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1.0 INTRODUCTION

11 INTRODUCTION

The Naval Surface Warfare Center (NSWC) Crane -Ammunition Burning Grounds (ABG) solid waste -
man‘_agement unit (SWMU) 3 consists of the Main Treatment Area (MTA), the Old Jeep Trail (OJT), and
Little Sulphur Creek (LSC). Figure 1-1 depicts the MTA, and Figure 1-2 depicts the OJT and LSC.

' Resource'Conservation and Recove.ry Act (RCRA) Facility Investigations (-RFl)" ‘have been conducted.
The RFI Report for the OJT and LSC recommended that a Corrective Measures Study (CMS) be
conducted to address explosives, chlorinated solvents, and' metals contamin'ation in groundwater and
soils at the OJT. RFI studies had been conducted by the United States Army Corps of Engineers
(USACE) for groundwater, soils, and surface waters at the MTA. These studies had recommended that
corrective measures be considered to address explosives, _chlorinated solvents, and metals
contamination from the MTA in soils, groundwater, and surface waters. The MTA, which is permitted by

United States Environmental Protection Agency (US EPA) .Flegion 5as a treatment facility for hazardous
‘ waste munitions, explosive.s, and pyrotechnics, is subject to At_he groundwater‘monitoring and corrective
action requirements of 46 Code of Federal Regulations (CFR) 264 Subpart F. These regulations require

corrective actions for any groundwater contamination resulting from the treatment operations.

The Navy is in the process of preparing the-CMS to address groundwater and. soils contamination at
SWMU 3. The initial pl’tase of the CMS consists of development of the conceptual site model, which
describes the ge‘ology, hydrology, groundwater contamination sources, transport of contamination, and -
. fate. The 'conceptual site model is the basis for developing, evaluating, and‘choosing ‘corrective
. measures. During the development of the CMS, the Navy determmed that groundwater contamlnatron
sources were not adequately delineated at the MTA and’ that it was not possible-to fully develop the
conceptual site model untll this data gap was filled. A Qualrty Assurance Prolect Plan (QAPP) Addendum
No. 1 was developed which described the-field investigation designed to f|II these data gaps. The field -

‘ "mvestlgatlon was conducted in April of 2004

The purpose of thls CMS fleld report |s to descnbe and document the site lnvestrgatlon actrvmes
conducted m Aprll 2004 and to’ present the results and interpretation thereof for SWMU 3 .and.
development of the conceptual site model. - This field mvestlgatlon provides further information regarding
‘concentrations of ~organic and inorganic chemlcals measured in surface sorls ‘subsurface soils,- and-

- groundwater at the MTA, OJT, and LSC. Additional data interpretation and reporting is presented as

090406/P o o : 1-1 g CTO 0311 .
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needed to provide further perspectrve on current data and to aid in the development of the conceptual site
model.

Section 1.0 of this Conceptual Site Model and Field Report presents historical lnformatlon and describes
the results of the April 2004 field |nvest|gat|on Section 2.0 provides a detailed discussion of field

; lnvestlgatlon activities whrch were conducted dunng April, 2004. Section 3.0 presents the conceptual site
model. Appendix A contalns analytical results showing positive hits ‘in surface soil, subsurface soil, and

groundwater for all field mvestrgatrons conducted at the ABG and OJT for the period 1993-2004.
'Appendrx B provrdes surveyed sample locations of SWMU 3 for .the April 2004 field investigation.
Appendices C through E contain coples of all-boring logs, field forms, sample log sheets records, and
~field Iogbooks associated with the April 2004 field mvestrgatlon Appendix F shows the concentration
versus time graphs for RDX and TCE in groundwater monitoring wells and spnngs Appendrx G contains

the calculations for contaminant quantmes and soil vqumes

12 PURPOSE OF CONCEPTUAL MODEL

7

- The conceptual site model provides a representatlon of the environmental system The conceptual SIte'

model is a tool for rdentlfymg release pathways of mlgratron potentlal receptors and, ultimately, risk. It
- should provide a basis, in part, for the formulation and evaluation of remedial options for the SWMU 3

watershed.. It will provide a guide to: ’

the  locations where soils, groundwater surface water and sedrment are contamrnated and the

relatlve magnltude of the contamination in each area;

-« the directions that contaminants are migrating; and

e . the patural attenuatlon processes that are affectrng the persstence and migration rates. of the .

contamlnants in the watershed
* the locations where human or ecological receptors are being or could be exposed to contaminants.

" Based on temporat trends of contaminant concentrations in monitoring wells, sprifigs, and surface water,
an attempt has also been made to estimate the length of time that the contaminants might be present in
the watershed at concentrations above acceptable risk levels. . These estimates will affect to some
extent, where' the priorities for remediation efforts mlght be assigned durrng ‘the formulation and

evaluatlon of remedial alternatlves

090406/P N 1-2 : o ' CTO 0311
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Potential exposure and health risks are expected to be. confined primari|y to aqueous and solid media.
Only minimal airborne release pathways (e.g., occasional minor resuspension of dust or release of
volatile chemicals) are anticipated. Therefore, this conceptual site model does not discuss or evaluate .

airborne contaminants or related potential mlgratlon pathways.

1.3 'GENERAL DESCRIPTION OF STUDY AREAS

NSWC Crane is located in a rural,'.sparsely populated region of south-central Indiana, approximately
75 miles southwest of lndianapolis, 60 miles northwest of Louisville, Kentucky and immediately. east of

Burns City and Crane Village, Indiana.

The ABG and OJT are located in a remote hilly area in the eastern.portion of the installation along LSC.
The OJT area is located in tne valley of LSC, approximately one-half mile south-southeast of the ABG. on
Jeep Trail 25. These areas lie within the Sulphur Creek drainage basin, which is one of five main
' ‘drainage basins that carry surface water off the installation. LSCis a small stream whose headwaters
- originate in channels on the north, west, and south of the ABG. These ephemeral channels run through
the ABG area and converge on the eastern side of the ABG. From the A'BG, LSC runs southeastward

" through the OJT.area and then southward to the NSWC Crane property boundary.

1.3.1 Operational History
The"NSWC Crane facility was commiseioned on December 1, 1941 as the Naval Ammunition. Depot
(NAD), Burns City. Its initial mission was to prepare, load, renovate, receive, store, and issue all t'ypes‘ of
ammunition, including pyrotecnnibs and illuminating projectiles, and act as a princip'al supply source at'a
most critical time during the early days of World War Il. In May 1943, the depot was renamed the Naval
Ammunition Depot, Crane, in honor of Commodore William Montgomery Crane, the Navy’s first chief of '
the ‘Bureau of Ordnance. -The name ‘changed again in 1975 to the ‘Naval Weapon}s Support Center

' (NWS'C)' Crane to reflect the facility’s growing involvement in high-technology weapons systems. In 1977,
the Seoretary of Defense combined 'aII. conventional ammunition acquisition under the.responsibility of a
single service. The ammunition'production and storage function was given to the Army, and the Crane
Army‘Ammunition Activity (CAAA) was established as a Crane tenant to accomplish this task for Naval
ammunition. In 1992, the facility name was changed to NSWC Crane. The Army has assumed ordnance
production, storage and related responsrbllmes under the single-service management directive. All

envrronmental act|V|t|es on the installation, mcludrng permrttrng actlvmes remain the responsrblllty of the

090406/P ' 1-3- 4 o . CTO0311.
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- Navy. lnformatlon regardlng operatlons conducted at the ABG MTA and the OJT are descnbed in
Sections 1.3.1. 1and1312 ‘ - .

1.3.1.1 MTA Operations - .

The MTA of the ABG is used extensively to destroy unwanted materials contaminated with explosives
" and related materlals Several separate burning areas are located wnthrn the site (see Figure 1-1). The
largest quantities of materrals were treated at the _ABG MTA from 1956 to 1960, when 15,000 pounds per
day of smokeless powder were flashed. l'n.the same period, about 46,000 pounds per day of high

explosives were burned. The area was also used to flash the residue from bombs and projectiles after

they have been subjected to melt- out or drill-out operatlons to remove the bulk of the explosive

(Murphy, 1994).

Prior to the construction and use of lined and unlined steel pans for open burnlng operatrons explosrves :

and propellants and materials contaminated with explosives and propellants were spread and lgnrted on

pads or in pits at the ABG MTA. Many of these burn pads and pits were reportedly located in the “area

now occupied by the clay- lined steel burn pans (see Unit No. 3 on Frgure 1-1). ‘However, others were
located throughout the MTA. '

: 'Three unlined surface rmpoundments (no Ionger present) were. used to remove liquids from otherwise
combustible sludges resulting from the blendmg and loading of munitions. In 1982, each |mpoundment
‘was  modified to include a liner and - Ieachate collection. system. Each of the impoundments was

approximately 40 feet in diameter. Two rmpoundments held TNT, RDX, and breakdown compounds in

water from a facility munitions plant (Rook"eye). and other locations within NSWC Crane. A third _

impoundment held phosphorus compounds. The three'impoundments have been replaced by dewatering

units (see Unlts No. 10 and 11 on Figure 1- 1) The |mpoundments are now empty and are scheduled for-

closure

Two 'empty underground storage tanks (USTs) were used to store runoff and leachate from the three _'

former impoundments. One tank was located _immediately ‘east of the phosphorus impoundment. The
.other tank” contained. runoff from the two adjacent TNT and RDX impoundments. The tanks were

~ removed in 1994 and these two areas are currently undergoing closure pursuant to a RCRA closure plan.
" The “ash pile” area (see Figure 1-1) was the site of a former stookpile of burn residue. The pile was

. removed between July 1986 and February 1987, pursuant to a RCRA closure plan The prle consisted of

-approximately 12, 290 pounds of burn residue.

090406/P I 1-4 . o © CTO 0311
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Prior to epproximately 1985, pink water sludge was placed and burned in an unlined pit in the location ‘ot
the pink water tanks (see Unit No. 14 on Figure 1-1). This flashi,ng' process was relocated to the. burn’
‘pads in approximately 1985. The pink color of the water and sludge is caused by the presence of
explosives and related chemicals. '

The former primer burn box was used for thermal treatmlent of .arnlmunition components (for example,
small impact—sensitive primers) and pyrotechnic muniti'ons The burn box has been decommissioned, and
these activities are. now performed at the primer pit and the incendiary cage (see Units 12 and 13 on".
Figure 1-1).

PR
I8

No treatment operations have taken place on the ground surface since the 19805 all current treatment
operatlons take place in containment facilities. The followmg operatlons currently occur at the ABG. The

locationis of many of these ABG activities are shown on Figure 1-1.

. | Solid bulk propellant and exploswes are open burned in 18 clay-llned steel pans at the ABG Main
Burn Pan Grid {Unit No. 3).

. _The primer pit operation (Unit No. 12) mvolves treatment of small explosive components such as
" hand grenade fuses and cartridge primers. .

. Solvents contamlnated with propellants exploswes and pyrotechmcs are burned in one unlined steel
~ pan at the ABG (Umt No. 5).

e Waste scrap pyrotechnics, Wthh have been desensitized in No 2 fuel oil, are burned in a second
unlined steel pan at the ABG (Umt No. 7). ‘

e Athird panis used to burn'sorap black poWder desensitized with water (Unit No.8).

- o Two sets of four pans each are used at Unit No. 6 for the treatment of a waste mixture containing red

phosphorus and No. 2 fuel oil.

e The incendiary cage (Unit No. 13) at the ABG is set up pnmanly to allow the open burnmg of

yrotechmc devices and components

090406/P ‘ 1-5 . . CTO 0311
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* The flashing and thermal treatment of suspect explosive-contaminated materials is carried out at

three concrete-lined burn pads at the ABG (Unit No. 9).

» Explosive- and pyrotechnic-contaminated sludges from prodoction operations are treated at three" :
sludge 'burning. pans (Units No. 10 and 11).. Hexahydro-1,3,5-trinitro-1,3,5-trizine (HMX)

contaminated sludge and phosphorus-contaminated sludge are currently bu}rned at this unit.

1312 OJT

' The OJT is an inactive area that is adjacent to and down valley (south southeast) of the ABG. Former
operations -at the OJT were dlrectly assomated with operations at the ABG. The OJT area was used to
burn out bombs and flash powder from the mid-1970s through 1983. Materials were reportedly treated at
two separate regions of the Jeep Trail Area (also known as the OJT), the burn area and the burn pit. The

~approximate locations for these two areas are ‘shown on Figure 1-2. At the burn area, bomb casings from. V

) which the bulk explosives had been removed were filled with initiating powder, tilted on-end toward a
hillside east of the Jeep'Trail Area in the direction of the adjacent hillside, and flashed to complete the -

- demilitarization process. Some munitions are thought to have been lashed to a horizontally positioned

ut|I|ty pole (that may. have been creosote treated) prior to flashing.

-The burn pit was a trench or natural depression,'approXimater_ 100 feet long, 30 feet wide, and 10 to
12 feet deep, Ioca_ted just south-southeast of the burn area (Figure 1-2). The term "pit" may be a
mtsnomer because it may have been more of a natural topographic depression than an excavated pit.
Powder was flashed and explosives-contaminated materials were burned in this pit. The contammated

' 'matenal may have included cardboard paper, wood, and metal packaglng that may have come into’

' contact with explosives, solvents-contaminated rags, -or any other material - that may have been

contaminated with explosrves . Some of the wooden packaging material may have contained

: pentachlorophenol Small munition items and components were also reportedly treated. The area has

not been used for any operations since 1983 when it was filled wnth clean fill matenal and revegetated.

‘The area is now overgrown with brush, trees, and grasses

The exact srze shape and Iocatlons of the burn pit and the burn area are not known Thelr approximate
locations have been indicated on Figure 1-2. However, descriptions of the treatment areas in previous
reports (Figure 41 in Dunbar, 1982 Murphy, 1996) and interviews with base personnel during.the OJT-
LSC RFI (TINUS, 2002b) indicate that the treatment areas may have covered a larger area than just the
burn area and the burn p|t extending from Jeep Trail 25 westward to the LSC stream channel and

~southward as far as well 03-07. However, sampling: al‘ong'the length of the OJT, in areas where
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~ treatment reportedly took place, did not result in findings‘of contaminants.  Although inactive as a

treatment area, Jeep Trail 25 is still actively used as a vehicle route.

-1.3.1.3 » ‘Groundwater Contamination Sources

" Based on the above discusston of operations and the results of previous investigations at the: MTA.and,
. the OJT which are dlscussed in Section 1.5, Table 1-1 |dent|f|es the key operations and potential sources .

of groundwater contamination at the MTA and the OJT.

1.3.2 Tobog@_phv and Physical Features |

The LSC watershed, which contains the ABG MTA and OJT, is characterized by. rugged relief, with
' ground surface elevations ranging from about 600 to 800 feet above mean sea level (msl) in the
headwaters of LSC. At the OJT, ground surface elevations range from approximately 550 to 800 feet
amsl. ‘The surface elevation is approximately 500 feet amsl where LSC exits the southern border of the

instaliation.

The ABG MTA is relatively flat and is within the northern headwater area of LSC. The ABG treatment
area was formerly kept devoid of vegetation in order to minimize the potential for fires during open
burnlng treatments However since the early. 19903 areas along LSC within the ABG have been seeded
with grass to minimize erosion of soil into LSC. The OJT site is located ina gravel -covered area on the
western side of the gravel access road (Jeep Trarl 25); where the road widens in excess of 50 feet. The
. OJT and the remalnder of the LSC val!ey are surrounded by wooded areas along the hrllsrdes to the east
and west, with mlscellaneous natural ground vegetation under the tree canopy and along the creek
banks. '

~, 133 Geology

Bedrock.underlying the Crane facility consists of sedimentary rocks from the Lower Pennsyh)ania’n age
- Manstield Formation (Raccoon Creek Group) and the Upper Mississippian age' Stephensport and West
| Baden Groups (see Flgure 1-3). Due to erosion and the moderate relief in the area‘ the Lower
Pennsylvanian and‘Upper Mlssrssmplan rock units crop out on the ndgetops and along the stream
valleys. A map showmg the uppermost bedrock units in the LSC watershed is provided in Figure 1-4.

The USACE, the Indiana Geologioal Survey, and Indiana University have been investigating the geology

and hydrogeology of the LSC watershed since the early 1980s. Based on boring logs drilled to various
depths throughout the LSC watershed the USACE has developed a detailed understandnng of the -
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geologlc units in the watershed. Several existing USACE geologic cross- sectlons are reproduced in thls

report. The lines of section for these Figures are presented in Flgure 1-5. Cross-section A-A’ (Figure 1- -6)

is the shortest cross-section and traverses in a northeast southwest direction dlrectly through the OJT

area. This cross- sectlon is most pertlnent to the discussions of the OJT area. Cross-section P-P’ (Flgure’

1-7) also traverses in a northeast-southwest. direction, but covers a greater distance. It-extends from the
Dye Burial Ground (DBG) area (SWMU 02) in the northeast, through the southeastern corner of the MTA,
- and -southwestward to well 03C25, located on the western side of the watershed The cross-section
C-C'/D-D’ (Figure 1-8) lies in a sem|C|rcIe around the northern and eastern edges of the MTA The cross-
section AA-AA’ (Flgure -1-9) traverses from the northwestern to the southeastern porttons of the
watershed. The cross-section K'- K” (Figure 1-10), the longest cross-section, traverses from north of MTA

to the southern end of the study area near the NSWC Crane property line.

- The uppermost»(younoest) bedrock units in the LSC watershed belong to the Lower Pennsylvanian
Mansfield Formation of the  Raccoon Creek Group (Figure 1-3). This formation consists of alternating
beds of shales (e.g., black: shale and -carbonaceous shale), sandstone, mudstone siltstone, and ‘thin
dlscontlnuous coal units and is typically about 110 feet thick or more (Murphy and Wade, 1998a) For
example over 120 feet of Pennsylvanran strata occur in well 03029 on the westem side of the: watershed
(see thure 1-9), in well 03C31 Iocated about 800 feet south of MTA and 2,400 feet west of OJT (see
Figure 1-7), and in well 03C16 focated on the northwestern side of MTA (see Flgure 1-8). In the area
near the' DBG (Murphy and Wade, 1998a; TtNUS, 2002) and throughout much of the LSC watershed,

thick sandstone units are the predominant component ot the 'Mansfield Formation. The Pennsylvanian-

' age sedlmentary rocks are absent where LSC and |ts tnbutarles have eroded into the MISSISSIppIan
strata. As a result, the Mansfleld sandstones and coal units crop out in the uppermost portions of the

ridges (Figures 1-7 through 1-10). - The Pennsylvanlan sedimentary rocks were also deposited on an

erosional surface’ that ‘developed on the Mississippian rock udnits, so the basal elevatlon of the
Pennsylvaman rocks is spatially- variable (Barnhill, 1993;- Kvale and Barnhill, 1994) The base of the

Pennsylvaman age strata has the highest elevation (about 670 to 680 feet amsl) near the DBG in the -

" northeastern portion of the watershed (Figure 1-7). The paleoerosion surface generally lies between 640
to 660 feet amsl in the central and southeastern portions of the watershed (Figures 1-7, 1-9, and 1-10).
The base of the Pennsylvanian decreases to its lowest elevation (about 615 to 620 feet above msl) on the

northwestern’ side of the MTA near wells 03C16 and 03C19 .(Figure 1-8).. This agrees wnth the ‘
- pre: Pennsylvanlan paleosurface that has been mapped to NSWC Crane (Barnhill, 1993; Kvale and -

Barnhill, 1994)

The Stephensport Group (uppermost Mrssnssvpplan) lies beneath the Pennsylvanlan strata and includes a-

o number of sandstone and limestone formations, mcludlng (from top to bottom) the Glen Dean leestone
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the Hardinsburg Formation, the Haney (also called Golconda) Limestone, the 'Indian'Sbringsl Shale and
the Blg Clifty Sandstone member of the Big Chfty Formation, and the Beech Creek Limestone (Figure
-3). The Stephensport Group i is generally 120 to 190 feet thick.

A th‘i.n_!éyer of Glen Dean Limestone' is found directly beneath the Mansfield Formation in isolated'aréas
of the waiershed; near well 03C31 south of the ABG (Figures 1-7 and 1-10) énd east of the LSC valley
near well 03C35 and the NWSC Crane property line (Figure 1-9). This limestone is considered to be a
'provductive aquif‘er unit in other parts of the NSWC Crane installation, but in this watershed it was
extensiyely eroded prior to Pennsylvanién deposition. The maximum observed thickness was 4_' feet in

--well 03C31. Hence, it is not considered as an aquifer unit in the remainder of this report.

, T'he HardinéburgFormation is found immediately below the Mississippian-Pennsylvanian unconformity in

©  the northeastern, central, and southern portions of the watershed (Figures 1-7 and 1-9). This unit isaup to

50 feet thick and contains primarily shale. Near well 03C31 south and southwest of the MTA, a
" sandstone lens is present in the middle of the: formation (Figure 1-7). The _Hardinsbu'rg“ Formation
typically acts as an aquitard between the Mansfield sandstone units above and the underlying Hanéy
“Lilrriesto.ne.. However, this unit is absent ‘in éreas north and northwest ‘of ihe M'fA due to pre-
Pennsylvanian erosibn (Figure 1-8). '

The underlymg Haney Limestone (also referred to as Golconda leestone) is characterized by shaly
limestone and limey shales. The thlckness ranges from several feet to almost 20 feet. The
Golconda/Haney (G-H) L|mestone is thlnnest northwest of the MTA where it-has been partially eroded

due to pre- Pennsylvanlan erosion.

The Big Clifty Formation underlies the Haney Limestone and includes two distinctly different lithologic
members. 'The upper mémber is kn;iwn.as. the Indian Springs Shale and is approximately 20 feet thick
(Figures- 1-7 through 1-10)."'The lower member of the Big Clifty Formation is referred to as tﬁe_Big Clifty
Saﬁdsto_ne and consists of 35 to 45 feet of tan to green-gray, massive to thick-bedded, fine-grained,
friable sandstone. Barnhill and Ahbers (1994) discuss the Iitholbgic charaCteristicsv and sédimentary
‘facies of this sandstone in detail. - The Big Clifty Sandstone is the uppermbst bedrock unit in the central_

" and southeastern portions of the ABG and along the floodplaln of LSC southward to the NSWC Crane -
property line (Figures 1-4 and 1-6 through 1- -10).

The Beech Creek Limestone :Formation consists of fossiliferous, hard, ahd dense Iimesfone, when

"unweathered. The thickness of this unit ranges from 20 to 25 feet. The lithologic characteristics and

sedimentary facies of this limestone are discussed in detail by Barnhill and Ambers (1994). Joints and -
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bedding-plane fractures in the Iimestone are spafrse to numerous in cores recovered from this formation
~and surface outcrops (Barnhill and Ambers, 1994). As mentioned in the previous paragraph, etosion has
‘removed the Indian Springs Shale from above the Big Clifty Sandstone in the central and southeastern
portions of the MTA area and from the floodplain south of the MTA. In the areas where the Indian
Springs Shale is absent, the fractures and joints haye been enlarged due to solutioning of the limestone.
Fracture widths measured in creek bed eXposu'res range from 2 to 25 centimeters (cm) (1 to 10 inches);
-these fractures were found to _be filled with cobbles, gravel, and sand (Barnhill and Ambers, 1994). Some
outcrops show large [up to 30 cm (12 inches)] wide solution channels along the bedding -plane fractures.
_ Dr|II|ng logs for wells along the LSC valley show a mass of weathered sandstone and limestone blocks,
. gravel silt, and. clay that is 10 to- 30 feet thick (Flgures 1-6, 1-8, and 1-9). This zone along LSC
downstream of the MTA has been interpreted by the USACE to represent a zone where the Beech Creek

' erestone was intensely fractured and Karstified (Hunt, 1988; Murphy and Ciocco, 1990 Murphy, 1994 o

and Murphy, 1996). The development of solution channels was so intense that thev Beech-Creek and
overlying Big Clifty Sandstone collapsed-in the geologic past and all that remains is the valley filled with
_ weathered rubble and alluvium (Figures 1-6 through 1-10).

The Elwren Formation (uppermost unit of the West Baden Group) lies below the Beech Creek Limestone

_ and below the collapse zone material that lies in the LSC valley (Flgures 1-6 through 1-10). It consists of

‘massive to thinly bedded, dark gray to green shale with interbedded red-brown cIaystone. The formatlon.'

' _ayerages approximately 20 feet in thickness. The Reelsville Formation lies just below the Elwren Shale
and is 'approxi‘mately 10 feet thick. It consists of dark gray to gray-green shale, with thin (less than 3 feet
thick) beds of ﬁne-grained sandstone. The Sample Formation is’just below the Reelsville and it consists
" of 40 to 45 feet of dark gray to black, thinly bedded, platy to fissile shale with some interbeds of fine-
gramed sandstone. Together, the Elwren, Reelsvrlle, and Sample Shales form. an aquiclude that is
~approximately 75 feet thick (Figuree 1-8 and 1-10). These shales .virtually prevent the vertical seepage of
shallow groundwater dbwnward into the underlying Beaver Bend Limestone.

The Beaver Bend Limestone is the deepest geologic unit in the MTA/OJT area that is considered a
 significant aquifer and that-has been investigated or monitored in the past. ‘The Beaver Bend ranges from

10 to 12 feet thick and consists of medium gray-brown medium to coarsely crystalline, very hard and

' dense Ilmestone This Ilmestone has numerous mtersectlng joints.

NSWC Crane is located on the eastern edge of the lllinois Structural Basin, where the.Pennsylvanian and
A' Mississippian age bedrock dips to the west-southwest and southwest at approximately 30 to 35 feet per mile
© (Kvale, 1992). Locally, however, the dip of the Mississippian bedrock can range from 0 to 15 feet per miile to
as much as 100 feet per mile to the southwest in the Sulphur Creek watershed (Kvale, 1992). -A structure
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“contour map. for the top of the Elwren Shale (i.e., base of the Beech Creek Limestone) is presented in’
; Flgure 1-11. It shows that the Beech Creek leestone is generally dipping to the southwest. Supenmposed;
on the general structural dip to the southwest is an anticlinal structure trending through the OJT area that
plunges to the sout‘hwe‘st. Parallel to this, two synclinal structures trend through the MTA area and the
southern end of the watershed and also plunge to the southwest. These structural features 'may have had
some effect on the orientation and frequency of fracturing in the limestones and the initial d.evelopment of
solution features along the fractures. The reglonal structure also has a significant effect on the groundwater

flow system within the Beech Creek Limestone, as will be discussed in the next subsection.

. The unconsolidated overburden deposits at NWSC Crane generally consist of two types: Quaternary and
.‘ Pleistocene age alluvial and colluvial deposits near the floodplains of primary streams and unconsolidated
: residual soils and loess on sides and'tops of ridges. Residual soils-at NSWC Crane were derived from
the underlying sedimentary rocks of the Lower Pennsylvanian Raccoon Creek Group and the Upper
.Mississippian Stephensport and’ West Baden Groups. These soils cons'ist of clay, silt, sand, and
" fragmented and/or partially weathered'bedrock. The residual_soils developed on the ridgetops and upper
'sideslopes of the ridges were derived from the weathering of Pennsylvanian strata. The residual soils in
the lower elevations of the LSC valley were denved from the weatherlng of the MlSSISSIpplan sandstones,

limestones, and collapse fill materials.

Using the U.S. Departrnent of AAgriculture (USDA) Soil Conservation Service (SCS) sail classification
system (McElrath, 1988), the soil »atN.SWC Crane has been classified into 23 different soil series. Each
of these soil series is defined by various soil characteristics (e.g., grain size, erosion, slope, drainage,
~ parent material, depositional source, etc.) specific to each series. Within these soil series, variousAsub;'

“classes or soil map units have been defined.

. Chemlcal characteristics of soils at NSWC Crane were evaluated during a baseW|de background soils
investigation conducted by TINUS in 2001 (TtNUS 2001a). The objectlves of the mvestlgatron were to
ldentlfy and .chemically characterize soils based. on three factors: deposmonal environment, grain size,
‘and depth. A total of 16 soil types were identified and evaluated in the repon, based on combinations of .
' these three factors Four depositional environments were ldentmed at NSWC Crane based on the

- . rhapped geologic parent material: Pennsylvanian bedrock, Mlssrssrpplan bedrock, alluvium, and loess.

"Three predomlnant grain sizes (clay, silt, and sand) and two deptbs (surface and subsurface) were also
identified as factors possibly. contributing to soil chemical characteristics. Soil samples were collected to

establish representative background metals concentrations for each of the 16 soil types.
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‘The streambed material found in .LSC is composed of large boulders, cobbles,.and gravel, with small
amounts of sand and silt. '

.1.34 Groundwater Hydrology

1.3.4.1 ' Description of Aquifers and Aquitards

Groundwater in the .nonglaciated southwestern portion of Indiana is generally.contained in fractures. and
joint openings of limestone and sandstone aquifers. Aquifers are generally isolated from one another
vertically by less permeable shale and siltstone .unitsi Groundwater enters the_'aquifers -as infiltration in
. outcrop areas and flows by gravity down the dip of the strata or locally in directions controlled by the -
potentiometric gradients, which are in most cases influenced by topography and Iocatlons of stream ’

channels (i.e., groundwater discharge areas).

Based on 20 years of drilling and hydrogeological investigations in the LSC watershed (most notably in
the MTA area), the hydrostratigraphic units and hydrogeologic ‘conditions in the watershed are well
‘characterized and documented. However, because of the fractured rock units and karstic nature of the
limestone formations present in the watershed, the groundwater flow system is very complex and
thérefore, there are some uncertainties concerning the details of the flow system in localized areas at a

small scale.

Four primary aqunfers in the LSC watershed have been |dent|f|ed in the Pennsylvanlan and Upper

. MlSSISSIpplan strata:

K Pennsylvaniah eandst_ones" _

e the Haney Lir_nestone [aleo referred to as the Golconda-Haney (G’-H) aquifer]
«" the Big Clifty Sandstone/Beech Creek Limestone (BC/BC) aquifer |

‘e the Beaver Bend Limestone ' : »

' The. Pennsylvanlan sandstone aquifer is the uppermost aquifer and is present only along the tops of
ridges at elevatlons above 615 feet above msl Typically, the base of the Pennsylvaman Mansfield -
Formation is even hlgher (about 650 to 660 feet above msl). The Pennsylvaman rocks are up to 120 feet

“thick (Figures 1-7 through 1-10). The Pennsylvanian sandstone aquifer actually consists of two or more
irregular sandstone units that are commonly separated by shale, siltstone, and clay lenses and some coal -
beds The stratigraphy, lithologic characteristics, and hydraulic characteristics of the Pennsylvanian
strata of this area are dlscussed in detail by Barnhlll and Hansley (1993) Kvale and Barnhill (1994)
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Fisher (1996), and Murphy and Wade (1998a). The hydrogeologic characteristiés of'the Pennsylvanian
aquifer were also presented in the RFI report for SWMU 02 - Dye Burial Grounds (TtNUS, 2002a). This .
SWMU is located in.the far northeastern corner of the LSC watershed (Figure 1-7). The Pennsylvanian’
sandstone aqdifér3 is not present in the ABG area, OJT area, or the LSC valley floor. |

The Glen Dean_Lirnéstone s preéent beneath the Pennsylvanian aquifer in. isolated areas of the
watershed. Because of its limited presence in the watershed and its complete absence from the ABG,
OJT area, and LSC valley, it is not considered a separate aquifer unit and is not discussed further in this

report.

The -Hardinsburg- Shale is up to 50 feet thick and contains mostly shale with some low-permeability -
sandstone in the middle. This formation forms a nearly continuous, relatively impermeable barrier to

groundwatér flow between the Pennsylvanian sandstones above and the G-H Limestone below.

The G-H Limestone aquifer crops out on the sides of LSC and Johnson Hollow (Fignre f-4). This
limestone aquifer is up to 20 feet thick.” A small spring (location 02SWSDO07, Figure 1-5) located south-
‘southwest of the Dye Burial Grounds d‘ischarges groundwater from the G-H aquifer (Murphy énd Wade,
1998a; TtNUS, 2002a).

' fhé Indian Springs Shale aquitard (the 20—foot-thick upper member of the Big Clifty Formation) underlies
the G-H Limestone and- minimizes vénicall mnvement of groundwater downward. into the Big Clifty
.Sandstone through most of the watershed. In places where the Indian Springs Shale and higher strata .
have been 'femoved by post-Pennsylvanian erosion, surface re'charge' into the Big Clifty Sandstone is

- relatively rapid.

~ The Big Clifty Sandstone and the underlying Beech Creek Limestone are both permeable rock units and
are in dired hydraulic communication with one another. Tng_ether, they form the most important aquifer .
* unit in the watefshed. The porosity and permeability of the Big Clifty Sandstone are due to intergranUIar
" pore spaces and to fractnres (Le., it has both primary' and secondary permé‘ability). The Beech Creek
Limestone is véry ‘dense and well cemented; all of its permeability and pordsify are' due to vertical
fractures, bedding-plane fractures, and solution openings along the fractures. The lithology, fracture
: patterns,‘and permeabilit_y characte'ristics of the Big Clifty Sandstone and the Beech Creek Limestone are
detailed in reports by the USACE,(Hunt, 1988; Murphy and Ciocco‘,‘1990; Mnrphy, 1994) and the Indiana -
Geological Survey (Barnhill and Ambers, 1994). 'The BC/BC aquifer is exposed near the ground surface
in the éastern half of the ABG, down along the LSC valley, andfin the lower elevation of Johnson Hollow

(Figure 1-4). Beneath the ridges, the aquifer is approximately 60 feet thick and fracture flow is dominant
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in the limestone. Solution openings and cavities become Iarger and hydraulically more significant close to
the stream valleys where conduit systems in the limestone have developed Starting in the eastern half of
the ABG and continuing down the LSC valley to the facility property line, the solutioning of the Beech
Creek Limestone was so extensive that the overlying limestone has collapsed in the geologlc past and
'the Big Clifty Sandstone has collapsed with it. The collapsed zones extend down the centers of the LSC
valley and Johnson Hollow, are permeable, and form a hydraulic contlnuum with the BC/BC aquifer on’

- both sides of the valleys {e.g., Figures 1-5 through 1- 10)

The Elwren, Sample, and Reelsville Formations lie beneath the BC/BC aquifer and have a combined.
thickness of about 75 feet: The permeability of the shales in these formations is so low that a significant
hydraulic head ditference (about 46 feet) exists between the BC/BC aquifer above and the Beaver Bend
Limestone aquifer below. (Baedke, 1998). The chemistry of the groundwater in the BC/BC and Beaver -
Bend aquifers is also significantly different (Baedke 1998). : Based on the geological, hydrogeological,
and geochemlcal evidence mentioned above and on prevrous reports, the hydrological separation of the
BC/BC aqurfer from lower strata in the LSC watershed appears to be srgmfrcant Groundwater flows
laterally through the BC/BC aquifer on top of the Elwren Shale and discharges as sprlngs along the valley

bottoms where this aqurfer is'exposed.

. The Beaver Bend erestone forms an |mportant aqurfer below the Elwren- -Sample-Reelsville aquiclude.
The Beaver Bend aquifer is about 12 feet thlck Five monltonng wells and one groundwater production
well have been drilled and screened in the Beaver Bend aquifer, all within the ABG area. Groundwater
samples ‘collected from the momtorrng wells in 1987 through 1992 have shown minor contamination by
TCE and the explosrve compound RDX (Murphy, 1994). However, a groundwater sample collected from -
the ABG "Break Room Water Well" (Figure-1-5) in 1999 showed the groundwater in the Beaver. Bend
.aquifer_did not .contain detectable concentrations of RDX or TCE or any other organic contaminants_
(TtNUS, 2000). . Because of its depth, hydraulic isolation, and lack of- significant contamination, this
aquifer unit is not discussed further in this report.

Karst System Monitorino.

As indicated earlier in this section, part of the ABG is- underlarn by a karst system Several studies of the

karst system have been conducted by the USACE Waten/vays Experiment Station (WES) and the Indiana
| University Department of Geological Sciences. Additional information regardmg the behavior-of the karst
- system was obtained from a thesis that was prepared by Stephen J. Baedke a graduate student at
Indiana University. ‘The presumed locations of the karst system in the LSC watershed are shown in
_Figure 1-12. ' |
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As discussed above, there are three aquifers present at the ABG. One aquifer is a karst system. Karst
. systems'show both temporal and spatial variation between difuse-type and coknduit-type groundw'ater
flow. From highest to lowest, the. three ‘aquifer systems present at the ABG are the G-H aquifer, the
Beech Creek aquifer, and the Beaver Bend aquifer. Of the threeequifers, the Beech Creek aquifer is the

* karst system.

‘Karst parameters, including pH, Ca®*, Mg®*, Na*, K*, HCO3', SO,2, and CI', are being measured within the °
Beech Creek aquifter to monitor the behavior-of the karst system at the MTA to determine if there are any
changes in the behavior of the aquifers present at the ABG. If the behavior of the aquifer sySte"m

' changes, evaluations will be conducted of the necessity for changes in the current monitoring system.

. 1'.3.4".2 ‘Hydraulic ‘Prop‘erties of the Aquifers

Most of the bedrock units (including the limestone aquifers) are well cemented and have relatively low

values of intergranular porosity énd permeability (Barnhill and Ambers, 1994; Fisher, 1996). The

o Pennsyivanian sandstone and the Big Clifty Sandstone aquifers are exceptions. They do have moderate. .

values of intergranular porosity and permeability Most of the-overall porosity and permeability present in
the aqwfers are due to vertical fractures beddlng plane fractures solution openings in the limestones,
- and large openings where the BC BC aquufer has collapsed along the bottom of the LSC valley and
Johnson Hollow: '

. Slug tests and pumping tests have .been performed in numerous monitoring wells in the ABG and Dye
" Burial Grouhd_(DBG)_by the USACE (Murphy, 1995) and the Indiana GeQIogicaI Survey (Fisher, 1996).
. Low-flow pumping tests were performed in rnonitoring wells- within the OJT area for the OJT-LSC RFI
(TINUS, 2002b) Results of all these tests are summarized in Table 1-2. Based on 11 slug tests
: performed in the DBG area, the hydraulic conductlvmes of the Pennsylvanlan sandstones are moderate
to low; they range from 1.0 x 10r up to 0.94 feet/day (Table 1-2). One pumping test performed in the G-H L
aquifer also yielded a relatively low value of hydraulic conductivity (0.24 feet/day). Pumping tests and
low-flow purge tests conduc_te'd in the Big Clifty Sandstone, Beech Creek Limestone, and the collapse .
~ breccia material have yielded Vhydraullic' conductivity values that are slightly higher than thcse measured
for the upper aquers Based on the results of 25 tests, the calculated hydraullc conductivity values for
. the BC-BC aquifer ranged from 0.06 up to 44.5 feet/day (Table 1-2). The lowest value was.determined-
-for well 03C30 which is located in the MTA." The highest value was determmed for wells 03C09P2 and

03C15, which are also screened in the Beech Creek Limestone in the MTA. These test results reflect the

-.low to moderate permeabilities that are present in the fractured rock and brecciated Acollaps’e materials,
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but not- |n the rock that contains open cavities and solution channels. Well 03-24 is screened in

competent limestone and does contain solution cavmes

The solutlon openings and cavities in the Beech Creek Limestone have formed groundwater condunts that
roughly trend north to south on both sides of the LSC valley (Figure 1-12). These conduit systems-have
been mvestlgat_ed extensively by the USACE (Murphy and Ciocco, 1990; Murphy, 1994, May et al., 2002)
- and lndian’a University (Baedke 1998; Krothe, 2002). Based on the results of dye tracer studies,
groundwater enters these karst conduits, whtch allow rapid flow of groundwater southward roughly
parallel to LSC, but in the valley walls where the BC-BC aquifer has not collapsed. The hydraulic
conductivity values of these conduits are extremely large and cannot be. measured using standard field
methods. These conduits and conduit outlets (i.e., springs) along the valley walls south of the OJT area

) Vare discussed below.

During- recent investigations in 2004, low-flow purge data collected during the sampling of 23 monitoring

wells were used to estimate hydraulrc conductrvrty values throughout the MTA. The estimated hydraulic

-conductnvrty values for the BC- BC aquifer are listed |n Table 1-2 and are contoured in Figure 1-13. ltis

already known that monltonng well 03C02P2 intersects a karst conduit which drains directly southward to
Springs A and A’. This monitoring well is located on the east side of the MTA. A hydraulic conductivity

‘value could not be calculated for this well. Surprislngly, other wells on the eastern side of the MTA

yielded hydraulic conductivity values which ranged from 0.07 to 2.96 feet/day. The highest hydrautic -
conductivity values determlned for the BC- BC aqu;fer were found on the north srde of the MTA in

monitoring wells 03C09P2, 03-01; 03-38, and 03-39, and on the west side of the MTA in monltorrng well
03C15 (Figure 1-13). Hydraulic conductivities. estimated for these five monitoring wells ranged from 23 to

45 feet/day. It is assumed that the areas of higher hydraulic conductivity shown-on Figure 1-13 contain

fractures and karst conduits and are in some way Imked to the main karst condurt located on the east srde :

- of the MTA near well 03C02P2.
' 1.3.4.3  Groundwater Flow Directions

In general, the shallow groundwater flow patterns mimic topography; higheSt groundwater elevations are
typically found along ridge crests, and groundwater flow is toward the major stream or tributary valleys.
. Recharge to the shallow groundwater system generally occurs over most of the uplands and sideslopés.
Groundwater moves downward and then laterally, where it drscharges to the deeper stream valleys as

springs, seeps, ‘and baseflow.’
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A total of four aquifers”are present in the LSC watershed, consisting primartly of sandstone and
limestone. These aquifers are separated by shale and siltstone aquitards. The upper aquifers, which
include the .Pennsylvanian sandstones and the G-H Limestone, are exposed in outcrops on the upper
hillsides surrounding the MTA, OJT area, and LSC valley bottom. The"G-H limestone is underlain by the
- Indian Springs Shale. Groundwater in the G-H 'aquifer is prevented from.seeping downward__ into the
. BC-BC aquifer_by'the intervening Indian Springs Shale. Instead,v perched groundwater in the G-H aquifer
flows on top of the shale toward nearby outcrops. In the northeastern po"rtion of the watershed (by the
DBG), groundwater in the G-H aquifer is generally flowing southwest toward an unnamed tri'butary of LSC
(TtNUS 2002).: The aquifer also dips to the southwest. A small spring located southwest of the DBG
(northeast of the MTA) is a discharge pomt for the G-H aqurfer where the aquifer crops out on the
hillside. In the MTA area, groundwater in the G-H aquifer is generally flowing inward toward the MTA
from the northern, western, and southern sides (Hunt, 1988; Murphy, 1994 Duwelius -et al., 1995). When
the gr_oundwater reaches the cropline of this aquifer (see Figure 1»-14), the groundwater is apparently ‘
- seeping near the ground eurface through residual soils and weathered shale until it reaches the‘cropline
of the Big Clifty. Sandstone.” There, it infiltrates into the Big Clifty Sandstone. No visible surface seeps or

) .. springs have been reported emanating from the G-H aqurfer in the vrcrnrty of the MTA.

The next lower aquifer, the BC-BC aqutfer has the most monitoring wells screened in it and more effort
~ has gone into charactenzmg the hydrogeology of ‘this aqurfer than any of the other three aqurfers The
"BC-BC aqurfer has been studied the most because:.

» ltlies directly under the MTA and OJT treatment-areas.
e . It is the .aquifer where the highest. concentratlons of contaminants have been detected durmg
o previous investigations.

o - It contains the-conduits th_at feed the majority ofvsprings and baseflow in LSC. .

Potentlometnc surface maps for the .BC-BC aqurfer in the LSC watershed have been presented in.
) prevrous reports (Murphy and Ciocco, 1990; Murphy, 1994) In general the hlghest groundwater
, elevations (560 to 565 feet above msl) in this aquifer ‘were found at the northern end of the LSC
watershed (north of the' MTA and in the vicinity of the DBG). Groundwater was generally flowing from
:north to south' in the watershed, and flow direction was also inward toward Little Sulphur Creek (i.e.,'.from
the penmeter of the watershed in toward the creek and Johnson Hollow) The elevation where
groundwater dlscharges from Spring C was about 530 feet above msl. The |owesttgro'undwater
-“elevations (about 510 to 515 feet above msl) were recorded at the southern end of the watershed at
Spring A and well 03B10. A comprehensive set of elevations was ‘measured on June 12 and 13, 2002 .
and on April 24 and 25, 2004. T_able 1-3.lists all the knownwell's and stream gaging locations in the . |
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C watershed, physical characteristics of each well, and the spatial coordinates and reference elevations for -

~ each location. Water levels were measured in a total of 120 monitoring wells and at four stream gage
locations in-June 2002 and 118 monitoring wells and two stream gage locations in April 2004. A total of
v64 monitoring wells are screened in the Big Clifty Sandstone, Beech Creek Limestone, or the collapse

breccia material along LSC. The water levels measured in these 64 wells, along with-the water levels of

three stream-gage locations, were used to map the potentiometric surface in the BC/BC aquifer. These “

water levels and potentiometric contours are presented in Figure 1-12. This Figure shows the highest

~ groundwater elevatlon (577.59 feet amsl) was measured in the DBG (well 02C20) at the northeast end of

the watershed. The Iowest elevations (511 to 51 feet amsl) were measured at the southern end of the
. watershed, close to LSC (welis 03B10 and 03C37 and Spring A). The wells in the MTA area had

groundwater levels of 543 to 560 feet amsl. Wells in the OJT area had water levels ranging from 535 to

543 feet amsl. vThe- groundwater potentiometric map, based on the June 2002 set of measurements,
shows that groundwater flow is from north to south and from the perimeter of the watershed toward the
stream (Figure 1-12). These groundwater flow directions are very similar to those observed in previous
'sets of water-level measurements (e.g., Murphy; 1994) In the smaller area surroundlng the OJT study
site, however a localized flow system in the BC- BC/breccra zone aquifer is contrary to the overall flow
system for the watershed described above. Measurements of groundwater elevations at OJT in the past
(Murphy and Ciocco, 1990; Murphy, 1996) and measurements made during the latest CMS investigation
show that a groundWaterfridge runs from the northwest to the southeast beneath LSC. The groundwater
elevations measured in June and September 2001 and April 2004 are Iisted in Table 1-4. FigUre 1-15
shows the potentiometric contours. ,Potentiometric_ contours indicate that groundwater is flowing away

from this ridge under the streambed toward the northeast and the southwest.

- As stated in prevrous investigations, LSC is a Iosrng stream between ABG and OJT and probably :

southward toward Spring C. In this section of the watershed the streambed is usualiy dry and

groundwater is flowing either through the breccia zone materials parallel to the stream (i.e., underflow).or

it is flowing back into the bedrock valley wall, as is suggested by Figure 1-12. These localized flow
directions (| e., away from the Creek- toward the northeast and southwest) are in contrast to. the overall

* watershed flow directions, which are toward the stream valley (Figure .1-15). The apparent contradiction

in ﬂow directions can be explained, however by the presence of karst conduits that run in a north-south

direction-on both sides of the stream valley. The approximate locations of these karst groundwater'

vcondmts are shown on Figure 1-12. ‘The majority of groundwater in the OJT area is likely rowrng toward

the karst conduits. In June 2001, there were relatively large horizontal hydraulic gradients toward the

i northeast (0.0219 foot/foot between wells 03-07 and 03-24) and southwest (0.0414 toot/foot between

~wells 03-07 and 03-17). In September 2001, the gradients were much lower (0.0253 foot/foot toward the
northeast and 0.00684 foot/foot toward the southwest).
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| Groundwater'in the BC'-BC aquifer and the conduits eventually Adischarge back into the stream at springs
A A, BC smaller springs, and diffuse seepage through the streambed. All this discharge occurs at -
Spring C and south of Spring C, where the top of the Eiwren Shale intersects the streambed and LSC
becomes a gaining stream (i.e., flow of water is from the ground into the stream). LSC becomes a
perennial stream at Spring C, where the flow- of groundwater to the stream is suffrcnent to maintain flow in

the stream continuously. More detalls regardlng the conduits and sprlngs are presented below.

The Beaver Bend limestone is 10 to 12 feet thick and comprises the lowest aquifer that has been
investigated in this watershed. Five monitonng wells in the MTA area are screened i in the Beaver Bend
Limestone. Based on data from ‘these five wells, the Beaver Bend is fully saturated and flowing
southward at a very ‘gentle gradient (Murphy, 1994).- The Beaver Bend is consrdered to be isolated .
hydraullcally from the BC-BC aqurfer above, based on the followrng

e - The thickness (approxmately 70 feet) and low.permeability of the lntervening Elwren Reelsville-
~ Sample aquiclude.

¢ The large hydraulic head difference (approximately 46 feet) that exists between the two aquiférs.

e The large difference in basic chemical composition of ground waters that have'been_found in the two
aquifers.: The groundwater in the BC-BC aq’uifer’contains mostly ealcium, magnesium, bicarbonate, '
- and some sulfaté as its pnmary ions. However the Beaver Bend groundwater clearly has a sodium

and blcarbonate composmon (Baedke 1998).

" 1.3.4.4  Dye Tracer Studies

During early groundwater investigations in the LSC watershed, the investigators (Hunt, 1988; Murphy and
Ciocco, 1990) surmised that springs at.the southern end of the watershed were linked to karst conduits’
: originating to the north.” Several dye tracer studies have been performed in order to study the pathways
in these conduits and the velocity of travel. The first dye tracer investigation was performed by Murphy
. and Ciocco (1990) They placed one gallon of fluorescein dye solution into well 03CO2P2 at 10:35 a. m. -
.-on January 20, 1990. Approxnmately 1,200 gallons of water were added to the well during the next
60 minutes [about 20 gallons per minute (gpm)] The well accepted the water without overﬂownng Two
gallons of Direct Yellow 96 dye and Phorwrite AR mixture were added to well 03003P2 at 12:25 p.m.,
‘also on-January 20, 1990. About 500 gallons of water were added to this well at a rate of about 7 gpm.

The rate of water addition in this well was Iess in order to prevent overflowing. Light rain occurred on
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 January 19, preceding the tests; and on January 20, during the tests. Thus, the stream flow and epri‘ng
flows were above average during the testihg. ‘The fluorescein dye appeared in springs A end A’ over a
period of 5 to 28 hours after injection. - The. dye persisted in these two springs for at least five days
following injection. Based on a mean travel tirne of 16 hours and a‘ssurning.a sinuous travel distance of
about 8,000 feet, Murphy and Ciocco (1990) estimated' a groundwater velocity of approXimetely 500 feet
per hour through the conduit system. They detected a weak but inconclusive presence of dye in Springs '

B and C and in eprings located north of ABG in another watershed..- They attributed these weak:

" detections possibly to background coloration of the water. Based on these results, it was clear that the

- ABG was directly linked to a karst conduit eystem that‘trensfers water from the ABG south to Springs A
and A’ through the Beech Creek Limestone. The Dlrect Yellow 96 dye and’ Phorwrite AR were not

detected in dny of wells or springs monitored.

Indiana University initiated a second tracer test on the western side of LSC on May 3, 1997 (B_aedke,
1998). Between 12:32 PM and 12:59 PM, 1.6 kg of Fthodamine WT dye and 18.3 kg of bromide ion we’re '
| “added to well 03C02P2 At-1:04 PM, 1.6 kg of eosin dye was injected into well 03C10. The sprmgs and
the stream were at relatively high flow rates because 2.5 inches of.rain fell the prewous day. Rhodamine -
WT dye was visually detected at springs A and A’ at 8:00 PM, 7.5 hours after,r,njectron at ABG. The
: bromide tracer appeared ‘at the same time as the. Rhodamine WT. . Baedke (1998) ¢alculated a travel
.veloc':ity of 938 feet oer hour between well 03C02P2 and Spring: A, which is faster than the yetocity
calculated by Murphy and Ciocco (1990). Although the Rhodamine WT was detected. at these two
springs up to four days after injection, the bromide tracer dissipated quickly (wnthln 14 hours), presumably
because the bromlde lon does not sorb and is therefore flushed from the conduit system more quickly.
' Rhodamlne WT was not detected during the entire test period in any other springs that were monitored.
“Eosin was not detected at all, even in spnngs Aand A’ Therefore it does not appear that the portion of
the BC-BC aquifer located near well 03C10 is directly connected to the conduit system feedlng springs A
and A’

On October 11, 2000, Rhodamlne WT dye was again mjected into weII 03C02P2, but the flow rates. in the
stream and the springs were relatlvely Iow during this test (Krothe, 2002). Monrtorlng showed that the -
dye took 18.5 hours to travel from the well to Spnngs A and A’. The peak of dye arnved 28 hours after .

injection. Thus the travel velocity was slower dunng dry weather conditions.

* Previous dye tracer tests all showed that the ABG area does not seem to be hydraulically connected to
Spring C, which is a major spring located on the eastern side of the creek, downstream of the OJT area.
Groundwater elevations indicate a flow direction from the OJT burn p'its to the east-northeast toward well

" 03-24 (Figure 1-15). The geologic log for well 03-24 (see Figure 1-6) shows solution cavities in the
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limestone interceptedfby- the well screen. If was hypothesized that these solution channels might be
linked to a condu.it system that leads southward to Spring C, which is separate ‘from'- but analogous to the -
conduit system Ainvestigated previously on the western side of the creek. Two dye tracer tests have been '
'performed recently.on the eastern side of LSC to determine whether there is a link between the OJT area:
and Spring C (Jock and Krothe, 2002 and'Hydro'geology,‘Inc., 2005). Fluorescein dye was inj'ected‘into
well 03-24 on May 24, 2002 The dye was first detected in Spri’ng C 17 hours after injection. The dye
’ concentratlon peaked 28 to 38 hours after injection and dissipated 58 hours after injection. A second dye
tracer test was conducted on December 2, 2004, using monitoring well 03-24 as the injection pomt and
Springs A and C as monitoring pomts This test resulted in 108 percent of the dye being recovered at
Spring C. No dye was recovered at Spring A. Thus, the OJT area is linked to the Spring C. conduit
~system.in the vicinity of well 03-24. However this conduit system does not seem to be as well
developed, and travel velocities are not as fast as the conduit system on the western side of-: the creek-

feeding Springs A and A’.

1.3.4.5 Groundwater Discharge and Springs

As stated in Section 1.3.5.1, the BC-BC aquifer discharges to the ground'surface from both sides of the
valley via numerous springs and baseflow in LSC downstream of Spring C. These sp'rings, and baseflow
are forced to the ground surface because; at this point in the watershed, the stream’ has incised down to
A the underlying Elwren Shale. Springs A, A B, and C are t.he largest in this watershed'- area. The
locations of these springs are shown on Figures 1-2 and 1-12." Springs A,-A’, and B are located ori the
western side of the valley, approxirrrately ‘6,000 to 6,800 feet south of the ABG. Spring C is Iocated on
the eastern side of the creek, about 2,000 feet south of the OJT area. Presumably, Springs A, A’, and B
are draining the portion of the BC-BC aqurfer west of the creek, and Spring C is dralnlng the aquifer
'posmoned on the east srde of the creek. These springs flow year round; however flow rates fluctuate
rapidly due to rainstorm or large snowmelt events. - Flow rates of Sprmgs A and C were measured

continuously in March and April 1996 (see Figure 1-16).

‘As shown in Flgure 1-16, the flow rates of the two sprlngs rose rapldly in response to rain events and
declined fairly rapidly within a few days. The peak flows |n these two sprmgs dunng the 2-month time
period were approximately 10,000 gpm, or 22.3 cubic feet per second (ft%s). It has been noted in
previous reports (e.g., Hunt, 1988; Murphy and Ciocco, 1990) that the soringsA become turbid during high
~ “flow events and then clear up and retum to normal flow within a day or two after.a storm event. The
flashiness of the spring flows and the fact that the discharge becomes turbid during a storm indicate that
the springs are linked to conduit systems that take surface recharge and transfer it through the conduit
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systems quickly. The suspended solids contained in the discharge waters likely come from the areas of

recharge and gradually move through the conduit system, primarily during storm events.

1.35 Surface Hydrology

The surface drarnage at NSWC Crane has formed a dense, dendritic pattern throughout the installation.
Most of the major streams flow in a general southward or southwestward direction. Seven primary creeks
in five drainage basins carry surface water off the installation, where they eventually drain lnto the East
Fork of the White River and then to the Wabash River to the southwest. Flgure 1-17 shows the main
: drarnage basins of NSWC Crane. The OJT study area lies within the Sulphur Creek drarnage basin. The .
Sulphur Creek basin drains roughly 30 percent of NWSC. Crane

LSC is a tributary of Sulphur Creek and‘is approxirnately 4.6 miles long from its northernmost headwaters
‘o its intersection with Sulphur Creek south of the installation. The‘ creek consists of a north and.a south
fork from the headwaters to approximately the center of the MTA (Figure 1-12). From the MTA, a single
channel meanders south-southeastward a dlstance of approxrmately 0.5 mile to the OJT area and then
continues another 0.6 mile untll it reaches the installation boundary Several intermittent trrbutarles
drscharge into LSC-from both sides of the stream, including the Johnson Hollow tributary, whlch intersects
with LSC near the NSWC Crane boundary. - The DBG (SWMU 02) are located north of the OJT, and
- surface drainage from this site enters eeveral ephemeral_ gullies, whioh drain into'LSC between MTA and
OJT.

The LSC channel is usually dry northA(upstream') of Spring C. During dry periods of summer and fall the
- flow rate in the creek between Springs C and A is typically less than about'50 gpm. Downstream of
where the drscharge from Spring A enters the creek, the dry weather flow in the creek is typically greater '
than 100 gpm. Flow rates in the creek were visually estimated on June 19 2001. The flow estimate for
03SG05 was about 20 gpm. Downstream of Sprrng A at 03SGO06, the flow rate in the creek can increase
" by two to three orders of magnitude, due in Iarge part to the rapid increases in the flow rates of the’

springs along the creek.
From the lnstallation' boundary, LSC flows southward about two miles- before it enters Sulphur Creek.

‘ Sulphur Creek then flows southward and empties into Indian Creek which drains into the East Fork of the
~ White River and then southwestward |nto the Wabash River. ’
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14 . CONTAMINANT TRANSPORT/MIGRATION
1.4.1 Surface Pathways

Surface water runofr from the MTA and. the OJT-area enters LSC. During significant rainfall and
snowmelt e\rents thése‘intermittent flows may be transporting some soil and dissolved materials into the
| stream. However, the land surface near the watenNays in the MTA is now revegetated with grasses and
the ‘OJT is heavily overgrown with trees, brush and grass, because it has not been used for waste
treatment activities for nearly two decades. All treatment operations now -take place on containment
- facilities of the MTA. Thus, current overland migratior-r of soilé and dissolved materials from the MTA and

| oJT treatment areas is no longer a significant source of contamination. -
In the past, treatment operations took place directly on the ground surface directly,contaminati'ng the
‘ground.' The g‘round was highly erodable because it was kept.devoid of vegetation. Therefore, erosion of

contaminated surface soil was a likely contamination transport pathway.

1.4.2 -Erosion and Sedirnent Transport

"In the past, the MTA was maintained to be devoid of vegetatibn to minimize the risk of fires during operr
‘burning, treatments. In addition, prior to the constructlon ‘and use of burn pans for open burnrng
operations, explosrves and propellants and materlals contamlnated with explosives and propeliants were-

_spread on the ground or pads and ignited. During precipitation events, MTA contaminated surface s0|l

~ eroded into LSC. However, as noted above, erosion of contaminatéd soil is no longer a significant source_. '

of contamination.

. 1.4.3  Contaminant Mig_ration via Grourﬂwaier Pathway

The western part of the MTA area lies over the G-H aqurfer Contammated groundwater in the G- H flows
eastward untrl it reachés the area where the' Indian Springs Shale is absent. It then moves  downward
and enters the BC/BC aquifer flow system. Based on several dye tracer studies, there is a si'gnificant"
karst conduit system on the western side of the creek that rapidly -conducts groundwater from-the MTA
southward to Sprlngs A and A’ within the . Karst system S|gn|f|cant dilution of the contaminated

L :groundwater occurs.
Based on the potentiometric surface map for the BC/BC aquifer (F'igure‘ 1-12), groundwater within the

OJT area is also flowing east-southeastward within the collapse breccia material toward the OJT area.
Such a flow pathway could affect groundwarter quality -along the LSC valley near the OJT. Thus,

090406/P . " 123 - ‘ CTO 0311



NSWC Crane

" CSM/Field Work Report *

Revision: 0

Date: February 2005
~ Section: 1

Page 24 of 41

contaminants migrating through this second conduit system located on the eastern side of the creek are

being greafly diluted with other.nonoontaminated groundwater, and then discharges from Spr_ing C into
LsC . . ‘ .

The watershed potentiometric map for the BC/BC aquifer (Figure 1-12) shows that the regional flow of

groundwater is toward the south and inward toward the creek. Springs-A, A’, B, and C, smaller springs
and seeps a'long the LSC banks, and seepage directly up through the creekbed all contribute
groundwater to the creek downstream of Spring C. This is where the creek first becomes a perennial

stream. There is étrong evidence that none of the contaminated groundwater in the BC/BC aquifer is

- migrating downward into the Beaver Bend aquifer or is flowing laterally beneath the ridges into another

watershed (i.e., cross-valley flow). The Beaver Bend aquifer consists of Beaver Bend Iimesfone‘. ftis a

confined aquifer overtaid with 70 feet of Elwren and Sample shales.. Hydraulic heads in this aquifer are

50 to 60 feet above the top of the aquifer and-33 to 47 feet below the heads in the overlying Beech Creek

aquifer. the extreme'differences in hydraulic head and the presence of a thick shale between these two -

aquifers show that there is no hydrologic connection between these two aquifers.” This is supported by
the prevalent chemical character of groundwater in this aquifer which is Na -HCOg. The chemistry of
groundwater from the Beaver Bend aquifer is distinctly different from the other aqurfers (TtNUS, 1999b).

All surface water, sedlments and groundwater leaving the MTA and OJT areas eventually enter LSC. All

soils, sedlment and dissolved matenals that do migrate out of the ABG and OJT areas via surface water,’

sedrment or groundwater also eventually end up in LSC.

A hrgh percentage of the LSC. watershed on NSWC Crane property is wooded and relatlvely pristine (i.e.,”

-not contaminated). The fact that numerous tributaries, springs, and seeps dram the “clean” areas causes
- rapid dilution of contaminants during transit in the stream water, stream sediments, and groundwater

. within the watershed. Based on previous monitoring -of the springs and stream water; the concentrations

of contammatron in water at the southern end of the watershed are very low, due in part to the amount of

. dilution that occurs while surface water and groundwater are in transit.

15 NATURE ANb EXTENT OF CONTAMINATION

" 1.5.1 Contaminants of Concern

Based on prior field investigations discussed below, the explosives hexahydro-1,3,5-trinitro-1,3,5-triazine
(RDX), 2,4,6-trinitrotoluene (TNT), and octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX) (to a lesser

extent), and volatile organic compounds (VOCs) [trichloroethylene (TCE) primarily] have been identified

as chemicals of concern (COCs) for the’ABG and OJT areas. .
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'1.5.2 - Description of Investigations and Characterizations ,
1521  MTA
1.5.2.1.1  Soil

1.5.2.1.1.1 Army Corp Phase ll Study

- In 1993, the USACE collected 33 Asurface soil grab samples, and subsurface soil samples collected from.
32 soil borings scattered across the ABG (Albertson et al., 1998). Samples were taken from depths of 1
to 30 inches (surfa(Se), 30to 6A0 inches, and 60 to 90 inches (sample locations are shown: on Figure 1-18).
.The soil samples. were analyzed for- explosive compounds,_ ‘VOCs, semivolatile organic compounds

A(SVOCS), and metals. Analytical results for this study. are provided in Appendix A.

The results of the soil ahalyses showed that VOCs were present in only a few locations and only minor
. concentrations: were typically detected (Albertson ‘et ‘al 1998). Maximum concentrations of TCE,
cis-1 2 drchloroethene (DCE), and trans-1,2-DCE were 0.2, 2.3, and 0.29 mg/kg, respectwely, all of these -
‘maximums occurred in boring 03/10-17 for the 30 to 60 inch depth range

HMX, RDX, trinitrobenzene TNT, 2,4- dinitrotoluene (DNT), 2,6-DNT, 2-amirio-DNT (ADNT) ‘and 4ADNT
j were detected in the surface and subsurface ABG soils. RDX and TNT occurred at several samples at
" ,concentratrons greater than 1 000 mg/kg, and HMX. occurred in concentratlons greater than 200 mg/kg
. ‘The remaining energetic compounds had maX|mum concentrations generally less than 100 mg/kg.
Higher concentrations of these explosive compounds seemed to occur at depths of 0 to 60 inches- [0 to
5 feet below ground surface (bgs)] However, only seven samples were collected ata depth greater than
60 inches, so conclusions regardlng the presence of energetic compounds in the deeper soils are limited.
Locations where the highest concentrations of energetic compounds were detected mclude surface grab
. sample 03/10-61 and bonng 03/10-35 for the 60 to 90 inch depth range

1:5.2.1.1.2 TtNUS CMS Field Investigation

A fleld mvestlgatlon was conducted by Tetra Tech NUS Inc. (TtNUS) at the MTA in April 2004 in an effort‘
to fill data gaps in support of developing the conceptual site model. Detailed information mcludrng
documentation regarding the field investigation'is,'presented in Section 2.0. Figure 1-18 includes the

locations of the 67 soil borings that were completed within the ABG MTA during this investigation. Al soil |
samples were analyzed for explosives. Selected soil'samples were analyzed for VOCs, RDX degradation
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- products, target analyte list (TAL) metals, total organic carbon (TOC), pH, and cation exchange capac‘ity
(CEC). Sample depths were generally ,taken'frot’n 0 to 2 feet, 2 to 6 feet, 6 to 10 feet, and 10 to 14 feet'or
until- refusal. Table 1-5.provides a list of the samples that were collected, samcte depths, .and the
.analyses that were conducted on those samples Eight soil 'samples (see Table 1-5) were also collected
and analyzed for geochemical properties (TOC CEC, and pH). Analyt|cal results showmg positive hits |n

A surface and subsurface soil are provided in Append|x A '

(All target explosives were detected "attleast once in all surface soil samples. HoWever_, the most
' freAquently detected Aexplosives' were RDx; HMX and 2, 4, 6-trinitrotoluene. Most detections' of explosives
were less than 1.0 milligrams per kilogram (mg/kg). With the 'excebtion of 2,4-dinitrotoluene, maximum
- explosive concentrations were all detected at 03SB120, which is the location of the former pink water
tanks. The maximum 'in soil concentrations. of HMX, RDX, and TNT were 1,100, 660, and 400 mg/kg,
respectively, at 03SB120. HMX concentrations at sample locations 03SS088, 03SS119, and 0388120,
were above the sdil to groundwater soil screentng level (SSL) level of 52.6 mg/kg. RDX concentrations at

~ “locations 0355080, 0355107, 0355109, 0355119, and 03SS120 were all above the RDX SSL of 0.004
- ‘mg/kg. TNT concentrations at surface soil locations 0385050, 0388075 0388079 0388088 0388108
03SS119, and 0355120 were all above the TNT SSL of 0.011 mg/kg

In subsurface 'sandbles .six  of the 11 target exploswes were detected (HMX RDX TNT,
V_1 3 5- tnmtrotoluene .2-6-DBT, and 4ADNT). - Concentrations of 1,3, 5-tr|n|trotoluene 2.6- DNT and 4ADNT
were all less than 1.0 mg/kg The maximum concentrations of HMX, RDX, and TNT were 16, 2.1, and
" 45.0 mglkg, respectlvely " The maximum concentrations of HMX, RDX, and TNT were detected in sonl

© borings 03SB119, 03SB120, and 03SB079, respectively. None of the positive detections of HMX in
subsurface scil were above the 52.6 mg/kg SSL. Positive detections of RDX at soil borings 03SB061,-
'03SB080, 03SB119, and 03SB120 at soil levels of 2 to 6 feet and 10 to 14 feet were all above the RDX
‘SSL (0.004 mg/kg). TNT concentrations at soil bonngs 03SB079 (10 to 14 feet) and 0388088 (210
6 feet) exceeded the TNT SSL of 0.011 mg/kg

Surface sdil samples .were not analyzed for TCE‘ Positive detections of TCE in five subsurface soil
samples exceeded the TCE SSL of 0.057 mg/kg. The maximum TCE concentration was 19 mg/kg at :
03SB061 within the 2 to 6 foot interval. A TCE concentration of 2.3 mg/kg was detecte_d in the 6 to
10 foot interval from the same soil borlng' TCE concentrations in the 6 to 10 foot interval at both
03SB103 and 03SB112 were 0.33 and 0 57 mg/kg, respectlvely The 10 to 14 foot interval sample from
soil boring 03881 02 detected aTCE concentratlon of 8. 6 mg/kg. ‘
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A sumrnary of descriptive statistics for ABG surface and subsurface soil samples is presented in Tables
1-6and 1-7. ‘ ' '

1.5.2.1.2 Groundwater
1.5.2.1.2.1 USACE Phase Il Ground Water Release Study and NSWC Crane Quarterly Monitoring

About 150 monitoring wells exist at the ABG énd ABG vicinity. The majority of the wells at the ABG and
the LSC watershed are screened in the BC/BC aqurfer. These wells were sampled sporadically between
1987 and 1993 (Murphy, 1994). "As part of RCRA .q'uarterly monitoring at selected ABG wells, 12 Beech.
Creek monitoring wells have been sampled between 8 and 20 times since the fall of 199_8. -The samples
have been analyzed for inorganics, VOCs, and explosives. A_nalyticél results for this study are proyided
“in Appendix A.. | ‘ . |

The prlmary contamlnants in groundwater at the ABG. mclude TCE and RDX. The hlghest TCE,

. concentrations were detected as follows

o The 3rd Quarter of the 2000 groundwater samplmg repor’ted results of 4,500 micrograms per liter
" (ug/L) for well 03C20. '

e The 2nd quarter of the 2000 groundwater sampling reported results of 2, 500 ug/L for well 03C11.

. The October 24, 1988 groundwater samplrng result was 640 pg/L for well 03C1 5. ‘

e The April 25, 1988 groundwater sampling-result was 321 pg/L for well 03C0O3P2..

* . The highest RDX concentrations were detected as follows:

.o The April 25, 1988 groundwater sampling result was 709 p'g/L' for wéll,03'003l.3‘2.
. Thé 3rd Quarter of the 1990 groundwater sampli‘ng.; reported results of 400 ug/L for well 03C04.
e The 3rd Quarter of the 1990 groundwater §a'mpling reponed' resuilts' of 400 ng/L for well 03005.‘
e The July 16, 1989 groundwater sampling result was 300 pg/L for well 03C08P2.
. The 1st Qua‘rter of the 2004 grOund\rvater sampling rep_orted results of 270 pg/L for well 03C20. -

1.5.2.1.2.2 TINUS CMS Field Investigation

The field irrvestigation conducted by TINUS at the MTA in April 2004 also included the collection of
" groundwater samples. Detailed information regarding the collection of the groundwater samples is

presented in Section 2.0. Figore 1-19 presents the locations of the 26 monitoring WGIIS that were
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sampled at the MTA during this investigation. " All groundwater samples were analyzed for explosives,

VOCs, and metals. Selected samples were also analyzed for perchlorates. In the case of metals,

unfiltered samples were analyzed for total metals. If the turbidity of a sample was greater than

tO nephelometric turbidity units (NTUs), a filtered sample was collected and analyied for dissolved

metals. Table 1-8 presents a summary of the grodndwater samples that were collected and the analysis .

performed on each sample. Analytical results showing positive hits in groundwater are. provided in

Appendix A

" The'most frequently detected explosives in groundwater at the MTA were HMX and RDX Better than
80 percent of the positive detections were greater than 1 Hg/k. The maximum detected concentratlons of

.RDX and HMX were 620 and 82 pg/L respectlvely RDX concentratlons at 11 locations exceeded the US '

" EPA Region IX Preliminary Remedratron Goal (PRG) screening criteria value of 0.61 Hg/L. The Iocatlons

-included wells 03-01, 03-31, 03-33, 03- 38 03-39, 03C03P2, 03C14, 03TWOH, 03TWO02, 03TW04, and'

03TWO05 (see Figure 1-19). None of the HMX positive detections in’ grou.ndwater exceeded the PRG

screening criteria value-(1,800 Hg/L). In addition.to RDX and HMX, there were also positive‘detections of

TNT, 2ADNT, and 4ADNT that exceeded PRG screening crlterla There were two posrtlve detectlons of
2,4,6-trinitrotoluene. However, only one detection (4.0 pg/L) at well 03 21 exceeded the TNT screening
criteria value of 2.2 ug/L. There were etght positive detections of 4ADN}T, however, only three
concentrations were greater than the PRG screening criteria value of 2.2 pg/L. . The three concentrations
were 2.2, 2.7, and 4.5 pg/L and-occurred at well locations 03TWO5, 03- 21, 'and 03C03P2,. respectively.

" There were six positive detections of 2ADNT, but only one location, 03003P2 exceeded the PRG .

~ screening criteria value of 2.2 ug/L

'There were 14 positive detections of TCE in groundwater at the MTA. However only 11 of these positive

‘detectlons exceeded the PRG screening criteria concentratlon of 1.6 ug/L. The positive detected

concentrations greater than the PRG ranged from 2.2 Hg/L at location 03-12 to 920 pg/L at location 03-07. "

The remaining nine concentrations greater than the PRG value occurred at locatlons 03-01, 03 15, 03- 24
03-38, 03 39, 03C03P2, 03006 03TW02 and 03TWO5. '

.A summary of descriptive statistics for ABG groundwater samples is presented in Table 1-9.
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1.5.2.2 oJT
1.5.2.21 Soil

1.5.2.2.1.1 2001 OJT/LSC RFI-

Fort‘y-eig-ht surface soil and 62 subsurface soil ‘samp|es were collected from 48 soil bori-ngs ranging from
110 15 feet st at the OJT during the 2001 OJT-LSC'RFl. The maximum RDX soil concentration was

4.4 mg/kg in soil boring 03SB24 on the west side of the burn pit. This and other soil RDX concentrations
: mighr account for the high RDX concentration detected in well 03-21. The burn pit was identified as the

| potential source area of energetic contaminatidn (i.e., RDX) and TCE.in groundwater. However, the levels '
of TCE concentrations detected in soil were not high enough to account for the TCE concentrations’

- detected in well 03- 07. Summaries of the analytical data for surface and subsurface soil samples collected
-dunng the 2001 OJT- LSC RFl are presented in Appendix E of the RFI Report.

1.5.2.2.1.1 TINUS CMS Field Investigation

Four soil: borings were completed at the OJT during the April 2004 field inyestigation. Figure 1-20
presents the locations of the four soil borings 03SB049, 03SB050, 03SB051, and 03S0B52. Detailed
information regarding the. collection of these samp!es is included in Section 2.0. As indicated in Table
1}5, all OJT surface and subsurface samples were analyzed for ex‘p'losives and TAL metals. HoWeVer;
selected sample depths were analyzed dn!y for VOCs, RDX degradation products, and perchlorates.

Analytical results Show‘ing positive hits in groundwater are provided in Appendix A.

There were only two detections of explosives in surface soil at the OJT. ‘The detections included TNT
(0:39 mg/kg) and HMX (0.31 mg/kg) in the 0 to 2 foot inferval of sample 03SS050. Only the TNT
‘concentration exceeded the soil to groundwater SSL. There were no detectlons of explosnves in

~subsurface soil. There were no detectrons of TCE in OJT surface or subsurface son samples

A summary of descnptrve statistics for OJT sunace and subsurface soil samples is presented in Tables

1- 10 and 1-11, respectlvely

‘ 1.5.2.2.2 Groundwa'ter
" 1.5.2.2.2.1 USACE Ground Water Study — 1981 to 1983 and 1994

" The USACE instalied 17 monitoring wells in the OJT area between 1981 and 1983 (Murphy, 1996). TCE -

. concentrations in well 03-07 exeeeded 1,000 pg/L on several bccasions, and reached as high as .
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© 19,000 pg/L in 1982 TCE and cis-1,2-DCE were measured at 4,000 and 1 OOO pg/L in this weII
. respectively, in September 1994 (Murphy, 1996). TCE contamination waslalso detected but at lower

concentrations in two wells to the northeast (wells 03-15 and 03-24), and two wells to the southwest

+ (03-12 and 03-20) of well 03-07. In 1994, the highest RDX concentration'(365 pg/L) was detected in well.

03-21, located north of well 03-07 and southeast of the burn plt Figure 1-20 shows the Iocatron of these

_ wells

1.5.2.2.2.2 2001 OJT/LSC RFI

The OJT monitoring wells were resampled in 2001 during the OJT-LSC RFI. The TCE concentration in
~well 03-07 was 640 g/l (TINUS, 2003). The RDX concentration in well 03-21 ‘was 280 pg/L. A
con'tparison, of these concentrations to concentrations detected in 1994 indicated that the maximum
concentrations dropped éignifieantly for TCE at well 03-07, but dropped o,nly moderately for RDX at well
03-21. Analytical results for this study are presented in Ap_pendix E of the OJT-LSC RFI Report.

11.5.2.2.2.3 TINUS CMS Field Investigation |

A total of six groundwater wells were sampled during the field lnvestlgatxon ‘conducted in April 2004 ‘
These wells included locations 03-07, 03-12, 03-15, 03:16, 03-21, and 03-24. Flgure 1-20 shows the'
" " locations of the OJT monitoring wells. Detailed information regardlng the collection of the groundwater

samples is presented in Section 2.0. All samples were analyzed for VOCs, explosives, and metals. -

Samples at Iocations 03-07 and 03-15 .wére also analyzed for perchlorates. - Table 1-8 presents a
' summary of the groundwater samples’ that were collected and the analysis performed on each sample.

Analytical results showing posmve hits in groundwater are provided i in Appendlx A.

Explosives were detected in all wells sampled during the investigation. RDX and HMX were detected in

all wells. The other explosives detected were 2ADNT, 4ADNT, and TNT. The maximum detected '

'concentratlons of RDX and HMX were 120 and 82 pg/L at locations 03-21 and 03-12, respectlvely ‘There

was only one detection of TNT (4.0 pg/L) at well 03-21 which exceeded the PRG concentration of

.22 Hg/L. RDX concentratlons at all wells exceeded the PRG concentration of 0.61 pg/L and ranged
~ between 1.1 and 120 pg/L None of the detected HMX concentratlons exceeded the PRG concentratron
of 1,800 pg/L.

A'eummary of descriptive statistics for OJT groundwater eamples is preeented in Table 1-12.
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153 Distribution of Contaminants

1.*5.‘3.1 ~ MainzTreatﬁ1ent Area
15.3.1.1 Soils

' ~ During the USACE in\)_estigatibns in the 1990s and the more récent invéstigation for the CMS in 2004,
soils at the MTA were found to be contaminated primarily with RDX and TCE. Highest concentrations
were generally. found near the, surface (i.e., 0-2 foot depth interval) and concentrations typically

“decreased with depth down to the bedrock surface. The bedrock surface is usually between 7 and

15 feet below ground surface (bgs) in most areas of the MTA. .

Main- Treat_ment Area: -Figure 1-21is a tag map which shows all RDX, HMX, TNT, ahd TCE results for

- soil borings collected in the MTA during the April 2004 CMS field. investigation. Soil samples Were
collected throughout the soil column to the top of the bedrock or to refusal.

RDX -Main Treatment Area

- RDX Waé detected at 6 of the 67 locations in a total of 11 of the 223 samples that were collected and

énalyzéd for RDX at the MTA. Foilowing is a listing of the locations and positive detections for RDX.

S

« 03SB061 - nondetect (ND) at 0-2 feet, 1.9 mg/kg at 2-6 feet, and ND at 6-10 feet. No sample was

~ collected at 10-14 feet begause bedrg'ck was engountered.
e 03SB107 - 0.29 mg/kg at.0-2 feet and ND at 2-6, 6-16, and 10-14‘feet-.
. ossB'd.so -0.98 mg/kg at o-’é feet, o.eé fng/kg at 2;5 feet, anleD at 6-10 feét and 10-14 feet.
. 03881.09 -1.0 mg/kg at 0-2 feet, and ND at 2-6, 6-10, and 10-'14 feet.
. 63881 19 - 3i mg/kg at 0-2 feet, i.G'mg/kg at 2-6 feet, ND at 6-10 feet, and 1.4 mg/kg at 10-14 feet.

» 03SB120 - 660 mg/kg at 0-2 feet, 2.1 mg/kg at 2-6 feet, ND at 6-,1A(_) feet, and 0.32 mg/kg at
10-14feet. o ' -

RDX contamination in soils was sporadic. The only locations where RDX was found in surface, near.

subsurface, and in deep surface soil samples were 03SB119 and 03SB120. In both cases, the highest

090406/P . . 131 o CTO 0311



NSWC Crane -
CSM/Field Work Report ~

. Revision: 0
Date: February 2005
Section: 1

Page 32 of 41

concentrations were found in the surface soil samples (31 mg/kg' and 660 mg/kg, respectively) with much
lower RDX concentrations near the subsurface soils (1.6 mg/kg and 2.1 mg/kg, respectively), and deep
subsurface soils (1.4 mg/kg and 0.32 mg/kg, respectively). At the other four iocations ‘where RDX was
-detected (0388061 03SB080, 0388107 and 0388109) the RDX concentratlon ranged from 0.29 mg/kg
_ to1 9 mg/kg

In general, RDX concentrations decreased with depth.. RDX was detected in only 2 of 223 samples
collected imrﬁediately above bedrock. In order for RDX to migrate into grbendWater, it would be expected
that RDX would be found'in the soil overburden immedi.ately above bedrock which is 7 to 15 feet bgs.
However, the samples collected during the April 2004 sempling event do not provide direct evidence that
- RDX ih deep soils is migrating into bedrock. . | '

TCE - Main Treatment Area

;

TCE was detected at 11 of the 67 locations in 15 of the 93 samples that were collected and analyzed for

- TCEat the MTA. Followmg is a listing of the locations and positive detectlons for TCE.

¢ 03SB063 - 44 ug/kg at A6-10_ teet and ND at 10-14 feet.

. e 03SBO065 - ND at 6-10 feet and 19 pg/kg at 10-14 feet.

«  03SBO61 - 19,000 ug/kg at 2-6 feet and 2,300 ug/kg at 6-10 feet,
o 03SBO0B0-ND at 6-10 feet and 2 pghkg at 10-14 feet.
« 03SB100 - 31 pg/kg at 6-10 feet and 45 pg/kg at 10-14 feet.

«  03SB119 - ND at 6-10 feet and 3 pg/kg at 10-14 feet.

.. OSSBt 20 - 9 Hg/kg at 6-10 feet and 6 Ho/kg at 10-14 feet. |

« 03SB102- 7 ng/kg at.6- 10 feet and 8 600 ug/kg at 10-14 feet.
'« 03SB103 - 330 pg/kg at 6-10 feet. .

o 03SB101-ND at 6-10 feet and 11 at 10-14 feet. .

o 03SB112- 570 ug/kg at 6-10 feet.

TCE contamination was found in the deepest soil 'samples immediately above bedrock in 8 of the 11
locations where TCE was detected. The highest concentrations of TCE were found |n 03SB061
(19,000 pg/kg at 2-6 feet and 2,300 pg/kg at 6- 10 feet), and 03SB102 (8,600 ug/kg in 10-14. feet).
surface soil samples-(0-2 feet) were not analyzed for TCE. It was assumed that any TCE present in

surface soils would have volatilized.
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In order for TCE to migrate into groundwater from soil, it would be expected TCE would be found in the
soil overburden imrriediately above bedrock. The samples collected during April 2004 show evidence ofa ,

direct link between the soil overburden and the bedrock for TCE.

Barium - Main Treatment Area

Routine groundwatér monitoring is conducted by NSWC Crane in compliance with the RCRA operating -
permit for the open burning treatrnent operations. The statistical evaluations have shown that the metals
(barium, zinc, and manganese)'have been detected in Point-of-Compliance wells in statistically siQnificant ,
concentration and‘ above the RBTLs, which-have been established in the RCRA Permit. Barium is the
metal that has been detected with the greatest frequency in statistically significant concentrations above
the RBTL. (The annual groundwater monitoring report for CY 2000, 2001, 2002 2003, and 2004 contain
detalled information. )

Barium, a naturally occurring metal in soils, was analyzed during the April 2004 field inVestiQation. Figure
1-22 is a tag map which shows the bariunt concentration in soil. samples collected during the April 2004
CMS field investigation A site-specific soil screenlng value for the protectlon of groundwater was
calculated to be 1,600 mg/kg. Followmg is a listing of the location where .one or more soil sample(s)
exceeded thrs soil screening value. ' '

o 03SB86 - 2,120 mg/kg at 0-2 feet, 108 mg/kg at 2-4 feet 142 mg/kg at 6-10 feet, and 70. 9 mg/kg at
10-14 feet. :

. A03SB1 16 - 4,120 mg/kg at 0-2 feet, 75.1 mg/kg at 2-6 feet, 'and 312 mg/kg.at 6-10 feet

* 03SB120 - 2,920 mg/kg at 0-2 feet 344 mg/kg at 2- 6 feet 98 mg/kg at 6-10 feet and 89 mg/kg at
10-14 feet.

Barium contamination above the screening value was limited to surface soils at three locations. ‘No
barium contamination above the screening value was found in subsurface soils. This indicated that
barium concentration in soils is Ilmrted to the surface soils with no -evidence that subsurface sons have

“been contaminated.

1.5.371 2 Perched Groundwater

During the most recent investigation at the MTA in 2004, soil samples were collected using dlrect -push
technology (DPT). During the soil coring activity, the soil cores were logged One soil characteristic that

was._carefully observed and recorded was soil moisture. If soils became saturated near the. bottom of a -
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so:l core, the borehole was left open for up to one hour, and the presence or absence of perched
groundwater was observed. Perched water is water that has percolated down through the-soil and has
presumably accumulated on the weathered bedrock surface. This perched water can migrate Iaterall'y on
“the bedrock surface (in the direction the bedrock surface is dipping), but ultimately |t will seep downward
_into the Big Cllfty/Beech Creek aquifer.

Perched groundwater was collected from four different soil borings and one large depression in the soil

surface. Sample locations are designated as 03TWO01 through 03TWO5 in Table 1- 13; "TW" refers to a

temporary well. The locatlons of the five perched groundwater samples are shown on Figure 1- 18

‘The RDX and TCE conce'ntrations detected in these perched groundwater samples are summarized in

Table 1-14. The highest RDX concentration was 76-pg/L, which was detected in 03TW05 This sample 7

was collected on the far northeast side of the MTA about 270 feet northeast of monitoring well 03C11.

The soil borings were dnlled and this area was investigated specmcally because of the flash pits that were °

reported to be formerly located in this area (see Figure 1 18) However no RDX was- found in the soil
borlng (OBSB103) where 03TW05 was collected.

' Mo'de'rate concentrations of RDX (0.73 to 2.3 ug/L) were detected in temporary _wells 03TWO01, 03TW02,
and 03TWO04. No RDX was found in soil horing 03SB060 where 03TWO1 sample was collected in
03SB63 where 03TW02 sample was collected. Therefore, the presence of RDX in perched groundwater

samples cannot be directly linked to a soil source of RDX.

The highest TCE. concentration in perched groundwater was 310 pg/L, which was detected in 03TW02..

~This perched groundwater sample was collected from soil boring 03SB063, which had no TCE detection.
This soil boring is located to the northeast of 03SB061 which had TCE concentrations of 19,000 ug/kg in

the 2-6 foot depth intervals and 2,300 pg/kg in the 6-10 foot depth intervals. The TCE in the perched -

" groundwater sample can only be indirectly linked to a specific soil source from which they were obtained.

- An elevated concentration of TCE was also detected in temporai'yt well 03TWO05. Elevated concentrations
of TCE (330 grkg) were detected in subsurface soils (6-10 feet) in 03SB103 from which the 03TW05
sample was collected The former flash pits located on the h|ll$|de were the likely source for the

contamlnants in the perched groundwater

TCE was not detected in ternporary wells 03TWO1, 03TWO03, and 03TWO4.‘
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1.5.3.1.3 Groundwater -

Groundwater samples havé been collected from the MTA on numerous occasions over the past 26 years
- Some monitoring wells have been sampled much more frequently than other wells. In addition, some of
~the monltorlng wells have been destroyed and are no longer available for monitoring. Figure 1-19 shows
the locations of all of the monitoring wells in the MTA. The wells that were sampled during the recent.
CMS investigation in 2004 are listed in Table 1-13.

Plots of RDX and TCE concentratlons over time in monitoring wells screened in the BC-BC aqunfer are
included in Appendlx F. Table 1-15 lists the wells for which concentration-time plots were prepared, the
‘maximum concentratlon detected-in each well, and ‘whether the concentratlons are increasing or

: decreasrng over time (based on vrsual lnterpretatlon of best-fit linear trend line).

As shOwn"‘in Table 1-15,.there are six monitoring wells (03003P2, 03004, 03C05, 03C08P2, 03C09P2,
and 03C20) where RDX ooncentrations greater than 200 pg/L have been detected. The hlghest RDX
" concentration (709 pg/L) in theBC/BC aquifer was detected.in the groundwater sampling on April 25,
2004 for monitoring well 03C03P2, located near the center of the MTA. In the four wells exhibiting the
'hi'ghest concentrat_ions,_ RDX appears to be increasing in three of the wells over time and decreasing in
the fourth well (OBCO8P2) In the wells with lower RDX concentrations, the concentratrons are either

‘ mcreasrng or stable over time (Table 1- 15)

A map showing the distribution ‘of RDX concentrations in the BC/BC aguifer_near the end of 1989 and
. .beginning of 1990 is presented in Figure 1-23. The highest concentrations were found near the center of
the MTA southward to monitoring well 03C08P2. A smaller area on the southeast side of the MTA also
had moderate concentrations of FtDX (5-50 pglL). Numerous wells on the western, northern and eastern
s;des of the MTA did not .show any detectable RDX, supporting the hydrogeologlc evidence that all

groundwater in the MTA is migrating south southeastward.

A second map showing the distribution of RDX concentrations in the ‘BC/BC aquifer in 2004 is presented
in Figure. 1-24. The concentrations found near the center of the MTA were even higher than were

E ~ detected previously in 1990 (maximum RDX concentration .=. 650 pg/L in OéC03P2). However, the .

concentrations to the east toward wells 03-35 and 03-33 were reduced. Conversely, RDX concentrations
on the north side of the MTA were much greater and concentrations on the west side were somewhat

greater than what was observed in 1990
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Table 1-15 lists the wells in the MTA where significant TCE concentrétions have been défected. The
maximum concentration detected in’ each well, and whether the concentrations ‘are increasing or
decreasing over time (based on visual interpretation .of best-fit lihear trend line) are also listed in Table
1-15. There are three monitoring wells (03C03P2, 03C1 1 and 03C20) where TCE concentrations greater
than 300 pg/L have been detected in the pa-st. The highest TCE concentration (4,500 pg/L) in the BC/BC
aquifer was detected in monitdring well 03C20 in 2000. This well is located on the southwest side of the
MTA. Well 03C11 had the next highest TCE concentrations (up to 2,500 pg/L). “This well is located on
the' east-central side of the MfA, about 700 feet east-northeast of well 03C20 (see Figure 1-19). - Since

e 'there. are no other wells between these two where analytical data are available, it must be'aésumed that

.the TCE plume is continuous between these two wells. The TCE co‘nCentration-tinle‘plbts for each well

are included in Appendix F and summarized in Table 1-15. For the two wells with the highest TCE

concentrations (03C11 and 03C20), the concentrations in each well are still increasing. In four other

wells, the TCE concentrations also appear to be increasihg. In five of the wells, TCE con‘centrations

- appear to be stable c}r‘decreas_ing (Table 1-15).

A map showing the distribution of TCE concentrétidns in the BC/BC aquifer near the end of 1989 and.

beginning of 1990 is presented in Figure 1-25. The highest concentrations were found around monitoring
wells 03C20 and 03C11. A smaller area bn the ndrth'side of the MTA also had moderate concentrations
- of TCE. (50-100 ug/L) Numerous wells on the western, northern, and eastern sides of the MTA did not
show any detectable TCE; supporting the hydrogeologic evidence that all groundwater in the MTA is
mxgratmg south- southeastward

A second map showing the distribution of TCE concentrationé in 2004 is presented in Figure 1 -26. The
concentrations found near the center of the MTA were hlgher than were detected prevnously in 1990
'(maX|mum TCE concentration = 2300 pg/L in 03011) The TCE concentratlons on the north and east
. sides of the MTA were also greater than what was observed in 1990 TCE concentratnons on the west
side of the MTA generally decreased over tlme

Vertically, RDX and TCE contamination in groundwater extends no deéper than the BC/BC aquifer (See
Figure 1-8 for a cross-section of the MTA). No RDX or TCE is preéént in the deeper wells (e.g., in the
Beaver Bend aquifer). Thus the RDX and TCE contamination is well boundéd vertically in groundwater.

1.53.1.4 Springs A and A'

~ It is known that contaminated groundwater in the BC/BC aquifer within the MTA is flowing southeast and .

into a karst conduit system (ihferréd location is shown in Figure 1-12). This karst conduit t_ransmits
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groundwater-at a rapid velocity southeastward to Springs A and-A’ (see Section 1.3.4.4). RDX has been
detected in Springs A and A’ since the late 1980s. 'A plot of RDX concentration in Spring A over time is -
included in Appendlx F. The concentratlon varies ‘widely. over short time intervals, but appears to be
decreasmg over the past 27 years. The short term variations are so great that.the long-term linear trend
that appears on the graph may not be real The hlghest concentratlon found in Spring A has been
140 ug/L which was detected twice (1987 and 2002) However, the RDX concentration in Spring A has .
been averaging about 30 to 40 pg/L. The RDX concentration |n Spnng A’ in 2004 was measured at

_ 7.4 pg/L, which is in the same range as concentrations measured in Spring A

TCE in Spring A has been. detected sporadically at low concentrations (<0.6 ug/L) betwe_eh 1987 and

2004. I April 2004, the TCE concentration -in Spring A" was 1.0 pg/L. It is assumed that TCE will

volatize from the spring waters as soon as it is exposed to the atmosphere. In addition, the waters from
: Springs A and A’ are diluted within water from Spring C upon entering Liftle'Sulphur Creek. During most

times of the r'year, the flow in LSC consists_ entirely of flow from Springs A, A’, and C. Therefore, it is. ‘

doubtful that the TCE concentrations obseNed in the two springs would ever have a measurable impact
~on Little Sulphur Creek. o '

1532  OJT Area
- 1.5.3.2.1 " Soils

" A total of 48 soil b‘orings were advanced in the OJT area in June 2001 during the RFI." Of these 48
_' borings, 28 were advanced to the bedrock' surface oi’-DPT refusal (10 - 15 feet bgs). The other 20
_borings were advanced one to ten feet bgs using a soil hand auger. The locations of the boreholes'
advanced in 2001 are shown in Figure 1-5 of the RFI (TtNUS, 2003). During the 2001 mvestlgatlon 48
surface (i.e., 0-2 feet bgs) and 62 subsurtace ‘soil samples were collected and analyzed In 2004, an
additional four surface soil and 11 subsurface soil samples were collected from four new soil borings.
' (Flgure1 20) '

- Old Jeeg Tra - Figure 1 27 is a tag map showmg all positive RDX and TCE samplmg results for soil
boring I_ocat!ons at the OJT. Soil samp‘les were collected throughout the soil column to the top of the

- bedrock or to refusal. - s

. RDX at the Old Jeep Trail

" RDX was detected in 6 of the 52 locations in a total of 11 of the 125 samples that were collected and

analyzed for RDX at the OJT. Followingis a listing of the locations and positive detections for RDX.

090406/P ' o187  CTOO0311 |
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* 035B013-0.93 mg/kg and ND at 2-10 feet.:

¢ 03SB018-1.2 mg/kg at 0-2 feet and 3.9 mg/kg at 2-6 feet

e 03SB019 - 6.2 mg/kg at 0-2 feet, 0.92 mg/kg at 2-6 feet, and ND at 10 15 feet.

& 035B022 - 140 mg/kg at 0-2 feet, ND at 2-6 feet, and 2.1 mg/kg at.10- 15 feet.

e 03SB024 - 2 400 mg/kg at 0-2 feet, 1.4 mg/kg at 2-6 feet, and 4.4 mg/kg at 10-15 feet.
e 03SB026 - 4.3 mg/kg at 0-2 feet and ND at 6-10 feet.

RDX contamination in soils was found mainly in the central part of ther OJT with the highest -

concentrations found in the 0-2 feet of 035B024 sample (2,400 mg/kg), which is also the only sample

where RDX was encountered throughout the entire sample column. The second higheSt- RDX

concentration was found in 03SB022 (140 mg/kg at 0-2 feet). The only locations where RDX was
encountered at a depth greater than 10 feet were 03SB022 (2.1 mg/kg at 10-15 feet) and 035B024

(4.4 mg/kg at 10-15 feet). No RDX detection was encountered at 03SB022 at the 2-6 foot sample
interval. The other four soil locations where RDX was detected (03SB013, 03SB108, OSSB109 and

0388026) ranged in concentration from 0.92 mg/kg to 6.2 mg/kg

RDX concentrations tended to d-ecvr,ea‘se with sample dlep_th, as indicated by only 2' of the 6 sample.

~ locations having RDX at the 10-15 foot interval. In order for RDX to.migrate into groundwater, it would be
: expeeted that RDX-would be found in the soil overburden immediately above bedrock However, the
~ samples collected during the April 2004 samplmg event do not provide direct ewdence that RDX in deep
soils is migrating into bedrock

TCE - Old Jeep Trail

TCE was detected at 5 of the 52 locations in 8 of the 47 samples that were collected and analyzed for

-TCE at the OJT. Following.is a Ilstmg of the Iocatlons and positive detections for TCE.

* 03SB023 - 14 ug/kg at 0-2 feet and ND at 6-10 feet. |

«  03SB026 - 4.0 pg/kg at 0-2 feet and ND at 6-10 feet.

e 03SB046 - ND_ét 0-2'feet,_ 10 pg/kg at 2-6 feet, and ND at 6-10 feet.

o 03SB047 - ND at 0-2 feet, 18 pg/kg at 2-6 feet, ahd 15 pg/kg at 6-10 feet.

» (035B048 - 3.0 ugrkg at 0-2 feet, 20 pg/kg at 2-6 feet, and 33 pg/kg at 6-10 feet.

“TCE contamination was found in the deépest soil samples immediately above bedrock in three of the five

locations where TCE was detected. - The highest concentrations of TCE are in location 135B048 in which
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. TCE was found at all three sampling mtervals (0-2 feet at 3.0- ug/kg, 2-6 feet at 20 pg/kg, and 6- 10 feet at
~ 33 ug/kg). TCE concentrations in the other soil locations ranged from 4 pg/kg to 18 pg/kg. '

In locations where TCE was found in samples directly above the bedrock, the concentrations tended to
-remain fairly consistent with the 2-6 foot sample or to slightly increase with depth, which would indicate a

direct link between the soil overburden and the bedrock.

Barium - Old Jeep Trail

~ As noted in Section 1.5.3.1.1, barium concentrations in groundwater at the MTA have been detected in
Point-of-Compliance wells in statrstlcally srgnrflcant concentration and above the RBTLs, which have been
" -established in the RCRA Permit. The RFI Investigation analyzed for metals rncludrng barium. Figure

1-28 presents the results of the RFI Investigation. The results indicate that barium was present in.

concentrations above the calculated cleanup level of 1,600 mg/kg in only one sample (0388048) Barrum

was present in 03SB048 in surface soil (0 to 2 feet bgs) at a concentration of 2,400 mg/kg

1.6.3.2.2 Perched-GroundWater

Groundwater was encountered at the bottom of one of the four new soil borings in 2004. The soil boring
(03380_5_0/03TW06) was located about 75 feet northeast _ol monitoring -well 03-07. Based on USACE
interpretations, this area does not contain competent Beech Creek or B_ig_Clilty Formations._ Apparently,
karst conduits in the Beech Creek Formation were so prevalent along the present day location of Little
Sulphur Creek, that sometime in the geologic past, the cave system collapsed and filled in with alluvium.

The USACE interpretation is that the material now occupying the _valley bottom is collapse breccia of the

Beech Creek or Big Clifty Formations. Hence, it is doubtful that groundwater would perch on the top of .

the breccia.’ However, the groundwater sample collected near the top .of the water table surface from
- 03SB48 might represent water that has just leached down from the -overlying soil, but has not yet'mixed -

with the bulk of groundwater in the breccia immediately below the finer-grained soil above. The sample

" from soil boring OSSBOSO (i.e., 03TWO086) had no detectable concentrations of RDX or TCE Thus, soils in

the vicinity of boring 03SB050 (to the northwest of well 03- 07) do not appear to be a source of TCE
detected in 03-07. : S

1.5.3.2.3 Groundwater :

_ During the RFI, RDX was detected 'in 13 out of 16 groundWater samples collected in the OJT area
(TINUS, 2003). The distribution of RDX in groundwater is presented in Figure 5-5 of the RFL. The
s hrghest concentratlon of FlDX (280 po/L) durrng the RF! was detected in monrtonng well 03 21, which is
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located ~‘on the east-southeast side of the Burn Pit (Figure 1-20). Other wells with ’moderat_e_
concentrations of RDX-included 03-12 (35 pg/L), 03-22 (18 ug/L), 03-10 (14 ug/L), and 03-23 (12 ug/L).
This group of wells is located south of the Burn Area The one monitoring well north (upgradient) of the
Burn Pit.-and Burn Area (03-16) also had moderately hlgh concentratlons of RDX (24 ug/L). These data
indicate that the Burn Area and perhaps the Burn Pit were a source of RDX in groundwater. However, as

. shown by well 03- 16, there appears that some RDX is also mlgra_tmg down the valley from the MTA.

_ In 2004, the three. OJT monitoring wells with the.highest R'DXV concentrations were resampled. Wells
03-21, 03-12, and 03-16 had 120, 39, and 19 ug/L, respectively. The RDX declined signiticantly'in two of
the wells (03 -21 ‘and 03-16) and remained relatively the same in 03-12. Concentration time'graphs for
VRDX in these wells are presented in Appendix F. The RDX concentratrons of most-wells have declined. -
by more than 50 percent between 1994 and 2004. '

DUring the RFI, TCE was ‘detected in 6 out of 16 groundwater 'samples collected in the OJT area (TtNUS,
2003). The distribution of TCE in groundwater is presented in-lFigure 5-5 of the RFL. The highest
concentration of TCE (640 pg/L) during the RFI was detected in monitoring 'well 03-07, which is located .
on the southeast side of the Burn Pit (Figure 1-20). Other wells with moderate to low concentrations of
-TCE mcluded 03-15 (57ug/L), 03-24 (23 pg/L), 03-22 (6 pg/L), and 03-12 (3 7 pg/L). This group of wells
~is located south of the Burn Area and surround well 03 07. The one monitoring well north (upgradlent) of
the Burn Pit and Burn-Area (03 16) had no detectable TCE. These data |nd|cate that the Burn Area
and/or the area southeast of the Burn Area was the source of TCE in groundwater As shown by well

03 16, there appears to be no TCE migrating down the valley from the MTA.

In 2004, the four OJT monitoring wells with -the highest TCE concentrations were resampled. Wells
03-07, 03-15, 03-24, and 03-12 had 1010, 30,-17, and 2.2 ug/L, respectively. TCE increased significantly
in well 03-07 but decreased in the other three wells. ' Concentration-time graphs for TCE in these wells -
are presented in Appendix F. The TCE concentrations of. most weIIs have declined between 1994 and
2004.

15324 SprngC

Based on dye tracer tests performed by Indiana University (Jock and Krothe, 2002), monitoring well 03-24
(located on the eastern side of the OJT area) is hydraulically connected to Spring‘C The potentiometric
-surface. for the OJT area also suggests that groundwater is flowmg eastward from the OJT area toward
well 03-24 and then southward. This condun on the eastern side of Little Sulphur Creek dralns the

+ - eastern side of the' watershed and carries the groundwater southward to Spring C. Previous dye.tracer
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studies performed in the MTA indicate that groundwater from the MTA is not flowing under Little SUlphur
Creek and is not contributing water to Spring C. ‘

A concentration-time g‘raph for RDX in Spring C is presented in Appendix F. Except for one sample
collected in 1989, the RDX concentrations have been relatively s‘teady in Spring C, ranging‘frorﬁ
nondetect up to 5 pg/L. The latest sample collected in June 2004 had an RDX concentratlon of 4.6 pg/L.
TCE has been detected in only one sample from Spring C and that. occurred .in April 1991 For.all
-practlcal purposes it has never been detected in Spnng C. Therefore, the RDX in Spnng Cis of concern,
but not TCE. ' ’
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TABLE 1-1

AMMUNITION BURNING GROUNDS MAIN TREATMENT AREA AND OLD JEEP TRAIL
KEY OPERATIONS AND POTENTIAL SOURCE AREAS
SWMU 3 - AMMUNITION BURNING GROUNDS

NSWC CRANE

CRANE, INDIANA

Kéy ABG Operation Area
Considered to be Potential
Source Area

ABG - MTA

Contaminant Detections in Source Area

) Storage Area

TCE was detected in well 03C01P2 above 50 pg/L
in 1989

None

Encompasses area where two previous soil
borings (03/10-17 and 03/10-61) indicated
elevated RDX and TCE concentrations,

Former flash pits

TCE was detected in.well 03C10 above 50 pg/L i in

. 2000
Former flash pits, burning,pad, Elevated TCE and RDX concentrations detected in
and UST - well 03C09P2.

‘Dewatering units

TCE frequently detected above 5 o/l in wells
03C07 and 03C26

‘Former flash pits, two burning
pads, and UST

Area where highest ground water concentrations | -
of RDX and TCE are typically found

Former ash,pile

RDX and TCE ground water concentrations -
commonly above 50 pg/L in well 03C08P2, located
south of the former ash pile. .

None

 Elevated RDX concentrations detected previously | .

in soil borings 03/10-35 and 03/10-69

Former flash pits -

TCE was detected above 50 pg/l in we_'ll 03C04

OJT -

Kéy oJT Opération Area
Considered to be Potential
. Source Area

. Contarﬁihanf Detections in Source Area

Burn Pit

TCE concentration in well 03-07 at 920 ug/L and
RDX concentration 120 ug/L in well 03-21in 2004




: TABLE 1-2

SUMMARY OF AQUIFER TESTING RESULTS MAIN TREATMENT AREA

SWMU 3 - AMMUNITION BURNING GROUNDS

NSWC CRANE
CRANE, INDIANA
PAGE 1 OF 2
Method of Hydraulic
g Data Conductivity
Aquifer Area Well No. Test Type Analysis ({feet/day) Source of Data
Mansfield Formation ' ' : _ .
(Pennsylvanian) DBG 02-03 (1) Slug JSL 0.0001 , Fisher, 1996
' DBG 02-03 (2) Slug JSL 0.0238 Fisher, 1996
DBG 02-04- - Slug JSL 0.3260 Fisher, 1996
DBG 02-08 Slug JSL 0.0686 Fisher, 1996
DBG | 02C10P3 - Slug JSL . 0.5556 Fisher, 1996
DBG 02C11P3 Slug JSL 0.1488 Fisher, 1996
DBG 02C12P3 Slug JSL 0.1517 Fisher, 1996
DBG 02C14P3 Slug JSL 0.1412 Fisher, 1996
DBG 02C17P2 Slug JSL -0.2027 Fisher, 1996
‘DBG 02C18P2 Slug JSL 0.1100 Fisher, 1996
L T DBG 02C20P3 Slug JSL 0.9411 Fisher, 1996
Big Clifty/Beech Creek :ABG | 03PMP08 | SW Pump Test JSL 0.2387 Murphy; 1995
. ' ABG | 03PMP20 | SW Pump Test JSL 0.0870 Murphy, 1995
‘ Ogden (Q/s -
ABG 03-01 LF Purge Test | Estimation) | - 23.5688 - This Document
T _ . Ogden (/s
ABG © 03-38 LF Purge Test Estimation) 23.5688 This Document .
| ‘ T Ogden ({Q/s ’ i K .
__ABG: 03-39 .1 LFPurge Test | Estimation) 23.5688 This Document
B Ogden (s . i
ABG 03-31 - LF Purge Test .| Estimation) 0.0747 This Document
S Ogden (Q/s
ABG 03-09 LF Purge Test | Estimation) -0.1450 This Document
j . . Ogden (Qfs ] o
ABG - 03- 33 ‘LF Purge Test | Estimation)- 0.1571 _ This Document
] Ogden (W/s : .
- ABG- 03C30 | LF Purge Test | Estimation) 0.0602 This Document
- ] - | Ogden (Ws j
ABG 03C04. LF Purge Test | Estimation) 0.0726 - This Document
. Ogden (Q/s k
ABG 03C06 LF Purge Test | Estimation) -0.0860. This'Document
: ' : v Ogden (Q/s . »
ABG: 03C26 LF Purge Test . | Estimation) - 0.1073 | This Document.
. . -Ogden (Q/s ’ -
ABG .03C08P2 | LF Purge Test Estimation) 0.2073 This Document
._ g T Ogden (Q/s ) )
ABG | '~ 03C28 LF Purge Test | Estimation) 0.2525 This Document
’ - Ogden (Q/s
ABG 03C05 LF Purge Test | Estimation) 0.2741 This Document
: . Ogden (Q/s .
ABG 03C07. LF Purge Test | Estimation) 0.3803 This Document
- RE Ogden (Q/s : .
ABG 03C21 LF Purge Test | Estimation) 0.6173 - This Document
] ) Ogden (Q/s ] : .
ABG 03C20 LF Purge Test | -Estimation) 2.0770 . . This Document
: o Ogden (Q/s .
ABG 03C27. LF Purge Test | Estimation) 2.9592 . This Document
. : . i Ogden (Q/s . :
ABG . | 03C01P2 LF Purge Test Estimation) . 5.0505 This Document
' Ogden (Q/s
ABG 03C14 LF Purge Test. | Estimation) 6.5993 This Document
iR Ogden (Q/s | . .
ABG _ 03C25 LF Purge Test - | Estimation) 8.6026 This Document
R I ‘ Ogden (Q/s
ABG 03-24 _LF Purge Test Estimation) 10.2132 - This Document




TABLE 1-2

SUMMARY OF AQUIFER TESTING RESULTS MAIN TREATMENT AREA
- SWMU 3 - AMMUNITION BURNING GROUNDS

NSWC CRANE
CRANE, INDIANA .
PAGE 2 OF 2
Method of Hydraulic
_ Data Conductivity ‘
Aquifer Area ‘Well No. Test Type Analysis (feet/day) Source of Data
j j | Ogden (Ws . .
Big Clifty/Beech Creek ABG 03C03P2 | .LF Puige Test Estimation) 11.7844 This Document
(Continued) - A Ogden (W/s . ‘
ABG 03C17 LF Purge Test | Estimation) 12.8057 This Document
j . . Ogden (Q/s :
ABG '03-21 LF Purge Test | Estimation) 37.7101 This Document .
] Ogden {Q/s o
ABG ' | 03Co9P2 LF Purge Test | Estimation) 44.5451 This Document -
: E o Ogden ((Vs. . ]
ABG 03C15 LF Purge Test | Estimation) 44.5451 This Document
. o - Ogden (s |. .
ABG 03C11 LF Purge Test | Estimation) 0.1985. This Document
ABG 03PMPO0O3 | SW Pump Test JSL 1.7008 Mumphy, 1995
ABG 03PMP11 | SW Pump Test JSL 0.1879 Murphy, 1995
OoJT 03-24 LF Purge Test | . Ogden . 2.53 TtNUS, 2003
oJT 03-25. LF Purge Test Ogden 0.0658 TINUS, 2003
' : JSL 0.0887 TtNUS, 2003
oJT- 03-15 LF Purge Test Ogden 1.48 TtNUS, 2003
OJT- 03-23 | LF Purge Test Ogden . 4.08 TINUS, 2003
Collapse Breccia - oJdT 03-07 - LF Purge Test Ogden 3.67 . TINUS, 2003
' - - JSL 2.09 TiNUS, 2003
OJT | 03-10 LF Purge Test Ogden 0.0582 TtNUS, 2003
oJT 03-11 LF Purge Test Ogden 0.113 TtNUS, 2003
. i JSL 0.118 TtNUS, 2003
oJT 03-12 LF Purge Test *| ~ Ogden - 0.0223 TtNUS, 2003
OJT 03-13 LF Purge Test Ogden 0.122. TtNUS;, 2003
OJT 03-14 LF Purge Test Ogden 0.0775 TtNUS, 2003
: JSL 0.068 TtNUS, 2003
oJT 03-16 LF Purge Test Ogden - 0.563 TtNUS, 2003
OJT 03-17 LF Purge Test Ogden 1.06 TINUS, 2003
: JSL 0.689 TINUS, 2003
oJT 03-18 LF Purge Test Ogden 0.639 TtNUS, 2003
JSL 0.502 TtNUS, 2003
OJT - 03-20 LF Purge Test Ogden 1.80 TINUS, 2003
‘ : . Jst 0.706° TINUS, 2003
oJT 03-22 LF Purge Test Ogden 0.156 TtNUS, 2003 -
: JSL 0.123 TNUS, 2003
- : . Ogden (Q/s : ) . .
. Beaver Bend ABG 03C03 LF Purge Test | Estimation) | 108.61 This Document

DBG = Dye Burial Grounds. -
ABG = Ammunition Burmning Grounds.
OJT=Old Jeep Trail. )

JSL = Jacob Straight Line method:

SW = Surface water.

LF = Low quw




TABLE 1-3

PHYSICAL CHARACTERISTICS OF MONITORING WELLS AND WATER LEVEL MEASUREMENTS
OLD JEEP TRAIULITTLE SULPHUR CREEK FOR JUNE 2002 AND APRIL 2004
SWMU 3 - AMMUNITION BURNING GROUNDS
NSWC CRANE .
_ CRANE, INDIANA
PAGE 10F 4

Horizontal Location

Top of Riser or

- Well Screen Interval

Well Screen Interval

Ground Water Depth & Elevation

Ground Water Depth & Elevatior

Monitorin North Ground Surface| - Measurin ) . . N : June 2002 April 2004
Well .9 Date Coord. East Coord, Elevation* Reference Pgint Depth t,o Depth to | Elevation® | Elevation® Monitored Unit Groundwater - : Ground Water
. Instalied (fest . Top Bottom of Top of Bottom Depth to Water o Depth to Water .
Number (feet napzr | (eetamsh Elovation® | 1 et btor) | (fest bitor) | (feet amsl) | (fest amsl) (feetbror) | ‘Elevation™™ |75 i hion) | Etevation*”
. N/AD 27) | (feetamsl) - ) (feetamsl) | (feet ams!)
02-01  ['8/26/1981 | 491384.48 | 596550.97 | . 743.47 746.17 23.52 |- 33.12 722.65 713.05 Upper Pennsytvanian ' 25.76 720.41 25.92 720.25
02-02 9/2/1981 | 491143.00 | 596074.00° 724.67 727.67 42.70 52.30 684.97 675.37 Lower Pennsylvanian 45.31 682.36 45.67 682.00
02-03 9/3/1981 | 491058.00 | 595916.00 719.38 722.38 54.20 | 63.30 668.18 659.08 Hardinsburg 43.09 . 679.29 43.65 678.73
02-04 9/4/1981 | 490919.00 | 595915.00 716.02 719.02 38.90 48.10 680.12 670.92 Lower Pennsylvanian 37.77 681.25 38.27 680.75
02-05 9/5/1981 | 491491.00 | 596645.00 738.28 741.28 53.20 62.70 £688.08 678.58 Lower Pennsylvanian 56.43 - 684.85 56.95 684.33
02-06 9/23/1981 | 491298.24 | 596384.94 742.56 744.65 59.48 68.78 685.17 675.87 Lower Pennsylvanian 59.87 684.78 60.36 684.29
02-07 9/24/1981 | 491192.73 | 596232.83 735.55 738.42 53.36 -61.56 685.06 676.86 Lower Pennsylvanian 54.37 684.05 54.74 683.68
02-08 9/24/1981 | 491092.55 | 596224.65 730.06 732.20 48.88 56.14 683.32 676.06 Lower Pennsylvanian 48.52 683.68 48.88 683.32
02C09 1/23/1987 | 491331.00 | 597056.00 737.86 " 740.36 . 169.50 179.50 570.86 560.86 Beech Creek 170.26 570.10 170.02 570.34
02C09P2 | 1/26/1987 | 491331.00 | 597056.00 738.16. 740.66 94.50 - 99.50 646.16 641.16 Golconda N/A ~ N/A Dry N/A
' 02C10 | 2/13/1988 | 491789.00 | 596142.00 713.97 716.47 144.50 154.50 571.97 561.97 Beech Creek 146.56 569.91 146.90 569.57
02C10P2 | 2/16/1988 | 491789.00 { 596147.00 713.89 716.39 64.00 74.00 652.39 | . 642.39 Golconda 40.46 675.93 41.98 674.41
02C10P3 | 2/22/1988 | 491784.00 | 596142.00 713.86 716.36 34.20 39.20 682.16 677.16 Loweér Pennsytvanian 28.77 687.59 29.52 686.84
02C11 | 2/29/1988 | 490987.00 | 595829.00 712.81 715.31 150.50 160.50 564.81 554.81 Beech Creek 149.13 566.18 149.29 566.02
02C11P2 | 3/2/1988 | 480987.00 | 595823.00 712.86 715.36 72.30 82.30 643.06 633.06 Golconda 73.55 641.81 73.75 ' 641.61
02C11P3 [ 3/5/1988 | 490987.00 | 595817.00 713.16 715.66 38.80 43.80 676.86 671.86 Lower Pennsytvanian 34.65 681.01 35.21 680.45
-02C12 | 3/14/1988 | 491496.00 | 596670.00 739.07 741.57 174.10 184.10 567.47 557.47 Beech Creek 171.22 570.35 171.37 570.20
02C12P2 | 3/21/1988 | 491496.00 | 596681.00 739.32 - 741.82 95.70 105.70 646.12 636.12 Golconda - 89.22 652.60 89.70 652.12
02C12P3 | 3/18/1988 | 491496.00 | 596676.00 739.33 741.83 31.50 36.50 . | 710.33 705.33 Upper Pennsylvanian 23.31 718.52 23.40 718.43
02C13 | 3/28/1988 | 491692.00 | 596436.00 722:61 725.11 71.80 81.80 653.31 643.31 Golconda 61.82 663.29 57.61 667.50
02C13P2 | 3/29/1988 | 491695.00 | 596439.00 722.28 - 724.78 36.50 46.50 688.28 678.28 Lower Pennsylvanian 39.82 684.96 40.31 684.47
02C13P3 | 3/30/1988 | 491698.00 | 596434.00 723.01 725.51 17.50 22.50 708.01 703.01 Upper Pennsylvanian 10.23 715.28 11.90 713.61
02C14 | 4/13/1988 | 490671.00 | 595964.00 713.90 716.40 156.40 166.40 560.00 550.00 Beech Creek 149.10 567.30 Dry N/A
02C14P2 | 4/15/1988 | 490675.00 | 595964.00 713.93 716.43 76.90 86.90 639.53 629.53 Golconda 63.60 652.83 63.45 652.98
02C14P3 | 4/19/1988 | 490665.00 | 595964.00 713.76 716.26 39.60 49.60 676.66 666.66 Lower Pennsylvanian 36.58 679.68 36.83 679.43
02C15 | 5/10/1988 | 491186.00 | 595880.00 713.38 715.88 68.80 78.80 647.08 637.08 Golconda 69.88 646.00 70.08 645.80
02C15P2 | 5/11/1988 | 491181.00 | 595880.00 |  713.27 715.77 31.70 41,70 .| 684.07 674.07 Lower Pennsytvanian 33.02 682.75 33.78 681.99
‘02C16 | 5/16/1988 | 490893.00 | 596177.00 .722.86 725.36 81.10 91.10 644.26 634.26 Golconda 84.90 640.46 85.10 640.26
02C16P2 | 5/17/1988 | 490899.00 | 596177.00 722.68 725.18 46.00 56.00 679.18 669.18 Lower Pennsylvanian 42.67 682.51 43.03 682.15
02C17 5/23/1988 | 481022.00 | 596473.00 730.46 732.96 88.60 98.50 644.36 634.46 Golconda 84.53 648.43 85.17 647.79
02C17P2 | 5/26/1988 | 491027.00 | 596473.00 730.34 732.84 52.20 62.20 680.64 670.64 Lower Pennsylvanian 48.53 684.31 48.98 683.86
02C17P3 | 5/27/1988 | 491022.00 | 596473.00 730.34 733.38 23.10. 28.10 710.28 705.28 Upper Pennsylvanian Dry Dry Dry N/A
02C18 | 6/6/1988 | 491103.00 | 596611.00 734.81 737.31 90.80 100.80 646.51 636.51 Golconda 88.73 648.58 88.82 648.49
02C18P2 | 6/7/1988 | 491107.00 | 596614.00 734,74 737.24 54.90 64.90 682.34 672.34 Lower Pennsylvanian 52.53 684.71 52.98 684.26
02C18P3 | 6/7/1988 | 491107.00 | 596614.00 734.74 737.45 15.50 20.50 721.95 716.95 Upper Pennsylvanian 20.98 716.47 - 21.08 716.37
02C19 | 6/14/1988 | 491338.00 | 596225.00 730.85 733.35 82.70 92.70 650.65 640.65 Golconda 87.10 646.25 87.14 646.21
02C19P2 | 6/15/1988 | 491332.00 | 596225.00 730.78 733.28 48.10 58.10 685.18 675.18 Lower Pennsylvanian 48.62 684.66 48.97 684.31
02C19P3 | 6/16/1988 | 491338.00 | 596225.00 730.78 733.63 13.20 18.20 720.43 715.43 Upper Pennsylvanian Dry Dry Dry N/A
02C20 | 6/29/1988 | 492114.00 | 596769.00 712.56 715.06 134.71 144.70 580.35 570.36 Beech Creek 137.47 577.59 140.92 574.14
02C20P2 |'6/22/1988 | 492120.00 | 596763.00 | - 712.42 714.92 58.50 68.50 656.42 646.42 Golconda 57.69 657.23 - 58.32 - 656.60
02C20P3 | 6/23/1988 | 492120.00 | 596769.00 714.78 30.50 40.50 684.28 674.28 Lower Pennsylvanian 17.30 697.48 17.78 697.00
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Horizontal Location ' Top of Riser or Well Screen Interval | Well Screen Interval | Ground Water Depth & Elevation Ground Water Depth & Elevatior]
Monitorin North Ground Surface|  Measurin : Lo . June 2002 April 2004
Well ’ Date Coord. East Coord. Elevation* Reference Pgint Depthto | Depthto | Elevation® | Elevation® Monitored Unit Groundwater Ground Water
Installed : . (teet et Top Bottom of Top of Bottom o Depth to Water .t Depth to Water L
Number (feet naD27) | (eetamsi). Elevation® - (.ot btor) | (feet btor) | (test amat) | (feet amsl) (festbtor) | Elevation*® [T btory | Elevations”
N/AD 27) . . (feet amsl) : . [ ; (feet amsl) " | (feetamsl)
02C21 [ 9/12/1990 | 491004.00 | 597187.00 726.48 N/A - N/A N/A N/A N/A . N/A - N/A N/A N/A " N/A
02C22 [10/15/1990] 490129.00 | 597610.00 740.13° 742.99 179.20 189.20 563.79 553.79 Beech Creek Dry - Dry Dry - N/A
02C22P2.110/17/1990( 490124.00 | 597613.00 740.13 - 742.63 102.50 107.50 .| 640.13 635.13 Golconda Dry Dry Dry N/A
02C22P3 [10/18/1990f 490119.00 | 597617.00 740.00 742.50 61.10° 71.10 681.40 671.40 Lower Pennsylvanian 58.33 - 684.17 58.91 683.59
03C01_ 12/12/1986} 490064.00 | 593140.00 624.58 627.28 176.70 186.70 450.58 440.58 Beaver Bend 114.86 512.42 115.38 511.90
03C01P2 | 9/22/1986 | 490068.00 | 593146.00 624.35 626.85 94.50 104.50 532.35 522.35 Beech Cresk 69.90 556.95 70.05 556.80
03C01P3 | 04/-/86 | 490061.00 | 593147.00 624.00 626.50 22.10 27.10 604.40 599.40 Golconda 14.15 612.35 133.90 492.60
03C02 [10/24/1986| 489931.00 | 594793.00 580.99 583.49 122.00 132.00 461.49 451.49 Beaver Bend 71.28. 512.21 71.69 511.80
03C02P2 |10/29/1986] 489931.82 [ 594798.08 580.65 583.15 40.50 50.50 542.65 532.65 Beech Creek 37.54 545.61 37.45 545.70
03C03 [ 9/13/1986 | 490202.94 | 594055.53 597.58 600.08 141.50 151.50 458.58 448.58 Beaver Band 87.50 512.58 88.00 512.08
03C03P2 [10/23/1986| 490208.00 | 594056.00 597.70 600.20 58.30 68.30 541.90 531.90 Beech Creek - 41.55 558.65 41.85 558.35
03C04 [11/25/1986] 490260.55 | 594783.22 621.92 624.42 76.00 86.00 548.42 538.42 Beech Creek 76.95 547.47 75.82 548.60
03C05  [10/29/1986] 489782.00 | 595114.00 578.86 581.36 34.50 44.50 546.86 536.86 Beech Cresk 34.75 546.61 34.77 546.59
03C06  [10/16/1986| 489581.00 | 594596.00 622.90 625.40 . 89.50 99.50 535.90 525.90 Beech Creek - 76.76 548.64 76.92 548.48
03C07 _ [10/21/1986] 490422.52 | 594370.95 633.97 .636.47 91.20 101.20 545.27 535.27 Beech Creek 78.61 557.86 78.73 557.74
03C08P2 |11/26/1986{ 489701.00 [ 594014.00 626.84 629.34 92.50 102.50 536.84 526.84 Beech Creek 74.48 554.86 74.48 554.86
03C08A | 4/3/1987 | 489680.00 | 594051.00 628.00 630.50 173.50 | . 183.50 457.00 447.00 Beaver Bend 118.47 . 512.03 119.01 511.49
03CO08AP3| 4/5/1987 [ 489685.00 | 594047.00 627.93 630.43 17.00 22.00 613.43 608.43 Golconda 16.48 613.95 16.11 614.32
03C09 | 12/5/1986 | 490615.00 | 593777.00 600.89 603.39 147.50 157.50 455.89 445.89 Beaver Bend 91.05 512.34 91.55 511.84
03C09P2 | 12/7/1986 | 490619.57 | 593775.83 601.06 603.56 64.50 74.50 539.06 529.06 Beech Creek 45.17 558.39 45.54 558.02
03C10_ | 1/22/1987 | 490242.71 | 593656.93 605.53 608.03 68.50 | 78.50 539.53 529.53 Beech Creek 49.85 558.18 50.28 557.75
03C11 1/28/1987 | 490024.65 | 594440.55 589.86 592.36 50.00 60.00 542.36 532.36 Beech Creek 43.75 . 548.61 43.61 548.75
03C12 2/3/1987 | 489957.37 | 594574.22 584.70 587.20 41.50 51.50 545.70 535.70 Beech Cresk 41.85 545.35 41.85 545.35
03C13 2/9/1987 | 490901.00 | 593860.00 615.25 617.75 72.70 82.70 545.05 535.05 Beech Creek 59.46 558.29 N/A N/A
03C14 | 2/20/1987 | 489932.00 | 593575.00 640.29 642.79 107.00 | 117.00 535.79 525.79 Beech Creek 84.92 557.87 85.35 557.44
03C15 | 2/26/1987 | 489849.54 | 593146.29 618.51 621.34 91.33 101.33 530.01 520.01 Beech Creek 64.37 556.97 64.53 556.81
03C15P3 | 4/-/87 | 489855.00 | 593143.00 518.61 £621.11 18.10 23.10 603.01 598.01 Golconda 6.20 614.91 5.70 615.41
03C16 [ 3/12/1987 [ 490478.00 | 593362.00 680.75 683.25 148.50 158.50 534.75 524.75 Besch Creek 125.17 558.08 125.70 557.55
03C17 | 3/19/1987 [ 492763.63 | 594371.09 693.65 696.15 141.00 151.00 | 555.15 545.15 Beech Creek 137.97 558.18 138.01 558.14
03C18 4/--/87 | 489992.00 | 592967.00 622.59 625.09 18.00 23.00 607.09 .| 602.09 Golconda 4.49 620.60 4.48 620.63
03C19 5/8/1987 | 491442.00 | 593351.00 648.00 650.50 113.30 123.30 537.20 527.20 Beech Creek 92.13 558.37 92.45 558.05
03C19P3 | 5/13/1987 | 491431.00 | 593354.00 647.20 649.70 39.50 44.50 610.20 605.20 Golconda 32.74 616.96 33.08 616.62
03C20 [ 5/24/1987 | 489880.21 | 593773.34 644.12 646.62 110.50 120.50 536.12 526.12 Beech Creek 89.29 557.33 89.54 557.08
03C21 5/28/1987 | 489925.00 | 593356.00 639.72 642.22 110.90 120.90 531.32 521.32 Beech Creek 84.96 557.26 85.25 556.97
" 03C21P2 | 5/29/1987 | 489925.00 | 593361.00 639.72 642.22 36.10 41.10 606.12 601.12 Golconda 34.08 608.14 34.25 607.97
03C22 6/4/1987 [ 490090.00 | 593319.00 615.08 617.58 12.50 17.50 605.08 600.08 Golconda 9.66 607.92 9.95 607.63
03C23 6/9/1987 [ 490259.00 | 593462.00 616.11 618.61 11.00 16.00 -607.61 602.61 Golconda 5.70 612.91 7.80 610.81
03C24 | 6/16/1987 | 485159.00 | 592615.00 - 550.64 553.24 24.60 29.60 528.64 523.64 Beech Creek 21.50 531.74 21.64 531.60
03C25 | 6/18/1987 | 487148.51 | 592610.07 594.53 597.03 62.20 72.20 534.83 524.83 Beech Creek 46.68 550.35 46.45 550.58
03C26 8/3/1987 | 490695.18 [ 594134.16 638.07 640.57 96.50 106.50 544.07 534.07 Beech Creek 82.44 558.13 82.68 557.89
03C27 |.8/14/1987 | 489658.33 | 594767.37 603.84 63.00 73.00 540.84 530.84 Beech Creek 60.78 543.06 60.75 543.09

~
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Horizontal Location Top of Riser or Well Screen Interval Well Screen Interval Ground Water Depth & Elevation [Ground Watér Depth & Elevatiod]
Monitorin North Ground Surface|  Measurin ] ) ' June 2002 April 2004
Well ? g Date Coord. East Coord. Elevation® | Reference Pgint 9""“‘ to | Depthto | Elevation® | Elevation® Monhitored Unit i ) Groundwater Ground Water
. nstalled . (fest . : . Top Bottom of Top of Bottom Depth to Water - Depth to Water S S
Number . (feet N/AD 27) (feet ams1) Elevation® (feet btor) | (feet btor) (feet amsl) (feet amsl) ‘ {feet btor) Elevation*® (feet btor) Elevation*®)
' A NAD27) | . (feet amsi) .. . A (feet amsl) (feet amsl)
03C28 - | 8/22/1987 | 489884.00 | 595269.00 610.76 612.96 67.20  77.20 545.76 535.76 Beech Cresk 67.41 545.55 67.47 545.49
03C29 9/1/1987 | 488529.00 | 591095.00 |.  794.67 797.37 270.20 | 280.20 527.17 | 51717 -Beech Creek 242.40 554.97 242.50 554.87-
03C30 | 9/17/1987 | 488967.44 | 592402.75 776.41 778.91 253.00 263.00 525.91 . 515.91 ~Beech Creek 223.23 555.68 222.64 . 556.27 .
03C31 11/1/1987 | 488492.00 | 593743.00 789.70 792.10 257.40 267.40 534.70 524.70 Beech Creek 238.06 554.04 - 237.60 554.50
03C32  |11/14/1987| 491056.00 | 594471.00 709.06 711.56 166.50 176.50 545.06 535.06 Beech Creek 153.65 557.91" 153.82 - §57.74
- 03C33 11/31/87 | 486651.00 | 594224.00 782.53 785.03 -241.00 251.00 544.03 534.03 Beech Creek 234.48 550.55 234.45 550.58
03C34 | 8/11/1989 | 487870.00 | 599301.00 724.57 727.07 ‘1 .180.00 190.00 547.07 537.07 Beech Creek 178.56 548.51 178.51 548.56
03C35 | 8/19/1989 | 485347.00 | 598082.00 [  695.50 697.00 166.00 176.00 531.00 521.00 Besch Creek 174.85 522.15 174.85 522.15
03C36 9/6/1989 | 485203.00 | 599202.00 71574 - 718.24 171.50 181.50 546.74 536.74 Beech Creek Dry Dry Dry N/A
03C37 | 9/21/1989 | 483933.00 | 596471.00 | 617.78 - 620.28 107.00 117.00 513.28 | 503.28 Beech Creek 108.47 511.81 108.54 511.74
03C38 | 9/29/1989 | 485309.00 { 595951.00 570.47 572.97 45.50 55.50 527.47 517.47 Beech Creek 55.15 517.82 55.14 517.83
03B01 6/19/1987 | 482590.00 | 595584.00 501.97 504.47 10.00 15.00 494.47 489.47 " Alluvium 6.96 497.51 6.66 - 497.81
03B02 | 6/27/1987 | 482573.03 | 595505.44 | - 501.46 503.96 12.10 17.10 491.86 486.86 Alluvium 6.10 497.86 - 591 498.05
03B03 | 6/29/1987 | 482578.00 | 595406.00 502.46 504.96 11.00 16.00 493.96 488.96° Alluvium 5.74 499.22 5.70 499.26
03B04 | 6/30/1987 | 482630.95 | 595292.56 503.97 506.47 12.00 17.00 | - 494.47 489.47 Alluvium 6.92 499.55 6.77 499.70
03B05 7/1/1987 | 482623.00 | 595192.00¢ ~ 504.55 507.05 11.50 | . 16.50 495.55 490.55 Alluvium 7.05 500.00 - 6.91 500.14
03B06 7/2/1987 | 482666.00 | 594960.00 506.76 509.26 10:50 |. 15.50 498.76 493.76 Alluvium . 7.75 501.51 7.68 501.58
03B07 8/4/1987 | 482672.00 | 594768.00 508.22 510.72 6.50 11.50 504.22 499.22 Alluvium 6.60 504.12 Dry N/A
03B08 - | 8/5/1987 | 482667.00 | 594594.00 510.90 513.40 8.50 13.50 504.90 '499.90 Alluvium 8.45 504.95 8.28 505.12 -
03B09 8/7/1987 | 482657.00 | 594417.00 513.54 516.04 . 8.00° 13.00 508.04 503.04 . Alluvium 9.82 506.22 9.80 506.24
03B10 [10/22/1987] 482607.00 | 594209.00 559.46 561.96 51.00. | - 61.00 510.96° 500.96 Beech Creek 50.60 511.36 50.60 . 511.36
03-01 9/4/1981° | 490748.00 | 593688.00 601.67 604.67 44.60 | - 53.80° 560.07 550.87 _[Big Clifty and Besch CreeK 45.78 558.89 46.14 558.53
03-02. | 9/7/1981 | 489940.00 | 593060.00 619.67 622.67 6.50 13.00 616.17 609.67 Mansfield N/A N/A 6.35 616.32
03-03 9/8/1981 | 489838.00 | 594843.00 - 581.29 584.29 88.90 98.00 .| 495.39 486.29 Sample Shale N/A N/A N/A N/A
~_03-04 9/24/1981 | 489791.00 | 594610.00 591.17 594.17 - 58.10 67.50 |- 536.07 ] 526.67 ._Beech Creek N/A N/A N/A N/A
- 03-05 9/29/1981 N/A N/A 592.75 595.75 48.40 57.70 547.35 538.05 Beech Creek N/A N/A N/A . N/A
03-06 10/6/1981 | 489796.00 | 594636.00 586.71 589.71 - 40:30 49.60 549.41 540.11 Beech Creek N/A N/A N/A N/A
: j B Alluvium and Besch Creekl ’
03-07 10/8/1981 | 487837.91 | 596315.43 . 553.46 556.48 15.42 24.72 541.06 531.76 (breccia zone) 11.93 544.55 11.70 544.78
03-08 10/9/1981 N/A: N/A 583.76 586.76 35.40 44.80 551:36 541.96 Beech Creek N/A N/A N/A N/A .
03-09 |10/28/1981[ 489909.00 | 593047.00 621.72 624.72 -68.90 78.10 555.82 546.62 Big Clifty 67.80 556.92 67.88 556.84
03-10 11/3/1982 | 487821.20 | 596515.84 554.94 557.99 15.25 24.55 542.74 533.44 Beéch Creek (breccia zone! 16.60 - 541.39 16.79 541.20
03-11 11/4/1982 | 487708.67 | 596434.59 550.05 553.41 . 9.06 18.46 544.35 534.95 Beech Creek (breccia zone] 9.77 543.64 9.55 543.86
03-12 11/4/1982 | 487765.38 | 596231.91 - 554.99 558.24 '15.45 24.85 542.79 '533.39  Beech Creek (breccia zone| 16.55 541.69 16.44 . 541.80
03-13 11/5/1982 | 487633.96 | 596376.32 549.24 552.26 15.02 24.42 537.24. 527.84 Besch Creek (breccia zone 12.95 539.31 13.04 539.22
03-14 11/6/1982 | 487672.86 | 596420.54 549.37 552.41 8.24- . 17.74 544,17 534.67 Beech Creek (breccia zone 11.57 540.84 11.48 540.93
. . o ) Breccia zone and Beech
" 03-15 |11/22/1982] 487874.92 | 596346.66 556.09 559.31 18.92 28.32 540.39 530.99 - Creek+K158 17.98 541.33 17.95 541.36
03-16  |11/23/1982] 488566.76 | 595786.62 568.61 571.70 26.29 35.69 545.41 | 536.01 Peech Creek (breccia zone 29.14 542.56 29.19 542.51
. 03-17- {11/24/1982| 487650.31 | 596264.68 550.44 553.47 15.33 24.73 538.14 528.74 PBeech Creek (breccia zone 16.18 . 537.29 16.25 537.22
1/14/1983 | 487508.18 |. 596288.23 553.12 17.92. 27.22 535.20 525.90 Beech Creek (breccia zone 17.71 535.41 17.75 535.37

03-18
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Horizontal Location. Top of Riser or Well Screen Interval | Well Screen Interval Ground Water Depth & Elevation Ground Water Depth & Elevatiof
Monitoring North Ground Surface]  Measurin ‘ . ) June 2002 April 2004
Well o st Coord. East Coord. Elevation® Reference P¢g>int "Depthto | Depth to | Elevation* | Elevation® Monitored Unit : Groundwater | Ground Water
Installed (teet A Top Bottom of Top of Bottom Depth to Water . Depth to Water 1
Number (feet NADzy) | (feetamsl) Elevation® 1 ;cet btor) | (feet btor) | (fest amal) | (feet amsi) (feetbrory | Elevation"® | "5C ptony | Etevation=®
N/AD 27) (feetamsl) . s (feet amsl) -(feet amsl)
03-19 1/15/1983 N/A N/A 556.37 559.37 23.10 32.50 536.27 526.87 Beech Creek (breccia zone - N/A N/A N/A N/A
03-20 1/17/1983 | 487674.48 | 596119.27 551.83 554.76 17.33 26.63 537.43 528.13 Beech Creek (breccia zone| 18.28 536.48 17.80 536.96
03-21  ].1/27/1983 | 488039.00 | 596246.09 557.12 560.11 15.79 25.09 544.32 535.02 Beech Creek 18.92 541.19 18.95 541.16
| __08-22° ] 1/27/1983 |. 487791.08 | 596369.15 555.72 558.68 17.46 26.86 541.22 531.82 Beech Creek (breccia zone| 16.58 542.10 16.51 542.17
. 03-23 1/28/1983 | 487958.48°| 596055.94 559.34 562.49 18.05 26.45 54444 | 536.04 [eccia zone and Beech Cre 18.10 544.39 11.71 550.78
03-24 2/6/1983 | 488012:65 | 596461.97 586.04 589.28 45.24 54.64 544.04 534.64 Beech Creek 49.34 539.94 N/A N/A
03-25 2/7/1983 | 487901.68 | 596498.01 570.64 :573.97 27.53 36.83 546.44 537.14 Beech Creek 32.80 541.17 9.84 564.13 -
03-26 10/1/1983 N/A N/A . 592.89 595.89 38.90 48.00 556.99 547.89 Big Clifty N/A N/A N/A N/A
03-27 10/3/1983 | 489964.00 | 593967.00 596.08 599.08 21.50 30.60 577.58 568.48 Big Clifty N/A N/A N/A N/A
03-28 10/6/1983 | 489705.00 [ 594006.00 624.49 627.49 15.50 24.60 611.99 602.89 Hardinsburg/Gol 11.16 616.33 9.34 618.15
~_03-29 10/8/1983 | 489992.00 | 593981.00 595.61 598.61 39.60 48.60 559.01 550.01 Big Clifty N/A - N/A N/A N/A
03-30 10/4/1985 | 490818.00 | 593630.00 N/A 608.60 N/A N/A N/A N/A Big Clifty -50.15 558.45 55.06 553.54
03-31 _ [10/10/1985] 489788.00 | 594804.00 N/A 582.84 N/A _ N/A N/A N/A Big Clifty 37.73 545.11 37.70 545.14
03-32_ [10/11/1985] 489857.00 | 594822.00 N/A 583.54 N/A N/A N/A N/A Big Clifty N/A N/A N/A N/A
03-33  {10/13/1985] 489923.00 | 594836.00 N/A 583.39 N/A N/A N/A N/A Big Clifty 36.67 546.72 36.66 546.73
03-34 110/21/1985| 489844.00 | 594662.00 N/A 585.06 N/A N/A N/A N/A - Big Clifty N/A N/A N/A N/A
03-35 [10/23/1985| 489830.00 | -594561.00 N/A 586.60 N/A N/A N/A N/A ‘Beech Creek N/A N/A N/A N/A
03-36_ [10/25/1985] 489691.00 | 594603.00 < N/A 617.54 N/A N/A N/A N/A Beech Creek N/A N/A N/A N/A .
03-37 _ [10/27/1985| 489890.00 | 594618.00 N/A 586.52 N/A N/A N/A N/A . Beech Creek N/A N/A N/A N/A:
03-38 11/2/1985 | 490676.00 | 593744.00 N/A - 604.79 N/A N/A __N/A N/A Big Clifty 46.25 558.54 46.60 558.19
03-39 11/2/1985 | 490700.00 | 593792.00 N/A 603.25 N/A N/A N/A N/A Big Clifty 44.36 558.89 44.70 558.55
03SGO01 | 6/9/2001 | 490124.27 | 594313.10 N/A 587.20 N/A N/A N/A N/A N/A - 2.80 584.40 2.49 584.71
_03SG02 | 6/9/2001 | 488570.67 | 595726.88 555.50 561.84 N/A N/A N/A N/A N/A Dry Dry Dry N/A
03SG03 | 6/9/2001 | 487330.50 | 596436.67 541.07 547.42 - N/A N/A N/A N/A N/A Dry Dry Dry N/A
03SG04 | 6/9/2001 | 485646.58 | 596328.42 525.94 533.32 N/A . N/A - N/A N/A N/A Dry Dry Dry N/A
038GOS | 6/9/2001 | 484740.20 | 596109.74 | N/A 525.05 N/A N/A N/A N/A N/A 6.93 518.12 6.52 518.53
03SG06 | 6/9/2001 | 483694.26 | 595518.08 N/A 513.57 N/A N/A N/A N/A N/A 6.30 507.27 6.00 507.57
03SG07 -| 6/9/2001 | 482632.16 | 595545.26 N/A 499.95 N/A N/A N/A N/A N/A 1.04 498.91 N/A N/A
ams! = Above mean sea level

N/A = Not available or not applicable because well was abandoned or damaged.
btor = Below top of riser.

1 = Ground water elevation estimated due to well riser damage.

* All elevations are based on National Geodetic Vertical Datum of 1929 (NGVD 29)



GROUND WATER ELEVATIONS MEASURED IN 1994 AND 2001 IN MONITORING WELLS

TABLE 1-4

LOCATED IN THE OLD JEEP TRAIL AREA
SWMU 3 - AMMUNITION BURNING GROUNDS

NSWC CRANE

CRANE, INDIANA

Groundwater Depth & Elevation

Groundwater Depth & Elevation

Groundwaier Depth & Elevation

Groundwater Depth & Elevation

. September 1994 June 2001 September 2001 April 2004
Monitoring . e )
Well Number Depth to Groundv_vater Depth to Water Ground\{vater | Depth to Water Groundvyater Depth to Groundv_vater
, ) Water Elevation (feet btor) Elevation (feet bor) Elevation Water Elevation
(feet btor) (feet amsl) ] A (feet amsl) (feet amsl) (feet bor) (feet amsl)

03-07 13.36 542.72" 11.62 544.46 15.02 3049047.90 11.70 544.78
03-10 17.00 540.59 16.63 540.96 17.00 3049246.32 16.79 528.60
03-11 11.80 541.21 9.81 - 543.20 - 13.04 3049169.04 9.55 -537.76
03-12 17.45 540.39 16.85 540.99 17.53 3048961.86 16.44 529.20 . -
03-13 13.46 538.40 13.01 538.85. 13.53 3049110.28 13.04 526.82
03-14 12.42 539.59 - 11.58 540.43 13.58. 3049154.45 11.48 535.33
03-15 18.46 . 540.45 17.98 " -540.93 18.46 3049075.69 17.95 - 525.26
03-16 29.67 . 541.63 29.29 542.01 - 29.47 3048504.62 29.19 518.91
03-17 16.45 536.62 - 16.22 536.85 . 16.98 3048995.18 16.25 - 524.52
03-18 17.98 534.74 -17.73 - 534.99 18.15 3049017.56 17.75 520.37
03-19 NF NF .NF NF NF NF N/A N/A
03-20 19.20 535.56 - 18.00 - 536.76 19.00 3048847.76 .17.80 522.56
03-21 19.08 "~ 540.63 18.90 540.81 - 19.14 - 3048974.43 18.95 527.96
03-22 17.61 . 540.67 16.58 541.70 17.41 3049099.23 16.51 527.27
03-23 18.30 ~_543.79 17.50 544.59 -19.47 3048783.95 11.71 535.48
03-24 49.32. 539.56 49.35 - '539.53 49.36 3049160.09 N/A N/A
03-25 33.06 : 540.51 33.00 540.57 33.04 3049212.45 9.84 539.53

NF = Not found, presumed to be destroyed.
N/A = Not available-or.not applicable because well was abandoned or damaged.

amsl =

Above mean sea level.

" btor = Below top of riser.
Survey coordinates for all wells except 03 19 were taken from the TtNUS survey performed in 2001
Vertical elevations are based on National Geodetic Vertical Datum of 1929 (NGVD 29).




TABLE 1-5

‘ SUMMARY OF SOIL BORING SAMPLES AND LABORATORY ANALYSES SURFACE/SUBSURFACE SOILS
: MAIN TREATMENT AREA .
SWMU 3 - AMMUNITION BURNING GROUNDS
- CORRECTIVE MEASURES STUDY APRIL 2004

NSWC CRANE
CRANE, INDIANA .
PAGE 1 OF 8 ‘
- o o
Soil _ - < B |85 %}‘ﬁ & 8 c c Sz
Boring Boring Sampl(e“) 3 % | 8 § S |<3® = 58 3 "% E §
Group® | Location Number'* o 2 =58 |82 ¢ S oges
: ) -X o4 | 202 & ° w o
|- _ w e e - =
OJT . | .035B049 | = 03550490002 . -. 1 s B s .| s - -
oJT -03SB049 03SB0490206 .- S S S S - - -
oJT 03SB049 |  03SB0490610 S S S S, S - - -
oJT 03SB049 |- 03SB0491014 S S S S S - - -
S OJT 03SB050 035880500002 - | - S - S - - - -
oJT 03SB050 03SB0500206 - s - S - - - -
oJT 03SB050 |  03SB0500610 S S - S - - - -
oJT 03SB050 | 03SB0501014 | S . S - S - - - -
oJT 03SB051 03850510002 |- - S, B S S - - -
oJT 03SB051 | 03SB0510206 . S ‘S .S S. . - -
ouT 03SB051 03SB0510610 S S -8 s |- s - - -
oJT 03SB051. 03SB05 100 6) 0 0 o 0 - - -
. OJT | 03SBO52 |  03SS0520002° | - -. S - S - - : -
OJT . | 035B052 03580520206 ~ |. - S - S - - ) - -
oJT 03SB052 | 03SB0520610 S S - S - - - -
OJT | 03SB052 ‘| 035B0521014 S -8 - S - - - -
A 03SB053 03550530002 - S S [ S - - -
A 03SB053 | 03s5B0530206 © | - ‘s [ 'S S - - . -
A 03SB053 03SB0530610 ~ | ~O 0 0 o} [¢) - - -
A - | 03SB053 03SB053x00 0 o 0 0 ‘0 - - -
B 03SB054 03sso0s540002 | - X - S - - - -
B 03SB054 035B0540206 E S - S - - - -
B 03SB054 03SB0540610 o 0 - ) - - - -
B 035B054 03SB054%0x 0 o - 0 - - - -
‘B 03SB055’ 03550550002 - o 0 - o - - -
B | 03sBos5 03SB0550206 [ - . l¢) 6} - o : - -
B 03SB055 03SB0550610 o) 0 6] - o) - - -
B 03SB055 |  03SBO55%0x o o) o) - o - - .
B 03SB056 03550560002 . ) - S - - - -
B. 03SB056 03SB0560206 - o} - 0 - - - -
B 03SB056 |+ 03SB0560610 /6) o . - 0. - - - -
B 03SB056 |  03SB056xxxX 0 o - o - - 1 - -
B 03SB057 03850570002 | - S - - E - - -
B 03SB057 |.- 03SB0570206 . - °8 - - - - - -
B 035B057 035B0570610 o 0 - - - - - -
: o B 03SB057 | . 035B05700x o.| o - - - - - -
’ B 03SB058 - |~ ‘03550580002 - S - .S . - - -
B -03SB058 03SB0580206 - 1 s - S - - - -
i B 035B058 035B0580610 S S - 3 - - - -




SUMMARY OF SOIL BORING SAMPLES AND LABORATORY ANALYSES - SURFACE/SUBSUR

SWMU 3 - AMMU‘NIT'ION BURNING GROUNDS
CORRECTIVE MEASURES STUDY APRIL 2004

TABLE 1-5

MAIN TREATMENT AREA

FACE SOILS

NSWC CRANE
CRANE, INDIANA
PAGE 2 OF 8
- < c 2 < o .2 :
Soil s B’ £% |g2| & 8 c &2
Boring Borir.lg Samplga) 8 % _ é% g 2 g % s _gl :E. '%E S
Group | LOSROR | Number®® o 2 @ BB 152 B | 55 [ 7|88
I3 @ a P ] g ° w ©
w (= '2 3 -
B 03SB058 035B0581012 S S - S - - - -
B 03SB059 03550590002 - S S - S - - -
B 03SB059 035B0590206 - S S - S - - -
B 03SB059 03SB0590610 o - 0 0 - 0 - - -
B - 03SB059 03SB059xxxx o} o] 0 - 0 - - -
B 035SB060 03550600002 . S - S - - - -
B 0338B060 03SB0600206 - S - S - - - -
B 03SB060 03SB0600610 S S - - S - - - -
B " 03SB060 03SB0601014 S S - S : - - -
B 035B061 03S50610002. - S S - S - - .
B 03SB061 "03SB0610206 - E S S . .S - - -
B~ 03SB061 03SB0610610 S S 'S - S - - .
B 0358061 03SB061xxxx o o 0 - o - E -
B 035B062 03550620002 - ) - o - - - -
B 03SB062 . 03SB0620206 . - 0 - o) - - - -
B 03SB062 03SB0620610 o) o - - 0 . ) - .
B 035B062 03SB062x00 o o) - o - - - -
‘B 035B063- 03550630002 - S - - - - - -
"B -- | ‘035B063 | 035B0630206 - S - - - - - .
B 0358063 03580630610 s S - - - - - -
B '03SB063 03580631014 S S - - - - - E
B 03SB064 03550640002 - S i S i - - -
B . 03SB064 03SB0640206 - ) - ) - - - -
B 03SB064 03SB0640610 o 0 - o - - - -
B 035B064 03SB064xxXX o o - o) : - - -
B 03SB065 03550650002 - S S - S - - -
B’ 03SB065 03SB0650206 - S S - S - - -
B 03SB065 03SB0650610 S S s - - S - - -
B 03SB065 03SB0651014 S S s - - S - - -
c 03SB066 03550660002 ' S - S - ) - -
e 03SB066 03SB0660206 S - S - - - -
C 035SB066 03SB0660610 S S - .S . - - -
c 03SB066 035SB0661014 S S - S - T - -
“C 03SB067 03550670002 - S S - S - - -
Cc - 03SB067 03SB0670206 - s - S - S - - -
C 03SB067 03SB0670610 S S S - S - - -
C 03SB067 | 03SB0671012- S © 8 S - S - - -
c 03SB068 03550680002 - [ . [ - - - -
[¢ 03SB068 03SB0680206 - S - s - - - -




TABLE 1-5

. SUMMARY OF SOIL BORING SAMPLES AND LABORATORY ANALYSES - SURFACEISUBSURFACE SOILS
. .MAIN TREATMENT AREA
SWMU 3 - AMMUNITION BURNING GROUNDS
CORRECTIVE MEASURES STUDY APRIL 2004

NSWC CRANE
CRANE, INDIANA
PAGE 3 OF 8
— o o

Soil _ _ _ s | 8 gs, [5%| £ 5 c c &z

Boring Borlr.ng Sampl(e”) 8 % é'ﬁ 3 2 g % 3 _g %. §§ S

Group | LocSton | Number® | g |2 | ERB [E2) £ | 53 8%8

e [ P> (8]
‘ & &% |53 o ° W

b
. c 03SB068 -03SB0680610 s |- s - S - - - -
c 03SB068 035B0681013 S S . S - - - -
D 03sB069 | 03SSsoego002 |- - s - . . - - -
D 03SB069 03SB0690206 | - S - - . - - -
D 03SB069 03SB0690610 S S - - . - - -
D 03SB069 03SB0O6900 o) 0 . - - - - -
D | 035B070 03550700002 s - S, - - - -
D 03SB070 03sBo700206 | - S - S- - - - -
D " 03SB070 03SB0700610 S s - S - - - -
D 03SB070 03580701012 S .S - s .| -- - - -
A D 03SB071 03550710002 - S S - S - - -
' D '03SB071 | - 03SB0710206 - S S . S - - -
. D -03SB071 03SB0710610 | © o o) - 0 - - -
: D 03SB071. 03SBO7i1x0x | O | O o - /o) - - -
D . 03SB072 03880720002 | - - S - S - - - -
D 03SB072 03SB0720206 - S - s - - - -
D 035B072 035B0720610 S .S - -8 - - : -
D 03SB072 03SB072x0x 0 o - 0 - - - -
D 03SB073 03550730002 - S | 5 - S - - -
D 03SB073 035B0730206 . |. - ) S - 'S - - -
D 03SB073 03SB0730610 S 3 S - "8 - - -
D 03SB073 03SB0731013 S S s - S - - -
D 03SB074 03550740002 . [ - S - - - -
D . 03SB074 | 03SB0740206 - S - 'S - - - -
D 03SB074 03SB0740610 S S - S - - - -
D 03SB074 | - 03SB0741014 [ S - - S - - - -
D 03SB075 03550750002 | - S - - - - - -
D 03SB075 03SB0750206 - ) - - - - - - -

i) 03SB075 03SB0750610 S S - - - - - -
D 03SB075 03SB075xxxx .0 0 - - - - - -
E . .03SB076 03550760002 - | s - ) : - - -
E 03SB076 |. 03SBO760206 | . - | S - 'S - - - - -
E " 03SB076. 03SB0760610 [ S - S - - - -
: S E 03SB076 035B0761014 .| 'S S . - S - - - -
- . E 03SB077 03550770002 - S S - S - - -
o E 03sB077 | 03SB0770206 - ) s - ) - - -
y E | ossBozz [ 03sBo770610 S S S - S - - .
‘ E 03SB077 -03SB077x00x - ) 0 0 - O . - - -
E 0358078 03550780002 - [ - S - S 3 S




SUMMARY OF SOIL BORING SAMPLES

SWMU 3 - AMMUNITION BURNING GROUNDS
"CORRECTIVE MEASURES STUDY APRIL 2004

TABLE 1-5

AND LABORATORY ANALYSES - SURFACE/SUBSURFACE SOILS
MAIN TREATMENT AREA

NSWC CRANE
CRANE, INDIANA
PAGE 4 OF 8
. c 8. ° Q .
" Soil - ' 5 k: $% 52| S c &2
Boring |  Boring Sample | 3| 3 | 888 |<8| 2| 58 | 5| 288
Group™ |- Location Number™™ , . c>> % T o "'é g E o 3 S 3% o
. x O a .| =2 & <] w ©
. o . w o }_ﬂj o [t
E 03SB078 035B0780206 - S - S : S 'S .S
E 03SB078 03SB0780610- 3 s ‘s - S S S
E 03SB078 03SB078x0x o 0 e /o) - 0 0 0
F 03SB079 03550790002 - (5] S - - S - - -
F 03SB079 035B0790206 - S S - S - - -
F 03SB079 03SB0790610 S S . ) - S - - -
F 035B079 03SB0791012 S S s - S - - -
F 035B080 03550800002 - © 8 - s | - - - -
F . | oasBoso 03SB0800206 - S - S - - - -
F - 035B080 03SB0800610 - S s - S - - - -
F 03SB080 | - 035B0801013 S S - .S - - - -
F 03SB081 - 03550810002 - S - - - - - -
F 03SB081 03SB0810206 - 5 - - - - - -
F 03SB081 03SB0810610 S S - - - - - -
F 03SB081 03SB081x0xx 0 0 - - - - - -
F . 0358082 03550820002 - S . - - S - - - -
F 035B082 035B0820206 - s - S - - - -
F '03SB082 03SB0820610 S S - S o o- - - -
F~ | o03sBos2 035B0821013 S S - s s . - -
F 03SB083 .| 03550830002 - S S - S - - -
F 03SB083 03SB0830206 - S S - S - - -
F 03SB083 03SB0830610 | S S 'S - S - - -
F 03SB083 03SB083xxx 0 0 0 - 0 - - -
F . 035B084 03550840002 - ] S - - - -
F 03SB084 . 035B0840206 - s - 'S - - - -
" F 035B084 035B0840610 S [ - 3 - - - -
F 03SB084 03SB084x0x 0 o} - 0 - - - -
F 03SB085 03550850002 - S - Lo - - - -
F 03SB085 03SB0850206 - S - - - - - -
F 03SB085 03SB0850610 S s - - - - - -
F 03SB085 035B0851013 s s - - - - - -
F 03SB086 | . 03550860002 - S - S - - - -
F. 03SB086 | 03SB0860206 - S - S - - - -
F 03SB086 03580860610 S S - S - - - -
F 03SB086 03SB0861014 S s . - s - - - -
F 03SB087- 03850870002 - S s - S - - -
F 03SB087 | 03SB0870206 - S S - S : - -
F 03SB087 ' 03SB0870610 S s S - S, - - -
F 03SB087 03580871013 S S S - ] - - .




TABLE 1-5.

. SUMMARY OF SOIL BORING SAMPLES AND LABORATORY ANALYSES - SURFACE/SUBSURFACE SOILS
MAIN TREATMENT AREA - ' :
SWMU 3 - AMMUNITION BURNING GROUNDS
CORRECTIVE MEASURES STUDY APRIL 2004

NSWC CRANE
CRANE, INDIANA
5 ' , PAGE5OF 8
. . S
- | % | Es |3%| 8 % g
Bi?i:g, Boring : s:vnmpltz3 38 % X % § E g % §§ T _g gg
Group“) L.ocation lNumber( ,3) . g % | c g .g gE 5 3 E; 3% -3
: x @ a = 0 &) ° : w©
. i L u_| [a] P“—’ ] [
G 03SB088 03550880002 - S - S - - - -
G " 03SB088 03SB0880206 - s - - S - - -
G 035B088 03SB0880610 o 0 : . 0 - - - -
G 035B088 03SB088xxxxX ) 0 - 0 - - - -
G " 0358089 03550890002 - S s - S - - -
G 035SB089 03380890206 - s s - s - - -
G 03SB089 | . - 03SB0890610 0O o o} - o - - -
G’ * 035B089 . 03SB089IxxxxX o |. o o) - 0 - - -
G 03SB0SC | . 03550900002 - -5 - S - - - -
G 03SB090 | 03SB0800206 | - S. - S - - - -
o G- 03SB090 03SB0900610 S 'S - S. - - - -
' G 03SB090 . 03SBO0YOXXXX o o . . 0 - - - -
‘ H 03SB091 03550910002 - | s ) - S - - -
S H 03SB091 " 035B0910206 - S S - -8 - - -
H- 03SB091 |  03SB0910610 S [ S - S - - -
H 03SB091 | - 03SB091x00x o 0 o) - o - - -
H 035B092 " 03550920002 - -5 - S - - - -
H 0358092 03580920206 : - S - -8 - - - -
H - 03SB092 03SB0920610 s S - -8 - - - :
H 03SB092 03SB092x0cx 0 0 - 0 - - - -
“H 035B093 03550930002 .- S - - - - - -
H- 03SB093 .035B0930206 | - "s - - - - - -
H 03SB093 03SB0930610 - 8 S - - - - - -
" H 035B093 | 035B0931014 " ‘S S - - - - - -
H 0358094 03550940002 - 5 - S - - - -
H 03SB094 035B0940206 - S - S - - . -
H 0358094 03SB0940610 [ s . - .8 - - - -
H 035B094 03SB094xxxX 6) o . 0 - . - .
H 0358095 03850950002 " | - [ ) - .S - - -
H 0358095 03SB0950206 - ) S - S - - -
H 0358095 | + 03SB0950610 s |. s [ - 3 - - -
H 03SB095 |  03SB095x0x o 0 0 - 0 - - -
H 035B096 -03850960002 - s . - S - - - -
H 0358096 |. 03SB0960206 - S - S - - - -
: H 03SB096 03SB0960610 S S - S - - - -
S H 03SB096 | . 03SBO96xxxx |- O o - 0 - . - .
) H 03SB097 03550970002 - S S - |1 s - - -
‘ H 03SB097 03SB0970206 - S S - S E - -
H 035B097 03$B0970610 [ S [ S - S - - -
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. NSWC CRANE
CRANE, INDIANA
PAGE 6 OF 8
- o 4]

Soil s | 3 .E.’Sg =% g 5 c cS2
Boring Bom.ig Sampl(eu) 3 % E §' S 2 g ?c: o 'g - "% .§ §_
Groupth. | Location Number® Q 2 €58 |82 g 58 oga

3 oy = 9 a ° w
A . u o = - -
H 0358097 03SB09700x 5} o 0 - o) - - :
H. 03SB098 03550980002 . S - .S - : - -
H 0358098 03SB0980206 - - S - ) - - - -

“H . 03SB098 03SB0980610 S S - [ - - - -
H '03SB098 |- 03SB098x0x 0 o - 0 - - - -
H 0358099 03550990002 . 'S - - - - - -
H 03SB099 03SB0990206 - S : - - - - -
H 03SB099 03SB0990610 S S - - - - - . -
H . 03SB099 03SB0993000x e (o) - - - - - -
] 0358100 | 03551000002 . - s - - S - - . -

o 03SB100 03SB1000206 - S - S . - - -

n - 03SB100 .03SB1000610 S S - S, - - - -

- 03SB100 03SB1001014 S S - S - - - - ‘
I 03SB101 03551010002 - S [ s ) . - - :
I 03SB101 035B1010206 - - S S S [ - - -

I 03SB101 035B1010610 s -8 S. ) S - - -
] 03SB101 03581011014 S S .S S S - - -

1 03SB102 | 03551020002 - s - - - - - -
b 03S8102 | . 03SB1020206 .| - 'S - - - - - -
1 0358102 03SB1020610 S s B : - - - -
I 03SB102" 03SB1021013 - [ S - - - - - -

B 035B103 03551030002 - S [ ‘S ) - - -
I 03SB103 | - 03SB1030206 - S S S s - . -
I -03SB103 03SB1030610 5 5 S R S . - -

S 03SB103" 035B1031011 S 0 /o) 5) o) - - -
J 035B104 03551040002 . s - B - - - -
J 03SB104 03SB1040206 - [ - - - - - -
J | o3sB104 035B1040610 S S - - . - - -

J 03SB104 -| 03SB1041014 S S - - - - . -

MISC 03SB105 03881050002 {. -. |. s "8 [ ) - - -

MISC | - 03SB105 035B1050206 . S S - S S - - -

MISC 03SB105 {- 03SB1050610 S S S K S - - -

MISC | 03SB105 03SB1051012 | S S ] S ] - - -

MISC 03SB106° |03551060002 - ) - - - - - -

MISC 03SB106 | ' 03SB1060206 .| - S - - - - - -

MISC | 035B106 035B1060610 | S S. - - - - - - - .

MISC 03SB106 035B1061014 S S - - - - - - ‘
‘MISC - | o03sB107 03581070002 |. - [ S - S - - -1 '
MISC ~ | 03SB107 03SB1070206 | - S S - S - - -
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Boring | Boring | sample | G | 2 | xEE |ZE) s | 28 | o | £5%
Group“’ L.ocation Number'” g % o 5 g »§, E o g 8 8¢ s
) X  q = 2 s ° w ©
» ol B L .
MISC 03SB107 03581070610 S [ S - S - - -
MISC .| 03SB107 03SB1071014. [ S S - S - - -
MISC 03SB108 | 03551080002 E s’ - S - - - -
MISC 03SB108 03SB1080206 - S - S - - - - -
.MISC .| 03SB108 03SB1080610 S S - S - - - -
MISC 03SB108 03SB1081014 3 B - S - - - -
- MISC | 03sB109 03551090002 f S : - - - - -
_MISC | 035B109 03SB1090206 - ) - - - - - -
MISC 03SB109 03SB1090610 S S - - - - - -
MISC 03SB109 035B1091013 ) S - - - - - -
MISC 03SB110 03551100002 - S - s - - - -
MISC 03SB110 | 03SB1100206 - -8 . .S - - - -
' " MISC 03SB110 03SB1100610 S S - S - - - -
' " MISC | 03sB110 03SB1101013 - S S - S . - - - -
MISC | 03SB111 03851110002 - S S - S - - -
MISC | 03SBi111 ‘03581110206 - S S - S - - -
MISC ' | 03sB111 .| ‘03SB1110610 S S S - S - - -
"MISC 03SB111 03SB111x0x o | o 0 - 0 - - -
MISC 035B112 03551120002 C s S - S . - - -
MISC 038B112 03SB1120206 - s . - S . - - - -
- MISC 03SB112 03SB1120610 S S - S - - - -
MISC 03SB112 | ~ 03SB112x00c ‘0 0 - 0 - - - -
~ MISC | 03SB113 03551130002 - S S : S - - .
"MISC 03SB113- 03SB1130206 - S s - S - - -
MISC 03SB113’ 03SB1130610 0 o 0 - 0 - - -
MISC 03SB113 | 03SB113xxxx o o o - 0 - - -
MISC 03SB114 03SS1140002 | - S - s - - - -
MISC. | 03SB114 03SB1140206 - S - S . - - -
MISC 03SB114 03SB1140610 | S S - S - - - -
" MISC .| 03SB114 | = 03SB114x00 o) 0 - o E - - -
_MISC 03SB115 03551150002 - S - - - - - -
MISC 03SB115 | * 03SB1150206 . - R - - - - - -
MISC. | 03SB115 03SB1150610 [ S - - - - - -
MISC 03SB115 03SB115x00¢ o) 0 - - - - - -
MISC | 03SB116- 035B1160002 | - S - S - S S S
. MISC 035B116 03SB1160206 - S - [ - ] S S
‘- [ msc. | o3sBi16.] 03SB1160610 S S - S - 'S S S
: MISC 0358116 03SB116x00x [} 0 - 0 - e (o] 0
MisC | 03sBt17 035$1170002. - - S S - S - - -




" "TABLE 1-5

SUMMARY OF SOIL BORING SAMPLES AND LABORATORY ANALYSES - SURFACE/SUBSURFACE SOILS '
4 MAIN TREATMENT AREA . ‘ ,
SWMU 3 - AMMUNITION BURNING GROUNDS'
CORRECTIVE MEASURES STUDY APRIL 2004

NSWC CRANE
CRANE, INDIANA
PAGE 8 OF 8
e ' e 0
Soil < |3 £% (52| € S c T R-2
Boring | B9 e | 8| 3 | BSS|<E| £ | 58 | 5| Ss3
m | Location Number®? o} o x£T |5 = o TS S¢ &
Group . > g o S les 3 g o X0
] .0 & ] . -
MISC 03SB117 03581170206 - ) S - S - - -
MISC | 03SB117 | . 03SB1170610 S S S - S - - -
MISC 03SB117 | 038B1171013 | S | s S - S - - -
MISC ~ | 03SB118 | 03551180002 ~al -8 - S - - - -
MISC 03SB118 03SB1180206 - .8 - S - - - -
MISC 0358118 03SB1180610 .S S - - S - - - -
MISC 03SB118 03SB1181012 | S S - S - - - -
MISC | 03SB119 | 03551190002 - -8 - - - - - -
MISC 03SB119 035B1190206 - .S - - : . - -
" MISC 03SB119- | .03SB11d0610° | S S - - - - - -
MISC 03SB119 | 03SB1191014 | S S - - - - - -
MISC . | 03SB120 | = 03551200002 - S S . S S - - - \
MISC 03SB120 |  03SB1200206 - S .S S S - - S ‘
MISC 0358120 03SB1200610 S '8 S S S - - - .
MISC 035B120- 03SB1201012 S S - S S [ - - -
MISC 035B121 ‘035581210002 © | - S - S - - - -
MISC 035B121 03881210206 | - | S - -8 - - - -
MISC 03SB121 03SB1210610 - s | s - S - - - -
MISC 03SB121 035B1211013 S S - S - - - -

VOC  Volatile organic compound.
MISC = Miscellaneous. :
8 Sample collected as proposed in the approved QAPP Addendum No. 1 (TtNUS, 2004).
O . Sample NOT collected as proposed in the approved QAPP Addendum No 1 (TtNUS 2004) (See Table 2-3).

E Sample collected due to elevated PID readmgs in soil core.
M Soil Bonng Groups correspond to Groups givenin Flgure 3-1. “OJT” indicates bonngs located at the OJT
*MISC” indicates borings located in the spaces between soil boring groups on Figure 3-1.

2 Sample numbers ending with oo were not collected as proposed in the QAPP Addendum No. 1
due to steep siope conditions or‘refusal. '
"3 Forsample numbers ending in 0002 or 0206 VOC samples were collected at the highest PID readingifa
. reading higher than backgrou.ind was obtained. See Section 3.5.1 of the QAPP Addendum No. 1.
4 See Table 1-3 of the QAPP Addendum No. 1 for specific analysis requirementsAand anaIYte list.



TABLE1-'6 -

" SUMMARY OF DESCRIPTIVE STATISTICS -
'MAIN TREATMENT AREA - SURFACE SOIL
) 2004 SAMPLING EVENT - '
SWMU 3 - AMMUNITION BURNING GROUNDS
NSWC CRANE
- CRANE, INDIANA

Maximum

. Frequency of Minimum Range of . Mean Average of . .
Parameter Detection . | Concentration | Concentration | Nondetects | Concentration | Positive Hits Sample of Maximum Detect
Volatile Organics (pglkg) . ! ) :
2-BUTANONE 11 7J 7J 7.00 7.00 - 03551080002
ACETONE 11 66 J 66 J 66.0 66.0 03581080002
Energetics (mg/kg) - : - . . -

"11,3,5-TRINITROBENZENE 4/67 0.27 J 14 0.25 . 0.351 3.91 03551200002
2,4,6-TRINITROTOLUENE 6/67 0.72 400 0.25 - 6.83 75.0 03551200002

"(2,4-DINITROTOLUENE 3/67 031J - 0.57 - 0.25 0.139 0.427 03SS 1190002
2,6-DIAMINO-4-NITROTOLUENE 1/23 047 J 0.47J 0.25 0.140 0.470 03581200002
2-AMINO-4,6-DINITROTOLUENE ' 5/67 0.38 J 12 .0:25 ~ 0.337 2.96 03851200002
3,5-DINITROANILINE 1/23. 1.1 1.1 0.25 0.167 1.10 03581200002
4,4-TN-AZOXY 1/23 0.61J 0.61J - 05 '0.266 0.610 - 03551200002
4-AMINO-2,6-DINITROTOLUENE 5/67 0.27 J 10 0.25- 0.308 2.58 03851200002
HMX 19/67 0.28J 1100 0.25 . 23.3 81.7 03551200002
MNX ~_1/23 0.62 J 0.62 J 0.25 - 0.147 0.620 03551200002
RDX : 5/67 0.28 J 660 0.25 10.5 139 03$S 1200002
Inorganics (mg/kg) ’ B . . . . S
ALUMINUM 35/35 4500 26600 9529 9529 03551160002
ANTIMONY 19/35. - 0344 32J 0.23-0.73 2.54 4.51. 03580880002

"[ARSENIC 35/35 -43J 27.9J - 8.69 8.69 035S1160002
BARIUM 35/35 255J 4120 J 415 415 03551160002
BERYLLIUM 33/35 . 0294 1.8 0.57 0.763 0.792 03550780002

|ICADMIUM - 20/35 . 0224 38.5 0.17 - 0.56 2.70 4.63 03881200002

- |CALCIUM 35/35 1774 78200 J i = 14023 ° 14023 03881200002
CHROMIUM 35/35 10.4 J _56.6 J - 18.2 18.2 03SS1160002
COBALT ° 35/35 364 206 J - 11.7 11.7 03380700002
COPPER 35/35 5J 10700°J - 573 573 03881160002

" [IRON - 35/35 10800 J 68900 J 25429 25429 03551200002
LEAD. . 35/35 9.8J ~ 14600 J = 681 681 03851200002
MAGNESIUM 35/35 - 500 J 11300 J - 2665 2665 03SS0700002 -
MANGANESE 35/35 5714 - 5390 J - 930 930 03851160002
MERCURY 26/35 0.012J 5.5 -0.018 - 0.061 0.257 0.339 03851200002 .
NICKEL ) 35/35 4.8 J 676 J - 22.0 22.0 03551200002

" |POTASSIUM 35/35 3254 3080 J . 1044 1044 03SS1010002
SELENIUM 11/35 0.27J 0.53 J 0.14-04 0.199 0.365 03851000002
SILVER 9/35 0.11J 15.7 0.041 - 0.57 0.854 3.18 - 03851160002
SODIUM 19/35 524.J - 684 J 14 - 67.9 100 170 03551120002
THALLIUM 8/35 0.08 J 0.12 J 0.06 - 0.21 - 0.0701 0.101 03SS0780002, 03SS1030002
TIN 11/35 0.44 J. 44.2 J 0.29-1.8 3.81 11.3 03581160002
VANADIUM - 35/35 88J 29.6 J - 18.0 18.0 03SS0680002 .
ZINC 34/35 154d 11100 J 148 703 722 035S1160002
Miscellaneous Parameters . :

JCATION EXCHANGE CAPACITY (MEQ/1) 2/2. 14 19 o= 16.5 16.5 03580780002

- IPERCHLORATE (mg/kg) ) 5/23 0.07 J 0.3J 0.042 - 0.054 0.0692 0.234 03880590002 03850670002, 03880910002
PERCHLORATE-8321 (ug/kg) 2/6 0.53 J 0.69 J 1.1-1.2 0.595 0.610 03SS0610002
PH (S.U) 2/2 7.6 8 - 7.80 7.80. 03551160002
TOTAL-ORGANIC CARBON (mg/kg) 2/2 1700 15000 - 8350 - 8350 03551160002




TABLE 1-7 -

SUMMARY OF DESCRIPTIVE STATISTICS
‘MAIN TREATMENT AREA - SUBSURFACE SOIL -
2004 SAMPLING EVENT
SWMU 3 - AMMUNITION BURNING GROUNDS

NSWC CRANE
CRANE, INDIANA
PAGE 1 OF 2
Frequency of Minimum Maximum ‘Range of Mean Average of . . .
Parameter - . Detction Concentration | Concentration- | Nondetects- [ Concentration Positive Hits | Sample of Maximum Detect
Volatile Organics (ug/kg) . 5 : : - : it I ) . . R
1,1,2-TRICHLOROETHANE . 3/92 ) 3J 14 J 0.917 - 2.05 0.895 9.67 03SB0610206
1,1-DICHLOROETHENE - 4/92 c2d 7J -0.917 - 2.05 ~ 0.748 4.00 03SB1030610
2-BUTANONE : 27/47 P 3J 36 J 0.917 - 2.05 ) 5.89 9.78 035B1021014
4-METHYL-2-PENTANONE 2/92 2J 10 J 0.917 - 2.05 0.718 6.00 03SB1021014
ACETONE 58/87 - 4J 7200 J 0.965 - 37 . 108 160 03SB1021014
BENZENE . . 7192 . 2J 31 0.917-2.05 | 1.07 - 6.86 03SB0700610
.|BROMOMETHANE . .4/92 2J . 8 0.917 - 2.05 .| 0.760 4.25 03SB1191014-
CARBON DISULFIDE 11/92 2 J 8 0.917.- 2.05 0.931 3.36 03SB1090610
CHLOROFORM o . 6/92 2J 7 0.917 - 2.05 _ 0.811 ] 3.83 03SB0920610
CHLOROMETHANE . - ) 1/92 4’ . 4 0.917 - 2.05 0.638 4.00 - 035B1191014
CiS-1,2-DICHLOROETHENE - 16/92 2J 3100 J 0.917 - 2.05 88.4 : 505 03SB1030610
ETHYLBENZENE ) . 6/92 2J 1200 J 0.917 - 2.05 14.3 : ~ 211 03SB1030610
METHYL IODIDE . . 1/54 15 J ) .15 J 0.917 - 2.05 0.869 |- 15.0 03SB1191014
STYRENE : 1/91 - 33 ~ 33 0.917 - 2.05 0.957 33.0 03SB1020610
TOLUENE . . 11/92 2J 160 0.917 - 2.05 - 3.96 - 28.7 03SB1021014
. |TOTAL XYLENES - 8/92 2J ) 2000 J 0.917 - 2.05 . 23.5 : 264 03SB1030610
TRANS-1,2-DICHLOROETHENE 10/92 -~ | . 2J 250 J 0.917 - 2.05 4.42 ) 35.7 03SB0610610
TRICHLOROETHENE : _15/92 24 19000 0.917 - 2.05 337 2065 03SB0610206
TRICHLOROFLUOROMETHANE - 2/92 24d . - 2J 0.917 - 2.05 0.629 2.00 03SB0731014, 03SB0900610
VINYL CHLORIDE - 9/92 - 2J 20 0.917 - 2.05 1.40 - 8.78 - 03SB1011014
Energetics (mg/kg) . : ) -
1,3,5-TRINITROBENZENE 2/156 0.34 J 0.91J ) .0.25 0.131 0.625 03SB0791014
2,4,6-TRINITROTOLUENE . 2/156 3.7 45 . . 0.25 0.436 . 24.4 03SB0791014
2,6-DINITROTOLUENE 3/156 0.33 J - 0.41°J 1. 025 0.130 - 0.360 03SB0821014
2-AMINO-4,6-DINITROTOLUENE 1/156 0.35J 0354 - 0.25 0.126 0.350 03SB0570206
4-AMINQO-2,6-DINITROTOLUENE 1/156 0.26 J 0.26 J- 0.25 0.126 0.260 03SB0880206
HMX 22/156 0.27 J - 16 . : 0.25 0.356 : 1.77 035B1191014
RDX - ) 6/156 032J - 2.1 : 0.25 0.172 1.36 03581200206



SUMMARY OF DESCRIPTIVE STATISTICS
MAIN TREATMENT AREA - SUBSURFACE SOIL

" SWMU 3 - AMMUNITION BURNING GROUNDS

TABLE 1-7

2004 SAMPLING EVENT

NSWC CRANE
CRANE, INDIANA
PAGE 2 OF 2 .
Frequency of Minimum Maximum Range of Mean - Average of
Parameter Detction Concentration | Concentration | Nondetects .| Concentration Positive Hits | Sample of Maximum Detect
Inorganics (mg/kg) ’ - . ) -
ALUMINUM 82/82 20.4 J - 47200-J e 9215 9215 035B0601014
ANTIMONY 42/82 0.27 J 326 J 0.12-0.74 0.952 . 1.68 03SB1000610
ARSENIC - 81/82 1.3J 22 0.13 8.59 8.69 03SB0681014
BARIUM 81/82 18.3 J 595 J 0.59 122 124 03SB1000610
BERYLLIUM 70/82 0.23J 2.3J 0.018 - 0.88 0.954 1.07 03SB0820206
CADMIUM 33/82 0.18 J 3.5 0.034 - 0.84 0.375 - 0.711 03SB1000610
CALCIUM 80/82 81.2J 129000.J 8.6 - 951 8625 - 8835 03SB0701014
CHROMIUM 81/82 6.7 J _65.34J 0.25 . 19.5 19.7 ~035B1000610
COBALT 81/82 _02J 39.9 J 2.6 14.6 14.8 03SB0660610
COPPER 81/82 3.9J 508 J 0.18 '24.0 24.3 03881000610
IRON 81/82 - 7170 J 86000 J 44.1 32666 - 33069 03SB1211014
LEAD 81/82 7.6 J 524 J . 0:05 - -28.1 28.4 03SB1000610
MAGNESIUM 81/82 334 J. 23900 J .3 1939 1963 03SB0700206
MANGANESE 81/82 46.4 7380 . 1.3 . 936 948 03SB1000610
MERCURY 45/82 0.008 J 1.5J 0.007 - 0.077 0.0541 0.0862 03SB0600206
NICKEL 82/82 0.25 J 48.4 J : 24.1 24.1, 03SB0681014-
POTASSIUM - 81/82 312 J 8980 J 3.5 1267 1283 03SB0601014
SELENIUM . 18/82 0.25 J 0.56 J - 0.026 - 1 0.164 0.364 03SB0740610 .
SILVER. ~4/82 - 0.05 J 16.8 0.041-0.29 0.245. 4.38 03SB1000610
SODIUM 40/82 448 J 520 J - 3.47.-59.3 67.4 122 03SB1000610
THALLIUM 15/82 0.08 J 0.14 J 0.012-0.27 0.0855 0.101 03SB0940610
TIN ~ 22/82 0.26 J 58.6 J 0.31-3.4 1.70 5.31 03SB1211014
VANADIUM 82/82 0.21 J - 39.5J 18.6 - 18.6 - 03SB1101014
ZINC 81/82 13.4 J . 1430 J 1.13 88.0 89.0 03SB1000610
Miscellaneous Parameters : :
BULK DENSITY (g/cm®) 4/4 1.57 1.81 1.69 1.69 03870990204
CATION EXCHANGE CAPACITY (MEQ/1) 4/4 10 31 Cee- ; 19.5 19.5 03SB0780206
PERCHLORATE (mg/kg) ) - 9/51 0.05J 0.8 0.041 - 0.053 0.0640 0.252 .03SB0670610
PERCHLORATE-8321 (ug/kg) 2/13 3 9 1.1-1.3 - 1.43 6.00 03SB0890206
PH (S.U)} - . 4/4 7.6 8 7.75 7.75 ~ 03SB1160610
POROSITY (%) 4/4 :31.9. 40.1 . 36.1 36.1 03ST0770608
SPECIFIC GRAVITY (S.U.) 4/4 2.63 2.66 2.64 2.64 035T0890204
TOTAL ORGANIC CARBON (mg/kg) 4/4 3700 9300 5850 5850 03SB0780610




TABLE 1-8

GROUNDWATER SAMPLES AND LABORATORY ANALYSES
MAIN TREATMENT AREA AND OLD JEEP TRAIL
SWMU 3 - AMMUNITION BURNING GROUNDSA

2004 SAMPLING EVENT

~ NSWC CRANE -
" CRANE, INDIANA
PAGE 1 0F 2
Location Sample Number | VOCs™" | Explosives™ | Metals™ Dissolved |- Perchlorate
' Metals
Ammunition Burning Grounds Main Treatment Area '
03-01 03GW0101 X X % ]
03.04 03GW0401 x " )
0306 ~03GWO0601 X X X )
03-09 03GW0901 _ X v . -y
0327 T03GW2701_ X . X X )
03-29 03GW2901 X X X .
0330 03GW3001 X X X X
03-31 03GW3101 X X X ]
03-32 "~ 03GW3201 X “x - T )
03:33 03GW3301 X .X X X X
" 0384 03GW3401 % X - X )
0335 03GW3501 X X e
0396 03GW3601 X X X )
03-37. 03GW3701 X. X X )
0538 03GW3801 " x X X x-
03-39 ~ 03Gwa3s01 X X X .
03C01P2 | 03GWCO1P201 [ - X X X , -
-03C03P2 03GWC03P201 X X X X -
03C05 03GWC0501 X' X - X X
03C06 03GWC0601 ' X X .
03C11 © 03GWG1101 X X X X
03C13 03GWC1301 X X X X .
03C14 ~ 03GWC1401- X X. X -
03C21 03GWC2101 X X X -
- 03C28 . 03GWC2801 X X X -
03TW01@ - 03GWTW01(2) X X X X
" 03TW02(2 03GWTW02(2) X X X X -
03TW03(? 03GWTW03@ | T x X: X X -
03TW04(2 03GWTWO04@ | X X X X -
03TW05(2) 03GWTWO05@) | X X X X - -




TABLE 1-8

GROUNDWATER SAMPLES AND LABORATORY ANALYSES ) : ' :
MAIN TREATMENT AREA AND OLD JEEP TRAIL '
SWMU 3 - AMMUNITION BURNING GROUNDSA

' 2004 SAMPLING EVENT

NSWC CRANE
CRANE, INDIANA
PAGE 2 OF 2
Location Sample Number | VOCs™ | Explosives™ | Metals™ Dissolved Perchlorate
E Metals - ’
old Jeep Trail ]
03-07 1 osaworoz - X X X X
03-12 | 03GW1202 - X X X -
03-15 ’ 03GW1502 X X X X
03-16 03GW1602 X X X -
03:21 03GW2102 X X X -
03-24 .03GwW2402 X X X -
03TW06@ . | 03GWTWO06 X X X X -
. 'Spring Al )
03SPA 03SPApO1 X X ox -
Totals ' 39 | a9 39 _ 10
; See Table 1-3 of this QAPP Addendum No. 1 for specn” c analysis requuements and analyte list.

“TW” refers to temporary wells, which are actually DPT borings from which ground water will be extracted from near the -
bedrock-overburden interface. . . :

VOCs - Volatile organic compounds



TABLE 1-9

SUMMARY OF DESCRIPTIVE STATISTICS

FOR EXISTING AND TEMPORARY MONITORING WELLS
MAIN TREATMENT AREA - 2004 SAMPLING EVENT
SWMU 3 - AMMUNITION BURNING GROUNDS

NSWC CRANE
CRANE, INDIANA
PAGE 1 OF 2
EXISTING MONITORING WELLS .
Frequency of Minimum Maximum Range of l Mean Average of Samptle of Maximum
Parameter R I D i l C 3 i [ C ion { Nondetects Concentration Positive Hits Detect
Volatile Organics (pg/L) .
1,2-DICHLOROETHANE 5/13 0.8 J 5.5 0:3 1.45 3.54 03GW3801
CARBON TETRACHLORIDE 1/13 03J 0.3 J 0.3 0.162 0.300 03Gw3801
CHLOROFORM 2/13 04J 0.7 J 0.3 0.212- - 0.550 03GWC03P201
CIS-1,2-DICHLOROETHENE 113 62 62 0.3 4.91 62.0 03GWC03P201
TRANS-1,2-DICHLOROETHENE 113 - 5.1 - 5.1 0.3 0.531 5.10 03GWC03P201
TRICHLOROETHENE 7113 06J . 180 0.3 37.8 70.1 03GW3901
. Energetics (pg/L) :

11,3,5-TRINITROBENZENE 113 6.6 J 6.6 J 0.24 - 0.272 0.626 6.60 03GWC03P201
2,4,6-TRINITROTOLUENE 11 1.5J 1.5J 0.24 - 0.272 0.234 1.50 03GWC03P201
2,6-DINITROTOLUENE 3N 0.33J . 0.5 J 0.24 - 0.272 0.199 0.433 03GWCO3P20
2-AMINO-4,6-DINITROTOLUENE n 0354 - 43 0.24 - 0.272 0.484 1.67 03GWC03P20

" [4-AMINO-2,6-DINITROTOLUENE 4n 0.7 4. 0.24 - 0.272 0.625° 1.74 03GWC03P20
HMX . . 6/1 3 7 10248 -0.272 15.1 32.6 03GWC03P20
ADX. 7113 0.9 620 0.25 - 0.272 71.0 132 03GWC03P201
Total Metals (pg/t) . - :
ALUMINUM 6/13 36.6 J 478 J ' 8.35-28.3 66.9 136 03GWC0501

‘|BARIUM 13/13 14.6 J 93.3 J - 47.3 47.3 03GWCO03P201
CALCIUM 13/13 46800 J ___ 155000 J L eee 104423 104423 03GW0901
CHROMIUM 2/13 1.1J 3.4J 0.22-1.9 0.692 - 2.25 03GW3101

"[IRON. 10/13 82.9J 1080.J 6.8-17 292 377 - 03GWC0501
LEAD . 1/13 22J 22J 0.069 - 0.83 0.281 2.20 03GWC03P201
MAGNESIUM 13/13 2990 J 87400 J e ) 28562 28562 03GW0901
MANGANESE 13/13 28J 445 -— . 885 88.5 03GW0901
NICKEL 213 34J - 93J - . 0.1-13 1.15 6.35 03GW0901
POTASSIUM 13/13 1060 J -12900 J - 2598 2598 03GWCO03P201
SELENIUM 2113 0.72 J 1.7.J . 0.094 -0.42 0.254 1.21° 03GWC0501
SODIUM 13/13 3260 J 135000 J - 23364 23364 03GW3301
VANADIUM 3/13 1.2 J 1.5 J 1.14 . 0.762 1.40 03GWC0501, 03GW0901 .

|Z2INC 12/13 . 134 7.5J 1.6 3.98 4.25 - 03GWC0501
Dissolved Metals (pg/L) . - . .
BARIUM, FILTERED 2/2 71.14J - 83.8 J —- -77.5 77.5 03GWCO03P201-F
CALCIUM, FILTERED 22 113000 J 130000 J - 121500 121500 03GW3301-F
COBALT, FILTERED- 12 . 314 - 31d _ 14 1.83 3.10 03GW3301-F
IRON, FILTERED 12 . 68.6 J £68.6 J . 6.15 358 68.6 03GWC03P201-F
MAGNESIUM, FILTERED 2/2 - 16400 J 23000 J - 19700 19700 03GWC03P201-F

' [MANGANESE, FILTERED 2/2 43J 76.3 T e 40.3 40.3 03GWC03P201-F
NICKEL,.FILTERED 12 24J 24J 0.43 - 1.31 2.40 03GWC03P201-F
POTASSIUM, FILTERED 2/2 3260 J 9520-J = 6390 6390 03GWC03P201-F
SODIUM, FILTERED 2/2 25600 J ._123000 4 - 74300 74300 03GW3301-F
ZINC, FILTERED . 2/2 374" - 514 - 4.40 4.40 * 03GWCO03P201-F
Field Par S - ) .

|DISSOLVED OXYGEN - METER (pg/L) 13/13 340 12930 - 5855 5855 03GW3301
OXIDATION REDUCTION POTENTIAL (MV) . 13113 -97.5 462 . — 211 211 03GWC0601 -
PH (S.U) ] 13/13 585 - 8.01 - 7.10 7.10 03GW3101
SPECIFIC CONDUCTANCE (MS/CM) 13/13 - 0.209 1.166 - 0.621 0.621 03GW3301
TEMPERATURE ( C) 13/13 11.79 ) 15.6 e, 13.4 13.4 03GWCO03P201
TURBIDITY (NTU) 13/13 - 0.85 i 15.6 - 7.02 7.02 03GWCO3P201
Miscell Par s (pg/L) . ; j
[PERCHLORATE 1 1/4 74 | 74 [ 2 | 19.3 74.0 03GW3801
|PERCHLORATE-8321 i 11 67 | 67 | - 1 67.0 67.0 03GW3801




TABLE 1-9

SUMMARY OF DESCRIPTIVE STATISTICS
FOR EXISTING AND TEMPORARY MONITORING WELLS
MAIN TREATMENT AREA - 2004 SAMPLING EVENT
SWMU 3 - AMMUNITION BURNING GROUNDS
NSWC CRANE
CRANE, INDIANA
PAGE 20F 2

TEMPORARY MONITORING WELLS (PERCHED WATER)

Samptle of Maximum

I Ffequency_ofl Minimum Maximum I Range of | Mean Average of
P 5 D i Ci jon { C i Nondetect Concentration Positive Hits Detect
Volatile Organics (pg/L) - .
1,1-DICHLOROCETHENE 1/5 0.8 J 0.8J - 0.3 0.280 .0.800 03GWTWQ2
CIS-1,2-DICHLORCETHENE 3/5 0.6J 180 0.3 51.6 85.9. 03GWTWOS
ETHYLBENZENE 1/5 1.7 - 1.7 0.3 0.460 - 1.70 - 03GWTWO5
TOTAL XYLENES® 1/5 084 084 - 0.3 0.280 0.800 . 03GWTWO5
TRANS-1,2-DICHLOROETHENE 2/5 0.3J 17 0.3 3.55 8.65 03GWTWO02
TRICHLOROETHENE 2/5 C 23 310 0.3 66.7 167 03GWTWO2
VINYL CHLORIDE 2/5 1.2 7 0.3 1.73 4.10 03GWTWO05
Energetics (pgh) i
2-AMINO-4,6-DINITROTOLUENE 115 0.81 4 0.81J 0.24 - 0.25 0.259 0.810 03GWTWO5
4-AMINO-2,6-DINITROTOLUENE 1/5 2.2 2.2 0.24 - 0.25 0.537 2.20 .. 03GWTWO05S
HMX . 4/5 - 1.6 . 16 0.242 4.94 6.15 < O3GWTWO5
RDX . 4/5 0.73 76 0.242 16.0 20.0 03GWTWO05
Total Metals (uwl) . i ' -
ALUMINUM 5/5 76.1J 76200 J - - 15714 15714 03GWTWO3 :
ANTIMONY . 35 1.4J . 27.9J 0.085 - 0.27 6.42 10.6 03GWTWO05
ARSENIC 5/5 1.3J 45.8 J - 12.4 12.4 03GWTWO03
BARIUM 5/5 62.9 J 1140 J e 370 370 03GWTWO3
BERYLLIUM 1/5 29J 2.9J 0.02 - 0.07. 0.5695 2.90 03GWTWO3
" [CADMIUM 2/5° C 1.5J 2.9J 0.039 - 0.85 0.990 2.20 03GWTWO03
CALCIUM 5/5 34600 J 197000 J = 90300 90300 03GWTWO03
‘|CHROMIUM N 4/5. 0.98 J 722 J 0.33 15.6 19.4 03GWTWO03
COBALT - 5/5 . 1J 56.2J - - 13.1 13.1 03GWTWO03
COPPER -4/5 ) 53J 195 J Q.24 51.9 64.8 03GWTWO03
IRON 5/5 620 J 141000 J - 30930 30990 © 03GWTWO03 -
LEAD - 4/5 N T 1.5 329 J 0.18 71.9 89.9 03GWTWO03
MAGNESIUM 5/5 14100 J 82500 J e 38880 38880 03GWTWOS
MANGANESE 5/5 122 2000 - 1188 1188° 03GWTWO3
MERCURY 15 - 0.087 J 0.087 J 0.03 0.0294 0.0870 03GWTWOS
NICKEL 5/5 24J 188 J - .- 41.9 41.9 03GWTWO3 .
POTASSIUM 5/5 2620 J 275000 J - 92504 92504 03GWTWO02
SELENIUM 3/5 0.57 J 67.4 J 0.094 - 0.17 14.3 23.8 “03GWTWO05
SODIUM 5/5° 10500 J 1190000 J S e 297800 297900 03GWTWO0S
VANADIUM 4/5 ’ 1.5 J 53.3 1.14 13.8 17.2 03GWTWO03
“1ZINC 4/5 2234 1180 J 3.2 304 380 © 03GWTWO03
Dissolved Metals (pg/L) - . . g
ALUMINUM, FILTERED 34 . 11.5J 26 J 8.35 14.2 17.6 O03GWTWO04-F
ANTIMONY, FILTERED 3/4 3 1.5J 29.3J 0.43 | 8.53 - 11.3 03GWTWOS-F
ARSENIC, FILTERED 2/4 . 24J 95J 0.35 - 0.65 3.10 5.95 03GWTWOS-F
{BARIUM, FILTERED 4/4 - 53.5 J 247 J o 148 148 03GWTWO4-F
CADMIUM, FILTERED 1/4 1.5J < 1.5 J. 0.09 - 0.33 0.464 1.50 03GWTWO5-F
CALCIUM, FILTERED 4/4 32400 J 156000 J --- 86175 86175 03GWTWO3-F
COBALT, FILTERED 34 18J 4.4J 0.22 2.40 3.17 O03GWTWO3-F
" ICOPPER, FILTERED. 4/4 1.3J 30.2J . e 11.5 11.5 03GWTWOS-F
IRON, FILTERED 4/4 14 J - 522 - 163 . 163 03GWTWO5-F
LEAD, FILTERED 1/4 154 154 0.39 - 0.47 0.541 1.50 03GWTWO04-F
MAGNESIUM, FILTERED 4/4 ~ 13000 J 87700 J - 40025 - 40025 03GWTWOS-F
MANGANESE, FILTERED 4/4 59.2 1560 i - 861 861 ' 03GWTWOS-F
MERCURY, FILTERED 1/4 0.074 J 0.074 J 0.03 0.0298 0.0740 03GWTWO04-F
NICKEL, FILTERED 4/4 23J 8.5 J. — 4.40 4.40 03GWTWOS-F
POTASSIUM, FILTERED 4/4 1780 J 274000 J - 111060 111060 03GWTWO2-F
SELENIUM, FILTERED . 2/4 . . 34J 705 J 0.094 - 0.1 18.5 37.0 03GWTWO5-F
SODIUM, FILTERED 4/4 12200 J° 1400000 J e 423325 423325 03GWTWOS-F
VANADIUM, FILTERED 1/4 11.4 11.4 1.14 3.28 11.4 03GWTWOS-F
ZINC, FILTERED 3/4 - 51.9J 108 J .3.1 55.3 732 ° 03GWTWO04-F
Field Parameters . '
DISSOLVED OXYGEN - METER (pg/L) 474 540 10130 3140 3140 03GWTWO04-
OXIDATION REDUCTION POTENTIAL (MV) 5/5 -50.9 159 N - 47.2 47.2 03GWTWO03
PH SUY , 5/5 6.35 7.92. 7.19 7.19 03GWTW04
SPECIFIC CONDUCTANCE (MS/CM)* 5/5 . 0.311 5.77 - 1.86 1.86 03GWTWO05
TEMPERATURE ( C) - 5/5 11.7 18.18 .- 14.4 14.4 03GWTWO04
TURBIDITY (NTU). 5/5 6.54 1000 > R 224 224 03GWTWO03




TABLE 1-10 -

SUMMARY OF DESCRIPTIVE STATISTICS
OLD JEEP TRAIL - SURFACE SOIL |
: 2004 SAMPLING EVENT R
SWMU 3 - AMMUNITION BURNING GROUNDS -
- _ NSWC CRANE : :
CRANE, INDIANA

T Frequenc—‘yAbf

IV‘I~ea'"r| Averagé:o'fh

[PERCHLORATE

_ Minimum ° Maximum Range of Sample of Maximum
Parameter Detection Concentration | Concentration Nondetects | Concentration | Positive Hits Detect -
Energetics (mg/kg) - ’ - s
2,4,6-TRINITROTOLUENE 1/4 0.39 J 0.39 J 0.25 - 0.191 0.390. 03580500002
HMX . 1/4 0.31J .0.31J 0.25 0.171 0.310 03SS0500002
Inorganics (mg/kg) o . :
ALUMINUM - 4/4 3670 8290 6893 6893 03550490002
ANTIMONY . 2/4 0.71 J 1.8J ° - 0.33-0.43 - 0.723 1.26 03SS0500002
ARSENIC 4/4 4 J 7.5d : - 5.95 5.95 03550510002
BARIUM 4/4 67.3 J 516 J . . ee- 185 185 033580500002
BERYLLIUM 4/4 - 0.58 J 0.85 J - 0.663 0.663 03580510002
CADMIUM 1/4 1.6 J 1.6 J 0.29 - 0.38 0.528 1.60 03SS0500002

1CALCIUM 4/4 1630 J 48900 20423 - 20423 - 03550490002
" [CHROMIUM 4/4 10.1 J 19.4.J : - 13.7 .13.7 03550510002
COBALT 4/4 49 J 11.7J : ~-- 7.83 - 7.83 03SS0500002
COPPER 4/4 6.7 J © 66.3 J . --- 24.9 24.9 03SS0500002
IRON _ 4/4 15400 J 46300 J. | - 23475 - 23475 03SS0510002
1LEAD 4/4 13J 105 J 44.1 44.1 03580500002
MAGNESIUM 4/4 414 J 2030 J ' 1299 1299 03550490002
MANGANESE 4/4 216 J - 1310J - -—- 626 - 626 03550500002
MERCURY 4/4 0.012 J 0.48 - - 0.144 0.144 03SS0500002
NICKEL 4/4 9.4 J 13.3 J (- 116 11.6 03SS0500002
POTASSIUM 4/4 355 J 747 J 594 - 594 03550520002
TIN 3/4 0.37J 4.9 0.49 - 1.47 1.88 03SS0500002
VANADIUM 4/4 141 J 23.3 J. --- 17.2 17.2 03850510002
ZINC 4/4 259 J 314 J : 99.2 ©99.2 - 03850500002

Miscellaneous Parameters (ug/kg) : ) ) : - , - ,
] 1/2 0.3 | 0.3 -] 0.161 | 0.300 03550490002




SUMMARY OF DESCRIPTIVE STATISTICS

TABLE 1-11

SWMU 3 - OLD JEEP TRAIL - SUBSURFACE SOIL

2004 SAMPLING EVENT

NSWC CRANE
CRANE, INDIANA

Minimum

Maximum

Frequency of Range of Mean Average of Sample of Maximum
_|Parameter Detection. Concentration | Concentration | Nondetects | Concentration Positive Hits Detection
Volatile Organics (uglkg) ' _ . - : :
.|CARBON DISULFIDE 1/7 4 4 | 0.863-2.46 | 1.16 4.00 03SB0501014
" Inorganics (mgilgg) - :
ALUMINUM 11/11 4030 9620 J 5786 . 5786 03SB0500206
ANTIMONY 4/11 0.58 J 1.4 J 0.27 - 0.55 0.467 0.948 03SB0500206
ARSENIC 11/11 3.2 J 16 J - 6.23 . 6.23 038SB0491014
BARIUM 11/11 53.4 J 652 J 200 200 03SB0500610
BERYLLIUM 10/11 0.49 J 1.4 J 0.42 0.824 0.885 03SB0490610
CADMIUM 3/11 0.61 J 0.78 J 0.17 - 0.46 0.311 0.707 . 035B0491014
CALCIUM 11/11 745 6000 --- 1843 1843 . 03SB0510610
CHROMIUM 11/11 8J 27.1J - 13.8 13.8 03SB0490610
COBALT 11/11 4.4 J 17 J --= 10.3 10.3 03SB0510206
COPPER 11/11 54J 17.2 J 8.96 8.96 03SB0500206
IRON 1111 13200 J 60000 J 26300 26300 03SB0490610
LEAD 11/11 9.8 J - 43.6 J 20.3 ~ 20.3 03SB0491014
MAGNESIUM 11/11 414 J 1730 J - 783 783 038B0500206
MANGANESE 11/11 245 J 2960 J 1139 1139 03SB0490610
MERCURY 11/11 0.008 J ~ 0.39 - 0.0771 0.0771 03SB0500610
NICKEL , o 11/11 8.8 J 384 J - 15.9 .15.9 035SB0491014
- |POTASSIUM 11/11 362 J 864 J. 590 590 03SB0500206
TIN ) 11/11 0.21 J 0.94 J - - 0.383 0.383 03SB0500206
VANADIUM 11/11 9.8 J 28.2 J 17.7 17.7 03SB0490610
ZINC 11/11 16.8 J 138 J 50.4 50.4 03SB0500206
Miscellaneous Parameters
PERCHLORATE (mg/kg) 2/5 0.3 .06 0.045 - 0.05 0.194 0.450. 035B0490206
PERCHLORATE-8321 (ug/kq) 1/2 0.33J 0.33J 1.1 0.440 0.330 03SB0480206




‘TABLE 1-12.

'SUMMARY OF DESCRIPTIVE STATISTICS
OLD JEEP TRAIL - GROUNDWATER

2004 SAMPLING EVENT

SWMU 3 - AMMUNITION BURNING GROUNDS

. NSWC CRANE
CRANE, INDIANA .
Frequency of Minimum Maximum Range of Mean Average of | Sample of Maximum
Parameter ) Detection - | Concentration | Concentration Nondetects | Concentration |- Postive Hits . Detection
Volatile Organics (pg/L) B oo K ] ]
1,1,2,2-TETRACHLOROETHANE -~ 3/6 5.3 940 0.3 . 161 322 - 03GW0702
1,1,2-TRICHLOROETHANE 3/6. 0.4'J 35J 0.3 6.11 12.1 03GW0702
1,1-DICHLOROETHENE 1/6 2.9J 29J 0.3 0.608 2.90 03GW0702
CHLOROETHANE 1/6 2.6 J 2.6 J 0.5 0.642 2.60 03GW0702 -
CHLOROFORM 1/6 C1 1 0.3 0.292 1.00 03GW0702
CIS-1,2-DICHLOROETHENE 3/6 6.5 210 0.3 38.2 76.2 03GW0702
TETRACHLOROETHENE 1/6 9.8 J - 9.8J 0.3 1.76 9.80- 03GW0702
TRANS-1,2-DICHLOROETHENE 3/6 -1 99 J 0.3 17.0 33.9 03GW0702
ITRICHLOROETHENE 5/6 0.6J " 920 0.3 " 162 194 03GW0702
VINYL CHLORIDE . 1/6 7.4 J 7.4 J 0.3 1.36 7.40 03GW0702
Energetics (ug/l) ) ) . . : :
2,4,6-TRINITROTOLUENE '1/6 4 4 0.24 -0.26 0.772 4.00 © 03GW2102
2-AMINO-4,6-DINITROTOLUENE 2/6 0.56 J 0.68.J - 0.24 - 0.26 . 0.290 - 0.620 03GW2102
4-AMINO-2,6- DINITROTOLUENE 3/6 0.43 J 2.7 0.24-0.26 0.736 - 1.35 03GW2102
HMX ) ] 6/6 0.28 J 82 e 26.0 26.0 03GW 1202
RDX 6/6 - 1.1 120 33.3 33.3 03GW2102
Inorganics (ngL) : : : ) -
ALUMINUM 5/6 30.5 J 163 J 37.5 71.0 81.5 03GW1602
BARIUM 6/6 429 J 252 J 100 100 03GW2102
CALCIUM 6/6 48900.J 101000 J 76500 76500 03GW0702
CHROMIUM 1/6 1.6 J 1.6 J 0.3-1.5 0.643 1.60 03GW1202
COPPER 1/6 2J 2J 0.11.-0.24 0.402 2.00 03GW0702
IRON . 6/6 47 J 308 J .132 132 03GW 1602
MAGNESIUM 6/6 4880 J 39600 J 17903 17903 - 03GW0702
MANGANESE 6/6 5.2 285 J 56.6 56.6 03GW0702
NICKEL 2/6 . 1.5 J 1.6 J 0.23 - 0.66 0.657 1.55 03GW0702
POTASSIUM 6/6. 1310 J 10400 J. 3805 - 3805 03GW0702
SELENIUM - 1/6. 0.6 J 0.6 J 0.094 - 0.44 0.191 0.600 03GW 1502
SODIUM 6/6 1800 J 9140 J 4033 - 4033 03GW2402
ZINC 3/6 3.9J 8.7 J 2-4.4 3.58 . 5.60 03GW2102
Field Parameters ' . . :
DISSOLVED OXYGEN - METER (ug/L) 6/6 4.92 11.22 7.13 7.13 03GW1602
OXIDATION REDUCTION POTENTIAL (MV) . 6/6 145 480 345 345 03GW2102
PH-(S.U) . ) 6/6 6.09 7.57 6.68 6.68 03GW1602
SPECIFIC CONDUCTANCE (MS/CM) 6/6 0.238- 0.608 - 0.400 0.400 . 03GW0702
TEMPERATURE (C) 6/6 11.54 16.98 - 13:3 13.3 03GW1502
TURBIDITY (NTU) 6/6° 1.69 9.62 6.12 6.12 03GW2402




TABLE 1*13

. .. SUMMARY OF ENVIRONMENTAL SAMPLES AND LABORATORY. ANALYSIS - GROUNDWATER
: SWMU 3 - AMMUNITION BURNING GROUNDS
NSWC CRANE
CRANE, INDIANA
PAGE 1 OF 2
Location | Sample Number | VOCs"” | Explosives™ | Metals"® Perchlorate!
Ammunition Burning Grounds Main Treatment Area
0301, 03GWO0101 S S P -
03-04 03GW0401 o o o. ]
0306 03GWO0601 o o 5 ]
0309 e 03GW0901 S S S S
Prp— 03GW2701 o o o )
03-29 l . .03GW2901 o o o -
0330 | 03GW3001 0. o o o
0331 03GW3101 s A s S .
0332 ~ 03GW3201 o | o o i
03-33 03GW3301 s s S S
. 03-34 ~ 03GW3401_ o o o -
A 03-35 - - 03GW3501 o) 6 o] -
o o 03-36 ' 03GW3601 0 o 0 R
. o - 033y 03GW3701 o o o )
' ‘ ) | - o338 © 03GW3801 ] s s S s
0339 03GW3901 s s . R
" 03C01P2 03GWC01P201 s S S -
03C03P2 03GWC03P201 S s S -
© 03C05 03GWC0501 'S s s s
03C06 03GWC0601 s s s -
03C10 03GWC1001 o o - .0 .0
03C11 - -| = 03GWC1101 o} 0 o} 0
03C13 - 03GWC1301 0 0 0 o)
. 03C14 03GWC1401 S S S -
"03Cc21 03GWC2101 s s S -
03C28 © 03GWC2801 s S s - -
03TW010 03GWTWO01) s s s s
03Two2® - | o3awTW02® 'S s s -
03TW03®) 03GWTW03®) s s- s -
03Two4® | osawtwoa® | s ) s -
03TW05() 03GWTW05() s S s -




TABLE 1-13

SUMMARY OF ENVIRONMENTAL SAMPLES AND LABORATORY ANALYSIS GROUNDWATER
SWMU 3 - AMMUNITION BURNING GROUNDS \
NSWC CRANE
CRANE, INDIANA
PAGE 2 OF 2
Location Sample Number | VOCs™ | Explosives™ | Metals™® | Perchiorate!
‘ }
Old Jeep Trail )
03-07. 03GW0702 s S 'S S
03-12 03GW1202 S S . S -
03-15 03GW1502 8 S S S
~03-16 03GW1602 S s S -
03-21 03GW2102 s S S -
03-24 03GW2402 . | - S . S 'S -
03TWos® - | 03GWTWO06®) | s © 8 'S .
Spring A’ ) _ !
03SPA osseapt | s | s ] s .

1 - See Table 1-3 of the QAPP Addendum No. 1 for specific analysis requirements and analyte list.
2 Unfiltered-samples will be-analyzed for. total metals. If turbidity of water was greaterthan 10 nephelometric turbidity
" Y units, a filtered sample was also collected and analyzed for dissolved metals.
3 “TW" refers to temporary wells, which were actually DPT bonngs from which ground water (perched sample) was
extracted from near the bedrock-overburden mterface

VOCs — Volatile organlc compounds. . ] o ‘
S= Sample collected as proposed in the approved QAPP Addendum No. 1 (TtNUS 2004).

O = Sample NOT collected as proposed in the approved OAPP Addendum No.1 (TtNUS, 2004) (See Tab!e 2-3).



TABLE 1-14

CONTAMNINANT CONCENTRATIONS DETECTED IN PERCHED GROUNDWATER SAMPLES
SWMU 3 - AMMUNITION BURNING GROUNDS
' NSWC CRANE,
CRANE, INDIANA

1 | RDX TCE
Temporary Well Associated Soil Boring * | (ng/L) __ (uglL)
" {Main Treatment Area - )
03TWO . 03SBO6O 099 0.3 U
03TW02 03SB063 . 23 | - 310
03TW03 03sB0S0 | 0242 U’ . 03U
03TWO04 e 073 03 U
03TWos | - 03SB103 B 76 23
Old Jeep Trail Area | | B
| 03TWO06 : . 03SB050 | . o266 u 03 U

1— Sampl‘e collected from deep depression ih'land surface.

" Mg/l — micrograms per liter.
“TCE — trichloroethene.



TABLE 1-15

MA)(IMUM CONCENTRATONS AND TEMPORAL TRENDS OF
CONTAMINANTS IN MONITORING WELLS AND SPRINGS
‘SWMU 3 - AMMUNITION BURNING GROUNDS

NSWC CRANE,
CRANE, INDIANA
‘ - RDX , TCE

- Maximum : Maximum

Location , Concentration. .Temporal | Concentration Temporal
: {ug/L) Trend . (pg/L) Trend
|Main Treatment Area . , .

03-01 70 |- - stable 52 increasing
03C02P2 A .30 stable - 30 decreasing
03C03P2 709 - “increasing 321 decreasing’

"~ 03C04 _ 400 '~ ‘stable 1 increasing -
03C05 400 . decreasing 7 increasing
-03C07 - 43 increasing 20 stable

- 03C08P2 ' 300 decreasing 73 - increasing
03C09P2 . 330 increasing . 190. 'increasing '
03C10 . 140 increasing 72 . increasing -
03C11 L 150 - |, increasing 2,500 increasing
03C12 32 ~increasing 810 stable
03C14 ~ ND .. ND 50 decreasing
- 03C20 ' 270 increasing 4,500 stable
03ce6 | 31 increasing |- 40 stable

_03C27 - ND' ND 13 stable
Spring A ] - 140 _ ,dAec'reasi"ng .. 0.6 stable

Old Jeep Trail Area ‘ - | |
_03-07 15 . stable 1,010 stable

03-12 - .79 " decreasing 39 - decreasing

0313 .~ | o decreasing | . ND ND

03-15 - ', 43 increasing 57 decreasing

0316 | 40 | -decreasing - ND _ND

03-21, , "~ 365 decreasing ~ ND ND

03-24 77 increasing . 23 decreasing -
Spring C 20 stabe | - ND ND

ND - Not Detected.
~ ug/L — micrograms per liter.
TCE — trichloroethene.
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FIGURE 1-23
RDX CONCENTRATIONS IN THE BIG CLIFTY/BEECH CREEK AQUIFER IN 1990
SWMU 3 - AMMUNITION BURNING GROUNDS
NSWC CRANE
CRANE, INDIANA
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FIGURE 1-24
RDX CONCENTRATIONS IN THE BIG CLIFTY/BEECH CREEK AQUIFER IN 2004
SWMU 3 - AMMUNITION BURNING GROUNDS
NSWC CRANE
CRANE, INDIANA
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FIGURE 1-25
TCE CONCENTRATIONS IN THE BIG CLIFTY/BEECH CREEK AQUIFER IN 1990
SWMU 3 - AMMUNITION BURNING GROUNDS
NSWC CRANE
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FIGURE 1-26
TCE CONCENTRATIONS IN THE BIG CLIFTY/BEECH CREEK AQUIFER IN 2004
SWMU 3 — AMMUNITION BURNING GROUNDS
NSWC CRANE
CRANE, INDIANA
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- 2.0 FIELD INVESTIGATION

: This sectlon presents sampling activities, procedures, and documentatlon utilized dunng field operations
performed for NSWC Crane SWMU 3 — ABG. The objective of this fleld mvestlgatxon was deSIgned to fill
data gaps for the development of the CMS." '

21 OVERVIEW

Field activities were conducted from March through April 2004. All- work perfprmed was dbne in
accordance with the procedures and methodologies described in the U.S. EPA-approved QAPP
Addendum No. 1 (TtNUS, 2004). Appropriate referenced standard operatmg procedures (SOPs) are
included in Appendix A of the approved QAPP (TtNUS, 2004). Surveyed sample locatlons of SWMU 3,
' cdpies of all field forms, records, and field logbooks associated with the April 2004 field mvestlgatl_ons are

provided in Appendices B through E of this document (Volume 2 of 2) as follows:

o Appendix B Surveyed Sample Locations

. . Appendix c Boripg Logs and Related Materials

» Appendix D Sample Log Sheets and Other Field Forms
e " Appendix E  Site Logbook, Field Notebook, and Survey Data

22 | . MOBILIZATIONIDEMOBILIZATION

Following approval of the QAPP Addendum Nd. 1, TtNUS began mobilization activities. All field team
members reviewed the approved QAPP'Addendurﬁ No. 1, associated appendices, and the revised OJT
'Health and Safety Plan (HASP) priOr to the start of"project activities. In éddition .the field operations .
leader (FOL) held field team orientation meetmgs to ensure that personnel were familiar with-the scope of
the field activities.

Prior to the initiation of fieldwork, the FOL arrived at Athe site and beg.an-onA-site mobilization- activities.
These activities included coordination with base personnel and utility clearance of all proposed boring
‘Iocatiohs through the NSWC Crane Publics Works Office. The equiprﬁent required for the field ac_ti\/ities
~ was shipped to the site. Field,sampling- activities, drilling aetivitiee,' and site characterization work'were'
v perfo'rmed.from March through April 2004. Atthe conclusion of the'field activities, the FOL eompleted the

decontamination and demobilization of all equipment.
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23 SUBSURFACE INVESTIGATION METHODOLOGIES AND PROCEDURES
23.1 Drilling

Seventy-one bornngs for soil sampling were drilled using direct-push technology (DPT). All borings were
drilled in accordance with SOP CTO126-04 and Iogged in accordance with SOP CTO126 07. Boring logs
can be found in Appendlx C.

2.3.1.1 Direct-PuSh Technology Borings

TheDPT_fnethod involves pushing sampling tools hydraulically and/or mechanically downward into the -
ground to the desired depth. Soil samples were collected from borings for chemical analyses and for -
Iithologic logging. Al samples obtained from the boreholes were screened with a.Photo lonization

Detector (PID) |mmed|ately upon -opening. All PID readmgs were recorded on the boring Iogs Soil .

sample collection mformatlon is provided in Section 2.5.1.

-- The DPT method was used to complete 71 soil borings at SWMU 3. Figure B-1in Appendix B shows the
locations of all soil borings completed as part of the RFI (e.g., the April 2004 sampling) at SWMU 3. DPT .
_ soil borings at-SWMU 3 were advanced down to the bedrock surface or refusal, whichever occurred first

in each boring. Detailed information regarding soil sampling is presented in Section 2.5.1.-

232 - Borehole and Sample Logging

A TtNUS geologlst maintained a log for each ‘boring in accordance wnh SOP CTO126 07 (Borehole and

Soil Sample Logging). Ata minimum, the boring logs contaln the foIIowmg information:

¢ Boring number
o Name of geologist logging the boring
» Name ofdrflling contractor
. Sample number and type =
e Sarnple depth
. Sample recovery and sample fnterval
"« Soil density or cohésiveness
-e  Soil color v A _
s Unified Soil_CIassificaﬁon System (USCS) m'aterial' descriptions
e Rock type and description, recovery, and rock quality designation (RQD)

"o Drilling problems or deviations from the proje_ct-specific approved QAPP

. 090406/P = : : 2-2 o ' oo © CTO 0311
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e Date(s) of drilling

. ¢ Screening instrument readings

In addition, depths of changes in Iithology, sample moisture observations, depth to Water, drilling methods,

" . and total depth of each borehole were included on each log, as well as any other pertinent observations.

' Logs for the borings drilled, as part of the RFI, are included in Appendix C of this document.

2.3.3 Borehole Abandonment

Ali DPT soil borings at the ABG and OJT were backfilled with the soil cuttings and/or bentonite chips,
which were hydrated in accordance with the'manufactu‘rer’s specifications. The ground surface at all

boring locations was restored to its original condition.

24  MONITORING WELL REPAIR AND DEVELOPMENT -

Prior to. beginning the groundwater monitoring well sampling,-each of the 11 wells were developed by
surglng and pumprng methods in accordance with SOP CTO126- 10 The water removed from wells
during the development process. were stored in temporary containers and then transferred to-a designated
man-hole for treatment at the NSWC Crane water treatment facility. Each well was also rnspected and -

repalred as needed Inspection reports are included in Appendix D of this document.

’_Water-quallty parameters (pH, specific conductivity, temperature and turbrdrty) pumplng rates volume of

groundwater removed, recharge ratés, and water levels were recorded on momtorlng well development

‘ records Monltonng well development records can be found in Appendrx D of this document.

2.5 SAMPLING_OPERATIONS

Thls section discusses the sampllng methodology for all sorl “surface water, and groundwater sampling

_ actlvmes at SWMU 3 at NSWC Crane Indiana. All sample’ locations for SWMU 3 are deplcted on Figure

1-5. - Tables 2-1 and. 2.2 present a summary of analyses for proposed vs. actual samples collected for
both soil and‘groundwater, respectively. .

2.5.1 Soil Sampling

Two hundred thirty- erght sorl samples were collected during the field. investigation from 71 soil borings.

Soil samples were collected in accordance W|th SOP CTO126-08. Soil sample log. sheets are included in

090406/P . B 23 : , CT0O 0311
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Appendrx D of this document. Table 2-4 presents boring depth, drilling method, date drilled, and sample

depth intervals.

Samples for VOC analyses were collected first from the interval that had the greatest PID readi'ng using

5-gram EnCore™ samplers. - The remalnlng soil core material was then homogenized and soil to be_

analyzed for other- parameters was placed into the requrred containers.

+ Although previous intrusive activities at the SWMU did not encounter any unexploded ordnance (UXO), as
a precautionary measure each soil boring was monitored for UXO at 2-foot intervals dewn to a depth of

6 feet. No UXO was encountered during thls field effort.

' 25.1.1 _ Surface Soil Sampling

Seventy-one of the proposed 73 surface soil samples were collected at SWMU 3 from the ground surface

toa maxrmum depth of 2 feet bgs or until refusal was reached using the DPT method. Table 2-3 lists the-

-samples that were not collected and the reasonrng Upon retrieval, all surface soil samples were
'monrtored for the presence of VOCs using a PID. VOC analyses were not planned for surface soil
samples unless an elevated PID measurement was observed (i.e.: sample 035S1080002). Samples to
be analyzed for VOCs were collected using 5-gram EnCore™ samplers. The results of this screening
were recorded on the’ borlng logs and/or soil sample log sheets (found in Appendix C and D, respectively

of this document).
2512  Subsurface Soil Sampling

One hundred sixty-seven of the proposed 219 subsurface soilsamples‘ were collected at SWMU 3 from 2-
- feet down to bedrock, refusal, or 14 feet. Table 2-3 lists the samples that were not collected and the

'reasoning. Upon retrieval, all subsurface soil samples were monitored for the presence of VOCs 'using a

PID. As with surface soil, no subsurface soil samples in the 2 - 6 feet bgs inferval were to have VOC

'analysis unléss elevated PID- measurements were recorded. Only samples 03SB0540206 and
03880610206 recorded elevated PID measurements and therefore were collected for VOC analysis. The
results of this screening were recorded in the boring logs and/or on the soil sample log sheets (found in

- . Appendix C and D, respectively, of this document)

252 Groundwater Purging and Samgling

A total of 26 groundwater samples were collected during the RFI activities at SWMU 3 from eX|st|ng

monrtorlng wells, DPT bonngs and Spring A’. Purgmg and stabilization of wells prior to sampling was -

.~ 090406/P" : . -V ' CTO 0311
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“accomplished ‘using Tow-flow. techniques in ‘accordance with SOP CTO126-16 (Appendix A of the
approvéd QAPP Addendum No. 1). Sampling was accomplished in accordance with SOP CTO126-05
(Appendix A of the approved QAPP Addendum No. 1). '

Wells were purged brior to sampling using a peristaltic pump or bladder pump, depeeding on the static -
water level, well depth, and recharge information obtained during well development. In general, bladder
pumps were Used to sample wells with a water level greater than 28 feet bgs' and peristaltic pUmps were
used to sample wells having a water level Iess than 28 feet bgs. D|sposab|e tubing was used. W|th both

pump types, and new dedicated tubing was used for each well.

Grouﬁdwater quality parameters including pH, sbeciﬁe cd‘nductance, temperature, dissolved oXygen'(DO),

“and oxidation-reduction potential (ORP) were measured during purging at 5- to 10-minute intervalsbusing' a
YS! Model 600 series multi-parameter water-quality meter and flow-through cell. Ldnger intervals may
_have been u$ed for slower pumping wells.- Turbidity' readings were measured using a LaMotte 2020
. turbidity meter. -Water levels and pumping rates were also measured during purging at 5- to 10-minute
_intervals. Purging continued until a minimum of one well volume was removed and the above parameters
stabilized or for a maximum of 4 hours, in.accordance with SOP CTO126-16 [Appendix A of the approved -
QAPP Addendum No. 1 (TtNUS, 2004)] Coples of the monitoring well Iow-ﬂow purge data sheets and
groundwater sample Iog sheets are provided in Append:x D of this document.

" To the extent poesible, the pumping rates were'adju'sted to prevent drawdown from exceedihg' 0.3 foot
during purging. Well purging continued until all parameters s‘t'abilized'and the minimum purge volume

(stabilized well volume plus the extraction tubing volume) was removﬂad If the water quality pafameters
.,dld not stabilize within 4 hours of purging, samplmg was initiated.and this mformatlon was recorded on the
well low-flow purge Iog sheet ' '

Monitoring wells were sampled with the same -purhp (peristaltic or bladder) and tUbing used during' well
'purging. Immediately following the purging process and before sampling, the ”temperature, pH, specific
conductance, DO, -ORP, and turbidity of each water sample were measured and recorded on the
groundwater sample log sheet_(included in Appendix D). | |

Sample containers ‘were fille_d'by‘allewing the pump discharge to flow gently down the inside of the
“container with minimal turbulence. Samples for VOC_enaIysis were collected by the straw method when
using the peristaltic pump and were filled directly when using the bladder pump. These samples were
immediately sealed in 40-mL vials so that no ‘heads'pace existed. Samples for explosives, totel metals,

total mércury,_perchlorate, dissolved metals, and dissolved mercury were collected next and in the order

090406/P - » R 25 - - : ~ CTO 03N
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gi\ren (when applicable). Samples.with turbldlty values greater than 10 nephelometric turbrdlty units

(NTUs) were field filtered for dissolved metals analyses using a 0.45 pym'in- -line filter.

No new wells were mstalled at SWMU 3 durlng this field event. All sampled wells were existing wells.
Initially, 26 momtorlng wells at the ABG MTA and six monitoring wells at the OJT were scheduled to be

- sampled. However, due to the Iength of time since these wells were last sampled,.some of the wells had

been abandoned, had blocked screens, or the well had collapsed. 19 of the scheduled 32 monitoring

wells were actually'sampled' Table 2-3 presents the wells that were not sampled and the associated_

o reason. Refer to Appendix D for momtonng well development low-flow purge data, and groundwater

samplmg sheets

1

Springs A and C and LSC are: currently sampled for the RCRA Quarterly Monitoring Program and

therefore not sampled during this field event. Spring A’ is not part of the sampling program. As aresult,a -

sample was collected from Spring A during this field event.

Six perched groundwater samples were collected during this field event at SWMU 3.- The perched
groundwater samples were -collected from the bottom of DPT borings near the overburden/bedrock .

* interface. These samples are identified in Table 2-4.

2.6 FIELD SAMPLE DOCUMENTATION

. Sample ‘documentation consisted of the_COmpletion of boring logs, matrix-specific sample log sheets,
sample bottle tags, chain-of-custody records, field task modification request forms (FTMRs), e'qotpment

calibration log sheets, field logbooks, and health and safety documentation. Field documentation was

completed as discuSsed in the approved QAPP Addendum No. 1 (TtNUS 2004). Boring Iogs were.

completed as discussed in Section 2.3.2 and can be found in Appendrx C of this document. The sample
log sheets contain information such as ~sample location and sample ID, container requirements and

~ analyses to be performed, sample type, time, date, and” method of sample collection. Any unusual

circumstances encountered during sample collection were noted on the form. Sample log sheets can be
found in Appendlx C of this'document. Chain-of- custody (COC) records (see Appendix D) were used to

“ track each sample from collectron to receipt and analysns at the laboratory. Field Task Modmcatlon

- Records (FTMRs) (see Appendix D) were used to document deviations from the approved QAPP

-Addendum No. 1. Equipment calibration log sheets are discussed in Section 2.9.1 and can be found in -

Appendix D.of this document. Copres of all field logbooks are contained in Appendix E. Copies of the

health and safety logs are maintained in the project file. Upon completion of sample analyses, sample -
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bottle tags were forwarded by laboratory personnel to the NSWC -Crane Environmental Protection

. Department for storage.

2.7 SAMPLE HANDLING, PACKAGING, AND SHIPPING

Sample handling activities included tl‘te field-related considerations concerning the selection of sample
containers, preservatives; allowable holding times, eample custody, and maintaining samples at the .
.appropriate storage temperature. Sampling containers were sealed in Ziploc® plastic bags, and glass
containers were wrapped in plastrc bubble wrap to minimize the possrbllrty -of breakage during transport.
The sample containers were then placed in a cooler lined with a large plastic garbage bag. The cooler
was packed with a cushioning. material (bubble wrap) to prevent container breakage. Samples were
cooled immediately after collection with ice placed over the sample containers. A temperature blank was
' placed in each cooler pnor to shipment. The plastrc garbage bag was sealed wrth a knot, and the COC
' form was sealed i ina Ziploc® bag and taped to the inside of the cooler lid. A srgned and dated custody»
seal was applied to each end of the cooler and then covered with strapping tape to provide a tamper-
evident seal. A Federal Express® airbill was applied to the shipping cooler. TINUS malntalned custody of
the samples untll they were relinquished to Federal Express®. The Federal Express® tracking number
(airbill number) was recorded on the COC form, and the sender's copy of the.airbill was malntarned for
- shipment tracking, if needed. All samples were shrpped to the laboratories for overnight delivery and were
received within sample holding times. The procedures for sample preservation, packing, and shipment

can be found in Section 3.8 of the approved QAPP Addendum No. 1 (TtNUS, 2004). The procedure used’
- for eample labeling can also be found in Section 3.8 and SOP CTO126-01 of the approved QAPP
Addendum No. 1 (TtNUS, 2004). leewiee, the procedUres used to maintain sample custody
~ requirements a're described in Section 3. 8 and SOP CT0O126-03 of the approved QAPP Addendum No. 1°
(TtNUS, 2004). .Sample bottle tags were removed from each sample: bottle by laboratory personnel and
forwarded to the NSWC Envrronmental Protectron Department

28 . QUALITY CONTROL SAMPLES

" Quality assurance/qualrty control (QA/QC) samples were collected and generated durrng sampling
actrvrtres to monitor both fleld and laboratory procedures These procedures are detarled in the approved
QAPP Addendum No. 1. QA/QC samples included field duplrcates equrpment rinsate blanks, trip blanks,
source water blanks, and temperature blanks. These types of QA/QC samples are bnefly described
- below: B
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» Field Duplicates - Field duplicates consisted of two samples collected either independently at.a"

' sampling location at approximately the same time in the case of groundwater and surface water or as
a single sample s'plit into two portions in the case of soil and sediment. Field duplicates were
collected at the rate of 1 in 10 per.medium and were used to assess the overall precision of the

sampling and analysis program.

e -Equipment Rinsate Blanks - Equipment rinsate blanks were obtained under representative field

conditions by collecting the rinse ‘water generated by running analyte-free water through or over
sample collection equipment after decontamination and before use; As a rule, 1 equipment rinsate
“blank per 10 samples per aqueous matrix and 20 samples per solid matrix was collected for each type
of sampling equipment us'ed (i}e., bladder pump) on a daily basis. However, when pre-cleaned,
dedicated, or disposable (no decontamination was required) sampling equipmen_t was used, one
equipment rinsate blank was collected as a batch blank. Additionally, bladder pump equipment
- rinsate blanks were collected at a rate of one eqmpment rlnsate blank for every five samples (See the
FTMR form in Appendlx D).- Equipment rinsate blanks were "analyzed for the same ‘chemical

constituents as the associated environmental samples.

. Trigblanks - Trip blanks were used to determine whether contamination of the bottleware for VOC
. samples had occurred during transit or storage Trip blanks consisted of analyte free water taken
~ .from the Iaboratory to the site and returned to the laboratory. One trip blank was submitted to the

' laboratory in each cooler that contalned samples forvoC analyses and was analyzed for VOCs only.

»  Source water blanks - Source water blanks were obtained by sampling. the analyte-free water and
' potable water source(s) used for'decontamination of sampiing’ equi'pment Source water blanks were
used to determine whether analyte free water or potable water (used for steam cleaning, etc.)

contributed to sample contamrnatron

. Temgerafure blanks - Temperature b4lanks'were used to determine if samples were adequately cooled
'during shipment. Temperature blanks consisted of analyte-free water'.poured_ in a clean sam'ple .
" container at the site or suppiied by the fixed-based laboratory. One temperature blank was submitted
- to the Iabcratory in'each cooler, and the temperature was checked upon receipt at the laboratory. '

29 FIELD INSTRUMENT MEASUREMENTS :

Field measurements taken and recorded during field samphng operatlons included water temperature pH,

specific conductance ORP, DO, turbidity, and groundwater level measurements.  Ambient  air
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measurements included monitoring of organic vapors in the breathing zone during intrusive field -
investigation activities and monitoring of organic vapors emanating from site sources such as soil samples
and well casings. Several instruments were used during field activities to obtain these measurements

~including the following:

e PID . .

e YSI Model 600 Series, Multi-Parameter Water.QuaIi_ty Meter
«  LaMotte 2020 Turbidity Meter - o

* M-Scope Water. Level Meter -

- 2.9.1 Equipment Calibration

Instruments used in the field were calibrated daily prior to use accordrng to manufacturers' requrrements

' and in accordance with applrcable SOPs Equment calibration Iogs can be found in Appendlx D.

292 Field Investigation Preventive Maintenance Procedures/Schedule

The field inst_ruments for this project included the PID, YSI water-quaiity meter, Lamotte 2020 turbidity -
‘meter, and water level indicator. The specnflc preventive maintenance procedures followed for field

- equipment were those recommended by the equment manufacturers.

An appropriate maintenance check was penormed'daily on each piece of eq.uipment If damaged or
defective parts were identified during the mamtenance check, and it was determined that the damage
could have an impact on the mstruments performance the instrument was removed from serwce until the
~defective parts were repalred or replaced. Critical spare parts were kept on site to reduce downtime
'_ Spare parts included batteries, a DO -probe membrane kit (membranes and a bottle of solution), and air
particle filters for the PID. Back-up instruments and equipment were- available on site or were shipped

~ within 1 day via overnight courier to avoid delays in the field schedule
210  SURVEYING

Al existing monitoring wells, soil borings, and Spring A’ were surveyed. The top of the riser pipe (where
Athe uncapped well riser is marked), the top of the pr'otective casing, and the ground surface elevation at
each monitoring well location were surveyed to with_in 0.01-foot vertical accuracy. For all other locations,
_the ,ground»surface elevation was surveyed to the nearest 0:10-foot. Vertical elevations were referenced
‘to tne 1988 North_Americ'an Vertical Datum (NAVD88). 'Ex'isting survey monuments at NSWC Crane were

used as reference points. Horizontal locations of samples, borings, and wells we_re surveyed to Indiana
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State Plane coordlnates to the nearest 0.10 foot and. referenced to the 1927 North American Datum
(NAD27). All surveying was subcontracted to a State of Indiana professional licensed surveyor Copies of

the survey data can be found in Appendix E

2.11 DECONTAMINATION

The nondedicated, nondisposable equipment involved in field sampling activities was decontaminated
before beginning work, during drilling and sampling activities, and at the completion of the RF activities in
accordance with SOP CTO126-17 contained in Appendix A of the approved QAPP Addendum No.1. This

equipment included drilling rigs, down-hole tools, augers, and soil and water sampling equipment.

_ 2.11.1 Major Equipment

All down hole equment including down-hole drilling tools, were steam cleaned with hlgh pressure hot
water prior to beginning work and at the conclusion of work at the site. Between borlngs all dnlllng tools

were cleaned with alconox and potable water.

Well riser pipe and screens were- supplied at the site in, certmed clean packaglng All decontammanon

activities took place at a predetermined area within NSWC Crane.

2.11.2°  Sampling Equipment

- . All nondedicated (reusable) equipment used for collecting samples was decontaminated both before field A

. sampling, between sample collections, and at the end of each sampling event. This equipment included

stainless steel trowels, stainless steel mixing bowls, bladder pumps, etc.” The following decontamination. A

steps were taken:

.+ Potable water and phosphate—free detergent wash (scrub if neceésary) . -
‘s -Potable water rinse | |

. beionized (DI} water rins.e

e Airdry (if possible)

e Wrap in aluminum foil (if not to be used immediately)

‘An isopropanol rinse was not necessary because no oily residue was evident on the sampling equipment.
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Field analytical equipment such as pH, conducti\rity, and temperature probes were rinsed first with analyte- -
free water then with the sample prior to making measurements. Water level measurement devices were

© rinsed wrth DI water

212 | WATER LEVEL MEASUREMENTS AND AQUIFER TESTING

2.121 Groundwater Level Measurements

Water level measurements were obtained from each monitoring well prior to development and purging:
Measurements were taken with an electrical water level indicator (M-scope), using the top of the riser pipe.
as the reference point to determine water depth for monitoring \rrells. All measurements were taken in
_ accordance with SOP CTO 126-18 contained in Appendix A of the approved QAPP Addendum No. 1
(TINUS, 2004). A mark was:placed at the top of the riser pipe to ensure that measurements \rvere taken
from a consistent reference point. Water level measurements were collected on Apnl 24 and 25, 2004
and were recorded to the nearest 0.01 foot on a groundwater level measurement form, provided in
Appendix D of this document '

- 213 'FIELD CORRECTIVE ACTION

Corrective acti_on is the process of identifying, recommending, approving, and implementing measures to

counter unacceptable procedures or "out of quality-control” performance that can affect data quality.

Corrective action in the field resulted when substantive changes were made to the sampling network (i.e.,
more/fewer samples collected, sampling locations other than those specified, etc.) and when sampling
procedu‘res or_' field analytical procedures required modification. Project personn'el reported all suspected
technicavl or QA nonconformance or suspected deficiencies of any activity_ _or issued document to the FOL
or designee. The Task Order Manager' (TOM) was responsible for assessing the suspected problems in
-consultation with the project QA_/QC Manager and for making a decision based on the potential for the
situation to affect the quality of the date. If it was determined that the situation warranted a reportable
nonconformence requiring corrective action, a nonconformance report wes initiated b_y the TOM. As
identified in Table 2-3, boring locations 03SB055 and 03SB062 were ebandoned due to the steep slope
which would have compromised the saAfety of drilling. Boring 03SB058 was'- moved southwest, closer to
.tne access road.” Boring 035B061 was moved north across the stream bed. Boring QSSBi 12 was moved

south of the Burning Cage. Boring 03SB113 was moved near the sink hole in the Former Ash Pile area.
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214  INVESTIGATION-DERIVED WASTE HANDLING-‘

~ The field investigations generated several types of potentially contaminated wastes including Personal

Protective Equipment (PPE), decontamination - fluids from the drill rig, sampling equipment

decontamination fluids, DPT plastic sleeves, de_velopmenvt and purge water, and soil cuttings.

Management of each residue was performed as follows:

PPE, Pump Tubing, and DPT Plastic Sleeves — All PPE, tubing, and plastic sleeves were decontaminated,

- double bagged, and placed in NSWC Crane trash rec’eptacleé'(i.e., dumpsters).

Purge Water, Development Water, -Drill and'SampIinq Equipment Decontamination Fluids ~ All well
development and purge waters and equipment decontamination fluids were collected and discharged to
the NSWC Crane permitted waste treatment plant.

Waste Cuttings and Rock Cores from Drilling Activities — For each boring, the cutti‘ngs/macro' core

samples produced were scanned for VOCs. A few VOC readings were slightly above background levels,
however after exposure to air {he readings were all below background levels and were used as backfill if
the boring terminated above the water table. Any remaining cuttlngs were spread on the ground in the

lmmedlate vicinity of the boring.

- Additional requirements for Investlgauon -Derived Waste (IDW) handling can be found in SOP CTO126 15
_contalned in Appendix A of the approved QAPP Addendum No. 1 (TtNUS, 2004).

245 SITE MANAGEMENT AND FACILITY SUPPORT

The FOL was designated asthe lead in coordinating all day-to-day activities during the investigation. The

FOL' was responsible for ensuring that all field team members (including subcontractors) were familiar
with 4the-approved QAPP Addendum No. 1 and the revised OJT HASP. Additionally, the FOL was
responsible for all sampling operations, QA/QC, field documentation requirements, and field éhange
orders. The FOL reported to the TOM on a daily basis regarding the status of fieldwork.

Allsite preparation, moblllzatlon/demoblIlzatlon and samphng activities were coordmated through NSWC

~ Crane personnel
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216 RECORDKEEPING | < | ‘ |
Various hardcover, bound record books were maintained for each field activity in accordance with SOP
'CTO126-03. The Master Site Logbook served as the overall record. of field activities. Information.
recorded daily in the Master Site Logbook included daily field activities, weather conditions, identity of and
~arrival and departure times of personnel, management issues, etc. Various field notebooks were also
maintained. For example, the site geologist supervising soil boring operations maintained a field

notebook. Copies of field log books are included in Appendix E.

- The FOL was responsible for the maintenance and security of all field records. Eventually, all field

records, COC forms, s'a‘rhple_ log sheets, field forms, logbooks, and notebooks were docketed and
incorporated in the central project file for CTO 031A1. . ' =
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MISC 03SB105 03551050002 -] s S S S -
MISC 03SB105 - 03SB1050206 - S . [ S S -
MISC’ 03SB105 03SB1050610 S S 5 S S -
MISC 03SB105 | 03SB1051012 S S s . S S -
MISC 03SB106 03SS1060002 - S’ - - - -
MISC 035B106- 03SB1060206 | -. |- S - - - -
MISC 03SB106 . 03SB1060610 "8 [ - - - -
MISC 03SB106 | . 03SB1061014 S S - - - -
MISC 03SB107 | 03551070002 - S . S - S -
MISC 03SB107 03SB1070206 - S S - S -




TABLE 2-1

SUMMARY OF ENVIRONMENTAL SAMPL_ES AND LABORATORY
ANALYSES - SURFACE/SUBSURFACE SOILS
SWMU 3 - AMMUNITION BURNING: GROUNDS

NSWC CRANE
CRANE, INDIANA
PAGE 7 OF 8 .
- L _ %) :
L . - | & g, | 2% | % € °
Group™ Location Number®® g 2. o g 3 | @ E 4 38 S ) g
P . 53 3 F ] K 5 oo -
v : w o R -
MISC 03SB107 03SB1070610 ° S S S - S -
MISC 03sB107 | - 03SB1071014 S S S - S -
.MISC 035B108 03551080002 E S - S - -
MISC | 03SB108 03581080206 - S - [ - -
MISC 03SB108 03SB1080610 S [ . S - -
‘MISC ~ |. 035B108" 03SB1081014 S| 8 - S - -
MISC - | 03SB109 - 03551090002 - 1. s - - : -
. MISC 035SB109 03SB1090206 - - S - - - -
MISC 03SB109 | =~ 03SB1080610 ] S . - - - -
MISC 035B109 03SB1091013 S S - - - -
MISC 03SB110 | 03351100002 . - S. - S - -
MISC | .03SB110 035B1100206 C - S - 8 - -
MISC 0358110 03SB1100610 s | s - S - -
- MISC 03SB110 03SB1101013 S S - S - -
~ MISC 03s8111 -03851110002 - -5 [ - S -
MISC 038B111 | 03SB1110206 - S S - S -
MISC 03SB111 [ -03SB1110610 s S S - .8 -
MISC 035B111 03SB111300x o 0 0 - 0 -
MISC | 03SBi112° 03551120002 - S B S - -
_MISC 03SB112 035B1120206 - S - S - -
MISC 03SB112 035B1120610 | S S - .S - -
MISC | 03SB112 03SB112x00 0 0. - 0 - -
MISC 035B113 03551130002 - | s S - S -
MISC | 03sB113 03SB1130206 - S S - S -
. MISC | 033B113 03SB1130610 o .| o o) - 0 -
MISC | 03sB113 03SB113x0x | O | © o - 0 .
MisC 03SB114 03551140002 . |. .- S - S - -
MISC 03SB114 03SB1140206 | - s . - s - -
MISC | 03SBt114 | 03SB1140610 | S .S - S - -
MISC 03SB114 03SB114x000¢ ol o - o - -
MISC 03SB115 | 03881150002 | - S - - - -
MISC | 03sB115 | - 03sB1150206 | - [ - - - -
MISC 035B115 03SB1150610 . S S - - : -
MISC 03SB115 | . - 03SB115%0x o] 0 - - - -
MISC 03SB116 03SB1160002 - S - S - S
'MISC 03SB116 03SB1160206 - S - s - S
MISC 03SB116 03SB1160610 S S - S - S
MISC 035B116° 03SB116xx 0. 0 - 0 - 0
MISC - | 03SB117 | - 03SS1170002 - S . S - S -




TABLE 2-1

SUMMARY OF ENVIRONMENTAL SAMPLES AND LABORATORY
ANALYSES - SURFACE/SUBSURFACE SOILS
SWMU 3 - AMMUNITION BURNING GROUNDS

NSWC CRANE
CRANE, INDIANA
PAGE 8 OF 8
g ~ 23 2
Soil o : s | 3 5% ?%’ 8 8 < c e
Boring Boring Sampl(eza) 31 % 1|38 '§ S |<3® 2 58 I »'% 8 g
Group® | Loo3ton | Number™® ) 9 ) 2 fEER B2 § | 5§ 833
: , 5 o5 | Do e ° w
L (s} ’E - [
. MISC 03SB117 03SB1170206 |. -° S S - S’ - -
MISC 03SB117 | 03SB1170610 S S S - S - -
MISC 03SB117 - 03SB1171013 S S - S - s - -
MISC 03SB118 03551180002 - S . S - - -
MISC 03SB118 035B1180206 - S - S - - -
MISC 03SB118 | 035B1180610 | S S - S - - -
MISC -03SB118 035B1181012. | - § S - S - - -
MISC 035B119 03551190002 - S - - - - -
MISC 03SB119 03SB1190206 - 'S | - - - - -
MISC 03SB119 03S$B1190610 S S - - - - -
"MISC 03SB119 03SB1191014 S S - - - - -
MISC '035B120 03551200002 - S 8 S E - -
MISC 03SB120 03581200206 - o- S 'S S S - -
MISC 03SB120 03SB1200610 S s . S S S - -
MISC *.{ 03SB120 . 03SB1201012 ° S S S S s - -
MISC | 03sB121 03551210002 - S - s | : - -
MISC 035B121 03SB1210206 - 3 - S. - - -
MISC 03SB121 035B1210610 S S - S - - -
MISC 03SB121 03SB1211013 | S S - S : - -

VOC  Volatile organic compound.
MISC  Miscellaneous.
S Sample collected as proposed in the approved QAPP Addendum No: 1 (TtNUS 2004).
0 Sample NOT collected as proposed in the approved QAPP Addendum No. 1 (TtNUS, 2004) (See Table 2-3). -

E Sample collected due to élevated PID readings in soil core.

1 Soil Boring Groups correspond to Figure 3- 1. “OJT" indicates borings located at the OJT;
“MISC” indicates borings located in the spaces between soil boring groups on Flgure 3-1..

2 Borings endmg in xxx were not collected as described in Table 2-3.

3 For sample numbers ending in 0002 or 0206 VOC samples were collected at the highest PID reading if a
" reading higher than background was obtained. See Section 3.5.1 of the text of QAPP Addendum No. 1.
4 See Table 1-3 of QAPP Addendum No. 1 for specific analyS|s requirements and analyte list.




TABLE 2-2

) ‘ SUMMARY OF ENVIRONMENTAL SAMPLES AND LABORATORY ANALYSIS - GROUNDWATER
- SWMU 3 - AMMUNITION BURNING GROUNDS
NSWC CRANE .
CRANE, INDIANA
PAGE 1 OF 2
Location Sample Number | VOCs" | Explosives™ | Metals™® | Perchlorate'
Ammunition Burning Grounds Main TreatmentS‘Area
0301 03GWO0101 S s S )
03-04 03GW0401 o o o ;
0306 03GW0601 o o o ]
03_09‘ ' ~ 03GW0901 S S s S
0327 03GW2701 o o o )
0309 ~ 03GW2901 o o o ]
03-30 03GW3001 o o o o
0331 03GW3101 S S s ]
) 03-32 03GW3201 o o o ]
03-33 © 03GW3301. s S S . s
S 0334 T 03Gwa4o1 o o 5 ]
' - 0335 03GW3501 o o o ]
- 03-35 03GW3601 o p o .
.’ ' T o337 03GW3701 o o o )
: . , 0338 | 03GW3801 S S S S
- 03.99 03GW3901 s . S S )
03Co1P2 " 03GWC01P201 S S S -
03C03P2 03GWC03P201 s s s -
03C05 03GWC0501 E S S S
03C06 03GWC0601 .S S s - -
03G10 03GWC1001 o 0 o) o)
03C11 ‘03GWC1101 " o) ‘0 o) o]
03C13 03GWC1301 0 0 0 o)
03C14 03GWC1401 S s S ;
03C21 03GWC2101 s S 8 -
" 03Cc28 | 03GWC2801 s s s .
03TW01() 03GWTW01() s s s s
03TW020) . - 03GWTW020) s S "8 -
03Tw0o3® | o03GwTW03®) S . S S -
0aTwoa® | osgwTwoa® | s s s -
-03Twos® - | o3ewTwos® S - s S .
- o Old Jeep Trail , I '
- 0307 03GW0702 s s S
‘ ' . 03-12 . 03GW1202 E s -
- ‘ | - o315 | 03GW1502 s s s s




TABLE 2-2

SUMMARY OF ENVIRONMENTAL SAMPLES AND LABORATORY ANALYSIS - GROUNDWATER
SWMU 3 - AMMUNITION BURNING GROUNDS

NSWC CRANE
CRANE, INDIANA
PAGE 2 OF 2
Location Sample Number | VOCs™ | Explosives™ | Metals™? | Perchiorate"
03-16 03GW1602 s S - s -
03-21 03GW2102 s S S -
03-24 03GwW2402 S S S -
03TW06(%) 03GWTW06(3) s S S -
Spring A’ * ]
03SPA' osspapt | s | s s | -

1 See Table 1-3 of the QAPP Addendum No. 1 for specmc analysis requirements and analyte list.
2 Unfiltered samples were analyzed for total metals if turbidity of water was greater than 10 nephelometric turbidity units,
: a filtered sample was also collected and analyzed for dissolved metals.
3 “TW” refers to temporary wells, which were actually DPT borings from which ground water (perched sample) was
: extracted from near the bedrock-overburden interface.

VOCs Volatile Organic Compounds.
S= Sample collected as proposed in the approved QAPP Addendum No. 1 (TINUS, 2004)
O = Sample NOT collected as proposed in the approved QAPP Addendum No.1 (TtNUS 2004) (See Table 2- 3)

'



TABLE 2-3

. . ~ SUMMARY OF SOIL AND GROUND WATER SAMPLES NOT COLLECTED AS PROPOSED
' SWMU 3 - AMMUNITION BURNING GROUNDS -
NSWC CRANE
~ CRANE, INDIANA
PAGE 1 OF 2
. - Soil Boring or
Szlr:uor(l:)l g Monitdring Well , I\SIS:E::' ' Reason Not Collected
P Location o
-|ISURFACE SOIL . ‘ v
B 03SB055 03550550002 Abandoned due to steep slope
B 03SB062 03550620002 Abandoned due to steep slope
SUBSURFACE SOIL- ' :
oJT " 03SB051 -03SBO51X00xx Refusal at 10.5 feet
A 03SB053 03SB0530610 Refusal at 4.5 feet
A - 03SB053 03SB053x00x Refusal at 4.5 feet
‘B 03SB054 03SB0540610 Refusal at 4.0 feet
B 03SB054 -03SB054xxxx Refusal at 4.0 feet
B . 03SB055 03SB0550206 Abandoned due to steep-slope
B 03SB055 03SB0550610 - Abandoned due to steep slope
B’ 03SB055 - 03SB055xxxx Abandoned due to steep slope
B 035SB056 03SB0560206 . Refusal at 2.0 feet
B 03SB056 035B0560610 Refusal at 2.0 feet
. ‘ : . B 03SB056 - 03SBO56xxxx Refusal at 2.0 feet
B . 03SB057 035B0570610 Refusal at 5.5 feet
B -035B057 03SB057xxxx Refusal at 5.5 feet
B 03SB059 03SB0590610 Refusal at 4.5 feet
B - 03SB059 03SB059xxxx Refusal at 4.5 feet
B 03SB061 03SB06100xx Refusal at 7.0 feet
B 03SB062 03SB0620206 Abandoned due to steep slope
B 03SB062 035B0620610 Abandoned due to steep slope
B 03SB062 03SB062xxxx Abandoned due to steep slope
B 03SB064 03SB0640610 Refusal at 4.5 feet
B 03SB064 03SB064xxxx Refusal at 4.5 feet
D . 03SB069 . 03SBOBIXXXX Refusal at 9.0 feet
D 03SB071. 035B0710610 Refusal at 5.0 feet
D 03SB071 03SB07 1xxxx Refusal at 5.0 feet
D -03SB072 03SB072xxxx Refusal at 10.0 feet
- D 03SB075 03SB075x00 Refusal at 9.5 feet
E © 03SB077 03SBO77x0x:x Refusal at 10.0 feet
E 0358078 03SB078x0x Refusal at 8.0 feet
F 0358081 03SB081000¢ Refusal at 9.0 feet
F - 035B083 03SB083x0x Refusal at 10.0 feet-
F 03SB084 035808400 Refusal at 8.5 feet
G . 03SB088 03SB0880610 " Refusal at 6.0 feet
G 035B088 03SB088xxxx Refusal at 6.0 feet
G’ 03SB089 ‘03SB0890610 Refusal at 6.0 feet
G 035B089 03SB089xox Refusal at 6.0 feet
‘ ' G 03SB090 03SB090XxXXX | Refusal at 10.0.feet
o " H 035B091 03SB091xxxx Refusal-at 10.0 feet




TABLE 2-3

SUMMARY OF SOIL AND GROUND WATER SAMPLES NOT COLLECTED AS PROPOSED
SWMU 3 - AMMUNITION BURNING GROUNDS

NSWC CRANE
CRANE, INDIANA
PAGE 2 OF 2
oy s Soil Boring or o :
Soil Bor(|1r)1 9 Monitoring Well Sample Reason Not Collected
Group Location Number :
SUBSURFACE SOIL (cont'd)
H 035SB092 03SB092xxxx Refusal at 8.5 feet
H .03SB094 03SB094x0x ~ Refusal at 9.5 feet
H 03SB095 03SB095xxxx Refusal at 7.5 feet
H . 03SB096 03SB0963000x Refusal at 8.5 feet
H -03SB097 03SB097000x Refusal at 9.5 feet
H 03SB098 03SB098xxxx Refusal at 7.5 feet
H 03SB099 03SB099x0 - Refusal at 8.0 feet.

'| '03SB103%@ 03SB103x0x Refusal at 11.0 feet
MISC 03SB111 03SB111xxxx Refusal at 9.0 feet
MISC - 03SB112 0358112000 * -Retusal at 10.0 feet
MISC ' 03SB113 03SB1130610 Refusal at 4.5 feet

" MISC 03SB113 03SB113xxxx Refusal at 4.5 feet

MISC '03SB114 03SB114x000¢ | Refusal at 9.0 feet

MISC 03SB115 03SB115xxxx Refusal at 8.0 feet

MISC 03SB116 03SB116x000 Refusal at 9.5 feet
GROUNDWATER .

MTA 03-04 . 03GW0401 Abandoned
MTA 03-06 03GWO0601 Abandoned
MTA 03-27 03GW2701 Damaged and Abandoned
MTA 03-29 '03GW2901 Damaged and Abandoned
MTA 03-30 03GW3001 No Recharge
MTA 03-32 03GW3201 . Abandoned
MTA 03-34 03GW3401° Abandoned
MTA 03-35 - 03GW3501 - Abandoned -

MTA 03-36 03GW3601 Abandoned -

MTA '03-37 03GW3701 Abandoned

© MTA 03C10 03GWC1001 Not Needed

MTA 03C11 . 03GWC1101 ) Not Needed .
MTA - 03C13 03GWC1301 Collapsed Well Casing w/ Lodged Bladder Pump
MISC Miscellaneous.

MTA Main Treatment Area.

oJT Old Jeep Trail.

1 Soil Boring Groups correspond to Figure 3-1 of the approved QAPP Addendum No. 1 (TtNUS 2004)

“OJT” indicates borings located at the OJT;
“MISC” indicates borings located in the spaces between soil bonng groups on Figure 3-1.
2 Sample was collected for VOCs, but not for explosives or TAL Metals.
XXXX Indicates soil depths greater than 10 feet.



TABLE 2-4

. “ ~ DATES AND DEPTHS OF SOIL BORINGS AN'D' SOIL SAMPLES COLLECTED
) SWMU 3 - AMMUNITION BURNING GROUNDS '
NSWC CRANE
CRANE, INDIANA
PAGE 1 OF 2
. Total Depth Drilling . Depth Interval(s) of Soil
Boring No. (feet bgs) Method‘" Date D""edj Samples (feet bgs)
038B049 14.0 DPT 23-Apr-04 - 0-2, 2-6, 6-10, 10-14
038B050 13.5 DPT 22-Apr-04 0-2, 2-6, 6-10, 10-13.5
035B051 . - 10.5 DPT 23-Apr-04 0-2, 2-6, 6-10
03SB052 13.5 - DPT 23-Apr-04 0-2, 2-6, 6-10, 10-13.5
03SB053 45 ° DPT 16-Apr-04 0-2,2-4.5
035B054 3.0 - DPT . 22-Apr-04 0-2,2-3°
- 035B055 NC NC NC- NC
- 03SB056 - 2.0 DPT 22-Apr-04 0-2
03SB057 55 DPT 16-Apr-04 0-2,2-5.5
03SB058 - 11.5 DPT 22-Apr-04 0-2, 2-6, 6-10, 10-11.5
035B059 4.5 DPT 22-Apr-04 o 0-2,2-4.5
035SB060 14.0 DPT 16-Apr-04 .0-2, 2-6, 6-10, 10-14
‘ 03SB061 7.0 DPT 22-Apr-04 0-2, 2-6, 6-7
‘ -035B062 NC’ NC _NC NC
‘ _ . 035B063 14.0 DPT 17-Apr-04 . 0-2, 2-6, 610, 10-14
' - 035B064 45 - DPT 17-Apr-04 0-2,2-4.5
038B065 14.0 DPT 17-Apr-04 | 0-2, 2-6, 6-10, 10-14
035B066 -13.5 - " DPT 16-Apr-04 0-2, 2-6, 6-10, 10-13.5
'035B067 115 DPT. 16-Apr-04 0-2, 2-6, 6-10, 10-11.5
03SB068 13.0 DPT 16-Apr-04 .0-2, 2-6, 6-10, 10-13
03SB069 9.0 DPT 19-Apr-04 0-2, 2-6, 6-9
03SB070 11.5 DPT 19-Apr-04 - 0:2, 2-6, 6-10, 10-11.5
03SB071 5.0 DPT 19-Apr-04 | 0-2,2-5 .
03SB072 10.0 DPT 19-Apr-04 0-2, 2-6, 6-10
038B073 - 13.0 DPT 19-Apr-04 0-2, 2-6, 6-10, 10-13
03SB074 14.0 DPT - 22-Apr-04 0-2, 2-6, 6-10, 10-14
.035B075 9.5 DPT 22-Apr-04 0-2,2-6, 6-9.5
03SB076 14.0 DPT 20-Apr-04 0-2, 2-6, 6-10, 10-14-
03SB077 -10.0 DPT 20-Apr-04 " 0-2,2-6, 6-10
03SB078 8.0 DPT 20-Apr-04 0-2, 2-6, 6-8
038B079 12.0 . DPT 17-Apr-04 0-2, 2-6, 6-10, 10-12
03SB080 - 125 DPT 17-Apr-04 0-2, 2-6, 6-10, 10-12.5
03SB081 9.0 DPT 17-Apr-04 ' 0-2, 2-6, 6-9
035B082 13.0 DPT 18-Apr-04 0-2, 2-6, 6-10, 10-13
-035B083 10.0 DPT 18-Apr-04 0-2, 2-6, 6-10"
035SB084 8.5 DPT 18-Apr-04 0-2, 2-6, 6-8.5 -
035B085 13.0 DPT 18-Apr-04 . 0-2, 2-6, 6-10, 10-13
) . " 035B086 - 14.0 DPT 18-Apr-04 0-2,.2-6, 6-10, 10-14
' o 03SB087 13.0 DPT 18-Apr-04 0-2, 2-6, 6-10, 10-13
‘- 0358088 6.0 DPT 18-Apr-04 . 0-2,2-6




TABLE 2-4

DATES AND DEPTHS OF SOIL BORINGS AND SOIL SAMPLES COLLECTED

SWMU 3 - AMMUNITION BURNING GROUNDS

‘ NSWC CRANE
CRANE, INDIANA
PAGE 2 OF 2
. Total Depth Drilling . Depth Interval(s) of Soil
Boring No. (feet bgs) Method™ Date Drilled ~ Samples (feet bgs)
03SB089 6.0 DPT . 18-Apr-04 0-2, 2-6
03SB090 10.0 DPT . 18-Apr-04 0-2, 2-6, 6-10
035B091 10.0 DPT 23-Apr-04 0-2, 2-6, 6-10
035B092 8.5 DPT 19-Apr-04 " 0-2, 2-6, 6-8.5
03SB093 14.0 DPT 19-Apr-04 0-2, 2-6, 6-10, 10-14
035B094 9.5 DPT 21-Apr-04 0-2, 2-6,6-9.5
03SB095 7.5 DPT 19-Apr-04 0-2, 2-6, 6-7.5
03SB096 8.5 DPT 19-Apr-04 0-2, 2-6, 6-8.5
03SB097 ‘9.5 DPT 21-Apr-04 0-2, 2-6, 6-9.5
038B098 7.5 DPT 19-Apr-04 0-2, 2-6, 6-7.5
03SB099 8.0 DPT 21-Apr-04 } 0-2, 2-6, 6-8
03SB100 . - 14.0 DPT 20-Apr-04 0-2, 2-6, 6-10, 10-14
03SB101 14.0 DPT 20-Apr-04 0-2, 2-6, 6-10, 10-14
035B102 13.0 DPT 20-Apr-04 -0-2, 2-6, 6-10, 10-13
03SB103 11.0. - DPT 20-Apr-04 . 0-2, 2-6, 6-10, 10-11
03SB104 - - 14.0 - DPT ~ 21-Apr-04 0-2, 2-6, 6-10, 10-14
03SB105 - 11.5 DPT 16-Apr-04 0-2, 2-6, 6-10, 10-11.5
03SB106 - 14.0 DPT 17-Apr-04 0-2, 2-6, 6-10, 10-14
03SB107 13.5 DPT 22-Apr-04 0-2, 2-6, 6-10,10-13.5
03SB108 13.5 DPT 22-Apr-04 0-2, 2-6, 6-10, 10-13.5
03SB109 "13.0 DPT 22-Apr-04 0-2, 2-6, 6-10, 10-13
03SB110 - 12.5 - DPT ~17-Apr-04 0-2, 2-6,6-10, 10-12.5
03SB111 9.0 DPT . 17-Apr-04 0-2, 2-6, 6-9
038B112 10.0 DPT 23-Apr-04 0-2, 2-6, 6-10
035B113 - 45 "DPT 23-Apr-04 - 0-2,2-45
03SB114 9.0 DPT. 18-Apr-04 - | 0-2, 2-6, 6-9
03SB115 8.0 DPT 21-Apr-04 0-2, 2-6, 6-8
03SB116 9.5 DPT 21-Apr-04 - 0-2, 2-6, 6-9.5
03SB117 13.0 _DPT 21-Apr-04 0-2, 2-6, 6-10, 10-13
03SB118 11.5 DPT 19-Apr-04 0-2, 2-6,6-10, 10-11.5
03SB119° -13.5 DPT 21-Apr-04 0-2, 2-6, 6-10, 10-13.5
03SB120 12.0 DPT 21-Apr-04 0-2, 2-6, 6-10, 10-12
03SB121 12.5 .DPT 21-Apr-04 0-2, 2-6, 6-10, 10-12.5

bgs = beiow ground surface.
DPT = Direct-push technology.

NC = Not collected due to steep slope. -
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3.0 CONCEPTUAL SITE MODEL

31 _ INTRODUCTION

This- section presents the conceptual site model for the NSWC Crane SWMU 3 (Ammunition Burning’
Grounds). The conceptual site model presents the representation of the environmental system. |t
provides a tool for identifying contamination sources, contaminant migration pathWays, and potential
recéptors. Uncertainties are identified. The conceptual site model provides a framework for devei_opment
of the Corrective Measures Study- (CMS), so that the study can be focused on identificatioh and
evalhation of practical and cost-effective .femed_iall actions. Figure 3-1 presents' a schematic of the
conceptual site model for the Main Treatment Area (MTA); Figure 3-2 presents a schematic of the
conceptual site model for the Old Jeep Trail (OJT). Both conceptual site models are discussed in detail in

Sections 3.3 and 3.4, respectively. Section 3.5 summarizes the conceptual site models for the MTA and

- OJT.

32 . SUMMARY OF SITE INFORMATION

Figures 1-1 through 1-17 show the Idcations of various physiographic feafureé and operational. facilities,
surface and subsurface geologic features, and hydrogeological conditions of SWMU 3 arid the Little

Sulphur Creek (LSC) watershed. Section 1.3 provides a detailed-description of those features. The site -

" operational history, which déscribes the types of materials treated and hence potentially released at the

MTA and OJT, is- described in Section -1.3.1. The o.pe'rationa| history, physical features, and
environmental data collected to date are developéd below into a conceptual site model ihat explains how
and.wh'e're site operations and physical features resulted in the existence and movemeﬁt of various
contaminants at SWMU 3. The model also sUpports‘ inferences about future site conditions and potential
routes of exposure to site contaminants for humans and ecological receptors.. Tables located in Appendix
A summarize‘ the detections of chemicals investigated at SWMU 3 for .each environmental media, which

may be related to site activities. RDX (a common high explosive) and TCE (a commonly used chlorinated

~ organic sol\}ent) are the most significant orgénic,chemicals that have been detected at SWMU 3. Barium -

(a naturally occurring metal and part of barium sulfate, which is used as an inert filler in projeciile_s and
flares), is the most significant inorganic chemical that has been dete_cted at SWMU 3.

090406/P S _ - 3-1 - ~ CTO 0311
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3.3 MAIN TREATMENT AREA

Treatment Operations

The MTA is an active RCRA-Permitted open burning facility for the treatmenit of reactive hazardous

wastes. Large-scale open burning of waste propellant, explosives, and explosive—contaminated materials
has_taken place at the MTA since the 1940s. The materials burned range from pure propellant and
exploslves to chlorinated and non-chlorinated solvents. and packaging materials that are contaminated
with propellants and exploswes. Prior to the initiation of the use of containment facilities (steel pans and
concrete pads), open burning typically took place directly on the ground surface.” Often these operations
took place directly on the ground surface in pits, which were dug into the ground. Until the early 1990's,
unlmed surface impoundments were used to dewater sludges, which contained explosnves propellants,
and solvents. Untll removed in the Iate 1980s an unlmed waste plle was used to store residuals from
~burning operations- at the OJT and the MTA. Up until the early 1990s, the MTA was kept devoid of

vegetation which resulted in significant erosion and transport of surface soils to LSC. During the period.

that these practices took place a direct pathway exisfted for contamination of surface and subsurface
' soils. All treatment operations currently take place in containment facilities and tanks. The_‘was-te pile and
surface impoundments have been decommissioned. Therefore, contamination is no longer beihg
released to soils or into'LSC from the routine MTA treatment operations. Any accidental releases would

be immediately cleaned up in compliance with provisions of the RCRA Permit.

Soil Contamination

Historical Atreatme—nt practices have resulted in the release of explosives and solvents to the soils.
Investigations were conducted to determine the locations of soil sources of explosives (RDX), chlorinated
" organics (TCE), and metals (barium) contamination at the MTA. In general, the highest RDX

contamination was observed in the upper 2 feet of the son honzon and was observed to decrease with

depth. Samples collected during the April 2004 field investigation did not prowde evidence that a »

continuing source of RDX contamina‘tion is present in soils. Samples'collected during the April 2004 field
event showed el/idence of a direct link between the soil overburden and the bedrock for TCE at some
" isolated locations. Flgure 1-21 is a tag map which shows the locations where soil samples were coliected
“~and all positive detectlons for RDX and TCE. Barium was found in sngnlflcant concentrations only in
surface sonls samples No evidénce was found of a direct link between soil barium sources and the
bedrock. Figure 1-22is a tag map which the locations where soil samples were collected and all posmve
detections.
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Groundwater FIow and Contamination

The groundwater flow dtrection at SWMU 3 is generally toward LSC. Dissolved contaminants move in
groundwater along the bedrock surface until they find an opening that allows them to migrate deeper, into
bedrock and groundwater. As groundwater migrates along the fractures, dissolved contantination will
diffuse into the rock matrix. The back-diffusion of contaminated water from the matrix into the open-:
. fractures will provide a long-term source of oontamination and will slow the rate of plume migration. RDX,
' TCE, and barium contamination released as the result of historical practices, have migrated into. the .
bedrock and serve as a continuing source of groundwater, contamination. If the bedrock surface tilts in a
direction other than the direction of groundwater the contaminants will move in unexpected directions
along the bedrock surface. Nevertheless, the contamlnants WI|| assume the groundwater flow direction if
they migrate down |nto the Blg Clifty- -Beech Creek aqurfer '

Spring DiScharqes of GroundWater and Contamination

The MTA is underlain by a karst system in the Beech Creek Formation that leads southward along the
west side of the valley toward Springs A and A’ {(shown schematically in Figure 1-12). After making its
way through saturated overburden and bedrock MTA groundwater, and hence the MTA contamlnants

are conveyed through the karst condurt to LSC via Springs A and A’ (shown on Figure 1-12). RDX
concentrations ranged from 0 to 140 pg/l at Spring A between 1998 and 2004, with an approximate -
. average concentration of 36 ug/L. These concentrations are less than the average RDX concentration in
-groundwater underlying the MTA (71 pg/L). As expected, clean groundwater (and/or relatively clean
groundwater) enters the conduit all along its path from the MTA to the location ot Spnng A. This results in-
dllutlon of contamrnants between the MTA and Sprlngs A and A Spring A’ is part of the same conduit
) system which drains the MTA and’ dlscharges to LSC. ‘The RDX concentration in Spnng A’ was 7.4 Mg/l -
- in April 2004, whrch is well below the average groundwater RDX concentration in the MTA.

The' hydrographs for Spring A and Cin F.igure 1-16 illustrates the wide variation in water flow rates that
- occur in the springs, depending on whether base flow is observed or it is supplemented with varying._
degrees of precipitation. Precipitation increases the infiltration of water into the conduits. This _not only
. affects transport and diilution in the conduits, but also causes corresponding increases in spring water

flow rates.

JCE -

.When the karst conduit system is only partially full (i.e., some air space exists in the conduit), the conduit

acts as open channel flow and ‘a significant amount of VOCs' could potentially volatilize out of the
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- groundwater during transit. ThlS seems to be the situation in the conduit between the MTA and Springs A
and A’, because even though TCE is more concentrated in the MTA groundwater than is RDX, the TCE
concentrations are generally discharging from the springs at a much lower concentration (commonly not
detected) than RDX. Any TCE which is not volatized in the karst system would be expected to volatize in
LSC. '

" Natural Attenuation

It is evident that natural attenuation process are slowing plume migration and are reducrng the

contamrnant concentratlons between the MTA and Springs A and A’ In summary:

e Matrix diffusion is reducmg the rate of plume migration in fractured bedrock before groundwater

enters the karst system.

e Dilution is reducing the concentration of RDX,, TCE, and barium in the karst system before the .

groundwater discharges through Springs A and A’ into LSC.
. TCE is volatizing within the karst system before discharge through.the springs:
In addition to dilution and volatilization, other natural attenuation p'rocesses.such as biotic and abiotic

degradation may also operate to reduce the contaminant concentrations during storage and migration
‘within the MTA before entering the karst conduit system. BréakdoWn'products of RDX (MNX, DNX, and

TNX) were found torbe'present during rnonitoring conducted during 1999 through 2002. Based on the -

concentration-time graphs for wells (see Appendix F); there is little indication that natural -attenuation is
rapidly reducing groundwater contaminant concentrations within the MTA area. However, the relatively
stable trends indicate that monitored as natural attenuation processes are acting to stabilize the plume

and slow mlgratron

Groundwater Contamination Sources

As noted previously, historical préctices which resulted in the release of contamination to soils and
‘ groundwater have nct been utilized since the early 1990’s and all treatment operatlons now take place in

containment devices. Contamlnatron is no-longer being released as the result: of routine operation

" practices: The lack of decreasing concentrations of the RDX and TCE in groundwater within the MTA .

implies that tne sources resulting from historical ope_rations..have not been depleted. Based on the April

2004 soil and groundwater data, it is difficult to identify a single primary source contributing to
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.groundwater contamination. The heterogeneous distribution of soil contamination indicates that multiple
treatment areas were responsible for the observed groundwater contamin‘ation. Based on the April 2004
soil and groundwater data and -groundwater data collected during the routine RCRA groundwater
monltonng program, the sources. appear to be present in a combmatlon of the overburden soils, the
bedrock, and the karst system. The April 2004 mvestrgatron did not provide evidence of RDX and barium
contamination in soils rmmedrately above the bedrock except in rsolated Iocatrons. No evidence: was
: found of barium contamination immediately above .the bedrock. Therefore, it is probable that significant
sources of RDX and barium are also- located in the bedrock or karst system or some combination of the
two. The Abril 2004 investigation did provide evidence of subsurface soils with TCE contamination
directly above the bedrock in isolated locations. It is likely that TCE has also migrated into the bedrock
~ and/or the karst system. It is not possible to determine the relative distributions of TCE among the soils,

bedrock -and karst system.

Migration of Contamination

_In summary, all‘eo'nta'mina'ted MTA Qroundwater is discharged into LSC, primarily at Springs A and A'.
Except during periods of extensive .preci‘pitation, LSC is dry between the MTA and Spring C. LSC is a
loosing stream with surface waters infiltrating into the karst system LSC becomes a perennial stream at
the location. where Spring C dlscharges into LSC. The LSC surface waters flow off-site. LSC surface
waters do not generally contain any TCE because, as drscussed prevrously, the TCE appears to volatize
in the karst system and from LSC. The LSC surface_ waters -generally contain RDX in concentrations _
above the RBTL established in'the RCRA Permit. -

- Chemnicals and Media of Concern '

Human health and ecological risk assessments (Current Contamination. Conditions Rlsk Assessment
(CCCRA)) for existing contamination condmons were conducted in 1999 (TtNUS 1999a) as part of the
hazardous .waste permitting process for the open. burning treatment operations at the MTA. The -
operating RCRA Permit issued by US EPA Region 5-established requirements for groundvsrater
monitoring including RBTLs for hazardous constituents. The Permit requires the Navy to develop a
Corrective . Action Plan for groundwater when statistically srgnmcant concentrations of hazardous
'constrtuents also exceed RBTLs for pomt of comphance wells at the MTA: Annual groundwater
» monrtonng reports for the years 2000, 2001, 2002, and 2003, which were prepared by the Navy (SAIC
2002a, SAIC 2002b, SAIC 2003, and SAIC 2004), have identified hazardous consfituents, which were
detected in statistically'significant concentrations and above 'RBTLs. The following summarizes the

_chemical of concern (COCs) and media in which they are found-as described in these documents.
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Groundwater: The CCCRA identified RDX, TCE, various degradation products of TNT and TCE, and
metals (principally barium) as COCs for future residents or workers ingesting groundwater at the
MTA. The annual greundwater monitoring reports have identified RDX, TCE, and barium as the
principal contaminants present in statistically significant concentrations -and above RBTLs-in point-of-

compliance wells at the MTA. Any risks to receptors for groundwater at the MTA are currently

controlled because contaminated groundwater at the ABG is not used as.a drinking water source.

Open burning treatment operatrons prevent use of the MTA for residences.

Springs A and A”: The CCCRA did not identify any COCs for Springs A or A. The annual
groundwater monitoring reports have identified RDX and barium . as the principal contaminants
- present in stétistically s'ibgnificant concentrations and above RBTLs at Spring A. Any risks to receptors
from these COCs are controlled because the Navy' controls the property where Springs A and A’

discharge.

Surface Waters: The CCCRA identified RDX and arsenic as COCs for off-site residents using LSC
surface waters as drinking water sources. The annual groundwater monitoring repons have not
identified -any COCs for LSC surface waters.  However, 'it should be noted that reported
~ concentrations of RDX are in excess of the RBTL that was established in the RCRA Permlt for

brotection of groundwater. Any risks to offsite receptors are not currently controlled.

Soils: The CCCRA identified arsenic, zinc, PCDD, and TCDD as CCCS for future residents ingesting
_home .grown fruits, vegetables, beef, or milk. Any risks to receptors for home grovrn agricultural
products at the MTA are currently controlled ‘beca'use the MTA is not used for eny»agriéultural
purposes. Open burning treatment operations prevent use of the MTA fqr'residenees or agric':ulture.
Reasonable tuturetland use for the MTA does not include residential or agricultural use..

Ecoloqrcal -.Soils: The CCCRA did not rdentrfy any significant ecological nsks or COCs within the

‘MTA In addition, open burnlng treatment operations preclude thé use of the MTA for ecologrcal_ :

habitat.

Ecological — LSC: The CCCRA did not identify any significant ecological risks or COCs in LSC.
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3.4 OLD JEEP TRAIL

The OJT is an inactive area that is adjacent to and down-valley (southeast) of the MTA. The OJT was
used to burn out bomb casing (burn area) and open burn explosive-contaminated materials in‘a"pit (burn
pit). Treatment operations took place from the mid-1970’s through 1983. Figure 1-2 shows the
approximate loeations of these areas. At the burn area, bomb casings, from which the bulk explosives
had been removed, were filled with initiating powder, tilted on-end toward a hillside east of the OJT in the'
direction of the adjacent hillside, and flashed to complete the demilitarization process. The burnpitwasa .
. trench or natural depression, approximately 100 feet long, 30 feet wide, and 10 to 12 feet deep, located
jUSt south-southeast of the burn area (Figure 1-2). Powder was flashed and explosives- cohtamineted
.materials were burned in this pit. The area has not been. used for any operations since 1983 at which
time it was filled with clean fill material and revegetated. The area is now overgrown with b_rush, trees,
and grasses. . '

* Historical treatmerlt practices have resulted in the release of explosiVes, solvents, _end metals to the soils
| and groundwater underlying the OJT. Investigations were conductecl to determine the locations of soil
sources of explosives (RDX), chlorinated organics (TCE), and metals-(berlum)'contamination at the OJT.
In general, RDX contamination decreased with depth' Samples COIIected during the June 2001 and April
2004 field |nvest|gat|ons did not prov:de direct ewdence that the source of RDX contamination in soils
have been located. Samples collected’ dunng these field events showed evidence of a direct link between
the soil overburden and the bedrock for TCE.. Figure 1 27 is'a tag map which shows the locations were"
soil samples were collected and all positive detections for RDX and TCE.

In general, similar physical site conditions and hydrologic processes exist for the OJT area as those-

which were discussed for the MTA:

» * RDX and TCE have been released to the soils and groundwater as the result of historical site
operations. ' S

+ Contaminants are leaching down and impacting groundwater.
. Contaminated»'greundwate'r is migrating eastward toward a karst conduit.

¢ From the OJT, groundwater enters the karst conduit and flows rapidly southward.
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» Unlike the western conduit system, the eastern conduit system transmits the groundwater to Spnng Cc

_'(rather than Springs A or A’ )

¢ An extensive amount of dilution takes place within the conduit before the groundwater reaches Spring
C.

The hydrographs for Spring A and C in Figure 1-16 illustrates the wide variation in water flow retes that
occur in the springs, depending on whether base flow is observed or it is supplemented with varying
~ degrees of precrpltatlon Precipitation increases the infiltration of water into the conduits. This not only
affects transport.and dilution in the conduzts but also causes correspondlng mcreases in spnng water flow

rates.

Chemicals and Media of Concern

An RFI was conducted. was conducted for the OJT and LSC. The RFI report (TtNUS January 2005) -_
included health and ecological risk assessments for the OJT and LSC. The Permit required groundwater'
monitoring program for the MTA includes monitoring of Spring C. The following summarizes the COCs
and media in which they are fourd as described in the risk assessments, which are contained in the RFI

Report and for Soring C in the Annual Groundwater Monitoring Reports.

* Groundwater: TCE, 1,1,2,2-TCA, and 4—A-2,6—DNT were identified as COCs'. for future residents or
workers ingesting of groundwater at the OJT. Any risks to receptors for groundwater at the OJT are
currently controlle_d because the OJT is under control of the Navy and is not used as a drinking water

source.

Sgnng C: The RFI did not include a separate evaluation of Spring C. The annual groundwater

monltormg reports have identified barium as the prrnmpal contaminants present in- statlstlcally
. significant concentrations and above RBTLs at Spring C. Data for RDX contained in the RFI Report
_ shows that RDX is generally present above the' RBTL established in-the Permit.

Soils: TNT, RDX and lead were identified as COCs for future residents exposed to soils. Risk to

~ residential receptors is currently controlled because the OJT is under control of the Navy and is not

used for resrdences

Surface Waters:_2-A-4,6-DNT, 4-A-2,6-DNT, and RDX were identified as COCs for future residents

ingesting surface water. Any risks to receptors from ingestion of surface water at the OJT are
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currently controlled, because the portion of LSC that is within the boundary of NSWC Crane is under

“control of the Navy.

. EcoquicaI — Soils: No significant ecological risks or COCs were identified for the OJT.

» ~ Ecological - LSC: No significant ecological risks or COCs were identified in LSC. .

3.5 SUMMARY OF CONCEPTUAL SITE MODEL

Figure 3-1is a schematic drawing of the conceptual bsite model for the MTA. It shows, in principle, that
. contaminants were released through surface/subsurface soils and spread toward downgradient Iocatlons
from those releases to deeper soils, groundwater, springs, and LSC. The following is a summary of the
conceptual site model for the MTA. ' ' -

The relative distribution of RDX, TCE, and barium contamination sources between the overburden,
' bedrock, and karst system is_not known. ' ‘

. The dlstrlbutlon of RDX, TCE, and barium contamrnatlon sources in the overburden soil, bedrock, and »

karst system appears to be heterogeneous in nature

. Groundwater underlymg the MTA is contaminated with RDX, TCE, degradatlon products of RDX and
TCE, and barium. -

e MTA groundwater di'scharges‘through the karst system into LSC through Springs A and A'.
e TCEis _volatized in the karst system and is not present in LSC surface waters.
¢ RDX s present above RBTLs in LSC surface waters.and unknown risk to off-site receptors exists.

‘e Excess risk is presented only to future residents ingesting groundwater; there is no current risk to on-

* site'receptors. Reasonable future uses for the MTA do not include residential housing.
F'igure_ 3-2 is a schematic drawing of the conceptual site model for the OJT. It shows, in principle, that

contaminants were released through- surface/subsurface soils and spread toward downgradient locations

from those releases to deeper soils, groundwater, springs,-and LSC. Exposure to the contaminants could -
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result in unacceptable health risks to humans. The following is a summary of the conceptual S|te model
for the OJT:

3.6

Following are recommendations for consideration ‘in development of the CMS for the ABG. These -

Groundwaterunderlying the OJT is contaminated with RDX and TCE.
Excess risk is presented only to future residents ingesting groundwater.

RDX, TCE, and barium contamination sources appear to be distributed among the overburden soil,

bedrock, and kart systerrr.

The relative distribution of RDX, TCE and barium contamination sources between the overburden,
bedrock, and karst system is not known due to the heterogeneous distribution of contamination at the
OJT. ' ' ' ' ‘

OJT groundwater discharges through the karst system into LSC at Spring C.

TCE is volatized in the karst system and is not present in LSC surface waters.

RECOMMENDATIONS FOR CORRECTIVE MEASURES STUDY

recommendations are based-on the conceptual site model which has been presented in this section.

Contaminated groundwater from the MTA and OJT are discharged through Springs A, A’; and C. Off-
site |mpacts to surface waters quality- can. be controlled” at the locations where groundwater

dlscharges into these springs.

The distribution of sources of explesives (RDX), chlorinated solvents (TCE), and metals. (barium) V

among the soils,-bedrock, and karst system, within both the MTA and the OJT, is very heterogeneous

due to the nature of the previous burning operations at the MTA. Although .the April 2004 soil "

sampling identified isolated areas of RDX, TCE, and barium contamination; the characterization study
failed to identify a significant persistent source of contamination in-soil.. Therefore, it is highly

probable that soil remediation would be ineffective in eliminating sources of these contaminants and

'in improving the quality of groundwater in the MTA and surface water leaving the base through

Springs A, A’, C, and LSC. Therefore remedratron of soils to address RDX, TCE, and banum

contamination should not be extensrvely evaluated
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o In-situ alternatives for remediation of contaminated groundwater within the MTA and OJT should be

-evaluated at locations before-the groundwater has entered the karst systems.

e TCE does not present any off-site impacts because it volatizes within the karst system and LSC.

Therefore, evaluations of remedial alternatives for surface water and groundwater should focus on

explosives rather than TCE.
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