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'1.0' INTRODUCTION

1.1 SCOPE AND OBJECTIVES

This Corrective' Measures Proposal (CMP) Report was prepared for the solid waste management unit
(SWMU), 7 [Old Rifle Range (ORR)] at the Naval Surface Warfare Center (NSWC) facility located in
Crane;' Indiana for the United States Navy, Naval Facilities Engineering Command, Engineering Field
Division South (NAVFAC EFD SOUTH) under Contract Task Order (CTO) 0256, of the Comprehensive
Long-Term Environmental ‘Action Navy (CLEAN) 3 Contract Number N62467-94-D-0888. For the
purposes of this report, SWMU 7 will include both the ORR and Old Pistol Range (OPR).

This work is part of the Navy's Installation Restoration (IR) Program, Which is désigned to identify-
contamination of Navy and Marine Corps lands/facilities resulting from past operations and to instituté
corrective measures, as needed. There are typically four distinct phases-of work conducted for IR sites.
Phase 1 is the Preliminary Assessmeﬁt [formérly known as the Initial Assessment Study (IAS)]. Phase 2is -
a Résource Conservaﬁon and Recovery Act (RCRA) Facility Assessment (RFA), which augments the
information collected in the Preliminary Assessment. Phase 3 is the RCRA Facility Investigation (RFI/CMP,
which characterizes the éohtamination at a facility and develops options for remediation of the site. Phase 4
is the Corrective Measures Imblementation, which results in the control or cleanup of contamination at the
site. This report has been prepared under Phase 3. The Indiana Department of Environmental
Managemént (IDEM) is the lead oversight agency. However, under a work-sharing zlagreément, United
States Environmental Protection Agency (U.S. EPA) Region 5 is responsible for all phases of the
RFI/CMP at SWMU 7.

. This work was conducted in accordance with the requirements of the Indiana State RCRA Hazardous
Waste Permit for the facility (IN5170023498), which went into effect on October 18, 2001.

The objéActives of the CMP for SWMU 7 are as follows:
» lIdentify risk-based action levels for chemicals of potential concern (COPCs)‘ of chemicals of concern

(COCs) that are protective of current human health receptors and the environment.

e Develop Corrective Measures (CMs) for current receptors.

020601/P : 1-1 CTO 0256
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. The purpose of the CMP is to present supporting documentation for the proposed CMs that remediate

1.2 PURPOSE OF THE CORRECTIVE MEASURES PROPOSAL

releases for the environmental concerns at SWMU 7. Supporting documentation -includes data and
information that has been gathered during the RFA, RFI, the 2003 SWMU 7 voluntary interim measure
(VIM), and the pfanned 2006 SWMU 7 remedial action (i.e., source removal).

The submittal of a CMP is appropriate for SWMU 7 based upon the following:
e NSWC Crane is a tenced military installation controlled by the Navy.

» NSWC Crane was not included in the 2005 Base Realignment and Closure (BRAC) process and will

remain a military installation for the indefinite future.
» Foreseeable land uses are military (i.e., industﬁal).

» Residential land uses occur only in very limited areés, none of which are located within or adjacent to

SWMU7. . | | , ‘

¢ Unique topography generally prevents future groundwatef contaminant plume migration.

1.3 ORGANIZATION OF CORRECTIVE MEASURES PROPOSA.L

The CMP consists of four sections. Section 1.0 is this introduction. Section 2.0 provides a description of
the current situation and présents the media cleanup standards (MCSs) for SWMU 7. Section 3.0

describes the CMs recommendations. Section 4.0 provides the details of the CMs recommendations.

1.4 - BACKGROUND INFORMATION

1.4.1 Facility L_ocation -

NSWC Crane is located in the southern portion of Indiana, approximately 75 miles southwest of
Indianapolis and 71 miles northwest of Louisville, Kentucky, immediately east of Crane Village and Burns
. City (Figure 1-1). .
NSWC Crane encompasses 62,463 acres (approximately 98 square miles), most of which are located in .

the northern portion of Martin County. Smaller portions are located in Greene, Daviess, and Lawr_ehce

020601/P ' ' 1-2 : ' ' : CTO 0256



NSWC Crane

SWMU 7 CMP

Revision: 0

Date: July 2006 -

Section: 1

Page 3 of 16

Counties. NSWC Crane is located in a rural, sparsely populated area. Most of NSWC Crane is forested,

and the surrounding area is wooded or farmed land.

NSWC Crane provides naval support for equipment, shipboard weapons systems, and ordnance: In
addition, NSWC Crane supports the Crane Army Ammunition Activity (CAAA) with production,' rengvation,
- and storage, shipment, demilitarization, and disposal of conventional ammunition. ‘

),

1.4.2 Facility History

;

This section provides general information on the history of NSWC Crane and its activities.

" 1.4.21 History of Ownership and Operation

In 1940, Congress euthorized'construction of a Naval Arnrnunition Depot (NAD) in southern Indiana; NAD
Burns City was commissioned in late 1941. In 1943, NAD Burns City was renamed NAD Crane, and the
Town of Crane was built to house the rapidly growing number of civil service employees. NAD Crane's
‘overall mission was to load, prepere, renovate, receive, store, and issue ammunition to the fleet.

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

increased to 6,800.

In 1975, NAD Crane was redesignated Naval Weapons Support Center Crane (NWSCC). Its new
: mssnon was to provide support for ships, aircraft, equipment, shipboard weapons systems, and assigned
ordnance items and to perform additional functions as directed.

In 1977, t'he Single Manager Concept was implemented, the CAAA was created, and the Army assumed
ordnance production, storage, and related responsibjlities as a tenant organization. Other functions
remained under Navy control, and currently the Navy retains ownership of all real estate and facilities at
- NSWC Crane. Responsibility for' overall station safety, security, and environmental protection remains
with the Commanding Officer, NSWC Crane. In 1992 the Facility was desrgnated as NSWC Crane.
Currently, approxrmately 4,000 people are employed at NSWC Crane.

. 020601/P 1-3 - CTO 0256
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1.4.2.2  History of Regulatory Actions

Fbllowing promﬁlgation of the U.S. EPA RCRA hazardous waste regulatory program, NSWC Clrane filed
notifiéation and application to operate as a RCRA hazardous waste treatment, storage, or disposal (TSD)
* facility in October 1980. Interim status was granted subject to “operating requirements and applicable
technical standards found in Title 40 of the Code of Federal Regulations (CFR), Part 265.

Corrective action programs established as part of the 1984 RCRA Hazardous and Solid Waste
Amendments (HSWA) required NSWC Crane to address past releases of hazardous waste or hazardous
constituents at SWMUs. Accordingly, NSWC Crane submitted a Hazardoué Waste Management Réport,
and an RFA was conducted to characterize the potential for releases of hazardous waste or constituents

from approximately 100 SWMUs identified during the RFIl assessment.

On-December 23, 1989, U.S. EPA issued the federal portion of the Final RCRA Part B permit for NSWC
Crane to the Navy. U.é. EPA renewed the permit in 1995. IDEM now has responsibility for the Federal
Corrective Action Program. IDEM renewed the Corrective Action Permit in October 18, 2001. However,
certain ongoing corrective actions including corrective actions at SWMU 7 will continue under the
U.S. EPA/IDEM Work Sharing Agreement for Corrective Action Activities at the Naval Surface Warfare

Center - Crane Division.

1.4.3 Project Site

1.4.3.1 Site Description

Historically, SWMU 7 has been referred to as the ORR. However, for the pUrposes of this report, the area
referred to as the ORR consists of these two separate areas; the maintained part of SWMU 7, which is
referred to as the ORR, and .an adjacent abandoned shooting range referred to as the OPR. The

following is a description of each area.

Old Rifle Range

The ORR occupies approximately 20 acres immediately northeast and downslope of the Demolition
Range (DR) (Figure 1-2). The site is immediately west of NSWC Crane Hig-hway' 8 in the flat-lying
A floodplain of Turkey Creek. Currently the ORR consists of a flaf, drass-covered area bisected from north
to south by a maintained gravel road. This road provides access to various groundwater monitoring wells

located within the ORR and to a powder burning area that is a RCRA permitted open burning' (OB) facility.
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The OB area is approximately 1 acre in size and is located in the northern part of the ORR. It is used for
burning yellow D (ammonium picrate) in containment pans. West of the gravel road and‘soUth of the
yellow D burning area are four man-made earthen bérms. The first berm is located approximately
100 feet away from the targets with each of the following berm approximately 100 foot apart. The berms
were used as firing >positions during target shooting. Additionally, there is a chain-link fenced pad used in

conjunction with burning operations.

The ORR is roughly rectangular in shape and is located in Sections 26 and 35 of T5N, R4W on the Indian
Springs, Indiana Topographic Quadrangle Map (USGS, 1978). .

" Old Pistol Range

The OPR is approximately 10 acres in size and is located imm‘ediately adjacent to the northern end of the
ORR (Figure 1-2). - Because of similar past operational activities (small-arms firing ranges) at these two
Io‘cations, they have been collectively referred to as the ORR. Figure 1-3 shows the outlines of the ORR
and the OPR on a 2003 aerial photograph.

The OPR contains' remnants of a wooden structure that may have been used as a shelter for target
shooting. One earthen berm is present at the OPR. The OPR is not maintained and, as a result, small ‘

trees and brush cover the entire area.

1.4.3.2 Land Usage

The SWMU 7.0B/open detonation (OD) area, which is a RCRA-permitted hazardous (_waste treatment
facility, is an active facility. The other areas within SWMU 7, which were used for rifle and pistol target

practice are inactive.

1.4.3.3 Corrective Action Stages

The Phase Ill soils RFi Report has been completed (TtINUS, 2005a). An Addendum to the Phase IlI soils
RFI ‘Report (Addendum 1) was developed to evaluate lead contamination at the OPR Hillside Range 1
Berm and Range 2 Berm (TtNUS, 2005b). '

Groundwater at one well (06C15) at the ORR has been shown to be contaminated with one explosive
compound [2,4,6-trinitrotoluene (TNT)]. The ORR is subject to RCRA groundwater monitoring
requirements for hazardous waste treatment facilities, including corrective action. A'RCRA groundwater

compliance monitoring program is currently being conducted at the ORR. The results of the groundwater

020601/P . ' 1-5 ) CTO 0256
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monitoring show that metal concentrations (principally arsenic, barium, manganese) are in excess of
upgradien’t concentrations and risk-based target levels (RBTLs) that-are established in the RCRA permit

in several wells.

1434 Preliminary Remedial Actions

In the summer of 2003, ‘the Navy conducted a VIM to excavate localized high concentrations of TNT
previously investigated as part of the RCRA Phase Il Soils RFI (TtNUS, 2005a) (Figure 1-4). This
removal addressed approximately 95 percent of the calculated TNT risk at SWMU 7. Completion of the

- VIM resulted in significantly lower TNT concentrations and associated reductions in risk for the SWMU. '

15 PHYSICAL CHARACTERISTICS OF STUDY AREA

1.5.1 Climate and Meteorology

The climate in the region of NSWC Crane can be described as temperate (NOAA, 1988). Precipitation is
distributéd evenly throughout the year, and there is no prohounce‘d wet or dry season for this region.
Rainfall in the spring and summer is produced mostly from showers and thunderstorms. A peak rainfall of
approximately 2.5 inéhes in a 24-hour period can be expected about once a year. Snowfalis of 3 inches

or more occur on an average of two or three times per winter season.

Mean monthly temperatures for the region are shown in Table 1-1. Temperatures range from a minimum
of 27.9 degrees Fahrenheit (°F) in January to a maximum of 75.7°F.in July. The mean annual

temperature for the area is 52.6°F. The annual mean monthly distribution of rain and snow for the area is

shown in Table 1-2. The annual rainfall total is about 40 inches per yeaf with the highest mean monthly -

- totals occurring in the late spring and in the early summer period of May through July. Snowfall averages
about 23 inches a year, with most occurring in the winter months froni December through February.

Long-term ciimatdlogiéal records (NOAA, 1988) for the area indicate that the monthly prevailihg wind
direction is from the southwest during the months of April through December and from the northwest
during the months of January through March. The annual prevailing wind direction for the region is from

the southwest. The annual average wind speed for the area is about 9.6 miles per hour (mph).
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1.5.2 Topography
1.5.2.1 NSWC Crane : ) ' i

NSWC Crane is inthe unglaciated area of the Crawford Uplands Physiographic Province. This province
is a rugged, highly vegetated, dissected plateau bounded by the Mitchell' Plain Physiographic Province to
the east and the Wabash Lowland Physiographic Province to the west (USACE WES, 1998). The
Mitchell Plain is a low, dissected, limestone plateau characterized by sinkholes and karst topographic
features. The boundary between the Crawford Upland and the Mitchell Plain is marked. by the highly
irregular, eastern-facing Chester Escarpment. Springs, caverns, caves, and other solutionw7eathering
features can be found along this escarpment and on the eastern edge of the NSWC Crane facility. The
boundary between the Crawford Upland and the Mitchell Plain near the western boundary of NSWC
Crane is gradual (USACE WES, 1998). |

The terrain is predominantly rollihg with moderately incised stream valleys throughout and occasional flat
areas in the central and northern portions of NSWC Crane. Most of the region is covered by deciduous
trees and shrubs. The elevations across NSWC Crane range from about 500 feet above mean sea level
(msl) at the southern drainageway to .about 850 feet above msl-on the ridge in the west-central portion of
the site. V-shaped drainageways in the north progress to 2,000-foot—wide floodplains in the south and
'rise to approximately 150 to 200 feet to the ridgelines (NEESA, 1983). |

1522 SWMU7

The ORR occupies a roughly rectangular area that is sloping gently to the east. Maximum ground
surface elevations within the ORR are about 530 feet above msl, and the minimum elevétion is about
500 feet above msl near the road (NSWC Crane Highway 8), _fof a total relief of about 30 feef within the
ORR (Figure 1-5). The area east of the ORR continues to slope toward Turkéy Creek, where the
minimum elevation is approximately 485 feet above msI'(Figure 1-5). The mean slqpe from the westerh
side of the ORR to Tufkey Creek is about 2 percent. A ‘

To the west and southwest of the ORR, the ground surface rises steeply to a ridgetop, which has a
maximum elevation of about 710 feet above ms! (Figure 1-5). Thus, the total relief from the tép of the
ridge to Turkey Creek is about 225 feet above msl. The DR occupies the'sideslopes and top of the ridge '
to the west and southwest of the ORR (Figure 1-5).
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1.5.3 Geology and Soils -

1.5.3.1 NSWC Crane

NSWC Crane is located in the eastern flank of the lllinois Basin. The surface and néar-sun‘ace bedrock
- at NSWC Crane consists of Lower Pennsylvanian- and Upper Mississippian-age sandstones, limestones,
and shéles. These Paleozoic-age sedimentary rocks form the core of each ridge and underlie all of the
streams and creeks at NSWC Crane. The rock férmations have been deformed to yield a gentle dip of

50 feet per mile towards the west-southwest, toward the center of the lllinois structural basin.

In genéral, Mississippian-age Chester Series sandstones, shales, and limestones are exposed in the
valley walls of eastern portions of NSWC Crane and'in the lower elevations of deep valleys in western
portions. Pennsylvanian-age Mansfield Formation sandstone, siltstones, claystones, and shales ‘are
found at the crests of hills and ridgeé in eastern portions of NSWC Crane and as the surficial bedrock unit
further west (see Figure 1-6). The contact between the Mississippian units and overlaying Pennéyivanian

units is an unconformity formed by past erosion of the Mississippian surface (Murphy and Ciocco, 1990). .

Unconsolidated colluvium and residual soils blanket the tops and sides of the ridges. These soils range
from 1 to about 30 feet thick, although the thickness is generally less than 10 feet. Up to 50 feét of
alluvial deposits and colluvium have been found in the valley bottoms of the larger streams. Fouf soil
units have been mapped at .NSWC Crane, including Wellston-Ginin,.Wellston-Berks-Ginin, Wellston-
Berks-Ebal, and Wakeland-Wilbur-Haymond Soils (McElrath 1988). These soils are primarily silt loams
with permeabilities ranging from 0.6 to 2.0 inches per hour (Murphy, 1994).

1532 SWMU7

Locations of geologic cross sections prepared by the United States Army Corps of Engi.néers (USACE)
Waterways Experiment Station (WES) (1998) are shown on Figure 1-7. Three of these cross sections
(G-G, H-H, and J-J) trend in a northwest-southeast direction and pass through SWMU 7. Two of these
cross sections (G-G and H-H) are reproduced in Figure 1-8. Cross section G-G passes through the
northern end of SWMU 7, and cross section H-H passes through the center of SWMU 7. In each case,
the left side of the cross section. originates on the western side of SWMU 7 where the ground surface

-starts rilsing rapidly and the right sides of the cross sections lie close to NSWC Crane Highway 8.
As shown in cross. section H-H, the upper portions of the hillsides and: the ridgetops are composed of
Pennsylvanian-age Mansfield Formation. The Pennsylvanian-age sandstones, siltstones, shales, and

coal beds are separaied from the Mississippian-age rocks by the pre-Pennsylvanian erosional
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unconformity at an elevation of about 535 to 540 feet above msl, as shown in cross section H-H on

Figure 1-8.

Directly beneath the Pennsylvanian rocks lie the Golconda-Haney Limestone and the Indian Springs
Shale (Upper Mississippian age). ‘These rock units only exist in the ridge to the west of the ORR at
elevations ranging from approximately 500 to 535 feet above msl. These two rock units are only present
in a very limited aréa exist within the SWMU 7 boundary (i.e., the area around monitoring well 06C16; see
cross section G-G on Figure 1-8 and sampling Ioca~ti0ns on Figure 1-5). The Golconda-Haney Limestone
is considered to be a minor aquifer at NSWC Crane. It is hydraulically separated from the underlying Big
CIifty/Beeéh Creek aquifer by the Indian Springs Shale. Because this limestone aquifer and the shale
-aquitard are located upgradient of SWMU 7 and at a higher eIeVatio_n, groundwater in these units is not
expected to be affected by any activities that have occurred at SWMU 7. As a result, the Mansfield -
Formation, Golconda-Haney Limestone, and Indian Springs shale w‘ill'not be discussed or evaluated -

further in this report.

In nearly all of the SWMU 7 area, the Big Clifty Sandstone is the uppermost rock unit encountered near
the ground surface. This sandstone is uniformly about 40 feet thick, except where the thickness has been
reduced . by post-Pe'nnsylvani'an erosion. = As shown in cross section G-G (Figure 1-8),
post-Pennsylvanian erosion has significantly reduced the thi_cknéss of the Big Clifty Sandstone on the
eastern side of SWMU 7. The Big Clifty Sandstone is characterized as a tan to green-gray, massive to
thick-bedded, fine-to very finéfgréined, well-sorted, friable sandstone with oécasional shaly partings
(USACE WES, 1998).‘ Boring log information indicated that joints in the sandstone ranged from
frequently encountered to sparse in occurrence.

Silty gravel and clay overlie the Big Clifty Sahdstone everywhere at SWMU 7. In some cases, only a thin
'Iayer (tess than 8 feet)(of clay and silt residual soil overlies the Big Clifty Sandstone {cross section G-G,
-Figure 1-8). In other cases, the thickness of alluvium, colluvium, aﬁd residual soil was found to be as
- much as 30 feet (see wells 06C17 and 06C13 in Figure 1-8, cross section H-H). A map showing spatial
~ variations in soAiI thicknesses is presented as Figdre 1-9. The areas of thinnest soil (less than‘ 10 feet)
exist on the northeast.and the southwestern sides of SWMU 7.

The Beech Creek Limlestone lies beneath the Big Clifty Sandstone. This limestone was typically about
17 feet thick iﬁ the SWMU 7 area, but ranged from about 15 to 22 feet thick. This formation consists of
hard, denée, fossiliferouslimestone. The upper ‘5't0 10 feet were gray to gray-brown, c_ryétalline
limestone with occasional styolites. The lower portion was dark graj, crystalline limestone, with

" occasional to numerous shale partings.’

020601/P : , 1-9 ' CTO 0256



NSWC Crane
SWMU 7 CMP
Revision: 0
Date: July 2006
Section: 1
Page 10 of 16

.Together, the Big Clifty Sandstone and the Beech Creek Limestone form the Big CIifty/Beech Creek
(BC/BC) aquifer. Because both units are permeable and the Big Clifty Iies_ directly above the Beech
Creek in direct h)}draulic connection, they are considered one aquifer. The combined thickness. ranges
from about 50 to 60 feet on the western side of the SWMU to about 30 feet thick on the eastern. side of
the SWMU where ‘part of the équifer has been removed by post—PennsyIvanién erosion in the Turkey

Creek valley.

1.5.4 Surface Water Hydroloqy

1.5.4.1 NSWC Crane

The surface drainage at NSWC Crane has formed a dense, dendritic pattern throughout the installation
which flows generally to the south and southwest. Seven primary creeks in five drainage basins carry
surface water off the installation, where it evenmally drains into the East Fork of the White River and then
to the Wabash River to the southwest. The seven creeks that drain NSWC Crane include Fufst Creek,
Sulphur Creek, Little Stjlphur Creek, Boggs Creek, Turkey Creek, Indian Creek, and Seed Tick Creek.

“Figure 1-3 shows the surface drainage features and the individual drainage basins at NSWC Crane.

Drainage Basin 1V includes Bdggs and Turkey Creeks, which are the pfimary drainageways for the
installation and drain the majority of the area. The northern énd northwestern sections (Basin I) are
-drained by Furst Creek, the eastern portion (Basin lll) is drained by the Sulphur Creek complex, the
extreme eastern portion (Basin Il is drained by Indian Creek, and the southwestern section (Basin V) is
drained by Seed Tick Creek. ' '

Also located within the .i‘nst_allation are several small ponds and Lake Greenwood, an 800—a{:re
man-made, spri.ng-fed lake in the northwestern portion. of {he installation. Lake Greenwood is the mafn
source of potable water at NSWCYCrane and is also used for recreation (NEESA, 1983).

1.54.2 SWMU 7

SWMU 7 generally slopes toward Turkey Creek, where the minimum elevation is approximately 485 feet

above msl. Thus, a large port_icSn of the SWMU drains directly into Turkey Creek. An unnamed perennial - .

stream flows from northwest to southeast through the northern end of the ORR and drains into Turkey
‘Creek (Figure 1-5). Thus, the northern portion of SWMU 7, including all of the OPR area, drains into the
- unnamed tributary prior to' entering Turkey Creek. Another unnamed tributary creek flows from west to

east through the southern end of SWMU 7, and enters Turkey Creek (Figure 1-2). This tributary receives
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some surface water runoff from the southern end of the SWMU. It also drains some of the ridgetop area
occupied by the DR (SWMU 6). A small 'man-made sediment retention basin (Pond 3) has been
constructed on this unnamed‘ tributary in the vicinity of monitoring well 06C12 (see USACE WES, 1998,
Plates 2 and 5). To further aid in the settling of solid from Pond 3, an additional impoundment (Pond 3A)

was constructed in the southeastern corner of SWMU 7 near 06C11.

All water and sediment discharging from the SWMU eventually enters Turkey Creek.

15,5  Groundwater Hydrology
1551  NSWC Crane -

Groundwater is present beneath NSWC Crane in both the natural unconsolidated materials and the
bedrock. The depth to groundwater ranges from less than 5 feet below ground surface (bgs) in
topographic low areas near surface water bodies to almost 25 feet bgs at the higher elevations. The

majority of the monitoring wells at the site were completed within the first groundwater-yielding unit

" encountered during drilling, which was typically either the natural unconsolidated material or the shallow

bedrock.

The majority of the NSWC Crane is a dissected plateau, with hills and ridges separated by deeply incised

. gullies and creeks. In general, each hill and ridge is a “hydrogeologic island” in that precipitation
~ infiltrates the tops and slopes of the islands, moves downward a short distance, and then starts migrating

" toward the outer edges of the individual hills and ridges. Thus, groundwater flow patterns mimic

topography; i.e., groundwater generally flows from'the center of the hills and ridges outward toward the

deeper gullies and creek valleys.

Bebause the sandstones, siltstones, and shales of the Mansfield Formation generally have low -
permeabilities, flow through Pennsylvaniah rock is generally through minorfractures and joints, or thrbugh
the porous sandstones when they are shallow (e.g., less than 50 feet bgs) and highly weathered. The .
Mississippian limestone formations are ‘well cemented and have little to no intergranulér porosity and
pe'rmeability. ', However, fractures, joints, and beddi‘ng planes can be enlarged due to solutioning of the
limestone, particulaﬂy along stream valleys where a limestone forrﬁation may be closer to. the ground
surface.

At the Ammunition Burning Grounds (SWMU 3), a portion of the Beech Creek Limestone has been

documented as being very permeable, with solution cavities and rapid conduit. Large solution openings
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and caves have also formed in other Mississippian limestone aquifers (i.e., Golconda-Haney and Beaver

Bend Limestones).

Groundwater flow patterns in the.Mis'sissippian aquifers are less well documentéd than flow patterns in
the shallower 'Pennsylvanian. rocks. However, it appears that flow in the deeper limestones, in general,
also moves from beneath thé hills and ridges radially outward toward the nearest.stream valleys. There
is no documented case at NSWC Crane where groundwater flow in the Mississippian aquifers is

intervalléy (i.é., where groundwater migrates from one large watershed into a different watershed).

1.5.5.2 SWMU 7

The Big Clifty Sandstone and Beech Creek Limestone were monitored as one aquifer at SWMU 7, as’

they were for the DR. The Beech Creek Limestone was the deepest formation monit_Oréd at the SWMU.
Well screens were placed at two levels within the BC/BC aquifer. Ten- or 20-feet screens were installed
. near the base of the aquifer and 10 foot screens were installed near the top. The upper screens monitor
the uppermost or water-table aquifer at SWMU 7. Many of the upper screens partially screen the deep
soil zone that exists at SWMU 7. Thé maximum thickness of BC/BC aquifer penetrated was 58 feet in
bbring 06C16 (Figure 1-8). The least penetrated was 26 feet in 06C13 (Figure 1 -8). The deeper'wells

end in the Elwren shale aquiclude, which is persistent beneath the entire SWMU.

Two wells were installed in the Golconda/Haney Limestone. Confirmation well 06-21 was installed in
1983 and RFI well 06C16P3 in 1990 (two other wells in the DR study area also screened the
Golconda/Hanéy). The Golconda/Haney aquifer is absent beneath most of SWMU 7; therefore,
groundwater conditions and- hydraulic characteristics of this aquifer are not presented or discussed in this

_ report.

T}he thick alluvial soils that occur over much of SWMU 7 constitute part of the uppermost aquifer. The

similarity in water levels in wells installed solely in the soil column and. wells installed in the upper Big -

Clifty 'Séndstone indicate that the soils are hydraulically connected with the BC/BC aquifer.

As stated previously, joints were sparse to numerous in rock cores recovered from the Beech Creek

Limestone. Water loss during drilling through the Beech Creek limestone was most significant in borings

at SWMU 7, where the Beech Creek is shallow. Borings 06C12, 06C14, 06C15, and 06C17 (Figure 1-8)'

each had an open jqint, up to 0.2 feet wide, within 3 feet of the top of the Beech Creek aquifer, near the

contact with the overlying Big Clifty sandstone. Considerable water loss occurred through the open joints.
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These borings also exhibited numerous other joints in the Beech Creek. The only solution feature noted
was in the open joints in two of the four borings listed above (USACE WES, 1998).

Flow within the Big Clifty Sandstone is believed to be through joints and through intergranular porosity.
The effective intergranular porosity measured on two core samples was 18 percent (USACE WES, 1998).

As part of the RFI, water levels have been measured for the two different aquifer zones (i.e., Upper Big
Clifty/oVerburden and Beech Creek) several times in the early 1990s (USACE WE‘S, 1998) and quarterly
“in 2000 through 2002 (SAIC, 2002a, 2002b, and 2003a). The groundwater flow direction in the
overburden/upper Big Clifty zone (i.e., upper rrionitoring zone) is generally from northwest to southeaist
(Figure 1-10). Groundwater levels meaisured in the Beech Creek Limestone and the base of the Big Clifty
" Sandstone (i.e., deep monitoring zone) indicate a general groundwater flow to the east and southeast
~ (Figure 1-11). According to the conceptual hydrologic model for SWMU 7, groundwater flows from hjgh
topographic élevations (west of SWMU 7) towards the Turkey Creek valley, located on the eastern side of .

SWMU 7 (see Figuré 1-5). Most of the groundwater flow discharges to Turkey Creek.

156 Water Supply

;Laké Greenwood, an 800-acre man-made, spring-fed lake in the northwestern portion of the installation
(Figure 1-1) is the main- source of drinking water at NSWC Crane and it is also used for recreation.
Groundwater at SWMU 7 is not currently and will not be used in the future based on the use of NSWC

Crane as a military facility for the indefinite future.

1.5.7 Surroundinqg_Lénd Use

NSWC Crane is situated in a rural area of south-central Indiana. The surrounding communities that form
the region are in a period of transition from an economic base of agriculture, mining, and quarrying to an
economy built on manufacturing and service industries. The patterns of settlement, population statistics,

and median income are similar throughout the region.

There is no state or local planning within the vicinity of NSWC Crane. The only zoning and land use . . -

regulationé are found in the municipalities within the region. None of these municipalities are close
“enough to have an impact on NSWC Crane. None of the areas adjacent to NSWC Crane are zoned, and

'zoning is not anticipated in the near future.
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SWMU 7 is approximately 3 miles east of the nearest NSWC Crane property boundary and is bounded on
the east by Highway 48. There is no known current or likely future land use or community actions under
consideration or proposed at this time for the SWMU. SWMU 7 is contained completely within NSWC
Crang, and likely future land use at areaé surrounding the SWMU is expected to be limited to industrial
uses. Specifically, the ORR portion of the SWMU is expected to be used for the indefinite future as a

RCRA-permitted hazardous waste treatment facility.

1.5.8 Ecological Setting

1.5.8.1 Facility

A biological characterization of NSWC Crane, including a listing of plants and animals found at the facility,
was presented in the Installation Assessment (1A) (Army,' 1978) and the IAS (NEESA, 1983), and is
summarized in the Environmental Monitoring Reports (Halliburton NUS, 1992a and 1992b). A list of the -
species that may inhabit. NSWC Crane and that are protected under the United States Endangered
Species Act, Indiana Departrnent of Natural Resources Heritage Data Center, or the United States Fish~
and Wildlife Service is presented in the RCRA Facility Permit (US. EPA, 1995). The 'following

paragraphs briefly summarize the environmental setting at the installation.

Eighty percent of NSWC Crane’s 63,000 acres are classified as Central Hardwoods Forest of the United
States (NEESA, 1983). In addition, some former agricuitural fields are in various stages of succession.
‘ Openings on dry upland sites contain almost pure stands of grasses with some clumps of woody plants
such as persimmon; sassafras, and sumac. Wetter sites have river birch, willow, sycamore, and
cottonwood. Hillside communities have mostly hickory, white and black oak, red maple, sugar maple,
_ ttjlip poplar, ash, and beech (NEESA, 1983)..

The great variety of habitats at NSWC Crane (i.e., many stages of forest succession, streams, ponds,
Lake Greenwood, grassy open épaces) haé lead to a high diversity of animal species (NEESA, 1983).
Some of these species include, but are not limited to: mammals such as white-tailed deer, beaver,
coyote, hawks, red fox, rabbits, raccoc-Jns,.and mice; birds such as ducks, geese, wild turkey, bobwhite

quail, red-tailed hawks, and American robins; and various amphibians, reptites, fish, and invertebrates.

The bird population includes a number of State or federal threatened, endangered, or species of special
‘concern that use the site as their home range. These species include the bald eagle, osprey, sharp-
shinned hawk, red-shouldered hawk, broad-winged hawk, black and white warblér, hooded warbler, and

the worm-eating warbler (B&RE, 1997). Also, the Indiana bat, a federal endangered species, is known to
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forage at NSWC Crane. During a mist net and radiotelemetry survey conducted for .NSWC Crane, a male
Indiana bat was captured along Furst Creek, which is approximately 1.5 miles west of SWMU 7. No
‘ln‘diana bats were captured near SWMU 7. Because of the bat-and its potential habitat, the cutting of
treés is restricted to certain times during the year, and the cutting of shagbark hickory trees (potential

‘Indiana bat habitat) is prohibited.

1.5.8.2 SWMU 7

RE&I, as a subcontractor to Tetra Tech NUS, Inc. (TtNU.S), conducted an ecological risk assessment As
part of the RCRA permitting process for the OB/OD treatment units. The information presented in this
section was obtained from the site survey described in the Current Contamination Conditions Risk
Assessment (CCCRA) Report (B&RE, 1997).

The vegetation at SWMU 7 includes mowed grasslands, wooded slopes, and riparian wooded veg‘_etation
in the vicinity of the Turkey Creek drainage. SWMU 7 supports a diverse bird population; a total of 35 .
species were recorded at SWMU 7 during a survey. Bird habitat diversity (open fields, woodlahds, and
riparian woods) at SWMU 7 is bélieved to be responsible for the high bird diversity. SWMU 7 was
surveyed during the fa'll of 1995 which were low-flow conditions for Turkey Creek, and the only species
occurrences included five separate captures of opossum. SWMU 7 site activities and related
disturbances and predetation pressures were believed responéible for the lack of other species. SWMU 7
macroinvertebrate commu-n‘ity was:-surveyed from three creek pool locations. The upstream pool location
had a total of seven species, three of which were Ephemefoptera, Plecoptera, and Trichoptera (EPT)
_species. The next location, across from SWMU 7, had five species bresent, and two EPT species were
recorded. Further downstream, five species were recorded with only a si'ngle EPT species present. To
- some extent, fish species diversity in Turkey Creek in the vicinity of SWMU 7 reflected fhe fow-flow
conditions encountered during the macroinvetebrate sample collection. At the upstream ‘Ibcation in
Turkey Creek, a total of 12 species were observed. At the location across from SWMUV7, in Turkey
Creek, four species were observed. At the downstream location, it was not possible to collect a valid
sample by the electric shock method used at the upstream location because the strearn was too deep for
this method. - Therefore, it was necessary to usé an alternate method (trbtline) whiéh does not capture the

smaller fish species.

The CCCRA states, "Population studies within and outside of the impacted area of the ORR do not
indicate on the basis of abundance and divérsity any adverse effect to the indicator species investigated
- resulting from operation of the ORR. As a result, the combination of the low trace levels of metals and

organics detected in the media and tissues associated with the ORR and. the population studies
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conducted at thé site, the effects of the current activities at this SWMU are not considered to be adversely

impacting the ecological population at this site.”

Following the CCCRA studies, a Phase Ill Soils RFI (TtNUS, 2005a) was conducted for the ORR. As part
" of the Phase Ill Soils RFI a screening ecological risk evaluation was conducted for the Hillside Range 1
and Range 2 berms and their firing lanes. - The Phase Il Soils RFI concluded that metals in the Hillside
Range 1 and Range 2 firing lanes did not present a risk to ecological receptors and that the metals in the

_berm areas (primarily lead) had the potential to adversely impact ecological receptors.
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2.0 DESCRIPTION OF CURRENT CONDITIONS AT SWMU 7 AND
- MEDIA CLEANUP STANDARDS

Various historical investigations. and risk assessments have tv)ee'n conducted at SWMU 7. Section 2.1
describes the historical investigations that have resulted in identification of the chemicals of potential
concern (COPCs). Section 2.2 summarizes the results of the human health risk screening evaluation
(HHRSE) for groundwater to determine whether risk exists for current human SWMU 7 receptors.

~ Section 2.3 presents the MCSs. Section 2.4 describes the conceptual site model for SWMU 7..

Based on the various historical investigations, no unacceptable ecological risks have been identified.

A

The following chemicals have been identified as COPCs for human health risk:

‘'ORR AREA OF SWMU 7

Soils:

‘ . Explosivés (TNT)

» Polynuclear aromatic hydrocarbons (PAHs) [benzo(a)anthrécene [B(a)A], benzo(a)pyrene [B(a)P],
benzo(b)fluocranthene [B(a)F], dibenzo(a,h)anthracene (DBA), indeno(1,2,3-cd)pyrehe (IP), and
heptachlor epoxide] - '

¢ Metals (lead)

Groundwater:

e Explosives [dinitrotoluene (DNT), TNT, cyclo-trimethyl-trinitramine (RDX), and degradation products]
‘e Pesticides (heptachlor epoxide) ' -
+ Metals (lead) -

OPR AREA OF SWMU 7

Soils:

* Metals (arsenic, lead, and manganese)

020601/P _ : ’ 21 © CTO 0256
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2.1 HISTORICAL INVESTIGATIONS

\

This section presents a summaty of the current contamination conditions at SWMU 7 based upon the

following:

-

"USACE WES 1991 Draft RFI Pha'se‘ Il Release Aséessment for Soils at the ORR
(USACE WES, 1991). ‘ '

« CCCRA (B&RE, 1997).

. Phése I Groundwater RFI (TtNUS, 2002).

¢ Phase Il Soils RFI (TtNUS, 2005a).

'« Phase Ill Soils RFI Addendum 1 (TtNUS, 2005b).

.« Routine Groundwater Monitoring Reports for Reporting Years 2000, 2001, 2002, 2003, and 2004
(SAIC, 2002a, 2002b, 2003a, 2003b, and 2005). '

2141 Soil Contamination

- PAHs.

The draft 1990 USACE WES RFI report concluded that contamination of the soil by organic compounds
could not be confirmed. The report recommended no further action (NFA) for soils (i.e., no Phase Il -
study) be taken at SWMU 7. '

The CCCRA identified four PAHs [B(a)P, B(b)F, DBA, and IP] as chemicals of concern (COCs) in one
samplé (07SS-A05) (B&RE, 1997). The Phase |l RFI included the collection of 41 grab and composite
soil samples that were all analyzed for PAHs. The Phase Ill RFI for the ORR concluded that nd further
evaluation was warranted for PAHs V(TtNUS, 2005a). Therefore, PAHs in soil will not be carried forward in
this CMP Report. ’
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Explosives

The draft 1990 USACE WES RFI report concluded that the contamination of soil was limited to explosive
compounds in surface soils in the immediate vncmrty of the flashmg pits. The report recommended NFA
for soils (i.e., no Phase Il study) at SWMU 7.

The CCCRA did not identify any explosives in soil as COCs (B&RE, 1997). The Phase I!l Soils RFI at the
ORR identified excess risk associated with one _explosive (TNT)  for one sample (07SS1 6)A
(TtNUS, 2005a). In the summer of 2003, the Navy conducted a VIM to excavate this localized high
concentration of TNT. The two VIM pre-excavation TNT soil sarrtples had concentrations as high as
9,900 ‘milligrams per kilograms (mg/kg). The six VIM post-excavation sarnples collected .from the
sidewalls andAbottem'oAf the excavated areas averaged 47.7 mg/kg with individual concentrations ranging
from non-detection (0.5‘ mg/kg) to 250 mg/kg. Thus the post-excavation VIM sampling indicated that the
removal was effective in eliminating the excess risk associated wrth TNT at the ORR (TtNUS 2008).

Therefore, explosives in soil will not be discussed further in thts CMP Report.

Metals

The draft 1990 USACE WES RFI report concluded that the presence of metals and other rnorganlcs in
~ the soil at the ORR could not confidently be attributed to disposal operations at the site. The report
recommended NFA for soils (i.e., no Phase IlI study) be taken at SWMU 7.

The CCCRA did not identify any metals in soil as COCs (B&RE, 1997). The Round 1 Fieldwork for th'e
Phase 1l Soils RF! at the ORR indicated that there is no excess risk associated with metals (arsenic,
beryllium, and manganese) (TtNUS, 2005a).

‘X-Ray Flourescence analyses conducted as part of the Phase Ill Soil RFI Addendum indicated that the
concentration of lead at six locations at the OPR Hillside Range 1 Berm (07XS8S02, 07XSS03, 07XSS04,
07XSS05, 07XSS07, and 07XSS08) presented significant human health risk to the construction worker
(TtNUS, 2005). Additiohally,_X-Ray Flourescence analyses conducted as part of the Phase Ill Soil RFI
Addendum indicated that the concentration of lead at three IAocations at OPR Range 2 Berm (07XSS12,
07XSS16, and 07XSS17) presented significant human health risk to the construction worker
(TtNUS, 2005). Therefore, Ieed is considered a contaminaht of concern and an MCS was developed
(Section 2.3). '
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‘The X-Ray fluorescence analysis indicated that lead concentrations in the berms may also present
potential significant risk to ecological receptors. However, as discussed in U.S. EPA (1999) Issuance of
Final Guidance: Ecological Risk Assessment and Risk Management Principles for Superfund Sites,
remedial actions generally should not be designed to protect organisms on an individual basis (with the

exception of certain protected species) but to protect local populations and communities of biota.

" The contaminated areas at the Hillside Range 1 and Range 2 berms total approximately 3,000 square
feet. The adverse risk to ecological receptors would only occur in this very small area which is much less
than 0.1 percent of the surrounding contiguous forested.area. Based on observations during site visits, it
does not appear that populations of plants/invertebrates and/or plant invertebrate community are being
significantly impacted by the metals in these berms. Even if impacts would occur, these impects would be
limited to the areas of the berms where the metals concentrations are elevated. Furthermore, because
these berms comprise only a small portion of the overall habitat for ecological receptors in this area, any
localized impacts to individual ecological receptors will not impact the overall ecology in this area.
Therefore, with regard to the protection of SWMU 7 ecological receptors, metals in these berms will not .
be discussed further in this CMP Report. '

2.1.2 Groundwater Contamination .
Explosi\ies (TNT)

The routine groundwater monitoring reports for 2000, 2001, 2002, 2003, and 2004 (SAIC 2002a, 2002b,
2003a, 2003b, and 2005) (Appendix A) at the ORR identified one explosive (TNT) that exceeded |ts RBTL
at a single monitoring well (06C15). Monitoring well 06C15 is located in the vicinity of the 2003 VIM soil

. excavation (see Figure 1-4).

For reporting years- 2000 through 2004, TNT was detected during all four quarters in one well, 06C15, at
concentrations greater than the RBTL. TNT degradation products were also consistently detected in this
.well specifically 2-ADNT and 4-ADNT. The presence of these daughter products indicates that some
natural attenuation of TNT is occurring.

Based on informatien from these routine monitoring reports and trend plots (Appendix B), the

concentrations of explosives (including TNT) and degradation products 2-ADNT and 4-ADNT in

~ groundwater are decreasing.
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Heptachlor Epoxide

The CCCRA identified one pesticide (hepfachlor epoxide) as a coc (B&RE, 1997). Analysis for
heptachlor epoxide occurs as part of the RCRA Part B Operating Permit routine groundwater monitoring
requirements. Concentrations of heptachlor epoxide ranged from- 0.062 ug/L at monitoring well 06C13 to
2.0 pg/L at monitoring well 06C15. Heptachlor epoxide was not detected during the 2000, 2001, 2002,
2003, and 2004 routine groundwater monitoring for Appendix IX constituents (SAIC, 2002a, 2002b,
2003a, 2003b, and 2005). Therefore, heptachlor epoxide will not be discussed further in this CMP report.

"Metals

-The CCCRA identified three metals (arsenic, beryllium, and manganese) as COCs (B&RE, .1997).
Analysis for these metals occurs as part of the RCRA Part B Operating Permit routine groundwater

* monitoring requirements.

The routine groundwater moni'toring 'repons' indicated RBTL and statistical background exceedances as

follows by reporting year: -

e 2000 - Six metals (afsenic, barifum, cadmium, irén, manganese, and zinc) (SAIC, 2002a)
e 2001 - Four rﬁetals (arsenic, barium, manganese, and zinc) (SAIC, 2002b)

s 2002 - Six metals v(arsenic, barium, manganese, selenium, silver, and zinc) (SAIC, 2003a)
e 2003 - Six metals (arsenic, barium, chromium, lead, manganese, and zinc) (SAIC, 2003b)

* 2004 - Four metals (arsenic, barium, manganese, and lead) (SAIC, 2005).

Appendix A contains sumrhary'information from the routine groundwater monitoring reports.

214 Surface Water Contamination - L )

The CCCRA did not identify any COCs associated with surface water 6ontamination (B&RE, 1997).
Theretore, there is no human or ecological risk associated with surface water contamination at the ORR.

215 Sediment Contamination

The CCCRA did hot identify any COCs associated with sedfment contamination (B&RE, 1997).

Therefore, there is no human or ecological risk associated with sediment contamination at the ORR.
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S22 HHRSE FOR GROUNDWATER

-The ORR' is an active operating RCRA-permitted hazardous waste treatment facility. As. a treatment
facility, ORR is required to perform groundwater monitoring. As part of the monitoring program,
contaminant concentrations in downgradient. monitoring wells are compared to concentrations in
upgradieknt monitoring wells. If the downgradient concentrations are statistically significantly higher than
upgradient concentration and exceed the RBTL specified in the permit, it is necessary to determine
whether corrective measures are required. As a par of this process, an HHRSE was conducted for the

metals and explosive that exceeded these criteria. Appendix C contains the detailed HHRSE.

The HHRSE concluded that arsenic is the only COPC recommended for further evaluation as a potentiel
groundwater COC in the CMP. Therefore, an MCS for arsenic in groundwater was developed
(Section 2.3). ‘ ‘

The ORR is an operating RCRA-permitted hazardous waste treatment facility and no residential actlvmes
are expected to occur at the ORR. However, to ensure no residential Iand use occurs, land use controls

(LUCs) are recommended.

23 MCSs

As stated above, arsenic in groundwater and lead in soil are considered potential COCs; therefore, MCSs
were developed for these constituents. '

- An arsenic MCS of 10 pg/l. is based on the National Primary Drinking Water Regulations' Maximum
Contaminant Level (MCL). ' '

A lead MCS of 400 mg/kg ie required for soils to protect the current on-site construction worker. This is
based on the U.S. EPA Region 9 Preliminary Remediation Goal (PRG) for lead (Appendix D). .

24 CONCEPTUAL SITE MODEL

Contaminants were released into surface/subsurface soils and migrated toward downgradient locations
from those releases to deeper soils and groundwater. The following is a summary of the conceptual site
model for the ORR and OPR:
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There is Ib_calized explosives contamination of groundwater in one monitoring well (06C15). The

presence of the TNT degradation products 2-ADNT and 4-ADNT indicate that natural attenuation is
occurring. - ) '

-

Soil contaminated with explosives in the vicinity of monitoring well 06C15 has been removed. There

is no known remaining source of explosives in soil. - ’

Current operating practices at the ORR have eliminated releases of contaminants to soils and

'groundwater. Therefore, the existing source of the TNT contaminant is being depleted.

The existing use for SWMU 7 is military/industrial. Receptors associated with the existing use include

the site worker, construction worker, and trespasser.

Contaminated groundwater underlying SWMU 7 is not used and therefore does not present a risk

under the industrial use scenario.

Excess risk from soil is present only for the construction worker from exposure to lead in localized

areas at Hillside Range 1 Berm and Range 2 Berm.

Excess risk is present for future residents ingesting groundwater.' Reasonable future uses for SWMU

* 7 do not include residential housing.

_ Thefe is no unacceptable risk to ecological receptors at SWMU 7.
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3.0 REMEDIAL ACTION EVALUATION AT SWMU 7 -

This Section summarizes the. CMs for groundwater and soils remedial action at SWMU 7.

As previously discussed, SWMU 7 is an active RCRA-permitted hazardous waste treatment facility, and
human receptors and pathways of exposure are limited to the existing land use scenario
(military/industrial). Per RCRA requirements, future land use scenarios will be addressed at the time of

closure in the RCRA closure plan.

3.1 CORRECTIVE MEASURES
3.1.1 Groundwater

Two CMs will be considered for explosives in groundwater:

s+ No Action, designated as Alternative GW-1-Exp _

e Limited Action, consiéting of LUCs and long-term monitoring (LTM) is designated as Alternative
GW-2-Exp. The purpose of this élternativev is tor v
.- prevent the use of GW

- determine whether TNT is naturally degrading
Two CMs will be considered for metals in groundwatér.
¢ No Action, designated as Alternative GW-1-Metal
.o Limited Action, consisting of LUCs, designated as Alternative GW-2-Metal. This purpose of this
- alternative is to: '
- prevent the use of groundwater
It should be noted that although Alternative GW-2-Metal does not include LTM for metals, the existing
Groundwater Monitoring Program at SWMU 7 which is required by the. RCRA Operating Permit for the

Open Burning Unit includes monitoring for metals.

"NFA is required f.or pesticides in groundwater.
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3.1.2 Soils

Two CMs will be considered for metals in soils:
e No Action, designated as Alternative S-1

» Limited Action, consisting of removal of lead contaminated soil, off-site dispoéél, ‘and LUCs,

designated as Alternative S-2

- Conduct localized lead removal at the OPR limited to the Hillside Range 1 Berm and Range 2

Berm.
¢ NFA is required for explosives in soil.

¢ NFAis required for PAHs in soil.
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4.0 CORRECTIVE MEASURES COMPARISON

This section evaluates the CMs presented in Section 3.0 and summarized in Table 4-1. The alternatives
are evaluated using the following criteria set forth in the Office of Solid Waste and Emergency Response
(OSWER) Guidance Document 9902.3-2A, RCRA Corrective Action Plan (U.S. EPA, 1995): -

.. Protectien of human health and the environment

e Attainment of MCSs

‘s Control of release sources

» Compliance with applicable standards for waste management
o Other factors including:

- Long-term reliability and effectiveness

- Reduction in toxicity, mobility, or volume of wastes .

-+ Short-term effectiveness

- Implementability

- Cost

Two additional criteria will also be evaluated when the’ required information is available prior to the
selection and implementation of a corrective action measuré. These are regulatory and‘ community
acceptance of the proposed alternative, as follows: ' ' '

. Regulatory'Acceptance' The Navy will respond to comments and resolve issues with the IDEM and
U.S. EPA throughout the finalization of the CMP and other reports pertaining to the corrective

measures selection and implementation process

o Community Accebtance: The Navy has established a Restoration Advisery Board to provide updates

on the environmental activities at NSWC Crane. The Crane RAB members are notified prior to RAB
" meetings, which is currently on ‘an as-needed basis. A website has been established for the
purposes of providing information on the current status of projects and remedial decisions

(http://www.crane.navy.mil/newscommunity/Envir RAB-default.asp?bhcp-1). . Reports on

environmental activities are also maintained as part of the Admlmstratrve Record and access to the
reports is avallable upon request to the NSWC Crane Environmental Department This mechanism
. provides access to reports will be used to obtain input from the local community .on this CMP and
other reports pertairting to the corrective measures selection and implementation process. The

Statement of Basis (SB),. which will be generated following approval of this CMP report, will be the
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official document of record in which the proposed corrective action is first made available to the
‘public. The public will have opportunity to comment on the SB, and the comments will be considered

when selecting the final remedial alternative.

4.1 GROUNDWATER ALTERNATIVES

411 Alternative GW-1-Exp: No Action
41.1.1 Protection of Human Health and the Environment

“Alternative GW-1-Exp is considered primarily és a baseline for comparison to the other corrective
measures alternatives (CMAs). .This alterhative would not be protective of human health because of lack
of 'rhonitoring and institutional controls. Although there are no current users of groundwater at SWMU 7
and thus no unacceptable risks to human receptors, Altemativé GW-1-Exp would not prevent future use

of the aquifer as a drinking-water source, which could result in unacceptable human health risks.

Although there is no current evidence that migration of groundwatér contaminants to surrounding surface
water has. resulted in unacceptable human health or ecological risks, continued migration of the
explosives plume could potentially lead to such unacceptable risks and, in the absence of LTM, there

would be no warning of this.

4.1.1.2  Attainment of Media Cleanup Standards

Alternative GW-1-Exp would eventually attain the explosive MCS through natural attenuation but, in the

absence of LTM, this occurrence would not be verified.

4113 Source_ControI'

Contaminated soils that could have acted as sources of eXpIosives contamination in groundwater have
been excavated and disposed off site as part of the proposed- VIM (TtNUS, 2003). Alternative GW-1-Exp
would not involve any additional source control because no action would be performed as part of this -

alternative and no other source has been identified.

4.1.1.4 Cbmplia'nce with Waste Management Standards

There are no actions to be implemented for Alternative GW-1-Exp and therefore no waste would be

- generated.
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41.1.5  Other Factors

Long-Term Reliability and Effectiveness

Alternative GW-1-Exp would not be reliable and eff\ebtive in the long term because no action would oceur. _
Althbugh explosives concentrations in groundwater would de‘creaéé as a result of natural attenuation, the
effectiveness of this process would not be verified through monitoring. The potential threat to human
‘h,ea'lth and the environment would remain because there.WOulld be no controls to prevent future

L . . .
groundwater use or monitoring to warn of potential contaminant migration.

“Reduction in Toxicity, Mobility, and Volume

Alternative GW-1-Exp would not reduce contaminant mobility. _Alternative GW-1;Exp would reduce the
-toxicity and volume of explosives through natural attenuation, but this would not be verified through

monitoring.

Shont-Term Effectiveness

Altemative GW-1-Exp would involve no action and therefore would not pose any risks to on-site workers

during remedy implementatidn and no environmental impacts would be expected.

Implementability

Because no action would occur, Alternative GW-1-Exp would be readily implementable. The technical

feasibility criteria, including constructability, operability, and reliability, are not applic'able.' .

.Cost

There are no costs associated with the No Action, Alternative GW-1 -Exp.

412  Alternative GW-2-Exp: Land Use Controls and Long-Term Monitoring
41.21 Protection of Human H.ea'lth and the'Enviro'nment

Alternative GW-2-Exp' would be protective of human'heaﬁl‘th and the environment. Natural attenuation -
- would protect human health by reducing explosives concent'ra_tions in groundwater. LUCs would protect

human health by preventing exposure to contaminated groundwater as long as concentrations of
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~ explosives remain .above MCSs. Monitoring would protect human health ‘and the environment by

verifying the progress of groundwater remediation and warning of potential contaminant migration.

4.1.2.2 Attainmeht of MCSs

Alternative GW-2-Exp would eventually attain the explosives MCSs through natural attenuation. Current

site information does not allow the accurate prediction of the timeframe required for natural attenuation to
attain MCSs. '

"4.1.2.3 Source Control

Contaminated soil that could have acted as a source of explosives contamination in groundwater was
excavated and disposed during the 2003 VIM (TtNUS, 2003). The RFI did not identify any other source
-of explosives contamination in soil. Alternative GW-2-Exp would not involve any additional source control

measures.

4124 Compliance with Waste Management Standards

Alternative GW-2-Exp would not involve any removal or ex-situ treatment of contaminated groundwater.’

' However, periodic. sampling activities would generate some residues (e.g., purge water) that would have
to be prope'rly disposed. The volume of residues generated would be very small and waste management

regulations would be easily met.

4125 Othér Factors

Lo_nq-Term Reliability and Effectiveness

' Alternative GW-2-Exp would be reliable and effective in the long-term. Natural attenuation would
eventually reduce groundwater explosives concentrations. LUCs would reliably and effecti;/ely prevent
potential future exposure to contaminated groundwater. Monitoring would reliably and effectively verify
the progress of remediation and warn. of potential contaminant migratidn. Five-year site reviews would
-verify the long-term reliability and effectiveness of Alternati\'/e GW-2-Exp and trigger consideration of

another more active alternative in case this alternative does not perform as expected.
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Reduction in Toxicity, Mobility, and VOIum_e

Alternative GW-2-Exp would not reduce contéminant'mobility. However, Alternative GW-2-Exp would
reduce toxicity and volume of explosives through natural attenuation.

V.
i

Short-Term Effectiveness

—

Alternative GW- 2 -Exp would involve admmlstratlon of LUCs and implementation of LTM. The short-term
human health nsks assocnated with these limited remedial activities would be minimal. Samphng
personnel would undergo site-specific health and safety training and wear appropriate personal protection
equipment (PPE). Implementétion of this alternative would not result in any short-term threat to the

surrounding community or to ecological receptors.

Implementability '

Alternative GW-2-Exp would be readily impiementable. LUCs would be réadily implementable because
SWMU 7 is completely contained within NSWC Crane and would be similar to other LUCs that are
ongoing at other environmental sites within NSWC Crane. Moniioring would also be readily
- implementable and would be similar to other monitoring that is ongoing at several other environmental
sites within NSWC Crane.

”Alfernative GW-2-Exp could-be implemented within approximately 6 months. Current site information

does not allow the accurate prediction of the timeframe required for natural attenuation to attain MCSs.

Cost .

-

The following costs are estimated for Alternative GW-2-Exp: Limited Action (LUCs and LTM):

Capital Cost: S ' $ 3,000

30-Year Net Present Worth (NPW) of Operating and Maintenance (O&M) Costs $142,000
30-Year NPW: . $144,000

The above cost figures have been rounded to the nearest $1,000 to reflect the preliminary nature of these

estimates. Detailed cost estimates are provided in Appendix E-1.

°
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41.3° Alternative GW-1-METALS: No Action

4.1.3.1 Protection of Human Health and the Environment
-

Alternative GW-1-Metals is considered primarily as a baseline for comparison to the other CMAs. This
alternative would not be protective of human health because of lack of monitoring and institutional
controls. Although there are no current. users of groundwater at SWMU 7 and thus no Unacceptable risks
to human receptors, Alternative GW-1-Metals would not prevent future use of the aquifer as a drinking

water source, which could result in unacceptable human health risks.

Although there is no current evidence thét migration of groundwater contaminants to surrounding surface
water has resulted in unacceptable human health or ecological risks, continued migration of the metals
plume could potentially lead to such unacceptable risks and, in the absence of LTM, there would be no

warning of this.

4.1.3.2 Attainment of MCSs

Alternative GW-1-Metals would eventually attain the metals MCSs through natural attenuation

. (e.g., dispersion, dilution) but, in the absenée of LTM, this occurrence would not be \'/eri'fied.

4133  Source Control

Lead-contaminated soils that could be acting as sources of metals contamination in groundwater were
‘identified for excavation and off-site disposal as part of a proposed remediation action at the OPR
- (TtNUS, 2005b). Alternative GW-1-Metals would not involve any additional source control because no

action would be performed as part of this alternative and no other source has been identified.

41.3.4 Compliance with Waste Management Standards

" There are no actions to be implemented for Alternative GW-1-Metals and therefore no waste would be

generated.

41.3.5 Other Factors

Long-Term Reliability and Effectiveness

Alternative GW-1-Metals would not be reliable and effective in the long term because no action would

occur. Although -metal concentrations in groundwater would decrease as a result of natural attenuation
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(e.g., dispersion and dilution) the effectiveness of this process would not.be verified through monitoring.
The potential threat to human he’alth'and the environment would remain because there would be no

controls to prevent future groundwater use or monitoring to warn of potential contaminant migration.

Reduction in Toxicity, Mobility, and Volume

- Alternative GW-1-Metals would not reduce contaminant mobility. Alternative GW-1-Metals would reduce
the toxicity and volume of metals through natural attenuation (e g., dlspersmn dilution) but this would not

be verified through monltonng

Sho'rt-Term Eftectiveness

Alternatlve GW-1-Metals would involve no action and therefore would riot pose any risks to on- sne

- workers during remedy implementation and no-environmental impacts would be expected

Implementability

Because no action would occur, Alternative GW-1-Metals would be readily implementable. The technical

feasibility criteria, including constructability, operability, and reliability, are not applicable.

Cost

There are no costs associated with the No Action Alternative GW-1-Metals.

41.4 _Alternative GW-2 Metals: Limited Action (LUCs)
4.1.4.1 Protection of Human Health and the Env_iro_nment

Alternative GW-2-Metals would be protective of human health and the environment. LUCs would‘protect
human health by preventlng exposure to contaminated groundwater as long as concentrations of

“explosives remain above MCSs.

4.1.4.2 ,Attainment of MCSs

Alternative GW-2-Metals would not attain the metals MCSs.
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41.43  Source Control

Metal-contaminated soils that could be acting as sources of metals contamination in groundwater were
identified for excavation and off-site disposal as part of a proposed remediation action at the OPR
(TtNUS, 200b). Alternative GW-2-Metals would not involve any additional source control because no

action would be performed as part of this alternative and no other source has been identified.

41.4.4.  Compliance with Waste Management Standards

There are no actions to be implemented for Alternative GW-2-Metals and thereforé no waste would be

generated.

4.1.4.5 Other Féctors

-Long-Term Reliability and Effectiveness

~Alternative GW-2-Metals would be reliable and effective in the long-term. LUCs would reliably and

effectively prevent potential future exposure to contaminated groundwater.

Reduction in Toxicity, Mobility, and Volume -

Alternative GW-2-Metals would not reduce contaminant mobility.

Short-Term Effectiveness

© Altérnative GW-2-Metals would involve administration of .LUC's. The short-term human health risks

associated with this limited remedial activity would be minimal. Implementation of this alternative would

not result in any short-term threat to the surrounding community or to ecological receptors.

Implementability

Alternative GW-2-Metals would be ‘readily_implementable. LUCs would be readily implementable-

because SWMU 7 is completely contained within NSWC Crane and would be similar to other LUCs that.
b ~are 'ongoing at other'environmental sites within NSWC Crane. '

Alternative GW-2-Metals could be implanted within approximately 6 months.
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Cost

The following costs are estimated for Alternative GW-2-Metals: Limited Action (LUCs):

Ca'pital Cost: ’ : - $ 3,000
30-Year NPW of O&M Costs: ' $36,000-

30-Year NPW: | , © $40,000

The above cost figures have been rounded to the nearest $1 ,000 to r_eflect the preliminary nature of these

estimates. Detailed cost estimates are provided in Appendix E-2.

4.2 SOIL ALTERNATIVES

4.2.1 : Alterhétive S-1: No Action

4211 Protection of Human Health and the Environment

Alternative S-1 is'considered primarily as a baseline for comparison to the other CMs. This alternative

~would not be protective of human health because of lack of institutional controls. Alternative S-1 would

not prevent exposure to localized lead-contaminated soils, which could result in unacceptable human

health risks.

4212 Attainment of Media Cleanup. Standards

Alternative S-1 would not attain the lead MCS.

4.21.3  Source Control

Localized lead-contaminated soil hés been identified (TtNUS, 2005b). Alternative S-1 would not involve

any source control measures.

4214  Compliance with Waste Management Standards

Because Alternative S-1 would not involve removal of lead-contaminated soil, no waste would be

generated.
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4215  Other Factors

Long-Term Reliability and Effectiveness

Alternative S-1 would not be reliable and effective in the'long term because no action would occur.

Reduction in Toxicity, Mobility, and Volume

Alternative S-1 would not reduce contaminant mobility. V

Short-Term Effectiveness ‘

Alternative S-1 would involve no action and therefore would not pose any risks to on-site workers during -

remedy implementation and no environmental impacts would be expected.

Implementability

Alternative S-1 would be readily implementable because no action would occur. The technicai feasibility

criteria, including constructability, operability, and reliability, are not applicable. .

422 Alternative S-2: Soil Removal and Off-site Disposal

- 4.2.2.1  Protection of Human Health and the Environment

Alternative S-2 would be prétective of human health and the environment. Localized lead contamination

at Hillside Range 1 Berm and Range 2 Berm would be removed and d'isposed off site.

4222  Attainment of Media Cleanup Standards

Alternative S-2 would attain the lead MCS through removal and off-site disposal.

- 4223 Source Control

Localized lead-contaminated soil has been identified (TtNUS, 2005b). Removal and off-site disposal of

the localized lead-contamination would provide for lead source control. .
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4224 Compliance with Waste Management Standards

Alternative S-2 would involve removal but no treatment of Iead-‘contaminated soil. The volume of waste

generated in the removal would be disposed in an approved hazardous waste land disposal.

4225 ' Other Factors

Long-Term Reliability and Effectiveness

Removal is a well-proven and effective method of removirig contaminated material from a site. . Off-base
hazardous I'ahdfilling'WOuId not treat or destroy lead-contaminated soil; however, it would permanently
and irreversibly remove it from SWMU 7. Properly designed excavation could remove soil with
concentrations of lead greater than the MCS to attain the CAOs and to allow for unres-tricted future use of
the site. Excavation would be limited to sufrface soil (2 feet bgs) to address unacceptable human health

risks.

Sampling is typically required to verify the effectiveness of a removal action. Soil samples would be
collected from the sideVA/'alls and, as applicable, from the bottom of the excavation. These samples would

be analyzed for lead to ensure that the remaining soil is not contaminated at unacceptable levels.

This technology would be an effective disposal option for the SWMU 7 lead-contaminated soil. Off-base
- landfills are only permitted.to operate if tﬁey meet certain requirements of design and operation governing
foundation, liner, leak detection, leachate collection and treatment, daily coVér, post-closure inspections,
etc., which ensure the effectiveness of these facilities. '

¢

Reduction in Toxicity, Mobility, and Volume

Alternative S-2 would reduce contaminant mobility and volume of lead-contaminated soil at SWMU 7.
Alternative S-2 would not reduce the toxicity of the lead-contaminated soil but would transfer it to an off
site landfill.

Short-Term Effectiveness

The short-term human health risks associated with these limited remedial activities as well as removal
and off-site disposal would beimini_mal. Soil removal would be conducted by third-party consultants with

personnel trained in the removal of hazardous wastes. Sampling personnel would undergo site-specific
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health and safety training and wear appropriate PPE. Implementation of this alternative would not result

in any short-term threat to the surrounding community or ecological receptors.

~ Implementability

Alternative S-2 removal and off-site disposal would be readily implementable.
Alternative S-2 could be implemented within approximately 6 months.

Cost

Alternative S-2 would require the removal of approximately 33 and 17 cubic yards (yd3) of contaminated
soil for the Hillside Range 1 Berm and Range 2 Berm, respectively, with off-site disposal as hazardous

waste (See Appendix E-3 for remediation volume estimate).

There are six and three areas of localized lead-contamination which are approximately 15 by 10 feet by
1 foot deep for Hillside Range 1 Berm and Range 2 Berm, respectively (Appendix E-3). Difficulties in
precision excavation of such small areas are anticipated. Therefore, it is assumed that the areas
immediately adjacent to the |ead-éontaminated areas would also be excavated as well as the excavation
depth would slightly exceed 1 foot resulting in approximately 100 yd3 of excavated soils (Appendix E-4).
The estimated removal and diéposal costs for 100 yd? of lead-contaminated soil at Hillside Range 1 Berm
and Range 2 Berm are $126,500 and $101,500 when disposed as hazardous waste (Appendix E-5) and
non-hazardous waste (Appendix E-6), respectively. Both the hazardous and non-hazardous waste costs
exclude the cost associated with bid document preparation, field oversight, confirmation sampling, and

remediation documentation report. .

The following costs are estimated for Alternative S2-Metals:

Excavation and' Non-Hazardous Waste Off-Site Disposal:

Capital Cost: | | _ | $101,000.

30-qur NPW of Annual Costs: : o $ 22,000

30-Year NPW: . ' $124,000
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Hazardous Waste _
Capital Cost: : ' ' : $127,000

' 30-Year NPW of Annual Costs: S \‘ $ 22,000

30-Year NPW: ‘ . ’ ? $149,000

The above cost figures have been rounded to the nearést $1,000 to reflect the preliminary nature of these

estimates.

43 SWMU 7 CMP CONCLUSIONS

The following sections summarize conclusions of the CMP for SWMU 7. These recommendations are
based on the conceptual site model which has been presented in Section 2.4 and focuses on existing and
planned future uses for the ORR and the OPR (military/industrial). ,

431  Groundwater

The following recommendations are made for the site groundwater:

e Screening and detailed ‘evaluations of- alternatives to address excess risk from ingestion of
groyndwater to the site workers, constructidn-workers, and trespassers at SWMU 7 are not necessary
because none of .thése receptors are exposed to groundwater and all exposure to. Qroundwater can
be prevented by LUCs. ' '

e For explosives contamination- in groundwater, Alternative GW-2-Exp (LUCs. and LTM) is the
. recommended alternative. LUCs should be designed to prevent the use of groundwater. LTM should
_ be designed to provide information as to whether explosives (TNT) contamination is degrading

naturally.

« For metals contamination in groundwater, Alternative GW-2-Metals (LUCs) is the recommended.

alternative. LUCs should be designed to prevent the use of groundwater.

4.3.2 Soils

The following recommendations are made for the site soils:
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e Screening and detailed evaluations of alternatives to address excess risk from exposure to explosives

_in soils are not necessary because of the 2003 VIM.

.« Screening and detailed evaluations of aiternatives to address excess risk from exposure to lead-
contaminated soils for site workers, construction workers, and trespassers at SWMU 7 are not
necessary. The existing risk can be mitigated by the removal of a small quantity of soil -

(approximately 50 to 100 yd3). This small quantity does not warrant a detailed alternative evaluation.
s Alternative S-2 (lead-contaminated soil removal and LUCs) is the recommended alternative for lead in
soils. A remediation of localized lead-contamination at Hillside Range 1 Berm and Range 2 Berm

should be conducted. LUCs should be evaluated to assure that no changes occur in current
military/industrial use of SWMU 7. ‘
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INVESTIGATION STAGE REMEDIAL ACTION EVALUATION PHASE

. Document. I Findings/Evaluations ' Conclusions Considerations Evaluation/Conclusions Remedy
Human Health (Groundwater): A -
Explosives (DNT, TNT, and CCCRA Excess risk from DNT, TNT, and RDX | Conduct further evaluations ¢ Groundwater not used e LUC/LTM1o prevent use of

RDX)

Routine Groundwater_
Monitoring Program

Statistical comparison to background
and RBTLs '

TNT and daughter products in well
06C15 are only explosives detected

e TNT present only in one well
{(MWO06C15).

¢ TNT degradation is occurring

* MWO06C15 located near.location where
VIM was conducted -

¢ Data indicates that plume is stable
(limited to one well)

* No risk to current receptors was
identified. :

1e NAand LUC/LTMonly .

remedial actions evaluated.

groundwater and to
determine whether TNT is
naturally degrading

Pesticides (heptachlor epoxide)

Excess risk for future park visitor

CCCRA Conduct further evaluations
(Beech Creek Aquifer) . .
Routine Groundwater | Not detected ' Not detected

Monitoring Program

¢ Heptachlor epoxide not present in
groundwater

¢ None required

« NFA

=~

« Gfoundwater not used

K LUC|to prevent use of

Metals (Ag, As, Ba, Cd, Mn, Pb, CCCRA 1 excess risk from As and Be Conduct further evaluations + No risk to current receptors was
Se, and Zn) ‘ * Risk screening showed As to be only identified. _ groundwater
_ K metal exceeding risk thresholds or MCLs | ¢ NA and LUC only remedial

Routine Groundwater Statistical comparison to background | Ag, As, Ba, Cd, Mn, Pb, Se, and Zn actions evaluated.
Monitoring Program and RBTLs exceeds RBTL '

Human Health (Soils): . _

Explosives (TNT) CCCRA HHRA and ERA conducted for TNT NFA  No evaluation necessary ¢ None required e NFA ,
Phase Il Soils RFI Proceed to VIM for 2 highest TNT - « VIM conducted at ORR + Following the VIM, No risk for ¢ NFA

1 AOC for TNT identified

areas (07SB16/07SB47)

. explosives

Metals (As and Pb)

Phase | Soils RFI

and future resident at ORR

Excess risk (As) for industrial worker -

Defer until closure of unit -

Phase Il Soils RFI -
Addendum 1

Excess risk for three metals Cu, Pb,
and Sb.. Pb was the risk driver.

Conduct further evaluation’

e Limited area of Pb contamination at OPR

o Risk presented.to industrial

worker and future residents -
» Residential use will not occur
o Industrial use does oceur

e Conduct limited removal
action '

s LUCs to prevent residential
use

PAHs [B(a)A, B(a)F, B(a)P, DBA,

and IP)

CCCRA

Excess risk from ingestion of B(a)P,’
B(a)F, DBA, and IP o

Conduct further evaluations

"Phase 1l Soiis RFI

| 41 grab/combosite samples collected

for PAH analysis

NFA

¢ None required

NA

NFA
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CCCCRA. B&Ft Environmental (Brown and Root Environmental), 1997. Current Contamination Conditions Risk Assessment (CCCCRA) -SWMU #03/10 (Ammunition Burning Ground), SWMU #07/09 (Old Rifle Range) SWMU #06/09 (Demolition Range), November
Phase lll RFI Report — Addendum 1. RCRA Facility Investrgatron for Solid Waste Management Unit 7 (Old Rifle Range). Naval Surface Warfare Center, Crane Division, Crane, Indlana September 2005
Phase Ill RFI Report. RCRA Facility lnvestrgatron for Solid Waste Management Unit 7 (Old Rifle Range). Naval Surface Warfare Center Crane Division, Crane, Indiana, September 2005.

Routine Groundwater Monitoring Program 2002a; 2002b; 2003a; 2004, and 2005. SAIC Annual Groundwater Monitoring Reporting for Ammunition Burning Grounds, Old Rifle Range, and Demo Range. Calendar year (CY) 2000 (December 16, 2002); CY 2001
(December 16, 2002) CY 2002 (October 31, 2003); CY 2003 (August 12, 2004); and CY 2004 (September29 2005) respectrvely Naval Surface Warfare Center, Crane Division, Crane, Indiana.

-Ag silver
As arsenic
B(a)A benzo(a)anthracene
B(a)F i ‘ benzo(a)fluoranthene
B(a)P -.. benzo(a)pyrene -
Ba barium
Be beryllium
. Cd " - cadmium
Cu . copper
cy calendar year
DBA dibenzo(a,h)anthracene
DNT -~ dinitrotoluene
1P indeno(1,2,3-cd)pyrene
LTM long term monitoring
LUC ' land use control
MCL maximum contaminant levels
Mn manganese
NA , not applicable
NFA . no further action
~ORR - OldRifle Range
OPR Old Pistol Range.
PAHSs polynuclear aromatic hydrocarbons
Pb lead
RBTL risk-based target level
RDX cyclo-trimethyl-trinitramine
Sb - antimony
" Se . selenium i
TNT ~2,4,6-trinitrotoluene
VIM Voluntary Interim Measure

Zn zinc
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'8.2 OId Rifle Range |
_ The well network at the ORR monitors the Big Clifty sandstone and the Beech Creek

limestone. The two formations are undérlain by the Elwren shale aquiclude and are
considered one aquifer. One monitoring well network, consisting of five wells, 1s
screened in the upper part of the Big Clifty, including a portion of the thick soil zone that
covers the site. The deeper monitoring well network, consisting of nine wells, is
screened near the base of the Beech Creek. Comparlsons of water levels between palred
wells indicate little difference between the upper and lower wells. Groundwater flow
through the limestone is primarily through a system of connected joints. The Big Clifty

and Beech Creek formations beneath the ORR contain more open discontinuities than the

same formations at other sites in the study area (Tetra Tech, 1999).

Metals and explosives were identified as contammants at the ORR by the USACE

- sampling in the early 1990's (Murphy, 1995). The USACE identified arsenic, nickel, and

manganese as statistically significant contaminants. Barium, copper, and antimony - -
persisted in four rounds of sampling, but were. considered naturally occurring or artifacts
of sampling. TNT, RDX, and HMX were found "persistently" in ﬁve wells on the

‘northern half of the ORR by the USACE.

Figures 8.2.1-8.2.4 show all detections, by quarter, for the upper Big Clifty monitoring
wells at the ORR. Values that exceeded the RBTL are flagged. Detections in the upper
Big Clifty were mainly metals and other inorganics. Samples were analyzed for organic
compounds in only the second quarter. Detections of organics were limited to Bis(2-
ethylhexyl)phthalate in two wells. Bis(2-ethylhexyl)phthalate is a common lab
contaminant. The lab QC blank associated with the sample for well 06C11P2 indicates
that the detection is likely a lab artifact (Table 6.2.3). No explosives were detected in any
of the four quarters. Barium and manganese were the most frequently detected metals
(100% of samples), often at levels above the RBTL (100% and 75%, respectlvely) Other
metals detected include arsenic, cadmium, selenium, and antimony. '

Figures 8.2.5-8.2.8 show all detections, by quarter, for the Big Chﬁy/Beech Creek

* monitoring wells at the ORR.. Values that exceeded the RBTL are flagged. Similar to

results in the upper wells, detections in the lower wells were mainly metals and other
inorganics. Like the upper wells, barium and manganese were frequently detected (100%

- and 78% of samples, respectively), often above the RBTL (100% and 61% of samples,

respectively). Arsenic was also detected with some frequency (53% of samples),
however, above the RBTL less frequently (19% of samples). Other metals detected more

~than twice include antimony, zinc, cadmium, copper, and selenium. Detections of
organics were limited to Bis(2-ethylhexyl)phthalate in well 06C18 in only the second

quarter. Detections of explosives at the ORR were limited mostly to well 06C15. Three

- compounds were detected in well 06C15 in both the third and fourth quarters: TNT, 2-

Amino-4,6-dinitrotoluene, and 4-Amino-2,6-dinitrotoluene. Of the detections of

' ‘explosives, only TNT exceeded the RBTL.

ORR results were evaluated to determine which constituents were Statistically higher than

background (Section 7.0). Table 8.2 shows the ORR results that were significantly high
and exceeded an RBTL in at least one of the four quarters. - Monitoring point objectives -
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as per the GWMP (Tetra Tech NUS, 1999) are noted in the table. Constituents that

“exceeded both thresholds in ORR wells were limited to the metals arsenic, barium, . ‘
" .cadmium, zinc, iron; and manganese.

RDX and HMX were not detected in any ORR well in the quarterly sampling of 2000.

- TNT was detected all four quarters in one well, 06C15, at concentrations greater than the

RBTL. However, the TNT concentrations were not significantly higher than background.

- Nitro-toluene daughter compounds were also consistently detected in well 06C15,

specifically 2-Amino-4, 6-dinitrotoluene and 4-Amino-2, 6-dinitrotoluene. The presence
of the nitro-toluene daughter products indicates that some natural attenuation is occurring
in the system. The concentrations of 2-Amino-4, 6- dinitrotoluene and 4-Amino-2, 6-
dinitrotoluene were determined to be significantly higher than background. However, -
these two compounds were not evaluated for inclusion in Table 8.2 because an RBTL has

. not been established for them due to a lack of risk-based criteria (Tetra Tech NUS, 1999).

Similar to results at the ABG, total and dissolved barium were detected above the RBTL
of 3.9 ng/L in all wells in all sampling rounds. Figure 8.2.9 shows the quarterly total
barium concentrations in the Big Cllﬁy/Beech Creek aquifer (see Figure 8.2.1 for well
references). Barium concentrations in the upper Big Clifty wells are similar to the
concentrations found in the deeper wells (Figure 8.2.10) (see Figure 8.2.5 for well
references). However, more of the wells in the deeper network were determined to be
significantly higher than background (Table 8.2). Four of the POC wells in the Big

" Clifty/Beech Creek network (06C11, 06C13, 06C16, 06C18) and the downgradient well

06C19 had barium concentrations greater than the RBTL and significantly higher than
background. The wells in the Upper Big Clifty that exceeded both thresholds include two
POC wells on the eastern perimeter; 06C13P2 and 06C18P2. Similar to the ABG,

-elevated barium concentrations at the ORR may be due to natural or background

conditions at the site. As discussed previously, results from the Basewide Background
Soils Investigation indicated that all of the barium samples were greater than the SRBTL

~ of 1.04 mg/kg. Unlike the ABG, however, we did not have soil data specific to the ORR

to compare to the background levels.

_ Manganese was detected above the RBTL of 50 pg/L conSIStently in five wells screened

in the Big Clifty/Beech Creek aquifer (Figure 8.2.11) (06C12, 06C13, 06C14, 06C18, and
06C19) In addition to exceeding the RBTL, concentrations in each of these five wells
were significantly higher than background (Table 8.2). Manganese concentrations in the
upper aquifer exceeded both thresholds in four wells at the eastern edge of the site
(03C11P2, 03C13P2, 03C18P2, 03C19P2) (Figure 8.2.12 and Table 8.2).

Arsenic was found above the RBTL of 2 pg/L in two of the Big Cliﬁy/Beech Creek POC
well, 06C13 and 06C11, and the downgradient well 06C19 (Figure 8.2.13). Similar
results were found in the corresponding shallow wells in the Upper Big Clifty network; .

- point of compliance wells 06C13P2 and 06C18P2 had concentrations greater than the

RBTL. Of the arsenic exceedances, results from POC wells 06C13P2, 06C13, 06C18P2
and downgradient well 06C19P2 were significantly higher than background (Table 8.2).
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Table 8.2 Old‘Ri.ﬂe Range MOn_itoring Points with results exceeding RBTL and

statistically higher than background. [C, Compliance; DG, Downgradient]

Parameter

Well

MP Objective

RBTL Exceedances by

Quarter

1st | 2nd | 3rd | 4th

Big Clifty

METALS

Old Rifle Range — Upper
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8.2 Old Rifle Range

The well network at the ORR monitors the Big Cliﬁy sandstone and the Beech Creek
limestone. The two formations are underlain by the Elwren shale aquiclude and are -

considered one aquifer. One monitoring well network, consisting of five wells, is

screened in the upper part of the Big Clifty, including a portion of the thick soil zone that

" covers the site. The deeper monitoring well network, consisting of nine wells, is

screened near the base of the Beech Creek. Comparisons of water levels between paired
wells indicate little difference between the upper and lower wells. Groundwater flow
through the limestone is primarily. through a system of connected joints. The Big Clifty
and Beech Creek formations beneath the ORR contain more open discontinuities than the
same formations at other sites in the study area (Tetra Tech, 1999).

Metals and explosives were identified as contaminants at the ORR by the USACE
sampling in the early 1990's (Murphy, 1995).+ The USACE identified arsenic, mckel and

~ manganese as statistically significant contaminants. Barium, copper; and antimony

persisted in four rounds of sampling, but were considered naturally occurring or artifacts
of sampling. TNT, RDX, and HMX were found "pers1stently" in five wells on the
northern half of the ORR by the USACE.

Figures 8.2.1- 8.2.4 show all detections, by quarter, for the upper Big Clifty monitoring
wells at the ORR. For associated lab qualifiers, please see Tables 6.2.1 — 6.2.5. Values
that exceeded the Risked-Based Target Level are flagged. . Detections in the upper Big
Clifty were predominantly metals and other i morgamcs Samples were analyzed for
organic compounds in only the second quarter: ‘Detections of organics were limited to
Total Organic Carbon (TOC) and Total Organic Halogens (TOX). No explosives were
détected in any of the four quarters. Barium and manganese were the most frequently
detected metals (100% and 85% of samples), usually at levels above the RBTL (100%
and 80% of samples, respectively). Other metals detected in at least 25% of the samples

include arsenic, cadmium, selenium, and antimony.

Figures 8.2.5-8.2.8 show all detections, by quarter, for the Big Clifty/Beech Creek

monitoring wells at the ORR. Values that exceeded the Risked-Based Target Level are

flagged. Similar to results in the upper wells, detections in the lower wells were mainly
metals and other inorganics. Similar to results in the upper Big Clifty wells, barium and
manganese were frequently detected (100% and 74% of samples, respectively), often
above the RBTL (100% and 58% of samples, respectively). Arsenic was also detected
with some frequency (49% of samples), however, above the RBTL less frequently (19%
of samples) than barium and manganese. Other metals detected in at least 25% of
samples include antimony, chromium, copper, nickel, and zinc. With the exception of .
TOC and TOX, detections of organics were limited to Bis(2-ethylhexyl)phthalate in one
sample from well 06C12. Bis(2-ethylhexyl)phthalate is a common lab contaminant.
However, quality control samples associated with the analysis do not indicate lab
contamination. Detections of explosives at the ORR were limited to well 06C15. Two
compounds were detected in three quarters (and a field duplicate) in well 06C15: 2-
Amino-4,6-dinitrotoluene, and 4-Amino-2,6-dinitrotoluene. Two other compounds were
detected in'well 06C15: TNT (three of four quarters) and 1,3,5-Trinitrobenzene (two. of
four quarters). Only the three detections of TNT exceeded a RBTL.
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ORR results were evaluated to determine which constituents were statistically higher than
background (Section 7.0). Table 8.2 shows the ORR results that were significantly high
and exceeded an RBTL in at least one of the four quarters. Monitoring point objectives
as per the GWMP (Tetra Tech NUS, 1999) are noted in the table. Inorganics that
exceeded both thresholds'in ORR wells were llmlted to the metals arsenic, barium, zinc,
and manganese.

As mentioned above, detection of explosives at the ORR in 2001 was predominantly
nitrotoluene daughter compounds in one well, 06C15. Well 06C15 is located in the
northern portion of the ORR. RDX and HMX were not detected in.any ORR well in the
quarterly sampling of 2001. TNT was detected above the RBTL in three samples from
well 06C15, and all three results were significantly higher than background. No
explosives were found in the upgradient well, 03CO08. Nitro-toluene daughter compounds
~.were consistently detected in well 06C15, specifically 2-Amino-4, 6-dinitrotoluene and 4-
Amino-2, 6-dinitrotoluene. The presence of the nitrotoluene daughter products indicates
that some natural attenuation is occurring in the system. The concentrations of 2-Amino-

‘ 4, 6-dinitrotoluene and 4-Amino-2, 6-dinitrotoluene were determined to be significantly

higher than background. However, these two compounds were not evaluated for
inclusion in Table 8.2 because an RBTL has not been established for them due to a lack
of risk-based criteria (Tetra Tech NUS 1999).

Similar to results at the ABG, total and dissolved barium were detected above the RBTL.
of 3.9 pug/L in all wells in all sampling rounds. .Figure 8.2.9 shows the quarterly total
barium concentrations in the Big Chfty/Beech Creek aquifer (see Figure 8.2.1 for well
references). Barium concentrations in the upper Big Clifty wells are similar to the

" concentrations-found in the deeper wells (Figure 8.2.10) (see Figure 8.2.5 for well
references). However, more-of the wells in the deeper network were determined to be
significantly higher than background (Table 8. 2) Four of the POC wells in the Big
Clifty/Beech Creek network (06C11, 06C13, 06C16, 06C18) and the downgradient well
06C19 had barium concentrations greater than the RBTL and significantly higher than_
background. The wells in the Upper Big Clifty that exceeded both thresholds include two
POC wells on the eastern perimeter, 06C13P2 and 06C18P2. Similar to the ABG,
elevated barium concentrations at the ORR may be due to natural or background
conditions at the site. As discussed previously, results from the Basewide Background
Soils Investigation indicated that all of the barium samples from the base were greater
than the SRBTL of 1.04 mg/kg. Unlike the ABG, however, we did not have soil data
specific to the ORR to compare to the background levels.

Manganese was detected above the RBTL of 50 ug/L consistently in five wells screened
in the Big Clifty/Beech Creek aquifer (Figure 8.2.11) (06C12, 06C13, 06C14, 06C18, and
06C19). In addition to exceeding the RBTL in every quarter, concentrations in each of
these five wells were significantly higher than background (Table 8.2). Manganese .
concentrations in the upper aquifer exceeded both thresholds in four wells at the eastern
edge of the site (03C11P2, 03C13P2, 03C18P2, 03C19P2) (Figure 8.2.12 and Table 8.2).

Arsenic was found above the RBTL of 2 pg/L in two of the Big Clifty/Beech Creek POC
wells, 06C13 and 06C18 (Figure 8.2.13). Similar results were found in the corresponding
shallow wells in the Upper Big Clifty network; point of compliance wells 06C13P2 and
06C18P2 and downgradient well 06C19P2 had concentrations greater than the RBTL. Of -
" the arsenic exceedances, results were significantly higher than background from POC
wells 06C13P2, 06C13, 06C18P2, 06C18, and downgradient well 06C19P2 (Table 8.2).
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Table 8.2 Old Rifle Range Monitoring Points with results exceeding RBTL and
statistically higher than background. [C = Compliance; DG = Downgradient; MP
Objective = type of well]

4 RBTL Exceedances by Quarter
Parameter Well MP Objective| 1st | 2nd | 3rd | 4th
' Old Rifle Range — Upper Big Clifty
METALS K ) .
Arsenic 06C13P2 C X X X X
06C18P2 C X X X X
. I 06C19P2 DG X X X X
Arsenic (filtered) - 06C13P2 C X X X X
' 06C18P2 C X X X ' '
Barium 06C13P2 C. X X X X
' 06C18P2 C X X X X
Barium (filtered) - 06C18P2 C X X X X
Manganese -06C11P2 C X X X X
06C13P2 . C X X X X
06C18P2 C X X X X
06C19P2 DG X - X X X
Manganese (filtered) 06C11P2 9 X X X X
' 06C13P2 C X X - X X
06C18P2 C X X X X
06C19P2 DG X X X X
Zinc (filtered) 06C18P2 C : - X
' Old.Rifle Range — Beech Creek Aquifer
METALS L ,
Arsenic . 06C13 | S C X X X X
- 06C18 | C X X
‘Arsenic (filtered) 06C13 C X X X X
Barium - 06C11 C X X X X
06C13 C X X X X
06C16 C . X X X X
- 06C18 Cc X X X X
Barium (filtered) 06C11 C X X X X
‘ ' 06C13 C - X X X X
06C16 Cc - X X X X
06C18 Cc X X X X
» 06C19 DG X X X X.
‘Manganese 06C12 . C X X X X
06C13 C X X X X
06C14 C X X X X
06C18 o X X X X
: 06C19 DG X X X X
‘Manganese (filtered) 06C11 C X .
' 06C12 C X X X X
06C13 c X X X X
06C14 C X X X X
06C18 C X X X X
. . 06C19 DG X X X X
Zinc (filtered) 06C13 [ X
, Old Rifle Range — Beech Creek Aquifer
EXPLOSIVES _ . .
2 .4.6-Trinitrotoluene [ 06C15 | C [ HES [ X
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8.2 Old Rifle Range

The well network at the Old Rifle Range momitors the Big Clifty sandstone and the Beech
Creek limestone. The two formations are underlain by the Elwren shale aquiclude and
are considered one aquifer. One monitoring well network, consisting of five wells, is
screened in the upper part of the Big Clifty, including a portion of the thi_c]{ soil zone that
covers the site. The deeper monitoring well network, consisting of nine wells, is
screened near the base of the Beech Creek. Comparisons of water levels between paired
wells indicate little difference between the upper and lower wells. Groundwater flow
through the limestone is primarily through a system of connected joints. The Big Clifty -

‘and Beech Creek formations beneath the ORR contain more open discontinuities than the

same formations at other sites in the study area (Tetra Tech, 1999).

Metals and explosives were identified as contaminants at the ORR by the USACE
sampling in the early 1990's (Murphy, 1995). The USACE identified arsenic, nickel, and
manganese as statistically significant contaminants. Bartum, copper, and antimony '
persisted in four rounds of sampling, but were considered naturally occurring or artifacts
of sampling. TNT, RDX, and HMX were found "persistently” in five wells on the

“northern half of the ORR by the USACE.
- Figures 8.2.1-8.2.4 show all detecﬁons, by'quaner, for the upper Big Clifty monitoring

wells at the ORR. For associated lab qualifiers, please see Tables 6.2.1-6.2.5. Values
that exceeded the RBTL are flagged. Detections in the upper Big Clifty were
predominantly metals and other inorganics. Samples were analyzed for organic
compounds in only the second quarter.. Detections of organics were limited to total -

. organic carbon (TOC) and total org'anic halogens (TOX). No explosives were detected in *

any of the four quarters. Barium and manganese were the most frequently detected
metals (100% and 85% of samples), usually at levels above the RBTL (100% and 80% of

samples, respectively). Other metals detected in at least 25% of the samples include

arsenic and antimony.

Figures 8.2.5-8.2.8 show all detections, by quarter, for the Big Clifty/Beech Creek

“monitoring wells at the ORR. Values that exceeded the RBTL are flagged. Similar to

results in the upper wells, detections in the lower wells were mainly metals and other
inorganics. Barium and manganese were frequently detected (100% and 69% of samples,
respectively), often above the RBTL (100% and 58% of samples, respectively). Arsenic
was also detected with some frequency (47% of samples), however, above the RBTL less

~ frequently (25% of samples) than barium and manganese. Other metals detected in at.

least 25% of samples include antimony and zinc. With the exception of TOC and TOX,
detections of organics were limited to one detection of 2,4-D. Detections of explosives at
the ORR were limited to well 06C15. Explosives detected in well 06C15 include 2,4,6-
trinitrotoluene and 1,3,5-trinitrobenzene and degradation products 2- am1no-4 6-
dinitrotoluene and 4-amino- 2 ,6-dinitrotoluene. :

The 2002 ORR results were mcorporated with the 2000-2001 data and evaluated to
determine which constituents were statistically higher than background (Section 7.0).
The statistical analysis was done both with and without the outlying data points. Table

8.2.1 shows the ORR results that were significantly high and exceeded an RBTL in at

least one of the four quarters. Monitoring point objectives as per the GWMP (Tetra Tech
NUS, 1999) are noted in the table. Inorganics that exceeded both thresholds in ORR

- wells were limited to the metals arsenic, barium, zinc, and manganese.
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- As mentioned above, detection of explosives at the ORR in 2001 was predominantly

TNT and nitro-toluene degradation products in one-well, 06C15. Similar results were
observed in results from quarterly sampling in 2000 and 2001. Well 06C15 is located in
the northern portion of the ORR. RDX and HMX were not detected in any ORR well in
the quarterly sampling of 2002. TNT was.detected above the RBTL in all four samples
from well 06C15. Statistical analysis found the TNT results to be significantly higher
than background. No explosives were found in the upgradient, background well, 03C08.
Nitro-toluene daughter compounds were also consistently detected in well 06C15,

specifically 2-amino-4, 6-dinitrotoluene, 4-amino-2, 6-dinitrotoluene, and 1,3,5-
Trinitrotoluene. The presence of nitrotoluene daughter products in the wells indicates

that some natural attenuation is occurring in the system. The concentrations of 2-amino-
4, 6-dinitrotoluene and 4-amino-2, 6-dinitrotoluene were determined to be significantly
higher than background. However, these two compounds were not evaluated for _
inclusion in Table 8.2 because an RBTL has not been established for them due to a lack
of risk-based criteria (Tetra Tech NUS, 1999). :

Similar to results at the ABG, total and dissolved barium were detected above the RBTL
of 3.9 ug/L in all wells in all sampling rounds. Figure 8.2.9 shows the quarterly total
barium concentrations in the Big Clifty/Beech Creek aquifer (see Figure 8.2.5 for well
references). Barium concentrations in the upper Big Clifty wells are similar to the
concentrations found in the deeper wells (Figure 8.2.10) (see Figure 8.2.1 for well
references). However, more of the wells in the deeper network were determined to be

significantly higher than background (Table 8.2). Six of the POC wells in the:Big
Clifty/Beech Creek network (06C11;:06C12, 06C13, 06C16, 06C18, 06C19) had filtered : : - -

barium concentrations greater than the RBTL .and significantly higher than background
when the data outliers were removed. Three of the POC wells in the Big Clifty/Beech
Creek network (06C13, 06C16, 06C18) had filtered barium concentrations greater than
the RBTL and significantly higher than background when the data outliers were not
removed. The wells in the Upper Big Clifty that exceeded both thresholds include two
POC wells on the eastern perimeter, 06C13P2 and 06C18P2. Similar to the ABG,
elevated barium concentrations at the ORR may be due to natural or background
conditions at the site. As discussed previously, results from the Basewide Background
Soils Investigation indicated that all of the barium samples from the base were greater
than the SRBTL of 1.04 mg/kg. Unlike the ABG, however, we did not have soil data
specific to the ORR to compare to the background levels.

- Manganese was detected above the RBTL of 50 pg/L consistently in five wells screened

in the Big Clifty/Beech Creek aquifer (Figure 8.2.11) (06C12, 06C13, 06C14, 06C18, and
06C19). In addition to exceeding the RBTL in every quarter, concentrations in each of
these five wells were significantly higher than background (Table 8.2). Well 06C11 also
exhibited concentrations that exceeded both thresholds. Manganese concentrations in the
upper aquifer exceeded both thresholds in four wells at the eastern edge of the site
(03C11P2, 03C13P2, 03C18P2, 03C19P2) (Figure 8.2.12 and Table 8.2). '

Arsenic-was consistently found above the RBTL of 2 pg/L in two of the Big Clifty/Beech
Creek POC wells, 06C13 and 06C18 (Figure 8.2.13). Similar results were found in the
corresponding shallow wells in the Upper Big Clifty network; point of compliance wells
06C11P2, 06C13P2, 06C18P2 and downgradient well 06C19P2 exhibited concentrations’
greater than the RBTL. Of the arsenic exceedances, results were significantly higher than
background in POC wells 06C13P2, 06C13, 06C18P2, and downgradient well 06C19P2
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(Table 8.2.1) Old Rifle Range Monitoring Points with results exceeding RBTL and
statlstlcally higher than background. {C = Comphance, DG Downgradient; MP
Objective = type of well]

2002 RBTL Exceedances by Quarter

Parameter Well MP Objective| 1st | 2nd | 3rd | 4th

Old Rifle Range — Upper Big Clifty

"METALS

Arsenic - " —_[o6C13P2

06C18P2

06C19P2

Arsenic (filtered) 06C13P2
: 06C18P2

Barium . 06C13P2

06C18P2

Barium (filtered) 06C18P2

Barium (filtered)
Outliers Removed - 06C13P2

06C18P2

'Manganese 06C11P2

06C13P2

06C18P2

06C19P2

langanese (filtered) 06C11P2

06C13P2

olojolBlolpjoin|o  |ooojojol@o)n

06C18P2

06C19P2 DG

xxxxxxxxxxx <3< [ >[I ¢
;;xgxxxxxxx xxxxxxxx
i._.><><><><><>:<><><><>< xxxxxxxx
-xxxxxxxxxk.xxxxxxxx

Selenium (filtered) | 06C18P2 C

Old Rifle Range — Beech Creek Aqunfér

METALS.

Arsenic : 06C13

IArsenic (filtered) 06C13

Barium 06C11

06C13

06C16

06C18

Barium (filtered) | 06C13
, 06C16

06C18

Barium (filtered)

Outliers Removed 06C11
: 06C12

06C13

06C16

- 06C18

<D< 1< D¢ || ||| x> -

06C19

XX XXX XX XXX XX

"Silver , 06C15

Lead . 06C11

Manganese 06C11

06C12

-06C13

06C14

06C18

06C19

Manganese (filtered) | 06C11
; T 06C12

> {3<| 3| <>¢ [ > || [ [ |> [ [>¢ <[> [ <> ||| -

olojo|Blolo|o|alolo|oBlolnloolo  |olololololojo|olo

X[X| x|
I [¢| x|
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06C13
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06C14 C X X X X
06C18 Cc X X X X.
06C19 DG X X X X
Zinc (filtered) 06C13 C X X
Old Rifle Range — Beech Creek Aquifer
EXPLOSIVES
| C ] [ X | X X

2,4,6-Trinitrotoluene

06C15 |
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8.2 Old Rifle Range

The well network at the Old Rifle Range monitors the Big Clifty sandstone and the Beech -
Creek limestone. Thetwo formations are underlain by the Elwren shale aquiclude and
are considered one aquifer. One monitoring well network, consisting of five wells, is
screened in the upper part of the Big Clifty, including a portion of the thick soil zone that
covers the site. The deeper monitoring well network, consisting of nine wells, is
screened near the base of the Beech Creek. Comparisons of water levels between paired -

“wells indicate little differerice between the upper and lower wells. Groundwater flow

through the limestone is primarily through a system of connected joints. The Big Clifty
and Beech Creek formations beneath the ORR contain more open discontinuities than the
same formations at other sites in the study area (Tetra Tech, 1999).

Metals and explosives were identified as contaminants at the ORR by the USACE
sampling in the early 1990's (Murphy, 1995). The USACE identified arsenic, nickel, and
manganese as statistically significant contaminants. Barium, copper, and antimony
persisted in four rounds of sampling, but were considered naturally occurring or artifacts

- of sampling. TNT, RDX, and HMX were found "persistently” in five wells on the
‘northern half of the ORR by the USACE.

-Figures 8.2.1-8.2:4 show all detections, by quarter, for the upper Big Clifty monjtorirlg

wells at the ORR. For associated lab qualifiers, please see Tables 6.2.1-6.2.5. Values
that exceeded the RBTL are flagged. Detections in the upper Big Clifty were
predominantly metals and other inorganics. Detections of organics were limited to total
organic carbon (TOC) and total organic halogens (TOX), with volatile organic
compounds sampled only during the second quarter. The only explosive detected was
nitrocellulose in two separate wells, one during the first quarter (06C18P2) and one in the
second quarter(06C13P2). Barium and manganese were the most frequently detected
metals (100% and 80% of samples), usually at levels above the RBTL (100% of samples
for both parameters). Other metals detected include arsenic (80% of samples) and - '

.dissolved antimony (70% of samples) Ammonia was per51stent in all downgradient -

wells.

Figures 8.2.5-8.2.8 show all detections, by quarter, for the Big Clifty/Beech Creek
monitoring wells at the ORR. Values that exceeded the RBTL are flagged. Similar to
results in the upper wells, detections in the lower wells were mainly metals and other

inorganics. Barium and manganese were frequently detected (100% and 64% of samples,

respectively), often above the RBTL (100% and 55% of samples, respectively). Arsenic -

" was also detected with some frequency (50% of samples), however, above the RBTL less

frequently (22% of samples) than barium and manganese. Dissolved antimony was
detected in 64% of samples collected, but none of the results were above the RBTL. Zinc
occurred in 28% of samples, 10% of those (1 sample) being above the RBTL. The only
detection of organics was the persistent detection of total organic carbon (TOC) in well
C13. Detections of explos‘ives’ at the ORR were limited to 2,4,6-trinitrotoluene and 1,3,5-
trinitrobenzene and degradation products 2-amino-4,6-dinitrotoluene and 4-amino-2,6-
dinitrotoluene. In addition, nitrocellulose was detected in two wells in the second quarter.
(06C16 and 06C11).

. The 2003 ORR results were incorporatéd with the 2000-2002 data and evaluated to
determine which constituents were statistically higher than background (Section 7.0).
The statistical analysis was done both with and without the outlying data points. Table
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8.2.1 shows the ORR results that were significantly higher than the background well and
exceeded an RBTL in at least one of the four quarters. Monitoring point objectives as per
. the GWMP (Tetra Tech NUS, 1999) are noted in the table. Inorganics that exceeded both
thresholds in ORR Upper Big Clifty wells were limited to the metals arsenic, barium, and
manganese. Wells bottoming in the Beech Creek aquifer exceeded thresholds for arsenic,
barium, lead, manganese and zinc, with a single well exceeding the threshold for -
chromium in the first quarter (06C14). Also, 2,4,6-trinitrotoluene exceeded both
thresholds for all four quarters in well C15. -

As mentioned above, detection of explosives at the ORR in 2003 was predominantly

. TNT and nitro-toluene degradation products in one well, 06C15. Similar results were
observed in results from quarterly sampling in 2000, 2001 and 2002. Well 06C15 is
located in the northern portion of the ORR. RDX and HMX were not detected in any
ORR well in the quarterly sampling of 2003. TNT was detected above the RBTL in all
four samples from well 06C15. Statistical analysis found the TNT results to be .
significantly higher than background. No explosives were found in the upgradient, -
background well, 06C08. Nitro-toluene daughter compounds were also consistently
detected in well 06C15, specifically 2-amino-4, 6-dinitrotoluene, 4-amino-2, 6-

~ dinitrotoluene, and 1,3,5-Trinitrotoluene. The presence of nitrotoluene daughter products
in the wells indicates that some natural attenuation is occurring in the system. The

_concentrations of 2-amino-4, 6-dinitrotoluene and 4-amino-2, 6-dinitrotoluene were
determined to be significantly higher than background. However, these two compounds
were not evaluated for inclusion in Table 8.2 because an RBTL has not been established
forthem due to a lack of risk-based criteria (Tetra Tech NUS, 1999).

Similar to results at the ABG, total and dissolved barium were detected above the RBTL
of 3.9 ug/L in all wells in all sampling rounds. Figure 8.2.9 shows the quarterly total
barium concentrations in the Big Clifty/Beech Creek aquifer (see Figure 8.2.5 for well
references). Barium concentrations in the Upper Big Clifty wells are similar to the
concentrations found in the deeper wells (Figure 8.2.10) (see Figure 8.2.1 for well
references). However, more of the wells in the deeper network were determined to be
significantly higher than background (Table 8.2.1). Six of the POC wells in the Big
Clifty/Beech Creek network (06C11, 06C12, 06C13, 06C16, 06C18, 06C19) had filtered
barium concentrations greater than the RBTL and significantly higher than background
when the data outliers were removed. Three of the POC wells in the Big Clifty/Beech-
Creek network (06C13, 06C16, 06C18) had filtered barium concentrations greater than
--- the RBTL and significantly higher than background when the data outliers were not
removed. The wells in the Upper Big Clifty that exceeded both thresholds include two
POC wells on the eastern perimeter, 06C13P2 and 06C18P2. Similar to the ABG,
elevated barium concentrations at the ORR may be due to natural or background
conditions at the site. As discussed previously, results from the Basewide Background
~Soils Investigation indicated that all of the barium samples from the base were greater
than the SRBTL of 1.04 mg/kg. Unlike the ABG, however, there is no soil data specific’
to the ORR to compare to the background levels.

Manganese was detected above the RBTL of 50 pg/L consiStently in five wells screened.
in the Big Clifty/Beech Creek aquifer (Figure 8.2.11) (06C12, 06C13, 06C14, 06C18, and
06C19). In addition to exceeding the RBTL in every.quarter, concentrations in each of
‘these five wells were significantly higher than background (Table 8.2.1). Filtered
manganese was detected above the RBTL of 50 pg/L consistently in the same five wells.
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Manganese (Figure 8.2.12) and filtered manganese concentrations in the upper aquifer
exceeded both thresholds in four wells at the eastern edge of the site (06C11P2,

06C13P2, 06C18P2, 06C19P2) (Table 8.2.1).
- Arsenic was consistently found above the RBTL of 2 pg/L in Big Clifty/Beech Creek -

POC well 06C13 (Figure 8.2.13). Similar results were found in the corresponding
shallow wells in the Upper Big Clifty network; point of compliance wells 06C13P2,
06C18P2 and downgradient well 06C19P2 exhibited concentrations greater than the
RBTL, Of the arsenic exceedances, results were significantly higher than background in
POC wells 06C13P2, 06C13, 06C18P2, and downgradient well 06C19P2.
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(Table 8.2.1) Old Rifle Range Monitoring Points with results exceeding RBTL and
_statistically higher than background. [C = Compliance; DG = Downgradnent MP
Objective = type of well]

2002 RBTL Exceedances by Quarter
Parameter Well MP Objective| 1st | 2nd | 3rd | 4th
- Old Rifle Range — Upper Big Clifty Aquifer
METALS :
Arsenic 06C13P2 Cc X X X X
06C18P2 c X X X X
06C19P2 DG - X X X X
Arsenic (filtered) 06C13P2 C X X X - X.
06C18P2 Cc X X - X X
06C19P2 DG X X X X
Barium 06C13P2 C X X X X
06C18P2 C X X X X
_[Barium (filtered) 06C18P2 Cc X X X X
{Barium (filtered) , A _
Outliers Removed 06C13P2 C X X X X
06C18P2 o X X X X
Manganese - 06C11P2 Cc X X X X
06C13P2 C. X X X. X
06C18P2 . Cc X X X - X
1, 06C19P2 DG X X - X X
Manganese (filtered) 06C11P2 c X X X X
- 06C13P2 Cc X X X X
06C18P2 Cc X X X X
06C19P2 DG X X X X
: Old Rifle Rang: Beech Creek Aqunfer
METALS
Arsenic 06C13 Cc = X X X X
Arsenic (flltered) 06C13 C X X X X
Arsenic (filtered) A
Outliers Removed 06C13 C. X X X X
Barium 06C11 Cc X X X X
‘ 06C13 c X . . X X X
06C16 Cc . X - X X X
06C18 C X X X X
Barium (filtered) 06C13 C X - X X X
' 06C16 C X X X X .
06C18 C X X X X
Barium (filtered) | : o '
Outliers Removed 06C11 C X X . X X
06C12 C - X X - X X
_06C13 c X X X X
06C16 c - X X X X
06C18 Cc X X X X
06C19 DG X X - X X
Chromium 06C14 C X
Lead 06C11 Cc X X X X
06C14 c: X X
Manganese . -06C12 C X X X X
06C13 c X X X X
06C14 . Cc X X X X
06C18 - C X X. X X
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_ ' 06C19 DG X X X X
- |Manganese (filtered) 06C12 C X X - X X
‘ _ 06C13 c X X X X
_ ' 06C14 C X X X X
' - 06C18 C X X X X
. 06C19 DG X X X X
Zinc (filtered) , 06C13 - C X
Old Rifle Range — Beech Creek Aquifer
[EXPLOSIVES ,
X X X’

2,4,6-Trinitrotoluene | 06C15 | C X ]
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8.2 Old Rifle Range

The well network at the Old Rifle Range monitors the Big Clifty sandstone and the Beech
Creek limestone. The two formations are underlain by the Elwren shale aquiclude and
are considered one aquifer. One monitoring well network, consisting of five wells, 1s
screened in the upper part of the Big Clifty, including a portion of the thick soil zone that
covers the site. The deeper monitoring well network, consisting of nine wells, is
“screened near the base of the Beech Creek. Comparisons of water levels between paired
wells indicate little difference between the upper and lower wells. Groundwater flow
through the limestone is primarily through a system of connected joints. The Big Clifty
~and Beech Creek formations beneath the ORR contain more open discontinuities than the
same formations at other sites in the study area (Tetra Tech, 1999).

Metals and explosives were identified as contaminants at the ORR by the USACE
sampling in the early 1990's (Murphy, 1995). The USACE identified arsenic, nickel, and
manganese as statistically significant contaminants. Barium, copper, and antimony
persisted in four rounds of sampling, but were considered naturally occurring or artifacts
of sampling. TNT, RDX, and HMX were found "perSJStently" in five wells on the
northern half of the ORR by the USACE.

Figures 8.2.1-8.2.4 show all detections by quarter for the Upper Big Clifty monitoring
‘'wells at the ORR. For associated lab qualifiers, please see Tables 6.2.1-6.2.5. Values
that exceeded the RBTL are flagged. Detections in the Upper Big Clifty were
predominantly metals and other inorganics. Detections of organics were limited to total
organic carbon (TOC) and total organic halogens (TOX), with volatile organic
compounds sampled only during the fourth quarter. No explosives were detected in any
wells in any of the four sampling programs. Barium and manganese were the most
~frequently detected metals (100% and 95% of samples), usually at levels above the RBTL
(100% of samples for both parameters). Other metals detected include total and
dissolved arsenic (75% and 70% of samples) and dissolved antimony (22% of samples),
~ which is down from 70% last year. Ammonia was persistent in nearly all downgradient
wells. '

Figures 8.2.5-8.2.8 show all detections, by quarter, for the Big Clifty/Beech Creek
monitoring wells at the ORR. Values that exceeded the RBTL are flagged. Similar to
results in the upper wells, detections in the lower wells were mainly metals and other
inorganics. Barium and total and dissolved manganese were frequently detected (100%,
64% and 53% of samples, respectively), often above the RBTL (100%, 83% and 84% of
samples, respectively). Total and dissolved arsenic was also detected with some
frequency (55% and 44% of samples), however, above the RBTL less frequently (45%
and 55% of samples) than barium and manganese. Dissolved antimony was detected in

50% of samples collected, but none of the results were above the RBTL. Zinc occurred
in 25% of samples, 11% of those (1 sample) being above the RBTL. The only detection
of organics was the persistent detection of total organic carbon (TOC) in well C13 and a
single positive in well 06C16 in the second quarter. Detections of explosives at the ORR
were limited to 2,4,6-trinitrotoluene and 1,3,5-trinitrobenzene and degradation products
2-amino-4,6-dinitrotoluene and 4-amino-2,6-dinitrotoluene in well 06C15 in every
quarter. 2,4,6-trinitrotoluene was consistently above the RBTL. In addition,
nitroglycerin was detected in the second quarter.

The 2004 Old Rifle Range results were evaluated to determine which constituents were .
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statistically higher than background (Section 7.0). In addition, the newer data was
combined with data from 2000-2003 to establish the long term moving average for each
constituent. Table 8.2.1 shows the ORR results that were significantly higher than the
background well and exceeded an RBTL in at least one of the four quarters. Monitoring
point objectives as per the GWMP (Tetra Tech NUS, 1999) are noted in the table.
Inorganics that exceeded both thresholds in ORR Upper Big Clifty wells were limited to
the metals arsenic, barium, and manganese. Wells bottoming in the Beech Creek aquifer
exceeded thresholds for arsenic, barium, lead and manganese. Also, 2,4,6-trinitrotoluene
exceeded both thresholds for all four quarters in well C15.

As mentioned above, detection of explosives at the ORR in 2004 was predominantly
TNT and nitro-toluene degradation products in one well, 06C15, located in the northern
portion of the sampling area. Similar results were observed in results from quarterly
sampling in 2000 - 2003. RDX and HMX were not detected in any ORR well in the
quarterly sampling for 2004. TNT was detected above the RBTL in all four samples
from well 06C15. Statistical analysis found the TNT results to be significantly higher
than background. No explosives were found in the upgradient, background well, 06C08.
Nitro-toluene daughter compounds were also consistently detected in well 06C15, -
specifically 2-amino-4, 6-dinitrotoluene, 4-amino-2, 6-dinitrotoluene, and 1,3,5-
trinitrotoluene. The presence of nitrotoluene daughter products in the well indicates that
some natural attenuation is occurring in the system. The concentrations of 2-amino-4, 6-
dinitrotoluene and 4-amino-2, 6-dinitrotoluene were determined to be significantly higher
than background. However, these two compounds were not evaluated for inclusion in

Table 8.2 because an RBTL has not been established for them due to a lack of risk-based

criteria (Tetra Tech NUS, 1999).

Similar to results at the ABG, total and dissolved barium were detected above the RBTL
of 3.9 ug/L in all wells in all sampling rounds. Figure 8.2.9 shows the quarterly total
barium concentrations in the Big Clifty/Beech Creek aquifer (see Figure 8.2.5 for well
references). Barium concentrations in the Upper Big Clifty wells are similar to the
concentrations found in the deeper wells (Figure 8.2.10) (see Figure 8.2.1 for well
references). However, more of the wells in the deeper network were determined to be
significantly higher than background (Table 8.2.1). Four of the POC wells in the Big
Clifty/Beech Creek network (06C11, 06C13, 06C16, 06C18) had filtered barium

~ concentrations greater than the RBTL and were significantly higher than background.
The wells in the Upper Big Clifty that exceeded both thresholds include two POC wells
on the eastern perimeter, 06C13P2 and 06C18P2. Similar to the ABG, elevated barium
concentrations at the ORR may be due to natural or background conditions at the site. As
discussed previously, results from the Basewide Background Soils Investigation indicated
that all of the barium samples from the base were greater than the SRBTL of 1.04 mg/kg.
Unlike the ABG, however, there is no soil data specific to the ORR to compare to the
background levels. .

Manganese was detected above the RBTL of 50 pg/L consistently in five wells screened
in the Big Clifty/Beech Creek aquifer (Figure 8.2.11) (06C12, 06C13, 06C14, 06C18, and
06C19). In addition to exceeding the RBTL in every quarter, concentrations in each of
these five wells were significantly higher than background (Table 8.2.1). Filtered
manganese was detected above the RBTL of 50 ng/L consistently in the same five wells.
Manganese (Figure 8.2.12) and filtered manganese concentrations in the upper aquifer

~ exceeded both thresholds in four wells at the eastern edge of the site (06C11P2,
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06C13P2, 06C18P2, 06C19P2) (Table 8.2.1).

Total and dissolved arsenic was consistently found above the RBTL of 2 pg/L in Big
Clifty/Beech Creek POC well 06C13 (Figure 8.2.13). Similar results were found in the
corresponding shallow wells in the Upper Big Clifty network; point of compliance wells -
“06C13P2, 06C18P2 and downgradient well 06C19P2 exhibited concentrations greater
than the RBTL. Of the arsenic exceedances, results were significantly higher than
background in POC wells 06C13P2, 06C13, 06C18P2, and downgradient well 06C19P2.
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(Table 8 2.1)0oud Rifle Range monitoring points with results exceeding RBTL and
 statistically higher than background [C Compliance; DG = Downgradient; MP
Objective = type of well] :

Parameter

Well

2004 RBTL Exceedances by Quarter

MP Objective| 1

l

2nd

' 3rd. J

4th

METALS

Old Rifle Range — Upper Big Clifty Aquifer

Arsenic

06C13P2

06C18P2

06C19P2

Arsenic (filtered)

06C13P2

06C18P2

06C19P2

06C13P2

Barium

06C18P2

Barium (filtered)

06C18P2

"06C13P2

Manganese -

06C11P2

06C13P2

06C18P2

06C19P2

06C11P2

St o] 3¢ > | 3¢t | ¢ | > | <> > | ¢ 3¢

Manganese (filtered)

~ 06C13P2

06C18P2

06C19P2

L 3lololo|Zoolo|oioolo|8ool8 oo
xxxxxxxxxxxkxxxxxx

X

XXX XY XY XK XXX XK XX | | X)X

DK XXX 5K XX XX XXX | X | X (X

Old Rifle Range -

Big Cllfty/Beech Creek

Aquifer

METALS

Arsenic

06C13

Arsenic (filtered)

06C13

Barium

. 06C11

06C13

06C16

06C18

06C13

Barium (filtered)

06C16

06C18

XX ><><><‘><><><><

Lead

06C11

06C14

Manganese

06C12-

06C13

06C14

06C18

06C19 °

XKIXKEXXXX 15D IR

' Manganese (filtered)

06C12

06C13

06C14

06C18

06C19

glolojololBlojo|oo|ololo jo lojolo|olololal

EXPLOSIVES

2,4,6-Trinitrotoluene

[ 06C15
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9.0 Conclusions.

Results from the 2004 quarterly monitoring at the Ammunition Burning Grounds
generally agree with previous findings. Metals, explosives, and organic compounds were
detected in the Beech Creek Aquifer, often at concentrations above the respective RBTL.
Risk-Based Target Limits were commonly exceeded in points of compliance wells.
Barium, TCE, and RDX were the most frequently detected compounds at the site.
Barium, TCE, and RDX were all found at concentrations above the RBTL in multlple
wells on the site. Explostves are migrating offsite by way of the springs. RDX was
commonly detected above the RBTL in both springs. HMX was detected frequently in
onsite wells and in the springs, but at concentrations well below the RBTL.. In addition to
RDX and HMX, TNT, and nitro-toluene daughter products of the explosives were also

. found exiting Spring A in three of the four quarters. The presence of the degradation
products indicates that some natural attenuation of explostves is occurring in the system.

Exceedance of an RBTL alone does not frigger action by 40 CFR 264 Subpart F. 40 CFR
264.91(a)(2) requires corrective action under 264.100 whenever an RBTL is exceeded at
a POC and the concentration is statistically significant compared to background. Points
of compliance define the edge of the monitoring zone as outlined in the GWMP.
Statistical analysis revealed detections that were significantly higher than background
concentrations in ABG POC wells. Constituents that exceeded an RBTL and were
statistically significant in one or more POC wells include 1,3,5-trinitrobenzene, RDX,

~ arsenic, barium, lead, zinc, 1,2-dichloroethane, carbon tetrachloride, chloroform, cis-1,2-
dichloroethene, and TCE.

Barium, Trichloroethene, and RDX were the constituents with the highest number of
significant exceedances in ABG POC wells. All the other constituents listed above
exceeded the RBTL and met the statistical threshold in no more than two POC sites.
RDX and TCE may pose the most serious threat of offsite migration at the ABG. RDX
exceeded the concentration and statistical thresholds in four ABG POC wells as well as
Spring A. However, the number of sites exceeding both thresholds for RDX has

. decreased each year from 2000 to 2002, but remained the same for 2003 and 2004.

The number of ABG wells exceeding both thresholds for TCE decreased sharply from
2001 when ten wells were found to have concentrations that exceeded both the ,
concentration and statistical threshold. Tn 2002, only two wells exceeded both thresholds.
2003 saw an increase to seven wells, but in 2004 the results were down to three wells. '
The decrease in the number of wells exceeding both thresholds for RDX and TCE evident
in the 2004 data may be due to natural attenuation. '

Barium exceeded both thresholds in nine POC wells and both springs. Historic activities:
at the ABG could have contributed to the-elevated presence of barium in groundwater
underlying the site. Items have been burned at the unit that contained barium sulfate, an
inert filler for projectiles and flares, known as “Salt-Load”. The barium results may be
due to natural or background conditions at the site. Results from the Basewide
Background Soils Investigation (TtNUS, 2001) indicated that background samples were
all greater than the SRBTL. However, comparisons of soil barium concentrations
measured at the site with the Background Soils Investigation results shows that surface
and subsurface soil concentrations at the site are generally greater than found basewide.
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Detected constituents at the Old Rifle Range were predominantly metals. Elevated - -
barium concentrations were ubiquitous in both well networks at the ORR. Similar to the
ABG, the results may be due to natural or background conditions at the site. Other
metals detected with some frequency at the ORR included manganese and arsenic.
Previous work at the ORR showed the persistence of TNT, RDX, and HMX. Detections
of these parent compounds in 2004 were limited to TNT in Well 06C15, as was the case
" in 2002 and 2003. In addition, nitro-toluene daughter products were also detected in
Well 06C15.

Constituents that exceeded an RBTL and were statistically si gmﬁcant 1n one or more

ORR POC wells include arsenic, barium, manganese, and lead. Manganese and barium

were the constituents with the highest number of significant exceedances in ORR POC

wells. Manganese exceeded the RBTL and statistical threshold in POC Wells 06C11P2,

06C13P2, 06C18P2, 06C12, 06C13, 06C14, and 06C18 as well as the downgradient

Wells 06C19 and 06C19P2. Barium exceeded the RBTL and statistical threshold in POC
wells 06C13P2, 06C18P2, 06C11, 06C13, 06C16, and 06C18.

Previous work at the Demolition Range showed the persistence of metals. Results at the

'DR generally agree with the historic data. Detectionsin DR monitoring wells were
predominately metals. Similar to the ABG and ORR, elevated barium concentrations
were ubiquitous in both well networks at the DR. As is the case w1th the other sites, the
results may be due to natural or background conditions.

_ Constituents that exceeded an RBTL and were statistically significant in one or more DR
POC wells include arsenic, barium, and manganese. Historically, as noted in the
Groundwater Monitoring Plan, Wells 06C06 and 06C07 were found to have the highest
number of statistical exceedances. Results from 2004 indicate that POC Well 06C03
exhibited the most exceedances of both the concentration and statistical thresholds.
_-Barium was the constituent with the highest number of significant exceedances in DR
"POC wells. Point of compliance wells with total barium concentrations.that exceeded
~ both thresholds includes 06C03P2, 06C04P2, 06C04 and 06C07. POC wells with
dissolved barium concentrations that exceeded both thresholds include 06C02, 06C03,
06C04, 06C05, 06C07, 06CO3P2 and 06C04P2. Total and dissolved manganese
exceeded the RBTL and statistical threshold in three POC wells, 1nclud1ng 06C02,
06CO3 and 06C04.



APPENDIX B

. TEMPORAL PLOTS FOR 2,4-TRINITROTOLUENE
' AND |
| DEGRADATION PRODUCT
-4-AMINO-2,6-DINITROTOLUENE AND 2-AMINO-4,6-DINTIROTOLUENE



' FIGURE B-1.1 :
Monitoring Well 06C15 Temporal Plot

(No Duplicate Sample Data)
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TABLE B-1.1

MONITORING WELL 06C15

TEMPORAL CONCENTRATION DATA
'2,4,6-TRINITROTOLUENE .
(NO DUPLICATE SAMPLE DATA)
NSWC CRANE
CRANE, INDIANA
Sample
Sample Results
Date (pg/L)
3/13/2000| 78 J
4/26/2000 6.5
8/29/2000 7.1
11/17/2000 6.3
2/1/2001 4.9
5/14/2001]. 51.
8/13/2001 ou
10/31/2001 6.8
1/24/2002| . 6.4
4/16/2002 6.5
8/13/2002 - 55
10/9/2002 5.2
1/1/2003 5.8
5/7/2003 5.7
8/12/2003 49 J
10/30/2003 4.1
.2/10/2004 54
5/17/2004 5
8/17/2004}. = 3.9
11/16/2004 6.2
2/24/2005f . 4.3
4/20/2005 3.8
8/12/2005 4.2
10/24/2005 44




FIGUREB-1.2
Monitoring Well 06C15 Temporal Plot

(No Duplicate Nor Non-Dectections Sample Data)
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TABLE B-1.2

MONITORING WELL 06C15
TEMPORAL CONCENTRATION DATA
’ 2,4,6-TRINITROTOLUENE
(NO DUPLICATE AND NO NON-DETECTIONS SAMPLE DATA)
NSWC CRANE L
CRANE, INDIANA

‘ #pample
Sample :ﬁgsults
Date “Tug/L)

3/13/2000{ «#*.7.8 J
4/26/2000 i% 6.5
8/29/2000] & 7.1
.11/17/2000 ¥ 6.3
2/1/2001] T4.9
5/14/2001 “51
10/31/2001 6.8
1/24/2002 6.4
4/16/2002 6.5

8/13/2002 55

10/9/2002 5.2
1/1/2003 5.8
5/7/2003 5.7

"8/12/2003 4.9 J

10/30/2003 4.1

2/10/2004 5.4
5/17/2004}" 5
- 8/17/2004 3.9
11/16/2004 6.2
2/24/2005 4.3
4/20/2005 3.8
8/12/2005 4.2
10/24/2005] . 4.4




FIGURE B-2.1
Monitoring Well 06C15 Temporal Plot

(No Duplicate Sample Data)
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TABLE B-2.1

MONITORING WELL 06C15
TEMPORAL CONCENTRATION DATA
4-AMINO-2,6-DINITROTOLUENE
(NO DUPLICATE SAMPLE DATA)
NSWC CRANE
CRANE, INDIANA

Sample

Sample | Results
Date - . (pg/L)
3/13/2000 43 J
) 4/26/2000 3.6
- 8/29/2000 - 4.4
11/17/2000 44
2/1/2001 36
5/14/2001 3.5
8/13/2001 3.2
10/31/2001 39 .
1/24/2002 3.7
4/16/2002 3.5
8/13/2002 29 |
10/9/2002 2.7
1/1/2003 28J
5/7/2003 3J
8/12/2003] = 25J
10/30/2003] - 2.2
2/10/2004) . 2.8
5/17/2004 2.7
8/17/2004 2.2
11/16/2004 3.4
- 2/24/2005] . 2.4
4/20/2005 2.2
8/12/2005 2.4
10/24/2005} - = 2.4



FIGURE B-2.2
Monitoring Well 06C15-'_I'e,mporal Plot

(No Duplicate Sample Data)
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TABLE B-2.2

MONITORING WELL 06C15
TEMPORAL CONCENTRATION DATA
. 2-AMINO-4,6-DINITROTOLUENE

- (NO DUPLICATE SAMPLE DATA)
NSWC CRANE
CRANE, INDIANA

Sample

- Sample | Results
Date - (ug/L)

3/13/2000 3.7J
- 4/26/2000 3.4
8/29/2000 3.4
11/17/2000 3.7
2/1/2001|° 2.8
'5/14/2001 2.9
8/13/2001 2.9
10/31/2001 . 2.8
1/24/2002 2.7
4/16/2002| . 2.8
8/13/2002) - 2.4
10/9/2002 2.4

1/1/2003] 25J

5/7/2003 251J

- 8/12/2003 22J

10/30/2003 2J

2/10/2004 25

5/17/2004 2.3
8/17/2004 - 1.9

11/16/2004 29 .
2/24/2005 2.1
4/20/2005 1.9
8/12/2005 2.2
10/24/2005 2.2




APPENDIX C

. ~ HUMAN HEALTH RISK SCREENING EVALUATION FOR THE OLD RIFLE RANGE
(ORR) PORTION OF SWMU 7 '
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1.0 HUMAN HEALTH RISK SCREENING EVALUATION

11 BACKGROUND AND OBJECTIVES

The OId Rifle Range (ORR) portion of Solid Waste Management Unit (SWMU) 7 contains a hazardous
waste treatment faéility for the open burning (OB) of reactive wastes. United States Environmental
Protection Agency (U.S. EPA) Region 5 has issued a hazardous waste treatment permit for the operation
of the OB Unit. The permit contains requirements for groundwater monitoring in compliancé with 40 Code
of ‘Federal Regulations (CFR) 264, Subpart F. Cofnpliance monitbring is being conducted because
hazardous constituents were detected in groundwater during interim status monitorihg. The permit also
requires an evaluation of the need for corrective actions. Groundwater monitoring requirements inclﬁded
vin the permit include designation of the point-of-compliance (POC) identification of upgradient monitoring
wells, and downgradient wells at the POC,aduifers 'monitored, constituents to be monitored, risk-based
target-levels (RBTLs), and statistical procedures for determining whether downgradient concentrations
.exceéd upgradient conéerﬁrations. The permit also requires the development of an annual groundwater
monitoring report. This report includes identification of constituents that are found in statistically significant

‘ concentrations in downgradient welis and that are detected at concentrations greater than RBTLs listed in
the Permit.

Information from the a.nnual' monitoring reports for the calendar years' 2000 (SAIC, 2002a), 2001 (SAIC,
2002b), and 2002 (SAIC, 2003) was used to identify which chemicals were found in statistically significant
. concentrations and greater than RBTLs in one or more wells. A Human Health Risk Screening
" Evaluation (HHRSE) was co_nd‘ucted to determine whether cofrective measures were necessary for these

chemicals.

The following wells are included in the groundwater monitoring program for the Big Clifty Upper and Big

Clifty/Beech Creek aquifers:

Big Clifty Upper - Big Clifty/Beech Creek
06C11P2 06C11 06C16
06C13P2 ' 06C12 06C18
06C18P2 ' ‘06C13 06C19
06C19P2 06C14 06C08 (Background)

06C14P2 (Background) ' 06C15

020602/P 1-1 A CTO 0256
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The following chemicals were evaluated in this HHRSE:

. -rArsenic

‘e Barium

e Cadmium
e Chromium
o Lead

e Iro'n'

¢ Manganese
e Silver

¢ Selenium
e Zinc

e 2.4 6-Trinitrotoluene (TNT)

A summary of the analytical. results for monitoring wells sambled as part of the pompliance monitoring
program are presented in Appendix A. Basic descriptive statistics (e.g., concentration ranges detected,
frequencies of detection, arithmetic mean concentrations, etc) for results for groundwater samples
collected frorﬁ the Bfg Clifty Upper and Big Clifty/Beech Creek groundwater units are présented in Tables
2-1 and 2-2, respectively.

Information on the selection of chemicals of potential concern, exposure assessment, characterization of
estimated potential human health risks, uncertainty analysis, and summary and conclusions for the risk

screening are contained in Sections 1.2, 1.3, 1.4, 1.5, and 1.6, respectively.

1.2 SELECTION OF CHEMICALS OF POTENTIAL CONCERN

Chemicals of Potential Concern (COPCs) are the target analytes detected in an environmental medium .

that are selected for evaluation in a risk assessment. A chemical was selected as a COPC for this
HHRSE if the maximum detected concentration in the groundwater exceeded the primary (health-based)
Safe Drinking Water Act (SDWA) Maximum Contaminant Level (MCL), the Indiana Department of

Environmental Management (IDEM) default closure level for groundwater, or a screening level based on

the U.S. EPA Region 9 Preliminary Remediation Goals (PRGs) for tap water. The PRGs are chemical
concentrations corresponding to fixed levels of risk [i.e., a Hazard Quotient (HQ) of 1 for non-carcinogenic
chemicals or a lifetime cancer risk of 1E-06 for -c‘eircinogen'ic chemicals]. Although the Region 9 PRG

established for cancer risk is typically used as a COPC screening level for a carcinogen, one-tenth the

020602/P , 1-2 CTO 0256
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PRG is typically recommended by U.S. EPA Region 5 as a COPC screening criterion for non-
‘carcinogenic compounds to account for the potential cumulative effects of multiple compounds affecting

the same target organ. The Region 9 PRGs for tap water assume daily, domestic use of a water supply.

Lead, silver, and seleﬁium did not exceed an SDWA MCL, IDEM default closure level for groundwater, or
a scréening level U.S. EPA Region 9 PRG for tap water. -Therefore, lead, silver, and selenium were not
selected as COPCs.

The following chemicals were selected as COPCs for monitoring wells screened in the Big Clifty Upper

groundwater unit:

» Unfiltered groundwater samples:’ arsenic, iron, and manganese.

» Filtered groundwater samples: arsenic, barium, chromium, manganese, and zinc.

Arsenic was the only target analyte detected at concentrations exceeding a primary (health-based)
SDWA MCL. However, iron and manganese were detected at éoncent_raﬁons exceeding secondary
(aesthetic-based) MCLs. The maximum concentrations of four non-carcinogens (barium, chromium,
manganese, and zinc) exceeded one-tenth the Region 9 PRG established for non-carcinogenic effects
but did not exceed the actual PRG established at an HQ of 1. Maximum concentrations of arsenic and

iron exceed Region 9 PRGs established for tap water.-

The fo'IIowing chem_fcals were selected as COPCs for monitoring ‘wells screened in the Big Clifty/Beech

Creek groundwater unit:

¢ Unfiltered groundwater samples: TNT, arsenic,-cadmium, chromium, iron, and manganese.

» Filtered groundwater samples: arsenic, barium, chromium, and manganese.

_ Arsenic and cadmium-were the only target analytes detected at concentrations exceeding primary
(health-based) SDWA MCLs. However, iron and manganese were detected at concentrationé exceeding
secondary (aesthetic-based) MCLs. The maximum concentfations of five non-carcinogens (barium,
cadmium, chromium, iron,' and manganese) exceeded one-tenth th‘e Regioh 9 PRG established for non-
carcinogenic effects but did not exceed the actual PRG established at an HQ of 1. Maximum

concentrations of arsenic and TNT exceed Region 9 PRGs established for tap water.

020602/P : 1-3 CTO 0256
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1.3 EXPOSURE ASSESSMENT .

This section presents the exposure assessment for the evaluation of groundwater at SWMU 7.
Receptors evaluated in the risk assessment are identified, and the methodology used to determine the

exposure point concentration (EPC) (i.e., the concentration to which a receptor is exposed) is presented.

The ORR is an area approximately 20 acres in size and is located ihmediately adjacent to and south of
the Old Pistol Range (OPR) (another component of SWMU 7). The site is cufrentfy well vegetated.
Surface water drainage from the area flows to the east. The geologic/hydrogeologic characteristics of the
Big Clifty Upper and Big Clifty/Beech groundwater units are discussed in detail in Sect?on 1.5.4 of the
Corrective Measures Proposal (TINUS, 2006).

Groundwater underlying SWMU 7 is not currently used for any purpose. Additionally, the facility does not
have any plans to develop the groundwater resource in the future. However, for purpbses of the HHRSE,
this exposure assessment will assume that a hypothetical future resident may be exposed to COPCs in
groundwater. The exposure assessment assumptions (e.g., water ingestion rates, etc) are those
specified in the calculation of the Region 9. PRGs for the hypothetical residential-use of a groundwater or
surface water resource as a tap-water supply. The Region 9 PRGs for tap Water assume that a resident
is exposed via the ingestion and inhalation of volatiles exposure pathways. The exposure assessment

methodology for the U.S. EPA Region 9 PRGs is presented in Appendix B.

The EPC is the COPC cbncentration to which the receptor is exposed. Per U.S. EPA guidance, the 95
" percent upper confidence limit (95%UCL) on the arithmetic mean’is typically recommended as the EPC.
However, risk assessment guidance published by U.S. EPA Regions 1 and 4 recommends that the
groundwater EPC should be the arithmetic average concentration of the wells in the -highly concentrated
area of the plume. In either case, the determination of the EPC initially requires a review of the COPCs
selected to determine the predomihant risk driveré, an evaluation of the spatial distribution of the COPCs,
and fihally, a grouping of the wells such that the EPC calculated represents the mean concentration to
which a receptor is exposed [i.e., the EPC is not lowered (diluted) by an inappropriate grouping of wells
(data)]. A review of the descriptive statistics and the Region 9 PRGs presented in Tables 1-1 and 1-2
indicates that arsenic, ‘manganese, and TNT are the primary risk drivers in the HHSRE. Specifically,
arsenic and TNT are the only carcinogens selected as COPCs and, based on a review of frequencies of
detection and the relative magnitudes of the arithmetic mean concentrations to the Region 9 PRGs,
marnganese is the predominant non-carcinogenic COPC.  Consequently, the spatial distributions of
arsenic, manganese, and TNT were used to define the following monitoring well groupings evaluated in
the HHRSE: | ‘ |

020602/P ) : ] 1-4 . CTO 0256
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| | - )
e Monitoring Well Group 1 (06C13P2 and 06C18P2). Big Clifty Upper wells consistently

demonstrating elevated arsenic and manganese concentrations.

e  Monitoring Well Group 2 (0611P2 and 06C19P2): Big Clifty Upper wells consistently demonstrating

low arsenic and manganese concentrations.

. Monitoring Well Group 3 (06C13): Big Clifty/Beech Creek well consistently demonstreting elevated

arsenic concentrations.

e« Monitoring Well Group 4 (06C15): Only Big Clifty/Beech Creek well demonstrating TNT
contamination. TNT was also not detected in the Big Clifty Upper monitoring wells.

& Monitoring Well Group 5 (06C11, 06C12, 06C14, 06C16, 06C18, and 06C19): Big C!ifty/Beech ~
Creek not included in Group 3 or Group 4. No obvious consistent patterns noted for arsenic or

manganese. TNT was not detected in these wells.

The EPCs evaluated in this HHSRE will be the 95%UCL concentrations for the groundwater data

available for each well grouping. However, the uncertainty section includes a discussion of risk
| estimates/conclusions resulting if arithmetic mean concentrations were used as EPCs. The 95%UCL
values are calculated following U.S EPA's Calculating Upper Confidence Limits -for Exposure Point
Concentrations at Hazardous Waste Sites (U.S. EPA, 2002) and using the U.S. EPA Pro-UCL software.
~ (Appendix C) o ' C '

1.4 ~ RISK CHARACTERIZATION

The risk characterizatioh for the COPCs detected in groundwater is conducted using the simple risk-ratio
* technique presented below, the EPCs developed for each'monitoring well group, and the EPA Region 9
PRGs for tap water:

U.S.EPA Region 9 PRG _ HazardIndex (HI) of 1or Cancer Risk Estimate of 1E - 06
EPC for COPC _ ?7 Hazard Index or Cancer Risk Estimate

Risk estim'a'tes (Hls and. cancer risks) for the hypothetical future resident using the ‘groundwater at the »
ORR as a domestic water source are summarized below and detailed in Tables 1-3 through 1-12.
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NSWC Crane

(0611P2, 06C19P2)

Dissolved Metals = 0.44
No Risk Drivers

Dissolved Metals = 4.4E-05
Risk Drivers: arsenic

SWMU 7 HHRSE
Revision: 0
Date: July 2006
Section: 1
Page 6 of 11
Well Grouping Hazard Index ~ Cancer Risk
_ ' - (Risk Drivers) (Risk Drivers)
No. 1 | Total Metals = 9 ‘Total Metals = 6E-04
- | (06C13P2, Dissolved Metals = 3.5 Dissolved Metals = 6.8E-04
. 06C18P2) Risk Drivers: arsenic, iron Risk Drivers: arsenic
No. 2 Total Metals = 0.85 Total Metals = 6.1E-05

No. 3

(06C11, 06C12,

Dissolved Metals = 0.53

Total Metals = 5.2 Total Metals = 1.1E-03
(06C13) Dissolved Metals = 3.5 Dissolved Metals = 7E-04
' Risk Drivers: arsenic Risk Drivers: arsenic
No. 4 Total Metals = 0.49 Total Metals = 3.2E-06 _
(06C15) Dissolved Metals = 0.44 Dissolved Metals = 3.2E-06
No Risk Drivers Risk Drivers: TNT
No. 5 Total Metals = 0.73 Total Metals = 3.3E-05

Dissolved Metals = 2.9E-05

06C14, 06C16,
06C18, 06C19) .

No Risk Drivers Risk Drivers: arsenic

Risk Characterization Results for Monitoring Well Group No. 1: Arsenic [maximum concentration

(Crnax) = 37.1 micrograms per liter (ug/L)] is the only metal detected' in the Group No. 1 groundwater
samples at concentrations exceeding a primary (i.e., health-based) SDWA MCL. However, manganese
(Cmax = 653 pg/L) and iron (Cpax = 64,500.pg/L) concentrations exceed secondary (aesthetic-based)

standards. The cancer risk estimates for arsenic (BE-04, total arsenic; 6.8E-04, dissolved arsenic)

exceeds the U.S. EPA target risk range typically used to determine the need for environmental

remediation (i.e., the 1E-04 to 1E-06 cancer risk range). His calculated for arsenic (total arsenic = 2.4,
dissolved arsenic = 2.8) exceed 1, indicating a potential for adverse non-carcinogenic health effects if the

groundwater is used as a domestic water supply. The HI calculated for both total and dissolved

‘manganese is 0.6; the HI for total iron is 5.9. However, the HI for iron is based on the analytical result '

" reported for one unfiltered groundwater sample collected from monitoring well 06C18P2 in May 2000 and
“ a U.S. EPA recommended reference dose that actually represents a typical, daily intake for adults.
. Consequently, adverse health effects cannot be predictéd based on a simple exceedance of this
reference dose. Iron, an essential nutrient, is further discussed in the Uncertainty Section, Section 1.5.
Arsenic is the only COPC recommended for further evaldation as a potential chemical of concern
~(COC) in the Corrective Measures Proposal (CMP). However, the following information (drawn
primarily from the Phase il RFI report for ORR seils)r should be considered when selecting the final COCs
for Well Group No. 1. ’

Arsenic reported in the Phase Il Soils RFI report for the ORR (TtNUS, 2005), arsenic concentrations in

surface soil samples at the ORR ranged from 3.7 to 13.8 milligrams per kilogram (mg/kg). The arithmetic
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mean was 8.16 mg/kg (Table 3-8 of the RFI report). The' maximum énd arithmetic mean arsenic
concentrations in background surface soil sémples were 10.2 mg/kg and 6.11 mg/kg, respectively.
Although the statistical analysis detailed in the Phase lll Soils RFI indicates that arsenic concentrations in
ORR surface soils exceed background arsenic concentrations, the preceding comparison of background
and site descriptive statistics for the surface soils indicat‘es thé exceedance of background is marginal

" and that the arsenic concentrations at most soil sampling locations do not exceed background.

« Arsenic concentrations in ORR_-éubéurface soils rahged from 3.3 to 15.4 mg/kg; the arithmetic mean
conc_entration. was 7.72 mg/kg (Table 3-8; TtNUS, 2005). The maximum and arithmetic mean arsenic -
" concentrations in backgrour{d subsurface soil samples were 9 mg/kg ahd 7.72 mg/kgq, r'espectively.‘ .
The statistical analysis detailed in the Phase Il Soils RFI indicates that arsenic concentrations in
ORR - subsurface soils do not exceed backgrbund arsenic concentrations. The lack of a
demonstrated subsurface source of arsenic .contamination at the ORR suggests that the arsenic -

concentrations in the compliance monitoring wells may not be site related.

e The arsenic concentrations reported in the Phase Ill Soils RFI for the ORR are consistent with those
réported for ORR soils in the Current Contamination Conditions Risk Assessment for the Ammunition
Burning Ground, the Old Rifle Range, and the Demolition Range (B&RE, -1997). The arsenic
concentrations in soils reported in this report ranged from 3.2 rhg/kg to 9.1 mg/kg. The arithmetic
mean concentration for ORR soils was 6.3 mg/kg, suggesting at most a marginal exceedance of

background conditions. -

» The spatial distribution of arsenic conééntrations in surface soils at the ORR is presented in Figures
3-1 through 3-4 of the Phase Iit Soils RFI and suggests limited contaminant “hot spots™/source areas -

only.

Risk Characterization Results for Monitoring Well Group No. 2: None of the target analytes evaluated
for Group No., 2 was detected at concentrations exceeding available SDWA primary. MCLs. The
Secdndary MCLs for iron and manganese were exceeded, but target-specific His for these metals were
not greater than 1 and would not be greater than 1 even if the maximum detected concentrations were
evaluated. Hls summed for all COPCs do not exceed 1 and would not exceed 1 even if the maximum

- detected concentrations were evaluated. The cancer risk estimate for arsenic, the only carcinogenic
COPC evaluated, did not exceed 1EO4 Consequently, none of the COPCs evaluated for Group No. 2
are recommended for further evaluation in the CMP beéause the _aforementioned U.S. EPA risk |
benchmarks are not exceeded and the target analytes were not detected at concentrations exceeding
SDWA primary MCLs. » -
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Risk CharaCterization Results for Monitoring Well Group No. 3: Arsenic (Crax = 114 pg/L) was the

“only COPC detected in the Group-No. 3 monitoring wells at concentrations exceeding SDWA primary

MCLs. It is also the only targét analyte identified as a risk driver. Cancer risk estimates developed for
both total and dissolved arsenic exceeded 1E-04. His developed for both total and dissolved arsenic

concentrations exceeded 1 indicating a potentiai for ad\/erse' non-carcinogenic health effects. The

“secondary MCL for manganese was exceeded but the target ‘specific HI for manganese (i.e., the central

nervous system) is not greater than 1 and would not be greater than 1 even if the maximum detected
concentration was evaluated. Consequently, arsenic is the only COPC recommended for further
evaluation as a- potential COC in the CMP. However, the factors considered in the di‘scussion
presented for Well Group No. 1 should also bé considered when selecting the final COCs for Well Group
No. 3..

Risk Characterization Results for Monitoring Well Group No. 4:" None of the térget analytes
evaluated for Group No. 4 was detected at concentrations exceeding available SDWA priméry MCLs. His
summed'for.all COPCs do not exceed 1 and would not exceed 1 'eyen if the maximum detected
concentrations were evaluated. - The cancer risk estimate for TNT, the only carcinogenic COPC
evaluated, did -not exceed 1E-05. The single iron concentration (462 ng/L) reported for the unfiltered
Group No. 4.mohitoring well samples marginally exceeded the secondary (aesthetic-based) MCL for iron
(300 pg/t). Consequently, none of the COPCs evaluated for Group No. 4 are recommended for
further evaluation in the CMP because the aforementioned U.S. EPA risk benchmarks are not

exceeded and the target analytes were not detected at concentrations exceeding SDWA primary MCLs.

‘Risk Characterization Results fbr Monitoring Well Group No.. 5: One reported detection of cadmium

(Cmax = 5.8 pg/L) exceeded its primary SDWA MCL (5 pg/L). However, the HQ calculated cadmium and
the HI calculated for all COPCs evaluated for Group No. 5 do not exceed 1. The cancer risk estimates
developed for total and dissolved arsenic, the only carcinogehic COPC, do not exceed 1E-04, and arsenic
concentrations do not exceed the current primary SDWA MCL of 10 ug/L. The secondary MCLs for iron
and manganese were exceeded, but target-specific Hls for these metals are not greater than 1 and would
not be greater than 1 even if the maximum detected concentrations were evaluated. . None of the
COPCs evaluated for Group No. 5 are recommended for further evaluation in the CMP because the
aforementioned U.S. EPA risk benchmarks are not exceeded and only the maximum detection of one
metal (cadmium) marginally exceeded a SDWA primary MCL. '
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15 UNCERTAINTY ANALYSIS

The following significant sources of uncertainfy should be considered when interpreting the results of this

" HHRSE of the 2000 through 2004 analytical results for groundwater samples collected from the

compliance monitoring wells at SWMU 7:

* The Region 9 PRG for iron in tap water (11,000 pg/L) used in this HHRSE was calculated using a
reference dose that is based on the recommended/typical dietary intake for adults (0.3 mg/kg/day).
The value is a no-observed-adverse-effects-level (NOAEL). Unfortunately, as documented in the
Risk Assessment Issue Paper for: Derivation of a Provisional RfD for iron [Chemical Abstract Service
Registry Number (CASI‘?N)' 7439-89-6] prepared by National Center for Environmental Assessment
{(NCEA) in 1996, a precise Iowest-obse_rved-ad\/erse-effect-Ieve’l (LOAEL) for normal adult individuals

. consuming a typical western diet is compromised by the available toxicity studies,A which contain
confounding factors, inadequate endpoint assessments, and too short an exposﬁre duration or too
few test subjects. Much higher dietary intakes (average 6.7 mg/kg/day) of the less soluble forms of -
iron than the current recommended reference dose (0.3 mg/kg/day) are tolerated in nonwestern diets.
Precise. LOAEL information is needed to determine a more definitive reference dose for quantitative
human health risk assessment (i.e., specifically, the prediction of the potential for adverse non-cancer
effects). Non-cancer risk estimates based on the current reference dose are highly uncertain

because of the lack of a precise LOAEL data.

16 SUMMARY AND CONCLUSIONS

This HHRSE was conducted based on analytical results for groundwater samples collected from the
following ORR compliance monitoring wells in 2000 through 2004: '

Big Clifty Upper Big Clifty/Beech Creek

06C11P2 06C11
06C13P2 : 06C12 . \
06C18P2 ‘ ~ 06C13 ‘
06C19P2 06C14
.+ 06C14P2 (Background) 06C15
: 06C16
06C18
06C19

06C08 (Background)
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All of these monitoring wells are screened in the Big Clifty Upper or Big Clifty/Beech Creek units. Based

on previous evaluations presented in the Annual Groundwater Monitoring Reports for the ORR, analytical

results reported for the following chemicals exceed background concentrations and RBTLs originally

established for the compliance monitoring program: arsenic, barium, cadmium, chromium, lead, iron,

manganese, silver, selenium, zinc, and. TNT. With the exception of lead, silver, and selenium, all of these

chemicals were selected as COPCs for human health risk assessment because maximum detected

concentrations exceeded federal SDWA MCLs and/or screening levels based on Region 9 PRGs for tap

water. EPCs were developed for COPCs detected in each of following five monitoring well groups:

' Monitdring Weli Group 1 (06C13P2, 06C18P2). Big Clifty Upper wells consistently demonstrating -

elevated arsenic and manganese concentrations.

Monitoring Well Group 2 (0611P2 and 06C19P2): Big Clifty Upper wells consistently demonstrating

" low arsenic and manganese concentrations.

—

Monitoring Well Group 3 (06C13): Big Clifty/Beech Creek well consistently demonstrating elevated

arsenic concentrations.

Monitoring Well Group 4 (06C15): Only Big Clifty/Beech Creek well demonstrating TNT

contamination.

Monitoring Well Group 5 (06C11, 060?2, 06C14, 06C16, 06C18, and 06C19): Big Clifty/Beech
Creek wells not included in Group 3 or Group 4. No obvious consistent patterns noted for arsenic or

manganese.

Ho‘wever, arsenic is the only COPC recommended for further evaluation as a potential COC in’
the CMP. The arsenic concentrations in Monitoring Well Group 1 (06C13P2 and 06C18) and
Monitoring Well Group 3 (06013) exceed the current federal SDWA MCL. The cancer and non-
cancer risk estimates developed for arsenic concentrations in these monitbring well groups also
exceed the 1E-04 cancer risk level and an HI ofi1, respectively. With one other exception (the HI for |
iron in Monitoring Well Group 1), cancer and non-cancer risk estimates developed for all other
COPCs and all other rﬁonitoring well groups do not exceed these risk benchmarks. It should be
noted that arsenic is a naturally occurring inorganic. An evaluation of arsenic concentrations in ORR
soils (i.e, the potential source areas) suggests that most of the ‘arsenic’ concentrations in the

compliance monitoring wells may be naturaily occurring. Iron is also a naturally occurring inorganic
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and an essential nutrient. Based on the uncertainties associated with the current reference dose for

iron, the non-cancer risk results presented in this HHRSE for jron are likely overestimated.
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SUMMARY OF DESCRIPTIVE STATISTICS
BIG CLIFTY UPPER

TABLE 1-1

SWMU 7 - OLD RIFLE RANGE

1) Value presented is the federal SOWA MCL (U.S. EPA, 2004).

2) Value presented is the U.S. EPA Region 9 PRG for tap water. (U.S. EPA Region 9, 2004).
3) “N" indicates that the PRG value presented is based on the potential for non-carcinogenic effects. "C" indicates that the value presented is based on the potential for carcinogenic effects.

Chemicals that are bolded have been selected as COPCs for human health risk assessment.
The protocol! for the selection of COPCs is presented in Section 1.

ug/L - micrograms per liter

COPCS - chemicals of potential concern

MCL - Maximum Contaminant Level
PRG - Preliminary Remediation Goal
SDWA - Safe Drinking Water Act

U.S. EPA - United States Environmental Protection Agency

NSWC CRANE
CRANE, INDIANA
] Region 9
Frequency of Minimum Maximum Range of Mean Average of Positive Sample with Federal | PRG Tap
. Parameter Detection Concentration Concentration Nondetects Concentration Detects Maximum Detection| McCL (" Water @ Basis'
Total Metals (pg/L) i :
ARSENIC 73/80 1.1 37.1 1.10 13.3 14.5 . 06C13P21A02 10 0.045 C
BARIUM 80/80 29 183 68.6 68.6 06C18P21A02 2000 2600 N
CADMIUM 2/80 1.1 1.5 0.78 - 1.1 0.561 1.30 06C18P22A00 5 18 N
CHROMIUM 5/80 - 0.640 7.9 22-56 2.68 2.26 06C18P21A00 100 110 N
IRON 3/3 572 64500 23254 23254 06C18P22A00 11000 N
LEAD 2/80 0.160 1.7 0.11-1.1 0.541 0.930 06C18P22A04 15 s -
MANGANESE 80/80 85.7 653 - 322 322 06C13P22A04 880 N
- [SELENIUM 22/80 0.56 6.1J 0.44-1.1. 0.982 2.13 06C18P21A02 50 180 N
ZINC . 9/80 2.4 69.1 11.1-237 8.96 23.3 06C18P23A01 - 11000 N
Dissolved Metals (pg/L)
ARSENIC, FILTERED 63/80 0.650 42.3 1-1.1 14.0 17.6 06C13P24A04-F |- 10 0.045 C
BARIUM, FILTERED 80/80 26.9 625 71.7 71.7 08C18P24A01-F . 2000 2600 N
CADMIUM, FILTERED 4/80 1.1° 1.7 0.7.-1.1 0.541 1.40 ~ 06C18P21AC0-F 5 18 N
CHROMIUM, FILTERED T 12/80 -3.5 16 1-56 3.13 7.18 06C18P21A02-F 100 110 N.
LEAD, FILTERED 4/80 0.190 0.240 1-1.1 0.490 0.215 06C18P24A01-F 15
MANGANESE, FILTERED 78/80 76.2 681 J - 1500 322 311 06C13P23A04-F 880 N
SELENIUM, FILTERED 10/80 0.470 2.4 04-1.1 0.627 1.56 06C18P22A00-F 50 180 N
ZINC, FILTERED 14/80 2.8 2590 10-11.1 53.4 281 06C19P23A04-F 11000 N




TABLE 1-2

SUMMARY OF DESCRIPTIVE STATISTICS

BIG CLIFTY BEECH CREEK
SWMU 7 -OLD RIFLE RANGE
NSWC CRANE
CRANE, INDIANA
) . Region 9
Frequency of Minimum Maximum Range of Mean Average of Positive] Sample with Maximum | Federal [ PRG Tap
Parameter Detection | Concentration | Concentration | Nondetects | Concentration Detects Detection mcL™ | water® | Basis®
Energetics (pg/L) ) . .
2,4,6-TRINITROTOLUENE 19/160 3.9 7.8J 0.14-1.7 0.995 5.74 06C151A00 --- 2.2 - [}
2-AMINO-4,6-DINITROTOLUENE 20/160 1.9 3.7 0.14-1.7 0.654 2.74 06C151A00, 06C154A00 - -
4-AMINO-2,6-DINITROTOLUENE 20/160 2.2 4.4 0.14-1.7 0.720 3.27 06C153A00, 06C154A00 - -
Total Metals (pg/L) )
ARSENIC 83/160 0.940 114 0.22-1.1 6.43 11.9 06C134A02 10 0.045 C
BARIUM 160/160 20.9 127 - 58.9 58.9 06C 163A00 2000 2600 N
CADMIUM 1/160 5.8 5.8 0.78- 1.1 0.575 5.80 06C141A01 5 18 N
CHROMIUM | 12/160 0.710 14.9 22-56 2.80 3.92 06C141A03 100 110 N
IRON 5/7 462 3520 111 1002 1381 06C182A00 - 11000 N
LEAD 30/160 0.130 8.4 0.11-1.1 0.894 2.43 06C114A02 15 -
MANGANESE 127/160 3 550 5.6-16.7 195 244 06C131A03 - 880 N
SELENIUM 28/160 0.5 3 0.44 - 1.1 0.708 1.50 06C132A04 50 180 N
SILVER 3/160 0.190 5 0.11 - 222 7.02 3.00 06C152A02 --- 180 N
ZINC 57/160 2 292 1.1 19.0 43.4 06C152A02 ==~ 11000 N-
Dissolved Metals (ug/L)
ARSENIC, FILTERED 76/160 0.31 55.3 0.2-1.1 4.39 8.70 06C131A04-F 10 0.045 C
BARIUM, FILTERED 160/160 9.6 326 --- 54.5 54.5 06C163A02-F 2000 2600 N
CADMIUM, FILTERED © 2160 1.1 1.2 0.7-1.1 0.505 1.15 06C121A00-F 5 18 N
CHROMIUM, FILTERED 20/160 2 13.4 1-5.6 2.98 6.93 06C161A02-F 100 110 N
LEAD, FILTERED 10/160 0.120 514J 0.1-1.1 0.530 0.961 06C142A02-F 15 -
MANGANESE, FILTERED 109/160 3.8 534 J 5 - 1500 198 265 06C133A04-F - 880 N
SELENIUM, FILTERED 4/160 0.510 2.1 0.4-1.1 0.512 1.26 06C132A00-F 50 180 N
ZINC, FILTERED 385 10 - 100 19.5 . 73.6 06C142A02-F .- 11000 N

2

33/160

1) Valus presented is the federak SDWA MCL (U.S. EPA, 2004).

2) Value presented is the U.S. EPA Region 9 PRG for tap water. (U.S. EPA Region 9, 2004).-
3) "N" indicates that the PRG value presented is based on the potential for non-carcinogenic sffects. "C" indicates that the value presented is based on the potential for carcinogenic effects.

Chemicals that are bolded have been selected ds chemicals of potential concern (COPCs) for human health risk assessment.
The protocol for the selection of COPCs is presented in Section 1.

ug/L -‘micrograms per liter

COPCS - chemicals of potential concemn

MCL - Maximum Contaminant Level

PRG - Preliminary Remediation Goal

SDWA - Safe Drinking Water Act

U.S. EPA - United States Environmental Protection Agency




TABLE 1-3

HUMAN HEALTH RISK EVALUATION OF DOMESTIC USE OF GROUNDWATER (UNFILTERED SAMPLES)
WELL GROUP NO. 1 (06C13P2, 06C18P2)
'BIG CLIFTY UPPER
SWMU 7 - OLD RIFLE RANGE
NSWC CRANE
; CRANE, INDIANA

Incremental Lifetime Carcinogenic] Estimated Non-Carcinogenic Hazard
: Exposure Point Risk (ILCR) Quotient (HQ)
Parameter” | Concentration | - PRG - '(I;as)p ' Primary Target PRG - Tap Estimated
Water® Estimated ILCR @ Water®®
Organs HQ
(pg/it) (pg/L) (pg/L)

EE ' 26.8 © 4.50E-0 5.96E-04 Skin, CVS OE+0 2.4E+00
Barium 113 ©@. NA NA Kidney = .| 2.60E+03 4.3E-02
Chromium _ 3.01© “NA NA - NA 1.10E+02 2.7E-02
fron 64500 NA Y GI® 0E+04 5.9E+00
Manganese 541 © NA NA CNS 8 80E+0 6.1E-01

25.8 19 NA NA - Blood 1 1.1E+04 2.3E-03
Total Carcinogenic Risk 5.06E-04 Total HI | 9.0E+00
Footnotes: Target Organ His
1 - Analyte name is shaded if EPC is greater than the carcinogenic and/or ’ : .
one-tenth the non-carcinogenic PRG. Skin = | 2.4E+00
2 - Region IX - PRGs Tables, October 2004. : " CVS=| 2.4E+00
3 - PRG is shaded.if the EPC exceeds the PRG. ' - Kidney ={ 4.3E-02
4 - Primary Target Organs - IRIS, unless o A , Gl ={ 5.9E+00
~ otherwise noted. . CNS =} 6.1E-01
5 - PRG is shaded if EPC exceeds one-tenth the PRG. Blood = | 2.3E-03
6 - Student-t or Modified-t UCL ‘ ’
7 - Maximum Concentration.
- 8 - Groundwater and Surface Water Cleanup Target Levels for Chapter 62- 777
F.A.C., FDEP, April 17, 2005. .
9 - Student-t.
10 - 95% Chebyshev UCL
Abbreviations:
ug/L. = micrograms per liter. HI = Hazard Index.
EPC = Exposure Point Concentration. : o HQ = Hazard quotient.
CNS = Central nervous system. ILCR = Incremental Lifetime Cancer Risk.
CVS = Cardiovascular system. B - IRIS = Integrated Risk Information System
F.A.C. = Florida Administrative Code. ' NA = Not applicable.
FDEP = Florida Department of Environmentai Protection PRG = Preliminary Remediation Goal.

Gl = Gastrointestinal. ‘ UCL = Upper confidence level.



TABLE 1-4

HUMAN HEALTH RISK EVALUATION OF DOMESTIC USE OF GROUNDWATER (FILTERED SAMPLES)
GROUP NO. 1 (06C13P2, 06C18P2)
BIG CLIFTY UPPER
- SWMU 7 - OLD RIFLE RANGE
NSWC CRANE
CRANE, INDIANA -

|Incremental Lifetime Carcinogenic Estimated Non-Carcinogenic Hazard
Exposure Point Risk (ILCR) , Quotient (HQ)
Parameter!” Concentration | PRG - Tap . Primary Target PRG-Tap |_ . ..
Water®® . Estimated ILCR Oraans'® Water(®® HQ
(ug/L) (hg/L) ¥ (bg/L)
30.6 © 4.50E-0 6.80E-04 Skin, CVS OE+0 2.8E+00
Barium, Filtered 173 7 NA NA , Kidney 2.60E+03 6.7E-02
Chromium, Filtered 473" NA NA - NA 1.10E+02 4.3E-02
Manganese, Filtered 554 0 NA NA —__ONS
Zinc, Filtered - 185 9 NA NA ‘ - Blood | 1.1E+04 1.7E-02
Total Carcinogenic Risk | - 6.80E-04 Total HI 3.5E+00
Footnotes: - ’ Target Organ His
1 - Analyte name is shaded if EPC is greater than the carcmogemc and/or : o
one-tenth the non-carcinogenic PRG. _ . Skin = | 2.8E+00
2 - Region IX - PRGs Tables, October 2004. ' : CVS=| 2.8E+00
3 - PRG is shaded if the EPC exceeds the PRG. . Kidney = | 6.7E-02
4 - Primary Target Organs - IRIS. . CNS ={ 6.3E-01
5 - PRG is shaded if EPC exceeds one-tenth the PRG - Blood=| 1.7E-02
-6 - Approximate Gamma 95% UCL. S
7 -'95% Chebyshev UCL.
8 - Student-t. ‘
9 - 99% Chebyshev UCL.
Abbreviations:
Hg/L = micrograms per liter : , _
EPC = Exposure Point Concentration. ILCR = Incremental Lifetime Cancer Risk.
CNS = Central nervous system. IRIS = ntegrated Risk Information System.
CVS = Cardiovascular system. ‘ NA = Not applicable. '
HI = Hazard Index. _— PRG = Preliminary Remediation Goal.

HQ = Hazard Quotient. : UCL = Upper confidence level.



TABLE 1-5

HUMAN HEALTH RISK EVALUATION OF DOMESTIC USE OF GROUNDWATER - (UNFILTERED SAMPLES)
WELL GROUP NO. 2 (06C11P2, 06C19P2)
BIG CLIFTY UPPER
SWMU 7 - OLD RIFLE RANGE
NSWC CRANE
CRANE, INDIANA

Incremental Lifetime Carcinogenic Estimated Non-Carcinogenic Hazard

Exposure Point Risk (ILCR) - Quotient (HQ)
Parameter'” | Concentration PRG - I;asga . i Prirhary Target PRG - T;ap Estimated
. . : Water® Estimated I_LCR Oraans®® Water®® T HQ
(ug/L) (ug/L) 9 (ug/t)
Arse 2.76 ® 4.50E-0 6.13E-05 Skin, CVS 0E+0 2.5E-01
Barium 36.6 ") NA NA Kidney 2.60E+03 1.4E-02
0.92 ® NA NA . NA 1.10E+02 8.4E-03
4690 © . NA NA Gi¥ OE+04 4.3E-01
131 9 NA NA CNS 8.80E+0 1.5E-01
845" T NA NA Blood 1.1E+04 7.7E-04
Total Carcmogemc Risk 6.13E-05 ~ Total HI 8.5E-01
Footnotes: C ) Target Organ His
1 - Analyte name is shaded if EPC is greater than the carcinogenic and/or . '
one-tenth the non-carcinogenic PRG. : Skin=| 2.5E-01
2 - Region IX - PRGs Tables, October 2004. o CVS=| 2.5E-01
3 - PRG is shaded if the EPC exceeds the PRG. . Kidney = | 1.4E-02
4 - Primary Target Organs - RIS, unless . Gl=| 4.3E-01
otherwise noted. - CNS = 1.5E-01
5 - PRG is shaded if the EPC exceeds one-tenth the PRG. . Blood=| .7.7E-04
6 - 95% Chebyshev UCL.
7 - Approximate Gamma 95% UCL.
8 - Maximum concentration.
9 - Groundwater and Surface Water Cleanup Target Levels for Chapter 62-777,
F.A.C., FDEP, April 17, 2005.. -
10 - Student-t. o
11 - Student-t or Modified-t UCL.
“Abbreviations:
Hg/L = micrograms per liter - H! = Hazard Index
EPC = Exposure Point Concentration : HQ = Hazard Quotient
CNS = Central Nervous System ILCR = Incremental Lifetime Cancer Risk
CVS = Cardiovascular System IRIS = ntegrated Risk Information System
= Gastrointestinal . ' NA = Not Applicable
F A C. = Florida Administrative Code. PRG = Preliminary Remediation Goal

FDEP = Florida Department of Environmental Protectlon UCL = Upper Confidence Level




~ TABLE 1-6

HUMAN HEALTH RISK EVALUATION OF DOMESTIC USE OF GROUNDWATER (FILTERED SAMPLES)
WELL GROUP NO. 2 (06C11P2, 06C19P2)
' BIG CLIFTY UPPER
SWMU 7 - OLD RIFLE RANGE
" NSWC CRANE
CRANE, INDIANA

Incremental Lifetime Carcinogenic Estimated Non-Carcinogenic Hazard

Exposure Point Risk (ILCR) . : Quotient (HQ)
Parameter" Concentration | PRG - Tap ' Primary farget PRG-Tap | i ated
: N Water2® Estimated ILCR Organs®® Water?® HQ
(/L) (Hg/L) gans. (ug/L)
" 198 ©" 4.50E-0 4.40E-05 - Skin, CVS OE+0 1.8E-01
Barium, Filtered 356" NA = NA Kidney 2.60E+03 1.4E-02
Chromium, Filtered 4.56 © NA NA NA 1.10E+02 4.1E-02
Manganese, Filtered 120 ) NA NA K CNS 8.80E+0 1.4E-01
Zinc, Filtered 715 © “NA NA |  Blood . 1.1E+04 6.5E-02
Total Carcinogenic Risk 4.40E-05 Total HI 4.4E-01
Footnotes: - ' ' . Target Organ His
1 - Analyte name is shaded if EPC is greater than the carcinogenic and/or .
one-tenth the non-carcinogenic PRG. : © Skin=| 1.8E-01
2 - Region IX - PRGs Tables, October 2004. - ' : : CVS=| 1.8E-01
3 - PRG is shaded if the EPC exceeds the PRG. : ' _ Kidney = | 1.4E-02
4 - Primary Target Organs - IRIS. , . CNS =| 1.4E-01
5 - PRG is shaded if EPC exceeds one-tenth the PRG. , " Blood=| 6.5E-02
6 - 95% Chebyshev UCL. T
7 - Student-t.
Abbreviations: : o
Mg/L = micrograms per liter ’ ILCR = Incremental Lifetime Cancer Risk.
EPC = Exposure Point Concentration. IRIS = ntegrated Risk Information System.
CNS = Central nervous system. , .~ NA = Not applicable. '
CVS = Cardiovascular system. ' . PRG = Preliminary Remediation Goal.
HI = Hazard Index. ~ UCL = Upper confidence level. .

+ HQ = Hazard Quotient.



TABLE 1-7

HUMAN HEALTH RISK EVALUATION OF DOMESTIC USE OF GROUNDWATER (UNFILTERED SAMPLES)
WELL GROUP NO. 3 (06C13)
BIG CLIFTY/BEECH CREEK

SWMU 7 - OLD RIFLE RANGE

NSWC CRANE
CRANE, INDIANA

Incremental Lifetime Carcinogenic

Estimated Non-Carcinogenic Hazard

: Exposure Point Risk (ILCR) . Quotient (HQ)
D) ; N — -
Parameter Concentration PRG ;l;sgp ' Primary Target PRG Zas)p Estimated
: Water®® Estimated ILCR Organs'® Water® HQ
(ug/t) (uglt) 9 (Bg/L)
Arse 512 ° 4.50E-0 1.14E-03 Skin, CVS OE+0 4.7E+00
Barium 76 © NA NA Kidney. 2.60E+03 2.9E-02
Chromium 0.83 ") NA NA NA 1.10E+02 | . 7.5E-03
Manganese 486 © NA NA CNS 8.80E+02 | 5.5E-01
Zinc 328" NA NA Blood 1.1E+04 3.0E-03
Total Carcinogenic Risk 1.14E-03 Total HI | 5.2E+00
Footnotes: i Targét Organ Hls

1 - Analyte name is shaded if EPC is greater than the carcinogenic and/or
one-tenth the non-carcinogenic PRG.

2 - Region IX - PRGs Tables, October 2004,

3 - PRG is shaded if the EPC exceeds the PRG.
4 - Primary Target Organs - IRIS.
5 - PRG is shaded if EPC exceeds one-tenth the PRG.
6 - Student-t or Modified-t UCL.
7 - Maximum Concentration.

8 - Student-t.

9 - 95% Chebyshev UCL.

Abbreviations:

Hg/L = micrograms per liter
EPC = Exposure Paint Concentration
CNS = Central Nervous System
CVS = Cardiovascular System
Gl = Gastrointestinal

F.A.C. = Florida Administrative Code.
FDEP = Florida Department of Environmental Protection

-

" ILCR =

HI = Hazard Index
HQ = Hazard Quotient
Incremental Lifetime Cancer Risk

Skin =
CVS =
Kidney =
CNS =
Blood =

4.7E+00

4.7E+00

2.9E-02

5.5E-01

3.0E-03

[RIS = ntegrated Risk Information System.

NA = Not Applicable

PRG = Preliminary Remediation Goal
UCL = Upper Confidence Level



TABLE 1-8

HUMAN HEALTH RISK EVALUATION OF DOMESTIC USE OF GROUNDWATER (FILTERED SAMPLES)
- i WELL GROUP NO. 3 (06C13)
. BIG CLIFTY/BEECH CREEK
- SWMU 7 - OLD RIFLE RANGE

. NSWC CRANE
> : CRANE, INDIANA
Incremental Lifetime Carcinogenic] ~ Estimated Non-Carcinogenic Hazard
: Exposure Point Risk (ILCR) - Quotient (HQ)
Parameter!" Concentration | PRG - Tap R - Primary Target PRG-Tap | . 0d
. Water®¥ Estimated ILCR Oraans® Water®® HQ
(hg/L) (bg/L) e (Mg/L)_
3140 m 6.98E-04 Skin, CVS OE+0 2.9E+00
Barium, Filtered 59.6 NA NA Kidney . 2.60E+03 2.3E-02
Cadmium, Filtered | 0579® |- NA NA Kidney 1.80E+01 3.2E-02
Chromium, Filtered 2® NA - NA NA . 1.10E+02 1.8E-02
Manganese, Filtered - 504 " NA NA : CNS 8.80E+0 5.7E-01
Zinc, Filtered [ 265 © NA NA - Blood 1.1E+04 - | 2.4E-02
Total Carcinogenic Risk 6.98E-04 ‘ ‘Total HI 3.5E+00
Footnotes: - : Target Organ Hls
1 - Analyte name is shaded if EPC is greater than the carcinogenic and/or
one-tenth the non-carcinogenic PRG. . Skin = | 2.9E+00
2 - Region IX - PRGs Tables, October 2004. : CVS =| 2.9E+00
3 - PRG is shaded if the EPC exceeds the PRG. v ' Kidney = | 5.5E-02
4 - Primary Target Organs - IRIS. CNS =} 5.7E-01
5 - PRG is shaded if EPC exceeds one-tenth the PRG. . Blood=| 24E-02
6 - Student-t or Modified-t UCL. ' : :
7 - Approximate Gamma 95% UCL.
8 - Maximum Concentration.
_ 9-99% Chebyshev UCL.
Abbreviations: ' -
Kg/L = micrograms per liter ILCR = Incremental Lifetime Cancer Risk.
EPC = Exposure Point Concentration. IRIS = ntegrated Risk Information System.
CNS = Central nervous system. NA = Not applicable.
CVS = Cardiovascular system. PRG = Preliminary Remediation Goal.
HI = Hazard Index. ‘ UCL = Upper confidence level.

HQ = Hazard Quotient.

w



TABLE 1-9

HUMAN HEALTH RISK EVALUATION OF DOMESTIC USE OF GROUNDWATER (UNFILTERED SAMPLES)
WELL GROUP NO. 4 (06C15) -
BIG CLIFTY/BEECH CREEK
SWMU 7 - OLD RIFLE RANGE
NSWC CRANE
CRANE, INDIANA

. Incremental Lifetime Estimated Non-Carcinogenic Hazard
Exposure Point Carcinogenic Risk (ILCR) Quotient (HQ)
Parameter” Concentration | - PRG - '(I;aa)p . Primary Target PRG - Tap Estimated
Water'® Estimated ILCR Organs(‘) Water®® ‘ HQ
(pg/L) (ug/L) (pg/t)

4,6 otoluene 7© OE+00 3.18E-06 Liver 80E+0 3.9E-01
Barium ' ‘ 29.3 ¥ NA NA Kidney =~ ‘| 2.60E+03 1.1E-02
Chromium 071 ® NA NA NA 1.10E+02 6.5E-03 .
Iron 462 @ | NA NA Gl1® 1.10E+04 4.2E-02
Manganese 18.1 9 NA NA CNS 8.80E+02 2.1E-02
zZinc 179 NA NA Blood 1.1E+04 1.6E-02

’ Total Carcinogenic Risk 3.18E-06 Total HI 4.9E-01

Footnotes:

1 - Analyte name is shaded if EPC is greater than the carcmogenlc and/or

one-tenth the non-carcinogenic PRG.
2 - 'Region IX - PRGs Tables, October 2004.
3 - PRG is shaded if the EPC exceeds the PRG.
4 - Primary Target Organs - IRIS, unless
otherwise noted.
5 - PRG is shaded if EPC exceeds one-tenth the PRG.
6 - 95% Chebyshev UCL.
7 - Student-t.
8 - Maximum Concentration.

Target Organ Hls

Liver = [ 3.9E-01

Kidney = { 1.1E-02

Gl=| 4.2E-02

CNS=| 2.1E-02

Blood =| 1.6E-02

9 - Groundwater and Surface Water Cleanup Target Levels for Chapter 62-777, _

-F.A.C., FDEP, April 17, 2005.
10 - Student-t or Modified-t UCL.
11 - 99% Chebyshev UCL.
Abbreviations:
Hg/L = micrograms per liter
EPC = Exposure Point Concentration
- CNS = Central Nervous System
CVS Cardiovascular System .
= Gastrointestinal
F A C. =Florida Administrative Code
FDEP = Florida Department of Environmental Protection

HI = Hazard Index -

HQ = Hazard Quotient

ILCR = Incremental Lifetime Cancer Risk
IRIS = ntegrated Risk Information System.
NA = Not Applicable

PRG = Preliminary Remediation Goal
UCL = Upper Confidence Level



TABLE 1-10

HUMAN HEALTH RISK EVALUATION OF DOMESTIC USE OF GROUNDWATER (FILTERED SAMPLES)

06C15
-‘BIG CLIFTY/BEECH CREEK
SWMU 7(OLD RIFLE RANGE)
NSWC CRANE
CRANE, INDIANA

Incremental Lifetime Carcinogenic Estimated Non-Carcinogenic Hazard
Exposure Point|. Risk (ILCR) Quotient (HQ)
) : R .
Parameter Concentration PRG - Tap . Primary Target PRG T;ap Estimated
Water®® | Estimated ILCR organs® Water'?® Ho
(pg/L) (pg/L) (pg/t)
2,4,6-Trinitrotoluene 7 © OE-+00 3.18E-06 Liver SOE+0 3.9E-01
Barium, Filtered 28.9 7 NA NA Kidney 2.60E+03 - | 1.1E-02
Chromium, Filtered 321 ® NA NA NA 1.10E+02 2.9E-02
Manganese, Filtered 7.82 © NA NA CNS 8.80E+02 | 8.9E-03
Zinc, Filtered 19.8 © NA " NA Blood 1.1E+04 1.8E-03
Total Carcinogenic Risk 3.18E-06 Total HI 4.4E-01
Footnotes:

2 - Region IX - Preliminary Remediation Goals (PRGs) Tables, October 2004.
3 - PRG is shaded if the EPC exceeds the PRG.
4 - Primary Target Organs - Integrated Risk Information System (IRIS).
5 - PRG is shaded if EPC exceeds 1/10th the PRG.
"1 - Analyte name is shaded if EPC is greater than the carcinogenic and/or
"1/10th the noncarcinogenic PRG.
6 - 95% Chebyshev UCL.

7 - Student-t.

8 - Student-t or Modified-t UCL.

Abbreviations:

pg/L = micrograms per liter

EPC = Exposure Point Concentration.
CNS = Central nervous system.

CVS = Cardiovascular system.

HI = Hazard Index.

HQ = Hazard Quotient.

Target Organ Hls

Liver =
Kidney =
CNS =
Blood =

ILCR = Incremental Lifetime Cancer Risk.
IRIS = ntegrated Risk Information System.

NA = Not applicable.

PRG = Preliminary Remediation Goal.

< UCL = Upper confidence level.

3.9E-01

. 1.1E-02

8.9E-03

1.8E-03




TABLE 1-11

HUMAN HEALTH RISK EVALUATION OF DOMESTIC USE OF GROUNDWATER (UNFILTERED SAMPLES)
WELL GROUP NO. 5 (06C11, 06C12, 06C14, 06C16, 06C18, 06C19)
BIG CLIFTY/BEECH CREEK
SWMU 7 - OLD RIFLE RANGE
" NSWC CRANE
CRANE, INDIANA

_ Incremental Lifetime Estimated Non-Carcinogenic Hazard
Exposure Point Carcinogenic Risk (ILCR) Quotient (HQ)
Parameter'” | Concentration| PRG - Tap _ . " PRG-Tap .
Water?? Estimated ILCR Prlrgfr:;a::)get -~ Water®® Est:'ng ted
(uglL) (ug/L) 9 (ug/t)
Arse 1.5© 4.50E-0 3.33E-05 Skin, CVS 0E+0 1.4E-01
Barium _ 74.8 © NA NA ‘Kidney 2.60E+03 2.9E-02
Cadmium 0.659 "7 |- NA NA Kidney 1.80E+01 3.7E-02
-|Chromium 3.08 " NA ___NA NA 1.10E+02 2.8E-02
0 2159 ® NA NA GI® OE+04 2.0E-01
ANGAnese 061 (© NA NA CNS 8.80E+0 3.0E-01
Zinc 3179 NA NA Blood 1.1E+04 2.9E-03
| Total Carcinogenic Risk 3.33E-05 ~ TotalHI | 7.3E-01
Footnotes: : . . Target Organ His -
1 - Analyte name is shaded it EPC is greater than the carcinogenic and/or
one-tenth the non-carcinogenic PRG. ' Skin=] 1.4E-01
2 - Region'IX - PRGs Tables, October 2004. CVS=| 1.4E-01
3 - PRG is shaded if the EPC exceeds the PRG. v Kidney = | 6.5E-02
4 - Primary Target Organs - IRIS, unless . , Gl=| 2.0E-01
otherwise noted. CNS = [ 3.0E-01
5 - PRG is shaded if EPC exceeds one-tenth the PRG. o ) Blood =| 2.9E-03
6 - 95% Chebyshev UCL. :
7 - Student-t or Modified-t UCL.
8 - Student-t. - N
9 - Groundwater and Surface Water Cleanup Target Levels for Chapter 62-777,
F.A.C., Florida Department of Environmental Protection (FDEP), April 17, 2005.
10 - 97.5% Chebyshev UCL.
Abbreviations: ) . .
pg/L = micrograms per liter ' HI = Hazard Index
EPC = Exposure Point Concentration HQ = Hazard Quotient
CNS = Central Nervous System ILCR = Incremental Lifetime Cancer Risk
CVS = Cardiovascular System ) IRIS = ntegrated Risk Information System.
Gl = Gastrointestinal ) NA = Not Applicable ’
F.A.C. = Florida Administrative Code. T PRG = Preliminary Remediation Goal .

FDEP = Florida Department of Environmental Protection ' UCL = Upper Confidence Level



TABLE 1-12

HUMAN HEALTH RISK EVALUATION OF DOMESTIC USE OF GROUNDWATER (FILTERED SAMPLES)

WELL GROUP NO. 5 (06C11, 06C12, 06C14, 06C16, 06C18, 06C19)
BIG CLIFTY/BEECH CREEK
SWMU 7 - OLD RIFLE RANGE
NSWC CRANE
CRANE, INDIANA

1 -'Analyte name is shaded if EPC is greater than the carcinogenic and/or
one-tenth the non-carcinogenic PRG.
2 - Region IX - PRGs Tables, October 2004.
3 - PRG is shaded if the EPC exceeds the PRG.
4 - Primary Target Organs - IRIS.

5 - PRG is shaded if EPC exceeds one-tenth the PRG.

6 - 95% Chebyshev UCL.
7 - Student-t or Modified-t UCL.

8 - 97.5 Chebyshev UCL.

 Abbreviations:

Hg/L = micrograms per liter

- EPC = Exposure Point Concentration.
CNS = Central nervous system.
CVS = Cardiovascular system.

Hl = Hazard Index.

HQ = Hazard Quotient.

ILCR =

Skin =
CVS =
Kidney =
CNS =
Blood =

Incremental Lifetime Cancer Risk.

IRIS = ntegrated Risk Information System.

NA = Not applicable.

PRG = Preliminary Remediation Goal.
UCL = Upper confidence fevel.

Incremental Lifetime Carcinogenic Estimated Non-Carcinogenic Hazard
Exposure Point Risk (ILCR) Quotient (HQ)
(1) i . .
-Parameter Concentration PRG - Tap . Primary Target PRG 'I;ap Estimated
Water®? Estimated ILCR Organs® Water®® HO
, ' (pg/L) (pg/L) , (pg/L)
Arsenic, Filtered 1.32 @ 4.50E-0 2.93E-05 Skin, CVS OE+0 1.2E-01
Barium, Filtered 745 © _NA NA Kidney 2.60E+03 | 2.9E-02
Cadmium, Filtered 0.514 " NA NA Kidney 1.80E+01 2.9E-02
Chromium, Filtered 3.97 © NA NA NA 1.10E+02 3.6E-02
anganese, Filtered 275 ® NA < NA CNS . 8.80E+0 3.1E-01
Zinc, Filtered |  359© NA NA Blood 1.1E+04 3.3E-03 -
" Total Carcinogenic Risk 2.93E-05 ' Total HI 5.3E-01
Footnotes: Target Organ Hls

1.2E-01

1.2E-01

5.7E-02

3.1E-01

3.3E-03
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‘8.2 Old Rifle Range

‘The well network at the ORR monitors the Big Clifty sandstone and the Beech Creek
limestone. The two formations are underlain by the Elwren shale aquiclude and are
considered one aquifer. One monitoring well network, consisting of five wells, is
screened in the upper part of the Big Clifty, including a portion of the thick sotl zone that
- covers the site. The deeper monitoring well network, consisting of nine wells, is
screened near the base of the Beech Creek. Comparisons of water levels between paired
- wells indicate little difference between the upper and lower wells. Groundwater flow.
through the limestone is primarily through a system of connected joints. The Big Clifty
‘and Beech Creek formations beneath the ORR contain more open discontinuities than the
same formations at other sites in the study area (Tetra Tech, 1999). '

~ Metals and explosives were identified as contaminants at the ORR by the USACE

sampling in the early 1990's (Murphy, 1995). The USACE identified arsenic, nickel, and
manganese as statistically significant contaminants. Barium, copper, and antimony
persisted in four rounds of sampling, but were considered naturally occurring or artifacts
of sampling. TNT, RDX, and HMX were found "persxstently" in five wells on the
northern half of the ORR by the USACE. :

‘Figures 8.2. 1-8.2.4 show all detections, by quarter for the upper Blg Clifty monitoring
~ wells at the ORR. Values that exceeded the RBTL are flagged. Detections in the upper
Big Clifty were mainly metals and other inorganics. Samples were analyzed for organic
compounds in only the second quarter. Detections of organics were limited to Bis(2-
ethythexyl)phthalate in two wells. Bis(2-ethylhexyl)phthalate is a common lab
contaminant. The lab QC blank associated with the sample for well 06C11P2 indicates
that the detection is likely a lab artifact (Table 6.2.3). No explosives were detected in any
of the four quarters. Barium and manganese were the most frequently detected metals
(100% of samples), often at levels above the RBTL (100% and 75%, respecuvely) Other
metals detected include arsenic, cadmium, selenium, and antlmony

Figures 8.2.5- 8 2.8 show all detections, by quarter, for the Bi g Chifty/Beech Creek
“monitoring wells at the ORR: Values that exceeded the RBTL are flagged. Similar to
results in the upper wells, detections in the lower wells were mainly metals and other
inorganics. Like the upper wells, barium and manganese were frequently detected (100%
and 78% of samples, respectively), often above the RBTL (100% and 61% of samples,
respectively). Arsenic was also detected with some frequency (53% of samples),
" however, above the RBTL less frequently (19% of samples). Other metals detected more
than twice include antimony, zinc, cadmium, copper, and selenium. Detections of
organics were limited to Bis(2-ethylhexyl)phthalate in well 06C18 in only the second
quarter. Detections of explosives at the ORR were limited mostly to well 06C15. Three
compounds were detected in well 06C15 in both the third and fourth quarters: TNT, 2-
Amino-4,6-dinitrotoluene, and 4-Amino-2,6-dinitrotoluene. Of the detections of
explosives, only TNT exceeded the RBTL.

ORR results were evaluated to detenmne which constituents were statlstncally higher than
‘background (Section 7.0). Table 8.2 shows the ORR results that were significantly high
and exceeded an RBTL in at least one of the four quarters. Monitoring point objectives’
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as per the GWMP (Tetra Tech NUS, 1999) are noted in the table. Constituents that
exceeded both thresholds in ORR wells were limited to the metals arsenic, barium,
cadmlum zinc, iron, and manganese.

RDX and HMX were not detected in any ORR well in the quarterly samplmg of 2000.

- TNT was detected all four quarters in one well, 06C15, at concentrations greater than the |
RBTL. However, the TNT concentrations were not significantly higher than background.

Nitro-toluene daughter compounds were also consistently detected in well 06C15,

specifically 2-Amino-4, 6-dinitrotoluene and 4-Amino-2, 6-dinitrotoluene. The presence
of the nitro-toluene daughter products indicates that some natural attenuation is occurring

in the system. The concentrations of 2-Amino-4, 6-dinitrotoluene and 4-Amino-2, 6-
dinitrotoluene were determined to be significantly higher than background. However, -
these two compounds were not evaluated for inclusion in Table 8.2 because an RBTL has
not been established for them due to a lack of risk-based criteria (Tetra Tech NUS, 1999).

Similar to results at the ABG, total and dissolved barium were detected above the RBTL
of 3.9 pg/L in all wells in all sampling rounds. Figure 8.2.9 shows the quarterly total
barium concentrations in the Big Clifty/Beech Creek aquifer (see Figure 8.2.1 for well
references). Barium concentrations in the upper Big Clifty wells are similar to the
concentrations found in the deeper wells (Figure 8.2.10) (see Figure 8.2.5 for well

* references). However, more of the wells in the deeper network were determined to be

significantly higher than background (Table 8.2). Four of the POC wells in the Big

~ Clifty/Beech Creek network (06C11, 06C13, 06C16, 06C18) and the downgradient well

06C19 had barium concentrations greater than the RBTL and significantly higher than
background. The wells in the Upper Big Clifty that exceeded both thresholds include two
POC wells on the eastern perimeter; 06C13P2 and 06C18P2. Similar to the ABG,
elevated barium concentrations at the ORR may be due to natural or background
conditions at the site. As discussed previously, results from the Basewide Background
Soils Investigation indicated that all of the barium samples were greater than the SRBTL

~ of 1.04 mg/kg. Unlike the ABG, however, we did not have soil data specific to the ORR

to compare to the background levels.

Manganese was detected above the RBTL of 50 png/L consistently in five wells screened
in the Big Clifty/Beech Creek aquifer (Figure 8.2.11) (06C12, 06C13, 06C14, 06C18, and
06C19) In addition to exceeding the RBTL, concentrations in each of these five wells
were significantly higher than background (Table 8.2). Manganese concentrations in the
upper aquifer exceeded both thresholds in four wells at the eastern edge of the site
(03C11P2, 03C13P2, 03C18P2, 03C19P2) (Figure 8.2.12 and Table 8.2).

Arsenic was found above the RBTL of 2 pg/L in two of the Big CIiﬁy/Beech Creck POC
well, 06C13 and 06C11, .and the downgradient well 06C19 (Figure 8.2.13). Similar

results were found in the corresponding shallow wells in the Upper Big Clifty network;

point of compliance wells 06C13P2 and'(_)6C18_P2 had concentrations greater than the
RBTL. Of the arsenic exceedances, results from POC wells 06C13P2, 06C13, 06C18P2
and downgradient well 06C19P2 were sigrﬁﬁcant]y higher than background (Table 8.2).
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Table 8.2 Old Rifle Range Monitoring Points with results exceeding RBTL and
statistically higher than background. [C, Compliance; DG, Downgradient]

Parameter

Well

MP Objective

RBTL Exceedances by

Quarter

Old Rifle Range — Upper

Big Clifty

i1st | 2nd | 3rd | 4th

METALS

Arsenic

06C13P2

06C18P2

06C19P2

Arsenic (filtered)

06C13P2

06C18P2

Barium

06C18P2

06C13P2

Barium (ﬁliered)

06C18P2

M>>I > ]

<[> ||| || |
> [ [ > ||| > [ <

Cadmium

06C18P2

inc (filtered)

- 06C13P2

Manganese

06C11P2

06C13P2

06C18P2

06C19P2

Manganese.(filtered

06C11P2

06C13P2

olo|gdlolojolojojojolo|o]o|Z|o]o

‘06C18P2

(9]

06C19P2

DG’

<[> |3 >< | <> | <[>

><><><><><><><><><><><><><><><><><$<

<3< [ >< [ e < | ¢ > | ¢

<[> [ > || ||

Old Rifle Range — Big Clifty/Beech Creek Aquifer

- IMETALS

Arsenic

06C13

Arsenic (filtered)

06C13

Barium

06C11

06C13

06C16 .

06C18

06C11.

Barium (filtered)

06C13

06C16

06C18

06C19

XXX XX XXX X<

XXX XXX XXX | X

Zinc .

06C14

Il e3¢ <3¢ 3¢ [ 3¢ | ¢ [ 3¢ | <
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‘8.2 Old Rifle Range

The well network at the ORR monitors the Big Clifty sandstone and the Beech Creek
limestone. The two formations are underlain by the Elwren shale aquiclude and are
considered one aquifer. One monitoring well network, consisting of five wells, 1s
screened in the upper part of the Big Clifty, including a portion of the thick'soil zone that
covers the site. The deeper monitoring well network, consisting of nine wells, is
screened near the base of the Beech Creek. Comparisons of water levels between paired
wells indicate little difference between the upper and lower wells. Groundwater flow -
through the limestone is primarily through a system of connected joints. The Big Clifty
and Beech Creek formations beneath the ORR contain more open discontinuities than the
same formations at other sites in the study area (Tetra Tech, 1999).

Metals and explosives were identified as contaminants at the ORR by the USACE
sampling in the early 1990's (Murphy, 1995). The USACE identified arsenic, nickel, and
manganese as statistically significant contaminants. Barium, copper, and antimony
persisted in four rounds of sampling, but were considered naturally occurring or artifacts
of sampling. TNT, RDX, and HMX were found "persistently” in five wells on the
northern half of the ORR by the USACE. :

Figures 8.2.1-8.2.4 show all detections, by quarter, for the upper Big Clifty monitoring -
wells at the ORR. For associated lab qualifiers, please see Tables 6.2.1 —6.2.5. Values
that exceeded the Risked-Based Target Level are flagged. Detections in the upper Big
Clifty were predominantly metals and other inofganics. Samples were analyzed for
organic compounds in only the second quarter: ‘Petections of organics were limited to
Total Organic Carbon (TOC) and Total Organic Halogens (TOX). No explosives were
detected in any of the four quarters. Barium and manganese were the most frequently
detected metals (100% and 85% of samples), usually at levels above the RBTL (100%
and 80% of samples, respectively). Other metals detected in at least 25% of the samples
include arsenic, cadmium, selenium, and antimony. :

Figures 8.2.5-8.2.8 show all detections, by quarter, for the Big Clifty/Beech Creek
monitoring wells at the ORR. Values that exceeded the Risked-Based Target Level are
flagged. Similar to results in the upper wells, detections in the lower wells were mainly
metals and other inorganics. Similar to results in the upper Big Clifty wells, barium and
manganese were frequently detected (100% and 74% of samples, respéctively), often
above the RBTL (100% and 58% of samples, respectively). Arsenic was also detected
with some frequency (49% of samples), however, above the RBTL less frequently (19%
of samples) than barium and manganese. Other metals detected in at least 25% of
samples include antimony, chromium, copper, nickel, and zinc. With the exception of

"TOC and TOX, detections of organics were limited to Bis(2-ethylhexyl)phthalate in-one

sample from well 06C12. Bis(2-ethylhexyl)phthalate is a common lab contaminant.
However, quality control samples associated with the analysis do not indicate lab
contamination. Detections of explosives at the ORR were limited to well 06C15. Two
compounds were detected in three quarters (and a field duplicate) in well 06C15: 2-
Amino-4,6-dinitrotoluene, and 4-Amino-2,6-dinitrotoluene. Two other compounds were
detected in'well 06C15: TNT (three of four quarters) and 1,3,5-Trinitrobenzene (two of
four quarters). Only the three detections of TNT exceeded a RBTL.
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ORR results were evaluated to determine which constituents were statistically higher than
background (Section 7.0). Table 8.2 shows the ORR results that were significantly high
and exceeded an RBTL in at least one of the four quarters. . Monitoring point objectives
as per the GWMP (Tetra Tech NUS, 1999) are noted in the table. Inorganics that
exceeded both thresholds'in ORR wells. were limited to the metals arsenic, barium, zinc,
and manganese.’

As mentioned above, detection of explosives at the ORR in 2001 was predominantly
nitrotoluene daughter compounds in one well, 06C15. Well 06C15 is located in the
northem portion of the-ORR. RDX and HMX were not detected in any ORR well in the
quarterly sampling of 2001. TNT was detected above the RBTL in three samples from
well 06C15, and all three results were significantly higher than background. No
explosives were found in the upgradient well, 03C08. Nitro-toluene daughter compounds
“were consistently detected in well 06C15, specifically 2-Amino-4, 6-dinitrotoluene and 4-
Amino-2, 6-dinitrotoluene. The presence of the nitrotoluene daughter products indicates
* that some natural attenuation is occurring in the system. The concentrations of 2-Amino--
4, 6-dinitrotoluene and 4-Amino-2, 6-dinitrotoluene were determined to be significantly
higher than background. However, these two compounds were not evaluated for
inclusion in Table 8.2 because an RBTL has not been established for them due to a lack
of nsk-based critena (Tetra Tech NUS 1-999). :

Similar to results at the ABG, total and dissolved barium were detected above the RBTL
of 3.9 pg/L in all wells 1n all sampling rounds. .Figure 8.2.9 shows the quarterly total
barium concentrations in the Big Chﬂy/Beech Creek aquifer (see Figure 8.2.1 for well
references). Barium concentrations in the upper Big Clifty wells are similar to the

“concentrations found in the deeper wells (Figure 8.2.10) (see Figure 8.2.5 for well
references). However, more-of the wells-in the deeper network were determined to be
significantly higher than background (Table 8. 2) Four of the POC wells in the Big
Clifty/Beech Creek network (06C11, 06C13, 06C16, 06C18) and the downgradient well
06C19 had barium concentrations greater than the RBTL and significantly higher than
background. The wells in the Upper Big Clifty that exceeded both thresholds include two

-POC wells on the eastern perimeter, 06C13P2 and 06C18P2. Similar to the ABG, '
elevated barium concentrations at the ORR may be due to natural or background
conditions at the site. As discussed previously, results from the Basewide Background
Soils Investigation indicated that all of the barium samples from the base were greater
than the SRBTL of 1.04 mg/kg. Unlike the ABG, however, we did not have soil data
specific to the ORR to compare to the background levels.

Manganese was detected above the RBTL of 50 ug/L consistently in five wells screened
in the Big Clifty/Beech Creek aquifer (Figure 8.2.11) (06C12, 06C13, 06C14, 06C18, and
06C19). In addition to exceeding the RBTL in every quarter, concentrations in each of

~ these five wells were si ignificantly higher than background (Table 8.2). Manganese
concentrations in the upper aquifer exceeded both thresholds in four wells at the eastern
edge of the site (03C11P2, 03C13P2, 03C18P2, O3C19P2) (Figure 8.2.12 and Table 8. 2).

~ Arsenic was found above the RBTL of 2 pg/L in two of the Big Clifty/Beech Creek POC

- wells, 06C13 and 06C18 (Figure 8.2.13). Similar results were found in the corresponding
shallow wells in the Upper Big Clifty network; point of compliance wells 06C 13P2 and
~ 06C18P2 and downgradlent well 06C19P2 had concentrations greater than the RBTL. Of
the arsenic exceedances, results were significantly higher than background from POC
wells 06C13P2, 06C13, 06C18P2, 06C18, and downgradient well 06C19P2 (Table 8.2).
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Table 8.2 Old Rifle Range Monitoring Points with results exceeding RBTL and
statistically higher than background. [C = Compliance; DG = Downgradient; MP
‘Objective = type of well]

" RBTL Exceedances by Quarter

Parameter . Well MP Objective{ 1st | 2nd | 3rd | 4th

Old Rifle Range — Upper Big Clifty
METALS :

Arsenic : 06C13P2
- : : 06C18P2

06C19P2

Arsenic (filtered) 06C13P2

06C18P2

Barium 06C13P2

06C18P2

Barium (filtered) 06C18P2

Manganese 06C11P2

' 06C13P2

. 06C18P2

06C19P2

Manganese (ﬁlteréd) 06C11P2
. 06C13P2

06C18P2
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] Old.Rifle Range — Beech Creek Aquifer
METALS C .

X

Arsenic _06('5:1..3 k
' i 06C18

Barium 06C11

_ ) - IArsenic (filtered) 06C13
‘ . 06C13

06C16

06C18

Barium (filtered) "~ 06C11
| . 06C13

06C16

06C18

06C19

Manganese : 06C12
: 06C13

06C14

06C18

06C19

. Manganese (filtered) ~06C11
: ' 06C12

06C13

06C14

06C18
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Zinc (filtered) , 06C13

u’ ' )
Old Rifle Range — Beech Creek Aquifer
EXPLOSIVES :

46 Trinitrotoluene | _06C15 [ ¢ [ [ X [ - ] X
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8.2 Old Rifle Range

The well network at the Old Rifle Range monitors the Big Clifty sandstone and the Beech
Creek limestone. The two formations are underlain by the Elwren shale aquiclude and
are considered one aquifer. One monitoring well network, consisting of five wells, is
screened in the upper part of the Big Clifty, including a portion of the thick soil zone that
covers the site. The deeper monitoring well network, consisting of nine wells, is
screened near the base of the Beech Creek. Comparisons of water levels between paired
wells indicate little difference between the upper and lower wells. Groundwater flow
through the limestone is primarily through a system of connected joints. The Big Clifty
and Beech Creek formations beneath the ORR contain more open discontinuities than the
same formations at other sites in the study area (Tetra Tech, 1999).

Metals and explosives were identified as contaminants at the ORR by the USACE
sampling in the early 1990's (Murphy, 1995). The USACE identified arsenic, nickel, and
manganese as statistically significant contaminants. Barium, copper, and antimony
persisted in four rounds of sampling, but were considered naturally occurring or artifacts
of sampling. TNT, RDX, and HMX were found "persistently” in five wells on the
northern half of the ORR by the USACE.

Figures 8.2.1-8.2.4 show all detechons, by quarter, for the upper Big Clifty monitoring
wells at the ORR. For associated lab qualifiers, please see Tables 6.2.1-6.2.5. Values
that exceeded the RBTL are flagged. Detections in the upper Big Clifty were
predominantly metals and other inorganics. Samples were analyzed for organic
compounds in only the second quarter. Detections of organics were limited to total
organic carbon (TOC) and total organic halogens (TOX). No explosives were detected in
any of the four quarters. Barium and manganese were the most frequently detected
metals (100% and 85% of samples), usually at levels above the RBTL (100% and 80% of
samples, respectively). Other metals detected in at least 25% of the samples include
arsenic and antimony.

Figures 8.2.5-8.2.8 show all detections, by quarter, for the Big Clifty/Beech Creek
monitoring wells at the ORR. Values that exceeded the RBTL are flagged. Simlar to
results in the upper wells, detections in the lower wells were mainly metals and other
inorganics. Barium and manganese were frequently detected (100% and 69% of samples,
respectively), often above the RBTL (100% and 58% of samples, respectively). Arsenic
was also detected with some frequency (47% of samples), however, above the RBTL less
frequently (25% of samples) than barium and manganese. Other metals detected in at
least 25% of samples include antimony and zinc. With the exception of TOC and TOX,
detections of organics were limited to one detection of 2,4-D. Detections of explosives at
the ORR were limited to well 06C15. Explosives detected in well 06C15 include 2,4,6-
trinitrotoluene and 1,3,5-trimtrobenzene and degradation products 2-amino-4,6-
dinitrotoluene and 4-amino-2,6-dinitrotoluene.

The 2002 ORR results were incorporated with the 2000-2001 data and evaluated to
determine which constituents were statistically higher than background (Section 7.0).
The statistical analysis was done both with and without the outlying data points. Table
8.2.1 shows the ORR results that were significantly high and exceeded an RBTL in at
least one of the four quarters. Monitoring point objectives as per the GWMP (Tetra Tech
NUS, 1999) are noted in the table. Inorganics that exceeded both thresholds in ORR
wells were limited to the metals arsenic, barium, zinc, and manganese.
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As mentioned above, detection of explosives at the ORR in 2001 was predominantly
TNT and nitro-toluene degradation products in one well, 06C15. Similar results were
observed in results from quarterly sampling in 2000 and 2001. Well 06C15 is located in
the northern portion of the ORR. RDX and HMX were not detected in any ORR well in
the quarterly sampling of 2002. TNT was detected above the RBTL 1n all four samples
from well 06C15. Statistical analysis found the TNT results to be significantly higher
than background. No explosives were found in the upgradient, background well, 03CO08.
Nitro-toluene daughter compounds were also consistently detected in well 06C15,
specifically 2-amino-4, 6-dinitrotoluene, 4-amino-2, 6-dinitrotoluene, and 1,3,5-
Trinitrotoluene. The presence of nitrotoluene daughter products in the wells indicates
that some natural attenuation is occurring n the system. The concentrations of 2-amino-
4, 6-dinitrotoluene and 4-amino-2, 6-dinitrotoluene were determined to be significantly
higher than background. However, these two compounds were not evaluated for
inclusion in Table 8.2 because an RBTL has not been established for them due to a lack
of nisk-based critena (Tetra Tech NUS, 1999).

Similar to results at the ABG, total and dissolved barium were detected above the RBTL
of 3.9 pg/L in all wells in all sampling rounds. Figure 8.2.9 shows the quarterly total
barium concentrations in the Big Clifty/Beech Creek aquifer (see Figure 8.2.5 for well
references). Barlum concentrations in the upper Big Clifty wells are similar to the
concentrations found in the deeper wells (Figure 8.2.10) (see Figure 8.2.1 for well
references). However, more of the wells in the deeper network were determined to be
significantly higher than background (Table 8.2). Six of the POC wells in the Big
Clifty/Beech Creek network (06C11,-06C12, 06C13, 06C16, 06C18, 06C19) had filtered _ -
barium concentrations greater than the RBTL and significantly higher than background
when the data outliers were removed. Three of the POC wells in the Big Clifty/Beech
Creek network (06C13, 06C16, 06C18) had filtered bannum concentrations greater than
the RBTL and significantly higher than background when the data outliers were not
removed. The wells in the Upper Big Clifty that exceeded both thresholds include two
POC wells on the eastern perimeter, 06C13P2 and 06C18P2. Similar to the ABG,
elevated barium concentrations at the ORR may be due to natural or background
conditions at the site. As discussed previously, results from the Basewide Background
Soils Investigation indicated that all of the barium samples from the base were greater
than the SRBTL of 1.04 mg/kg. Unlike the ABG, however, we did not have soil data
specific to the ORR to compare to the background levels.

Manganese was detected above the RBTL of 50 pg/L consistently in five wells screened
in the Big Chfty/Beech Creek aquifer (Figure 8.2.11) (06C12, 06C13, 06C14, 06C18, and
06C19). In addition to exceeding the RBTL in every quarter, concentrations in each of
these five wells were significantly higher than background (Table 8.2). Well 06C11 also
exhibited concentrations that exceeded both thresholds. Manganese concentrations in the
upper aquifer exceeded both thresholds in four wells at the eastern edge of the site
(03C11P2, 03C13P2, 03C18P2, 03C19P2) (Figure 8.2.12 and Table 8.2).

Arsenic was consistently found above the RBTL of 2 pg/L in two of the Big Clifty/Beech
Creek POC wells, 06C13 and 06C18 (Figure 8.2.13). Similar results were found in the
corresponding shallow wells in the Upper Big Clifty network; point of compliance wells
06C11P2, 06C13P2, 06C18P2 and downgradient well 06C19P2 exhibited concentrations
greater than the RBTL. Of the arsenic exceedances, results were significantly higher than
background in POC wells 06C13P2, 06C13, 06C18P2, and downgradient well 06C19P2
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(Table 8.2.1) Old Rifle Range Monitoring Points with results exceeding RBTL and
statistically higher than background. [C = Compliance; DG = Downgradient; MP

Objective = type of well)

Parameter

Well

MP Objective

2002 RBTL Exceedances by Quarter

1st | 2nd [ 3rd

[ 4th

Old Rifle Range — Upper

Big Clifty

METALS

Arsenic

06C13P2

06C18P2

06C19P2

Arsenic (filtered)

06C13P2

06C18P2

Barium

06C13P2

06C18P2

Barium (filtered)

06C18P2

Barium (filtered)
Outliers Removed

06C13P2

06C18P2

anganese

06C11P2

06C13P2

06C18P2

06C19P2

WManganese (filtered)

06C11P2

06C13P2

06C18P2

06C19P2
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XKIXXXX X XXX (X I XXX XX
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elenium (filtered)

06C18P2

Old Rifle Range — Beech Creek Aquifer

METALS

Arsenic

06C13

Arsenic (filtered)

06C13

Barium

06C11

06C13

06C16

N

06C18

Barium (filtered)

06C13

06C16

06C18

Barium (filtered)
Outliers Removed

06C11

06C12

06C13

06C16

06C18

06C19

XIXPXRIRKIXXK [ XX | XX XX | X[ X[ X

HKIXX|RKIXIXK XX XXX XXX X

I
Silver

06C15

Lead

06C11

Manganese

06C11

06C12

06C13

06C14

06C18

06C19

Manganese (filtered)

06C11

06C12

06C13
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06C14 Cc X X X X
06C18 Cc X X X X
06C19 DG X X X X
Zinc (filtered) 06C13 C X X
Old Rifle Range — Beech Creek Aquifer
EXPLOSIVES
2,4,6-Trinitrotoluene |  06C15 | C | x | x | x T X
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8.2 Old Rifle Range

The well network at the Old Rifle Range monitors the Big Clifty sandstone and the Beech
Creek limestone. The two formations are underlain by the Elwren shale aquiclude and
are considered one aquifer. One monitoring well network, consisting of five wells, is
screened in the upper part of the Big Clifty, including a portion of the thick soil zone that
covers the site. The deeper monitoring well network, consisting of nine wells, is
screened near the base of the Beech Creek. Comparisons of water levels between paired
wells indicate hittle difference between the upper and lower wells. Groundwater flow
through the limestone is primarily through a system of connected joints. The Big Clifty
and Beech Creek formations beneath the ORR contain more open discontinuities than the
same formations at other sites in the study area (Tetra Tech, 1999).

Metals and explosives were 1dentified as contaminants at the ORR by the USACE
sampling in the early 1990's (Murphy, 1995). The USACE identified arsenic, nickel, and
manganese as statistically significant contaminants. Barium, copper, and antimony
persisted in four rounds of sampling, but were considered naturally occurring or artifacts
of sampling. TNT, RDX, and HMX were found "persistently” in five wells on the
northern half of the ORR by the USACE.

Figures 8.2.1-8.2.4 show all detections, by quarter, for the upper Big Clifty monitoring
wells at the ORR. For associated lab qualifiers, please see Tables 6.2.1-6.2.5. Values
that exceeded the RBTL are flagged. Detections in the upper Big Clifty were
predominantly metals and other inorganics. Detections of organics were limited to total
organic carbon (TOC) and total organic halogens (TOX), with volatile organic
compounds sampled only during the second quarter. The only explosive detected was
nitrocellulose in two separate wells, one during the first quarter (06C18P2) and one in the
second quarter(06C13P2). Barnum and manganese were the most frequently detected
metals (100% and 80% of samples), usually at levels above the RBTL (100% of samples
for both parameters). Other metals detected include arsenic (80% of samples) and
dissolved antimony (70% of samples). Ammonia was persistent 1n all downgradient
wells.

Figures 8.2.5-8.2.8 show all detections, by quarter, for the Big Clifty/Beech Creek
monitoring wells at the ORR. Values that exceeded the RBTL are flagged. Similar to
results in the upper wells, detections in the lower wells were mainly metals and other
inorganics. Barium and manganese were frequently detected (100% and 64% of samples,
respectively), often above the RBTL (100% and 55% of samples, respectively). Arsenic
was also detected with some frequency (50% of samples), however, above the RBTL less
frequently (22% of samples) than barium and manganese. Dissolved antimony was
detected in 64% of samples collected, but none of the results were above the RBTL. Zinc
occurred in 28% of samples, 10% of those (1 sample) being above the RBTL. The only
detection of organics was the persistent detection of total organic carbon (TOC) in well
C13. Detections of explosives at the ORR were limited to 2,4,6-tninitrotoluene and 1,3,5-
trinitrobenzene and degradation products 2-amino-4,6-dinitrotoluene and 4-amino-2,6-
dinitrotoluene. In addition, nitrocellulose was detected in two wells in the second quarter
(06C16 and 06C11).

The 2003 ORR results were incorporated with the 2000-2002 data and evaluated to
determine which constituents were statistically higher than background (Section 7.0).
The statistical analysis was done both with and without the outlying data points. Table
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8.2.1 shows the ORR results that were significantly higher than the background well and

exceeded an RBTL in at Jeast one 6f the four quarters. Monitoring point objectives as per

the GWMP (Tetra Tech NUS, 1999) are noted in the table. Inorganics that exceeded both
thresholds in ORR Upper Big Chity wells were limited to the metals arsenic, barium, and

"manganese. Wells bottoming in the Beech Creek aquifer exceeded thresholds for arsenic,
barium, lead, manganese and zinc, with a single well exceeding the threshold for
chromium in the first quarter (06C14). Also, 2,4,6-trinitrotoluene exceeded both
thresholds for all four quarters in well C15. ;

As mentioned above, detection of exp]oswes at the ORR n 2003 was predommantly
TNT and nitro-toluene degradation products in one well, 06C15. Similar results were-
observed in results from quarterly sampling in 2000, 2001 and 2002. Well 06C15 is
located in the northern portion of the ORR. RDX and HMX were not detected in any
ORR well in the quarterly sampling of 2003. TNT was detected above the RBTL in all
four samples from well 06C15. Statistical'analysis found the TNT results to be
significantly higher than background. No explosives were found in the upgradxent
background well, 06C08. Nitro-toluene daughter compounds were also consistently
detected in well 06C15, specifically 2-amino-4, 6-dinitrotoluene, 4-amino-2, 6-
dinitrotoluene, and 1,3,5-Trinitrotoluene. The presence of nitrotoluene daughter products
in the wells indicates that some natural attenuation is occurring in the system. - The
concentrations of 2-amino-4, 6-dinitrotoluene and 4-amino-2, 6-dinitrotoluene were
_determined to be significantly higher than background. However, these two compounds
were not evaluated for inclusion in Table 8.2 because an RBTL has not been established
for.them due to a lack of risk-based criteria (Tetra Tech NUS, 1999).

Similar to resulis at the ABG, total and dissolved barium were detected above the RBTL
of 3.9 pg/L in all wells in-all sampling rounds. Figure 8.2.9 shows the quarterly total
‘barium concentrations in the Big Clifty/Beech Creek aquifer (see Figure 8.2.5 for well
references). Barium concentrations in the Upper Big Clifty wells are similar to the
‘concentrations found in the deeper wells (Figure 8.2.10) (see Figure 8.2.1 for well
references). However, more of the wells in the deeper network were determined to be
~significantly higher than background (Table 8.2.1). Six of the POC wells in the Big
Clifty/Beech Creek network (06C11, 06C12, 06C13, 06C16, 06C18, 06C19) had filtered
barium concentrations greater than the RBTL and significantly higher than background
when the data outliers were removed. Three of the POC wells in the Big Clifty/Beech
Creek network (06C13, 06C16, 06C18) had filtered barium concentrations greater than

. - the RBTL and significantly higher than background when the data outliers were not

removed. The wells in the Upper Big Clifty that exceeded both thresholds include two
POC wells on the eastern perimeter, 06C13P2 and 06C18P2. Similar to the ABG,

" elevated barium concentrations at the ORR may be due to natural or background
conditions at the site. As discussed previously, results from the Basewide Background
Soils Investigation indicated that all of the barium samples from the base were greater
than the SRBTL of 1.04 mg/kg. Unlike the ABG, however, there is no soil data specific
to the ORR to compare to the background levels. .

Manganese was detected above the RBTL of 50 pg/L consistently in five wells screened
in the Big Clifty/Beech Creek aquifer (Figure 8.2.11) (06C12, 06C13, 06C14, 06C18, and
06C19). In addition to exceeding the RBTL in every quarter, concentrations in each of
‘these five wells were significantly higher than background (Table 8.2.1). Filtered
manganese was detected above the RBTL of 50 pg/L consistently in the same five wells.
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Manganese (Figure 8.2.12) and filtéfed riahganesé éfinééntrations in the upper aquifer
exceeded both thresholds in four wells at the éastern edge of the site (06C11P2,
06Cl1 3P2 06C18P2, 06C19P2) (Table 8.2. l)

Arsemc was consistently found above the RBTL of 2 pg/L in Big Chfty/Beech Creek
POC well 06C13 (Figure 8.2.13). Similar.results were found in the corresponding
shallow wells in the Upper Big Clifty network; point of compliance wells 06C13P2,
06C18P2 and downgradierit well 06C19P2 exhibited concentrations greater than the
RBTL. Of the arsenic exceedances, results were significantly higher than background n
POC wells 06C13P2, 06C13, 06C18P2, and downgradient well 06C19P2.
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(Table 8.2.1) Old Rifle Range Monitoring Points with results ekceeding RBTL and
statistically higher than background. [C = Compliance; DG = Downgradient; MP
Objective = type of well] '

MP Objective

2002 RBTL Exceedances by Quarter |

Parameter Well 1st | 2nd ‘[ 3rd | 4th
' Old Rifle Range — Upper Big Clifty Aquifer
METALS
Arsenic 06C13P2 Cc X X X X
. 06C18P2 C X - X X X
06C19P2 DG X X X X
Arsenic (filtered) 06C13P2 C X X X X
: 06C18P2 .C X X X X
06C19P2 DG - X X X X
Barium 06C13P2 Cc X X X X
06C18P2 C X X X X
Barium (filtered) 06C18P2 C X X X X
Barium (filtered) - .
Outliers Removed 06C13P2 C X - X X X
' 06C18P2 C X X X = X
Manganese 06C11P2 C X X . X X
' ' 06C13P2 c X X "X X
06C18P2 -C X X X X
06C19P2 DG . X X X X
Manganese (filtered) 06C11P2 Cc X X X X
06C13P2 C X X X X
06C18P2 C X X X X
06C19P2 DG X X X X
: Old Rifle Range — Beech Creek Aquifer
METALS . . '
Arsenic 06C13 C X X X X
Arsenic (filtered) 06C13 C X X X X
ﬁrse'nic (filtered) : » '
{Outliers Removed - 06C13 c X X X X
Barium 06C11 C X X X X
' ' 06C13 [ X . X X X
06C16 . C X X X X
06C18 C X X X X
Barium (filtered) 06C13 C X X - X X
‘06C16 c X X X X
A 06C18 c - X X X X
Barium (filtered) '
Outliers Removed 06C11 c X X . X X
06C12 c X X X X
06C13 c X X X X
06C16 C X X X X
06C18 C X X X X
06C19 DG X X X - X
Chromium 06C14 C - X B
Lead 06C11 Cc X X X - X
06C14 C X X
Manganese 06C12 Cc X X X X
06C13 C X X. X X
06C14 c X X X X
06C18 c X X X . X
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06C19 DG X X X X
Manganese (filtered) . 06C12 C X X X X
- 06C13 Cc X X X X
06C14 Cc X X X . X
06C18 Cc X X X X
: 06C19 DG X X X X

Zinc {filtered) 06C13 - C X

- Old Rifle Range — Beech Creek Aquifer
EXPLOSIVES ' A '

[  o06C15 | C | X [ X X X

2,4,6-Trinitrotoluene
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8.2 Old Rifle Range

The well network at the Old Rifle Range monitors the Big Clifty sandstone and the Beech
Creek limestone. The two formations are underlain by the Elwren shale aquiclude and

are considered one aquifer. One monitoring well network, consisting of five wells, 1s
screened in the upper part of the Big Clifty, including a portion of the thick soil zone that
covers the site. The deeper monitoring well network, consisting of nine wells, is

screened near the base of the Beech Creek. Comparisons of water levels between paired
wells indicate little difference between the upper and lower wells. Groundwater flow
through the limestone is primarily through a system of connected joints. The Big Clifty -
~and Beech Creek formations beneath the ORR contain more open discontinuities than the
same formations at other sites in the study area (Tetra Tech, 1999) '

Metals and explosives were identified as contaminants at the ORR by the USACE
sampling in the early 1990's (Murphy, 1995). The USACE identified arsenic, nickel, and
manganese as statistically significant contaminants. Barium, copper, and antimony
persisted in four rounds of sampling, but were considered naturally occurring or artifacts
of sampling. TNT, RDX, and HMX were found "persxstent]y" in five wells on the
'northem half of the ORR by the USACE.

Flgures 8.2.1-8.2.4 show all detections by quarter for the Upper Big Clifty monitoring
wells at the ORR. For associated lab qualifiers, please see Tables 6.2.1-6.2.5. Values
that exceeded the RBTL are flagged. Detections in the Upper Big Clifty were
predominantly metals and other inorganics. Detections of organics were limited to total
organic carbon (TOC) and total organic halogens (TOX), with volatile organic
compounds sampled only during the fourth quarter. No explosives were detected in any
wells in any of the four sampling programs. Barium and manganese were the most
frequently detected metals (100% and 95% of samples), usually at levels above the RBTL
(100% of samples for both parameters). Other metals detected include total and
dissolved arsenic (75% and 70% of samples) and dissolved antimony (22% of samples),
which is down from 70% last year. Ammonla was persistent m nearly a]] downgradient
wells.

Fxgures 8.2.5-8.2.8 show all detections, by quarter, for the Big C]ifty/Beech. Creek
monitoring wells at the ORR. Values that exceeded the RBTL are flagged. Similar to
results in the upper wells, detections in the lower wells were mainly metals and other
‘inorganics. Barium and total and dissolved manganese were frequently detected (100%,
64% and 53% of samples, respectively), often above the RBTL (100%, 83% and 84% of"
samples, respectively). Total and dissolved arsenic was also detected with some .
frequency (55% and 44% of samples), however, above the RBTL less frequently (45%
and 55% of samples) than barium and manganese. Dissolved antimony was detected in
50% of samples collected, but none of the results were above the RBTL. Zinc occurred
in 25% of samples, 11% of those (1 sample) being above the RBTL. The only detection

- of organics was the persistent detection of total organic carbon (TOC) in well C13 and a

single positive in well 06C16 in the second quarter. ‘Detections of explosives at the ORR
were limited to 2,4,6-trinitrotoluene and 1,3,5-trinitrobenzene and degradation products
2-amino-4;6-dinitrotoluene and 4-amino-2,6-dinitrotoluene in well 06C15 in every
‘quarter. 2,4,6-trinitrotoluene was consistently above the RBTL In addition,
mtroglycerm was detected in the second-quarter.

The 2004°01d Rifle Range results were evaluated to determine which constituents were

o
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statistically higher than background (Section 7.0). In addition, the newer data was
combined with data from 2000-2003 to establish the long term moving average for each

. constituent. Table 8.2.1 shows the ORR results that were significantly higher than the-
background well and exceeded an RBTL in at least one of the four quarters. Monitoring
point objectives as per the GWMP (Tetra Tech NUS, 1999) are noted in the table.
Inorganics that exceeded both thresholds in ORR Upper Big Clifty wells were limited to
the metals arsenic, barium, and manganese. Wells bottoming in the Beech Creek aquifer
exceeded thresholds for arsenic, barium, lead and manganese. Also, 2,4,6-trinitrotoluene
exceeded both thresholds for all four quarters in well C15.

As mentioned above, detection of explosives at the ORR in 2004 was predominantly
TNT and nitro-toluene degradation products i in one well, 06C15, located in the northern
portion of the sampling area. Similar results were observed in results from quarterly
samplmg in 2000 - 2003: RDX and HMX were not detected in any ORR well in the
quarterly sampling for 2004. TNT was detected above the RBTL in all four samples
from well 06C15. Statistical analysis found the TNT results to be significantly higher
than background. No explosives were found in the upgradient, background well, 06C08.
Nitro-toluene daughter compounds were also consistently detected in well 06C15,
specifically 2-amino-4, 6-dinitrotoluene, 4-amino-2, 6-dinitrotoluene, and 1,3,5-
trinitrotoluene. The presence of nitrotoluene daughter products in the well indicates that
some natural attenuation is occurring in the system. The concentrations of 2-amino-4, 6-
dinitrotoluene and 4-amino-2, 6-dinitrotoluene were determined to be significantly higher

“than background. However, these two compounds were not evaluated for inclusion in
Table 8.2 because an RBTL has not been established for them due to a lack of risk-based
criteria (Tetra Tech NUS, 1999). '

Similar to results at the ABG, total and dissolved barium were detected-above the RBTL
of 3.9 ug/L in all wells in all sampling rounds. Figure 8.2.9 shows the quarterly total
barium concentrations in the Big Clifty/Beech Creek aquifer (see Figure 8.2.5 for well
references). Barium concentrations in the Upper Big Clifty wells are similar to the
concentrations found in the deeper wells (Figure 8.2.10) (see Figure 8.2.1 for well
references). However, more of the wells in the deeper network were determined to be
significantly higher than background (Table 8.2.1). Four of the POC wells in the Big

" Clifty/Beech Creek network (06C11, 06C13, 06C16, 06C18) had filtered bartum
concentrations greater than the RBTL and were significantly higher than background.
The wells in the Upper Big Clifty that exceeded both thresholds include two POC wells
on the eastern perimeter, 06C13P2 and 06C18P2. Similar to the ABG, elevated barium
concentrations at the ORR may be due to natural or background conditions at the site. As
discussed previously, results from the Basewide Background Soils Investigation indicated
that all of the barium samples from the base were greater than the SRBTL of 1.04 mg/kg.
Unlike the ABG, however, there is no soil data specific to the ORR to compare to the
background levels.-

Manganese was detected above the RBTL of 50 pg/L consistently in five wel]s screened

in the Big Clifty/Beech Creek aquifer (Figure 8.2.11) (06C12, 06C13, 06C14, 06C18, and

06C19). In addition to exceeding the RBTL in every quarter, concentrations in each of
these five wells were significantly higher than background (Table 8.2.1). Filtered
manganese was detected above the RBTL of 50 pg/L consistently in the same five wells.
Manganese (Figure 8.2.12) and filtered manganese concentrations in the upper aquifer

" exceeded both thresholds in four wells at the eastern edge of the site (06C11P2,
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06C13P2, 06C18P2, 06C19P2) (Table 8.2.1).

Total and dissolved arsenic was consistently found above the RBTL of 2 pg/L in Big
Chifty/Beech Creek POC well 06C13 (Figure 8.2.13). Similar results were found in the
corresponding shallow wells in the Upper Big Clifty network; point of compliance wells -
06C13P2, 06C18P2 and downgradient well 06C19P2 exhibited concentrations greater
than the RBTL. Of the arsenic exceedances, results were significantly higher than .
background in POC wells 06C13P2, 06C13, 06C18P2, and downgradient well 06C19P2..
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"~ "Barium . 0B6C11

(Table 8.2.1) Old Rifle Range monitoring points with results exceeding RBTL and
statistically higher than background. |[C = Compliance; DG = Downgradient; MP
Objective = type of well]

| 2004 RBTL Exceedances by Quarter

Parameter Well * |MP Objective] 1°' | 2™ | 39 | 4"

: Old Rifle Range — Upper Big Clifty Aquifer
METALS ) :

Arsenic 06C13P2

06C18P2

06C19P2

Arsenic (filtered) 06C13P2-

06C18P2

06C19P2

Barium 06C13P2

06C18P2

Barium (filtered) 4 06C18P2

06C13P2

. Manganese 06C11P2

06C13P2"

- 06C18P2

o o o
Slolojolololoo|ZoloBlolo

06C19P2

R P P P P P P P P P P P P P

Manganese (filtered) 06C11P2

06C13P2

06C18P2

XXX SR DX XK X XXX XX
DD X XK DX XK XXX | X XX | X<
KK KX 3K XKD XK XK XXX XX

O -
SIOO|O

06C19P2 X

Old Rifle Range — Big Clifty/Beech Creek Aquifer

METALS

rsenic ’ 06C13

Arsenic (filtered) 06C13

06C13

06C16

06C18

Barium (filtered) _ 06C13

06C16

> I5< || > > | < < [ > |
> 1 |3 x| > | ><| < ><| ¢

06C18

Lead ~ 06C11

06C14

Manganese 06C12-

06C13

06C14

06C18

XXX XXX

06C19

Manganese (filtered) - 06C12

06C13

06C14 .

-06C18

glojololoBlolojoolojolo o jojojolojo|olo

06C19

EXPLOSIVES

X[ XXX SIXX X 13X XXX X | <X

XXX XXX XK

O
Al It < x| x| || > x| ><|><|><]><| <[

r_

12,4,6-Trinitrotoluene - |  06C15 |
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‘9.0 Conclusions

Results from the 2004 quarterly monitoring at the Ammunition Burning Grounds
generally agree with previous findings. Metals, explosives, and organic compounds were
detected in the Beech Creek Aquifer, often at concentrations above the respective RBTL.
Risk-Based Target Limits were commonly exceeded in points of compliance wells.
Barium, TCE, and RDX were the most frequently detected compounds at the site.
Barium, TCE, and RDX were all found at concentrations above the RBTL i multiple
wells on the site. Explosives are migrating offsite by way of the springs. RDX was
commonly detected above the RBTL in both springs. HMX was detected frequently in_
onsite wells and 1n the springs, but at concentrations well below the RBTL. In addition to
RDX and HMX, TNT, and nitro-toluene daughter products of the explosives were also
found exiting Spring A in three of the four quarters. The presence of the degradation
products indicates that some natural attenuation of explosives i1s occurring in the system.

Exceedance of an RBTL -alone does not trigger action by 40 CFR 264 Subpart F. 40 CFR
264.91(a)(2) requires corrective action under 264.100 whenever an RBTL is exceeded at
a POC and the concentration is statistically significant compared to background. Points
of compliance define the edge of the monitoring zone as outlined in' the GWMP.

Statistical analysis revealed detections that were significantly higher than background
concentrations in ABG POC wells. Constituents that exceeded an RBTL and were
statistically significant in one or more POC wells include 1,3,5-trinitrobenzene, RDX,
arsenic, barium, lead, zinc, 1,2-dichloroethane, carbon tetrachloride, chloroform, cis-1,2-
dichloroethene, and TCE.

Barium, Trichloroethene, and RDX were the constituents with the highest number of
significant exceedances in ABG POC wells. All the other constituents listed above
exceeded the RBTL and met the statistical-threshold in no moré than two POC sites.

- RDX and TCE may pose the most serious threat of offsite migration at the ABG. RDX
exceeded the concentration and statistical thresholds in four ABG POC wells as well as
Spring A. However, the number of sites exceeding both thresholds for RDX has
decreased each year from 2000 to 2002, but remained the same for 2003 and 2004.

The number of ABG wells exceeding both thresholds for TCE decreased sharply from
2001 when ten wells were found to have concentrations that exceeded both the
concentration and statistical threshold. 1n 2002, only two wells exceeded both thresholds.
2003 saw an increase to seven wells, but in 2004 the results were down to three wells.
The decrease in the number of wells exceeding both thresholds for RDX and TCE evident
in the 2004 data may be due to natural attenuation.

- Barium exceeded both thresholds in nine POC wells and both springs. Historic activities
at the ABG could have contributed to the elevated presence of barium in groundwater
underlying the site. Items have been burned at the unit that contained barium sulfate, an -
inert filler for projectiles and flares, known as “Salt-Load”. The barium results may be
due to natural or background conditions at the site. Results from the Basewide

Background Soils Investigation (TtNUS, 2001) indicated that background samples were
all greater than the SRBTL. However, comparisons of soil barium concentrations
measured at the site with the Background Soils Investigation results shows that surface
and subsurface soil concentrations at the site are generally greater than found basewide.



Detected constituents at the Old Rifle Range were predominantly metals. Elevated
barium concentrations were ubiquitous in both well networks at the ORR. Similar to the
ABG, the results may be due to natural or background conditions at the site. Other
metals detected with some frequency at the ORR included manganese and arsenic.
Previous work at the ORR showed the persistence of TNT, RDX, and HMX. Detections
of these parent compounds in 2004 were limited to TNT in Well 06C15, as was the case
in 2002 and 2003. In addition, nitro-toluene daughter products were also detected in
Well 06CI15.

Constituents that exceeded an RBTL and were statistically significant in one or more

ORR POC wells include arsenic, barium, manganese, and lead. Manganese and barium

were the constituents with the highest number of significant exceedances in ORR POC

wells. Manganese exceeded the RBTL and statistical threshold in POC Wells 06C11P2,

06C13P2, 06C18P2, 06C12, 06C13, 06C14, and 06C18 as well as the downgradient

Wells 06C19 and 06C19P2. Barium exceeded the RBTL and statistical threshold in POC
wells 06C13P2, 06C18P2, 06C11, 06C13, 06C16, and 06C18.

Prev10us work at the Demolmon Range showed the per51stence of metals. Results at the
DR generally agree with the historic data. Detections in DR monitoring wells were
predominately metals. Similar to the ABG and ORR, elevated barium concentrations
were ubiquitous in both well networks at the DR. As is the case with- the other sites, the
results may be due to natural or background conditions. ’

Constituents that exceeded an RBTL and were statistically significant in one or more DR
POC wells include arsenic, barium, and manganese. Historically, as noted in the
Groundwater Monitoring Plan, Wells 06C06 and 06C07 .were found to have the highest
number of statistical exceedances. Results from 2004 indicate that POC Well 06C03
exhibited the most exceedances of both the concentration and statistical thresholds.
.Barium was the constituent with the highest number of significant exceedances in DR
POC wells. Point of compliance wells with total barium concentrations that exceeded
both thresholds includes 06C03P2, 06C04P2, 06C04 and 06C07. POC wells with
dissolved barium concentrations that exceeded both thresholds include 06C02, 06C03
06C04, 06C05, 06C07, 06C03P2 and 06C04P2. Total and dissolved manganese
exceeded the RBTL and statistical threshold in three POC wells, mcludmg 06C02,
06C03, and 06C04.
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DISCLAIMER

Preliminary remediation goals (PRGs) focus on common exposure pathways and may not
consider all-exposure pathways encountered at CERCLA / RCRA sites (Exhibit 1-1).
PRGs do not consider impact to groundwater or address ecological concerns. The PRG
Table is specifically not intended as a (1) stand-alone decision-making tool, (2) as a
substitute for EPA guidance for preparing baseline risk assessments, (3) a rule to
determine if a waste is hazardous under RCRA, or (4) set of final cleanup or action levels
to be applied at contaminated sites.

The guidance set out in this document is not final Agency action. It is not intended, nor can

it be relied upon to create any rights enforceable by any party in litigation with the United

States. EPA officials may decide to follow the guidance provided herein, or act at variance
with the guldance, based on an analysis of specific circumstances. The Agency also

~ reserves the right to change this guidance at any time without public notice.



1.0 INTRODUCTION

Region 9 Preliminary Remediat_i’on Goals (PRGs) are risk-based tools for evaluatihg and
cleaning up contaminated sites. They are being used to streamline and standardize all stages of
the risk decision-making process.

The Region 9 PRG Table combines current human health toxicity values with standard exposure
factors to estimate contaminant concentrations in environmental media (soil, air, and water) that
are considered by the Agency to be health protective of human exposures (including sensitive
groups), over a lifetime. Chemical concentrations above these levels would not automatically
"designate a site as "dirty" or trigger a response action. However, exceeding a PRG suggests that
further evaluation of the potential risks that may be posed by site contaminants is appropriate.
Further evaluation may include additional sampling, consideration of ambient levels in the
environment, or a reassessment of the assumptions contained in these screening-level estimates
(e.g. appropriateness of route-to-route extrapolations, appropriateness of using chronic toxicity
values to evaluate childhood exposures, appropriateness of generic exposure factors fora
specific site etc.). ’

The risk-based concentrations presented in the Table may be used as screening goals or initial
cleanup goals if applicable. Generally a screening goal is intended to provide health protection
without knowledge of the specific exposure conditions at a site. PRGs may also be used as
initial cleanup goals when the exposure assumptions based on site-specific data match up with
the default exposure assumptions in the PRG Table. When considering PRGs as cleanup goals, it
is EPA’s preference to assume maximum beneficial use of a property (that is, residential use)
unless a non-residential number (for example, industrial soil PRG) can be justified.

Before applying PRGs at a particular site, the Table user should consider whether the exposure
pathways and exposure scenarios at the site are fully accounted for in the PRG calculations.
Region 9 PRG concentrations are based on direct contact pathways for which generally accepted
methods, models, and assumptions have been developed (i.e. ingestion, dermal contact, and
inhalation) for specific land-use conditions and do not consider impact to groundwater or
ecological receptors (see Developing a Conceptual Site Model below).



EXHIBIT 1-1

TYPICAL EXPOSURE PATHWAYS BY MEDIUM
FOR RESIDENTIAL AND INDUSTRIAL LAND USES®

EXPOSURE PATHWAYS, ASSUMING:

MEDIUM

RESIDENTIAL LAND USE

INDUSTRIAL LAND USE

Ground Water

Ingestion from drinking

Ingestion from drinking

Inhalation of volatiles

Inhalation of volatiles

Dermal absorption from
bathing

.Dermal absorption

Surface Water

Ingestt"on from drinking

Ingestion from drinking

Inhalation of volatiles

Inhalation of volatiles -

Dermal absorption from
bathing

Dermal absorption

Ingestion during swimming

Ingestion of contaminated fish

Soil

Ingestion

Inhalation of particulates

Ingestion

Inhalation of volatiles |

Inhalation of particulates

Inhalation of volatiles

"Exposure to indoor air from

soil gas

Exposure to indoor air from
soil gas

Exposure to ground water
contaminated by soil leachate

‘Exposure to ground water

contaminated by soil
leachate

Ingestion via plant, meat, or

Ihhala_tion of particulates

dairy products from trucks and heavy
: : equipment
Dermal absorption Dermal-absorption

Footnote:

*Exposure pathways considered in the PRG calculations are indicated in boldface italics.
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2.0 READING THE PRG TABLE
2.1  General Considerations

With the exceptions described below, PRGs are chemical concentrations that correspond to fixed
levels of risk (i.e. either a one-in-one million [10°*] cancer risk or a noncarcinogenic hazard
quotient of 1) in soil, air, and water. In most cases, where a substance causes both cancer and
noncancer (systemic) effects, the 10 cancer risk will result in a more stringent criteria and
consequently this value is presented in the printed copy of the Table. PRG concentrations that
equate to a 107 cancer risk are indicated by "ca". PRG concentrations that equate to a hazard
quotient of 1 for noncarcinogenic concerns are indicated by "nc". '

1If the risk-based concentrations are to be used for site screening, it is recommended that both
cancer and noncancer-based PRGs be used: Both carcinogenic and noncarcinogenic values may
be obtained at the Region 9 PRG homepage at:

http://www.epa.gov/region09/waste/sfund/prg/

. It has come to my attention that some users have been multiplying the cancer PRG
concentrations by 10 or 100 to set "action levels" for triggering remediation or to set less
stringent cleanup levels for a specific site after considering non-risk-based factors such as
ambient levels, detection limits, or technological feasibility. This risk management practice
recognizes that there may be a range of values that may be "acceptable" for carcinogenic risk
(EPA's risk management range is one-in-a-million [10¢] to one-in-ten thousand [10]).
However, this practice could lead one to overlook serious noncancer health threats and it is
strongly recommended that the user consult with a toxicologist or regional risk assessor before
doing this. For carcinogens, I have indicated by asterisk ("ca*") in the PRG Table where the
noncancer PRGs would be exceeded if the cancer value that is displayed is multiplied by 100.
Two stars ("ca**") indicate that the noncancer values would be exceeded if the cancer PRG were -
multiplied by 10. There is no range of "acceptable” noncarcinogenic "risk" so that under no
circumstances should noncancer PRGs be multiplied by 10 or 100, when setting final cleanup
criteria. In the rare case where noncancer PRGs are more stringent than cancer PRGs set at one-
in-one-million risk, a similar approach has been applied (e.g. “nc**”).

In general, PRG concentrations in the printed Table are risk-based but for soil there are two
important exceptions: (1) for several volatile chemicals, PRGs are based on the soil saturation
'equation ("sat") and (2) for relatively less toxic inorganjc and semivolatile contaminants, a non-
risk based "ceiling limit" concentration is given as 10" mg/kg ("max") At the Region 9 PRG
website, the risk-based calculations for these same chemicals are also available in the “IntefCalc
Tables” if the user wants to view the risk-based concentrations prior to the application of “sat” or
“max”. For-more information on why the “sat” value and not a risk-based value is presented for
several volatile chemicals in the PRG Table, please see the discussion in Section 4.6.

- With respect to applying a “ceiling limit” for chemicals other than volatiles, it is recognized that
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this 1s not a uhiversally accepted approach. Some within the agency argue that all values should

be risk-based to allow for scaling (for example, if the risk-based PRG is set at a hazard quotient

= 1.0, and the user would like to set the hazard quotient to 0.1 to take into account multiple

chemicals, then this is as simple as multiplying the risk-based PRG by 1/10th). If scaling is

necessary, PRG users can do this simply by referring to the “InterCalc Tables” at our website

where risk-based soil concentrations are presented for all chemicals (see 5011 calculations,
combmed” pathways column)

In spite of the fact that applying a ceiling limit is not a universally accepted approach, we have
opted to continue applying a “max”soil concentration to the PRG Table for the following
reasons: \

° Risk-based PRGs for some phemicals in soil exceed unity (>1,000,000 mg/kg)
which is not possible.

L The ceiling limit of 10" mg/kg is equivalent to a chemical representing 10% by
weight of the soil sample. At this contaminant concentration (and higher), the
~ assumptions for soil contact may be violated (for example, soil adherence and
windborne dispersion assumptions) due to the presence of the foreign substance
itself.
° PRGs currently do not address short-term exposures (e.g. pica children and

construction workers). Although extremely high soil PRGs are likely to represent -

relatively non-toxic chemicals, such high values may not be justified if in fact
more toxicological data were available for evaluating short-term and/or acute
exposures. ' '

1In addition to Region 9 PRG values, the PRG Table also includes California EPA PRGs ("CAL-
- Modified PRGs") for specific chemicals where CAL-EPA screening values may deviate
significantly from the federal values (see Section 2.4) and EPA OSWER soil screenmg levels
(SSLs) for protect1on of groundwater (see Section 2 5).

2.2 - Toxicity V,alues :

Hierarchy of Toxiclty Values

There is a new hierarchy of human health toxicity values that replaces earlier guidance. This is
important because human toxicity values known as cancer slope factors (SF) or non-cancer
reference doses (RfDs) form the basis of the PRG values listed in the table. As noted in OSWER

. Directive 9285.7-53 (dated December 5, 2003), the updated EPA hierarchy is as follows: Tier 1.

"~ - EPA’s Integrated IRIS, Tier 2 - EPA’s Provisional Peer Reviewed Toxicity Values (PPRTVs),
and Tier 3 - Other Toxicity Values. Tier 3 includes additional EPA sources (e.g. historic

- HEAST and NCEA provisional values) and non-EPA sources of toxicity information (e.g.
California EPA toxicity values).



The PRG Table lists Tier 1 tox1C1ty values from IRIS as “i” and Tier 2 toxicity values known as
PPRTVs as “p”. Tier 3 toxicity values were obtained from various sources including California
EPA databases ‘‘c”, historic HEAST tables “h” and NCEA provisional values “n”

: Inhalation Conversmn Factors

As of January 1991, IRIS and NCEA databases no longer present RfDs or SFs for the inhalation
route. These criteria have been replaced with reference concentrations (RfC) for -
noncarcinogenic effects and unit risk factors (URF) for carcinogenic effects. However, for
purposes of estimating risk and calculating risk-based concentrations, inhalation reference doses
(RfD1) and inhalation slope factors (SFi) are preferred. This is not a problem for most chemicals
because the inhalation toxicity criteria are easily converted. To calculate an RfDi from an RfC,
the following equatlon and assumptions may be used for most chemicals:

mg 20m 1

———= Rfl /
(kg - day) C(mg/n7)x day 70kg

ARfDl

Likewise, to calculate an SFi from an inhalation URF the followmg equation and assumptions
may be used: :

SFi

kg-d da 10°
(—g—a—Y)_ URF (" /ug)x 55 3y 2 x T0kg x u8
(mg) m

Route-to-Route Methods

Route-to-route extrapolations ("r'") were frequently used when there were no toxicity values
available for a-given route of exposure. Oral cancer slope factors ("SFo") and reference doses
("RfDo") were used for both oral and inhaled exposures for organic compounds lacking
inhalation values. Inhalation slope factors ("SFi") and inhalation reference doses ("RfDi") were
used for both inhaled and oral exposures for organic compounds lacking oral values. Route .
extrapolations were not performed for inorganics due to portal of entry effects and known
differences in absorption efficiency for the two routes of exposure.

An additional route extrapolation is the use of oral toxicity values for evaluating dermal
exposures. In general, dermal toxicity values are not listed in EPA databases and consequently
~must be estimated from oral toxicity information. However; a scientifically defensible data base

often does not exist for making an adjustment to the oral slope factor/RfD so that the oral
toxicity value is often applied without adjustment to estimate a dermal toxicity value. For more
information please refer to recent Agency guidance (USEPA 2004) entitled Risk Assessment
Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental
Guidance for Dermal Risk Assessment) available on the web at:
http://www.epa.gov/superfund/programs/risk/ragse/index.htm




Please note that whenever route- extrapolated values are used to calculate risk-based PRGs,
additional uncertainties are mtroduced in the calculation.

2.3  PRGs Derived with Special Considerations

Most of the Region 9 PRGs are readily derived by referring to Equations 4-1 thru 4-8 contained
in this “User’s Guide/Technical Background Document” to the Region 9 PRGs. However, there
are some chemicals for which the standard equations do no apply and/or adjustments to the

- toxicity values are recommended. These special case chemicals are discussed below.

Cadmium The PRGs for Cadmium are based on the oral RfD for water which is slightly more
conservative (by a factor of 2) than the RfD for food. Because the PRGs are considered
screening values, we elected to use the more conservative RfD for cadmium. However,
reasonable arguments could be made for applying an RfD for food (instead of the oral Rﬂ) for
water) for some media such as sotls.

: The water RfD for cadmium assumes a 5% oral absorption factor. The assumption of an oral
absorption efficiency of 5% for Cadmium leads to an estimated dermal RfD of 2.5E-05. The
PRG calculations incorporate these adjustments per recent guidance (USEPA 2004).

Chromium 6 For Chromium 6 (Cr6), IRIS shows an air unit risk of 1.2E-2 per (ug/cu.m) or

. expressed as an inhalation cancer slope factor (adjusting for inhalation/body weight) of 42
(mg/kg-day) ' . However, the supporting documentation in the IRIS file states that these toxicity
values are based on an assumed 1:6 ratio of Cr6:Cr3. Because of this assumption, we in Region
9 prefer to present PRGs based on these cancer toxicity values as “total chromium” numbers. '

In the PRG Table, we also include a Cr6 specific value (assuming 100% Cr6) that is derived by

multiplying the “total chromium” value by 7, yielding a cancer potency factor of 290 (mg/kg-

day)”. This is considered to be an overly conservative assumption by some within the Agency.

However, this calculation is also consistent with the State of California's interpretation of the
Mancuso study that forms the basis of Cr6's toxicity values. -

If you are working on a project outside of California (and outside of Region 9), you may want to
contact the appropriate regulatory officials to determine what their position is on this issue. As
mentioned, Region 9 also includes PRGs for “total chromium” which is based on the same ratio
(1:6 ratio Cr6:Cr3) that forms the basis of the cancer slope factor of 42 (mg/kg- day) presented
in IRIS.

Dioxin Dioxins, furans, and some polychlorinated biphenyls are members of the same family
and exhibit similar toxicological properties. Before using the dioxin PRG at an individual site,
these dioxin-related compounds must be summed together. However, they differ in the degree of
toxicity so that a toxicity equivalence factor (TEF) must first be applied to adjust the measured
concentrations to a toxicity equivalent concentration. EPA Region 9 has adopted the 1997 -
World Health Organization (WHO) TEFs. For more on this, please refer to the following artlcle
(in Environmental Health Perspectives, Vol. 6, No. 12, Dec. 1998) online at:
http://ehp.niehs.nih.gov/members/ 1998/106p775-792vandenberg/vandenberg-full.html




Lead Residential PRGs for Lead (Region 9 EPA and California EPA) are derived based on
pharmacokinetic models. Both EPA’s Integrated Exposure Uptake Biokinetic (IEUBK) Model
and California’s LeadSpread model are designed to predict the probable blood lead
concentrations for children between six months and seven years of age who have been exposed
to lead through various sources (air, water, soil, dust, diet and in utero contributions from the
mother). Run in the reverse, these models also allow the user to calculate lead PRGs that are
considered “acceptable” by EPA or the State of California.

EPA uses a second Adult Lead Model to estimate PRGs for an industrial setting. This PRG is
intended to protect a fetus that may be carried by a pregnant female worker. It is assumed that a
cleanup goal that is protective of a fetus will also afford protection for male or female adult
workers. The model equations were developed to calculate cleanup goals such that there would
be no more than a 5% probability that fetuses exposed to lead would exceed a blood lead (PbB)
of 10 g/dL. An updated screening level for soil lead at commercial/industrial (i.e., non--
- residential) sites of 800 ppm is based on a recent analysis of the combined phases of NHANES
I that chooses a cleanup goal protective of all subpopulations. :

For more information on EPA’s lead models and other lead-related topics, please go to:
http'//www epa.gov/oerrpage/superfund/programs/lead/

For more mformatmn on Cahforma S LeadSpread Model and Cal-Modified PRGs for lead,
please go to:
http://www.dtsc.ca. gov/ScxenceTechnology/ledspred html

Manganese The IRIS RfD (0.14 mg/kg-day) includes manganese from all sources, including

* diet. The author of the IRIS assessment for manganese recommends that the dietary contribution
from the normal U.S. diet (an upper limit of 5 mg/day) be subtracted when evaluating non-food
(e.g. drinking water or soil) exposures to manganese, leading to a RfD of 0.071 mg/kg-day for
non-food items. The explanatory text in IRIS further recommends using a modifying factor of 3
when calculating risks associated with non-food sources due to a number of uncertainties that are
discussed in the IRIS file for manganese, leading to a RfD of 0.024 mg/kg-day. This modified

- RfD is applied in the derivation of the Region 9 PRGs for soil and water. For more information
regarding the Manganese RfD, you may want to contact Dr. Bob Benson at (303) 312-7070.

Nitrates/Nitrates | Tap water PRGs for Nitrates/Nitrites are based on the MCL as thereAis'no
available RfD for these compounds. For more information, please see IRIS at:
http IIwWww. epa gov/mswebp/ms/mdex html

Thallium IRIS has many values for the different salts of thallium. However, our analytical data
packages typically report “thallium”. Therefore, as a practical matter it makes more sense to
report a PRG for plain thallium. We have done this by making the adjustment contained in the
IRIS file for thallium sulfate based on the molecular weight of the thallium in the thallium salt.
The adjusted oral RfD for plain thallium is 6.6 E-05 mg/kg-day which we use to calculate a
thalhum PRG.-



Vinyl Chloride In EPA’s recent reassessment of vinyl chloride toxicity, IRIS presents two
cancer slope factors for vinyl chloride (VC): one that is intended to be applied towards
evaluating adult risks and a second more protective slope factor that takes into account the
unique susceptibility of developing infants and young children. For residential PRGs, the
Region 9 PRG Table applies the more conservative cancer potency factor that addresses -
exposures to both children and adults whereas for the industrial soils PRG, the adult only cancer
slope factor is applied.

Because of the age-dependent vulnerability associated with vinyl chloride exposures, and due to
the method that is applied in deriving the cancer slope factor for VC, an assumption of a 70 year
exposure over the lifetime is assumed, consistent with the way that the toxicity value for VC was
derived. Therefore, instead of the usual exposure assumption of 6 years as a child and 24 years
as an adult that is assumed for carcinogenic substances, we have revised the exposure
assumption for VC to 6 years as a child and 64 years as adult. Since most of the cancer risk is
associated with the first 30 years of exposure to VC, there is actually little difference between a
30 year exposure assumption (typically assumed for Superfund risk assessments) and the 70 year
exposure assumption that 1s assumed in calculating the PRG for VC.

2.4 - Cal-Modified PRGs

When EPA Region 9 first came out with a Draft of the PRG Table in 1992, there was concern
expressed by California EPA's Department of Toxic Substances and Control (DTSC) that for
some chemicals, the risk-based concentrations that are calculated using Cal-EPA toxicity values
are "significantly” more protective than the risk-based concentrations that are calculated using
 EPA toxicity values. Because the risk-based PRGs are order-of-magnitude estimates at best, it
was agreed by both Agencies that a difference of approximately 4 or greater would be regarded
as a significant difference. For chemicals with California and EPA values that differ by a factor
“of 4 or more, both the EPA PRGs and the “Cal-Modified PRGs” are listed in the Table.

Please note that in the State of California, Cal-Modified PRGs should be used as screening
levels for contaminated sites if they are more stringent than the Federal numbers.

2.5  Soil Screening Levels

Generic, soil screening levels (SSLs) for the protection of groundwater have been included in the
'PRG Table for 100 of the most common contaminants at Superfund sites: Generic SSLs are
derived using default values in standardized equations presented in EPA OSWER’s Soil
Screening Guidance series, available on the web at’

~ bttp://www.epa.gov/superfund/resources/soil/index.htm .

The SSLs were developed using a default dilution-attenuation factor (DAF) of 20 to account for
natural processes that reduce contaminant concentrations in the subsurface. Also included are
generic SSLs that assume no dilution or attenuation between the source and the receptor well
(.., a DAF of 1). These values can be used at sites where little or no dilution or attenuation of
soil leachate concentrations is expected at a site (e.g., sites with shallow water tables, fractured
media, karst topography, or source size greater than 30 acres).
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In general, if an SSL is not exceeded for the migration to groundwater pathway, the user may
eliminate this pathway from further investigation.

It should be noted that in the State of California, the California Regional Water Quality Control
~ Board has derived “California SSLs” for a number of pathways including migration to ‘
groundwater. These are not included in the Region 9 PRG Table, but may be accessed at the
following website: ‘

http://www.swrcb.ca.gov/rwgcb2/rbsl.htm

. Or, for more information on the “California SSLs”, please contact Dr Roger Brewer at: (510)
622-2374. _

2.6 Miscellaneous

Volatile organic compounds (VOCs) are indicated by "y" in the VOC column of the Table and in
general, are defined as those chemicals having a Henry's Law constant greater than 107 (atm-
m*/mol) and a molecular weight less than 200 g/mole). Three borderline chemicals
(dibromochloromethane, 1,2-dibromochloropropane, and pyrene) which do not strictly meet
these criteria of volatility have also been included based upon discussions with other state and
federal agencies and after a consideration of vapor pressure characteristics etc. Volatile organic
chemicals are evaluated for potential volatilization from soil/water to air using volatilization .
factors (see Section 4.4).

Chemical-specific dérmal absorption values for contaminants in soil and dust are presented for-
arsenic, cadmium, chlordane, 2,4-D, DDT, lindane, TCDD, PAHs, PCBs, and
pentachlorophenols as recommended in the Risk Assessment Guidance for Superfund Volume I:
Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk
Assessment) Interim Guidance (USEPA 2004). Otherwise, default skin absorption fractions are
assumed to be 0.10 for nonvolatile organics. Please note that previous defaults of 0.01 and 0.10
for inorganics and VOCs respectively, have been withdrawn per new guidance.

3.0 USE OF PRGS AT SITES

~ The decision to use PRGs at a site will be driven by the potential benefits of having generic risk-

~based concentrations in the absence of site-specific risk assessments. The original intended use
of PRGs was to provide initial cleanup goals for individual chemicals given specific medium and
land-use combinations (see RAGS Part B, 1991), however risk-based concentrations have

several applications. -They can also be used for: : : N
° Setting héalth-baséd detection limits for chemicals of potential concern
° Screening sites to determine whether further evaluation is appropriate
° Calcﬁlating cumulative risks associated with multiple contaminants
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A few basic procedures are recommended for using PRGs properly. These are bnefly described
below. Potential problems with the use of PRGs are also 1dent1ﬁed

~

3.1 Conceptual Site Model

The primary condition for use of PRGs is that exposure pathways of concern and conditions at ‘
the site match those taken into account by the PRG framéwork. Thus, it is always necessary to

develop a conceptual site model (CSM) to identify likely contaminant source areas, exposure

pathways, and potential receptors. This information can be used to determine the applrcabrlrty of

PRGs at the site and the need for additional information. For those pathways not covered by

PRGs, a risk assessment specific to these additional pathways may be necessary. Nonetheless,

the PRG lookup values will still be useful in such situations for focusing further investigative

efforts on the exposure pathways not addressed.

To develop a site-specific CSM, perform an extensive records search and compile existing-data
(e.g. available site sampling data, historical records, aerial photographs, and hydrogeologic
information). Once this information is obtained, CSM worksheets such as those provided in
ASTM's Standard Guide for Risk-Based Corrective Action Applied at Petroleum Release Sites
(1995) can be used to tailor the generic worksheet model to a site-specific CSM. The final CSM
diagram represents linkages among contaminant sources, release mechanisms, exposure
pathways and routes and receptors. It summarizes our understandmg of the contamination -
problem.

As a final check, the CSM should answer the following questions:

° Are there potential ecological concerns? .
° Is there potential for land use other than those covered by the PRGs (that is, residential
and industrial)?

o Are there other likely human exposure pathways that were not considered in development
of the PRGs (e.g. impact to groundwater, local fish consumption, ralsrng beef, dairy, or
other livestock)? _

'@ Are there unusual site conditions (e.g. large areas of contamination, hlgh ﬁngtrve dust
- levels, potential for indoor air contamination)?

If any of these four conditions exist, the PRG may need to be adjusted to reflect this new
information. Suggested websites for the evaluation of pathways not currently addressed by
Region 9 PRG's are presented in Exhibit 3-1.
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EXHIBIT 3-1 |
SUGGESTED WEBSITES FOR EVALUATING EXPOSURE
~ PATHWAYS NOT CURRENTLY ADDRESSED BY REGION 9 PRGs

EXPOSURE PATHWAY

WEBSITE

Migration of contaminants to an underlying
potable aquifer

EPA Soil Screening Guidance:

1 http://www.epa.gov/superfund/resources/soil/

index.htm _ o _
California Water Board Guidance:
http://www.swrcb.ca.gov/rwqeb2/rbsl.htm

Ingestion via plant uptake

EPA Soil Screening Guidance:
http://www.epa. gov/superfund/resources/sml/
index.htm

EPA Fertilizer Risk Assessment:
http://www.epa gov/epaoswer/hazwaste/recvc
le/fertiliz/risk/

Ingestion via meat dairy products, human
milk

EPA Protocol for Combustion Facilities:
http://www.epa. gov/epaoswer/hazwaste/comb
ust/riskvol.htm#volumel '
California “Hot Spots™ Risk Guxdehnes
http://www.oehha.ca.gov/air/hot spots/HRSg
uide.html

Inhalation of volatiles that have migrated
into basements or other enclosed spaces.

EPA’s draﬂ Subsurface Vapor Intrusion
Guidance:

http://www.epa. gov/correctlveactxon/els/vapo '
r.htm

EPA’s Version of Johnson & Ettinger Model:
http://www.epa.gov/oerrpage/superfund/progr

Ecological pathways

ams/risk/airmodel/johnson ettin ger.htm .

EPA Ecological Soil Screening Guidance:
http://www.epa.gov/superfund/programs/risk/
ecorisk/ecossl.htm

NOAA Sediment Screening Table:
http://response.restoration.noaa.gov/cpr/sedi

ment/sguirt/ sguirt.html

3.2 Background Levels Evaluation

A necessary step in determining the applicability of Region 9 risk-based PRGs is the

- consideration of background contaminant concentrations. There is new EPA guidance on
determining background at sites. Guidance for Characterizing Background Chemicals in Soil at
Superfund Sites (USEPA 2001b) is available on the web at:
http://www.epa.gov/superfund/programs/risk/background.pdf .

EPA miay be concerned with two types of background at sites: naturally occurring and



anthropogenic. Natural background is usually limited to metals whereas anthropogenic (1.e.
human-made) “background” includes both organic and inorganic contaminants. Before
embarking on an extensive sampling and analysis program to determine local background
concentrations in the area, one should first compile existing data on the subject. Far too often
there is pertinent information in the literature that gets-ignored, resulting in needless
expenditures of time and money. '

Generally EPA does not clean up below natural background. In some cases, the predictive risk-
based models generate PRG concentrations that lie within or even below typical background
concentrations for the same element or compound. If natural background concentrations are
higher than the risk-based PRG concentrations, then background concentrations should also be
considered in determining whether further evaluation and/or remediation is necessary at a
particular site. Exhibit 3-2-presents summary statistics for selected elements in soils that have
background levels that may exceed risk-based PRGs.

Where anthropogenic “background” levels exceed PRGs and EPA has determined that a
response action is necessary and feasible, EPA's goal will be to develop a comprehensive
response to the widespread contamination. This will often require coordination with dlfferent
authorities that have jurisdiction over the sources of contamination in the area.

: EXHIBIT 3-2

BACKGROUND CONCENTRATIONS OF SELECTED ELEMENTS IN SOILS
TRACE U.S. STUDY DATA! _ CALIFORNIA DATA? |
ELEMENT | Range GeoMean | ArMean || Range GeoMean ArMean
Arsenic <1-97 52mgke | 7.2 mgke || 0.59-11 | 2.75 mg/kg | 3.54 mg/kg
Beryllium | <1-15 063« [092 0.10-2.7 | 1.14 « 1.28 «
Cadmium | <1-10 -- <1 0.05-1.7 0.26 0.36
Chromium | 1-2000 |37 54 23-1579 | 76.25 122.08
Nickel <5-700 |13 19 9.0-509 | 35.75 56.60

'Shacklette and Hansford, “Element Concentrations in Soils and Other Surficial Materials of the Conterminous .
United States”,USGS,l?rofessional Paper 1270, 1984.

?Bradford et. al, “Background Concentrations of Trace and Major Elements in California Soils”, Kearney

Foundation Special Report, UC-Riverside and CAL-EPA DTSC, March 1996.

33  Screening Sites with Multiple Pollutants

A suggested stepwise approach for PRG-screening of sites with multiple pollutants is as follows:
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Identify site contaminants in the PRG Table. Record the PRG concentrations for
various media and note whether PRG is based on cancer risk (indicated by "ca")
or noncancer hazard (indicated by "nc"). Segregate cancer PRGs from non-
cancer PRGs and exclude (but don't eliminate) non-risk based PRGs ("sat" or -
"max"

For cancer risk estimates, take the site-specific concentration (maximum or 95
UCL) and divide by the PRG concentrations that are designated for cancer
evaluation ("ca"). Multiply this ratio by 10 to estimate chemical-specific risk for
a reasonable maximum exposure (RME). For multiple pollutants 31mply add the

-risk for each chemical:

' ‘ conc, conc conc
Risk [( ) ( z

{ )] x 10 ¢
. PRG_. ' PRG, PRG,

For non-cancer hazard estimates. Divide the concentration term by its respective
non-cancer PRG designated as "nc" and sum the ratios for multiple contaminants.
The cumulative ratio represents a non-carcinogenic hazard index (HI). A hazard
index of 1 or less is generally considered “safe”. A ratio greater than 1 suggests
further evaluation. [Note that carcinogens may also have an associated non-
cancer PRG that is not listed in the PRG Table. To obtain these values, the
user should view or download the InterCalc Tables at the PRG website and

. display the appropriate sections.]’

conc conc conc
X y z

Hazard Index [( )
: 'PRG, '+ PRG 'PRG,

)

For more information on screenmg site nsks the reader should contact EPA Region 9's
Technical Support Section.

3.4 Potential Problems

As with any risk-based tool, the potential exists for misapplication. In most cases the root cause
will be a lack of understanding of the intended use of Region 9 PRGs. In order to prevent
misuse of PRGs, the following should be avoided:

Applying PRGs to a site without adequately developing a conceptual site model

that identifies relevant exposure pathways and exposure scenarios,

Not considering background concentrations when choosing PRGs as cleanup
goals,

Use of PRGs as cleanup levels without the nine-criteria analysis specified in the
National Contingency Plan (or, comparable analysis for programs outside of

Superfund),

Use of PRGs as cleanup levels without verifying numbers with a toxicologist or
regional risk assessor,
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° Use of antiquated PRG Tables that have been superseded by more recent
publications,

e  Not considering the effects of additivity when screening multiple chemicals, and

L Adjusting PRGs upward by factors of 10 or 100 W1th0ut consultmg a tox1cologlst '

or regional risk assessor.
4.0 TECHNICAL SUPPORT DOCUMENTATION

Region 9 PRGs consider human exposure hazards to chemicals from contact with contaminated
soils, air, and water. The emphasis of the PRG equations and technical discussion are aimed at
developing screening criteria for soils, since this is an area where few standards exist. For air
and water, additional reference concentrations or standards are available for many chemicals
(e.g. MCLs, non-zero MCLGs AWQC, and NAAQS) and consequently the discussion of these |
media are brief.

4.1  Ambient Air and the Vapor Intrusion Pathway

The ambient air PRG is applicable to both indoor and outdoors and is based on a residential
exposure scenario using standard Superfund exposure factors (see Exhibit 4-1 below).

The-air PRG may also be used as a health-protective indoor air target for determining soil gas
~and groundwater screening levels for the evaluation of the subsurface vapor intrusion pathway.

The “vapor intrusion pathway” refers to the migration of volatile chemicals from the subsurface
' into overlying buildings. Volatile chemicals in buried wastes and/or contaminated grounidwater
can emit vapors that may migrate through subsurface soils and into indoor air spaces of
overlying buildings in ways similar to that of radon gas seeping into homes.

To derive a soil gas and/or groundwater screening level that targets the air PRG, it is necessary
to divide the air PRG by an appropriate attenuation factor. The attenuation factor represents the
factor by which subsurface vapor concentrations migrating into indoor air spaces are reduced
due to diffusive, advective, and/or other attenuating mechanisms. The attenuation factor can be
empirically determined and/or calculated using an appropriate vapor intrusion model such as the
Johnson and Ettinger model available at:
http://www.epa.gov/oerrpage/superfund/programs/risk/airmodel/johnson_ettinger.htm . Once
the appropriate attenuation factor is determined, the following equation can be used to derive a
screening level that would be protective of indoor air assuming residential land use.

For Soil Gas, the relationship is as follows:
Copirgaslug/m’] = Air PRG [ug/m’]/AF
where

wilgs = Soil gas screening level
AF = attenuation factor (ratio of indoor air concentration to soil gas concentration)

c
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F o"r Groundwater, the reiationship is as follows:
Ceulug/L] = Air PRG [ug/m’] x 10° m*/L x I/H x 1/AF
" where

C,., = groundwater screening level
‘ H dimensionless Henry’s Law Constant at 25C [(mg/L - Vapor)/(mg/L water)]
AF = attenuation factor (ratio of indoor air concentration to soil gas concentration)

For more information on EPA’s current understanding of this emerging exposure pathway,
please refer to EPA’s recent draft guidance Evaluating the Vapor Intrusion to Indoor Air
Pathway from Groundwater and Sozls (Subsurface Vapor Intrusion Guidance) (USEPA 2002)
available on the web at:

http://www.epa.gov/correctiveaction/eis/vapor.htm

4.2  Soils - Direct Ingestion

- Calculation of risk-based PRGs for direct ingestion of soil is based on methods presented in

RAGS HHEM, Part B (USEPA 1991a) and Soil Screening Guidance (USEPA 1996a,b, USEPA
2001a). Briefly, these methods backcalculate a soil concentration level from a target risk (for

carcinogens) or hazard quotient (for noncarcinogens).
(

Residential Soil PRGs

A number of studies have shown that inadvertent ingestion of soil is commion among children 6
years old and younger (Calabrese et al. 1989, Davis et al. 1990, Van Wijnen et al. 1990). To
take into account the higher soil intake rate for children, two different approaches are used to
estimate PRGs, depending on whether the adverse health effect is cancer or some effect other
than cancer. '

For carcinogens, the method for calculating PRGs uses an age-adjusted soil ingestion factor that
takes into account the difference in daily soil ingestion rates, body weights, and exposure
“duration for children from 1 to 6 years old and others from 7 to 31 years old. This health-
protective approach is chosen to take into account the higher daily rates of soil ingestion in
children as well as the longer duration of exposure that is anticipated for a long-term resident.
For more on this method, see USEPA RAGs Part B (1991a).

For noncarcinogenic concerns, the more protective method of calculating a soil PRG is to
evaluate childhood exposures separately from adult exposures. In other words, an age-
adjustment factor is not applied as was done for carcinogens. This approach is considered
conservative because it combines the higher 6-year exposure for children with chronic toxicity
criteria. In their analysis of the method, the Science Advisory Board (SAB) indicated that, for
most chemicals, the approach may be overly protective. However, they noted that there are
specific instances when the chronic RfD may be based on endpoints of toxicity that are specific
to children (e.g. fluoride and nitrates) or when the dose-response is steep (i.e., the dosage
difference between the no-observed-adverse-effects level [NOAEL] and an adverse effects level
is small). Thus, for the purposes of screening, EPA Region 9 has adopted this appr(;‘ach for '
calculating soil PRGs for noncarcinogenic health concerns.
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Industrial Soil PRGs -

In the Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites
(Supplemental SSL Guidance, EPA 2001a), two different soil ingestion rates are assumed for
non-construction workers: 100 mg/day is assumed for outdoor workers whereas 50 mg/day is
assumed for indoor workers. The default value of 100 mg/day for outdoor workers is also
recommended by EPA’s Technical Review Workgroup for Lead (TRW), and it reflects increased
exposures to soils for outdoor workers relative to their indoor counterparts. For more on this, -

- please see the Supplemental SSL Guidance available at the following website:

-httg://www.epa.g’ ov/superfund/resources/soil/index.htm' .

Because the Region 9 PRGs are generic and intended for screening sites early in the

investigation process (often before site-specific information is available), we have chosen to use

~the 100 mg/day soil ingestion (i.e. outdoor worker) assumption to calculate industrial soil PRGs.
The appropriateness of this assumption for a particular site may be evaluated when additional
information becomes available regarding site conditions or site development. '

4.3 Soils - Dermal Contact

Dermal Contact Assumptions

Exposure factors for dermal contact with soil are based on recommendations in Risk Assessment
-Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental
Guidance for Dermal Risk Assessment) Interim Guidance (USEPA 2004). Recommended RME
(reasonable maximum exposure) defaults for adult workers” skin surface areas (3300 cm?/day)
and soil adherence factors (0.2 mg/cm?) now differ from the defaults recommended for adult
residents (5700 cm*day, 0.07 mg/cm?) as noted in Exhibit 4-1. This is due to differences in the
range of activities experienced by workers versus residents.

Dermal Absorption

Chemical-specific skin absorption values recommended by the Superfund Dermal Workgroup
were applied when available. Chemical-specific values are.included for the following
chemicals: arsenic, cadmium, chlordane, 2,4-D, DDT, lindane, TCDD, PAHs, PCBs, and
pentachlorophenols. '

The Supplemental Guidance for Dermal Risk Assessment (USEPA 2004) recommends a default
dermal absorption factor for semivolatile organic compounds of 10% as a screening method for
* the majority of SVOCs without dermal absorption factors. Default dermal absorption values for
other chemicals (VOCs and inorganics) are not recommended in this new guidance. Therefore,
the assumption of 1% for inorganics and 10% for volatiles is no longer included in the PRG
Table. This change has minimal impact on the final risk-based calculations because human
exposure to VOCs and inorganics in soils is generally driven by other pathways of exposure.

44  Soils- Vapor and Particulate Inhalation

Agency toxicity criteria indicate that risks from exposure to some chemicals via inhalation far
outweigh the risk via ingestion; therefore soil PRGs have been designed to address this pathway
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as well. The models used to calculate PRGs for inhalation of vdlatiles/particulates are based on .
updates to risk assessment methods presented in RAGS Part B (USEPA 1991a) and are identical
to the Soil Screening Guzdance User's Guide and Technical Background Document (USEPA

- 1996a,b).

It should be noted that the soil-to-air pathway that is'evaluated in the PRGs calculations is based
on inhalation exposures that result from the volatilization or particulate emissions of chemicals
from soil to outdoor air. The soil PRG calculations do not evaluate potential for volatile
contaminants in soil to migrate indoors. For more on the subsurface vapor intrusion
pathway please see Section 4.1. -
To address the soil-to-outdoor air pathways, the PRG calculations incorporate volatilization

- factors (VF,) for volatile contaminants and particulate emission factors (PEF) for nonvolatile
contaminants. These factors relate soil contaminant concentrations to air contaminant v
concentrations that may be inhaled on-site. The VF, and PEF equations can be broken into two
separate models: an emission model to estimate emissions of the contaminant from the soil and
a dispersion model to simulate the dispersion of the contaminant in the atmosphere.

The box model in RAGS Part B has been replaced with a dispersion term (Q/C) derived from a
modeling exercise using meteorological data from 29 locations across the United States because
the box model may not be applicable to a broad range of site types and meteorology and does not
utilize state-of-the-art techniques developed for regulatory dispersion modeling. The dispersion
model for both volatiles and particulates is the AREA-ST, an updated version of the Office of
Air Quality Planning and Standards, Industrial Source Complex Model, ISC2. However,
different Q/C terms are used i in the VF and PEF equations. Los Angeles was selected as the 90th
percentile data set for volatiles and Minneapolis was selected as the 90th percentile data set for
‘fugitive dusts (USEPA 1996 a,b). A default source size of 0.5 acres was chosen for the PRG
calculations: This is consistent with the default-exposure area over which Region 9 typically
averages contaminant concentrations in soils. If unusual site conditions exist such that the area
source is substantially larger than the default source size assumed here, an alternatlve Q/C could
be apphed (see USEPA 1996a,b).

Volatilization Factor for Soils -

Volatile chemicals, defined as those chemicals having a Henry's Law constant greater than

10~ (atm-m’/mol) and a molecular weight less than 200 g/mole, were screened for.inhalation
_exposures using a volatilization factor for soils (VF,). Please note that VF,'s and other physical-
chemlcal data for VOCs are contamed in the InterCalc Tables at the EPA Region 9 PRG web31te

The emission terms used in the VF, are chemlcal-spemﬁc and were calculated from physical-
chemical information obtained from several sources. The priority of these sources were as
follows: Soil Screening Guidance (USEPA 1996a,b), Superfund Chemical Data Matrix '
(USEPA 1996¢), Fate and Exposure Data (Howard 1991), Subsurface Contamination Reference
Guide (EPA 1990a), and Superfund Exposure Assessment Manual (SEAM, EPA 1988). When -

~ there was a choice between a measured or a modeled value (e.g. Koc), our default was to use
modeled values. In those cases where Diffusivity Coefficients (Di) were not provided in existing
~ literature, Di's were calculated using Fuller's Method described in SEAM. A surrogate term was .
required for some chemicals that lacked physico-chemical information. In thesé cases, a proxy
chemical of similar structure was used that may over- or under-estimate the PRG for soils.
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Equation 4-9 forms the basis for deriving generic soil PRGs for the inhalation pathway. The
following parameters in the standardized equation can be replaced W1th specific site data to
deveIOp a simple site-specific PRG

L] Source area

L . Average soi1l moisture content

L] Average fraction organic carbon content
®  Dry soil bulk density

The basic principle of the VF, model (Henry’s law) is applicable only if the soil contaminant
concentration is at or below soil saturation “sat”. Above the soil saturation limit, the model
cannot predict an accurate VF-based PRG. How these particular cases are handled, depends on
whether the contaminant is liquid or solid at ambient soil temperatures (see Section 4.6).

Particulate Emission Factor for Soils -

Inhalatxon of chemicals adsorbed to respirable particles (PM,,) were assessed using a default
PEF equal to 1. 316 x 10° m*/kg that relates the contaminant concentration in soil with the
concentration of respirable particles in the air due to fugitive dust emissions from contaminated
soils. The generic PEF was derived using default values in Equation 4-11, which corresponds to
a receptor point concentration of approximately 0.76 ug/m®. The relationship is derived by
Cowherd (1985) for a rapid assessment procedure applicable to a typical hazardous waste site
where the surface contamination provides a relatively continuous and constant potential for
_emlssmn over an extended period.of time (e.g. years). This represents an annual average
emission rate based on wind erosion that should be compared with chronic health criteria; it is
not appropriate for evaluating the potential for more acute exposures.

The impact of the PEF on the resultant PRG concentration (that combines soil exposure
pathways for ingestion, skin contact, and inhalation) can be assessed by accessing the Region 9
PRG website and viewing the pathway-specific soil-concentrations listed in the InterCalc Tables.
Equation 4-11 forms the basis for deriving a generic PEF for the inhalation pathway. For more
details regarding specific parameters used in the PEF model, the reader is referred to Soi/
Screening Guidance: Technical Background Document (USEPA 1996a).

Note: the generic PEF evaluates windborne emissions and does not consider dust emissions
from traffic or other forms of mechanical disturbance that could lead to greater emissions
than assumed here. '

4.5  Soils - Migration to Groun_dwéter

The methodology for calculating SSLs for the migration to groundwater was developed to
identify chemical concentrations in soil that have the potential to contaminate groundwater.
Migration of contaminants from soil to groundwater can be envisioned as a two-stage process:
(1) release of contaminant in soil leachate and (2) trahsport‘of the contaminant through the

_ underlying soil and aquifer to a receptor well. The SSL methodology considers both of these
fate and transport mechanisms.

SSLs are backcalculated from acceptable ground water concentrations (1.e. nonzero MCLGs,
MCLs, or risk-based PRGs). First, the acceptable groundwater concentration is multiplied by a
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dilution factor to obtain a target leachate concentration. For example, if the dilution factor is 10
and the acceptable ground water concentration is 0.05 mg/L, the target soil leachate
concentration would be 0.5 mg/L. The partition equation (presented in the Soil Screening
Guidance document) is then used to calculate the total soil concentration (i.e. SSL)
corresponding to this soil leachate concentration.

The SSL methodology was designed for use during the early stages of a site evaluation when
information about subsurface conditions may be limited. Because of this constraint, the
methodology is based on conservative, simplifying assumptions about the release and transport
of contaminants in the subsurface. For more on SSLs, and how to calculate site-specific SSLs
versus generic SSLs presented in the PRG Table, the reader is referred to the Soil Screenzng
Guidance document (USEPA 1996a,b).

4.6  Soil Saturatwn lelt v ‘ ‘ . o p

.The soil saturation concentration “sat” corresponds to the contaminant concentration in soil at
which the absorptive limits of the soil particles, the solubility limits of the soil pore water, and
saturation of soil pore air have been reached. Above this concentration, the soil contaminant
may be present in free phase, i.e., nonaqueous phase liquids (NAPLs) for contaminants that are
liquid at ambient soil temperatures and pure solid phases for compounds that are solid at ambient
soil temperatures.

Equation 4-10 is used to-calculate “sat” for each volatile contaminant. As an update to RAGS
HHEM, Part B (USEPA 1991a), this equation takes into account the amount of contaminant that
1s in the vapor phase in soil in addmon to the amount dlssolved in the soil’s pore water and
sorbed to soil partlcles

Chemical-specific “sat” concentrations must be compared with each VF-based PRG because a
basic principle of the PRG volatilization model is not applicable when free-phase contaminants
are present. How these cases are handled depends on whether the contaminant is liquid or solid
at ambient _temperatures. Liquid contaminant that have a VF-based PRG that exceeds the “sat”
concentration are set equal to “sat” whereas for solids (e.g., PAHs), soil screening decisions are
based on the appropriate PRGs for other pathways of concern at the site (e.g., ingestion).

4.7 Tap Water - Ingestion and Inhalation

‘Calculation of PRGs for ingestion and inhalation of contaminants in domestic water is based on
the methodology presented in RAGS HHEM, Part B (USEPA 1991a). Ingestion of drinking
water is an appropriate pathway for all chemicals. For the purposes of this guidance, however, -
inhalation of volatile chemicals from water is considered routinely only for chemicals with a
Henry’s Law constant of 1 x 10 atm- m3/mole or greater and with a molecular weight of less

' than 200 g/mole. '

For volatile chemicals, an upperbound volatilization constant (VF,) is used that is based on all
“uses of household water (e.g showering, laundering, and dish washing). Certain assumptions
were made. For example, it is assumed that the volume of water used in a residence for a family
of four is 720 L/day, the volume of the dwelling is 150,000 L and the air exchange rate is 0.25
air changes/hour (Andelman in RAGS Part B). Furthermore, it is assumed that the average
transfer efficiency weighted by water use is 50 percent (i.e. half of the concentration of each
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chemical in water will be transferred into air by all water uses). Note: the range of transfer
efficiencies extends from 30% for toilets to 90% for dishwashers.

4.8  Default Exposure Factors

Default exposure factors were obtained primarily from RAGS Supplemental Guidance Standard
Default Exposure Factors (OSWER Directive, 9285.6-03) dated March 25, 1991 and more
recent information from U.S. EPA's Office of Solid Waste and Emergency Response, U.S.
EPA's Office of Research and Development, and California EPA's Department of Toxic
Substances Control (see Exhibit 4-1).

Because contact rates may be different for children and adults, carcinogenic risks during the first
30 years of life were calculated using age-adjusted factors ("ad;j"). Use of age-adjusted factors
are especially important for soil ingestion exposures, which are higher during childhood and

- decrease with age. However, for purposes of combining exposures across pathways, additional
‘age-adjusted factors are used for inhalation and dermal exposures. These factors approximate
the integrated exposure from birth until age 30 combining contact rates, body weights, and
exposure durations for two age groups -.small children and adults. Age-adjusted factors were
obtained from RAGS PART B or developed by analogy (see derivations next page).

For soils only, noncarcinogenic contaminants are evaluated in children separately from adults.
No age-adjustment factor is used in this case. The focus on children is considered protective of
the higher daily intake rates of soil by children and their lower body weight. For maintaining
consistency when evaluating soils, dermal and inhalation exposures are also based on childhood
contact rates.

(1) ingestion([mg-yr]/[kg-d]:

ED_x IRS, (ED_ ED_) x IRS,
TFSa05 BW BW
2) skin contact([mg-yr]/[kg-d]:
- ED_ x AF x SA,  (ED, ED,) x AF x SA,
5F%a; BW_ BW,
(3)  inhalation ([m*-yr]/[kg-d]):
- ED_x IRA, (ED, ED_) x IRA
InhF,, : cH— 2
adj BW, BW,
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Symbot

CSFo
CSFi

RfDo

RfDi

TR
THQ

BWa

. BWc

ATc
ATn

SAa

SAc

AFa

AFc

ABS

IRAa
IRAc

IRWa

" IRWc

IRSa

. IRSc

IRSo

EFr
EFo

EDr
EDc
EDo

IFSadj

SFSadj
inhFadj
IFWadj

VFw
PEF
VFs
sat

Footnote:

?Exposure duration for lifetime residents is assumed to be 30 years total. For carcinogens, exposul

adults (24 years) .

. Definition (units)

EXHIBIT 4-1

'STANDARD DEFAULT FACTORS .

Reference

Default
Cancer slope factor oral (mg/kg-d)-1 -
Cancer slope factor inhaled (mg/kg-d}-1 -
Reference dose oral (mg/kg-d) -
Reference dose inhaled (mg/kg-d) -
Target cancer risk _ 10°®
Target hazard quotient - ) 1
Body weight, adult (kg) 70
Body weight, child (kg) 15
Averaging time - carcinogens (days) . 25550
Averaging time - noncarcinogens (days) ED"365
Exposed surface area for soil/dust (cm?/day)
— adult resident 5700
— aduit worker 3300

" Exposed surface area, child in soil (cm%day) 2800

Adherence factor, soils (mg/cm?)

— adult resident 0.07
— adult worker 02
Adherence factor, child (mg/cm?) 0.2
Skin absorption defaults (unitless):

— semi-volatile organics 0.1
— volatile organics . -

~ inorganics : .-
Inhalation rate - adult (m*/day) 20
Inhalation rate - child (m®day) 10
Drinking water ingestion - adult (L/day 2
Drinking water ingestion - child (L/day) 1
Soil ingestion - adult (mg/day) 100
Soil ingestion - child (mg/day), 200
Soil ingestion - occupational (mg/day) 100
Exposure frequency - residential (d/y) 350
Exposure frequency - occupational (d/y) 250
Exposure duration - residential (years) 300
Exposure duration - child (years) 6

Exposure duration - occupational (years) 25

Age-adjusted factors for carcinogens: .
Ingestion factor, soils ([mg-yr}J/[kg-d]) 114

Dermal factor, soils ({[mg-yr]/[kg-d}) 361
Inhalation factor, air ([m*-yr)/[kg-d]) . 11
Ingestion factor, water ([L-yr)/[kg-d]) 1.1
Volatilization factor for water (L/m?) 0.5
Particulate emission factor (m¥kg) See below
Volatilization factor for soil (m*/kg) See below -
See below

Soil saturation concentration (mg/kg)
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IRIS, PPRTV, HEAST, NCEA, or California
IRIS, PPRTV, HEAST, NCEA, or California
IRIS, PPRTV, HEAST, NCEA, or California
IRIS, PPRTV, HEAST, NCEA, or California

' RAGS (Part A), EPA 1989 (EPA/540/1-89/002)

Exposure Factors, EPA 1991 (OSWER No. 9285.6-03)
RAGS(Part A), EPA 1989 (EPA/540/1-89/002)

\ .
Dermal Assessment, EPA 2004 (EPA/540/R-99/005)
Dermal Assessment, EPA 2004 (EPA/540/R-99/005)

Dermal Assessment, EPA 2004 (EPA/540/R-99/005)
Dermal Assessment, EPA 2004 (EPA/540/R-99/005)

Dermal Assessment, EPA 2004 (EPA/540/R-99/005)
Dermal Assessment, EPA 2004 (EPA/540/R-99/005) -
Dermal Assessment, EPA 2004 (EPA/540/R-99/005)

Exposure Factors, EPA 1991 (OSWER No. 9285.6-03)
Exposure Factors, EPA 1997 (EPA/600/P-95/002Fa)

RAGS(Part A), EPA 1989 (EPA/540/1-89/002)
PEA, Cal-EPA (DTSC, 1994)

Exposure Factors, EPA 1991 (OSWER No. 9285.6-03)
Exposure Factors, EPA 1991 (OSWER No. 9285.6-03)
Soil Screening Guidance (EPA 2001a)

Exposure Factors, EPA 1991 (OSWER No. 9285.6-03)
Exposure Factors, EPA 1991 (OSWER No. 9285.6-03)

Exposure Factors, EPA 1991 (OSWER No. 9285.6-03)
Exposure Factors, EPA 1991 (OSWER No. 9285.6-03)

Exposure Factors, EPA 1991 (OSWER No. 9285.6-03)

RAGS(Part B), EPA 1991 (OSWER No. 9285.7-01B)
By analogy to RAGS (Part B)
By analogy to RAGS (Part B)
By analogy to RAGS (Part B)

RAGS(Part B), EPA 1991 (OSWER No. 9285.7-01B)
Soil Screening Guidance (EPA 1996a,b)
Soil Screening Guidance (EPA 1996a,b)
Soil Screening Guidance (EPA 1996a,b)

¢

res are combined for children (6 years) and



4.9 Sta.ndardiz'ed Equations

The equations used to calculate the PRGs for carcinogenic and noncarcinogenic contaminants are
presented in Equations 4-1 through 4-8. The PRG equations update RAGS Part B equations. The
methodology backcalculates a soil, air, or water concentration level from a target risk (for carcinoge

or hazard quotient (for noncarcinogens). For completeness, the soil equations combine risks from -
ingestion, skin contact, and inhalation simultaneously. Note: the InterCalc Tables available at the
EPA Region 9 PRG website also includes pathway-specific concentrations, should the user decide
against combining specific exposure pathways; or, the user wants to identify the relative
contribution of each pathway to exposure. ' ‘ ’

To calculate PRGs for volatile chemicals in soil, a chemical-specific volatilization factor is calculated
per Equation 4-9. Because of its reliance on Henry's law, the VF; model is applicable only when the
contaminant concentration in soil is at or below saturation (i.e. there is no free-phase contaminant
‘present). Soil saturation ("sat") corresponds to the contaminant concentration in soil at which the
adsorptive limits of the soil particles and the solubility limits of the available soil moisture have been
reached. Above this point, pure liquid-phase contaminant is expected in the soil. If the PRG calculated
using VF, was greater than the calculated sat, the PRG was set equal to sat, in accordance with Soil
Screening Guidance (USEPA 1996 a,b). The equation for deriving sat is presented in Equation 4-10.

PRG EQUATIONS

Soil Equations: For soils, equations were based on three exposure routes (ingestion, skin contact, and
inhalation). .

Equation 4-1: Combined Exposures to Carcinogenic Contaminants in Residential Soil ‘
TR x AT,
C(mg/kg) .
IFS,,; x CSF SFS,,, x ABS x CSF InhF_,. x CSF,.
EF [ ( adj o) ( adj o . ( adj i ) ]
i 10%mg/ kg . 10%mg/ kg : vFS .

s

Equation 4-2: Combined Exposures to Noncarcinogenic Contaminants in Residential Soil

, THQ x BW_ x AT, _
, IRS SA_ x AF x ABS - IRA

EF, x ED_ [( L, C ) (o x el X ) (—
RED, ~ 10°mg/kg RID, 10%mg/ kg RED, vES

C(mg/kg)

Equation 4-3: Combined Exposures to Carcinogenic Contaminants in Industrial Soil

TR x BW_ x AT
a c -

IRS, x CSF, SA, x AF x ABS x CSF, IRA, x CSF,
BF, x ED, [{—2——2) { ) )]
10°mg/kg . 10mg/ kg » VF?

S

C(mg/kg)

Footnote: . : ‘
*Use VF, for volatile chemicals (defined as having a Henry's Law Constant [atm-m*/mol] greater than 10™° and a molecular weight less'
200 grams/mol) or PEF for non-volatile chemicals.
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Equation 4-4: Combined Exposures to Noncarcinogehic Contaminants in Industrial Soil

THQ x BW_ x AT,

1 IRS, 1 SA, x AF x ABS 1 IRA,
EF, X ED [(—— X - ) ( X - ) ( X )]
- RfD,  10°mg/kg . RfD, 10°mg/kg . RED; VFS

C(mg/kqg)

Tap Water Equations:

- Equation 4-5: 1ngestion and Inhalation E)}posures to Carcinogenic Contaminants in Water

TR x AT, x 1000ug/mg
EF, [(IFW, x CSF)) (VF, x InhF,, x CSF))

" Clug/L)

Equation 4-6: Ingestion and Inhalation Exposures to Noncarcinogenic Contaminants in Water

THQ x BW x AT, x 1000ug/mg

IRW VF, x IRA
EF_x ED_[( 2y | =
] * " RfD, RfD,

C(ug/L)

)]

‘Air Equations:

Equatioh 4-7: Inhalation Eprsures to Carcinogenic Contaminants in Air

TR x AT_ x 1000ug/mg

Clug/m?)
EF_ x InhF_,. x CSF,
r adj i.

Equation 4-8: Inhalation Exposures to Noncarcinogenic Contaminants in Air

THQ x RfD; x BW, x AT x 1000ug/mg

C(ug/m?3)
) EF_ x ED_ x IRA
r r a

Footnote: . -
*Use VF, for volatile chemicals (defined as having a Henry's Law Constant [atm-m’/mol] greater than 10 and a molecular
weight less than 200 grams/mol) or PEF for non-volatile chemicals.
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SOIL-TO-AIR VOLATILIZATION FACTOR (VF))

'Equation 4-9: Derivation of the Volatilization Factor

CVE (mP/kg)  (0/0) x

(3.14 x D, x T)*"?

(2 x pbeA)

x 10 *(m?/cm?)

" Di

where: -
[(©:°pH  ©,"°D,) /n?]
b,
Py O, ©,H

Parameter Definition (units) | Default
VF, Volatilization factor (m’/kg) -
D, Apparent diffusivity (cm%/s) -
Q/C Inverse of the mean conc. at the center of a 68.81

0.5-acre square source (g/*’-s per kg/m®)
T Exposure interval (s) 9.5x 10®
Py Dry soil bulk density (g/cm’) 1.5
0, Air filled éoil porosity (L,io/Leoi) " 0.28 or n-0,,
n Total soil porosity (Lqe/Lsei) 0.43 or 1 - (p/p,)
0, Water-filled soil porosity (L,,../L...) 0.15
P, Soil particle density (g{cm3) 2.65

Diffusivity in air (cm%/s) Chemical-specific

Henry's La-w constant (atm-m’*/mol) Chemical-specific
H Dimensionless Henry's Law constant Calculated from H by multiplying by 41

(USEPA 1991a)
D, Diffusivit)./ in water (cm%/s) Chemical-specific |
K4 Soil-water partitioﬂ coefficient (cm’/g) = K f,, Chemical-specific
oc Soil organic carbon-water partition coefficient (cm%/g) Chemicél-speciﬁc

f Fraction organic carbon in soil (g/g) . : 0.006 (0.6%)
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SOIL SATURATION CONCENTRATION (sat)

Equation 4-10: Derivation of the Soil Saturation Limit

-8

sat ?b (deb Qw H@a)

Parameter Deﬁniﬁon (units) | : Default

Vsat . - Soil salurétion cc;nqentra}ion (mg‘/kg) ‘ -

S ‘ " Solubility in water (mg/L-water) . 7 Chemic_al—speciﬁc

P Dry soil bulk density (kg/L) ' 15

n . Total soil porosity (L,oe/Lo) - | 0.43 or 1 - (p,/p,)

P, Soil particle density (kg/L) . 265

kd éoil—water partition coefficient (L/kg) ' K, x f,. (chemical-specific).
ke Soil organic carbon/water partition coefficient (L/kg) A Chemical-specific .

foc Fraction organic éarbon content of soil (g/g) 0.006 or site-specific

o, Water-filled s0il porosity (Lyue/Leo) 0.15

0, Air filled soil porosity (L,,/L,.) " 0.28 or n-®,
w o Average soil moisture content 0.1

(k8w KEsoit OF Lyaier/ KEsoit)
H =~ : Henry's Law coﬁstant (atm-m*/mol) l Chemical-specific
H Dimensionless Henry's Law constant . Hx 41, where 41 is a units

conversion factor,
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SOIL-TO-AIR PARTICULATE EMISSION FACTOR (PEF)

Equation 4-11: Derivation of the Particulate Emission Factor

PEF(m*/kg) Q/C x ~ 3600s/h A ‘
| 0.036 x (1 V) x (U_/U,)> x F(x)

Parameter - Definition (units) ' v ' » Default
PEF " Particulate emission factor (m’/kg) 1316 x 10°
Q/C Inverse of the mean concentration at the center . 90.80

of a 0.5-acre-square source (g/"*-s per kg/m’)

\Y ' Fraction of Yegetative cover (unitless) . - 0.5

U, o Meaﬁ annual windspeed (m/s) - -+, 4.69 |
U, ' Equivalent threshold value of windspeed at 7 m (m/s) ' 11.32
F(x) . Function dependent on U_/U, derived usi‘ng - | 0.194

Cowherd (1985) (unitless)
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APPENDIX C

EXPOSURE POINT SUMMARY TABLES



TABLE C-1
SUMMARY OF EXPOSURE POINT CONCENTRATIONS
' 06C13P2 06C18P2
BIG CLIFTY UPPER
SWMU 7 - OLD RIFLE RANGE
NSWC CRANE
CRANE, INDIANA

Raw Statistics

Maximumi.

Standard Coefficient

EPA's ProUCL

Approximate Gamma 95% UCL

. Frequency Mininum Sample of Mean of | Mean of Data Recommended Reason Comments ’
Chemical of Detection | Detected | Detected Maximum All Positive | Median | Deviation of. Skewness | Outlier? Distribution UCL to Use for
Number] Percent Detected Samples | Detects _ Variation- Adjusted. Adjustment

Total Metals (pg/L) , : _

ARSENIC 40/40 | 100% 12.5 371 OC13P21A02 24.6 24.6 0.013 - - Non- parametric 26.8 Student-t or Modified-t UCL - -
) BARIUM 40/40 100% OC18P21A02 101 ' Student t or Modmed t UcCL -

CHROMIUME e . : NiGaih e

IRON 11 100% OC18P2 AOO Maxrmum Concentration N <10 - -

MANGANESE - 40/40 | 100% OC13P22A04 Student-t i

ZINGE 2 e a0 0% 1 OC18P23A0 | =l Nonzparametric: 2 3}595% Chebyshey Mean;:Std):U I:’T?éﬂ

Dissolved Metals (ngL) :

ARSENIC, FILTERED 40/40 | 100% | 0.650 B 42.3 OC13P24A04-F 26.5 26. 5 -0.224 - - Gamma

BARIUM, FILTERED _

1 00%

QC1 8P24A01 F

Bolded shaded values indicate that frequency of detection is less than 50 percent.

For non-detects, 1/2 sample quantitation fimit was used as a proxy concentration.

The Discordance Outlier test assumes normality after the maximum concentration is removed.
Only one outlier is tested for, the Discordance test does not test for multiple outllers

Hg/L - microgram per liter.

B qualified data were evaluated as positive detections.
NA(1) - Not applicable, there are an insufficient number of samples to calculate statistics.
ND(1) - The highest concentration is a non-detect value, therefore, the Discordance Test could not be performed.

arametric

5% Cheb shev Mean, Std UCL




TABLE C-2
SUMMARY OF EXPOSURE POINT CONCENTRATIONS
’ 06C11P2 06C19P2 '
BIG CLIFTY UPPER
SWMU 7 - OLD RIFLE RANGE
NSWC CRANE
CRANE; INDIANA

Raw Statistics ) : ' EPA's ProUCL

: Frequency Mininum | Maximum Sampleof - | Meanof | Meanof| Standard | Coefficient Data ' -Recommended ' Reason
Chemical ’ of Detection | Detected | Detected Maximum All Positive | Median | Deviation of Skewness | Outlier?| .  Distribution UCL to Use for
Number | Percent "~ Detected Samples| Detects 1 Variation | . Adjusted . Adjustment

Total Metals (pg/L) ’ '
ARSENIC 33/40 83% 1.1 : 4.2 OC19P23A01 2.07 2.39 2.25 0.999 0.483 -0.085 - - Non-parametric 2.76 95% Chebyshev(Mean, Std) UCL
BARIUM 40/40 100% 29 411 OC11P24A02 . 35.7 35.7 36.2 3.16 0.088 -0.658 - - Gamma 36.6 Approximate Gamma 95% UCL :
CHROMIUMG e |5 2/A0. |7 5% |/ U6A0IBY /2 09218) | OCIP24A0T | 2615 |- 07805 |7 280 [ 05685150, > 832| ND@ NG parametiel 09250 & Maxmum Concentration & ias|__FOD
IRON 2/2 100% 572 4690 OC19P22A00 NA(1) NA(1) | NA(1) | NA(1) NA(1) NA(1) NA(1) NA(1) 4690 Maximum Concentration N <10
MANGANESE 40/40 100% 85.7 193 J OC11P23A02 125 125 121 |- 23.8 0.191 10.823 Yes Normal - 131 ' ~ Student-t

e 5/40: 15 13% (8 8208 034 [EREOC1IP22A030 1 | 56:90- | ; 1557|5:55:83; £ 50:845 [ FA:07. ] AEYesT %No parametrict:[:£8!45% |1 Student:t b Modified tUCLEE o
Dlssolved Metals (ug/L) : . ' ’
ARSENIC, FILTERED 23/40 58% 0.81 B 2.7 OC19P24A04-F 1.39 2.05 1.45 0.847 0.608 0.057 -- Non—parametric 1.98 95% Chebyshev(Mean, Std) UCL
BARIUM, FILTERED 40/40 | 100% 26.9 45.5 OC19P22A00-F 34.6 34.6 347 4 3.48 0.100 0.532 Yes ‘Normal - 35.6 Student-t
CHROMIUMEEIETERED 2 0 7/40:2 [ 8% 5 | 2o e 31650 1 1 a1 0030 L OC 1T P2 TAO2 R |- 30181 |51 61808518 12:50 1 10101552 0/633:. %2‘?33%”3@ ZiYesizl i Nonzparametrics:|#4:56 715 95% Chebyshev(Mean;:Stduc
MANGANESE, FILTERED 40/40 | 100% 76.2 160 OC11P24A02-F 114 . 114 115 19. 8 . 0. 174 - Normal 120 - Student-t
ZINCZEILTERED 58 i iz /40 10 10% | 5218/ BH[852500 0 = [FHOC19P23A04-Fac i 72:10 |0 6752 F[415:000 9: 5:67: WER]nYess (A Nonsparametricid | 71 5E[1:99% Chebyshev(Mean; Std)UCLHH:

Bolded shaded values indicate that frequency of detection is less than 50 percent.
For non-detects, 1/2 sample quantitation limit was used as a proxy concentration.
The Discordance Outlier test assumes normality after the maximum concentration is removed.
Only one outlier is tested for, the Discordance test does not test for multiple outliers.
pg/L - microgram per liter..
B qualified data were evaluated as positive detections.
NA(1) - Not applicable, there are an insufficient number of samples to calculate statistics.
ND(1) - The highest concentration is a non-detect value, therefore, the Discordance Test could not be performed.




TABLE C-3
SUMMARY OF EXPOSURE POINT CONCENTRATIONS
06C11, 06C12, 06C14, 06C16; 06C18, 06C19
BIG CLIFTY BEECH CREEK
SWMU 7 - OLD RIFLE RANGE
NSWC CRANE
- CRANE, INDIANA

Raw Statistics - . ) . ‘ EPA's ProUCL .
Frequency Mininum | Maximum Sample of Meanof | Meanof]{ . = | Standard | Coefficient Data Recommended Comments
Chemical of Detection Detected | Detected © Maximum Al Positive | Median | Deviation of Skewness | Outlier? Distribution UCL to Use
Number | Percent Detected . | Samples| Detects Variation '

Total Metals (pg/t)

ARSENIC 63/120.| 53% 0.940 B OC144A02 1.79 1.10. | 0.767 NA(1) Non- parametrié 1.50 95% Chebyshev(Mean, Std) UCL . -
BARIUM v 120/120 100% 1 209 | 12 . QC163A00 Non- arametnc . 95% Chebyshev Mean Std UCL
CADMIUNE S0 D o e e B ] NGriZparan 597 [ AStudenttor Mo '

cnammnumm&m T

IRON 67% 609 3520 . OC182A00 : . . Normal Studentt
MANGANESE - 95/120 79% - 3d 486 _ ] OC141A00 0.289 NA(1 Non-parametric 261 97.5% Chebyshev(Mean, Std) UCL

ZINCE 3 %wm@ﬁiﬁé«m% FAA200 3% 2B i 24
Dissolved Metals (pg/L

[ARSENICEFILTERED: & 5%561120‘% AT 03]
BARIUM, FILTERED
CADMIUM;%HLTERED

S 0C142A04

4647 S ENAQ ) EENGizpa rametru::z%3 23175 |- 95% Chobyshev(Méan Std)UCE 2|5

~ Bolded shaded values indicate that frequency of detection is less than 50 percent.
For non-detects, 1/2 sample quantitation limit was used as a proxy concentration. .
The Discordance Outlier test assumes normality after the maximum concentration is removed.
Only one outlier is tested for, the Discordance test does not test for multiple outliers.
pg/L - microgram per liter.
B qualified data were evaluated as positive detections.
NA(1) - There are more than 50 samples, therefore, the Discordance Test could not be performed.



‘

TABLE C-4
SUMMARY OF EXPOSURE POINT CONCENTRATIONS
0eC15
BIG CLIFTY BEECH CREEK
SWMU 7 - OLD RIFLE RANGE
NSWC CRANE
CRANE, INDIANA

] Raw Statistics EPA's ProUCL .
Frequency Mininum | Maximum Sample of Mean of { Mean of Standard | Coefficient Data Recommended Reason Comments
Chemical of Detection | Detected} Detected Maximum All Positive | Median| Deviation of Skewness | Outlier?{ ~ Distribution . . UCL to Use for
) Number| Percent Detected Samples | Detects Variation Adjusted Adjustment
Energetics (ug/L) . - i -
[2,4,6-TRINTROTOLUENE | 19/20 | 95% | 39J ] 78J] OC151A00 | 547 | 574 | 560 | 157 | 0286 | -188 | -- [ Non-parametric [ 7 [ 95% Chebyshev(Mean, Std) UCL | | - - ]
Total Metals (ug/L) . . ‘ '
BARIUM 20/20 | 100% 26.7 31.4 OC153A00 28.9 28.9 28.8 1.18 0.041 0.185 - - Normal 29.3 Student-t - -
[CHROMIU! /200 5% 7|0 071 B 071 B SOCI54A( T210:710021152:807 |7707587; |1 L0255 10 o5 REEND(1) | NoR-parametric 2071 | i e Maximum Concentration: =] FOD. %ﬂEBxM’a’iﬁMm‘Nﬂ"&%Mﬁk jz’”Mé‘fi“éME‘if;ND:»UCﬁ*@@
IRON 11 100% 462.- 462 OC151A00. NA(1) NA(1) NA(1) NA(1) NA(1) NA(1) 462 Maximum Concentration N < 10

NA(1) NA(1)

|MANGANESE OC1 51 AOO

Dissolved Metals (Eg/L)w ‘

Student 1 or Modiﬁed t UCL-

OC153A00-F

BARIUM FILTERED i

20/20 1 100% 25 4' 32.9 28.3

Bolded shaded values indicate that frequency of detection is less than '50 percent.
For non-detects, 1/2 sample quantitation limit was used as a proxy concentration.
The Discordance Outlier test assumes normality after the maximum concentration is removed.
Only one outlier is tested for, the Discordance test does not test for multiple outliers. "~ ~ , >
Hg/L - micrograms per liter. . .
B qualified data were evaluated as positive detections. ' \
‘NA(1) - Not applicable, there are an insufficient number of samples to calculate statistics. .
ND(1) - The highest concentration is a non-detect value, therefore, the Discordance Test could not be performed.

0. 059 ] 0 876 Yes




TABLEC-5
SUMMARY OF EXPOSURE POINT CONCENTRATIONS
06C13
BIG CLIFTY BEECH CREEK
SWMU 7 - OLD RIFLE RANGE
NSWC CRANE
CRANE, INDIANA

Raw Statistics ) EPA's ProUCL
Frequency Mininum |-Maximum Sample of Mean of | Mean of Standard | Coefficient Data Recommended Reason Comments
Chemical ’ of Detection Detected | Detected Maximum All Positive | Median | Deviation of Skewness | Outlier? Distribution UCL to Use for
Number | Percent ’ Detected Samples| Detects Variation Adjusted. ' Adjustment
Total Metals (ug/L) ] : ' ,
ARSENIC 20/20 | 100% 29.6 OC134A02 43.8 43.8 0.440 2.82 - Yes Non-parametric | 51.2 Student-t or Modified-t UCL --
BARIUM - 20/20 | 100% 61 3 OC134A02 70.7° 70.7 3.08 Non-arametr'ic 76 Student t or Modmed t UCL --
CHROMIUMEZ 57 - 12017205 | 5% 12.0183iB |1 0:83 B 107830 e Fparametricy[£0:83% [T s ZUCE: §3Maxmm?umamaﬁn D:>Max; ""sMﬁ;ND?s'ﬁuc&
MANGANESE _ ey
INCTE R 2 : /e e 104755 |2 OCT33A0
Dissolved Metals (Egl_L) ,
ARSENIC, FILTERED 20/20 | 100% 17.7 -OC131A04-F

v BAHIUM FILTEHED OC133A00—F

ate Gamma 95% UCL — ’M D & MaxND - Ma 8 Uor -

hebyshev(Mé"a“ﬁ ANEStAPUCEL] - e e e

Bolded shaded values indicate that frequency of detection is less than 50 percent..

For non-detects, 1/2 sample quantitation fimit was used as a proxy concentration.

The Discordance Outlier test assumes normality after the maximum concentration is removed.
Only one oultlier is tested for, the Discordance test does not test for multiple outliers.

Hg/L - micrograms per liter.

B qualified data were evaluated as.positive detections. i .
. ND(1) - The highest concentration is a non-detect value, therefore, the Discordance Test could not be performed.



APPENDIX D

LEAD MEDIA CLEANUP STANDARD CALCULATIONS



SITE NAME: OLD RIFLE RANGE

LOCATION: NSWC CRANE, CRANE, INDIANA

RECEPTOR: CONSTRUCTION WORKER

MEDIA: SURFACE/SUBSURFACE SOIL . ’
DATE: AUGUST 17, 2005 '

“Calculations of Preliminary Remediation Goals (PRGs)
U.S. EPA Technical Review Workgroup for Lead, Adult Lead Committee

Version date 05/19/03

X jo5" percentile PbB in fetus
Rferabimaremal ' X X |Fetal/maternal PbB ratio ) -~ 0.9
BKSF X X |Bickinetic Slope Factor ' . ug/dL per 0.4 0.4 0.4 0.4
ug/day .

GSD; X X |Geomeric standard deviation PbB -- 2.18 2.18 2.18 - 2.18
PbB, X ' |Baseline PbB ) ug/dL 1.53 . 1.53 1.53 1.53
IRg X - |Soil ingestion rate (including soil-derived indoor dust) g/day 0.100 0.100 - --
IRs.p X [Total ingestion rate of outdoor soil and indoor dust ) g/day -- -- 0.100 0.100
W X |Weighting factor; fraction of IRS,D ingested as outdoor soil -- -- P 1.0 1.0
Ksp X |Mass fraction of soil in dust v - ) -- -- : 0.7 0.7
AF; p X | Absorption fraction (same for soil and dust) - 012 - 0.12 0.12 0.12
EF S, D X X |Exposure frequency (same for soil and dust) days/yr )

X |Averaging ime (same for soil and dust) days/yr
~opn

When IRg = IRg,p and Wy = 1.0, the equations yield the same PRG.

*Equation 1, based on Eq. 4 in USEPA (1996).
PRG = ([PbBysfetal/(R*(GSD; **)])-PbBy)*ATs o
' BKSF*(IRg,p*AFs p*EFs p)

**Equation 2, alternate approach based on Eq. 4 and Eq. A-19 in USEPA (1996).

PRG = ([PbBreygy0.95/(R*(GSD; #)))-PbBo)*ATs o
BKSF*([(IRg,p)*AFs*EFs*Wsl+[Ksp*(IRs,p)*(1-Ws)* AF, *EFp))

Source: U.S. EPA (1996). Recommendations of the Technical Review Workgroup for Lead
- for an Interim Approach to Assessing Risks Associated with Adult Exposures to Lead'in Soil



APPENDIX E

HILLSIDE RANGE 1 BERM AND RANGE 2 BERM
COST ESTIMATE AND REMEDIATION VOLUME



E-1 COST ESTIMATE
ALTERNATIVE GW-2-EXP



NAVAL’ACE WARFARE CENTER CRANE ’ : - ‘ ‘
- Crane, Indiana _ : . '

TOTAL CAPITAL COST

App E-1_GW-2-Exp LUCs_LTM 3-6-2006.xls" capcost

SWMU 7 .
Alternative GW-2-Exp: Limited Action (Land Use Controls and Long-Term Monitoring)
Capital Cost ’
. Unit Cost - .
ltem Quantity| - Unit] Subcontract . Material Labor Equipment Labor| Subtotal
1.1 Prepare Site - Specific LUC . 40 hr -~ $35.00 $1,400 $1,400
Subtotal $1,400 $1 ,400
Local Area Adjustments 82.9%
\ $1,161 $1,161
Overhead on Labor Cost @ 30% - o ) _ $348 - $348
G & Aon Labor Cost @ 10% : $116 $116
G & A on Material Cost @ 10% _ : , $0
G & A on Subcontract Cost @ 10% o $0
Total Direct Cost $1,625 $1,625
 Indirects on Total Direct Cost @ 35% $569: .
Profit on Total Direct Cost @ 10% $162>.. .
Subtotal $2,356
Health & Safety Monitoring @ 1% ' . $24
Total Field Cost $2,380-
Contingency on Total Field Costs @ 0% " $0
Engineering on Total Field Cost @ 10% $238
$2,618

3/14/2006 10:49 AM



NAVAL SURFACE WARFARE CENTER CRANE
Crane, Indiana .
SWMU 7 .

Alternative GW-2-Exp: Limited Action (Land Use Controls and Long-Term Monitoring)

Operation and Maintenance Cost

Ll - ltem

l

Quantity | Unit |  UnitCost |

Subtotal L Notes : "

1 System Maintenance
-3 Sampling labor, travel & living, s'upplies
4 Analysis of groundwater

2 Anhual Report

App .W-Q-Exp LUCs_LTM 3-6-2006.xls 0&m

Is $0 $131 5% of Installation Cost; replacement signs, etc.
2 ea $670. $1,340 1 person/2day per week
8 ea $146 $1,168 TNT and degradation
1 ea $1,000 $1,000
O & M per year $3,659

3/1 4/20.):49 AM



NAVAL ’\CE WARFARE CENTER CRANE '
Crane, Indiana :

App E-1_GW-2-Exp LUCs_LTM 3-6-2006.xls anulcost

$8,484

SWMU 7
Alternative GW-2-Exp: Limited Action (Land Use Controls and Long-Term Monitoring)
Annual Cost : : . .
item Cost item Cost Item Cost ltem Cost _
ftem Year 1. Years2-3 Years 4 - 30 Every 5 Years Through 30 Years | . . Notes
- Sampling $4.660 $2,330 $1,165 Assume 1 people for'2 days at $65/hr each, field supplies $125,
) Annual for all years.
) ) : Analyze samples from two aquifier at four (8) existing wellis plus one
* Analysis/Water $1,577 $3,154 $1,134 (1) QA sample for metals for each sampling event. Annual
. sampling .
Report $1,000 $2,000 $1,000 . Document sam;sling events and results, $1,000 per report.
N N .
Site Inspection $1,000 $1,000 $1,000 To verify continued implementation of the LUC
Site Review ' $15,000 Site review every S'years for 30 years.
TOTALS $8,237 $4,299 $15,000

3/14/2006 10:49 AM




NAVAL SURFACE WARFARE CENTER CRANE

Crane, Indiana
SWMU 7

Alternative GW-2-Exp: Limited Action (Land Use C

Present Worth Analysis

ontrols and Long-Term Monitoring)

Annual Discount

App bew-zfexp LUCs_LTM 3-6-2006.xs pwa

Capital Operation & Annual Total Year Present -
Year Cost Maintenance Cost Cost Cost Rate at 7% Worth
0 - $2,618 : $2,618 1.000 $2,618
1 $3,639 $8,237 $11,876 0.935° $11,104
2 $3,639 $8,484 $12,122 0.873 $10,583
3 '$3,639 $8,484 $12,122 0.816 $9,892
4 $3,639 $4,299 $7,938 0.763 $6,057
5 $3,639 $19,299 $22,938 0.713 - $16,355
6 $3,639 $4,299 $7,938 0.666 $5,287
7. $3,639 $4,299 $7,938 0.623 $4,945
8 $3,639 $4,299 $7,938 0.582 $4,620
9 $3,639 $4,299 $7,938 0.544 $4,318
10 $3,639 $19,299 $22,938 0.508 $11,652
11 $3,639 $4,299 $7,938 0475 $3,770
12 $3,639 $4,299 $7,938 0.444 $3,524
13 $3,639 $4,299 $7,938 0.415 $3,294
14 $3,639 $4,299 $7,938 0.388 $3,080
15 $3,639 . $19,299 $22,938 0.362 $8,304
16 $3,639 $4,299 $7,938 0.339 $2,691
17 $3,639 $4,299 $7,938 0.317 $2,516
18 $3,639 ~ $4,299 $7,938 0.296 $2,350
19 $3,639 $4,299 $7,938 0.277 $2,199
20 $3,639 $19,299 $22,938 0.258 $5,918
21 $3,639 $4,299 $7,938 0.242 $1,921
22 $3,639 $4,299 $7,938 0.226 $1,794
23 $3,639 $4,299 $7,938 0.211 - $1,675
$ 24 $3,639 " $4,299 $7,938 0.197 $1,564
25 $3,639 $19,299 $22,938 0.184 $4,221
26 $3,639 $4,299 $7,938 0.172 $1,365
27 $3,639 $4,299 $7,938 0.161 $1,278
28 $3,639 $4,299 $7,938 0.150 $1,191
29 $3,639 $4,299 $7,938 0.141 - $1,119
30 $3,639 $19,299 $22,938 0.131 $3,005
TOTAL PRESENT WORTH $144,208

3N 4/200“49 AM



E-2 COSTESTIMATE
ALTERNATIVE GW-2-METALS



NAVAL‘CACE WARFARE CENTER CRANE
Crane, Indiana . o

App E-2_GW-2-Metals LUCs 3-3-2006.xls capcost

SWMU 7 _
Alternative GW-2-Metals: Limited Action (Land Use Controls)
Capital Cost : _
: Unit Cost
: ' ' Item Quantity | Unit | Subcontract Material Labor Equipment | Labor "~ Subtotal
‘1.1 Prepare Site"- Specific LUC 40 hr $35.00 $1,400 $1,400 -
Subtotal . $1,400 $1,400
Local Area A&justments 82.9%
$1,161 _ $1,161
Overhead on Labor Cost @ 30% $348 - $348
G & Aon Labor Cost @ 10% $116 $116
G & A on Material Cost @ 10% : $0 -
G & A on Subcontract Cost @ 10% $0-
-Total Direct Cost $1,625 $1,625
Indirects on Total Direct Cost @ 35% - $5697
Profit on Total Direct Cost @ 10% $162:
Subtotal ‘ $2,356
Health & Safety Monitoring @ 1% ’ _$24
Total Field Cost $2,380
Contingency on Total Field Costs @ 0% $0
_Engineering on Total Field Cost @ 10% $238
TOTAL CAPITAL COST $2,618

3/14/2006 10:51 AM



‘NAVAL SURFACE WARFARE CENTER CRANE

Crane, Indiana

SWMU 7

Alternative GW-2-Metals: Limited Action (Land Use Controls)

Operation and Maintenance Cost . ,
] Item | Quantity Unit UnitCost |  “subtotal -~ | . ‘Notes I
1 System Maintenance ' Is $0 $131 5% of Installation Cost; replacement signs, etc.
2 Annual Report ea $1,000 $1,000
O & M per year $1,131

App 'W-E’-Metals LUCs 3-3-2006.xls 0&m

3/1 4/20‘:51 AM



NAVAL ,cs WARFARE CENTER CRANE
Crane, Indiana '

SWMU 7
Alternative GW-2-Metals: Limited Action (Land Use Controls)
Annual Cost .
ftem Cost ftem Cost ftem Cost ltem Cost
ltem Year 1 Years 2 - 3 Years 4 - 30 Every 5 Years Through 30 Years Notes
Annual Report $1,000 $2;000 $1,000 Dbcument sampling events and results, $1,000 per report.
Site Inspection $500 $500 $500 To verify continued implementation of the LUC
Site Review $1,000 Site review evéry 5 years for 30 years.
TOTALS $1,500 ~ $2,500 $1,500 $1,000

App E-2_GW-2-Metals LUCs 3-3-2006.xIs .anulcost

3/14/2006 10:51 AM




NAVAL SURFACE WARFARE CENTER CRANE

Crane, Indiana
SWMU 7

- Alternative GW-2-Metals: Limited Actlon (Land Use Controls)
Present Worth Analysis

Present

VJP\‘ogjhDiv\4267_256\020601 .256 - CMP tor SWMU 7\Appendix E\App bGW-z—Metals LUCs 3-3-2006.xIs\pwa

Capital Operation & Annual Total Year Annual Discount
Year Cost Maintenance Cost Cost Cost . Rate at 7%. Worth
0 $2,618 } $2,618 1.000 $2,618
1 $1,131 $1,500 $2,631 0.935 $2,460
2 $1,131 $2,500 $3,631 0.873 $3,170
3. $1,131 $2,500 $3,631 . 0.816 $2,963
4 - $1,131 $1,500 $2,631 0.763 $2,007
.5 $1,131 $2,500 $3,631 0.713 $2,589
6 $1,131 $1,500 $2,631 0.666 $1,752
7 $1,131 $1,500 $2,631 0.623 .$1,639
8 $1,131 $1,500 $2,631 0.582 $1,531
9 $1,131 $1,500 $2,631 0.544 . $1,431
10 $1,131 $2,500 $3,631 0.508 . $1,844
11 $1,131 $1,500 $2,631 0.475 $1,250°
12 $1,131 $1,500 $2,631 0.444 $1,168
13 $1,131 $1,500 $2,631 0.415 " $1,092
14 $1,131 $1,500 $2,631 0.388 $1,021
15 $1,131 $2,500 $3,631 0.362 $1,314
16 $1,131 $1,500 $2,631 0.339 $ 892
17 $1,131 $1,500 $2,631 0.317 $ 834
18 $1,131 $1,500 $2,631 0.296 $ 779
19 $1,131 $1,500 "$2,631 0.277 $ 729
20 $1,131 $2,500 $3,631 - 0.258 - $ 937
21 $1,131 $1,500 $2,631 0.242 $ 637
22 $1,131 $1,500 $2,631 0.226 $ 595
23 $1,131 $1,500 $2,631 0.211 $ 555
24 $1,131 $1,500 $2,631 0.197 $ 518
- 25 $1,131 $2,500 $3,631 0.184 $ 668
26 $1,131 $1,500 $2,631 0.172 $ 453
27 $1,131 $1,500 $2,631 0.161 $ 424
28 $1,131 $1,500 $2,631 0.150 $ 395
29 $1,131 $1,500 $2,631 0.141 $ 371
30 $1,131 $2,500 $3,631 0.131 $ 476
TOTAL PRESENT WORTH $39,109

- 31 4/200‘51 AM



. E-3 LEAD-CONTAMINATED SOIL IN-PLACE VOLUME ESTIMATE



CALCULATION WORKSHEET : ' "PAGE _1_of 2.

CUENT NSWC Crane _ JOB NUMBER  112GN4267 0000.NGOT10120

SUBJECT  SWMU 7 Volume Estimate for Lead Removal at the Old Pistol Range.

.ASED ON Information From Roger Clark : = DRAWING NUMBER " Figures E-1 and E-2
BY CHECKED BY - APPROVED BY‘ DATE '
VJPlachy JDGoerdt . 12/1/2005

Objective:  Estimate for volume of lead (Pb) contaminated soils at the Old Pistol Range (OPR) portion of
' SWMU 7 for Hillside Range 1 Berm and Range 2 Berm.

Inputs and Assumptions:

1. Hillside Range 1 Berm _ ' Range 2 Berm _
L L L oL Lt . L L L L oLt
15 | 15 'LT' 15 [ 15 15 [ 15 [ 15" [ 15 [ 15'
=Z|e 07xs510 | 07xss08 | 07xSS08 07XSS07 | 07XSS06 | =[] o7xss20 | o7xss19 | 07XSS18 | 07XSS17 | 07XSS16

\ 4 . . _ Y

2| S| o7xssos | 07xss0a | 07xss03 | 07XSS02 | 07XSSO01 ' 2| ©f o7xss1s | o7xss1a | o7xss13 | o7xss12 | 07%8511
\ 4 y : :

2. There is only contamination within the sampled areas.

3. Range 2 Berm Hotspot: 07XSS13, 07XSS16, and 07XSS17
Therefore, the number of contaminated areas (Ncgp) = 3

‘ 4. Hillside Range 1 Berm Hotspots: 07XSS()2, 07XSS03, 07XSS04, 07XSS05, 07XSS07, and 07XSS08
Therefore, (Ncg.)= 6 '

5. Maximum excavation depth (D,) = 1 ft
6. Conversion factor: -1 yd®* = 27 f*
7. Acronyms _ ‘ OPR = Old Pistol Range
D = depth - Pb = lead
ft = feet V = volume
L = length - : W = width
max = maximum yd® = cubic yards
Ncg.x = number of contaminated areas in Range X

Calculations:
1. Volumé of each Pb (Vpy) contaminéted area in Hillside Range 1 Berm (ft® and yd®):
| Vewsarges =| L) | W) | Dalf) |Nea

=| 15" #t] 10' ft| 100 ft| 6 |

| A
2. Volume of each Pb (V) contaminated area in Range 2 Berm (ft® and yd®):




CALCULATION WORKSHEET

=| 15" #t| 10 ft.|] 1.00 ft| 3 " _

1. Volume of each Pb (Vp,) contaminated area in Hillside

Vep-total =| VPb-Hénge1 + lvPb-Rangez =| 900 I

Range 1 Berm and -Range 2 Berm (ft* and yd®):

+ | 450 |= 1350 8] 1 yo® |=| 50 yo@

. ‘o7 ft3

PAGE _2 of _2 .
CLIENT NSWC Crane - ' JOB NUMBER  112GN4267 0000.NG0110120
SUBJECT  SWMU 7 Volume Estimate for Lead Removal at the Old Pistol Range.
BASED ON - |nformation From Roger Clark DRAWING NQMBER Figures E-1 and E-2 ‘
BY CHECKED BY APPROVED BY . DATE 4
VJPlachy JDGoerdt 12/1/2005
Vebpangez =| - L) | W) | Dalt) [Neas




. E-4 LEAD-CONTAMINATED SOIL REMEDIATION VOLUME ESTIMATE



CALCULATION WORKSHEET

PAGE __1

of 2.

CLIENT NSWC Crane .

JOBNUMBER 112GN4267 0000.NG0110120

SUBJECT  SWMU 7 Volume Estimate for Lead Removal at the Old Pistol Range.

2. There is only contamination within the sampled areas.

3. Rahge 2 Berm Hotspot: 07XS8513, 07XS516, and 07XSS17

07XSS04, 07XSS03, 07XSS02, and 07XSS01
Therefore, (Ncp4) = 10

5. Maximum excavation depth (D,) = 1.1 ft
6. Conversionfactor: 1 yd® = 27
: 7.'Acronyms ,
D .= depth
ft = feet
L = length
max = maximum
Ncgr.x = number of contaminated areas in Range X

Theretore, the number of contaminated areas (Ncg.o) =

&ASED ON Information From Roger Clark - DRAWING NUMBER Figures E-1 and E-2
BY. R : ‘ CHECKED BY ' — : APPROVED BY DATE -
VJPlachy JDGoerdt 2/6/2006
Objective:  Estimate for volume of lead (Pb).contaminated soils at the Old Pistol Range (OPR) portion of
SWMU 7 for Hillside Range 1 Berm and Range 2 Berm that will be disposed.
Inputs and Assumptions:
1. Hillside Range 1 Berm Range 2 Berm
L L L. J L L L L L L L L
8. 15' 15" | 15 15' 15' 15' 15' 15 15' 15'
2| O] o7xss10 | o7xss09 | 07xss08 | 07xsS07 | 07XSS06 2| ©] o7xss2o | o7xss19 | 97xss18 | 07XSS17 07XSS16
v ‘ A 4
2| ©| o7xssos | 07xsso4 | 07xss03 | 07XSS02 | 07XSS01 2| ©] o7xss15 | 07XSS14 | 07XSS13 | 07XSS12 | 07XSS11
A4 - : v | - ' '

6

_OPR = Old Pistol Range
Pb = lead o
"V = volume
W = width
yd® = cubic yards

Range 2 Berm excavation areas: 07XSS18, 07XS8517, 07XSS16, 07XSS13, 07XSS512, and 07XSS11

4. Hillside Range 1 Berm Hotspots: 07XSS02, 07XSS03, 07XSS04, 07XSS05, 07XSS07, and 07XSS08
Range 1 Hilside Berm excavation areas: 07XSS10, 07XSS09, 07XSS08, 07XSS07, 07XSS806, 07XSS05,




CALCULATION WORKSHEET o : - PAGE 2 of 2.
CLIENT NSWC Crane . JOBNUMBER 112GN4267 0000.NGO0110120

-

SUBJECT SWMU 7 Volume Estimate for Lead Removal at the Old Pistol Range.

BASEDON |nformation From Roger Clark ‘ DRAWING NUMBER Figures E-1 and E-2 ‘
. ’ . \

BY CHECKED BY — |APPROVED BY DATE

VJPlachy : JDGoerdt , 2/6/2006

Calculations:
1. Volume of each Pb (Vp,) contaminated area in Hillside Range 1 Berm (ft and yd°):
Vepranges =| L) | W@ | Da(f) [New
=] 15" ft| 10 ft| 1.10 ft] 10 |

/ 11650 ] = |1650 ] 1 y® | = [61 y&
I |27 # |
2. Volume of each Pb (V) contaminated area in Range 2 Berm (ft® and yd®):

Vewrange =| L) [ W) | Da(ft) |Neas

=| 15 ft] 10 #t]| 110 #t]| 6 ||

LmA - | »dw| - TE]

27 1 |
1. Volume of each Pb (V) contaminated area in Hillside Range 1 Berm and Range 2 Berm (ft* and yd3): ‘
Vpp.totar =I Vpb-Ranget | + | Vpb-Range2 =| 1,650 I + | 990 |=. 2,640 ft3| 1 yd® |=' 98 yd?
| - [ 27 1 |
. \ )



E-5 HAZARDOUS WASTE COST ESTIMATE
ALTERNATIVE S-2



NSWC cn,
CRANE, INDIANA

SWMU 7 - OLD RIFLE RANGE AND OLD PISTOL RANGE

Alternative S-2: Limited Action (Excavation and OH-Site Disposal as Hazardous Waste,)

Capital Cost -- Disposal Hazardous Waste

.elofz

Unit Cost : Extended Cost .
. Itemn Quantity]  Unit] Subcontract Material Labor Equipment Subcontract Material Labor Equipmem" Subtotal"
T PROJECT PLANNING
1.1 Prepare Construction Plan 200 hours $35.00 $0 $0 $7,000 $0 $7,000
2 MOBILIZATION/DEMOBILIZATION AND FIELD SUPPORT . ) .
2.1 Storage Trailer 1 mo $105.00 $0 $105 $0 $0 $105
2.2 Construction Survey, Limits of Excavation 1 ea $1,450.00 $1,450 $0 $0 $0 $1,450
2.3 Equipment Mobilization/Demobilization 2 ea $147.00 $350.00 $0 $0 $294 $700 $994
3 DECONTAMINATION ' -
3.1 Temporary Equipment Decon Pad 1 Is $3,886.00 $4,455.50 $469.00 $0 $3,886 $4,456 $469 - $8,811
3.2 Decontamination Services 05 mo $210.00 $1,800.00 $315.00 $0 $105 $900 $158 -+ $1,163
3.3 Decon Water . ] 500 gal $0.20 : $0 $100 $0 $0 $100
3.4 Disposal of Decon Waste (liquid & solid) 1 mo $900.00 $900 $0 $0 $0 - $900
4 EXCAVATE SOIL .
4.1 Excavator, backhoe/loader 5 day $287.20 $256.40 $0 $0 $1,436 $1,282 $2,718
4.2 Laborer, 3 5 day $640.00 $0 $0 $3,200 $0 $3,200
4.3 XRF Sampling : 0wk $1,500.00 $0 $0 $0 $0 $0
4.4 Confirming Laboratory Samples 0 ea $30.00 $0 $0 $0 $0 - $0
5 DiISPOSAL '
5.1 Waste Characterization Testing (TCLP) 1 ea $825.00 $10.00 $30.00 $10.00 $825 $10 $30 $10 $875
5.2 Transportation . 150 ton .$20.00 $3,000 $0 $0 $0 $3,000
5.3 Hazardous Landfill Disposal 150 ton $142.50 $21,375 $0 $0 $0 $21,375
6 SITE RESTORATION -
6.1 Import Topsoil 75 cy $22.00 $0 $1,650 $0 $0 $1,650
6.2 Excavator, backhoe/loader 5 day : $287.20 $256.40 $0 $0 $1,436 $1,282 $2,718
6.3 Laborer, 3 . 5 day $640.00 $0 . $0 $3,200 $0 $3,200
6.4 Seed & Fertilizer .24 mst $11.20 $5.10 $3.33 $0 $269 $122 $80 $471
7 MISCELLANEOUS . . o
7.1 Construction Oversite (2p for 10 days) 0 days $600.00 . $0 $0 $0 $0 $0
7.2 Post Construction Documents o] hr $35.00 $0 $0 . $0 $0 $0
Subtotal $27,550 $6,125 $22,074 $3,980 $59,729
Local Area Adjustments 100.0% 77.1% 95.6% - 95.6%
$27,550 $4,722  $21,103 $3,805 $57,180
Overhead on Labor Cost @ 30% $6,331 $6,331
G & Aon Labor Cost @ 10% N $2,110 $2,110
G & A on Material Cost @ 10% $472 $472
G & A on Subcontract Cost @ 10% $2,755 $2,755
G & A on Equipment Cost @ 10% $381 $381
Total Direct Cost $30,305 $5,194 $4,186 $69,229

App E-5_Alt S-2 Exc_DispHaz 3-6-06-2_VJP.xls DisCapCost-haz

$29,544

3/14/2006; 10:53 AM



NSWC CRANE
CRANE, INDIANA ’
SWMU 7 - OLD RIFLE RANGE AND OLD PISTOL RANGE

Alternative S-2: Limited Action (Excavation and Off-Site Disposal as Hazardous Waste,)

Capital Cost -- Disposal Hazardous Waste

Page 2 of 2

| ( ' Unit Cost . Extended Cost JI
ltem Quantity] Unit] Subcontract Material Labor Equipment Subcontract Material Labor Equipment! Subtotal
Indirects on Total Direct Cost @ 35% {Total Direct Cost minus Transportation and Disposal Costs) $15,699
Profit on Total Direct Cost @ 10% $6,923
Subtotal $91,851
Health & Safety Monitoring @ 2% $1,837
Total Field Cost $93,688
Confingency on Total Field Costs @ 25% $23,422
Engineering on Total Field Cost @ 10% $9,369
$126,478 .

TOTAL COST

App E-' Exc_DispHaz 3-6-06-2_VJP.xls DisCapCost-haz

3/‘; 10:53 AM



NSWC *
CRANE, INDIANA

SWMU 7 - OLD RIFLE RANGE AND OLD PISTOL RANGE

_Alternative S-2: Limited Action (Excavation and Off-Site Disposal as Hazardous Waste,)

Annual Cost -- Disposal Hazardous Waste :
Item Cost item Cost Item Cost Item Cost
ltem Year 1 Years 2 - 3 Years 4 - 30 Every 5 Years Through 30 Years | Notes
Annual Report $1,000 ' $2,000 $1,000 Document sampling events and results, $1,000 per report.
_ Site Inspection $500 $500 $500 To verify continued implemenlafion of the LUC
Site Review $1 ,ood Site review every 5 years for 30 years. -
TOTALS '$1,500° $2,500 $1,500 $1,000

App E-5_Alt S-2 Exc_DispHaz 3-6-06-2_VJP.xIs anulcost -

3/14/2006 10:53 AM




NSWC CRANE

CRANE, INDIANA

SWMU 7 - OLD RIFLE RANGE AND OLD PISTOL RANGE

Alternative S-2: Limited Action (Excavation and Off-Site Disposal as Hazardous Waste,)

Present Worth Analysis -- Disposal Hazardous Waste

Capital Annual ~ Total Year Annual Discount Present
. Year Cost Cost Cost Rate at 7% Worth

0 $126,478 . $ 126,478 1.000 $ 126,478

1 $1,500 $ 1,500 0.935 $ 1,403
2 " $2,500 $ 2,500 0.873 $ 2,183
3 $2,500 $ 2500 0.816 $ 2,040
4 $1,500 $ 1,500 0.763 3 1,145
5 $2,500 $ 2,500 0.713 $ 1,783
6 $1,500 $ 1,500 0.666 $ 999
7 $1,500 $ 1,500 0.623 $ 935
8 $1,500 $ 1,500 0.582 $ 873
9 $1,500 $ 1,500 0.544 $ 816
10 $2,500 $ 2,500 0.508 $ 1,270
11 $1,500 $ -~ 1,500 0.475 $ 713
12 $1,500 $ 1,500 0.444 $ 666
13 $1,500 $ 1,500 0.415 $ 623
14 $1,500 $ 1,500 0.388 ° $ 582
15 $2,500 $ 2,500 0.362 $ 905
16 $1,500 $ 1,500 0.339 $ 509
17 $1,500 $ 1,500 0.317 $ 476
18 $1,500 $ 1,500 0.296 $ 444
19 $1,500 $ 1,500 0.277 $ 416
20 $2,500 $ 2,500- 0.258 - $ 645
21 $1,500 3 1,500 0.242 $ 363
22 $1,500 $ 1,500 0.226 $ 339
23 $1,500 $ 1,500 0.211 3 317
24. $1,500 $ - 1,500 0.197 $ . 296
25 $2,500 $ 2,500 0.184 $ 460

- 26 $1,500 $ 1,500 0.172 $ 258
27 $1,500 $ 1,500 0.161 $ 242
28 $1,500 $ 1,500 0.150 ) 225
29 $1,500 $ 1,500 0.141 $ 212
30 $2,500 $ 2,500 0.131 . $ 328

B TOTAL PRESENT WORTH $148,937

App E-!_ll S-2 Exc_DispHaz 3-6-06-2_VJP.xls pwa

Page 1 of 1

31 4! 10:53 AM



NSWC CRANE

CRANE, INDIANA

SWMU 7 - OLD RIFLE RANGE AND OLD PISTOL RANGE

Alternative S-2: Limited Action (Excavation and Off-Site Disposal as Hazardous Waste,)

. Capital Costs -- Disposal Hazardous Waste

ASSUMPTIONS )

Excavation to depth of 1 foot with no groundwater

No utilities (underground or overhead)

No wetlands or stream restoration

All materials are to be disposed off-site as non-hazardous or hazardous

Assume no site support equipment or utilities are needed

Due to the geography of the areas being excavated (on a sloped surface and interspaced with contaminate:
and non-contaminated areas, it was assume that the actual excavation will include the entire footpnnt area
of 20' x 75' x 1" at each location (the ORR and OPR).

2B A e

CALCULATIONS

Volume to be excavated is 100 cubic yards
Assume 1.5 tons per cy for 150 tons

Construction Time Line

Mob 1 day
Excavation/Disposal 4 days
Backfill - 2 . days

Restoration 2 days
Demob 1 day’

' 0 days

Total backfill = topsoil only (assume 50% of removed or 50 cubic yards)
: it ft
Seed & Fertilizer: - " roadway 20 450 9,000 sq ft
berm 1 20 75 1,500 sq ft
berm 2 20 75 1,500 sq ft
' ' 12,000 sq ft’

times ' 2
, 24,000 sq ft
or 24 msf

App E-5_Alt S-2 Exc_DispHaz 3-6-06-2_VJP.xls Assumptions : 3/14/2006 10:53 AM



E-6 NON-HAZARDOUS WASTE COST ESTIMATE
ALTERNATIVE S-2 |



NAVAL’ACE WARFARE CENTER C
Crane, Indiana

SWMU 7

Alternative S-2: Limited Action (Excavati
Capital Cost -- LUC :

RANE

on and Off-Site Disposal as NonHazardous Waste)

' i Unit Cost
ltem ‘Quantity | Unit | Subcontract Material Labor Equipment Labor Subtotal
1.1 Prepare Site - Specific LUC 40 hr $35.00 $1,400 $1,400
Subtotal $1,400 $1,400
Local Area Adjustments 82.9%
$1,161 $1,161
Overhead on Labor Cost @. 30% $348 $348
G & Aon Labor Cost @ 10% $116 $116
G & A on Material Cost @ 10% $0
G & A on Subcontract Cost @ 10% $0
Total Direct Cost $1,625 $1,625
Indirects on Total Direct Cost @ 35% $569
- Profit on Total Direct Cost @ 10% $162
Subtotal $2,356
‘ Health & Safety Monitoring @ 1% $24
Total Field Cost $2,380
' -Contingency on Total Field Costs @ 0% $0
Engineering on Total Field Cost @ 10% $238
$2,618

- TOTAL CAPITAL COST

App E-6_Alt S-2 Exc_DispNHaz 3-6-06_VJP.xls LUC-CapCost

3/14/2006 10:54 AM




NSWC CRANE
Crane, Indiana
SWMU 7, Old Pistol Range

Alternative S-2: Limited Action (Excavation and Off-Site Disposal as NonHazardous Waste)

Capital Cost -- Disposal Hazardous Waste

Page 1 of 2

1~ PROJECT PLANNING

1.1 Prepare Construction Plan

2 MOBILIZATION/DEMOBILIZATION AND FIELD SUPPORT

- 2.1 Storage Trailer

2.2 Construction Survey, Limits of Excavation

2.3 Equipment Mobilization/Demobilization
3 DECONTAMINATION

3.1 Temporary Equipment Decon Pad

3.2 Decontamination Services

3.3 Decon Water

3.4 Disposal of Decon Waste (liquid & solid)

4 EXCAVATE SOIL

4.1 Excavator, backhoe/ioader

4.2 Laborer, 3

‘4.3 XRF Sampling .

4.4 Confirming Laboratory Samples °
5 DISPOSAL

5.1 Waste Characterization Testing (TCLP)

5.2 Transportation
5.3 Non-Hazardous Landfill Disposal
6 SITE RESTORATION
6.1 Import Topsoil
6.2 Excavator, backhoe/loader
6.3 Laborer, 3
6.4 Seed & Fertilizer
7 MISCELLANEOUS
" 7.1 Construction Oversite (2p for 10 days)
7.2 Post Construction Documents

Subtotal

Local Area Adjustments

+

Total Direct .Cost

] - . Unit Cost . Extended Cost J‘ .
Iltem Quantity} Unit] Subcontract Material Labor Equipment Subcontract Material Labor Equipment! Subtotal
200 hours $35.00 ' $0 $0  $7,000 $0 $7,000
1. mo $105.00 $0 $105 $0 $0 $105
1 ea  $1,450.00 $1,450 $0 $0 $0 $1,450
2 ea $147.00 $350.00 $0 $0 $294 $700 $994
1 Is . $3,886.00 $4,455.50 $469.00 $0 $3,886 $4,456 " $469 $8,811
0.5 mo $210.00 $1,800.00 $315.00 $0 $105 $900 $158 $1,163
500 gal $0.20 $0 $100 $0 $0 $100
1 mo $900.00 $900 $0 $0 $0 $900
5 day $287.20 $256.40 $0 $0 $1,436 $1,282 $2,718

5 day $640.00 ) $0 $0 $3,200 $0 $3,200 -
0 wk $1,500.00 $0 $0 $0 $0 30
0 ea $30.00 $0 $0 $0 $0 $0
1 ea $825.00 $10.00 $30.00 $10.00 $825 - $10 $30 $10 $875
150 ton $20.00 $3,000 $0 $0 $0 $3,000
150  ton $45.00 $6,750 $0 $0 $0 $6,750
75 cy $22.00 $0 $1,650 $0 $0 $1,650
5 day $287.20 $256.40 $0 $0 $1,436 $1,282 $2,718
5 day $640.00 $0 $0 $3,200 $0 $3,200
24 msf $11.20 $5.10 $3.33 $0 $269 $122 $80 $471
0 days $600.00 $0 - $0 $0 $0 $0
0 hr - $35.00 $0 30 30 $0 $0
$12,925 $6,125 $22,074 $3,980 $45,104

100.0% - 77.1% 95.6% 95.6%

$12,925 $4,722  $21,103 $3;BC5 $42,555
Overhead on Labor Cost @ 30% $6,331 $6,331
G & A on Labor Cost @ 10% $2,110 $2,110
G & A on Material Cost @ 10% $472 $472
G & A on Subcontract Cost @ 10% $1,293 $1,293
G & A on Equipment Cost @ 10% $381 $381
$14,218 $5,194  $29,544 $4,186 $53,141

App E‘S-2 Exc_DispNHaz 3-6-06_VJP xis DisCapCost-NonHaz

3N 4/‘0:54 AM



NSWC c»' ' _ . , ‘F’age 2012

Crane, In

SWMU 7, Old Pistol Range

Alternative S-2: Limited Action (Excavation and Ofi-Site Disposal as NonHazardous Waste)
Capital Cost -- Disposal Hazardous Waste

Unit Cost Extended Cost
Item Quantity]  Unit| Subcontract Material Labor Equipment Subcontract Material Labor  Equipment Subtotal
indirects on Total Direct Cost @ 35% (Total Direct Cost minus Transportation and Disposal Costs) $15,187
Profit on Total Direct Cost @ 10% - : ’ $5,314
‘Subtotal " $73,643
Health & Safety Monitoring @ 2% o : , $1,473
Total Field Cost . $75,115
Contingency on Total Field Costs @ 25% . ' ' $18,779
Engineering on Total Field Cost @ 10% . S S ) : $7,512
TOTAL COST , : , o . A $101,406
A

App E-6_Alt S-2 Exc_DispNHaz 3-6-06_VJP.xls DisCapCost-NonHaz 3/14/2006; 10:54 AM



NAVAL SURFACE WARFARE CENTER CRANE
Crane, Indiana :

SWMU 7

Alternative S-2: Limited Action (Excavation and Off-Site Disposal as NonHazardous Waste)
Operation and Maintenance Cost . .

T " item [ Quantty | Unit | UnitCost |  subtotal | Notes (
1 System Maintenance ' Is $0 $131 5% of LUC_CapCost; replacement signs, etc.
2 Annual Repont 1 ea $1,000 $1,000
O & M per vear $1,131

App .It §-2 Exc_DispNHaz 3-6-06_VJP.xls 0&m . . ) - 3an 4/2'0:54 AM



NAVAL ACE WARFARE CENTER CRANE

. l

Crane, Indiana
SWMU 7 » .
Alternative S-2: Limited Action (Excavation and Off-Site Disposal as NonHazardous Waste)
Annual Cost :
ltem Cost item Cost ltem Cost item Cost
ltem . Year 1 Years 2 - 3 Years 4 - 30 Every 5 Years Through 30 Years Notes- .
Annual Report $1,000 $2,000 $1,000 Document sampling events and results, $1,000 per report.
Site Inspection $500 $500 $500 To verify continued implementation of the LUC
Site Review $1,000 Site review every 5 years for 30 years.
TOTALS $1,500 $2,500 - $1,500 $1,000

App E-6_Alt S-2 Exc_DispNHaz 3-6-06_VJP.xls anulcost

3/14/2006 10:54 AM




NAVAL SURFACE WARFARE CENTER CRANE

Crane, Indiana
SWMU 7

Alternative S-2: Limited Action (Excavation and Off-Site Disposal as NonHazardous Waste)

Present Worth Analysis -

Total Year

. Capital Operation & Annual Annual Discount Present
Year Cost Maintenance Cost Cost Cost Rate at 7% Worth
0 $104,023 $104,023 1.000 $104,023
1 $1,131 $1,500 $2,631 0.935 $2,460
2 - $1,131 $2,500 $3,631 0.873 $3,170
3 $1,131 $2,500 $3,631 0.816 $2,963
4 $1,131 $1,500 $2,631 0.763 $2,007
5 $1,131 $2,500 $3,631 0.713 $2,589
6 $1,131 $1,500 $2,631 0.666 $1,752
7 $1,131 $1,500 $2,631 0.623 $1,639
8 $1,131 $1,500 $2,631 0.582 $1,531.
9 $1,131 $1,500 $2,631 0.544 $1,431
10 $1,131 $2,500 $3,631 0.508 $1,844
11 $1,131 $1,500 $2,631 0.475 $1,250
12 $1,131 " $1,500 $2,631 0.444 $1,168
13 $1,131 $1,500 - $2,631 0.415 $1,092
14 $1,131 $1,500 $2,631 0.388 $1,021
15 $1,131 $2,500 $3,631 0.362 $1,314
16 $1,131 $1,500 $2,631 0.339 $ 892
17 $1,131 $1,500 $2,631 0.317 $ 834
18 $1,131 $1,500 $2,631 0.296 $ 779
19 -~ $1,131 $1,500 $2,631 0.277 $ 729
20 $1,131 $2,500 $3,631 0.258 $ 937
21 $1,131 $1,500'. $2,631 . 0.242 $ 637
22 $1,131 $1,500 $2,631 0.226 '$ 595
23 . $1,131 $1,500 $2,631 0.211 $ 555
24 $1,131 $1,500 $2,631 0.197 $ 518
25 $1,131 $2,500 $3,631 0.184 $ 668
26 $1,131 $1,500 '$2,631 0.172 $ 453
27 $1,131 $1,500 $2,631 0.161 $ 424
28 $1,131 $1,500 $2,631 0.150 $ 395
29 $1,131 $1,500 $2,631 0.141 $ 371
30 $1,131 $2,500 $3,631 0.131 $ 476
$140,515
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NAVAL SURFACE WARFARE CENTER CRANE
Crane, Indiana -
SWMU 7

Alternative S-2: Limited Action (Excavation and Off Slte Disposal as NonHazardous: Waste)

Capltal Costs
ASSUMPTIONS

Excavation to depth of 1 foot with no groundwater

No utilities (underground or overhead)

No wetlands or stream restoration ,

All materials are to be disposed off-site as non-hazardous or hazardous
Assume no site support equipment or utilities are needed

ok wN

Due to the geography of the areas being excavated (on a sloped surface and mterspaced with contaminate:

and non-contaminated areas, it was assume that the actual excavation will include the entire footpnnt area

of 20'x 75'x 1" at each location (the ORR and OPR).
- CALCULATIONS

Volume to be excavated is 100 cubic yards
Assume 1.5 tons per cy for 150 tons

Construction Tlme Line

9,000 sq ft
1,500 sq ft
1,500 sq ft

—2,000 sq ft

2

24,000 sq ft

Mob 1 day
Excavation/Disposal 4 days
Backfill 2 days.
Restoration . 2 days
Demob 1 day
10 days
Total backfill = topsoil only (assume 50% of removed or 50 cubic yards)
ft ft
Seed & Fertilizer: _ roadway 20 450
, berm 1 . 20 75
berm 2 20 75
times
or

App E-6_Alt S-2 Exc_DispNHaz 3-6-06_VJP.xls Assumptions
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