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SEETIONZERO Executive Summary

The Baseline Risk Assessment (BRA) for Operable Unit 3 (OU3) evaluated potential human health
and ecological risks resulting from exposure to contaminated media at areas of concemn of the
former Nebraska Ordnance Plant (NOP) located near Mead, Nebraska (Site) not previously
addressed under BRAs performed for Site-wide soils (Operable Unit 1 [OU1]; Donohue, 1993) and
Site groundwater (Operable Unit 2 [OU2]; Woodward-Clyde, 1994a). Areas of concern
evaluated under OU3 include the following:

e Soils adjacent to the Load Lines 1, 2, 3, and 4 Bomb Production Buildings
e Load Lines 1, 2, 3, and 4 Paint Operation Areas

e Potential Landfill Area north of the Proving Grounds

e Proving Grounds

e Northeast Boundary Area

¢ Johnson and Clear Creeks

e Silver Creek

o Nebraska Resource District (NRD) Reservoir

In the Human Health Risk Assessment, the scenarios evaluated in the load line areas included
residential (adult and child), trespasser/visitor (adult and juvenile), and on-site worker exposure to
surface soil. Scenarios evaluated at the Potential Landfill Area north of the Proving Grounds,
Proving Grounds, and the Northeast Boundary Area, included residential (adult and child) and
trespasser (adult and juvenile) exposure to surface soil and construction worker exposure to both
surface and subsurface soils. Potential health risks were evaluated quantitatively for ingestion and
direct dermal contact for all receptors. In addition, residents (adults and children) were evaluated
for potential exposure to explosives via a garden vegetable ingestion scenario for the Load Line
Bomb Production Building Areas and the Potential Landfill Area north of the Proving Grounds
using bioaccumulation data developed by the Army (USACE, 1997). A recreational fishing
scenario (adults and children) was also evaluated for Johnson, Clear and Silver Creeks, and the
NRD Reservoir. This scenario included an evaluation of direct dermal contact and incidental
ingestion of surface water and sediment, and ingestion of fish. Potential excess cancer risks and
non-carcinogenic hazards were estimated for exposure to site-related chemicals using both

a Reasonable Maximum Exposure (RME) and an Average Exposure (AE) approach. The RME
evaluation provides an estimate of potential upperbound risk among exposed individuals, and is
commonly used as a basis for site remedial decisions. The AE evaluation, which is also termed the
Central Tendency Exposure (CTE) evaluation, provides on estimate of more typical risks among
exposed individuals. The AE evaluation has been included to provide site decision makers with
additional information that can be used in the remedial decision making process.

The non-carcinogenic cumulative Hazard Indices (HI) exceeded the threshold target of 1 for the
RME child resident scenario at the Load Line 1 Bomb Production Area, Load Line 2 Paint
Operation Area, the Load Line 4 Paint Operation Areas, and at the Potential Landfill north of the
Proving Grounds, and for the recreational child fisherman scenario for Johnson/Clear Creek. A
Hazard Index in excess of 1.0 indicates the potential for adverse health effects. An evaluation of the
chemicals that contributed to cumulative hazard indices indicates that they do not affect the same
target organs, and that exposure to these chemicals is unlikely to result in any additive effects. The
URS Greiner Woodward Clyde 0-1
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SECTIONZERO Executive Summary

Load Line 1 Bomb Production Area was eliminated as having the potential to pose a hazard once
the target organ effects of the Potential Chemicals of Concern (PCOCs) were taken into
consideration. Hazards at Johnson/Clear Creek, which were based on modeled fish tissue
concentrations, were also considered to be below 1.0 once comparisons were made to fish tissue
analytical data from the NRD Reservoir. Antimony is the chemical contributing the majority of the
potential hazard in the other three areas. Soil ingestion was the exposure pathway contributing the
majority of the hazard.

Potential excess cancer risks are within, or below, the U.S. Environmental Protection Agency (EPA)
risk range of 1 x 10%to 1 x 10°® (i.e., 1in 10,000 to 1 in 1,000,000) for all scenarios and areas
evaluated.

An evaluation of the potential health risks to children associated with exposure to lead was
conducted for all areas of concern. The results of this evaluation indicate that lead in Site soils is
unlikely to pose a health hazard.

The Ecological Risk Assessment (ERA) addressed both terrestrial and aquatic receptors.
Terrestrial scenarios were accounted for under the assumptions of the OU1 ERA and were not
assessed again.

The ERA, presented as an Appendix to this OU3 BRA, focused upon receptors’ exposure to

sediment and surface water in Johnson and Clear Creeks, the NRD Reservoir, and Silver Creek.

Detected chemicals were conservatively screened against ecological benchmarks, background

data, and other criteria to determine which chemicals should be retained for exposure assessment o
scenarios. No potential chemicals of concern were selected for surface water samples because

all detected chemicals were either unrelated to former Nebraska Ordnance Plant (NOP) activities

or did not exceed benchmark values. For the same reasons, all volatile organic compounds

(VOC) and explosives and most metals and semi-volatile organic compounds (SVOC) detected

in sediments were screened out at this step. Corresponding adverse effects from these chemicals

to aquatic biota or wildlife on-site are unlikely.

The remaining sediment potential chemicals of concern (selenium, silver, and 4-methylphenol)
were included in exposure assessment scenarios, which used Site-specific receptors, benchmarks,
and assumptions to more accurately estimate receptors’ exposure to chemicals. Assessments
using the qualitative weight-of-evidence approach and the semi-quantitative Ecotox Quotient
(EQ) approach found that the potential chemicals of concern presented negligible risk to aquatic
and terrestrial receptors on-site.

A search for rare, threatened, or endangered species (plant or animal) found indicated that the
American burying beetle (Nicrophorus americanus), western prairie fringed orchid (Platanthera
praeclara), and plains topminnow may occur on-site. A survey of the Site by US Fish and
Wildlife Service biologists found that past land use had degraded on-site habitat, and that the Site
did not contain appropriate habitat for these species.

In summary, the OU3 BRA was conducted according to EPA methodology and guidelines,

incorporating conservative and reasonable assumptions and input values to estimate hazards and

risks for all areas of concern. On balance, the use of numerous conservative assumptions

throughout the BRA tend to bias high the resultant risks and hazards. —
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SECTIONONE Introduction

The former Nebraska Ordnance Plant (NOP) is located one-half mile south of Mead, Nebraska and
30 miles west of Omaha in Saunders County, Nebraska (Drawing 1-1). The U.S. Army Corps of
Engineers (USACE), Kansas City District (CENWK) is responsible for conducting
environmental investigation and remediation activities at the former NOP (Site) under the
Defense Environmental Restoration Program (DERP). The investigation of the Site has been
divided into three Operable Units (OU1, OU2, and OU3) under the Interagency Agreement dated
January 30, 1992 between the U.S. Department of the Army and the U.S. Environmental
Protection Agency (EPA) Region VII, and the Nebraska Department of Environmental Quality
(NDEQ). OUI includes explosives contaminated soils within the upper four feet. OU2 includes
groundwater and soils identified as subsurface sources of groundwater contamination. OU3
includes other areas at the Site not covered under OU1 or OU2.

Woodward-Clyde (W-C) was retained by the USACE to conduct a Phase I Remedial
Investigation (RI) at the Site under Contract DACA41-92-C-0023 and a Phase II RI and Baseline
Risk Assessment (BRA) under Contract No. DACA41-96-C-8011. URS Greiner Woodward
Clyde Federal Services (URSGWCFS) was subsequently retained to conduct Phase III
supplemental sampling for an RI Addendum Report, and to revise the BRA to incorporate this
new information, under Contract DACA 41-96-D-8014. This document is the revised BRA
Report for OU3 and specifically addresses potential human health effects (i.e., cancer risks and
non-carcinogenic health hazards) and ecological effects associated contaminated media at the
OUS3 areas of concern. The purpose of a BRA, as defined by EPA, is to "provide a framework
for developing the risk information necessary to assist decision making at remedial sites" (Risk
Assessment Guidance for Superfund; Risk Assessment Guidance for Superfund (RAGS): EPA,
1989a).

SEC Donohue (1993) prepared a final BRA for OU1 to evaluate potential human health effects
(i.e., cancer risks and noncarcinogenic health hazards) and ecological effects associated with
exposure to contaminated soil at the Site. Woodward Clyde (1994a) conducted a BRA for
Operable Unit 2 (OU2) to evaluate potential human health effects associated with exposure to
groundwater and subsurface soils at the Site. The Draft Final OU3 BRA (W-C, 1997a)
addressed risks at other areas of concern not included in the OU1 and OU2 BRAs. This
document (the Revised BRA) represents a revision of the Draft Final OU3 BRA, incorporating
new data collected as part of the Phase III supplemental sampling activities.

The organization of this OU3 BRA follows the structure presented in RAGS (EPA, 1989a) and
consists of the following:

e Site background information
o Identification of the areas to be evaluated in the OU3 BRA
o Identification of site-specific potential chemicals of concern

e An exposure assessment, including identification of potentially exposed populations (i.e.,
both current site populations as well as hypothetical future populations) and exposure
parameters used to define chemical uptake by these populations

e An assessment of the toxic properties of the potential chemica's of concern

e An estimation of the potential cancer risks and non-carcinogenic health hazards for

potentially exposed populations
URS Greiner Woodward Clyde 1-1
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SECTIONONE Introduction

e An analysis of uncertainties associated with the estimation of potential site-specific risks

In addition to the results of the Human Health Risk Assessment presented in this report, an
Ecological Risk Assessment (Appendix B) and Plant Uptake Study (Appendix D) were also
performed under OU3 and have been included as appendices.

1.1 SITE HISTORY

The former NOP occupied 27 square miles in Saunders County and contained an administration
area, an ammonium nitrate plant, a bomb booster assembly plant, four bomb load lines,
demolition grounds, a sewage treatment plant, analytical laboratories, a laundr,, vehicle and
equipment maintenance shops, and several square miles of bermed storage igloos and magazines
located north and south of the load lines (Drawing 1-2).

During World War II, the production facilities were operated by the Nebraska Defense
Corporation, a subsidiary of Firestone Tire and Rubber Company. During the interim period
1945 through 1949, production was terminated and decontamination procedures were
implemented. Decontamination procedures included cleaning, flushing, and sweeping of floors,
rafters, pipes, and ventilation systems, flushing of contaminated ditches, and removal and
burning of contaminated soils. At the North and South Burning Grounds near the former NOP
Landfill Area, 340,000 pieces of ordnance were destroyed in 1946 (W-C, 1993). Tetryl boosters
were destroyed at the Demolition Ground, which is located in the southwestern portion of the
former NOP. The former NOP was reactivated in 1950 in order to produce weapons for the
Korean Conflict. In 1956 the NOP was again placed on standby status.

In 1959, approximately 960 acres were transferred to the U.S. Army Reserve for training
grounds; 2,000 acres were granted to the U.S. Air Force for a missile site; and 40 acres were
transferred to the Department of Commerce. From 1959 to 1960, the Offutt Air Force Base
Missile Site S-1 launch area, Atlas Missile Area, was built on 1,185 acres north of Load Line 4.
Trichloroethene (TCE) was used to degrease and clean pipelines used to carry liquid oxygen fuel
for missiles. U.S. Army activities included Nike missile maintenance at the former heavy
equipment garage north of Load Line 1. The U.S. Air Force also occupied 34 acres of the
northern portion of Load Line 1 for use as a "Tech Area" (W-C, 1993). The silos were
abandoned in 1964 and the Launcher Area and the Nike Area were transferred to the Nebraska
National Guard.

In 1962, approximately 9,000 acres of the former NOP were purchased by the University of
Nebraska for use as their Agricultural Research and Development Center (ARDC). An
additional 600 acres were purchased in 1964 for the ARDC. The remaining 5,000 acres were
purchased by private individuals and corporations. A fireworks company operated for
approximately 20 years at the former bomb booster assembly plant (Bomb Booster Area) until
1989. Two commercial enterprises manufacture insulation board and processed Styrofoam
packing material at the former administration buildings (Administration Area).

The University of Nebraska currently owns the former NOP Landfill Area, which is reported to
have been first used by the former NOP. The landfill consisted of two trenches north of the
former sewage treatmen: plant that were filled with solid waste and covered with soil. —_
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SECTIONONE Introduction

The Site became a Superfund site when EPA placed it on the National Priorities List (NPL) in
August 1990 due to identified groundwater contamination and associated potential nisk to human
health or the environment.

1.2 SUMMARY OF SITE PHYSICAL CHARACTERISTICS

A detailed description of the Site and its physical characteristics is provided in the OU2 RI
(W-C, 1993). A summary of the Site information relevant to the risk assessment is presented
below.

The climate of Nebrasi:a is temperate continental and characterized by wide seasonal variations
in temperature. Summers are warm (average high temperature in July is 88°F) and winters are
cool and dry (the average low temperature 1n January is 13°F). The average annual precipitation
is 33 inches.

The Site is located in Todd Valley, an abandoned stream channel of the ancestral Platte River.
The hydrostratigraphy of the Site consists of three aquifers, the Omadi Sandstone aquifer, the
Todd Valley aquifer, and the Platte River alluvial aquifer; and three aquitards, the
Pennsylvanian, the Omadi Shale, and the Platte River aquitards. The sands and sandy gravels of
the Platte River Valley, which are 39 to 49 feet thick, are not correlative to the sands and gravels
of Todd Valley. Overbank silts and clays, 10 to 17 feet thick, overlie the Platte River alluvial
sands. The Platte River aquitard consists of overbank silts and clays. Where the Omadi Shale is
absent, the Omadi Sandstone and Todd Valley aquifers are in hydraulic communication and
behave as a single aquifer without hydraulic barriers.

The groundwater surface of Todd Valley aquifer slopes toward the south-southeast at an average
gradient of 12 feet/mile. East of Johnson Creek, the hydraulic gradient in the Platte River
alluvial aquifer is south with a slight westerly component. A major zone of discharge is located
along the western side of the Platte River floodplain southeast of the Site.

The population of Saunders County is 18,285 and is 80 percent rural. Wahoo, population 3,510,
is the county seat and the largest community (Bureau of the Census, 1990). Areas adjacent to the
Site are primarily used for growing corn with soybeans and sorghum of less but significant
importance. Approximately 14 percent of the total area of Saunders County is under irrigation
(Nebraska Agricultural Statistics Service, 1989).

1.3 SUBAREAS TO BE EVALUATED IN THE OU3 BRA

This section identifies the areas evaluated in the OU3 BRA and provides pertinent site
information for these subareas. In accordance with the OU3 RI Project Work Plan (PWP)
(W-C, 1994b), the following investigation areas (Drawing 1-2) were evaluated as part of the
OU3 RI:

e Load Line 1 Bomb Production Buildings
e lLoad Line 2 Bomb Production Buildings
e Load Line 3 Bomb Production Buildings
e Load Line 4 Bomb Production Buildings
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Federal Services WOVPAPROJECTSIKI8216\DF BRAREPORT\TEXT1020.DOC\21-FEB-
0\FOK98216.0049

BO7NE003703-05719



SECTIONONE Introduction

Load Line 1 Paint Operation Areas

Load Line 2 Paint Operation Areas

Load Line 3 Paint Operation Areas

Load Line 4 Paint Operation Areas

Former Raw Products Igloo Storage Areas

Former Tetryl Pelleting Area

North Buming Ground

South Burning Ground

Proving Grounds

Potential Landfill Area north of the Proving Grounds

Former NOP Landfill Area

Potential Waste Disposal Areas north of the former Nike Maintenance Area
Potential Waste Disposal Area southeast of the former Bomb Booster Assembly Area
Potential Waste Disposal Area at the former Atlas Missile Area

Potential Waste Disposal Area north of the former Ammonium Nitrate Plant
Demolition Ground

Detonation Craters

Bermed Area southwest of Load Line 1

Former Ammonium Nitrate Plant

Johnson and Clear Creeks

Silver Creek

Underground Storage Tanks at the former Administration, Bomb Booster Assembly, and
Atlas Missile Areas, and former Air Force Communications Center

Geophysical Anomaly at Load Line 3
Site-Wide Potentially Hazardous Containerized Waste Surveys
Northeast Boundary Area

Natural Resource District (NRD) Reservoir

Detailed information on the OU3 RI sampling program, results obtained and evaluation methods,
together with, complete result tables are presented in the OU3 RI report (W-C, 1997b) and OU3
RI Addendum Report (URSGWC, 2000). Beginning with a table which describes various notes

1-4
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SECTIONONE Introduction

and sources of information (Table 1-1), results from the Phase I, Phase II, and Phase III RI
sampling have been summarized for each OU3 investigation area (Tables 1-2 through 1-58).!

As discussed in both the QU3 Preliminary Data Package (W-C, 1996a), and Rl report, a
screening process was used to evaluate whether or not additional field activities were required
and to determine if results indicated that any of the areas warranted further action. Based on
these results, several OU3 investigation areas were identified as not requiring any further action
under the CERCLA process. In addition to the use of screening levels, other criteria used to
determine if further actions were required included concentrations of analytes consistent with
background/regional concentrations, and/or, areas which are not longer considered part of OU3.

The following investigation areas did not satisty any of the criteria mentioned above, and
therefore. are included in the BRA report:

e Soils adjacent to the Load Lines 1, 2, 3, and 4 Bomb Production Buildings

e Load Lines 1, 2, 3, and 4 Paint Operation Areas (Soils)

e Potential Landfill Area (Soiis) north of the Proving Grounds

e Proving Grounds (Soils)

e Johnson, Clear and Silver Creeks (Surface Water and Sediment)

e Northeast Boundary Area (Soils)

e NRD Reservoir (Surface Water, Sediment, and Fish Tissue)

Since submittal of the Draft Final BRA, the Load Line Bomb Production Buildings have
undergone building demolition and disposal (BDDR). BDDR activities were completed in April
1999. Because the buildings included in the BDDR project no longer exit at the Site, they do not
require any further action under OU3. Likewise, because none of the soils beneath the buildings
were found to contain explosive concentrations above the current OU1 remediation goals these
soils are not further evaluated in the BRA.

1.4 SITE DESCRIPTIONS FOR AREAS OF CONCERN

1.4.1 Load Line Bomb Production Buildings

The principal operation at the load line bomb production buildings was loading bombs
(Drawing 1-2). Bomb production at each of the four load lines included melt loading and
assembly of bombs, shells, warheads, demolition blocks, and practice rockets. This activity
began in October 1942 and continued through August 1945, with the lines periodically being
deactivated and reactivated for operational changes. The operation of the lines was terminated in

' It should be noted that the “average concentrations” identified in Tables 1-2 through 1-58 represent arithmetic
mean concentrations that have been calculated assuming one half the reporting limit as a surrogate value for
chemicals that were reported as non-detect (i.e., standard risk assessment practice). In instances where detected
concentrations are very low, or reporting limits for non-detects are elevated, this can result in estimated mean
concentrations that are higher than the maximum detected concentrations.
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SECTIONONE Introduction

1945 and reactivated in 1952 for use during the Korean conflict. In 1956, the Site was put on
standby notice. Starting in 1958 and continuing through 1971, much of the Site, including the
load lines, was "excessed" and disposed or sold. The buildings at each load line (Drawing 1-3)
were either abandoned, demolished, or used for other purposes. As demonstrated in

Drawing 1-4, there were ten buildings involved in bomb production at each load line:

e Nose Pour Building

e Amatol Melt Building

e Amatol Screening Building

e East Cooling Building

e West Cooling Building

e TNT Pouring Building

e South TNT Service Building

e North TNT Service Building

e Ammonium Nitrate Service Building

e TNT Screening Building

Previous investigations of the soils and groundwater at each load line area indicated that both

soils and groundwater contained chemicals originating from these operations. Groundwater in -
the vicinity of the buildings was investigated for explosive compounds as well as other chemicals

as part of the OU2 RI. During a Confirmation Study, field screening of soil samples collected

from the upper foot of soil in drainage ditches indicated the presence of explosives (USACE,

1989). Soils have also been investigated as part of OU1. Explosives have been detected in soils
surrounding load line bomb production buildings, primarily in ditches, sumps, and bomb wash

pits. The highest concentrations were in the upper foot of soil (RUST, 1993).

Load Line 1 - Current Status of the Area Around the Bomb Production Buildings

Explosive compounds handled at Load Line 1 included TNT, tritonal (80 percent TNT and

20 percent aluminum powder), and Composition B (60 percent RDX and 40 percent TNT)

(ESE, 1983). The Bomb Production Buildings at Load Line 1 have undergone significant change
since the NOP was closed. Demolition of many of the Load Line 1 Buildings has been
completed as part of the Building Demolition and Debris Removal (BDDR). Demolition
activities associated with the BDDR were completed in Summer 1999. All Load Line 1
Buildings, with the exception of the Inert Storage Building, have been demolished.

Outside the OU3 investigation area boundaries, buildings on the southeastern side of the Load
Line 1 diamond area have been converted into a dairy research station. Part of the Inert Storage
Building (Drawing 1-3), is currently used for machine storage. There 1s a machine shop at the
north end of the Inert Storage Building, however, according to on-site personnel, the shop may
be converted into a storage room in the future. Roughly one-half of the land surrounding Load
Line 1 is used for pasture, one-fourth is cultivated, and one-fourth is fallow.

mner
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Load Line 2 - Current Status of the Area Around the Bomb Production Buildings

During the Korean Conflict, Load Line 2 was used to load 105-mm Howitzer shells with
Composition B, which is 60 percent RDX and 40 percent TNT (ESE, 1983). Several changes
have been made to the bomb production buildings at the Load Line 2 diamond area since that
time. As part of the BDDR, all Load Line 2 Buildings with the exception of the Inert Storage
Building, the Receiving and Painting Building, the South TNT Service Building and the North
and South Change Houses, have been demolished.

Outside the OU3 investigation area boundaries at Load Line 2, much of the land has been
converted to a turf plot production and research operation. The Inert Storage Building is used for
storage (Grainymachinery). Surrounding Load Line 2, 10 percent of the land is used for the turf
research plots, 60 percent is cultivated crops, 10 percent is devoted to forestry, and the remaining
20 percent is fallow. A private residence is located northwest of Load Line 2. An energy farm,
the ARDC farm shop, a field day program center, an agricultural engineering research area and a
center-pivot irrigation research area are also located at the Load Line 2 area.

Load Line 3 - Current Status of the Area Around the Bomb Production Buildings

Tritonal and TNT were the principal explosives used at Load Line 3 (ESE, 1983). As part of the
BDDR, all Load Line 3 Buildings have been demolished with the exception of the Inert Storage,
Receiving and Painting, and North Painting Storage and Mixing.

Much of the land outside the OU3 investigation area boundaries at Load Line 3 is used for crop
production. The Inert Storage Building is used for machine/miscellaneous storage, seed grain
storage, seed cleaning plant and office space. In addition, there is a machine shop at the north
end of the Inert Storage Building. Approximately 25 percent of the land surrounding Load
Line 3 is used for linear-move irrigation research, 20 percent is fallow, 20 percent is pasture
research, 30 percent is used for plant pathology, and the remaining 5 percent is occupied by
facilities which include the Behlen Observatory.

Load Line 4 - Current Status of the Area Around the Bomb Production Buildings

Practice rockets with stick propellant and black powder were among the munitions produced at
Load Line 4 (ESE, 1983). As part of the BDDR, all Load Line 4 Buildings have been
demolished with the exception of the Inert Storage, Receiving and Painting Buildings. Some
buildings are used for lumber and miscellaneous building material storage. Some buildings are
used for hay storage. Areas outside of the diamond area are used for pasture and plant studies.
The Disease Control Research Center is located at Load Line 4. Pasture occupies 75 percent of
the land, and 10 percent is cultivated, and the remaining 15 percent is fallow.

1.4.2 Load Line Paint Operation Areas

There are three former paint operation buildings at each of the four load lines: the Receiving and
Painting Building, Paint Storage and Mixing Building, and South Paint Storage Building
(Drawing 1-5). The Receiving and Painting Building is located south of the Inert Storage
Building. The Paint Storage and Mixing Building is located east of the Receiving and Painting
Building. The South Paint Storage Buildings are located west of Load Line Assembly, Pack and
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SECTIONONE Introduction

Shipping Buildings in each of the four load lines. Except for the Load Line 1 Receiving and
Painting Building (which has been demolished), all other load line paint operation buildings at
each of the four load lines have remained virtually intact.

1.4.3 Potential Landfill Area North of the Proving Grounds

The Environmental Monitoring Systems Laboratory (EMSL) Report (EPA, 1987) report
identified a “potential landfill area” contiguous with the north side of the Proving Grounds and
the northeast side of the North Burning Ground (Drawing 1-6). The same potential landfill area
was identified in a 1949 aerial photo and covered approximately 10 acres. The eastern one-half
boundary of the area is covered by the Natural Resource District (NRD) Reservoir. The Twin
City Testing Corp. (TCT) Study (1991) also identified this area specifically as a potential landfill
area. The site is presently an untilled grassy area with no visual evidence of past disposal
activities. No previous investigations have been conducted in the immediate area. Both shallow
and deep so1l samples were collected from the Potential Landfill Area north of the Proving
Grounds.

1.4.4 Proving Grounds

The Proving Grounds investigation area is bordered by the NRD Reservoir to the east; the North
Burning Ground to the west; and the Potential Landfill Area to the north (Drawing 1-6). The
Proving Grounds also encompasses the excavation boundaries of EA-112. Soil samples were
collected during Phase I, 1I, and III and analyzed for explosives only.

1.4.5 Northeast Boundary Area

The Northeast Boundary Area is located near the far northeast corner of the former NOP in the
northeast corner of Section 6.0, Range 9 East, Township 14 North, approximately 600 feet south
of an east-west road which forms the northern boundary of the former NOP (Drawing 1-7). The
name given to this site is solely descriptive in nature and not attributed to any former NOP
operation. Of all the sites investigated during the Phase III investigation, the Northeast
Boundary Area is the only site which was not also evaluated in the Phase I and II investigations.
Soil samples for explosives, VOCs, SVOCs, and metals analyses were collected during Phase I1I
activities.

1.4.6 Johnson and Clear Creeks

Johnson Creek is a natural and channelized drainage located in the eastern portion of the former
NOP that flows into Clear Creek. The combined creeks flow in a direction from northeast to
southeast on the east side of the Site, eventually discharging into the Platte River off-site
(Drawing 1-1). Those OU3 investigation areas which contribute surface water runoff to Johnson
and Clear Creeks include; Load Lines 2, 3, and 4, former Ammonium Nitrate Plant, Atlas
Missile, Bomb Booster Assembly, NOP Landfill, and Raw Products Igloo Storage Areas, and the
Burning/Proving Grounds.

As illustrated in Drawing 1-8, surface water and sediment samples were collected from Johnson
and Clear Creeks from eight sampling stations during two sampling events (high flow and low
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SECTIONONE Introduction

flow conditions) under the OU3 RI. For purposes of evaluation in the BRA, the data from
Johnson and Clear Creeks have been combined.

1.4.7 Silver Creek

Silver Creek flows from northwest to southeast and is located in the southwest corner of the Site
~ (Drawing 1-1). Silver Creek is a tributary of Salt Creek, which drains into the Platte River.
Surface runoff from Load Line 1 enters Silver Creek through a southerly trending unnamed
tributary. This unnamed tributary receives runoff from the Administration, Bomb Booster, and
Load Line 1 areas.

Surface water and sediment samples were collected from four sampling locations along Silver
Creek (Drawing 1-8) in two sampling events (high flow and low flow conditions) under the
OU3 RL

1.4.8 NRD Reservoir

The NRD Reservoir is located at the eastern portion of the site (Drawing 1-9). The reservoir is
along Johnson Creek and immediately east of the Proving Grounds and Potential Landfill
investigation areas. The construction of the dam was completed in 1975 by Morehead
Construction of Plattsmouth, Nebraska. The Lower Platte North Natural Resource District
(LPNNRD) has had the responsibility for the operation and maintenance of the reservoir and
dam since its construction. During Phase III activities, sediments, surface water and fish tissue
samples were collected from the reservoir.

1.5 OBJECTIVES OF A BASELINE RISK ASSESSMENT

The primary goal of a BRA is to provide an assessment of the potential health and environmental
risks associated with chemicals at a site in the absence of any remedial action. Furthermore, the
BRA characterizes the nature of the chemical releases from a site and evaluates potential
pathways for exposure to human and ecological receptors. The BRA is ultimately used to
estimate potential threats to public health due to chemical releases. Information on the chemical
release data and potential risks are important factors in the evaluation of remedial alternatives.

Development of quantitative risk estimates for potentially exposed populations is based on
guidance provided in the Risk Assessment Guidance for Superfund, Volume I; Human Health
Evaluation, Part A (RAGS, EPA, 1989a). In addition, a variety of factors are used to
characterize and quantify potential health risks, including;:

e Chemical fate and transport characteristics;
e Basic toxicology information; and

e Site-specific information relative to potential exposure routes, exposure point concentrations,
and general site conditions.

The guidance documents used to conduct the human health risk assessment include RAGS (EPA,
1989a), Risk Assessment Handbook, Volume 1, Human Health Evaluation (USACE, 1995), the
Superfund Exposure Assessment Manual (SEAM; EPA, 1988), Exposure Factors Handbook

(EPA, 1989b, 1997), Health Effect Assessment Summary Tables (HEAST, EPA, 1995a),
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Supplemental Guidance to RAGS: Calculating the Concentration Term (EPA, 1992a) and
Dermal Exposure Assessment: Principles and Applications (EPA, 1992b).
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SECTIONT WO Potential Chemicals of Concern

The first step in the risk assessment process is the selection process used to identify a group of
potential chemicals of concern (PCOCs) for estimation of risks. This group of chemicals,
although a subset of all chemicals detected on-site, represents those chemicals posing the greatest
potential health risks at the site. Thus, the quantification of potential health risks posed by a site
can be focused on the PCOCs without significantly underestimating the total risk. Separate lists
of PCOCs have been generated for soils, sediments, and surface water for each of the OU3 areas
of concern being investigated, using EPA selection criteria. The following sections present the
PCOC selection process.

2.1 DATA SETS EVALUATED IN OU3 BRA

The first step in identification of PCOC:s is to identify and evaluate the available data sets to be
used in the process. Data sets collected as part of a OU3 Phase I, II and III RI, together with data
from the OU1 RI obtained from sampling locations within the OU3 boundaries, were evaluated
for possible use. Data sets for comparable media can be combined if the analytical methods are
similar, the quality assurance and quality --ontrol procedures do not sig:iificantly differ, and
concentrations between sampling periods are similar. After evaluating the sampling procedures,
the analytical methods and reported detection limits, the following data sets were considered to
be comparable and were combined for use in the OU3 BRA:

e Data sets collected during the OU3 Phase I, II and III RL

e QU1 RI soil sample analytical data results obtained within the OU3 investigation area
boundaries (Table 2-1).

Consistent with the OU1 BRA, soil up to 2 feet below ground surface (bgs) is defined as “surface
soil” in the OU3 BRA, while soil samples collected deeper than 2 feet bgs are considered
“subsurface soil.” At the request of EPA, 0 - 6 inch soils were also evaluated as a subset of the

0 - 2 foot surface soils.

As noted in Section 1.3, the bomb production building structures at each of the four load line
bomb production areas have been demolished, and thus are no longer classified as part of the
OU3 investigation. Wipe samples from these buildings are no longer relevant. None of the soil
samples collected beneath these buildings contained explosives concentrations above the QU1
remediation goals, thus they were not evaluated in this BRA. Surface soils adjacent to the bomb
production buildings have been retained in OU3 and as such are evaluated in this BRA.

For the Potential Landfill Area north of the Proving Grounds, both surface soil and subsurface
soil (greater than 2 feet bgs) are used in the risk assessment.

Surface water and sediment samples collected from Johnson, Clear and Silver Creeks were
analyzed for explosives, metals, VOCs, and SVOCs in the QU3 RI. In addition, surface water,
sediment and fish tissues were collected from the NRD Reservoir and analyzed for metals and
explosives. It should be noted that the explosives data for fish tissues were rejected as unusable
during data validation®. No other relevant data sets were identified for inclusion in the BRA.

? Because the fish tissue data for explosives were rejected as unusable, risks could not be calculated directly from
measured fish tissue residues. In order to evaluate the potential risk impacts, fish tissue explosive concentrations
were estimated using a modeling approach (See Section 3.3.16).

'URS Greiner Woodward Glyde 2-1
Federal Services WOVP3IPROJECTSIKS8216\DF BRAIREPORT\TEXT1020.DOC\21-FEB- -

00\FOK98216.00M9

BO7NE003703-05728
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2.2 SELECTION OF POTENTIAL CHEMICALS OF CONCERN IN SURFACE AND
SUBSURFACE SOIL

PCOC:s in surface soil and subsurface soil were identified based on an evaluation of data
obtained from the OU3 iivestigation areas. Although the analytical results identified a number
of chemicals present in environmental media from each OU3 investigation area, not all of these
chemicals are likely to pose risks to human health. Therefore, it is appropriate to systematically
exclude selected chemicals from the BRA so that the quantitative risk characterization can
effectively focus on only those chemicals posing the greatest potential health risks. Existing
guidance (RAGS; EPA, 1989a; USACE, 1995) provides a list of selection criteria which can be
used to identify the PCOCs. Chemicals may be systematically excluded for any of the following
reasons:

e The compound was identified as a laboratory contaminant

e The compound was not detected in any sample

e The compound was found at background lev: Is

e The compound has a low inherent toxicity or is an essential element
e The compound was found at a low frequency and concentration

The rationale for excluding chemicals mecting any of these criteria is that their contributions to
the incremental health risks posed by the site are negligible.

The following sections present the PCOC selection process and final site-specific lists of PCOCs
for each medium and area of concern. The selection process was conducted in a systematic
manner. [f a chemical was excluded at one stage it was not screened against following criteria
(e.g., a chemical excluded because it was not detected was not subsequently screened against
background levels). Results of each stage of the screening process for each site and medium are
presented in Appendix A. The summary tables include the maximum detected concentration
and the screening criterion used to exclude the analyte as a PCOC.

2.3 PCOC SELECTION PROCESS

2.3.1 Laboratory Contaminants

Because the data included in the risk assessment were reviewed and validated as part of the OU3
RI process (W-C, 1995 and 1996b), no further identification of laboratory contaminants was
required. Detected concentrations of chemicals found to be due to laboratory contamination
were qualified as such during the data validation process, following standard procedures as
identified in EPA (1990, 1994a, 1994b) data validation functional guidelines.

2.3.2 Chemicals Not Detected

Chemicals that are not detected are typically excluded as PCOCs (Section 5.8 of RAGS [EPA,
1989a]). This approach is predicated on the assumption that the analytical methods are sensitive —_
enough to identify chemicals at health-protective levels. The use of the non-detection criterion
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was considered acceptable for these chemicals. Those chemicals which were excluded as
PCQOCs because they were not detected are listed in Appendix A.

2.3.3 Chemicals Present at Background Concentration

As noted in RAGS (EPA, 1989a) and USACE guidance (1995), a comparison of sample
concentrations to naturally occurring background concentrations can be used to identify non-site-
related chemicals. This approach was taken for evaluating inorganic chemicals only. Chemicals
were excluded as PCOCs if their maximum concentration was within 2 times the mean
background concentration (EPA Region IV, EPA, 1995b). For thallium in soil, because it was
detected in one of the 10 background samples, the maximum detected concentration

(0.86 mg/kg) was used as the screening criterion. The screening criteria based on the
background levels used in the BRA are summarized in Table 2-2 for soil and sediment.
Background samples for soil were collected as part of the QU3 Phase I Remedial Investigation
(W-C, 1997b). Background samples for sediment were collected as part of the OU3 Phase III
supplemental sampling, and reported in the Draft Remedial Investigation Report (URSGWCFS,
1999). Chemicals excluded as PCOCs in soil because they were detected at background levels
are listed in Appendix A.

2.3.4 Essential Nutrients

Chemicals that are essential nutrients may be excluded from consideration when they are present
at relatively low levels (i.e., levels that are likely to produce beneficial rather than toxic effects).
Comparisons were made between the maximum detected concentrations of essential nutrients
found in soils or sediments and screening values equivalent to the recommended daily
allowances (RDAs) established by the National Research Council (1989).

Screening concentrations equivalent to RDA values were estimated by assuming that an
individual ingests 100 mg/day of soil or sediment (the upper-bound daily soil ingestion rate for
adults) or 2 liters per day of water. In addition to chemicals with established RDAs, sodium and
potassium were excluded based on comparison to recommended daily intake. While sodium is
an essential nutrient, there is no established RDA for this element. The normal dietary intake of
sodium in the U.S. is greater than 10,000 mg/day (Nelson, 1992), while dietary levels less than
1.000 mg/day are considered “sodium-restricted.” The “sodium-restricted” dietary intake of
1,000 mg/day was used to estimate equivalent concentrations. There is also no established RDA
for potassium but the recommended daily intake in the U.S. is 1 to 2 meg/kg/d (Nelson, 1992).
Assuming a 10 kg body weight for a child, the recommended daily intake is equivalent to 390 to
780 mg/d. The mid-point of the recommended daily intake (585 mg/d) for potassium was used to
estimate an equivalent screening concentration for soil, sediment and water. The screening
levels based on essential nutrient levels are summarized in Tables 2-3 and 2-4.

Those chemicals which were excluded as PCOCs based on their essential nutrient contributions
are listed in Appendix A.

2.3.5 Chemicals Detected at Low Frequency

Chemicals detected with low frequency do not indicate a clear pattern of contamination.
Moreover, the potential health risks that may be associated with low detection frequency
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compounds are expected to be much lower compared with more prevalent chemicals based on
frequency of human exposure.

In accordance with RAGS (EPA, 1989a), a frequency of five percent was used as the assessment
criterion (i.e., chemicals were excluded as PCOCs if they were present in < 5 percent of all
samples). Prior to excluding chemicals based on low frequency, the maximum detected
concentration was compared to EPA (1996) Region I1I Risk-Based Concentrations (RBCs) to
insure “hotspots” were not being excluded from evaluation. Chemicals that were excluded as
PCOCs based on low frequency of detection are listed in Appendix A.

2.4 POTENTIAL CHEMICALS OF CONCERN IN SURFACE AND SUBSURFACE SOIL

The PCOCs for each medium and site are listed in Tables 2-5 through 2-15. The PCOCs
identified in these tables are further evaluated in the quantitative risk assessment to determine
whether these chemicals may pose a health risk to human receptors. Summary statistics for the
PCOCs are provided in Appendix A.

2.5 POTENTIAL CHEMICALS OF CONCERN IN SURFACE WATER, SEDIMENTS, AND
FISH TISSUE

Johnson, Clear, and Silver Creeks and the NRD Reservoir are primarily of ecological risk
concern (see Section 3.0). The selection of ecological PCOCs in surface water and sediments is
discussed in the Ecological Risk Assessment (Appendix B). —~

The human health risk assessment also evaluated potential exposure to surface water and
sediment from these three creeks and the reservoir. For the human health evaluation, all detected
chemicals in surface water were retained for quantitative risk evaluation. Sediment PCOCs were
identified using the same selection criteria as used for soils (as discussed in Section 2.3; PCOC
Selection Process). Surface water and sediment PCOCs are listed in Tables 2-16 through 2-18.

2.6 POTENTIAL CHEMICALS OF CONCERN IN FISH TISSUE

As noted above, Johnson, Clear, and Silver Creeks and the NRD Reservoir are primarily of
ecological risk concern. Selection of ecological PCOC:s in fish is discussed in the Ecological
Risk Assessment (Appendix B).

The human health risk assessment evaluated potential ingestion of fish from these three creeks
and the reservoir by local anglers. Fish were collected from the NRD Reservoir and fillets were
analyzed for metals and explosives. No fish were collected from any of the strcams. The
PCOC:s for fish tissues from the streams were assumed to be the same as for surfacc water (i.e.,
surface water PCOCs were modeled to fish tissues). Surface water PCOCs for the streams are
presented in Tables 2-16 and 2-17. Fish tissue PCOCs for the NRD Reservoir include all
chemicals detected in fillets except for two metals (chromium and zinc) which are essential
elements present at health-protective levels (Table 2-18).
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SECTIONTHREE Exposure Assessment

The purpose of the exposure assessment is to estimate the magnitude of potential chemical intake
for various receptors. The steps required to perform an exposure assessment include the
following:

e Identification of potential receptors (i.e., both current populations as well as hypothetical
future populations);

e Evaluation of potential exposure pathways for completeness;
e Evaluation of exposure assumptions; and
e Estimation of exposure point concentrations

The approach of this risk assessment is to incorporate conservative exposure assumptions when
estimating the magnitude of potential chemical intake, so that potential risks posed by the areas
of concern are not underestimated. At the same time, exposure scenarios that are considered
unlikely are excluded since they do not reflect realistic exposure conditions. In this risk
assessment, exposure is defined for both reasonable maximum exposure (RME) and average
exposure conditions. The RME is meant to represent the high end exposure for an individual in a
population, while the average exposure represents the exposure for an individual under average
or central tendency conditions.

3.1 IDENTIFICATION OF POTENTIAL RECEPTOR POPULATIONS

Potential receptors include human, plant and animal populations and environmental receptors
(e.g., streams, ponds, and lakes) that may be impacted by chemicals. Potential human receptor
populations evaluated in the OU3 BRA include current populations who exist in the vicinity of
the site, as well as hypothetical future populations. These populations are summarized in
Table 3-1 and discussed below.

Load line bomb production buildings and paint operation buildings previously located on-site
have since been demolished. Storage rooms, shops, offices, and research farms currently located
in the load line areas are not part of the OU3 investigation. However workers in these buildings
may visit the bomb production and paint operation areas. In addition, local residents may
trespass/visit these sites. These visitors or trespassers may be exposed to the contaminated
surface soil surrounding the load line areas.

Outside of the load line areas, much of the land is used for private family farms, commercial feed
lots, and farm residences. Although the areas around the bomb production buildings and paint
operations areas are not currently used for residential purposes, a farm family scenario is
evaluated in the BRA as a potential future use of the property.

The areas around the Proving Grounds and the Potential Landfill Area north of the Proving
Grounds are presently untilled grassy areas. These properties are not currently used for
industrial, agricultural or residential purposes. Trespasser/visitor populations are thought to
represent the most likely current exposure scenarios for these areas. In addition, a farm family
scenario is evaluated as a potential future use of these properties.

The Northeast Boundary Area is currently used for crop production. Trespasser/visitor and farm
family scenarios, which are evaluated in this BRA, present the most likely current and future
uses of this area.
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Trace quantities of semi-volatile organic compounds (SVOCs), explosives, and metals were
identified in subsurface soil from the Proving Grounds, the Potential Landfill Area north of the
Proving Grounds, and the Northeast Boundary Area. In order to evaluate risks associated with
exposure to chemicals in both surface and subsurface soils, a hypothetical construction worker
performing intrusive (excavation) activities is included for these areas.

In summary, the potential human populations evaluated for exposure to surface soils adjacent to
the bomb production buildings and in the paint operations areas at each load line include:

e Current and future on-site workers

e Current and future adult visitors/trespassers

e Current and future juvenile visitors/trespassers
e Potential future farm family adult residents

e Potential future farm family child residents

Potential human populations evaluated for exposure to surface soils at the Proving Grounds, the
Potential Landfill north of the Proving Grounds, and the Northeast Boundary Area include:

e Current and future adult visitors/trespassers
s Current and future juvenile visivtors/trespassers
e Potential future farm family adult residents
e Potential future farm family child residents

Potential human populations evaluated for exposure to both surface and subsurface soils at the
Proving Grounds, the Potential Landfill north of the Proving Grounds, and the Northeast
Boundary Area include:

e Potential future construction workers

Detectable concentrations of volatile organic compounds (VOCs), SVOCs, and metals were
reported in the surface water and sediment samples in Johnson, Clear and Silver Creeks. The
banks of these creeks are very steep, the channel is not easily accessible, and evidence of routine
human access is absent. Although, human receptors are unlikely to be exposed to these creeks,
direct exposure to surface water or sediment could occur on an infrequent basis during
recreational activities such as fishing. In addition, fish could be caught in a few isolated areas in
these streams and eaten, although, due to the lack of quality habitat, these streams would not
support a large fish population. Ingestion of fish from the streams is likely to only occur on an
infrequent basis.

Several explosives and metals were also detected in surface water and sediment samples from the
NRD Reservoir. This reservoir is more accessible for fishing than the streams, and it is also able
to support a larger fish population. Thus fishing from the reservoir is likely to occur on a more
frequent basis than from the streams.

Potential human populations evaluated for exposure to surface water sediment and fish include:
e Potential future farm family adult residents

e Potential future farm family child residents.
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SECTIONTHREE Exposure Assessment

Potential ecological receptors are evaluated and discussed in the Ecological Risk Assessment
(Appendix B).

3.2 EVALUATION OF POTENTIAL EXPOSURE PATHWAYS

An exposure pathway is the mechanism by which a receptor may come into contact with a
chemical. As defined by RAGS (EPA, 1989a), there are four major elements that characterize a
complete exposure pathway. These elements are:

A source and mechanism of chemical release
A transport medium for the chemical

A point of potential receptor contact with the medium (i.e., an exposure point)

BOOW N

A route of exposure (e.g. ingestion) for the receptor to come into contact with the chemical

For an exposure pathway to be complete, all four elements must be present. The absence of any
one of these elements results in an incomplete ¢ posure pathway for which si.e-related health
risks do not exist. Thus, the evaluation of potential exposure pathways is necessary to focus on
only those pathways which are complete and which could potentially impact human health.

To develop a conceptual understanding of the OU3 investigation areas and their potential for
impacting human health and the environment, three separate site conceptual exposure models
(SCEMs) were developed, based on the information provided in Section 1.4, The SCEMs
provide a means of identifying potentially complete exposure pathways where significant
exposure could occur. The potentially complete and significant pathways are evaluated
quantitatively in the BRA.

Because the SCEMs are truly conceptual in nature, sites with similar release, transport and
exposure characteristics can be grouped into a single SCEM. Figure 3-1 depicts the SCEM for
soils adjaccnt to the load line bomb production buildings and in the load line paint operations
areas, Figure 3-2 is the SCEM for the Proving Grounds, Potential Landfill north of the Proving
Grounds, and Northcast Boundary Area, Figure 3-3 is the SCEM for Johnson/Clear Creek,
Silver Creek, and the NRD Reservoir. These models specifically identify chemical release
mechanisms, transport media, exposure routes and receptor populations. An evaluation of
potential sources of chemical release receptor populations, exposure media, and exposure routes
is presented in the following sections.

3.2.1 Identification of Potential Sources of Chemical Release

Numerous potential sources of chemical release have been identified based on known or
suspected Site history (Section 1.2) and Site-specific information (Section 1.6) and will not be
repeated here.

3.2.2 Identification of Potential Exposure Routes

An exposure pathway refers to the mechanism by which an individual may come into contact
with a contaminant. Figures 3-1, 3-2, and 3-3 identify potential exposure pathways evaluated in
the BRA. A discussion of these pathways is presented in the following sections.
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Potential Soil Exposure Pathways

The ingestion pathway is generally an important source of exposure to contaminated soils. Most
humans ingest small amounts of soil every day through incidental hand-to-mouth activity.
Infants and adolescent children generally perform this activity more often than older children or
adults, and thus, are believed to ingest greater amounts of soil o