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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

This Feasibility Study (FS) report for the Badger Army Ammunition Plant (BAAP) in
Baraboo, Wisconsin, was prepared by ABB Environmental Services, Inc. (ABB-ES) as a
component of Task Order 1 of Contract DAAA15-91-D-0008 with the U.S. Army
Environmental Center (USAEC). This report uses the results presented in the Final
Remedial Investigation (RI) report (ABB-ES, 1993a) to develop and screen alternatives for
remediation of contaminated media at BAAP.

BAAP has been on standby status since 1977 and there are no plans to schedule the
installation for closure. Future land use at BAAP is expected to remain substantially the
same as current use which is limited primarily to maintenance of production areas and
restricted grazing, farming, and hunting activities.

The FS is being conducted to meet federal permit conditions issued by the U.S.
Environmental Protection Agency (USEPA) Region V (USEPA, 1988a), under authority of
the Resource Conservation and Recovery Act (RCRA); requirements set forth by the
Wisconsin Department of Natural Resources (WDNR) in the In-Field Conditions Report
(WDNR, 1987), and modifications to the In-Field Conditions Report (February 1990 and
November 1992) under authority of the Wisconsin Environmental Response and Repair
Regulations; and Wisconsin solid/hazardous waste regulations (i.e., Wisconsin
Administrative Code [WAC] Chapter NR 600). In addition, FS activities were designed and
conducted to meet the requirements of the Comprehensive Environmental Response,
Compensation and Liability Act (CERCLA) by USAEC under the National Contingency
Plan (NCP) 40 CFR 30. The policies and goals of the National Environmental Policy Act
were also considered and incorporated into the FS Report.

The purpose of this FS report is to develop, screen, and evaluate site-specific remedial
alternatives to mitigate the impact of site-derived chemicals and ultimately provide
protectlon of human health and the environment. Preferred alternatives for each site are
included in this report.

Based on previous environmental studies at BAAP, 11 potential hazardous waste sites were
ranked according to potential contributions of hazardous chemicals to the environment.
- These sites were designated as Waste Management Areas because some of the sites contain
multiple Solid Waste Management Units (SWMUs). The sites selected to undergo facility
assessment and corrective actions are: (1) the Propellant Burning Ground (including
Landfill 1), (2) Deterrent Burning Ground, (3) Existing Landfill, (4) Settling Ponds and
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Spoils Disposal Area, (5) Rocket Paste Area, (6) Oleum Plant and Oleum Plant Pond,
(7) Nitroglycerine Pond, (8) Old Acid Area, (9) New Acid Area, and (10) Ballistics Pond.
The USAEC added an 11th site, the Old Fuel Oil Tank, to the list in October 1989 after
discovery of fuel-contaminated soils during excavation of a water line in the vicinity of the
old fuel oil tank foundation.

Although designated as Waste Management Areas containing one or more SWMU s, the 11
sites at BAAP are being investigated in the RI/FS process under the U.S. Army Installation
Restoration Program. The RI/FS follows CERCLA guidance and is designed to comply
with requirements for the RCRA Facility Investigation and Corrective Measures Study.

After reviewing both the contamination assessment and the risk assessment conclusions from
the RI Report, the Army divided the 11 Waste Management Areas into two categories: (1)
those sites where remediation is required because of documented risk to human health
and/or the environment; and (2) those sites where remediation is not recommended because
the sites were not identified as either a source of contamination to groundwater or a source
of human health and environmental risks. These latter sites are the subject of a separate
Decision Document prepared by ABB-ES.

The five sites requiring remedial action are (1) the Propellant Burning Ground, (2) the
Deterrent Burning Ground, (3) the Rocket Paste Area, (4) the Nitroglycerine Pond, and (5)
the Settling Ponds and Spoils Disposal Area. Because of their proximity and because they
are related hydrogeologically through a common surface drainage system, the Rocket Paste
Area and Nitroglycerine Pond are combined as one site and referred to as the
Nitroglycerine Pond and Rocket Paste Area (NG/RPA) throughout this report. The
eventual selected remedies for the investigated sites will be documented in a future
modification to the Joint Permit issued by USEPA to BAAP. Final selected remedial
measures will be contingent upon input from the general public. _

The six sites where the Army does not recommend remedial action are (1) the Existing
Landfill, (2) the Oleum Plant and Oleum Plant Pond, (3) the Old Acid Area, (4) the New
Acid Area, (5) the Ballistics Pond, and (6) the Old Fuel Oil Tank. ABB-ES prepared a
separate Decision Document (ABB-ES, 1993b) explaining the rationale for no-action
recommendations at these sites. The Decision Document provides histories of the sites,
presents results of environmental investigations at the sites, and explains why no further
action will be taken. These six sites are not addressed further in this report other than
references to how the geology/hydrogeology of specific sites could affect contaminant
transport at a neighboring site requiring remedial action.
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The Off-Post Contingency Plan (OCP) (ABB-ES, 1993c) was prepared as a separate
document to recommend actions that should be taken if migration of site-related
contaminants adversely impacts off-post residential water supplies. The information in the
OCP enables a rapid response to protect public health in the unlikely event site-related
contaminants should migrate to public and private water supplies from the Propellant
Burning Ground in the southern part of BAAP, and from the Deterrent Burning Ground
in the northeast part of BAAP.

This FS Report focuses on evaluating appropriate measures to be taken within BAAP
boundaries to limit the spread of contamination. In addition, remedial alternatives for long-
term solutions at the Off-Post Area south of BAAP are developed in this report.

Development of alternatives to meet remediation goals begins with the identification and
screening of potentially applicable remedial technologies. The Remedial Technology
Handbook was the primary source of information for remedial technologies identified for
each site addressed in this report. Other sources of information included technology
literature, vendor information, and FSs prepared by ABB-ES. Site and waste characteristics
were considered during the identification process.

The number of identified technologies was reduced during screening in which the advantages
and disadvantages of the effectiveness and implementability of each technology were
evaluated. Technologies retained for each of the sites have the potential for effectively
remediating the site, either alone or in combination with other technologies. The process
used for BAAP technology screening is consistent with USEPA RI/FS guidance.

Remedial technologies retained after screening for each site were assembled into remedial
alternatives. In developing the alternatives, consideration was given to the statutory
preferences of the Superfund Amendments and Reauthorization Act, which states that
alternatives retained for detailed analysis include no action, containment, and treatment
alternatives. The selection of alternatives is also consistent with NCP Section 300.430(¢e)(3),
which requires evaluation of a range of remedial alternatives (i.e., from alternatives that
remove or destroy contaminants to the maximum extent feasible, to alternatives that provide
little or no treatment but provide protection of human health and the environment)
(USEPA, 1990).

The remedial alternatives were then screened on the basis of effectiveness, implementability,
and cost. A summary of site-specific FS process results ranging from identification of
contaminants of concern through screening of alternatives is presented in Table ES-1.
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The alternatives retained after screening were evaluated in detail using criteria suggested
in the RI/FS guidance. Detailed evaluation of the retained altérnatives for each site and
media is presented in Table ES-2. Based on the results of the detailed analysis and a
comparison of the remedial alternatives, the Army recommends a remedial alternative for
contaminated media at each of the sites. A summary of the recommended alternatives is
presented in Table ES-3.
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SECTION 1

1.0 INTRODUCTION

This Feasibility Study (FS) report for the Badger Army Ammunition Plant (BAAP)
in Baraboo, Wisconsin (Figure 1-1), was prepared by ABB Environmental Services,
Inc. (ABB-ES), as a component of Task Order 1 of Contract DAAA15-91-D-0008
with the U.S. Army Environmental Center (USAEC). This report uses the results
presented in the Final Remedial Investigation (RI) report (ABB-ES, 1993a) to
develop and screen alternatives for remediation of contaminated media at BAAP.

The FS is being conducted to meet federal permit conditions issued by the U.S.
Environmental Protection Agency (USEPA) Region V (USEPA, 1988a), under
authority of the Resource Conservation and Recovery Act (RCRA); requirements set
forth by the Wisconsin Department of Natural Resources (WDNR) in the In-Field
Conditions Report (WDNR, 1987) and modifications to the In-Field Conditions
Report (February 1990 and October 1992) under authority of the Wisconsin
Environmental Response and Repair Regulations; and Wisconsin solid/hazardous
waste regulations (i.e., Wisconsin Administrative Code [WAC] Chapter NR 600). In
addition, FS activities were designed and conducted to meet the requirements of the
Comprehensive Environmental Response, Compensation and Liability Act
(CERCLA) by USAEC under the National Contingency Plan (NCP) 40 CFR 30.
The policies and goals of the National Environmental Policy Act (NEPA) were also
considered and incorporated into the FS Report.

Previous investigations at BAAP by Ayres Associates (Ayres), Eder Associates
Consulting Engineers (Eder), Envirodyne Engineers, Inc. (EEI), Foth & Van Dyke
Industrial, Inc. (Foth & Van Dyke), Olin Corporation (Olin), R.F. Sarko and
Associates, Inc. (Sarko), Warzyn Engineering, Inc. (Warzyn), and others identified
11 potential hazardous waste sites requiring further investigation. Environmental
data from these efforts were summarized in the Master Environmental Plan (MEP)
prepared for BAAP by Argonne National Laboratory (Tsai, 1988). The MEP
presented recommendations for RI activities, which were largely followed during
initial RI activities. The 11 sites investigated by ABB-ES included the (1) Propellant
Burning Ground, including Landfill 1, (2) Deterrent Burning Ground, (3) Existing
Landfill, (4) Settling Ponds and Spoils Disposal Area, (5) Ballistics Pond, (6) Oleum
Plant and Oleum Plant Pond, (7) Nitroglycerine Pond, (8) Rocket Paste Area,
(9) New Acid Area, (10) Old Acid Area, and (11) Old Fuel Oil Tank. The general
locations of these 11 sites are shown in Figure 1-2.
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The remedial alternatives developed, screened, and evaluated in this report address
the threat to human health and the environment from contaminated environmental
media (i.e., soil, sediment, surface water, and groundwater), as reported in the RI
report.

In this FS report, site summaries followed by alternatives development and screening
are discussed on a site-by-site basis. The sites are addressed individually in
Sections 3 through 7. Section 8 presents the retained alternatives and provides a
convenient summary of similar remedial alternatives that will be evaluated at more
than one site at BAAP. Sections 9 through 13 contain detailed analyses of the
- retained alternatives, including selection of the preferred remedial alternative for
each site. USAEC acronyms and chemical codes are defined at the end of this
report in the Glossary of Acronyms and Abbreviations and USAEC Chemical Codes.

Sections 3 and 9 in this FS Report specifically address contaminated environmental
media (i.e., soil and groundwater) at the Propellant Burning Ground. Activities
associated with groundwater remediation at the Propellant Burning Ground are
proceeding according to an accelerated schedule that is separate from the schedule
for completion of investigation, evaluation and implementation of corrective -
measures contained in the modifications to the In-Field Conditions Report (October
1992) set forth by the WDNR. Groundwater remediation is being conducted
according to requirements set forth in the Modification of Conditional Plan Approval
for the Interim Remedial Measures (IRM) Upgrade (WDNR, 1993). The IRM
system is a groundwater treatment system that was designed, constructed, and is
currently operating to capture the groundwater plume at the Propellant Burning
Ground and prevent it from moving off BAAP property. Subsequent to construction
of the IRM system, it was determined that the system is not effectively capturing all
the plume (ABB-ES, 1993). Consequently, the IRM is being upgraded according to
an accelerated schedule. Design of the IRM upgrade has been completed and bid
documents for the construction of the system were made available to prospective
bidders on July 18, 1994. Because the design of the IRM upgrade incorporates the
preferred groundwater remedial alternative in the Draft Final FS Report, and
remedial alternative selection is the end product of the FS process, no further
revision or refinement of the groundwater remedial alternatives for the Propellant
Burning Ground is necessary. Consequently, groundwater remedial alternative
development in Section 3 and groundwater remedial alternative evaluation in
Section 9 in this Final FS Report is the same as that presented in the Draft Final FS
Report.
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1.1 PURPOSE

The purpose of this FS report is to develop, screen, and evaluate site-specific
remedial alternatives to mitigate the impact of site-derived chemicals and ultimately
provide protection of human health and the environment. Preferred alternatives for
each site are included in this report. -

This FS report evaluates the information obtained during the RI, including site and
waste characterizations, and the fate and transport of contaminants. This report also
incorporates conclusions of the Human Health Evaluation and the Baseline
Ecological Assessment from the RI report regarding the contaminants of concern,
exposure pathways, and threats posed to human health and the environment from
exposure to site contaminants. Remedial action objectives are developed based on
reducing the exposure potential and/or concentration of contaminants in
environmental media. Acceptable concentrations of contaminants in environmental
media were derived from chemical-specific applicable or relevant and appropriate
requirements (ARARs) and risk-based calculations. Acceptable concentrations of
contaminants are identified as remediation goals (RGs) in this report. Remedial
action objectives and RGs, along with a summary of the contamination assessment
from the RI report, are presented for each site in each respective section.

Following development of remedial action objectives, each FS report.Section 3
through Section 7 discusses site-specific remedial technology identification and
screening, and discusses development and screening of remedial alternatives. The -
process involving technology identification through the screening of remedial

~ alternatives is described in greater detail in Subsection 1.7.

Section 8 presents the remedial alternatives retained for contaminated environmental
media for all the sites requiring remedial action, and highlights the remedial
alternatives that are common to more than one site. Sections 9 through 13 present
detailed evaluations of each retained alternative using evaluation criteria from the
Guidance for Conducting Remedial Investigations and Feasibility Studies under
CERCLA (USEPA, 1988b). Sections 9 through 13 also present the preferred
alternative from those evaluated.
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1.2 SCOPE

Based on previous environmental studies at BAAP, 11 potential hazardous waste sites
were ranked according to potential contributions of hazardous chemicals to the
environment (see Figure 1-2). These sites were designated as Waste Management
Areas because some of the sites contain multiple Solid Waste Management Units
(SWMUs). The sites selected to undergo facility assessment and corrective actions
are: (1) the Propellant Burning Ground (including Landfill 1), (2) Deterrent Burning
Ground, (3) Existing Landfill, (4) Settling Ponds and Spoils Disposal Area,
(5) Rocket Paste Area, (6) Oleum Plant and Oleum Plant Pond, (7) Nitroglycerine
Pond, (8) Old Acid Area, (9) New Acid Area, and (10) Ballistics Pond. The USAEC
added an 11th site, the Old Fuel Oil Tank, to the list in October 1989 after discovery
of fuel-contaminated soils during excavation of a water line in the vicinity of the old
fuel oil tank foundation.

Although designated as Waste Management Areas containing one or more SWMU,
the 11 sites at BAAP are being investigated in the RI/FS under the U.S. Army
Installation Restoration Program. The RI/FS follows CERCLA guidance and is
designed to comply with requirements for the RCRA Facility Investigation and
Corrective Measures Study (CMS).

After reviewing both the contamination assessment and the risk assessment
conclusions from the RI report, the Army divided the 11 Waste Management Areas
into two categories: (1) those sites where remediation is required because of
documented risk to human health and/or the environment; and (2) those sites where
remediation is not recommended because the sites were not identified as either a
source of contamination to groundwater or a source of human health and
environmental risks. These latter sites are the subject of a separate Decision
Document prepared by ABB-ES. Table 1-1 lists the 11 Waste Management Areas
assigned to each of these categories.

The five sites requiring remedial action are (1) the Propellant Burning Ground, (2)
the Deterrent Burning Ground, (3) the Rocket Paste Area, (4) the Nitroglycerine
Pond, and (5) the Settling Ponds and Spoils Disposal Area. Because of their
proximity and because they are related hydrogeologically through a common drainage
system, the Rocket Paste Area and Nitroglycerine Pond are combined as one site and
referred to as the Nitroglycerine Pond and Rocket Paste Area (NG/RPA)

throughout this report.
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The six sites where the Army does not recommend remedial action are (1) the
Existing Landfill, (2) the Oleum Plant and Oleum Plant Pond, (3) the Old Acid Area,
(4) the New Acid Area, (5) the Ballistics Pond, and (6) the Old Fuel Oil Tank. A
separate Decision Document (ABB-ES, 1993b) was prepared by ABB-ES to provide
the rationale for no-action recommendations at these sites. The Decision Document
contains histories of the sites, presents results of environmental investigations at the
sites, and explains why no further action will be taken. These six sites will not be
addressed further in this report other than references to how the geology/
hydrogeology of specific sites could affect contaminant transport at a neighboring site
requiring remedial action. :

1.2.1 Off-Post Contingency Plan

The Off-Post Contingency Plan (OCP) (ABB-ES, 1993c) was prepared as a separate
document to recommend actions that should be taken if migration of site-related
contaminants adversely impacts off-post residential water supplies. The information
in the OCP enables a rapid response to protect public health in the unlikely event
site-related contaminants should migrate to public and private water supplies from
the Propellant Burning Ground in the southern part of BAAP, and from the
Deterrent Burning Ground in the northeast part of BAAP.

This FS Report focuses on evaluating appropriate measures to be taken within BAAP
boundaries to limit the spread of contamination. In addition, remedial alternatives
for long-term solutions at the Off-Post Area south of BAAP are developed in this FS
Report.

1.3 BACKGROUND

This subsection describes background information on the location, environmental
setting, and operations history of BAAP.

BAAP is a government-owned, contractor-operated military industrial installation
currently on standby status. BAAP is a facility of the Armament Munitions and
Chemical Command (AMC COM) and is part of the U.S. Army Material Command
(USAMC) headquartered at Rock Island, Illinois.

BAAP has been on standby status since 1977 and there are no plans to schedule the
installation for closure. BAAP was twice placed in standby status then reactivated
to support national emergencies. BAAP was reactivated to support the Korean
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conflict in the 1950s and the Vietnam conflict in the 1960s. The history of BAAP
demonstrates that an inactivated installation remaining in Department of the Army
ownership is relatively common and does not trigger modification of land use or sale
of the property. Therefore, future land use at BAAP is expected to remain
substantially the same as current use, which is limited primarily to maintenance of
production areas and restricted grazing, farming, and hunting activities.

Army industrial facilities similar to BAAP that have been previously decommissioned
demonstrate that this type of facility is typically neither suited nor readily sold for
unrestricted residential use. Included among these similar facilities are Volunteer
Army Ammunition Plant and Newport Army Ammunition Plant, both of which were
decommissioned during 1974-1975 and are currently used for limited industrial and
recreational use. Like BAAP, these facilities are maintained in a standby condition
for quick reactivation triggered by a national emergency.

1.3.1 Location

BAAP is located in south-central Wisconsin, approximately 9 miles south of Baraboo
and 30 miles northwest of Madison (see Figure 1-1). BAAP covers approximately
7,354 acres within Sumpter and Merrimac townships in Sauk County. The
installation is bounded by U.S. Route 12 on the west, Devil’s Lake State Park on the
north, and farmland on the south and east. State Highway 78 and Lake Wisconsin
define the southeastern boundary. Lake Wisconsin was formed approximately
75 years ago by the construction of a power dam on the Wisconsin River 1.5 miles
downstream and south of the installation boundary in the town of Prairie du Sac.

1.3.2 History of Industrial Operations

The following general history of industrial operations at BAAP was taken from the
Installation Assessment of Badger Army Ammunition Plant, Report No. 111, May
1977, by USAEC. Site-specific histories and an overview of past practices at each
of the 11 Waste Management Areas is described in subsequent site-specific sections.

The land required for the Badger Ordnance Works was procured by the government
on March 1, 1942, and construction was started mid-year in 1942. A letter of intent
was signed with Hercules Powder Company on November 10, 1941, authorizing it to
initiate surveys and design the Wisconsin plant. The Hercules Powder Company was
selected because it had successfully completed construction of the Radford Ordnance
Works near Radford, Virginia, and the Badger plant was to be a duplicate of the
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smokeless facilities at Radford. The plant was built by the Mason and Hanger
Company of New York City.

BAAP production started in January 1943, and continued until September 1945, when
the plant was placed on standby status. During this operational period, BAAP
employed 7,500 people and manufactured 271 million pounds of single- and double-
base propellant.

On December 15, 1945, BAAP was declared surplus by the U.S. Government. In
October 1946, the rocket facilities were withdrawn from surplus and placed in
standby status. From 1945 to 1950, various portions of BAAP were in surplus,
standby, and caretaker status, and maintained by a small force of government
employees. More than 4,189 acres were transferred during this time, of which 2.2
acres went to the Kingston Cemetery Association, 2,264 acres to the Farm Credit
Administration, and 1,922 acres to the War Assets Administration, bringing the total
acreage available for BAAP operations to 6,380 acres.

During the early 1950s, as a result of the plant’s reactivation for the Korean conflict,
1,173 acres were reacquired, bringing the total acreage to 7,553 acres.

Rehabilitation of BAAP by the Fegles Construction Company was completed in 1955
and the Liberty Powder Defense Corporation was contracted to operate BAAP.
Through merger, the company today is known as the Olin Corporation (Olin). Total
production during this period (1951 to 1957) was approximately 286 million pounds
of single- and double-base propellant, and employment peaked at 5,022 employees.

On March 1, 1958, BAAP was placed in inactive status. During this period, the land
directly across from the main entrance on Route 12 was declared surplus and the
acreage of BAAP was reduced to its present 7,354 acres.

The plant was reactivated effective December 23, 1965, with rehabilitation by Olin
~and various subcontractors. The manufactured propellants included ball powder,

smokeless powder, and rocket propellant. Total production for this period was
approximately 445 million pounds of single- and double-base propellant including 95
million pounds of ball propellant; 64 million pounds of rocket propellant; and 282
million pounds of smokeless powder. The plant employed 5,390 people at the peak
of production during this period.
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On March 24, 1975, the Department of Defense ordered production operations at
BAAP to cease upon completion of current orders and placed the installation on
standby status. This was the third such closure in the 50-year history of BAAP.
Decontamination of facilities to the XXX condition (propellant was removed until
no longer visible) was initiated by Olin immediately upon completion of production
operations and was completed in March 1977.

Since 1977, a new continuous process nitroglycerine plant has been constructed,
proved, and placed in standby. Other facilities constructed include an ammonia
oxidation plant, nitric/sulfuric acid concentrators, and a sulfuric acid recovery plant.

1.3.3 Environmental Setting

This subsection describes the general environmental setting in and around BAAP and
includes discussions of climate, physiography, geology, and hydrogeology.

133.1 Climate. The climate of Sauk County is continental. Because of its location
in the interior of the North American continent, climatic extremes with wide
variability from year to year are typical. Winter temperatures in Baraboo (December
through February) average 18.4°F; the average summer temperature (June through
August) is 68°F. The record high and low temperatures recorded at Baraboo are 101
and -45°F, respectively (National Oceanic and Atmospheric Administration, 1985).

Precipitation for the Baraboo area averages 30.9 inches annually. Approximately
21 inches of rainfall (70 percent of the annual total) typically falls during the growing
season (April through September). Thunderstorms are common during this period,
especially in June and July. The one- and 10-year, predicted maximum 24-hour
rainfall totals for Sauk County are 2.3 and 4.1 inches, respectively.

The soil is typically frozen from early December until late March, with a frost
penetration depth to 30 inches (Hellewell and Mattei, 1983). The average snowfall
at Baraboo is 40.8 inches per season (November to April) (National Oceanic and
Atmospheric Administration, 1985).

Prevailing winds in Sauk County are westerly in winter and southerly in summer,
averaging 9 to 12 miles per hour. Highest windspeeds usually are recorded in March,
April, and November (U.S. Department of Agriculture, 1980).
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1.3.3.2 Physiography. BAAP is situated on the southern edge of the Baraboo
Range, which consists of metamorphic quartzite rock of the Precambrian Period.
Topography is defined by this upland region, as well as glacial features resulting from
the advance of the Green Bay Lobe of the Cary Substage of the Wisconsin Stage
glaciation approximately 12,000 years ago (U.S. Department of Agriculture, 1980).
The Green Bay Lobe Glacier, which advanced from east to west, covered the eastern
two-thirds of BAAP before retreating. The terminal moraine of the Wisconsin Stage
glacier extends from north to south across the central portion of the ammunition
plant. Topography east of the terminal moraine is gently undulating to hilly with
complex slopes and numerous depressions; the outwash plain west of the terminal
moraine is nearly level to gently sloping. Surficial soils in most areas at BAAP
consist of fine-grained sandy silts characterized as windblown loess deposits.

Generally, most precipitation falling on BAAP either evapotranspirates or infiltrates
to the groundwater system through the sand and gravel. The overall direction of
surface drainage at BAAP is to the south and is partially controlled by man-made
ditches. However, in the northwest portion of the site, ditches convey runoff to
Ballistics Creek, which flows west from BAAP to Otter Creek. Nineteen ponds are
present on site, although most are dry throughout much of the year. Many ponds are
not drained by surface streams. Ponds that contain water throughout most of the
year such as the Ballistics, Nitroglycerine, and Rocket Paste ponds represent perched
water caused by the accumulation of fine sediments in the bottom of each pond.

1333 Geology. The geologic setting at BAAP is generally characterized by a thick
sequence of unconsolidated soil units deposited in association with late Quaternary
glacial advance and retreat. These unconsolidated soil units are underlain by
sedimentary and metamorphic bedrock dating to the Cambrian and Precambrian
periods. ‘

At the ground surface across most of BAAP, a 5- to 10-foot-thick fine-grained clayey
silt unit (i.e., loess) overlies glacially derived soil deposits. The loess, representing
windblown soil, comes from soil material exposed along outwash valleys during and
after glacial retreat. The loess is laterally extensive in this region and tends to
become thicker toward the Mississippi River (i.e., to the west).

During late Wisconsin Stage glaciation, the Green Bay Lobe Glacier advanced across
the site from east to west covering approximately the eastern two-thirds of BAAP.
This marked the maximum glacial advance of the Green Bay Lobe and is today
represented by a terminal moraine ridge approximately 60 feet high, transecting
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BAAP from north to south (Alden, 1918; Thwaites, 1958). This moraine, named the
Johnstown Moraine, is laterally extensive in southern Wisconsin (Clayton, 1989).

Unconsolidated glacial deposits, consisting primarily of sands and gravels, thicken
from north to south in the northern portion of BAAP. Along the northern site
boundary, soil deposits are thin or.absent and bedrock outcrops are common.
However, the bedrock surface dips steeply toward the south and soil deposits quickly
thicken to a maximum of approximately 250 feet. Figure 1-3 illustrates a regional
bedrock contour plan for the BAAP region based on monitoring well and private
water supply well logs. The figure indicates the bedrock surface drops approximately
150 to 200 feet across the northern third of BAAP. Across the southern two-thirds
of BAAP, the bedrock surface appears flat.

1334 Hydrogeology. The principal groundwater flow system beneath BAAP occurs
in the unconsolidated overburden soils. This aquifer is unconfined, receiving
recharge from infiltrating precipitation and discharging groundwater to the Wisconsin
River south of the Wisconsin Power and Light (WP&L) dam. Figure 14, a regional
water table contour map for BAAP, indicates groundwater flows toward the southeast
in the northwestern portion of the site and toward the south throughout much of the
remainder of the site, with some southwesterly flow near the Lake Wisconsin
Reservoir along the eastern base boundary. Along the northern BAAP boundary, a
complex hydrogeologic condition exists featuring water table and steep gradients.
The gradient on the water table flattens substantially and the flow direction changes
from southeasterly to southerly across the central and southern portion of BAAP with
likely discharge to the Wisconsin River, or flows south within the sand and gravel
beneath the river south of the WP&L dam.

The overall water budget for precipitation at the site is dominated by
evapotranspiration, which accounts for approximately two-thirds to three-fourths of
the average 30 inches of precipitation in this area. Surface water runoff at BAAP
is limited, and much runoff that occurs collects in isolated depressions where it slowly
infiltrates or evaporates during summer months. Recharge to the aquifer is limited
by infiltration through the fine-grained loess unit blanketing the region. The site-
specific water balance estimate for this area indicates a recharge rate on the order
of 5 to 7 inches per year in areas where the loess layer is present. Where the loess
layer is absent and omnly fine-grained sands are present at ground surface, the
infiltration rate estimate increases to 7 to 9 inches per year.
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In the northern portion of BAAP, infiltrating precipitation and groundwater discharge
from bedrock could encounter fine-grained glaciolacustrine layers before reaching the
water table. This condition results in formation of a locally elevated groundwater
flow system. The fine-grained glaciolacustrine soils appear to generate locally semi-
confined conditions in the underlying aquifer. This assessment is based on the
discontinuous nature of the glaciolacustrine unit, and the locally irregular
groundwater elevations beneath the glaciolacustrine unit in comparison with the
regional water table elevation. Downward vertical gradients are present across the
unit. The presence of fine-grained glaciolacustrine soils and higher elevations of the
bedrock surface also appear responsible for the steeper gradients observed in the
northwestern portion of BAAP, as indicated in Figure 1-4.

In central and southern portions of BAAP, the glaciolacustrine layers are absent and
the horizontal gradient across the water table is substantially reduced. This condition
is reflected in the flattened surface of the water table (see Figure 1-4). Groundwater
flow across the southern portion of BAAP is influenced by the WP&L dam on the
Wisconsin River, which creates the Lake Wisconsin Reservoir. This reservoir extends
north of the dam along the southeastern BAAP boundary and has an approximate
40-foot head drop at the dam. The water level in the reservoir (approximately
774 feet above mean sea level [MSL]) is elevated above the water table over much
of the southeastern portion of BAAP. This prevents expected groundwater discharge
to the reservoir and creates the potential for seepage from the reservoir to recharge
the groundwater in this area. The net result is groundwater flow parallel to the
reservoir with discharge to, or flow beneath, the river south of the WP&L dam.
These flow variations are illustrated in Figure 1-4. The influence of the reservoir on
the groundwater flow system appears to extend to the northeastern portion of BAAP.
It appears that groundwater flow in the northeastern portion of BAAP has a
southeastern flow direction that slowly turns toward the southwest to flow parallel to
the Lake Wisconsin Reservoir.

It should be noted that if groundwater from the northeastern portion of BAAP
discharged to Wiegand’s Bay there would be no substantial impact to Wiegand’s Bay
or the surrounding area. Groundwater monitoring along the northeast BAAP
boundary has shown minimal impact to groundwater quality from site-related
activities. Sulfate (SO4) is the only site-related compound detected along the site
boundary that appears attributable to site activities. ~However, the SO4
concentrations detected exceed the Wisconsin Preventive Action Limit (WPAL) but
do not exceed the Wisconsin Enforcement Standard (WES). Further, SO4 is only

W0049336.M80 6853-12
1-11




SECTION 1

regulated as a secondary or public welfare standard, not as a primary or public health
standard.

Groundwater resources in the BAAP region are used for domestic and municipal
water supply, cropland irrigation, and commercial/industrial production. Well
installation logs for those wells on file with the Wisconsin Geologic and Natural
History Survey and WDNR have been collected and are included in the RI Report
(ABB-ES, 1993a).

1.4 BACKGROUND FOR HUMAN HEALTH AND ECOLOGICAL RISK CHARACTERIZATION

This subsection is to be used as a reference when reviewing the human health and
ecological risk characterizations in Sections 3 through 7. The text in those sections
identify risk levels derived using the methods summarized in this subsection. The
methods used for the human health evaluation and baseline ecological risk
assessment are described in detail in the RI Report (ABB-ES, 1993a).

1.4.1 Human Health Risk Characterization

A baseline human health risk assessment was conducted as part of the RI Report
(ABB-ES, 1993a). The methodology of the risk assessment was consistent with
relevant USEPA standards and guidance. Risks were estimated for carcinogenic and
noncarcinogenic effects of chemicals of concern identified for each area evaluated
at BAAP.

The significance of risk estimates was evaluated by comparing risks to established
target levels. USEPA has established target levels for the evaluation of carcinogenic
risks and noncarcinogenic hazards at hazardous waste sites. USEPA’s guidelines
state that the total incremental carcinogenic risk for an individual resulting from
multiple-pathway exposures at a Superfund site should not exceed a range of 10° to
10* (USEPA, 1989a). Therefore, risk characterizations identify carcinogenic risk
estimates as being "below the target range" when risks are less than 10%; "within the
target range” when risks are between 10° and 10*; and "above the target range" when
risks are greater than 10*. The target hazard level for noncarcinogenic effects is a
Hazard Index (HI) of 1 (USEPA, 1989a).

Risk Characterization of Exposure to Lead. Because USEPA has not published
dose-response values for carcinogenic or noncarcinogenic effects of lead (PB), a
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quantitative expression of risk cannot be developed. However, there is an interim
guidance document (USEPA, 1989¢) establishing soil cleanup levels for PB of 500
to 1,000 parts per million (ppm). The range is designed to be protective of human
health based on blood lead levels in children (a sensitive subpopulation) exposed to
lead in a residential setting. Concentrations of PB detected at each Waste
Management Area were compared to the level set forth in this guidance to estabhsh
whether it poses a risk to human health.

Qualitative Evaluation of Groundwater Quality. Both Wisconsin and the federal

government have developed health-based standards for contaminant levels in
groundwater. Therefore, groundwater quality was evaluated qualitatively by
comparison to these guidelines and standards. Contaminant concentrations in
groundwater at each site were compared to four types of groundwater and drinking
water guidelines and standards:

USEPA Maximum Contaminant Level Goéls (MCLGs)
USEPA Maximum Contaminant Levels (MCLs)

The USEPA Office of Drinking Water develops MCLGs based solely on a
consideration of the potential adverse health effects of a chemical in drinking water.
If a chemical is a carcinogen, the MCLG is always set at zero. An MCL is a legally
enforceable standard set as close to the MCLG as possible, taking cost and technical
limitations into account. The WESs are enforceable standards applicable to
groundwater supplies in Wisconsin (WDNR, 1990). They do not apply to public
water systems. WPALs are set at 10 percent of the WES for all substances that have
carcinogenic, mutagenic, or teratogenic properties, and at 20 percent of the WES for
all other substances.

Neither USEPA nor WDNR have promulgated standards for some of the compounds
detected in groundwater at BAAP. Concentration levels protective of human health
were calculated for these compounds based on exposure of an adult resident drinking
2 liters of water per day for 30 years. The equation and exposure assumptions are
presented in the RI Report (ABB-ES, 1993a). The target levels were set at a risk
level of 1x10° or an HI of 1. Detected concentrations of these compounds were
compared to the calculated concentrations to determine whether the chemicals of
concern (COC) might pose risks to human health.
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The risk characterization process identified contaminants present in a given medium
at concentrations which potentially cause adverse health effects. Numeric clean-up
standards were developed for soil contaminants in accordance with the proposed
Wisconsin Chapter NR 720 guidance for protection of human health from direct
contact with soil at an industrial site. Because BAAP is currently on standby status
and will remain a government-owned facility for the foreseeable future, the industrial
scenario was selected as being more appropriate than a nonindustrial site scenario.
The clean-up standard is designed to be protective for direct contact through
incidental ingestion of and inhalation of particulate matter from contaminated soil
by a worker. Incidental ingestion is assumed to be 100 milligrams (mg) per day for
a 70 kilogram (kg) adult worker for 245 days each year and inhalation of particulate
matter is assumed to occur at an inhalation rate of 24 cubic meter (m’) of air per day
with a concentration of 1.4 micrograms per cubic meter (ug/m®) of contaminated soil
particles less than 10 um in diameter per day for 25 years in a 70 year lifetime. The
standard is developed to evaluate a target excess cancer risk of 1x10 and a target
hazard quotient (HQ) of 1.0 for noncarcinogens.

Table 1-2 presents these exposure assumptions and the equations used to calculate
the soil standard. The equations are based on those given for an industrial worker
in "Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation
Manual (Part B, Development of Risk-based Preliminary Remediation Goals)"
(USEPA, 1991). The cancer slope factors (CSFs) and reference doses (RfDs) for
oral and inhalation effects are obtained from USEPA’s Integrated Risk Information
System (IRIS) (USEPA, 1994). For values not available from this source, the
USEPA Health Effects Assessment Summary Tables (HEAST) were consulted
(USEPA, 1993). Separate clean-up standards were calculated for carcinogenic and
noncarcinogenic effects, as displayed in Table 1-2. In instances where both
carcinogenic and noncarcinogenic standards were developed, the lower of the two
concentrations was chosen as the clean-up standard.
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1.4.2 Ecological Risk Characterization

1.42.1 Risks Associated with Surface Water Exposure. Comparison of contaminant
concentrations detected in BAAP wetland surface water with reference toxicity values
(RTVs) for aquatic organisms provides a means to evaluate the potential for adverse
effects on aquatic environmental receptors from exposure to surface water
contaminants. For each study area, comparisons have been made between the
surface water RTV and the estimated exposure point concentrations of BAAP
surface water COCs.

1.4.2.2 Risks Associated with Sediment Exposure. Comparison of the contaminant
concentrations detected in BAAP sediments with RTVs for aquatic organisms
provides a means to evaluate the potential for adverse effects on aquatic
environmental receptors from exposure to sediment contaminants. To evaluate risk
associated with exposure to contaminated sediment at BAAP, comparisons were
made between the sediment RTVs and exposure point concentrations of BAAP
sediment COCs.

1.4.2.3 Risks to Terrestrial Receptors. Risks to terrestrial receptors at BAAP were
quantitatively evaluated using HQs, which were calculated for each COC by dividing
the estimated exposure level, in terms of total body dose (TBD), by the toxicological
benchmark (the RTV). To calculate acute exposure Hls, the site-specific exposure
point concentration of each COC was divided by the acute RTV; chronic exposure
HIs were calculated by dividing the site-specific exposure point COC concentrations
by the appropriate chronic RTV. This conservative approach provides a screening
level evaluation of potential effects of individual COCs on terrestrial ecological
receptors.

Cumulative Hls were determined by summing the HQs for each chemical. A hazard
ranking system developed by USEPA (1989a) was used to characterize the potential
risk associated with exposures to BAAP contaminants. Cumulative HI scores were
classified using the following USEPA (1989a) ranking system:

HI < 01 | " No Adverse Effects
0.1 < =HI <10 Possible Adverse Effects
HI > = 10 Probable Adverse Effects
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This ranking system considers potential ecological effects to individual organisms, and
does not evaluate potential population-wide risks. Contaminants may cause
population reductions by affecting birth and mortality rates, immigration, and
emigration (USEPA, 1989a). In many circumstances, acute (or chronic) effects can
occur to individual organisms with little potential population or community level
effects; however, as the number of individual organisms experiencing toxic effects
increases, the probability that population-level effects will occur also increases. The
number of affected individuals in a population presumably increases with increasing
HI values; therefore, the likelihood of population-level effects occurring is generally
expected to increase with higher HI values. .

The TBD estimates the combined effects of exposure to contaminated BAAP surface
soil. The TBD for each constituent was compared to the acute and chronic RTVs
to develop acute and chronic HIs. Cumulative acute and chronic HIs were
determined by summing the acute and chronic HQs for each contaminant; these
results were evaluated using the hazard ranking scheme described above.

1.5 BACKGROUND FOR SOIL CONTAMINANT MODELING

This subsection presents a description of the modeling performed to estimate the
impact to groundwater quality posed by contaminants at the Waste Management
Areas evaluated in the FS. The potential for contaminants in soil to migrate to and
impact groundwater is assessed via the modeling effort. Modeling results are used
in selecting chemical-specific cleanup levels as described in the FS report.

As a first step in the modeling process, a screening level using the organic leaching
model (OLM) for organics, and a linear partitioning model for metals, was conducted
for all compounds for which a WPAL was available. This was coupled with estimates
of mixing factors of leachate with groundwater based on the site size, recharge and
groundwater flow beneath the site. For compounds which were still of concern, more
detailed modeling was conducted to include: (1) effects of partitioning through the
soil column, volatilization, and degradation of the organics, and (2) partitioning of
the metals. The models used and the input parameters are described in the following
paragraphs. No modeling was attempted for anionic contaminants of concern
(sulfate, nitrate/nitrite, or chloride) because no models exist to predict concentrations
during migration of these constituents.
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Mixing Factors. Dilution mixing factors for leachate reaching the groundwater were
estimated from a mass balance approach. Site areas and groundwater flow velocities
were estimated based on RI data, and the recharge and mixing zones were taken as
the default values of 10 inches per year and 10 feet below ground surface,
respectively, unless site-specific data were available to provide other values.

Screening Level Models. The OLM is an empirical expression relating estimated
leachate concentration to the compound solubility in water and concentration in
waste or soil. It was derived by USEPA for the RCRA program from a large
database of leachate and soil concentrations for a large number of sites. While the
model is not site-specific, it does represent a best-fit estimate for leaching
concentrations under actual site conditions.

The linear partitioning model (often called the Summers model when coupled with
the mixing zone dilution factor) is based on a simple equilibrium of leachate and soil
concentrations. The model is generally very conservative, as the partition coefficients
are determined from well-mixed solid and liquid phases, and from sorption rather
than desorption experiments.

Neither of the screening models considers other factors which may significantly affect
migration potential or concentrations as the contaminant migrates. Where significant
soil column thickness exists between the contaminant and the groundwater table, the
result of volatilization, partitioning and degradation processes can greatly lower
contaminant concentrations along the pathway, and eventually decrease the leachate
concentrations actually reaching the groundwater.

Jury Model. The Jury model is a one-dimensional transport model which includes
effects of linear partitioning, dispersion, volatilization, and degradation processes.
The Jury model assumes a uniform distribution of contaminant within a zone of
specified thickness and depth within the soil column. Soil properties are entered as
are the chemical/physical properties of the contaminant. Migration of single
constituents is considered by the model requiring multiple runs for a range of
constituents and distributions.

Model Input Parameters. Mixing zone dilution factors were calculated from data
from the RI and default values for recharge and zone thickness. The required data
also include source area size and orientation to flow, aquifer hydraulic conductivity,
and hydraulic gradient. In several instances, it was possible to determine a single
mixing zone factor for a number of similar sites (e.g., the spoil piles or the settling
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ponds), using a minimum or representative value for the mixing factor for these
locations.

The leaching portion of the Summers model requires a K, value which has been
taken as literature-derived organic carbon partition coefficient K, values (USEPA,
1989d) times an assumed fraction organic carbon (f,) of 0.1% or 0.001. This is
conservatively low, but reasonable for sand and gravel soils. No data was available
in the literature for barium or mercury, and so these two metals were not modeled.

The OLM expression can be rearranged algebraically to solve for the soil target level.
The OLM requires the water solubility of the compound as input rather than the K,
Solubility values are available for all organic compounds of concern from the
literature.

The Jury model requires a number of parameter values to describe the water-soil,
and water-air partitioning equilibria, degradation rate constants, and migration rates.

Results of the Modeling. As expected, the OLM provided somewhat higher soil
target levels than the linear partitioning model for most of the compounds. For
many compounds, the projected soil target levels estimated by the more conservative
Summers model were below detectable limits. Only in a couple of instances were
compounds eliminated by the screening level analysis, and the next step in the
modeling process (use of the Jury model) was undertaken.

The Jury model indicated that in most instances, the added attenuation provided by
volatilization and mainly degradation was sufficient to protect groundwater to the low
WPAL criteria. Bis(2-ethylhexyl)phthalate (B2ZEHP), benzene (C6H6),
trichloroethylene (TRCLE), and for most areas, 2,6-dinitrotoluene (26-DNT), gave
soil targets above maximum detected values.

The modeling for the metals at the screening level did not include any mechanisms
that would attenuate migration other than by retarding migration rates. Hence, the
source area is modeled as having nearly a direct impact on groundwater, but with a
delay in time. For most metals, migration travel times were between several hundred
to several thousand years, indicating the relative immobility of the metals.

Conclusions. While the modeling has demonstrated a probable lack of impact of
most organics at the various sites on groundwater (relative to WPALSs), it indicates
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a potential for impact on groundwater at some areas for 24-DNT and for metals. A
more detailed description of the modeling is presented in Appendix A.

1.6 REMEDIATION GOALS

After results of the contamination assessment and both human health and ecological
risk characterization were evaluated, RGs were developed. RGs consist of medium-
specific goals for protecting human health and the environment. Site-specific RGs
at BAAP were developed for a combination of one or more of the following media:

surface soil
sediment
subsurface soil
surface water
groundwater

For soil and sediment, the RGs were set at the ecological risk-based concentration,
the human health risk-based concentration, values associated with the compound’s
potential to migrate to groundwater, or, if available, at the background soil
concentration. Although background concentrations of certain inorganic chemicals
exceed ecological risk-based values, there would be no significant benefit gained to
populations of terrestrial organisms within BAAP by remediating isolated areas to
below background. Additionally, many ecological risk-based values are below
laboratory detection limits and would likely be unattainable by soil remediation.

RGs for surface water were set at ecological risk-based values.

Groundwater RGs were set at regulatory standards or at human health risk-based
values.

RGs are presented on a site-specific basis in Subsections 3.4, 4.4, 5.4, 6.4, and 7.4.

1.7 ALTERNATIVES DEVELOPMENT AND SCREENING PROCESS

Development of alternatives to meet remediation goals begins with the identification
and screening of potentially applicable remedial technologies. Technology
identification and screening was initially performed in the Remedial Technology

W0049336.M80 6853-12
1-19




SECTION 1

Handbook (Appendix B). Technologies were screened in the handbook by evaluating
technical implementability at BAAP. Those remaining after initial screening are
described in the handbook on the basis of three broad categories: effectiveness,
implementability, and cost. Screened technologies included those that isolate
- contaminants from potential receptors and those that treat contaminated media to
reduce the concentration of contaminants available to potential receptors.

The Remedial Technology Handbook serves as the primary source of information for
remedial technologies identified for each site addressed in this report. Other sources
of information included technology literature, vendor information, and FSs prepared
by ABB-ES. Site and waste characteristics were considered during the identification
process. Site characteristics considered included the following:

o site geology, hydrogeology, and terrain

o availability of space, and resources necessary to implement the
technology

. presence of special site features

Waste characteristics considered included the following:
o types and concentrations of contaminants

o physical and chemical properties of contaminants (e.g., volatility,
solubility, and mobility)

The number of identified technologies was reduced during a further screening in this
report during which the advantages and disadvantages of the effectiveness and
implementability of each technology were evaluated. Technologies that were
retained for each of the sites have the potential for effectively remediating the site,
either alone or in combination with other technologies. The process used for BAAP
technology screening is consistent with the USEPA RI/FS guidance.

Remedial technologies retained for each site after screening were assembled into
remedial alternatives. In developing the alternatives, consideration was given to the
statutory preferences of the Superfund Amendments and Reauthorization Act
(SARA), which states that alternatives retained for detailed analysis include no
action, containment, and treatment alternatives. The selection of alternatives is also
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consistent with the NCP Section 300.430(e)(3), which requires evaluation of a range
of remedial alternatives (i.e., from alternatives that remove or destroy contaminants
to the maximum extent feasible, to alternatives that provide little or no treatment but
provide protection of hum