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EXECUTIVE SUMMARY

This report presents the findings of an investigation into contamination of the Clinch River and
Poplar Creek near the U.S. Department of Energy's (DOE's) Oak Ridge Reservation (ORR) in
eastern Tennessee. For more than 50 years, various hazardous and radioactive substances have been
released to the environment as a result of operations and waste management activities at the ORR.
In 1989, the ORR was placed on the National Priorities List (NPL), established and maintained
under the federal Comprehensive Environmental Response, Compensation, and Liability Act of 1980
(CERCLA). Under CERCLA, NPL sites must be investigated to determine the nature and extent of
contamination at the site, assess the risk to human health and the environment posed by the site, and,
if necessary, identify feasible remedial alternatives that could be used to clean the site and reduce
risk. To facilitate the overall environmental restoration effort at the ORR, CERCLA activities are
being implemented individually as distinct operable units (OUs). This document is the combined
Remedial Investigation and Feasibility Study Report for the Clinch River/Poplar Creek OU.

This report is organized into five volumes, the first of which presents the main text. Chapter 1
describes the regulatory setting, and Chapter 2 broadly portrays the environmental setting. Chapter 3
depicts the operational and release history of the site and characterizes in detail the nature and extent
of contamination. Chapter 4 briefly identifies other regulatory requirements that are applicable or
appropriate to the site. Chapters 5 and 6 assess the risk to human health and the environment,
respectively. Chapter 7 explains the purpose and organization of the feasibility study. Chapter 8
defines remedial action objectives for the site; identifies pathways and contaminants of concern; and
screens general response actions, potential remedial technologies, and process options. Chapter 9
develops remedial alternatives based on the remedial action objectives, the screened technologies,
and representative process options. Chapter 10 analyzes, evaluates, and compares the remedial
alternatives. Chapter 11 lists the references cited in the main text.

Volumes 2—5 consist of appendices that contain supporting data and information. Volume 2
characterizes the biota on the ORR (Appendix A) and summarizes data related to contaminant
concentrations in water (Appendix B), in sediment (Appendix C), and in biota (Appendix D).
Volume 3 presents information related to the human health risk assessment (Appendix E) and the
ecological risk assessments (Appendix F). Volume 4 focuses on the feasibility study, detailing the
selection of remedial process options (Appendix G) and providing the basis for the cost estimates
for each remedial alternative (Appendix H). Volume 4 (Appendix I) additionally presents the
applicable or relevant and appropriate requirements (ARARs), which help define the extent of the
remedial response. Volume 5 is a compilation of data from individual studies that were conducted
as part of the overall remedial investigation. As such, the volume addresses the quality assurance
objectives for measuring the data (Appendix J) and presents selected historical data (Appendix K),
data from several discrete water characterization studies (Appendix L), data supporting the sediment
characterization (Appendix M), and data related to several biota characterization studies
(Appendix N).




BACKGROUND

The ORR is a 34,600-acre tract of land in Anderson and Roane counties, Tennessee. It is
administered by DOE, and it houses three main facilities: the Oak Ridge Y-12 Plant, the K-25 Site
(formerly known as the Oak Ridge Gaseous Diffusion Plant), and Oak Ridge National Laboratory
(ORNL). Each facility was created in the early 1940s as part of the U.S. government's war effort.
The K-25 Site was used for the large-scale production of enriched uranium until its shutdown in
1985. The Y-12 Plant had several missions, but it primarily manufactured nuclear weapons
components; production there ended in 1992. ORNL was initially a pilot-scale plant for the
production of plutonium, but its post-war mission has centered on nuclear reactor research and the
production of radionuclides for use in medicine and science. In addition to these operations, each
plant has housed large support operations, including maintenance shops; waste treatment, storage,
and disposal areas; steam plants; storm and sewer drains; and infrastructure.

The Clinch River/Poplar Creek OU is located adjacent to the ORR and consists of the Clinch
River and several tributary embayments in Melton Hill and Watts Bar reservoirs. Both reservoirs
are large multipurpose impoundments created and maintained by the Tennessee Valley Authority.
The OU extends from the upstream boundary of the ORR at Clinch River mile (CRM) 49 in Melton
Hill Reservoir, downstream to the mouth of the Clinch River in Watts Bar Reservoir at Kingston.
It also includes several embayments that extend up tributary streams, including the McCoy Branch
embayment of Melton Hill Reservoir and the Poplar Creek embayment [up to Poplar Creek mile
(PCM) 5.5] of Watts Bar Reservoir. Originally, the OU included all of Watts Bar Reservoir
downstream of the confluence of the Clinch and Tennessee rivers, but this area was segregated into
a new OU (the lower Watts Bar Reservoir OU) in 1994, and a CERCLA Record of Decision was
reached in 1995. No action-based remedial alternatives were implemented in lower Watts Bar
Reservoir. The OU is currently being monitored to ensure that exposure to contaminants remains
low.

REMEDIAL INVESTIGATION

The remedial investigation had two primary objectives: (1) to characterize the nature and extent
of contamination, and (2) to assess the baseline risk to human health and the environment. Under
CERCLA, if site risks are too high, remedial action is generally warranted. This investigation was
implemented in a phased approach. First, existing environmental data were used to develop a
preliminary site model, which considered the known or suspected contaminant sources, the physical
characteristics of the site, and the environmental fate of various contaminants. An initial round
(Phase 1) of limited sampling of water, sediment, and fish was then conducted (in 1989) to confirm
these historical data and to refine the site model. A much more extensive sampling effort (Phase 2)
was conducted in 1994 to more definitively meet the objectives.

Nature and Extent of Contamination
Several contaminant sources were included in the site model. The waters of Poplar Creek were
known to receive effluent from the Y-12 Plant (and the City of Oak Ridge) via East Fork Poplar

Creek (EFPC), which enters the Poplar Creek at PCM 5.5. Large quantities of elemental mercury
were released from the Y-12 Plant in the late 1950s, and small quantities currently continue to

Xxvi




escape from contaminated buildings, equipment, and soils. Increased levels of mercury, therefore,
were predicted in water, sediment, and biota of Poplar Creek downstream of EFPC. (Contamination
at the Y-12 Plant and contamination in the EFPC floodplain have been addressed separately in
efforts at other ORR OUs). Other contaminants known to have been released from the Y-12 Plant
include uranium, polychlorinated biphenyls (PCBs), and several metals. Poplar Creek also has
historically received a variety of effluents from the K-25 Site, through which the creek flows.
Numerous metals, uranium, PCBs, laboratory chemicals, and organic solvents are thought to have
been released from the site. In addition, the downstream reaches of Poplar Creek formerly received
coal ash from the K-770 steam plant at the K-25 Site, and sediment at this location was expected to
contain elevated levels of several metals, particularly arsenic.

The contaminants of potential concern in the Clinch River below Melton Hill Dam are primarily
man-made radionuclides, by-products of nuclear fission. Contaminants were released to the Clinch
River via White Oak Creek, which enters at CRM 20.8. Studies in the 1960s demonstrated that
water-soluble radionuclides were rapidly and greatly diluted upon entering the Clinch River and
were quickly transported downstream, with little loss of contaminant mass (i.e., they remained in
solution). However, those contaminants that adsorbed to particulate matter became bound to
particles of suspended sediment and accumulated in areas of sediment deposition. Earlier studies
indicated that the principal radionuclide of potential concern in Clinch River sediment at the
beginning of this investigation was *’Cs, which is strongly particle-associated and has a relatively
long (30-year) half-life. Because peak releases of *’Cs from ORNL occurred at the same time as
peak releases of mercury from the Y-12 Plant, peak concentrations of each were known to co-occur
in the lower Clinch River, buried under several inches of cleaner sediment. Although one would
have expected sediment in the Clinch River below White Oak Creek to contain the highest levels
of ¥Cs and other radionuclides, there was actually very little sediment in this portion of the river,
most having been scoured and transported downstream by the periodic high-volume releases of
water from Melton Hill Dam, located approximately 2 miles upstream.

Current contaminant releases from ORNL are much lower than those of the 1950s and 1960s
and are largely due to leaching or runoff from waste disposal areas. Most of these areas are no longer
in use and are themselves the focus of environmental restoration efforts at ORNL.

Fly ash from the Y-12 steam plant was formerly disposed of in a settling pond located near the
headwaters of McCoy Branch on Chestnut Ridge. As a result, several contaminants associated with
coal ash, particularly arsenic, were known to be present at elevated levels in surface water and
sediment in the McCoy Branch embayment of Melton Hill Reservoir. Because the embayment is
bisected by a road built on fill material, conditions were expected to be worse in the upper
embayment, whose water had limited mixing (via a culvert) with waters of the lower embayment
and the main reservoir. .

In addition to these ORR-specific concerns, it was known that fish collected on and near the
reservation contained more PCBs than fish found at most upstream reference areas. PCBs had been
used at each of the three facilities. The ORR as a whole has likely been a source of PCBs to the
environment. However, PCBs have been widely used in transformers and in industrial operations,
and numerous potential sources exist throughout eastern Tennessee. The identification of sources
is difficult because PCBs bioaccumulate in fish and other organisms to much greater levels than in
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water or sediment, where they are largely undetected The extent to which the ORR had contributed
to the problem was unclear.

The knowledge of these site conditions was used to guide the remedial investigation. Much of
the sampling focused on Poplar Creek, where the combination of multiple sources and site
conditions (e.g., areas of significant sedimentation, less water volume than in the Clinch River) were
expected to result in some of the highest levels of contamination. Sampling in the Clinch River
focused on fish and sediment, media in which contaminants tend to accumulate. Sediment sampling
was limited in the Clinch River between Melton Hill Dam and Poplar Creek because sediment was
scarce there.

The results of the site characterization phase of the remedial investigation were consistent with
the site model. The nature and extent of contamination were evaluated by identifying those study
reaches in which levels of any contaminant in water, sediment, or biota were elevated in comparison
with levels in upstream reference reaches. The nature and extent of contamination are described as
follows.

e Arsenic in surface water and sediment of upper McCoy Branch Embayment. Average
concentrations of arsenic (4.1 ng/L) in surface water exceeded the state of Tennessee’s
recreation-based Ambient Water Quality Criterion. This criterion is designed to protect persons
who regularly consume fish taken from a particular body of water. In sediment, elevated levels
of arsenic, vanadium, and boron were found throughout McCoy Branch Embayment, but
concentrations were highest in the upper embayment.

¢ Radionuclide levels in water, sediment, and biota of the Clinch River downstream of
White Oak Creek. Average gross alpha and gross beta levels and mean activities of **Sr and
3H in surface water were a factor of ten higher than reference values. These data were extremely
variable, probably as a result of the extreme variability in flow below Melton Hill Dam. A
conservative evaluation of the radionuclide concentrations indicated that, even immediately
below White Oak Creek, the state’s Ambient Water Quality Criterion for protection of domestic
supplies was not exceeded.

Levels of B’Cs were elevated in Clinch River sediment below the mouth of White Oak Creek.
This radionuclide has a strong affinity for particles, particularly the clay minerals that make up
a significant portion of Clinch River sediment. However, the discharge of water from Melton
Hill Dam resulted in the scouring of most of the sediment from this portion of the river, creating
larger inventories of **’Cs in the lower Clinch River, where sedimentation is greater.

Bluegill sunfish and largemouth bass collected in.1989 from the Clinch River near the mouth
of White Oak Creek contained *’Cs at levels 100 times that of fish from upstream reference
areas. Catfish were found to have levels approximately ten times that of reference areas.
Although elevated, these levels were not thought to pose a significant risk to persons or wildlife
consuming these fish, and thus radionuclide analysis was discontinued after the initial round of
sampling. However, the species-specific baseline human health risk assessment has identified
37Cs as a contaminant of concern in largemouth bass. Additional bass and sunfish will be
collected to determine whether concentrations have dropped since the Phase 1 data were
collected.
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Mercury in surface water, sediment, and biota of Poplar Creek downstream of East Fork |
Poplar Creek. Average mercury concentrations in surface water, sediment, and biota were
significantly elevated in Poplar Creek downstream of EFPC in comparison with average values
upstream of EFPC. Elevated concentrations (up to 0.19 1g/L) measured in Poplar Creek surface
water below EFPC and in the Clinch River downstream of Poplar Creek exceed the state’s
Criterion Continuous Concentration (CCC) (0.012 ng/L). This criterion is designed to protect |
aquatic life from chronic exposure to mercury. Although also elevated above reference values,
mean mercury levels in fish did not exceed the Federal Drug Administration's action level (1.0
mg/kg) in any species sampled. Several individual largemouth bass, however, had mercury
levels that exceeded this value. Increased body burdens of mercury were also found in benthic
organisms living in Poplar Creek, in heron eggs and chicks from a rookery near Poplar Creek,

and in laboratory mink fed a diet high in fish from Poplar Creek. A decreasing gradient of
biological effects, as measured by a suite of physiological and physical indices, was found to
extend from upper Poplar Creek downstream through the Clinch River. This gradient in effects

can be roughly correlated with a decreasing gradient in fish body burdens of mercury and PCBs

in the downstream direction.

Metals_ and radionuclides in the sediment of Poplar Creek. In addition to mercury,
contaminants in Poplar Creek sediment that were elevated above reference levels were silver,
arsenic, boron, cadmium, copper, chromium, nickel, vanadium, 28U, 2°U, 24U, *Tc, ¥’Cs, and
®Co. PCBs (Aroclor 1254), rarely detected in sediment anywhere in the system, were detected
in Poplar Creek. As with mercury, concentrations of copper, cadmium, and chromium increased
immediately below EFPC and likely represented releases from the Y-12 Plant. Concentrations
of silver, nickel, *Tc, and the uranium isotopes were elevated below K-25 discharge points, and
copper and chromium concentrations in this area were substantially increased above the already
elevated levels found below EFPC. Increased levels of arsenic, vanadium, and boron were found
in lower Poplar Creek and were associated with an area where the disposal of coal ash from the
K-770 steam plant historically took place. The increased levels of *’Cs and Co were restricted
to the last mile of Poplar Creek and are thought to be caused by backflow from the Clinch River,
which regularly takes place as a result of reservoir operations.

PCBs in fish of Poplar Creek and the Clinch River. Mean PCB levels in largemouth bass
were highest in Poplar Creek. Although no bass were available from the reference reach of
Poplar Creek, concentrations were still greater than at most other study and reference sites.

Mean concentrations of PCBs in catfish were highest in Phase 1 samples collected from the
White Oak Creek Embayment (now part of a separate OU) and in fish from the Clinch River
immediately downstream. Levels were significantly increased over those in Melton Hill and
Norris Reservoir catfish. Mean concentrations in catfish from Poplar Creek below the
confluence with EFPC were greater than those in catfish from above the confluence. Mean total
PCB concentrations in largemouth bass did not exceed the FDA action level (2.0 mg/kg) at any
location. The mean concentration in catfish did not exceed this action level at any location
(except at the White Oak Creek Embayment). However, individual fish from the Clinch River
and Poplar Creek had concentrations that exceeded this level.
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The PCBs detected in fish flesh were almost exclusively Aroclor 1254 and Aroclor 1260. An
analysis of individual PCB congeners in catfish did not reveal any patterns that could explain
additional sources of PCB contamination.

Risk Assessment

The data used to characterize the nature and extent of contamination were also used to meet the
second objective of the remedial investigation, risk assessment. The baseline risk assessment
contained in this report consists of a human health risk assessment and an ecological risk
assessment.

Risk to human health was evaluated for seven exposure scenarios, each of which contained one
or more pathways through which exposure actually occurs. The seven scenarios were (1) the use of
surface water as an untreated drinking water source, (2) the consumption of fish, (3) the use of the
reservoir shoreline during winter drawdown, (4) swimming, (5) the hunting and consumption of
waterfow] that frequent the ORR, (6) the dredging and subsequent land disposal of sediment, and
(7) the use of surface water for irrigation. In each scenario, risk from carcinogens was assessed by
assuming a 30-year exposure duration, and risk from noncarcinogens was assessed by assuming a
6-year exposure period. Under CERCLA, media whose pathways result in either a cumulative excess
cancer risk of 1.0E-04 or a Hazard Quotient of 1.0 (a measure of noncarcinogenic exposure)
generally warrant remedial action at the site.

The human health risk assessment evaluated the risk from each contaminant for which sufficient
data existed to obtain a representative concentration. Therefore, the human health risk assessment
identified certain analytes whose presence did not appear to be the result of the ORR operations.
Because these contaminants might have contributed significantly to overall risk, they generally were
included in the risk assessment.

Thirty-five potential contaminants of concern were identified in Clinch River and Poplar Creek
water, sediment, and fish. The majority of contaminants were found in deep sediment, and the
greatest risks were identified through the agricultural pathways. Of the contaminants identified, only
2 in water, 7 in fish, and 19 in sediment were clearly site-related.

Eight contaminants of concern, all noncarcinogens, were identified in surface water in the OU.
Five were identified in the drinking water scenario; the non-site-related analyte manganese drove
the risk in all reaches except in upper McCoy Branch, where arsenic contributed most of the risk.
Seven contaminants of concern were identified in the irrigation scenario, and two were identified
in the swimming scenario (Poplar Creek only). The two contaminants identified in the swimming
scenario (Di-n-octylphthalate and Aroclor 1254, also identified in the irrigation scenario) were
detected infrequently and therefore might not be contaminants of concern. In general, the number
of contaminants of concern in each scenario was greatest in Poplar Creek and least in McCoy
Branch.

Seven contaminants of concern were identified in the shoreline-use scenario, which was based

| on contaminant concentrations in near-shore sediment only. Melton Hill Reservoir is managed in
| such a way that no prolonged drawdown occurs; therefore, assessment of this scenario was not
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conducted for the area. Noncarcinogenic risk was common throughout near-shore areas along both
the Clinch River and Poplar Creek, and it was driven almost exclusively by manganese via
inhalation of resuspended sediment. A significant (<1.0E-04) excess cancer risk existed in one
subreach of Poplar Creek, primarily because of chromium exposure via the inhalation pathway.

Eleven contaminants of concern were found in fish. Most of the contaminants were organic
compounds (PCBs and pesticide residues) and were found in catfish and largemouth bass from both
the Clinch River and Poplar Creek. The excess cancer risk from the consumption of catfish exceeded

1.0E-03 in all study reaches, primarily as a result of Aroclor 1260. The excess cancer risk from the-

ingestion of largemouth bass was generally equal to or less than one half of that from the ingestion
of catfish. Arsenic and Aroclor 1260 were the primary contributors to carcinogenic risk from the
ingestion of largemouth bass. Several radionuclides were also identified as carcinogenic
contaminants of concern, but they generally contributed only a small portion of the total risk. The
exception was *'Cs, which contributed a significant portion of the risk associated with the ingestion
of largemouth bass from the Clinch River immediately below the mouth of White Oak Creek.
Contaminants of concern that were important noncarcinogens included mercury, Aroclor 1254, and
chlordane in one or more species in Poplar Creek and the Clinch River.

In the dredging scenario, 31 contaminants of concern ‘were identified in sediment. This scenario
assessed the risk from contaminant exposure that would occur if dredge spoil were placed on land
where it was accessible to humans. Several direct exposure pathways were evaluated, as were
several agricultural scenarios in which contaminant concentrations in produce, milk, and beef were
modeled from sediment contaminant concentrations.

Of the direct pathways, external exposure to gamma-emitting radionuclides in spoil from
throughout most of the Clinch River (including Melton Hill Reservoir) and at the mouth of Poplar
Creek would result in an excess cancer risk greater than 1.0E-04. At all locations downstream of
White Oak Creek, the primary contributor to risk via external exposure was *’Cs. In Melton Hill
Reservoir, the risk was primarily due to Co from a non-DOE source (now closed) on Braden
Branch. In all reaches for which data were available, manganese in spoil posed the greatest risk to
adults and children via the inhalation of resuspended sediment. Barium similarly posed ubiquitous
risk but generally only to children. In addition to this noncarcinogenic risk, the inhalation of
resuspended spoil from lower Poplar Creek would result in an excess cancer risk of 2.1E-04,
primarily due to arsenic and chromium. Finally, the incidental ingestion of arsenic and mercury in
spoil from lower Poplar Creek would be potentially harmful to children.

In the three agricultural pathways evaluated under the dredging scenario, the milk and meat
ingestion pathways showed the most carcinogenic potential. Evaluation of the majority of the
reaches for which data were available indicated that the ingestion of milk and beef produced with
vegetation grown on dredge spoil would result in an excess cancer risk greater than 1.0E-04 and that
many reaches had risk values an order of magnitude greater. The contaminants responsible for the
majority of this risk were members of a class of ubiquitous contaminants known as polycyclic
aromatic hydrocarbons. In particular, benzo(a)pyrene and dibenz(a,h)anthracene drove this risk. In
addition, in those reaches where it was detected, Aroclor 1260 contributed significantly to the risk.
By contrast, the excess cancer risk in vegetables was generally lower, exceeding the 1.0 E-04
threshold in only two locations; in these locations the risk was driven by different analytes than in
the other two pathways. In Poplar Creek adjacent to the K-25 Site, ®Tc was the primary contributor
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to risk, although nine other analytes at this location were also of concern. At one location in the
Clinch River, the organic analyte N-nitroso-di-n-propylamine was identified as a contaminant of
concern but was detected in only one of three samples from that reach.

Evaluation of every subreach for which there were data indicated that one or more of the
agricultural pathways posed an unacceptable risk under the dredging scenario. Fourteen
noncarcinogenic contaminants of concern were identified. Risk in the milk and meat pathways was
frequently driven by mercury and Aroclor 1254. Risk in the vegetable ingestion pathway was
frequently driven by manganese, except in the Poplar Creek subreaches, where mercury was the
concern.

The ecological baseline risk assessment estimated the ecological risk due to contaminants in the
Clinch River/Poplar Creek OU. Seven assessment endpoints were evaluated during the assessment:
(1) reduced species richness or abundance or the increased frequency of gross pathologies in fish;
(2) reduced species richness or abundance of benthic macroinvertebrate communities; (3) reduced
abundance or production of piscivorous wildlife populations; (4) reduced abundance or production
of flying insectivorous wildlife populations; (5) reduced production in terrestrial plant communities;
(6) reduced abundance or production of terrestrial wildlife populations; and (7) reduced viability of
any individuals of a threatened or endangered species. For each endpoint, the reduction in the
parameter was required to be 20% or more and to be the result of toxicity.

Three lines of evidence were used in the ecological risk assessment. First, the site and media-
specific contaminant data used in the site characterization were evaluated against a series of
benchmark values (e.g., the no-observed-effects level) to determine whether concentrations were
great enough to cause adverse effects. Second, site-specific toxicity data were used to determine
whether these levels were actually causing a toxic effect at a particular site. Finally, site-specific
biological survey data (species richness and abundance) were used to help assess whether any
toxicity was actually having an impact at the population or community level. When all lines of
evidence were not available for each of the endpoints, risk assessment was usually based on
contaminant data alone. The assessment for the fish endpoint used data on fish pathologies and
fecundity as a fourth line of evidence.

The fish community in Poplar Creek was found to be at significant risk from episodically high
concentrations of several metals (copper, mercury, nickel, and silver). Toxicity to fish was assessed
by using several test protocols and organisms. Poplar Creek water was toxic to Japanese medaka and
redbreast sunfish embryos, but not to fathead minnows or Ceriodaphnia. The fish community of
Poplar Creek exhibited decreased species richness and abundance in comparison with a reference
site with similar habitat (Bull Run Creek embayment of Melton Hill Reservoir). The results of the
ecological risk assessment for fish indicated that, while individual fish were probably suffering some
physiological impacts immediately below WOC, the fish community was not being significantly
impacted in the Clinch River. In McCoy Branch, adverse impacts could not be ruled out, but data
were unavailable for some of the lines of evidence (data on fish community, pathology, and
fecundity).

The benthic macroinvertebrate community of Poplar Creek was identified as being at significant

risk from several metals (arsenic, mercury, nickel, and silver) and PCBs in surface sediment. The
benthic community contained fewer species and had less abundance of organisms than the
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communities at other sites. The toxicity data did not reveal consistently toxic effects, but in at least
one test from each site a toxic response was observed in test organisms of at least one species. The
benthic communities of the Clinch River and the McCoy Branch embayment were found not to be
significantly impacted by contaminants.

Risks to piscivorous wildlife were assessed by using two avian species (great blue heron and
osprey) and two mammalian species (mink and river otter). Two lines of evidence, biomonitoring
data and contaminant data in whole fish, were available for assessing risk to heron and osprey. Partly
because of their wide foraging behavior, osprey were found to be not at risk from contaminants even
though mercury levels in Poplar Creek fish exceeded benchmark values. Although the data indicated
that individual heron feeding exclusively in certain portions of Poplar Creek might be at risk, the
local populations of the avian species were not expected to be impacted. This conclusion was
supported by surveys of the reproductive success of osprey and great blue heron in Poplar Creek:
the surveys found high reproduction and no increase in deformities. Mink were not identified as
being at risk from contaminants in either Poplar Creek or the Clinch River. However, individual
river otter feeding in Poplar Creek near the mouth of EFPC would be expected to have a significant
risk of impaired reproduction. Although river otter do not currently exist within the OU, they have
recently been reintroduced into east Tennessee, and the natural expansion of their range is expected
to lead to their re-establishment on the ORR. Because the otter is a state threatened species, impacts
to individual otter would be considered significant.

" The risk to insectivorous wildlife was assessed by using one avian species, the rough-winged
swallow, and two mammalian species, the gray and little brown bats. In each case, only one line of
evidence (contaminant concentrations in benthic insects) was available for the assessment. These
data indicate that a colony of rough-winged swallows feeding in Poplar Creek near the mouth of
EFPC could suffer impaired reproductive potential as a result of mercury exposure, but the
magnitude of the effects could not be evaluated. Populations of neither species of bat were found
to be at risk. Although mercury concentrations in Poplar Creek were high enough to put individual
bats at risk if they were to forage exclusively within this area, the foraging range of bats is great
enough that this possibility is unlikely.

The ecological risk assessment for terrestrial wildlife was based on a dredging scenario much
like that used in the human health risk assessment. The assessment examined risk both to the plant
community that would develop on dredge spoil and to a herbivorous mammal (eastern cottontail)
foraging there. A single line of evidence (contaminant concentrations in sediment) was available for
use in the assessment. In the sediment of one or more study reaches, 12 metals were found at
concentrations that exceeded benchmarks indicative of plant toxicity. The greatest number of metals
were found in lower Poplar Creek, which contained arsenic, boron, cadmium, chromium, mercury,
nickel, selenium, uranium, and vanadium. Benchmark numbers for plants were not available for a
large number (i.e., 37) of the organic compounds; therefore, these analytes could not be evaluated.
Populations of cottontails foraging on future spoil from lower Poplar Creek or from the Clinch River
immediately downstream of Poplar Creek would be at significant risk of impaired reproduction due
to levels of mercury and cadmium. A number of other analytes from these (and most other) reaches
might pose a risk to individual cottontails foraging on future spoil; however, population-level effects
from these contaminants would not be expected.
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Ecological risk from radiation exposure was assessed separately. Risks to many of the same
endpoint species were assessed, including a- benthic organism (a mayfly), epibenthic
(bottom-dwelling) fish, piscivorous wildlife (great blue heron), and a terrestrial herbivore (eastern
cottontail). The assessment used the contaminant data for radionuclides to calculate the total radiation
dose to these organisms. The DOE limit of 1.0 rad/day was used to assess acceptable exposures for
most organisms; the International Atomic Energy Agency's recommended limit of 0.1 rad/day for
terrestrial organisms was used to assess exposure for cottontail rabbits. None of the calculated doses
approached the appropriate benchmarks above; thus, the radiological contaminants in the various
environmental media of the OU did not pose a significant ecological risk.

Based on the findings of the site characterization and risk assessments, a number of pathway and
media-specific remedial goal options (RGOs) were developed for individual analytes, which
represent concentrations corresponding to an ARAR or to an acceptable human health or ecological
risk level. RGOs were developed only for those reaches containing one or more environmental media
that exceeded one of the criteria and thus indicated the potential need for remedial action in that
reach. In almost every reach studied, RGOs were developed for one or more analytes for each of the
three media evaluated.

FEASIBILITY STUDY

On the basis of the remedial investigation, a feasibility study was conducted to identify remedial
alternatives that would be effective in reducing contaminant concentrations or reducing or
eliminating exposure and that could be feasibly implemented. The overall approach taken in the
feasibility study was to focus on remedies for site-related contaminants as identified in the site
characterization. Therefore, remedies were not evaluated for those reaches in which risk was
primarily the result of non-site-related contaminants (e.g., manganese-driven risks in surface
sediment or in water). In addition, no remedies were evaluated for surface water contaminants.
Remediation of surface water is best effected at the source of the contamination, which in each case
is primarily in upstream OUs. Moreover, remediation of the large volumes of flowing water is not
practical. The use of institutional controls is the only remedy considered for limiting human exposure
to fish. Therefore, active remedies evaluated in the feasibility study focus on site-related
contaminants of concern in sediment.

Four alternatives are evaluated in the feasibility study. Alternative 1, the no-action alternative,
is required by CERCLA to be evaluated. As the name implies, this alternative would be easily
implemented at no cost. However, the risk assessments indicate that the no-action alternative would
not be protective of human health or the environment.

Alternative 2 consists of the use of institutional controls and advisories to reduce exposure to
contaminants in fish and sediment. Although not empowered under CERCLA, the state of Tennessee,
the Tennessee Valley Authority, and the U.S. Army Corps of Engineers each have separate regulatory
authority to regulate activities that could result in the disturbance of sediment in the Clinch River and
Poplar Creek. Each of these agencies is party to an interagency agreement with DOE that requires
the multiagency review, on a case-by-case basis, of all permit applications that propose activities with
the potential to disturb sediment. The state of Tennessee currently issues fish consumption advisories
warning the public to avoid or limit consumption of certain species of fish in which contaminant
levels are unacceptably high. The present worth cost of implementing alternative 2 for 30 years,
including future monitoring and administrative costs, is estimated to be $3.6M.
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Alternative 3 incorporates the institutional controls described in alternative 2 and in addition
proposes the combined containment and removal of contaminated sediment from Poplar Creek. The
presence of several contaminants in the sediment of Poplar Creek posed a risk to human health or
benthic organisms. Seven separate locations in Poplar Creek would be remediated, through the use
of a combination of sediment containment technologies in the near-shore areas (bottom elevation
>733 ft msl) and sediment removal technologies in deep water areas (bottom elevation <733 ft msl).
A total area of 388,800 fi* is proposed for containment, and a total of 179,250 yd® for removal (the
top 3 ft of sediment), at a total present worth cost of $109.6M. Removal of the deep sediment would
also address the potential for future risks to human health and the environment in the dredging
scenario.

Alternative 4 also incorporates the institutional controls of alternative 2, but in addition it
proposes the removal of contaminated sediment from Poplar Creek. Removal of those sediments in
Poplar Creek that pose a human health or ecological risk would require the removal and safe disposal
of approximately 226,500 yd® of sediment, at a total present worth cost of approximately $123.5M.
Because benthic habitat extends bank-to-bank, addressing the existing ecological risk by removing
sediment would also address both the existing human health risk in the near-shore scenario and the
potential for future human health risk and ecological risk in the dredging scenario.
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1. INTRODUCTION

1.1 REGULATORY INITIATIVE

This document is the combined Remedial Investigation/Feasibility Study (R/FS) Report for the
Clinch River/Poplar Creek Operable Unit (CR/PC OU), an off-site OU associated with environmental
restoration activities at the U.S. Department of Energy (DOE) Oak Ridge Reservation (ORR). As a
result of past, present, and potential future releases of hazardous substances into the environment,
the ORR was placed on the National Priorities List in December 1989 (54 FR 48184). Sites on this
list must be investigated for possible remedial action, as required by the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA, 42 U.S.C. 9601, et seq.). This
report documents the findings of the remedial investigation of this OU and the feasibility of potential
remedial action alternatives. These studies are authorized by Sect. 117 of CERCLA and were
conducted in accordance with the requirements of the National Contingency Plan (40 CFR Part 300).

DOE, the U.S. Environmental Protection Agency (EPA), and the Tennessee Department of
Environment and Conservation (TDEC) have entered into a Federal Facility Agreement (FFA), as
authorized by Sect. 120 of CERCLA and Sects. 3008(h) and 6001 of the Resource Conservation and
Recovery Act (RCRA) (42 U.S.C. 6901, ef seq.). The purpose of this agreement is to ensure a
coordinated and effective response for all environmental restoration activities occurring at the ORR.
In addition to other responsibilities, the FFA parties mutually define the OU boundaries, set
remediation priorities, establish remedial investigation priorities and strategies, and identify and
select remedial actions. A copy of this FFA is available from the DOE Information Resource Center
in Oak Ridge, Tennessee.

The CR/PC Remedial Investigation (CRRI) was originally begun under authority of
Sect. 3008(v) of RCRA. Although these requirements still apply, CERCLA is the primary regulatory
driver because it allows for the consideration of a wider range of contaminants, including
radionuclides, polychlorinated biphenyls (PCBs, commercially marketed as Aroclor mixtures, such
as Aroclor 1254, etc.), and contaminants in wastes released before the enactment of RCRA in 1976.
The FFA parties intend to meet the RCRA corrective action requirements, as well as any applicable
or relevant and appropriate requirements of other environmental law, through the CERCLA process.

1.2 OAK RIDGE RESERVATION ENVIRONMENTAL RESTORATION PROGRAM

The DOE ORR is composed of three major installations—Oak Ridge National Laboratory
(ORNL), the Oak Ridge Y-12 Plant, and the Oak Ridge K-25 Site (formerly the Oak Ridge Gaseous
Diffusion Plant). These facilities were constructed in the early 1940s as research, development, and
process facilities in support of the Manhattan Project. Approximately 650 ORR sites that require
environmental evaluation have been identified. The remediation of these sites is expected to take two
to three decades and cost several billion dollars. The overall strategy in effecting the environmental
response has been to partition the ORR into waste area groupings and OUs to facilitate investigation
and action. The ORR-wide Environmental Restoration (ER) Program is described in the ORR ER
Site Management Plan (DOE 1994c).
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1.3 CLINCH RIVER ENVIRONMENTAL RESTORATION PROGRAM

The Clinch River Environmental Restoration Program (CR-ERP) was created to investigate the
impact of current and past releases of contaminants from the ORR to the off-site surface water
environment. The original study area was a single OU, which included Melton Hill Reservoir, the
Clinch River arm of Watts Bar Reservoir (WBR), and the WBR downstream of the confluence of the
Clinch and Tennessee rivers (Energy Systems 1990). This investigation implemented a phased
approach that relied heavily on screening-level risk analysis for estimating the human health and
environmental risks resulting from off-site contamination. This phased approach was designed to
include (1) an initial screening-level risk assessment to identify areas for which more data were
needed; (2) a preliminary (Phase 1) sampling and analysis of water, sediment, and biota from selected
sites representative of differing levels of contamination (including upstream reference sites) to
determine the range of contaminants present in the off-site environment and also to verify existing
data; (3) a focused (Phase 2) sampling and analysis effort directed specifically at supplying additional
data for site characterization and human health and ecological risk assessment for specific areas,
media, and contaminants of concern; (4) iterative risk assessments, as data became available, to
continue focusing of sampling efforts; and (5) the identification and evaluation of potential remedial
action alternatives (Energy Systems 1990).

At the public's request, in October 1993, the FFA parties decided that the WBR downstream of
the Clinch River should become a distinct OU for the purpose of accelerating the remedial decision
in that portion of the reservoir (DOE 1994c). The results of the lower WBR RI/FS are discussed by
DOE (1995). In keeping with the original phased approach, the remainder of the original OU,
consisting of the Clinch River and Poplar Creek downstream of the ORR, was studied in more detail
under Phase 2 of the CRRI.

1.4 OBJECTIVES AND SCOPE OF THIS REPORT

The objectives of this report are to (1) describe the current nature and extent of the
contamination in the CR/PC system resulting from releases from the ORR (Chap. 3), (2) quantify the
current and future risk in the CR/PC system to human health (Chap. 5) and the environment (Chap. 6)
resulting from these contaminants, and (3) identify and evaluate remedial action alternatives that are
feasible for application in the Clinch River or Poplar Creek (Chaps. 7-10). Data collected during
Phase 1 and Phase 2 of the CRRI, in conjunction with certain existing data, are used to accomplish
each of these objectives.

1.5 ORGANIZATION OF THIS REPORT

This report is organized into five volumes, the first of which presents the main text. Chapter 1
describes the regulatory setting, and Chapter 2 broadly portrays the environmental setting. Chapter 3
depicts the operational and release history of the site and characterizes in detail the nature and extent
of contamination. Chapter 4 briefly identifies other regulatory requirements that are applicable or
appropriate to the site. Chapters 5 and 6 assess the risk to human health and the environment,
respectively. Chapter 7 explains the purpose and organization of the feasibility study. Chapter 8
defines remedial action objectives for the site; identifies pathways and contaminants of concern; and
screens general response actions, potential remedial technologies, and process options. Chapter 9
develops remedial alternatives based on the remedial action objectives, the screened technologies,
and representative process options. Chapter 10 analyzes, evaluates, and compares the remedial
alternatives. Chapter 11 lists the references cited in the main text.
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Volumes 2-5 consist of appendices that contain supporting data and information. Volume 2
contains Appendices A-D, which characterize the biota on the ORR (Tables A1-A3) and summarize
data related to contaminant concentrations in water (Tables B1-B7), in sediment (Tables C1-C6),
and in biota (Tables D1-D8). Volume 3 contains Appendices E and F, which present information
related to human health risk assessment (Tables E1-E67) and ecological risk assessments
(Tables F1.1-F1.11, F2.1, F3.1-F3.3, F4.1-F4.20, F5.1-F5.20, F6.1-F6.6, F8.1-F8.3). Volume 4
contains Appendices G-I, which focus on the feasibility study. Appendix G details the selection of
remedial process options, while Appendix H provides the basis for the cost estimates for each
remedial alternative. Appendix I presents the applicable or relevant and appropriate requirements
(ARARSs), which help define the extent of the remedial response. Volume 5, consisting of Appendices
J-N, is a compilation of data from individual studies that were conducted as part of the overall
remedial investigation. Appendix J addresses the quality assurance objectives for measuring the data.
Appendix K presents selected historical data (Tables K1-K8), Appendix L contains data from several
discrete water characterization studies (Tables L1-L28), Appendix M provides data supporting the
sediment characterization (Tables M1-M9), and Appendix N contains data related to several biota
characterization studies (Tables N1-N30).

1.6 SCHEDULE

In conjunction with this RI/FS, DOE is preparing a Proposed Plan that will summarize the
findings of the RI/FS and identify a preferred remedial alternative. A public meeting will be held to
present the Plan, and a minimum 30-day comment period will follow. DOE, EPA, and TDEC will
jointly select the final remedy after consideration of all public comments. The Proposed Plan is
scheduled for release later in 1996.

DOE will document the selection of the final remedy in a formal Record of Decision (ROD),
to be signed by EPA and TDEC. This ROD is scheduled for completion in late 1997. If the ROD
results in contaminants being left in place at the site, Sect. 121(c) of CERCLA requires review of the
remedial decision at least every 5 years to ensure that the selected remedy is protective of human
health and the environment. In such an event, DOE may implement a long-term monitoring plan in
the Clinch River and Poplar Creek to gather the data necessary to make this determination. If this
review indicates that the remedy is not protective of human health and the environment, further
remedial action will be required.
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2. CHARACTERIZATION OF ENVIRONMENTAL SETTING

2.1 GEOGRAPHY

The area of the Clinch River under investigation is located in eastern Tennessee downstream of the
ORR (Fig. 2.1). The OU is large, extending almost 34 miles from the mouth of the Clinch River at
Kingston, Tennesseg, to the upstream limit of the ORR at Clinch River mile (CRM) 43.7 near the city
of Oak Ridge (Fig. 2.2 and Plate A). It includes the Poplar Creck embayment of WBR from the creek's
mouth at CRM 12.0 upstream to its confluence with East Fork Poplar Creek (EFPC) at Poplar Creek
mile (PCM) 5.5.
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Fig. 2.1. Location of the Clinch River/Poplar Creek Operable Unit in eastern Tennessee.

The ORR is a 34,600-acre tract located within the city limits of Oak Ridge in Anderson and Roane
counties. The Clinch River forms the southern and eastern boundaries of the ORR; Poplar Creek flows
directly through the reservation. The Clinch River also forms the boundary between Knox and Anderson
counties for a portion of its length in the study area.




2-2

Anderson Co.
Morgan Co. Oak Ridge
/// East Fork Poplar Croek
e
// L
—— )
Harriman Poplar Croek B Ll
DOE : v/

A OakRidge . ?e‘
3 t Reservation A= x
- [ ORNL v"‘\\

Clinch RJVGI' I Melton Hill Dam

Kingston

27

N Roane Co.

4

Fig. 2.2. The Clinch River/Poplar Creek Operable Unit in relation to the U.S. Department
of Energy's Oak Ridge Reservation.

The area of the Clinch River under study includes portions of two Tennessee Valley Authority
(TVA) reservoirs. Downstream of Melton Hill Dam, located at CRM 23.2, the study area is considered
part of the WBR. Upstream of Melton Hill Dam, the study area is in Melton Hill Reservoir.

2.2 DEMOGRAPHY

The ORR lies within the city limits of Oak Ridge (pop. 27,310) but is situated southwest of the
residential portion of the city. The largest population center near Oak Ridge is Knoxville (pop. 165,121),
located ~20 miles to the east. The nearest community downstream of the ORR is Kingston (pop. 4552),
situated at the confluence of the Clinch and Tennessee rivers ~9 river miles downstream of the ORR. A
total of 115,477 persons live in Anderson and Roane counties. An additional 560,931 persons reside in
the 10-county area that borders the two counties. The population distribution within a 50-mile radius of
the ORR is depicted in Fig. 2.3. Land use along the Clinch River is primarily agricultural and residential
in the valleys and woodland on the ridges (for example, see Fig. 2.18).

There are currently three potable water intakes on the Clinch River within the study area (Plate A).
In Melton Hill Reservoir, the city of Oak Ridge has a municipal intake at CRM 41.5 near the Scarboro
area, and the West Knox County Utility District has an intake at CRM 36.2 near Melton Hill Park. In
the WBR, DOE's K-25 Site has a potable water intake at CRM 14.5 at the mouth of Grassy Creek. The
municipal intake for the city of Kingston is located on the Tennessee River [Tennessee River mile (TRM)
568.4] immediately upstream of its confluence with the Clinch. Depending on the flow conditions
resulting from reservoir operations, effluents from the ORR could reach the intake. Several intakes are
located in Melton Hill Reservoir upstream of the ORR, including a pumping station for the West Knox
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County Utility District at CRM 46.1, an Anderson County Utility Board intake at CRM 52.5, and
municipal intakes for the city of Clinton at CRM 56.9 and 64.8. No domestic intakes are located on

Poplar Creek within the ORR or downstream of it.
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Fig. 2.3. Population density and distribution within 50 miles of the Oak Ridge Reservation.

Popular recreational uses of the Clinch River within the study area include fishing, swimming,
skiing, and boating, Public recreational facilities on Melton Hill Reservoir within the study area include
Guinn Road Park and Melton Hill Park (Plate A). TVA's Melton Hill Dam Public Use Area provides
access to the Clinch River both above and below Melton Hill Dam. In WBR, the only public recreation
areas are Kingston City Park and Southwest Point Park at Kingston. The 300-acre Kingston Wildlife
Management Area is located across from Kingston at the mouth of the Emory River. The only
commercial recreational facility within the study area is a campground on WBR at CRM 17.
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2.3 CLIMATE

The ORR area has a temperate climate with warm, humid summers and cool winters. The climate
is moderated by the Cumberland Plateau to the west and the Blue Ridge Mountains to the east. The mean
annual temperature is 58 °F. The coldest month is usually January, which has a mean temperature of
38°F. The hottest month is July, which has a mean temperature of 77°F (Energy Systems 1993b).

Winds in the area are influenced primarily by the surrounding topography. Prevailing winds are
usually southwesterly during the day, moving up the Tennessee River Valley. Nighttime winds generally
move down the valley, to the southwest. Strong winds are rare; wind speeds <7.4 mph occur 75% of the
time (Energy Systems 1993b).

Precipitation in the area averages between 50 and 55 in./year. The wettest months are December
through March, when slow-moving fronts may result in low-intensity storms of long duration. Another
peak occurs in summer, when convective currents create high-intensity, short-duration, localized
thunderstorms. The.driest period is typically autumn, when slow-moving high pressure cells may
suppress rain for extended periods. Average annual evapotranspiration is estimated to be from 32 to 35
in., or 66% of rainfall, which leaves an average of 20 to 23 in. available for runoff and infiltration.
Evapotranspiration is greatest during the growing season, when it often exceeds the rate of precipitation
and results in soil moisture deficits. In winter, precipitation exceeds evapotranspiration, resulting in
increased water available for runoff and groundwater recharge (Energy Systems 1993b).

Rainfall in 1994 (when data for this RI were being collected) was ~65.6 in., considerably above
normal. More than half of this total (35.19 in.) fell from January through April and resulted in higher-
than-normal flows during much of the sampling period.

2.4 TOPOGRAPHY, GEOLOGY, AND SOILS
24.1 Topography

The ORR and the CR/PC lie in the Ridge and Valley Province (Fig. 2.4). This province is bordered
on the east by the Blue Ridge Province and on the west by the Cumberland Plateau Province. The Ridge
and Valley Province extends for 1200 miles from the Canadian St. Lawrence Valley to the Gulf Coastal
Plain of Alabama. It is characterized by a succession of northeast trending ridges of various widths. The
topography is reflective of the underlying geology, in which ridges are underlain by less soluble cherty
limestones, dolomites, and sandy shales, while the valleys are underlain by more soluble limestones,
dolomites, and shales. Extensive folding and thrusting throughout the Province has resulted in the
characteristic belted pattern of rock formations (Energy Systems 1993b).
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Fig. 2.4. Regional physiographic map depicting the location of the Oak Ridge Reservation
and the Clinch River/Poplar Creek Operable Unit in the Valley and Ridge Province. Source:
Martin Marietta Energy Systems, Inc. 1993. Qak Ridge Reservation Environmental Monitoring
Report for 1992. EH/ESH-31. Oak Ridge National Laboratory, Qak Ridge, Tenn.

2.4.2 Geology

The ORR and the CR/PC are underlain by several different geologic formations or groups of
formations, all of sedimentary origin (Fig. 2.5). Energy Systems (1993b) describes the generalized
stratigraphy as including, in ascending order, the lower Cambrian Rome Formation, the Cambrian
Conasauga Group, the Cambrian-Ordovician Knox Group, and the middle Ordovician Chickamauga
Group. Younger upper Ordovician to Mississipian rocks are exposed locally in the cores of two synclines
north of the White Oak Mountain thrust fault. Although minor carbonate beds are found throughout the
Conasauga Group bedrock, the principal carbonate formations on the ORR are the upper Conasauga
Group Maynardville Limestone, Chickamauga Group limestones, and the Knox Group. Other formations
on the ORR are characterized by silty sandstones, siltstones, limey siltstones, and shales (Energy
Systems 1993b).

The northeast trending ridges of the study area result from a succession of northeast-trending thrust
faults that have structurally stacked and replicated the rocks of the geologic units (Fig. 2.6). Most of the
prominent ridges are underlain by the Rome or Knox groups, whereas many of the valleys are underlain
by the Chickamauga or Conasauga groups. The major faults in the area were formed during the
Permian-Pennsylvanian age and are not active structures (Energy Systems 1993b). Competent bedrock
in each of these formations is generally overlain by a mantle of regolith, a zone of weathered,
unconsolidated materials that form in place through chemical and physical weathering of the underlying
bedrock. Above the regolith is a relatively thin layer of soil or alluvial sediment.
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2.4.3 Soils

The land along the Clinch River study area is primarily overlain by residual soils that have
weathered in place. The most extensive soils in the study area are the Fullerton, Bodine, Talbott, Colbert,
and LeHew soils (USDA 1981). In general, soils can be correlated with the underlying geologic unit that
serves as the parent material. The deep, well-drained Fullerton and Bodine soils of Chestnut Ridge,
Blackoak Ridge, and Copper Ridge have been derived from the Knox Group, whereas the shallower,
loamier soils of Pine Ridge and Haw Ridge have formed from the Rome Formation. The Talbott and
Colbert soils, characterized by plastic clay subsoils, predominate in the valleys underlain by the
Chickamauga Limestone, such as Bethel Valley and much of EFPC Valley. In valleys underlain by the
Conasauga shale, such as Bear Creck Valley and Melton Valley, the moderately deep, well-drained
Sequoia soils are found. Alluvial soils are also present to a limited extent within the study area, primarily
on high river terraces of ancient river floodplains and in narrow tracts along modemn streams. The
characteristics of any soil are highly localized and can vary widely even within a soil type.

2.4.4 Groundwater

Groundwater conditions on the ORR are summarized here to acquaint the reader with the
environmental setting. Groundwater contamination on the ORR, including the potential for contaminant
migration to the Clinch River, is being addressed separately from the CR/PC OU (DOE 1994).

A conceptual model of groundwater occurrence has recently been formulated for the ORR (Solomon
et al. 1992; Moore and Toran 1992). The hydrology of the area (Fig. 2.7) can be considered in two broad
hydrologic units: (1) the Knox aquifer and (2) the aquitards (Energy Systems 1993b). The Knox aquifer
consists of the Knox Group and the underlying Maynardville Limestone of the Conasauga Group
(Energy Systems 1993b), both of which consist of massive carbonate rocks. Although the matrix of this
unit exhibits low primary porosity and permeability, flow is controlled by a combination of secondary
fractures and solution conduits. Large volumes of water may move relatively long distances in this unit.
The Knox aquifer is the primary source of base flow for many streams in the study area. All large springs
on the ORR issue from the Knox unit (Energy Systems 1993b), and some wells penetrating the larger
solution conduits within this unit yield 1000 gal/min. The Knox aquifer has been described as the most
important aquifer in eastern Tennessee (DeBuchananne and Richardson 1956).

The remaining geologic units underlying the majority of the ORR and Clinch River (the Rome
Formation, the Conasauga Group below the Maynardville Limestone, and the Chickamauga Group)
constitute the aquitards (Energy Systems 1993b). These units are all of low primary porosity and
permeability; secondary permeability is usually much reduced compared to the Knox aquifer. These units
are more likely to produce wells of lower yield than the Knox, and base flow to streams is also typically
much reduced (Energy Systems 1993b).

Within both hydrologic units, three major zones of groundwater occurrence can be identified: the
stormflow zone, the vadose zone, and the saturated zone (Fig. 2.8). The stormflow zone is a transient,
shallow subsurface zone consisting of the upper 3-6 ft of soil, roughly corresponding to the root zone.
The unsaturated vadose zone underlies the stormflow zone and consists of the unconsolidated regolith
or bedrock. It ranges in thickness from 0 ft near perennial streams, to as much as 50 ft beneath ridges
underlain by members of the Rome Formation, to more than 100 ft beneath ridges underlain by the Knox
aquifer (Energy Systems 1993b). An unconfined saturated zone underlies the vadose zone. Its upper
boundary constitutes the water table, which may extend into the regolith and approach the surface near
perennial streams, The saturated zone extends down through the bedrock. At depth (generally more than
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200 m), the quality of the water changes from freshwater to brine; this change is sometimes used to
delineate the functional basement of this zone (Energy Systems 1993b).

On the ORR, as well as in the surrounding region, the majority (95%) of the active subsurface flow
moves via the shallow stormflow zone to nearby surface streams. The vadose zone transmits water
vertically to the saturated zone, as is necessary to recharge the saturated zone. Saturated zone flow in the
aquitards occurs primarily (95%) in the upper 50 to 100 ft; consequently, flow routes are short, and
discharge moves to nearby surface streams. In the Knox aquifer, a few solution conduits may be as much
as 2 miles long (Energy Systems 1993b).

2.5 SURFACE WATER
2.5.1 Physical Characteristics

The Clinch River rises near Tazewell, Virginia, and flows 351.6 miles to the southwest before
entering the Tennessee River at Kingston. It drains an area of 4413 mile? (Fig. 2.9), primarily within the
River and Valley Province. There are two major impoundments on the Clinch River. Norris Reservoir
extends from Norris Dam (CRM 79.8) 73 miles upstream on the Clinch River and 53 miles on the
Powell River. Norris Reservoir is a deep storage impoundment providing hydropower, flood control, and
augmentation of downstream flow during drought conditions. Melton Hill Reservoir, impounded in 1963,
extends from Melton Hill Dam at CRM 23.2 upstream 44 miles to Clinton, Tennessee. Melton Hill
Reservoir is a smaller, shallower reservoir used primarily for navigation and the generation of
hydropower during peak demand periods. Downstream of Melton Hill Dam, the river constitutes an arm
of WBR, impounded in 1942 by TVA's Watts Bar Dam on the Tennessee River (TRM 529.9). The
CR/PC study area consists of the Clinch River arm of WBR and portions of Melton Hill Reservoir.

Tennessee

Fig. 2.9. The Clinch River drainage basin—4413 square miles in Virginia and Tennessee.
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The Clinch River arm of WBR extends ~23 miles from the mouth of the Clinch River to Melton
Hill Dam (Fig. 2.2). It is 2100 surface acres-in size and contains ~39,000 acre-feet of water at full pool
[elevation 741 ft above mean sea level (msl)]. Average annual discharge at the mouth is ~6800 cfs, and
the average hydraulic retention time is ~3 days. Most of the flow (75%) in this stretch of the river is
released from Melton Hill Dam, with an average annual discharge of 4400 cfs. Principal tributaries to
the Clinch River arm of WBR are the Emory River, which enters at CRM 4.0, and Poplar Creek, which
enters at CRM 12.0. The Emory River discharges ~1020 cfs on average, or about 20% of the flow in the
Clinch River at Kingston. Most of its 865-mile? watershed is located in the Cumberland Plateau. Poplar
Creek has a drainage area of 135.9-mile? and an average annual flow at its mouth of 228 cfs, or about
4% of the flow at Kingston. The remaining flow comes from minor tributaries, direct precipitation, and
groundwater flow.

Poplar Creek and White Oak Creck are the streams of primary interest that have historically
transported contaminants from the ORR to the Clinch River arm of WBR. Poplar Creek receives
effluents from the Y-12 Plant (via EFPC) and the K-25 Site. Above the ORR, Poplar Creck receives
municipal discharges from Oak Rxdge (again via EFPC) and Oliver Springs, as well as non-point-source
discharges from agricultural and mining activities. White Oak Creek, which enters at CRM 20.8, has its
headwaters on the ORR. It drains 6 mile? of the ORR, including ORNL, and has an average annual flow
of 13.8 cfs.

The Clinch River arm of WBR is primarily riverain throughout most of its length. More lakelike
(lacustrine) conditions, characterized by slowly moving waters, are found downstream of the Emory
River, extending up to and including parts of Poplar Creck during summer. Because of reduced surface
water velocity, lacustrine areas are subject to thermal and chemical stratification. This reduced flow also
leads to the accumulation of organic matter, particle-associated contaminants, and other finer grained
materials in the sediments, During colder months, the riverine conditions persist throughout the Clinch
River. Because these areas exhibit both riverine and lacustrine conditions, they may best be thought of
as transition areas.

The WBR is managed by TVA to provide flood control, navigation, water supply, aquatic habitat,
and recreation. During the winter months, the surface of the reservoir is maintained at an elevation of
735 ft above msl to provide flood storage capacity for spring runoff. In mid April, the water level is
gradually raised to the summer pool elevation of 741 fi to provide recreational benefits and to improve
shoreline aquatic habitat (Fig. 2.10). The relationship between water elevation, surface area, and volume
in the Clinch River arm of WBR (excluding Poplar Creek and the Emory River) is depicted in Fig. 2.11.

The flow rate below Melton Hill Dam varies greatly, often hourly, because the primary role of the
dam is to generate electricity to meet peak power demands. This practice produces discharges up to
17,500 cfs during peak demand, followed by periods of zero discharge, resulting in rapid changes in
surface water elevation in the upper portions the Clinch River (Fig. 2.12).

Melton Hill Reservoir, situated on 44 miles of the Clinch River between Watts Bar and Norris
reservoirs, borders the ORR on the east and to the south. Meiton Hill may be characterized as a "run-of-
the-river" reservoir because of its close resemblance to river morphometry, its small surface area (5700
acres), small volume (120,000 acre-feet), and short water-retention time (16 to 17 days) relative to its
length (Fehring and Meinert 1993). Full pool in Melton Hill is 795 ft above msl, and intermittent water-
level fluctuations occur in accordance with the system-wide reservoir management needs of the TVA.
Unlike Watts Bar, there is no seasonal drawdown of Melton Hill.
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Hourly surface water elevation values
Clinch River - White Oak Creek Confluence (CRM 20.8)
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Fig. 2.12. Variation in water level elevations typical of the Clinch River immediately below
Melton Hill Dam,

Although it is narrow and relatively shallow, Melton Hill Reservoir exhibits lacustrine qualities for
the lower 15 to 18 miles ofits length. Transition conditions persist from the Scarboro Creek confluence
(CRM 41.1) to the upper end of the Bull Run Steam Plant (CRM 49). The reservoir is exclusively
riverine from this point to the end of maintained navigation at CRM 66. This trend from riverine through
transition to lacustrine is also observed for the off-channel embayments of the streams that drain the
ORR. The situation is most pronounced in the Scarboro and McCoy Branch embayment areas. Both
upper and lower embayments exhibit lake-like qualities.

Norris Reservoir, with an average annual discharge of 4200 cfs, contributes 95% of the flow into
Melton Hill Reservoir. The remainder comes principally from Bull Run Creek and other minor
tributaries. Several small tributaries to Melton Hill originate on the ORR and include Scarboro Creek,
McCoy Branch, Walker Branch, and Bearden Creek, all of which originate on the south slope of
Chestnut Ridge. The tributaries of principal interest that drain the ORR are Scarboro Creek and McCoy
Branch. Wastes from the Y-12 Plant were formerly discharged into Kerr Hollow Quarry, from which
they flow via Kerr Hollow Branch to Scarboro Creek, which enters the river at CRM 41.1. Fly ash from
the Y-12 steam plant was formerly disposed of in Rogers Quarry, which discharges into McCoy Branch,
which flows into the Clinch at CRM 37.3. The average annual discharge of each stream is <2 cfs.

2.5.2 Water Quality
Waters of the Clinch River and Poplar Creek are circumneutral, moderately alkaline, and of medium

hardness. Water quality parameters measured during this RI are within the ranges for natural surface
waters and those historically reported for the Clinch River and Poplar Creek (Table 2.1).
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Differences in several water quality parameters may be expected between the waters of the Clinch
River and those of Poplar Creek, due to differences in watershed lithologies, land use, and as a result of
impoundments on the Clinch River (Fig. 2.13). For example, although principal cations in both streams
are calcium and magnesium and the principal anions are carbonate-bicarbonate, sulfate is historically
of increased importance in Poplar Creek, ostensibly because of coal mining activities on the Cumberland
Plateau (Energy Systems 1993b). Averages and ranges for these values observed during the RI are

presented in Table 2.1.

Table 2.1. Minimum, maximum, and mean values for selected water quality parameters

in Clinch River and Poplar Creek’
Clinch River Poplar Creek
Water quality
parameter Historical CRRF values Historical CRRI values
values® values?

pH 7-8.6 (7.8) 7.4-82 (1.7 6.4-8.1 (7.5) 5.3-7.9(7.2)
Conductivity 156-312 (244.3) 131-266 (211) 98-360 (228.7) 92-318 (211)
(xmhos/cm)
Alkalinity 54-121 (99.8) 55-120 (90.0) 20-150 (76.3) 25-130 (75.0)
(mg/L CaCO,)
Hardness 71-140 (112) 75.3-131 (101.3) 63-146 (116) 2.3-149.5 (95.9)
(mg/L Ca)
Dissolved oxygen 5.2-12.5(5.1) 6.3-11.2(8.5) 6.3-13.1 8.0) 47-125(8.1)
(mg/L)
Ca (mg/L) 22-40 (33.7) 18.1-35.9 (27) 17-40 (30.2) 0.03-39.3 (25.7)
Mg (mg/L) 3.8-11(9.3) 5.3-10 (7.5) 5-13(9.1) 0.01-12.9 (7:4)
SO, (mg/L) 7-27 (19.3) 13-25 (17.4) 16-72 (36.5) 16-46 (26.1)
NO,/NO, (mg/L) 0.1-0.7 (0.4) 0.2-0.8 (0.5) 0.5-0.6 (0.53) 0.02-2.7 (0.55)
Fl (mg/L) 0.01-0.2 (0.1) 0.05-0.27 (0.09) 0-3 (0.36) 0.05-0.1 (0.12)
Cl (mg/L) 2-7(3.8) 2.3-1023.5) 0.94 (2.2) 0.85-55 (5.8)

“Comparison of historically recorded values (values from STORET; sample size varies from <10 to >150, depending on
parameter) to values measured during the Clinch River Remedial Investigation. The mean values are indicated in parentheses.
*Melton Hill Dam Tailrace, U.S. Geological Survey data.

‘CRRI = Clinch River Remedial Investigation.

4Poplar Creek above East Fork Poplar Creck confluence.

Several water quality parameters [e.g., temperature, dissolx.red oxygen , conductivity, alkalinity, total
suspended particles, turbidity, hardness] are naturally influenced by season. During this RI, several

parameters varied significantly by season but not by location.
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(a) Variables significantly greater in Poplar Creek than in the Clinch River
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Fig. 2.13. Water quality differences between Clinch River and Poplar Creek.

Water quality parameters did not vary significantly by location in the Clinch River. Within Poplar
Creek, the only parameter that did vary by location was chloride concentration, which was significantly
higher (p <0.05) in reach 3.3 below the K-25 Central Neutralization Facility (CNF) outfall. The outfall
is currently being extended (by pipeline) to the mouth of Poplar Creek to increase effluent dilution and
avoid adverse ecological effects in Poplar Creek that could result from elevated salinity during low flow
conditions.

2.6 SEDIMENT

The WBR arm of the Clinch River contains an estimated 2900 acre-ft of sediment, most of which
is downstream of Brashear Island (CRM 9.9, Fig. 2.2). TVA silt-range data indicate that before
construction of Melton Hill Dam, the deposition of sediment was relatively uniform from the mouth of
the river upstream to the current location of the dam. After completion of the dam in 1963, much of the
sediment upstream of Poplar Creek had been eroded, and deposition downstream of Brashear Island
increased dramatically. It is probable that high-volume, pulsed discharges from Melton Hill Dam
(Sect. 2.4) resulted in the scouring of sediment immediately below the dam and its redeposition
downstream of Brashear Island.

Sediment input to the Clinch River is also affected by TVA reservoirs. Norris Reservoir, with a
sediment retention factor of 95% (Trimble and Carey 1984), effectively reduces the sediment basin at
the mouth of the Clinch River from 4413 mile? to 1501 mile?. Melton Hill Reservoir retains ~60% of
the sediment entering from upstream and further reduces the local sediment basin to 1070 mile®. The
Emory River and Poplar Creek watersheds comprise 81% and 13%, respectively, of the sediment basin



2-15

and serve as the primary sediment sources to the Clinch River arm of WBR. Discharges from Melton
Hill Dam, although still containing a significant quantity of sediment, carry finer grained sediment that
is less susceptible to deposition in the Clinch River than the coarser grained sediment carried during high
flow by the Emory River and Poplar Creek.

White Oak Creek, although historically a significant source of contaminated sediment, has always
been a small contributor of total sediment to the Clinch River by virtue of its small watershed. Currently,
its capacity to transport sediment to the Clinch River is reduced by White Oak Dam and a recently
completed sediment retention structure (coffer dam) at its mouth.

The major forces driving sedimentation processes in the Watts Bar arm of the Clinch River are
(1) releases from Melton Hill Dam, (2) the operation of WBR, (3) storm events, and (4) the shape of the
river bottom. WBR is operated to maintain a summer pool elevation at 741 msl, with a weekly 1-ft
variation for mosquito control (Fig. 2.10). During winter drawdown the exposed shoreline is subject to
repeated "washing" from boat waves and also by the rapid water-level fluctuations resulting from power
generation at Melton Hill Dam (Sect. 2.5). The shape of the river bottom also influences sediment
deposition patterns. The reservoir bottom can be divided into two areas: the preimpoundment river
channel and the overbank area, or inundated floodplain (Fig. 2.14). The channel portion of the reservoir
has historically been thought of as an area which has little long-term deposition and which functions as
a sediment "pipeline” to the lower reservoir (Struxness et al. 1967). However, the presence of sediments
within the channel, particularly in the lower reaches, suggests that this scenario is not entirely accurate.
As flow decreases in the lower reaches of the river, sediment accumulation increases. Additionally, the
washing of sediment from the near-shore areas effectively winnows sediment from the shallow area into
the deep water area. The sinuous shape of the reservoir in the Clinch River arm also influences sediment
deposition patterns in cross section; more sediment accumulates in the straight portions of the Clinch
River than in sharp bends. The particle size distribution of sediments also strongly influences where
sediments deposit. For instance, coarser sediments (sands) are typically found on the inside of river
bends. Large sand spits below Jones Island (CRM 19.8) and Grubb Island (CRM 18.2) are likely
depositional areas that predate the construction of Melton Hill Dam. The current deposition zone
between Brashear Island (CRM 9.9) and Campbells Bend (CRM 11.5) is probably mostly sediment from
Poplar Creek. Spatially and temporally varying rainfall and flow conditions obviously affect these
generalizations.

A hydro-acoustic survey of the Clinch River and the lower portion of Poplar Creek was performed
to gather current data regarding sediment type, thickness, and depth to sediment. Approximately 80 miles
of survey lines were used in characterizing 20 miles of the river. Because the survey instrumentation
required 12 ft of water to operate, the survey was restricted to the channel areas and to those near-shore
areas that were safe to navigate. The survey revealed a continuum of sediment densities ranging from
1.1 (slightly denser than water) to greater than 2.5 (rock) (Table 2.2).

A map of surface sediment density as interpolated from the survey data is presented in Fig. 2.15.
It should be emphasized that this figure represents a possible model of the surface sediment conditions;
model data indicate that there are seasonal patterns of erosion and deposition within the Clinch River
(Sect. 3.4.6). Because the hydro-acoustic survey was performed during very high flow conditions (water
elevation up to 744 ft), it is likely that there was a large amount of soft flocculent and detrital matter
rolling along the bottom of the river, increasing the proportions of softer sediment types at the time of
the survey. Despite this, the softer surface sediment types are scattered in patches along the main channel
and are intermixed with denser material. The shoreline area is dominated by denser sediments.
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Typical Clinch River Cross Section (CRM 4.2)
Describing Channel, Overbank, and Managed Lake Elevations
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Fig. 2.14. Typical Clinch River cross section (Clinch River mile 4.2) depicting the river
channel, overbank areas, and managed surface water elevations.

Table 2.2. Density ranges for various descriptive sediment type classes*

Density range Sediment description
(g/cm® wet)
1.0-1.2 Fluid mud, muds
1.2-14 Clays, silty clays
14-1.6 Clayey silt, silt
1.6-1.8 Coarse silt, clayey silty sands, very fine sand
>1.8 Sands (loose or compacted), gravel, moderate to

stiff clay, hardpan clay, rock

Source: Hamilton, E. L. 1972. “Compressional-Wave Attenuation in
Marine Sediments.” Geophysics 37:620-626.

Figure 2.16 presents the percentage of each surface sediment density class for two areas within the
river: (1) the near-shore area, or that area between winter and summer pool (elevation 735-741 msl), and
(2) the area below the winter pool. The near-shore area accounts for 25% of the surface area and is
dominated by firmer sediment types. Seventy-five percent of this near-shore area is composed of the
densest two categories. The area below the 735-ft winter pool elevation is just the opposite. Only 25%
of the sediment falls within the densest two categories; this is not surprising, because the near shore is
exposed to wave action for part of the year. The wave action effectively washes fine sediment into deeper

water.
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Fig. 2.15. Density of surface sediment in the Clinch River downstream of the Oak Ridge Reservation.
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Sediment Type Breakdown for the Entire Bottom
and Above and Below Winter Pool
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Fig. 2.16. Relative proportions of sediment types in the Clinch River downstream of the
Oak Ridge Reservation.

Microtopography also has an influence on deposition pattern. The geologic formations in the area
are often exposed, and they cross the river bottom at various angles. The tilted nature and the varying
erosional characteristics of these formations make for a "jagged" bottom in which the harder formations
stick up and the softer formations are eroded away. The jagged bottom provides numerous locations for
sediment deposition because of local low spots and changes in water flow. The result is a highly variable
sediment deposition pattern, which is illustrated in the side-scan sonar output from the hydro-acoustic
survey (Fig. 2.17). This figure, a plan view of a small section of the river, is a gray-scale representation
of river bottom hardness. The dark features are hard rock bottom, and the light features represent softer
material. Geologic formations and the associated deposition zone are readily apparent.

Two major construction operations have affected the distribution of sediments in the Clinch River.
(1) In 1952, as part of the construction of the Kingston coal-fired steam plant, an intake channel was
dredged in the Emory River, resulting in the removal of ~44,000 yd® of material. In the same year, a
discharge channel was dredged in the Clinch River, and ~ 124,587 yd® of material was removed. In the
fall of 1955, an underwater dam (weir) was constructed in the Clinch River at CRM 3.9 to facilitate the
movement of colder Clinch River water up the Emory River for cooling water supply. The weir was
constructed of 17,000 tons of quarry-run limestone rock dumped by barge in a line perpendicular to flow.
The dam was constructed to have a crest at the 722-fi-ms] elevation, which is 13 ft below the winter pool
elevation. (2) In 1962, the Clinch River between Grubb Island and Melton Hill Dam of which was
dredged during construction of the dam. An estimated 454,600 yd® of material was removed, of which
approximately half was sediment and half was rock. All dredged material was placed on Grubb and Jones
islands and along nearby shorelines.
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Side-Scan Sonar outpu.t. from US Army Corps of Engineers Survey
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Fig. 2.17. Sonographic image of a portion of the Clinch River bottom. Darker shades represent
denser sediments. The structure at the right side of the image is the weir at Clinch River mile 3.9 that
deflects cooler Clinch River water to Tennessee Valley Authorty’s Kingston Steam Plant.

2,7 ECOLOGY :
2.7.1 Aquatic Resources

The aquatic ecosystem of the Clinch River and lower Poplar Creek can be summarized by a
simplified food web diagram illustrating the principal energy flow pathways and environmental factors
that regulate these pathways (Fig. 2.18). The components of this diagram are discussed in the following
text.

The Clinch River arm of WBR is a highly elongated riverain impoundment that receives discharges
from Melton Hill Reservoir immediately upstream. Varying hydrodynamic regimes such as flow and
velocity, temperature fluctuations, and habitat availability, are the main environmental factors that
influence and regulate the structure and function of the aquatic food web in the Clinch River and lower
Poplar Creek. The combination of cold hypolimnetic discharges, hydropower generation, and the serial
arrangement (Norris-Melton Hill to Watts Bar) of these impoundments creates complex hydrodynamic
and physicochemical conditions that affect the structure and function of the biological communities in
the Clinch River and Poplar Creek systems (Soballe et al. 1992). The ecological structure and
functioning of biotic communities in the Clinch River and Poplar Creek are regulated by water residence
time, both directly through effects of water renewal on the plankton and other components of the biota
and indirectly through effects on other limnological variables, such as nutrient loading, water depth,
turbidity, and mixing regime. The longitudinal ebb and flow of water and the vertical shear created by
daily pulsations in reservoir discharges affect material and energy fluxes, plankton dynamics, abundance
and distribution of benthic organisms, and nekton ecology. Although lower Poplar Creck can be
described as an embayment of upper WBR, it actually exhibits many of the hydrodynamic and
physicochemical attributes of estuarine systems, including fluctuations in water level, density gradients,
and, in particular, the upstream and downstream movement of water (Loar et al. 1981).




Regulating Environmental Factors

Hydrodynamic Temperature Habitat Contaminants
Regimes

Producers
Periphyton > Zooplankton
> Phytoplankton
| | Nekton
YvY
. Planktivores
; YOY Fish - Shad
; ; Nutrients
Organic Matter T ' Detrivores
o and Nutrients |1 P G. Shad, Carp, Suckers [P
‘Li » Bacteria
<
v Omnivores
) Sunfish, Catfish
Detritus . .
Migratory Piscivores
Benthos l Piscivores St
Largemouth Bass 4— nsped Bass
Tubificids ’ auger
P Chrinomids A White Bass (PC) |-

i Hexagenia
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Water residence time influences planktonic communities directly through the effects of water
rencwal and indirectly by its relationships with other important limnological variables, such as nutrient
and light availability, turbidity, and mixing regime (Adams and Hackney 1992). Short residence times
generally lower overall system productivity and preclude the establishment of phytoplankton and
2ooplankton communities. In rapidly flushed systems such as the Clinch, plankton organisms are quickly
washed downstream. Therefore, the relative importance of periphyton production to the total autotrophic
production within the system is increased. In the Clinch River and Poplar Creek, the food web may
depend more on allochthonous material transported from within the watershed and on littoral periphyton
production than on phytoplankton production. Even though the lower reaches of Melton Hill Reservoir
are primarily lotic in nature, allowing for plankton populations to develop, their contribution to the
downstream food chain in the Clinch River is probably minimized because of the hypolimnetic discharge
from Melton Hill. Plankton production may also be suppressed in the Clinch River by phosphorus
limitation in this system (Elser and Kimmel 1985). In addition, the relative importance of allochthonous
material as an energy base to the food web in the Clinch River may be minimized because of the low
degree of land-water interconnectivity and the relatively small size of the local watershed (Adams and
Hackney 1992). The contribution of macrophyte production to the energy base of the food web is also
minimal in these two systems. Even though Eurasian water milfoil is relatively abundant in lower Watts
Bar, it is sparse in the Clinch River and has rarely been reported in Poplar Creek. The energy base,
therefore, for the food web (both autochthonous and allochthonous) in the Clinch River and Poplar Creck
systems is probably relatively low in comparison with other lotic systems. Reduced energy availability
at the lower trophic levels results in relatively low productivity at the higher trophic levels.

The combination of reservoir influences and many other related environmental factors has produced
distinct macroinvertebrate communities in Poplar Creek and the Clinch. The benthic community below
Melton Hill Dam is composed of the introduced Asiatic clam (Corbicula) and species of chironomids
and tubificids (Meinert 1991). In addition, a few limited freshwater mussel stocks, possibly including
a few specimens of listed endangered species, persist in sections of the Clinch River (TVA 1990a). The
quality of the benthic community immediately below Melton Hill Dam is depressed, as it is at other
inflow zones in the TVA system (Dycus and Meinert 1991). Benthic community quality of the Clinch
River below Melton Hill Dam is characterized by TVA as generally poor to fair relative to inflow zones
of mainstream Tennessee River reservoirs (Scott 1994). In both systems, the benthic communities suffer
from a lack of species diversity; the systems suffer a lack of ephemeroptera, plecotera, tricoptera (EPT)
taxa; long-lived species; and evenness of dominant taxa. Dominant taxa in the upper Clinch River (miles
10-23) are tubificid worms and Chironomus sp., whereas taxa in the lower section of the Clinch River
(miles 0-9) are primarily Chironomidae, burrowing mayfly (Hexagenia limbata), fingernail clams
(Sphaeriidae), and Tubificidae. In Poplar Creek, the benthic community quality is also rated as poor to
fair. Deficiencies exist in long-lived taxa and EPT taxa. Abundance of benthic organisms is generally
less than in the Clinch; Tubificidae, Chironomidae,and Hexagenia dominate, and very few EPT taxa
are reported. The benthic community serves as a partial food supply for benthic detritivores such as
gizzard shad, various sucker species, and some omnivorous species such as sunfish and small catfish.

The trophic relations of fish communities in the Clinch River and Poplar Creek are complex and
highly dynamic on a temporal scale. Many species of fish are food generalists, and their feeding behavior
can typically span several trophic levels (e.g., from periphyton grazing to piscivory) and can vary with
season and with age. The standing crop and production of the fish communities in these two systems are
dependent upon a host of environmental factors, the most important of which are water residence time,
nutrient concentrations, the quality and quantity of food, and habitat availability. As noted earlier,
reservoir operational practices (e.g., water level fluctuations, flow regimes) profoundly affect each of
these factors, thus influencing the structure and function of fish communities.
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The fish community in both the Clinch River and the Poplar Creek systems is characterized by
relatively low species diversity, although representatives of all four main functional feeding groups are
present. Planktivores include threadfin shad and primarily young-of-the-year fish of most other species.
The principal detritivores are gizzard shad, carp, and suckers. Omnivores are dominated by water column
feeders such as sunfish, and benthic consumers are primarily catfish. Resident piscivores are primarily
largemouth bass. In both systems, striped bass and sauger are seasonal migratory species, and white bass
use Poplar Creek as a major spawning area during the spring.

Analysis of fish community structure in the Clinch River by the TVA Reservoir Vital Signs
Monitoring Program (Hickman et al. 1991) indicates that the dominant trophic group is
planktivores/detritivores (shad), which comprise 50-60% of the abundance; furthermore, omnivores
(carp, suckers) comprise 10-20%, insectivores (sunfish) comprise 10-15%, and piscivores (black bass,
striped bass, and striped bass hybrids) comprise 5-10% of the abundance. The most abundant species
in the Clinch River during the fall of 1993 and 1994 were found to be gizzard shad, bluegill minnows,
Cyprinidae, and largemouth bass (listed in order of importance). In Poplar Creek during this period, the
most dominant species were gizzard and threadfin shad, bluegill, largemouth bass, minnows, yellow
bass, and carp (Bevelhimer and Adams, in press). The differences observed in the occurrence and relative
abundance of species in Poplar Creek and the Clinch River are caused by the seasonal shifts in the
distributions of various species as well as to the nature and range of habitat (quantity and quality) in
these two areas. Fish communities surveys suggest that there may be a relationship between (1) species
diversity and richness and (2) proximity to Poplar Creek. The number of species found in Poplar Creek
and the Clinch River immediately downstream of the Poplar Creek mouth ranged from 26 to 28, whereas
the number of species found at other sites in the Watts Bar system ranged from 30 to 37 (Bevethimer
and Adams, in press).

In general, fish communities in the Clinch River are in poorer condition than would be expected of
communities in similar tributary streams in the Tennessee Valley (Hickman et al. 1991). Shad (gizzard
and threadfin) dominate the fish community in the Clinch River and Poplar Creek. In late winter, sauger
migrate upstream to spawn in Melton Hill tailwaters, while in late spring and early summer, striped bass
migrate from other areas of Watts Bar to seek thermal refuges in the cooler waters of the upper Clinch.
Poplar Creek and lower Poplar Creek, in particular, appear to be important spring spawning areas for
both gizzard shad and white bass.

2.7.2 Terrestrial Resources

This section focuses on the terrestrial environment located adjacent to the Clinch River and Poplar
Creek. Two zones will be discussed: (1) the river bank directly above the water level (ie,
supralittoral/epilittoral zone) and (2) a riparian zone that extends 100 m from the shoreline. Both zones
will be discussed in relation to the vegetation, land use/land cover, wetlands, threatened or endangered
plant/animal species, and wildlife present at the site.

The supralittoral/epilittoral zone of the Clinch River and Poplar Creek varies in size, riparian
vegetation, and soil type (i.e., sand, clay, gravel). The river banks are predominantly covered with
deciduous forests, grasslands, or emergent macrophytes, but some lack vegetative cover entirely. These
exposed high vertical banks are prime burrow locations for various birds. The belted kingfisher
(Megaceryle alcyon), rough-winged swallow (Stelgidopteryz ruficollis), and bank swallow (Riparia
riparia) inhabit the burrows during their breeding seasons. These birds use the burrows from
approximately April to June; laying and incubating a clutch of eggs and raising their young in the
terminal chamber until they fledge. The burrows found along the banks of the Clinch River were ~1.88
m (6 f, 2 in.) from the surface of the water and 0.61 m (2 ft) from the top of the embankment (Baron,
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L. A., Environmental Sciences Division, Oak Ridge National Laboratory, Oak Ridge, Tenn., personal
communication, June 1995). Through most of the year (excluding potential migratory habits), belted
kingfishers and swallows within the Clinch River or Poplar Creck system have a piscivorous and
insectivorous diet, respectively. Many other piscivorous avian species (e.g., great blue heron, black-
crowned night heron, osprey) nest within the riparian vegetation or have platform nesting sites
(specifically osprey) over the river or creek.

A variety of habitats border the Clinch River and Poplar Creek within the riparian zone. A land
use/land cover map (Fig. 2.19) displays habitat types within 100 m of the shoreline. The habitat map was
derived from LANDSAT Thematic Mapper and SPOT satellite images generated in September 1984.
The map delineates nine land use/land cover categories: water, urban, agricultural, transitional areas,
deciduous forest, mixed forest, evergreen forest, evergreen plantations, and barren land (Table 2.3). The
percentage and area (hectares) of various land use and habitat types within each reach are found in
Table 2.4. Habitat information was available for ~31 miles of the Clinch River, which included reaches
1 and 2, and subreach 4.01, and for all of the Poplar Creek Embayment (reach 3). Although the riparian
zone of Poplar Creek is predominantly urban (43.8%), the riparian zone of the Clinch River is
predominantly forest (45.5%) and transitional (33.4%).

Some wetlands exist along the Clinch River (subreachs 2.02 and 2.04), Poplar Creek (subreaches
3.04,73.03, and 3.02), and upper McCoy Branch Embayment (subreach 7.02). These areas are considered
wetlands based on the technical criteria of (1) hydrophytic vegetation, (2) hydric soils, and (3) wetland
hydrology (U.S. Army Corps of Engineers 1987). Dominant and common plant species found in these
areas are listed in Table Al.

Rare and endangered plant surveys have been performed for most of the ORR. Table A2 identifies
all threatened, endangered, and special concern plant species that occur on the ORR, and in some cases
they have been specifically located along the Clinch River (Pounds et al. 1993). Specific areas along the
Clinch River are designated as natural areas and some have been state registered because of the presence
of endangered or threatened plant species. These areas along the Clinch River include the Campbell Bend
Bluff and Forest (mile ~11.8), Breeder Bluffs (mile 18), Raccoon Creek Golden Seal Area (mile
~19.9-20), Melton Dam Bluffs (mile ~23.6), Tower Shielding Bluffs (mile ~25.2-26), Health Physics
Research Reactor Lake Bluffs (mile ~27.2), South Hickory Creek Bend Bluffs (mile ~28.4), North
Hickory Creek Bend Bluffs (mile 29), Copper Ridge Outcrop (mile ~31.5), White Cedar Area (mile
~32.6), Bull Bluff (mile 36.9), and Rainy Knob Bluff, Freels Bend (mile ~40.5).

There is only one state-registered natural area along Poplar Creek (Poplar Creek Cliffs) upstream
of the confluence with EFPC. Many species that are unusual for the ORR occur in small limestone cliffs
near the stream. These species include hemlock (Zsuga canadensis), thododendron (Rhododendron
maximum), fringe tree (Chionanthus virginicus), spider lily (Hymenocallis fulva), and mock orange
(Philadelphis hirsutus). The spreading false-foxglove (ureolaria patula), which is a state-listed and
federal-candidate species, occurs here (Pounds et al. 1993).

As would be expected given the diversity of plants and habitat types, the terrestrial environment
adjacent to the Clinch River and Poplar Creek supports a wide variety of wildlife species. A list of
amphibians, reptiles, birds, and mammals on the ORR has been compiled from various published sources
and personal observations (Table A3). This list includes species that have been identified on the ORR
as well as some animals that are not confirmed but are present in the Ridge and Valley region. These
terrestrial species found on the ORR could use habitat in and adjacent to the riverain system. Table A3
also includes more than 40 species that are listed by either the Tennessee Wildlife Resources Agency

.......
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Table 2.3. The Iand use/land cover classes used in habitat classification

Land use/land cover Description

Urban Jand Mixture of administrative buildings, laboratories, heavy
commercial and industrial buildings, lawns, and clumped shade
trees.

Deciduous forest land Areas of hardwood forest types.

Mixed forest land Areas of a mixture of hardwoods and pine trees.

Evergreen forest land Areas dominated by mature pine forest type with trees generally
older than 35 years (in 1994), with an uneven canopy.

Evergreen plantation Areas of pine trees that are row planted, are of uniform age, and are
generally younger than 35 years (in 1994).

Agricultural land Fields of pasture grasses, grassland, row crops, and/or shrubland
cover.

Transitional areas Secondary early successional sites, usually grassland to grassland

shrub mix; generally mowed along powerline corridors.

Barren land Cropped fields, plowed or bare ground areas, or areas where
vegetation has been removed, such as construction sites or quarries.

or the U.S. Fish and Wildlife Service as threatened, endangered, or in need of management. Each
species is identified within a trophic category (i.e., aquatic, arboreal, or ground invertebrate feeder;
flying insectivore; herbivore; omnivore; piscivore; predator) indicating potential sources of
contaminant exposure from the animal's diet and life history. Several common terrestrial species
present along the Clinch River and Poplar Creek systems, which may be exposed to site
contaminants, will be addressed in detail in Chap. 6 (Baseline Ecological Risk
Assessment).

These species include osprey, great blue heron, and mink (piscivorous wildlife; Sect. 6.4); rough-
winged swallows, and little brown bats/gray bats (insectivorous wildlife; Sect. 6.5); and cottontail
rabbits (herbivorous wildlife; Sect. 6.7).

2.8 SUMMARY OF SITE DESCRIPTION

The overall environmental setting of the ORR and CR/PC OU have been described. Subsequent
chapters will characterize the nature and extent of contamination in the OU, assess the resulting risk
to human and ecological receptors, and weigh the feasibility of implementing various remedial
actions.

The volume of surface water in the OU is very large. Surface water is also very transient, with
short average retention times.
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Table 2.4. Land use/land cover categories, percentage and area (hectares) of coverage
within each Clinch River and Poplar Creek reach
(extending 100 m from shoreline on both sides of river and creek)

Reach 1 Reach 2 Reach 3 Reach 4
Category (subreach 4.01 only)
Percentage Area(ha) Percentage Area (ha) Percentage Area (ha)  Percentage arga
a

Urban 9.6 100.88 15.1 95.13 43.8 99.44 83 13.81
Deciduous forest 9.1 95.44 73 46.00 113 25.56 26.7 44.63
Mixed forest 329 345.13 238 150.06 5.6 12.69 235 39.31
Evergreen forest 5.9 62.25 58 36.63 28 6.38 1.1 1.88
Evergreen 26 26.75 4.7 29.70 1.7 3.81 0.78 1.31
plantation
Agricultural 6.9 72.44 11.8 74.69 3.1 7.00 34 5.63
Transitional 32.7 343.25 314 198.13 313 71.06 36.2 60.56
areas
Barren 0.27 2.88 0.21 1.31 0.39 0.88 0.07 0.13

9¢-C
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The greatest quantity of sediment-associated contaminants is expected to be found where large
quantities of sediment occur. In the CR/PC OU (downstream of the primary contaminant sources), this
would include the lower reaches of the Poplar Creek embayment and the Clinch River downstream of
Poplar Creek. Even here, relatively little sediment is found in the near-shore and shallow areas,
deposition being greatest in the deeper water along the river channel.

The CR/PC OU contains aquatic and terrestrial biological receptors, some of which would likely
be exposed to contaminants that have been released from the ORR. Certain biota may serve as indirect
sources of contamination to organisms higher on the food chain.

Finally, humans use the Clinch River and Poplar Creek as a source of drinking water, as a (limited)
food source, and for recreation. Such persons would likely be exposed to contaminants that have been
released from the ORR.
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3. SITE HISTORY AND CURRENT CONDITIONS

This section characterizes the nature and extent of contamination in the CR/PC OU. Section 3.1
provides a more detailed description of the study area. Background information on ORR site
operations and an overview of contaminant releases is provided in Sect. 3.2. The nature and extent
of contamination is characterized in Sects. 3.3 (water), 3.4 (sediment), and 3.5 (biota). The results
are summarized in Sect. 3.6. The quality of the CRRI Phase 2 data is summarized in Appendix J and
evaluated in detail by Holladay et al. (1995).

3.1 SITE DESCRIPTION

To facilitate the conduct of the RI, CR/PC was divided into five study reaches and six reference
reaches (Fig. 3.1). The more intensively studied reaches were divided further into a total of 14
subreaches. The boundaries of each reach and subreach are briefly described below. In general,
boundaries were established to distinguish between (1) areas where natural environmental conditions
are known to differ and (2) areas where effects are anticipated from plausible contaminant sources.

The reaches described below can be assigned to one of three categories: study reaches, negative
reference reaches, and positive reference reaches. Study reaches are those areas within the CR/PC
OU in which the nature and extent of contamination is being investigated. Negative reference reaches
are those areas upstream of study areas but unaffected by releases from the ORR. A negative
reference reach may, however, contain contaminants from sources other than the ORR. If contaminant
releases from the ORR have resulted in off-site contamination, contaminant levels in the study reach
should be higher than in the appropriate negative reference reach. A positive reference reach is also
upstream of a study reach but has a known ORR contaminant source in its watershed (e.g., WOC,
ORNL). Positive reference reaches are.outside the CR/PC QU but generally are part of another OU
on the ORR, Contaminant concentrations in a positive reference reach should be higher than in the
study reaches. Contaminant data for positive reference reaches was collected by other environmental
programs at the ORR and are presented here for perspective and a greater understanding of site
conditions.

Reach 10—Norris Reservoir is a negative reference reach on the Clinch and Powell rivers.
Norris Dam is located at CRM 79.8, almost 46 miles upstream of the ORR.

Reach 0—Upper Melton Hill Reservoir is a negative reference reach extending from CRM 49
upstream ~3 miles.

Reach 1—Lower Melton Hill Reservoir is the extent of Melton Hill Reservoir that borders the
ORR. This portion of the reservoir extends from Melton Hill Dam at CRM 23.1 to CRM 49. The
upstream boundary coincides with the location of the Elza Gate Formerly Utilized Sites Remedial
Action Program site. Contaminant flux to reach 1 from DOE activities is believed to be small; the
only documented DOE source is the Y-12 Plant through McCoy Branch.

Reach 7-McCoy Branch Embayment is a small embayment of Melton Hill Reservoir that has
potentially been affected by the historical disposal of fly ash from the Y-12 Plant into McCoy Branch
and Rogers Quarry, upstream. The reach is bisected by a road into two subreaches, described as
follows.
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Subreach 7.01—Upper McCoy Branch is the portion of the embayment upstream of Bull Bluff
Road. The potential for impacts is greater in this subreach because the waters are poorly mixed w1th
those of the reservoir and sediments accumulate here.

Subreach 7.02—Lower McCoy Branch is the part of McCoy Branch Embayment downstream
of Bull Bluff Road. The hydraulic connection to upper McCoy Branch Embayment is by culvert.

Reach 8—Walker Branch Embayment is a negative reference reach for the McCoy Branch
Embayment. No waste disposal has ever occurred in the Walker Branch Watershed.

Reach 2—The upper Clinch River arm of Watts Bar Reservoir is above the mouth of Poplar
Creek (CRM 12.0-CRM 23.1). This reach is riverine in nature and has limited sediment
accumulation in the main channel. White Oak Creek (WOC), the primary surface water source of
contaminants from ORNL, enters the Clinch River in this reach. There are four subreaches, described
as follows.

Subreach 2,01—Melton Hill Dam (CRM 23.1) to the mouth of WOC (CRM 20.8) is a very
riverine subreach, the characteristics of which are strongly influenced by water releases from Melton
Hill Dam. Although upstream of the contaminant sources on WOC, the potential for backflow exists
when Melton Hill Dam is not discharging.

Subreach 2.02—The mouth of WOC (CRM 20.8) to the mouth of Pawpaw Creek (CRM
19.0) contains the least dilute contaminants from ORNL.

Subreach 2.03—The mouth of Pawpaw Creek (CRM 19.0) to the mouth of Grassy Creek
(CRM 14.5) is riverine but has a zone of sediment accumulation at the downstream end of Jones
Island. The K-25 Site potable water intake is at the lower boundary of this subreach.

Subreach 2.04—The mouth of Grassy Creek (CRM 14.5) to the mouth of Poplar Creek
(CRM 12.0) is the last subreach upstream of contaminant sources on Poplar Creek.

Reach 13—Poplar Creek upstream of EFPC (above PCM 5.5) serves as the negative reference
reach for Poplar Creek. This reach receives effluent from the town of Oliver Springs, located
upstream.

Reach 3—The Poplar Creek Embayment of Watts Bar Reservoir is ecologically important
as a spawning area for several fish species. The surrounding riparian forest supports piscivorous
wildlife that feed on the aquatic life of the embayment and the Clinch River. The embayment is an
area of sediment accumulation and has historically received contaminants from the Y-12 Plant and K-
25 Site, as well as from the communities of Oak Ridge and Oliver Springs. Backflow from the Clinch
River is common. This reach extends from the mouth of Poplar Creek upstream 5.5 miles to the
mouth of EFPC. There are four subreaches, established primarily on the basis of potential
contaminant sources.

Subreach 3.01—The mouth of EFPC (PCM 5.5) to the mouth of Mitchell Branch (PCM
4.6). Any effluent or runoff containing contaminants from the Y-12 Plant or the City of Oak Ridge
enter Poplar Creek via EFPC.

Subreach 3.02—The mouth of Mitchell Branch (PCM 4.6) to the K-25 CNF outfall (PCM
3.4). Several K-25 waste outfalls have historically discharged effluent to Mitchell Branch.
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Subreach 3.03—The CNF outfall (PCM 3.4) to the Poplar Creek ash disposal area (PCM
1.0). Historically, several K-25 Site sources have discharged wastewaters to this subreach. The K-25
CNF currently discharges to this subreach but is being extended to allow discharge directly to the
Clinch River.

Subreach 3.04—The ash disposal area (PCM 1.0) to the mouth of Poplar Creek (CRM 12.0).
Fly ash from the K-25 steam plant was historically discharged to the creek as a means of disposal.
This is a zone of sediment accumulation where particle-associated contaminants might be expected to
accumulate,

Reach 4—The lower Clinch River arm of Watts Bar Reservoir extends from the mouth of
Poplar Creek (CRM 12.0) downstream to the mouth of the Clinch River (at TRM 567.5). This reach
integrates all ORR contaminant sources. Residential land use along the river is greatest in this reach.
It is an area of increasingly lacustrine conditions and sediment deposition. There are four subreaches,
described as follows.

Subreach 4.01—-The mouth of Poplar Creek (PCM 12.0) to downstream of Brashear Island
(CRM 8.5) makes up the Clinch River subreach with the least dilution of contaminants from Poplar
Creek. Significant sediment accumulation occurs upstream and immediately downstream of Brashear
Island.

Subreach 4.02—Brashear Island (CRM 8.5) to the mouth of the Emory River (CRM 4.4)
is a zone of increasingly significant sediment accumnulation and shoreline development.

Subreach 4.03—The mouth of the Emory River (CRM 4.4) to near Kingston City Park
(CRM 1.5) is the subreach where dilution of ORR contaminants is expected because of flow from the
Emory River. The Emory River receives effluent from TVA's Kingston Steam Plant. Urban areas
within the Emory River watershed include Harriman and Crossville.

Subreach 4.04—Kingston City Park (CRM 1.5) to the mouth of the Clinch River is a
lacustrine area with significant sediment accumulation. The shoreline is within the city of Kingston,
and use is primarily residential and recreational.

Reach 18—The upper Tennessee River arm of Watts Bar Reservoir is located above the
mouth of the Clinch River and serves as a negative reference reach for ORR contaminants.

Reach 5—Lower Watts Bar Reservoir is downstream of the mouth of the Clinch River. Initially
investigated during Phase 1 of the CRRI, this reach was subsequently designated a separate OU, and
a remedial decision was reached on the basis of Phase I data and other data (DOE 1995). Data from
the Phase 1 investigation is presented here primarily for comparison.

Other reaches discussed to some extent in this report include WOC (reach 22), Mitchell Branch
(reach 21), Bear Creek (reach 20.02), and EFPC (reach 20.01), all of which are outside the OU but
which serve as positive reference reaches. Although no CRRI Phase 1 or Phase 2 data were collected
from these reaches, ORR Environmental Monitoring Program (ORREMP) data are used to assist in
the evaluation of downstream study reaches. In addition, fish from the Emory River (reach 6) were
collected during the Phase 1 investigation and are discussed in Sect. 3.5.
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3.2 OPERATIONAL INFORMATION AND RELEASE HISTORY

This section briefly describes the major releases of hazardous substances from each of the three
main ORR facilities to the off-site environment. Little quantitative information regarding the release
of hazardous substances is available for contaminants other than radionuclides, and even these
estimates are relatively crude, particularly for the early years of operation.

The current or threatened release of hazardous substances from specific sites on the ORR is the
focus of current CERCLA source control actions. The quantification of these releases is being
accomplished at the source; similarly, remedies will also be effected at the source. The focus of the
CRRI is to characterize ambient concentrations in Clinch River and Poplar Creek media.

3.2.1 The Y-12 Plant

The original mission of the Y-12 Plant (Fig. 3.2), completed in 1943, was the electromagnetic
separation of U from U for use in the production of atomic weapons at Los Alamos National
Laboratory. The production processes generated significant quantities of liquid waste, from which
economically recoverable amounts of uranium were historically recycled on-site. However, the
remaining wastes were discharged directly to the plant's storm sewer system and EFPC (Griffith 1957
in Bruce etal. 1993). An estimated 27 Ci (88,000 Ibs) of uranium were discharged to EFPC by the
time the electromagnetic enrichment process ended in 1947 (DOE 1988).

In the mid-1940s, the Y-12 Plant began producing enriched uranium weapons components. The
associated large-scale processing (metal machining, chemical processing, uranium salvage, and
recovery) operations again resulted in releases of uranium-containing liquid waste to the storm sewer
system and to EFPC. Releases from these operations were greatest from 1959 through 1970, primarily
reflecting increased productivity during this period (DOE 1988). Other elements used in the
production of weapons components and that may have been released as contaminants to EFPC include
Th, Li, Be, and Pb. In addition, the industrial-scale machining operations at the Y-12 Plant involved
the use of large quantities of cutting oils, machine coolant, degreasers, and solvents, including a
number of chlorinated solvents, all of which may have been released in small quantities to EFPC. For
many years, cutting oils at the Y-12 Plant contained PCBs. Waste PCB oils were collected in storage
tanks and disposed of in the Bear Creek Burial Grounds. These burial grounds are located about 2
miles west of the main plant on the southern slope of Pine Ridge. They were primarily used for the
disposal of low-level radioactive waste (primarily uranium), but the disposal of wastes containing
organics and metals occurred as well. Runoff and seepage from the burial grounds has contributed
contaminants to Bear Creek, a tributary to EFPC (DOE 1994a). The use of cutting oils containing
PCBs was discontinued in 1976. The manufacture of nuclear weapons components was discontinued
at the Y-12 Plant in 1992. The Y-12 Plant is used today to store weapons-grade uranium from
disassembled nuclear warheads.

In the early 1950s, the Y-12 Plant began the large-scale separation of lithium isotopes for use in
the production of thermonuclear fusion weapons, or hydrogen bombs. The Colex process was
developed to separate °Li from “Li. The name Colex referred to a "column exchange" process that
used an aqueous lithium hydroxide solution and a solution of lithium in mercury to achieve the desired
separation. Millions of pounds of mercury were required for the process, and large quantities were
accidentally released to process buildings, soils, and surface water (Wilcox 1983). By the time the
Colex process was no longer used in 1963, an estimated 239,000 lbs of mercury were released to
EFPC, and another 428,000 Ibs were released to the ground in the plant area (Wilcox 1983).
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Peak releases of mercury occurred in 1957 and 1958, when ~73,000 Ibs and 64,000 lbs were
released to EFPC, respectively (Fig. 3.3). Several hundred thousand pounds remained in buildings
and process equipment at the Y-12 Plant. Mercury releases declined dramatically after 1958, but the
contaminated storm sewer system, buildings, and soils at the Y-12 Plant continue to contribute several
grams of mercury per day to EFPC. These areas are the subject of ongoing remedial actions and
decontamination and decommissioning activities. Remedial action on EFPC floodplain soils is slated
to be completed by the end of 1996.
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Fig. 3.3. Mercury release history from the Oak Ridge Y-12 Plant and ®’Cs release history
from White Oak Lake (Oak Ridge National Laboratory).

In the early 1950s, the Y-12 Plant also received enriched uranium from the Savannah River Plant
and the Idaho Chemical Processing Plant for purification and processing into metal components. The
purification of these enriched uranium streams resulted in the accumulation of trace quantities of
transuranic radionuclides (neptunium and plutonium) in the resulting waste stream, which was then
discharged to the S-3 seepage ponds.

The S-3 ponds were a series of four ponds constructed in 1953 at the west end of the plant. They
provided 10 million gal of storage for liquid wastes containing low levels of radionuclides, such as
uranium and transuranics. In addition, wastes such as nitric acid, other strong acids, and coolants were
disposed of in the ponds. Seepage from the ponds flowed to Bear Creek, a tributary of EFPC.
Groundwater in the area beneath the site of the former S-3 ponds is contaminated with nitrates,
volatile organic contaminants, radionuclides, and trace metals (DOE 1994a). Discharge to the ponds
ceased in 1984 (DOE 1988), and the S-3 ponds underwent RCRA closure in 1988 (DOE 1994a).

The Y-12 steam plant and associated operations also contributed contaminants to the aquatic
environment. Until 1993, coal ash from the steam plant was discharged as a slurry into a fly ash pond
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near the headwaters of McCoy Branch. McCoy Branch drains into Rogers Quarry, which acted as a
settling basin for the ash, and then into Melton Hill Reservoir (DOE 1994a).

3.2.2 The K-25 Site

The K-25 Site (Fig. 3.4) houses the Oak Ridge Gaseous Diffusion Plant (ORGDP), construction
of which began in 1943. The primary mission of the plant was the enrichment of uranium through
the gaseous diffusion process (DOE 1994a). This process produced enriched uranium by separating
#%U from **U by the diffusion of gaseous uranium hexafluoride across a long series of porous
barriers. At each barrier in the diffusion cascade, the product became slightly enriched in 2°U as a
result of its greater diffusion rate across the barrier in comparison with the slightly heavier 2*U.
Before 1964, a long series of diffusion cascades was used to produce highly enriched uranium (96%
#0) for use in nuclear weapons production. After 1964, several of the diffusion cascades were shut
down, and less enriched uranium (10% *°U) was produced for use as fuel in commercial nuclear
power generating facilities. The gaseous diffusion process at ORGDP was placed on standby in August
1985 and permanently shut down in December 1987.

The ORGDP housed numerous support facilities. Building K-1420 was used for decontaminating
equipment and recovering uranium from this and other waste streams. These operations released U,
#Tec, and ®'Np as liquid waste (DOE 1988). The transuranic elements were introduced into the waste
stream as a result of operations to recover uranium from spent nuclear reactor fuel shipped from the
Savannah River and Hanford plants (Egli et al. 1985 in Bruce et al. 1993).

Building K-1420 also housed a metal-cleaning and metal-plating operation. The surface corrosion
of steel parts by fluorine gases in the diffusion cascade was prevented by coating these parts with
nickel. Before plating, parts were cleaned with aqueous solutions of hydrochloric and sulfuric acids,
detergents, and chlorinated solvents. Parts were rinsed in tanks after cleaning and plating. The flow
from these tanks was piped to the K-1407A neutralization pit for pH adjustment and then discharged
to the K-1407B holding pond (DOE 1979).

Located near Building K-1420, Building K-1401 served as the primary maintenance facility for
the ORGDP from 1945 through 1985. The facility provided services for fabricating, cleaning,
assembling, and painting plant equipment. Cleaning involved the use of cleaning baths, which, over
the years, used various acids and chlorinated solvents. Fabrication required the use of metals, cutting
oils, paint, and solvents. Waste solutions from these activities were piped to the K-1407A pond for
neutralization and then discharged to the K-1407B holding pond (Goddard et al. 1991).

The K-1407A neutralization pit, operated since the 1940s, received wastewater from the uranium
recovery operations, metal plating operations, and maintenance facility operations described above.
Contaminants in these wastes included uranium, transuranics, metals, chlorinated and nonchlorinated
solvents, and corrosives. Wastewater was neutralized with powdered lime or concentrated sulfuric
acid and discharged to the K-1407B holding pond. The neutralization of wastewater in the K-1407A
pit was discontinued in 1987 with the opening of the new CNF (Goddard et al. 1991).

The K-1407B holding pond was a 1.3 acre, 1.5-million-gal, unlined settling basin that received
waste for more than 40 years. The pond received waste organics and metal hydroxides neutralized in
the K-1407A pit and functioned primarily to settle the precipitates formed during neutralization. The
pond also received effluent directly from several plant buildings. Contaminants known to be
discharged to the pond include U, transuranics, solvents and oils, PCBs, and metals such as Cd, Cr,
Pb, and Ni. Effluent from the K-1407B pond flowed to Mitchell Branch, a tributary to Poplar Creek
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(Goddard et al. 1991). In 1973, sludge from the pond was removed and disposed of in the K-1407C
Retention Basin. A RCRA closure of the K~1407B pond was initiated in 1988. Sludges from the pond
were placed in drums to which cement was added to solidify the wastes. Although the soil beneath the
ponds was free of RCRA waste, remaining radionuclide contamination is the focus of a CERCLA
remedial action.
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(Goddard et al. 1991). In 1973, sludge from the pond was removed and disposed of in the K-1407C
Retention Basin. A RCRA closure of the K~1407B pond was initiated in 1988. Sludges from the pond
were placed in drums to which cement was added to solidify the wastes. Although the soil beneath the
ponds was free of RCRA waste, remaining radionuclide contamination is the focus of a CERCLA
remedial action.

The K-1407C retention basin was a 2.5-million-gal surface impoundment constructed in 1973 to
store the sludge from the K-1407B pond. It was subsequently used to store potassium hydroxide
scrubber sludge generated at the plant (DOE 1994a). Like the K-1407B pond, a RCRA closure was
initiated in 1988, but the underlying soil was found to still be contaminated with metals and
radioncuclides; this situation is being addressed under CERCLA. The sludges from the K-1407C pond
were also collected and fixed in drums as above. The resulting 46,000 drums of sludge from these
pond closures were stored outside at the K-1417 Drum Storage Area, where leaking drums were
detected in 1989. Runoff from this area went directly to Mitchell Branch. The drums have been
moved to indoor waste storage vaults at the K-25 Site (DOE 1994a).

The K-1501 steam plant supplied steam for process purposes and space heating. Liquid effluent
consisted primarily of caustic boiler water blowdown and acidic discharge from the treatment of
supply water. These discharges were neutralized and then released to the K-1407B pond. The coal
storage yard contributed acidic runoff containing the trace metals As, Ni, Cu, and Mn. Before 1985,
leachate and runoff from the coal pile were routed directly to Mitchell Branch (DOE 1979).

Heat generated by the gaseous diffusion process was dissipated through the use of mechanical
draft cooling water towers. Recirculating cooling water was pumped to the towers, where losses to
the atmosphere occurred. A chromium-based corrosion inhibitor was added to this recirculating water
until 1977, when it was replaced with a phosphate system (DOE 1979). Raw water from the Clinch
River was provided by the K-901 pumphouse and treated at the K-892 clarification facility. Sludge
from this process and blowdown from the cooling towers were discharged to the K-901A holding pond
(Goddard et al. 1991).

The K-901A holding pond received wastes from the late 1950s until 1985 (Goddard et al. 1991).
The pond was initially a marshy area but was dammed in 1965-66 to create the holding pond proper.
In addition to the cooling system wastes described above, the pond was used to dispose of compressed
gas cylinders containing unknown quantities of uranium hexafluoride, hydrogen fluoride, halides, and
various fluoridated and chlorinated hydrocarbons (Goddard et al. 1991). The cylinders were
reportedly breached before placement in the pond (Bruce et al. 1993). The K-901A holding pond
discharges directly to the Clinch River.

The gaseous diffusion process required large amounts of electricity. Four on-site switchyards
received power transmitted from off-site. PCB-containing transformers at the switchyard reduced and
transformed this electricity for plant use. PCBs released from the switchyards (Goddard et al. 1991)
have likely migrated to Poplar Creek and the Clinch River.

Wastewater from laboratory drains in several buildings at ORGDP flowed to the K-1007B
holding pond. An estimated 2200 gal of laboratory wastes were discharged to these drains each year
until 1985, when the practice was discontinued (Goddard et al. 1991). Laboratory wastes included
uranium and other radionuclides, acids, ethers, alcohols, glycols, chlorinated and nonchlorinated
solvents, mercury, PCBs, and cadmium (Goddard et al. 1991). The K-1007B holding pond discharges
directly to Poplar Creek.
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In addition to the storage ponds and pits described above, a number of land-based waste disposal
operations were used to manage wastes at K-25; these operations could have contributed to
contamination of on-site and off-site surface waters through surface runoff or groundwater flow.
Burial grounds included the K-1070A, K-1070B, and K-1070C/D burial grounds (DOE 1994a). The
K-1070 area operated from the late 1940s through 1975 for the disposal of low-level and mixed
wastes, including thorium, lead, and uranium. The K-1070B area was used from the late 1950s to
1976 to dispose of classified equipment contaminated with Pb, U, Al, Cu, Be, bronze, and asbestos
(Goddard et al. 1991). This area was created by filling a low marshy area adjacent to a small creek
that flowed into Poplar Creek. The K-1070 C/D classified burial ground received wastes from 1972
to 1989. The area received ~9100 gal of waste solvents and 1600 Ibs of chemicals (Goddard et al.
1991). From 1979 through 1985, an area known as the K-1070A landfarm was used to dispose of
spent Fuller's Earth, a product used to remove impurities in the diffusion cascade oil (Goddard et al.
1991). Several other on-site areas were used for the open burning of waste solvents or the incineration
of solid waste. Still other areas were used for waste storage, including the storage of radioactively
contaminated scrap metals or of various liquid wastes in drums. The K-720 fly ash pile, used from
the 1940s through the 1960s, received fly ash from the on-site coal fired steam plant. This site was
located south of the plant near the Clinch River, and runoff from the waste pile was not controlled
(Goddard et al. 1991).

3.2.3 Oak Ridge National Laboratory

The original mission of ORNL (Fig. 3.5), or X-10, as it was known then, was the pilot-scale
production of plutonium for use in nuclear weapons research at Los Alamos (Johnson and Schaffer
1992). Construction at the X-10 site began in January 1943. Plutonium was produced in the Oak Ridge
Graphite Reactor, which was on-line by October 1943. The plutonium was separated from the fission
products in a neighboring chemical separation pilot plant. The first shipment of plutonium to Los
Alamos occurred in February 1944. By the end of 1944, the use of the graphite reactor shifted from
plutonium production to research and the production of other radionuclides. Having completed its
original mission, ORNL became a center for the development and testing of nuclear reactors, for the
chemical and physical separation of nuclear materials, and for the production of a wide array of
radionuclides for worldwide use in research, medicine, and industry (DOE 1994a).

The most significant operations at ORNL that have released contaminants to off-site surface
waters have been the management of liquid and solid wastes. The X-10 site was planned as a
temporary pilot facility, and therefore waste production was anticipated to be small. A series of
concrete gunite tanks was constructed to contain the wastes from the operations (Struxness et al.
1967); however, the mission of X-10 was almost immediately expanded, and the gunite tanks soon
became inadequate for containing the volume of waste being generated. As a remedy, the waste in the
tanks was treated to precipitate sludges and particle-reactive contaminants; the remaining liquids were
released to WOC, along with large quantities of diluting water. In 1943, White Oak Dam was
constructed across the creek to create a basin for the additional settling of any remaining solids. In
June 1944, the 3513 pond was built to provide an additional settling basin for liquids pumped from
the gunite tanks and to allow for the additional decay of short-lived radionuclides before discharge
to WOC. From 1949 to 1954, an evaporator was used to concentrate and thereby further reduce the
volume of liquid wastes stored in the gunite tanks.

B e e
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Waste volumes continued to increase, however, and in 1951 the use of earthen pits for the
disposal of liquid wastes was initiated. Seven separate disposal pits were in use at various times from
1951 through 1976 (Spalding and Boegly 1985). In 1957, a process wastewater treatment plant was
built to recover fission products from these (and other) liquid wastes before disposal. The effluent
from this facility was only slightly radioactive compared to the low-level wastes that had previously
been discharged to the pits. This waste treatment facility was replaced in 1976 with an upgraded
facility (DOE 1994a).

The first liquid waste disposal pit was used from July to early October 1951. Its use was
discontinued when it was discovered that radionuclides, primarily '*Ru, were leaking from the pit.
Waste Pit 2 was constructed in 1952 and remained in use until 1962. A pipeline to Pit 2 was
constructed in 1954, the evaporator shut down, and wastes pumped directly to the waste pit. Pit 3 was
in use from 1955 through 1962. Pit 4 was in service from 1956 until 1976, when the new process
waste treatment plant went on-line. Large quantities of '*Ru were detected leaking from Pit 4 in 1959,
and a trench was constructed downslope to intercept the leachate from Pit 4 and pump it back into the
pit. Waste Pits 1-4 were open pits. In 1960, the design changed to an earth-covered trench designed
to minimize accidental exposure to contaminants and to minimize the collection of rainwater. Waste
Trench 5 was in service from 1960 until 1964, and Trench 6 went into service in June 1961. In
October 1961, significant leakage of *’Cs and *Sr was detected from Trench 6, and its use was
discontinued. Trench 7 was built in 1962 and used until 1966, when liquid wastes were disposed of
by using hydrofracture technology (Spalding and Boegly 1985).

The hydrofracture process used hydraulic pressure to initiate cracks in the layers of shale bedrock
underlying the disposal site. Alkaline solutions of low-level waste were mixed with cement and
injected under pressure into the fracture zone at a depth of ~700-1000 ft. This waste/cement grout
mixture filled the cracks that had been developed and, upon setting, immobilized wastes in the deep
shale formation. The original hydrofracture facility was in use from 1964 through 1979. A second
facility was opened in 1982, but its use was discontinued in 1984 when the possible leaching of
contaminants to deep groundwater, resulting from the improper fixation of the wastes, was identified
as a concern (Ohnesorge 1986).

The disposal of solid wastes at ORNL has occurred at six different solid waste storage areas
(SWSAs) (DOE 1994a). The first three storage areas were located in Bethel Valley near ORNL. The
sites were selected primarily on the basis of convenience and with little regard for the potential
mobility of the wastes in the soil. SWSA 1 is a 1-acre site that was used from 1943 to 1944, SWSA
2 is a 4-acre site that was used from 1944 to 1946, and SWSA 3 is a 6-acre site that was used from
1946 to 1951. SWSAs 4 through 6 are located in Melton Valley, where the soil types are better suited
for immobilization of radionuclides. For several years in the late 1950s and early.1960s, ORNL's
SWSAS served as a regional burial ground for low-level wastes generated from a number of other
federal facilities and private companies (Bates 1983). SWSA 4 is a 23-acre site that was used from
1951 to 1959, and SWSA 5 is a 50-acre site that was used from 1959 to 1973. SWSA 6 is a 68-acre
site opened in 1969 and is still in use (DOE 1994a).

The radionuclides that have been released in the greatest quantities from ORNL directly to
surface waters since 1944 are *H (166,300 Ci), '*Ru (6,931 Ci), *Sr (1,197 Ci), unidentified beta-
emitters (2,694 Ci), and the rare earth elements (1,295 Ci, excluding cerium) (DOE 1988). The
radionuclides disposed of in greatest quantities since 1944 by being either buried on-site or discharged
as liquid waste to pits and trenches include **’Cs (1,174,709 Ci), *Sr (880,557 Ci), and unidentified
beta emitters (1,152,686 Ci). However, of these totals, only 39% of the **'Cs and 17% of the *Sr
were disposed of in pits and trenches; almost 60% of the **’Cs and 78% of the *Sr were disposed of
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in the hydrofracture facility. The remaining quantities were discharged as solid waste to the SWSAs
(DOE 1988). - .

As monitored at White Oak Dam, the radionuclides released in the greatest quantities to the
Clinch River are *H, '*Ru, **’Cs, and *Sr (Table 3.1). Tritium is an isotope of hydrogen with a 13-
year half-life. Itis readily incorporated into water and moves through the environment accordingly.
Given the S-day retention time of the Clinch River arm of WBR, all but the most recent releases of
tritium have long since flushed through the reservoir. Peak '®Ru discharges of 1400-2000 Ci/year
occurred from 1960 to 1962, corresponding to the period of greatest seepage from Waste Pit 4.
Releases have been estimated at zero since the late 1980s (DOE 1988). Ruthenium-106 is a water-
soluble radionuclide with a half-life of 368 days and is not be expected to be found currently in the
Clinch River. Cesium-137 is "particle-reactive," being readily adsorbed onto the surface of fine-
grained sediment particles, particularly clays. Peak releases of *'Cs occurred in 1956 (170 Ci),
coinciding with the draining of White Oak Lake, when large quantities of sediment were eroded from
the exposed lake bottom. An additional 266 Ci were released through 1961, after which releases
continued to decline until 1975, when annual releases were <2 Ci; they have remained at that level
since then (Table 3.1, Fig. 3.3). Total *¥’Cs released to the Clinch River from ORNL is ~700 Ci (~8
£). Because 'Cs has a half-life of 30 years, much of the material released from the ORR can still be
found in the sediments of the Clinch River. Peak releases of *Sr occurred before 1961 but cannot be
correlated with disposal data, which is nonexistent for those years (DOE 1988). Releases had declined
to <4 Cifyear by the late 1980s. Although it has a half-life similar to **’Cs, ®Sr is more water-soluble
and, therefore, has not accumulated in the Clinch River to the same extent (Struxness et al. 1967).

DOE (1988) estimated that 70 to 80% of the radioactive materials released to surface waters from
ORNL originate as leakage from waste disposal areas. Radionuclides of concern are primarily *’Cs
and *Sr; *H and transuranics are of somewhat less significance. Another 10% of the releases originate
from operating facilities at ORNL, such as reactors, laboratories, and processing plants. The
remaining 10% originate as surface runoff from areas of contaminated soil in the vicinity of operating
facilities that have been affected by spills or equipment leaks.

3.2.4 Summary of Significant Releases

Historically, operations at the ORR have resulted in the release of hazardous substances,
including metals, organics, and radionuclides, to the off-site aquatic environment. Reliable estimates
of the amount of these various contaminants are generally impossible to make because of a lack of
quantitative monitoring information, particularly for the early years of operations. The Y-12 Plant is
known to have released large quantities of mercury to EFPC. Large quantities of 2*U have been
released from both the K-25 Site and the Y-12 Plant. Peak contaminant releases of mercury and
uranium occurred before 1959 and have declined drastically since. Large quantities of fission products
have been released from ORNL, including *H, '®Ru, *'Cs, and ®Sr. Because of its particle-reactive
nature, *’Cs is the principal long-lived radionuclide (30-year half-life) expected to be found in the
Clinch River, where it would be associated with sediment. The greater solubility of the other
radionuclides results in their rapid dilution and flushing downstream. Other possible contaminants
released from the ORR include various metals (such as As, Pb, Cr, Be, and Ni), various organic
compounds (such as PCBs, chlorinated and nonchlorinated hydrocarbons, and various laboratory
chemicals), and various radionuclides (such as transuranic radionuclides and fission products).

4
~.
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Table 3.1. Estimated® discharges (in curies) of radionuclides from White Oak Creek

to the Clinch River, 1949-1992

Year ™'cs ™Ru  ®sr TR Mg %z B 8o 3y qpye
19499 77 110 150 77 18 180 77 0.04
1950 19 23 38 30 15 19 0.04
1951 20 18 29 11 5 18 0.08
1952 10 15 72 26 23 19 20 0.03
1953 6 26 130 1o 7 8 2 0.08
1954 22 11 140 160 24 14 4 0.07
1955 63 31 93 150 85 5 7 7 0.25
1956 170 29 100 140 59 12 4 46 0.28
1957 89 60 83 110 13 23 1 5 0.15
1958 55 42 150 240 30 6 8 9 0.08
1959 76 520 60 94 48 27 1 77 0.68
1960 31 1900 28 8 27 38 5 72 0.19
1961 15 2000 22 24 4 20 4 31 0.07
1962 6 1400 9 11 2 04 14 0.06
1963 4 430 8 9 2 03 04 14 0.17
1964 6 190 7 13 03 02 03 15 1900  0.08
1965 2 69 3 6 01 03 02 12 1200 0.50
1966 2 29 3 5 01 07 02 7 3100 0.16
1967 3 17 5 9 02 05 09 3 13300 1.03
1968 1 5 3 4 003 03 03 1 9700  0.04
1969 1 2 3 5 002 02 05 1 12200  0.20
1970 2 1 4 5 006 002 03 1 9500  0.40
1971 1 0.5 3 3 005 001 02 1 8500  0.05
1972 2 0.5 6 5 003 o001 03 1 10600  0.07
1973 2 0.7 7 002 005 05 1 15000 0.08
1974 1 0.2 6 0.02 002 02 0.6 8600 0.02
1975 06 0.3 7 0.3 0.5 11000 0.02
1976 02 02 5 003 09 7400 0.01
1977 02 02 3 0.03 04 6200 0.03
1978 03 02 2 0.04 04 6300 0.03
1979 02 0.1 2.4 004 04 7700 0.03
1980 06 O 1.5 0.04 04 4500 0.04
1981 02 0.1 1.5 0.04 07 2900 0.04
1982 15 02 2.7 0.06 1.0 5400 0.03
1983 12 02 2.1 0.004 03 5600 0.05
1984 0.6 02 2.6 005 02 6400 0.03
1985 0.4  0.007 3.0 0.6 3700 0.008
1986 1.0 0 1.8 0.54 2600 0.024
1987 06 O 1.2 0.12 2500 0.006
1988 04 0 1.1 <0.07 1700

1989 12 0 2.9 0.13 4100

1990 11 0 3.1 0.12 3100

1991 17 2.7 0.12 2100

1992 0.6 2.1 0.04 1900

1993 05 2.1 0.04 1700

1994 0.5 2.8 0.07 2200

Total 700.6 6931.6 1214.6 1205 341.93 376.61 175.33 325.53 183100 5.248
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Foatnotes for Table 3.1 . i

°All digits carried through to avoid rounding errors. Only first two are significant.
bTotal rare earth elements, exclusive of cerium.

“Blank cells indicate no data reported.

“Transuranic radionuclides.

Sources:

B. G. Blaylock, M. L. Frank, L. A. Hook, F. O. Hoffman, and C. J. Ford. 1993. White Oak Creek Embayment
Site  Characterization and Contaminant Screening Analysis. ORNL/ER-81. Oak Ridge National
Laboratory, Osk Ridge, Tenn.

Martin Marietta Energy Systems, Inc. 1992. Oak Ridge Reservation Environmental Monitoring Report for 1991,
EH/ESH-22. Ogk Ridge National Laboratory, Oak Ridge, Tenn.

Martin Marietta Energy Systerns, Inc. 1993. Oak Ridge Reservation Environmental Monitoring Report for 1992,
EH/ESH-31. Oak Ridge National Laboratory, Oak Ridge, Tenn.

U.S. Department of Energy. 1988. Historical Releases from Current DOE Oak Ridge Operations Office
Facilities. OR-890. Oak Ridge Operations Office, Oak Ridge, Tenn.

Today, areas historically used for waste disposal and waste management continue to release
contaminants from the ORR (primarily as releases to surface water). The principal streams draining
the ORR thought to be contributing contaminants to the Clinch River and Poplar Creek include McCoy
Branch, WOC, EFPC, and Mitchell Branch. The source streams identified here, as well as the
upstream disposal areas, are the streams being addressed by the on-site components of the ORR
environmental restoration program. The CRRI focuses on residual contamination in Clinch River and
Poplar Creek sediment and seeks to assess the impact of this contamination, together with the
cumulative impact of on-site releases, on the environment of these two streams.

3.3 WATER CHARACTERIZATION

This section characterizes the nature and extent of contamination in surface water of the CR/PC
OU. First, data from historical studies and monitoring programs are summarized and used to create
a site conceptual model (Sect. 3.3.1). Data from the CRRI Phase 1 and Phase 2 studies, as well as
contemporaneous data from the ORREMP are then used to characterize the nature and extent of
contamination and to ascertain compliance with ambient water quality criteria (AWQC) (Sect. 3.3.2).
A number of Phase 2 supporting studies are described next (Sect. 3.3.3), and an overall summary of
results is then provided (Sect. 3.3.4). '

3.3.1 Historical Studies and Site Conceptual Model

This section summarizes the results of selected studies of surface water contamination in the
Clinch River. The information from each of these studies is used to help formulate a site model of
surface water contamination.

3.3.1.1 Clinch River Study

The comprehensive Clinch River Study was a multiagency, interdisciplinary, 5-year (1960-64)
investigation into the effects of radionuclide releases from ORNL into the Clinch River. Organizations
participating in the study were the U.S. Atomic Energy Commission, the U.S. Geological Survey,
the U.S. Public Health Service, TVA, the Tennessee Department of Public Health, the Tennessee
Stream Pollution Control Board, the Tennessee Game and Fish Commission, and ORNL. The
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objectives of the study were (1) to determine the fate of radicactive materials that were currently being
discharged to the river, (2) to develop. an understanding of the mechanisms of dispersion of
radionuclides released to the river, (3) to evaluate the limitations of the river for receiving radioactive
effluent safely, and (4) to suggest long-term monitoring procedures (Struxness et al. 1967).

The radionuclides of interest in the study (determined a priori on the basis of the quantities
released, radioactive half-lives, and recommended maximum permissible concentrations in water)
were *Sr, “Co, '™Ru, and *'Cs. A mass balance approach was used to inventory the radionuclides
entering, leaving, remaining, or decaying in the Clinch and Tennessee rivers (Struxness et al. 1967)
from WOC downstream to Chickamauga Dam (TRM 471).

The results of the study indicated that *“Ru, “Sr, and “Co occurred principally in solution in
WOC. Upon release to the Clinch, the concentrations of these radionuclides were rapidly diluted and
almost the entire quantity transported downstream in the dissolved state (Churchill et al. 1965). For
example, the calculated mass balance curve for *Sr is depicted in Fig. 3.6. Maximum total
concentrations of “Sr in water during the study period ranged from 17,450 pCi/L at White Oak Dam
to 14.1 pCi/L at Chickamauga Dam. The maximum concentration recorded for the Clinch River was
42.6 pCi/L at the Centers Ferry station (CRM 5.5). Flow-weighted mean concentrations for the study
period were an order of magnitude less than maximum values at all stations. Average concentrations
over time were not possible given the basic data (Churchill et al. 1965).

In contrast to the other radionuclides studied, ~70% of the **’Cs in WOC waters was sorbed to
suspended sediments. Upon release to the Clinch River, these suspended sediments were largely
transported downstream to a point (around CRM 15.0) where decreased turbulence allowed significant
sedimentation and concomitant accumulation of **’Cs. Figure 3.7 depicts the calculated mass balance
curve for ¥'Cs. Maximum total concentrations of **’Cs in water during the study period ranged from
6409 pCi/L at White Oak Dam to 6 pCi/L at Chickamauga Dam. The maximum value in the Clinch
River was 35 pCi/L at the Centers Ferry Station. Flow-weighted means were not calculated because
the maximum values listed were ail substantially below the maximum permissible concentration
standards in effect at that time (Churchill et al. 1965).

3.3.1.2 Annual Oak Ridge Reservation environmental monitoring reports

The ORREMP has collected and published data for a number of years on contaminants in surface
water on and around the ORR. Table 3.2 summarizes the mean concentrations of the analytes most
frequently detected at several ambient stations in the Clinch River and Poplar Creek over a recent
5-year period (1988-92). Average values during this period are within the range historically reported
for these streams and typically do not exceed applicable water quality criteria for the protection of
domestic water supplies or aquatic life. More recent ORREMP data have been used directly in the site
characterization (Sect. 3.3.2)

3.3.1.3 CRRI Phase 1

The purpose of the Phase 1 water sampling was to verify, using rigorous quality assurance
methods, historically reported water contaminant concentrations. A single sample was collected from
each of numerous sites (Cook et al. 1992). Inorganic and organic analyte concentrations were within
ranges reported in previous monitoring reports (e.g., Energy Systems 1991) and were below AWQC.
Concentrations of radiological constituents were comparable with the mean values reported by Energy
Systems (1991) and in previous investigations (Olsen et al. 1992).
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Table 3.2. Mean concentrations (mg/L) of selected analytes in reference and downstream
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only six samples had levels of °H above detection limits (200 to 230 pCi/L), and activities ranged from
300 to 853 pCi/L. The maximum value detected (at the Kingston water intake, TRM 568.4) was well
below the maximum contaminant level (MCL) of 20,000 pCi/L. Tritium was also detected at three
beach areas in WBR and two water intakes in the Clinch River (TVA's Kingston Steam Plant and the
DOE intake at Grassy Creek).

3.3.1.6 Summary of historical data and discussion of site model

The historical data, considered together with the hydraulic conditions in the Clinch River
(Chap. 2), point to the following site conceptual model for contaminants in water. Organic contaminants
are infrequently detected and, when detected, are present at very low concentrations. Inorganic analytes
are present at low levels and do not appear to exceed AWQC for domestic water supplies or protection
of aquatic life at most locations, although detection limits are inadequate in many cases. Radionuclide
concentrations are generally very low and do not exceed applicable AWQC. Primary sources of
contaminant flux from the ORR to off-site waters appear to be via point-source discharges, tributary
flow, or nonpoint-source runoff. No evidence of large-scale flux from baseflow directly to off-site
waters has been documented. However, in McCoy Branch, surface water receives soluble arsenic that
is released seasonally from contaminated sediment; maximum values exceeded human health screening
criteria. In Poplar Creek, despite substantial arsenic contamination in the sediment, the migration of
arsenic fo surface water appears limited by sediment and hydraulic conditions. Therefore, it is expected
that the CRRI would confirm certain spatial contaminant distribution patterns related to known
contaminant sources on the ORR, would confirm the low levels of organic compounds throughout the
system, would confirm that levels of radionuclides throughout the study area are generally acceptable,
and would identify a limited number of metals that could exceed human health or ecological AWQC in
certain locations.

3.3.2 Nature and Extent of Contamination in Surface Water

Data from the CRRI Phase 1 and Phase 2 investigations as well as contemporaneous data from the
ORREMP (1993 and 1994) were used to describe the nature and extent of contamination in surface
water. Data from each of these sources was combined into a single data set, and summary statistics
were calculated on the combined data. This data set is also used in Chaps. 5 and 6 to assess human
health and ecological risks. Table Bl summarizes the sampling effort that produced this data set. Sample
locations are depicted in Fig. 3.8.

The CRRI Phase 1 sample plan is outlined above in Sect. 3.3.1. The ORREMP sample program
is described in detail by DOE (1992). Data collected from 14 ORREMP sites during 1993 and 1994
(n = 9 to 10 at each site) are included in the comprehensive site characterization data set. The CRRI
Phase 2 sample plan is described by DOE (1994b). Phase 2 samples from the Clinch River represent
a compilation of samples from several discrete studies described in Sect. 3.3.3. In Poplar Creek, Phase °
2 samples were collected systematically four times in each of three seasons (winter, spring, and
summer) from eight sites. Because stratification was never observed in the water column, all samples
were collected 1 m from the surface. Samples were analyzed for water quality parameters, metals,
organics, and radionuclides (Table B1).

Consistent with the site model, a number of analytes (primarily organic compounds) were
undetected at any location. Other analytes were detected in total water samples but not in filtered
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different purposes and at different times with several sample collection techniques and analytical methods.
Therefore, these data may or may not be representative of site conditions, and the resulting summary
statistics may be biased. Nonetheless, because the sample size in most subreaches is limited for most of
the individual data sets, the combined summary statistics are considered the best available estimate of
overall ambient conditions during the study period.

As expected, the positive reference reaches outside the OU (WOC, EFPC, Bear Creek, Mitchell
Branch—all ORREMP data) generally exhibited the highest mean values for each of several
contaminants. Mean concentrations of total Al, *’Cs, chloride, Cr, Co, “Co, fluoride, gross alpha
activity, gross beta activity, Fe, Hg, Ni, nitrate, Na, ®Sr, sulfate, ®Tc, trichloroethene, and total U
were elevated in one or more of the positive reference reaches in comparison with the levels found in
the study and negative reference reaches (Tables B3 and B4). In general, however, receiving streams
rapidly diluted most of these contaminants such that no statistically significant increases in mean
contaminant concentrations in receiving waters were found compared with negative reference reaches.

Exceptions to the general pattern above were total nitrite/nitrate in Poplar Creek downstream of
the CNF outfall (Fig. 3.9), total mercury and total methyl mercury in Poplar Creck downstream of
EFPC (Fig. 3.10), measures of total gross alpha and beta emission in winter samples collected
downstream of Mitchell Branch (Fig. 3.11), and total and dissolved arsenic concentrations in upper
McCoy Branch (Fig. 3.12). In addition, mean gross alpha activity, gross beta activity, and levels of °H
and PSr were elevated by an order of magnitude in subreach 2.02 (the Clinch River below WOC) over
levels in lower Melton Hill Reservoir, but the variability of the data in the former prevents most of these
differences from being statistically significant (¢ = 0.05). Increased radionuclide levels below WOC
are certainly consistent with the site model, and the variability in contaminant levels is probably a
function of variable water flow below Melton Hill Dam.

In Poplar Creek, concentrations of several inorganic analytes varied seasonally, often being highest
in summer, when baseflow typically contributes a greater proportion of total flow. It was expected that
mercury flux in Poplar Creek would be primarily associated with periods of increased suspended
sediment load, but the correlation of total mercury concentrations and total suspended particle values
was weak (R? < 0.2). Moreover, contrary to expectations, the highest mean mercury concentrations
were observed near the mouth of Poplar Creek rather than immediately below EFPC. One explanation
may be the resuspension of contaminated sediment from the creek bed, although no data were collected
to test this hypothesis.

For study and negative reference subreaches only, mean contaminant concentrations were evaluated
for compliance with applicable ambient water quality criteria (AWQC) (TDEC 1995.) The State of
Tennessee has not designated Poplar Creek or McCoy Branch for use as domestic water supplies;
therefore, AWQC applicable to these waters are based on the designated uses of recreation (consumption
of biota only) and the protection of aquatic life [chronic continuous criterion (CCC) was used]. The
remaining study and negative reference reaches have criteria based on designated uses as domestic water
supply (equivalent to MCLs under the Safe Drinking Water Act), recreation (consumption of water and
biota), and protection of aquatic life (CCC). The mean concentration, 95% lower confidence limit
concentration (LCL,;), and the 95% upper confidence limit concentration (UCL,;) were each compared
with applicable criteria. This analysis is limited in that the standard error and bounds on the mean could
only be calculated for reaches in which an analyte was detected more than once.
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Results of this evaluation are summarized in Tables B5-B7. Those analytes which appear to exceed
a criterion at one or more locations are summarized in Table 3.3. Analytes with LCL,, values greater than
a criterion can be said with a high degree of confidence to exceed that criterion. The LCLy, for total arsenic
exceeds the recreation-based criterion (fish consumption only) of 0.0014 mg/L in subreach 7.01 (upper
McCoy Branch). The LCLy; for total mercury exceeds the criterion continuous concentration (CCC) of
0.000012 mg/L in reaches 0, 3.01, 3.02, 3.03, 3.04, 4.01, 4.02, and 4.04.

Analytes with an LCL,, below a specific criterion but with mean concentrations which exceed that
criterion are possibly in compliance but are more likely to exceed the criterion. The mean concentration
of total mercury exceeds the recreation criterion (fish consumption only) of 0.00015 mg/L in subreach
3.04. The mean arsenic concentration exceeds the recreation criterion (fish consumption only) in reach 13.

Despite a mean value that is less than a specific criterion, analytes with a UCL,, greater than that
criterion cannot be said with a high degree of confidence to be in compliance. The only such instance is
in subreach 3.03, where the UCL,; concentration of total arsenic slightly exceeds the recreation criterion
(fish consumption only).

Table B5 also indicates that LCL,, values of arsenic exceed the recreation-based criterion
(consumption of water and fish) in reach 1 and subreaches 4.01 and 4.04. However, this criterion is below
the minimum detection limit used in this study and LCL,s, and therefore is constrained by the detection
limit. The low frequency of detection in each reach above suggests that this criterion is probably not being
exceeded. Table B5 also indicates that mean concentrations of arsenic exceed the recreation criteria
(consumption of water and biota) in reach 0 and subreaches 2.02, 2.04, and 4.02. In each case, however,
arsenic was detected in only one sample. Similarly, the mean concentration of thallium exceeds the
drinking water and recreation criteria (consumption of water and biota) in reach 1 and exceeds the
recreation criterion (fish consumption only) in subreach 3.04. However, the thallium values are also
detected in only one sample in each reach. For these reasons, the analytes discussed in this paragraph can
only be said to possibly exceed these criteria (Table 3.3).

Man-made radionuclides were conservatively evaluated against the domestic water supply criterion
by summing the dose from individual radionuclides through the use of UCL, values where available,
maximum values where UCL, values were lacking, or maximum detection limit values if a radionuclide
was undetected (Table B3). Values were summed for *’Cs, *H, *Sr, ©Co, and total U. DOE (1990)
derived concentration guide values were used to calculate potential dose bywater ingestion. The summed
dose did not exceed the domestic supply criterion of 4 mrem/year in any study reach.

The remaining analytes were undetected, were detected only once in a subreach with the product limit
estimator mean value less than all applicable criteria, or had UCL,; values that were below all applicable
criteria across all subreaches. In the latter case, it can be said with a high degree of certainty that mean
concentrations are below applicable criteria, In the former cases, inadequate detection limits for some
analytes in some locations do not allow a conclusive determination, particularly in the case of lipophilic
organic compounds (e.g., PCBs) with recreation-based criteria below current analytical capabilities.

3.3.3 Supporting CRRI Phase 2 Studies—Water Characterization

The CRRI Phase 2 surface water investigation involved 6 tasks (DOE 1994b), four of which are
described below. An originally planned task, the characterization of contaminant distribution downstream
of point sources (DOE 1993b), was discontinued after a few initial data were collected as a result of
reassessment of the sample plan (DOE 1994). These data are not discussed in this section but are
summarized in Tables L1-L3. In addition, the characterization of ambient conditions in Poplar Creek was



3-23

182,800 7

180,808 T}

S,
Vo,
~,
,
~,
L2
LIPS ST .,
N,
~

Mitchell Branch

178800

K-25

4
=7 178,000 —

-®
-
-
-
R

m,euo) o

_ M?‘ﬁ‘QQQ P
T ¥

/R0 742,00 733200

Fig, 3.8. Surface water sampling lecations.

Meltox

Lou
C

733,000



Data from iadividual studies were combined into a comprehensive database for overall site characterization purposes. Individual sample
locations are identified for studies that characterize ambient site conditions (W11), biased hydrologic event conditions (W11B), surface water
toxicity (W11T), and the rémobilization of contaminants from sediment (W11R). Other data are from the Clinch River Remedial Investigation
Phase 1 and Oak Ridge Reservation Environmental Monitoring Program.

Clinch River
Environmental Restoration
Program

Sampling Locations for
Water Tasks

N

190,000

185,000

g
5

LEGEND

. Sample Location W11
* Sample Location W11T
° Sample Location W11B
. Sample Location Phase 1
° Sample Location ORREM

Sample Location W14
TR y Sample Location W11IR
___F River Mile Marker
"1 DOE Boundary

180,000

--------- Plant Boundary
—==-=  County Boundary
120,000
 Hill Dam \\\ Tennessee State Plane Coordinate System, NAD 83
N Seurce: Lake boundary provided by TVA
‘\\ Sample locatiens provided by
A Envirenmental Science Division
\
ldﬁn \‘ Prepared by GeoSpatial Support (GSS)
. s Enironmental Information Management
B, £ \ Enviremental Restoration Division
A lé ] Created: 96-03-06.17:26:58.Wed  Version 1.0

780,080 765,200




3-26

Nitrate / Nitrite
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Fig. 3.9. Mean dissolved nitrate/nitrite concentrations in Poplar Creek by reach.
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Fig. 3.10. Mean mercury concentrations by reach in Poplar Creek (a) methyl mercury
and (b) inorganic mercury.
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L- Total Arsenic Dissolved Arsenic

Fig. 3.12. Mean total and dissolved arsenic concentrations by subreach.

Table 3.3. Analytes which potentially exceed ambient water quality criteria in
the Clinch River/Poplar Creek Operable Unit

Analyte Criterion Reach/subreach
Likely exceed* Probably Possibly
exceed’ exceed®
Arsenic Recreation 1,4.01,4.04,7.01 0,2.02,2.04, 3.03
4.02, 13
Mercury Adquatic life 0, 3.01-3.04,

(chronic continuous criterion) 4.01-4.04¢

Recreation 3.04

°The 95% lower confidence limit is greater than criterion.

*Mean is greater than criterion, but 95% lower confidence limit is less than criterion.
‘Mean is less than criterion, but 95% upper confidence limit is greater than criterion.
“No data for subreach 4.03.

described by DOE (1994b) as a discrete task, but these data have been combined with CRRI Phase 1 and
ORREMP data and discussed above; no further discussion occurs here.

3.3.3.1 Characterization of contaminant concentrations during extreme flow events

This task was designed to characterize the maximum contaminant concentrations in the Clinch
River resulting from uncontrolled releases from the ORR. Three hydrologic conditions were considered
to bound this worst-case scenario: (1) high baseflow/high runoff (spring rain), maximizing contaminant
flux from both groundwater and runoff but allowing high dilution; (2) low baseflow/high runoff
(summer rain), minimizing contaminant flux from groundwater while maximizing contaminant flux
from surface runoff; and (3) low baseflow/low runoff (summer dry), minimizing contaminant flux from
both sources but also minimizing dilution (DOE 1994b). Initially a fourth condition, high baseflow/low
surface runoff was to be sampled, but this hydrologic condition was not observed during the study
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period. The latter flow condition would have focused on contaminants transported primarily by
groundwater. The failure to collect these data is not critical in that (1) the site model does not predict
the large-scale flux of contaminants via groundwater flow in the saturated zone and (2) groundwater
contamination is being addressed separately within the ORR Environmental Restoration Program (DOE
1994a).

Because the maximum Clinch River concentrations would be highest at the mouth of streams
draining known contaminant sources on the ORR, sample collection focused on three such streams:
McCoy Branch, WOC, and Poplar Creek (Sect. 3.2). The 1994 "spring rain" event was sampled on
April 19 and 20, the "summer rain” event July 28 and 29, and the "summer dry" event August 29 and
30 (Figs. L1 and L.2). Ideally, flow in the Clinch River would be minimal during sampling and dilution
would thus be minimal; however, because of extensive rainfall throughout the region in the early spring
of 1994 (Sect. 2.5.3), low flow was not observed during the high baseflow/high runoff condition.

Samples were collected from five locations (Fig. 3.8) at each of the three streams as follows: (1)
mid-channel in the mouth of the source stream; (2) along a three-site transect in the Clinch River (at
25%, 50%, and 75% of the channel), 0.2 to 0.6 miles downstream of the source stream; and (3) one
mid-channel site in the Clinch River located far enough downstream to ensure uniform mixing of
contaminants. Four reference sites were also sampled. Each of the 19 sites was sampled once per flow
event. Information regarding analytical classes, sampling locations, and frequency of collection for these
data is listed in Table 14. Water quality parameters for all sites reflected seasonally expected norms
(Sect. 2.5.3).

Results for each source stream are presented in Tables L5-L8. With the exception of *H at the
WOC source location and arsenic in the McCoy Branch source location, no analyte concentrations
exceeded AWQC during any event. Other than the exceptions noted above, analyte concentrations at
reference locations were similar to the source and near-source locations. Therefore, no large-scale flux
of contaminants leading to increased contaminant concentrations was evident during any of the presumed
worst-case hydrologic events.

Interestingly, arsenic concentrations at CRM 1.0 appeared higher than at any study site except
upper McCoy Branch. These data reinforce the evidence of Ford et al. (1995) that a significant arsenic
source exists downstream of the ORR. Another interesting finding was that, during the "summer rain"
event, dissolved and total mercury concentrations, although low at all locations, appeared higher in the
Clinch River (CRM 11.8) than in the mouth of Poplar Creek. This finding is contrary to the decrease
in concentrations expected from dilution of Poplar Creck water, but the data were t00 scant to draw any
conclusions,

3.3.3.2 Contaminant remobilization from sediment

This task evaluated the potential for sediments to serve as a contaminant source to Clinch River
surface waters through mechanical or chemical means (DOE 1994b). Samples from 1 m above the
sediment surface were collected at four locations (Fig. 3.8) three times per season for two seasons and
analyzed for metals, radionuclides, and organic contaminants (Table L4). Results are presented in
Tables L9-L15. These data were compared to near-surface data for the same locations for evidence of
contaminant remobilization at depth. Although the data are limited and the near-surface to near-sediment
comparisons are severely hampered by the fact that the data were not collected concurrently, no
evidence of migration of contaminants from sediment to the water column was found at any location.

T =
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3.3.3.3 Characterization of additional sources of contaminants to the CR/PC OU

In August and September 1994, TVA (1995) collected sediment and surface water samples from
seven locations in the Clinch River and its tributaries near the ORR (Table 128). Six sites were sampled
because of the presence of suspected or known contaminant sources; one site (Walker Branch) was a
reference. Only one sample was collected for each media at each location; therefore, no statistical
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period. The latter flow condition would have focused on contaminants transported primarily by
groundwater. The failure to collect these data is not critical in that (1) the site model does not predict
the large-scale flux of contaminants via groundwater flow in the saturated zone and (2) groundwater
contamination is being addressed separately within the ORR Environmental Restoration Program (DOE
1994a).

Because the maximum Clinch River concentrations would be highest at the mouth of streams
draining known contaminant sources on the ORR, sample collection focused on three such streams:
McCoy Branch, WOC, and Poplar Creek (Sect. 3.2). The 1994 "spring rain" event was sampled on
April 19 and 20, the "summer rain” event July 28 and 29, and the "summer dry" event August 29 and
30 (Figs. L1 and L2). Ideally, flow in the Clinch River would be minimal during sampling and dilution
would thus be minimal; however, because of extensive rainfall throughout the region in the early spring
of 1994 (Sect. 2.5.3), low flow was not observed during the high baseflow/high runoff condition.

Samples were collected from five locations (Fig. 3.8) at each of the three streams as follows: (1)
mid-channel in the mouth of the source stream; (2) along a three-site transect in the Clinch River (at
25%, 50%, and 75% of the channel), 0.2 to 0.6 miles downstream of the source stream; and (3) one
mid-channel site in the Clinch River located far enough downstream to ensure uniform mixing of
contaminants. Four reference sites were also sampled. Each of the 19 sites was sampled once per flow
event. Information regarding analytical classes, sampling locations, and frequency of collection for these
data is listed in Table L4. Water quality parameters for all sites reflected seasonally expected norms
(Sect. 2.5.3).

Results for each source stream are presented in Tables L5-L8. With the exception of °H at the
WOC source location and arsenic in the McCoy Branch source location, no analyte concentrations
exceeded AWQC during any event. Other than the exceptions noted above, analyte concentrations at
reference locations were similar to the source and near-source locations. Therefore, no large-scale flux
of contaminants leading to increased contaminant concentrations was evident during any of the presumed
worst-case hydrologic events.

Interestingly, arsenic concentrations at CRM 1.0 appeared higher than at any study site except
upper McCoy Branch. These data reinforce the evidence of Ford et al. (1995) that a significant arsenic
source exists downstream of the ORR. Another interesting finding was that, during the "summer rain"
event, dissolved and total mercury concentrations, although low at all locations, appeared higher in the
Clinch River (CRM 11.8) than in the mouth of Poplar Creek. This finding is contrary to the decrease
in concentrations expected from dilution of Poplar Creek water, but the data were too scant to draw any
conclusions.

3.3.3.2 Contaminant remobilization from sediment

This task evaluated the potential for sediments to serve as a contaminant source to Clinch River
surface waters through mechanical or chemical means (DOE 1994b). Samples from 1 m above the
sediment surface were collected at four locations (Fig. 3.8) three times per season for two seasons and
analyzed for metals, radionuclides, and organic contaminants (Table L4). Results are presented in
Tables L9-1.15. These data were compared to near-surface data for the same locations for evidence of
contaminant remobilization at depth. Although the data are limited and the near-surface to near-sediment
comparisons are severely hampered by the fact that the data were not collected concurrently, no
evidence of migration of contaminants from sediment to the water column was found at any location.
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3.3.3.3 Characterization of additional sources of contaminants to the CR/PC OU

In August and September 1994, TVA (1995) collected sediment and surface water samples from
seven locations in the Clinch River and its tributaries near the ORR (Table 1.28). Six sites were sampled
because of the presence of suspected or known contaminant sources; one site (Walker Branch) was a
reference. Only one sample was collected for each media at each location; therefore, no statistical
inferences can be made.

Most source area sites did not appear to differ from the reference site with respect to contaminants
in water or sediment. However, dissolved chromium in surface water at CRM 50.1 (Oak Ridge
Marina) and CRM 47.9 (Bull Run Steam Plant) and total copper at CRM 47.9 were all more than four
times the reference concentrations. In sediment, arsenic was three times higher at CRM 37.5 (McCoy
Branch) than at the reference site. PCBs (Aroclors 1260 and 1254) were detected (up to 100 pg/kg) only
at CRM 47.9 and at CRM 41 (Aroclor 1260 only). Chlordane was detected (up to 26 pg/kg) in
sediment only at the upper Clinch River sites (Oak Ridge Marina, Bull Run, and Scarboro Branch).

3.3.3.4 Aqueous toxicity tests

Ambient water from the CR/PC OU was evaluated for toxicity to aquatic organisms, and the
results were used in an ecological risk assessment (Chap. 6). Toxicity was evaluated as measures of (1)
survival and growth of fathead minnow (Pimephales promelas) larvae; (2) fecundity and survival of the
cladoceran Ceriodaphnia dubia;, (3) hatching success, frequency of abnormal development, and survival
of Japanese medaka (Oryzias latipes) embryos and larvae; and (4) genotoxicity as measured by
microbial assay. Study sites (Fig. 3.9) in Melton Hill Reservoir were sampled twice for each type of
test above; sites in the Clinch River below Melton Hill Dam and in Poplar Creek were sampled six
times each for the cladoceran and fathead minnow tests and three times each for the medaka and
genotoxicity tests. To facilitate interpretation of test results, the collection of aqueous samples for
toxicity testing was coordinated with samples collected for contaminant analysis.

In the fathead minnow and Ceriodaphnia tests, data from the Clinch River were analyzed
separately from data from Poplar Creek. Standard test protocols for fathead minnow and Ceriodaphnia
tests are described by Kszos et al. (1989). Medaka test procedures can be found in the standard
operating procedure "Japanese Medaka Embryo-Larval Toxicity Tests" (Energy Systems 1993a).

Fathead minnow test results. An analysis of variance revealed no significant differences in
fathead minnow survival or growth among either the Poplar Creek or the Clinch River ambient test sites
during each of the six tests conducted, with one exception. In the April 1993 test, minnow survival in
subreach 3.01 (PCM 5.1) was significantly lower than survival in subreach 3.04 (PCM 1.0) (Fig. 3.13).
Fathead minnow survival data are summarized in Tables L.16-L17. Large among-replicate variation in
survival was encountered in nearly all of the tests of ambient water. Generally, minnow survival was
high (90-100%) during the first few days of the test and then declined thereafter. :

Fathead minnow growth in the ambient water was generally greater than minnow growth in control
water (Tables L.18-L19). However, growth in all test sites and the control was lower in the April 1994
test (Fig. 3.14), apparently a result of the younger, more sensitive organisms that were used in this test.

In addition to the statistical analyses above, reductions in survival or growth of 20% or greater
between study sites and appropriate reference sites were noted. Several Poplar Creek study sites
exhibited reduced survival or growth in one or more tests as compared to at least one of the reference
locations (Fig. 3.15); however, the two Poplar Creek reference sites also differed from each other by
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Fig. 3.13. Fathead minnow survival in water samples from Poplar Creek and Clinch River sites by test date,
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20% during several tests. In only one test (April 1994) did any site exhibit a 20% reduction in survival,
No reductions of 20% in growth were observed for any site during any test.

Ceriodaphnia dubia test results. No spatial or temporal patterns in Ceriodaphnia survival were
observed; survival was uniformly high (>80%) in all tests (Tables L20-L21). An analysis of variance
revealed no significant spatial effects in Ceriodaphnia reproduction among Clinch River sites, and no
significant differences in Ceriodaphnia reproduction were found among Poplar Creek sites in four of
the six test periods. However, reproduction in Walker Branch Embayment (Walker Branch mile 0.4,
reach 8) was significantly greater than reproduction in upper McCoy Branch Embayment (Melton
Branch mile 0.4, subreach 7.02) during both test periods.

Although significant temporal differences existed, the organisms tended to produce more offspring
in ambient water than in laboratory control water. Ambient waters may provide additional nutrients such
as algae, bacteria, and detritus that contribute to an increase in fecundity (Kszos et al. 1992).
Ceriodaphnia fecundity data are summarized in Tables L20-L21.

The only (statistically nonsignificant) reductions in fecundity of 20% or more between sites were
reductions in Poplar Creek reference sites compared with each other [Fig. 3.15 (a) and (b)].

Medaka embryo-larval test results. Five medaka embryo-larval tests were conducted for the
CR-ERP Phase 2 Investigation on surface water samples from six sites in Poplar Creek and three sites
in the Clinch River (DOE 1994b) at quarterly intervals from July 1993 through July 1994. After these
tests, two additional medaka embryo-larval tests were conducted on many of the same sites for the K-25
Site Biological Monitoring and Abatement Program (BMAP). Two tests were also conducted in the
summer of 1994 on two sites in lower McCoy Branch and a site in Walker Branch as a reference. In
all tests, survival, hatching success, and the incidence of various developmental abnormalities were
scored for individual medaka embryos exposed throughout embryonic development to water samples
from the study sites.

Largemouth bass (Micropterus salmoides) and redbreast sunfish (Lepomis auratus) embryos were
obtained by artificially spawning sexually mature adults, and they were used in a limited series of tests
to directly examine the toxicity to gamefish of surface water from many of the sites tested with medaka
embryos. Methods for these one-time tests were adapted from the medaka embryo-larval test.

Results of embryo-larval tests were statistically examined by Chi-square analysis, with significant
differences (o = 0.05) between sites determined by comparison of sample proportions as described in
Daniel (1987).

Hatching success was similar to survival in all tests. Apparently as a result of a relatively long
prehatching interval (10-12 days average), the medaka embryo appears most sensitive to adverse water
conditions in the period before hatch. The discussion below thus focuses only on the survival and
developmental abnormality statistics of these tests.

Survival in water from three sites in the Clinch River (CRM 22, CRM 19, and CRM 9) was
excellent in four of the five Phase 2 tests (Table L22) and in both of the K-25 Site BMAP tests
(Table L23). The only exceptions occurred in the final quarterly Phase 2 test initiated in July of 1994,
when survival at the two upstream sites in the river (CRM 22 and CRM 19) plummeted to 36% and
16%, respectively. Survival in contro! solutions was uniformly high (280%) in all tests.
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Survival of medaka embryos and fry in water from sites in Poplar Creek was more variable. For
example, survival in water from a reference site (PCM 11.0) located well upstream of any influences
from the ORR differed significantly from control survival in four of seven tests (Tables L22 and 1.23).
Nonetheless, the general pattern throughout Poplar Creek was a decrease in mean survival in

comparison with the reference site (Fig. 3.16), with greatest impacts observed in subreach 3.02 (PCM
4.3) and subreach 3.04 (PCM 1.0).

The incidence of developmental abnormalities observed in medaka embryos exposed to water from
the Clinch River differed significantly from controls only in the July 1994 test (Tables 1.22 and 1.23).
Certain abnormalities were seen more frequently at the two downstream sites (subreach 2.02 at CRM 19
and subreach 4.01 at CRM 9) in comparison with the upstream reference site (subreach 2.01 at CRM
22) (Fig. 3.16), but overall there was little significant pattern to the occurrences of developmental
abnormalities in medaka exposed to water from any sites in the Clinch River.

Fish Embryo-larval Tests
Significant Decrease in Survival From Reference

. O Largemouth Bass B Medaka M Redbreast Sunfish
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Fig. 3.16. Mean frequency of occurrence of significant decreases in fish embryo-larval
survival in water from the various study sites as compared with the appropriate reference. For
medaka, the values are based on a series of five to eight different tests of water from Poplar Creek and
Clinch River sites and two tests for McCoy Branch sites. Values for largemouth bass and redbreast
sunfish are based on tests of single water samples against embryos derived from multiple female and
male in vitro pairings (totals of five and three, respectively).

In contrast, developmental abnormalities were much more common in embryos exposed to water
from all sites in Poplar Creek, particularly the sites adjacent to the ORR (Tables L22 and 1.23). For
example, overall incidence of developmental abnormalities significantly higher than those in controls
were noted in six of seven medaka embryo-larval tests conducted with water samples from subreach
3.02 (PCM 4.3). The incidence of many specific abnormalities were also greatest in embryos exposed
to water from sites in lower Poplar Creek adjacent to the ORR (Fig. 3.17). The most frequent
abnormalities noted for these lower Poplar Creek sites were associated with the chorionic layer, which




3-36

encloses the embryo until hatching. In fact, the poor survival of medaka embryos in water from the
lower Poplar Creek sites often appears to be the result of problems with the proper maintenance of
chorionic integrity; such problems lead to premature and largely unsuccessful attempts to hatch.

Survival of medaka embryos in two tests of water from sites in lower McCoy Branch
(subreach 7.02) and Walker Branch (subreach 8; reference for McCoy Branch) was generally very
high (Table L.24). Although survival was significantly less at Melton Branch mile 0.2 compared with
the Walker Brauch reference site (Walker Branch mile 0.4) in one of the two tests (Fig. 3.20), it was
still at a very acceptable 84% level. Very few developmental abnormalities were observed in embryos
exposed to any of these water samples (Table L24 and Fig. 3.17).

B .

Pericardial Edema JJj Clear Biood RSt
EPocrdmlaﬁm !B!oodaos OIIHCIX’!RIQG—I

6
5 L.
4t
3 [ ok

2% 3 2%
2} - it

7
1
0 lllllllllll . —

D 4

Pl
ellc Edema il Stunted Swim Bladder Absen cormalities
B S MBI, o i pmen B e Qi etodf e Ay, Wik Amormalics |

Percent Occurrence of Abnormality
@)

O =24 N W A OO
T T T T

Fig. 3.17. Percent occurrence of developmental abnormalities during medaka embryo-larval
tests, Abnormalities are grouped according to the following major classifications: (a) chorion-associated
abnormalities, (b) circulation-associated abnormalities, (c) skeletal-muscular and head region
abnormalities, and (d) other abnormalities.

Redbreast sunfish toxicity tests. A set of fish embryo-larval tests was initiated in July 1994 to
compare the responses of medaka and redbreast sunfish embryos and fry with water from select sites
in Poplar Creek and the Clinch River. Redbreast sunfish tests were conducted with eggs from females
collected from a reference site and fertilized in vitro. The normal control was not included in this series
of tests because of uncertainties about the suitability of using the millipore-filtered distilled water control
in testing redbreast sunfish. Instead, all comparisons within tests were made to the appropriate
reference site.
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In this comparison test, survival was again very high (80% for embryos and 85% for fry), and the
incidence of developmental abnormalities relatively low (10% for embryos and 20% for fry) for medaka
embryos and fry exposed to water from both CRM 22.0, the reference site on the Clinch River, and
CRM 9.0 (Table L25). Survival was only slightly less (70%) and the incidence of medaka embryos with
developmental abnormalities even lower (5%) at PCM 11.3, the reference site on Poplar Creek.
Survival plummeted (to 11% in both instances) and the incidence of embryos with abnormalities
increased significantly (to 50% and 58%, respectively) following exposure of medaka embryos to water
from PCM 4.3 and PCM 1.0.

Similarly, the survival of redbreast sunfish embryos and fry was uniformly high in water from
both the Clinch River sites, as well from the upstream reference site on Poplar Creek (Table L25; Fig.
3.16). Furthermore, survival of redbreast sunfish embryos and fry was also adversely affected by
exposure to water from downstream study sites on Poplar Creek, although the results were not as
consistent nor as pronounced as in tests involving medaka embryos. Few developmental abnormalities
were observed during the course of these redbreast sunfish toxicity tests.

Largemouth bass toxicity tests. Embryo-larval tests were also conducted during April 1994 on
largemouth bass embryos and fry exposed during early development to water from several sites in the
Clinch River and Poplar Creek and from one site in the Tennessee River. Because of time constraints
caused by difficulties in collecting female largemouth bass that possessed mature but not overripe,
fertilizable eggs from reference sites, no attempt was made to conduct a medaka embryo-larval test
concurrent with these largemouth bass tests. Largemouth bass embryo-larval test procedures were
similar to those employed in tests with redbreast sunfish and medaka embryos, except that hatching
success was not scored in the bass tests.

Survival statistics for embryos and fry derived through in vitro fertilization techniques from each
of five different largemouth bass pairings are presented in Table L26 and summarized in Fig. 3.16.
Survival was uniformly high in these tests; however, small but statistically significant decreases in
survival in comparison with that of controls were observed in two of five groups of embryos tested
against water from CRM 9.0. In addition, minor, but statistically significant, decreases occurred in
survival in water from several downstream sites in Poplar Creek. As with the redbreast sunfish embryo-
larval tests, obvious developmental abnormalities (other than mortality) were rarely encountered in these
largemouth bass embryo-larval tests (Table L27).

Summary of medaka tests. The results of the medaka embryo-larval tests clearly demonstrate
that water from lower Poplar Creek has an intermittent toxicity to fish embryos. This toxicity does not
appear to extend into the Clinch River. Redbreast sunfish embryos appear to respond much like medaka
embryos to water from both systems, although to a lesser degree. Largemouth bass embryos and fry
appear to be the least sensitive of the fish species tested, although the absence of concurrent medaka test
data weakens this comparison.

Genotoxicity test results. Surface water from the Clinch River and Poplar Creck was evaluated
for its potential to cause genotoxic or toxic effects in DNA or the cell, respectively, with the
commercially available SOS-Chromotest kit. No significant genotoxic or toxic effects were observed
in the Clinch River and Poplar Creek samples tested. Isolated samples exhibited slight genotoxicity, but
no trends were established.
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3.3.4 Water Characterization—Summary of Findings

The site model, based on historical data, indicates that organic compounds have been detected
infrequently. Those that are detected are relatively ubiquitous in nature and have been present only at
very low concentrations. This model also indicates that inorganic analytes and radionuclides have
generally been present at low concentrations and typically do not exceed the AWQC for protection of
domestic water supplies or aquatic life; however, detection limits are inadequate in some cases. The
concentrations of certain inorganic analytes and radionuclides have historically been greatest
immediately downstream of streams that drain contaminant source areas on the ORR (i.e., EFPC,
Mitchell Branch, WOC, McCoy Branch).

The CRRI Phase 2 surface water investigation consisted of a number of discrete studies, most of
which did not by themselves fully characterize a defined subreach or reach of the OU (except for
Poplar Creck). Therefore, the data were compiled across these various tasks, augmented with CRRI
Phase 1 data and concurrent ORREMP data (1993-94), and this combined data set used to characterize
the nature and extent of contamination.

Mean concentrations of a number of analytes were elevated in source streams (WOC, EFPC, and
Mitchell Branch). However, the only significantly elevated mean values within the OU were (1) total
nitrate/nitrite in Poplar Creek below the CNF outfall, (2) total mercury and total methyl mercury in
Poplar Creek below EFPC, (3) gross alpha and beta counts in Poplar Creek downstream of Mitchell
Branch (winter samples only), and (4) total and dissolved arsenic in the upper McCoy Branch
Embayment of Melton Hill Reservoir. Concentrations of organic compounds were expectedly low
throughout the system; many compounds were undetected anywhere.

Several analytes potentially exceed AWQC in one or more locations. Mean arsenic levels likely
(LCLy > criterion) exceed recreation-based criteria in upper McCoy Branch (subreach 7.01); mean
concentrations here are the highest of any subreach. Mean mercury levels likely exceed the CCC for
protection of aquatic life in upper Melton Hill Reservoir (reach 0), in Poplar Creck (subreaches
3.01-3.04), and in the lower Clinch River (subreaches 4.01, 4.03, and 4.04). Mercury concentrations
are highest in Poplar Creek.

Mean arsenic levels likely (LCL,s < criterion < mean) exceed the recreation-based criterion in
upper Poplar Creek (reach 13). The mean mercury concentration likely exceeds the recreation criterion
in lower Poplar Creek (subreach 3.04). Finally, the mean arsenic concentration possibly (mean <
criterion < UCL,,) exceeds the recreation criteria in subreach 3.03 and throughout the Clinch River,
including Melton Hill Reservoir.

Some Phase 2 studies answer specific contaminant-related questions. A study designed to
characterize contaminant concentrations in the Clinch River during presumed worst-case contaminant
flux conditions found no evidence of large-scale contaminant migration that originated from known
source streams and that resulted in increased ambient concentrations in the Clinch River. Maximum
concentrations of contaminants in source streams were generally within the range of historically
reported values. In a study that evaluates the potential for mobilization of contaminants from sediment,
no evidence was found of significant contaminant remobilization from sediment to surface water.
Finally, the toxicity of surface water from a number of sites in the OU was evaluated through the use
of several test organisms and measures of toxicity. No site-related patterns of toxicity were observed
in the majority of the toxicity tests. The exception was the Japanese medaka embryo-larval series of
tests, which demonstrated intermittent toxicity to water from Poplar Creek. The medaka results are
corroborated by similar results with redbreast sunfish, a species native to the Clinch River-Poplar

e e e o . T mmrmee————
T e - 0n, & . s 59 o




3-39

Creek area. Toxic effects in Medaka and to redbreast sunfish did not extend into the Clinch River
downstream of Poplar Creek. .

3.4 SEDIMENT CHARACTERIZATION

This section describes the nature and extent of sediment contamination in the CR/PC OU. Findings
from previous investigations are first summarized and used to build a site conceptual model (Sect.
3.4.1). The CRRI Phase 1 and Phase 2 data are then used to describe the current distribution of
contaminants in the system (Sect. 3.4.2). Data from CRRI Phase 2 supporting studies are presented in
Sect. 3.4.3, and include an evaluation of sediment toxicity (Sect. 3.4.3.1) and modeled predictions of
future contaminant distributions in sediment (Sect. 3.4.3.2). Results of the site characterization are
summarized in Sect. 3.4.4.

3.4.1 Historical Studies and Site Conceptual Model

Clinch River sediment has been studied since the early 1950s. Most of the early studies focused
on radiological contamination, particularly gamma-emitters. However, more recent studies have
included analyses for uranium isotopes and metals, particularly mercury, and to a lesser extent, organic
chemicals. The following discussion describes the general findings of these studies.

3.4.1.1 Annual surveys of gamma activity in Clinch River and Tennessee River bottom sediment

From 1951 to 1966, various researchers (Garner and Kochitzky 1956; Cottrell 1960; ORNL 1961,
1962, 1963, 1964, 1965, 1966, 1967) measured total gamma radiation at the surface of the sediment
with a submersible Geiger-Mueller counter (called a "flounder"). In the Clinch River, surveys were
conducted from CRM 27.5 to the mouth.

Transects were established across the river at various intervals, and gamma readings were taken
annually at points along each transect. Readings (gamma counts per second) were averaged across the
transect. Beginning in 1954, composite surface grab samples were also collected along each transect
for radionuclide analysis (Cottrell 1960). The principal radionuclides contributing to gamma activity in
most years were “'Cs, ®Co, “Ce, total trivalent rare earths (TRE), and *Sr (Fig. 3.18). The
distribution of activity along a transect was generally proportional to the depth of the water (e.g., Fig.
3.19); most of the activity was found in the main channel.

In general, gamma count rates in the Clinch River gradually increased with distance downstream
from the mouth of WOC. The highest count rates found throughout the entire Clinch and Tennessee
river system typically occurred between CRM 11.0 and CRM 8.0, although annual variations exist (Fig.
3.20). Count rates remained relatively constant from CRM 8.0 to the mouth of the river, except for low
counts at scour points at CRM 4.7 and CRM 2.6.

An increase in activity in 1952 (Fig. 3.20) was attributed to the release of an unspecified
short-lived radionuclide, possibly barium, which had mostly decayed by 1953 (Garner and Kochitzky
1956). The large increase in activity during the period 1956-60 was primarily caused by the draining
of White Oak Lake and the attendant scouring of contaminated sediment from the lake bottom. The
increased activity in the 1961 survey probably resulted from increased releases of *®Ru in 1960. The
gamma surveys demonstrated that the general distribution of radioactive sediments has remained much
the same in the Clinch River over time. Annual variations in surface activities typically reflected the
quantity of particle-associated radionuclides released at White Oak Dam.
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3.4.1.2 Clinch River Study

The purpose and scope of the Clinch River Study are outlined in Sect. 3.3.1.1. The following text
briefly summarizes salient findings with respect to contaminated sediment.

In 1962, 113 cores were collected from 14 locations in the Clinch River and were used to estimate
the radionuclide inventory in sediment. A total inventory of about 200 Ci was estimated for the river
as of July 1, 1962 (Table 3.4). The bulk of this inventory was **’Cs (~150 Ci, or 75% of total). The
remaining inventory was composed of an estimated 18 Ci (9%) of “Co, 16 Ci (8%) of **Ru, 10 Ci
(5%) of TRE elements, and 2.9 Ci (1.5%) of *Sr. Approximately 95% of the total inventory was
downstream of CRM 15, and at least 60% was downstream of CRM 9. The inventories listed here
represent ~1.5% of the total activity released from ORNL to that time, including ~21% of the 'Cs,
9% of the “Co, 0.4% of the *®Ru, and 0.2% of the *Sr (Carrigan and Pickering 1967).

Table 3.4. Estimated radionuclide inventory of the Clinch River below the
Oak Ridge Reservation, as of July 1, 1962

Location of subreach Total identified activity Volume of radioactive
(o)} sediment
(acre-ft)
From Clinch To Clinch In subreach Cumulative In subreach Cumulative
River mile River mile
0 2.80 22 22 340 340
28 5.9 42 64 380 720
5.9 8.95 54 118 480 1200
8.95 10.95 46 164 430 1630
10.95 12.00 93 173 93 1720
12.00 13.05 10 183 85 1810
13.05 15.00 68 191 38 1850
15.00 16.75 22 193 33 1880
16.75 18.35 4.7 198 39 1920
18.35 19.85 0.1 198 47 1920
19.85 20.65 23 200 5.9 1930
20.65 20.90 0.1 200 1.4 1930
20.90 21.00 0.2 200 0.3 1930

Source: P. H. Carrigan, Jr. and R. J. Pickering. 1967. Radioactive Materials in Bottom Sediment of Clinch
River: Part B, Inventory of Radionuclides in Undisturbed Cores. ORNL-372. Oak Ridge National Laboratory, Oak
Ridge, Tenn.
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In general, the distribution of radionuclides in the Clinch River is controlled by the mechanics of
sedimentation. The longitudinal distribution among individual radionuclides was similar (Fig. 3.21), and
each exhibited the same general pattern (e.g., Fig. 3.22) identified in the gamma surveys (Sect.
3.4.1.1). Although areas of greater and lesser deposition are evident, the thickness of radioactive
sediment generally increased linearly from CRM 21 to the mouth of the Emory River (Fig. 3.23)
(Carrigan and Pickering 1967). Laterally, radiation levels are lower in sloughs of the Clinch River than
in sediments of the main channel, and radionuclide levels were less in areas exposed during winter
drawdown than in areas that were continuously inundated.

Carrigan and Pickering (1967) found that peak concentrations of gamma activity (almost entirely
from *’Cs) in core samples occurred at depth; the greater the sediment accumulation rate in an area,
the greater the depth of the **’Cs peak in the core (Fig. 3.24). The ’Cs profile in a core was found to
correlate with the release history from ORNL (Fig. 3.25).

Carrigan and Pickering (1967) found that, in general, radioactive bottom sediment in the Clinch
River could be classified as clayey silt, composed of ~35% mica and other clays and 65% quartz. The
potential for desorption of radionuclides was investigated by using contaminated sediments from WOC
(Morton 1965). Only *Sr was found to be held by simple ion exchange and easily removed by
circumneutral salt solutions. Strongly acidic solutions desorbed 80-90% of the ®Sr and 65-80% of the
“Co, whereas strongly alkaline solutions were more effective in desorbing “Ru. Regardless of
treatment, <6% of the **’Cs was desorbed, indicating a strong affinity for particles. This affinity is
greatest for certain clay minerals.

3.4.1.3 1977 Clinch River sediment survey

Sediments in the vicinity of the proposed Clinch River Breeder Reactor site (CRM 20.8) were
sampled in 1977 to determine the fate and distribution of radionuclides in the Clinch River (Oakes et
al. 1982). Specific objectives were to analyze selected cores for transuranic radionuclide activity
(previous studies had not reported alpha emitters) and to examine the effect that the altered flow regime,
which was a result of operations at Melton Hill Dam, had on the distribution of fission products in the
sediment. A total of 250 cores were collected along the length of the Clinch River, from the mouth of
WOC to the confluence with the Tennessee River; cores were also collected from the Tennessee River
above and below the mouth of the Clinch River. An attempt was made to sample areas of elevated
gamma activity by first identifying those areas through use of the flounder. However, subsequent
analysis of the cores revealed that the flounder had been more strongly influenced by background
radiation than by radionuclides discharged from ORNL. An additional limitation affecting the
representativeness of this sampling effort was that the sampling device could only be used effectively
in water depths of 15 ft or less. This restriction limited sampling to the extreme near-shore environment
and overbank areas.

The investigators attempted to duplicate the methodologies used in the Clinch River Study for
sample core analysis (automated scanning of the core profile to locate areas within the core that were
emitting high levels of gamma rays). However, the approach failed because the core profiles were
different from those collected in the early 1960s. The decay of high specific-activity ‘®Ru since that
time resulted in gamma levels that were too low to make the approach successful. As an alternative, a
cork-borer was used to extract 1-in.-diam cores from the sample core at intervals of 1, 3, 5, 7, 9, 11,
13, 16, 20, 24, 30, 36, 40, and 45 in. from the top of the core for spectroscopic analysis of *’Cs and
®Co. Radiochemical analyses for ®Sr and transuranic radionuclides were performed on subsamples
taken from the top, middle, and bottom of about half of the cores (Oakes et al. 1982).
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Fig. 3.21. Longitudinal distribution of radionuclides in the Clinch River downstream of the
Oak Ridge Reservation. Source: P. H. Carrigan, Jr. and R. J. Pickering. 1967. Radioactive Materials
in Bottom Sediment of Clinch River: Part B, Inventory of Radionuclides in Undisturbed Cores. ORNL-
372. Oak Ridge National Laboratory, Oak Ridge, Tenn.
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Fig. 3.23. The thickness of radioactive sediment in the Clinch River was found to increase
between the mouth of White Oak Creek and Clinch River mile 8, after which it declined sharply.
Source: P. H. Carrigan, Jr. and R. J. Pickering. 1967. Radioactive Materials in Bottom Sediment of

Clinch River: Part B, Inventory of Radionuclides in Undlsturbed Cores. ORNL-372. Oak Ridge National
Laboratory, Oak Ridge, Tenn.

SEDIMENT SURFACE ACTIVITY |

oOCVvVO

e

. I 11 B ]

a .

T
N

Core recovery

4 /Hole number
. 5 Corer penetration
10¢ T

H Lower iimit of i ﬁ
1 radioactive zone q

—
w.

el 0l I

n
o

%
GROSS 7-1
GAMMA ACTIVITY (cpn)

~nN
w

-5
ot’u“’lol‘o U [AJ
1T I

[
o

« |
=
I
Vi
e
\ =

= ) -

~= AT A
e

OEPTH, IN FEET
-»
N
g ’
Q
4
8
e
A
7/

5
T

W
w

I3
o

15 -

100 200

300 400 50G
DISTANCE FROM LEFT BANK. IN FEET
%CPM:= COUNTS PER MINUTE

Fig. 3.24. Cross section of the Clinch River at mile 7.5, showing lateral distribution of
sediment and vertical distribution of gross gamma activity. Source: P. H. Carrigan, Jr. and R. J.
Pickering. 1967. Radioactive Materials in Bottom Sediment of Clinch River: Part B, Inventory of
Radionuclides in Undisturbed Cores. ORNL-372. Oak Ridge National Laboratory, Oak Ridge, Tenn.
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The report of Oakes et al. (1982) is a data summary report, and as such, it offers only limited
discussion and interpretation of the data. As in the Clinch River Study, however, peak concentrations
of radionuclides were found to occur at varying depths within cores. Peak concentrations recorded in
the study are presented in Table 3.5.

Table 3.5. Maximum concentrations of radionuclides reported
in the 1977 Clinch River Sediment Survey

Radionuclide Maximum Location Depthin
concentration (Clinch River mile) core
(pCi/g) (cm)
ice 606 14.25 28
“Co 12.2 14.25 28
%Sr 11.7 14.25 31
Bs2sspy 65 14.0 23

Source: T. W. Oakes, W .F. Ohnesorge, J. S. Eldridge, T. G. Scott, D.
W. Parsons, H. M. Hubbard, O. M. Sealand, K. E. Shank, and L. D. Eyman.
1982. Technical Background Information for the Environmental and Safety
Report, Vol. 5: The 1977 Clinch River Sediment Survey—Data Presentation.
ORNL-5878. Oak Ridge National Laboratory, Oak Ridge, Tenn.

3.4.1.4 Environmental fate of mercury and *’Cs discharged from ORR facilities

Turner et al. (1984) collected sediment cores from the Clinch and Tennessee rivers in 1983 to
independently confirm the release histories of mercury from the ORR facilities and to discover the fate
of mercury discharged into area streams. Sediment cores were collected at CRM 6.8 and CRM 1.0 and
in the Tennessee River in both Watts Bar and Chickamauga reservoirs. Sample collection was
intentionally biased for areas of stable sediment deposition. All cores were sectioned into 1-, 2-, 3-, or
5-cm intervals for analysis. The core from CRM 1.0 was analyzed for total mercury, gamma emitters,
total uranium, and selected metals. The core from CRM 6.8 was analyzed for total mercury only.

The results are illustrated in Fig. 3.26. The strong correlation between mercury and *'Cs
concentrations was observed throughout WBR, where peak concentrations were typically located 60 cm
or more below the core surface. The peak uranium concentration (7.8 mg/kg) in the CRM 1.0 core also
coincided with the mercury and **’Cs peaks.

The authors concluded that the peak releases of mercury and *'Cs from ORR facilities in the 1950s
are reflected in well-defined peak concentrations in the sediment cores and that they provide an accurate
method of dating sediment layers. The authors postulated that dredging and extreme water-level
drawdown were the only likely activities that could resuspend the buried contaminants and bring them
into contact with the biosphere (Turner et al. 1984).
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3.4.1.5 TVA Instream Contaminant Study

TVA conducted the Instream Contaminant Study for the Oak Ridge Task Force, a multiagency
body investigating the mercury releases from the Y-12 Plant (TVA 1986b). Eight fine-particle surface
sediment samples (the upper 10-15 cm of sediment) were collected from four locations in the
Clinch River arm of WBR (CRM 3.7, 10.0, 15.6, and 18.3). A total of four reference samples were
collected from locations in Melton Hill Reservoir (CRM 24.0) and Norris Reservoir (CRM 85.3 and
94.1 and Powell River mile 6.0). All samples were analyzed for radiological contaminants, base/neutral
organic priority pollutants, priority pollutant metals, cyanide, phenols, and PCBs (TVA 1985a).

None of the 53 organic. contaminants for which analyses were conducted was detected in any of
the Clinch River surface sediment samples. Total phenols were detected at levels (6 ng/kg) comparable
to those at the Norris and Melton Hill reservoirs reference areas (5 ng/kg). Results of the metals
analyses are presented in Table K1. Values for selected radionuclides are presented in Table K2.

In addition, cores from eight locations in the Clinch River downstream of Melton Hill Dam were
collected and analyzed for mercury; limited radiological analyses were also performed. Five of these
cores were collected on Jones and Grubb islands rather than from instream locations, and all contained
less than detectable levels of mercury (<0.1 mg/kg). The core samples were analyzed in two groups
on the basis of sediment particle size fraction: (1) the fine sands and smaller fraction (containing
particles <500.m) and (2) the silt and clay fraction only (containing particles <62um but >500m).
Fine sands, silts, and clays collectively accounted for 90% or more of the sample volume at all sites
(TVA 1985a). The Clinch River core data for mercury are presented in Fig. 3.27.

The study concluded that (1) concentrations of mercury in sediment of both the Clinch and
Tennessee rivers were elevated and (2) an estimated 500 1bs of mercury were being transported each
year out of EFPC to downstream environments.

3.4.1.6 ORGDP sediment survey

Ashwood et al. (1986) collected ~180 surface sediment samples from streams around the K-25
Site. Samples were collected from the Clinch River, Poplar Creek, and tributaries draining the ORR.
Samples were analyzed for radionuclides, metals, and organic contaminants. In addition, three core
samples were collected, including one from the Clinch River near Kingston. The purpose of the study
was to identify sites where pollutants from the K-25 Sitehad historically entered or were currently
entering the surface water. Samples were collected in January and February 1985. The study focused
on contaminants that Hoffman et al. (1984) identified, on the basis of data from the TVA Instream
Contaminant Study (TVA 1986b), as warranting further study on the ORR.

Because the objective of the study was to determine areas of high concentration relative to K-25
values, not relative to background values, data are presented as contaminant levels for areas that exceed
150% of the K-25 mean. It was concluded that the Clinch River samples contained elevated levels of
Se (up to 130 ug/g; K-25 mean = 91 mg/kg), *’Cs (up to 14.9 pCi/g; K-25 mean = 2 pCi/g), ®Co
(up to 1.34 pCi/g; K-25 mean < 1 pCi/g), and Z*U (up to 30 pCi/g; K-25 mean = 5.5 pCi/g); the
source of these contaminants would be other than the K-25 Site. Core data indicate below-surface peaks
of *'Cs, Hg, 2*U, and several metals in the Clinch River sample. This core also contained trace
quantities of polycyclic aromatic hydrocarbons (PAHs) and phthalates; PCBs were not detected in any
core segment (Ashwood et al. 1986).
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3.4.1.7 TVA recreation area and water intake sampling

The overall scope and purpose of this sampling are described in Sect. 3.3.1. Sediment samples
were analyzed for radionuclides, metals, and organic compounds. Sediment sampling at the beach sites
consisted of collecting five 12-in. cores from each site; the cores were composited for analysis.
Analyses for volatile organic compounds were conducted on three cores from each beach site without
compositing. Sediment sampling at the intake locations consisted of a single core sample from each site
(TVA 1991a). Results of the sediment analyses are presented in Table K3.

No radionuclides other than **’Cs were detected at any location during the study. Mercury levels
downstream of Poplar Creck were above maximum reference concentrations (Table K3). No other
metals were found at levels that exceeded upstream reference values. No organic compounds other than
PAHs and phthalates were detected in any Clinch River samples; these compounds were generally
present at reference sites at comparable levels.

3.4.1.8 Clinch River Remedial Investigation—Phase 1

The purpose and scope of Phase 1 of the CRRI are discussed in Sect 3.3.1. Sediment cores were
collected at nine locations in the CR/PC OU (Fig. 3.28). Cores were sectioned vertically into 6-cm
increments in the upper 18 cm of core and into 4-cm increments in the remaining length of core. Each
core segment was analyzed for inorganic and organic contaminants and radionuclides. Cook et al.
(1992) summarize the Phase 1 data. Results indicated that elevated levels of As, Be, Cd, Cr, Cu, and
Hg were present in Poplar Creek and in the Clinch River immediately downstream of the mouth of
Poplar Creek. Organic compounds were detected infrequently in sediment, consisting primarily of
PAHs and phthalates at low concentrations. Most alpha-emitting radionuclides were present at or near
background concentrations at all sites, but concentrations of 2*U, Z*U and ?°U were elevated in Poplar
Creek. Gamma-emitting radionuclides exhibited expected spatial patterns, generally found at
background levels above WOC (the exception being “Co in Melton Hill Reservoir below Braden
Branch, a known source of “Co) and elevated below WOC. Peak mean concentrations of *'Cs (63.64
pCi/g) were found downstream at CRM 9.5, the first significant sediment accumulation zone sampled
downstream of WOC.

During the Phase 1 sampling and analysis, high concentrations of **’Cs (>40,000 pCi/g dry wt)
were found in surface sediment of WOC Embayment (Blaylock et al. 1993a). These sediments were
typically exposed as mudflats during periods of low flow in the Clinch River. An action was
immediately initiated to prevent erosion of these sediments into the Clinch River and to prevent direct
exposure to sediment during periods of low flow. By the end of April 1992, a coffer dam was
constructed across the mouth of WOC. This dam was designed to minimize the constant washing effect
of water level fluctuations resulting from reservoir operations at Melton Hill Dam and to keep the
sediment in the embayment inundated.

3.4.1.9 Near-shore surface sediment characterization

Concentrations of **’Cs and ®Co in near-shore surface sediments of the Clinch River, Poplar
Creek, Tennessee River of WBR, and upstream reference locations were evaluated as part of the CRRI.
The near-shore area, where potential human exposure to contaminants is highest, had not been an area
of focus in earlier contaminant studies. Between 1991 and 1994, 926 surface sediment samples, 300
from the Clinch River arm of WBR, were collected for analysis. Results are summarized by Levine et
al. (1994).
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The spatial patterns of contaminant accumulation are depicted in Figs. 3.29 and 3.30. In general,
mean near-shore surface sediment concentrations are greatest in reach 4. The slightly lower
concentrations immediately below WOC (reach 2) are attributed to less sediment accumulation in this
reach, The variability in mean concentrations observed throughout the Clinch River is thought to be a
function of equally variable sediment deposition. As expected, concentrations declined sharply at the
mouth of the Clinch River as a result of dilution by clean sediment from the Tennessee River.
Concentrations of *’Cs and “Co in the Emory and Tennessee rivers near their confluences with the
Clinch River suggest some contamination caused by reverse flows in the system. Reference
concentrations were at background levels, except for the expected increase in ®Co downstream of
Braden Branch.

3.4.1.10 Summary of historical studies and discussion of site model

Early investigations demonstrated that many contaminants of concern in the Clinch River system
have an affinity for particulates. Sorption onto particles is the primary mechanism for removing such
contaminants from the water phase, and sedimentation is the principal mechanism for the accumulation
of these contaminants over time. Therefore, the site model recognizes that depositional patterns are a
critical element in determining the current nature and extent of sediment contamination in Poplar Creek
and the Clinch River.

The early sediment studies focused on radionuclides, identifying several areas in the Clinch River
where sediment deposition, and, therefore, sediment-associated contaminant accumulation, was greatest.
Subsequent studies have demonstrated that since the period of peak releases, many of these
radionuclides have decayed, been transported down river, or have been buried under layers of cleaner
sediment, Therefore, the release history of sorbed contaminants also strongly influences current
distribution patterns.

Mercury is known to be present at elevated concentrations in Poplar Creek and in the Clinch River
below the mouth of Poplar Creek. Because of their concurrent release histories, peak mercury
concentrations are coincident with peak **’Cs concentrations in sediment profiles collected downstream
of Poplar Creek. The distribution of other metals in Clinch River and Poplar Creek sediments is not
well characterized in these studies but according to the site model concentrations, are expected to be
highest in areas of sediment deposition. The areas of greatest potential for contaminant accumulation
in the Clinch River appear to be depositional areas immediately downstream of Grassy Creek (CRM
14.5), downstream of Poplar Creek (between CRM 8 and CRM 11), and near CRM 4.5 and CRM 0.5.
In Poplar Creek, sediment accumulation is greatest in the lower portions of the embayment, where the
influence of impoundment is greatest, However, sediment is found throughout the creek within the study
area.

Although limited in scope, historical data on organic pollutants in sediment indicate low levels of
a relatively few compounds, most of which (phthalate esters and PAHs) are ubiquitous in sediments near
urban or industrial areas or downstream of them.

3.4.2 Nature and Extent of Contamination in Sediment

The spatial characterization of contaminants in sediment focused on areas of sediment deposition,
primarily in Poplar Creek and in the Clinch River downstream of Melton Hill Dam. As discussed in
the site model above, these areas were indicated by the release histories and historical data as the areas
of greatest potential concern.
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For purposes of site characterization, CRRI Phase 2 data are augmented with the Phase 1 data and
the near-shore sediment data of Levine et al. (1994) described previously. All of these data were
combined into one data set, which is also used later in human health and ecological risk assessment
(Chaps. 5 and 6).

Data were collected on contaminant concentrations in surface sediment, in sediment cores, and in
sediment pore water. The following discussion attempts to identify meaningful spatial patterns of
contamination in these media and to interpret these patterns both in relation to known or suspected
contaminant sources and in relation to the dynamics of the river system.

Sample locations are shown in Fig. 3.28. Locations were selected on the basis of knowledge of
depositional areas (Sect. 2.6) and the presence of known or suspected contaminant sources. Sample
sizes for each reach and subreach are tabulated in Table C1. Analytes that were undetected in one or
more of the sediment media are identified in Table C2. Data for surface sediment, core samples, and
pore water are summarized in Tables C3, C4, and C5, respectively. In addition, near-shore surface
sediment data are summarized in Table C6. However, the latter data are a special subset of the overall
surface sediment data of Table C3 and are used in human health risk assessment only; they are not
discussed here.

In addition to contaminant data, data on several noncontaminant-related sediment parameters
important in characterizing ecological health were collected for use in the ecological baseline risk
assessment (Chap. 6). Whole sediment parameters measured included particle size, total organic carbon
content (TOC), pH, and total Kjeldahl nitrogen (TKN). Pore water analysis included TOC, TKN,
ammonia nitrogen, and total hardness. As expected, most surface sediment consisted of fine material,
although spatial variability was high. Results for the other parameters are illustrated in Fig. 3.31.

To identify trends in contamination, mean contaminant concentrations in a study reach or subreach
were compared with those from the appropriate reference reach and upstream study reaches. This
discussion focuses on contaminants that are elevated above reference values in at least two of the three
sediment media sampled (surface sediment, deep sediment, and pore water). For this analyses,
"elevated” means the concentrations that are statistically elevated (at the 0.05 level) as measured by one-
way analysis of variance (ANOVA) and subsequent pairwise comparisons. In addition, those
concentrations that are elevated by a factor of two or more in comparison with reference or upstream
values, even though not statistically significant, are considered elevated for the purpose of this
discussion.

In this discussion, elevated surface contaminant values are considered evidence of recent deposition
and, therefore, some upstream source of contamination. Elevated contaminant concentrations in core
samples generally indicate areas of stable sediment deposition and (where surface sediment values are low)
are considered indicative of historical contamination. Sediment pore water values are influenced by
complex physical and chemical factors in the sediment, pore water, and surface water; the solubility of
the analyte itself; and the amount of contaminant present in surface sediment available for release to
pore water. Pore water concentrations often do not correlate with surface sediment values from the
same location.

Mean concentrations of contaminants in surface sediment, core samples, and pore water, by
subreach, are illustrated in Figs. 3.32-3.34 (inorganics), Figs. 3.35-3.36 (organics), and Figs.
3.37-3.39 (radionuclides).
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3.4.2.1 Contaminant distributions in Poplar Creek

Subreach 3.01—below EFPC. Interpretation of data in this subreach is limited by sample size
(n = 2), but mean concentrations of Hg, Cd, Cr, and Cu are elevated above reference values (reach
13) in at least two sediment media downstream of EFPC (Figs. 3.32-3.34). As noted in Sect. 3.1,
EFPC is a known source of mercury to Poplar Creek. Ashwood et al. (1986) also identified EFPC as
a potential source of each of the metals listed. However, none of these analytes exhibits its peak core
or surface sediment concentrations in subreach 3.01, probably because of a relative lack of long-term,
large-scale sediment deposition in this subreach. Peak pore water concentrations of mercury, methyl
mercury, and copper (as well as several other metals) were observed in this subreach (Fig. 3.34).

Subreach 3.02—below Mitchell Branch. Mean concentrations of Hg, Cd, Cu, and Cr remain
elevated and are generally greater than concentrations in subreach 3.01, probably partly a result of
increased sediment deposition (Figs. 3.32-3.34). However, concentrations of chromium and copper in
surface sediment peak here, are significantly elevated in comparison with concentrations in subreach
3.01, and they likely indicate that Mitchell Branch is a significant source of these analytes. Analytes that
are significantly elevated in two or more sediment media for the first time are Ni, Ag, several isotopes
of U, ®Tc, and benzo(b)fluoranthene, indicating sources of these contaminants in Mitchell Branch as
well. Aroclor-1254 is also elevated in this subreach for the first time, but the samples in which this PCB
mixture was found appear to be associated with a source other than Mitchell Branch. Each of the
analytes listed, except benzo(b)fluoranthene and silver, exhibits peak core and surface sediment values
in this subreach; silver exhibits peak mean surface sediment concentrations here. The sediment of
Mitchell Branch has previously been identified as containing elevated concentrations of Ni (Fig. 3.40),
Cr, Cu, Ag, Zn, U isotopes (Fig. 3.41), and ®Tc (Ashwood et al. 1986).

Subreach 3.03—below CNF. Mean concentrations of each of these analytes remain elevated in
at least two sediment media in subreach 3.03. Peak values of Hg, Ag, Cd, and Cr in core samples occur
here (Fig. 3.33). Concentrations of nickel, copper, and benzo-(b)fluoranthene remain elevated in core
samples (Fig. 3.33) but drop significantly in surface sediments (Fig. 3.34). Levels of Aroclor-1254,
isotopes of U, and ®Tc¢ decline in both core and surface sediment samples. The organic compound
4-methylphenol is elevated in both surface and core sediment samples for the first time in this reach.

Subreach 3.04—below fly ash disposal area. Mean concentrations of Hg, Ag, Cr, Cu, Cd,
4-methylphenol, Aroclor-1254, U, and ®Tc remain elevated in both surface and core sediment samples
in relation to reference values; nickel and copper remain elevated in core samples. Most of these
analytes, however, have decreased from peak upstream concentrations. Notable exceptions are total and
methyl mercury; peak surface sediment concentrations are found in this subreach. Peak surface
sediment and core values for As, B, and V occur here (Figs. 3.32 and 3.33) and are significantly
elevated in both media for the first time. Increased core values are attributed to the former disposal of
fly ash in this subreach (Sect. 3.1). Surface sediment concentrations of boron and vanadium, although
elevated here in relation to subreach 3.03, are also relatively high in the reference reach.
Concentrations of **’Cs and ®Co are also elevated in core and surface sediment in this subreach, most
likely as a result of backflow from the Clinch River or the discharge of cooling water from the K-1770
steam plant (cooling water for the steam plant was drawn from the Clinch River and released to Poplar
Creek).
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Fig. 3.40. Nickel concentrations (mg/kg) in surface sediment in Mitchell Branch and
vicinity, according to the Oak Ridge Gaseous Diffusion Plant study and Clinch River Remedial
Investigation Phase 2. Source: T. L. Ashwood, C. R. Olsen, I. L. Larsen, and P. D. Lowry. 1986.
Sediment Contamination in Streams Surrounding the Oak Ridge Gaseous Diffusion Plant. ORNL/TM-
9791. Oak Ridge National Laboratory, Oak Ridge, Tenn.
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3.4.2.2 Contaminant distributions in the Clinch River

This discussion considers spatial trends in the distribution of contaminants, beginning in upper
Melton Hill Reservoir (reach 0) and extending downstream through subreach 4.04 at the mouth of the
Clinch River. Reach 0 concentrations are considered reference values for the purpose of this discussion.
As expected from the historical data, organic contaminants were detected only infrequently (Table C2),
consisted mostly of relatively ubiquitous PAHs and phenols, were generally present at low
concentrations (<1 mg/kg dry sediment), and were often present in the reference reach (Tables
C3-C5). No clear pattern of organic contaminant distribution in the Clinch River is evident (Figs. 3.35
. and 3.36). Therefore, the following discussion will not consider organic compounds other than PCBs.

Reach 1—ower Melton Hill Reservoir. Mean concentrations of ®Co were elevated in both
surface and deep sediment (Figs. 3.37-3.39). This increase is attributed to known releases from the
American Nuclear Corporation site on Braden Branch (see Sect. 3.1) and not from the ORR.
Concentrations of “Co remain elevated in both surface and deep sediment in relation to reference values
throughout the Clinch River, but they are much lower than those observed in reach 1. Copper
concentrations are also elevated in both surface sediment and core samples in reach 1; the source is
unclear, :

".Reach 2—Clinch River between Melton Hill Dam and Poplar Creek. The upper subreaches of
reach 2 are not significant zones of sediment deposition and, therefore, were sampled only sparsely in
this study. As a result, detecting trends in reach 2 with confidence is difficult. Among the most apparent
trends are the expected increase in **’Cs concentrations in both surface sediment and core samples
collected downstream of WOC (Figs. 3.37 and 3.38). Peak values of each occur within reach 2 but
remain elevated downstream throughout reach 4. Uranium-234 and Z*U, undetected in reaches 0 and
1, are detected at low concentrations throughout subreaches 2.02-2.04. Aroclor 1254 concentrations
appear elevated in both surface and deep sediment in subreach 2.02 (Figs. 3.35 and 3.36). Although
the data are derived from a single core sample, the spatial pattern is consistent with known PCB
contamination in sediment of WOC (subreach 22), which is located immediately upstream. Selenium
and manganese concentrations increased significantly in both surface sediment and core samples
collected from subreach 2.04, downstream of Grassy Creek (Figs. 3.32 and 3.33). Subreach 2.04 is
adjacent to the K-1770 steam plant area of the K-25 Site; increased levels of these analytes may be
related to operations at this site or the nearby K-700 scrap metal pile.

Reach 4—Clinch River downstream of Poplar Creek. As expected, mean concentrations of
mercury in both surface and deep sediment are elevated downstream of Poplar Creek (Figs. 3.32 and
3.33) but at levels much reduced from those within Poplar Creek itself. Mean mercury concentrations
are relatively constant throughout reach 4. As noted earlier, “Co remains elevated throughout reach 4,
but mean concentrations are low (<1 pCi/g). In addition, concentrations of **’Cs remain elevated
throughout reach 4, in which core values are generally highest (Fig. 3.38); surface concentrations
appear slightly higher in reach 2 (Fig. 3.37).

'The mean core concentration of several analytes appears to decrease in subreach 4.02, leading to
an apparent increase in contaminant concentrations in subreaches 4.03 and 4.04. However, because this
pattern is evident for contaminants whose sole or primary source is the ORR (e.g., *’Cs, mercury),
this is thought to be primarily a function of sediment transport dynamics and is not thought to indicate
a significant source of contaminant flux via the Emory River.
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Fig. 3.41. Uranium-238 concentrations (pCi/g) in surface sediment in Mitchell Branch and
vicinity, according to the Oak Ridge Gaseous Diffusion Plant study and Clinch River Remedial
Investigation Phase 2. Source: T. L. Ashwood, C. R. Olsen, I. L. Larsen, and P. D. Lowry. 1986.
Sediment Contamination in Streams Surrounding the Oak Ridge Gaseous Diffusion Plant. ORNL/TM-
9791. Oak Ridge National Laboratory, Oak Ridge, Tenn.
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A possible exception is copper, mean concentrations of which increased by a factor of two or mors
in both surface sediment and core samples. collected downstream of the Emory River (subreach 4.03;
Figs. 3.32 and 3.33). Aroclor 1254 concentrations were also elevated below the Emory River; although
the greatest mean core concentrations were found in subreach 4.03, the greatest mean surface sediment
concentration was found in subreach 4.04. This pattern may suggest separate releases of Aroclor 1254
from more than one source.

- Reach 7-McCoy Branch. Sampling was limited to only one core sample each from subreaches
7.01 and 7.02 and from reach 8, the reference reach at Walker Branch. Therefore, no statistical data
analysis was possible. Nonetheless, the data did show the expected elevated levels of arsenic in surface
sediment, deep sediment, and pore water, particularly in subreach 7.01 (Figs. 3.32-3.34).
Concentrations of selenium were elevated in surface and deep sediment in subreaches 7.01 and 7.02.
Vanadium concentrations appeared elevated in deep sediment and pore water and to a lesser degree in
surface sediment. These three metals are associated with coal ash, and their presence is presumed to
result from the historical disposal of fly ash from the Y-12 Plant in McCoy Branch and Rogers Quarry.

3.4.3 Supporting Studies—CRRI Phase 2 Sediment Characterization

The primary supporting studies conducted during the CRRI Phase 2 investigation were sediment
toxicity tests and sediment and contaminant transport modeling. The findings of both efforts are
summarized below.

3.4.3.1 Toxicity studies of whole sediment and pore water

Laboratory sediment toxicity tests were conducted to assess the sediment quality of Poplar Creek
and the Clinch River. Results of the sediment toxicity tests are used in the baseline ecological risk
assessment (Chap. 6).

Three exposure routes were evaluated: exposure to particles (whole sediment), exposure to
interstitial pore water, and exposure to overlying water (elutriate). Toxicity from exposure to whole
sediment was evaluated by using Hyalella azteca (survival endpoint) and Anodonta imbecillis (survival
endpoint). Toxicity of pore water was evaluated with the Ceriodaphnia dubia acute test (survival
endpoint) and the liquid-phase Microtox” test. The toxicity of elutriate was evaluated by using the
crustacean Daphnia magna (survival and reproduction endpoints). All test protocols are described by
Kszoz et al. (1989).

Toxicity was initially evaluated during nine sampling events between July 1993 and September
1994. A total of 304 tests were conducted on 78 samples from 15 sites in 6 reaches (Fig. 3.28); not all
sites were sampled during each sampling event.

The interpretation of sediment toxicity test results is made within the context of two important test
issues. First, the sites were not sampled in replicate; rather, the samples were divided into "replicate”
subsamples for statistical analysis. This sampling approach precludes an analysis of spatial variability
of sediment toxicity. Second, the study did not have a true control sediment against which to assess site
results. Compzarisons therefore focus on study sites in relation to reference sites.

Either of two criteria was used to identify a significant toxic response: (1) if the study site had a
response that was significantly (p < 0.05) more toxic that at the reference site or (2) if the study site
had a toxic response that was 20% greater than that of the reference site.
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Toxicity of whole sediment. Initially, 62 individual samples were tested for toxicity to H. azteca,
and from them 46 site-to-reference comparisons were made. In 85% of the H. azteca samples, survival
was 270%. Only one sample (PCM 4.3 in event 1) showed a statistically significant reduction in
survival in comparison with the reference site. In addition, only 11 of the 46 comparisons (23.9%)
showed a >20% reduction in survival in relation to survival at the reference sites (Table M1). No
significant reductions in survival were observed in any McCoy Branch or Walker Branch tests (Table
M2).

In December 1995, additional samples were collected from those locations in Poplar Creek that
the CRRI Phase 2 data indicated had the most heavily contaminated surface sediment. Toxicity was
evaluatedby using H. azteca to determine if the lack of toxicity demonstrated in the previous tests could
be attributed to sampling of relatively clean areas within Poplar Creek. Again, survival was >70% in
all tests and none of the study sites differed significantly from the test site (Table M1).

Seventy-five percent of all A. imbecillis tests resulted in >75% survival. A total of 24 individual
tests were conducted, and 18 site-to-reference comparisons were made. Only 1 test was statistically
significant and only 4 of the 24 tests (16.7%) showed a >20% reduction in survival in relation to
reference sites (Table M3). Actual survival may have been even greater than indicated by these
results, as survival in split-sample tests conducted by TVA's Aquatic Research Laboratory was
consistently higher than in CRRI tests, and organism recovery in the latter was often below 100%.

Toxicity of pore water. None of the Microtox” pore water tests showed toxicity, and of the 43
C. dubia pore water tests, only one site on one event showed a marginally significant reduction in
survival (Tables M4 and M5). Overall survival was >90% in 96% of the tests. It should be noted that
a major limitation of pore water evaluations is that the chemistry (and therefore, toxicity) of the pore
water sample may change during sample extraction and manipulation.

Toxicity of elutriate. Toxicity was not suggested by either the D. magna survival data or the
toxicity data. Overall survival was high; ~85% of the 54 tests resulted in 280% survival. Only 5 of
the 40 site-to-reference comparisons (12.5%) showed a >20% reduction in survival in relation to
reference sites (Tables M6 and M7). None of these comparisons was statistically significant.

Of the 40 site-to-reference reproduction comparisons, only 7 (17.5%) showed a 220% reduction
in reproduction (Tables M8 and M9). Of these, only two were statistically significant. All reductions
in reproduction occurred in one of two sampling events in the first half of 1994.

Summary of sediment toxicity test results. Overall, very little toxicity was evident. No striking
spatial trends were observed, but the higher percentage of positive responses were found at PCM 4.3,
CRM 9.0, and CRM 19.0. Temporal trends are difficult to determine given the minimal response
detected, but the greatest probability of observing a significant response appears to occur in winter
through spring. No historical sediment toxicity data were available for the study area.

Phase 2 data indicated that the most sensitive tests were the H. azteca and the A. imbecillis whole
sediment tests, in which direct exposure to most contaminants is presumed greatest. The least sensitive
tests were the two pore water tests (the C. dubia acute toxicity test and the Microtox” liquid-phase test).
3.4.3.2 Modeling of sediment transport in the Clinch River

One dimensional modeling of sediment and *Cs transport. The fate of historically released
BICs (1949-91) was simulated through the use of three separate one-dimensional water and sediment
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transport models: HEC-6-R (U.S. Army Corps of Engineers 1993), CHARIMA (Holly et al. 1990),
and TODAM (Onishi et al. 1981). The models were implemented independently by ORNL, by TVA
in cooperation with the Jowa Institute of Hydraulic Research, and by Pacific Northwest Laboratory
(PNL). This multiple modeling approach was used to foster confidence in model predictions
characterizing future scenarios (Rose et al. 1993).

The HEC-6-R (implemented by ORNL) and CHARIMA (implemented by TVA) models simulated
hydrodynamic conditions, sediment deposition, erosion and transport, and contaminant fate. The
TODAM model simulated sediment and contaminant fate processes but received hydrodynamic
information from the hydrodynamic module in CHARIMA. The three models were configured similarly
for the total Clinch River-WBR system, but they differed in numerical solution techniques and in
algorithms for calculating sediment transport and contaminant fate.

All models were calibrated with TVA data on historical sedimentation rates and validated with
existing data on *’Cs distributions (Cottrell 1960; Morton 1965; Struxness et al. 1967; Oakes et al.
1982; Olsen et al. 1992). Each model predicted sediment accumulation that generally matched the
measured accumulation, even though the latter varied significantly between time periods. (e.g., TVA
silt range data indicate that only 25 acre-ft of sediment accumulated in the Clinch River during the 30-
year period ending 1991). TODAM tended to overpredict sediment accumulation for the periods
1951-56 and 1961-91.

The "known" “'Cs inventory in the Clinch River in the summer of 1977 was extrapolated through
a Voronoi tesselation in GRASS of the measured **Cs core data of Oakes et al. (1982). The predicted
1977 inventories were calculated by each of the modeling groups and compared to this known inventory
for several segments of the Clinch River (Fig. 3.42). The extrapolated core data of Oakes et al. (1982)
indicate a total of 42.5 Ci of *Cs in the river. The TODAM model predicts four-fold that amount,
CHARIMA predicts a total of 40 Ci, and HEC-6-R predicts 57 Ci. The much larger predictions of the
TODAM model result from the inclusion of a greater proportion of coarse sediments entering the
Clinch River than was assumed in the other models. This is significant in that coarser sediments would
be deposited more quickly and closer to the contaminant source than finer sediments. Therefore, the
TODAM model is considered the least accurate in that it fails to simulate the known erosion and
subsequent movement downstream of contaminated sediment deposited in the Clinch River during the
period of peak *'Cs flux from WOC in the late 1950s.

Each of these models predicts deposition over relatively large reaches of the Clinch River and
therefore does not attempt to predict small-scale patterns of **’Cs distribution. A strong spatial
heterogeneity in erosion and deposition in Clinch River sediment exists at a much finer scale than in the
modeled reaches. For example, only about 25% of the >200 cores sampled by Oakes had significant
31Cs levels, and many samples collected very near each other differed significantly in *’Cs inventory.
In addition, the bathymetry of the Clinch River was represented by only five silt ranges. This resulted
in some necessary additional bathymetry assumptions to obtain successful hydrodynamic simulations,
which might have adversely affected the pattern of sediment deposition. Nonetheless, CHARIMA and
HEC-6-R predicted total **’Cs inventory very well.

Each model made predictions on the basis of three future scenarios: (1) no major storm events or
releases of *’Cs, (2) a 100-year storm event localized in the WOC watershed, and (3) a system-wide
100-year storm event. The scenarios begin on April 30, 1991, and each modeling group begins with the
ICs inventories predicted for that date by their respective models. All simulations evaluated both short-
term (2-week, 1-month, and 6-month) and long-term (1-year and 10-year) responses. The increased flux
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of **'Cs from WOC was based on preliminary predictions by the HSPF watershed model (Bicknell et
al. 1993) applied to the WOC watershed. Results are summarized in Table 3.6.

Table 3.6. Clinch River storm responses with regard to *’Cs in bed sediments

Model and scenario Onset 2 weeks 1 month 6 months 1 year 10 years

HEC-6-R
No storm 39.9 39.9 39.8 375 37.2 30.5
Local storm 39.9 46.6 44.4 37.8 375 30.7
System storm 39.9 34.0 33.3 319 31.6 26.3
CHARIMA
No storm 30.7 30.7 30.7 28.9 28.7 25.7
Local storm 30.7 - 332 33.2 28.0 21.9 24.7
System storm 30.7 25.7 24.1 22.9 22.8 20.2
TODAM
No storm 120.8 120.7 120.6 119.1 118.1 98.7
Local storm 120.8 139.9 139.7 128.4 127.0 105.4
System storm 120.8 127.0 125.3 124.1 122.9 102.5

HEC-6-R model results. When no specific storm occurs in the WOC watershed and therefore no
increased release of *’Cs takes place, the dominant process for loss of radioactivity is radioactive
decay. Through erosion, this loss is somewhat enhanced in the 1- to 6-month period. When a local 100-
year-return-period storm is simulated in the WOC watershed, 23.5 Ci are released, and 6.7 Ci
accumulate in the Clinch River within 2 weeks after the onset of the storm. However, within 6 months,
the level of activity in the Clinch River decreases to a level lower than that before the storm (i.e., the
curies deposited in the Clinch River reside there for a relatively short period). During the system-wide
storm, in spite of increased *’Cs flux from WOC, a net loss of 5.9 Ci occurs in the Clinch River
through erosion. Thus, 1 and 10 years after either the local storm or the no-storm scenario, the BiCs
inventory in the river declines, primarily through radioactive decay. Following a system-wide storm,
contaminant levels decline in the short term as a result of sediment erosion and in the long term through
radioactive decay.

CHARIMA model results. Results of the CHARIMA simulations are similar to those of
HEC-6-R. When no specific storm occurs, radioactive decay is the dominant process in the Clinch
River. Again, some erosion occurs in the short ttrm. CHARIMA predicts less of an increase (i.e., only
3 Ci) in contaminant levels than HEC-6-R as a result of the local storm, but again the increase is only
temporary. As with HEC-6-R, the system-wide storm results in erosion that lowers the **’Cs inventory
by 5 Ci. CHARIMA's prediction of historic *’Cs deposition (i.e., conditions at the onset of the
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simulations) was lower than that of HEC-6-R, and its storm scenario response was, therefore, similarly
muted. . :

TODAM model results. The TODAM scenario results differ from those of HEC-6-R and
CHARIMA in a number of significant ways. To begin, the 1991 **'Cs inventory in the river predicted
by TODAM is three- and four-fold of that predicted by HEC-6-R and CHARIMA, respectively. In the
no-storm scenario, both HEC-6-R and CHARIMA show roughly 5% reduction in **’Cs levels between
1 and 6 months. TODAM predicts only a 1% reduction. In other words, in comparison with HEC-6-R
and CHARIMA, TODAM assumes that bed sediments are less erodible, which is in keeping with the
assumption of generally coarser bed particle-size distributions used in the TODAM model. The local
storm scenario results differ in that TODAM predicts a larger increase of *’Cs in the Clinch River
(+19 Ci) than HEC-6-R (+6.7 Ci) and CHARIMA (+2.5 Ci) do. TODAM, like the other models,
predicts that most of the recently deposited **’Cs resides there only temporarily (<6 months), although
a net increase persists longer. For the system-wide storm scenario, TODAM predicts a large increase
(+6.2 Ci) in *"Cs levels, whereas both HEC-6-R and CHARIMA showed an immediate decrease as
a result of erosion.

Summary of one-dimensional models. Each model predicts that, in the absence of a significant
@i.e., 100-year) storm event, the existing inventory of **’Cs in the Clinch River will continue to decline,
primarily through radioactive decay. The HEC-6-R-and CHARIMA models predict that despite
increased contaminant flux from WOC following a system-wide, 100-year storm, contaminant levels
in the Clinch River will decrease in the short-term as a result of erosion of existing sediment,
Conversely, TODAM predicts an increased inventory under this scenario. The HEC-6-R and
CHARIMA models predict that a sudden flux of contaminants from the WOC watershed during a local
storm would result in a temporary (<6 month) increase in contaminant levels in Clinch River sediment;
TODAM predicts a much larger and longer-lasting increase. The TODAM model results apparently
differ because a critical underlying assumption differs; TODAM assumes that a greater proportion of
coarse sediment is transported and thus generally predicts quicker sediment deposition following storm
events and less erosion subsequent to deposition. However, the coffer dam at the mouth of WOC will
prevent the coarsest sediment particles from entering the Clinch River, and discharges from Melton Hill
Dam can easily cause resuspension and entrainment of freshly deposited sediments. Indeed, TODAM
was the least calibrated of the three models.

Sediment transport in the Clinch River with a two-dimensional, finite-element model. A two-
dimensional model of the Clinch River was used to simulate horizontal flow circulation and sediment
erosion, deposition, and transport. The model is used to better understand and quantify the short-term
fate of an accidental release of a sediment-reactive contaminant under baseline and high flow conditions.

The RMA2 hydrodynamic module and the STUDH sediment transport module (both from TABS-2,
Norton et al. 1973; Thomas and McAnally 1991) were applied to the Clinch River. A two-dimensional
model permits lateral (across-river) resolution of predictions and has the advantages of being able to
model unsteady flow (time-dependent); reverse and lateral flows; and complex flow patterns related to
the power plant, channel islands, weirs, and tributaries. A two-dimensional finite-element grid network
was created to represent the bathymetry of the Clinch River system, on the basis of data collected by
TVA, ORNL, and the U.S. Army Corps of Engineers. Grids are formed by connecting the nodes into
triangular or quadrilateral elements. Grid generation was performed with an automated algorithm and
selected points from observed data. Cross-sectional areas based on generated grids differed by <5%
from those estimated from measured silt range data. The grid network is composed of 4137 nodes and
1313 elements. The system receives water released at Melton Hill Dam on the upstream boundary and
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inflows from the tributaries including WOC, Poplar Creek, and the Emory River. The downstream
boundary of the system is located at the Clinch River mouth (the confluence with the Tennessee River).

The RMA2 hydrodynamic module was calibrated with November 1993 flows and water surface
elevation data. Because RMA?2 uses observed water surface elevation at the downstream boundary and
inflow values from each tributary as boundary conditions, the largest difference between simulated and
observed water surface elevations generally occurs at the upstream-most boundary (Melton Hill Dam).
The regression relationship between simulated and measured stage heights at the Melton Hill Dam was

Y = 17.4593 + 0.92286X,

where Y is the observed stage and X is the simulated stage. The regression (R%) was 0.989 implying
good correspondence between simulated and observed values. The simulation results also showed that
reverse flow occurred several times around the Kingston Steam Plant in November 1993.

The STUDH sediment transport module was coupled to the calibrated RMA2 hydrodynamics
module to simulate deposition, resuspension, and transport of sediments (cohesive and noncohesive
material). Predicted flow velocities and water depths at each node in the system from RMA2 were input
to STUDH. STUDH simulates one sediment type (grain size class) at a time to simplify numerical
solution. Two classes of fine-grained sediments (clay and silt) were used as a surrogate for contaminated
sediments. Fine-grained sediments are a good surrogate for *’Cs provided that the **Cs entering from
WOC is in equilibrium between the dissolved and adsorbed phases and undergoes negligible decay
during model simulations. Field measured data indicated that ~90% of *'Cs released was adsorbed to
suspended sediments (Churchill et al. 1965). Simulated sediment transport was deemed realistic because
predicted locations of clay, silt, and sand deposition were similar to qualitative patterns of these
sediment classes observed in the Clinch River (Levine et al. 1994).

Six simulationswith the coupled hydrodynamic and sediment transport modules were performed.
The six simulations involved three flow conditions (baseline, a local storm in WOC, and a system-wide
storm), each with a sudden 3-day release of clay or silt in WOC. The baseline simulation imposed the
3-day release under average flow conditions. The local storm scenario imposed the 3-day release during
3 days of high tributary inflows in the WOC basin only. The system-wide storm scenario imposed the
3-day release during 3 days of high tributary inflows for WOC and the Clinch River. The movement
and distribution of the contaminated sediments suspended in the water column and newly deposited on
the river bottom after the storm release were tracked for 30 days. The river bottom was assumed
initially to have no sediments, and no erosion was allowed to prevent resuspension. Thus, only
deposition was permitted and all deposited sediments came from the 3-day release event.

Model predictions are expressed as the percentage of the total amount of introduced sediment that
is deposited in the WOC Embayment (from the WOC dam to the coffer dam), upper Clinch River
region (between WOC Embayment and Poplar Creek), and lower Clinch River region (between Poplar
Creek and the confluence with the Tennessee River), and the percentage exported out of the Clinch
River. Because of different tributary inflows, more sediment was introduced to the system under the
local and system-wide storm scenarios (325,202 kg) than during the baseline scenario (20,689 kg).

Summary of two-dimensional model results. Predicted percentages deposited or exported out of
the system for the six simulations after 30 days are presented in Table 3.7. The following conclusions
can be drawn from the simulation results:

1. As expected, under the same flow conditions, clay was transported further downstream than silt.
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2. A higher percentage of sediment was retained in WOC Embayment under baseline conditions in

comparison with the local and system-wide storm scenarios; however, >70% of the clay was

exported out of the system under baseline conditions.

No significant deposition occurred in the lower Clinch River in any of the simulations.

Significant deposition occurred only in the upper Clinch River region under the local storm

scenario.

5. Simulations with clay and the system-wide storm with silt resulted in significant export (>27%)
of sediments out of the Clinch River and into lower WBR.

> &9

Table 3.7. Predicted percentage of clay or silt deposited in regions of the Clinch River and
exported out of the Clinch River 30 days after a 3-day release
in White Oak Creek during various storm conditions

Clay Silt
(%) (%)
Baseline Local System Baseline Local System
storm storm storm storm
White Oak Creek 29.36 4.27 4.63 85.38 39.77 46.06
Embayment
Upper Clinch River 0.00 68.17 0.53 0.00 48.50 25.97
Lower Clinch 0.00 0.00 0.00 0.00 0.00 0.00
River
Qut of Clinch River 70.38 21.57 94.65 14.62 11.73 21.92

3.4.4 Summary of Sediment Characterization

The CRRI Phase 2 data confirm much of what was known about sediment contamination in the
Clinch River and Poplar Creek from earlier investigations. In general, organic contaminants are found
infrequently and at very low concentrations throughout the system, and they consist almost exclusively
of compounds that are relatively ubiquitous at low concentrations in the environment.

In Melton Hill Reservoir, contaminant levels are generally at or near background levels except for
®Co, which originates from a non-DOE source in Braden Branch. The historical practice of disposing
of fly ash from the Y-12 Plant in McCoy Branch has resulted in elevated concentrations of several
metals (As, Se, and V) in the sediment of McCoy Branch Embayment of Melton Hill Reservoir.

The primary radionuclide found at elevated levels in the Clinch River downstream of WOC is **'Cs.
Peak concentrations are found in areas of significant sediment accumulation, primarily downstream of
Poplar Creek, and are buried under as much as a foot of cleaner sediment. Near-shore areas, as a result
of less sediment accumulation, have lower average *’Cs concentrations than sediment deposition zones
in and along the river channel. Mercury is also elevated in the Clinch River downstream of Poplar
Creek, where peak concentrations of mercury coincide with those of **’Cs as a result of concurrent
release histories.

e - R e e i



3-97

Several metals and radionuclides are elevated in Poplar Creek sediment. Mercury, copper,
chromium, and cadmium are elevated below the mouth of EFPC. Mitchell Branch is an apparent
source of several contaminants, as evidenced by increased levels of Ni, Ag, Cr, Cu, U, and ®Tc
downstream of its mouth. In lower Poplar Creek, the historical disposal of fly ash from the K-25 Site
steam plant has resulted in increased levels of arsenic, boron, and vanadium in both surface and deep
sediment. Levels of *'Cs and “Co are also slightly elevated here in comparison with upper
subreaches of Poplar Creek, possibly as a result of backflow from the Clinch River or the former
discharge of cooling water from the K-770 steam plant.

Tests were conducted to evaluate the toxicity of whole sediment, sediment elutriate, and
sediment pore water to several different test organisms. Overall, toxicity was very low in all tests and
across all sites. Few tests indicated statistically significant toxic effects in comparison with the
appropriate reference tests, and no meaningful pattern of toxicity could be discerned.

One-dimensional sediment transport modeling was conducted to predict future contaminant (**’Cs)
fate and distribution under a variety of hydrological conditions. In general, barring any significant
additional release to the Clinch River, existing levels of **'Cs will continue to decline, primarily
through radioactive decay. In the event of a local 100-year storm in the WOC watershed, sediment
and ¥Cs flux would result in temporarily increased levels in the Clinch River, but these recently
deposited sediments would be scoured and transported downstream within 6 months. In a regional 100-
year storm existing contamination would immediately be scoured and transported downstream, and
their levels in the Clinch River would decline immediately as a direct result of the storm. Previous
modeling (DOE 1995) indicated that much of the scoured sediment would be deposited in lower Watts
Bar Reservoir at concentrations that would not pose an unacceptable risk to human health or the
environment.

3.5 CHARACTERIZATION OF BIOTA

The characterization of contaminants in biota focuses on the nature and extent of contamination
in fish flesh (i.e., fillets). Section 3.5.1 summarizes the historical data regarding contaminants in fish
from the Clinch River and Poplar Creek, and it presents a site conceptual model based on this
information, Section 3.5.2 discusses the current nature and extent of contamination in fish. A number
of supporting studies were conducted as part of the biota characterization task; these are outlined and
discussed in Sect. 3.5.3. The overall characterization of biota is summarized in Sect. 3.5.4.

3.5.1 Historical Studies of Contaminants in Fish and Presentation of Site Model

The following sections briefly outline the results of previous studies of contaminants in fish from
off-site waters in the vicinity of the ORR. The studies provide an overview of conditions anticipated
during the CRRI.

3.5.1.1 Clinch River Study

Fish were collected from the Clinch River downstream of ORNL during the period 1960-63 and
analyzed for several radionuclides for the purpose of estimating potential risk to humans from fish
consumption (Cowser and Snyder 1966). Several species of bottom feeders (carp, carpsucker, buffalo,
and catfish) and several species of "sight feeders" (white crappie, bluegill, white bass, largemouth bass,
sauger, and drum) were collected.
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Radionuclide analyses on fish were conducted in two ways: (1) by analyzing only the flesh of the
fish and (2) by analyzing the whole fish, which includes the flesh and the bones. Results are presented
for each bottom feeder species (Table K4). Analyses of sight feeders used only the flesh; because of
limited sample size, no interspecific or year-to-year results were presented.

The greatest radionuclide intake was calculated to result from the consumption of whole (i.c., bones
and flesh) bottom feeders. It was estimated that, as a result primarily of **Sr in the bones of such fish,
an individual could receive up to 7% of the maximum permissible intake allowed at that time (Cowser
and Snyder 1966). The authors noted that ~45% of the *Sr and 20% of the '*’Cs measured in fish tissues
were attributable to atmospheric fallout from nuclear tests.

3.5.1.2 TVA Instream Contaminant Study

The overall purpose of this study is outlined in Sect. 3.4.1.5. In preparing for this study, TVA
(1983) conducted an extensive review of existing data. These data led TVA to expect levels of Hg, Cr,
Ni, and PCBs in Clinch River and Poplar Creek fish that were above background levels in at least one
species (Tables K5 and K6). In both the Clinch River and in Poplar Creek, existing data indicated that
mean mercury concentrations, although elevated, were below the Food and Drug Administration (FDA)
action level, 1 mg/kg.

During the study, TVA (1985d) collected fish (primarily bass and bluegill) from several sites in the
Clinch River, from one site in Poplar Creek, from several streams on the ORR, and from reference areas.
Mean fillet concentrations of metals other than mercury were within the range of background levels.
Mean mercury concentrations in the Clinch River and Poplar Creek ranged from 0.03 mg/kg (in bluegill
at CRM 2.0) to 0.93 mg/kg (in smallmouth buffalo at PCM 0.2). With all species combined, mean
mercury concentrations in fish from Poplar Creek and the Clinch River were elevated above background
levels but were below the FDA action level, 1.0 mg/kg; this confirmed the historical data.

Organic contaminants other than PCBs were detected rarely during the study. Mean PCB
concentrations in channel catfish (fillets) were greatest at WOC mile 0.2 (3.1 mg/kg). Concentrations
in Clinch River catfish decreased with distance downstream of WOC, but appeared elevated in relation
to catfish from Melton Hill Reservoir. Mean concentrations (<1.0 mg/kg) in catfish from the Clinch
River were below the FDA action level, 2.0 mg/kg (Table K7).

Of the several radiological parameters measured, only gross beta and *’Cs appeared elevated in
Clinch River fish in comparison with historical values for fish from the Tennessee River (Table K8).

3.5.1.3 CRRI Phase 1

Three fish species (bluegill, channel catfish, and largemouth bass) were collected from Watts Bar,
Melton Hill, and Norris reservoirs in 1989 and analyzed for metals, organic compounds, and
radionuclides (Cook et al. 1992). Seven potential human-health contaminants of concern were identified
—As, Be, Hg, Se, PCBs (Aroclors 1254 and 1260), and total chlordane (Cook et al. 1992). No
additional contaminants of concern were identified by a screening-level ecological risk assessment.
Compared with data from the Norris Reservoir reference site, the concentrations of several analytes were
significantly elevated at one or more Poplar Creek or Clinch River stations. However, only mercury and
137Cs exhibited a spatial pattern that could clearly be attributed to releases from the ORR. Mean mercury
and PCB values in Clinch River and Poplar Creek fish were again below FDA action levels.
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The CRRI Phase 1 data are used directly in this site characterization (Sect. 3.5.2) and in human
health and ecological risk assessment (Chaps. 5 and 6).

3.5.1.4 TVA fish tissue studies

TVA monitors contaminant concentrations in fish tissue throughout the Tennessee River valley.
Since the late 1980s, TVA sampling in the vicinity of the ORR has focused on elevated levels of
PCBs in fish from Fort Loudon, Watts Bar, and Melton Hill reservoirs (Dycus and Hickman 1988;
Dycus 1990; Meinert 1991; Meinert and Fehring 1992; Fehring and Meinert 1993). TDEC (1992)
has issued fish consumption advisories for these waters, including a "no consumption" advisory for
Melton Hill catfish and "limited consumption" advisories for catfish and sauger in the Clinch River
below Melton Hill Dam. Recent TVA data collection efforts have focused on PCB levels in catfish.
The TVA data, augmented with ORNL data, are summarized in Figs. 3.43-3.44.

3.5.1.5 Site conceptual model

The historical and CRRI Phase 1 data indicate that levels of mercury and certain radionuclides
are elevated in the Clinch River and Poplar Creek downstream of the ORR. PCB levels are generally
elevated as well, and WOC is an apparent source of PCBs to the Clinch River. However, PCBs were
widely used in a variety of industrial settings in the past and are common in fish collected upstream
of the ORR in Melton Hill Reservoir. Mean concentrations in species for which data are available
have been below the FDA action level, 2.0 mg/kg. Organic contaminants other than PCBs and
chlordane are generally very low throughout the system. Mercury concentrations, although known
to be elevated downstream of EFPC, have typically been below FDA action levels in both streams.
Despite significantly elevated levels of *'Cs in fish downstream of WOC, levels have historically
been low enough that they do not pose a threat to human health.

3.5.2 Nature and Extent of Contamination in Fish

The nature and extent of contamination in fish was evaluated for four species of sportfish.
These four species represent a variety of ecological and trophic levels and differ in their preference
among anglers. Although whole fish data were also collected for purposes of ecological risk
assessment, this characterization relies on the more extensive fillet data. Data from the CRRI Phase
1 and Phase 2 studies are combined here for purposes of site characterization.

3.5.2.1 Methods and approach

Sample locations are identified in Fig. 3.45. In Table D1, the sample size per reach and
analytical class is summarized by species. The analytes evaluated in Phase 1 and Phase 2 differ;
Phase 2 analyses focused on contaminants of concern identified by Cook et al. (1992) in the Phase
1 study.

Bluegill sunfish (Lepomis macrochirus). These small invertivores are a popular food fish.
Because they have a relatively limited home range, the contaminant burden of these fish should be
representative of conditions at the site from which they were collected. Phase 1 analyses were
restricted to metals and gamma-emitting radionuclides. Phase 2 sampling was initially restricted to
analytes of concern identified in Phase 1—As, Hg, Be, Cu, and Se. However, a limited number of
bluegill were collected from reach 4 during Phase 2 for PCB (Aroclor) analyses for purposes of the
human health risk assessment.
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Fig, 3.45. Sample locations (Clinch River Remedial Investigation Phase 2) for characterizing
the nature and extent of contaminants in fish.
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Largemouth bass (Micropterus salmoides). These mid-sized piscivores have a somewhat limited
home range. They are an extremely popular sport fish. Phase 1 analyses were restricted to metals and
gamma-emitting radionuclides. Phase 2 analyses focused on the metals of concern identified in Phase
1 (As, Hg, Be, Cu, and Se) and on PCBs (congeners and Aroclors) and pesticides (primarily chlordane).

Catfish (channel, Ictalurus punctatus, and blue, I. furcatus). These omnivorous, bottom-
dwelling fish have a relatively high lipid content. They are a popular food fish, particularly for
subsistence fishers. Fish with a high lipid content, such as catfish, generally accumulate higher
concentrations of hydrophobic contaminants (e.g., PCBs) than other fish. For this reason, in addition to
measuring gamma-emitting radionuclides, the Phase 1 study included analyses for a number of
pesticides, PCBs, and semivolatile organic compounds in catfish. The Phase 1 study also measured levels
of %Sr in catfish vertebrae. The Phase 2 study focused on pesticides (primarily chlordane) and PCBs
(congeners and Aroclors). In addition, because much of the semivolatile data collected during the Phase
1 study were rejected for quality assurance/quality control reasons, a limited number of catfish were also
analyzed for these compounds in Phase 2 to confirm their general absence in fish tissue. The only metals
data collected for catfish during the Phase 2 investigation were in reach 4.

Striped bass (including the striped bass X white bass hybrid Morone saxatilis X M. chrysops).
These large piscivores are known to range throughout Watts Bar Reservoir on a seasonal basis (Cheek
et al. 1985). They are a popular sportfish. Because of their wide range, they are expected to integrate
contaminant exposure over a large area. Striped bass were not collected during the Phase 1 study, and
Phase 2 analyses were restricted to PCBs (congeners and Aroclors) and pesticides (chlordane).

Other species that were sampled sparingly include carp (Cyprinus carpio) and white crappie
(Pomoxis annularis). Because sample sizes were limited, neither species is evaluated here.

Fish were usually analyzed as individual fillet samples, but in some cases, five fish were combined
into a single composite sample. Catfish were skinned, whereas other species were scaled and analyzed
with the skin on. The size of the fish collected were within the range typically harvested by fishermen.
Bluegill and largemouth bass were collected in the spring; the other species were, with a few exceptions,
collected in the fall, Samples were analyzed by standard analytical methods identified in the Phase 2
sampling plan (DOE 1993b).

The statistical analysis of contaminant data used nonparametric methods (SAS LIFETEST
procedure) to estimate the mean analyte concentration. These methods take into account nondetects by
testing for the equality of the analyte distribution function from the different sites. For each species, not
all analyte-site-year combinations were represented; as a result it was very difficult to evaluate any
temporal effect. Typically, were sufficient data available, including the variable “year” as a factor in the
ANOVA would have yielded more power in discriminating between sites. However, because of the large
number of empty cells that would otherwise be created, this variable was not included in the analysis.
By ignoring the temporal factor, the analysis conducted here is valid only when this factor is not
significant, and it may fail to detect a site effect that would have otherwise been detected. On the other
hand, one can be reasonably confident that some type of site effect or temporal effect exists when
detected. Where a significant site effect (p > 0.05) was found, individual pairwise comparisons (z-test
of independent means) were made between sites of a priori interest (e.g., study sites, upstream reference
sites) by averaging the means over the available sampling periods to determine if these mean values were
significantly different. The results of these comparisons should be interpreted cautiously, because the
means may be averaged over different sampling periods.
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3.5.2.2 Results

A nmumber of analytes, primarily the semivolatile organic compounds, were undetected during the
study (Table D2). Other compounds, primarily specific PCB congeners, were undetected in one or more
species at any location (Table D2). Results of the statistical anlysis for the remaining analytes are
summarized in Tables D3 (bluegill sunfish), D4 (largemouth bass), D5 (catfish), and D8 (striped bass
and other species) and are discussed in the following sections.

Bluegill sunfish. Of the five metals that were identified in the Phase 1 study as potential
contaminants of concem, site-related pattems were evident for Hg, Be, and As. Mercury levels in bluegill
were significantly elevated at all Poplar Creek stations downstream of EFPC and in the Clinch River
immediately below Poplar Creek (subreach 4.01). The mean concentration was greatest in subreach 3.01
(0.49 mg/kg), and concentrations declined as a gradient from that point downstream (Fig. 3.48). In the
lower Clinch River (subreach 4.04), levels were no longer significantly different from reference values.
Mean mercury levels did not exceed the FDA action level (1.0 mg/kg) at any location, and the UCLy; and
maximum concentration were less than this value at all sites (Table D3).

Mean beryllium concentrations appear to be highest in subreaches 3.02 and 3.03 of Poplar Creek
(Fig. 3.46), but drop to reference levels in subreach 3.04. Beryllium was undetected at the Poplar Creek
reference site (reach 13); however, only three fish were collected from this site, all during Phase 1.

Arsenic concentrations were significantly elevated in bluegill from Poplar Creek (subreaches 3.01,
3.03, and 3.04) in comparison with concentrations at reach 13 (Fig. 3.47). Mean concentrations were
greater in subreaches 3.01 (0.096 mg/kg) and 3.04 (0.085 mg/kg) than at any other location sampled.
The lowest concentrations were found in bluegill from reach 18 (0.021 mg/kg).

Copper was detected infrequently in bluegill; >60% nondetects occurred at all sites. Interestingly,
the highest concentrations of selenium were found in fish from Melton Hill Reservoir (reaches 0 and 1),
upstream of almost all potential ORR sources. Mean levels (0.75-0.86 mg/kg) in these reaches were
significantly greater than any of the reference values.

The Phase 1 data demonstrated that '*’Cs activity was significantly elevated in bluegill collected
in the Clinch River below the mouth of WOC (reach 2). Mean concentrations (2 pCi/g) were roughly
" two orders of magnitude greater than those at upstream reference sites (Fig. 3.49). No other gamma-
emitting radionuclides exhibited a site-related pattern.

Largemouth bass. The overall pattern of metals contamination in largemouth bass resembles that
of bluegill. Mercury concentrations in bass were greatest in Poplar Creek and immediately downstream
of its mouth in the Clinch River (Fig. 3.51). Mean concentrations were significantly greater in all Poplar
Creek subreaches than in Melton Hill Reservoir or in the Clinch River below Melton Hill (reach 2).
Except for subreach 3.01, where a limited sample size resulted in a high standard error, mean
concentrations in bass at all Poplar Creek subreaches were significantly higher than the Norris Reservoir
reference concentration as well. The UCL, concentration in bass was below the FDA action level (1.0
mg/kg) in all reaches (Table D4), but seven fish from Poplar Creek had mercury levels in excess of this
amount. Neither selenium nor copper showed ORR site-related patterns. Copper was again detected
infrequently. The greatest rate of detection for copper was 67% in subreach 4.04; in all other subreaches,
nondetects accounted for at least 85% of the data. Selenium concentrations were again highest in Melton
Hill Reservoir. Beryllium concentrations were highest in bass from Poplar Creek (subreaches 3.01 and
3.02).
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Fig. 3.46. Mean beryllium concentrations in bluegill sunfish fillets.
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Fig. 3.47. Mean arsenic concentrations in bluegill sunfish fillets.
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Fig. 3.48. Mean mercury concentrations in bluegill sunfish fillets.
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Fig. 3.49. Mean "*’Cs activity in bluegill sunfish.

e
w

Arsenic (mg/kg)
(=]
to

e
—_

10

0

1

2.02

2.01

3.02 3.04
3.01 3.03

Subreach

4.01

4.04

18

5

Fig. 3.50. Mean arsenic concentrations in largemouth bass.
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Contrary to the pattern in bluegill sunfish, mean arsenic concentrations in bass were highest in the
upper Clinch River (reach 2), whereas some of the lowest mean concentrations were observed in Poplar
Creek (Fig. 3.50). Mean concentrations in bass from reach 2 were significantly elevated in comparison
with concentrations in bass from Melton Hill Reservoir but not with concentrations in bass from Norris
Reservoir or from the reference arm of Watts Bar Reservoir (reach 18).

Again, as with bluegill, the mean concentration of ¥’Cs (5 pCi/g) in bass from reach 2 was two
orders of magnitude higher than that in any of the upstream reference reaches (Fig. 3.52).

Of the seven PCB Aroclors for which analyses were conducted, only Aroclors 1254 and 1260 were
detected in largemouth bass samples (see Table D2 for nondetects). The highest mean concentrations
of both Aroclors are found in Poplar Creek; whereas the lowest are found in Norris Reservoir (Fig. 3.53).
The mean concentration of Aroclor 1254 in reach 3 (0.31 mg/kg) was significantly higher than in any
other reach. The mean concentration of Aroclor 1260 in reach 3 (0.29 mg/kg), although higher than in
most reaches, was not statistically different from mean values in either
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Fig. 3.52. Mean ®’Cs activity in largemouth bass.
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Fig. 3.53. Mean total PCB concentrations in largemouth bass.
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the lower Clinch River (reach 4) or the reference arm of WBR (reach 18). Both the UCL,, and the
maximum values for total PCBs (sum of Aroclor 1260 and 1254) are below the FDA action level (2.0
mg/kg) at all locations (Table D4). The chlordane data did not reveal any site-related patterns (Fig. 3.54).
The UCLy; concentration for total chlordane in bass was less than the FDA action level (1.0 mg/kg) at
all locations.

Catfish, Consistent with both the bluegill and largemouth bass data, mean '3’Cs activity in catfish
was approximately an order of magnitude greater in the Clinch River below WOC (subreach 2.02 ) than
in upstream reference reaches (Fig. 3.55). Mean ®Sr activity in vertebrae of catfish from su<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>