily metal, 
uncontaminated lumber (dunnage) is added to the pads. Strict procedures are enforced to prohibit the use 
of PCP (pentachlorophenol}-treated materials as dunnage. 

Remote initiation of the burn pads is accomplished by using a non-electric time fuse. The operator pulls the 
time fuse on the pad and then exits the area and goes to the office at the DR. After initial ignition, the 
operators are allowed to enter areas not immediately adjacent to these operations. After all visible flames 
have subsided, the operators go back in and clean up ash and any pop out (NWSCC, 1992a; NWSCC, 1993). 

3.2.3 Demolition Range (SWMU #06/09) 

3.2.3.1 Location and Description 

The DR is located at NAVSURFWARCENDIV as shown in Figure 3-4. The DR covers an area of 40 to 50 
acres (A.T. Kearney, Inc., 1987). The DR lies on two steep-sided ridgetops in the southwest 1/4 of Section 26, 
southeast 1/4 of Section 27, northeast 1/4 of Section 34, and northwest 1/4 of Section 35, T5N, R4W 
(Figure 3-11; Dunbar"1982). The east ridge is utilized by the U.S. Navy Explosive Ordnance Disposal (EOD) 
Detachment to detonate ordnance with an explosive limit of 500 pounds per detonation. The south ridge is 
utilized by CAAA to detonate ordnance. The majority of detonation activities at the DR are performed by the 
CAAA personnel on the south ridge. Four sedimentation ponds, as shown on Figure 3-11, receive runoff from 
the DR area. Pond No. 1 contains NPDES Outfall No. 008, Pond No.2 contains NPDES Outfall No. 002, 
Pond NO.3 contains NPDES Outfall No. 003, and Pond No.4 contains NPDES Outfall No. 004 (NWSCC, 
1993). 

3.2.3.2 Topography 

The DR occupies a primarily north-south trending, steep-Sided ridgetop at elevations ranging from 
approximately 630 to 700 feet MSL (Figure 3-11). Steep slopes east, west, and south bottom out at 
approximately 500 feet MSL. 

3.2.3.3 Physiography and Hydrology 

Surface drainage from the upland area encompassing the DR drains to ravines and tributary drainage ways 
to the west, south, and east. Surface water runoff is intercepted by sediment ponds (Figure 3-11) as it 
descends the adjacent steep-sided slopes. Runoff directed east may also reach Turkey Creek, runoff directed 
west may also reach Boggs Creeks, and runoff directed south may also reach the confluence of Turkey and 
Boggs Creek. Runoff draining east and downslope of the DR may also reach the ORR. 

Turkey Creek flows south-southwest to merge with Boggs Creek. Boggs Creek continues to flow south, 
eventually exiting the southern boundary of NAVSURFWARCENDIV. 
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Detailed soil mapping near the DR (McElrath, 1988) shows the area to be covered primarily by Zanesville
Udorthents complex soils and Wellston-Gilpin complex soils. Zanesville soils are found on the ridge top, while 
the Udorthents correspond to areas which have been affected by earth-moving activities. At the DR these 
two soil types are intricately intermixed. Soils of the Zanesville-Udorthents complex are characteristically well 
drained to moderately well drained and have a fragipan. They formed in loess and in underlying material 
weathered from sandstone, siltstone, or shale. 

The Wellston-Gilpin complex soils occur on the sideslopes (12 to 70 percent slope) at the DR. These soils 
are well drained and moderately permeable. They also are formed in loess and material weathered from 
sandstone, siltstone, or shale. 

Bedrock 

As characterized by WES (Dunbar, 1982), bedrock occurs 2 to 13 feet below ground surface at the DR. 
Borings completed by WES reveal that bedrock consists of interfingered and interbedded sandstone, shale, 
and coal seams from the Mansfield Formation of the Pennsylvanian Age Raccoon Creek Group (Figure 3-16). 
The shale and sandstone are thinly interbedded in nearly equal proportions. 

3.2.3.5 Hydrogeology 

Information on the hydrogeology of the DR was obtained from Dunbar (1982) and Murphy and Wade (1994b). 
Groundwater elevation data, obtained in 1991, depict a water table which mirrors the surface topography 
(Figure 3-17). The historical water level measurements indicate groundwater elevations ranging from between 
approximately 650 and 595 feet MSL. Groundwater elevations are highest in the northern part of the SWMU 
and decrease to the south. Flow in the Big Clifty-Beech Creek is generally to the south and southwest, but 
locally flows southeast toward Turkey Creek near the Old Rifle Range in the northeast corner of Figure 3-17. 
The shape of the water table in the northeast corner of Figure 3-17 is distorted from the regional trend. This 
distortion is caused by drainage of the Big Clifty-Beech Creek aquifer through that portion of the aquifer that 
is exposed to near-surface flow through the alluvial soils at the Old Rifle Range (Murphy and Wade, 1994b). 
The occurrence of groundwater at the DR appears to be tied to fractures within the interbedded shale and 
sandstone of the Mansfield Formation. 

3.2.3.6 Biology 

The most observable characteristic of this surrounding vegetation is that it is physically affected by munition 
demolition through physical shearing, and effects of munition fragmentation on the woodland species and the 
results of substantial soil movement during site detonations. The surrounding land slopes away from the DR 
site to the west, south and east of the DR range. These sloped areas possess wooded vegetation. Drainage 
from the Demolition Range proper passes into several sedimentation ponds designed to collect the soils and 
silts carried from the range area by rainwater during storm events. Eventually this water passes through the 
sediment basins and flows toward Boggs Creek to the southwest or to Turkey Creek to the southeast 
(Figure 3-11). 

The actual detonation range possesses no ground cover vegetation of any type. The vegetation cover 
immediately surrounding the detonation range consists of overstory, understory and ground cover vegetation. 
The vegetation that predominates adjacent to the Demolition Range consists of woodland with a fringe of 
oldfield vegetation and grasslands along the roadways, railways and other access areas (Figure 3-11). As 
noted for the ABG area, the slope exposure and solar aspect of the Demolition Range and its surroundings 
have shaped the types and species of vegetation that are found in these areas. West facing slopes are 
characterized with an overstory composed of red maple, tuliptree, shagbark hickory, and sassafras as the 
dominant canopy species. The woody understory in the west facing slope area consists of Japanese 
honeysuckle, flowering dogwood and red maple. The ground cover in this area is also dominated by red 
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maple seedlings, followed in descending order of importance by common wood sorrel, white grass, bedstraw, 
panic grass, blue grass, common violet, and a variety of lesser herbaceous species. 

The overstory in south facing slopes in this area includes white oak, black oak, flowering dogwood, pignut 
hickory, northern red oak, red oak, persimmon, and red maple. 

East facing slopes in the Demolition Range site area are more characteristic of a mixed mesophytic forest type 
in which there are more moist soil conditions, and limited solar exposure during the warmer portions of the 
day throughout the growing season. In this area, the overstory vegetation includes pignut hickory, sugar 
maple, shellbark hickory, red oak, chestnut oak, tuliptree, American beech, and flowering dogwood. 

The birds of the Demolition Range area represent a species mix that includes species common to woodland 
habitats and a mixture of species that are frequently observed in open areas including oldfields, grassland, 
and edge habitat areas. 

3.2.3.7 Description of Operations and Wastes Managed 

NAVSURFWARCENDIV conducts detonation of munitions, deteriorated compressed gas cylinders, suspect 
inert items, white phosphorus munitions, and lithium batteries at the DR. The DR was placed in operation 
during the 1940s. 

Ammunition or explosives to be destroyed by detonation are usually placed in pits 6 to 12 feet deep. The 
depth of each hole is based on encasement of the munitions item and fragmentation range. Items are placed 
in these pits in a position that exposes the largest surface area to the influence of the initiating explosive, 
charge. An adequate number of detonating blocks are placed in intimate contact with the items to be 
detonated. 

The detonating blocks are primed, and the pits are covered with 6 to 12 feet of earth. The earthen cover 
provides a muffling of the sound and blast effects and reduction of fragmentation. Detonation is performed 
remotely using dual non-electrical initiation devices. Residual material from the detonation is usually left in 
place. . 

Detonation of items such as lithium batteries, white phosphorus munitions, suspect inert items, and 
deteriorated compressed gas cylinders with unknown contents is done on the surface, not buried. 

The existing detonation unit consists of 70 subunits (pits). These 70 pits represent the maximum sites for 
detonation in this area; the average or typical number of detonations is less. The demolition range where 
these pits are located is approximately 2,500 feet in length and 1,000 feet in width. Each pit measures 
approximately 12 feet (width) by 12 feet (length) by 10 feet (depth). The materials to be detonated are typically 
palletized (unitized), packed into open-top drums, banded to pallets, and placed into the pits by use of all
terrain forklifts. Lids are placed back on the drums after they are packed with the item(s) to be detonated. 

Quantities of explosives detonated per pit varies depending on atmospheric conditions and the explosive item 
being treated. Generally, 500 pounds net explosive weight per pit are detonated between late spring and early 
fall; 250 pounds net explosive weight per pit are detonated between early fall and late spring. The DR ceases 
operations when the soil is frozen or extremely wet. The maximum amount of material treated per week (7 
days) is 385,000 pounds. On the average, the amount of material treated is 87,500 pounds per week (5 
days). During peak operational summer months, a minimum of nine feet of earthen cover is required to 
provide adequate noise attenuation. After the range has been loaded, the area supervisor ensures all 
personnel have been cleared from the range. The supervisor and one other employee remain to initiate the 
time fuses. All personnel assemble at a safe distance and independently count the number of detonations. 
After detonation, the supervisor tours the range to ensure all units have fired and no unsafe conditions have 
resulted. After the supervisor's verification, range personnel are allowed to again enter the area, pick up metal 
fragmentation (generally 2 to 4-inch size scraps or larger), and prepare pits for reloading the next round of 
shots. Any scrap metal retrieved from the range is "flashed" or exposed to fire in pans at the ABG to assure 
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no explosive contamination remains prior to being excessed as scrap metal (NWSCC, 1992a; NWSCC, 
1993). 
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4.0 HAZARD IDENTIFICATION 

4.1 SITE-SPECIFIC CONCEPTUAL MODEL 
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The first step in the risk assessment process is hazard identification (NRC, 1983). Hazard identification 
characterizes in a qualitative manner the potential hazard(s} posed by the project, focusing on the sources 
and chemicals likely to be responsible for the majority of the risk, the populations most likely to be exposed 
to these chemicals, and how, where and over what time period this exposure would likely occur. This 
information is combined to develop various current and future exposure scenarios for the study. These 
scenarios are then combined to comprise the site-specific conceptual model for the project. 

A site visit to NAVSURFWARCENOIV was conducted by project personnel on November 16 and 17, 1992. 
Based upon the information obtained during this visit, a preliminary conceptual model for this risk assessment 
was developed. This preliminary model addressed the known chemical release sources for the three 
SWMUs, the human population(s} that are likely to be the receptors for the project, and the critical exposure 
routes for the hazardous constituents. A draft risk assessment work plan was then developed and submitted 
to USEPA for comment. 

This preliminary conceptual model was then finalized based on a risk assessment work plan meeting held at 
the USEPA Region V office in Chicago on August 3, 1994, and through subsequent correspondences. The 
final risk assessment work plan was submitted in July 1995 (HNUS, 1995); it contained three land use 
scenarios. 

4.1.1 Current Land Use Scenario 

Under this land use scenario, the current OB/OO activities at the three SWMUs at NAVSURFWARCENOIV 
are assumed to continue indefinitely. Under this scenario, three receptor populations were selected for 
evaluation: base personnel and their families, off-facility residents, and SWMU workers. An extensive 
inclusion/exclusion analysis was conducted on each of these receptor populations to identify those exposure 
routes that have the potential to Significantly expose these individuals to SWMU-related hazardous 
constituents. These inclusion/exclusion analyses are presented in Tables 4-1 through.4-3 for these three 
receptor populations. As a result of this analysis, select exposure pathways were chosen for inclusion in this 
quantitative risk assessment. These pathways are discussed below and presented schematically in 
Figure 4-1. 

Base personnel and their family members are assumed to (Table 4-1): 

a. 

b. 

Be directly exposed to contaminants in the various Facility creeks (surface water and sediment). 

In the case of the adult individual, be directly exposed to contaminants in surface soil at each 
of the three SWMUs. 

This receptor population is assumed to be composed of adults and children that reside in the on-base housing 
near Lake Greenwood. One adult in this family is assumed to enter each SWMU on occasion as part of 
his/her job responsibilities at the base. Adult receptor contact with soil at the SWMUs would involve incidental 
ingestion and dermal contact. Exposure to contaminants in the various facility creeks by all three members 
of this family (base worker, spouse, toddler) is assumed to occur via recreational wading (incidental ingestion, 
dermal contact). 

A second receptor population addressed in this current land use scenario is off-facility residents who could 
become exposed to groundwater contaminants migrating off the base, to contaminants in Facility creeks and 
area springs, and to contaminants that might have bioaccumulated in wild venison (Table 4-2, Figure 4-1). 
This off-facility resident population is assumed to be composed of adults and children, and be located 
downgradient from ABG. Based on the known life styles of some residents around the facility (Le. the 
Padanaram community), this off-facility receptor population is assumed in this analysis to be self-sufficient, 
Le. to grow their own garden vegetables, and raise their own beef cattle and dairy cows. 
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Lastly, because the open burning/open detonation activities are assumed to continue indefinitely, exposure 
to on-site surface soil contamination at each SWMU could occur by workers in each area (Table 4-3, 
Figure 4-1). SWMU workers are not assumed to contact the various surface water bodies at the facility in any 
frequent or repetitive manner, however. At ABG, SWMU workers are also assumed to ingest groundwater 
and occasionally wash their hands, etc., since a we" is present at this site. SWMU workers are also assumed 
to hunt deer at the facility. 

4.1.2 Future Land Use Scenarios 

4.1.2.1 Development of NAVSURFW ARCENDIV into a Public ParklNatural Area (Figure 4-2) 

In this particular future land use scenario, the facility is assumed to cease OB/OO activities at some time in 
the future (Le. 100 years) and the land converted into a public park/natural area. Visitors to and employees 
of this park/natural area would, thus, be expected to come into contact with any environmental medium at 
each of the three SWMUs that is contaminated, e.g. surface soil, surface water, and sediments in creeks 
(Table 4-4). Because the facility is turned into a park, drinking water wells could be expected to be installed 
at each site. Thus, exposure to contaminants in groundwater is also evaluated in this scenario. Park 
visitors/employees are also assumed to hunt deer/and other wild game on facility property. 

4.1.2.2 Development of NAVSURFWARCENDIV into Rural Residential Properties (Figure 4-3) 

In this particular future land use scenario, the facility is assumed to cease activities at some time in the future 
(Le. 100 years) and the land converted into farming homesteads. Rural residents living on the former SWMUs 
would be expected to come into direct contact with any environmental medium that is contaminated, e.g. soil, 
surface water and sediment in creeks, and groundwater beneath the various SWMUs (Table 4-5). Because 
some of the contaminants at the facility bioaccumulate, this receptor population could also be exposed to 
contaminants indirectly in home-grown vegetables, wild game (venison, turkey), and loca"y-raised beef and 
milk (Table 4-5). 

4.2 SUMMARY OF SITE INVESTIGATION RESULTS 

4.2.1 Historical Database (Appendix A) 

4.2.1.1 ABG 

As part of the RFI for ABG, a multi-phased Release Characterization Study (RCS) was conducted by the 
USACE (Murphy, 1992a). The purpose of this particular study was to identify the nature, degree and extent 
of hazardous constituents in the soil at this SWMU. 

In 1990, the Part I RCS soil samples collected at ABG consisted of 12 borings throughout this SWMU 
(Figure 4-4). Soil samples were generally taken at the following depth intervals at each boring: 3 to 6 inches, 
12 to 18 inches, 18 to 24 inches, 36 to 42 inches, and 6 inches above bedrock. Forty-one (41) soil samples 
were collected and analyzed for explosives, inorganic chemicals, volatile and semi-volatile organic chemicals, 
and pesticides/PCBs by the Corps of Engineers laboratory. In general, the contaminants found in the highest 
concentrations were explosives (2,4-0NT, 2,6-0NT, TNT, Tetryl, ONB, TNB, ROX, and HMX) and metals (Sb, 
Cd, Cr, Cu, Pb, Hg, Ni, Ag, Zn, AI, Co, Mg, Mn, and Sn). Other contaminants found at much lower 
concentrations included other inorganics, polycyclic aromatic hydrocarbons (PAHs), volatile organics, and 
pesticides. 

Then, in 1993, an additional 33 surface soil grab samples were taken, along with another 32 soil borings, as 
part of the Part" RCS (USACE, 1995) (Figure 4-4). Samples from the borings were taken at depths of: 0 to 
30 inches, 30 to 60 inches, 60 to 90 inches, and/or at refusal. These Part" RCS soil samples were analyzed 
for volatile organic chemicals, PAHs, explosives, and inorganic chemicals by the Corps of Engineers 
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laboratory. In this data set, VOCs were detected at several locations, with the highest concentrations 
associated with cis- and trans-1 ,2-dichloroethylene and trichloroethylene. Maximum concentrations occurred 
at the depth range of 30 to 60 inches. In deeper soil, VOCs were detected only in the area of the 
contaminated bum pads. Several explosives were detected in both surface and subsurface soils. RDX, TNT 
and HMX were at the highest concentrations. PAHs were also detected in surface and subsurface soil, as 
were elevated concentrations of cadmium, copper, lead, zinc, and tin. 

In preparation for this risk assessment, USEPA conducted a relatively detailed review of select datasets of 
the historical data for each of the three SWMUs addressed in this study (USEPA, 1997a). After their data 
validation review was completed, USEPA issued a project memorandum which listed which of the historical 
data from the various contract laboratories were acceptable for use in this assessment. It was their conclusion 
that the only historical data acceptable for this risk assessment were: (a) the laboratory data generated by 
Enseco (now Quanterra), and (b) the explosives data generated by the USACE laboratory. With respect to 
this medium at the ABG, only the explosive data from the 71 soil sampling locations (Figure 4-4) comprise 
the historical database. 

No historical soil data exist for the Jeep Trail Area. 

Surface Water/Sediment 

Surface water and sediment sampling in Little Sulphur Creek was also conducted near ABG as part of the RFI 
that was prepared by USACE (USACE, 1992). The purpose of this sampling was to evaluate the degree and 
extent of potentially hazardous constituents in surface water and sediments related to past activities at ABG. 

Eleven locations were selected by USACE for two sampling events (Figure 4-5). The 11 locations included 
three background (upstream) samples, three on-SWMU location samples and five locations situated 
progressively downstream of ABG (and ultimately downstream of the Jeep Trail Area) along Little Sulphur 
Creek. In general, the samples were analyzed for inorganic and organic constituents, explosives and 
pesticides/PCBs by the Corps of Engineers laboratory. 

The results of the two sampling rounds indicated that potential contaminants were detected less frequently 
in surface water than in sediment, but that several inorganic constituents (AI, Ba, Mg, Mn, N04) were detected 
at most locations. Three explosives (2,4-DNT, HMX and RDX) were detected in the downstream surface 
water samples. The greatest frequency of surface water detections, as well as the highest parameter 
concentrations, occurred in samples ABG-7 and ABG-8, at locations directly downstream of the Jeep Trail 
Area. 

Based on USEPA's data review, the only acceptable historical data for these environmental media are the 
explosives concentrations, measured in surface water and sediment by the USACE. 

Springs 

Also as part of the USACE RFI for ABG (Murphy and Wade, 1994a), seven regional springs (Springs A, B, 
C, D, E, F, Mountain Spring) were sampled for water quality parameters on six occasions (Figure 4-6). One 
of these springs (Spring A) was sampled an additional seventh time. The springs were sampled in order to 
evaluate the potential for groundwater discharge (primarily'from the Beech Creek aquifer) to surface water 
south of ABG and the Jeep Trail Area. 

Springs A, B, and C are located along the southern portion of Littl~ Sulphur Creek valley, south of ABG and 
the Jeep Trail Area. Springs D, E, F and Mountain Spring are located north of ABG. All samples were 
analyzed for explosives, inorganic chemicals, volatile and semivolatile organic chemicals, and water quality 
parameters. These off-site samples were taken not only to evaluate the karst formation, but also for risk 
assessment use. 

Since the RFI, Springs A, B, and C have been sampled four additional times: twice in 1993, once in 1994, 
and once in 1995. 
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In general, the contaminants found in samples collected from the springs located south of ABG included TCE, 
RDX, HMX, and barium. Detections in the northern springs included TCE, di-n-butylphthalate, RDX, mercury, 
and methoxychlor. Because dye tracer studies did not suggest a link between Beech Creek groundwater at 
ABG and the northern springs, the source of the contaminants detected in the northern springs is not likely 
ABG. 

The acceptable historical spring water database for this assessment includes the explosives data from the 
USACE 1990 sampling events (seven springs), and a complete dataset (inorganic compounds, explosives, 
volatile and semi-volatile organic compounds, pesticides) for three springs (Springs A, B, C) obtained in 1994 
by Enseco Laboratories. 

Groundwater 

As part of the RFI for ABG, a multi-phase Groundwater Release Characterization Study was conducted by 
USACE (Murphy, 1992b). The purpose of this study was to evaluate the hydrogeology and the degree and 
extent of chemical release to groundwater at ABG. A total of 98 monitoring wells exist at ABG. Seventy-one 
(71) of these wells have been sampled on a semi-frequent basis since 1987. Analytical parameters selected 
were referred to as RCRA Group 1 parameters, RCRA Group 2 parameters, RCRA Group 3 parameters, 
explosives, organics, and PCBs (see RAWP for list of chemicals included in each group). 

The four main aquifers and/or geologic units at ABG are (from the deepest to the shallowest): 

• 
• 
• 
• 

Beaver Bend limestone. 
Big Clifty sandstone/Beech Creek limestone. 
Golconda limestone. 
Alluvium. 

With respect to the existing data, it appears that the Beech Creek aquifer is the most significantly impacted 
groundwater at ABG. It is also the most important hydrogeological unit in terms of off-site migration of 
contaminated groundwater. Consistently detected contaminants included: TCE, RDX, and barium. 

Below is a summary of the historical data for each aquifer/geologic unit. 

(a) Beaver Bend 

The Beaver Bend aquifer is the deepest groundwater unit that is currently monitored at ABG. All five of the 
existing wells screened in this unit are on-SWMU (Figure 4-7). Beaver Bend sampling has occurred over an 
8-year period. 

TCE has been detected in this aquifer on several occasions in most of these wells. The greatest number of 
reported TCE detections (and the highest level) occurs in well 03C09 (1-20 ,ug/L) prior to 1992, located north 
of the main activity area and upgradient fro·m the SWMU. RDX was also reported in this well at 230 ,ug/L. 

Based on USEPA's data review, the only valid historical sampling and analysis data for this medium are the 
1993 databases obtained by Enseco (three wells: 03C03, 03C08A, 03C09). 

(b) Beech Creek 

This groundwater unit has the majority of the wells at ABG screened in it. For the purposes of this risk 
assessment, the Beech Creek aquifer monitoring wells were grouped by general location relative to ABG. 
These nine groups are as follows: 

North-Northwest Corner: 

L:\WORK\CT022901\WP\CCRA2\CCCHHRS.JBS 
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03C16,03C09P2 
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Western Third: 

Eastern Two-thirds: 

03C14,03C10,03C01P2,03C20,03C21 
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03C03P2, 03C11, 03C04, 03C06, 03C07, 03C08AP2, 03-04, 03-06, 03-35, 
03-37, 03C02P2, 03C12, 03C27, 03-36 

Off-SWMU (Figures 4-8 through 4-14) 

Jeep Trail/Little Sulphur Creek: 03-10,03-11,03-12,03-13,03-14,03-15,03-16, 03-17, 03-18, 03-20, 
03-21, 03-22, 03-23, 03-24, 03-25 

Downgradient Perimeter/ 
Little Sulphur Creek: 03C37,03B10,03C38 

Downgradient East/Southeast: 03C28, 03C05, 03C34, 03C35, 03C36 

Downgradient Southwest: 

Upgradient North: 

Northeast: 

03C15,03C24,03C25,03C29,03C30,03C31,03C33 

03C26,03C13,03C17,03C19,03C32 

02C10, 02C11,02C12,02C14,02C20, 02C22 

The North-Northwest Corner group is upgradient to ABG. The Western Third group includes the wells located 
in the area which is overlain by the Indian Springs Shale member of the Big Clifty Formation. The Eastern 
two-thirds group includes the wells along the valley axis where the Indian Springs shale is absent. Sampling 
and analyses of all of these wells has been conducted frequently since 1987. 

Well 03C09P2 is located on the upgradient side of ABG. Historically, the highest TCE levels have been 
detected in this well for this side of the site. TCE has been detected consistently at concentrations of 51-136 
J1,g/L. In addition, the explosive RDX has been frequently detected in this well, at levels of 20-70 J1,g/L. 

Five wells located on-site seem to be the most representative of groundwater quality beneath the eastern two
thirds of ABG: 

• 
• 

03C03P2 
03C08AP2 

• 
• 

03C11 
03C20 

• 03C02P2 

Well 03C03P2 has demonstrated persistent and elevated detections of TCE (usually above 100 J1,g/L). Three 
explosives (RDX, HMX, 1,3,5-trinitrobenzene) have also been detected in this well, including the highest RDX 
concentrations on-site (709 J1,g/L). Well 03C11 has demonstrated the second highest TCE detections after 
03C20. Well 03C02P2 is located in the eastern-most portion of ABG, in an area believed to be characterized 
by a high gradient, high-flow velocity Karst conduit system. TCE and RDX have been consistently detected 
in this well, but at low concentrations. 

Based on USEPA's data review, the historical database for this medium is comprised of data from the one 
1993 sampling event conducted by Enseco (23 wells). 

(c) Big Clifty 

A limited number of Big Clifty wells are present at ABG (Figure 4-15). For some of these wells, the screened 
interval apparently includes the contact zone with the underlying Beech Creek limestone. Sampling and 
analyses of these wells has occurred since 1987. 

TCE has been consistently detected in several of these Big Clifty wells. RDX has also been detected on 
multiple occasions. As these wells are screened in the same unit as the Beech Creek wells, no separate 
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database was developed for this risk assessment. Data from these wells are included with data from the 
Beech Creek wells. 

(d) Golconda 

The Golconda limestone occurs near the northern, southern and western edges of ABG. This unit has been 
. removed by erosional processes in the central portions of ABG and in the valleys of Little Sulphur Creek and 
Johnson Hollow. 

Historical findings exist for all of the Golconda wells at ABG and for the three off-SWMU wells (Figure 4-16), 
but none of these data were viewed as acceptable for this risk assessment. TCE has been detected on 
multiple occasions in this unit, especially at well 03C22 (maximum = 300 ,uglL). 

(e) Alluvial Wells 

All but one of these wells are located south of ABG and the Jeep Trail Area, at the confluence of Little Sulphur 
Creek and Johnson Hollow (Figure 4-17). The Jeep Trail Area has one alluvial well (03-07; Figure 4-18). As 
previously noted by USACE (Murphy and Wade, 1994a), groundwater from ABG (primarily within the Beech 
Creek aquifer) discharges downgradient to springs and to the Little Sulphur Creek alluvium. Therefore, these 
wells are used to monitor potential impacts to surficial groundwater at the facility boundary. These wells have 
been routinely sampled from 1987 to 1992. Since 1992, only a few select wells have been sampled. 

The acceptable analytical database for this medium includes the single well sample (03B02) obtained in 1993 
by Enseco. 

4.2.1.2 ORR 

ORR is the other NAVSURFW ARCENOIV open burning area (besides ABG). Flashing is carried out at this 
site in flash pits. The USACE conducted an RFI soil investigation at ORR (Murphy and Wade, 1994b) to: 1) 
describe the soil conditions at this SWMU, 2) identify and characterize the flashing residuals, and 3) determine 
if residues have impacted the environment around the flash pits. 

As part of the RFI, twelve (12) test borings were advanced at the ORR in 1990 to collect soil samples for 
physical characterization and chemical pollutant identification (Figure 4-19). Soil samples were taken from 
specific layers within the borings; 0.2 to 0.5 feet bgs, 3 to 6 feet bgs, 12 to 18 feet bgs, and within 6 feet of the 
groundwater table. These samples were analyzed for explosives, inorganic compounds, volatile and 
semivolatile organic compounds. 

Some explosive compounds were detected in soil within the flash pits and in nearby areas. ORR soil also 
contained several VOCs. 

As all of these samples were analyzed by the USACE laboratory, only the explosives data were judged to be 
acceptable for use in this assessment. 

Surface Water/Sediment 

No historical data exist for Turkey Creek. 

Groundwater 

A hydrogeologic investigation was also conducted by USACE as part of the ORR RFI (Murphy and Wade, 
1994b). The purpose of this investigation was to evaluate subsurface conditions at this SWMU with respect 
to the degree and extent of chemical releases to groundwater from past ORR activities. 
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Eleven (11) monitoring wells were installed at ORR by USACE in 1982-1984. An additional 19 monitoring 
wells were installed in 1990. USACE sampled 28 of these wells in four consecutive events in 1991-1992 for 
the RFI. The analytical parameter list included explosives, inorganic chemicals, volatile and semi-volatile 
organic chemicals, and pesticides/PCBs. 

For the purposes of this risk assessment, the ORR monitoring wells were grouped according to the formation 
in which they were screened. These groups were: 

• 
• 
• 

Beech Creek limestone (10 wells; Figure 4-20). 
Golconda limestone (2 wells, Figure 4-21). 
Surficial aquifer (16 wells; Figure 4-22). 

In general, contaminants detected in groundwater at ORR included metals (in both the Beech Creek limestone 
and the surficial zone), explosives and nitrate. 

With respect to groundwater at ORR, the acceptable historical database includes: 

• 1991,2 
• 1993 

• 1990,1,2 

• 1991,2 
• 1993 

4.2.1.3 DR 

Beech Creek AQuifer 

USACE data (10 wells; explosives data only) 
Enseco data (7 wells) 

Golconda AQuifer 

USACE data (2 wells; explosives data only) 

Surficial AQuifer 

USACE data (16 wells; explosives data only) 
Enseco data (4 wells) 

DR is the primary open detonation area at NAVSURFWARCENDIV. Two separate areas within this SWMU 
are used to detonate materials. The south ridge is used exclusively by CAAA, while the east ridge is used by 
the Navy. The majority of detonation activities occurs at the south ridge area. 

No historical data exist for soil at DR in either detonation area. 

Surface Water/Sediment 

No historical data exist for Boggs Creek. 

Groundwater 

As part of the USACE's RFI for DR (Murphy and Wade, 1994b), a hydrogeologic investigation was conducted 
to evaluate subsurface conditions, and the degree and extent of chemical release to groundwater, at DR. 

Fifteen (15) monitoring wells were installed at DR in 1982, and an additional 14 wells were installed in 1989. 
USACE sampled 17 of these wells for four consecutive quarterly events in 1992 for the RFI. Wells excluded 
from the program were the seven wells in the Mansfield Formation located in the southern portion of DR (06-
02, 06-03, 06-04, 06-05, 06-09, -6-10, 06-11). For the wells sampled, the analytical parameter list included 
explosives, inorganic chemicals, volatile and semi-volatile organic chemicals, and pesticides/PCBs. 
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These wells are also grouped according to the geologic unit in which they are screened. These groups were: 

• 
• 
• 

Beech Creek limestone (8 wells; Figure 4-23). 
Intermediate Zone (1 well; Figure 4-24). 
Surficial Zone (19 wells; Figure 4-2S). 

In general, the contaminants detected in groundwater at DR were metals (some of which were above MCLs). 

With respect to groundwater at DR, the only acceptable analytical data for use in this risk assessment 
includes: 

• 1990,1 
• 1993 

• 1990,1 
• 1993 

Beech Creek Aguifer 

USACE data (8 wells; explosives data only) 
Enseco data (7 wells) 

Surficial Aguifer 

USACE data (10 wells; explosives data only) 
Enseco data (4 wells) 

The one well screened in the intermediate zone at this SWMU has always been dry at the time of the past 
sampling events. Therefore, no historical data exist for this unit at DR. 

4.2.1.4 Background Sampling 

(a) ABG 

During the Part 1 RFI Phase III Soils Investigation at ABG, three borings were installed in background 
locations in the southwest portion of the site (borings 01, 02, and 03; see Figure 4-4). The Corps of Engineers 
laboratory did the sample analyses. No explosives, VOCs, or SVOC were detected in soil samples from these 
borings. Several pesticides were detected, but their presence was interpreted to be related to general use 
of pesticides in the area rather than' ABG-specific activities. These samples were therefore considered at that 
time to be acceptable for use as ABG soil background. 

However, none of the data from these samples were judged to be acceptable for use in this risk assessment. 
Therefore, no historical background soil data exist for ABG. 

(b) ORR 

Soil samples collected from "control" locations during the 1990 soils investigation contained the highest levels 
of some metals of all samples collected at the ORR. There was some question, therefore, as to whether or 
not these samples were truly representative of background conditions at the site. For this reason, it was 
concluded at the time of the RAWP that no historical background soil existed for the ORR. 

(c) DR 

No historical background soil data exist for DR. 
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Three background locations (upstream from ABG) were selected for collection of surface water and sediment 
samples by USACE in 1992 (Figure 4-15; locations 1 through 3). Two rounds of samples were analyzed for 
VOCs, SVOCs, metals, and explosives. Only the second round of samples was analyzed for pesticides/PCBs. 

Based on the data validation memorandum issued by USEPA, only the explosives data from these six 
samples (three surface water; three sediment) are acceptable for use in this assessment. However, since 
explosives were detected within these samples, none of them are considered background samples in this risk 
assessment. These samples will be treated as site data. 

(b) ORR/DR 

No historical background surface water or sediment data exist for either Turkey Creek or Boggs Creek. 

Groundwater 

(a) ABG 

For the Beaver Bend aquifer (Figure 4-7), two existing wells are potential candidate background wells - 03C01 
(which is side-gradient to ABG) and 03C09 (which is upgradient to ABG). Both of these wells, however, have 
exhibited contamination in the past, particularly explosives and volatile organic compounds. Therefore, neither 
well qualifies as a background well for risk assessment purposes. 

For the Beech Creek aquifer, three existing wells are potential background wells - 03C17 (Figure 4-13; 
upgradient to ABG), 03C09P2 (Figure 4-8; upgradient to ABG), and 03C07 (Figure 4-8; side-gradient to ABG). 
Two of these wells (03C09P2 and 03C07) have been found to be contaminated with explosives, volatile and 
semi-volatile organic chemicals in the past. These wells, therefore, do not quality as background wells for risk 
assessment purposes. Well 03C17 has never shown explosives, volatile or semi-volatile chemical 
contamination. The inorganic concentrations detected are therefore likely to be naturally occurring. Thus, 
this well does serve as a background water sample for the Beech Creek aquifer at ABG. Valid Enseco data 
(1993) exist for this well. 

For the Big Clifty aquifer (Figure 4-15), four existing wells are potential candidate background wells - 03-09, 
03-38, 03-01 and 03-30 (all upgradient to ABG). Three of these four wells (03-09, 03-38 and 03-01), however, 
have shown past contamination by explosives and volatile organic chemicals. Well 03-30, although it has 
been sampled, has never had a sample analyzed for explosives, volatile and semi-volatile organic 
contaminants. Thus, none of these four wells currently qualify as a background well for the Big Clifty aquifer 
at ABG. However, since the Big Clifty aquifer and the Beech Creek aquifer are in direct contact, the Beech 
Creek background well (03C17) can serve as background for this aquifer as well. 

For the Golconda aquifer (Figure 4-16), five existing wells are potential candidate background wells - 03C18, 
03-02, 03C15P3, 03C16, 03C19P3 (all upgradient to ABG). Only one of these wells, 03C16, has a past 
history of contaminant detections. Well 03-02, however, has not been monitored. Both of these wells thus 
do not meet the qualification of background wells for the risk assessment of this site. The other three wells, 
03C19P3, 03C15P3, 03C18, can serve as the background locations for this aquifer; however, valid data exist 
for only one of these wells (03C19P3). 

All of the monitoring wells except one in the alluvium unit associated with ABG are located at the juncture of 
Little Sulphur Creek and Johnson Hollow (Figure 4-17). The other well is located directly adjacent to and 
downgradient from the Jeep Trail Area (Figure 4-18). None of these wells therefore can be considered 
background wells, and nowhere on the facility is there a location that could serve as a background sampling 
location for this unit. 
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As discussed earlier, the U.S Army Corps of Engineers conducted an RFI at ORR which included the sampling 
of groundwater at 28 locations at this SWMU (Figures 4-20 through 4-22). The analytical parameter list 
utilized at this site included explosives, inorganic chemicals, volatile and semi-volatile organic chemicals, and 
pesticides. 

For each of the three units at this SWMU (Beech Creek limestone, Golconda limestone, surficial aquifer), the 
06C16 well nest (three wells) is situated upgradient of this SWMU, and thus the data can serve as 
background. 

Since the USACE laboratory conducted all of the past analyses on these wells; however, only the explosives 
data are acceptable for use in this assessment. Thus, no historical inorganic background groundwater data 
are available for this risk assessment. 

(c) DR 

As discussed earlier, the U.S. Army Corps of Engineers conducted an RFI at DR which included the sampling 
of groundwater at 17 well locations at this SWMU (Figures 4-23 through 4-2S). 

These wells are grouped according to the geologic unit in which they were screened. These three groupings 
were: 

• 
• 
• 

Beech Creek limestone. 
Intermediate Zone. 
Surficial Zone. 

For the Beech Creek and surficial zone aquifers, the 06C08 well nest (two wells) is situated upgradient of this 
SWMU and thus the data could serve as background. Historical data from these wells have shown them to 
be clean; however, these data were not viewed as acceptable for use in this risk assessment by the USEPA. 

4.2.2 Supplemental Risk Assessment Analvtical Databases (Appendices B and C) 

As discussed in the prior section, there exist considerable historical data for the three SWMUs at this facility. 
In 1994, in preparation of the RAWP, HNUS reviewed these historical databases for these three SWMUs and 
made recommendations for the collection of minimal supplemental data in order to complete the databases 
desired for the risk assessment. These supplemental data were collected in 1995-1996 using Southwest 
Laboratories (Appendix B). 

Unfortunately, however, much of the historical data (pre-199S) were collected through programs which did not 
require independent data validation. Thus, most of these data had never undergone data validation to the 
extent necessary for use in a risk assessment. USEPA reviewed select data packages from these historical 
databases in 1997 and concluded that much of these data could not be used for this risk assessment due to 
a lack of ac package information. USEPA did conclude, however, that all of the HNUS team's 1995-6 
sampling and analysis program data were acceptable for use in this assessment. 

Subsequent to the USEPA (1997a) data validation technical memorandum, the HNUS team collected a 
second round of supplemental data for this risk assessment to again ''fill in datagaps" in the databases for this 
risk assessment. These data were independently validated. These data are listed as HNUS, 1997 
(Appendix C). 

Appendix D describes the sampling and analysis program that was used by the HNUS team in both 
supplemental sampling programs (199S-6 and 1997) at NAVSURFWARCENDIV. 

Below is a summary of these two supplemental risk assessment databases for each environmental media at 
these three SWMUs. 
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It was noted at the time of the original review of the historical ABG soil data (in 1993) that none of the soil 
samples previously collected at ABG by USACE were analyzed for chlorinated dioxins and furans 
(PCDD/PCDF), and that no soil samples had been collected from the Jeep Trail Area. HNUS, therefore, 
collected three surface soil samples in 1995 from around the bum pans and pads and analyzed these samples 
for PCDD/PCDF (Figure 4-26). Five surface samples were also collected at that time from the Jeep Trail Area 
(Figure 4-27). These latter samples were analyzed for explosives, inorganic chemicals and semi-volatile 
organic chemicals. 

As a consequence of the data validation findings on the historical data for this medium, HNUS collected 
another round of supplemental surface and subsurface soil samples in 1997. Twenty-one (21) surface soil 
samples were collected, along with five subsurface soil samples from three locations. These samples were 
taken from the following previous sampling locations (see Figure 4-26). 

1990 
1990 
1990 

\. 1993 

)~.1993 
1993 
993 

1993 
1993 
1993 
1993 

Boring 4 - surface, subsurface 
Boring 7 - surface 
Boring 12 - surface, subsurface 
Boring 1 - surface 
Boring 2 - surface 
Boring 3 - surface 
Boring 5 - surface 
Boring 6 - surface 
Boring 7 - surface 
Boring 13 - surface 
Boring 14 - surface 

1993 
1993 
1993 
1993 
1993 
1993 
1993 
1993 
1993 
1993 

Boring 17 - surface 
Boring 19 - surface 
Boring 22 - surface, subsurface 
Boring 25 - surface 
Boring 31 - surface 
Boring 33 - surface 
Boring 37 - surface 
Surface 39 - surface 
Surface 40 - surface 
Surface 61 - surface 

All samples were analyzed for inorganic chemicals, with seven samples analyzed for semi-volatile and volatile 
organic compounds and pesticides. Sample-specific parameter lists were determined based on past reported 
data. 

Surface Water/Sediment (Little Sulphur Creek) 

Based on the original review of the historical data by the HNUS team (1993), several new sampling locations 
along Little Sulphur Creek were recommended for sampling, to specifically address potential impacts near 
the Jeep Trail Area. These two sampling locations are designatedABG-12 and ABG-13 on Figure 4-28. In 
addition, three other upstream background samples were taken for this risk assessment. These locations are 
designated ABG-1 , ABG-14 and ABG-15 on Figure 4-28. All samples were analyzed for inorganic chemicals, 
volatile and semi-volatile organic chemicals, explosives and pesticides. 

As a consequence of the data validation findings on the historical data for these media, HNUS collected four 
supplemental surface water and sediment samples in 1997 from Little Sulphur Creek. These samples were 
taken at the previous sampling locations: ABG-8, ABG-11, ABG-5 and ABG-6 (Figure 4-28). All samples 
were analyzed for metals, three for pesticides, and two for volatile and semi-volatile organic chemicals. All 
sediment samples were also analyzed for explosives. 

Springs 

Based on the original review of this historical data by the HNUS team (in 1993), a number of these springs 
were recommended for additional sampling for select parameters. Spring A (Figure 4-29) was selected for 
sampling for inorganic chemicals, volatile and semi-volatile organic chemicals and explosives. Springs Band 
C were selected for sampling for metals, cyanide, semi-volatile organic compounds and explosives. In 
addition, two off-Facility springs (Springs 8 and 10) were selected for sampling for inorganic chemicals, 
explosives, volatile and semi-volatile organic chemicals and pesticides/PCBs. 
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No additional (1997) supplemental sampling of springs was necessary as a consequence of the USEPA 
(1997a) data validation memorandum. 

Groundwater 

Based on the original review of the historical ABG groundwater data by the HNUS team (in 1993), 
recommendations were made to supplement the existing data. These recommendations included sampling 
of: 

Beaver Bend: Nowe"s 
Beech Creek: 03C17 (Figure 4-13; upgradient), and each existing Jeep Trail we" that 

exhibited integrity (Figure 4-9) 
Big Clifty: Nowe"s 
Golconda: Nowe"s 
A"uvial Wells: Nowe"s 

As a consequence of the data validation findings on the historical data for this medium, HNUS collected an 
additional eleven supplemental groundwater samples in 1997. The aquifers and locations of these ten 
samples are: 

Beaver Bend: 
Beech Creek! 
Big Clifty: 
Golconda: 
A"uvial Wells: 

03C01 (Figure 4-7) 

03C15, 03-16, 03-21, 03-13, 03C20 (Figures 4-8 and 4-9) 
03C23, 03C08AP3, 03C19P3 (Figure 4-16) 
03B05, 03B07 (Figure 4-17) 

A" but one sample were analyzed for explosives. Five samples were analyzed for metals, four for volatile 
organic chemicals, and two for semi-volatile organic chemicals and pesticides. 

4.2.2.2 ORR 

Based on the original review of this historical data by the HNUS team (in 1993), it was recommended that 
some additional soil samples be collected at ORR for this risk assessment. Specifically, three surface soil 
samples (0-2 feet bgs) were recommended for collection in the target practice area and analyzed for lead (see 
Figure 4-30). Also, three new background surface soil samples were recommended for collection (see 
Figure 4-30). A" six samples were collected in 1995 and analyzed for inorganic chemicals, explosives and 
semi-volatile organic chemicals. 

As a consequence of the data validation findings on the historical data for this medium, HNUS collected four 
additional surface soil samples and two additional subsurface soil samples at ORR. The locations of these 
1997 supplemental samples are shown on Figure 4-30. 

1990 Boring 1 - surface 
1990 Boring 5 - surface, subsurface 
1990 Boring 9 - surface 
1990 Boring 12 - surface, subsurface 

A" of these samples were analyzed for metals, with two analyzed for pesticides and one for volatile and 
semi-volatile organic chemicals. 

Surface Water/Sediment (Turkey Creek) 

The database for these two media at ORR consists of samples taken in 1995 at two downstream locations 
and one upstream location on Turkey Creek, as shown on Figure 4-31. The analytical parameters measured 
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in these samples included inorganic chemicals, volatile and semi-volatile organic chemicals, and explosives. 
All of these data were judged to be acceptable for use in this risk assessment by USEPA. Thus, no 1997 
supplemental data were collected from this medium for this risk assessment. 

Groundwater 

Based on the original review of the groundwater historical data by the HNUS team (in 1993), seven monitoring 
wells at ORR were recommended for sampling for this risk assessment. These wells are: 06C16, 06C12, 
06C18, 06C16P2, 06-17, 06-22, 06C18P2 (Figures 4-20 and 4-22). In addition, two new wells were installed 
and sampled in 1995. These new wells are designated 06C19 wells (see Figures 4-20 and 4-22). The 
analytical parameters measured in these samples included volatile and semi-volatile organic chemicals, 
inorganic chemicals, and explosives. 

As a consequence of the data validation findings on the historical data for these aquifers, HNUS collected two 
additional groundwater samples in 1997. These samples were from wells 06C09 (Figure 4-20) and 06C16P3 
(Figure 4-21). Both samples were analyzed for metals. A sample was recommended from Well 06-21 
(Figure 4-21), but this well was dry. 

4.2.2.3 DR 

The database for this medium at DR consists of eight surface soil composite samples (0-2 bgs) collected at 
the Army Detonation Area (south ridge) and three surface soil composite samples collected at the Navy 
Detonation Area (east ridge) in 1995 by the HNUS team (Figure 4-32). In addition, three background surface 
soil samples were taken at that time. All samples were analyzed for explosives, inorganic chemicals and 
semi-volatile organic chemicals. All of these data were judged to be acceptable for use in this risk 
assessment by USEPA, and thus no additional data were collected for this medium in 1997. 

Surface Water/Sediment (Boggs Creek) 

The database for these two media at DR consists of samples taken at two downstream locations and one 
upstream location on Boggs Creek (see Figure 4-31). The analytical parameters measured in these samples 
included inorganic chemicals, volatile and semi-volatile organic chemicals and explosives. All of these data 
were judged to be acceptable for use in this risk assessment by USEPA, and thus no additional data were 
collected for this medium in 1997. 

Groundwater 

Based on the original review of the groundwater historical data at DR by the HNUS team (1993), ten 
monitoring wells were recommended for sampling for this risk assessment. These wells were (see 
Figure 4-23 and 4-25): 

Beech Creek: 06C01,06C03,06C06,06C07 
Surficial Zone: 06-01A, 06-07, 06C03P2, 06C04P2, 06C06P2, 06C08P2 

All of these data were judged to be acceptable for use in this risk assessment by USEPA, and thus no 
additional data were collected for these media in 1997. 

4.3 DATA ASSEMBLY 

The analytical databases obtained for this risk assessment are a composite of three distinct sampling 
programs, denoted as: 

• Validated historical data . 
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HNUS 1995-6 supplemental sampling data. 
HNUS 1997 supplemental sampling data. 
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The entire data sets for these three programs are provided in Appendices A, B, and C. 

In this section, these data are combined and summarized according to environmental medium/source area. 

Data assembly involves grouping the data by environmental medium (e.g. soil, groundwater) and within a 
medium by distinct areas of concern (e.g. Jeep Trail Area soils). Statistical procedures are then performed 
to summarize the data for use in the risk assessment. 

The distributional properties of the various data sets are first tested in order to apply the appropriate statistical 
tests and for proper interpretation of the results. A test of normality, the Shapiro-Wilk Test, was applied to 
data from each of the various media investigated in this risk assessment, if at least four samples were 
available. Probability plots were used to assess data distribution if the sample number exceeded 50. 

The data summary tables include the following information: frequency of detection, range of detected values, 
range of reporting limits, average concentration, 95 percent upper confidence limit (UCl) of the mean, and 
the exposure point concentration. According to USEPA guidance (USEPA, 1989a), the exposure point 
concentration is the 95 percent UCl value, or the maximum detected value, whichever is lower. 

If the data were determined to have a lognormal distribution, the average concentration in the tables is the 
MVU estimate of the mean (Minimum Variance Unbiased estimator, Gilbert, 1987). The 95 percent UCl values 
for normal and log normally distributed data sets were calculated according to USEPA guidance (1992b) 

For this statistical analysis of the data, duplicate sample data, when available, were averaged. When a 
chemical was detected in only one of two duplicate samples, only the detected concentration was used. 
Samples collected at different times at the same sample location (e.g., well samples, surface water samples) 
were treated as duplicates. 

One-half of the SOL was used in the calculations for all SOls remaining in each data set (USEPA, 1989a). 

4.4 IDENTIFICATION OF THE CHEMICALS OF POTENTIAL CONCERN (COPCs) 

Once the data have been properly assembled, the chemicals of potential concern (COPCs) for the project are 
selected. A COPC is a chemical that has been selected for evaluation in the study. It is defined as an analyte 
that has been detected in at least one environmental medium at a site and that: 

• Exceeds its natural background levels. 
• Is not considered an artifact of the sampling or analysis program(s). 

Chemicals of potential concern to a project, therefore, are not necessarily chemicals which will produce 
significant risk to public health or the environment. Rather, these are the analytes believed to be present at 
elevated concentrations at the site. 

The objective of this step in the study is to identify the various media-specific COPCs for each of these three 
SWMUs. The data set that is used to determine the project specific COPCs is the composite data set of the 
three sampling programs discussed earlier. 

4.4.1 Procedure 

The COPC selection process discussed below follows US EPA guidance (1989a). Details of this CO PC 
selection process are provided in Appendix E. 

LIWORKlCT022901IWPlCCRA2lCCCHHRS.JBS 4-14 CTO No. 229 



USEPA 10 No. INS 170023498 
NAVSURFW ARCENDIV CCRA 

February 1999 

Step 1: The first step in the process is to review the individual SWMU- and medium-specific data sets for 
qualified data, and conduct a comparison of sample results to blank results. Any result that has been coded 
'R' was eliminated from the data set; 'J' coded data were retained. For those analytes that were present in 
blank samples, USEPA's 5/10 rule was applied. If a blank contained detectable concentrations of a common 
laboratory contaminant (acetone, 2-butanone, methylene chloride, toluene and the phthalate esters), then a 
sample result was only considered positive if the concentration in the sample exceeded ten times the 
maximum amount detected in its associated blank. If a blank contained detectable concentrations of one or 
more other organic or inorganic chemicals, then the site sample result was considered positive if its analyte 
concentration was greater than five times the maximum blank concentration. 

Step 2: Background Screening 
In this step, the concentrations of detected chemicals in site soil, sediment, surface water and groundwater 
were compared to the concentrations of these analytes in the respective SWMU-specific background samples. 
For soil, two comparisons were made where applicable: 1) surface soil, and 2) Surface/subsurface soil 
combined. Both comparisons were made using the surface soil background data since no subsurface soil 
background samples were available. 

Because the number of soil background samples for any SWMU did not exceed three, background threshold 
values of inorganics were calculated as the average concentration plus two times the standard deviation. 
Appendix E, Tables E-1 through E-3 summarize the calculation of the background threshold values for soil 
at ABG, ORR, and DR. It should be noted that one of the three background soil samples for the DR had 
several hits of PAHs and higher concentrations of most of the inorganics than the other two samples. This 
sample was considered to be possibly contaminated and was therefore not used to calculate the soil 
background threshold value for the DR. 

If the concentration of an inorganic compound in any sample at a site exceeded its background screening 
threshold, that inorganic constituent was retained and carried through the risk assessment. If all soil samples 
collected at a site had concentrations that were lower than the background screening threshold, the inorganic 
was considered to be present in concentrations consistent with background and was eliminated as a chemical 
of potential concern. If an inorganic constituent was not analyzed for or not detected in background samples, 
the constituent was assumed to be site-related and carried through the risk assessment. As mentioned, 
surface soil and surface/subsurface soil combined were screened separately, if applicable. Tables E-6 
through E-12, Appendix E, document the background screening for soil at ABG, ORR, and DR. 

No background soil samples were analyzed for dioxins. Because chlorinated dioxins and furans are frequently 
encountered in the environment as anthropogenic background, the profiles of the congeners within the three 
individual samples collected at ABG were examined. In general, the lower chlorinated congeners degrade 
quickly in the environment, leaving behind the higher chlorinated congeners which can persist for hundreds 
of years (Bumb et al., 1980; Nestrick et al., 1986; Smith et al., 1983). For comparison purposes, bar graphs, 
which are presented in Appendix E, Figure E-1, were constructed using total concentrations of each of the 
various congeners within a sample. The graphs are presented only to illustrate the overall pattern of the 
congener distribution within the samples, not to compare total dioxins/furan concentrations among the 
samples. The figure shows that the congener pattern in the samples have the typical pattern associated with 
background anthropogenic dioxins/furans. This may indicate that the dioxins/furans detected in the soils at 
APG are not site-related. 

Groundwater 

The background data set did not exceed one sample for any aquifer evaluated in the risk assessment. 
Therefore, direct comparisons were made between a single background concentration of an analyte and the 
aquifer-specific sample data. If an aquifer sample contained an analyte at a concentration greater than its 
concentration in the appropriate background sample, or an inorganic constituent was not analyzed for or 
detected in background samples, then that analyte was considered a contaminant. Tables E-13 through E-18, 
Appendix E, document the background screening for groundwater at ABG, ORR, and DR. 
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No background samples were available for the Beaver Bend and Alluvial aquifers at ABG. In addition, 2,4,6-
trichlorophenol, xylene, and two phthalate esters were detected during the most recent sampling event at the 
background well for the Alluvial aquifer at the DR. This well was considered to be possibly contaminated and, 
therefore, the sample data were not used for background comparison. 

Surface Water/Sediment 

Three surface water and three sediment background samples were collected from Little Sulphur Creek at 
ABG. One of the surface water samples (ABG-14) contained xylene and was therefore considered to be 
possibly contaminated. This sample was not used in the calculation of a background threshold value for Little 
Sulphur Creek surface water. Tables E-4 and E-5, Appendix E, summarize the calculation of the background 
threshold values for Little Sulphur Creek surface water and sediment, respectively. For Turkey Creek and 
Boggs Creek, only one background sample each was collected for surface water and sediment. Therefore, 
the background comparison for both surface water and sediment in these two creeks consisted of comparing 
the highest detected concentration downstream with the single upstream sample. Tables E-19 through E-24, 
Appendix E, summarize the background screening for surface water and sediment for Little Sulphur Creek, 
Turkey Creek, and Boggs Creek. No background samples were available for the springs. 

Step 3: Frequency of Detection/Nutrient Screening 
In this step, the concentrations of nutrients detected above background levels in site soil, sediment, surface 
water, and groundwater were compared to nutrient screening values, which were derived according to the 
procedures described below. For soil, two separate data sets were screened: (1) data for nutrient chemicals 
detected in surface soil above background; and, (2) analytical results representing surface soil data combined 
with subsurface data for all nutrients detected above background in either surface or subsurface soil. This 
approach for soil was used to accommodate the future residential exposure scenario selected in the 
conceptual site models (presented in Section 4.1). 

For the risk assessment, nutrient screening values were calculated for nutrients detected in the soil, sediment, 
and surface water, and groundwater databases without USEPA toxicity values (Le., calcium, magnesium, iron, 
potassium, and sodium). The nutrient screening values were calculated using CERCLA guidance for the 
deviation of preliminary soil or drinking water remediation goals (PRGs) for a residential scenario (USEPA, 
1991a). The u.S. recommended daily allowance (RDA) was substituted for the toxicity value in the equation, 
and the target hazard quotient was 1.0. The RDAs were taken from Region VIII guidance (USEPA, 1994a). 
In those instances where the calculated nutrient screening value exceeds 1 E+06 ppm (calcium, magnesium, 
and sodium), the value of 1 E+06 ppm was used as the screening value. 

Since an RDA was not provided for sodium (Na+), a review of the medical literature was conducted by REI 
to determine an acceptable level of human consumption for this nutrient. Uncomplicated hypertensive 
patients should not consume more than 4 to 6 grams of salt (1,600 to 2,400 mg Na+) per day (Rakel, 1990; 
Wyngaarden et al., 1992). The value of 1,600 mg Na+ of salt per day was therefore selected as a safe human 
consumption level. Assuming an adult body weight of 70 kilograms (kg), a safe dose for sodium is estimated 
at approximately 20 milligrams per kilogram per day (mg/kg-day). , 

Table 4-6 summarizes the calculated nutrient screening values used in this risk assessment. The exposure 
point concentration of each nutrient (i.e., the 95 percent UCL of the mean or the highest detected 
concentration, whichever is lower; USEPA, 1989a) was compared to the screening value. Tables E-25 
through E-30, Appendix E, document the nutrient screening for soil, sediment, surface water, groundwater, 
and springs. 

The exposure point concentrations for the five nutrients were lower than their respective nutrient screening 
values in all media except groundwater. As shown in Tables E-28, the concentrations of magnesium, iron, 
and potassium exceeded t~eir screening values in the Alluvium at ABG. Iron exceeded its screening value 
in all aquifers where it was detected above background, with the exception of the Alluvium at the Army DR 
(Tables E-28 and E-29). It should be noted that the exceedances indicate only that the recommended daily 
allowances have been exceeded. If concentrations do not exceed the screening values one can be fairly 
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certain that humans would not suffer adverse effects due to exposure. When these values are exceeded, 
toxic effects may occur, but not necessarily. 

Chemicals that are infrequently detected at a site may be sampling or analytical artifacts unrelated to site 
operations. Such chemicals may be eliminated from the quantitative risk assessment if there is no reason 
to believe that the chemical may be present (USEPA, 1989a). For this risk assessment, the criteria for a 
chemical to be eliminated from the chemical database were: it was detected in 5 percent or fewer of the 
samples and the history of the site suggests that it would not be expected to be present. 

The criterion of detection in fewer than 5 percent of samples limited the frequency of detection analysis to soil 
at ABG, since this was the only medium for which 20 or more samples were collected. The only chemical 
detected in fewer than 5 percent of samples was 1,3-dinitrobenzene. This compound was expected to be 
present in soils at ABG; therefore, it was retained for evaluation in the risk assessment. 

4.4.2 SWMU-specific COPCs 

4.4.2.1 ABG 

Shown in Table 4-7 are the summary data for surface soil (0-2 feet bgs) at the ABG proper. Semi-volatile 
organic chemicals (SVOC), explosives, polychlorinated dibenzo-p-dioxins/polychlorinated dibenzofurans, and 
inorganic chemicals comprise this database. Consistent with the historical data, the compounds detected at 
the highest concentrations are explosives (TNT, RDX, HMX) and metals (AI, Ba, Cu, Pb, Mn, Ag and Zn). 
All of these contaminants are also found at a relatively high frequency of detection (40 to 100 percent). Other 
contaminants founQ at less concentrations, but high frequency, are metals (As, Cr, Co, Ni, Sb and V) and 
4-amino-2,6-dinitrotoluene. 

In Table 4-8 are summary data for surface soil at the Jeep Trail. Contaminants detected at the highest 
concentrations in this area include metals (AI, Ba, Zn). Lesser amounts of 2,4-DNT, copper, nickel and di-n
butylphthalate were also found. Each of these contaminants were also found at relative high frequency (60 
to 100 percent). 

Table 4-9 presents summary data for the ABG proper for combined surface and subsurface soil. As with the 
surface soil dataset, the contaminants detected at the highest concentrations include explosives (2,4,6-TNT, 
HMX, RDX) and metals (AI, Ba, Cu, Pb, Mn, Ag, and Zn). Lesser amounts of other explosives and metals 
were also found. Two SVOCs [bis(2-ethylhexyl)phthalate, di-n-butylphthalate] were detected, as was one 
volatile organic compound (acetone). 

Surface Water/Sediment 

Table 4-10 presents the summary data for the detected contaminants in surface water of Little Sulphur Creek. 
Relatively low concentrations of all analytes were detected. Three explosives were found (2,4-DNT, HMX, 
RDX), along with several SVOCs and metals. Only the metals displayed a high frequency of detection. 

Table 4-11 provides the summary data for the sediment contaminants detected in Little Sulphur Creek. 
Contaminants at the highest concentrations are metals (AI, Ba, Cu, Pb and Zn). Low levels of explosives, 
SVOCs and VOCs were also detected. The metals also had the highest frequency of detection (most at 
100 percent), followed by certain explosives (2,4,6-TNT at 83 percent; HMX at 67 percent), di-n-butylphthalate 
(at 100 percent), and acetone (at 75 percent). 

Table 4-12A summarizes the detected contaminants in on-site springs at ABG (springs A, B, and C). HMX 
and RDX were detected in all three of the springs, as were aluminum, arsenic, and barium. Detected with less 
frequency (1 out of 3 springs) were 1,3,5-trinitrobenzene, 2,4,6-trinitrotoluene, and trichloroethylene). Table 
4-12B shows that the off-facility springs (8 and 10) had fewer contaminants which were present in lower 
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concentrations. No explosives were detected in off-facility springs 8 and 10. Table 4-12C summarizes the 
detected contaminants in on-site Spring A. 

Groundwater 

Table 4-13 displays the summary data for the detected analytes in the Beaver Bend aquifer beneath the ABG. 
Only two metals (As, Zn) and four SVOCs [benzo(a)anthracene, chrysene, bis(2-ethylhexyl)phthalate, 
N-nitrosodiphenylamine] were detected. All analytes were found at very low concentrations «0.01 mg/L) 

Table 4-14 presents the summary data for the identified contaminants in the Beech Creek/Big Clifty aquifer 
beneath the ABG. This aquifer contains the greatest number of contaminants, including representatives from 
all five analytical groups: 

Explosives (1,3,5-trinitrobenzene, 2-amino-4,6-dinitrotoluene, HMX, nitrobenzene, RDX). 
Inorganics (AI, As, Ba, Cr, CN, Pb, Mn, Hg, Zn). 
VOCs (2-butanone, acetone, methylene chloride). 
SVOCs [1,2-dichloroethane, 1,2-dichloroethylene, benzyl alcohol, bis(2-ethylhexyl) phthalate, 
c-1,2-dichloroethylene, N-nitrosodiphenylamine, tetrachloroethylene, t-1,2-dichloroethylene, 
trichloroethylene, vinyl chloride]. 
Pesticides (aldrin, heptachlor epoxide). 

Contaminants at the highest frequencies include manganese (94 percent), zinc (81 percent), trichloroethylene 
(69 percent), and four analytes around 50 percent (RDX, HMX, lead, methylene chloride). 

Presented in Table 4-15 are the summary data for the detected contaminants in the Golconda aquifer beneath 
the ABG. A variety of metals were found to be present, along with two explosives (HMX, RDX). No VOCs 
or SVOCs were detected in this aquifer. 

Presented in Table 4-16 are the summary data for the contaminants detected in the alluvial aquifer at the 
juncture of Little Sulphur Creek and Johnson Hollow (Le. at the Facility boundary). A variety of metals were 
detected, along with a variety of SVOCsNOCs. The organic contaminants at the highest concentrations were 
trichloroethylene (2.3 mg/L), 1,2-dichloroethylene (1.15 mg/L), and 1,1 ,2,2-tetrachloroethane (0.5 mg/L). 
Aluminum and manganese were the two metals detected at the highest concentrations. 

Presented in Table 4-17 are summary data for Beech Creek wells at the Jeep Trail Area. Contamination in 
these wells includes explosives (2,4,6-trinitrotoluene, 2,6-dinitrotoluene, 4-amino-2,6-dinitrotoluene, HMX, 
RDX), metals and SVOCs. Chemicals detected at the highest concentrations (> 1 mg/L) were the metals. 
Metals were also the contaminants with the highest frequency of detection, although HMX and RDX were both 
detected in four of the six wells sampled. 

In Table 4-18 are presented the summary data for ABG well 03C28, which is currently operational at this 
SWMU as a water source for employees. Contaminants detected in this well include primarily metals, with 
several VOCs/SVOCs [acetone, methylene chloride, benzyl alcohol, bis(2-ethylhexyl)phthalate]. With the 
exceptions of aluminum and barium, all concentrations are at low levels « 0.1 mg/L). 

4.4.2.2 ORR 

Table 4-19 provides a summary of the detected contaminants in surface soil at the ORR. The contaminants 
detected at the highest concentrations are metals (AI, Ba, Pb, Mn and Zn). Lesser amounts of polynuclear 
aromatic hydrocarbons (PAHs) [benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 
benzo(g,h,i)perylene, benzo(k)fluoranthene, chrysene, fluoranthene, indeno(1,2,3-cd)pyrene, and pyrene] and 
explosives (2,4-DNT; 2,4,6-TNT) were also found. The explosives, however, unlike the metals, were found 
at low frequencies (3 to 11 percent). 
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Table 4-20 provides the summary data for the combination of surface and subsurface soils at the ORR. 
Metals (AI, Ba, Mn, Pb, and Zn) again are at the highest concentrations, followed by much lower levels of 
explosives (2,4-DNT; 2,4,6-TNT) and PAHs. 

Surface Water/Sediment 

Presented in Table 4-21 are the summary data for Turkey Creek surface water. Low levels of five metals (AI, 
Co, Cu, V, and Zn) and one SVOC (butylbenzylphthalate) were found. 

Turkey Creek sediment, however, contained a much greater number of contaminants (Table 4-22). 
Contaminants at the highest concentrations include four metals (AI, Ba, Mn, and Zn). Only one explosive was 
found (2,4-DNT), along with very low levels «0.1 mg/kg) of two VOCs (2-butanone, acetone) and several 
SVOCs [benzo(b)f1uoranthene, chrysene, di-n-butylphthalate, fluoranthene, N-nitrosodiphenylamine, pyrene]. 

Groundwater 

Presented in Table 4-23 are the summary data for the Beech Creek wells at the ORR. All contaminants 
identified in these wells were at low levels « 0.1 mg/L). Contaminants included explosives (2,4,6-
trinitrotoluene, HMX, RDX), VOCs, SVOCs, metals and one pesticide (heptachlor epoxide). Manganese 
(100 percent) and zinc (75 percent) were the only compounds detected at a high frequency. 

Presented in Table 4-24 is a summary of the contaminant concentrations in the Alluvial aquifer beneath the 
ORR. Contamination in this aquifer includes explosives (2,4,6-trinitrotoluene, 2,6-dinitrotoluene, RDX), metals 
and SVOCs. Only2,4,6-trinitrotoluene (0.12 mgIL), aluminum (0.5 mgIL), barium (0.12 mgIL) and manganese 
(0.58 mgIL) were detected at concentrations greater than 0.1 mglL. Contaminants at the highest frequency 
include manganese (100 percent), aluminum (57 percent), and barium (57 percent). 

4.4.2.3 DR 

Presented in Table 4-25 are the summary data for surface soil contaminants at the Navy Detonation Area. 
Contaminants detected at the highest concentrations include several metals (Ba, Cu, Zn). Low levels «1 
mg/kg) of explosives (2,4-DNT; 2,4,6-TNT; RDX) and SVOCs [benzo(g,h,i)perylene, butylbenzylphthalate, 
chrysene, di-n-butylphthalate, fluoranthene, hexachlorobenzene, phenanthrene, pyrene] were also detected. 

The summary surface soil data for the Army Detonation Area at DR are presented in Table 4-26. 
Contaminants detected at the highest concentrations in this area are two metals (Cu, Zn). Lesser 
concentrations of other metals (Pb, Ni, V), cyanide, and explosives (RDX) were also found. Phthalate esters 
were found at low levels «1 mg/kg), as were several PAHs. 

Surface Water/Sediment 

Table 4-27 presents a summary of the chemical contaminants found in surface water in Boggs Creek. Low 
levels of nine metals were found, along with one detection of trichloroethylene. 

Boggs Creek sediment (Table 4-28) was determined to be contaminated with low levels of five chemicals, 
three VOCs (2-butanone, acetone, toluene) and two SVOCs (butylbenzylphthalate, di-n-butylphthalate). 

Groundwater 

Presented in Table 4-29 are summary data for the identified contaminants in the Beech Creek aquifer beneath 
the DR. Contamination includes metals, one VOC (acetone) and three SVOCs (1,4-dichlorobenzene, 
butylbenzylphthalate, diethylphthalate). Barium (86 percent) and manganese (71 percent) were found at the 
highest frequency, and only barium was detected at a concentration greater than 0.10 mg/L. 
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Presented in Tables 4-30A and B are summaries of the contaminant concentrations in the Alluvial aquifer 
beneath the DR-Navy detonation area and DR-Army detonation area, respectively. Contaminants beneath 
the Navy detonation area include metals, one explosive (RDX) and one SVOC (naphthalene). Aluminum was 
detected at the highest concentration (81.8 mgIL), followed by manganese (6.64 mglL), zinc (1.82 mg/L) and 
nickel (1.06 mgIL). Contaminants beneath the Army detonation area include metals, and three SVOCs [2,4,6-
trichlorophenol, bis(2-ethylhexyl)phthalate, butylbenzylphthalate]. Only aluminum was detected at a 
concentration above 1.0 mg/L. 

4.4.2.4 Wildlife Database 

Presented in Table 4-31 are the summary data for contaminants detected in venison from the facility. 
Contaminants include several metals, several SVOCs and two VOCs (2-butanone, acetone). Zinc, a nutrient 
metal, was present at the highest concentrations, followed by aluminum and copper. 

4.5 DATA EVALUATION 

This section of the risk assessment evaluates the final aforementioned analytical datasets for their useability 
in this risk assessment of the three SWMUs at NAVSURFWARCENDIV. Useability of the data for a risk 
assessment is assessed by determining the data's level of certainty/uncertainty. Three basic questions are 
asked and answered in this analysis: 

• 

• 

• 

Have the chemical constituents present in site media been adequately characterized and 
accurate levels established? 

Have all of the exposure pathways and areas of potential concern in the Site Conceptual Model 
been identified and sufficiently addressed? 

Are the primary exposure media at the site sufficiently characterized? 

The recommendations in the USEPA's manual entitled "Guidance for Data Useability in Risk Assessment" 
(USEPA, 1992C) was followed in performing this evaluation. Six criteria, as described in this manual, were 
used to judge the adequacy of the data for this assessment: 

• 
• 
• 
• 
• 
• 

Quality of data reports. 
Completeness of documentation. 
Completeness and relevance of data sources. 
Adequacy of analytical methods and detection limits. 
quality and completeness of data validation. 
Comparison of data quality indicators. 

This data useability analysis addresses both historical results (i.e. those results approved for use in this risk 
assessment by USEPA) and results for samples collected by the HNUS team in 1997. Assessing the level 
of certainty/uncertainty focuses on the analytical data which is incorporated for use in the risk assessment. 

4.5.1 Quality of Data Reports 

The RAWP (HNUS, 1995) of this site provides a detailed description of the area and the historical data that 
are used in this risk assessment. The information provided in the RAWP sections include a description of the 
site, its historical operations, detailed maps showing the regional setting and the overall layout of the site. The 
work plan sections included a summary of the past investigation scope, the rationale for selection of sampling 
locations, and a description of the analytical methods used. 
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This analytical data set, however, had never received independent data validation. For the purposes of this 
assessment, approximately ten percent of the historical site data were reviewed by USEPA Region 5 to 
determine which data from each of the five laboratories that had been used at this Facility were acceptable 
for use in this study. Region 5 provided recommendations for data use in correspondence dated June 24, 
1997. Historical data recommended for project use were: 

• 
• 
• 

1995-6 HNUS team data for VOCs, SVOCs, PCB/pesticides, metals, and explosives. 
Enseco data for VOCs, SVOCs, PCB/pesticides, metals and explosives. 
WES data for explosives. 

In view of the fact that much of the historical data were now lost to this study, the HNUS team re-evaluated 
the remaining data and made recommendations regarding necessary supplemental data (HNUS, 1997). Data 
obtained in 1997 are used to fill in data gaps identified by the HNUS team in "The Environmental Data 
Assessment Memorandum" dated July 1997. The protocols for this 1997 supplemental sampling and analysis 
phase are provided in Appendix 0 of this document. These protocols were identical to those used in the 
HNUS 1995 supplemental data gathering phase. 

All Enseco results and the 1995 and 1997 HNUS team analyses were conducted according to USEPA 
methods. For the 1995 and 1997 data, Level IV quality data was accomplished for volatile organic compounds 
(VOCs), semivolatile organic compounds (SVOCs), PCB/pesticides, and metals and cyanide through following 
Contract Laboratory Program (CLP) methodology. Level III quality data was accomplished for all other 
analyses. 

WES analyses were performed in accordance with laboratory standard operating procedures (SOPs). The 
following comments were provided by USEPA regarding their reports: 

"Although data documentation was poor, communication with the lab analyst who 
was involved with the analytical work permitted reconstruction of the case. 
Validation of WES' data packages would not be possible because significant 
information pertaining to calibrations is not acceptably presented. SOPs originally 
used in 1990 and 1993 were not provided. Nevertheless, it was the reviewer's 
impression that the data was reliably generated and that the WES package 
supplemented with the lab analyst's recollections (subjectively) qualifies the data 
for risk assessment purposes." 

One hundred percent of the HNUS Team 1995-6 and 1997 data sets were independently validated. 
Independent validation also occurred for approximately 40 percent of the Enseco data for VOCs, SVOCs and 
metals analyzed. These results, including data qualified either "J" or "U", are suitable for the purposes of the 
risk assessment. No validation was conducted by the HNUS team for the Enseco explosives data or 
PCB/pesticide data or the WES explosives data. 

4.5.2 Completeness of Documentation 

Data collection and analysis procedures must be accurately documented in order to substantiate the analyses 
of each sample, the proper correlation of sample results to geographic locations, the conclusions drawn from 
those analyses, and the reliability of the reported analytical data. Assessment of the site documentation, 
therefore, involves an examination of: 

• 
• 
• 

Chain-of-custody records. 
Records of sampling location and sampling dates. 
Analytical records. 

All HNUS Team 1995-6 and 1997 documentation was found to be complete during the review conducted by 
the independent data validator. Data omissions were noted in the validation reports for the Enseco data; 
however, the validator indicated no action was necessary due to the omissions. 
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A" data sources for the HNUS team's 1995 and 1997 phases of work were complete. Enseco's historical data 
packages were nearly complete. No review for completeness was conducted on the historical WES data 
packages. 

4.5.4 Adequacy of Analytical Methods and Detection Limits 

Appropriate analytical methods are those that have detection limits that meet risk assessment requirements 
for COPCs and have sufficient OC measures to quantitate chemical identification and measurement. 
Appropriate analytical methods minimize the probability of false negative results, i.e. non-detection of an 
analyte when it truly is present at potentially significant concentrations (Le., concentrations above health-based 
levels). In this section of the risk assessment, a summary is provided of the comparisons made between risk
based values (USEPA Region 5 Data Ouality Level) and the sample-specific detection limits (DLs) for a" 
chemicals that were analyzed for but not detected in soil, sediment, surface water and groundwater at this site. 
These comparisons have been made for each sample matrix. There are no DOLs specific to surface water, 
springs or sediment. DOLs for ground water and soil were used for these matrices. 

The USEPA Region 5 Data Ouality Levels were presented in a memorandum dated December 1995, and 
were developed to provide human health-based target levels for RCRA investigative and remedial activities. 
These DOLs were based solely on the USEPA Region 9 Preliminary Remediation Goals (pRGs). In addition 
to the DOLs, the 1995 memorandum provided a list of typical analytical methods along with the corresponding 
Method Reporting Limits (MRLs). If a DOL has not been established, and an MRL is listed, the project DL was 
compared to the MRL. No comparisons were made for analytes not included on the Region 5 DOL table. 

Ground Water, Surface Water, and Springs 

Maximum detection limits (DLs) in water samples that were obtained compared to the DOLs and the EPA 
Method Reporting Limits are shown on Table 4-32. A comparison was conducted for each of the four data 
sets used for the risk assessment. Also, separate comparisons were performed for the ground water and the 
surface water/spring matrices. The purpose of the comparison was two-fold. First, to identify site areas where 
elevated detection limits were observed and second, to determine if the analytical methods used had sufficient 
sensitivity to meet the DOLs. 

No site areas with elevated detection limits were observed. Limited ground water samples had elevated 
detection limits due to sample dilution. These were: 

Data Analyte 
Sample No. Set Group Dilution Factor 

03C20 Enseco VOCs 25x 
03C11 Enseco VOCs 10x 
03C04 Enseco SVOCs 2x 
CR95-03GW -03-07 -01 DL REI 1995 VOCs 20x 

Other ground water samples in these data sets had maximum detection limits equivalent to the surface water 
samples for the same data sets. 

Analytes which had a DL greater than a DOL (or MRL, when appropriate) were divided into three categories: 

1. 

2. 

Sample results which had a DL greater than the DOL and the EPA MRL was lower than the 
DOL. 

Sample results which had a DL greater than the DOL and the EPA MRL was higher than the 
DOL. 
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3. Sample results compared only to the EPA MRL due to the absence of a DQL. 

Samples associated with the first category above, have the potential for achieving a lower DL using an 
alternative analytical method. The number of compounds exceeding the EPA DQLs, for each data set in this 
category, were: 

Data Set 

Enseco 
WES 
REI 1995 
REI 1997 

Ground Water 
Ground Water, Surface Water, and Springs 
Ground Water, Surface Water, and Springs 
Ground Water, Surface Water, and Springs 

Number of Compounds 

32 
2 
20 
9 - 10 

The low number for the WES data set is due to the fact that only explosives were analyzed. The high number 
for the Enseco ground water data set appeared to be due to dilutions for two VOC scans (03C20 at a 25x 
dilution and 03C11 and a 10x dilution) and one SVOC scan (03C04 at a 2x dilution). For the remainder of the 
Enseco ground water data set, the DLs were those achieved for the surface water matrix. Since the analytical 
methods used were broad spectrum analyses which included several compounds, rather than targeting 
specific analytes, the DLs achieved for the project were determined to be acceptable for the human health 
risk assessment. 

Sample results associated with the second category above do not necessarily have analytical methods which 
could achieve the EPA DQL. Sample DLs were compared to the EPA MRLs to determine if these were met. 
Data with atypical detection limits were removed from this comparison and included the samples analyzed 
at dilutions listed above. The EPA MRLs were achieved for 21 out of the 50 analytes included in this 
category. For these analytes, methods mayor may not exist which could provide a DL at or below the DQL. 
For the remaining 29 analytes, alternative methods do exist which could provide lower detection limits. 
However, since the analytical methods used were broad spectrum analyses, the DLs achieved for the project 
were determined to be acceptable for the human health risk assessment. 

For the third category above, EPA DQLs have not been established because health risk information is 
unavailable. Sample DLs were compared to the EPA MRL. No further evaluation was conducted since the 
MRLs are values based on analytical technology rather than health-based information. 

Soil and Sediment 

Maximum detection limits for all of the non-detected analytes in soils and sediments at the three SWMUs were 
compared to the DQLs and the EPA Method Reporting Limits. These comparisons are presented in 
Table 4-33 for the various sites. A separate comparison was conducted for each of the areas where soil or 
sediment samples were collected. Samples were analyzed for VOCs, SVOCs, PCB/pesticides, and metals. 
The DLs achieved were acceptable when compared to the risk-based criteria, with the exception of the 
following seven chemicals: 

Vinyl chloride 
Benzo(a)pyrene 
bis(2-chloroethyl)ether 
Dibenzo(a,h)anthracene 

Hexachlorobenzene 
N-nitroso-di-n-propylamine 
PCB-1221 

One sample in the Jeep Trail Area had DLs which exceeded the DQLs for a total of 16 parameters. However, 
this sample was a duplicate. The original sample, along with all other samples in this area, had DLs less than 
the DQLs for all, but the above compounds. For two of the above analytes, lower DLs may not be possible 
from an analytical standpoint. The USEPA Region 5 Method Reporting Limits for bis(2-chloroethyl)ether and 
N-nitroso-di-n-propylamine were also above the DQLs. The fact that DLs exceeded the Region 5 DQLs 
contributes to the uncertainty in the risk assessment. However, overall, the DLs achieved for the project were 
determined to be acceptable for the human health risk assessment. 
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In the absence of DQLs, DLs were compared to the Region 5 Method Reporting Limits. Analytes above these 
limits were: 

2-Methylnaphthalene 
2-Nitrophenol 
4-Bromophenylphenylether 
4-Chloro-3-methylphenol 
4-Chlorophenylphenylether 

4-Nitrophenol 
Acenapthylene 
Benzo(g,h,i)perylene 
bis(2-chloroethyoxy)methane 

Again, several additional compounds exceeded the Method Reporting Limit for the single Jeep Trail duplicate 
sample. DLs for the original sample were below the Method Reporting Limit for those compounds and the 
elevated DLs in the duplicate sample will not affect the risk assessment. 

4.5.5 Quality of Data 

One hundred percent of the HNUS Team 1995-6 and 1997 samples were independently validated using the 
"USEPA Contract Laboratory Program National Functional Guidelines for Organic Data Review" (February 
1994), "USEPA Contract Laboratory Program National Functional Guidelines for Inorganic Data Review" 
(February 1994), Region V "Standard Operating Procedure for Validation of CLP Inorganic Date (September 
1993) and "Standard Operating Procedure for Validation of CLP Organic Data" (April 1991 , revised August 25, 
1993). Additionally, approximately 40 percent of the Enseco data for VOCs, SVOCs, and metals was 
validated by A.T. Kearney using "USEPA Contract Laboratory Program National Functional Guidelines for 
Organic Data Review" (February 1994), "USEPA Contract Laboratory Program National Functional Guidelines 
for Inorganic Data Review" (February 1994). No validation was performed for the Enseco explosive or 
PCB/pesticide data or the WES explosive data. 

Qualifiers were used during the validation process to indicate that the data are: 1) usable as a quantitative 
concentration; 2) usable with caution as an estimated concentration (coded J); or 3) unusable due to out-of
control QC results (coded R). 

The purpose of the validation was to raise any significant issues regarding the probability of false positive or 
false negative results and quantitation errors in the project database. Validation was conducted through a 
systematic review of the data for compliance to established QC criteria (based on the QC results provided by 
the laboratory). It included an evaluation of the direction of bias, based on the results of QC samples. As part 
of the validation the following components were examined: 

• 
• 
• 
• 

Verification of instrument calibration. 
Examination of blanks for contamination. 
Assessment of adherence to method specifications and QC limits. 
Evaluation of method performance in the sample matrix. 

The validated data reports documented the following information: 

• Results for each analyte and each sample, qualified for analytical limitations. 
• Sample-specific detection limits {DLs} (as reported by the analytical laboratory including the DLs 

for undetected analytes, with an explanation of any qualifications). 

4.5.6 Comparison of Data Quality Indicators 

During preparation of the risk assessment, data quality indicators are assessed to determine whether 
individual results for each samples, as well as entire data sets for each area at a SWMU, are of known and 
acceptable quality. This assessment requires an evaluation of the data with regard to the following five 
criteria: 
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Completeness - Are there sufficient data of known and acceptable quality for each medium, 
exposure pathway and COPC to characterize risk? If not, what effect does this deficiency have 
on the risk assessment? 

Comparability- Were all data analyzed using comparable methods? Are samples reported in 
consistent units with consistent reporting limits? 

Representativeness - Are the data representative of the contamination in each medium (both 
in terms of concentration and location)? Did the sampling or analysis procedures affect the 
representativeness (e.g., poor matrix recovery or inappropriate composting)? 

Precision - Were sufficient data collected to estimate laboratory and field variability? What is 
the impact of the field variability on the original RI Work Plan sampling scheme's ability to detect 
"hot spots" and to establish background concentrations? 

Accuracy- Were sample spikes (matrix spikes), QC spikes and surrogates analyzed to assess 
accuracy of nondetected and detected sample results? 

Analytes were eliminated from this risk assessment if they were not detected in any of the samples in a 
particular medium, when their data are coded 'R' (unusable), and/or if their concentrations are considered 
artifactual, i.e. due to laboratory/field contamination. In accordance with USEPA guidance (1989a), when the 
detected concentration in a sample was less than ten times the blank concentration for common laboratory 
contaminants (e.g. acetone, methylene chloride, and the phthalate esters), it was interpreted that the detection 
represents artifiCially introduced contamination. In such cases, the chemical was not considered further in 
the risk assessment. For those organic or inorganic chemicals that are not designated common laboratory 
contaminants by the USEPA (all other compounds), the chemical was not selected for evaluation in the risk 
assessment when the detected concentration was less than five times its maximum detected concentration 
in the blanks (USEPA, 1989a). 

Completeness 

The sample set evaluated for completeness includes background samples and samples used in the human 
health risk assessment. Analytical completeness is defined as the number of acceptable (useable) samples 
divided by the total number of samples analyzed. 

Data needs, in addition to the data approved for project use, were identified in "The Environmental Data 
Assessment Memorandum" dated July 1997. Sampling to fill these gaps was conducted in August 1997. 
Results for this sampling event were calculated to be 97.8 percent complete (Rust, 1997). The following list 
summarizes unusable data for the 1997 event: 

• 

• 
• 
• 
• 
• 

Acetone, 2-butanone, and 1,2-dibromo-3-chloropropane results for ten ground water samples, 
two surface water samples and one sediment sample. 
Selenium results for four sediment and 29 surface soil samples. 
Total selenium results for ten ground water samples and two surface water samples. 
Dissolved selenium results for seven ground water samples. 
Total antimony results for three ground water and two surface water samples. 
Total arsenic results for one ground water sample. 

The 1997 sampling event, combined with the historical data, was designed to bring the data set for the risk 
assessment to 100 percent complete. The missing results could introduce some uncertainty, albeit small, into 
the risk assessment. 

Comparability 

Data comparability is determined to be acceptable. USEPA Region 5 reviewed approximately ten percent of 
the historical data and selected the data sets with sufficient documentation and adequate associated quality 
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control results for use in the risk assessment. The 1997 data were produced using USEPA CLP methodology, 
when available, and USEPA approved methodology for all other analyses. Data were reported with different 
units, however, this has been taken into account in the data assembly section in this risk assessment. 

Representativeness 

Representativeness of the data is also considered to be acceptable for risk assessment purposes. In general, 
data collected during the RI are viewed as sufficient and representative of site conditions. Although media 
sampling was "targeted" (e.g. non-random), sampling procedures do not appear to have significantly impacted 
data representativeness. Sampling locations, methods and quantity of samples needed to characterize 
contaminant extent were carefully planned in advance of field work after a through review of site history and 
historical data. For all media sampled, the list of analytes (VOCs, SVOCs, metals and explosives) was 
comprehensive. 

The analytical data are also interpreted as being adequate to characterize current site conditions in terms of 
the magnitude of chemical concentrations. Background samples for soil and ground water were appropriately 
located to be representative of non-site related chemical concentrations. 

Precision and Accuracy 

Analytical accuracy and precision were evaluated during the data validation process. Data qualified with a 
J code may indicate minor accuracy or precision problems. Data qualified as unusable (with an R code) were 
removed from the database. All validated data used in the risk assessment were found to have acceptable 
levels of precision and accuracy. The precision and accuracy levels were not reviewed for non-validated data, 
as mentioned earlier, and introduces some uncertainty to the risk assessment. 

4.5.7 Conclusions 

In summary, the data sets comprising the data presented in Tables 4-7 through 4-31 were reviewed for 
useability and are determined to be adequate for risk assessment purposes. In general, chemical 
contamination which may be present in site media appears to be properly characterized. The level of 
accuracy regarding the concentrations of detected chemicals is acceptable. All of the exposure pathways and 
areas of concern identified in the risk assessment work plan's preliminary site conceptual model have been 
sufficiently addressed in the sampling and analysis program. 
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Contaminant Sources 

Ammunition Burning 
Ground 

Surface soil 
Surface water! 
Sediment (Little 
Sulfur Creek) 
Springs 
Groundwater 

Old Rifle Range 
Surface soil 
Surface water! 
Sediment (Turkey 
Creek) 
Groundwater 

Demolition Range 
Surface soil 
Surface water! 
Sediment (Boggs 
Creek) 
Groundwater 

Potentially-exposed 
Population 

Base personnel! 
families 
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TABLE 4-1 

SWMU - EXPOSURE PATHWAY ANALYSIS 
CURRENT LAND USE SCENARIO 

Page 1 of 2 

Exposure Route 

Inhalation of vapor-phase chemicals 
Inhalation of contaminated 

airborne particulates 
Ingestion of contaminated 

airborne particulates 

Ingestion of contaminated 
soil near Lake Greenwood 

Dermal contact with contaminated 
soil near Lake Greenwood 

Ingestion of contaminated 
surface soil at SWMUs 

Dermal contact with contami
nated surface soil at SWMUs 

Ingestion of contaminated 
subsurface soil at SWMUs 

Dermal contact with contaminated 
subsurface soil at SWMUs 

Ingestion of contaminated 
drinking water (Lake Greenwood) 

Dermal contact with contaminated 
water (Lake Greenwood) 

Inhalation of vapor-phase 
chemicals while showering 

Incidental ingestion of contami
nated water in Facility creeks 

Dermal contact with contami-
nated water in Facility creeks 

Incidental ingestion of contaminated 
sediment in Facility creeks 

Dermal contact with contaminated 
sediment in Facility creeks 

Ingestion of contaminated fish 
from Facility creeks 

Likelihood of 
Pathway 

Completion 

High 
High 

High 

High 

High 

High 

High 

Low 

Low 

High 

High 

Low 

Medium 

Medium 

Medium 

Medium 

Low 

Selection for 
Quantitative 

Evaluation In this 
Assessment 

No 
No 

No 

No 

No 

Yes 

Yes 

No 

No 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 

No 

USEPA 10 No. IN517u:a 
NAVSURFWARCENOIV v...;HA 

February 1999 

Reason for Selection or Exclusion 

Air emissions are evaluated in a separate, companion risk 
assessment. 

Evaluation of direct contact with soli contaminated near Lake 
Greenwood due to particulate deposition is evaluated In 
companion risk assessment. 

Adult personnel assumed to 'visit' each SWMU as part 
of their job. 

Not likely Base Personnel would dig Into soli at these 
SWMUs. 

Lake Greenwood serves as source of Base water for 
drinking and showeringlbathlng. Particulate deposi
tion would also occur over lake, so this pathway Is 
evaluated in the companion risk assessment. Ground
water flow at SWMUs away from Lake Greenwood. 

Some potential for these receptors to play in Facility creeks. 

Fishing by these receptors in Facility creeks may occur; 
however, creeks are not a viable recreational resource. 
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TABLE 4-1 (Continued) 
SWMU - EXPOSURE PATHWAY ANALYSIS 
CURRENT LAND USE SCENARIO 
Page20f2 

Contaminant Sources 
Potentially-exposed 

Population Exposure Route 

Ammunition Burning 
.!lrm!.nQ 

Base personnel! Ingestion of spring water 

Surface soil 
Surface waterl 
Sediment (Little 
Sulfur Creek) 
Springs 
Groundwater 

Old Rifle Range 
Surface soil 
Surface waterl 
Sediment (Turkey 
Creek) 
Groundwater 

Demolition Range 
Surface soli 
Surface waterl 
Sediment (Boggs 
Creek) 
Groundwater 
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families Dermal contact with spring water 

Ingestion of contaminated 
beef/milk 

Ingestion of contaminated 
vegetables 

Ingestion of venison/turkey 

Incidental ingestion of contaminated 
water in Lake Greenwood 

Dermal contact with contaminated 
water in Lake Greenwood 

Ingestion of contaminated 
groundwater at SWMUs 

Dermal contact with contaminated 
groundwater at SWMUs 

Likelihood of 
Pathway 

Completion 

Low 
Low 

Low 

Medium 

Low 

High 

High 

Low 

Low 

Selection for 
Quantitative 

Evaluation In this 
Assessment 

No 
No 

No 

No 

No 

No 

No 

No 

No 

USEPA ID No. INS 170023498 
NAVSURFW ARCENDIV CCRA 

February 1999 

Reason for Selection or Exclusion 

No livestock are raised on Base. 

Very few garden crops are raised on Base by personnel 
stationed at NAVSURFWARCENDIV. 

Hunting by these receptors occurs infrequently. 

High potential for these receptors to recreate in this 
Lake, which is near where they live. This exposure 
pathway is evaluated in the companion document, only because 
SWMUs are downgradient of this lake. 

No drinking water wells exist at these SWMUs. 
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Potentially-exposed 
Contaminant Source Population 

TABLE 4-2 

SWMU - EXPOSURE PATHWAY ANALYSIS 
CURRENT LAND USE SCENARIO 

Page 10f2 

Selection for 
Quantitative 

Likelihood of Evaluation in 
Pathway this 

Exposure Route Completion Assessment 

Ammunition Burning 
~ 

Off-facility rural Inhalation of vapor-phase High No 

Surface soil 
Surface water/ 
Sediment (Little 
Sulfur Creek) 
Springs 
Groundwater 

Old Rifle Range 
Surface soil 
Surface water/ 
Sediment (Turkey 
Creek) 
Groundwater 

Demolition Range 
Surface soil 
Surface water/ 
Sediment (Boggs 
Creek) 
Groundwater 
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residents chemicals 
Inhalation of contaminated 

airborne particulates 
Ingestion of contaminated 

airborne particulates 

Ingestion of contaminated 
off-facility soil 

Dermal contact with contam
inated off-Facility soil 

Ingestion of contaminated 
surface/subsurface soil 
atSWMUs 

Dermal contact with contaminated 
surface/subsurface soil 
atSWMUs 

Ingestion of contaminated 
groundwater 

Dermal contact with contami
nated groundwater 

Inhalation of vapor-phase 
chemicals while showering 

High 

High 

High 

High 

Low 

Low 

High 

High 

High 

No 

No 

No 

No 

No 

No 

Yes 

Yes 

Yes 

USEPA ID No. IN5 170 B 
NAVSURFWARCENDIV ,dA 

February 1999 

Reason for Selection or Exclusion 

Potential for air emissions from ordnance burning 
and detonation to impact ambient air off of 
NAVSURFWARCENDIV is high. This pathway is 
evaluated in companion risk assessment. 

Potential for non-volatile air emissions to disperse in air, and 
deposit and accumulate in off-facility soil. This pathway, 
therefore, is evaluated in companion risk assessment. 

These receptors do not have access to these SWMUs. 

Potential for exposure to groundwater contaminated by 
off-facility transport of solutes. 

Volatile contaminants present in groundwater. 
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TABLE 4-2 (Continued) 
SWMU - EXPOSURE PATHWAY ANALYSIS 
CURRENT LAND USE SCENARIO 
Page 2 of2 

Potentlally-exposed 
Contaminant Source 

Ammunition Burning 
.G.rQyJJg 

Surface soil 
Surface water/ 
Sediment (Little 
Sulfur Creek) 
Springs 
Groundwater 

Old Rifle Range 
Surface soil 
Surface water/ 
Sediment (Turkey 
Creek) 
Groundwater 

Demolition Range 
Surface soil 
Surface water/ 
Sediment (Boggs 
Creek) 
Groundwater 

')2290lIWPlCCRA2lTA84-2.J8S 

Population Exposure Route 

Off-facility rural Incidental ingestion of contami-
residents nated water in Facility creeks 

Dermal contact with contami
nated water in Facility creeks 

Incidental ingestion of 
contaminated sediment in 
Facility creeks 

Dermal contact with contami
nated sediment in Facility 
creeks 

Ingestion of contaminated 
fish from Facility creeks 

Ingestion of contaminated 
beef/milk 

Ingestion of contaminated 
vegetables 

Ingestion of venisonlturkey 

Ingestion of spring water 
Dermal contact with spring water 

while bathing 

Likelihood of 
Pathway 

Completion 

Medium 

Medium 

Medium 

Medium 

Low 

High 

High 

Medium 

High 
High 

Selection for 
Quantitative 
Evaluation In 

this 
Assessment 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

Yes 

Yes 
Yes 

USEPA 10 No. INS 170023498 
NAVSURFW ARCENDIV CCRA 

February 1999 

Reason for Selection or Exclusion 

Some potential for these receptors to contact Facility creeks. 

Fishing by these receptors in Facility creeks may occur; 
however, creeks are not a viable recreational source. 

Potential for chemicals In air emission to accumulate in 
livestock, and crops off the facility. These exposure 
pathways are evaluated in companion risk assessment 

Potential for chemicals is air emissions to accumulate 
in off-Facility vegetables. This exposure pathway 
is evaluated in companion document. 

Hunting by local residents is allowed on the Base. 

Off-facility residents reported to drink/bathe in 
spring water near ABG. 
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Contaminant Source 

Ammunition Burning 
Ground 

Surface soil 
Surface water/ 
Sediment (Little 
Sulfur Creek) 
Springs 
Groundwater 

Old Rifle Range 
Surface soil 
Surface water/ 
Sediment (Turkey 
Creek) 
Groundwater 

Demolition Range 
Surface soil 
Surface water/ 
Sediment (Boggs 
Creek) 
Groundwater 

Potentially-exposed 

TABLE 4-3 

SWMU - EXPOSURE PATHWAY ANALYSIS 
CURRENT LAND USE SCENARIO 

Page 1 of2 

Selection for 
Quantitative 

Likelihood of Evaluation in 
Pathway Com- this 

Population Exposure Route pletion Assessment 

SWMU workers Inhalation of vapor-phase 
chemicals 

Inhalation of contaminated 
airborne particulates 

Ingestion of contaminated 
airborne particulates 

Ingestion of contaminated 
on-SWMU soil 

Dermal contact with contam
inated on-SWMU soil 

Incidental ingestion of 
contaminated groundwater 

Dermal contact with contami
nated groundwater 

Inhalation of vapor-phase 
chemicals while showering 

Incidental ingestion of contam
inated water in Facility creeks/ 
springs 

Dermal contact with contami
nated water in Facility creeks/ 
springs 

Incidental ingestion of 
contaminated sediment in 
Facility creeks 

Dermal contact with contami
nated sediment in Facility 
creeks 

Ingestion of contaminated 
fish from Facility creeks 

High No 

High No 

High No 

High Yes 

High Yes 

Medium Yes 

Medium Yes 

Low No 

Low No 

Low No 

Low No 

Low No 

Low No 
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Reason for Selection or Exclusion 

Potential for direct exposure to air emissions from 
ordnance burning and detonation is high. This exposure 
pathway is evaluated in companion risk assessment. 

High potential for direct contact with contaminated soil 
by SWMU workers. 

Potential for SWMU workers at ABG to coritact 
contaminants in groundwater at this SWMU. 

No showering/bathing facilities at ABG. 

SWMU workers unlikely to have significant or repeated 
contact with Facility creeks or creeks. 

Fishing by these receptors in Facility creeks may occur; 
however. creeks are not a viable recreational source. 
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TABLE 4-3 (Continued) 
SWMU - EXPOSURE PATHWAY ANALYSIS 
CURRENT LAND USE SCENARIO 
Page2of2 

Potentially-exposed 
Contaminant Source Population Exposure Route 

Ammunition Burning 
~ 

Surface soil 
Surface water/ 
Sediment (Uttle 
Sulfur Creek) 
Springs 
Groundwater 

Old Rifle Range 
Surface soil 
Surface water/ 
Sediment (Turkey 
Creek) 

• Groundwater 

Demolition Range 
Surface soil 
Surface water/ 
Sediment (Boggs 
Creek) 
Groundwater 

L:W\ 122901IWPlCCRA2lTAJl4.3,JBS 

SWMU workers Ingestion of contaminated 
beef/milk 

Ingestion of contaminated 
vegetables 

Ingestion of venison/turkey 

Likelihood of 
Pathway Com

pletion 

Low 

Low 

Medium 

Selection for 
Quantitative 
Evaluation in 

this 

USEPA ID No. INS 170023498 
NAVSURFW ARCENDIV CeRA 

February 1999 

Assessment Reason for Selection or Exclusion 

No Low potential for SWMU workers to receive high 
percentage of their dietary foodstuffs from local sources. 

No 

Yes Hunting by these receptors does occur; however, 
venison/turkey is not a major part of their diet. 
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Contaminant Source 

Ammunition Burning 
Ground 

Surface soil 
Surface water! 
Sediment (Little 
Sulfur Creek) 
Springs 
Groundwater 

Old Rifle Range 
Surface soil 
Surface water! 
Sediment (Turkey 
Creek) 
Groundwater 

Demolition Range 
Surface soil 
Surface water! 
Sediment (Boggs 
Creek) 
Groundwater 

Potentially-exposed 
Population 

Park visitors! 
employees 

L:IWORKlCT022901IWPlCCRA2ITAB4-4.JBS 

TABLE 4-4 

SWMU - EXPOSURE PATHWAY ANALYSIS 
FUTURE LAND USE SCENARIO 

Page 1012 

Exposure Route 

Inhalation of vapor-phase 
chemicals 

Inhalation of contaminated 
airborne particulates 

Ingestion of contaminated 
airborne particulates 

Ingestion of contaminated 
on-SWMU soil 

Dermal contact with contam
inated on-SWMU soil 

Ingestion of contaminated 
groundwater 

Dermal contact with contami
nated groundwater 

Inhalation of vapor-phase 
chemicals while showering 

Incidental ingestion of contami
nated water in creeks/springs 

Dermal contact with contami
nated water in creeks!springs 

Incidental ingestion of 
contaminated sediment in 
Facility creeks 

Dermal contact with contami
nated sediment in Facility 
creeks 

Ingestion of contaminated 
fish from Facility creeks 

Likelihood of 
Pathway Com-

pletion 

Low 

Low 

Low 

High 

High 

Medium 

Medium 

Low 

High 

High 

High 

High 

Low 

Selection for 
Quantitative 
Evaluation in 

this 
Assessment 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

No 

USEPA 10 No. INS 170 )3 
NAVSURFWARCENDj\, IA 

February '1999 

Reason for Selection or Exclusion 

Under this scenario, burning/detonation activities have 
ceased and the SWMUs are turned into a park. Low 
potential for volatile emissions. 

Low potential for exposure to air emissions due to 
fugitive dust. 

High potential for direct contact with contaminated soil. 

Drinking water wells could be installed throughout the 
Park area, including at these SWMUs. 

Showers not likely to be installed at park. 

Potential for park visitors to play in Facility creeks and 
associated on-facility springs is high. 

Fishing by these receptors in Facility creeks may occur; 
however, creeks are not a viable recreational source. 
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TABLE 4-4 (Continued) 
SWMU - EXPOSURE PATHWAY ANALYSIS 
FUTURE LAND USE SCENARIO 
Page 2 of2 

Contaminant Source 

Ammunition Burning 
~ 

Surface soil 
Surface water/ 
Sediment (Little 
Sulfur Creek) 
Springs 
Groundwater 

Old Rifle Range 
Surface soil 
Surface water/ 
Sediment (Turkey 
Creek) 
Groundwater 

Demolition Range 
Surface soil 
Surface water/ 
Sediment (Boggs 
Creek) 
Groundwater 

Potentially-exposed 
Population Exposure Route 

Park visitors/ Ingestion of contaminated 
employees beef/milk 

Ingestion of contaminated 
vegetables 

Ingestion of venison/turkey 

L:W\ J22901IWPlCCRA2lTABH.JBS 

Likelihood of 
Pathway Com

pletion 

Low 

Low 

Medium 

Selection for 
Quantitative 
Evaluation in 

this 

USEPA ID No. INS 170 023 498 
NAVSURFWARCENDIV CCRA 

February 1999 

Assessment Reason for Selection or Exclusion 

No Route of exposure not expected to be applicable to this 
receptor. 

No Route of exposure not expected to be applicable to this 
receptor. 

Yes Deer and turkey hunting does occur at base, albeit 
Infrequently. Hunting activity could Increase substantially 
if land converted to park/natural area. 

CTOI .9 



Potentially-exposed 
Contaminant Source Population 

TABLE 4-5 

SWMU - EXPOSURE PATHWAY ANALYSIS 
FUTURE LAND USE SCENARIO 

Exposure Route 

Selection for 
Quantitative 

Likelihood of Evaluation in 
Pathway Com- this 

pletion Assessment 

Ammunition 8urning 
Ground 

On-SWMU residents Inhalation of vapor-phase 
chemicals 

Low No 

Surface soil 
Surface water/ 
Sediment (Little 
Sulfur Creek) 
Springs 
Groundwater 

Old Rifle Range 
Surface soil 
Surface water/ 
Sediment (Turkey 
Creek) 
Groundwater 

Demolition Range 
Surface soil 
Surface water/ 
Sediment (80ggs 
Creek) 
Groundwater 

LlWORKlCT02290lIWPlCCRA2lTAB4·5.JBS 

Inhalation of contaminated 
airborne particulates 

Ingestion of contaminated 
airborne particulates 

Ingestion of contaminated 
on-SWMU soil 

Dermal contact with contaminated 
on-SWMU soil 

Ingestion of contaminated 
groundwater 

Dermal contact with contaminated 
groundwater 

Inhalation of vapor-phase 
chemicals while showering 

Incidental ingestion of contaminated 
water in Facility creeks/springs 

Dermal contact with contaminated 
water in Facility creeks/springs 

Incidental ingestion of 
contaminated sediment in 
Facility creeks 

Dermal contact with contaminated 
sediment in Facility creeks 

Ingestion of contaminated 
fish from Facility creeks 

Ingestion of contaminated beef/milk 

Ingestion of contaminated 
vegetables 

Ingestion of venison/turkey 

Low 

Low 

High 

High 

High 

High 

High 

High 

High 

High 

High 

Low 

High 

High 

Medium 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

USEPA 10 No. INS 17r :3 
NAVSURFWARCEND.\ .A 

February 1999 

RationalelReason for Selection or Exclusion 

Under this scenario, burning/detonation activities have 
ceased and the SWMUs are turned into residential areas. 

Low potential for exposure to SWMU air emissions due to 
fugitive dusts. 

High potential for direct contact with contaminated soil. 

On-site residents likely to have drinking water well. 

VOCs are present in groundwater. 

Potential for residents to play in Facility creeks and springs 
is high. 

Fishing by these receptors may occur; however, the Facility 
creeks are not viable recreational sources. 

High potential for livestock to be raised in rural area. 

Potential high for residents to consume garden vegetables 
grown at home. 

High potential for hunting in rural area. 

CTO No. 229 



TABLE 4-6 

USEPA ID No. IN5 170 023498 
NAVSURFWARCENDIV CCRA 

November 1997 

NUTRIENT SCREENING VALUES 

Nutrient 

Calcium 

Magnesium 

Iron 

Potassium 

Sodium 

RDAA 
(mg/kg-d)B 

14 

5.7 

0.26 

0.57 

20c 

A U.S. Recommended Daily Allowance (USEPA, 1994a). 
B Milligrams per kilogram per day. 
c See text. 

L:\WORK\CT022901 \WP\CCRA1\TAB4-6.JBS 

Nutrient Screening Value 
(ppm) 

Soil/Sediment Water 

1,000,000 510 

1,000,000 200 

70,000 9.4 

150,000 20 

1,000,000 730 

CTO No. 229 
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TABLE 4-7 

USEPA 10 No. IN5 170 023 498 
NAVSURFWARCENOIV CCRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - ABG PROPER SURFACE SOIL 
Page 1 of2 

Range of Arithmetic 95% 
Frequency Range of Reporting Mean UCL Exposure Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1,3-0initrobenzene 1/87 0.128 0.25 0.125 0.125 0.125 

1,3,5-Trinitrobenzene 27/87 0.065 - 12.6 0.25 0.30 0.385 0.385 

2-Amino-4,6- 21/62 0.01 - 5.65 0.25 0.245 0.324 0.324 
dinitrotoluene 

2,3,7,8-TCOO 3/3 1.56E-06 - 2.47E- NA 2.0E-06 3.9E-06 2.47E-06 
equivalents 06 

2,4-0initrotoluene 19/87 0.015 - 16.7 0.25 0.245 0.312 0.312 

2,4,6-Trinitrotoluene 45/87 0.02 -1,640 0.25 - 0.65 1.69 3.37 3.37 

2,6-0initrotoluene 7/62 0.1 - 0.575 0.26 0.145 0.154 0.154 

4-Amino-2,6- 27/62 0.06 - 8.2 0.25 0.26 0.335 0.335 
dinitrotoluene 

Aluminum 18/18 2,490 - 11,800 NA 6,544 7,920 7,920 

Antimony 12/18 4.9 - 47.8 4.3 - 5.1 9.3 15.1 15.1 

Arsenic 18/18 2.4 - 24.3 NA 7.3 10 10 

Barium 18/18 33 -1,500 NA 313 740 740 

Cadmium 5/18 1.45 -15.8 1.1 -1.3 2.2 3.7 3.7 

Chromium 18/18 4.6 - 39.8 NA 14.4 19.2 19.2 

Cobalt 18/18 2.7 - 22.1 NA 9.5 13 13 

.:T022901\WP\CCRA1\TAB4-7, CTO~· '9 



TABLE 4-7 (Continued) 

USEPA 10 No. IN5 170 a 
NAVSURFWARCENDIV ,e{A 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - ABG PROPER SURFACE SOIL 
Page 2 of2 

Range of Arithmetic 95% 
Frequency Range of Reporting Mean UCL Exposure Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

Copper 18/18 4.6 - 5,860 NA 400 1,365 1,365 

Oi-n-butyl phthalate 4/4 0.03 - 0.11 NA 0.08 0.123 0.11 

HMX 49/87 0.035 - 223 2.2 7.8 13.9 13.9 

Lead 18/18 6.0-4,180 NA 464 3,686 3,686 

Manganese 18/18 128 - 6,340 NA 974 1,756 1,756 

Mercury 4/18 0.20 -1.9 0.11 - 0.13 0.31 0.58 0.58 

Nickel 18/18 6.8 - 33.1 NA 16.3 21.3 21.3 

ROX 36/87 0.035 - 1,820 1.0 4.9 9.74 9.74 

Silver 13/18 1.3 -153 1.1 - 1.2 10 11.9 11.9 

Tetryl 3/87 0.115 - 0.679 0.25 - 0.65 0.321 0.338 0.338 

Thallium 3/18 0.23 - 0.28 0.22 - 0.26 0.14 0.16 0.16 

Vanadium 18/18 6.2 - 24.7 NA 14.7 16.7 16.7 

Zinc 18/18 31.5 - 24,800 NA 1,579 2,428 2,428 

A Number of samples in which the analyte was detected/total number of samples analyzed. 
B The 95% UCL (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989). 
NA = Not applicable. NC = Not calculated due to insufficient data. 

l:IWORKlCT022901IWPICCRA1ITAB4-7. CTO No. 229 



USEPA ID No. IN5 170 023 498 
NAVSURFWARCENDIV CCRA 

November 1997 

TABLE 4-8 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - JEEP TRAIL SURFACE SOIL 
Page 1 of 2 

Range of Range of Arithmetic 95% 
Frequency Detected Reporting Mean UCL Exposure Point 

of Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

2.4-Dinitrotoluene 3/5 0.099 - 38.0 0.38 - 0.42 7.8 6.8E+06 38 

~,6-Dinitrotoluene 2/5 0.039 - 4.0 0.38 - 0.42 0.93 907 4.0 

Aluminum 5/5 3,810 - 9,050 NA 6,399 8,318 8,318 

Arsenic 5/5 6.0 -14.3 NA 8.7 13.8 13.8 

Barium 5/5 121 - 2,720 NA 702 35,818 2,720 

Cadmium 4/5 0.78-1.75 0.23 0.93 1.5 1.5 

Copper 5/5 19.2-91.6 NA 45.9 164 91.6 

Cyanide 5/5 0.2 - 0.45 NA 0.36 0.47 0.45 

Diethyl phthalate 115 0.023 0.38 - 0.46 0.17 0.25 0.023 

Di-n-butyl phthalate 5/5 0.024 - 28.0 NA 5.8 4.1E+09 28.0 

HMX 3/5 0.45 - 2.0 2.2 1.1 2.8 2.0 

Nickel 5/5 11.5 - 28.2 NA 15.9 25.7 25.7 

N-Nitrosodiphenylamine 2/5 0.048 - 8.1 0.38 - 0.42 1.75 16,057 8.1 

RDX 1/5 1.42 1.0 0.68 1.37 1.37 

Selenium 2/5 0.61 - 0.68 0.48 - 0.50 0.41 0.62 0.62 

Zinc 5/5 71.6 - 301 NA 160 385 301 

L:" 'I<\CT022901\WP\CCRA1\TAB4-S. CTC f\' '9 



TABLE 4-8 (Continued) 

USEPA 10 No. IN5 170 , :i8 
NAVSURFWARCENOIV t,CRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - JEEP TRAIL SURFACE SOIL 
Page 2 of2 

A Number of samples in which the analyte was detected/total number of samples analyzed. 
B The 95% UCL (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989). 
NA = Not applicable. NC = Not calculated due to insufficient data. 

l:\WORK\CT022901\WP\CCRA1\TAB4-8. 'CTO No. 229 



TABLE 4-9 

USEPA ID No. IN5 170 023 498 
NAVSURFWARCENDIV CCRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - ABG PROPER SURFACE/SUBSURFACE SOIL COMBINED 
Page 1 of2 

Range of Arithmetic 95% 
Frequency Range of Reporting Mean UCL Exposure Point 

of Detected Values Limits Concentration Concentration ConcentrationS 
Chemical DetectionA (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1,3-Dinitrobenzene 1/131 0.128 0.25 - 25 0.219 0.375 0.128 

1,3,5-Trinitrobenzene 31/131 0.065 - 37.5 0.25 0.289 0.351 0.351 

2-Amino-4.6- 24/88 0.01 - 5.65 0.25 - 25 0.25 0.315 0.315 
dinitrotoluene 

2,3,7,8-TCDD equivalents 3/3 1.56E-06 - 2.47E- NA 2.0E-06 3.9E-06 2.47E-06 
06 

2,4-Dinitrotoluene 21/131 0.015 -16.7 0.25 - 25 0.219 0.259 0.259 

2,4,6-Trinitrotoluene 57/131 0.02 - 2,030 0.25 - 0.65 1.73 3.0 3.0 

2,6-Dinitrotoluene 7/88 0.1 - 0.575 0.26 - 26 0.167 0.186 0.186 

4-Amino-2,6- 32/88 0.02 - 8.2 0.25 - 25 0.264 0.337 0.337 
dinitrotoluene 

Acetone 1/5 0.028 0.011 - 0.015 0.011 0.037 0.028 

Aluminum 22/22 2,490 - 11,800 NA 6,573 7,742 7,742 

Antimony 16/22 4.9 - 47.8 4.3 - 5.1 9.6 14.7 14.7 

Arsenic 22/22 2.2 - 23.3 NA 6.8 9 9 

Barium 22/22 33 -1,500 NA 299 583 583 

Bis{2-ethylhexyl)phthalate 1/5 0.28 0.37 - 0.41 0.21 0.26 0.26 

Cadmium 6/22 1.1 -15.8 1.1-1.3 1.9 2.7 2.7 

L:\l' "\CT022901\WP\CCRA1\TAB4-9, CTOt--' '1,9 



TABLE 4-9 (Continued) 

USEPA 10 No. IN5 170 (, J8 
NAVSURFWARCENDIV ceRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - ABG PROPER SURFACE/SUBSURFACE SOIL COMBINED 
Page 20f2 

Range of Arithmetic 95% 
Frequency Range of Reporting Mean UCL Exposure Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

Chromium 22122 4.6 -39.8 NA 13.9 17.2 17.2 

Cobalt 22/22 2.7 - 22.1 NA 9.5 12.2 12.2 

Copper 22/22 4.6 - 5,860 NA 339 667 667 

Di-n-butyl phthalate 5/5 0.03 - 0.18 NA 0.1 0.15 0.15 

HMX 62/131 0.035 - 232 2.2 5.53 8.3 8.3 

Lead 22/22 6.0-4,180 NA 394 1,743 1,743 

Manganese 22/22 128 - 6,340 NA 1,140 2,054 2,054 

Mercury 5/22 0.15-1.9 0.11 - 0.13 0.27 0.39 0.39 

Nickel 22/22 6.8 -46.0 NA 18.2 23.4 23.4 

RDX 46/131 0.035 - 1,820 0.1-1.0 3.4 5.3 5.3 

Silver 17/22 1.3-153 1.1 - 1.2 8.7 7.4 7.4 

Tetryl 4/131 0.115 -0.776 0.25 -65 0.568 0.972 0.776 

Thallium 3/22 0.23 - 0.28 0.21 - 0.27 0.14 0.15 0.15 

Vanadium 22/22 6.2 - 24.7 NA 14.5 16 16 

Zinc 22/22 31.5 - 24,800 NA 1,358 1,791 1,791 

A Number of samples in which the analyte was detected/total number of samples analyzed. 
B The 95% UCL (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989). 
~A = Not applicable. 

l:IINORK\CT022901IWPICCRA lITAB4-9. CTO No. 229 



TABLE 4-10 

USEPA ID No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - LlTIlE SULPHUR CREEK SURFACE 
WATER (ABG) 

Range of Arithmetic 95% 
Frequency Range of Reporting Mean UCl Exposure Point 

of Detected Values limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 

2,4-Dinitrotoluene 2/10 0.004 - 0.009 0.005 - 0.02 0.007 0.013 0.009 

Aluminum 4/6 0.106 - 2.21 0.05 0.99 2,772 2.21 

Arsenic 2/6 0.0019 - 0.0031 0.001 - 0.004 0.0016 0.0024 0.0024 

Barium 6/6 0.1125 - 0.2235 NA 0.1513 0.2193 0.2193 

Cadmium 1/6 0.0022 0.001 - 0.002 0.001 0.0022 0.0022 

Chromium 1/6 0.0023 0.001 - 0.005 0.00213 0.00280 0.0023 

Copper 3/6 0.0067 - 0.0292 0.002 - 0.005 0.0078 0.014 0.014 

Diethylphthalate 1/4 0.0007 0.005 - 0.01 0.0027 0.0048 0.0007 

Di-n-butylphthalate 1/4 0.0011 0.001 - 0.01 0.0023 0.125 0.0011 

HMX 5/10 0.014 - 0.045 0.013 - 0.02 0.019 0.0336 0.0336 

lead 5/6 0.0013-0.13 0.001 0.033 449 0.13 

Manganese 6/6 0.0124 - 0.2175 NA 0.092 0.79 0.2175 

Methylene chloride 1/4 0.013 0.003 - 0.01 0.006 0.15 0.013 

RDX 2/10 0.024 - 0.037 0.014 - 0.02 0.013 0.02 0.02 

Zinc 2/6 0.0952 - 0.2 0.005 - 0.021 0.05 61 0.2 

A Number of samples in which the analyte was detected/total number of samples analyzed. 
B The 95% UCl (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989). 
NA = Not applicable. 

L:' ~T022901\WP\CCRA1\TAB4-10. CTON 9 



TABLE 4-11 

USEPA 10 No. IN5170 /8 
NAVSURFWARCENOIV ceRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - LITTLE SULPHUR CREEK SEDIMENT (ABG) 
Page 1 of 2 

Range of Arithmetic 95% 
Frequency Range of Reporting Mean UCL Exposure Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical OetectionA (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1,3,5-Trinitrobenzene 5/12 0.05 - 0.20 0.25 0.114 0.143 0.143 

2-Butanone 2/4 0.001 - 0.008 0.011 - 0.012 0.0051 0.0086 0.008 

2,4-0initrotoluene 3/12 0.105 - 0.530 0.25 0.178 0.264 0.264 

2,4,6-Trinitrotoluene 10/12 0.094 - 1.063 0.25 0.343 0.712 0.712 

Acetone 3/4 0.007 - 0.024 0.012 0.011 0.066 0.024 

Aluminum 6/6 7,130 - 25,500 NA 13,093 26,991 25,500 

Antimony 6/6 1.4 - 29.8 NA 15.9 25.0 25.0 

Arsenic 6/6 6.6 - 62.0 NA 21.3 71.8 62.0 

Barium 6/6 67.2. - 2,030 NA 519 6,502 2,030 

Cadmium 2/6 0.24 - 6.1 0.22 -1.4 1.2 40.4 6.1 

Copper 6/6 24.7 -318 NA 76.9 485 318 

Cyanide 2/6 0.39 - 0.40 0.52 - 0.63 0.319 0.381 0.381 

Oi-n-butylphthalate 4/4 0.032 - 0.79 NA 0.188 1,347 0.79 

HMX 8/12 0.245 - 10.2 0.90 -2.2 1.5 3.7 3.7 

Lead 6/6 17.7 - 284 NA 109 915 284 

N-Nitrosodiphenylamine 1/6 0.085 0.35 - 0.38 0.169 0.203 0.085 

L:lWORK\CT022901IWPICCRA1ITAB4-11. CTc No. 229 



TABLE 4-11 (Continued) 

USEPA 10 No. IN5170 023 498 
NAVSURFWARCENOIV CCRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - LITTLE SULPHUR CREEK SEDIMENT (ABG) 
Page 2 of2 

Range of Arithmetic 95% 
Frequency Range of Reporting Mean UCL Exposure Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

ROX 2/12 0.405 -1.78 0.90 -1.0 0.567 0.726 0.726 

Silver 4/6 2.4 - 3.8 0.29 - 0.31 2.13 3.45 3.45 

Vanadium 6/6 25.3 - 58.3 NA 37.0 49.7 49.7 

Zinc 6/6 99.8 -1,060 NA 395 3,687 1,060 

A Number of samples in which the analyte was detected/total number of samples analyzed. 
B The 95% UCL (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989). 
NA = Not applicable. NC = Not calculated due to insufficient data. 

L:' CT022901IWPICCRA1ITAB4-11. CTO" 



TABLE 4-12A 

USEPA 10 No. IN5 170 i, ;;)B 
NAVSURFWARCENOIV ceRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - ON-SITE SPRING WATER - ABG 
Page 1 of 2 

Range of Arithmetic 95% 
Frequency Range of Reporting Mean UCL Exposure Point 

of Detected Values Limits Concentration Concentration ConcentrationS 
Chemical DetectionA (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

1,3,5-Trinitrobenzene 1/3 0.00081 0.002 0.0009 0.00125 0.00081 

2,4,6-Trinitrotoluene 1/3 0.002 0.002 0.0013 0.0060 0.002 

Aldrin 1/3 0.0011 0.000025 0.0003 3.2E+16 0.0011 

Aluminum 3/3 0.0684 - 0.92 NA 0.456 1.4E+07 0.92 

Arsenic 3/3 0.0025 - 0.0032 NA 0.0029 0.0038 0.0032 

Barium 3/3 0.06945 - 0.123 NA 0.099 0.237 0.123 

Bis(2-ethylhexyl)phthalate 1/3 0.0037 0.01 0.0046 0.0069 0.0037 

Chromium 1/3 0.0031 0.001 - 0.002 0.0015 B.68 0.0031 

Cobalt 1/3 0.0031 0.001 0.0013 64.5 0.0031 

Copper 2/3 0.0015 - 0.0066 0.001 0.0028 22,347 0.0066 

HMX 3/3 0.003 - 0.0383 NA 0.024 1.4E+06 0.0383 

Manganese 3/3 0.003 - 0.1175 NA 0.038 1.2E+13 0.1175 

Mercury 1/3 0.00069 0.0001 0.00028 78.7 0.00069 

Methylene chloride 2/3 0.0016 - 0.0034 0.004 0.0023 0.015 0.0034 

Nickel 2/3 0.0014 - 0.006 0.001 0.0026 6,417 0.006 

ROX 3/3 0.0084 - 0.156 NA 0.079 1.1 E+OB 0.156 

L:lWORK\CT022901IWPICCRA lITAS4-12.A CTO No. 229 



TABLE 4-12A (Continued) 

USEPA 10 No. IN5170 023 498 
NAVSURFWARCENOIV CCRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - ON-SITE SPRING WATER - ABG 
Page 2 of2 

Range of Arithmetic 95% 
Frequency Range of Reporting Mean UCL Exposure Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

Selenium 1/3 0.0021 0.002 0.0014 0.01 0.0021 

Thallium 1/3 0.0045 0.002 0.002 3.3 0.0045 

Trichloroethylene 1/3 0.003 0.005 0.0027 0.0034 0.003 

Vanadium 1/3 0.0048 0.001 0.0017 53,973 0.0048 

Xylene 2/3 0.0023 - 0.0024 0.005 0.0024 0.0026 0.0024 

Zinc 1/3 0.0139 0.003 - 0.006 0.006 1,776 0.0139 

A Number of samples in which the analyte was detected/total number of samples analyzed. 
B The 95% UCL (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989). 
NA = Not applicable. 
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TABLE 4-12B 

USEPA 10 No. IN5 170 (' :38 
NAVSURFWARCENOIV CCRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - OFF-SITE SPRING WATER - ABG 

Range of Arithmetic 95% 
Frequency Range of Reporting Mean UCL Exposure Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

Aluminum 2/2 0.0223 - 0.224 NA 0.123 0.76 0.224 

Antimony 1/2 0.0042 0.003 0.0029 0.011 0.0042 

Barium 2/2 0.0545 - 0.0764 NA 0.065 0.135 0.0764 

Carbon disulfide 1/2 0.002 0.01 0.0035 0.013 0.002 

Copper 1/2 0.0016 0.001 0.001 0.005 0.0016 

Oi-n-butylphthalate 2/2 0.0006 - 0.0008 NA 0.0007 0.0013 0.0008 

Manganese 2/2 0.0019 - 0.015 NA 0.008 0.05 0.015 

Nickel 1/2 0.002 0.001 0.001 0.006 0.002 

Zinc 2/2 0.0061 - 0.0085 NA 0.007 0.015 0.0085 

A Number of samples in which the analyte was detected/total number of samples analyzed. 
B The 95% UCL (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989). 
NA = Not applicable. 
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TABLE 4-12C 

USEPA 10 No. IN5 170023498 
NAVSURFWARCENOIV CCRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - ON-SITE SPRING A - ABG 

Range of Arithmetic 95% Exposure 
Frequency Range of Reporting Mean UCL Point 

Chemical of Detected Values Limits Concentration Concentration ConcentrationB 
DetectionA (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

1,3,5-Trinitrobenzene 1/1 0.00081 NA NA NA 0.00081 

2,4,6-Trinitrotoluene 1/1 0.002 NA NA NA 0.002 

Aldrin 1/1 0.0011 NA NA NA 0.0011 

Aluminum 1/1 0.0684 NA NA NA 0.0684 

Arsenic 1/1 0.0032 NA NA NA 0.0032 

Barium 1/1 0.123 NA NA NA 0.123 

Copper 1/1 0.0015 NA NA NA 0.0015 

HMX 1/1 0.024 NA NA NA 0.024 

Manganese 1/1 0.0092 NA NA NA 0.0092 

Nickel 1/1 0.0014 NA NA NA 0.0014 

ROX 1/1 0.057 NA NA NA 0.057 

Selenium 1/1 0.0021 NA NA NA 0.0021 

Thallium 1/1 0.0045 NA NA NA 0.0045 

Xylene 1/1 0.0023 NA NA NA 0.0023 

A Number of samples in which the analyte was detected/total number of samples analyzed. 
B The 95% UCL (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989). 
NA = Not applicable. 
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TABLE 4-13 

USEPA 10 No. IN5 170 i8 
NAVSURFWARCENOIV CGRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER (BEAVER BEND) - ABG 

Range of Arithmetic 95% 
Frequency Range of Reporting Mean UCl Exposure Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 

Arsenic 2/3 0.0063 - 0.0098 0.005 0.0062 0.0124 0.0098 

Benzo(a)anthracene 1/3 0.0012 0.01 0.0037 0.0074 0.0012 

Bis(2-ethylhexyl) 1/3 0.0022 0.01 0.004 0.007 0.022 
phthalate 

Chrysene 1/3 0.0012 0.01 0.0037 0.0074 0.0012 

N-Nitrosodiphenylamine 2/3 0.0014 - 0.0015 0.01 0.0026 0.006 0.0015 

Zinc 3/3 0.01 - 0.015 NA 0.012 0.016 0.015 

A Number of samples in which the analyte was detected/total number of samples analyzed. 
B The 95% UCl (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989). 
NA = Not applicable. 

L:\WORK\CT022901\WP\CCRA1\TAB4-13 CTa No. 229 



TABLE 4-14 

USEPA 10 NO.IN5170 023 498 
NAVSURFWARCENOIV CCRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER (BEECH CREEK AQUIFER) -
ABGPROPER 

Page 1 of2 

Range of Arithmetic 95% 
Frequency Range of Reporting Mean UCl Exposure Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

1 ,2-Dichloroethane 4/16 0.0011 - 0.018 0.005 - 0.05 0.005 0.009 0.009 

1,2-Dichloroethylene 1/16 0.034 0.005 - 0.12 0.007 0.017 0.017 

1,3,S-Trinitrobenzene 2/17 0.0042 - 0.00S9 0.001 - 0.01 0.002 0.003 0.003 

2-Amino-4,6-dinitrotoluene 1/2 0.012 0.001 0.0063 0.042 0.012 

2-Butanone S/16 0.0023 - 0.023 0.01 - 0.2S 0.015 0.038 0.023 

Acetone 6/16 0.0035 - 0.0066 0.01 - 0.2S 0.011 0.022 0.0066 

Aldrin 2/16 0.00018 - 0.0012 O.OOOOS 0.00006 0.00014 0.00014 

Aluminum 6/16 0.24 - 4.1 0.2 0.64 2.6 2.6 

Arsenic S/16 0.00S4 - 0.021 0.005 0.005 0.007 0.007 

Barium 2/16 0.13 - 0.43 0.1 0.07 0.099 0.099 

Benzyl alcohol 1/16 0.002 0.01 - 0.02 O.OOS 0.006 0.002 

Bis(2-ethylhexyl)phthalate S/16 0.0012 - 0.034 0.01 0.007 0.011 0.011 

Chromium 1/16 0.033 0.03 0.016 0.018 0.018 

cis-1,2-0ichloroethylene 1/1 0.049 NA NA NA 0.049 

Cyanide 1/16 0.011 0.01 0.005 0.006 0.006 

Heptachlor epoxide 3/16 0.000078 - O.OOOOS 0.00004 .0.00007 0.00007 
0.00024 

L:' ~T02290lIWPlCCRA1\TAB4-14. CTO~ '9 



USEPA 10 No. INS 170 '8 
NAVSURFWARCENOIV ,'{A 

November 1997 

TABLE 4-14 (Continued) 
EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER (BEECH CREEK AQUIFER) " 
ABG PROPER 
Page 2 of2 

Range of Arithmetic 95% 
Frequency Range of Reporting Mean UCL Exposure Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

HMX 8/17 0.0031 - 0.0347 0.001 - 0.002 0.0086 0.0358 0.0347 

Lead 8/16 0.005 - 0.039 0.005 - 0.01 0.01 0.021 0.021 

Manganese 15/16 0.015 - 1.2 0.01 0.357 2.4 1.2 

Mercury 2/16 0.00022 - 0.0012 0.0002 - 0.00015 0.00022 0.00022 
0.00022 

Methylene chloride 8/16 0.0013 - 0.018 0.004 - 0.005 0.003 0.0046 0.0046 

Nitrobenzene 1/17 0.0014 0.001 - 0.002 0.00098 0.001 0.001 

N-Nitrosodiphenylamine 3/16 0.0012 - 0.0015 0.01 - 0.02 0.0046 0.0055 0.0015 

ROX 9/17 0.02 - 0.305 0.001 - 0.002 0.0708 1.65 0.305 

Tetrachloroethylene 1/16 0.0012 0.005 - 0.05 0.0033 0.0048 0.0012 

trans-1,2-0ichloroethylene 1/1 0.006 NA NA NA 0.006 

Trichloroethylene 11/16 0.0025 - 3.55 0.005 0.203 10.7 3.55 

Vinyl chloride 1/16 0.002 0.01-0.10 0.0066 0.0097 0.0097 

Zinc 13/16 0.022 - 0.20 0.01 0.067 0.18 0.18 

A Number of samples in which the analyte was detected/total number of samples analyzed. 
B The 95% UCL (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989). 
NA = Not applicable. 

L:lWORKlCT022901IWPICCRA1ITAB4·14. CTa No. 229 



TABLE 4-15 

USEPA 10 No. IN5170 023 498 
NAVSURFWARCENOIV CCRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER (GOLCONDA AQUIFER) - ABG 
Page 1 of 2 

Range of Arithmetic 95% 
Frequency Range of Reporting Mean UCL Exposure Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

Aluminum 2/2 1.06 - 55.8 NA 28.4 201 55.8 

Antimony 1/2 0.052 0.008 0.028 0.179 0.052 

Arsenic 2/2 0.00345 - 0.074 NA 0.0387 0.261 0.074 

Barium 2/2 0.1125 -1.47 NA 0.791 5.07 1.47 

Beryllium 1/2 0.0075 0.001 0.004 0.026 0.0075 

Chromium 2/2 0.00615 - 0.0869 NA 0.046 0.301 0.0869 

Cobalt 2/2 0.0065 - 0.137 NA 0.072 0.48 0.137 

Copper 1/2 0.107 0.005 0.055 0.38 0.107 

HMX 1/1 0.002 NA NA NA 0.002 

Lead 2/2 0.0019 - 0.16 NA 0.08 0.58 0.16 

Manganese 2/2 0.343 -11.5 NA 5.9 41 11.5 

Mercury 1/2 0.00064 0.0001 0.00037 0.002 0.00065 

Nickel 2/2 0.023 - 0.332 NA 0.177 1.15 0.332 

ROX 2/1 0.00115 NA NA NA 0.00115 

Silver 1/2 0.0095 0.005 0.006 0.028 0.0095 

l:\' CT022901IWP\CCRA1ITAB4-15. CTa f\' '.9 



TABLE 4-15 (Continued) 

USEPA 10 No. IN5 170 [ 38 
NAVSURFWARCENOIV ceRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER (GOLCONDA AQUIFER) - ABG 
Page 2 of2 

Range of Arithmetic 95% 
Frequency Range of Reporting Mean UCL 

of Detected Values Limits Concentration Concentration 
Chemical DetectionA (mg/L) (mg/L) (mg/L) (mglL) 

Vanadium 1/2 0.0857 0.005 0.044 0.307 

Zinc 2/2 0.03 - 0.454 NA 0.24 1.6 

A Number of samples in which the analyte was detected/total number of samples analyzed. 
B The 95% UCL (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989). 
NA = Not applicable. 

L:lWORKlCT0229011WP\CCRA1ITAB4·15. 

Exposure Point 
ConcentrationB 

(mg/L) 

0.0857 

0.454 
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TABLE 4-16 

USEPA ID No. IN5170 023498 
NAVSURFWARCENDIV CCRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER (ALLUVIUM) - ABG 
Page 1 of2 

Range of Arithmetic 95% 
Frequency Range of Reporting Mean UCL Exposure Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

1,1-Dichloroethylene 1/2 0.007 0.005 0.00475 0.019 0.007 

1,1,2-Trichlorethane 1/2 0.0545 0.005 0.0285 0.193 0.0545 

1,1,2,2-Tetrachlorethane 1/2 0.505 0.005 0.254 1.84 0.505 

1,2-Dichloroethylene (total) 1/2 1.15 0.005 0.576 4.2 1.15 

4-Nitrophenol 1/2 0.001 0.05 0.013 0.089 0.001 

Aluminum 3/4 0.715 -1.95 0.20 1.16 2.23 1.95 
f~ 

Arsenic 4/4 0.0023 - 0.011 NA 0.006 0.04 0.011 

Barium 3/4 0.059 - 0.072 0.1 0.0607 0.075 0.072 

Bis{2-ethylhexyl)phthalate 1/2 0.0012 0.01 0.003 0.015 0.0012 

Cadmium 1/4 0.0099 0.001 - 0.002 0.0026 2.23 0.0099 

Chloroethane 1/2 0.007 0.01 0.006 0.01 0.007 

Chloroform 1/2 0.001 0.005 0.002 0.006 0.001 

Chromium 2/4 0.0062 - 0.0214 0.005 0.011 0.0213 0.0213 

Cobalt 1/4 0.004 0.005 - 0.04 0.007 0.34 0.004 

Copper 3/4 0.0073 - 0.0152 0.03 0.0125 0.017 0.0152 

Disulfoton 111 0.0012 NA NA NA 0.0012 

l:\' ~T022901\WP\CCRA1\TA84·16. CTC f\' '9 



TABLE 4-16 (Continued) 

USEPA ID No. IN5 170 ( 38 
NAVSURFWARCENDIV ceRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER (ALLUVIUM) - ABG 
Page 2 of2 

Range of Arithmetic 95% 
Frequency Range of Reporting Mean UCL Exposure Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

Lead 3/4 0.0051 - 0.0076 0.01 0.0057 0.0076 0.0076 

Manganese 4/4 0.562 - 5.81 NA 2.27 126 5.81 

Mercury 1/4 0.00051 0.0002 - 0.007 0.00027 0.00051 0.00051 

Methylene chloride 1/2 0.0012 0.016 0.0046 0.026 0.0012 

Nickel 1/4 0.0239 0.02 - 0.04 0.016 0.0243 0.0239 

Nitrobenzene 1/4 0.0006 0.001 - 0.002 0.00073 0.001 0.0006 

Silver 1/4 0.0018 0.005 - 0.03 0.005 0.234 0.0018 

Tetrachloroethylene 1/2 0.009 0.005 0.00575 0.026 0.009 

Trichloroethylene 1/2 2.3 0.005 1.2 8.4 2.3 

Vanadium 2/4 0.0051 - 0.0068 0.005 - 0.04 0.0086 0.0178 0.0068 

Vinyl chloride 1/2 0.018 0.01 0.012 0.05 0.018 

Xylene 1/2 0.0029 0.01 0.004 0.01 0.0029 

Zinc 2/4 0.022 - 0.0242 0.024 - 0.027 0.018 0.034 0.0242 

A Number of samples in which the analyte was detected/total number of samples analyzed. 
B The 95% UCL (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989). 
NA = Not applicable. 

L:lWORK\CT022901IWPICCRA 1ITAB4-16. CTO No. 229 
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TABLE 4-17 

USEPA 10 No. IN5 170 023 498 
NAVSURFWARCENOIV CCRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER (BEECH CREEK AQUIFER) -
JEEP TRAIL 
Page 1 of 2 

Range of Arithmetic 95% 
Frequency Range of Reporting Mean UCL Exposure Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

1,1,2,2-Tetrachloroethane 2/4 0.003 - 0.012 0.001 - 0.01 0.006 9.6 0.012 

1,2-0ichloroethylene (total) 2/3 0.005 - 0.008 0.01 0.006 0.009 0.008 

2,4,6-Trinitrotoluene 2/6 0.00055 - 0.0078 0.001 - 0.006 0.0032 0.029 0.0078 

2,6-0initrotoluene 1/6 0.00078 0.001 - 0.009 0.003 0.025 0.00078 

4-Amino-2,6-dinitrotoluene 2/3 0.00093 - 0.0051 "0.001 0.0022 0.0064 0.0051 

Aluminum 4/4 14.7-51.4 NA 32.8 57.3 51.4 

Antimony 1/4 0.011 0.003 - 0.006 0.004 0.094 0.011 

Arsenic 4/4 0.021 - 0.14 NA 0.068 0.135 0.135 

Barium 4/4 0.161 - 2.3 NA 0.91 257 2.3 

Beryllium 4/4 0.0014 - 0.008 NA 0.004 0.08 0.008 

Bis(2-ethylhexyl)phthalate 1/4 0.0017 0.01 0.004 0.016 0.0017 

Cadmium 3/4 0.0014 - 0.0069 0.003 0.004 0.0074 0.0069 

Chromium 4/4 0.0232 - 0.0825 NA 0.06 0.092 0.0825 

Cobalt 4/4 0.0073 - 0.0542 NA 0.036 1.57 0.0542 

Copper 3/4 0.0191 - 0.0799 0.027 0.046 1.73 0.0799 

Cyclohexane 1/1 0.12 NA NA NA 0.12 

CT022901 IWP\CCRA1 ITAB4-17. CTO~' ~9 



TABLE 4-17 (Continued) 

USEPA ID No. INS 170 \ .18 
NAVSURFWARCENDIV ceRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER (BEECH CREEK AQUIFER) -
JEEP TRAIL 
Page 2 of2 

Range of Arithmetic 95% 
Frequency Range of Reporting Mean UCL Exposure Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

Di-n-butylphthalate 1/4 0.001 0.005 - 0.01 0.003 0.0057 0.001 

HMX 4/6 0.0008 - 0.16 0.013 0.07 127 0.16 

Lead 4/4 0.027 - 0.229 NA 0.11 5.8 0.229 

Manganese 4/4 2.0 - 14.7 NA 6.5 334 14.7 

Nickel 4/4 0.064 - 0.285 NA 0.14 1.5 0.285 

RDX 4/6 0.025 - 0.31 0.014 0.082 5.6 0.31 

Trichloroethylene 4/4 0.0003 - 0.016 NA 0.008 0.0165 0.016 

Vanadium 4/4 0.0264 - 0.116 NA 0.079 0.13 0.116 

Zinc 4/4 0.161 - 0.901 NA 0.498 0.948 0.901 

A Number of samples in which the analyte was detected/total number of samples analyzed. 
B The 95% UCL (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989). 
NA = Not applicable. 

L:IWORKlCT02290lIWPlCCRA1ITAB4·17. CTa No. 229 



TABLE 4-18 

USEPA 10 No. IN5 170 023498 
NAVSURFWARCENOIV CCRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER (BEECH CREEK AQUIFER) -
ABG PROPER - WELL 03C28 

Range of Arithmetic 95% 
Frequency Range of Reporting Mean UCL Exposure Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

Acetone 1/1 0.0035 NA NA NA 0.0035 

Aluminum 1/1 1.2 NA NA NA 1.2 

Arsenic 1/1 0.009 NA NA NA 0.009 

Barium 1/1 0.43 NA NA NA 0.43 

Benzyl alcohol 1/1 0.002 NA NA NA 0.002 

Bis(2-ethylhexyl)phthalate 1/1 0.0018 NA NA NA 0.0018 

Lead 1/1 0.034 NA NA NA 0.034 

Mercury 1/1 0.0012 NA NA NA 0.0012 

Methylene chloride 1/1 0.0015 NA NA NA 0.0015 

Zinc 1/1 0.089 NA NA NA 0.069 

A Number of samples in which the analyte was detected/total number of samples analyzed. 
B The 95% UCL (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989). 
NA = Not applicable. 

l:" '<\CT022901\WP\CCRA1\TAB4-18 CTON '9 



TABLE 4-19 

USEPA ID No. IN5170 :J8 
NAVSURFWARCENDIV CeRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - ORR SURFACE SOIL 
Page 1 of 3 

Range of Arithmetic 95% 
Frequency Range of Reporting Mean UCL Exposure Point 

of Detected Values Limits Concentration Concentration ConcentrationB 

Chemical DetectionA (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1,3,5-Trinitrobenzene 2/23 0.159 - 0.183 0.25 0.128 0.131 0.131 

2,4-Dinitrotoluene 1/36 1.7 0.25 0.169 0.243 0.243 

2,4,6-Trinitrotoluene 4/36 0.147 - 3.08 0.25 - 2.49 0.192 0.243 0.243 

Acenaphthene 1/4 0.13 0.38 - 0.42 0.184 0.227 0.13 

Aluminum 717 5,050 - 6,990 NA 5,980 6,582 6,582 

Anthracene 1/4 0.19 0.38 - 0.42 0.199 0.211 0.19 

Antimony 1/7 5.3 0.67 - 5.1 1.94 3.27 3.27 

Arsenic 7/7 3.2 - 9.1 NA 6.3 7.6 7.6 

Barium 7/7 49.4 - 273 NA 148 313 273 

Benzo(a)anthracene 2/4 0.077 - 2.5 0.41-0.42 0.62 4,320 2.5 

Benzo(a)pyrene 2/4 0.1 - 2.8 0.41-0.42 0.669 4,072 2.8 

Benzo(b )fluoranthene 2/4 0.099 - 3.7 0.41-0.42 0.807 21,545 3.7 

Benzo(g, h, i)perylene 2/4 0.088 - 2.0 0.41-0.42 0.539 904 2.0 

Benzo(k)fluoranthene 2/4 0.098 -1.4 0.41-0.42 0.434 95 1.4 

Beryllium 7/7 0.37 -1.2 NA 0.76 0.98 0.98 

Carbazole 1/4 0.19 0.38 - 0.42 0.2 0.21 0.19 

L:lWORKlCT022901IWPICCRA1ITAB4-19. CTO No. 229 



TABLE 4-19 (Continued) 

USEPA 10 No.IN5170 023 498 
NAVSURFWARCENOIV CCRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - ORR SURFACE SOIL 
Page 2 of3 

Range of Arithmetic 95% 
Frequency Range of Reporting Mean UCL Exposure Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

Chromium 717 8.2 -18.6 NA 11.9 15 15 

Chrysene 2/4 0.1 - 3.1 0.41-0.42 0.72 10,483 3.1 

Copper 7/7 9.9 - 35.9 NA 18.8 29.4 29.4 

Cyanide 1/5 0.48 0.57 - 0.63 0.337 0.437 0.437 

Oibenzofuran 1/4 0.04 0.38 - 0.42 0.16 0.26 0.04 

Oibenz( a, h)anthracene 2/4 0.019 - 0.84 0.41-0.42 0.36 7,875 0.84 

Oi-n-butylphthalate 2/4 0.021 - 0.077 0.41-0.75 0.18 120 0.077 

Fluoranthene 2/4 0.099 - 3.1 0.41-0.42 0.72 10,674 3.1 

Fluorene 1/4 0.074 0.38 - 0.42 0.17 0.246. 0.074 

Indeno(1,2,3-cd)pyrene 2/4 0.081 - 2.2 0.41-0.42 0.57 2,458 2.2 

Lead 7/7 20.2 - 68.3 NA 35.8 59.1 59.1 

Manganese 7/7 357 -1,660 NA 878 1,624 1,624 

Naphthalene 1/4 0.1 0.38 - 0.42 0.18 0.237 0.1 

Phenanthrene 2/4 0.028 - 0.91 0.41 - 0.42 0.357 1,747 0.91 

Pyrene 2/4 0.11 - 2.9 0.41-0.42 0.687 3,965 2.9 

Silver 1/7 1.6 0.22 -1.3 0.542 3.4 1.6 

Thallium 2/7 0.56 - 0.74 0.23 - 0.46 0.277 0.81 0.74 

LY 'CT0229011WP\CCRA1ITAB4-19. CTO~ ~9 



TABLE 4-19 (Continued) 

USEPA 10 No. IN5 170 d8 
NAVSURFWARCENOIV CeRA 

November 1997 

. EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - ORR SURFACE SOIL 
Page 3 of 3 

Range of Arithmetic 95% 
Frequency Range of Reporting Mean UCL Exposure Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

Vanadium 7/7 14.4 - 24.1 NA 18 20.8 20.8 

Zinc 7n 25.9 -72.8 NA 41 56.6 56.6 

A Number of samples in which the analyte was detected/total number of samples analyzed. 
B The 95% UCL (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989). 
NA = Not applicable. NC = Not calculated due to insufficient data. 

l:IWORK\CT02290lIWPICCRA 1ITAB4·19. CTO No. 229 



TABLE 4-20 

USEPA 10 No. IN5 170023498 
NAVSURFWARCENOIV CCRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - ORR SURFACE/SUBSURFACE SOIL COMBINED 
Page 1 of 3 

Range of Arithmetic 95% 
Frequency Range of Reporting Mean UCL Exposure Point 

of Detected Values Limits Concentration Concentration ConcentrationB 

Chemical DetectionA (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1,3,5-Trinitrobenzene 2/50 0.159 - 0.183 0.25 0.127 0.129 0.129 

2,4-0initrotoluene 1/53 1.7 0.25 0.155 0.204 0.204 

2,4,6-Trinitrotoluene 4/53 0.147 - 3.08 0.25 - 2.49 0.210 0.31 0.31 

Acenaphthene 1/4 0.13 0.38 - 0.42 0.184 0.227 0.13 

Aluminum 9/9 5,050 - 8,930 NA 6,244 7,055 7,055 

Anthracene 1/4 0.19 0.38 - 0.42 0.199 0.211 0.19 

Antimony 2/9 5.3 - 7.8 0.67 - 5.1 2.9 15.4 7.8 

Arsenic 9/9 3.2 - 9.1 NA 6.5 7.5 7.5 

Barium 9/9 48.5 - 273 NA 138 250 250 

Benzo( a)anthracene 2/4 0.077 - 2.5 0.41-0.42 0.62 4,320 2.5 

Benzo(a)pyrene 2/4 0.1 - 2.8 0.41-0.42 0.669 4,072 2.8 

Benzo(b )fluoranthene 2/4 0.099 ~ 3.7 0.41-0.42 0.807 21,545 3.7 

Benzo(Q, h, i)perylene 2/4 0.088 - 2.0 0.41-0.42 0.539 904 2.0 

Benzo(k)fluoranthene 2/4 0.098 -1.4 0.41-0.42 0.434 95 1.4 

Beryllium 9/9 0.37 -1.2 NA 0.75 0.93 0.93 

Carbazole 1/4 0.19 0.38 - 0.42 0.2 0.21 0.19 

l:\' ';T02290lIWPlCCRA1ITAB4-20. CTOr-.:9 



TABLE 4-20 (Continued) 

USEPA ID No.IN5 170 l e98 
NAVSURFWARCENDIV ceRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - ORR SURFACE/SUBSURFACE SOIL COMBINED 
Page 2 of3 

Range of Arithmetic 95% 
Frequency Range of Reporting Mean UCL Exposure Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

Chromium 9/9 8.2 - 18.6 NA 12.4 15.2 15.2 

Chrysene 2/4 0.1 - 3.1 0.41-0.42 0.72 10,483 3.1 

Copper 9/9 6.8 - 35.9 NA 16.6 25.2 25.2 

Cyanide 1/7 0.48 0.57 - 0.63 0.33 0.38 0.38 

Dibenzofuran 1/4 0.04 0.38 - 0.42 0.16 0.26 0.04 

Dibenz( a, h )anthracene 2/4 0.019 - 0.84 0.41 - 0.42 0.36 7,875 0.84 

Di-n-butylphthalate 2/4 0.021 - 0.077 0.41 - 0.75 0.18 120 0.077 

Fluoranthene 2/4 0.099 - 3.1 0.41-0.42 0.72 10,674 3.1 

Fluorene 1/4 0.074 0.38 - 0.42 0.17 0.246 0.074 

Indeno(1,2,3-cd)pyrene 2/4 0.081 - 2.2 0.41-0.42 0.57 2,458 2.2 

Lead 9/9 14.7 - 68.3 NA 31.5 50 50 

Manganese 9/9 357 -1,660 NA 899 1,356 1,356 

Naphthalene 1/4 0.10 0.38 - 0.42 0.18 0.237 0.1 

Phenanthrene 2/4 0.028 - 0.91 0.41-0.42 0.357 1,747 0.91 

Pyrene 2/4 0.11-2.9 0.41 - 0.42 0.687 3,965 2.9 

Silver 2/9 1.6 - 2.0 0.22 -1.3 0.74 3.1 2.0 

Thallium 3/9 0.26 - 0.74 0.23 - 0.46 0.26 0.54 0.54 
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TABLE 4-20 (Continued) 

USEPA 10 No. IN5 170 023 498 
NAVSURFWARCENOIV CCRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - ORR SURFACE/SUBSURFACE SOIL COMBINED 
Page 3 of3 

Range of Arithmetic 95% 
Frequency Range of Reporting Mean UCL Exposure Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

Vanadium 9/9 14.4 - 24.3 NA 19 21.8 21.8 

Zinc 9/9 24.9 -72.8 NA 39 50.8 50.8 

A Number of samples in which the analyte was detected/total number of samples analyzed. 
B The 95% UCL (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989) .. 
NA = Not applicable. NC = Not calculated due to insufficient data. 
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TABLE 4-21 

USEPA 10 No. IN5 1700234' 
NAVSURFWARCENOIV CCRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - TURKEY CREEK SURFACE WATER 
(ORR) 

Range of Arithmetic 95% Exposure 
Frequency Range of Reporting Mean UCL Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

Aluminum 1/2 0.0286 0.167 0.0561 0.229 0.0286 

Butylbenzylphthalate 1/2 0.0006 0.01 0.0028 0.0167 0.0006 

Cobalt 1/2 0.0013 0.001 0.0009 0.0034 0.0013 

Copper 2/2 0.0013 - 0.0037 NA 0.0025 0.01 0.0037 

Vanadium 1/2 0.0012 0.001 0.0009 0.0031 0.0012 

Zinc 1/2 0.0115 0.002 0.0062 0.0396 0.0115 

A Number of samples in which the analyte was detected/total number of samples analyzed. 
B The 95% UCL (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989). 
NA = Not applicable. 
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TABLE 4-22 

USEPA ID No. IN5 170 023498 
NAVSURFWARCENDIV CCRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - TURKEY CREEK SEDIMENT (ORR) 
Page 1 of 2 

Range of Arithmetic 95% Exposure 
Frequency Range of Reporting Mean UCL Point 

of Detected Values limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

2-Butanone 2/2 0.006 - 0.007 NA 0.0065 0.0097 0.007 

2,4-Dinitrotoluene 1/2 0.13 0.46 0.18 0.50 0.13 

Acetone 1/2 0.025 0.026 0.019 0.057 0.025 

Aluminum 2/2 3,020 - 3,765 NA 3,393 5,744 3,765 

Arsenic 2/2 6.5 - 8.7 NA 7.6 14.5 8.7 

Barium 2/2 44.8 - 59.9 NA 52.3 99.8 59.9 

Benzo(b )fluoranthene 1/2 0.044 0.46 0.14 0.72 0.044 

Beryllium 2/2 0.75 - 0.78 NA 0.77 0.86 0.78 

Cadmium 1/2 0.685 0.31 0.42 2.1 0.685 

Chromium 2/2 12.2 - 12.5 NA 12.4 13.3 12.5 

Chrysene 1/2 0.03 0.46 0.13 0.76 0.03 

Cobalt 2/2 9.25 - 10.3 NA 9.8 13.1 10.3 

Copper 2/2 7.7-11.6 NA 9.6 21.8 11.6 

Di-n-butylphthalate 1/2 0.098 0.46 0.16 0.58 0.098 

Fluoranthene 1/2 0.0335 0.46 0.13 0.75 0.0335 

Lead 2/2 9.9 - 11.1 NA 10.5 14.3 11.1 
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TABLE 4-22 (Continued) 

USEPA 10 No. IN5 1700234', 
NAVSURFWARCENOIV CCRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - TURKEY CREEK SEDIMENT (ORR) 
Page 2 of 2 

Range of Arithmetic 95% Exposure 
Frequency Range of Reporting Mean UCL Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

Manganese 2/2 167 - 477 NA 322 1,300 477 

Nickel 2/2 15.7 -16.7 NA 16.2 19.5 16.7 

N-Nitrosodiphenylamine 1/2 0.023 0.46 0.13 0.78 0.023 

Pyrene 1/2 0.0335 0.46 0.13 0.75 0.0335 

Selenium 2/2 0.74 - 0.95 NA 0.85 1.5 0.95 

Vanadium 2/2 14.4 - 14.6 NA 14.5 14.9 14.6 

Zinc 2/2 34.7 - 47.2 NA 40.9 80 47.2 

A Number of samples in which the analyte was detected/total number of samples analyzed. 
8 The 95% UCL (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989). 
NA = Not applicable. 
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TABLE 4-23 

USEPA ID No. IN5170 023 498 
NAVSURFWARCENDIV CCRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER (BEECH CREEK 
AQUIFER) - ORR 

Page 1 of 2 

Range of Arithmetic 95% Exposure 
Frequency Range of Reporting Mean UCL Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/L) . (mg/L) (mg/L) (mg/L) (mg/L) 

2,4,6-Trinitrotoluene 2/10 0.0042 - 0.0085 0.002 - 0.02 0.005 0.018 0.0085 

3,3' -Dichlorobenzidine 1/7 0.0013 0.01 - 0.02 0.007 0.01 0.0013 

Acetone 3/7 0.012 - 0.018 0.01 0.009 0.0137 0.0137 

Aluminum 3/8 0.0559 - 8.63 0.015 - 0.2 0.71 300 8.63 

Antimony 1/7 0.0034 0.003 - 0.2 0.093 98.5 0.0034 

Arsenic 2/8 0.0036 - 0.0277 0.001 - 0.005 0.0045 0.0278 0.0277 

Benzo( a)anthracene 1/7 0.0018 0.01 0.0045 0.0067 0.0018 

Beryllium 1/8 0.0016 0.001 - 0.002 0.0009 0.00114 0.00114 

Bis(2- 3/7 0.001 - 0.0021 0.01 0.0036 0.0094 0.0021 
ethylhexyl)phthalate 

Butylbenzylphthalate 3/7 0.0015 - 0.0036 0.01 0.004 0.0051 0.0036 

Chromium 1/8 0.0275 0.001 - 0.03 0.0114 0.0177 0.0177 

Chrysene 1/7 0.0016 0.01 0.0045 0.007 0.0016 

Cobalt 1/8 0.02 0.001 - 0.04 0.019 0.87 0.02 

Copper 1/8 0.0269 0.001 - 0.03 0.011 0.0175 0.0175 

Heptachlor epoxide 2/6 0.00062 - 0.002 0.000025 0.00036 0.63 0.002 

IWORKlCT02290lIWPICCRA lITAB4-23. CTa No. 2::-



TABLE 4-23 
EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN -
GROUNDWATER (BEECH CREEK AQUIFER) - ORR 
Page 2 of 2 

Range of Arithmetic 
Frequency Range of Reporting Mean 

of Detected Values Limits Concentration 
Chemical DetectionA (mg/L) (mg/L) (mg/L) 

HMX 1/10 0.019 0.002 - 0.02 0.0057 

Lead 1/8 0.0278 0.001 - 0.005 0.004 

Manganese 8/8 0.035 - 0.81 NA 0.225 

Mercury 2/8 0.00023 - 0.00062 0.0001 0.00017 

Methylene chloride 1/7 0.0022 0.005 - 0.036 0.004 

Nickel 1/8 0.0365 0.001 - 0.04 0.016 

N-Nitrosodiphenylamine 3/7 0.0016 - 0.0022 0.01 0.004 

RDX 1/10 0.017 0.002 - 0.02 0.0065 

Selenium 2/8 0.0025 - 0.0026 0.002 - 0.01 0.003 

Vanadium 1/8 0.0369 0.001 - 0.04 0.015 

Zinc 6/8 0.019 - 0.112 0.005 - 0.01 0.04 

A Number of samples in which the analyte was detected/total number of samples analyzed. 

USEPA 10 No. INS 170 023 <, 

NAVSURFWARCENOIV CCRA 
November 1997 

95% Exposure 
UCL Point 

Concentration ConcentrationB 
(mg/L) (mg/L) 

0.0092 0.0092 

0.046 0.0278 

1.53 0.81 

0.00035 0.00035 

0.011 0.0022 

0.0239 0.0239 

0.007 0.0022 

0.0097 0.0097 

0.004 0.0026 

0.0237 0.0237 

0.0654 0.0654 

B The 95% UCL (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989). 
NA = Not applicable. 
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Table 4-24 

USEPA 10 No. IN5 170023498 
NAVSURFWARCENOIV CCRA 

November 1997 

EXPOSURE POINT CON CENTRA TIONS OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER (ALLUVIAL AQUIFER) -
ORR 

Page 1 of 2 

Range of Arithmetic 95% 
Frequency Range of Reporting Mean UCL Exposure Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

2,4,6-Trinitrotoluene 2/17 0.01375 - 0.1152 0.002 - 0.02 0.013 0.0285 0.0285 

2,6-0initrotoluene 1/17 0.0029 0.002 - 0.02 0.0044 0.0053 0.0029 

Aluminum 4/7 0.0778 - 0.5 0.085 - 0.2 0.23 1.1 0.5 

Arsenic 3/7 0.0021 - 0.028 0.002 - 0.005 0.007 0.12 0.028 

Barium 4/7 0.0241 -0.1215 0.1 0.058 0.1033 0.1033 

Benzo(a)anthracene 117 0.0012 0.01 0.005 0.0085 0.0012 

Bis(2- 2/7 0.0037 - 0.0046 0.01 0.0048 0.0051 0.0046 
ethylhexyl)phthalate 

Butylbenzylphthalate 3/7 0.001 - 0.0028 0.01 0.0036 0.0050 0.0028 

Chromium 3/7 0.001 - 0.0149 0.002 - 0.03 0.011 0.138 0.0149 

Chrysene 1/7 0.0014 0.01 0.005 0.008 0.0014 

Cobalt 2/7 0.0017 - 0.0021 0.001 - 0.04 0.011 0.967 0.0021 

Oi-n-octylphthalate 1/7 0.0021 0.01 0.005 0.0063 0.0021 

Lead 1/4 0.012 0.005 - 0.01 0.005 0.059 0.012 

Manganese 717 0.024 - 0.575 NA 0.24 2.0 0.575 

Nickel 1/7 0.0277 0.001 - 0.04 0.016 0.0233 0.0233 

lWORKlCT022901IWPICCRA 1ITAB4·24. CTO No. 2~ 



Table 4-24 
EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN
GROUNDWATER (ALLUVIAL AQUIFER) - ORR 
Page 2 of 2 

Range of Arithmetic 
Frequency Range of Reporting Mean 

of Detected Values Limits Concentration 
Chemical DetectionA (mg/L) (mg/L) (mg/L) 

N-Nitrosodiphenylamine 117 0.0016 0.01 0.005 

ROX 1/17 0.0345 0.002 - 0.02 0.0099 

Selenium 1/7 0.0023 0.002 - 0.01 0.003 

Silver 3/7 0.001 - 0.0012 0.001 - 0.03 0.007 

Trichlorofluoromethane 2/4 0.0018 - 0.005 0.005 0.003 

Vanadium 3/7 0.001 - 0.0021 0.001 - 0.04 0.01 

Zinc 3/7 0.02 - 0.07305 0.004 - 0.01 0.02 

A Number of samples in which the analyte was detected/total number of samples analyzed. 

USEPA 10 No. INS 170023 4tL 
NAVSURFWARCENOIV CCRA 

November 1997 

95% 
UCL Exposure Point 

Concentration ConcentrationS 
(mg/L) (mg/L) 

0.007 0.0016 

0.022 0.022 

0.0067 0.0023 

0.29 0.0012 

0.007 0.005 

0.68 0.0021 

0.32 0.07305 

B The 95% UCL (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989). 
NA = Not applicable. 
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TABLE 4-25 

USEPA 10 No. IN5 170 023498 
NAVSURFWARCENOIV CCRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - SURFACE SOIL - NAVY DETONATION 
AREA AT THE DR 

Page 1 of 2 

Range of Arithmetic 95% Exposure 
Frequency Range of Reporting Mean UCL Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

2,4-0initrotoluene 1/3 0.035 0.25 0.097 24.2 0.035 

2,4,6-Trinitrotoluene 1/3 0.456 0.25 0.230 62.9 0.456 

Antimony 3/3 0.92 -1.4 NA 1.2 2.3 1.4 

Arsenic 3/3 9.0 - 11.8 NA 10.7 15.0 11.8 

Barium 3/3 169 - 661 NA 379 33,790 661 

Benzo{g,h,i}perylene 1/3 0.028 0.34 - 0.36 0.134 7,033 0.028 

Beryllium 3/3 0.64 - 1.1 NA 0.81 1.9 1.1 

Butylbenzylphthalate 1/3 0.023 0.35 - 0.36 0.137 81,639 0.023 

Cadmium 2/3 1.2 - 2.6 0.21 1.5 7.5E+11 2.6 

Chromium 3/3 14.5 - 17.4 NA 15.6 18.9 17.4 

Chrysene 1/3 0.023 0.34 - 0.36 0.135 73,234 0.023 

Copper 3/3 16.3 - 109 NA 68.4 8.2E+05 109 

Oi-n-butylphthalate 3/3 0.018 - 0.036 NA 0.024 0.103 0.036 

Fluoranthene 1/3 0.045 0.34 - 0.36 0.135 49.2 0.045 

Hexachlorobenzene 1/3 0.036 0.34 - 0.36 0.134 716 0.036 

lWORKlCT022901IWPICCRA1ITAB4-25. CTO No. 27 



TABLE 4-25 
EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN -
SURFACE SOIL - NAVY DETONATION AREA AT THE DR 
Page 2 of 2 

Range of Arithmetic 
Frequency Range of Reporting Mean 

of Detected Values Limits Concentration 
Chemical DetectionA (mg/kg) (mg/kg) (mg/kg) 

Lead 3/3 16.3 - 40.2 NA 28 

Nickel 3/3 10.6 - 22.0 NA 17.7 

Phenanthrene 1/3 0.044 0.34 - 0.36 0.135 

Pyrene 1/3 0.043 0.34 - 0.36 0.135 

ROX 1/3 0.732 1.0 0.575 

Silver 1/3 0.58 0.21 - 0.22 0.252 

Vanadium 3/3 17.0 - 22.8 NA 19.9 

Zinc 3/3 36.0 - 86.0 NA 67.8 

A Number of samples in which the analyte was detected/total number of samples analyzed. 

USEPA 10 No. IN5 170023 4b, 
NAVSURFWARCENOIV CCRA 

November 1997 

95% Exposure 
UCL Point 

Concentration ConcentrationB 
(mg/kg) (mg/kg) 

233 40.2 

80 22 

54.3 0.044 

127 0.043 

1.1 0.732 

2,415 0.58 

28.2 22.8 

647 86.0 

B The 95% UCL (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989). 
NA = Not applicable. NC = Not calculated due to insufficient data. 
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TABLE 4-26 

USEPA 10 No. IN5 170023498 
NAVSURFWARCENOIV CCRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - SURFACE SOIL - ARMY DETONATION 
AREA AT THE DR 

Page 1 of 3 

Range of Arithmetic 95% Exposure 
Frequency Range of Reporting Mean UCL Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

2-Methylnaphthalene 6/8 0.023 - 0.083 0.35 - 0.37 0.072 0.21 0.083 

2,4-0imethylphenol 1/8 0.042 0.34 - 0.37 0.157 0.188 0.042 

2,4-0initrotoluene 7/8 0.06 - 0.27 0.25 0.147 0.228 0.23 

2,4,6-Trinitrotoluene 8/8 0.602 - 3.03 NA 1.72 2.27 2.27 

4-Methylphenol 1/8 0.036 0.34 - 0.37 0.156 0.189 0.036 

Acenaphthene 1/8 0.023 0.34 - 0.37 0.155 0.191 0.023 

Anthracene 2/8 0.018 - 0.021 0.34 - 0.37 0.136 0.184 0.021 

Antimony 6/8 0.72 - 0.88 0.62 - 0.68 0.668 0.814 0.814 

Arsenic 8/8 5.1-17.5 NA 10.5 14.5 14.5 

8enzo( a}anthracene 6/8 0.023 - 0.038 0.35 - 0.37 0.063 0.185 0.038 

8enzo( a}pyrene 6/8 0.023 - 0.042 0.35 - 0.37 0.063 0.188 0.042 

8enzo(b }f1uoranthene 6/8 0.02 - 0.049 0.35 - 0.37 0.064 0.197 0.049 

8enzo(Q,h,i}perylene 7/8 0.02 - 0.07 0.37 0.056 0.115 0.07 

8utylbenzylphthalate 2/8 0.02 - 0.026 0.34 - 0.35 0.135 0.181 0.026 

Cadmium 8/8 1.1 - 3.8 NA 2.6 3.3 3.3 

lWORK\CT022901IWPICCRA1ITAB4-26. CTa No. 2~ 



TABLE 4-26 
EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN -
SURFACE SOIL - ARMY DETONATION AREA AT THE DR 
Page 2 of 3 

Range of Arithmetic 
Frequency Range of Reporting Mean 

of Detected Values Limits Concentration 
Chemical DetectionA (mg/kg) (mg/kg) (mg/kg) 

Carbazole 4/8 0.018 - 0.023 0.34 - 0.37 0.104 

Chromium 8/8 4.7 - 14.7 NA 11.1 

Chrysene 7/8 0.024 - 0.062 0.37 0.054 

Copper BIB 5B.5 - 146 NA 107 

Cyanide BIB 0.1B-1.2 NA 0.675 

Diethylphthalate 71B 0.01B - 0.20 0.37 0.069 

Di-n-butylphthalate BI8 0.02B - 0.27 NA 0.093 

Di-n-octylphthalate 1/B 0.01B 0.34 - 0.37 0.155 

Fluoranthene BIB 0.025 - O.OBB NA 0.06 

Fluorene 31B 0.01B- 0.025 0.34 - 0.37 0.117 

Hexachlorobenzene 41B 0.02 - 0.046 0.34 - 0.37 0.107 

Lead BIB 19.B - 53 NA 35.4 

Naphthalene BIB 0.03 - 0.11 NA 0.054 

Nickel BIB B.4 - 27.1 NA 21.0 

N~Nitrosodiphenylamine 41B 0.039 - 0.33 0.34 - 0.37 0.154 

Pentachlorophenol 31B 0.019 - 0.024 0.B2 - 0.B9 0.271 

L:lWORK\CT022901IWPICCRA 1ITAB4-26. 

USEPA ID No. IN5 170 023 4~ 
NAVSURFWARCENDIV CCRA 

November 1997 

95% Exposure 
UCL Point 

Concentration ConcentrationB 
(mg/kg) (mg/kg) 

0.647 0.023 

13.1 13.1 

0.11 0.062 

131 131 

0.B97 0.B97 

0.216 0.20 

0.264 0.264 

0.192 0.01B 

0.075 0.075 

0.170 0.025 

O.4BB 0.046 

42.7 42.7 

0.OB3 0.OB3 

24.9 24.9 

0.215 0.215 

0.411 0.024 

CTO No. 229 



TABLE 4-26 
EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN -
SURFACE SOil - ARMY DETONATION AREA AT THE DR 
Page 3 of 3 

Range of Arithmetic 
Frequency Range of Reporting Mean 

of Detected Values limits Concentration 
Chemical DetectionA (mg/kg) (mg/kg) (mg/kg) 

Phenanthrene 8/8 0.024 - 0.19 NA 0.097 

pyrene 8/8 0.044 - 0.16 NA 0.102 

RDX 8/8 1.78 - 4.76 NA 2.87 

Silver 5/8 0.43 - 0.69 0.21 - 0.23 0.39 

Vanadium 8/8 6.0 - 18.2 NA 13.1 

Zinc 8/8 49.6 - 137 NA 98.8 

A Number of samples in which the analyte was detectedltotal number of samples analyzed. 

USEPA ID No.IN5170 023 498 
NAVSURFWARCENDIV CCRA 

November 1997 

95% Exposure 
UCl Point 

Concentration ConcentrationB 

(mg/kg) (mg/kg) 

0.13 0.13 

0.126 0.126 

3.8 3.8 

0.55 0.55 

15.6 15.6 

120 120 

B The 95% UCl (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989). 
NA = Not applicable. NC = Not calculated due to insufficient data. 
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TABLE 4-27 

USEPA ID No. IN5 1700234 .. 
NAVSURFWARCENDIV CCRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - BOGGS CREEK SURFACE WATER (DR) 

Range of Arithmetic 95% Exposure 
Frequency Range of Reporting Mean UCL Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

Aluminum 2/2 0.158 - 0.246 NA 0.202 0.48 0.246 

Barium 2/2 0.0447 - 0.0539 NA 0.0493 0.078 0.0539 

Cadmium 2/2 0.0027 - 0.0107 NA 0.0067 0.032 0.0107 

Cobalt 2/2 0.0049 - 0.0288 NA 0.0169 0.0923 0.0288 

Copper 2/2 0.0164 - 0.0441 NA 0.0303 0.118 0.0441 

Lead 1/2 0.002 0.001 0.0013 0.006 0.002 

Manganese 2/2 0.506 - 2.0 NA 1.25 5.97 2.0 

Nickel 2/2 0.011 - 0.0396 NA 0.0253 0.116 0.0396 

Trichloroethylene 1/2 0.001 0.01 0.003 0.0156 0.001 

Zinc 2/2 0.0491 - 0.21 NA 0.13 0.64 0.21 

A Number of samples in which the analyte was detected/total number of samples analyzed. 
B The 95% UCL (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989). 
NA = Not applicable. 
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TABLE 4-28 

USEPA 10 No. IN5 170 023 498 
NAVSURFWARCENOIV CCRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - BOGGS CREEK SEDIMENT (DR) 

Range of Arithmetic 95% Exposure 
Frequency Range of Reporting Mean UCL Point 

of Detected Values Limits Concentration Concentration ConcentrationB 

Chemical DetectionA (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mglkg) 

2-Butanone 1/2 0.018 0.013 0.0123 0.0486 0.018 

Acetone 2/2 0.016 - 0.062 NA 0.039 0.184 0.062 

Butylbenzylphthalate 1/2 0.026 0.42 0.118 0.70 0.026 

Oi-n-butylphthalate 2/2 0.024 - 0.029 NA 0.0265 0.0423 0.029 

Toluene 1/2 0.014 0.013 0.0103 0.0339 0.014 

A Number of samples in which the analyte was detected/total number of samples analyzed. 
B The 95% UCL (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989). 
NA = Not applicable. 
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TABLE 4-29 

USEPA ID No. IN5 1700234: 
NAVSURFWARCENDIV CCRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER (BEECH CREEK 
AQUIFER) - DR 

Range of Arithmetic 95% Exposure 
Frequency Range of Reporting Mean UCL Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

1,4-Dichlorobenzene 117 0.0008 0.01 0.005 0.01 0.0008 

Acetone 117 0.012 0.01 0.006 0.008 0.008 

Arsenic 117 0.01255 0.002 - 0.01 0.0034 0.016 0.01255 

Barium 617 0.0423 - 0.14 0.01 0.091 0.117 0.117 

Butylbenzylphthalate 317 0.001 - 0.0025 0.01 0.004 0.008 0.0025 

Chromium 217 0.0022 - 0.0027 0.001 - 0.03 0.008 0.257 0.0027 

Copper 117 0.00195 0.001 - 0.03 0.0078 0.71 0.00195 

Diethylphthalate 117 0.0006 0.01 0.005 0.014 0.0006 

Manganese 517 0.0633 - 0.367 0.001 - 0.01 0.23 947 0.367 

Silver 117 0.001 0.001 - 0.03 0.007 0.75 0.001 

Vanadium 117 0.00145 0.001 - 0.04 0.01 2.1 0.00145 

A Number of samples in which the analyte was detected/total number of samples analyzed. 
B The 95% UCL (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989). 
NA = Not applicable. 

L:lWORK\CT022901IWPICCRA 1ITAB4-29. CTO No. 229 



TABlE4-30A 

USEPA ID No.IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

EXPOSURE POINT CONCENTRA TrONS OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER (AllUVIAL AQUIFER) -
DR NAVY DETONATION AREA 

Page 1 of 2 

Range of Arithmetic 95% Exposure 
Frequency Range of Reporting Mean UCl Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 

Aluminum 2/2 0.841-81.8 NA 42.3 297 81.8 

Arsenic 2/2 0.002 - 0.035 NA 0.019 0.123 0.035 

Barium 2/2 0.0148 - 0.0433 NA 0.039 0.129 0.0433 

Beryllium 1/2 0.0091 0.001 0.005 0.032 0.0091 

Cadmium 1/2 0.0058 0.001 0.003 0.020 0.0058 

Chromium 1/2 0.0193 0.004 0.011 0.065 0.0193 

Cobalt 2/2 0.0079 - 0.265 NA 0.136 0.948 0.265 

Copper 2/2 0.0037 - 0.0066 NA 0.005 0.014 0.0066 

Lead 2/2 0.002 - 0.0025 NA 0.0022 0.0038 0.0025 

Manganese 2/2 0.373 - 6.64 NA 3.5 23.3 6.64 

Naphthalene 1/2 0.0006 0.01 0.0028 0.017 0.0006 

Nickel 2/2 0.0147 - 1.06 NA 0.537 3.84 1.06 

RDX 1/4 0.036 0.014 - 0.02 0.0152 0.154 0.036 

Vanadium 2/2 0.0021 - 0.0163 NA 0.0092 0.054 0.0163 

Zinc 2/2 0.0188 - 1.82 NA 0.92 6.6 1.82 

lWORK\CT022901IWPICCRA1ITAB4-30.A CTO No. 22 



TABLE 4-30A (Continued) 
EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN -
GROUNDWATER (ALLUVIAL AQUIFER) - DR NAVY DETONATION AREA 
Page 2 of2 

A Number of samples in which the analyte was detected/total number of samples analyzed. 

USEPA 10 No. IN5 170 02340: 
NAVSURFWARCENOIV CCRA 

November 1997 

B The 95% UCL (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989). 
NA = Not applicable. 

L:lWORKlCT022901IWPICCRA1ITAB4-30.A CTa No. 229 



TABlE4-30B 

USEPA ID No. IN5170 023 498 
NAVSURFWARCENDIV CCRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER (AllUVIAL AQUIFER) -
DR ARMY DETONATION AREA 

Page 1 of2 

Range of Arithmetic 95% Exposure 
Frequency Range of Reporting Mean UCl Point 

of Detected Values limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 

2,4,6-Trichlorophenol 1/3 0.001 0.01 0.004 23.8 0.001 

Aluminum 3/3 1.87 - 7.07 NA 4.2 329 7.07 

Arsenic 3/3 0.0036 - 0.0057 NA 0.005 0.009 0.0057 

Barium 3/3 0.0337 - 0.0956 NA 0.057 1.2 0.0956 

Bis(2- 2/3 0.01 - 0.016 0.010 0.01 0.29 0.016 
ethylhexyl)phthalate 

Butylbenzylphthalate 1/3 0.005 0.01 0.005 0.005 0.005 

Chromium 3/3 0.0086 - 0.0271 NA 0.018 0.48 0.0271 

Cobalt 3/3 0.0016 - 0.0032 NA 0.0022 0.0086 0.0032 

Copper 2/3 0.006 - 0.0104 0.004 0.006 8.5 0.0104 

Lead 2/3 0.0033 - 0.015 0.005 0.007 58 0.015 

Manganese 3/3 0.0903 - 0.5945 NA 0.253 9,669 0.5945 

Nickel 3/3 0.0088 - 0.0298 NA 0.0156 1.5 0.0298 

Vanadium 3/3 0.0017 - 0.0093 NA 0.005 7.3 0.0093 

Zinc 3/3 0.02385 - 0.03195 NA 0.029 0.04 0.03195 

lWORK\CT022901IWPICCRA1ITAB4-30.B eTa No. 22 



TABLE 4-30B (Continued) 
EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN -
GROUNDWATER (ALLUVIAL AQUIFER) - DR ARMY DETONATION AREA 
Page 2 of2 

A Number of samples in which the analyte was detected/total number of samples analyzed. 

USEPA 10 No. IN5170 0234t·~ 
NAVSURFWARCENOIV CCRA 

November 1997 

B The 95% UCL (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989). 
NA = Not applicable. 

L:lWORKlCT022901IWPICCRA1ITAB4-30.B CTO No. 229 



TABLE 4-31 

USEPA 10 No. IN5 170023498 
NAVSURFWARCENOIV CCRA 

November 1997 

EXPOSURE POINT CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN - VENISON 

Range of Arithmetic 95% Exposure 
Frequency Range of Reporting Mean UCL Point 

of Detected Values Limits Concentration Concentration ConcentrationB 
Chemical DetectionA (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

2-Butanone (MEK) 1/1 0.011 NA NA NA 0.011 

4-Methylphenol 1/1 0.049 NA NA NA 0.049 

Acetone 1/1 0.28 NA NA NA 0.28 

Aluminum 1/1 3.5 NA NA NA 3.5 

Barium 1/1 0.29 NA NA NA 0.29 

Carbon disulfide 1/1 0.035 NA NA NA 0.035 

Copper 1/1 1.6 NA NA NA 1.6 

Oi-n-butylphthalate 1/1 0.019 NA NA NA 0.019 

Manganese 1/1 0.4 NA NA NA 0.4 

Selenium 1/1 0.26 NA NA NA 0.26 

Zinc 1/1 35.8 NA NA NA 35.8 

A Number of samples in which the analyte was detected/total number of samples analyzed. 
B The 95% UCL (upper confidence limit of the mean) or the maximum detected value, whichever is lower (U.S. EPA, 1989). 
NA = Not applicable. 

lWORKlCT022901IWPICCRA1ITAB4-31. CTa No.2; 



TABLE 4-32 

MAXIMUM DETECTION LIMITS ABOVE USEPA REGION 5 DQLS OR METHOD REPORTING LIMITS 

WATER SAMPLES 
Page 1 of3 

EnsBCo WES REI REI Enseco 

1993 1992 1995 1997 1993 
Ground Ground Ground Ground Spring 

Analvte Unit. MRL DQL Water Water Water Water Water 

DQLS Less Than Method Reporting Limits: 

Antimony ugfl 30 15 nca 200 - - - -
Arsenic, total ugfl 10 0.038 ca - na - - -
Beryllium, total ugfl 2 0.Q16 ca 2 na 1 1 2 
Lead, total ugfl 10 4 nca 5 na - 5 5 
Thallium, total ugfl 10 2.9 nca 25 na 5.7 - -
Cyanide ugfl 40 6.2 nca 10 na - - 10 
Aldrin ugfl 0.34 0.004 ca 0.05 na na 0.01 -
alpha-BHC ugfl 0.35 0.011 ca 0.05 na na - 0.05 
beta-BHC ugfl 0.23 0.037 ca 0.05 na na - 0.05 
gamma-BHC ugfl 0.25 0.052 ca 0.05 na na - 0.05 

Dieldrin ugfl 0.02 0.0042 ca 0.1 na na 0.02 0.1 
Heptachlor ugfl 0.4 0.015 ca 0.05 na na - 0.05 
Heptachlor epoxide ugfl 0.32 0.0074 ca 0.05 na na - 0.05 
Toxaphene ugn 0.86 0.061 ca 5 na na 1 5 
2-Nitroaniline ugn 10 2.2 nca 100 na 25 20 50 
3,3'-Dichlorobenzidine ug/l 20 0.15 ca 40 na 10 5 20 
Benzo(a)anthracene ugfl 0.13 0.092 ca 20 na 10 5 10 
Benzo(a)pyrene ugfl 0.23 0.0092 ca 20 na 10 5 10 
bis(2-Chloroethyl)ether ug/l 10 0.0098 ca 20 na 10 5 10 
Dibenzo(a,h)anthracene ugfl 0.3 0.0092 ca 20 na 10 5 10 
Hexachlorobenzene ugfl 0.056 0.042 ca 20 na 10 5 10 
:ndeno(l,2,3-cd)pyrene ugfl 0.43 0.092 ca 20 na 10 5 10 
" -Nitroso-di-n-propylamine ugfl 4.6 0.0096 ca 20 na 10 5 10 
1,1,2,2-Tetrachloroethane ug/l 1 0.055 ca 5 na 10 1 5 
1,1,2-Trichloroethane ugfl 1 0.2 ca 120 na 10 1 5 

l,l-Dichloroethene ugfl 0.07 0.046 ca 120 na 10 1 5 
l,2-Dibromo-3-chloropropane ug/l 1 0.048 ca 250 na - 1 10 
l,2-Dibromoethane ug/l 1 0.0008 ca 250 na - 1 10 

l,2-Dichloroethane ugfl 1 0.12 ca 5 na 200 1 5 
Bromodichloromethane ug/l 0.2 0.18 ca 120 na 200 1 5 

Carbon Tetrachloride ug/l 1 0.17 ca 120 na 200 1 5 
Chlorobenzene ugfl 0.03 39 nca 120 na 200 -
Chloroform ugfl 0.2 0.16 ca 120 na 10 2 5 
cis-l,3-Dichloropropene ugfl 1 0.081 ca 120 na 200 1 5 
trans-l,3-Dichloropropene ug/l 1 0.081 ca 120 na 200 1 5 
Vinyl Chloride ug/l 0.2 0.02 ca 10 na 10 1 10 

Aramite ugfl 10 2.7 ca 20 na na na 10 
l,4-Dioxane ug/l 12 1 ca 12000 na na na 500 

Kepone ugfl 20 0.0037 ca 1 na na na 1 
3,3'-Dimethylbenzidine ug/l 10 0.0073 ca 20 na na na 10 

Methacrylonitrile ugfl 5 1 nca 120 na na na 5 

N-Nitroso-di-n-butylamine ug/l 10 0.012 ca 20 na na na 10 
N-Nitrosodiethylamine ug/l 20 0.0005 ca 20 na na na 10 

N-Nitrosodimethylamine ug/l 1.5 0.0013 ca 20 na na na 10 

N-Nitrosomethylethylamine ug/l 10 0.0031 ca 20 na na na 10 

N-Nitrosopyrrolidine ugfl 40 0.032 ca 20 na na na 10 

Pentachloronitrobenzene ugfl 20 0.26 ca 100 na na na 50 

trans-l,4-Dichloro-2-butene ugfl 1 0.0012 ca 120 na na na 5 

1,1,1,2-Tetrachloroethane ug/l 1 0.43 ca 120 na na na 5 

Acrylonitrile ugfl 5 3.7 ca 2500 na na na 100 

L:\work\cto22901 \wp\ccra 1 \tab4-32. wk4 

USEPA 10 No. IN5 170023496 

NAVSURFWARCENDIV CCRA 

November 1997 

WES 
1995 I REI II 

1992 Surface' 1997 I 
Surface SPring) Surface Ii 
Water Water Water I 

,I 
II, 

I 
I I - - - I 

na 3 -
I na 1 1 

na - - I 
na 4 - I 

i 
na - 10 

na na 0.01 

na na -
na na I -
na na -
na na 0.02 
na na -
na na 0.01 
na na 1 
na 25 20 
na 10 5 
na 10 5 
na 10 5 

na 10 5 

na 10 5 

na 10 5 

na 10 5 

na 10 5 

na 10 1 
na 10 1 

na 10 1 
na - 1 
na - 1 

na 10 1 

na 10 1 

na 10 1 

na - -
na 10 1 

na 10 1 

na 10 1 
na 10 1 
na na na 
na na na 

na na na 
na na na 
na na na 

na na na 
na na na 

na na na 

na na na 

na na na 

na na na 

na na na 

na na na 

na na na 
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TABLE 4-32 (Continued) 
MAXIMUM DETECTION LIMITS ABOVE USEPA REGION & DQLS OR METHOD REPORTING LIMITS 

WATER SAMPLES 

Page 2 of3 

Enseco WES 

1993 1992 

Ground Ground 

Analyle Units MRL DQL Water Water 

Maximum Detection Limits Above Region 5 Data Quality Levels: 

DQLS Greater Than Method Reporting Limits: 

1,3,5-Trinitrobenzene ug~ 0.26 1.B nca 10 20 

1,3-Dinitrobenzene u~ 0.11 3.7 nca 20 -
Nitrobenzene ug~ 6.4 1B nca - 27 

PCBs ug~ 5.4-9 0.00B7 ca 1 na 

1,4-Dichlorobenzene ug~ 0.07 0.47 ca 10 na 

2,4,6-Trichlorophenol ugn 5 6.1 ca 20 na 

2,4-Dinitrophenol ug~ 50 73 nca 100 ne 

Benzo(b )fluoranthene ugn 0.17 0.92 ca 20 na 

Benzo(k)fluoranthene u~ 0.17 0.92 ca 20 na 

bis(2-Ethylhexyl)phthalate u~ 2.7 4.B ca 10 na 

Chrysene u~ 1.5 9.2 ca 20 ns 

Hexachlorobutadiene ugn 0.014 0.86 ca 20 na 

Hexachloroethane ug~ 0.016 4.8 ca 20 na 

Pentachlorophenol ugn 0.076 0.56 ca 100 na 

1,2-Dichloropropane ugn 0.06 0.16 ca 120 na 

Benzene u~ 0.09 0.39 ca 120 ns 

Bromoform ugn 2 8.5 ca 120 ns 

Bromomethane u~ 1 8.7 nca 250 na 

Chloromethane ugn 1 1.5 ca 250 na 

Dibromochloromethsne ugn 0.3 1 ca 120 na 

Methylene chloride ugn 1 4.3 ca 5 na 

Tetrachloroethene ugn 0.4 1.1 ca 5 ns 

T richloroethene u~ 0.1 1.6 ca 5 na 

Disulfoton u~ 0.7 1.5 nca 100 na 

Methyl parathion ugn 0.5 9.1 nca 100 na 

Phorate ugn 0.4 7.3 ca 200 na 

Sulfotepp ugn 0.7 18 nca 100 na 

Aniline ugn 10 11 nca 20 na 
Pyridine ug~ 5 37 nca 40 na 

1,2,3-Trichloropropane ug~ 1 31 ca 120 na 

Acetonitrile ugn 10 220 nca 5000 na 

Acrolein ug~ 11 730 nca 2500 na 

Dichlorodifluoromethane ug~ 1 390 nca 500 na 

L:\work\cto22901 \wp\ccra 1 \tab4-32. wk4 

REI REI Ensaco 

199& 1997 1993 

Ground Ground Spring 

Water Water Water 

7.3 - -
4 - 10 

- - -
na 0.4 1 

10 1 10 

10 - 10 

- - -
10 5 10 

10 5 10 

10 - -
10 - 10 

10 5 10 

10 5 10 

25 20 50 

200 1 5 

200 1 5 

200 - -
200 - 10 

200 - 10 

200 - 5 

32 - -
10 - 5 

10 - -
na ne 50 

ns na 50 

na na 100 

na na 50 

na na -
ns na -
na ns -
na na -
na na -
na na -

USEPA ID No. IN5 170 023 49B 
NAVSURFWARCENDIV CCRA 

November 1997 

WES 199& REI 

1992 Surface/ 1997 II 
Surface Spring sU:J1 Water Water Water 

II 
!i 
I 

20 7.3 - I 
20 4 -
- - -

na na 0.4 

na 10 1 

na 10 - I 
na - -
na 10 5 

na 10 5 

na 10 5 

na 10 -
na 10 5 

na 10 5 

na 25 20 

na 10 1 

na 10 1 

I 
na 10 -
na 10 -
ns 10 -
na 10 -
na 25 -
na 10 -
na 10 -
na na na 

na na na 

na na na 

na ns na 

na na na 

na ns ns 

ns ns ns 

na na na 

na na na 

na na na 

eTO No. 229 



TABLE 4-32IContinued) 

MAXIMUM DETECTION liMITS ABOVE USEPA REGION 6 DQlS OR METHOD REPORTING liMITS 

WATER SAMPLES 

Page 3 of3 

Analyte Units MRl DQl 

Maximum Detection limits Above Region 6 Method Reporting limits: 

Enseco 
1993 

Ground 

Water 

WES 
1992 

Ground 

Water 

REI I REI 

1995 11997 
Ground Ground 

Water Water 

Enseco 
199;) 

Spring 

Water 

USEPA 10 No. INS 170 023 496 

NAVSURFWARCENDIV CCRA 

November 1997 

WES 
1992 

Surface 

Water 

1996 I 
Surfacel I 
Spring I 
Water 

REI " 

s~~:ce II 

Water II 

I 
Ic-~---------------------'--~~~-r~~---'------~-----'-----'-----'-------'-----'-----,----~! 
Cobalt ugll 10 NA 40 I na 
1,3-Dichlorobenzene ugll 0.2 NA 20 na 10 1 
2-Methyl-4,6-dinitrophenol ug/l 50 NA 100 na 
2-Methylnaphthalene ug/l 10 NA 20 na 
2-Nitrophenol ugll 5 NA 20 na 10 
4-Bromophenyl phenyl ether ugll 10 NA 20 na 
4-Chloro-3-methylphenol ug/l 5 NA 20 na 10 
~hlorophenyl phenyl ether ug/l 10 NA 20 na 
3-Nitroaniline ugll 33 NA 100 na 
4-Nitroaniline ug/l 20 NA 100 na 25 
4-Nitrophenol ug/l 10 NA 100 na 25 
Acenaphthylene ug/l 10 NA 20 na 
Benzo(g,h,i)perylene ugll 0.76 NA 20 na 10 
bis(2-Chloroethoxy)methane ug/l 10 NA 20 na 

Phenanthrene ug/l 10 NA 20 na 

2-Hexanone ug/l 50 NA 250 na 200 
Isodrin ug/l 20 NA 100 na 
Methyl methanesulfonate ug/l 10 NA 20 na 
1,4-Naphthoquinone ug/l 10 NA 20 na na 
1-Naphthylamine ug/l 10 NA 20 na na 

2,6-Dichlorophenol ug/l 10 NA 20 na na 
2-Acetylaminofluorene ug/l 20 NA 200 na na 
2-Naphthylamine ug/l 10 NA 20 na na 

2-Picoline ug/l 5 NA 20 na na 
S-Nitro-o-toluidine ug/l 10 NA 20 na na 

:',12-0imethylbenz(a)anthracene ug/l 10 NA 20 na na 

Chloroprene ug/l 5 NA 120 na na 
p-Dimethylaminoazobenzene ugll 10 NA 20 na na 

a,a-Dimethylphenethylamine ug/l 10 NA 20 na na 

Isosafrole ug/l 10 NA 40 na na 
Pentachloroethane ug/l 5 NA 20 na na 

Propionitrile ugll 5 NA 120 na na 

Safrole ug/l 10 NA 20 na na 

0-Toluidine ug/l 10 NA 20 na na 

o 0 0-Triethylphosphorothioate ug/l 10 NA 20 na na 

Notes: 

- - Exceedance of DOL not observed or comparison was unnecessary (either not analyzed or compound was detected). 

na - Not analyzed. 
ca - Known carcinogen 

nca .. Non .. carcinogen 

MRL - Method Reporting Limit 

DQL - Data Quality Level 

L:\work\cto22901 \wp\ccra1 \tab4-32.wk4 

20 

na 
na 
na 
na 
na 
na 

na 
na 
na 
na 
na 

na 
na 

na 
na 
na 
na 

na - It 
10 na 10 

na 
na 

10 na 10 
na 

10 na 10 
na 

50 na 
50 na 25 
50 na 25 20 

na 
10 na 10 5 

na 
na 
na 

100 na 
na 
na na na 
na na na 

na na na 
100 na na na 

na na na 

10 na na na 
na na na 
na na na 

na na na 
na na na 

na na na 

20 na na na 
10 na na na 

na na na 

na na na 
na na na 
na na na 
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TABLE 4·33 

USEPA 10 No. IN5 170 023 498 
NAVSURFWARCENDIV CCRA 

November 1997 

MAXIMUM DETECTION LIMITS ABOVE USEPA REGION 5 DQLS OR METHOD REPORTING LIMITS 

Surface Subsurface Surface 

Soil Soil Soil 

Analyte Units MRL DQL Jeep Trail ABG ABG 

Maximum Detection Limits Above Region 5 Data Quality Levels: 

PCB-1221 ug/kg 36.2-603 66 - 72 84 
1,4-Dichlorobenzene ug/kg 0.07 7,400 ca 9600 - -
2-Nitroaniline ug/kg 670 3900 ca 23000 - -
3,3'-Dichlorobenzidine ug/kg 1300 9900 ca 9600 - -
Benzo(a)anthracene ug/kg 8.7 610 ca 9600 - -
Benzo(a)pyrene ug/kg 15.4 61 ca 9600 350 410 
Benzo(b )fluoranthene ug/kg 12.1 610 ca 9600 - -
Benzo(k)Fluoranthene uglkg 11.4 6100 ca 9600 - -
bis(2-Chloroethyl)ether ug/kg 660 74 ca 9600 350 410 

Dibenzo(a,h)anthracene ug/kg 20.1 61 ca 9600 350 410 

Hexachlorobenzene ug/kg 3.8 280 ca 9600 350 410 

Hexachlorobutadiene ug/kg 0.9 5700 ca 9600 - -
Indeno(1,2,3-cd)pyrene ug/kg 29 610 ca 9600 - -
N-Nitroso-di-n-propylamine ug/kg 660 63 ca 9600 350 410 

Pentachlorophenol ug/kg 400 2500 ca 23000 - -
Vinyl Chloride ug/kg 0.2 5.2 ca - 11 13 

Maximum Detection Limits Above Region 5 Method Reporting Limits: 

2-Methyl-4,6-dinitrophenol ug/kg 3300 NA 23000 - -
2-Methylnaphthalene ug/kg 660 NA 9600 - -
2-Nitrophenol ug/kg 300 NA 9600 350 410 
3-Nitroaniline ug/kg 2211 NA 23000 - -
4-Bromophenyl phenyl ether ug/kg 660 NA 9600 - -
4-Chloro-3-methylphenol ug/kg 240 NA 9600 350 410 
4-Chlorophenyl phenyl ether ug/kg 660 NA 9600 - -
4-Nitroaniline ug/kg 7370 NA 23000 - -
4-Nitrophenol ug/kg 470 NA 23000 890 1000 
Acenaphthylene ug/kg 660 NA 9600 - -
Benzo(g,h,i)perylene ug/kg 51 NA 9600 350 410 
Bis(2-chloroethoxy)methane ug/kg 660 NA 9600 - -
Phenanthrene UQ/kQ 660 NA 9600 - -

- - Exceedance of DQL not observed or comparison was unnecessary (either not analyzed or compound was detected). 
ca - Known carcinogen 
MRL - Method Reporting Limit 

DQL - Data Quality Level 

L:\WORK\CT022901 \WP\CCRA 1 \T AB4-33.WK4 

Soil Soil Sediment 

ORR DR ABG 

85 - -
- - -
- - -
- - -
- - -
- 410 410 

- - -
- - -

750 410 410 

- 410 410 
750 410 410 

- - -
- - -

750 410 410 

- - -
13 - 12 

- - -
750 - -
750 410 410 

- - -
750 - -
750 410 410 

750 - -
- - -

1100 890 1000 
750 - -
- 410 410 

750 - -
- - -
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DGN -f:\ 132232\current DATE -Wed Nov 5 08:03:45 1997 

PRIMARY SECONDARY TERTIARY 
ENVIRONMENT AL ENVIRONMENT AL ENVIRONMENT M.. EXPOSURE RECEPTOR 

SOURCES MEDIA MEDIA MEDIA ROUTE LOCATION 

SOIL AT ABG, INGESTION ADUL T BASE 
DR,ORR DERMAL CONTACT PERSONNEL 

~ I SWMU WORKERSI 

SURFACE WATERI \ 

TERRESTRIAL 

PLANTS 
BASE PERSONNEL 

INGESTION AND THEIR FAMILIES 
SEDIMENT IN 

OFF -F ACILITY FACILITY CREEKS ~ DERMAL CONTACT 
RESIDENTS 

/ VENISON INGESTION I OFF -F ACILITY RESIDENTS 
l SWMU WORKERS 

SURFACE WATER INGESTION OFF -F ACILITY 

IN SPRINGS DERMAL CONTACT RESIDENTS 

GROUNDWATER INGESTION BENEATH ABG, I ABG WORKERSI 
DERMAL CONTACT DR,ORR 

GROUNDW A TER INGESTION, INHALATION -VOC OFF -F ACILITY 
OFF -F ACILITY DERMAL CONTACT RESIDENTS 

RUST 
FIGURE4-1 

CURRENT LAND USE SCENARIO 
Rust Environment & Infrastructure Inc. CURRENT CONDITIONS RISK ASSESSMENT 

NAVSURFW ARCENDIV 
OCTOBER 1997 CRANE. INDIANA 20626 



DGN -f:\132232\park DATE -Wed Nov 5 08:02:57 1997 

PRIMARY SECONDARY TERTIARY 
ENVIRONMENT AI. ENVIRONMENT AL ENVIRONMENT AL EXPOSURE RECEPTOR 

SOURCES MEDIA MEDIA MEDIA ROUTE POPULATION 

SOIL AT INGESTION PARK VISITORS 
ABG,OR,DRR ---- DERMAL CONT ACT PARK EMPLOYEES 

TERRESTRIAL 

PLANTS 

SURFACE WATERI INGESTION I 
SEDIMENT IN DERMAL CONTACT I 

PARK VISITORS 
FACILITY CREEKS 

\ SURF ACE WATER 
IN SPRINGS 

INGESTION I PARK VISITORS 
DERMAL CONTACT I (ABG ONLY) 

N GROUNDW ATER 
BENEATH ABG, 

INGESTION PARK VISITORS , 
DERMAL CONTACT PARK EMPLOYEES DR,ORR 

VENISON 
INGESTION PARK VISITORS 

PARK EMPLOYEES 

FIGURE 4-2 

RlKr FUTURE LAND USE SCENARIO 
PARK/NATURAL AREA 

Rust Environment & Infrastructure Inc, CURRENT CONDITIONS RISK ASSESSMENT 
NAVSURFW ARCENDIV 

OCTOBER 1997 CRANE.INDIANA 20626 



DGN ·';\132232\residen DATE -Wed Nov 5 08:01:26 1997 

PRIMARY SECONDARY TERTIARY 
ENVIRONMENT Al ENVIRONMENT Al ENVIRONMENT Al EXPOSURE RECEPTOR 
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5.1 INTRODUCTION 
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5.0 HUMAN EXPOSURE ASSESSMENT 

An exposure pathway consists of four main elements: (a) a source and mechanism of chemical release to 
the environment; (b) an environmental transport medium for the released chemical; (c) a point of potential 
contact by a receptor with the contaminated medium (referred to as the exposure point); and (d) a route of 
exposure (e.g., ingestion, inhalation, dermal contact) at the exposure point. If any of these factors are absent, 
the pathway is incomplete, and exposure cannot occur. Section 3.2 detailed the various sources of 
contamination for this study, as well as the mechanisms of their release. Section 4.5 discussed the existing 
contamination at each SWMU, as identified in the three sampling and analysis programs conducted at the 
Facility. Section 4.1 described the various receptor populations for this study and their exposure locations, 
and listed those exposure pathways and routes of exposure that exist currently or could be present in the 
future. This information was also provided schematically in Figures 4-1 through 4-3. The objective of the 
exposure assessment section of this risk assessment report is then to quantify the extent of receptor exposure 
to the chemicals of potential concern from these relevant exposure pathways at the exposure locations 
specified in the site conceptual model. 

A general principle of exposure assessment is to use conservative input parameters in the exposure equations 
used to quantify receptor doses. Conservative parameters are selected to purposefully overestimate likely 
chemical exposure so that the final estimates of chemical contact that are calculated will be higher than the 
range of actual exposures experienced in the surrounding populace. Estimates of exposure developed for 
this assessment are conservative in this sense, in two ways. First, for each exposure scenario, the 
assessment vyill focus on the geographic locations at each SWMU where exposure is expected to be the 
greatest, and on the subpopulations likely to be most exposed (for example, SWMU workers exclusively 
contacting on-SWMU surface soils). For this reason, the estimates of exposure will not be valid for most of 
the population. Secondly, exposure assessments for the chosen receptor populations will incorporate 
conservative physical and behavioral assumptions which also influence the exposure estimates. These 
include likely over-estimates of chemical concentrations associated with the SWMUs, environmental 
persistence of the chemicals, chemical bio-uptake, chemical bioavailability, and human activity. For these 
reasons, the exposure estimates that are calculated in this screening-level risk assessment are intended to 
represent hypothetical reasonably maximally-exposed individuals. Chemical exposures to any individual 
residing on or near the project SWMUs currently or any time in the future are expected to be less, and 
perhaps much less, than those calculated. 

5.2 EXPOSURE POINT CONCENTRATIONS FOR RECEPTORS 

The human receptors anticipated for inclusion in this risk assessment are assumed to be exposed to site 
chemicals from a variety of sources through a number of exposure routes. The derivation of the exposure 
point concentrations of the chemicals of potential concern in relevant environmental media for each receptor 
population is summarized below. 

5.2.1 Base Personnel and Their Families 

For the adult receptor in this population, the exposure point concentrations for the COPCs in soil will be 
determined as time-weighted average levels since this receptor's activities are presumed to be proportioned 
among time spent at home near Lake Greenwood and their visits to each SWMU. The following equation is 
used to calculate the time-weighted exposure point concentrations (EC) for the soil pathway for these adults: 

EC 
(mg/kg) 

L:IWORKlCT022901IWPlCCRA2ICCCHHRS.JBS 

r 

20 [('!)(ABGs) + (.!)(ORRs) + ('!)(DRsn) + .!(DRsa)] 
3 3 6 6 

144 
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Where: 

ABGs = 
ORRs= 
DRsn= 
DRsa = 

1/3 and 1/6 = 
20= 

144 = 
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surface soil concentrations of COPCs at the ABG (mg/kg); see Table 4-7; 
surface soil concentrations of COPCs at the ORR (mg/kg); see Table 4-19; 
surface soil concentrations of COPCs at the DR (Navy) (mg/kg); see Table 4-25; 
surface soil concentrations of COPCs at the DR (Army)(mglkg), see Table 4-26; 
fractions of the work day individual spends at each of the three SWMUs; 
number of days/year individual works at the three SWMUs; 
number of days/year of soil contact. 

These time-weighted average exposure point concentrations are provided in Table 5-1. 

Since the spouse and toddler in this population is assumed in the site conceptual model to remain at home 
(i.e. in the base housing near Lake Greenwood), he/she is not assumed to come into direct contact with any 
of the contaminated environmental media at these three SWMUs. 

Receptor (base personnel, spouse and toddler) exposure to creek water and sediment is also assumed to 
occur in this assessment. The chemical exposure points for these two environmental media (average from 
all three creeks) are provided in Table 5-2. The equation used to derive these concentrations is: 

Where: 

LSCw•s = 

5.2.2 

TCw•s = 
BCw•s = 

1/3 = 

EC 
(mg/L 

or mglkg) 

1 1 1 = -(LSC ) + -(TC ) + -(BC ) 3 w,s 3 w,s 3 w,s 

water or sediment concentrations of COPCs in Little Sulphur Creek; see Tables 4-10 and 4-
11 ; 
water or sediment concentrations of COPCs in Turkey Creek; see Tables 4-21 and 4-22; 
water or sediment concentrations of COPCs in Boggs Creek; see Tables 4-27 and 4-28; 
fraction of exposure period at each creek. 

SWMU Workers 

For the various workers at each SWMU, the exposure point concentrations for contaminants in surface soils 
are provided in Tables 4-7, 4-8, 4-19, 4-25, and 4-26. 

The groundwater contaminants' exposure point concentrations at ABG are provided in Table 4-18. Venison 
meat concentrations of COPCs are provided in Table 4-31. 

5.2.3 Off-Facility Residents 

For adults and toddlers, the exposure point concentrations for contaminants in groundwater (ABG Alluvial 
wells) are provided in Table 4-16. Off-facility spring water exposure point concentrations (Springs 8 and 10 
combined) are provided in Table 4-12B. Little Sulphur Creek exposure point concentrations are provided in 
Tables 4-10 and 4-11). Venison meat concentrations of COPCs are provided in Table 4-31. 

5.2.4 Park Visitors and Park Employees 

For these receptors, the exposure point concentrations for hazardous constituents in soil at the various 
SWMUs are provided in Tables 4-7,4-8,4-19,4-25, and 4-26. Surface water and creek sediment exposure 
point concentrations for the three creeks are provided in Tables 4-10, 4-11, 4-21, 4-22, 4-27, and 4-28. On
site springs (A,B,C) concentrations are provided in Table 4-12A (applicable to ABG only). Groundwater 
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exposure point concentrations for the various aquifers beneath each SWMU are provided in Tables 4-13 
through 4-17, 4-23, 4-24, 4-29, and 4-30. Venison concentrations of cope are provided in Table 4-31. 

5.2.5 On-SWMU Residents 

For future residents at each SWMU, the exposure point concentrations for hazardous constituents in soil 
(surface and surface/subsurface mixture) are provided in Tables 4-7 through 4-9, 4-19, 4-20, 4-25, and 4-26. 
Surface water and creek sediment exposure point concentrations are provided in Tables 4-10,4-11,4-21, 
4-22,4-27, and 4-28. On-site springs (A,B,C) concentrations are provided in Table 4-12A (applicable to ABG 
only). Groundwater exposure point concentrations are provided in Tables 4-13 through 4-17, 4-23, 4-24, 4-29, 
and 4-30. Venison concentrations of COPCs are provided in Table 4-31. 

Exposure point concentrations for three environmental media (garden fruits/vegetables, beef, and milk), are 
modeled values. The chemical fate and distribution algorithms used for these calculations are presented in 
Appendix F. These algorithms are identical to those used in the companion risk assessment to this one and 
are published in recent USEPA guidance (1994b,c). These exposure point concentrations are presented in 
Tables F-1 through F- 21. 

5.3 HUMAN EXPOSURE DOSE ALGORITHMS 

Once the exposure point concentrations of the chemicals of potential concern are calculated, these 
concentrations are translated into reasonably maximum exposure doses for the various human receptor(s). 
This translation of environmental contamination levels into human doses of the chemicals of potential concern 
is made by using variations of the standard exposure assessment equation (USEPA, 1989a). 

Where: 

1= 
C= 

CR= 

EF= 
ED = 

BW= 
AT= 

C x CR x EF x ED 
BW x AT 

intake, the amount of chemical at the exchange boundary (mg/kg body weight - day); 
exposure pOint concentration, the estimated concentration contacted over the exposure 
period (e.g., mg/kg soil); 
contact rate, the amount of contaminated medium contacted per unit time or event (e.g., 
kg/day); 
exposure frequency (describes how often exposure occurs (days/year)); 
exposure duration [describes how long exposure occurs (years)]; 
body weight [the average body weight of the receptor over the exposure period (kg)]; and 
averaging time [period over which exposure is averaged (days)]. 

Thus, the dose of a chemical that is received by an individual is dependent upon: 

• The concentration of the chemical at the point of exposure. 
• How often the individual comes into contact with the contaminated medium. 
• How long the exposure occurs. 
• The extent of contact that the individual has with the medium. 
• The body weight of the receptor. 

Because it is impossible to quantify each of these variables in the various exposure assessment equations 
for every individual in the current let alone a future population, various standard or default values/assumptions 
are commonly used in risk assessments. These assumptions underscore the reasonably maximally-exposed 
individual (MEl) approach. 
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Specific details of the exposure equations that Halliburton NUS Team used in this site-specific risk 
assessment, as well as the recommended value of each input parameter, are provided in the remainder of 
this section. Appendix H contains the details of these calculations. 

5.3.1 Ingestion of Contaminated Soil 

Pica behavior (toddlers) and work-related and gardening activities (adults) may exposure human receptors 
to contaminated soil via incidental ingestion of this medium. The equation used to calculate the human 
exposure doses due to ingestion of contaminated soil is presented in Table 5-3, along with the values used 
for the exposure parameters. This pathway is relevant for receptors (adults and toddlers) in all three exposure 
scenarios. Details of the derivation of these values are provided below. 

Contaminant Concentration in Soil (SCJ 

The concentration of chemicals of potential concern in soil were discussed in Section 5.2. For those instances 
in which a single receptor has contact with soil at more than one SWMU (Le. Base personnel), the exposure 
point concentration is modified to account for exposure at multiple locations. (See Section 5.2.1 for an 
explanation of how these exposure point concentrations were derived.) 

Ingestion Rate (lRsl 

An adult worker (Base personnel, SWMU workers and park/natural area employees) is conservatively 
assumed to consume 100 mg of soil per day. This is twice what is recommended for a receptor in a 
commercial/industrial setting (USEPA, 1991) due to the nature of the work done at the SWMUs and 
parks/natural areas. Soil consumption rates of 100 mg/day and 200 mg/dayare used for the other adult 
receptors and for children, respectively (USEPA, 1991b). 

Exposure Frequencv (EF) 

Adult base personnel are assumed to come into contact with soil at the facility 144 days per year. SWMU 
workers are assumed to come into contact with contaminated on-SWMU soil every working day 
(SWMU-specific exposure frequencies: 250 days/year for ABG workers, 125 days/year for ORR workers, 15 
days/year for Navy DR workers, and 100 days/year for Army DR workers). Future park visitors are 
conservatively assumed to visit the park 3 days/week for 9 months a year, or 108 days/year. Park/natural area 
employees are assumed to come into contact with contaminated on-SWMU soil every working day (250 
days/year). Future on-SWMU residents are assumed to contact soil 144 days per year (9 months a year, 4 
days a week). 

Exposure Duration (ED) 

Adult park visitors and employees are conservatively assumed to visit the park for 20 years; the toddler visitor 
for 6 years. Future on-SWMU rural residents are assumed to live in the area for 40 years (34 as an adult and 
6 as a toddler), a reasonable maximum exposure duration for rural residents (USEPA, 1994d). Base 
personnel are assumed to be exposed for 4 years (NAVSURFWARCENDIV, 1995), while SWMU workers 
are modeled for exposure for 20 years. 

Bodv Weight (BW) 

The body weight term in the equation refers to the average weight of the receptor during the period of time 
that his/her exposure to site contaminants occurs. For the purposes of this assessment, the default values 
suggested by the USEPA (1991 b) are used: 70 kg for adults and 15 kg for toddlers. 

A veraging Time (A T) 

The averaging time is the time interval (in days) over which a health criterion is applicable. For cancer effects, 
this term is fixed by convention at 25,550 days (70 years x 365 days/year) (USEPA, 1989a). For chronic non-
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cancer effects, this term is the number of years a receptor is exposed (exposure duration) multiplied by 365 
days/year (USEPA, 1989a). For SWMU workers, future park employees, and adult park visitors, the non
cancer averaging time is 7,300 days (20 years x 365 days/year). For future on-SWMU adult residents, this 
value is 12,410 days (34 years x 365 days/year). For toddlers, this value is 2,190 days (6 years x 365 
days/year) . 

5.3.2 Dermal Contact with Contaminated Soil 

Hazardous constituents in contaminated soil also may be absorbed into the body of a human receptor through 
dermal contact with this medium. The equation used to calculate human exposure doses due to dermal 
contact with contaminated soil is adapted from USEPA (1989a) and is provided in Table 5-4, along with the 
values for exposure parameters. This pathway is also relevant for receptor populations (adults and toddlers) 
in all three land use scenarios. Details of derivation of these values are provided below. Only those 
parameters unique to this pathway and/or not described previously are discussed: 

Skin Surface Area Available for Contact (SA) 

The value used in the equation for the surface area of the adult worker's (SWMU worker and park/natural area 
employee) skin available for contact with soil is 2,490 cm2/event, which corresponds to the surface area of 
the hands and forearms measured in men (USEPA, 1989c). The parameter value utilized for the other adult 
receptors (base personnel, on-SWMU residents and park visitors) is 3,510 cm2/event (total surface area of 
arms and hands (USEPA, 1985). For toddlers, a value of 3,580 cm2/event (total surface area of arms, hands, 
legs, and feet; USEPA, 1985) is used. 

Soil-to-skin Adherence Factor (AF) 

The soil-to-skin adherence factor selected for the risk assessment is 0.2 mg/cm2 (USEPA, 1992a). 

Absorption Factor (ABS) 

The absorption factor accounts for desorption of a chemical from the soil matrix and absorption of a chemical 
across the skin. For this risk assessment, organic chemicals are assigned an absorption factor of 0.01 and 
inorganics are assigned an absorption factor 0.001 (USEPA, 1992a). 

5.3.3 Ingestion of Contaminated Vegetables 

Consumption of contaminated home-grown fruits and vegetables may be a source of chemical exposure for 
the future on-SWMU resident receptors. The equation utilized to calculate human exposure doses due to 
ingestion of contaminated fruits and vegetables is provided in Table 5-5, along with the values for the 
exposure parameters. Details of the derivation of these values are provided below. Only those parameters 
unique to this pathway and/or not described previously are discussed. 

Contaminant Concentration in Fruits and Vegetables (CVJ 

The modeled concentrations of the chemicals of potential concern in home-grown fruits and vegetables are 
described in Appendix F. Tables F-1 through F-7 present the exposure point concentrations for this medium. 

Consumption Rate for FruiWegetables "/" (CONVJ 

The consumption rates for adults and toddlers used in this risk assessment are provided in Table 5-5. These 
are upper 95th percentile values as determined by Pao et al. (1982). 

Fraction of FruitsNegetables that is Homegrown (pRJ. 

A reasonable worst-case value for this parameter is 0.40 (USEPA, 1989a). 
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The vegetable consumption rates provided in Table 5-5 have been averaged over an entire year. Therefore, 
the exposure frequency for fruit/vegetable ingestion for current and future residents is 350 days/year. 

5.3.4 Ingestion of Contaminated Beef 

Ingestion of contaminated beef may be a significant pathway of chemical exposure for human receptors in 
a rural area. Preliminary investigation indicates this may be a relevant pathway for the future on-SWMU 
residents in this risk assessment. The equation utilized to calculate human exposure doses due to ingestion 
of contaminated beef is provided in Table 5-6, along with the values for the exposure parameters. Details of 
the derivation of these values are provided below. Only those parameters unique to this pathway and/or not 
described previously are discussed. 

Contaminant Concentration in Beef (CB) 

The derivation of the concentrations of the chemicals of potential concern in beef are described in Appendix F. 
These exposure point concentrations are provided in Tables F-15 through F-21. 

Consumption Rate for Beef (CONB) 

The consumption rates for beef in adults and toddlers that are used in this risk assessment are provided in 
Table 5-6. These are the upper 95th percentile values, as determined by Pao et al. (1982). 

Fraction of Beef that is Locally Raised (RfJ 

A default value of 1.00 is utilized in this assessment for rural residents ingesting beef (USEPA, 1989a). 

Exposure Frequency (EF) 

The beef consumption rates provided in Table 5-6 have been averaged over an entire year. Therefore, the 
exposure frequency for beef ingestion for local residents is 350 days/year. 

5.3.5 Ingestion of Contaminated Milk 

This pathway may also be significant source of exposure to future on-SWMU residents. The equation to 
calculate human exposure dose due to ingestion of contaminated milk is provided in Table 5-7, along with the 
values for the exposure parameters. Details of the derivation of these values are provided below. Only those 
parameters unique to this pathway and/or not described previously are discussed: 

Contaminant Concentration in Milk (CM) 

The derivation of the concentrations of the chemicals of potential concern in milk are described in Appendix F. 
These exposure point concentrations are presented in Tables F-8 through F-14. 

Consumption Rate for Milk (CONM) 

The consumption rates for milk for adults and toddlers that are used in this risk assessment are provided in 
Table 5-7. These are the upper 95th percentile values, as determined by Pao et al. (1982). 

Fraction of Milk that is Locally Produced (FR"J 

A default value of 1.00 is utilized for future rural residents in this assessment (USEPA, 1989a). 
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Exposure Frequencv fEF) 

USEPA ID No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

February 1999 

The milk consumption rates provided in Table 5-7 have been averaged over an entire year. Therefore, the 
exposure frequency for milk ingestion for local residents is 350 days/year. 

5.3.6 Ingestion of Contaminated Groundwater 

Contaminated groundwater is a source of chemical exposure for the current SWMU workers (ABG), off
Facility residents, for future park employees and visitors, and future on-SWMU residents. The equation used 
to calculate human exposure doses due to ingestion of contaminated groundwater is provided in Table 5-8, 
along with the values for the exposure parameters. Details of the derivation of these values are provided 
below. Only those parameters unique to this pathway and/or not described previously are discussed. 

Contaminant Concentration in Groundwater (CGW) 

The concentrations of the chemicals of concern in groundwater were discussed in Section 5.2. 

Ingestion Rate ORJ. 

Off-facility residents and future on-SWMU residents are assumed to consume 1 L (toddlers) and 2 L (adults) 
of contaminated water per day (USEPA, 1989a). SWMU workers and future park employees are assumed 
to ingest 1 Uday, while future adult and toddler park visitors are assumed to ingest 1 Uday and 0.5 Uday, 
respectively. 

Exposure Frequency (EF J. 

SWMU workers at ABG and future park employees are assumed to ingest groundwater every day at work 
(250 days/year). Park visitors are assumed to ingest water 108 days/year (3 days/week, 9 months/year). Off
facility and future on-SWMU residents are assumed to ingest water 350 days/year. 

Exposure Duration (EO) 

Off-facility residents at the Padanaram Commune are assumed to live their entire lives at this single location. 
Therefore, a 70-year exposure period is selected for this receptor group; 64 years as an adult and 6 years as 
a toddler. 

5.3.7 Dermal Contact with Contaminated Groundwater 

Dermal contact with hazardous constituents in groundwater represents another potential exposure route any 
time receptors shower or bathe or occasionally wash up while working/recreating. Showering/bathing 
exposure is relevant for the current nearby residents and future on-SWMU residents. Incidental contact 
exposure is relevant for ABG workers, future park employees and visitors. The equation used to calculate 
human exposure doses due to dermal contact with contaminated groundwater is provided in Table 5-9, along 
with the values for the exposure parameters. Details of derivation of these values are provided below. Only 
those parameters unique to this pathway and/or not described previously are discussed. 

Skin Surface Area Available for Contact (SA) 

The area of skin in contact with contaminated water during showeringlbathing is assumed to be the total body 
surface area of the individual. Based on a review of the published literature in this area, the following 50th 
percentile values are selected (USEPA, 1989c): adult - 18,150 cm2

; toddler - 7,200 cm2
• 

For incidental contact (i.e. washing hands, arms, feet and/or legs) skin surfaces for these body areas are 
used. For the adult SWMU worker, park employee and park visitor, a value of 1980 cm2

, representing hands 
and forearms, is utilized. For the toddler, an area of 3580 cm2 is used, representing hands, arms, feet, legs, 
and face (USEPA, 1989c). 
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Chemical-specific Normalized Dermal Permeabilitv Constant (PC) 

USEPA ID No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

February 1999 

The estimation of exposure doses resulting from skin contact with water requires the use of chemical-specific 
skin permeability constants. These are presented in cm/hr units. These skin penetration rates are not only 
a function of chemical property data but also of biological properties (e.g., skin thickness). Values for the 
permeability coefficients of many compounds are provided in Superfund Exposure Assessment Manual 
(SEAM; USEPA, 1988). Dermal permeability coefficients for organic compounds can also be estimated using 
the chemical's Kow value (Brown and Rossi, 1989). 

Since the doses calculated using these dermal permeability constant (PC) values represent absorbed doses 
of each chemical through the skin, these PC factors need to be adjusted relative to the oral absorption of each 
chemical in order to normalize the dermal doses to the oral doses for risk characterization. This adjustment 
is made consistent with RAGS (USEPA, 1989a). 

Table 5-10 contains the derivation of the permeability constants for the various chemicals of potential concern 
evaluated in this exposure pathway and the adjusted PC values for these chemicals. 

Exposure Time (ET) 

The length of time of exposure in this pathway also depends upon the nature of the activity involved. 
Showering/bathing is typically modeled to occur for 0.20 hours per day (USEPA, 1989a). It is assumed that 
occasional washing would occur for 0.10 hours per day. 

Exposure Frequencv (EF) 

The frequency of dermal contact with water is also a function of the activity involved. For showering/bathing, 
adult exposure is typically modeled to occur every day, while bathing children is modeled anywhere from every 
day to 1-2 times per week. For this assessment, an exposure frequency of 180 days per year was selected 
for toddlers. 

5.3.8 Inhalation of VOCs While Showering/Bathing 

Inhalation of VOCs while showering/bathing is a potential route of exposure in any risk assessment that 
involves the presence of these contaminants in residential water systems. The equation that will be used to 
calculate human exposure doses due to inhalation of VOCs while showeringlbathing is provided in Table 5-11, 
along with the recommended values for the exposure parameters. Details of the derivation of these values 
is provided below. Only those parameters unique to this pathway and/or not described previously are 
discussed. 

Contaminant Concentrations in Shower Air (CSA) 

Shower air concentrations of volatile organic chemicals were calculated from their groundwater exposure point 
concentrations using the method described in Appendix G. Table G-2 presents these exposure pOint 
concentrations. 

Inhalation Rate ORJ, 

The average inhalation rate of a receptor is dependent upon the age (and size), the sex, and the activity level 
of the individual. The value utilized for the inhalation rate of all adult receptors «18 years) in this assessment 
is 0.83 m3/hour (standard default factor presented in Human Health Evaluation Manual. Supplemental 
Guidance: "Standard Default Exposure Factors" (USEPA, 1991 b). For the toddler (ages 1 through 6), a value 
of 0.667 m3/hour is used (USEPA, 1985). 
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5.3.9 Ingestion of Contaminated Surface Water 

USEPA ID No. INS 170023498 
NAVSURFWARCENDIV CCRA 

February 1999 

Surface water ingested while wading/swimming is a source of chemical exposure for future park employees, 
future park visitors and future on-SWMU residents. Spring water is currently being used by local off-facility 
residents as a drinking water source. The equation used to calculate human exposure doses due to ingestion 
of contaminated surface water is provided in Table 5-12, along with the values for exposure parameters. Only 
those parameters unique to this pathway and/or not described previously are discussed. 

Contaminant Level in Surface Water (CSW) 

The levels of hazardous constituents used to quantify risk from exposure to surface water were discussed in 
Section 5.2. 

Contact Rate (CR) 

The quantity of water consumed per hour while swimming is 0.05 L, or approximately one-mouthful (USEPA, 
1989a). USEPA's default drinking water consumption rates of 2 Uday (adults) and 1 Uday (toddlers) was 
assumed for off-facility residents drinking spring water. Occasional drinking of surface water by base 
personnel and their families was assumed to consume 0.10 Ud. 

Exposure Time (En 

An exposure time of 2.5 hours per swimming event is assumed for the future park visitors and future on
SWMU residents (USEPA, 1989a). Future park employees are assumed to contact surface water for 1 
hour/day. 

Exposure Frequencv (EF) 

The average number of days each year that a person swims is seven (USEPA, 1989a). This is the value that 
is therefore used in this risk assessment for quantifying exposure in this pathway for future park visitors and 
future on-SWMU residents. Base personnel and their families are assumed to contact surface water 20 
days/year. Because the local springs are assumed to be drinking water sources for the off-Facility residents, 
a default exposure frequency of 350 days/year is used in this assessment. 

5.3.10 Dermal Contact with Contaminated Surface Water 

Human receptors may absorb chemicals through the skin while swimming in contaminated surface water. 
This pathway is relevant for off-facility residents, future park visitors and future on-SWMU residents. Future 
park employees could likely contact surface waters while wading. Off-facility residents are known to take 
baths in spring waters. The equation used to calculate human exposure doses due to dermal contact of 
contaminated surface water is provided in Table 5-13, along with the values for the exposure parameters. 
Only those parameters unique to this pathway and/or not described previously are discussed. 

Skin Surface Area Available for Contact (SA) 

For the off-facility residents, future park visitors and future on-SWMU residents who are assumed to swim in 
local surface waters, it is conservatively assumed that the whole body surface area is available for contact with 
surface water. The whole-body surface areas of adults and toddlers to be used in this assessment are adult -
18,150 cm2 and toddler - 7,200 cm2 (USEPA, 1989c). Base personnel and their families wading in the water 
would be expected to contact water on their feet, lower legs, hands and arms. These areas equate to 7,010 
cm2 in the average adult male and 3,580 cm2 in a toddler (USEPA, 1989c). 

Exposure Time ET) 

Base personnel and their families are assumed to contact surface water for a total of one hour per day while 
they are recreating at the facility. 
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5.3.11 Ingestion of Contaminated Sediment 

USEPA ID No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

February 1999 

Receptors may also be exposed to contaminated sediments while wading/swimming in the creeks at the 
facility. The equation to calculate human exposure doses due to incidental ingestion of contaminated 
sediments is provided in Table 5-14, along with the assumed values for the exposure parameters. This 
pathway is relevant for future park employees, future park visitors and future on-SWMU residents. Details 
of the derivation of these values are provided below. Only those parameters unique to this pathway and/or 
not described previously are discussed. 

Chemical Concentration in Sediment (CSD) 

The concentration of the chemicals of potential concern in sediment which are used in the risk assessment 
were discussed in Section 5.2. 

Ingestion Rate (fRJ 

There are no scientific data published in the literature regarding how much sediment individuals ingest while 
wading/swimming in surface water bodies. 

For the purposes of the risk assessment, sediment ingestion rates will be assumed to be one-half of the soil 
ingestion rates for the various receptor age groups. Therefore, current and future adult receptors are 
assumed to ingest 50 mg of sediment per visit; children are assumed to ingest 100 mg of sediment per visit. 

5.3.12 Dermal Contact with Contaminated Sediment 

Receptors wading/swimming in the various creeks at the Facility may also come into dermal contact with 
sediment-bound contaminants. The equation to calculate human exposure doses due to dermal contact with 
contaminated sediments is provided in Table 5-15, along with the values assumed for the exposure 
parameters. Only those parameters unique to this pathway and/or not described previously are discussed. 

Skin Surface Area Available for Contact (SA) 

It is recommended that the same surface area values used for dermal contact with surface water be used for 
dermal contact with sediment: 7,010 cm2 - adult base personnel, park employees, adult park visitors, and 
adult on-SWMU residents; and 3,580 cm2 - base toddlers and future receptor children. 

Sediment-to-Skin Adherence Factor (AF) 

The value proposed for the adherence of sediment to skin is the same as that for soil: 0.2 mg/cm2. 

5.3.13 Ingestion of Wild Venison 

Ingestion of wild venison caught on the Facility may be a significant pathway of chemical exposure for human 
hunters and their families in a rural area. Preliminary investigation indicates this may be a relevant pathway 
for the current off-facility residents and SWMU workers, and also applicable for future on-SWMU residents, 
park employees and park visitors in this risk assessment. The equation utilized to calculate human exposure 
doses due to ingestion of contaminated venisonlturkey is provided in Table 5-16, along with the values for the 
exposure parameters. Details of derivation of these values are provided below. Only those parameters 
unique to this pathway and/or not described previously are discussed. 

Contaminant Concentration in Venison (CV) 

The concentrations of the chemicals of potential concern in venison were described in Section 5.2. These 
exposure point concentrations are provided in Table 4-31. 
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Consumption Rate for Venison (CONV) 

USEPA 10 No. INS 170023498 
NAVSURFWARCENDIV CCRA 

February 1999 

This estimate of human exposure doses due to the consumption of wild game (venison) caught on-site is 
calculated assuming that an adult hunter ingests 17 Ibs of meat/year and his child ingests 2.5 Ibs of meat/year. 
These values assume that the hunter is able to kill one deer/year (MN DNR, 1989). These ingestion rates 
equate to 21 g/d and 2 g/d for the adult and child, respectively (17 Ibs/yr x 454 g/Ib + 365 days/yr). 

Fraction of Venison that is Local (FTTl 

A value of 0.50 is utilized in this assessment for the local residents ingesting venison. This assumes the 
hunter is successful every other year. 

Exposure Frequency (EF) 

- The venison consumption rates provided in Table 5-16 have been averaged over an entire year. Therefore, 
the exposure frequency for venison ingestion for all receptors is 350 days/year. 

5.3.14 Evaluation of Lead Exposure 

There currently are no subchronic or chronic health criteria (reference doses) published by the USEPA with 
which to compare receptor doses to lead in the environment. Thus, the exposure assessment approach 
described in this Section cannot be utilized for lead. 

A recent OSWER directive (No. 9355.4-12) provides interim soil lead guidance for RCRA Corrective Action 
facilities (USEPA, 1994d). This guidance recommends a screening level for lead in soil for residential land 
use of 400 ppm. This value of 400 ppm is therefore used to screen calculated soil concentrations of lead for 
all receptors. This lead concentration goal was calculated from the most recent version of USEPA's 
residential lead Uptake/Biokinetic Model. 
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TABLE 5-1 

USEPA 10 No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

SOIL EXPOSURE POINT CONCENTRATIONS 
FOR ADULT BASE PERSONNEL 

Page 1 of2 

Hazardous Constituent Time-weighted Average Soil Concentration 
(mg/kg) 

1,3-Dinitrobenzene S.79E-03 

1 ,3,S-Trinitrobenzene 2.39E-02 

2-Amino-4,6-dinitrotoluene 1.S0E-02 

2-Methylnaphthalene 1.92E-03 

2,3,7,S-TCDD 1.14E-07 

2,4-Dimethylphenol 9. 72 E-04 

2,4-Dinitrotoluene 3.1SE-02 

2,4,6-Trinitrotoluene 2.30E-01 

2,6-Dinitrotoluene 7.13E-03 

4-Amino-2,6-dinitrotoluene 1.SSE-02 

4-Methylphenol S.33E-04 

Acenaphthene 6.SSE-03 

Aluminum 6.71E+02 

Anthracene 9.2SE-03 

Antimony 9.02E-01 

Arsenic 1.42E+OO 

Barium 6.22E+01 

Benzo(a)anthracene 1.17E-01 

Benzo(a)pyrene 1.31E-01 

Benzo(b )fluoranthene 1.72E-01 

Benzo(g,h,i)perylene 9.49E-02 

Benzo(k)fluoranthene 6.4SE-02 

Beryllium 7.0SE-02 

Butylbenzyl phthalate 1.13E-03 

Cadmium 3.0BE-01 

Carbazole 9.33E-03 

Chromium 2.29E+OO 

Chrysene 1.4SE-01 

Cobalt 6.02E-01 

Copper 7.01E+01 
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TABLE 5-1 (Continued) 
SOIL EXPOSURE POINT CONCENTRATIONS 
FOR ADULT BASE PERSONNEL 
Page 2 of2 

Hazardous Constituent 

Cyanide 

Dibenzofuran 

Dibenz(a,h)anthracene 

Diethylphthalate 

Di-n-butylphthalate 

Di-n-octylphthalate 

Fluoranthene 

Fluorene 

Hexachlorobenzene 

HMX 

Indeno( 1,2,3-c,d)pyrene 

Lead 

Manganese 

Mercury 

Naphthalene 

Nickel 

N-N itrosodiphenylamine 

Pentachlorophenol 

Phenanthrene 

Pyrene 

RDX 

Silver 

Tetryl 

Thallium 

Vanadium 

Zinc 

L:IWORKlCT022901lWPICCRA 1 ITABS-1.JBS 

USEPA ID No. INS 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

Time-weighted Average Soil Concentration 
(mg/kg) 

4.10E-02 

1.8SE-03 

3.89E-02 

4.63E-03 

1.S6E-02 

4.17E-04 

1.46E-01 

4.00E-03 

1.90E-03 

6.44E-01 

1.02E-01 

1.7SE+02 

1.S6E+02 

2.69E-02 

6.SSE-03 

2.07E+00 

4.98E-03 

S.S6E-04 

4.62E-02 

1.38E-01 

S.S6E-01 

6.S1E-01 

1.S6E-02 

4.17E-02 

2.63E+00 

1.20E+02 
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TABLE 5-2 

USEPA ID No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

SURFACE WATER AND SEDIMENT EXPOSURE 
POINT CONCENTRATIONS FOR BASE PERSONNEL AND THEIR FAMILIES 

Page 1 of 2 

Time-weighted Average Soil Concentration 
(mg/kg) 

Surface Water Sediment 

Hazardous Constituent (mg/L) (mg/kg) 

1,3,5-Trinitrobenzene NA 4.77E-02 

2-Butanone NA 1.10E-02 

2,4-Dinitrotoluene 3.00E-03 1.31E-01 

2,4,6-Trinitrotoluene NA 2.37E-01 

Acetone NA 3.70E-02 

Aluminum 8.28E-01 9.76E+03 

Antimony NA 8.33E+OO 

Arsenic 8.00E-04 2.36E+01 

Barium 9.11E-02 6.97E+02 

Benzo(b )fluoranthene NA 1.47E-02 

Beryllium NA 2.60E-01 

Butylbenzyl phthalate 2.00E-04 8.67E-03 

Cadmium 4.30E-03 2.26E+OO 

Chromium 7.67E-04 4.17E+OO 

Chrysene NA 1.00E-02 

Cobalt 1.00E-02 3.43E+OO 

Copper 2.06E-02 1.10E+02 

Cyanide NA 1.27E-01 

Diethylphthalate 2.33E-04 NA 

Di-n-butylphthalate 3.67E-04 3.06E-01 

Fluoranthene NA 1.12E-02 

HMX 1.12E-02 1.23E+OO 

Lead 4.40E-02 9.84E+01 

Manganese 7.39E-01 1.59E+02 

Methylene chloride 4.33E-03 NA 

Nickel 1.32E-02 5.57E+OO 

N-Nitrosodiphenylamine NA 3.60E-02 

Pyrene NA 1.12E-02 
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TABLE 5-2 (Continued) 
SURFACE WATER AND SEDIMENT EXPOSURE 

USEPA 10 No. INS 170023498 
NAVSURFWARCENOIV CCRA 

November 1997 

POINT CONCENTRATIONS FOR BASE PERSONNEL AND THEIR FAMILIES 
Page 2 of2 

Time-weighted Average Soil Concentration 
(mg/kg) 

Surface Water Sediment 

Hazardous Constituent (mg/L) (mg/kg) 

ROX 6.67E-03 2.42E-01 

Selenium NA 3.17E-01 

Silver NA 1.1SE+00 

Toluene NA 4.67E-03 

Trichloroethylene 3.33E-04 NA 

Vanadium 4.00E-04 2.14E+01 

Zinc 1.41E-01 3.69E+02 
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TABLE 5-3 

USEPA 10 No. IN5 170 023498 
NAVSURFWARCENDIV CCRA 

November 1997 

VARIABLE VALUES FOR INGESTION OF CHEMICALS IN SOIL 

Equation: 

Soil Ingestion CSL x IRs x CF x EF x ED 
Dose = 

(mg/kg-day) BW x AT 

Where: 
CSL = Contaminant level in soil (mg/kg) 
IRs = Ingestion rate (mg soil/day) 
CF = Conversion factor (10.0 kg/mg) 
EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
BW = Body weight (kg) 
AT = Averaging time (days) 

Exposure variables: 

IRs EF ED BW AT 

(mg/d) (d/yr) (yr) (kg) (days) 

Cancer Noncancer 

Cyrrent Land Use Scenario 

Base Personnel & Their 
Families 

Adults 100 144 4 70 25,550 1,460 

SWMU Workers 100 250 (N-ABG) 20 70 25,550 7,300 
125 (N-ORR) 

15 (N-DR) 
100 (A-DR) 

Future Land Use 
Scenarios 
Park Employees 100 250 20 70 25,550 7,300 

Park Visitors 
Adults 100 108 20 70 25,550 7,300 
Toddlers 200 108 6 15 25,550 2,190 

On-SWMU Residents 
Adults 100 144 34 70 25,550 12,410 
Toddlers 200 144 6 15 25,550 2,190 
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TABLE 5-4 

USEPA ID No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

VARIABLE VALUES FOR DERMAL CONTACT WITH CHEMICALS IN SOIL 

Equation: 

Soil Dermal CS
L 

x CF x SA x AF x EF x ED x ABS 
Contact Dose = 
(mglkg -day) BW x AT 

Where: 
CSL = Contaminant level in soil (mg/kg) 
CF = Conversion factor (10-6 kg/mg) 
SA = Skin surface area available for contact (cm2/event) 
AF = Soil-to-skin adherence factor = 0.2 mg/cm2 
EF = Exposure frequency (events/year) 
ED = Exposure duration (years) 

ABS = Dermal absorption factor (chemical-specific) 
BW = Body weight (kg) 
AT = Averaging time (days) 

Exposure variables: 

SA EF ED BW AT 

(cm2/event) ( events/yr) (yr) (kg) (days) 

Cancer Noncancer 

Current Land Use Scenario 

Base Personnel & Their 
Families 

Adults 3,510 144 4 70 25,550 1,460 

SWMU Workers 2,490 250 (N-ABG) 20 70 25,550 7,300 
125 (N-ORR) 

15 (N-DR) 
100 (A-DR) 

Future Land Use 
Scenarios 

Park Employees 2,490 250 20 70 25,550 7,300 

Park Visitors 
Adults 3,510 108 20 70 25,550 7,330 
Toddlers 3,580 108 6 15 25,550 2,190 

On-SWMU Residents 
Adults 3,510 144 34 70 25,550 12,410 
Toddlers 3,580 144 6 15 25,550 2,190 
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TABLE 5-5 

USEPA ID No. IN5 170 023498 
NAVSURFWARCENDIV CCRA 

November 1997 

VARIABLE VALUES FOR INGESTION OF CHEMICALS IN GARDEN FRUITSNEGETABLES 

Equation: 

Where: 

FruitN egetable 
Ingestion Dose 

(mg/kg-day) 

t (CVj x CONY) x CF x FRv x EF x ED 

;=1 BW x AT 

CV; = Contaminant level in fruit/vegetable 'i' (mg/kg) 
CONY; = Consumption rate for fruit/vegetable 'i' (g/day) 

Adult 

Toddler 

Potatoes Carrots 

209 130 

123 85 

CF = Conversion factor (10-3 kg/g) 
FRv = Fraction of fruit/vegetables that is homegrown = 0.4 (unitless) 
EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
BW = Body weight (kg) 
AT = Averaging time (days) 

Exposure variables: 

EF ED BW AT 

(days/yr) (yr) (kg) (days) 

Cancer Noncancer 

Current Land Use Scenario 

None 

F!.!t!.!r!~ Land Use Scenario 

On-SWMU Residents 
Adults 350 34 70 25,550 12,410 
Toddlers 350 6 15 25,550 2,190 
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TABLE 5-6 

USEPA ID No. INS 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

VARIABLE VALUES FOR INGESTION OF CHEMICALS IN BEEF 

Equation: 

Where: 

Beef 
Ingestion Dose 

(mglkg -day) 

CB x CONB x FRb x EF x ED 

BW x AT 

CB = Contaminant level in beef (mg/g) 
CONB = Consumption rate for beef (g/day) 

FRb = Fraction of beef that is locally produced (unitless) = 1.0 (default value) 
EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
BW = Body weight (kg) 
AT = Averaging time (days) 

Exposure variables: 

CON EF ED BW AT 
B 

(g/d) (d/yr) (yr) (kg) (days) 

Cancer Noncancer 

Current Land Use Scenario 

None 

Future Land Use Scenario 

On-SWMU Residents 
Adults 199 350 34 70 25,550 12,410 
Toddlers 88 350 6 15 25,550 2,190 
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TABLE 5-7 

USEPA 10 No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

VARIABLE VALUES FOR INGESTION OF CHEMICALS IN MILK 

Equation: 

Milk 
Ingestion Dose 

(mg/kg-day) 

CM x CONM x FR x EF x ED 

Where: 

CM = Contaminant level in milk (mg/L) 
CONM = Consumption rate for milk (Uday) 

m 

BW x AT 

FRm = Fraction of milk that is locally produced (unitless) = 1.0 (default value) 
EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
BW = Body weight (kg) 
AT = Averaging time (days) 

Exposure variables: 

CONM EF ED BW AT 

(L/d) (d/yr) (yr) (kg) (days) 

Cancer Noncancer 

Current Land Use 
Scenario 

None 

Future Land Use Scenario 

On-SWMU Residents 
Adults 0.66 350 34 70 25,550 12,410 
Toddlers 0.81 350 6 15 25,550 2,190 
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TABLE 5-8 

USEPA 10 No. IN5 170 023 498 
NAVSURFWARCENOIV CCRA 

November 1997 

VARIABLE VALUES FOR INGESTION OF CHEMICALS IN GROUNDWATER 

Equation: 

Where: 

Groundwater Incidental 
Ingestion Dose 

(mg/kg-day) 

CGW x IRw x EFw x ED 

BW x AT 

CGW = Contaminant level in groundwater (mg/L) 
IRw = Ingestion rate (L water/day) 

EFw = Exposure frequency (days/year) 
ED = Exposure duration (years) 
BW = Body weight (kg) 
AT = Averaging time (days) 

Exposure variables: 

IRw EFw ED BW 

(Ud) (d/yr) (yr) (kg) 

Cancer 

Current Land Use 
Scenario 

SWMU Workers (ABG 1 250 20 70 25,550 
only) 
Off-Facility Residents 

Adults 2 350 64 70 25,550 
Toddlers 1 350 6 15 25,550 

Future Land Use Scenario 

Park Employees 1 250 20 70 25,550 

Park Visitors 
Adults 1 108 20 70 25,550 
Toddlers 0.5 108 6 15 25,550 

On-SWMU Residents 
Adults 2 350 34 70 25,550 
Toddlers 1 350 6 15 25,550 

L:\WORK\CTOZZ901\WP\CCRA 1\TAB5-8.JBS 

AT 

(days) 

Noncancer 

7,300 

23,360 
2,190 

7,300 

7,300 
2,190 

12,410 
2,190 
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USEPA 10 No. IN5 170 023498 
NAVSURFWARCENDIV CCRA 

November 1997 

TABLE 5-9 

VARIABLE VALUES FOR DERMAL CONTACT WITH CHEMICALS 
IN GROUNDWATER 

Equation: 

Ground Water Dermal 
Contact Dose 
(mg/kg-day) 

CGW x SA x PC x ET x EF x ED x CF 

BW x AT 

Where: 

CGW = Contaminant level in groundwater (mg/L) 
SA = Skin surface area available for contact (cm2) 
PC = Normalized chemical-specific dermal permeability constant (cm/hr) 
ET = Exposure time (hours/day) 
EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
CF = Conversion factor (0.001 L/cm3) 
BW = Body weight (kg) 
AT = Averaging time (days) 

Exposure variables: 

SA ET 

(cm2) (hr/d) 

Current Land Use Scenario 

SWMU Workers (ABG only) 1,980 0.10 

Off-Facility Residents 
Adults 18,150 0.20 
Toddlers 7,200 0.20 

Future Land Use Scenario 

Park Employees 1,980 0.10 

Park Visitors 
Adults 1,980 0.10 
Toddlers 3,580 0.10 

On-SWMU Residents 
Adults 18,150 0.20 
Toddlers 7,200 0.20 

L:lWORKlCT022901IWPICCRA1ITAB5-9.JBS 

EF ED BW 

(days/yr) (yr) (kg) 

Cancer 

250 20 70 25,550 

350 64 70 25,550 
180 6 15 25,550 

250 20 70 25,550 

108 20 70 25,550 
108 6 15 25,550 

350 34 70 25,550 
180 6 15 25,550 

AT 

(days) 

Noncancer 

7,300 

23,360 
2,190 

7,300 

7,300 
2,190 

12,410 
2,190 
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Chemical 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Cyanide 

Iron 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Silver 

Thallium 

Vanadium 

Zinc 

1,1-0ichloroethylene 

1,1,2-Trichloroethane 
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TABLE 5-10 

USEPA 10 No. INS 170023498 
NAVSURFWARCENOIV CCRA 

November 1997 

DERMAL PERMEABILITY CONSTANTS 
Page 1 of 3 

Unadjusted Oral Adjusted 

log Kow 
Permeability Absorption Permeability 

ConstantA Factor of Constant 
(cm/hr) Analyte (cm/hr) 

Inorganic Chemicals 

NA 8.40E-04 0.20 4.20E-03 

NA 8.40E-04 0.20 4.20E-03 

NA 8.40E-04 0.98 8.57E-04 

NA 8.40E-04 .0.10 8.40E-03 

NA 8.4E-04 0.01 8.40E-02 

NA 8.40E-04 0.06 1.40E-02 

NA 8.40E-04 0.05 1.68E-02 

NA 8.40E-04 0.05 1.68E-02 

NA 8.40E-04 0.50 1.68E-03 

NA 8.40E-04 0.20 4.20E-03 

NA 8.40E-04 0.20 4.20E-03 

NA 8.40E-04 0.08 1.05E-02 

NA 8.40E-04 0.20 4.20E-03 

NA 8.4E-04 0.15 5.60E-03 

NA 8.40E-04 0.05 1.68E-02 

NA 8.40E-04 0.60 1.40E-03 

NA 8.40E-04 0.10 8.40E-03 

NA 8.40E-04 0.2 4.20E-03 

NA 8.40E-04 0.01 8.40E-02 

NA 8.40E-04 0.50 1.68E-03 

Organic Chemicals 

2.13 2.48E-02 0.93 2.67E-02 

2.18 2.64E-02 0.80 3.31 E-02 
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TABLE 5-10 (Continued) 
DERMAL PERMEABILITY CONSTANTS 
Page 2 of 3 

Chemical log K"w 

1,1,2,2-Tetrachloroethane 2.56 

1,2-Dichloroethane 1.49 

1,2-Dichloroethylene 2.09 

1,3,5-Trinitrobenzene 1.18 

1,4-Dichlorobenzene 3.39 

2-Amino-4,6-dinitrotoluene 0.5 

2-Butanone 0.26 

2,4-Dinitrotoluene 1.98 

2,4,6-Trichlorophenol 3.06 

2,4,6-Trinitrotoluene 2.25 

2,6-Dinitrotoluene 2.0 

3,3-Dichlorobenzidine 3.51 

4-Amino-2 ,6-d initrotol uene 0.6 

4-Nitrophenol 1.92 

Acetone -0.24 

Aldrin 5.52 

Benzo(a)anthracene 5.81 

Benzyl alcohol 1.1 

Bis(2-ethylhexyl)phthalate 4.2 

Butylbenzylphthalate 4.91 

Carbon disulfide 1.B4 

Chloroethane 1.43 

Chloroform 1.95 

Chrysene 5.6 

cis-1,2-Dichloroethylene 2.09 

Cyclohexane 2.86 

Diethylphthalate 3.0 

L:lWORKlCT022901 IWPICCRA 1 ITABS-1 O.JBS 

Unadjusted 
Permeability 

Constant' 
(cm/hr) 

4.09E-02 

9.40E-03 

2.35E-02 

6.01E-03 

7.44E-02 

1.94E-03 

1.29E-03 

2.03E-02 

6.22E-02 

2.89E-02 

2.09E-02 

7.B1E-02 

2.29E-03 

1.B7E-02 

5.4BE-04 

9.91E-02 

9.95E-02 

5.29E-03 

9.22E-02 

9.76E-02 

1.67E-02 

8.96E-03 

1.95E-02 

9.94E-02 

2.35E-02 

5.38E-02 

5.97E-02 

USEPA ID No. IN5 170 023498 
NAVSURFWARCENDIV CCRA 

November 1997 

Oral Adjusted 
Absorption Permeability 
Factor of Constant 
Analyte (cm/hr) 

1.0 4.09E-02 

1.0 9.40E-03 

0.80 2.94E-02 

0.50 1.20E-02 

0.50 1.49E-01 

0.50 3.88E-03 

0.80 1.61E-03 

0.50 4. 06 E-02 

0.5 1.24E-01 

0.50 5.77E-02 

0.50 4.17E-02 

0.33 2.37E-01 

0.50 4.59E-03 

0.50 3.73E-02 

0.80 6.B4E-04 

0.50 1.9BE-01 

0.50 1.99E-01 

0.50 1.06E-02 

0.50 1.B4E-01 

0.50 1.95E-01 

0.80 2.0BE-02 

0.80 1.12E-02 

1.0 1.95E-02 

0.50 1.99E-01 

0.80 2.94E-02 

0.80 6.72E-02 

0.50 1.19E-01 
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TABLE 5-10 (Continued) 
DERMAL PERMEABILITY CONSTANTS 
Page 3 of 3 

Chemical log Kow 

Dibutylphthalate 4.31 

Disulfoton 4.02 

Heptachlor epoxide 3.65 

HMX 0.13 

Methylene chloride 1.25 

Naphthalene 3.3 

Nitrobenzene 1.83 

N-Nitrosodiphenylamine 3.13 

RDX 0.87 

Tetrachloroethylene 2.53 

trans-1,2-Dichloroethylene 2.09 

Trichloroethylene 2.42 

Vinyl chloride 0.6 

Xylene 3.04 

Unadjusted 
Permeability 

ConstantA 
(cm/hr) 

9.34E-02 

8.96E-02 

8.20E-02 

1.03E-03 

6.73E-03 

7.13E-02 

1.64E-02 

6.50E-02 

3.61E-03 

3.97E-02 

2.35E-02 

3.52E-02 

2.29E-03 

6.14E-02 

USEPA ID No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

Oral Adjusted 
Absorption Permeability 
Factor of Constant 
Analyte (cm/hr) 

0.85 1.10E-01 

0.50 1.79E-01 

0.50 1.64E-01 

0.50 2.06E-03 

1.0 6.73E-03 

1.0 7.13E-02 

0.50 3.28E-02 

0.50 1.30E-01 

0.50 7.22E-03 

1.0 3.97E-02 

0.80 2.94E-02 

1.0 3.52E-02 

0.9 2.55E-03 

1.0 6.14E-02 

A The unadjusted PCs were calculated using the following equation (Brown and Rossi, 1989): 

PC = 0 1 [K 075/ (120 + K 0.75)] . ow ow 

The log Kaw values were taken from Layton et al., 1987, Howard, 1991, and Montgomery and 
Welkum, 1990. 
The oral absorption efficiencies were taken from Owen, 1990, and USEPA, 1994e. The permeability 
of water was used as the default unadjusted PC for inorganics (USEPA, 1989a). 
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TABLE 5-11 

USEPA 10 No. IN5 170 023 498 
NAVSURFWARCENDIV CCRA 

November 1997 

VARIABLE VALUES FOR INHALATION OF VAPOR PHASE CHEMICALS 
WHILE SHOWERING/BATHING 

Equation: 

Inhalation 
Dose 

(mg/kg-day) 

CSA X IRA x ET x EF x ED 

BW x AT 

Where: 

CSA = Contaminant level in shower air (mg/M3) 
IRA = Inhalation rate (M3/hour) 
ET = Exposure time (hours/day) 
EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
BW = Body weight (kg) 
AT = Averaging time (days) 

Exposure variables: 

IRA ET EF 

(M3/hr) (hr/d) (d/yr) 

Current Land Use Scenario 

Off-facility Residents 
Adults 0.83 0.20 350 
Toddlers 0.667 0.20 180 

Future Land Use Scenario 

On-SWMU Residents 
Adults 0.83 0.20 350 
Toddlers 0.667 0.20 180 

L:lWORK\CT022901IWPICCRA lITABS-ll.JBS 

ED 

(yr) 

64 
6 

34 
6 

BW 

(kg) 

70 
15 

70 
15 

AT 

(days) 

Cancer Noncancer 

25,550 23,360 
25,550 2,190 

25,550 12,410 
25,550 2,190 
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TABLE 5-12 

USEPA ID No. IN5 170 023498 
NAVSURFWARCENDIV CCRA 

November 1997 

VARIABLE VALUES FOR INGESTION OF CHEMICALS IN SURFACE WATER 
Page 1 of2 

Equation: 

Surface Water 
CSW x CR x ET x EF x ED 

Ingestion Dose 
BW x AT (mg/kg -day) 

Where: 

CSW = Contaminant level in surface water (mg/L) 
CR = Contact rate (L water/hour) 
ET = Exposure time (hours/day) 
EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
BW = Body weight (kg) 
AT = Averaging time (days) 

Exposure variables: 

CR EF ED BW AT 

(Ud) (d/yr) (yr) (kg) (days) 

Cancer Noncancer 

Current Land Use Scenario 

Base Personnel & Their 
Families 

Adults 0.10 20 4 70 25,550 1,460 
Toddlers 0.10 20 4 15 25,550 1,460 

Off-Facility ResidentsA 

Adults 2 350 64 70 25,550 23,360 
Toddlers 1 350 6 15 25,550 2,190 

CR ET EF ED BW AT 

(Uhr) (hr/d) (d/yr) (yr) (kg) (days) 

Cancer Noncancer 

Current Land Use 
Scenario 

Off-Facility ResidentsB 0.05 2.5 7 64 70 25,550 23,360 
Adults 0.05 2.5 7 6 15 25,550 2,190 
Toddlers 
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TABLE 5·12 (Continued) 

USEPA 10 No. INS 170 023498 
NAVSURFWARCENDIV CCRA 

November 1997 

VARIABLE VALUES FOR INGESTION OF CHEMICALS IN SURFACE WATER 
Page 2 of2 

CR ET EF ED BW AT 

(Llhr) (hr/d) (d/yr) (yr) (kg) (days) 

Cancer Noncancer 

Future Land Use 
Scenario 
Park Visitors 

Adults 0.05 2.5 7 20 70 25,550 7,300 
Toddlers 0.05 2.5 7 6 15 25,550 2,190 

On-SWMU Residents 
Adults 0.05 2.5 7 34 70 25,550 12,410 
Toddlers 0.05 2.5 7 6 15 25,550 2,190 

A Off-site springs and Little Sulphur Creek as drinking water sources 
B Little Sulphur Creek incidental contact 
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USEPA 10 No. IN5 170023498 
NAVSURFWARCENOIV CCRA 

November 1997 

TABLE 5-13 

VARIABLE VALUES FOR DERMAL CONTACT WITH SURFACE WATER 
Page 1 of 2 

Equation: 

Surface Water Dermal 
Contact Dose 
(mg/kg-day) 

CSW x SA x PC x ET x EF x ED x CF 

BW x AT 

Where: 

CSW = Contaminant level in surface water (mg/L) 
SA = Skin surface area available for contact (cm2) 
PC = Normalized chemical-specific dermal permeability constant (cm/hr) 
ET = Exposure time (hours/day) 
EF = Exposure frequency (days/year) 
EO = Exposure duration (years) 
CF = Conversion factor (0.001 Ucm3

) 

BW = Body weight (kg) 
AT = Averaging time (days) 

Exposure variables: 

SA ET 

(cm2) (hr/d) 

Current Land Use Scenario 

Base Personnel & Their 
Families 

Adults 7,010 1 
Toddlers 3,580 1 

Off-Facility ResidentsA 

Adults 18,150 0.20 
Toddlers 7,200 0.20 

Off-Facility ResidentsB 

Adults 18,150 2.5 
Toddlers 7,200 2.5 

L:IWORK\CT022901IWPICCRA1ITAB5-13.JBS 

EF EO BW 

(d/yr) (yr) (kg) 

Cancer 

20 4 70 25,550 
20 4 15 25,550 

350 64 70 25,550 
180 6 15 25,550 

7 64 70 25,550 
7 6 15 25,550 

AT 

(days) 

Noncancer 

1,460 
1,460 

23,360 
2,190 

23,360 
2,190 
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TABLE 5-13 (Continued) 

USEPA ID No. IN5 170 023498 
NAVSURFWARCENDIV CCRA 

November 1997 

VARIABLE VALUES FOR DERMAL CONTACT WITH SURFACE WATER 
Page 2 of 2 

SA ET EF ED BW AT 

(cm2) (hr/d) (d/yr) (yr) (kg) (days) 

Cancer Noncancer 

Future Land Use Scenario 

Park Visitors 
Adults 18,150 2.5 7 20 70 25,550 7,300 
Toddlers 7,200 2.5 7 6 15 25,550 2,190 

On-SWMU Residents 
Adults 18,150 2.5 7 34 70 25,550 12,410 
Toddlers 7,200 2.5 7 6 15 25,550 2,190 

A Off-site springs and Little Sulphur Creek as drinking water source. 
B Little Sulphur Creek incidental contact. 
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TABLE 5-14 

USEPA ID No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

VARIABLE VALUES FOR INGESTION OF CHEMICALS IN SEDIMENT 

Equation: 

Sediment Ingestion 
Dose 

(mg/kg-day) 

CSD X IRd x CF x EF x ED 

BW x AT 

Where: 
CSD = Contaminant level in sediment (mg/kg) 

IRd = Ingestion rate (mg sediment/day) 
CF = Conversion factor (10~ kg/mg) 
EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
BW = Body weight (kg) 
AT = Averaging time (days) 

Exposure variables: 

IR/ EF ED 

(mg/d) (d/yr) (yr) 

Current Land Use Scenarios 

Base Personnel & Their 
Families 

Adults 50 20 4 
Toddlers 100 20 4 

Off-Facility ResidentsA 

Adults 50 7 64 
Toddlers 100 7 6 

Future Land Use Scenarios 

Park Visitors 
Adults 50 7 20 
Toddlers 100 7 6 

On-SWMU Residents 
Adults 50 7 34 
Toddlers 100 7 6 

Little Sulphur Creek only. 

BW 

(kg) 

Cancer 

70 25,550 
15 25,550 

70 25,550 
15 25,550 

70 25,550 
15 25,550 

70 25,550 
15 25,550 

AT 

(days) 

Noncancer 

1,460 
1,460 

23,360 
2,190 

7,300 
2,190 

12,410 
2,190 
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TABLE 5-15 

USEPA 10 No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

VARIABLE VALUES FOR DERMAL CONTACT WITH CHEMICALS IN SEDIMENT 

Equation: 

Sediment Dermal 
Contact Dose 
(mg/kg -day) 

CSD x CF x SA x AF x EF x ED x ABS 

BW x AT 

Where: 

CSD = Contaminant level in sediment (mg/kg) 
CF = Conversion factor (1 O~ kg/mg) 
SA = Skin surface area available for contact (cm2/event) 
AF = Sediment-to-skin adherence factor = 0.2 mg/cm2 
EF = Exposure frequency (events/year) 
ED = Exposure duration (years) 

ABS = Dermal absorption factor = chemical-specific 
BW = Body weight (kg) 
AT = Averaging time (days) 

Exposure variables: 

SA EF ED BW 

(cm2/event) ( events/yr) (yr) (kg) 

Current Land Use Scenario 

Base Personnel & Their 
Families 

Adults 7,010 20 4 70 
Toddlers 3,580 20 4 15 

Off-Facility ResidentsA 

Adults 7,010 7 64 70 
Toddlers 3,580 7 6 15 

Future Land Use Scenario 

Park Visitors 
Adults 7,010 7 20 70 
Toddlers 3,580 7 6 15 

On-SWMU Residents 
Adults 7,010 7 34 70 
Toddlers 3,580 7 6 15 

Little Sulphur Creek only. 

AT 

(days) 

Cancer Noncancer 

25,550 1,460 
25,550 1,460 

25,550 23,360 
25,550 2,190 

25,550 7,300 
25,550 2,190 

25,550 12,410 
25,550 2,190 
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TABLE 5-16 

USEPA 10 No. IN5 170023498 
NAVSURFWARCENOIV CCRA 

November 1997 

VARIABLE VALUES FOR INGESTION OF CHEMICALS IN VENISON 

Equation: 

Where: 

Wild Venison CV x CONV x CF x FR
vt 

x EF x ED 
Ingestion Dose = --------...:..:-----

(mg/kg-day) BW x AT 

CV = Contaminant level in wild venison (mg/kg) 
CONV = Consumption rate for wild venison (g/day) 

CF = Conversion factor (10-3 kg/g) 
FRvt = Fraction of wild venison that is locally caught (unitless) = 0.5 
EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
BW = Body weight (kg) 
AT = Averaging time (days) 

Exposure variables: 

CONV EF ED BW AT 

(g/d) (d/yr) (yr) (kg) (days) 

Cancer Noncancer 

Current Land Use 
Scenario 

Off-Facility Residents 
Adults 21 350 64 70 25,550 23,360 
Toddlers 2.5 350 6 15 25,550 2,190 

SWMU Workers 21 350 20 70 25,550 7,300 

Future Land Use Scenario 

Park Employees 21 350 20 70 25,550 7,300 

Park Visitors 
Adults 21 350 20 70 25,550 7,300 
Toddlers 2.5 350 6 15 25,550 2,190 

On-SWMU Residents 
Adults 21 350 34 70 25,550 12,410 
Toddlers 2.5 350 6 15 25,550 2,190 
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6.0 TOXICITY ASSESSMENT 

6.1 INTRODUCTION 

USEPA ID No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

The toxicity assessment is the step in the risk assessment process in which the relationship between the dose 
of a chemical received and the incidence of adverse health effects in an exposed population is characteriz ed. 
This characterization utilizes current scientific (toxicological) knowledge on each chemical of potential concern 
to the project, as well as governmental policies, to (a) characterize the nature and strength of the evidence 
of causation of chemical-induced health effects, and (b) quantitatively estimate the incidence of health effects 
in an exposed population as a function of chemical dose. Toxicity assessments are therefore critical 
components in risk assessments because they allow the exposure doses that are calculated in the exposure 
assessment section of the study to be translated into potential health risks to the various receptor populations. 

The toxicity assessment is composed of a qualitative description of the critical health effect(s) associated with 
each chemical (as identified by USEPA) and a quantitative description of the toxic potency of each chemical 
(health criteria). 

6.2 NON-CARCINOGENIC CHEMICALS OF POTENTIAL CONCERN 

Non-carcinogenic health effects may occur upon exposure to a. dose of a chemical above its threshold. The 
reference dose of a chemical (RID) is the toxicity value forwarded by the USEPA to represent this threshold 
for regulatory purposes and thus is used to evaluate the potential for non-carcinogenic health effects in 
exposed human receptor populations (USEPA, 1989a). RIDs are defined by the USEPA as estimates of daily 
exposure levels for the entire human population, including sensitive subpopulations, that are likely to be 
without appreciable deleterious effects. The unit of an RID is mg chemical/kg body weight-day. Various types 
of RIDs are available depending on the exposure route (oral exposure to water or food, or inhalation exposure 
to air), and the length of exposure being evaluated (chronic or subchronic). 

Only USEPA chronic RfDs are used as health criteria in this study for assessing the chemical hazards due 
to exposure of the receptors to the contaminants associated with each of these SWMUs. A discussion of how 
these criteria will be used to calculate non-carcinogenic risks to these receptors is presented in Section 7.0, 
Risk Characterization. 

Oral RIDs are used to estimate risk for exposure pathways involving ingestion of the chemicals of potential 
concern. For systemic toxicants, the oral RID is also used for assessing risk from dermal exposure since 
there are no dermal criteria available in the technical literature or guidance. The primary source of the RIDs 
is IRIS (USEPA, 1997b). When an RID was unavailable in the Integrated Risk Information System (IRIS), 
Health Risk Assessment Summary Tables (HEAST) (USEPA, 1997c) was used. 

There are currently no USEPA health criteria for lead. As mentioned previously in Section 5.3.14, soil lead 
exposure concentrations at the three SWMUs are compared to the OSWER residential soil lead screening 
level of 400 ppm (USEPA, 1994d) to assess this hazard to all receptors. 

Table 6-1 presents the various USEPA RIDs for the chemicals of potential concern identified in this 
assessment. Also presented in this table are the critical effect(s) listed by USEPA for each COPC. 

6.3 CARCINOGENIC CHEMICALS OF POTENTIAL CONCERN 

To estimate the lifetime (by convention 70 years) probability of human receptors contracting cancer as a result 
of their exposure to known or suspected carcinogens in the project database, USEPA carcinogen slope 
factors (SFs) are utilized. Slope factors are derived under the regulatory policy that assumes that a threshol d 
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USEPA ID No. INS 170023498 
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November 1997 

for carcinogenicity does not exist. Laboratory studies cannot conduct, nor can epidemiological studies 
evaluate, dose-response experiments at low dose levels. Therefore, neither the non-threshold assumption 
nor the shape of the dose-response relationship at the desired regulatory risk levels can be experimentally 
determined at the present time. Consequently, the USEPA has promoted the use of mathematical models 
to extrapolate high-dose experimental data to low-dose outcomes. 

The mathematical extrapolation model utilized today by the USEPA to calculate the 'slope' of the dose
response data in a cancer bioassay is the linearized multistage model (USEPA, 1989a). The 95 percent 
upper confidence limit of the slope of the line from this model is termed the carcinogen slope factor for the 
chemical. This carcinogen slope factor is expressed as the lifetime cancer risk per mg chemical/kg body 
weight-day (USEPA, 1986). It should be clear, however, that the medical certainty of this extrapolation model 
is unknown at the present time. However, the multistage model is viewed as conservative by design and 
consistent with the most current theory of the genotoxic mechanism of carcinogenicity. 

In this baseline' risk assessment, the cancer risk to the human receptors from exposure to the carcinogenic 
chemicals of potential concern is calculated using these USEPA slope factors. IRIS (USEPA, 1997b) is the 
primary source for each slope factor. HEAST (USEPA, 1997c) is used when no slope factor was available 
through IRIS. 

Only those exposure pathways involving the routes of exposure for which the chemical is known or suspected 
to be carcinogenic will be evaluated. Oral slope factors will be used for ingestion exposure pathways and 
dermal exposure pathways, when appropriate. Section 7.0, Risk Characterization, provides details on how 
the USEPA slope factors are used to assess risk. 

Table 6-2 presents the various USEPA slope factors for the chemicals of potential concern identified in this 
assessment. Also presented in this Table are the various types of cancer(s) associated with each COPC. 
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Chemical 

I 
Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium (food) 

Cadmium (water) 

~hromium 

Cobalt 

Copper 

Cyanide 

Lead 

Manganese (food) 

Manganese (water) 

Mercury 

Nickel 

Selenium 

Silver 

Thallium 

Vanadium 

~inc 

II 

TABLE 6·1 

USEPA ID No. IN5 170 023 498 
NAVSURFWARCENDIV CCRA 

November 1997 

CHRONIC ORAL TOXICITY VALUES· NONCARCINOGENIC EFFECTS 
Page 1 of 5 

Chronic Uncertaintyl 
RfD Confidence Modifying 

(mg/kg-d) Level Critical Effect Factor Source 

INORGANICS 

1.0E+00 Low Developmental neurotoxicity 100 NCEA 

4.0E-04 Low Longevity; effects on blood 1,000/1 IRIS 
glucose 

and choleserol 

3.0E-04 Medium Hyperpigmentation 3/1 IRIS 

7.0E-02 Medium Increase in blood pressure 3/1 IRIS 

5.0E-03 Low None 100/1 IRIS 

1.0E-03 High Significant proteinuria 10/1 IRIS 

5.0E-04 High None reported 1011 IRIS 

5.0E-03 Low No effects reported 500/1 IRIS 

6.0E-02 Low Polycythemia in renally NR NCEA 
compromised patients 

1.3 mg/LA NR Gastrointestinal irritation NR HEAST 

2.0E-02B Medium Weight loss, thyroid effects, and 100/5 IRIS 
myelin degeneration 

ND ND ND ND 

7.0E-02c Medium CNS effects 1/1 IRIS 

2.3E-02c Medium CNS effects 1/3 IRIS 

3.0E-04D High Autoimmune effects 1000/1 IRIS 

2.0E-02 Medium Decrease in body and organ 100/3 IRIS 
weights 

5.0E-03 High Clinical selenosis 3/1 IRIS 

5.0E-03 Low Argyria 3/1 IRIS 

8.0E-05E Low No adverse effects 3,000/1 IRIS 

7.0E-03 NR None reported 100/NR HEAST 

3.0E-01F Medium Decrease in erythrocyte 3/1 IRIS 
superoxide dismutase 

concentration 

L:IWORKlCT0229D1IWPICCRA1\TAB6-1.JBS CTO No. 229 
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TABLE 6-1 (Continued) 

USEPA ID No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

CHRONIC ORAL TOXICITY VALUES - NONCARCINOGENIC EFFECTS 
Page 2 of5 

Chronic Uncertaintyl 
RfD Confidence Modifying 

Chemical (mg/kg-d) Level Critical Effect Factor Source 

I ORGANICS 

1,1-Dichloroethylene 9.0E-03 Medium Hepatic lesions 1,000/1 IRIS 

1,1,2-Trichloroethane 4.0E-03 Medium Clinical serum chemistry 1,000/1 IRIS 

1,1,2,2- ND ND ND ND 
Tetrachloroethane 

1,2-Dichloroethane ND ND ND ND 

1,2-Dichloroethylene 9.0E-03 Medium Liver lesions 1,000/1 HEAST 
(mixed isomers) 

1,3-Dinitrobenzene 1.0E-04 Low Increased splenic weight 3,000/1 IRIS 

1,3,5-Trinitrobenzene 3.0E-02 Medium Methemoglobinemia and spleen 100/1 IRIS 
erythroid cell hyperplasia 

1,4-Dichlorobenzene 2.0E-01 Med to low Nephropathy 1,000/1 NCEA 

2-Amin0-4,6- 1.4E-02 NR NR NR Layton et 
dinitrotoluene al., 1987 

2-Butanone (MEK) 6.0E-01 Low Decreased fetal birth weight 3,000/1 IRIS 

2-Methylnaphthalene ND ND ND ND 

2,3,7,8-TCDD ND ND ND ND 

2,4-Dimethylphenol 2.0E-02 Low Clinical signs (lethargy, 3,000/1 IRIS 
prostration, ataxia) and 
hematological changes 

2,4-Dinitrotoluene 2.0E-03 High Neurotoxicity, Heinz bodies, and 100/1 IRIS 
biliary tract hyperplasia 

2,4,6-Trichlorophenol ND ND ND ND 

2,4,6-T rin itrotoluene 5.0E-04 Medium Liver effects 1,000/1 IRIS 

2,6-Dinitrotoluene 1.0E-03 NR Increased mortality, 3,OOO/NR HEAST 
neurotoxicity, and blood, .Iiver, 

and kidney effects 

3,3-Dichlorobenzidine ND ND ND ND 

4-Amino-2,6- 1.0E-02 NR NR NR Layton et 
dinitrotoluene al., 1987 

I 

4-Methylphenol 5.0E-03 NR CNS and respiratory effects, 1,OOO/NR HEAST JI 
maternal death 
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'-,A,BLE 6-1 (Continued) 

\,ilRONIC ORAL TOXICITY VALUES· NONCARCINOGENIC EFFECTS 
Page 3 ofS 

Chronic 
RfD Confidence 

Chemical (mg/kg-d) Level Critical Effect 

4-Nitrophenol 6.2E-02 NR NR 

Acenaphthene 6.0E-02 Low Hepatoxicity 

Acetone 1.0E-01 Low Increased liver and kidney 
weights; nephropathy 

Aldrin 3.0E-05 Medium Liver toxicity 

Anthracene 3.0E-01 Low No observed effects 

Benzo(a)anthracene ND ND ND 

Benzo(a)pyrene ND ND ND 

Benzo(b )fluoranthene ND ND ND 

Benzo(g,h,i)perylene 3.0E-02G ND ND 

1enzo(k)fluoranthene ND ND ND 

Benzyl alcohol 3.0E-01 NR Epithelial hyperplasia of the 
forestomach 

Bis(2- 2.0E-02 Medium Increased relative liver weight 
ethylhexyl)phthalate 

Butylbenzylphthalate 2.0E-01 Low Increased liver-to-body weight 
ratio 

Carbazole ND ND ND 

Carbon disulfide 1.0E-01 Medium Fetal toxicity 

Chloroethane 4.0E-01 NR NR 

Chloroform 1.0E-02 Medium Fatty cyst formation in liver 

Chrysene ND ND ND 

cis-1,2-Dichloroethylene 1.0E-02 NR Decreased hematocrit and 
hemoglobin 

Cyclohexane ND ND ND 

Dibenzofuran 4.0E-03 Low Decrease in absolute organ 
weight and body length; kidney 

effects 

II Dibenzo(a,h)anthracene ND ND ND 

L:IWORKlCT022901IWPICCRA1ITAB6-1,JBS 

USEPA ID No. IN5 170 023 498 
NAVSURFWARCENDIV CCRA 

November 1997 

Uncertaintyl 
Modifying 

Factor Source 

NR Region III 
RBC 

3,000/1 IRIS 

1,000/1 IRIS 

1,000/1 IRIS 

3,000/1 IRIS 

ND 

ND 

ND 

ND 

ND 

1,000/NR HEAST 

1,000/1 IRIS 

1,000/1 IRIS 

ND 

100/1 IRIS 

NR Region III 
RBC 

1,000/1 IRIS 

ND 

3,000/NR HEAST 

ND 

3,000/1 NCEA 

ND 

CTO No. 229 



TABLE 6-1 (Continued) 

CHRONIC ORAL TOXICITY VALUES - NONCARCINOGENIC EFFECTS 
Page 4 of5 

Chronic 
RfD Confidence 

Chemical (mg/kg-d) Level Critical Effect 

Diethylphthalate 8.0E-01 Low Decreased growth weight, food 
consumption, altered organ 

weights 

Di-n-butylphthalate 1.0E-01 Low Increased mortality 

Di-n-octyl phthalate 2.0E-02 NR Kidney and liver effects 

Disulfoton 4.0E-05 Med to High ChE inhibition, optic nerve 
degeneration 

Fluoranthene 4.0E-02 Low Nephropathy, increased liver 
weight, hematological 

alterations and clinical effects 

Fluorene 4.0E-02 Low Hematological effects 

Heptachlor epoxide 1.3E-05 Low Increased liver-to-body weight 
ratio 

Hexachlorobenzene 8.0E-04 Medium Liver effects 

HMX 5.0E-02 Low Hepatic lesions 

Indeno(1,2,3-c,d)pyrene NO NO NO 

Methylene chloride 6.0E-02 Medium Liver toxicity 

Naphthalene 4.0E-02 NR NR 

Nitrobenzene 5.0E-04 Low Hemolytic anemia; adrenal 
effects 

N-Nitrosodiphenylamine NO NO NO 

Pentachlorophenol 3.0E-02 Medium Liver and kidney pathology 

Phenanthrene 3.0E-02G NO NO 

Pyrene 3.0E-02 Low Kidney effects 

RDX 3.0E-03 High Inflammation of the prostate 

Tetrachloroethylene 1.0E-02 Medium Hepatotoxicity and weight gain 

USEPA 10 No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

Uncertaintyl 
Modifying 

Factor Source 

1,000/1 IRIS 

1000/1 IRIS 

1000/NR HEAST 

1,000/1 IRIS 

3,000/1 IRIS 

3,000/1 IRIS 

1,000/1 IRIS 

100/1 IRIS 

1,000/1 IRIS 

NO 

100/1 IRIS 

1,000/1 NCEA 

10,000/1 IRIS 

NO 

100/1 IRIS 

NO 

3000/1 IRIS 

100/1 IRIS 

1,000/1 IRIS 

Tetryl 1.0E-02 NR Liver, kidney, and spleen effects 10,OOO/NR HEAST 

Toluene 2.0E-01 Medium Changes in liver and kidney 1,000/1 IRIS 
weights 

trans-1,2- 2.0E-02 Low Increased serum alkaline 1,000/1 IRIS 

JI Dichloroethylene phosphatase 
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'TA.BLE 6-1 (Continued) 

~RONIC ORAL TOXICITY VALUES - NONCARCINOGENIC EFFECTS 
f'age 5 of 5 

Chronic 
RfD Confidence 

Chemical (mg/kg-d) Level Critical Effect 

Trichloroethylene 6.0E-03 Low Liver toxicity 

Trichlorofluoromethane 3.0E-01 Medium Survival and histopathology 

Vinyl chloride ND ND ND 

USEPA ID No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

Uncertaintyl 
Modifying 

Factor Source 

3,000/1 NCEA 

1,000/1 IRIS 

ND 

Xylene 2.0E+OO Medium Hyperactivity, decrease in body 100/1 IRIS 

NOTES: 

NR = Not reported. 
ND = No Data. 

weight, increase in mortality 

NCEA = National Center for Environmental Assessment; NCEA values are provisional. 
IRIS = Integrated Risk Information System 

HEAST = Health Effects Assessment Summary Tables 
Region III RBC = USEPA Region III Risk-based Concentration Table; March 1997. 

\ Drinking water level published in HEAST; because the toxic effect of gastrointestinal irritation is not dose dependent, 
no RfD was caculated for this inorganic. A direct comparison was made between the concentration in water and the 
drinking water level for the drinking water ingestion pathway only .. 

B Value for hydrogen cyanide. 
C Toxicity values were adjusted to account for dietary sources of manganese, as recommended by EPA (in IRIS). 
o Value for mercuric chloride. 
E Value for thallium sulfate. 
F Adult value only. As suggested in IRIS, an RfD for children was calculated from the recommended total daily intake 

of zinc for preadolescent children (10 mg/day; NRC, 1989). The value of 10 mglday was divided by the child's body 
weight of 15 kg to derive a zinc RfD for children of 6.6E-01 mg/kg. 

G Chronic RfD for pyrene was used as a surrogate toxicity value for this chemical. 
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Chemical 

I 
Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Cyanide 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Silver 

Thallium 

Vanadium 

Zinc 

I 
1,1-Dichloroethylene 

1,1,2-Trichloroethane 

1,1,2,2-
Tetrachloroethane 

1,2-Dichloroethane 

L:IWORK\CT022901\WPICCRA 1 ITAB6-2.JBS 

TABLE 6-2 

USEPA ID No. INS 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

ORAL TOXICITY VALUES - CARCINOGENIC EFFECTS 
Page 1 of 4 

Oral 
Slope Factor Weight of 
(mg/kg-d)o1 EvidenceA Cancer TypelTarget Organ/Species Source 

INORGANICS I 
ND ND ND 

ND ND ND 

1.SE+00 A Carcinomas/skin/human IRIS 

ND ND ND 

4.3E+00 B2 Tumors/multiple sites/rat IRIS 

ND B1 ND IRIS 

ND ND ND 

ND ND ND 

ND D ND IRIS 

ND ND ND 

ND B2 ND IRIS 

ND D ND IRIS 

ND D ND IRIS 

ND A ND IRIS 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

ND D ND IRIS 

ORGANICS I 
6.0E-01 C Pheochromocytomas/adrenal/rat IRIS 

S.7E-02 C Carcinomalliver/mouse IRIS 

2.0E-01 C Carcinomalliver/mouse IRIS 

9.1E-02 82 Hemagiosarcomas/blood vessels/rat IRIS 

CTa No. 229 



TABLE 6-2 (Continued) 

:JRAL TOXICITY VALUES - CARCINOGENIC EffECTS 
Page 2 of 4 

Oral 
Chemical Slope Factor Weight of 

(mg/kg-d)-1 EvidenceA 

1,2-Dichloroethylene NO ND 
(mixed isomers) 

1,3-Dinitrobenzene ND 0 

1,3,5-Trinitrobenzene ND ND 

1 ,4-Dichlorobenzene 2.4E-02 C 

2-Amino-1,6- ND ND 
dinitrotoluene 

2-Butanone (MEK) ND D 

2-Methylnaphthalene NO NO 

2,3,7,8-TCDD 1.5E+05 B2 

2,4-Dimethylphenol ND ND 

2,4-Dinitrotoluene ND ND 

2,4,6-Trichlorophenol 1.1E-02 B2 

2,4,6-Trinitrotoluene 3.0E-02 C 

2,6-Dinitrotoluene 6.8E-01 B2 

3,3-Dichlorobenzidine 4.5E-01 B2 

4-Amino-2,6- ND ND 
dinitrotoluene 

4-Methylphenol NO C 

4-Nitrophenol NO NO 

Acenaphthene ND ND 

Acetone ND ND 

Aldrin 1.7E+01 B2 

Anthracene ND ND 

Benzo( a)anthracene 7.3E-01B B2 

Benzo(a)pyrene 7.3E+OO B2 

II Benzo(b)fluoranthene 7.3E-01B B2 

L:lWORK\CT022901IWPICCRA 1 ITAB6-2.JBS 

USEPA 10 No. IN5 170 023498 
NAVSURFWARCENDIV CCRA 

November 1997 

Cancer TypelTarget Organ/Species Source 

ND 

ND IRIS 

NO 

Tumorslliver/mouse HEAST 

NO 

ND IRIS 

ND 

Tumors/respiratory systemlrat HEAST 

NO 

NO 

Leukemia/blood/rat IRIS 

Tumors/urinary bladder/rat IRIS 

Multiple/multiple/rat IRIS 

Carcinoma/mammary gland/rat IRIS 

ND 

ND IRIS 

ND 

NO 

NO 

Carcinomalliver/mouse IRIS 

NO 

NA (TEF x 
Bap)B 

Carcinomas/stomach/mouse IRIS 

NA (TEF x 
Bap)B 
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TABLE 6-2 (Continued) 

ORAL TOXICITY VALUES - CARCINOGENIC EFFECTS 
Page 3 of 4 

Oral 
Chemical Slope Factor Weight of 

(mg/kg-d)·1 EvidenceA 

Benzo(g, h, i)perylene NO NO 

Benzo(k)fluoranthene 7.3E-02B B2 

Benzyl alcohol NO NO 

Bis(2- 1.4E-02 B2 
ethylhexyl)phthalate 

Butylbenzylphthalate NO C 

Carbazole 2.0E-02 B2 

Carbon disulfide NO NO 

Chloroethane NO NO 

Chloroform 6.1E-03 B2 

Chrysene 7.3E-03B B2 

cis-1,2-0ichloroethylene NO NO 

Cyclohexane NO NO 

Oibenzofuran NO NO 

Oibenzo(a,h)anthracene 7.3E+00B B2 

Oiethylphthalate NO NO 

Oi-n-butylphthalate NO NO 

Oi-n-octyl phthalate NO NO 

Oisulfoton NO NO 

Fluoranthene NO NO 

Fluorene· NO NO 

Heptachlor epoxide 9.1E+00 B2 

Hexachlorobenzene 1.6E+00 B2 

HMX NO NO 

Indeno(1,2,3-c,d)pyrene 7.3E-01B B2 

L;IWORKlCT022901IWPICCRA1ITAB6·2.JBS 

USEPA 10 No. INS 170023498 
NAVSURFWARCENOIV CCRA 

November 1997 

Cancer TypelTarget Organ/Species Source 

NO 

NA (TEF x 
Bap)B 

NO 

Carcinoma/liver/mouse IRIS 

NO IRIS 

Tumorslliver/mouse HEAST 

NO 

NO 

Tumors/kidney/rat IRIS 

NA (TEFx 
Bap)B 

NO 

NO 

NO 

NA (TEF x 
Bap)B 

NO 

NO 

NO 

NO 

NO 

NO 

Carcinomalliver/mouse IRIS 

Carcinoma/liver/rat IRIS 

NO 

NA (TEF x 
Bap)B 
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TABLE 6-2 (Continued) 

~RAL TOXICITY VALUES - CARCINOGENIC EFFECTS 
Page40f 4 

Oral 
Chemical Slope Factor Weight of 

(mg/kg-d)·1 EvidenceA 

Methylene chloride 7.SE-03 B2 

Naphthalene ND ND 

Nitrobenzene ND B2 

N-Nitrosodiphenylamine 4.9E-03 B2 

Pentachorophenol 1.2E-01 B2 

Phenanthrene ND D 

Pyrene ND D 

RDX 1.1E-01 C 

Tetrachloroethylene S.2E-02 C/B2 

Tetryl ND ND 
'r 

Toluene ND ND 

trans-1,2- ND ND 
Dichloroethylene 

Trichloroethylene 1.1E-02 C/B2 

Trichlorofluoromethane ND ND 

Vinyl chloride 1.9E+OO A 

Xylene ND ND 

USEPA 10 No. IN5 170 023 498 
NAVSURFWARCENDIV CCRA 

November 1997 

Cancer TypelTarget Organ/Species Source 

Carcinomaslliver/mouse IRIS 

ND 

ND IRIS 

Transitional cell carcinoma/bladder/rat IRIS 

Carcinomas/liver and blood IRIS 
vessels/mouse 

ND IRIS 

ND IRIS 

Carcinoma/liver/mouse IRIS 

NR NCEA 

ND 

ND 

ND 

NR NCEA 

ND 

Tumorsllung and liver/rat HEAST 

ND 

NOTES: 

A 

NA = Not Applicable. 
ND = Not data 

NCEA = National Center for Environmental Assessment; NCEA values are provisional. 

The Weight-of-Evidence Classifications are: 

A = Human carcinogen 
B1 = Probable human carcinogen, limited human data are available 
B2 = Probable human carcinogen, sufficient evidence in animals & inadequate in humans 
C = Possible human carcinogen 
D = Not classifiable as to human carcinogenicity. 

For assessing risks associated with polynuclear aromatic hydrocarbons (PAHs), toxicity equivalency factors (TEFs) were 
used to convert the slope factor for benzo[a]pyrene (BaP) into slope factors for the other carcinogeniC PAHs. The TEF 
values used are documented in the report text. 
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TABLE 6-3 

USEPA ID No. INS 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

CHRONIC INHALATION TOXICITY VALUES - NONCARCINOGENIC EFFECTS 
Page 1 of 2 

Chronic Chronic Uncertaintyl 
RfC RIDA Confidence Modifying 

Chemical (mg/M3) (mg/kg-d) Level Critical Effect Factor Source 

1 ,1-Dichloroethylene ND ND ND ND ND 

1,1,2-Trichloroethane ND 4.0E-03B Medium Clinical serum 1,000/1 IRIS 
chemistry 

1,1,2,2- ND ND ND ND ND 
Tetrachloroethane 

1,2-Dichloroethane 5.0E-03 1.4E-03 Low GI disturbance and 3, OOO/NR NCEA 
disease of 

liver/gallbladder 

1,2-Dichloroethylene ND ND ND ND ND 

2-Butanone 1.0E+00 2.8E-01 Low Decreased fetal weight 1,000/3 IRIS 

Acetone ND 1.0E-01B Low Increased liver and 1,000/1 IRIS 
kidney weights; 

nephropathy 

Chloroethane 1.0E+01 2.9E+00 Medium Delayed fetal 300/1 IRIS 
ossification 

Chloroform ND ND ND ND ND 

cis-1,2-Dichloroethylene ND 1.0E-02B NR Decreased hematocrit 3,000/NR HEAST 
and hemoglobin 

Cyclohexane ND ND ND ND ND 

Methylene chloride 3.0E+00 8.5E-01 NR Liver toxicity 100/NR HEAST 

Tetrachloroethylene 4.0E-01 1.1E-01 Medium Liver and kidney 300/1 NCEA 
effects 

trans-1,2- ND 2.0E-02B Low Increased serum 1,000/1 IRIS 
Dichloroethylene alkaline phosphatase 

Trichloroethylene ND ND ND ND ND 

Trichlorofluoromethane 7.0E-01 2.0E-01 NR Increased BUN; lung 10,000/NR HEAST 
inflammation 

Vinyl chloride NO NO NO NO NO 

Xylene NA 3.1E+00c Medium Hyperactivity; 100/1 IRIS 
decreased body 

weight; increased 
mortali~ 

L:\WORK\CTOZZ901\WP\CCRA 1\TAB6-3.JBS CTC No. 229 



.... ABLE 6-3 (Continued) 

·;RONIC INHALATION TOXICITY VALUES - NONCARCINOGENIC EFFECTS 
Page 2 of 2 

NOTES: 

ND = No data. 
NR = Not reported. 

USEPA 10 No. INS 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

NCEA = National Center for Environmental Assessment; NCEA values are provisional. 

A 

B 

C 

IRIS = Integrated Risk Information System 
HEAST = Health Effects Assessment Summary Tables 

The inhalation RID was calculated from the reported RfC (reference concentration): 

Inhalation RID = 20 m3/d x RfC (mg/m3) 

70 kg 
No inhalation or oral absorption factors could be located for this chemical; the oral RID was used as the inhalation RID. 
Value extrapolated from oral RID using oral and inhalation absorption factors: 

Inhalation RID = oral absorption factor x Oral RID 
inhalation absorption factor 
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Chemical 

1,1-Dichloroethylene 

1,1,2-Trichloroethane 

1,1,2,2-
Tetrachloroethane 

1,2-Dichloroethane 

1,2-Dichloroethylene 

2-Butanone 

Acetone 

Chloroethane 

Chloroform 

cis-1,2-
Dichloroethylene 

Cyclohexane 

Methylene chloride 

Tetrachloroethylene 

trans-1,2-
Dichloroethylene 

Trichloroethylene 

Trichlorofluoromethane 

Vinyl chloride 

Xylene 
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TABLE 6-4 

USEPA ID No. INS 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

INHALATION TOXICITY VALUES - CARCINOGENIC EFFECTS 
Page 1 of 2 

Inhalation 
Inhalation Slope 
Unit Risk Factor' Weight of Cancer TypelTarget 
(J,lg/M3).1 (mg/kg-d)"1 EvidenceA Organ/Species Source 

S.OE-OS 1.8E-01 C Carcinomas/kidney/mouse IRIS 

1.SE-OS S.7E-02 C Carcinomaslliver/mouse IRIS 

S.8E-OS 2.0E-01 C Carcinomaslliver/mouse IRIS 

2.SE-OS 9.1E-02 B2 Hemangiosarcomas/circulatory IRIS 
system/rat 

ND ND ND ND 

ND ND D ND IRIS 

ND ND ND ND 

ND ND ND ND 

2.3E-OS 8.1E-02 B2 Carcinomaslliver/mouse IRIS 

ND ND ND ND 

ND ND ND ND 

4.7E-07 1.SE-03 B2 Adenomas and IRIS 
carcinomaslliver/mouse 

S.8E-07 2.0E-03 C/B2 NR NCEA 

ND ND ND ND 

1.7E-OS S.OE-03 C/B2 NR NCEA 

ND ND ND ND 

8.4E-OS 3.0E-01 A Tumorslliver/rat HEAST 

ND ND ND ND 
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USEPA ID No. IN5 170 023498 
NAVSURFWARCENDIV CCRA 

November 1997 

,3LE 6-4 (Continued) 

INHALATION TOXICITY VALUES - CARCINOGENIC EFFECTS 
Page 2 of2 

NOTES: 

NR = None Reported. 
ND = No Data. 

NCEA = National Center for Environmental Assessment; NCEA values are provisional 
IRIS = Integrated Risk Information System 

A The Weight-of-Evidence Classifications are: 

A = Human carcinogen 
81 = Probable human carcinogen, limited human data are available 
82 = Probable human carcinogen, sufficient evidence in animals & inadequate in humans 
C = Possible human carcinogen 
D = Not classifiable as to human carcinogenicity. 

B The inhalation slope factor was converted directly from the published inhalation unit risk: 

L:IWORKlCT022901IWPICCRA 1ITA86-4.JBS 

SF = 70 kg x UNIT RISK (ug/m3)"1 
20 m3/d x 1.0E-03 mgl,ug 
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USEPA 10 No. INS 170 023 498 
NAVSURFW ARCENDIV CCRA 

February 1999 

7.0 HUMAN HEALTH RISK CHARACTERIZATION 

7.1 INTRODUCTION 

The last step in the risk assessment process is risk characterization. It is in this step that the potential 
incidence of the human health risks and hazards associated with the project are determined. It is performed 
by integrating the exposure assessment and toxicity assessment databases. To characterize potential non
carcinogenic risks, comparisons are made between project-specific exposure doses and toxicity criteria 
(chronic RfDs). To characterize potential carcinogenic effects, probabilities that an individual might develop 
cancer due to exposure to site chemicals are estimated by multiplying the project-specific exposure doses 
by toxicity criteria (SFs). Each of these numerical expressions of risk is then accompanied by explanatory text 
interpreting the results. 

7.2 CHRONIC HEALTH HAZARDS 

7.2.1 Methodology - Chemicals Other Than Lead 

The non-cancer daily exposure doses calculated in the exposure assessment are used to calculate hazard 
quotients (HQ) for each of the chemicals of potential concern possessing RfDs. 

Hazard Receptor Exposure Dose (mg/kg-d) 
Quotient = Chronic Reference Dose (mg/kg-d) 

The hazard quotient approach assumes that there is a level of exposure to a chemical (e.g., RfD) below which 
it is unlikely for even sensitive individuals in a population to experience adverse health effects. Therefore, if 
the hazard quotient for a given substance is less than or equal to 1.00, the calculated site-specific exposure 
dose is less than or equal to the chemical's threshold dose, and it is therefore generally concluded that, based 
on our current toxicological knowledge of the chemical, it is improbable that the contaminant concentrations 
in site media would induce non-carcinogenic health effects in the receptor population. A ratio greater than 
1.00 indicates the potential for adverse health effects in the modeled population, but not necessarily that they 
would occur. 

When multiple non-carcinogenic chemical substances are evaluated for a population, a summation of all of 
the appropriate chemical-specific hazard quotients is made (USEPA, 1986). The same interpretation of this 
hazard index (HI), as described above for the hazard quotients, is then used. When the hazard index for any 
receptor population is greater than 1.00, the chemicals are segregated according to target organ/tissue and 
revised hazard indices determined before a hazard description is forwarded. Therefore, a Hazard Index of 
1.00 is used as a risk management criterion for evaluating the potential impacts of the chemical contamination 
at these sites. 

Appendix I contains all of the non-cancer chemical hazard calculations. 

7.2.2 Methodology - Lead 

There are currently no USEPA health criteria for lead. The comparison of calculated soil lead concentrations 
to the OSWER soil lead screening level of 400 ppm (USEPA, 1994d) was therefore used to assess hazard 
to the various receptor populations in this study. ABG was the only SWMU which has soil concentrations of 
lead which exceed 400 ppm. The exposure point concentration for lead in ABG proper surface soil is 3,686 
mg/kg, and for surface/subsurface soil combined is 1,743 mg/kg. Therefore, it is concluded that lead may 
pose a hazard to future residents at this SWMU from contact with soil. 
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Presented in Table 7-1A are the calculated hazard indices (HI) for this receptor population. With respect to 
the adult base employee in this family, the overall hazard index is calculated to be 0.01, which is less than 
USEPA's risk management criterion. Therefore, no critical exposure pathways or chemicals of concern are 
identified for this individual, none of the existing contamination at these three SWMUs is believed to present 
a chemical hazard to the base employees. 

The spouse and child of the above individual also have overall hazard indices less than USEPA's risk 
management criterion. These findings indicate that the existing contamination at these three SWMUs also 
does not pose a chemical hazard to these on-base families. 

7.2.3.2 SWMU Workers 

Presented in Table 7-1 B are the calculated hazard indices (HI) for these receptor populations. 

7.2.3.2.1 ABG Proper Workers 

The overall hazard index for the on-base SWMU workers at ABG proper is calculated to be 0.6, which is less 
than USEPA's risk management criterion. Thus, no critical exposure pathways or chemicals of concern are 
identified for this receptor population. The existing contamination at this SWMU does not pose a chemical 
hazard to these individuals. 

7.2.3.2.2 ABG Workers at the Jeep Trail Area 

Although the Jeep Trail Area is currently not in use, an evaluation was made in this assessment to determine 
the potential hazards to workers who might carry out munitions burning again in this area. The overall hazard 
index for a worker employed exclusively at the Jeep Trail Area is 0.2, which is less than USEPA's risk 
management criterion. Thus, no critical exposure pathways or chemicals of concern were identified for this 
receptor population. 

7.2.3.2.3 ORR Workers 

The overall hazard index for the on-site SWMU workers at ORR is calculated to be 0.1, which is less than 
USEPA's risk management criterion. Thus, no critical exposure pathways or chemicals of concern are 
identified for this receptor population. The existing contamination at this SWMU does not present a chemical 
hazard to these workers. 

7.2.3.2.4 DR - Navy Workers 

The overall hazard index for the on-site SWMU workers at DR - Navy Detonation Area is calculated to be 0.03, 
which is less than USEPA's risk management criterion. Thus, no critical exposure pathways or chemicals of 
concern are identified for this receptor population. The existing contamination at this SWMU does not present 
a chemical hazard to these workers. 

7.2.3.2.5 DR - Army Workers 

The overall hazard index for the on-site SWMU workers at DR - Army Detonation Area is calculated to be 0.1, 
which is less than USEPA's risk management criterion. Thus, no critical exposure pathways or chemicals of 
concern are identified for this receptor population. The existing contamination at this SWMU does not present 
a chemical hazard to these workers. 
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Presented in Table 7-1C are the calculated hazard indices (HI) for this receptor population. One population 
was addressed in this study, the members of the Padanaram Commune. Three exposure options were 
individually addressed -- use of groundwater (ABG Alluvial well data are used as a surrogate for their 
groundwater), use of spring water (Springs 8 and 10), or use of surface water (Little Sulphur Creek) as a 
residential water source. 

If groundwater is assumed to be their drinking water source (Option 1), the overall hazard indices for the adult 
and toddler are calculated to be 24.6 and 56.7, respectively. Ingestion of groundwater is the only critical 
exposure pathway identified, and 1,2-dichloroethylene, manganese, and trichloroethylene are the three 
chemicals of concern. The use of the on-site alluvial wells as surrogates for the off-site receptors is a highly 
conservative approach. By the time the contaminants migrated from ABG to the locations of these receptors, 
considerable attenuation, dilution, and chemical degradation will have occurred. In order to better define the 
potential risks by this exposure route, a detailed groundwater transport model would have to be performed 
using site-specific physical and chemical input parameters. Such a detailed model was beyond the scope of 
this risk assessment. 

If spring water is assumed to be their drinking water source (Option 2), the overall hazard indices for the adult 
and toddler are calculated to be 0.4 and 0.9, respectively. Since both of these HI values are less than 
USEPA's risk management criterion, no critical exposure pathways or chemicals of concern are identified. 
Therefore, the use of the water from either Spring 8 or Spring 10 does not present a chemical hazard to these 
individuals. 

If surface water from Little Sulphur Creek is assumed to be their drinking water source (Option 3), the overall 
hazard indices for the adult and toddler are each calculated to be 1.2 and 2.7, respectively. Both of these 
hazard indices exceed USEPA's risk management criterion. Therefore, the use of Little Sulphur Creek water 
as a drinking water source could pose a chemical hazard. No single chemical has a hazard quotient that 
exceeds 1.0. Thus, no chemicals of concern were identified in this environmental medium for this receptor 
population. 

7.2.3.4 Future Park Visitors 

Presented in Table 7-1 D are the calculated hazard indices (HI) for the future employees of the park/natural 
area if the facility were ever to close and the land redeveloped into this use. To be conservative in this 
evaluation, it was assumed that a future employee would be stationed at only one of the SWMUs. However, 
at each SWMU, a drinking water well could be installed into anyone of the aquifers beneath the site. 
Therefore, various exposure options were evaluated for this receptor group in this study. 

7.2.3.4.1 Future Employees at the ABG Proper Area 

Since there are four aquifers beneath this SWMU that were investigated in the RFI, four separate 'options' 
were evaluated for this receptor population in this risk assessment. The only difference between these options 
is the source of future drinking water at the SWMU. 

If a drinking water well is installed in the Beaver Bend aquifer on this site (Option 1), the overall hazard index 
calculated for this receptor individual is 0.5, which is less than USEPA's risk management criterion. Thus, 
no chemicals of concern are identified in any of the environmental media with which this individual is assumed 
to come into contact, including groundwater, soil, and venison. 

If a drinking water well is installed in the Beech Creek/Big Clifty combined aquifer at this site (Option 2), the 
overall hazard index calculated for this receptor individual is 8.0, which is greater than USEPA's risk 
management criterion. Ingestion of the groundwater from this aquifer is the only critical exposure pathway. 
Two contaminants from this aquifer are identified as the chemicals of concern: trichloroethylene and RDX. 

l;IWORKlCT022901IWPlCCRA2ICCCHHRS.JBS 7-3 CTO No. 229 



USEPA 10 No. IN5 170023498 
NAVSURFWARCENOIV CCRA 

February 1999 

If a drinking water well is installed in the Golconda aquifer at this site (Option 3), the overall hazard index 
calculated for this receptor individual is 10.1, which is greater than USEPA's risk management criterion. 
Ingestion of groundwater from this aquifer is the only critical exposure pathway. Three contaminants in this 
aquifer are identified as the chemicals of concern: manganese, arsenic and antimony. 

If a drinking water well is installed in the Alluvial groundwater at this site (Option 4), the overall hazard index 
calculated for this receptor individual is 8.8, which is greater than USEPA's risk management criterion. 
Ingestion of groundwater is the only critical exposure pathway. Three contaminants in this aquifer are 
identified as chemicals of concern: trichloroethylene, manganese and 1,2-dichloroethylene. 

7.2.3.4.2 Future Employees at the Jeep Trail Area 

Future park/natural area employees at the Jeep Trail Area have the potential to be significantly exposed to 
chemical contamination. The overall hazard index calculated for these receptor individuals is 13.8, which is 
greater than USEPA's risk management criterion. Only ingestion of groundwater (Beech Creek aquifer) posed 
a potential significant hazard. Two contaminants in this aquifer are identified as chemicals of concern: 
manganese and arsenic. 

7.2.3.4.3 Future Employees at the ORR 

Since two aquifers at the ORR have been the focus in the Facility's RFI, this risk assessment addressed two 
options for a future park/natural area employee at this site -- ingestion of groundwater from either the Beech 
Creek aquifer or the Alluvium. 

If a drinking water well is installed in the Beech Creek aquifer at this site (Option 1), the overall hazard index 
calculated for this employee is 3.3, which is greater than USEPA's risk management criterion. There is only 
one critical exposure pathway for this receptor, ingestion of groundwater, and only two chemicals of concern 
identified -- heptachlor epoxide and arsenic. 

If a drinking water well is installed in the Alluvium at this site (Option 2), the overall hazard index calculated 
for this employee is 2.0, which is greater than USEPA's risk management criterion. Ingestion of the 
groundwater is identified as the only critical exposure pathway for this receptor; however, no contaminants 
were identified as chemicals of concern. 

7.2.3.4.4 Future Employees at the DR - Navy Detonation Area 

As with the ORR area, there are two aquifers beneath the DR that are of interest to this study, the Beech 
Creek and the Alluvium. 

If a drinking water well is installed in the Beech Creek aquifer at the DR area where Navy personnel are 
exclusively working (Option 1), a future park/natural area employee would not be subject to a significant 
chemical hazard. The overall hazard index for this receptor was calculated to be 0.7, which is less than 
USEPA's risk management criterion. Thus, no environmental media at this site (groundwater, soil) nor 
venison pose a chemical hazard to this individual. 

If a drinking water well is installed in the Alluvium at the DR area where Navy personnel are exclusively 
working (Option 2), a future park/natural area employee could be exposed to a potential chemical hazard. 
The overall hazard index calculated for this individual in this scenario is 5.8, which is greater than USEPA's 
risk management criterion. Ingestion of groundwater is the sole exposure pathway of concern. Two 
contaminants in this aquifer are identified as the chemicals of concern: manganese and arsenic. 

7.2.3.4.5 Employees at the DR - Army Detonation Area 

If a drinking water well is installed in the Beech Creek aquifer at the DR area where Army personnel are 
exclusively working (Option 1), a future park/natural area employee would not be exposed to contamination 
in this area that would pose a significant chemical hazard. The overall hazard index calculated for this 
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individual in this scenario s 0.7, which is less than USEPA's risk management criterion. Thus, none of the 
environmental media in this area (groundwater, soil) nor venison pose a chemical hazard to this receptor 
individual. 

If a drinking water well is installed in the Alluvium at the OR where Army personnel exclusively work (Option 2), 
a future park/natural area employee would not be exposed to contamination in this area that would pose a 
significant chemical hazard. The overall hazard index calculated for this individual in this scenario is 0.7, 
which is less than USEPA's risk management criterion. Thus, no criteria exposure pathways or chemicals 
of concern were identified for this receptor. 

7.2.3.5 Future Park/Natural Area Employees 

Presented in Table 7-1 E are the calculated hazard indices (HI) for the future visitors to the park/natural area 
if the Facility were ever to close and the land redeveloped into this use. Receptors in this scenario were 
evaluated in an identical manner to the future park/natural area employees, Le. by SWMU and drinking water 
aquifer. 

7.2.3.5.1 Future Visitors to the ABG Proper Area 

If a drinking water well is installed in the Beaver Bend aquifer at this site (Option 1), the overall hazard indices 
calculated for the future adult and child park visitor are 0.2 and 1.0, respectively. Since neither of these 
hazard indices are greater than USEPA's risk management criterion, no critical exposure pathways or 
chemicals of concern are identified in this option. 

If a drinking water well is installed in the Beech Creek/Big Clifty combined aquifer at this site (Option 2), the 
overall hazard indices calculated for the future adult and toddler park visitor are 3.5 and 8.6, respectively. 
Both of these hazard indices are greater than USEPA's risk management criterion. However, only one 
exposure pathway, ingestion of groundwater, is identified as posing a significant hazard to these individuals. 
Two contaminants in this aquifer are identified as chemicals of concern: trichloroethylene and ROX. 

If a drinking water well is installed in the Golconda aquifer at this site (Option 3), the overall hazard indices 
calculated for the future adult and toddler park visitor are 4.4 and 10.7, respectively. Both of these hazard 
indices are greater than USEPA's risk management criterion. However, only one exposure pathway, ingestion 
of groundwater, is identified as posing a significant hazard to these individuals. Three contaminants in this 
aquifer are identified as chemicals of concern: manganese, arsenic and antimony. 

If a drinking water well is installed in the Alluvium at this site (Option 4), the overall hazard indices calculated 
for this future adult and toddler park visitor are 3.8 and 9.4, respectively. Both of these hazard indices are 
greater than USEPA's risk management criterion. However, only one exposure pathway, ingestion of 
groundwater, is identified as being a significant hazard to these individuals. Three contaminants in this aquifer 
are identified as chemicals of concern: trichloroethylene, manganese and 1,2-dichloroethylene. 

7.2.3.5.2 Future Visitors to the Jeep Trail Area 

If a drinking water well is installed in the Beech Creek aquifer at the Jeep Trail Area, the overall hazard indices 
calculated for the future adult and toddler park visitor are 6.0 and 14.4, respectively. Both of these hazard 
indices are greater than USEPA's risk management criterion. However, only one exposure pathway, ingestion 
of groundwater, is identified as posing a significant hazard to these individuals. Two contaminants in this 
aquifer are identified as chemicals of concern: manganese and arsenic. 

7.2;3.5.3 Future Visitors to the ORR 

If a drinking water well is installed in the Beech Creek aquifer at this SWMU (Option 1), the overall hazard 
indices calculated for the future adult and toddler park visitor are 1.5 and 3.6, respectively. Both of these 
hazard indices are greater than USEPA's risk management criterion. However, only one exposure pathway, 
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ingestion of groundwater, is identified as posing a significant hazard to these individuals. One contaminant 
in this aquifer is identified as a chemical of concern: heptachlor epoxide. 

If a drinking water well is installed in the Alluvium at this SWMU (Option 2), the overall hazard indices 
calculated for the future adult and toddler park visitor are 0.9 and 2.2, respectively. The toddler hazard index 
is greater than USEPA's risk management criterion. Only one exposure pathway, ingestion of groundwater, 
was identified as posing this hazard, but no contaminants were identified as chemicals of concern. 

7.2.3.5.4 Future Visitors to the DR - Navy Detonation Area 

If a drinking water well is installed in the Beech Creek aquifer at this SWMU area (Option 1), the overall hazard 
indices calculated for the future adult and toddler park visitor are 0.3 and 0.9, respectively. Since both of 
these hazard indices are less than USEPA's risk management criterion, no critical exposure pathways or 
chemicals of concern are identified. 

If a drinking water well is installed in the Alluvium at this SWMU area (Option 2), the overall hazard indices 
calculated for the future adult and toddler park visitor are 2.5 and 6.0, respectively. Both of these hazard 
indices are greater than USEPA's risk management criterion. However, only one exposure pathway, ingestion 
of groundwater, is identified as posing a significant hazard to these individuals. Two contaminants in this 
aquifer are identified as chemicals of concern: manganese and arsenic. 

7.2.3.5.5 Future Visitors to the DR - Army Detonation Area 

If a drinking water well is installed in the Beech Creek aquifer at this SWMU (Option 1), the overall hazard 
indices calculated for the future adult and toddler park visitor are 0.3 and 0.9, respectively. Since both of 
these hazard indices are less than USEPA's risk management criterion, no critical exposure pathways or 
chemicals of concern are identified in this scenario. 

If a drinking water well is installed in the Alluvium at this SWMU area (Option 2), the overall hazard indices 
calculated for the future adult and toddler park visitor are 0.3 and 0.9, respectively. Since both of these hazard 
indices are less than USEPA's risk management criterion, no critical exposure pathways or chemicals of 
concern are identified in this scenario. 

7.2.3.6 Future On-SWMU Residents 

Presented in Table 7-1 F are the calculated hazard indices (HI) for the future rural residents living on each 
SWMU area if the Facility were ever to close and the land redeveloped into this use. Receptors in this 
scenario were also evaluated on a SWMU- and aquifer-specific basis. In addition, two building scenarios were 
evaluated in each 'option'. The first home scenario assumed a house would be built without a basement, and 
therefore receptor exposure would occur to only surface soils. In the second home scenario, a house with 
a basement is assumed to be built. Soil exposure in this second scenario involves contact with a mixture of 
both surface and subsurface soils. 

7.2.3.6.1 Future Residents on the ABG Proper 

If a residential well is installed into the Beaver Bend aquifer at this site in a home without a basement, the 
overall hazard indices calculated for the adult and toddler receptor are 4.9 and 13.5, respectively. Both of 
these hazard indices are greater than USEPA's risk management criterion. Two critical exposure pathways, 
ingestion of groundwater and ingestion of cow's milk, are identified for the toddler resident. The only chemical 
of concern in groundwater is arsenic. One chemical of concern was also identified for the milk foodchain 
pathway: zinc. This foodchain pathway primarily indicates soil contaminants of concern, since it is their 
bioaccumulation that is being evaluated. If surface and subsurface soil are mixed in this scenario (Le. a home 
with a basement is built at the site), then the two calculated receptor-specific hazard indices are slightly lower. 
Arsenic still is the only groundwater contaminant of concern; and zinc is also the only foodchain pathway (soil) 
chemical of concern. 
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The calculated zinc hazard index in the milk foodchain pathway is likely grossly overstated in this analysis. 
There are several reasons for this conclusion. First, no toxicity criteria exist for zinc for toddlers. The criterion 
used in this assessment was the FDA's recommended minimum daily allowance for this nutrient metal. Thus, 
exceedance of this criterion does not indicate an automatic concern. Secondly, this scenario assumes that 
dairy cows are raised exclusively at this site and provide milk to the toddler daily. Given the physical size and 
terrain at the ABG, this scenario is highly unlikely. Therefore, the significance of the elevated hazard indices 
associated with zinc should not be weighted similarly to elevated hazard indices associated with other 
exposure pathways and chemicals of concern. 

If a residential well is installed into the Beech CreeklBig Clifty combined aquifer at this site in a home without 
a basement, the overall hazard indices calculated for the adult and toddler receptor are 26.0 and 62.6, 
respectively. Both of these hazard indices are greater than USEPA's risk management criterion. Two critical 
exposure pathways are identified: ingestion of groundwater and ingestion of cow's milk. The groundwater 
chemicals of concern include: trichloroethylene, RDX, manganese and arsenic. The foodchain (soil) chemical 
of concern is: zinc. If surface and subsurface soil are mixed in this scenario (Le. a home with a basement 
is built at the site), then the two calculated receptor-specific hazard indices are slightly lower. The 
groundwater chemicals of concern are the same as the above scenario, and zinc is still identified in soil as 
the only chemical of concern. The significance of these zinc hazard indices, however, has already been 
discussed. 

If a residential well is installed into the Golconda aquifer at this site in a home without a basement, the overall 
hazard indices calculated for the adult and toddler receptor are 32.0 and 76.1, respectively. Both of these 
hazard indices are greater than USEPA's risk management criterion. Two critical exposure pathways are 
identified: ingestion of groundwater and ingestion of cow's milk. The groundwater chemicals of concern 
include: manganese, arsenic, antimony, aluminum, barium, chromium and nickel. The foodchain (soil) 
chemical of concern is: zinc. If surface and subsurface soil are mixed in this scenario (Le. a home with a 
basement is built at the site), then the two calculated receptor-specific hazard indices are slightly lower. The 
groundwater chemicals of concern remain the same, and zinc is still identified in soil the only chemical of 
concern. The significance of these zinc hazard indices has, however, already been discussed. 

If a residential well is installed in the Alluvium at this site in a home without a basement, the overall hazard 
indices calculated for the adult and toddler receptor are 28.5 and 68.0, respectively. Both of these hazard 
indices are greater than USEPA's risk management criterion. Two critical exposure pathways are identified: 
ingestion of groundwater and ingestion of cow's milk. The groundwater chemicals of concern include: 
trichloroethylene, manganese, disulfoton, cadmium, arsenic and 1,2-dichloroethylene. The foodchain (soil) 
chemical of concern is: zinc. If the surface and subsurface soil are mixed in this scenario (Le. a home with 
a basement is built at the site), then the two calculated receptor-specific hazard indices are slightly lower. The 
groundwater chemicals of concern remain the same, and zinc is still identified in soil as the only chemical of 
concern. The significance of these zinc hazard indices has, however, already been discussed. 

At the request of USEPA Region V, future residents were also evaluated for potential hazards associated with 
on-site Spring A if it were to be used as a drinking water source by these receptors. 

Pathway-Specific Overall Hazard Chemicals of 
Receptor Pathways Hazard Indices Index Concern 

Future Adult Ingestion of 3.56 3.58 Thallium 
Resident drinking water 

Dermal contact 0.02 
with spring water 
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Future Toddler Ingestion of 
Resident drinking water 

Dermal contact 
with drinking 
water 

Pathway-Specific 
Hazard Indices 

8.30 
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Overall Hazard Chemicals of 
Index Concern 

8.34 Thallium, RDX, 
Aldrin 

As shown in the table, the total hazard index associated with exposure to Spring A exceeds 1.0 for both 
receptors. Ingestion of drinking water is the critical pathway, and thallium, RDX, and aldrin are the chemicals 
of concern. 

7.2.3.6.2 Future Residents on the Jeep Trail Area 

If a residential home is built sometime in the future at the Jeep Trail area and a well is installed in the Beech 
Creek aquifer, the overall hazard indices for the adult and toddler receptor are calculated to be 39.3 and 91.6, 
respectively. Both of these hazard indices are greater than USEPA's risk management criterion. Only one 
exposure pathways is of primary concern, ingestion of groundwater. The chemicals of concern in this medium 
include: manganese, arsenic, aluminum, RDX, antimony and barium. One other exposure pathway was 
slightly greater than USEPA's risk management criterion, ingestion of cow's milk. However, no chemicals of 
concern were identified. 

7.2.3.6.3 Future Residents on the ORR 

If a residential well is installed in the Beech Creek aquifer at this SWMU in a home without a basement, the 
overall hazard indices calculated for the adult and toddler receptor are 9.7 and 23.3, respectively. Both of 
these hazard indices are greater than USEPA's risk managment criterion. Only one exposure pathway is 
identified as posing these potential hazards, ingestion of groundwater. The chemicals of potential concern 
iii this medium include: heptachlor epoxide, arsenic, manganese and TNT. One other pathway, ingestion of 
cow's milk, was slightly greater than USEPA's criterion. No chemicals of concern were identified for this 
foodchain pathway, however. If surface and subsurface soil are mixed in this scenario (Le. if a home with a 
basement is built on the site), the overall hazard indices calculated for these receptors changed slightly. The 
same chemicals of concern in groundwater are identified in this alternate home scenario. 

If a residential well is installed in the Alluvium at this SWMU in a home without a basement, the overall hazard 
indices calculated for the adult and toddler receptor are 5.9 and 14.6, respectively. Both of these hazard 
indices are greater than USEPA's risk management criterion. Only one exposure pathway, ingestion of 
groundwater, is of primary concern in this scenario, and only three chemicals of concern are identified in this 
medium: arsenic, manganese, and TNT. One other pathway has a hazard index slightly greater than 1.0 (for 
the toddler) -- ingestion of cow's milk. No chemicals of concern are identified for this foodchain pathway, 
though. If surface and subsurface soils are mixed in this scenario (Le. if a home with a basement is built at 
this site), the overall hazard indices for these two receptors are the same, and the same chemicals of concern 
and critical exposure pathway are identified. 

7.2.3.6.4 Future Residents on the DR - Navy Detonation Area 

If a residential well is installed in the Beech Creek aquifer at this SWMU area in a home without a basement, 
the overall hazard indices calculated for the adult and toddler receptor are 1.9 and 4.8, respectively. Both of 
these hazard indices are greater than USEPA's risk management criterion. Only one exposure pathway, 
ingestion of groundwater, is responsible for the magnitude of these hazards, and only one chemical of concern 
is identified in this medium: arsenic. 
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If a residential well is installed in the Alluvium at the SWMU area in a home without a basement, the overall 
hazard indices calculated for the adult and toddler receptor are 16.4 and 38.2, respectively. Only one 
exposure pathway, ingestion of groundwater, is responsible for the magnitude of these hazards, and only four 
contaminants in this medium are identified as chemicals of concern: manganese, arsenic, aluminum and 
nickel. 

7.2.3.6.5 Future Residents on the DR - Army Detonation Area 

If a residential well is installed in the Beech Creek aquifer at this SWMU area in a home without a basement, 
the overall hazard indices calculated for the adult and toddler receptor are 2.0 and 4.9, respectively. Both of 
these hazard indices are greater than USEPA's risk management criterion. Only one exposure pathway, 
ingestion of groundwater, is responsible for the magnitude of these hazards, and only one chemical of concern 
is identified in this medium: arsenic. 

If a residential well is installed in the Alluvium at this SWMU in a home without a basement, the overall hazard 
indices calculated for the adult and toddler receptor are 2.0 and 5.1, respectively. Both of these hazard 
indices are greater than USEPA's risk management criterion. Only one exposure pathway, ingestion of 
groundwater, is responsible for the magnitude of these hazards, and only two chemicals of concern are 
identified in this medium: arsenic and manganese. 

7.2.4 Overall Conclusions Concerning the Potential Chemical Hazards at ABG, ORR. and DR 

One primary conclusion can be drawn from the preceding chemical hazard analysis and that is of the various 
environmental media evaluated in this study, groundwater is the most Significantly contaminated, i.e. the 
groundwater exposure pathways lead to the largest hazard indices. 

Except for lead and possibly zinc contamination in surface soil at the ABG proper, soils (surface and 
subsurface) at the three SWMUs do not pose a hazard to any receptor population. Zinc in ABG soil might 
pose a risk only if a rural homestead is built on this SWMU in the future and the family raised their own dairy 
cows for private consumption. Lead is also only a risk in the future on-SWMU residential scenario. 

Contaminants (in water and sediment) in the three creeks studied in this assessment (Little Sulphur Creek, 
Turkey Creek, Boggs Creek) did not pose a hazard to any receptor population with one exception. Significant 
hazard indices were calculated for Little Sulphur Creek surface water if, and only if, it were to be used daily 
as a drinking water source. 

Spring water in Springs 8 and 10 does not pose a chemical hazard even if it is assumed to be a daily drinking 
water source. Springs A, B, and C do not pose a chemical hazard to any receptor with incidental exposure 
(incidental ingestion and dermal contact). Spring A poses a potential hazard to future on-site residents at ABG 
only if it is used as a drinking water source. 

Venison tissue taken from an on-site animal killed accidentally by vehicular traffic is not significantly 
contaminated with any chemicals of concern in this study. This deer was found less than a mile southwest 
of the Demolition Range Administration Building, along the main road. 

With respect to the groundwater contamination at these three SWMUs, each aquifer evaluated presented a 
significant chemical hazard to at least one receptor population. Below is a summation of the results of this 
analysis. 
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SWMU-Aguifer 

ABG - Beaver Bend 

ABG - Beech Creek 

ABG - Golconda 

ABG - Alluvium 

Jeep Trail - Beech Creek 

ORR - Beech Creek 

ORR - Alluvium 

DR (Navy) - Beech Creek 

DR (Army) - Alluvium 

DR (Army) - Beech Creek 

DR (Army) - Alluvium 

Receptor Population 
Identified with Significant 

Cancer Risk 

Future On-Site Residents 

Future Park Employees 
Future Park Visitors 
Future On-SWMU Residents 

Future Park Employees 
Future Park Visitors 
Future On-SWMU Residents 

Off-Facility Residents 
Future Park Employees 
Future Park Visitors 
Future On-SWMU Residents 

Future Park Employees 
Future Park Visitors 
Future On-SWMU Residents 

Future Park Employees 
Future Park Visitors 
Future On-SWMU Residents 

Future On-SWMU Residents 

Future On-SWMU Residents 

Future Park Employees 
Future Park Visitors 
Future On-SWMU Residents 

Future On-SWMU Residents 

Future On-SWMU Residents 

7.3 CARCINOGENIC RISKS 

7.3.1 Methodology - All Chemicals 

USEPA ID No. IN5170 023 498 
NAVSURFWARCENDIV CCRA 

February 1999 

As 

Chemical(s) of 
Concern 

TCE,RDX 
TCE,RDX 
TCE, RDX, Mn, As 

Mn, As, Sb 
Mn, As, Sb 
Mn, As, Sb, AI, Ba, Cr, Ni 

TCE, Mn, 1,2-0CE 
TCE, Mn, 1,2-0CE 
TCE, Mn, 1,2-DCE 
TCE, Mn, 1,2-DCE, As, Cd, 
disulfoton 

Mn,As 
Mn,As 
Mn, As, RDX, AI, Sb, Ba 

As, Heptachlor epoxide 
Heptachlor epoxide 
As, Mn, TNT, Heptachlor epoxide 

As, Mn 

As 

Mn,As 
Mn,As 
Mn, As, AI, Ni 

As 

As, Mn 

By convention, a 70-year exposure period is used to determine exposure doses to human receptors for 
carcinogenic risk calculations (USEPA, 1989a). In this assessment, the adult receptor exposure doses for 
the chemicals of potential concern (calculated in the exposure assessment) are translated into cancer risks 
by the use of the following equation: 
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Where: 

Lifetime Excess 
Cancer Risk 

USEPA 10 No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

February 1999 

Eft d P th Route-specific 
~ .Ima e a way x Slope Factor 

specific LADD (mg/kg-d) (mg/kg-d)-1 

LADD = Lifetime Average Daily Does (Le., 70-year average exposure dose). 

To assess the simultaneous exposure of a receptor population to multiple carcinogens from multiple exposure 
routes, all of the cancer risks calculated for a population are summed (USEPA, 1985). The overall cancer 
risks associated with the project are then compared to USEPA's point of departure lifetime cancer risk rate 
of 1.0E-OS (USEPA, 1985) and to the Superfund remediation target risk range of 1.0E-OS to 1.0E-04. To put 
the overall cancer risks calculated for each receptor population into perspective, the risk management criterion 
of 1.0E-04 is used. Any chemical which individually is associated with a risk level greater than 1.0E-05 is then 
identified as a chemical of concern. 

7.3.2 Receptor-specific Cancer Risks 

7.3.2.1 Base Personnel and Their Families 

Presented in Table 7-2A are the calculated cancer risks for this receptor population. With respect to the adult 
base employee in this family, the overall cancer risk is calculated to be 2.2E-07, which is less than USEPA's 
point of departure value of 1.0E-OS. Thus, no critical exposure pathways or chemicals of concern are 
identified for this individual. Therefore, none of the existing contamination at these three SWMUs presents 
a significant cancer risk to the base employees. 

The spouse and child of the above individual also have overall cancer risks less than USEPA's point of 
departure risk level. These findings indicate that the existing contamination at these three SWMUs also does 
not pose a significant cancer risk to these on-base families. 

7.3.2.2 SWMU Workers 

Presented in Table 7-2B are the calculated cancer risks for these receptor populations. 

7.3.2.2.1 ABG Proper Workers 

The overall cancer risk for the on-base SWMU workers at ABG proper is calculated to be 4.3E-05, which is 
within USEPA's target risk range of 1.0E-OS to 1.0E-04. No critical exposure pathways or chemicals of 
concern are identified for this receptor population. The existing contamination at this SWMU does not pose 
a significant cancer risk to these individuals. 

7.3.2.2.2 ABG Workers at the Jeep Trail Area 

Although the Jeep Trail Area is currently not in use, an evaluation was made in this assessment to determine 
the potential cancer risks to workers who might carry out munitions burning again in this area. The overall 
cancer risk for a worker employed exclusively at the Jeep Trail Area is S.7E-OS, which is within USEPA's target 
risk range of 1.0E-OS to 1.0E-04. Thus, no critical exposure pathways or chemicals of concern are identified 
for this receptor population. 

7.3.2.2.3 ORR Workers 

The overall cancer risk for the on-site SWMU workers at ORR is calculated to be S.8E-OS, which within 
USEPA's target risk range of 1.0E-OS to 1.0E-04. Thus, no critical exposure pathways or chemicals of 
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concern are identified for this receptor population. The existing contamination at this SWMU does not present 
a significant cancer risk to these workers. 

7.3.2.2.4 DR - Navy Workers 

The overall cancer risk for the on-site SWMU workers at DR - Navy Detonation Area is calculated to be 
3.8E-07, which is less than USEPA's point of departure risk value of 1.0E-OS. Thus, no critical exposure 
pathways or chemicals of concern are identified for this receptor population. The existing contamination at 
this SWMU does not present a significant cancer risk to these workers. 

7.3.2.2.5 DR - Army Workers 

The overall cancer risk for the on-site SWMU workers at DR - Army Detonation Area is calculated to be 
2.SE-OS, which is within USEPA's target risk range of 1.0E-OS to 1.0E-04. Thus, no critical exposure pathways 
or chemicals of concern are identified for this receptor population. The existing contamination at this SWMU 
does not present a significant cancer risk to these workers. 

7.3.2.3 Off-facility Residents 

Presented in Table 7-2C are the calculated cancer risks for this receptor population. One population was 
addressed in this study, the members of the Padanaram Commune. Three exposure options were individually 
addressed -- use of groundwater (ABG Alluvial well data are used as a surrogate for their groundwater), use 
of spring water (Springs 8 and 10), or use of surface water (Little Sulphur Creek) as a residential water source. 

If groundwater is assumed to be their drinking water source (Option 1), the overall cancer risks for the adult 
and toddler are calculated to be S.2E-03 and 1.1 E-03, respectively. The combined risk is S.3E-03. The 
following critical exposure pathways and associated chemicals of concern were identified: (1) ingestion of 
groundwater - 1,1 ,2,2-tetrachloroethane, vinyl chloride, trichloroethylene, 1, 1-dichloroethylene, 1,1,2-
trichloroethane, and arsenic; (2) dermal contact with groundwater (adult only) - trichloroethylene; and (3) 
inhalation of VOCs while showering/bathing - 1,1 ,2-trichoroethane (adult only), 1,1 ,2,2-tetrachloroethane, 
trichloroethylene, and vinyl chloride (adult only). All of these exposure pathways are associated with 
groundwater contamination. The use of the on-site alluvial wells as surrogates for the off-site receptors is a 
highly conservative approach. By the time the contaminants migrated from ABG to the locations of these 
receptors, considerable attenuation, dilution, and chemical degradation will have occurred. In order to better 
define the potential risks by this exposure route, a detailed groundwater transport model would have to be 
performed using site-specific physical and chemical input parameters. Such a detailed model was beyond 
the scope of this risk assessment. 

If the two off-facility springs are assumed to be their drinking water source (Option 2), the overall cancer risks 
for the adult and toddler are calculated to be 1.SE-OS and 1.1 E-OS, respectively. The combined risk is 2.SE
os. These risks are within the USEPA's target risk range of 1.0E-OS to 1.0E-04. Therefore, no critical 
exposure pathways or chemicals of concern are identified. The use of the water from either Spring 8 or Spring 
10 does not present a significant cancer risk to these individuals. 

If surface water from Little Sulphur Creek is assumed to be their drinking water source (Option 3), the overall 
cancer risks for the adult and toddler are calculated to be 1.SE-04 and 3.3E-OS, respectively. The combined 
risk is 1.8E-04. The risk for the toddler is within USEPA's target risk range of 1.0E-OS to 1.0E-04. Thus, 
surface water in Little Sulphur Creek does not pose a significant cancer risk to toddler off-facility residents. 
The combined cancer risk, as well as the individual risk for the adult, slightly exceed the USEPA's target risk 
range of 1.0E-OS to 1.0E-04. Ingestion of groundwater is identified as the critical pathway, and arsenic and 
RDX are the two chemicals of concern. 

7.3.2.4 Future Park Employees 

Presented in Table 7-20 are the calculated cancer risks for the future employees of the park/natural area if 
the facility were ever to close and the land redeveloped into this use. To be conservative in this evaluation, 
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it was assumed that a future employee would be stationed at only one of the SWMUs. However, at each 
SWMU, a drinking water well could be installed into anyone of the aquifers beneath the site. Thus, a number 
of exposure options is evaluated for these receptor populations. 

7.3.2.4.1 Future Employees at the ABG Proper Area 

Since there are four aquifers beneath this SWMU that were investigated in the RFI, four separate 'options' 
were evaluated for this receptor population in this risk assessment. The only difference between these options 
is the source of drinking water at the SWMU. 

If a drinking water well is installed in the Beaver Bend aquifer on this site (Option 1), the overall cancer risk 
calculated for this receptor individual is 5.0E-05, which is within USEPA's target risk range of 1.0E-06 to 1.0E-
04. Thus, no chemicals of concern are identified in any of the environmental media with which this individual 
is assumed to come into contact, including groundwater, soil, and venison. 

If a drinking water well is installed in the Beech Creek/Big Clifty combined aquifer at this site (Option 2), the 
overall cancer risk calculated for this receptor individual is 3.1 E-04, which is greater than USEPA's target risk 
range of 1.0E-06 to 1.0E-04. Ingestion of the groundwater in this aquifer is the only critical exposure pathway. 
Four contaminants in this aquifer are identified as the chemicals of concern: arsenic, RDX, trichloroethylene, 
and vinyl chloride. 

If a drinking water well is installed in the Golconda aquifer at this site (Option 3), the overall cancer risk 
calculated for this receptor individual is 4.1 E-04, which is greater than USEPA's target risk range of 1.0E-06 
to 1.0E-04. Ingestion of groundwater in this aquifer is the only critical exposure pathway. Two contaminants 
in this aquifer are identified as the chemicals of concern: arsenic and beryllium. 

If a drinking water well is installed in the Alluvial groundwater at this site (Option 4), the overall cancer risk 
calculated for this receptor individual is 5.3E-04, which is greater than USEPA's target risk range of 1.0E-06 
to 1.0E-04. Ingestion of groundwater is the only critical exposure pathway. Five contaminants in this aquifer 
are identified as chemicals of concern: 1,1 ,2,2-tetrachloroethane, vinyl chloride, 1, 1-dichloroethylene, 
trichloroethylene, and arsenic. 

7.3.2.4.2 Future Employees at the Jeep Trail Area 

Future park/natural area employees at the Jeep Trail Area have the potential to be significantly exposed to 
chemical contamination. The overall cancer risk calculated for these receptor individuals is 7.8E-04, which 
is greater than USEPA's target risk range of 1.0E-06 to 1.0E-04. Only ingestion of groundwater (Beech Creek 
aquifer) posed a potential Significant cancer risk. Three contaminants in this aquifer are identified as 
chemicals of concern: arsenic, beryllium, and RDX. 

7.3.2.4.3 Future Employees at the ORR 

Since two aquifers at the ORR have been the focus in the Facility's RFI, this risk assessment addressed two 
options for a future park/natural area employee at this site -- ingestion of groundwater from either the Beech 
Creek aquifer or the Alluvium. 

If a drinking water well is installed in the Beech Creek aquifer at this site (Option 1), the overall cancer risk 
calculated for this employee is 2.0E-04, which is greater than USEPA's target risk range of 1.0E-06 to 
l.OE-04. There is only one critical exposure pathway for this receptor, ingestion of groundwater, and only two 
chemicals of concern identified -- arsenic and heptachlor epoxide. 

If a drinking water well is installed in the Alluvium at this site, the overall cancer risk calculated for this 
employee is 1.5E-04, which is slightly greater than USEPA's target risk range of 1.0E-06 to 1.0E-04. Ingestion 
of the groundwater is identified as the only critical exposure pathway for this receptor, and arsenic is the only 
chemical of concern. 
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7.3.2.4.4 Future Employees at the DR - Navy Detonation Area 

As with the ORR area, there are two aquifers beneath the DR that are of interest to this study, the Beech 
Creek and the Alluvium. 

If a drinking water well is installed in the Beech Creek aquifer at the DR area where Navy personnel are 
exclusively working (Option 1), a future park/natural area employee would not be subject to significant cancer 
risks. The overall cancer risk for this receptor was calculated to be S.9E-OS, which is within USEPA's target 
risk range of 1.0E-06 to 1.0E-04. Thus, no environmental media at this site (groundwater, soil) nor venison 
pose a significant cancer risk to this individual. 

If a drinking water well is installed in the Alluvium at the DR area where Navy personnel are exclusively 
working (Option 2), a future park/natural area employee could be exposed to a potential significant cancer risk. 
The overall cancer risk calculated for this individual in this scenario is 2.8E-04, which is greater than USEPA's 
target risk range of 1.0E-06 to 1.0E-04. Ingestion of groundwater is the sole exposure pathway of concern. 
Two contaminants in this aquifer are identified as the chemicals of concern: arsenic and beryllium. 

7.3.2.4.5 Employees at the DR - Army Detonation Area 

If a drinking water well is installed in the Beech Creek aquifer at the DR area where Army personnel are 
exclusively working (Option 1), a future park/natural area employee would not be exposed to contamination 
in this area that would pose a significant cancer risk. The overall cancer risk calculated for this individual in 
this scenario is S.9E-OS, which is within USEPA's target risk range of 1.0E-06 to 1.0E-04. Thus, none of the 
environmental media in this area (groundwater, soil) nor venison pose a significant cancer risk to this receptor 
individual. 

If a drinking water well is installed in the Alluvium at the DR where Army personnel exclusively work, a future 
park/natural area employee would not be exposed to contamination in this area that would pose a significant 
cancer risk. The overall cancer risk calculated for this individual in this scenario is 3.1 E-OS, which is within 
USEPA's target risk range of 1.0E-06 to 1.0E-04. Thus, no critical exposure pathways or chemicals of 
concern were identified for this receptor. 

7.3.2.5 Future Park Visitors 

Presented in Table 7-2E are the calculated cancer risks for the future visitors to the park/natural area if the 
Facility were ever to close and the land redeveloped into this use. Receptors in this scenario were evaluated 
in an identical manner to the future park/natural area employees, i.e. by SWMU and drinking water aquifer. 

7.3.2.5.1 Future Visitors to the ABG Proper Area 

If a drinking water well is installed in the Beaver Bend aquifer at this site (Option 1), the overall cancer risks 
calculated for the future adult and child park visitor are 2.2E-OS and 2.0E-OS, respectively. Since both of these 
cancer risks are within USEPA's target risk range of 1.0E-06 to 1.0E-04, no critical exposure pathways or 
chemicals of concern are identified in this option. 

If a drinking water well is installed in the Beech Creek/Big Clifty combined aquifer at this site (Option 2), the 
overall cancer risks calculated for the future adult and toddler park visitor are 1.3E-04 and 9.7E-OS, 
respectively. The cancer risk for the child is within USEPA's target risk range of 1.0E-06 to 1.0E-04. 
Therefore, no critical exposure pathways or chemicals of concern were identified for the toddler receptor. 
Ingestion of groundwater is the sole exposure pathway of concern for the adult park visitor; four contaminants 
in this aquifer are identified as the chemicals of concern: arsenic, RDX, trichloroethylene, and vinyl chloride. 

If a drinking water well is installed in the Golconda aquifer at this site (Option 3), the overall cancer risks 
calculated for the future adult and toddler park visitor are 1.7E-04 and 1.3E-04, respectively. Both of these 
cancer risks are greater than USEPA's target risk range of 1.0E-06 to 1.0E-04. However, only one exposure 
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pathway, ingestion of groundwater, is identified as posing a significant cancer risk to these individuals. Two 
contaminants in this aquifer are identified as chemicals of concern: arsenic and beryllium. 

If a drinking water well is installed in the Alluvium at this site (Option 4), the overall cancer risks calculated for 
the future adult and toddler park visitors are 2.2E-04 and 1.7E-04, respectively. Both of these cancer risks 
are greater than USEPA's target risk range of 1.0E-06 to 1.0E-04. However, only one exposure pathway, 
ingestion of groundwater, is identified as being a significant cancer risk to these individuals. Four 
contaminants in this aquifer are identified as chemicals of concern: 1,1 ,2,2-tetrachloroethane, arsenic, 
trichloroethylene, and vinyl chloride. 

7.3.2.5.2 Future Visitors to the Jeep Trail Area 

If a drinking water well is installed in the Beech Creek aquifer at the Jeep Trail Area, the overall cancer risks 
calculated for the future adult and toddler park visitor are 3.3E-04 and 2.4E-04, respectively. Both of these 
cancer risks are greater than USEPA's target risk range of 1.0E-06 to 1.0E-04. However, only one exposure 
pathway, ingestion of groundwater, is identified as posing a significant hazard to these individuals. Three 
contaminants in this aquifer are identified as chemicals of concern: arsenic, beryllium, and ROX. 

7.3.2.5.3 Future Visitors to the ORR 

If a drinking water well is installed in the Beech Creek aquifer at this SWMU (Option 1), the overall cancer 
risks calculated for the future adult and toddler park visitor are B.BE-05 and 7.4E-05, respectively. Both of 
these cancer risks are within USEPA's target risk range of 1.0E-06 to 1.0E-04. Therefore, no critical exposure 
pathways or chemicals of concern are identified for this option. 

If a drinking water well is installed in the Alluvium at this SWMU (Option 2), the overall cancer risks calculated 
for the future adult and toddler park visitor are 6.4E-05 and 5.7E-05, respectively. Both of these cancer risks 
are within USEPA's target risk range of 1.0E-06 to 1.0E-04. Therefore, no critical exposure pathways or 
chemicals of concern are identified for this option. 

7.3.2.5.4 Future Visitors to the DR - Navy Detonation Area 

If a drinking water well is installed in the Beech Creek aquifer at this SWMU area (Option 1), the overall cancer 
risks calculated for the future adult and toddler park visitor are 2.6E-05 and 2.4E-05, respectively. Since both 
of these cancer risks are within USEPA's target risk range of 1.0E-06 to 1.0E-04, no critical exposure 
pathways or chemicals of concern are identified. 

If a drinking water well is installed in the Alluvium at this SWMU area (Option 2), the overall cancer risks 
calculated for the future adult and toddler park visitor are 1.2E-04 and 9.1 E-05, respectively. The cancer risk 
for the child is within USEPA's target risk range of 1.0E-06 to 1.0E-04. Therefore, no critical exposure 
pathways or chemicals of concern are identified for this receptor. For the adult receptor, ingestion of 
groundwater is the only critical exposure pathway, and arsenic and beryllium are the two chemicals of 
concern. 

7.3.2.5.5 Future Visitors to the DR - Army Detonation Area 

If a drinking water well is installed in the Beech Creek aquifer at this SWMU (Option 1), the overall cancer 
risks calculated for the future adult and toddler park visitor are 2.6E-05 and 2.4E-05, respectively. Since both 
of these cancer risks are within USEPA's target risk range of 1.0E-06 to 1.0E-04, no critical exposure 
pathways or chemicals of concern are identified in this scenario. 

If a drinking water well is installed in the Alluvium at this SWMU area, the overall cancer risks calculated for 
the future adult and toddler park visitor are 1.4E-05 and 1.5E-05, respectively. Since both of these cancer 
risks are within USEPA's target risk range of 1.0E-06 to 1.0E-04, no critical exposure pathways or chemicals 
of concern are identified in this scenario. 
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Presented in Table 7-2F are the calculated cancer risks for the future rural residents living on each SWMU 
area if the Facility were ever to close and the land redeveloped into this use. Receptors in this scenario were 
also evaluated on a SWMU- and aquifer-specific basis. In addition, two building scenarios were evaluated 
in each 'option'. The first home scenario assumed a house would be built without a basement, and therefore 
receptor exposure would occur to only surface soils. In the second home scenario, a house with a basement 
is assumed. Therefore, soil exposure in this second scenario involves contact with a mixture of both surface 
and subsurface soils. 

7.3.2.6.1 Future Residents on the ABG Proper 

If a residential well is installed into a the Beaver Bend aquifer at this site in a home without a basement, the 
overall cancer risks calculated individually for the adult and toddler receptor are 3.1 E-04 and 1.4E-04, 
respectively. The combined risk is 4.SE-04. Both of these individual cancer risks as well as the overall risk, 
are greater than USEPA's target risk range of 1.0E-06 to 1.0E-04. Three critical pathways are identified for 
both the adult and toddler receptors: ingestion of groundwater, ingestion of beef, and ingestion of milk. The 
only chemical of concern in groundwater is arsenic. PCDD is identified as the only chemical of concern for 
the beef and milk foodchain pathways. These foodchain pathways primarily indicate soil contaminants of 
concern, since it is their bioaccumulation that is being evaluated. If surface and subsurface soil are mixed 
in this scenario (Le. a home with a basement is built at the site), then the two calculated receptor-specific 
cancer risks are 3.0E-04 and 1.4E-04 for the adult and toddler, respectively. Arsenic still is the only 
groundwater contaminant of concern; and PCDD is also the only foodchain pathway (soil) chemical of concern 
identified. 

The cancer risks calculated for the two foodchains pathways are shown to be potentially significant for one 
contaminant at this SWMU -- PCDD (polychlorinated dibenzo-p-dioxins/dibenzofurans). These compounds 
were identified in each of the three samples in which they were analyzed, but at concentrations similar to 
anthropogenic background (Bumb et al., 1980; Nestrick et al., 1986; Smith et al., 1983) and with isomer 
composition profiles reflecting anthropogenic background. Since PCDD were not specifically analyzed for in 
the site background samples, it cannot be stated positively that these findings are SWMU-related. However, 
given the similarities in both the composition and magnitude of these compounds in the site samples with 
scientific literature findings of 'background', it is likely that this SWMU contamination is ubiquitous to the area. 

If a residential well is installed into the Beech Creek/Big Clifty combined aquifer at this site in a home without 
a basement, the overall cancer risks calculated for the adult and toddler receptor are 1.6E-03 and 6.7E-04, 
respectively. The combined risk is 2.3E-03. Both of these individual cancer risks, as well as the overall risk, 
are greater than USEPA's target risk range of 1.0E-06 to 1.0E-04. Five critical exposure pathways are 
identified for the adult: ingestion of groundwater, dermal contact with groundwater, inhalation of VOCs while 
showering, ingestion of beef, and ingestion of cow's milk. The groundwater chemicals of concern include: 
aldrin, arsenic, RDX, trichloroethylene, and vinyl chloride. The only foodchain (soil) chemical of concern is: 
PCDD. The four critical exposure pathways for the toddler receptor are: ingestion of groundwater, inhalation 
of VOCs while showering, ingestion of beef, and ingestion of milk. The same chemicals of concern are 
identified for these media (groundwater and soil) as were identified for the adult. If surface and subsurface 
soil are mixed in this scenario (Le. a home with a basement is built at the site), then the two calculated 
receptor-specific cancer risks are the same, as are the chemicals of concern in groundwater and soil. The 
interpretation of the potential risk associated with PCDD in soil at this SWMU has already been discussed. 

If a residential well is installed into the Golconda aquifer at this site in a home without a basement, the overall 
cancer risks calculated for the adult and toddler receptor are 2.1 E-03 and 8.SE-04, respectively. The 
combined risk is 3.0E-03. Both of these individual cancer risks, as well as the overall risk, are greater than 
USEPA's target risk range of 1.0E-06 to 1.0E-04. Four critical exposure pathways are identified: ingestion 
of groundwater, dermal contact with groundwater, ingestion of beef, and ingestion of cow's milk. The 
groundwater chemicals of concern include: arsenic and beryllium. The foodchain (soil) chemical of concern 
is: PCDD. If surface and subsurface soil are mixed in this scenario (Le. a home with a basement is built at 
the site), then the two calculated receptor-specific cancer risks are the same. The groundwater chemicals 

l:\WORKlCT022901\WPlCCRA2ICCCHHRS.JBS 7-16 CTO No. 229 



USEPA ID No. INS 170023498 
NAVSURFWARCENDIV CCRA 

February 1999 

of concern remain the same, and PCDD is identified in soil as the only chemical of concern. The interpretation 
of the potential risks associated with PCDD in soil at this SWMU has already been discussed. 

If a residential well is installed in the Alluvium at this site in a home without a basement, the overall cancer 
risks calculated for the adult and toddler receptor are 2.9E-03 and 1.2E-03, respectively. The combined risk 
is 4.1 E-03. Both of these individual cancer risks, as well as the overall risk, are greater than USEPA's target 
risk range of 1.0E-06 to 1.0E-04. Four critical exposure pathways are identified: ingestion of groundwater, 
dermal contact with groundwater (adult only), ingestion of beef, and ingestion of cow's milk. The groundwater 
chemicals of concern include: arsenic, trichloroethylene, vinyl chloride, 1,1 ,2-trichloroethane, 1,1-
dichloroethylene, and 1,1 ,2,2-tetrachloroethane. The foodchain (soil) chemical of concern is: PCDD. If the 
surface and subsurface soil are mixed in this scenario (Le. a home with a basement is built at the site), then 
the two calculated receptor-specific cancer risks are the same. The groundwater chemicals of concern 
remain the same, and PCDD is identified in soil as having a concern. The interpretation of the potential risks 
associated with PCDD in soil at this SWMU has already been discussed. 

7.3.2.6.2 Future Residents on the Jeep Trail Area 

If a residential home is built sometime in the future at the Jeep Trail area and a well is installed in the Beech 
Creek aquifer, the overall cancer risks for the adult and toddler receptor are calculated to be 3.8E-03 and 
1.SE-03, respectively. The combined risk is S.3E-03. Both of these individual cancer risks, as well as the 
overall risk, are greater than US EPA's target risk range of 1.0E-06 to 1.0E-04. The two critical exposure 
pathways are: ingestion of groundwater and dermal contact with groundwater. The chemicals of concern in 
this medium include: arsenic, beryllium, and RDX. 

7.3.2.6.3 Future Residents on the ORR 

If a residential well is installed in the Beech Creek aquifer at this SWMU in a home without a basement, the 
overall cancer risks calculated for the adult and toddler receptor are 4.0E-03 and 3.0E-03, respectively. The 
combined risk is 7.0E-03. Both of these individual cancer risks, as well as the overall risk, are greater than 
USEPA's target risk range of 1.0E-06 to 1.0E-04. Four exposure pathways are identified as posing these 
potential significant cancer risks: ingestion of groundwater, dermal contact with groundwater (adult only), 
ingestion of beef, and ingestion of milk. The chemicals of potential concern in groundwater include: arsenic, 
heptachlor epoxide, and beryllium. For the foodchain pathways, the chemicals of concern are four PAHs: 
benzo(a)pyrene, benzo(b)fluoranthene, dibenz(a,h)anthracene, and indeno(1 ,2,3-c,d)pyrene. If surface and 
subsurface soil are mixed in this scenario (Le. if a home with a basement is built on the site), the overall 
cancer risks calculated for these receptors remain the same. The same chemicals of concern in groundwater 
and soil are identified in this alternate home scenario. 

The significant cancer risks calculated for the PAH contaminants in soil at this SWMU are likely to be grossly 
overstated. The reasons for this conclusion are two-fold. First, since no scientific studies have been 
published to date detailing the bioaccumulative potential of these compounds in animals, this assessment 
defaulted to bioconcentration factors (BCFs) calculated from a regression analysis obtained with chlorinated 
pesticides Travis and Arms, 1988}. The chlorinated pesticides which were used in this study to obtain the 
regression line are all relatively biologically inert, Le. have very long half-lives. PAHs, however, have been 
shown to be much more readily metabolized by higher animals (NRC, 1982). This greater metabolism 
translates directly into less bioaccumulation. Therefore, the calculated BCFs used in this study are likely over
predictions of the true bioaccumulation potential of these analytes. 

Secondly, these two foodchain pathways assume that a rural homestead is developed at this site and that 
these individuals raise their own beef and dairy cattle at the SWMU. Given the small size of the area 
contaminated by these wood-burning by-products, the likelihood of this scenario happening is extremely 
remote. 

If a residential well is installed in the Alluvium at this SWMU in a home without a basement, the overall cancer 
risks calculated for the adult and toddler receptor are 3.7E-03 and 2.8E-03, respectively. The combined risk 
is 6.SE-03. Both of these individual cancer risks, as well as the overall risk, are greater than USEPA's target 
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risk range of 1.0E-06 to 1.0E-04. Three exposure pathways - ingestion of groundwater, ingestion of beef, and 
ingestion of milk - are of primary concern in this scenario. The chemicals of concern in groundwater are 
arsenic and RDX (both adult and toddler) and TNT, 2,6-dinitrotoluene, and benzo(a)anthracene (adult only). 
The chemicals of concern for the two foodchain pathways are same four PAHs: benzo(a)pyrene, 
benzo(b)fluoranthene, dibenz(a,h)anthracene, and indeno(1 ,2,3-c,d)pyrene. If surface and subsurface soil 
are mixed in this scenario, the overall cancer risks calculated for these receptors remain the same. The same 
chemicals of concern in groundwater and soil are identified in this alternate home scenario. The interpretation 
of the cancer risks associated with PAH contamination in soil has been discussed previously. 

7.3.2.6.4 Future Residents on the DR - Navy Detonation Area 

If a residential well is installed in the Beech Creek aquifer at this SWMU area in a home without a basement, 
the overall cancer risks calculated for the adult and toddler receptor are 2.6E-04 and 1.1 E-04, respectively. 
The combined risk is 3.7E-04. Both of these individual cancer risks, as well as the overall risk, are greater 
than USEPA's target risk range of 1.0E-06 to 1.0E-04. Only one exposure pathway, ingestion of groundwater, 
is responsible for the magnitude of these risks, and only one chemical of concern is identified in this medium: 
arsenic. 

If a residential well is installed in the Alluvium at the SWMU area in a home without a basement, the overall 
cancer risks calculated for the adult and toddler receptor are 1.4E-03 and 5.5E-04, respectively. The 
combined risk is 2.0E-03. Both of these individual cancer risks, as well as the overall risk, are greater than 
USEPA's target risk range of 1.0E-06 to 1.0E-04. Two exposure pathways - ingestion of groundwater and 
dermal contact with groundwater - are responsible for the magnitude of these risks, and only three 
contaminants in this medium are identified as chemicals of concern: arsenic, beryllium, and RDX. 

7.3.2.6.5 Future Residents on the DR - Army Detonation Area 

If a residential well is installed in the Beech Cre~k aquifer at this SWMU area in a home without a basement, 
the overall cancer risks calculated for the adult and toddler receptor are 2.8E-04 and 1.2E-04, respectively. 
The combined risk is 4.0E-04. Both of these individual cancer risks, as well as the overall risk, are greater 
than USEPA's target risk range of 1.0E-06 to 1.0E-04. Only one exposure pathway, ingestion of groundwater, 
is responsible for the magnitude of these hazards, and only one chemical of concern is identified in this 
medium: arsenic. 

If a residential well is installed in the Alluvium at this SWMU in a home without a basement, the overall cancer 
risks calculated for the adult and toddler receptor are 1.4E-04 and 7.1 E-05, respectively. The combined risk 
is 2.1 E-04. The cancer risk for the child is within USEPA's target risk range of 1.0E-06 to 1.0E-04. Therefore, 
no critical exposure pathways or chemicals of concern are identified for the toddler receptor. The overall 
cancer risk, as well as the individual risk, for the adult is higher than the USEPA's ·target risk range of 1.0E-06 
to 1.0E-04. The sole critical pathway is ingestion of groundwater, and arsenic is the only chemical of concern 
in this medium. 

7.3.3 Overall Conclusions Concerning the Potential Cancer Risks at ABG, ORR. and DR 

Identical to the primary conclusion drawn for the chemical hazards posed at these three SWMUs, groundwater 
at the Facility also poses the most significant cancer risks to the various receptor populations. 

With the exception of PCDD contamination in ABG surface soil (which is more likely than not anthropogenic 
contamination, i.e. not SWMU-activity related) and PAH contamination at ORR, soils at these three SWMUs 
do not pose a significant cancer risk to any receptor population. There was also no difference in overall risks 
calculated regardless of whether the receptors were exposed to surface soil or to a combined surface 
soil/subsurface soil mixture. The PCDD contamination of ABG soil and the PAH contamination in ORR soil 
were associated with significant risks only in the future foodchain pathways included in the future on-SWMU 
residential scenario. The likelihood of this scenario actually occurring at either of these SWMUs is very 
remote given their physical size and terrain features. Also, the PAH bioaccumulation potential assumed in 
this study in the foodchain animals (beef/dairy cows) is very likely over-stated. 
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Surface water and sediment contamination in the three creeks evaluated in this study did not pose a 
significant cancer risk to any receptor population with one exception. 11 Little Sulphur Creek water is utilized 
as a daily drinking water source, then a potential significant cancer risk could be present. Spring water 
(Springs 8 and 10), even if used as drinking water sources, does not pose a cancer risk to any receptor. On
site Spring A poses a significant cancer risk to future on-site residents only if it is used as a drinking water 
source. 

Venison tissue taken from an on-site animal killed accidentally by vehicular traffic is not significantly 
contaminated with any carcinogenic chemical of concern in this study. 

With respect to the groundwater contamination at these three SWMUs, each aquifer evaluated presented a 
significant risk to at least one receptor population. Below is a summary of the results of this analysis. 

Receptor Population 
Identified with Significant 

SWMU-Aguifer Cancer Risk 

ABG - Beaver Bend Future On-SWMU Residents 

ABG - Beech Creek Future Park Employees 
Future Park Visitors 
Future On-SWMU Residents 

ABG - Golconda Future Park Employees 
Future Park Visitors 
Future On-SWMU Residents 

Receptor Population 
Identified with Significant 

SWMU-Aguifer Cancer Risk 

ABG - Alluvium Off-Facility Residents 

Future Park Employees 

Future Park Visitors 

Future On-SWMU Residents 

Jeep Trail - Beech Creek Future Park Employees 
Future Park Visitors 
Future On-SWMU Residents 

ORR - Beech Creek Future Park Employees 
Future On-SWMU Residents 

ORR - Alluvium Future Park Employees 
Future On-SWMU Residents 

DR (Navy) - Beech Creek Future On-SWMU Residents 
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As 

Chemical(s) of 
Concern 

As, RDX, TCE, Vinyl chloride 
As, RDX, TCE, Vinyl chloride 
As, RDX, TCE, Vinyl chloride, 
Aldrin 

AS,Be 
AS,Be 
AS,Be 

Chemical(s) of 
Concern 

1,1,2,2-TCA, Vinyl chloride, TCE, 
1,1-DCE, 1,1 ,2-TCA, As 
1,1,2,2-TCA, Vinyl chloride, 1,1-
DCE, TCE, As 
1,1,2,2-TCA, As, TCE, Vinyl 
chloride 
As, TCE, Vinyl chloride, 1,1,2,2-
TCA, 1,1,2-TCA, 1, 1-DCE 

As, Be, RDX 
As, Be, RDX 
As, Be, RDX 

As, Heptachlor epoxide 
As, Heptachlor epoxide, Be 

As 
As, TNT, DNT, RDX, B(a)P 

As 
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DR (Army) - Alluvium 

DR (Army) - Beech Creek 

DR (Army) - Alluvium 

Future Park Employees 
Future Park Visitors 
Future On-SWMU Residents 

Future On-SWMU Residents 

Future On-SWMU Residents 
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AS,Be 
AS,Be 
As, Be, RDX 

As 

As 

7.4 ADDITIONAL RISK MANAGEMENT INFORMATION OF GROUNDWATER CONTAMINATION AT 
ABG, ORR, AND DR 

The one analyte that was the most prevalent chemical of concern in groundwater, i.e. a COC for every aquifer 
at the three sites, was arsenic. It is interesting to note, however, that the concentrations of this metal were, 
with only two exceptions, similar in magnitude between the aquifers and between the SWMUs, and similar 
to the arsenic concentrations in the background samples. Due to an inadequate number of background 
samples for each aquifer, however, a statistical comparison could not be performed to determine if indeed 
this metal is a contaminant at these sites; but, the relatively even pattern of concentration throughout the 
facility suggests that this metal is a natural constituent of groundwater in this area. Alternatively, it is also 
possible that this arsenic detection is associated with SWMU activities, since metals are known constituents 
of the waste streams at this facility. More importantly, again with these two exceptions, all the concentrations 
of arsenic detected in groundwater at these SWMUs were less than the USEPA's Maximum Contaminant 
level (MCl) for arsenic of 50 ppb. Most of the levels were less than 20 ppb. The two exceptions are two 
wells screened in the Golconda aquifer at the ABG proper (74 and 52 ppb) and two wells screened in the 
Beech Creek aquifer at the Jeep Trail Area (140 and 88 ppb). Alternatively, it is also possible that this arsenic 
detection is associated with SWMU activities, since metals are known constituents of the waste streams at 
this facility. 

Manganese was also a prevalent COC in groundwater at these SWMUs. The elevated manganese 
concentrations in the Alluvium, Golconda and Beech Creek/Big Clifty aquifers at ABG proper and the Jeep 
Trail Area are likely explained by the past burning of manganese flares at the ABG. Indeed, a soil hot spot 
of over 6,000 ppm of manganese was detected near the incendiary cage at this SWMU. The elevated 
manganese concentrations in the ORR Alluvium and Beech Creek aquifers and in the DR Alluvium aquifer 
likely originate from the steel casings of the munitions that have been destroyed for over 40 years at this site. 
Elevated soil manganese concentrations, but no 'hot spots,' were measured at both of these SWMUs. 

TCE and several of its environmental breakdown products, DCE and vinyl chloride, are prevalent in the upper 
three aquifers at the ABG proper and at the Jeep Trail Area. TCE had been disposed of extensively in the 
past at ABG. Currently, TCE is no longer being used at the Facility. 

Explosive compounds (RDX primarily at ABG and DR; RDX, TNT, DNT at the ORR) were found to be 
moderately prevalent in groundwaters at these SWMUs. Several historically used pesticides at the facility 
(heptachlor epoxide, aldrin, disulfoton) were also identified occasionally as groundwater COCs. These 
pesticides were commonly used at the facility as defoliants for fire sa.fety purposes. 
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Receptor Population 

Base Worker 

Spouse 

Toddler 

TABLE 7-1A 

POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 

BASE PERSONNEL AND THEIR FAMILIES 

Overall Hazard Pathway-Specific Hazard Indices 

Index Pathway HI 

0.01 Incidental ingestion of surface soil at SWMUs <0.01 
Dermal contact with surface soil at SWMUs <0.01 
Incidental ingestion of surface water (all three <0.01 
creeks) <0.01 
Dermal contact with surface water (all three 0.01 
creeks) <0.01 
Incidental ingestion of sediment at (all three 
creeks) 
Dermal contact with sediment (all three creeks) 

0.01 Incidental ingestion of surface water (all three <0.01 
creeks) <0.01 
Dermal contact with surface water (all three 0.01 
creeks) <0.01 
Incidental ingestion of sediment (all three creeks) 
Dermal contact with sediment (all three creeks) 

0.07 Incidental ingestion of surface water (all three 0.02 
creeks) <0.01 
Dermal contact with surface water (all three 0.05 
creeks) <0.01 
Incidental ingestion of sediment (all three creeks) 
Dermal contact with sediment (all three creeks) 

Note: All three creeks = Little Sulphur Creek, Turkey Creek, Boggs Creek 
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Receptor Population 

@ ABG Proper 

@ ABG - Jeep Trail 

@ ORR 

@ DR - Navy 

@ DR -Army 

TABLE 7-1B 

POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 

SWMU WORKERS 

Overall Hazard Pathway-Specific Hazard Indices 

Index Pathway HI 

0.6 Incidental ingestion of surface soil 0.15 
Dermal contact with surface soil <0.01 
Ingestion of groundwater 0.41 
Dermal contact with groundwater <0.01 
Ingestion of venison 0.03 

0.2 Incidental ingestion of surface soil 0.12 
Dermal contact with surface soil <0.01 
Ingestion of venison 0.03 

0.1 Incidental ingestion of surface soil 0.04 
Dermal contact with surface soil <0.01 
Ingestion of venison 0.03 

0.03 Incidental ingestion of surface soil <0.01 
Dermal contact with surface soil <0.01 
Ingestion of venison 0.03 

0.1 Incidental ingestion of surface soil 0.03 
Dermal contact with surface soil <0.01 
Ingestion of venison 0.03 
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Receptor Population 

@ Padanaram Commune 
(Option 1): 

Adult 

Toddler 

TABLE 7-1C 

USEPA ID No. IN5 170 O~.; \98 
NAVSURFWARCENDIV CCRA 

November 1997 

POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 

OFF-FACILITY RESIDENTS 
Page 1 of3 

Overall Pathway-Specific Hazard Indices 
Hazard 
Index Pathway HI Chemicals of Concern 

24.6 Ingestion of groundwater 24.08 1,2-DCE (15%); Mn (29%); TCE 
(44%) 

Dermal contact with groundwater 0.37 
Inhalation of VOCs 0.07 
Ingestion of surface water (Little Sulphur Creek) <0.01 
Dermal contact with surface water (Little Sulphur 0.01 
Creek) 0.01 
Ingestion of sediment (Little Sulphur Creek) <0.01 
Dermal contact with sediment (Little Sulphur Creek) 0.03 
Ingestion of venison 

56.7 56.17 1,2-DCE (15%); Mn (29%); TCE 
Ingestion of groundwater (44%) 

0.35 
Dermal contact with groundwater 0.14 
Inhalation of VOCs 0.01 
Ingestion of surface water (Little Sulphur Creek) 0.01 
Dermal contact with surface water (Little Sulphur 0.04 
Creek) <0.01 
Ingestion of sediment (Little Sulphur Creek) 0.01 
Dermal contact with sediment (little Sulphur Creek) 
Ingestion of venison 
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TABLE 7-1C (Continued) 

POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
OFF-FACILITY RESIDENTS 
Page 2 of3 

Overall Pathway-Specific Hazard Indices 
Hazard 

Receptor Population Index Pathway 

@ Padanaram Commune 
(Option 2): 

Adult 0.4 Ingestion of spring water 
Dermal contact with spring water 
Ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Ingestion of venison 

Toddler 0.9 
Ingestion of spring water 
Dermal contact with spring water 
Ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Ingestion of venison 
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HI 

0.35 
<0.01 
<0.01 
0.01 
0.01 
<0.01 
0.03 

0.81 
<0.01 
0.01 
0.01 
0.04 
<0.01 
0.01 
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TABLE 7-1C (Continued) 

POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
OFF-FACILITY RESIDENTS 
Page 3 of 3 

Overall Pathway-Specific Hazard Indices 
Hazard 

Receptor Population Index Pathway 

@ Padanaram Commune 
(Option 3): 

Adult 1.2 Ingestion of drinking water (Little Sulphur Creek) 
Dermal contact with drinking water (Little Sulphur 
Creek) 
Ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 

Toddler 2.7 Ingestion of venison 

Ingestion of drinking water (Little Sulphur Creek) 
Dermal contact with drinking water (Little Sulphur 
Creek) 
Ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Ingestion of venison 
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HI 

1.11 
0.02 
<0.01 
0.01 
0.01 
<0.01 
0.03 

2.56 
0.02 
0.01 
0.01 
0.04 

'70.01 
0.01 
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Receptor Population 

@ ABG Proper 
(Option 1) 

@ ABG Proper 
(Option 2) 

@ ABG Proper 
(Option 3) 

@ ABG Proper 
(Option 4) 

TABLE 7-10 

USEPA ID No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 

FUTURE PARK EMPLOYEES 
Page 1 of3 

Overall Pathway-Specific Hazard Indices 
Hazard 
Index Pathway HI Chemicals of Concern 

0.5 Incidental ingestion of surface soil 0.15 
Dermal contact with surface soil <0.01 
Ingestion of Beaver Bend groundwater 0.33 
Dermal contact with Beaver Bend groundwater <0.01 
Ingestion of venison 0.03 

8.0 Incidental ingestion of surface soil 0.15 
Dermal contact with surface soil <0.01 
Ingestion of Beech Creek/Big Clifty groundwater 7.83 RDX (13%); TeE (74%) 
Dermal contact with Beech Creek/Big Clifty <0.01 
groundwater 0.03 
Ingestion of venison 

10.1 Incidental ingestion of surface soil 0.15 
Dermal contact with surface soil <0.01 
Ingestion of Golconda groundwater 9.88 Antimony (13%); Arsenic (25%); 

Manganese (50%) 
Dermal contact with Golconda groundwater 0.01 
Ingestion of venison 0.03 

8.8 Incidental ingestion of surface soil 0.15 
Dermal contact with surface soil <0.01 
Ingestion of Alluvium groundwater 8.60 1 ,2-Dichloroethylene (15%); 

Manganese (29%); TeE (44%) 
Dermal contact with Alluvium groundwater 0.02 
Ingestion of venison 0.03 
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TABLE 7-10 (Continued) 

POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE PARK EMPLOYEES 
Pag 2 of 3 

Overall Pathway-Specific Hazard Indices 
Hazard 

Receptor Population Index Pathway 

@ ABG - Jeep Trail 13.S Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Ingestion of venison 

@ ORR (Option 1) 3.3 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Ingestion of venison 

@ ORR (Option 2) 2.0 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of surficial groundwater 
Dermal contact with surifical groundwater 
Ingestion of venison 

@ DR - Navy (Option 1) 0.7 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Ingestion of venison 
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HI 

0.12 
<0.01 
13.65 
0.01 
0.03 

O.OS 
<0.01 
3.23 

<0.01 
0.03 

O.OS 
<0.01 
1.89 

<0.01 
0.03 

0.06 
<0.01 
0.59 

<0.01 
0.03 
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Chemicals of Concern 

Arsenic (32%); Manganese (46%) 

Arsenic (2S%); Heptachlor epoxide 
(47%) 
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TABLE 7-10 (Continued) 

POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE PARK EMPLOYEES 
Pag 3 of 3 

Overall Pathway-Specific Hazard Indices 
Hazard 

Receptor Population Index Pathway 

@ DR - Navy (Option 2) 5.8 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Ingestion of venison 

@ DR - Army (Option 1) 0.7 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Ingestion of venison 

@ DR - Army (Option 2) 0.7 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Ingestion of venison 
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HI 

0.06 
<0.01 
5.70 
0.01 
0.03 

0.06 
<0.01 
0.59 

<0.01 
0.03 

0.06 
<0.01 
0.61 

<0.01 
0.03 

USEPA 10 No. INS 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

Chemicals of Concern 

Arsenic (20%); Manganese (50%) 
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Receptor Population 

@ ABG Proper 
(Option 1): 

Adult 

Toddler 

TABLE 7-1E 

POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 

FUTURE PARK VISITORS 
Page 1 of 11 

Overall Pathway-Specific Hazard Indices 
Hazard 

USEPA ID No. IN5 17002.: 198 
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November 1997 

Index PathwaY HI Chemicals of Concern 

0.2 Incidental ingestion of surface soil 0.06 
Dermal contact with surface soil <0.01 
Ingestion of Beaver Bend groundwater 0.14 
Dermal contact with Beaver Bend groundwater <0.01 
Incidental ingestion of surface water (Little Sulphur <0.01 
Creek) <0.01 
Dermal contact with surface water (Little Sulphur <0.01 
Creek) <0.01 
Incidental ingestion of sediment (Little Sulphur Creek) <0.01 
Dermal contact with sediment (Little Sulphur Creek) 0.01 
Incidental ingestion of spring water 0.03 
Dermal contact with spring water 

1.0 Ingestion of venison 0.58 
<0.01 

Incidental ingestion of surface soil 0.33 
Dermal contact with surface soil <0.01 
Ingestion of Beaver Bend groundwater 0.01 
Dermal contact with Beaver Bend groundwater 0.01 
Incidental ingestion of surface water (Little Sulphur 0.04 
Creek) <0.01 
Dermal contact with surface water (Little Sulphur 0.03 
Creek) 0.02 
Incidental ingestion of sediment (Little Sulphur Creek) 0.01 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of venison 

L:lWORK\CT022901IWPICCRI\1ITABL7-1E.JBS CTO No. 229 



TABLE 7-1E (Continued) 
POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE PARK VISITORS 
Page 2 of 11 

Overall Pathway-Specific Hazard Indices 
Hazard 

Receptor Population Index Pathway 

@ ABG Proper 
(Option 2): 3.5 Incidental ingestion of surface soil 

Adult Dermal contact with surface soil 
Ingestion of Beech Creek/Big Clifty groundwater 
Dermal contact with Beech Creek/Big Clifty 
groundwater 
Jncidental ingestion of surface water (Little Sulphur 
Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 

8.6 Dermal contact with spring water 
Toddler Ingestion of venison 

Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Beech Creek/Big Clifty groundwater 
Dermal contact with Beech Creek/Big Clifty 
groundwater 
Incidental ingestion of surface water (Little Sulphur 
Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Incidental ingestion of sediment (Little Sulphur Creek 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of venison 

L:I' CT022901IWPICCRA1ITABL7-1E.JBS 

HI 

0.06 
<0.01 
3.38 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.01 
0.03 

0.58 
<0.01 
7.89 
0.01 
0.01 
0.01 
0.04 
<0.01 
0.03 
0.02 
0.01 

TCE (74%) 

USEPA ID No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

Chemicals of Concern 

RDX (13%); TCE (74%) 

CTON 9 



TABLE 7-1E (Continued) 
POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE PARK VISITORS 
Page 3 of 11 

Overall Pathway-Specific Hazard Indices 
Hazard 

Receptor Population Index Pathway 

@ ABG Proper 
(Option 3): 4.4 Incidental ingestion of surface soil 

Adult Dermal contact with surface soil 
Ingestion of Golconda groundwater 
Dermal contact with Golconda groundwater 
Incidental ingestion of surface water (Little Sulphur 
Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 

10.7 Ingestion of venison 
Toddler 

Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Golconda groundwater 
Dermal contact with Golconda groundwater 
Incidental ingestion of surface water (Little Sulphur 
Creek) 
Dermal contact with Surface water (Little Sulphur 
Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of venison 

L:lWORK\CT022901IWPICCRA 1ITABL7·1 E.JB$ 

HI 

0.06 
<0.01 
4.27 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.01 
0.03 

0.58 
<0.01 
9.95 
0.04 
0.01 
0.01 
0.04 

<0.01 
0.03 
0.02 
0.01 

USEPA 10 No. IN5 17002.:, 198 
NAVSURFWARCENDIV CCRA 

November 1997 

Chemicals of Concern 

Arsenic (24%); Manganese (50%) 

Antimony (13%); Arsenic (25%); Manganese 
(50%) 

CTO No. 229 



TABLE 7-1E (Continued) 
POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULA TIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE PARK VISITORS 
Page 4 of 11 

Overall Pathway-Specific Hazard Indices 
Hazard 

Rece~tor Population Index Pathway 

@ ABG Proper 
(Option 4): 3.8 Incidental ingestion of surface soil 

Adult Dermal contact with surface soil 
Ingestion of Alluvium groundwater 
Dermal contact with Alluvium groundwater 
Incidental ingestion of surface water (Little Sulphur 
Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 

9.4 Ingestion of venison 
Toddler 

Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Alluvium groundwater 

Dermal contact with Alluvium groundwater 
Incidental ingestion of surface water (Little Sulphur 
Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of venison 

I \' 'CT022901\WPICCRA1\TABL7-1E.JBS 

HI 

0.06 
<0.01 
3.71 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.01 
0.03 

0.58 
<0.01 
8.66 

0.05 
0.01 
0.01 
0.04 
<0.01 
0.03 
0.02 
0.01 

USEPA ID No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

Chemicals of Concern 

Manganese (29%); TCE (44%) 

1,2-Dichloroethylene (15%); Manganese (29%); 
TCE (44%) 

CTO N -'9 



TABLE 7-1E (Continued) 
POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE PARK VISITORS 
Page 5 of 11 

Overall Pathway-Specific Hazard Indices 
Hazard 

Receptor Population Index Pathway 

@ ABG -Jeep Trail: 
Adult 6.0 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Incidental ingestion of surface water (Little Sulphur 
Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 

Toddler 14.4 Ingestion of venison 

Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Incidental ingestion of surface water (Little Sulphur 
Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of venison 

L:IWORK\CT022901IWPICCRA1ITABL7-1E,JBS 

HI 

0.05 
<0.01 
5.89 
0.01 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.01 
0.03 

0.48 
<0.01 
13.74 
0.05 
0.01 
0.01 
0.04 

<0.01 
0.03 
0.02 
0.01 

USEPA ID No. INS 1700;,: ,38 
NAVSURFWARCENDIV CCRA 

November 1997 

Chemicals of Concern 

Arsenic (32%); Manganese (46%) 

Arsenic (32%); Manganese (46%) 

CTa No. 229 



TABLE 7-1E (Continued) 
POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS ·DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE PARK VISITORS 
Page 6 of 11 

Overall Pathway-Specific Hazard Indices 
Hazard 

Receptor Population Index Pathway 

@ ORR (Option 1): 
Adult 1.5 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Incidental ingestion of surface water (Turkey Creek) 
Dermal contact with surface water (Turkey Creek) 
Incidental ingestion of sediment (Turkey Creek) 
Dermal contact with sediment (Turkey Creek) 
Ingestion of venison 

Toddler 3.6 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Incidental ingestion of surface water (Turkey Creek) 
Dermal contact with surface water (Turkey Creek) 
Incidental ingestion of sediment (Turkey Creek) 
Dermal contact with sediment (Turkey Creek) 
Ingestion of venison 

l:I' 'CT022901IWPICCRA1ITABL7-1E.JBS 

HI 

0.04 
<0.01 
1.39 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.03 

0.33 
<0.01 
3.25 
0.01 

<0.01 

<0.01 
<0.01 
<0.01 
0.01 

USEPA 10 No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

Chemicals of Concern 

Heptachlor epoxide (47%) 

CTON '9 



TABLE 7-1E (Continued) 
POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE PARK VISITORS 
Page 7 of 11 

Overall Pathway-Specific Hazard Indices 
Hazard 

Receptor Population Index Pathway 

@ ORR (Option 2): 
Adult 0.9 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Incidental ingestion of surface water (Turkey Creek) 
Dermal contact with surface water (Turkey Creek) 
Incidental ingestion of sediment (Turkey Creek) 
Dermal contact with sediment (Turkey Creek) 
Ingestion of venison 

Toddler 2.2 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Incidental ingestion of surface water (Turkey Creek) 
Dermal contact with surface water (Turkey Creek) 
Incidental ingestion of sediment (Turkey Creek) 
Dermal contact with sediment (Turkey Creek) 
Ingestion of venison 

L:lWORK\CT022901 IWPICCRA1 ITABL7·1 E.JBS 

HI 

0.04 
<0.01 
0.82 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.03 

0.33 
<0.01 
1.90 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.01 

USEPA ID No. INS 170 02J ,·.98 
NAVSURFWARCENDIV CCRA 

November 1997 

Chemicals of Concern 

CTO No. 229 



TABLE 7-1E (Continued) 
POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE PARK VISITORS 
Page 8 of 11 

Overall Pathway-Specific Hazard Indices 
Hazard 

ReceJ)tor Population Index Pathway 

@ DR - Navy (Option 1): 
Adult 0.3 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Incidental ingestion of surface water (Boggs Creek) 
Dermal contact with surface water (Boggs Creek) 
Incidental ingestion of sediment (Boggs Creek) 
Dermal contact with sediment (Boggs Creek) 
Ingestion of venison 

Toddler 0.9 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Incidental ingestion of surface water (Boggs Creek) 
Dermal contact with surface water (Boggs Creek) 
Incidental ingestion of sediment (Boggs Creek) 
Dermal contact with sediment (Boggs Creek) 
Ingestion of venison 

L:\I' 'CT0229011WPICCRA1ITABl7·1E.JBS 

HI 

0.03 
<0.01 
0.26 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.03 

0.2S 
<0.01 
0.60 
<0.01 
<0.01 
0.02 
<0.01 
<0.01 
0.01 

USEPA ID No. INS 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

Chemicals of Concern 

CTON '9 



TABLE 7-1E (Continued) 
POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE PARK VISITORS 
Page 9 of 11 

Overall Pathway-Specific Hazard Indices 
Hazard 

Receptor Population Index Pathway 

@ DR - Navy (Option 2): 
Adult 2.5 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Incidental ingestion of surface water (80ggs Creek) 
Dermal contact with surface water (80ggs Creek) 
Incidental ingestion of sediment (80ggs Creek) 
Dermal contact with sediment (80ggs Creek) 
Ingestion of venison 

Toddler 6.0 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Incidental ingestion of surface water (80ggs Creek) 
Dermal contact with surface water (80ggs Creek) 
Incidental ingestion of sediment (80ggs Creek) 
Dermal contact with sediment (80ggs Creek) 
Ingestion of venison 

L:lWORK\CT022901IWPICCRA1ITABL7-1E.JBS 

HI 

0.03 
<0.01 
2.46 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.03 

0.25 
<0.01 
5.72 
0.02 

<0.01 
0.02 

<0.01 
<0.01 
0.01 

USEPA 10 No. INS 1700.:,;· :.t98 
NAVSURFWARCENDIV CCRA 

November 1997 

Chemicals of Concern 

Manganese (50%) 

Arsenic (20%); Manganese (50%) 

CTO No. 229 



TABLE 7-1E (Continued) 
POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE PARK VISITORS 
Page 10 of 11 

Overall Pathway-Specific Hazard Indices 
Hazard 

Receptor Population Index Pathway 

@ DR - Army ( Option 1): 
Adult 0.3 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Incidental ingestion of surface water (Boggs Creek) 
Dermal contact with surface water (Boggs Creek) 
Incidental ingestion of sediment (Boggs Creek) 
Dermal contact with sediment (Boggs Creek) 
Ingestion of venison 

Toddler 0.9 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Incidental ingestion of surface water (Boggs Creek) 
Dermal contact with surface water (Boggs Creek) 
Incidental ingestion of sediment (Boggs Creek) 
Dermal contact with sediment (Boggs Creek) 
Ingestion of venison 

L:I" 'CT0229011\NPICCRA1ITABl7-1EJBS 

HI 

0.03 
<0.01 
0.26 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.03 

0.26 
<0.01 
0.60 
<0.01 
<0.01 
0.02 
<0.01 
<0.01 
0.01 

USEPA ID No. IN5 170 023498 
NAVSURFWARCENDIV CCRA 

November 1997 

Chemicals of Concern 

CTON 9 



TABLE 7-1E (Continued) 
POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE PARK VISITORS 
Page 11 of 11 

Overall Pathway-Specific Hazard Indices 
Hazard 

Receptor Population Index Pathway 

@ DR - Army (Option 2): 
Adult 0.3 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Incidental ingestion of surface water (80ggs Creek) 
Dermal contact with surface water (80ggs Creek) 
Incidental ingestion of sediment (80ggs Creek) 
Dermal contact with sediment (80ggs Creek) 
Ingestion of venison 

Toddler 0.9 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Incidental ingestion of surface water (80ggs Creek) 
Dermal contact with surface water (80ggs Creek) 
Incidental ingestion of sediment (80ggs Creek) 
Dermal contact with sediment (80ggs Creek) 
Ingestion of venison 

L:lWORKlCT022901\WP\CCRA1\TABL7·1E.JBS 

HI 

0.03 
<0.01 
0.26 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.03 

0.26 
<0.01 
0.62 

<0.01 
<0.01 
0.02 

<0.01 
<0.01 
0.01 

USEPA ID No. INS 170 OZ 198 
NAVSURFWARCENDIV CCRA 

November 1997 

Chemicals of Concern 

CTO No. 229 



TABLE 7-1F 
POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 

POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 

Page 1 of 17 

Receptor Population 
Overall Hazard Pathway-Specific Hazard Indices 

Index Pathway HI 

@ ABG Proper (Option 1A): 
Adult 4.9 Incidental ingestion of surface soil 0.09 

Dermal contact with surface soil <0.01 
Ingestion of Beaver Bend groundwater 0.93 
Dermal contact with Beaver Bend groundwater <0.01 
Inhalation of VOCs while showering/bathing NA 
Incidental ingestion of surface water (Little Sulphur <0.01 
Creek) <0.01 
Dermal contact with surface water (Little Sulphur <0.01 
Creek) <0.01 
Incidental ingestion of sediment (Little Sulphur Creek) 0.01 
Dermal contact with sediment (Little Sulphur Creek) 0.01 
Incidental ingestion of spring water 0.02 
Dermal contact with spring water 0.53 
Ingestion of homegrown fruits/vegetables 3.30 Zinc (89%) 
Ingestion of beef 0.03 
Ingestion of milk 

Toddler 13.5 Ingestion of venison 0.78 
<0.01 

Incidental ingestion of surface soil 2.16 Arsenic (97%) 
Dermal contact with surface soil <0.01 
Ingestion of Beaver Bend groundwater NA 
Dermal contact with Beaver Bend groundwater 0.01 
Inhalation of VOCs while showering/bathing <0.01 
Incidental ingestion of surface water (Little Sulphur 0.04 
Creek) <0.01 
Dermal contact with surface water (Little Sulphur 0.03 
Creek) 0.02 
Incidental ingestion of sediment (Little Sulphur Creek) 0.04 
Dermal contact with sediment (Little Sulphur Creek) 0.62 
Incidental ingestion of spring water 9.75 Zinc (78%) 
Dermal contact with spring water 0.01 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

L:\WORI ~2901\WP\CCRA 1\TABl7-1 F.JBS 

USEPA 10 No. IN5 170023498 
NAVSURFWARCENOIV CCRA 

November 1 997 

Chemicals of Concern 

C 0.229 



TABLE 7-1F (Continued) 
POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 2 of 17 

Receptor Population 
Overall Hazard Pathway-Specific Hazard Indices 

Index Pathway 

@ ABG Proper (Option 1 B): 
Adult 4.0 Incidental ingestion of surface/subsurface soil 

Dermal contact with surface/subsurface soil 
Ingestion of Beaver Bend groundwater 
Dermal contact with Beaver Bend groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Little Sulphur 
Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 

Toddler 10.9 Ingestion of venison 

Incidental ingestion of surface/subsurface soil 
Dermal contact with surface/subsurface soil 
Ingestion of Beaver Bend groundwater 
Dermal contact with Beaver Bend groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Little Sulphur 
Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

L:\WORK\CT022901\WP\CCRA 1\TABL7 -1 F.JBS 

HI 

0.08 
<0.01 
0.93 
<0.01 

NA 
<0.01 
<0.01 
<0.01 
<0.01 
0.01 
0.01 
0.02 
0.41 
2.47 
0.03 

0.73 
<0.01 
2.16 
<0.01 

NA 
0.01 
<0.01 
0.04 
<0.01 
0.03 
0.02 
0.05 
0.50 
7.37 
0.01 

Zinc (88%) 

Arsenic (97%) 

Zinc (76%) 

USEPA ID No. INS 1 23498 
NAVSURFWARCENUII/ CCRA 

November 1997 

Chemicals of Concern 

CTa No. 229 



TABLE 7-1 F (Continued) 
POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 3 of 17 

Receptor Population 
Overall Hazard Pathway-Specific Hazard Indices 

Index Pathway 

@ ABG Proper (Option 2A): 
Adult 26.0 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of Beech Creek/Big Clifty groundwater 
Dermal contact with Beech Creek/Big Clifty 
groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Little Sulphur 
Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 

Toddler 62.6 Ingestion of milk 
Ingestion of venison 

Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Beech Creek/Big Clifty groundwater 
Dermal contact with Beech Creek/Big Clifty 
groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Little Sulphur 
Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 

l:\WORI !2901\WP\CCRA1\TABl7-1F.JBS 

HI 

0.09 
<0.01 
21.91 
0.06 
0.08 

<0.01 
<0.01 
<0.01 
<0.01 
0.01 
0.01 
0.02 
0.53 
3.30 
0.03 

0.78 
<0.01 
51.10 
0.06 
0.16 
0.01 

<0.01 
0.04 
<0.01 
0.03 
0.02 
0.04 
0.62 
9.75 
0.01 

USEPA 10 No. INS 170023498 
NAVSURFWARCENOIV CCRA 

November 1997 

Chemicals of Concern 

Manganese (7%); RDX (13%); TCE (74%) 

Zinc (89%) 

Arsenic (3%); Manganese (7%); RDX (13%); TCE 
(74%) 

Zinc (78%) 

c 0.229 



TABLE 7-1F (Continued) 
POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 4 of 17 

Receptor Population 
Overall Hazard Pathway-Specific Hazard Indices 

Index Pathway 

@ ABG Proper (Option 2B): 
Adult 25.1 Incidental ingestion of surface/subsurface soil 

Dermal contact with surface/subsurface soil 
Ingestion of Beech Creek/Big Clifty groundwater 
Dermal contact with Beech Creek/Big Clifty 
groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Little Sulphur 
Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 

Toddler 60.1 Ingestion of milk 
Ingestion of venison 

Incidental ingestion of surface/subsurface soil 
Dermal contact with surface/subsurface soil 
Ingestion of Beech Creek/Big Clifty groundwater 
Dermal contact with Beech Creek/Big Clifty 
groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Little Sulphur 
Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 

L:\WORK\CT022901\WP\CCRA1\TABL7-1F.JBS 

HI 

0.08 
<0.01 
21.91 
0.06 
0.08 

<0.01 
<0.01 
<0.01 
<0.01 
0.01 
0.01 
0.02 
0.41 
2.47 
0.03 

0.73 
<0.01 
51.10 
0.06 
0.16 
0.01 

<0.01 
0.04 

<0.01 
0.03 
0.02 
0.05 
0.50 
7.37 
0.01 

USEPA ID No. IN5 .23498 
NAVSURFWARCEi",L 'v CCRA 

November 1997 

Chemicals of Concern 

Manganese (7%); RDX (13%); TCE (74%) 

Zinc (88%) 

Arsenic (3%); Manganese (7%); RDX (13%); TCE 
(74%) 

Zinc (76%) 

CTa No. 229 



TABLE 7-1F (Continued) 
POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 5 of 17 

Receptor Population 
Overall Hazard Pathway-Specific Hazard Indices 

Index Pathway 

@ ABG Proper (Option 3A): 
Adult 32.0 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of Golconda groundwater 

Dermal contact with Golconda groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Little Sulphur 
Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 

Toddler 76.1 Ingestion of venison 

Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Golconda groundwater 

Dermal contact with Golconda groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Little Sulphur 
Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 

L:\WORt ~2901\WP\CCRA1\TABL7-1F.JBS 

HI 

0.09 
<0.01 
27.74 

0.25 
NA 

<0.01 
<0.01 
<0.01 
<0.01 
0.01 
0.01 
0.02 
0.53 
3.30 
0.03 

0.78 
<0.01 
64.56 

0.24 
NA 

0.01 
<0.01 
0.04 
<0.01 
0.03 
0.02 
0.04 
0.62 
9.75 
0.01 

USEPA 10 No. IN5 170 023498 
NAVSURFWARCENOIV CCRA 

November 1997 

Chemicals of Concern 

Aluminum (6%); Antimony (13%); Arsenic (24%); 
Manganese (50%) 

Zinc (89%) 

Aluminum (6%); Antimony (13%); Arsenic (24%); 
Barium (2%); Chromium (2%); Manganese (50%); 
Nickel (2%) 

Zinc (78%) 

C~ J.229 



TABLE 7-1 F (Continued) 
POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OB/OD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 6 of 17 

Receptor Population 
Overall Hazard Pathway-Specific Hazard Indices 

Index Pathway 

@ ABG Proper (Option 3B): 
Adult 31.0 Incidental ingestion of surface/subsurface soil 

Dermal contact with surface/subsurface soil 
Ingestion of Golconda groundwater 

Dermal contact with Golconda groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Little Sulphur 
Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 

Toddler 73.6 Ingestion of venison 

Incidental ingestion of surface/subsurface soil 
Dermal contact with surface/subsurface soil 
Ingestion of Golconda groundwater 

Dermal contact with Golconda groundwater 
Inhalation of VOCs while showeringibathing 
Incidental ingestion of surface water (Little Sulphur 
Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 

L:\WORK\CT022901\WP\CCRA1\TABl7-1F.JBS 

HI 

0.08 
<0.01 
27.74 

0.25 
NA 

<0.01 
<0.01 
<0.01 
<0.01 
0.01 
0.01 
0.02 
0.41 
2.47 
0.03 

0.73 
<0.01 
64.56 

0.24 
NA 

0.01 
<0.01 
0.04 
<0.01 
0.03 
0.02 
0.05 
0.50 
7.37 
0.01 

USEPA ID No. IN5 'I J3 498 
NAVSURFWARCENul.' CCRA 

November 1997 

Chemicals of Concern 

Aluminum (6%); Antimony (13%); Arsenic (24%); 
Manganese (50%) 

Zinc (80%) 

Aluminum (6%); Antimony (13%); Arsenic (24%); 
Barium (2%); Chromium (2%); Manganese (50%); 
Nickel (2%) 

Zinc (76%) 

CTa No. 229 



TABLE 7-1F (Continued) 
POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OB/OD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 7 of 17 

Receptor Population 
Overall Hazard Pathway-Specific Hazard Indices 

Index Pathwa~ 

@ ABG Proper (Option 4A): 
Adult 28.5 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of Alluvium groundwater 

Dermal contact with Alluvium groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Little Sulphur 
Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 

Toddler 68.0 Ingestion of venison 

Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Alluvium groundwater 

Dermal contact with Alluvium groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Little Sulphur 
Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 

L:\WORI !2901\WP\CCRA 1ITABL7-1 F.JBS 

HI 

0.09 
<0.01 
24.08 

0.37 
0.07 
<0.01 
<0.01 
<0.01 
<0.01 
0.01 
0.01 
0.02 
0.53 
3.30 
0.03 

0.78 
<0.01 
56.17 

0.35 
0.14 
0.01 
<0.01 
0.04 
<0.01 
0.03 
0.02 
0.04 
0.62 
9.75 
0.01 

USEPA 10 No. IN5 170023498 
NAVSURFWARCENOIV CCRA 

November 1997 

Chemicals of Concern 

1,2-Dichloroethylene (15%); Arsenic (4%); ManganesE 
(29%); TCE (44%) 

Zinc (89%) 

1,2-Dichloroethylene (15%); Arsenic (4%); Cadmium 
(2%); Disulfoton (3%); Manganese (29%); TCE (44%) 

Zinc (78%) 

c :>.229 



TABLE 7-1 F (Continued) 
POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OB/OD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 8 of 17 

Receptor Population 
Overall Hazard Pathway-Specific Hazard Indices 

Index Pathway 

@ ABG Proper (Option 4B): 
Adult 27.6 Incidental ingestion of surface/subsurface soil 

Dermal contact with surface/subsurface soil 
Ingestion of Alluvium groundwater 
Dermal contact with Alluvium groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Little Sulphur 
Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 

Toddler 65.4 Ingestion of venison 

Incidental ingestion of surface/subsurface soil 
Dermal contact with surface/subsurface soil 
Ingestion of Alluvium groundwater 

Dermal contact with Alluvium groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Little Sulphur 
Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

L:\WORK\CT022901\WP\CCRA1\TABL7-1F.JBS 

HI 

0.08 
<0.01 
24.08 
0.37 
0.07 
<0.01 
<0.01 
<0.01 
<0.01 
0.01 
0.01 
0.02 
0.41 
2.47 
0.03 

0.73 
<0.01 
56.17 

0.35 
0.14 
0.01 
<0.01 
0.04 
<0.01 
0.03 
0.02 
0.05 
0.50 
7.37 
0.01 

USEPA 10 No. IN5 1 ~3 498 
NAVSURFWARCENCIIi CCRA 

November 1997 

Chemicals of Concern 

1 ,2-DCE (15%); Manganese (29%); TCE (44%) 

Zinc (80%) 

1,2-Dichloroethylene (15%); Arsenic (4%); Cadmium 
(2%); Disulfoton (3%); Manganese (29%); TCE (44%) 

Zinc (76%) 

CTC No. 229 



TABLE 7-1F (Continued) 
POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO 08/00 CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 9 of 17 

Receptor Population 
Overall Hazard Pathway-Specific Hazard Indices 

Index PathwaY 

@ ABG - Jeep Trail: 
Adult 39.3 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 

Dermal contact with Beech Creek groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Little Sulphur 
Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 

Toddler 91.6 Ingestion of venison 

Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 

Dermal contact with Beech Creek groundwater 
Inhalation of VOCs while showeringlbathing 
Incidental ingestion of surface water (Little Sulphur 
Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 

L:lWORI !2901lWPICCRA1ITABL7-1F.JBS 

HI 

0.07 
<0.01 
38.27 

0.33 
0.01 
<0.01 
<0.01 
0.01 
<0.01 
0.01 
0.01 
0.01 
0.10 
0.42 
0.03 

0.63 
0.01 
89.11 

0.32 
0.02 
0.01 
<0.01 
0.04 
<0.01 
0.03 
0.02 
0.01 
0.14 
1.25 
0.01 

USEPA ID No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

Chemicals of Concern 

Aluminum (4%); Arsenic (32%); Manganese (46%); 
RDX (7%) 

Aluminum (4%); Antimony (2%); Arsenic (32%); 
Barium (2%); Manganese (46%); RDX (7%) 

C o. 229 



TABLE 7-1 F (Continued) 
POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 10 of 17 

Receptor Population 
Overall Hazard Pathway-Specific Hazard Indices 

Index Pathway 

@ ORR (Option 1A): 
Adult 9.7 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Turkey Creek) 
Dermal contact with surface water (Turkey Creek) 
Incidental ingestion of sediment (Turkey Creek) 
Dermal contact with sediment (Turkey Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler 23.3 Incidental ingestion of surface soil . 
Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 

Dermal contact with Beech Creek groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Turkey Creek) 
Dermal contact with surface water (Turkey Creek) 
Incidental ingestion of sediment (Turkey Creek) 
Dermal contact with sediment (Turkey Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

L:\WORK\CT022901\WP\CCRA1\TABL7-1F.JBS 

HI 

0.05 
<0.01 
9.04 
0.04 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.01 
0.25 
0.25 
0.03 

0.44 
<0.01 
21.08 

0.03 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.04 
0.50 
1.23 
0.01 

USEPA 10 No. IN5 ::3498 
NAVSURFWARCENL,!I CCRA 

November 1997 

Chemicals of Concern 

Arsenic (28%); Heptachlor epoxide (47%) 

TNT (5%); Arsenic (28%); Heptachlor epoxide (47%); 
Manganese (11 %) 

CTc No. 229 



TABLE 7-1 F (Continued) 
POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO 08/00 CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 11 of 17 

Receptor Population 
I Overall Hazard Pathway-Specific Hazard Indices 

Index Pathway 

@ ORR (Option 1 B): 
Adult 9.6 Incidental ingestion of surface/subsurface soil 

Dermal contact with surface/subsurface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Turkey Creek) 
Dermal contact with surface water (Turkey Creek) 
Incidental ingestion of sediment (Turkey Creek) 
Dermal contact with sediment (Turkey Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler 23.4 Incidental ingestion of surface/subsurface soil 
Dermal contact with surface/subsurface soil 
Ingestion of Beech Creek groundwater 

Dermal contact with Beech Creek groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Turkey Creek) 
Dermal contact with surface water (Turkey Creek) 
Incidental ingestion of sediment (Turkey Creek) 
Dermal contact with sediment (Turkey Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

L:\WORI ~2901\WP\CCRA1\TA8L7-1 F.J8S 

HI 

0.05 
<0.01 
9.04 
0.04 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.01 
0.20 
0.27 
0.03 

0.47 
<0.01 
21.08 

0.03 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.03 
0.40 
1.35 
0.01 

USEPA ID No. IN5170 023 498 
NAVSURFWARCENDIV CCRA 

November 1997 

Chemicals of Concern 

Arsenic (28%); Heptachlor epoxide (47%) 

TNT (5%); Arsenic (28%); Heptachlor epoxide (47%); 
Manganese (11 %) 

o. 229 



TABLE 7-1 F (Continued) 
POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OB/OD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 12 of 17 

Receptor Population 
Overall Hazard Pathway-Specific Hazard Indices 

Index Pathwav 

@ ORR (Option 2A): 
Adult 5.9 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Turkey Creek) 
Dermal contact with surface water (Turkey Creek) 
Incidental ingestion of sediment (Turkey Creek) 
Dermal contact with sediment (Turkey Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler 14.6 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Turkey Creek) 
Dermal contact with surface water (Turkey Creek) 
Incidental ingestion of sediment (Turkey Creek) 
Dermal contact with sediment (Turkey Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

L:lWORK\CT022901IWPICCRA1ITABL7-1F.JBS 

HI 

0.05 
<0.01 
5.30 
0.02 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.01 
0.25 
0.25 
0.03 

0.44 
<0.01 
12.35 
0.02 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.04 
0.50 
1.23 
0.01 

USEPA 10 No. IN5 ;~3 498 
NAVSURFWARCENuv CCRA 

November 1997 

Chemicals of Concern 

Arsenic (48%); 2,4,6-TNT (30%) 

Arsenic (48%); Manganese (13%); 2,4,6-TNT (30%) 

CTO No. 229 



TABLE 7-1F (Continued) 
POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OB/OD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 13 of 17 

Receptor Population Overall Hazard Pathway-Specific Hazard Indices 

Index Pathway 

@ ORR (Option 28): 
Adult 5.9 Incidental ingestion of surface/subsurface soil 

Dermal contact with surface/subsurface soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Turkey Creek) 
Dermal contact with surface water (Turkey Creek) 
Incidental ingestion of sediment (Turkey Creek) 
Dermal contact with sediment (Turkey Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler 14.6 Incidental ingestion of surface/subsurface soil 
Dermal contact with surface/subsurface soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Turkey Creek) 
Dermal contact with surface water (Turkey Creek) 
Incidental ingestion of sediment (Turkey Creek) 
Dermal contact with sediment (Turkey Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

L:\WORI !2901\WP\CCRA1\TABL7-1F.JBS 

HI 

0.05 
<0.01 
5.30 
0.02 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.01 
0.20 
0.27 
0.03 

0.47 
<0.01 
12.35 
0.02 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.03 
0.40 
1.35 
0.01 

USEPA ID No. INS 170 023 498 
NAVSURFWARCENDIV CCRA 

November 1997 

Chemicals of Concern 

Arsenic (48%); 2,4,6-TNT (30%) 

Arsenic (48%); Manganese (13%); 2,4,6-TNT (30%) 

c' :::>.229 



TABLE 7·1F (Continued) 
POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO 08/00 CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON·SITE RURAL RESIDENT SCENARIO 
Page 14 of 17 

Receptor Population 
Overall Hazard Pathway-Specific Hazard Indices 

Index Pathwav 

@ DR • Navy (Option 1): 
Adult 1.9 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Boggs Creek) 
Dermal contact with surface water (Boggs Creek) 
Incidental ingestion of sediment (Boggs Creek) 
Dermal contact with sediment (Boggs Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of qeef 
Ingestion of milk 
Ingestion of venison 

Toddler 4.8 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Boggs Creek) 
Dermal contact with surface water (Boggs Creek) 
Incidental ingestion of sediment (Boggs Creek) 
Dermal contact with sediment (Boggs Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

L:\WORK\CT022901\WP\CCRA1\TABL7-1F.JBS 

HI 

0.04 
<0.01 
1.66 
0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.05 
0.13 
0.03 

0.34 
<0.01 
3.87 
0.01 
<0.01 
0.02 
0.02 
<0.01 
<0.01 
<0.01 
0.09 
0.45 
0.01 

Arsenic (69%) 

Arsenic (69%) 

USEPA 10 No. IN5 i 

NAVSURFWARCH 
'3498 
,":;CRA 

November 1997 

Chemicals of Concern 

CTa No. 229 



TABLE 7-1F (Continued) 
POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OB/OD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 15 of 17 

Receptor Population Overall Hazard Pathway-Specific Hazard Indices 

Index Pathway 

@ DR - Navy (Option 2): 
Adult 16.4 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of surficial groundwater 

Dermal contact with surficial groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (80ggs Creek) 
Dermal contact with surface water (80ggs Creek) 
Incidental ingestion of sediment (80ggs Creek) 
Dermal contact with sediment (80ggs Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler 38.2 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of surficial groundwater 

Dermal contact with surficial groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (80ggs Creek) 
Dermal contact with surface water (80ggs Creek) 
Incidental ingestion of sediment (80ggs Creek) 
Dermal contact with sediment (80ggs Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

L:\WORI !2901\WP\CCRA 1\TABL 7-1 F.JBS 

HI 

0.04 
<0.01 
15.97 

0.16 
NA 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.05 
0.13 
0.03 

0.34 
<0.01 
37.06 

0.16 
NA 

0.02 
0.02 
<0.01 
<0.01 
<0.01 
0.09 
0.45 
0.01 

USEPA 10 No. INS 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

Chemicals of Concern 

Aluminum (14%); Arsenic (20%); Manganese (50%); 
Nickel (9%) 

Aluminum (14%); Arsenic (20%); Manganese (50%); 
Nickel (9%) 

0.229 



TABLE 7-1F (Continued) 
POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OB10D CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 16 of 17 

Receptor Population 
Overall Hazard Pathway-Specific Hazard Indices 

Index Pathway 

@ DR - Army (Option 1): 
Adult 2.0 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Boggs Creek) 
Dermal contact with surface water (Boggs Creek) 
Incidental ingestion of sediment (Boggs Creek) 
Dermal contact with sediment (Boggs Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler 4.9 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Boggs Creek) 
Dermal contact with surface water (Boggs Creek) 
Incidental ingestion of sediment (Boggs Creek) 
Dermal contact with sediment (Boggs Creek) 
Ingestion of homegrown fruits/vegetables 
I ngestion of beef 
Ingestion of milk 
Ingestion of venison 

L:\WORK\CT022901IWPICCRA 1\TABL 7-1 F.JBS 

HI 

0.04 
<0.01 
1.66 
0.01 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.06 
0.17 
0.03 

0.35 
<0.01 
3.87 
0.01 

<0.01 
0.02 
0.02 

<0.01 
<0.01 
<0.01 
0.11 
0.52 
0.01 

Arsenic (69%) 

Arsenic (69%) 

USEPA 10 No. IN5! 
NAVSURFWARCEf 

")3498 
CCRA 

November 1997 

Chemicals of Concern 

CTO No. 229 



TABLE 7-1F (Continued) 
POTENTIAL CHEMICAL HAZARDS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 17 of 17 

Receptor Population 
Overall Hazard Pathway-Specific Hazard Indices 

Index Pathway 

@ DR - Army (Option 2) 
Adult 2.0 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (80ggs Creek) 
Dermal contact with surface water (80ggs Creek) 
Incidental ingestion of sediment (80ggs Creek) 
Dermal contact with sediment (80ggs Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler 5.1 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (80ggs Creek) 
Dermal contact with surface water (80ggs Creek) 
Incidental ingestion of sediment (80ggs Creek) 
Dermal contact with sediment (80ggs Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

L:\WOR~ 2901\WP\CCRA1\TABL7-1F.JBS 

HI 

0.04 
<0.01 
1.72 
0.02 
NA 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.06 
0.17 
0.03 

0.35 
<0.01 
4.00 
0.02 
NA 

0.02 
0.02 

<0.01 
<0.01 
<0.01 
0.11 
0.52 
0.01 

USEPA ID No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

Chemicals of Concern 

Arsenic (30%); Manganese (41%) 

.).229 



Receptor Population 

Base Worker 

Spouse 

Toddler 

TABLE 7-2A 

POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 

BASE PERSONNEL AND THEIR FAMILIES 

Overall Excess Pathway-Specific Cancer Risks 
Lifetime Cancer 

Risk Pathway Risk 

2.2E-07 Incidental ingestion of surface soil at SWMUs 1.3E-07 
Dermal contact with surface soil at SWMUs 5.BE-10 
Incidental ingestion of surface water (all three B.BE-09 
creeks) 3.6E-10 
Dermal contact with surface water (all three B.2E-OB 
creeks) 2.3E-09 
Incidental ingestion of sediment (all three creeks) 
Dermal contact with sediment (all three creeks) 

9.3E-OB Incidental ingestion of surface water (all three B.BE-09 
creeks) 3.6E-10 
Dermal contact with surface water (all three B.2E-OB 
creeks) 2.3E-09 
Incidental ingestion of sediment (all three creeks) 
Dermal contact with sediment (all three creeks) 

B.1E-07 Incidental ingestion of surface water (all three 4.1E-OB 
creeks) B.7E-10 
Dermal contact with surface water (all three 7.6E-07 
creeks) 5.5E-09 
Incidental ingestion of sediment (all three creeks) 
Dermal contact with sediment (all three creeks) 

Note: All three creeks = Little Sulphur Creek, Turkey Creek, Boggs Creek 

L:\WORK\CT022901\WP\CCRA1\TABL7-2A.JBS 

USEPA ID No. IN5 1700,.,8 
NAVSURFWARCENDIV CCRA 

November 1997 

Chemicals of Concern 

CTC No. 229 



Receptor Population 

@ ABG Proper 

@ ABG - Jeep Trail 

@ ORR 

@ DR - Navy 

@ DR -Army 

TABLE 7-2B 

POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 

SWMU WORKERS 

Overall Excess Pathway-Specific Cancer Risks 
Lifetime Cancer 

USEPA 10 No. INS 170023 49B 
NAVSURFWARCENDIV CCRA 

November 1997 

Risk Pathway Risk Chemicals of Concern 

4.3E-OS Incidental ingestion of surface soil 4.7E-06 
Dermal contact with surface soil 2.4E-OB 
Ingestion of groundwater 3.BE-OS 
Dermal contact with groundwater 6.4E-09 
Ingestion of venison NA 

6.7E-06 Incidental ingestion of surface soil 6.6E-06 
Dermal contact with surface soil 6.7E-OB 
Ingestion of venison NA 

6.BE-06 Incidental ingestion of surface soil 6.BE-06 
Dermal contact with surface soil 1.1E-OB 
Ingestion of venison NA 

3.BE-0? Incidental ingestion of surface soil 3.BE-07 
Dermal contact with surface soil 1.9E-09 
Ingestion of venison NA 

2.SE-06 Incidental ingestion of surface soil 2.SE-06 
Dermal contact with surface soil 1.3E-08 
Ingestion of venison NA 

L:\I' ,<\CT022901IWPICCRA1\TABL7-2B.JBS CTON 9 



Overall 
Excess 
Lifetime 
Cancer 

Receptor Population Risk 

@ Padanaram Commune 
(Option 1): 

Adult 5.2E-03 

Toddler 1.1 E-03 

Toddlei"lAdult 6.3E-03 

L:\WORK\CT02290 1 \WP\CCRA 1\T ABL 7 -2C.JBS 

TABLE 7-2C 

USEPA 10 No. IN5 'I" . ,J 498 
NAVSURFWARCENOIV CCRA 

November 1997 

POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 

OFF-FACILITY RESIDENTS 
Page 1 of 3 

Pathway-Specific Cancer Risks 

Pathway Risk Chemicals of Concern 

Ingestion of groundwater 4.6E-03 1,1,2,2-TCA (55%), Vinyl chloride (19%); TCE (14%); 1,1-DCE 
(2%); 1,1,2-TCA (2%); As (9%) 

Dermal contact with groundwater 5.1E-05 TCE (79%) 
Inhalation of VOCs 5.2E-04 1,1,2-TCA (3%); 1,1,2,2-TCA (70%); TCE (16%); Vinyl chloride 
Ingestion of surface water (Little Sulphur Creek) 1.9E-07 (9%) 
Dermal contact with surface water (Little Sulphur 3.5E-OB 
Creek) 1.2E-06 
Ingestion of sediment (Little Sulphur Creek) 3.3E-OB 
Dermal contact with sediment (Little Sulphur Creek) NA 
Ingestion of venison 

1.0E-03 
Ingestion of groundwater 1,1,2,2-TCA (55%), Vinyl chloride (19%); TCE (14%); 1,1-DCE 

4.6E-06 (2%); 1,1,2-TCA (2%); As (9%) 
Dermal contact with groundwater 9.4E-05 
Inhalation of VOCs B.1 E-OB 1,1,2,2-TCA (70%); TCE (16%) 
Ingestion of surface water (Little Sulphur Creek) 6.9E-09 
Dermal contact with surface water (Little Sulphur 1.0E-06 
Creek) 7.3E-09 
Ingestion of sediment (Little Sulphur Creek) NA 
Dermal contact with sediment (Little Sulphur Creek) 
Ingestion of venison 

eTa No. 22 



TABLE 7 -2C (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
OFF-FACILITY RESIDENTS 
Page 2 of3 

Overall 
Excess Pathway -Specific Cancer Risks 
Lifetime 
Cancer 

Receptor Population Risk Pathway 

@ Padanaram Commune 
(Option 2): 

Adult 1.5E-06 Ingestion of spring water 
Dermal contact with spring water 
Ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Ingestion of venison 

Toddler 1.1E-06 
Ingestion of spring water 
Dermal contact with spring water 
Ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Ingestion of venison 

Toddler/Adult 2.6E-06 

l:\WOR' 122901\WP\CCRA1ITABL7-2C.JBS 

Risk 

NA 
NA 

1.9E-07 
3.5E-OB 
1.2E-06 
3.3E-OB 

NA 

NA 
NA 

B.1E-OB 
6.9E-09 
1.0E-06 
7.3E-09 

NA 

USEPA 10 No. INS 170023498 
NAVSURFWARCENOIV CCRA 

November 1997 

Chemicals of Concern 

10.22 



TABLE 7-2C (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
OFF-FACILITY RESIDENTS 
Page 3 of3 

Overall 
Excess Pathway-Specific Cancer Risks 
Lifetime 
Cancer 

Receptor Population Risk Pathway 

@ Padanaram Commune 
(Option 3): 

Adult 1.5E-04 Ingestion of drinking water (Little Sulphur Creek) 
Dermal contact with drinking water (Little Sulphur 
Creek) 
Ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 
Ingestion of sediment (Little Sulphur Creek) 
Dermal Contact with sediment (Little Sulphur 

Toddler 3.3E-05 Creek) 
Ingestion of venison 

Ingestion of drinking water (Little Sulphur Creek) 
Dermal contact with drinking water (Little Sulphur 
Creek) 
Ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur 
Creek) 

Toddler/Adult 1.BE-04 Ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Ingestion of venison 

L:lWORK\CT022901IWPICCRA1ITABL7-2C.JBS 

Risk 

1.4BE-04 
1.40E-07 
1.9E-07 
3.5E-OB 
1.2E-06 
3.3E-OB 

NA 

3.23E-05 
1.25E-OB 
B.1E-OB 
6.1E-09 
1.0E-06 
7.3E-09 

NA 

USEPA 10 No. INS 1,; 498 
NAVSURFWARCENDIV CCRA 

November 1997 

Chemicals of Concern 

Arsenic (61 %); RDX (37%) 

CTa No. 22 



Receptor Population 

@ ABG Proper (Option 1) 

@ ABG Proper (Option 2) 

@ ABG Proper (Option 3) 

@ ABG Proper (Option 4) 

TABLE 7-20 

USEPA ID No. IN5170 023 498 
NAVSURFWARCENDIV CCRA 

November 1997 

POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 

FUTURE PARK EMPLOYEES 
Page 1 of3 

Overall Excess Pathway-Specific Cancer Risks 
Lifetime 

Cancer Risk Pathway Risk Chemicals of Concern 

S.OE-OS Incidental ingestion of surface soil 4.7E-06 
Dermal contact with surface soil 2.4E-08 
Ingestion of Beaver Bend groundwater 4.SE-OS 
Dermal contact with Beaver Bend groundwater 7.SE-09 
Ingestion of venison NA 

3.1E-04 Incidental ingestion of surface soil 4.7E-06 
Dermal contact with surface soil 2.4E-08 
Ingestion of Beech Creek/Big Clifty groundwater 3.0E-04 Arsenic (10%); RDX (32%); TCE (37%); Vinyl chloride 
Dermal contact with Beech Creek/Big Clifty (17%) 
groundwater B.OE-07 
Ingestion of venison 

NA 

4.1E-04 Incidental ingestion of surface soil 4.7E-06 
Dermal contact with surface soil 2.4E-08 
Ingestion of Golconda groundwater 4.0E-04 Arsenic (77%); Beryllium (23%) 
Dermal contact with Golconda groundwater 1.6E-06 
Ingestion of venison NA 

S.3E-04 Incidental ingestion of surface soil 4.7E-06 
Dermal contact with surface soil 2.4E-08 
Ingestion of Alluvium groundwater S.2E-04 1,1 ,2,2-Tetrachloroethane (SS%); Vinyl chloride (19%); 

1,1-Dichloroethylene (2%); TCE (14%); As (9%) 
Dermal contact with Alluvium groundwater 6.2E-07 
Ingestion of venison NA 

L:\' ,<\CT022901\WPICCRA1\TABL7-2D.JBS crON 9 



TABLE 7-20 (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE PARK EMPLOYEES 
Page 2 of.3 

Overall Excess Pathway-Specific Cancer Risks 
Lifetime 

Receptor Population Cancer Risk Pathway 

@ ABG - Jeep Trail 7.BE-04 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Ingestion of venison 

@ ORR (Option 1) 2.0E-04 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Ingestion of venison 

@ ORR (Option 2) 1.5E-04 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Ingestion of venison 

@ DR - Navy (Option 1) 5.9E-05 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Ingestion of venison 

@ DR - Navy (Option 2) 2.BE-04 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Ingestion of venison 

L:\WORK\CT022901\WP\CCRA1\TABL7-2D.JBS 

Risk 

6.6E-06 
6.7E-OB 
7.7E-04 
1.7E-06 

NA 

1.4E-05 

2.2E-OB 
1.9E-04 
3.3E-07 

NA 

1.4E-05 

2.2E-OB 
1.4E-04 
9.3E-OB 

NA 

6.3E-06 
3.1E-OB 
5.3E-05 
B.9E-09 

NA 

6.3E-06 
3.1E-OB 
2.7E-04 
1.BE-06 

NA 

USEPA 10 No. INS 170 tJ 
NAVSURFWARCENOIV CLRA 

November 1997 

Chemicals of Concern 

Arsenic (74%); Beryllium (13%); RDX (12%) 

Arsenic (61%); Heptachlor epoxide (27%) 

Arsenic (B7%) 

Arsenic (55%); Beryllium (41%) 

CTO No. 229 



TABLE 7-20 (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OB/OD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE PARK EMPLOYEES 
Page 3 of 3 

Overall Excess Pathway-Specific Cancer Risks 
Lifetime 

Receptor Population Cancer Risk Pathway 

@ DR - Army (Option 1) 5.9E-05 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Ingestion of venison 

@ DR - Army (Option 2) 3.1 E-05 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of surfical groundwater 
Dermal contact with surficial groundwater 
Ingestion of venison 

U' ,<\CT022901\WP\CCRA1\TABL7-2D.JBS 

Risk 

6.3E-06 
3.1E-OB 
5.3E-05 
B.9E-09 

NA 

6.3E-06 
3.1E-OB 
2.5E-05 
4.BE-09 

NA 

USEPA 10 No. INS 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

Chemicals of Concern 

CTON 9 



Receptor Population 

@ ABG Proper (Option 1): 
Adult 

Toddler 

TABLE 7-2E 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 

POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE PARK VISITORS 

Page 1 of 11 

Overall 
Excess Pathway-Specific Cancer Risks 

Lifetime 
Cancer Risk Pathwav Risk 

2.2E-OS Incidental ingestion of surface soil 2.0E-06 
Dermal contact with surface soil 1.SE-OB 
Ingestion of Beaver Bend groundwater 1.9E-OS 
Dermal contact with Beaver Bend groundwater 3.2E-09 
Incidental ingestion of surface water (Little Sulphur Creek) 5.BE-OB 
Dermal contact with surface water (Little Sulphur Creek) 1.1 E-OB 
Incidental ingestion of sediment (Little Sulphur Creek) 3.6E-07 
Dermal contact with sediment (Little Sulphur Creek) 1.0E-OB 
Incidental ingestion of spring water 4.0E-07 
Dermal contact with spring water 3.1E-OB 
Ingestion of venison NA 

2.0E-OS Incidental ingestion of surface soil S.6E-06 
Dermal contact with surface soil 2.1E-OB 
Ingestion of Beaver Bend groundwater 1.3E-OS 
Dermal contact with Beaver Bend groundwater B.2E-09 
Incidental ingestion of surface water (Little Sulphur Creek) B.1E-OB 
Dermal contact with surface water (Little Sulphur Creek) 6.1E-09 
Incidental ingestion of sediment (Little Sulphur Creek) 1.0E-06 
Dermal contact with sediment (Little Sulphur Creek) 7.3E-09 
Incidental ingestion of spring water 5.6E-07 
Dermal contact with spring water 1.7E-OB 
Ingestion of venison NA 

L:lWORK\CT022901 IWPICCRA 11 TABL 7 -2E.JBS 

USEPA 10 No. IN5170 0 
NAVSURFWARCENOIV C~HA 

November 1997 

Chemicals of Concern 

CTO No. 229 



TABLE 7-2E (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE PARK VISITORS 
Page 2 of 11 

Overall 
Excess Pathway-Specific Cancer Risks 

Lifetime 
Receptor Population Cancer Risk Pathway 

@ ABG Proper (Option 2): 
Adult 1.3E-04 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of Beech Creek/Big Clifty groundwater 

Dermal contact with Beech Creek/Big Clifty groundwater 
Incidental ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of venison 

Toddler 9.7E-05 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Beech Creek/Big Clifty groundwater 

Dermal contact with Beech Creek/Big Clifty groundwater 
Incidental ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of venison 

L:" '{\CT022901\WP\CCRA1\TABL7-2E.JBS 

Risk 

2.0E-06 
1.5E-OS 
1.3E-04 

3.5E-07 
5.SE-OS 
1.1E-OS 
3.6E-07 
1.0E-OS 
4.0E-07 
3.1E-OS 

NA 

5.6E-06 
2.1E-OS 
S.9E-05 

S.7E-07 
S.1E-OS 
6.1E-09 
1.0E-06 
7.3E-09 
5.6E-07 
1.7E-OS 

NA 

USEPA ID No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

Chemicals of Concern 

Arsenic (10%); RDX (32%); TCE (37%); 
Vinyl chloride (17%) 

CTON 



TABLE 7-2E (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE PARK VISITORS 
Page 3 of 11 

Overall 
Excess Pathway-Specific Cancer Risks 

Lifetime 
Receptor Population Cancer Risk Pathway 

@ ABG Proper (Option 3): 
Adult 1.7E-04 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of Golconda groundwater 
Dermal contact with Golconda groundwater 
Incidental ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of venison 

Toddler 1.3E-04 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Golconda groundwater 
Dermal contact with Golconda groundwater 
Incidental ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of venison 

L:\WORK\CT022901\WP\CCRA 1\ TABL 7 -2E.JBS 

Risk 

2.0E-06 
1.5E-08 
1.7E-04 
6.7E-07 
5.SE-OS 
1.1 E-OS 
3.6E-07 
1.0E-08 
4.1E-07 
3.1E-OS 

NA 

5.6E-06 
2.1E-08 
1.2E-04 
1.7E-06 
S.1E-OS 
6.1E-09 
1.0E-06 
7.3E-09 
5.6E-07 
1.7E-08 

NA 

USEPA 10 No.IN5 1700 
NAVSURFWARCENOIV GL..,"(A 

November 1997 

Chemicals of Concern 

Arsenic (77%); Beryllium (23%) 

Arsenic (77%); Beryllium (23%) 

CTO No. 229 



TABLE 7-2E (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OB/OD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE PARK VISITORS 
Page 4 of 11 

Overall 
Excess Pathway-Specific Cancer Risks 

Lifetime 
Receptor Population Cancer Risk Pathway 

@ ABG Proper (Option 4): 
Adult 2.2E-04 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of Alluvium groundwater 

Dermal contact with Alluvium groundwater 
Incidental ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of venison 

Toddler 1.7E-04 
Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Alluvium groundwater 

Dermal contact with Alluvium groundwater 
Incidental ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of venison 

L:\' '<\CT022901 \WP\CCRA 1ITABL 7 -2E.JBS 

Risk 

2.0E-06 
1.5E-OB 
2.2E-04 

2.7E-07 
5.BE-OB 
1.1E-OB 
3.6E-07 
1.0E-OB 
4.1E-07 
3.1E-OB 

NA 

5.6E-06 
2.1E-OB 
1.6E-04 

6.BE-07 
B.1E-OB 
6.1E-09 
1.0E-06 
7.3E-09 
5.6E-07 
1.7E-OB 

NA 

USEPA 10 No. INS 170 023 498 
NAVSURFWARCENOIV CCRA 

November 1997 

Chemicals of Concern 

1,1,2,2-Tetrachloroethane (55%); As (9%); 
TCE (14%); Vinyl chloride (19%) 

1,1,2,2-Tetrachloroethane (55%); As (9%); 
TCE (14%); Vinyl chloride (19%) 

CTON 9 



TABLE 7-2E (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE PARK VISITORS 
Page 5 of 11 

Overall 
Excess Pathway-Specific Cancer Risks 

Lifetime 
Receptor Population Cancer Risk Pathway 

@ ABG - Jeep Trail: 
Adult 3.3E-04 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 

Dermal contact with Beech Creek groundwater 
Incidental ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of venison 

Toddler 2.4E-04 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 

Dermal contact with Beech Creek groundwater 
Incidental ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of venison 

L:lWORK\CT022901 \WP\CCRA 1 \ TABL 7 -2E.JBS 

Risk 

2.9E-06 
4.1E-OB 
3.3E-04 

7.4E-07 
5.BE-OB 
1.1E-OB 
3.6E-07 
1.0E-OB 
4.1E-07 
3.1E-OB 

NA 

B.OE-06 
5.9E-OB 
2.3E-04 

1.9E-06 
B.1E-OB 
6.1E-09 
1.0E-06 
7.3E-09 
5.6E-07 
1.7E-OB 

NA 

USEPA 10 No. INS 1700.,. 
NAVSURFWARCENOIV CGRA 

November 1997 

Chemicals of Concern 

Arsenic (74%); Beryllium (13%); RDX 
(12%) 

Arsenic (74%); Beryllium (13%); RDX 
(12%) 

CTC No. 229 



TABLE 7-2E (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OB100 CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE PARK VISITORS 
Page 6 of 11 

Overall 
Excess Pathway-Specific Cancer Risks 

Lifetime 
Receptor Population Cancer Risk Pathway 

@ ORR (Option 1): 
Adult 8.BE-OS Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Incidental ingestion of surface water (Turkey Creek) 
Dermal contact with surface water (Turkey Creek) 
Incidental ingestion of sediment (Turkey Creek) 
Dermal contact with sediment (Turkey Creek) 
Ingestion of venison 

Toddler 7.4E-OS Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Incidental ingestion of surface water (Turkey Creek) 
Dermal contact with surface water (Turkey Creek) 
Incidental ingestion of sediment (Turkey Creek) 
Dermal contact with sediment (Turkey Creek) 
Ingestion of venison 

U' ',<\CT022901lWP\CCRA1\TABl7-2E.JBS 

Risk 

S.9E-06 
1.3E-08 
B.2E-OS 
1.4E-07 

NA 
NA 

6.4E-OB 
1.8E-09 

NA 

1.6E-OS 

1.9E-OB 
S.7E-OS 
3.6E-07 

NA 
NA 

1.BE-07 
1.3E-09 

NA 

USEPA 10 No. IN5 170023498 
NAVSURFWARCENOIV CCRA 

November 1997 

Chemicals of Concern 

CTON 



TABLE 7-2E (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE PARK VISITORS 
Page 7 of 11 

Overall 
Excess Pathway-Specific Cancer Risks 

Lifetime 
Receptor Population Cancer Risk PathwaY 

@ ORR (Option 2): 
Adult 6.4E-05 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Incidental ingestion of surface water (Turkey Creek) 
Dermal contact with surface water (Turkey Creek) 
Incidental ingestion of sediment (Turkey Creek) 
Dermal contact with sediment (Turkey Creek) 
Ingestion of venison 

Toddler 5.7E-05 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Incidental ingestion of surface water (Turkey Creek) 
Dermal contact with surface water (Turkey Creek) 
Incidental ingestion of sediment (Turkey Creek) 
Dermal contact with sediment (Turkey Creek) 
Ingestion of venison 

L:\WORK\CT022901\WP\CCRA1\TABL7-2E.JBS 

Risk 

5.9E-06 
1.3E-OS 
5.SE-05 
4.0E-OS 

NA 
NA 

6.4E-OS 
1.SE-09 

NA 

1.6E-05 

1.9E-OS 
4.1 E-05 
1.0E-07 

NA 
NA 

1.SE-07 
1.3E-09 

NA 

USEPA ID No. IN5 1700._ 
NAVSURFWARCENDIV ceRA 

November 1997 

Chemicals of Concern 

CTO No. 229 



TABLE 7-2E (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE PARK VISITORS 
Page 8 of 11 

Overall 
Excess Pathway-Specific Cancer Risks 

Lifetime 
Receptor Population Cancer Risk Pathway 

@ DR - Navy (Option 1): 
Adult 2.6E-OS Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Incidental ingestion of surface water (Boggs Creek) 
Dermal contact with surface water (Boggs Creek) 
Incidental ingestion of sediment (Boggs Creek) 
Dermal contact with sediment (Boggs Creek) 
Ingestion of venison 

Toddler 2.4E-OS Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Incidental ingestion of surface water (Boggs Creek) 
Dermal contact with surface water (Boggs Creek) 
Incidental ingestion of sediment (Boggs Creek) 
Dermal contact with sediment (Boggs Creek) 
Ingestion of venison 

(\CT022901IWPICCRA1ITABl7-2E.JBS 

Risk 

2.7E-06 
1.9E-OB 
2.3E-OS 
3.9E-09 
1.1E-10 
1.4E-09 

NA 
NA 
NA 

7.6E-06 
2.7E-OB 
1.6E-OS 
9.BE-09 
1.SE-10 
7.6E-10 

NA 
NA 
NA 

USEPA ID No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

Chemicals of Concern 

CTOf',' 



TABLE 7-2E (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOO CONTAMINATION AT NAVSURFWARCENOIV 
FUTURE PARK VISITORS 
Page 9 of 11 

Overall 
Excess Pathway-Specific Cancer Risks 

Lifetime 
Receptor Population Cancer Risk Pathway 

@ DR - Navy (Option 2): 
Adult 1.2E-04 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Incidental ingestion of surface water (80ggs Creek) 
Dermal contact with surface water (80ggs Creek) 
Incidental ingestion of sediment (80ggs Creek) 
Dermal contact with sediment (80ggs Creek)\ 
Ingestion of venison 

Toddler 9.1E-05 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Incidental ingestion of surface water (80ggs Creek) 
Dermal contact with surface water (80ggs Creek) 
Incidental ingestion of sediment (80ggs Creek) 
Dermal contact with sediment (80ggs Creek) 
Ingestion of venison 

L:\WORK\CT022901\WP\CCRA1\TABL7-2E.JBS 

Risk 

2.7E-06 
1.9E-OB 
1.2E-04 
B.OE-07 
1.1E-10 
1.4E-09 

NA 
NA 
NA 

7.6E-06 
2.7E-OB 
B.1 E-05 
2.0E-06 
1.5E-10 
7.6E-10 

NA 
NA 
NA 

USEPA ID No. INS 170 O. :l 

NAVSURFWARCENDIV CCRA 
November 1997 

Chemicals of Concern 

Arsenic (55%); 8eryllium (41 %) 

CTO No. 229 



TABLE 7-2E (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE PARK VISITORS 
Page 10 of 11 

Overall 
Excess Pathway-Specific Cancer Risks 

Lifetime 
Receptor Population Cancer Risk Pathway 

@ DR - Army (Option 1): 
Adult 2.6E-05 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Incidental ingestion of surface water (Boggs Creek) 
Dermal contact with surface water (Boggs Creek) 
Incidental ingestion of sediment (Boggs Creek) 
Dermal contact with sediment (Boggs Creek) 
Ingestion of venison 

Toddler 2.4E-05 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Incidental ingestion of surface water (Boggs Creek) 
Dermal contact with surface water (Boggs Creek) 
Incidental ingestion of sediment (Boggs Creek) 
Dermal contact with sediment (Boggs Creek) 
Ingestion of venison 

l:l' ·\(\CT022901\WPICCRA 1\TABl7-2E.JBS 

Risk 

2.7E-06 
1.9E-08 
2.3E-05 
3.9E-09 
1.1E-10 
1.4E-09 

NA 
NA 
NA 

7.7E-06 
2.7E-08 
1.6E-05 
9.8E-09 
1.5E-10 
7.6E-10 

NA 
NA 
NA 

USEPA ID No. IN5 170 023 498 
NAVSURFWARCENDIV CCRA 

November 1997 

Chemicals of Concern 

CTO~! 



TABLE 7-2E (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE PARK VISITORS 
Page 11 of 11 

Overall 
Excess Pathway-Specific Cancer Risks 

Lifetime 
Receptor Population Cancer Risk Pathway 

@ DR - Army (Option 2): 
Adult 1.4E-OS Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Incidental ingestion of surface water (80ggs Creek) 
Dermal contact with surface water (80ggs Creek) 
Incidental ingestion of sediment (80ggs Creek) 
Dermal contact with sediment (80ggs Creek) 
Ingestion of venison 

Toddler 1.SE-OS Incidental ingestion of soil 
Dermal contact with soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Incidental ingestion of surface water (80ggs Creek) 
Dermal contact with surface water (80ggs Creek) 
Incidental ingestion of sediment (80ggs Creek) 
Dermal contact with sediment (80ggs Creek) 
Ingestion of venison 

L:\WORK\CT022901\WP\CCRA1\TABL7-2E.JBS 

Risk 

2.7E-06 
1.9E-08 
1.1 E-OS 
2.1E-09 
1.1E-10 
1.4E-09 

NA 
NA 
NA 

7.7E-06 
2.7E-08 
7.4E-06 
S.3E-09 
1.SE-10 
7.6E-10 

NA 
NA 
NA 

USEPA 10 No. INS 170 (; 
NAVSURFWARCENOIV CU-<.A 

November 1997 

Chemicals of Concern 

CTO No. 229 



Receptor Population 

@ ABG Proper (Option 1A): 
Adult 

Toddler 

Toddler/Adult 

TABLE 7-2F 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 

POPULATIONS DUE TO OB/OD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 

Page 1 of 17 

Overall Excess Pathway-Specific Cancer Risks 
Lifetime Cancer 

Risk Pathway Risk 

3.1E-04 Incidental ingestion of surface soil 4.6E-06 
Dermal contact with surface soil 3.3E-OB 
Ingestion of Beaver Bend groundwater 2.1E-04 Arsenic (93%) 
Dermal contact with Beaver Bend groundwater 3.3E-07 
Inhalation of VOCs while showering/bathing NA 
Incidental ingestion of surface water (Little Sulphur Creek) 9.8E-OB 
Dermal contact with surface water (Little Sulphur Creek) 1.9E-OB 
Incidental ingestion of sediment (Little Sulphur Creek) 6.2E-07 
Dermal contact with sediment (Little Sulphur Creek) 1.7E-OB 
Incidental ingestion of spring water 6.BE-07 
Dermal contact with spring water 5.3E-OB 
Ingestion of homegrown fruits/vegetables 4.BE-OB 
Ingestion of beef 7.1E-05 TCDD (93%) 
Ingestion of milk 1.BE-05 TCDD (96%) 
Ingestion of venison NA 

1.4E-04 Incidental ingestion of surface soil 7.5E-06 
Dermal contact with surface soil 2.BE-OB 
Ingestion of Beaver Bend groundwater B.7E-05 Arsenic (93%) 
Dermal contact with Beaver Bend groundwater 5.5E-OB 
Inhalation of VOCs while showering/bathing NA 
Incidental ingestion of surface water (Little Sulphur Creek) B.1E-OB 
Dermal contact with surface water (Little Sulphur Creek) 6.1E-09 
Incidental ingestion of sediment (Little Sulphur Creek) 1.0E-06 
Dermal contact with sediment (Little Sulphur Creek) 7.3E-09 
Incidental ingestion of spring water 5.6E-07 
Dermal contact with spring water 1.7E-OB 
Ingestion of homegrown fruits/vegetables 2.4E-OB 
Ingestion of beef 2.6E-05 TCDD (93%) 
Ingestion of milk 1.BE-05 TCDD (96%) 
Ingestion of venison NA 

4.5E-04 

L:\WORI ~2901\WP\CCRA1\TABL7-2F.JBS 

USEPA 10 No. INS 170023498 
NAVSURFWARCENOIV CCRA 

November 1997 

Chemicals of Concern 

c ).229 



TABLE 7-2F (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 2 of 17 

Overall Excess Pathway-Specific Cancer Risks 
Lifetime Cancer 

Receptor Population Risk Pathway 

@ ABG Proper (Option 1 B): 
Adult 3.0E-04 Incidental ingestion of surface/subsurface soil 

Dermal contact with surface/subsurface soil 
Ingestion of Beaver Bend groundwater 
Dermal contact with Beaver Bend groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler 1.4E-04 Incidental ingestion of surface/subsurface soil 
Dermal contact with surface/subsurface soil 
Ingestion of Beaver Bend groundwater 
Dermal contact with Beaver Bend groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
I ngestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler/Adult 4.4E-04 

L:\WORK\CT022901\WP\CCRA1\TABL7-2F.JBS 

Risk 

4.0E-06 
3.0E-OB 
2.1 E-04 
3.3E-07 

NA 
9.BE-OB 
1.9E-OB 
6.2E-07 
1.7E-OB 
6.BE-07 
S.3E-OB 
4.4E-OB 
7. 1 E-OS 
1.BE-OS 

NA 

6.6E-06 
2.SE-OB 
B.7E-OS 
S.SE-OB 

NA 
B.1E-OB 
6. 1 E-09 
1.0E-06 
7.3E-09 
S.6E-07 
1.7E-OB 
2.2E-OB 
2.6E-OS 
1.8E-OS 

NA 

Arsenic (93%) 

TCDD(94%) 
TCDD (96%) 

Arsenic (93%) 

TCDD (94%) 
TCDD (96%) 

USEPA ID No. IN5 1 13 498 
NAVSURFWARCEl\ / CCRA 

November 1997 

Chemicals of Concern 

eTa No. 229 



TABLE 7-2F (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 11 of 17 

Overall Excess Pathway-Specific Cancer Risks 
Lifetime Cancer 

Receptor Population Risk Pathway 

@ ORR (Option 1 B): 
Adult 4.0E-03 Incidental ingestion of surface/subsurface soil 

Dermal contact with surface/subsurface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Turkey Creek) 
Dermal contact with surface water (Turkey Creek) 
Incidental ingestion of sediment (Turkey Creek) 
Dermal contact with sediment (Turkey Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler 3.0E-03 Incidental ingestion of surface/subsurface soil 
Dermal contact with surface/subsurface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Turkey Creek) 
Dermal contact with surface water (Turkey Creek) 
Incidental ingestion of sediment (Turkey Creek) 
Dermal contact with sediment (Turkey Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler/Adult 7.0E-03 

L:\WOR' !2901\WP\CCRA1\TABl7-2F.JBS 

Risk 

1.3E-05 
3.0E-OS 
9.0E-04 
1.5E-05 
1.3E-OS 

NA 
NA 

1.1E-07 
3.1E-09 
1.0E-05 
9.SE-04 
2. 1 E-03 

NA 

2.2E-05 
2.5E-OS 
3.7E-04 
2.4E-06 
4.5E-09 

NA 
NA 

1.SE-07 
1.3E-09 
5.0E-06 
3.6E-04 
2.2E-03 

NA 

USEPA 10 No. IN5 170 023 498 
NAVSURFWARCENOIV CCRA 

November 1997 

Chemicals of Concern 

Arsenic (61 %); Heptachlor epoxide (27%) 
Beryllium (6S%) 

B(a)P (16%); B(b)F (6%); DBA (22%); IP (54%) 
B(a)P (17%); B(b)F (7%); DBA (23%); IP (53%) 

Arsenic (61 %); Heptachlor epoxide (27%) 

B(a)P (16%); B(b)F (6%); DBA (22%); IP (54%) 
B(a)P (17%); B(b)F (7%); DBA (23%); IP (53%) 

0.229 



TABLE 7 -2F (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 4 of 17 

Overall Excess Pathway-Specific Cancer Risks 
Lifetime Cancer 

Receptor Population Risk Pathway 

@ ABG Proper (Option 2B): 
Adult 1.6E-03 Incidental ingestion of surface/subsurface soil 

Dermal contact with surface/subsurface soil 
Ingestion of Beech Creek/Big Clifty groundwater 

Dermal contact with Beech Creek/Big Clifty groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler 6,7E-04 Incidental ingestion of surface/subsurface soil 
Dermal contact with surface/subsurface soil 
Ingestion of Beech Creek/Big Clifty groundwater 

Dermal contact with Beech Creek/Big Clifty groundwater 
Inhalation of VOCs while showeringlbathing 
Incidental ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler/Adult 2.3E-03 

L:\WORK\CT022901\WP\CCRA 1 \T ABL 7 -2F. JBS 

Risk 

4,OE-06 
3,OE-08 
1.4E-03 

3,5E-05 
8,5E-05 
9,8E-08 
1,9E-08 
6,2E-07 
1,7E-08 
6,8E-07 
5,3E-08 
4,4E-08 
7,1E-05 
1,8E-05 

NA 

6,6E-06 
2.5E-08 
5,8E-04 

5.9E-06 
2.9E-05 
8.1E-08 
6,1E-09 
1.0E-06 
7.3E-09 
5,6E-07 
1.7E-08 
2,2E-08 
2,6E-05 
1,8E-05 

NA 

USEPA 10 No. IN5 1 ')3 498 
NAVSURFWARCEf'.jL, . CCRA 

November 1997 

Chemicals of Concern 

Aldrin (2%); Arsenic (10%); RDX (32%); TCE (37%); Vinyl 
chloride (17%) 
TCE (96%) 
TCE (81%); Vinyl chloride (16%) 

TCDD (94%) 
TCDD (96%) 

Aldrin (2%); Arsenic (10%); RDX (32%); TCE (37%); Vinyl 
chloride (17%) 

TCE (81%); Vinyl chloride (16%) 

TCDD (94%) 
TCDD (96%) 

eTa No. 229 



TABLE 7 -2F (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO 08/00 CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 5 of 17 

Overall Excess Pathway-Specific Cancer Risks 
Lifetime Cancer 

Receptor Population Risk Pathway 

@ ABG Proper (Option 3A): 
Adult 2.1E-03 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of Golconda groundwater 
Dermal contact with Golconda groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler B.5E-04 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Golconda groundwater 
Dermal contact with Golconda groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler/Adult 3.0E-03 

L:\WOR: ?2901\WP\CCRA1\TABL7-2F.JBS 

Risk 

4.6E-06 
3.3E-OB 
1.9E-03 
6.BE-05 

NA 
9.BE-OB 
1.9E-OB 
6.2E-07 
1.7E-OB 
6.BE-07 
5.3E-OB 
4.BE-OB 
7.1E-05 
1.BE-05 

NA 

7.5E-06 
2.BE-OB 
7.9E-04 
1.1E-05 

NA 
B.1E-OB 
6. 1 E-09 
1.0E-06 
7.3E-09 
5.6E-07 
1.7E-OB 
2.4E-OB 
2.6E-05 
1.BE-05 

NA 

USEPA 10 No. IN5 170 023 498 
NAVSURFWARCENOIV CCRA 

November 1997 

Chemicals of Concern 

Arsenic (77%); Beryllium (23%) 
Beryllium (97%) 

TCDD (93%) 
TCDD (96%) 

Arsenic (77%); Beryllium (23%) 
Beryllium (97%) 

TCDD (93%) 
TCDD (96%) 

:>.229 



TABLE 7-2F (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OB10D CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 6 of 17 

Overall Excess Pathway-Specific Cancer Risks 
Lifetime Cancer 

Receptor Population Risk Pathway 

@ ABG Proper (Option 3B): 
Adult 2.1 E-03 Incidental ingestion of surface/subsurface soil 

Dermal contact with surface/subsurface soil 
Ingestion of Golconda groundwater 
Dermal contact with Golconda groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion ofspring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler B.SE-04 Incidental ingestion of surface/subsurface soil 
Dermal contact with surface/subsurface soil 
Ingestion of Golconda groundwater 
Dermal contact with Golconda groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler/Adult 3.0E-03 

L:IWORK\CT02290 1 IWPICCRA 1 I TABL 7 -2F.JBS 

Risk 

4.0E-06 
3.0E-OB 
1.9E-03 
6.BE-05 

NA 
9.BE-OB 
1.9E-OB 
6.2E-07 
1.7E-OB 
6.BE-07 
5.3E-OB 
4.4E-OB 
7.1E-OS 
1.BE-OS 

NA 

6.6E-06 
2.5E-OB 
7.9E-04 
1.1 E-OS 

NA 
B.1E-OB 
6.1E-09 
1.0E-06 
7.3E-09 
5.6E-07 
1.7E-08 
2.2E-08 
2.6E-OS 
1.BE-05 

NA 

USEPA ID No. IN5 ? ;~3 498 
NAVSURFWARCEf\h· 'CCRA 

November 1997 

Chemicals of Concern 

Arsenic (77%); Beryllium (23%) 
Beryllium (97%) 

TCDD (94%) 
TCDD (96%) 

Arsenic (77%); Beryllium (23%) 
Beryllium (97%) 

TCDD (94%) 
TCDD (96%) 

CTa No. 229 



TABLE 7-2F (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 7 of 17 

Overall Excess Pathway-Specific Cancer Risks 
Lifetime Cancer 

Receptor Population Risk Pathway 

@ ABG Proper (Option 4A): 
Adult 2.9E-03 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of Alluvium groundwater 

Dermal contact with Alluvium groundwater 
Inhalation of VOCs while showeril\9/bathing 
Incidental ingestion of surface water (little Sulphur Creek) 
Dermal contact with surface water (little Sulphur Creek) 
Incidental ingestion of sediment (little Sulphur Creek) 
Dermal contact with sediment (little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler 1.2E-03 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Alluvium groundwater 

Dermal contact with Alluvium groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (little Sulphur Creek) 
Dermal contact with surface water (little Sulphur Creek) 
Incidental ingestion of sediment (little Sulphur Creek) 
Dermal contact with sediment (little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler/Adult 4. 1 E-03 

L:\WORI !2901\WP\CCRA1\TABL7-2F.JBS 

Risk 

4.6E-06 
3.3E-OS 
2.5E-03 

2.7E-05 
2.7E-04 
9.SE-OS 
1.9E-OS 
6.2E-07 
1.7E-OS 
6.SE-07 
5.3E-OS 
4.SE-OS 
7.1E-05 
1.SE-05 

NA 

7.5E-06 
2.SE-OS 
1.0E-03 

4.6E-06 
9.4E-05 
S.1E-OS 
6.1E-09 
1.0E-06 
7.3E-09 
5.6E-07 
1.7E-OS 
2.4E-OS 
2.6E-05 
1.SE-05 

NA 

USEP/\. ID No. INS 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

Chemicals of Concern 

Arsenic (9%); TCE (14%); Vinyl chloride (19%); 1,1,2,2-
Tetrachloroethane (55%); 1,1 ,2-Trichloroethane (2%); 1,1-
Dichloroethylene (2%) 
TCE (79%) 
1,1 ,2,2-TCA (70%); TCE (16%); Vinyl chloride (9%) 

TCDD (93%) 
TCDD (96%) 

1,1 ,2,2-Tetrachloroethane (55%); Arsenic (9%); TCE 
(14%); Vinyl chloride (19%); 1,1-Dichloroethylene (2%); 
1,1 ,2-Trichloroethane (2%) 

1,1,2,2-TCA (70%); TCE (16%) 

TCDD (93%) 
TCDD (96%) 

;).229 



TABLE 7-2F (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 8 of 17 

Overall Excess Pathway-Specific Cancer Risks 
Lifetime Cancer 

Receptor Population Risk Pathway 

@ ABG Proper (Option 4B): 
Adult 2.9E-03 Incidental ingestion of surface/subsurface soil 

Dermal contact with surface/subsurface soil 
Ingestion of Alluvium groundwater 

Dermal contact with Alluvium groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler 1.2E-03 Incidental ingestion of surface/subsurface soil 
Dermal contact with surface/subsurface soil 
Ingestion of Alluvium groundwater 

Dermal contact with Alluvium groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler/Adult 4.1E-03 

L:\WORK\CT022901\WP\CCRA 1 \TABL 7 -2F.JBS 

Risk 

4.0E-06 
3.0E-OB 
2.5E-03 

2.7E-05 
2.7E-04 
9.BE-OB 
1.9E-OB 
6.2E-07 
1.7E-OB 
6.BE-07 
5.3E-OB 
4.4E-OB 
7.1 E-05 
1.BE-05 

NA 

6.6E-06 
2.5E-OB 
1.0E-03 

4.6E-06 
9.4E-05 
B.1E-OB 
6.1E-09 
1.0E-06 
7.3E-09 
5.6E-07 
1.7E-OB 
2.2E-OB 
2.6E-05 
1.BE-05 

NA 

USEPA ID No. IN5 1 
NAVSURFWARCEtlh. 

;~3 498 
CCRA 

November 1997 

Chemicals of Concern 

Arsenic (9%); TCE (14%); Vinyl chloride (19%); 1,1,2,2-
Tetrachloroethane (55%); 1,1 ,2-Trichloroethane (2%); 1,1-
Dichloroethylene (2%) 
TCE (79%) 
1,1,2,2-TCA (70%); TCE (16%); Vinyl chloride (9%) 

TCDD (94%) 
TCDD (96%) 

1,1 ,2,2-TCA (55%); As (9%); TCE (14%); Vinyl chloride 
(19%); 1, 1-DCE (2%); 1,1 ,2-TCA (2%) 

1, 1,2,2-TCA (70%); TCE (16%) 

TCDD (94%) 
TCDD (96%) 

CTO No. 229 



TABLE 7 -2F (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOO CONTAMINATION AT NAVSURFWARCENOIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 9 of 17 

Overall Excess Pathway-Specific Cancer Risks 
Lifetime Cancer 

Receptor Population Risk Pathway 

@ ABG - Jeep Trail: 
Adult 3.BE-03 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler 1.SE-03 Incidental ingestion ofsurface soil 
Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Little Sulphur Creek) 
Dermal contact with surface water (Little Sulphur Creek) 
Incidental ingestion of sediment (Little Sulphur Creek) 
Dermal contact with sediment (Little Sulphur Creek) 
Incidental ingestion of spring water 
Dermal contact with spring water 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler/Adult S.3E-03 

L:\WOR 22901\WP\CCRA1\TABL7-2F.JBS 

Risk 

6.SE-06 
9.3E-OB 
3.7E-03 
7.SE-OS 
1.6E-06 
9.BE-OB 
1.9E-OB 
6.2E-07 
1.7E-OB 
6.BE-07 
S.3E-OB 
S.2E-OB 
6.BE-06 
1.1E-06 

NA 

1.1E-OS 
7.BE-OB 
1.SE-03 
1.3E-OS 
S.SE-07 
B.1E-OB 
6.1E-09 
1.0E-06 
7.3E-09 
S.6E-07 
1.7E-OB 
2.6E-OB 
2.SE-06 
1.1 E-06 

NA 

USEP,l\ 10 No. INS 170023498 
fJAVSURFWARCENOIV CCRA 

November 1997 

Chemicals of Concern 

Arsenic (74%); Beryllium (13%); RDX (12%) 
Beryllium (93%) 

Arsenic (74%); Beryllium (13%); RDX (12%) 
Beryllium (93%) 

. C, 0.229 



TABLE 7-2F (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 10 of 17 

Overall Excess Pathway-Specific Cancer Risks 
Lifetime Cancer 

Receptor Population Risk Pathway 

@ ORR (Option 1A): 
Adult 4.0E-03 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Turkey Creek) 
Dermal contact with surface water (Turkey Creek) 
Incidental ingestion of sediment (Turkey Creek) 
Dermal contact with sediment (Turkey Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler 3.0E-03 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Turkey Creek) 
Dermal contact with surface water (Turkey Creek) 
Incidental ingestion of sediment (Turkey Creek) 
Dermal contact with sediment (Turkey Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler/Adult 7.0E-03 

L:\WORK\CT022901\WP\CCRA1\TABL7-2F.JBS 

Risk 

1.3E-05 

3.0E-OS 
9.0E-04 
1.5E-05 
1.3E-OS 

NA 
NA 

1.1 E-07 
3.1E-09 
1.0E-05 
9.SE-04 
2.1E-03 

NA 

2.2E-05 
2.5E-OS 
3.7E-04 
2.4E-06 
4.5E-09 

NA 
NA 

1.SE-07 
1.3E-09 
5.0E-06 
3.6E-04 
2.2E-03 

NA 

USEPA 10 No. INS 1,:3498 
NAVSURFVVARCE~L "CCRA 

November 1997 

Chemicals of Concern 

Arsenic (61%); Heptachlor epoxide (27%) 
Beryllium (6S%) 

B(a)P (16%); B(b)F (6%); DBA (22%); IP (54%) 
B(a)P (17%); B(b)F (7%); DBA (23%); IP (53%) 

Arsenic (61 %); Heptachlor epoxide (27%) 

B(a)P (16%); B(b)F (6%); DBA (22%); IP (54%) 
B(a)P (17%); B(b)F (7%); DBA (23%); IP (53%) 

CTa No. 229 



TABLE 7-2F (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 11 of 17 

Overall Excess Pathway-Specific Cancer Risks 
Lifetime Cancer 

Receptor Population Risk Pathway 

@ ORR (Option 1 B): 
Adult 4.0E-03 Incidental ingestion of surface/subsurface soil 

Dermal contact with surface/subsurface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Turkey Creek) 
Dermal contact with surface water (Turkey Creek) 
Incidental ingestion of sediment (Turkey Creek) 
Dermal contact with sediment (Turkey Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler 3.0E-03 Incidental ingestion of surface/subsurface soil 
Dermal contact with surface/subsurface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Turkey Creek) 
Dermal contact with surface water (Turkey Creek) 
Incidental ingestion of sediment (Turkey Creek) 
Dermal contact with sediment (Turkey Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler/Adult 7.0E-03 

L:\WOR' !2901\WP\CCRA1\TABl7-2F.JBS 

Risk 

1.3E-05 
3.0E-OS 
9.0E-04 
1.5E-05 
1.3E-OS 

NA 
NA 

1.1E-07 
3.1E-09 
1.0E-05 
9.SE-04 
2. 1 E-03 

NA 

2.2E-05 
2.5E-OS 
3.7E-04 
2.4E-06 
4.5E-09 

NA 
NA 

1.SE-07 
1.3E-09 
5.0E-06 
3.6E-04 
2.2E-03 

NA 

USEPA 10 No. IN5 170 023 498 
NAVSURFWARCENOIV CCRA 

November 1997 

Chemicals of Concern 

Arsenic (61 %); Heptachlor epoxide (27%) 
Beryllium (6S%) 

B(a)P (16%); B(b)F (6%); DBA (22%); IP (54%) 
B(a)P (17%); B(b)F (7%); DBA (23%); IP (53%) 

Arsenic (61 %); Heptachlor epoxide (27%) 

B(a)P (16%); B(b)F (6%); DBA (22%); IP (54%) 
B(a)P (17%); B(b)F (7%); DBA (23%); IP (53%) 

0.229 



TABLE 7-2F (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 12 of 17 

Overall Excess Pathway-Specific Cancer Risks 
Lifetime Cancer 

Receptor Population Risk Pathway 

@ ORR (Option 2A): 
Adult 3.7E-03 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of surficial groundwater 

Dermal contact with surficial groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Turkey Creek) 
Dermal contact with surface water (Turkey Creek) 
Incidental ingestion of sediment (Turkey Creek) 
Dermal contact with sediment (Turkey Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler 2.SE-03 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Turkey Creek) 
Dermal contact with surface water (Turkey Creek) 
Incidental ingestion of sediment (Turkey Creek) 
Dermal contact with sediment (Turkey Creek) 
Ingestion of homegrown fruitslvegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler/Adult 6.5E-03 

L:\WORK\CT022901\WPICCRA1\TABL7-2F.JBS 

USEPA 10 No. IN5 . 3498 
NAVSURFWARCE~h CCRA 

November 1997 

Risk Chemicals of Concern 

1.3E-05 
3.0E-OS 
6.4E-04 Arsenic (S7%); 2,4,6-TNT (2%); 2,6-DNT (4%); B(a)A 

(2%); RDX (5%) 
4. 1 E-06 

NA 
NA 
NA 

1.1E-07 
3.1E-09 
1.0E-05 
9.SE-04 B(a)P (16%); B(b)F (6%); DBA (22%); IP (54%) 
2.1E-03 B(a)P (17%); B(b)F (7%); DBA (23%); IP (53%) 

NA 

2.2E-05 
2.5E-OS 
2.6E-04 Arsenic (S7%); RDX (5%) 
6.SE-07 

NA 
NA 
NA 

1.SE-07 
1.3E-09 
5.0E-06 
3.6E-04 B(a)P (16%); B(b)F (6%); DBA (22%); IP (54%) 
2.2E-03 B(a)P (17%); B(b)F (7%); DBA (23%); IP (53%) 

NA 

CTa No. 229 



TABLE 7 -2F (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 13 of 17 

Overall Excess Pathway-Specific Cancer Risks 
Lifetime Cancer 

Receptor Population Risk Pathway 

@ ORR (Option 2B): 
Adult 3.7E-03 Incidental ingestion of surface/subsurface soil 

Dermal contact with surface/subsurface soil 
Ingestion of surficial groundwater 

Dermal contact with surficial groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Turkey Creek) 
Dermal contact with surface water (Turkey Creek) 
Incidental ingestion of sediment (Turkey Creek) 
Dermal contact with sediment (Turkey Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler 2.BE-03 Incidental ingestion of surface/subsurface soil 
Dermal contact with surface/subsurface soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Inhalation of VOCs while showeringlbathing 
Incidental ingestion of surface water (Turkey Creek) 
Dermal contact with surface water (Turkey Creek) 
Incidental ingestion of sediment (Turkey Creek) 
Dermal contact with sediment (Turkey Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler/Adult 6.SE-03 

L:\WOR· ?2901\WP\CCRA1\TABL7-2F.JBS 

Risk 

1.3E-OS 
3.0E-OB 
6.4E-04 

4.1E-06 
NA 
NA 
NA 

1.1 E-07 
3.1E-09 
1.0E-OS 
9.BE-04 
2.1E-03 

NA 

2.2E-OS 
2.SE-OB 
2.6E-04 
6.BE-07 

NA 
NA 
NA 

1.BE-07 
1.3E-09 
5.0E-06 
3.6E-04 
2.2E-03 

NA 

USEPA 10 No. INS 170 023 498 
NAVSURFWARCENOIV CCRA 

November 1997 

Chemicals of Concern 

Arsenic (B7%); 2,4,6-TNT (2%); 2,6-DNT (4%); B(a)A 
(2%); RDX (5%) 

B(a)P (16%); B(b)F (6%); DBA (22%); IP (S4%) 
B(a)P (17%); B(b)F (7%); DBA (23%); IP (53%) 

Arsenic (B7%); RDX (S%) 

B(a)P (16%); B(b)F (6%); DBA (22%); IP (S4%) 
B(a)P (17%); B(b)F (7%); DBA (23%); IP (S3%) 

Ct o. 229 



TABLE 7-2F (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 14 of 17 

Overall Excess Pathway-Specific Cancer Risks 
Lifetime Cancer 

Receptor Population Risk Pathway 

@ DR - Navy (Option 1): 
Adult 2.SE-04 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Boggs Creek) 
Dermal contact with surface water (Boggs Creek) 
Incidental ingestion of sediment (Boggs Creek) 
Dermal contact with sediment (Boggs Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler 1.1 E-04 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Boggs Creek) 
Dermal contact with surface water (Boggs Creek) 
Incidental ingestion of sediment (Boggs Creek) 
Dermal contact with sediment (Boggs Creek) 
Ingestion of homegrown fruitslvegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler/Adult 3.7E-04 

L:\WORK\CT022901\WP\CCRA1\TABL7-2F.JBS 

Risk 

6.2E-OS 
4.3E-OB 
2.5E-04 
3.9E-07 

NA 
1.BE-10 
2.3E-09 

NA 
NA 

4.5E-OB 
7.0E-06 
9.4E-07 

NA 

1.0E-05 
3.6E-OB 
1.0E-04 
6.6E-OB 

NA 
1.5E-10 
7.6E-10 

NA 
NA 

2.3E-OB 
2.5E-06 
9.5E-07 

NA 

Arsenic (99+%) 

Arsenic (99+%) 

USEPA ID No. INS 1 . ?3 498 
NAVSURFWARCHL , CCRA 

November 1997 

Chemicals of Concern 

CTC No. 229 



TABLE 7 -2F (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 15 of 17 

Overall Excess Pathway-Specific Cancer Risks 
Lifetime Cancer 

Receptor Population Risk Pathway 

@ DR - Navy (Option 2): 
Adult 1.4E-03 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Boggs Creek) 
Dermal contact with surface water (Boggs Creek) 
Incidental ingestion of sediment (Boggs Creek) 
Dermal contact with sediment (Boggs Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler 5.5E-04 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Boggs Creek) 
Dermal contact with surface water (Boggs Creek) 
Incidental ingestion of sediment (Boggs Creek) 
Dermal contact with sediment (Boggs Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler/Adult 2.0E-03 

L:\WOR 22901 \WP\CCRA 1 \TABL 7 -2F.JBS 

Risk 

6.2E-06 
4.3E-OB 
1.3E-03 
B.1E-05 

NA 
1.BE-10 
2.3E-09 

NA 
NA 

4.5E-OB 
7.0E-06 
9.4E-07 

NA 

1.0E-05 
3.6E-OB 
5.2E-04 
1.4E-05 

NA 
1.5E-10 
7.6E-10 

NA 
NA 

2.3E-OB 
2.5E-06 
9.5E-07 

NA 

USEPA 10 No. IN5 170023498 
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Chemicals of Concern 

Arsenic (55%); Beryllium (41%); RDX (4%) 
Beryllium (99%) 

Arsenic (55%); Beryllium (41%); RDX (4%) 
Beryllium (99%) 
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TABLE 7 -2F (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO. OBIOD CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 16 of 17 

Overall Excess Pathway-Specific Cancer Risks 
Lifetime Cancer 

Receptor Population Risk Pathway 

@ DR - Army (Option 1): 
Adult 2,BE-04 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Inhalation of VOCs white showering/bathing 
Incidental ingestion of surface water (Boggs Creek) 
Dermal contact with surface water (Boggs Creek) 
Incidental ingestion of sediment (Boggs Creek) 
Dermal contact with sediment (Boggs Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler 1.2E-04 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of Beech Creek groundwater 
Dermal contact with Beech Creek groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (Boggs Creek) 
Dermal contact with surface water (Boggs Creek) 
Incidental ingestion of sediment (Boggs Creek) 
Dermal contact with sediment (Boggs Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler/Adult 4.0E-04 
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Risk 

6,2E-06 
4.3E-OB 
2.SE-04 
3.9E-07 

NA 
1.BE-10 
2.3E-09 

NA 
NA 

3.0E-07 
1.1E-OS 
B.6E-06 

NA 

1.0E-OS 
3.6E-OB 
1.0E-04 
6.6E-OB 

NA 
1.SE-10 
7.6E-10 

NA 
NA 

1.SE-07 
3.8E-06 
B.7E-06 

NA 

Arsenic (99+%) 

Arsenic (99+%) 
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TABLE 7-2F (Continued) 
POTENTIAL CANCER RISKS POSED TO RECEPTOR 
POPULATIONS DUE TO OB10D CONTAMINATION AT NAVSURFWARCENDIV 
FUTURE ON-SITE RURAL RESIDENT SCENARIO 
Page 17 of 17 

Overall Excess Pathway-Specific Cancer Risks 
Lifetime Cancer 

Receptor Population Risk Pathway 

@ DR - Army (Option 2) 
Adult 1.4E-04 Incidental ingestion of surface soil 

Dermal contact with surface soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Inhalation of VOCs while showeringlbathing 
Incidental ingestion of surface water (80ggs Creek) 
Dermal contact with surface water (80ggs Creek) 
Incidental ingestion of sediment (80ggs Creek) 
Dermal contact with sediment (80ggs Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler 7.1 E-05 Incidental ingestion of surface soil 
Dermal contact with surface soil 
Ingestion of surficial groundwater 
Dermal contact with surficial groundwater 
Inhalation of VOCs while showering/bathing 
Incidental ingestion of surface water (80ggs Creek) 
Dermal contact with surface water (80ggs Creek) 
Incidental ingestion of sediment (80ggs Creek) 
Dermal contact with sediment (80ggs Creek) 
Ingestion of homegrown fruits/vegetables 
Ingestion of beef 
Ingestion of milk 
Ingestion of venison 

Toddler/Adult 2.1E-04 
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Risk 

6.2E-06 
4.3E-OS 
1.2E-04 
2.1E-07 

NA 
1.SE-10 
2.3E-09 

NA 
NA 

3.0E-07 
1.1E-05 
8.6E-06 

NA 

1.0E-05 
3.6E-OS 
4.8E-05 
3.5E-OS 

NA 
1.5E-10 
7.6E-10 

NA 
NA 

1.5E-07 
3.SE-06 
S.7E-06 

NA 

Arsenic (97%) 

USEPA 10 No. IN5 170023498 
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November 1997 

Chemicals of Concern 
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8.0 ENVIRONMENTAL RISK ASSESSMENT 

8.1 INTRODUCTION 

8.1.1 Scope 

The scope of work for this component of the task order was to conduct a field investigation and prepare an 
environmental risk assessment of the current conditions at ABG, DR, and ORR areas at 
NAVSURFWARCENDIV. Future conditions due to current and future activities at the facility (Le., continued 
OB/OD activities) were not addressed in this study. The field investigation activities and risk assessment 
approach were both documented in the Risk Assessment Work Plan (HNUS, 1995) for the ABG, DR, and 
ORR. This environmental risk assessment evaluates the potential impacts of chemical contaminants 
associated with the ABG, DR, and ORR on the environment. This environmental risk assessment was 
designed to determine if chemical contaminants at the Facility SWMUs have adversely affected ecological 
receptors. 

8.1.2 Objectives 

The primary objectives of this project were to develop a conceptual environmental risk assessment model and 
present the results of an environmental risk assessment. The environmental risk assessment was conducted 
on the air, soil, groundwater and surface water/sediment at the ABG, DR, and ORR. This risk assessment 
addresses the ecological impacts of the ABG, DR, and ORR, in accordance with the requirements of 40 CFR 
Part 264 Subpart X; the RCRA Corrective Action requirements for ABG, DR, and ORR identified in 
NAVSURFWARCENDIV's RCRA Part B permit; and USEPA's December 1989 RAGS (USEPA, 1989b). 

8.1.3 Chapter Organization 

This chapter is organized to first discuss the field investigation methodologies, laboratory data collection 
methodologies, risk assessment methodologies used in this investigation, and then present the field and 
analytical results for each SWMU, as they pertain to this environmental risk assessment. The background 
information for the site and each SWMU has been previously detailed in Section 3.0 of this document. 

The field methodologies include the procedures for facility setup, tissue sampling, and ecological population 
surveys. The data collection and laboratory methods consist of field quality assurance, laboratory quality 
assurance and analytical methods. The risk assessment methodology includes the ecological assessment 
methodologies. The field and analytical results consist of data collected from site media, nature and extent 
of contamination and risk assessment results. Conclusions and recommendation are lastly provided on a 
SWMU-specific basis. 

8.2 FIELD INVESTIGATION METHODOLOGIES 

This section describes the facility setup and procedures that were followed for collecting samples specific to 
the environmental risk assessment at the three SWMUs within NAVSURFWARCENDIV. The RA field 
activities included tissue sampling and ecological population surveys. Field activities were conducted in 
August through September 1995. 

8.2.1 Facility Setup/Field Schedule 

As part of the prefield activities, the following facilities and services were setup: 

• 
• 
• 
• 
• 

Office trailer. 
Electrical service. 
Telephone service. 
Ice machine. 
Portable toilet services. 
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• Water source (drinking and distilled water) . 
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Coordination with NAVSURFW ARCENDIV was essential for placement of the office trailer. Location was such 
that electrical and telephone services were readily available. 

Mobilization, sampling sequences, and field team responsibilities were implemented to maximize efficiency 
of personnel use, pre-mobilization arrangements, and field data prerequisites. The actual scheduling of field 
work and work plan implementation was predetermined to provide access to the sampling areas without delay. 
Coordination by Rust and the lead person for the DR, ORR, and ABG areas was essential both for health and 
safety reasons and access reasons. The Jeep Trail Area near the ABG area was accessible at any time 
during the field activities and provided an area to collect samples if another area was temporarily closed to 
the field personnel. Temporary closure of areas was due to ongoing operational activities. 

8.2.2 Tissue Sampling 

8.2.2.1 Sample Locations 

Vegetation and wildlife tissue samples were collected from vegetation and wildlife species (both aquatic and 
terrestrial) located upgradient, at, and downgradient of each SWMU. The physical locations as well as the 
number of samples collected were determined based on field work conducted as part of the Ecological 
Population Surveys described in Section 4.8 of the RAWP (Halliburton NUS, 1995). Since most of the ABG 
and the DR sites were severely disturbed as a result of the SWMU activities, sample sites adjacent to these 
areas were used to obtain tissue samples. In addition, control sites outside the areas of influence of the three 
SWMUs were selected for background tissue sample collection. The quantity of samples collected from each 
SWMU and the sample identification numbers are presented in Table 8-1. The sample locations are shown 
on Figures 8-1 and 8-2. 

8.2.2.2 Procedures 

Vegetation tissue samples were collected as grab samples by hand-picking herbaceous vegetation known 
to be a forage source for indigenous wildlife species. Samples collected included foliage, fruits, and mast 
materials. The location and type of sample was noted at the time of collection on sample data sheets 
(Appendix J-1 ). 

Wildlife tissue samples were collected as grab samples. Both seining and electrofishing techniques were 
used to obtain fish samples (Appendix J-2) which were then bagged and immediately placed on ice in coolers. 
Terrestrial wildlife tissue samples were obtained from small and intermediate sized mammals using live
trapping procedures (Appendix J-3). Terrestrial animals selected for tissue analysis were sacrificed in closed 
sample containers in a carbon monoxide rich atmosphere. After expiration, the small mammals were bagged, 
labeled, and immediately placed on ice. For intermediate and large wildlife species, select tissues (such as 
liver, kidney, or muscle tissue) were removed and placed on ice. Tissue samples were also collected from 
one deer specimen and one squirrel specimen after they had been struck by vehicles at or near the respective 
SWMUs. 

8.2.2.3 Analytical Parameters 

With the exception of Wildlife Sample 06WT-A03-01, tissues samples were analyzed for VOC, SVOC, metals, 
cyanide, explosives, and nitrite+nitrate. Sample 06WT -A03-01 from the DR was analyzed for metals, cyanide, 
explosives, nitrite+nitrate due to small sample volume. 

8.2.3 Ecological Population Surveys 

The vegetation, mammals, and birds of NAVSURFWARCENDIV were characterized using the methods 
described below. Throughout the field program, Halliburton NUS team members were looking for signs of 
amphibians, reptiles, and listed threatened and endangered species. 
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8.2.3.1 Vegetation 

Sample Locations 
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A survey of dominant vegetation communities was conducted to characterize the vegetation in the area of 
each of the three SWMUs. Five sample locations were surveyed around each of the three SWMUs. Since 
both the ABG and DR are disturbed sites, sample sites adjacent to these areas were used for vegetation 
sampling. Two control sites outside the areas of influence of the three SWMUs were sampled for background 
characterization. Sample locations are shown in Figures 8-1 and 8-2. 

Procedures 

Dominant vegetation communities adjacent to the ABG, ORR, and DR were sampled using the nested-plot 
technique. The vegetation survey locations were marked with lath or flagging. The overstory, understory, and 
herbaceous ground cover strata were sampled. Information including species presence, species density, 
species of dominance, and species importance value was obtained from measurements made of each strata 
within the individual sampling areas. The presence and condition of lichens within and outside the area of 
SWMU influence was also noted as both crustose and foliose lichens may serve as an indicator of the extent 
of migration of contaminants off-site and their subsequent effects to the indigenous vegetation. Terrestrial 
vegetation survey sampling locations were recorded on a large-scale site map (Figures 8-1 and 8-2) and 
photographs of the sampling site locations were taken (Appendix K). Information recorded in the field 
notebook included: plant species present in each sampled community, relative density of the canopy 
understory and ground cover layers, relative soil moisture, general topography, observations of stressed 
vegetation, and signs of wildlife and area use by wildlife. Additionally, the general extent of each community 
was hand-drawn in field notebooks. In addition, a qualitative vegetation sampling area description sheet was 
filled out for each of the sampling areas to provide additional information concerning the species presence 
or absence from each sampling area. 

8.2.3.2 Aquatic 

Sample Locations 

Macroinvertebrate and fish surveys were conducted in water bodies and drainageways upgradient, at, and 
downgradient of the ABG, ORR, and DR (three locations each, total nine macroinvertebrate stations). Sample 
locations included Little Sulphur Creek and Springs A, B, and C (ABG), and along Turkey Creek and Boggs 
Creek in the vicinity of the ORR and the DR (Figures 8-1 and 8-2). Wherever possible, the macroinvertebrate 
sampling stations were located near surface water and sediment sampling locations. Three background 
sampling stations were established outside of the influence of the ABG, ORR, and DR for population and 
species survey comparisons (Figure 8-2). 

Procedures 

Macroinvertebrate Survey 

Macroinvertebrate sample collection deviated from the methods presented in the RAWP. Instead of using 
a dredge and shovel to collect sediments, a D-frame kick net was used to collect macroinvertebrate samples. 
The D-frame net was placed downstream, and the sediments were disturbed using a constant front-to-back 
kicking motion. Dislodged macroinvertebrates were either carried by the current into the net or the net was 
drawn through the area of disturbance. The net was inverted in a plastic tub and specimen samples were 
hand picked from the net, the sediment, and debris. Additional samples were collected by sweeping any 
submerged vegetation with the kick net. Macroinvertebrate samples were also collected by hand picking 
through the coarse particulate matter (Le., leaf packs) present in the stream channel. The collected samples 
were placed in plastic bags, labeled, and 70 percent isopropanol was added to each sample bag as a 
preservative. The samples were brought back to the office for taxonomic determination of the species 
composition of the collected specimens. 
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The macroinvertebrates collected during the stream and pond survey were identified to the lowest practical 
taxon and the Shannon-Weiner index was calculated to provide an estimate of the benthic macroinvertebrate 
species diversity. 

Fish Survey 

The fish fauna were sampled at the same sampling stations used for the macroinvertebrate collection. Where 
possible, upstream and downstream nets were placed in the stream to compartmentalize the individual 
sampling segments. After the nets were placed, the field investigators used an electrofishing backpack unit 
to stun the fish and crayfish. The stunned specimens were collected using a fish net and transferred to a 
plastic pail containing stream water. Individual species were determined and counted and any notable lesions 
or abnormalities observed were recorded on field data sheets. Specimens not kept for laboratory analysis 
were released into the stream from which they were caught. 

8.2.3.3 Mammals 

Sample Locations 

Mammal survey points were established for all three SWMUs. At the ABG, one small mammal trapline 
(consisting of 80 traps) was located south of the burning ground. A second small mammal trapline (consisting 
of 80 traps) and five intermediate mammal traps were located south of the OJT and west of Little Sulfur Creek. 
Sample location areas at the ABG are shown on Figure 8-1. 

At the DR, a small mammal trapline (consisting of 80 small mammal traps) and five intermediate mammal 
traps were established west of the DR along Highway 4S. A small mammal trapline (consisting of 80 small 
mammal traps) and five intermediate mammal traps were also located west of the ORR. Sample location 
areas in the DR and ORR are shown on Figure 8-2. 

Procedures 

Small mammal populations in the individual survey communities were censused using live-traps placed in 
traplines. A total of 40 stations were used for a trapline with two livetraps set at each station. [Station 
distances and placement was adjusted to assure that the small mammal trapping took place within the same 
vegetation community.] Traps were baited and set for three nights at each location. Individual species were 
observed, and species, the sex, and the reproductive condition of each animal caught was recorded on Small 
Mammal Live Trapping Data Forms (Appendix J-3). 

8.2.3.4 Birds 

Sample Locations 

Bird census transects were established for all three SWMUs. At the ABG, the bird transect followed the OJT 
as shown on Figure 8-1. The DR bird transect was located southwest of the DR and included sedimentation 
ponds Nos. 1 and 2. The ORR bird transect was a continuous loop encircling the ORR. The DR and ORR 
bird transect locations are shown on Figure 8-2. 

Procedures 

Bird transects were walked at dawn and at dusk on three consecutive days. Any birds observed or heard 
calling were noted in field notebooks by location along the transect. Unknown calls were recorded on a 
handheld tape recorder and checked against known reference bird call tapes to determine the unknown 
species. Once identified, the species was recorded in the field notebook. 
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8.3 DATA COLLECTION AND LABORATORY METHODS 

8.3.1 Field Quality Assurance/Quality Control 
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To achieve the overall project Data Ouality Objectives (DOOs), proper sample collection, handling, and 
shipping and data handling procedures as outlined in the RAWP (Halliburton NUS, 1995) were followed in 
field. These procedure, which are described in the following sections, were used for both the environmental 
media samples and the biological samples. 

8.3.1.1 Field Blanks 

Six field blank samples were collected by the Halliburton NUS team. Field blanks consisted of samples of 
source water. Three samples of the deionized water used for decontamination and three samples of the 
laboratory ASTM Type II water were sampled and analyzed for the same suite of parameters as that of 
investigation samples. 

8.3.1.2 Field Duplicates 

Field duplicate results are used to assess the preCision of the sample results including the reproducibility of 
sampling and analytical procedures. Field duplicate samples were collected at a frequency of 1 per group of 
10 or fewer investigative samples. Field duplicates and extra volume samples for laboratory quality control 
were collected at the same time and in the same manner as the original samples. 

8.3.1.3 Trip Blanks 

A total of nine trip blanks were sent with the water, soil, and tissue VOC samples collected by the Halliburton 
NUS team. Trip blanks are used to detect potential contamination by volatile organic compounds (VOCs) 
during sample shipping and handling. Trip blanks consisted of 40 ml VOA vials of ASTM Type II water that 
were filled at the sampling site and returned to the laboratory with VOC samples. Each trip blank was stored 
at the laboratory with associated samples and analyzed and reported as water samples. 

8.3.1.4 Sample Custody 

Sample COC was initiated by the field sampler at the time of sample collection. The field sampler was 
responsible for the care and custody of the samples until they were transferred to the sample custodian. 
Custody transfer was facilitated by and documented on a Field Custody Card including the following 
information: 

• 
• 
• 
• 
• 
• 

Sample location. 
Date and time sample was collected. 
Depth of sample (if applicable). 
Summary of the number and type of sample containers. 
Field sampler's signature. 
Date and time the samples were relinquished to the Sample Custodian and the Sample 
Custodian's signature. 

The field sampler kept the samples in a cooler with ice. The cooler was kept in the sight of the sampler or 
in a locked vehicle until the samples were relinquished to the sample custodian. 

When the samples were relinquished to the sample custodian, the sample custodian verified that samples 
listed on the Field Custody Card were present in the cooler. If all samples were present, the sample custodian 
signed the card. Information on the cards was used by the sample custodian to complete the COC Record 
and the Field Sample Logbook. 

A COC Record was initiated by the Sample Custodian. The label numbers, sample identifiers, date and time 
sample was collected, and sample custodian's signature were listed on the COC record. When transferring 
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the possession of samples, the individuals relinquishing and receiving signed, dated, and noted the time on 
the COC record. The COC record documents the transfer of sample custody from the Sample Custodian to 
the laboratory, or to/from a secure storage area. 

Samples in the possession of the Sample Custodian which had not been packaged for shipping were 
temporarily stored in secured (taped, custody seals) coolers with ice packed around and on top of the samples 
to maintain the temperature of the samples or in a secured (locked) freezer. 

Samples were packaged for shipment and dispatched to the laboratory for analysis, with a separate signed 
custody record enclosed in each sample cooler. The cooler was latched and secured with strapping tape. 
The Sample Custodian initialed and dated the custody seals attached to the front right and back left of the 
cooler. The custody seals were then covered with clear plastic tape and with strapping tape. 

Shipments were accompanied by the COC Record identifying the contents. The original copy (white) and 
yellow copy accompanied the shipment, and the pink copy was retained by the Sample Custodian and 
returned to the project files. 

A bill of lading was used by the common carrier. Receipt of bills of lading were retained as part of the 
permanent custody documentation. Commercial carriers are not required to sign off on the custody forms as 
long as the custody forms are sealed inside the sample cooler and the custody seals remain intact. 

8.3.2 Analytical Methods 

Analytical methods as listed in Table 8-1 of the QAPP were followed with the exception of nitrate+nitrite 
method. The nitrate+nitrite method listed in the QAPP is EPA 300; however, the method used for analysis 
was EPA 353.2. The QAPP quantitation limit for aqueous samples has been reached using this methodology; 
however, the soil and tissue samples reported a quantitation limit of 1 mg/kg while the QAPP listed a limit of 
0.4 mg/kg. Approximately 50 percent of the soil and tissue samples were reported as nondetects and may 
have been affected by this elevated quantitation limit. 

8.3.3 Laboratory Quality Assurance/Quality Control 

Laboratory quality assurance/quality control was thoroughly reviewed utilizing data validation procedures as 
outlined in both the national functional guidelines and Region 5 guidelines. 

8.4 RISK ASSESSMENT METHODOLOGY 

8.4.1 Ecological Assessment 

To characterize the potential risk to the flora and fauna at the site, a baseline ecological risk assessment was 
conducted in accordance with the workplan submitted by HNUS (1995). The methodologies used to conduct 
this ecological risk assessment are described below in Sections 8.4.2 through 8.4.6. The results of the 
ecological risk assessment are discussed separately for each SWMU in Sections 8.5, 8.6, and 8.7. 

8.4.2 Selection of Chemicals of Potential Concern 

For each SWMU, samples of the surface water, surface soils, ground water and sediments were collected 
as discussed in Section 7.0. Since exposure to contaminants in ground water is generally not considered to 
be a potential exposure pathway for wildlife, ground water was not included as a potential exposure pathway 
for the ecological risk assessment. Where ground water does reach the surface and is accessible to wildlife 
(such as the springs), surface water samples were collected to obtain a direct measurement of potential 
contaminants of concern. 

For each medium of concern (specifically, surface soils, surface water, and sediments), an exposure point 
concentration was calculated as explained in Section 8.2. For surface soils, the exposure point concentrations 
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were compared to typical ranges in U.S. soils, mean concentrations for eastern U.S. soils, mean 
concentrations in Ohio farm soils, draft soil screening levels published by the USEPA, state soil action 
guidelines, or international soil action guidelines. 

For surface water, the exposure point concentrations within each designated SWMU were compared to fresh 
water chronic ambient water quality criteria (AWQC) published by the USEPA and typical ranges reported in 
U.S. water sources. 

Lastly, for sediment concentrations, the exposure point concentrations for each individual SWMU were 
compared to ER-L and ER-M values as reported by NOAA. An ER-L is a concentration at the low end of the 
range of concentrations for which effects have been observed, and an ER-M is a concentration approximately 
midway in the range of reported values associated with biological effects. 

Compounds of potential ecological concern (COPECs) for each media and SWMU were then selected based 
on exceedance of the typical background concentration and/or regulatory criteria or standard. COPECs are 
presented as shaded areas on Tables 8-2 through 8-10. 

8.4.3 Exposure Assessment 

Ecological exposure assessment relates to the source and mechanism of release, media of concern, receptor 
points, and routes of exposure. An estimation of the exposure point concentrations of contaminants and their 
uptake is made. These elements are discussed in the following subsections. 

8.4.3.1 Selection of Ecological Endpoints 

The following assessment endpoints were identified in the final workplan: 

• Are COPECs adversely affecting the viability of the primary producers? 

• Are COPECs adversely affecting the viability of the primary consumers? 

• Are COPECs adversely affecting the viability of the secondary consumers? 

• Are COPECs adversely affecting the viability of the tertiary consumers? 

Measurement endpoints to address the assessment endpoints included: 

• 

• 

8.4.3.2 

Estimated toxicity concentrations for primary producers and primary, secondary and tertiary 
consumers. 

Observations of cover and population characteristics for primary producers, primary, secondary 
and tertiary consumers. 

Identification of Potential Exposure Pathways 

The contaminant pathways within the ecological environment at Crane are illustrated in Figure 8-3. The major 
media pathways, species interactions and the routes of exposure are illustrated in these figures. 

Air, soils, sediments and surface water are the major functional pathways through which contaminants at 
NAVSURFWARCENOIV can reach the ecological communities. The air pathway includes direct inhalation 
and particulate deposition. Contaminants can be transported through the air pathway, from the combustion 
or explosion of contaminant materials at specific areas, potentially transporting these contaminants to 
downwind locations. The extent and amount of this airborne transport is highly dependent on the extent of 
combustion, size of the explosions, and the weather conditions at the time of the activities. 
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The soil pathway results from direct deposition of contaminants and progressive accumulation in the soil. 
Likewise, the surface-water pathway results from point and non-point discharge of contaminants into the 
surface waters. Contaminants may also accumulate in the sediments and be released back into the surface 
water at a later time. 

Through these pathways, the contaminants enter the food chain either by direct ingestion, dermal contact, or 
secondary ingestion resulting from grooming and preening behaviors. At this stage, contaminants can either 
be eliminated from the food chain, concentrated, or transferred to a higher trophic level resulting from the 
predator-prey relationships illustrated in Figure 8-3. As stated previously, the groundwater pathway was not 
considered to be a functional pathway because groundwater is only a concern for wildlife where it surfaces. 
For the three SWMUs, springs located near the ABG and OJT are the only places where contaminants in the 
ground water may potentially impact wildlife species. For the purposes of this ecological risk assessment, the 
sample data from the springs was aggregated with the surface water data. 

Additionally, the air pathway was not evaluated separately due to a lack of sufficient toxicity data for wildlife 
concerning inhalation of COPECs. Deposition onto the soils and subsequent transport to surface waters and 
sediments was accounted for in each of these separate pathways since direct measurements of the 
concentrations of the COPECs were collected from these media. 

8.4.3.3 Selection of Key Ecological Receptors 

At NAVSURFWARCENDIV, the site vegetation forms the foundation of the food chain. The presence of a 
diverse plant cover over the base and the characteristics of the installation, when compared to the cultivated 
and developed lands surrounding the site, make the base a relatively unique area in terms of the diversity of 
vegetation and wildlife communities present. A variety of birds and small, intermediate, and large mammals 
directly consume the site vegetation. 

Based on the foundation provided by the vegetation, a variety of insect and invertebrate species utilize the site. 
The insects and invertebrates common to the site occur throughout most of the vegetation habitat areas. 
They include every conceivable food chain level from primary consumers to secondary and tertiary carnivores. 
The insect and invertebrate component of the base include grubs, worms, grasshoppers, centipedes, 
leafhoppers, millipedes, ants, wasps, crickets, spiders, bees, beetles, aphids, flies, mites, and a host of other 
species. This trophic level is in turn used extensively by insect-eating birds, amphibians, reptiles, and 
mammal's. 

The herbivores and omnivores provide the prey base for the primary carnivores at the site including raptors, 
amphibians, reptiles, and intermediate and large mammal species. The primary carnivores have a wide 
variety of prey base species from which to select at the site. At the upper end of the food chain are the top 
carnivores, including raptors and large mammal species. 

Potential key ecological receptors were identified based on the biological studies conducted at the site as 
described in Section 8.2.3. Because of the diversity of wildlife present at the base, a subset of receptor 
species, or category of organisms was selected to serve as indicator species that are representative of 
organisms one might expect to find in the various major habitats on and in the vicinity of each SWMU. 
Selection of indicator species was based on distribution within the study area (Le., differing habitats), trophic 
level (Le., primary, secondary or tertiary consumer), and availability of biological and toxicological information. 

Selected species included belted kingfisher, mallard, red-tail hawk, deer mouse, red fox, raccoon and white
tail deer. Plants were also evaluated qualitatively since various vegetation types are represented at the base. 
Summaries of the life histories of various species of concern, are presented in Appendix L. 

For some species, toxicity information was lacking, so another similar species was evaluated to obtain an 
estimate of exposure to a COPC. For example, toxicity data for sheep and other domestic animals were 
assumed to be similar for deer; toxicity data for dogs were assumed to be similar for red fox; etc. 
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Endangered and threatened species are also considered potential key ecological receptors. Biological 
surveys were conducted for the Rough Pigtoe Pearly Mussel, which is reported to occur in several creeks near 
the Crane Naval Base. The survey was conducted as described in Section 4.8, and no evidence of the 
mussel was observed during these studies. Biological surveys were also conducted to determine the 
presence or absence of the Indiana Bat at the SWMUs; the results of this survey and subsequent risk 
characterization for this species are presented in Appendix P. 

8.4.3.4 Exposure Point Concentrations 

Calculation of the exposure point concentration (Le., the amount of a substance contacted by a receptor 
through a given pathway) is explained in Section 7.0 for each media of concern. Exposure point 
concentrations are presented on Tables 8-2 through 8-10. 

8.4.4 Toxicity Assessment 

For each of the selected COPECs, a summary of various toxicity information as it relates to wildlife is 
presented in Appendix M. The phYSical/chemical properties, bioaccumulation potential, persistence, 
degradation, transformation products and toxic doses are included in this appendix. 

8.4.5 Risk Characterization 

The environmental benchmark concentrations for ecological evaluation were established using the soil, 
sediment and surface water analytical results for the COPECs. For sediments, the exposure point 
concentrations were compared to regulatory criteria and standards. If COPEC concentrations exceeded the 
regulatory value, then further evaluation of the potential detrimental effects to biota was conducted. For soils 
and surface water, the exposure point concentrations were compared to regulatory criteria and typical 
background concentrations. If concentrations exceeded either of these values, then further evaluation was 
conducted as explained below. 

For the COPECs in soils and sediments, an estimated ingestion rate was calculated based on guidance in 
Wildlife Exposure Factors Handbook (USEPA, 1993). An average daily dose for soil/sediment ingestion was 
calculated for the various indicator species based on the exposure point concentration of the COPEC in the 
medium, the fraction of soil/sediment in the diet, food ingestion rate, fraction of the food intake from the 
SWMU of concern, and body weight of the animal. Appendix N presents the calculations and factors used 
to determine estimated soil/sediment ingestion rates. These estimated ingestion rates were then compared 
to the toxic value as reported in the literature for the COPEC. Ingestion values that exceeded the No 
Observed Adverse Effect Level (NOAEL) or 0.01 of the L050 value were then further evaluated as to the 
potential detrimental effects on the biota. Similar calculations were made for ingestion of COPECs in surface 
water and through dietary intake for selected prey species. These calculations are also presented in 
Appendix N. 

Lastly, population studies (focusing on diversity and abundance) were conducted to detect measurable 
differences that might be attributed to the activities at the SWMUs. The results of these studies are discussed 
in Sections 8.5.2, 8.6.2, and 8.7.2. In addition to the species abundance and diversity information, selected 
vegetation and wildlife species were collected for quantitative tissue analysis to determine if there is any 
evidence of bioaccumulation of the COPECs. Results of the tissue sampling are discussed in 
Sections 8.5.1.4, 8.6.1.4, and 8.7.1.4. 

8.4.6 Uncertainty Analysis 

There are several important uncertainties concerning this ecological risk assessment that should be 
considered when interpreting the results. First, the exposure pOint concentration of a compound used for this 
ecological risk assessment was designed to be as reasonably conservative as possible. This concentration 
incorporates a larger margin of safety when considering the toxicity of a compound to a number of different 
species for both flora and fauna. 
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Another factor in the uncertainty regarding this ecological risk assessment is that mostly lethal doses were 
evaluated for animal species, not the lowest observed adverse effect level (LOAEL) or the No Observed 
Adverse Effect Level (NOAEL). Lethal doses were used because the amount of information in the literature 
is much greater for lethal doses than for NOAELs and LOAELs and because lethal effects are much easier 
to diagnose and reproduce than NOAELs or LOAELs. To counter this potential for underestimating the 
potential risk, an uncertainty factor of 100 was used to characterize the potential risk (i.e., 0.01 of the reported 
L050 value). 

An additional factor in the uncertainty is that values for inhalation of soil particles are not included in the total 
toxic dose for a contaminant.' For most sites, inhalation of toxic compounds will only be a concern if the site 
is disturbed or excavated sometime in the future. Most animal species can avoid inhalation of dust by moving 
to a different location. For plants, deposition of an airborne contaminant on the leaves and stems is 
considered in the toxic dose (any toxic effects were noted for plant species, not just lethal effects) and if there 
is foliar uptake by plants, later ingestion by herbivores is considered as part of the ingestion exposure 
pathway. 

Additionally, the potential carcinogenic effects for several of the COPCs at NAVSURFWARCENOIV were not 
included in this ecological risk assessment because of the relatively short life spans of the animal species of 
concern at this site. Because of this, the primary emphasis of this ecological risk assessment was focused 
on the toxic effects of the contaminants on wildlife species. Carcinogenic effects may be considered to be 
more important when evaluating the future use of the site, such as raising livestock, which may have a more 
prolonged life span than wildlife species. 

In terms of temporal distribution, it is assumed that the nature and concentration of constituents measured 
in site samples will remain constant over time. In actuality, the concentrations of most COPECs will likely 
decrease over time due to transportation (i.e., volatilization, biodegradation, movement with sediment 
transport, movement with water flow, etc.). 

Living organisms are variable in many ways and in terms of their response to chemicals in the environment. 
Individuals vary in their sensitivity to chemicals depending on life stage and the presence of other stressors 
such as temperature extremes and predation pressure. There is also uncertainty in involved in extrapolating 
laboratory experimental data to the field. In the laboratory, conditions are controlled so that the effects of only 
one parameter are evaluated at a time. 

Other factors leading to uncertainty include potential adaptation of organisms to environmental changes and 
possible additive effects among chemicals resulting in exacerbation or reduction in toxic effects. 

8.5 AMMUNITION BURNING GROUNDS AND JEEP TRAIL (SWMU #03/10) 

8.5.1 Field and Analytical Results 

This section presents the field and analytical results for environmental samples collected as part of the RA. 
Samples were collected for chemical analysis from six different media including surface soil, surface water, 
sediment, vegetation, aquatic, and mammal tissue. Physical descriptions and analytical results for these 
media are discussed in the following subsections. In addition, the results of an ecological population survey 
are discussed. Corresponding field forms for respective biological media are presented in Appendix J-1 
through J-3. 

8.5.1.1 Surface Soil 

In order to characterize the soil in the ABG, the Halliburton NUS team collected 23 surface soil samples (0- to 
2-foot bgs) from two areas. Sample locations are shown on Figures 4-26 and 4-27. The analytical results 
for these surface soil samples are presented in Tables 4-7 and 4-8. 
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In order to characterize the surface waters in the ABG, the Halliburton NUS sample team collected 15 stream 
and spring samples. Ten stream samples were collected at locations along Little Sulphur Creek (Figure 4-28). 
Field measurements of pH, temperature, conductivity, dissolved oxygen, turbidity, color, odor and water depth 
are noted on the Surface Water/Sediment Data Forms. The analytical results for these stream samples 
(surface water) are presented in Table 4-10. 

Surface water samples were collected from five spring locations surrounding the ABG. Spring water samples 
were collected from Spring-A, Spring-B, and Spring-C from the Little Sulphur Creek valley and from two off
facility springs, Spring-8 and Spring-9 located below the confluence of Little Sulphur Creek with Johnson 
Hollow (Figure 4-29). Spring samples were collected from flowing water at depths ranging from 2 to 6 inches. 
Turbidity was low for all five spring samples. The analytical results for these surface water samples are 
presented in Table 4-12. 

8.5.1.3 Sediment 

In order to assess the sediments in the ABG, the Halliburton NUS sample team collected six sediment 
samples from Little Sulfur Creek streambed locations (Figure 4-28). Sample 03SD-ABG-14 was collected 
from a small pool in the streambed where the water had ponded to a depth of 8 inches. All other samples 
were collected from dry streambeds. 

The sediments along the Old Jeep Trail and at two of the three background locations were alluvial stream bed 
deposits classified as clayey gravel with sand (GC). Other sediment description information is provided on 
the Surface Water/Sediment Data Forms. The analytical results for these surface water samples are 
presented in Table 4-11. 

8.5.1.4 Tissue Samples 

In order to characterize the potential for the transport of COPECs through the food chain and potential 
bioaccumulation of these COPECs, tissue samples were collected from various species occurring in the ABG. 
Methods used to collect the tissue samples are described in Section 8.2.2 of this chapter. The results of this 
sampling effort are summarized below in the following subsections. 

8.5.1.4.1 Animal Tissues 

A total of four animal tissue samples were collected at the ABG. The samples consisted of two duplicate 
samples from raccoon liver and muscle tissues, which were analyzed for VOCs, SVOCs, explosives, metals, 
cyanide and nitrogen (as nitrate+nitrite). A summary of the tissue sample results for the ABG are presented 
on Tables 8-11 and 8-12. 

Several inorganic compounds were not detected in the raccoon samples. Specifically, beryllium, cobalt, 
cyanide, nickel, and silver were all below detection limits. Mercury, vanadium and nitrogen were detected in 
the liver samples from the raccoon, but not in the muscle samples. The only organic compounds detected 
in the raccoon samples were toluene and 2-butanone. Toluene was detected only in the liver samples, and 
2-butanone was detected in both the liver and muscle samples. 2-butanone may be a result of laboratory 
contamination since it is commonly used in the analytical process. 

8.5.1.4.2 Vegetation Tissues 

A total of five vegetation tissue samples were collected from this SWMU, including one duplicate. Species 
sampled included hickory nuts, whitegrass, beech nuts, and red maple seedlings. All tissue samples were 
analyzed for VOCs, SVOCs, explosives, metals, cyanide, and nitrogen (as nitrate+nitrite). 

Several inorganic compounds were not detected in the vegetation samples. Specifically, beryllium and 
mercury were below detection limits for all species sampled. Cyanide and selenium were detected in only one 
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hickory sample; vanadium was detected in the whitegrass, beech nuts and red maple samples; silver was 
detected in the red maple sample; and nitrogen was only detected in the whitegrass sample. Toluene was 
detected in all of the vegetation samples; xylenes were detected in whitegrass, beech nuts and red maple 
samples, and carbon disulfide was detected in the whitegrass and red maple samples. 

For comparison purposes, five samples (including one duplicate) of vegetation were also collected from a 
control (non-impacted) area. Species sampled included grapes, red maple seedlings, hickory nuts, and 
whitegrass. Detections in these control samples were similar to that of the ABG, except that low levels of 
beryllium and mercury were detected in some of the hickory nut samples. 

8.5.1.4.3 Aquatic Tissue Samples 

A total of seven aquatic tissue samples were collected from the ABG (including 1 duplicate). Species sampled 
included minnows, suckers, crayfish, bass and frogs. All tissue samples were analyzed for VOCs, SVOCs, 
explosives, metals, cyanide, and nitrogen (as nitrate+nitrite). 

Inorganic compounds that were not detected in any of the aquatic samples from this SWMU included 
beryllium, cyanide, mercury, nickel and silver. Lead was detected in one frog sample; vanadium was detected 
in the suckers and crayfish; and cobalt was detected in one minnow sample. 2-butanone was detected in all 
of the aquatic samples and may be the result of laboratory contamination. Methyl isobutyl ketone was 
detected in the one frog sample; toluene was detected in the crayfish, bass and frog samples; diethylphthalate 
was detected in the minnows, suckers and bass; and carbon disulfide was detected in the minnow, sucker 
and frog samples. 

8.5.2 Ecological Population Surveys 

8.5.2.1 Setting 

The Ammunition Burning Grounds (SWMU #03/10) is located in the east-central portion of 
NAVSURFWARCENDIV, and covers an area of approximately 20 acres. The land surrounding the ABG site 
is wooded. The Little Sulphur Creek passes through the site area and carries runoff from the sloped land 
surrounding the active ABG operational area in a flow pattern to the south of the site, along the Old Jeep Trail. 
The following descriptions are based on terrestrial and aquatic field studies conducted during the fall of 1995. 
Photo documentation of the various studies conducted at the ABG site are included in Appendix K as photos 
10 to 15 (Vegetation studies), 19 (Mammal studies), and 43 to 46 (Fish sampling studies). Species Lists for 
studies conducted are provided in Appendix O. 

8.5.2.2 Vegetation 

Within the ABG SWMU area the dominant tree species within the overstory and the understory consist of 
deciduous broad-leaved hardwood species (Appendix 0, Tables 1 & 2). The slope exposure to the sun and 
the various soil types that occur in the different wooded slope locations contribute to the variety in species 
composition that is noted for this and all of the study areas at the installation. The following discussion 
considers the individual sampling areas and identifies the important findings of the field program relative to 
the various species observed and measured at the ABG site. The scientific and common names of the 
vegetation species described in the text are provided as cross-indexed tables. These tables are included in 
Appendix O. 

ABG Vegetation Plot 1 

In this area, (Figure 8-1) (Appendix K, Photo 10) the overstory vegetation on the northwest facing slopes 
consisted of (in descending order of importance) mockernut hickory, shagbark hickory, sugar maple, 
American beech and white oak (Appendix 0, Table 3). A total of 11 trees were tallied from this location. Total 
basal area on a per acre basis for this sampling location was 529 square inches (3.67 square feet). 
Appendix K, Photograph 10, illustrates the sampled location. Note the shade cover in this location. Canopy 
closure in this area was estimated to be between 70 to 85 percent. 
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For the same plot area the understory vegetation included four species with Flowering dogwood the dominant 
followed by white oak, sugar maple and American beech (Appendix 0, Table 4). Only four species were 
recorded from the understory in this location. Photo 10 illustrates the significant shading in this area 
accounting for the sparse representation of understory in this area. 

Ground cover vegetation in the Plot 1 area was considered to be sparse varying from 5 to 19 percent relative 
cover (Appendix 0, Tables 5 - 8). Ground cover was dominated by flowering dogwood seedling, smooth 
rush, panic grass, hickory seedlings, and deertongue. Photo 10 exhibits the open understory and the relatively 
open ground cover condition of this portion of the sampling area. 

ABG Vegetation Plot 2 

The plot 2 area (Figure 8-1) (Appendix K, Photo 11) was located in an area of north facing wooded slopes. 
The overstory in this sampling location was determined to be composed of eight tree species in descending 
order of importance including; tuliptree, sassafras, red oak, eastern red cedar, American beech, sugar maple 
and flowering dogwood (Appendix 0, Table 9). A total of 16 individual trees were tallied from this sampling 
location. Basal area on a per acre basis for this sampling area was 744 square inches (5.16 square feet). 
The only understory species recorded from this location was flowering dogwood and represented a single plot 
record (Appendix 0, Table 10). 

Ground cover vegetation in this sampling location was more dense than recorded for the first sampling plot 
in this area. Percent cover values ranged from 19.8 to 33 percent (Appendix 0, Tables 11 - 14). A total of 
16 separate species were recorded from the ground cover plots. The dominant ground cover species at this 
location included in order, flowering dogwood seedlings, pasture rose, ebony spleenwort, hog peanut, white 
ash, and wild yam. 

ABG Vegetation Plot 3 

I n this area, (Figure 8-1) (Appendix K, Photo 12) The overstory vegetation included a total of 7 species 
recorded from this northeastern facing slope exposure area (Appendix 0, Table 15). The dominant species 
in order in this location included sugar maple, tuliptree, white oak, mockernut hickory, red oak, shagbark 
hickory and flowering dogwood. This sampling area was found to have essentially the same basal area as 
noted for Plot 2 above, 744 square inches (5.16 square feet). 

In addition, only one understory species was tallied from this sampling location. Sugar maple was counted as 
the understory species, and eight separate trees comprised the understory representation of this species 
(Appendix 0, Table 16). 

The ground cover vegetation in this site area (Figure 8-1 )(Appendix K, Photo 12) was similar to that recorded 
for the previous plot sample area. In this location the cover ranged from 3 to approximately 30 percent. A total 
of 13 species were recorded from this location (Appendix 0, Tables 17 - 20). Dominant species in order of 
importance included tree clubmoss, wild yam, white snakeroot, American beech seedlings, and bluegrass. 

ABG Vegetation Plot 4 

In this area, (Figure 8-1 )(Appendix K, Photos 13 and 14) overstory vegetation in this east slope exposure 
location included a total of eight species including in order, sugar maple, shagbark hickory, American beech, 
tuliptree, ironwood, mockernut hickory, eastern red cedar, and flowering dogwood (Appendix 0, Table 21). 
Basal area volume was higher in this area than noted for the previous sampling plots with a value per acre 
of 916 square inches (6.37 square feet). Canopy coverage in this area was very complete (95 percent) as 
can be seen from the almost complete shading evident in Photo 14. No understory species were recorded 
from this sampling plot location (Appendix 0, Table 22). 

Ground cover vegetation in the Plot 4 sampling area ranged from 24 to 53 percent ground cover. A total of 
23 species were recorded from the area indicating a relatively high diversity of species in this area 
(Appendix 0, Tables 23 - 26). The dominant ground cover vegetation in this sampling area included in order, 
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poison ivy, ironwood seedlings, flowering dogwood, white snakeroot, catbrier, chinquapin oak seedlings, and 
Virginia creeper. 

ABG Vegetation Plot 5 

The vegetation plot 5 area (Figure 8-1) (Appendix K, Photo 15) consists of an east to southeasterly exposure. 
The overstory vegetation in this sampling location consisted of six species including, in order tuliptree, red oak, 
sugar maple, sassafras, chinquapin oak, and flowering dogwood (Appendix 0, Table 27). A total of twenty 
trees were tallied from this sampling area. The basal area on a per acre basis for this sampling location was 
590 square inches (4.10 square feet). A single understory species flowering dogwood was recorded from the 
ABG plot 5 sampling area (Appendix 0, Table 28). 

The ground cover vegetation in this sampling plot location was diverse and consisted of 23 separate species 
(Appendix 0, Tables 29 through 32). The density of the ground cover in this location varied from 14 to 50 
percent cover. The most commonly observed species from this plot included white snakeroot, large-leaved 
aster, Virginia creeper, flowering dogwood, ironwood, swamp blueberry, tulip tree, black cherry, wild yam, 
chinquapin oak, pawpaw, American beech seedlings, bluegrass, and sweet scented bedstraw. 

8.5.2.3 Birds 

The forested land of this portion of the installation provides a variety of bird habitat areas and, thereby, 
supports a bird population that is similarly diverse and that is able to make use of the various strata of the 
forest to satisfy their individual habitat requirements (Appendix 0, Tables 33 and 34). During the fall sampling 
period, an average of 46 individual birds were tallied on a daily basis from the ABG site. A total of 25 distinct 
species were recorded for this area (Appendix 0, Table 35). The daily avian diversity index (a measure of 
the number of species recorded daily to the total number of species recorded) varied from 0.720 to 0.840 with 
a mean value of 0.773. This value and range is indicative of a close level of similarity in species composition 
during the sampling period for this program. 

The most common species observed in the ABG area was the wild turkey followed in descending order by 
the whip-poor-will and the common crow, common flicker, American gold finch, chipping sparrow and the blue 
jay. A total of 25 distinct species were observed in this habitat area during the course of the three day 
sampling interval. In this habitat area which included the open portion of the ABG and the adjacent moderate 
to densely wooded portions of the surrounding slopes and along the jeep trail to the south, a variety of forest 
and "edge" habitat species were encountered. A cross-indexed listing of scientific and common names of 
species observed during the survey program at all site is included in Appendix 0. A phylogenetic listing of 
bird species common to Crane including the regional status and regional abundance of each recorded species 
is provided as Table 34, Appendix 0. 

8.5.2.4 Mammals 

At the NAVSURFW ARCENDIV facility, approximately 41 species of mammals are known to occur based on 
past studies (Appendix 0, Tables 36 and 37). During the fall 1995 survey program, the ABG was live trapped 
for small and for intermediate size mammal species and only two intermediate mammal species were 
captured including the opossum and the raccoon. A photo of one of the intermediate mammal trappings 
from ABG is provided as Photo 19, Appendix K. Forthe ABG sampling area, no small mammal species were 
captured. This is believed to be the result of several factors, first, the noise, smoke and human activity 
centering around the ABG, causes small mammals to seek habitat outside this area of continual disturbance. 
In addition, the predation that probably occurs in this area as the result of weasel, fox, coyote, and a variety 
of raptorial bird species probably keeps most of the small mammal populations in check or reduced population 
numbers in the immediate ABG area. The only wildlife sign observed in the ABG area was that of deer, fox, 
squirrel, and coyote. No other intermediate mammals such as rabbit were observed in this area during the 
field study program. 
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The ABG was investigated for amphibians and reptile species. None were observed or heard in the cleared 
portion of the ABG operational area. Previous USEPA inspections have identified both frogs and turtles in 
the operational area of the creek. A species list with scientific and common names covering the installation 
with annotation is provided as Table 38, in Appendix O. Along Little Sulphur Creek, and the surrounding 
wooded land, the American toad was seen on several occasions. In addition, the striped chorus frog and the 
bullfrog were noted while conducting the aquatic site studies. A single eastern garter snake was seen while 
checking the small mammal trapline during the program. The carapace of an eastern box turtle was found 
in the floodplain along Little Sulphur Creek during the initial setup for the small mammal live trapping program. 
In general amphibian and reptile species are covert and observations of these organisms at the site was 
limited to several brief encounters. 

8.5.2.6 Macroinvertebrates 

Low flow conditions existed in Little Sulphur Creek at the time of the fall 1995 aquatic survey of the ABG site. 
This low flow condition resulted in sampling the aquatic macroinvertebrate populations from within and 
adjacent to the two pool areas (Figure 8-1). (Photographs of the aquatic program at ABG are provided as 
Photos 43 through 46 in Appendix K). 

Spring A Area - In the Spring A area, (Figure 8-1), a total of seven taxa of macroinvertebrates were collected 
(Appendix 0, Table 39). Of the seven taxa, three consisted of EPT pollution sensitive species including 
mayfly nymphs, stonefly larvae, and caddisfly larvae. This site had an EPT Index of 0.429 which is indicative 
of a relatively unpolluted stream system. 

Spring C Area - In the Spring C area, algal growth was limited in the pool area. Several crayfish were observed 
and collected at the time of the electroshocking survey for fish species. Water boatmen (Corixidae) and 
several water striders (Gerridae) were observed on the surface of the pool at the Spring C location. The EPT 
index at this location was moderately high (0.375), indicating the presence of pollution intolerant 
macroinvertebrate species including mayfly nymphs, stonefly larvae and caddisfly larvae. Also present, 
however, was midge larvae (bloodworms) Chironomidae, a pollution tolerant species. In addition to the pool 
at this location, a sample was obtained from a riffle area. In this riffle, there were only four species recorded, 
two of which were EPT pollution sensitive species. The low-flow conditions of Little Sulphur Creek at the time 
of the survey may have contributed to the species composition observed for the riffle area. The presence of 
pollution intolerant species and the general stream condition with a lack of observable pollution sources 
indicates that this Spring location has a relatively good community species composition and abundance. 

8.5.2.7 Fish 

The Little Sulphur Creek drainage generally follows along the Old Jeep Trail (Figure 8-1) in a north to south 
flow direction. The aquatic community was surveyed for various fish trophic levels (Appendix 0, Table 40). 
At the time of the fall survey program (September, 1995) relatively low flow conditions existed in Little Sulphur 
Creek. As a result, the normal "pool and riffle" stream configuration because of low streamflow conditions was 
reduced to a predominantly "pool" condition. Two aquatic sampling points were selected for the field program 
that corresponded to the location of Springs A and C. In these areas, pools were present, with sufficiently 
large areas to provide aquatic habitat for a variety of fish species. 

Spring A Area - Sampling location Spring A, located south of the ABG within Little Sulphur Creek, had a deep 
pool configuration (approximately 6-1/2 feet in depth) under the Old Jeep Trail bridge in this location 
(Figure 8-1). In this location, a slightly different fish composition was observed in this pool than in Spring C 
during the aquatic survey. Bluntnose minnow was abundant at this location; however, the only other small 
fish present in this area included gizzard shad and the creek chub. The fish survey results also included 
several largemouth bass from this location, which by their presence in this pool may directly account for a 
more limited diversity of small minnows and dace from this site. 

L:IWORKlCT022901\WP\CCRA2\CCCHHRS.JBS 8-15 CTO No. 229 



USEPA 10 No. INS 170023498 
NAVSURFWARCENOIV CCRA 

February 1999 

Spring C Area - Within Spring C (the upstream sampling location), a total of five fish species were recorded 
and included in descending order of importance: Bluntnose minnow, silverjaw minnow, gizzard shad, and of 
lesser abundance, ribbon shiner and blacknose dace (Appendix 0, Table 41). The pool in this location was 
relatively shallow varying to a maximum depth of 1-1/2 feet. 

8.5.3 Ecological Assessment 

This section focuses on the ecological risks potentially posed by the levels of contaminants in the surface 
soils, surface water and sediments at SWMU #03/10 (Ammunition Burning Ground and Old Jeep Trail). 

8.5.3.1 Site Characterization 

The biota and habitats that occur at SWMU #03/10 are discussed in detail in Section 8.5.2 of this document; 
however, the major habitat types and species are briefly summarized here. The ABG/OJT is located within 
a primarily wooded valley that is part of the Little Sulphur Creek drainage. The vegetation in the area differs 
in composition depending on the slope aspect of the area; however, the overall dominant woody species 
include mockernut hickory, tuliptree, sugar maple, shagbark hickory, red oak, and American beech. Over 
25 different bird species were observed in this area during the course of a three-day sampling period, and 
approximately 41 different species of mammals are known to occur in the area. At the time of the fall 
sampling event, low flow conditions existed in Little Sulphur Creek, resulting in limited observations of aquatic 
populations. 

8.5.3.2 Chemicals of Potential Concern 

Chemicals of potential ecological concern (COPECs) were selected as described in Section 7.0 of this 
document. For the ABG/OJT area, COPECs varied slightly depending upon the media. Specifically, for 
surface soils, 14 organic compounds and eight inorganic compounds were initially selected as COPECs since 
the levels detected in the site soils exceeded either typical background concentrations or a regulatory criteria, 
as shown in Table 8-2. 

For surface water, the analytical data from the springs and Little Sulphur Creek were both considered when 
selecting the COPECs for this SWMU. The highest calculated exposure point concentration for a COPEC 
was used resulting in a total of eight organic compounds and five inorganic compounds being selected as 
COPECs (Table 8-3). Aluminum was included as a potential COPEC since there is no AWQC criterion 
available for this compound and it was detected above typical limits for freshwater. 

For sediments, nine organic compounds and eight inorganic were initially selected as COPECs (Table 8-4). 
The organic compounds do not have published ER-L or ER-M values and therefore were included as 
COPECs. Likewise, inorganic compounds that do not have published ER-L or ER-M values or compounds 
that exceeded the published ER-L value were selected as COPECs. 

8.5.3.3 Potential Pathways and Conceptual Food Web 

COPECs in surface soils at SWMU #03/10 may be exposed to ecological receptors primarily through direct 
contact and incidental ingestion. Incidental ingestion of contaminants in soils would occur largely as a result 
of grooming and preening behaviors, grazing on low-lying vegetation, and burrowing or digging activities. 
COPECs in surface water may be exposed to ecological receptors through direct contact and ingestion. 
Exposure to COPECs in sediments would occur through direct contact and incidental ingestion. 

Figure 8-3 illustrates the conceptual food web model for SWMU #03/10 and species interactions. Some 
contaminants may be transported via the food chain, with some COPECs (e.g., cadmium, mercury, and zinc) 
potentially being biomagnified or bioconcentrated by certain organisms. 
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For seven indicator species (selected as explained in Section 8.4.3.3), an estimated average daily intake 
(ADD) of each COPEC through soil, sediment, surface water, and diet was calculated. These calculations 
are presented in Appendix N. Since surface water intake did not add appreciably to the total intake, the 
estimated average daily intake of either soil or sediment was thought to be representative of the total intake 
by a particular species for a particular compound. Likewise, although some data was available regarding 
COPECs in food items, the intake of a COPEC via the foodchain was not included in the overall estimated 
intake. However, transfer of COPECs through the foodchain and the potential for these COPECs to 
bioaccumulate or biomagnify was evaluated separately and discussed later in this section. 

For ingestion of potentially contaminated surface soils, four animals (deer mouse, red fox, white-tail deer, and 
red-tail hawk) were chosen as indicator species because they represent various trophic levels (primary 
herbivores to top carnivore) and because they are terrestrial animals. For ingestion of sediment, mallard, 
kingfisher, and raccoon were selected as indicator species since they also represent various trophic levels 
(herbivore, carnivore and omnivore) and are primarily associated with aquatic habitats. 

Table 8-13 shows a comparison of the estimated average daily intake of a particular COPEC (via soil 
ingestion) for each indicator species and a published toxicity reference value, if one was found. For SWMU 
#03/10, the estimated intakes for 4 of the 22 COPECs in soils exceeded the screening criteria established in 
the ERA workplan for Crane. These compounds, barium (as barium chloride), copper, lead, and zinc were 
above the 0.01 LD50 value for one or more indicator species. 

The exposure point concentration of barium in soils at this SWMU was 2,720 mg/kg. The estimated average 
daily intakes of barium via soil ingestion for each of the indicator species is shown on Table 8-13 (calculations 
are presented in Appendix N). Because toxicity data for inorganic barium was unavailable, toxicity data for 
barium chloride was utilized instead. However, LD50 values were not available for barium chloride, therefore, 
LDLo values had to be used. Using the LDLo value, the screening criteria of 0.01 was exceeded for each of 
the three species for which toxicity information has been published. 

Although there appears to be a potential risk to wildlife at this SWMU due to elevated concentrations of barium 
in site soils, the actual risks posed are believed to be minimal as explained below: 

• 

• 

• 

The concentrations of barium in the soil samples from this location ranged from 33 mg/kg to 
1,500 mg/kg, averaging between 313 and 702 mglkg, which is above site-specific background, 
but below most regulatory standards. This suggests that the estimated average daily intake as 
shown in Table 8-13 is probably much higher than what is actually ingested, thereby 
overestimating the potential risk. 

The high concentrations of barium are very localized and would comprise only a small portion 
of the average home range of the indicator species. 

Barium is chemically similar to calcium in soil. Barium is a potential risk in soils only when it 
exceeds the exchangeable calcium and magnesium levels (OHMTADS, 1995). This is unlikely 
at this site based on the total concentrations of calcium (average concentration of 6400 mg/kg) 
and magnesium (average concentration of 1,117 mg/kg) at this SWMU. 

Thus, the potential risks to wildlife due to elevated concentrations of barium in surface soils at this SWMU are 
expected to be minimal. 

The estimated intake of copper (via soil ingestion) for the red-tail hawk was calculated to be 7.1 mg/kg at an 
exposure point concentration of 1,365 mg/kg. A value of 500 mg/kg of copper was reported to be toxic to 
chicks. For other indicator species for which toxicity information was available, the estimated intake was well 
below the reported toxic values (Table 8-13). The majority of the copper concentrations were within typical 
ranges for natural soils indicating that the elevated copper concentrations are limited to small areas and as 
such would only comprise a limited portion of the typical home range of most avian species. Therefore, the 
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estimated average daily intake for the red-tail hawk is likely an overestimate of the amount of copper that 
would actually be ingested, thereby overestimating the potential risks via this pathway. 

The estimated daily intakes of lead for the white-tail deer (8.5 mglkg) and the red-tail hawk (50 mglkg) slightly 
exceed the reported toxic doses of this compound for these species (Table 8-13). A LD50 of 220 mg/kg was 
reported for cattle (a surrogate species for the white-tail deer) for lead sulfate, and a NOAEL of 50 mg/kg was 
reported for the American kestrel, a similar species as the red-tail hawk. Lead was detected in all the samples 
collected, ranging from 6.0 to 4,180 mg/kg. The average concentration of lead at this site was 464 mg/kg. 
Although the concentrations of lead in the soil are elevated at several locations, the overall impact to a 
particular receptor species is believed to be minimal since the average home range of the receptor species 
would be much greater than the areas that have elevated lead levels. 

Lastly, the estimated intake of zinc (via soil ingestion) for the deer mouse was calculated to be 42.1 mg/kg 
at an exposure point concentration of 301 mg/kg. The LD50 value for a mouse for ingestion of zinc is 
926 mg/kg, therefore, the estimated daily intake exceeds the screening criteria of 0.01 times the LD50 
concentration. For the other indicator species for which toxicity information was available (red fox and white
tail deer), the screening criteria was not exceeded. 

As with the other metals, the actual risks posed to wildlife by elevated concentrations of zinc in surface soils 
is thought to be minimal. Zinc concentrations in surface soils were within typical ranges for most of the soil 
samples. The elevated zinc concentrations appear to be localized "hot spots" and would comprise only a very 
small portion of the typical home range of an indicator species. Therefore, the estimated average daily intake 
of zinc (42.1 mg/kg) via soil ingestion for the deer mouse probably overestimates what would actually be 
ingested, thereby overestimating the potential risks to the species via this pathway. 

Limited plant toxicity data is available for the 22 COPECs in soils at this SWMU. For the dioxins, a NOAEL 
level of 4,200 ug/kg in soils is reported for plants, invertebrates and amphibians, which is well above the 
maximum detected dioxin concentrations at this site. No phytotoxicity information was available for the other 
organic COPECs. As stated above, barium is a potential risk in soils only when it exceeds the exchangeable 
calcium and magnesium levels, which is unlikely at this SWMU. For cadmium, a LOAEL level of 8 mg/kg is 
reported for soils for toxicity to crops (OHMT ADS, 1995). The exposure point concentration of cadmium in 
soils at this SWMU was 3.7 mg/kg. Likewise, for copper, a LOAEL of 816 mg/kg is reported for soils for 
toxicity to crops. Average copper concentrations ranged from 46 - 400 mg/kg. For zinc, a potential risk to 
biota through bioaccumulation may occur if concentrations in soil exceed 1,632 mg/kg. The maximum zinc 
concentration was 301 mg/kg. Based on this toxicity information, the concentrations of COPECs in surface 
soils are not expected to pose a significant risk to flora at this location. 

For ingestion of potentially contaminated sediments, three of the 17 COPECs exceeded the screening criteria. 
These COPECs were metals: barium, lead, and zinc. The exceedances were primarily based on toxicity 
information for the raccoon since there is little published toxicity information available for birds. Table 8-14 
shows a comparison of the estimated average daily intake of each COPEC via sediment for each indicator 
species and the available toxicity information for each. Calculations of estimated sediment intake are 
presented in Appendix N. 

The estimated average daily intake of barium via sediment for the raccoon was 9.3 mg/kg based on an 
exposure point concentration of 2,030 mg/kg. The LD50 value for an unspecified mammal was 398 mg/kg 
as barium chloride, therefore, the estimated daily intake exceeds the screening criteria of 0.01 times the LD50 
value. The average concentration of barium in sediments at this SWMU is 519 mglkg, suggesting that some 
adverse impacts to aquatic organisms may be occurring. Low levels of barium were detected in all of the 
tissue samples collected from this area (raccoon, minnows, frogs and crayfish were sampled); however, the 
ecology of the site did not show any evidence of significant adverse effects relating to the presence of barium 
concentrations in the sediment. Aquatic macroinvertebrates collected from the springs included three species 
each of EPT intolerant pollution species. The sampling areas did exhibit the presence of Chironomids (midge 
larvae), which are considered to be pollution intolerant. However, the presence of sensitive species in these 
area indicates that little, if any effects to the aquatic macroinvertebrates may be attributable to specific 
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contaminants at this SWMU. Additionally, fish species included a variety of species that indicates no 
discernable effects can be attributed directly to elevated levels of barium in the sediments. 

The estimated average daily intake of lead for the belted kingfisher was 2.5 mg/kg based on an exposure pOint 
concentration of 284 mglkg. A toxic value was not available for lead for the belted kingfisher, therefore, the 
LD50 value of 160 mg/kg for a pigeon was utilized instead. Using this value, the estimated daily intake slightly 
exceeds 0.01 times the LD50 value. The average concentration of lead in sediments at this SWMU is 109 
mg/kg, suggesting that some adverse impacts to aquatic organisms may be occurring; however, these 
impacts are probably not severe. since lead was only detected in one of the tissue samples collected from this 
area (frogs collected at Spring C). Additionally, site observations did not provide any evidence of any 
significant adverse effects relating to the presence of elevated levels of lead in the sediments. As described 
above for barium, several pollution intolerant macroinvertebrates were collected from Springs A and C, as well 
as a variety of fish species, thus, it appears that little (if any) adverse effects have resulted due to the 
presence of elevated levels of lead in the sediments. 

The estimated average daily intake of zinc from site sediments was 4.9 mg/kg for the raccoon and was based 
on an exposure point concentration of 1,060 mg/kg. A toxic value was not available for any of the receptor 
species; however, a NOAEL of 50 mg/kg for a cat was utilized as a model for the raccoon. Using this NOAEL, 
the estimated intake is close to a potentially toxic effect (an uncertainty factor of 10 was utilized to account 
for the interspecies differences between a cat and a raccoon). Zinc was detected in all 6 of the sediment 
samples collected from Little Sulphur Creek, ranging from 99.8 to 1,060 mg/kg. The average zinc 
concentration was 395 mg/kg, which still exceeds the reported ER-L and ER-M, thus indicating that the 
elevated zinc concentrations in the sediments have the potential to impact site wildlife. However, site 
observations did not provide evidence of any significant adverse effects relating to the presence of elevated 
levels of zinc in the sediments. As described above, several pollution intolerant macroinvertebrates were 
collected from Springs A and C, as well as a variety of fish species, thus, it appears that little (if any) adverse 
effects have resulted due to the presence of elevated levels of zinc or other heavy metals in the sediments. 

For the surface water pathway at ABG/OJT, 13 compounds exceeded Ambient Water Quality Criteria 
(AWQC), or did not have AWQC values for comparison. To further evaluate the potential risks to site aquatic 
life, surface water concentrations were compared to reported toxicity levels as listed in the database AQUIRE. 

Aldrin was detected in one sample from the springs at this SWMU. Aldrin was detected at a concentration 
of 1.1 ug/L. There is no AWQC for aldrin so toxicity data from the AQUIRE database was utilized to determine 
if this level is a potential risk to site aquatic life. The lowest concentration found in the database was a 30-day 
LC50 value of 2.5 ug/L for a stonefly nymph. For other species, the following 48-hour LC50 values were 
reported: mosquitofish - 36 ug/L, common carp - 165 ug/L, and frog - 2,400 ug/L. Except for the stonefly 
value, these concentrations are well above the concentration of aldrin detected in the spring. Based on these 
toxicity values and since aldrin was only detected in one location at a low concentration, it is not expected that 
aldrin has impacted site aquatic life. 

2,4-Dinitrotoluene was detected in two samples from the surface water of Little Sulphur Creek. The exposure 
point concentration was 9 ug/L and there is no AWQC for this compound. The following 96-hour LC50 
concentrations were reported in the AQUIRE database for this compound: fathead minnow - 31,000 ug/L, 
guppy - >16,000 ug/L, and zebra danio - 13,000 ug/L. Additionally, a two-week LC50 concentration of 
20,000 ug/L was reported for the water flea. Based on these toxicity concentrations, it is not expected that 
the levels of 2,4-dinitrotoluene have impacted site aquatic life. 

Methylene chloride was detected in both the springs and surface water of Little Sulphur Creek. The exposure 
point concentration utilized in this risk assessment was 3.4 ug/L and was based on the higher detections 
reported from the springs. Toxicity information retrieved from the AQUIRE database was as follows: water 
flea - 48 hour LC50 of 220,000 uglL, bluegill - 96 hour LC50 of 220,000 uglL, fathead minnow - 96 hour LC50 
of 193,000 uglL, and goldfish - 24 hour LC50 of 420,000 ug/L. Based on this toxicity information, it appears 
unlikely that the levels of methylene chloride detected at the site have impacted the local aquatic life. 
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1 ,3,5-trinitrobenzene was detected in one location from the springs at this SWMU. The calculated exposure 
point concentration was 0.81 ug/l and there is no published AWQC for this compound. The following 96 hour 
LC50 values were reported in the AQUIRE database for this compound: fathead minnow - 490 ugIL, bluegill -
850 ug/L, rainbow trout - 520 ugIL, and channel catfish - 380 ug/L. Based on this toxicity information, 1,3,5-
trinitrobenzene is not expected to have an adverse impact to wildlife at this site. 

2,4,6-trinitrotoluene was detected in one location from the springs at this SWMU. The calculated exposure 
point concentration was 2.0 ugiL and there is no published AWQC for this compound. The following 96-hour 
LC50 values were reported in the AQUIRE database for this compound: bluegill - 1,600 ug/L, rainbow trout -
1,200 uglL, channel catfish - 2,400 uglL, fathead minnow - 1,200 uglL, flatworm - 1 ,290 ug/L, and water flea -
980 ug/L. Based on this toxicity information, it appears unlikely that the concentration of 2,4,6-trinitrotoluene 
has adversely impacted site aquatic life. 

RDX was detected in two samples from the surface water of Little Sulphur Creek. It was not detected in the 
samples from the springs. The exposure point concentration for this compound was 156 ug/L. For RDX, the 
lowest reported LC50 concentration in AQUIRE (based on an eleven day study) was 5,200 ug/L for the 
fathead minnow. Other LC50 concentrations ranged from 6400 ug/L for bluegills to 11,000 ug/L for catfish. 
Based on these toxicity concentrations, the levels of RDX detected at this site are not expected to pose a 
significant risk to wildlife. 

HMX was detected in both the springs and surface water of Little Sulphur Creek. The exposure point 
concentration for this compound was 38.3 ug/L and was based on the data from the springs, which had the 
higher detections. For HMX, reported LC50 concentrations (based on a 96-hour study) were over 32,000 ugIL 
for all tested species (bluegills, trout, catfish, and fathead minnows). Based on these toxicity levels, HMX is 
not expected to have an adverse impact to wildlife at this site. 

Xylene was detected in the springs at a calculated exposure point concentration of 2.4 ug/L. This exceeds 
the AWQC for this compound of 1.8 ug/L. The following 96 hour LC50 values were reported in the AQUIRE 
database: fathead minnow - 13,400 ug/L, common carp - 780,000 ug/l, rainbow trout - 8,200 ug/L, goldfish -
16,940 ug/L, bluegill - 15,700 ug/L, and guppy - 15,700 ug/L. Although the exposure point concentration 
exceeds the AWQC, this exceedance is small and when comp~red to available toxiCity information for xylene, 
it appears that potential adverse impacts to aquatic life as a result of elevated xylene concentrations in the 
surface water are minimal. 

Aluminum was detected in most all of the spring and surface water samples collected from this site. The 
exposure point concentration of aluminum was 2,210 ug/L and was based on the higher detections reported 
from the springs. Toxicity information for aluminum, as reported in the AQUIRE database for the water flea, 
ranged from a 6-hour LC50 of 9,500 ug/L to a 24-hour LC50 of 3,500 ug/L. For trout, no effects were noted 
at concentrations up to 295 ug/L of aluminum. Aluminum was detected in all of the aquatic tissue samples 
collected at this site; however, aluminum occurs naturally at relatively high levels (as compared to other 
metals), therefore, it is hard to discern whether the levels detected in the tissue samples are significant. 
Based on this information, there may be a potential risk to site aquatic life due to elevated levels of aluminum 
in the water at this site. 

Cadmium was detected in one sample at a concentration of 2.2 ug/L from the surface water of Little Sulphur 
Creek. This concentration exceeds the AWQC of 1.1 ug/L for this chemical. The following 96 hour LC50 
values were reported in the AQUIRE database: common carp - 240 ug/L, flatworm - 2,250 ug/L, mayfly - 50 
ug/l, midge - 80 ug/L, sowbug - 53 ug/L, golden shiner - 3,150 ug/L, bladder snail - 80 ug/L, rainbow trout -
2.1 uglL, banded killifish - 110 ug/L, striped bass - 1 ,100 ug/L, pumpkinseed - 1 ,500 ug/L, and white perch -
8,400 ugIL. Although the exposure point concentration for cadmium does exceed the AWQC, cadmium was 
only detected in one sample from the creek and not in any of the samples from the springs. Cadmium was 
detected at low concentrations in six of the seven tissue samples collected from this site and since cadmium 
has a high potential to bioconcentrate, cadmium may have a potential adverse impact to site aquatic life. 
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Lead was detected in the surface water of Little Sulphur Creek at a calculated exposure point concentration 
of 130 ug/L. The AWQC for lead is 3.2 ug/L. The following 96 hour LC50 values were reported in the 
AQUIRE database for this compound: flatworm - 160,000 ug/L, smallmouth bass - 2,200 ug/L, and goldfish -
40,000 ug/L. Lead was detected only in the frog tissue samples collected from Spring C. Although the 
available toxicity information appears to indicate that the lead concentration may not be adversely impacting 
site aquatic life, the exposure point concentration does exceed the AWQC therefore it is possible that there 
is a potential risk to site aquatic life due to elevated lead concentrations in the surface water. 

Mercury was detected at a concentration of 0.69 ug/L in one sample from Spring C. Mercury was not detected 
in a duplicate sample from this location. Mercury was not detected in any of the other surface water samples 
collected at this SWMU. The fresh water chronic AWQC for mercury is 0.012 ug/L, while the acute AWQC 
is 2.4 ug/L. Toxicity information for mercury, as reported in AQUIRE, ranged from a low of 50 ug/L for the 
mosquitofish for a 24 hour lethal effect, to 300 ug/L for the pumpkinseed for a 96 hour LC50. Given the fact 
that mercury was only detected in one of the duplicate samples and the concentration detected at Spring C 
is well below these toxicity levels, the risks to biota from mercury in the surface water at Spring C appears to 
be minimal. However, mercury does bioaccumulate in wildlife tissues and mercury was detected in the 
raccoon liver tissue samples collected from this SWMU. Mercury was not detected in the fish or frog samples 
collected from Spring C. 

Zinc was detected in both the springs and surface water of Little Sulphur Creek. The calculated exposure 
point concentration was 200 ug/L and was based on the data from the creek surface water since it had the 
higher detections. The AWQC for zinc is 110 ug/L. The following 96 hour LC50 values were reported in the 
AQUIRE database: flatworm - 7,400 ug/L, catfish - 209,000 ugIL, fathead minnow - 238 ug/L, water flea - 438 
ug/L, banded killifish - 840 ug/L, striped ba.ss - 6800 ug/L, pumpkinseed - 20,100 ug/L, white perch - 14,400 
ug/L, common carp -7,800 ug/L, caddisfly - 58,100 ug/L, damselfly - 26,200 ug/L, midge - 18,200 ug/L, and 
spire snail - 14,000 ug/L. Zinc was detected in all of the aquatic tissue samples collected from this site. Since 
the zinc concentrations exceed the AWQC, it is possible that there is a potential risk to site aquatic life due 
to elevated zinc concentrations in the surface water. 

8.5.4 Summary 

The majority of ecological risks posed by COPECs at the ABG/OJT, appear to be limited to the aquatic 
habitats at this SWMU. Elevated levels of barium, lead and zinc in the sediments at the site may have slight 
adverse effects to wildlife; however, population studies and tissue samples for fish and macroinvertebrates 
did not show any evidence of adverse effects. Elevated levels of various compounds in the surface water may 
have a potential adverse impact to wildlife at this site; however, impacts as a result of these COPECs would 
be very localized and unlikely to impact the viability of anyone species at the site given the availability of 
similar habitat in close. proximity to these locations. Population studies at this SWMU support this conclusion, 
as animal, fish, macroinvertebrate and vegetation species are diverse and abundant, and are similar to what 
would be expected to occur in a non-impacted area. 

8.6 OLD RIFLE RANGE (SWMU #07/09) 

8.6.1 Field And Analytical Results 

This section presents the field and analytical results for environmental samples collected as part of this RA. 
Samples were collected for chemical analysis from six different media including surface soil, surface water, 
sediment, vegetation, aquatic, and mammal tissue. Physical descriptions and analytical results for these 
media are discussed in the following subsections. In addition, the results of an ecological population survey 
are discussed. Corresponding field forms for respective biological media are presented in Appendix J. 
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In order to characterize the soil at the ORR, the Halliburton NUS team collected ten surface soil samples (0- to 
2-foot) at this SWMU. Sample locations are shown on Figure 4-30. All ten soil samples were analyzed for 
SVOC, metals, cyanide, explosives, and nitrate+nitrite. Table 4-19 summarizes the soil analytical results for 
the ORR. 

The soil in the target practice area ranged from a lean clay with sand (CL) to a sandy lean clay with gravel 
(CH) to a sandy fat clay with gravel (CH). This area was grass covered and all vegetation was removed prior 
to sample collection. The background area samples were collected in a wooded area and the soil ranged from 
a sandy lean clay with gravel (CL) to a lean clay with sand (CL). Any vegetation present was removed prior 
to sample collection. 

8.6.1.2 Surface Water 

In order to characterize the surface waters at the ORR, the Halliburton NUS sample team collected two 
samples from potentially impacted areas of Turkey Creek and one stream sample from an upstream 
background location in Turkey Creek (Figure 4-31). 

Field measurements of pH, temperature, conductivity, dissolved oxygen, turbidity, color, odor and water depth 
are noted on the Surface Water/Sediment Data Forms. All stream and spring samples were analyzed for 
VOC, SVOC, metals, cyanide, explosives, chloride, sulfate, alkalinity, TDS, nitrate+nitrite, and COD. Surface 
waters were collected from water depths ranging from one foot to one and a half feet and were clear with low 
turbidity. The analytical results for Turkey Creek surface water are presented in Table 4-21. 

8.6.1.3 Sediment 

In order to assess the sediments at the ORR, the Halliburton NUS sample team collected two samples from 
potentially impacted areas of Turkey Creek and one stream sample from an upstream background location 
in Turkey Creek (Figure 4-31). Sample locations are shown on Figure 3-13. Sample 06SD-T -2 was a fluvial 
deposit classified as sandy silt (ML) and the background sample was an alluvial channel deposit classified 
as a silty sand with gravel (SM). Additional sediment description information is provided on the Surface 
Water/Sediment Data Forms. 

Field measurements of pH, temperature, conductivity, dissolved oxygen, turbidity, color, odor and water depth 
are noted on the Surface Water/Sediment Data Forms. All stream bed samples were analyzed for VOC, 
SVOC, metals, cyanide, explosives, and nitrate+nitrite. Analytical data for Turkey Creek sediments are 
presented in Table 4-22. 

8.6.1.4 Tissue Samples 

In order to characterize the potential for the transport of COPECs through the food chain and potential 
bioaccumulation of these COPECs, tissue samples were collected from various species occurring in the ORR. 
Methods used to collect the tissue samples are described in Section 8.2.2 of this document. The results of 
this sampling effort are summarized below in the following subsections. 

8.6.1.4.1 Animal Tissues 

A total of five animal tissue samples were collected at the ORR. The samples consisted of two duplicate 
samples from opossum liver and muscle tissues, and one fox squirrel. All samples were analyzed for VOCs, 
SVOCs, explosives, metals, cyanide and nitrogen (as nitrate+nitrite). A summary of the tissue sample results 
for the ORR are presented on Tables 8-15 and 8-16. 

Several inorganic compounds were not detected in the animal tissue samples collected from the ORR. 
Specifically, beryllium, nickel, silver and vanadium were all below detection limits. Cadmium and mercury 
were detected in only in the liver tissue samples from the opossum; cobalt was detected in one opossum liver 
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sample; and cyanide was detected in the fox squirrel. The only organic compounds detected in the samples 
included 2-butanone and methyl-isobutyl ketone, both of which are common laboratory contaminants. 

8.6.1.4.2 Vegetation Tissues 

A total of five vegetation tissue samples were collected from this SWMU, including one duplicate. Species 
sampled included hickory nuts, whitegrass, and grapes. All tissue samples were analyzed for VOCs, SVOCs, 
explosives, metals, cyanide and nitrogen (as nitrate+nitrite). 

Several inorganic compounds were not detected in the vegetation samples. Specifically, beryllium, cyanide, 
mercury and selenium were below detection limits for all species sampled. Cadmium was detected only in 
the hickory nut samples; silver was detected in one whitegrass sample; and vanadium and nitrogen were only 
detected in the whitegrass samples. 2-butanone, carbon disulfide and toluene were the only organic 
compounds detected in any of the vegetation samples. Carbon disulfide was detected in one of the hickory 
nut samples; and toluene was detected in the hickory nuts, grapes and one whitegrass sample. 2-butanone 
is thought to be the result of laboratory contamination. 

For comparison purposes, five samples (including one duplicate) of vegetation were also collected from a 
control (non-impacted) area. Species sampled included grapes, red maple seedlings, hickory nuts, and 
whitegrass. Detections in these control samples were similar to that of the ORR, except that low levels of 
beryllium and mercury were detected in some of the hickory nut samples. 

8.6.1.4.3 Aquatic Tissues 

A total of ten aquatic tissue samples were collected from the ORR (including one duplicate). Species sampled 
included frogs, bullheads, sunfish, chubs, minnows, bass and shad. Except for the bass and shad, tissue 
samples were analyzed for VOCs, SVOCs, explosives, metals, cyanide, and nitrogen (as nitrate+nitrite). The 
bass and shad samples were analyzed for VOCs, SVOCs, explosives, and nitrogen only. 

Compounds that were not detected in any of the aquatic samples from this SWMU included beryllium, 
cyanide, mercury, nickel, silver and vanadium. Lead was detected in one frog sample and cobalt was 
detected in one minnow sample. 2-butanone was detected in all but one of the aquatic samples and may be 
the result of laboratory contamination. Toluene was detected in one bullhead and one sunfish sample; carbon 
disulfide was detected in the one frog sample; phenol was detected in the bullhead samples and the shad 
sample; 4-methyl phenol was detected in the bullhead samples, one sunfish sample, and the bass sample; 
and the PAHs acenaphthalene, fluorene, and phenanthrene were detected in the bass and shad samples. 

8.6.2 Ecological Population Surveys 

8.6.2.1 Setting 

The Old Rifle Range (ORR) is an open burning location at NAVSURFWARCENDIV (Figure 8-2). This location 
consists of an open grassed area including approximately 10 acres that was used in the past as a rifle range 
and in more recent times for the open burning of explosives and propellant materials. Surrounding the 
relatively flat valley area are slopes which rise gradually to the north, west and south. On the east, Turkey 
Creek flows from the north to the south east of the ORR site, in this portion of the installation. The confluence 
of Turkey Creek with Boggs Creek occurs to the south of the ORR and DR areas (Figure 8-2). The following 
section describes the results of the vegetation sampling program conducted within the ORR location 
(Figure 8-2). The scientific and common names of the vegetation and wildlife species described in the text 
are provided as cross-indexed tables. These tables are included in Appendix O. Photographs of the 
individual sampling and analysis areas are provided in Appendix K as Photos 1 through 5 (Vegetation studies), 
20 through 22 (Mammal studies),and 34 through 38 (Aquatic studies). 
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The overstory vegetation surrounding the ORR site is a product of the slope exposure as described previously 
for the ABG and the DR sites (Figure 8-2). In this sampling area as noted for the other areas, the dominant 
overstory species included broad-leaved deciduous mixed hardwood woodland species. The overstory tree 
species in this location had the largest individual and collective basal area dominance of any of the sampling 
sites surveyed during the entire field program. In areas of the ORR where the slope exposure was to the 
northeast, a more moist soil regime was present. The following description considers the separate sampling 
area results collected during the field program and identifies noteworthy observations collected as part of the 
program. 

ORR Vegetation Plot 1 

(Figure 8-2) (Appendix K, Photo 1) The overstory vegetation in this portion of the ORR site includes southeast 
facing slope species. Five overstory species were present in this area (Appendix 0, Table 42). A total of 22 
individual tree species were tallied from this location. The species present in order included white oak, sugar 
maple, red oak, shagbark hickory and northern red oak. Basal area per acre in this location was 
3,234.2 square inches (22.46 square feet). Photograph 1 shows the location sampled. 

The understory vegetation in this location included two species and a total of four individuals were tallied from 
this plot (Appendix 0, Table 43). The species in order were sugar maple and flowering dogwood. Photo 1 
shows the unobstructed plot sampling area. 

The ground cover in this location included a total of 13 species of herbaceous vegetation. The percent 
ground cover ranged from 15 to 28.8 percent (Appendix 0, Table 44 - 47). In order, the species recorded 
from this location included flowering dogwood, sugar maple seedlings, bluegrass, Virginia creeper, wild 
strawberry, sassafras, false-solomon's seal, wild geranium, white oak and showy goldenrod. 

ORR Vegetation Plot 2 

(Figure 8-2) (Appendix K, Photo 2) The second ORR vegetation sampling area was located in a northeastern 
facing slope area (Figure 8-2). The vegetation in this location included four main species and accounted for 
seven individual trees tallied (Appendix 0, Table 48). The species recorded from this area included sugar 
maple, sassafras, American beech and white oak. The basal area per acre for this location was 
1,943.6 square inches (13.5 square feet). Photo 2 illustrates the sampling location and shows the exposure 
and the density of the understory. 

The understory in this location consisted exclusively of spicebush. A total of 25 individual spicebush saplings 
were recorded from the analysis plot (Appendix 0, Table 49). The understory in this location was quite dense 
(Photo 2), as a result of the overstory tree spacing and the presence of "gaps" in the canopy coverage which 
aided in the development of a dense understory and ground cover vegetation in this sampling area. 

Ground cover vegetation in the ORR Plot 2 area consisted of 14 species (Appendix 0, Tables 50 through 53). 
Ground cover percentages in this sampling location were high in response to the canopy opening described 
above. In this sampling area the percent vegetation ground cover ranged from 22 percent to 46 percent. The 
dominant ground cover consisted of in order, jointgrass, bedstraw, wild strawberry, rough bedstraw, three
square rush, sugar maple seedlings, mockernut hickory seedlings, red elm seedlings, Virginia creeper, white 
baneberry, and pOison ivy. 

ORR Vegetation Plot 3 

(Figure 8-2) (Appendix K, Photo 3) The third ORR vegetation sampling area was situated on a southeast 
facing slope area. In this sampling location, 8 species were recorded, amounting to 12 individual overstory 
trees from within the circular plot sampling area (Appendix 0, Table 54). The species in order that were tallied 
from this location included white oak, American beech, sugar maple, red oak, red maple, shagbark hickory, 
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green ash and flowering dogwood. The basal area per acre for this location was 2,832 square inches (19.67 
square feet). Photograph 3 shows a view of the sampling point center location. 

Understory vegetation in this sampling location included two species and five total specimens recorded. The 
two species included American beech and flowering dogwood (Appendix 0, Table 55). In this sampling 
location, the more dense canopy coverage of the overstory reduced the amount of sunlight falling on the 
woodland ground surface, and as a result, only shade tolerant understory species were noted from this 
location. 

The ground cover vegetation in this sampling location included a total of 16 species. The percent vegetation 
ground cover for the subplots ranged from 22.8 to 53 percent (Appendix 0, Tables 56 through 59). The 
dominant species in order of importance for the sampling area included bluegrass, red elm and red maple 
seedlings, Virginia creeper, three-square rush, shagbark hickory seedlings, American beech seedlings, white 
snakeroot, black cherry seedlings, mockernut hickory seedlings, flowering dogwood, and cut-leaf grape fern. 
The numerous hardwood tree seedlings indicated that this site is producing a variety of regenerants of the 
dominant overstory composition. 

ORR Vegetation Plot 4 

(Figure 8-2) (Appendix K, Photo 4) The overstory vegetation of sampling plot 4 was located on a south facing 
slope exposure. In this sampling location the overstory vegetation included six species including shagbark 
hickory, mockernut hickory, white oak, American beech, pin oak and red oak (Appendix 0, Table 60). Eleven 
separate trees comprised the overstory in this location. The basal area per acre for this site was 
2,289.06 square inches (15.90 square feet). The sampling point is shown in Photo 4 which illustrates the 
"patchy" canopy coverage in this area accounting for the dense ground cover species presence. 

The understory vegetation in this sampling location consisted of two species, Hophornbeam and flowering 
dogwood (Appendix 0, Table 61). Three shrubs were tallied from within the sampling plot radius. The 
presence of understory species in this site area was highly variable with small thicket areas present in close 
proximity to open areas. This is believed to be due to the individual position with respect to canopy "gaps". 

Ground cover vegetation of the ORR Plot 4 sampling area included a total of 18 separate species. The level 
of species diversity in this location is a reflection of the open areas with good exposure to the sun that are 
present in the various "gap" locations throughout the sampling area specifically and this portion of the study 
area in general. The vegetation ground cover values further support this observation. Vegetation ground cover 
values ranged from 27.8 to 50 percent for the sampling plots surveyed (Appendix 0, Table 62 - 65). The 
major species recorded from this location included Virginia creeper, periwinkle, flowering dogwood, common 
wood sorrel, large-leaved violet, tree clubmoss, halbert-leaved violet, red maple seedlings, mockernut hickory 
and white oak seedlings, white snakeroot, and common bidens. 

ORR Vegetation Plot 5 

(Figure 8-2) (Appendix K, Photo 5) The vegetation in the vicinity of ORR Plot 5 is located in a southwest slope 
exposure area. The overstory species in this area consist of mixed mesophytic forest broad-leaved deciduous 
species (Appendix 0, Table 66). Within the sampling plot area a total of six overstory species were recorded. 
A total of 14 individual trees were tallied from this location. Photo 5 illustrates the amount of competition that 
has occurred in this area between the dominant overstory species. The basal area per acre for this location 
was 1,740 square inches (12.08 square feet). The overstory species in order for this location included, Sugar 
maple, white oak, red oak, white ash, mockernut hickory and red maple. 

The understory vegetation in the sampling area consisted of a single species, sugar maple and a single 
individual was represented. The 95 percent canopy closure of the overstory in this area may explain to a 
degree the lack of a significant understory flora in this location (Appendix 0, Table 67). There was no 
evidence from within or adjacent to the plot that this area had been subject to any significant outside 
disturbance which was one possibility evaluated to explain the lack of understory species in this area. 
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The ground cover vegetation in the plot 5 sampling area included a total of 11 species (Appendix 0, Tables 68 
through 71). The percent vegetation ground cover for the site ranged from 5 to 17 percent. This low cover 
percentage supports the observation that there is substantial overstory shading in this sampling area which 
has affected the growth and development of both the understory and the ground cover herbaceous species 
composition. The ground cover dominants included, red maple seedlings, American beech. sugar maple, 
hawthorne, bluegrass, oak seedlings, red oak seedlings, and buckhorn plantain. 

8.6.2.3 Birds 

The ORR site includes a variety of wooded riparian and open land areas which provide primary habitat areas 
as well as "edge" habitats that are utilized by a mixture of open land and woodland dwelling bird species. This 
observation was borne out in the results obtained from the bird survey of this location. Bird survey results for 
the ORR area included a total of 35 species were recorded during the 3-day bird survey period. An average 
of 94 individuals were tallied on a daily basis from this location. Based on the survey results, the daily avian 
diversity index for this site ranged from 0.686 to 0.714, with a mean avian diversity index of 0.695 for the 
survey period (Appendix 0, Table 72). The most numerous species recorded in order from this location 
included American robin, cardinal, blue jay, common crow, eastern meadowlark, American goldfinch, chipping 
sparrow, whip-poor-will, tufted titmouse, bobwhite, and white-throated sparrow. Infrequent species recorded 
from this area included wild turkey, great horned owl, and barred owl. Woodland species for this site included 
the downy woodpecker, eastern wood peewee, tufted titmouse, and scarlet tanager. Birds of openlands and 
fields included the red-tailed hawk, bobwhite, killdeer, mourning dove, robin, starling, common yellow throat, 
eastern meadowlark, and the American goldfinch. A cross-indexed listing of scientific and common names 
of species observed during the survey program at all site is included in Appendix 0. A phylogenetic listing 
of bird species common to Crane including the regional status and regional abundance of each recorded 
species is provided as (Appendix 0, Tables 33 and 34). 

8.6.2.4 Mammals 

The mammal survey (especially for small mammal species) did not produce diverse species composition for 
this area (Appendix 0, Table 37). The only species captured from the ORR area included five opossums 
(one recaptured individual) caught in live traps near an access trail from the DR to the ORR site. No small 
mammal captures were made during this sampling interval. None of the bait material used in the small 
mammal traps had been disturbed. As a result it is believed that the actual population of small mammals in 
this area is generally very limited as a result of site activities and disturbance caused on a continual basis 
within the site habitat areas. This is supported by the fact that the intermediate mammal species captured 
(the opossum) has a more extensive home range (10 to 50 acres) than is common for deer mice (1/3 to 4 
acres), squirrel (1 to 100 acres) or meadow voles (generally less than 1/4 acre). As a result, if the physical 
disturbance occurring in the ORR area (and nearby DR area) cause avoidance of the area by small mammal 
species, the wildlife likely species that are likely to occur in this area are those species with home ranges 
sufficiently large that a major portion of their individual active home range lies outside the area of influence 
of either the ORR or the DR site proper. 

8.6.2.5 Amphibians and Reptiles 

The ORR area possesses limited amphibian habitats. These areas include the sediment pond near the Old 
Rifle Range Target area, impeded drainage ditches along the access road to the ORR site, and to the east 
of the site in and near the Turkey Creek drainage (Figure 8-2) (Appendix 0, Table 38). 

In the ORR area, several amphibian species were either directly observed or heard (especially during the early 
morning bird survey in this area). Frogs observed from this area included striped chorus frog, bullfrog, and 
green frog. In the area near the ORR sediment pond (Figure 8-2), a single specimen of eastern box turtle was 
observed. No additional herptile species were observed from the ORR sampling location. 
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Turkey Creek had a moderate flow rate and the creek configuration included pool and riffle morphology within 
the sampling length, during the survey period. Macroinvertebrate species were collected from three sampling 
station locations near the ORR site (Appendix 0, Table 39). The northernmost sampling location (Figure 8-2), 
included a pooled portion of Turkey Creek. A total of seven species were recorded from this sampling 
location. A total of 52 individuals were obtained in the collected sample. Three of the seven species 
consisted of EPT pollution intolerant species. By contrast, Culicidae (mosquito larvae), a pollution tolerant 
species, was the most numerous species collected from the site. Sampling station 06SW/SO-T-2 
(Figure 8-2), situated near the ORR site, was also characterized by a pool sampling area configuration. In 
this location, five separate species were collected comprising a total of 42 individuals. Of this total, EPT 
species made up two out of the five species, providing an EPT index of 0.400. No Chironomids or Culicidae 
were recorded from this sample location. The final macroinvertebrate sampling location was 06SW/SO-T-3 
(Figure 8-2), located to the south of the ORR site along a railroad bridge that passes over Turkey Creek. In 
this pool location, five individual species were collected comprising a total of 38 individuals collected. Out of 
the five species recorded from this location, one species, Stonefly-Iarvae, an EPT species, was recorded as 
the most numerous species encountered. The pool depth in this location was >8 feet, as a result the 
macroinvertebrate sample was collected along the creekbank from an area that was moderately incised as 
the result of the flow in this area. This substrate condition may have contributed to a low abundance of 
macroinvertebrate individuals in this area. 

8.6.2.7 Fish 

Turkey Creek drains the ORR site to the east as described above. Moderate flow conditions existed in this 
location at the time of the fall 1995 sampling program. At the north sampling station, 06SW /SO-T -1, 
(Figure 8-2), the largest population diversity and abundance of all sampling areas was observed during the 
electroshocking survey. In this location a total of 12 individual species were recorded (Appendix 0, Table 41). 
The most frequently observed species in this area was bluntnose minnow which was abundant in this pool 
area. The creek chub was also commonly observed but was not as numerous as the bluntnose minnow. 
Uncommon species observed in this pool area included gizzard shad, golden ribbon and redfin shiners, 
blacknose dace, black and yellow bullheads, green sunfish, bluegill, and several largemouth bass. 

Sampling station 06SW/SO-T-2 (Figure 8-2), by contrast to the first station, had only four species 
represented in the electroshocking survey. Bluntnose minnow was the most common species from this pool 
area. The silverjaw minnow was frequently observed in this location also. Bluegill and gizzard shad were also 
represented with one and two specimens respectively. 

Sampling station 06SW/SO-T-3 (Figure 8-2) was attempted using electroshocking equipment, but the pool 
in this location was judged to be too deep to permit a representative sample to be obtained. Proceeding to 
the road bridge south of sampling station 06SW/SO-T-2, the water in this area was also too deep to 
electrofish, and as a result (to obtain a sample of the fish population), a trotline was set across the creek in 
this location. In this pool location, three species were noted. Bluegill were abundant, followed by gizzard shad 
and several largemouth bass. Owing to the limitations of creek configuration and trotline sampling technique, 
representation by minnow and other small species were not obtained from this location. 

8.6.3 Ecological Assessment 

This section focuses on the ecological risks potentially posed by the levels of contaminants in the surface 
soils, surface water and sediments at SWMU #07/09 (Old Rifle Range). 

8.6.3.1 Site Characterization 

The biota and habitats that occur at SWMU #07/09 are discussed in detail in Section 8.6.2 of this document. 
The major habitat types and species are briefly summarized here. The ORR consists of an open grassland 
of approximately 10 acres. Turkey Creek flows from north to south along the east boundary of this SWMU. 
The dominant vegetation at the ORR includes white oak, sugar maple, and red oak. A total of 35 bird species 
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were recorded over a three day survey period. Station T-1 along Turkey Creek had the highest diversity and 
abundance of fish and macroinvertebrate species of any of the stations sampled for this field program. 

8.6.3.2 Chemicals of Potential Concern 

Chemicals of potential ecological concern (COPECs) were selected as described in Section 7.0 of this 
document. For the ORR, COPECs varied slightly depending upon the media. Specifically, for surface soils, 
four organic compounds and two inorganic compounds were initially selected as COPECs since the levels 
detected in the site soils exceeded either typical background concentrations or a regulatory criteria, as shown 
in Table 8-8. 

For surface water, all detected compounds were within the range of typical background concentrations and 
were below published AWQC (Table 8-9). Therefore, there are no COPECs for surface water for the Old Rifle 
Range. Likewise, for sediments, all detected compounds that have ER-L and ER-M values were well below 
these levels (Table 8-10). Some organiC compounds detected in the sediments do not have published ER-L 
or ER-M values so they were included as COPECs even though the concentrations of these compounds were 
very low and these compounds are easily biodegraded. 

8.6.3.3 Potential Pathways and Conceptual Food Web 

COPECs in surface soils at SWMU #07/09 may be exposed to ecological receptors primarily through direct 
contact and incidental ingestion. Incidental ingestion of contaminants in soils would occur largely as a result 
of grooming and preening behaviors, grazing on low-lying vegetation, and burrowing or digging activities. 

Figure 8-3 illustrates the conceptual food web model for SWMU #07/09 and species interactions. 

8.6.3.4 Risk Characterization 

For seven indicator species, an estimated average daily intake of soil was calculated for each. These 
calculations are presented in Appendix N. Since only limited data was available regarding COPECs in food 
items, the intake of a COPEC via the food chain was not included in the overall estimated intake. Additionally, 
since the COPECs are not bioaccumulated, transfer of contaminants through the food chain is not an 
important pathway of exposure for species at this SWMU. 

For ingestion of potentially contaminated surface soils, four animals (deer mouse, red fox, white-tail deer, and 
red-tail hawk) were specifically chosen as receptor species because they represent various trophic levels 
(primary herbivores to top carnivore) and because they are terrestrial animals. 

Table 8-17 shows a comparison of the estimated average daily intake of a particular COPEC (via soil 
ingestion) for each indicator species and a published toxicity reference value. For SWMU #07/09, the 
estimated intakes for barium exceeded the screening criteria (0.01 of the L050 value) established in the ERA 
workplan for Crane. 

The exposure pOint concentration of barium in soils at this SWMU was 273 mg/kg. The estimated average 
daily intakes of barium via soil ingestion for each of the indicator species is shown on Table 8-17 (calculations 
are presented in Appendix N). Because toxicity data for inorganic barium was unavailable, toxicity data for 
barium chloride was utilized instead. Using the LOLo value, the screening criteria was exceeded for one of 
the three species for which toxicity information has been published. 

Although there appears to be a potential risk to wildlife at this SWMU due to elevated concentrations of barium 
in site soils, the actual risks posed are believed to be minimal as explained below: 

• The concentrations of barium in the soil samples from this location ranged from 49.4 mg/kg to 
273 mg/kg with an average concentration of 148 mg/kg, which is above site-specific 
background, but below regulatory standards. This suggests that the estimated average daily 
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intake as shown in Table 8-17 is probably much higher than what is actually ingested, thereby 
overestimating the potential risk. 

The high concentrations of barium are very localized and would comprise only a small portion 
of the average home range of the indicator species. 

Barium is chemically similar to calcium in soil. Barium is a potential risk in soils only when it 
exceeds the exchangeable calcium and magnesium levels (OHMTADS, 1995). This is unlikely 
at this site based on the total concentrations of calcium (average concentration of 2030 mg/kg) 
and magnesium (average concentration of 655 mg/kg) at this SWMU. 

Thus, the potential risks to wildlife due to elevated concentrations of barium in surface soils at this SWMU are 
expected to be minimal. 

The estimated daily intakes for all of the COPECs in the sediments were well below the published toxicity 
values and thus there appear to be no impacts to site wildlife via this pathway (Table 8-18). 

Limited plant toxicity data is available for the COPECs in soils at this SWMU. Plants and vegetables can 
absorb PAHs from soils through roots and translocate them to other parts of the plant. However, toxicities 
associated with specific levels of PAHs in soils have not been established. No PAHs were detected in the 
vegetation samples collected from this SWMU. As stated above, barium is a potential risk in soils only when 
it exceeds the exchangeable calcium and magnesium levels, which is unlikely at this SWMU. 

8.6.4 Summary 

The potential ecological risks posed by COPECs at the Old Rifle Range are minimal. There are no predicted 
adverse effects to either the flora or fauna at this SWMU based on the toxicity information reviewed. Fewer 
fish and macroinvertebrate species were recorded mid-stream along Turkey Creek than at either of the 
upstream or downstream locations; however, overall population studies at this SWMU showed that animal, 
fish, macroinvertebrate and vegetation species are similar to what would be expected to occur in a non
impacted area. 

8.7 DEMOLITION RANGE (SWMU #06/09) 

8.7.1 Field and Analytical Results 

This section presents the field and analytical results for environmental samples collected as part of this RA. 
Samples were collected for chemical analysis from six different media including surface soil, surface water, 
sediment, vegetation, aquatic, and mammal tissue. Physical descriptions and analytical results for these 
media are discussed in the following subsections. In addition, the results of an ecological population survey 
are discussed. 

8.7.1.1 Surface Soil 

In order to assess the soil at the DR, the Halliburton NUS team collected eight surface composite soil samples 
(0- to 0.5-foot grid composites) from the Navy Detonation Area and three surface soil samples from the Army 
Detonation Area (Figure 4-32). These samples were analyzed for SVOC, metals, cyanide, and explosives. 
In addition, three grab surface soil samples (0- to 0.5-foot) were collected to represent background soils for 
the DR. These samples were also analyzed for the above parameters. Tables 4-25 and 4-26 summarize 
the analytical soil results for the DR. 

The soil in the Navy Detonation Area ranged from a sandy lean clay with gravel (CL) to a sandy fat clay with 
gravel (CH» to a clayey gravel with sand (GC). This area was devoid of vegetation, due to the facility 
operations. The soil in the Army Detonation Area ranged from a lean clay with sand (CL) to a clayey sand 
(SC)' Most of the sample points were collected in a grass covered field. All vegetation was removed prior 
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to sample collection. The three grab background samples were collected in a wooded area, and the soil 
ranged from a lean clay with sand (CL) to a clayey sand (SC). Any vegetation present at the sample point was 
removed prior to sampling. 

8.7.1.2 Surface Water 

In order to characterize the surface waters at the DR, the Halliburton NUS sample team collected three stream 
samples from Boggs Creek. Two samples were collected from potentially impacted areas of Boggs Creek 
and one upstream background location was taken. Sample locations are shown on Figure 4-31. 

Field measurements of pH, temperature, conductivity, dissolved oxygen, turbidity, color, odor and water depth 
are noted on the Surface Water/Sediment Data Forms. All stream samples were analyzed for VOC, SVOC, 
metals, cyanide, explosives, chloride, sulfate, alkalinity, TDS, nitrate+nitrite, and COD. Surface waters were 
collected from water depths ranging from one foot to eight feet. In general, surface water samples were clear 
with low turbidity with two exceptions: sample 06SW-B-2 was light green with medium turbidity; sample 06SW
T-3 was brown with an oily sheen on the water surface. Sample 06SW-T-3 was collected approximately 25 
feet northwest of a railroad bridge over Turkey Creek and it was noted by the sample team that the oily sheen 
may be due to the railroad tracks (creosote). 

The analytical results for Boggs Creek surface water are presented in Table 4-27. 

8.7.1.3 Sediment 

In order to assess the sediments at the DR, the Halliburton NUS sample team collected sediment samples 
from two potentially impacted areas of Boggs Creek and from one upstream background location. Sample 
locations are shown on Figure 4-31. 

The sediments in the DR included fluvial and stream bank deposits. The sediments were classified as sandy 
silt with gravel (ML), sandy lean clay (CL), and silty sand with gravel (SM). The DR background sample was 
an alluvial stream bed deposit classified as silty gravel (GM). Other sediment description information is 
provided on the Surface Water/Sediment Data Forms. 

The analytical results for Boggs Creek sediment are presented in Table 4-28. 

8.7.1.4 Tissue Samples 

In order to characterize the potential for the transport of COPECs through the food chain and potential 
bioaccumulation of these COPECs, tissue samples were collected from various species occurring in the DR. 
Methods used to collect the tissue samples are described in Section 8.2.2 of this document. The results of 
this sampling effort are summarized below in the following subsections. 

8.7.1.4.1 Animal Tissues 

A total of nine animal tissue samples were collected at the DR. Species sampled included white-tail deer, 
deer mouse (2), and raccoon. The samples consisted of three duplicate samples from raccoon liver and 
muscle tissues, and deer liver tissue. Except for the deer mice, samples were analyzed for VOCs, SVOCs, 
explosives, metals, cyanide, and nitrogen (as nitrate+nitrite). The deer mice were analyzed only for inorganic 
compounds due to the small amount of tissue available for analysis. A summary of the tissue sample results 
for the DR are presented on Tables 8-19 & 8-20. 

Only a few heavy metals were detected in the animal tissue samples. Cadmium was detected in the raccoon 
liver tissue samples, and copper and zinc were detected in all samples. The only organic compounds 
detected in the samples were 2-butanone, 4-methylphenol and carbon disulfide. 2-butanone was detected 
in all the samples and may be the result of laboratory contamination. 4-methylphenol and carbon disulfide 
were detected in the deer liver and muscle tissues. 
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A total of five vegetation tissue samples were collected from this SWMU, including one duplicate. Species 
sampled included hickory nuts, whitegrass, red oak and red maple seedlings. All tissue samples were 
analyzed for VOCs, SVOCs, explosives, metals, cyanide and nitrogen (as nitrate+nitrite). 

Except for copper and zinc, no heavy metals were detected in the vegetation tissue samples from this SWMU. 
Nitrogen was only detected in the whitegrass sample. Carbon disulfide and 2-butanone were the only organic 
compounds detected in any of the vegetation samples. Carbon disulfide was detected in one red maple 
sample and in the whitegrass sample. 

For comparison purposes, five samples (including one duplicate) of vegetation were also collected from a 
control (non-impacted) area. Species sampled included grapes, red maple seedlings, hickory nuts, and 
whitegrass. Detections in these control samples were similar to that of the DR, except that low levels of 
beryllium and mercury were detected in some of the hickory nut samples. 

8.7.1.4.3 Aquatic Tissue Samples 

A total of four aquatic tissue samples were collected from the DR (including 1 duplicate). Species sampled 
included minnows, bullheads and chubs. All tissue samples were analyzed for VOCs, SVOCs, explosives, 
metals, cyanide, and nitrogen (as nitrate+nitrite). 

Copper and zinc were the only heavy metals detected in any of the aquatic tissue samples. Nitrogen was 
detected in the one bullhead sample. The only organic compounds detected in the aquatic samples were 4-
methylphenol, 2-butanone and carbon disulfide. 4-methylphenol was detected in the bullhead sample, and 
carbon disulfide was detected in the both the bullhead sample and the chub sample. 2-butanone was 
detected in the minnow and chub samples and is thought to be the result of laboratory error. 

8.7.2 Ecological Population Surveys 

8.7.2.1 Setting 

The Demolition Range (SWMU #06/09) covers an area of approximately 50 acres where munitions are 
continuously detonated (Figure 8-2). The Demolition range detonation area is located topographically on a 
hilltop (plateau) location. This SWMU is located in the central portion of the NAVSURFWARCENDIV. The 
actual detonation range possesses no ground cover vegetation of any type. The vegetation cover immediately 
surrounding the detonation range consists of overstory, understory and ground cover vegetation. The most 
observable characteristic of this surrounding vegetation is that it is physically affected by munition detonations. 
The surrounding land slopes away from the DR site to the west, south and east of the DR range. The sloped 
areas contain a variety of wooded vegetation. Drainage from the Demolition Range passes into several 
sedimentation ponds designed to collect the disturbed soils and silts carried from the range area by rainwater 
during storm events. Eventually this water passes through the sediment basins and flows toward Boggs 
Creek to the southwest or to Turkey Creek to the southeast (Figure 8-2). 

The scientific and common names of the vegetation species described in the text are provided as cross
indexed tables. These tables are included in Appendix O. Photographs of the individual sampling and 
analysis areas are provided in Appendix K as Photos 6 through 9 (Vegetation studies), 23 through 27 
(Mammal studies), 28 through 33, and 39 through 41 (Aquatic studies). 

8.7.2.2 Vegetation 

Vegetation of the Demolition Range area includes woodlands, oldfield vegetation and grasslands along the 
roadways, railways and access areas. The predominant overstory vegetation consists of mixed hardwood, 
deciduous, broad-leaved tree species. The slope exposure and solar aspect of the Demolition Range and 
its surroundings shape the types and species of vegetation that are found in these areas. The following 
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section describes the results of .the vegetation sampling program conducted within the Demolition Range 
location. 

DR Vegetation Plot 1 

In this sampling area (Figure 8-2) (Appendix K, Photo 6) the overstory vegetation on the northwest facing 
slope consisted of in descending order; red maple, tuliptree, shagbark hickory, and sassafras. A total of 
17 trees were tallied from the overstory plot area (Appendix 0, Table 73). The total basal area on a per acre 
basis for this sampling location was 654.58 square inches (4.55 square feet). 

The understory for this sampling location consisted of three species including, in order; Japanese 
honeysuckle, flowering dogwood, and red maple. A total of six understory trees were tallied from the sampling 
area (Appendix 0, Table 74). Photo 6 indicates the extent of understory vegetation present in this sampling 
area. Note the patches of sunlight that penetrate the dense overstory canopy to illuminate the forest floor in 
this location. 

The ground cover vegetation in the plot 1 sampling area varied from 37 to 69 percent cover. The dominant 
ground cover in this location included; red maple, common wood sorrel, white grass, bedstraw, panicgrass, 
bluegrass, and common violet (Appendix 0, Tables 75 through 78). 

DR Vegetation Plot 2 

In this sampling area (Figure 8-2)(Appendix K, Photo 7) the overstory vegetation was surveyed from a south 
facing slope exposure. The dominant overstory in order of importance included, white oak, flowering 
dogwood, northern red oak, persimmon and red maple (Appendix 0, Table 79). A total of ten tree species 
were recorded for the overstory in this sample plot location. The basal area on a per acre basis for this 
location was 846.19 square inches (5.88 square feet). 

The vegetation of the understory in this sampling location included only two species with flowering dogwood 
and red maple the only recorded understory species (Appendix 0, Table 80). Nine individual understory 
saplings were recorded from the sampling site. Photo 7 illustrates how open and shaded the sampling 
location was during the fall survey program. 

Ground cover vegetation in the DR Plot 2 sampling area varied in cover extent from 16 to 37, with one of the 
plots having 85 percent ground cover vegetation (Appendix 0, Tables 81 through 84). The variability is 
believed due to "gaps" in the canopy which permit more sunlight to contact various portions of the ground 
cover vegetation in this sampling location leading to uneven growth in response to more available light. 
Dominant ground cover vegetation in this sampling area include bluegrass, fall panicum, bedstraw, flowering 
dogwood seedlings, Virginia creeper, and fox grape. 

DR Vegetation Plot 3 

In this sampling area (Figure 8-2)(Appendix K, Photo 8) overstory vegetation in the west facing slope location 
included representation by five species and totaled 16 trees within the sampling plot (Appendix 0, Table 85). 
The tree representation in order, included sugar maple, white oak, pignut hickory, northern red oak, and 
persimmon. The basal area per acre in this location was 2,197 square inches (15.26 square feet). This basal 
area value represents a high volume of woody species growth on a per acre basis and is indicative of large 
diameter overstory and a corresponding moderate to large number of understory trees per unit area. 

The understory tree species in this sampling location included a total of 21 trees recorded from the circular 
plot area encompassing a total of six species (Appendix 0, Table 86). The species represented included in 
order, black cherry, flowering dogwood, sugar maple, pignut hickory, persimmon, and blue-beech. 

Ground cover vegetation in this sampling area reflected the fact that where the overstory is dense and the 
understory is also dense, there is significant shading, and this results in a reduced abundance of ground cover 
vegetation (Appendix 0, Tables 87 through 90). This was observed from the sampling plot in the form of 

L:IWORK\CT022901IWPlCCRA2ICCCHHRS,JBS 8-32 CTO No. 229 



USEPA 10 No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

February 1999 

ground cover percentages that ranged from a low of 3 percent to a high of 8 percent for the area. This 
condition can be observed in Photo 8. The dominant species that were recorded for this location included, 
sugar maple, Virginia creeper, bedstraw, white oak seedlings, white snakeroot, ironwood seedlings, and wood 
nettle. 

DR Vegetation Plot 4 

In this sampling area (Figure 8-2)(Appendix K, Photo 9) overstory vegetation in the south facing slope location 
included representation by four species totaling 24 trees (Appendix 0, Table 91). The overstory in this 
location was limited to oaks and hickories. Dominant species in order included, white oak, black oak, pignut 
hickory, and red oak. The basal area per acre equivalent from this sampling location was 3,954.7 square 
inches (27.4 square feet). As can be noted from the very large basal area per acre in this location, there are 
many trees present with very large dbh values. Photo 9 shows how dark this south facing slope is during the 
daytime. 

Understory vegetation in this location included representatives of five species and a total of 24 saplings were 
tallied from the sample plot (Appendix 0, Table 92). In order, the understory species in this location included, 
flowering dogwood, black cherry, persimmon, pignut hickory and American beech. 

Vegetation of the ground cover stratum in this location included fourteen herbaceous species representatives. 
The percent ground cover of these species varied from 7.8 to 22.6 percent per plot sampled (Appendix 0, 
Tables 93 through 96). The dominants in descending order of importance for the site included, white oak, 
beaked agrimony, Virginia creeper, pasture rose, whitegrass, wild bean, viburnum seedlings, wild yam 
jointgrass, and climbing false buckwheat. 

DR Vegetation Plot 5 

In this sampling area (Figure 8-2) the overstory vegetation was surveyed from an east facing slope location 
situated to the south of the active DR site. A total of eight overstory vegetation species were represented in 
this sampling area which was the most diverse location of the sites sampled for the DR area (Appendix 0, 
Table 97). A total of 20 individuals were tallied from the sample plot site. In order, the species present 
included, pignut hickory, sugar maple, shellbark hickory, red oak, chestnut oak, tuliptree, American beech, 
and flowering dogwood. The basal area equivalent per acre for this location was 3,342.53 (23.21 square feet). 

In this location the understory vegetation was represented by four species and accounted for 17 individual 
trees tallied from within the sampling area (Appendix 0, Table 98). The understory was composed of sugar 
maple, flowering dogwood, pignut hickory and American beech. The species composition of the understory 
in this location reflected the overstory species dominants and indicated that regeneration of the overstory was 
occurring in this area. 

The ground cover vegetation in this sampling location reflected the more moist conditions of this mesic slope 
exposure (Appendix 0, Tables 99 through 102). A total of 14 species were recorded from the ground cover 
plots sampled. The percent ground cover in this area varied from 48 to 81 percent. The dominant ground 
cover species in order included clearweed, wild ginger, Pennsylvania smartweed, mayapple, and common 
violet. 

8.7.2.3 Birds 

The birds of the Demolition Range area are an interesting species mixture, including elements common to 
woodland habitats and species that frequent open areas such as oldfields, grassland, and edge habitats. The 
most common species recorded from the DR during the fall 1995 sampling period included the American 
robin, followed by the common crow, cardinal, blue jay, mourning dove, song sparrow and the eastern wood 
pewee (Appendix 0, Table 103). During the survey period a total of 16 distinct species were recorded. The 
average number of individuals censused from the DR bird survey route (Figure 8-2) was 39. The avian 
diversity index for the site varied from 0.688 to 0.938 and indicated that there was considerable variability in 
numbers of species that were recorded from the site during the survey period. However, the mean avian 
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diversity index compared favorably with that noted for the ABG site (DR = 0.792, ABG = 0.773.) The screech 
owl and the white-breasted nuthatch were the most uncommon species noted for the survey period with single 
occurrences for each species. Based on individual survey results, the bird survey conducted from the 
Demolition Range area recorded the fewest number of individuals and total species that were recorded from 
any of the three SWMU's during the sampling period. 

8.7.2.4 Mammals 

The mammal species of the Demolition Range were live trapped during the fall 1995 field survey period. 
During this interval, a total of three small mammals were live trapped. This included two male and one female 
deer mouse (Appendix 0, Tables 36 & 37). Considering the large number of trap nights (240) for this location, 
the trapping success (1.25 percent) was very low. Intermediate mammals were also live trapped from this 
area and resulted in the capture of two raccoons, and an opossum for a higher trapping success rate (20 
percent). Considering that the Demolition Range site activities are conducted continually, as the result of the 
detonations, the low trapping success rate for this site may relate to the operational conditions affecting the 
habitats that surround this demolition range area. Site related overpressures and mechanical vibrations of 
the surface environment coupled with concussive effects of ordnance demolition at the site, most probably 
results in an avoidance behavior on the part of small to intermediate mammal and bird species especially 
during hours of site operation. Large mammals including deer, fox and coyote were observed primarily in this 
area through the presence of their tracks, scat and rubbings or scrapes. No other species were observed 
either through their physical presence or their sign during the field program in this location. 

8.7.2.5 Amphibians and Reptiles 

Site investigations at the Demolition Range included observations of amphibian and reptile species. Three 
American toads were observed in the west facing slope woodland area. None were observed or heard in the 
cleared portion of the Demolition Range operational area. A single road-killed Black Kingsnake was seen 
on the paved roadway that courses along the western edge of the Demolition Range site area. No amphibian 
species were noted in the vicinity of sedimentation pond Nos. 1, 2, and 4 in the DR area. During the fish and 
macroinvertebrate study program along Boggs Creek, a number of amphibians were observed including the 
bullfrog, green frog, Pickerel frog and the southern leopard frog. In addition, while conducting the 
electroshocking survey in the vicinity of sampling station 06SW/SD-B-2, a large snapping turtle was observed 
at close range. In addition, in this riparian area along Boggs Creek both an eastern garter snake and a 
Midland water snake were noted in the tall herbaceous vegetation cover along the stream bank. No other 
indications or observations of amphibian or reptile fauna were noted from this sampling location. General site 
species observations are provided in (Appendix 0, Table 38). 

8.7.2.6 Macroinvertebrates 

Boggs Creek maintained a moderate flow rate during the field sampling period in the fall of 1995. During this 
time at sampling station 06SW ISD-B-1, (Figure 8-2) (Appendix K, Photos 28 and 29), two macroinvertebrate 
samples were collected (Appendix 0, Table 39). One sample was obtained from a riffle area and one sample 
from a pooled area in the sample location. The sample obtained from the riffle area included seven distinct 
species and a total of 94 individuals were obtained in the macroinvertebrate sample obtained from this 
location. Two of the seven species recorded included EPT pollution intolerant species. The EPT index for 
the riffle location at this site was 0.286. By contrast the pool sample obtained from this same area also 
included seven species; however, the EPT index for the pool location was 0.429 since a larger compliment 
of the species present included EPT species (mayfly nymphs, stonefly and caddisfly larvae). 

The second macroinvertebrate sampling station 06SW/SD-B-2, (Figure 8-2)(Appendix K, Photos 30 and 31) 
included only a pool sample since at this location the stream configuration included a very linear pooled area 
(created by a beaver dam (shown on photo 31) without exposed riffle areas. The pool sample indicated a total 
of seven species; however, the population abundance was lower, since only 41 specimens were obtained from 
this site location. There were no EPT species recorded from the sample obtained from this location. In this 
sampling location, water boatmen (Corixidae) and several water striders (Gerridae) were observed on the 
surface of the pool. 
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The remaining macroinvertebrate sampling location 06SW/SD-B-3 (Figure 8-2) (Appendix K, Photos 32 
and 33) is topographically and hydrologically downgradient of both of the sediment pond Nos. 1 and 2 that are 
associated with collecting runoff from the DR site. At this sample location, by contrast to the last sampling 
site, there was only riffle configuration stream bottom. This location had the highest species diversity and total 
number of organisms for all of the stations surveyed during the field program. A total of ten distinct species 
was recorded with a total of 122 organisms collected in the sample from this site. One EPT species was 
recorded from this location and was the most abundant single species, specifically caddisfly larvae. In 
addition Chironomids which are pollution tolerant were also noted and were second in total numbers in this 
sample. 

In addition to the instream sample locations for macroinvertebrates, the sediment ponds were sampled. 
Sediment pond No. 1 (Figure 8-2) (Appendix K, Photo 39) was sampled and a total of four species were 
obtained from this location. A total of 43 individuals were found in the sample. Two EPT species were 
collected from this sample and yielded an EPT Index of 0.500 since they accounted for such a large portion 
of the entire population collected. Sediment pond No.2 (Appendix K, Photo 40) and No.4 (Appendix K, 
Photo 41) by contrast were repeatedly sampled and no macroinvertebrate species were observed in the 
samples collected. The only species recorded from the sediment pond No.2 location was a northern mole 
cricket found in the shallow surface sediment material. 

8.7.2.7 Fish 

The Boggs Creek drainage along the western edge of the Demolition Range included a number of species. 
Water flow conditions during the fall 1995 survey included moderate flow for the entire length of the creek that 
was to be sampled. At the northernmost sample location 06SW/SD-B-1 (Figure 8-2) (Appendix K, Photo 28 
and 29), a total of six fish species was recorded from the electroshocking survey (Appendix 0, Table 41). The 
most common species were the bluntnose minnow and the silverjaw minnow, followed by the creek chub and 
gizzard shad. The black bullhead and the green sunfish were both recorded but were represented by only two 
individuals each for this sampling area. The second survey point in Boggs Creek 06SW/SD-B-2 (Figure 8-2) 
(Appendix K, Photo 30 and 31) was a pooled area as described previously, from this location only two species 
were recorded. The bluntnose minnow was the most abundant followed by the creek chub. No other species 
were noted for this site even though a total of approximately 16 minutes of continuous electroshocking was 
conducted at this sample point. The remaining Boggs Creek sampling area 06SW/SD-B-3 (Figure 8-2) 
(Appendix K, Photos 32 and 33) consisted of a shallow riffle area and a total of six species were recorded 
from this location. Both the creek chub and the bluntnose minnow were most numerous of the species 
collected at this location. The silverjaw minnow was also obtained from this location but in lesser numbers 
at this location. Three uncommon species recorded for this site included the black bullhead, yellow bullhead 
and the channel catfish. Electroshocking was attempted at sediment pond No.1; however, after attempting 
to survey this area, no fish species were collected, and surveying of these areas was discontinued. 

8.7.3 Ecological Assessment 

This section focuses on the ecological risks potentially posed by the levels of contaminants in the surface 
soils, surface water, and sediments at SWMU #06/09 (Demolition Range). 

8.7.3.1 Site Characterization 

The biota and habitats that occur at SWMU #06/09 are discussed in detail in Section 8.7.2 of this document. 
The major habitat types and species are briefly summarized here. The Demolition Range itself has no 
vegetation cover of any type. Immediately surrounding the DR, the vegetation consists of woodland with some 
oldfield vegetation and grasslands along roadways and other access areas. Drainage from the DR passes 
into several sedimentation ponds and eventually flows into Boggs Creek (to the southwest) or Turkey Creek 
(to the southeast). Dominant vegetation includes red maple, tuliptree, white oak, pignut hickory, sugar maple 
and flowering dogwood. A total of 16 bird species were identified during a three day survey period, and 
mammals observed in the area included deer mouse, opossum, raccoon, white-tail deer, and red fox. Aquatic 
species observed included both pollution tolerant and intolerant macroinvertebrates, and fish species collected 
included bluntnose minnow, silverjaw minnow, creek chub and gizzard shad. 
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Chemicals of potential ecological concern (COPECs) were selected as described in Section 7.0 of this 
document. For the DR, COPECs varied slightly depending upon the media. Specifically, for surface soils, 
twelve organic compounds and four inorganic compounds were initially selected as COPECs since the levels 
detected in the site soils exceeded either typical background concentrations or a regulatory criteria, as shown 
in Table 8-S. The organic compounds included: Total PAHs, diethylphthalate, 2,4-dimethylphenol, di-n
butyl phthalate, 2,4-dinitrotoluene, di-n-octylphthalate, hexachlorobenzene, 4-methylphenol, N
nitrosodiphenylamine, pentachlorophenol, RDX, and 2,4,6-trinitrotoluene. The four inorganic COPECs in 
surface soils included: barium, cadmium, copper and lead. 

For surface water, four inorganic compounds (cadmium, cobalt, copper, and zinc) were selected as COPECs 
(Table 8-6). Cobalt was included as potential COPEC since there was no AQWC criteria available for this 
compound. Cadmium, copper and zinc levels exceeded the fresh water chronic criteria for these elements. 

For sediments, five organic compounds were initially selected as COPECs (Table 8-7). However, most of 
these compounds are easily biodegraded and were detected at very low concentrations. 

8.7.3.3 Potential Pathways and Conceptual Food Web 

COPECs in surface soils at SWMU #06/09 may be exposed to ecological receptors primarily through direct 
contact and incidental ingestion. Incidental ingestion of contaminants in soils would occur largely as a result 
of grooming and preening behaviors, grazing on low-lying vegetation, and burrowing or digging activities. 
COPECs in surface water may be exposed to ecological receptors through direct contact and ingestion. 
Exposure to COPECs in sediments would occur through direct contact and incidental ingestion. 

Figure 8-3 illustrates the conceptual food web model for SWMU #06/09 and species interactions. Some 
contaminants may be transported via the food chain, with some COPECs (e.g., cadmium, and zinc) potentially 
being biomagnified or bioconcentrated by certain organisms. 

8.7.3.4 Risk Characterization 

For seven indicator species, an estimated average daily intake of soil, sediment and surface water was 
calculated for each. These calculations are presented in Appendix N. Since surface water intake did not add 
appreciably to the total intake, the estimated average daily intake of either soil or sediment was thought to be 
representative of the total intake by a particular species for a particular compound. Likewise, although some 
data was available regarding COPECs in food items, the intake of a COPEC via the food chain was not 
included in the overall estimated intake. However, transfer of COPECs through the food chain and the 
potential for these COPECs to bioaccumulate or biomagnify was evaluated separately and discussed later 
in this section. 

For ingestion of potentially contaminated surface soils, four animals (deer mouse, red fox, white-tail deer, and 
red-tail hawk) were chosen as indicator species because they represent various trophic levels (primary 
herbivores to top carnivore) and because they are terrestrial animals. For ingestion of sediment, mallard, 
kingfisher and raccoon were selected as indicator species since they also represent various trophic levels 
(herbivore, carnivore and omnivore) and are primarily associated with aquatic habitats. 

Table 8-21 shows a comparison of the estimated average daily intake of a particular COPEC (via soil 
ingestion) for each indicator species and a published toxicity reference value. For SWMU #06/09, the 
estimated intakes for barium exceeded the screening criteria (0.01 of the LDSO value) established in the ERA 
workplan for Crane. 

The exposure point concentration of barium in soils at this SWMU was 661 mg/kg. The estimated average 
daily intakes of barium via soil ingestion for each of the indicator species is shown on Table 8-21 (calculations 
are presented in Appendix N). Because toxicity data for inorganic barium was unavailable, toxicity data for 
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barium chloride was utilized instead. Using the LOLo value, the screening criteria of 0.01 was exceeded for 
each of the three species for which toxicity information has been published. 

Although there appears to be a potential risk to wildlife at this SWMU due to elevated concentrations of barium 
in site soils, the actual risks posed are believed to be minimal as explained below: 

• 

• 

• 

The concentrations of barium in the soil samples from this location ranged from 169 - 661 mg/kg 
with an average concentration of 379 mg/kg, which is above site-specific background, but below 
most regulatory standards. This suggests that the estimated average daily intake as shown in 
Table 8-21 is probably much higher than what is actually ingested, thereby overestimating the 
potential risk. 

The high concentrations of barium are very localized and would comprise only a small portion 
of the average home range of the indicator species. 

Barium is chemically similar to calcium in soil. Barium is a potential risk in soils only when it 
exceeds the exchangeable calcium and magnesium levels (OHMT ADS, 1995). This is unlikely 
at this site based on the total concentrations of calcium (average concentration of 3500 mg/kg) 
and magnesium (average concentration of 1080 mg/kg) at this SWMU. 

Thus, the potential risks to wildlife due to elevated concentrations of barium in surface soils at this SWMU are 
expected to be minimal. 

There is no plant toxicity data available for the organic COPECs in soils at this SWMU, however, toxicity data 
co-exist for some metals. As stated above, barium is a potential risk in soils only when it exceeds the 
exchangeable calcium and magnesium levels, which is unlikely at this SWMU. For cadmium, a LOAEL level 
of 8 mg/kg is reported for soils for toxicity to crops (OHMTAOS, 1995). The exposure point concentration of 
cadmium in soils at this SWMU was 3.3 mg/kg. Likewise, for copper, a LOAEL of 816 mg/kg is reported for 
soils for toxicity to crops. The exposure point concentration for copper was 131 mg/kg. For lead, a potential 
risk to biota through bioaccumulation may occur if concentrations in soil exceed 1,632 mg/kg. The exposure 
point concentration was 42.7 mg/kg. Based on this toxicity information, the concentrations of COPECs in 
surface soils are not expected to pose a significant risk to flora at this location. 

For ingestion of potentially contaminated sediments, the calculations were primarily based on toxicity 
information for the raccoon since there is little published toxicity information available for birds. Table 8-22 
shows a comparison of the estimated average daily intake of each COPEC via sediment and the available 
toxicity information for each. Calculations of estimated sediment intake are presented in Appendix N. 

The estimated daily intakes for all of the COPECs in the sediments were well below the published toxicity 
values and thus there appear to be no impacts to site wildlife via this pathway. 

For the surface water pathway at DR, four compounds exceeded Ambient Water Quality Criteria (AWQC), 
or did not have AWQC for comparison. These COPECs included cadmium, cobalt, copper, and zinc. Cobalt 
was included as COPEC for the surface water pathway since there is no AWQC for this compound. 

Of the surface water samples collected at this SWMU, the highest concentrations of the five COPECs were 
all from location B-2 (Figure 4-31). Although there are no AWQC for cobalt, surface water concentrations 
were compared to reported toxicity levels. For cobalt, the lowest lethal concentration (based on a seven day 
study) was 8,000 ug/L for a scud. Other lethal concentrations ranged from 30,000 ug/L for rainbow trout, to 
90,000 ug/L for minnows, to 600,000 ug/L for midges. Based on these toxicity concentrations, the levels of 
cobalt detected at location B-2 are not expected to pose a significant risk to wildlife. For manganese, lethal 
concentrations (based on a 7-day study) were 600,000 ug/L for minnows to 1,300,000 ug/L for tench fish. 
Based on these toxicity levels, manganese is not expected to have an adverse impact to wildlife at location 
B-2. 
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The highest concentration of cadmium was also detected at location B-2 (10.7 ug/L). The next highest 
detected concentrations of cadmium in surface waters at this SWMU were 2.7 ug/L at location B-3, and 2.1 
ugIL at location B-1. Cadmium was not detected in the surface waters at location T -3 (Figure 4-31) . Toxicity 
for cadmium, as reported in OHMTADS, 1995, ranges from 100 ug/L for the water flea to a 96-hour LC50 of 
7,200 ug/L for the fathead minnow. For the bluegill, no effects were reported for a concentration of 31 ug/L 
of cadmium. Cadmium does appear to be more toxic to fingerlings and larvae of various aquatic species 
(toxic effects have been reported at 1 uglL). A chronic aquatic toxicity limit of 57 ug/L cadmium was cited in 
OHMTADS. Based on this limited toxicity data, the elevated levels of cadmium in Boggs Creek may have 
limited adverse impacts on wildlife. Cadmium was detected in raccoon liver tissue samples collected at the 
Demolition Range; however, it was not detected in any of the fish tissue samples collected from Boggs Creek. 

The highest concentration of copper (44.1 ug/L) was also detected at location B-2. The AWQC for fresh water 
chronic level effects is 12 ugiL (based on a hardness of 100). Toxicity information for copper, as reported in 
the database OHMTADS, ranged from a low of 10 ug/L for the brook trout (96-hour LC50) to 1,250 ugiL for 
bluegills (96-hour median tolerance limit). Toxicity for other species are as follows: banded killifish - 860 ug/L 
as a 96-hour median tolerance limit; striped bass - 4,300 ug/L as a 96-hour median tolerance limit; 
pumpkinseed - 2,400 ug/L as a 96-hour median tolerance limit; white perch - 6,200 ug/L as a 96-hour median 
tolerance limit; American eel - 6,400 ug/L as a 96-hour median tolerance limit; and common carp - 810 ug/L 
as a 96-hour median tolerance limit. Based on this toxicity data, the elevated levels of copper are not 
expected present a significant risk to biota. 

For zinc, the highest detected surface water concentration (210 ug/L) also occurred at location B-2. The 
AWQC for the fresh water chronic level for zinc is 110 ug/L (based on a hardness of 100). Toxicity information 
for zinc as reported in OHMTEDS ranged from a low of 50 UgIL for a pond snail (toxic concentration), to 3,300 
ugiL for the bluegill (96 hour LD50). 96 hour median tolerance limits for various species are as follows: 3500 
ug/L for sunfish; 770 ug/L fathead minnow; 4200 ugiL for bluegill. Other species have the following reported 
toxicities for zinc: 300 ug/L lethal for may fly nymphs; 130 ug/L lethal concentration for guppy; 150 ug/L lethal 
for trout; and 500 ug/L 24 hour LC50 for striped bass larvae. Additionally, the presence of copper appears 
to have a synergistic effect on the toxicity of zinc; while the presence of calcium is antagonistic toward zinc 
toxicity in fish (OHMT ADS, 1995). Based on this data, the elevated levels of zinc may present a potential risk 
to aquatic species at this location. 

The macroinvertebrate population at Station B-2 (Figure 4-31) in Boggs Creek had a low relative abundance 
of species, and there were no EPT intolerant species present in the sample collected from this location. 
Additionally, only two species of fish were recorded from Station B-2, which may indicate that contaminants 
at this location may be having a limited effect on population abundance and diversity. 

8.7.4 Summary 

The potential ecological risks posed by COPECs at the Demolition Range appear to be limited to elevated 
concentrations of cadmium and zinc in the surface water of Boggs Creek near location B-2. Based on the 
sampling and toxicity data from other points along Boggs Creek (both upstream and downstream), the impacts 
appear to be localized and unlikely to impact the viability of anyone species at the site. The results of the 
macroinvertebrate and fish population studies around sampling area B-2 also indicate that there may be some 
adverse impacts to wildlife in this area. At present, this observation does not allow the assignment of a cause 
and effect relationship to any particular COPEC; however, the low relative abundance and diversity of aquatic 
species at Station B-2 may be attributable to the presence of low levels of several COPECs in the surface 
water and sediments that are acting synergistically. 
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8.8 CONCLUSIONS 

USEPA ID No. IN5 170023498 
NAVSURFWARCENDIV CCRA 
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8.8.1 Ammunition Burning Grounds and Jeep Trail (SWMU #03/10) 

8.8.1.1 Vegetation 

The vegetation of the ABG area consisted primarily of wooded slope hardwood species. The complexity of 
the overstory vegetation in this location was evident by the number of overstory species recorded. The most 
diverse overstory vegetation area at ABG was the east facing slopes with eight overstory species recorded. 
The northeast and north facing slopes followed with seven species each. The southeast facing slope was 
represented by six species, and the fewest number of species, five, was recorded from the northwest facing 
slopes. The east facing slope had the highest species diversity and the highest basal area per acre value 6.37 
square feet per acre. In fact, the basal area and the species diversity were paralleled for all of the sampling 
plots in the ABG sampling area. (The decreasing order of basal area and the decreaSing number of species 
were consistent throughout this sampling location). 

The understory vegetation of the five sampling locations included results obtained from five separate plot 
locations. Very few understory species were recorded from this sampling area zero to four species, 
regardless of which slope aspect was surveyed. The site with no understory, plot 4; the east facing slope was 
the location with the largest overstory basal area volume. The site with the lowest basal area volume, Plot 1, 
had the greatest understory species diversity (four species). Competition for available light in this steeply 
sloped sampling area combined with slope soil types and moisture conditions may have a major bearing on 
the types and diversities of understory species observed in the ABG area. 

Ground cover vegetation in the ABG area ranged from 10 to 23 species depending on the sampling site. 
Fewest species were recorded from the northwest slope areas (ten species), and the most numerous were 
recorded from the east and southeast slope sampling areas (23 species). 

8.8.1.2 Birds 

The ABG site area supports a moderately diverse bird population. a total of 25 species were recorded from 
the ABG area during the fall 1995 survey period. The individual daily bird tallies fluctuated from 18 to 
21 species tallied. The woodland habitats of this site area supported survey stations with moderate numbers 
of species (diversity) during the fall survey. A number of gregarious species were present in open areas 
within the ABG area. 

Bird habitat diversity at the ABG area is largely responsible for the moderately high bird diversity recorded for 
this sampling area. 

8.8.1.3 Mammals 

The ABG site was surveyed during the fall 1995 sampling period and the only species captures at this location 
included a single capture of opossum. No small mammal captures were made at this sampling location. 
Activities associated with the operation of the ABG site are believed to be responsible in part for the lack of 
small mammal captures. Predation pressures are also believed to be responsible for the lack of captures at 
this location. It is quite possible that the rodent population is in one of its cyclic "lows". At these times small 
mammals such as white-footed mice become highly scattered and nomadic in behavior (King, 1968) and as 
a result, data collection during these times is spotty and difficult to interpret. The presence of a male Indiana 
Bat from the riparian sampling location at this SWMU appears to indicate that this Federally protected species 
is able to utilize the site for foraging opportunities and may not be impacted as the result of site operations. 
Since the Indiana Bat is insectivorous, trophic level-specific insect studies are currently being planned for this 
habitat area to determine if there is potential for bioaccumulation of any of the COPEC constituents at the ABG 
into the insects which form the Indiana Bat food source in this area. 
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8.8.1.4 Amphibians and Reptiles 

USEPA ID No. IN5170 023 498 
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The ABG site provided observations of the American toad, striped chorus frog, bullfrog, eastern garter snake, 
and eastern box turtle were recorded from this location. Suitable mesic habitats are present for all of these 
species in the ABG site area. Because of the secretive nature of these species, encountering these species 
occurred in association with conducting other field survey activities. 

8.8.1.5 Macroinvertebrates 

At the ABG site, the macroinvertebrate community was surveyed from two pool locations and one riffle 
location. 

Spring A - Downstream of the Spring C location only seven species were recorded; however, three of the 
seven species that were recorded, were EPT species. In the Spring A area, (Figure 8-1), a total of seven 
taxa of macroinvertebrates were collected (Appendix 0, Table 39). Of the seven taxa, three consisted of EPT 
pollution sensitive species including mayfly nymphs, stonefly larvae and caddisfly larvae. This site had an EPT 
Index of 0.429 which is indicative of a relatively unpolluted stream system. It is believed that because the Little 
Sulphur Creek drainage was at a low flow condition, this factor had a bearing on the species numbers and 
diversity recorded from the sampling locations. The ABG benthic community appears to be affected by 
seasonal flow conditions. 

Spring C - pool location (closest to the ABG site) possessed the highest diversity in macroinvertebrate 
species. Of the eight species recorded from this location, three represented EPT pollution intolerant species. 
In the Spring C area, algal growth was limited in the pool area. Several crayfish were observed and collected 
at the time of the electroshocking survey for fish species. Water boatmen (Corixidae) and several water 
striders (Gerridae) were observed on the surface of the pool at the Spring C location. The EPT index at this 
location was moderately high (0.375), indicating the presence of pollution intolerant macroinvertebrate species 
including mayfly nymphs, stonefly larvae, and caddisfly larvae 

The riffle area from this same vicinity contained only four recorded species, two of which were EPT species 
In this riffle, there were only four species recorded, two of which were EPT pollution sensitive species. The 
low-flow conditions of Little Sulphur Creek at the time of the survey may have contributed to the species 
composition observed for the riffle area. The presence of pollution intolerant species and the general stream 
condition with a lack of observable pollution sources indicates that this Spring location has a relatively good 
community species composition and abundance. 

Since the greatest diversity was noted closest to the ABG site, for this trophic level, it appears that the water 
quality is sufficient to support a diverse macroinvertebrate community. Seasonal data would need to be 
collected to permit an evaluation of changes in species composition and diversity attributable to natural 
seasonal changes in the benthic community. 

8.8.1.6 Fish 

The diversity of fish species in Little Sulphur Creek in the vicinity of the ABG site reflected the conditions of 
low flow experienced during the macroinvertebrate sample collection in this area. 

Spring A - at the Spring A pool location, only four species of fish were recorded. Bluntnose minnow was 
abundant at this location; however, the only other small fish present in this area included gizzard shad and 
the creek chub. The fish survey results also included several largemouth bass from this location, which by 
their presence in this pool may directly account for a more limited diversity of small minnows and dace from 
this site 

Because of the pooled condition of the creek, and the inability of fish to travel upstream or downstream in the 
watercourse, the diversity of fish species is believed to be more the result of natural environmental conditions 
than the result of any aquatic species reaction to COPEC materials from the ABG site. In addition, in the 
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Spring A location, the presence of several piscivorous fish (largemouth bass) may have independently 
accounted for a reduction in the numbers and presence of minnows and shiners within this pool. 

Spring C - In Spring C (closest to the ABG site) location, a total of five fish species were surveyed from a 
pooled water area and included in descending order of importance, Bluntnose minnow, silverjaw minnow, 
gizzard shad, and of lesser abundance, ribbon shiner and blacknose dace (Appendix 0, Table 41). The pool 
in this location was relatively shallow varying to a maximum depth of 1-1/2 feet. 

0.0.2 Old Rifle Range (SWMU #07/09) 

0.0.2.1 Vegetation 

At the Old Rifle Range site, the vegetation of the area includes mowed grasslands, wooded slopes and 
riparian wooded vegetation in the vicinity of the Turkey Creek drainage. Within the wooded portion of the site, 
the most diverse overstory location was a southeast facing slope which had eight recorded species from the 
sampling area. This location had a moderately high basal volume per acre of 19.67 square feet of overstory 
vegetation. By contrast the area with the lowest species diversity (five species) contained the highest basal 
area volume for all of the five plot areas sampled in this location. The basal area volume per acre for this 
location was 22.46 square feet of overstory vegetation. 

The understory vegetation of the five sampling locations included results obtained from five separate plot 
locations. Very few understory species were recorded from this sampling area one to two species, regardless 
of which slope aspect was surveyed. Competition for available light in this moderately sloped sampling area 
combined with slope soil types and moisture conditions may have a major bearing on the types and diversities 
of understory species observed in the ORR area. 

Ground cover vegetation in the ORR area ranged from 11 to 18 species depending on the sampling site. 
Fewest species were recorded from the southwest slope areas (11 species) and the most numerous were 
recorded from the southeast slope sampling areas (18 species). 

0.0.2.2 Birds 

The ORR site area supports a diverse bird population. A total of 35 species were recorded from the ORR 
area during the survey period. The individual daily bird tallies fluctuated from 24 to 25 species tallied. The 
woodland habitats of the ORR site area supported survey stations with the largest number of species 
(diversity) during the fall survey. 

Bird habitat diversity (open fields, woodlands and riparian woods) at the ORR area is believed to be 
responsible for the high bird diversity recorded for this sampling area compared to the other sampling 
locations during the survey period. 

0.0.2.3 Mammals 

The ORR site was surveyed during the fall 1995 sampling period and the only species occurrences at this 
location included five separate captures of opossum. No small mammal captures were made at this sampling 
location. Activities associated with the operation of the ORR site are believed to be responsible in part for the 
lack of small mammal captures. Predation pressures are also believed to be responsible for the lack of 
captures at this location. It is quite possible that the rodent population is in one of its cyclic "lows". At these 
times small mammals such as white-footed mice become highly scattered and nomadic in behavior (King, 
1968) and as a result, data collection during these times is spotty and difficult to interpret. 

It is believed that the actual population of small mammals in this area is quite limited due to site activities and 
disturbance brought about by the site activities. 
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8.8.2.4 Amphibians and Reptiles 
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The ORR site provided observations of the striped chorus frog, bullfrog, green frog. A single eastern box turtle 
were recorded from the ORR sediment pond in this location. Because of the secretive nature of these 
species, encountering these species occurred in association with conducting other field survey activities. 

8.8.2.5 Macroinvertebrates 

The ORR site macroinvertebrate community was surveyed from three creek pool locations. The upstream 
pool location T-1 had a total of seven species, three of which were EPT species. The T-2 location had five 
species present, and two EPT species were recorded. Further downstream, in the Pool T-3 location, five 
species were recorded with only a single EPT species present. In reviewing the total number of individuals, 
the absolute number declined from T-1 (52) through T-2 (42), and finallyT-3 (38 individuals recorded). It is 
believed that the ORR runoff may be having some influence over the relative numbers of macroinvertebrates 
recorded (particularly at stations T-2 and T-3). Seasonal data would need to be collected to permit an 
evaluation of changes in species composition and diversity attributable to natural seasonal changes in the 
benthic community. 

8.8.2.6 Fish 

Fish species diversity in Turkey Creek in the vicinity of the ORR site to an extent reflected the conditions of 
low flow experienced during the macroinvertebrate sample collection in this area. At the T -1 location of Turkey 
Creek, a total of 12 species were observed and recorded from the sampling area. At station T-2, across from 
the ORR site, only four species were recorded from the pool in this location. Further downstream at T-3 
location, a total of three fish species were surveyed. This last value must be considered in light of the means 
of survey which was a trotline since this pool was too deep to effectively electroshock. An electroshocking 
survey was made at the DR sediment pond location. From this station, a single species was noted as part 
of the survey. 

8.8.3 Demolition Range (SWMU #06/09) 

8.8.3.1 Vegetation 

At the DR site, the vegetation surrounding the active demolition area consisted predominantly of wooded slope 
hardwoods. The various survey sites had overstory vegetation that varied in species diversity from four to 
eight species. Of the sampling areas the most diverse location was an east facing slope (Plot 5). The site 
with the greatest basal area per acre was Plot 4 with 27.4 square feet of overstory tree volume per acre. This 
Plot 4 location was a south facing slope exposure and the diversity of this location was limited to four species. 

The understory vegetation in the DR sampling area was composed of from two to six species. Two species 
occurred in Plot 2 a southfacing slope. Six species occurred on Plot 3 a west facing slope location. 

Ground cover vegetation was most numerous in site areas with the lowest basal area and lowest number of 
species in the understory (Plots 1 and 2). Even within the areas with the largest basal volume per acre, and 
the lowest ground cover percentage, a moderately diverse ground cover vegetation was present. 

8.8.3.2 Birds 

The DR site area was surveyed for bird species and the lowest species diversity was recorded from this 
sampling location. In part this may be the result of preconditioning on the part of the bird species in which they 
avoid this area of active detonations. In part it may also result due to the lack of vegetation in the open active 
area of the DR range. From the bird censuring area of the DR, only 16 separate species were recorded from 
the survey transect. Avian diversity in this area varied from 0.688 to 0.938 and was uneven during the three 
day period. A total of 39 individual birds were recorded on average on a daily basis during the survey from 
this area. It is probable that the activities at the DR site have a physical (rather than a chemical) effect on bird 
species of the area. 
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The DR site was surveyed for small and intermediate mammal species. A total of three deermice were 
captured from the live trap line that was placed in the woodland to the west of the active DR site. In addition, 
three raccoons and an opossum were captured in intermediate mammal live traps during the survey period. 
Of interest was the fact that the deer mice were captured in trap locations that were the farthest away from 
the active DR range. Also, the raccoons that were trapped were collected from two trap locations remote from 
the active DR site. The very low trapping success at this site, similar to that noted for the ABG site is believed 
to be the result of the operations conducted at the DR on a daily basis. Some predation pressures are 
believed to be responsible for the low number of observed mammal species from this location. The Single 
deer sampled for tissue analysis was encountered to the northwest of Boggs Creek was closest to the DR 
site. 

8.8.3.4 Amphibians and Reptiles 

The DR site provided observations of the American toad, a black kingsnake, bullfrog, green frog, pickerel frog, 
southern leopard frog, snapping turtle, eastern garter snake, and a midland water snake were recorded from 
this location. Suitable amphibian and reptile habitats are present for all of these species in the sloped and 
riparian areas near the DR site area. Because of the secretive nature of these species, encountering these 
species occurred in association with conducting other field survey activities. 

8.8.3.5 Macroinvertebrates 

The DR site, was sampled for four separate macroinvertebrate communities. Two pools and two riffle areas 
in association with the pools were surveyed in addition to two sediment pond areas. Pool B-1 upstream of 
the DR site contained seven speCies and included three EPT species. The riffle area for B-1 included seven 
species and two EPT species. By contrast, pool B-2 (below a drainage from the sediment pond number 1) 
contained seven species and had no representation of EPT species. In addition, the number of species 
recorded from this station was less than one-half that of the upstream sampling area. Downstream of the DR 
sedimentation ponds by some one-half mile, a riffle area was sampled and exhibited a total of ten species and 
a representative of one EPT species. Based on the results of the biotic survey and evaluating the fish and 
water quality data, it appears that the discharge from the sediment ponds is having an impact on the species 
diversity and relative numbers of individuals present from the macroinvertebrate community. 

Since the greatest diversity was noted upgradient of the DR site, at least for this trophic level it appears that 
the water quality is sufficient to support a diverse macroinvertebrate community. Station B-2 indicates 
reduced numbers of species as well as individuals. Seasonal data would need to be collected to permit an 
evaluation of seasonal or overall changes in species composition and diversity attributable to natural seasonal 
changes in the benthic community. 

8.8.3.6 Fish 

The diversity of fish species in Boggs Creek in the vicinity of the DR site relates to the low flow experienced 
during the macroinvertebrate sample collection in this area. In the B-1 location, upgradient of the DR, a total 
of six fish species were surveyed from a pooled water area. Further downstream at the B-2 pool location, 
only two species of fish were recorded. Because of the pooled condition of the creek, the diversity of fish 
species is believed to be related to sediment pond outfall conditions affecting water quality. Further 
downstream at B-3, an increase to six fish species was noted. This condition further supports the observation 
that the sediment ponds of the DR are affecting the aquatic species in this reach of Boggs Creek, though the 
extent of the effect at the time of sampling appears to be localized to the outfall point and for less than one
half mile downstream of the outfall area. 
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Matrix Sample ID 

I'1.BG/OJT 

Wildlife Tissue CR95-03WT -AO 1-0 1 

CR95-03WT -A01-02 

CR95-03WT-A02-01 

CR95-03WT -A02-02 

Vegetation Tissue CR95-03VT-09-01 

CR95-03VT -09-02 

CR95-03VT -10-01 

CR95-03VT-04-01 

CR95-03VT -05-01 

CR95-03VT -25-01 

CR95-03VT-26-01 

CR95-03VT-27-01 

CR95-03VT-28-01 
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TABLE 8-1 

SAMPLING SUMMARY 
SITE INVESTIGATION 

Page 1 of 7 

Sample 
Analyte 

Date 

8/24/95 VOC, SVOC, Metals, Cyanide, 
Explosives, N02 + N03 

8/24/95 VOC, SVOC, Metals, Cyanide, 
Explosives, N02 + N03 

8/24/95 VOC, SVOC, Metals, Cyanide, 
Explosives, N02 + N03 

8/24/95 VOC, SVOC, Metals, Cyanide, 
Explosives, N02 + N03 

8/25/95 VOC, SVOC, Metals, Cyanide, 
Explosives, N02 + N03 

8/25/95 VOC, SVOC, Metals, Cyanide, 
Explosives, N02 + N03 

8/25/95 VOC, SVOC, Metals, Cyanide, 
Explosives, N02 + N03 

8/27/95 VOC, SVOC, Metals, Cyanide, 
Explosives, N02 + N03 

8/26/95 VOC, SVOC, Metals, Cyanide, 
Explosives, N02 + N03 

8/26/95 VOC, SVOC, Metals, Cyanide, 
Explosives, N02 + N03 

8/26/95 VOC, SVOC, Metals, Cyanide, 
Explosives, N02 + N03 

8/26/95 VOC, SVOC, Metals, Cyanide, 
Explosives, N02 + N03 

8/26/95 VOC, SVOC, Metals, Cyanide, 
Explosives, N02 + N03 

USEPA ID No. 11\ 0023498 
NAVSURFWARCENDIV CCRA 

November 1997 

Type 
Laboratory 
IDNumber 

23344.01 

Field Duplicate 23344.02 

Sample 23344.03 

Field Duplicate 23344.04 

Sample 23344.15 

Field Duplicate 23344.16 

Sample 23344.17 

Sample 23361.03 

Sample 23361.10 

Sample 23361.14 

Sample 23361.09 

Sample 23361.18 

Sample 23361.15 

---
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TABLE 8-1 (Continued) 
SAMPLING SUMMARY 
SITE INVESTIGATION 
Page 2 of 7 

Matrix 

Fish/Aquatic Tissue 

Rinsate Blank 
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Sample 10 

CR95-03VT -29-01 

CR95-03FT-01-01 

CR95-03FT-01-02 

CR95-03FT -02-01 

CR95-03FT -03-01 

CR95-03FT-04-01 

CR95-03FT -05-01 

CR95-03FT -06-01 

CR95-03SS-A01-03 

CR95-03SS-A08-03 

CR95-03SD-ABG14-03 

CR95-03SD-ABG 1-03 

CR95-03GW-03-07 -03 

Sample 
Date 

8/26/95 

9/6/95 

9/6/95 

9/6/95 

9/6/95 

9/6/95 

9/6/95 

9/6/95 

8/29/95 

8/29/95 

8/24/95 

9/8/95 

9/10/95 

Analyte 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02 + N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02 + N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02 + N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02 + N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02 + N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02 + N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02 + N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02 + N03 

SVOC, Metals, Cyanide, Explosives 

Dioxin/Furan 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02 + N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02 + N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, CI, S04, Alk, TDS 

N02 + N03, COD 

USEPA ID No. IN5 170 023 498 
NAVSURFWARCENDIV CCRA 

November 1997 

Type 
Laboratory 
10 Number 

Sample 23361.11 

Sample 23450.01 

Field Duplicate 23450.02 

Sample 23450.03 

Sample 23450.04 

Sample 23450.05 

Sample 23450.06 

Sample 23450.07 

Rinsate 23371.14 

23371.15 

Rinsate 23343.01 

Rinsate 23463.12 

Pump Rinsate 23475.13 
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TABLE 8-1 (Continued) 
SAMPLING SUMMARY 
SITE INVESTIGATION 
Page 3 of7 

Matrix 

DEMOLITION RANGE 

Wildlife Tissue 

Vegetation Tissue 

. 
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Sample 10 
Sample 

Date 

CR95-06WT-A03-01 8/24/95 

CR95-06WT-A04-01 8/24/95 

CR95-06WT -A04-02 8/24/95 

CR95-06WT -A05-0 1 8/24/95 

CR95-06WT -A05-02 8/24/95 

CR95-06WT-A09-01 8/26/95 

CR95-06WT-50-01 9/7/95 

CR95-06WT -50-02 9/7/95 

CR95-06WT-51-01 9/7/95 

CR95-06VT -A 15-01 8/26/95 

CR95-06VT-A16-01 8/26/95 

CR95-06VT-A17-01 8/26/95 

CR95-06VT-A 18-01 8/26/95 

CR95-06VT-A19-01 8/26/95 

Analyte 

Metals, Cyanide, Explosives, 
N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

Metals, Cyanide, Explosives, 
N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

USEPA ID No. It~, 0 023 498 
NAVSURFWARCENDIV CCRA 

November 1997 

Type 
Laboratory 
10 Number 

Sample 23344.05 

Sample 23344.06 

Field Duplicate 23344.07 

Sample 23344.08 

Field Duplicate 23344.09 

Sample 23361.17 

Sample 23464.01 

Field Duplicate 23464.02 

Sample 23464.03 

Sample 23361.02 

Sample 23361.06 

Sample 23361.07 

Sample 23361.16 

Sample 23361.01 
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TABLE 8-1 (Continued) 
SAMPLING SUMMARY 
SITE INVESTIGATION 
Page 4 of 7 

Matrix 

Fish/Aquatic Tissue 

Rinsate Blanks 

Sample ID 

CR95-06FT-01-01 

CR95-06FT-01-02 

CR95-06FT-02-01 

CR95-06FT-03-01 

CR95-06SS-A06-03 

CR95-06SS-A02-03 

CR95-06SS-A 14-03 

CR95-06SD-B-1-03 

CR95-06SD-T -3-03 

CR95-06GW-06C03P2-03 

CR95-06GW-06C07 -03 

OLD RIFLE RANGE 

Wildlife Tissue CR95-07WT -A06-0 1 

CR95-07WT -A06-02 

CR95-07WT -A07 -01 

L:lWORK\CT02 PICCRA1ITABB-1JBS 

Sample 
Date 

9/7195 

9/7/95 

9/6/95 

9/7/95 

8/23/95 

8/24/95 

8/27/95 

8/23/95 

8/29/95 

9/8/95 

9/6/95 

8/24/95 

8/24/95 

8/24/95 

Analyte 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

SVOC, Metals, Cyanide, Explosives 

SVOC, Metals, Cyanide, Explosives, 
Dioxin/Furan 

SVOC, Metals, Cyanide, Explosives, 
Dioxin/Furan 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, Cl, S04, Alk, TDS, 

N02+N03, COD 

VOC, SVOC, Metals, Cyanide, 
Explosives, Cl, S04, Alk, TDS, 

N02+N03, COD 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

USEPA ID No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

Type 
Laboratory 
ID Number 

Sample 23464.04 

Field Duplicate 23464.05 

Sample 23450.09 

Sample 23464.06 

Rinsate 23337.08 

Rinsate 23343.07 

Rinsate 23358.01 

Rinsate 23337.09 

Rinsate 23371.21 

Pump Rinsate 23463.11 

Pump Rinsate 23449.14 

Sample 23344.10 

Field Duplicate 23344.11 

Sample 23344.12 

) No. 229 



TABLE 8-1 (Continued) 
SAMPLING SUMMARY 
SITE INVESTIGATION 
Page 5 of 7 

Matrix 

Wildlife Tissue (Cont.) 

Vegetation Tissue 

Fish/Aquatic Tissue 

L:lWORKlCT022901IWPICCRA 1ITA88-1.J8S 

Sample 10 

CR95-07WT-A07-02 

CR95-07WT -A08-0 1 

CR95-07VT-A20-01 

CR95-07VT -A21-0 1 

CR95-07VT-A21-02 

CR95-07VT-A22-01 

CR95-07VT-A23-01 

CR95-07FT-01-01 

CR95-07FT-10-01 

CR95-07FT-10-02 

CR95-07FT-11-01 

CR95-07FT-12-01 

CR95-07FT-13-01 

CR95-07FT-14-01 

CR95-07FT-15-01 

Sample 
Date 

8/24/95 

8/25/95 

8/26/95 

8/26/95 

8/26/95 

8/26/95 

8/26/95 

9/6/95 

9/8/95 

9/8/95 

9/8/95 

9/8/95 

9/8/95 

9/8/95 

9/8/95 

Analyte 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

USEPA ID No. lili. ,0023498 
NAVSURFWARCENDIV CCRA 

November 1997 

Type 
Laboratory 
10 Number 

Field Duplicate 23344.13 

Sample 23344.14 

Sample 23361.08 

Sample 23361.04 

Field Duplicate 23361.05 

Sample 23361.12 

Sample 23361.13 

Sample 23450.08 

Sample 23464.07 

Field Duplicate 23464.08 

Sample 23464.09 

Sample 23464.10 

Sample 23464.11 

Sample 23464.12 

-.-.~-

Sample 23490.01 

.~-~ 

CTO No. 229 



TABLE 8-1 (Continued) 
SAMPLING SUMMARY 
SITE INVESTIGATION 
Page 6 of 7 

Matrix 

Fish/Aquatic Tissue 
(Cont.) 

Rinsate Blanks 

Sample 10 

CR95-07FT-16-01 

CR95-07FT-17-01 

CR95-07S0-T -2-03 

CR95-07SS-A05-03 

CR95-07S0-T-1-03 

CR95-07GW-06C19P2-03 

CR95-07GW-06C18-03 

CR95-07GW-06-22-03 

TRIP BLANKS 

Trip Blanks CR95-TB01-01 

CR95-TB02-01 

CR95-TB03-01 

CR95-TB04-01 

CR95-TB05-01 

CR95-TB06-01 

CR95-TB07-01 

CR95-TB08-01 

CR95-TB09-01 

l:IWORK\CT02 1>ICCRA1ITAB8-1.JBS 

Sample 
Date 

9/8/95 

9/8/95 

8/25/95 

8/25/95 

8/28/95 

9/5/95 

9/5/95 

9/8/95 

8/24/95 

8/25/95 

8/25/95 

8/27/95 

8/29/95 

9/6/96 

9/6/96 

9/7/95 

9/7/95 

Analyte 

VOC, SVOC, Cyanide, Explosives, 
N02+N03 

VOC, SVOC, Cyanide, Explosives, 
N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

SVOC, Metals, Cyanide, Explosives, 
N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, N02+N03 

VOC, SVOC, Metals, Cyanide, 
Explosives, CI, S04, Alk, TOS, 

N02+N03, COO 

VOC, SVOC, Metals, Cyanide, 
Explosives, CI, S04, Alk, TOS, 

N02+N03, COO 

VOC, SVOC, Metals, Cyanide, 
Explosives, CI, S04, Alk, TOS, 

N02+N03, COO 

VOC 

VOC 

VOC 

VOC 

VOC 

VOC 

VOC 

VOC 

VOC 

USEPA 10 No. IN5 170023498 
NAVSURFWARCENOIV CCRA 

November 1997 

Type 
Laboratory 
10 Number 

Sample 23490.02 

Sample 23490.03 

Rinsate 23343.15 

Rinsate 23343.08* 

Rinsate 23358.23 

Teflon Bailer Rinsate 23439.08 

Pump Rinsate 23439.09 

Pump Rinsate 23463.13 

23337.13 

23343.06 

23344.18 

23358.17 

23371.20 

23439.12 

23449.15 

23463.15 

23475.16 

) No. 229 



TABLE 8-1 (Continued) 
SAMPLING SUMMARY 
SITE INVESTIGATION 
Page 7 of7 

NOTES: 
All samples were analyzed by: 

LEGEND: 

Southwest Laboratory of Oklahoma, Inc. (SWLOK) 
1700 W. Albany 
Broken Arrow, OK 74012-1421 

ABG/OJT = Ammunition Burning Grounds/Old Jeep Trail 
-01 = Sample 
-02 = Field Duplicate 
-03 = Rinsate Blank 
-04 = Field Blank 
-05 = Laboratory ASTM Type II Blank 
TB = Trip Blank 
FT = Fish/Aquatic Tissue 
VT = Vegetation Tissue 

Ex Vol = Extra Volume for Lab QC 
WT = Wildlife Tissue 

Field Sample Identification Number 

USEPA ID No. 1\ i J 023 498 
NAVSURFWARCENDIV CCRA 

November 1997 

The field sample identification consists of the project identifier, the year, the SWMU, the sample matrix, location number, and depth or sample type as outlined in 
Chapter 10.0 of the RAWP (Halliburton NUS, 1995). 

Where: CR = 
95 = 
03 = 
06 = 
07 = 
VT = 
WT = 
FT = 
CC = 

CR95-AABB-CC-DD 

project identifier for NAVSURFWARCENDIV 
1995 Field Investigation 
SWMU #03/10, Ammunition Burning Ground 
SWMU #06/09, Demolition Range 
SWMU #07/09, Old Rifle Range 
Vegetation Tissue 
Wildlife Tissue 
Fish Tissue 
Sample location number (numbered sequentially within each SWMU). 

Field duplicate, rinsate blanks and field blanks samples were identified by noting a fictitious sample location number. Trip blanks and field blanks were designated 
with the alphabet codes "TB". 

L:lWORKlCT022901IWPICCRA 1ITA88-1.J8S CTO No. 229 



Compound 

L:lWORK\CT022901IWPICCRA 1ITAB8-2. 

Exp. Pt. 
Conc. 

0.324 

0.335 

0.125 

38 

4.0 

0.023 

28.0 

8.1 

2.0 

9.74 

2.47E-06 

0.338 

0.385 

3.37 

TABLE 8-2 

AMMUNITION BURNING GROUND/OLD JEEP TRAIL 
SURFACE SOIL SCREENING COMPARISONS 

Page 1 of3 

N.J. Typical 
Range 

Ohio 
Mean 
Conc. 

U.S. 
Mean 
Conc. 

SSL
ing. 

SSL
grw. Levels 

160 0.2 

78 0.1 

110 

7800 120 

130 0.2 

8318 10 

31 

7 0.4 15 20 

USEPA 10 No. IN5 170 ,,< <98 
NAVSURFWARCENOIV CCRA 

November 1997 

Ontario 
Parks 

25 

Quebec Dutch 

CTO No. 229 



TABLE 8-2 (Continued) 
AMMUNITION BURNING GROUND/OLD JEEP TRAIL 
SURFACE SOIL SCREENING COMPARISONS 
Page 2 of3 

Compound Exp.Pt. Typical 
Conc. Range 

2720 100-3500 

3.7 0.01-7.0 

Chromium 19.2 5.0-3000 

Cobalt 13 1.0-40 

_ •. !··!::·· .••••• ··.i! 1365 2.0-100 

... 0.45 -

3686 2.0-200 

Manganese 1756 100-4000 

I~. 
I:::!! 0.58 0.01 - 0.08 

Nickel 25.7 5-1000 

Selenium 0.62 0.1-2.0 
'::: 1:::. :.: 11.9 0.1-5.0 

Thallium 0.16 0.1 -12 

~~ 
16.7 20-500 

2428 60-2000 

L:IV T022901IWPICCRA lITABS-2. 

Ohio U.S. 
Mean Mean 
Conc. Conc. 

420 

<0.1 

12 52 

14 22 

14 17 

0.12 

15 18 

0.45 

61 52 

SSL- SSL- N.J. 
ing. grw. Levels 

5500 32 400 

39 6 3 

390 19 100 

170 

1600 

400 250 

23 3.0 1.0 

1600 21 100 

390 3 4 

390 5 

0.4 

550 

23,000 42,000 350 

USEPA 10 No. IN5 170 023 498 
NAVSURFWARCENOIV CCRA 

November 1997 

Ontario Quebec Dutch 
Parks 

200 200 

4 1.5 1 

1000 100 100 

20 20 

300 50 50 

500 50 50 

1.0 0.5 

200 50 50 

5 1 

25 5 

800 200 200 

CTOf'. 9 



TABLE 8-2 (Continued) 
AMMUNITION BURNING GROUND/OLD JEEP TRAIL 
SURFACE SOIL SCREENING COMPARISONS 
Page 3 of3 

All concentrations are reported in mg/kg. 

Notes: 
Exp. Pt. Conc. = Exposure point concentration 
SSL-ing. = Soil Screening Levels for ingestion (human health based) (US EPA, 1995) 
SSL-grw. = Soil Screening Levels for protection of ground water (human health based) (US EPA, 1995) 
N.J. = New Jersey No Action Levels (Beyer, 1990) 

USEPA 10 No. INS 170 l '~98 
NAVSURFWARCENOIV CCRA 

November 1997 

Ontario Parks = Acceptable concentrations in soils that are used for parks and residential use (Ontario Ministry of the Environment, 1996) 
Quebec = Quebec soil clean up action levels (Beyer, 1990) 
Dutch = Dutch soil clean up no action levels (Beyer, 1990) 

Shaded compounds indicate that the chemical was retained as a COPEC since the exposure point concentration exceeded some regulatroy level or a regulatory level 
does not exist for that organic compound. 

A blank space indicates that there are no data for that compound. 

L:lWORKlCT022901IWPICCRA 1ITAB8-2. CTO No. 229 



TABLE 8-3 

USEPA ID No.IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

AMMUNITON BURNING GROUND - OLD JEEP TRAIL 
SURFACE WATER CONCENTRATIONS 

COMPARED TO REGULATORY STANDARDS AND NATURAL BACKGROUND 
Page 1 of2 

COMPOUND 

Organics 

Ri<:.(?-ethvlnexyl)pmnalate 

Carbon Disulfide 

DII:::u IYIf./1III IQIQlC 

Di-n-buty,f./'III IQIQlC 

Trichloroethene 

............ : ...... ,~ Cl~:" •.••.•••.••.•..•••••••.• 
•••• •• 

Ino I~"'.ii .. ~ 
....•....... ............ . :.::::: .... 

AnUl IUIIY 

Arsenic 

Barium 

8illdmiu~ ••••••••••. : ••• : •••• : •••••••••••..•••••••••• : ••••••••••. : •••• 
Chromium 

Cobalt 

Copper 
... :.: ... :': 

Ulad ... : ••..•..••• : .••.• : 

Manganese 

L:lWORKlCT022901 IWPICCRA 1ITABB-3. 

EXP. PT. CONC. 

1.1 

3.7 

2.0 

0.7 

1.1 

9.0 

38.3 

3.4 

156 

3.0 

0.81 

2.0 

2.4 

2210 

4.0 

3.1 

219.3 

2.2 

3.1 

3.1 

6.6 

130 

217.5 

0.69 

AWQC 
CRITERION 

32* 

35 

220* 

3.0 

350* 

1.8* 

1600 

48 

1.1 

210 

12 

3.2 

1500 

0.012 

NATURAL 
FRESHWATER 

<5 - 1000 

10 - 500 

<5 

5.2 

CTC No. 229 



TABLE 8-3 (Continued) 
AMMUNITON BURNING GROUND - OLD JEEP TRAIL 
SURFACE WATER CONCENTRATIONS 

USEPA 10 No. INS 170 023 498 
NAVSURFWARCENOIV CCRA 

November 1997 

COMPARED TO REGULATORY STANDARDS AND NATURAL BACKGROUND 
Page 2 of 2 

COMPOUND EXP. PT. CONC. AWQC NATURAL 
CRITERION FRESHWATER 

Inorganics ,Continued) 

Nickel 6.0 160 

Selenium 1.9 35 

Thallium 4.5 40 

Vanadium 4.8 <1 -10 

_.;;·iE·::::::·:: ?nn 11n 98 

Notes: 
All concentrations reported in ug/L. 
Exp. Pt. Conc. = Exposure Point Concentration 
AWQC = Ambient Water Quality Criteri (US EPA, 1989) 
*Tier II value calculated using Great Lakes Water Quality Initiative Tier II methodology (US EPA, 1995). 

Shaded compounds indicate that the chemical was retained as a COPEC since the exposure point 
concentration either exceeded the Ambient Water Quality Criterion or an Ambient Water Quality Criterion 
does not exist for that organic compound. 

A blank space indicates that there are no data for that compound. 

L:IVVORK\CT022901IWPIGCRA1ITAB8-3. eTO No. 229 



TABLE 8-4 

USEPA ID No. IN5 170 023 498 
NAVSURFWARCENDIV CCRA 

November 1997 

AMMUNITON BURNING GROUND - OLD JEEP TRAIL 
SEDIMENT SCREENING COMPARISONS 

COMPOUND 

Notes: 
Exp. Pt. Conc. = Exposure Point Concentration 
ER-L = Effective Range low (NOAA, 1990) 
ER-M = Effective Range median (NOAA, 1990) 

EXP. PT. CONC. ER-L ER-M 

2 25 

33 m 85 

5.0 9.6 

70 m 390 m 

35 m 110 m 

1.0 2.2 m 

120 270 

Shaded compounds indicate that the chemical was retained as a COPEC since the exposure point concentration 
exceeded the ER-L or ER-M; or that an ER-L or ER-M does not exist for that organic compound. 

A blank indicates that there are no data for that compound. 

L:lWORK\CT022901IWPICCRA 1ITABB-4 CTa No. 229 



Organic Compounds 

L:\WORK\CT022901\WPICCRA 1\TABS·5A. 

TABLE 8-5a 

DEMOLITION RANGE 

USEPA 10 No. INS 170 023498 
NAVSURFWARCENOIV CCRA 

November 1997 

SURFACE SOIL SCREENING COMPARISONS 
Page 1 of2 

EXp. Pt. SSL-Ing. SSL-grw. Quebec Dutch 
Conc 

o 

CTa No. 229 



TABLE 8-5a (Continued) 
DEMOLITION RANGE 
SURFACE SOIL SCREENING COMPARISONS 
Page 2 of2 

Notes: 

All concentrations reported in mg/kg. 
Exp. Pt. Conc. = Exposure Point Concentration 
SSL ing. = Soil Screening Levels for ingestion (human health based) (US EPA, 1995) 

USEPA 10 No. INS 170023498 
NAVSURFWARCENOIV CCRA 

November 1997 

SSL grw. = Soil Screening Levels for protection of ground water (human health based) (US EPA, 1995) 
Quebec = Quebec soil clean up no action levels (Seyer, 1990) 
Dutch = Dutch soil clean up no action levels (Seyer, 1990) 
*Polycyclic aromatic hydrocarbons (PAHs) were evaluated together as total PAHs (conc. = 085 mg/kg) 
Shaded compounds indicate that the chemical was retained as a COPEC since the exposure point concentration 
exceeded some regulatory level or a regulatory level does not exist for that organic compound. 
A blank space indicates that there are no data for that compound. 

L:lWORKlCT022901IWPlCCRA1ITAB8-5A. CTa No. 229 



USEPA 10 No. IN5 170 c· ,98 
NAVSURFWARCENDIV CCRA 

November 1997 

TABLE 8-5b 

DEMOLITION RANGE 
SURFACE SOIL SCREENING COMPARISONS 

Inorganics Exp. Pt. Typical Ohio U.S. SSl-
Cone. Range Mean Mean Ing. 

Cone. Cone. 

Antimony 1.4 0.6-10 31 

Arsenic 14.5 1.0-40 7.4 0.4 

I/ijjclulli:·:· r·.· ... · ..... ·.···r 661 100-3500 420 5500 

!3eryllium 1.1 0.1-40 0.1 
r?t(:::·::\ .:\/ 

3.3 0.01-7.0 <0.1 39 

Chromium 17.4 5.0-3000 12 52 390 

_ii··i 
131 2.0-100 14 22 

.c;yanide 0.897 - 1600 

!·.@iij ..•. :: •..•.•. :.:.} .. /:.: .. 42.7 2.0-200 14 17 400 

Nickel 24.9 5-1000 15 18 1600 

~ver 0.58 0.1-5.0 390 

Vanadium 22.8 20-500 550 

Zinc 120 60-2000 61 52 23,000 

Notes: 
All concentraions in mg/kg. 
Exp. Pt. Conc. = Exposure Point Concentration 
SSL-ing. = Soil Screening Levels for ingestion (human health based) (US EPA, 195) 
SSL-grw. = Soil Screening Levels for protection of ground water (human health based) (US EPA, 1995) 
N.J. = New Jersey No Action Levels (Seyer, 1990) 

SSl-
grw. 

15 

32 

180 

6 

19 

21 

42,000 

N.J. Ontario 
levels Parks 

20 25 

400 

1 

3 4 

100 1000 

170 300 

250 500 

100 200 

5 25 

350 800 

Ontario Parks = Acceptable concentrations in soils that are used for parks and residential use (Ontario Ministry of the Environment, 1996) 
Quebec = Quebec soil clean up action levels (Seyer, 1990) 
Dutch = Dutch soil clean up no action levels (Seyer, 1990) 
Shaded compounds indicate that the chemical was retained as a COPEC since the exposure point concentration exceeded some regulatory level. 
A blank space indicates that there are no data for that comound. 

L:lWORKlCT022901IWPICCRA 1ITAB8·5B. 

Quebec Dutch 

20 20 

200 200 

1.5 1 

100 100 

50 50 

50 50 

50 50 

5 

200 200 

CTa No. 229 



TABLE 8-6 

USEPA 10 No.IN5 170023498 
NAVSURFWARCENOIV CCRA 

November 1997 

DEMOLITION RANGE 
SURFACE WATER CONCENTRATIONS 

COMPARED TO REGULATORY STANDARDS AND NATURAL BACKGROUND 

COMPOUND EXP. PT. 
CONC. 

o ics 

Trichloroethene 1.0 

Aluminum 246 

53.9 

10.7 

28.8 

44.1 

Lead 2.0 

M 2000 

Nickel 39.6 

210 

Notes: 
All concentrations in ug/L. 
Exp. Pt. Conc. = Exposure Point Concentration 
AWQC = Ambient Water Quality Criteria (US EPA, 1989) 

AWQC 
CRITERION 

1.1 

12 

3.2 

160 

110 

NATURAL 
FRESHWATER 

<5 -1000 

10 - 500 

<5 

5.2 

9.8 

Shaded compounds indicate that the chemical was retained as a COPEC since the exposure point 
concentration exceeded the Ambient Water Quality Criteria for that compound. 

A blank space indicates that there are no data for that compound. 

l:IWORK\CT022901 IWPICCRA 1ITABS·6. eTc No. 229 



TABLE 8-7 

DEMOLITION RANGE 
SEDIMENT SCREENING COMPARISONS 

COMPOUND 

::2~BUtanone:. .. :.:: •• ::: •• : .. :.: .. :::: .. :.: .•. : •.•. :.: ••••••••• : .. 
.... :::::::::::::::::::::::::: ::::::::::::::::::::::::::::::::::::::::::::::::: ....... ::::::::::::::::::::: 
::: :::::::::::::::;:::::::::::: .................. ::::::::::::::::::: .. 

:::~~'~r~ip~t~#~#~~.: •• ::.·:: ...... :::::: ...... . 
::::::::::::::::::::::::::'.. ::::::::::::::::: .................. . 

:.:Pj~r~H~!pij~~!~~~::::::: ::::::.::.:::::::: .: ...• :.:.:::.:: •. : •• :.;; .••.•. ;: •••• 

Notes: 
Exp. pt. Conc. = Exposure Point Concentration 
ER-L = Effective Range low (NOAA, 1990) 
ER-M = Effective Range median (NOAA, 1990) 

EXP. PT. CONC. 

62 ug/kg 

18 ug/kg 

26 ug/kg 

29 ug/kg 

14 ug/kg 

USEPA 10 No. IN5 170 023 498 
NAVSURFWARCENDIV CCRA 

November 1997 

ER-L ER-M 

Shaded compounds indicate that the chemical was retained as a COPEC since the exposure point 
concentration does not exist for that organic compound. 

A blank space indicates that there are no data for that compound. 

L:lWORKlCT022901IWPICCRA1ITABB-7 CTO No. 229 



Organic Compounds 

L:lWORKICT022901IWPICCRA lITABS-SA 

TABLE 8-8a 

OLD RIFLE RANGE 

USEPA 10 No. IN5 170 023 498 
NAVSURFWARCENOIV CCRA 

November 1997 

SURFACE SOIL SCREENING COMPARISONS 
Page 1 of2 

Exp.Pt. 
Conc. 

0.130 

0.190 

2.50 

2.80 

3.70 

2.0 

1.40 

0.190 

3.10 

0.021 

0.840 

0.040 

0.243 

3.10 

0.074 

2.20 

0.10 

0.910 

2.90 

0.131 

0.243 

SSL-ing. SSL-grw. 

4700 200 

23 4300 

0.9 0.7 

0.09 4 

0.9 4 

4 9 

32 0.2 

88 

7800 120 

0.09 11 

3100 980 

3100 160 

0.9 35 

3100 30 

2300 1400 

Quebec 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

Dutch 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

eTa No. 229 



TABLE 8-8a (Continued) 
OLD RIFLE RANGE 
SURFACE SOIL SCREENING COMPARISONS 
Page 2 of2 

Notes: 
All concentrations in mg/kg. 
Exp. Pt. Conc. =Exposure Point Concentration 

USEPA 10 No.IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

SSL ing. = Soil Screening Levels for ingestion (human health based) (US EPA, 1995) 
SSL grw. = Soil Screening Levels for protection of ground water (human health based) (US EPA, 1995) 
Quebec = Quebec soil clean up no action levels (Beyer, 1990) 
Dutch = Dutch soil clean up no action levels (Beyer, 1990) 
*Polycyclic aromatic hydrocarbons (PAHs) were evaluated together as total PAHs (conc. = 26.17 mglkg) 

Shaded compounds indicate that the chemical was retained as a COPEC since the exposure point 
concentration exceeded some regulatory level or a regulatory level does not exist for that organic compound. 

A blank space indicates that there are no data for that compound. 

L:\WORK\CT022901IWPICCRA 1ITAB8·8A CTa No. 229 



Inorganics Exp.Pt. 
Conc. 

Aluminum 6582 

Antimony 3.27 

Arsenic 7.6 
::::::: .. ::::::::::.:::.:.:.: .... \ ( .... 

)·);~~i.QtrL . ;t( •. 273 

Beryllium 0.98 

Chromium 15 

Copper 29.4 

Cyanide 0.437 
::::::::::::::::::::::::::::::::: ........ 

:::[~~&:::::::::.:::.:: 
.... 

............. 59.1 ......... ., ...................... 

Manganese 1624 

Silver 1.6 

Thallium 0.74 

Vanadium 20.8 

Zinc 56.6 

L:lWORKlCT022901IWPICCRA 1ITAB8-8B. 

Typical 
Range 

TABLE 8-8b 

OLD RIFLE RANGE 
SURFACE SOIL SCREENING COMPARISONS 

Page 1 of2 

Ohio U.S. SSL- SSL-
Mean Mean ing. grw. 
Conc. Conc. 

10,000-300,000 

0.6 - 10 31 

1.0-40 7.4 0.4 15 

100-3500 420 5500 32 

0.1-40 0.1 180 

5.0-3000 12 52 390 19 

2.0-100 14 22 

- 1600 

2.0-200 14 17 400 

100-4000 

0.1-5.0 390 

0.1-12 0.4 

20-500 550 

60-2000 61 52 23,000 42,000 

N.J. 
Levels 

20 

400 

1 

100 

170 

250 

5 

350 

USEPA ID No. IN5 170 ( .. ~'98 
NAVSURFWARCENDIV CCRA 

November 1997 

Ontario Quebec Dutch 
Parks 

25 20 20 

200 200 

1000 100 100 

300 50 50 

500 50 50 

25 5 

800 200 200 

CTa No. 229 



TABLE 8-8b (Continued) 
OLD RIFLE RANGE 
SURFACE SOIL SCREENING COMPARISONS 
Page 2 of2 

Notes: 
All concentrations in mg/kg. 
SSL-ing. = Soil Screening Levels for ingestion (human health based) (US EPA, 1995) 
SSL-grw. = Soil Screening Levels for protection of ground water (human health based) (US EPA, 1995) 
N.J. = New Jersey No Action Levels (Beyer, 1990) 

USEPA 10 No. INS 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

Ontario Parks = Acceptable concentrations in soils that are used for parks and residential use (Ontario Ministry of the Environment, 1996) 
Quebec = Quebec soil clean up action levels (Beyer, 1990) 
Dutch = Dutch soil clean up no action levels (Beyer, 1990) 

Shaded compounds indicate that the chemical was retained as a COPEC since the exposure ppoint concentration exceeded some regulatory level. 

A blank space indicates that there are no data for that compound. 

LlI' 'T022901 IWPICCRA 1ITABS-SB. CTO ". 9 



TABLE 8-9 

USEPA 10 No.IN5170 023 498 
NAVSURFWARCENDIV CCRA 

November 1997 

OLD RIFLE RANGE 
SURFACE WATER CONCENTRATIONS 

COMPARED TO REGULATORY STANDARDS AND NATURAL BACKGROUND 

COMPOUND EXP. PT. CONC. AWQC NATURAL 
CRITERION FRESHWATER 

Semi-volatiles 

Butylbenzyl phthalate 0.6 19* 

Inorganics 

Aluminum 28.6 <5 -1000 

Cobalt 1.3 3.0* 

Copper 3.7 12 5.2 

Vanadium 1.2 19* 

Zinc 11.5 110 9.8 

Notes: 
All concentrations in ug/L. 
Exp. Pt. Conc. = Exposure Point Concentration 
AWQC = Ambient Water Quality Criteria (US EPA, 1989) 
* Tier II value calculated using Great Lakes Water Quality Initiative Tier II methodology. 

A blank space indicates that there are no data for that compound. 

L:lWORK\CT022901IWPICCRA1ITAB8-9 CTa No. 229 



TABLES-10 

OLD RIFLE RANGE 
SEDIMENT SCREENING COMPARISONS 

COMPOUND EXP. PT. CONC. 

Organics 

25 ug/kg 

44 ug/kg 
I::::::::::;:::::::::·::H/:::H::·: :.n: 
1: .•. : ...... : .... :: .. :: .•.. ::::::::.::::·::.:::\\:\:.::::::::::::::.::::::::::' .• : :::. 7.0 uglkg 

Ct .. y::>1::111:: 30 ug/kg 

98 ug/kg 

130 ug/kg 

Fluoranthene 33.5 ug/kg 

USEPA ID No.IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

ER-L ER-M 

400 ppm 2800 ppm 

600 ppm 3600 ppm 

HN: ..... !~~H'!!';;!~}m~mjn¢:: --..=.:;..:I~~/I\:2...~--+------+------i1 
:::::iUll~iJU:kJJillJU:L::::::::::: :::::::::::::::::::::::::.mm; 23 u-

II
_-

Pyrene 33.5 ug/kg 

Inorganics 

Aluminum 

Arsenic 

Barium 

Beryllium 

Chromium 

Cobalt 

Copper 

Lead 

Nickel 

Selenium 

Vanadium 

Zinc 

~: 
ER-L = Effective range low (NOAA, 1990) 
ER-M = Effective range median (NOAA, 1990) 

3765 mg/kg 

8.7 mglkg 

59.9 mg/kg 

0.78 mg/kg 

12.5 mg/kg 

10.3 mg/kg 

11.6 mg/kg 

11.1 mg/kg 

477 mg/kg 

16.7 mg/kg 

0.95 mg/kg 

14.6 mglkg 

47.2 mg/kg 

350 ppm 2200 ppm 

33 ppm 85 ppm 

80 ppm 145 ppm 

70 ppm 390 ppm 

35 ppm 110 ppm 

30 ppm 50 ppm 

120 ppm 270 ppm 

Shaded compounds indicate that the chemical was retained as a COPEC since the exposure point concentrafion either 
exceeded the ER-L or ER-M; or that an ER-L or ER-M does not exist for an organic compound. 
A blank space indicates that there are no data for that compound. 

L:lWORK\CT022901IWPICCRA lITABS-l0. CTO No. 229 
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TABLE 8-11 

AMMUNITION BURNING GROUND 
TISSUE SAMPLE RESULTS - ORGANICS 

Page 1 of2 

USEPA 10 No. IN5 170 023498 
NAVSURFWARCENDIV CCRA 

November 1997 

COMPOUND 

I 
Wildlife Fish and Aquatic Animals 

w0101 w0102 w0201 w02u,", IUIUI ru'.u2 f0201 f0301 f0401 f0501 f0601 

2-Butanone 32 61 76 74 61 15 26 28 75 22 64 

2-Hexanone 4 

4-Methyl-2- 22 
pentanone 

Carbon 5 7 28 21 13 
disulfide 

Chlorobenzene 

Toluene 7 2 4 

Xylenes 

Diethyl 41 48 420 
phthalate 

I 
COMPOUND 

I 
Vegetation I Vegetation Controls I 

v2501 v2601 v2701 v2801 v2901 I v0401 I v0501 I v0901 I v0902 I v1001 I 
2-Butanone 79 61 200 130 350 100 200 31 50 120 

2-Hexanone 58 

~-Methyl-2-pentanone 33 36 28 

Carbon disulfide 3 96 110 12 

Chlorobenzene 7 29 9 

Toluene 32 20 8 31 7 16 27 5 

Xylenes 6 5 4 4 11 6 

Diethyl phthalate 

L:IWORKlCT022901IWPICCRA 1ITAB8-11. CTc No. 229 



TABLE 8-11 (Continued) 
AMMUNITION BURNING GROUND 
TISSUE SAMPLE RESULTS - ORGANICS 
Page 2 of 2 

Notes: 
All concentrations in ug/kg. 
A blank indicates that the sample result was below the method detection limit. 

USEPA ID No. IN5170 023 498 
NAVSURFWARCENDIV CCRA 

November 1997 

w0101 and w01 02 -- Duplicates of raccoon liver tissue v0401 -- Grapes from Control Area 1 
w0201 and w0202 -- Duplicates of raccoon muscle tissue v0501 - Red Maple seedlings from Control Area 2 
f0201 -- Suckers from Spring A v0901 and v0902 -- Duplicates of hickory nuts from 
f0301 - Crayfish from Spring A Control Area 2 
f0401 -- Bass from Spring A v1001 -- Whitegrass from Control Area 1 
f0501 -- Frogs from Spring C 
f0601 -- Minnows from Spring C 
v2501 and v2601 -- Duplicates of hickory nuts 
v2701 -- Whitegrass 
v2801 -- Beech nuts 
v2901 -- Red maple seedlings 

L:IWORK\CT02290nWPICCRA 1ITABS·11. eTa No. 229 



I COMPOUND I 
w0101 

Aluminum 4.2 

Barium 0.12 

Beryllium 

Cadmium 2.3 

Calcium 54.1 

Chromium 0.14 

Cobalt 

Copper 8.6 

Cyanide 

Iron 663 

Lead 0.76 

Magnesium 129 

Manganese 2.3 

Mercury 0.48 

Nickel 

Potassium 1850 

Selenium 0.98 

Silver 

Sodium 1350 

Vanadium 0.11 

Zinc 39.3 

Nitrogen 2.9 

L:\WORK\CT022901 IWPICCRA 1ITABS-12. 

TABLE 8-12 

AMMUNITION BURNING GROUND 
TISSUE SAMPLE RESULTS - METALS 

Page 1 of 3 

USEPA 10 No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

Wildlife I Fish and Aquatic Animals I 
w0102 w0201 w0202 f0101 f0102 f0201 f0301 f0401 f0501 f0601 

3.4 2 3.9 0.16 2.2 57 27.4 0.67 2.4 1.8 

0.07 0.05 0.07 4.8 5.8 9.2 56.9 1.9 31.3 11.2 

2.9 0.06 0.07 0.07 0.09 0.1 0.08 0.05 

57.5 48.4 92.9 10100 10400 5810 39400 4000 11400 9540 

0.12 0.08 0.16 0.24 0.26 0.13 0.13 0.26 

0.02 

9.6 1.5 1.4 1.7 1.6 3.9 45.1 2.4 2.3 2 

673 33.2 35.5 13.8 15.8 140 41.6 10.5 15.8 12.2 

0.78 0.07 0.58 0.49 

160 234 189 375 406 194 463 250 263 361 

2.7 0.29 0.36 2.3 3.4 11.1 24.9 1.3 7.2 6.3 

0.53 

2060 3580 3120 3480 4010 1370 1620 2690 1950 3010 

1.2 0.43 0.32 0.67 0.52 0.41 0.2 0.41 0.36 0.49 

1160 608 1190 1040 1380 577 1350 863 1110 1010 

0.2 0.14 0.04 

47.3 33.1 45.7 39.3 42.4 20.9 16.5 13.4 28.4 34 

2.6 3.1 2.9 3.7 7.3 6.2 5.9 4.3 

CTa No. 229 



TABLE 8-12 (Continued) 
AMMUNITION BURNING GROUND 
TISSUE SAMPLE RESULTS - METALS 
Page 2 of3 

COMPOUND Vegetation 

v2501 v2601 v2701 

Aluminum 69.5 114 15 

Barium 95.3 135 20.9 

Beryllium 

Cadmium 0.42 0.53 0.38 

Calcium 4540 5390 1230 

Chromium 0.19 0.23 0.48 

Cobalt 2.6 4.2 0.21 

Copper 8 8.7 2.5 

Cyanide 0.17 

Iron 10 9.8 24.4 

Lead 0.33 0.33 4 

Magnesium 2280 2440 842 

Manganese 721 764 38.2 

Mercury 

Nickel 9.4 13 0.97 

Potassium 7040 7590 5820 

Selenium 0.58 

Silver 

Sodium 141 165 170 

Vanadium 0.13 

Zinc 27.4 28.3 67.7 

Nitrogen 

L:IWORKlCT022901IWPICCRA1ITABB-12. 

v2801 

132 

97.7 

0.24 

5660 

0.39 

0.49 

7.3 

126 

1.8 

767 

210 

3 

341 

143 

0.28 

12 

I 
V29~~401 

9.5 4.5 

70.6 18.7 

0.19 

4960 1780 

0.28 0.25 

0.23 0.11 

2.4 3.2 

24.1 6.4 

0.33 0.18 

755 393 

386 37.8 

0.47 0.32 

3120 3220 

0.41 

0.21 

162 133 

0.14 

17 2.7 

USEPA 10 No. IN5 170023498 
NAVSURFWARCENOIV CCRA 

November 1997 

Vegetation Control I 
v0501 v0901 v0902 v1001 

14.3 140 158 8.9 

61.4 115 125 16.3 

0.07 0.11 

0.17 0.34 0.34 

4960 4700 5570 1060 

0.3 0.13 0.11 0.08 

0.13 0.91 0.87 

2.8 6.2 5.7 2.4 

39.7 56.6 68.5 28.5 

0.46 0.32 0.71 0.27 

1010 975 807 363 

336 383 287 61.6 

0.12 

1.3 9.2 7.3 0.77 

3340 4800 3970 3980 

0.41 0.09 0.24 

0.07 

156 24.4 30.6 38.1 

15.9 20.4 19.7 17.8 

2.1 2.6 

CTC No. 229 



TABLE 8-12 (Continued) 
!VlMUNITION BURNING GROUND 

: iSSUE SAMPLE RESULTS - METALS 
Page 3 of3 

Notes: 
A" concentrations in mg/kg. 
A blank indicates that the sample result was below the method detection limit. 

USEPA 10 No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

w0101 and w0102 -- Duplicates of raccoon liver tissue v0401 -- Grapes from Control Area 1 
w0201 and w0202 -- Duplicates of raccoon muscle tissue v0501 -- Red Maple seedlings from Control Area 1 
f0201 -- Suckers from Spring A v0901 and v0902 - Duplicates of hickory nuts from 
f0301 -- Crayfish from Spring A Control Area 1 
f0401 -- Bass from Spring A v1001 -- Whitegrass from Control Area 1 
f0501 -- Frogs from Spring C 
f0601 -- Minnows from Spring C 
v2501 and v2601 - Duplicates of hickory nuts 
v2701 -- Whitegrass 
v2801 -- Beech nuts 
v2901 -- Red maple seedlings 

L:\WORKlCT022901IWPICCRA1ITAB8-12. CTO No. 229 



Exp. 
Pt. 

COPECs Conc. 
In 

Soil ADD 

(mg/kg) 

2-Amino-4,6- 0.324 5.5E-3 
dinitrotoluene 

4-Amino-2,6- 0.335 5.7E-3 
dinitrotoluene 

1,3-0initrobenzene 0.125 2.1 E-3 

2,4-0initrotoluene 38 0.65 

2,6-0initrotoluene 4 0.068 

Oiethylphthalate 0.023 3.9E-4 

Oi-n-butylphthalate 28 0.48 

N- 8.1 0.14 
nitrosodiphenylamine 

HMX 2.0 0.034 

/ ••• 

/~"", ... • •• 
9.74 0.17 

••••••••••••••••• 

l:IWORKlCT02290 1 IWPICCRA lITABB-13 

TABLE 8-13 

AMMUNITION BURNING GROUND/OLD JEEP TRAIL 
COMPARISON OF ESTIMATED INTAKE OF SOIL TO 

REPORTED SOIL TOXICITY LEVELS 
Page 1 of3 

Deer Mouse Red Fox White-Tali 
Deer 

Toxicity Infomatlon ADD Toxicity ADD Toxicity 
Information Information 

1522 mg/kg - L050 1.8E-2 7.5E-4 

1318 mg/kg - L050 4.9E-4 7.7E-4 

74.7 mg/kg - L050 5.0E-4 600 mg/kg - LOLo - 2.9E-4 
dog 

790 mg/kg - L050 5.7E-2 8.7E-2 

621 mg/kg - L050 6.0E-3 1 00 mg/kg - L050 - 9.2E-3 
dog 

6172 mg/kg - L050 3.5E-5 1250 mg/kg- 5.3E-5 
NOAEL- dog 

USEPA ID No. IN5 17C ,_ 'f98 
NAVSURFWARCENDIV CCRA 

November 1997 

Red-Tail 
Hawk 

ADD Toxicity 
Information 

1.7E-3 

1.7E-3 

6.5E-4 42 mg/kg - LD50 -
bird 

0.20 

0.021 

1.2E-4 

5289 mg/kg - L050 4.2E-2 5000 mg/kg - L050 6.4E-2 5000 mg/kg - L050 - 0.15 
- mammal mammal 

1860 mg/kg - L050 1.2E-2 1.9E-2 4.2E-2 

1500 mg/kg - L050 3.0E-3 40 mg/kg - L050 4.6E-3 1.0E-2 
ivn - dog 

59 mg/kg - L050 1.5E-2 100 mg/kg - L050 - 2.2E-2 5.1 E-2 
cat 

CTa No. 229 



TABLE 8-13 (Continued) 
AMMUNITION BURNING GROUND/OLD JEEP TRAIL 
COMPARISON OF ESTIMATED INTAKE OF SOIL TO 
REPORTED SOIL TOXICITY LEVELS 
Page 2 of 3 

Exp. 
Pl Deer Mouse 

COPECs Cone. 
In 

Soli ADD Toxicity Infomatlon 

Img/kgJ 

Tetryl 0.338 5.7E-3 5000 mg/kg - L050 

1,3,5- 0 .. 385 6.5E-3 572 mg/kg - L050 
Trinitrobenzene 

2,4,6-Trinitrotoluene 3.37 5.7E-2 660 mg/kg - L050 

2,3,7,8-TCOO 2.47E-6 4.1 E-8 1.25 mg/kg - L050 
equivalents 

Antimony 15.1 0.26 7000 mg/kg - L050 -
rat 

ifu""""""'" 2720 46.2 70 mg/kg - LOLO as 
barium chloride 

'" '"" 
Cadmium 3.7 0.063 890 mg/kg L050 

·::g~~Wt, H 1365 23.2 
"~;mTr : : ~ ;: : : : : : ;: ~ ~ 

~~~". 3686 62.7 30,000 mg/kg - L050 -

H'!'!~~~II: guinea pig as lead 
HHHH sulfate 

L:lV T022901IWP\CCRA lITABS-13 

Red Fox 

ADD Toxicity ADD 
Information 

5.1E-4 5000 mg/kg - LOLo 7.8E-4 
- subcutaneous -

dog 

5.8E-4 8.9E-4 

5.1 E-3 1850 mg/kg - L050 7.8E-3 
- cat 

3.0E-9 0.1 mg/kg - L050- 5.0E-9 
dog as 2,3,7,8-

TCOD 

2.3E-2 3.5E-2 

4.1 90 mg/kg - LOLO - 6.3 
dog as barium 

chloride 

5.6E-3 150 mg/kg - L050 - 8.5E-3 
dog 

2.0 >1000 mg/kg - fatal 3.1 
to dog 

5.5 2000 mg/kg - L050 8.5 
- dog as lead 

sulfate 

USEPA 10 No. INS 170 023 498 
NAVSURFWARCENOIV CCRA 

November 1997 

White-Tali Red-Tall 
Deer Hawk 

Toxicity ADD Toxicity 
Information Information 

1.8E-3 

2.0E-3 

1.8E-2 

1.2E-8 0.015 mg/kg L050 
bobwhite as 
2,~,7,8-TCOO 

7.9E-2 

398 mg/kg - LOLO - 14.1 
mammal as barium 

chloride 

1.9E-2 200 ppm - NOAEL 
mallard 

1000 mgllb - toxic to 7.1 500 mg/kg - toxic to 
cattle chicks 

220 mg/kg - L050 - 19.2 50 mg/kg - NOAEL 
cattle as lead sulfate American kestrel 

CTOr-. 9 



TABLE 8-13 (Continued) 
AMMUNITION BURNING GROUND/OLD JEEP TRAIL 
COMPARISON OF ESTIMATED INTAKE OF SOIL TO 
REPORTED SOIL TOXICITY LEVELS 
Page 3 of 3 

Exp. 
Pt. Deer Mouse 

COPECs Conc. 
in 

Soil ADD Toxicity Infomatlon 

(mg/kg) 

Mercury 0.58 9.9E-3 6 mg/kg - L050 as 
mercury chloride 

Silver 11.9 2.0E-1 >10 g/kg - Lethal 

: ~ ~jiro-; ~:::::::::: .. :: 301 42.1 926 mg/kg - L050 

Notes: 
ADD = Estimated average intake in mg/kg-day 
L050 = Lethal dose where the dose is fatal to 50% of the test organisms 
LOLO = Lethal dose that is fatal to at least one test organism 
NOAEL = No observed adverse effects level 

Toxicity information from RTECS, 1995. 

Red Fox White-Tali 
Deer 

ADD Toxicity ADD Toxicity 
Information Information 

8.7E-4 1 0 mg/kg - LOLo - 1.3E-3 
dog as mercury 

chloride 

1.8E-2 2.7E-2 

3.6 50 mg/kg - NOAEL 5.6 3900 mg/kg-
- cat NOAEL - pig 

Shaded compounds indicate that the ADD exceeds 0.01 times the specifed toxic dose for at least one of the indicator species. 

A blank value indicates that there are no data for that compound. 

L:lWORK\CT022901 IWPICCRA lITAB8-13 

USEPA ID No. IN5 17t ·j.98 
NAVSURFWARCENDIV CCRA 

November 1997 

Red-Tail 
Hawk 

ADD Toxicity 
Information 

3.0E-3 36 mg/kg - L050 -
quail as mercury 

chloride 

6.2E-2 

12.6 

eTO No. 229 



Exp.Pt. 
COPECs Conc. 

(mg/kg) 

Acetone 0.024 

2-Butanone 0.008 

Oi-n-butylphthalate 0.790 

2,4-0initrotoluene 0.264 

HMX 3.7 

N-nitrosodiphenylamine 0.08S 

ROX 0.726 

1,3,S-Trinitrobenzene 0.143 

2,4,6-Trinitrotoluene 0.712 

Aluminum 2S,SOO 

L:lV 'T022901lWPICCRA1ITAB8-14 

TABLE 8-14 

AMMUNITION BURNING GROUND/OLD JEEP TRAIL 
COMPARISON OF ESTIMATED INTAKE OF SEDIMENT TO 

REPORTED TOXICITY VALUES 
Page 1 of 2 

Mallard Belted Kingfisher 

ADD Toxicity ADD Toxicity Information 
Infonnation 

2.SE-S 2.1E-4 

8.4E-6 7.0E-S 

8.3E-4 6.9E-3 

2.8E-4 2.3E-3 

3.9E-3 3.2E-2 

8.9E-S 7.4E-4 

7.6E~4 6.4E-3 

1.SE-4 1.3E-3 

7.SE-4 6.2E-3 

26.8 223.1 

USEPA 10 No. INS 170 023 498 
NAVSURFWARCENOIV CCRA 

November 1997 

Raccoon 

ADD Toxicity Information 

1.14E-4 8,000 - LOSO - dog 

3.7E-S 40S0 mg/kg - LOSO -
mouse 

3.6E-3 SOOO mg/kg - LOSO -
mammal 

1.2E-3 268 mg/kg - LOSO - rat 

1.7E-2 1S00 mg/kg - LOSO -
mouse 

3.9E-4 182S mg/kg - LOSOO -
rat 

3.3E-3 100 mg/kg - LOLo -
cat 

6.6E-4 S72 mg/kg - LOS- -
mouse 

3.3E-3 660 mg/kg - LOSO -
mouse 

117.3 1130 mg/kg LOSO -
mouse 

CTOl' 9 



TABLE 8-14 (Continued) 
AMMUNITION BURNING GROUND/OLD JEEP TRAIL 
COMPARISON OF ESTIMATED INTAKE OF SEDIMENT TO 
REPORTED TOXICITY VALUES 
Page 2 of2 

Exp.Pt. Mallard 
COPECs Conc. 

(mg/kg) ADD Toxicity 
Information 

Antimony 25 2.6E-2 

Arsenic 62 6.5E-2 323 mg/kg - L050 -
(as sodium arsenite) 

,,:c.:,,:,,;; :::: 
2030 2.1 ::"::::: 

::::::: 

::""":",,,,: :"" / 
Cadmium 6.1 6.4E-3 200 ppm - NOAEL 

Copper 318 0.33 
,,::::::: ::::::::::::::::; 

b~~d>:::.:: 284 0.30 100 mg/kg - NOAEL 

:::::::: :: 

:::: 1060 1.1 
,,::::::: 

Notes: 
ADD = Estimated average intake in mg/kg-day 
LD50 = Lethal dose where the dose is fatal to 50% of the test organisms 
LDLO = Lethal dose that is fatal to at least one test organism 
NOAEL = No observed adverse effects level 
Toxicity information from RTECS, 1995. 

Belted Kingfisher 

ADD Toxicity Information 

0.22 

0.54 

17.8 

5.3E-2 

2.8 

2.5 160 mg/kg - L050 -
pigeon 

9.3 

Shaded compounds indicate that the ADD exceeds 0.01 times the specified toxic dose for at least one indicator species. 

A blank indicates that there are no data for that compound. 

L:lWORK\CT022901lWPICCRA 1ITAB8-14 

ADD 

0.12 

0.29 

9.3 

USEPA 10 No. IN5 170 U:" 198 
NAVSURFWARCENOIV CCRA 

November 1997 

Raccoon 

Toxicity Information 

7000 mg/kg - L050 -
rat 

35 mg/kg - L050 -
mammals 
(as calcium arsenate) 

398 mg/kg - L050 -
mammal as barium 
chloride 

2.8E-2 890 mg/kg - L050 -
mouse 

1.5 300 mg/kg - L050 - rat 

1.3 2000 mg/kg - LOLO -
dog 
(as lead sulfate) 

4.9 50 mg/kg - NOAEL -
cat 

CTO No. 229 



COMPOUND w0601 w0602 

2-Butanone 19 24 

2-Hexanone 

4-Methyl-2-
pentanone 

Carbon disulfide 

Chlorobenzene 

Toluene 

Phenol 

4-Methylphenol 

Acenaphthene 

Fluorene 

Phenanthrene 

COMPOUND v2001 

2-Butanone 180 

2-Hexanone 

4-Methyl-2-pentanone 

Carbon disulfide 

Chlorobenzene 

Toluene 13 

Phenol 

4-Methylphenol 

Acenaphthene 

Fluorene 

Phenanthrene 

L:IWORK\CT022901IWPICCRA 1 ITABB-1S. 

TABLE 8-15 

OLD RIFLE RANGE 

USEPA 10 No. INS 170023498 
NAVSURFWARCENOIV CCRA 

November 1997 

TISSUE SAMPLE RESULTS - ORGANICS 
Page 1 of2 

Wildlife Fish and Aquatic Animals 

w0701 w0702 w0801 f0101 f1001 f1002 f1101 f1201 f1301 f1401 f1501 f1601 f1701 

94 110 13 15 8 7 16 12 7 10 14 

60 

4 

3 4 

750 120 76 

200 100 42 120 

24 24 

17 18 

54 24 

Vegetation Vegetation Controls 

v2101 v2102 v2201 v2301 v0401 v0501 v0901 v0902 v1001 

820 490 79 150 100 200 31 50 120 

58 

33 36 28 

24 110 12 

7 29 9 

3 3 6 16 27 5 

4 11 6 

eTa No. 229 



TABLE 8-15 (Continued) 
OLD RIFLE RANGE 
TISSUE SAMPLE RESULTS - ORGANICS 
Page 2 of2 

Notes: 

All concentrations in ug/kg. 
A blank indicates that the sample result was below the method detection limit. 
w0601 and w0602 -- Duplicates of opossum liver tissue. 
w0701 and w0702 -- Duplicates of opossum muscle tissue. 
w0801 -- Fox squirrel. 
f0101 --Frogs from Sedimentation Pond #3. 
f1001 and f1002 -- Duplicates of bullheads from Station T -1. 
f1101 -- Sunfish from Station T -1. 
f1201 -- Chub from Station T -1. 
f1301 -- Minnows from Station T-2. 
f1401 -- Sunfish from Station T-2. 
f1501 -- Sunfish from Station T-3. 
f1601 - Bass from Station T-3. 
f1701 -- Shad from Station T-3. 
v2001 -- Hickory nuts. 
v2101 and v2102 -- Duplicates of white grass. 
v2201 -- Grapes. 
v2301 -- Hickory nuts. 
v0401 -- Grapes from Control Area 1. 
v0501 -- Red Maple seedlings from Control Area 2. 
v0901 and v0902 -- Duplicates of hickory nuts from Control Area 2. 
v1001 -- Whitegrass from Control Area 1. 

L:lWORK\CT022901IWPICCRA1ITAB8-15. 

USEPA ID No. INS 170 023498 
NAVSURFWARCENDIV CCRA 

November 1997 

CTO No. 229 



COMPOUND w0601 w0602 

Aluminum 3.8 0.97 

Barium 

Beryllium 

Cadmium 0.93 1 

Calcium 47.1 40.6 

Chromium 0.16 0.13 

Cobalt 0.09 

Copper 3.7 3.6 

Cyanide 

Iron 181 185 

Lead 0.13 0.23 

Magnesium 152 158 

Manganese 2.5 2.7 

Mercury 0.29 0.38 

Nickel 

Potassium 2810 2860 

Selenium 0.87 0.9 

Silver 

Sodium 980 859 

Vanadium 

Zinc 22.4 23.9 

Nitrogen 

TABLE 8-16 

OLD RIFLE RANGE 

USEPA ID No. INS 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

TISSUE SAMPLE RESULTS - METALS 
Page 1 of2 

Wildlife Fish and Aquatic Animals 

w0701 w0702 w0801 f0101 f1001 f1002 f1101 f1201 f1301 f1401 f1501 f1601 f1701 

2.7 1.2 20.6 32.7 0.95 0.5 0.54 1.2 

0.07 0.09 7.2 56.9 0.73 0.56 1.7 1.5 15.2 2.2 23 

0.12 0.33 0.02 0.02 0.06 1.4 

61 142 25400 5280 3180 3240 18700 7280 7180 13100 83600 

0.1 0.11 0.69 0.2 0.12 0.13 0.32 0.21 0.38 0.26 1.6 

0.31 

1.4 1.4 1 4.1 0.4 0.31 0.19 0.56 0.94 0.34 5.8 

0.23 

30.5 34.2 60.3 75.2 7.5 5.8 3.4 6.1 393 4.3 87.5 

0.11 0.17 0.3 0.28 0.4 

206 177 532 150 247 286 457 312 298 392 2010 

0.45 0.33 3.4 8.9 3.2 2.4 4.7 1.5 152 7.1 102 

3200 2780 3190 1390 2470 3370 2610 2870 2420 2690 9220 

0.33 0.34 0.2 0.56 0.37 0.48 0.48 0.5 0.44 0.56 2.4 

1070 1000 1260 851 690 792 978 800 737 933 4780 

54.7 46.2 40.2 19.7 8.6 9.1 17.9 12.8 50.9 18.6 75.2 

7.4 6.4 5.1 4.8 3.9 4.2 9.5 4.9 8.9 9.8 

Note that samples f1601 and f1701 were analyzed for organic compounds and nitrogen only. 

L:lWORK\CT022901IWPICCRA1ITAB8-16. eTa No. 229 



TABLE 8-16 (Continued) 
OLD RIFLE RANGE 
TISSUE SAMPLE RESULTS - METALS 
Page 2 of2 

Vegetation 

COMPOUND v2001 v2101 v2102 

Aluminum 38 31 30.2 

Barium 32.6 24.4 14.5 

Beryllium 

Cadmium 0.3 

Calcium 1500 3270 2410 

Chromium 0.25 0.36 0.36 

Cobalt 0.68 0.26 0.24 

Copper 7 6.3 5.1 

Cyanide 

Iron 11.1 94.6 88.3 

Lead 0.15 0.81 0.89 

Magnesium 506 807 547 

Manganese 156 21.6 10.8 

Mercury 

Nickel 11.6 0.89 0.51 

Potassium 6110 6520 4270 

Selenium 

Silver 0.21 

Sodium 142 132 136 

Vanadium 0.15 0.16 

Zinc 17.7 15.1 9 

Nitrogen 7.9 86 

Notes: 

All concentrations in mg/kg. 

v2201 v2301 

7.2 88.5 

11.6 68.2 

0.21 

1460 3730 

0.4 0.26 

0.47 

2.6 5.9 

14.4 25.6 

1.1 0.44 

402 1110 

31.2 319 

0.42 10 

3880 3150 

128 139 

4.2 12.5 

A blank indicates that the sample result was below the method detection limit. 
w0601 and w0602 -- Duplicates of opossum liver tissue. 
w0701 and w0702 -- Duplicates of opossum muscle tissue. 
w0801 - Fox squirrel. 
f0101 --Frogs from Sedimentation Pond #3. 
f1001 and f1002 -- Duplicates of bullheads from Station T-1. 
f1101 -- Sunfish from Station T-1. 
f1201 -- Chub from Station T-1. 
f1301 -- Minnows from Station T-2. 
nutsf1401 - Sunfish from Station T-2. 
f1501 -- Sunfish from Station T -3. 

L\WORK\CT022901IWPICCRA1ITAB8-16. 

v0401 

4.5 

18.7 

1780 

0.25 

0.11 

3.2 

6.4 

0.18 

393 

37.8 

0.32 

3220 

0.41 

133 

2.7 

USEPA 10 No. IN5 170023498 
NAVSURFWARCENOIV CCRA 

November 1997 

Vegetation Control 

v0501 v0901 v0902 v1001 

14.3 140 158 8.9 

61.4 115 125 16.3 

0.07 0.11 

0.17 0.34 0.34 

4960 4700 5570 1060 

0.3 0.13 0.11 0.08 

0.13 0.91 0.87 

2.8 6.2 5.7 2.4 

39.7 56.6 68.5 28.5 

0.46 0.32 0.71 0.27 

1010 975 807 363 

336 383 287 61.6 

0.12 

1.3 9.2 7.3 0.77 

3340 4800 3970 3980 

0.41 0.09 0.24 

0.07 

156 24.4 30.6 38.1 

15.9 20.4 19.7 17.8 

2.1 2.6 

f1601 -- Bass from Station T-3. 
f1701 -- Shad from Station T-3. 

v2001 -- Hickory nuts. 
v2101 and v2102 -- Duplicates of white grass. 
v2201 -- Grapes. 
v2301 -- Hickory nuts. 
v0401 - Grapes from Control Area 1. 
v0501 -- Red Maple seedlings from Control 

Area 2. 
v0901 and v0902 -- Duplicates of hickory 

from Control Area 2. 
v1001 -- Whitegrass from Control Area 1. 

CTa No. 229 



TABLE 8-17 

OLD RIFLE RANGE 
COMPARISON OF ESTIMATED INTAKE OF SOIL TO 

REPORTED TOXICITY LEVELS 

Exp.Pt. Deer Mouse 
Cone. in 

Soil 
COPECs (mg/kg) ADD Toxicitv Information 

Total PAHs 26.17 0.44 50 mg/kg - L050 as (bap) 
533 mg/kg - L050 as 

naphthalene 

2,4-0initrootoluene 0.243 4.1 E-3 790 mg/kg - L050 

1,3,5-Trinitrobenzene 0.131 2.2E-3 572 mg/kg - L050 

2,4,6-Trinitrotoluene 0.243 4.1 E-3 660 mg/kg - LOSO 

.................. ................... 
... 

~~;;;:(a.~~~i~rrk .... 273 4.6 70 mg/kg - L050 
imfo.ride)·:::::·:::··::····· 

....... ......... . .............. 

Lead 59.1 1.0 30,000 mg/k - LD50 - guinea pig 
as lead sulfate 

Notes: 

ADD = Estimated average intake in mg/kg-day. 
LD50 = Lethal dose where the dose is fatal to 50% of the test organisms. 
LDLO = Lethal dose that is fatal to at least one test organism. 
NOAEL = No observed adverse effect level. 

Toxicity information from RTECS, 1995. 

Red Fox 

ADD Toxicitv Information ADD 

3.9E-2 400 mg/kg - LOLO - 6.0E-2 
dog as naphthalene 

3.6E-4 5.6E-4 

2.0E-4 3.0E-4 

3.6E-4 1850 mg/kg - L050 - 5.6E-
cat 

4.1 E-1 90 mg/kg - LOLO - 0.63 
dog 

8.9E-2 2000 mglkg - LD50 - dog 0.14 
as lead sulfate 

Shaded compounds indicate that the ADD exceeds 0.01 times the specified toxic dose for at least one indicator species. 

A blank space indicates that there are no data for that compound. 

LWVORKlCT022901IWPICCRA1ITAB8-17. 

USEPA 10 No. IN5 170 l· ~98 

NAVSURFWARCENDIV eCRA 
November 1997 

White-Tail Red-Tail 
Deer Hawk 

Toxicity Toxicity 
Information ADD Information 

0.14 1000 ppm - NOAEL 
- chicks 

1.3E-3 

6.8E-4 

1.3E-3 

398 mg/kg - LOLO - 1.4 
mammal 

220 mg/kg - LD50 - 0.31 50 mglkg - NOAEL -
cattle as lead sulfate American kestrel 

eTa No. 229 



TABLE 8-18 

OLD RIFLE RANGE 
COMPARISON OF ESTIMATED INTAKE OF SEDIMENT TO 

REPORTED TOXICITY VALUES 

Mallard 
Exp. Pl Conc. 

COPECs (mg/kg) ADD Toxicity Information 

Acetone 0.025 2.6E-5 

Benzo(b)fluoranthene 0.044 4.6E-5 

2-Butanone 0.007 7.4E-6 

Di-n-butylphthalate 0.098 1.0E-4 

2,4-0initrotoluene 0.130 1.4E-4 

N-nitrosodiphenylamine 0.023 2.4E-5 

Notes: 

ADD = Estimated average intake in mg/kg-day. 
LD50 = Lethal dose where the dose is fatal to 50% of the test organisms. 
LDLO = Lethal dose that is fatal to at least one test organism. 
NOAEL = No observed adverse effects level. 

Toxicity information from RTECS, 1995. 

A blank space indicates that there are no data for this compound. 

L:IVV' ~T022901IWPICCRA1ITAB8-18. 

Belted Kingfisher 

ADD Toxicity Information 

2.2E-4 

3.9E-4 1000 ppm - NOAEL - chicks 
as benzo(a) pyrene 

6.1E-5 

8.6E-4 

1.1 E-3 

2.0E-4 

ADD 

1.2E-4 

2.0E-4 

3.2E-5 

4.SE-4 

6.0E-4 

1.1 E-4 

USEPA 10 No. INS 170 023 498 
NAVSURFWARCENDIV CCRA 

November 1997 

Raccoon 

Toxicity Information 

8000 malkg - L050 - dog 

400 mg/kg - LDlo - dog as 
naphthalene 

4050 mg/kg - LDSO - mouse 

5000 maIko - LD50 - mammal 

268 mg/kg - LOSO - rat 

182S mg/kg - LOSO - rat 

CTON 



TABLE 8-19 

DEMOLITION RANGE 

USEPA 10 No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

TISSUE SAMPLE RESULTS - ORGANICS 

Wildlife Fish and Aquatic Animals 

COMPOUND w5001 w5002 w5101 w0301 w0401 w0402 w0501 w0502 w0901 f0101 f0102 f0201 f0301 

4-Methylphenol 280 49 470 

2-Butanone 45 89 11 30 37 28 21 76 95 150 

Carbon disulfide 10 

Vegetation Vegetation Controls 

COMPOUND v1501 v1601 v1701 v1801 v1901 v0401 v0501 

4-Methylphenol 

2-Butanone 490 53 790 150 180 100 200 

Carbon disulfide 96 320 110 

Notes: 

All concentrations in ug/kg. 
A blank indicates that the sample result was below the method detection limit. 
Samples w0301 and w0901 were not analyzed for the presence of organic compounds. 
w5001 and w5002 -- Duplicates of deer liver tissue. 
w0301 -- Deer mouse. 
w0401 and w0402 -- Duplicates of raccoon liver tissue. 
w0501 and w0502 -- Duplicates of raccoon muscle tissue. 
w0901 -- Deer mouse. 
10101 and 10102 -- Duplicates of minnows from Station B-1. 
10201 -- Bullheads from Station B-3. 
f0301 -- Minnows and chubs from Station 8-2. 
v1501 and v1601 -- Duplicates of red maple seedlings. 
v1701 -- Red oak seedlings. 
v1801 -- Whitegrass. 
v1901 -- Hickory nuts. 
v0401 -- Grapes from Control Area 1. 
v0501 -- Red Maple seedlings from Control Area 2. 
v0901 and v0902 -- Duplicates of hickory nuts from Control Area 2. 
v1001 -- Whitegrass from Control Area 1. 

L:IWORK\CT022901IWPICCRA 1 ITABB-19. 

v0901 v0902 v1001 

31 50 120 

eTa No. 229 



COMPOUND w5001 

Aluminum 

Barium 

Beryllium 

Cadmium 

Calcium 83.6 

Chromium 

Cobalt 

Copper 48.7 

Iron 67.8 

Lead 

Magnesium 175 

Manganese 

Mercury 

Nickel 

Potassium 2840 

Selenium 

Silver 

Sodium 700 

Zinc 40.6 

Nitrogen 

TABLE 8-20 

DEMOLITION RANGE 
TISSUE SAMPLE RESULTS - METALS 

Page 1 of 2 

Wildlife 

USEPA 10 No. INS 170 023498 
NAVSURFWARCENOIV CCRA 

November 1997 

Fish and Aquatic Animals 

w5002 w5101 w0301 w0401 w0402 w0501 w0502 w0901 f0101 f0102 f0201 f0301 

245 762 107 239 

19.5 

10.7 11.4 

63.2 117 3260 48.8 56.2 48.1 47.7 1940 8820 8470 7590 7640 

52.4 14.4 14.7 20.4 

60.7 29.9 97.5 1080 1110 37.4 37.1 169 305 18.8 420 

187 246 318 156 163 211 215 2420 354 347 398 361 

14.3 141 25.8 83.6 

3190 3680 2980 2270 2370 3200 3390 5790 2670 2610 3870 2630 

721 621 1320 964 1070 735 661 2450 1150 876 1060 727 

46.6 35.8 29.8 53.5 52.8 42.1 39.2 67.9 38.1 39.9 21.2 45.6 

11.8 13.9 

Copper was detected in all samples; however, for the samples for which there is no value shown, the concentration was below the 
detectable limit. 

L:lWORKlCT022901IWPICCRA 1ITAB6-20. eTO No. 229 



TABLE 8-20 (Continued) 
DEMOLITION RANGE 
TISSUE SAMPLE RESULTS - METALS 
Page 2 of2 

Vegetation 

COMPOUND v1501 v1601 v1701 

Aluminum 18.1 19 

Barium 40.9 50.6 31.2 

Beryllium 

Cadmium 

Calcium 3580 4260 2340 

Chromium 

Cobalt 

Copper 

Iron 36.6 44.4 

Lead 

Magnesium 1050 1060 440 

Manganese 289 325 215 

Mercury 

Nickel 

Potassium 2250 2220 2690 

Selenium 

Silver 

Sodium 155 159 141 

Zinc 13.4 14.1 

Nitrogen 

Notes: 

All concentrations in mg/kg. 

v1801 v1901 

36.7 141 

27.9 103 

2060 3680 

96.5 68.2 

376 525 

26.7 274 

6630 243 

160 149 

18.3 19.4 

85 

A blank indicates that the sample result was below the method detection limit. 
seedlings. 
w5001 and w5002-- Duplicates of deer liver tissue. 
w5101 -- Deer muscle tissue. 
w0301 -- Deer mouse. 
w0401 and w0402 -- Duplicates of raccoon liver tissue. 
w0501 and w0502 - Duplicates of raccoon muscle tissue. 
w0901 -- Deer mouse. 
f0101 and f0102 -- Duplicates of minnows from Station B-1. 
nutsf0201 -- Bullheads from Station B-3. 
f0301 -- Minnows and chubs from Station B-2. 

l:IWORKlCT0229011WPICCRA11TAB8-20. 

v0401 

4.5 

18.7 

1780 

0.25 

0.11 

3.2 

6.4 

0.18 

393 

37.8 

0.32 

3220 

0.41 

133 

2.7 

USEPA ID No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

Vegetation Control 

v0501 v0901 v0902 v1001 

14.3 140 158 8.9 

61.4 115 125 16.3 

0.07 0.11 

0.17 0.34 0.34 

4960 4700 5570 1060 

0.3 0.13 0.11 0.08 

0.13 0.91 0.87 

2.8 6.2 5.7 2.4 

39.7 56.6 68.5 28.5 

0.46 0.32 0.71 0.27 

1010 975 807 363 

336 383 287 61.6 

0.12 

1.3 9.2 7.3 0.77 

3340 4800 3970 3980 

0.41 0.09 0.24 

0.07 

156 24.4 30.6 38.1 

15.9 20.4 19.7 17.8 

2.1 2.6 

v1501 and v1601 -- Duplicates of red maple. 

v1701 -- Red oak seedlings. 
v1801 -- Whitegrass. 
v1901 - Hickory nuts. 
v0401 -- Grapes from Control Area 1. 
v0501 -- Red Maple seedlings from Control 

Area 2. 
v0901 and v0902 -- Duplicates of hickory 

from Control Area 2. 
v1001 -- Whitegrass from Control Area 1. 

eTO No. 229 



Exp.Pt. 
ADD COPECs Cone. 

Diethylphthalate 0.200 3.4E-3 

2,4-Dimethylphenol 0.042 7.1E-4 

Oi-n-butylphthalate 0.264 4.5E-3 

2,4-Dinitrotoluene 0.230 3.9E-3 

Oi-n-octylphthalate 0.D18 3.1E-4 

Hexachlorobenzene 0.046 7.8E-4 

4-Methylphenol 0.036 6.1E-4 

N-nitrosod~henylamine 0.215 3.7E-3 

Pentachlorophenol 0.024 4.1E-4 

ROX 3.8 6.5E-2 

2,4,6-Trinitrotoluene 2.27 3.9E-2 

Total PAHs 0.85 1.4E-2 

::::::::::::::::::::::::::::::::::::::::::::::::: 

111~~~~e~~~:~~r~I·.II:::I·iIJ 661 11.2 

Cadmium 3.3 5.6E-2 

CQPper 131 2.2 

l:IWORK1 01lWPICCRA 1ITAB8·21. 

TABLE 8-21 

DEMOLITION RANGE 

USEPA 10 No. IN5 170 023 498 
NAVSURFWARCENOIV CCRA 

November 1997 

COMPARISON OF ESTIMATED INTAKE OF SOIL TO 
REPORTED TOXICITY LEVELS 

Page 1 of2 

Deer Mouse Red Fox White-tail Deer Red-Tail Hawk 

Toxicity Information ADD Toxicity Information ADD Toxicity Information ADD Toxicity Information 

6172 mg/kg - L050 3.0E-4 1250 mg/kg - NOAEL - dog 4.6E-4 1.0E-3 

809 mg/kg - L050 6.3E-5 9.7E-5 2.2E-4 

5289 mg/kg - L050 4.0E-4 5000 mg/kg - L050 - 6.1E-4 5000 mg/kg - L050 - 1.4E-3 
mammal mammal 

790 mg/kg - L050 3.5E-4 5.3E-4 1.2E-3 

6513 mg/kg - L050 2.7E-5 4.1E-5 9.4E-5 

4000 mg/kg - L050 6.9E-5 1700 mg/kg - L050 - cat 1.1 E-4 5000 mg/kg - L050 - 2.4E-4 6400 mg/kg - L050 - qua 
mammal 

344 mg/kg - L050 5.4E-5 8.3E-5 1.9E-4 

1860 mg/kg - L050 3.2E-4 4.9E-4 1.1E-3 

65 mg/kg L050 3.6E-5 150 mg/kg - L050 - dog 5.5E-5 140 mg/kg - L050 -cattle 1.2E-4 380 mg/kg - L050 -
mallard 

59 mg/kg - L050 5.7E-3 100 mg/kg - LOLO - cat 8.7E-3 2.0E-2 

660 mg/kg - L050 3.4E-3 . 1850 mg/kg - LD50 - cat 5.2E-3 1.2E-2 

60 mg/kg - L050 1.3E-3 400 mg/kg - LOLO - dog 2.0E-3 4.4E-3 1000 ppm - NOAEL -
(bap) (naphthalene) chicks (bap) 

533 mg/kg as 

70 mg/kg - LOLO 1.0 90 mg/kg - LOLO - dog 1.5 398 mg/kg - LOLO - 3.4 
mammal 

890 mg/kg - L050 5.3E-3 150 mg/kg - LD50 - dog 7.6E-3 1.7E-2 200 ppm - NOAEL -
mallard 

0.20 >1000 DDm - fatal - doas 0.30 1000 mallb - toxic - cattle 0.68 500 ma/ka - toxic - chick 

J.229 



TABLE 8-21 (Continued) 
DEMOLITION RANGE 
COMPARISON OF ESTIMATED INTAKE OF SOIL TO 
REPORTED TOXICITY LEVELS 
Page 2 of2 

Lead 42.7 0.73 30,000 mg/kg - L050 
- guinea pig as lead 

sulfate 

Notes: 

ADD = Estimated average intake in mg/kg-day. 

6.4E-2 

LD50 = Lethal dose where the dose is fatal to 50% of the test organisms. 
LDLO = Lethal dose that is fatal to at least one test organism. 
NOAEL = No observed adverse effects level. 

Toxicity information from RTECS, 1995. 

2000 mg/kg - L050 - dog 9.8E-2 
as lead sulfate 

USEPA 10 No. INS 170 98 
NAVSURFWARCENOlv ceRA 

November 1997 

220 mg/kg - L050 - cattle 0.22 50 mg/kg - NOAEL -
as lead sulfate American kestrel 

Shaded compounds indicate that the ADD exceeds 0.01 times the specified toxic dose for at least one indicator species. 

A blank space indicates that there are no data for this compound. 

L:lWORKlCT022901lWP\CCRA 1ITAB8·21. CTa No. 229 



TABLE 8-22 

DEMOLITION RANGE 
COMPARISON OF ESTIMATED INTAKE OF SEDIMENT TO 

REPORTED TOXICITY VALUES 

Exp.Pt Mallard 
Conc. 

COPECs (mg/kg) ADD Toxicity Information 

Acetone 0.062 6.5E-5 

2-Butanone 0.018 1.9E-5 

Butylbenzylph 0.026 2.7E-5 
Ihalale 

Oi-n- 0.029 3.0E-5 
butylphthalale 

Toluene 0.014 1.5E-5 

Notes: 

ADD = Estimated average intake in mg/kg-day. 
L050 = Lethal dose where the dose is fatal to 50% of the test organisms. 
LOLO = Lethal dose that is fatal to at least one test organism. 
NOAEL = No observed adverse effects level. 

Toxicity information from RTECS, 1995. 

A blank space indicates that there are no data for this compound. 

l:IV ~T022901IWPICCRA1ITAB8-22. 

Belted Kingfisher 

ADD Toxicity Information 

5.4E-4 

1.6E-4 

1.8E-4 

2.5E-4 

1.2E-4 

ADD 

2.9E-
4 

8.3E-
5 

1.2E-
4 

1.3E-
4 

6.4E-
5 

USEPA 10 No. INS 170 023 498 
NAVSURFWARCENDIV CCRA 

November 1997 

Raccoon 

Toxicity Information 

8000 mg/kg - LD50 - dog 

4050 mg/kg - L050 - mouse 

2330 mg/kg - L050 - rat 

5000 mg/kg - LD50 - mammal 

4000 mg/kg - L050 - mammal 

CTOt'l' 



I 

i 

j i 

~ 
.... ... 0& 
~ I!~ 
~ ;: E 
/ "0 
~ z:~~ 
!l! ~ .. ,.. 

~~!B~E 

, ' , 

I 

l l 

" ' , ' 

'i ' ' 

, ', 

• 
~. ' " 

.. ! 

I ' 

q II .: , \ . ,\, 
" , 

, I 

\ 

" 
,I . . ... . 

-- " , ' " 

" 

7
---·' 

- ,-f , " 

, " , , 
, '- --
, ,, ' 

. -:;. 

, 
, ': ;"1', , 
-' " , , , ,_=-. -_7/, ' 

":~ - .. ''''.' , 
,_ -..-- .. ' ) I • 

/' , 
: ; ; '. 
,, \ ' 

:, \" ,, ' 
'.: , I 

, 1 , 1 

.'" : 
",/; j 

if 

,'-

'" 

,';' , 

, ' 

", 

~ ( , 

-", . 
, " 

; J 
/ 

'0> 

" 

( 

" 

11/ , " 
: /I i 
- l,i,' 

' -! 

--~- - " --- '::---. 
' .:.:: ~,>. --- -

/, 

'J \, i 
, ' /; , 

.;;',,::-'''-''' -, .-' . 
;::> ::,\ 

)1/ 
r I'/' 

" 

.:. 

774 

i: 
,\ ' 
,,' 

. " 

,', 

J 'I ' 
l' . 

'/i' i , I Ii '/ 
I ,',' ii I 

" , 

:/ .... --" .. -

, " 

" 

, I !! 
j " i /' I } 

1(1: //' 

'Y 
-- ' , 

' . ' .. ....-

, , ' 

. :~:::-. , ., " -.... :- -.~ 
--:-. " 

-
. I, . 
I I/! 

. . -:: J. , .... 
.:: ,:..:'-

-~ ." .. , ~ 

.-" 

'" ,'" 

.... 
" -" 

" 

:'.-: .. -... 
j. ---- ' 

, , 

'-< --~ " ", , " 

, ,,-.-.. -

..- :. 

. " 

,~ . ".' 

,--

, , 

o 
o 

" 

, \ 

1.-' 

, 
, " 

, , ' - - " . 

r 

, --" 

, ; 

; , 

700 

J, 

.\ , ..; 

--....... -
.-~'-

, 

~.:-.:: -

. ' . 

, ' 

" 
i , , , 

IiI \ 

, :",~ . 

,,', 
; 

\ .~' 

., 
, \". '. 

" 

... ". 

" ' 

.:' i :'/ 
, , 

--- ,-- , '-

, -' .-

" 

• 
" 

, ' 

r, 

", 

, , 
! i 

" I" I, 

-::-.:~ ! ' 

I 

::-':- '-~ ,\" j " 

, ' 

" 

.. 
I' . 

\ 
, ,' 

,: ;i" ' . " , :,/1,':, I" 

' " , 

, i 

.-::. .. ~ 

1.1 ,;, 
' I , 

,," 
, .. , ~ .. ----... ~. 

,._-- . , ..... 

I , 

" 

, ' 

" 
" ./ 
'" 

I 

, " 

! ' 

, , 

" 
. i ~ 

" 

. ', 1-\ ' 

1':1 , 

'"." 
1,;/ 

'" 
/ ' 

', . 1 

·- · f 

, ' 

' . ' 

, , 
" .' 
, , 

- , 

.-.,' 

I , . , . 
.'~: , 

I.: 

" 

'- .. ' 

, , .• :' 
~~' \ 

J' , , ' 
: \ \ " 
" 
' " 

'" r' ,,, ~ 

", --' 

-::L~:::~':' '. 
. .... ..-: . 

.~ .. ~ .... . -~. 
.. -:.' .- ,. 

I ' 

~ ;.' : . 
1, -:~:::; .. ;-;~' 

"' ; .. -,-< -. 
' \ : 

, ' 

'" I 

:~ , '':i . .. '. 

'~~ , - . , 

" , " , 
.. ,~ '-

, . 
,- 1,,;/ ! 

" 
., : 

, "~'I', 
,'/;' " j:, 

- . ' '' ', ' 

" , , 
" 

.-.- ,', ,-

/; 

... ' ., 

---~ .!' ~7 

; . 

-- .~ 

,-

, I 

, , 

,-

.'-- : 

!-

" 

" 

" " 

I, 
/ 

I , 

-' 

, . .--' 

'\ 

.' : 

, , 
" , 

; 
.'1 ' 

' . JI. , 

,. , 

1.'/' , . : i .' 
, I,' ,., 

"/ 

, 

'/ 

I 

i' 

': :' 
.' .: .... 

i: 

.. -" 

" 

-' , ' 
" 

" 

I 
' -j' : 

if , , 
.-

lrl...:.,'Z_- --
",-",...,.,...",-'';' --< ii/IV ,~, : " , 

- -r " 
/ 
/ ' , , 

'\ 

" , ,,' 

, 
,// ,..-

, , 
,0 

;- !' , /, 
, : ' " f 

.. ~ ... . , : fl" • 

: I;' . 

\' 

I, 

I 1,
-r .' : 
, .' 

" 

, " 

, , , 

,i.:/' , ,', i' ! \ 
//1/, ,,' . 

, / \ ' , , 
" 

~ 'I 

,. , , 
i , 

. ... 

-: 

, 
r" 

, , 
" 

I ' I i· . , . 

~ ~ -f 
, , 
./, ' " 
" , 

I:' 

i i: 

". 

. __ .' I : 

" 

: : ' 
I' 

t o, ,. 

" 
" ' "~I 

, 
, : I 

, / : 

- -:-

' .' 

':>05' 
o 

.< ~- _ .. , 
" 

' , ' 

1 /. ' 
. ' , II 

" , 
. "", 

,. <.. • •• : .; ., ': .• ' ',~ ~ • , .. '" - . ~ ," 

I" " 

, ',., 
; • • 1 , ' .... 

.. --

, /; , ' ~ .. : . '~-,,-~-
./" "'.lli) , 1 . . - ~ , I 

'--
, /,' ,i, ~ : 

" .I 'll , 
jl/ I'" , 

. '/ i 

II 
,t , 
J 
I , ' 

I 
, I 

,-" .', ,' 
/, 
\ 
'\ 
I 
I 

! " •. .-' 

, "., --:::.:-.. '-- -;~> .. ' 
I " 

,.'" 

I' 
" ..---.. 

, " 

,- I i.1 
I / ,1 

; /.1 " , 

" 

- -; 

, ' 
" " 

" 

" 
~ -: -. 

b3/S0~ABG:~ 1-3 
t-7'c.;." •. ~ i ' / /, i '/ ' . ... --.. -- " 

! " . 
'/ I f j/ 

I! • '! // ,.. 

: /' ' 
', I ' 

" , 

','"~ 
" ' I 

.< ,../ 

" ~03~~\%~C , 
':'; ~~-:' -; ' . ' .. " 

" "I' 

, 
" / , . ", 

-, " ' ,~ 

.. " 

" 

, " 

, - I, 

, , 
• 

, " 

' " .. , -. 
, . " ~ " , 6 50 

• 

" 

" \ 

'" 

, 
~, 

/~ 
' w 
' w 

a:; 
,U 

a:; 
::J 
I 
Cl. 
---' 
::> 
U1 

W 

. I " 
, " ! I 

.:": ; 
" 

-c.:.-
r·- · 

'~ :' '.,.' .. 

:, 

" 
j 

" 

. ... .-. 
I 

" " 
, , 

:~ 

" ', ' 

,-' 
" 

, --

• 

" ,.". 

". _. 

" '-' 
, ' , .' 

, ' 

\, ' ,: 
~, ~. ' 

.. ' -, 
," -~ 

'-"'; "\' 
, " , .. , 
, ' 
\' 

- ,. , 

650 

' '-

:' : 

, 
, . 

, --

,,' 

" 

s--
Go , , 

, ' 

, ' 

" 

, ' 

, , 

.- ,',' 

, 
.i 

! .c' 
'r ri o 

" III 

" , 
I" 

;-~', , 

" 
" --, ,'. .,' 

" 

" 

" 

" 

, 

, , 

' " 1 

• 

, , 

i I 

" , 

, ' 

I ,.--

,/ 

I '" 
i , 

-
' , ' 

! ' 

" 

" 

',.' 
, I . 

, ' 
, :' .' / .' 

, 1 .i I 

1':P 

'. 

" , 

' " ! • . , 
, , 

! 

" , 
. , ' , ' / ' ., 

-.::; . 

I, . 

/ .' ~, " , 
/ ', i,/' 
, . , 

, " ,.' ';' 

I' f" .,' 

," ' 

,. 

': 

, : 
, " 

' . 
" 

" 

;': I,; -
, '. ' r 

'::~ 

" ' 

.. .. 

" .-< 

, 
-- , 

! 

'"- , 
, ;:;.~, ' 

, . ; ." 

.,- - . 
,', 

--
--

.-.. , , '-
-,' 

, 

, , 

," 

, 
',' ,/ 

," ,./." , , 1 I 
.. ' "'1 ' 

, --- '. 
. ',. 

--r 'I 

" 
-', 

--; -
, 

;:/ 
-' 

i" 

.. ~ , 
" ' 

! 1-";/ 

, 
I I, .. ' :, 

, " , , 
' " . 

'. - " 

_.-: ;. : 

" 

, 
: 

, 
" ' 

. ( t , , 

, " "I,; 
1 t " 

:--\ :'.' 

f / 
" , 

" 
,,~ . ',-" 

~ ~ , 

" 

" 

.. , ~, , ," -" .-- ' -

, , 
, ", 

~, 

,', .. ' 

, ' 
''. 

" 

" 

/ 1 : 
r' ' 

.' ! 

, , , 

// 

" .-

. ", ! ' 
" ", 

/, 

I, , 

' .... -' '.,-

, .. -' 

", 

, .. 
, . 

, , 

a 
(j '--

<0 

- " ' 

: . 

" 

.,./:' . 
" -.,~, 

, " 
" , ' 

ir :' ; 
;' 

'--, :-

., ;', 
"~"~" 

" 
i 
< '\ 

, , 
, ... 

:;>. ~ 

'/.! !t:':~ / j,3, ;' 

, " 
.' " ! ,-

/ , , 

' . .' 
" ., ' 
\ 

• I ,·' 

/ I' 

' ,-- . 

.'" 

"-,' .. " '"T' , .... .-- " 

'-

f." ,,' " 

, , 
/, 

, 
,', .- I' 

I' 

, 

, " 

, " 
'\"." "'- --, ". - -

1.':1 

' / 

" 
" 

" 
, 'I " 
" /,-

I : I ','l-.. 
, /" f '. 

-- - -' 

" 

- --

, 
'. 

,'I 
. / 'i .' / 

.. ) " 

'; I.' 

-:' ( '.' .. " .. -' 

r" 
" 

I " 

' / 

,f ." 
: 

'" ." , 
'/ " : ! 

J f' .- . 
/' 

l~ 

, " -- " I , 

'I' '.', ' , , 

'-. " 

!: ;:-

", 

, ~,:::, 
, <,. ',-

" 
I I , 

--
500 

, -, 

, ' 

"" 

" If', '. 
-~ .".,- .--

'.: ' 

'.' 

, .~--::- : 

" '. ~ 

, ' 

, , 
I , 

" 

:. f :., 

, , 

1/ , , 

-- , 

/ '\ 

" , 

" 

'i , 

, 
" 

" 

" 

. ,,~ ''; , ' 

. '.' 

, , , 

i , 

, 

\' 

. ' 

, ' , , 
", 

, " " 

" 

" 

" " 

, ,_., 

, , 
, ' 

, ' 

" ~~, :\ ' 
,, '" ~;:-.., 

" ~ ' ' ,' 

... ...-" 

" , 

.- ~.-' 
' .. - '-.... ' 

: . . ' 

,." 

'" -. 
, , 

'1-

" 

(' 

' ,' 

, ,1 : 

, ' 
, ' 

., 
, 
'. 

I 

,~ , " ,;:- ... 

, .. , 
_ .• --... ~ 
-' .' 

, " 
" .. " 

~ ... ','~ 
., -' .,' , 

,,' 

~ ... _ ... 

....... . 

.. , ........ 

" 

'I " 

" 
" . 

" 
. ~-, -:.~ 

... ) -" ~ . 
',' ' . .....-

" 
" i 

~ '! 
'. '!: 

". 

' .. , 

• 

0' 250' 500' 
SCAlE P"'"_ 

LEGEND 

LARGE t.AAMt.AAL TRAP 

VEGETATION PLOT 

'000' 
! 

1995 SPRING SURfACE WATER 
SAMPlE/t.AACROINVERTEBRATE 

1995 SEDIMENT SAMPLE! 
MACROINVERTEBRATE 

BIRD TR-'NSET 

- - - - - - _ _ _ _ _ SMALL t.AAMMAL TRAPLINE 

~ -! 
I 
i -.. 

I 
J 

DATE 
OCT 1997 

PROJECT NO 
20626 

flLENMIE 

---' 
0--
0--

" ' .. 
I , .. ' 

" ~:: .. 
\ 

" , . 
',.. ' ; 

~.:..~~~~ 

ii!;~~ 1. ______ ." __________________________________ .".' __ -'.:.' __ : ____________________ '.' ____ '.' ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ .J __________ lS-__ •1 __________ 11 

<, SHEET NO 

DRAWING NO 



~ .. 
? i ~ j . ~ . ~ 
.., .. "' 0; 

~ ; ::l ; 
"- . "- . 
w . ... , 

~ 6 ~6 
~ i ~i 
~ ~ ~d 

i , 

, 
, ,' 
• J 

.:.:... 

" : , . 
1,:.-: 

l .. -, : .
: i; , 

, ' 

' . ~~.:::-; . 
" " , .. .;: 

'f 

.. '.- ,~ 

~;~i.~,"~'-:" I 

" " '/ 
: .' 

.:,' 

" 

/' 

. i i ',. 

. . , " " ', 

I::, 

',)I , , '~/ .. :-~;-
, ~, .. ': -.. ' 

'( 

" 

; : 

'/ ,I 

_ .. , 

" 
:: ' 

. ~ --

. ' 

/ 

\.:. 
_ i 

iii! i 
: . , f I 

//.~/ 
i : I I ' 
~ I " 

! 
I 

, 
! 

'. , 

., ,i'-: ' 

- ";-,.:: 

I 

, ( . 
: 1( !,~;-:. 
'f' ; /;! 

.. '/;;~/ ,' " .' 

I '/,' 
--'" '/ /', . 

; ,1.' it' 
,I', 

"-. 

, , 
./ .' 

, , 
_ , ' I 

f' • 

. :/ .' '/ , 

" ; !! " 
". " 

" ,,, 
, I. 

, , 

, ' 

i ' 

.' , 

" ' 

/0. ' -i, 

"..:.. 
" 

/ 

,', , 

,: , 
- ', ' , 

'I I I',' 
,I I : ' 

,,' 

l 
, , 

' .' 

-" . 

_ .. 
@ -- , D- LI ,,-

06SW/SD-B-l 
'I, 

' , ; . . 
-----:~:~:1~.: 
'.' 

, '/ , 

\ ,..' 

, 
I : ... 

' .. r' . \ 

.... " 

I 

,I 
.. ~ 

" 
'/ 

.' .. ' 

:, ' 

. ' ." 

... --

, ... 

, " 

" 

.... , 

, " 
" 

'- . - ' 
--= :..:-1 

-;" . 

'" 

, --, ... , ' 

" 

-' D'@ " 
",,,,,, .. ,,,. " 

.. --
( 
I 
I 

.I, ' r 

, " 
, .... 

I' 
I", 

D-[Y!l 

, , 

, , 
.,.,;,,,; 

c.~(, 
CIr 

~:?6.Sy!/SD ~,B ~~ 
. ,': , 

-., . 

;/ ~/ 1'/,' . 

I'.! 

.. , 
,./ .. 

i : 

, 
'. 

,' , 

n' 

,I 

'" 

i : ( 

" , '1/ , 
,', 

' \ .... 
06S\~/SD.~B-3T 

: '/ , 
.'1 .. 

-.. - . ~' 

._ ' , 

" 

-:.-' .!. 

_ .. ... 

, , , ' 

'. -~ 

,i 

-, .... : 

_ ...... 
. , .... 

, : 

' .. 

-: 
" . -:. 

" ' ', j 

, .... , , 
" · " 

'" 

" 

. ' ., : 
'. 

" 

" 

• .. oA. ",;. ........ , 
. ';" . . .. 

• , . 
• • • • 

',~ \ 
· . 
I '. • • 

I " I' , , . 
" ., , 

'. • 

, \ 

, ' , 

,'/ 

~ ~.,;,;",: ,;,;;;.""'" } 

~" <)() .'. ~~/ 
<:> " 

, . ' · ' • • • , 
" . 

• 
.~ ___ oA"""._ .. ' _ 

• · " , 
, , . 
• • ., 
• • 

t ' .• ; 

, 

, , 
" ! ' 

.... 

, 

-.. 

, 

" 

. " 

'" ! , , 

.,' . 

,.:-.' , 

'-. ' 
; , 

" 

, ' 
,J i 

- - ._-

; 

" " 

-

, .. , 

j 

, ' 
, ', " 
" " 

" 

< .~. 

SEDIMENT A l).o,N 
POND 1'4.93 , , ' , 

: .. 
7 .. '. ':' 

'i ' 

" 

1 

, 
'. 

,D-~ 

'I, i 

- , -
, 

, , 
, : .-'~ 

,', ": " ... 
" , . , 

" i 

;'.-;--

'., 

, . 

/ I 

, , 
' .. 

" , 

, , 
, , " 

,:, , \ 

, , 

'-', 
,-', 
, " 

, .... , " 

, 

" ,;,/:: . 
RANGE!' , 

" ' 

" 

, . 
• 

': 

i: ' 

" 

" 

ISD-T-24-.-> 

, " , , 

" 

.' 

/\ 965~v/SD-T-3 
" . ~SC: 3. .. o<:JO 

,.' : - ~ .. 

~
'. ' 

" " 
, ' ~ , . '; .. ' 
, ' 

!I , 

, 

.. ~ 
, --. 

'-.-

-'" - . 

.'/ 

' - -,.- .. .-' -:~~-:,; .:~. 

." -:::" 

, , 

" 

,. , 
, " .... 
' . ...,. 

,,"' ; ,, ' 

" 

I , I , 

" ' . , 

.. .. - . .. 

.:, " 

'.' 

, , --: .-
.-<: ' .. . ," ''". -, '. --"--_: 

~ 

.-: '\.'~-

-;:-. ~'. 

\ 

" 

.:~ : . 

, 

" ':. '.' I 

o 
U') 
U') 

, . 

; " 

, , 

.. 

" ' / ,; 

! I. 

, , , 

.' , ~ 

//' .' 

. - .,:' -

-1.

'-

'''' . .-', 

. ... ~ , 

-" 

" 

600 

, ', .... , , 

-".' .' 
. ' . 

" 

.... 

~' ". <: 
" . 

'" , .... " -" 

,,' 

' ..... 

" 

'-: . "" 
~' " _ .... , ",,' . . .. 
-- ," . 

, ' 

/ 

. •.. 
",. 

, " 

, 

.: I 

; 
' 1" 

" 
, '"\' . 

.... .. ,. 

., .' 

t I , 

,. 

" 

" 
" 

", , , 

- -,'-'-

" , 

.; 
.' 

, . 

, 
.... ' 

" 
.-. . ~. 

._ -' ...', . 
- I', . " .... - , 

" 

. ' 
, ' , 

. , ; . 

600 

. -- -, 

- ', . .-, .. 
.- , -~". 

.... ...... 

.'-
, 

700 

- ~ " 

! 
, , 

... , . 

:'.: --.: 

~ , ' 

, , 

, " 

'j , ! ... 

, , ' ~: , ' 

, 
" " .... ' 

,j 

-'., 

, ' 

.... , 

--. ::. 
...... 

- '-." 

-.. , . , .: ..•. 

, I 

, 

" 

.. .. 

, 
, " 

" 

,', 

, 

" 

, , . 
I 

.... 

I :' 

" ,', 

" 'v 

" 

! 

• 

0' 230' 500' 
SCALE p*_ 

'000' 
! 

LEGEND 

0-0 

+ 
+ 
11 

LARGE MAAlMAl TRAP 
0- DEMOLITION RANDE 
0- OLD RIFLE RANGE 
C- CONTROL 

, IIEGET ATION PLOT 

'1995 SURF ACE WATER & SEDIMENT 
, SAAIPLE/MACROINIIERTEBRATE 

1995 MACROINIIERTEBRATE SAMPLE 

1995 SEDIMENT SAMPLEI 
MACROINIIERTEBRATE 

BIRD TRANSECT 

SI.AAlL MAMMAl TRAPLINE 

DATE 

u 
.E 
! 

I .. 
I 
1 
I 

o z 

OCT 1997 

PROJECT NO 
20626 

FILENAt.lE 

SHEET NO 

DRAWING NO 

B-2 



DGN -f:\ 1J.i232\air\e8511I.d n DATE -Fri Oct 24 12:42:05 1997 

MEDIA PATINIAYS TERRESTRIAL BIOTA ------------

NR HERBIVORES 
COMBUSTION EXPLOSION 

~ ",./1_ PIItJlIX:ERS 

PARTICULATE AEROSOL INSECTS 
IZATION & SUBSEQUENT 

~ 
INVERTEBRATES, BIRDS, 

SETTLING & DEPOSITIO~ SMALL, INTERMEDIATE, 
& LARGE MAMMALS VEGET ATiON (LEAVES, 

STEMS, FLOWERS, V FRWTS, SEEDS, ROOTS ./'" 
RHIZOMES) 

_~'!r.!'::.r:-. WATcH 
INTERMITTENT DRAINAGE 
DITCHES.CREEKS AND 
OCCASIONAL OVERLAND 
F~OWrRUNR-FF ISPRING 
~Gt~ IO~ON ACT l\ 

/' 
)'V 

'SOIUSEDIMENT II 

PARTICULATE AQUATIC BIOTA 

DEPOSITION, DIRECT 
INCIDENT AL INGESTION 

1\1 HERBI VORES 1 PRlMmY PRODJCERS 

VEGETATION INVERTEBRATES 
(VASCULAR AND 

CRUSTACEANS NONVASCULAR 
FISH 

\ 
PLANTS) 

GR(JJNOIIATER 
LEACHING,HYDRAULIC 
CONT ACT WITH \ 
SURFACE WATER 

/ SOURCES 

Rust Environment & Infrastructure Inc. 

OMNIVORES PRIMmY CMNI VORES 
BIRDS BIRDS 
AMPHIBIANS & AMPHIBIANS & REPTILES 
REPTILES, SMALL SMALL MAMMALS, 
MAMMALS INTERMEDIATE 
INTERMEDIATE MAMMALS 
MAMMALS 

TOP CARNkES 

BIRDS 
LARGE MAMMALS 

j 

OMNIVORES I CmNlVORES 

INVERTEBRATES INVERTEBRATES 
FISH FISH CRUSTACEANS 
WATERFOWL 

FIGURE 8-,3 
ECOLOGICAL RISK ASSESSMENT 

CONCEPTUAL MODEL 

OCT. 1997 

CRANE, INDIANA 
NAVSURFW ARCENDIV 

20626 



9.0 UNCERTAINTY ANALYSIS 

USEPA 10 No. IN5 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

The numerical risks/hazards that are calculated in a risk assessment represent conditional estimates of risk 
based on various assumptions concerning contaminant exposure and toxicity. These estimates of risk/hazard 
are derived using a series of conservative assumptions about the identity and quantity of contaminants in the 
environment, their fate in the environment, the pathways of receptor exposure, human behaviors that lead to 
contaminant exposures, and the dose-response relationships underlying the various health criteria. The 
purpose of the uncertainty analysis is therefore to specify the major assumptions and uncertainties inherent 
in the present risk assessment and to describe their influence on the outcome of the assessment. 

As discussed in the introduction to this study, the principle use of a baseline risk assessment is not to predict 
actuarial risks to a population due to exposure to environmental contamination (because this is currently not 
possible to do) but to assist project managers in the prioritization of risk management actions involving site 
permitting/remediation, etc. Risk assessment is thus used in a relative sense to evaluate the potential of 
project capcs to generate risks/hazards. The uncertainty analysis presents a perspective to the project 
manager(s} on the risk assessment results for the benefit of the project manager(s} who must interpret, 
prioritize and subsequently take action based on the results. 

9.1 WHAT IS RISK ASSESSMENT UNCERTAINTY 

Uncertainty can be defined as a lack of precise scientific data and/or factual information as to what the truth 
is, whether qualitative or quantitative (NRC, 1994). Uncertainty in a baseline risk assessment can be 
classified into three broad categories: 

• 
• 

Scenario Uncertainty. 
Parameter Uncertainty. 
Model Uncertainty. 

Scenario Uncertainty pertains to missing or incomplete information, including no n-numeric assumptions, that 
would otherwise be useful in fully defining exposure and dose (USEPA, 1992d; for example, knowing the 
exact nature of the localized direction and rate of flow of groundwater from a site. Incorrect non-numeric 
assumptions, as well as descriptive errors related to the study's conceptual site model all lead to scenario 
uncertainty. Some examples of these types of uncertainties in this risk assessment include: 

• 

• 

The selection of the possible future land uses of the facility. 
The selection of the receptor populations, e.g. self-sufficient Padanaram Commune. 
The selection of relevant exposure pathways, e.g. beef cattle/dairy cows grazing at each 
SWMU. 
All "current" and future risks are associated with the present level of contamination at these 
SWMUs (i.e. no chemical loss would occur). 
Exclusion of specific contaminants from the analysis due to a current lack of USEPA health 
criteria for these compounds. 

Parameter Uncertainty refers to uncertainty in the magnitude of the input variables used in risk assessments 
in the calculation of chemical fate and transport, exposure point concentrations and chemical intake 
calculations (USEPA, 1989a). Types of parameter uncertainty include measurement error, sampling error, 
variability, and the use of surrogate values (NRC, 1994; USEPA, 1992d). In this risk ass essment, parameter 
uncertainty includes: 

Use of maximum measured contaminant concentrations in various media to represent exposure 
concentrations. 

L:lWORK\CT022901IWPICCRA1ICCCHHRS.JBS 9-1 CTa No. 229 



• 

USEPA ID No. INS 170023498 
NAVSURFWARCENDIV CCRA 

November 1997 

Variability in the behaviors of the members in each receptor population at various receptor 
locations. 

Model Uncertainty pertains to the consideration of how well an exposure model (or its mathematical 
expression) approximates the true relationships between actual, site-specific environmental conditions and 
estimates based on contaminant fate and transport models (USEPA, 1989a). Model uncertainty is also 
inherent in USEPA toxicity assessments, e.g. dose-response models. With respect to this assessment, mode I 
uncertainty includes: 

• Use of simplified fate and transport algorithms to "predict" chemical accumulation in 
fruits/vegetables, beef, and milk. 
Use of USEPA-derived chronic toxicity criteria (carcinogenic slope factors, reference doses). 

• Summation of chemical-specific risks/hazards for each receptor population. 

9.2 QUALITATIVE UNCERTAINTY ANALYSIS 

The qualitative uncertainty analysis is the simplest and most commonly performed type of uncertainty analysis 
in risk assessments today. It is also the procedure recommended in current USEPA guidance (1989a). 

The primary goals of the qualitative uncertainty analysis are: (1) to itemize at least in a general way the major 
areas of true uncertainty and parameter variability in the risk assessment, and (2) to demonstrate to the 
project manager that the assessment is conservative overall and thereby meets the regulatory criterion of 
providing risk estimates that are based on reasonable inputs yet are likely to produce overestimates of the 
true risks !o public health. 

The qualitative uncertainty analysis entails the development of tables which detail the various critical 
assumptions used in the assessment and their potential magnitude of uncertainty (over- or under-estimation 
of risk). Professional judgement, as well as an understanding of parameter selection/derivation and the 
limitaticms of any model, are used to formulate "order-of-magnitude" descriptions of t he key assumptions and 
inputs. 

The qualitative uncertainty analysis for this current conditions risk assessment is presented in Table 8-1. 
Overall, it can be concluded that this risk assessment more likely over-estimates the true risk to public health 
than under-estimates this risk. 
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Key Assumption/Input 
Parameter 

Self-sufficient future on-site resident 
populations exists 

Elimination of contaminants as 
COPCs due to lack of USEPA 
health criteria 

Evaluating a subset of COPCs in the 
indirect exposure pathways 

Exclusion of some pathways of 
exposure 

Assumption of no environmental 
degradation for COPCs 

Use of chemical property data (e.g. 
Kow) to predict chemical behavior in 
terrestrial foodchain 

Use of maximum detected 
concentrations of COPCs in site 
media as exposure point 
concentration. 

Assumption that off-site receptors 
exposed continuously for 70-year 
lifetime 

Assumption that adults and children 
ingest 100 and 200 mg soil/day, 
respectively 

Assumption that receptors ingest 
soil daily or upon each visit to 
SWMUs 
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QUALITATIVE UNCERTAINTY ASSESSMENT 
Page 1 of 2 

Potential for Potential for 
Comments 

Over-estimation Under-estimation 

High Low Possible, but not probable that self-sufficient farmers would live 
specifically on the SWMUs in the future. 

Low-Moderate Low-Moderate Chemical contaminants eliminated from consideration mayor may not be 
toxic to humans at the levels detected at the sites. 

Low Low COPCs eliminated from the foodchain pathways are those that do not 
bioaccumulate and those that degrade relatively quickly in the 
environment. 

Low Low Pathways eliminated are those that have low possibility of contributing 
risk to these receptors because of t~eir physical characteristics. 

High Low Chemical degradation will occur at these SWMUs and will vary 
depending upon soil types, pH, soil moisture content, water quality 
parameters, climate, etc. 

High Low Structure-activity relationships have been shown to be relatively accurate 
for predicting physical phenomena, but not for biological accumulation, 
e.g. chemical partitioning to meat and milk. 

Moderate-High Low Highly conservative to assume the average concentration of an analyte 
at the site equates to the maximum value detected, as was the case for 
many 
of the COPCs. 

Moderate Moderate Probable for Padanaram Commune. 

High Low Soil consumption rates are high-end values obtained from published 
distribution data. 

Moderate Low Not likely that receptors would ingest soil each and every day they are 
present at the various receptor points. 
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TABLE 9-1 (Continued) 
QUALITATIVE UNCERTAINTY ASSESSMENT 
Page 2 of 2 

Key Assumption/Input Potential for 
Parameter Over-estimation 

Increased contamination due to Low 
continued 08/00 operations not 
addressed in this risk evaluation 

Extent of receptor skin contact with Moderate 
soil 

Assumption regarding High 
fruit/vegetable consumption by 
receptor populations 

Assumption regarding beef High 
consumption by receptor 
populations 

Assumption regarding milk High 
consumption by receptor 
populations 

Assumption regarding water Moderate 
ingestion by receptor populations 

Assumption that USEPA reference High 
doses represent toxicological 
thresholds for the COPCs 

Assumption that USEPA carcinogen Moderate-High 
slope factors represent true dose-
response relationships 

Assumption of additivity of HOs and Moderate 
cancer risks 
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Potential for 
Under-estimation 

Moderate 

Low 

Low 

Low 

Low 

Low 

Low 

Low-Moderate 

Moderate 

USEPA 10 No. IN5 170023498 
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February 1999 

Comments 

The companion document "Air Emissions Risk Assessment" addresses 
these future increased chemical concentrations and associated risk 
levels. 

Amount of clothing worn by receptors varies considerably with weather 
conditions. Current assumption is short sleeve shirts and shorts year 
round. 

Nearly impossible for an average weight receptor to ingest daily the 95 
percentile u.s. population consumption amounts. 

Nearly impossible for an average weight receptor to ingest daily the 95 
percentile U.S. population consumption amounts. 

Nearly impossible for an average weight receptor to ingest daily the 95 
percentile U.S. population consumption amounts. 

Water consumption rates are high-end values obtained from published 
distribution data. 

High degree of conservativeness utilized by USEPA in deriving RfDs 
from toxicological literature. 

Use of linearized, mUlti-state mathematical model to predict cancer 
incidence at low exposure levels is USEPA policy; not currently 
supported by scientific data. 

Summation of chemical-specific risks/hazards may over- or under-predic 
actual risks/hazards to receptor individuals. 
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1.0 INTRODUCTION 

This plan details the standard procedures to be followed for collecting samples for chemical 
and physical analyses at two SWMUs within NAVSURFWARCENDIV during the 
Supplemental Investigation (SI). The field investigation rationale and approach are 
detailed in Section 4.0 of the Risk Assessment Work Plan (Halliburton NUS, 1995). 
Summarized below are the media-specific sampling plans, including sample locations, 
equipment requirements, sample collection procedures, decontamination procedures, 
quality control protocols, and documentation requirements. 
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2.0 PROJECT ORGANIZATION AND PERSONNEL 

2.1 PROJECT ORGANIZATION 

The Navy Remedial Project Manager (RPM) is in direct contact with the EPA and the 
CLEAN Program Manager. The Brown & Root Team Project Manager is responsible for 
completing the SI scope of work, and for controlling the budget and schedule. The Project 
Manager will maintain day-to-day contact with the Navy RPM. The personnel responsible 
for quality assurance, health and safety, and project control report directly to the CLEAN 
Program Manager. The Field Team Leader (FTL) reports directly to the Rust E&I (REI) 
Project Manager. The Site Health and Safety Officer and Site Quality Assurance (QA) 
Manager report to the FTL and also report independently to the CLEAN Health and Safety 
Manager and CLEAN QA Manager, respectively. 

2.2 QUALITY ASSURANCE 

Quality assurance is maintained from sample collection through laboratory analysis and 
data evaluation. The FTL is responsible for Quality Assurance/Quality Control (QA/QC) 
in the field. Field QC reviews are conducted on field documentation and through daily 
on-site QC checks. Laboratory QC is the responsibility of the contract laboratory as 
identified in the laboratory's QA Plan. The laboratory reports go to the Site QA Manager 
and CLEAN QA Manager who track the QA process through data validation. The Site QA 
Manager is responsible for the evaluation of the field and laboratory QC measures for this 
project. The Site QA Manager acts as the liaison between on-site personnel, the CLEAN 
QA Manager, and laboratory QA personnel. The SI QAPP and QAPP Addendum 
(Appendix B) more fully explains field and laboratory QA/QC procedures. 

2.3 FIELD TEAM ORGANIZATION AND RESPONSIBILITIES 

The REI Team will perform field sampling activities under the direction of the FTL. Field 
team members and their responsibilities follow. 

2.3.1 Field Team Leader 

The FTL will have overall responsibility for completion of field activities according to the 
Sampling Plan. The FTL is the overall coordinator of activities at the site and is the 
communication link between field team members, the Site QC Officer, the Site Health and 
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Safety Officer, the Field Data Coordinator (FDC), and the Project Manager. The FTL, in 
conjunction with the Project Manager, will assign specific field duties to team members. 
The FTL will be on-site during field activities and oversee operations. The FTL will be 
responsible for mobilization and demobilization of equipment and the field team. Logistical 
problems hindering field activities such as equipment malfunctions or availability, personnel 
conflicts, or weather-dependent working conditions will be relayed to the FTL and resolved 
by the FTL. The FTL cannot also serve as the Site Health and Safety Officer. 

Field team members will report directly to the FTL and provide daily verbal progress reports 
of field activities. The FTL is responsible for completing the Site Daily Logbook. The FTL 
is responsible for informing the Project Manager of daily activities. The FTL is responsible 
for supplying field team members with appropriate field notebooks and field documentation 
forms. 

2.3.2 Field Team 

Field team members will report directly to the FTL. Field team members will collect 
samples, advance soil borings, collect surface water and sediment samples, and sample 
groundwater monitoring wells. Decontamination of sampling equipment will be 
accomplished by the field team under the direction of the FTL. Field team members will 
complete field documentation forms as indicated in the Work Plan. Field team members 
will submit personal Daily Activities Reports to the FTL for compilation into the Site Daily 
Logbook; the FTL will subsequently submit Daily Activities Reports to the Site QC Officer 
for review and filing. Field team members will submit field documentation forms to the Site 
QC Officer and will relinquish custody of field samples to the FDC. Field team members 
will assist in sample packaging and shipping as directed by the FTL. All field team 
members and site visitors will comply with the provisions of the Site-Specific HASP. 

2.3.3 Site Quality Control Officer 

The Site QC Officer will check the completion of Chain of Custody Records, packaging and 
shipment of samples, Sample Logbook entries, and paperwork for accuracy and 
compliance with USEPA protocols and other specified procedures. The Site QC Officer 
will check Daily Activities Reports and field data forms for accuracy and compliance with 
the SI QAPP and Sampling Plan. The Site QC Officer is responsible for reviewing the 
calibration log sheets for field instruments. After review of these documents, the Site QC 
Officer is responsible for filing the field documentation. The Site QC Officer may be a 
member of the field team, but cannot be the FDC. 
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The FDC will be responsible for maintaining an adequate supply of sample containers, 
preservatives, labels, and shipping materials in the field. The FDC will complete the Chain 
of Custody Records, assign Site-Specific Sample Numbers, and contact the laboratories 
regarding the shipment and arrival of samples. The FDC will receive samples from the field 
team and package them for shipment. The FDC will ensure that custody seals are on 
shipping containers and that samples are shipped promptly. The FDC will file the shipping 
airbills in a secure area. The FDC will maintain sample collection, labeling, and shipment 
documentation in the Sample Logbook. The FDC will receive field documentation reviewed 
by the Site QC Officer, copy the documentation, forward the copies to the Project Manager, 
and file the original documentation in a secure area. The FDC may also be a member of 
the field team, but cannot be the Site QC Officer. 

2.3.5 Site Health and Safety Officer 

The Site Health and Safety Officer (SSO) will be present on-site during Level A, B, or C 
field operations and will be responsible for health and safety activities and the delegation 
of duties to the health and safety staff in the field. Because the SI activities are identified 
as low-hazard Level C or Level D, the SSO may direct site health and safety efforts 
through an Assistant SSO approved by the Corporate Environmental Health and Safety 
Director (CEHSD). The SSO will be responsible for implementing the site-specific HASP. 
The SSO may direct or participate in downrange activities as appropriate when this does 
not interfere with primary SSO responsibilities. The SSO has stop-work authorization 
which can be executed upon his/her determination of an imminent safety hazard, 
emergency condition, or other potentially dangerous situations, such as detrimental 
weather conditions. Authorization to proceed with work will be issued by the CEHSD in 
conjunction with the Project Manager. The SSO will initiate and execute contact with 
support facilities and personnel when this action is appropriate. The SSO cannot be the 
FTL. 

2.3.6 Assistant Health and Safety Officer 

On low-hazard Level C or Level D projects, the Assistant SSO may have collateral duties 
but must be qualified for the health and safety responsibility by the CEHSD. At Level A, 
B, or specific Level C sites, the Assistant SSO will be the downrange person who 
accompanies field sampling teams and will report to the SSO. Additionally, he/she will be 
required to support the SSO wnen multiple operations are conducted that require 
monitoring and SSO surveillance. His/her primary responsibility is to provide appropriate 
monitoring to ensure safe field operations. He/she will have access to continuous 
communications with the Command Post. The number of Assistant SSOs will be 
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dependent upon the number of downrange operations occurring simultaneously, the 
designated level of protection, and the individual assignments made by the SSO. The 
Assistant SSO will also share responsibility with the FTL and the SSO for ensuring that 
safety practices are followed by downrange teams. The assistant SSO cannot be the FTL. 
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3.0 SAMPLING APPROACH 

Based upon potential primary contaminant sources and potential contaminant migration 
pathways and impacts for each SWMU, sampling needs specific to baseline human health 
and ecological risk assessment within each SWMU have been identified. Samples to be 
collected as part of the SI are presented for each SWMU in Tables 3-1, 3-2, and 3-3. 
These tables identify, by medium, the numbers and locations of samples to be collected, 
analytical parameters, and the rationale for sample collection. Sampling locations for each 
medium at the respective SWMUs are depicted on Figures 4-1,4-3,4-5,4-6,4-7,4-10, 
4-11,4-13,4-15, and 4-16, presented in Appendix A. 

3.1 SOIL SAMPLING 

The purpose of this section is to identify the equipment and appropriate methods 
necessary to obtain surface soil samples (0 to 6 inches) and subsurface soil samples 
(2.5 feet or deeper). 

Prior to beginning any sampling or surveying activities, no one shall venture into any area 
which has not been cleared and designated safe by the Navy EOD or CAAA Unexploded 
Ordnance (UXO) Team. It is possible that some UXO may be present in the SWMUs to 
be sampled. Because of this, the REI Team shall work with UXO specialists from 
NAVSURFWARCENDIV using equipment capable of detecting ordnance in all areas where 
field activities are to be conducted. The NAVSURFWARCENDIV UXO specialists shall be 
notified of proposed sampling locations so that they may determine the need to establish 
the presence/absence of subsurface UXO prior to subsurface sampling. If the UXO 
specialists indicate a suspect UXO, an alternative subsurface sampling location shall be 
selected by the REI Team, and SSO shall be immediately notified. Any unexploded 
ordnance shall be marked and access restricted in the immediate area. 

Because sampling locations are located 'in the active SWMUs, the SSO or FTL shall 
arrange SWMU access with Thomas Brent (NAVSURFWARCENDIV Point of Contact). 
Only after clearance has been obtained by the NAVSURFWARCENDIV UXO Team will 
sampling proceed. The NAVSURFWARCENDIV UXO Team shall clear each sampling 
location prior to sample collection. No one shall venture outside of the investigation area 
without NAVSURFWARCENDIV UXO Team clearance. 
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Location 

ABGA 

Surface Soil 

1990 Boring 4 

1990 Boring 7 

1990 Boring.12 

1993 Boring 1 

1993 Boring 2 

1993 Boring 3 

1993 Boring 5 

1993 Boring 6 

1993 Boring 7 

1993 Boring 13 

1993 Boring 14 

1993 Boring 17 

1993 Boring 19 

1993 Boring 22 

1993 Boring 25 

1993 Boring 31 

1993 Boring 33 

1993 Boring 37 

l:IWORKlCT02290lIWPlWP1ITAB3-1 

Sample 10 

CR9703SS-040 1-1 

CR9703SS-0701-1 

CR9703SS-1201-1 

CR9703SS-0101-1 

CR9703SS-020 1-1 

CR9703SS-0301-1 

CR9703SS-050 1-1 

CR9703SS-060 1-1 

CR9703SS-0701-1 

CR9703SS-130 1-1 

CR9703SS-1401-1 

CR9703SS-1701-1 

CR9703SS-1901-1 

CR9703SS-2201-1 

CR9703SS-250 1-1 

CR9703SS-3101-1 

CR9703SS-3301-1 

CR9703SS-3701-1 

TABLE 3-1 
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SOIL SAMPLING LOCATIONS 
PAGE 1 OF 3 

ParametersB Rationale 

MSVP High inorganics; complete analytical suites 

MSVP High inorganics; complete analytical suites 

M High inorganics 

MSVP Background; complete analytical suites 

MP Background 

MSVP Background; complete analytical suites 

M Low/no contamination 

M Areal coverage 

MSVP Low/no contamination; complete analytical suites 

M Areal coverage 

MSVP Low/No contamination; complete analytical suites 

M,V Highest TCE 

M Areal coverage 

M High inorganics 

M Areal coverage 

M High inorganics 

M Low/no contamination 

M Low/no contamination 
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Location Sample 10 

Surface Soil (cont'd) 

1993 Surface 40 CR9703SS-4001-1 

1993 Surface 49 CR9703SS-4901-1 

1993 Surface 61 CR9703SS~6101-1 

Subsurface Soil 

1990 Boring 4 
(3-3.5ft 
5.5-6.5 ft) 

1990 Boring 12 
(2.5-3 ft) 

1993 Boring 22 
(2.5-4.5 ft 
4.5-7 ft) 

CR9703SS-0404-1 
CR9703SS-0407 -1 

CR9703SS-1203-1 

CR9703SS-2205-1 
CR9703SS-2207 -1 
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TABLE 3-1 
SOIL SAMPLING LOCATIONS 

PAGE 2 OF 3 

ParametersB 

M 

M 

M 

High inorganics 

High inorganics 

High inorganics 
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Rationale 

MSVP 
MSVP 

High inorganics; complete analytical suites 

M 

M 
M 

High inorganics 

High inorganics 
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Location 

Surface Soil 

1990 Boring 1 

1990 Boring 5 

1990 Boring 9 

1990 Boring 12 

Subsurface Soil 

1990 Boring 5 
(3-3.5 ft) 

1990 Boring 12 
(3-3.5 ft) 

Sample 10 

CR9707SS-0101-1 

CR9707SS-0501-1 

CR9707SS-0901-1 

CR9707SS-120 1-1 

CR9707SS-0504-1 

CR9707SS-1204-1 

A Sample locations are shown in Figure 4-1. 
B Parameters. 
C Sample locations shown in Figure 4-13. 

M = Inorganics 
S = Semivolatile organics 
V = Volatile organics 
P = Pesticides 
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TABLE 3-1 

EPA ID No. INS170023498 
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SOIL SAMPLING LOCATIONS 
PAGE 3 OF 3 

ParametersB Rationale 

MSVP No contamination; complete analytical suites 

M Moderate contamination (explosives) 

MP High inorganics 

M Moderate contamination (inorganics) 

M Moderate contamination (explosives); high inorganics 

M Moderate contamination (inorganics) 
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TABLE 3-2 
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SEDIMENT AND SURFACE WATER SAMPLING LOCATIONS 

Location Sample 10 

ABG 

A8G8 CR9703SW-8G08-1 
CR9703S0-8G08-1 

A8G 11 CR9703SW-8G11-1 
CR9703S0-8G11-1 

A8G5 CR9703SW-8G05-1 
CR9703S0-8G05-1 

A8G6 CR9703SW-8G06-1 
CR9703S0-8G06-1 

A Sample locations shown in Figure 4-3. 
B Parameters. 

E = Explosives; sediment analysis only 
M = Inorganics 
S = Semivolatile organics 
V = Volatile organics 
P = Pesticides 
W = Water Quality Parameters 

L:lWORKlCT02290lIWPlWPIITAB3-2. 

ParametersB 

MSVPW 
EMSVP 

MSVPW 
EMSVP 

MW 
EM 

MPW 
EMP 

Rationale 

Most explosives hits; full analytical suites 

High metals; full analytical suites 

High metals 

High metals, explosives 
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Monitoring Well 

A. Beaver Bend Aquifer 

03C01 

B. Beech Creek/Big Clifty Aquifer 

'03C15 

03-16 

03-21 

03-13 

03C20 

C. Golconda Aquifer 

03C23 

03COBAP3 

03C19P3 

D. Alluvial Aquifer 

03B05 

03B07 
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TABLE 3-3 
GROUNDWATER SAMPLING LOCATIONS 

PAGE 1 OF 2 

Sample 10 

CR9703GW-3C01-1 

CR9703GW-3C 15-1 

CR9703GW-0316-1 

CR9703GW-0321-1 

CR9703GW-0313-1 

CR9703GW-3C20-1 

CR9703GW-3C23-1 

CR9703GW-COBAP-1 

CR9703GW-C9P3-1 

CR9703GW-3B05-1 

CR9703GW-3B07 

ParametersB 

E,V,W 

E,W 

E,W 

E,M,S,V,P,W 

E,W 

E,V,W 

M,W 

E,M,S,V,P,W 

E,M,S,V,P,W 

E,M,W 

E,M,W 

Rationale 

Past hits of RDX, TNT 

TNT hit 

Hits ofRDX 

Hits of RDX, HMX; complete analytical suites 

Hits of RDX, HMX 

Hits of explosives, volatiles 

Hits of barium 

No contamination; complete analytical suites 

Background Golconda Aquifer Well 

Hits of metals 

Hits ofRDX 
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Monitoring Well 

A. Beech Creek Aquifer 

06C09 

B. Golconda Aquifer 

06-21 

06C16P3 

TABLE 3-3 
GROUNDWATER SAMPLING LOCATIONS 

PAGE 2 OF 2 

Sample 10 ParametersB Rationale 

CR9707GW-6C09-1 M,W Hits of zinc 

CR9707GW-0621-1 M,W No data available 

EPA ID No. IN5170023498 
NAV5URFWARCENDIV 51 S,,'y' 

August 1997 

CR9707GW-C16P3-1 M,W Metal contamination 

A Well locations shown in Figure 4-5 (Beaver Bend), 4-6 and 4-7 (Beech Creek/Big Clifty), 4-10 (Golconda), and 4-11 (alluvium). 
B Parameters. 
C Sample locations shown in Figures 4-15 (Beech Creek) and 4-16 (Golconda). 

E = Explosives 
M = Inorganics 
S = Semivolatile organics 
V = Volatile organics 
P = Pesticides 
W = Water Quality Parameters 
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3.1.1 Sample Locations 

EPA 10 No. INS170023498 
NAVSURFWARCENOIV SI SAP 
August 1997 

The sample locations are described in Table 3-1, and shown on Figures 4-1 and 4-13. 
Sample locations will be field-identified with lath or stakes prior to sampling. At the ABG, 
sample locations will be cleared with the UXO specialists prior to boring. Actual sampling 
locations will be accurately noted on sample log sheets. 

3.1.2 Analytical Parameters 

Surface soil samples will be analyzed using USEPA approved methods within the holding 
time parameters dictated by the SI QAPP Addendum (Appendix B). Soil samples will be 
analyzed for VOCs, SVOCs, pesticides, and inorganics. Specific compounds are listed on 
Table 3-1. 

3.1.3 Equipment 

The following equipment and material will be used during surface soil sampling: 

1. Stainless steel hand trowels. 
2. Water, distilled/deionized. 
3. Isopropanol. 
4. Five-gallon pail with cover to contain isopropanol rinses. 
5. Cleaning brushes. 
6. Stainless steel spoons. 
7. Stainless steel putty knife. 
8. Large stainless steel bowls. 
9. Sample containers as indicated in the SIQAPP Addendum (Appendix B). 
10. Sample labels. 
11. Lath/stakes. 
12. Indelible pens. 
13. Survey flagging. 
14. Liquinox. 
15. Shovel. 
16. Camera and film. 
17. Garbage bags. 
18. Munsell Color Chart. 
19. Stainless steel shovel. 
20. Hand-operated, gas-powered hydraulic auger. 
21. Hand bucket auger. 
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3.1.4 Procedures 

EPA ID No. INS170023498 
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Soil samples will include grab and composite samples collected consistent with Halliburton 
NUS SOP GH-1.3, Section 5.2 (Appendix A, Halliburton NUS, July 1995). Plant material 
or gravel will be cleared away with a shovel prior to surface soil sample collection. A 
decontaminated stainless steel hand trowel will be used to collect surface (0 to 6 inches) 
soil samples. A hand-operated, gas-powered hydraulic auger, a hand bucket auger, or a 
shovel will be used to collect subsurface soil samples. Each sample will be classified 
according to the Unified Soil Classification System (USCS) and assigned a color according 
to a Munsell Soil Color Chart consistent with Halliburton NUS SOP GH-1.5 (Appendix A, 
Halliburton NUS, July 1995), and examined for obvious signs of contamination (staining, 
etc.). Subsamples collected for compositing will be placed in a stainless steel mixing bowl 
and stirred until a homogeneous mixture is obtained. The soil mixture will be divided into 
quadrants and small samples will be taken from each quadrant and placed in appropriate 
sample jars. Grab samples will be collected, described, and placed directly in appropriate 
sample jars. The containers and sample volumes required are listed in the SI QAPP 
Addendum (Appendix 8). 

After sampling, the sample holes will be abandoned by replacing soil cuttings from augers 
and hand-tamped into the holes. 

3.1.5 Decontamination 

Field sampling equipment contacting the soil sample will be decontaminated prior to use 
and between sample locations to avoid cross-contamination. The decontamination method 
is as follows: 

1. Liquinoxlwater wash 
2. Distilled or deionized water rinse 
3. Isopropanol rinse 
4. Distilled or deionized water rinse 

Decontamination will include disposal of the samplers' gloves and other personal protective 
equipment which becomes grossly contaminated during sampling events. 
Decontamination practices, methods, and follow-up are addressed in Halliburton NUS SOP 
HS-02 (Appendix A, Halliburton NUS, July 1995). 

3-3 L:\WORK\CT022901\WP\WP1\S3 



CLEAN CTO #0229 

3.1.6 Quality Control 

EPA 10 No. INS170023498 
NAVSURFWARCENDIV SI SAP 
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The samples needed for field quality control are detailed in the SI QAPP Addendum 
(Appendix B). Field duplicates will be collected at the same time and in the same manner 
as original samples. 

Field documentation will undergo a daily internal QC review. Original field forms will be 
reviewed by the Site QC Officer for completeness. 

3.1.7 Documentation 

Soil sampling information and other observations made by the sampler during daily 
activities will be recorded on the appropriate field forms. This will include: 

1. Daily Activities Reports (Daily Time Logs). 
2. Sample Log Sheets (Soils Data Forms). 
3. Sample Labels. 
4. Chain of Custody Records. 
5. Photographs of Sampling Locations. 

3.2 SURFACE WATER AND SEDIMENT SAMPLING 

Single, one-time surface water and sediment samples will be collected to evaluate potential 
contaminant impacts to surface water bodies and drainageways adjacent to, and within, 
the SWMUs. 

3.2.1 Sample Locations 

Sample locations are within Little Sulphur Creek at the ABG and are described in Table 3-2 
and shown on Figure 4-3. Actual sampling locations will be noted on sample log sheets 
with reference to permanent structures or other physical features. 

3.2.2 Analytical Parameters 

Surface water and sediment will be analyzed using USEPA approved methods and within 
holding time parameters dictated by the SI QAPP Addendum (Appendix B). Surface water 
samples will be analyzed in the field for specific conductance, pH, and temperature. 
Laboratory analysis is summarized in Table 3-2. 
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3.2.3 Equipment 

EPA 10 No. INS170023498 
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The following equipment and materials will be used during surface water and sediment 
sampling: 

1. Sample containers as indicated in the SI QAPP Addendum (Appendix B). 
2. Sampling tube/split-spoon/mud auger. 
3. Isopropanol. 
4. Five-gallon pail with cover (to contain isopropanol or soap wash water). 
5. Alconox or liquinox soap. 
6. Cleaning brushes. 
7. Stainless steel bowls and spoons. 
8. Chest waders. 
9. pH/conductivity meter. 
10. Thermometer. 
11. Indelible marking pens. 
12. Paper towels. 
13. Sample labels. 
14. Sample log sheets. 

3.2.4 Procedures 

Surface water samples for this investigation consist of grab samples. Samples will be 
collected bankside where possible or by wading into shallow water where practical. 
Surface water samples will be collected by immersing the sample container in the body of 
water consistent with Halliburton NUS SOP SA-1.2, Section 5.3.5 (Appendix A, Halliburton 
NUS, July 1995). After sample collection, field measurements of specific conductance, pH, 
and temperature will be made and recorded on the surface water sample log sheet. 

Sediment samples for this investigation will consist of composite samples. Sediment 
samples collected from Little Sulphur Creek will be comprised of three subsamples. 
Sediment subsamples for use in compositing will coincide to each bank and the center of 
the creek bed. 

Surface water samples will be collected prior to sediment samples at each location. 
Sediment subsamples will be collected by wading into the creek in a manner which will 
minimize the stirring up of creek-bed sediment by approaching the subsampling location 
from the downstream direction. A stainless steel sampling tube or mud auger will be 
pushed or driven below the creek or pond bottom. After the sediment subsample is 
collected, it will be visually described with the appropriate data recorded on the sample log 
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sheet. Subsamples collected for compositing will be handled according to procedures 
previously described for soil samples. 

3.2.5 Decontamination 

Field sampling equipment contacting the surface water or sediment sample will be 
decontaminated prior to use and between sample locations to avoid cross-contamination. 
The decontamination method is as follows: 

1. Liquinoxlwater wash 
2. Distilled or deionized water rinse 
3. Isopropanol rinse 
4. Distilled or deionized water rinse 

Decontamination will include disposal of the samplers' gloves and other personal 
protective equipment which become grossly contaminated during sampling events. 
Decontamination practices, methods, and follow-up are addressed in Halliburton NUS SOP 
HS-02 (Appendix A, Halliburton NUS, July 1995). 

3.2.6 Quality Control 

Samples needed for field quality control are detailed in the SI QAPP Addendum 
(Appendix 8). Field duplicates will be collected at the same time and in the same manner 
as original samples. 

Field documentation will undergo a daily internal QC review. Original field forms will be 
reviewed by the Site QC officer for completeness. 

3.2.7 Documentation 

Surface water and sediment sampling information and other observations made by the 
samplers during daily activities will be recorded on the appropriate field forms. This will 
include: 

1. Sample Log Sheets (Surface Water/Sediment Data Forms). 
2. Daily Activities Reports (Daily Time Logs). 
3. Sample Labels. 
4. Chain of Custody Records .. 
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3.3 GROUNDWATER SAMPLING 

3.3.1 Sampling Locations and Analytical Parameters 

One round of groundwater sampling will be conducted from select existing monitoring wells 
at each SWMU. The monitoring wells to be sampled are specified on Table 3-3 and shown 
on Figures 4-5, 4-6, 4-7, 4-10, 4-11, 4-15, and 4-16. Groundwater samples will be 
analyzed for the parameters shown in Table 3-3. 

3.3.2 Equipment 

The following equipment will be used for groundwater sampling: 

1. Keck pump. 
2. Electric water level indicator or water level popper. 
3. Field notebook. 
4. Thermometer. 
5. Conductivity meter. 
6. pH meter and calibration buffer solutions. 
7. Tap water, distilled or deionized water, and isopropanol. 
8. Five-gallon pail with cover for collecting and storing isopropanol rinses. 
9. Liquinox detergent. 
10. Plastic sheeting. 
11. Sample bottles and preservatives as listed in the SI QAPP Addendum 

(Appendix B). 
12. Bailer and rope. 
13. Sample labels. 
14. Groundwater sample log sheets. 
15. Photoionization detector. 
16. Calculator. 
17. Pump decontamination tube and tray. 
18. Garbage bags. 

3.3.3 Procedures 

Chemical sampling equipment will be transported into the field in clean plastic containers. 
Equipment removed from the containers will be placed upon clean plastic sheets in order 
to minimize contamination from ground surface. New sheeting will be used for each 
sampling location. 
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Groundwater sample acquisition will be consistent with Halliburton NUS SOP SA-1.1 
(Appendix A, Halliburton NUS, July 1995). Prior to purging, the water level, the initial pH, 
conductivity, and temperature in the well will be measured. Monitoring wells will then be 
purged in order to collect samples representative of geochemical conditions. Prior to 
conducting purging procedures, static water levels in the wells will be measured and 
recorded; A minimum of five well volumes will then be removed from the monitoring wells 
through the use of a submersible pump or bailer. If well recharge rates are insufficient to 
conduct continuous pumping, the wells will be pumped dry, and a sample will be obtained 
soon after recharge. 

Pumps used in the purging process will be fitted with a backflow check valve to prevent 
purge water from flowing back into the well. During the purging process, selected chemical 
and physical characteristics of the purge water will be monitored. These characteristics 
include visual turbidity, conductivity, pH, and temperature. Field meters will be calibrated 
according to the procedures in the manufacturer's operation manuals. Results of 
calibration will be recorded on Equipment Calibration Logs and/or Instrument Calibration 
Logs as included Appendix A. Required purge volumes will be calculated consistent with 
Halliburton NUS SOP SA-1.1, Section 5.3 (Appendix A, Halliburton NUS, July 1995). 

Groundwater samples will be collected from the monitoring wells following the purging 
process. Samples will be collected within 24 hours of well purging, with the exception of 
those wells where recovery from the purging process exceeds 24 hours. Groundwater 
samples will be collected using a submersible pump or bailer. Sample containers and 
preservatives to be used are listed in the SI QAPP Addendum (Appendix B). 

3.3.4 Decontamination 

The Keck pump exterior will be cleaned between each use by: 1) a soap and water wash, 
2) a tap water rinse, 3) an isopropanol rinse, and 4) two distilled or deionized water rinses. 
Five gallons of distilled or deionized water will then be pumped through the submersible 
pump before the next sample is collected. The soap and isopropanol rinses will be 
retained in closed containers for discharge to the base wastewater treatment system. 

3.3.5 Quality Control 

In order to verify the quality of the sampling process, sample, rinsate and field blanks and 
duplicates will be collected as detailed in the SI QAPP Addendum (Appendix B). Field 
duplicates will be taken as the sec(;md sample collected consecutively from one well using 
the decontaminated submersible pump. 
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Field documentation will undergo a daily internal QC review. Original field forms will be 
reviewed by the Site QC Officer for completeness. 

3.3.6 Documentation 

Data collected and observations made during groundwater sampling will be recorded on 
the appropriate field forms. This will include: 

1. Daily Activities Reports (Daily Time Logs). 
2. Groundwater Sample Log Sheet (Well Purging and Sample Collection Forms). 
3. Equipment Calibration Logs (Instrument Calibration Logs). 
4. Sample Labels. 
5. Chain of Custody Records. 
6. Sample Log Sheets (Soils Data Forms). 
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4.0 SAMPLE IDENTIFICATION NUMBERS 

Each sample will be identified using the system described below. These numbers will be 
used to complete required sample documentation including sample labels, sample tags, 
and Chain of Custody Records. Documentation will be completed following guidelines 
provided in Halliburton NUS SOP SA-6.1 (Appendix A, Halliburton NUS, July 1995). Each 
field sample identification number will consist of a project identifier, the year, SWMU 
number, sample matrix, sample location number, and collection depth as follows: 

CR97 AABB-CCDD-E 

Where: CR = project identifier for Naval Surface Warfare Center, Crane Division 
97 = 1997 Supplemental Investigation 

AA=SWMU: 
03 = SWMU #03/10, Ammunition Burning Ground 
07 = SWMU #07/09, Old Rifle Range 

BB = sample matrix: 
GW = Groundwater Sample 
SD = Sediment Sample 
SS = Soil Sample 
SW = Surface Water Sample 

CC = sample location number; existing well numbers/soil sample location 
numbers will be used. 

DD = sample bottom depth in feet for soil samples (rounded to nearest foot). 

E = sample type (1 = normal sample, 2 = duplicate sample, 3 = equipment 
rinsate blank, 4 = field blank) 

Field duplicate, rinsate blank, and field blank samples will be identified by a modified 
sample number. Trip blanks will be designated with "TB". 

Examples of field sample identification numbers are as follows: 

CR9703SW-BG01-1 NAVSURFWARCENDIV, 1997 Field Investigation, Surface 
Water Sample No. 1 from SWMU #03/10 (Ammunition 
Burning Ground). 
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CR9707SS-0501-2 NAVSURFWARCENOIV, 1997 Field Investigation, field 
duplicate of Soil Sample No. 1 collected from 0 to 6 inches 
below the surface at SWMU #07109 (Old Rifle Range). 
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5.0 SAMPLE CUSTODY 

The USEPA chain of custody protocols, as described in "National Enforcement 
Investigations Center (NEIC) Policies and Procedures," EPA-330/9-78-001-R, revised June 
1985, will be followed. Custody is in three parts: sample collection, laboratory analysis, 
and final evidence files. Field evidence files, including all originals of laboratory reports 
and purge files, are maintained under document control in a secure area. Custody 
procedures are outlined in Halliburton NUS SOP SA-6.1 (Appendix A, Halliburton NUS, 
July 1995) and the SI QAPP Addendum (Appendix 8). 
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6.0 SAMPLE HANDLING, PACKAGING, AND SHIPMENT 

6.1 PACKAGING AND SHIPPING 

Samples will be prepared consistent with Halliburton NUS SOP SA-6.2 (Appendix A, 
Halliburton NUS, July 1995), as detailed in Section 5.0 of the SI QAPP (Appendix C, 
Halliburton NUS, July 1995). 

6.2 SHIPMENT COORDINATION 

The FOC will notify the laboratories of sample shipments on the day of shipment. At that 
time the following information will be provided: 

• FOC name and site office telephone number. 

• Site name. 

• Number(s) and matrix(ces). 

• Carrier name and airbill number(s) for the shipment. 

• Method of shipment (Le., overnight). 

• Oate of shipment. 

• Suspected hazards associated with the samples or site. 

• Irregularities or anticipated problems with the samples, including special 
handling instruction or deviations from established sampling procedures or 
numbers of samples. 

• Status of the sampling project (Le., final shipment, update of future shipping 
schedule). 

Sample shipments made after 5:00 p.m. EST will be called in at the start of business the 
next day (8:00 a.m. EST). Laboratories will be notified by 3:00 p.m. EST Friday concerning 
information about sample shipments being sent Friday intended for Saturday 
delivery/pickup. 
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7.0 INVESTIGATION-DERIVED WASTE DISPOSAL 

7.1 INTRODUCTION 

Standard wastes generated during sampling activities include: drill cuttings, purge waters, 
decontamination fluids, personal protective equipment (PPE), disposable sampling 
equipment, plastic sheeting, and office wastes. Waste disposal procedures described 
below will be followed by on-site personnel. 

7.2 WASTES FOR WASTEWATER TREATMENT PLANT 

Equipment decontamination fluids containing isopropanol or soap detergents will be 
collected in covered 5-gallon pails and discharged to the base wastewater treatment plant 
upon approval. 

7.3 WASTES FOR REFUSE HAULER 

Wastes such as wastepaper and shipping boxes generated on-site from office-related 
activities will be staged for disposal by the base refuse hauler. 

7.4 DISPOSABLE PERSONAL PROTECTIVE EQUIPMENT 

Disposable PPE, disposable sampling equipment, and plastic sheeting will be collected in 
labeled plastic bags and placed in a designated NAVSURFWARCENDIV dumpster for 
Navy disposal. 

7.5 AUGER DRILL CUTTINGS 

Auger drill cuttings will be spread thinly on the ground surface around the soil auger 
borings from which they originated. 

7.6 PURGE WATER AND DECONTAMINATION WATER 

Purge water derived from the development and sampling of groundwater monitoring wells 
will be discharged to the ground surface at the well location at least 10 feet from the well 
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so as not to directly recharge the well. Decontamination water from the sampling 
equipment not containing soap or isopropanol will be discharged to the ground surface 
adjacent to the sampling location. Decontamination water containing soap or isopropanol 
will be retained in a covered 5-gallon bucket and discharged to the base wastewater 
treatment system. 
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8.0 FIELD MEASUREMENTS/SCREENING 

8.1 FIELD MEASUREMENTS 

Field measurements and screening data obtained during sample collection activities will 
be recorded as specified within Section 9.0 of Halliburton NUS (1995). 

8.2 CALIBRATION OF FIELD EQUIPMENT 

Equipment to be used during the field sampling will be examined to determine that it is in 
an operable condition and will be calibrated at the beginning of each day of use. This 
includes checking the manufacturer's operating manual and the instructions for each 
instrument to ensure that all maintenance and operating requirements are being observed. 

8.3 PREVENTIVE MAINTENANCE PROCEDURES/SCHEDULE 

Field equipment will be maintained and calibrated according to manufacturer's 
specifications. Maintenance and calibration will be documented on Equipment Calibration 
Logs as specified in Halliburton NUS SOP SA-6.4 (Appendix A, Halliburton NUS, July 
1995). 
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The purpose of this Attachment to the Quality Assurance Project Plan (QAPP) is to identify the additional 
sampling and analytical activities associated with the Supplemental Investigation being conducted in 
accordance with the Risk Assessment Work Plan at the Ammunition Burning Ground (ABG) (SWMU 
No. 03/10) and the Old Rifle Range (ORR) (SWMU No. 07/09) at NAVSURFWARCENDIV, Crane, Indiana, 
CLEAN Prime Contract No. N62472-90-D1298, Contract Task Order (CTO) No. 0229. 

This attachment is to be used in conjunction with the Risk Assessment Work Plan QAPP (Rust E&I, July 
1995) and the Sampling and Analysis Plan for the Suppleme ntal I nvestigation to the Risk Assessment Work 
Plan (Rust E&I, August 1997) for determining project-specific sampling and analytical re quirements, analysis 
of field and laboratory QA samples, intended data usages, and quality assurance for project-specific analytica I 
data. 

Table 1 (Appendix) summarizes the number of samples anticipated to be collected and the analyses to be 
performed for this project. Samples collected will consist of surface and subsurface soils, sediments, 
groundwater, and surface waters. 

2.0 QUALITY ASSURANCE FOR ANALYTICAL DATA 

The overall objective of this QAPP is to ensure that the data are of known and acceptable quality. The 
analytical quality will be maintained through the use of USEPA analysis methods, QC data packages 
(Contract Laboratory Program (CLP) and non-CLP), and electronic diskette deliverables. 

To assess whether the overall quality assurance has been met, analysis of specific field quality control 
samples and laboratory control samples are required. The quality control samples include field blanks, field 
duplicates, laboratory blanks, matrix spikes, matrix spike duplicates, laboratory duplicates, surrogates, and 
laboratory control samples. 

2.1 FIELD SPECIFIC QUALITY CONTROL SAMPLES 

2.1.1 Field Blanks 

Two field blanks, one field blank per contiguous site (one from ABG and one from ORR), per sampl ing event, 
will be submitted to address the requirements of determining the quality of water used for decontamination 
activities. Field blanks will be collected and analyzed for the same suite of parameters as that of samples. 

2.1.2 Field Duplicates 

Field duplicate results will be used to assess the precision of the sample results. They will be used to monitor 
overall preCision, including the reproducibility of sampling and analytical procedures. Field duplicate samples 
will be collected at a frequency of 1 per group of 10 or fewer investigative samples per matrix. 

2.1.3 Trip Blanks 

Trip blanks will be provided by the laboratory, transported to the sampling site, and returned to the laboratory 
with VOC samples. A trip blank will be submitted with each cooler containing soil or aqueous samples for 
VOC analysis. 

2.1.4 Equipment Rinsates 

Equipment rinsate blanks will be collected at a frequency of one per day per sampling procedure. Equipme nt 
rinsate blanks are analyzed for the same analytes as samples collected that day. Equipment rinsate blanks 
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are always analyzed and reported as aqueous samples. Due to several of the methods of analyses being 
used, specifically low and low/Medium level concentrations for ClP, equipment rinsate blanks will 
correspond and be analyzed in accordance to the type of samples that were collected for that particular day. 

3.0 PARCC CRITERIA 

Table 2 (Appendix), which can be found in the Appendix, has been revised to indicate the precision and 
accuracy acceptance criteria for this project. 

Samples to be analyzed for matrix spike/matrix spike duplicate and laboratory duplicate analysis will analyze d 
at a frequency of 1 per group of 20 or fewer investigative samples. 

It is expected that the laboratory will provide data meeting QC acceptance criteria for 90 percent or more for 
all samples tested using the analytical methods listed in Table 1. 

The sensitivity of analysis is measured by the use of detection limits. The required analyte lists and 
corresponding detection limits to be used for this project are given Tables 3 through 11 (Appendix). 

4.0 SAMPLING PROCEDURES 

Table 12 (Appendix) contains a list of types and quantities of sample containers required for each analysis, 
the sample preservation techniques, and holding times. Table 13 (Appendix), the Field Information Sampling 
Sheet, presents sample identification codes and related sample locations, a nalysis required, containers, and 
types of preservation used during the sampling event. 

5.0 SAMPLE CUSTODY, PACKAGING, AND SHIPPING 

Samples will be packaged in accordance with the Supplemental Investigation Sampling Plan. The laboratory 
will be responsible for the transporting of samples to the lab. An on-site sample pick-up has been arranged 
with the laboratory. 

In accordance with the Navy Installation Restoration laboratory Quality Assurance Guide (February 1996), 
aqueous samples for the determination of metals must not be stored or shipped under refrigeration. Metals 
analYSis for aqueous samples will be recorded on a separate chain of custody and placed in a cooler without 
ice. 

6.0 CALIBRATION PROCEDURES AND PREVENTIVE MAINTENANCE 

Instruments used in the laboratory will be calibrated and maintained according to the speCific method used 
and ARDl Inc.'s general quality assurance manual, which is on file with Brown &Root Environmental. 

7 .0 ANALYTICAL PROCEDURES 

Analysis of samples collected will be performed according to the methods shown in Table 1. 

Soil and sediment samples and their corresponding equipment rinsates, for Target Compound List (TCl) 
volatiles, TCl semivolatiles, TCl pesticides, and Target Analyte List (TAL) metals and cyanide will be 
analyzed according to analytical procedures in the USEPA ClP Statement of Work (SOW) OlM03.1 
(low/Medium level Analysis) for organic a.nalysis and ClP SOW IlM04.0 (low/Medium level Analysis) for 
inorganic analysis. 

Groundwater, surface water, corresponding equipment rinsates, field blanks, and trip blanks for TCl volatiles, 
TCl semivolatiles, Tel pesticides, TAL metals and cyanide will be analyzed according to analytical 
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procedures in the USEPA CLP SOW OLC02.0 (Low Concentration Analysis) for organic analysis and CLP 
SOW ILC03.1 (Low Concentration Analysis) for inorganic analysis. 

Groundwater, corresponding equipment rinsates, and field blanks will be analyzed for total (unfiltered) and 
dissolved (filtered) TAL metals. Low Concentration analysis methods and detection limits will be applied. 

Soil/sediment and aqueous samples for explosives and water quality parameters, will follow the appropriate 
methods as presented in Table 1. 

8.0 DATA REDUCTION, VALIDATION, AND REPORTING 

All laboratory analysis will be performed by ARDL Inc. of Mt. Vernon, Illinois. 

The analytical data received from the laboratory, performed by CLP methodologies, will be validated by a 
Rust E&I chemist in accordance with the following USEPA guidance documents: 

USEPA Contract Laboratory Program National Functional Guidelines for Organic Data Review; 
EPA-540/R-94/012, February 1994. 

USEPA Contract Laboratory Program National Functional Guidelines for Inorganic Data Review; 
EPA-540/R-94/013, February 1994. 

The remaining data will undergo a CLP-like data quality review which will be limited to the evaluation of 
holding times, blanks, surrogate recoveries, matrix spike/matrix spike duplicates, laboratory duplicates, 
laboratory control samples, and quantitation limits. The documents listed above will be used as guidance in 
the validation process. 

l:IWORK\CT022901 IWPIQAPP 1 ITEXT 3 CTO No. 0229 

























































































ADDENDUM NO.1 

HEALTH & SAFETY 
PLAN,RISK 
ASSESSMENT WORK 
PLAN,NAVAL 
SURFACE WARFARE 
CENTER CRANE 
DIVISION 
CRANE, INDIANA 

FOR THE 
SUPPLEMENTAL 
INVESTIGATION 
(AUGUST 1997) 

Prepared for: 

Naval Surface Warfare 
Center Crane Division 
Crane, Indiana 

August 1997 

Rust Environment & 
Infrastructure 



Addendum No. 1 

Prepared by: 

HEALTH AND SAFETY PLAN 
ADDENDUM 

NA VSURFWARCENDIV 

sb~~-~ 
Stephen Rowe-Krumdick t 
Environmental Impact Specialist 
Rust Environment & Infrastructure 

Reviewed by: _~ _______ • __ U ___ ~,--__ 
Charlie Zeal 
Proj ect Manager 
Rust Environment & Infrastructure 

Reviewed by: ~++_--ij~..E-::.;="' ________ _ 

Division Health & Safety Representative 
Rust Environment & Infrastructure 

L:IWORKIC1V2290/IWPIHASP /IC1V229HS. WPD 

Site-Specific Health and Safety Plan 

Date: g - 7-'f7 

Date: 

Date: j' ... 1- 7"7 

August 1997 



Addendum No. 1 

TABLE OF CONTENTS 
(Sections follow original HASP) 

Site-Specific Health and Safety Plan 

Section Page 

1.0 INTRODUCTION .............................................. 1-1 
1.2 PROJECT PERSONNEL ................................... 1-1 

2.0 ASSIGNMENT OF HASP RESPONSIBILITy .......... No Modifications 

3.0 SITE LOCATION AND DESCRIPTION ............... No Modifications 

4.0 HAZARD ASSESSMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-1 
4.1 WASTE DESCRIPTION/CHARACTERIZATION ............... 4-1 

4.2.2 Physical Hazards .................................... 4-1 
4.2.3 Additional Precautions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-1 

5.0 TRAINING REQUIREMENTS ...................•... No Modifications 

6.0 MEDICAL SURVEILLANCE PROGRAM ............. No Modifications 

7.0 SITE CONTROL MEASURES ....................... No Modifications 

8.0 PERSONAL PROTECTIVE EQUIPMENT ......................... 8-1 
8.2 ANTICIPATED LEVELS OF PROTECTION FOR 

SITE OPERA.TIONS •••••••••••••.••••••••.••••••.•••••.. •. 8-1 

9.0 AIR MONITORING AND ACTION LEVELS ...................... 9-1 

10.0 DECONTAMINATION PROCEDURES .......................... 10-1 
10.4 DISPOSAL PROCEDURES ................................ 10-1 

11.0 GENERAL SAFE WORK PRACTICES AND COMMUNICATIONS .. 11-1 

12.0 EMERGENCY PREPAREDNESS ............................... 12-1 

13.0 HASP ACCEPTANCE ......................................... 13-1 

LIST OF ATTACHMENTS 

Attachment 

A Health & Safety Plan, Risk Assessment Work Plan, Naval Surface Warfare Center 
Crane Division Crane, Indiana, Halliburton NUS, July 1995. 

L:IWORKICT02290JIWPIHASP JICT0229HS. WPD August 1997 



Addendum No. 1 Site-Specific Health and Safety Plan 

1.0 INTRODUCTION 

This Health and Safety Plan (HASP) Addendum has been prepared by Rust Environment & 
Infrastructure (Rust E&I) for the Naval Surface Warfare Center Crane Division Crane, Indiana 
(NA VSURFW ARCENDIV). It has been prepared for the Supplemental Investigation that is 
schedule to take place at NA VSURFW ARCENDIV in August or September of 1997. This HASP 
Addendum supplements the HASP produced for the field work conducted in late summer 1995 at 
NA VSURFW ARCENDIV (Halliburton NUS, July 1995) that is presented as Appendix A. This 
HASP Addendum reflects changes in Rust E&I personnel since 1995, site and task-specific 
information gained during the 1995 field investigation at NA VSURFW ARCENDIV, and the use of 
a hand-operated, gas-powered hydraulic auger to assist in the collection of subsurface soil samples. 
Items in the original HASP that have not been modified are not addressed in this HASP Addendum. 

Field activities include surface soil sampling, subsurface soil sampling to a depth of 7 feet, 
groundwater sampling, and surface water and sediment sampling. The original HASP and this 
Addendum to the HASP will be implemented by the Site Safety Officer (SSO) during site work. 
Compliance with the Master HASP and addendums is required of all personnel who enter this site. 
Assistance in implementing this plan can be obtained from the Corporate Environmental, Health & 
Safety Director (CEHSD) who is also the acting Rust E&I Region Environmental, Health & Safety 
Manager (REHSM). 

1.2 PROJECT PERSONNEL 

NamelFirm Title Work Phone Home Phone 

Pam Markelz, CSS, CET Corporate Env., (414) 451-2775 (414) 457-4570 
Rust E&I Health & Safety Director 

Pam Markelz, CSS, CET Acting Regional See above See above 
RustE&I Health & Safety Manager 

Kurt Rubsam Division Health & Safety (414) 451-2558 
RustE&I Representative 

Mark Mobley Site Safety Officer 
RustE&I 
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4.0 HAZARD ASSESSMENT 

The following items should be added to Section 4.0 of the original HASP (July 1995). 

TABLE 4-2 

TASK-SPECIFIC HAZARD ASSESSMENT TABLE 

Task Hazard Control Measures 

Subsurface Soil Slip, Trip, Fall General Awareness/Control of 
Sampling - Use of Hand Dermal Contact Hydraulic Drilling Equipment 
-Operated Hydraulic Inhalation Access Controls 
Auger Thermal Stress PPE 

Mechanical Hazard Respiratory Protection 
ToxiclExplosive Atmosphere WorklRest Cycles, Fluids 

Continuous Monitoring 

4.2.2 Physical Hazards 

In addition to the fIre hazards present due to the use of a gasoline powered hydraulic auger (gasoline 
concerns addressed in Section 4.2.2 of original HASP), the hydraulic auger is a potential 
physical/mechanical hazard. To reduce the potential for injury while using the auger, the operator 
should be made aware of the safe use of the equipment. Solid footing should be obtained prior to 
operation. A second person should always be present during operation. All persons present will be 
made aware of any emergency cut-off method/switches associated with the auger. 

4.2.3 Additional Precautions 

It is possible that some unexploded ordnance (UXO) may be present in the SWMUs to be sampled. 
Because of this, the Rust sampling team will work with the UXO specialist from 
NA VSURFW ARCENDIV to obtain clearance at proposed sampling locations. The FTL will 
coordinate with the UXO specialist from NA VSURFW ARCENDIV prior to any surface or 
subsurface borings. 
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8.0 PERSONAL PROTECTIVE EQUIPMENT 

Section 8.0 of the original HASP (July 1995) is applicable to the activities of this addendum with 
the following changes. 

8.2 ANTICIPATED LEVELS OF PROTECTION FOR SITE OPERATIONS 

Subsurface Soil Sampling will be conducted in Level Die. 

The use of disposable Tyvek or equivalent coveralls will be at the discretion of the SSO at 
temperatures above 80 degrees F. 
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9.0 AIR MONITORING AND ACTION LEVELS 

Section 9.0 of the approved original HASP (July 1995) is applicable to the activities of this 
addendum with the following changes. 

Air monitoring will not be required at surface soil locations because volatile organic emissions are 
not anticipated from the top 6 inches of the soil. As a precautionary measure, the sampling crew will 
position themselves upwind of the sample location when extracting the 0 to 6-inch samples. 

Air monitoring is required at subsurface soil locations and the Action Levels presented in Section 9.2 
of the original HASP are applicable. 
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10.0 DECONTAMINATION PROCEDURES 

10.4 DISPOSAL PROCEDURES 

Waste Materials and other field equipment/supplies shall be handled according to the methods 
outlined in Section 7.0 of the Sampling and Analysis Plan for the Supplemental Investigation . 

• 

L:IWORKICT02290/IWPIHASP IICT0229HS. WPD 10-1 August 1997 



Addendum No. 1 Site-Specific Health and Safety Plan 

11.0 GENERAL SAFE WORK PRACTICES AND COMMUNICATIONS 

See Section 4.2.2 for general safe work practices around the gasoline powered, hydraulic auger. 
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12.0 EMERGENCY PREPAREDNESS 

12.2 Emergency Services Contacts 

Pam Markelz, CSS, CET Acting REHSM 
RustE&I 
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13.0 HASP ACCEPTANCE 

Each field team member shall sign this section after site-specific training is completed and before 
being permitted to work on site. 

I have read and understand both the original Health and Safety Plan (Attachment A) and this 
Addendum. I will comply with the provisions contained therein. 

SitelProject: Contract Task Order No. 0229, Naval Surface Warfare Center Crane Division, 
Crane, Indiana 

Name Printed I Signature I Date 

I I 

I / 

/ / 

/ / 

/ / 

/ / 

/ / 

/ / 

/ / 

/ / 

/ / 

/ / 
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Naval Surface Warfare Center, Crane Division 
National Institute for Occupational Safety and Health 
Old Rifle Range 
Occupational Safety and Health Administration 
Organic Vapor Analyzer . 
Permissible Exposure Limit 
Photoionization Detector 
Risk Assessment 
Sampling and Analysis Plan 
Self-Contained Breathing Apparatus 
Standard Operating Procedure 
Site Health and Safety Officer 
Solid Waste Management Unit 
Support Zone 
U.S. Army Corps of Engineers 
U.S. Coast Guard 
Unexploded Ordnance 
Wet Bulb Globe Temperature (Index) 
Work Plan 
Work Zone 

v 
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1.0 GENERAL 

This Site-Specific Health and Safety Plan (HASP) was prepared for the Risk Assessment 
(RA) Work Plan (WP) for the Ammunition Burning Ground (ABG), Demolition Range (DR), 
and the Old Rifle Range (ORR) at the Naval Surface Warfare Center Crane Division in 
Crane, Indiana (NAVSURFWARCENDIV), under Halliburton NUS Corporation Prime 
Contract No. N62472-90-D-1298 for the U.S. Navy, Southern Division, Charleston, South 
Carolina, in accordance with the regulatory requirements of29 CFR 1910.120, "Hazardous 
Waste Operations and Emergency Response." In addition, the scope of work shall comply 
with and reflect the following applicable regulations and appropriate guidance publications, 
as a minimum: 

• Federal Acquisition Regulation, F.A.R. Clause 52.236-13: Accident 
Prevention. 

• 

• 

• 

• 

• 

U.S. Army Corps of Engineers (USACE), Safety and Health Requirements 
Manual, EM 385-1-1 (latest revision, 1987). 

Occupational Safety and Health Administration (OSHA), Construction Industry 
Standards, 29 CFR 1926, and General Industry Standards, 29 CFR 1910. 

NIOSH/OSHAIUSCG/EPA, "Occupational Safety and Health Guidance 
Manual for Hazardous Waste Site Activities," October 1985. 

Environmental Protection Agency (EPA) 40 CFR, Part 61, "National Emission 
Standards for Hazardous Air Pollutants; Asbestos NESHAP Revision; Final 
Rule," November 20,1990. 

Other applicable Federal, State, and local safety and health requirements. 

The purpose of this HASP is to summarize the project organization and responsibilities; 
establish standard operating procedures (SOPs) for preventing accidents, injuries, and 
illnesses; identify hazards; discuss the personal protective equipment that may be used; 
identify personnel health and safety training requirements; summarize the monitoring 
techniques; establish emergency procedures; describe the medical surveillance program; 
provide appropriate first aid equipment for site activities; provide for accident 
record keeping; and establish a schedule for safety inspections. 

This HASP addresses those activities associated with the Sampling Analysis Plan (SAP) 
field activities identified in the RA WP to be conducted at NAVSURFWARCENDIV 
(Figure 1-1). Specifically, field investigation activities will be conducted at three Solid 
Waste Management Units (SWMUs), the ABG, DR, and the ORR (Figure 1-2). 
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This HASP will be implemented by the Rust Environment & Infrastructure (E&I) Regional 
Environmental Health and Safety Manager (REHSM), CLEAN Health and Safety Health 
Manager (CLEAN HSM), and the Site Health and Safety Officer (SSO) during site work. 
The SSO will be responsible for posting on-site the OSHA Job Safety and Health 
Protection poster. 

Compliance with this HASP is required of all personnel who enter the sites. Assistance in 
implementing this HASP can be obtained from the REHSM and the CLEAN HSM. 

The content of this HA~P may change or undergo revision based upon additional 
information made available to health and safety personnel through monitoring results or 
due to changes in the technical scope of work. Any changes proposed must be approved 
by the REHSM and the CLEAN HSM. A HASP Field Modification Form is presented in 
Appendix C. 

1.1 SCOPE OF WORK 

• Surface Soil Sampling 
• Surface Water/Sediment Sampling 
• Soil Borings/Monitoring Well Installation 
• 
• 
• 

Monitoring Well Development/Groundwater Sampling 
Surface Water and Groundwater Hydraulic Characterization 
Tissue Sampling 

1.2 PROJECT PERSONNEL 

Name/Firm IitJ§ Work Phone 

Lorrie Ransome, Ph.D. Designated Lead 414/458-8711 
Rust E&I 

Charles Zeal, P.E. Project Manager 414/458-8711 
Rust E&I 

Pam Markelz Corporate Env. Health 414/458-8711 
and Safety Director 

Richard TinsleY,CSM Regional Env. Health 708/955-6704 
Rust E&I and Safety Manager 

David Richardson Health and Safety 414/458-8711 
Rust E&I 

1-2 

Home Phone 

414/452-1368 

414/459-7301 

414/457-4570 

708/961-1361 

414/459-9519 
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Name/Firm Title Work Phone Home Phone ( 
Rust E&J On-Site Health and (To be determined 

Safety Officer before field 
activities are 
initiated) 

Rust E&I On-Site Health and (To be determined 
Safety Officer before field 
(Alternate) activities are 

" initiated) 
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2.0 ASSIGNMENT OF HASP RESPONSIBILITY 

The following describes the health and safety designations and general responsibilities 
which will be implemented for field activities associated with the implementation of the 
RAWP. 

2.1 CORPORATE HEALTH AND SAFETY MANAGER 

The REHSM and the CLEAN HSM have overall responsibility for development and 
implementation of this HASP. The HSMs shall approve any changes to this HASP due to 
modification of procedures or newly proposed site activities. 

The CEHSD will be responsible for the development of new company safety protocols and 
procedures necessary for field operations and will also be responsible for the resolution of 
any outstanding safety issues which arise during the site work. Health and safety-related 
duties and responsibilities will be assigned only to qualified individuals by the HSMs. 
Before personnel may work on-site, a current medical examination and acceptable health 
and safety training must be approved by the HSMs. 

2.2 SITE SAFETY OFFICER 

The HSMs shall direct the site health and safety efforts through an Assistant SSO as 
needed. The SSO will be responsible for implementing the HASP. The SSO may direct 
or participate in on-site activities as appropriate when this does not interfere with primary 
SSO responsibilities. The SSO has stop-work authorization which he/she will execute 
upon determination of an imminent safety hazard, emergency situation, or other potentially 
dangerous situations, such as detrimental weather conditions. Authorization to proceed 
with work will be issued by the HSMs in conjunction with the Project Manager. The Naval 
Explosive Ordnance Department (EOD) or Crane Army Ammunition Activity (CAAA) 
unexploded ordnance (UXO) expert also has stop-work authorization based on unexploded 
ordnance clearance activities. 

2.3 SUBCONTRACTORS 

Subcontracts will be issued for various tasks including soil boring and monitoring well 
installation. Other subcontracts may be issued for additional tasks, however, none are 
anticipated. Subcontractors shall comply with the requirements outlined in this HASP and 
in accordance with OSHA 29 CFR 1910 and 29 CFR 1926; but, in all cases, subcontractors 
shall be responsible for site safety related to or affected by their own field operations (Le., 
heavy equipment operations). D:\CT07601\HASP1\TEXT 
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3.0 SITE LOCATION AND DESCRIPTION 

3.1 LOCATION 

The NAVSURFWARCENDIV is located at Crane, Indiana, which is approximately 75 miles 
southwest of Indianapolis. NAVSURFWARCENDIV is an active facility and encompasses 
more than 100 square miles. Activities conducted at the NAVSURFWARCENDIV include 
the manufacture, testing, and disposal of off-specification and out of date military 
ordnance. 

3.2 AMMUNITION BURNING GROUND (ABG) 

Open burning at the ABG commenced in the 1940s. Generally, waste military energetic 
materials are now open burned in specially constructed burn pans or concrete pads. 
Currently, 27 burn pans are in operation at the ABG. Burns are typically carried out by 
pouring bulk propellants or energetic material into the pans to several inches in depth and 
remotely igniting. 

Sludge burning pans are also in operation at the ABG. Sludge from various locations at 
the NAVSURFWARCENDIV are transported to the ABG and placed in the sludge burning 
pans, dewatered by gravity and an underdrain system, air dried to an optimum point, 
ignited, and burned in place. 

Red phosphorus along with spent (burned) pyrotechnics are mixed with flammable 
solvents, fuel oil, and production scrap wood to be burned a second time to assure 
complete destruction before transporting off site for disposal. 

The maximum amount of material burned per week is 490,000 pounds. The ABG covers 
approximately 20 acres. 

Access to this area is restricted. All personnel must report to the ABG Control Building 
prior to anyon-site activities for instructions and clearance. 

3.3 DEMOLITION RANGE (DR) 

High explosive waste munitions have been disposed of at the DR by detonation since the 
1940s. The DR covers approximately 40 to 50 acres. From 1956 to 1960 as much as 
10 tons per day were disposed. Munitions are palletized, double charged and buried to 
assure detonation. 

3-1 



CLEAN CTO #0076 
FINAL 

EPA ID NO. INS 170023498 
NAVSURFWARCENDIV RA HASP 
JULY 1995 

Access to this area is restricted. All personnel must report to the DR Office located at the ( 
entrance of the site area. Mr. Luther Webster is the DR site manager and will be the 
NAVSURFWARCENDIV contact person for instructions and clearance prior to anyon-site 
activities in this area. 

The site is located on a ridge top with four sedimentation ponds located at the base of the 
ridge to capture surface runoff. 

3.4 OLD RIFLE RANGE (ORR) 

The ORR was originally used as a Marine rifle range. Today it is used for explosive 
treatment and disposal. The 10-acre site has been used for open burning/flashing since 
or before 1983. Small projectiles that has been defused are burned in large pans to 
eliminate any remaining residue. This operation is conducted twice to assure of waste 
destruction. Metals and soils are then segregated and containerized in roll-off boxes for 
disposal. 

Access to this area is restricted. Clearance to this area shall be obtained through the DR 
officer (Mr. Luther Webster). 

D:\CT07601\HASP1\TEXT 
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4.0 HAZARD ASSESSMENT 

4.1 WASTE DESCRIPTION/CHARACTERIZA TION 

The following chemical information is presented in order to identify the types of materials 
that may be encountered at the SWMUs. Detailed information on these materials was 
obtained from: 

• ACGIH, Threshold Limit Values and Biological Exposure Indices for 1994-95. 
• Hazardlines. " 
• Chemical Data Sheets. 
• NIOSH Pocket Guide to Chemical Hazards - 1990. 

The following is a list of chemicals and compounds that are potentially found on-site. 
Chemical Data Sheets and/or Hazardlines for each compound listed below, providing 
information such as the chemical's characteristics, health hazards, protection, exposure 
limits, and first aid procedures are presented in Appendix A. These chemicals include: 

Ammonium Picrate 
Arsenic 
Barium 
Benzene 
Black Powder 
Cadmium 
Chromium 
Chromium Oxide 

Waste Types: Liquid X 
Sludge X 

Diesel Fuel 
DNB 
2,4 - DNT 
2,6 - DNT 
HMX 
Lead 
Mercury 
Nitroglycerin 

Solid X 
Semi-solid __ _ 

Gas __ _ 
Other __ _ 

Characteristics: Corrosive ___ _ Flammable X 
Volatile X Explosive _~X,--_ 

Radioactive __ _ Inert ____ _ 

Other Toxic 

Phosphorus 
RDX 
Selenium 
Silver 
1,3,5-TNB 
2,4,6-TNT 
Trichloroethylene 

Exposure limits for the chemicals of potential concern are presented in Table 4-1 and the 
tasks, hazards, and control measures are shown in Table 4-2. 

4.2 DEGREE OF HAZARD 

On-site hazards include physical and chemical hazards. No radiological, biological, or 
laboratory wastes are suspected on-site. 
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Compounds 

Benzene 
Trichloroethylene 
Diesel Fuel 

Metals 

Arsenic 
Barium 
Cadmium (dust) 
Chromium (VI) 
Chromium Oxide 
Lead (dust) 
Mercury(1) 
Selenium 
Silver (Soluble) 

Explosive Compounds 

2,4,6-Trinitrotoluene 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
RDX 
HMX 
1 ,3,S-Trinitrobenzene 
Dinitrobenzene 
Phosphorus 
Ammonium Picrate 
Nitroglycerin 
Black Powder 

TABLE 4-1 

EXPOSURE LIMITS 

EPA ID No. IN5 170023498 
NAVSURFWARCENDN RA HASP 
July 1995 

NAVSURFWARCENDIV 
CRANE, INDIANA 

PEL TLV 
" 

STEL Odor 
(mg/m3) (mg/m3) (mg/m3) IP Thresholds 

1 ppm 10 ppm 5 ppm 9.25 1.S-S ppm 
SO ppm 50 ppm S37 9.47 20 ppm 

S 10(2) 

0.01 0.01 0.002(3) 
0.5 0.5 

O.OOS 0.01 
1.0 O.S 
0.5 0.5 

O.OS 0.1S 
O.OS O.OS 0.03 
0.2 0.2 

0.01 0.1 

0.5 0.5 
1.5 0.15 
1.5 0.1S 
1.5 1.5 3(2) 

1.0 1.0 

O.OS ppm 0.1 

( 
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References: 

EPA 10 No. IN5 170023498 
NAVSURFWARCENOIV RA HASP 
July 1995 

TABLE 4-1 (Continued) 

EXPOSURE LIMITS 
NAVSURFWARCENDIV 

CRANE, INDIANA 

American Conference of Governmental Hygienists (ACGIH) Threshold Limit Values (TLV) 
for 1993. 
Hazard Lines 1992. 
1989 Amended Permissible Exposure Limits (PELs), U.S. Department of Labor, OSHA. 

IP - Ionization Potential. 
STEL - Short-Term Exposure Limit. 
PEL - Permissible Exposure Limit. 
TLV - Threshold Limit Value. 
PPM - Parts Per Million. 
(1) _ All forms except alkyl vapor. 
(2) _ This value is the ACGIH recommended 15-minute ceiling. An OSHA STEL value was 

not available for this compound. 
(3) _ This value is the NIOSH recommended 15-minute ceiling. An OSHA STEL value was 

not available for this compond. 

D:\CT07601\HASP1\TA84-1 
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TABLE 4-2 

EPA ID No. INS 170023498 
NAVSURFWARCENDIV RA HASP 
July 1995 

TASK SPECIFIC HAZARD ASSESSMENT TABLE 
RISK ASSESSMENT WORK PLAN 

NAVSURFWARCENDIV 
CRANE, INDIANA 

TASK SITE HAZARD CONTROL MEASURES 

" 

Surface Water/Sediment DR Slip; Trip, Fall Flagging, Mark Hazards 
Sampling Dermal Contact PPE, Hamess, and Rope 

General Awareness 

Soil Sampling ABG Slip, Trip, Fall General Awareness 
ORR Dermal Contact Flagging, Access Controls 
DR Inhalation PPE 

Thermal Stress Respiratory Protection 
Work/Rest Cycles, Fluids 

Toxic/Explosive Atmosphere Continuous MonitOring 
Explosive Devices Work Closely VWh UXO Team 

Soil Borings Well ABG Drill Rig (Heavy Equipment) Hard Hat, General Awareness 
Installation/Groundwater ORR Dermal Contact Access Controls 
Sample Collection DR Inhalation PPE 

Thermal Stress Respiratory Protection 
Work/Rest Cycles, Fluids 

Toxic/Explosive Atmosphere Continuous MonitOring 
Explosive Devices Work Closely VWh UXO Team 

Equipment Decontamination ABG Dermal Contact PPE 
ORR Inhalation Respiratory Protection 
DR Thermal Stress Work/Rest Cycles, Fluids 

Slip, Trip, Fall Access Controls, General 
Awareness 

Tissue Sampling ABG Slip, Trip, Fall Flagging, Mark Hazards 
ORR Dermal Contact PPE, Hamess and Rope 
DR General Awareness 

Groundwater Hydraulic ABG Dermal Contact Access Controls 
Characterization ORR Inhalation PPE, Respiratory Protection 

DR General Awareness 

Surface Water Hydraulic ABG Slip, Trip, Fall Flagging, Mark Hazards 
Characterization ORR Dermal Contact PPE, Hamess and Rope 

DR General Awareness 

D:ICT07601IHASP1ITA84-2 
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4.2.1 Chemical Hazards 

EPA ID NO. INS 170023498 
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The contaminants of concern at the sites can affect the body if they are inhaled, come in 
contact with the eyes or skin, or are ingested. These compounds may be released during 
soil sampling, monitoring well installations, monitoring well development, and well sampling 
activities. The primary concern is for skin exposure to contaminated soils and potential 
inhalation of organic vapors or dust released during soil intrusive activities. Exposure to 
these substances by inhalation (in the Breathing Zone (BZ» is not anticipated due to the 
relatively low levels found in the soil and water from previous studies. 

Atmospheric monitoring, ·however, will be conducted during all phases of on-site field 
activities to' determine the need for upgrading to appropriate levels of respiratory protection, 
as found in Section 9.2. Exposure by skin absorption is a low to moderate possibility, but 
can be prevented by use of proper protective equipment and good hygiene practices. 
Table 4-1 presents permissible exposure levels (PEL) for contaminants of concern. 

4.2.2 Physical Hazards 

Primary physical hazards at the site are those associated with drilling operations. Hazards 
that could be encountered during subsurface activities include falls and trips, injury from 
lifting heavy objects, falling objects, eye injuries, head injuries, and pinched or crushed 
hands and feet. Fire hazards may also be present due to the use of gasoline-powered 
heavy equipment, and the potential for explosive concentrations of vapors from flammable 
liquids in subsurface soils or volatile organic compounds associated with exposed wastes. 
During drilling operations, matting and planking may be needed around the drill rig to 
provide stability for the drill rig. The drilling contractor will make this decision. Also see 
Section 11.3 Safe Work Practices. 

Depending on seasonal weather conditions, there is potential for workers on-site to be 
affected by heat stress or cold exposure. The SSO will monitor for heat stress or cold 
exposure in accordance with Section 12.7 of this HASP. 

Soil boring activities and monitoring well installation provide potential for encountering 
buried hazards such as utilities. It shall be the subcontractor's responsibility to obtain 
"clearance" from the local utilities prior to initiating intrusive activities. Overhead electrical 
lines shall also be identified. If encountered, soil intrusive activities will be halted and the 
HSM's will be notified. 

If dusty conditions exist during soil boring activities, the work zone area will be kept wet by 
spraying the work zone (WZ) with water to provide dust control. 

Noise related to soil boring operations during soil boring and monitoring well installatior's 
is expected to be minimal; however as a precaution, hearing protection will be available. 
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Soil, sediment, and surface water sampling activities at the four sedimentation ponds 
exhibits the potential for slips and falls associated with wet surfaces and soft unstable 
sediment surfaces. The sampling does not represent any significant drowning hazard, 
however, a lifebelt and lanyard may be worn by the sampler as determined by the SSO. 

4.2.3 Additional Precautions 

It is possible that some unexploded ordnance (UXO) may be present in the SWMUs to be 
sampled. Because of this, the Halliburton NUS Team shall work with UXO specialists from 
NAVSURFWARCENOIV using equipment capable of detecting ordnance in all areas where 
field activities are to be conducted (Attachment B). A magnetometer, or other device 
determined appropriate by the NAVSURFWARCENOIV UXO specialists, with borehole 
capability of at least 10 feet, shall be used to determine the presence/absence of 
subsurface UXO prior to drilling/subsurface sampling. Borehole monitoring shall be 
accomplished at 2-foot levels to a depth of at least 10 feet. If the geophysical equipment 
indicates a suspect UXO, an alternative drilling/subsurface sampling location shall be 
selected by the Halliburton NUS Team and SSO shall be immediately notified. Any 
unexploded ordnance shall be marked and access restricted in the immediate area. The 
NAVSURFWARCENOIV UXO Team shall be on-site with the drilling crew during the length 
of this project. 

Because sampling locations are located in the active SWMUs, the SSO shall arrange 
SWMU access with Thomas Brent (NAVSURFWARCENOIV Point of Contact). Only after 
clearance has been obtained will sampling proceed with the NAVSURFWARCENDIV UXO 
Team. The NAVSURFWARCENDIV UXO Team shall clear each sampling location prior 
to sample collection. No one shall venture outside of the investigation area without 
NAVSURFWARCENOIV UXO Team clearance. 

4.2.4 Natural Hazards 

Natural hazards such as weather, poisonous plants, bites from poisonous or disease
carrying animals and insects (i.e., snakes, ticks), cannot always be avoided. Refer to 
Section 12.0 for precautions and emergency procedures. 

4.2.5 Confined Space Entry 

Confined space entry is not anticipated for RA WP associated field activities and is, 
therefore, not addressed in this HASP. If confined space entry is necessary, work will be 
halted and the HSMs will be notified to prepare a plan before work continues. 

4.2.6 Spill Containment 

RA WP associated field activities are unlikely to require spill containment and are, 
therefore, not addressed in this HASP. D:\CT07601\HASP1\TEXT 
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5.0 TRAINING REQUIREMENTS 

5.1 BASIC TRAINING REQUIRED 

Personnel who are required to work in areas where the potential for toxic exposure exists 
shall complete training and have site experience conforming to the requirements of 29 CFR 
1910.120(e). In keeping with 29 CFR 1910.20, medical records and exposure records will 
be available to workers or his/her designated representative upon request. 

Training includes a 40-hour course which describes procedures for working at hazardous 
waste sites. The procedures include a safety and health program, medical surveillance, 
decontamination, site characterization and analysis, protective clothing and monitoring 
equipment, site control work documentation, emergency response, engineering and 
administrative control to reduce exposure, and site safety evacuation procedures. 

Contractors/subcontractors shall provide written documentation that these training/ 
experience requirements have been met. An example of a training documentation form 
is presented on Figure 5-1. Personnel shall also be trained in the contents of Appendix B, 
"Respiratory Protection Program." 

5.2 SITE-SPECIFIC TRAINING 

Site-specific training will be conducted by the SSO for on-site personnel and visitors to 
minimize exposure to potential of on-site hazards. Site-specific training will address the 
activities, procedures, monitoring, and equipment for the field operations at the ORR, DR, 
and ABG. This training will include identifying the names of personnel and alternate 
personnel responsible for site safety at the NAVSURFWARCENDIV. 

In addition, this training at a minimum will include the following: 

1 . Site description and history. 
2. Project activities, including coordination with other contractors. 
3. Hazard evaluation. 
4. On-site safety responsibilities. 
5. Site control and work zones. 
6. Personnel training. 
7. Medical monitoring. 
8. Atmospheric monitoring. 
9. Personal protection, clothing, and equipment. 
10. Decontamination procedures. 
11. Emergency procedures. 
12. Review of site-specific material safety data sheets (MSDSs). 
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CLEAN CTO #0076 
FINAL 

FIGURE 5-1 
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OSHA TRAINING COMPLIANCE LETTER 

Note: The following statements must be. typed on company letterhead and signed by an 
officer of the company. 

LOGO 
XYZ CORPORATION 
555 East 5th Street 
Nowheresville, Kansas 55555 

Month, day, year 

(Project Manager) 
Rust Environment & Infrastructure 
4738 North 40th Street 
Sheboygan, Wisconsin 53083 

Subject: OSHA Compliance and Testing 

Dear (Project Manager): 

As an officer of XYZ Corporation, I hereby state that I am aware of the potential hazardous 
nature of the subject project. I also understand that it is our responsibility to comply with 
all applicable occupational safety and health regulations including those stipulated in 
Title 29 of the Code of Federal Regulations (CFR), Parts 1900 through 1910 and Parts 
1926. 

I also understand that Title 29 CFR 1910.120, "Hazardous Waste Operations and 
Emergency Response: Final Rule;" requires, but is not limited to, medical surveillance, for 
applicable employees, and appropriate level of training as required in paragraph (e) of 
29 CFR 1910.120 for employees engaged in certain hazardous waste operations. I hereby 
state that I have reviewed these requirements; understand Trtle 29 of the CFR, Parts 1900 
through 1910, and Part 1910, and Part 1926; and that XYZ Corporation and all of its 
employees who will perform work at the site are in full compliance. 
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The following employees have had 40 hours of introductory hazardous waste site training 
or equivalent work experience as required by 29 CFR 1910.120(e) and have had 8 hours 
of refresher training as required by 29 CFR 191 0.120(e)(8). 

LIST EMPLOYEE NAMES, TYPE(S) OF TRAINING RECEIVED, AND DATES OF 
TRAINING HERE 

Sincerely, 

(Name of Company Officer) 
Title 

D:\CT07601\HASP1\FIGURES 
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13. Safe work practices. 

EPA 10 NO. IN5 170023498 
NAVSURFWARCENOIV RA HASP 
JULY 1995 

14. Other elements covered in this site-specific HASP. 

This training will also allow field workers to clarify anything they do not understand and to 
reinforce their responsibilities regarding safe operations. Training must include emergency 
preparedness, location of assembly areas, proper entry and exit procedures for exclusion 
zone (EZ), warning systems, location of emergency equipment, and route to the hospital. 

5.3 SAFETY BRIEFINGS 

Project personnel will be given briefings by the SSO on a daily or as-needed basis to 
further assist site personnel in conducting their activities safely. Briefings will be provided 
when new activities are to be conducted, changes in work practices must be implemented 
due to new information made available, or if site or environmental conditions change. 
Briefings will also be given to facilitate conformance with prescribed safety practices when 
performance deficiencies are identified during routine daily activities or as a result of safety 
audits. 

5.4 SAFETY AUDITS 

The REHSM, as necessary, will conduct regular safety audits of field operations and 
subcontractor performance to review for compliance with health and safety policies and 
procedures. Health and Safety audit findings will be documented and corrective action 
taken. 

5.5 FIRST AID AND CPR 

At least two individuals shall be trained and qualified to administer first aid and 
cardiopulmonary resuscitation (CPR). 

The HSMs will identify the individuals possessing this training in order to ensure that 
emergency treatment is available during every workshift from a person qualified in first aid 
and CPR. These courses will be consistent with requirements of the American Red Cross 
and/or American Heart Association. 
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6.0 MEDICAL SURVEILLANCE PROGRAM 

All Rust E&I personnel and subcontractors performing field work at the 
NAVSURFWARCENOIV will be required to have passed a pre-assignment and/or periodic 
medical examination that is consistent with 29 CFR 1910.120(f) and 29 CFR 1926.58. 
Medical examinations shall be performed by or under the supervision of a licensed 
physician, preferably one knowledgeable in occupational medicine. A release for work will 
be confirmed by the CHSM before an employee can begin hazardous site activities. 

Additional medical testing "may be required by the CHSM in consultation with the company 
physician if an overt exposure or accident occurs, or if other site conditions warrant further 
medical surveillance. 

Contractors/subcontractors will maintain the medical records for their own employees, but 
shall also provide the SSO with written documentation certifying that each employee at the 
site has met the requirements of the Medical Surveillance Program. This documentation 
will be provided before the first day of work for each employee assigned to the site. An 
example of a medical documentation form is presented on Figure 6-1. The pre-assignment 
and annual examinations are essentially the same in content and are the examining 
physician's discretion but generally include: 

• An updated medical and occupational history 
• A screening physical examination 
• Blood and urine laboratory tests 
• Chest X-ray 
• Electrocardiogram 
• Pulmonary function tests 
• Audiometry 
• Visual acuity test 

At the end of employment or if deemed necessary after a employee's involvement in 
project-specific site work, he/she may have to complete a medical examination. This 
examination may be limited to obtaining an internal medical history of the period since the 
last full examination (consisting of medical history, physical examination, and laboratory 
tests). 

6.1 EMERGENCY MEDICAL TREATMENT 

Provisions for emergency medical treatment shall be integrated with the overall Site 
Emergency Plan (see Section 12.0) and shall include: 

• At least two individuals per shift qualified to render first aid and CPR. 
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MEDICAL SURVEILLANCE LETTER 

Note: The following statements must be typed on company letterhead and signed by an 
officer of the company. 

LOGO 
XYZ CORPORATION 
555 East 5th Street 
Nowheresville, Kansas 55555 

Month, day, year 

(Project Manager) 
Rust Environment & Infrastructure 
4738 North 40th Street 
Sheboygan, Wisconsin 53083 

Subject: OSHA Compliance and Testing 

Dear (Project Manager): 

As an officer of XYZ Corporation, I hereby state that the persons listed below participated 
in a medical surveillance program meeting the requirements contained in paragraph (f) of 
Title 29 of the Code of Federal Regulations, Part 1910.120 entitled "Hazardous Waste 
Operations and Emergency Response: Final Rule." I further state that the persons listed 
below have had physical examinations under this program within the last 12 months and 
that they have been cleared, by a licensed physician, to perform hazardous waste site work 
and to wear respiratory protection. I also state that, to my knowledge, no person listed 
below has any medical restrictions that would preclude him/her from performing their 
assigned activities at the site. 
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LIST EMPLOYEE NAMES AND DATES OF MOST RECENT PHYSICAL EXAMS HERE 

Should you have any questions, please contact me at 555/555-5555. 

Sincerely, 

(Name of Company Officer) 
Title 
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• First aid kits in compliance with OSHA requirements and emergency first aid 
stations in the immediate work vicinity. 

• Conspicuously posted phone numbers and procedures for contacting 
ambulance services, fire department, police, and medical facilities. 

• Maps and directions to medical facilities (See Section 12.0). 
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7.0 SITE CONTROL MEASURES 

The purpose of the site control measures discussed in this section are to maintain order 
at the sites and to minimize chemical and physical hazards to on-site personnel, visitors, 
and the public. Site control zones will include an EZ, a contamination reduction zone 
(CRZ), and a support zone (SZ). In addition, temporary activity-specific WZs will be 
established at specific locations. 

7.1 SITE ACCESS 

Access to the NAVSURFWARCENDIV is controlled through the pass office located at the 
NAVSURFWARCENOIV Main Entrance on Hwy 45 (Bloomington Gate). A driver's license 
and proof of vehicle registration and insurance are required to obtain a pass. Once a pass 
has been acquired, access to the ABG, DR, and ORR are also controlled by checking in 
at each location. 

7.2 EXCLUSION ZONE 

The EZ is the area containing or suspected of containing contaminated materials. Since 
investigation activities will be conducted throughout the NAVSURFWARCENDIV, each 
investigative area boundary shall be delineated as the EZ. 

7.2.1 Work Zones 

Temporary activity-specific WZs shall be established at each sampling activity. While 
completing soil borings and monitoring well installations the WZ shall be established and 
marked by safety rope or tape (see Figure 7-1). The WZ shall be a radius large enough 
to encompass the, drill rig and allow sufficient space for safe work practices. A CRZ shall 
be placed at the WZ perimeter at an upwind location. A portable eye wash unit, fire 
extinguisher, towels, plastic garbage bags, decontamination supplies, and a first aid kit 
(sufficient to accommodate the field team) shall be placed in this CRZ. These supplie~ 
may be located in the vehicle parked adjacent to the WZ. 

A temporary WZ shall be established at each sampling location where surface soil samples 
are to be collected. These WZ areas shall be established by laying about 5 square feet 
of plastic sheeting next to the sampling location for the placement of equipment and 
supplies. A portable eye wash, first aid kit (sufficient to accommodate the field team), 
towels, plastic garbage bags, fire extinguisher, and decontamination supplies are also 
required in this area, which may be located in the truck. 
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NOTES: 

1. THE CRZ ZONE WILL CONTAIN: 

• PORTABLE EMERGENCY EYEWASH UNIT 
• FIRST AID KIT 
• FIRE EXTINGUISHER 
• TOWELS I WIPE CLOTHS 

• WATER FILLED TUB 
• 55-GALLON DRUM OR PLASTIC BAG 

2. 8 ENTRY EXIT POINT 

3. THE STAGING ZONE (IF APPLICABLE) WILL CONTAIN SUPPORT 
ZONE ACTIVITIES AND PERSONNEL TRANSPORT VEHICLES 

SCALE: NTS ti~----------____________________________ ~ __________________________________________ ~~ 
~ JULy 1995 206' 
Gf FIGURE 7-1 
z RlKrENVInlONMENT & WORK ZONE LAYOUT 
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Personnel decontamination areas will be established on-site. Personnel will 
decontaminate and/or dispose of soiled protective clothing (Le., disposable boots and 
gloves, etc.) in the CRZ established next to the temporary WZ. A fixed personnel 
decontamination area will be established adjacent to the fixed equipment decontamination 
pad where, after equipment decontamination, personnel can decontaminate and dispose 
of protective clothing and equipment before exiting the EZ. Refer to Section 10 for further 
decontamination procedures. 

., 

7.4 EQUIPMENT DECONTAMINATION PAD 

To prevent off-site transport of contamination, the drill rig and associated equipment and 
vehicles will be decontaminated at a decontamination pad prior to exiting the EZ. This 
location will be selected by the SSO and Field Team Leader prior to start-up of field 
activities at the NAVSURFWARCENDIV. Drilling equipment (augers, rods, etc.) will be 
steam-cleaned at the decontamination pad as necessary. Decontamination liquids will be 
allowed to infiltrate into the soil. Refer to Section 10.0 for further decontamination 
procedures. 

Sampling equipment such stainless steel hand augers, bowls, and spoons may be 
decontaminated at each sampling location. During decontamination, isopropanol rinses 
will be collected for later disposal at an approved NAVSURFWARCENDIV location. Other 
decontamination liquids will be allowed to infiltrate into the soil at each location. Refer to 
Section 10 for further decontamination procedures. 

7.5 SUPPORT ZONE 

The SZ is considered the uncontaminated area and will be identified by the SSO before 
field activities begin. It will contain the Command Post which will provide for team 
communications and emergency response. A mobile telephone will be located in this area. 
Appropriate sanitary facilities, safety, medical, and support equipment will be identified. 
No potentially contaminated personnel or materials are allowed in the SZ except for 
appropriately packaged/decontaminated and labelled samples. 

7.6 SITE VISITORS 

Visitors are required to report to the Field Team Leader and the SSO prior to accessing the 
sites, although none are anticipated. The SSO will document decisions regarding their 
access to the sites. If granted limited access, visitors must provide the SSO with 
documented compliance with Section 5.0 of this HASP, comply with other applicable 
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sections, and satisfy additional conditions placed on them as deemed appropriate by the <-
SSO to ensure visitor safety. Visitors must sign in and out daily under the SSO's direction 
for the duration of their approved visit. Under no circumstances will visitors be allowed to 
interfere with, or participate in operations within the scope of the field investigation. All 
visitors shall be escorted throughout the sites by appropriately trained personnel. 

As needed, the SSO will establish a designated Level D area as an observation point 
during intrusive activities. This designated area will be located to offer proximate viewing 
of site operations, and positioned such that visitors in no way may inhibit site access, 
logistics, or general operations. Further, the SSO will locate the viewing areas such that 
visitors present are at minimal risk of exposureJo site hazards. 
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8.0 PERSONAL PROTECTIVE EQUIPMENT 

8.1 GENERAL 

The level of protection to be worn by field personnel will be defined and controlled by the 
SSO. Personal protective equipment for general operations will be consistent with the 
requirements of 29 CFR 1910 Subpart I, "Personal Protective Equipment." Basic levels 
of protection for hazardous waste operations will be selected in accordance with the 
provisions of 29 CFR 1926.58(i), 29 CFR 1910.120(g)(3), "Personal Protective Equipment 
Selection," and Appendix A, "General Description and Discussion of the Levels of 
Protection and Protective Gear." Modification to basic protective equipment ensembles 
may be necessary for specific operations. In these cases, further definition will be provided 
by review of specific hazards, conditions, and proposed operational requirements, and by 
conducting air monitoring at the particular operation. Protection may be upgraded or 
downgraded, as deemed appropriate by the SSO and verified by the CHSM. 

8.2 ANTICIPATED LEVELS OF PROTECTION FOR SITE OPERATIONS 

• Surface Soil Sampling Level 0 
• Surface WaterlSediment Sampling Level 0 
• Monitoring Well Installation LevelD/C 
• Monitoring Well Development/Groundwater 

Sampling LevelD/C 
• Tissue Sampling Level 0 
• Surface Water and Groundwater Hydraulic 

Characterization Level 0 

Action levels used to determine the need to upgrade or downgrade the levels of protection 
are described in Section 9.2 of this HASP. 

Level D personal protective clothing and equipment includes: 

• Disposable Tyvek® or equivalent coveralls. (Polyethylene Coated Tyvek® 
required in sampling areas when splashing by contaminated soils or water is 
a possibility). 

• Hardhat (when overhead hazards exist). 

• Safety glasses or goggles. 

• Steel toe, steel shank boots. 
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• Disposable latex gloves - required when handling and collecting soil, water, t 
sediment, and tissue samples. 

• Outer neoprene gloves - required when handling and collecting soil, water, 
sediment, and tissue samples. 

• Disposable outer boots - required. 

• Noise protection - as warranted. 

• Lifebelt and lanyard - as warranted. 

Level C protective clothing and equipment includes: 

• Full-face air-purifying respirator National Institute for Occupational Safety and 
Health (NIOSH), Mining Safety and Health Administration (MSHA) approved 
fitted with acid gas/organic vapor/HEPA (High Efficiency Particulate Air filter) 
cartridges. 

• Disposable Tyvek coveralls. (Polyethylene Coated Tyvek® required in 
sampling areas when splashing by contaminated soils or water is a possibility). 

• Disposable latex inner gloves. 

• Nitrile outer gloves. 

• Hard hat (when overhead hazard exists). 

• Steel toe, steel shank boots. 

• Disposable outer boots. 

Level B protective clothing and equipment includes the above Level C clothing with the 
addition ofa self-contained breathing apparatus (SCBA) or supplied air-line respirator in 
place of an air-purifying respirator. If action levels are exceeded and based on evaluation 
of the conditions, and Level C protection is not sufficient and Level B respiratory protection 
is deemed necessary, work activities will be halted and arrangements for Level B 
equipment will be implemented. 

The use and care of respiratory protection will be in accordance with the protocols 
described in Appendix B. 
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9.0 AIR MONITORING 

It will be necessary to monitor the atmospheric conditions during on-site field sampling 
activities to determine the possible need to upgrade the personal protection of on-site 
workers. Atmosphere at the· sample extraction point, soil cuttings, and fluids produced 
during drilling shall be monitored. In addition, air monitoring will be performed in the 
worker's BZ. 

" 

9.1.1 Soil Boring Operations/Monitoring Well Installations 

Soil boring, and well installation activities will be initiated in Level D personal protection 
with the contingency to upgrade the level of protection based on the action levels. 

Air monitoring will be performed at regular intervals throughout soil boring and well 
installation activities. A Flame Ionization Detector (FID) or Photoionization Detector (PID) 
shall be used to monitor the worker's BZ and the geologic samples upon retrieval. Drill 
cuttings and fluids produced during drilling shall also be monitored. Radiological hazards 
are not anticipated to be encountered in the testing areas. 

9.1.2 Monitoring Well Development and Groundwater Sample Collection 

Monitoring well development and groundwater sample collection activities shall be initiated 
in Level D personal protection with the contingency to upgrade the level of protection 
based on the action levels. 

The PID/FID shall be used to continuously monitor the worker's BZ and the well casing. 
Prior to initiating development, testing, or sampling activities, the field team will stand 
upwind of the well casing and remove the well cap, stand back, and allow the well casing 
to vent for about 5 minutes. If action levels are not exceeded in the worker's BZ, 
development, testing, and/or sampling activities may proceed. 

9.1.3 Soil Sampling 

Soil sampling activities shall be initiated in Level D personal protection with the contingency 
to upgrade the level of protection based on the action levels. 

Air monitoring of the worker's BZ shall be performed continuously during the sampling 
activities. An Organic Vapor Analyzer (OVA), FID, or HNu PID shall be used to monitor the 
BZ and the sampling extraction point. 
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9.1.4 Surface Water/Sediment Sample Collection 

Surface water/sediment sampling activities shall be conducted in Level D protection. 
Atmospheric monitoring will be unnecessary because organic emissions are not anticipated 
due to the wet nature of the samples to be collected. 

9.1.5 Tissue Sampling 

Tissue sampling activities including netting of fish and trapping of small mammals shall be 
conducted in Level D protection. Atmospheric monitoring will be unnecessary because 
organic emissions are not anticipated due to the nature of the samples to be collected. 

9.1.6 Surface Water and Groundwater Hydraulic Characterization 

Surface water hydraulic characterization activities shall be conducted in Level D protection. 
Atmospheric monitoring will not be necessary because organic emissions are not 
anticipated due to the activities being performed in open surface water. 

Personal protection, atmospheric monitoring, and well venting procedures as identified in 
9.1.2 above shall be followed for groundwater hydraulic characterization activities. 

9.2 ACTION LEVELS 

Instrumentation will include a PIO equipped with a 10.2 eV lamp and/or a Century OVA 128 
FlO. The action levels in this HASP will apply to site work during the duration of activities 
at the NAVSURFWARCENOIV. 

Instrument 

PIO/OVA 

PIO/OVA* 

PIO/OVA 

Action Levels 

Continuous sustained readings 
to 1 ppm above background 
(typically to 0.2 ppm) in BZ 

Continuous sustained readings 
of 1 ppm to 5 ppm above 
background 

Continuous readings at 
5 to 250 ppm above 
background in BZ 

9-2 

Level of Respiratory 
Protection/Action 

Level 0 

LevelC 
(based on identification 
of contaminant) 

Level B (if applicable) 

( 
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If visible dust is detected while working in Level 0, upgrade to Level C respiratory 
protection is required. However, engineering controls, such as wetting the WZ area with 
water to control dust, will be implemented when feasible. 

*In the event any action levels are exceeded, work activities shall be halted, and an 
attempt will be made to identify the contaminants present using colorimeter indicator tubes 
so that correct respiratory protection can be selected and action levels may be adjusted 
higher or more conservatively. The SSO shall notify the HSMs immediately prior to 
upgrading the level of respiratory protection. 

9.3 EXPOSURE MONITORING/AIR SAMPLING PROGRAM 

9.3.1 Personal and Perimeter Monitoring 

Personal and perimeter air monitoring will not be conducted unless Level 0 -action levels 
are exceeded in the EZ. The determination to perform personal and perimeter air 
monitoring will be determined by the REHSM after discussions with SSO. If an air program 
is deemed necessary, work activities will be halted and a monitoring plan will be 
developed. 

9.4 INSTRUMENT CALIBRATION AND MAINTENANCE 

Instrument calibration and maintenance shall be performed according to manufacturer's 
specifications and documented on Field Instrument Calibration Logs.· PIO calibration shall 
be completed along with a FlO calibration check on a daily basis. 
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10.0 DECONTAMINATION PROCEDURES 

The SSO shall determine the level of decontamination necessary based on the evaluation 
of specific work activities and the potential degree of contamination. Temporary'CRZs 
shall be established at each sampling location. 

10.1 EQUIPMENT 

The drill rig, associated equipment, and vehicles will be decontaminated at a location 
on-site selected by the SSO prior to start-up of field activities in the EZ. Drilling equipment 
(augers, rods, etc.) will be steam-cleaned between sampling locations. These 
decontaminations will be performed on the ground away from the drilling location. 

Non-disposable sampling equipment will be decontaminated before use, between samples, 
and before leaving the sampling location. 

Equipment that cannot be immersed in soap solution and water will be wiped clean and 
rinsed with distilled water. 

10.2 PERSONNEL 

Personnel will perform decontamination in the personal decontamination area. 
Decontamination of personnel in Level D will consist of removal and disposal of coveralls 
(when worn) disposable boots, and gloves. Decontamination of personnel using Level C 
protective equipment will consist of: 

• Washing boots, waders, or other non-disposable protective equipment, (Le., 
hard hat, safety glasses/goggles, etc.) suspected of being contaminated using 
soap solution followed by potable or distilled water rinse. 

• Removal and disposal of boot covers and waders if worn. 

• Removal and disposal of coveralls. 

• Removal and disposal of outer gloves. 

• Removal, cleaning, and storage of respiratory equipment. 

• Removal and disposal of inner gloves. 
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10.3 CONTAMINATION PREVENTION 

One of the most important aspects of decontamination is the prevention of contamination. 
Good contamination prevention should minimize worker exposure and help ensure velid 
sample results by precluding cross-contamination. Procedures for contamination 
avoidance include: 

Personnel 

• Know the limitations of all personal protective equipment being used . 
. , 

• Do not walk through areas of obvious or known contamination. 

• Do not handle or touch contaminated materials directly. Do not sit or lean on 
potentially contaminated surfaces. 

• Make sure all personal protective equipment has no cuts or tears prior to 
donning. 

• Fasten all closures on suits, covering with tape, if necessary. 

• Particular care should be taken to protect any skin injuries. 

• Stay upwind of airborne contaminants. 

• Do not carry cigarettes, gum, food, or candy into contaminated areas. 

• On-site personnel are encouraged to shower at the end of their work day. 

Sampling/Monitoring 

• Cover instruments with clear plastic, leaving openings for sampling ports, and 
sensor points. 

• Bag sample containers prior to placement of sample material into containers. 

Heavy Equipment 

• Care should be taken to limit the surface area of equipment that comes into 
contact with contamination. 

10-2 
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General 

10.4 

• If contaminated tools are to be placed on noncontaminated equipment for 
transport to the decontamination pad, plastic should be used to keep tt,e 
equipment clean. 

• Spoils from sampling work should be placed so as not to be in the expected 
paths of individuals. 

DISPOSAL PROCEDURES " 

Waste materials and other field equipment/supplies shall be handled in such a way as to 
preclude the potential for spreading contamination, creating a sanitary hazard, or causing 
litter to be left on-base. See Section 13.0 of the Risk Assessment Work Plan for details 
regarding investigation-derived waste disposal procedures. 
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11.0 GENERAL SAFE WORK PRACTICES AND COMMUNICATIONS 

11.1 SAFETY EQUIPMENT 

Basic emergency and first aid equipment will be available at the SZ and/or the CRZ, as 
appropriate. This shall include communications equipment, first aid kit (sufficient to 
accommodate field team), emergency eye wash, and other safety-related equipment. Fire 
extinguishers will be provided, inspected, and available on-site. 

11.2 COMMUNICATIONS 

Walkie-Talkies - Hand-held units shall be used as much as possible by field teams for 
communication between downrange operations and the Command Post base-station. 

Telephones - A mobile telephone will be located in the Command Post area in the SZ for 
communication with emergency support services/facilities. 

Hand Signals - Hand signals will be used by downrange field teams in conjunction with the 
buddy system. These signals are very important when working with heavy equipment. 
They shall be known by the entire field team before operations commence and reviewed 
during site-specific training. 

Signal Meaning 

• Hand gripping throat Out of air; can't breathe 

• Grip partner's wrist Leave area immediately; no debate 

• Hands on top of head Need assistance 

• Thumbs up OK; I'm all right; I understand 

• Thumbs down No; negative 

11.3 SAFE WORK PRACTICES 

The following safe work practices will be implemented during. site operations: 

• Only properly trained and equipped personnel will be allowed to work in 
potentially contaminated areas. 
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Drilling 

• The number of personnel and equipment in the sampling areas will be kept to 
a minimum, consistent with safe site operations. 

• Workers shall adhere to the "buddy system" while working downrange and in 
designated EZs. Radio contact shall be maintained between pairs on-site in 
order to assist each other in case of emergencies. 

• Workers shall not exit EZs until soiled equipment and clothing have been 
removed and decontaminated or properly disposed of. 

• Eating, drinking, chewing gum or" tobacco, smoking, or any practice that 
increases the probability of hand-to-mouth transfer, ingestion, and inhalation 
of potentially contaminated materials is prohibited. 

• As necessary, personnel will thoroughly wash their hands and faces upon 
leaving the investigation areas. 

• Contact with potentially contaminated materials and surfaces shall be avoided. 
Personnel shall comply with contamination control measures. 

• Personnel with facial hair or other facepiece seal obstructions will not be 
permitted to work where respirators are required. 

• Work shall only be conducted if adequate illumination is provided, i.e., visual 
observation is not impaired due to loss of daylight conditions. 

While the drilling subcontractor is responsible for safe means and methods of operating 
their drill rigs, (refer to Section 2.3 of this HASP), personnel working near drill rig 
operations shall be aware of the following safe work practices: 

• Drillers shall inform personnel working with drill rig activities, (i.e., soil boring 
operations) as to the location of the emergency stop device. 

• No drilling within 20 feet in any direction of overhead power lines will be 
permitted. The locations of all underground utilities must be identified and 
marked prior to initiating any subsurface activities. 

• In the event the drill rig" would come in contact with an electrical source, do not 
touch any part of the equipment or attempt to enter or leave it. Do not touch 
any person who may be in contact with electrical current. If rescue is 
attempted, only use a dry, clean rope or unpainted wooden pole. 
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Personnel must develop hand signals with equipment operators. 

• A remote sampling device must be used to sample drill cutting if the tools ,are 
rotating or if the tools are readily capable of rotating. Samplers must not reach 
into or near the rotating equipment. If personnel must work near any tools 
which could rotate, the driller must shut down the rig prior to initiating such 
work. 

• Drillers, helpers, and samplers must secure all loose clothing when in the 
vicinity of drilling operations. 

'. 

• "All" compressed gas cylinders must be stored and used in an upright position, 
properly secured and protected from damage, and segregated and labeled as 
empty, full, or in use. 

D:\CT07601\HASP1\TEXT 

11-3 



CLEAN CTO #0076 
FINAL 

EPA 10 NO. IN5 170023498 
NAVSURFWARCENDIV RA HASP 
JULY 1995 

12.0 EMERGENCY PREPAREDNESS 

12.1 EMERGENCY COORDINATOR 

The Site Emergency Coordinator shall be the SSO. The SSO shall implement the 
emergency action plan as outlined in 29 CFR 1910.38. Although the following six items 
are typically more applicable to operating facilities, they will be implemented to the extent . 
possible when applicable. 

• Emergency escape procedures and routes. 

• Procedures for those remaining for critical operations (this will not apply). 

• Procedures to account for employees after evacuation. 

• Rescue and medical duties. 

• Preferred means of reporting fires and emergencies. 

• Names, job titles, or departments to contact for additional information of duties 
outlined in this HASP. 

12.2 EMERGENCY SERVICES CONTACTS 

The Site Emergency Coordinator (SSO) shall verify appropriate emergency contacts and 
will make contact with them before beginning work on-site.. The Site Emergency 
Coordinator (SSO) will inform the emergency contacts about the nature and duration of 
work expected on the base and the type of contaminants and possible health or safety 
effects of emergencies involving these contaminants. Also at this time, the Site Emergency 
Coordinator (SSO) and the emergency response units shall make arrangements to handle 
any emergencies that might be anticipated. 

EMERGENCY PHONE NUMBERS: 

Police Department: 
Fire Department: 
Hospital: 
Hospital Address: 

Ambulance: 

3300 NAVSURFWARCENDIV Base 
3300 NAVSURFWARCENDIV Base 
Bloomington Hospital 
601 West Second Street 
Bloomington, IN 
812/336-9515 
Base 3300 
Hospital- 812/336-9515 
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National Response Center: 
Poison Control Center: 
REHSM: 

550: 

HOSPITAL ROUTE: 

1-800-424-8802 
1-800-942-5969 
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Richard Tinsley 708-955-6600 (work) 
708-961-1361 (home) 
To be determined before field activities begin 

A hospital route map and written description depicting the route to the hospital from the 
investigation area is presented on Figure 12-1:~ 

Once the SZ is established, and before field activity start-up, the Site Emergency 
Coordinator (550) shall drive the route to the hospital, post directions andlor a map to the 
hospital, and set up the first aid station including a 10-pound Type AlBIC fire extinguisher. 

12.3 IMPLEMENTATION 

Th~ Site Emergency Coordinator (550) shall implement the emergency action procedures 
whenever conditions at the site warrant such action. The Site Emergency Coordinator 

( 

(550) will be responsible for coordinating the evacuation, emergency treatment, and ( 
emergency transport of site personnel as necessary, and for notification of emergency 
response units and the appropriate management staff. In the event an evacuation is 
necessary, the 550 will take a role count at the designated gathering location with the use 
of the daily sign in and out sheet. The following conditions may require implementation of 
emergency action procedures: 

• Fire or explosion on-site. 

• Serious personal injury. 

• Release of hazardous materials, including gases or vapors at levels greater 
than the maximum use concentrations of respirators. 

• Unsafe working conditions, such as inclement weather. 

12.4 FIRE OR EXPLOSION 

If an actual fire or explosion has taken place, emergency steps will include 1) evacuation 
of work area and venting, and 2) notification of the fire department and other appropriate 
emergency response groups if necessary. (. -
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12.5 PERSONAL INJURY 

Emergency first aid will be administered on-site as appropriate. Then the individual will be 
decontaminated if possible, depending on the severity of the injury, and transported to the 
nearest medical facility if needed. 

12.6 OVERT CHEMICAL EXPOSURE 

Typical response procedures include: 

SKIN CONTACT: 

INHALATION: 

INGESTION: 

PUNCTURE 
WOUND OR 
LACERATION: 

"-

Use copious amounts of soap and water. Wash/rinse affected 
area thoroughly, then provide appropriate medical attention. Eye 
wash will be provided on-site at the CRZ and/or SZ. Eyes should 
be rinsed for 15 minutes upon chemical contamination. 

Move to fresh air and/or, if necessary, decontaminate/transport to 
hospital. 

Decontaminate and transport to emergency medical facility. 

Decontaminate and transport to emergency medical facility. The 
SSO will provide medical data sheets to medical personnel as 
requested. 

12.7 ADVERSE WEATHER CONDITIONS 

In the event of adverse weather conditions, the SSO will determine if work can continue 
without endangering the health and safety of field workers. Some items to be considered 
before determining if work should continue are: 

• Potential for heat stress and heat-related injuries. 
• Potential for cold stress and cold-related injuries. 
• Treacherous weather-related working conditions. 
• Limited visibility. 
• Potential for electrical storms. 
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The SSO shall visually monitor personnel to note for signs of heat stress. Field personnel 
will also be instructed to observe for symptoms of heat stress and methods on how to 
control it. One or more of the following control measures can be used to help control heat 
stress: 

• Provide adequate liquids to replace lost body fluids. Personnel must replace 
water and salt lost from sweating. Personnel must be encouraged to drink 
more than the amount required to satisfy thirst. Thirst satisfaction is not an 
accurate indicator of ·adequate salt and fluid replacement. 

• Replacement fluids can be commercial mixes such as Gatorade®. 

• Establish a work regime that will provide adequate rest periods for cooling 
down. This may require additional shifts of workers. 

• Cooling devices such as vortex tubes or cooling vests can be worn beneath 
protective garments. 

• Breaks are to be taken in a cool rest area (77°F is best). 

• Personnel shall remove impermeable protective garments during rest periods. 

• Personnel shall not be assigned other tasks during rest periods. 

• Personnel shall be informed of the importance of adequate rest, acclimation, 
and proper diet in the prevention of heat stress. 

The heat stress of personnel on-site may be monitored utilizing biological monitoring or the 
Wet Bulb Globe Temperature Index (WBGT) technique when workers are not wearing 
protective coveralls (Le., Tyvek®). This method will require the use of a heat stress 
monitoring device. 

One of the following biological monitoring procedures shall be followed when the workplace 
temperature is 70°F or above. 

• Heart rate (HR) shall be measured by the pulse for 30 seconds as early as 
possible in the resting period. The HR at the beginning of the rest period 
should not exceed 110 beats/minute. If the HR is higher, the next work period 
should be shortened by 10 minutes (or 33 percent), while the length of rest 
period stays the same. If the pulse rate is 100 beats/minute at the beginning 
of the next rest period, the following work cycle should be shortened by 
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33 percent. The length of the initial work period will be determined by using 
the table below. 

PERMISSIBLE HEAT EXPOSURE THRESHOLD LIMIT VALUES 

Work Load 
Work-Rest Regimen Moderate 

Continuous Work 
", 

75% Work-
25% Rest, Each Hour 

50% Work-
50% Rest, Each Hour 

25% Work-
75% Rest, Each Hour 

• Body temperature shall be measured orally with a clinical thermometer as 
early as possible in the resting period. Oral temperature at the beginning of 
the rest period should not exceed 99°F. If it does, the next work period should 
be shortened by 10 minutes (or 33 percent), while the length ofthe rest period 
stays the same. However, if the oral temperature exceeds 99.7°F at the 
beginning of the next rest period, the following work cycle shall be further 
shortened by 33 percent. OT should be measured at the end of the rest 
period to make sure that it has dropped below 99°F. At no time shall work 
begin with the oral temperature above 99°F. 

12.7.2 'Cold Exposure 

If field activities occur during a period when temperatures average below freezing, the 
following guidelines will be followed. 

Persons working outdoors in temperatures at or below freezing may be subject to frostbite. 
Extreme cold for a short time may cause severe injury to the surface of the body, or result 
in profound generalized cooling of the body core, resulting in coma and death. Areas of 
the body which have high surface area-to-volume ratio such as fingers, toes, and ears are 
the most susceptible. 

Two factors influence the development of a cold injury; ambient temperature and the 
velocity of the wind. Wind chill is used to describe the chilling effect of moving air in 

12-5 



CLEAN CTO #0076 
FINAL 

EPA 10 NO. IN5 170023498 
NAVSURFWARCENDIV RA HASP 
JULY 1995 

combination with low temperature. For instance, 10DF with a 15-mile per hour (mph) wind ( 
is equivalent to chilling still air to -18DF. 

As a general rule, the greatest incremental increase in wind chill occurs when a wind of 
5 mph increases to 10 mph. Additionally, water conducts heat 240 times faster than air. 
Thus, the body cools suddenly when chemical-protective eguipment is removed if the 
clothing underneath is perspiration-soaked. 

Local injury resulting from cold is included in the generic term frostbite. There are several 
degrees of damage. Frostbite of the extremities can be categorized into: 

., 

• Frost nip or incipient frostbite: Characterized by sudden blanching or 
whitening of skin. 

• Superficial frostbite: Skin has a waxy or white appearance and is firm to the 
touch, but tissue beneath is resilient. 

• Deep frostbite: Tissue is cold, pale, and solid; extremely serious injury. 

Prevention of frostbite is vital. Keep the extremities warm. Wear insulated clothing as part 
of one's protective gear during extremely cold conditions. Check for symptoms of frostbite 
at every break. The onset is painless and gradual-you may never know you have been 
injured until it is too late. 

To administer first aid for frostbite, bring the victim indoors and rewarm the areas guickly 
in water between 39DC and 41 DC (102DF to 105DF). Give a warm drink-not coffee, tea, 
or alcohol. The victim should not smoke. Keep the frozen parts in warm water or covered 
with warm clothes for 30 minutes, even·though the tissue will be very painful as it thaws. 
Then elevate the injured area and protect it from injury. Do not allow blisters to be broken. 
Use sterile, soft, dry material to cover the injured areas. Keep victim warm and get 
immediate medical care. 

After thawing, the victim should try to move the injured areas a little, but no more than can 
be done alone (without help). 

• Do not rub the frostbitten part (this may cause gangrene). 
• Do not use ice, snow, gasoline, or anything cold on frostbite. 
• Do not use heat lamps or hot water bottles to rewarm the frostbitten area. 
• Do not place the body part near a hot stove. 

Systemic hypothermia is caused by exposure to freezing or rapidly dropping temperature. 
Its symptoms are usually exhibited in five stages: 1) shivering; 2) apathy, listlessness, 
sleepiness, and (sometimes) rapid cooling of the body to less than 95DF; 
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3) unconsciousness. glassy stare. slow pulse. and slow respiratory rate; 4) freezing of the 
extremities; and. finally. 5) death. 

Effects arising from cold exposure will be minimized by providing workers with insulated 
clothing when the equivalent chill temperature is less than 30°F as defined and presented 
in the ACGIH booklet in Table 5. Furthermore, field activities will generally be curtailed or 
halted if the equivalent chill temperature is below -20°F. The ultimate responsibility for 
delaying work at a site due to inclement weather rests with the SSO. 

12.8 POISON IVY 

If personnel come in contact with poison ivy, the individual should immediately wash the 
affected area with Ivy Cleaner provided in the first aid kit. If a rash develops, it should be 
treated at a medical facility as soon as possible. 

12.9 SNAKES AND TICKS 

12.9.1 Snake Bite Prevention and First Aid 

On project sites, precautions against the possible presence of snakes should be taken 
when walking through overgrown vegetation and when moving debris (i.e. lumber, scrap 
metal, etc.). If someone is bitten by a snake, and the snake bite occurs in a location that 
is within a 1-hour drive of a medical facility, a conservative approach is safest. Keeping 
the victim quiet. lying or sitting. and reassuring him/her is all that is required. He/she 
should be transported safely (no speeding) to the nearest medical facility. For the 
reassurance of both the victim and the first aider, a snake bite is not nearly as dangerous 
as popular mythology would suggest. In North America, death from snake bite to healthy 
adults is very rare. Many bites, even from known poisonous snakes, do not result in a 
significant amount of venom being injected. Even when Significant envenom occurs, 
symptoms develop slowly over many hours and can be controlled with appropriate 
treatment. Field treatments advised against include ice, cutting and suction around the 
wound. and tourniquets. Studies indicate that ice leads to increased tissue destruction. 
Cutting and sucking out the wound can be shown to offer some help if it is done with the 
correct technique and equipment and if the victim has received a large dose of venom. In 
light of the damage that can be done, the risk of such a procedure is too high. It is best to 
transport the person immediately to a medical facility. 

12.9.2 Tick Bite Prevention and First Aid 

Routinely check for ticks after being outdoors. Remove ticks as soon as possible before 
they embed. To minimize exposure. wear light-colored clothing so ticks can be detected. 
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Tuck pants into boots or socks and wear long sleeved shirts. Apply tick/insect repellent to 
clothing. 

When a tick is found embedded, remove it by grasping it with a tweezers as close to the 
skin as possible and gently pull it straight out. Do not twist or jerk the tick because the 
head may remain embedded. Once the tick is removed, wash the bite area and your 
hands with soap and water and apply an antiseptic to the bite. Save the tick in a jar 
labeled with the date and the place where the tick was acquired. A physician may find this 
information and the tick specimen helpful in diagnosis if an infection results. 

" 

12.10 ACCIDENT/INJURY REPORTING AND RECORDKEEPING 

The SSO shall maintain logs and reports covering health and safety aspects of the project 
throughout the duration of work activities. In the event of an on-site accident resulting in 
an exposure or injury, the SSO shall immediately complete an Accident/Injury Report form 
and send a copy to the Rust E&I CHSM. In the event of an accident or injury, the Rust E&I 
CHSM and Project Manager shall notify the Navy. The SSO shall be responsible for 
maintaining on-site, the routinely completed records and forms listed in Section 14.0 of this 
HASP. 

D:\CT07601\HASP1\TEXT 
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ROUTE TO BLOOMINGTON HOSPITAL 
* EXIT BASE ON HS-45 THROUGH THE BLOOMINGTON GATE; 

FOLLOW HWY 45 NORTH TO BLOOMINGTON AT HWY 45 AND HWY 37; 
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13.0 AUTHORIZATIONS AND FIELD TEAM REVIEW 

13.1 AUTHORIZED PERSONNEL 

Personnel entering the NAVSURFWARCENDIV investigation areas while field activities 
are being conducted must be authorized by the HSMs. Authorization will involve 
completion of appropriate training courses and medical examination requirements as 
required by OSHA 29 CFR 1910.120, current fit-testing and review and sign-off of this 
HASP. All personnel must be escorted by appropriately trained personnel, and check in 
with the Field Team Leader at the Command Post. 

PERSONNEL AUTHORIZED TO PERFORM WORK ON-SITE: 

1. David Richardson 
2. Charles Zeal 
3. Jeff Maletzke 
4. Rob Stenson 
5. Personnel Authorized by the Rust E&I REHSM and the CLEAN HSM 

OTHER PERSONNEL AUTHORIZED TO ENTER SITE: 

1. U.S. Navy Representatives 
2. CAAA Representatives 
3. Halliburton NUS Personnel 
4. Subcontractor Personnel 
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Each field team member shall sign this section after site-specific training is completed c;lnd 
before being permitted to work on site. 

I have read and understand this Health and Safety Plan. I will comply with the 
provisions contained therein. 

Site/Project: CONTRACT TASK ORDER NO. 0076 
NAVAL SURFACE WARFARE CENTER CRANE DIVISION 
CRANE, INDIANA .-

Name Printed / Signature / Date 

/ / 

/ / 

/ / 

/ / 

/ I 

I I 

/ I 
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14.0 RECORDKEEPING 

The following records and reports will be established and kept as appropriate for the 
activities associated with implementing the RA WP. 

• Accident/Incident Reports 
• Daily Sign In/Sign Out Log 
• Air Monitoring Records 
• Sample Chain of Custody Form 
• Personnel Training Certificates "-
• Site-Safety Orientation Log 
• Health and Safety Audit Reports 
• Instrumentation Calibration Logs 
• Material Safety Data Sheets/Chemical Data Sheets/Hazard lines 
• Medical Data Sheets (to be sent with injured personnel to hospital) 
• Medical Examination Reports (Physician's Written Opinion) 
• Respirator Fit Test Records 
• Respirator Inspection Records 
• Job Exposure Report 

A blank Medical Data Sheet is included as the next page of'this document. A Medical Data 
Sheet will be completed for each person working at the site. 

D:\CT0760 1 \HASP 1 \TEXT. 

14-1 



CLEAN CTO #0076 
FINAL 

EPA 10 NO. IN5 170023498 
NAVSURFWARCENDIV RA HASP 
JULY 1995 

MEDICAL DATA SHEET 

Project Name/Location: 

Employee Name: Home Telephone: 

Address: ____________________________________________________ ___ 

.~ 

Birthdate: Height: ______ Weight: 

Drug and Other Allergies: 

Notable Medical Conditions/Medical Restrictions: 

Do You Wear Contact Lenses? 
Dentures? 

Are you using any medications? 

Emergency Contact: 
Address: 

Personal Physician: 
Address: 

D:\CT07601\HASP1\TEXT 

____ Yes __ No 
_____ Yes No 

____ Yes __ No Please list: 

Relationship: 
Phone: ( ) ___ _ 

Phone: ( ) ___ _ 
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RUST E&I FIELD FORMS 
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Date: / / 
Circle; Sun Mon Tue Wed Thu Fri Sat 

Site: ________________________________ ___ 

Daily Time Log 

Project No.: 
W~ili~: ______________________________________________________ __ 

. Task!Equipment: ________________________________ __ 

Firm/Contractor's Personnel: _______________________ Hrs On-Site: 

RUST's Personnel: Hrs On-Site: 
Site Visitors: ________________________________ _ 

Time Log indicating work in progress, remarks: 

0600-0630 

0630-0700 

0700-0730 

0800 -0830 

0830-0900 

0900-0930 

1000 -1030 

1030 -1100 

1100 -1130 

1130 - 1200 

1200 -1230 

1230 -1300 

1300 -1330 

1330-1400 

1400 - 1430 

1430 - 1500 

1500 -1530 

1530 - 1600 

1600 - 1630 

1630 - 1700 

1700 - 1730 

1730 - 1800 

Items requiring follow-up: ____________________________________ _ 

Rev. 4193 F520/Eanh .Sci 



"'~E~RONMENT& 
.~~. INFRASTRUCfURE Well Purging and Sample Collection 

Project No.: Well No. C ~ Site: ____________ _ 

Purging Method: Pumped 0 Bailed 0 Other: 

Pump Type: 

Weather Conditions: 

Volume Calculation: 

(D.T.B. - D.T.W. x vol./ft. = Gals./well voL) 
(Gals./well vol. x 5 = Total Volume to be removed) 

Depth to Depth to Volume 
Water Bottom Removed 

Time (D.T.W.) (D.T.B.) (gal.) 

Sample Readings 

Comments: 

Field Blank Taken 0 Time: 

Well Duplicate 0 No.: 

Signature: 

Date; { { 

Rev. 4193 

Bailer Type: 

Gals./well vol.: 

pH Condo Temp. 

HNu/PPM LEL/% 02/% 

Odor 
Color YIN Turbidity 

Inside Diameter vol./ft. 

I" 0.04 

1.25" 0.06 

2" 0.16 

4" 0.65 

H2S/PPM CO/PPM 
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INFRASTRUCTURE 

SURFACE WATER 

Site 

Date _______________ _ 

Time ________________________ ___ 

Collectors 

Sample Number 

Sampling Equipment 

Physical Description of Surface Water Sample Location: 

SEDIMENT 

Date 
Time _________________ _ 

Collectors 

Sample Number 

Sampling Equipment 

Physical Description of Sediment Location: 

Physical Description of Sediment: 

Rev. 4/93 

Surface Water/Sediment Data Form 

Project Number _____________ _ 

Temperature _____________ _ 

pH --------______ _ 

Conductivity 

Dissolved Oxygen 

Turbidity: Low 

Medium ___ _ 

High 

Color: 
Odor: _________ _ 

Water Depth: 

F505l&rth.Sci 
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USEr A CIIltMICAL JATE AND DISJl(}gTImi MODELING 
ALGORrI'In\IS AND gWMlJ .. 8PEC1FIC FOODCHAIN CALCULAnONS 



The food chain pathways are dependent upon the long-term accumulation of analytes in various 
environmental media, e.g. soil, biota, etc. Therefore, recalcitrant and lipophilic compounds are of 
primary interest. Two criteria were used in this study to determine which of the various organic 
COPCs in the preliminary soil COPC database need to be quantitatively evaluated in the foodchain 
pathways in the site conceptual model. These two criteria were: 

• Henry's law constant less than 10-4 atm-m3 fmol (to select relatively non-volatile organic 
chemicals) 

• Log Kow greater than 4.0 (to select bioaccumulative chemicals) 

Any organic soil COPC which met both of these criteria was selected as a foodchain COPC. The 
database used in this selection process is presented in Table F-22. Table F-23 lists the organic 
chemicals detected in soil which were selected as COPCs for the indirect exposure pathways. These 
COPCs include primarily polynuclear aromatic hydrocarbons and various phthalate esters. All 
inorganic compounds were modeled to accumulate in fiuitsfvegetables, beef, and milk. 

Chemical Accumulation in Garden FruitsN egetables 

Chemical contamination of garden produce, as well as crops grown on local farms for livestock feed, 
can arise from aerial deposition of airborne particulates and/or via chemical uptake from contaminated 
soil through the plant's root system. In this assessment only the latter pathway is modeled. 

According to USEPA's latest screening-level risk assessment guidance on combustors (1994a), the 
root uptake transport pathway is only relevant for root vegetables. Therefore, only potatoes and 
carrots are addressed in this Appendix. 

Root uptake of chemical contaminants in root vegetables is calculated as follows: 

Where: 

CVR= 
RUF= 

CS= 

CVR = RUF x CS 

contaminant level root vegetables via root uptake from soil (mg/kg - fresh wt) 
root uptake factor (kg/kg); chemical-specific 
contaminant level in soil (mg/kg) 

Root uptake factors (RUF) for the various COPCs were calculated using the following equation 
(USEPA, 1994a): 

RUF = RCF' VG 
. Kd 

F-J 



Where: 

A 

B 

RUF= 
RCF= 
VG= 
Kd= 

Root Uptake Factor (kg/kg) 
ratio of concentration in roots to concentration in soil pore water (mg-kg/ f.lg-ml)A 
below ground vegetable correction factor (unitless) = 0.01 
soil- water partition coefficient (ml/g; chemical-specific)B 

Estimated for organic COPCs using published Kow values (Table F-22) and the following 
equation (USEPA, 1995): 

Log ReF = (0.77) (Log Kow) - 1.52 

For metals, RCF values were taken from USEPA (1995). 

For organic COPCs, Kd = Koc . foe (foe = 0.057g/g); see Table F-22. 

Root uptake factors for the various COPCs in this study are provided in Table F-22. 

Presented in Tables F-1 through F-7 are the calculated fruit/vegetable concentrations of the COPCs 
for the future on-site SWMU residents. 

Chemical Accumulation in Beef Cows 

Beef cattle consuming contaminated vegetation and soil and/or inhaling air within a contaminated area 
may accumulate contaminants in their muscle tissue (including fat). The equation that is used to 
estimate potential contaminant concentration in beef is: 

Where: 

CB=ICB x BB 

CB= 
ICB= 
BB= 

concentration of contaminant in meat (mg/g) 
daily contaminant intake by beef cattle (mg/d) 
biotransfer factor for beef (d/ g) 

Daily contaminant intake (ICB) by beef cattle is calculated as follows: 

ICB = ill + ICS + IS + II 

F-2 



Where: 

IH= 
ICS= 

IS = 
II= 

contaminant intake from ingestion of hay (beef animal)(mg/d) 
contaminant intake from ingestion of com silage (mg/d) 
contaminant intake from ingestion of soil (mg/d) 
contaminated intake from inhalation of air (mg/d) 

In this assessment, the only relevant exposure pathway for these animals is ingestion of contaminated 
soil. In the future land use scenario, there are no OB/OD air emissions, and as discussed in the 
previous section in this Appendix, hay and com, are not modeled for chemical uptake from soil 
(USEP A, I 994a). 

Contaminant intake for cattle via soil ingestion (IS) is calculated as follows: 

Where: 

IS = CS x SCR 

CS= 
SCR= 

contaminant level in soil (mglkg) 
cattle soil consumption rate = 0.19 kg/d (Fries, 1987) 

Halliburton NUS Team utilized the beefbiotransfer factors for metals as published by Stevens (1992), 
by Baes et al. (1984) and in the WTI study (USEPA, 1995) in the risk assessment. For organic 
chemicals of concern, beef transfer factors were calculated from a regression analysis published in the 
scientific literature (see Table F-22). 

Presented in Tables F -15 through F -21 are the calculated beef concentrations of the indirect pathway 
COPCs for the receptors in the future land use scenario. 

Chemical Accumulation in Dairy Cattle 

Dairy cows may also be exposed to chemicals of potential concern via inhalation of air and ingestion 
of contaminated soil and vegetation. These COPCs could bioaccumulate in milk to a steady-state 
condition. The general equation that is used to calculate the potential concentration of chemicals in 
bovine milk is: 

Where: 

CM=ICMxBM 

CM= 
ICM= 
BM= 

concentration of contaminated milk (mgIL) 
daily contaminant intake by dairy cattle (mg/d) 
biotransfer factor for milk (dlL) 

F-3 



ICM for the dairy cow is calculated in the identical manner that ICB was calculated for the beef 
animal. The dairy cow is assumed to consume 0.4 kg soil a day (Fries, 1987). 

Milk biotransfer factors for six metals have recently been derived by Stevens (1991); other factors 
have been published by Baes et al. (1984) and presented in the WTI study (USEPA, 1995). The 
scientific literature was reviewed to derive milk biotransfer factors for the organic chemicals of 
potential concern (Table F-22). 

Presented in Tables F-8 through F-14 are the calculated milk concentrations of the COPCs for the 
receptors in the future land use scenario. 
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~DIXG 

SHOWER MODEL 



Receptor (human) exposure to airborne volatile organic chemicals while showering is anticipated to 
be an important exposure route in this risk assessment. Contained in this appendix is the 
environmental fate model which was developed by Rust to quantify air levels of volatile chemicals 
in a shower. 

This model has its basis in the 'shower model' developed by Foster and Chrostowski (1987). Their 
shower model estimates the rate of volatilization (MJ of organic chemicals from water droplets 
during a shower. Contaminants in droplets are assumed to be released through a process of 
molecular diffusion in both the water and air phases, which are modeled using two-film gas-liquid 
mass transfer theory. 

These rates of volatilization for the organic chemicals were then used as input to a single
compartment first-order kinetic model, which is assumed to be representative of gas mixing in a 
shower stall. A constant rate of volatilization of each chemical was assumed, along with a constant 
air exchange rate for the shower stall. Schematically, this compartment model can be represented as: 

Where: 

MI = chemical volatilization rate in shower (mg/hr) 
V s = volume of air in shower stall (M3) 

k = air exchange rate in shower stall (hr-l
) 

The mathematical description ofthis first-order kinetic model can be written as: 

Where: 

Cs = average air concentration of chemical in shower stall (mg/M3) 
t = one-half of the length of time of a shower (hr) 

G-l 



The standard values for these inputs found in the literature are: 

Vs = 2.94 M3 (ENVIRON, 1991) 
k = 0.14 hr-I (tv, = 4.9 hours; 0.005 M3/hr) 
t = 0.20 hr 

From Foster and Chrostowski (1987): 

Where: 

MI = chemical volatilization rate (mg/hr) 
Cd = chemical volatilization rate from water droplets (mg/M3_hr) 
CF = correction factor (0.001 M3/L) 

td = resident time of water droplet in shower (hr) 
U = water usage rate during shower (Llhr) 

with the following standard factors: 

td = 0.00014 hr (0.5 seconds) 
U = 680 L/hr (BOCA, 1978) 

Cd in the above equation can be calculated using the following equation: 

Where: 

C = K 'C ·A d L W 

Cd = chemical volatilization rate from water droplets (mg/M3_hr) 
KL = overall mass transfer coefficient for the chemical (cmlhr) 
Cw = concentration of the chemical in water (mg/M3) 

A = specific interfacial surface area of doplet (cm-I) [A = 6/d, where d mean 
shower droplet diameter (cm)] 

with the following standard factor: 

d = 0.1 cm (Foster and Chrostowski, 1987) 
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The resistance to transport in liquid and gaseous phases is commonly expressed by mass-transfer 
coefficients (k) in each phase. The overall (or net) mass-transfer coefficient (KJ for a chemnical is 
calculated by the following equation: 

Where: 

KL = [~+ RT j-l[TC ·Usj-O.5 
kJ H . kg T s . V C 

KL = overall mass-transfer coefficient (cmlhr) 
K) = liquid phase mass-transfer coefficient (cmlhr) 

RT = constants (2.445 E-02 atm-M3/mol) 
H = Henry's law constant for chemical (atm-M3/mol) 
~ = gas phase mass-transfer coefficient (cmlhr) 

T c = calibration water temperature e K) 
T s = shower water temperature e K) 
Uc = water viscosity at calibration temperature (cp) 
Us = water viscosity at shower temperature (cp) 

Standard values from the literature are (ENVIRON, 1991): 

Tc = 293 ° K 
Ts =318°K 
Uc = 1.002 cp 
Us = 0.596 cp 

Typical values for K) (20 cmlhr) and ~ (3000 cmlhr), measured for CO2 and H20, respectively, can 
be used to estimate these parameters for an organic compound (X) according to the following 
equations: 

Where: 

MW x = molecular weight of chemical (g/mol) 

G-3 



Table G-l 
Summary of Input Parameters for Shower Model 

Parameter I Input Variable I Source 

Shower stall volume (V s) 2.94M3 ENVIRON, 1991 

Air exchange rate in shower 0.14 hr-1 Personal communication -
stall (k) Industrial Hygienist 

Shower time 0.20 hr USEPA, 1989 

Residence time of water 0.00014 hr Foster and Chrostowski, 1987 
droplet 

Water usage rate (D) 680 Llhr BOCA, 1978 

Chemical concentration in mg/M3 Chemical-specific (see tables in 
water (Cw) Section 4.0) 

Interfacial surface area of 0.1 cm Foster and Chrostowski, 1987 
water droplet 

Henry's Law Constant for atm-M3/mol Chemical-specific (see Tables 
chemical (H) G-2A and G-2B) 

Calibration temperature (T c) 293 OK ENVIRON, 1991 

Shower water temperature 318 OK ENVIRON, 1991 

Water Viscosity at Tc (Dc) 1.002 cp ENVIRON, 1991 

Water viscosity at Ts (Us) 0.596 cp ENVIRON, 1991 

Molecular weight of glmol Chemical-specific (see Tables 
chemical (MW) G-2A and G2B) 
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Photo 1: 

Photo 2: 

Old Rifle Range Vegetation Plot 1 - Centerpoint sampling location 
surrounded by overstory species. Hickories were collected near this 
location. 

Old Rifle Range Vegetation Plot 2 - Centerpoint sampling location on 
a slope with dense understory shrubs. l'1hitegrass was collected near 
this location. 
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Photo 3: 

Photo 4: 

Old Rifle Range Vegetation Plot 3 Ground cover quantitative 
measurement frame with partial shading. Grapes were collected near 
this area. 

Old Rifle Range Vegetation Plot 4 - Centerpoint location with dense 
shrubs and ground cover. Hickories were collected near this 
location. 
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Photo 5: 

Photo 6: 

Old Rifle Range Vegetation Plot 5 - Centerpoint location with a 
small percent of ground cover and exte.nsi ve canopy cover. 

Demoli tion Range Vegetation Plot 1 - Centerpoint location. 
maple and red oak seedlings were collected near this area. 
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Photo 7: 

Photo 8: 

Demolition Range Vegetation Plot 2 - Centerpoint location with a 
small percent of ground cover and shrubs. Whitegrass was collected 
near this location. 

Demolition Range Vegetation Plot 3 
Hickoriec were collected near this point. 
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Photo 9: 

Photo 10: 

Demolition Range Vegetation Plot 4 
extensive canopy cover. 

Centerpoint location with 

Ammunition Burning Grounclls Vegetation Plot 1 - Centerpoint location 
where hickories were collected. 
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Photo 11: Ammunition Burning Grounds Vegetation Plot 2 - Centerpoint location 
showing ground cover measurement frame. 

Photo 12: Ammunition Burning Grounds Vegetation Plot 3 - Centerpoint location 
located near a slope. 
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Photo 13: 

Photo 14: 

Ammunition Burning Grounds Vegetation Plot Whitegrass was 
collected at this location near small mammal trap #7. 

Ammunition Burning Grounds Vegetation Plot 4 - Centerpoint location 
located where beech nuts were collected. 
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Photo 15: 

Photo 16: 

Ammunition Burning Grounds vegetation Plot 5 - Centerpoint location 
where red maple seedlings were collected. 

Control Vegetation Plot 1 Grapes, hickories, and whitegrass 
samples were collected in this area. 
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Photo 17: 

Photo 18: 

Control Vegetation Plot 1 - Stake marks the centerpoint of sampling 
location. 

Control Vegetation Plot 2 -Centerpoint location with extensive 
shading. Red maple seedling samples were collected near this 
location. 
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Photo 19: Ammunition Burning Ground Large Mammal Station 1 - Raccoon trapped 
at this location. 

Photo 20: Old Rifle Range Large Mammal Station 1 - Opossum trapped at this 
location. 
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Photo 21: 

Photo 22: 

Old Rifle Range Large Mammal station 3 - Opossum trapped at this 
location. 

Old Rifle Range Large Mammal Station 4 - Opossum trapped at this 
location. 
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Photo 23: Deer mouse trapped at Demolition Range Small Mammal Station 1. 

Photo 24: Demolition Range Large Mammal Station 2 - Opossum trapped at this 
location. 
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Photo 25: 

Photo 26: 

Demolition Range Large 1V1:ammal Station 3 - Opossum trapped at this 
location. 

Fox squirrel hit by a car at Route 58 east of intersection with 
Route 8. 
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Photo 27: 

Photo 28: 

Deer hit by a car near sampling point B-1 on Boggs Creek. 

Dry tributary near sampling point B-1 on Boggs Creek. This location 
is near the Demolition Range. 
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Photo 29: 

Photo 30: 

Pool near bridge over the north end of Boggs Creek. 
sampling point B-1. Fish and macroinvertebrate 
collected at location B-1. 

Upstream of sampling point B-2 on Boggs Creek. 

USEPA ID NO. 170 023 498 
NAVSURWARCENDIV 

CRANE, MARTIN COUNTY, INDIANA 
SITE PHOTOGRAPHS 

This is near 
samples were 

ENVIRONMENT 8 
INFRASTRUCTURJ 



Photo 31: Beaver dam/pond near sampling point B-2 on Boggs Creek. 
samples were collected at point B-2. 

Fish 

Photo 32: Downstream of sampling point B-3 on Boggs Creek. 
collected at point B-3. 

Fish were 
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Photo 33: 

Photo 34: 

Location near sampling point B-3 on Boggs Creek. 

Upstream of sampling point T-l on Turkey Creek. Fish samples were 
collected here. 
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Photo 35: 

Photo 36: 

Downstream of sampling point T-2 on Turkey Creek with stream gauge 
in site. Minnows and sunfish were collected at this location. 

Downstr-;;.C'.l of sampling point T-3 on Turkey Creek. 
macroinvextebrates were collected at this location. 
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Photo 37: 

Photo 38: 

Fish on trot line at sampling point T-3 on Turkey Creek. 

Sedimentation pond #3 at the Old Rifle Range. Frogs ;.,ere collected 
at this location. 
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Photo 39: Sedimentation pond #1 by the Demolition Range. Macroinvertebrates 
were collected at this location. 

Photo 40: Sedimentation pond #2 by the Demolition Range. Macroinvertebrates 
were collected at this location. 
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Photo 41: 

Photo 42: 

Sedimentation pond #4 by the Demolition Range. Macroinvertebrates 
were collected at this location. 

Control pond. Macroinvertebrates were collected at this location. 
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Photo 43: Spring A West of the bridge along the jeep trail. Fish, crayfish 
and macroinvertebrate samples were collected at this location. 

Photo 44: Spring C West of the bridge along the jeep trail. Frogs, minnows 
and macroinvertebrate samples were collected at this location. 
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Photo 45: Spring C along the jeep trail where a snake was caught and released. 

Photo 46: Spring C along the jeep trail by weir. 
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APPENDIXL 
LIFE HISTORY SUMMARIES FOR INDICATOR SPECIES 

(from the Wildlife Exposures Factors Handbook, USEPA, 1993) 

Belted Kingfisher (Ceryle alcyon) 

The Belted Kingfisher belongs to the family Alcedinidae, and are solitary birds with large heads, 
heronlike bills, and small syndactyl feet (two toes partially joined). The Belted Kingfisher is a 
fish-eater, fishing from perches above water, or hovering and plunging headfirst. Food consists 
primarily of fish, and rarely, some insects. The Belted Kingfisher is a medium sized bird, 
approximately 13 inches in length, blue-gray above with a bushy crest and a broad gray 
breastband. Its preferred habitat is along streams and lakes, and it nests in burrows in earthen 
banks. It is one of the few fish-eating birds found throughout inland areas as well as coastal 
areas. The Belted Kingfisher's range includes most of North America and it prefers areas that are 
free of thick vegetation that obscures the view of the water and water that is not completely 
overshadowed by trees. Kingfishers also require relatively clear water in order to see their prey. 
It is believed that water less than 60 cm deep is preferred, and riflles are preferred over pool 
areas as foraging sites because of the concentration of fish at riflle edges. Fish are swallowed 
whole, head first, after being beaten on a perch. The average length of fish caught ranges from 4 
to 14 cm. Several studies indicate that Kingfishers usually catch the prey that are most available. 
Therefore diet varies considerably among different water bodies and with season. The average 
territory size ranges from 0.4 km of shoreline for a nonbreeding individual, to 2.2 km of 
shoreline for a breeding pair. Kingfishers are sensitive to disturbance and usually do not nest in 
areas near human activity. 

Mallard (Anas platyrhynchos) 

The Mallard belongs to the family Anatidae and is a surface-feeding duck that feeds mostly on 
aquatic plants, seeds, and aquatic invertebrates, depending on the season, and forages in ponds 
and wetlands by dabbling and filtering through sediments. It is widespread throughout most of 
the United States and its average size is 58 cm from bill tip to tail tip. Males are generally 
heavier than females. The primary habitat requirement for nesting appears to be dense grassy 
vegetation at least a half meter high. Nests are usually located within a few kilometers of the 
water. In winter, Mallards feed primarily on seeds but also on invertebrates associated with leaf 
litter and wetlands, mast, agricultural grains, and to a limited extent, leaves, buds, stems, rootlets 
and tubers. In spring, females shift from a largely herbivorous diet to a diet of mainly 
invertebrates to obtain protein for their prebasic molt and then for egg production. Laying 
females consume a higher proportion of animal foods on the breeding grounds than do males. 
The animal diet continues through the summer and ducklings also consume aquatic invertebrates 



almost exclusively, particularly during the period of rapid growth. The home range of Mallard 
pairs depends upon habitat, in particular the type and distribution of water habitats, and 
population density. Typical home ranges vary from 470 to 620 hectares. Mammalian predation 
is the main cause of nest failure for Mallards. Mammalian predators include red fox, badger, and 
skunk; crows also prey on Mallard nests. 

Red-Tailed Hawk (Buteo jamaicensis) 

The Red-Tailed Hawk belongs to the family Accipitridae, which includes most birds of prey 
except falcons, owls and vultures. Buteo hawks are moderately large (average length - 46 cm, 
average weight is 1 kg) soaring hawks that inhabit open or semi-open areas. They are the most 
.common daytime avian predators on ground-dwelling vertebrates, particularly rodents and other 
small mammals. Hawks egest pellets that contain undigestible parts of their prey, such as hair 
and feathers. Breeding populations of Red-Tailed Hawks are distributed throughout most 
wooded and semiwooded regions ofthe United States and they nest primarily in woodlands. 
Red-Tailed Hawks appear to prefer a mixed landscape containing old fields, wetlands, and 
pastures for foraging interspersed with groves of woodlands and bluff's and streamside trees for 
perching and nesting. Red-Tailed Hawks build their nests close to the tops of trees in low
density forests and often in trees that are on a slope. Red-Tailed Hawks hunt primarily from an 
elevated perch, often near woodland edges. In general, Red-Tailed Hawks are opportunistic and 
will feed on whatever species are most abundant. Small mammals, including mice, shrews, 
voles, rabbits, and squirrels are important prey, particularly during winter. Red-Tailed Hawks 
will also consume birds, lizards, snakes and large insects depending upon availability. Red
Tailed Hawks are territorial throughout the year, including winter. Home range size can vary 
from a few hundred hectares to over 1500 hectares, depending on the habitat. 

Deer Mouse (Peromyscus maniculatus) 

The Deer Mouse belongs to the family Muridae, which are small, ground-dwelling rodents that 
live in a large variety of habitats including woodlands, prairies, rocky habitats, tundra, and 
deserts. The Deer Mouse has the widest geographic distribution of any Peromyscus species. 
Deer Mice range from 7.1 to 10.2 cm in length, with a 5.1 to 13 cm tail; adults weigh from 15 to 
35 g. Body size varies somewhat among populations and among seasons. Deer Mice are 
omnivorous and highly opportunistic, which leads to substantial regional and seasonal variation 
in their diet. They eat pricipally seeds, arthropods, some green vegetation, roots, fruits, and fungi 
as available. The nonseed plant materials provide a significant proportion of the Deer Mouse's 
daily water requirements. Deer Mice may cache food during the fall and winter in the more 
northerly parts of their range. They are nocturnal and emerge shortly after dark to forage for 
several hours. Deer Mice tend to occupy more than one nest site, most frequently in tree hollows 
up to 8 m from the ground surface, but also among tree roots and under rocks and logs. Home 
range varies with habitat and population densities, but average around 0.05 hectares. Mortality 
rates among Deer Mice are high and most live for less than one year. 



Raccoon (Procyon lotor) 

The raccoon belongs to the family Procyonidae, which are medium-sized omnivores that range 
throughout much of North America. The Raccoon is the most abundant and widespread 
medium-sized omnivore in North America. Raccoons are preyed on by bobcats, coyotes, foxes, 
and great horned owls. Raccoons measure from 46 to 71 cm with a 20 to 30 cm tail. Body 
weights vary by location, age, and sex, and range from 3 to 9 kg. Raccoons are found near 
virtually every aquatic habitat, particularly in hardwood swamps, mangroves, floodplain forests, 
and freshwater and saltwater marshes. They are also common in residential areas and cultivated 
and abandoned farmlands. Raccoons use surface waters for both drinking and foraging. The 
Raccoon is an omnivorous and opportunistic feeder. Primarily active from sunset to sunrise, 
Raccoons will change their activity period to accommodate the availability offood and water. 
Raccoons feed primarily on fleshy fruits, nuts, acorns, and corn, but also eat grains, insects, 
frogs, crayfish, eggs, and virtually any animal and vegetable matter. They will also eat garbage 
and carrion. The size of a Raccoon's home range depends on its sex and age, habitat, food 
sources, and the season. Values from a few hectares to more than a few thousand hectares have 
been reported, although home ranges of a few hundred hectares appear to be the most common. 
During the winter, Raccoons commonly den in hollow trees; they also use the burrows of other 
animals such as foxes, groundhogs, skunks, and badgers. 

Red Fox (Vulpes vulpes) 

The Red Fox belongs to the family Canidae and are found throughout the United States. Red 
Fox prey extensively on mice and voles but also feed on other small mammals, insects, hares, 
game birds, poultry, and occasionally seeds, berries, and fruits. The Red Fox has a body about 
55 to 63 cm in length, with a 35 to 41 cm tail. They weigh from 3 to 7 kg, with males 
outweighing females by about 1 kg. Red Foxes utilize many types ofhabitat--cropland, rolling 
farmland, brush, pastures, hardwood stands, and coniferous forests. They prefer areas with 
broken and diverse upland habitats such as occur in most agricultural areas. The Red Fox feeds 
on both animal and plant material, mostly small mammals, birds, insects and fruit. Red Foxes 
often cache food in a hole for future uses and they are noted scavengers on carcasses or other 
refuse. Most activity is nocturnal and at twilight. The home ranges of individuals from the same 
family overlap considerably, constituting a family territory. Territory sizes range from less than 
50 to over 3000 hectares. Territories in urban ,areas tend to be smaller than those in rural areas. 
Most dens are abandoned burrows of other species. Tunnels are up to 10m in length and lead to 
a chamber 1 to 3 m below the surface. Red Foxes incur high mortality rates as a result of 
shooting, trapping, disease, and accidents. Two factors that tend to limit Red Fox abundance are 
competition with other canids, and seasonal limits on food availability. 

White-Tailed Deer (Odocoileus virginianus) 
(from Burt and Grossenheider, 1980) 

The White-Tailed Deer belongs to the family Cervidae, which includes hoofed mammals that 



have antlers that are shed each year. The White-Tailed Deer ranges in height from 91-107 cm 
high, and weigh from 25-180 kg, males weighing more than females. The preferred habitats of 
the White-Tailed Deer consists of forests, swamps and open brushy areas. The White-Tailed 
Deer is a browser, eating twigs, shrubs, fungi, acorns, and grass and herbs in season. The White
Tailed Deer generally occurs in groups of up to 25 or more in winter, usually singly or 2-3 in 
summer and fall. Home range is rarely more than 1.5 - 3 square km. 





APPENDIXM 

TOXICITY PROFILE SUMMARIES FOR COPECs 

Information from various sources was compiled to prepare these toxicity profile summaries. 
Toxicity information was primarily obtained from the Registry of Toxic Effects of Chemica1. 
Substances (RTECS); the Oil and Hazardous Materials/Technical Assistance Data System 
(OHMTADS) database and the Aquatic Information Retrieval System (AQUIRE) database. All 
three of these sources were accessed via the Chemical Information System (CIS) database service. 
Physical characteristics were obtained primarily from the Merck Index; Material Safety Data 
Sheets (MSDS) prepared by Mallinckrodt, Inc.; and OHMTADS. The Merck Index and MSDS 
were also accessed via CIS. Environmental fate and transport information was obtained from 
OHMTADS and the Installation Restoration Program (IRP) Toxicology Guides (1989-1990). 

ORGANIC COMPOUNDS 

Acetone 
Acetone was detected in the sediments at all three of the SWMUs. Acetone is a colorless, volatile 
liquid with a sweet, pungent odor. This compound is not considered a human carcinogen. Short
term effects to exposure to acetone include dryness and irritation of eyes, nose and throat and 
dizziness, narcosis or coma. Long-term effects include respiratory tract irritation and dermatitis.
Limited data are available for teratogenicity or genotoxicity; however, primary results are 
negative. Acetone is expected to migrate freely through the soil/groundwater system. 
Volatilization from near-surface soils may occur but is expected to be low when water is present. 
Biodegradation of acetone occurs and in areas of active microbial populations, acetone is not 
expected to persist. 

MP: -95.3°C 
BCF: 0.03 
LD50: rabbit - 5340 mg/kg 

2-Amino-4,6-Dinitrotoluene 

BP: 56.2°C VP: 0.0186 
LD50: rat - 5800 mg/kg LD50: mouse - 3000 mg/kg 
LDLo: dog - 8000 mg/kg 

2-Amino-4,6-dinitrotoluene was detected in the surface soils at the Ammunition Burning Ground. 
Not much information could be found regarding the physical characteristics, environmental fate, 
or toxicity of this compound. Since it is structurally similar to 2,4-dinitrotoluene, it is believed
that it behave similarly to that compound. 

LD50: rat - 1394 mg/kg LD50: mouse - 1522 mg/kg 

4-Amino-2,6-Dinitrotoluene 
4-Amino-2,6-dinitrotoluene was detected in the surface soils at the Ammunition Burning Ground. 
Not much information could be found regarding the physical characteristics, environmental fate,_ 
or toxicity of this compound. Since it is structurally similar to 2,4-dinitrotoluene, it is believed 
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that it behave similarly to that compound. 

LD50: rat - 959 mg/kg LD50: mouse - 1318 mg/kg 

Aldrin 
Aldrin was detected in the surface water at the Ammunition Burning Ground. Aldrin is a 
colorless, crystalline solid and is classified as a probable human carcinogen by the US EPA. This 
compound was formerly used as an insecticide, but its use and manufacture has been discontinued 
in the US. Species of aquatic mollusks, clams and oysters specifically concentrate aldrin up 4500 
times. Aldrin is relatively immobile in soils. 

MP: 104°C VP: 0.0000231 mm 
BCF: 1000 - 10,000 
Aquatic Plant Toxicity: 10 ppm - decreased growth 

Acute Waterfowl Toxicity: 520 mg/kg 
LD50: rat - 39 mg/kg 

2-Butanone (Methyl ethyl ketone) 
2-Butanone was detected in sediments at the each of the three SWMUs. This compound is a 
colorless liquid with a moderately sharp, fragrant, mint- or acetone-like odor. It is not classified 
as a human carcinogen. Short term effects of exposure include irritation to eyes, nose and throat 
as well as central nervous system depression and effects to lungs, liver and kidneys. Dermatitis 
may be a long-term health effect. Limited data are available concerning teratogenicity and 
genotoxicity; however, effects are likely slight, if any. 2-Butanone is expected to be mobile in 
the soil/groundwater system. Volatilization from near surface soils may occur; however, vapor 
concentrations in soil is expected to be low when water is present. Biodegradation occurs, and 
this compound is not expected to persist in environments with active microbial populations. 

MP: -123°F 
BCF: 9.00E-02 

Butylbenzylphthalate 

BP: 175°F VP: 71mm 
LD50: rat - 2737 mg/kg' LD50: mouse - 4050 mg/kg 

Butylbenzylphthalate was detected in the sediments at the Demolition Range. This compound is 
a clear, oily liquid with a slight odor. It is classified as a C, possible human carcinogen. No 
data concerning adverse short-term effects were available. Liver and kidney toxicity and testicular 
degeneration have been shown in animals. Genotoxicity data are negative. Butylbenzylphthalate 
is expected to be relatively immobile due to strong soil sorption. Complexation with organic 
substances in groundwater may increase mobility and transport. Volatilization or chemical 
degradation is not expected to be significant. Biodegradation may be significant. 

MP: -35°C 
BCF: 0.063 
LD50: gpig - 13,750 mg/kg 
AWQC: FW chronic - 3.0 ug/L 

acute - 940 ug/L 

BP: 370°C 
LD50: rat - 2330 mg/kg 
NOAEL: 5 % dogs 
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LD50: mouse - 4170 mg/kg 



Diethylphthalate 
Diethylphthalate was detected in the surface soils at the Ammunition Burning Ground and the 
Demolition Range. This compound is colorless, practically odorless oily liquid that had not been 
classified as to its carcinogenicity. Diethylphthalate is fairly mobile in wet or saturated soils as 
the chemical is easily transported in solution. It is fairly immobile in dry soils. Diethylphthalate 
is resistant to hydrolysis and photolysis but is readily biodegraded. Inhalation resulting from 
volatilization from surface soils is not likely to be important. 

MP: -40°C BP: 295°C VP: 3.5E-03 mm Hg 
BCF: 14 LD50: rat - 8600 mg/kg LD50: mouse - 6172 mg/kg 
LD50: rabbit - 1000 mg/kg LD50:gpig - 8600 mg/kg 
FW LOAEL: 940 ug/L- acute; 3.0 ug/L - chronic 

2,4-Dimetbylphenol 
2,4-Dimethylphenol was detected in surficial soils at the Demolition Range. This compound is. 
typically a white solid. It is not classified as a human carcinogen. Limited data are available 
concerning short or long term health effects, genotoxicity or teratogenicity. 2,4-Dimethylphenol 
is fairly mobile in soil and groundwater system, but volatilization is not significant. Hydrolysis 
and biodegradation are also likely to be insignificant and this compound is expected to be fairly 
persistent in the environment. 

MP: 27°C 
BCF: 9.5, 150 (bluegill) 
NOAEL: rabbits - 425 mg/kg 

Di-n-butylphthalate 

VP: 0.067mm 
LD50: rat - 3200 mg/kg LD50: mouse - 809 mg/kg 
AWQC: LOAEL - 2120 ug/L - acute FW 

Di-n-butylphthalate was detected in surficial soil at the Ammunition Burning Ground and the 
Demolition Range and the sediments at all three of the SWMU s. This chemical is a colorless, 
odorless liquid. It is not considered a human carcinogen. Short-term health effects may include 
nausea, dizziness, light sensitivity and irritation to eyes, nose and throat to heated vapors. 
Limited data are available concerning long-term health effects and genotoxicity and teratogenicity; 
however, testicular atrophy may occur. This compound is somewhat mobile in wet soils and at 
low concentration and is fairly immobile in dry soils. Volatilization, hydrolysis and direct 
photolysis are expected to be minimal; however, the chemical undergoes biodegradation. 

MP: -35°C 
BCF: 8.9E+01, 1.8E+03 
LD50: gpig - 10,000 mg/kg 
AWQC: FW chronic - 3.0 ug/L 

VP: 1.6E-04 
LD50: rat - 8000 mg/kg LD50: mouse - 5289 mg/kg 
LD50: mammal- 5000 mg/kg 

acute - 9.4E+02 ug/L 

1,3-Dinitrobenzene 
1,3-Dinitrobenzene was detected in the surface soils at all three SWMUs. This compound is a 

Page 3 



yellow crystalline solid that is not very soluble in water. Little data could be found concerning 
the environmental fate or transport of this compound. 1,3-Dinitrobenzene is the most toxic of the 
dinitrobenzene isomers to humans. 

MP: 90°C 
LD50: rat - 28 mg/kg 
LDLo: dog - 600 mg/kg 
LDLo: rabbit - 400 mg/kg 

2,4-Dinitrotoluene 

BP: 300°C 
LD50: mouse - 74,700 mg/kg 
LDLo: cat - 27 mg/kg 
LD50: wild bird - 42 mg/kg 

2,4-Dinitrotoluene was detected in the surface soils of all three SWMUS, the sediments at the 
Ammunition Burning Ground and Old Rifle Range, and the surface water at the Ammunition 
Burning Ground. 2,4-Dinitrotoluene occurs as a light yellow powder and is classified as a 
potential carcinogen. There is some degradation of 2,4-dinitrotoluene through photolysis, 
oxidation and biotransformation. Microbial degradation is reported to occur at a slow rate. 
Hydrolysis in water is not likely under normal environmental conditions. It is likely to be 
adsorbed to sediments. 

MP: 70°C 
BCF: 9.62 
LD50: gpig - 1300 mg/kg 

2,6-Dinitrotoluene 

BP: 300°C (decomposes) 
LD50: rat - 268 mg/kg 

VP: 0.0051 mmHg 
LD50: mouse - 790 mg/kg 

2,6-Dinitrotoluene was detected in surficial soils at the Ammunition Burning Ground. This 
compound is a crystalline solid with a slight odor. It is classified as a B2, probable human 
carcinogen. 2,6-Dinitrotoluene affects the ability of the blood to carry oxygen. There may be 
a correlation between exposure to this compound and ischemic heart disease. Long-term effects· 
to exposure may include anemia and methemoglobinemia. Testicular damage may be caused by 
compound. There is limited genotoxicity data. 2,6-Dinitrotoluene is expected to be mobile in the 
soil/ groundwater system. Volatilization is not expected to be significant. Transformation 
processes in natural soil such as hydrolysis and biodegradation are not expected to be significant. 

MP: 66°C 
BCF: 4.6 
LDLo: dog - 100 mg/kg 

Di-n-octylphthaJate 

BP: 285°C VP: 0.018m 
LD50:rat - 177 mg/kg LD50:mouse - 621 mg/kg 
NOAEL: cat - 1 % solution 

Di-n-octylphthalate was detected in the surface soils at the Demolition Range. This compound 
is a colorless liquid and has not been classified as to its carcinogenicity. Sorption onto suspended 
particulates and biota and complexation with humic substances are probably the most important 
transport processes for this compound. Volatilization is not considered an important fate process; 
however, hydrolysis, oxidation, and indirect photolysis occur but are competitive fate processes. 
Bioaccumulation is also an important fate process. 
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MP: -25°C BP: 220°C VP: <0.2mmHg 
LD50: rat - 47,000 mg/kg LD50: mouse - 6513 mg/kg 

Hexachlorobenzene 
Hexachlorobenzene was detected in the surface soils at the Demolition Range. This compound 
occurs as white to pale yellow needle-like crystals. Hexachlorobenzene is immobile in soils when 
leached with water and it is resistant to microbial degradation. The half-life in soil is 
approximately 4 years under controlled conditions. Sediments adsorb hexachlorobenzene rapidly 
and do not release it very fast on contact with clean water. 

MP: 231°C 
LD50: rat - 10,000 mg/kg 
LD50: cat - 1700 mg/kg 
LD50: gpig - > 3000 mg/kg 

HMX 

LD50: mouse - 4000 mg/kg 
LD50: rabbit - 2600 mg/kg 
LD50: quail- >6400 mg/kg 

VP: 1.91E-05 mm Hg 

HMX was detected in the surface soils at the Ammunition Burning Ground, the sediments at the 
Ammunition Burning Ground and the Old Rifle Range, and the surface water at the Ammunition 
Burning Ground. Very little information could be found regarding the physical characteristics, 
environmental fate, or toxicity of this compound. 

LD50: rat - 6490 mg/kg 
LD50: rabbit - 50 mg/kg 

Methylene Chloride 

LD50: mouse - 1500 mg/kg 
LD50: gpig - 300 mg/kg 

Methylene chloride was detected in the surface water at the Ammunition Burning Ground. 
Methylene chloride is a colorless liquid and is classified as a probable human carcinogen. This 
compound is expected to be highly mobile in the soil! ground water system with little or no 
retardation in deep or sandy soils. Volatilization is an important removal process in surface 
waters. This compound is not expected to bioconcentrate. 

MP: -95°C 
BCF: 0.8 
LDLo: rabbit - 1900 mg/kg 

4-Methylphenol 

BP: 40°C 
LD50: rat - 1600 mlkg 

VP: 362.4 mm Hg 
LDLo: dog - 3000 mg/kg 

4-Methylphenol was detected in the surface soils of the Demolition Range. This compound varies 
from a colorless to brownish-yellow or pinkish liquid with a phenolic odor. The color becomes 
darker on exposure to light. 4-Methylphenol is classified as a possible human carcinogen. Little 
information could be found regarding the environmental fate or transport of this compound. 

MP: 35.5°C BP: 201.8°C (ignites) VP: 5 mm Hg 
LD50: rat - 207 mg/kg LD50: mouse - 344 mg/kg 
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LDLo: rabbit - 620 mg/kg 

N-nitrosodipbenylamine 
N-nitrosodiphenylamine was detected in the surface soils at the Ammunition Burning Ground and 
the Demolition Range, and in the sediments at the Ammunition Burning Ground and the Old Rifle 
Range. This compound occurs as a yellow to brown or orange powder or flakes and it has not 
been classified as to its carcinogenicity. It is relatively mobile in soil-water systems, primarily 
with infiltrating or flowing ground water. It moderately sorbs to soils and is resistant to 
hydrolysis. It may undergo slow biodegradation. 

MP: 66.5°C 
BCF: 65 

BP: Not available 
LD50: rat - 1825 mg/kg 

Total PolYCyclic Aromatic Hydrocarbons (PAIls) 

LD50: mouse - 1860 mg/kg 

Polycyclic Aromatic Hydrocarbons (PAHs) were detected in surficial soils at the Demolition 
Range and the Old Rifle Range and one P AH (benzo(b )fluoranthene) was detected in the sediments
at the Old Rifle Range. PAHs are a group of chemicals that are classified as possible to known 
human carcinogens, depending on the specific chemical. Coal tar pitch volatiles are included in 
this group. For the purpose of this profile, Naphthalene and Benzo(a)pyrene have been chosen 
as representative chemicals for the group. 

Napthalene is typically a colorless to brown solid with a mothball odor. Napthalene is currently 
not classified as a carcinogen. Health effects from naphthalene exposure include eye and skin
irritation and dermatitis, nausea and headaches. Limited data suggest no significant effect on 
long-term health or evidence of teratogenicity or genotoxicity. Naphthalene is expected to be 
fairly mobile in the soil/groundwater system with transport via infiltration an important pathway. 
Volatilization may occur at the surface. Biodegradation in natural soils is not expected to be 
significant. 

MP: 176°F BP: 424°F 
BCF: 4.4E+01 LD50: rat - 490 mg/kg 
LD50: gpig - 1200 mg/kg LDLo: dog - 400 mg/kg 
LDLo: rabbit - 3000 mg/kg LOAEL: dog - 1800 mg/kg 
A WQC: Acute FW - LOAEL - 2300ug/L 

Chronic - LOAEL - 620ug/L 

VP: 0.08mm 
LD50: mouse - 533 mg/kg 
LDLo: cat - 1000 mg/kg 

Benzo(a)pyrene is one of the coal tar pitch volatiles and is one of the products of incomplete 
combustion. This compound is currently classified as a B2, probable human carcinogen. In 
addition to carcinogenicity, long-term health effects may include liver and kidney damage, skin 
effects and respiratory system damage. Animal studies suggest the compound is mutagenic and 
teratogenic. Benzo(a)pyrene in soils and sediments is expected to be fairly persistent. 
Photochemical oxidation may occur in the atmosphere but is less likely in soil in water. 
Biological oxidation is also not expected to be significant in soil and water. 
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LDLo: mouse - ipr - 500 mg/kg LD50: mouse - 50 mg/kg 
Livestock toxicity: 1000 ppm NOAEL in chickens 
Acute waterfowl toxicity: 250 ppm - NOAEL 

Pentachlorophenol 
Pentachlorophenol was detected in the surface soils at the Demolition Range. This compound 
exists as dark needle-like crystals and is classified as a probable human carcinogen. 
Pentachlorophenol is mobile in the soil-water system due largely to acid behavior (formation of 
phenate anion). It is easily photolyzed, is resistant to hydrolysis, and is possibly susceptible to 
free-radical oxidation. It is fairly easily biodegraded after a period of acclimation. 

MP: 190°C 
BCF: 6300 
LDLo: rabbit - 70 mg/kg 
LD50: duck - 380 mg/kg 

RDX 

BP: 310°C VP: 0.00011 mm Hg 
LD50: rat - 27 mg/kg LD50: mouse - 36 mg/kg 
LD50: hamster - 168 mg/kg LD50: gerbil - 294 mg/kg 

RDX was detected in the surface soils at the Ammunition Burning Ground and Demolition Range, 
the sediments of the Ammunition Burning Ground, and the surface water at the Ammunition 
Burning Ground. RDX occurs as a crystalline solid that is practically insoluble in water. Little 
information could be found regarding the physical characteristics, environmental fate and transport 
or toxicity of this compound. 

LD50: rat - 100 mg/kg 
LDLo: cat - 100 mg/kg 

LD50: mouse - 59 mg/kg 
LDLo: rabbit - 500 mg/kg 

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TeDD) 
2,3,7,8-TCDD was detected in the surface soils at the Ammunition Burning Ground. TCDD is 
a by-product of the manufacture of polychlorinated phenols. It is classified as a probable human. 
carcinogen. Photolysis and biotransformation are the primary environmental fate processes. 
TCDD is expected to be relatively immobile in the soil/ground water system due to strong 
sorption properties. TCDD is the most acutely toxic of the various chlorodioxin compounds. 

MP: 300°C 
LD50: rat - 20 ug/kg 
LD50: gpig - 0.5 ug/kg 

Tetryl(,Aniline) 

BP: Decomposes 
LD50: mouse - 114 ug/kg 
LD50: rabbit - 115 ug/kg 

VP: 1.7E-07 mm Hg 
LD50: hamster - 1157 ug/kg 
LD50: dog - 1 ug/kg 

Tetryl was detected in the surface soils at the Ammunition Burning Ground. This compound 
occurs as yellow crystals; however, it is often dissolved in water where it is a colorless oily 
liquid. Little information could be found as to this compound's physical characteristics, 
environmental fate or toxicity. 
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MP: -6°C BP: 185°C VP: 0.67 mm Hg 
LDLo: rat - 5000 mg/kg LDLo: mouse - 5000 mg/kg 

Toluene 
Toluene was detected in the sediments at the Demolition Range. Toluene is a colorless liquid that· 
has a benzene-like odor and has not been classified as to its carcinogenicity. This compound is 
relatively immobile in soil-water systems, including the transport of vapor through air-filled pores 
as well as transport in solution. Toluene is resistant to hydrolysis but will probably biodegrade 
easily if microbiological populations are sufficiently numerous and active. 

MP: -95°C BP: 1l0.6°C (ignites) VP: 284 mm Hg 
BCF: 27 LD50: rat - 636 mg/kg 
LC50: rat (ibl) - 49 gmlm3/4h LC50: mouse (ibl) - 400 ppml24 hr 
LD50: mammal (unspecified) - 4000 mg/kg 

1,3,5-Trinitrobenzene 
1,3,5-Trinitrobenzene was detected in the surface soils at the Ammunition Burning Ground and 
the Old Rifle Range, in the sediments at the Ammunition Burning Ground, and the surface water 
at the Ammunition Burning Ground. This compound occurs as a yellow crystalline solid and it 
has not been classified as to its carcinogenicity. A bioconcentration factor is not available for this 
compound, but information from other nitroaromatics suggest low bioconcentration potential. 
Biodegradation by acclimated microorganisms has been reported for 1,3,5-trinitrobenzene. 
Hydrolysis may occur in surface waters with neutral pH, and the reaction time increase as the pH 
increases. 

MP: 122°C BP: decomposes 
LD50: rat - 572 mg/kg LD50: gpig - 730 mg/kg 

2,4,6-Trinitrotoluene 
2,4,6-Trinitrotoluene was detected in the surface soils of all three SWMUs, in the sediments at 
the Ammunition Burning Ground, and the surface water of the Ammunition Burning Ground. 
This compound consists of colorless to yellow crystals that tum brown upon decomposition. This 
compound does not appear to be carcinogenic. It does undergo photochemical degradation, but 
it is toxic to the bacteria which might biochemically degrade it. 2,4,6-Trinitrotoluene will likely' 
stay sorbed to soils with a high organic content. 

MP: 80.loC 
LD50: rat - 795 mg/kg 
LDLo: rabbit - 500 mg/kg 

Xylene 

BP: 295°C (ignites) 
LD50: mouse - 660 mg/kg 

VP: 0.042 mm Hg 
LDLo: cat - 1850 mglkg 

Xylene was detected in the surface water at the Ammunition Burning Ground. Xylene is a 
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colorless, aromatic liquid that has not been classified as to its carc~ogenicity. Xylene is relatively 
mobile in soil-water systems, especially in the aqueous phase. Important transformation processes 
include volatilization and biodegradation. It is generally resistant to hydrolysis. 

MP: -25°C BP: 144°C (ignites) VP: 6.6mmHg 
BCF: 70 LD50: rat - 4300 mg/kg LDLo: mouse - 6000 mg/kg 
LD50: mammal (unspecified) - 4300 mg/kg 

INORGANIC COMPOUNDS 

Aluminum 
Aluminum was detected at elevated levels in the sediments at the Ammunition Burning Ground 
and the surface water at the Ammunition Burning Ground and the Demolition Range. Aluminum 
is generally non-toxic when ingested orally and it is not believed to be carcinogenic. The degree 
of absorption of ingested aluminum and its compounds is minimal for most animals. Most 
aluminum salts are converted to the phosphate salt in the gastrointestinal tract and excreted in the 
feces. Massive oral doses of aluminum are reported to interfere with phosphate absorption" 
resulting in rickets. This metal is an import toxicant in waters with low pH (i.e. pH<6). Elevated 
aluminum levels in these waters interfere with osmoregulation due to increased passive efflux of 
physiologically important ions and inhibition of active uptake of ions (Hamelink 1994). However, 
these effects are due to the following species of aluminum: AP+, AIOH+ , AIOH; , and AlI;; . 
Speciation of aluminum is pH dependent and the preceding species dominate in low pH «6) 
situations. At neutral and basic pHs, the dominant species of aluminum is AI(OH)4·. 

BCF: 36 (brook trout) 
LD50: rat - 3450 mg/kg (as aluminum chloride) 
LD50: mouse - 1130 mg/kg (as aluminum chloride) 
Brook trout - 268 uglL - increased weight after 3 days 
LC50: Rotifers (Brachionus calyciflorus) - 3,000 uglL 

Antimony 
Antimony was detected at elevated levels in the surface soils and sediments at the Ammunition 
Burning Ground. Antimony is a silver or gray colored metal and it tends to hydrolyze and 
precipitate as SB203 or SB205 or as a sulfide and be removed by sedimentation and/or adsorption. 
Antimony has not been classified as to its carcinogenicity and it has been reported to be concentrated 
up to 300 times by marine life. 

LD50: rat - 7000 mg/kg 
LD50: mouse - 90 mg/kg (intraperitoneal) 
LD50: gpig - 150 mg/kg (intraperitoneal) 
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Arsenic 
Arsenic was detected at elevated levels in the sediments at the Ammunition Burning Ground. 
Arsenic is a silver-gray metal that is classified as a human carcinogen. Arsenic will strongly 
adsorb to soils, particularly soils rich in hydrous iron and aluminum oxides. In most natural 
systems, arsenic will occur complexed with organic compounds of relatively low toxicity. Arsenic 
compounds are generally not subject to photolysis in aquatic environments; however, in the photic 
zone, inorganic arsenic is subject to methylation by microorganisms. These compounds are quite 
volatile and can be lost to the atmosphere. Aresnic is concentrated to a limited extent by aquatic, 
life. 

BCF: 333 LD50: rat - 763 mg/kg LD50: mouse - 145 mglkg 
Acute Waterfowl Toxicity: 0.05 ppm 
A WQC: FW acute - 440 ug/L 

Barium 
Barium was detected at elevated levels in the surface soils at all three SWMU s and the sediments 
at the Ammunition Burning Ground. Barium is an odorless white solid that has not been classified 
as to its carcinogenicity. Barium is thought to be hazardous in soil only if it exceeds the 
exchangeable calcium and magnesium levels. Barium is chemically similar to calcium in soils. It 
will remain precipitated unless it is present in excess of sulfate levels. Elemental barium decomposes 
in water to the cationic form. Most barium salts are soluble; however, the presence of sufficient 
concentrations of carbonates or sulfates will rapidly cause precipitation of insoluble barium 
compounds. Bioconcentration factors for barium range from 10 (for fish) to 500 (for freshwater' 
plants) and barium may also be biomagnified through the food chain. 

LD50: rat - 118 mg/kg (as barium chloride) 
LDLo: dog - 90 mg/kg 

LDLo: mouse - 70 mg/kg 
LDLo: rabbit - 170 mg/kg 

LD50: gpig - 76 mg/kg LD50: mammal (unspecified) - 398 mg/kg 

Cadmium 
Cadmium was detected at elevated levels in the surface soils at the Ammunition Burning Ground 
and the Demolition Range, the sediments at the Ammunition Burning Ground, and the surface 
water at the Ammunition Burning Ground and the Demolition Range. Cadmium is a silver-white 
solid and it is classified as a probable human carcinogen. Cadmium is most mobile in acidic soils 
with a pH range of 4.5 - 5.5, while in alkaline soils, cadmium is rather immobile. In aqueous 
environments, cadmium ions from soluble aqueous complexes with ammonia and with cyanide, 
halide and hydroxide ions. Cadmium concentrates in the liver, kidney, pancreas and thyroid.' 
Bioconcentration factors for cadmium range from 900 (shellfish) to 250,000 (marine 
invertebrates). Among aquatic invertebrates, Cladocerans appear to be one of the more sensitive 
groups, followed by rotifers, mayflies and stoneflies with respect to acute toxicity. 

LD50: rat -2330 mg/kg 
LC50: Cladocerans - 30 ug/L 

LD50: mouse - 890 mg/kg LD50: rabbit - 70 mg/kg 
LC50: Rotifers - 200 ug/L 
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LC50:Mayflies and Stoneflies - 20,000 uglL 
Cattails (Typha lati/alia) no effect, 8 weeks - 10,000 ugIL 
Pathrush (Juncus effusus) no effect, 8 weeks - 10,000 uglL 

Cobalt 
Cobalt was detected at elevated levels in the surface water at the Demolition Range. There is little 
toxicity information available for cobalt since trace amounts of cobalt are essential in the diet. 
However, 0.9 mglkg causes toxic effects in rats, with death occurring at 2 mg of cobalt per day. 200 
mg/L in water is toxic to rats when ingested. 2 mglL of cobalt stunts plant growth and causes 
withering. Cobalt is bioconcentrated by fish (500 times) and invertebrates (1000 times). Hydroxide, 
carbonate and phosphate salts are insoluble and will reduce cobalt concentrations in water 
considerably. 

LD50: rat - 80 mglkg (as cobalt chloride) LD50: mouse - 80 mglkg (as cobalt chloride) 
LDLo: rabbit - 1272 mglkg (as cobalt chloride) LDLo: gpig - 55 mg/kg (as cobalt chloride) 

Copper 
Copper was detected at elevated levels in the surface soils of the Ammunition Burning Ground and 
the Demolition Range, the sediments at the Ammunition Burning Ground and the surface water 
at the Demolition Range. Copper is a reddish to bronze metal that has not been classified as to its 
carcinogenicity. The mobility of copper in soluble forms such as copper sulfate depends largely on 
soil pH. Most of the soluble forms of copper would normally be tightly bound to the organic matter 
in the soil. Copper forms an acid solution in water with the precipitation of insoluble oxides. 
Copper can be solubilized by complexants such as citrate, ammonia, amines and other organic ions. 
Copper toxicity to fish species appears to decrease with increasing levels of magnesium salts and 
phosphates. Copper does bioconcentrate with reported bioconcentration factors from 200 
(freshwater fish) to 1000 (freshwater invertebrates). 

LD50: rat - 300 mglkg (as copper sulfate) 
NOAEL: Cattails - 10,000 ugIL 

l&ad 

LD50: mouse - 369 mglkg (as copper sulfate) 
NOAEL: Pathrush - 10,000 uglL 

Lead was detected at elevated levels in the surface soils of all three SWMUs, the sediments at the 
Ammunition Burning Ground, and the surface water at the Ammunition Burning Ground. Lead 
is a dull gray metal that is classified as a probable human carcinogen. Soil organic matter, pH, and 
phosphate content control the mobility of lead. Calcium may counteract some of the toxicity of 
lead. Lead is stable in oxygenated water as the carbonate, hydroxide, or carbonate-hydroxide salts. 
Under reducing conditions and in the presence of sulfur, lead sulfide will predominate. Lead is least 
soluble at pH 9-10. Cladocerans, snails and rainbow trout appear to be more sensitive than aquatic 
plants and amphibians to lead, exhibiting adverse effects at concentrations of 9 to 13 uglL. Due 
to sorption and other chemical/physical interactions and the resultant decrease in bioav.ailability, it 
would be expected that concentrations of lead in sediment would have to be much greater than those' 
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reported for the water column for toxic effects to be manifest. Furthermore, the bioavailability of 
lead is reduced in the presence of iron and manganese due to ligand formation (Hamelink 1994). 
Bioconcentration factors vary between 60 (fish) and 200 (aquatic plants and invertebrates). 

LDLo: pigeon - 160 mg/kg LDLo: 2000 mg/kg (as lead sulfate) 
LDLo: gpig - 30,000 mg/kg (as lead sulfate) 
NOAEL: Cattails - 10,000 ug/L NOAEL: Pathrush - 10,000 ug/L 

Mercury 
Mercury was detected at elevated levels in the surface soils at the Ammunition Burning Ground 
and the surface water at the Ammunition Burning Ground. Mercury occurs as a silvery, mobile. 
odorless liquid and it has not been classified as to its human carcinogenicity. Mercury constantly 
circulates through the atmospheric, aquatic, and terrestrial environments. In the atmosphere, 
mercury is converted to soluble species that are transported to the earth's surface in rain. In the 
terrestrial ecosystem, the movement of mercury is limited primarily by its sorption to sulfur and 
organic matter. In water, mercury may undergo various chemical and physical transformations, 
but biomethylation (aerobic and anaerobic) and bioaccumulationlbioconcentration are the most 
significant processes. Mercury accumulates in the liver, spleen, kidneys and bone and may be. 
concentrated up to 3000 times. Methyl mercury accumulates in brain tissue. 

LD50: rat - 1 mg/kg (as mercury chloride) LD50: mouse - 6 mg/kg (as mercury chloride) 
LDLo: dog - 10 mg/kg (as mercury chloride) LDLo: rabbit - 20 mg/kg (as mercury chloride) 
LDLo: pigeon - 2200 mg/kg (as mercury chloride) 
LD50: quail - 36 mg/kg (as mercury chloride) LDLo: frog - 2424 mg/kg (as mercury chloride) 

SUm: 
Silver was detected at elevated levels in the surface soils at the Ammunition Burning Ground. 
Silver is a white metal and is extremely ductile and malleable. It is insoluble in water and has not 
been classified as to its human carcinogenicity. There is little information regarding the fate of 
silver in terrestrial systems. Silver does accumulate in blood vessel walls, kidneys, pituitary 
glands, testes and mucous membranes. Bioconcentration factors range from 200 (aquatic plants) 
to 3330 (invertebrates and fish). 

Lethal dose: mouse - > 10,000 mg/kg Lethal dose: gpig - > 5,000 mg/kg 

Zinc 
Zinc was detected at elevated levels in the surface soils at the Ammunition Burning Ground, the 
sediments at the Ammunition Burning Ground and the surface water at the Ammunition Burning 
Ground and the Demolition Range. Zinc is a lustrous, bluish solid that has not been classified as 
to its human carcinogenicity. Although highly soluble forms of zinc (such as zinc chloride) may be· 
mobile in soil-water systems, under most conditions, zinc is usually bound to soil, adsorbed to 
hydrated metal oxides (manganese and iron), clays, or organics, or present as insoluble precipitates. 
In general, desorption and increased zinc mobility are favored by low pH levels, reduced cation 
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exchange capacity, light soil texture, and high salinity of soil water. The solubility of zinc in 
aqueous systems is dependent on pH, hardness, and alkalinity. In soft water, copper may have a 
synergistic effect on the toxicity of zinc. Zinc bioaccumulates in gill tissue and bone. 
Bioconcentration factors range from 2000 (fish) to 100,000 (oysters); however, the bioavailability 
of zinc is decreased in the presence of iron and manganese due to ligand formation (Hamelink, et 
at. 1994). 

LD50: rat - 350 mg/kg (as zinc chloride) 
NOAEL: Cattails - 10,000 ug/L NOAEL: Pathrush - 10,000 ugIL 
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APPENDIX 0 - . -, -' " 

ECOUlGlCAL SPlOCIES LISTS AND 
AND I'I.ELD USUL TS StJMMARY TABLES 



Species Name 

Acer rubrum 
Acer saccharum 
Carpinus caroliniana 
Carya glabra 
Carya laciniosa 
Carya ovata 
Carya tomentosa 
Comus florida 
Diospiros virginiana 
Fagus grandifolia 
Fraxinus americana 
Fraxinus pennsylvanica 
Juglans nigra 
Juniperus virginiana 
Lindera benzoin 
Liriodendron tulipifera 
Lonicera japonica 
Ostrya virginiana 
Prunus serotina 
Quercus Alba 
Quercus borealis 
Quercus muhlenbergii 
Quercus palustris 
Quercus prinus 
Quercus rubra 
Quercus velutina 
Sassafras albidum 
Ulmus americana 

TABLE 1 
Crane NSWCC Vegetation Study 

Cross-indexed List of Overstory and Understory Vegetation 
Scientific and Common Name Listings 

Common Name Common Name 

Red Maple American Beech 
Sugar Maple American Elm 
Blue-beech Black Cherry 
Pignut Hickory Black Oak 
SheIIbark Hickory Black Walnut 
Shagbark Hickory Blue-beech 
Mockernut Hickory Chestnut Oak 
Flowering Dogwood Chinquapin Oak 
Persimmon Eastern Red Cedar 
American Beech Flowering Dogwood 
White Ash Green Ash 
Green Ash Hophornbeam 
Black Walnut Japanese Honeysuckle 
Eastern Red Cedar Mockernut Hickory 
Spicebush Northern Red Oak 
Tuliptree Persimmon 
Japanese Honeysuckle Pignut Hickory 
Hophornbeam Pin Oak 
Black Cherry Red Maple 
White Oak Red Oak 
Northern Red Oak Sassafras 
Chinquapin Oak Shagbark Hickory 
Pin Oak ShelIbark Hickory 
Chestnut Oak Spicebush 
Red Oak Sugar Maple 
Black Oak Tuliptree 
Sassafras White Ash 
American Elm White Oak 

Species Name 

Fagus grandifolia 
Ulmus americana 
Prunus serotina 
Quercus velutina 
Juglans nigra 
Carpinus caroliniana 
Quercus prinus 
Quercus muhlenbergii 
Juniperus virginiana 
Comus florida 
Fraxinus pennsylvanica 
Ostrya virginiana 
Lonicera japonica 
Carya tomentosa 
Quercus borealis 
Diospiros virginiana 
Carya glabra 
Quercus palustris 
Acerrubrum 
Quercus rubra 
Sassafras albidum 
Carya ovata 
Carya laciniosa 
Lindera benzoin 
Acer saccharum 
Liriodendron tulip if era 
Fraxinus americana 
Quercus Alba 



Scientific Name 

Acer rubrum 
Acer saccharum 
Acer sp. 
Actaea pachypoda 
Agrimonia parviflora 
Agrimonia rosella 
Amphicarpa bractea 
Apios americana 
Aristida oligantha 
Asarum canadensis 
Asimina triloba 
Asplenium platyneuron 
Aster macrophyllum 
Bidens aristosa 
Botrychium dissectum 
Caryaovata 
Carya sp. 
Carya tomentosa 
Chimaphila maculata 
Comus florida 
Crataegus spp. 
Daucus carota 
Desmodium ciliare 
Dioscorea villosa 
Erythronium americanum 
Eupatorium rugosum 
Fagus grandifolia 
Fragariia virginiana 
Fraxinus americana 
Galium aparine 
Galium asprellum 
Galium circaezans 
Galium coccinum 
Galium triflorum 

TABLE 2 
Cross-indexed List of Ground Cover Vegetation by 

Scientific and Common Name Listings 

Common Name Common Name 

Red Maple American Beech 
Sugar Maple American Elm 
Maple Seedling Beaked Agrimony 
White Baneberry Bedstraw 
Common Agrimony Bedstraw 
Beaked Agrimony Black Cherry 
Hog Peanut Bluegrass 
Groundnut Blunt-lobed Woodsia 
White Grass Broad-leaved Wood Violet 
Wild Ginger Buckhorn Plantain 
Pawpaw Catbrier 
Ebony Spleenwort Chinquapin Oak 
Large-leaved Aster Clearweed 
Common Bidens Climbing False Buckwheat 
Cut-leaved Grape Fern Common Agrimony 
Shagbark Hickory Common Bidens 
Hickory Seedling Common Violet 
Mockernut Hickory Common Wood Sorrel 
Spotted Wintergreen Common Wood Sorrel 
Flowering Dogwood Creeping Wood Sorrel 
Hawthorne Cut-leaved Grape Fern 
Queen Anne's Lace Deertongue 
Small-leaved Tick Trefoil Ebony Spleenwort 
Wild Yam Fall Panicum 
Trout Lily False-Solomon's Seal 
White Snakeroot Flowering Dogwood 
American Beech Fox Grape 
Wild Strawberry Groundnut 
White Ash Hairy Solomon's Seal 
Bedstraw Halbert-leaved Mallow 
Rough Bedstraw Halbert-leaved Violet 
Wild Licorice Hawthorne 
Shining Bedstraw Hickory Seedling 
Sweet-scented Bedstraw Hog Peanut 

Scientific Name 

Fagus grandifolia 
Ulmus americana 
Agrimonia rosella 
Galium aparine 
Gallium aparine 
Prunus serotina 
Poa pratensis 
Woodsia obtusa 
Viola latiuscula 
Plantago lanceolata 
Smilax rotundifolia 
Quercus muhlenbergii 
Pilea pumila 
Polygonum scan dens 
Agrimonia parviflora 
Bidens aristosa 
Viola papilionacea 
Oxalis montana 
Oxalis europea 
Oxalis corniculata 
Botrychium dissectum 
Panicum c1andestinum 
Asplenium platyneuron 
Panicum dichotomyflorum 
Smilacena racemosa 
Comus florida 
Vitis vulpina 
Apios americana 
Polygonatum pubescens 
Hibiscus militaris 
Viola hastata 
Crataegus spp. 
Carya sp. 
Amphicarpa bractea 



Scientific Name 
Gallium aparine 
Geranium maculatum 
Geranium maculatum 
Hibiscus militaris 
Juncus spp. 
Juncus tenuis 
Leersia spp. 
Ligustrum vulgare 
Liriodendron tulipifera 
Lonicera japonica 
Lycopodium obscurum 
Ostrya virginiana 
Oxalis corniculata 
Oxalis europea 
Oxalis montana 
Panicum cIandestinum 
Panicum dichotomyflorum 
Panicum sp. 
Panicum spp. 
Parthenocissus quinquefolia 
Phaseolus polystachios 
Phryma leptostachya 
Pilea pumila 
Plantago lanceolata 
Poa pratensis 
Podophyllum peltatum 
Polygonatum pubescens 
Polygonum pensylvanicum 
Polygonum scandens 
Prunus serotina 
Quercus alba 
Quercus muhlenbergii 
Quercus rubra 

TABLE 2 (Continued) 
Cross-indexed List of Ground Cover Vegetation by 

Scientific and Common Name Listings 

Common Name Common Name 
Bedstraw Ironwood 
Wild Geranium Japanese Honeysuckle 
Wild Geranium Jointgrass 
Halbert-leaved Mallow Lance-leaved Violet 
Sedge Rush Large-leaved Aster 
Soft Rush Large-leaved Violet 
White Grass Lopseed 
Privet Maple Seedling 
Tuliptree Mayapple 
Japanese Honeysuckle Mockernut Hickory 
Tree Clubmoss Panicum 
Ironwood Pasture Rose 
Creeping Wood Sorrel Pawpaw 
Common Wood Sorrel Pennsylvania Smartweed 
Common Wood Sorrel Periwinkle 
Deertongue Poison Ivy 
Fall Panicum Privet 
Panicum Queen Anne's Lace 
Jointgrass Red Elm 
Virginia Creeper Red Maple 
Wild Bean Red Oak 
Lopseed Rough Bedstraw 
Clearweed Sassafras 
Buckhorn Plantain Sedge Rush 
Bluegrass Shagbark Hickory 
Mayapple Shining Bedstraw 
Hairy Solomon's Seal Showy Goldenrod 
Pennsylvania Smartweed Small-leaved Tick Trefoil 
Climbing False Buckwheat Smooth Rush 
Black Cherry Soft Rush 
WhiteOak Spotted Wintergreen 
Chinquapin Oak Starflower 
Red Oak Sugar Maple 

Scientific Name 
Ostrya virginiana 
Lonicera japonica 
Panicum spp. 
Viola lanceolata 
Aster macrophyllum 
Viola incognita 
Phryma leptostachya 
Acer sp. 
Podophyllum peitatum 
Carya tomentosa 
Panicum sp. 
Rosa carolina 
Asimina triloba 
Polygonum pensylvanicum 
Vinca minor 
Rhus radicans 
Ligustrum vulgare 
Daucus carota 
Ulmus rubra 
Acer rubrum 
Quercus rubra 
Galium asprellum 
Sassafras albidum 
Juncus spp. 
Carya ovata 
Galium coccinum 
Solidago speciosa 
Desmodium ciliare 
Scirpus tenuis 
Juncus tenuis 
Chimaphila maculata 
Trientalis borealis 
Acer saccharum 



Scientific Name 
Rhus radicans 
Rosa carolina 
Sassafras albidum 
Scirpus americanus 
Scirpus tenuis 
Smilacena racemosa 
Smilax rotundifolia 
Solidago speciosa 
Trientalis borealis 
Ulmus americana 
Ulmus rubra 
Vaccinium corymbosum 
Viburnum spp. 
Vinca minor 
Viola hastata 
Viola incognita 
Viola lanceolata 
Viola latiuscula 
Viola papilionacea 
Viola pedata 
Viola triloba 
Vitis aestivalis 
Vitis vulpina 
Woodsia obtusa 

TABLE 2 (Continued) 
Cross-indexed List of Ground Cover Vegetation by 

Scientific and Common Name Listings 

Common Name Common Name Scientific Name 
Poison Ivy Summer Grape Vitis aestivalis 
Pasture Rose Swamp Blueberry Vaccinium corymbosum 
Sassafras Sweet-scented Bedstraw Galium triflorum 
Three-square Rush Three-lobed Violet Viola pedata 
Smooth Rush Three-lobed Violet Viola triloba 
False-Solomon's Seal Three-square Rush Scirpus americanus 
Catbrier Tree Clubmoss Lycopodium obscurum 
Showy Goldenrod Trout Lily Erythronium americanum 
Starflower Tuliptree Liriodendron tulipifera 
American Elm Viburnum seedling Viburnum spp. 
Red Elm Virginia Creeper Parthenocissus quinquefolia 
Swamp Blueberry White Ash Fraxinus americana 
Viburnum seedling White Baneberry Actaea pachypoda 
Periwinkle White Grass Leersia spp. 
Halbert-leaved Violet White Grass Aristida oligantha 
Large-leaved Violet White Oak Quercus alba 
Lance-leaved Violet White Snakeroot Eupatorium rugosum 
Broad-leaved Wood Violet Wild Bean Phaseolus polystachios 
Common Violet Wild Geranium Geranium maculatum 
Three-lobed Violet Wild Geranium Geranium maculatum 
Three-lobed Violet Wild Ginger Asarum canadensis 
Summer Grape Wild Licorice Galium circaezans 
Fox Grape Wild Strawberry Fragariia virginiana 
Blunt-lobed Woodsia Wild Yam Dioscorea villosa 



Species 

Carya tomentosa 
Carya ovata 
Acer saccharum 
Fagus grandifolia 
Quercus alba 

Species 

Comus florida 
Quercus alba 
Acer saccharum 
Fagus grandifolia 

Common Name 

Mockernut Hickory 
Shagbark Hickory 
Sugar Maple 
American Beech 
White Oak 

Totals 

Common Name 

Flowering Dogwood 
White Oak 
Sugar Maple 
American Beech 

TABLE 3 
Ammunition Burning Ground - Overstory Sampling Results 

Sampling Plot #1 

Number Density per Basal area Basal area Mean Tree 
of Species per Species per Species Basal Area 

Trees per Acre per Acre Size 

4 40 19.94 199.39 70.35 
3 30 17.27 172.70 62.01 
2 20 4.71 47.10 10.52 
1 10 5.81 58.09 5.81 

10 5.18 51.81 5.18 

11 110 52.91 529.09 30.77 

TABLE 4 

Relative 
Frequency 

Percent 

36.4 
27.3 
18.2 
9.1 
9.1 

100.0 

Ammunition Burning Ground - Understory Sampling Results 
Sampling Plot #1 

Relative Importance 
Dominance Value 

Percent 

45.7 82.08 
40.3 67.58 

6.8 25.02 
3.8 12.87 
3.4 12.46 

100.0 200.00 

Number Density per Basal area Basal area Mean Tree Relative Relative Importance 
of Species per Species per Species Basal Area Frequency Dominance Value 

Shrubs per Acre per Acre Size Percent Percent 

5 
I 

500 
100 
100 
100 

1.37 1373.75 
3.34 3336.25 
2.75 2747.50 
1.18 1177.50 

7.84 62.5 51.9 
3.34 12.5 22.1 
2.75 12.5 18.2 
1.18 12.5 7.8 

114.45 
34.58 
30.68 
20.29 

Total 8 800 8.64 8635.00 3.78 100.0 100.0 200.00 



TABLE 5 
Ammunition Burning Ground ABG - 1- Ground Cover Vegetation 

Sampling Plot #1 

Observed Number 
Percent of Relative Relative Importance 

Species Common Name Cover Individual Frequency Cover Value 
Panicum spp. Panicum 1 3 37.5 17.9 55.4 
Panicum c1andestinum Deertongue 1 1 12.5 17.9 30.4 
Comus florida Flowering Dogwood 0.9 1 12.5 16.1 28.6 
Dioscorea villosa Wild Yam 0.9 1 12.5 16.1 28.6 
Eupatorium rugosum Virginia Creeper 0.9 1 12.5 16.1 28.6 
Carya spp. Hickory Seedling 0.9 1 12.5 16.1 28.6 

Subsum 5.6 8 100.0 100.0 200.0 
Percent Bare Ground 94.4 

TABLE 6 
Ammunition Burning Ground ABG - 1- Ground Cover Vegetation 

Sampling Plot #2 

Observed Number 
Percent of Relative Relative Importance 

Seecies Common Name Cover Individual Frequenc~ Cover Value 
Scirpus tenuis Smooth Rush 3 2 22.2 50.0 72.2 
Comus florida Flowering Dogwood I 4 44.4 16.7 61.1 
Carya spp. Hickory Seedling I 2 22.2 16.7 38.9 
Panicum clandestinum Deertongue I I 11.1 16.7 27.8 

Subsum 6 9 100.0 100.0 200.0 
Percent Bare Ground 94 

TABLE 7 
Ammunition Burning Ground ABG - 1- Ground Cover Vegetation 

Sampling Plot #3 

Observed Number 
Percent of Relative Relative Importance 

Seecies Common Name Cover Individual Freguency Cover Value 
Comus florida Flowering Dogwood 10 6 42.9 50.5 93.4 
Scirpus tenuis Smooth Rush 5 5 35.7 25.3 61.0 
Sassafras albidum Sassafras 3 I 7.1 15.2 22.3 
Dioscorea villosa Wild Yam 0.9 I 7.1 4.5 11.7 
Carya spp. Hickory Seedling 0.9 I 7.1 4.5 11.7 

Subsum 19.8 14 100.0 100.0 200.0 
Percent Bare Ground 80.2 

TABLE 8 
Ammunition Burning Ground ABG - 1- Ground Cover Vegetation 

Sampling Plot #4 

Observed Number 
Percent of Relative Relative Importance 

Seecies Common Name Cover Individual Frequency Cover Value 
Comus florida Flowering Dogwood 10 8 66.7 73.5 140.2 
Sassafras albidum Sassafras 0.9 I 8.3 6.6 15.0 
Discorea villosa Wild Yam 0.9 I 8.3 6.6 15.0 
Acer saccharum Sugar Maple 0.9 I 8.3 6.6 15.0 
Fagus grandifolia American Beech 0.9 I 8.3 6.6 15.0 

Subsum 13.6 12 100.0 100.0 200.0 
Percent Bare Ground 86.4 



Species 

Liriodendron tulipifera 
Sassafras albidum 
Quercus rubra 
Juniperus virginiana 
Fagus grandifolia 
Acer saccharum 
Comus florida 

Species 

Comus florida 

Common Name 

Tuliptree 
Sassafras 
Red Oak 
Eastern Red Cedar 
American Beech 
Sugar Maple 
Flowering Dogwood 

Total 

Common Name 

Flowering Dogwood 

Total 

TABLE 9 
Ammunition Burning Ground - Overstory Sampling Results 

Sampling Plot #2 

Number Density per Basal area Basal area Mean Tree 
of Species per Species per Species Basal Area 

Trees per Acre per Acre Size 

4 40 8.48 84.78 69.55 
5 50 8.79 87.92 40.66 
3 30 27.48 274.75 72.84 

10 11.15 111.47 11.15 
10 7.07 70.65 7.07 
10 5.97 59.66 5.97 
10 5.50 54.95 5.50 

16 160 74.42 744.18 30.39 

TABLE 10 

Relative 
Frequency 

Percent 

25.0 
31.3 
18.8 
6.3 
6.3 
6.3 
6.3 

100.0 

Ammunition Burning Ground - Understory Sampling Results 
Sampling Plot #2 

Relative Importance 
Dominance Value 

Percent 

32.7 57.69 
19.1 50.36 
34.2 52.99 

5.2 11.49 
3.3 9.57 
2.8 9.05 
2.6 8.83 

100.0 200.00 

Number Density per Basal area Basal area Mean Tree Relative Relative Importance 
of Species per Species per Species Basal Area Frequency Dominance Value 

Shrubs per Acre per Acre Size Percent Percent 

10 5.50 54.95 5.50 100.0 100.0 200.00 

10 5.50 54.95 5.50 100.0 100.0 200.00 



SI!ecies 
Amphicarpa bractea 
Fraxinus americana 
Dioscorea villosa 
Asplenium platyneuron 
Rosa carolina 
Aristida oligantha 
Sassafras albidum 

SI!ecies 
Rosa carolina 
Asplenium platyneuron 
Parthenocissus quinquefolia 
Liriodendron tulipifera 
Sassafras albidum 
Bidens aristosa 
Galium triflorum 
Amphicarpa bractea 

SI!ecies 
Comus florida 
Amphicarpa bractea 
Scirpus tenuis 
Dioscorea villosa 
Parthenocissus quinquefolia 
Asplenium platyneuron 
Oxalis corniculata 

SI!ecies 
Dioscorea villosa 
Comus florida 
Scirpus tenuis 
Rhus radicans 
Parthenocissus quinquefolia 
Rosa carolina 
Amphicarpa bractea 
Asplenium platyneuron 
Sassafras albidum 
Oxalis comiculata 
Acer saccharum 

TABLE 11 
Ammunition Burning Ground ABG - 2 - Ground Cover Vegetation 

Sampling Plot #1 

Observed Number 
Percent of Relative Relative 

Common Name Cover Individual Freguenc~ Cover 
Hog Peanut 2 8 38.1 8.3 
White Ash 8 I 4.8 33.3 
Wild Yam 4 3 14.3 16.7 
Ebony Spleenwort 2 4 19.0 8.3 
Pasture Rose 4 2 9.5 16.7 
White Grass 3 I 4.8 12.5 
Sassafras I 2 9.5 4.2 

Subsum 24 21 100.0 100.0 
Percent Bare Ground 76 

TABLE 12 
Ammunition Burning Ground ABG - 2 - Ground Cover Vegetation 

Sampling Plot #2 

Observed Number 
Percent of Relative Relative 

Common Name Cover Individual Freguencl: Cover 
Pasture Rose 10 I 6.3 50.5 
Ebony Spleenwort I 7 43.8 5.1 
Virginia Creeper 2 2 12.5 10.1 
Tuliptree 3 I 6.3 15.2 
Sassafras I 2 12.5 5.1 
Beggars Tick I I 6.3 5.1 
Sweet-scented Bedstraw 0.9 6.3 4.5 
Hog Peanut 0.9 6.3 4.5 

Subsum 19.8 16 100.0 100.0 
Percent Bare Ground 80.2 

TABLE 13 
Ammunition Burning Ground ABG - 2 - Ground Cover Vegetation 

Sampling Plot #3 

Observed Number 
Percent of Relative Relative 

Common Name Cover Individual Freguencl: Cover 
Flowering Dogwood 15 6 20.7 41.7 
Hog Peanut 7 7 24.1 19.4 
Smooth Rush 3 17.2 8.3 
Wild Yam 3 4 13.8 8.3 
Virginia Creeper 5 2 6.9 13.9 
Ebony Spleenwort 2 3 10.3 5.6 
Creeping Wood Sorrel I 2 6.9 2.8 

Subsum 36 29 100.0 100.0 
Percent Bare Ground 64 

TABLE 14 
Ammunition Burning Ground ABG - 2 - Ground Cover Vegetation 

Sampling Plot #4 

Observed Number 
Percent of Relative Relative 

Common Name Cover Individual Freguenc~ Cover 
Wild Yam 3 10 26.3 8.9 
Flowering Dogwood 7 3 7.9 20.7 
Smooth Rush 4 5 13.2 II.8 
Poison Ivy 4 5 13.2 11.8 
Virginia Creeper 3 5 13.2 8.9 
Pasture Rose 5 2 5.3 14.8 
Hog Peanut 4 3 7.9 11.8 
Ebony Spleenwort 2 5.3 3.0 
Sassafras I 1 2.6 3.0 
Creeping Wood Sorrel 0.9 2.6 2.7 
Sugar Maple 0.9 2.6 2.7 

Subsum 33.8 38 100.0 100.0 
Percent Bare Ground 66.2 

Importance 
Value 

46.4 
38.1 
31.0 
27.4 
26.2 
17.3 
13.7 

200.0 

Importance 
Value 

56.8 
48.8 
22.6 
21.4 
17.6 
11.3 
10.8 
10.8 

200.0 

Importance 
Value 

62.4 
43.6 
25.6 
22.1 
20.8 
15.9 
9.7 

200.0 

Importance 
Value 

35.2 
28.6 
25.0 
25.0 
22.0 
20.1 
19.7 
8.2 
5.6 
5.3 
5.3 

200.0 



Species Common Name 

Acer saccharum Sugar Maple 
Liriodendron tulipifera Tuliptree 
Quercus alba White Oak 
Carya tomentosa Mockernut Hickory 
Quercus rubra Red Oak 
Carya ovata Shagbark Hickory 
Comus florida Flowering Dogwood 

Total 

Species Common Name 

Acer saccharum Sugar Maple 

Total 

TABLE 15 
Ammunition Burning Ground - Overstory Sampling Results 

Sampling Plot #3 

Number Density per Basal area Basal area Mean Tree Relative 
of Species per Species per Species Basal Area Frequency 

Trees per Acre per Acre Size Percent 

12.00 120 5.02 50.24 90.43 50.0 
5.00 50 11.30 113.04 86.35 20.8 
2.00 20 15.70 157.00 39.88 8.3 
2.00 20 6.91 69.08 14.29 8.3 
1.00 10 23.08 230.79 23.08 4.2 
1.00 10 7.54 75.36 7.54 4.2 
1.00 10 4.87 48.67 4.87 4.2 

24 240 74.42 744.18 38.06 100.0 

TABLE 16 
Ammunition Burning Ground - Understory Sampling Results 

Sampling Plot #3 

Number Density per Basal area Basal area Mean Tree Relative 
of Species per Species per Species Basal Area Frequency 

Shrubs per Acre per Acre Size Percent 

8.0 800.0 28.23 2822.86 3.53 100.0 

8.0 800.0 28.23 2822.86 3.53 100.0 

Relative Importance 
Dominance Value 

Percent 

33.9 83.94 
32.4 53.24 
15.0 23.30 
5.4 13.70 
8.7 12.83 
2.8 7.00 
1.8 5.99 

100.0 200.00 

Relative Importance 
Dominance Value 

Percent 

100.0 200.0 

100.0 200.0 



Sl!ecies 
Dioscorea villosa 
Eupatorium rugosum 
Fagus grandifolia 

Sl!ecies 
Dioscorea villosa 
Fagus grandifolia 
Poa pratensis 
Prunus serotina 
Ulmus americana 
Carya sp. 
Liriodendron tulipifera 
Parthenocissus quinquefolia 

Sl!ecies 
Lycopodium obscurum 
Dioscorea villosa 
Fragaria virginiana 
Acer sp. 
Amphicarpa bractea 
Fagus grandifolia 

Sl!ecies 
Lycopodium obscurum 
Parthenocissus quinquefolia 
Fagus grandifolia 
Carya sp. 
Amphicarpa bractea 
Liriodendron tulipifera 

TABLE 17 
Ammunition Burning Ground ABG - 3 - Ground Cover Vegetation 

Sampling Plot #1 

Observed Number 
Percent of Relative Relative 

Common Name Cover Individuals Freguencl: Cover 
Wild Yam I 6 60.0 33.3 
White Snakeroot I 2 20.0 33.3 
American Beech I 2 20.0 33.3 

Subsum 3 JO 100.0 100.0 
Percent Bare Ground 97 

TABLE 18 
Ammunition Burning Ground ABG - 3 - Ground Cover Vegetation 

Sampling Plot #2 

Observed Number 
Percent of Relative Relative 

Common Name Cover Individuals Freguencl: Cover 
Wild Yam 2 4 28.6 22.7 
American Beech 1 3 21.4 11.4 
Bluegrass 0.9 2 14.3 10.2 
Black Cherry 1 1 7.1 11.4 
American Elm 1 1 7.1 11.4 
Hickory Seedling 1 1 7.1 11.4 
Tuliptree I 1 7.1 11.4 
Virginia Creeper 0.9 I 7.1 10.2 

Subsum 8.8 14 100.0 100.0 
Percent Bare Ground 91.2 

TABLE 19 
Ammunition Burning Ground ABG - 3 - Ground Cover Vegetation 

Sampling Plot #3 

Percent of Relative Relative 
Common Name Cover Individuals Freguencl: Cover 

Tree Clubmoss 15 8 53.3 7504 
Wild Yam 2 13.3 5.0 
Wild Strawberry 2 13.3 5.0 
Maple Seedling I 6.7 5.0 
Hog peanut I I 6.7 5.0 
American Beech 0.9 1 6.7 4.5 

Subsum 19.9 IS 100.0 100.0 
Percent Bare Ground 80.1 

TABLE 20 
Ammunition Burning Ground ABG - 3 - Ground Cover Vegetation 

Sampling Plot #4 

Observed Number 
Percent of Relative Relative 

Common Name Cover Individuals Freguencl: Cover 
Tree Clubmoss 25 7 50.0 80.9 
Virginia Creeper I 2 14.3 3.2 
American Beech I 2 14.3 3.2 
Hickory Seedling 2 7.1 6.5 
Hog Peanut I 7.1 3.2 
Tuliptree Seedling 0.9 7.1 2.9 

Subsum 30.9 14 100.0 100.0 
Percent Bare Ground 69.1 

Importance 
Value 

93.3 
53.3 
53.3 

200.0 

Importance 
Value 

51.3 
32.8 
24.5 
18.5 
18.5 
18.5 
18.5 
1704 

200.0 

Importance 
Value 

128.7 
1804 
1804 
11.7 
11.7 
11.2 

200.0 

Importance 
Value 

130.9 
17.5 
17.5 
13.6 
lOA 
10.1 

200.0 



Species Common Name 
Acer saccharum Sugar Maple 
Carya ovata Shagbark Hickory 
Fagus grandifolia American Beech 
Liriodendron tulipifera Tuliptree 
Ostrya virginiana Ironwood 
Carya tomentosa Mockernut Hickory 
Juniperus virginiana Eastern Red Cedar 
Comus florida Flowering Dogwood 

Total 

Species Common Name 

No Understory in this sample Plot 

Total 

TABLE 21 
Ammunition Burning Ground - Overstory Sampling Results 

Sampling Plot #4 

Number Density per Basal area Basal area Mean Tree 
of Species per Species per Species Basal Area 

Trees per Acre per Acre Size 
8 80 12.40 124.03 98.28 
3 30 14.44 144.44 59.66 
3 30 6.44 64.37 24.34 
2 20 23.24 232.36 41.13 
2 20 8.64 86.35 13.35 
1 10 11.15 111.47 11.15 
1 10 7.85 78.50 7.85 

10 7.54 75.36 7.54 

21 210 91.69 916.88 32.91 

TABLE 22 

Relative 
Frequency 

Percent 
38.1 
14.3 
14.3 
9.5 
9.5 
4.8 
4.8 
4.8 

100.0 

Ammunition Burning Ground - Understory Sampling Results 
Sampling Plot #4 

Relative Importance 
Dominance Value 

Percent 
37.3 75.42 
22.7 36.95 

9.2 23.53 
15.6 25.15 
5.1 14.59 
4.2 9.00 
3.0 7.74 
2.9 7.62 

100.0 200.00 

Number Density per Basal area Basal area Mean Tree Relative Relative Importance 
of Species per Species per Species Basal Area Frequency Dominance Value 

Shrubs per Acre per Acre Size Percent Percent 

o o 0.00 0.00 0.00 0.00 0.00 0.00 



TABLE 23 
Ammunition Burning Ground ABG - 4 - Ground Cover Vegetation 

Sampling Plot #1 

Observed Number 
Percent of Relative Relative Importance 

S~ecies Common Name Cover Individual Fre!luencl: Cover Value 
Smilax rotundifolia Catbrier S 5 16.1 20.8 37.0 
Ostrya virginiana Ironwood I 9 29.0 4.2 33.2 
Erythronium americanum Trout Lily 3 3 9.7 12.5 22.2 
Rhus radicans Poison Ivy 3 3 9.7 12.5 22.2 
Eupatorium rugosum White Snakeroot 2 2 6.5 8.3 14.8 
Aster macrophyllum Large-leaved Aster 2 I 3.2 8.3 1l.6 
Galium triflorum Sweet-scented Bedstraw 2 I 3.2 8.3 1l.6 
Juncus tenuis Soft Rush I 2 6.S 4.2 10.6 
Panicum spp. Panicum I I 3.2 4.2 7.4 
Vitis aestivalis Summer Grape I 1 3.2 4.2 7.4 
Parthenocissus quinquefolia Virginia Creeper 1 1 3.2 4.2 7.4 
Lycopodium obscurum Tree Clubmoss 1 3.2 4.2 7.4 
Lonicera japonica Japanese Honeysuckle I 3.2 4.2 7.4 

Subsum 24 31 100.0 100.0 200.0 
Percent Bare Ground 76 

TABLE 24 
Ammunition Burning Ground ABG - 4 - Ground Cover Vegetation 

Sampling Plot #2 

Observed Number 
Percent of Relative Relative Importance 

S~ecies Common Name Cover Individual Fre!luencl: Cover Value 
Ostrya virginiana Ironwood 15 3 12.5 36.6 49.1 
Eupatorium rugosum White Snakeroot 5 6 25.0 12.2 37.2 
Smilax rotundifolia Catbrier 4 3 12.5 9.8 22.3 
Botrychium dissectum Cut-Leaved Grape Fern 3 2 8.3 7.3 IS.7 
Panicum dichotomyflorum Fall Panicum 3 I 4.2 7.3 11.5 
Galium triflorum Sweet-scented Bedstraw 1 2 8.3 2.4 10.8 
Fragaria virginiana Wild Strawberry 2 I 4.2 4.9 9.0 
Rosa carolina Pasture Rose 2 I 4.2 4.9 9.0 
Scirpus tenuis Smooth Rush 2 I 4.2 4.9 9.0 
Carya sp. Hickory Seedling I I 4.2 2.4 6.6 
Panicum sp. Panicum 1 1 4.2 2.4 6.6 
Lycopodium obscurum Tree Clubmoss 1 4.2 2.4 6.6 
Dioscorea villosa Wild Yam 4.2 2.4 6.6 

Subsum 41 24 100.0 100.0 200.0 
Percent Bare Ground 59 

TABLE 2S 
Ammunition Burning Ground ABG - 4 - Ground Cover Vegetation 

Sampling Plot #3 

Observed Number 
Percent of Relative Relative Importance 

S~ecies Common Name Cover Individual Fre!luencl: Cover Value 
Ostrya virginiana Ironwood 10 3 12.S 31.3 43.8 
Parthenocissus quinquefolia Virginia Creeper 2 4 16.7 6.3 22.9 
Smilax rotundifolia Catbrier S I 4.2 IS.6 19.8 
Aster macrophyllum Large-leaved Aster 2 3 12.5 6.3 18.8 
Fragaria virginiana Wild Strawberry 3 2 8.3 9.4 17.7 
Panicum spp. Panicum I 3 12.S 3.1 IS.6 
Botrychium dissectum Cut-leaved Grape Fern 2 2 8.3 6.3 14.6 
Erythronium americanum Trout Lily 2 2 8.3 6.3 14.6 
Galium triflorum Sweet-scented Bedstraw 1 2 8.3 3.1 Il.S 
Panicum spp. Panicum 2 4.2 6.3 10.4 
Rosa carolina Pasture Rose 2 4.2 6.3 10.4 

Subsum 32 24 100.0 100.0 200.0 
Percent Bare Ground 68 



TABLE 26 
Ammunition Burning Ground ABG - 4 - Ground Cover Vegetation 

Sampling Plot #4 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Fre9uenc~ Cover Value 
Rhus radicans Poison Ivy \0 15 57.7 18.9 76.6 
Comus florida Flowering Dogwood 20 3.8 37.7 41.6 
Quercus muhlenbergii Chinquapin Oak 15 3.8 28.3 32.1 
Parthenocissus quinquefolia Virginia Creeper 4 3 11.5 7.5 19.1 
Eupatorium rugosum White Snakeroot I 3 11.5 1.9 13.4 
Ostrya virginiana Ironwood 1 3.8 1.9 5.7 
Fagus grandifolia American Beech 1 3.8 1.9 5.7 
Aster macrophyUum Large-leaved Aster 1 3.8 1.9 5.7 

Subsum 53 26 100.0 100.0 200.0 
Percent Bare Ground 47 



Species Common Name 

Liriodendron tulipifera Tuliptree 
Quercus rubra Red Oak 
Acer saccharum Sugar Maple 
Sassafras albidum Sassafras 
Quercus muhlenbergii Chinquapin Oak 
Comus florida Flowering Dogwood 

Total 

Species Common Name 

Comus florida Flowering Dogwood 

Total 

TABLE 27 
Ammunition Burning Ground - Overstory Sampling Results 

Sampling Plot #5 

Number Density per Basal area Basal area Mean Tree Relative 
of Species per Species per Species Basal Area Frequency 

Trees per Acre per Acre Size Percent 

6 60 19.00 189.97 82.43 30.0 
6 60 8.01 80.07 65.47 30.0 
3 30 6.59 65.94 18.37 15.0 
2 20 9.73 97.34 24.02 10.0 
2 20 9.89 98.91 17.11 10.0 

10 5.81 58.09 5.81 5.0 

20 200 59.03 590.32 35.53 100.0 

TABLE 28 
Ammunition Burning Ground - Understory Sampling Results 

Sampling Plot #5 

Relative Importance 
Dominance Value 

Percent 

38.7 68.66 
30.7 60.71 

8.6 23.62 
11.3 21.27 
8.0 18.03 
2.7 7.72 

100.0 200.00 

Number Density per Basal area Basal area Mean Tree Relative Relative Importance 
of Species per Species per Species Basal Area Frequency Dominance Value 

Shrubs per Acre per Acre Size Percent Percent 

2 200.00 5.81 580.90 2.90 100.0 100.0 200.00 

2 200 5.81 580.90 2.90 100.0 100.0 200.00 



TABLE 29 
Ammunition Burning Ground ABG - 5 - Ground Cover Vegetation 

Sampling Plot #1 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguen~ Cover Value 
Eupatorium rugosum White Snakeroot 10 6 30.0 20.0 50.0 
Comus florida Flowering Dogwood 15 2 10.0 30.0 40.0 
Ostrya virginiana Ironwood 10 2 10.0 20.0 30.0 
Quercus muehlenbergii Chinquapin Oak 4 2 10.0 8.0 18.0 
Parthenocissus quinquefolia Virginia Creeper 4 2 10.0 8.0 18.0 
Dioscorea villosa Wild Yam 4 I 5.0 8.0 \3.0 
Viola papilionacea Common Violet 1 2 10.0 2.0 12.0 
Poa pratensis Bluegrass 1 2 10.0 2.0 12.0 
Rhus radicans Poison Ivy 1 2 10.0 2.0 12.0 
Carya sp. Hickory Seedling 3 I 5.0 6.0 1l.0 
Asplenium platyneuron Ebony Spleenwort 2 I 5.0 4.0 9.0 

Subsum 50 20 100.0 100.0 200.0 
Percent Bare Ground 50 

TABLE 30 
Ammunition Burning Ground ABG - 5 - Ground Cover Vegetation 

Sampling Plot #2 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguencl: Cover Value 
Eupatorium rugosum White Snakeroot 2 4 20.0 8.0 28.0 
Vaccinium corymbosum Swamp Blueberry 3 2 10.0 12.0 22.0 
Liriodendron tulipifera Tuliptree 4 I 5.0 16.1 21.1 
Asimina triloba Pawpaw 3 I 5.0 12.0 17.0 
Poa pratensis Bluegrass I 2 10.0 4.0 14.0 
Fagus b'fandifolia American Beech 1 2 10.0 4.0 14.0 
Parthenocissus quinquefolia Virginia Creeper 2 5.0 8.0 \3.0 
Carya spp. Hickory Seedling 2 5.0 8.0 \3.0 
Smilax rotundifolia Catbrier 2 5.0 8.0 \3.0 
Lycopodium obscurum Tree Clubmoss 1 5.0 4.0 9.0 
Ostrya virginiana Ironwood 1 5.0 4.0 9.0 
Botrychium dissectum Cut-leaved Grape Fern 1 5.0 4.0 9.0 
Rhus radicans Poison Ivy I 5.0 4.0 9.0 
Galium triflorum Sweet-scented Bedstraw 0.9 5.0 3.6 8.6 

Subsum 24.9 20 100.0 100.0 200.0 
Percent Bare Ground 75.1 

TABLE 31 
Ammunition Burning Ground ABG - 5 - Ground Cover Vegetation 

Sampling Plot #3 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguencl: Cover Value 
Aster macrophyllus Large-leaved Aster 15 7 28.0 46.9 74.9 
Parthenocissus quinquefolia Virginia Creeper 5 6 24.0 15.6 39.6 
Eupatorium rugosum White Snakeroot 3 2 8.0 9.4 17.4 
Dioscorea villosa Wild Yam 1 2 8.0 3.1 11.1 
Rhus radicans Poison Ivy I 2 8.0 3.1 11.1 
Prunus serotina Black Cherry 2 4.0 6.3 10.3 
Poa pratensis Bluegrass 4.0 3.1 7.1 
Galium ·triflorum Sweet-scented Bedstraw 4.0 3.1 7.1 

Ostrya virginiana Ironwood 4.0 3.1 7.1 

Acer saccharum Sugar Maple 4.0 3.1 7.1 
Asplenium platyneuron Ebony Spleenwort 4.0 3.1 7.1 

Subsum 32 25 100.0 100.0 200.0 
Percent Bare Ground 68 



Sl!ecies 
Eupatorium rugosum 
Partbenocissus quinquefolia 
Prunus serotina 
Dioscorea villosa 
Galium triflorum 
Fragaria virginiana 

TABLE 32 
Ammunition Burning Ground ABG - 5 - Ground Cover Vegetation 

Sampling Plot #4 

Observed Number 
Percent of Relative Relative 

Common Name Cover Individual Fre!luenc~ Cover 
White Snakeroot 5 6 40.0 35.7 
Virginia Creeper 4 4 26.7 28.6 
Black Cherry 2 I 6.7 14.3 
Wild Yam I 2 13.3 7.1 
Sweet-scented Bedstraw 1 1 6.7 7.1 
Wild Strawberry 1 1 6.7 7.1 

Subsum 14 15 100.0 100.0 
Percent Bare Ground 86 

Importance 
Value 

75.7 
55.2 
21.0 
20.5 
13.8 
13.8 

200.0 



TABLE 33 
CRANE NSWCC BIRD SURVEY 

Cross-Indexed Species Listing 

Common to Scientific Scientific to Common 
Common Name Scientific Name Scientific Name Common Name 

American Goldfinch Spinus tristis Agelaius phoeniceus Red-winged Blackbird 
American Kestrel Falco sparverius Branta canadensis Canada Goose 
American Redstart Setophaga ruticilla Bubo virginianus Great Homed Owl 
American Robin Turdus migratorius Buteo jamaciensis Red-tailed Hawk 
Barn Swallow Hirundo rustica Caprimulgus vociferus Whip-poor-will 
Barred Owl Strix varia Cardinalis cardinalis Cardinal 
Bay-breasted Warbler Dendroica castanea Carpodacus mexicanus House Finch 
Black Vulture Coragyps atratus Carpodacus purpureus Purple Finch 
Black-and-white Warbler Mniotilia varia Cathartes aura Turkey Vulture 
Blackcapped Chickadee Pams atricapillus Cathams fuscescens Veery 
Blue Jay Cyanocitta crigtata Centurus carolinus Red-bellied Woodpecker 
Blue-gray Gnatcatcher Polioptila caerulea Certihis familiaris Brown Creeper 
Blue-winged Warbler Vermivora pinus Chaetura pelagica Chimney Swift 
Bobolink Dolichonyx oryzivorus Characrius vociferus Killdeer 
Bobwhite Colinus virginianus Coccyzus americanus Yellow-billed Cuckoo 
Brown Creeper Certihis familiaris Colaptes auratus Common Flicker 
Brown Thrasher Toxostoma rufum Colinus virginianus Bobwhite 
Brown-headed Cowbird Molothrus ater Columbia livia Rock Dove 
Canada Goose Branta canadensis Contopus virens Eastern Wood Pewee 
Cardinal Cardinalis cardinalis Coragyps atratus Black Vulture 
Carolina Chickadee Parus carolinensis Corvus brachyrhynchos Common Crow 
Carolina Wren Thryothorus ludovicianus Cyanocitta crigtata Blue Jay 
Cerulean Warbler Dendroica cerulea Dendrocopos pubescens Downy Woodpecker 



TABLE 33 (Continued) 
CRANE NSWCC BIRD SURVEY 

Cross-Indexed Species Listing 

Common to Scientific Scientific to Common 
Common Name Scientific Name Scientific Name Common Name 

Chimney Swift Chaetura pelagica Dendroica castanea Bay-breasted Warbler 
Chipping Sparrow Spizella passerina Dendroica cerulea Cerulean Warbler 
Common Crow Corvus brachyrhynchos Dolichonyx oryzivorus Bobolink 
Common Flicker Colaptes auratus Dumetella carolinensis Gray Catbird 
Common Grackle Quiscalus quiscula Falco sparverius American Kestrel 
Common Yellowthroat Geothlypis trichas Geothlypis trichas Common Yellowthroat 
Dark-eyed Junco Junco hyemalis Helmitheros vermivorus Worm-eating Warbler 
Downy Woodpecker Dendrocopos pubescens Hirundo rustica Bam Swallow 
Eastern Bluebird Sialia sialis Hylocichla mustelina Wood Thrush 
Eastern Meadowlark Sturnella magna Icterus galbula Northern Oriole 
Eastern Phoebe Sayornis phoebe Iridoprocne bicolor Tree Swallow 
Eastern Wood Pewee Contopus virens Ixobrychus exilis Least Bittern 
Field Sparrow Spizella pusilla Junco hyemalis Dark-eyed Junco 
Gray Catbird Dumetella carolinensis Meleagris galopava Wild Turkey 
Great Homed Owl Bubo virginianus Melospiza melodia Song Sparrow 
House Finch Carpodacus mexicanus Mimus polyglottos Mockingbird 
House Sparrow Passer domesticus Mniotilia varia Black-and-white Warbler 
House Wren Troglodytes aedon Molothrus ater Brown-headed Cowbird 
Indigo Bunting Passerina cyanea Oporornis formosus Kentucky Warbler 
Kentucky Warbler Oporornis formosus Otus asio Screech Owl 
Killdeer Characrius vociferus Parus atricapillus Blackcapped Chickadee 
Least Bittern Ixobrychus exilis Parus bicolor Tufted Titmouse 



TABLE 33 (Continued) 
CRANE NSWCC BIRD SURVEY 

Cross-Indexed Species Listing 
Common to Scientific 

Common Name Scientific Name 

Louisiana Waterthrush Seiurus motacilla 
Mockingbird Mimus polyglottos 
Mourning Dove Zenadia macroura 
Nashville Warbler Vermivora ruficapilla 
Northern Oriole Icterus galbula 
Purple Finch Carpodacus purpureus 
Purple Martin Progne subis 
Red-eyed Vireo Vireo olivaceus 
Red-bellied Woodpecker Centurus carolinus 
Red-tailed Hawk Buteo jamaciensis 
Red-winged Blackbird Agelaius phoeniceus 
Rock Dove Columbia livia 
Rufous-sided Towhee Pipilo erythrophthalmus 
Scarlet Tanager Piranga olivacea 
Screech Owl Otus asio 
Song Sparrow Melospiza melodia 
Starling Sturnus vulgaris 
Tennessee Warbler Vermivora peregrina 
Tree Swallow Iridoprocne bicolor 
Tufted Titmouse Parus bicolor 
Turkey Vulture 
Veery 

Cathartes aura 
Catharus fuscescens 

Scientific to Common 
Scientific Name 

Parus carolinensis 
Passer domesticus 
Passerina cyanea 
Pipilo erythrophthalmus 
Pirangia olivacea 
Polioptila caerulea 
Pooecetes gramineus 
Progne subis 
Quiscalus quiscula 
Sayornis phoebe 
Seiurus motacilla 
Setophaga ruticilla 
Sialia sialis 
Sitta carolinensis 

Common Name 

Carolina Chickadee 
House Sparrow 
Indigo Bunting 
Rufous-sided Towhee 
Scarlet Tanager 
Blue-gray Gnatcatcher 
Vesper Sparrow 
Purple Martin 
Common Grackle 
Eastern Phoebe 
Louisiana Waterthrush 
American Redstart 
Eastern Bluebird 
White-breasted Nuthatch 

Spinus tristis American Goldfinch 
Spizella passerina Chipping Sparrow 
Spizella pusilla Field Sparrow 
Strix varia Barred Owl 
Sturnella magna Eastern Meadowlark 
Sturnus vulgaris Starling 
Thryothorus ludovicianu Carolina Wren 
Toxostoma rufum Brown Thrasher 



TABLE 33 (Continued) 
CRANE NSWCC BIRD SURVEY 

Cross-Indexed Species Listing 

Common to Scientific Scientific to Common 
Common Name Scientific Name 

Vesper Sparrow Pooecetes gramineus 
Whip-poor-will Caprimulgus vociferus 
White-breasted Nuthatch Sitta carolinensis 
White-throated Sparrow Zonotrichia albicollis 
Wild Turkey Meleagris galopava 
Wood Thrush Hylocichla mustelina 
Worm-eating Warbler Helmitheros vermivorus 
Yellow-billed Cuckoo Coccyzus americanus 
Yellow-throated Vireo Vireo flavifrons 

Scientific Name Common Name 

Troglodytes aedon 
Turdus migratorius 
Vermivora peregrina 
Vermivora pinus 
Vermivora ruficapilla 
Vireo flavifrons 
Vireo olivaceus 
Zenadia macroura 
Zonotrichia albicollis 

House Wren 
American Robin 
Tennessee Warbler 
Blue-winged Warbler 
Nashville Warbler 
Yellow-throated Vireo 
Red-eyed Vireo 
Mourning Dove 
White-throated Sparrow 



TABLE 34 
CRANE NSWCC BIRD SURVEY, PHYLOGENETIC LISTING 

(Includes fall species*) 

Regional Regional 
Common Name Scientific Name Status** Abundance*** 
Turkey Vulture Cathartes aura PR C 
Black Vulture Coragyps atratus PR R 
Red-tailed Hawk Buteo jamaciensis PR C 
American Kestrel Falco sparverius PR C 
Wild Turkey Meleagris galopava PR C 
Bobwhite Colinus virginianus PR C 
Killdeer Characrius vociferus PR C 
Rock Dove Columbia livia PR A 
Mourning Dove Zenadia macroura PR A 
Yellow-billed Cuckoo Coccyzus americanus SUR C 
Great Horned Owl Bubo virginianus PR C 
Whip-poor-will Caprimulgus vociferus SUR U 
Chimney Swift Chaetura pelagica SUR A 
Common Flicker Colaptes auratus PR C 
Downy Woodpecker Dendrocopos pubescens PR A 
Eastern Phoebe Sayornis phoebe SUR C 
Eastern Wood Pewee Contopus virens SUR C 
Tree Swallow Iridoprocne bicolor SUR U 
Barn Swallow Hirundo rustica SUR C 
Purple Martin Progne subis SUR C 
Blue Jay Cyanocitta crigtata PR A 
Common Crow Corvus brachyrhynchos PR A 
Carolina Chickadee Parus carolinensis PR A 
Tufted Titmouse Parus bicolor PR A 
White-breasted Nuthatc Sitta carolinensis PR C 
Brown Creeper Certihis familiaris WR C 
House Wren Troglodytes aedon SUR C 
Carolina Wren Thryothorus ludovicianus PR C 
Mockingbird Mimus polyglottos PR C 
Gray Catbird Dumetella carolinensis SUR C 
Brown Thrasher Toxostoma rufum SUR C 
American Robin Turdus migratorius PR A 

Wood Thrush Hylocichla mustelina SUR C 
Veery Catharus fuscescens M U 
Eastern Bluebird Sialia sialis PR U 
Blue-gray Gnatcatcher Polioptila caerulea SUR C 



TABLE 34 (Continued) 
Regional Regional 

Common Name Scientific Name Status** Abundance*** 
Starling Sturnus vulgaris PR A 
Red-eyed Vireo Vireo olivaceus SUR U 
Black-and-white Warbl Mniotilia varia SUR C 
Blue-winged Warbler Vermivora pinus SUR U 
Worm-eating Warbler Helmitheros vermivorus SUR R 
Tennessee Warbler Vermivora peregrina M C 
Nashville Warbler Vermivora ruficapilla M C 
Cerulean Warbler Dendroica cerulea SUR C 
Bay-breasted Warbler Dendroica castanea M C 
Louisiana Waterthrush Seiurus motacilla M C 
Kentucky Warbler Oporornis formosus SUR C 
Common Yellowthroat Geothlypis trichas SUR C 
American Redstart Setophaga ruticilla SUR U 
House Sparrow Passer domesticus PR A 
Bobolink Dolichonyx oryzivorus SUR R 
Eastern Meadowlark Sturnella magna PR A 
Red-winged Blackbird Agelaius phoeniceus PR A 
Common Grackle Quiscalus quiscula PR A 
Brown-headed Cowbird Molothrus ater PR C 
Northern Oriole Icterus galbula SUR C 
Cardinal Cardinalis cardinalis PR A 
Indigo Bunting Passerina cyanea SUR A 
Purple Finch Carpodacus purpureus PR U 
American Goldfinch Spinus tristis PR A 
Rufous-sided Towhee Pipilo erythrophthalmus PR C 
Vesper Sparrow Pooecetes gramineus SUR R 
Dark-eyed Junco Junco hyemalis WR U 
Chipping Sparrow Spizella passerina SUR C 
Field Sparrow Spizella pusilla PR A 
White-throated Sparrow Zonotrichia albicollis PR A 
Song Sparrow Melospiza melodia PR C 

* = Phylogenetic order follows 35th Supplement of A.O.U. 
Checklist of North American Birds 

** = Regional Status Code: 
SR = Summer Resident 
WR = Winter Resident 
T = Transient 
R = Resident 
BR = Breeding 

* * * = Abundance Classification: 



P = Present in adjacent areas and/or recorded from site 
U = Uncommon, less than 5 birds per day observed 
C = Common, 5 to 15 birds per day observed 
A = Abundant, greater than 15 birds per day observed 



TABLE 35 
Fall Avian Densities Based on 
Observations at Crane - ABG 

Martin County, Indiana 
Fall* Fall Fall 
Birds Sample Sample 

Sampling Dates Mean* Per Std. Variance 
Common Name 8/22 8/23 8124 Density 100 Acre Dev. 

Wild Turkey 1 7 6 5 36 3.2 10.3 
Whip-poor-will 3 4 6 4 33 1.5 2.3 
Common Crow 4 3 5 4 30 1.0 1.0 
Common Flicker 4 3 4 4 28 0.6 0.3 
American Goldfinch 3 2 4 3 23 1.0 1.0 
Blue Jay 1 4 3 3 20 1.5 2.3 
Mourning Dove 1 5 2 3 20 2.1 4.3 
Chipping Sparrow 3 5 3 20 1.4 2.0 
Red-eyed Vireo 1 3 3 2 18 1.2 1.3 
Yellow-throated Vireo 1 6 2 18 3.5 12.5 
Eastern Wood Pewee 3 2 2 2 18 0.6 0.3 
Cardinal 2 2 2 2 15 0.0 0.0 
Song Sparrow 1 2 2 2 13 0.6 0.3 
Tufted Titmouse 1 1 3 2 13 1.2 1.3 
Red-tailed Hawk 1 1 1 1 8 0.0 0.0 
White-breasted Nuthat 1 1 1 1 8 0.0 0.0 
Downy Woodpecker 1 1 1 5 0.0 0.0 
Red-bellied Woodpeck 1 1 1 5 0.0 0.0 
Gray Catbird 1 1 1 5 0.0 0.0 
Blackcapped Chickadee 2 1 5 
Barred Owl 1 0 3 
Rufous-sided Towhee 1 0 3 
Wood Thrush 1 0 3 
Northern Oriole 1 0 3 
Indigo Bunting 1 0 3 

Daily Individuals 33 47 59 

Daily Species 18 21 19 
Daily ADI 0.720 0.840 0.760 
MeanADI 0.773 
Average Individuals/day = 46 
Total species observed during sampling period = 25 
* = Rounded to next whole number 



TABLE 36 
Phylogenetic Listing of Mammal Species of the Crane NSWCC Area 

Marsupialia 
Didelphidae 

Didelphis virginiana 

Insectivora 
Talpidae 

Scalopus aquaticus 

Soricidae 

Chiroptera 

Blarina brevicauda 
Cryptotis parva 

Vespertilionidae 
Myotis lucifugus 
Pipistrellus subflavus 
Eptesicus fuscus 
Lasiurus borealis 
Lasiurus cinereus 
Myotis sodalis 
Myotis keenii 

Lagomorpha 
Leporidae 

Sylvilagus floridanus 

Rodentia 
Sciuridae 

Tamias striatus 
Marmota monax 
Sciurus carolinensis 
Sciurus niger 
Glaucomys volans 
Tamiasciurus hudsonicus 

Castoridae 
Castor canadensis 

Muridae 
Peromyscus leucopus 
Peromyscus maniculatus 
Synaptomys cooperi 
Microtus ochrogaster 
Microtus pennsylvanicus 
Microtus pinetorum 
Mus musculus 
Pitymys pinetorum 
Ondatra zibethica 
Rattus norvegicus 

Opossum +, #, ** 

Eastern Mole +,# 

Short-tailed Shrew# 
Least Shrew 

Little Brown Myotis 
Eastern Pipistrelle 
Big Brown Bat 
Red Bat 
Hoary Bat 
Indiana Bat 
Keen's Myotis 

Eastern Cottontail +,# 

Eastern Chipmunk +,# 
Woodchuck # 
Gray Squirrel +,# 
Fox Squirrel +,# 
Southern Flying Squirr 
Red Squirrel 

Beaver# 

White-footed Mouse + 
Deer Mouse 
Southern Bog Lemmin 
Prairie Vole 
Meadow Vole+,# 
Woodland Vole 
House Mouse 
Pine Vole 
Muskrat# 
Norway Rat 



TABLE 36 (Continued) 
Phylogenetic Listing of Mammal Species of the Crane NSWCC Area 

Diplodidae 
Zapus hudsonius 

Carnivora 
Canidae 

Canis laterans 
Vulpes vulpes 
Urocyon cinereoargenteus 

Procyonidae 
Procyon lotor 

Mustelidae 
Mustela frenata 
Mustela nivalis 
Mustela vison 
Mephitis mephitis 

Cervidae 
Odocoileus virginianus 

+ = direct observation 
# = observation of sign, tracks, scat, browse etc. 
* * = Trapped as part of program 

Meadow Jumping Mouse 

Coyote # 
Red Fox + 
Gray Fox 

Raccoon +,#,** 

Long-tailed Weasel 
Least Weasel 
Mink# 
Striped Skunk # 

White-tailed Deer +,#,** 

Note: undesignated species have ranges that include the site 
but were not trapped or otherwise observed during the field program. 

Taxonomy follows Burt and Grossheider ( 1964 ) 



TABLE 37 
Listing of Mammal Species Caught at the Crane NSWCC Area 

Number ABG ABG DR DR DR ORR ORR ORR 
Scientific Name Common Name Caught 8-24-95 8-26-95 8-24-95 8-25-95 8-26-95 8-24-95 8-25-95 8-26-95 

Didelphis virginiana Opossum 8 IF IF I,F 2F IF 1M, IF 

Sciurus niger Fox Squirrel IF 

Peromyscus maniculatus Deer Mouse 3 1M, IF IF 

Procyon lotor Raccoon 4 IF 1M, 1M, IF 

1M =Single Male sample caught 
IF = Single Female caught 



TABLE 38 
Amphibians and Reptiles of the CRANE Area 

Caudata 
Amblystomatidae 

Amblystoma maculatum 
Amblystoma opacum 
Amblystoma texanum 
Eurycea lucifuga 
Eurycea bislineata 
Plethodon glutinosus 
Plethodon cinereus 
Plethodon dorsalis 
Amblystoma jeffersoniana 

Salamandridae 
Notophthalmus viridescens 

Salientia 
Bufonidae 

Bufo americanus americanus 
Hylidae 

Acris crepitans blanchardi 
Pseudacris triseriata 
Hyla crucifer crucifer 
Hyla versicolor versicolor 
Rana catesbeiana 
Rana cIamitans melanota 
Rana palustris 
Rana sphenocephala 
Rana sylvatica 

Reptilia 
Chelydridae 

Chelydra serpentia serpentia 
Kinosternidae 

Sternotherus odoratus 
Testidinidae 

Terrapene carolina 
Chrysemys picta marginata 
Graptemys geographica 

Trionychidae 
Trionyx spinifer spinifer 

Squamata 
Teiidae 

Scincella lateralis 
Iguanidae 

Sceloporus undulatus 
Serpentes 

Colubridae 
Diadophis punctatus edwardsi 
Opheodrys aestivus 
Lampropeltis getulus niger 
Lampropeltis triangulum syspila 
Thamnophis sirtalis sirtalis 
Storeria Dekayi wrightorum 
Storeria occipitomaculata occipitomaculata 

Spotted Salamander 
Marble Salamander 
Small-mouthed Salamander 
Cave Salamander 
Two-lined Salamander* 
Slimy Salamander 
Red-backed Salamander 
Zig-zag Salamander 
Jefferson Salamander 

Red-spotted Newt 

American Toad* 

Blanchard's Cricket Frog 
Striped Chorus Frog* 
Northern Spring Peeper 
Eastern Gray Treefrog 
Bullfrog* 
Green Frog* 
Pickerel Frog* 
Southern Leopard Frog* 
Wood Frog 

Common Snapping Turtle* 

Stinkpot Musk Turtle 

Eastern Box Turtle* 
Midland Painted Turtle 
Map Turtle 

Eastern Spiny Softshell 

Gound Skink 

Northern Fence Lizard 

Northern Ringneck Snake 
Rough Green Snake 
Black Kingsnake** 
Red Milk Snake 
Eastern Garter Snake* 
Midland Brown Snake 
Northern Red-bellied Snake 



TABLE 38 (Continued 
Amphibians and Reptiles of the CRANE Area 

Natrix sipedon pleuralis 
Carphopis amoenus helenae 
Virginia valeria elegans 

Crotolidae 
Crotalus horridus horridus 

Viperidae 
Agkistrodon contortrix 

* = Observed on or adjacent to site 
** = Observed roadkill near site 

Midland Water Snake* 
Midwest Worm Snake 
Western Earth Snake 

Timber Rattlesnake 

Northern Copperhead 

Taxonomy follows: Smith, P.W. 1961 with updates through 
Behler, J.L. and F.W. King, 1979 



TABLE 39 
Macroinvertebrate Sampling Results - Crane 

ABG ABG ABG DR DR DR DR ORR ORR ORR DR DR Control 
Spring Spring Spring B-1 B-1 B-2 B-3 T-I T-2 T-3 Sed Sed Area 

Order Family A pool C pool Crime Rime Pool Pool Rime Pool Pool Pool Basin 1 Pond 2 #1 
Gastropoda Physidae 3 23 6 4 5 3 

Heliosoma 7 16 
Pelecypoda Pisium 
Ephemeroptera Ephemeridae 4 22 14 21 13 2 8 
Plecoptera Perlidae 22 30 15 9 3 22 
Trichoptera Phreiganeidae 4 4 4 7 76 7 17 4 17 

Polycentropus 18 
Odonata LibeIIulidae 7 5 

Agrionidae 3 18 8 7 8 
Coleoptera Dytiscus 2 6 2 

Hydrophilidae 9 
Dipters Syrphidae 3 3 

Chironomidae 18 12 25 19 8 
Culicidae 8 3 18 18 4 3 24 12 

Hemiptera Gerridae 2 2 3 
Corixidae 5 4 3 9 
Notonectidae 9 6 3 

Megaloptera Sialidae 3 2 
Crustacea Daphniidae 13 

Cypridae 14 
Asellidae 3 

TurbeIIaria Planaridae 3 
Amphipoda Gammaridae 2 
Insecta No. Mole Crkt* 

SUbtotal by area 
Number of Taxa 7 8 4 7 7 7 10 7 5 5 4 0 4 
Number oflndiv. 71 81 40 94 79 41 122 52 42 38 43 47 
EPT Sensitive Taxa 3 3 2 2 3 0 I 3 2 I 2 0 I 
EPT Index 0.429 0.375 0.500 0.286 0.429 0.000 0.100 0.429 0.400 0.200 0.500 0.250 
Statistics 
Margalef 1.4076 1.5929 0.8133 1.3206 1.3732 1.6157 1.8734 1.5185 1.0702 1.0996 0.7976 0.7792 
Menhinick 0.8307 0.8889 0.6325 0.7220 0.7876 1.0932 0.9054 0.9707 0.7715 0.81 II 0.6100 0.5835 
Simpson 0.7976 0.7670 0.7141 0.8172 0.8186 0.7634 0.5843 0.7421 0.7573 0.6216 0.7110 0.7206 
Shannon H' 1.6925 1.6608 1.2705 1.7561 1.7754 1.6370 1.3464 1.5944 1.4677 1.2003 1.2690 1.2895 
Hill NI 5.4328 5.2634 3.5627 5.7898 5.9026 5.1395 3.8435 4.9254 4.3392 3.3212 3.5572 3.631 I 
HilIN2 4.9404 4.2914 3.4978 5.4706 5.5116 4.2268 2.4058 3.8772 4.1 196 2.6429 3.4598 3.5795 
PielouJ' 0.8697 0.7987 0.9165 0.9025 0.9124 0.8412 0.5847 0.8194 0.9119 0.7458 0.9154 0.9302 
Sheldon 0.7761 0.6579 0.8907 0.8271 0.8432 0.7342 0.3844 0.7036 0.8678 0.6642 0.8893 0.9078 
Heip 0.7388 0.6091 0.8542 0.7983 0.8171 0.6899 0.3159 0.6542 0.8348 0.5803 0.8524 0.8770 
HilIN4 0.9094 0.8153 0.9818 0.9449 0.9338 0.8224 0.6259 0.7872 0.9494 0.7958 0.9726 0.9858 
Hill N5 0.8889 0.7720 0.9746 0.9334 0.9202 0.7795 0.4944 0.7330 0.9342 0.7078 0.9619 0.9804 

* = Not counted for invertebrate statistics 
**= Not included in statistical analysis 



Table 40 
Crane Fish Trophic Levels and Water Quality Tolerance 

Trophic 
Family Species Common Name Level Tolerance Origin 
Polyodontidae 

Polyodon spathula Paddlefish Filterer Intolerant Native 

Lepisosteidae 
Lepisosteus osseus Longnose gar Piscivore Intermediate Native 

Amiidae 
Amio calva Bowfin Piscivore Intermediate Native 

Clupeidae 
Dorosoma cepedianum Gizzard shad Omnivore Intermediate Native 

Esocidae 
Esox americanus vermiculatus Grass pickerel Piscivore Intermediate Native 

Cyprinidae 
Cyprinus carpio Carp Onmivore Tolerant Exotic 
Semotilis atromaculatus Creek chub Generalist Tolerant Native 
Notemigonus chrysoleucas Golden shiner Insectivore Intermediate Native 
Notropis umbratilus Redfin shiner Insectivore Intermediate Native 
Notropis fumeus Ribbon shiner Insectivore Intermediate Native 
Notropis spilopterus Spotfin shiner Insectivore Intermediate Native 
Notropis whipp lei Steelcolor shiner Insectivore Intermediate Native 
Notropis chrysocephalus Striped shiner Insectivore Intermediate Native 
Campostoma anomalum Central stoneroller Herbivore Intermediate Native 
Phoxinus erythrogaster Southern red belly d Herbivore Intermediate Native 
Rhinichthys atratulus Blacknose dace Generalist Tolerant Native 
Ericymba buccata Silverjaw minnow Insectivore Intermediate Native 
Pimenthales notatus Bluntnose minnow Omnivore Tolerant Native 

Catostomidae 
Erimyzon oblongus Creek chubsucker Insectivore Intermediate Native 
Ictiobus cyprinellus Bigmouth buffalo Insectivore Intermediate Native 
Minytrema melanops Spotted sucker Insectivore Intermediate Native 
Catostomus commersoni White sucker Omnivore Tolerant Native 
Hypentelium nigricans Northern hog sucke Insectivore Intolerant Native 
Moxostoma erythrurum Golden redhorse Insectivore Intermediate Native 

Ictaluridae 
Ictalurus melas Black bullhead Insectivore Intermediate Native 
Ictalurus natalis Yellow bullhead Insectivore Tolerant Native 
Ictalurus punctatus Channel catfish Generalist Intermediate Native 

Atherinidae 
Labidesthes sicculus Brook silverside Insectivore Intermediate Native 

Cyprinodontidae 
Fundulus rotatus Blackstripe topmin Insectivore Intermediate Native 

Centrarchidae 
Centrarchus macropterus Flier 
Lepomis cyanellus Green sunfish Invertivore Tolerant Native 
Lepomis megalotus Longear sunfish Invertivore Intolerant Native 
Lepomis gulosus Warmouth Invertivore Intermediate Native 
Lepomis macrochirus Bluegill Insectivore Intermediate Native 
Lepomis microlophus Redear Insectivore Intermediate Native 
Micropterus salmoides Largemouth bass Piscivore Intermediate Native 
Pomoxis annularis White crappie Invertivore Intermediate Native 
Pomoxis nigromaculatus Black crappie Invertivore Intermediate Native 



Table 40 (Continued) 
Crane Fish Trophic Levels and Water Quality Tolerance 

Trophic 
Famil~ S(!ecies Common Name Level Tolerance 
Percidae 

Percea flavescens YeHow perch Piscivore Intermediate Native 
Etheostoma flabellare Fantail darter Insectivore Intermediate Native 
Etheostoma nigrum Johnny darter Insectivore Intermediate Native 
Etheostoma spectabile Orangethroat darte Insectivore Intermediate Native 
Etheostoma gracile Slough darter Insectivore Intermediate Native 
Percina maculata Blackside darter Insectivore Intermediate Native 
Percina sciera Dusky darter Insectivore Intermediate Native 

Cottidae 
Cottus bairdi Mottled sculpin Insectivore Intermediate Native 

Sources:Karr et aI., 1986 and Ohio EPA 1987 



TABLE 41 
Crane Electroshocking Sample Locations 

Qualitative Fish Survey Results 

ABG ABG DR DR DR ORR ORR ORR DR 
Spring Spring Boggs Boggs Boggs Turkey Turkey Turkey Sed 

Species Common Name A C B-1 B-2 B-3 T-l T-2 T-3 Pond 

Polyodon spathula Paddlefish 
Lepisosteus osseus Longnose gar 
Amio calva Bowfin 
Dorosoma cepedianum Gizzard shad C C C C C C 
Esox americanus venniculat Grass pickerel 
Cyprinus carpio Carp 
Semotilis atromaculatus Creek chub C C C A C 
Notemigonus chrysoleucas Golden shiner U 
Notropis umbratilus Redfin shiner U 
Notropis fumeus Ribbon shiner U U 
Notropis spilopterus Spotfin shiner 
Notropis whipp lei Steelcolor shiner 
Notropis chrysocephalus Striped shiner 
Campostoma anomalum Central stoneroller 
Phoxinus erythrogaster Southern red belly dace 
Rhinichthys atratulus Blacknose dace U U 
Ericymba buccata Silverjaw minnow C C C C 
Pimenthales notatus Bluntnose minnow A C A A A A A U 
Erimyzon oblongus Creek chubsucker 
Ictiobus cyprinellus Bigmouth buffalo 
Minytrema melanops Spotted sucker 
Catostomus commersoni White sucker 
Hypentelium nigricans Northern hog sucker 
Moxostoma erythrurum Golden redhorse 
Ictalurus melas Black bullhead U U U 
Ictalurus natalis Yellow bullhead U U 
Ictalurus punctatus Channel catfish U 
Labidesthes sicculus Brook silverside 
Fundulus rotatus Blackstripe topminnow 
Lepomis cyanellus Green sunfish U U 
Lepomis megalotus Longear sunfish 
Lepomis gulosus Warmouth 
Lepomis macrochirus Bluegill U U A 
Lepomis microlophus Redear 
Micropterus salmoides Largemouth bass U U C 
Pomoxis annularis White crappie 
Pomoxis nigromaculatus Black crappie 
Percea flavescens Yellow perch 
Etheostoma flabellare Fantail darter 
Etheostoma nigrum Johnny darter 



Species 
Etheostoma spectabile 
Etheostoma gracile 
Percina maculata 
Percina sci era 
Cottus bairdi 

Qualitative Key 

Common Name 
Orangethroat darter 
Slough darter 
Blackside darter 
Dusky darter 
Mottled sculpin 

Species Subtotal 

Species Total 

A = abundant (>50 individuals) 
C = common (10 - 50 individuals) 
U = uncommon «10 individuals) 

TABLE 41 (Continued) 
Crane Electroshocking Sample Locations 

Qualitative Fish Survey Results 

ABG ABG DR DR DR ORR ORR ORR DR 
Spring Spring Boggs Boggs Boggs Turkey Turkey Turkey Sed 

A C B-1 B-2 B-3 T-l T-2 T-3 Pond 

4 5 6 2 6 12 4 3 

14 



Species 

Quercus alba 
Acer saccharum 
Quercus rubra 
Carya ovata 
Quercus borealis 

Species 

Acer saccharum 
Comus florida 

Totals 

Common Name 

White Oak 
Sugar Maple 
Red Oak 
Shagbark Hickory 
Northern Red Oak 

Totals 

Common Name 

Sugar Maple 
Flowering Dogwood 

TABLE 42 
Old Rifle Range - Overstory Sampling Results 

Sampling Plot #1 

Number Density per Basal area Basal area Mean Tree 
of Species per Species per Species Basal Area 

Trees per Acre per Acre Size 

17 170 277.11 2771.10 
2 20 10.36 103.60 

10 16.49 164.90 
10 10.21 102.10 
10 9.26 92.60 

22 220 323.42 3234.20 

TABLE 43 
Old Rifle Range - Understory Sampling Results 

Sampling Plot #1 

16.30 
5.18 

16.49 
10.21 
9.26 

11.49 

Relative Relative Importance 
Frequency Dominance Value 

Percent Percent 

77.3 85.7 162.95 
9.1 3.2 12.29 
4.5 5.1 9.64 
4.5 3.2 7.70 
4.5 2.9 7.41 

100.0 100.0 200.00 

Number Density per Basal area Basal area Mean Tree Relative Relative Importance 
of Species per Species per Species Basal Area Frequency Dominance Value 

Shrubs per Acre per Acre Size Percent Percent 

3 
1 

4 

300 
100 

400 

1.88 
2.83 

4.71 

188.40 
282.60 

471.00 

2.51 
2.83 

2.67 

75.0 
25.0 

100.0 

72.7 
27.3 

100.0 

147.73 
52.27 

200.00 



TABLE 44 
Old Rifle Range ORR - 1 Ground Cover Vegetation 

Sampling Plot #1 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguenc~ Cover Value 
Comus florida Flowering Dogwood 8 8 50.0 42.1 92.1 
Parthenocissus quinquefolia Virginia Creeper 5 31.3 26.3 57.6 
Poa pratensis Bluegrass 3 6.3 15.8 22.0 
Sassafras albidum Sassafras 2 6.3 10.5 16.8 
Fragaria virginiana Wild Strawberry I 6.3 5.3 11.5 

Subsum 19 16 100.0 100.0 200.0 
Percent Bare Ground 81 

TABLE 4S 
Old Rifle Range ORR - 1 Ground Cover Vegetation 

Sampling Plot #2 

Observed Number 
Percent of Relative Relative Importance 

S)!ecies Common Name Cover Individual Freguenc~ Cover Value 
Comus florida Flowering Dogwood 14 14 66.7 48.6 115.3 
Sassafras albidum Sassafras JO 2 9.5 34.7 44.2 
Acer saccharum Sugar Maple 2 2 9.5 6.9 16.5 
Poa pratensis Bluegrass I I 4.8 3.5 8.2 
Viola hastata Halbert-leaved Violet 0.9 I 4.8 3.1 7.9 
Galium aparine Bedstraw 0.9 I 4.8 3.1 7.9 

Subsum 28.8 21 100.0 100.0 200.0 
Percent Bare Ground 71.2 

TABLE 46 
Old Rifle Range ORR - 1 Ground Cover Vegetation 

Sampling Plot #3 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Fr!:!luenc~ Cover Value 
Acer saccharum Sugar Maple 3 3 27.3 20.0 47.3 
Fragaria virginiana Wild Strawberry 3 3 27.3 20.0 47.3 
Geranium maculatum Wild Geranium 3 1 9.1 20.0 29.1 
Solidago speciosa Showy Goldenrod 2 I 9.1 13.3 22.4 
Smilacena racemosa False-Solomon's Seal 2 I 9.1 13.3 22.4 
Quercus alba WhiteOak I I 9.1 6.7 15.8 
Pronus serotina Black Cherry 9.1 6.7 15.8 

Subsum 15 II 100.0 100.0 200.0 
Percent Bare Ground 85 

TABLE 47 
Old Rifle Range ORR - I Ground Cover Vegetation 

Sampling Plot #4 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguenc~ Cover Value 
Acer saccharum Sugar Maple 7 7 31.8 31.8 63.6 
Poa pratensis Bluegrass 7 7 3\.8 31.8 63.6 
Smilacena racemosa False-Solomon's Seal 4 4 18.2 18.2 36.4 
Quercus alba WhiteOak 3 3 13.6 13.6 27.3 
Fragaria virginiana Wild Strawberry I I 4.5 4.5 9.1 

Subsum 22 22 100.0 100.0 200.0 
Percent Bare Ground 78 



Species Common Name 

Acer saccharum Sugar Maple 
Sassafras albidum Sassafras 
Fagus grandifolia American Beech 
Quercus alba White Oak 

Total 

Species Common Name 

Lindera benzoin Spicebush 

Total 

TABLE 48 
Old Rifle Range - Overstory Sampling Results 

Sampling Plot #2 

Number Density per Basal area Basal area Mean Tree 
of Species per Species per Species Basal Area 

Trees per Acre per Acre Size 

3 30 93.42 934.20 31.14 
2 20 28.26 282.60 14.13 

10 37.68 376.80 37.68 
10 35.01 350.11 35.01 

7 70 194.37 1943.66 29.49 

TABLE 49 
Old Rifle Range - Understory Sampling Results 

Sampling Plot #2 

Number Density per Basal area Basal area Mean Tree 
of Species per Species per Species Basal Area 

Shrubs per Acre per Acre Size 

25 250 26.85 2684.70 1.07 

25 250 26.85 2684.70 1.07 

Relative Relative Importance 
Frequency Dominance Value 

Percent Percent 

42.9 48.1 90.92 
28.6 14.5 43.11 
14.3 19.4 33.67 
14.3 18.0 32.30 

100.0 100.0 200.00 

Relative Relative Importance 
Frequency Dominance Value 

Percent Percent 

100.00 100.00 200.00 

100.00 100.00 200.00 



TABLE 50 
Old Rifle Range ORR - 2 Ground Cover Vegetation 

Sampling Plot #1 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Fre!luenc~ Cover Value 
Panicum spp. Jointgrass 5 10 28.6 17.3 45.9 
Fragariia virginiana Wild Strawberry 7 7 20.0 24.2 44.2 
Scirpus americanus Three-square Rush 3 6 17.1 10.4 27.5 
CaIj'a tomentosa Mockernut Hickory 5 I 2.9 17.3 20.2 
Ulmus rubra Red Elm 3 3 8.6 10.4 19.0 
Galium aparine Bedstraw 2 2 5.7 6.9 12.6 
Acer saccharum Sugar Maple 2 2 5.7 6.9 12.6 
Rhus radicans Poison Ivy 1 3 8.6 3.5 12.0 

Unknown Seedlinll 0.9 I 2.9 3.1 6.0 
Subsum 28.9 35 100.0 100.0 200.0 
Percent Bare Ground 71.1 

TABLE 51 
Old Rifle Range ORR - 2 Ground Cover Vegetation 

Sampling Plot #2 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Fr!!luen~ Cover Value 
Gatium aparine Bedstraw 10 25 35.2 23.8 59.0 
Panicum spp. Jointgrass 7 15 21.1 16.7 37.8 
Gatium asprellum Rough Bedstraw 5 15 21.1 11.9 33.0 
Fragaria virginiana Wild Strawberry 7 7 9.9 16.7 26.5 
Parthenocissus quinquefolia Virginia Creeper 4 4 5.6 9.5 15.2 
Actaea pachypoda White Baneberry 5 I 1.4 11.9 13.3 
Acer saccharum Sugar Maple 2 2 2.8 4.8 7.6 
Pilea pumila Clearweed 2 2 2.8 4.8 7.6 

Subsum 42 71 100.0 100.0 200.0 
Percent Bare Ground 58 

TABLE 52 
Old Rifle Range ORR - 2 Ground Cover Vegetation 

Sampling Plot #3 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Fre!luenc~ Cover Value 
Panicum spp. Jointgrass 30 33 62.3 65.2 127.5 
Galium aparine Bedstraw 4 8 15.1 8.7 23.8 
Acer saccharum Sugar Maple 4 4 7.5 8.7 16.2 
Parthenocissus quinquefolia Virginia Creeper 3 3 5.7 6.5 12.2 
Scirpus americanus Three-square Rush 3 3 5.7 6.5 12.2 
Fragaria virginiana Wild Strawberry 2 2 3.8 4.3 8.1 

Subsum 46 53 100.0 100.0 200.0 
Percent Bare Ground 54 

TABLE 53 
Old Rifle Range ORR - 2 Ground Cover Vegetation 

Sampling Plot #4 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Fre!luenc~ Cover Value 
Panicum spp. Jointgrass 15 20 62.5 65.5 128.0 
Galium asprellum Rough Bedstraw 4 8 25.0 17.5 42.5 
Acer saccharum Sugar Maple 3 3 9.4 13.1 22.5 
Apios americana Groundnut 0.9 I 3.1 3.9 7.1 

Subsum 22.9 32 100.0 100.0 200.0 
Percent Bare Ground 77.1 



Species Common Name 

Quercus alba WhiteOak 
Fagus grandifolia American Beech 
Acer saccharum Sugar Maple 
Quercus rubra Red Oak 
Acerrubrum Red Maple 
Carya ovata Shagbark Hickory 
Fraxinus pennsylvanica Green Ash 
Comus florida Flowering Dogwood 

Totals 

Species Common Name 

Fagus grandifolia American Beech 
Comus florida Flowering Dogwood 

Totals 

TABLE 54 
Old Rifle Range - Overstory Sampling Results 

Sampling Plot #3 

Number Density per Basal area Basal area Mean Tree 
of Species per Species per Species Basal Area 

Trees per Acre per Acre Size 

3 30 53.70 89.49 17.90 
2 20 26.06 568.34 41.45 
2 20 39.88 127.17 19.94 

10 38.15 381.51 38.15 
10 25.91 259.05 25.91 
10 20.10 200.96 20.10 
10 16.80 167.99 16.80 
10 5.81 58.09 5.81 

12 120 283.23 2832.28 23.26 

TABLE 55 
Old Rifle Range - Understory Sampling Results 

Sampling Plot #3 

Number Density per Basal area Basal area Mean Tree 
of Species per Species per Species Basal Area 

Shrubs per Acre per Acre Size 

3 300 5.73 573.05 5.73 
2 200 1.41 141.30 1.41 

5 500 7.14 714.35 3.57 

Relative Relative Importance 
Frequency Dominance Value 

Percent Percent 

25.0 19.0 43.96 
16.7 29.3 45.93 
16.7 14.1 30.75 
8.3 13.5 21.80 
8.3 9.1 17.48 
8.3 7.1 15.43 
8.3 5.9 14.26 
8.3 2.1 10.38 

100.0 100.0 200.00 

Relative Relative Importance 
Frequency Dominance Value 

Percent Percent 

60.0 80.2 140.22 
40.0 19.8 59.78 

100.0 100.0 200.00 



TABLE 56 
Old Rifle Range ORR - 3 Ground Cover Vegetation 

Sampling Plot #1 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguenc~ Cover Value 
Poa pratensis Bluegrass 3 20 166.7 13.2 179.8 
Acerrubrum Red Maple 6 3 25.0 26.3 51.3 
Scirpus americanus Three-square Rush 5 3 25.0 21.9 46.9 
Eupatorium rugosum White Snakeroot 5 I 8.3 21.9 30.3 
Parthenocissus quinquefolia Virginia Creeper 2 2 16.7 8.8 25.4 
Carya tomentosa Mockernut Hickory 3 I 8.3 13.2 21.5 
Gallium aparine Bedstraw 0.9 I 8.3 3.9 12.3 
Ulmus rubra Red Elm 0.9 I 8.3 3.9 12.3 

Subsum 22.8 12 100 100 200.0 
Percent Bare Ground 77.2 

TABLE 57 
Old Rifle Range ORR - 3 Ground Cover Vegetation 

Sampling Plot #2 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual F~uen~ Cover Value 
Acer rubrum Red Maple 8 8 29.6 17.4 47.0 
Carya ovata Shagbark Hickory 15 3 11.1 32.6 43.7 
Parthenocissus quinquefolia Virginia Creeper 7 7 25.9 15.2 41.1 
Ulmus rubrum Red Elm 10 5 18.5 21.7 40.3 
Carya tomentosa Mockernut Hickory 5 I 3.7 10.9 14.6 
Galium aparine Bedstraw I 3 11.1 2.2 13.3 

Subsum 46 27 100.0 100 200.0 
Percent Bare Ground 54 

TABLE 58 
Old Rifle Range ORR - 3 Ground Cover Vegetation 

Sampling Plot #3 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguenc~ Cover Value 
Ulmus rubra Red Elm 20 7 21.9 37.7 59.6 
Parthenocissus quinquefolia Virginia Creeper 8 8 25.0 15.1 40.1 
Prunus serotina Black Cherry 10 2 6.3 18.9 25.1 
Acer rubrum Red Maple 5 5 15.6 9.4 25.1 
Panicum spp. Jointgrass 2 4 12.5 3.8 16.3 
Comus florida Flowering Dogwood 3 3 9.4 5.7 15.0 
Eupatorium rugosum White Snakeroot 2 I 3.1 3.8 6.9 
Liriodendron tulipifera Tuliptree 2 I 3.1 3.8 6.9 
Smilacena racemosa False-Solomon's Seal I I 3.1 1.9 5.0 

Subsum 53 32 100.0 100 200.0 
Percent Bare Ground 47 

TABLE 59 
Old Rifle Range ORR - 3 Ground Cover Vegetation 

Sampling Plot #4 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Fr!:!luen~ Cover Value 
Comus florida Flowering Dogwood 3 3 10.0 10.3 50.6 
Fagus grandifolia American Beech 6 3 10.0 20.7 30.7 
Botrychium dissectum Cut-leaf Grape Fern 2 4 13.3 6.9 27.2 
Ulmus rubra Red Elm 2 2 6.7 6.9 20.3 
Eupatorium rugosum White Snakeroot 3 3 10.0 10.3 20.3 
Scirpus americanus Three-square Rush 5 3 10.0 17.2 20.2 
Parthenocissus quinquefolia Virginia Creeper 5 10 33.3 17.2 17.0 
Prunus serotina Black Cherry 3 2 6.7 \0.3 13.6 

Subsum 29 30 100.0 \00 200.0 
Percent Bare Ground 71 



Species 

Carya ovata 
Carya tomentosa 
Quercus alba 
Fagus grandifolia 
Quercus palustris 
Quercus rubra 

Species 

Ostrya virginiana 
Comus florida 

Common Name 

Shagbark Hickory 
Mockernut Hickory 
White Oak 
American Beech 
Pin Oak 
Red Oak 

Total 

Common Name 

Hophornbeam 
Flowering Dogwood 

Subtotals 

TABLE 60 
Old Rifle Range - Overstory Sampling Results 

Sampling Plot #4 

Number Density per Basal area Basal area Mean Tree 
of Species per Species per Species Basal Area 

Trees per Acre per Acre Size 

5 50 92.31 923.10 
2 20 43.96 439.60 
1 10 43.65 436.46 

10 18.84 188.40 
10 17.90 178.98 
10 12.25 122.46 

11 110 228.91 2289.06 

TABLE 61 
Old Rifle Range - Understory Sampling Results 

Sampling Plot #4 

18.46 
21.98 
43.65 
18.84 
17.90 
12.25 

22.18 

Relative Relative Importance 
Frequency Dominance Value 

Percent Percent 

45.5 40.3 85.78 
18.2 19.2 37.39 
9.1 19.1 28.16 
9.1 8.2 17.32 
9.1 7.8 16.91 
9.1 5.3 14.44 

100.0 100.0 200.00 

Number Density per Basal area Basal area Mean Tree Relative Relative Importance 
of Species per Species per Species Basal Area Frequency Dominance Value 

Shrubs per Acre per Acre Size Percent Percent 

2 
1 

3 

200 
100 

300 

4.87 
0.79 

5.66 

487.00 
78.50 

565.50 

2.43 
0.79 

1.61 

66.7 
33.3 

100.0 

86.1 
13.9 

100.0 

152.78 
47.22 

200.00 



TABLE 62 
Old Rifle Range ORR - 4 Ground Cover Vegetation 

Sampling Plot #1 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguencl: Cover Value 
Vinca minor Periwinkle 3 20 54.1 10.8 64.8 
Rhus radicans Poison Ivy 6 3 8.1 21.6 29.7 
Parthenocissus quinquefolia Virginia Creeper 5 3 8.1 18.0 26.1 
Bidens aristosa Common Bidens 2 5 13.5 7.2 20.7 
Comus florida Flowering Dogwood 5 1 2.7 18.0 20.7 
Viola lanceolata Lance-leaved Violet 3 1 2.7 10.8 13.5 
Acerrubrum Red Maple 2 2 5.4 7.2 12.6 
Oxalis montana Common Wood Sorrel 0.9 1 2.7 3.2 5.9 
Prunus serotina Black Che!!1 0.9 1 2.7 3.2 5.9 

Subsum 27.8 37 100.0 100.0 200.0 
Percent Bare Ground 72.2 

TABLE 63 
Old Rifle Range ORR - 4 Ground Cover Vegetation 

Sampling Plot #2 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguencl: Cover Value 
Oxalis montana Common Wood Sorrel 10 5 19.2 20.0 39.2 
Viola hastata Halbert-leaved Violet 5 5 19.2 10.0 29.2 
Parthenocissus quinquefolia Virginia Creeper 5 5 19.2 10.0 29.2 
Comus florida Flowering Dogwood 10 2 7.7 20.0 27.7 
Carya tomentosa Mockernut Hickory 6 3 11.5 12.0 23.5 
Prunus serotina Black Cherry 4 2 7.7 8.0 15.7 
Acer rubrum Red Maple 4 2 7.7 8.0 15.7 
Fagus grandifolia American Beech 5 1 3.8 10.0 13.8 
Smilacena racemosa Fase-Solomon's Seal 1 3.8 2.0 5.8 

Subsum 50 26 100.0 100.0 200.0 
Percent Bare Ground 50 

TABLE 64 
Old Rifle Range ORR - 4 Ground Cover Vegetation 

Sampling Plot #3 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguen~ Cover Value 
Parthenocissus quinquefolia Vrginia Creeper 15 45 73.8 32.6 106.4 
Comus florida Flowering Dogwood 20 10 16.4 43.5 59.9 
Acerrubrum Red Maple 8 4 6.6 17.4 23.9 
Eupatorium rugosum White Snakeroot 2 I 1.6 4.3 6.0 
Viola hastata Halbert-leaved Violet 1 1 1.6 2.2 3.8 

Subsum 46 61 100.0 100.0 200.0 
Percent Bare Ground 54 

TABLE 6S 
Old Rifle Range ORR - 4 Ground Cover Vegetation 

Sampling Plot #4 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Fr!:!Juencl: Cover Value 
Oxalis montana Common Wood Sorrel 6 6 35.3 16.7 52.0 
Viola incognita Large-leaved Violet 8 4 23.5 22.2 45.8 
Lycopodium obscurum Tree Clubmoss 12 I 5.9 33.3 39.2 
Eupatorium rugosum White Snakeroot 4 2 11.8 11.1 22.9 
Quercus alba WhiteOak 4 2 11.8 11.1 22.9 
Pronus serotina Black Cherry I I 5.9 2.8 8.7 
Galium aparine Bedstraw I I 5.9 2.8 8.7 

Subsum 36 17 100.0 100.0 200.0 
Percent Bare Ground 64 



Species Common Name 

Acer saccharum Sugar Maple 
Quercus Alba WhiteOak 
Quercus rubra Red Oak 
Fraxinus americana White Ash 
Carya tomentosa Mockernut Hickory 
Acer rubrum Red Maple 

Totals 

Species Common Name 

Acer saccharum Sugar Maple 

Total 

TABLE 66 
Old Rifle Range - Overstory Sampling Results 

Sampling Plot #5 

Number Density per Basal area Basal area Mean Tree 
of Species per Species per Species Size 

Trees per Acre per Acre 

5 50 13.00 130.00 
2 20 23.20 232.00 
2 20 16.50 165.00 
2 20 8.30 83.00 
2 20 7.90 79.00 

10 9.90 99.00 

14 140 174.00 1740.00 

TABLE 67 
Old Rifle Range - Understory Sampling Results 

Sampling Plot #5 

13.28 
31.32 
27.24 
20.33 
16.72 
9.90 

19.80 

Relative Relative Importance 
Frequency Dominance Value 

Percent Percent 

35.7 24.3 60.02 
14.3 22.9 37.22 
14.3 19.9 34.23 
14.3 14.9 29.17 
14.3 12.2 26.53 
7.1 5.7 12.83 

100.0 100.0 200.00 

Number Density per Basal area Basal area Mean Tree Relative Relative Importance 
of Species per Species per Species Basal Area Frequency Dominance Value 

Shrubs per Acre per Acre Size Percent Percent 

100 3.93 392.50 3.93 100.0 100.0 200.00 

100 3.93 392.50 3.93 100.0 100.0 200.00 



TABLE 68 
Old Rifle Range ORR - 5 Ground Cover Vegetation 

Sampling Plot #1 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguencl: Cover Value 
Acer saccharum Sugar Maple 6 3 33.3 33.7 67.0 
Crataegus spp. Hawthorne 5 3 33.3 28.1 61.4 
Acer rubrum Red Maple 5 1 11.1 28.1 39.2 
Woodsia obtusa Blunt-lobed Woodsia 0.9 1 11.1 5.1 16.2 
Panicum spp. Jointgrass 0.9 I 11.1 5.1 16.2 

Subsum 17.8 9 100.0 100.0 200.0 
Percent Bare Ground 82.2 

TABLE 69 
Old Rifle Range ORR - 5 Ground Cover Vegetation 

Sampling Plot #2 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguen2: Cover Value 
Acerrubrum Red Maple 3 6 54.5 33.7 88.3 
Poa pratensis Bluegrass 3 1 9.1 33.7 42.8 
Quercus spp. Oak seedling 0.9 2 18.2 10.1 28.3 
Plantago lanceolata Buckborn Plantain I 1 9.1 11.2 20.3 
Fragaria virginiana Wild Strawbeny I I 9.1 11.2 20.3 

Subsum 8.9 II 100.0 100.0 200.0 
Percent Bare Ground 91.1 

TABLE 70 
Old Rifle Range ORR - 5 Ground Cover Vegetation 

Sampling Plot 113 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguen2: Cover Value 
Acerrubrum Red Maple I II 84.6 20.0 104.6 
Fagus grandifolia American Beech 3 I 7.7 60.0 67.7 
Quercus rubra Red Oak I I 7.7 20.0 27.7 

Subsum 5 13 100.0 100.0 200.0 
Percent Bare Ground 95 

TABLE 71 
Old Rifle Range ORR - 5 Ground Cover Vegetation 

Sampling Plot #4 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguencl: Cover Value 
Acerrubrum Red Maple 9 9 100.0 100.0 200.0 

Subsum 9 9 100.0 100.0 200.0 
Percent Bare Ground 91 



TABLE 72 
Fall Avian Densities Based on 
Observations at Crane - ORR 

Martin County, Indiana 
Fall* Fall Fall 
Birds Sample Sample 

Sampling Dates Mean* Per Std. Variance 
Common Name 8/22 8123 8/24 Density 100 Acre Dev. 

American Robin 15 17 22 18 l37 3.6 13.0 
Cardinal 10 18 14 14 107 4.0 16.0 
Blue Jay 7 11 10 9 71 2.1 4.3 
Common Crow 5 15 6 9 66 5.5 30.3 
Eastern Meadowlark 9 5 5 6 48 2.3 5.3 
American Goldfinch 3 7 7 6 43 2.3 5.3 
Chipping Sparrow 8 4 4 5 41 2.3 5.3 
Whip-poor-will 4 3 1 3 20 1.5 2.3 
Tufted Titmouse 2 2 3 2 18 0.6 0.3 
Bobwhite 3 3 2 18 1.2 l.3 
White-throated Sparro 3 1 2 2 15 1.0 1.0 
House Wren 3 2 l3 1.2 l.3 
White-breasted Nuthat 2 2 2 l3 0.6 0.3 
Downy Woodpecker 2 2 2 l3 0.6 0.3 
Wild Turkey 4 1 2 13 2.1 4.5 
Wood Thrush 3 10 1.5 2.3 
Song Sparrow 2 10 0.6 0.3 
Veery 1 8 0.0 0.0 
Common Grackle 3 8 
Canada Goose 3 8 
Eastern Wood Pewee 2 8 0.7 0.5 
Screech Owl 2 8 0.7 0.5 

Killdeer 2 5 

Starling 2 5 

Brown Thrasher 5 0.0 0.0 
Red-tailed Hawk 0 3 

House Finch 0 3 

Barred Owl 0 3 
Least Bittern 0 3 
Great Horned Owl 0 3 

Scarlet Tanager 0 3 

Common Yellowthroat 0 3 
American Redstart 0 3 

Mockingbird 0 3 

Mourning Dove 0 3 

Daily Individuals 85 105 99 

Daily Species 24 24 25 

Daily ADI 0.686 0.686 0.714 

MeanADI 0.695 
Average Individuals/day = 94 
Total species observed during sampling period = 35 
* = Rounded to next whole number 



Species 

Acer rubrum 
Liriodendron tulipifera 
Carya ovata 
Sassafras albidum 

Species 

Lonicera japonica 
Comus florida 
Acerrubrum 

Common Name 

Red Maple 
Tuliptree 
Shagbark Hickory 
Sassafras 

Common Name 

Total 

Japanese Honeysuckle 
Flowering Dogwood 
Red Maple 

Total 

TABLE 73 
Demolition Range - Overstory Sampling Results 

Sampling Plot #1 

Number Density per Basal area Basal area Mean Tree Relative Relative Importance 
of Species per Species per Species Basal Area Frequency Dominance Value 

Trees per Acre per Acre Size Percent Percent 

13.00 
2.00 
1.00 
1.00 

17 

130 
20 
10 
10 

170 

12.98 
15.89 
26.46 
10.14 

65.46 

TABLE 74 

129.80 
158.85 
264.55 
101.37 

654.58 

127.21 
34.00 
26.46 
10.14 

49.45 

Demolition Range - Understory Sampling Results 
Sampling Plot #1 

76.5 
11.8 
5.9 
5.9 

100.0 

64.3 
17.2 
13.4 
5.1 

100.0 

140.78 
28.95 
19.26 
11.01 

200.00 

Number Density per Basal area Basal area Mean Tree Relative Relative Importance 
of Species per Species per Species Basal Area Frequency Dominance Value 

Shrubs per Acre per Acre Size Percent Percent 

2.00 
3.00 
1.00 

6 

200 
300 
100 

600 

1.26 
0.20 
2.16 

3.61 

125.60 
19.63 

215.88 

361.10 

2.51 
0.59 
2.16 

1.75 

33.3 
50.0 
16.7 

100.0 

47.8 
11.2 
41.0 

100.0 

81.09 
61.19 
57.71 

200.00 



TABLE 75 
Demolition Range DR -1 - Ground Cover Vegetation 

Sam piing Plot # I 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individnal Freguencl: Cover Value 
Acer rubrum Red Maple 50 50 80.6 80.6 161.3 
Galium aparine Bedstraw 3 3 4.8 4.8 9.7 
Vitis aestivalis Summer Grape 2 2.00 3.2 3.2 6.5 
Panicum dichotomyflorum Fall Panicum 2 2 3.2 3.2 6.5 
Aristida oligantba White Grass 2 2 3.2 3.2 6.5 
Poa pratensis Bluegrass I I 1.6 1.6 3.2 
Galium triflorum Sweet-scented Bedstraw I 1.6 1.6 3.2 
Viola papilionacea Common Violet I 1.6 1.6 3.2 

Subsum 62 62 100.0 100.0 200.0 
Percent Bare Ground 38 

TABLE 76 
Demolition Range DR -1 - Ground Cover Vegetation 

Sampling Plot #2 

Observed Number 
Percent of Relative Relative Importance 

S(!ecies Common Name Cover Individual Freguencl: Cover Value 
Acer rubrum Red Maple 50 39 63.9 72.5 136.4 
Galium aparine Bedstraw 4 8 13.1 5.8 18.9 
Panicum spp. Panicum 4 4 6.6 5.8 12.4 
Viola triloba Three-lobed Violet 3 3 4.9 4.3 9.3 
Vitis aestivalis Summer Grape 3 3 4.9 4.3 9.3 
Daucus carota Queen Anne's Lace 2 2 3.3 2.9 6.2 
Carya spp. Hickory Seedling 2 I 1.6 2.9 4.5 
Poa pratensis Bluegrass I 1.6 1.4 3.1 

Subsum 69 61 100.0 100.0 200.0 
Percent Bare Ground 31 

TABLE 77 
Demolition Range DR -1 - Ground Cover Vegetation 

Sampling Plot #3 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguencl: Cover Value 
Acerrubrum Red Maple 20 19 57.6 54.1 111.6 
Oxalis montana Common Wood Sorrel 5 5 15.2 13.5 28.7 
Poa pratensis Bluegrass 2 2 6.1 5.4 11.5 
Viola papilionacea Common Violet 2 2 6.1 5.4 11.5 
Aristida oligantha White Grass 2 I 3.0 5.4 8.4 
Rosa carolina Pasture Rose 2 I 3.0 5.4 8.4 
Lonicera japonica Japanese Honeysuckle 2 I 3.0 5.4 8.4 
Parthenocissus quinquefolia Virginia Creeper I 3.0 2.7 5.7 
Vitis aestivalis Summer Grape I 3.0 2.7 5.7 

Subsum 37 33 100.0 100.0 200.0 
Percent Bare Ground 63 

TABLE 78 
Demolition Range DR -1 - Ground Cover Vegetation 

Sampling Plot #4 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguencl: Cover Value 
Acer rubrum Red Maple 30 24 53.3 68.2 121.5 
Aristida oligantha White Grass 2 10 22.2 4.5 26.8 
Gali urn aparine Bedstraw 3 3 6.7 6.8 13.5 
Oxalis montana Common Wood Sorrel 3 2 4.4 6.8 11.3 
Vi tis aestivalis Summer Grape 2 2 4.4 4.5 9.0 
Galium triflorum Sweet-scented Bedstraw 2 2 4.4 4.5 9.0 
Viola latiuscula Broad-leaved Wood Violet 2 2 4.4 4.5 .9.0 

Subsum 44 45 100.0 100.0 200.0 
Percent Bare Ground 56 



Species 

Quercus alba 
Comus florida 
Quercus borealis 
Diospiros virginiana 
Acer rubrum 

Species 

Acer rubrum 
Comus florida 

Common Name 

White Oak 
Flowering Dogwood 
Northern Red Oak 
Persimmon 
Red Maple 

Total 

Common Name 

Flowering Dogwood 
Red Maple 

Total 

TABLE 79 
Demolition Range - Overstory Sampling Results 

Sampling Plot #2 

Number Density per Basal area Basal area Mean Tree 
of Species per Species per Species Basal Area 

Trees per Acre per Acre Size 

4 40 34.99 349.85 138.58 
3 30 4.94 49.45 15.45 
1 10 33.07 330.69 33.07 
1 10 6.49 64.90 6.49 

10 5.13 51.30 5.13 

10 100 84.62 846.19 39.74 

TABLE 80 
Demolition Range - Understory Sampling Results 

Sampling Plot #2 

Relative Relative Importance 
Frequency Dominance Value 

Percent Percent 

40.0 69.7 109.74 
30.0 7.8 37.78 
10.0 16.6 26.64 
10.0 3.3 13.27 
10.0 2.6 12.58 

100.0 100.0 200.00 

Number Density per Basal area Basal area Mean Tree Relative Relative Importance 
of Species per Species per Species Basal Area Frequency Dominance Value 

Shrubs per Acre per Acre Size Percent Percent 

8 

9 

800 
100 

900 

0.39 
1.37 

1.77 

39.25 
137.38 

176.63 

21.59 
1.37 

11.48 

88.9 
11.1 

100.0 

94.0 
6.0 

100.0 

182.91 
17.09 

200.00 



TABLE 81 
Demolition Range DR -2 - Ground Cover Vegetation 

Sampling Plot #1 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguenc~ Cover Value 
Panicum dichotomyflorum Fall Panicum 5 9 27.3 30.1 57.4 
Galium concinuum Shining Bedstraw 2 13 39.4 12.0 51.4 
Parthenocissus quinquefolia Virginia Creeper 5 2 6.1 30.1 36.2 
Acerrubrum Red Maple I 4 12.1 6.0 18.1 
Quercus alba WhiteOak 0.9 2 6.1 5.4 11.5 
Woodsia obtusa Blunt-lobed Woodsia 0.9 I 3.0 5.4 8.5 
Smilax rotundifolia Catbrier 0.9 I 3.0 5.4 8.5 
Galium aparine Bedstraw 0.9 3.0 5.4 8.5 

Subsum 16.6 33 100.0 100.0 200.0 
Percent Bare Ground 83.4 

TABLE 82 
Demolition Range DR -2 - Ground Cover Vegetation 

Sampling Plot #2 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguencl Cover Value 
Poa spp. Unknown Grass 2 10 32.3 19.0 51.3 
Galium coccinwn Shining Bedstraw 2 10 32.3 19.0 51.3 
Quercus alba WhiteOak I 3 9.7 9.5 19.2 
Rosa carolina Pasture Rose I 2 6.5 9.5 16.0 
Ligustrum vulgare Privet 0.9 2 6.5 8.6 15.0 
Prunus serotina Black Cherry 0.9 3.2 8.6 11.8 
Parthenocissus quinquefolia Virginia Creeper 0.9 3.2 8.6 11.8 
Viola papilionacea Common Violet 0.9 3.2 8.6 11.8 
Acer rubrum Red Maple 0.9 3.2 8.6 11.8 

Subsum 10.5 31 100.0 100.0 200.0 
Percent Bare Ground 89.5 

TABLE 83 
Demolition Range DR -2 - Ground Cover Vegetation 

Sampling Plot #3 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecios Common Name Cover Individual Freguencl: Cover Value 
Comus florida Flowering Dogwood II 2 9.5 29.7 39.3 
Galium coccinum Shining Bedstraw 3 3 14.3 8.1 22.4 
Vitis vUlpina Fox Grape 4 2 9.5 10.8 20.3 
Poa pratensis Bluegrass 2 3 14.3 5.4 19.7 
Acer rubrum Red Maple 5 I 4.8 13.5 18.3 
Liriodendron tulipifera Tuliptree 5 I 4.8 13.5 18.3 
Poa spp. Unknown Grass I 3 14.3 2.7 17.0 
Viola papilionacea Common Violet 2 2 9.5 5.4 14.9 
Rosa carolina Pasture Rose 2 2 9.5 5.4 14.9 
Desmodium ciliare Small-leaved Tick Trefoil 2 2 9.5 5.4 14.9 

Subsum 37 21 100.0 100.0 200.0 
Percent Bare Ground 63 

TABLE 84 
Demolition Range DR -2 - Ground Cover Vegetation 

Sampling Plot #4 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguenc~ Cover Value 
Poa pratensis Bluegrass 35 23 39.7 41.2 80.8 
Galium coccinium Shining Bedstraw 13 II 19.0 15.3 34.3 
Poa spp. Unknown Grass 4 13 22.4 4.7 27.1 
Parthenocissus quinquefolia Virginia Creeper 12 4 6.9 14.1 21.0 
Quercus alba WhiteOak 5 I 1.7 5.9 7.6 
Acerrubrum Red Maple 5 I 1.7 5.9 7.6 
Galium triflorum Sweet-scented Bedstraw 2 2 3.4 2.4 5.8 
Vitis vulpina Fox Grape 3 I 1.7 3.5 5.3 
Comus florida Flowering Dogwood 3 I 1.7 3.5 5.3 
Polygonatum pubeseens Hairy Solomon's Seal 3 1.7 3.5 5.3 

Subsum 85 58 100.0 100.0 200.0 
Percent Bare Ground 15 



TABLE 85 
Demolition Range - Overstory Sampling Results 

Sampling Plot #3 

Number Density per Basal area Basal area Mean Tree Relative Relative Importance 
of Species per Species per Species Basal Area Frequency Dominance Value 

Species Common Name Trees per Acre per Acre Size Percent Percent 

Acer saccharum Sugar Maple 10.00 100.00 73.49 734.90 9.10 62.5 38.4 100.87 
Quercus alba White Oak 1.00 10.00 92.77 927.70 30.93 18.8 39.1 57.85 
Carya glabra Pignut Hickory 1.00 10.00 24.11 241.06 24.11 6.3 10.2 16.41 
Quercus borealis Northern Red Oak 3.00 30.00 21.63 216.34 21.63 6.3 9.1 15.37 
Diospiros virginiana Persimmon 1.00 10.00 7.73 77.26 7.73 6.3 3.3 9.51 

Total 16 160 219.73 2197.27 18.70 100.0 100.0 200.00 

TABLE 86 
Demolition Range - Understory Sampling Results 

Sampling Plot #3 

Number Density per Basal area Basal area Mean Tree Relative Relative Importance 
of Species per Species per Species Basal Area Frequency Dominance Value 

Species Common Name Shrubs per Acre per Acre Size Percent Percent 

Prunus serotina Black Cherry 8 800 1.57 157.00 0.20 38.1 15.5 53.62 
Comus florida Flowering Dogwood 6 600 1.09 109.00 0.18 28.6 10.7 39.31 
Acer saccharum Sugar Maple 2 200 3.93 393.00 1.96 9.5 38.8 48.33 
Carya glabra Pignut Hickory 3 300 0.79 79.00 0.26 14.3 7.8 22.05 
Diospiros virginiana Persimmon 1 100 2.55 255.00 2.55 4.8 25.2 29.99 
Carpinus caroliniana Blue-beech 100 0.20 19.63 0.20 4.8 1.9 6.70 

Total 21 2100 10.13 1012.63 0.89 100.0 100.0 200.00 



TABLE 87 
Demolition Range DR 3 - Ground Cover Vegetation 

Sampling Plot #1 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguenc;r Cover Value 
Acer saccharum Sugar Maple 2 6 60.0 35.7 95.7 
Comus florida Flowering Dogwood 0.9 1 10.0 16.1 26.1 
Ostrya virginiana Ironwood 0.9 I 10.0 16.1 26.1 
Viola papilionacea Common Violet 0.9 I 10.0 16.1 26.1 
Urtica precara Wood Nettle 0.9 I 10.0 16.1 26.1 

Subsum 5.6 10 100.0 100.0 200.0 
Percent Bare Ground 94.4 

TABLE 88 
Demolition Range DR -3 - Ground Cover Vegetation 

Sampling Plot #2 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguenc;r Cover Value 
Acer saccharum Sugar Maple 3 10 50.0 38.5 88.5 
Quercus alba WbiteOak 2 6 30.0 '25.6 55.6 
Parthenocissus quinquefolia Virginia Creeper 1 2 10.0 12.8 22.8 
Viola papilionacea Common Violet 0.9 1 5.0 11.5 16.5 
Urtica procara Wood Nettle 0.9 5.0 11.5 16.5 

Subsum 7.8 20 100.0 100.0 200.0 
Percent Bare Ground 92.2 

TABLE 89 
Demolition Range DR -3 - Ground Cover Vegetation 

Sampling Plot 113 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguenc;r Cover Value 
Quercus alba WbiteOak I 3 37.5 26.3 63.8 
Acer saccharum Sugar Maple I 3 37.5 26.3 63.8 
Eupatorium rugosum Wbite Snakeroot 0.9 1 12.5 23.7 36.2 
Parthenocissus quinquefolia Virginia Creeper 0.9 I 12.5 23.7 36.2 

Subsum 3.8 8 100.0 100.0 200.0 
Percent Bare Ground 96.2 

TABLE 90 
Demolition Range DR -3 - Ground Cover Vegetation 

Sampling Plot 114 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguenc;r Cover Value 
Parthenocissus quinquefolia Virginia Creeper 5 9 32.1 56.2 88.3 
Galium coccinium Shining Bedstraw 2 14 50.0 22.5 72.5 
Acer saccharum Sugar Maple I 4 14.3 11.2 25.5 
Quercus alba WbiteOak 0.9 I 3.6 10.1 13.7 

Subsum 8.9 28 100.0 100.0 200.0 
Percent Bare Ground 91.1 



Species 

Quercus alba 
Quercus velutina 
Carya glabra 
Quercus rubra 

Species 

Comus florida 
Prunus serotina 
Diospiros virginiana 
Carya glabra 
Fagus grandifolia 

Common Name 

White Oak 
Black Oak 
Pignut Hickory 
Red Oak 

Common Name 

Total 

Flowering Dogwood 
Black Cherry 
Persimmon 
Pignut Hickory 
American Beech 

Total 

TABLE 91 
Demolition Range - Overstory Sampling Results 

Sampling Plot #4 

Number Density per Basal area Basal area Mean Tree Relative Relative Importance 
of Species per Species per Species Basal Area Frequency Dominance Value 

Trees per Acre per Acre Size Percent Percent 

12 120 197.80 1978.00 16.48 50.00 50.02 100.02 
6 60 137.53 1375.30 22.92 25.00 34.78 59.78 
4 40 28.12 281.20 7.03 16.67 7.11 23.78 
2 20 32.02 320.20 16.01 8.33 8.10 16.43 

24 240 395.5 3954.7 39.65 100.00 100.00 200.00 

TABLE 92 
Demolition Range - Understory Sampling Results 

Sampling Plot #4 

Number Density per Basal area Basal area Mean Tree Relative Relative Importance 
of Species per Species per Species Basal Area Frequency Dominance Value 

Shrubs per Acre per Acre Size Percent Percent 

II II 00 20.90 2090.00 1.90 45.8 72.2 118.03 
9 900 2.55 255.00 0.28 37.5 8.8 46.31 
1 100 4.51 451.38 4.51 4.2 15.6 19.76 
2 200 0.69 69.00 0.35 8.3 2.4 10.72 
I 100 0.29 29.36 0.29 4.2 1.0 5.18 

24 2400 28.95 2894.73 1.47 100.0 100.0 200.00 



TABLE 93 
Demolition Range DR -4 - Ground Cover Vegetation 

Sampling Plot #1 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individuals Freguenc~ Cover Value 
Quercus alba WhiteOak 4 7 41.2 33.9 75.1 
Parthenocissus quinquefolia' Virginia Creeper 2 4 23.5 16.9 40.5 
Rosa carolina Pasture rose 2 3 17.6 16.9 34.6 
Viburnum spp. Viburnum seedling 2 5.9 16.9 22.8 
Polygonum scandens Climbing False Buckwheat 0.9 5.9 7.6 13.5 
Panicum spp. Jointgrass 0.9 5.9 7.6 13.5 

Subsum 11.8 17 100 100 200.0 
Percent Bare Ground 88.2 

TABLE 94 
Demolition Range DR -4 - Ground Cover Vegetation 

Sampling Plot #2 

Observed Number 
Percent of Relative Relative Importance 

S~ecies Common Name Cover Individuals Freguencl Cover Value 
Quercus alba WhiteOak 5 10 71.4 64.1 135.5 
Rosa carolina Pasture Rose I 2 14.3 12.8 27.1 
Agrimonia rosella Beaked Agrimony 0.9 I 7.1 11.5 18.7 
Panicum spp. Jointgrass 0.9 I 7.1 11.5 18.7 

Subsum 7.8 14 100.0 100 200.0 
Percent Bare Ground 92.2 

TABLE 95 
Demolition Range DR -4 - Ground Cover Vegetation 

Sampling Plot #3 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individuals Freguenc~ Cover Value 
Agrimonia rosella Beaked Agrimony 5 5 20.8 36.5 57.3 
Parthenocissus quinquefolia Virginia Creeper 4 6 25.0 29.2 54.2 
Phaseolus polystachios Wild Bean 0.9 5 20.8 6.6 27.4 
Leersia spp. White grass I 3 12.5 7.3 19.8 
Dioscorea villosa Wild Yam I 3 12.5 7.3 19.8 
Viburnum spp. Honeysuckle 0.9 I 4.2 6.6 10.7 
Phryma leptostachya Lopseed 0.9 1 4.2 6.6 10.7 

Subsum 13.7 24 100.0 100 200.0 
Percent Bare Ground 86.3 

TABLE 96 
Demolition Range DR -4 - Ground Cover Vegetation 

Sampling Plot #4 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individuals Freguenc~ Cover Value 
Parthenocissus quinquefolia Virginia Creeper 8 22.9 31.0 53.8 
Quercus alba WhiteOak 6 7 20.0 26.5 46.5 
Leersia spp. White Grass 3 7 20.0 13.3 33.3 
Galium circaezans Wild Licorice I 3 8.6 4.4 13.0 

Rosa carolina Pasture Rose I 3 8.6 4.4 13.0 

Phaseolus polystachios Wild Bean I 2 5.7 4.4 10.1 

Oxalis europea Common Wood Sorrel 0.9 2 5.7 4.0 9.7 

Panicum spp. Jointgrass 0.9 I 2.9 4.0 6.8 

Agrimonia rosella Beaked Agrimony 0.9 I 2.9 4.0 6.8 

Quercus rubra Red Oak 0.9 2.9 4.0 6.8 

Subsum 22.6 35 100.0 100 200.0 
Percent Bare Ground 77.4 



Species 

Carya glabra 
Acer saccharum 
Carya laciniosa 
Quercus rubra 
Quercus prinus 
Liriodendron tulipifera 
Fagus grandifolia 
Comus florida 

Species 

Acer saccharum 
Comus florida 
Carya glabra 
Fagus grandifolia 

Common Name 

Pignut Hickory 
Sugar Maple 
Shellbark Hickory 
Red Oak 
Chestnut Oak 
Tuliptree 
American Beech 
Flowering Dogwood 

Totals 

Common Name 

Sugar Maple 
Flowering Dogwood 
Pignut Hickory 
American Beech 

Total 

TABLE 97 
Demolition Range - Overstory Sampling Results 

Sampling Plot #5 

Number Density per Basal area Basal area Mean Tree 
of Species per Species per Species Basal Area 

Trees per Acre per Acre Size 

7 70 28.26 282.60 35.57 
5 50 32.50 324.99 21.23 
3 30 51.50 514.96 44.01 

10 81.64 816.40 84.23 
10 65.16 651.55 65.16 
10 54.01 540.08 54.01 
10 16.49 164.85 16.49 
10 4.71 47.10 4.71 

20 200 334.25 3342.53 40.67 

TABLE 98 
Demolition Range - Understory Sampling Results 

Sampling Plot #5 

Relative Relative Importance 
Frequency Dominance Value 

Percent Percent 

33.3 31.3 64.62 
23.8 13.3 37.14 
14.3 16.6 30.87 
9.5 21.2 30.69 
4.8 8.2 12.95 
4.8 6.8 11.55 
4.8 2.1 6.83 
4.8 0.6 5.35 

100.0 100.0 200.00 

Number Density per Basal area Basal area Mean Tree Relative Relative Importance 
of Species per Species per Species Basal Area Frequency Dominance Value 

Shrubs per Acre per Acre Size Percent Percent 

4 400 7.20 719.85 1.80 23.5 69.6 93.16 
6 600 1.57 157.00 0.26 35.3 15.2 50.48 
5 500 0.98 98.13 0.20 29.4 9.5 38.90 
2 200 0.59 58.88 0.29 11.8 5.7 17.46 

17 1700 10.34 1033.85 0.64 100.0 100.0 200.00 



TABLE 99 
Demolition Range DR -5 - Ground Cover Vegetation 

Sampling Plot #1 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguencl:: Cover Value 
Pileapumila Clearweed 60 70 83.3 92.6 175.9 
Viola papilionacea Common Violet 2 7 8.3 3.1 11.4 
Gali um circaezans Wild Licorice I 3 3.6 1.5 5.1 
Panicum spp. Jointgrass 0.9 3 3.6 1.4 5.0 
Agrimonia parviflora Common Agrimony 0.9 I 1.2 1.4 2.6 

Subsum 64.8 84 100 100 200.0 
Percent Bare Ground 35.2 

TABLE 100 
Demolition Range DR -5 - Ground Cover Vegetation 

Sampling Plot #2 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguen!J: Cover Value 
Pilea pumila Clearweed 70 80 84.2 85.6 169.8 
Asarum canadensis Wild Ginger 8 10 10.5 9.8 20.3 
Viola papilionacea Common Violet I 2 2.1 1.2 3.3 
Panicum spp. Jointgrass 1 1.1 1.2 2.3 
Poa spp. Unknown Grass 0.9 1.1 1.1 2.2 
Oxalis montana Common Wood Sorrel 0.9 1.1 1.1 2.2 

Subsum 81.8 95 100.0 100 200.0 
Percent Bare Ground 18.2 

TABLE 101 
Demolition Range DR -5 - Ground Cover Vegetation 

Sampling Plot #3 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguencl:: Cover Value 
Pileapumila Clearweed 40 60 87.0 78.9 165.9 
Podophyllum pel tatum Mayapple 6 2 2.9 11.8 14.7 
Panicum spp. Jointgrass I 3 4.3 2.0 6.3 
Trientalis borealis Starflower I I 1.4 2.0 3.4 
Viola pedata Three-lobed Violet 0.9 I 1.4 1.8 3.2 
Viola papilionacea Common Violet 0.9 I 1.4 1.8 3.2 
Agrimonia parviflora Common Agrimony 0.9 I 1.4 1.8 3.2 

Subsum 50.7 69 100.0 100.0 200.0 
Percent Bare Ground 49.3 

TABLE 102 
Demolition Range DR -5 - Ground Cover Vegetation 

Sampling Plot #4 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name . Cover Individual Freguen!J: Cover Value 
Pileapumila Clearweed 35 55 76.4 71.7 148.1 
Polygonum pensylvanicum Pennsylvania Smartweed 7 4 5.6 14.3 19.9 
Rhus radicans Poison Ivy 2 4 5.6 4.1 9.7 
Panicum spp. Jointgrass I 4 5.6 2.0 7.6 
Viola papilionacea Common Violet I 2 2.8 2.0 4.8 
Podophyllum peltatum Mayapple I I 1.4 2.0 3.4 
Panicum spp. Panic Grass 0.9 I 1.4 1.8 3.2 
Acer saccharum Sugar Maple 0.9 1.4 1.8 3.2 

Subsum 48.8 72 100.0 100.0 200.0 
Percent Bare Ground 51.2 



TABLE 103 
Fall Avian Densities Based on 
Observations at Crane - DRR 

Martin County, Indiana 
Fall* Fall Fall 
Birds Sample Sample 

Sampling Dates Mean* Per Std. Variance 
Common Name 8122 8/23 8/24 Density 100 Acre Dev. 

American Robin 7 11 4 7 56 3.5 12.3 
Common Crow 7 5 7 6 48 1.2 1.3 
Cardinal 4 5 6 5 38 1.0 1.0 
Blue Jay 5 2 5 4 30 1.7 3.0 
Mourning Dove 2 6 1 3 23 2.6 7.0 
Eastern Wood Pewee 4 3 2 18 0.7 0.5 
Song Sparrow 1 5 1 2 18 2.3 5.3 
Bobwhite 2 3 2 13 0.7 0.5 
American Goldfinch 2 1 1 1 10 0.6 0.3 
Common Flicker 1 3 1 10 1.4 2.0 
Whip-poor-will 1 2 1 8 0.7 0.5 
Wild Turkey 2 1 1 8 0.7 0.5 
Downy Woodpecker 2 1 1 8 0.7 0.5 
Killdeer 2 1 5 
White-breasted Nuthatch 1 0 3 
Screech Owl 1 0 3 

Daily Individuals 35 48 34 

Daily Species 11 15 12 
Daily ADI 0.688 0.938 0.750 
MeanADI 0.792 
Average Individuals/day = 39 
Total species observed during sampling period = 16 
* = Rounded to next whole number 



Species Common Name 

Acer saccharum Sugar Maple 
Juglans nigra Black Walnut 
Quercus borealis Northern Red Oak 
Prunus serotina Black Cherry 
Ulmus americana American Elm 
Carya glabra Pignut Hickory 

Total 

Species Common Name 

Acer saccharum Sugar Maple 

Total 

TABLE 104 
Control Sampling Area - Overstory Sampling Results 

Sampling Plot #1 

Number Density per Basal area Basal area Mean Tree 
of Species per Species per Species Basal Area 

Trees per Acre per Acre Size 

13.00 130 5.18 51.81 84.00 
4.00 40 13.35 133.45 49.30 
3.00 30 9.42 94.20 28.10 
1.00 10 44.75 447.45 44.75 
2.00 20 6.28 62.80 12.25 
1.00 10 15.70 157.00 15.70 

24 240 94.67 946.71 39.01 

TABLE 105 
Control Sampling Area - Understory Sampling Results 

Sampling Plot #1 

Relative Relative Importance 
Frequency Dominance Value 

Percent Percent 

54.17 35.88 90.05 
16.67 21.06 37.73 
12.50 12.01 24.51 
4.17 19.11 23.28 
8.33 5.23 13.56 
4.17 6.71 10.87 

100 100 200.00 

Number Density per Basal area Basal area Mean Tree Relative Relative Importance 
of Species per Species per Species Basal Area Frequency Dominance Value 

Shrubs per Acre per Acre Size Percent Percent 

4 400 9 940 2.35 100.00 100.00 200.00 

4 400 9.40 940.43 2.35 100 100 200.00 



TABLE 106 
Control Area Ground Cover Vegetation 

Sampling Plot #1 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguenc;r Cover Value 
Viola papilionacea Common Violet 3 2 15.4 25.0 40.4 
Geranium maculatum Wild Geranium 2 3 23.1 16.7 39.7 
Acer saccharum Sugar Maple 2 3 23.1 16.7 39.7 
Hibiscus militaris Halbert-leaved Mallow 2 I 7.7 16.7 24.4 
Parthenocissus quinquefolia Virginia Creeper I 2 15.4 8.3 23.7 
Carya ovata Shagbark Hickory I I 7.7 8.3 16.0 
Fragaria virginiana Common Strawbeny I I 7.7 8.3 16.0 

Subsum 12 13 100 100 200.0 
Percent Bare Ground 88 

TABLE 107 
Control Area Ground Cover Vegetation 

Sampling Plot #2 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguenc;r Cover Value 
Viola papilionacea Common Violet 5 5 50.0 23.8 73.8 
Lycopodium obscurum Tree Clubmoss 10 2 20.0 47.6 67.6 
Carya ovata Shagbark Hickory 4 I 10.0 19.0 29.0 
Acer saccharum Sugar Maple I I 10.0 4.8 14.8 
Botrychium dissectum Cut-leaf Grape Fern 1 1 10.0 4.8 14.8 

Subsum 21 10 100.0 100.0 200.0 
Percent Bare Ground 79 

TABLE 108 
Control Area Ground Cover Vegetation 

Sampling Plot #3 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguenc;r Cover Value 
Viola papilionacea Common Violet 5 6 30.0 17.9 47.9 
Botrychium dissectum Cut-leaf Grape Fern 10 2 10.0 35.7 45.7 
Acer saccharum Sugar Maple 4 4 20.0 14.3 34.3 
Polygonum pensylvanicum Pennsylvania Smartweed 2 3 15.0 7.1 22.1 
Lycopodium obscurum Tree Clubmoss 3 2 10.0 10.7 20.7 
Aster macrophyllus Large-leaved Aster 2 I 5.0 7.1 12.1 
Juncus spp. Sedge Rush I I 5.0 3.6 8.6 
Chimaphila maculata Spotted Wintergreen I 5.0 3.6 8.6 

Subsum 28 20 100.0 100 200.0 
Percent Bare Ground 72 

TABLE 109 
Control Area Ground Cover Vegetation 

Sampling Plot #4 

Observed Number 
Percent of Relative Relative Importance 

Sl!ecies Common Name Cover Individual Freguenc;r Cover Value 
Viola papilionacea Common Violet 10 12 57.1 27.8 84.9 
Juncus spp. Sedge Rush 5 3 14.3 13.9 28.2 
Botrychium dissectum Cut-leaf Grape Fern 8 I 4.8 22.2 27.0 
Carya ovata Shagbark Hickory 5 4.8 13.9 18.7 
Panicum dichotomyflorum Fall Panicum 4 4.8 11.1 15.9 
Acer saccharum Sugar Maple 2 4.8 5.6 10.3 
Carya tomentosa Mockernut Hickory I 4.8 2.8 7.5 
Hibiscus militaris Halbert-leaved Mallow I 4.8 2.8 7.5 

Subsum 36 21 100.0 100 200.0 
Percent Bare Ground 64 
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SURVEY OF BATS NEAR BURNING AND DETONATION AREAS ALONG 
SULFUR, TURKEY AND BOGGS CREEKS AT NAVAL SURFACE WARFARE 

CENTER, CRANE DIVISION, MARTIN COUNTY, INDIANA. 

by 

JOHN O. WHITAKER, JR. 
DEPARTMENT OF LIFE SCIENCES 

INDIANA STATE UNIVERSITY 
TERRE HAUTE INDIANA 47809 

30 June 1996 

ABSTRACT: Ten sites were netted for bats in five nights at the Naval Surface 
Warfare Center, Crane Division (NAVSURFWARCENDIV), in Martin County, 
Indiana. The main purpose of the project was to sample near the burning and 
detonation areas for the Indiana bat, a federally endangered species, and 
Evening bat, a state endangered species. Sampling was by mistnetting, 
supplemented by bat detector. The work was done from 25-29 June 1996. A total 
of 35 bats of six species were netted including one male Indiana bat, Myotis 
sodalis, other species netted were the Red bat (15 individuals), Eastern 
pipistrelle (13), Little brown bat (3), Big brown bat (2), and Northern bat (1). 

THE BAT SPECIES 
Twelve species of bats have been taken in Indiana (Mumford and 

Whitaker, 1982), including 3 species of solitary bats that live among the foliage 
of trees, 5 species of colonial bats of the genus Myotis, and 4 species of colonial 
bats in other genera. These are indicated below. Species that might be expected 
in summer in the study area are indicated by asterisk. 

SOLITARY BATS 
*Hoary bat, Lasiurus cinereus 
*Red bat, Lasiurus borealis 
Silver-haired bat, Lasionycteris noctivagans, 

COLONIAL BATS OF THE GENUS MYOTIS 
*Little brown myotis, Myotis lucifugus 
*Indiana myotis, Myotis soda/is 
Gray myotis, Myotis grisescens 

*Northern myotis, Myotis septentrionalis (=Myotis keenii) 
Southeastern myotis, Myotis austroriparius 

OTHER COLONIAL BATS 
*Big brown bat, Eptesicus fuscus 
*Pipistrelle, Pipistrellus subflavus 
*Evening bat, Nycticeius humeralis 
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Big-eared bat, Plecotus rafinesguii 

Indiana and Gray bats are federally endangered, whereas the Evening 
bat is state endangered. The Gray bat is unlikely to occur in Martin County as its 
only known maternity colony in Indiana is in Clark county, in southeastern 
Indiana. The Big-eared bat and the Southeastern myotis are considered 
extirpated in Indiana. 

Big brown, Little brown, Red bats and Eastern pipistrelles should be the 
most common bats in the study area, and Indiana, Northern, Evening and Hoary 
bats could also occur. The Silver-haired bat should be present in spring and fall 
migration, but would not be expected in summer. 

Two of the three species of bats listed as endangered or threatened in 
Indiana were of concern during this study by virtue of being on endangered lists 
and resident in this part of the state. They are the Indiana bat and the evening 
bat. 

THE SPECIES 

SPECIES OF PARTICULAR INTEREST. 

Myotis soda lis, Indiana bat. 

STATUS: FEDERALLY ENDANGERED 

The Indiana bat spends the winter in large numbers in a few caves of 
southern Indiana and elsewhere. Maternity colonies are under loose bark of 
trees in riparian or upland situations. Relatively few maternity colonies of this 
species have been found, only six to date in Indiana. Colonies are hard to locate 
because they are usually in wooded or semi-wooded areas, and there are 
relatively few bats in the colony. The best way to locate maternity colonies is to 
attach a radio transmitter to an adult female bat and track her to the colony, 
although there may be objections to using this tactic on an endangered species. 
Capture of female or juvenile Indiana bats in nets between May 15 and August 
15 does indicate the presence of a nearby maternity colony, presumably with 
larger numbers of bats indicating that the colony is quite close. 

The six maternity colonies where roost trees have been found in Indiana 
are as follows (Map 1): 

1. WAYNE COUNTY. Under the bark of a dead elm tree which had been 
bulldozed near Nolands Fork River, north of Webster, Wayne County by James 
B. Cope in 1971 (Cope et. al. 1973). This was the first maternity colony found of 
this species anywhere. By 1974, bats in this area had formed a maternity colony 
under the loose bark of a dead bitternut hickory tree. Bats from this population 
also used an alternate roost under the loose bark of a living shagbark hickory 
tree (See Humphrey, Richter and Cope, 1977 for further discussion of this 
colony). This tree was lost in a windstorm in 1977, and no Indiana bats could be 
found in this area in the summers of 1978 or 1986. 
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2. RUSH COUNTY. Big Blue River, near Knightstown, under loose bark of 
dead elm, (1976-78?). 

3. RUSH COUNTY. Big Blue River, near Carthage. Under loose bark of 
dead cottonwood, (1976-78?). 

4. KNOX COUNTY. Near Freelandville under the bark of a shagbark 
hickory tree. Colony was revealed when the tree was cut down. 1984. 

5. MARION COUNTY. Near Geist reservoir under loose bark of a large 
cottonwood. 1993. 

6. RIPLEY AND JEFFERSON COUNTIES, JEFFERSON PROVING 
GROUNDS. A maternity colony was found by Scott Pruitt of the U.S. Fish and 
Wildlife Service in a very large dead black locust tree in Ripley County near the 
north edge of the base in 1995. Two other maternity colonies were probably 
present, one in Ripley County and one in Jefferson County, but the specific tree 
was not located at either of the other two sites as they were in restricted areas. 
One was in an area containing many oaks. 

Indiana bats have been taken in many counties of Indiana. There are no 
published records for Martin County, although Virgil Brack (Brack, et. al. 
unpublished 1987 report) captured a juvenile female taken by mistnetting at 
Naval Surface Warfare Center, Crane Division on 18 July 1987. 

Nycticeius humeralis, Evening bat. 

STATUS: STATE ENDANGERED 

The Evening bat forms maternity colonies in buildings. It is not known 
where this species hibernates, but we suspect it may be in hollow trees along 
larger streams to the south. 

Previously known colonies of this species in Indiana were in the following 
counties (Map 1): 

Carroll (Pittsburgh) 
Cass (Twelve Mile) 
Clark (Nabb) 
Clay (Brazil) 
Clinton (Rossville) 
Montgomery (Darlington) 
Orange (Millersburg) 
Ripley (Rexville) 
Tippecanoe (Montmorenci) 
Washington (Pekin) 
White (Brookston) 

Also one colony was known from Scotland in Edgar County, Illinois, but all 
these colonies are now inactive (Whitaker and Gummer, 1993). 



The only active evening bat colony known in the state as of 1993 
(Whitaker and Gummer, 1993) was in a church three miles west of Clay City in 
Clay County, but it too appears to have become inactive as of 1994. 
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However, a large colony was discovered along Prairie Creek in southern 
Vigo County, Indiana (Whitaker, in press). The first individuals were captured in 
July of 1994, and over 125 individuals had been captured by September 1995. A 
radio was attached to one of the females on 12 June 1995, and the next day the 
bat was tracked to a silver maple in the bottoms. That night over 350 evening 
bats emerged from a pileated woodpecker hole about 40 feet up in the maple. 
After the young became volant the bats spread out into a number of trees in the 
area. We have taken additional evening bats in Posey and Sullivan Counties in 
the Wabash River bottoms, and also on The Muscatatuck River near Zenas. I 
now suspect that main Evening bat populations in Indiana may be in the river 
bottoms, with spillover into buildings. 

We thus currently know of only one definite maternity colony of this 
species in Indiana, the one along Prairie Creek in Vigo County. However, we 
suspect that there are more, including one in Jennings County along The 
Muscatatuck River near Zenas, where four Evening bats, at least two of them 
females (one was a male, one escaped before it could be checked), were taken 
in the summer of 1994. This would indicate a colony there, but no evening bats 
were captured on 12 July, 1995, at the same location where three had been 
captured the previous year. The individuals taken in the Wabash River bottoms 
in Posey and Sullivan Counties probably indicate colonies there. We have more 
limited evidence that there might also be colonies in Clay and Orange Counties. 

There are no previous published records of Evening bats from Martin 
County (Mumford and Whitaker, 1982). 

OTHER SPECIES 

Myotis lucifugus. The Little brown myotis should be present. This species forms 
large maternity colonies, some containing over 4000 individuals, usually in 
buildings and it migrates to caves to hibernate. 

Myotis septentrionalis. The Northern myotis is often referred to as Keen's myotis, 
Myotis keenii, but Keen's myotis is currently recognized as a separate species 
which occurs only in the west. The Northern myotis is quite likely to occur at the 
study site. It usually forms relatively small maternity colonies under the loose 
bark of trees in summer, or sometimes in buildings. In winter, it is solitary and 
hibernates in caves with most individuals in tiny cracks or other hidden places. 

Pipistrellus subflavus. The Eastern pipistrelle is the smallest bat occurring in 
Indiana and likely occurs at the study site, as it occurs through most of Indiana 
except in the northern part. It forms small maternity colonies in buildings or in 
hollow trees. In winter it is a solitary hibernator in caves and mines. 

Eptesicus fuscus. In summer, the Big brown bat forms maternity colonies usually 
in buildings or other human-made structures. Big brown bats hibernate in caves 
and mines in small numbers, but most individuals hibernate in buildings, usually 
not more than 1 to 10 in anyone building, although a few buildings that have 
been available for a long time have larger numbers (Whitaker and Gummer, 



1993). This is one of the most common bats and is the only species that 
hibernates in buildings in Indiana. 
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Lasiurus borealis. The Red bat is solitary, but is one of the most common bats in 
Indiana. It hangs among foliage in summer and migrates south where it probably 
hibernates in trees in winter. The northern edge of the hibernating range is 
probably in central Indiana. 

Lasiurus cinereus. The Hoary bat is the largest bat of Indiana and is one of the 
most colorful. Like the Red bat, in summer it hangs in foliage in the daytime, and 
it migrates far south for the winter. It is probably present at the study site, but is 
quite uncommon thus likely not to be taken in a limited survey. 

Lasionycteris noctivagans. The Silver-haired bat is a distinctively colored 
migratory species. It undoubtedly migrates through the study site in spring and 
fall but should not be present in summer. It has its young in trees to the north of 
Indiana, then moves south to hibernate. Little is known of its hibernation sites, 
but a very few hibernate in caves and mines of Indiana and some may hibernate 
in trees. 

Brack (1987) captured 130 bats in 59 net-nights (netting all night long) at 
Crane in the summer of 1987 

Red bat, Lasiurus borealis 
Eastern pipistrelle, Pipistrellus subflavus 
Big brown bat, Eptesicus fuscus 
Little brown bat, Myotis lucifugus 
Northern myotis, Myotis septentrionalis 
Hoary bat, Lasiurus cinereus 
Indiana bat, Myotis soda lis 

53 
28 
19 
11 
10 
8 
1 

130 

Brack, et. al. (1987) did not net the vicinity of the burning and detonation 
areas. 

OBJECTIVES OF PROJECT 

The principal objectives of this project are: 

1. To locate populations of either of the two species of special interest, 
the federally endangered Indiana myotis, Myotis sodalis, and the increasingly 
rare and state endangered Evening bat, Nycticeius humeralis, along Little 
Sulfur, Turkey and Boggs Creeks in the vicinity of the burning and detonation 
areas at NAVSURFWARCENDIV. 

2. To accumulate further information on the bat community present in the 
burning and detonation areas at NAVSURFWARCENDIV. 
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METHODS 

Maps, limited field examination. and also use of ultrasonic listening 
devices were used to assess areas for bats on Sulfur, Boggs and Turkey 
Creeks. The ultrasonic devices were designed and operated by Allan Hale. They 
were taped to trees prior to netting, and recorded the number of bat calls 
overnight in various areas, thus helping to determine where to place the 
mistnets. 

Mist-netting occurred on five nights. with two nets per night. thus ten sites 
were mist-netted, three on Sulfur Creek, four on Turkey Creek and three on 
Boggs Creek. 

Suitable netting sites consisted of areas of streams that appeared as 
likely flyways for bats and that had canopy over the stream. Sites were favored 
which yielded larger numbers of calls on the ultrasonic listening devices. At 
selecting netting sites, mist-nets were stretched across streams preferably 
closing off the flyway completely from side to side. Two or three seven foot high 
nets were placed one above the other on telescoping aluminum poles with a 
pulley system so as to reach the canopy. If nets do not reach the canopy, the 
bats generally sense and fly over them. The nets were continuously tended, and 
bats were immediately removed upon becoming entangled. They were then 
removed from the net, identified and weighed. their sex determined, and 
released unharmed. 

In addition to the mist-nets, bat detectors were used throughout the mist
netting operation to detect echolocation calls. This allowed determination of 
usage of the area by bats, and how well the nets were placed. Numerous calls 
on the detector, but no bats in the net indicated possibly poor mist-net 
coverage of the site. Some species of bats can be identified by their high 
frequency calls at least some of the time, particularly Red, Evening and Big 
brown bats. 

RESULTS 

A total of 3S bats was netted in ten mist-net samples on five consecutive 
nights near the burning areas and demolition range at Naval Surface Warfare 
Center, Crane Division, Martin County, Indiana. Bat populations were not large, 
but six species were included as follows: 

Red bat, Lasiurus borealis 
Eastern pipistrelle, Pipistrellus subflavus 
Little brown bat, Myotis lucifugus 
Big brown bat, Eptesicus fuscus 
Indiana bat, Myotis soda lis 
Northern myotis, Myotis septentrionalis 

15 
13 

3 
2 
1 
1 

35 

One individual male of an endangered species, the Indiana myotis, Myotis 
sodalis, was netted. 
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No Evening bats (Nycticeius humeralis), a state endangered species, 
were taken. However, echolocation calls apparently of evening bats were heard 
at four separate sites, #2, 5, 7 and 9. However, the occurrence of this species at 
Crane needs further verification since bat echolocation calls vary considerably. 

More data are needed, but the common bats of this portion of Crane 
appear to be Red bats and Eastern pipistrelles. Red bats are solitary and 
produce their young in foliage. Pipistrelles are colonial. They have low numbers 
of individuals per colony, but form maternity colonies in hollow trees, and 
sometimes in buildings. Two near-term pregnant female pipistrelles were taken 
at sampling site 3 along Turkey Creek near the old rifle range indicating a 
nearby maternity colony. 

DISCUSSION 

A purpose of this study was to determine if bats, particularly endangered 
or threatened bats, were present in the burning and detonation areas at Crane. 
Bats are clearly present there, and one endangered bat was netted, a male 
Indiana myotis. 

Brack (1987) netted 130 bats of 7 species in 59 net-nights at 30 sites as 
follows, 53 Red bats, 28 Eastern pipistrelles, 19 Big brown bats, 11 Little brown 
bats, 10 Northern bats, 8 Hoary bats, and 1 Indiana bat. This calculates to 2.2 
bats per mistnet. 

Thirty-five bats were taken during the present study in ten net-nights. This 
calculates to 3.5 bats per net-night. This is a relatively small amount of sampling, 
but would appear to indicate that bats were probably as prevalent in the burning 
and detonation areas as on Crane as a whole. Brack did take one more species 
than we did, totalling 7. He netted Lasiurus cinereus, in addition to the six 
species we netted. 

The occurrence of a male Indiana myotis at the study site indicates little 
about the presence or absence of a maternity colony, as little is known of the 
relationship between males and females of this species in summer. Small 
numbers of males have been found in Wyandotte caves in summer, and male 
Indiana bats could roost in caves in summer at Crane. Brack et. al. (1987) did 
net a juvenile female Indiana bat in summer which suggests a maternity colony 
near his net site. 

It can be concluded from these data that bats are present near the 
burning and detonation areas, and that bat populations there appear to be 
similar to those of the base as a whole. 
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It is difficult to compare numbers of bats per net-night between data from 
the base as a whole as collected by Brack et. al. (1987) and ours in the 
detonation/burning area since several variables are involved. Some of the 
variables are net-night length, the 10 year difference in time of sampling, 
different observers and perhaps difference in the netting procedures, etc. 

Nettings during one season but at different intervals from burning and 
detonation areas, and data over several seasons would help determine effects, 
IT any, of detonation and burning on the bat populations. 
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Table 1. Summary of bats taken by mistnetting near burning and detonation areas at Naval Surface 
Warfare Center, Crane Division, Martin County, Indiana. 

Sample Red Eastern Big braWl Myotis 
Number bat pi pistrelle bat lucifugus sodalis septentrional is total 

SULFUR CREEK 
1 2 1 0 0 1 0 4 
2 0 0 0 0 0 0 0 
9 2 2 1 3 0 0 8 

TURKEY CREEK 
3 3 4 1 0 0 0 8 
4 2 1 0 0 0 0 3 
5 2 0 0 0 0 0 2 
6 0 2 0 0 0 0 2 

BOGGS CREEK 
7 2 0 0 0 0 0 2 
8 2 2 0 0 0 0 4 

10 0 0 0 0 1 2 

15 13 2 3 1 1 35 
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APPENDIX: Information on specific collecting sites. 

SULFUR CREEK BELOW AMMUNITION BURNING GROUND 

Sample #1. Sulfur Creek along old jeep trail south of ammunition burning ground Indian Springs 
Quadrangle. T5N R3W. Section 33 near center. Coordinates 42979 X 5222. 30 x 14 ft. tnistnet. 
Wooded stream. 20 ft wide, depth to 1 foot. Rocky gravelly bottom. Shore wooded. Sycamore, Maple, elm 
trees. to 2 ft. dbh. There are some trees in the general area that could probably serve as roost trees. 
Temperature 65F, no wind. no precipitation. 25 June 1996. 9PM to lAM. 

CALLS HEARD: 24 

BATS NETTED: Total 4. 

Species 
Lasiurus borealis 
Myotis sodalis 
Lasiurus borealis 
Pipistrellus subflavus 

Sex 
Female 
Male 
Female 
Male 

Time 
10:08 
10:45 
11:15 
12:40 

Weight (gms) 
13.0 

8.0 

5.4 

Sample #2. Sulfur Creek along old jeep trail south of ammunition burning ground. Indian Springs 
Quadrangle. T5N R3W. Section 28 near center. Coordinates 42983 X 5220. 30 x 14 tnistnet. Wooded 
stream, 20 ft wide, depth to 1 foot. Rocky gravelly bottom. Shore wooded. Sycamore, Maple, elm trees. to 
2 ft. dbh. There are some trees in the general area that could probably serve as roost trees. Temperature 
65F, no wind, no precipitation. 25 June 1996. 9PM to lAM 

CALLS HEARD ON DETECTOR: 35 TO 40. 

BATS NETTED: 

none 

TURKEY CREEK 

Sample #3. Turkey Creek north of old Rifle range. Indian Springs Quadrangle. T5N R4W. Section 26. 
Coordinates 42984 X 5159. 30 x 14 ft. tnistnet. Wooded stream, 20 ft wide, depth to 8 in. Gravel 
bottom. Shore wooded Sycamore, Box elder, sumac. Trees. to 2 ft. dbh. There are some trees in the 
general area that could probably serve as roost trees. Temperature 68F. no wind, no precipitation. 26 
June 1996. 8:30PM to 1:30 AM. 

CALLS HEARD: 34 

BATS NETTED: Total 8. 

Species Sex Time Weight (gms) 
Lasiurus borealis Female 8:40 
Pipistrellus subflavus Female 9:40 9.4 Preg, 2 emb. 
Pipistrellus subflavus Female 9:50 8.5 Preg. 2 emb. 
Eptesicus fuscus escape 10:15 
Pipistrellus subflavus Male 11:35 6.5 
Lasiurus borealis Female 11:40 11.0 Pregn. 
Pipistrellus subflavus Male 12:09 5.5 
Lasiurus borealis Female 1:20 13.0 
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Sample #4. Turkey Creek north of old Rifle range. Indian Springs Quadrangle. T5N R4W. Section 26 . 
Coordinates 42986 X 5161. 30 x 14 ft. mistnet. Wooded stream, 20 ft wide, depth to 3 ft. Gravel 
bottom. Shore wooded. Predominantly sycamore with some maple and elm. Trees. to 2 ft. dbh. There are 
some trees in the general area that could probably serve as roost trees. Temperature 68F, no wind. no 
precipitation. Near full moon. 26 June 1996. 8:30PM to 1:30 AM. 

CALLS HEARD: 37 (Probable Nycticeius heard) 

BATS NETTED: 3 

Species Sex Time Weight (gms) 
Lasiurus borealis escaped 8:40 
Lasiurus borealis Female 9:15 
Pipistrellus subflavus Male 12:30 5.5 

Sample #5. Turkey Creek south of old Rifle range. Indian Springs Quadrangle. T5N R4W. Section 35. 
Coordinates 42971 X 5151. 30 x 14 ft. mistnet. Wooded stream, 30 ft wide, 8 ft with water. depth to 10 
in. Gravel bottom. Shore wooded. Tree cover sparse, predominantly sycamore. Trees. to 2 ft. dbh. 
There are some trees in the general area that could probably serve as roost trees. Temperature 80-68F, no 
wind. no precipitation. Near full moon. 27 June 1996. 8:30PM to 1:00 AM. 

CALLS HEARD: 30 

BATS NETTED: 2 

Species 
Lasiurus borealis 
Lasiurus borealis 

Sex 
Female 
Female 

Time 
9:10 
11:00 

Weight (gms) 
11.0 
12.0 

Sample #6. Turkey Creek south of old Rifle range. Indian Springs Quadrangle. T5N R4W. Section 35. 
Coordinates 42979 X 5150. 30 x 14 ft. mistnet. Wooded stream, 30 ft wide. Depth to 1 ft. Sand. mud 
and rock bottom. Shore wooded. predominantly young sycamore. Near full canopy. There are some trees 
in the general area that could probably serve as roost trees. Temperature 80-68F, no wind. no 
precipitation. Near full moon. 27 June 1996. 8:30PM to 1:00 AM. 

CALLS HEARD: 30 

BATS NETTED: 2 

Species 
Pipistrellus subflavus 
Pipistrellus subflavus 

BOGGS CREEK 

Sex 
escape 
Female 

Time 
10:45 
12:45 

Weight (gms) 

Sample #7. Boggs Creek, north of Demolition range. Indian Springs Quadrangle. T5N R4W. Section 
34. Coordinates 42987 X 5130. 30 x 14 ft. mistnet. Open stream, 20 ft wide. Depth to 3 ft. Gravel 
bottom. Shore wooded predominantly young sycamore on west side, open on east. Very little canopy. 
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There are some trees in the general area that could probably serve as roost trees. Temperature 71-68F, no 
wind, no precipitation. Near full moon. 28 June 1996. 8:30PM to 1:00 AM. 

CALLS HEARD: 43 (much activity until about 9:30 when moon became a problem) 

BATS NETTED: 2 
Species 
Lasiurus borealis 
Lasiurus borealis 

Sex 
escaped 
escaped 

Time 
8:30 
8:35 

Weight (gms) 

Sample #8. Boggs Creek, north of Demolition range. Indian Springs Quadrangle. T5N R4W. Section 
27. Coordinates 42981 X 5131. 30 x 14 ft. mistnet. Wooded stream, 20 ft wide. Depth to 2 ft. Gravel 
bottom. Shore wooded. Canopy predominantly young sycamore. There are some trees in the general area 
that could probably serve as roost trees. Temperature 71-68F, no wind, no precipitation. Near full moon. 
28 June 1996. 8:30PM to 1:00 AM. 

CALLS HEARD: numerous 

BATS NETTED: 4 
Species Sex Time Weight (gms) 
Lasiurus borealis escaped 8:25 
Pipistrellus subflavus Male 9:00 5.4 
Pipistrellus subflavus Male 10:15 5.8 
Lasiurus borealis Male 11:40 12.4 

Sample #9. Sulfur Creek 100 m south of old jeep trail south of ammunition burning ground. Indian 
Springs Quadrangle. T5N R3W. Section 33. Coordinates 42975 X 5219. 30 x 19 ft. mistnet. Wooded 
stream, 25 ft wide, depth to 1 foot. Rocky gravelly bottom. Shore wooded. Beech, Tulip poplar, 
Sycamore, small maples, elm hickory trees. to 30" dbh. There are some trees in the general area that 
could serve as roost trees. Temperature 78 to 71F, no wind, no precipitation. 29 June 1996. 8:30 PM to 
lAM. 

CALLS HEARD: 53 

BATS NETTED: Total 8. 

Species Sex Time Weight (gms) 
Myotis lucifugus Male 8:27 5.5 
Lasiurus borealis Female 8:45 1l.5 
Lasiurus borealis Female 8:52 1l.0 
Myotis lucifugus Male 9:20 6.5 
Pipistrellus subflavus Male 9:45 6.1 
Eptesicus fuscus escaped 10:10 
Myotis lucifugus Male 1l:10 7.0 
Pipistrellus subflavus Male 11:10 7.0 

Sample #10. Boggs Creek, west of Demolition range. North of trestle and road bridge. Indian Springs 
Quadrangle. T5N R4W. Section 34. Coordinates 42966 X 137. 30 x 14 ft. mistnet. Open stream, 20 ft 
wide. Depth to 2 ft. Gravel bottom. Shore wooded. Canopy lacking over most of stream in area, but 
complete at netting site, sycamore. There are some trees in the general area that could probably serve as 



roost trees. Temperature 78-61. No wind, no precipitation. Near full moon. 29 June 1996. 8:30PM to 
1:00AM. 

CALLS HEARD: 15 

BATS NETTED: 2 
Species 
Myotis septentrionalis 
Pipistrellus subflavus 

Sex 
Female 
Male 

Time 
12:00 

1:00 

Weight (gms) 
7.0 Pregn. (1 emb) 
5.8 

14 



Map 1. Location of maternity colonies of The Evening Bat, Nycticeius 
humeralis (circles) and the Indiana Bat, Myotis sodalis (stars). 

BENTON 

T1PPE

~=;;----{C.llll.OE: 
WARREN ., 

MONT
GOMERT 

• 
z 
!2 

UTNA'" 

~ 
..J 
:i 
cz: ... 
> 
VIGO Cl...l.T • 

• 

NOBl..E 

HUNTING
TON 

STEUBE:N 

OEKAl..S 

AI.. I.. EN 

WE\..l..S AOAMS 

Bl..AC><:- ~AY 
FORO 

IGRAlH 

~~~~::=~~ARaO~----~1 
Cl..JiIiii ON ""wToN--t.,-===~~=,....J 
., !Tl? ON IoIAOISOH OEI..l.WARE. 

f::B"'OO=N"'E:------lHAMII.'O14 

MARION * :HANCOCK 

ISHEL.BT 

r--"--r""Oli=N"'S"'O"'N"""; 

BARTHO
I.OMEW 

~~"",,~~~JACXSON 
L.AWRE:NCE: 

ORANGE: 

• 

HENRT 

OEC.l.TUR 

RANOOl..?H 

FATE.TTErNION 

FRANKl-IN 



Map 2. Location of bat mist-netting sites along Little Sulfur Creek (Williams 
Quadrangle) at Naval Surface Warfare Center Crane Division, Crane, Indiana. 



Map 3. Location of bat mist-netting sites along Turkey and Boggs Creeks (Indian 
Springs Quadrangle) at Naval Surface Warfare Center Crane Division, Crane Indiana. 
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Threatened and Endangered Wildlife and Plant Species at NA VSURFW ARCENDIV 

Background 

Threatened species are those wildlife or plant species that are not currently endangered but are 
considered to be likely candidates to become so in the future (foreseeable future) or are currently 
recovering from endangered status. By contrast, endangered species are those wildlife or plants 
that face extinction throughout all, or within a large (significant) portion of their natural range. 
The federal regulatory mandates that affect both federal or state listed threatened and endangered 
species include the Endangered Species Act of 1973 (16 U.S.C. 1531-1543; 87 Stat. 884), as 
amended. 

Under the Endangered Species Act, (ESA) developments either federal, state or private that occur 
or are planned to occur on lands indicated as containing threatened and endangered species of 
wildlife or plants, must assure that their actions are not likely to jeopardize the continued 
existence of any federally listed threatened and endangered species or result in the destruction or 
adverse modification of their critical habitat. 

At the federal level there are more than 300 threatened and endangered animal species alone. In 
addition to compliance with the ESA the activities at NA VSURFW ARCENDIV cooperate with, 
and follow State of Indiana policies concerning state listed threatened and endangered species. In 
Indiana as with many states, the threatened and endangered or rare status of an individual 
wildlife or plant species is based on the uniqueness of that species within the confines of that 
particular state, even though in adjacent states the species may be more common or possibly even 
abundant. In some instances the individual state protecting the species is located on the "edge" of 
the natural range of the species under consideration. 

At the NA VSURFW ARCENDIV SWMU sites, the past and/or current base activities may affect 
threatened and endangered species in several different ways. First, threatened and endangered 
species may be directly protected on the installation through the existing limited access 
conditions of the installation. Thus, the installation provides many of the features of a refuge for 
protected species. Second, the activities at NA VSURFW ARCENDIV may indirectly protect 
threatened and endangered species through the various wildlife and environmental management 
programs designed to protect or enhance other natural resources on site. 

The following discussion considers the types of species observed or inferred for 
NAVSURFWARCENDIV and their regulatory status at the state or federal level. In addition, as 
part of this ecological risk assessment, the potential for adverse impact from contaminants of 
concern in the direct food chain of threatened and endangered species or directly ingested by 
protected species will be discussed based on site observations or previously recorded 
information. 

It should be noted that the large listing of threatened and Endangered species to follow has been 
selected from individual species range descriptions and listings and does not mean that all of the 



described species occur but rather that they have the potential for occurrence at the site. 

Vegetation Species - Federal 

One plant is on the Federal list of threatened species. That species is the Running Buffalo Clover 
(Trifolium stoloniferum). This species has been found within the area of the 
NA VSURFW ARCENDIV in surrounding habitat areas. Other federally listed vegetation for the 
State of Indiana have been evaluated and have habitat requirements that are not fulfilled within 
the confines of the habitats that are present at NA VSURFW ARCENDIV. 

Vegetation Species - State 

In 1993, the Indiana Department of Natural Resources, Division of Nature Preserves 
conducted an inventory of the special plants and natural areas within the boundaries of the 
NA VSURFW ARCENDIV site. This extensive survey effort uncovered a total of twenty-nine 
(29) species of state listed plants. Of this list, one species was listed as state threatened, nine 
species were state endangered, eleven were state rare species and eight were considered as state 
watch listed species. The following table illustrates the above species providing the scientific 
name, the common name and the state status 

Scientific Name Common Name Status = 

Strophostyles leiosperma Slick seed wild bean T 

Agalinus fasciculata Clustered foxglove E 
Bartonia paniculata Twining Bartonia E 
Crotonopsis elliptica Elliptical rushfoil E 
Eupatorium rotundifolium Round-leaved boneset E 
Lycopodium obscurum Tree clubmoss E 
Lygodium palmatum Climbing fern E 
Rhexia mariana var mariana Maryland meadow beauty E 
Sagittaria australis Longbeak arrowhead E 
Woodwardia areolata Netted chain-fern E 

Botrychium oneidense Blunt-lobe grape-fern R 
Carex louisianica Louisiana sedge R 
Carex woodii Pretty sedge R 
Dentaria diphylla Crinkleroot R 
Linum striatum Ridged yellow flax R 
Lycopodium clavatum Running pine R 
Oenothera perennis Small sundrops R 
Panax trifolium Dwarf ginseng R 
Spiranthes oval is Lesser ladies'-tresses R 
Spiranthes tuberosa Little ladies'-tresses R 
Viola blanda Smooth white violet R 



Carex abscondita 
Chimaphila maculata 
Cimicifuga racemosa 
Hydrastis canadensis 
Panax quinquefolium 
Platanthera lacera 
Platanthera peramoena 
Veratrum woodii 

Thicket sedge 
Spotted wintergreen 
Black bugbane 
Goldenseal 
American ginseng 
Green-fringed orchis 
Purple fringeless orchis 
False hellbore 

WL 
WL 
WL 
WL 
WL 
WL 
WL 
WL 

Status: T = Threatened, E = Endangered, R = Rare and WL = Watch List 

Wildife Species - Birds - Federal 

A number of avifauna species have the potential for use of the site as they conduct their annual 
migrations from their winter and summer ranges. The following species have the potential for 
occurrence at the NA VSURFW ARCENDIV site. 

Scientific Name Common Name 
Dendroica kirtlandii Kirtland's Warbler 
Falco peregrinus Peregrine Falcon 
Haliaeetus leucocephalus Bald Eagle 
Status: T = Threatened, E = Endangered, E&T, = Both 

Wildife Species - Birds - State 

Status = 
E 
E 

E&T 

The bird species at the NA VSURFWARCENDIV include a wide variety of species and numbers 
within individual species. Recent studies of the southern portion of the 
NA VSURFW ARCENDIV installation have indicated that the following species holding special 
status for the State of Indiana were recorded. 

Scientific Name 
Circus cyanus 
Tyto alba 
Asio flammeus 
Aimophila aestivalis 

Common Name 
Northern Harrier 
Common Bam Owl 
Short-eared Owl 
Bachman's Sparrow 

* also a candidate for federal listing 

Ammodramus henslowii 
Accipiter striatus 
Buteo lineatus 
Buteo platypterus 
Dendroica cerulea 

Henslow's Sparrow 
Sharp-shinned Hawk 
Red-shouldered Hawk 
Broad-winged Hawk 
Cerulean Warbler 

Status = 
E 
E 
E 
E* 

T 
SC 
SC 
SC 
SC 



Status: T = Threatened, E = Endangered, SC = Special Concern 

Wildife Species - Mammals - Federal 

Mammalian wildlife species that hold federal status that have the potential for occurrence at the 
NA VSURFW ARCENDIV site include the following: 

Scientific Name 
Myotis sodalis 
Myotis grisescens 

Status: E = Endangered 

Common Name 
Indiana Bat 
Gray Myotis 

Wildife Species - Mammals - State 

Status 
E 
E 

The following state listed species have the potential for occurrence at the 
NA VSURFW ARCENDIV site, based on range and habitat requirements. 

Scientific Name 
Myotis austroriparius 
Myotis grisescens 
Myotis sodalis 
Nycticeius humeralis 
Neotoma floridana magister 
Spermophilus franklinii 

Common Name 
Southeastern Myotis 
Gray Myotis 
Indiana Bat 
Evening Bat 
Eastern Woodrat 
Franklin's Ground Squirrel 

Status: T = Threatened, E = Endangered 

Wildife Species - Amphibians & Reptiles - Federal 

Status 
E 
E 
E 
E 
T 
T 

There are no listed amphibian and reptile species that have the potential for occurrence at the 
NA VSURFW ARCENDIV site. 

Wildife Species - Amphibians & Reptiles - State 

The following state of Indiana listed amphibian and reptile species have the potential for 
occurrence at the NA VSURFW ARCENDIV site: 

Scientific Name 
Pseudotriton ruber ruber 
N erodia erytherogaster 
Clemmys guttata 
Clonophis kirtlandii 

Common Name 
Northern Red Salamander 
Copperbelly Water Snake 
Spotted Turtle 
Kirtland's Snake 

Status 
E 
T 
T 
T 



Crotalus horridus Timber rattlesnake T 
Kinosternon subrubrum Eastern Mud Turtle T 
Opheodrys vernalis Smooth Green Snake T 
Sistrurus catenatus Eastern Massasauga 

catenatus T 
Hemidactylium scutamum Four-toed Salamander T 
Emydoidea blandingii Blanding's Turtle SC 
Opheodrys aestivalis Rough Green Snake SC 
T errapene ornata Ornate Box Turtle SC 
Amblystoma laterale Blue-spotted Salamander SC 
Necturus maculosus Mudpuppy SC 
Rana pipiens Northern Leopard Frog SC 

Status: T = Threatened, E = Endangered, SC = Special Concern 

Wildife Species - Aquatics - Federal 

The following species of aquatic wildlife are listed as Threatened or endangered for Indiana by 
the U.S. FWS and have ranges that potentially include the NAVSURFWARCENDIV site. 

Scientific Name Common Name Status 
Cyprogenia stegaria Eastern Fanshell 

Pearlymussel E 
Epioblasma obliquata Purple Catspaw 

obliquata E 
Epioblasma obliquata White Catspaw 

perobliqua Pearlymussel E 
Epioblasma torulosa Northern Riffleshell 

rangiana E 
Epioblasma torulosa Tubercled Blossum 

torulosa E 
Hemistena lata Crackling pearlymussel E 
Lampsilis abrupta Pink Mucket E 
Pleurobema clava Clubshell E 
Pleurobema plenum Rough Pigtoe E 
Potamilus capax Fat Pocketbook E 

Status: E = Endangered 

Wildife Species - Aquatics - State 

The following aquatic species are listed by the State of Indiana as holding protected status. These 
species are included because of the potential for occurrence by virtue of past descriptions, 
suitable site habitat areas or location of NA VSURFW ARCENDIV within the range of the 



speCIes. 

Scientific Name Common Name Status 
Etheostoma camurum Bluebreast Darter E 
Etheostoma maculatum Spotted Darter E 
Notropis ariommus Popeye Shiner E 
Cyprogenia stegaria Eastern Fanshell 

Pearlymussel E 
Epioblasma obliquata Purple Cats'paw 

obliquata E 
Epioblasma obliquata White Cats'paw 

perobliqua Pearlymussel E 
Epioblasma torulosa Northern Riffleshell 

rangiana E 
Epioblasma torulosa Tubercled Blossum 

torulosa E 
Lampsilis abrupta Pink Mucket E 
Pleurobema clava Clubshell E 
Pleurobema plenum Rough Pigtoe E 
Potamilus capax Fat Pocketbook E 
Quadrula cylindrica Rabbitsfoot 

cylindrica E 

Status: E = Endangered 



I certify under penalty of law that this document and all 
attachments were prepared under my direction or supervision in 
accordance with a system designed to assure that qualified 
personnel properly gather and evaluate the information submitted. 
Based on my inquiry of the person or persons who manage the 
system, or those persons directly responsible for gathering the 
information, the information submitted is, to the best of my 
knowledge and belief, true, accurate, and complete. I am aware 
that there are significant penalties for submitting false 
information, including the possibility of fine and imprisonment 
for knowing violations. 

Enclosure (2) 
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