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1.0 INTRODUCTION

This report is a detailed assessment of groundwater quality at
several hazardous waste-management facilities associated with the
Department of Energy (DOE) Y-12 Plant in Oak Ridge, Tennessee
(Figure 1-1). The sites are located in an area defined as the Bear
Creek Hydrogeologic Regime (BCHR), which is one of three
hydrogeologic regimes that have been defined at the Y-12 Plant in
an effort to unify and coordinate site-specific monitoring
activities for planning and reporting purposes. This assessment is
based on site-specific groundwater quality data obtained during the
1990 calendar year. The data are presented in Part I of the 1990
Groundwater Quality Assessment Report (GWQAR) for BCHR, which was
prepared for the Y-12 Plant Groundwater Protection Program by HSW
Environmental Consultants, Inc. (HSW), and submitted by Martin
Marietta Energy Systems, Inc. to the Tennessee Department of
Conservation (TDC) prior to March 1, 1991.

Section 2.0 contains background information regarding the
monitored sites located in the BCHR and a discussion of the 1990
assessment program objectives. An overview intended to provide the
reader with a basic understanding of the complex hydrogeologic
system in the BCHR is provided in Section 3.0. A discussion of the
interpretive assumptions used in evaluating the 1990 assessment
data, a review of groundwater geochemistry and background water
quality, detailed descriptions of groundwater contaminant plumes,
and a discussion regarding the quality of groundwater and surface
water exiting the BCHR are presented in Section 4.0. Findings of
the 1990 assessment program are summarized ~in Section 5.0.
Modifications to the assessment monitoring program proposed for
implementation in 1991 are presented in Section 6.0, and a list of
references (Section 7.0) concludes the report.




0 J e )
‘ (' CAMPBELL ;
) e 4
} r.\
MORGAN
.
4y,
O,,‘_
>
<
~m
2.

if “

Hasddman

\"o“ i i)
(A ) . DOE Reservatlon

di
“ P Kingston \
ROANE )
LOUDON

LB

BLOUNT

TENNESSEE /"™ 7 ,oarn
CAROLINA

//_——

\x / CAROLINA

AAAAAAA aeonaIA y,

MODFIED FROM: GEM 1990b
FIGURE 1-1

_ REGIONAL LOCATION
‘ OF THE Y-12 PLANT

¥-12 PLANT, OAK RIDGE, TENNESSEE

1-2




2.0 BACKGROUND INFORMATION

The Y-12 Plant is located in Bear Creek Valley (BCV) which is
flanked on the north by Pine Ridge and on the south by Chestnut
Ridge. For the purpose of groundwater quality assessment, BCV has
been divided into the BCHR and the Upper East Fork Poplar Creek
Hydrogeologic Regime (UEFPCHR) (Figure 2-1). A topographic and
hydrologic divide located near the west end of the Y-12 Plant
separates the two hydrogeologic regimes.

There are three basic types of requlated units located within
the BCHR: (1) Resource Conservation and Recovery Act (RCRA) interim
status land based treatment and disposal units, (2) individual RCRA
interim status units with waste-management areas (WMAs) that
include other RCRA requlated Solid Waste-Management Units (SWMUs),
and (3) individual SWMUs which are not located within the WMA of
any treatment or disposal unit. A listing of all sites included in
the BCHR is provided on Table 2-1 and the locations of these sites
are shown on Figure 2-2. Site descriptions and waste-disposal
histories are provided in Section 2.1 of Part I of the 1990 GWQAR
(HSW Environmental Consultants, Inc. 1991).

Several SWMUs and underground storage tanks (USTs) located
near the west end of the Y-12 Plant were included in the waste-
management area (WMA) defined for the S-3 Site. During recent
discussions regarding the RCRA post-closure permit application
(PCPA) for the S-3 Site, the WMA was redefined to exclude these
SWMUs (D.J. Bostock, Martin Marietta Energy Systems, Inc., letter
to T. Tiesler, Tennessee Department of Conservation, May 8, 1991).
However, reference to the S-3 WMA has been retained to maintain
continuity with the Part I of the 1990 GWQAR, which was submitted
to the TDC prior to the change in the S-3 WMA.

Several modifications to the assessment program in the BCHR
were recommended in Part II of the 1989 GWQAR for implementation in
1990. The assessment-well network was modified to include new
wells and omit "internal plume" wells for which up to 4 years of
quarterly data are available. A standardized suite of analytical
parameters was proposed and a standardized monitor-well sampling
sequence was recommended to avoid future instances of cross-

2-1
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Table 2-1. Requlatory Classification of Waste Sites Located
in the Bear Creek Hydrogeologic Regime

SITE NAME REGULATORY CLASSIFICATION!

S§-3 Site _ RCRA T/S/D Unit
0il Landfarm Waste-Management Area

0il Landfarm RCRA T/S/D Unit
Burnyard/Boneyard SWMU
Chemical Storage Area SWMU
Sanitary Landfill I SWDU

Bear Creek Burial Grounds Waste-Management Area

Burial Grounds A and C RCRA T/S/D Unit
Burial Grounds B,D,E,J SWDU
0il Retention Ponds Nos.l and 2 SWMU
SY-200 Yard SWMU
Rust Spoil Area SWMU
Spoil Area I SWMU

NOTE:

1. RCRA T/S/D Unit - RCRA reqgulated land-based treatment, storage,
or disposal unit.
SWMU - Solid Waste Management Unit

SWDU - Solid Waste Disposal Unit (non-hazardous
waste)
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contamination that were suspected during the 1989 sampling program.

An ambitious monitor-well installation program was proposed
for 1990 to finalize delineation of contaminant plume boundaries.
However, installation of many of these wells was delayed until a
categorical exclusion from the National Environmental Policy Act
(NEPA) was obtained. Categorical exclusion from NEPA was received
from DOE Oak Ridge Operations on BAugust 10, 1990 (Personal
Communication, H. King, May 1991). However, because of the delay,
some wells that were installed were not sampled until the first
quarter of 1991. Installation of the remaining wells is currently
in progress. '

An "Exit-Pathway" monitoring program for obtaining data on the
quality of groundwater and surface water exiting the BCHR was also
initiated in 1990. Groundwater quality is monitored in a network
of wells screened at various depths in the Maynardville Limestone,
the formation considered to be the primary groundwater exit
pathway. This well network is being expanded by the installation
of several monitor-well clusters along parallel traverses that cut
across the Maynardville Limestone. Screened or open intervals in
these wells will intercept specific stratigraphic zones containing
features (e.g. solution cavities) which provide the principal
groundwater flow paths. Installation of these wells is currently
underway. Surface-water quality is monitored at springs and other
stations located along Bear Creek (including a background location
in a Bear Creek tributary).




3.0 HYDROLOGIC FRAMEWORK .

The following overview of the hydrology in the BCHR is
intended to provide the reader with a basic understanding of the
geology and groundwater system in the area. The hydrogeologic
system in the BCHR is highly complex and this overview should not
be considered comprehensive. More detailed presentations of the
stratigraphy, structure, and groundwater flow characteristics in
the vicinity of the sites located within the BCHR may be found in
a variety of reports generated by different investigators; many of
these reports are listed in the Reference section of this document
and Part I of the 1990 GWQAR (HSW Environmental Consultants, Inc.
1991). ‘

3.1 GROUNDWATER SYSTEM

The groundwater system in the BCHR generally consists of two
zones: an upper zone composed of unconsolidated materials and a
lower bedrock zone consisting of the six formations of the
Conasauga Group. These formations are, from youngest to oldest,
the Maynardville Limestone, Nolichucky Shale, Maryville Limestone,
Rogersvillé Shale, Rutledge Limestone, and Pumpkin Valley Shale
(Figure 3-1). The bedrock geology of the BCHR is shown on Figure
3-2, and the overall geologic framework of the Y~12 Plant area is
illustrated on Figure 3-3.

The unconsolidated and bedrock zones in the BCHR can be
considered as a single aquifer (i.e. no distinct confining layer
separates the two zones). Unconsolidated materials in the BCHR are
of varying thickness and consist of manmade f£fill, alluvium,
colluvium, and residuum from the weathering of the underlying
bedrock. Groundwater in the unconsolidated 2zone occurs under
unconfined (water-table) conditions. The movement of groundwater
in the bedrock zone is restricted to structures such as bedding
planes, joints, fractures, and solution cavities. Consequently,
groundwater movement in the bedrock is strongly controlled by
the orientation and distribution of these features. Strike and dip
of the strata in the BCHR is generally N 55° E and 45° SE,
respectively (King and Haase 1987). However, small scale folds in

3-1
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the Conasauga Group produce a variety of 1local bedding
orientations. Joint sets are the most common structural features
observed in the BCHR and several studies have identified one major
joint set that roughly parallels the strike and dip of bedding, and
a second steeply dipping joint set that strikes approximately N 10°
W (Rothschild, Turner, et. al. 1984). Dissolution along joints,
fractures, and bedding planes in the carbonate units of the
Conasauga Group, in particular the Maynardville Limestone, has
produced solution cavities that have greatly increased the
permeability of these units. Solution cavities most commonly occur
in the upper part of the saturated zone, and range in thickness
from a fraction of an inch to several feet (Geraghty & Miller,
Inc. 1985).

The lithologic composition of the Conasauga Group formations
also plays an important role in the occurrence and movement of
groundwater in the BCHR. The Maynardville Limestone is comprised
of about 440 ft of fine to coarse grained, thin-bedded to massive
limestones and dolostones (King and Haase 1987). The hydraulic
conductivity of the Maynardville Limestone averages about 13 ft per
day (ft/day) (Geraghty & Miller, Inc. 1989a), which is higher than
that of any other Conasauga Group formation. For this reason, the
Maynardville Limestone is considered the primary conduit for
lateral solute transport in the BCHR. The Nolichucky Shale,
which underlies the Maynardville Limestone, is comprised of
approximately 500 ft of massive to thinly bedded siltstones with
interbedded limestones (King and Haase 1987). 1In comparison with
the Maynardville Limestone, the hydraulic conductivity of the
Nolichucky Shale is low, averaging about 1.2 ft/day (Geraghty &
Miller, Inc. 1989a). In general, the lithologic composition of
the Nolichucky Shale differs very little from that of the
underlying Maryville Limestone, which is composed of 340 to 415 ft
of thin to medium-bedded limestones interbedded with calcareous
mudstones and siltstones (King and Haase 1987). The average
hydraulic conductivity of the Maryville Limestone is very low (0.3
ft/day; Geraghty & Miller, Inc. 1989a). Beneath the Maryville are
the massive mudstones of the Rogersville Shale (105 to 140 ft
thick) and the interbedded limestones and shales of the Rutledge
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Limestone (85 to 105 ft thick) (King and Haase 1987). There is
little information regarding the hydrologic properties of these
formations in the BCHR. The oldest Conasauga Group member, the
Pumpkin Valley Shale, is comprised of 290 to 330 ft of massive
shale and mudstone with thin beds of siltstone (King and Haase
1987). This is a very tight formation that is considered one of
the poorest aquifers in East Tennessee (DeBuchananne and Richardson
1956).

Groundwater in the bedrock zone occurs under unconfined
conditions, but it becomes increasingly confined with depth. The
general pattern of groundwater flow in the bedrock zone is
illustrated on éiguré 3-4. Downward recharge to the groundwater
system occurs along Pine Ridge and Chestnut Ridge. Water then
flows laterally toward the axis of BCV and discharges upward into
Bear Creek and its tributaries. This conceptualization of
‘groundwater movement is supported by water-level data from monitor-
well pairs and clusters in the BCHR, which indicate upward vertical
hydraulic gradients (generally less than 0.07) along the axis of
BCV (Geraghty & Miller, Inc. 1985).

A contour map of the potentiometric surface in the BCHR based
on water levels in wells recorded on April 16-19, 1990, is
presented on Figure 3-5. It appears that a groundwater divide is
located just east of the S-3 Site which roughly coincides with the
topographic divide between the BCHR and the UEFPCHR. Southerly and
southeasterly directions of groundwater movement are indicated
along the slope of Pine Ridge north of Bear Creek. In the zone
underlying Bear Creek, the direction of groundwater movement is
southwest along the valley axis. Furthermore, the potentiometric
contours only indicate the general direction of groundwater
movement because the orientation and distribution of bedding
pPlanes, joints, fractures, and solution cavities impart a high
degree of anisotropy to the bedrock zone. Although the water table
in the BCHR fluctuates throughout the year, the pattern of
fluctuation is similar in all wells and the slope of the water
table remains essentially unchanged.
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3.2 SURFACE-WATER SYSTEM

The surface water system in the BCHR is comprised of Bear
Creek and . its tributaries. The parallel alignment of the
tributaries located on the shale units in BCV is believed to
represent the surface expression of joint and fracture patterns in
the bedrock (Geraghty & Miller, Inc. 1985). Headwaters of Bear
Creek are located at the west end of the ¥-12 Plant near the S-3
Site (Figure 3-6). 1In its upper reaches, Bear Creek follows a
relatively straight course along geologic strike that lies very
close to the contact between the Conasauga and Knox groups.
Approximately 4-1/2 miles downstream of its headwaters, Bear Creek
turns northward through a gap in Pine Ridge and empties into East
Fork Poplar Creek about 6 miles upstream of the Clinch River.

The channel of Bear Creek along much of its course through BCV
is formed in the shallow alluvium overlying the Maynardville
Limestone. Drilling activities in areas proximal to Bear Creek
have indicated that a zone of potentially interconnected solution
cavities is present in the upper part of the saturated zone in this
formation (Geraghty & Miller, Inc. 1985). Because of the
hydrologic interaction between the creek and this solution cavity
system, the Bear Creek channel contains influent (losing) reaches
where surface water discharges from the creek to the groundwater
system, and effluent ' (gaining) reaches where groundwater
discharges to the creek.

A dye-tracer test was performed in 1989 to evaluate the
hydrologic interactions between Bear Creek and the Maynardville
Limestone (Geraghty & Miller, Inc. 1989b). During this study, a
review of historical stream-flow data for Bear Creek was performed.
Results of this review indicated that Bear Creek loses flow to the
groundwater system during extreme low-flow conditions over much of
its length from near the S-3 Site to a spring located at Bear Creek
Kilometer (BCK) 4.56. During normal flow conditions, Bear Creek
loses flow to the groundwater system in its upper reaches and gains
flow in its lower reaches downstream of BCK 9.41 (Geraghty &
Miller, Inc. 1989b). It was concluded from the dye-tracer test
that there is strong evidence indicating that surface water lost in
influent reaches of Bear Creek between BCK 11.64 and BCK 9.41 is
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‘ discharged back into Bear Creek from spring SS-5 (Geraghty &
Miller, Inc. 1989b).
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4.0 GROUNDWATER QUALITY ASSESSMENT

This section contains a description of groundwater quality in
the BCHR based on results of the 1990 and previous annual
assessments. Groundwater and surface-water samples collected
during the 1990 assessment monitoring program in the BCHR were
analyzed for the parameters and constituents shown on Table 4-1 and
in Appendix A to Part I of the 1990 GWQAR (HSW Environmental
Consultants, Inc. 1991a). Locations of the monitor wells included
in the 1990 assessment are shown on Figure 4-1. Data regarding the
screened or open-hole interval depths, and the aquifer zone
monitored by each well are provided on Table 4-2. Locations of
springs and surface-water sampling points are shown on Figure 3-6.

4.1 INTERPRETIVE ASSUMPTIONS

The interpretations presented in this report were based
primarily on the assessment monitoring data collected during 1990,
evaluated with respect to historical (1986-1989) assessment data.
Descriptions of the interpretive assumptions associated with each
category of data (e.g., metals) are provided in the following
sections.

4.1.1 Nitrate

Evaluation of the extent of nitrate in groundwater in the BCHR
was based on average annual concentrations in excess of the maximum
contaminant level (MCL) for nitrate as N (10 mg/L). Individual

nitrate concentrations were used for wells sampled only once in
1990.

" 4.1.2 Metals

The extent of trace metal contamination in the BCHR was
evaluated with respect to MCLs or background levels. Metals for
which the highest concentration was below the MCL or background
levels were not considered groundwater contaminants. Conversely,
metals having concentrations that exceeded background levels or
MCLs were considered groundwater contaminants.

Interpretations of the analytical results for trace metals
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Groundwater Quality Assessment Parameters, 1990

METALS'
ICP
Aluminum Boron
Antimony Cadmium
Arsenic Chromium
Barium Cobalt
Beryllium Copper
AAS
Cadmium, Chromium, and Lead
CVAA
Mercury
FLUOR
Uranium

MAJOR CATIONS AND ANIONS
Alkalinity (HCO,)
Alkalinity (CO,)
Calcium
Chloride
Fluoride
Magnesium

VOLATILE ORGANIC COMPOUNDS
Acetone
Benzene
Bromodichloromethane
Bromoform
Bromomethane
2-Butanone
Carbon disulfide
Carbon tetrachloride
Chlorobenzene
Chlorodibromomethane
Chloroethane
Chloroform
Chloromethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethene
1,2-Dichloroethene

Iron Silver
Molybdenum Strontium
Nickel Thorium
Selenium Vanadium
Silicon Zinc
Manganese

Nitrate

Potassium

Sodium
" Sulfate

1,2-Dichloropropane
cis~-1,3-Dichloropropene
trans-1,3-Dichloropropene
Ethylbenzene

2-Hexanone
4-Methyl-2-pentanone
Methylene chloride
Styrene
1,1,2-2-Tetrachloroethane
Tetrachloroethene

Toluene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene

Vinyl acetate

Vinyl chloride

Xylenes
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Table 4-1.

(cont‘d)

RADIOCHEMICAL

Gross Alpha Activity
Gross Beta Activity

Radionuclides:
Cesium 137*

Todine 129 and 125

Protactinium®
Radium (Total)

Radium 228*

FIELD
Conductivity
Dissolved Oxygen
Redox

MISCELLANEOUS
Specific Conduct
Dissolved Solids

ivity

Strontium - 89 + 90
Technetium - 99

Thorium - 231* + 234
Tritium

Uranium - 234, 235, and 238
Ph

Depth to Water
Water Temperature

Total Organic Carbon
Total Organic Halogens

Ph Total Suspended Solids
Phenols
Turbidity
{

NOTE:

1. ICP = Inductively-Coupled Plasma (Spectroscopy)
AAS - Atomic Absorption Spectroscopy
CVAAR - Cold Vapor Atomic Absorption
FLUOR - Fluorometric

GW-108
GW-115
GW-243
GW-244
GW-245

GW-246
GW-247
GW-274
GW-275
GW-64

a. Radionuclides analyzed in first quarter 1990 samples from:

GW-87
GW-225
GW-227
GW-367
GW-58
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Table 4-2. Screened and Open Interval Depths, and Aquifer
' Zones Monitored by the 1990 Assessment Wells

WELL MONITORED SCREEN/ AQUIFER BDR

NUMBER INTERVAL OPEN ZONE? UNIT?
(depth, ft)

S-3 Site WMA

GW-100 (a) 3.8 - 20.7 Screen UNC ————
GW-101 10.1 - 17.5 Screen UNC ————
GW-105 (a) 9.5 - 17.0 Screen UNC ———
GW-106 (a) 53.3 - 175.0 Screen BDR Cn
GW-115 (b 42.0 - 52.0 Screen BDR Cm
GW-122 92.0 - 142.0 Open BDR Cn
GW-123 522.0 - 572.0 Open BDR Cn
GwWw-124 (a) 100.0 - 150.0 Open BDR Cmn
Gw-125 502.0 - 552.0 Open BDR Cn
GW-127 (a) 14.0 - 24.0 Screen UNC ————
GW-236 (a) 13.0 - 18.0 Screen UNC ————
GW-243 43.2 - 77.0 Screen BDR Cn
GW-244 (a) 43.0 - 77.0 Screen BDR Cn
GW-245 (a) 25.3 - 76.0 Screen BDR Cn
GW-246 (a) 34.2 - 76.0 Screen BDR Cn
GW-247 (a) 46.9 - 74.9 Screen BDR Cn
‘ GW-276 11.3 - 18.5 Screen UNC —
GW-277 62.2 - 77.4 Screen BDR Cn
GW-324 (b) 68.5 - 79.0 Screen BDR Cn
GW-325 (b) 7.3 - 17.9 Screen UNC ———
GW-345 16.0 - 26.0 Screen UNC ———-
GW-346 (a) 54.6 - 64.6 Screen BDR Cmn
GW-347 11.7 - 27.5 Screen UNC ———
GW-348 70.2 - 80.6 Screen BDR Cmn
GW-526 101.0 - 123.0 Open BDR Cn
GW-613 (b) 31.7 - 175.2 Screen BDR Cn
GW-614 (b) 42.0 - 90.2 Screen BDR Cn
GW-615 222.5 - 245.0 Open BDR Cn
GW-616 219.7 - 269.0 Open BDR Cn
GW-619 26.8 - 40.8 Screen UNC ——--
GW-620 61.7 - 75.0 . Screen BDR Cmn
Spoil Area I
GW-313 98.2 - 113.0 Screen BDR Cmn
GW-314 101.0 - 115.0 . Screen BDR Cmn
GW-315 90.0 - 104.0 Screen BDR Cmn
GW-316 67.5 - 80.0 Screen BDR Cmn
GW-317 117.0 - 132.0 Screen BDR OCk
GW-323 94.0 - 108.0 Screen . BDR Ock
Rust Spoil Area I
GW-306 48.1 - 58.1 Screen BDR Cmn
GW-307 28.7 - 41.6 Screen UNC ———
‘ GW-308 22.0 - 37.7 Screen UNC ——
GW-309 27.0 - 37.0 Screen : BDR Cmn




Table 4-2. (Cont’d)

WELL MONITORED SCREEN/ AQUIFER BDR

NUMBER INTERVAL OPEN ZONE! JUNIT?
(depth, ft)

Rust Spoil Area

GW-310 21.8 - 27.1 Screen UNC ————
GW-311 25.6 - 40.3 Screen UNC ———
GW-312 29.6 - 41.0 Screen UNC ————
0il Landfarm WMA

GW-005 3.0 - 12.5 Screen UNC ————
GW-007 (a) 8.7 - 16.5 Screen UNC ————
GW-010 (a) 5.3 - 15.0 Screen UNC -
GW-013 6.0 - 14.0 Screen UNC ————
GW-043 (b) 22.8 - 32.8 Screen UNC ————
GW-044 (b) 42.5 - 70 Screen BDR Cm
GW-063 27.7 - 32.7 Screen BDR Cmn
GW-064 50.7 - 52,7 Screen BDR Cmn
GW-067 (a) 7.6 - 16.2 Screen UNC ————
GW-073 (a) 66.9 - 79.8 Screen BDR Cn
GW-074 176.5 - 200.6 Screen BDR Cn
GW-075 176.5 - 199.6 Screen BDR Cn
GW-076 67.8 - 80.3 Screen BDR Cn
GW-084 (b) 46.8 - 52.7 Screen UNC ——
GW-085 53.8 - 58.8 Screen BDR Cn
GW-086 21.0 - 29.6 Screen UNC ————
GW-087 (a) 7.5 - 19.0 Screen UNC ————
GW-097 (a) 11.8 - 16.8 Screen UNC ———-
GW-098 (a) 82.4 - 103.4 Screen BDR Cn
GW-120 (a) 130.0 - 180.0 Open BDR Cn
GW=-225 150.0 -~ 200.0 Open BDR Cmn
GW-226 45.0 - 55.0 Open BDR Cmn
GW-227 30.0 - 40.0 Open BDR Cmn
GW-228 (a) 80.0 - 100.0 Open BDR Cmn
GW-229 (a) 40.0 - 55.0 Open BDR Cmn
GW-363 (a) 50.0 - 75.0 Open BDR Cn
GW-364 49.8 - 59.8 Screen BDR Cmn
GW-365 126.7 - 150.0 - Open BDR Cmn
GW-366 90.5 - 100.5 Screen BDR Cmn
GW-367 125.0 - 150.0 Open BDR Cmn
GW-368 (a) 225.0 - 245.0 Open BDR Cmn
GW-369 (a) 115.8 - 150.2 Open BDR Cmn
GW-376 (a) 63.0 - 218.0 Open BDR Cn
GW-520 68.0 - 80.3 Screen BDR Ock
GW-531 22.0 - 38.5 Screen UNC ————
GW-532 11.0 - 28.7 Screen UNC ———
GW-533 18.0 - 30.1 Screen UNC ———
GW-534 29.4 - 46.3 Screen UNC ———
GW-535 3.0 - 19.5 Screen UNC ————
GW-536 3.2 - 19.7




‘ Table 4-2. (Cont‘d)

WELL : MONITORED SCREEN/ AQUIFER BDR
NUMBER INTERVAL OPEN ZONE? UNIT?
(depth, ft)

0il Landfarm WMA

GW-537 4.8 - 23.3 Screen UNC ———-
GW-538 25.5 - 42.2 Screen UNC ————
GW-601 318.5 -~ 194.3 Open BDR Cmn
GW-602 356.0 - 212.0 Open BDR Cmn
GW-630 14.8- 28.6 ~ Screen UNC ————
Bear Creek Burial Grounds WMA _
GW-014(a) 5.0 - 13.2 Screen UNC -———-
GW-037 42.0 - 68.7 Screen - BDR Cm
GW-040(a)(b) 21.0 - 29.0 Screen BDR Cpv
GW-042(b) 13.4 - 28.7 Screen UNC ————
GW-045(a) 3.0 - 13.0 Screen UNC ————
GW-046(a) 5.0 - 20.3 Screen UNC ————
GW-047 (a) 18.5 - 23.5 Screen UNC ————
GW-052 4.0 - 19.5 Screen UNC ————
GW-053 11.4 - 32.8 Screen UNC ———-
GW-054 31.1 - 37.2 Screen BDR Cmn
GW-056 49.1 - 55.2 Screen BDR Cmn
. GW-057 17.5 - 22.8 Screen BDR Cmn
GW-058 42.2 - 44.2 Screen BDR Cmn
GW-061 19.6 - 24.6 Screen BDR Cmn
Gw-068(a) . 70.0 - 83.6 Screen BDR Cn
GW-069 79.0 - 99.2 Screen BDR Cn
GW-071 195.1 - 219.0 Screen BDR Cn
GW-072 84.5 - 98.4 Screen BDR Cn
GW-077 87.4 - 100.3 Screen BDR Cn
GW-078 11.7 - 21.1 Screen BDR Cn
GW-079 (b) 49.9 - 64.9 Screen BDR Crg
GW-080(b) 20.8 - 29.7 Screen BDR Crg
GW-082 29.4 - 34.4 Screen BDR ) Cm
GW-083 19.9 - 29.5 Screen BDR Cn
GW-089 20.0 - 25.0 Screen UNC ————
GW-094 (a) 93.8 - 114.8 _ Screen BDR Cmn
GW-095 134.8 - 155.8 Screen BDR Cmn
GW-117 480.0 - 530.0 Open BDR Cn
GW-118 525.0 - 575.0 Open BDR Cn
GW-119 460.0 - 510.0 Open BDR Cn
GW-126(a) 105.0 - 155.0 Open BDR Cn
GW-162 (b) 92.0 - 125.0 Open BDR Cpv .
GW-163 201.0 - 225.0 Open BDR Rome
GW-164 370.0 - 405.0 Open BDR Rome
GW-242(a) 9.0 - 17.0 Screen UNC ———
GW-248(a) 49.1 - 62.0 Screen BDR Cn
GW-249(a) 28.5 - 35.1 Screen UNC ——-
. GW-250(a) 49.5 - 61.7 Screen BDR Cn




Table 4-2. (Cont‘’d)
WELL MONITORED SCREEN/ AQUIFER BDR
NUMBER INTERVAL OPEN ZONE! UNIT?
(depth, ft)

Bear Creek Burial Grounds WMA
GW-257. (a) 19.0 - 33.7 Open BDR Cm
GW-258 (a) 37.0 - 50.0 Screen BDR Cn
GW-259 (a) 21.1 - 33.5 Screen UNC ————
GW-286 (a) 22.0 - 32.0 Screen BDR Cn
GW-287 (a) 7.3 - 12.3 Screen UNC ———
GW-288 (a) 49.1 - 59.1 Screen BDR Cn
GW-289 (a) 30.6 - 40.6 Screen UNC ————
GW-290 (a) 19.3 - 32.5 Screen BDR Cm
GW-291 (a) 6.7 - 14.2 Screen UNC ———
GW-342 (b) 65.0 - 75.0 Screen BDR Cpv
GW-343 170.0 - 185.0 Open BDR Rome
GW-344 301.0 - 316.0 Open BDR Rome
GWw-370 22.5 - 32.5 Screen BDR Cm
GW-371 110.0 - 125.0 Open BDR Cm
GW-372 (b) 41.0 - 51.0 Screen BDR Cm
GW-373 (b) 123.0 - 158.0 Open BDR Cm
GW-374 (a) 124.6 - 150.1 Open BDR Cn
GW-375 (a) 125.0 - 161.5 Open BDR Cn
GW-502 (a) 223.7 - 260.0 Open BDR Cm
GW-621 24.8 - 40.5 Screen BDR Cmn
GW-622 8.6 - 18.7 Screen UNC ———-
GW-623 219.0 - 349.0 Open BDR Cn
GW-624 16.9 - 27.2 Screen UNC ———
GW-626 67.7 - 254.0 Screen BDR Cn
GW-627 77.7 - 270.0 Open - BDR Cn
GW-629 262.3 - 312.0 Open BDR Cn
GW-639 95.5 - 125.5 Open BDR Cn
GW-640 35.0 - 47.4 Screen BDR Cn
GW-641 20.0 - 25.0 Screen UNC ———
GW-642 (b) 18.5 - 36.9 Screen BDR Crg
NOTE:
1. BDR - Bedrock Zone a. 1989 Assessment well sampled

UNC - Unconscolidated Zone First Quarter 1991
2. Ock - Knox Group b. Background Well

Cmn - Maynardville Limestone

Cn - Nolichucky Shale

Cm =~ Maryville Limestone

Crg - Rogersville Shale

Cpv - Pumpkin Valley Shale

Rome - Rome Formation
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were based on the following: (1) comparison of total to dissolved
metal concentrations, (2) a review of the analytical methods used
in the metals analyses, and (3) a comparison of the highest
metal concentration reported for each monitor well with background
levels or applicable MCLs.

Trace metal concentrations were reported by the K-25 Site
Analytical Chemistry Department for unfiltered groundwater samples
(total metal concentrations) and filtered groundwater samples
(dissolved metal concentrations) from each well. As required by
the TDC, the evaluation of potential trace metal contamination in
~the BCHR was based upon total metal concentrations. However,
unfiltered groundwater samples may contain significant amounts of
suspended solids (e.g., clay particles). These samples may reflect
actual groundwater conditions monitored by some wells (e.g., wells
screened in the Maynardville Limestone) or simply the disturbance
of sediment in the bottom of the well (e.g., unconsolidated zone
wells). This distinction is important because total metal
concentrations determined from turbid samples may be biased if
metals are desorbed from the suspended solids and mobilized into
solution when the ph of the sample is reduced during sample
preservation. In cases where the turbid unfiltered samples may not
reflect groundwater conditions (i.e., in the unconsolidated zone),
total metals concentrations may be reported and lead to erroneous
interpretations regarding groundwater quality with respect to trace
metal concentrations.

A review of the historical assessment data for the BCHR was
performed to identify the relationship between total suspended
solids (TSS) and total and dissolved metals concentrations (see
Section 4.3.2). The objective of this review was to determine if
fluctuations in TSS were accompanied by corresponding fluctuations
in total and dissolved metal concentrations. If the total metal
concentrations fluctuated with TSS, and a similar pattern was not
evident with dissolved metal concentrations, the total metal
concentrations were assumed to have been affected by desorption
from the suspended materials.

Several methods are available for the analysis of trace metals
in groundwater samples. The most common methods involve

4-9




inductively-coupled plasma spectroscopy (ICP), and flame or
flameless atomic absorption spectroscopy (AAS). When the
ICP method is used, certain interferences inherent to the method
may cause inaccurate results to be reported for antimony, arsenic,
lead, and selenium (U.S. Environmental Protection Agency 1986).
These interferences. are usually caused by high concentrations of
iron and aluminum; metals that are ubiquitous in soil and rock and
naturally present in most groundwaters. To avoid using inaccurate
data in the assessment of trace metal contamination, ICP results
were considered unusable for those metals prone to interferences.
The AAS method was used for cadmium, chromium, and lead analyses as
specified in Part II of the 1989 GWQAR (Geraghty & Miller, Inc.
1990b). '

4.1.3 Volatile Organic Compounds

‘Evaluation of the concentration and distribution of volatile
organic compounds (VOCs) in groundwater in the BCHR was based upon
historical data and summed average concentrations of VOCs detected
in samples from the 1990 assessment wells. Summed average VOC
concentrations were determined by summing the average concentration
of each VOC detected in samples collected from each well during
1990. For the purposes of calculating average concentrations,
results identified as false positives or anomalous values, and VOC
concentrations reported as less than the analytical quantitation
limit (i.e., not detected), were assumed to be zero. In cases
where elevated detection limits (i.e., above the contract required
quantitation 1limit) were reported, the data were considered
qualitative only and were not used to calculate averages. In
Section 4.3.3 describing VOCs in groundwater in the BCHR,
references to "total VOCs" represents a sum of the average
concentration of each VOC detected in a sample.

Data screening procedures were used to identify false positive
results and anomalous values. Use of the procedures in evaluating
VOC concentration data provides a more representative (and
repeatable) delineation of VOC plume boundaries. These procedures,
which are summarized below, are described in detail in Geraghty &
Miller, Inc. (1990a) and are based on procedures established by the
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U.S. Environmental Protection Agency (EPA), (1988).

False positive VOC concentrations are defined as results that
are probable artifacts of the sampling or analysis procedures.
Identification of these results is accomplished through a detailed
evaluation of analytical results for the laboratory blank, trip
blank, and equipment rinsate sample associated with each
groundwater sample. The maximuntconcéntration of each VOC detected
in the associated blanks or rinsate sample is multiplied by a
qualification factor to determine the blank-qualification results
(BQRs). A factor of 5 is used for most VOCs, and a factor of 10 is
used for common laboratory reagents such as methylene chloride,
acetone, 2-butanone, and toluene (U.S. Environmental Protection
Agency 1988). Groundwater sample results for VOCs detected in the
quality control samples are then compared to their respective BQRs.
If a constituent is detected in the groundwater sample at or below
the BOR for the constituent, the result is considered a false
positive. The BQRs and false positive results determined for the
1990 VOC data are presented in Appendix D and E, respectively, to
Part I of the 1990 GWQAR for the BCHR (HSW Environmental
Consultants, Inc. 1991). ,

Anomalous VOC results were identified by examining the
frequency of occurrence of each VOC in groundwater samples
collected from each well during 1990. Historical assessment data
were used to identify anomalous results for those wells which were
not sampled during each 1990 quarterly sampling event. If a VOC
was detected in only one of at least four consecutive sampling
events for a particular well, that occurrence was considered to be
anomalous and not indicative of actual groundwater conditions.

Use of this method to identify anomalous results for samples
from wells located at or near the VOC plume boundary may negate a
result indicative of plume migration. This could occur if an
anomalous value is identified in a fourth quarter sample from a
plume boundary well. However, wells used to delineate plume
boundaries are included in the monitor-well network used during
each annual assessment. Further migration of the plume would be
confirmed if the suspect compound is detected in the sample
collected from the well during the first quarter of the following
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year. If the VOC is not detected in the sample, interpretation of
the previous fourth quarter result as anomalous would be
substantiated.

4.1.4 Radiochemical Parameters

The radiochemical quality of groundwater in the BCHR was
evaluated through a review of results for gross alpha and gross
beta activity and isotopic data for selected radionuclides.
Delineation of radiochemical plume boundaries was based on annual
average gross alpha and gross beta activities in excess of 15 and
50 picoCuries per liter (Pci/L), respectively. These values
represent the MCL for gross alpha activity and a threshold limit
for gross beta activity above which a total body or critical organ
dose equivalent of 4 millirems per year (mrem/yr) (the MCL for
gross beta activity) would be expected. Results of uranium and
~ other radionuclide analyses were used to identify the source of
gross alpha and gross beta activities.

A degree of uncertainty is associated with the determination
of gross alpha and gross beta activities, and is expressed by the
counting error reported for each result. In some instances, the
counting error exceeds the reported activity. The measured
activity is nonetheless valid; the high counting errors imply only
that there is a higher degree of uncertainty associated with the
value. In addition, some gross alpha and gross beta activities are
reported as negative values. This is because the activity reported
for a particular sample represents the total activity minus the
background activity, so that negative values represent activities
below background.

The annual average gross alpha and beta activities for 1990
were determined primarily from quarterly 1990 data. However, for
wells which were not sampled during each quarter of 1990, it was
necessary to calculate average annual activities using 1989 and

1990 data. Mean annual counting errors were calculated using the
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following formula from Evans (1955):

Mean counting error = (E?/N’* + E;2/N? + E;?/N%..)%?

where: E,, E,, etc. are the individual errors, and N is the
number of observations.

This formula is appropriate for calculating the mean error of a
series of errors (Geraghty & Miller, Inc. 1990b).

4.2 BACKGROUND CONDITIONS

A description of groundwater geochemistry in the BCHR, based
on primary anion and cation data reported for each well during
1990, is provided in this section. Background groundwater and
surface-water quality also is discussed.

4.2.1 Inorganic Geochemistry

The geochemistry of groundwater at the Y-12 Plant varies with
depth and rock type. Haase and King (1990) noted distinct changes
in groundwater chemistry with depth at the Bear Creek Burial
Grounds WMA. These changes were interpreted to represent a

chemical evolution of groundwater from a calcium-magnesium-
bicarbonate groundwater at shallow depths (less than 85 feet [£t]
below ground surface), through a sodium-bicarbonate groundwater at
intermediate depths (85 to 300 ft), to a sodium-chloride-
bicarbonate groundwater at depths of greater than 500 ft (Haase and
King 1990). Results of the 1989 assessment indicate that this
geochemical zonation was generally evident at the other waste sites
in the BCHR (Geraghty & Miller, Inc. 1990b).

" Groundwater geochemistry in the BCHR was evaluated through
review of the major ion data reported for each well. Primary
cations are calcium, magnesium, sodium, and potassium and the
principal anions are bicarbonate, chloride, and sulfate. The
accuracy of major ion data was checked by computing a relative
percent difference (RPD) in the charge balance between the cations




and anions using the following formula:

RPD = Total Cations] - [Total Anions] x 100
' [Total Cations] + [Total Anions]

Samples for which the RPD in the anion-cation balance exceeded 10
percent were excluded from further evaluation.

For the purposes of evaluating groundwater geochemistry in the
BCHR, wells included in the 1990 assessment were grouped into three
categories: (1) unconsolidated zone wells, (2) bedrock wells
completed in the Maryville Limestone or the Maynardville Limestone,
and (3) bedrock wells completed in the shale formations of the
Conasauga Group (Pumpkin Valley, Rogersville, and Nolichucky).
Based on the geochemical changes in the composition of groundwater
described by Haase and King (1990), the two categories of bedrock
wells were further subdivided into : (1) shallow bedrock wells
(top of bedrock to 85 ft), (2) intermediate depth bedrock wells (85
ft to 300 ft), ‘and deep bedrock wells (<500 ft).

Groundwater in the unconsolidated zone (Figure 4-2), and at
shallow and intermediate depths in the Maryville and Maynardville
limestones is primarily of the calcium-magnesium-bicarbonate type
(Figure 4-3 and Figure 4-4). Nitrate levels above background
levels are evident in groundwater from wells located near the S§-3
Site and the eastern boundary of the 0il Landfarm WMA. The ratio
of calcium to magnesium varies from 10:1 to 1:1 in groundwater from
the bedrock zones. The intermediate limestones have small areas of
sodium bicarbonate waters (Figure 4-4). A calcium-magnesium-
chloride type groundwater occurs in well GW-601, a deep bedrock
well open to the Maynardville'Limestone south of the 0il Landfarm
WMA.

" The calcium-magnesium-bicarbonate groundwaters typical of
shallow bedrock zones in the Maryville and Maynardville limestones
are also common at shallow depths in the Conasauga shales
(Figure 4-5). However, wells screened at the intermediate depths
in the Conasauga shales monitor two distinct groundwater types: a
calcium-magnesium-bicarbonate groundwater and sodium-bicarbonate
groundwater (Fiqure 4-6). The change from the calcium-magnesium-
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Table 4-4. Background Groundwater Quality in the Bear Creek
Valley, 1990

CONSTITUENT!

RANGE OF TOTAL RANGE OF DISSOLVED

CONCENTRATIONS CONCENTRATIONS
GROUNDWATER
METALS? (mg/L)
ALUMINUM <0.02 15 <0.02 0.27
BERYLLIUM <0.0003 0.0017 <0.0003 0.00037
BORON <0.004 1.2 <0.004 1
COBALT <0.005 0.011 <0.005 0.01
COPPER <0.004 0.094 <0.004 0.039
IRON 0.0051 31 <0.004 4.7
MANGANESE 0.0013 3.6 <0.001 4
MOLYBDENUM <0.01 0.024 <0.01 0.011
NICKEL <0.01 0.98 <0.01 1.1 |
SILICON 1.7 19 0.59 9 ,
STRONTIUM 0.0095 0.88 0.0095 0.89
URANIUM (FLUOR) <0.001 0.028 <0.001 0.002
VANADIUM <0.005 0.016 <0.005 0.0053
ZINC <0.001 0.43 <0.001 0.078
MAJOR ANIONS AND CATIONS (mg/L)
ALKALINITY-CO? <1 36
ALKALINITY-HCO, <1l 418
CALCIUM 1.7 150 1.1 150
CHLORIDE 0.8 30
FLUORIDE 0.1 1.6
MAGNESIUM 0.17 45 0.1 43
NITRATE NITROGEN <0.2 0.6
POTASSIUM 0.64 5.9 0.64 3.9
SODIUM 1.4 110 1.3 110
SULFATE 2 178 )
MISCELLANEOUS PARAMETERS?
SP.COND. (umhos/cm) 33 1143
DO (ppm) 0.4 10.7
PH (pH units) 4.9 9.5
"REDOX (mV) -90 400
TOC (mg/L) 1 4
TOX (ug/L) 65 65
TSS (mg/L) <1 653
TURBIDITY (NTU) 0.4 2200
DISSOLVED SOLIDS 22 708
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Table 4-4. (cont’d.)

Constituent? Minimum Counting Maximum Counting
Activity Error Activity Error
(+/-) (+/-)

RADIOCHEMICAL PARAMETERS (pCi/L)

GROSS ALPHA -1.51 1.5 11.43 2.5
GROSS BETA -4.29 3.6 29.54 4.4
RADIUM (Bgq/L) 0.021 0.042 0.16 0.07
STRONTIUM 57.1 45 57.1 45
228-RADIUM (Bqgq/L) 0.1 1.4 0.8 1.1
231+234-THORIUM 22.26 13 22.26 13
234-URANIUM -9.49 38 40.54 36.3
235-URANIUM -0.95 1.3 16.22 22.9
238~-URANIUM -1.23 1.64 18.98 26.8
NOTE:

Groundwater constituents not detected at minimum attainable
detection limit:

Antimony - Silver Ammonia Nitrogen
Arsenic Thorium Nitrite Nitrogen
Selenium : Thallium Phenols

Metals analyzed using Inductively Coupled Plasma Spectroscopy
unless otherwise noted.

Units:
mg/L - Milligrams per liter
umhos/cm - Micromhos per centimeter
NTU - Nephelometric turbidity unit
mvV - Millivolts
pCi/L - PicoCuries per liter
Bg/L - Becquerel per liter
Range for metals represents 1989 and 1990 data.
FLUOR - Fluorometric
SP. COND. - Specific Conductance
DO - Dissolved Oxygen
TOC ~ Total Organic Carbon
TOX - Total Organic Halide
TSS - Total Suspended Solids
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Table 4-5. Background Surface-Water Quality in the Bear
Creek Hydrogeologic Regime, 1990

CONSTITUENT? RANGE OF TOTAL RANGE OF DISSOLVED
CONCENTRATIONS CONCENTRATIONS

METALS (mg/L)

ALUMINUM 0.18 7.4 - 0.3 0.7
BERYLLIUM <0.0003 0.00072 <0.003
BORON 0.0043 0.18 0.015 0.016
COBALT <0.005 0.016 <0.005
COPPER <0.004 0.0063 <0.004
IRON 0.85 29 0.036 0.62
MANGANESE 0.24 6.1 0.23 2.7
SILICON 4.3 19 4.4 6.3
STRONTIUM 0.047 0.11 0.047 0.1
VANADIUM <0.005 0.013 <0.005
ZINC <0.001 0.062 <0.001 0.0082

MAJOR ANIONS AND CATIONS (mg/L)

ALKALINITY-HCO, 38 115
( CALCIUM 11 36 11 34
’ CHLORIDE 1 1
MAGNESIUM 2.2 7.2 2.2 6.2
POTASSIUM 1.5 3.5 1.4 2.1
SODIUM 2.3 4.6 2.2 4.8
SULFATE 5 7
MISCELLANEOUS PARAMETERS?
SP. COND. (umhos/cm). 95 370
DO (ppm) 6 6.4
pH (pH units) 7.6 7.6
TSS (mg/L) 3 165
TURBIDITY (NTU) 8 . 220
DISSOLVED SOLIDS 50 136
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Table 4-5. (cont‘’d.)

Constituent!? Minimum Counting Maximum Counting
Activity Error Activity Error
(+/-) (+/=)
RADIOCHEMICAL PARAMETERS (pCi/L)
GROSS ALPHA -0.57 1.5 2.11 1.8
GROSS BETA 1.68 . 3.5 2.91 3.6
234-URANIUM -0.95 1.9 0 1.7
235-URANIUM 0 1.3 0.42 1.5
NOTE:

Surface water constituents not detected at minimum attainable

detection limit:

Alkalinity-CoO, Molybdenum

Antimony - _ Nickel

Arsenic , Nitrate Nitrogen
Fluoride : Uranium (Fluorometric)

Silver
Thorium

1. Metals analyzed using Inductively Coupled Plasma Spectroscopy

unless otherwise noted.

Units:

mg/L - Milligrams per liter
umhos/cm - Micromhos per centimeter
NTU - Nephelometric turbidity unit
mvV - Millivolts

pCi/L - PicoCuries per liter

Bg/L - Becquerel per liter

2. SP. COND. - Specific Conductance
DO - Dissolved Oxygen
TSS - Total Suspended Solids
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maximum total concentration of 0.11 mg/L was reported for
strontium.

4.3 GROUNDWATER QUALITY

The principal constituents of concern in groundwater in the
BCHR are nitrate, metals, VOCs, and radionuclides. The primary
sources of VOCs in the BCHR include the S-3 Site, the Rust Spoil
Area, the 0il Landfarm WMA, and the Bear Creek Burial Grounds WMA.
The primary source of nitrates, metals, and radionuclides is the
S-3 Site, which is also a principal source of these compounds in
the UEFPCHR. Although the S-3 Site lies west of a groundwater
divide that now separates the BCHR from the UEFPCHR, a mound in the
water table present below the site during its operational period
enabled migration to occur east of the current divide (Geraghty &
Miller, Inc. 1985). Since the termination of waste disposal at the
S-3 Site in 1984, the mound in the water table gradually abated and
is no longer present (see Figure 3-5). However, because
contaminants released from the S-3 Site have migrated into the
UEFPCHR, detailed descriptions of the plumes to the east of the
site are contained in Part II of the 1990 GWQAR for the UEFPCHR
(HSW Environmental Consultants, Inc. 1991b).

4.3.1 Nitrate

As noted in Section 4.1.1, nitrate plume boundaries were based
on nitrate (as N) concentrations exceeding 10 mg/L. The extent of
the nitrate plume in unconsolidated, shallow bedrock, and
intermediate depth bedrock zones in the BCHR is illustrated on
Plate 1. Nitrate source  areas are indicated by the
irregular geometry of the plumes in the unconsolidated zone and
shallow bedrock zone. Additionally, the elongated shape of the
plume in the shallow bedrock zone reflects a preferred migration
pathway through the Maynardville Limestone. Down-valley (along
strike) transport through the Maynardville Limestone is further
illustrated by the nitrate plume geometry in the intermediate depth
aquifer zone.

The nitrate plume in the unconsolidated zone is essentially
defined (Plate 1) and the S-3 Site appears to be the principal
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nitrate source area. The plume extends from the s-3 Site to the
west for about 1,800 ft, then trends sharply southward toward Bear
Creek, and southwest along a relatively narrow band paralleling the
creek for about 6,000 ft downstream. The sharp southward trend
along the western plume boundary may be the result of preferred
migration through £ill material in a buried tributary of the
original Bear Creek drainage system. In the eastern section of the
0il Landfarm WMA, a second nitrate source area is indicated by a
lobe of the unconsolidated zone plume extending to the north of
Bear Creek along tributary NT-2 (Plate 1). Evidence for a nitrate
source in this area is provided by data reported for well GW-537.
Nitrate concentrations in samples from well GW-537 averaged 819
mg/L, which is substantially higher than nitrate concentrations in
samples from other unconsolidated zone wells located between well
GW-537 and the S-3 Site.

Nitrate concentrations exceeded the 10 mg/L MCL in only one
unconsolidated zone well (GW-52) at the Bear Creek Burial Grounds
WMA (Plate 1). Well GW-52 is located approximately 100 ft north of
Bear Creek and a nitrate concentration of 28 mg/L was reported for
the first quarter 1990 sample collected from the well. Although
the well was sampled only once during 1990, this result is
supported by historical data for the well.

Elevated nitrate concentrations in well GW-52 may indicate a
local nitrate source area, or may demonstrate a hydraulic
connection between the well and Bear Creek. Spring SS5-4 discharges
groundwater to Bear Creek about 700 ft upstream of GW-52, and
nitrate concentrations of 52 mg/L and 29 mg/L were reported for the
third and fourth quarter samples from the spring. The reach of
Bear Creek upstream of GW-52 and downstream of spring SS-4 loses
flow to the groundwater system during both normal and extreme low
flow conditions (Geraghty & Miller, Inc. 1989b). It is possible
that groundwater gquality in well GW-52 is affected by the
infiltration of nitrate-bearing surface water from Bear Creek.

The nitrate plume in the shallow bedrock aquifer zone is well
defined (Plate 1), and also implicates the S-3 Site as the primary
source area. The plume extends about 1,600 ft along strike in the
Nolichucky Shale to the west of the §-3 Site. 1In addition, the
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plume extends into the Maynardville Limestone directly south (down-
dip) of the site. Nitrate in the Maynardville Limestone has
migrated much farther along strike than in the Nolichucky Shale.
As shown on Plate 1, the nitrate plume in the Maynardville
Limestone extends approximately 9,000 ft to the west of the S-3
site to an area south of the Bear Creek Burial Grounds WMA.
Moreover, it appears that nitrate migration in the Maynardville
Limestone may be somewhat 1limited to a relatively discrete
stratigraphic interval. This stratigraphic influence on nitrate
migration may account for the narrow shape of the shallow bedrock
Plume in the Maynardville Limestone between the 0il Landfarm WMA
and the Bear Creek Burial Grounds WMA.

As in the unconsolidated zone, a northward trending lobe in
the shape of the nitrate plume in the shallow bedrock zone
indicates the presence of a second nitrate source area located near
the eastern boundary of the 0il Landfarm WMA. Nitrate
concentrations reported for samples collected from well Gw-85,
which averaged 185 mg/L, are significantly higher than the nitrate
concentrations in any other shallow bedrock well within 1,000 ft
west of the S-3 Site. However, the average nitrate concentration
in samples collected from the unconsolidated zone well (GW-86)
clustered with GW-85 was only 2 mg/L. The low nitrate levels in
samples from well GW-85 indicate that the high nitrate
concentrations in well GW-86 may reflect westward migration along-
strike in the Nolichucky Shale from a nitrate source area located
in the vicinity of unconsolidated zone well GW-537.

Aithough well control is more limited, the extent of the
nitrate plume in the intermediate depth bedrock zone is essentially
defined. The nitrate plume in the intermediate bedrock aquifer
zone extends along strike in the Nolichucky Shale west of the S-3
Site for approximately 1,600 ft, and about 5,200 ft along strike in
the Maynardville Limestone to the southwestern corner of the 0il
Landfarm WMA (Plate 1). Data reported for samples collected from
wells GW-615 and GW-616 indicate that high (i.e., >100 mg/L)
nitrate concentrations extend deeper into bedrock than previously
known. Both of these wells were completed with open intervals -
between 200 ft and 260 ft below ground surface. Samples from well
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GW-615, which monitors a stratigraphic interval in the Nolichucky
Shale directly down-dip (south) of the S-3 Site, contained a
maximum nitrate level in excess of 13,000 mg/L. Groundwater
monitored by well GW~616, located about 500 ft south and open to
the Maynardville Limestone about 200 ft along strike to the west of

the S-3 Site, was found to contain nitrate concentrations ranging
between 200 mg/L and 400 mg/L.

The nitrate plume in the deep bedrock zone in the BCHR is
limited to the general vicinity of the S-3 Site. Six deep bedrock
wells are located downgradient of potential source areas in the
BCHR: GW-123 and GW-125 at the S-3 Site, GW-601 at the Oil
Landfarm WMA, and GW-117, GW-118, and GW-119 at the Bear Creek
Burial Grounds WMA (Figure 4-1). Only samples collected from deep
well GW-125 1located at the S-3 Site contained nitrate
concentrations above the 10 mg/L MCL. Well GW-125 monitors a
stratigraphic interval in the Nolichucky Shale directly down-dip of
the S-3 Site, and nitrate concentrations in groundwater samples
from the well averaged about 28 mg/L. In contrast, nitrate was not
detected in samples from well GW-123, which monitors a
stratigraphic interval in the Nolichucky Shale about 300 ft along
strike to the west of the S-3 Site. The difference between the
nitrate concentrations in the two wells may indicate that nitrate
migration is somewhat limited along strike in deep zones in the
Nolichucky Shale.

4.3.2 Metals

As discussed in Section 4.1.2, evaluation of groundwater
quality in the BCHR with respect to trace metals was based on total
metal concentrations which exceeded MCLs established by the EPA for
the eight primary drinking-water metals (arsenic, barium, cadmium,
chromium, lead, mercury, selenium, and silver), or backgfound
levels of other metals for which MCLs have not been promulgated.
The following discussion has been divided into subsections

describing results of the 1990 assessment for these two major
groups of metals.

4-32




4.3.2.1 Primary Drinking-Water Metals
Total concentrations of arsenic, barium, cadmium, chromium,

lead, mercury, and selenium exceeded their respective MCLs in
groundwater samples from one or more wells in the BCHR. Results
for arsenic and selenium were considered unreliable because of
inherent analytical interferences associated with the ICP procedure
used in the analyses for these metals (see Section 4.1.2).
However, because total arsenic and selenium concentrations above
the MCLs obtained with the AAS procedure before 1990 were sporadic
this loss of quantitative data was not critical. In addition, what
were considered anomalous concentrations exceeding MCLs for some
metals were reported for samples from several wells (Table 4-6).
These results were considered anomalous because they were
inconsistent with the results reported for the other 1990 samples
from the wells or they were not supported by historical assessment
data for the wells. The 1990 results for all other metals exceeding
MCLs (excluding arsenic, selenium, and anomalous results) are
summarized on Table 4-7. Locations of the wells for which elevated
concentrations of these metals were reported are shown on Figure
4-9.

Results of previous assessments have identified the S-3 Site
as a source of elevated concentrations of barium, cadmium,
chromium, lead, and mercury in groundwater in the BCHR. Data
obtained during 1990 support this conclusion (Table 4-7);
groundwater containing trace metal concentrations which exceeded
MCLs was found mainly within 500 ft of the S-3 Site. This is the
only area in the BCHR where an actual "plume" of elevated
trace metal concentrations may be present.

Elsewhere in the BCHR, only isolated occurrences of elevated
concentrations are evident. One well at the Rust Spoil Area (GW-
308) contained elevated concentrations of chromium in the third and
fourth quarter samples from the well (Table 4-7). At the 0il
Landfarm WMA, elevated concentrations of barium, cadmium, chromium,
lead, and mercury were reported. These concentrations were
reported for samples from only three wells at the site:
unconsolidated zone wells GW-5 and GW-537, and shallow bedrock well
GW-63. Total metal concentrations exceeded MCLs in only three
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Table 4-7. Trace Metal Concentrations Which Exceeded
Maximum Contaminant Levels

- 1990 QUARTER?®
METATL? WELL AQUIFER

NUMBER ZONE? 1 2 3 4

S-3 SITE WMA

Barium
GW-100 U 1.2 NS NS NS
GW-101 U NS 10 5.9 6.3
GW-236 U 1.1 NS NS NS
GW-345 U 1.4 <MCL 1.3 1.2
GW-243 S NS NS NS 6.2
GW-245 S 16 NS NS NS
GW-246 S 25 NS NS NS
GW-247 S 29 NS NS NS
GW-346 S 2.2 NS NS NS
GW-122 I 9.9 10 8.7 9.1
GW-526 I 7 6.6 7 7.7
GW-615 I NS 320 330 350
Cadmium
GW-101 4] NS 0.06 1.4 0.0052
GW-236 4] 0.013 NS NS NS
GW-243 S NS NS NS 1.9
GW-245 S 0.12 NS NS NS
GW-246 S 0.38 NS NS NS
GW-247 S 0.081 NS NS NS
GW-615 I NS 0.16 0.13 0.20
Chromium
GW-243 S NS NS NS 0.22
Lead
GW-100 U 0.13 NS NS NS
GW-245 S 0.32 NS NS NS
GW-246 S 0.66 NS NS NS
GW~-247 S 0.66 NS NS NS
Mercury ,
Gw-101 U NS 0.0065 0.0067 0.012
GW-243 S NS NS NS 0.042
GW-246 S 0.0026 NS NS NS
GW-124 I 0.00034 NS NS NS
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Table 4-7. (Cont‘’d)

~ 1990 QUARTER?®
METAL? WELL AQUIFER
NUMBER ZONE? 1 2 3 4

RUST SPOIL AREA

Chromium ‘
GW-308 U ND ND 0.059 0.18

OIL LANDFARM WMA

Barium
GW-5 u NS <MCL 1.2 <MCL
Cadmium .
GW-5 U NS 0.011 0.045 <MCL
Chromium
GW-63 S 0.089 0.34 <MCL 0.096
Lead
GW-5 U NS 0.27 0.66 0.086
Mercury
GW-5 U NS 0.016 0.038 0.0084
GW-531 U ND 0.076 <MCL <MCL
BEAR CREEK BURIAL GROUNDS WMA
Cadmium
GW-42 v U 29 <MCI, 0.031 0.018
Chromium
GW-621 S ND 0.25 0.082 0.089
GW-46 U 0.257 NS NS NS
Note:
1. Maximum Contaminant Levels (mg/L): 3. Total Concentrations
Barium 1.0 (mg/L)
Cadmium 0.01 ND - Not detected
Chromium 0.05 NS - Not sampled
Lead 0.05 <MCL - Below Maximum
Mercury 0.002 Contaminant
Level
2. U - Unconsolidated Zone
S - Shallow Bedrock Zone
I - Intermediate Bedrock Zone
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wells at the Bear Creek Burial Grounds WMA: unconsolidated zone
wells GW-42 and GW-531, and shallow bedrock well GW-621.

As shown on Table 4-7, elevated metal concentrations were
most commonly reported for groundwater samples collected from
unconsolidated zone wells. Aside from one well at the 0il Landfarm
(GW-63) and one well at the Bear Creek Burial Grounds WMA (GW-621),
metal concentrations which exceeded MCLs in groundwater in the
shallow bedrock zone were reported only for samples from wells
ljocated near the S-3 Site. Moreover, the only intermediate depth
bedrock wells (GW-122, GW-526, and GW-615) with elevated metal
concentrations were also located near the S-3 Site. This finding
may indicate that the acidic wastes disposed in the S-3 Site
locally reduced the pH in groundwater in the underlying bedrock
enabling greater down-dip migration of the metal ions (i.e., near
field effect).

A review of the 1990 and historical data indicates a strong
relationship between the total chromium concentrations and the TSS
in the unfiltered samples from wells GW-63 and GW-621. As
jillustrated on Figure 4-10, fluctuations in total chromium
concentrations in the two wells are coincident with fluctuations in
TSS, but dissolved chromium concentrations in both wells have
consistently remained below the method detection limit of 0.01
mg/L. Moreover, the concentration trends in both wells during 1990
are very similar with the maximum TSS and total chromium
concentration in both wells occurring in the second quarter 1990
samples from the wells. Both wells are screeneﬂ in the
Maynardville Limestone and the synchronous fluctuations in TSS may
indicate that the two wells monitor the same flow system. A
relationship is also evident between TSS and total lead
concentrations in shallow bedrock wells GW-58 and GW-226 (Figure 4-
11). Both wells are screened in the Maynardville Limestone; GW-226
is located just south of the 0il Landfarm WMA and GW-58 is located
south of the Bear Creek Burial Grounds WMA. Data reported for the
wells since 1988 show strong correlationé between TSS and total
lead concentrations in samples from the wells.

It is possible that groundwater containing elevated dissolved
chromium concentrations has at some time migrated through the
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stratigraphic zones in the Maynardville Limestone monitored by
wells GW-63 and GW-621. Similarly, groundwater containing high
dissolved lead concentrations may have migrated the stratigraphic
zones monitored by wells GW-58 and GW-226. Chromium and lead ions
in the groundwater may have sorbed onto residual clays present in
fractures or solution cavities in the rock. A turbid unfiltered
groundwater sample could be collected if these sediments are
suspended into the water column in each well when they are purged
prior to sampling, or if the wells are sampled shortly after a
precipitation event when a pulse of turbid groundwater may move
through the flow system in the Maynardville Limestone. 1In either
case, chromium or lead sorbed onto the suspended materials may be
mobilized into solution when the pH of the samples is reduced
during preservation. This may explain the close relationship
between TSS and total chromium concentrationsand in samples from

GW-63 and GW-621, and total lead concentrations in samples from GW-
58 and GW-226.

4.3.2.2 Other Trace Metals

Total concentrations of trace metals for which MCLs have not
been promulgated exceeded maximum background levels only in
groundwater near the §-3 Site. Concentrations of aluminum
beryllium, boron, copper, cobalt, nickel, strontium, and uranium
exceeded background levels in samples from wells at the S-3 Site.
Of these, elevated concentrations of strontium and uranium were
most frequently reported.

In samples from unconsolidated zone well GW-101, total
strontium ranged from 12 mg/L to 23 mg/L and total uranium ranged
from 0.043 mg/L to 0.062 mg/L. Total uranium concentrations also
exceeded background levels in samples from unconsolidated well
GW-127 (0.434 mg/L). Well GW-101 is located adjacent to the S-3

Site, and well GW-127 is located near Bear Creek about 300 ft
downstream of the S-3 Site.

The only occurrences of elevated strontium and uranium
concentrations in shallow bedrock wells were reported for samples
from wells located adjacent to the S-3 Site. Total wuranium

concentrations exceeded background levels in samples from shallow
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bedrock wells GW-246 (0.552 mg/L) and GW-247 (0.027 mg/L). Total
strontium and uranium concentrations were reported to be 9.7 mg/L
and 34.9 mg/L, respectively, in shallow bedrock well GW-243. The
sample from well GW-243 also contained elevated concentrations of
aluminum (730 mg/L), beryllium (0.07 mg/L), boron (1.3 mg/L),
cobalt (1.2 mg/L), copper (1.4 mg/L), and nickel (16 mg/L).

Total strontium ranged from 300 mg/L to 310 mg/L and total
uranium ranged from 0.396 mg/L to 0.653 in intermediate depth well
GW-615 monitoring groundwater in the Nolichucky Shale directly
down-dip of the S-3 Site. Samples from GW-615 also contained
elevated concentrations of copper (0.45 mg/L to 0.98 mg/L) and
cobalt (0.13 mg/L to 0.2 mg/L). Total strontium concentration also
exceed background levels in samples from intermediate depth wells
GW-122 (19 mg/L to 23 mg/L) and GW-526 (8.5 mg/L to 9.7 mg/L).

4.3.3 Volatile Organic Compounds
The extent of VOCs in groundwater in the BCHR is illustrated

on Plate 2. Sources of VOCs include the Bear Creek Burial Grounds
WMA, Oil Landfarm, Rust Spoil Area, Spoil Area I, and the S-3 Site.
Dissolved VOC plumes in the unconsolidated zone generally occur
only in the immediate vicinity of the VOC source areas. In
contrast, at shallow bedrock depths, an apparently continuous
dissolved VOC plume extends from the S-3 Site westward for about
6,000 ft to just west of the 0il Landfarm. Additionally, what is
believed to be a continuous VOC plume at intermediate bedrock
depths extends from the S-3 Site south to the Maynardville
Limestone, and along strike in the Maynardville Limestone to an
area just west of the 0il Landfarm.

West of the Oil Landfarm WMA, separate dissolved VOC plumes
occur in the groundwater underlying the Bear Creek Burial Grounds
WMA. Additionally, a review of monitoring data suggests that VOCs
are present in deep bedrock zones at the Bear Creek Burial Grounds
WMA, but are not present in groundwater in deep bedrock zones in
the eastern portion of the BCHR.

The types of VOCs present in the unconsolidated zone, shallow
bedrock zone, and intermediate depth bedrock zone in the BCHR are
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tetrachloroethene (PCE), trichloroethene (TCE), 1,2-dichloroethene
(1,2-DCE}, l1,1,1-trichloroethane (1,1,1-TCa), and
1,1~dichloroethane (1,1-DCA) (Plate 3). Acetone and chloroform are

also present, but generally only in groundwater in the vicinity of
the S-3 Site.

4.3.3.1 s-3 site
Although VOCs have been released to the groundwater system at

the S-3 Site, it is not the primary source of these compounds in
the BCHR. Plume boundaries in the unconsolidated zone, shallow
bedrock zone, and intermediate bedrock zone have essentially been
defined, but delineation of these boundaries to the east of the S-3
Site is complicated by the effect of VOC contributions from other
source areas in the UEFPCHR; a detailed description of the VOC
plume to the east of the site is provided in Part II of the 1990
GWQAR for the UEFPCHR (HSW Environmental Consultants, Inc. 1990b).
Similarly, the southern extent of the VOC plume probably reflects
releases from another source area (possibly Spoil Area I). Summed
concentrations of VOCs in groundwater at the S-3 Site are highest
in samples collected from shallow bedrock wells located adjacent to
the site (e.g., GW-243; 4,452 ug/L).

The VOC plume in the unconsolidated zone at the S-3 Site
extends only to the south and east of the site; VOCs are not
present in groundwater immediately west of the site as indicated by
the absence of these compounds in samples collected from wells GW-
101 and GW-127 (Plate 2). Concentrations of VOCs in groundwater in
the unconsolidated zone within 400 ft south and west of the S-3
Site are generally less than-200 ug/L.

The horizontal extent of the VOC plume at shallow bedrock
depths underlying the S-3 Site is greater than that in the
unconsolidated zone. As shown on Plate 2, the VOC plume in the
shallow bedrock zone extends along strike in the Nolichucky Shale
about 300 ft west of the S-3 Site. Additionally, VOCs originating
from the site may have entered the Maynardville Limestone south
(down-dip) of the site. However, the extensive VOC plume in this
formation downgradient of the S-3 Site probably reflects VOC
releases from additional source areas (Plate 2).
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As shown on Plate 2, VOCs have also been detected in
groundwater at intermediate bedrock depths south of the S-3 Site.
A summed average total VOC concentration of 230 ug/L was determined
for samples collected from well GW-615, which is screened in the
Nolichucky Shale directly down-dip of the site. However, the
migration of VOCs along strike at intermediate depths in the
Nolichucky Shale may be minimal as indicated by the absence of VOCs
in groundwater samples collected from well GW-122, which is located
about 450 ft west of GW-615. Data reported during 1990 for well
GW-124 suggests that VOCs from the S-3 Site may have migrated to
intermediate depths in the Maynardville Limestone south of the site
and intermingled with VOCs released from other source areas,
possibly Spoil Area I.

Although there are few deep bedrock wells at the site, the
data obtained to date do not indicate an extensive VOC plume in the
deep bedrock zone. The 1990 data for wells GW-123 and GW-125,
which monitor deep bedrock zones down-dip of the S-3 Site, indicate
trace concentrations (<1 ug/L) of benzene and toluene; however,
based upon a review of the 1989 and 1990 assessment data, the
Pattern of detection of benzene and toluene in samples from these
deep wells is somewhat inconsistent.

The types of VOCs present in groundwater at the S-3 Site are
illustrated on Plate 3. Tetrachloroethene, chloroform, and acetone
are the primary VOCs, comprising at least 90 percent of the total
VOCs detected in samples collected from unconsolidated zone and
shallow bedrock wells located within 400 ft south and west of the
site. At intermediate bedrock depths, average concentrations of
acetone (193 ug/L) and 2-butanone (32 ug/L) constitute 98 percent
of the total VOCs detected in samples from well GW-615. Other VOCs
less commonly detected in samples from wells at the site include
1,1,1-TCA, 1,1-dichloroethene (1,1-DCE), carbon tetrachloride, and
methylene chloride.

The absence of 1,2-DCE in groundwater adjacent to the S-3 Site
in contrast to the relative abundance of this compound in
groundwater in the Maynardville Limestone directly south of the
site strongly indicate a separate VOC source area (Plate 3). Data
obtained during 1990 indicate that Spoil Area I may be the source
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of 1,2-DCE in groundwater in the Maynardville Limestone south of
the S-3 Site.

4.3.3.2 Spoil Area I

As shown on Plate 2, relatively low summed concentrations of
VOCs were detected in ground samples from three of the five shallow
bedrock wells at Spoil Area I: GW-313, GW-314, and GW-315. Summed
VOC concentrations in these wells ranged from 20 ug/L in well GW-
313 to 71 ug/L in well GW-315. Constituents detected in samples
from the wells were PCE, 1,2-DCE, and TCE (Plate 3), with PCE and
1,2-DCE typically comprising greater than 80 percent of the total
VOCs in samples from the wells.

The types and relative percentages of the VOCs detected in
samples from wells at Spoil Area I are similar to those reported
for wells located about 450 ft east at the Fire Training Facility,
a newly identified potential VOC source area in the UEFPCHR. Both
of these sites overly the Maynardville Limestone in the water-table
"saddle" between the BCHR and UEFPCHR, and past variations in the
slope of the water-table may have enabled constituents from one
site to intermingle with compounds released from the other.
However, substantially higher (>1,000 ug/L) VOC concentrations are
reported for samples from wells at the Fire Training Facility, and
it is possible that this site is the source of VOCs detected in
groundwater samples from wells at Spoil Area I.

4.3.3.3 Rust Spoil Area
As shown on Plate 2, VOCs are present in groundwater in the

unconsolidated and shallow bedrock zones beneath the Rust Spoil
Area. The concentrations of VOCs in groundwater at the Rust Spoil
Area are relatively low. Summed average VOC concentrations in
samples from wells at the site ranged from 29 ug/L in upgradient
unconsolidated zone well GW-236 to 92 ug/L in downgradient shallow
bedrock well GW-306.

The extent of the plume in the unconsolidated zone is
generally limited to within 200 ft of the site. In the shallow
bedrock zone, data from downgradient wells GW-306 and GW-64
indicate that the VOC plume in the Maynardville Limestone is
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continuous from the Rust Spoil Area to the 0il Landfarm WMA. There
are insufficient data regarding the presence of VOCs in groundwater
at intermediate depths beneath the site. However, data that will
be obtained from several intermediate depth wells currently being
installed as part of the exit-pathway monitoring network west
(downgradient) of the site should enable delineation of ;ﬂume
boundaries in this zone.

As shown on Plate 3, TCE and 1,2-DCE are the predominant VOCs
detected in groundwater at the site, and average about 69 percent
and 26 percent, respectively, of the total VOCs detected in most
wells. Trace concentrations (<2 ug/L) of carbon tetrachloride,
PCE, 1,1,1-TCA, and 1,1-DCA were also reported for samples from
Rust Spoil Area wells.

4.3.3.4 0il Landfarm m Waste-Management Area
As shown on Plate 2, VOCs are present in groundwater beneath
the O0il ILandfarm in the unconsolidated zone, and shallow and
intermediate depth bedrock zones. The geometry of the plumes
indicates that the VOCs have migrated generally southward (down-
dip) through the Nolichucky Shale, then west along strike through

the Maynardville Limestone. The highest summed average VOC
concentrations (830 ug/L) in groundwater at the site were reported
in samples from unconsolidated zone well GW-87. Based on

historical data, VOC concentrations exceeding 1,000 ug/L are
present in groundwater at shallow bedrock depths in Nolichucky
Shale in the vicinity of the 0il Landfarm’s northwestern plots.
Summed average VOC concentrations exceeding 100 ug/L occur in
groundwater at intermediate depths in the Maynardville Limestone
south of the site.

The VOC plume in the unconsolidated zone underlies most of the
WMA. Three unconsolidated zone wells (GW-645, GW-646, and GW-647)
were installed during 1990 to complete delineation of the southern
boundary of the VOC plume in the unconsolidated zone. No VOCs were
detected in the first quarter 1991 samples collected from these
wells, and this data indicates that the southern extent of the
unconsolidated zone plume has been delineated.

Two shallow bedrock wells (GW-602 and GW-621) were installed
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in 1990 to further define the southern and western VOC plume
boundaries. The lack of VOCs in samples from well GW-602
delineates .the southern plume boundary, and data reported for
samples from well GW-621 indicate that the VOC plume originating
from the 0il Landfarm may not extend as far west as the Burial
Grounds (Plate 2).

Data from intermediate depth bedrock wells south of the Oil
Landfarm WMA indicate that VOCs have migrated down-dip and entered
the Maynardville Limestone. The intermediate depth VOC plume
extends at least 400 ft south and 600 ft west of the 0il Landfarm
WMA (Plate 2). The vertical extent of the VOC plume in the
Maynardville Limestone south of the site is uncertain because
summed average VOC concentrations in groundwater samples from deep
well GW-601 was 162 ug/L. Exit-pathway monitor well clusters
currently being installed to the east (upgradient) and west
(downgradient) of the site may provide VOC plume definition at
depth in the Maynardville Limestone.

Some vertical segregation of VOCs is indicated by the
distribution of VOCs at the Oil Landfarm WMA (Plate 3). The
unconsolidated zone VOC plume typically contains higher proportions
of 1,2-DCE, PCE, and 1,1-DCA than the plume in the bedrock zones.
Additionally, TCE is pervasive in groundwater in the bedrock zones
but is generally not present in the unconsolidated zone. In
samples from shallow and intermediate depth bedrock wells, TCE
comprises about 49 percent and 28 percent, respectively of the
total VOCs in the samples. Total VOCs in samples from only one
unconsolidated zone well (GW-87) contained a substantial percentage
(40 percent) of TCE.

4.3.3.5 Bear Creek Burial Grounds Waste-Management Area

Volatile organic compounds are essentially the only
contaminants in the groundwater at the Bear Creek Burial Grounds
WMA, and are present in groundwater in the unconsolidated zone, and
in the shallow, intermediate, and deep bedrock =zones in the
underlying shales of the Conasauga Group. Summed VOC
concentrations underlying the Bear Creek Burial Grounds WMA are
among the highest reported in the BCHR, exceeding 10,000 ug/L in
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the unconsolidated zone adjacent to waste trenches, and in the

bedrock zone along the southern border of Burial Ground A South
where dense nonaqueous phase liquids (DNAPLs) have been found. The
DNAPLs were discovered at depths of about 270 ft in January 1990
and were found to consist primarily of PCE, TCE, and 1,1,1-TCA with
high concentrations (19,000 ug/L) of polychlorinated biphenyls
(PCBs), (Haase and King, 1990).

The horizontal extent and concentration distribution of the
VOC plume in each zone at the Bear Creek Burial Grounds is
illustrated on Plate 2, and the types of VOCs present in each zone
are illustrated on Plate 3. In general, the lateral extent of the
plumes below the site decrease with depth. As shown on Plate 3,
the VOCs typically detected in groundwater in the unconsolidated
zone, shallow bedrock zone, and intermediate depth bedrock zone are
PCE, TCE, 1,2-DCE and 1,1-DCA. Vinyl chloride, 1,1-DCE, and 1,1,1~-
TCA have also been detected in samples from wells containing the
highest summed VOC concentrations (e.g., unconsolidated zone wells
GW-46 and GW-14, and shallow bedrock well GW-68). 1In 1990, the
highest summed average VOCs concentrations in each 2zone were
reported for samples from unconsoliated zone wells GW-46 (7,556
ug/L) and GW-624 (5,640 ug/L), shallow bedrock wells GW-68 (1,742
ug/L) and GW-288 (1,212 ug/L), intermediate bedrock well GW-71
(1,500 ug/L) and GW-623 (5,000 ug/L), and deep bedrock well GW-117
(24 ug/L).

Dissolved VOCs are most widespread in the unconsolidated zone
at the Bear Creek Burial Grounds WMA and are present in an area
that basically underlies the entire WMA (Plate 2). Five wells (GW-
655, GW-654, GW-653, GW-651, and GW-643) were installed during 1990
to complete delineation of VOC plume boundaries in the
unconsolidated zone. These wells were sampled during the first
quarter 1991, and VOCs were detected only in the sample from well
GW-653 at a summed concentration 17 ug/L. In addition,
unconsolidated zone wells GW-18, GW-52, GW-53, and GW-83 were
sampled in 1990 to confirm historical results which indicated that
no VOCs were detectable in groundwater monitored by the wells. The
1990 data confirmed the absence of VOCs in all the wells except
GW-53 and GW-89. Summed average VOCs in 1990 samples from GW-53
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and GW-89 were 72 ug/L, and 40 ug/L, respectively. Either the
historical data for these wells were in error, or further migration
of the VOC plume in the unconsolidated zone at the site has
occurred.

The VOC plume in the shallow bedrock zone is somewhat smaller
than that in the unconsolidated zone, underlying only the eastern
(Burial Grounds A-North) and southern (Burial Grounds A-South)
portions of the WMA. Plume boundaries in the shallow bedrock zone
have essentially been defined. One shallow bedrock well (GW-652)
was installed during 1990 to further define the plume boundary to
the southwest of the site. The well was sampled during the first
. quarter of 1991 and no VOCs were detected in the sample.
Additionally, samples from shallow bedrock wells GW-60, GW-69, and
GW-82 have historically not contained VOCs and the wells were re-
sampled in 1990 to confirm these historical findings. Volatile
organic compounds were detected only in samples from well GW-82
located near the northwest boundary of the WMA (Plate 2). Either
the historical data for this well were in error, or further
migration of the VOC plume at shallow bedrock depths has occurred
to the northwest of the site.

As shown on Plate 2, the dissolved VOC plume in groundwater at
intermediate bedrock depths is elliptical in shape and underlies
only the southern most portions of the Bear Creek Burial Grounds
WMA. The highest dissolved VOC concentrations in groundwater at
intermediate depths were reported in 1989 for wells GW-625 and
GW-628. Both wells intercepted DNAPL at depths below 200 ft and
summed dissolved VOC concentration exceeded several hundred mg/L in
samples from the two wells (Haase and King, 1990). Neither of
these wells have been sampled since the initial investigation of
the DNAPL in January 1990 because it is possible that purging or
bailing the wells may disturb and remobilize the DNAPL.

Previous annual assessment reports have indicated the presence
of VOCs in the deep (>500 ft) bedrock zone south of Burial Grounds
A-South. However, the VOCs detected in groundwater in the deep
bedrock zone are not believed to originate from the down-dip
migration of VOCs from the surfical disposal areas. The dissolved

VOCs in the deep bedrock probably originate from dissolution of

4-49




DNAPLs at depth. This supposition is based on three primary
factors: (1) samples from deep bedrock well GW-117 have been
reported to contain PCBs (1.5 ug/L to 2.6 ug/L), which may be a
unique indicator of the DNAPL at the site (Haase and King 1990)
(2) the upward vertical hydraulic gradients which characterize the
deep bedrock zone would tend to inhibit down-dip migration of
dissolved VOCs, and (3) the hydraulic conductivity in the deep
bedrock zone of the Nolichucky Shale is extremely low (0.0002
ft/day; Geraghty & Miller, Inc. 1987).

Saméles from deep bedrock well GW-117 have historically
contained constituents characteristic of the DNAPL at the site (PCE
and TCE). However, concentrations of PCE and TCE in samples from
GW-117 have significantly decreased since 1987. This decrease may
be related to changes in the sampling technique used for the well.
Before August 1988, GW-117 was not purged prior to sampling because
the low well yield resulted in prolonged delays between pruging and
sampling. Summed VOC concentrations in samples from well GW-117
averaged about 1,000 ug/L when the well was not purged prior to
sampling, but have averaged less than 25 ug/L since August 1988
when partial purging of the well prior to sampling was initiated.

The VOCs characteristic of the DNAPL (PCE and TCE) were
detected for the first time in samples from deep bedrock well GW-
119 (11 wug/L) during 1990. The discovery and subsequent
investigation of the DNAPL in 1989 may have resulted in the
remobilization of the DNAPL such that the stratigraphic interval
monitored by GW-119 is now in the flow path of VOCs dissolved from
the DNAPL.

Results reported for VOC concentrations in samples from GW-118
have been inconsistent since 1987. During 1987 and 1988, benzene
was - sporadically detected at low concentrations (generally <10
ug/L). In 1989, only acetone was detected (average 5 ug/L) in
samples from the well, and during 1990 estimated concentrations (<1
ug/L) of toluene and benzene were reported. These constituents are
not characteristic of the VOC plume in the shallow and intermediate

bedrock zone or the DNAPL below the site and are believed to be
artifacts of sampling and analyses.
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4.3.4 Radionuclides

As discussed in Section 4.1.4, radiochemical quality of
groundwater in the BCHR was evaluated with respect to the MCL for
gross alpha activity (15 pCi/L) and a threshold value (50 pCi/L)
for gross beta activity. The horizontal and vertical extent of
gross alpha and gross beta activities in excess of these respective
values is illustrated on Plates 4 and 5, respectively. As shown,
plume boundaries for the unconsolidated and shallow bedrock zones
have essentially been defined. The gross beta plume appears to be
more widespread in the two zones than is the gross alpha plume.
Available data indicate that the gross alpha and gross beta plumes
in groundwater in the intermediate and deep bedrock zones is not
extensive.

4.3.4.1 Alpha Radioactivity
Groundwater samples from 17 wells in the BCHR exceeded the

gross alpha MCL of 15 pCi/L during the 1990 assessment (Table 4-8);
eleven wells located near the S-3 Site, five wells located at the
O0il Landfarm WMA, and one well at. the Bear Creek Burial Grounds
WMA. The highest mean alpha activity was reported in samples from
shallow bedrock well GW-243 (8,205+386 pCi/L) located adjacent to
the S-3 Site. Gross alpha activities at the 0il Landfarm ranged
from 20+2 pCi/L (GW-226) to 54+5 pCi/L (GW-87). A gross alpha
activity of 40+4 pCi/L was reported for GW-52 at the Bear Creek
Burial Grounds.

In 1990, samples from wells with gross alpha exceeding 15
pCi/L were not speciated for alpha-emitting radionuclides.
However, data obtained in 1989 indicates that the primary alpha
emitting radionuclide in the groundwater of the BCHR is most likely
uranium. However, isotopes of radium (**°Ra, ?**Ra, ***Ra), neptunium
(*'Np), and americium (2*’Am) may also contribute to the gross alpha
activity in groundwater in the vicinity of the S-3 Site (Geraghty
& Miller, Inc. 1990b).

The extent of the mean gross alpha activity plumes in
unconsolidated, shallow bedrock, and intermediate depth bedrock
aquifer zones in the BCHR are illustrated on Plate 4. Gross alpha

activity is most extensive in the unconsolidated aquifer zone near
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Table 4-8.

Nitrate, Annual Mean Gross Alpha Activity, and
Gross Beta Activity Exceeding MCLs, 1990

GROSS ALPHA GROSS BETA

WELL AQUIFER NITRATE (AS N)? ACTIVITY? ACTIVITY?
NUMBER ZONE! (mg/L) (pCi/L) (pCi/L)

S-3 SITE

GW-100 U 388 <MCIL? <TL*
GW-101 4] 2,200 96 +/~ 49 <TIL
GW-122 I 770 <MCL <TL
GWw-124 I 160 <MCL 556 +/- 15
GW-125 D 28 <MCL <TL,
GW-127 U <MCL 267 +/- 35 308 +/~ 46
GW-236 U 421 19 +/- 3 203 +/- 9
GW-243 S 6,230 8,205 +/-386 60,750 +/-1,345
GW-244 S NAS 67 +/- 175 3,240 +/- 290
GW-245 S 4,545 79 +/-102* 2,765 +/- 270
GW-246 S 3,530 143 +/- 86 13,900 +/- 540
GW-247 S 7,380 56 +/- 64 4,240 +/- 370
GW-276 U 454 971 +/-160 4,110 +/- 320
GW-277 S 1,690 <MCL 2,900 +/- 290
GW-345 U 398 <MCL 244 +/- 6
GW-346 [ 811 <MCL <TL
GW-348 S 10 <MCIL <TL
GW-526 I 845 21 +/- 34 <TIL
GW-615 I 9,690 307 +/- 79 554 +/- 173
GW-616 I. 274 22 +/- 41 <TL
SPOIL AREA I
GW-314 S 10 <MCL <TL
GW-315 S 16 <MCL 55 +/- 3
RUST SPOIL AREA
GW-306 S 11 <MCL <TL
GW-307 U 18 <MCL <TL
GW-308 U 15 <MCL <TL
GW-309 S 18 <MCL 50 +/- 4
GW-310 U 23 <MCL 62 +/- 3
OIL LANDFARM WMA
GW-005 U BDL® 31 +/- 2 <TL
GW-064 S 10 <MCL <TI,
GW-085 S 185 <MCL 57 +/- 3
GW-087 U BDL 54 +/- 5 <TL
GW-225 I 97 <MCL <TL
GW-226 S <MCL 20 +/- 2 <TL
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Table 4-8. (Cont-’d)

' GROSS ALPHA GROSS BETA
WELL  AQUIFER NITRATE (AS N)? ACTIVITY? ACTIVITY?

NUMBER  ZONE! (mg/L) (pCi/L) (pCi/L)
OIL LANDFARM WMA
GW-227 S 17 25 +/- 2 69 +/- 3
GW-228 I 37 <MCL <TL
GW-369 I 11 <MCL <TL
GW-537 u 819 40 +/- 16 354 +/- 48
GW-601 D 29 <MCL <TL
BEAR CREEK BURIAL GROUNDS WMA
GW-052 U 28 40 +/- 4 120 +/- 8
GW-061 S 11 <MCL <TL
GW-621 S 12 <MCL <TL
NOTE:
1. u - Unconsolidated Zone

S - Shallow Bedrock Zone (Unc-85 ft)

I - Intermediate Depth Bedrock Zone (85-300 ft)

D - Deep Bedrock Zone (>300 ft)
2. mg/L - Milligrams per liter

pCi/L - picoCuries per liter +/- Counting Error
3. <MCL - Results below the MCL:
Nitrate (as N) - 10 mg/L
Gross Alpha Activity - 15 pCi/L

4. <TL - Results less than 50 pCi/L Threshold Limit
5. NA - Not Analyzed
6. BDL - Below Detection Limit

a. Calculated mean activity including 1989 data.
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the S-3 Site, and isolated pockets of elevated alpha activity are
found in the unconsolidated zone at the 0il Landfarm WMA.

The irreqular geometry of the gross alpha plume in the
unconsolidated zone indicates three potential source areas. The
S-3 Site appears to be the primary source, as gross alpha activity
in excess of 15 pCi/L extends for about 1,900 ft west of the site,
and exceeds 100 pCi/L in an area extending approximately 700 ft
west and 300 ft south of the site. Moreover, virtually every well
within 1,000 ft of the S-3 Site which contained elevated gross
alpha activities also contained elevated concentrations of nitrate
(Table 4-8), which may be considered the "signature" contaminant
from the s-3 Site. A second potential source area is located at
the Oil Landfarm WMA. Elevated gross alpha activity was detected
in unconsolidated zone samples from wells GW-5 (31+2 pCi/L) and GW-
87 (54+5) located in the east-central portion of the 0il Landfarm
WMA. Because nitrate was not detected in samples from these wells,
the source of alpha activity in these wells may not be the S-3
Site. Data for unconsolidated zone well GW-537 provides evidence
for the third potential source area east of the 0il Landfarm WMA.
Gross alpha activity in the well averaged 40+16 pCi/L, which is
higher than alpha activities reported for wells closer to the S-3
Site source. South of the Burial Grounds WMA, the groundwater
sample from well GW-52 had a reported gross alpha activity of 40+4
pCi/L. As previously discussed in the Section 4.3.1, the
groundwater in the vicinity of this well may be hydraulically
connected with Bear Creek. Spring SS-4 discharges groundwater to
Bear Creek upstream of GW-52, and the mean gross alpha activity in
1990 samples from spring SS-4 was calculated to be 46+5 pCi/L.

The gross alpha activity plume in the shallow bedrock aquifer
zone is well defined and clearly implicates the S-3 Site as the
primary source area (Plate 4). However, south of the 0il Landfarm
WMA, an isolated area of groundwater containing gross alpha
activity slightly above 15 pCi/L is indicated by data for wells
GW-227 (25+2 pCi/L) and GW-226 (20+2 pCi/L). These wells are
completed at shallow depths in the Maynardville Limestone adjacent
to an effluent reach of Bear Creek. Although the alpha activity in
these wells may reflect continuation of the plume originating from
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the S-3 Site, infiltration of surface water in Bear Creek, which
has been reported to contain elevated levels of uranium (Turner
1988), may account for the elevated alpha activity in these wells.
The mean gross alpha plume in the intermediate depth bedrock
zone generally occurs only in the vicinity of the S-3 Site. Gross
alpha activity in intermediate depth well GW-615 located down-dip
of the S-3 Site averaged 307+79 pCi/L. However, elevated gross
alpha activity does not extend very far to the west along strike in
the Nolichucky Shale; annual average gross alpha activity in well
GW-124 was below the 15 pCi/L MCL (Plate 4). The plume appears to
extend about 600 ft southwest from the S-3 Site into the
Maynardville Limestone, as suggested by the annual average gross
alpha activity of 22+14 pCi/L in samples from well GW-616.
Elevated levels of gross alpha activity do not appear to
extend into the deep bedrock aquifer. Annual mean gross alpha
activities did not exceed the MCL in samples from the six deep
wells (GW-123, GW-125, GW-117, GW-118, GW-119 and GW-601) in the
BCHR. Relatively high gross alpha activities were reported for the
fourth quarter samples from wells GW-117 (40+148 pCi/L), GW-118
(104+157 pCi/L) and GW-119 (71+153 pCi/L), but a review of
historical data for these wells indicates that these results

probably reflect analytical errors.

4.3.4.2 Beta and Photon Radioactivity

The mean gross beta activity in groundwater samples from 19
wells located in the BCHR exceeded 50 pCi/L (Table 4-7). Twelve
of these wells are located near the S-3 Site and three are located
at the 0il Landfarm WMA. The highest mean gross beta activity was
reported for shallow bedrock well GW-243 (60,750+1345 pCi/L)
located adjacent to the S-3 Site. At the 0il Landfarm WMA, annual
mean gross beta activities above 50 pCi/L ranged from 57+3 pCi/L in
shallow bedrock well GW-85 to 354+48 pCi/L in unconsolidated zone
well GW-537.

Technetium (**Tc) has been identified as the primary beta
emitting radionuclide present in the groundwater in the BCHR,
although isotopes of strontium (**Sr and *°Sr) and tritium (°H) may
also contribute to gross beta activity in groundwater at the S-3
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Site (Geraghty & Miller, Inc. 1990b). The 1990 data for beta-
emitting radionuclides are consistent with the 1989 data. For

samples which were speciated during 1990, mean activity and
associated counting errors for these radionuclides have been
plotted in data boxes on Plate 5, and demonstrate the relationship
of the isotopic activities to the gross beta activity plume.

In the unconsolidated aquifer zone, the gross beta plume
extends east from the S-3 Site approximately 3,100 ft to an area
east of the Oil Landfarm WMA (Plate 5). Although the S-3 Site is
clearly the primary source area, gross beta activity reported for
samples from well GW-537 indicates that another possible source of
beta emitting radionuclides exists east of the 0il Landfarm WMA.
The groundwater samples from well GW-537 contained an annual mean
gross beta activity of 354+48 pCi/L, which is the highest level in
the unconsolidated zone west of the S-3 Site. Additionally, a
gross beta activity of 12018 pCi/L was reported for the groundwater
sample collected from unconsolidated zone well GW-52, which is
located adjacent to Bear Creek and south of the Bear Creek Burial
Grounds WMA. The groundwater from this well also exceeded the MCL
for nitrate and gross alpha activity. As discussed in Section
4.3.1 (Nitrate) and 4.3.4.1 (Alpha Radioactivity), groundwater
quality in this well may be influenced by the infiltration of water
discharged from spring SS-4 into Bear Creek upstream of the well.
The gross beta activity in 1990 samples from this spring averaged
121+5 pCi/L.

The gross beta plume in the shallow bedrock aquifer zone
extends approximately 2,000 ft west of the S-3 Site in the
Nolichucky Shale. The plume -also extends about 600 ft south into
the Maynardville Limestone. The geometry of the plume indicates
somewhat limited migration along strike in the Nolichucky Shale,
but ‘significant downgradient migration along strike in the
Maynardville Limestone.

A mean gross beta activity of 6013'pci/L was reported for
samples from shallow bedrock well GW-227, located adjacent to Bear
Creek and south of the 0il Landfarm WMA (Plate 5). As was
suggested for gross alpha activity in this well, the elevated gross
beta activity in samples from well GW-227 may be caused by
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infiltration of surface water in effluent reaches of Bear Creek
upstream of the well; gross beta activities as high as 700 pCi/L in
samples of Bear Creek surface water have been reported (Turner
1988). In addition to well GW-227, elevated gross beta activity
was reported in samples collected from shallow bedrock well GW-85
(57+3 pCi/L), located along the eastern border of the 0il Landfarm
WMA. Elevated levels of nitrate were also detected in samples from
this well, and the potential nitrate, alpha activity, and beta
activity source area located northeast of the 0il Landfarm WMA near
unconsolidated zone well GW-537 may also be the source of beta
emitting radionuclides in this well.

The geometry of the mean gross beta activity plume in the
intermediate depth bedrock zone indicates southward migration from
the S-3 Site approximately 600 ft into the Maynardville Limestone.
As shown on Plate 5, gross beta activity exceeded 50 pCi/L in two
of the four wells completed at intermediate depths near the S-3
Site: GW-615 (554+173 pCi/L) and GW-124 (556+15 pCi/L). The
absence of beta activity in samples from GW-616 and GW-122 suggest
minimal westward (along strike) migration of the plume.

4.3.4.3 Dose Equivalent Calculations
To determine compliance with the 4 mrem/yr MCL for gross beta

and photon radioactivity, the dose equivalent to the critical organ
affected or to the total body, assuming a 168 hr two-liter per day
drinking water intake, was calculated using data for the beta-
emitting isotopes **Tc, *°Sr, and °H.

Although gross beta activity exceeded 50 pCi/L in samples from
19 wells in the BCHR, samples from only five wells (GW-243, GW-244,
GW-245, GW-246, and GW-247) were speciated for the beta-emitting
radionuclides during the 1990 assessment. To provide a more
comprehensive evaluation, dose equivalent calculations were
preformed using isotopic data obtained since 1988 (Table 4-9).
Nevertheless, samples from seven of the 19 wells which exceeded 50
pCi/L have not beta-emitting isotopes thereby precluding dose
equivalent calculations.
Samples from 11 wells exceed a cumulative dose of 4 mrem/yr;
Technetium (**Tc) is the primary beta emitter in most wells where
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the 4 mrem/yr gross beta MCL was exceeded. The 1990 data indicate
that °Sr is the primary beta-emitter in samples from two wells at
the 0il Landfarm (GW-87 and GW-227). Howver, uncertainty is
associated with much of the ®°Sr data as evidenced by the 1990
samples from background well GW-115. This well lies upgradient of
all known radionuclide source areas in the BCHR. The *°Sr activity
of 57+45 pCi/L was reported in a sample from the well while gross
beta activity was 8+2 pCi/L. Because a °°Sr activity of 8 pCi/L is
equivalent to a 4 mrem/yr dose, the imprecision which may be
associated with the °°Sr analyses can have a significant impact on
the cumulative dose calculations.

4.4 EXIT-PATHWAY MONITORING

Sampling of selected monitor wells completed in the
Maynardville Limestone, springs, and surface-water sampling points
along Bear Creek was performed in 1990 to evaluate the quality of
groundwater and surface water moving through and eventually exiting
the BCHR. Exit-pathway monitoring locations are shown on Figure 4-
12 and include three monitor wells (GW-54, GW-56, and GW-57), five
springs (SS-1, SS-4, SS-5, SS-6, and SS-8), and five surface-water
sites (BCK 0.63, BCK 4.55, NT-13, BCK 9.40 and BCK 11.97). Monitor
wells were sampled during the second, third, and fourth quarters of
1990, and surface water locations and springs were sampled during
the third and fourth quarters of 1990. The 1990 exit-pathway water
quality data are presented in Appendix C to the Part I 1990 GWQAR
(HSW Environmental Consultants, Inc. 199la).

4.4.1 Groundwater

Wells GW-54, GW-56, and GW-57 are completed at shallow bedrock
depths (<85 ft) in the Maynardville Limestone about 1,200 ft west
of the Bear Creek Burial Grounds WMA. Because of their location,
these wells are well suited for determining groundwater quality in
the primary exit pathway (the Maynardville Limestone) downgradient
of all waste sources in the BCHR. The 1990 water quality data for
samples from these wells generally reflect background water
chemistry.

As discussed in Section 2.0, several monitor well clusters are
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being installed along parallel traverses that cut across the
Maynardville Limestone. These proposed wells will target
stratigraphic zones subject to solution activity. When completed,
these well clusters will be incorporated in the 1991 assessment
monitoring program, and will enable more comprehensive monitoring
of groundwater quality exiting the BCHR.

The quality of groundwater discharged from springs located
upstream of BCK 9.40 appears to have been impacted by contaminant
releases from waste sites in the BCHR. Nitrate concentrations
exceed the MCL in samples from SS-1, SS-4, and S8-5 (Table 4-10).
The VOCs 1,2-DCE (37 ug/L) and TCE (26 ug/L) were also detected in
samples from spring SS-4. Uranium concentrations, gross alpha
activity and gross beta activity exceeded background levels or MCLs
in samples from each of these springs. However, as shown on Table
4-10, gross alpha activity and uranium concentrations were lower in
samples from the spring located closest to the S-3 Site (SS-1) than
in samples from springs located much farther downstream (SS-4 and
SS-5). This may indicate that water quality of samples from spring
Ss-1 reflect dilution from groundwater inputs from Chestnut Ridge.
Additionally, the elevated concentrations of §-3 Site source
constituents in springs SS-4 and SS-5 strongly suggest a hydraulic
connection with the upper reaches of the Bear Creek watershed.

The quality of groundwater discharged from springs downstream
of BCK 9.4 is characteristic of native groundwater. As shown on
Table 4-10, the quality of water from SS-6 and SS-8 does not appear
to have been impacted by waste disposal activities in the BCHR.

4.4.2 Surface Water

Numerous investigations of surface-water quality have been
conducted in the Bear Creek watershed. Information obtained during
these investigations is summarized in the RCRA Facility
Investigation (RFI) Plan for Bear Creek (R. Turner, 1988).

Prior to neutralization of the S-3 Site, the upper reaches of
Bear Creek were typically acidic (pH as low as 3.5) and contained
high concentrations of inorganic and radioactive compounds (Turner
1988). However, concentrations of these compounds greatly
decreased following neutralization and closure of the S-3 Site.
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Moreover, the concentrations of inorganic and radiochemical
compounds were noted to decrease downstream (Turner 1988).

The data obtained during 1990 support these findings. As
shown on Table 4-10, background concentrations, MCLs, or
radiological health criteria for uranium (.005 mg/L), strontium
(0.17 mg/L), nitrate (10 mg/L), gross alpha activity (15 pCi/L),
gross beta activity (50 pCi/L), and 24y and 2%y activities (10
pCi/L) were exceeded in samples from surface water in Bear Creek
and springs located in the upper reaches of the watershed near the
S-3 Site, but their concentrations decrease with distance from the
S-3 Site.

A review of the historical data presented in the Bear Creek
RFI Plan show that 1,2-DCE, PCE, and TCE have been detected in Bear
Creek and in two tributaries (NT-7 and NT-8) located near the Bear
Creek Burial Grounds WMA. Summed VOC concentrations as high as
1,000 ug/L have been reported in samples from surface water
collected near the Bear Creek Burial Grounds WMA. However, the
concentrations of the compounds decrease to near detection limits
within one-half kilometer downstream of the site (Turner, 1988).
The 1990 data for surface-water quality in Bear Creek are
consistent with historical data. At the confluence of tributary
NT-8 (Figure 3-6) and Bear Creek, 1,2-DCE (108 ug/L) and trace
concentrations (<3 ug/L) of PCE and TCE were detected at BCK 9.40.
However, VOCs were not detected in samples collected at points
downstream (BCK 4.55 and BCK 0.63) of BCK 9.4.

With the exception of gross alpha, gross beta, and uranium,
surface-water quality in Bear Creek downstream of BCK 9.40
reflects background conditions. Gross alpha, gross beta, and

uranium exceeded MCLs or background in samples collected from Bear
Creek at BCK 4.55 and BCK 0.63.
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5.0 SUMMARY

The primary groundwater contaminants in the BCHR are nitrate,
VOCs, radionuclides, and to a lesser degree, trace metals. The S-3
Site is the primary source of nitrate although a separate, much
smaller source located northeast of the 0il Landfarm WMA is
suggested by the 1989 and 1990 monitoring data. Data obtained in
1990 further confirm that the S-3 Site, the Rust Spoil Area, the
0il Landfarm WMA, and Bear Creek Burial Grounds WMA are sources of
VOCs. In addition, evidence of VOC sources upgradient of the Rust
Spoil Area, possibly Spoil Area I, are also indicated. The S-3
Site is the primary source of trace metals and radionuclides.
Although elevated concentrations of these constituents are found in
wells at several waste sites in the BCHR, the bulk of the elevated
trace metal concentrations and radionuclides generally occur in the
immediate vicinity of this site.

The nitrate plume in the unconsolidated, shallow bedrock, and
intermediate depths bedrock 2zones extends westward from the S-3
Site and for about 3,300 ft, 9,000 ft, and 5,100 ft, respectively.
Plume boundaries in the unconsolidated zone, the shallow bedrock
zone, and the intermediate depth bedrock zone have essentially been
defined. Elevated concentrations of nitrate in deep bedrock wells
is evident at this time in only one well located down-dip of the S-
3 Site.

The occurrence of trace metal concentrations above MCLs or
background levels generally occur in groundwater in the immediate
vicinity of the S-3 Site. The principal trace metal contaminants
are barium, cadmium, chromium, lead, mercury and uranium. The
occurrence of metals above MCLs or background levels in wells at
other sites in the BCHR is sporadic and somewhat inconsistent with
respect to location, depth, and concentration.

Data obtained in 1990 indicate that VOCs are pervasive in
groundwater in the BCHR, and source areas include the S-3 Site, the
Rust Spoil Area, the 0il Landfarm WMA, the Bear Creek Burial
Grounds WMA, and possibly Spoil Area I. In general, the primary
VOCs in groundwater in the BCHR are PCE, TCE, l1,2-DCE, 1,1,1-TCa,
1,1-DCA. The dissolved VOC plume in the unconsolidated zone occurs
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only in the general vicinity of the source areas. At shallow and
intermediate bedrock depths, a continuous plume extends from the S-
3 Site westward to an area just west of the 0il Landfarm WMA. In
deep bedrock wells in the eastern portion of the BCHR, VOCs are
detected in only one well.

Separate VOC plumes are present in groundwater at the Bear
Creek Burial Grounds WMA. The extent of the VOC plume in the
unconsolidated zone, and at shallow and intermediate bedrock depths
is essentially defined.  Dissolved VOCs are also found in
groundwater at depths of about 500 ft below the site. However, the
VOCs in the deep bedrock are believed to originate from DNAPLs
discovered at depths of about 275 ft. Energy Systems and DOE are
currently evaluating options for further investigation of the
DNAPLs at the Burial Grounds, and this investigation will be
conducted independent of the assessment monitoring program.

Groundwater with annual mean gross alpha activity in excess of
the 15 pCi/L MCL was detected in 17 wells and annual average gross
beta activity in excess of the 50 pCi/L threshold value was
reported in samples from 19 wells in the BCHR. Most of these wells
were located near the S-3 Site. Based on the 1989 data, isotopes
of uranium; and *Np are the most probable alpha emitters. The
primary beta emitter is *’Tc although °°Sr and to a lesser extent 3H
may also be contributors. The extent of the mean gross alpha and
gross beta activity plumes has been defined in the unconsolidated
zone, shallow bedrock zone, and intermediate depth bedrock zone in
the BCHR. Elevated gross alpha and gross beta activities are not
evident in the deep bedrock zones. Dose equivalent calculations
were performed using 1988-1990 data on samples from thirteen wells
which exceeded 50 pCi/L. The 4 mrem/yr primary drinking-water
standard for gross beta activity was exceeded in eleven of these
wells, most of which are located near the S-3 Site.




The

6.0 RECOMMENDATIONS

following modifications to the groundwater quality

assessment program in the BCHR are proposed for 1991.

1.

The monitor well network to be used for assessment
monitoring in 1991 is presented on Figure 6-1. This well
network reflects efforts to reduce the total number of
wells by excluding "internal plume" wells which have been
sampled for four consecutive quarters. The 1990
assessment monitor well network included 106 wells. The
1991 assessment well network includes a total of 95
wells, 24 of which are newly installed exit-pathway and
plume delineation wells. The 1990 data indicate possible
VOC plume migration in the northwest portion of the Bear
Creek Burial Grounds. Therefore, two existing wells GW-
286 and GW-287 will be added to the 1991 assessment
program to monitor groundwater in the northwest portion
of the Burial Grounds. Excluding the 24 new wells and
the two existing wells, the 1991 proposed assessment well
network represents a reduction of 37 wells.

Groundwater samples will be analyzed for the suite of
parameters listed on Table 6-1. Included in the list are
the primary groundwater contaminants, suspected
contaminants which warrant further monitoring, and
additional water-quality parameters, such as major ions,
which are needed for a complete analyses of groundwater
geochemistry in the BCHR.

As outlined in the Comprehensive Groundwater Monitoring
Plan for the ¥Y-12 Plant (Geraghty & Miller, 1990c), plume
delineation and exit-pathway groundwater and surface
water monitoring will be the focus of the 1991 assessment
monitoring program. Installation of the exit-pathway
monitor well network in the BCHR will be continued in
1991. Groundwater and surface water exit-pathway

6-1




\/\O/m_ Landfarm
ne Waste~Management
1




__Plant North

0 oo

b

SCALY
Topogrophlc Comtour interval: 50 R,

EXPLANATION

W87 m Unoonsolidoted Zone Montor Well

J
cw-388 @ Shallow Bedrock Zone Monior Well (Unc ~ 857)
GW-120 A intermediote Bedrock Zone Monitor Well (83 - 300"

ow-110 ¢ Deep Bedrock Zone Menitor Well (300'+)

i ’ g:ﬁoqaggin.‘lzgﬁ;;

e e Approximate Geologlc Contoct

3 Knox Group

Smn Naynordville Limestone
_,9 Nollchucky Shale

Lﬁa Maryville Limestone

Airg Rogersville Shale

lon of. Maynardyllie

m
| R

. FIGURE 6~1
- MONITOR 'WELL NETWORK PROPOSED
FOR ASSESSMENT MONITORING IN 1991

62




monitoring locations are presented on Figure 6-2. As
shown on Figure 6-1, installation of exit-pathway monitor
wells along traverse A (3 wells) and traverse B (6 wells)
has been completed. Monitor wells are currentiy being
installed along traverse C and completion of this exit-
pathway cluster 1is expected by the end of 1991.
Additionally, exit-pathway wells are currently being

installed along a new traverse (traverse W) located about
one mile west of traverse A. This cluster of wells will
allow for a more complete investigation of the targeted
(solution cavitydevelopment) stratigraphic intervals in
the MaynardvilleLimestone.
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Table 6-1. Sampling Sequence and Analytical Parameters Proposed

for the 1991 Assessment Program .
SITE? WELL ANALYTICAL
NUMBER PARAMETERS?
S-3 GW-115* STD
s-3 GW-613* STD
s-3 GW-614* STD
s-3 GW-649* STD
S-3 GW-347 STD
S-3 GW-348 STD
RS GW-648 STD
SPI GW-323 STD
SPI GW-317 STD
s-3 GW-123 STD
s-3 GW-125 STD
RINSATE SAMPLE METALS, VOCs, NO,,
GROSS ALPHA, GROSS BETA
SPI GW-316 STD
SPI - GW-315 STD
SPI GW-314 STD
SPI GW-313 STD
S~-3/EXP GW-616 STD
s-3 GW~-526 STD,U,?***Am, **'Np, *H,*’Tc,’’Sr
s-3 GW-615 STD,U,%**Am, »*'Np, °H,*?Tc, *°Sr
s-3 GW-243 STD,U,**'am,?*Np, *H, *°Tc,*°Sr
RINSATE METALS, VOCs, NO?, GROSS
ALPHA, GROSS BETA, *Tc
LD GW-630* STD
OL GW- 84* STD
OL GW- 44* STD
OL GW- 43* STD
OL GW- 85 STD
RS GW-309 STD
LD GW-537 STD
OL/EXP GW- 64 STD
oL GW- 63 STD
RINSATE SAMPLE . METALS, VOCs, NO,, GROSS
ALPHA, GROSS BETA
OL GW- 13 STD
OL GW-644 STD
OL GW-637 STD
OL GW-638 STD
OL GW-636 STD
OL GW-645 STD
OL GW-602 STD
OL GW-646 STD
OL GW-647 STD
OL GW- 74 STD
OL GW- 75 STD
OL GW-520 STD

OL GW-366 STD




Table 6-1.

(Contd)

SITE? : WELL
NUMBER

ANALYTICAL
PARAMETERS?

RINSATE SAMPLE

OL GW-364
OL GW-365
oL GW-601
oL GW-227
oL GW-225
RINSATE SAMPLE

BG ) GW-373*
BG GwW-372*
BG GW-643*
BG GW-642*
BG GW- 42*
BG GW-655*
BG GW-342*
BG GW-343*
BG Q GW-344*
BG . GW- 80
BG GW- 89
RINSATE SAMPLE :

BG GW-371
BG GW-370
BG ) GW-641
BG GW-640
BG GW-639
BG/EXP GW-621
BG/EXP GW-705
BG/EXP GW-704
BG/EXP GW-703
BG/EXP GW-706
BG/EXP GW-694
BG/EXP GW-695
RINSATE SAMPLE

BG GW-654
BG, GW-287
BG GW-286
BG GW- 83
BG GW-653
BG GW-652
BG GW-651
BG/EXP GW- 54
BG/EXP GW- 56
BG/EXP GW-685
BG/EXP GW-683
BG/EXP GW-684

METALS, VOCs, NO,, GROSS

ALPHA, GROSS BETA
STD
STD
STD

STD,U,?***Am,**'Np, *H,*Tc,*°Sr

STD

METALS, VOCs, GROSS ALPHA,

GROSS BETA, *Tc
STD
STD
STD
STD
STD
STD
STD
STD
STD
STD
STD
METALS, VOCs
STD
STD
STD
STD
STD
STD
STD
STD
STD
STD
STD
STD
METALS, VOCs, N°
GROSS ALPHA, GROSS BETA
STD
STD
STD
STD
STD
STD
STD
STD
STD
STD
STD
STD




Table 6-1. (Cont’d)

SITE! : WELL ANALYTICAL
NUMBER PARAMETERS?
RINSATE SAMPLE METALS, VOCs, N
GROSS ALPHA, GROSS BETA
BG GW-627 STD
BG GW- 95 - STD
BG GW-622 STD
BG GW-118 STD
BG GW- 69 STD
BG GW- 82 STD
BG GW- 52 STD
BG GW-119 STD
BG GW- 61 STD,U,?**'Am, *'Np, °H, **Tc, *°Sr
BG GW- 58 STD,U,***Am,?*'Np, *H, **Tc, *°Sr
BG GW- 53 STD
BG GW~-626 STD
BG GW-117 STD
BG GW-623 STD
RINSATE SAMPLE METALS, VOCs
GROSS ALPHA, GROSS BETA
NOTE:
l. s-3 - s-3 site EXP - Exit-pathway
RS - Rust Spoil Area OL - 0il Landfarm
SPI - Spoil Area I BG - Burial Grounds
LD - Lysimeter Demonstration Site
2. STD - Standard Suite of Analytical Parameters
* Cd, Cr, and Pb (AAS) * Metals Scan (ICP)
* Mercury (CVAA) * Uranium (Fluor.)
* Gross Alpha Activity * Gross Beta Activity
* Volatile Organics * Major Ions
*

Nitrate (as N)

* Field Parameters: Conductivity, Temperature, Dissolved
Oxygen, Redox, Water Level

* Others Parameters: pH, Conductivity, TSS, TDS, Turbidity

U - Uranium (?*y, ¥y, and ?*°v) 3H - Tritium
Am - Americium ¥Pe - Technetium
**'Np - Neptunium . %"sr - Strontium

Background Well
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PLATE 5
—— emm == Approximate Geologic Contact GW-52 W Unconsolidated Zone Monitor Wel 1282 Annual Averoge Gross’ Beta Activity (pCi/L) and Mean Counting Error Propared fon
MARTIN MARIETTA ENERGY SYSTEMS, INC.
34, OCk Knox Group GW—821 @ Shallow Bedrock Zone Monftor Well (Unc — 85°) —_— 50— Une of Equol Activity (dashed where approximate) —
-
h - L . .
5 <mn Maynordvile Limestone GW-623 A intarmediate Bedrock Zone Monitor Well (85' ~ 300') — Boundary of Stte or Waste — Wanagement Area Mean Gross Beta Activity in
= f <n Noichucky Shale GW—118 'y Desp Bedrock Zone Monitor Wel (300'+) Te Tochnetium — 99 Groundwater iln the Bear Creek
- Hydrogeologic Regime
éé £m Moryville Limestone . Indicates a Well sompled prior to 1990 (Dato Qualitative) Sr Strontum — 90 Y g 9 g
Lrg Rogersville Shale . . indicates o Well sompied in 1991 (Data Quolitative) K3 Trithum
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