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EXECUTIVE SUMMARY

A Correcttve Measures Study (CMS) Report has been.prepared for the Naval Surface Warfare Center
(NSWC) faC|I|ty Iocated in- Crane Indiana, for the United States Navy Southern Division Naval Facilities
Engineering Command (NAVFAC) under_ Contract Task Order (CTO) 001 0, for the Comprehensive Long-
Term Environmental Action Navy (CLEAN) 3,~'Cor)t.ract Number N62467-94-D-0888. This' CMS report
addresses one solid waste managemént unit (SWIMU) identified as SWMU 2 Dye Burial Grounds (DBG).

Interim corrective measures have been completed'(consolidation of dye méterials and construction of a
cap). The' RCRA Facility Investigation Report (RF1) (Tetra Tech NUS, Inc. [TtNUS], 2003) did not identify
a need. for further remedial activities based on current conditions. The bbjecfive.of this CMS was to
deterrﬁine whether any additional corrective measures are ‘required in order to provide long-term

. protection to human health and the environment, including an evaluation of clean closure.

o

SITE DESCRIPTION

Military smoke dyes and dye-contaminated materials were disposed at the site. Materials reportedly
included magnesmm boxes, and rags contaminated with dyes, and open-topped drums of dye. Currently,
the site is inactive (i.e., it is not used for waste disposal actlvmes) and an interim-measures cap, which
included permanent grass vegetation, has been installed. SWMU 2 is approximately 12.4 acres in area and

consists of a grass-covered cap (4.2 acres), woods (7.8 acres), and one main gravel road (0.4 acre).

INTERIM MEASURE ACTIVITY

In 1995, ah- in‘terim'meésures cap design was devéloped for the site to minimize 'potentia_l threats to
human health and the environk_nen‘t through mitigation of the migratioh of cbntaminants to ground -water.
The construction of the muiti-layered cap Vbegan_in 1996. During site prepération, dye-contaminated
materials were found outsiae the planned' limits of the cap. In 1997, a revised Work Plan-for interim
Measures Cleanup at SWMU 2 wéé prepared‘to address the residual contamination found outside. the
planned cap limits. Excavation of dye-contaminated soils at the disturbed areas began in Novémber
1996. Because no analytical method existed for dyes in'media, no confirmatory samples were collecied

to verify that all residual contamination was removed from the disturbed areas.

- In late 1997, during the construction of the foundation fill for the cap, seeps of. dye-contaminat'ed water
were observed primarily in the northeastern and northwestern areas within the cap limits. A seeﬁage
!

collection system was constructed at the northeastern area-and frac tanks were positioned at various

i
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locations within- the work area to hold dye-impacted water resulting from storm water runoff. In

September 1998, the cap was completed at the Dye Burial Grounds.

~ PHASE il RFI

: ( ‘ _ ‘ .
Various investigations have been performed at SWMU 2 to characterize site conditions, nature and extent

of contamination, and evaluate human health and ecblogical risk. Initial studies conducted before
construction of the cap determined that site disposal activities at Dye Burial Grounds did not present an

immediate threat to human health and the enwronment However, the site was recommended for further:

study to refine estimates of nature and extent. Most recently, soil (surface and subsurface), ground
water, surface water, and sediment samples were collected from the DBG and analyzed for the presence
- of dyes and metals during the investigation phase of the DBG RFI (TtNUS, 2003). Previous studies had

not analyzed soil or ground water samples for dyes because analytical methods were not available. .

Therefore, analytical methods for analysis of dyes in soil and ground water were -developed by NSWC

Crane. Also, reference doses and preliminary remediation goal$ were developed in order to complete the -

risk assessment included in the RFI report (TtNUS, 2003). The fdllowing discussion summarizes_ the
‘nature and extent of contamination from the RFl.at the SWMU 2:

. Th'e soils, ground water, surface water, and sediment data collected during the RFI were adequate to
support the development of baseline human health and screening- Ievel ecologtcal risk assessments
“for SWMU 2.

e Dyes, that were the primary constituents of concern at SWMU 2, were not detected in surface soil,
ground water, surface water, or sediment. Two dyes, Acid Orange 10 and Acid Yellow 23, were

detected mfrequently in subsurface soil samples at concentrations that were below levels of concern.

SITE RISK

A baseline human health risk assessment was performed for SWMU 2 to characterize the potential risks
to likely human receptors under current and potential future Iahd use. The human receptors evaluated for
SWMU 2 were the construction worker, adolescent trespasser adult_recreational user and future adult

and child residents. The following conclusions resuited from the human health risk assessment:

¢ SWMU 2 incremental cumulative cancer risks for all human receptor pathways were estimated to be
within, or less than, the EPA National Contingency Plan risk range of 10%t0 107 therefore,’ the Navy

believes the risk is acceptable.

3
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* Non-carcinogenic hazard estimates [hézard indices (HIs)] calculated for all human receptors were
less than unity which is the threshold value for non-carcinogenic hazard, for all exposure pathways

-other than ground water exposure pathway for SWMU 2.

+ Non-carcinogenic hazard estimates all human receptors for the ground water exposure pathway were
greater than unity for SWMU 2. However, the exposure point concentrations were primarily
influenced by one ground water sample thét exhibited an unusually low pH (3.7). The elevated

" metals concentrations in this particular slample were due to the increased solubility of geologic
materials in the acidic environment. The well (02C11P3) where this pH was observed is the most
down gradient of the capped ar/ea. Intervening wells did not exhibit acid pH. The acidic conditions at
this location are believed to be attributable to the geology of this well location. Therefore, the

elevated metals concentrations are not attributable to the disposal of materials at the DBG.

A screening ecological risk assessment (SERA) was performed for the DBG. The ecological receptors
evaluated in the screening assessment included receptors directly exposed to chemicals in the surface
water and surface soil (i.e., plants and soil invertebrates), and indirectly exposed to chemicals via the
food chain (i.e., through the ingestion of plants and invertebrates) and via the aquatic invertebrates that
could be exposed to chemicals in the surface water a-nd sediment in streams. The following conclusions
resulted from the SERA:;

+ Risks to terrestrial plants and invertebrates from organic and inorganic chemicals in the surface sail in

DBG were estimated to be low to negligible.

» Risk to aquatic receptors from organic and inorganic chemicals in surface water and sediments were

estimated to be low to negligible.

REMEDIAL ALTERNATIVES

Three corrective measure alternatives were developed for the dye materials underlying the cap. These

alternatives include the following:

Alternative No. 1 — No Action. The No Action alternative maintains the site as is and is retained to

provide a baseline for comparison to other alternatives.

100301/P ES-3 CTO 0010
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Alternative No. 2 — Institutional Controls/Ground Water Monitoring. This alternative includes two
major components: (1) Institutional Controls and (2) Ground Water Monitoring. Institutional controls
would include limitation of land use to industrial purposes and prohibition of aquifer use as a drinking
water supply. These controls would eliminate or reduce pathways of exposure to contaminants at the
. site. Institutional controls would also consist of installing and maintaining a fence to control site access
and maintaining the existing cap. As part of the Corrective Measures Design (CMD), the details of the’
controls would be developed. The controls would be implemented during the corrective measures
implem‘entation phase to insure that, prior to any future developmenf at SWMU 9,'adequate measures
would be taken to minimize adverse human health and environmental effects. In particular, LUCs would

prevent future site development for residential purposes.

Alternative No. 3 — Excavation/Off-site Disposal. This alternative includes two major components:
(1) excavation and (2) off-base transportation and disposal. Soil contaminated with concentrations of
chemicals of concern (COCs) in excess of the media cleanup standards (MCSs) would be excavated,
including all of the existing landfill cap and the contaminated soil and landfill material beneath that cap.
An area approximately 1.6 acres in size would be excavated to a depth of 6 to 12 feet bgs. This
-corresponds to a total volume of approximately 39,000 yd? of material to be excavated, including
approximately 16,000 yd® of cap material, 15,000 yd3 of -contaminated soil and landfill material beneath
the cap, and 8,000 yd? of over-excavated soil. The 39,000 yd? of excavated soil is expected to include
20,000 yd? of clean soil and 19,000 yd3 of contaminated soil. The excavated soil would be transported to
an off-base permitted t._reatment, storage, and disposal facility (TSDF) for disposal. It is assumed that the
excavated soil would be non-hazardous and would be disposed in- a RCRA Subtitle D type landfill.
Samples of the excavated soil would be collected and analyzed to ensure that it complies with the TSDF

landfill permit.

RECOMMENDED CORRECTIVE ACTION

Alternative 1 would not be sufficiently protective of human health and the environment because it would
not provide for continued maintenance df the existing cap, prevent potential future exposure to
,contaminated soil, or warn of potential migration of soil COCs to ground water. Alternative 2 is
recommended for use at SWMU 2 because it provides the best long term assurance that the cap will be
maintained and that the dye is not migrating to ground water. Alternative 3 would remove the dye
materials from the site. However, the dye materials would not be destroyed. Rather, the dye would only
be transferred to another location. In addition, Alternative 3 would be difficult to implement because it
would require excavation and off-base transportation and disposal of a relatively large volume of soil,

which would require extra handling because of the presence of dyes.

100301/P _ES-4 ' CTO 0010
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o 1.0 INTRODUCTION

11 SCOPE AND OBJECTIVES

5
This Corrective Measures Study (CMS) Report was prepared for the Naval Surface Warfare Center
(NSWC) fecility located in Crane, Indiana, for the United States Navy Southern Divtsien Naval Facilities
Engineering Command (NAVFAC) under Contract Task Order (CTO) 6010, for the Comprehensive Long-
Term Environmental Action Navy (CLEAN) 3, Contract N62467494-D—'0888. This CMS repert addresses
one selid weste management unit (SWMU) identtfied as SWMU 2 -Dye Burial Grounds (DBG). ‘

‘ThIS work is part of the Navys Installation Restoration (IR) Program, which is designed to |dent|fy
' contammatlon of Navy and Manne Corps lands/facilities resulting from past operatlons and to institute
corrective measures as needed. The IR Program typically consists of four distinct phases. Phase 1 is'the
Preliminary Assessment .(tormerly knoWn as the Initial Assessment Study). Phase 2 is a Resource
Conservation and Recovery Act (RCRA) Facility Assessment [(RFA), which augments the information
collected in the Prelirhinary Assessrnent, Phaee 3 is the RCRA Facility Investigation (RFI)/CMS, which
) characterizes tne contamination at a facility and develops options for remediation of the site. Phase 4 is
the Corrective Measure Implementation‘(elso known as a Remedial Action), which results in the control or
’ cleanup of contamination at the site. This report has been prepared under Phase 3 (RFI/CMS) The
Indiana Department of Envrronmental Management (IDEM) is the lead oversight agency. However, under
‘a work- -sharing agreement, United States Environmental Protection: Agency (U.S. EPA) Region 5 is
responsible for all ph>a'ses at SWMU 2. - ‘

" The objectives of this CMS are as follows.

Identify Applicabte or Relevant and Appropriate Requirements (ARARs) and To Be Considered (TBC)

- criteria.
« Identify risk-based action levels that are protective of human health and the environment.
¢ Develop Corrective Action Objectives (CAQ); which identify chemicals of concern (COCs), receptors,
pathways, and preliminary remediation goals (PRGs). The PRGs are based on chemical-specific

ARARs, TBCs, and risk-based action levels.

.+ Develop Corrective Measure Objectives for media affected at SWMU 2.

© 100801 B R R c GTO 0010 .
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« Identify and screen corrective measures technologies.
. Develop Corrective Measures Alternatives (CMAs). -
¢ . Conduct detailed analysis of CMA.

1.2 ORGANIZATION OF CORRECTIVE MEASURES STUDY

This CMS consists of svix sections. Section 1.0 is the introduction. Section 2.0 provides a description of
current conditions at. SWMU 2. Section 3.0 identifies the ARARs, TBCs, and corrective- measure -
objectives. Section 4. 0 provides the identification and screening of corrective measure technologies for
soil. Sectlons 5.0 and. 6.0 present the development and evaluatlon/comparatlve analysis of CMAs,

respectively. Section 6.0 also presents the recommended corrective measure alternatlye.

13 ACTIVITY BACKGROUND INFORMATION -

1.3.1 Facility. Location

NSWC Crane is located in the southern portion of Indiana, immediately east of Crane Village and Burns
City. The facility is approximately 75 miles southwest of Indianapolis and 71 miles northwest of Louisville,
Kentucky. NSWC Crane encompasses appfoximately 100 square miles (62,463 acres). The majority of
the facility is located in the northern portion of Martin County. Smaller portions of the facility are'located

_in Greene, Davies, and Lawrence Counties. .

NSWC Crane is located |n a rural, sparsely populated area. Most of the facility is forested, and the
surrounding area is wooded or farmed land. NSWC Crane provides naval support for equment
,shnpboard weapons systems, and ordnance. In addition, NSWC Crane supports the Crane Army
“Ammunition Activity (CAAA) with production and renovation of conventional ammunition and storage,
shipment, demilitarization, and disposal of conventional ammunition (Murphy, 1995). More detailed
descriptions of NSWC Crane and SWMU 2 are provided in Section 1.0 of the RFI Report (TtNUS, 2003).
The location of SWMU 2 is shown on Figure 1-1.
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1.3.2 Facility History

1.3.2.1 History of Ownership and Operation

In 1940, Congress authorized construction of a Naval Ammunition Depot (NAD) in southern |ndiéna, and
the 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, prepare, renovate, receive, store, and issue ammunition to the fleet.

During World War Il, NAD Crane's mission expa'nded 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 departmehts were created, the Ammunition Loading and Production
Engineering Center (ALPEC) was transferred to Crane, and the Central Ammunition Supply Control
Office (CASCO) was established. NAD Crane supplied ammunition to the fleet during the Korean and
Vietnam conflicts. During the Southeast Asia crisis, the number of full-time e‘mployees at NAD Crane
grew to 6,800. ' '

In 1975, NAD Crane was designated Naval Weapons Support Center Crane (NWSCC). Its new mission
was to providé slupport for 'ships, aircraft, equipment, shipboard weapons systems, and assigned

ordnance items and to perform additional functions as directed:

In 1977, the Single Manager Concept was implemented. The CAAA wéé, created, and the Army assumed
ordnance production, storage, and related responsibilities as a tenant organization. In 1992, the facility
was desighated as NSWC Crane. Other functions at NSWC Crane remained the responsibility of the
Navy, and currently the Navy retains ownership of all real estate' and ‘f.acilities at NSWC Crane.
Responsibility for overall station safety, ‘security, and environmental protection remains . with the
Commanding Officer, NSWC Crane. Presently, approximately 4,000 people are employed at NSWC

Crane.

1.3.2.2 History of Regulatory Action

Following promulgation of the U.S. EPA RCRA hazardous waste regulatory program, NSWC Crane filed
_ notification and application in October 1980 to operate as a RCRA hazardous waste treatment, storage,"
or disposal (TSD) facility. Interim status was granted subject to operating requirements and applicable ‘
technical standards fou'nd in 40 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 all
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SWMUs. Accordingly, NSWC Crane submitted a Hazardous Waste Management Report to the U.S. EPA

in January 1985. Following the Hazardous Waste Management Report, an RFA Assessment (A.T. .

Kearney, Inc., 1987) was conducted to characterize the potential for releases of hazardous waste or

constituents from 100 SWMUs identified during the 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.S. EPA renewed the RCRA Part B permit in 1995. IDEM now has responsibility for
the Federal Corrective Action Program. In October 2001, IDEM renewed the Corrective ‘Action -Permit.
However, ongoing corrective actions will continue under the U.S. EPA IDEM Work Sharing Agreement for

Corrective Action Activities at the Naval Surface Warfare Center.

1.4 PHYSICAL CHARACTERISTICS OF SWMU 2 STUDY AREA

1.4.1 Climate and Meteorology

NSWC Crane is located in a warm, temperate climatic zone. In general, the summers are warm and
humid, and winters are mild with occasional short cold periods. The temperature ranges from an average
'maximum July temperature of 89°F to an average minimum January temperature of 2‘6‘F. PreCipitation ié
fairly evenly distributed throughout the calendar year; the maximum precipitation is during' the spring and
early summer. The average annual precipitation at the facility is '44 inches (liquid equivalent), consisting
of 42 inches of rain and 15 inches of snow. -Relative humidity for the local area is génerally higheet' in the
early morning hours of the monthly period June through September and generally ranges between 80 to
88 percent on average. The lowest values of relative humidity, historically, have occurred during the
period March through October, when values average between 54 and 58 percent. The annual preVailing
wind' direction for the region is from the southwest, and fhe annual average Wind speed for the area is
“about 9.6 miles per hour. ‘

1 .4.2 Topography

- NSWC Qrane is located i}m the unglaciated area of the Crawford Uplands. physiographic division. This
division is described as a rugged, dissected plateau that is bounded by the Mitchell Plain Physiographic
Province to the east and the Wabash Lowland Physiographie Province to the west. The terrain is
“predominantly rolling, with moderately incised stream valleys throughout and occasional flat areas in the
central and northern portions of NSWC Crane. Deciduous trees and shrubs cover most of the region.
The elevations across the facility range from about 500 feet above mean sea level AMSL to about

850 feet AMSL. Lake Greenwood extends west to east across the northern part of the Facility.
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Topographlc relief in the Crawford Upland ranges from 100 to 350 feet (see Figure 1- 1) ‘Greater relief

exists in the eastern part of NSWC Crane.

The topography of the Dyé Burial Grounds is relatively rugged, consisting of a series of steep-sided,
na’rr_ow ridges and valleys. SWMU 2 lies approximately 500 feet southwest of the crest of a north-

northwest trending ridge sepa‘rating Sulphur Creek from Little Sulphur Creek. The elevation of SWMU 2

is approximately 740 feet AMSL and rises toward the crest, which is at an elevation of approximately

770 feet AMSL (Figure 1-2).

1.4.3 Geology and Soils

The shallow subsurface materials at the Dye Burial Grounds in_cluded fill, natural unconsolidated

. materials, and bedrock. Fill exists beneath the capped area and was also encountered in borings in the

surrounding the capped area. Fill was e'ncountered’in all but two of the 20 soil borings drilled at the Dye
Burial Ground in- July 2001 by Tetra Tech-NUS (TtNUS). The fill encountered during the TINUS
investigation consists of reworked natural material composed of silt and clay mixtures. No evidence of
buried waste or dye was found in the borings drilled by TtNUS. Fill extends to a maximum depth of
approXimater 9 feet beneath the ground surface. Thicker sequences of mounded fill exist as cover

material overlying bunkers in the immediate SWMU area.

Natural unconsolidated materials (residual soil formed on the Pennsylvanian bedrock) either underlie the
fill or exist at the ground surface where the fill is not present. The natural unconsolidated material
consists of silt and clay mixtures with @ maximum thickness of approximately 10 feet, and extends

downward to the Pennsylvanian bedrock surface.

1.4.4 Hydrogeology

In general, ground water at NSWC Crane is contained in joint openings‘ of limestone and sandstone
aquifers. Surficial unconsolidated aquifers are thin and have limited potential as water supplies. The
upper soil materials on the top and sides of the ridge at SWMU 2 are unsaturated. “Four zones of water-
bearing bedrock units. belonging to three aquifers (Pennsylvania, Golconda/Haney and Beech Creek)

have been investigated at the SWMU. The sandstone belonging to the Lower Pennsylvanian Mansfield

Formation is the uppermost aquifer. This aquifer exists under the SWMU 2 cap area, extends to the

north, south, and west, and terminates on the sides of the ridge where the ground surface intersects the
sandstone. In a small area beneath the eastern half of SWMU 2 and to the southeast of SWMU 2, the

sandstone aquifer is divided into two parts by a discontinuous lens of shale, that is referred to as the
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“Upper P.ennsylvanianvaquifel” (see RFI Figures 1-6 and 1-7). These names are not formal and only
apply to a very small area (see RF| Figure 1-9). Beneath the western portioﬁ of SWMU 2 and extending
to the south and the west, the sandstone aquifer is not divided by the shale lens. In this area, the upper
portion of the aquifer is dry. Ground water in the Pennsylvanian sandstone aquifer flows to the southwest

toward Little Sulphur Creek.

The Golconda/Haney aquifer is separated from the Pennsylvanian sandstone aquifer above by the
Hardinsburg shale, which is appro*imately 20 to 30 feet thick at the site. The Hardinsburg serves as an |
aquitard to vertical migration of ground water. Ground water in the Golconda/Haney aquifer north of the
site flows to the east, southeast, and south. ’

The Beech Creek aquifer (which includes Big Clifty Sandstone) is separated from the shallower aquifers
" by the Indian Springs Shale, which comprises the upper member of the Big Clifty Formation. The Indian
Springs Shale is charactérized as an aquiclude at the bottom of the Golconda/Haney aquifer. Ground
Water-in the Beech Creek aquifer flows under confined conditions toward the southwest and Little Sulphur
Creek.

1.4.5 Water Supply

Seven primary creeks carry surface water off the installation and eventually drain into the East Fork of the
White River and then to the Wabash River to the southwest. The seven creeks that drain NSWC Crane
~are Furst Creek, Sulphur Creek, Little Sulphur Creek, Boggs Creek, Turkey Creek, Indian Creek, and
Seed Tick C‘reek (Figure 1-1). Also locaied within the installation are several small 'ponds and Lake
Greenwood, an 800-acre, man-made, spring-fed lake in the northwestern portion of the installation. Lake
" Greenwood is the main source of drinking water at NSWC Crane and it is also used for recreation.

Ground water at SWMU 2 is not currently being used.

1.4.6 Surrounding Land 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 settliement, population statistics,

and median income are similar throughout the region.

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

regulations are found in the municipalities within the region. None of these municipalities are close
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énough to have an irhpact on NSWC Crane. None of the areas adjacent to NSWC Crane are zoned, and

‘zoning is not anticipated in the near future. This separation distance of approximately 2,760 feet from the

nearest (eastern) NSWC Crane property boundary and the multilayer cap will preclude any off-site
impacts from SWMU 2. There are no known land use or community actions under consideration or

proposed at this time.

147  ‘Ecology

SWMU 2 is approximately 12.4 acres in area and consists of a grass-covered cap (4.2 acres), woods

- (7.8 acres), and one main gravel road (0.4 acre). The Dye Burial Grounds cap is covered with dense

grass; all trees have been cleared from the cap. The tree line is approximately 15 feet from the edge of

the cap. Dominant tree species include black oak (Quercus velutina), white oak (Quercus alba), pighut

hickory (Carya spp:), and yellow poplar (Populus spp.). No scrubs or shrubs are present; leaf litter, limbs,

and fallen saplings cover the under story.

Terrestrial habitats (i.e., wooded areas and grasses) near the site may provide shelter and food sources
for various species of mammals such as white-tailed deer, coyote, red fox, rabbits, raccoons, and mice
and of birds such as ducks, geese, wild turkey, bobwhite quail, red-tailed hawks, and American robins.

The threatened and endangered Indiana Bat may be a potential receptor at SWMU 2.

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

the worm-eating warbler (B&R Environmental, 1997).

No aquatic habitats were identified at SWMU 2. Drainage swales leading away from the site were
identified during a site visit in March 2002; however, these swales were grass lined and covered with

moderate leaf litter. The occ_u.jrrehce of aquatic receptors (i.e., fish and macroinvertebrates) would be

‘unlikely because these areas only receive surface water during precipitation events.

100301/P- . 1-7 CTO 0010



e

PAGIS\INSWC_CRANE\APR\0087.APR SWMU 2-SURFACE DRAINAGE 10/3/03 KMP

Z

Qs Ez_:_.:_a.,s.,;l:g z;t\hcj’ilf t"i_:‘;' = f.
¥ !\)1!-) Iy L ‘\.-}/r,'r} " i;;:.ﬂ oM
S S i (e vkl Pl I R
b o rJ:'-Jﬂ!\J ? P ]
i, T b N L Asy 1\0}.‘q v ,’-IJ‘-’ ¢ e |
ool AT G T R ;
2 s adis LA o
CRANE VILLAGE]
@
TSRS
[~} ‘T'P(;—'r:ﬁ- 5
‘\‘%
St
Nt
ah il
‘rE N
AR
d" I’ ‘—-;‘
2
o
BURNS CITY

LEGEND

B swwu
/\/ Base Boundary

15 a 15 3 Miles
= ]

INDIANA

Forl Wa;
MAJOR SURFACE DRAINAGE BASINS e g o

I FURST CREEK DRAINAGE BASIN

Il INDIAN CREEK DRAINAGE BASIN

il SULPHUR CREEK COMPLEX DRAINAGE BASIN
IV BOGGS & TURKEY CREEKS DRAINAGE BASIN

V' SEED TICK DRAINAGE BASIN

SOURCE: "Initial Assessment Study of Naval Weapons Support Center Crane, Indiana.”
Naval Energy and Environment Support Activity, May 1983.

CONTRACT NUMBER

DRAWN BY DATE 308984
K. Peila 10/2/03
CHECKED BY DATE SITE LOCATION AND SURFACE DRAINAGE AT THE ERREVED Y UME
J. Lucas 10/2/03 NSWC CRANE — —

COST/SCHEDULE-AREA APPROVED BY DATE

I \ , CRANE, INDIANA . -

SCALE DRAWING NO. REV
AS NOTED FIGURE 1-1 0




}

PAGIS\NSWC_CRANEAPR\CTO-10_SWMU02.APR SWMU 2-TOPOGRAPHY 10/2/03 KMP

H-4g3

L

CEN

Tt

ANDLER
TERY

WMU 2
DYE‘BURIAL GROUNDS

1516

|

/

~

17 17 FRAC TANK CONFINEMENT

RELOCATION AREA

Z

Elevation Cantour
Intermittent Drainage Way

"4 1\Q
<N\
RESTRICTED EXPLOSIV, / \
AREA o
&
25
asr/ =
& /
{/ F
I'd
LEGEND

D SWMU

(Approximate Boundary)
D Cap Boundary
E] Waste Area

Personal Protective Equipment
[ ] Building
/\/ Road

Stream

Tree Line

1515 Building Number
\ H-278 Read Designation 250 Feet
\ 7 s S =
DRAWN BY DATE CONTRACT NUMBER
K. Peila 10/2/03 3884
CHECKED BY DATE TOPOGRAPHY AT APPROVED BY DATE
J. Lucas 10/2/03 SWMU 2 - DYE BURIAL GROUNDS -z —_
COST/SCHEDULE-AREA NSWC CRANE APPROVED BY DATE
I ] ] CRANE, INDIANA = —
SCALE DRAWING NO. REV
AS NOTED FIGURE 1-2 0




o

NSWC Crane .

SWMU 2 Correctlve Measures Study
Revision: 0

Date: October 2004

Section: 2

Page 1 of 9

2.0 DESCRIPTION OF CURRENT CONDITIONS

2.1 SITE DESCRIPTION

The approximate boﬁndaries of SWMU 2 are provided in Figure 1-2. -Although it is known that military
smoke dyes and dye-contaminated materials were disposed at the site, no records are available on the
specific dyes and quantities. It is estimated that 50,000 pounds of dyes aﬁd dye-contaminated. materials
were deposited in open trenches at the site from 1952 to 1964. Materials reportedly included

maghésium, boxes, and rags contaminated with dyes, and about 60 open-topped drums of dye. The

sizes of the drums are not known.

SWMU 2 consists of at least four main trenches. Although three trenches were originally thought to be
present at the S|te additional trenches were located during historical site investigations. The original

three trenches are each approximately 10 feet wide, 6 feet deep and 50 feet long. These three trenches

- are aligned end to end and are situated atop a ridge. All the trenches Eeportedly were backfilled to the

ground surface with soil in 1972, but were not permanently capped. NSWC Crane placed crushed rock
along a roadway immediately north of the trench- area in 1987 to facilitate access by well drilling vehicles
(U.S. ACE, 1998). ' ’ '

Geophysical surveys were conducted at the -site in January 1991 to delineate the. boundaries of the

disposal activities. The results of the survey indicated that there are approximatély 17 unidentified

_anomalies located at the site that may be attributable to site operations and may contain

dye-contaminated material. Historically, these disposal activity areas have been referred to as either

disposal trenches or waste areas.

Various investigations were performed at SWMU 2 betweeh7 1981 to 1986 as part of several multi-site

" investigations. The first such study was the Initial Assessment Study (IAS) which was initiated in April

1981 in response to the Navy Assessment and Control of Installation Pollutants (NACIP) Program The
IAS was performed by the Naval Energy and Environmental Support Activity (NEESA) and was
completed in May 1983 (NEESA, May 1983) with assistance from the Ordnance Environmental Support’
Agency and the U.S. ACE Water Experimenf Station (WES). The intent of the IAS was to identify and

~assess sites posing. a potential threat to human health and the environment from past hazardous

materials operations.
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During the installation of eight monitoring wells (wells 02-01 through 02-08) along the perimeter of the
site, soil samples were collected and tested for various soil characteristics. After the monitoring wells
were installed, ground water samples were collected and analyzed for a comprehehsive list of chemical
- constituents and RCRA water-quality parameters. As part of the IAS, .both quarterly and semi-annual
sampling of the monitoring wells was initiated at the Dye Burial Grounds. Based on the initial conclusions
of the IAS, it was determined that disposal activities at t_he Dye Burial Grounds did not present an
immediate human health or environmental threat. However, the site was recommended for further study

to evaluate potential Iong-terfn impacts.

In response to the recommendation présented in the IAS, an RFI Phase I Ground Water Assessment

was performed at the Dye Burial Grounds from 1987 to 1990 (U.S: ACE, 1991). The objective of the

study was twofold to further refine the nature and extent of contamination at the site and to-further refine

the hydrogeology at the site. Twelve monitoring well clusters, consisting of 33 monitoring wells, were h

installed at the Dye Burial Grounds. In 1988, 26 monitoring wells and one seep were sampled and

analyzed for priority pollutant constituents.

The RFI Phase lll ground water release éharacterization commenced in October 1990 with the addition of
three monitoring wells (labeled.02C20 through 02C22). In addition to refinement of the nature and extent
of contamination, the objective of this effort was to determine regional and site hydrogeology including
distribution of aquifers, characteristics of ground water flow, and the influence of stratigraphy and géqlogic
structure on ground water and constituent migration. This study included the collection of four rounds of
. grounvd water samples from the 44 monitoring wells. These samples were analyzed for Appendix IX

constituents, explosives, and miscellaneous water-quality parameters.

In 1991, a geophysical irivestigation was conducted at the site to delineate the boundaries of the dye
burial trenches and to identify buried anomalies. Several anomalies were observed, in addition to the

three known trenches.

lh 1995, an interim measures cap design was developed for the site (Glynn, Bennett, and Stark, 1995) to _

minimize potential threats to human health and the. environment through mitigation of the migration of
contaminants to ground water. The limits of the cap were identified using the geophysical survey

information.

The cap system, from the bottom to the top, consists of the following:
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. Foundation fill layer.

¢ Geotextile 120-mil non-woven cushion layer over the foUndatio_n fill layer to protect the liner

- components against puncture and other damage.

» Geosynthetic clay liner (GCL) over the geotextile layer with hydrauhc conductivity (K) less than

1x10° centimeters/second (cm/sec)

* High-density polyethylene (HDPE) geomembrane layer to prevent migration of moisture into the dye

trenches and dye-impacted materials.

e 6-inch sand drainage system layer (K greater than 1 x 10 cm/sec) with an overlying geotextile filter

fabric to drain infiltration water away from the cap system.

. Perimeter drainage collection system to transpert infiltration water away from the cap.

* * B-inch gravel biotic barrier (coarse gravel) layer (greater than 1 x 10™ cm/sec) with an overlying

geotextile filter fabric.

e - 27-inch top cover layer to support vegetative growth and provide frost pfotection for the -

geomembrane liner. All areas with slopes of 4:1 or greater were stabilized with erosion mats.
An iIlu_siration of a typical cap cross section and details are shown in Figure 2-1.

The construction of the multiFIayered cap began in 1996. During'site préparation (clearing acﬁv’ities),
dye-contaminated materials were found outside the planned limits of the cap.- An investigation of the
extent. of contamination outside the cap limits was performed in early July 1996. This investigation
consisted of the excavation of 12 potholes (test pits) approximately 24 inches deep. Dyes were visually

observed in eight of the potholes.

In 1997, a revised Work Plan for Interim Measures Cleanup. at SWMU 2 was prepared by Morrison

'Knuds'en Corporation (MK, 1999) to address the residual contamination found outside the planned cap

limits. Excavation of dye-contaminated soils at the disturbed areas began in November 1996. No

" confirmatory samples were collected to verify that all residual contamination was removed from the

disturbed areas.
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In late’ 1997, during the construction of the foundation fill for the cap, seeps of dye-qontaminated water
were observed primarily in the northeastern and northwestern areas within the cap limits. ‘A seepage
collection system was constructed at the northeastern area. During sité preparation, eight 500-barrel frac
tanks were positioned atvarious locations within the work area to hold dye-impacted water resulting from
storm water runoff. The dye-impacted water was pumped to the tanks; the system was closed after
construction of the foundation fill was completed. In September 1998, the cap was completed at the Dye
Burial Grounds. The water stored in the frac tanks was analyzed by the Navy according to the SWMU 2
QAPP (MK 1997) and it was determined that the dye-contaminated water was non-toxic. The water was

eventually discharged into a sewer manhole located on the east side of the Pyrotechnic Facility Plant #3.

in 2001, RFI field activities were conducted at SWMU 2. The objectives of these activities were as
follows:

.- To refine estimates of the nature and extent of contamination.

» To evaluate human health risks through a baseline risk assessment.

o To estimate risks to the environment through a screening-level ecological risk assessment.

¢ - To determine whether the in.teri'm‘ cap placed over the Dye Burial Ground is preventing chemical

contaminant migration.

An RFI report was completed (TtNUS, 2003), describing the nature and extent of contamination and the
results of the'human health and ecological risk assessments.

.22 NATURE AND EXTENT OF CONTAMINATION

‘Soil (surface and subsurface), 'ground water, surface water, and sed.iment'samples were collected from
. SWMU 2 and analyzed fqr the presence of site-related contamination during the investigation phase of
the SWMU 2 RF (TINUS, 2003). - All surface and subsurface soil samples were analyzed for Target
Analyte List (TAL) metals (plus tin) and dyes. Ground water samples were analyzed for target analyte list
metals (plus tin), dyes, total organic cz;bon (TOC)‘, chloride, sulfate, and total suspended solids (TSS).
One surface water sample was collected and analyzed for total and dissolved TAL metals (plus tin), TOC,

hardness, and TSS. All sediment samples Were‘ana]yzed for TAL metals (plus tin) and dyes.
Figures 2-2, 2-3, and 2-4 display geographical depictions of positive dye detections and positive metals

) detections in surface/subsurface soils, ground water and surface water/sediment, respectively, at SWMU
2.
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The nature and extent of contamination at SWMU 2, as presented in the RFI (TtNUS, 2003), is

summarized as follows:

Military dyes are the primary constituent of concern at SWMU 2. All military dyes disposed at SWMU

2 were organic compounds and did not contain metals. Two organic dyes (Acid Orange 10 and Acid
Yellow 23) were detected in 6 of 20 subsurface soil samples collected at depths ranging from 3 feet to
11 feet below ground surface (bgs) outside of the capped area. These sampies were collected near
the center of SWMU 2 at 50 to 100 feet from the northern SWMU 2 border and at the southwestern
end of the SWMU 2 cap boundary.

All dye concentrations detected in subsurface soil samples were less t.han 12 mg/kg. The highest dye
concentration was 11.5 mg/kg. Dyes were not detected in any of fhe‘surface soil, ground water, .
surface water, or sediment samples. These data indicate that SWMU 2 has had little impact on
environmental media. The absence of dye detections in ground water samples demonstrates that
dyes are not migrating from soils at SWMU 2 into the ground water. However, dye contamination

does exist in soil beyond the capped area.

Several metals were detected in all sampled media. In general, the majority of the detected metals
were present at concentrations comparabie to or less than background, except in subsurface soil. In
subsurface soil samples collected outside of the capped area, the majority of the detected metals
were present at concentrations in excess of background. Most of the background exceedances are
attributable to having only a single background concentrationvalue for each of the metals (Soil Group
9). When the results are compared to background data for the other subsurface soil group present at
SMWU 2 (Soil Group 8) the SWMU 2 metal concentrafiohs in subsurface soil abpear to ibe similgar to

background concentrations. There is no pattern with respect to spatial distribution of metals, nor is

. there a known source of metals at SWMU 2.

For ground water samples, detected concentrations of metals were greater in downgradient Lower
Pennsylvanian bedrock wells than in upgradient wells. These concentrations were associated with
wells located on or beyond the capped area boundary. Four of the metals (calcium, magnesium,
potassium, and sodium) detected are considered to be ess?ntial nutrients. The highest metals
concentrations were observed at the same monitoring well that reported the lowest pH measurement.
The positive metal results for this monitoring well included aluminu;n (23,300 pg/L), arsenic

(1.6 pg/L), beryllium (4.7 pg/L), cadmium (16.1 ug/L), cobalt (445 ug/L), iron (2,110 ug/L), lead

" {4.8 pg/L), manganese (3,790 pg/L), nickel (868 pg/l), and zinc (2,280 pg/L). The measured pH (3.7)
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“at this well was much lower than the pH values in the other Lower Pennsylvanian bedrock wells. This

is likely to be the reason metals concentrations were elevated in this well, because the solubilities of
most metals increase as pH decreases. The low pH at this well is a result of geochemical conditions

and is not related to the dye wastes buried at SWMU 2.

e While some metals were detected in SWMU 2 ground water at concentrations greater than
upgradient concentrations, the number of such occurrences, the concentration levels observed, and
the lack of spatial patterns with such detections are evidence that ground water is not contaminated

with metals as a result of SWMU 2 operations. Therefore, the presence of metals in downgradieht

wells cannot be attributed to SWMU 2 operations and the need to collect additional ground water

samples does not exist. In addition, the cessation of samplfng is supported.by historical data.

23 CONTAMINANT FATE AND TRANSPORT

Evidence for chemical migration at SWMU 2, Dye Burial Grounds, is very limited. No dyes were defected

in surface soil, ground water, surface water, or sediment samples.” Traces of two azo dyes (Acid Orange

10 and-Acid Yellow 23) were detected in subsurface soil, but the presence of a multi-layered cap restricts -

the opportunity for any substantial quantities of buried dyes to leach via water infiltration or overland
“runoff. Acidic dyes, which were detected in soil, have high water solubility and would be expected to

leach.

The dyes of potential concern at the Dye Burial Ground can generally be classified into acid dyes, basic
dyes, or solvent dyes and their chemical/physical characteristics may differ accordingly. For example, the
water solubilities of the acid and basic dyes are much greater than the solubilities of the solvent dyes.

‘Likewise, organic carbon partition coefficients (Kqs), octanol/water partition coefficients (K,ws), and

bioconcentration factors (BCFs) of acid dyes} are typically much less than the values for the solvent dyes. '

Based on the available BCF values, solvent dyes would be expected to bioaccumulate in. animals
- whereas acidic and basic dyes should not bioaccumulate to a great extent.

fhe water solubility, K., and K, data may be misleading when predicting fate and transport behavior of
the dyes. For example, the published solubility of Acid Orange 10 is 80,000 mg/L and the Kow and Koc
values for this dye are very low. Based on these data, Acid Orange 10 would be expected to have high
mobility in soil, i.e., it would be readily leached ‘from‘sovil and migrate to ground water. However, other

chemical properties .may control the leaching. Because of its ionic nature, ion-exchange processes of

. Acid Orange 10 with clay would probably retard leaching. The same argument can be made for the other

acidic and basic dyes. Consequently, it is likely that the dyes (acidic, basic, and solvent) would have very
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low mobility in soil van‘d,low potential for leaching. This is evidenced by the fact that no dyes were
-detected in ground water at DBG. The dyes would also be expected to adsorb_'strongly to inorganic
sediment or particulate matter. Leaching of some dyes could occur in extreme conditions such as very

low pH but not under normal conditions.

-~ Information on the biodegradatidn potential of the dyes is limited. Biodegradation does not appear to be
an impohant environmental fate process for the dyes. If biodegradation were to occur, it seems more

likely under anaerobic than aerobic conditions.

It should be hoted that the some of the published values of the physical/chemical parameters of the dyes
were not determined by experiment but were derived frdm other data and, as such, aré only estimates.
However, the published values should be sufficient to provid‘e a general picture of a chemical’s likely
behavior. The physical/chemical characteristics of acid dyes, basic dyes, and solvent dyes are listed in
Table 2-1. ‘

Metals were detected at low concentrations in all media sampled. As discussed in the RFI, no source
area was identified for metals at SWMU 2. In general, the majority of the detected metals were present at
conce'ntration'sv less than background, except in subsurface soil. The pfesence of métals in site media
cannot be attributed tz) the composition of dyes‘disposed at SWMU 2. Metals are naturally present in the

environment, and fluctuations in concentrations are not related to disposal activities at SWMU 2.

24 ~ HUMAN HEALTH AND ECOLOGICAL RISK ASSESSMENTS

2.4.1 Human Health Risk Assessment

A baseli'ne'human health risk assessment :for SWMU 2 was performed to charactérize the potential risks
o likely human receptors under current and potential future land use.  Potential reéeptors under current
land use are construction workers, maintenance workers, and a_do.l‘escent trespassers.  Potential
receptors under future land use are recreational users and hypothetical residents (children and adults).
- Although future land use is likely to be the same as current land use, potential future receptoré_were'
evaluated in the baseline human health risk assessment, primarily-for decision-making purposes. A land

" use control (LUC) program is not currently in place at NSWC Crane.
Quantitative estimates of noncarcinogenic and carcinogenic risks [Hazard Indices (Hls) and Incremental

Lifetime Cancer Risks (ILCRs)] were developed for potential human receptors. Cumulative His for the

construction worker, maintenance worker, adult recreational user, and adolescent trespasser under the
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reasonable maximum exposure (RME) scenario are less than unity (1), indicating that adverse non-
carcinogenic effects are not anticipated for these receptors under the definéd "exposuré conditions.
Cumulative His for the future adult-and child resident exceed unity.  Cumulative ILCRs for all receptors
were less than or within U.S. EPA's target risk range. Table 2.2 prov:des a summary of hazard quotients
(HQs) for SWMU 2 as presented in the RFI.

The elevated Hls were attributable to exposure to  aluminum, cadmium, Coba‘lt, and nickel in ground
water, primarily by ingestion. The His calculated for residential exposure to ground water are subject to

the following sources of uncertainty:

s As discussed previously, the elevated HIs were associated with one ground water sample
(02GWC11P301). If this samplé was removed from the database, all His would be within acceptable
levels. This sample exhibited an unusually low pH (3.7) which is likely the reason metals

~ concentrations are elevated, because acidic conditions increase the solubility of metals in water. The
acidic conditions at this location are believed to be attributable to the geochem|cal conditions at the
site and not related to the dye wastes buried at SWMU 2.

e The residential land use scenario assumes that ground water at the site is used as a source of
domestic drinking water. However, it is unlikely that residences would ever be located at this site.
Although enlisted and officer personnel reside at NSWC Crane under current conditions, the

residential scenario is not applicable for these receptors because they do not and would not be

expected to reside within the boundaries of SWMU 2. Because a cap exists at the site, LUCs will

prohibit future development of the site. Other active sources of safe drinking water are available in

the local area and it is unlikely the wells would be installed in the vicinity of the SWMU.

In conclusion, no significant potential human' health® risks are expected for SWMU 2 under current or
anticipated future land use. All ILCRs were less than or within U.S. EPA's target risk range of 10 to 108
and His were less than the acceptable level of 1 for exposures to all media with the exception of futufe
residential eXposure to ground water. Hls for leture residential exposures to aluminum, cadmium, and
niékel in ground water exceeded 1, but the concentrations of these metals are believed to be naturally

occurring and not associated with SWMU 2.

25 ECOLOGICAL RISK ASSESSMENT

A screening ecblogical risk assessment (SERA) was performed for the SWMU 2 Dye Burial Grounds.

One inorganic chemical, copper, was detected in the surface soil at a maximum concentration that
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' exceeded conservative screening levels and therefore was selected as a chemical of potential concern
(COPC). This COPC was assessed in the Step 3A evaluation, which is the first step of the baseline
ecolo'gical risk assessment and consists of fefining the list of COPCs that Were retained following the
SERA. Several additional inorganic chemicals were also evaluated in Step 3A because no Region 5

screening levels were available for them.

In the Step 3A evaluation, risks to terrestrial plants and invertebrates from inorganic chemicals in the
surface soil were determined to be low to negligible based on their relatively low concentrations
compared to the screening levels or alternate benchmarks. The results of the terrestrial food chain

modeling also indicated there were no unacceptable risks to receptors from chemicals detected at the

. Dye Burial Grounds.

Y

‘
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TABLE 2-1

PHYSICAL/CHEMICAL CHARACTERISTICS OF
ACID DYES, BASIC DYES, AND SOLVENT DYES
SWMU 2 - DYE BURIAL GROUNDS
NSWC CRANE
CRANE, INDIANA

Melting

Kow - Octanolfwater partition coefficient. .
K, - Organic carbon partition coefficient.

. 'VP - Vapor Prassure.

H - Vapor pressure x molecular wi

BCF - Biocentration factor.

@

eight x water solubility,

Molecular Water Specific . H VP Subject to Thermal
Compound CAS No. Weight Solubility Gravity Kow Koe atm/m3/mole | mm Hg BCF |Biodegradation Point Properties
ACID BLUE 1 129-17-9 566.67 30,000 mg/L NA NA 15 (but ionic) non-volatite NA 2 NA NA NA
ACID BLUE 9 2650-18-2 783.01 5% at 20°C NA NA' NA NA NA NA NA NA NA
. 0 {out ionic., anaerobic(yes);
ACID ORANGE 10 1936-15-8 452.38 80,000 mg/L . 0 therefore, resists low - 2.50E-20 low aerobic (no) !
- - NA leaching) NA NA
ACID VIOLET 49 1694-09-3 734.9 __soluble ) NA NA NA NA ) NA NA : NA NA NA
ACID YELLOW 23 1934-21-0 534.37 200,000 mg/L NA NA NA NA NA NA NA NA NA
' : : - ) Boiling Point = 342°C;
ANTHRACENE 120-12-7 178.23 43 ug/l 1.25 28,184 16,032 4,88E-05 2.67E-06 891 no heat of vap. = 294 ki/kg;
heat of comb. = 40110 ki/k
BASIC VIOLET 10 - 81-88-9 479 soluble NA NA NA NA NA NA NA NA NA
BASIC YELLOW 2 2465-27-2 303.66 10,000 mg/L NA NA | 50000 2.80E-16 1.70E-11| 3.8-16 no >250°C NA
BENZANTHRONE  82-05-3 230.25 NA - NA >10,000 6.61E-08 2.21E-07 | 61 -181 yes 170°C NA
118°C,
SOLVENT ORANGE 3 532-82-1 248.71 20 mg/L ) 840 non-volatile 114 anaerobic(yes) | decomposes at
. NA NA 235°C NA
SOLVENT ORANGE 7 3118-97-6 276.32 insoluble NA NA NA NA NA NA NA 166°C NA
SOLVENT YELLOW 14 842-07-9 248.3 insoluble NA NA NA NA NA NA NA 134°C NA
SOLVENT YELLOW 2 60-11-7 225.28 13.6 mg/L NA 38,018 7390 7.10E-09 3.30E-07 1780 yes 114-117°C NA
PIGMENT VIOLET 12 81-64-1 . < 240.2 probably insoluble NA NA NA NA NA NA NA NA NA
 |SOLVENT RED 1 1229-55-6 278.3 3.3E-4 mg/L NA 32,000,000 290000 1.10E-10 6.30E-09 | 290000 NA 183°C NA
SOLVENT VIOLET 13 81-48-1 329.37 . NA NA 196°C NA
SOLVENT YELLOW 3 97-56-3 - 225.28 7.64 mg/L NA - 8,318 1,426 - 3,236 2.91E-08 7.50E-07 | 196 - 562 NA 101-102°C "~ NA
: ’ . . Sublimes at about 300°C;
VAT BLUE 1 482-89-3 262,26 insoluble 1.35 NA NA NA NA NA NA NA decomposes at 390°C
VAT YELLOW 2 128-09-9 NA NA NA NA NA NA NA NA NA NA NA
VAT YELLOW 4 128-66-5 NA NA NA NA NA NA NA NA NA NA NA
2-AMINOANTHROQUINONE |  117-79-3 223.24 160 ug/L NA 1,995 1500 9.20E-11 | 500611 18-46 no 302°C S“b"me_sg’;ia;:;f:g:'mam"



TABLE2-2

SUMMARY OF RISK DRIVERS
SOIL MIGRATION TO GROUND WATER
SWMU 2 - DYE BURIAL GROUNDS
NSWC CRANE
CRANE, INDIANA

.

Chemical of Concern®™ | ©  Impact on Human Receptors - ’ Comments

GROUND WATER - LOWER PENNSYLVANIAN AQUIFER
. . Risks for aluminum, cadmium, cobalt, and nickel are based on the hypothetical future
Aluminum Future Child resident HQ = 2.2 residential use of ground water. The risk estimates are based on analytical results
for four unfiltered ground water samples. The exposure point concentration was
influenced by one sample (02GWC11P301) that exhibited an unusually iow pH (3.7),

Cadmium Future Child resident HQ = 3.2 which suggests that the metal concentrations may be elevated because of increased
solubility of geologic minerals in an acidic environment. In addition, because a cap
Cobalt ' Future Child Resident HQ = 2.1 ‘ ~ |exists at the site, a land use control will prohibit future development of the site.

Future Child resident HQ = 4.2

Nickel Future Adult resident HQ = 1.2

HQ Hazard Quotlent

1 - Chemicals that contribute to a cumulative incremental lifetime cancer rlsk of greater than 1.0E-4 or a noncarcmogemc chemical contrlbutlng to target organ.
Hazard Indices (HI) greater than 1.0.
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P:\GIS\NSWC_CRANEWPR\CTO-10_SWMU02_TAGS.APR SWMU 2-POSITIVE DETECTIONS IN SURFACE AND SUBSURFACE SOILS 10/2/03 KMP
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©H
o </
| 2u
HIGH EXPLOSIVE MAGAZINES
GROUP "WW"
1504
1503 GROUP "WW
E 028809 0.0 ~ 2.0 RIRES MIG DAF1 DC ATR ECO UTL
3 INORGANICS (MG/KG)
BERYLLIUM 0.79
COPPER 8.9 ECO
C2SB0Y 7.0 - 9.0
INORGANICS (MG/KG)
BARIUM 30.6 J ECO
. CHROMIUM 14.7 DAF1 /)\
025B10 0.0 - 2.0 RORES MIG DAF1 DC ATR ECO UTL g2 o002 - Ual= 350 RIRES| HIG-HARL IDEARTR ROD UL
: e INORGANICS (MG/KG)
INORGANICS (MG/KG) ey .
COPPER 10.7 ECO
BERYLLIUM 0.85 it 8.8
COPEER 8.5 ECO 02580 2ol = B
iy - INORGANICS (MG/KG)
025B10 8.0 - 9.5 HARTOR S i 66
MISCELLANEOUS PARAMETERS e o -
oH (S.U.) 5.9 T > NSNS S | N
1506 | TOTAL ORGANIC CARBON [MG/KG) 1000 02SB04 0.0 - 1.0 RIRES MIG DAF1 DC AIR ECO UTL
1 % 7 T INORGANICS (MG/KG)
AOPBE 5.0 !
02SB15 0.0 - 1.0 RORES MIG DAF1 DC AIR ECO UTL o T TE ECG
INORGANICS (MG/KG) xiidsy e it T
i 5.8 6 DYES (MG/KG)
. . B ACID YELLOW 23 11.51 J
02SB15 6.0 - 8.0 TTTT T ~
MISCELLANEOUS PARAMETERS
PH (S.U.) 5.3 J 025802 8.0 - 10 RORES MIG DAFl DC AIR ECO
TOTAL ORGANIC CARBON (MG/KG) 1200 INGRGANICS (MG/KG)
DYES {MG/KG) BARIUM 31.7 ECO
ACID YELLOW 23 5.45 J CHROMIUM 11.5 DAF1
ISE N wi L 1 17 IRD?; ?lscc
02sB12 5.0 - 7.0 RIRES MIG DAF1l DC AIR ECO UTL ICKEL 7.7 DAF1
MISCELLANEOUS PARAMETERS VENADIUM 14.7 ECO
PH (5.U.) 4.9 g ZINC 23.3 J ECO
TOTAL ORGANIC CARBON (MG/KG) 1800 MISCELLANEOUS PARAMETERS
DYES (MG/KG) PH (S.U.) 5.5 J
ACID YELLOW 23 5.06 J L~~~ TOTAL ORGANIC CAREON (MG/KG) 1900
= e % DYES (MG/KG)
02SB16 0.0 - 1.0 RYRES MIG DAF1l DC AIR ECO UTL ACID YELLOW 23 11.17
INORGANTCS (MG/KG) TTT =<
COPPER 8.7 ECO
025B16 5.0 - 7.0 025803 0.0 - 1.0 RIRES MIG DAF1 DC ATR ECO UTL
INORGANICS (MG/KG) i INORGANICS (MG/KG)
ALUMINUM 6910 COPPER 9.2 ECO
BARIUM 43.5 ECO 025803 7.5 - 9.5
CHROMIUM 11 DAF1 LEME INORGANICS (MG/KG)
COPPER 6.1 ECO BARTUM 26.6 ECO
VANADIUM 17.1 ECO CHROMIUM 8.7 DAF1
ZINC 16.2 J ECO COBALT 10.4 ECO
= = = re = COPPER 5.8 ECO
02SB17 0.0 - 1.0 RIRES MIG DAF1 DC AIR ECO UTL ) IRON 12100
INORGANICS [MG/KG) o \.E_ NICKEL 13.9 DAF1 ECO
COPPER 8 ECO ZINC 33.4 g ECO
028817 6.0 ~ 8.0 \ MISCELLANEQUS PARAMETERS
INORGANICS (MG/KG) ——{ PH (5.U.) 53 J
BARTUM 48.9 ECO TOTAL ORGANIC CARBON (MG/KG) 1000
CHROMIUM 10.9 DAF1 [TED EXPLRSIVE =
NICKEL 5.4 \] [
VANADIUM 17.7 ECO 02SB01 9.0 - 11 RYRES MIG DAF1 DC AIR ECO
ZINC 15.1 & ECO " INORGANICS ({MG/KG)
TT T 777 CHROMIUM 8.8 DAF1
02SB13 5.0 - 7.0 RYRES MIG DAF1 DC AIR FCO UTL N CoBALT 15.4 ECO
MISCELLANEOUS PARAMETERS COPPER 6.4 ECO
PH (S.U.) 5.1 J IRON 20700
TOTAL ORGANIC CARBON (MG/KG) 1300 NICKEL 17.5 DAF1 ECO
025B14 7.0 - 9.0 RYRES MIG DAF1 DC AIR ECO \) ATHC 7.8 7 ECO
MISCELLANEQUS PARAMETERS };}T{s?}:;i,ﬂm;uous PARRMETERS o
PH (S.U.) 6.3 J et sk, §
. _ . . TOTAL ORGANIC CARBON (MG/KG) 1100
TOTAL ORGANIC CARBON (MG/KG) 1200 DYES (MG/KG)
s = g . ACID ORANGE 10 3.85 J
02SB18 0.0 - 1.0 RIRES MIG DAF1 DC AIR ECO UTL I g 7
INORGANICS (MG/KG) ACID YELLOW 23 - 6.39 J
COPPER 8.7 ECO “\ \ B
025818 5.0 — 6.8
INORGANICS [MG/KG) 02SB08 6.0 - 1.0 RYRES MIG DAF1 DC AIR ECC UTL
ALUMINUM 6750 INCRGANICS (MG/KG)
BARTUM 30.5 20 COPPER 10.2 ECO
CHRCMIUM 13.6 DAF1 025808 8.0 - 10
COPPER 6.3 ECO INORGANTICS (MG/KG)
1RON 14100 BARIUM 33 J ECO
NICKEL 6.6 CHROMIUM 9.6 DAF1
VANADTUM 22.2 ECO COBALT ki Eco
ZINC 17.6_J ECO COPPER 7.2 ECO
= IRON 15500
02SB19 0.0 - 1.0 RIRES MIG DAF1 DC AIR ECO UTL NICKEL 25.3 DAF1 ECO
INORGANICS (MG/KG) ZINC 42 J ECO
BERYLLIUM 0.56 NWEEEE
St i~ B0 10.9 ECO ;‘Zgizgmcs R 7.0 - 9.0 RYRES MIG DAF1 DC AIR ECO
*__NO DETECTIONS ABOVE BACKGROUND -2 BARTUM 2.6 kco
025B20 0.0 - 1.0 RORES MIG DAF1 DC AIR ECO UTL CHROMIUM 8.7 DAF1
TNORGANICS (MG/KG) MISCELLANEOUS PARAMETERS
COPPER 11.8 ECO PH (5.U.) 5.4 g
02SB20 6.0 — 6.0 TOTAL ORGANIC CARBON (MG/KG) 1500
** NO DETECTIONS ABOVE BACKGROUND _**
T T/SX 025807 7.0 - 9.0 RORES MIG DAF1 DC AIR ECO
025811 0:0 =10 RORES MIG DAFl1 DC AIR FECO UTL INORGANICS [(MG/KG)
INORGANICS (MG/KG) ARSENIC 3.5 7 RIRES DAF1
COPPER 10.7 ECO COPPER 6.9 ECO
02s5B11 4.0 - 6.0 ZINC 11.5 J ECO
INCRGANICS (MG/KG) MISCELLANEQUS PARAMETERS
CHROMIUM 7.9 DAF1 PH (S5.0.) 5.8
TOTAL ORGANIC CARBON (MG/KG) 1200
DYES (MG/KG)
ACID YELLOW 23 2.85
ORDNANCE BURNING AREA
SOIL INORGANICS AND CRGANICS SCREENING CRITERIA
RORES = U.S. EPA Region 9 Residential Preliminary Remediation Goal.
DC = IDEM Tier 1 Direct Contact Values.
MIG - IDEM Tier 1 Migration to Ground Water Values.
DAF1 = U.S. EPA SSL Migration to Ground Water DAF of 1.
AIR = U.S. EPA Generic S$SL Inhalation Screening Level.
LEGEND ECO = U.5. EPA Region 5 Ecological Data Quality Level. O
. A UTL = 95% Coverage with 95% Probability Upper Tolerance Limit.
] Surface Soil Sample Location ——
=
[] SwMU (Approximate Boundary) LOCATIONS ASSOCIATED WITH SOIL GROUPS
H SG3: ANY SAMPLE WITH DEPTH WITHIN 0-2 FEET.
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3.0 DEVELOPMENT OF CORRECTIVE ACTION OBJECTIVES

3.1 " INTRODUCTION

The purpose of this section is to identify ARARs and TBC criteria and to develop corrective action
objectives for soil. The corrective action objectives are based on contaminan'ttcharacterization, risk

assessment, and compliance with risk-based and ARAR-based action levels. .

3.2. APPLICABLE OR RE\LEVANT'AND‘ APPROPRIATE REQUIREMENTS

ARARs include the requirements, criteria, or limitations promulgated under federal and state Iaw that

address a chemical, location, or action at a site. The definition of an ARAR is a follows

» . Any standard, requirement, criterion, or limitation under federal environmental law.
* Any promulgated standard, requirement, criterion, or limitation under a state environmental or facility- -
citing faw that is more stringent that the associated federal standard, requirement criterion, or

limitation.

One of the primary concerns during the development of corrective action objectives is the degree of
human health and environmental protection afforded by a given remedy. Consideration should be given

to remedies that attain or exceed ARARs.

Definitions of the.two types of ARARSs, as well as TBC criteria, are giverf below:

* Applicable Requirements are those cleanup standards, standards of control, and other substantive

environmental protection requirements, criteria, or limitations promulgated under federal or state law
that directly and fiJIIy address a hazardous substance, pollutant, contaminant, remedial action,

location, or other circumstance at a site.

'+ Relevant and:Appropriaté Requirements are those cleanup standards, standards of control, and other

substantive environmental protection requirements, criteria, or limitations promulgated under federal
or state law that, while not “applicable” address problems or _sitUations sufficiently similar (relevant) to

those encountered at a site such that their use is well suited (appropriate) to the p_artiCUIar site.

» TBC Criteria are nonpromulgated, enforceable guidelines or criteria that may be useful for developing

remedial actions or. necessary for determining- what is .protective of human health and/or the.
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environment. 'Examples of TBC criteria include U.S. EPA Drinking Water Advisories and Risk-Based

Concentrations (RBCs).
‘ARARs fall into three categories based on the manner in which they are applied:

¢ Contaminant-Specific — These include 'health-risvk-based numerical values or methodologiés that
establish concentration or discharge limits for particular contaminants. . Examples of contaminant-
specific ARARs include Maximum Contaminant Levels {MCLs) and Clean Water Act (CWA) ambient
water quality criteria. ) '

-»  Location-Specific — These restrictions are based on the concentrations of specific contaminants or the
conduct of activities in specific locations. These may restrict or preclude certain remedial actions or

may apply only to certain portions of a site.

* Action-Specific — These are technology- or activity-based controls or restrictions on activities related
to management of contaminants. Action-specific ARARs pertain to implementing a given remedy.

A summary Iisting of all contaminant-, location-, and action-specific ARARs and TBCs for SWMU 2 are .
listed in Tables 3-1, 3-2, and 3-3, respectively. Sections 3.3.1, 3.3.2, and 3.3.3 provide a brief description

of each contaminant-, location-, and action-specific ARAR and TBC shown in Tables 3-1 through 3;3.

3.3.1 Contaminant-Specific ARARs and TBCs

_ This section provides a summary déscription of federal and State of Indiana contaminant-specific ARARs
-and TBC criteria of potential concern at SWMU 2.

" The Safe Drinking Water Act (SDWA) (40 CFR 141-143) promulgated National Primary Drinking Water
Standard MCLs (40 CFR Part 141). MCLs are enforceable standards for contaminants in public drinking

- water supply systems. They consider not only health factors but also thé economic and technical feasibility
: ‘of rémoving a conta,rhinant from a water supply system. 'Secondary MCLs (SMCLs) (40 CFR Part 143) are
not enforceable but are intended as guidelines for contaminants that may adversely affect the aesthetic
quality of drinking water, such as taste, »odor, color, and appearance, and may deter public: acceptance of

d'rinking' water provided by public water systems.

The SDWA also established MCL Goals (MCLGs) for several organic and inorganic compounds in drinking

water. MCLGs indicate the level of contaminants in drinking water at which no known or anticipated health
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effects would occur, allowing for an adequate margin of safety. MCLé_S are non-enforceable public health
goals. The National Contingency Plan (NCP) [40 CFR 300.430(e)(2)(i)] states that MCLGs that are set at
levels greater than zero shall be attained by remedial actions for ground water or surface waters that are
current or potential sources of drinking water where MCLs are relevant and appropriate to the

circumstances of the release.

The CWA sets U.S. EPA Ambient Water Quality Criteria (AWOCS) that are non-enforceable guidelines
(TBCs) developed for pollutants in surface waters pursuant to Section 304(a)(1) of the CWA. Although

AWQCs are not legally enforceable, they are TBC as potential ARARs. AWQCs are available for the
protection of human health from exposure-to contaminants in surface water as well as from ingestion of

aquatic biota and for the protection of freshwater and saltwater aquatic.life. AWQCs may be considered

for actions that involve ground water treatment and/or discharge to nearby surface waters.

U.S. EPA Health Advisories are non-enforceable guidelines developed by the U.S. EPA Office of Drinking

Water for contaminants that may be intermittently encountered in public water supply systems. Health

advisories are available for short-term, longer-term, and lifetime exposures for a 10-kg child and a 70-kg

adult. Health advisories méy be pertinent for remedial action/corrective measures invoiving ground water,

especially for contaminants that are not regulated by the SDWA.

U.S. EPA Generic Soil Screening Levels (SSLs) are guidance that, if exceeded through three possible

: exposure pathways, ma'y be of potential concern to human receptors. SSls -are risk-based

concentrations derived from equations combining exposure information assumptions with U.S. EPA
toxicity data. SSLs for protection of ground water use a simple linear equilibrium soil/water partition

equation or leach test to estimate contaminant releases in soil leachate. SSlks ‘consider the following

. exposure pathways: direct ingestion of soil, inhalation of volatile compounds and fugitive dust, and

migration of ground water. SSLs are TBC.

Reference Doses (RfDs), as defined in the U.S. EPA Integrated Risk Information System (IRIS), are

estimates (With uncertainty spanning perhaps an order of magnitude) of daily exposure to the human
population (including sensitive subgroups) that are likely to be without an appreciable risk of deleterious

effects during a lifetime. RfDs are developed for chronic and/or subchronic human exposure to hazardous

chemicals and are based-on the assumption that thresholds exist for certain toxic effects. The RfD is

usually expressed as an acceptable dose (mg) per unit body weight (kg) per unit time (day). The RfD is

" derived by dividing the no- observed-adverse effect level (NOAEL) or the lowest-observed-adverse—effect-
level (LOAEL) by an uncertainty factor (UF) times a modifying factor (MF). RfDs are TBC.
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U.S. EPA Carcinogenic Slope Factors, a{s defined in the IRIS, are an upper bound, approximating a

95-pefcent confidence limit, on the increased cancer risk from a lifetime exposure to a contaminant. This
estimate, usually expressed in units of proportion (of a population) affected per mg/kg/day, is generally
reserved for use in the. low-dose region of the dose-response relationship, that is, for exposures
corresponding to risks less than 1 in 100. Carcinogenic slope factors are TBC.

Region 9 Primary Remediation Goals are risk-based concentrations derived from standardized equations

combining exposure information assumptions with U.S. EPA toxicity data for contaminants in soil, air, and
tap water. They are considered to be protective for humans (including sensitive groups) over a lifetime.
‘However, PRGs are not always applicable to a particular site and do not address non-human health
endpoints such as ecological impacts. PRGs are not de facto cleanup stan_daf’ds; however, they could be
used to establish final cleanup levels for a site after a proper evaluation takes place. Region 9 PRGs are -
risk-based concentrations that are intended to assist risk assessors and others in ‘initial screening-level

evaluations of environmental measurements. PRGs are TBC."

The Clean Air Act (CAA) (40 CFR 50) consists of two programs or réquirements that may be ARARs:
National Ambient Air duality Standards (NAAQS) (40 CFR Parts 50 and 53) and National Emission
Standards for Hazardous Air Pollutants (NESHAPs) (40 CFR Part 61). NESHAPs, which are emission
standards for source types (i.e., industrial categories) that emit( hazardous air pollutants, are not likely to
be applicable or relevant and appropriate for NSWC Crane because they were developed for specific
contaminants and sources. U.S. EPA requires the attainment and maintenance of primary and secon_dary
NAAQS to protect public health and public welfare. These standards are contaminant- and averaging-
period- specific national limitations on ambient air quality. States are responsible for assuring compliance
-with the NAAQS. NAAQS and NESHAPs are relevant and appropriate ARARs.

m_ has established a non-rule pélicy called thé Risk Integ'rated System of Closure (RISC) that
_incorporates environmental risk assessment principles to protect human health and the environment and
achievle consistent closure of contaminated soil and ground water. As a non-rule policy document, RISC
guidance does -not have the effect of law. However, the policy provides a systematic approach for -
consistently and rationally implementing the laws and rules that govern site investigation and closure.
Included 'in this policy are risk-based closure level constituent concentrations calculated to be protective
of human health. The RISC is TBC. |

Indiana_Ambient Air Quality Standards (AAQS) (325‘ IAC 1—3)vand Air Screening Levels (ASLs) are two
State requirements that may be ARARs. The purpose of the AAQS is to establish primary and secondary

ambient air quality standards for the state to the extent necessary to protect public health and welfare and

100301/P 3-4 ) i CTO 0010



NSWC Crane

SWMU 2 Corrective Measures Study
Revision: 0

Date: October 2004

Section: 3

Page 5 of 11

are in accordancé with the provisions of the CAA. ASLs are non-rule guidelines that are used to by IDEM
" to evaluate the ambient impact of hazardous contaminants. When determining a pollutant's maximum
allowable concentration, the toxicity of a compound is measured by its permissible exposure limit (PEL). -
The PEL is the maximum concentration under which it is believed that nearly aII'workers may be
repeatedly exposed, day after day, without adverse'effectsf The PEL for each chemical is determined by

the Occupational Safety -and Health “Administration (OSHA). IDEM calculates ASLs ‘as “generally
‘ 0.5 perceni of the PEL. If the maximum air concentration is less than the_ASL,V it indicates that there
should not be a significant impact on piublic health and welfare. Site-specific exceptions'may be made.
AAQS are relevant and appropriate ARARs. 'ASLs are TBC.

Indiana Water Quality Standards (IWQS) (JAC 327) establi_sh' minimum standards for the protection of
surface water quality. IDEM has established two sets of water quality criteria; one for bodies of water that
are in the Great Lakes Basin and another for all other state bodies of water. Each set of criteria includes
values for the brotection of human health, aquatic life and wildlife. There are two catégories of human
~health criteria, drinking and non-drinking. The drinking water criteria apply to the point of intake.
Separate human health cancer and non-cancer criteria are derived if the contaminant has the potential to
cause cancer. The value of the>highest level of protection is used for each- contaminant. Water from

~SWMU 2 does not drain to the Great Lakes Basin. IWQS are relevant and appropriate ARARs.

332  Location-Specific ARARs and TBCs

‘This section presents a summary of federal and State of Indiana location-specific ARARs and TBC criteria
~ of potential concern for SWMU 2. The potential ABRARs and TBCs are as follows:

The Endangered Species Act of 1973 [16 United States Code (USC) 1531] (50 CFR Part 17) conserves

the ecosystems upon-which endangered and threatened species depend and to conserve and recover

listed species. Corrective measure actions, if required, would need to be conducted in a manner such
that the continued existence of any endangered or threatened species is not jeopardized or its critical
'ha‘bitat is not adversely affected. Consultation with the United States Fish and Wildlife Service is also
required. SWMU 2 is located in Martin County. The State of Indiana has identified a list of endangered,
threatened, and rare species for Martin County. The species include plants,‘ insects, birds, reptiles, and

birds. In addition, migrating speéies rhay move through the area.

U.S. EPA Ground Water Protection Strategy and Classification Guidelines (U.S. EPA, 1984) is a policy to

protect ground water for its highest present or potential beneficial use. The strategy designates three

classifications of ground water:
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e Class | — Special Ground Water:  Water that is highly vulnerable to contamination and is either

irreplaceable or ecologically vital as a source of drinking water.

¢ Class It — Current and Potential Sources of Drinking Water and Waters Having Other Beneficial Uses:

Waters that are currently used or that are potentially available.

e Class lli — Ground Water Not a Potential Source vof Drinking Water and of Limited Beneficial Use.

Class Ill 'QrOUnd water units are further subdivided into the following two subclasses:

> Subclass 1A includes ground water units that are highly to intermédiately interconnected to
adjacent grourid water units of a higher class and/or surface waters. They may, as a result, be
contfibuting to the degracfation of the adjacent waters. They may be managed at a similar level
as class Il ground water, depending on the p_otentiél for producing adverse effects on the quality

- of adjacent waters.

> Subclass 1IIB is restricted to ground water characterized by a low degree of interconnection to
adjacent surface waters. or other ground water units of a higher class within the Cvlas_sification
Review Area. Theée ground waters are naturally isolated from sources.of drinking waters in such
a way that little potential exists for producing adverse effects on quality. They have low resource
values outside of mining or waste disposal. '

At SWMU 2, ground water is likely considered to be Class IlIA. However, a potential future residential '
land use has been evaluated in the RFI, although unlikely, and therefore the ground water can be

considered as Class |l.

The Archaeological and Historic Preservation Act (16 USC. Section 469) (36 CFR 65) establishes

requirements relating to potential loss or.destructio\n of significant scientific, historical, or archaeological data
as a result of any proposed remedy. The Secretary of the interior must be notified if a federal agency findg
that its activities, in connection with any federal constr.uctioniproject, might cause loss or destruction of such
data. No historic artifacts are expected to be uncovered at SWMU 2; however, artifacts may be discovered
during site work. v ' '

Historical Preservation and Archeology [Indiana Code (IC) 14-21] establishes requirements for the potential

li_)ss or destruction of significant scientific, historical, or archeological data as a result of a proposed remedy.

This requirement establishes procedures for notifying the State Division of Historic Preservation and

100301/P : 3-6 CTO 0010



NSWC Crane

SWMU 2 Corrective Measures Study
Revision: 0

Date: October 2004

' Section: 3

Page 7 of 11

Archeology when activities result in the discovery of such data. No historic artifacts are expected to be

uncovered at SWMU 2; however, artifacts may be discovered during site work.’

Indiana Nongame and Endangered Species Conservation (IC 14-22-34) enables the State to develop a list

of those species and subspecies of wildlife indiggnous to Indiana that are determined to be endangered in
Indiana. In addition, this rule governs the taking, possession, removal, cap'tu're, destructioh,' and
management of state-listed-endangered species. SWMU 2 is located in Mattin County. The State of
Indiana has identified a list of endangered, threaten‘ed, and rare species for Mahin County. The species
include plants, insects, birds, reptileé, and birds. In addition, migrating species may move through the

area.

Indiana Wildlife Requlation (IC 14-22-10) provides protection for wildlife from releases or discharges of
contaminants or waste materials into State waters or land that may result in the destruction of wild
animals. The State Department of Natural Resources‘ has the authority and responsibility to protect and
properly manage the fish and wildlife resources of the State. During the remedy activity, contaminated

waste could be released on to soil and possibly result in discharge to State waters.

Indiana Natural Heritage Protection Campaign (IC 14-31-2) prorhotes the preservation of areas of

unusual natural interest for scientific, educational, recreational, cultural, and aesthetic purposes as a link
_to the Indiana’s past and future. The rules also provides for the maintenance and mahagement of those
natural aréas and the rare native species for which the areas are habitat. Remedy activities at SWMU 2

may result in disturbance of natural areas inhabited by Indiana rare species.

3.3.3 Action-Specific A'RARsA and TBCs

This 'section presents a summary of potential federal and State action-specific ARARs and TBCs for
SWMU 2.

' The CWA (40 CER 122), as amended, governs point-source discharges through the National Pollutant

Discharge Elimination System (NPDES), discharge of dredge or fill material, and oil and hazardous waste
spills to United States waters. NPDES requirements (40 CFR Part 122) will be applicable if the direct -
discharge of pollutants into surface waters is part of the corrective éction (i.e., discharge of efftuent from a
ground water treatment system). These potentially applicable regulations covntaih’diécharge limitations,

monitering requirements, and best management practices.
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RCRA Standérds for Owners ahd OperatOrsl of HazardoUs Waste Treatment, Storage, and Disposal

Facilities (40 CFR 264) establish minimum national standards that define the acceptable management of

hazardous waste. This regulation is applicable if hazardous waste is sent to a treatment, storage or

disposal facility or if hazardous wastes are treated on site.

RCRA Identification and_Listing of Hazardous Waste (40 CFR 261) provides for determining if a solid

waste is a hazardous waste. This standard'defines those solid wastes that are subject to regulation as
. hazardous waste under 40 CFR Parts 262 to 265 and Parts 124, 270, and 271.

_RCRA Standards Applicable to Generators of Hazardous Waste (40 CFR Part 262). A generator that
treats, stores, or disposes of’ hazardous waste on site must comply with these standards that include
manifest, pre-transport (i.e., packaging, labeling, and placarding), record keeping, and reporting
requirements. The standards are applicable if actions taken at SWMU 2 constitute generation. of a

hazardous waste (e.g., excavation of contaminated soils that may be hazardous).

Standards Applicable to Transporters of Hazardous Waste (40 CFR Part 263) are applicable to the off-

site transportation of hazardous waste. These régulations include requirements for compliance with the
~manifest and record keeping systems and requirements for immediate action and cleanup of hazardous
waste discharges (spills) during transportation. The standards are potentially applicable if corrective

actions involve off-site transportation of hazardous waste from SWMU 2.

Standards and Interim Status Standards for Owners and Operators of Hazardous Waste Treatment,

Storage, and Disposal Facilities (40 CFR Parts 264 and 265) are’applicable to corrective actions that may

~ be taken at SWMU 2 and to off-site facilities that receive hazardous waste from the site for treatment
and/or disposal. Standards for treatment, storage and disposal (TSD) facilities include requirements for
preparedness and prevention, corrective actioh'requirements, closure and post-closure care; use and
managément of - containers, and d-esign and operating standards for tank systems, surface
impoundments, waste piles, landfills, and incinerators. These standards are potentially applicable if
corrective actio‘ns involve the on-site treatment or disposal of hazardous'waste at SWMU 2.

RCRA Land Disposal Restriction (LDR) Requirements (40 CFR Part 268) restrict certain wastes from

~ being placed or disposed on the land unless they meet specific best demonstrated available technology
(BDAT) treatment standards (expressed as concentrations, total or in the toxicity characteristic Ieéching
procedure (TCLP) extract, or as specified technologies). Removal and treatment of a RCRA hazardous
waste or movement of the waste outside of a Corrective Action Management Unit (CAMU), thereby

cOnstitutin’g'“placement" would trigger the LDR requirements.
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RCRA Solid Waste Management Regqulations (40 CFR 258) establish minimum national design and

“operating criteria for solid waste (non-hazardous) landfill units. These minimum national criteria ensure

the protection of human health and the environment.

Department of Transportation (DOT) Rules for Hazardous Materials Transport (49 CFR Parts 107 and

-171 to 179) regulate the transport of hazardous materials, including packaging, shipping equipment, and
placarding. These rules are considered applicable to wastes shipped off site for‘laboratory analysis,

treatment, or disposal.

Indiana Environmental Remediation (IC 13-30-10) - This rule requires certain environmental remediation

plans to specify remediation objectives based on specified factors. It directs the Indiana Department of
Environmental Management to certify completion of plans and to issue covenants not to sue with respect

to comple_ted‘ plans.

Indiana_Voluntary Remediation Program - T_he Voluntary Remediation Program (VRP) provides a

mechanism for site owners, operators, or potential purchasers to voluntarily enter into an agreement with
IDEM to clean up contaminated property. Because the program is voluntary, participants may elect to
withdraw from it at any time. However, those who complete a site cleanup under the VRP are issued a
Certificate of Completion from IDEM and a Covenant Not to Sue from the Governor's Office. These
documents ensure that the owner or operator of the sit.e will be able to proceed with re-use of the site
"without concern thét it may be subject to further enforcement action by IDEM or that they could be subject

to further liability at some later date. N

Indiana Closure and Corrective Action Policy [Waste-0015-Nonrule Policy Document (NPD)] Different

situations have arisen in the past where remedial activities under RCRA have-closwes that can be more
a‘pprop‘rfately addressed through the Indiana corrective action authorities. This non-rule policy provides

- procedures to be followed when this action is Aimpl/emented.

-34 MEDIA-SPECIFIC CORRECTIVE ACTION OBJECTIVES

~ Corrective Action ‘Objectives (CAOs) are developed in this section to address military smoke dyes and dye-
contaminated materials that wereAdisposed at SWMU 2. CAOs generally identify COCs, receptors,
~ pathways, and action clean-up levels. The RFI for SWMU 2 concluded that while some metals were
detected in SWMU 2 groundlwater at concentrations greater than upgradient concentrations, the

presence of metals in downgradient wells cannot be attributed to SWMU 2 operations and are the result
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of localized geochemical conditions at one well. Military dyes have not been detected in ground water.
However, dye was detected infrequently in subsurface samples. As a result, soil is the only medium that

requires corrective action at SWMU 2.

The medium-specific corrective action objectives for contaminated soils are as follows:

e Prevent human and ecological exposure (ingestion, dermal contaet, and dust inhalation) to
contaminated soils with concentrations greater than the PRGs.

» Prevent leaching of contaminants to ground water.

o Comply wuth chemical- specmc location-specific, and action- -specific ARARS and TBC gmdance

-3.4.1 Chemicals of Concern

Dyes, which are the primary chemicals of concern COCs at SWMU 2, were not detected in surface soil,
ground water, surface water, or sediment. Two dyes, Acid Orange 10 and Acid Yellow 23, were detected

infrequently in subsurface soil samples at concentrations that were less than levels of concern.

Quantitative estimates of noncarcinogenic and carcinogenic risks (His and ILCRs, respectively) have
~ been developed for potential human receptors. Cumulative Hls for the construction worker, maintenance
worker, adult recreational user, and adolescent trespasser under the RME scenario were less than umty,
indicating adverse non-carcinogenic effects are not anticipated. .However, cumulative Hls for the future
adult and child resident exceeded unity. Cumulative ILCRs for all receptors were less than or within U.S.
EPA’s target risk range. The elevated Hls for the future adult and child resident were attributable- to,

exposure to the COCs aluminum, cadmium, cobalt, and nickel in ground water primarily by ingestion.

The elevated Hls for residential exposure to ground water are subject to the following sources of

uncertainty:

- e The elevated Hls were associated w:th one ground water sample (02GWC11P301). This sample
exhibited an unusually low pH (3.7), which is . Ilkely the reason that metals concentrations are
elevated, because acidic conditions increase the solubility of metals in water. The acidic conditions at
this location are believed to be attributable to the geochemical conditions at the site and not with past
dye materials at SMWU 2., The concentrations of these metals are believed to be naturally occurring
and not associated with SWMU 2. | o
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e The residential land use scenario assumes that ground water at the site is sued as a source of
dorhestic drinking water. However, it is unlikely that residences would ever-be located at this site. -

Although enlisted and officer' personnel reside at NSWC Crane under current conditions, the

residential sc'enaﬁo is not applicable for these receptors bécause they do not and ‘would not be

expected to reside within the boundaries of SWMU 2. Beéause a cap exists at the site, LUCs will

prohibit future development of the site. There is one active sources of safe drinking water within the

‘ boundary of NSWC Crane. This source is identified. as the Crane Division, Naval Surface Wartare
Center (NSWC). The source of watér for the Crane Division, NSWC source is Lake Greenwood.

Therefore, it is unlikely that ground water at the site would be used as a source of potable water in the

future. These sources are identified as the Crane Division, Naval Surface Warfare Ceﬁter (NSWC)

and the Crane Water Works. The source of water for the Crane Division, NSWC source is Lake
Greenwood. The source of water for the Crane Water Works is ground water, which is purchased

from Eastern Heights Utilities located in Bloomfiéld, Indiana. .

Based on the co'nclusion that the elevated metals concentrations are believed to be naturally occurring due
to local conditions and that ground water beneath SWMU 2 would not be used as a source of potable water
- source in the future, the metals aluminum, cadniium,’ cobalt, and nickel have been removed from the
‘ | SWMU 2 COC list in this CMS. As a result, the only remaining COCs for soil at SMWU 2 are the military .
dyes.

3.4.2 - Media Cleanup Standards

Media Cleanup Standards (MCSs) have been developed for the COCs {military dyes) in soil at SWMU 2
and are shown in Table 3-4. The MCSs shown in Table 3-4 for soil were taken from risk-based target
levels that are included in the Quality Assurance Project Plan (QAPP) for SWMU 2. The risk-based target
levels for dyes were incorpo.rated into the QAPP following U.S. EPA Region 5 review in September 2000

(TINUS, 2000).

100301/P _ : . 3-11 . - CTO 0010 .



SUMMARY OF CHEMICAL-SPECIFIC ARARs AND TBC CRITERIA

TABLE 3-1

SWMU 2 - DYE BURIAL GROUNDS

NSWC CRANE
CRANE, INDIANA
PAGE 1 OF 2
Requirement Citation ] Status Synopsis Comment

FEDERAL _
Safe Drinking Water Act 42 USC 300f.et seq. MCLs are MCLs, SMCLs, and MCLGs established under this Can be used for determining preliminary
(SDWA) Maximum Contaminant 40 CFR 141 to 143 relevant and act are health-based limits for certain chemical remediation goals (PRGs) ground water.
Levels (MCLs) and Secondary appropriate; substances in drinking water.
MCLs (SMCLs) SMCLs and
MCL Goals (MCLGs) MCLGs are TBC )
Clean Water Act (CWA) . 33USC 1251 et seq. ' TBC ™ Water-quality criteria are non-enforceable guidance During remedial activities, groundwater or
Ambient Water Quality Criteria Section 304(a)(1) and are used in conjunction with the designated use . | treatment by-products may be collected. Can
(AWQC) : for a stream segment to establish water quality be used to determine discharge limits or PRGs

standards under CWA 303. for surface water.
U.S. EPA Health Advisories EPA 822-B-96-002 TBC U.S. EPA Office of Drinking Water guidelines for Can be used for determining PRGs for

i chemicals that may be encountered in public water groundwater.

supply systems. )
U.S. EPA Generic Soil EPA 540-R-96-018 TBC Federal guidance that provides screening levels for Can be used for determining PRGs for soil.
Screening Levels (SSLs) Appendix A protection of human health and ground water from

soil contaminants.
Reference Doses (RfDs) from NA TBC U.S. EPA Office of Research and Development Can be used for determining risk-based PRGs.
Integrated Risk Information guidelines used in the public health assessment
System (IRIS)
Carcinogenic Slope Factors from NA TBC U.S. EPA Environmental Criteria and Assessment ~ | Can be used for determining risk-based PRGs.
IRIS Office; U.S. EPA Carcinogen Assessment Group :

guidelines used in the public health assessment

NA TBC U.S. EPA Region 9 has developed PRGs for

EPA Region 9 PRGs

contaminants in soil, air, and tap water. These risk- -

based concentrations are intended to assist risk
assessors and others in initial screening-level
evaluations of environmental measurements.

Can be used for determining PRGs




SUMMARY OF CHEMICAL;SPECIFIC ARARSs AND TBC CRITERIA '

TABLE 3-1

SWMU 2 - DYE BURIAL GROUNDS

NSWC CRANE
CRANE, INDIANA
PAGE 2 OF 2
Requirement Citation Status Synopsis Comment
Indiana Department of NA TBC A non-rule policy that incorporates environmental risk | TBC in risk asséysgrﬁght
Environmental Management assessment principles to protect human health and '
(IDEM) Risk Integrated System the environment and achieve consistent closure of
of Closure (RISC) contaminated soil and groundwater.
Indiana Water Quality Standards JAC 327 Relevant and Establishes minimum standards for surface water

appropriate

quality.

Can be used to determine discharge limits or
PRGs for surface water.




TABLE 3-2

SUMMARY OF LOCATION-SPEC_!FIC ARARs AND TBCs
SWMU 2 -DYE BURIAL GROUNDS .

Protection Campaign

management of those natural areas and rare native
species for which the areas are habitat.

NSWC CRANE
CRANE INDIANA
Requirement Citation Status _Synopsis Comment
FEDERAL
The Endangered Species Act of 16 USC 1531 Potentially Requires federal agencies to ensure that any action The Indiana Bat and several bird species that
1978 50 CFR 17 and 402 Applicable authorized, funded, or carried out by the agency is not | are either endangered, threatened, or species
likely to jeopardize the future existence or critical of special interest may reside in the vicinity of
habitat of any endangered or threatened species. SWMU 2. In addition, migrating species may
occasionally move through the area.
U.S. EPA Ground Water NA TBC Provides guidance in determining the potential - Groundwater at SWMU 2 is classified as a
Protection Strategy and beneficial uses of contaminated groundwater. shallow bedrock aquifer.
Classification Guidelines _
The Archaeological and Historic 16 USC 469 Potentially Establishes requirements relatihg to potential loss or No historic artifacts are expected to be
Preservation Act 36 CFR 65 Applicable destruction of significant scientific, historical, or uncovered in the vicinity of SWMU 2; however,
’ archeological data as a result of a proposed remedy. artifacts may be discovered during site work.
STATE .
Historical Preservation and - IC 14-21 Potentially Establishes requirements relating to potential loss or No historic artifacts are expected to be
Archaeology Applicable destruction of significant scientific, historical, or uncovered in the vicinity of SWMU 2; however,
: : archeological data-as a result of a proposed remedy. artifacts may be discovered during site work.
Nongame and Endangered IC 14-22-34 Potentially Establishes protection and conservation of State The Indiana Bat and several bird species are
Species Conservation Applicable nongame and endangered species. either endangered, threatened, or species of
N special interest may reside in the vicinity of
SWMU 2. In addition, migrating species may
occasionally move through the area.
Wildlife Regulation IC 14-22-10 Potentially Provides protection of wildlife from releases or Release of contaminated waste materials
Applicable discharges of waste material onto or in any water of during remedial activities could be discharged
Indiana that may result in the killing of wildlife. into surface water and result in harm to wild
animals.
Indiana Natural Heritage IC 14-31-2 TBC Promotes the preservation, maintenance, and Applicable to the areas that may be disturbed

" during remedial activities.

! \




SUMMARY OF ACTION-SPECIFIC ARARs AND TBC CRITERIA

TABLE 3-3

SWMU 2 DYE BURIAL GROUNDS

Waste

: NSWC CRANE
) CRANE, INDIANA
PAGE 1 OF 3
Requirement Citation Status Synopsis Comment
FEDERAL _ _

‘Clean Water Act (CWA) 40 CFR 122 Potentially NPDES permits are required for any dischafge to Any alternative that includes discharges to
National Pollutant Discharge applicable surface water. surface water would have to comply with the
Elimination System (NPDES) permit requirements.

National Environmental Policy 42 USC 4321 Potentially Requires federal agencies to evaluate the Alternatives could constitute significant activities,
Act (NEPA) 40 CFR Part6 Applicable environmental impacts associated with major thereby making NEPA requirements ARARs.
actions that they fund, support, permit, or i
! implement. '
Clean Air Act (CAA) National 40 CFR 61 Relevant and Establishes emission standards for particular air Hazardous air pollutants may be discharged
Emission Standards for appropriate - | contaminants from specific sources. ' during ground.water or soil treatment activities.
Hazardous Air Poliutants
(NESHAPs) , .
CAA National Ambient Air 40 CFR 50 Relevant and Establishes air quality standards for carbon These pollutants may be generated during ground
Quality Standards (NAAQS) appropriate monoxide, lead, nitrogen oxides, particulate matter, | water treatment or soil excavation, handling, or
: ozone, and sulfur oxides emitted from a major treatment activities.
source of emissions. -
Resource Conservation and 40 CFR 264 Potentially Establishes minimum national standards for These standards would be applicable for on-site
Recovery Act (RCRA) Applicable acceptable management of hazardous waste. treatment, storage, or disposal of hazardous
Standards for Owners and waste.
Operators of Hazardous Waste
Treatment, Storage, and
Disposal Facilities
RCRA Identification and Listing 40 CFR 261 Potentially Regulations that govern the procedures for Specific materials at the site may be classifiable
of Hazardous Waste Applicable identifying if a solid waste is a hazardous waste. as characteristic or listed hazardous wastes.
RCRA Standards Applicable to 40 CFR 262 Potentially Establishes standards for generators of hazardous Applicable for removed wastes determined to be
Generators of Hazardous Applicable waste. hazardous.




SUMMARY OF ACTION-SPECIFIC ARARs AND TBC CRITERIA

TABLE 3-3

SWMU 2 DYE BURIAL GROUNDS

NSWC CRANE
CRANE, INDIANA
PAGE 2 OF 3
Requirement Citation Status Synopsis Comment

RCRA Standards Applicable to 40 CFR 263 Potentially Establishes standards for off-site transportation of . | Applicable for removed wastes determined to be
Transporters of Hazardous Applicable hazardous waste. hazardous that are transported off site.
Waste » ' : '
RCRA Standards and Interim 40 CFR 264 and 265 Potentially Regulations that govern the treatment, storage, and | These regulations would be applicable to waste
S_tandards for Owners and Applicable disposal of hazardous waste. removed from this site including both on-site and
Operators of Hazardous Waste - ' off-site management; however, the reuse of
TSD Facilities treated soils as backfill would not be subject to the

disposal facility standard. :
RCRA Land Disposal 40 CFR 268 Potentially "Identifies hazardous wastes that are restricted from | Treatment or disposal of contaminated soils/
Restrictions (LDRs) Applicable land disposal and waste analysis requirements. wastes and/or treatment residuals may be

: considered hazardous waste subject to LDRs.

RCRA Solid Waste . 40 CFR 258 Potentially Establishes design and operating standards for Applicable if nonhazardous soil is stockpiled or
Management Regulations Applicable solid waste (nonhazardous) landfills. disposed on site.
Department of Transportation 49 CFR 107 Potentially Regulations for the transportation of hazardous Off-site shipments of any contaminated soil that is
(DOT) Rules for Hazardous and 171 to 179 Applicable materials. Requirements cover packaging, classified as a hazardous material from this site

Materials Transport

marking, labeling, and transportation methods.

would have to comply with these regulations.
Dye materials are believed not to be hazardous

STATE A
Indiana Ambient Air Quality 326 IAC 1-3 Relevant and Establishes air quality standards for carbon These pollutants may be generated during ground
Standards appropriate monoxide, lead, nitrogen oxides, particulate matter, | water treatment or soil‘excavatiOn, handling, or
: ozone, and sulfur oxides emitted from a major treatment activities.
| source of emissions. '
Indiana Air Screening Levels NA TBC The Indiana Departrheht of Environmental: These poliutants may be generated during ground

Management Office of Air Management calculates
a maximum acceptable ground-level concentration
of toxic air pollutants, which is generally 0.5% of the
permissible exposure limit (PEL). Site-specific

water treatment or soil excavation, handling, or
treatment activities.

exceptions ma/y be made.
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SUMMARY OF ACTION-SPECIFIC ARARs AND TBC CRITERIA

TABLE 3-3

SWMU 2 DYE BURIAL GROUNDS

NSWC CRANE
CRANE, INDIANA
PAGE 3 OF 3
Requirement Citation Status Synopsis Comment
Indiana Environmental IC 13-30-10 Potentially This rule requires certain environmental Applicable to certain remediation plans.
Remediation ) Applicable remediation plans to specify remediation objectives
based on specified factors. It directs IDEM to
certify completion of plans and to issue covenants
not to sue with respect to completed plans.
Indiana V'ol_untary' Remediation NA TBC The VRP provides a mechanism for site owners, Since the program is voluntary, participants may
Program (VRP) ' operators or potential purchasers to voluntarily elect to withdraw from it at any time. However,
enter into an agreement with IDEM to clean up those who complete a site cleanup under the VRP
contaminated property. are issued a Certificate of Completion from IDEM
and a Covenant Not To Sue from the Governor's
Office. ’
Indiana Closure and Corrective WASTE-0015-NPD TBC This non-rule policy document provides procedures | This policy addresses scenarios and procedures

Action Policy

-to be followed when this action is implemented.

in situations where remedial activities under

RCRA Subtitle C closures can more appropriately

be addressed through Indiana corrective action
“authorities.
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4.0 IDENTIFICATION AND SCREENING OF CORRECTIVE MEASURES
TECHNOLOGIES '

4.1 PRELIMINARY SCREENING OF CORRECTIVE MEASURES TECHNOLOGIES

Table 4-1 provides a preliminary screening of corrective measures technologies for soil. This preliminary
screening is conducted to eliminate those technologies that are clearly not applicable to conditions at
SWMU 2.

The preliminary technology screening is based on overall applicability to the medium of concern, COCs,
and conditions present at SWMU 2. For SWMU 2, the environmental medium of concern has been
identified as soil, which includes the contaminated soil and non-soil materials (e.g., rags, debris, etc.) that
are buried beneath the existing landfill cap. For SWMU 2, the COCs have been identified as military
dyeé. The purpose of this screening effort is to investigate a reasonable range of available technologies
and process options and to eliminate those obviously not applicable to the site. The following table

summarizes the technologies retained from the preliminary screening:

. General Action Technology Process Option
No Action None . Not Applicable ‘
Limited Action Institutional Controls | Passive Controls: Land Use Controls (LUCs)
Active Controls: Fencing, Cap Maintenance, Inspections
Monitoring Site and Ground Water Monitoring '
Removal Excavation Bulk Excavation
Ex-situ Treatment Physical/Chemical Chemical Fixation/Stabilization

Soil Washing/Solvent Extraction
Size Reduction

Biological Bio-Slurry Reactor/Bio-Pile
Thermal Low-Temperature Thermal Desorption (LTTD)
Disposal Off-Site Landfill Non-Hazardous Waste Landfill

4.2 'DETAILED SCREENING OF CORRECTIVE MEASURES TECHNOLOGIES

The technologies retained from the preliminary screening are broadly evaluated in this section. The
evaluations are based on criteria of effectiveness, implementability, and relative cost, which are defined

as follows:
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e Effectiveness - This criterion focuses on-the potential effectiveness of process options in protecting
human health and the environment and in meeting the CAOs and MCSs. This criterion considers
potential impacts to human health and the environment during construction and implementation and
how proven and reliable the process is with respect to COCs and site conditions.

+ Implementability - Implementability is a measure of both the technical and administrative feasibility of

implementing a technology. It provides a means of evaluating the ability of a technology to be
adapted to site-specific conditions. Technical feasibility includes consideration of construction and
operational issues, demonstrated pefformance, and adaptability to site conditions. Administrative
feasibility.considerétions include the ability to obtain any necessary permits or easeménts or |
adherence to applicable laws and concerns of other regulatory agencies. General availability. of

necessary equipment and resources is also evaluated.

e Cost - Cost evaluations allow a relative comparison between similar technologies and play a limited
role in technology screening. The cost analysis is based on engineering judgment and each
technology is evaluated as to whether costs are low, medium, or high relative to the other options in
the same technology type. If there is only one process option, costs are compared to other candidate

technologies.

The process options presented in the above table for use at SWMU 2 are evaluated in the following

sections.

4.21 No Action

No Action consists of maintaining status quo at the site. No Action is considered in the CMS process to
provide a baseline for comparison with other corrective measures technologies and their effectiveness in
mitigating risks posed by site COCs. Because no remedial actions are taken with this technology, there
are no costs associated with No Action. There is also no reduction in risk through exposure control or
treatment. No action would not be effective in evaluating contaminant mobility and potential migration off

site because no monitoring would be performed.

Effectiveness

Although there are currently no unacceptable risks associated with SWMU 2, No Action would not be
effective in meeting the CAOs. Because nothing would prevent future disturbance of the existing cap and

the cap would no longer be maintained, unacceptable risk could eventually develop because of exposure
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to contaminated soil and landfill material. Because no monitoring would be performed, there would be no

warning of potential migration of COCs from soil to ground water.
/

implementability

There would be no implementability concerns because no action would be implemented.

Cost

There would be no costs associated with No Action.

Conclusion

No Action is retained as a baseline for comparison although it would not be effective.

422 Limited Action

Two technologies were retained from preliminary screening, institutional controls and monitoring.

4.2.2.1 Institutional Controls

Institutional controls consist of formulating and implementing passive controls such as LUCs to prohibit
disturbance of the existing cap, control future site development, and restrict ground water use.
Institutional controls also consist of implementing active controls such as fencing to control site access

and maintenance of an existing remedial system such as a tandfill cap.

Effectiveness

Institutional controls would aliow contaminated soil and landfill material to remain on site.and would not
meet MCSs. However, institutional controls would be effective in meeting the CAOs by maintaining the

current status quo under which there are no unacceptable risks.

Implementability

Institutional controls would be readily implementable for SWMU 2. Institutional controls consist of
formulating and implementing passive controls such as LUCs to prohibit groundwater use, control future
site development that would impact the integrity of the existing cap, and provide notification for

construction projects that may contact groundwater.

100301/P _ 4-3 CTO 0010



NSWC Crane

SWMU 2 Corrective Measures Study
. Revision: 2

Date: February 2005

Section: 4

Page 4 of 18

N~

Cost

Costs of institutional controls would be low.

Conclusion

Institutional controls are retained for the development of corrective measures alternatives.

4.22.2. Monitoring

Monitoring includes site monitoring and -ground water monitoring. Site monitoring consists of performing
regular inspections to check the continued enforcement of institutional controls and to verify the proper
operation and/or continued integrity of whatever remedial system or structure might be in place. Ground
water monitoring consists of collecting and analyzing ground water samples from monitoring wells located

upgradient and downgradient of the existing landfili cap as well as within the cap itself.

Effectiveness

Site monitoring would effectively insure the continued application of necessary institutional controls.. In
the case of SWMU 2, site monitoring would also be effective to verify the continued integrity of the
existing landfill cap. ' V

Ground water monitoring would not of itself prevent potential migration of COCs from soil to ground water,
but it would still be effective in meeting the CAOs by providing a warning of the occurrence of such a

migration. However, to date no such migration has been detected.

Implementability

Site monitoring would be very simple to implement, especially as long as the Navy retains ownership of
the site.

Ground water monitoring has already been performed at SWMU 2, and adequate monitoring wells are

already in place. Therefore, a new long-term monitoring program could be réadily implemented.

Cost

Capital and operation and maintenance (O&M) costs of monitoring would be tow.
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Conclusion

Site and ground water monitoring are retained for the development of corrective measures alternatives.

4.2.3 Removal ‘

The only technology considered under this general action is excavation. Excavation can be performed by
a variety of équipment such as tractor front-end loaders, backhoes, grade-alls, etc. The type of
equipment selected must take into consideration several faétors such as the type of material to be
removed, the load-bearing capacity of the ground surrounding the removal area, the depth and areal
extent of removal, the required rate of removal, and the elevation of the ground water table. At SWMU 2,
removal of the existing cap and excavation of the contaminated soil and landfill material could be
performed with front-end loaders and backhoes. As part of excavation, perimeter monitoring would be

required and suppression of fugitive dust emission would have to be implemented if necessafy.

Effectiveness

Excavation is a well-proven and effective method of rerhoving contaminated material from a site.
However, this technology merely relocates contaminated materials rather than treating and destroying
them. Properly designed excavation could remove soil with concentrations of COCs greater than MCSs
to attain the CAOs and allow for unrestricted future use of the site. Contaminated soil, such as that
currently present beneath the existing cap at SWMU 2, would be amenable to excavation. However,
extreme care would have to be taken in the handiing of any dye-contaminated material to prevent

spreading.

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

be analyzed for COCs to ensure that the remainingAsoiI is not contaminated at unacceptable levels.

Implementability

Excavation of contaminated soil at SWMU 2 would be implementable. Excavation equipment and/or
services are readily available from multiple vendors or contractors. This technology is well proven and
established in the construction/remediation industry. During excavation, site-specific heaith and safety
procedureé and OSHA regulations would have to be complied with to ensure that the exposure of the

workers to COCs is minimized. This would include the wearing of appropriate personal protective
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equiprhent (PPE) and the implementation of dust suppression measures. During excavation, extreme

care would also have to be taken to prevent the spreading of dyes.

Because the excavation would extend to a depth of approximately 12 feet bgs, shoring of the excavation
sidewalls would be required and occasional dewatering might be necessary as well. However, these
could be implemented.

Cost

Cost of excavation is typically moderate. However, the estimated volume of contaminated soil at SWMU

2 is large and, thus, the cost of excavating this contaminated soil would be relatively high.

Conclusion

Excavation is retained in combination with other process options for the development of corrective

measures alternatives.

424 Ex-Situ Treatment : ,
4.2.4.1 Chemical Fixation/Stabilization

Ex-situ chemical fixation/stabilization consists of mixing the contaminated soil and landfill material with
chemical reagents that bind the COCs within the matrix of the material being treated. The most common
fixation/stabilization reagents are pozzolanic-based materials such as Portland Cement, cement kiln dust
(CKD), and fly ash. Chemicals such as quick lime or proprietary reagents (e.g., organophilic compounds)
are also often added to the f_ixation/stébilization reagents to increase the effectiveness of the treatment,
especially if high concentrations of organic compouhds are present that may not readily respond to
pozzolanic-based bindihg. Quick lime is often added to reduce the solubility of metals and neutralize
acidity, which .would otherwise desiroy the cementitious matrix and release the metals into the

environment.

The mixing of the material to be treated with the chemical reagents is normally accomplished in the
presence of a controlled amount of water with specialized mechanical blending equipment such as a pug

mill.

After the material is mixed with the chemical reagents, it is allowed to cure for a specified time period.

The duration of curing is dependent on the strength required before handling or disposal. The solidified

100301/P . 4-6 CTO 0010




NSWC Crane

SWMU 2 Corrective Measures Study
Revision: 2

Date: February 2005

Section: 4

Page 7 of 18

material can be formed into monolithic blocks or can be made into a granular material with the

consistency of a soil-cement.

Chemical fixation/stabilization tybically requires pre-treatment for the removal of oversized materials that
would not be adequately blended with the chemical reagents and would interfere with the treatment

process.

Effectiveness

The effectiveness of chemical fixation/stabilization is highlly dependent on the type of material being'
treated and the kind of contaminant(s) being immobilized. A thorough physical and chemical
characterization of the material to be treated and COCs to be immobilized is needed. Treatability tests
would have to be performed to verify effectiveness, determine the most suitable reagents and mixing

ratios, and identify pre-treatment requirements.

At SWMU 2, pozzolanic fixation/stabilization would likely be effective for the treatment of soil containing
moderate concentrations {(probably up to 1 percent by weight) of military dyes. However, this technology
would probably not be effective for the treatment of the more.concentrated waste that is assumed to be
contained in buried drums. Because chemical fixation/stabilization does not destroy COCs or reduce
their toxicity, this technology would not of itself meet the CAOs or achieve the MCSs, and the treated
material would still require proper disposal to minimize the unacceptable human health risk that could
result from direct exposure. However, chemical fixation/stabilization would effectively minimize the
potential for migration of COCs from the treated soil to other environmental media such as ground water.
Long-term stability and leachability of the treated material would remain as potential concerns because
COCs would remain within the treated soil. Most chemical fixation/stabilization processes, including in
. particular the use of pozzolanic reagents, result in an increase in the volume of the treated material

typically ranging from 5 to 15 percent.

Implementability

Ex-situ chemical fixation/stabilization would be readily implementable. The necessary equipment and
resources are available at most permitted off-base treatment storage and disposal facilities (TSDFs).

Treatability testing would be required to verify effectiveness and determine operating parameters.

Cost

Capital and O&M costs of ex-situ chemical fixation/stabilization would be moderate.
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Conclusion

Although ex-situ chemical fixation/stabilization would likely be effective in reducing the .potential for COC
migration and would be readily implementable, it would not of itself meet the CAOs and disposal of the
treated material would still be required. This technology could thus only be retained for pre-treatment
purposes. However, it is assumed that the SWMU 2 contaminated soil and landfill material is non-
hazardous and that its disposal would not trigger LDRs. Therefore pre-treatment would not be required,
and chemical fixation/stabilization is eliminated from further consideration for this CMS.

4242 Soil Washing/Solvent Extraction

Soil washing/solvent extraction is based on the use of water or other solvents to extract or desorb
contaminants from the soil and dissolve them into the liquid phase. Most often, this technology requires
pre-treatment with physical separation processes such as screening, attrition scrubbing, froth flotation,
electromagnetic  separation, mechanical separation, hydrogravimetric separation (including
hydrocyclones, mineral jigs, and spiral classifiers), and multigravity separation. Such physical separation
processes achieve waste minimization through a volume reduction process by separating out a size
fraction of the soil containing little or no contamination (such as coarse-grained soils and large-sized

material) from the more highly contaminated, finer-grained material.

Effectiveness

The effectiveness of soil washing is highly waste- and medium-specific. While the data shown on Table
2-1, seem to indicate that many of the military dyes disposed at SWMU 2 are water soluble and should
thus be amenable to soil washing, such soil washing is typically most effective for the removal of
compounds from a material onto which these compounds do not adsorb too strongly, such as sand.
Because the soil beneath the existing SWMU 2 cap consists primarily of fine silty clay, military Idyes are
expected to adsorb on it quite well and not be particularly mobile. This assumption is supported by the
absence of dye in the ground water beneath the existing SWMU 2 landfill. Therefore, the effectiveness of
soil washing/solvent extraction may be limited for this application and this technology might not achieve
the CAOs and meet the MCSs. A thorough physical and chemical characterization of the material to be
treated and COCs .to be removed would be needed. Treatability tests would have to be performed to

verify effectiveness, determine the most suitable solvent(s), and identify pre-treatment requirements.

This technology would yield clean soil that would require rinsing with clean water several times to remove

the residual solvent.  Treatment by-products would consist of spent solvent containing high
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concentrations of COCs that would require further treatment and disposal with recovery and reuse of the

solvent fluid.

Implementabilitv

Ex-situ soil washing/solvent extraction could be implemented for SWMU 2. However, a full-scale, on-site
or off-base, soil washing/chemical extraction system would be very complex, consisting of physical
separation operations and chemical extraction processes. The necessary equipment and resources are
only available from a relatively limited number of contractors or off-base permitted TSDFs. Treatability
testing would be required tb verify effectiveness and determine operating parameters. By-products would

require further treatment and disposal.

Cost-

Capital and O&M costs for soil washing/chemical extraction would be moderate to high. Additional costs

for disposal of by-products could also be moderate to high.

Conclusion

Soil washing/chemical extraction is eliminated from further consideration because of significant

effectiveness and implementability concerns.

4243 Bio-Slurry Reactor/Bio-Pile

Bio-slurry reactor is a technology in which the contaminated material is biologically treated in an enclosed
vessel. After removal of foreign materials such as stones and rubble, the contaminated material is mixed
with water and a culture of appropriate microorganisms to form a slurry containing 10 to 30 percent solids.
This slurry is placed in a tank featuring process controls so that temperature, mixing, and nutrient
additions can be manipulated to achieve maximum biological treatment efficiency. Following treatment,
the slurry is dried and tested to verify that COCs have been adequately removed, and the treated material

is replaced in its original location or used as fill material somewhere else.

Bio-pile is a technology in which the contaminated material is mixed with biologically amended soil and
formed into an enclosed compost pile. Oxygen, if needed for aerobic treatment, is provided either by the
inducing of an air current through the pile with blowers or vacuum pumps or by the mixing-in of a oxygen-

- release reagent. Moisture, heat, nutrients, oxygen, and pH are controlled to enhance biodegradation.
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Duration of operation may vary from a few weeks to several months, at which time the treated material is

either returned to its original location or used as fill material somewhere else.

Eftectiveness

'Bio-slurry reactors and bio-piles have been proven effective for the treatment of soil contaminated with a
Wide range of organic compounds. Such a system has been operated at NSWC Crane for the treatment
of explosive-contaminated soil but is currently idle. Typically, bio-slurry reactors or bio-piles can achieve
close to 100 percent removal of fhese compounds. HoweVer, the efféctiveness of these processes for the
removal of the military dyes present in the SWMU 2 contaminated soil. and landfill material is unproven.
Only limited data is available about environmental fate criteria [water/octanol partition coefficient (Kow),
organic carbon partition éoefﬁcient (Koc), and bioconcentration factor (BCF)] and biodegradability for the
military dyes disposed at SWMU 2, but this data as présented in Table 2-1 indicates that these chemicals
are very persistent, that biodegradation does not appear to be an important environmental fate process,
and that only a few of the dyes might be amenable to anaerobic treatment. Therefore, this technology is
not very likely to achieve the CAOs and meet the MCSs.

Implementabilitv

Ex-situ bio-slurry reactor or bio-pile technologies would be implementable for SWMU 2, but each would
require a relatively complex sequence of operations, including staging, treatment, and disposal of treated
soil. In addition, treated soil from a bio-slurry reactor would also require dewatering and drying prior to
disposal or re-use. The necessary equipment and resources are only available from a relatively limited
number of contractors or off-base permitted TSDFs. The existing facility previously used for the biological
treatment of explosive-contaminated soil could be considered for this application but it would have to be
extensively modified because it was designed as an aerobic treatment system, whereas the
biodegradation of the SWMU 2 military dyes, if feasible, would almost certainly require anaerobic
conditions.  Treatability testing would be required to prove effectiveness and determine operating

parameters.

Cost

Capital and O&M costs for ex-situ bio-slurry reactors/bio-piles would be moderate to high.
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Conclusion

Ex-situ bio-slurry reactors/bio-piles are eliminated from further consideration because of effectiveness and

implementability concerns.

4244 Low Temperature Thermal Desorption

~ LTTD technology uses direct or indirect heating to thermally desorb or volatilize organic contaminants.

The temperatures used are contaminant- and matrix-specific, with a range of approximately 200 to

1,200°F (95 to 650°C). Typically, wastes are processed through an externally fired pug mill or rotary

- drum system equipped with heat transfer surfaces that are heated by circulating hot oil. An induced

airflow conveys the desorbed organic chemicals through a secondary treatment system such as a
granular activated carbon (GAC) adsorption unit, a catalytic oxidation unit, a condenser unit, or an
afterburner. However, use of an afterburner for secondary treatment has typically resulted in the LTTD
unit being considered an incinerator by regulatory agencies. The off-gas is then discharged through a

stack.

"LTTD typically requires pre-treatment for the removal of oversized materials that would not be adequately

thermally desorbed and could interfere with the treatment process.

Effectiveness

The effectiveness of LTTD is highly contaminant- and matrix-specific. LTTD is typically very effective for
the removal of relatively complex and high molecular weight organic compounds such as the military dyes

present at SWMU 2. In spite of the relatively limited thermal properties data presented on Table 2- | it

. seems likely that this technology would achieve the CAOs and meet the MCSs. For military dyes, the

operating temperature of an LTTD unit would be expected to be towards the higher end of the range
(probably 800 to 1,000° F or 425 to 540° C). A thorough physical and chemical characterization of the
material to be treated and COCs to be removed would be needed. Treatability tests would have to be
performed to verify effectiveness, determine the opti_mum operating temperature and detention time, and

identify pre-treatment requirements.
To be fully effective, LTTD wouid require additional treatment of the volatilized contaminants that would

be accomplished through treatment of off-gases by such processes as condensation, vapor-phase GAC

adsorption, or catalytic oxidation.
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Implementability

Ex-situ LTTD would be implementable for SWMU 2. The quantity of contaminated material to be treated
(less than 20,000 yd3) would make it more practical and cost effective for this technology to be
implemented at a fixed off-base permitted TSDF rather than on-site with a mobile treatment system. A
number of qualified off-base permitted TSDFs are available to provide this service. Pre-treatment for size
reduction would most likely be required and could be accomplished on site prior to off-base
transportation. Off-gases from the thermal desorption unit would have to be treated. Although the treated
material would meet the MCSs, it would probably still have to be disposed by non-hazardous landfill,
unless an acceptable and practical application could be readily found for the re-use of this material.

Treatability tests would have to be performed to verify effectiveness and determine opefating parameters.

Cost

Costs of ex-situ LTTD would be moderate to high.

Conclusion

Although ex-situ LTTD would likely be effective and could bé readily implemented at an off-base
perrhitted TSDF, non-hazardous landfilling of the treated material would probably,_ still be required for
ultimate disposal. Because it is assumed that the SWMU 2 contaminated soil is non-hazardous and that
its disposal would not trigger LDRs, pre-treating this material with LTTD would not significantly improve
disposal options and costs. Therefore, LTTD is eliminated from further consideration for this CMS as

unnecessary.

4245 Size Reduction

Size reduction consists of screening, shredding, crushing, and/or grinding contaminated debris so that
they would meet the particle size requirements of subsequent treatment and/or disposal processes. This
size reduction is accomplished by processing the oversized contaminated debris in specialized

mechanical equipment such as vibrating screens, hammer mills, grinders, and shredders.

Effectiveness

Size reduction would not of itself remove the SWMU 2 COCs and achieve the CAOs or meet the MCSs.
However, size reduction is often required as a pre-treatment to optimize the effectiveness of other ex-situ

corrective measures technologies such as chemical fixation, soil washing, or LTTD. At SWMU 2, size
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reduction technologies might be required and would be effective for the on-site pre-treatment of foreign
components other than soil and fill material known to be present within the existing landfil cap (e.g.,

geotextile liner, drainage pipe) and beneath the cap (e.g., drums).

During operation, risk to site workers operating the size reduction equipment could be adequately
minimized through the use of dust suppression controls, the wearing of appropriate PPE, and compliance

with OSHA regulations and site-specific health and safety procedures.

lmplementabilitv

_ Size reduction would be readily implementable as a pretreatment step. The necessary equipment and
resources are readily available from a wide number of contractors and also at most off-base permitted
TSDFs.

Cost

Capital and O&M costs for size reduction would be low.

Conclusion

Size reduction is retained in combination with other technologies and process options for the

development of corrective measures alternatives.

425 Disposal

" The only technology considered under this general action is off-base non-hazardous landfilling. This
consists of transporting the excavated soil for burial in a permitted off-base RCRA Subtitle D, or solid

waste, landfill.

Effectiveness

Off-base non-hazardous landfilling would not permanently or irreversibly remove COCs and meet MCSs.
However, t_his technology would be an effective disposal option for the SWMU 2 contaminated soil and it
would archive the CAOs for that site. Off-base landfills are only permitted to operate if they meet certain
requirements of design and operation governing foundation, liner, leak detection, leachate collection and
treatment, daily cover, post-closure inspections. and ‘monitoring, etc., which ensure the effectiveness of

these facilities.
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Implementability

Off-base non-hazardous landfilling would be implementable for SWMU 2. A number of permitted TSDFs
aré available for this purpose. Disposal at RCRA Subtitle D solid waste landfills may require certain pre-
~ treatment, mainly the removal of free liquids but, because no excavation would be performed below the
ground water table, this requirement should be easy to meet. In addition, a waste profile would have to

be prepared including indications of contaminant concentrations and their leachability.

Cost

Costs of off-base non-hazardous landfilling would be moderate to high because of the very large

quantities of matérial involved.

Conclusion

Off-base non-hazardous landfilling is retained in combination with other technologies and process options

for the development of corrective measures alternatives.

43 SELECTION OF CORRECTIVE MEASURES TECHNOLOGIES AND PROCESS OPTIONS

The foliowing corrective measures technologies and process options are retained to develop corrective

measures alternatives:

e No Action

¢ Institutional Controls
+ Monitoring -

* Bulk Excavation

s Size Reduction

o Off-Base Non-Hazardous Landfilling
Using these technologies, the following three corrective measures alternatives were developed:

¢ Alternative 1: No Action
« Alternative 2: Institutional Controls and Monitoring

+ Alternative 3: Excavation and Off-Base Disposal

100301/P _ 4-14 ' CTO 0010



NSWC Crane

SWMU 2 Corrective Measures Study
Revision: 2

Date: February 2005

Section: 4

Page 15 of 18

The following sections outline the components of each of the corrective measures alternatives to address
the contaminated soil and landfill material at SWMU 2. '

4.3.1 Alternative 1: No Action

The No Action alternative maintains the site as is and is retained to provide a baseline for comparison to
other alternatives. This alternative would not address the soil contamination other than with the existing
tandfill cap. However, this cap would not be maintained and no controls would be implemented to prevent
its disturbance in the future. Existing monitoring programs and institutional controls would be

discontinued, and the site would be available for unrestricted use.

432 Alternative 2: Institutional Controls and Monitoring

Alternative 2 would consist of two major components: (1) Institutional Controls and (2) Monitoring.

Component 1: Institutional Controls

Institutional controls would consist of formulating and implementing site-specific controls that would
prohibit disturbance of the existing cap, control future site development, and restrict ground water use.
Institutional controls would also consist of installing and maintaining a fence to control site éccess and
maintaining the existing cap. Over the long term, the integrity and effectiveness of the cap will be
evaluated during annual site inspections. The annual inspections are designed to fulfill inspection
requirements, identify and take action to correct deficiencies, and promote the long term effectiveness of

the cap. During the annual inspection, the follow items will be evaluated:

e Security - Gates and fencing, as well as warning signs, will be checked for damage. Signs will be
checked for legibility. Any damage to signs will be repaired.

 Erosion - The soil cover will be checked for erosion damage such as washouts. Any damage to the

soil cover will be repaired and revegetated.
¢ Settlement - The soil cover will be inspected for indications of settlement, subsidence, or

displacement. The nature of any repairs will depend on the extent of the settlement, subsidence, or

displacement. Any deep-rooted vegetation will be manually removed.
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 Monitoring Wells — The wells will be checked for operability of the locks, identification tags,

compromised impingement protection, and general condition of the riser.
» Vegetative Cover - The condition of the vegetative cover will be inspected for adequacy.

The various inspection findings and actions will be documented in the facility inspection logbook.

Component 2: Monitoring

‘Monitoring would consist of regularly collecting and analyzing ground water samples to verify the
continued effectiveness of the existing landfill cap and to detect potential migration of COCs from soil to

ground water.

Ground water monitoring would consist of regularly collecting and analyzin’g ground water samples o
verify the continued effectiveness of the existing landfill cap and to detect potential migration of COCs
{dyes) from soil to ground water. Over the past 50 years, there has been no evidence of dye migration to
ground water since the dyes were put in place in the 1950s and a cap was installed in 1997. The .
frequency of monitoring is based on a study of ground water flow rate and the potential for dye transport.
The study estimated the seepage velocity of ground water, the transport velocity of dye materials, and the
potential trave! time for the dye between the capped area and downgradient wells. Details of the study
are provided in Appendix C. In summary, the study estimated that the time of travel for the dyes to
migrate from the center of the capped area to a well located 600 feet downgradient (SW) at the boundary
of the SWMU to be somewhere between 11 and 70 years. Because fracture flow through the sandstone
could allow the travel time to be as low as 11 years, it is recommended that the sampling frequency for
five monitoring wells located directly beneath or adjacent to the burial ground should be every 2 years for
the next 10 years of monitoring. This sampling frequency should be adequate to detect, in a timely
manner, potenﬁal changes to the cap’'s effectiveness and allow time to repair the cap before dye

materials would reach downgradient wells.
The study also determined the recommended monitoring wells to include in the monitoring program.
Samples would be collected from a total of five existing monitoring wells (02-02, 02-05, 02-06, 02-07, and

02-08). Samplés would be analyzed for military dyes.

Reviews would be performed every five years to evaluate site status, assess the continued adequacy of

remedial activities, and determine whether further action is required.
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4.3.3 Alternative 3: Excavation and Off-Base Disposal

Alternative 3 would consist of two major components: (1) excavation and (2) off-base transportation and

disposal.

Component 1: Excavation

Soil contaminated with concentrations of COCs in excess of the MCSs would be excavatéd, including all
of the existing landfill cap and the contaminated soil beneath that cap. An area approximately 1.6 acres
in size would be excavated to a depth of 6 to 12 feet bgs. This corresponds to a toial volume of
~approximately 31,000 yd® of material to be excavated, including approximately 16,000 yd3 of cap material
and 15,000 yd3 of contaminated soil and landfill material beneath the cap. Computations of volumes to

be excavated are provided in Appendix A.

From the technical point of view, it would be easiest and most efficient to simply remove the entire
existing landfill cap, after which the contaminated soil beneath that cap would be excavated as well. This
approach would also have the advantage that it would be relatively easy to segregate the non-
. contaminated cap material from the contaminated soil beneath the cap. This would minimizé the volume
of material to be disposed and allow for the potential re-use of the non-contaminated- material for
backfilling of the excavated areas. However, from the environmental point of view, it is important that the
integrity of the existing landfill. cap be maintained over as large an area as practical during excavation
activities to minimize the exposed quantity of contaminated soil. Therefore, it is assumed for the purpose
of this CMS that excavation would proceed in a cross-sectional manner and at a pace that would match
as closély as possible the rate of off-base transportation and disposal to minimize the need for on-site
staging and stockpiling of excavated material. Because the depth of excavation, back-sloping of the
excavation walls would be required, leading to the over-excavation of an additional 8,000 yd® of non-
contaminated soil. For the purpose of this CMS, it is assumed that approximately 20,000 yd3 of clean
landfill cap material and 6ver-excavated, soil would be segregated and re-used to backfill the excavated

areas. Thérefore, the net volume of waste material to be disposed off-base would be 19,000 yd3

Because foreign components besides soil and fill are known to be present both within the landfill cap
(e.g., geotextile liner, drainage pipes) and beneath it (e.g., drums), it is also assumed that on-site
segregation and, if necessary, on-site size reduction (e.g., grinding, crushing, shredding) of these foreign

components would be required prior to off-base transportation and disposal.
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During excavation, extreme care would be taken in the uncovering and handling of any containers
suspected to contain military dyes to prevent any leakage from these cohtainers. Stand by containment
measures would also be ready for implementation to minimize the impact of any potential leakage.
During excavation, engineering controls such as water sprinkling and environmental controls such as
perimeter air quality monitoring would be implemented to ensure that fugitive dust emissions are kept to

an acceptable minimum.

As excavation proceeds, the soil of the walls and bottom of the excavated area would be sampled and
analyzed for military dyes on a quick-turnaround. basis to verify that all material with concentratibns
greater than MCSs has been removed. Immediately following this verification sampling, excavated areas
would be backfilled with clean material. ' -

The buffer zone of open excavation between the area of the landfill yet to be excavated and that which
has already been backfiled would be kept to a practical minimum and surrounded with surface runoff
controls to prevent excess water accumulation. The open face of excavation would be covered with an

impervious synthetic liner at the end of each day’s work.

As previously mentioned, on-site staging and stockpiling of excavated soil would be kept to a minimum.
On-site staging and stockpiling areas would surrounded with surface runoff controls and lined with an
impervious synthetic membrane. On-site stockpiles of excavated soil would be covered with an

impervious synthetic liner at the end of each day’s work.

Any runoff water accumulated in the excavation area or on-site stockpiling areas would be removed,

stored, and analyzed to determine if treatment is necessary prior to discharge.
Following completion of excavation and backfilling, the site would be graded and re-vegetated.

Component 2: Off-Base Transportation and Disposal

The excavated material would be transported to an off-base permitted TSDF for disposal. It is assumed
that the excavated soil would be non-hazardous and would be disposed in a RCRA Subtitle D type
landfill. Samples of the excavated material would be collected and analyzed to ensure that it complies
with the TSDF landfill permit.
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TABLE 4-1

PRELIMINARY SCREENING OF CORRECTIVE MEASURES TECHNOLOGIES AND éROCESS O.PTIONS
' SWMU 2 CMS - NSWC CRANE, CRANE, INDIANA

Solvent Extraction

contaminated soil through flushing
of site with a dissolving fluid.

Treatability testing would be required.
Effectiveness of process would be very limited
by the heterogeneous nature of the treated
material.

PAGE 1 OF 2
General Technology Process Options Description General Screening Notes
Action . .
No Action No Action No Action No activities conducted at site to No action would not be effective but must be 1
address contamination. considered as a baseline of comparison with
other corrective measure technologies.
Limited “Institutional - Passive Controls Land use controls (LUCs) to restrict | LUCs would be effective to control ground 1
Action Controls ground water use and future site water use and future site uses.
. activities. '
Active Controls Fencing to restrict site access. Fencing would effectively control site access. 1
Maintenance of existing cap. Maintenance of existing cap would ensure its
Site inspections continued effectiveness. Site inspections would
effectively control the continued application of
LUCs and other institutional controls.
Monitoring Ground water Ground water sampling and Ground water monitoring would be an effective 1
Monitoring analysis to evaluate potential mean of assessing the effectiveness of the
migration of chemicals of concern existing cap and warn of any potential future
(COCs) from soil to ground water. migration of COCs from soil to ground water.
Containment | Capping ~Multi-Media Capping Installation of a multi-media cap on | Additional capping is not required because all 3
additional areas of the site. areas of soil with COCs concentrations greater
than Media Cleanup Standards (MCSs) have
. already been capped.
Removal Excavation | Bulk Excavation Excavation and removal of existing | Excavation of contaminated soil with 1
' cap and contaminated soil with concentrations of COCs greater than MCSs
backhoes and front-end loaders. would allow unrestricted future use of the site.
[n-Situ Physical/ Chemical Fixation/ Immobilization of COCs within the Waste dyes may be difficult to chemically 3
Treatment Chemical Stabilization contaminated soil matrix with in-situ | stabilize. Treatability testing would be required.
injection and blending of chemicals | Effectiveness of process would be very limited
such as pozzolanic agents. by the heterogeneous nature of the treated
material.
Soil Washing/ Removal of COCs from Waste dyes may be difficult to extract. 3




TABLE 4-1

PRELIMINARY SCREENING OF CORRECTIVE MEASURES TECHNOLOGIES AND PROCESS OPTIONS
SWMU 2 CMS - NSWC CRANE, CRANE, INDIANA

PAGE 2 OF 2
General Technology Process Options Description ~ General Screening Notes
Action ’
Ex-Situ Physical/ Chemical Fixation/ Immobilization of COCs within the | Waste dyes may be difficult to chemically 1
Treatment Chemical Stabilization contaminated soil matrix through stabilize. Treatability testing would be required.
: blending with chemicals such as Pre-treatment with size reduction might be
pozzolanic agents. necessary.
Soil Washing/Solvent Removal of COCs from Waste dyes may be difficult to extract. 1
Extraction contaminated soil through control Treatability testing would be required. Pre-
blending with a dissolving fluid.. treatment with size reduction might be
: necessary.
Size Reduction Screening, crushing, and/or Size reduction would most likely be required as 2
grinding of oversize matenals or a pre-treatment step prior to ex-situ treatment
debris or prior to off-site transportation and disposal.
Biological Bio-Slurry Reactor/ Anaerobic or aerobic . Waste dyes may not be readily biodegradable. 1
Bio-Pile biodegradation of COCs under Treatability testing would be required. Pre-
controlled conditions. treatment with size reduction might be
' necessary.
Thermal - Low-Temperature Removal of COCs from soil and .Waste dyes may not be readily evaporated. 1
Thermal Desorption waste material through evaporation | Treatability testing would be required. Pre-
(LTTD) by controlled heating. treatment with size reduction might be
necessary.
Disposal Off-Site Disposal | Non-Hazardous Waste | Contaminated soil with Would be effective. Disposal would have to 1
Landfilling concentrations of COCs greater comply with Land Disposal Restrictions (LDRs).
than MCSs would be disposedina | Pre-treatment may be requwed prior to
permitted off-site non-hazardous landfilling.
landfill.
NOTES:
1 Potentially appllcable as a primary technology ' '
2 Potentially applicable as a secondary technology (i.e., as a pre- or post-treatment step for a primary technology).
3

Not applicable as a primary technology. Technology is not be retained for further evaluation

‘r
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5.0 EVALUATION OF THE CORRECTIVE MEASURES ALTERNATIVES

This section evaluates the corrective measures alternatives presented in Section 4.3. The alternatives
are evaluated using 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}

. F‘rotection of human health and the environment
e Attainment of MCSs

+ Control of release sources | ' ,
o Compliance with applicable standards for waste managerhent
o . Other factors including:
- Long-term reliability and effectiveness-
- Reduction in toxicity, mobility, or volume of wastes
- Short-term effectiveness
- Impleméntability
- Cost
- State acceptance
- - Public acceptance

State acceptance will be evaluated after the State of Indiana has reviewed and commen}ted on the CMS.
Public acceptance will be evaluated after comments on the proposed corrective action have been

received from the public.

5.1 * ALTERNATIVE 1: NO ACTION

5.1.1 " Protection of Human Health and the Envirbnment

~ Alternative 1 is considered primarily for comparison to the other corrective measures. In the short-term,

this alternative would be protective of human health and the environment. Although COCs would remain
in soil at concentrations greater than MCSs, the existing landfill cap would prevent unacceptable risk from
exposure to soil COCs and from migration of these COCs to ground water.. However; in the long-term,
unacceptable risk could develop from expoéure with contaminated soil because site access and
development would be unrestricted, ihe cap would not be maintained, and no controls would be in place.
to prevent its disturbance. Also, because no controls would be in place to restrict use of ground water

and no monitoring would be performed to detect potential rﬁigration of COCs from soil to ground water,

_unacceptable risks could also develop from exposure to ground water.
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5.1.2 Attainment of MCSs

Alternative 1 would not attain the MCSs.

513 Source Control

Alternative 1 would involve no additional source control because no action would be performed at SWMU
2. However, the likely sources of contamination (contaminated soil and landfill material) have already

"been contained through capping, and no migration of soil COCs to ground water has been detected.

5.14 Compliance with Waste Management Standards

There are no actions to be implemented for Alternative 1 and therefore, no waste would be generated.

5.1.5 Other Factors
Long-Term Reliability and Effectiveness

The future potential threat to human health would remain because site access and development would be
unrestricted, the existing cap would not be maintained, and no controls would prevent its disturbance.
Therefore, exposure to contaminated soil could occur. Because no site or ground water monitoring would

be conducted, the reliability and effectiveness of this alternative over the long run would not be known.

This alternative would not achieve CAOs because long-term exposure to contaminated soil would not be

prevented and there would be no warning of the potential migration of soil COCs to ground water.

-Reduction in Toxicity, Mobility, and Volume

Alternative 1 would involve no reduction in toxicity or volume of COCs. To the extent that the existing cap

remains effective, this alternative would provide some control of the mobility of COCs.

Short-Term Effectiveness _

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

|mplementat|on and no environmental impacts would be expected.

100301/P . 5-2 _ _ CTO 0010
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Implementability

Because no actions would occur, this alternative would be readily implementable. The technical

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

Alternative 1 would be ifnplemented immediately and would not meet the CAOs and MCSs.

Cost Analysis

There are no costs associated with the No Action alternative.

5.2 " ALTERNATIVE 2 - INSTITUTIONAL CONTROLS AND MONITORING

5.2.1 Protection of Human Health and the Environment

Alternative 2 would. be protective of human health and the environment in the short and long term.

‘ Although COCs would remain in soil at concentrations greater than MCSs, the existing landfill cap would

prevent unacceptable risk from exposure to soit COCs and migration of these COCs to ground water.
Controls put in place during the correcﬁve measure implementation would be protective by restricting site
development and ground water use and preventing disturbance of the cap. Maintenance of the existing .
cap would be protective by insuring its continued integrity and effectiveness. Fencing would be protective
by restricting site access. Site monitoring would be protective by insuring continued application of
institutional controls and checking the integrity of the cap. Ground water monitoring would be protective
by warning- of any potential migration of soil COCs to ground water. -Five-year reviews would be
protective by evaluating whether additional measures are required to protect human health and the

environment due to changing site conditions or failure of the remedy to be protective.

5.2.2 Attainment of MCSs

Alternative 2 would not attain the MCSs.

5.2.3 Source Control

Alternative 2 would not involve additional source control because only institutional controls and monitoring
would be implemented. However, the likely sources of contamination (contaminated soil) have already

been contained through capping, and no migration of soil COCs to ground water has been detected.

100301/P 5-3 CTO 0010
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5.24 Compliance with Waste Management Standards

Alternative 2 would not involve any removal or treatment of contaminated soil. However, ground water
monitoring could generate some residues (e.g., purge water) that would have to be disposed

appropriately. The volume of residues generated would be small, and waste management regulations
would be easily met.

5.2.5 Other Factors
Long-Term Reliability and Effectiveness

Alternative 2 would be effective and reliable in the long-term and achieve the CAOs. Institutional controls
would effectively prevent potential future exposure to contaminated soil and landfill material by
maintaining the integrity of the existing landfill cap. Assuming proper maintenance, the expected life of
the existing cap would be indefinite. Site monitoring would effectively insure continued application of
institutional controls and verify the integrity of the cap. Ground water monitoring would effecti\)e!y warn of
any potential migration of soil COCs to ground water. In the event that the existing cap and institutional

controls are shown not to be sufficiently effective, another more active remedy would be evaluated.

Reduction in Toxicity, Mobility, and Volume

Alternative 2 would not reduce toxicity or volume of COCs through active treatment. However, the

mobility of the soil COCs would be effectively reduced by the existing landfill cap.

Short-Term Effectiveness

Alternative 2 would invoive administration of institutional controls, maintenance of an existing landfill cap,
installation and maintenance of a fence, and monitoring. The short-term human health risks associated
with these limited remedial activities would be minimal. Monitoring personnel would undergo site-specific
health and safety training and wear appropriate PPE. Implementation of this alternative would not result

in any threat to the surrounding community or ecological receptors.

implementability

The technical implementation of Alternative 2 would be very simple. Fencing could readily be installed
and maintained around the site, and the landfill cap could continue to be maintained. Site and ground

water monitoring would also be easy to perform, and the necessary resources are readily available.

100301/P 5-4 CTO 0010
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The administrative |mplementat|on of Alternative 2 would also be very simple because SWMU 2 is located
within a government—operated facility where LUCs can be strlctly enforced. Restrictions for future land

and ground water use would involve legal assistance and regulatory approval.

Alternative 2 would be implemented within approximately 6 months and would meet CAOs upon
implementation. - However, Alternative 2 would not meet MCSs and would require on-going institutional

controls and monitoring for an indeterminate period of time.

Cost Analysis

The following costs are estimated for Alternative 2:

Capital Cost: $45,000
Net Present Worth (NPW) of O&M Costs: $74,000
30-Year NPW: $119,000

The above costs have- been rounded to the nearest $1 000 to reflect the preliminary nature of the

estimates. Detailed cost estimates are mcluded in Appendlx B.

5.3 ALTERNATIVE 3: EXCAVATION AND OFF-BASE DISPOSAL

5.3.1 Protection of Human Health and the Environment

‘Alternative 3 would be protective of human health-and the environment. Excavation of contaminated soil

'wit_hi concentrations of COCs greater than MCSs would eliminate the potential for unacceptable human

health risk and migration of soil COCs to ground water under any future site scenario. However,

contaminated soil would be merely relocated rather than treated and destroyed. Off-base disposal of the

excavated material at a permitted TSDF would also be protective of human health and the environment.

Some short-term risks could be incurred by workers from exposure to contaminated soil during excavation
activities. However, the potential for exposure would be minimized by the impl'ementation of engineering
controls (e.g., dust suppression), the wearing of appropriate PPE, and compliance with OSHA regulations
and site-specific healfh and safety procedures. During excavation, there would also be risk of spreading
dyes and this would be addressed through special contaminated measures. Potential negative short-term
impacts to the surroonding community and environment from fugitive emissions and/or spillage of

contammated soil could be minimized through the implementation of appropriate engineering controls

(e.g., perimeter air monitoring, splll prevention procedures etc.).

100301/ ' 5-5 v CTO 0010
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5.3.2 Attainment of MCSs

Alternative 3 would meet MCSs within approximately 1 yéar, at completion of the corrective action.

5.3.3 Source Control

Alternative 3 would eliminate any potential source of contamination at SWMU 2 through the excavation

and off-base disposal of contaminated soil with concentrations of COCs greater than MCSs.

534  Compliance wifh Waste Management Standards

Alternative 3 would comply with applicable waste management standards.

535 Other Factofs
Long-Term Reliability and Effectiveness

Alternative 3 be effective and reliable in the long-term and achieve the CAOs. Excavation and .off-base
disposal would effectively and reliably remove from soil with concentration of COCs greater than MCSs,
t}huvs eliminating ail unacceptable risks under any exposure scenario and preventing potential migration of
soil COCs to ground water. However, contaminated soil would merely be relocated rather than treated
‘and destroyed. There would also be a risk associated with the potential for spreading dyes that would

have to be addressed through special containment measures.

Reduction in Toxicity, Mobility, and Volume

Alternative 3 would reduce the toxicity, mobility, and volume of COCs although not through active
treatment. Approximately 31,000 yd® of contaminated soil would be effectively and permanently removed
from SWMU 2. However, this contaminated soil would be merely relocated rather than treated and

' destroyed. A calculation of the amount of contaminated soil is presented in Appendix A.

Short-Term Effectiveness

The short-term impact of Alternative 3 would be minimal. Excavation and off-base disposal could expose
construction workers to contaminated soil; however, this potential for exposure would be minimized by the
implementation of engineering controls such as dust suppressionAan'd by air quality monitoring. The

potehtial for worker exposure would be further reduced by the wearing of appropriate PPE and

A
]

100301/P 5-6 CTO 0010
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compliance with applicable OSHA regulations and proper site—specific'health and safety procedures.
There would also be a risk associated with the potential for spreading dyes that would have to be

addressed through special containment measures.

Excavation and- off-base disposal could adversely impact either the surrounding community or the
environment. However, measures such as spill prévention and containm‘ent, erosion and sedimentation
control, perimeter air monitoring, and traffic control would be taken as necessary to insure that the impact

remains acceptable.

Implementability

The technical implementation of Alternative 3 would be relatively easy. However, as discussed in Section
423 excavaﬁon activities would be somewhat complicated due to the desirability of cross-sectional
excavation and the need to take special care to prevent dye cross-contamination. Excavation could be
performed with normal construction equipment, 'resources, equipment, and materials that would be readily
available for this purpose. Because the excavation would extend to 12 ft bgs, there would be a need for
backsloping ‘of excavation walls but dewatering requiremehts would likely be minimal. Special
contaminant measures would be required to prevent the spreading of dyes. Off-base disposal would be
easily implementable as numerous. permitted TSDFs with non-hazardous landfilling capabilities are

available for this purpose.

“ The administrative implementation of Alternative 3 would also be relatively simple. A construction permit

might be required for the excavation activities, and the off-base ‘transportation and disposal of the

" excavated soil would require the completion of numerous administrative procedures which, while

constituting a significant effort, could readily be accomplished.

Alternative 3 would be implemented within approximately 1 year and would meet the CAOs and MCSs at

compleiion of the corrective action.

Cost Analysis

. The following costs are estimated for Alternative 3:



Capital Costs: $2,609,000
NPW of O&M Costs:  $0
NPW: $2,609,000

Detailed cost estimates are provided in Appendix B.
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6.0 COMPARATIVE ANALYSIS AND RECOMMENDATION

The following sections provide a comparative analysis of the three corrective measures alternatives,
using the same criteria used to evaluate the alternatives in Section 5.0. This comparative analysis is.

summarized on Table 6-1.

6.1 . PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT

Alternative 1 would not be sufficiently protective of human health and the environment because it would

not prevent potential future exposure to contaminated soil or warn of potential migration of soil COCs to
ground water. Alternative 2 would be protective of human heélth and the environment because it would
prevent potential future exposure to contaminated soil and warn of potential migration of soil COCs to
ground water. Alternative 3 would be more protective than Alternative 2 by completely eliminating rather
than merely controlling the potential future exposure to contaminated soil and potential migration of soil
COCs to ground water. Alternative 3 would also be most protective because this alternative alone would
attain the MCSs. However, Alternative 3 would merely relocate contaminated soil rather than treat and
déstroy it and there would also be a risk of spreéding dyes that would have to be addressed through

special containment measures.

6.2 ATTAINMENT OF MCSs

“Alternatives 1 and 2 would not attain the MCSs. Alternative 3 would be implemented  within

approximately 1 year, at the completion of the corrective action.

6.3 SOURCE CONTROL -

The likely sources of contamination (landfilled military dyes) have already been controlled by capping,

and there is no evidence of soil COCs migration to ground water. Alternative 1 would not provide any

additional source control and would not maintain the existing cap or prohibit its potential future

disturbance. Alternative 2 would also not provide any additional source control, but it would maintain the

‘existing cap and prohibit its potential future disturbance. Alternative 3 would provide additional source

control through excavation and off-base disposal of soil with COC concentrations greater than MCSs.

100301/P i 6-1 CTO 0010
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6.4 COMPLIANCE WITH WASTE MANAGEMENT STANDARDS

- Alternative 1 would not generate any waste material. Alternative 2 would not generate any treatme.nt
residues and would generate a minimal amount of waste materials associated with ground water
monitoring activities (purge water). Alternative 3 would comply with all applicable waste management
standards for,the excavation, transportation, and disposal' of contaminated soil. Permitted off-base
TSDFs would be readily available for the disposal of the waste materials generated by AItern_aﬁves 2 and
3. '

- 6.5 OTHER FACTORS
6.5.1 Long-Term Reliability and Effectiven'ess

Alternative 1 would not be long-term effective and reliable or meet the CAOs. Alternative 2 would be
long-term effective and reliable vandmeét the CAOs through maintenaﬁce of the existing cap, continued
enforcement of institutional controls, and monitoring for potential migration of soil COCs to ground water.
Alternative 3 would be more long-term effective and reliable and would better meet the CAOs than
Alternative 2 through removal of contaminated soil with concentrations of COCs greater than MCSs,
thereby eliminating risk from exposure or from migration of soil COCs to ground water. However,
. Alternative 3 would merely relocate contaminated soil rather than treat and destroy it and there would

also be a risk of spreading dye that would have to be addressed through special containment measures.

6.5.2 Reduc_:tion in Toxicity, Mobility, and Volume

Alternative 1 would not reduce the toxicity or volume of COCs, but it would reduce their mobility as long
as the existing cap would remain effective. Alternative 2 would not reduce the toxicity or volume of
COCs, but it would reduce their m_obility. Alternative 3 would reduce the toxicity, mobility, and volume of
.C_OCs although not through treatment. This_alternative would permanently remove approximately
31,000 yd® of contaminated soil from SWMU 2. However, this contaminated soil would merely be

relocated rather than treated and destroyed. -

6.5.3 ‘Short-Term Effectiveness

Alternative 1 would not result in any short-term risks to human health or the environment. Alternative 2
would result in minimal short-term risks to monitoring personnel. Alternative 3 would also result in short- _
term risks to remediation workers and there would also be a risk of spreading dye that would have to be

addressed through special containment measures. These risks would be addressed and adequately
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mitigated through health and safety training and the wearing of appropriate PPE. (n addition, Alternative
3 could also result in some. risks to the surrounding community from potential spillage of contaminated

materials during off-base transportation. However, all of these risks could be effectively mitigated.

6.5.4 Implementability

Aiternative 1 would be the easiestto implement because no action would occur.

The monitoring and institutional controls components of Alternative 2 would be very easy to implement.
LUCs would be readily implementable because SWMU 2 is located within a government-owned facility

where such controls are easier to enforce.

Alternative 3 would more difficult to implement than Alternative 2 because it would require excavation and
off-base transportation and disposal of a relatively large volume of contaminated soil.  Special
containment measures would be required to prevent the spreading of dyes. However, qualified
excavation and transportation contractors are readily available, as are permitted off-base TSDFs for the
non-hazardous landfilling of the excavated material. A construction permit might be required for the

excavation activities, and manifesting of the transported material may also be necessary.

Aiternative 1 would bé implemented immediately and would not meet CAOs or MCSs. Alternative 2
would be implemented within approximately 6 months and would meet CAOs upon implementation.
However, Alternative 2 would not meet MCSS and would require on-going institutional controls and
monitoring for an indeterminate period of time. Alternative 3 would be implemented within approximately

1 year and would meet CAOs and MCSs at the completion of corrective action.

6.5.5 Cost

The capital cost of Alternative 2 is $45,000 compared with $2,609,000 for Alternative 3. The 30-year
NPW of O&M costs for Alternative 2 is $64,000. There are no O&M costs associated with Alternative 3.
The NPW of Alternatives 2 and 3 are $109,000 and $2,609,000, respectively. Detailed costs are provided
in Appendix B.

6.5.6 State and Community Acceptance

State acceptance will be evaluated after the State of Indiana has reviewed and commented on the CMS.
Public acceptance will be evaluated after comments on the proposed corrective action have been

received from the public.
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6.6 RECOMMENDED CORRECTIVE MEASURE

Alternative 2 is recommended for use at SWMU 2. if, at any time, it is determined that the existing landfill
cap together with institutional controls and monitoring are not sufficient to effectively protect human health
and the environment, a more active approach such as that presentéd and evaluated under Alternative 3 |
would be considered. Alternative 2 would require long-term controls and monitoring but there would be
no immediate threat to human health and the environmentland costs would be much lower than those for
Alternative 3. .

100301/P ' 6-4 CTO 0010
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Evaluation Criteria

Alternative 1: No Action

Alternative 2: Institutional
Controls and Monitoring

Alternative 3: Excavation and Off-Base
‘ Disposal

Protection of Human Health
and Environment

Would not be protective in the
long term. Existing cap would
not be maintained and could
be disturbed, allowing to
exposure to contaminated
material. No monitoring
would be performed, and
there would be no warning of
potential migration of soil
COCs to ground water.

Would be protective in the long
term. Existing cap would be
maintained and not disturbed,
preventing exposure to
contaminated material.

Monitoring would warn of potential
migration of soil COCs to ground
water.

Would be most protective by removing
contaminated soil with concentrations of
COCs greater than MCSs. Therefore, the
risk from exposure to contaminated material
and migration of soil COCs to ground water
would be eliminated. However,
contaminated soil would be relocated rather
than treated and destroyed.

Attainment of MCSs

Would not attain MCSs.

Would not attain MCSs.

Would attain MCSs within 1 year.

Control of Release Sources

Would not add additional
source. controls and would not
maintain.or insure future
integrity of the existing cap.

Would not add additional source
controls but would maintain and
insure future integrity of existing
cap.

Would remove contaminated soil that could
act as a contamination source.

Compliance with Waste
Management Standards

Not applicable.

-Would comply.

" Would comply.

Long-Term Reliability and
Effectiveness

Would not be long-term
reliable and effective and
would not meet CAOs.
Existing cap would not be
maintained and could be
disturbed leading to exposure

‘to contaminated soil. No

monitoring would warn of
potential migration of soil

COCs to ground water.

Would be long-term reliable and
effective and meet CAOs.
Existing cap would be maintained
and not disturbed thereby
preventing exposure to
contaminated soil. Monitoring*
would warn of potential migration
of soil COCs to ground water.

Would be the most long-term reliable and
effective and meet the CAOs.
Contaminated soil with COCs
concentrations greater than MCSs would be
permanently removed from the site, thereby
eliminating risk from exposure and potential
migration-of soil COCs to ground water.
However, contaminated soil would be
relocated rather than treated and destroyed.
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Evaluation Criteria

Alternative 1: No Action

Alternative 2: Institutional
~ Controls and Monitoring

Alternative 3: Excavation and Off-Base
Disposal

Reduction of Toxicity,
Mobility, or Volume

Would not reduce toxicity or
volume. Would only reduce
mobility to the extent that the

integrity of the existing cap is .

maintained. :

Would not reduce toxicity or
volume. Would reduce mobility.

Would reduce toxicity, mobility, and volume

“although not through treatment.

Approximately 19,000 yd® of contaminated
soil would be permanently removed from the

‘site. However, contaminated soil would be

relocated rather than treated and destroyed.

Short-Term Effectiveness

Would not result in short-term
risks to site workers or
adversely impact the
surrounding community.

Would result in slight risk to
monitoring workers. This risk
would be reduced through

.compliance with site-specific

health and safety procedures.

Would result in a significant risk of exposure
of site workers to contaminated soil during
the excavation, transportation, and disposal
activities. This risk would be reduced
through compliance with site-specific health
and safety procedures. Could also result in
risk to surrounding community from spillage
during transportation. This risk would be
addressed by appropriate spill prevention
measures.

Implementability

Would be simple to
implement because no action
would occur. Would be
implemented immediately and
not meet CAOs and MCSs.

Technical implementation would

be easy. Resources, materials,
and equipment are readily
available to install fencing,
maintain the cap, and perform
monitoring. Administrative
implementation of institutional
controls would be simple because
NSWC Crane is a federali facility.
Would be implemented and meet
CAOQs within 6 months but would
not meet MCSs and would require

indefinite controls and monitoring..

Technical implementation would be
somewhat more difficult than that of
Alternative 2 but still relatively simple.
Excavation and transportation contractors.
are readily available as well as permitted
TSDFs. Administrative implementation
would be very simple because no long-term
institutional controls would be required. A -
construction permit and waste manifesting
might be required for excavation and
transportation of contaminated soil, but
these would be easy to obtain. Would be

“implemented within 1 year and meet CAOs

and MCS at the completion of corrective

action..
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Evaluation Criteria

Alternative 1: No Action

Alternative 2: Institutional

Alternative 3: Excavation and Off-Base

Controls and Monitoring Disposal
Costs: .
Capital $0 $45,000 "1 $2,609,000
NPW of O&M $0 $74,000 (30-Year) $0
NPW $0 $119,000 (30-Year) $2,609,000
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APPENDIX A
ESTIMATE OF SOILOVO.LUME

TO BE EXCAVATED AT SWMU 2



ALTERNATIVE 3. ' REV. OCTOBER 2004
ESTIMATE OF DYE CONTAMINATED SOIL
TO BE EXCAVATED DURING REMOVAL AT SWMU 2
NSWC CRANE
CRANE INDIANA

, Estimated Total | Estimated Total Soil
_ Target Area Estimated Surface Area (ft’) | Depth | Soil Volume (ft%) Volume (yds)

A 4,480 12 . 53,760 1,991

B 2,604 o 12 31,248 1,157

C 6,660 12 79,920 2,960

D 5,764 12° 69,168 2,562

E 18,750 12 225,000 8,334

F 17,243 - 12 206,916 ' 7,664

G 10,336 12 124,032 4,594

H 93 12 1,116 41

K 500 12 6,000 222

J 1,250 12 15,000 556

K 1,800 12 | 21,600 , 800

L 707 6 4,242 157
TOTAL 838,002 31,040

EXCAVATED SOIL ASSUMPTIONS

Option 3 assumes removal of the cap and all soil beneath the cap. ‘Soil depth is based on maximum
detected depth in RFi. See Figure A-1 for location of target areas. )

1. Vertical extent of dye contamination is estimated on the basis of historical information that -

indicates that trenches were dug to a depth of 6 feet. However, RFI sampling indicates

dye has been detected at depths greater than 6 feet. For example, RFI samples measured

dyes at depths of 11 feet bgs. A conservative estimate of the depth needing removal would be 12 feet at

at all locations (see RFI Figure 4-1).

2. Horizontal extent of contamination is based on historical data and the assumption that all sonl under the cap
should be removed. Because dye has been detected beyond the cap boundary in the RF|, it is recommended
to remove all soil beneath cap. In addition, RFI sampling indicated dye contamination beyond the capped area.
As a result, the excavation area has been extended out beyond the defined area of the cap at the

northwest corner, an area just north of the central section of DBG beyond the cap boundary, and between
trenches in the southwest corner of the DBG.
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SOIL EXCAVATION VOLUME TO

- REMOVE SWMU 2 CAP MATERIAL
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APPENDIX A

SOIL VOLUME ESTIMATES FOR ‘
ALTERNATIVE 3: EXCAVATION AND OFFBASE DISPOSAL

Total Soil Vo-IL!me of Clean | Contaminat?d

Excavated (yd?) Sqll in Fxca;/ated Sc.>il for Off5|§e

Soil (yd”) Disposal (yd”)
Cap 16,000 14,700 1,300
Contaminated Soil 15,000 0 15,000
{Over Excavated Soil 8,000 5,300 2,700
Total (yd3) 39,000 20,000 19,000




P:\GIS\WWSWC_CRANE\APR\CTO-10_SWMUO2.APR SWMU 2-EXCAVATION CALCULATION SEGMENTS 10/3/03 KMP

N 5
SWMU 2
DYE BURIAL GROUNDS g b
= = -—
5 |z 1| =
w
: -
l—
Q [©)
3 e
/V] E3 =
=
=5 o)
g . S U
- 5 |5 |g
1 € |2 g
1 B
RESTRICTED EXPLOSIVE — 1 |Z l& | 8
AREA
(7]
=
wg
=z
a5
e,
2 Z0Ww=
3 Q=%
=< § a
SEE=
Sy ) eSS
FRAC TANK oMoy
STORAGE AREA = E -z
& ; SR8
52525 = . O
25
A <3S
2=
5o
X
w
LEGEND I
D SWMU (Approximate Boundary)
[ capBoundary
Excavation Calculation Segments
./ Road
Stream ‘ " g
- BSle
Tree Line (1&g ggﬁ— a
[] Waste Areas (1 %
g 4=
Personal Protective Equipment > |3 2 2
@ £
Frac Tank Storage Area & |8 g @ 2
: s 5|5 8
100 0 100 Fest z 2 % 3°
— e —— c¥|5 =




APPENDIX B
DETAILED COST ESTIMATES
FOR

ALTERNATIVES 2 AND 3



NAVAL SURFACE WARFARE CENTER CRANE

CRANE, INDIANA

SWMU 2

ALTERNATIVE 2 INSTITUTIONAL CONTROLS AND MONITORING
CAPITAL COST

Unit Cost Extended Cosi
Item Quantityj Unit| Subcontract Matenal Labor Equipment Subcontract Matenal Labor  Equipment Subtotal
T PROJECT PLANNING
1 1 Prepare Monitoring Plan 100 hr $35 00 $0 30 $3,500 $0 $3,500
2 INSTITUTIONAL CONTROLS

2 1 Prepare Deed Restrictions & Controls 150 hr $35 00 $0 $0 $5,250 $0 $5,250
2 2 Install Fencing, 6' High 1000 ft $16 40 $16,400 $0 $0 $0 $16,400 ~

2 3 Install Double Swing Gate, 6' High, 12’ Opening 1 ea $1,12500 $1,125 $0 $0 $0 $1,125

2 3 Install Warning Signs, 30* x 30", Reflectonzed 5 ea $91 50 $458 $0 $0 $0 $458

Subtotal $17,525 $0 $8,750 $0 $26,275

Local Area Adjustments 100 0% 78 2% 96 1% 96.1%

$17,525 30 $8,409 $0 $25,934

Overhead on Labor Cost @ 30% . $2,523 $2,523

G & AonLaborCost @ 10% $841 $841

G & A on Matenal Cost @ 10% $0 $0

G & A on Subcontract Cost @ 10% $1,753 $1,753

Total Direct Cost $19,278 $0 $11,772 $0 $31,050

i indirects on Total Direct Cost @ 10% $3,105

Profit on Total Direct Cost @ 10% $3,105

Subtotal $37,260

Health & Safety Monitoring @ 0% $0

Contingency on Subtotal Cost @ 10% $3,726

Engineering on Subtotal Cost @ 10% $3,726

TOTAL COST $44,712

balsamo\Crane\Alt 2 Version 4\capcost February 2005



NAVAL SURFACE WARFARE CENTER CRANE

CRANE, INDIANA
SWMU 2

ALTERNATIVE 2: INSTITUTIONAL CONTROLS AND MONITORING

Annual Cost
[tem Cost ftem Cost Item Cost
Years 2, 4, 6, 8, 10, 15,
Item 20, 25, and 30 Years 1 - 30 Every 5 Years Through 30 Years Notes
Sampling $2,540 Labor, Field Supplies.
Site Maintenance $1,000 Maintain cap, fence (cut grass, reseed, add topsoil)
Analysis/Water $4,480 Analyze samples from six (6) existing wells plus one (1) QA sample
for Military Dyes
Report $1,000 Document sampling events and results
Site Inspection $1,000 To venfy continued implementation of the controls.
Site Review $7.000
TOTALS $8,020 $2,000 $7,000

balsamo\Crane\Alt 2 Version 4\anulcost

February 2005




f
‘ NAVAL SURFACE WARFARE CENTER CRANE ‘ ‘

CRANE, INDIANA
SWMU 2
ALTERNATIVE 2: INSTITUTIONAL CONTROLS AND MONITORING

Present Worth Analysis

Capital Annual Total Year Annual Discount Present
Year Cost Cost Cost Rate at 7% Worth
0 $44,712 $44,712 1.000 $44,712
1 $2,000 $2,000 0.935 © $1,870
2 $10,020 $10,020 0.873 $8,747
3 $2,000 $2,000 0.816 $1,632
4 $10,020 $10,020 0.763 $7,645
5 $9,000 $9,000 0.713 $6,417
6 $10,020 $10,020 0.666 $6,673
7 $2,000 $2,000 0.623 $1,246
8 ) $10,020 $10,020 0.582 $5,832
9 $2,000 $2,000 0.544 $1,088
10 $17,020 $17,020 0.508 $8,646
11 $2,000 $2,000 0.475 $950
12 $2,000 $2,000 0.444 $888
13 $2,000 $2,000 0.415 $830
14 $2,000 $2,000 0.388 $776
15 $17,020 $17,020 0.362 $6,161
16 $2,000 $2,000 0.339 $678
17 $2,000 $2,000 0.317 $634
18 $2,000 $2,000 0.296 $592
19 . $2,000 $2,000 0.277 $554
20 $17,020 $17,020 0.258 $4,391
21 $2,000 $2,000 0.242 $484
22 $2,000 ?$2,000 0.226 $452
23 $2,000 $2,000 0.211 $422
24 $2,000 $2,000 0.197 - $394
25 $17,020 $17,020 0.184 $3,132
26 . $2,000 $2,000 0.172 $344
27 $2,000 $2,000 0.161 $322
28 $2,000 $2,000 0.150 $300
29 $2,000 $2,000 0.141 ) $282
30 $17,020 $17,020 0.131 $2,230
TOTAL PRESENT WORTH $119,324

balsamo\Crane\Alt 2 Version 4 IC&M.xlIs\pwa 10/28/2004; 12:37 PM



NAVAL SURFACE WARFARE CENTER CRANE
CRANE, INDIANA
SWMU 2

ALTERNATIVE 3: EXCAVATION AND OFF-BASE DISPOSAL

1 PROJECT PLANNING
1.1 Prepare Remedial Action Plan

2.1 Office Trailer
2 2 Storage Trailer (1)
2.3 Construction Survey
2 4 Equipment Mobilization/Demobilization
2.5 Site Utilities
3 SITE PREPARATION
3.1 Dozer to Construct Permeter Ditch/Swale
3 2 Geomembrane to Line Ditch/Swale
3.3 Stone Check Dams
3 4 10,000 GallonSediment/Runoff Collection Tank
3.5 20,000 GallonSediment/Runoff Collection Tank
3.6 Trap Contents Disposal
4 DECONTAMINATION
4 1 Decontamination Services
4.2 Equipment Decon Pad
4.3 Decon Water
4.4 Decon Water Storage Tank, 6,000 gailon
4.5 Clean Water Storage Tank, 4,000 gallon
4 6 PPE (3 p * 5 days * 22 weeks)
4.7 Disposal of Decon Waste (liquid & solid)
5 EXCAVATE LANDFILL
5 1 Excavator, 2 CY
5.2 Front End Loader, 170 HP
5 3 Laborer
5.4 Tarp to Protect Excavation Face
5 5 Post-excavation Soil Analysis. Military Dyes
5.6 Straw Bales
6 DISPOSAL
6 1 Drum Transportation and Disposal
6.2 Drum Pick-Up Stop Charge
6.3 Waste Soil Transportation and Off-Site Disposal
6.4 Waste Characterization Testing (TCLP),1 per 1000 cy
7 SITE RESTORATION
7.1 import clean backfill
7.2 Dozer, 140 HP, 1/2 Time Operation
7.3 Dump Truck, 16 Ton, 1/2 Time Operation
7 4 Fine Grading and seeding, incl. lime, fert, and seed
8 MISCELLANEOUS
8 1 Construction Oversite (3p*5days*22 weeks)
8.2 Post Construction Documents

Subtotal

Local Area Adjustments

Unit Cost Extended Cost
Item Quantity] Unit| Subcontract Material Labor Equipment Subcontract Matenal Labor  Equipment| Subtotal
100 hr $35 00 $0 $0 $3,500 $0 $3,500
2 MOBILIZATION/DEMOBILIZATION AND FIELD SUPPORT

5 mo $204.50 $1,023 $0 $0 $0 $1,023

5 mo $105 00 $525 $0 $0 $0 $525

2 ac  $1,097.00 $1,755 $0 $0 $0 $1,755

6 ea $50 00 $176.00 $0 $0 $300 $1,056 $1,356

5 mo $500.00 $2,500 $0 $0 $0 $2,500

1 wk $1,248.00 $2,322 00 $0 $0 $1,248 $2,322 $3,570

14,000 sf $0.26 $0.40 $0 $3,640 $5,600 $0 $9,240

75 cy $18 00 $5 00 $0.50 $0 $135 $38 $4 $176

2 ea $5,825.00 $1,350 00 $236.04 $0 $11,650 $2,700 $472 $14,822

1 ea $11,57200 $2,249 00 $393.40 $0 $11,572 $2,249 $393 $14,214

1 Is $10,000 00 $10,000 $0 $0 $0 $10,000

5 mo  $3,800.00 $19,000 $0 $0 $0 $19,000

1 Is $5,800 00 $6,650.00 $700.00 $0 $5,800 $6,650 $700 $13,150

5,000 gal $0 20 $0 $1,000 $0 $0 $1,000

5 mo e $600 00 $0 $0 $0 $3,000 $3,000

5 mo $540 00 $0 $0 $0 $2,700 $2,700

330 day $31 67 $0 $10,451 $0 $0 $10,451

5 mo $900 00 $4,500 $0 $0 $0 $4,500

5 mo $10,218 80 $16,271.48 $0 $0 $51,094 $81,357 $132,451

5 mo $7,433.74  $8,234.92 $0 $0 $37,169 $41,175 $78,343

5 mo $3,464.00 $0 $0 $17,320 $0 $17,320

100 sy $1.00 $100 $0 $100 $100 $0 $200

50 ea  $1,000.00 $50,000 $0 $0 $0 $50,000

1 Is $200.00 $0 $200 $0 $0 $200

60 ea $85.00 $5,100 $0 $0 $0 $5,100

1 ea $100 00 $100 $0 $0 $0 $100

19,000 cy $52.50 $997,500 $0 $0 $0 $997,500

19 ea $820.00 $15,580 $0 $0 $0 $15,580

3,000 cy 6.85 $0 $20,550 $0 $0 $20,550

5 mo $2,701.92 $6,314 68 $0 $0 $13,510 $31,573 $45,083

5 mo $2,16500 $6,15552 $0 $0 $10,825 $30,778 $41,603

3,781 sy $0.26 $119 $0.18 $0 $983 $4,500 $681 $6,164

330 days $320.00 $0 $0 $105,600 $0 $105,600

200 hr $40.00 $0 $0 $8,000 $0 $8,000

1107582 7 $66,081 $270,402 $196,211 $1,640,276

100 0% 78 2% 96.1% 96 1%

$1,107,583 $51,676 $259,856 $188,559 $1,607,673

Overhead on Labor Cost @ 30% $77,957 $77,957
G & A on Labor Cost @ 10% $25,986 $25,986
G & A on Matenial Cost @ 10% $5,168 $5,168
G & A on Subcontract Cost @ 10% $110,758 $110,758

balsan‘le\Alt 3 Cost Rev1 xlIs\capcost

10/28/‘2'34 PM



NAVAL SUQ WARFARE CENTER CRANE
CRANE, INDIANA

SWMU 2
ALTERNATIVE 3: EXCAVATION AND OFF-BASE DISPOSAL

Item

Quantity

Unit

Unit Cost
Subcontract Matenal Labor Equipment

Extended Cost
Subcontract Matenal Labor

Total Direct Cost

Indirects on Tota! Direct Cost @ 35%
Profit on Total Direct Cost @ 10%

Subtotal

Health & Safety Monitoring @ 1%

Total Field Cost

Contingency on Total Field and Subcontractor Costs @ 10%

Engineenng on Total Field Cost @ 5%

TOTAL COST

balsamo\Crane\Alt 3 Cost Rev1.xls\capcost

(not including off-site disposal)

(Tota! Field Cost minus Subcontractor's Total Direct Cost)

Page 2 of 2

$1,218,341 $56,843 $363,798

Equipment Subtotal |
$188,559 1,827,541
$268,694
$182,754
$2,298,989
$22,990
$2,321,979

$232,198
$55,182

$2,609,359

10/28/2004, 12 34 PM
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Tetra Tech NUS, Inc. CALCULATION WORKSHEET Page 1 of 2

Client: NSWC Crane, Indiana Job No.: 7141 (CTO 0010)
SWMU 02 (Dye Bunal Ground) CMS

Subject: Calculation Worksheet for Seepage Velocity of Ground Water, Transport Velocity of Dye,
and Time of Travel for Dye between Capped Area and Downgradient Wells

Based On: Darcys Law and Attached Input Data Drawing No.: RFI Figure 1-10
By: Jeff Schubert Checked By: Approved By: Date:
UPS 1e-28-04  HPo l°/7fﬁ?‘ -

A long-term ground water monitoring plan has been prepared for the Dye Burial Ground (SWMU
02) in order to evaluate whether the constructed cap is performing as planned. This
“performance monitoring” will involve the wells that are screened in the Pennsylvanian sandstone
aquifer unit that immediately underlies the waste materials at SWMU 02,

Ground water in this aquifer flows to the southwest, as shown on Attachment 1. The sandstone
aquifer crops out along the western edge of the hill with the base of the sandstone lying at about
670 feet above mean sea level (msi). Locations of monitoring wells that are screened in the
sandstone aquifer are also shown on Attachment 1.

The Pennsylvanian sandstone is well cemented and “tight” in many locations, and is fractured
and/or weathered in many other locations. The variability of effective porosity, hydraulic
conductivity, recharge, and other hydraulic characteristics is considered to be relatively large,
even 1n a small hillside such as the one that exists beneath the Dye Burial Ground. In order to
determine a sound sampling frequency for monitoring wells (i.e., one that could detect the
migration of dye before it reaches the second set of downgradient monitoring wells), it is
necessary to first evaluate how fast ground water and dissolved dyes might migrate. These
calculations are performed and discussed herein. The “worst-case” calculations of ground water
flow rates and dye migration rates (Attachment 5) are based on the maximum measured
hydraulic conductivity value and a low effective porosity value. The fractures in the sandstone
consist of discrete vertical fractures and bedding plane separations. There are no solution
openings or other type dissolution or karst features in the sandstone. There also are no known
karst features in the limestone units which lie directly beneath the SWMU 02 area.

Based on ground water elevations measured in wells 02-06 and 02-04, the lateral hydraulic
gradient between the burial ground and well 02-04 was about 0.0061 foot/foot. Slug tests have
been performed on many of the monitoring wells screened in the Pennsylvanian sandstone at
SWMU 02 (Fisher, 1996, see Attachment 2). The median and maximum values of horizontal
hydraulic conductivity (Kh) determined for the sandstone are identified in Attachment 2. The
Pennsylvanian sandstone has clay in much of the interstitial space and is fairly well cemented
(Fisher, 1998). Therefore, a relatively low value for effective porosity (0.01) was used in
calculations, because it was assumed that most of the effective porosity is due to joints and
fractures present in the sandstone.

If the dyes were to enter the shallow ground water aquifer and travel exclusively through a
network of fractures, the amount of organic carbon on the fracture surfaces may be very limited
and, as a result, the effective value of f is likely to be be relatively low. For the dye compounds,
values of 0.00002 (unitless) and 840 L/kg were assumed for f,. and K., respectively (see
Attachment 3 for Koc values estimated for a variety of dyes).

Two different sets of ground water velocities and dye migration velocities have been calculated
for the SWMU 02 shallow ground water flow system. Calculations presented in Attachment 4
were based on an effective porosity of 0.01 and a median Kh value of 54.4 feet per year. Under
these conditions, the following estimates of ground water flow and transport velocities and
potential travel times for dye contaminants were calculated:




Tetra Tech NUS, Inc. CALCULATION WORKSHEET Page 2 of 2

. The lateral seepage velocity of ground water to the southwest is about 33 feet per year.

. The time of travel for ground water to migrate between well 02-06 (located near the
center of the capped area) to monitoring well 02-04 (monitoring well located about 600
feet downgradient) should be about 18 years.

. The migration velocity of dye contaminants is about 9 feet per year, using the assumed
foc and K, values.
. The time of travel for dye to migrate between well 02-06 (located near the center of the

capped area) to monitoring well 02-04 (monitoring well located about 600 feet
downgradient) should be about 70 years.

The second set of calculations are presented in Attachment 5. These were based on an effective
porosity of 0.01 and the maximum measured Kh value of 344 feet per year. Under these
conservative conditions, the following estimates of ground water flow and transport velocities and
potential travel times for dye contaminants were calculated:

. The lateral seepage velocity of ground water to the southwest 1s about 210 feet per year,
or approximately 6.5 times faster than the previously discussed estimate.
. The time of travel for ground water to migrate between well 02-06 (located near the

center of the capped area) to monitoring well 02-04 (monitoring well located about 600
feet downgradient) should be about 3 years.

o The migration velocity of dye contaminants is about 55 feet per year, using the assumed
foc and K, values.
. The time of travel for dye to migrate between well 02-06 (located near the center of the

capped area) to monitoring well 02-04 (monitoring well located about 600 feet
downgradient) should be about 11 years.

If most of the ground water and dyes are traveling through discrete fractures, then the dyes could
potentially migrate to the monitoring wells and the sandstone crop fine in about 10 years.
However, no dyes have been detected to date in any monitoring well at the site. Even if dyes
should leach from the landfill and flow exclusively through fractures in the shallow bedrock
aquifer, the lateral travel distance to the nearest location where the dye could discharge to the
ground surface is relatively large (about 1000 feet).

Based on the calculated flow velocities and the potential for dyes to travel to downgradient
monitoring wells or the side of the ridge in 10 years or less, the initial frequency of sampling for
monitoring wells is proposed to be every two years for the first 10 years of monitoring. After 10
years have elapsed, the frequency of sampling should be reduced to five year intervals between
sampling.

The monitoring wells that should be included in the monitoring program are the ones screened in
the Pennsylvanian sandstone (i.e., uppermost aquifer) and located:

. beneath the capped area (02-06), and
. directly adjacent to the capped area (02-02, 02-05, 02-07, and 02-08).

If dyes are detected in any of the five wells listed above, then additional samples should be
collected from monitoring wells 02-04, 02C11P3, 02C15P2, and 02C16P2, which are screened in
the Pennsylvanian sandstone immediately downgradient of the capped area. The locations of
these wells are shown on Attachment 1. -
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WellID TestID Test TOS-  Thickness of Hq S T Ky Curve fit Comments
date TOW  screened interval quality
(m) (m) (m) (m2/s) (m/s)
2 4/25/95 6.379 3.048 031  1.53E-08 3.19E-05 1.04E-05 excellent
10C53 1 4/11/95 5.861 3.048 0.30  3.98E-03 2.30E-07 7.54E-08 good
10C53P2 1 4/11/95 3.581 3.048 031 '6.90E-04 4.44E-05 1.46E-05 excellent
2 4/11/95 3.581 3.048 0.37  4.17E-03 4.36E-05 1.43E-05  excellent
10C54 1 4/11/95 3.545 3.048 034 1.82E-03 2.10E-06 6.87E-07 good
2 4/11/95 3.545 3.048 0.34  2.15E-02 1.48E-06 4.86E-07 good
10C55 1 3/23/95 2.649 3.048 0.48  297E-03 6.98E-06 2.29E-06 good
2 3/23/95 2.649 3.048 0.48  2.49E-03 7.14E-06 2.34E-06 good
10C56 1 3/21/95 2.724 3.048 051 292E-02 1.10E-06 3.62E-07 excellent
2 3/21/95 2.724 3.048 0.50  4.82E-02 1.03E-06 3.37E-07 good
10C57 1 3/21/95 0.186 3.048 0.5  5.00E-03 6.78E-09 2.23E-09 fair 20% recovery
2 7/25/95 0.283 3.048 0.51  2.50E-05 3.46E-08 1.13E-08 fair 40% recovery
Dye Burial Grounds \ e _—— Medtan
2/03 1 "4/27/95 3.021 2.777 0.45  1.88E-01 9.19E-10 ~3.31E-10 poor 20%-1€covery \/‘Jm__
2 7127195 2.844 2777 0.42  7.28E-03 2.33E-09 ~8738E:=10 poor 0% recovery ol
2/04 ] 4/27/95 0.192 2.804 0.33  2.55E-02 3.22E-06 +=+5E~06 fair partially unconfined?
2/08 1 4/27/95 0.067 2.713 0.24  1.45E-02 6.56E- O7‘2‘4‘2‘E‘6~7‘ go partially unconfined? Kk
2CI0P3 1 5/23/95 1.643 1.524 0.50  6.92E-02 2.98E-06 -0é géod partially unconfined?
2C1IP3 | 4/27/95 1.042 1.524 0.35 3.01E-01 8.01E-07¢ , unconfined?
2C12P3 1 4/27/95 2.667 1.524 0.29 8.27E-02 8.16E-07..5-3%8 good unconfined?
2C13P3 | 4/27/95 2.143 1.524
2 5/23/95 2.207 1.524 0.28 na na na oor boundary effects
2C14P3 | 5/23/95 0.911 3.048 034 4.96E-01 1.52E-06 4.98E-07 poor unconfined
2Cl6P2 | 4/27/95 1.027 3.048 0.15 na na na poor boundary effects
2 7/25/95 1.030 3.048 0.25 na na na poor boundary effects
2C17P2 1 4/27/95 1.134 3.048 0.28 1.67E-02 2.18E-06 F-15E-0%- good unconfined? >
2C18P2 1 4/27/95 0.732 3.048 '
2 5/23/95 0.705 3.048 0.14  5.00E-01 1.18E-06 3-88F-07 poor boundary effects
2C20P3 1 5/23/95 4.102 3.048 0.36  3.11E-04 1.01E-0 CI32E-06-)_excellent
M - . -
Old Burn Pit
5/6 1 8/1/95 1.628 2.801 0.31  2.57E-04 3.49E-06 1.25E-06 excellent PRAX | Attt i
517 1 8/1/95 3.048 2.84] 048  5.02E-10 2.62E-06 9.23E-07 excellent
velue of
»

L F,\p(w/ INaA
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Molecular Water Specific Kow Koc H VP 8CF Subject to Melting Thermat
Compound CAS No Weight Solubility Gravity atm/m¥mole} mm Hg Biodegradation Point Properties
ACID BLUE 1 129-17-9 566 67 30,000 mg/L 15 {but ionic) non-volatile 2
ACID BLUE 8 2650-18-2 783 01 5% at 20°C
0 {out 1onic,
ACID ORANGE 10 1936-15-8 45238 80,000 mg/L 0 therefore, resists | dow | 250E-20 |  low | @naerobiclyes),
leaching) aerobic (no)
ACID VIOLET 49 1694-09-3 7349 soluble
ACID YELLOW 23 1934-21-0 534 37 200,000 mg/L
Boiling Point = 342°C,  heat
ANTHRACENE 120-12-7 17823 43 ug/t. 125 28,184 16,032 4 88E-05 |267E.06 891 no of vap = 294 kikg, heat
of comb = 40110 kirkg
BASIC VIOLET 10 81-88-9 479 soluble
BASIC YELLOW 2 2465-27-2 30366 10,000 mg/L 50000 280E-16 | 170E-11] 38-16 no >250°C
BENZANTHRONE 82-05-3 23025 >10,000 6 61E-08 | 221E-07 | 61- 181 yes 170°C
‘ 118°C,
SOLVENT ORANGE 3 532-82-1 248 71 20 mg/L 840 non-volatile 114 anaerobic(yes) | decomposes at
235°C
SOLVENT ORANGE 7 3118-97-6 276 32 insoiuble 166°C
SOLVENT YELLOW 14 842-07-9 2483 insoluble 134°C
SOLVENT YELLOW 2 60-11-7 225 28 13 6 mg/L 38,019 7300 7 10E-09 | 3 30E-07 1780 yes 114-117°C
PIGMENT VIOLET 12 81-64-1 2402 probably insoluble
SOLVENT RED 1 1229-55-6 2783 3 3E-4 mg/L 31,622,777 290800 1 10E-10 | 6 30E-09 290000 183°C
SOLVENT VIOLET 13 81-48-1 329 37 196°C
SOLVENT YELLOW 3 97.56-3 22528 7 64 mg/L 8,318 1,426 -13.236 291E-08 17 50E-07! 196-562 101-102°C
VAT BLUE 1 482-89-3 26226 insoluble 135 Sublimes at about 300°C,
decomposes a1 390°C
VAT YELLOW 2 129-09-9
VAT YELLOW 4 128-66-5 /
2-AMINOANTHROQUINONE 117:79-3 22324 160 ug/L. 1995 //500 9206-11 |5008-11] 18-46 no sorc  |SePimes, Heatof Subimation
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ATTACHMENT 4

CALCULATIONS OF GROUND WATER VELOCITY AND TIME-OF-TRAVEL UNDER PROBABLE HYDRAULIC .

CONDITIONS
Parameter Value obtained from: Value Units
Hydraulic Conductivity (K) median value from Fischer (1996) 5.25E-07 m/s
(see attachment 1) 5.25E-05 cm/s
1.49E-01 ft/day
5.44E+01 ft/year
Measured between wells 02-06 and 02-04 (see
Hydraulic Gradient (i) Attachment 2) 0.0061 unitless
Effective Porosity (n) assumed value " 0.01 unitless
Linear Ground Water Seepage
Velocity (Vgu) Vgw=(K-i)/n 33 ft/year
Distance between wells 02-06
and 02-04 (d) Measured from Figure 1-10 (see Attachment 2) 600 ft
Time of travel for ground water
between 02-06 and 02-04 (T4y) Tow=d/ Vg, 18 years
Dry Bulk Density of Aquifer (p,) assumed value 1.7 kg/L
Representative Soil-Water Based on K estimate of solvent orange 3 (840
Partition Coefficient (Ky) for | L/kg, see Attachment 3) and assumed f. value
Dyes of 0.00002 (K4 = Kyc » foo) 0.017 L/kg
Representative Retardation
Factor for Dyes (Ry) . Ri=1+(pg - Ky/n) 3.9 unitless
Approximate Lateral Migration
Velocity of Dye (V,) in Aquifer Ve =Vgu/ Ry 9 ft/year
Time of travel for Dyes between
02-06 and 02-04 (T.) T.=d/V, 70 years

Fisher, A.T., 1996. The Hydrogeologic Properties and Sedimentary Facies Relations of Shallow Pennsylvanian
Bedrock Aquifers: Well Tests, Lithologic Descriptions, and Gamma-Ray Logs. Indiana Geological Survey,
Bloomington, indiana, Open-File Report 96-3, prepared for Southern Division, Naval Facilities Engineering

Command.

M valye is relatively low for a sandstone, but assumes that the sandstone is well cemented and fractured.




ATTACHMENT 5

CALCULATIONS OF GROUND WATER VELOCITY AND TIME-OF-TRAVEL UNDER CONSERVATIVE

HYDRAULIC CONDITIONS

Parameter Value obtained from: Value Units
Hydraulic Conductivity (K) median value from Fischer (1996) 3.32E-06 m/s
(see attachment 1) 3.32E-04 cm/s
9.41E-01 ft/day
3.44E+02 ft/year
Measured between wells 02-06 and 02-04 (see
Hydraulic Gradient (1) Attachment 2) 0.0061 unitless
Effective Porosity (n) assumed value " 0.01 unitless
Linear Ground Water Seepage
Velocity (V) Vgw=(K-.i)/n 210 ft/year
Distance between wells 02-06
and 02-04 (d) Measured from Figure 1-10 (see Attachment 2) 600 ft
Time of travel for ground water
between 02-06 and 02-04 (T,) Togw=d/Vgy 3 years
Dry Bulk Density of Aquifer (pg) assumed value 1.7 kg/L
Representative Soil-Water Based on K, estimate of solvent orange 3 (840
Partition Coefficient (Ky) for | L/kg, see Attachment 3) and assumed f, value
Dyes of 0.00002 (Ky = Ky foc) 0.017 L/kg
Representative Retardation
Factor for Dyes (Ry) Ri= 1+ (pg - Ky/n) 3.9 unitless
Approximate Lateral Migration
Velocity of Dye (V,) in Aquifer Vo= Vg /Ry 55 ft/year
Time of travel for Dyes between
02-06 and 02-04 (Tc) Tc =d/ Vc 11 years

Fisher, A.T., 1996. The Hydrogeologic Properties and Sedimentary Facies Relations of Shallow Pennsylvanian
Bedrock Aquifers: Well Tests, Lithologic Descriptions, and Gamma-Ray Logs. Indiana Geological Survey,
Bloomington, Indiana, Open-File Report 96-3, prepared for Southern Division, Naval Facilities Engineering

Command.

M value is relatively low for a sandstone, but assumes that the sandstone is well cemented and fractured.
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