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SURFACE-WATER HYDROLOGY

DRAINAGE CHARACTERISTICS

The Whiteoak Creek drainage basin covers
6.53 square miles at its mouth on the Clinch
River. Altitudes in the basin range from 741 feet
at the mouth to 1,356 feet above sea level on Cop-
per Ridge. Whiteoak Lake, an impounded seg-
ment of Whiteoak Creek, is located about 0.6
mile above the mouth of the creek.

Continuous-record stations have been
operated at three locations on Whiteoak Creek
and at one location on Melton Branch. The sta-
tions and their periods of record are, in down-
stream order, Whiteoak Creek at ORNL,
1950-55; Whiteoak Creek below ORNL, 1950-
53, 1955-64, and 1978-81; Melton Branch, 1955-
64 and 1977-80; and Whiteoak Creek at
Whiteoak Dam, 1953-55, 1960-64, and 1977-79.
These stations are also known as monitoring sta-
tions 2, 3, 4, and 5, respectively, in the ORNL
monitoring network. Station characteristics and
flow data are listed in table 11 and the station
locations are shown on figure 35.

Streamflow in the Whiteoak Creek basin
consists of overland runoff from rainfall, ground-
water discharge during base flow, and wastewater
discharge from ORNL. Anestimated 45 percent
of the annual rainfall reaches the streams as
overland runoff and as base flow discharge from
the aquifers (McMaster, 1967, p. N14). The was-
tewater is treated, process water that is imported
to the Whiteoak Creek drainage basin. Mc-
Master (1967, p. NS) reported that wastewater
discharge amounts to an average of about 3.5
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ft/s. During dry periods, wastewater is the prin-
cipal component of flow.

Flow duration curves describe the sus-
tainability of flow. A flow-duration curve is a
cumulative frequency curve showing the per-
centage of time that a specific mean daily dis-
charge was equaled or exceeded during the
period of record for that station. Curves were
computed for the four continuous-record sta-
tions in the Whiteoak Creek basin to show varia-
tions in yield (fig. 36). On these, streamflow is
expressed as cubic feet per second per square
mile of drainage area to compare differences in
discharge that are unrelated to differences in
drainage areas. The interpretations that follow
are tentative, owing to the short periods of
record.

The flow-duration curves are similar for all
four stations during periods of high flow when
overland runoff is the predominant component
of flow. Curves separate to show variations in
streamflow during periods of base flow. Base
flow at the stations depends on local geology and
aquifer characteristics, and percent of flow com-
posed of wastewater from ORNL.

The effects of local geology and aquifer
characteristics are illustrated in the duration cur-
ves for Melton Branch (station 4) and Whiteoak
Creek at ORNL (station 2). The Conasauga
Group underlies the area drained by Melton
Branch at station 4. Base flow from this aquifer
occurs at a very low rate. The Knox Group and
Chickamauga Limestone underlie the area
drained by Whiteoak Creek at station 2. The
higher permeability of and greater amount of
water in storage in these formations enable this
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Figure 35.--Location of gaging stations and monitoring stations
in the Whiteoak Creek drainage basin.
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Figure 36.--Streamflow-duration curves for continuous-record
stations in the Whiteoak Creek basin.
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Table 11.--Station characteristics and flow data of the gaging stations at Whiteoak
Creek and Melton Branch, through 1981

[Data sources: U.S. Geological Survey, 1964, 1971; unpublished data in the files of
the U.S. Geological Survey. Note: Map numbers refer to figure 35]

USGS ORNL Drainage i ic f r
gaging monitoring area, in Gage Period
station  station no. and  square of
number map no. miles record Mean Maximum  Minimum
035650 2 2.08 Water-stage 1950-55 3.9 616 0.7
recorder.
035370 3 3.62 Water-stage 1950-53 9.6 642 9
: recorder and 1955-64
Cipolletti weir. 1978-81
035375 4 1.48 Water-stage 1955-64 2.5 242 0
recorder and 1977-80
V-notch sharp-
crested weir.
035380 5 6.01 Water-stage 1953-55 13.5 669 0
recorder. 1960-64
1977-79

part of the drainage basin to sustain base flow at
a larger rate. Consequently, the duration curve
for Melton Branch (station 4) is much steeper
during base flow than the curve for Whiteoak
Creek at ORNL (station 2).

Duration curves for the three stations on
Whiteoak Creek show the effect of wastewater
discharge. Whiteoak Creek at ORNL (station 2)
has base flow derived from ground water.
Streamflow at this station equals or exceeds 1.0
(ft3/s)/mi2 for 50 percent (P50) of the time.
Streamflow at Whiteoak Creek below ORNL
(station 3) is more than 1.6 (ft3/s)/mi2 at P50.
The increase in flow represents the amount of

wastewater from ORNL entering Whiteoak
Creek between these stations. The relative dif-
ference is even more pronounced at low flow.
Discharge in Whiteoak Creek at ORNL is about
0.62 (ft /s)/mi2 at P80, whereas discharge in
Whiteoak Creek below ORNL is about 1.2
(£t%/s)/mi? at P80.

The duration curve for station 5 in Melton
Valley more closely resembles the curves of sta-
tions 2 and 3, both on Whiteoak Creek, than that
of station 4 on Melton Branch. This reflects the
combined effects of local geology upon base flow
and the discharge of waste water to the stream.
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A review of the 1977-1979 record for
several 1- to 2-week periods when discharge was
within the confines of the weirs and the recorders
were functioning properly indicated that dis-
charge at station 5§ (Whiteoak Dam) was 10 to 20
percent less than the combined flow past stations
3 and 4. The difference could not be accounted
for by transpiration, evaporation from Whiteoak
Lake, or leakage through the lake bottom. It ap-
pears to result from an error in the rating curve
developedin 1962 by the USGS for station S, and
is greatest during periods of low discharge (B. J.
Frederick, written commun., 1978). An adjust-
ment for this would result in a slight upward shift
in the curve for station 5 at low discharge rates.
In addition, inasmuch as the accuracy of flow
measurements at the monitoring stations influ-
ences the accuracy of the monitoring data, it is
likely that the discharge of radionuclides to the
ClinchRiverwas greater than that reported from
approximately 1962 until late-1979 when the
gate at the dam was lowered.

RADIONUCLIDE DISCHARGE

There are many sources of the con-
taminants in the Whiteoak Creek drainage sys-
tem. Point sources that routinely have
discharged contaminated fluids include the
wastewater treatment plant, reactor facilities,
sewage-treatment plant, and laundry. Various
plant operations also have released waste fluids
to the creek by accident, and during storm events
have jettisoned fluids to take advantage of the
dilution afforded by large flow-volume. Indirect
sources include the ILW pit system, the burial

grounds, tank farms, and underground pipe lines
that have broken.

Studies of the Whiteoak Creek drainage
system provide evidence that this drainage is the
receiving stream for contaminants transported
from the burial grounds as well as other areas. In
1959-1960, Lomenick and Cowser (1961, p. 28-
30) attempted to quantify contaminant discharge
to Whiteoak Creek from burial ground 4, but
were unable to do so because of the discharge of
much larger quantities of radionuclides at up-
stream sources. Later that decade, efforts were
made to find the source of the several thousand
curies of tritium being discharged annually to the
Clinch River. Sampling of wells, seeps, and the
tributary drainages showed that large quantities
of this radionuclide were being released from
burial ground 5 (T.F. Lomenick, ORNL, oral
commun., 1974). Duguid (1975, p. 42; 1976, p.
20), using an indirect approach, estimated that
the discharge of %Sy from burial ground 4 to
Whiteoak Creek ranged from about 1.2 to 5.2
curies annually during the years 1971 to 1975,
and its variability from year to year was directly
related to precipitation. This correlation sug-
gests transport both in ground water and over-
land flow from trench spillage. Steuber and
others (1978, p. 20) found that the discharge of
%8¢ from burial ground 5 to Melton Branch
during 1978 was about 0.45 curies, and was fairly
constant from year to year regardless of vari-
ability in precipitation. This suggests that the
principal mode of transport is dissolution in
ground water and discharge into Melton Branch
rather than the flushing of trenches by infiltra-
tion. "Grab samples" of water in some of the
small drainages in or bounding the disposal sites
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were taken during extended dry periods in 1977-
1978 as part of this study. Although grab sam-
pling is only a cursory type of investigation, the
water in the drainages during dry periods reflects
aquifer discharge. The analytical results are
given in table 12, and show that 3H and *’Sr were
the principal contaminants identified. Cerling
and Spalding (1982) examined the relations be-
tween streambed gravels in the Whiteoak Creek
watershed and 60Co, 9OSr, and ¥"Cssorbed to the
gravels. They found that the gravels in the
drainage on the south side of burial ground 4 had
the highest sustained concentration of 0y of
any drainage in the watershed; those gravels also
had minor concentrations of °Co and ’Cs.
The concentration of *°Sr and **’Cs on gravels
in Melton Branch gradually increased as that
stream passed the south side of burial ground 3.
They interpreted this as an indicator of contami-
nation emanating from a diffuse source, and sug-
gested the increase is due to contaminated
ground water from burial ground 5 entering Mel-
ton Branch at numerous points. On gravels from
the principal drainage within burial ground 6,
they found a constant concentration of 908y over
a 200-meter stretch. This was attributed to dis-
charge from a ground-water seep into a drainage
that has no tributaries before discharging into
Whiteoak Lake.

The results of these studies support the in-
terpretation that the local drainage system is
recipient of leachate from the buried waste.
Studies, however, have not been made to confirm
that this drainage system is the sole initial recip-
ient of contaminants from the Melton Valley
burial grounds as indicated by interpretation of
the ground-water data, discussed in the preceed-
ing sections of this report.

MONITORING

Whiteoak Creek is literally the terminal
phase of ORNL'’s waste-disposal system. Conse-
quently, most of the historical monitoring efforts
have focused upon it. The primary objective of
monitoring has been to meet the Code of Federal
Regulations’ requirement that the average an-
nual concentration of radionuclides in effluent
discharged to off-site areas be maintained within
established limits. This has been done by moni-
toring the creek at Whiteoak Dam (station 5,
figure 35) where the discharge enters an estuary
of the Watts Bar Reservoir. Monitoring at this
point has been more or less continuous since
1943 (see Webster, 1976, p. 60, for details). Ad-
ditional monitoring stations were established at
upstream locations during the 1940’s and 1950’s,
but only station 1 atxthe waste-water treatment
plant, a major contributor to the contaminant
load of the creek during the early years of opera-
tion, was installed to monitor a point source of
contamination. Station 2 was installed to deter-
mine the total load from areas upstream of sta-
tion 1, and stations 3 and 4, located near the
confluence of Whiteoak Creek with Melton
Branch, were installed to determine which valley
was the source area for an unaccountable amount
of strontium-90 found at Whiteoak Dam. More
recently, station 2A was installed on Whiteoak
Creek upstream from burial ground 4, and sta-
tions 4A and 4B were installed on Melton Branch
and one of its tributaries upstream from burial
ground 5, in support of the burial-ground studies
being conducted by ORNL and USGS personnel.
Thus, with a few exceptions, the thrust of moni-
toring has been oriented historically on the final
waste product leaving ORNL rather than on the
point sources of contamination.
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The burial grounds have not been the sub-
ject of a routine monitoring program until re-
cently because their hazard potential compared
to the other sources of contamination in this
drainage basin has been regarded as minimal.
During the past several years improvements at
various plant facilities have resulted in a sig-
nificant reduction of their discharge of radio-
nuclides to Whiteoak Creek, and consequently of
the creek’s discharge of radionuclides to the
Clinch River. As the amount from these other
sources has declined, the amount from the burial
grounds relative to the total load has increased.
The burial grounds now represent one of prin-
cipal sources of strontium-90 and tritium in the
discharge at Whiteoak Dam.

SUMMARY AND CONCLUSIONS

Several thousand cubic feet of waste ma-
terials contaminated by an unknown amount of
radioactivity have been interred in each of the
three Melton Valley burial grounds. At burial
ground 4, virtually all of the trenches extend
below the water table during winter and early
spring. Many contain water throughout the year,
and a small number of trenches in the central
part of the site and in the low terrace on the east
boundary overflow seasonally. At burial ground
5, trenches in the topographically lower areas
along the southern, southeastern, and eastern
perimeter penetrate the water table during most
of the year. Several trenches in the low areas of
the east lobe overflow after extended periods of
rain. At burial ground 6, trenches in limited
areas extend below the water table, but none are
known to spill their fluid.

Infiltration that intermittently passes
through the waste, and ground water in pro-
longed contact with it, promotes the leaching of
both stable and radioactive ions from the buried
material. The contaminants in the leachate have
migrated beyond the trench areas at each site.
Two principal modes of transport are recog-
nized. One is by trench spillage and subsequent
overland flow; the other is by transport in ground
water through the geologic materials surround-
ing the trenches and underlying the disposal
sites.

Five of the six formations of the Conasauga
Group, a complex sequence of fine-grained, clas-
tic-rich units alternating with carbonate-rich
units, underlie the waste-disposal areas in Mel-
ton Valley. The formations are structurally com-
plex. The openings developed in the regolith by
weathering processes, and those created in the
underlying bedrock by regional faulting and re-
lated breakage, provide a network of low per-
meability passageways for the flow of ground
water and contaminants in that water. The
heterogeneity of the lithology, the variability of
the structural features, and in some areas the ex-
cavation of trenches below the present water
table, provide an anisotropic medium in which
the ground-water system functions. The degree
of anisotropy is variable, both laterally and verti-
cally. The resulting ground-water flow patterns
are complex, but are definable in general terms.

A conceptual model of ground-water flow
through the entire column of the saturated Con-
asauga Group shows three zones:

(1) A zone in the regolith at and immediately
below the water table where the largest

104



vector of flow trends in the same direction
as the water-table gradient inferred from
water-level data of shallow wells. A much
smaller vector of flow corresponds to the
direction of bedding (formation strike).
The latter vector is nonexistent where the
beds have weathered to an entirely porous
material.

(2) Insome areas, a transitional zone grading
rapidly from regolith into bedrock where
inferred water-table gradient and bedding

vectors of flow have significant magnitude
relative to each other.

(3) A zone comprising the water-bearing sec-
tion of the bedrock where the largest ve¢-
tor of flow is oriented in the direction of
formation strike, reflecting flow between
bedding planes, and a smaller vector of flow

is oriented across the beds, reflecting flow
through openings within the beds.

Where gradient and strike are virtually the same,
the flow vector across the beds is very small or
nonexistent. Locally, gradients within resistant
beds and structural features may control the
direction of flow in any of the three zones.

Most of the recharge received by the system
flows through the regolith only. Three reasons
support this conclusion:

(1) The hydraulic conductivity of the regolith
is greater than that of the bedrock; there-
fore, the bedrock’s ability to accept and
transmit recharge is less, and that ability
decreases as depth increases.

(2) The saturated boundary of the bedrock is
fixed; therefore, in order for it to accept a
particle of water as recharge, it must elim-
inate a particle of water as discharge, which
is comparatively more difficult for it to do.
In contrast, the upper saturated boundary
(the water table) of the regolith is flexible.
The regolith can accept recharge without
simultaneous discharge by a rise in the
water table. With the regolith’s greater
hydraulic conductivity, that recharge can
be passed on and eliminated more readily.

The chemical and radiochemical data indi-
cate that most recharge flows through the
regolith.

)

Because the water-table gradient is
thought to be the dominant factor that controls
the direction of ground-water flow in the rego-
lith, water-table contour maps can be helpful for
predicting the general direction of lateral flow
and areas of discharge. Even though the system
is anisotropic, the degree of anisotropy probably
is not great enough to impair prediction of gen-
eral discharge areas. By use of this method,
ground water in the eastern fourth of burial
ground 4 is projected to discharge directly to the
abandoned channels of Whiteoak Creek and pos-
sibly to the creek itself. Ground water in the
remainder of the site discharges to the south-
boundary tributary. The upstream half of this
shortdrainage receives discharge from the entire
west half of burial ground 4. Ground water in the
regolith of burial ground 5 discharges to the
drainages that arise within the site boundary, the
unnamed tributary to the east, Melton Branch,
and Whiteoak Creek. Discharge appears to be
generally diffuse along each stream’s length.
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Ground water in the regolith of burial ground 6
also discharges to the streams that arise within it,
the drainage between that site and the ILW dis-
posal area, and directly to Whiteoak Lake. Dis-
charge occurs along the lengths of the drainages
and the lake bottom.

Potentiometric data for the S-south area of
burial ground § indicate that ground water in the
regolith provides recharge to the bedrock under-
lying all of the site except in the topographically
low areas near the drainages. In these areas,
ground water in the bedrock moves upward into
the regolith and discharges to the local drain-
ages. The potentiometric-head relations indi-
cate that all ground-water discharge from this
site, whether from the regolith or the bedrock, is
into the Whiteoak Creek drainage system. By
projecting the potentiometric-head relations of
burial ground 5 to other areas in Melton Valley,
it is inferred that the rfe’gglith of burial ground 4
might have potential to supply recharge to the
shallow bedrock only along the higher, western
end. Water in the shallow bedrock is thought to
flow more or less laterally below the site to dis-
charge into either Whiteoak Creek, the flood
plain, or the south-boundary tributary. At burial
ground 6, the upland areas provide recharge to
the bedrock underlying that site. Discharge is
projected to occur along the local drainages with-
in or bordering the site. Thus, at all three sites,
ground-water in the bedrock is thought to dis-
charge into the Whiteoak Creek drainage net-
work. The relatively shallow depth of ground-
water circulation (estimated to be about 200 to
250 feet) and the hydraulic potentials present do
not favor the development of deep interbasin
flow through bedrock from one river system to
another.

Apparent hydraulic conductivities of the
regolith as measured by slug tests of wells ranged
fromabout2.9x 10310 6.7 ft/day. The low values
are associated with the regolith derived from
siltstone and mudstone; the high values are as-
sociated with regolith derived from carbonate
and shaley carbonate rock. The variability be-
tween the two extremes reflects the hetero-
geneity of the lithology and differences in extent
of weathering. Apparent hydraulic conduc-
tivities of the bedrock at depths of 100 to 200 feet
inburial ground 5’s 5-south area ranged from 1.5
x 1010 1.9x 10"} fi/d. The trend is for values to
decrease with depth, but the relation is imper-
fect, again reflecting the variability of the strata.
By use of a flow-velocity that is based on a mean
hydraulic conductivity value, it is estimated that
the time required for ground water in burial
grounds 5 and 6 to flow entirely in regolith and
parallel to the longest flow line from a point of
waste disposal to aTeceiving stream is about 5 to
6 years. Actual time of travel probably would be
somewhat less because of other factors involved.
In contrast, the time required for water to travel
from the regolith, to the lower limit of bedrock
saturation, to a discharge point in a drainage,
would be measured at least in many decades if
not in centuries.

Evidence exists that solution cavities of
small cross-sectional area have developed in
some of the limestone beds, but no evidence was
obtained to demonstrate that an integrated cav-
ity system has developed, such as appears to have
occurred near ILW pits 2 and 4. If such a cavity
system is present below burial grounds 5 or 6, it
could provide the pathway for a disproportionate
amount of flow at a more rapid rate than water
flows in the surrounding rock. It also would
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afford minimal sorption and ion-exchange
potential because of the comparatively small sur-
face area involved in channelized flow.

Principal contaminants in the ground
water of burial ground 5 are iron, tritium, and
strontium-90. Although a wide variety of radio-
nuclides are associated with the buried waste, the
rate of transport of many of them through the
Conasauga Group is significantly slowed by sorb-
tion and ion exchange.

Historically, monitoring has focused on the
discharge at Whiteoak Dam in order to meet a
legal requirement pertaining to the concentra-
tion of radionuclides released by ORNL to off-

site areas. Inview of the changed regulatory en-
vironment of recent years, and the demon-
strated inability of the geologic media
underlying Melton Valley to retain all of the
radionuclides consigned to it, it seems impera-
tive that a system designed more specifically for
monitoring transport of hazardous substances
from the waste-disposal areas be developed. The
data and interpretations given herein provide a
scientific basis for the initial design of such a sur-
veillance system, material for constructing nu-
merical models that simulate the ground-water
flow system, and help in assessing the effective-
ness of proposed remedial measures that are
based on altering one or more aspects of ground-
water flow.
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