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1.0 INTRODUCTION

The Naval Surface Warfare Center (NSWC) Crén‘e Ammunition Burning Grounds (ABG) solid waste
management unit (SWMU) 03 consists of the Main Treatment Area (MTA), Old Jeep Trail (OJT), and
Little Sulphur.Creek (LSC). Figure 1-1 depicts the M'l:A, and Figure 1-2 depicts the OJT and LSC. The
Navy prepared a Quality Assurance Project Plan (QAPP) for a Phase Il Resource Conservation and
Recovery Act (RCRA) Facility Investigation (RFI) at the OJT and LSC (TtNUS, 2001).

This QAPP was approved by the United States Environmental Protectioﬁ Agency (U.S. EPA) Region 5. .
The field program was conducted and the RFI Report was prepared. The RF| Report recommended that
a Corrective Measures Study (CMS) be conducted to address explosives, chlorinated solvents, and
metals contamination in gréund water and soils at the OJT. RFI studies had been conducted by the
United States Army Corps of Engineers (USACE) for ground water, 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, ground water, and surface waters.
The MTA, which is permitted by U.S. EPA Region 5 as a treatment facility for hazardous waste munitions,
explosives,' and pyrotechnics, is subject to the ground water monitoring and corrective action
requirements of 40 Code of Federal Regulations (CFR) 264 Subpart F. These reQu!étions require

corrective actions for any ground water contamination resulting from the treatment operations.

The Navy is in the process of preparing the CMS to address ground water and soils contamination at
SWMU 03. The initial phase of the CMS consists of development of the conceptual site model (CSM),
which describes the geology, hydrolovgy, ground water contamination sources, transport of contamination,
and fate. The CSM is the basis for developing, evaluating, and choosing corrective measures. During
the development of the CMS, the Navy determined that ground wéter contamination sources were not
adequately delineated at the MTA and that it was not possible to fully develop the CSM ﬁntil this data gap

was filled.

This document, QAPP Addendum No. 1, describes the field investigation designed to fill these data gaps.
Generally, background information already described in the approved QAPP (TtNUS, 2001) or RFI Report
(TtNUS, 2003), is referenced rather than repeated. New or updated information necessary to understand
the CSM data Qaps and the investigations designed to address these gaps are presented.

This section of the QAPP Addendum No. 1 bresents historical information and the basis for the sampling

strategy and field work described later. Section 2.0 is a description of the project organization. Section.

020410/P 1-1 ' . CTO 0311
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3.0 is a detailed description of the field activities. Section 4.0 pre‘sents' the requirementé for laboratory
and field quality control (QC) operations not included in the first three sections. Standard Operating
Procedures (SOPs) fof field work are provided in Appendix A. All pertinent boring logs for the
ABG/OJT/LSC are included as Appendix B. All laboratory SOPs that have changed sinée the approved
QAPP (TtNUS, 2001) or that were added to this QAPP Addendum No. 1 are contained in Appendix C.

1.1 PROJECT BACKGROUND AND STATUS

Since_ 1981, . several investigations of the geology, hydrogeology, and the nature and extent of
contamination at the ABG, OJT, and LSC have been completed (Table 1-1). The RFI reports generated

by these investigations include the following:

.. RCRA Facility investigation, Phase. Il Ground Water Release Characterization, SWMU 03/10,

Ammunition Burning Ground prepared by»the USACE Waterways Experiment Station (WES) -

(Murphy, 1994).

-o RCRA Facility Investigation, Part 2, Phase Il Soils Study, Amrﬁunition 'Burning Ground, SWMU 03/10
prepared by the USACE WES (Albertson et al., 1998).

« RCRA Facility Investigation, Phase 1l Release Assessment for Surface Water, SWMU 03/10,
Ammunition Burning Ground prepared by the USACE WES (Murphy and Wade, 1998).

e Current Contamination Conditions Risk Assessment, SWMU # 03/10, Ammunition Burning Ground
prepared by TtNUS, 1999.

» RCRA Facility Investigation for SWMU 03 — Old Jeep Trail/Little Sulphur Creek prepared by TINUS,
2008.

These past environmental investigations showed overburden soils and ground water to be contaminated
with several operationally related chemicals including ‘chlorinated volatile organic compounds (VOCs),
explosive compounds, and metals. Contaminated groﬁnd water reaches LSC primarily fhrough karst
conduits that discharge to the Creek via several springs located toward the soﬁthern end of LSC (TtNUS,
2003). '

020410/P _ . 1-2 CTO 0311
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Based on early investigations, the ABG was scheduled for a RCRA CMS to address the identified- -
contaminants. The 2001/2002 RFI confirmed the need for a CMS to include the OJT/LSC area. While
planning for the CMS, the following data gaps were identified:

e Lack of chemical concentration data, except for a few locations, in deep soil [i.e., greater than
60 inches below ground surface (bgs)] at the ABG MTA. This results in the inability to correlate
observed soil concentrations of explosives, volatile organic compourids‘, and metals, with observed
ground water concentrations of the same chemicals. ' ‘

e Sparsely distributed sampling locations in a lateral direction in multiple areas. It is believed that
refining the spatial contaminant distributions will support the correlations of chemical concentrations

in soils and ground water.

«  Additional information is needed to more closely estimate the location(s) of the VOC source(s) in soils
to support the evaluation of remedial alternatives and costs in the CMS and provide additional

information on explosives concentration.

e A need to obtain ad_ditional temporal and spatial information on ground water chemical
concentrations. This information will support the evaluation of remedial alternatives such as natural
attenuation (NA). Many of the ground water monitoring wells have not been sampled for more than

10 years.

- 1.2 PROJECT OBJECTIVES

The overall CMS objective is to identify, evaluate, and recommend one or more cost-effective corrective
measures for safely reducing contamination in soils, ground water, and surface water at the ABG, OJT,
and LSC, which will result in a reduction of potential human health risks to acceptable-levels within a
reasonable time frame. The field investigation gov'e.rned by this QAPP Addendum No.1 will fill data gaps
for soils and ground water at.the ABG and OJT/LSC areas. The specific objectives of this field effort are

as follows:
» To better define the horizontal and vertical nature and extent of explosive (RDX) and trichloroethene
(TCE) contamination in ‘ABG soils, especially around historical-operational units believed to be

primary contaminant sources.

e To update knowledge of extent and levels of contamination in ground water across SWMU 03.

020410/P 1-3 CTO 0311
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. "To collect additional concentration data on RDX degradation products and supplement existing data
on perchlorate to determine whether perchlorate may be present in soils and ground water at the
- MTA. '

o - If present, to sample ground water at the base of the overburden soils at ABG (i.e., perched on the
bedrock surface). This water represents contamination that leaches through overburden soils and
integrates contaminants from a relatively large soil volume. It could indicate the locations of
contaminant source areas and the extent of their influence on surrounding soils and ground water.

* ‘To more definitively establish links between contaminated soils and ground water contaminants.

1.3 SITE PHYSICAL DESCRIPTION

1.3.1 Physiography, Topoqraphy, and Ground Cover

The LSC watershed encompassing ABG and OJT is characterized by rugged relief. Ground surface
elevations range from about 600 to 800 feet above mean sea level (amsl) in the headwaters of LSC. The

surface elevation is apprdximately 500 feet ams! where LSC exits the southern border of the installation.

The ABG MTA is relatively flat and is within the northern headwater area of LSC. The MTA IS maintained
to be devoid of vegetation to minimize the risk of fires during open burning treatments. However, areas
élong LSC within the ABG have been seeded with grass to minimize erosion of soil into LSC. "The OJT
‘area is located in the valley of LSC, approximately one-half mile south-southeast of the ABG on Jeep
Trail 25 (Figure 1-4). The ABG and OJT area are surrounded on all sides by wooded hills and ridges,
with miscellaneous natural ground vegetation under the tree canopy and along the creek banks. See

Section'1.2.4 of the OJT/LSC QAPP (TtNUS, 2001) and Section 1.3.1 of the OJT/LSC RF! (TtNUS, 2003).

for additional details.

1.3.2 Geology and Stratigraphy

The unconsolidated overburden deposits at NWSC Crane generally consist of two types, Quaternary and
Pleistocene age alluvial ahd colluvial deposits near the floodplaihs of primary streams and unconsolidated
residual soils and loess on sides and tops of ridges. The residual soils developed on the ridge tops and
upper side slopes of the ridges were derived from the weathering of Pennsylvanian strata. The residual

soils in the lower elevations of the LSC valley were derived from the weathering of Mississippian
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sandstones, limestones, and collapse fill materials. These soils consist of clay, silt, sand, and fragmented

and/or partially weathered bedrock.

The uppermost bedrock formations found in the LSC watershed include sedimentary rocks from the
Lower Pennsylvanian Mansfield Formation (Raccoon- Creek Group) and the Upper Mississippian
Stephensport and West Baden Groups. The USACE, the Indiana- Geological Sui’vey, and Indiané
University have been investigating the geology and hydrogeology of this watershed since the early 1980s.
Based on logs from borings drilled to various depths throughout the LSC watershed, the USACE has
developed a detailed understanding of the geologic units in the watershed. Several existing USACE
geologic cross-sections are reproduced in the .2003 RFI report (TtNUS, 2003). One representative
geologic cross section runs east-west through the' ABG (see 2003 RFI Report Figure 1-1 for the trace of
this cross section) and is presented in this QAPP Addendum No. 1 (Figure 1-3). '

The uppermost (youngest) bedréck units in the LSC watershed belong to the Lower Pennsylvanian
Mansfield Formation of the Racc_oon Creek Group. This formation consists of alternating beds of shales
(e.g., black shale and carbonaceous shale), sandstone, mudstone, siltstone, and thin discontinuous coal
units and is tybically about 110 feet thick or more (Murphy and Wade, 1998). The Pennsylvanian age -
sedimentary rocks are absent in the valley of LSC and its tributaries‘Where it has been removed by
erosion. As a result, the Mansfield Formation is only present in the uppermost portions of the ridges

around the perimeter of the watershed (Figure 1-3).

The Hardinsburg Formation is found immediately below the Mississippian-Pennsylvanian unconformity in
the northeastern, centrall, and southern portiohs of the watershed. This unit is up to 50 feet thick and
contains primarily shale. This shale unit typically acts as an aquitard between the Mansfield units above

and the underlying Haney Limestone.

The Haney Limestone (also called Golconda Limestone) is characterized by shaly limestone and limey
shales. The thickness ranges from several feet to almost 20 feet. The Golconda-Haney (G-H) Limestone

is found around the perimeter of the ABG at elevations from about 600 to 610 feet amsl (Figure 1-3).

The Big Clifty Formation underlies the'Haney Limestone and includes two distinctly different lithologic
members. The upper member is the Indian Springs Shale and is approxi.mately 10 to 20 feet thick (Figure
1-3). The lower member of the Big Clifty Formation is the Big Clifty Sandstoné and consists of 35 to
45 feet 6f tan to green-gray, massive to thick-bedded, fine-grained, friable sandstone. Barnhill and
Ambers (1994) discuss the lithologic characteristics and sedimentary facies of this sandstone in detail.

Erosion has removed the Indian Springs Shale from above the Big Clifty Sandstone in the southeastern
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portion of the ABG area and from the floodplain south of the ABG. As a result, the Big Clifty Sandstone is
the uppermost bedrock unit in the southeastern portions of the ABG (Figure 1-3) and along the floodplain
of LSC southward to the NSWC Crane property line. '

The Beech Creek Limestone Formation underlies the Big Clifty Formation and consists of fossiliferous,
hard, and dense limestone, when unweathered. The thickness of thi's unit ranges from 20 to 25 feet
(Figure 1-3). The lithologic characteristics and sedimentary facies of this limestone are discussed in
detail by Barnhill and Ambers (1994). Joints and bedding-plane.fractures in the limestone are sparse to
numerous in cores recovered from this formation and in surface outcrops (Barnhill ahd'Ambers, 1994)3
Dissolution of the limestone haé énlarged the fractures and joints (Figure 1-3). Fracture widths in creek
bed exposures range frbm 2 to 25 cm (1 to 10 inches) and these fractures are filled with cobbles, gravel,
and sand (Barnhill and'A'rhbers, 1994). Drilling logs for wells along the LSC valléy show a mass of
weathered sandstone and limestone blocks, gravel, silt, and clay that is 10 to 30 feet thick. This zone
along LSC: dowhstream of the ABG MTA has been interpreted as an area where the Beech Creek
Limestone was intensely fractured and karstified (Hunt, 1988; Murphy and Ciocco, 1990; Murphy, 1994;
and Murphy, 1996). Solution channel developmeht in this area was so intense that the Beech Creek and
overlying Big Clifty Saridstone collapsed in the geologic pasi, and all that remains of these units in the

valley is weathered rubble and alluvium.

The Elwren Formation (uppermost unit of the West Baden Group) lies below the Beech Creek Limestone -
and below -the collapse zone material in the LSC valley. It consists of massive to thinly bedded, dark gray
to green shale with interbedded red-brown claystone. The formation averages approximately 20 feet in
thickness. The Reelsville Formation lies just below the Elwren Shale and is approximately 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 consists of 40 to 45 feet of dark gray
to black, thinly bedded, platy to fissile shale with some interbeds of fine-grained sandstone. Together, the -
Elwren, Reelsville, and Sample Shales form an aquiclude that is approximately 75 feet thick (Figure 1-3).
These shales form an aquitard, limiting the vertical seepage of shallow ground water downward into the

uhderlying Beaver Bend Limestone.

The Beaver Bend Limestone is the deepest geologib unit in the ABG/OJT/LSC 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 gréy—brown, medium to coarsely crystalline, very hérd_and

dense limestone. This limestone has numerous intersecting joints.
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1.3.3 Hydrology and Hyd'roqeoloqv

. Based dn 20 years of drilling and hydrogeological investigations in the LSC.w'atershed (most notably in
the ABG area), the hydrostfatigfaphic 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 ground water flow system is very complei( and

uncertainties exist concerning the details of the flow system at a local scale.

Four primary aquifers in the LSC watershed have been identified in the‘PennsyIvanian and Upper

Mississippian strata:

¢ Pennsylvanian sandstones
¢ G-H Limestone aquifer _
e Big Clifty Sandstone/Beech Creek Limestone (BC-BC) aquifer

¢ Beaver Bend Limestone

The Pénnsylvanian sandstone aquifer is the uppermost aquifer and is present only along the tops of .
ridges at elevations above 615 feet amsl. The Pennsylvanian sandstone aquifer is not present in the
ABG, OJT area, or the LSC valley floor.

The Hardinsburg Shale is up to 50 feet thick and contains mostly shale Wifh some low-permeability -
sandstone in the middle. This formation is a nearly continuous, low permeability barrier to ground water
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. This limestone aquifer is up to 20 feet thick.

The Indian Springs Shale aquitard (the 20-foot-thick upper member of the Big Clifty Formation) underlies-
the G-H Limestone and minimizes vertical movement of ground water downward into the Big Clifty -
Sandstone. In places where the Indian Springs Shale‘and higher strata have been removed by Ppost-

Pennsylvanian erosion, surface recharge 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 direct hydraulic communication with one another. Together, they form the most important aquifer
unit in the watershed for reasons described below. The porosity and permeability of the Big Clifty.
Sandstone are due to intergranular pore spaces and to fractures (i.e., it has both primary and secondary
permeability). The Beech Creek Limestone is very dense and well cemented; all of its permeability and

porosity is due to vertical fractures, bedding-plane fractures, and solution openings along the fractures.
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The lithology, fracture patterns, and permeability characteristics of the BC-BC are detailed in reports by
the USACE (Hunt, 1988;- Murphy and Ciocco, 1990; Murphy, 1994) and the Indiana Geological Survey
(Barnhill and Ambers, 1994). The BC-BC aquifer is exposed near the ground surface in the eastern half
of the ABG, along the LSC valley, and in the lower elevations of Johnson Hollow. - Beneath the ridges, the
aquifer is approximately 60 feet fhick, and fracture flow is dominant in the limestone (Figure 1-3, zone 3).
Solution openings and cavities become larger and hydraulically more significant close to the stream
valleys where conduit systems in the limestone have developed (Figure 1-3, zones 4 and 5). Starting in
the eastern half of the ABG and continuing down the LSC valley to the facility property line, the
dissolution of the Beech Creek Limestone was so extensive that the overlying limestone collapsed in the
geologic past, and the Big Clifty vSandstoné -collapsed'with it. The collapsed zones are located along the
centers of the LSC valley and Johnson Hollow, are permeable, and form a hydraulic continuum with the

BC-BC aquifer on both sides of the valleys.

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 difference.(about' 46 feet) exists between the BC-BC aquifer above and the Beaver Bend
Limestone aquifer below (Baedke, 1998). The chemistries of the ground water in the BC-BC and Beaver
Bend aquifers are also significantly different (Baedke, 1998). Based'on the geological, hydrogeological,
and geochemical evidence mentioned above énd on previous reports, the hydrological separation of the
BC-BC aquifer .from lower strata in the LSC watershed appears to be significant. Ground water flows
laterally through the BC-BC aquifér on top of the Elwren Shale and discharges as springs along the valley

bottoms where this aquifer is exposed.

" The Beaver Bend Limestone forms an important aquifer below the Elwren-Sample-Reelsville aquiclude.
The Beaver Bend aquifer is about 12 feet thick. Five monitoring wells and one ground water production
well have been drilled and screened in the Beaver Bend aquifer, all within the ABG area. Because of its

depth, hydraulic isolation, and lack of contamination, this aquifer unit is not discussed further.

Ground Water Flow Directions

In general, tﬁe shallow ground water flow patterns mimic topography; highest'ground water elevations.are
typically found along ridge crests, and ground water flow is toward the major stream or tributary valleys. ‘
Recharge to the shallow ground water system generally occurs over most of the uplands and side slopes.
Ground water moves downward and then laterally, where it discharges to the deeper stream valleys as

springs, seeps, and base flow.
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Ground water in the G-H aquifer is prevented from seeping downward into the BC-BC aquifer by.the
intervening Indian Spriﬁgs Shale. Instead, perched ground water in the G-H aqUifer flows on top of the ‘
shale toward nearby outcrops. In the ABG area, ground water in the G-H aquifer generally flows toward
the ABG from the northern, western, and southern upland areas (Hunt, 1988; Murphy, 1994; Duwelius,
etal., 1995). When the ground water rea'ches the cropline of this aquifer, the ground water apparently
seepé near the ground surface through residual soils and weathered shale until it reaches the cropline of

the Big Clifty Sandstone. There, it infiltrates into the Big Clifty Sandstone.

The next lower aquifer, the BC-BC aquifer, has the most monitoring wells screened in it, and more effort
has gone into characterizing the hydrogeology of this aquifer than any of the other three aquers The

BC-BC aquifer has been studied the most because:

¢ - Itlies directly under the ABG and OJT treatment areas

* ltis the only aquifer which is contaminated

* It contains the conduits that feed the majority of springs and base flow in LSC

Potentiometric surface rhaps for the BC-BC aquifer in the LSC watershed have be.eh presented in
previous reports (Murphy and Ciocco, 1990; Murphy, 1994; TtNUS, 2003). In general, the highest ground

water elevations (560 to 565 feet amsi) in this aquifer were found at the northern end of the LSC -

 watershed (north of the ABG and in the vicinity of the Dye Burial Grounds). Ground water generally flows

from ‘north to south in the watershed, and the flow direction is also inwa'rd toward LSC (i.e., from the
perimeter of the watershed toward the creek .and Johnson Hollow). The elevation at which ground water
discharges from Spring C is about 530 feet amsl. The lowest ground water elevations (about 510 to
515 feet amsl) were recorded at the southern end of the watershed at Spring A and well 03B10. A

comprehensive set of water levels measured on June 12 and 13, 2002 included 120 monitoring wells and

four stream gage locations. The resulting potentlometnc surface contours indicate that LSC is a losing

stream (| e., recharging the ground water system) in the northern part of the watershed and is a gaining

stream (i.e., receives ground water discharge) near and south of Spring C.

In the smaller area surrounding the OJT _stuay site, a localized flow system in the BC-BC/breccia zone
aquifer is contrary to the overall flow system for the watershed described above. Measurements of
ground water elevations at the OJT érea.(Murphy and Ciocco, 1990; Murphy, 1996; TINUS, 2003) show a
ground water high- runs from the northwest to the southeast beneath LSC (Figure 1-2). P_otentiomet'ric
contours indicate that ground water is flowing away from this high under the streambed toward the
northeast and the south-southwest. As stated in previous investigations, LSC is a losing stream between
the ABG and OJT and probéb!y southward toward Spring C. In this section of the watershed, the
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streambed is usually dry, and ground water flows either through the breccia zone materials parallel to the
stream (i.e., underflow) or flows back toward the bedrock valley margins, as suggested by local
potentiometric contours (TtNUS, 2003). These localized flow directions ('i.e., awéy from the creek toward
the northeast and sbuthwest) are opposite to the overall watershed flow directions, which are toward the
stream valley. The apparent contradiction in flow directions can be explained however, by the presence
of the karst cdnduits that run in a north-south direction. along both sides of the stream valley. The majority
~of ground water in the OJ‘f area is likely flowing toward the karst conduits. In June 2001, there were

relatively large horizontal hydraulic gradients toward the northeast (0.0219 foot/foot between wells 03-07
fand 03-24) and southwest (0.0414 foot/foot between wells 03-07 and 03-17).

Ground water in the BC-BC aquifer and the .conduits eventually discharge into the stream at Springs A,
A, B, C, smaller springs, and diffuse seepage through the streambed. All-this ground water discharge
occurs at Spring C and south of Spring C, where the top of the Elwren Shale intersects the streambed
and LSC becomes a gaining stream (i.e., flow of water is from the grouhd into the stream). LSC becomes
a perennjal stream at Spring C, where the discharge of ground water is sufficient to maintain flow in the

stream continuously.

The Beaver Bend limestone is 10 to 12 feét thick and comprises the lowest aquifer that has been
investigated in this watershed. Five monitoring wells in the ABG area are screened in the Beaver Bend
Limestone. Based on déta from these five wells, the Beaver Bend is fully saturated and flowing
southward at a very gentle gradient (Murphy, 1994). The Beaver Bend is considered to be isolated

hydraulically from the BC-BC aquifer above.

Ground Water Discharge and Springs of the Big CIifty-Beech Creek Aquifer

As stated above, the BC-BC aquifer discharges from both sides of the valley via numerous springs and
base flow in LSC downstream of Spring C, where the stream has incised down to the underlying Elwren
Shale. Springs A, A’, B, and C afe the largest in this watershed areé and are located on the western side
of the valley, approximately 6,000 to 6,800 feet south of the ABG. Spring C is located on the eastern side
of the creek, about 2,000 feef south of the OJT area. Presumably, Springs A,v A’, and B are draining the
_portion of/thé BC-BC aquifer west of the creek, and Spring C is draining the portion of the aquifer on the
eastern éide of the creek. These springs flow year round; however, flow rates fluctuate rapidly due to
rainstorms or large snowmelt events. Flow rates of Springs A and C were measured continuously in
March and April 1996. The flow rates of the two springs rose rapidly in response to rain events and
declined féirly rapidly within a few days. The peak flows in these two springs during the 2-month time

period were approximately 10,000 gallons per minute (gpm), or 22.3 cubic feet per second (f%s). It has
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been noted in prevfous reports (e.g., Hunt, 1988; Murphy and Ciocco, 1990) that the springs become
turbid during high flow events and then clear up and return to normal flow within a day dr two after a
storm event. The flashiness of the spring flows and the fact that the diécharge becomes turbid during a
-storm indicate that the springs are linked to conduit systems that take surface recharge and transfer it
through the conduit systems quickly. The suspended solids contained in the discharge waters likely

come from the areas of recharge and move through the conduit system, primarily during storm events.

. 1.3.5 ° Surface Hydrology and Drainage System .

LSC is a tributary of Sulphur Creek and is approximately 4.6 miles long from its northernmost headwaters
to its intersection with Sulphur Creek south of the installation. The creek consists of a northern and a
southern fork from the headwaters to approximately the center of the ABG Treatment Area (Figure 1-1).
From the ABG, a single channel meanders south-southeastward approximateiy 0.5 mile to the OJT area
-and then continues another 0.6 mile until it reaches the installation boundary. Several intermittent’
tributaries discharge into LSC from both sides of the stream, including the Johnson Hollow tributary,

which intersects with LSC near the NSWC Crane boundary.

The LSC channel is usually dry north (upstream) of Sprmg C During dry perlods of summer and fall, the
flow rate in the creek between Springs C and A is typlcally less than about 50 gpm. Downstream of
where the dlscharge 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 wsually estimated on June 19, 2001. The flow estimate for
03SG05 was about 20 gpm. Downstream of Spring A at 03SGO6, the flow rate in the creek can increase
by two to three orders of magnitude, due in large part to the rapid increases in the discharge rates of the

springs along the creek.

From the installation boundary, LSC flows southward about 2 miles before it enters Sulphur Creek.
Sulphur Creek then flows southward and emptiés into Indian Creek, which drains into the East Fork of the

White River and then southwestward into the Wabash River.

14 SITE HISTORY

141 Historical Operations

Operational History of the ABG

As noted in Section 1.0 of this QAPP Addendum No. 1, the ABG is used ektensively to destroy unwanted

materials contaminated with explosives and related materials. .Several separate -burning areas are
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located within the site. The ‘Ia_rgest quantities of materials were treated at the MTA from 1956 to 1960,
~when 15,000 pounds per day of smokeless powder were flashed. " In the same period, about
46,000 pounds’per day of high explosives were burned. The area is also used to flash the residue from
bombs and projectiles after they have been subjected to melt-out or drill-out operations to remove the

bulk of the explosive (Murphy, 1994).

Prior to the construction and use of steel pans (lined and unlined) for open burning operations, explosives

and propellants and materials contaminated with explosives and propellants were spread and ignited on *

pads or in pits at the MTA of the ABG. These burn pads and pits were reportedly located in the area now

occupied by the clay-lined steel burn pans (Figure 1-1).

Three unlined surface impoundments, approximately 40 feet in diameter each, (no Ionger present) were ‘

used to remove liquids from otherwise combustible sludges resulting from the blendlng and Ioadlng of
munitions (Figure 1-1). In 1982, each impoundment was modified to include a liner and leachate
collection system. Two impoundments held TNT, RDX, and breakdown compounds in water from a

faciliiy munitions plant (Rockeye) and other locations within NSWC Crane. A third impoundment held

phosphorus compounds. The three impoundments have been removed and replaced by dewatering units _

(Figure 1-1).

Two 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 on the northern
side of the ABG. The other tank contained runoff from the two adjacent TNT and RDX impoundments |n
the central pomon of the ABG. The tanks were removed in 1994 and are currently undergoing closure

pursuant to a RCRA closure plan. During excavation and removal of the impoundments and USTs,

stained soils were observed in the subsurface in both UST areas. Presumably, these stained soils and fill .

materials represent older unlined trenches formerly used for flashing explosives and sludge materials.

The “Ash Pile” area (Figure 1-1) was the site of a former stockpile of burn residue. The pile was removed
between July 1986 and February 1987, pursuant to d BCRA' closure plan. The pile consisted of

approximately 12,290 pounds of burn residue.

Prior to approximately 1985, pink water sludge was placed and burned in an unlined pit in the location of
the pink water tanks (Figure 1-1). This flashing 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.
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Operational History of the Old Jeep Trail

The OJT area was used to burn out bombs and flash powder from the mid-1970s through 1983.
Materials were treated at two separate regions of the Jeep Trail Area, the burn area and the burn pit
(Figure 1-2). At the burn area, bomb casings from which the bulk explosives had been removed were
filled with initiating powdef, tited on end toward a hillsiqe east of the Jeep Trail, and flashed to complete

‘the demilitarization process.

The burn pit was a trench or natural depression, approximately 100 feet long, 30 feet wide, and 10 to
12féet deep, located just south-southeast of the burn area. Powder was flashed’ahd explosives-
contaminated materials were burned in this pit. The contaminated material may have included cardboard,
paper, wood, and metal packaging that may have come into contact with explosives, solvent-
contaminated rags, or any other material that -may have been contaminated with explosives. Small
muhitions items and components were also reportedly treated. The area has not been used for any
operations since 1983 when it was filled with clean fill material and revegetated. The area is_now

overgrown with brush, trees, and grasses.

The approximate burn area and burn pit locations are shown on Figure 1-2. However, descriptions of the
treatment areas in previous reports and interviews with base personnel during the first field event of this
investigation indicate that the treatment areas may have covered a larger area, extending frovaeep Trail
25 westward to the LSC stream channel and southward as far as well 03-07 (FigUre 41 in Dunbar, 1982;
Murphy, 1996). ' | |

1.5 PREVIOUS ENVIRONMENTAL INVESTIGATIONS AND CONCLUSIONS

1.5.1 Phase ill Soils Study at ABG

In 1993, the USACE collected 33 surface 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 (surface), 30 to 60 inches, and 60 to 90 inches (sample locations are shown on Figure 3-1).
The soil samples were analyzed for explosive compounds, VOCs, semivolatilé organic compounds
(SVOCs), and metals.

The results of the soil analyses 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-dichloroethene, and trans-1,2-DCE were 0.2, 2.3, and 0.29 mg/kg, respectively; all of these

maximums occurred in boring 03/10-17 (Figure 3-1).
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HMX, RDX, trinitrobenzene, TNT, 2,4-dinitrotoluene, 2,6-DNT, 2-amino-DNT, and 4ADNT were detected
in the surface and subsurface ABG soils. RDX and TNT occurred at several samples at concentrations

. greater than 1,000 mg/kg, and HMX occurred in concentrations greater than 200 mg/kg. The remaining

ehergetic compounds had maximum 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

bgs). However, only seven samples were collected at a depth greater than 60 inches, so conclusions
regarding the presence of energetic compounds in the déeper' soils are limited. Locations where the
highest concentrations of energetic compounds were detécted include surface grab sample 03/10-61 and
boring 03/10-35 (Figure 3-1). .

In numerous soil samples, several metals (e.g., cadmium, copper, lead, tin, and zinc) were detected at

concentrations that were 10 to 100 times greater than background concentrations.

1.5.2 Phase lll Ground Water Release Charaqterization and RCRA Quarterly Monitoring at the
ABG ‘

About 150 monitoring wells exist at the ABG and vicinity. The majority of the wells at the ABG and the
LSC watershed are screened in the BC-BC aquifer. These wells were sampled sporadically between
1987 and 1993 (Murphy, 1994). As part of RCRA quarterly monitoring at selected ABG wells, 12 Beech

Creek monitoring wells have been sampled between 8 and 20 times since the fall of 1998. The samples

have been analyzed for inorganics, VOCs, and explosives.

The primary contaminants in ground water at the ABG include TCE and RDX. The highest

concentrations of TCE were detected in wells 03C20, 03C11, 03C15, and 03C03P2 (See Figure 1-1) at

4,500, 2,500, 640, and 321 micrograms per liter (ug/L), respéctively. ‘The highest concentrations of RDX
were detected in wells 03C03P2, 03C04, 03C05, 03C08P2, and 03C20 (See Figure 1-1) at 709, 400,
400, 300, and 250 pg/L, respectively. ‘

1.5.3 Soil and Ground Water Investigations at the OJT Area

The USACE installed 17 monitoring wells in the OJT area between 1981 and 1983 (Murphy, 1996). TCE
concentrations in well 03-07 exceeded 1,000 pg/L on several occasions, and reached as high as
19,000 pg/L in 1982, TCE and Cis-1,2-DCE were measured at 4,000'and 1,000 pg/L in this well,
respectively, in September 1994 (Murphy, 1996). TCE contamination was also detected but at tower

concentrations in two wells to the northeast (wells 03-15 and 03-24), and two wells to the southwest
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(03-12 and 03-20) of well 03-07. In 1994, the highest RDX concentration (365 ug/L) was detected in well
03-21, located north of well 03-07 and southeast of the burn pit (Figure 1-2).

The OJT monitoring wells were resampled in 2001 during the OJT-LSC RFI. The TCE concentration in
well 03-07 was 640 pg/L (TtNUS, 2003). The RDX concentration in well 03-21- was 280 pg/L. Thus, the

maximum TCE and RDX ground water concentrations dropped significantly between 1994 and 2001.

Forty-eight sun‘acé soil and 62 subsurface soil samples were collected from 48 soil borings ranging from 1
to 15 feet bgs 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
might account for the high RDX concentration detected in well 03-21. The burn pit was identified as the
potential source area of énergetic contamination (i.e., RDX) and TCE in ground water. However, the levels
of TCE concentrations detected in soil were not high enough to account for the TCE concentrations
detected in well 03-07.

1.54 ., Dye Tracer Studies and Springs

During early ground water 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 solution into well 03C02P2 at 10:35 on
the morning of January 20; 1990. Approximately 1,200 gaIIoris of water were added to the well during the
next 60 minutes (about 20 gpm). The well accepted the water without overflowing. Two gallons of Diréct
Yellow 96 dye and Phorwrite AR mixture were added to well 03C03P2 at 12:25, 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
additidn in this well was less in order to prevent overflowing. Light rain occurred on Januaryv 19,
preceding the tests, and on. January 20, during the tests. Thus, the stream flow and spring flows were
above average during the testing. The fluorescein dye (originating from well 03C02P2) appeared in’
springs A and 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 time of 16 hours and assuming a sinuous
travel distance of about 8,000 feet, Murphy and Ciocco (1990) estimated a ground water velocity of
approximately 500 feet per hour through the conduit system. Based on these results, it was clear that the
BC-BC aquifer in the vicinity of well 03C02P2 in the ABG was directly linked to a karst conduit system that
transfers water from the ABG south to Springs A and A’ through'the Beech Creek Limestone. The Yellow
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96 and Phorwrite AR- dyes did not appear.in any of the springs, ind‘icating that well 03CO3P2 is not

directly connected to a karst conduit system.

Indiana University initiated a second tracer teét on the western side of LSC on May 3, 1997 (Baedke,
1998). Between 12:32 pm and 12:59'pm, 1.6 kg of Rhodamine WT dye and 18.3 kg of bromide ion were
added to well 03C02P2. At 1:04 pm, 1.6 kg of eosin dye ‘was injected into well 03C10. The springs and
the stream were at relatively high flow rates because 2.5 inches of rain fell the previous day. Rhodamine
WT dye was visually detected at springs A and A’ at 8:00 pm, 7.5 hours after injection at ABG. The

bromide tracer appeared at the same time as the Rhodamine WT. Baedke (1998) calculated a travel

velocity of 938 feet per hour between well 03C02P2 and Spring A, which is faster than the velocity
calculated by Murphy -and Ciocco (1 990). Although the Rhodamine WT was detected at these two
springs up to four days after 'i'n'jection, the bromide tracer dissipated quickly (within 14 houré), presumably
because the bromide ion does not sorb and is therefore flushed from the conduit system more quickly.

Rhodamine WT was not detected during the entire test period in any other springs that were monitored.

Eosin was not detected at all, even in springs A and A’. Therefore, it does not appear that the portion-of

the BC-BC aquffer located near well 03C10 is directly connected to the conduit system feeding springs A
and A’. On Octaber 11, 2000, Rhodamine WT dye was again injected into well 03C02P2, but the flow
rates in the stream and the springs were relatively low during this test (Krothe, 2002). Monitoring showed
that the dyé took 18.5 hours td travel from the well to Springs A and A’. The peék of dye arrived 28 hours

after injection. Thus, the travel velocity was slower during dry weather conditions.

Previous dye tracer tests all showed 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, dow_nstream of the OJT area. Ground
water elevations indicate a flow direction from the OJT burn pits to the east-northeast toward well 03-24
(Figure 1-2). The geologic log for well 03-24 shows sol'ution cavities in the limestone intercepted by the
well screen. It was hypothesized that these solution .channels might be linked tb a conduit system that
leads, southward to Spring C, which is separate from but analog-ous to the conduit system investigated
previously on the western side of the creek. A dye tracer test has 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). Fluorescein dye was injected into well 03-24 on May 24, 2002. The dye was first detected in
Spring C 17 hours after injection. The dye concentration peaked 28 to 38 hours after injection and
dissipated 58 hours after injection. 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’.
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155  LSC

A Phase Il RFl was conducted for LSC surface water and bottom sediments in 1992 (Murphy and Wade,
1998). Eleven samples were collected in two rounds upgradient of the ABG MTA to the NSWC Crane
property boundary. Samples were analyzed for select.inorganic and organic chemicals to determine the
presence or absence of contaminants in the creek. The significant contaminants detected included

metals and explosives-related compounds.

Excluding the pesticide methoxychlor in one deep sediment sample, all pesticide, PCB, and herbicide
concentrations in all sampled media were less than analytidal detection limits. Also, the detected
concentrations were less than human health and ecblogical risk-based screening levels, or the
concentrations were consistent with genera‘l appropriate use. The one deep sediment concentration of
methoxychlor (17 ug/kg) is less than five‘tim'es‘ greater than the 3.59 ng/kg risk-based screening level
(TtNUS, 2003). Therefaore, thesebcompoun‘ds are not considered to be significant. Energetic compounds
and metals were identified as chefnicals of potential concern (COPCs) in LSC surface water during low-
flow and high-flow conditions. Sediments exhibited little to no significant contamination. LSC receives
dissolved contaminants from the ground water system via springs, seeps, and diffuse seepage through '
the streambed downstream of Spring C. Any contaminants migrating in the watershed were concluded to
discharge to LSC before the creek reaches the fécility property line. The only surface water contaminant
with concentrations greater than screening levels at the downstream facility property boundary was RDX
- (7.7 to 10 ug/L). VOCs ehtering the surface water system appeared to be volatilizing to ﬁhdeteétable

concentrations.

1.6 CONCEPTUAL SITE MODEL AND PROBLEM DESCRIPTION

Precibitation infiltrates over portions of the ABG and leaches contaminants from the sbils (see zone 1,
Figure 1-3). Table 1-2 identifies key"operation's and potential contaminant source areas at the MTA. The
leachate percolates through the overburden-soils and recharges the Big Clifty Sandstone. Most of the Big
Clifty Sandstone is not fully saturated, so the leachate continues to migrate downwérd toward the water
table (zone 2, Figure 1-3). The water table is near the top of the Beech Creek Limestone and the lower’
portion of the Big Clifty Sandstone. Having entered the saturated portion of the aquifer, the leachate
moves laterally to the east and southéast (zone 3, Figure 1-3). In the area around monitoring wells
03C10, 03003P2, and 03C11, the Beech Creek Limestone is fractured but devoid of major solution
cavities. Thus, ground water flow velocities in this region (i.e., central ABG area) are relatively slow.
Toward the east, the Beech Creek Limestone becomes more fractured, solution cavities along fractures

and bedding planes become larger and more prevalent, and the flow velocity increases (zone 4, Figure
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1-3). Large solution cavities exist in the vicinity of well 03C02P2, and the Beech Creek has partially

collapsed (zone 5, Figure 1-3). Well 03C02P2 was used to demonstrate a hydraulic connection between
the ABG and Springs A and A’ located approximately 1.5 miles south of the ABG (Murphy and Ciocco,
1990; Krothe, 2002). Based on the measured potentiometric surface for the BC-BQ aquifer in the
watershed, ground water on the western side of the watershed is moving eastward and southeastward
tdward the conduit. - Most of the contaminants migrate through the conduit in solution, but some may also

be transported as a sorbed phase on suspended sediment.

In the OJT (Figure 1-2), very low concentrations of RDX, TNT, and TCE were ‘found in some of the

surface and subsurface soil sarﬁples, with an occasional higher concentration of RDX detected [up to
2,400 micrograms per kilogram (ug/kg)]l. RDX and TNT were detected in gfound water samples (ub to
280 and 17 Wg/L, respectively) collected from the Beech Creek collapse breccia near the OJT burn pit. A
group of wells centered around well 03-07 {Figure 1-2) on the southerh side of the OJT had TCE
detections .with a maximum éoncentration of 640 pg/L in 2002. Based on dye tracer studies by the
University of Indiana, well 03-24 on the far eastern side of.the OJT area is connected ‘hydraulically to
Spring C. The flow velocity from the'OJT to Spring C is rapid, but not as rapid as the velocity between the
ABG MTA and Springs A and A’. Excluding an anomalous result for the pesticide, methoxychlor, in one
- deep sediment sample, pesticide, PCB, and- herbicide concentrations in all sampled media were Iess than
analytical detection limits, were detected at concentrations less than human health and ecological risk-
- based screening levels, or were consistent with proper pesticide/herbicide use. The anomalous deep
sediment methoxychor concentration (17 pg/kg) was less than five times greater than the 3.59 pg/kg risk-

based screening level (TtNUS, 2003). Hence, these compounds -are not considered to be significant..

In general, all ground water flowing from the ABG enters the western karst conduit and flows southward

to Springs A and A’ (Figure 1-4). All ground water on the eastern side of LSC enters the eastern karst
conduit and flows southward to Spring C. Significant contaminant dilution is occurring within each karst

conduit.

- Flow rates increase rapidly in Springs A, A’, and C during rainstorms and subside quickly (e.g., within a.

day or two) after storm events. This is evidence that the karst conduits are major pathways of ground
water flow in the watershed. Additionally, LSC is dry upstream of Spring C except during major storm

events. During most of the year, surface flow in LSC is only evident downstream of Spri'ng C.

Until recently, it was assumed that most of the contaminants emanating from the ABG MTA reside in the

shallow (0 to 90 inches bgs) overburden soils, are leached downward, enter the western karst conduit,.

and reach Springs A and A’ relatively quickly. To test this hypothesis as to whether the shallow soil might
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be the primary source of eontaminants detected in ground water, two different approaches have been-
used. First, if the soil has major concentrations of contaminants and the leachate migrating downward is
in chemical equilibrium with the soil, then the calculated contaminant concentratiens in the leachate
should approach the concentrations obéerved in the ground water directly beneath (assuming that. there
is not any major dilution or degradation taking place in the aquifer beneath the source area). For the ABG
area, the highest soil concentratiens measured in 1993 and representative soil-water partition coefficients
(Kg values) were used to calculate leachate concentrations. These concentrations were compared'to
maximum ground weter concentrations detected in ABG. wells. The contammated soil concentrauons
could potentially yield the ground water concentrahons for RDX and TNT observed in the area because‘
the measured and the predicted concentratlons are similar. ' Again, this assumes that there is no
significant degradation -or dilution occurring during migration and mixing in the BC-BC aquifer. The
measured soil TCE concentrations cannot account for the measured ground water TCE concentrations
observed in the ABG MTA. The same analysis for the OJT showed similar results. The estlmated oJT
soil concentrations might be able to account for the RDX and TNT concentratlons in ground water but the

soil TCE concentrations cannot account for the ground water concentratlons.

The area and concentrations of contaminants in three different soil layers within the ABG MTA were
approximated based on USACE 1993 data: (Albertson, et al., 1998). The total mass of each contaminant
in shallow soils was then estimated. Based on the conceptual hyd.rologic system bresented eibov_e, all or
nearly all of the ground water flow leaving the ABG MTA discharges to Springs A and A’. The average
. flow rate and average contaminant concentrations for these two springs were approximated. The annual
contaminant mass dis’chafged per year was then approximated. The amount of mass discharged per
year was estimated to be about 25 to 38 percent of the total mass for RDX and TCE, respectively, that
was estimated to be present in the soils. Because the rates of contaminant mass dischai’ging from the
springs has been relatively steady or decreasing slowly over the past 10 years or more, the shallow soils
at the ABG MTA cannot be the only source of contaminants in the ground water. More than likely, deeper
subsoil (e.g., 7 to 15 feet bgs) or perhaps the underlying bedrock is a reservoir for a significantly larger
mass of contaminants than was detected in the shallow soils. Similarly," the concentrations of RDX and
TCE found in the OJT soil samples are not high enough to account for the levels of contamination
observed in ground water at the OJT. Therefore, there are probably zones of contaminated soil that have

not yet been detected.
The results of these simple mass balance calculations and geochemical predictions have pointed out and

accentuated the need to better define the potential contaminant sources at the ABG and OJT. In

addition, more effort is needed to relate the observed distributions of contaminants in ground water to the
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suépected source areas. Without this information, it will be difficult to develop CMS clveanup bptions for

soils that could poténtially remediate the contamination problems in ground water.

1.7 INVESTIGATIVE APPROACH

1.71 investigative Strategy

To support the data collection needs described above, additional soil samples will be collected at the
ABG MTA and OJT area. To support an evaluation of natural attenuation as a potential remedial

alternative, Qround water data will also be collected from various wells in the ABG and OJT area.

1.7.2 . Tarqet‘ Parameters and Rationale — Soil Samples

All soil samples will be analyzed for explosive compounds and several will be analyzed for metals. RDX,
TNT, and to a lesser extent HVIX, have been identified as chemicals of concern (COCs) in the ABG and

OJT areas. Several metals in soils have also been identified as COCs.

Because VOCs evaporate from éurface and near-surface soils, the likelihood of finding signifibarit vOC
contamination in the shallower.soils is less than for deeper soils. Furthermore, past investigations have
" shown VOC concentrations in surface soils to be low. Therefore, VOCs will be analyzed in all soil

samples collected'from depths of 6 feet or greater. In addition, any soil cores collected between 0 and

6 feet deep will be analyzed fér VOCs if the readings from a photoionization detector (PID) used to scan

the cores are greater than ambient readings (i.e., the PID suggests the presence of VOCs):

" Soil samples collected in the past from the ABG and OJT were not analyzed for perchlorate. This
commonly used oxidizing agent will be analyzed in approximately two-thirds of the surface and
subsurface soil samples. These analyses will be performed to determine whether or not this compound is

present in soils at either of the two study areas.

Ap‘proxirhateiy_ one-half of the surface and subsurface soil samples will also be analyzed for RDX
degradation products. The results of these analyses will enhance the evaluation of RDX degradation and
the factors that might be controlling RDX degradation in soils. This inforrhation is critical for evaluating
the feaéibility of NA during the CMS.

A total of eight soil samples from the ABG will be analyzed for physical and geochemical parameters that

are useful during a CMS, specifically total organic carbon (TOC) and cation exchange capacity (CEC).
Recent data of this type are already available for soils at the OJT.
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The targeted laboratory analytical parameters, the assoc'iatedv laboratory detection and reborting limits,
and the risk-based target levels are presented in Table 1-3. Analytical methods selected for use were
those used for the 2001/2002 field work (TtNUS, 2001).

A total of 69 soil borings are planned for the ABG MTA. Four additional soil borings are planned for the
OJT. Each boring will be ad_vanced to the bedrock surface or refusal. Soil samples will be collected from
'depth intervals of 0 to 2, 2 to 6, 6 to 10, and greater than 10 feet bgs. Based on known depths to
bedrock, a total of four samples, on average, are expected to be collected from each bbring, assuming .

that the boring can reach a depth greater than 10 feet bgs. The borings are concentrated in the foIlowing:'
¢ Locations of former unlined flash trenches, USTs, burning pads, and the ash piles.

. At previous soil sample locations at which elevated concentrations of TCE, RDX, or TNT were

detected at shallow depths.

* Where contamination patterns in past ground water samples in_dicate a potential source of soil

contaminants in close proximity.

A few of the soil borings are situated to explore small areas that were not sampled in the past This will

complete the evaluatlon of the extent of contammants

The four soil borings planned for the OJT are located between monitoring well 03-07 and the former burn
- pit. The purpose of these soil borings is to evaluate where TCE-contaminated soils might be located that
_ are contributing to the TCE concentrations observed in well 03-07 and to determine whether RDX

‘originating from the burn pit could be contributing to the RDX contamination in ground water.

1.7.3 ' Target Parameters and Rationale — Ground Water Samples

Twenty-six wells will be sampled at thé ABG MTA and six wells and Spring A’ will be sampled at the OJT
(Table 1-4). All ground watér samples will be analyzed for exp[os'ives (excluding RDX degradation
products), VOCs, and metals. These ahalyses are being performéd to refine the'understandihg of.
contaminant dlstrlbutlons in ground water at the ABG and to obtain more recent mformatlon on the levels
of TCE and RDX in several wells at the OJT where moderate to high concentrations of RDX and TCE
were detected in the past. The wells were selected to provide the greatest amount of information cost

effectively.

¢
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'Sample‘s collected from 12 of the 26 wells to be sampled will be analyzed for perchlorate. Ground water
samples collected in the past were not analyzed for perchlorate. These analyses will be used to

determine whether perchlorate is a pbtential COC at the ABG or the OJT area.

1.7.4 _Dafa Use and Decision Logic

Data interpretatibn will be largely based 6n professional judgment. - New data and existing data
| _(espécially the more recent data) will be reviewed, and judgments will be made concerning the apparent
existence or absence of localized hot spots and the extent of contamination. The judgments will be
based' on visually identified patterns of contamination and relative contamination levels in lateral and
vertical directions for each chemical. For example, groups of sampling locations with relatively high
concentrations surrounded by lower concentrations in downgradient directions will be interpreted to
represent the identification of a contaminant source location. The higher the concentrations, the more
significant the source will be considered. The lower the chemical concentrations on the perimeter of the

sampling pattern, the more completely defined will be the extent of contamination.

020410/P 1-22 _ CTO 0311



TABLE 1-1

'SUMMARY OF PREVIOUS INVESTIGATIONS
SWMU 03 - ABG/OJT/LSC
QAPP ADDENDUM NO. 1
NSWC CRANE, CRANE, INDIANA

Period of
Investigation

Area Investigatéd

Nature of Investigation

Reference

Installation of monitoring wells,
hydrogeological investigations, ground water

Dunbar, 1982, 1983,

1981-1984 ABG and OJT sampling 1984
. B Installation of 66 monitoring wells,
ABG, OJT, and LSC hydrogeological investigations, ground water :
1986-1987 Watershed sampling Hunt, 1988
' Dye tracer test to assess possible hydraulic
connection of ABG with various spring
1990 ABG and Springs locations Murphy and Ciocco, 1990
1990 ABG RCRA Phase 1l Part 1 soils study USACE, 1992
RCRA Phase Il ground water release
1990-1994 Primarily ABG characterization Murphy, 1994
Monitored ground water elevations and flow
1993 ABG directions in Golconda-Haney Limestone Duwelius, et al., 1995
! Geology, lithologic characteristics, and
hydraulic properties of the Big Clifty Barnhill and Ambers,
1994 Primarily ABG Sandstone and Beech Creek Limestone 1994
1994-1995 ABG Four pumping tests were performed Murphy, 1995
Hydrogeological investigations and )
1993-1995 OJT Area evaluation of ground water contamination Murphy, 1996
' Evaluation of sedimentary facies and relation
. to hydrogeologic properties in Mansfield
1994-1996 DBG Area Formation Fisher, 1996
RCRA Phase Il ground water release
1987-1993 DBG Area characterization Murphy and Wade, 1998
. RCRA Phase |l surface water release
1992-1996 ABG and LSC Watershed assessment -| Murphy and Wade, 1998
1993-1996 ABG RCRA Phase lll Part 2 soils study Albertson, et al., 1998
Ground water geochemical investigation and
1993-1998 ABG and LSC Watershed 'dye tracer study Baedke, 1998
Screening-level human health and
environmental risk assessment was
1995-1999 ABG and LSC Watershed performed based on existing data TtNUS, 1999
Ground water, spring, and surface water
monitoring, soils investigations, and
phytoremediation studies related to natural )
1998-2002 ABG and LSC Watershed attenuation of contaminants May, et al., 2002
Geophysical investigation of ABG, dye tracer
investigation, and investigation of
1993-2001 ABG and LSC Watershed contaminants in Spring A Krothe, 2002
2002 -OJT and Spring C Dye tracer study of OJT and Spring C Jock and Krothe, 2002
ABG/OJT/LSC (Primarily
2001-2002 OJT/LSC) Area RCRA RFI TINUS, 2003
RCRA quarterly surface water and ground .
1998-2004 ABG and LSC Watershed water monitoring program Quarterly reports




TABLE 1-2

KEY OPERATIONS AND POTENTIAL SOURCE AREAS AT THE AMMUNITION BURNING GROUNDS .
SWMU 03 - ABG/OJT/LSC
QAPP ADDENDUM NO. 1.

NSWC CRANE, CRANE, INDIANA

Sampling Area
Shown on Figure 3-1

Key ABG Operation Area
Considered to be Potential
Source Area

Other Reason(s) to Sample Area

Number of New
Soil Borings
Planned for Area.

TCE was detected in well 03C01P2 above 50 pg/t

A Storage Area in 1989 1
Encompasses area where two previous soil
B None borings (03/10-17 and 03/10-61) indicated 12
_ elevated RDX and TCE concentrations '
c Former flash pits TCE was detected in well 03C10 above 50 ug/L in 3
, 2000 '
D Former flash pits, burning pad,|Elevated TCE and RDX concentrations detected in 2
~and UST well 03C09P2
. . TCE frequently detected above 5 pg/L in wells
E Dewatering units 03C07 and 03C26 3
E Former flash pits, two burning | Area where highest ground water concentrations 10
~ pads, and UST of RDX and TCE are typically found
RDX and TCE ground water concentrations
G Former ash pile commonly above 50 pg/L in well 03C08P2, located 3
. south of the former ash pile
H None Elevated RDX concentrations detected previously 9
in soil borings 03/10-35 and 03/10-69
I Former flash pits TCE was detected above 50 pg/L in well 03C04 4
J ' Storage area and current 1

solvent burn pan




TAB LE 1-3

specmc FIXED-BASED LABORATORY ANALYTICAL METHODOLOGIES AND
CORRESPONDING TARGET ANALYTE LISTS™

SWMU 03 - ABG/OJT/LSC
QAPP ADDENDUM NO. 1
NSWC CRANE, CRANE, INDIANA
PAGE 1 OF 5

Aqueous Matrix Solid Matrix
. Parameter Risk-Based ' |Risk-Based| RiskBased
CAS No. Units | LabRL | LabTV Units Lab RL | Lab TV | Soil Target| Sediment
Target:-Level :
Level Target Level

EXPLOSIVES (SW-846 8330) =
1,3,5-Trinitrobenzene 99-35-4 pg/L 0.5 0.25 1100 mg/kg 0.25 0.000121
1,3-Dinitrobenzene 99-65-0 pg/L 0.5 0.25 2.36 .mg/kg - 0.00096 0.000924
2,4 6-Trinitrotoluene 118-96-7 po/L 0.5 0.25 2.2 mg/kg 0.00057 NA
2,4-Dinitrotoluene 121-14-2 po/L 0.5 0.25 73 mg/kg 0.000049 0.07513
2,6-Dinitrotoluene 606-20-2 po/L 0.5 0.25 36 . mg/kg 0.000042 0.02062
2-Amino-4,6-dinitrotoluene 35572-78-2 ug/L 0.5 0.25 NA mg/kg NA NA
2-Nitrotoluene 88-72-2 - ug/L 0.5 0.25 61 mg/kg 0.15 NA
3-Nitrotoluene 99-08-1 pg/L 0.5 _0.26 61 mg/kg 0.3 NA
4-Amino-2,8-dinitrotoluene 19406-51-0 ug/L 0.5 0.25 NA mg/kg NA NA
4-Nitrotoluene 99-99-0 pa/L 0.5 0.25 61 mg/kg 0.15 NA
HMX . 2691-41-0 pg/L 0.5 0.25 - 1800 mg/kg -3100 NA
Nitrobenzene 98-95-3 pg/L 0.5 - 0.25 3.4 mg/kg 0.006 0.4876
RDX 121-82-4 pg/l 0.5 0.25 0.61 mg/kg 4.4 NA
Tetryl 479-45-8 pg/L 0.5 0.25 360 mg/kg 610 NA
RDX DEGRADATION PRODUCTS (SW-846 8330) , .
2,4-DA-6-NT 6629-29-4 pg/L 0.5 0.25 NA mg/kg 0.5 0.25 4700 4700
2,6-DA-4-NT 59229-75-3 pg/L 0.5 0.25 NA mg/kg 0.5 0.25 4700 4700
3,5-DNA 618-87-1 pg/L 0.5 0.25 NA - mg/kg 0.5 0.25 NA NA
DNX NA ug/l | NA 0.25 NA mg/kg 0.5 0.25 NA NA
MNX NA pg/L 0.5 0:25 NA mg/kg 0.5 0.25 NA NA
TNX NA pg/L 0.5 0.25 NA mg/kg 0.5 0.25 NA NA
4,4-'TN-AZOXY NA pg/L 1.0 - 0.5 NA mg/kg 1 0.5 NA NA
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SPECIFIC FIXED-BASED LABORATORY ANALYTICAL METHODOLOGIES AND
CORRESPONDING TARGET ANALYTE LISTS!"
SWMU 03 - ABG/OJT/LSC
QAPP ADDENDUM NO. 1

NSWC CRANE, CRANE, INDIANA

PAGE 2 OF 5
Aqueous Matrix’ Solid Matrix
Parameter Risk-Based Risk-Based| Risk-Based
CAS No. Units | LabRL | LabTV Units Lab'RL | Lab TV | Soil Target| Sediment
Target Level
Level Target Level
METALS (SW-846 6010B)
Aluminum 7429-90-5 pg/l 50 8.35 50 76000 NA
Antimony 7440-36-0 | pgt | 1 | 0.085 6 0.27 0.1423
Arsenic 7440-38-2 ugll |ikisiaies| 0.047 0.045 0.29 5.7
Barium 7440-39-3 pg/L 1 0.167 2000 82 1.04
Beryllium 7440-41-7 |. pg/L 1 0.015 4 32 1.06
Cadmium 7440-43-9 po/l  |EEEESET 0.039 0.66 0.38 0.00222
Calcium 7440-70-2 pg/L 100 18.4 NA . NA NA
Chromium 7440-47-3 po/L -1 0.073 42 - 0.01 2 0.4
Cobalt 7440-48-4 po/l 1 0.088 5 0.01 900 0.14033
Copper 7440-50-8 Ho/L 2 0.074 5 0.03 . 560 2.96
Iron 7439-89-6 pg/L 50 6.15 | 300 4.57 23000 NA
Lead 7439-92-1 ug/L 1 0.069 1.3 0.01 81 0.05373
Magnesium 7439-95-4 po/L 100 13.13 NA 1.9° NA NA
Manganese 7439-96-5 Hg/L 5 - 0.752 50 . 0.22 110 NA
Mercury 7439-97-6 | pg/L 14501013 0.0013 gl 0.002 0.1 0.073
Nickel 7440-02-0 Hg/L . 29 . 0.01 48 13.6
Potassium 7440-09-7 pa/L 100 5.55 NA mg/kg 50 | 1.67 NA NA
Selenium 7782-49-2 pg/L 1 0.094 5 mg/kg oniE| 0.03 0.26 0.02765
Silver 7440-22-4 pg/L 1 0.028 1 mg/kg 0.05 1.6 0.5
Sodium 7440-23-5 pa/L 100 - 6.79 NA mg/kg 3.69 NA NA
Thallium 7440-28-0 HO/L  [ERCISEES]  0.043 0.56 mg/kg 0.01 0.04 0.05692
Tin 7440-31-5 pol | " 10 | 0.048 73 mg/kg 0.11 47000 7.62
Titanium 7440-32-6 pg/L 5 1.14 NA mg/kg 2.5 0.099 . NA NA
Vanadium 7440-62-2 pg/L 2 1.14 19 mg/kg 1 0.01 - 260 1.59
Zinc 7440-66-6 pg/t 10 0.714 58.9 mg/kg 5 1.2 680 6.62
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CORRESPONDING TARGET ANALYTE LISTS™"
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SPECIFIC FIXED-BASED LABORATORY ANALYTICAL METHODOLOGIES AND

‘Aqueous Matrix Solid Matrix
Parameter ' . Risk-Based _ |Risk-Based Risk-Based
CAS No. Units || LabRL | LabTV Units - Lab RL | Lab TV | Soil Target| Sediment
: Target Level
. _ Level Target Level
MISCELLANEOUS PARAMETERS (EPA Method 314.0) :
Cation Exchange Capacity NA NA NA NA meq/100gm 1 1 NA NA
TOC mg/L 0.5 1 NA mg/kg - 0.1 0.2 NA NA
pH NA NA NA NA Std. Units 1 NA NA NA
Perchlorate 14797-73-0 pg/L 4 2 NA mg/kg 0.08 0.04 NA NA
PERCHLORATE (SW-846 8321A) : R
[Perchiorate | 14797-73-0 | pgl- [ 05 | 05 | NA | ug/kg [ -1 ] 1 ] NA NA
VOLATILES (SW-846 8260B)"? ‘
1,1,1,2-Tetrachloroethane 630-20-6 ug/L 0 43 ug/kg 7.1 10.89
1,1,1-Trichloroethane 71-55-6 pg/L 88 pg/kg 97 246.85
1,1,2,2-Tetrachloroethane 79-34-5 ug/L 0.055 pg/kg 0.17 29.08
1,1,2-Trichloroethane 79-00-5 ug/L 0.2 pg/kg 0.91 673.51
1,1-Dichloroethane 75-34-3 pg/L 47 pg/kg 1000 0.575
1,1-Dichloroethene 75-35-4 pg/L 7 po/kg 2.9 23.27
1,2,3-Trichloropropane 96-18-4 pg/l [ 0.0056 ug/kg 0.0037 8.35
1,2-Dibromo-3-chloropropane 96-12-8 pg/L éi% S 0.048 ug/kg 0.092 19.98
1,2-Dibromoethane’ 106-93-4 el 0.00076 ug/kg: 0.029 12.37
1,2-Dichloroethane 107-06-2 0.12 pg/kg 1.2 54.18
1,2-Dichloropropane 78-87-5 0.16 pa’kg 1.5 351.61
2-Butanone 78-93-3 1900 ug/kg 4400 136.96
2-Hexanone 591-78-6 1710. ug/kg ‘NA 1010,
“13-Chloro-1-propene 107-05-1 1800 ug/kg 1800 0.266
4-Methyl-2-pentanone 108-10-1 160 pg/kg 620 544.37
Acetone 67-64-1 610 ua/kg 730 453.37
Acrolein 107-02-8 0.042 ug/kg 0.23 0.0144
Acrylonitrile 107-13-1 0.039 ug/kg 0.032 0.0157
Benzene 71-43-2 0.34 ug/kg 1.7 141.57
Bromodichloromethane 75-27-4 0.18 . ug/kg- 32 1.13




TABLE1-3,

SPECIFIC FIXED-BASED LABORATORY ANALYTICAL METHODOLOGIES AND
CORRESPONDING TARGET ANALYTE LISTS™"

SWMU .03 - ABG/OJT/LSC
QAPP ADDENDUM NO. 1

NSWC CRANE, CRANE, INDIANA

PAGE 4 OF 5
Aqueous Matrix Solid Matrix
Parameter Risk-Based Risk-Based| Risk-Based
CAS No. Units | LabRL | LabTV Units Lab RL | Lab TV | Soil Target| Sediment
Target Level ]
‘Level Target Level |

VOLATILES (SW-846 8260B)® (Continued)
Bromoform 75-25-2 pg/L 8.5 pg/kg -3 1 38 996.27
Bromomethane 74-83-9 pg/L 8.7 Hg/kg 3 1 12 235.16
Carbon disulfide 75-15-0 ug/L 84.1 . pg/kg 3 1 1500 94.12
Carbon tetrachloride 56-23-5 Hg/L - 0.17 pg/kg 3 1 3.3 35.73
Chlorobenzene 108-80-7 pg/L 10 ug/kg 3 1 65 61.94
Chloroethane 75-00-3 Ha/L 4.6 pg/kg '3 1 330 58600
Chloroform 67-66-3 pg/L 6.2 ua/kg 3 1 29 27
Chloromethane 74-87-3 pg/L - 1.5 ug/kg e T 2 0.0785
Chloroprene 126-99-8 pa/l 14 pg/kg 00 1 560 1.06
cis-1,2-Dichloroethene 156-59-2 pg/L . 61 ugrkg 3 1 20 208.94
cis-1,3-Dichloropropene 10061-01-5 | pg/l [aadiy] 0.3 0.4 Ho/kg (GRSl oER 0.3 2.96
Dibromochloromethane 124-48-1 ug/L R 0.13 po/kg 3 1 20 267.81
Dibromomethane 74-95-3 ug/L 0.3 61 pa/kg P 77 0.0859
Dichlorodifluoromethane 75-71-8 pg/L 0.3 390 Ha/kg 28000 1.33
Ethyl methacrylate 97-63-2 . | wugl 0.5 550 Hg/kg 810 0.602
Ethytbenzene 100-41-4 pg/L 0.3 2.9 _pg/kg 670 0.1
lodomethane - 74-88-4 ug/L 0.5 - NA ug/kg NA 0.305
Methacrylonitrile 126-98-7 pg/L -0.3 anl pg/kg 1 0.0297 .
Methyl methacrylate 80-62-6 Hg/L 0.5 1400 pg/kg 12000 167.56
Methylene chloride 75-09-2 pg/L 0.3 4.3 pg/kg 1.2 C - 1260
Styrene 100-42-5 pg/L 0.3 56 ug/kg 180 444.96
Tetrachloroethene 127-18-4 pg/L 0.3 0.66 pHg/kg 2.9 195.83
Toluene 108-88-3 po/L 0.3 253 ug/kg 590 5450
trans-1,2-Dichloroethene "~ 156-60-5 pg/L 0.3 100 pa/kg 34 208.94
trans-1,3-Dichloropropene 10061-02-6 pg/L 0.3 0.4 ug/kg 0.3 2.96
trans-1,4-Dichloro-2-butene 110-57-6 yg/L 0.5 NA pg/kg NA 1.82
Trichloroethene 79-01-6 ug/L 0.028 ug/kg 2.8 179.56




TABLE 1-3

SPECIFIC FIXED-BASED LABORATORY ANALYTICAL METHODOLOGIES AND

CORRESPONDING TARGET ANALYTE LISTS!"
SWMU 03 - ABG/OJT/LSC '
QAPP ADDENDUM NO. 1
NSWC CRANE, CRANE, INDIANA
PAGE 5 OF 5

Aqueous Matrix Solid Matrix
Parameter : Risk-éased Risk-Based| Risk-Based
.CAS No. Units LabRL | LabTV Units Lab RL | Lab TV | Soil Target| Sediment
Target Level _ ,
‘ Level Target Level |

VOLATILES (SW-846 azsoa)<2> (Continued) :

Trichlorofluoromethane 75-69-4 pg/L 1 0.3 - 1300 " - pg/kg 8000 3.07
Vinyl acetate . 108-05-4 ug/L 5 0.5 248.03 na/kg 2300 - 12.95
Vinyl chioride 75-01-4 pg/L 0.02 pg/kg 0.67 2
Xylenes, Total 1330-20-7 po/L - 117 pg/kg 71000 1880

1 - Risk-based target levels for solid and aqueous matrices are the lowest of the criteria presented in Appendix B, Tables B-1 (aqueoué) and
B-2 (solids) (TtNUS, 2001). All results will be reported to the TVs. Results between the TV and the RL will be J-flagged.
2 - The compounds (propionitrile, 1,4-dioxane, acetonitrile, and isobutyl alcohol) usually analyzed by SW- 846 Method 8015 have been removed.

Shaded values exceed at least one of the associated risk-based target levels: See Table 4- 1 for sample preparation methods.
CAS No. = Chemical abstracts registry service number.

NA = Not applicable.
RL = Reporting limit.

TV = Threshold Value (realistic estimate of method detection limit after accounting for matrix variability).




TABLE 1-4

MONITORING WELLS AND SPRINGS TO BE SAMPLED DURING THE CMS

SWMU 03 - ABG/OJT/LSC
QAPP ADDENDUM NO. 1

- NSWC CRANE, CRANE, INDIANA

RCRA Quarterly
Monitoring, Rounds 1
Well No. through 8

Monitoring, Rounds 9

RCRA Quarterly

through 30

RCRA
Annual
Monitoring,

vocs | Expt. ' | Others ?

vocs' | Expl. | Others 2| -

VOCs'

Water Level
Measured in
June 2002
Survey

Proposed for
Sampling
During CMS

Ammunition Burning Grounds

03-01 - - -

03-04 - - -

03-06 - - -

03-09 - - -

03-27 - - -

03-29 - - -

03-30 - - -

>

03-32 - - -

~03-33 - - -

03-34 - - -

[

03-35 - - -

03-36 - - -

+

03-37 - - -

.03-38 - - -

03-39 - - -

03C01P2 - -

PP EX X IX XXX X[ X[ XXX ]|x]|Xx

03C02P2 . B A

03C03P2 - -

v EX

03C04 8,C AB

<] <]

03C05 - -
03C06 : )

XX

03C07

B
03C08P2 B
03Co9P2 B

03C10 B.C AB

03C11 B,C AB

03C12 B.C AB

>
=== (=<t<|=<]

03C13 - -

03C14

03C15

03C20

03C26

03C27

B A
B A
- 03C21 - -
B A
B A

l=<]=<q <=

03C28

3 [ | o< e [ | ]3¢ [ ¢ [ [ ¢ | > Ia< < 3¢ | o< | ¢ [ ¢ | > | |

Old Jeep Trail

03-07 - - -

03-12 - - -

03-15 - - -

03-16 - - -

03-21 - - -

03-24 - - -

XX pX X |x|x

XXX | X |x|x

Springs

Spring A BC | AB Y

A Y

Spring A' - - -

Spring C B,C AB Y

B

A Y

A

1 The letters A, B, and C indicate subsets of the parameter group as listed in the Field Sampiing Plan (TtNUS,

September 1999, Appendix D)

2 Yindicates that total organic halides, total organic carbon, sulfate, chloride, phosphorus, and other analytes are

analyzed quarterly
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