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ABSTRACT

SHERWOOD, C. B., and J. M. LOAR. 1986. Envirconmental data
for the White 0Oak Creek/White Oak Lake watershed.
ORNL/TM-10062. 0Oak Ridge National Laboratory, Oak Ridge,
Tennessee. 190 pp.

Oak Ridge National Laboratory (ORNL) is located in the White
Oak Creek (WOC) watershed, which drains approximately 16.8 km2
(6.5 milez). The waters of WOC are impounded by White Oak Dam at

WOC's intersection with White Wing Road (State Route 95), 1.0 km

(0.6 mile) upstream from the Clinch River. The resulting White Oak
Lake (WOL) is a small, shallow impoundment, whose water level is
controlled by a vertical sluice gate that remains in a fixed position
during normal operations. White Dak Creek has been utilized for the
discharge of treated and untreated wastes from routine operations since
the Laboratory's inception. 1In addition, most of the more recent (1954
to date) liquid and solid Tow-level-waste disposal operations have been
located in the drainage area of WOC. Sediments within the floodplain
have sorbed the released chemical and radiocactive contaminants and have
subsequently accumulated in the lake bed. Under high-flow conditions
these sediments can be carried over the dam and thus become a source of
contaminant discharge to the Clinch River.

As a federally owned facility, ORNL is required to comply with all
existing federal, state, and local environmental regulations regarding
waste management (solid, liquid, and gaseous). On July 15, 1985, the
U.S. Environmental Protection Agency published final rules to
incorporate changes in the Resource Conservation and Recovery Act of
1976 that resulted from the passage of the Hazardous and Solid Waste
Amendments of 1984. As a part of the rule changes, a new Sect. 3004(u)
was added. The new section requires that any facility permit issued
after November 8, 1984, include planned corrective actions for all
continuing releases of hazardous waste or constituents from any
disposal unit at the facility, regardless of when the waste was placed
at the disposal unit.

*ii1



This report was prepared to compile existing information on the
content and quantity of hazardous substances (both radicactive and
nonradioactive) in the WOC/WOL watershed and to provide background
information on the geology, hydrology, and ecology of the site for use
in planning future remedial actions.

xiv



1. INTRODUCTION

Oak Ridge National Laboratory (ORNL) is located in the White Oak
Creek (WOC) watershed (Fig. 1). Since the inception of the Laboratory,
WOC has been utilized for discharge of treated and untreated wastes
from routine operations (Browder 1959). In addition, most of the
recent (1954 to date) liquid and solid Tow-level waste (LLW) disposal
operations have been located in the drainage area of WOC.

As a federally owned facility, ORNL is required to comply with all
existing federal, state, and local environmental regulations regarding
waste management (both solid, liquid, and gaseous). In response to
these requirements, ORNL has established the Remedial Action Program to
provide comprehensive management of areas where past research,
development, and waste management activities have been conducted and
have resulted in residual contamination of facilities or the
environment.

On July 15, 1985, the U.S. Environmental Protection Agency (EPA)
published final rules to incorporate changes in the Resource
Conservation and Recovery Act of 1976 (RCRA) that resulted from the
passage of the Hazardous and Solid Waste Amendments of 1984 (HSWA).

As a part of the rule changes, a new Sect. 3004(u) was added. The new
section requires that any facility permit issued after November 8,
1884, must include planned corrective actions for all releases of
hazardous waste or constituents from any disposal unit at the facility,
regardless of when the waste was placed at the disposal unit. len
publishing this new rule, EPA stated that any solid waste management
unit located at a facility required to obtain a post-closure permit

or an operating permit will be subject to corrective action for
continuing releases. A request for a permit for an ORNL hazardous
waste management unit has been made, and as a result, it will be
necessary to characterize WOC/WOL as well as other ORNL disposal units
to determine if, and to what extent, corrective measures will be
required to control releases.
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Fig. 1. White Oak Creek watershed.



As a first step in evaluating the need for corrective measures to
control releases from WOC/WOL, a literature review was conducted to
jidentify and evaluate the existing informaticn on the content and
quantity of hazardous substances ‘nvolved, the potential sources of the
contamination in the watershed, and previous data on site geology,
hydrology, and ecology. Using this information, a plan was developed
to define the additional information on geology, groundwater, surface
water, soils and sediments, and biota necessary to support future
analyses to meet requlatory requirements.

Background information on the WOC watershed was derived mainly
from records and reports compiled by ORNL, the Tennessee Valley
Authority, and the U.S. Geological Survey. In addition, previously
unpublished information was supplied by a number of ORNL staff
members. Appendix A represents a compilation of the information used
in developing this report; additional detailed information on specific
studies is available in the referenced documents. Although it was
assumed in developing the characterization plan that data collection
and analysis would be completed within a short time, the nature and
magnitude of the contaminant sources indicate that hydrologic and
ecologic monitoring should be continued on a long-term basis.



2. SITE DESCRIPTION

The WOC watershed drains much of Bethel and Melton valleys (which
includes ORNL) to the Ciinch River (Fig. 1). The waters of WOC are
impounded by White Oak Dam (WOD) at WOC's intersection with White Wing
Road (State Route 95) 1 km (0.6 mile) upstream from the Ciinch River.
The drainage areas upstream from the Clinch River and WOD are
approximately 16.8 km2 (6.5 milez) and 15.5 km2 {6.0 mi]ez),
respectively (Martin Marietta Energy Systems, Inc., 1985).

The WOD was constructed in 1943 to form a holding basin for ORNL
waste effluent. The dam is approximately 91.4 m (300 ft) long, 4.6 m
(15 ft) high, and 10.7 m (35 ft) wide at its crest (Oakes et al.
1982). The location of W00 is 3.2 km {2.0 miles) north of Interstate
AQ on Tennessee Highway 95 (Fig. 1). The dam is a low-head structure
with a normal lake elevation of 227.1 m (745 ft) and is only
0.9 m (3 ft) above full-pool elevation in the Clinch River, which is
226.2 m (742 ft). Flow from WOL discharges through a weir and a
concrete-box culvert to the lower reach of WOC. Modifications were
made to the flow system at the dam in 1983 to increase the flood
3/s (2000 £t3/5), the estimated flow
for a 100-year storm in the WOC watershed.

discharge capacity to 56.6 m

Water levels and flow in the WOC embavment are largely controlled
by the operation of Melton Hill Dam 3.7 km (2.3 miles) upstream on the
Clinch River, and Watts Bar Dam, which forms Watts Bar Reservoir about
94 km (58.8 miles) downstream on the Tennessee River. When the Watts
Bar Reservoir is near full pool (approximately April to October),
backwater from the Clinch River creates an embayment in WOC below the
dam. In addition to the seasonal changes caused by the Watts Bar
Reservoir, daily fluctuations in water levels and flow (including
reversals) occur because of daily releases from Melton Hi11 Dam (Clinch
River Study Steering Committee, 1967; Project Management Corporation,
1975).

In addition to natural drainage, the WOC watershed has received
treated and untreated effluents from Laboratory activities since 1943.



Controlled releases include those from the Process Waste Treatment
Plant, the Sewage Treatment Plant, and a variety of process waste
holdup ponds scattered throughout the ORNL complex. The WOC also
receives effluent from nonpoint sources such as Solid Waste Storage
Areas (SWSAs) and LLW pits and trenches through both surface and
groundwater flow (Fig. 2). Sediments within the watershed have sorbed
the released chemical and radioactive contaminants and have
subsequently accumulated in floodplain and lake bed areas. Under
high-flow conditions these sediments can be carried over the dam and
thus become a source of contaminant discharge to the Clinch River.

For planning and management purposes, the ORNL Remedial Action
Program has subdivided ORNL and the immediate surroundings into Waste
Area Groupings (WAGs). A WAG is defined as a geographic area that can
be treated as a single hydrogeologic unit; however, in certain cases
the WAG may contain a number of sclid waste management units where past
and current operations have resulted in the potential or known
contamination of soils and/or groundwater. Figure 3 illustrates the
suggested WAGs. It can be seen that the WOC watershed (WAG 2) is
surrounded by a number of other potential contaminant sources
represented by other WAGs. Other WAGs which represent contaminant
inputs to WAG 2 will be characterized in other Remedial Action Program
activities.
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3. STATUS OF SITE INFORMATION

Since WOL was created in 1943, a number of studies have been
undertaken to determine contaminant sources, quantities of contaminants
released and retained in the lake, and the geology and hydrogeolocgy of
WOC/WOL. Table 1 presents a summary of some of the more important
studies that have been performed on WOC/WOL since 1945. In certain
instances, the studies referenced in Table 1 represent summaries of the
information developed; individual investigators have reported greater
detail on their efforts in other reports and papers. The following
sections summarize the findings of the earlier studies; more detailed
descriptions of background data are provided in Appendix A.

3.1 CONTAMINANT SOURCES

White Dak Lake, created in 1943 by the construction of WOD, acts as
the final holdup basin for liquid discharges prior to release into the
Clinch River. Ffor a short time during early ORNL operations
(1943-1944), liquid wastes discharged to WOC were held up in an
intermediate pond before being released to WOL. This pond was formed
by an earthen dam across WOC near the present SWSA 4 site and was used
far the settling of sediments, dilution, and decay of short-lived
radionuclides. During this hold up, contaminated sediments accumulated
within the basin area. In late 1944 this earthen dam failed and the
intermediate pond was drained; however, most of the contaminated
sediments were left in the floodplain area. The pond was never
13765 inventory in this floodplain
site are on the order of 100 Ci. Following the failure of the dam at
the intermediate pond, discharge of ORNL effluents centinued into WOC

reconstructed. Estimates of the

and WOL. Contaminated sediments accumulated directly in the bed of WOL
from 1944 to 1955 until the lake was drained. Starting in 1962, when
WOD was again closed, additional sediments were deposited in the lake
bed.

Since 1943, some 5 x 106 ft3 of contaminated sediment has
collected behind the dam. The sediment contains an estimated 650 Ci



Table 1. Summary of significant studies conducted in WOC/WOL 1943-1986

Year References Areas of investigation

1945-46 Cheka and Morgan (1947) First reported data on sediments in WOL.

1950 Setter and Kochtitzky (1950) Drainage areas and estimates of WOL capacity.

1948-52 Abee {1953) Sediments in WOL.

1950-53  Krumholz {1954a, 1954b, 1954c) Initial fish population and radioecological
studies.

1956-58  Auerbach (1959) 58 shallow soil samples taken, soil mass
estimated. Total %0sr content estimated.
Agricuitural plots established in former WOL bed.

1958 Lee and Auerbach (1959) Radiation field above the drained WOL.

1961 Lomenick et a}. (1961) Sediments in WOL. Vertical and lateral
distribution studied. Sediment discharge
estimates in drained WOL.

1962 Lomenick et al. (1962) O6Ru distribution in WOL sediments. Total

u content estimated.

1962 Lomenick et al. (1963) Variation in radionuclide content of water and
sediment with flow. 250 cores taken in lake
bed. Measured thickness of sediments and
radionuclide content. Cs inventory established.

1964 McMaster and Richardson (1969) Ten sediment ranges. Vertical distribution of
106y, ‘3705, and 90co measured.

1965 Lomenick and Gardiner (1965) Additional measurements of the vertical
distribution of radionuclides in sediments.
Vertical distribution of 13Cs studied.

1969 Kolehmainen and Nelson (1969) WOl radioecology studies.

1970 Tamura et al. (1970) Sediment sampling in embayment.

1972 Blaylock et al. (1972) Update of earlier assessment of radionuclides in
WOL sediments.

1976 wWebster (1976) Hydrogeology of WOC/WOL.

19717 Blaylock and Frank (1979) Tritiom in sediments of WOL.

1978 Edgar (1978) Flood discharge estimates.

1979 Cerling and Spalding (1981) Anal{sis of streambed gravels for 600y, 0sp,
and 137¢cs,

1979-80 Loar et al. (1981) Comprehensive study of the aquatic ecology of
WOC/WOL and the CR above and below the WOC
embayment .

1982 Oakes et al, (1982) History of WOL, sediments, water quality.

1984 MMES (1985) ] Environmental Monitoring Report. WOL sediment
and water analyses.

1985 MMES (1986) ! Environmental Monitoring Report. WOL sediment
and water analyses.

1985 Cerling {personal communication) Update of 1979 sireambed gravels survey.

1985 Synoptic ecological survey Updaie results of the 1979-80 comprehensive

{this report, section 3.4.1.4) survey.
1986 Blaylock et al. (In press) Compilation of information on the radiocecology of

WOL.

IMartin Marietta Energy Systems, Inc.
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60 90

of radiocactivity, primarily = Co, Sr, and 13

7Cs (Oakes et a1.
1982). In addition to the sediment activity, the water in the Take

contains measurable quantities of 3H and 20

Sr in solution, which is
released through the monitoring station at WOD (Oakes et al. 1982).
Duri..g periods of heavy rainfall, both waterborne radioactivity and
contaminated sediment are released from the lake. Cesium-137 releases
increase rapidly with flow due to the increased sediment transport,
while 60Co and 905r (which are carried primarily in solution)

increase to a lesser extent (Lomenick et al. 1963; Oakes et al. 1982).

6000, QOSrg and ]3705

A survey of streambed gravels for
(Spaulding and Cerling 1979; Cerling and Spalding 1981) indicates the
continuing contamination from sources in the watershed (Fig. 4).
Sediments, rather than water, were selected for study because they
concentrate dissolved metals and radionuclides from water.

The streambed surveys in 1979 and subsequent recent sampling at the
same sites indicate that the most important source of 6060
contamination is the High Flux Isotope Reactor (HFIR) facility, which
is Yocated on a tributary to Melton Branch (MB) in Melton Valley
(Fig. 2). Figure 4(a) shows 60Co concentration in grave)l samples
ranging from 1,000 to 10,050 dpm/g downstream from the HFIR site.

There are also smal) but noteworthy concentrations of 6060 in the two
tributaries adjacent to the east end of SWSA 6.

The most important sources of 90$r are the CRNL plant complex,

SWSA 4, SWSA 5, and the Homogeneous Reactor Experiment (HRE) facility
on the MB tributary east of SWSA 5. Strontium-90 levels in the plant
and SWSA 4 areas shown in Fig. 4(b) were over 100 dpm/g, and more
recent samples in the HRE area were over 100 dpm/g. The high levels of
905r shown in a WOC tributary in SWSA 6 in the 1981-82 results have
decreased in subsequent samplings {Cerling, personal communication,
1986).

The most important sources of ]3765 shown in Fig. 4(c) were the
outfall from the process waste trezatment pilant in the laboratory area
and the HRT facility on the MB tributary east of SWSA 5. Cesium-137
levels shown in Fig. 4(c) were 1,000 to 10,000 dpm/g; however, recent

sampling in the SWSA 5 tributary shows decreasing ]37Cs Tevels.
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3.2 GEOLOGY AND SOILS

The nature of the subsurface materials under the watershed was
summarized in a review of hydrologic and geologic conditions by Webster
(1976). Four major geologic units underlie the WOC drainage basin from
northwest to southeast: the Knox Group of the Cambrian and Ordovician
periods, the Chickamauga Limestone of the Ordovician period, and the
Rome Formation and the Conasauga Group of the Cambrian period. The
geologic units have been described by Stockdale (1951), McMaster
(1963), and McMaster and Waller (1965); in addition, the Conasauga in
Melton Valley has been mapped in detail by Barnett (1954).

The soils of the Dak Ridge area belong to the Entisols,
Inseptisols, Alfisols, and Ultisols that are found extensively in the
southeastern United States. Seoils ip these groups typically have
developed under a forest canopy, and are characterized by being
strongly leached and low in organic matter. The soils in the ORNL area
are further characterized as silty, although considerable clay may be
present, and acidic in reaction, with a pH from about 4.5 to 5.7
(Carroll 1961).

Twoe local soil characteristics of significance to waste disposal
are the depth of weathering and type of clay developed. In areas
underlain by the Chickamauga, the weathered zone is thin, commonly
extending to a depth of less than 3 m (10 ft). In areas underlain by
the Conasauga, the depth of weathering is related to topography, and
may be described as thin in low-lying areas and thicker on the ridges.
Studies of the Conasauga have reported that greatest permeability is
associated with the transitional zone between the fresh and weathered
rack. It is in this zone that the water table commonly occurs.

3.3 HYDROLOGY
3.3.17 Climate

The hydrologic characteristics of the WOC watershed are strongly
influenced by the local climate. Among the climatic factors that
establish the hydrologic features of the area are the amount and
distribution of precipitation; the occurrence and distribution of snow
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and ice; and the effects of wind, temperature, and humidity on
evapotranspiration and snowmelt (Linsley et al. 1975). Precipitation
is probably the most important climatic factor to the flow system
because it establishes the quantity and variations in runoff and
streamflow as well as the replenishment to the groundwater system.
Statistics on precipitation, temperature, humidity, and wind speed and
direction are available for various periods of record at several
stations in the vicinity of the watershed (Table 2) (Boegly et al.
1985). The closest long~term metecrlogical data (1947 to date) is
available from the National Oceanic and Atmospheric Administration
monitoring station in Oak Ridge about 16 km (9.6 miles) north of the
center of the watershed. Monthly precipitation at the Engineered Test
Facility (ETF) in SWSA 6 and at the Dak Ridge station for 1984-85 and
the long-term mean at 0ak Ridge are shown in Fig. 5.

The climate is classified as humid subtropical. The Cumberland
Plateau to the northwest and the Smoky Mountains to the southwest tend
to reduce the intensity of storm activity. Wind directions are highly
conditioned by the ridge-valley topography; under normal weather
conditions, up-valley winds come frcm the west-southwest during the
daytime, and down-valley winds from the northeast are most common at
night. These bidirectional trends correspond to unstable conditions
caused by surface heating during the period from mid-morning until late
afternoon (Rothschiid et al. 1984a). Stable conditions occur at night
and during overcast days (Davis et al. 1984).

3.3.2 Surface Water

3.3.2.7 White Qak Creek

White Oak Creek rises from springs in the Knox Formation on the
southeast slopes of Chestnut Ridge, and with its tributary MB, drains
areas in Bethel and Melton valleys to the Clinch River (Fig. 1).

In addition to natural runoff and groundwater discharge, the creek
receives the treated and untreated process waste water, treated
sanitary sewage effluent, and reactor cooling water from the laboratory
facilities (Fig 2). This water is obtained from outside the watershed
and it represents a significant fraction of the annual streamflow.
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Table 2. Meteorological stations in the vicinity of SWSA 63
Station Perijod of
description Location record Measurements
KnoxvilleP McGhes Tyson 1942 -present Precipitation
Airport 1942 -present Wind

1942-present Temperature
1942-present Temp. gradient
1942-present Humidity

Oak Ridge City 1947-present Precipitation
19471979 Wind
1947 -present Temperature
1947-present Temp. gradient

ORNL Towers A & B ORNL 1982-present Precipitation
1982-present Wind
1982-present Temperature
1982 -present Temp. gradient

ORML Tower C ORNL 1982-present Precipitation
1982--present Wind
1982--present Temperature
1982-present Temp. gqradient
1982-present Humidity
1982 -present Solar radiation

UsGs® SWSA-5 1975-present Precipitationd

USGSE SWSA-6 1976-present Precipitationd

ETF SWSA-6 1980-present Precipitationd

EPICOR® SWSA-b 1985 -present Precipitation
1985-present Wind
1985-present Temperature
1985-present Humidity

SWi Proposed SWSA 7 1984-present Precipitation

Bldg. 1505 ORNL 1984 -present Solar radiation

@At various times, meteorological measurements have been made at
the Y-12 plant, K-25, an early X-10 station, and the tower shielding

facility (ORD-99).

Measurements also exist for the period 1871 ti1l1 the station was

moved to McGhee-Tyson.
CUu.S. Geological Survey.
Precipitation gauges are not eguipped to measure snowfall.

€ion exchange resin leaching site.

Source:

Boegly et al. 1985,
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Flow in the creek is controlled about 1 km {0.6 mile) upstream
from the Clinch River by WOD. Flow at WOD has been monitored since the
early 1950s; however, measurement of flows greater than 4.2 mg/s
(150 ft3/s) at the dam were hampered by the nature and level of the
sluice gate until late 1983, when new weirs and avutomatic recording
equipment were installed.

As part of a recent ORNL project to upgrade the stream monitoring
stations at MB, WOC, and WOD, new weirs, equipment shelters, and
monitoring and sampling eqguipment were installed in late 1983. The
flow at the weirs is measured with an ulirasonic flow meter that
contains a microprocessor to translate weir water level to flow
proportional control for the water sampler. At each of the statioms,
equipment was installed to provide water sampling proportional to
streamflow. 7To establish the radiation levels of the water effjuent,
new gross beta and gamma radiation monitoring eguipment was installed.
In addition, a robot monitor s used to continuously monitor the
following parameters: pH, dissolved oxygen, turbidity, conductivity,
and temperature. The robot monitor is a modular, automatic water
guality data acguisition system capable of meeting National Pollutant
Discharge Elimination Systém (NPDES) requirements (Martin Marietta
Energy Systems, Inc. 1985).

3.3.2.2 Wuhite Oak lLake

White Oak Lake is a small, shallew impoundment that functions as a
final settling basin for waste effluents discharged to the lake via
WOC, MB, and other smaller streams. The accumulation of sediment over
the years has altered the environment of WOL. Except in the creek
channel near the east shore where the substrate is mostly small rubble
and gravel, the lake bottom consists primarily of silt, clay, and
organic matter (Loar et al. 1981). The average annual rate of sediment
accumulation prior to 1952 was estimated to be 2832 m3 (100,000 ftg),
or about 2 cm/year (Loar et al. 1981).

Because the lake is small and shallow, the water retention time is
very sheort. Based on the average annual inflow, the retention time has
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been estimated to be approximately 2 d when the lake is empty and the
gate in WOD is set at 227.1 m (745 ft), but less than 24 h under normal
conditions when the gate elevation is 226.2 m (742 ft) (D. D. Huff,
ORNL, unpublished data). During major storm events when retention time
is minimal, large gquantities of sediment can be transported through the
watershed to the Clinch River (Ecgar 1978). Even relatively small
storms can result in dramatic reductions in Secchi disk transparency
(Loar et al. 1981).

3.3.2.3 Chemical Quality

The chemical quality of WOC upstream from the laboratory resembles
that of groundwater in Bethel Valley (Webster 1976). At WOD the water
reflects the many man-made influences on the creek and tributaries in
Bethel and Melton valleys, as well as the beneficial effects of WOoL.

The effects of plant operations on water quality in the creek
and lake have been studied since the early 1940s. Continuous~flow
proportional sampling at WOD was initiated in the late 1940s to provide
a means of evaluating the amount of radioactivity entering the Clinch
River. Calculations of the Tevels of radionuclides in the Clinch River
can be made by use of the cencentrations and flow measured at WOD and
the dilution provided by the river. The mean annual dilution factor at
the junction of WOC and the River has been calculated as about 390 for
the period 1951-60 (Carrigan 1968) and 375 for the period 1962-73
(Webster 1976).

Major variations in the Tong-term levels and types of
radionuclides discharged through WOD were caused by changes in the
source of the radioactivity as well as by improvement in plant
operations. As described by Webster (1976), much of the radioactivity
shown for the early 1960s came from the seepage pits into which
intermediate-Tlevel Tiquid wastes were discharged. A much smaller
amount of activity originated at the wastewater treatment plant and
from accidental rejeases of activity discharged into that system.

While some of the activity may have come from the burial grounds, the
concentrations are thought to have been sufficiently small that they
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could not be differentiated from the larger concentrations already in
the stream (Lomenick and Cowser 1961). ODuring the 1960s a significant
decrease in contaminant release was effected. The reduciion was
accomplished largely by discontinuance of the pits (and later, the
trenches) and by improvements in the treatment of Laboratory effluent.

In recent years 3H {(tritium) and 30

Sr (strontium) have been the
principal contaminants in the discharge. These two nuclides are of
interest because nearly all of the fritium and a part of the strontium
are belijeved to emanate from the solid waste burial grounds.

As part of the current ORML operations and environmental
monitoring network, flow is monitored for radicactivity at WOD and at
eight sites in WOC and its tributaries (Fig. 6). Flow proportional
samples are collected weekly for laboratory analysis at the dam, at
five of the stream monitoring sites, and at three additional sites
related to leachate from SWSAs 5 and 6 and the LLW pits as shown in
Fig. 6. 1In addition, plant effluent is monitored and sampled at four
sites before it enters tributaries of WOC. Flow is also monitored
and sampled at the Melton Hill Dam on the CTinch River, 3.7 km
(2.3 mile) vupstream from the confluence of WJIC and the Clinch River,
and two sampling stations fave been maintained in the CR below the
junction of the Clinch River and WOC (CRK 33.5, CRM 20.8). These
sampling station are at the Oak Ridge Gaseous Diffusion Plant (ORGDP)
water intake, Clinch River Kilometer (CRK) 23.3, [Clinch River Hile
(CRM) 14.5], and Center's Ferry near Kingston, Tennessee, (CRK 7.2,

CRM 4.5) (Oakes et al. 1982).

Four of the sampling sites included above are NPDES ambient
monitoring stations: WOD (Station 5), WOC (Station 3), MB (Station 4),
and the sewage treatment plant (STP). The NPDES permits were issued by
EPA for each of the (ak Ridge facilities in 1975. The permits
established a number of discharge locations at each installation and
listed specific concentration limits and/or monitoring reguirements for
a numher of parameters at each discharge location. Table 3 1ists the
discharge locations at ORNL, the parameters at each location for which
1imits have been established, and the permit limits for each parameter.
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Table 3. 1984 National Pollutant Discharge Elimination System (NPDES)
requirements for ORNL

Effluent limits

Percentage of

Discharge Effluent Daily Daily measurements
point parameters average max imum in compliance
(mg/1) {mg/L)

0
(White Oak Creek) Dissolved oxygen 52 99
Dissolved solids 2000 100
011 and grease 10 15 100
Total chromium 0.05 100
pH, units 6.0-9.0 100

002
(Melton Branch) Jotal chromium 0.05 100
Dissplved solids 2000 100
0il1 and grease 10 15 100
pH, units 6.0-9.0 100

003
(Sewage treatment Ammonia (as N) 5 54
plant) BOD 20 90
Residual chlorine 0.5-2.0 94
Fecal coliform, 200P 400¢ 100

No. /100 mi
pH, units 6$.0-9.0 100
Suspended solids 30 94
Settleable solids, 0.5 96
mL/L
aMinimum.

bMonth]y average.
CWeekly average.

Source: Martin Marietta Energy Systems, Inc. 1985.
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Trends in discharges of 903r and 3H to the Clinch River are

presented in Fig. 7. These are the principal contributors of
radioactivity in terms of total curies discharged. Total curie amounts
for the two radionuclides appeared to increase in 1984 compared with
1983--about 14% for 3H and 20% for gOSr. The annual variations in
the discharges from WOL are generally a function of the variability in
annual precipitation patterns. The 1984 discharge continues to reflect
an increase in the total curies discharged over WOD, beginning in 1980
after a significant decrease from 1979 levels. Some of the apparent
increase in 1984 may result from improved accuracy in high-flow
readings. New weirs and associated flow instrumentation were made
operational in early 1984 (Martin Marietta Energy Systems, Inc. 1985).
Analysis of water samples collected at the confluence of WOC and

the Clinch River showed that goSr and 3H concentrations were

significantly less than those measured at WOD, 60Co was the same, and

]37Cs was higher (Martin Marietta Inergy Systems, Inc. 1985).
Concentrations at this confluence point are dependent on the relative
levels and flows of the creek and river, in addition to the gquantity of
activity being discharged from WOD. Concentrations determined at the
Clinch River sampling stations downstream from the confluence of WOC
and the River showed a marked decrease for all measured radionuclides,
many of which were below analytical detection 1imits (Martin Marietta
Energy Systems, Inc. 1985).

Concentrations of nonradioactive chemicals in samples collected at
WOD for analysis during 1984 are shown in Table 4. Concentrations may
be compared with Tennessee's instream allowable concentrations that are
based on the long-term protection ¢f domestic water supply, fish and
aquatic life, and recreation classifications (Martin Marietta Energy
Systems, Inc. 1985).

3.3.2.4 Radioactivity in Sediments

Radioactivity in sediments in WOC and WOL have been studied since
the mid-1940s. Studies conducted from 1945 to 1979 are summarized in
considerable detail in a historical review by QOakes et al. (1982).
Selected sediment data are included in Appendix A.
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Table 4. 1984 Concentrations of chemicals in water collected
at White 0ak Dam

Concentration
(mg/L)

Chemical

No. of 95%

samples  Max Min Av cca Criteria®
Cr 12 0.025 <0.0 <0.011 0.0025 0.05
in 12 0.036 <0.02 <0.024 (.0034 0.05
NOa(N) 12 7.2 0.4 4.1 1.2 10
Hg 12 0.0002 <0.00005 <0.0007 0.00004 0.00005

a95% confidence coefficient about the average.
DTennessee stream standards based on protection of domestic
water supply, fish and aquatic life, and recreation classifications.

Source: Martin Marietta Energy Systems, Inc. 1985,
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3.3.3 Groundwater

3.3.3.1 QOccurrence

Groundwater occurs in all four formations which underiie the
WOC basin. The dolomite of the Knox Group on Chestnut Ridge and the
Chickamauga Limestone underlying Bethel Valley are the principal
water-bearing units. The Rome Formation on Haw Ridge and the Conasauga
Group underlying Bethel Valley are thought to contain only small
guantities of water. Water occurs in the weathered rock of all of the
units. The primary porosity of the formations is quite low; thus, the
secondary porosity (though also low) controls most groundwater flow
below the weathered zone.

The groundwater reservoir in the basin is replenished by the
infiltration of precipitation through the surficial materials to the
water table. Recharge is also received from WOC when the creek level
is above the water table and from ORNL waste ponds. Groundwater flows
downgradient to points of discharge such as springs or seeps and WOC or
its tributaries. Major losses occur by evaporation or transpiration
near ground surface. There is 1ittie or no discharge from wells for
water supply in the basin.

The depth to the water table varies both with Tecation and time.
Measured depths range from as little as 0.3 m (1 ft) in low areas near
streams or ponds to as much as 20.4 m (67 fi) under hills or ridges.
The water table fluctuates with recharge and discharge during the year
from high levels during January through March to low levels during
September and October, with declines ranging from 0.3 m (1 ft) in
drainage areas to as much as 4.6 m (15 ft) under hillsides {Webster
1976).

Water table contour maps for the entire watershed are not
available; however, maps for SWSAs 3, 5, 6, and the pits and trenches
area have been prepared. These maps indicate that the water table
generally follows the topography of the land surfaces but in a subdued
fashion. Although a large number of observation and test wells have
been drilled in the watershed during past studies, few of these wells
are located in the flood plain of WOC and WOL.
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3.3.3.2 Movement

In an unconfined, permeable aquifer groundwater moves downgradient
by gravity in a direction normal to the water table contours. 1In this
area, these conditions generally exist chiefly in the zone of weathered
rock near land surface. 1In the unceriying strata, fiow is downgradient
but the direction of movement is mecst strongly influenced by
directional differences in permeability caused by the complex nature of
the materials and local bedding, solution channels, and fracture and
joint systems. Thus, groundwater movement above bedrock in the
watershed may be expected to be itoward and into the surface drainage
network, whereas the direction of flow at depth may be controlied by
the alignment and degree of interconnection of the joints and cavities
in the rock and thus have 1ittle or no relationship to the direction of
movement indicated by water table contours (Webster 1976).

Flow in the Conasauga Group underlying Melton Valley is
complicated by the impermeable nature of the rocks and the extensive
displacement and deformation of these materials by past geologic action
(Webster 1976). Boegly (1984; Boeg'y et al. 1985) has recently
reviewed the information available from a number of reports on the
hydrogeology of SWSA 6 in the lower White Oak area in Melton Valley.
This information indicates, in general, that flow in the Conasauga is
associated with bedding planes, joints, fauits, folds, and fractures,
some of which are slightly enlarged as a result of the dissolution of
carbonate. Transmissivity is greatest parallel to geclogic strike
(Webster 1976), suggesting that preferred flowpaths are associated with
a strike~-joint set described by Sledz and Huff (1981) or with the
intersections of bedding planes with the strike~-joint set (Smith and
Vaughan 1985b). Small-scale folds and faults formed during regional
geologic deformation have also been found to be zones of unusually high
transmissivity that act as conduits for groundwater flow and
contaminant transport parallel to geologic strike (07sen et al. 1983;
Rothschild et al. 1984a; Smith and Vaughan 1985a) and may form local
impediments to flow perpendicular to strike (0lsen et al. 1983).
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3.3.3.3 Aguifer Properties

The hydraulic properties of the subsurface materials must be known
in order to assess the movement of groundwater and possible
contaminants through the formations underlying WOC and WOL. These
properties include hydraulic conductivity, transmissivity, (hydraulic
copductivity times aquifer thickness), storage coefficient, porosity,
dispersivity, and the heterogeneity of the flow system. In general,
the Conasauga Group is locally heterogeneous, both 1ithologically and
as an aquifer. The primary porosity of the group is quite low;
therefore, the secondary porosity (fracture system) controls
groundwater flow in the subsurface.

In the Conasauga Group, the actual thickness of the aquifer(s) is
difficult to define. The aquifer is continuous from near-surface
materials (weathered rock) to great depth. A decrease in aquifer
permeability with depth appears to be present, but there is no
clear-cut boundary between permeable and impermeable strata. The
differences between weathered and unweathered rock are not great enough
to designate them as separate aquifers. The general decrease in
permeability with depth is probably a result of a combination of two
factors: (1) the effect of weathering decreases with depth and (2) the
number and extent of unhealed fractures decreases with depth. At
depth, individual structures are likely to control the subsurface
movement of water in contrast to the pervasive joint system found
nearer to the ground surface (Rothschild et al. 1984a). Water-leve)
data collected in a brecciated zone in the Maryville Limestone
underlying the ETF site may indicate the existence of semi-independent
confined aquifers at depth in the formation.

A summary of the major aquifer characteristics estimated for the
ETF site is given in Table 5. These parameter values provide a basis
for assessing groundwater and solute movement under the ETF site and
provide a general indication of the characteristics of the aguifer
underlying the lower WOC watershed.



Table 5. Summary of Engineered Test Facility Aquifer Characteristics

Method Parameter Value

Tracer test Average linear velocity 0.17 m/d

Pump test Transmissivity (T) 1.25 x 103 to 4.36 x 10-3m2/min
Storage coefficient (S) 5 x 1074 to 0.0

Well slug test Hydraulic conductivity (K) 6.31 x 10-5cm/s

Barcy equation Effective porosity (@) 0.03

Effective aquifer thickness 67 m

Source: Davis et al. 1984.

L2
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3.3.3.4 cChemical Quality

Groundgwater in the WOC watershed is of a calcium bicarbonate type
with a pH usually between 7 and 8, reflecting the effects of the
Timestone and dolemitic materials through which the water has moved
(Webster 1976). Radionuclide analyses of water samples from ETF and
the proposed SWSA site in Melton Valley are at or near background
levels (Davis et al. 1984, Rothschild et al. 1984a).

Groundwater guality has been greatly affected by leachates in the
vicinity of solid and liquid waste disposal areas. However, the
available studies indicate that the migration of leachate in
groundwater has been limited to relatively short distances from the
source ¢r to nearby seeps or streams.

3.4 ECOLOGY

Many studies of the aquatic and terrestrial ecology of the
watershed and WOL have been conducted over the past 35 years. Many of
the earlier studies focused on the radicecological effects of ORNL
effiuent discharges to WOL; other studies were actually surveys that
described the biotic communities in the watershed. Although both types
of studies are reviewed below, detailed descriptions of the aquatic and
terrestrial communities are not presented. Such information is readily
available from the references cited in the text.

3.4.1 Aquatic Ecoloqy

3.4.1.7 Radioecology of White Oak Lake

Numerous studies have been conducted on the accumulation of
radionuclides by fish in WOL. With the exception of the ORNL
monitoring program which is conducted in the WOC embayment and the
Clinch River (Martin Marietta Energy Systems, Inc. 1985), and a study
of the distribution of tritium (Blaylock and Frank 1979), most of these
investigations were conducted in the late 1960s and esarly 1970s. A
summary of these studies can he found in Oakes et al (1982) and
Blaylock et al. (in preparation).
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The influence of trophic level on the concentration of 137Cs,

6OCo, and 905r was determined for five species of fish in WOL by
Kevern and Griffith (1966). No correlation was found between trophic
level and radionuclide concentration. A comprehensive study on the

]37Cs in bluegill was carried out by Kolehmainen and

cycling of

Nelson (1969). Results indicated that the concentration of 137Cs
increased linearly with size up to 70 g. A seasonal variation in the
137Cs level in bluegill was observed, with the maximum concentration
occurring in February and the minimum concentration occurring in

August. Concentrations of 137

Cs in other fish species were also
determined, and all species displayed a seasonal cycle similar to
bluegill.

Investigations of the accumulation of radionuclides in bluegill,
gizzard shad, and goldfish, and of the feeding habits of those fish in
WOL, were conducted by Nelson et al. (1970). Fish were collected
monthly from WOL from April 1969 to May 1970. Cesium-137 and 6000

were consistently found in the fish. Ruthenjum-106, 125Sb, and

652r occurred in small quantities in all three species, but the
contribution of these three radionuclides to the body burden of the
fish was insignificant.

Other radionuclides have been found at very low concentrations in
fish in WOL. Eyman and Trabalka (1980) determined that the

concentration of 239,240

Pu in bluegill, goldfish, shad, and

largemouth bass ranged from 2 x 107% to 1 x 1073 pCi/g fresh wt.

The concentrations of tritium in algae, aquatic plants, benthic
invertebrates, and fish were usually less than the concentration in the
lake water, which ranged from 403 to 646 pCi/mL in 1978 (Blaylock and

Frank 1979).

Effects of radiation on aquatic biota

Organisms inhabiting WOL are irradiated not only from external
sources in water and sediment, but also from internal sources as a
result of consuming food that has accumulated radionuclides from an
environment contaminated with significantly higher-than-background
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levels of radionuciides. 1In addition to the potential effect that
radiation could have on the natural populations of organisms inhabiting
WOL, a pathway exists for the transfer of radionuclides through the
aquatic food chain to humans by the consumption of fish.

One of the earliest ecological studies of WOL and WOC was a survey
for the purpose of determining the radioactivity in the biota and to
document the effect on survival rates, population balances, and types
of organisms that were affected (Krumholz 1954a, 1954b, 1954c). In the
early studies, gross beta activity instead of the concentration of
specific radionuclides was usually reported for the biota. In
addition, the inherent variability in the parameters that were being
measured in populations would preclude the effects of the radiation
being detected at the dose rates the biota were receiving. From 1961
to 1977 a series of studies was carried out on the midge (Chironomus
tentans) population (Blaylock 1965, 1966); the mosquitofish (Gambusia
affinis) population (Blaylock 1969; Trabalka and Allen 1977); and the
snail (Physa heterostropha) population (Cooley 1973) that inhabited WOL
to determine the effects of irradiation on them. Blaylock and Trabalka

(1978) concluded in an evaluation of these studies that it is highly
uniikely that radiation effects on the populations of aguatic organisms
in WOL would be detectable because of the decreasing dose rate being
received by the organisms as a result of a decrease in ithe level of
radioactivity in the lake over the years.

A more detailed review of the radioecology of WOL, including
recent data on radionuclide and nonradiological contaminant
concentrations in sediment and biota, is presented in Blaylock et al.
(in preparation).

3.4.1.2 Bioaccumulation of Nonradiological Contaminants

The WOC, MB, WOL, and the WOC embayment water and sediments
contain metals, organic chemicals, and radionuclides as a result of
current and past discharges from ORNL (Boyle et al. 1982; Blaylock et
al. in preparation). Fish collected from WOL 