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EXECUTIVE SUMMARY 

i 

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 Liabilig 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 RiverLPoplar 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 Difhsion Plant), and Oak Ridge National Laboratory 
( O W ) .  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 ofplutonium, 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 RiverRoplar 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) 5.51 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 1 9 5 0 ~ ~  and small quantities currently continue to 
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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 13'Cs, which is strongly particle-associated and has a relatively 
long (30-year) half-life. Because peak releases of 13'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 137Cs 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. 

Arsenic in surface water and sediment of upper McCoy Branch Embayment. Average 
concentrations of arsenic (4.1 &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 137Cs 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 137Cs 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 13'ICs 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 
137Cs 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 p a )  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 pg/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 .O 
m a g )  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, u8U, T J ,  u4U, q c ,  13'Cs, and 
T o .  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, ?cy 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 'To  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. 



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 
waterfowl 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.OE-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 
I on contaminant concentrations in near-shore sediment only. Melton Hill Reservoir is managed in 
I 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 (4 .OE-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 .OE-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 137Cs, 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, 3 1 contaminants of concem%ere identified in sediment. This scenario 
assessed the risk from contaminant exposure that wouId 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 .OE-04. At all locations downstream of 
White Oak Creek, the primary contributor to risk via external exposure was 137Cs. In Melton Hill 
Reservoir, the risk was primarily due to '%o 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 .OE-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, T c  was the primary contributor 



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 fiom 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 fiom 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 fiom 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 @e., 37) of the organic compounds; therefore, these analytes could not be evaluated. 
Populations of cottontails foraging on future spoil fiom 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 .O radday was used to assess acceptable exposures for 
most organisms; the International Atomic Energy Agency’s recommended limit of 0.1 radday 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 

1 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. 

xxxiv 



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 fi msl) and sediment removal technologies in deep water areas (bottom elevation (133 ft msl). 
A total area of 388,800 fl? is proposed for containment, and a total of 179,250 yd3 for removal (the 
top 3 fi 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. 

I 
I 
I 

I 

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 Creekthat pose a human health or ecological risk would require the removal and safe disposal 
of approximately 226,500 yd3 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. 

I 
I 
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1. INTRODUCTION 

1.1 REGULATORY INITIATIVE 

This document is the combined Remedial InvestigatiodFeasibility Study (RVFS)  Report for the 
Clinch RiverPoplat Creek Operable Unit (CWPC 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 481 84). 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 fmdings 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 ofthe Resource Conservation and 
Recovery Act (RCRA) (42 U.S.C. 6901, et 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 defme 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 C W C  Remedial Investigation (CRRI) was originally begun under authority of 
Sect. 3008(v) of RCRA. Although these requirements still apply, CERCLA is the primary reguratory 
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 RESTOUTION 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 strategv 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 1994~). 
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1 3  CLINCH RIWR ENVIRONMENTAL RESTORATION PROGRAM 

The Clinch River Environmental Restoration Program (CRLERP) 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 1994~). The results of the lower WBR RVFS 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 CRPC system resulting from releases from the ORR (Chap. 3), (2) quantify the 
current and future risk in the C W C  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 frst of which presents the main text. Chapter 1 
descr i i  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 Al-A3) and summarize 
data related to contaminant concentrations in water (Tables Bl-B7), in sediment (Tables Cl-C6), 
and in biota (Tables Dl-D8). Volume 3 contains Appendices E and F, which present information 
related to human health risk assessment (Tables El-E67) and ecological risk assessments 
(Tables Fl.1-F1.11, F2.1, F3.1-F3.3, F4.1-F4.20, F5.1-F5.2OY 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 
(ARARs), which help define the extent of the remedial response. Volume 5, consisting of Appendices 
J-N, is a compilation of data fiom 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 Kl-K8), Appendix L contains data fiom several 
discrete water characterization studies (Tables LI-L28), Appendix M provides data supporting the 
sediment characterization (Tables Ml-Mg), and Appendix N contains data related to several biota 
characterization studies (Tables Nl-N30). 

1.6 SCHEDULE 

In conjunction with this RI/FS, DOE is preparing a Proposed Plan that will summarize the 
findings of the RVFS and identify a preferred remedial alternative. A public meeting will be held to 
present the Plan, and a minimum 3Oday comment period will follow. DOE, EPA, and TDEC will 
jointly select the fmal remedy after consideration of all public comments. The Proposed Plan is 
scheduled for release later in 1996. I 

DOE will document the selection of the frnal 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, fbrther 
remedial action will be required. 

I 
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2. C H A R A C T E ~ T I O N  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, Tennessee, 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 Creek 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. 

OWL-DWG 95h4-1288R 

I n l  I I I .  

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 
dkectly through the reservation. The Clinch River also forms the boundary between &ox and Anderson 
counties for a portion of its length in the study area. 
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Morgan Co. 

Fig. 2.2. The Clinch RiverLPoplar 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 ofthe city. The largest population center near Oak Ridge is Knoxville (pop. 165,121), 
located -20 d e s  to the east The nearest community downstream of the ORR is Kingston (pop. 4552), 
situated at the umflumce of the Clinch and Tennessee rivers -9 river miles downstream of the ORR. A 
total of 115,477 persons live in Anderson and Rome counties. An additional 560,93 1 persons reside in 
the l k u n t y  am that b o r h  the two counties. The population distribution within a 50-mile radius of 
the ORRis 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). 

Thm 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 WBK 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 frennessee River mile (TRM) 
568.41 immediately upstream of its confluence with the Clinch. Depending on the flow conditions 
resulting fiom reservoir operations, effluents fiom 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. 

KY 

0 500 people per square kilometer 

Fig. 23. 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 fiom 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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23 CLIMATE 

The ORRareahas a temperate climate with warm, humid summers and cool winters. The climate 
ismoderatedbytheCumberlandPlateautothewestandtheBlueRidgeMountains totheeast. Themean 
annual temperature is 58 OF. 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 southwestdy 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 4 . 4  mph occur 75% of the 
t h e  (Energy Systems 1993b). 

Precipitation in the area averages between 50 and 55 in./year. The wettest months are December 
through March, whea 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 fiom 32 to 35 
in., or 66% of raiufall, which leaves an average of 20 to 23 in. available for runoff and infiltration. 
Evapottanspiration 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 fiom January through April and resulted in higher- 
than-normal flows during much of the sampling period. 

2.4 TOPOGRAPHY, GEOLOGY, AND SOILS 

2.4.1 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 errtends for 1200 miles from the Canadian St. Lawrence Valley to the Gulf Coastal 
Plain of Alabama. It is charactenzed * 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). 



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. Oak Ridge Reservation Environmental Monitoring 
Reportfor 1992. EH/ESH-3 1. Oak Ridge National Laboratory, Oak Ridge, Tenn. 

2.4.2 Geology 

The ORR and the CRDC are underlain by several different geologic formations or groups of 
formations, all of sedimentaq 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 Missiisipian rocks are exposed locally in the cores of two synclines 
north of the White Oak M o d  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, h e y  siltstones, and shales (Energy 
Systems 1993b). 

. 

The northeast trending ridges of the study area result fiom a succession of northeast-trending thrust 
faults that have stmcbdy stacked and replicated the rocks of the geologic units (Fig. 2.6). Most of the 
pmminent ridges are unckrlain 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 fonn 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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KNOX GROUP 

Fig. 2.5. Geologic map of the Oak Ridge Reservation. Source: Martin Marietta Energy 
Systems, Inc. 1993. OakRidge Reservation EnvironmentalMonitoring Report for I992. EWESH-3 1. 
Oak Ridge National Laboratory, Oak Ridge, Tenn. 
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Fig. 2.6. Generalized geologic cross-section of the Oak Ridge Reservation. Source: Martin 
Marietta Energy Systems, Inc. 1993. Oak Ridge Reservation Environmental Monitoring Report for 
1992. EWESH-3 1. Oak Ridge National Laboratory, Oak Ridge, Tenn. 



2.43 Soils 

The land along the Clinch River study area is primarily overlain by residual soils that have 
weatheredinplace.Themost~ivesoilsinthestudyareaaretheFullerton,Bodine, Talbott, Colbert, 
and LeHew soils (USDA 1981). In generaZ 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 Creek Valley and Melton Valley, the moderately deep, well-drained 
Sequoiasoilsare~~dAllwialsoilsarealsopresenttoalimitedextentwithinthestudyarea,primarily 
on high river terraces of ancient river floodplains and in narrow tracts along modem 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. bundwater 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 
hydrologicunits: (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 
hctures and solution ccmduits. Large volumes of water may move relatively long distances in this unit. 
The Knox aquifk is the primaty source of base flow for many streams in the study area. All large springs 
on the ORR issue fiom the Knox unit (Energy Systems 1993b), and some wells penetrating the larger 
solution conduits within this unit yield 1000 gal/& The Knox aquifer has been described as the most 
important aquifer in eastem 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 
p e r m e a b i l i t y ;  ~ ~ ~ ~ i ~ i s ~ m ~ h ~ ~ c o r n p a r ~ ~ ~ e ~ o x a q ~ e r .  Theseunits 
are more likely to proc€uce 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 OcCutTence 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 
un&lain by members of the Rome F o d o n ,  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 saftnated zone extends down through the bedrock At depth (generally more than 
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V 

- . .  .. .. - 
Fig. 2.7. Location of aquitards and the Knox Aquifer on the Oak Ridge Reservation. Source: 

Martin Marietta Energy Systems, Inc. 1993. Oak Ridge Reservation Environmental Monitoring 
Report for 1992. EWESH-3 1. Oak Ridge National Laboratory, Oak Ridge, Tenn. 
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Fig. 2.8. Schematic representation of vertical relationships characteristic of flow zones on 
the Oak Ridge Reservation: estimated thickness, water flux, and water type. Source: Martin 
Marietta Energy Systems, Inc. 1993. OakRidge Reservation Environmental Monitoring Report for 
1992. EWESH-31. Oak Ridge National Laboratory, Oak Ridge, Tenn. 
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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 smwndingregion, the majoriw (95%) of the active subsurface flow 
moves via the shallow stormflow zone to nearby surface streams. The vadose zone transmits water 
verticallyto the satmated zone, as is necessaryto recharge the saturated zone. Saturated zone flow in the 
aquitards occurs primarily (95%) in the upper 50 to 100 A; consequently, flow routes are short, and 
discharge moves to nearby surface streams. In the &ox aquifer, a few solution conduits may be as much 
as 2 miles long (Energy Systems 1993b). 

2 5  SURFACEWATER 

25.1 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. N o m s  Reservoir 
extends from Noms Dam (CRM 79.8) 73 miles upstream on the Clinch River and 53 miles on the 
Powell River. Nonis Reservoir is a deep storage impoundment providing hydropower, flood control, and 
augmentation of dawnstream flow chning drought conditions. MeltonHill Reservoir, impounded in 1963, 
extends fiom 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 durhgpeak 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. 

Kentucky 

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 acresin size and con& -39,000 acre-feet of water at full pool 
[elevation 741 R 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 
entas at CRM 12.0. Tbe Emory River discharges - 1020 cfs on average, or about 20% of the flow in the 
Clinch River at Kingston. Most of its 865-mile2 watershed is located in the Cumberland Plateau. Poplar 
Creek has a drainage area of 135.9-de2 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 Creek 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 Creek receives 
municipal discharges from Oak Ridge (again via EFPC) and Oliver Springs, as well as non-point-source 
discharges k m  agricultural and mining activities. White Oak Creek, which enters at CRM 20.8, has its 
headwaters on the ORR It drains 6 mil2 of the ORR, including ORNL, and has an average annual flow 
of 13.8 cfi. 

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 Creek 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 maintaiued at an elevation of 
735 ft above msl to provide flood storage capacity for spring runoff. In mid April, the water level is 
gracluayr raised to the summer pool elevation of 741 f€ to provide recreational benefits and to improve 
shoreline aquatichabitat (Fig. 2.10). Therelationship 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. Melton Hill may be characterized as a "run-of- 
therive? reservoir because of its close resemblance to river morphometry, its small surface area (5700 
acres), small volume (120,000 -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 amrdance with the system-wide reservoir management needs of the "VA. 
Unlike Watts Bar, there is no seasonal drawdown of Melton Hill. 
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Fig. 2.10. Seasonal water-level elevations in Watts Bar Reservoir as maintained by the 
Tennessee Valley Authority. 

Fig. 2.11. Relationship between surface water elevation, volume, and exposed sediments in 
the Clinch River arm of Watts Bar Reservoir. 
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Hourly surface water eievation 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 of its length. Transition conditions persist fiom the Scarboro Creek confluence 
(CRM 41.1) to the upper end of the Bull Run Steam Plant (CRM 49). The reservoir is exclusively 
riverine h m  this point to the end of maintained navigation at CRM 66. This trend fiom 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. 

Nonis Reservoir, with an average annual discharge of 4200 cfs, contributes 95% of the flow into 
Melton Hill Reservoir. The remainder comes principally fiom Bull Run Creek and other minor 
triiutaries. 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 triiutaries 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, fiom which 
they flow via Ken Hollow Branch to Scarboro Creek, which enters the river at CRM 41.1. Fly ash fiom 
the Y-12 steam plant was formerly disposed of in Rogers Q u q ,  which discharges into McCoy Branch, 
which flows into the Clinch at CRM 37.3. The average annual discharge of each stream is 4 cfs. 

25.2 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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DifCsrences in sareral water quality parameters may be expected between the waters of the Clinch 
River and tlrose of Poplar Creek, due to differences in watershed lithologies, land use, and as a result of 
i m p o h t s  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 21. Minimum, maximum, and mean values for selected water quality parameters 
in Clinch River and Poplar Creek' 

Clinch River Poplar Creek 
Water quality 

parameter Historical CRRI' values Historical CRRI values 
values* valued 

7-8.6 (7.8) 

156-312 (244.3) 

54-121 (99.8) 

71-140 (1 12) 

5.2-12.5 (9.1) 

22-40 (33.7) 

3.8-11 (9.3) 

7-27 (1 9.3) 

0.1-0.7 (0.4) 

0.01-0.2 (0.1) 

7.4-8.2 (7.7) 

131-266 (211) 

55-120 (90.0) 

75.3-131 (101.3) 

6.3-1 1.2 (8.5) 

18.1-35.9 (27) 

5.3-10 (7.5) 

13-25 (17.4) 

0.2-0.8 (0.5) 

0.05-0.27 (0.09) 

6.4-8.1 (7.5) 

98-360 (228.7) 

20-150 (76.3) 

63-146 (1 16) 

6.3-13.1 (8.0) 

17-40 (30.2) 

5-13 (9.1) 

16-72 (36.5) 

0.5-0.6 (0.53) 

0-3 (0.36) 

2-7 (3.8) 2.3-10.2 (3.5) 0.9-4 (2.2) -~ 

5.3-7.9 (7.2) 

92-318 (211) 

25-130 (75.0) 

2.3-149.5 (95.9) 

4.7-12.5 (8.1) 

0.03-39.3 (25.7) 

0.01-12.9 (7:4) 

16-46 (26.1) 

0.02-2.7 (0.55) 

0.05-0.1 (0.12) 

0.85-55 (5.8) 

"Comparison ofhistoricallyrecorded values (values from STOREF, sample size varies from 4 0  to >150, depending on 
parameter) to valus measured during the Clinch River Remedial Jnvcstigation. The mean values are indicated in parentheses. 

!Melton Hill Dam Tailnrcc,U.S. Gwlogical Survey data. 
'CRRT = Clinch River Remedial Jnvtst'gation. 
dpoplar CreekaboveEastForkPoplar Creek confluence. 

Several water quality parameters [e.g, tmpmhm, dissolved oxygen , conductivity, akthity,  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 ~ 

b 
I I 

a 
MHR wilo enib CR below MHR Poplar Creek 2 

@) Variables significantly greater in the Clinch River than in Poplar Creek 

- I- -I 

MHR wilo enib CR below MHR Poplar Creek 
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 < 0.05) in reach 3.3 below the K-25 Central Neutralization Facility (CNF) outfall. The outfall 
is currently beiig extended (by pipeline) to the mouth of Poplar Creek to increase effluent dilution and 
avoid adverse ecological effects in Poplar Creek that could result fiom elevated salinity during low flow 
conditions. 

2.6 SEDIMENT 

The WBR am 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 
c o m o n  of Melton Hill Dam, the deposition of sediment was relatively d o r m  fiom 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 fiom 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 fiom 4413 mile2 to 1501 mil$. Melton Hill Reservoir retains -60% of 
the sediment entering fiom upstream and further reduces the local sediment basin to 1070 mile2. The 
Fmory River and Poplar Creek watersheds comprise 81% and 13%, respectively, of the sediment basin 
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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 
islesssusceptibletodepositi~intheClinchRiv~thanthe coarsergrainedsediment caniedduringhigh 
flow by the Emory River and Poplar Creek. 

White Oak Creek, although historically a significant source of contaminated sediment, has always 
been a small confriiW of total sediment to the Clinch River by virtue of its small watershed. Currently, 
its capacity to transport sediment to the Clinch River is r edud  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 &om 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 l-ft 
variation for mosquito control (Fig. 2.10). During winter drawdown the exposed shoreline is subject to 
repeated "washing" &om 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 innuences 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 (Strwness 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 fiom the near-shore areas effectively winnows sediment fiom the shallow area into 
the deep water area The sinuous shape of the reservoir in the Clinch River arm also in€luences 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 hybzrcouStic survey of the Clinch River and the lower portion of Poplar Creek was performed 
to gather curreat 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 

Elevation (ft msl) 
750 

745 
I 

730 

725 

720 

715 

710 

7@5 

740 

735 

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' 

DeIlSityraIlge 
(g/cm3 wet) 

Sediment description 

1.0-1.2 

1.2-1.4 

1.4-1.6 

1.6-1.8 

>1.8 

Fluid mud, muds 

Clays, silty clays 

Clayey silt, silt 

Coarse silt, clayey silty sands, very fine sand 

Sands (loose or compacted), gravel, moderate to 
stiffclay, hardpan clay, rock - -  

Source: Hamilton, E. L. 1972. "Compressional-Wave Attenuation in 
Marine Sediments." Geophjwics 37:620-626. 

Figure 2.16 presents the percentage of each surface sediment density class for two areas within the 
nvec (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 Mes. Seventy-five percent of this near-shore area is composed of the 
densest two categories. The area below the 7354 winter pool elevation is just the opposite. Only 25% 
of the sediment falls within the densest two categories; this is not surprisingy because the near shore is 
exposed to wave action for part of the year. The wave action effectively washes fine sediment into deeper 
water. 



' I  t 

W h  ive 
a a k  

Creek 

I 5 k m  I 

, I ..- 

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 

100% 

80% 

Entire Boitom Between 735-741 Below 735 
I F i u i d  Muds f%JSiIty Clay OClayeySilt ElSiltySands ISands-Rock 

60% 

40% 

20% 

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 yd3 of material. In the same year, a 
discharge channel was dredged in the Clinch River, and - 124,587 yd3 of material was removed. In the 
fall of 1955, an underwater dam (weir) was constructed in the Clinch River at CRh4 3.9 to facilitate the 
movement of colder Clinch River water up the Emory River for woling water supply. The weir was 
c o d  of 17,000 tom of quany-run limestone rock dumped by barge in a line perpendicular to flow. 
The dam was comcted  to have a crest at the 722-fi-md elevation, which is 13 ft below the Winter pool 
elevation. (2) In 1962, the Chch River between Grubb Island and Melton Hill Dam of which was 
dredged during construction of the dam. An estimated 454,600 yd3 of material was removed, of which 
approximately halfwas 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 output from US A m y  Corps of Engineers Survey 
.* 

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 redate these pathways (Fig. 2.18). The components of this diagram are discussed in the following 
text. 

The Clinch River ann of WBRis a highly elongated riverain impoundment that receives discharges 
from Melton Hill Reservoir immediately upstream. Varying hydrodynamic regimes such as flow and 
velocityy temperature fluctuations, and habitat availability, are the main environmental factors that 
influence and regdate the structure and function of the aquatic food web in the Clinch River and lower 
Poplar Creek The combination of cold hypolietic discharges, hydropower generation, and the serial 
arrangement (Nod-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 
fimctioning 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 pulsatim in reservoir discharges a E i t  material and energy fluxes, plankton dynamics, abundance 
and distribution of benthic organisms, and nekton ecology. Although lower Poplar Creek 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 particulary the upstream and downstream movement of water (Loar et al. 1981). 
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Fig. 2.18. Simplified aquatic ecosystem diagram for the Clinch River and lower Poplar Creek illustrating the principal energy flow 
pathways and environmental factors that regulate these pathways. 
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Water residence time influences planktonic communities directly through the effects of water 
retrewal and indirectly by its relationships with other impoitant 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 
zooplanlcton communities. In nipidly flushed systems such as the Clinch, plankton organisms are quickly 
washed downstream. Thdm, 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 allochtbonous material transported fiom within the watershed and on littoral periphyton 
proctucton 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 
davnstream food chain in the Clinch River is probablymiuimkl 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 Kimmell985). 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 ( A h  and 
J3ackney 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, 
-fore, for the food web (both auto&honous and allochthonous) in the Clinch River and Poplar Creek 
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 combdon  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 fieshwater mussel stocks, possibly including 
a few spechens of listed endangered species, persist in sections of the Clinch River (TVA 199Oa). The 
quality of the benthic community immediately below Melton Hill Dam is depressed, as it is at other 
hilow zones in the TVA system (Dycus and Meinert 1991). Benthic community quality of the Clinch 
River below Melton Hill Dam is c h a r a c t e a  by TVA as generally poor to fair relative to inflow mnes 
of mainstream Tennessee River reservoirs (Scott 1994). In both systems, the benthic communities suffer 
fiom a lack of species diversity; the systems suffer a lack of ephemeroptera, plecotera, tricoptera (EPT) 
taxa; long-lived species; and evenness of dominanttaxa 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 Pexagenia limbata), fingernail clams 
(sphaeriidae), and Tubflcidae. 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; Tubijkidae, 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., fiom 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. Planldivm 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 5040% 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 (Bevelhima and A b ,  in press). The differences observed in the OcCutTence 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 fiom 26 to 28, whereas 
the number of species found at other sites in the Watts Bar system ranged fiom 30 to 37 (Bevelhimer 
and Adams, in press). 

In generaI, fkh camunitis 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 fkh mmmuniv 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 h m  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 tenestrial environment located adjacent to the Clinch River and Poplar 
Creek. Two mnes will be discussed: (1) the river bank directly above the water level @e., 
supralittomllepilittoral mne) and (2) a riparian mne that extends 100 m fiom the shoreline. Both mnes 
will be discussed in relation to the vegetation, land uselland cover, wetlands, threatened or endangered 
plant/animal species, and wildlife present at the site. 

The supralittordepilittoral 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 mflcollis), and bank swallow (Riparia 
ripariu) inhabit the burrows during their breeding seasons. These birds use the burrows fiom 
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 ft, 2 in.) fiom 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 Creek 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 
d a n d  cover map (Fig. 2.19) displays habitat types within 100 m of the shoreline. The habitat map was 
derived fiom 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 -3 1 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 (subreach 2.02 and 2.04), Poplar Creek (subreaches 
3.04,3.03, 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 
al l  threatened, endangered, and special concern plant species that occur on the ORR, and in some cases 
they have been speci.tlcally 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 t h r e e d  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 -3 1.9,  White Cedar Area (mile 
-32.6), Bull Bluf€(mile 36.9), and Rainy Knob Bluff, Freels Bend (mile 40.5). 

Thm 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 (Tsuga canadensis), rhododendron (Rhododendron 
maximum), fringe tree (Chionanthus virginicus), spider lily (Hymenocallisfirlva), and mock orange 
(Philadelphis hirsutus). The spreading false-foxglove (Aureolariapatula), 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 
amphibiaus, reptiles, birds, and mammals on the ORRhas been compiled fiom 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 c o m e d  but are present in the Ridge and Valley region. These 
teneStrial 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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Fig. 2.19. Land use on and immediately surrounding the Oak Ridge Reservation. Site A was 
being developed at the time for the Tennessee Valley Authorty's Clinch River Breeder Reactor and is 
not urban land as the legend suggests. Site B is the Freels Bend agricultural station. 
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Table 2.3. The land usdand cover classes used in habitat classification 

Land use/land cover Description 
Urban land Mixture of administrative buildings, laboratories, heavy 

commercial and industrial buildings, lawns, and clumped shade 
trees. 

Deciduous forest land 
Mixed forest land 
Evergreen forest land 

Evergreen plantation 

Agricultural land 

Transitional areas 

Areas of hardwood forest types. 
Areas of a mixture of hardwoods and pine trees. 
Areas dominated by mature pine forest type with trees generally 
older than 35 years (in 1994), with an uneven canopy. 
Areas of pine trees that are row planted, are of uniform age, and are 
generally younger than 35 years (in 1994). 

Fields of pasture grasses, grassland, row crops, and/or shrubland 
cover. 
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 (ie., 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 batslgray 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 CRPC 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. 



Table 2.4. Land uselland 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 
(subreach 4.01 only) 

Percentage Area (ha) Percentage Area (ha) Percentage Area (ha) Percentage Area 

Category 
,,:: 
. t 

(ha) 

Urban 9.6 100.88 15.1 95.13 43.8 99.44 8.3 13.81 
Deciduous forest 
Mixed forest 

9.1 
32.9 
5.9 
2.6 

95.44 
345.13 
62.25 
26.75 

7.3 
23.8 

46.00 
150.06 
36.63 
29.70 

11.3 
5.6 
2.8 
1.7 

25.56 
12.69 
6.38 
3.81 

26.7 
23.5 

1.1 
0.78 

44.63 
39.31 

Evergreen forest 
Evergreen 
plantation 

5.8 
4.7 

1.88 . 
1.31 

r '  

6.9 72.44 11.8 74.69 3.1 7.00 3.4 5.63 Agricultural 

Transitional 
areas 

32.7 343.25 31.4 198.13 31.3 7 1.06 36.2 60.56 

Barren 0.27 2.88 0.21 1.31 0.39 0.88 0.07 0.13 

. -  
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The greatest quantity of sediment-associated contaminants is expected to be found where large 
quantities of sediment occur. In the C W G  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 C W C  OU contains aquatic and terrestrial biological receptors, some of which would likely 
be exposed to contaminants that have been released fiom the ORR Certain biota may serve as indirect 
sources of contamination to organisms higher on the food chain. 

Finally, humans use the ClinchRiver 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 fiom the ORR. 



. 
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3. SITE HISTORY AM) CURRENT CONDITIONS 

This section characterizes the nature and extent of contamination in the CWPC 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 summanzed 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, CWPC 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 CWPC OU 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 lO-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 O-Upper Melton Hill Reservoir is a negative reference reach extending from CRM 49 
upstream -3 miles. 

Reach l-zOwer 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 7.0l-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 with 
those of the reservoir and sediments accumulate here. 

Subreach 7 . 0 2 4 ~ 1 ~ ~  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 S-WaIker Branch Embayment is a negative reference reach for the McCoy Branch 
Embayment. No waste disposal has ever occurred in the Walker Branch Watershed. 

Reach %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 2.014bIelton 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 W-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 
upmeam. 

Reach &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 CIW outfall (PCM 
3.4). Several K-25 waste outfalls have historically discharged effluent to Mitchell Branch. 
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Fig. 3.1. Reaches and subreaches studied as part of the Clinch River/Poplar Creek 
Remedial Investigation. 
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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). 
Hy 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 &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 al l  ORR contaminant sources. Residential land use along the river is greatest in this reach. 
It is an area of increasingly la- 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 accumulation 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 fF-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 
fiom 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 descrii 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 n5U from for use in the production of atomic weapons at h s  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 et al. 1993). An estimated 27 Ci (88,000 lbs) of uranium were discharged to EFPC by the 
time the electromagnetic enrichment process ended in 1947 (DOE 1988). 

In the m i d - l m ,  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 1!35Os, 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 6Li 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 Ibs of mercury were released to 
EFPC, and another 428,000 lbs 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 lbs and 64,000 lbs were 
released to EFPC, respectively (Fig. 3.3). Several hundred thousand pounds remained in buildings 
and process eqyipment 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. 

- -  
- 
- 
- 
- 

- 

- 

180 

160 

140 

120 

8 100 
U 

Hg RELEASE HISTORY FOR 
Y-12 PLANT - - 

- 
- 
- 
- 
- 
- 
- 
- 
- 

I 
/ 

137Cs RELEASE HISTORY FOR 
WHITE OAK LAKE (ORNL) 

1.9 4 0 1950 1980 1970 1080 
YEAR 

1S40 1950 1960 1970 1960 
YEAR 

Eg. 3.3. Mercury release history from the Oak Ridge Y-12 Plant and '31cs release history 
from White Oak Lake (Oak Ridge National Laboratory). 

In the early 195oS, 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 pf 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 
uraniumand- 'a. 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 

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 "'U as a 
result of its greater diffusion rate across the barrier in comparison with the slightly heavier "*U. 
Before 1964, a long series of diffusion cascades was used to produce highly enriched uranium (96% 
'23sv) for use in nuclear weapons production. After 1964, several of the diffusion cascades were shut 
down, and less enriched uranium (10% 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. 

U from 235 

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, 
q c ,  and mNp 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 tank 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 194Os, 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-ga1, unlined settling basin that received 
waste for more than 40 years. The pond received waste organics and metal hydroxides neutralized in 
fhe K-1407A pit and functioned primarily to settle the precipitates formed during neuhralization. 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, Cry 
Pb, and Ni. Efnuent 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-1WC 
Retention Basin. A RCRA closure of the K - l W  pond was initiated in 1988. Sludges from the pod 
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. 

3-12' 



3-9 

I I 

x g, .- 
..... - ..... 

'. '\ 



3-10 

(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 b e i i  addressed under CERCLA. The sludges from the K-1407C pond 
were also collected and fixed in drums as above. The resulting 46,OOO 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. PCBcontaining 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-WOA, K-107OB; and K-107OCYD 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-107OB 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 hown as the K-107OA land- 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 196Os, 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. 3.3 ,  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 beiig 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. 
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Fig. 3.5. Oak Ridge National Laboratory. 



3-13 

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 '%u, 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-lim. h g e  quantities of '%u 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 lnCs and ?Sr was detected from Trench 6, and its use was 
discontinued. Trench 7 was built in 1962 and used unti€ 1966, when liquid wastes were disposed of 
by using hydrofracture technology (Spalding and Boegly 1985). 

The hydrofixture process used hydraulic pressure to initiate crack 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 (Ohnwrge 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 &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-.1960sy 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 %&acre site that was used from 1959 to 1973. SWSA 6 is a 68-acre 
site opened in 1%9 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 3H (166,300 Ci), '?Ru (6,931 Ci), 90Sr (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 13'Cs (1,174,709 Ci), 90Sr (880,557 Ci), and unidentified 
beta emitters (1,152,686 Ci). However, of these totals, only 39% of the lnCs and 17% of the %r 
were disposed of in pits and trenches; almost 60% of the u7Cs and 78% of the 90Sr were disposed of 
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in the hydrohcture 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 
Chch River are 3H, '%u, lnCs, and %r (Table 3.1). Tritium is an isotope of hydrogen with a 13- 
year half-lifk. It is readily incorporated into water and moves through the environment accordingly. 
Given the 5day 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 '%u discharges of 1400-2000 Ci/year 
occurred from 1960 to 1%2, 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," beiig readily adsorbed onto the surface of fine- 
grained sediment particles, particularly clays. Peak releases of '37Cs 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 '37Cs released to the Clinch River from ORNL is -700 Ci (-8 
g). Because wCs 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 90Sr occurred before 1961 but cannot be 
correlated with disposal data, which is nonexistent for those years (DOE 1988). Releases had declined 
to <4 Ciyear by the late 1980s. Although it has a half-life similar to 137Cs, 90Sr 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 
andgDSr;%andtmmram 'cs 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 leak. 

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 
cpntitative 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 238U have been 
released from both the K-25 Site and the Y-12 Plant. Peak contaminant releases of mercury and 
uranium occufted before 1959 and have declined drastically since. Large quantities of fission products 
have been released from ORNL, including 3H, '%u, '37Cs, and %r. Because of its particle-reactive 
nature, '37Cs 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). 

1 
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Table 3.1. Estimated' discharges (in curies) of radionuclides from White Oak Creek 
to the Clinch River, 1949-1992 

Year '37cs '%LI % TREb '%e 95zr 13II 6oCoc 3H TRU" 

1949 77 
1950 19 
1951 20 
1952 10 
1953 6 
1954 22 
1955 63 
1956 170 
1957 89 
1958 55 
1959 76 
1960 31 
1961 15 
1962 6 
1963 4 
1964 6 
1965 2 
1966 2 
1967 3 
1968 1 
1969 1 
1970 2 
1971 1 
1972 2 
1973 2 
1974 1 
1975 0.6 
1976 0.2 
1977 0.2 
1978 0.3 
1979 0.2 
1980 0.6 
1981 0.2 
1982 1.5 
1983 1.2 
1984 0.6 
1985 0.4 
1986 1.0 
1987 0.6 
1988 0.4 
1989 1.2 
1990 1.1 
1991 1.7 
1992 0.6 
1993 0.5 
1994 0.5 

110 
23 
18 
15 
26 
11 
31 
29 
60 
42 
520 
1900 
2000 
1400 
430 
190 
69 
29 
17 
5 
2 
1 
0.5 
0.5 
0.7 
0.2 
0.3 
0.2 
0.2 
0.2 
0.1 
0 
0.1 
0.2 
0.2 
0.2 
0.007 
0 
0 
0 
0 
0 

150 
38 
29 
72 
130 
140 
93 
100 
83 
150 
60 
28 
22 
9 
8 
7 
3 
3 
5 
3 
3 
4 
3 
6 
7 
6 
7 
5 
3 
2 
2.4 
1.5 
1.5 
2.7 
2.1 
2.6 
3.0 
1.8 
1.2 
1.1 
2.9 
3.1 
2.7 
2.1 
2.1 
2.8 

77 18 180 77 
30 15 19 
11 5 18 
26 23 19 20 
110 7 8 2 
160 24 14 4 
150 85 5 7 
140 59 12 4 
110 13 23 1 
240 30 6 8 
94 48 27 1 
48 27 38 5 
24 4 20 4 
11 1 2 0.4 
9 2  0.3 0.4 
13 0.3 0.2 0.3 
6 0.1 0.3 0.2 
5 0.1 0.7 0.2 
9 0.2 0.5 0.9 
4 0.03 0.3 0.3 
5 0.02 0.2 0.5 
5 0.06 0.02 0.3 
3 0.05 0.01 0.2 
5 0.03 0.01 0.3 

0.02 0.05 0.5 
0.02 0.02 0.2 

0.3 
0.03 
0.03 
0.04 
0.04 
0.04 
0.04 
0.06 
0.004 
0.05 

7 
46 
5 
9 
77 
72 
31 
14 
14 
15 
12 
7 
3 
1 
1 
1 
1 
1 
1 
0.6 
0.5 
0.9 
0.4 
0.4 
0.4 
0.4 
0.7 
1.0 
0.3 
0.2 
0.6 
0.54 
0.12 

< 0.07 
0.13 
0.12 
0.12 
0.04 
0.04 
0.07 

1900 
1200 
3100 
13300 
'9700 
12200 
9500 
8900 
lo600 
15OOO 
8600 
1 loo0 
7400 
6200 
6300 
7700 
4600 
2900 
5400 
5600 
6400 
3700 
2600 
2500 
1700 
4100 
3100 
2100 
1900 
1700 
2200 

0.04 
0.04 
0.08 
0.03 
0.08 
0.07 
0.25 
0.28 
0.15 
0.08 
0.68 
0.19 
0.07 
0.06 
0.17 
0.08 
0.50 
0.16 
1.03 
0.04 
0.20 
0.40 
0.05 
0.07 
0.08 
0.02 
0.02 
0.01 
0.03 
0.03 
0.03 
0.04 
0.04 
0.03 
0.05 
0.03 
0.008 
0.024 
0.006 

Total 700.6 6931.6 1214.6 1295 341.93 376.61 175.33 325.53 183100 5.248 
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"All digits carried through to avoid rounding errors. Only first two are significant. 
%tal rare earth elements, exchive of cerium. 
'Blank cells indicate no data reported. 
'?hmmmic radionuclides. 

Sources: 
B. G. Bhylock, M. L. Frank, L. A. Hook, F. 0. Hormvln, and C. J. Ford. 1993. Fyhite oak Creek Embayment 

Site Chamcterizatkm and Contaminmv Screening Ana€ysi~. ORNUER-81. Oak Ridge National 
Laboratory, Oak Ridge, Tern. 

Martin Marietta Energy systems, Inc. 1992. OakRidge Reservation Environmental Monitoring Report for 1991. 
EWESH-22. Oak Ridge National Laboratory, Oak Ridge, Tenn. 

Martin Marietta Energy Systems, Inc. 1993. OakRidge Reservation Environmental Monitoring Report for 1992. 
EWESH-3 1. Oak Ridge National Laboratory, Oak Ridge, Tenn. 

U.S. Department of Energy. 1988. Historical Releases &om Current DOE Oak Ridge Operations Ofice 
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 s t r k  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 SUrEace 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 radioactive materials that were currently beiig 
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 !'%r, 6oCo, '%u, and '%. A mass balance approach was used to inventory the radionuclides 
entering, leaving, remaining, or decaying in the Clinch and Tennessee rivers (Struxness et al. 1%7) 
from WOC downstream to Chickamauga Dam (TRM 471). 

The results of the study indicated that '%u, ?3r, and 6oCo 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 90Sr is depicted in Fig. 3.6. Maximum total 
concentrations of %r in water during the study period ranged from 17,450 pCiL at White Oak Dam 
to 14.1 p C i i  at Chickamauga Dam. The maximum concentration recorded for the Clinch River was 
42.6 pCiL at the Centers Feny 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 lnCs 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 lnCs. Figure 3.7 depicts the calculated mass balance 
curve for '37cs. Maximum total concentrations of lnCs in water during the study period ranged from 
6409 pCiL at White Oak Dam to 6 pCiL at Chickamauga Dam. The maximum value in the Clinch 
River was 35 pCQL at the Centers Ferry Station. Flow-weighted means were not calculated because 
the maximum values listed were all 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). 



3-18 



. 3-19 



3-20 

3-22 

only six samples bad levels of 'H above detection limits (200 to 230 pCiL), 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 &ximum 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 hfkeqently detected ad, when detected, are present at very low concentrations. Inorganic analytes 
are present at low levels ad do not appear to exceed AWQC for domestic water supplies or protection 
of aquatic life at most locations, although detection lets 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 noapoint-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 to 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 contirm 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 B1 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) fiom 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 Bl). 

* 

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 - -  _ _  . VT . 
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Werent purposes and at Wemt 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 0- data) generally exhibited the highest mean values for each of several 
contaminants. Mean concentrations of total Al, '57Cs, chloride, Cr, Co, @Co, fluoride, gross alpha 
activity, gross beta activity, Fe, Hg, Ni, nitrate, Na, ?3r, sulfate, V c ,  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 nitritehitrate in Poplar Creek downstream of 
the CNF outfall (Fig. 3.9), total mercury and total methyl mercury in Poplar Creek 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 3H 
and ?!3r 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 (a = 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 ~ea~onally, 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 (Z? C 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 (LCLg5), 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 OT more locationS are summarized in Table 3.3. Analytes with LCbs values greater than 
a criterion canbe saidwith ahigh d e p  of confidence to exceed that criterion.The LCL,, for total arsenic 
exceeds the recreation-based criterion (fish consumption only) of 0.0014 m g 5  in subreach 7.01 (upper 
McCoy Branch). The LCb, 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. 

Analps with an LCb, 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 c4xlcdm 'on exceeds the mreation criterion (fish consumption only) in reach 13. 

Despite a mean value that is less than a specific criterion, analytes with a UCbs 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 LCb,, and therefore is constrained by the detection 
limit. The low kquency of detection in each reach above suggesti that this criterion is probably not being 
exceeded. Table B5 also indicates that mean concentrations of arsenic exceed the recreation criteria 
(umsumption ofwater 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 137Cs, 'H, %, @To, 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 mredyear in any study reach. 

The remaining analyh 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 Ll-L3. In addition, the characterization of ambient conditions in Poplar Creek was 
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Fig. 3.9. Mean dissolved nitratehitrite 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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Fig. 3.11. Mean radioactivity concentrations by season within each reach for Poplar Creek 
(a) grass alpha and (b) grass beta (Phase 2 data only). 
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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 RiverLPoplar Creek Operable Unit 

Criterion ReacWsubreach 

Liiely exceed' Probably Possibly 
ex& exceed' 

Arsenic Recreation 1,4.01,4.04,7.01 0,2.02,2.04, 3.03 
4.02, 13 

Mercury Aquatic life 0,3.01-3.04, 
(cbronic continuous criterion) 4.Ol-4.Wd 

Recreation 3.04 
The 95 % lower confidence limit is greater than criterion. 
%am is greater than Criterion, but 95% lower confidence Limit is less than criterion. 
CMean 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 baseflowhigh runoff (spring rain), maximizing contaminant 
flux from both groundwater and runoff but allowing high dilution; (2) low baseflowhigh runoff 
(summer rain), minimizing contaminant flux from groundwater while maximizing contaminant flux 
from surface and (3) low baseflowflow runoff (summer dry), minimizing contaminant flu from 
both sources but also imhimizhn dilution (DOE 1994b). Initially a fourth condition, high baseflowflow 
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 (F@. L1 and U). Ideally, flow in the Clinch River would be minimal during sampling and dilution 
would thus be minimal; however, because of extensive r aMl l  throughout the region in the early spring 
of 1994 (Sect. 2.5.3), low flow was not observed during the high baseflowhigh 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. Momtion regarding analytical classes, sampling locations, and frequency of collection for these 
data is listed in Table LA. 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 3H 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 sou~ce and near-source locations. Therefore, no large-scale flux 
of contaminants leading to i n d  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 reintlorce 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 meruuy 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-LIS. These data were compared to near-surface data for the same locations for evidence of 
contaminant remobiition 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 cliach River and its tributaries near the ORR (Table L28). 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 behg a d d r d  separately within the ORR Environmental Restoration Program (DOE 
1994a). 

Because the maximum Clinch River concentrations would be highest at the mouth of stream 
draining known contaminant sources on the ORR, sample collection focused on three such stream: 
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 (F@, 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 baseflowhigh 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%, SO%, 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 analfical classes, sampling locations, and frequency of collection for these 
data is listed in Table U. 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 3H 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 U). Results are presented in 
Tables L9-Ll5. These data were compared to near-surface data for the same locations for evidence of 
contaminant remobiition 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 C W C  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 L28). 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 rekrence 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 pgkg) only 
at CRM 47.9 and at CRM 41 (Aroclor 1260 only). Chlordane was detected (up to 26 p g k g )  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 CRPC 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 (Phphdespromeh) larvae; (2) fecundity and survival of the 
cladoceran Cerhlphnia dubia; (3) hatching success, frequency of abnormal development, and survival 
of Japanese medaka (Ory& Zufipes) 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 Cenodaphnia 
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 L16-Ll7. 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 L18-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 cornpard 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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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 Cerioakphnia survival were 
observed, survival was uniformly high (> 80%) in all tests (Tables L20-Ul). An analysis of variance 
revealed no significant spatial effects in Cerioduphniu 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 (IGzos et al. 1992). 
Cerioakphnia fecundity data are summarized in Tables L20-L21. 

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

Medaka embryo-larval test results. Five medaka embryo-larval tests were conducted for the 
CR-ERP Phase 2 Investgation 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. 

hgemouth bass (Microptern salmides) 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 gamelish 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 (a = 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 U3). 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 control 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 L23). 
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 L22 and L23). 
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 t~ 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 
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Fig. 3.16. Mean frequency of Occurrence of significant decreases in fsh 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 wmmon in embryos exposed to water 
from all sites in Poplar Creek, particularly the sites adjacent to the ORR (Tables L22 and L23). 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 
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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 unsuccessll 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 L24). Although survival was significantly less at Melton Branch mile 0.2 compared with 
the Walker Branch 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). 

Fig. 3.17. Percent occu~~ence of developmental abnormalities during medaka embryo-larval 
tests. Abnormalities are grouped acmrding 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 sunfsh 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 tbe 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 d s h .  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 abmrmalities datively low (10% for embryos and 20% for f ry)  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 IZ). 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, 
fertilible 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 I26 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 &&, 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 Creek 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 Characterization4ummary of Findings 

The site model, based on historical data, indicates that organic compounds have been detected 
inhquently. 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 
genedy 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 (Le., 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 Creek). 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 
> 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 Creek (subreaches 
3.01-3.04), and in &e lower Clinch River (subreaches 4.01,4.03, and 4.04). Mercury concentrations 
are highest in Poplar Creek. 

Mean arsenic levels likely (LCL, C 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 C U-) 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. 
F d y ,  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 
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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 (Gamer and Kochitzky 1956; Cottrell1960; 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. Reakngs (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 (Cottrell1960). The principal radionuclides contributing to gamma activity in 
most years were I3'Cs, @Coy lace, total trivalent rare earths ("RE), and %r (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 1%1 survey probably resulted from increased releases of '06Ru 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 d c e  activities typically reflected the 
quantity of particle-associated radionuclides released at White Oak Dam. 
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Fig. 3.18. Major radionuclides found in Clinch River and Tennessee River silt by years 1954 through 1958. Source: W. D. Cottrell 
1960. Radhactivity in Silt of the Clinch and Tennessee Rivers. ORNL-2847. Oak Ridge National Laboratory, Oak Ridge, Tern. 
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Fig. 3.19. Gamma activity vs depth profde for selected locations in the Clinch River. Source: 
W. D. ComeII. 1960. Radiaactivity in Silt of the Clinch and Tennessee Rivers. 0-2847. Oak Ridge 
National Laboratory, Oak Ridge, Tern. 
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Fig. 3.20. Results of gamma suiveys in the Clinch River, 1951 through 1966. 
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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, 1%2 (Table 3.4). The bulk of this inventory was 13'Cs (- 150 Ci, or 75% of total). The 
remaining inventory was composed of an estimated 18 Ci (9%) of 6oCo, 16 Ci (8%) of 'qu, 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 '%s, 
9% of the @'Co, 0.4% of the ' q u ,  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 
(Cl? sediment 

(acre-ft) 

From Clinch To Clinch In rubreach Cumulative In subreach Cumulative 
River mile River mile 

0 2.80 22 22 340 340 

2.8 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 9.3 173 93 1720 

12.00 13 .05 10 183 85 1810 

13.05 15.00 6.8 191 38 1850 

15.00 16.75 2.2 193 33 1880 

16.75 18.35 4.7 198 39 1920 

18.35 19.85 0.1 198 4.7 1920 

19.85 20.65 2.3 200 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. Radiwtive Materia& in Bottom Sediment of Clinch 

River: Pan B, Invmto~ OfRadiaucClides in Ihzdism&ed Gms. ORNL-372. Oak Ridge National Laboratory, Oak 
Ridge, Tern. 
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In general, the distribution of radionuclides in the Clinch River is controlled by the mechanics of 
sedimentation. The longitudinal distributionmnong 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 thichess of radioactive 
sediment generally increased linearly from CRM 21 to the mouth of the Emory River (Fig. 3.23) 
(Carrigan and Pickring 1%7). 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 InCs) in core samples occurred at depth; the greater the sediment accumulation rate in an area, 
the greater the depth of the lnCs peak in the core (Fig. 3.24). The 137Cs 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 classitied 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 ?3r was found to be held by simple ion exchange and easily removed by 
ciruunneutral salt solutions. Strongly acidic solutions desorbed 8040% of the ?3r and 65-80% of the 
6oCo, whereas strongly alkaline solutions were more effective in desorbing '"'ku. Regardless of 
treatment, ~ 6 %  of the 13'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 '"'ku 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 137Cs and 
6oCo. Radiochemical analyses for 90Sr 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. Canigan, Jr. and R. J. Pickering. 1%7. Radioactive Materiak 
m Bottom Sediment of Clinch River: Part B, Inventory of Radionuclides in Undkturbed Cores. ORNL- 
372. Oak Ridge National Laboratory, Oak Ridge, Tern. 
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Fig. 3.22. Comparison of the longitudinal distribution of "Cs with gross gamma activity 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 
Ra&w&s in Undisturbed Cores. 0-372. Oak Ridge National Laboratory, Oak Ridge, Tern. 
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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, hentory OfRadiOnuclid~ in Undistked ares. 0-372. Oak Ridge National 
Laboratory, Oak Ridge, Tenn. 

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 
lWiomc&s in Undismrbed 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 

wi/g) (a) 
concentration (Crinch River mile) core 

'ncs 
%o 

%r 

606 

12.2 

11.7 

14.25 

14.25 

14.25 

28 

28 

31 

6.5 14.0 23 =amp, ,  

Source: T. W .  Oakes, W .F. Ohnesorge, J. S. Eldridge, T. G. Scott,D. 
W. Parsons, EL M. Hubbard, 0. M. Sealand, K. E. Shank, andL. D. Eyman. 
1982. Technical Background Information for the Environmental and Safety 
Report, Vol. 5: The 1977 Clinch River Sediment Survey-Data Presentation. 
OW-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 
5cm 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 surf8ce. The peak uranium concentration (7.8 mgkg) in the CRM 1.0 core also 
coincided with the mercury and lnCs peaks. 

The authors concluded that the peak releases of mercury and ?3 from ORR facilities in the 1950s 
are reflected in w e l l d e W  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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Fig. 3.26. The vertical distributions of mercury and mCs in selected sediment cores obtained 
from Watts Bar and Chickamauga reservoirs. Source: R. R. Turner, C. R. Olsen, and W. J. 
Wilcox, Jr. 1984. "Environmental Fate of Hg and lnCs Discharged from Oak Ridge Facilities." In D. 
D. Hernphill (ed.), Trace Substances in Environmental Health-XWZZ, 1984, a Symposium. University 
of Missouri, Columbia. 
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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 l(r15 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 Noms Reservoir (CRM 85.3 and 
94.1 and Powell River mile 6.0). AU samples were analyzed for radiological contaminants, baseheutral 
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 pghcg) comparable 
to those at the Norris and Melton Hill reservoirs reference areas (5 pghcg). 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 mglkg). 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 <500pm) and (2) the silt and clay fraction only (containing particles < 62pm but > 500pm). 
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 lbs 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 Cliich 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 @g; K-25 mean = 91 mg/kg), 13'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 p*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 13'Cs, Hg, 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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Fig. 3.27. Merwry concentrations vs depth and particle Size for Clinch River m e  sampling. Source: Tennessee Valley Authority. 1985. 
Instream Contaminant Study-Tmk 2, Sdiment Characterization. Vol. I. Office of Nahual Resources and Economic Development, Knoxville, Tern. 
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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 radiomclides, 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 '37Cs were detected at any location during the study. Mercury levels 
downstream of Poplar Creek 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 CWPC 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 alphaemitting radionuclides were present at or near 
background concentrations at all sites, but concentrations of =U, p8U and ='U were elevated in Poplar 
Creek. Gamma-emitting radionuclides exhibited expected spatial patterns, generally found at 
background levels above WOC (the exception beiig @'Co in Melton Hill Reservoir below Braden 
Branch, a known source of %) and elevated below WOC. Peak mean concentrations of u7Cs (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,OOO 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 acrm 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 InCs 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 '37Cs and 6oco 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 %o 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 tiom 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, identifiling 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 

I 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 '37Cs concentrations in sediment profiles collected downstream 
of Poplar Creek. The distribution of other metals in Clinch River and Poplar Creek sediments is not 

j well characterized in these studies but according to the site model concentrations, are expected to be 
1 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 
14.9, downstream of Poplar Creek (between CRM 8 and CRM ll), 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 d e  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 identi@ meaningful spatial patterns of 
contamination in these media and to interpret these patterns both in relation to lmown 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 . A 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 parameten 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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Fig. 3.32. Surface sediment mean concentrations of inorganic contaminants, by subreach. 
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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 EF’PC (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 EF’PC 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.OHelow 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 h t  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, q c ,  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 9)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 q c  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 q c  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 13’Cs and 6oCo are also elevated in core and surface sediment in this subreach, most 
likely as a result of bacbnow from the Clinch River or the discharge of cooling water from the K-1770 
steam plant (cooling water for the steam plaht was drawn from the Clinch River and released to Poplar 
Creek). 
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Fig. 3.40. Nickel concentrations (mgkg) 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 Smounding the Oak Ridge Gaseous Dimion 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 l-lower Melton Hill Reservoir. Mean concentrations of 6oCo 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 6oCo 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 13'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 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 hown 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 M l i n c h  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 reduckd from those within Poplar Creek itself. Mean mercury concentrations 
are relatively constant throughout reach 4. As noted earlier, 6oCo remains elevated throughout reach 4, 
but mean concentrations are low (< 1 pCi/g). In addition, concentrations of '37Cs 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., lnCs, 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. 



3-88 

LEGEND 

Phase 2 
0 - 11.54 
11.54 - 23.08 
23.08 - 34.62 
34.62 - 46.16 
46.16 - 57.7 

ORGDP Study 
IE 0 - 11.54 
B 11.54 - 23.08 
e %3.08 - 34.62 
a 34.62 - 46.16 
IE '46.16 - 270 

N 

s 

Prepared By: 
GeoSpatial Supporl (GSS) 
Envirnnmantal Information Management 
Emn'rnnrnental Restoration Division 

0.5 0 0.5 1 1.5 Miles 
1 

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 Contaniination in Stream Surrounding the Oak Ridge Gaseous Dimion 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 more 
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. 

v 

1 Reach 7+lcCoy 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. Nonebaeless, 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 Studies4RRI 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 fidings 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 HyuZeZZu uztecu (survival endpoint) and Anodontu imbeciZZis (survival 
endpoint). Toxicity of pore water was evaluated with the Ceriodaphniu &iu acute test (survival 
endpoint) and the liquid-phase Microtox’ test. The toxicity of elutriate was evaluated by using the 
crustacean Daphnia mugnu (survival and reproduction endpoints). AU 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. Compzrisons 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 whde sediment. Initially, 62 individual samples were tested for toxicity to H. azteca, 
and &om them 46 site-to-rekrence comparisom were made. In 85% of the H. adeca 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 220% reduction in survival in relation to survival at the reference sites (Table Ml). 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 &te& 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 270% in 
all tests and none of the study sites differed significantly from the test site (Table Ml). 

Seventy-five percent of all A. imbeciZZis tests resulted in 275% 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 220% 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 290% 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. mugna 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-@reference comparisons (12.5%) showed a 220% reduction in survival in relation to 
reference sites (Tables M6 and M7). None of these comparisons was statistically significant. 

Ofthe 40 site-@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 lint the most sensitive tests were the H. aztecu 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. &ia 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 transport. The fate of historically released 
InCs (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 at. 1981). The models were implemented independently by ORNL, by TVA 
in cooperation with the Iowa institute of Hydraulic Research, armd 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 137Cs distributions (Cottrell 1960; Morton 1965; Stnmess et al. 1%7; 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 u7Cs 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 137Cs 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 Ki to simulate the known erosion and 
subwpnt movement downstream of contaminated sediment deposited in the Clinch River during the 
period of peak 137Cs 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 InCs 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 
*Cs levels, and many samples collected very near each other differed significantly in InCs 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 InCs inventory very well. 

Each model made predictions on the basis of three future scenarios: (1) no major storm events or 
re leak of 137Cs, (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 
*Cs inventories predicted for that date by their respective models. All simulations evaluated both short- 
term (2-week, 1-month, and &month) and long-term (l-year and 10-year) responses. The increased flux 
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Fig. 3.42. Results of model simulations for estimating total 13'Cs inventories (curies) within reaches of the Clinch River for 1977. 
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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 in bed sediments 

Modelandscenario Onset 2weeks lmonth 6months lyear loyears 

HEC-6-R 

No storm 

Local storm 

system storm 

CHARlMA 

No storm 

Local storm 

System storm 

39.9 

39.9 

39.9 

30.7 

30.7 

30.7 

39.9 

46.6 

34.0 

30.7 

33.2 

25.7 

39.8 

44.4 

33.3 

30.7 

33.2 

24.1 

37.5 

37.8 

31.9 

28.9 

28.0 

22.9 

37.2 

37.5 

31.6 

28.7 

27.9 

22.8 

30.5 

30.7 

26.3 

25.7 

24.7 

20.2 

TODAM 

No stonn 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 

HECd-R mdeZ wsuh. 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 lhe 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 (Le., 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 '=Cs 
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 term. CHARIMA predicts less of an increase @.e., only 
3 Ci) in contaminant levels than HEC-6-R as a result of the local storm, but again the increase is only 
teemporary. 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 @.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 mo&Z results. The TODAM scenario results differ from those of HEC-6-R and 
CHARIMA in a number of significant ways. To begin, the 1991 '37Cs inventory in the river predicted 
by TODAM is three- and four-fold of that predicted by HEC-6-R and CHAFUMA, respectively. In the 
Iy)-stMm scenario, both m - 6 - R  and CHARMA show roughly 5% reduction in lnCs levels between 
1 and 6 m o h .  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 137Cs 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 '37Cs 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 I3'Cs levels, whereas both HEC-6-R and CHARIMA showed an immediate decrease as 
a result of erosion. 

Swnmary of one-dhenswnal models. Each model predicts that, in the absence of a significant 
(Le., lwyear) storm event, the existing inventory of '37Cs 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, 1Wyear 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 
cuarse 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 t w m o n a l ,  finitdement 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 M c M y  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 (timedependent); reverse and lateral flows; and complex flow patterns related to 
the power plant, channel islands, weirs, and tributaries. A two-dimensional finiteelement 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 quadrilatexk 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 



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 RMA2 uses observed water surface elevation at the downstream boundary and 
inflow values fiom 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 + O.92286XI 
2, implying where Y is the observed stage and X is the simulated stage. The regression (R"> was 0.989 

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 fim-grained sediments (clay and silt) were used as a surrogate for contaminated 
sediments. Fm-grained sediments are a good surrogate for '37Cs 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 '37Cs released was adsorbed to 
suspended sediments (Churchill et al. 1%5). 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 hi& 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 fiom 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). 

Swnmary of t w m n s i o n a l  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 tramported further downstream than silt. 



3-96 

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. 

3. No significant deposition occurred in the lower Clinch River in any of the simulations. 
4. 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. 

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 

Storm 

Sit 
(%I 

Baseline Local System 
stom storm 

White Oak Creek 29.36 4.27 4.63 85.38 39.77 46.06 

Upper Clinch River 

Lower Clinch 
River 

0.00 

0.00 

68.17 

0.00 

0.53 

0.00 

0.00 

0.00 

48.50 

0.00 

25.97 

0.00 

Out of Clinch River 70.38 27.57 94.65 14.62 11.73 27.92 

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 a d  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 Reservoit, contamhint levels are generally at or near background levels except for 
%I, 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 &e Clinch River downstream of WOC is 137Cs. 
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, bave lower average 137Cs 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 lnCs as a result of concurrent 
release histories. 
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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 v c  
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 InCs and 6oCo 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. 

Onedimensional sediment transport modeling was conducted to predict future contaminant (l3'Cs) 
fate and distribution under a variety of hydrological conditions. In general, barring any significant 
additional release to the Clinch River, existing levels of InCs 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 e x t e ~  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 SUmmaLlzed in Sect. 3.5.4. 

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

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

35.1.1 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 
conslrmption (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 @e., bones 
and flesh) bottom feeders. It was estimated that, as a result primarily of %r 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 %r and 20% of the 13'Cs measured in fish tissues 
were attributable to atmospheric fallout from nuclear tests. 

35.1.2 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 Cliich River and in Poplar Creek, existing data indicated that 
mean mercllty concentrations, although elevated, were below the Food and Drug Administration (FDA) 
action level, 1 mgkg. 

Duringthe study, TVA (1985d) collected fish (primarily bass and bluegill) from several sites in the 
Clinch River, fiom one site in Poplar Creek, fiom 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 fiom 0.03 mgkg (in bluegill 
at CRM 2.0) to 0.93 mgkg (in smallmouth buffalo at PCM 0.2). With all species combined, mean 
mercury concentrations in fish fiom Poplar Creek and the Clinch River were elevated above background 
levels but were below the FDA action level, 1.0 m a g ;  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 mgkg). Concentrations 
in Clinch River Catfish decreased with distance downstream of WOC, but appeared elevated in relation 
to catfish from Melton Hill Reservoir. Mean concentrations (4.0 mgkg) in catfish from the Clinch 
River were below the FDA action level, 2.0 mgkg (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). 

35.13 CRRI Phase 1 

Three fish species (bluegill, channel catfish, and largemouth bass) were collected from Watts Bar, 
Melton Hill, and Noms 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 Nonis Reservoir refmce 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 1 9 8 0 ~ ~  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 CRRl 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 colleckd from reach 4 during Phase 2 for PCB (Aroclor) analyses for purposes of the 
human health risk assessment. 
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Fig. 3.43. Mean total PCB concentrations (mgkg) in catfish at various sites throughout the Tennessee River section of Watts Bar 
Reservoir from 1987 to 1992. 
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Fig. 3.44. Mean total PCB concentrations ( m e )  in catfish at various sites throughout the Clinch River arm of Watts Bar Reservoir 
and Poplar Creek embayment from 1988 to 1992. 





3-102 

,‘ i I 
I 

\,; 

qrson 
.O. 

don 
1. 

1- 

Blount /? 
I co. / 
I 

760,000 770,000 780,000 

210,000 

200,000 

190,000 

180,000 

170,000 

160,000 

150,000 

Clinch River 

3nvironmental Restoration 
Program 

Fish Sampling L Q C ~ ~ ~ O H I S  for 
Phase 2 

LEGEND 

0 Sample Location 

r River Mile Marker 

DOE Boundary i---- 1 I ------ 
--------. Plant Boundary 

County Boundary ----- 

Tennessee State Plane Coordinate System, NAD 83 
Source: Lake boundary provided by TVA 

Sample locations provided by 
Environmental Science Division 

Prepared by GeoSpatial Support (GSS) 
Enironmental Information Management 
Enviromental Restoration Division 
Created: 96-03-08.10:09:29.Fri Version 1.0 

Fig. 3.45. Sample locations (Clinch River Remedial Investigation Phase 2) for characterizing 
the nature and extent of contaminants in fish. 



Cumber land 
co. 

Rome 
co. 

\ Morgan 
CO. 

\ \ 
,4 Oa,. 

710,000 720,000 730,000 740,000 750,000 



3-103 

Largemouth bass (Mimopterm 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, Cy and Se) and on PCBs (congeners and Aroclors) and pesticides (primarily chlordane). 

Catfish (channel, Ictalurus pundatus, 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 
concmtrations 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 'OSr 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 suallty assurandquali@ control reasons, a l i i t ed  number of catfish were also 
anaEyzed for these compounds in Phase 2 to codinn 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 
contamhint 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 analyzd 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 LEETEST 
procedure) to estimate the mean analyte concentration. These methods take into account nondetects by 
testing for the equality of the ani$& distribution bct ion from the Werent 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 &cient data available, including the variable "year" as a factor in the 
ANOVA would have yielded more power in dwmmatm ' g 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 painvise comparisons (z-test 
of independent means) were made between sites of a priori interest (e.g., study sites, upstream reference 
sites) by avmgingthe means overthe 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. 

. . .  



3-104 

353.2 Results 

A number 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 concern, sibrelated 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 mgkg), and concentrations declined as a gradient from that point downstream (Fig. 3.48). In the 
lower Clinch Bver (subreach 4.04), levels were no longer significantly different from reference values. 
Mean mercury levels did not exceed the FDA action level (1.0 mgkg) at any location, and the UCL,, and 
maximum concentration were less than this value at all sites (Table D3). 

Meanberyllium concentrations appear to be highest in subreaches 3.02 and 3.03 of Poplar Creek 
(Fig. 3.46), but drop to ref- 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 mgkg) and 3.04 (0.085 mgkg) than at any other location sampled. 
The lowest concentrations were found in bluegill from reach 18 (0.021 mgkg). 

Copper was detected inf?equently in bluegill; >60% nondetects OcCulTed at all sites. Interestingly, 
the highest concentrations of selenium were found in fish from Melton Hill Reservoir (reaches 0 and l), 
upstream of almost all potential ORR sources. Mean levels (0.75-0.86 m a g )  in these reaches were 
significantly greater than any of the reference values. 

The Phase 1 data demonstrated that I3'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 pattem 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. 3.5 1). 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 al l  Poplar Creek subreaches were significantly higher than the Norris Reservoir 
refmce concentration as well. The UCL,, concentration in bass was below the FDA action level (1.0 
mgkg) in a l l  reaches (Table D4), but seven fish fiom Poplar Creek had mercury levels in excess of this 
amount. Neither selenium nor copper showed ORR site-related patterns. Copper was again detected 
infiequently. The greatest rate of detection for copper was 67% in subreach 4.04; in all other subreaches, 
nonde- accounted for at least 85% of the data. Selenium concentrations were again highest in Melton 
Hill Reservoir. Beryllium concentrations were highest in bass &om 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 u7Cs activity in bluegill sunfish. 
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Fig. 3.50. Mean arsenic concentrations in largemouth bass. 
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Fig. 3.51. Mean mercury 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 fiom reach 2 were significantly elevated in comparison 
with wncenhtions in bass fiom Melton Hill Reservoir but not with concentrations in bass fiom Noms 
Reservoir or from the reference arm of Watts Bar Reservoir (reach 18). 

- 

- 

- 

Again, as with bluegill, the mean concentration of l3Ts (5 pCi/g) in bass fiom 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 adyses 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 Noms Reservoir (Fig. 3.53). 
The mean concentration of Aroclor 1254 in reach 3 (0.3 1 mgkg) was significantly higher than in any 
other reach. The mean wncentration of Aroclor 1260 in reach 3 (0.29 mgkg), although higher than in 
most reaches, was not statistically different fiom mean values in either 
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Fig. 3.52. Mean '57Cs 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 
maximumvalues for total PCBs (sum of Aroclor 1260 and 1254) are below the FDA action level (2.0 
mgflrg) at al l  locations (Table D4). The Chlordane data did not reveal any site-related patterns (Fig. 3.54). 
TbeUCL, 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 I3'Cs activity in catfish 
was approximately an order of magnitude greater in the Clinch River below WOC (subreach 2.02 ) than 
m upstream refmce reaches (Fig. 3.55). Mean 90Sr activity in vertebrae of catfish fiom subreach 2.02 
was -3 times greater than in fish fkom Noms Reservoir. 

No sibrelated spatial pattern was evident for chlordane in catfish (Fig. 3.56). Mean concentrations 
were highest at 1owerMelton Hill, WOC Embayment, and upper Clinch River (subreach 2.02) sites and 
did not differ significantly among these sites. 

Only three PCB Aroclors were detected in catfish during the study, one of which (Aroclor 1016) 
was detected only once in 277 samples. Total PCB concentrations (the sum of the remaining Aroclors 
-1254 and 1260) were lowest in Noms and Melton Hill reservoirs and in upper Poplar Creek 
(Fig.3.57). The highest concentrations were found in the WOC embayment. However, this site was 
sampled during Phase 1 only and has since been the focus of a CERCLA removal action during which 
a weir was constructed across the mouth of the embayment to restrict movement of contaminated 
sediment into the Clinch River (see Chap. 2).The WOC embayment is no longer included in the CR/PC 
OU. Catfish fiom the upper Clinch River immediately downstream of WOC (subreach 2.02) had the 
second highest total PCB concentrations. Concentrations decline downstream in the Clinch River but 
increase again in subreach 4.04, where levels are comparable to those in the lower Emory River (reach 
6) and the Tennessee River (reaches 18 and 5). Concentrations of both Aroclor 1254 and 1260 in one 
or more subreaches of Poplar Creek were significantly higher than in reach 13. Mean concentrations of 
total PCBs generally increased in the downstream direction in Poplar Creek, except for a slight drop in 
concentration in subreach 3.03. Maximum total PCB 
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Fig. 3.54. Mean total chlordane concentrations in largemouth bass. 
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Fig. 355. Mean u7Cs activity in catfish. 
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coIlcentrafions in individual fish exceed the FDA action limit (2.0 mgkg) in reaches 22,2,3,4,18, and 
5. The mean concentration exceeded this criterion only in the WOC embayment (Table D5). 

As noted above, ten catfish from one location (Poplar Creek) were analyzed for semivolatile organic 
compormds to verify the low concentrations observed in the Phase 1 data, which for reasons of quality 
assurance needed to be confirmed. Most analytes were undetected (Table D2). Several phthalate esters 
and the compound napthalene were detected at low concentrations in several fish (Table D5). 

Striped bass. Striped bass were collected from four reaches: Norris Reservoir (reach lo), reaches 
2 and 4 in the Clinch River, and in lower Watts Bar Reservoir (reach 5). Mean concentrations of 
chlordane, Aroclor 1254, and Aroclor 1260 were lowest in Noms Reservoir and substantially higher in 
the Clinch River and lower Watts Bar Reservoir (Fig. 3.58). None of the data indicate a strong site- 
related effect, but the absence of data from several of the study reaches (particularly Melton Hill 
Reservoir) limits interpretation of the data. Mean and UCL,, concentrations did not exceed the FDA 
action level for total PCBs of 2.0 mgkg in any reach. Only one fish (from reach 5 )  had a concentration 
in excess of this value. 

3.5.23 Other characterization considerations 

Contaminant levels in fish are known to vary widely from year to year and from one species to 
another at the same site. An ANOVA of the Phase 2 data was conducted to evaluate the effects of 
sampling location, year, and species on contaminant concentrations. Because this analysis was was based 
on an unbalanced design with missing cells, the conclusions should be regarded with caution. Where a 
sigdicant main effect (a = 0.05) was observed, Scheffe’s multiple comparisons test was used to identify 
significant differences between individual means (sites or species). 

Figure 3.59 summarizes the Phase 2 menmy data. As was the case with the single species analysis 
(Sect. 3.5.2.2) for bluegill and largemouth bass, sites in Poplar Creek had the highest mercury 
concentrations. Among species, mean concentrations were greatest in largemouth bass and smallest in 
bluegill. Sign%cant interactons between the year and species effects indicate that concentrations do not 
vary in the same fashion among species from year to year. 
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Fig. 3.58. Mean total PCB concentrations in striped bass. 
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The ANOVA of the remaining metals data (As, Be, Se, and Cu) indicated signifcant site, year, and 
species effects, but in each case, significant interactions between main effects variables indicate that the 
mean concentrations of the analytes did not consistently vary among species-site-year combinations. 

The total PCB data are summarized in Figs. 3.60 (catfish) and 3.61 (remaining species). The 
ANOVA indicated significant site and species effects. In general, the spatial patterns for all species were 
similar. The lowest wncmhtions for all species were found in Noms Reservoir and tended to increase 
downstream, with generally increased levels in the lower Clinch River and the Tennessee River. Each 
species for which data are available exhibited a relatively sharp increase in mean concentrations in the 
Clinch River immediately below WOC in comparison with upstream values. As expected, catfish had 
the highest mean concentrations of PCBs among the species sampled. Concentrations in striped bass 
averaged 78% that of ca&h collected at the same location, and concentrations in largemouth averaged 
37% that of catfkh. Concentrations in composite samples of carp, bluegill, and white crappie collected 
at CRM 1.0 were also a fiaction (45%, 38%, and 17%, respectively) of that found in catfish from the 
same location. No year effect was found even when the analysis was restricted to the catfish data alone. 
Although substantial variation exists at any site fiom year to year, the trend is not consistent among sites. 
These local temporal effects may be the result of local short-tern changes in PCB loading to the system, 
remobilization of PCB-contaminated sediment, or changes in the aquatic community and food chain 
dynamics. 

ANOVA for total chlordane indicated significant effects for each of the main variables and also 
significant interaction between each variable. As with the single species analysis, although there were 
spatial effects, the spatial pattern did not appear strongly related to the ORR Overall, concentrations 
were highest in catfish and striped bass, whereas those in largemouth bass were lower. 

353 Supporting Studies 

A number of studies involving biota were conducted in support of the CRRI Phase 2 investigation. 
Most were designed to gain insight into specific contaminant issues relevant to the ecological or human 
health risk assessment. These data are presented here and discussed briefly, but the interpretation and 
fill use of these data is deferred until Chap. 5 (human health risk assessment) and Chap. 6 (ecological 
risk assessment). Supporting studies include the anaIysi of contaminants in the food web (Sect. 3.5.3.1), 
the extent and effects of contaminant loading in great blue heron (Sect. 3.5.3.2), the effects of 
contaminant loading in mink (Sect. 3.5.3.3), the analysis of bioindicators in fish (Sect. 3.5.3.4), the 
analysis of reproductive indicators in fish (Sect. 3.5.33, a spatial and temporal analysis of PCB 
congeners in catfish (Sect. 32~3 .6 )~  and the nature and extent of contamination in geese (Sect. 3.5.3.7). 

' 

353.1 Contaminants in the food web 

The goal of this task was to identify important sources and pathways of contaminant transport, 
movement, and bioaccumdation within the Clinch River-Poplar Creek food web. The study consisted 
of collecting mayflies and shad from several locations for contaminant analysis. The resulting data are 
used in the ecological risk assessment to directly assess risk to selected insectivores and piscivores. 

Adult emergent mayflies (Hexagenia sp.) were collected from three locations: PCM 2.0 in 1993 
and 1994; CRM 1.0 in.1993 and 1994; and TRM 570 in 1993. Several dozen mayflies were collected 
and composited into three samples at each site and analyzd for Aroclors 1260 and 1254, pesticides, and 
five metals (As, Pb, Hg, Ag, and Zn). 
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Mercury levels were significantly elevated in mayflies fiom Poplar Creek in comparison with the 
other two sites (Table D7). Of the other metals, silver was undetected at any location, and concentrations 
of the other metals did not differ significantly among sites. 

No pesticides were detected in any mayfly samples. Of the PCBs, only Arwlor 1254 was detected 
(Table D7); mean values at all sites were 4.15  mgkg and were lowest in the Poplar Creek samples (Fig. 
3.62). 

Shad ('gizmd, Dorosoma cepedanum, and thmdfk, D. petenense) are a primary food for striped 
and largemouth bass in WBR Shad were collected fiom 12 sites and analyzed whole for PCBs and 
pesticides. Total chlordane COaGentrations in whole shad did not differ significantly among sites. As with 
the other fish species (Sect. 3.5.1), total PCB concentrations in shad exhibit a great deal of among-year 
and among-site vaxiabiity (Fig. 3.62). On average, total PCB concentrations in shad were roughly 25% 
that in catfish and striped bass fillets and 70% that in largemouth bass fillets. 

This supporting study demonstrated that both mayflies and shad have accumulated body burdens 
of certain contaminants and therefore represent routes of contaminant exposure for higher trophic 
organisms. Mayflies and other aquatic insects likely provide one of many mechanisms for the transport 
of contaminants into fish from the sediment, whereas shad are likely the most important pathway for 
PCB contamination of piscivorous fish. 

3.53.2 Contaminant accumulation and effects in great blue heron 

Sub (1990) identified that piscivorous wildlife along the Clinch River are potentially at risk fiom 
toxicant releases from the ORR The current study tried to determine ifthe great blue heron (Ardeu 
herodias) populations near the ORR suffer contaminant-induced effects, particularly with respect to 
mercury and PCB exposure. It was especially important to determine if contaminant exposure has 
resulted in impaired reproductive capacities, which in turn could threaten the viability of the population. 
The great blue heron was chosen as an indicator species because it (1) is predominantly piscivorous, 
foraging along the major wataways on and downstream of the ORR; (2) is at the top of the aquatic food 
chain; (3) has been suggested to be a good indicator of aquatic health; (4) is well represented in the 
scientitic literahrre, including the toxicological literature; and (5) satisfies necessary logistical sampling 
considerations. Xmportant logistical considerations were the presence of study and reference colonies on 
or in proximity to the ORR and population densities adequate for sampling requirements. Jn addition, 
great blue heron are highly visible, fadlitating direct observation and site location. 

Heron chicks and eggs were collected from four colonies fiom March 1992 through June 1994. 
Chicks and eggs were processed and analyzed for several metals and PCBs (Arwlors and individual 
congeners), and a number of physiological parameters were also measured. Egg and chick collection and 
processing techniques are described in "Heron Monitoring and Collection Procedures" (Energy Systems 
1994) and "Heron Necropsy, Egg Examination, and Tissue Analysis" (Energy Systems 1995). 

, 

Two of the colonies are located within 1.8 miles of the ORR (at the K-25 Site and at Melton Hill 
Reservoir). Herons at these locations are potentially exposed to contaminants occurring on the 
reservation; these colonies were therefore considered to be on-site. The remaining colonies (at Long 
Island and h e y  Island) are located in the Tennessee River (reach 18) >6 miles fiom the ORR Heron 
in these off-site colonies were assumed not to be exposed to contaminants fiom the ORR It should be 
noted, however, that many of the analyses revealed the Melton Hill colony to be significantly less 
contaminated than the K-25 colony; therefore, most of the on-site to off-site comparisons that follow are 
comparisons of the K-25 colony and the two off-site colonies. 
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In addition to chicks and eggs from each colony, fish regurgitated from chicks or found beneath 
nests were collected for PCB and mercury analyses. Mercury and chromium concentrations were 
significantly p t e r  in fish collected from colonies located on the ORR than in colonies located off the 
ORR (Table Nl). No significant differences in PCB concentrations existed between on-site and off-site 
colonies. 

The mean mercury concentration in eggs collected on the ORR was significantly greater than the 
mean concentration in eggs collected off the ORR (Table N2). Overall, the mean concentration was 
greatest in eggs collected from the K-25 colony and least in the Melton Hill colony. The mean chromium 
concentraiion in eggs collected on the ORR was si@cantly greater than the mean concentration in eggs 
collected off the ORR (Table N2). Mean chromium concentrations were greatest in eggs collected from 
the Melton Hill colony (0.22 mgkg) followed in decreasing order by concentrations in the K-25 
(0.15 mgkg), Long Island (0.11 mg/kg), and h n q .  Island (0.11 mgkg) colonies. Arsenic.was 
quantified in only one egg, and the concentration was below the contract required detection limit. 

Mean mercury concentrations were significantly greater (p < 0.05) in feathers and liver tissue of 
chicks collected on the ORR in comparison with those collected off the ORR (Table N3). No significant 
differences existed in mean muscle concentrations between colonies located on or off the ORR. No 
significant differences in mean liver, muscle, or feather concentrations of arsenic or chromium were 
detected between chicks collected on and off the ORR (Table 373). 

Mean concentrations of Aroclor 1260 and 10 congeners were significantly greater in eggs collected 
on the ORR in comparison with concentrations in eggs collected off the ORR (Table N4). Overall, 
concentrations were greatest at the K-25 site. Aroclor 1260 concentration was significantly greater (p 

0.05) in fat, liver, and muscle tissue from chicks collected on the ORR in cornparison with 
concentrations in chicks collected off the ORR (Tables N5-N7). Although concentrations of all 
congenm weregreaterinfattissue from chicks collected on the ORR, this difference was significant in 
only 30% of the congeners quantified. 

Chick weightllength ratios, liver somatic indexes, and hematocrit measurements did not differ 
between on-site and off-site colonies. Paradoxically, mean values for two indicators of contaminant 
exposue, liver EROD (7-13hOxyreSOrUfin 0-deethylase) activity and DNA F values (fraction of double 
stranded DNA), were significantly greater (p 0.05) in chicks collected from colonies off the ORR 
compared to those collected on the ORR (Table N8). 

No significant differences between on-site and off-site colonies were observed in the number of 
eggs or chicks per nest (Table N8). The mean weight of eggs collected from on-site colonies was 
significantly heavier than that of eggs from off-site colonies; however, there was no difference in shell 
thickness. 

Herons occupying colonies on the ORR have significantly elevated body burdens of chromium, 
mercury 6-25 Site only), and PCBs 6-25 Site only) in comparison with herons occupying colonies off 
the 0R.R However, neither the number of eggs laid per nest nor the survival rate of chicks to fledging 
differed between on-site and off-site colonies. These results are further evaluated in the ecological risk 
assessment (Chap. 6), along with other pertinent data, to determine whether heron populations at the 
ORR are at risk. 
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3.533 Reproductive performance of mink 

Mink (Mustela vison), a mammalian piscivore, was also evaluated for determining possible 
contaminant-related effects on local populations. Mink w e  selected for study because they are sensitive 
to exposwe to PCBs (Aulerich and Ringer 1977) and mercury (Calabrese et al. in press) and are known 
to inhabit the ORR However, mink are secretive and population densities tend to be low, making 
assessment of effects in natural populations diflicult. Therefore, the potential for effects at the ORR was 
assessed through the use of a controlled feeding study. The study sought to evaluate the correlation 
between contaminant biomulat ion and reproductive effects in mink that were fed fish collected fiom 
three sources: (1) the ORR (Poplar Creek below EFPC), (2) the Clinch River above the ORR (above 
MeltonHill Dam), and (3) the ocean (mackerel from a commercial supplier). The species composition 
of fish collwkd h m  the ORR and the Clinch River above Melton Hill Dam were similar and consisted 
mostly of benthic species (Table N9). 

Fish fiom each location were homogenized and ten aliquots of homogenate collected for 
contaminant (mercury and PCBs) analyses. Mean mercury concentrations in fish were significantly 
different among locations; the concentrations were greatest in fish fiom Poplar Creek and least in ocean 
fish (Table N10). Mean (lipid-adjusted) Aroclor 1260 concentrations exhibited an identical pattern 
(Table N1 l), as did most of the individual PCB congeoers (Table Nll).  

Five diets, composed of 75% fish and 25% normal mink diet, were prepared. The fish portion of 
two reference diets consisted entirely of ocean fish (diet A) and of Clinch River fish (diet B). The fish 
portion of the remaining 3 diets (diets Cy D, and E) contained 33,67, and 100% fish collected fiom 
Poplar Creek and 67,33, and 0% ocean fish, respectively. 

Ten aliquots of each diet were collected for contaminant (mercury and PCB) analyses. The mean 
mercury concentration in each diet differed significantly fiom all  other diets (Table NlO), increasing 
progressively fiom diet A through diet E. Aroclor 1260 concentrations in diets B and D did not differ 
significanw, otherwise, mean concentrations in all diets differed (Table N12). Mean concentrations were 
greatest in diet E, less in diets B and D, still less in diet Cy and least in diet A. Many individual PCB 
congeners exhibited the same pattern. 

. 

Fifty adult natural dark mink from the Michigan State University Experimental Fur Farm were 
randomly divided into five groups with two males and eight females in each group. Each mink group was 
fed one of the prepared diets fiom December 1,1993, through approximately June 30,1994. Mating 
began March 1,1994, and was confined within the respective groups. Kits were whelped by mid-May. 

At the conclusion of the study, mercury concentrations in liver, kidney, and hair of adult female 
mink were found to increase progressively in mink fed diets A through E (Table N13), corresponding 
to mercury concentrations in fish and in diets. Mercury concentrations in kit kidney tissue and 
homogenized carcass were not significantly different in offspring of mink fed diets A, By or Cy but were 
significantly greater (p < 0.05) in.offspring of mink fed diet E (Table N13). 

The mean Aroclor 1260 concentration was significantly greater in liver tissue of female mink fed 
diet E (Table N14). Mean Aroclor 1260 concentration in fat tissue from female mink fed diet E were 
significantly greater than mean concentrations from female mink fed diets A or B (Table N15). 
Concentrations of many PCB congeners exhibited similar patterns. Mean Aroclor 1260 concentrations 
in liver tissue fiom 6-week old kits did not differ significantly among diet groups (Table N16), nor did 
they differ in whole kit carcasses (Table N17). 
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Mean whole body weights of female mink were not significantly different among diet groups at the 
beginning of the experiment; however, at its conclusion females in diet group E weighed significantly 
less (p = 0.03) than females in diet group A (Table N18). The mean relative organ weights (organ 
weightshody weight) of females did not differ significantly among diet groups. At 6 weeks of age, 
mean whole body weights were significantly lower (p = 0.004) in male kits from diet group E than in 
those l h m  diet group A. A similar trend was observed in 6-weeksld female kits, although differences 
were not statistically significant. Mean relative kidney weights were significantly lower (p = 0.003) in 
kits from diet group B compared with those from diet group E. Kit mean relative liver and spleen 
weights were not significantly different among diet groups. No histological lesions were attributed to 
diets. 

Mean litter size was significantly r e d d  @ = 0.01) in diet group E in comparison with diet groups 
A, B, and C but not in diet group D (Table N18). Liver EROD activity, a sensitive biomarker of 
exposure to PCBs, was significantly increased in adult female mink fiom diet groups D and E in 
comparison with those from diet group A (Table N18). 

Several effects are noted, particularly for mink whose diet contained the greatest proportion of ORR 
fish (diet E). Mean concentrations of mercury and PCBs were greater in fish collected from streams 
located on the ORR, these contaminants were higher in diets that had an increased percentage of ORR 
jish, and body burdens were correspondingly higher in adult mink that were fed the more contaminated 
diets. Liver EROD activity was increased in the mink that were fed diets D and E, which contained the 
greatest proportions of 0RRM-i. Female mink that were fed diet E weighed less at the end of the study, 
produced the fewest kits, and their kits weighed the least at 6 weeks of age. The extent to which these 
results indicate a threat to populations of mink or other piscivorous mammals at the ORR will be further 
evaluated in the ecological risk assessment (Chap. 6). 

353.4 Bioindicator analysis 

Bioindicator analysis was conducted on largemouth bass and bluegill (1) to determine if the health 
of these species is being adversely affected by contaminants in the Clinch River-Poplar Creek system, 
(2) to establish baseline conditions for evaluating the effectiveness of any future remedial actions, and 
(3) to provide information to be used in the ecological risk assessment. The health status of these two 
species was evaluated by both a functional response group approach (individual response parameters) 
and an analysis of integrated site responses. 

Functional response groups. Individual bioindicator measurements (Tables N19422) include 
five categories: (1) detoxification enzymes, (2) organ dysfunction, (3) histopathology, (4) overall fish 
health (condition indices), and (5) nubition and feeding status. In addition, the Health Assessment Index 
0 was applied to individual fish to provide an overall health profile of the population at each site. 
These functional groups reflect gradients of both ecological relevance and time-course of responses to 
stressors such as contaminants (Adams 1990). The variables in categories (1) and (2) are primarily 
short-term response indicators and have relatively low ecological relevance, whereas the variables in 
groups (3) through (5) are longer term response indicators and are characterized by lower toxicological 
but higher ecological relevance. 

Deraxification enzpnes. The activity of liver detoxification enzymes is used to assess exposure 
to Contaminants; EROD activity is one of the best indiwrs in field populations (Adam et al. 1992qb). 

Mean EROD activity in largemouth bass was increased at the two lower Poplar Creek sites and in 
the Clinch River immediately downstream of the mouth of Poplar Creek (CRM 10) in relation to bass 
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h m  the two refmce sites (Fig. 3.63). Bluegill showed a merent pattern-only those fiom CRM 20 
near the mouth of WOC demonstrated a significant increase in enzyme activity. Microsomal protein 
levels showed patterns similar to, butless pronounced than, that of EROD activity in each species. The 
difference in response between the two species is considered a function of diet-bass consume a diet 
(principally shad) that is relatively more contaminated than that of bluegill (benthic invertebrates). 

&gan dysfunction. Elevated Creatinine levels typically indicate kidney malfunction (Tietz 1986). 
For largemouth bass, creatinine levels at all Clinch River and Poplar Creek sites appear elevated above 
the reference values but were statistically significant only at PCM 1.0 (Fig. 3.64). Creatinine levels in 
bluegill were generally similar to reference values; only those sunfish from PCM 1.0 had values that 
appeared higher. 

The enzyme alanine aminotransferase (ALT) is generally used as an indicator of liver damage; 
elevated levels in humans are a sign of liver cirrhosis, hepatitis, or disease that affects cell integrity. 
Bluegill from PCM 1.0 had ALT levels that were significantly higher than either reference site (Table 
N20). Levels of this enzyme in largemouth bass did not suggest liver damage. 

Total serum protein concentration, another general indicator of protein metabolism, was 
significantly lower in largemouth bass from CRM 20 and PCM 1.0 than in reference fish. Bluegill 
collected h m  the Clinch River sites and PCM 4.6 all had lower values in comparison with the reference. 
Abnormally low values of blood protein observed in these fish can reflect anomalies in protein 
metabolism or nutritional stress (Lockhart and Metner 1984). 

Histopathology. Although several indicators of liver pathologies (number of macrophage 
aggregates, amount of necrotic parenchyma, and abundance of parasites) appeared elevated in bluegill 
h m  Poplar Creek and immedi@€y downstream in the Clinch River (CRM lo), most increases were not 
statistically significant. Similarly, few significant effects were observed for largemouth bass. 

The major lesions observed in the liver and spleen tissue of bluegill (Table N23) and largemouth 
bass (TableN24) were recorded by severity. The average rank of all lesions was used (qualitatively) to 
indicate the severity of histopathological damage to the major organs of fish at each of the sample sites. 

Bluegill fiom upper Poplar Creek (PCM 5.3 and 4.6) were in the poorest histopathological con- 
dition (TableN23). Lower WBR (TRM 530) fish were in the best condition; the condition of fish from 
the Clinch River was intermediate. It was somewhat surprising that bluegill from CRM 20 (near the 
mouth of WOC) were in better condition than bluegill 1.5 d e s  upstream of the WOC mouth (Fig. 3.65). 

Largemouth bass fiom PCM 4.6 were in the poorest histopathological condition, but fish from the 
other sites in Poplar Creek generally scored better than fish from the Clinch River (Table N24). In 
contrast to bluegill, bass from CRM 20 had the second poorest overall score. The histopathological 
condition of largemouth bass improved incrementally with distance downstream from CRM 20 
downstream to CRM 1.0 (Fig. 3.65). 

Condition indices. The condition factor K is a generalized indicator of the overall health or 
"plumpness" of a fish and can reflect the integrated effect of both nutritional status and metabolic stress 
as a result of contaminants (Adams and Ryon 1994). The K factor was significantly higher for 
largemouth bass h m  CRM 1.0 and PCM 1.0 than from the Noms reference; the generally less "plump" 
fish in Norris Reservoir are primarily explained by its oligotrophic character. Only one site had a 
signijimtly reduced K &toq bass from CRM 20 had significantly lower values than bass fiom either 
reference site (Fig. 3.66). The K factor was similar for bluegill across all sites. 
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Fig. 3.63. Means + SE for detoxificati-n enzyme indicators PROD (7-el iosyresorufin 
0-deethylase) and microsomal protein] for male largemouth bass (clear bars) and bluegill sunfish 
(hatched bars) at each sample site, 1993-1994. A = significantly different from Tennessee River mile 
530; B = signific.mtly different fiom Clinch River mile 125. 
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(hatched bars) at each sample site, 1993-1994. A = significantly different from Tennessee River mile 
530; B = significantly different from Clinch River mile 125. 
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The visceral-somatic index (VSI) reflects energy stored as lipids in the mesenteries of the viscera 
and is usedto indicate the overall fat storage and bioenergetic condition of fish (Adams and Ryon 1994). 
Largemouth bass from Poplar Creek and the Clinch River (except CRM 21.5 and PCM 4.6) had 
significantly higher VSI values than those from the Noms reference, but the values did not differ from 
the lower Watts Bar reference (Fig. 3.66). In contrast, the VSI values for bluegill fiom CRM 20 and 
CRM 21.5 and from lower Poplar Creek were significantly lower than that for bluegill fiom TRM 530; 
these lower values indicate levels of bioenergetic dysfunction at these sites. 

The liver-somatic index &SI) uses measures of liver enlargement as an indicator of metabolic 
energy demands (Adams and M c h  1985). Liver enlargement caused by hyperplasia and hypertrophy 
h a s b e e n r e p o r t e d i n f i s h ~ t o t o ~ c c o m p o u n d s ~ ~ h e r e t  al. 1982; Addison 1988; Heath 1987). 
The LSI values for largemouth bass from almost all Clinch River and Poplar Creek sites were 
comparable to the Noms reference value and were significantly lower (better) than the values for the 
Watts Bar reference bass (Fig. 3.66). For bluegill, the LSI values were similar at all sites. 

Nutritional and feding status. The nutritional status of the organism is important in interpreting 
the effects of contaminant stress on fish. For example, poor nutrition can weaken fish and render them 
more susceptible to other stresses (Shul'man 1974; Adams et al. 1990). As an indicator of short-term 
feeding intensity, the percentage of food in the intestine was evaluated among sites (Fig. 3.67). This 
percentage was significantly lower in bluegill from CRM 1.0, CRM 21.5, and the lower two Poplar 
Creek sites in comparison with bluegill fiom at least one reference site. Serum triglyceride levels reflect 
a more long-term feeding status. Serum levels in largemouth bass from almost all locations were 
significantly higher than those in bass fiom Noms and generally did not differ fiom that in lower WBR 
bass (Fig. 3.67). Serum levels in bluegill were lower at three sites (CRM 1.0, PCM 1.0, and PCM 5.3) 
than the WBR reference level but did not differ fiom the Noms reference level. 

Health assessment index. The HAI provides an overall health profile of a fish population (Adams 
et al. 1993). The HAI for bluegill was similar across all sites (Fig. 3.68), except that bluegill fiom PCM 
4.6 (downstream of Mitchell Branch) were in significantly poorer health than Noms fish. Values for 
three of the index variables (kidney, parasites, and levels of serum protein) were primarily responsible 
for the elevated HAI values at this site. 

Largemouth bass fromthree sites (PCM 1.0, PCM 5.3, and CRM 20) had significantly higher HAI 
scores than the largemouth bass from the Norris reference site, primarily because of anomalies in the 
gills, spleen, and liver and in blood protein levels. No other Poplar Creek or Clinch River sites had an 
HAI value different from either reference site. 

Integrated site analysis. In addition to the analysis of individual functional groups above, the 
integrated response of fish to the environmental conditions at each study site was evaluated by 
incorporating bioindicators representing all five functional response groups and the HAI into a 
multivariate (canonical discriminant) analysis. This approach provides an integrated assessment of fish 
health on the basis of multiple, rather than individual, bioindicators. Because of relatively low sample 
sizes, al l  data h PCM 5.3 and CRM 21.5 were excluded fiom this analysis, as were largemouth bass 
datafromPCM4.6. 

t analysis for largemouth bass indicated that Noms bass were least similar to fish The dwmmn 
from lower Poplar Creek (PCM 1.0) and most similar to fish from the lower Watts Bar reference site 
(Fig, 3.69), despite the major difkences in the trophic status of these two reference sites. Bass sampled 
from PCM 1.0 were most similar to fish from CRM 10 and 20. . 

. . .  
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Fig. 3.68. Means + SE for the health assessment index for male largemouth bass (clear bars) 
and bluegill sunfish (hatched bars) at each sample site 1993-1994. * An asterisk indicates that the 
value is significantly different fiom Clinch River mile 125. 
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Fig. 3.69. Segregation of integrated health responses for male largemouth bass collected 
from two reference sites (Clinch River mile 125 and Tennessee River mile 530), three Clinch 
River sites (Clinch River miles 1.0, 10,20) and the lower Poplar Creek site (Poplar Creek mile 
1.0). Ellipsoids represent the mean integrated responses of bass at a site for 1993-1994. 
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The individual bioindicator variables which have the most power for distinguishing between sites 
were, in order of importance, the VSI, EROD, microsomal protein, and the condition factor. The EROD 
and microsomal protein variables are indicators of contaminant exposure, whereas the VSI and condition 
factor reflect the bioenergetic and overall condition of fish. These factors indicate that fish in the Clinch 
River and Poplar Creek have been exposed to contaminants, possibly impairing bioenergetic function. 

The discriminant analysis for bluegill indicated that the two reference sites were more similar to 
each other than they were to any of the Clinch River (Fig. 3.70) or Poplar Creek (Fig. 3.71) sites. 
Interatin&, the two Poplar Creek sites were more similar to CRM 20 than to the other two Clinch River 
areas, even though CRM 10 is immediately downstream of the mouth of Poplar Creek. The most 
important variables for dwmmmn * g between sites were EROD, VSI, and microsomal protein. As with 
largemouth bass, the indication is that bluegill in the Clich River and Poplar Creek have also been 
exposed to contaminants, and possibly their bioenergetic function has been impaired as a result. 

. . .  

Summary of bioindicators task. The bioindicator data indicate an apparent gradient in biological 
effects; fish from Poplar Creek demonstrate the poorest health, and those individuals collected fiom 
lower Watts Bar, the best. Some of the major health effects responses observed in fish, such as 
detoxification enzyme induction and poor histopathological condition, are consistent with levles of 
contaminant exposure. 

35.35 Reproductive effects assessment 

The goal of this task was to evaluate the reproductive health of fish in the CRNBR downstream 
of the ORR Selected reproductive criteria were measured in largemouth bass and bluegill sunfish 
collected fiom the Clinch River and Poplar Creek, and they were compared with values fiom reference 
sites. Reproductive criteria include the gonadat-somatic index (GSI), levels of testosterone and estradiol 
in blood plasma, and the kquenw of oocyte atresia (death). Each of these measures has been shown to 
be sensitive to exposure to a number of common environmental contaminants. 

Results. For male largemouth bass, mean GSIs (Table N25) were highest in theNorris Reservoir 
referene sites (CRM 125 and PRM 30) and lowest (poorest) at sites adjacent to the ORR (PCM 1.0 and 
CRM 20). Plasma concentrations of testosterone were low in male largemouth bass fiom PCM 1.0 and 
CRM 20, averaging approximately halfthe levels measured in fish fiom the reference sites (Table N25). 
Together these data indicate a decrease in male reproductive effort at the PCM 1.0 and CRM 20 sites. 
The estrogenic steroid hormone, 17p-estradiol is generally not detectable in male fish. However, its 
production may be stimulated in males upon exposure to compounds that act either to mimic or block 
natural hormones. The mean concentrations of estradiol in plasma fiom the male bass were very low at 
all study sites. However, the ikquency of detection differed between sites. Measurable levels were found 
in 88% of the males collected h m  CRM 20,69% fiom CRM 0.5, and 41% fiom TRM 557. Detectable 
levels at other sites were 36% for PRM 30, 11% for CRM 125, and 0% for TRM 570 and PCM 1.0. 
Therefore, sites with the highest ikquencies of estradiol "detects" in male largemouth bass were the three 
sites in the Clinch River and Watts Bar Lake that lie downstream of the ORR. 

The mean GSIs of female largemouth bass were lowest at PCM 1.0, CRM 20, and at the two 
reference sites in Noms Reservoir (Table N26). Sites with relatively higher mean GSIs included TRM 
557, TRM 570, and CRM 0.5. Two separate methods were used to derive estimates of fecundity for 
female bass (Table N26). Neither method revealed statistically different results in mean fecundity 
between any sites, although by one method it was determined that the mean fecundities of female 
largemouth bass populations at PCM 1.0 and CRM 20 were -20% lower than at any of the other study 
sites. In female fish, 17pestradiol regulates the production of yolk proteins by the liver for incorporation 
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Fig. 3.70. Segregation of integrated health responses for male bluegill sunfish sampled 
from two reference sites (Clinch River mile 125 and Tennessee River mile 530) and three 
Clinch River sites (Clinch River miles 20, 10, 1.0). Ellipsoids represent the mean integrated 
responses of bluegill at a site for 1993-1994. 
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Fig. 3.71. Segregation of integrated health responses for male bluegill sunfish sampled 
from two reference sites (Clinch River mile 125 and Tennessee River mile 530) and two Poplar 
Creek sites (Poplar Creek miles 4.6 and 1.0). Ellipsoids represent the mean integrated responses 
of bluegill at a site for 1993-1994. 
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of subreach 7.02 (lower McCoy Branch) were significantly lower than those in subreach 7.01 and were 
comparable to concentrations in Melton Hill Reservoir and upstream. Concentrations of arsenic in 
sediment were also highest in upper McCoy Branch, and were 6 to 10 times greater than in most other 
study reaches. Levels in lower McCoy Branch sediment were only slightly elevated in comparison with 
the other references. No fish data are available for either subreach of McCoy Branch. Despite the 
elevated levels of arsenic in water and sediment, no clear toxicity was evident in surface water or 
sediment fiom either subreach of McCoy Branch. 

The increased concentrations of arsenic in surface water and sediment are consistent with the 
previous study of Ford et al. (1995) and the known release history for McCoy Branch. 

3.63 Upper Clinch River (Reach 2) 

Mean gross alpha and gross beta levels and mean activities of %Sr and3H in surface water increased 
by an order of magnitude immediately below the mouth of WOC (subreach 2.02). Concentrations varied 
widely, probably reflecting the wide variation in flow in this subreach, and the observed increases were 
not Statistically significant. Nevertheless, the increased activities are consistent with the site model and 
with the lmown sources in the WOC watershed. Radionuclide concentrations do not exceed AWQC in 
subreach 2.02 or in reach 2 as a whole. 

Because of flow characteristics, reach 2 accumulates sediment only to a limited extent. Therefore 
sediment sampling was limited in reach 2 and comparisons with upstream areas are also limited. 
However, levels of I 3 T s  are clearly elevated in reach 2 sediment. Levels of selenium and manganese are 
locally high in subreach 2.04 below the mouth of Grassy Creek. 

Mean concentrations of I 3 T s  were roughly 100 times greater in bluegill sunfish (2 pCi/g) and 
largemouth bass (5 pCi/g) from reach 2 than in the upstream reference reaches. Mean I 3 T s  levels in 
catfish were much lower (0.67 pCi/g) but were still an order of magnitude greater than reference values. 
Mean total PCB concentrations are significantly higher in largemouth bass and catfish in comparison 
with the Norris reference, and mean concentrations in catfish are also higher than in Melton Hill 
Reservoir (no largemouth bass were collected fiom Melton Hill). Elevated levels of PCBs in sediment 
and catfish of the WOC embayment indicate that WOC has been a source of this contaminant to reach 2. 

No clear evidence of increased toxicity was found in either surface water or sediment of reach 2. 
However, a suite of biological parameters indicated that largemouth bass fiom this reach (at CRM 20) 
were in poorer overall health in comparison with most other sites. 

3.6.4 Poplar Creek (Reach 3) 

Merc~ny levels in Poplar Creek were substantially elevated in all media downstream of EFPC. Mean 
total mercury levels in surface water increase by approximately an order of magnitude and very likely 
exceed the AWQC of 0.000012 m& for protection of aquatic life (CCC) throughout reach 3. Mean 
concentrations in sediment are increased over reference values by as much as one to two orders of 
magnitude, depending on the subreach. Mean concentrations in bluegill sunfish and largemouth bass 
were significantly hi@ than in fish in the reference reaches but do not exceed the FDA action level of 
1.0 mgkg. Mayflies collected ftom lower Poplar Creek had significantly higher mercury levels than those 
collected fiom the lower Clinch River (reach 4) or the Tennessee River (reach 18). Great blue heron 
chicks and eggs collected ftom a rookery on Poplar Creek had higher mercury concentrations than those 
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from rookeries in Melton Hill Reservoir (reach 1) or the Tennessee River (reach 18). Mink that were fed 
a diet containing Poplar Creek fish developed increased body burdens of mercury; mink whose diets 
contained the greatest proportion of Poplar Creek fish suf€ered impaired reproductive capabilities. 

The sediment of reach 3 also contained elevated concentrations of a number of analytes, including 
the metals Ag, As, B, Cd, Cr, Cu, Ni and V, and the radionuclides "'U, "W, T c ,  13'Cs, and @To. 
Although the frequency of detection is low, Aroclor 1254 and several PAHs were detected in reach 3 as 
well. 

, 

The various species of fish collected fiom reach 3 also show spatial patterns for contaminants other 
than mercury, but, unlike the presence of mercury, the pattern is often not consistent across species. 
Hence, arsenic cowenhations in bluegill are greatest in Poplar Creek, but concentrations in largemouth 
bass are higher in reach 2. Total PCBs in largemouth bass and catfish are elevated in Poplar Creek 
compared with N o h  or Melton Hill reservoirs or upper Poplar Creek (catfish data only). However, peak 
PCB concentrations in largemouth bass occur in Poplar Creek, whereas PCB concentrations in catfish 
fiom Poplar Creek are less than in the Clinch River below WOC (reach 2) and do not differ from levels 
in either the lower Clinch River (reach 4) or the Tennessee River (reaches 18 and 5). Mean total PCB 
concentrations do not exceed the FDA action level (2.0 mgkg) in any reach. 

Most of the aqueous toxicity tests conducted in Poplar Creek failed to identify any toxicity of 
surface water. Sediment toxicity tests revealed intermittent toxicity, but no clear response pattern was 
identSed. However, the Japanese medaka embryo-larval series of aqueous tests did demonstrate a toxic 
response in lower Poplar Creek Mean survival of medaka embryos and ~ in Poplar Creek was less than 
in the ref-= reach, although the incidence of developmental abnormalities in embryos was increased 
in the former compared with the latter. The pattern of toxic response was also observed in limited testing 
with a native species (redbreast sunfish). 

The suite of physical, physiological, and reproductive indices applied to largemouth bass and 
bluegill revealed that the overall health of both species is poorer in Poplar Creek than at most of the 
other study sites and at all reference sites. The overall health effect appears more pronounced in 
largemouth bass than in bluegill. Many of the individual indicator responses were consistent with 
contaminant expome. Multivariate analysis of the bioindicator data indicated that, for each species, fish 
fiom widely separate and trophically disparate reference areas (Noms and lower Watts Bar reservoirs) 
are more similar to each other than fish from either location are to Poplar Creek fish. 

3.6.5 Lower Clinch River (Reach 4) 

Contaminant concentrations in the Clinch River downstream of Poplar Creek were generally 
comparable with those in the upstream refmce reaches. Mean concentrations of contaminants that were 
elevated in upstream reaches of the Clinch River and Poplar Creek have returned to levels comparable 
with those in the reference reaches. Mean mercury levels, even in subreach 4.01, decline by an order of 
magnitude from those in lower Poplar Creek However, because the recreation-based AWQC is also 
approximately an order of magnitude less in the Clinch River (because one of its designated uses is for 
domestic water supply), concentrations in reach 4 still likely exceed this criterion (as was also the case 
in Melton Hill Reservoir). 

Significant sediment accumulation occurs in the lacustrine environment of reach 4, and many of the 
particleassociated contaminants released from the ORR have accumulated in these sediments. Previous 
studies have documented increased levels of radionuclides (particularly 13'Cs) and mercury in these 
sediments in relation to reference values. Because of its relatively long half-He and its affinitv for 
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sediment particles, '"Cs is the principal radionuclide of concern today. Surface sediment concentrations 
of mercury and '"Cs are substantially less than in deeper sediment layers. Because peak releases of these 
two contaminants occurzed almost 40 years ago, the highest concentrations of each are now buried 
beneath layers of cleaner sediment. Surface concentrations of 137Cs remain relatively constant in the 
Clinch River downstream of WOC, varying primarily as a result of variations in sediment deposition. 
Surface concentrations of mercury, however, decline by a factor of 10 in subreach 4.01 from 
concentrations in Poplar Creek. Overall, the levels of other contaminants in sediment do not differ 
substantially from reference values. 

Sediment modeling studies indicate that, in the absence of major (100-year) storms and at current 
release rates, 137Cs levels in the Clinch River will decline, primarily as a result of radioactive decay. In 
the event of a major storm localized in the WOC watershed, a temporary increase in I3Ts levels would ' 

occur, but the sediment released from WOC would soon be remobilized and transported downstream. 
In the event of a major regional storm, I3Ts levels would actually decline in the Clinch River as a result 
of scouring and subsequent redeposition downstream. A previous RI (DOE 1995) demonstrated that 
much of this sediment would be redeposited in Watts Bar Reservoir but at greatly diluted concentrations. 

Catfish and largemouth bass from reach 4 contain levels of PCBs that are elevated over reference 
locations in the Clinch River (Nonis and Melton Hill reservoirs) but are generally lower than levels in 
reach 2 and are comparable to levels in the Tennessee River arm of Watts Bar Reservoir (reaches 5 and 
18). Mercury levels in bass and bluegill have declined from levels in Poplar Creek but remain slightly 
above refmce levels. However, mean values do not exceed the FDA action level (1.0 mg/kg) in either 
species. The mean 137Cs activity in bluegill sunfrsh and largemouth bass has declined by a factor of ten 
h m  peak levels in reach 2 but remain roughly an order of magnitude greater than levels in the reference 
reaches. 

Neither surfice water nor sediment in reach 4 was toxic to any of the various organisms tested. The 
overall health of fish in reach 4, as evaluated by the bioindicator data, was generally intermediate to that 
of fish in the reference reaches and in reach 2 and Poplar Creek. 

3.6.6 Conclusions 

Euvironmental media in several subreaches of the Clinch River and Poplar Creek contain increased 
concentrations of one or more contaminants released from the ORR The most striking include (1) 
arsenic in surface water and sediment of upper McCoy Branch; (2) radionuclides in surface water, biota, 
and sediment of the Clinch River below WOC; (3) mercury in surface water, sediment., and biota of 
Poplar Creek; and (4) radionuclides and mercury in sediment of the lower Clinch River. The potential 
human health and ecological impacts of these contaminants, as well as each of the other contaminants 
discussed in this chapter, will be closely evaluated in Chaps. 5 and 6. 
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4. APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS 

Section 121(d) of CERCLA specifies that remedial actions for cleanup of hazardous substances 
must comply with requirements or standards under federal or more stringent state environmental 
laws that are applicable or relevant and appropriate to the hazardous substances or particular 
circumstances at a site. Inherent in the interpretation of applicable or relevant and appropriate 
requirements (ARARs) is the assumption that protection of human health and the environment is 
ensured. Appendix I of this report provides a preliminary list of available federal and state 
chemical-, location-, and action-specific ARARS for the remediation of the C W C  OU. 

"Chemical-specific requirements set health- or risk-based concentration limits or discharge 
limitations in various environmental media for specific hazardous substances, pollutants, or 
contaminants" (53 FR 5 1437). These requirements generally set protective cleanup levels for the 
chemicals of concern in the designated media or indicate a safe level of discharge that may be 
incorporated when a specific remedial activity is being considered. 

Location-specific requirements "set restrictions upon the concentration of hazardous substances 
or the conduct of activities solely because they are in special locations" (53 FR. 5 1437). The areas 
along the Clinch River, Poplar Creek, and McCoy Branch contain several sensitive resources that 
are protected by either federal or state regulations. These resources include wetlands, floodplains, 
cemeteries, and state-designated natural areas. Preconstruction activities performed in conjunction 
with an action-based alternative, such as the building of access roads or the removal of bank 
vegetation in addition to actual containment or removal and treatment activities, may trigger certain 
location-specific ARARs. The location-specific ARARs summarized in Appendix I will not apply 
to either the no action alternative or the institutional controls alternative because no such activities 
will be performed. 

The TVA, U.S. Army Corps of Engineers (USACE) and the TDEC regulate activities under 
§26(a) of the TVA Act, the USACE Nationwide Permit Program, and the TDEC Aquatic Resource 
Alteration Permit Program, respectively. Although permits are not required for CERCLA on-site 
actions, activities that would normally require permits under these programs must meet the 
substantive requirements of the appropriate regulations. Appendix I summarizes these requirements. 

Performance, design, or other action-specific requirements set controls or restrictions on 
particular kinds of activities related to the management of hazardous waste (53 FR 51437). The 
selection of a particular remedial action at a site will invoke appropriate action-specific ARARs, 
which may specify particular performance standards or technologies, as well as specific 
environmental levels for discharged or residual chemicals. Action-specific ARARs are presented 
in Appendix I, and compliance with action-specific ARARs is summarized in Chap. 10. 
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5. HUMAN HEALTH RISK ASSESSMENT 
.. 

This baseline human health risk assessment quantifies the carcinogenic risk and noncarcinogenic 
hazard associated with human exposure to contaminants detected in fish, water fowl, sediment, and 
surface water collectedinthe Clinch River and Poplar Creek. Specifically, this baseline risk assessment 
waluates the pdential for srposure to an individual who might regularly use the resources of either the 
Clinch River or Poplar Creek under the cunditions that would exist if the current jnstitutional controls 
(ie., fishiug advisories, dredging controls) were removed and no remediation occu~s. The results of the 
baseline human health risk assessment are used in Sect. 5.6 to develop remediation goals and are used 
in Chap. 8 to develop remedial alternatives for the Clinch River and Poplar Creek 

EPA (Region N), TDEC, and DOE'S Oak Ridge Operation Office agreed in the data quality 
objectives working group meetings that were held before the development of the Phase 2 Sampling and 
Analysis Plan, Quality Assurance Project Plan, and Health and Safity Plan fir-the Clinch River 
Remedial Investigation: An Addendum to the Clinch River RCRA Facility Awestigation Plan (Cook 
et al. 1993) that this study will contain a risk assessment focused on the contambnts of potential 
concern (COPCs) identified in previous human health risk assessment reports (Table 5.1). 

Befm the Phase 2 data wae wllected h m  both the Clinch River and Poplar Creek, several efforts 
were udertaken to evaluate the potential risk/hazard posed by exposure to wntaminants in the Clinch 
Rivex. A screeuhg assessment d u c t e d  by Hofhan et al. (1991) identified PCBs in fish and external 
exposure to radiation fiom I3Ts in dredged sediments as the priority contaminants and exposure 
pathways that are of potential concern in the Clinch River downstream of the ORR Hofhan et al. 
(1991) also identified several inorganics that posed a riswhazard through the evaluated dredging 
pathways. On the basis of the CRRI Phase 1 data, Cook et al. (1992) codirmed that these wntamhants 
and exposure pathways are of potential concern and identified chlordane in fish as a COPC. Most 
recentfy, the baseline human health risk assessment for the lower Watts Bar Reservoir OU (DOE 1995) 
identified PCBs, pesticides, and chlordane in fish as COPCs and identiiled extemal exposure as a 
potential pathway for I3Ts and T o .  Therefore, the Phase 2 sampling and analysis of the Clinch River 
and Poplar Creek was intended to further evaluate the potential riskhazard for those contamhnh 
known to be present in the Clinch River and Poplar Creek systems. 

5.1 IDENTIFICATION OF CHEMICALS OF POTENTIAL CONCERN 

5.1.1 Data Compilation Considerations 

As indicated in Sect. 3.2 of this document, multiple studies were conducted on the Clinch River and 
Poplar Creek environmental media before the Clinch River investigation. Although the sampling and 
analytical protocols used during the studies were appropriate for their intended purpose, these protocols, 
in same cases, may not have been appropriate for use in a baseline risk assessment. As a result, before 
the compilation of the risk assessment database, existing data were compared with specified criteria (as 
discussed in the following text) to determine their useability for risk assessment purposes. 



Table 5.1. Contaminants of potential concern in the Chch  River as identified in previous screening-level risk assessments 

Analyte Exposure pathway for the Exposure pathway for the Exposure pathway for the 
contaminant# of concern identtned 

by Hoffman et aL(1991r 
contaminants of concern identtned 

by Cook et aL(1992)' 
contaminants of concern Ident€fied by 
the U.S. Department of Energy (1995) 

Arsenic Dredging-Agricultural exposure Fish consumption Fish consumption' 
Dredging-Direct exposure 
Dredging-Agricultural exposure 

Beryllium Dredging-Agricultural exposure Fish consumption 
Dredging-Direct exposure 
Dredging-Agricultural exposure 

Shoreline ue-sedm * ent ingestiond 
Fish consumptiond 
Dredging-sediment ingestiond 
Dredging-Meat and vegetable ingestiond 

Dredging-Milk and vegetable ingestion' 

Shoreline use--sediment inhalationd 
Dredging-sediment inhalationd 
Dredging-Milk and meat ingestion' 

Cadrniwn 

Chromium 

Dredging-Agricultural exposure 

Dredging-Direct exposure Dredging-Agricultural exposure 

Fish consumption 
Dredging-Agricultural exposure 

Manganese 

Maw 

Drinking water ingestion' 

Dredging-Agricultural exposure Fish consumption 
Dredging-Agricultural exposure 

Dredging-Agricultural exposure 

Fish consumption' 
Dredging--Milk, meat, and vegetable ingestion' 

Nickel 

Selenium Irrigation 
Dredging-Agricultural exposure 

Silver Dredging-Direct exposure 
Dredging-Agricultural exposure 

Dredging-Agricultural exposure zinc 

h l o r  1254' 

Dredging-Agricultural exposure 

Fish consumption 

Dredging-Milk and meat ingestiond 

Fish consumption' Fish consumption 
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Table 5.1. (continued) 

i 

Analyte Exposure pathway for the 
contaminants of concern identified 

by Hoffman et d. (1991r 

Esposure pathway for the 
contaminants of concern identW 

by Cook et al(1992)' 

Exposure pathway for the 
contaminants of concern identified by 
the U.S. Department of Energy (1995) 

h l o r  1260' Fish consumption Fishconsumption . Fish consumption' 

Aldrin 

Chlordane 

4,4'DDE 

4,4'DDT 

Dieldrin 

Lindane 

"'Cs 

@Co 

wSr 

Uranium, total 

Dredging-Direct exposure 
Dredging-Agricultural exposure 

Dredging-btexposure 

Fish consumption 

Fish consumption 

Near-shore direct exposure 
Dredging-Direct exposure 

Dredging-Direct exposure 

Dredging-Aficultural exposure 

Fish consumption' 

Fish consumption' 

Fish consumptiond 

Fish consumptiond 

Fish consumptiond 

Fish consumptiond 

Drinking water ingestiond 
Shoreline use-Extemal e x p o d  
Fish consumptiond 
Irrigation-External e x p o d  
Inigation-Milk and meat ingestiond 
Dredging-External exposure" 
Dredging-Milk, meat, and vegetable ingestiond 

Dredging-External e x p o d  
Inigation-External exposure" 

Drinking water ingestiond 



Table 5.1. (continued) 

TIof6nan et al. (1991) used an excess cancer risk of lo3 and hazard quotient of 1 .O in a nonconservative and conservative Screening to indicate "definitely or potentially high 
priority" and "potentially high priority" contaminants, respectively. 
bcodc et al. (1992) used an excess cancer risk of lod to loJ and hazard quotients of 0.1 to 1 .O in a conservative and nonmnservative Screening, respectively, as an indicator 
of contaminants of potential concern in Phase 1 of the Clinch River Remedial Investigation, 
'Calculated riskhazard for these pathways were either >loJ for carcinogens or >1 .O for noncarcinogens (DOE 1995). 
"Calculated carcinogenic risk for these pathways was between lo5 and lo6 (DOE 1995). 
'Identified through nonmnservative Screening in each study. 

Sources: 
R B. C d ,  S. M. Adams, J. J. Beauchamp, M. S. Bevelhimer, B. 0. Blaylock, C. C. Brandt, C. J. Ford, M. L. Frank, M. J. Gentry, S. K. Holladay, L. A. Hook, D. A. Levine, 

R C. Longman, C. W. McGinn, J. L. Skiles, G. W. Suter, and L. F. Williams. 1992. Phase I Daia Summary Report for the Clinch River Remedial Invesiigaiion: Healih 
Risk and Ecological Risk &n?ening Assessment 0-R-155. Oak Ridge National Laboratory, Oak Ridge, Tenn. 

DOE (U.S. Department of Energy). 1995. Remedial Invesiigaiion/Fearibiliiy Study Report for Lower Watis Bar Reservoir Operable Unit. DOE/OR/Ol-l282&D4. 
F. 0. Hoffian, B. G. Blaylock, M. L. Frank, L. A. Hook, E. L. Etnier, and S. S.  Talmage. 1991. Pmliminary Screening of Conlaminants in the Off-Site Sut$ace Waier 

Envimnmeni Downsiwam of ihe US. Deparhtreni of Energy Oak Ridge Reservation. ORNL/ER-9. Oak Ridge National Laboratory, Oak Ridge, Tenn. x 
I 



Data sets available for use in this risk assessment consisted of data collected as part of the CRRI 
Phases 1 and2 and all availablehistorical data The quality ofthe CRRI Phase 1 data is well documented 
(Holladay et al. 1993) as is that of the CRKI Phase 2 data (see Appendix G); however, quality control 
(QC) records are not available for some historical data. Therefore, two quality assurance (QA) criteria 
were~lemeatedfortheuseofquanttitativehistoricaldatainthisriskassessment.First,thequalityof 
thedatamusthavebeeudbythe~hves t iga tors  pedormingthesamplingandanalysis. 
Theiradividualswhopldthehistorical studies must have, in some form, established criteria against 
which they then compared the quality of the data. Second, these qualilpassured data must have been 
subsequedy published in liteaature that was available to the public. Because ORNL and the other DOE 
fscilities have established criteria for the publication of reports that include a specified amount of peer 
reviewbeforethereleaseofinformationtothepublic,this secondcriterionensuredthat alldatausedhad 
undergone extensive peer review. 

A brief summary of the QA procedures employed in each study from which data were used is 
p d  m Table 5.2. The following subsections describe in detail the data sources that were used, the 
number and types of samples collected, and the aggregation of data sources, ifapplicable. 

5.13 Data Compilation 

The data sets used in the baseline human health risk assessment and their sources are shown in 
Tables 5.3-5.6. Typically, data collected during a remedial investigation comprises the majority, ifnot 
all, of the data used in the baseline risk assessment, and all available data are compiled into media- 
specific databases. Because multiple data sources and colle&on methods were used, a determinati on was 
madeastotheappropriatenessofcombiningalldataforaparticularmediaintoonedatabase.Asaresult 
of this evaluation, a single media-specific database was created for use in the baseline risk assessment. 

Foaeachofthedata~eval~mthisbaselineriskassessmen~tablesofsummarystatisticshave 
been prepared and are presented in Appendices B, C, and D. The tables include a reach identifier; the 
type of chemical (inorganic, organic, or radionuclide); the f r v c y  of detection; the minimum, 
Inaximqandmean- 'ons; the representative concentration; units of measure; and a use flag. 
The ikqmcy of -on column as well as the use flags will be defined in Sect. 5.1.3. The following 
list provides a brief description of each of the table headings that refer 6 concentrations: 

Minhlum- 'on is defined as either the minimum detected value or the minimum detection 
limit contained withiu the data set for a given anal@, whichever is smaller. 

Maximum concentration is defined as either (1) the maximum detected value, (2) the maximum 
detection limit for those analytes within the data set that were all llondetecfs (i.e., the fr- of 
detection was zero), or (3) the maximum detection limits from previous studies, in the case where 
Phase 2 sample detection limits were less than the historical detection limits. 

Mean concentration as a product limit estimate (PLE) mean] is defined as the mean of the 
sampledatasetcalculatedwiththep~limites~~techniquedescribedinSect. 5.2.3.1 and 
is calculated as an average of al l  the samplevalues including detection limits as proxy concentrations 
for those samples that wereILcpdetects whmthe tkxpmy of detection is >o. Please note, in the case 
where the frequency of detection is equal to zero, it is not possible to calculate a sample mean. 



Table 5.2. Quality a~surance review of data gources used quantitatively in the baseline risk assessment 

Data sourccs Published nfennce Description of quality assurance protocols 

Oak Ridge Reswation 
Environmental Monitoring 

Energy Systems 1993 

program 

Clinch River Remedial 
Investigation Phase 1 and 
Phase 2 

Phase 1 : Cook et al. 1992 
Holladay et al. 1993 

P h k  2: Appendix G of this document 

Conducted extensive intcrnal quality control programs, participated in several external 
auality control programs (including the U.S. Environmental Protection Agency's 
Contract Laboratory Pmgram), and statistically monitored ptrformance on a routine 
basis. 
Certified by State of Tennessee to conduct drinking water analyses 
Uaed standard nfermce materials for instrument calibration, to standardii methods, 
and as apike additions for recovery tests. 
Used single, blind, and control samples to evaluate laboratory pcrformancc 

Used field duplicates to assess the overall data precision 
Used laboratory control samples, matrix spikes, surrogate spikes, and 
performance evaluation samples to assess data accuracy 
Used standard analytical methods, proper preservation techniques, proper 
containers, adhered to samples holding times; and used field and laboratory 
blanks and equipment rinseate samples to ensure that the representativeness of 
the data was not compromised. 
Data were validated by an external laboratory 

VI 
& 

Sources: 
R B. Cook, S. M. Adams, J. J. Beauchamp, M. S. Bevelhimer, B. 0. Blaylock, C. C. Brandt, C. J. Ford, M. L. Frank, M. J. Gentry, S. K. Holladay, L. A. Hook, D. A. Levine, 

R C. Lonsman, C. W. McGinn, J. L. Skiles, G. W. Suter, and L. F. Williams. 1992. Phase I Data Summary Report for the Clinch River Remedial Investigation: Health 
Risk and Ecological Risk Scwening Assessment. ORNL/ER-155. Oak Ridge National Laboratory, Oak Ridge, Tenn. 

S. K Holladay, M. S. Bevelhimer, C. C. Brandt, R B. Cook, W. D. Crumby, C. J. Ford, M. J. Gentry, L. A. Hook, D. A. Levine, R C. Longman, S. E. Ma& R. L. Moody, 
C. D. Rash, and L. F. Williams. 1993. Quality Assumnce/Quality Contml Summary Report for Phase I of the Clinch RiverRemediulInvestigation. 0-R-152. 
Oak Ridge National Laboratory, Oak Ridge, Tenn. 

Martin MariWta Eneagy systems Inc. 1993. OakRidge Reservation EnvironmentalMonitoringReportfor 1992, EWESH-3 1N1. Oak Ridge National Laboratory, Oak Ridge, 
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RepnseaMive concentration is defined as either the upper 95% confidence bound on the mean or 
the maximum concentration (in the case where either the maximum concentration is less than the 
upper95%cdideaceboundorthe~ofdetectionis sl. Amoreindepthdiscussionofthe 
derivation and use of the representative concentration is included in Sect. 5.2.3. 

5.13.1 Water data 

As indicated in Table 5.3, data fiom the CRRI Phase 1 and Phase 2 sampling activities were used 
in this risk a s a m a t .  In additiq moniforing data fiom the Clinch River and Poplar Creek, which were 
collected by ORREMP, were used to assess human health risk Because the sampling and analytical 
methods are comparable far both the CRRI and the ORREMP activities, the various surface water data 
sets were combined into one media-specific database. The following paragraphs briefly describe each 
sampling activity. Summary statistics for the water data are listed in Table B3. 

The CRRI Phase 1 (Cook et al. 1992) sampling occurred between December 1989 and February 
1990. The analytical results were validated and a QA report was generated (Holladay et al. 1993). 
Anal* of concern for this sampling activity were inorganics, organics, and radionuclides. Sampling 
locations and analytical results for this activity are described in Chap. 3. 

TheCRRIPhase2(codcetaL 1993)samp~occurredbetweenNovember 1993 and September 
1994. The original sampling and analysis plan was modified by an addendum at the request of DOE 
(DOE 1994b).Asaresult , fewer~watersampleswerew~~~andthewater-biasedevent~ 
was added. 

The CRRI Phase 2 surface water sampling activities included an investigation of current 
contaminanf sources (labeledWl.l), a watea-biased event study (labeled Wl.lB), Contaminant data for 
toxicitytests(labeledWl.lT),acontarmnant ’ ranobilization from sediments study (labeled Wl.lR), and 
an in-stream distribution of contamhmh from point sources study (labeled W1.4). 

The ORREMP surface water data consisted of samples collected between March 1993 and 
Septetnber1994.Eight~watersanq>linglocatioaswereincludedinthedataset: CRM40.9,CRM 
36,CRM49.7,CRM52.2,CRM19.9,CRM14.3,CRM9.9,andPCM1.4.Sampleswere~for 
inorganics, radionuclides (gross alpha, gross beta, %r, ’H, V c ,  total U, I3’Cs, To), volatile and 
semivolatile compounds, and pesticides/PCBs (DOE 1992). Because volatile contamha& Were 
analyzed for but not found to be chemicals of concern in previous studies and because they would 
dissipate rapidly fiom the system, the volatile contaminants were not included in the risk assessment. 
ORREMP rafl analyses for specific alpha emitters only ifthe gross alpha comts exceeded 3 pci/L. 
Thea-efm, isotopic analyses for uranium isotopes and dher alpha emitters are available for a subset of 
the total number of samples. 

5.1.23 Sediment data 

’ The sediment data available for use in this risk assessment were collected as part of the CRRI 
Phases 1 and 2 sampling and the near-shore surface sediment characterhation activities. The data 
sources and the number of samples per reach for each are listed in Table 5.4. 
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Table 53. Sources of surface water data evaluated quantitat€veIy in 
the baseline human health risk aasessment 

soarce AndylW Number of sampler 

Reach Reach Reach Reach Reach 
1 2 3 4 7 

Clinch River Remedial Inorganics 
Investigation Phase I (Cook et al. 

Clinch River Remedial 
Investigation Phase 2-Task 
wl.l (Chap. 3) 

Clinch River Remedial 

Wl.lT (Chap. 3) 
InvestigatimPhase 2-Task 

Clinch River Remedial 
Investigation Phase 2-Task 
W1.lB (Chap. 3) 

Clinch River Remedial 
Investigation Phase 2-Task 
Wl.lR (Chap. 3) 

ClinchRiver Remedial 
Investigation Phase 2-Task 
W 1.4 (Chap. 3) 

OakRidge Reservation 
Environmental Monitoring 
Program (DOE 1992) 

organics 

Radionuclides 

Inorganics 

organics 

Radionuclides 

Inorganics 

organics 

Radionuclides 

horganics 

organics 

Radionuclides 

In6rganics 
organics 

Radionuclides 

Inorganics 

organics 

Radionuclides 

Inorganics 

organics 

Radionuclides 

3 

3 

3 

2 

2 

2 

0 

0 

0' 

12 

12 

12 

6 

6 

6 

0 

0 

0 

28 

28 

28 

2 

2 

2 

1 

1 

1 

7 

7 

7 

15 

15 

15 

0 

0 

0 

0 

0 

0 

18 

18 

18 

4 

4 

4 

41 

41 

41 

12 

8 

12 

3 

3 

3 

0 

0 

0 

26 

0 

30 

9 

9 

9 

3 

3 

2 

1 

1 

1 

2 

2 

2 

15 

15 

15 

12 

12 

12 

0 ,  

0 

0 

9 

9 

9 

0 

0 

0 

0 

0 

0 

4 

4 

4 

12 

12 

12 

6 

6 

6 

0 

0 

0 

0 

0 

0 
Sources: 
R B. Cook, S. U A h ,  J. J. Beauchamp, U S. Bevelhimer, B. G. Blaylock, C. C. Brandt, C. J. Ford, U L. Frank, U J. 

Gentry, S. K. Holladay, L. A. Hook, D. A. Levine, R C. Longman, C. W. McGinn, J. L. Skiles, G. W. Suter, and L. F. 
Williams. 1992. Phase I Data Summmy Rep& for the Clinch River Remedial Imtigation: Health Risk and 
EcoIogicalRirkSnreningngAsresmrent. ORNLIER-155. OakRidge National Laboratory, Oak Ridge, T m .  

S.KHdladay,U S.BcnIhrma ,C. C.Brandt,RB. Cook, W.D. Cmby, C. J. Ford, U J. Gentry, L. A. Hook,D. A. Lcvine, 
R C. Longman, S. E. M d x ,  R L. Moody, C. D. Rash, and L. F. Williams. 1993. @ali&Asnaance/euali& conbol 
Summq Report fbr Phase I of the Clinch River Remedial litvestgation. ORNUER-152. Oak Ridge National 
Laboratory, Oak Ridge, T m .  

DOE (US. Department of Energy). 1992. Etrviromnental Monitoring P h  for the OakRidge Reservaltion. USDOE-OR. 
DOE/OR-1066. 
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Tabk 5.4. Sourcer of sediment data evaluated quantitatively in the 
baseline human health risk assessment -. 

SoUIXX Number of ram~ler 

Reach Reach Reach Reach Reach 
1 2 3 4 7 

* 
Deep-water data 

ClinchRiver Remedial Inorganics 

et al. 1992; Holladay et al. 
1993) Radionuclides 

Investigation Phase I (Cook organics 

Clinch River Remedial Inorganics 
Investigation Phase 2-Task 
S1.B (Chap. 3) organics 

Radionuclides 

Near-shore data 

Nw-Shm sediment Illorganics 
Characterization (Levine et al. 1994) organics 

Clinch River Remedial 
Investigation Phase I (Cook 
et al. 1992; Holladay et al. 
1993) 

ClinchRiver Remedial 
Investigation Phase 2- 
Task S IB  (Chap. 3) 

Radionuclides 

Inorganics 
organics 

Radionuclides 

znorganics 

organics 

2 ,  
2 

2 
0 

0 

0 

0 

0 

21 
2 
2 
4 

0 

0 

2 

2 

2 

2 

2 
2 

25 
25 

24 

0 0 

0 0 

159 0 

2 
2 
4 
26 

25 

2 
2 

3 

33 

33 
33 

0 

0 

150 
2 
2 
4 

33 
33 

Radionwlih 0 9 24 33 2 
~ ~ ~ 

Sources: 
R. B. Cook, S. M Adams, J. 3. Beauchamp, M S. Bevelhimer, B. G. Blaylock, C. C. Brandt, C. J. Ford, M L. 

Frank, M J. Geatry, S. K. Holladay, L. A. Hook, D. k Levine, R C. Longman, C. W. McGi~m, J. L. Sues, 
G. W. Suter, and L. F. Williams. 1992. Phase I Data Summary Report for the Clinch River Remedial 
Imtigt ion:  Health R i s k r m d ~ ~ ~ ~ R i s k ~ e n i n g  Assessment. ORNUER-155. Oak Ridge National 
Laborato~~, Oak Ridge, Tenn. 

S. K. Holladay, M S. Bevelhex, C. C. Brandt, R B. Cook, W. D. Crumby, C. J. Ford, M. J. Gentxy, L. A Hook, 
D. A. Levhe, R C. Longman, S. E. Madix, R L. Moody, C. D. Rash, andL. F. Williams. 1993. Quality 
AssurancdQuality Control Summary Report for Phase I of the Clinch River Remedial Investigation. 
ORNL/ER-152. Oak Ridge National Labcmtov, Oak Ridge, Tenn. 

Levhe, D. A., W. W. Harpve, K. R Campbell, M k Wood, and C. D. Rash. 1994. Data Summary for the 
Near-ShoR Sediment Characterization Task of the Clinch River Envimnmental Restomtion h g r a m .  
ORNL/ER-264. Oak Ridge National Laboratoxy, Oak Ridge, Tenn. 
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DuringthePhase 1 sampling activities @ecember 1989-June 1990), both sur€w sediment grab 
and sediment core samples were collected from most sampling locations. These samples were a d p a l  
for inorganics, organics, and radionuclides.’ The Phase 1 fesults are summatlzed in the Phase I Data 
Summary Report for the Clinch River Remedial Investigation: Health Risk And Ecological Risk 
2kreeninghsessment (Cook et aL 1992). A written summary of the data quality can be found in Quality 
Assurancd’aliiy Control Summary Report for Phase I of the Clinch River Remedial Imestigation 
(Holladay et al. 1993). 

5-12 

5.1.2.4 Waterfowl data 

The W m l  data that were available for use the Clinch River and Poplar Creek baseline risk 
assessment included data on Canada geese and wood ducks collected as part of the ORR BMAP. 
Evaluation of the available data suggested that Canada geese are the water€owl species that would be 
most representative of site conditions and are the most prolific and more heavily hunted on or near the 
ORR. F t ~ r k m m ,  the Canada geese that were sampled and analyzed were collected fiom actual waste 
disposal ponds and on-site surface water bodies. Therefore, these geese potentially represent the 
maximally wntamjnated members within the goose population. Summary statistics are listed in 
Table D9. 

5.13 Data Evaluation 

5.13.1 Blanks 

The CRRI QA personnel evaluated the analytical data and compared measured concentratiofls in 
samples with detected concentrations of a particular conkmbnt in the associated method and field 
blanks. By using the protocol outlined in Riskhsessment Guidance for Superfirnd: Volume I ,  Human 
Health Evaluation Manual (Part A) @PA 1989~)~  common laboratory contaminants were considered 
as~elydetectedval~~ifthe~edconcentrationinthesamolewastentimesgreaterthan 
themeasured wncentration in the blank. For all other analytes, the analyte was considered a positively 
d e t e c t e d v a l U e @ i f t h e h m  ‘on in the sample was five times greater than the measured 
concentration in the blank. Sample results were then flagged appropriately in the CRRI database. A 
summary of the blank comparison and the results for the CRRI Phase 2 samples are contained in 
Appedx G of this document. The CRRI Phase 1 data were validated previously, and the results of that 
validation are contained in the Quality Assurance/Quality Control Summaty Report for the Phase I 
of the Clinch River Remedial Investigation (Holladay et al. 1993). No blank comparisons were 
performed for the historical data incorporated in the data sets because blank information was not 
available. Thus, no historical contamha& were eliminated on the basis of this comparison. 

. 

5.133 Original samples versus duplicate samples 

For those media and sampling locations where both original samples and duplicate or replicate 
analyses were conducted, the measured wncentration in the original sample was averaged with the 
concentration in the duplicate or replicate to obtain a Concentration value for that location. 

5.133 Obtaining a measure for total chlordane 

TbereportingmetEmdusedfarchlordaneprovided~ ‘om for the various chlordane isomers 
but did not give a measure for total chlordane. However, on the basis of the analytical method and the 
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Table 5.4. Sourcea of sediment data evaluated quantitatively in the 
baselhe human health riakawssment 

* .  

Anplrrer Number of ramplea 

Reach Reach Reach Reach Reach 
1 2 3 4 7 

w 

Deep-water ckata 

ClinchRiverRemedial Inorganics 

et al. 1992; Holladay et al. 

ClinchRiver Remedial Inorganics 

S 1 .B (Chap. 3) 

Investigation Phase I (Cook 

1993) Radionuclides 

InvestigatimPhase 2-Task 

organics 

organics 

Radionuclides 

Na-ShOre sediment 
Characterization 
(Levhe et al. 1994) 

Near-shore data 

Inorganics 

organics 

Radionuclides 

Clinch River Remedial Iuorganics 

et al. 1992; Holladay et al. 
1993) Radionuclides 

InvestigatimPhase I (Cook 
organics 

Clinch River Remedial 
Investigation Phase 2- 
Task SIB (Chap. 3) 

Inorganics 

orgmlics 

2 ,  
2 

0 

0 

0 

21 

0 

0 

0 

0 

159 

2 

2 
2 

25 
25 
24 

26 
25 

2 

2 
3 

33 

33 

33 

0 

0 

150 

33 

33 

Radionuclides 0 9 24 33 2 
Sources: 
R. B. Cook, S. M. Adams, J. J. Beauchamp, M S. Beveher, B. G. Blaylock, C. C. Brandt, C. J. Ford, M L. 

Frank, M. J. Gdxy, S. K. Holladay, L. A Hook, D. A Levhe, R C. Longmsn, C. W. McGinn, J. L. Skiles, 
G. W. Suter, and L. F. Williams. 1992. Phase I Data Summary Report for the Clinch River Remedial 
Imtigation: Heawl R i s k ~ ~ ~ ~ ~ R i r k S i n g ~ s e s s m e n t .  ORNUER-155. Oak Ridge National 
LaboratoIy, Oak Ridge, Tenn. 

S. K. HoIladay,M. S. Bevelha, C. C. Brandt, R B. Cook, W. D. Crumby, C. J. Ford, M J. Gentry, L. A Hook, 
D. A. Levine, R C. Longman, S. E. Madix, R L. Moody, C. D. Rash, and L. F. Williams. 1993. QuaZity 
AssurancdQuality Control Summary Report for Phase 1 of the Clinch River Remedial Investigation. 
ORNUER-152. Oak Ridge National Labomtoy, Oak Ridge, Tenn. 

Levine, D. A., W. W. Hargrove, K. R Campbell, M. A. Wood, aad C. D. Rash. 1994. Data Summary for the 
Near-Shorn Sediment Characterization Task of the Clinch River Envimnmental Restomtion Pmgram. 
ORN'UER-264. Oak Ridge National Laboratory, Oak Ridge, Tenn. 
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During& Phase 1 sampling activities (December 1989-June 1990), both surface sediment grab 
and sediment cure siimples were collected fiom most sampling locations. These samples were adpxl 
for inmganics, organics, and radionuclides.' The Phase 1 results are summamd * in the Phase I Data 
Summary Report for the Clinch River Remedial Investigation: Health Risk And Ecological Risk 
SkreeningAssessment (Codc et al1992). A writtea summrny of the data quality can be found in Quality 
AssurancdQuality Control Summary Report for Phase 1 of the Clinch River Remedial Imestigation 
(HoUaday et al. 1993). 

A f h  oon?pletion of the Phase 1 samplin& an extensive project was initiated in July 1990 to collect 
surfke SedimeQt grab samples fiom near-shore areas of both the Clinch River and WBR. The purpose 
of this near-shore sampling was to determine the extent to which near-shore surface sediments are 
contamiaatedbyreleases-~ORRandprovidedatatotheWBRIn~agencyPermi#ingGroupfor 
evaluation of human health risks fiom exposure to sediments during and following any proposed near- 
shore ctredgingoperations. Thenear-shore sediment samples were analyzed by gamma spectrow for 
I3'Cs and To. The results of the near-shore sediment char-tion are contained in the Data 
Summary for the NearShore Sediment Characterization task of the Clinch River Environmental 
Restoration Program (Levine et al. 1994) and are also described in Chap. 3 of this report. 

The CRRI Phase2 sediment data -the following sampling sctivities were included in the human 
healthriskasswme& ( 1 ) s e d i m a t m  * t characterization (labeled S1.B) and (2) a codnuation 
of the near-shore surface sediment grab sample collections in areas where a dredging permit had been 
quested and was udxgoihg review by the WBR Interagency Permitting Group (labeled S2). Chapter 
3 presents the results of the sediment characterhition activities. A QA evaluation of the sediment data 
iswnkainedinAppendkG. 

In compiling the sediment data for use in the baseline risk assessment for the Clinch River and 
Poplar Creek, the data were split into two subsets (near-shore and deep-water). For purposes of the 
arposurepathwaystobeev~~inthetiskassessment,thenear-shoredataset,which c o m p k a l l  
samples collected at an elevation 2733 ft will be used to assess the shoreline use exposure pathways. "he 
remainderof&coreswillbeusedtoassessthedeep-wateren~o~entthroughthedred~gexposure 
pathways. 

above the On the basis of the aforementoned criteria and the average water depth mamtamd 
Melton Hill Dam, no samples collected m either reach 1 or 7 can be defined as "near-shore." Therefore, 
no shoreline-use exposure pathways will be evaluated for reaches 1 or 7. Summary statistics for the 
"near-shore" data set are listed in Table C6 and forthe "deep-water" data sets are listed in Table C4. 

* .  

5.133 Fishdata 

Sources of data on levels of contaminants in fish include the CRRI Phase 1 and 2 (Table 5.5). 
Sampling locations are described in Chapter 3. The CRRI Phases 1 and 2 fish samples were analyzed 
byTVAAUdatawerecombinedintoonemedia-specificdatabase. Datawereavailable forthe following 
species of M x  bluegill (hpmis macrochims), largemouthbass (Micropterus salmoides), striped bass 
@€orone saxutilis), hybrid bass (Morone chrysopMorone saxatilis), channel catfish (Ictalunrs 
punctatus), gizzard shad (Dorosoma cepedianum), threadfin shad (Dorosoma pentense), carp 
(Cyprinus carpio), and white crappie (Pomoxis annularis). For the purposes of this risk assessment, 
onIy common food fish @ l a  bass, and catfish) were used in the analyses. White crappie, a common 
foodiish, WBS not analyzed because of an insufficient number of samples (one sampling activity at o x  
location). 
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Not al l  species of fish accumulate contamhants to the same extent and not all species of fish were 
analyzed for the same co-ts; therefore, species were evaluated separately. The were 
&signednot cmly to identi.@ the chemicals of concern (COCs) but also to focus on the species with the 
higtKst- 'om. Bluegill were analyzed for inorganics and radionuclides; cat6sh and largemouth 
bass were d y z e d  for inorganics, organics, and radionuclides; and striped and hybrid bass were 
analyzed for organics. 

Table 55. Souma of fuh data evaluated quantitatively in the baseline human health risk rurerrment 

Analysea Number of sample# 
Reach Reach Reach Reach Reach 

1 2 3 4 7 

Clinch River Remedial Investigation Inorganics 13 29 35 27 0 
Phase I (Cook et al.1992; Holladay 
et al. 1993) organics 8 22 36 18 0 

Radionuclides 
ClinchRiver Remedial Investigation Iwrganics 
Phase 2 (Chap. 3) 

orgauics 

13 51 

0 66 

3 61 

54 

68 

72 

40 

105 

142 

Radionuclides 0 0 0 0 0 

Wumber of samples per reach indicates a total number of analyses per reach, independent of species type. 
Sources: 
R. B. Cook, S. M A h ,  J. J. Beauchamp, M S. Bevelhimer, B. G. Blaylock, C. C. Brandt, C. J. Ford, M L. 

Frank, M. J. GenEty, S. K Molladay, L. A. Hook, D. A. Levine, R C. h g m a n ,  C. W. McGinn, J. L. Skiles, 
G. W. Sub,  and L. F. Williams. 1992. Phase I Data Summary Report for the Clinch River Remedial 
Imstigation: Health RiPkrmdEcologicalRiPk~eningAsJessmen& ORNLER-155. Oak Ridge National 
Laboratay, Oak Ridge, Tenn. 

S. K Hblladay, M S. B e v e k ,  C. C. Brandt, R B. Cook, W. D. Crumby, C. J. Ford, M J. Gentry, L. A. Hook, 
D. A. Levine, R C. Longman, S. E. Madix, R L. Moody, C. D. Rash, aud L. F. Williams. 1993. Qua@ 
Assurance/Quaiity Control Summary Report for Phase I of the Clinch River Remedial Imstigation 
ORNL/ER-152. Oak Ridge National Laboratory, Oak Ridge, Tenn. 

Fish wete amlyxd for h l o r  1260 and Aroclor 1254 to determine the CwCentration of PCBs in 
fish tissue because these two chemical mixtures are the major contributors to the tdal PCB 
Coacentratioa Emphasis was placed on catfish for PCBs because of their relatively high lipid 
content, which is directly related to their propensity for accumulating PCBs. Striped bass, a species 
introduced into WBR, were analyzed for PCBs and organic pesticides and herbicides because of their 
high lipid content, large size, and food use. 

With the exception of striped and hybrid bass, which were lumped into one data set because of 
limited sample size and like characteristics, separate risk calculations were made for each species. 
Summary statistics were then calculated for each species of fish (Tables D3-D5 and Table D8). 
Although some individuals consume fish patties containing fish parts such as bone and roe, this risk 
assessment evaluates a reasonable maximum exposure only @e., the ingestion of fish fillets). 
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5.1.2.4 Waterfowl data 

The waterbwl data that were available for use & the Clinch River and Poplar Creek baseline risk 
assessment included data on Canada geese and wood ducks collected as part of the ORR BMAP. 
Evaluation of the available data suggested that Canada geese are the w w o w l  species that would be 
most representative of site conditions and are the most prolific and more heavily hunted on or near the 
ORR F ~ ~ r k m ~ m ,  the Canada geese that were sampled and analyzed were collected from actual waste 
disposal ponds and on-site surface water bodies. Therefore, these geese potentially represent the 
maximally contamhated members within the goose population. Summary statistics are listed in 
Table D9. 

5.13 Data Evaluation 

5.13.1 Blanks 

The CRRI QA personnel evaluated the analytical data and compared measured concentrations in 
samples with detected concentrations of a particular contamimnt in the associated method and field 
blanks. By using the protocol outlined in Riskhsessment Guidance for SupeMnd: Volume I ,  Human 
Health Evaluation Manual (Part A) @PA 1989c), common 1aboratoIy contaminants were considered 
aspositiveEydetectedval~onlyifthemeasuredconcen~~oninthesamplewastentimesgreaterthan 
tbe measlned concentration in the blank. For all other anal*, the analyte was considered a positively 
d e t e c t e d V a l W O i I l y i f t h e M ~  'on in the sample was five times greater than the measured 
concentration in the blank. Sample results were then flagged appropriately in the CRRI database. A 
summary of the blank comparison and the results for the CRRI Phase 2 samples are contained in 
Appdk G of this dowment The CRRI Phase 1 data were validated previously, and the results of that 
validation are contained in the Qualityhsurance/Quality Control Summary Report for the Phase I 
of the Clinch River Remedial Investigation (Holladay et al. 1993). No blank comparisons were 
p e r f o d  for the historical data incorporated in the data sets because blank information was not 
available. Thus, no historical contamhuts were eliminated on the basis of this comparison. 

5.133 Original samples versus duplicate samples 

For those media and sampling locations where both original samples and duplicate or replicate 
analyses were conducted, the measured concentration in the original sample was averaged with the 
concentration in the duplicate or replicate to obtain a concentration value for that location. 

5.133 Obtaining a measure for total chlordane 

T h e ~ ~ d f m c l l l & @ & d ~  'om for the various chlordane isomers 
but did not give a measure for total chlordane. However, on the basis of the analytical method and the 
known physicochemical action of the various isomers, a measure of total chlordane was obtained by 
summing the measured concentralions of the isomers. As a result, all concentrations of the chlordane 
ismeax (alphadodane, gamma-chlordane, alpha-chlordene, gamma chlordene> chlordene, chlordane, 
and oxychlordane) were summed and a "chlordane, tdal" enby was added to the data set. 

5.13.4 Radionuclide considerations 

The ORREMF' surface water monitoring data contained entries for uranium-radioactive, whereas 
the other available d a c e  water data listed individual isotopic measurements for the various d u m  
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isotopes my "'U, TJ, and 238u). As a result, the ORREW results for uranium-radioactive were 
conservatively included in the derivation of a representative concentration for T J .  * .  

In addition, the ORREMP surface water monitoring data contained d e s  for strontium- 
radioadive. Because the radioaCtive W-lives of the various strontium isotopes e9Sr, 'lSr, and 3 r )  are 
soshort-lived, thecmlystrontnrm * typically detected m a sample is !'OSr. As a result, the ORREW results 
for strontium-radioactive were included in the derivation of a representative concentration for 9 r .  

To ensure that all available data are considered to be representative of current d t i o m ,  all  
radionuclide concentrations were decay-corrected to January 1,1995. 

5.135 Nondetected contaminants 

For each media-specific data set, a determination was made as to whether a contaminant was not 
detected in any sample. Ifa contaminant's frequency of detection was zero at a l l  sampling locations 
withinagiveaexpsweunit, thatcontamrnant * was eliminated h m  consideration in the risk assessment. 

5.13.6 Essential nutrients 

Essential nutrients (including Ca, Cu, Fey Mg, P, K, and Na) @mne 1990) are considered to have 
little mno adverse effects on human health. Furthermore, these nutrients are not expect& to have been 
released in the Clinch River or Poplar Creek These anaEytes have been included in the summary statistics 
for the purpose of reporting all the available idormation but are not considered to be COPCs. 

5.13.7 Frequency of detection 

As is noted in the RiskAssessment G u i b  for super=Fnd: Volume I ,  Human Health Evaluation 
Manual (EPA 1989c), "chemicals that are inhquently detected may be artifacts in the data due to 
sampling, analytical, or other problems, and therefore may not be related to site operations or disposal 
practices." Forthe purposes of this baseline risk assessment, the frequency of detection of all analyks 
was e v a l d  before the calculation of risk/hazard "hose chemicals that had a frequency of detection 
4% (i.e., 1 detect in 20 samples) were eliminated from further consideration in the risk assessment 
because of the uncertainty associated with the accUracy/precision of the available analytical 
measurements. 

5.13.8 Summary statistics 

Theresult ofthedatamrmipulations described in the preceding sections is a final data set for each 
mediaevaluatedinthebaselinehumanhealthriskassessment. Summarystatisticsareprovidedforall 
co nhimnts in Appendices B, Cy and D. These tables provide a listing of contamban& by exposure 
unit (reach) alongwiththeir~ofdeiect icq minimum. maximum, mean, and 95% upward bound 
(see Sect. 5.2.3 for ckkmmab 'on of r e p d v e  concentration). All contaminants remainingafterthe 
eliminationoftbecontamtoants that were 1000? nondetects or that were detected in 4% of the samples 
are considered COPCs. , 

5.2 EXPOSURE ASSESSMENT 

Exposlaeiuintbeofhumanbealthrisk, is defined as the contact of aperson with a chemical 
or physical agent. For expome to occur, a source of co- * 'on or con- media must exist 
(1) that saves as a point of exposure oc (2) thattrrmsports tsawayfromthe sourcetoapoint * 
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where exposme could OCCUT. In addition, a receptor must come into either direct contact (i.e., ingestion, 
inhalation, dermal contact, external exposure) or hd@ct contact (such as ingestion of f w  that 
have b i -M contamtnan ' ts within their systems) with the contaminant. This concept is ref& 
to as an exposure pathway. The elements of an exposure pathway are source, environmental 
transpodtransfer media, exposure point, exposure route, and receptor. 

An exposure assessment is the determination or estimation (qualitative or quantitative) of the 
magnitude, h q m c y ,  duration, route of exposure, and receptor population for each pathway evaluated 
in a baseline risk assessment. Duringthe exposure assessment process, the risk assessur 

0 

0 

0 

characterizes the expowre setting in an effort to identi@ the potentially exposed populations 

likelihood of exposure; 
( ~ w , ~ - a c t i v i t y p a t t e a n s , ~ a n y ~ -  * 'csthatmightincreaseor'decressetheir 

identifies exposure pathwayson the basis of the characterization of the exposure setting [each 
exposure pathway identifies a unique mechanism by which a population may be exposed to the 
contaminants (swimming, gardeniug, private well use, etc.)]; 

Quantifies the sqx>sure to a contaminant by estimating wncentrations to which a receptor may be 
& and 

calculatesa~~-~cintakeardosetypicallymeasuredinmilligramsperkilogramofbocty 
weightperday(m~~aadaradionucli&~~c~typicallymeasuredin(riskperpicocurie 
of contaminant) for each exposure pathway. 

On the basis of the activity patterns of a population, any given individual may be expod to more 
than one exposure pathway. For example, an individual who dredged sediment fiom the Clinch River 
wouldbe exposed& dythrough dermal contact with the sediment but also through inhalation of any 
resuspendedparticulates, through inadvertent ingestion, or ifthe dredge soils were used as garden soil, 
through ingestion of homegrown produce. Therefore, the expwe'assessment must include an 
evalualicm of the activity patterns of the potential receptors and determine what combination, if any, of 
exposure pathways could &at an individual. This evaluation results in the generation of exposure 
scenarios. Exposure scenarios represent the combination (ifapplicable) of exposure pathways that an 
individual could be exposed to on the basis of hither activity patterns. 

Once the appropiate sqx>surepathways and d o s  have been identilied, the risk assessor must 
select the qpqxiak equations and associated parameter values to calculate the amount of contminmt 
that is incontactwiththe body (skin, lungs, gut) per unit body weight per unit time (intake or dose) for 
each exposure pathway. The output of this activity is used in conjuuction with the output fiom the 
toxicity assessnent (sect. 5.3) to quantify risks/hazar ds toreceptors duringriskc- * 'on(Sect. 
5.4). The exposure assessment process as applied to the Clinch River is detailed in the following 
subsections of this report. 

5.2.1 Characterization of Exposure Setting 

A detailed description of the geography, demography, climate, and topography of the area 
surrounding the Clinch River and Poplar Creek is contained in Chap. 2. With respect to the baseline 
human health risk assessment, the area under evaluation is the Clinch River fiom CRM 50.5 to CRM 
1.0 a d  Poplar CnAc fiom PCM 5.5 to 0.0 (See Chap. 3 for a detailed map). Because this area is quite 
large, a decision was made before the initiation of Phase 2 sampling to &vide the OU into smaller 
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sections or reaches. The boundaries of each reach were delineated on the basis of the location of a 
specific physical/topographic festure (e.g., pamS, streams or river confluences). Each of the reaches is 
described in detail in Chap. 3. Furthermore, each reach was divided into subreaches on the basis of 
idormation about zones of sediment deposition. 

Befbretbeprep~~ofthisb~~riskassessment,theriskassessorshadtodeterminewhether 
surface water, sediment, and fish data would be evaluated on a reach or subreach basis. The sampling 
locations for watdowl negate the need for such an evaluation (Sect. 5.1.2.4). The evaluation process 
involved txmmatl ' 'onoftbesristingdatatode~e(1)ifwncentrato~variedsignificantlyenough 
between submches to indicate that *'hot spots" of contamination were present and (2) ifthe quantity of 
existing data for each of the subreaches was both adequate and appropriate for drawing conclusions 
regarding risk/hazard The results of this evaluation were as follows: 

1. fbrjkhandsurfhcewatmdatawllectedwithinthe ClinchRiver,xisk&azardswouldbecalculated 
and presented on a reach basis for r e a c b  1,2,4, and 7; 

2. for deep-water sediment collected in the Clinch River, riskdhazards would be calculated for 
reaches 1 and 7 and subreaches 2.04,4.01,4.02,4.03, and 4.04, 

3. for "near-shore" sediment collected in the Clinch River below the Melton Hill Dam risks/hazar ds 
would be calculated for subreaches 2.04,4.01,4.02; 4.03, and 4.04; and 

4. for surf' water and sediment (both near-shore and deep-water) collected in Poplar Creek 
riskdhazards would be evaluated for subreaches 3.01,3.02,3.03, and 3.04. 

As discussed m Chaps. 2 and 3, land sumwnding the Clinch River is used for residential, fanning, 
inctustrial, imdreaeatidpqmses. The ClinchRiverandPoplar Creekboth flowthrough agricultural 
andincEustrialareas,*contammants ' fiom both point and nonpoiut sourus c8fl enter the water. The 
fate of a contaminant depends not only on the flow rate of the water but also on the physical and 
chemical pmpeaties of t b ~  Contaminant. Dissolved substances are usually flushed through the system in 
amatkofweeks,wfiereasparticleassociatedcantarmnan * tsmayaccumdateinthesedimentandremain 
iu&finitely. This is evideaced by the fact that peak ccmenhb '011s of contamimmts known to have been 
released in the past are buried at depths that can be Correlated with release histories. These buried 
con tamhmts are indicative of areas of sedhent accumulation that have remained stable for 40 years. 

The C W  River and to a lesser degree, Poplar Creek provide a variely of recreational opportun- 
ities, such as sport fishing, hunting, boatin& swimming, water skiing, and camping. The greatest 
participationmtbeseactivitiesism~summer,butbecauseeastemTeMesseehasatemperateclimate, 
someadivitiesarepursuedyearnnmd.Theareaalsodrawsasubstantial amountofout-of-townvisitm. 
This risk assessment focuses on local inhabitants who regularly engage in activities where they can come 
in contact with or ingest fish, sediment, and/or surface water fiom the Clinch River and Poplar Creek 

Currently, a fish advisory exists which limits the consumption of fish fiom the Clinch River and 
Poplar Creek because of concern over PCB mntaminatim PCBs have been released fiom the ORR 
(Loar et al. 1992); however, PCBs also occur in many streams and lakes in eastern Tennessee. 

533 Identification of Exposure Scenarios 

For Supfimd sites, EPAreconrmends tbeuse of areasonablemaximum exposure @ME) Scenario, 
where reasonable maximum is defined so that only those exposures that are likely to OCCUT will be 
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included in the exposure assessment @PA 1989a). RME is a conservative estimate of exposure 
reasonably expected to occur at a site, but it is expedal to be within a realistic range of expome. 
Eshatbg the RME involves the use of both EPA's standard default assumptions and best professional 
jdgaxa~ For quantification, each contdnant is evaluated according to its potential to cause adverse 
human health effects, both carcinogenic and noncarcinogenic. 

As is i n d i d  in the site conceptual model (Fig. 5.1), several exposure scenarios were selected for 
evaluation in this baseline risk assessment: ingestion of untreated surface water, consumption of fish, 
ingesticmofwateafowl, expmretooear-shore dimeat through shoreline use, exposureto surface water 
through swimmin& exposure through irrigation, and through the use of deep-water dredged sediments 
for agricultural purposes. Most of the scenarios included in this risk assessment were previously 
evaluated in the screening assessments of HofEuan et al. (1991) and Cook et al. (1992). Because both 
the C W  River and Poplar Creek are readily accessible to the public and are not protected property of 
DOE, all  expome pathways are considered residential. In addition, because not al l  individuals use the 
resources of the Clinch River or Poplar Creek in the same way, the risk assessment process includes a 
variety of exposure scenarios to account for the Werent ways an individual might be exposed to 
p o t e n t i a l l y h a r m f i d c o ~  ts. 

Exposure scenarios were designated as either current or future in this risk assessment. Current 
exposme scemaios evaluate those expome pathways that are considered to occur or have the potential 
to-,wuse--- 'om forthe media of interest. These scenarios include 
c o v t i o n  of fish, ingestion of waterfowl, exposure to near-shore sediments through shoreline use, 
exposure to surface water through swimming, and ingestion of untreated surface water. 

Future exposure scenarios evaluate e x p u r e  pathways that are not currently OCclltTing but have 
the potential to occur at a later date. For this assessment, the deep-water dredging and irrigation 
scenarios are considered future expome scenarim; they use modeled estimates of contaminant 
wwa&aticms forthe media of interest. For example, contarmnan . t conmfrations for soil irrigatedwith 
slrrfacewaterwerenotavailab~nev~less,wncentrations werepredictedwithmathematicalmodels. 
Other models were used to predict the uptake of the contaminam in the soil by pasture forage and the 
subsequent transfer into the milk and meat from cattle that consume the forage. Chumption of milk 
and meat fiom cattle that have grazed on pastures inigakd with Clinch River or Poplar Creek surface 
water are examples of future expawre pathways. 

5.23 Quantification of Exposure 

Asstatedp~ly,expmre,inthecon~ofrisktohumanhealth,is&finedasthe contactof 
a person with a chemical or physical agent. To quanti@ expawre, a r e p h v e  concxmtmtion must 
bedetemmd . foreach~andthenchemicalintakesmustbecalculatedforthevarious~e 
pathways identified for the site. 

5.23.1 Derivation of au exposure concentration 

Before the derivation of the chemical-specific intake values for each pathway, an exposure 
concentratcmmustbedeveloped  the^^ 'on, the amount of each chemical in the media 
of interest, is the first variable to be defined in the exposure assessment process. EPA (1989~) 
nxmmmds the use of the arithmetic average (mean) of the chemical concentration in a medium as the -- 'oaBecauseofthevariabilityinherentinsamplingnaturalsystemswherethe&~~ 
andsrtentofcmmmatl ' 'cmisunknowq aamrately estimathgthe true mean becomes difficult. Because 
it is not possible to h o w  the true mean concentration of a co- the UCL, of the mean is used 
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as a conservative estimate of the true mean. Measured contaminant concentrations were not available 
forall-mediaso- 'cal models were used to estimate the concentrations. For media with 
limited sample data or artremevariabiity in the measued or modeled concentrations, the UCL, can be 
greaterthauthe highest measured or modeled concentration. In these cases, the maximum measured or 
nxxkled value is used as the exposure concentration instead of the UCL,. It should be noted, however, 
that the true (but unknown) mean could be higher than the maximum value, especially if the most 
contaminatedportionofthesitehasnotbeensampled, Thisissueis discussedintheuncertaintyanalysis 
(Sect. 5.5). 

Before the derivation of summary statistics, estimates and codidence bounds for mean 
concentrations were computed by three methods: (1) by substituting detection limits for nondetect 
results and computing the usual arithmetic mean and standard error, (2) by computing the mean and 
standard error using the lognormal model and the method of maximum likelihood, and (3) by 
computingameanaads@ndardeawrksmthePLE. The purpose of this evaluation was to determine the 
most appropriate statistical method to use to derive summary statistics for the Clinch River data sets 
because the data sets were comprised not only of CRRI Phase 1 and 2 data, but also existing historical 
data. 

The PIX is a ~~onparamefric distriiulim fimction estimate that statistically 8ccounts for nondetects. 
It was originauy defined for right-censored (failure-time) data (Kaplan and Meier 1958), but applies to 
left-censored (nondetect) data, as well. The lefi-censored version is given in Scbmoyer et al. 
(1995).When there are no nondetects, the PLE reduces to the usual empirical distribution function. If 
there are nondetects, however, and if the d e s t  observation (concentration or detection limit) is a 
nondew then, the PLE is not uniquely defined for concentration values below that smallest 
observation. In such cases, the mean of the PLE is likewise undefined. 

To accommDdate these cases, various ad hoc definitions of the PLE have been proposed. Perhaps 
tbe~~~eistotakethePLEtobezeroforconcentrationssmallerthanthesmallestdetected 
value. This conservative defhition is the one used, for example, in the SAS Lifetest procedure (for 
rightemoreti data). Simulation results of schmoyeret al. suggest that even this conservative PLE mean 
tends to be slightly anticonservAve for nonnonnal data distributions. We therefore adopted the 
conservative definition for the PLE and PLE mean estimate. From the same simulation results, the 
au ths  firher ccmlded that the PLE mean is preferable to either approaches (1) or (2), which tend to 
be too coIfsetvBtive (h no physical basis exists for the lognormal model).Therefm, we selected PLE 
means and standard errors (and confidence bounds) as the primary statistics for this RI. Means and 
standard e r n ~ s  computed by the other two methods were carried along as a check but are not reported. 

533.2 Derivation of the chronic daily intake 

~ti=expure- 'onis c a l w  expure to contaminants is evaluated quantitatively 
by deriving the chronic daily intake of a chemical or radionuclide. For this baseline human health risk 

intake is defined as the amount of a contambnt that an individual takes into his/her body 
per day through ingestion, inhalation, or dermal c o n q  dose is defined as the total absorbed energy 
fiom -e to a particular radionuclide. 

The general equation for calculating chemical-specific in@es for receptors and the exposure 
pathways to be evaluated in the risk assessment has been defined by EPA (1989~) as follows: 
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where 

C 
IR 
EF = exposurefiequency; 
ED = exposureduration; 
BW = b0dyweight;and 
AT = averagingtime. 

= concentration of a chemical in the environmental media of concern; 
= ingestion rate of the media per day or per hour, as appropriate; 

Ingestion rates for the various environmental media as well as recommendations for exposure 
frequencies and durations for various exposure pathways have been provided by the EPA. EPA's 
staudard default exposure fators (EPA 1989c, 1991a) are used in calculating the pathway-specific 
intakes where appropriate. Knowledge of site-specific wnditions and receptor activity is used when 
guidance is not available or when professional judgment deems necessary. The default values are 
typically either the average value, the 50th percentile value, or the 90th percentile value. 

Ecptim 5.1 must bemodified on the basis of pathway-specific considerations. Depending on the 
pathway under evaluation, the exposure frequency might mer or an exposure time might be included 
in the equation to more reasonably estimate the intake of COCs. The pathway-specific equations that 
were used m this baseline human health risk assessment are listed in Tables El-E5, E7-El8, E20-E24 
andE27.Thesetablescontainade&iledlistingofthe~parametersusedinthepathway-spec~c 
equations and a source for each of the parametas. 

One ofthep,rimarydbetweathis baselinehuman health risk assessment and the previous 
screening assessments is the use of different exposure parameters. A baseline human health risk 
assessment should reflect realistic exposure conditions, whereas screening assessments often include 
veryconservatveexposureparameters.However,tbepresentbaselinehumanhealthriskassessmentuses 
EPA-recammermdedparameter values that in many instances may be more wnservative than those used 
mtbepreviws~riskassessnents.Thisriskassessnentevaluatesthehealthriskstobothachild 
(Myears old) and to an adultforexpsmtormocarciwgens. Exposure to carcinogens is assessed only 
for adults because tbe 30-year adult exposure period exceeds the 6-year child exposme period. It would 
be possible to evaluate the risk to an adult whose exposure began as a chila however, the endresult 
wouldnot be substantiayldifferenthntheresultreschedby considering an adult. Each of the expame 
scenarios and their associated pathways are described briefly in the following text.. 

5333 Surface water ingestion scenario 

The surface water ingestion scenario assumes that an adult weighing 70 kg and a child weighing 
15 kg ctrinks Wrested water fiom the reservoir at a rate of 2 Ud and 1 Ud, respectively. The duration 
of exposure for adults is 30years, whereas the duration of exposure for a child is 6years. As far as is 
known, no onerouti~~lyctrinks m t r e a h l ~ o j r ~ ,  but because the possibility exists, this errposure 
scenario is included in the risk assessment. The exposure equation for the ingestion of drinking water 
is listed in Table El. 
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5.23.4 Shoreline use scenario 

The shoreline use pathways, as evaluated for subreaches 2.04-4.04, consider persons who spend 
time- along the shoreline of the reservoir where they may come in contact with near-shore sediment 
thruugh sctivities such as walking, searching for artifacts, and wading. Some activities such as walking 
and searching for artifacts are often more popular in the fall and winter when the water level in the 
reservoir is at its lowest. In many locations, the winter water level provides a broader beach and easier 
access. The contaminant exposure concentrations for the shoreline use pathways are listed in the 
representative concentration column in Table C6. 

Four e x p u r e  pathways are included in the shoreline use pathways: inadvertent ingestion of near- 
shore sediment, inhalation of the sediment in the form of dust, external exposure to gamma-emitting 
radionuclides in the sediment, and dermal contact with near-shore sediment (Fig. 5.1). It is reasonable 
to assume that an individual exposed through inhalation would also be exposed by external radiation. 
Therefore, these two pathways are summed for evaluating an individual exposed by inhalation. -The 
parameter va lw and equations used for the human health risk assessment are given in Appendix E for 
exposure to the following pathways: (1) inadvertent ingestion of near-shore sediment (Table E2), (2) 
dermal contact with near-shore sediment (Table E3), (3) inhalation of resuspended sediment 
(Table E4), and (4) extemal exposure to radiation from gamma-emitting radionuclides in near-shore 
sediments (Table E5). Each pathway is discussed briefly in the following text. 

Shoreline use: inadvertent ingestion of near-shore sediment. An individual who spends time 
along the shore of the Clinch River or Poplar Creek is assumed to inadvertently ingest a small quantity 
of sediment. Table E2 lists the intake equations and expome parameters used to assess the risk of 
adverse health effects from the inadvertent ingestion of near-shore sediment. Parameter values used in 
the exposure equation have been derived from standard intake rates, exposure frequencies, exgosure 
durations, and averaging times. These values are based on EPA standard default va lm for residential 
settings. 

Shoreline use: dermal contact with near-shore sediment. An individual who spends time at a 
beach area is assumed to come into physical contact with the sediment and to absorb some fraction of 
the contaminant(s) in the sediment through the skin. Radionuclides were not evaluated for dermal 
exposure because it was assumed that the dose frm external exposure to the radionuclides would 
provide amwh greater health risk than the dose from demal contact with those same radionuclides. In 
addition, it was asumedccmscavativelythat an individual would only visit the beach area for a maximum 
of 6 months/year or half of the standard exposure fkpency of 350 dlyear. Pathway-specific intake 
parameters are listed in Table E3. 

Shoreline use: inhalation of resuspended particles from near-shore sediment. The evaluation 
of the aqx>sure of an individual to contaminants in near-shore sediment that are resuspended in the air 
is depede& on the quantity of fugitive dust (resuspended sediments) generated by the wind. Although 
no air mmi& data were available for the Chch River or Poplar Creek mea, the quantity of fugitive 
dust generated by the wind was empirically derived by the method described in Eckerman and Young 
(1980). This method was also used in the previwS screening risk assessments conducted by Hofhm 
et al. (1991) and Cook et al. (1992). The risk assessment equations and parameter values are given in 
Table E4. 

Shoreline use: external exposure to near-shore sediment. The extemal exposure pathway is 
txmxmed only with szteanal exposme to gamma radiation fim radionuclides while an individual spends 
lime along the shodm. Radionuclides are carcinogens, and as noted earlier, only adults are considered 
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for exposure to carcinogens. Exposure equations and related parameter values are listed in Table E 5  
These equations sndparametervalux wae obtained fiom the National Council on Radiation Protection 
(NCRP) (1984) and EPA (1989~). 

533.5 Swimming scenario 

An individual can be exposed to water in the Clinch River or Poplar Creek through recreational 
activities suchas swinnnin&waterskiing, and wading. The swimming pathways are included in the risk 
assessment because swimming offers  the^^ fot dermal exposure. The exposure frequency 
forthe swimming pathways is limitedto45 days because Swimming is a local summer activity and EPA 
(Region N) has established 45 days as a reasonable maximum exposure frequency for the southeast 
(EPA1991c).WaterdatawerecollectedQringthePhase 1 andPhase2sasnplingactivities.Inaddition, 
surface water data c o l l d  as part ofthe ORREMP were used to supplement the surface water data set. 
The exposure concentrations detected in the surface water samples are listed in the representative 
concentration column in Table B3. 

Swimming: inadvertent ingestion of surface water. Many swimmers will ingest some of the 
surnxmdingwaterwhile swimming. Standard EPA dehdt intake equations and parameter values were 
used to calculate exposure estimates fiom this exposure pathway. The equations and parameter values 
are listed in Table E7. 

Swimming: dermal contact with surface water. Chemicals that are dissolved in the water can 
be absorbed through the skinwhile swimming. The rate of absorption is chemical specific and is 
representedbya~~constant.~~constantsarediscussedinSect.5.3andarepresentedin 
Table E6). As in the c8se of dermal contact with near-shore sediments, radionuclides were not included 
in the dermal abmption pathway because the risk of health effects from extemal exposwe to radiation 
would be much greater than the chemical effects. The exposme equations and associated parameter 
values for dermal contact with d a w  water are listed in Table E8. 

533.6 Fish consumption scenario 

Many individuals who live in the vicinity of the CIinch River and Poplar Creek are avid anglers. 
The hh conslrmptim scenario represents an avid angler who regularly catches fish in the Clinch River 
or Poplar Creek and uses the iish to feed the f@. Because many anglers are selective in the species 

sevetal species of €ish are included m this * these species are bluegill (Lepomis macrochim), 
largemouth bass (Micropterus salmoides), striped bass (Morone saxatilis), hybrid bass (Morone 
chrysopsmliorone saxatilis), and channel catfish (Ictalumpunctatus). With the exception of striped 
and hybrid bass, which were lumped into one data set because of limited sample size and like 
characteristics (see Sect. 5.1.2.3), separate risk calculations were made for each species. 

of fish they eat and not all species of fish accumulate contamrnants * in their tissues to the same 

Tbeequationsandparameterval~usedfor~gthebaselinehumanhealthriskassessnent 

cOflcenfratioIlS forthis scenario are listed in the representative comenhat~ 'on columns in Tables D3-D5 
and Table D8. 

for the fish consumption exposme pathway are given in Table E9. The contamkmt exposme 

separate risks were calculated for the ingestion of different species of iish to provide risk factors 
for individuals who eat only one species of fish. The EPA-rewmended ingestion rate of 54 g of fish 
per day was used to calculate the risk for each species; therefore, the risk for each species should not be 
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sddedtoobtainariskto an individual who eats al l  species. Instead, the risk for the species that has the 
maximum value should be used as the upper-bound risk for the ingestion of GAL 

533.7 Waterfowl consumption scenario 

As descn'bed m sect. 5.1.2.4, the waterfowl data available for use in the baseline human health risk 
-werelimited to data collected as part of the CRRI Phase 1 and Phase 2 sampling activities. 
oftbeav~ledata,onlythetissuedataforCanadageesewereusedtoevaluaterisktohumanhealth. 
Standard EPA default exposure parameters are not available for intake and exposure duration for the 
ingestion of w a & % .  k f o r e ,  on the basis of personal wmmunication with the Tennessee Wildlife 
Resources Agency 0, pcxted bag limits for the various species of waterfowl, and the duration of 
the hunting season, best professional judgement was used to establish an ingestion rate and exposure 
duration for the consumption of Canada geese. 

The ingestion rate that was established is based on the assumption that the average hunter would 
harvest two geese per year. Although the hunting season is typically 45 days and the bag limit is two 
s e e S e p e r d a y , ~ T W R A P ~ ~  estimatesofthen~~ofhun~gpermitsissuedandtheestimated 
kills based oa their tag and checkout system. For 1992-93, the number of permits issued for the Watts 
Bar hunt unit was 639 and the estimated kill for those years was 173 (TWRA 1994). Therefm, the 
assumption that the average hunter would harvest two geese per year is considered by the assessors to 
be reasonable. The exposure frequency was considered td be 14 wear, or 2 weeks. 

An average Canada goose weighs -12 pounds. Individuals typically eat only the breast tissue, 
which is -1B of the weight of the goose, or 4 lb. In addition, the typical hmtm would share half his kill 
with his or friends. Therefore, for use in this baseline risk assessment each hunter was assumed 
to amsume -41b ofgoose per year (equals 12 lb per goose x 2 geeseper year x 1B x 0.5). The exposure 
equation and parameter values for the ingestion of Canada geese are listed in Table E10. 

533.8 Dredging scenario 

Historical and ready collected data indicate that the highest cuncentratim of '"Cs and mercuty 
in the sediment of the Clinch River are buried under 40 to 80 cm (1 to 2 ft) of 1essGOntaminated 
sediment in depositional mnes along the old river channel (Energy Systems 1992; Olsen et al. 1992). 
T h i s ~ o c a n s b e c a u s e r e l ~ 0 f c o n t a m r n a n  * ts h t h e  ORRhave decreased significantly since 
the 1950s and 1960s (Chap. 3), and the more recently deposited sediments are much less contaminated. 
As long as the sediments with the highest levels of contamination remain buried, there is no realistic 
exposure pathway for humans and no risk to human health. Therefw, the most viable pathway for 
humansq)osurewouldresult~~tbe~w~sedimenttomaintainanavigationalchannel  
of for o k  reasons. If the dredged spoils are placed on the shore, they provide a potential pathway for 
humansrposure. Because dredging is an action that could occur in the future, a dredging scenario was 
used to evaluate the health risks associated with the use of deep sediments for agricultural purposes. 

I>redgingactivitiesmtheCliochRiverandPoplarC~areregulatedbyTvAandUSACEsothat 
the UIlCOnfrOUed disposal of dredged spoils is unlikely. The dredging scenario assumes that deep-water 
sediment is removed from the reservoir and depositen upon agridtural land, where it is used to grow 
aops andraise livestock The sediment is assumed to be spread deep emugh so that plowing would not 
dilute the material by mixing it with the underlying soil. Therefore, this exposure scenario assumes 
worst-case conditions. 
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Occasionally, a lakefiont property owner will request permission fiom TVA to m o v e  sediment 

dredged spoils may be placed onshore wh&e humans could come in contact with them or where the 
spoils could be used for agricultural purposes. However, because the shorehe use pathways include 
direct exposure pathways for near-shore sucfiice sediment and the quantity of sediment that would be 
dredged is typically only several cubic yards or less, dredged near-shore sucfiice sediment is not 
considered in the dredging scenario. 

from an area near M e r  property to provide navigable water to a boat dock In such instances ,the 

The five exposure pathways evaluated under the dredging scenario are also evaluated for the 
irrigation scenario (Fig. 5.1). Direct exposure occurs through ingestion of dredged sediment, dermal 
contact with the sediment, inhalation of air containing dust derived fiom the sediment, and errternal 
srposlaetogamma-ernittingradionucMesIndirectarposures occurthroughtheingestionofmik,meat, 
and vegetables produced on the dredged sediment. 

DataforthedredgbgsCenariocame fiom cores taken during the CRRI Phase 1 (Cook et al. 1992) 
dPhase2.hdividualm- -om were calculated fiom mass-weighted averages over the entire 
length of the core. Data fiom all  cores were combined into one data set and summary statistics were 
c a l M  b m  this data set (Table 04). Contaminant concentrations for milk and meat, and vegetables 
produced on dredged sediment were calculated in the same way as those produced on higated soil 
(Tables El  1-El4). 

Dredging scenario: inadvertent ingestion of dredged sediment. Table E15 lists the expome 
parameters for the inadvertent ingestion of dredged sediments. The parameter values used in the 
exposure equation are standard EPA default values for residential exposure. 

Dredging scenario: dermal contact with dredged sediment. The sediment wncentn& 'm for 
dermal contact with the dredged sediments are the same as those for ingestion of dredged sediment 
(yablec4). Radiormclides were not evaluated in this pathway because the dose fiom external €xpxure 
totberadiormclideswasassumedtobemuchgreaterthanthedosereceived~omdermalabsorpti~of 
the same radionuclides. Exposure equations and pathway-specific intake parameters are listed in 
Table E16. 

Dredging scenario: inhalation of resuspended particles from dredged sediment. No air 
monitoring data were available for the CIinch River or Poplar Creek area; therefore, transport equations 
were used for estimating air concentrations associated with the dredged sediments. Equations and 
parameter values used to estimate expome to a receptor are given in Table E17. 

DredgingscenariO: erternalmposuretodredgedsediment,Tbeequationandparametervalues 
used to estimate the dosefiomsrtemal exposmtoradionuclides are listed in Table E18. The pathway- 
specific srposure equations and pameter values listed m Table E18 were taken fiom NCRP (1984) and 
EPA (1989~). 

Dredging d o :  ingestion of vegetables, meat, and milk produced on dredged sediment. 
As indicated in the site conceptual model (Fig. 5.1), the consumption of co ntamhkdproduceisa 
potential exposure pathway if dredged sediment is used for agricultural purposes. The contaminant 
concentrations used for the ingestion of dredged sediment were used to model the expectd 
cmxuhtirn invegetables,meat, andmiJk. Models foreStimatingplant and animRl uptake are the same 
BS those used in& irrigation Scenario (Tables El 1-E14). Modeled contarmnant - concentratonsine 
meat, and vegetables are given in Table E19. The equation and parameter values used to estimate the 
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intake fiom ingestion of vegetables, meat, and milk produced on dredged sediment are listed in Table 
E20. 

5.239 Irrigation scenario 

The irrigation scenario assumes that an individual uses slnface water from the Clinch River or 
Poplar Creek in an overhead irrigation systean to grow vegetables for Mer family and forage for cows. 
Surface water is not widely used for irrigation purposes because of the amount of rainfall OCclItTing in 
eastm~ Tennessee and the types of crops grown in the area. However, a limited amount of irrigation is 
used for lawns, pastures, and vegetable gardens because of ease of access and occasional dry periods. 
In addition, in some instances, irrigation is used to protect crops from damage by frost and hezing 
temperatures. For these reasons, irrigation cannot be ruled out as a potential exposure pathway. 
However, irrigation is considered an assessment of future conditions because such activity is limited 
wmdy but could hcrease in the i%.tu~. Contaminant concentrations are modeled values that represent 
a 30-year buildup period. The exposure pathways associated with the irrigation scenario are shown in 
Fig. 5.1. 

The EPArecomrnends that 30 years be used as a default Metime exposure period in human health 
risk calculations @PA 1991a). If an individual uses lake water to irrigate crops for 30 years, certain 
contaminants present in the water may build up in soil. For this reason, the values that are used as 
concentrations for contaminants in irrigated soil are based on a 30-year accumulation minus losses 
athibutable to leaching, harvesting, and radioactive decay of radionuclides. Therefore, irrigated soil is 
defirrpA as soil that has been irrigated with water from the Clinch River or Poplar Creek for a period of 
30 years. The methodology for calculating the concentrations of contaminants in the irrigated soil and 
proctuCe is provided in Appendix E. The exposure equations are given in Appendix E for the following 
exposure pathways: (1) inadvertent ingestion of irrigated soil (Table E21); (2) dermal contact with 
jrrigated soil (Table E22); (3) iahalation of resuspended irrigated soil (Table E23); (4) extemal exposure 
to radionuclides in irrigated soil (Table E24) ; and (5)  ingestion of vegetables, milk, and meat produced 
on irrigated soil (Table E27). 

Theirrigationratewasdetemyned * ~personalcomnnmicationwiththeRoaneCountyExtension 

is equivaleutto 3.62 Uday for each squaremeter of irrigated soil. This irrigation rate is almost twice that 
rep ted  by the U.S. Department of Agriculture (USDA) (1970); however, it is assumed that irrigation 
in the Clinch River or Poplar Creek area occurs for only 3 monthslyear, and the value reported by the 
USDA is normalizsd for year-round irrigation 

Agent. Tbe rate of f i g a h  in Roane hmty  is -1 in of -per week during drought cod ti on^. This 

The equations for calculating contambant concentrations in the irrigated soil after a 30-year 
buildup period are given in Tables El  1-EI4. The water data are the same as those used in the water 
ingestionamlswimmingsce€Mli~.Thecalculatedcontarmnant - concentrations for irrigated soil are listed 
in Table E25 and E26. 

Irrigation scenario: inadvertent ingestion of irrigated soil. Table E21 lists the exposure 
parametersassociatedwiththeinadvertenting~onofirrigatedsoil. Thisingestionoccursasaresult 
ofworkingwith the soil as well as h m t h e  jngestim of produce contambted with soil. The patameters 
used in this expomreequati0nhavebeenderivedfk.m standardintakerates, expsurefr+es, 
expoaxe durations, b d y  weights, and averaging times. 

Irrigation scenario: dermal contact with imgated soil. The soil exposure wncentrations for 
dermal contact with irrigated soil are the same as those for the ingestion of irrigated soil. Radionuclides 
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werenot evaluated in this scenario because the health risk fiom extemal exposm to the radionuclides 
in the soil was assumed to be much greater than the risk fiom dermal absorption of the radionuclides. 
Pathway-specific intake parameters are listed in Table E22. 

Imgation scenario: inhalation of resuspended particles from irrigated soil. Table E23 lists 
the exposure parameters associated with the inhalation of resuspended particles resulting fiom wind- 
generated dust. The concentration term used in this equation is a modeled value. The parameters used 
in this sq>onrre equation have been derived fiom standard intake rates, exposure fiequencies, exposure 
duration, body weights, and averaging times. 

Irrigation scenario: external exposure to irrigated soil. The external exposure equation and 
pathwayqxc%c intake parametets are listed in Table E24. The extemal exposure pathway was limited 
to an adult exposure because gamma radiation is considered carcinogenic. As explained in Sect. 5.2.2, 
the calculated risk of adverse carcinogenic health effects for a child would be less than for an adult 
because of the shorter exposure period. 

Irrigation scenario: ingestion of Vegetables, meat, and milk grown on irrigated soil. As 
shown in the siteconceptual model (Fig. 5. l), the consumption of food produced on soil irrigated with 
riverwater is a potential exposure pathway. The soil concentrations used in the soil ingestion pathway 
were used to model the expated concentrations in vegetables, meat, and milk. Equations used for 
estimating plant and animal uptake were taken fiom thehernational Atomic Energy Agency (IAEA) 
(1982) and DOE (1987) and are listed in Tables Ell-El4. For inorganics and radionuclides, 
contaminant-specific uptake coefficients were used to estimate the contaminant concentrations in 
produce on the basis of the modeled contaminant concentrations in the irrigated soil. Each transfer 
coefficieutrepresentsaratiooftheoontamtnant coowntraton in the plant to the concentration in the soil 
(Table E28). Therefore, the product of the contarmnant concentration in irrigated soil and the transfer 
c o e E e u t i s t h e c o a t a m i n a n t ~  'on m the plant. The soil-to-plant elemental transfer coefficients 
for the reproductive portions of plants as given by Baes et al. (1984) were used to the 
COntarmnan ' t concentrations for the ingestion of produce. 

The transfer of organic chemicals to plants fiom soil was calculated by using the following 
regression q u a t i o ~ ~  

log B, = 1.588 - 0.578 log 1K, , 

where 

B, 
I(, 

ModellldWW3lW3 'onsofcontarmnan * ts in milk, meat, and vegetables grown on irrigated soil are 
listed in Tables E26 and 27. Note that in deriving the concatration of COntamiflEinfs in milk and me8f, 
incidental ingestion of soil and ingestion of surface water by cattle are included in the modeling 
~uatioos. 

= is the transfer coefficient for the chemical, and 
= is the chemical's octanol-water partition coefficient (Travis and Arms 1988). 

53 TOXICITY ASSESSMENT 

The purpose of a toxicity assessment is to evaluate the potential for site co- - tstocause 
advm health efk ts  in exposed individuals. It provides, where possible, an estimate of the relationship 
betwen the extent of expome to aparticularcoatarmnan ' t and the increased likelihood or severity of 
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~~healtheffectsasarefllltofthatexposurerelativetoabaseline. Thetoxicity assessment generally 
involves two steps. The first step includes determhing whether exposure to an agent can cause an 
inawse m the incidence of a pxticuhhealtheffkct and whether that health effect will occur in humans. 
Tbe secund step involves characterizing the relationship between the received dose of the contsminant 
and the incidence of adverse health effects in exposed populations. 

Data used to discuss the chemical-specific potential health effects in both this section and in 
Appendix E are fiom human and laboratoy snimal research and fiom occupational studies to 
characterhe likely health effects resulting fiom exposure to the COPCs. Refer to the BEUS Toxicity 
profiles report (1994) for linther information regarding specific chemicals. Tables 5.6-5.8 summarize 
the available toxicity information for the Clinch River and Poplar Creek COPCs. Chemical-specific 
information aimed at providing the reader Hiith general qualitative information about carcinogenic and 
noncarcinogenic health effects related to those COCs identified in this baseline human health risk 
assessment (Sect. 5.4) will be presented in Appendix E. 

53.1 Toxicity Information for Noncarcinogenic Effects 

Noncarcitaogeniccareeval~bycomparinganexposure~encedoveraspecifiedtime 
period (e.g., 30 years) with a reference dose (Rfl)) [or reference concentration @K)] derived for a 
similar exposure period. The RfDs available for the COPCs present in the Clinch River are given in 
Table 5.6. To evaluate the nancarcinOgenic effects fiom exposure to the COPCs in the Clinch River and 
Poplar Creek, the hazard quotient (H@ [the ratio of the exposure dose (i.e., intake) to the RfD] is 
calcdatedforeach COPC. AnHQ is usedto evaluatesqx>suretononcarCinogens only and assumes that, 
below a given level of exposure (i.e., the RfD), even sensitive populations are unlikely to experience 
adverse health effects. Ifthe exposure level (intake) exceeds this threshold &e., ifintakeRfD > l.O), 
there may be concern for potential systemic health effects. The level of concern does not necessarily 
increase heady as the HQ approaches or exceeds unity; the HQ is not a percentage or probability. 

Chronic RfDs are developed for protection fiom long-term exposure to a chemical (7 years to a 
lifetim);- - RfDs areusedto evaluate short-term exposure (2 weeks to 7 years) (EPA 1989a). 
No short-term or acute errposure scenarios were evaluated as part of this baseline risk assessment. 
AIthoughsq>osureto a child was evaluated and the child sqx>sure duration is (I years, subchronic RfDs 
were not used to evaluate arposure to M b  because the subchronic RfDs are derived fiom an average 
cohort and do not take into account age-specific physiochemid or physiokiuetic processes. 

53.2 Toxicity Information for Carcinogenic Effects 

For carcinogens, risks are estimated as the incremental probability of an individual developing 
cancer over a lifetime as a result of exposure to the carcinogen. Cancer risk fiom exposure to 
co- . 'on is expressed as excess cancer risk or, stated differently, cancer incurred in addition to 
normally d rates of cancer development in the general population. An excess caflcer risk of 
1.OE-06 itwlicates that an individual has a one in a million chance of developing cancer from ercposure 
to this contamhtion level over a 70-year lifetime. 

To evaluate tbe a n 5 q p i c  risk from exposwe to Clinch River and Poplar Creek COPCs, the risk 
is dculatd for each COPC [tbe multiplication of the exposure dose (i.e., CDI andor dose) by the slope 
fscbr (SF), which is a chemical-specific value based on carcinogenic doseresponse data].. Because the 
SFs are the UCL, on the probability of a Carcinogenic response, the carcinogenic risk estimate 
represents an upper confidence bound estimate. Therefm, a 5% probability exists that the actual risk 
wiubehigkrthanthe estimate presented, and the actual risk may well be less than the estimate. Slope 



Table 5.6. Toxicity information for the Clinch River and Poplar Creek noncalrinogenk contaminanb of potential concern 

Chemical Chronic Confidence 01 Chronic Clironic RfDbasis critical CffkCF Uncerta;nty 
OralRm'  lever absorption' omlRfD inhalation (vehicley filctof'Modiig 
(mglkgld) (%I absorbed+ factor 

(mglkgld) (mglkgld) 

Inorganics 
8.OE-06 Antimony 4.0E-04 Low 2.0 na Oral gastrointestinal disorders UF-1OOO 

MF-I 
h i c ,  inorganic 3.0E-04 Medium 41 1.2E-04 na Oral CNS, cardiovascular system, 

skin 
UF-3  
MF- 1 

Beryllium 5.0E-03 Low 

9.0E-02 Medium 

1 .WE03 - High 

5.OE-04 High 

5.0E-03 Low 

1 .o 

90 

1 .o 

1 .o 

2.0 

5.OE-05 

8.1E-02 

l.OE-05 

5.OE-06 

1 . o m  

na Oral d u d  weight, rickets, lung, 
skin 

testicular atrophy, 
spermatogenic arrest (dog) 

renal toxicity, ostaomalacia, 
ostcoporosis 

renal toxicity, osteomalacia, 
ostaoporosis 

UF- 100 
MF-I 

U F = l 0 0  
MF-1 

UF- 10 
M F = l  

UF- 10 
MF-1 

Boron and Borntea only 5.E-03 na 

Cadmium 
(diet) 

Cadmium 
M a w  
Chromium VI 

na Oral 

na Oral 

na Oral 
water 

hepatotoxicity, 
nephrotoxicity, dmntitis 

UF-500 
MF=na 

Manganese 
(diet) 

1.4E-01 Medium 4.0 5.6E-03 1.4E-05 oral lethargy, tremors UF-1 
mental disturbance, muscle 
tonus, CNS 

MF = 1 



Table 5.6. (continued) 

Chemical Chronic Confidence GI Chronic Chronic IUD basis critical eff'tcr 

bg/kg/d) (W absorb&' w*J 
oral w* kveP absorption' oralIUD inhalation (vehicley 

Uncertainty 
factoPVModifying 

factor 
.! 

, . I  
(mgkgld) (mg/kg/d) 

5.0E-03 Medium 4 2.0E-04 1.4E-05 oral lethargy, trtmors UF-1 
mental disturbance, muscle 
tonus, CNS 

MF = 1 

3.0E-04 na 7 2.10E-05 8.6E-05 oral Mercury, inorganic CNS, kidney, 
gastrointestinal 
tract toxicity 

nephrotoxicity, r e d u d  
weight 

UF-1OOO 
MF-na 

Nickel, soluble salts 

Selenium 

silver 

Vanadium, metallic 

Zinc, metallic 

2.0E-02 Medium 

5.0E-03 High 

5.0E-03 Low 

7.0E-03 na 

3.0E-01 Medium 

27 5.4E-03 na Oral UF-1W 
MF-Y 

UF-3 
MF-na 

UF-3 
M F - I  

UF-100 

44 

18 

1 

20 

2.2E-03 

9.OOE-04 

7.0E-05 

6.0E-02 

na Oral methemoglo- 
binemia, dermatitis 

Arsyria 
' !  

.I Oral na 

na 

na 

oral, 
oral-water 

Oral 

r e d u d  pup weight (rat) 

gastrointestinal 
system, kidney, 
renal function 

UF- 10 
MF-na 

Organics 
1.5E-05 Aldrin 3.0E-05 Medium 50 na Oral liver toxicity (rat) UF=l000 

M F - I  ' i  
' !  Aroclor 1254 

Aroclor 1260 

Benm(a)anthracene 

2.0E-05 na 

na na 

na na 

90 

90 

31 

1.8E-05 

na 

na 

na 

na 

na 

na 

na 

na 

na 

na 

na 

na 

ne 

na 



Table 5.6, (continued) 

Chemical Chronic Confidence 01 Chronic Chronic RfDbasis critical effecr Uncertainty 
oral RfD9' leveP absorptionC 0ralRfD inhalation (vehicley fmtof*Modifying 
(ml3wd) (%) absorbbd4' mbJ factor 

. '. 1 
j 

(mglkgld) (mgkgld) 

na 

na 

na 

na 

31 
31 
19 

na 

na 

na 

na 

na 

na 

na 

na 

na 

na 

na Btnto(b)fluoranthene 

Bis(2cthyl-hcxyl)phthalatc 2.0E.02 Medium 3.8E-03 Oral increased liver and kidney 
weight in animals MF-1 
regional liver hypertrophy 
(rat) MF- 1 

UF = lo00 

UF = lo00 Chlordane 6.00E-05 LOW 50 3.0E-05 na Oral 

5.0E-03 LOW 65 3.3E-03 na Oral maternal death, hypactivity, 
cyanosis, eye discharge, and 
respiratory system distrcsn 
(rabbit) 

UF - lo00 

DDD 

DDE 

DDT 

na 

na 

na 

na 

na 

na 

70 

70 

70 

31 

na 

na 

na 

na 

na 

na 

na 

na 

na 

na 

na 

na 

na 

na 

na 

na 

na 

na 

5.OE-04 3.5E-04 
Dibcnm(a,h)anthre na na 

Indeno(1,2,3cd)pyrcne na na 31 na na na na na 
na = no data available or data inconclusive; GI = gastrointestinal, RfD = rcfmcc dose; CNS - central nervous system. 
'Based on Integrated Risk Information System (EPA 1994). 
'Based on Health Effects Asstssment Summary Tables (EPA 1993). 
'Biomedical and Environmental Information Analysis Section 1994. 
%&orbed Ra) = (RfD x GI absorption percent); the absorbed IUD in used for dermal pathway calculations. RfD absorbed = Rfl) (i.e, GI = 100%) when the GI absorption percent value 

'The chronic oral absorbed RfD in used for the dermal contact pathway catculationn (RiD oral absorbed = RfD oral x GI percent). 
~ ~ c o n c c n t r a t i o n e ~ ) w a e ~ ~ t o ~ o f m g / k g / d ( i . e . , R f D u n i t s ) w i t h t h e i n h a l a t i o n m t c a n d b o d y ~ g h t o f a n a d u l t  [ i . e . ,E  x 20 m3/d x (in0 b)-RfD](EpA 1989). 
'Biomedical and Environmental Information Analyin Section Toxicity Profiles (BEIAS 1994). 

is unknown (na), and when the GI is >80%. 



Table 5.6, (continued) 

. ,  

Sources: 
Bomcdical a @ E n v i n n u m n t a l I m m .  1994. Toxicity ProJilesfor Use in Hazardous Waste RiskAssessment andRemediation. Vol. 1. ES/ERfl'M-77. Martin 

EPA (US. Emmomnen tal Protection Agency). 1989. Exposum FactorJ Handbook EPA/600/8-89/043. office of Health and Environmental Assessment, Washington, D.C. 
EPA (United States h-tal Protection Agency). 1993. Health Effects Assessment Summaty Tables. OEce of Research and Development and Of€ice of Emergency 

EPA (United States Earvirorrmental Protedion Agency). 1994. Zntepted Risklnfomation System. IRIS Database. OEce of Research and Development. Washington, 

Marietta Energy Systems, Health Sciences Research Division. Oak Ridge National Laboratory, Oak Ridge, Tenn. 

and Remedial Response, Washington, D.C. 

D.C. 

i 

! 

. '. ' 
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factors usedinthe evaluation of risk fiom exposure to chemicals and radionuclides in the Clinch River 
and Poplar Creek are listed in Tables 5.7 and 5.8, respectively. 

533  Estimation of Toxicity Values for Ikrmal Exposure 

Oral RfDs and SFs are often adjusted for evaluation of the dermal exposure pathway (EPA 1989a); 
it is conservative to evaluate both carcinogenic risk and noncarcinogenic hazard to adjust the toxicity 
values in the manner hi in the following discussion. Most W S F s  are expressed as the amount 
of substance utminir;tered peaunittimeandbodyweight (administereddose);however,dermalexposure 
to chemicals in soil and water should be expressed as absorbed doses. 

For the dermal assessnents in this baseline human health risk assessment, the oral IUD and/or SF 
for each chemical was adjusted by the percent gastrointestinal absorption efficiency (%GI) for that 
chemical (EPA 1992). The %GI is known for only a limited number of chemicals; for those chemicals 
where a %GI is currently not available in the literature, 100% was assumed. For many chemicals, 
estimates of %GI were based on qualitative information on the rate and extent of GI absorption; rapid 
or extensive absorption was d to be esSentiayr complete (ie., %GI = 100%). Wide ranges of %GI 
values can be found for some chemicals and in the absence of chemical-specific absorption data, 
estimatescanbemadebasedondataforreIatedcbemicalstructures.Mostorganicwm~un~arereadily 
absorbed (i.e., %GI =loo) fiom the GI tract; for this baseline human health risk assessment, no 
adjustments were made to chemicals with %GI 2 80%. 

Minor adjustments to the oral R f B  and SFs, used in the dermal assessments only, which favor 
conservatiSm, were made for this baseline human health risk assessment. The oral RfD was multiplied 
by the %GI/lOO, and the SF was divided by the %GI/lOO to give the absorbed dose RID and absorbed 
dose SF, respectively. It should be noted that this approach may result in overly conservative risk 
estimationS. Ifmaccqtable risks are identifed for this expome route, the associated chemicals should 
be examined in detail to ascertain the credibility of the dermal toxicity value before making decisions on 
the basis of the dermal results. 

53.4 Chemicals for Which No EPA Toxicity Values Are Available 

Slope factors and RfDs are not currently available for al l  chemicals anal* because (1) their 
Carcinogenic and/or noncarcinogenic effects have not yet been determined, (2) epidemiological studies 
havepmveathemnot to be carcinogenic d o r  toxic, or (3) existing or previously determined toxicity 
val~havesiocebeenwi~bytheEPA.Tberefore,severaloftheCOPCsfortheClinchRiv~and 
Poplar Creek cannot be quantitatively waluated at the present time. However, literature research has 
been cofbdllcted for most of these chemicals and a qualitative summary of the available information can 
be f d  in Tmicity Profiles for Use in Hazardous Waste RiskAssessment and Remediation (Energy 
Systems 1994). 

5 3 5  Uncertainties Related to Toxicity Information 

The methodology used in developing a noncarchgenic toxicity value (RfD or RfC) involves 
idPntifVine a threshold level below which adverse health effects will not occur. The RfD or R E  values 
are generally based on studies of the most sensitive animal species tested and the most sensitive end 
point measured (unless adequate human health data are available). From these studies, the expimental 
exposure that repmats thehigbest dose level tested at which no adverse effects were demomfrakd [the 
no-observed-adv-ffect level (NOAEL)] was derive in some cases, only a lowest-observed- 
a d v w f f e c t  level (LOAEL) is available. The RfD or RfC is derived fiom the 



Table 5.7. Toxicity information for the Clinch River and Poplar Creek carcinogenic contaminants of potential concern 

Chemical EPA 
class' 

Type of cancer oral GI Oralslope TEFd Inhalation 
slope a b q t i o n  factor slope factof 

absorbedc (kg/d/mg) 
(kCg/d/mg) 

factof 
. (%) (kddh!?) 

Inorganics 

na na na 2.0 na na na 

Arsenic, inorganic na 41 na na 5.0E4-01 A skin, liver, bladder, 
respiratory, gastrointestinal 

breast, bone, uterus, lung Beryllium 4.3E-HH) 1 .o 4.3E4-02 na 8.4E4-00 B2 

Boron and Borates only 

Cadmium (diet) 

Cadmium (water) 

ChromiUm(vI) 

Manganese (diet) 

Manganese (water) 

Mercury, inorganic 

Nickel, soluble salts 

Selenium 

silver 

Vanadium, metallic 

Zinc, metallic 

na 

na 

na 

na 

na 

na 

na 

na 

na 

na 

na 

na 

90 

1 .o 
1 .o 
2.0 
4.0 
4.0 
7.0 

27 
44 
18 

1 

20 

na 

na 

na 

na 

na 

na 

na 

na 

na 

na 

na 

' na 

na 

na 

na 

na 

na 

na 

na 

na 

na 

na 

na 

na 

na na 

6.1E-HH) B1 
6.1E-Hx) B1 

4.1E4-01 A 
na D 

na D 

na D 

na D 

na D 

na D 
na D 

na D 

na 

respiratory tract, lung 

respiratory tract, lung 

tumors, lung 

na 

na 

na 

na 

na 

na 

na 

na 



Table 5.7. (continued) 

Chemical oral GI Oralslope TEFd Inhalation EPA Type of cancer 
slope absoption factor slope factof class' 
factof absorbede @€Wmg) 

@cgldlmg) (%I (kgldlmg) - 
Organics 

Aldrin 1.7Ei-01 50 3.4EtO1 na 1.7E-tO1 B2 liver carcinoma 
Aroclor 1254 liver, biliary tract, gall 

bladder 
na 90 na na na B2 

Aroclor 1260' 7.7Ei-00 90 8.6E-W na na B2 liver, biliary tract, gall 
bladder 

Benzo(a)anthracene 7.3E-01 31 2.43E-W 0.1 na B2 tum0I-S 

Benzo(ahme 7.3Ei-00 31 2.4EWl 1 .o na B2 stomach tumors 

Benzo(b) fluoranthene 7.3E-01 31 2.4E-W 0.1 na B2 tUm0I-S 

Bis(24hylhexyl)-phthalate 1.4E-02 19 7.4E-02 na na B2 liver neoplastic nodule and 
hepatocellular carcinoma 

Chlordane 1.3E-W 50 2.6E-W na 1.3Ei-00 B2 (0): liver carcinoma 
(mom); 
(I): CNS depression 

cres01,p- na 65 na na na C na 

DDD 2.4E-01 70 3.4E-01 na - na B2 liver tumors (mouse) 



Table 5.7. (continued) 

', , 
, I  

Chemical oral 01 Oralslope TEFd Inhalation EPA Type of cancer 
slope absoption factor slope factof class' 
factof absorbed' (ktwmg) 

(kcgldmg) (%I (kddh3) 
DDE 3.4E-0 1 70 4.9E-01 na na B2 hepatocellular carcinoma 

and hepatoma (mouse) 
DDT 3.4E-01 70 4.9E-01 na 3.4E-01 B2 (0): liver tumors (mouse, 

rat) 
Dibenm(a,h)anthrame 7.3E-toO 31 2.4E+01 1 .o na B2 tumors 

Indeno(l,2,3-cd)pyrene 7.3E-0 1 31 2.4EW 0.1 ' na B2 tumors 
na = No data available or data inwc1usive;TEF = toxicity equivalency factor, EPA = U.S. Environmental Protection Agency. 
"Based on Integrated Risk Information System (EPA 1994) or Health Effects Assessment Summary Tables (EPA 1993a). 
%medical and Environmental Information Analysis Section. 1994. 
'The absorbed oral slope factor (SF) is used for the dermal umtact pathway calculations; the absorbed oral SF = (slope factor/percent 
gastrointestinal absorption). 
%e oral SFs for these polycyclic aromatic hydrocarbons are derived by multiplying the benzo(a)pyrene oral SF (7.3E-too) by the chemical 
specific toxicity equivalency factor (EPA 1993b). 
'U.S. Enviornmental Protection Agency Weight of Evidence Classification System for Carcinogenicity was used to characterize the extent to 
which available data indicate that an agent is a human carcinogen: A = human carcinogen; B1 or B2 = probable human carcinogen (I31 
indicates that limited data on humans are available and B2 indicates sufticient evidence in animals and inadequate or no evidence in humans); 
C = possible human carcinogen; D = not classifiable as to human carcinogenicity; E = evidence of noncarcinogenicity for humans. 
@or these Aroclors, the oral SF (7.7E-W) for polychlorinated biphenyls was used. 

Sources: 
Biomedical rad En-tal Infarmation- Section. 1994. Toxicityh$les for Use in Hazardous Waste RiskAssessment and Remediation. 

Oak Ridge, Tena 
EPA (United States Environmental Protection Agency). 1993a Health E ects Assessment Summaty Tables. Oflice of Reseaand Development 
EPA (United States Enwonmental Protection Agency). 1993b. Pmvisional Guidance for Quantitative Risk Assessment of P o h l i c  AmmaNc 

EPA (United States Environmental Protection Agency). 1994. Integruted Risk In$mation System. IRIS Database. Office of Research and 

Vol. I. ESAWIM-77. Martin Mnietta Enagy !3y&ms, Health Sciences Research I)lvlslon Oak bdge Natronal Laborat 
and Oflice of Erneqency and Remedial Response, Washington, A. 
Hydrocarbons. EPA600/R/93/089. Oftice of Research Development, Washin on, D.C. 
Development. Washington, D.C. 

. 



I Table 5.8. Todcity information for esposun to the Clinch River and Poplar Cmek radionuclide contaminants of potential concern 

i 

External exposure oral Inhalation ICRP EPA Type 
Chemical slope factorab slope factof' slope factdb lung C l d  of 

WPCirY) [@CiY1I C@CiY1I Cl&' CanUX 
'"Cs+D 2.0E-06 2.8E-11 1.9E-11 D A various 
6oco 8.6E-06 1.5E-11 1.5E-10 Y A various 

%rtD 0 3.6E-11 6.2E-11 D A various 
EPA = U.S. Environmental Protection 
Sased on Health Effects Assessment Summary Tables @PA 1993). 
%e radionuclide slope factors include contributions h m  daughter products. 
Tung clearance classfication recommended by the International Commission on Radiological Protection: Y = yewp = day. 
%PA Weight of Evidence Classification System for Carcinogenicity was used to characterize the extent to which available data indicate that an agent is a human 
carcinogen: A = human Carcinogen; B1 or B2 = probable human carcinogen (€31 indicates that limited data on humans are available and B2 indicates Suacietit 
evidence in animals and inadequate or no evidence in humans); C = possible human carcinogen; D = not classifiable as to human carcinogenicity; E = evidence of 
noncarcinogenicity for humans. 

ICRP = International Commission on Radiological Protection. 

ch 

ch 
G 

Source: EPA (United States Environmental Protection Agency). 1993. Health Effects Assessment Summary Tables. Oflice of Research and Development and 
Office of Emergency and Remedial Response, Washington, D.C. 

. 
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NOAEL (or OAEL) for the critical toxic effect by dividing the NOAEL (or LOAEL) by Mcertsln 'ty 
factors. These factors usually are in multiples of ten, with each factor representing a specific area of 
uncertainty in the extrapolation of the &ta. An &erthty factor of 100 is typically used when 
ertrapolating animal studies to humans; additional uncertainty factors are sometimes necessary when 
OtHer experimental data limitations are found. Because of the large uncertainties (10-10,000) on some 
RfD/Rfc toxicity values, exadprecise safe levels of exposure for humans are not possible. 

, 

A twepart evaluation exists for assessing the carcinogenic potential of a chemical. (1) evaluating 
the likelihood that a chemical is a carcinogen @e., a weight-of-evidence assessment) and (2) determhing 
the quantitative dose-response relationship @e., potency factor or SF); uncertainties OCCUT with each 
evaluation On the basis of weightsfevidence studies that used human and laboratory animal research, 
chemicals fall into one of five groups @PA 1989% 1993a): (1) Group A, human carcinogen; (2) Group 
B1, probable human carcinogen based on limited human data; (3) Group B2, probable human 
carcinogen based on suf3icieat evidence in animals and inadequate or no evidence in humans; (4) Group 
C, possible human carcinogen; (5) Group D, not classified as to human carcinogenicity; and (6) Group 
E, evidence of nomarcbgenicity for humaus. The SF for a chemical is a plausible upper-bound estimate 
of the probability of a response per unit intake of a chemical over a Metime; it is derived by applying a 
mathematical model to extrapolate fiom a relatively high administered dose (to animals) to the lower 
srposure levels arpected for humans. The SF represents the UCL, on the linear component of the slope 
of the tumorigenic dose-response curve in the lowdose region. A number of lowdose extrapolation 
models have been developed, and EPA generally uses the h e  multistage model in the absence of 
adequate infomation to support other models. 

53.6 Summary of Toxicity Information 

The potential toximlogical &xts of the COPCS included in the evaluation of the Clinch River and 
Poplar C d  have been discussed. The majority of the information pertaining to specific contamhum& 
was takedl from Toxicity Profiles for Use in Hazardous Waste Risk Assessment and Remediation 
(BEUS 1994) prepared by the Biomedical and Environmental Information Analysis Section (BEIAS) 
of the Health Scieaces Research DivisiOa However, if no toxicity profile was available fiom BEIAS for 
a specific contaminant, then EPA's Integrated Risk Informaton System @US) database, the Health 
Effects Assessment Summary Tables (€€EAST), or library data were used, if available. 

Toxicity profiles for COPCs for which no toxicity information is currently available is presented 
in Appendix E. In addition, Appendix E contains toxicity profles for wntaminants for which toxicity 
infarmation was available that have been determined by the risk characterization (Sect. 5.4) to be COCs 
for the Clinch River andor Poplar Creek. 

5.4 RISK CEARACXEIUZATION 

The plrrpose of the risk characterhation is to integrate and summarize the information pr& 
inthe~andtoxiCityassessnent; it is the final step in the human health risk assessment process. 
Potential carcinogenic effects are c h a r d  by estimating the probabfity that an individual will 
devel~canceaoveralifetimebymultiplyingprojectedintakesthstresultfromexposuretocarcinogenic . 
chemicals by chemical-specXc doseresponse data (i.e., slope factors). This probability is presented as 
an excess cancer risk (ECR). Potential noncarcinogenic (systemic/toxc) effects are characterized by 
dividing projected intakes of wntaminants by noncarinogenic toxicity values (i.e., reference doses) 
resulting in an HQ. The numerical ECR and hazard quotients produced during this phase of the risk 
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assessment process must be interpreted in the context of the uncertm ' ties and assumptions associated 
with the risk assessment process and with the data upon which the risk estimates arebased. .. 

5.4.1 Risk Characterization Approach for Carcinogens 

For carcinogens, it is assumed that a small number of molecular events can evoke a change in a 
singlecellthatcanleadtounoontrolledcellularprolif~onandev~toaclinicalstateofdisease. 
Thehypoksized- * for carcinogetlesis is refmed to as %onthreshold" or c'stochasti~H because 
there is believed to be essentially no level of exposure to a carcinogen that does not pose a finite 
probability, however small, of generating a carcinogenic response. Because of the way radiation affects 
cells, radionuclides are considered carcinogens. 

To charactetrze potential carcinogenic effects, probabilities that an individual will develop cancer 
over a lifetime of exposure are estimated from projected intakes and chemical-specific dose response 
information (EPA 1989~). The dose response informaton used for carcinogens in the present risk 
assessnent is in the form of EPA-recommended SFs provided in HEAST and IRIS and supplied to the 
CR-ERP by the BELAS. A slope factor is a plausible upper bound estimate of a response per unit intake 
of a carcinogen over a lifetime. The slope faders for xxmradiological carcinogens convert estimated daily 
intakes of con taminsntc averaged over a lifethe (70 years) to an incremental risk of an individual 
developing cancer. For radionuclides, the slope factors in HEAST convert the total intake or expome 
to an incremental risk of developing an excess cancer during a 70-year lifetime. Thirty years is 
considexed a lifetime exposure for an adult (EPA 1991a). In the present risk assessment, ody an adult 
was considered in evaluating the risk of an individual developing cancer because the parameter values 
used in the risk assessment equations for an adult aremore conservative thanthoseusedfor a child. 
Intake routes include ingestion, inhalation, dermal expome, and, in the case of m t t i n g  
radionuclides, external exposure to ionizingradiation. 

The ECR for carcinogens is calculated by multiplying the calculated intake/dose for each 
contaminant by the appropriate EPA-approved slope factors. This estimate of ECR represents the 
potential of an individual developing excess cancer over a metime, above and beyond the normal 
(unavoidable) incidence of developing cancer. 

Consideration is given to exposure to multiple chemicals as well as multiple expome pathways 
when calculating the risk of an individual developing cancer. This is accomplished through summing 
ECRs foreachchemical both within a given pathway and across pathways within a scenario. The EPA 
has established a target risk range of lo4 to lod (55 Fzz 46). Where the baseline risk assessment 
indicates that a cumulative site risk to an individual (calculated by using RME assumptions) for either 
current or future land use exceeds the 104 lifetime ECR end of the target risk range, action under 
CERCLA is generally warzanted at the site. For sites whexe the cumulative site risk to an individual 
based on RME for both current and future land use is <lo4, action generally is not warranted but may 
be warranted if a chemical-spec& standard that defines acceptable risk is violated or there are 
noncarcinogenic effects or an adverse environmental impact that warrants action. 

In this risk assessment, pathways of wncem relative to carcinogenic risk are those that have a 
pathWaytotal>W. Withinthepathwaysthathaveato~risk>104,thecarcinogenicCOCsare&~ 
as those contaminants whose ECR is >lo4. 
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5.4.2 Risk Characterization Approach for Noncarcinogens 

For many noncarcinogenic effects, protective mechanisms are believed to exist that must be 
overcome before an adverse effect is manifested &om a chronic exposure to a toxicant. For example, 
b a large number of cells perflorn the same or similar function, the cell population may have to be 
significanttydepletedbefmaneffectisseeaArrmgeof~esexist,&omzerotosome~~value, 
that can be tolerated by the organism with essentially no change in expression of adverse effects. This 
is known as the  threshold'^ or “nonstochasticw concept. 

To characterize ’ potential nomachogenic effects from contaminants, the ratio of projected intakes 
of substances to EPA-approved RDs is calculated In this assessment, only long-term, chronic 
srposuresto- ’ are evaluated A chronic RfD is an estimate of a daily exposure level for the 
human population, including sensitive subpopulations, that is likely to be without an appreciable risk 
of deleterious effect during a Hetime @PA 1989~). Noncarcinogenic effects are not expressed as the 
probability of an individual suffering an adverse effect as in the case of carcinogens but as a coqarison 
of a daily sqx>sure level averaged over a spedied period of time with an. RD). The ratio of the average 
daily expome level of a single toxicant to the Rn> for that toxicant is defind as an HQ. The sum of 
more than one HQ for multiple toxicants and/or multiple expome pathways is called a hazard index 
(HI). An HQ or an HI > 1 is considered unacceptable. Both a child and an adult were included in the 
assessnent of mmcm&ym because in some instances the parameter values used for a child are more 
conservative than those used for an adult. Exposure to noncarcinogens can occur through ingestion, 
inhalation, and &mal  contact. For this risk 8ssessneaf pathways of concem for noncarcinogenic effects 
are defined as those with an HI >1.0. Within the pathways that have an HI >LO, noncarcinogenic 
chemicals of concern are defined as those with HIs M.1. 

5.43 Risk Characterization Results for Current Conditions 

Results ofthehumanhealthrisk assessnent for the direct exposure pathways to primaty media for 
current exposure scenarios (Fig. 5.1) are presented in the following order: drinking water ingestion, 
shoreline use, swjmming, fish ingestion, and water fowl ingestion. Brief descriptions of the types of 
d y t e s  and number of samples in the databases used in each scenario are given in the following text. 
Befm the preparation of the risk characterhation tables, the various pathways and contaminants were 
screeaed to limit the i n f o d o n  presented to only those contaminants that had either an ECR >lod or 
an HQ M.l. This s ~ e e n  was applied to reduce the volume of material generated and to highlight those 
con tsminants and pathways of potential cmxrn. In the case where a chemical had an ECR>lOd or a 
HQ >0.1 for one pathway in a given scenario, the ECR and hazard quotients for that chemical are 
presented for all  pathways within the scenario regardless of the ECR or HQ. 

5.43.1 Drinking water ingestion scenario 

Humanhealthrisksfarthewateringesticnscenariowerecal~atedseparate~fortheClinchRiver 
reaches and the Pqlar Creek subreach. Within the Clinch River, reach 7 was further broken down into 
two sub- 7.01 (upper McCoy Branch) and 7.02 (lower McCoy Branch). The methods, equations, 
and parameter values in the human health risk ksessment for radiologid and nonriidiological 
contaminants in drinking water are listed in Table El. 

Carcinogenic and noncarcinogenic chemicals of concern for the drinking water ingestion 
pathway for reaches-l,Z, 4, and 7 of the Clinch River. Within the Clinch River system, risks were 
calculated separately for each of the defined reaches (reaches 1,2,4, and 7) and are presented in Table 
E29. For the Qinking water ingestion pathway, none of the reaches evaluated exhibited a pathway ECR 
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>lo4. Thus, no carcinogenic chemicals of concem were identified for the drinking water ingestion 
pathway for reaches 1,2,4, or 7. .. 

N a ~ u m h o M c  HIS were calculated for both an adult and a child for the drinking water ingestion 
pathway. As shown in Table E30, no noncarcinogenic HIS were >1.0 for the adult water ingestion 
pathway for the Clinch River reaches. However, the HIS for the child water ingestion pathway for the 
Clinch River reaches was >1.0 for each of the Clinch River reaches (Table E31). Several inorganic 
con taminants (As, Sb, Mn, and nitrate) were found to have an individual HQ M.1 for this pathway. 
Individually, none of these contaminants have a HQ >1.0 and the HIS for each reach range fiom 1.0 to 
1.5.Thecbetnicalthat~b~~50%ofthetotalHIforeachreachiSmanganese. TherearetwoRfDs 
currently available for manganese7 one for water and one for diet. In evaluating the drinking water 
ingestion pathway, the RfD for water ingestion of manganese was used. Because d t e r e d  water 
samples were used in the evaluation of hazardrisk for the Clinch River and Poplar Creek, the actual 
hazard fiom the ingestion of manganese may have been overesbated as a result of the differential 
bioavailability of manganese within the system. In addition, the distribution of total and dissolved 
nianganese in the surface water of the Clinch River and Poplar Creek does not vary significantly fiom 
reach to reach or between the reference reaches and the study area (see Chap. 3). 

Carcinogenic and noncarcinogenic chemicals of concern for the drinking water ingestion 
pathway for Poplar Creek. Within Poplar Creek, a c h g e a i c  risks were calculated separately for each 
of the dehed subreaches. For the drinking water ingestion pathway, none of the subreaches h i i t e d  
a pathway ECR>104 (Table E32). Therefore, no carcinogenic COCs were identified. 

NoacarcinOgenicco damhmts whose HIS were >1.0 are listed in Table E33 for adults and Table 
E34 for chilctren for each of the Poplar Creek subreacbes. With the exception of subreach 3.04 of Poplar 
Cre& the HIS for the adult drinking water ingestion pathway were 4.0 and no COCs were identified. 
In subreach 3.04, the HI = 1.0, and manganese contributed -50% of the total hazard. For the child 
drinking water ingestion pathway, several inorganic wntaminants (As, Sb, and Mn) and one Organic 
tmhmbnt  (Aroclor 1254) were found to have an individual HQs >o. 1 for this pathway. In addition, 
within subreach 3.03, the child's HI for nitrate was 0.2. The two contamiuants that were the primary 
driven of the m m m i q p i c  hazard for subreach 3.01 and 3.04 for this pathway are manganese (52% 
and 48%, respectively) and Aroclor 1254 (40% and 29%, respectively). For subreach 3.02, Mn 
cdriiuted 53%, As 31"/4 and Sb 15% of the HI. For subreach 3.03, Mn contributed 65%, As 18%, and 
nitrate 12% of the HI. Each of these chemicals (As, Sb, Mn, nitrate, and Aroclor 1254) are considered 
COCs for Poplar Creek surface water. 

5.433 Shoreline use pathways 

As discussed previouSly7 near-shore sediment data were used to evaluate the shoreline use 
pathways. As previously defined, the "near-sh" data set consists of samples collected at elevations 
>733 ft. No such data are available for reaches 1 or 7, therefore, the shoreline use pathways were 
evaluated for subreaches 2.04-4.04 only. The risk c- - 'on results for these subreaches are 
presented in Tables E35-E37. 

For the subreaches waluatd, the only subreach with a pathway ECR >lo4 was subreach 3.02 
(Table E35). The ECR for the combined inhalation and external expome pathways for subreach 3.02 
was 1.8 x lo4; the following chemicals have an ECR>1O4: Cr, As, W, W, and ='U. 

The only chemical identified as having an HQ >LO for the adult shoreline use sediment pathways 
was mmgmese through the inhalation of resuspended sediment. Asshown in Table E36, the HQ for the 
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inhalath of resuspended manganese is >1.0 for all of the subreaches evaluated. As was discussed in 
Chap. 3, the Wiution of manganese in the Clinch River is significantly higher in subreach 2.04, this 
is also evidenced m a higher HQ for this subreach. This peak concentration of manganese suggests that 
the K-700 area at the K-25 Site is a potential source of manganese to the system 

Forthechildshorelineusesedimentpathways,the~pathwaywithanHI~1.0 was theinhalation 
of nzmpded sediment. Once again, manganese was identified in all subreaches as the primary driver 
of the Hls. For all subreaches evaluated, manganese contributed >97% of the HI. 

Barium was also found to have a HQ >o. 1 for the child inhalation pathway (Table E37) for al l  
subreaches except 3.01,4.01, and 4.02, but its relative contribution to the HI was 4%. 

5.433 Swimming pathways 

Theswimmingscenarioconsidersthepotentialrisksof~etoco~~inwaterwhile 
swimming in the Clinch River and Poplar Creek (Fig. 5.1). The potential routes of exposme while 
Swimming are dermal contact and inadvertent iugestion of water. Equations and parameter values used 
in the human health risk assessment for exposure to carcinogens and noncarCinogens in the pathways 
of the swimming scenario are given in Tables E7md E8. 

Carcinogenic and noncarcinogenic chemicals of concern for the Clinch River swimming 
pathways. No carcinogenic or noncarcinogenic COCs were determined for the swimming pathways for 
the Clinch River surface water, 

Carcinogenic and noncarcinogenic chemicals of concern for the Poplar Creek swimming 
pathways. No carcinogenic COCs were determhed for the swimming pathways for the Poplar Creek 
surfhce water. A phthalate ester, di-nsctylphthalate was detected in subreach 3.02 at levels that would 
result m an HQ of 1.6 for an adult and an HQ of 2.9 for a child through dermal confact (Table E38 and 
E39). However, the frequency of detection for this phthalate ester was 1/12. In general, the phthalate 
esters are common laboratory contaminants and are extensively used as solvents and as plasticizers of 
synthetic polymm such as polyvinyl chloride and cellulose acetate @PA 1989~). As a result, the 
phthalate esters ae commonfy found as environmental Contaminants and may not have been introduced 
totbeenviromnetlt solely as a d t  of activities onthe ORR However, for this baseline risk assessment 
this phthalate ester is considered a COC. In subreach 3.01, Arwlor 1254 was determined to have au HQ 
of 1.1. This PCB will alsobe considered a COC. 

5.43.4 Fish consumption scenario 

NitxEmmm& ' detected in fish fillets produced cancer risks >lod (Table E40). All species of 
fish for which Amclor 1260, aPCB,was analyzedhad calculated cancer risks >lo4. The excess l ifehe 
cancer risks forthis PCB in cat6sh and striped bass were >lo3. The pesticides (aldrin, chlordane, and 
4,4'-DDT) are carcinogenic COCs with cancef risks >lo4. In addition, the ECR for 4,4'-DDE, a 
c b e m i c a l ~ f d * m t h e e n v i r o m n e n t  as a degraaation product of 4,4'-DDT was also >lod. 
~ ~ ~ , ~ ~ ~ ~ ~ c o m m o n f y ~ i n ~ ~ t i ~ ~ ~ a n d ~ ~ ~ ~ ~ ; ~ f o ~ ,  
they are not unique to the ORR but are ubiquituus contaminants in eastern Tennessee streams and 
resgvoirs. Tberemaining cmimjpk contarmnan * . ts of concern for fish include two inorganics (As d 
Be) and two radionuclides (I3'Cs and %Sr). The highest Concentrations of the inorganics are found in 
largemouth bass and catfish. The radionuclides are associated With the ingestion of catfish. With the 
exception of the pesticides, aldrin, 4,4'-DDT, and 4,4'-DDE, all of the aforementioned contamha& will 
be retained as carcinogenic Wrltaminants of concern. 



5-41 

Noncarcinogenic COCs (Tables E41 and E42) that contributed to a-pathway HI >1.0 included 
severalinorganCcontamtnants ' (Asy Hg, and Se), two pesticides (chlordane and 4,4-'DDT), and Aroclor 
1254. The highest HQs for the fish pathw& were for the ingestion of Aroclor 1254 and chlordane in 
catfish and stripedhybnd bass by a child. 

In intapreting the risk assessment results for this scenario, one important data limitation must be 
taken into account. Several bluegill, a species of fish previously not considered to be an effective 
bioindicabr of PCB contamination on the basis of their feeding habits and relatively low lipid content, 
was collected and d y z e d  for PCBs in reach 4 only. The ECR calculated for Aroclor 1260 in these 
bluegill was 5.4 x l@, a numbex well over the EPA risk range of lo6 to lo4. Currently, existing fishing 
advisories for the lower WBR and Melton Hill do not apply to bluegill. The lack of sufficient data for 
this species offishikmotherreacbes warrants firther investigation and should be i n w m  into any 
subsequent monitoring of the Clinch River. 

Because the iish consumption scenario is a significant pathway relative to riskshvards in the 
Clinch River and Poplar Creek, a quantitative uncertainty analysis was performed for the COCs for this 
pathway. The results of the uncertainty analysis are contaiqd in Sect. 5.5. 

5.43.5 Waterfowl consumption 

As discussed previously, the consumption of Canada Geese was evaluated as a current exposure 
pathway. The analytes evaluated in the Canada Geese were radionuclides, inorganics, and organics. 
Calculated risks/hazards for the ingestion of Canada Geese (Tables E43-E45) indicate that no 
carcinogenic or noncarcinogenic COCs for this pathway. 

5.4.4 Risk Characterization Results for Future Conditions 

5.4.4.1 Irrigation scenario 

As discussedin Sect. 5.2, six expome pathways were evaluated in the irrigation scenario. For all 
pathways evaluated (ingestion, inhalation, and external exposure to irrigated soil and the ingestion of 
milk, meat, and vegetables produced on irrigated soils) the ECRs calculated for each pathway for each 
reach within the Clinch River (Table E46) and all subreaches within Poplar Creek (Table E49) were all  

con taminant of concern identified for the a'dut irrigation pathways for the Clinch River reaches was 
nitrate(TbIeE47)throughthein,gesticmofmilk~~epasturedonirrigatedsoils.NoncarCinogenic 
chemicals as having an HIs1.0 for the child irrigation pathways for the Clinch River (Table 
E48) m (1) nitrate through ingestion of milk, meat, andvegetables; (2) As and Sb through ingestion of 
leafy vegetables; (3) Ni through ingestion of milk; and (4) acetone through ingestion of vegetables. 

<IO? As a d t ,  no carcinogenic COCs were determmed * focthesepathways. Theonly noncarcinogenic 

The only noncarcinogenic contamman * ts of concern identifed for the adult irrigation pathway for 
the Poplar Creek subreaches are di-nsctylphthalate (subreach 3.02) and nitrate (subreach 3.03). As 
discussed in Sect. 5.4.3.3, the ikquency of detection was 1/12 and the phthalate esters are commonly 
found as environmental contamhnts and are not considered Contaminants of concern in this risk 
~NoacarcinogenicchemicalsidentifiedashavinganHI>l.Oforthechildirrigationpathways 
forthe Poplar Creelc subreaches m shown in Table E5 1. The HI for the ingestion of milk by a child for 
subreaches 3.01 and 3.04 of Poplar Creek irwlicated that the curreat concentrations of Aroclor 1254 when 
modeledtoacmceuhh 'on mmilkproducedby cattle grazing on irrigated soil and two inorganics, nitrate 
and nickel would result in an HQ >1.0. The HI for the ingestion of vegetables grown in irrigated soil 
indicated that two inorganics (As and nitrate) and one organic (acetone) would result in an HI = 1.0. 



5-42 

Lastly, the M as calculated for the ingestion of beef cattle pastured on irrigated soils indicates that for 
subreach 3.03, nitrate concentrations result in an HQ >1.0. 

5.4.43 Dredging scenario 

As discussed in Sect. 5.2, seven exposme pathways were evaluated in the dredging scenario. Tbe 
deepwater sediment data were asgregatedhtotwo data sets for risk assessment purposes. The first data 
set evaluates the Clinch Rivermches 1 and 7; the secotd data set evaluates subreaches 2.04,3.01,3.02, 
3.03,3.04,4.01,4.02,4.03, and 4.04. 

The ECRs calculated for direct dredging pathways (ingestion, inhalatioq external, and dermal) for 
ClinchRiver& 1 and7were <104for al l  pathways except external exposun=. Inreach 1,6oco and 
"'Cs had ECRs (as a result of external exposure) of 1.3E-04 and 1.2E-05, respectively (Table E52). 
Previous discoveries of 6oco in reach 1 have been traced to the former American Nuclear Corporation 
(ANC), which was located on Bralea Branch Creek Braden Branch Creek discharges to the Melton Hill 
Reservoir. ANC was Mderttbejurisdiction of the U.S. Atomic Energy Commission until 1965 at which 
time the State of Tennessee assumed jurisdiction. ANC used @'Co as a radiation source for medical 
instruments between 1962 and 1970. The ANC site is currently listed on the State of Tennessee's 
Superfimdlist. 

The ECRs calculated for the meat and vegetable ingestion pathways were <lo4 for both Clinch 
River reach 1 and 7. The ingestion of milk was >104f0r Clinch River reach 7 only. In reach 7, four 
PAHs, and two radionuclides (%r and 13'Cs) were found to have an ECR>106 (Table E52). 

The m m m b g m i c  hazards calculated for the Clinch River reaches 1 and 7 (Table E53) indicate 
that for the adult dredging pathways, exposute to manganese through the sediment inhalation and 
vegetable ingestion for reach 7 has an HQ >1.0. For the child dredging pathways, the only direct 
pathway of concernis tbe inhalaticm ofmangmse iiumrefllspended sediments for reach 7. As discussed 
in Chap. 3, the highest average surface sediment concentrafions of manganese are found in reaches 7 
~~Branch)and8(WalketB~);thissuggestsanupstteamsource.Reach8isareferencereach 
and drains a "clean" watershed. This suggests that there is a natural geologic source of manganese in this 
tuea Ma, m making remedial decisions regarding manganese as a COC, the risk managers should 
determine ifthe concentrations of manganese are to be considered as indicative of naturally occuffing 
bidgmmd levels. The noncarcinogenic hazard calculated for the child indirect pathways (Table E54) 
indicate that exposwe to children through the ingestion of meat, milk, and vegetables would pose a 
potential threat of noncarcinogenic health effects. COCs for these pathways are 4,4'-DDT (milk), As 
(milk, meat, and vegetables), Hg (vegetables), Cr (meat and vegetables), Ni (milk and vegetables), Se 
(milk and meat), 2n (milk, meat, and vegetables), V (milk), and Mn (milk and vegetables). 

. 

The E R s  calculated pable E55) for the direct expome pathways (ingestion, dermal, bhalation, 
and external exposure) for the Clinch River and Poplar Creek subreaches indicated that external 
expome to '% and 6oco (subreaches 2.04,3.04,4.01,4.03, and 4.04) P (subreach 3.04), and %r 
(subreac.h4.04)wouldresultinapathwayECR>1O4. Inadditioqinhalationofresuspendedsediments 
for subreach 3.04 indicate that c o ~ a t i o m  of As, Cr, Cd, W, and p4u could pose an ECR >lo4. 

Theiodirectpathways(ingestianofmilk,meat,andvegetsbles)ev~~foralloftheClinchRiv~ 
andPoplarCreeksub~mdicatedthatdredgingsediments~omthedeepwaterdepositi~zones 
andusingthem as fill foragricultmlpurposes would pose unacceptable risks/hazar ds to the public. The 
majority of carcinogenic con tamhat& that contribute to unacceptable ECRs (Table E55) are PAHs. 
PAHs ma)anthracene ,  benzo(b)fluoranthene, benz@)fluorauthene, benzoopyrene, 
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dibenz(a,h)anhcene, and ideno(l,2,3cd)Pyrene3 are natural products produced by forest fires, 
microbial synthesis, and anthropogenic activities. The levels of PAHs detected in the deepwater 
sediments ofthe clinch River are well below the cxxK!&m 'onsofPAHsdetectddurhgtheBackgrod 
soils- * 'onProject.Thus,thePAHlevelsareconsideredtobeindicativeofbackgroundlevels 
andareaotconsideredCocS.Therefore,the~carcinogencCocSidentiGedfortheindirectpathways 
pable E55) m the dredghg d o  are Be (vegetables), I3'Cs (milk), %r (milk, meat, and vegetables), 
-e (milk and vegetables), 232r (milk), 238u (milk), As (milk, meat, and vegetables), and Aroclor 1260 
(milk, meat, and vegetables). 

The noncarcinogenic COCs for the adult and child dredging pathways for the Clinch River and 
Poplar Creek subreaches are listed in Tables E56 and E57. Twelve inwgauics and two organics were 
found to have HQs >o. 1 within those pathways having an HI >1.0. 

5.45 Special C - h d  

Ivkamable coocentrations of lead were found in sediment from both the Clinch River and Poplar 
Creek (Table C4); however, EPA toxicity values (RfDs) for lead are not presentIy available for risk 
assessment purposes. Although the concentrations of lead in the sediment samples approximated 
amantrations in background soils (DOE 1993a), lead was included in the risk assessment because of 
the public's wncem with lead toxicity. An EPA uptakehiokinetic model (EPA 1991b) was used to 
evaluate the health risk from exposure to lead. This model uses sitespecific, multimedia input values 
to estimate levels of lead in blood. Young children are more sensitive to lead toxicity than adults; 
therefore, the model was usedto estimate the blood lead levels for a population of children 0-6 years of 
age. The critical blood lead level for children is 0.010 mg/& of blood. EPA Region IV considers the 
population to be at risk if more than 5% of the children have blood lead levels that exceed the critical 
ValUe. 

The model allows for input of lead concentrations for soil, dust, food, and water. Lead 
-oris weze available for all e a l v b m d  media in the Clinch River and Poplar Creek with the 
exception of fish. In addition, modeled co- 'om of lead in milk, meat, and vegetables were 
included. The model allows the programmer to input concentx& 'om of co ntaminantsinwaterbuthas 
no field formilk input. Therefore, the assumption was made that childrea drink equal a m o m  of water 
and milk and a simple average of the two values (water and milk) was generated and used as a 
collcentration of lead in water. Alternate dietary sources included data for homegrown vegetables and 
meat. The model input parameters, however, do not include homegrown meat as an altemate d i m  
s o u r c e . T h e r e f o r e , t h e ~  'on of lead in meat (bee0 was modeled as game meat by using 44% as 
theav~praportiOn @PA 1990)andareasosablemprimumprqx~timof75%(EPA 1993a)ofbeef 
inthedietashomegrown.The~ 'onofleadinhomegrown vegetables has a specific model input 
as an alternate dietary source; the average propodon of homegrown vegetables in the diet is 25% and 

modeled as soil; comamwm s of lead in howbold dust were not provided. As a result, multiple source 
analysis was used to estimate the ccmcmhb 'on of lead in household dust with air and soil b e i i  
cmkiiuting factors. Values for dust were based on a 70% conversion of soil to dust and an air to dust 
u m v ~ m  of 100 pg Pb m W p g  Pb/m3 of air. Default values were used for the concdration of lead 
in air (0.1 pg Pb/m3). 

the reasonable maximum proportion is 75% (EPA 1993a). The lead co- 'om in sedimeat were 

The model was run with both the average and reasonable maximum consumption of homegrown 
vegetables and beef. The results (Table 5.9) indicate that with the exception of reaches 1 and 2, that 
>95% of children 0-6 years of age would have blood lead levels below the 0.010 mg/& critical value. 
Thus,no achemehealth effects would be expcted as aresult of exposure to lead for reaches 3,4, or 7. 
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For reach 1, the probability of the blood lead level exceeding lOpg&lI, for both the average and 
maximum exposure to available lead cuncentrations was greater than the cutoff level of 5%. The 
fiequency of detection for lead in surfke water and sediment within reach 1 was 2/33 and U2, 
respectively. The fiequency of detection for lead in surface water within reach 1 was 6%, just greater 
than the cutoff of 5%. The small number of samples that were analyzed for lead in reach 1 sediments 
should be considered a limiting factor when evaluating these results. However, lead will be listed as a 
COC for reach 1. 

Formch2, the probability of the blood lead level exceeding lOpg/dL for the maximum expome 
to available lead concentrations at 8.79% was slightly greater than the 5% cutoE The fiequency of 
detection of lead in sediment was 10/10 while the fiequency of detection in surface water was 3/27. 
Thus, lead will also be considered a COC for reach 2. 

5.4.6 Risk Characterization Summary 

An Overau txxnmay of the sceflsnios and pathways of concern by reach is presented in Table 5.10. 
The two scenarios that posed the greatest risk to the public are the fish consumption and the dredging 
scenarios. The fish ingestion pathway was the most significant exposure pathway in terms of adverse 
health effects. Fish contained the only contarmnan ’ ts with cancer risks >lo4: Aroclor 1260 had excess 
lifetime cancer risks >lo3 for the ingestion of channel catfish and stxipedhybsid bass and >lo4 for 
largemotrth bass. Tbe rurmber of fish samples and their spatial distribution appear to be sufiicient to be 
representative of PCB concentrations in these three species of Clinch River and Poplar Creek fish 

0th carcinogenic compcwnds f d  in tissue with ECRs within the range of concem included 
several pesticides (aim chlordane; 4,4’-DDE; and 4,4’DDT). These pesticides were widely used until 
the 1970s~theiruseandprochmctionwasbamredTbewlrtespPrrAuseofthesepesticidesbeforetheir 
being banned has resulted in residual levels of these contaminam in the environment. 

Relatively large releases of radionuclides fim the ORRhave occurred in the past. However, the 
Onty Scenarios for which radionuclides pose an unacceptable ECR are the fish consumption, dredging, 
aml SEmPeline use Scenarios. Tbe ECRs fortworadionuElides ~“CS, and %r) detected in fish were >lo4. 

Forthe dredging scenario, several radionuclides posed arisk>10-5for both the direct and indirect 
pathways evaluated. Cobalt-60 and I3’Cs posed an ECR>lOd for the external exposure to dredged 
sediment for reach 1. Three isotopes of Uranium (234,235, and 238) posed an ECR >lod for the 
inhalation of fesuspended dredged sediment. In addition to the aforementioned radionuclides, mSr and 
-e were also found to contribute to the ECR for the indirect exposure pathways evaluated as part of 
the dredging sceaario (milk, meat, and vegetable ingestion). One inorganic (beryllium) and one organic 
(pentachlorophenol) were also detected in samples fiom the Clinch River and Poplar Creek. 

Beryllium poses an ECR >lo” for the ingestion of meat and an ECR of >IOb for the ingestion of 
vegetables P e n t a c h l o r o p b e n o l w a s ~ ~ b u t p o s e s  a>1O4ECRfortheingestionofmilk 
and vegetables produced on dredge spoils. 

Merarry, which has been released m large quantities fiom facilities at the Y-12 Plant to the Clinch 
River via East Fork Poplar Creek and Poplar Creek, produced HQs >1.0 for the ingestion of bluegill, 
atfish, andkm bass by achild The HQs fcR s e v d  inorgauics (As, Hg, and Se) detected in fish 
were also determined to pose a noncarcinogenic hazard, mainly through the ingestion of bluegill and 
l a r g d  bass. 



. 
Table 5.9. Lead conantrations for the Clinch m e r  and Poplar Creek baneline human health risk mssessment 

Fish PbB concentration Probability of 
( P a )  - (PdWd exceedance (%)' 

Average Maximum Average Maximum 

Reach 1 39 1.8 34 17.9 0.16 0.40 nd 6.1 7.9 13.64 28.52 

Reach 2 36 1.7 19 10.4 0.092 0.23 nd 4.3 5.4 3.45 8.79 

Reach 3 26 2.1 14 8.1 0.066 0.16 nd 3.5 4.3 1.16 3.45 

Reach 4 28 1.5 15 8.3 0.07 1 0.18 nd 3.7 4.6 1.56 4.42 * 

Reach 7 24 1.7 13 7.4 0.062 0.15 nd 3.3 4.1 0.92 2.70 
"Average water and milk consumption combined to estimate the average consumption of liquids. VI 

bAverage consumption of home-grown vegetables si  25%; the reasonable maximum (worst case) consumption is 40% (EPA 1991). 
'Average consumption of home-grown beef is 44% (EPA 1989); the reasonable maximum (worst case) consumption is 75% (EPA 199 1). 
"Geometric mean of blood lead level assuming average or maximum consumption of homegrown vegetables and beef 
'Probability of the blood lead level exceeding 10 pg/& assuming average or maximum consumption of home-grown vegetables and beef. 

Sources: 
EPA ( U S  Enviromnental Protection Agency). 1989. Erposum Factors Handbook EPA/600/8-89/043, oB[ice of Health and Environmental Assessment, Washington, D.C. 
EPA (US. En-tal protection Agency). 1991. Human Health Evaluation Manual, Supplemental Guidance; Standard Default Exposum Factors. OSWER Directive 

9285.6-03. U.S. Environmental Protection Agency. 
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Table 5.10. Summary of scenarios and pathways of concern by reach and subreach 

Near-shore Inhalation 

scenario Exposurepathway Reach contaminanttypesofmcern 

Drinking Ingestion 1 Inorganic 

2 Inorganic 
Water 

4 Inorganic 

3.01 organic; inorganic 

3.02 Inorganic 

3.03 Inorganic 

3.04 organic; inorganic 

7.01 Inorganic 

7.02 Inorganic 

2.04 Inorganic 

3.01 Inorganic 

3.02 Inorganic 

3.03 Inorganic 

3.04 Inorganic 

4.01 Inorganic 

4.02 Inorganic 

4.03 lwrganic 

Swimming Dennalcontact 3.01 organic 

3.02 Organic 

Fish Ingestion 1 Inorganic (bluegill); organic (Catml); 
radionwlide (catfish) 

3 

4 

Organic (largemouth bass); inorganic (largemouth 
bass); radionuclide (largemouth bass) 

Organic (stripedhybrid bass) 

Inorganic (bluegill) 

Organic (caw); radionuclide (catfish) 

Organic (largemouth bass); inorganic (largemouth 
bass); radionuclide (largemouth bass) 

Organic (bluegill); inorganic (bluegill); 
radimwlide (bluegill) 
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T&le 5.10. (continued) 

scenario Exposure pathway Reach contaminanttypesofconcem 

organic (catfish); inorganic (catfish); 
radionuclide (caw) 

organic (largemouth bass); inorganic (largemouth 
bass); radionuclide (largemouth bass) 

organic (shipedhybrid bass) 

Irrigation Ingestion of milk 1 

2 

3.01 

3.02 

3.03 

Ingestion of meat 

Ingestion of leafy 
vegetables 

Dredging E x t e m a l e ~  

3.04 

4 

1 

2 

3.02 

3.03 

4 

1 

2 

3.03 

4 

1 

2.04 

3.04 

4.01 

4.03 

4.04 

Ingestion of soil ' 3.04 

Ingestion of milk 1 

2.04 

Inorganic 

Inorganic 

organic; inorganic 

organic; inorganic 

Inorganic 

organic; inorganic 

Inorganic 

Inorganic 

Inorganic 

organic 

Inorganic 

Inorganic 

Inorganic 

organic; inorganic 

organic; inorganic 

Inorganic 

Radionuclide 

Radionuclide 

Radionuclide 

Radionuclide 

Radionuclide 

Radionuclide 

Inorganic 

organic; inorganic 

organic; inorganic; radionuclide 
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Table 5.10. (continued) 

Ingestion of 
vegetables 

Inhalation 

scenario Exposure pathway Reach Contaminant types of concem 

3.01 Inorganic 

3.02 Organic; inorganiq radionuclide 
3.03 Organic; inorganic; radionuclide 

3.04 Organic; inorganic 

4.01 Organiq inorganic; radionuclide 

4.02 Inorganic 

4.03 Organic; inorganic; radionuclide 

4.04 Organic; inorganic; radionuclide 

7 Organic; inorganic; radionuclide 

Ingestion of meat 1 Organic; inorganic 

2.04 Inorganic 

3.02 Organic; inorganic; radionuclide 

3.03 Inorganic 

3.04 Organic; inorganic 

4.0 1 Organic; inorganic; radionuclide 
4.03 Organic; inorganiq radionuclide 
4.04 Organic; inorganic; radionuclide 

7 Inorganic 

2.04 Inorganic 

3.01 Inorganic 

3.02 organic; inorganic 

3.03 Inorganic 

3.04 Organic; inorganic 

4.01 Organic; inorganic; radionuclide 

4.02 Inorganic 

4.03 Inorganic 

4.04 Organic; inorganic 

7 horganic 

2.04 Inorganic 
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Table 5.10. (continued) 

scenario Exposurep athway R&h contaminant types of concern 

3.01 Inorganic 

3.02 Inorganic 

3.03 Inorganic 

3.04 Inorganic 
4.01 

4.02 

4.03 

4.04 

3.04 

Inorganic 

Inorganic 

Inorganic 

Inorganic 
Inorganic; radionuclide 

Themilk,meat, andvegetable pathways in the dredging scenario were themost important in terms 
of health effects for noncarcinogens and also contributed to unacceptable cancer risks; however, the 
concentrations that were used to calculate the cancer risks and HQs for these foods were modeled 
concentrations, which have a high degree of uncertainty and are usually conservatively biased. 

The results of the drinking water ingestion scenario indicate that multiple noncarcinogenic chem- 
icals (As, Sb, Mn, nitrate, and Aroclor 1254) pose an unacceptable hazard through direct ingestion 

With the exception of the inhalation of resuspeaded near-shore sediment, the shoreline use scenario 
does not pose any unacceptable risk to the public. No COCs were identified for the swimming pathways 
nor for dermal contact or external exposure to near-shore sediments. The noncarcinogenic COCs for the 
shorelineusescenariothroughtbe~nnofresuspendedsedim~arebariumand mangane-se.The 
carcinogenic COCs are As, Cry p4uy psU, and W. 

NocarciraogeniCCOCswexe detemmd * for the irrigation scenario. Noncarcinogenic chemicals of 
concern for this scenario are nitrate, As, Sb, Ni, and acetone. 

5.5 UNCERTAINTY ANALYSIS I 
I 

Thedtsofanyriskassessmentareuncatam * inthatthesampledata,expomcparameters,and I 
I 
I 
I 
I 
I 
I 

at a particular site. I 
I 

chemicd toxicity values used to characterize risk each contain a range of possibly correct values, each 
of which could be used in the risk assessment. EPA risk assessment guidance favors the selection of a 
conservative value for a given parameter so as to “err on the side of safety..” The risk assessor must 
communicate the level of uncertainty contained in the risk estimate to those persons responsible for 
impl- remedial actions (i.e., the risk managers). The risk managers may conclude that the risk 

contains too much uncertainty to warrant a costly and possible unnecessary remedial action 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Two basic means are used to describe uI1ceTt81l1 ' ty in the risk assessment: (1) a qualitative 
uncertaintyanatysis,mw€lichthe sourcesof- * tywithrespecttoparticularfindingsareidentified 
and discussed qualitatively, and (2) a quantitative uncertainty analysis, in which the amount of 
uncertaintyin the final riskc- * *on is mathematically quantified. Section 5.5.1 wntains a 
qualitative assessment of uncerfaiflfy with those pathways identified in this risk assessment as posing 
a potentially unacceptable risk Section 5.5.2 contains a quantitative uncertainty analysis of the fish 
ingestion and dredging scenarios. 

55.1 Qualitative Uncertainty Analysis 

The following pathways were identified as potentially posing an unacceptable risk to persons 
errposedto- * atone cx more locations within the OU the water ingestion pathway under the 
&inking water scenario, the dermal absorption pathway under the swimming scenario, the fish ingestion 
pathway and scamio, the inhalation pathway in the shoreline use scenario, and several pathways in the 
Qedging scemrio. The qualitalive Mcertainty associated with the risk c h a r d o n  for each pathway 
is discussed below. 

55.1.1 Drinking water scenario 

TheQinkiogwaterscenario conservatively assumes that an individual drinks 2 L of slnface water 
daily. (Unfiltered water samples were used in the evaluation of hazard/risk for the Clinch River and 
Poplar Creek) Mhgxse, whichhas arelatively large distribution coefficient (kd value), will be mainly 
attacbedtotheparticulatesinthewaterandwouldbeeasiIyfilteredduringthewatertreatmentprocess. 
Evi~doesshowthatmanpaner;eoccursinsurface~bothinsuspensioninthequadrivalentstate 
and in the trivalent state in a relatively stable, soluble complex (APHA 1989). Comparatively little is 
known about the toxicity of manganese (Kimball ad). However, in wncentrations not causing 
unpleasant tastes, maqpese is regarded by most investigators to be of no toxicological significance in 
drinzdngwater (Ngus 1938; Muehlberger 1951). In addition, maqpese has relatively high background 
ValUeSintheenvironzment. Manganese makes up about 0.10% of the earth's crust and is the 12th most 
abundant element. 

Arsenic is found in all living organisms, including those in aquatic systems. McCoy Branch, 
including the edqmat, is not desi- for use as a domestic water supply by the state of Tennessee 
nor is it currently used as a residential supply. There are d y  no plans to use any position of the 

with the RfD value for arsenic. other sources of arsenic to the Clinch River would include the fly ash 
pond located at Bull R.un Steam Plant. 

CreekfureSiQntial supply in the near W e .  Also, a considerable amount of mmtamty isassociated 

55.13 Swimming scenario 

The Swimming scenario assunxs that au individual swims in the Clinch River and Poplar Creek for 
45 days out of the year. As noted previously, a phthalate ester, di-nsctylphthalate was detected in 
subreach 3.02 at levels that would result in an HQ of 1.6 for an adult and an HQ of 2.9 for a child 
through dermal contact (Table E38 and E39). However, the kquemy of detection for this phthalate 
ester was 1/12. These low frequencies of detection make it difficult to rule out upstream sources or 
laboratory Contaminatian. In general, the phthalate esters are wmmon laboratory confaminants and 
extensively used as solvents and as plasticizers of synthetic polymers such as polyvinal chloride and 
cellulose acetate (Patmi& 1992). Poplar Creek is not developed for recfeational access and has no beach 
areas or parks. There is uncertainty as to any such development in the foreseeable fbture. 
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55.13 Shoreline use scenario I 
I 

The shoreline use scenario assumes foiri potential routes of expome: (1) ingestion of near-shore I 
sediment, (2) dermal contact with near-shore sediment, (3) inhalation of resuspended near-shore I 
sediment, and (4) extemal exposure to near-shore sediment. Although the inhalation of fesuspended I 
chromium at PCM 3.1 leads to a risk level of concern, the risk estimate conservatively assumes that all I 
chromiumisinthechromiumIvval~state,whichisthemostto~c. Previous studieshaveindicated I 
that most of the chromium in the Clinch River is not chromium IV and should not be a problem. I 

I 
The evaluation of the exposure of an individual to contaminants in near-shore sediment that are I 

resuspended in the air is dependent on the quantity of fugitive dust generated by the wind. No air I 
monitoring data were available for the Clinch River or Poplar Creek area Therefore, the quantity of I 
fugitive dust generated by the wind was empirically derived by the method described in Eckerman and I 
Young (1980). In addition, there are uncertainties associated with the input parameters for this method I 
(listed in Table E4). I 

I 
I 
I 
I 

is not currently developed for residential use. There are no plans to do so in the near future. I 
I 

5.5.1.4 Irrigation scenario I 
I 
I 

The parameter values used in the exposure equation have been derived from standard intake rates, 
exposwe hpewia, expowre dmticms, and averaging times. These values are based on EPA standard 
& W t  values for resideatid setthgs. However, the reach of Poplar Creek identified as being of concern 

The risk evaluaticms for the irrigation scenario have a significant additional layer of uncertainty as 
a result of the use of modeled exposure concentrations. The concentrations that were used to calculate 
the cancer risks and HQs for this scenario were modeled concentrations, which have a high degree of 
uncertainty and m usualIy conservatively biased Modeling uncertainties arise from having to simulate 
an infinitely complex system with a finite number of variables. In addition, irrigation is considered an 
assessnentoffuturecoraditionsbecausethis activity is limited currently but could increase in the future. 

55.15 Fish consumption scenario 

Because the fish consumption scenario, is a significant pathway relative to risksmazar dsinthe 
Cl inchRiverandPoplarC~aquant i ta t iveuncer ta in ty~per ta in ingto th i spath~of~  
is f d  in Sect. 5.5.2. PCBs and chlordane are classified as “B2” carcinogens, which implies that all 
information is derived fiom animal data and that the actual risk to humansmaybe zero. 

5.5.1.6 Dredging scenario 

Theriskevaluaticmsforthedredgin&liketheirrigationscenario,haveasignificantaBditionallayer 
of uncertainty due to the use of modeled expome concentrations. As noted previously, the milk, meat, 
and vegetable pathways in the dredging scenario were the most important pathways in tenns of health I 
effects for noncarcinogens and also contributed to unacceptable cancer risks. However, the I 
concenfrafions that were used to calculate the cancer risks and HQs for these foods were modeled I 
coacentratcmswhichhaveahi~degreeofuncertaintyandare~conservativelybiased. Modeling I 
uncertainties arise fiom having to simulate an infinitely complex system using a finite number of I 
variables. Like the f%hpathway, the dred@ng scenario is a significant pathway and is included in Sect. I 
5.5.2. I 
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5.5.2 Quantitative Uncertainty Analysis 

This section presents the results of aquantitative uncertainty analysis in which Monte Carlo 
simulation was used to propagate the subjective probability distributions for the parameters involved in 
the risk assessnent into a subjective probability distribution for both the excess lifetime cancer risk for 
cmimgas and the HI for noncarcinogens. The sampling method used for the Monte Carlo simulation 
was Latin Hypercube Sampling (LHS). 

The inputs requid for the Monte Carlo simulations are (1) the subjective probability distributions 
and (2) mxata&y bounds for each parameter presented in the risk assessment (Appendix E). By using 
various input dishiiutions, a Monte Carlo simulation provides an estimate of the excess lifetime cancer 
risk or the hazard index in tenns of a subjective probability distribution. From this distribution, a 
subjective confidence interval for the true but &own result is obtained. The term “subjective 
confi~inteaval“meansthat~probabilitydishii~~specifiedfor theuncertainmodel parameters 
were derived by using subjective judgment in the absence of directly relevant data. The subjective 
confidence intervals for the excess lifetime cancer risks and the HIS are presented in this section. 

In addition to the subjective confidence intervals, the results of a sensitivity analysis are also 
presented in this section. A sensitivity analysis permits the identification of the parameter that has the 
greatest effect on the total result. In this c8se, the sensitivity analysis was accomplished by using the 
square of the Spearman rank correlation coefficients adjusted to 100% @ecision&g, Inc., 1994). The 
d t s  obtained for each parameter were compared and ranked according to the amount of influence the 
p a r a m e t e r h a d o n t h e m  * in the result. The parameters having the greatest effect are considered 
to be the most sensitive. Although not employed in this analysis, scatter plots of the input parameters 
and statistical regression techniques are other methods of performing sensitivity analyses. [Descriptions 
of statistical approaches to sensitivity analysis using regressions of the randomly selected values of the 
uncertain parameters on the values produced for the model predictions can be found in Iman et aL 
(1981a,b), IAEA (1989), and Iman and Helton (1991).] 

55.2.1 Analysis for the fisherman scenario 

For tbe fish ingestion pathway, selected radionuclides and chemicals were identifled for use in the 

determined by considering several factors: (1) adequacy of data, (2) contributing sources of 
contamioatiOn, and (3) the risk estimated in the baseline risk assessment. The contamhut was included 
in the uncertainty analysis ifthe following conditions were met: ifthe data were considered adequate, 
ifthe contamhnt was released by DOE facilities, and ifthe lo4 risk level was exceeded or ifthe HQ 
was >1 forthe child or the adult in the baseline risk assmut. The risk estimates fiom the baseline risk 
asesmat that meet the above criteria are listed for each contaminaut in Table 5.1 1 for noncarcinogens 
and Table 5.12 for carcinogens. The contaminants in the uncertainty analysis for the fish 
ingestion pathway were I3’Cs, Aroclor 1260, Aroclor 1254, chlordane, and methyl mercury. 

quantitative uncertainty analysis. The contaminants given priority for the uucahm - tyanalysis were 

ThelmC0tam . ties involved with the slope factors for Aroclor 1260, I3’Cs, and chlordane and with 
the reference doses for methyl mercury were propagated through the uncertainty analysis. 

Subjective confidence intervals obtained for the excess lifetime cancer risk from select 
radionuclides and carcinogenic chemicals. The uncertainties associated with the parameters in the 

for each parameter were propagated through the use of 500 iterations of LHS to obtain subjective 
probability distriiutim fortbe sscess lifetime cancer risk associated with human ingestion of fish fiom 

. .  
riskasesmatequationsforthefishm~tionpathw~arediscussedinAppendixE. T h e m  es 
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theclinczlRiv~andPoplarcreekwhi&arecontarmnated . with Ij7Cs, Aroclor 1260, and chlordane. The 
excess Hetime cancer risks fkom 'j7Cs, Aroclor 1260, and chlordane are analyzed for the adult only. 
From these distributions, the medians, the lower 5% subjective confidence limits, and the UCL, were 
obtained 

The subjective confidence intervals for the excess lifetime cancer risk resulting fiom the 
contamination of 137Cs are summanzed * in Table 5.13. The median risk for 'j7Cs in largemouth bass is 
9.3E-05,andtbereis90%confidencethatthetruebut~ownriskli~between 1.5E-05 and6.2E-04. 

Tbe subjective confidence interval given in Table 5.13 provides valuable information that can be 
used to guide decision making. For example, if a 5% lower confidence limit is above a regulatory 
standard of wncem, then remediation is most likely needed. Ifthe 95% confidence limit is below the 
standard, remediation is most likely not required. I€ the 95% upper confidence limit is above the 
standard, butthe 50thpercentileis below the s t d a d ,  further study of those parameters which dominate 
the overall uncertainty is recommended to increase confidence in the decision. However, ifthe 50th 
percentile is above the standard, further study may stil l  be recommended The decision as to whether or 
not to proceed with remediation will be driven by a cost vs benefits analysis. Because the 95% upper 
umfi- limit is above the regulatory standard of concern but the median value is below the standard, 
further study should be recommended for those parameters which dominate the overall uncertainty. 

The subjective umfidence intervals for the excess Hetime cancer risk resulting fiom Aroclor 1260 
andchlordane are summanzed in Table 5.14. The median risk for Aroclor 1260 in the catfish of reach 
1, for is 2 . 4 W ,  there is 90% umfideace that the true but unknown risk lies between 5.6E-05 
and 8.4E-04 (or there is 95% confidence that the true but unknown value does not exceed 8.4E-04). 

Thehighestp0tentialexcess)ifetimecancerriskresultsfiomeating~ wntamhakdwithAroclor 
1260. The subjective umfidence intervals given in Table 5.14 provide valuable infoImation that can be 
used to guik decision making. For example, because the 5% lower confidence limit is above a 10-4 lif5 
time cancer risk forthecatkh in reaches 2,3, and 4 and for the stripedhybrid bass in reach 4, it would 
be recommended that warning signs be posted near these reaches. For all species and reaches studied, 
themedianvaluesforAroclor126Osrceedtbe lOdlifetimecancerriskAgain,th~resultsindicatethe 
need for action (provided that 10-4 is to be used as an action limit and that the evidence for 
carcinogenicity of PCBs in animals is applicable to human populations). 

Results of the sensitivity analysis for carcinogens. A sensitivity analysis was pedormed for the 
" T d a t E x c e s s ~ ~ c a n C e r R i s k " f o r ~ i n g e s t i O n . T b e ~ ~ u s e d f o r t h i s s e n s i t i ~ t y ~ s i s w a s  
to square the Spearman rank correlation coefficients of each parameter and noRnalize them to 1000/0 
(Decisioneeriug, Inc., 1994). From this method, an approxhate percentage of the parameh's 
contribution to the overall uncertainty is obtained. These percentages are refmed to as the sensitivity 
index (SI) of the parameter. The higher the SI, the more important the parameter is to the overall 
uncertainty. 

The tup sensitivity indices for the total risk resulting fiom 13Ts contaminated largemouth bass are 
presented in Table 5.15. 
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Tabk 5.11. Noncarcinogenic chemicpls of concern for the fish ingestion pathway 

Riakertimatc 

Pathway Contaminant Reach Adult Child 
BluegiU 

Largemouth bass 

Catfish 

Striped5ybrid bass 

Chlordane 

Aroclor 1254 

’ Mercury 

Chlordane 

Mercury 3 

4 

2 

3 

4 

2 

3 

4 

2 

3 

4 

4 

1 

2 

3 

4 

1 

2 

3 

4 

2 

4 

Aroclor 1254 2 

A 

Aroclor 1254 

Chlordane 

1.1 2.8 

na 1.2 

na 1.8 

1.8 4.7 

na 2.2 

na 2.3 

na 2.5 

na 2.3 

6.8 18 

14 35 

8.1 21 

na 1.9 

4.2 11 

2.6 6.7 

1.2 3 

1.6 4.2 

4.2 11 

24 61 

14 35 

20 52 

1.8 4.7 

1.3 3.5 

23 59 

18 47 
na =not applicable (these are not contaminants of concem for adults). 
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Table 5.12 Carcinogenic chemkab of concern for the fuh ingestion pathway 

Contaminant Pathway Reach Riskestimate 

Aroclor 1260 Catfish 1 9.0E-04 

Largemouth bass 

2 2.8E-03 

3 1.9E-03 

4 2.1E-03 

2 4.7E-04 

3 9.2E-04 

4 5.9E-04 

Striped/hybrid bass 2 l.lE-03 

B1uegi.U 

Chlordane Catfish 

4 1.9E-03 

4 9.8E-04 

1 1.4E-04 

'"CS Largemouth bass 2 1 SE-04 

Table 5.13. Resub obtaiued for the excesr lifetime cancer rink from u7Cs in the 
Clinch River and Poplar Creek 

Speck Radionuclide 5% subjective Median %./. rubjective 
confidence limit confidence limit 

Largemouth bass '37Cs 1.sE-05 9.3E-05 6.2E-04 

Table 5.14. Results obtained for the excess lifethne cancer risk from select carcinogenic chemical 
contaminanb in the Clinch W e r  and Poplar Creek 

Reach Speck Contaminant 5% rubjective Median 95% rubjective 
confidence limit confidence limit 

1 catfish Aroclor 1260 5.6E-05 2.4E-04 8.4E-04 
Catfish Chlordane 1.4E-05 8.6E-05 4.2E-04 

Total risP 8.8E-05 3.5E-04 1.2E-03 
2 Largemouthbass Aroclor1260 3.1E-05 1 sE-04 5.OE-04 

Catfish Aroclor 1260 2.1E-04 8.2E-04 2.9E-03 
Stripedhybrid bass Aroclor 1260 7.8E-05. 3.2E-04 l.lE-03 
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Table 5.14 (continued) 

Reach Specie8 Contaminant 5% .rubjective Median 95% rubjective 
confidence limit confidence limit 

3 

4 

Largemouth bass Aroclor 1260 

C a w  Aroclor 1260 

Largemouth bass Aroclor 1260 

Catfish Aroclor 1260 

6.3E-05 

1.4E-04 

3.9E-05 

1 .a44 

2.9E-04 

5.6E-04 

1.7E-04 

6.9E-04 

1 .OE43 

2.1E-03 

5.6E-04 

2.3E-03 

Stripedlhybrid bass Aroclor 1260 1.3E-04 5.8E-04 1.9E-03 
The v duesf or the total riskwillnotbe d k d y  additive because of the random process used for error propagation. 

Table 5.15. Results obtained for the aenritivity analysis performed for 
excess lifetime risk from '"Cs contamination associated with the _ _ _  m-n-n--.% st-- - I c = - L  s 
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Table 5.17. Reaults obtained for the hazard quotientr for adults from aelect noncarcinogenic 
chemical contaminanta in the Clinch River and Poplar Creek 

2 

3 

4 

Reach Species Contaminant 5% subjective Median 95% subjecthe 
confidence limit confidence limit 

1 Cattidl Chlordane 0.1 1.9 22.5 
C d k h  Aroclor 1254 0.1 0.7 4.8 

Total hazard indef 0.3 3.0 23.7' 
Largemouthbass Mercu~y 0.1 0.8 8.0 

Largemouth bass Chlordane 0.1 1.6 18.6 
Largemouth bass Aroclor 1254 0.1 1 .o 6.9 

Total hazard indef 0.7 4.5 25.8 
CatIiSh Chlordane 0.1 1.1 13.0 
Catfish Aroclor 1254 0.5 4.2 28.8 

Total hazard indef 1 .o 6.1 38.8 
Stripedhybrid bass Chlordane 0.1 0.8 9.0 
Stripedlhybrid bass Aroclor 1254 0.4 3.2 24.6 

* Total hazard indef 0.8 4.7 31.3 
Bluegill MmuV 0.1 1.2 12.2 

Largemouthbass Mercury 0.2 1.7 19.5 
Largemouth bass Chlordane 0.0 0.4 4.5 
Largemouth bass Aroclor 1254 0.3 1.9 15.5 

Total hazard i d e f  0.8 5.2 31.8 
Catfish Chlordane 0.0 0.5 5.4 
Catfish Aroclor 1254 0.2 1.9 14.0 

Total hazard indef 0.5 2.8 18.5 
Bluegill MercurV 0.0 0.4 4 1  
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Table 5.12 Carcinogenic chemicaIa of concern for the frsh ingestion pathway 
~ 

Contaminant Pathway Reach Riskestimate 

Aroclor 1260 Catfish 1 9.OE-04 

Chlordane 

Largemouth bass 

Stripedhybrid bass 

Bluegill 

Catfish 

2 

4 

4 

1 

2.8E-03 

1.9E-03 

2.1E-03 

4.7E-04 

9.2E-04 

5.9E-04 

l.lE-03 

1.9E-03 

9.8E-04 

1 -4E-04 

l3'CS Largemouth bass 2 1 SE-04 

Table 5.13. Results obtained for the excess lifetime cancer risk from "'Cs in the 
Clinch River and Poplar Creek 

Speck Radionuclide 5% subjective Median 95% rubjective 
confidence limit confidence limit 

Largemouth bass '"Cs 1.SE-05 9.3E-05 6.2E-04 

Table 5.14. Res& obtained for the exceas lifetike cancer risk from select carcinogenic chemical 
contaminant8 in the Clinch m e r  and Poplar Creek 

Reach Speck Contaminant 5% subjective Median 

1 catfish Aroclor 1260 5.6E-05 2.4E-04 
Catfish Chlordane 1.4E-05 8.6E-05 

Total risk' 8.8E-05 3.5E-04 

Largemouth bass Aroclor 1260 3.1E-05 1 sE-04 

Stripexihybrid bass Aroclor 1260 7.8305. 3.2E-04 

confidence limit 

C a W  Aroclor 1260 2.1E-04 8.2E-04 
2 

95% subjective 
confidence limit 

8.4E-04 
4.2E-04 
1.2E-03 
5.0E-04 
2.9E-03 
1.1E-03 
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Table 5.14 (continued) 

Reach SpeCieS Contaminant 5% .subjective Median 95% subjective 
- *  11-?A e>-- .. 
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Table 517. Rauh obtained for the hazard quotients for adults from select noncarcinogenic 
chemical contaminants in the Clinch River and Poplar Cmek 

Reach Spec* Contaminant 

1 Catfish Chlordane 

Catfish h l o r  1254 
Total hazard i n d d  

2 Largemouthbass Mercury 
Largemouthbass Chlordane 

Largemouth bass h l o r  1254 
Total hazard i n d d  

Catfish Chlordane 

C a w  Aroclor 1254 
Total hazard i n d d  

Stripedhybrid bass Chlordane 
Stripedmybrid bass Aroclor 1254 

Total hazard i n d d  

3 Bluegill Mercury 
Largemouthbass Mercury 
Largemouth bass Chlordane 

Largemouth bass ArocIor 1254 
Total hazard i n d d  

C a w  Chlordane 

C a w  Aroclor 1254 
Total hazard i n d d  

4 Bluegill Mercury 
Largemouthbass Mercury 
Largemouthbass Chlordane 

Largemouth bass Aroclor 1254 
Total hazard indef 

Catfish Mercury 
Catfish Chlordane 
Catfish Aroclor 1254 

Tobl hazard indd 
Stripedthybridbass chlordane 

Striwdhybrid bass h l o r  1254 

5% subjective 
confidence limit 

0.1 
0.1 
0.3 
0.1 

0.1 
0.1 

0.7 
0.1 

0.5 
1 .o 
0.1 
0.4 
0.8 

0.1 
0.2 
0.0 
0.3 
0.8 

0.0 
0.2 
0.5 
0.0 
0.1 
0.0 
0.2 
0.5 
0.1 
0.1 
0.5 
1.1 
0.0 
0.3 

Median 95% subjective 
confidence limft 

1.9 22.5 
0.7 4.8 
3 .O 23.7' 
0.8 8.0 

1.6 18.6 
1 .o 6.9 
4.5 25.8 
1.1 13.0 
4.2 28.8 
6.1 38.8 
0.8 9.0 
3.2 
4.7 
1.2 
1.7 
0.4 
1.9 
5.2 
0.5 
1.9 

24.6 
31.3 
12.2 
19.5 
4.5 

15.5 
31.8 
5.4 

14.0 
2.8 18.5 

0.4 4.7 
0.8 8.9 
0.4 
1.2 
3.1 
1.5 
0.7 
3.6 
6.8 

0.6 
2.7 

4.3 
8.2 

17.0 
17.5 
7.6 

29.2 
48.1 

6.4 
1 Q A  
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Table 5.18. RcauIta obtained for the hazard quotients for children from select noncarcinogenic 
chemkal contaminants in the clinch River and Poplar Creek 

Reach S p C k  Contaminaut 5% subjective Median 95% subjective 
confidence limit confidence limit 

1 

2 

3 

4 

Catfish ChlOrdane 
Catfish Aroclor 1254 

Total hazard indef 
Largemouthbass Mercury * 

Largemouth bass Chlordane 
Largemouth bass Aroclor 1254 

Total hazard indef 
Catfish Chlordane 
Catfish Aroclor 1254 

Total hazard indef 
Stripedhybrid bass Chlordane 
Striped5ybrid bass Aroclor 1254 

Total hazard index? 

Bluegill Mercury 
Largemouthbass Mercury 
Largemouthbass Chlordane 
Largemouth bass Aroclor 1254 

Total hazard indef 
Catfish Chlordane 
Catfish Aroclor 1254 

Bluegill Mercury 

Total hazard indef 

Largemouthbass Mercury 
Largemouthbass Chlordane 
Largemouth bass Aroclor 1254 

Total hazard indef 

Catfish Mercury 
Catfish Chlordane 
Catfish Aroclor 1254 

Total hazard indef 
Stripedthybridbass Chlordane 
Stripedmybrid bass Aroclor 1254 

0.1 

0.1 

0.3 

0.1 

0.1 

0.1 

0.7 

0.1 
0.6 

1 .o 
0.0 

0.5 
0.8 

0.1 

0.2 
0.0 
0.3 

1 .o 
0.0 

0.5 

0.1 
0.1 
0.0 
0.2 

0.6 

0.1 
0.0 

0.5 
1.1 
0.0 

0.4 

1.6 

0.6 

3.0 

0.9 

1.3 

1 .o 
5.2 

1 .o 
4.3 

6.7 

0.7 
3.3 
5.0 

1.2 
1.9 
0.4 
2.1 

5.7 
0.4 
2.0 
3.0 

0.4 
0.9 
0.3 
1.2 

3.5 

1.3 
0.6 
3.8 
7.5 

0.5 
2.7 

40.7 

5.0 
44.1 

8.8 
32.2 

8.5 

38.8 

22.8 
31.8 

44.1 
14.9 
26.5 
35.8 

13.2 
20.0 
7.6 
15.5 

35.4 
8.7 
15.3 
20.9 

5.1 
9.9 
7.4 
9.3 

20.6 

33.4 
12.9 
26.4 
66.6 
11.0 
20.6 

Total hazard indef 0.7 4.0 29.2 
%e values for the total risk will not be directly additive because of the random process used for error propagation 
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provide valuable idormation that can be used to guide decision making. For example, if a 5% lower 
ami%hce limit is above a regulatory standard of concern, then remediation is most likely needed. If the 
UCL, is below the standard, retlaediatioais mostlikeIynot required. Ifthe UCL, is above the standard, 
butthe5oth~eiSbelowthestandard,~erstudymaybenecessaryforth~parameters~ch 
dominatetheoverall~.However,ifthetheothpercentileis abovethestandard,furtherstuc€ymay 
Stiu be worthwhile, although under some circumstances it may be prudent to proceed with remediation. 
In all cases, the UCL, exceeds an HQ of 1.0 for both adults and children. 

Results of the sensitivity analysis for select noncarcinogens. A sensitivity analysis was 
Perfomaed for each Total Hazard Index" for each species of&&. The top sensitivity indices for the total 
HI in largemouth bass in reach 3 for adults are presented in Table 5.19. 

The two most sensitive parameters for the total HI fiom largemouth bass are the number of fish- 
meals per day and the Ra) for Aroclor 1254 and methyl mercury. These results indicate that, if 
necessary, the uncertainty involved with the total HI fiom the human ingestion of fish fiom the Clinch 
River and Poplar Creek would be most effectively lowered by taking local surveys of consumption 
patterns andby fintheaanatysis ofthe RE) for PCBs andmethylmercury rather than by firrther sampling 
of fish. The uncertainty in the overall HI was almost dominated by the number of fish-meals per day. 

A parameter that does not showup as a sensitive parameter is the contaminant co- 'on in fish. 
However, the statistical adyses that were performed on the data show a relatively small uwxhnty * for 
the majority of the contaminants and reaches. In most cases, the uncertainty seems too small (1.09 
uncertaintyfact0r)andmaybesuspect. 

Table 5.19. Raulta obtained for the sensitivity analysis performed for the total hazard 
index from select noncarcinogen contamination associated with the adult ingation 

of fuh from the Clinch River and Poplar Creek 
~ ~~~ 

Species Sensitive parameter Sensitivity Rank 
index 

Largemouthbass I / ;  mealsperday 62.3 1 

(reach3) MercuyRfD: mgkgid 14.2 2 

h l o r  1254 RD: mgkgld 10.1 2 

I,: kilogramspermeal 6.3 3 
I/=mass ofiish CoIlSumed per meal; RfD = refmce dose, I, = fresuency of meals CoIlSisting of fish 
caught in the Clinch River-Poplar Creek system. 
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Conclusions for the fish ingestion pathway. The following conclusions cafl be drawn fiom the 
quantitative uncertainty analysis on the risk of adverse health effects resulting iiom the ingestion of 
select radionuclide- and chemicalumtamhted fish fiom Clinch River and Poplar Creek 

T h e W h a z a K l q w f i e ! U t s f f f d ~  . and fish exceed the recommended level of 1.0 at the 
95% subjective confidence limit as well as at the median value in may cases for children and 
adults. The uncertainty m o t  be improved without additional information regarding the toxic 
eflkts of Chlopdime, Aroclor 1254, and m e r q .  The large uncertainty in the hazard quotients for 
chlordane result in part from the uncertainty in the refaence dose. 

Thehigkt potedal excess lifetime cancer risk fiom carcinogenic chemicals results from Aroclor 
1260. The median values exceed lo4 risk for each of the species and reaches studied for both 
chlordane and Aroclor 1260. 

Results ofthe sensitivity analysis indicate that, ifnecessary, the overall estimate of uncertainty in 
the total risk estimates would be most efficiently reduced by taking local surveys to obtain better 
estimates for the numbers of fish-meals eaten per week and the amount of fish eaten per meal for 
the avid angler. 

55.23 Analysis for the dredging scenario resulting from contaminated deep sediment 

The Contaminants given priority for the uncertainty analysis were determined by considering the 
following factors: (1) adequacy of data, (2) contributing sources of contamination, and (3) the risk 

the following conditions weremet ifthe data was considered adequate, ifthe contaminant was released 
by DOE facilities, and ifthe lo4 risk level was exceeded or ifthe HQ was >1 for adults in the baseline 
risk assessment. The noncarcinogenic contaminant and radionuclide identified on the basis of these 
criteria for the uncertainty analysis for the dredgiug pathway was inorganic mercury and '"Cs, 
respectively. The reaches of concern are shown in Table 5.20. 

estimated in the baseline risk assessment. The contaminant was included in the MceTt(llI1 - ty analysis if 

Table 5.20. Contaminanta of concern for the dredging pathway 

Rlrkertimate 

Ad& Child 
Pathway Contaminant Subreach 

Milk Mercury 

Meat MmuY 

Vegetables Mercury 

3.04 1.3 13 

3.04 2.6 12 

3.04 7.1 33 

External 137cs 2.04 2.7E-04 na 

I3'Cs 3.04 1 .OE-04 m 

137cs 4.03 2.3E-04 na 
na = not applicable (can= risks are not evaluated for children because they are based on a 30-year expome). 

Although wncem fiom Aroclor 1254 is shown in the dredging scenario of the baseline risk 
a s s e s s m e n t c a l c u l a t i o a y t h e r e w a s ~ ~ d a t a ~ o ~ t i o a t o b o u n d t h e u n ~ t y i n t h e s e d i m e n t  
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concentration for this contaminant. This was due in large part to the aggregation of the data into 
subreaches. Therefore, Aroclor 1254 was not considered in the uncertainty analysis. 

Subjective confidence intervals obtained from the uncertainty analysis for inorganic 
mercury. Themcatam * ties associated with the parametem in the risk assessment equations for the 
dredging scenario are discussed in Appendix E. The uncertainties for each parameter were propagated 
through the use of 500 iterations of LHS to obtain subjective probability distributions for the hazard 
quotient associated with dredging deep sediments fiom the Clinch River and Poplar Creek that are 
contaminated with inorganic mercury. From these distributions, the medians, the lower 5% subjective 
confidence limits, and the UCb5 were obtained. 

The subjective cmfidence intervals for the adult are summanzed . in Table 5.21, and the subjective 
intervals for children are presented in Table 5.22. The median risk for the ingestion of milk fiom 
mercury, for instance, is 0.09; there is 90% confidence that the true but unknown risk Ees between 0.01 
and 2.25 (or there is 95% confidence that the true but unknown value does not exceed 2.25). 

The subjective confdence intervals given in Table 5.21 and Table 5.22 provide valuable 
information that cafl be used to guide decision making. For example, ifa 5% lower confidence limit is 
above a regulatory standard of concern, then remediation is most likely needed. Ifthe 95% upper 
confidence limit is below the standard, remediation is most likely not required. If the 95% upper 
confidence limit is above the standard, but the 50th permtile is below the standard, further study of 
those parameters which dominate the overall uncertainty (milk pathways) would be needed to reduce 
overall uncertainty. However, if the 50th percentile is above the standard, further study may st i l l  be 
worthwhile. The decision as to whether or not to proceed with remediation will be driven by a cost vs 
benefits analysis. 

Table 5.21. Results obtained for the escenr health rbk to ad& from neW noncarcinogenic 
contamination in deep sedimentn of the Clinch River and Poplar Creek 

Subrepch Pathway Contaminant 5% rubjective M d i  95./. tubfective 
confidence limit confidence limit 

3.04 Milk 

Meat 

Leafy 
vegetables 

Mercury 

Mercury 

Mercury 

0.01 

0.59 

0.24 

0.09 

5.89 

2.35 

2.25 

287.27 

68.10 

Nonleafjr Mercury 0.13 1 .% 43.95 
vegetables 
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Table 5.22 Reauh obtained for the excar health rbk to chiIdren fmm select noncarcinogenic 
contamination in deep aedimenta of the Chch River and Poplar Creek 

Medinn 95% rubjective 
confidence limit confidence limit 

Subreach Pathway Contaminant 5% rubje!ctive 

3.04 m MercuT 0.05 0.48 18.48 

Meat MercuT 1.54 15.28 338.69 

Leafy Mercury 0.61 5.99 126.1 1 
vegetables 

Nonleafj. Mercury 
venetables 

0.24 3.57 74.18 

' Results of the sensitivity analysis for the dredging scenario for inorganic mercury. A 
sensitivity analysis was performed for the different pathways. The method used for this sensitivity 
analysis was to square the Spearman rank correlation coefficients of each parameter and normalize them 
to 1 W ?  (Decisioaeerin& Inc., 1994). From this method, an approximate percentage of the parameteis 
contribution to the overall uncertainty is obtained, These percentages are referred to as the SI of the 
parameter. The higher the SI, the more important the parameter is to the overall uncertainty. 

TIE top seadivityindices fortberiskfkmdredgingdeep sediments in the Clinch River and Poplar 
Creek which are contaminated with inorganic m e r q  are presented in Table 5.23. 

The top fora sensitive parameteas for the uncertain@ are the uncertainty in the soil-to-plant uptake 
f a c b r f o r p ~ , t h e R t D f o r ~ , ~ t b e m i l k a n d ~ \ I p t a k e f a c t o r s ,  andthesediment concentration 
data. Uncertainty in the estimate of risk for inorganic mercury in cleep sediments (ifthe deep sediment 
i s~couldbe~~reducedwithmoreinfonnat ionperta iningtoth~parameters .Avery  
large source of uncertainty for the transfer factors is the lack of knowledge about the solubility of 
mercury and lack of howledge about its chemical form. 

Subjective confidence intervals obtained from the uncertainty analysis for "'Cs. The 
d e s  associated with the parameters in the risk assessment equations for the dredging scenario 
arediscussedinAppendixE.Them 'es for each parameter were propagated through the use of 
500 iterations of LHS to obtain subjective probability distributions for the excess lifetime cancerrisk 
Bssociated with dredging deep sediments from the Clinch River and Poplar Creek that are contaminated 
with inorganic menmy. From these distributions, the medians, the lower 5% subjective Confidence 
limits, andtheUCL,wereobtained. 

The subjective confidence intervals for the adult are summanzed * in Table 5.24. The median risk 
for the external exposure fiom I3'Cs, for instance, is 1.1E-04; there is 900? confidence that the true but 
unknown risk lies between 1.OE-05 and 7.2E-04 (or there is 95% confidence that the true but &own 
value does not exceed 7.2E-04). 
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Table 5.23.  result^ obtained for the sens€tivity analysis performed for total exceas health risk from 
mercury contamination associated with the dredging scenario from the 

Clinch River and Poplar Creek 

Pathway Sensitive parameter SenritMty index Rank 

Milk BV. Pll 30.1 1 
(W 

Meat 

Vegetables 

RfD (mercury) 

cad 

B. 

25.0 

19.9 

14.1 

36.9 

23.8 

16.5 

12.8' 

38.5 

34.2 

2 

3 

4 

1 

1 

cad 18.5 2 
B,, = soil-to-plant uptake factor for pesture; F, = milk transfer coefficent (&); RfD = reference dose, 
C, = sediment concentration; F,= meat transfer coefficient (dkg). 

Table 5.24. Resultn obtained for the exceas health riskto aduIb from ='Cs contamination in deep 
sediment of the Clinch River and Poplar Creek 

Subreach Pathway Contaminant 5% subjective Median 9% subjective 
confidence limit confidence limit 

2.04 External InCs 1 .OE-05 l.lE-04 7.2E-04 

3.04 External '"Cs 6.1E-06 8.1E-05 4.7E-04 

4.03 External 137Cs 9.6E-06 5.2E-05 2.4E-04 

Tbe subjective confidence intervals given in Table 5.24 provides valuable information that can be 
used to guide decision making. For example, if a 5% lower confidence limit is above a regulatory 
standafil of ccmcem, thearemediation is most likely needed. If the 95% upper confdence limit is below 
the staudard, mediation is most likely not required. If the 95% upper confidence limit is above the 
standard, but the 50th percentile is below the standard, Mer study may be necessary for those 
parameters which dominate the overall uncertainty (subreaches 3.04 and 4.03). However, ifthe 50th 
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percentile is above the standard, M e r  study may still be worthwhile (subreach 2.04). The decision as 
to whether or not to proceed with remediation will be driven by a cost vs benefits analysis. 

Results of the sensitivity analysis for the dredging scenario for W s .  A sensitivity analysis was 
performed for the different pathways. The method used for this sensitivity analysis was to square the 
Spearman rank correlafm wef€icim of each parameter and noRnalize them to 100% (Decisioneering, 
Inc., 1994). From this method, m approximate percentage of the parameteis contribution to the o v d  

is obtained. nese percentages are referred to as the SI ofthe parameter. The higher the SI, 
the more important the parameter is to the overall uncertainty. 

Tbe top seasitivityindices for the total risk Grom dredging deep sediments in the Clinch River and 
Poplar Creek which are contaminated with 137Cs are presented in Table 5.25. 

The top three sensitive parameters for the uncertainty are the uncertainties in the: (1) I3’Cs 
concentration data, (2) the risk conversion factor (RCF), and (3) the external exposure Grequency. If 
necessary, the uncertainty in the estimate of the excess Hetime cancer risk would be most effectively 
red~bytakingadditionalsamplesinordertoreducetheun~tyinthesedimentwn~oa 

Conclusions for the dredging scenario. The uncertainty analysis conducted for the dredging 
scenario verifies the results of the baseline risk assessment (i.e., that I3’ICs and mercury in the deep 
sediment are COPCs). If necessary, additional sediment samples would improve the uncertainty 
associated with the risk estimates of both contaminants. Finally, caution should be used when 
i n h p h g  the estimates of the HQ for inorganic mercury because of the lack of knowledge abut  the 
solubility of mercury in deep sediment. 

5.6 DEVELOPMENT OF REMEDIAL GOAL OPTIONS 

The EPA (Region IV) has requested that each baselhe risk assessment include a section which 
outlines the remedial goal options (RGOs) for the chemicals and media of potential wmem that have 
been identified. Typically, this sections includes both ARARs and health-based cleanup goals, but for 
the purpose of this report the ARARS have been presented in Chap. 4. 

Remedial goal options are chemical-specific, medium-specific numerical concentration limits that 
are identified for all contaminants and all pathways found to be of concern during the baseline human 
health risk assessnentprocess. Remedial goal options are not the first or the final set of cleanup levels 
in the CERCLA process, but they can be viewed as modified preliminary mediation goals based on site 
c h a r d t i o n  and the baseline risk assessment findings. 

Remedial goal options for the Clinch River and Poplar Creek were established on the basis of the 
exposure parameten and equations used to perform the risk assessment. No modifications were made 
totbeparame&values.Riswhazar d-based wncentrations were back-calculated for each chemical and 
pathwayichti6ed as a concern and are presented in Tables 5.26-5.33. For the carcinogenic chemicals 
of coocern, the RGOs were calcuIated based on an ECR of lo4, and lod. For the noncarcinogenic 
chemicals of concern, the RGOs were calculated based on ~LI individual hazard quotient of 0.1, 1.0, and 
10. The purpose of the RGOs is to provide the risk managers with the maximum risk-related media level 
options on which to develop remedial alternatives. 
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TIlbk 5.25. Results obtained for the aensffvity analysis performed for total excera health ritk from 
“‘Ca contamination aamiated w€th the dredging acenario from the 

Clinch River and Poplar Creek 

Pathway Sensitive parameter Sensitivity index Rank 
(W 

External c, (sediment 38.4 1 
(subreach 2.04) concentration) 

Externat 
(subreach 3.04) 

External 
(subreach 4.03) 

RCF (risk Conversion 
factor) 

Dl (dilution factor) 

RCF 

A, [loss rate from 
radioactive decay and 

fromharvestiagl 
leaching o.ear)-l] 

RCF 

21.2 

9.6 

38.5 

22.2 

10.7 

31.7 

15.3 

2 

3 

1 

2 

3 

1 

2 



Table 5.26. Remedial goal optha  for the carcinogenic chemic& and pathways of concern for mil for the dredging Mxnrrio 
I 

Pathway Chemical RGOsbasedonan RGOsbasedonan RGOsbasedonan Units of measure 
ECR = loJ ECR= los ECR= lo* 

External exposure 1 i 
Inhalation of resuspended 
sediments 

6oco 

"'CS 

YJ 

Arsenic 

Cadmium 

Chromium 

u'u 
w 

Ingestion of milk produced by 137Cs 
cattle pastured on dredged 
sediments %r 

9pre 

B4u 

Arsenic 

Pentachlorophenol 

4.60EtOO 

7.84E-W 

2.29Ei-02 

6.34Ei-01 

5.19Eto2 

7.73Ei-01 

1.27Ei-02 

1.43Ei-02 

4.60E-01 

7.84E-01 

2.29E-tO1 

6.34E-W 

5.19Ei-01 

7.73E-W 

1.27Ei-01 

1.43Ei-0 1 

4.60E-02 

7.84E-02 

2.29EtOO 

6.34E-0 1 

5.19Ei-00 

7.73E-01 

1.27EtOO 

1.43Ei-00 

4.18E-W 4.18E-01 PCi43 

2.48Ei-01 2.48EtOO 2.48E-0 1 PCh! 

1.58Ei-03 1.58Ei-02 1.58Ei-01 PCik 

8.49Ei-02 8.49E-tOl 8.49Ei-00 PCi43 

5.90Ei-02 5.9OEi-0 1 5.90E-W PCgg 

3.01Ei-02 3.0 1 E-tO 1 3.01EtOO mg/kg 

3.45Eto1 3.45E-W 3.45E-01 mgncf3 

4.18Ei-01 

Aroclor 1260 3.10E-02 3.10E-03 3.10E-04 mgn<g 



Table 5.26 (continued) 

Pathway Chemical RGOs based on an RGOs based on an RGOs based on an Units of measure 
ECR = lo4 ECR= 1 0 5  ECR = IO* 

I 

.: i 
I 

. d <  .. ' 

Ingestion of beef grazed on 
pasture forage produced on 
dredged sediments 90Sr 

137Cs 

Arsenic 

~~ 

7.64EtO1 7.64E-W 7.64E-01 

8.67Ei-01 8.67E-W 8.67E-01 

1.01EtO2 1.01EtOl 1.01E-W 

Aroclor 1260 l.lOE-0 1 l.lOE-02 l.lOE-03 

Ingestion of vegetables "7CS 
produced on dredged 
sediments 99Te 

WSr 

3.50EtO2 3.50Ei-01 3.5OEMO PCih? 

6.80EtO1 6.80E-W 6.80E-01 PCik 

2.80EtO1 2.80E-W 2.80E-01 PCik 

Arsenic 1.24EtO2 1.24EtO 1 1.24E+OO mgncg 

Pentachhopheno1 3.75EtO2 3.75EtO1 3.75E-W mg/kg 

Aroclor 1260 1.87EtO 1 1.87E-W 1.87E-01 mgncg 
RGOs = medial goal options; ECR = excess cancer risk. 



Tabk 5.27. Remedial goal option8 for the carcfnogenk chemkah and pathway8 of concern for near-shorn sediment for the shoreline use rcenario 

Pathway Chemical RGOsbasedonan RGOsbasedonan RGOsbasedonan Units of measure ECR = loJ ECR = los ECR = lo4 

Shmline use: inhalation Arsenic 1.27E4.02 1.27EtO1 1.27Ei-00 mg/kg 
ChromiUm 

n4u 
W 

1.55E4.02 

2.53EtO2 

2.73EtO2 

1.55EtO1 

2.53EtO1 

2.73EtO1 

1.55Ei-00 

2.53Ei-00 

2.73E-Hx) 

w 2.86EtO2 2.86EW1 2.86Ei-00 PC@ RGOs = medial goal options; ECR = excess cancer risk. 



Table 5.28. Remedial goal optionr for the carcinogenic chemicals and pathwayr of concern for fish tissue for the fIsh ingestion rcenario 

Pathway Units of measure Chemical RGOs based on an RGOs based on an RGOs based on an 
ECR = 10' ECR= 105 ECR = 10' 

- 

Fish ingestion Arsenic 

Beryllium 

Aroclor 1260 

Chlordane 

'"CS 

%r 

4,4'-DDE 

4,4'-DDT 

2.1OE-01 

7.34E-02 

4.10E-02 

2.43E-01 

5.58E4-00 

3.16E4-00 

9.28E-01 

9.283-01 

2.1OE-02 

7.34E-03 

4.1OE-03 

2.43E-02 

5.58E-0 1 

3.16E-01 

9.28E-02 

9.28E-02 

2.10E-03 

7.34E-04 

4.1 OE-04 

2.43E-03 

5.58E-02 

3.16E-02 

9.28E-03 

9.28E-03 

Aldrin 1.86E-02 1.86E-03 1.86E-04 
RGOs = remedial goal options; ECR = excess cancer risk. 

a 



i 
. I  Table 5.29. Remedial goal optiona for roil for the noncarcinogenic chemic& and pathwaya of concern for the dredging rcenarIo 

Pathway Chemical Adult Child 

RGOs b d  on RGOs based on RGOs based on RGOs based on RGOs based on RGOs based on 
anHQ of 10 anHQ of 1 anHQofO.1 anHQ of 10 anHQ of 1 an HQ of 0.1 

(mg/kg) (m&) (mglkg) (mg/kl?) (mJ3k) (mg/kg) 
Inhalation of Barium 1.94Ei-04 1.94Ei-03 1.94Ei-02 4.36Ei-03 4.36Ei-02 4.36Ei-01 

sediment Manganese 1.94Ei-03 1.94Ei-02 1.94Ei-01 4.36Ei-02 4.36Ei-01 4.36Ei-00 
resuspended 

.i 

- 1  

Ingestionofmillc Arsenic 
produced by 
cattlepesturedon Barium 
dredged sediment Boron 

5.58Ei-03 

1.57Ei-05 

1.81E-W 

8.63Ei-02 

5.58Ei-02 

1.57EtO4 

1.81Ei-03 

8.63Ei-01 

5.58Ei-01 

1.57Ei-03 

1.81Ei-02 

8.63EtOO 

5.37Ei-03 

6.22Ei-02 

1.68Ei-04 

1.94Ei-03 

9.24Ei-01 

5.75Ei-04 

2.05Ei-01 

6.22Ei-01 

1.68Ei-03 

1.94Ei-02 

9.24Ei-00 

5.75Ei-03 

2.05E-W 

1.88EiQ1 

1.06EiQ1 

3.20E-W 

4.28Ei-02 

6.22Ei-00 

1.68Ei-02 

1.94E-K) 1 

9.24E-0 1 

5.75Ei-02 

2.05E-01 

1.88Ei-00 

1.06E-W 

3.20E-01 

4.28Ei-01 

Cadmium 

Chromium 5.37Ei-05 5.37Ei-04 

MercuIy 

Molybdenum 

Nickel 

1.92Ei-02 1.92Ei-0 1 1.92EtOO 

1.75Ei-03 

9.90Ei-02 

2.98Ei-02 

1.75Ei-02 

9.90Ei-01 

2.98Ei-01 

1.75Ei-0 1 

9.90EW 

2.98Ei-00 

3.99Ei-02 

1.88Ei-02 

1.06Ei-02 

3.20Ei-01 

4.28Ei-03 

Selenium 

Silver 3.99Ei-04 3.99Ei-03 

Vanadium 

zinc 

4,4'-DDT 

8.14Ei-03 

7.22Ei-03 

3.00Et01 

8.14Ei-02 

7.22Ei-02 

3.00EW 

8.14Ei-01 

7.22Ei-01 

3.00E-01 

8.72Ei-02 

7.73Ei-02 

3.21E-W 

8.72EiQ1 

7.73EiQ1 

3.21E-01 

8.72Ei-00 

7.73Ei-00 

3.21E-02 
h l o r  1254 2.46EtOO 2.46E-01 2.46E-02 2.64E-01 2.64E-02 2.64E$3 



Table 5.29 (continued) 

i , 

Pathway Chemical Adult Child 

RGOs based on RGOs based on RGOs based on RGOs based on RGOs based on RGOs based on 
a n H Q o f 1 0  a n H Q o f 1  anHQofO.l anHQ of 10 anHQ of 1 an HQ of 0.1 

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

Ingestionofbeef Arsenic 1.95Ei-03 1.95Ei-02 1.95Ei-01 4.17Ei-02 4.17Ei-01 4.17E4-00 
grazed on pasture 
forage produced Chromium 6.67Ei-03 6.67Ei-02 6.67Ei-01 I .43E-t03 1.43Ei-02 1.43E-K) 1 

Manganese 7.53Ei-05 7.53Ei-04 7.53Ei-03 1.61Ei-05 1.61Ei-04 1.61Ei-03 

Mercuty 1.01Ei-02 1 .O 1E-M 1 1.OIE4-00 2.1 6EM 1 2.16E+OO 2.16E-01 

Selenium 3.34Ei-02 3.34Ei-01 3.34EoO 7.15Ei-01 7.15E4-00 7.15E-0 1 

Vanadium 3.%EtO4 3.96Ei-03 3.96Ei-02 8.48Ei-03 8.48Ei-02 8.48Ei-01 

on dredged 
&enb 

sh 
zinc 8.07Ei-03 8.07Ei-02 8.07Ei-01 1.73Ei-03 1.73Ei-02 1.73EM1 3 
Aroclor 1254 8.71E4-00 8.71E-01 8.7 1 E-02 1.87EtOO 1.87E-01 1.87E-02 

Ingestion of Arsenic 2.40E+O3 2.40Ei-02 2.40Ei-01 5.14Ei-02 5.14Ei-01 5.14E4-00 
vegetables 
produced on Boron 2.67Ei-04 2.67Ei-03 2.67Ei-02 5.72Ei-03 5.72Ei-02 5.72Ei-01 
dredged 
sedimenb Cadmium 9.OOE102 9.OOEi-01 9.OOE4-00 1.93Ei-02 1.93Ei-01 1.93E4-00 

Chromium 1.40Ei-04 1.40Ei-03 1.4OEi-02 2.99Ei-03 2.99Ei-02 2.99Ei-01 

2.72Ei-03 2.72Ei-02 2.72Ei-01 Manganese 1.27Ei-04 1.27Ei-03 1.27Ei-02 

PJIercUry 3.61Ei-01 3.61E4-00 3.6 1E-0 1 7.74EtOO 7.74E-01 7.74E-02 

Molybdenum 1.77Ei-03 1.77Ei-02 1.77E-H) 1 3.79Ei-02 3.79Ei-01 3.79E4-00 

Nickel 1.38E-tQ4 1.38Et03 1.38EtO2 2.95Ei-03 2.95Ei-02 2.95E-f-01 



Table 5.29 (continued) 

Pathway Chemical Adult Child 

RGOs based on RGOs based on RGOs based on RGOs based on RGOs based on RGOs based on 
anHQof 10 anHQ of 1 an HQ of 0.1 anHQof10 anHQof1 an HQ of 0.1 

(mgn<l?) (mg/kg) (ml3k3) (mgflcg) (mg/kg) (mg/kg) 

silver 8.99Ei-02 8.99Ei-01 8.99E-tOO 1.93Ei-02 1.93Ei-01 1.93E-W 
I 

Zinc 2.72E-W 2.72Ei-03 2.72EtO2 5.82Ei-03 5.82Ei-02 5.82Ei-01 

h l o r  1254 4.64Ei-01 4.64E-W 4.64E-01 9.94E-W 9.94E-01 9.94E-02 
RGOs = remedial god options; HQ =hazard quotient. 



Table 530. Remedial goal options for the noncarcinogenic chemicals and pathways of concern for near-shore sediment for the ahorelhe use scenario 

Pathway Chemical Adult Child 

RGOs based on RGOs based on RGOs based on RGOs based on RGOs based on RGOs based on 
anHQ of 10 anHQ of 1 anHQof0.1 anHQ of 10 anHQ of 1 an HQ of 0.1 

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

8.73Ei-01 Inhalation of Barium 3.88Ei-04 3.88EtO3 3.88Ei-02 8.73EtO3 8.73Ei-02 
resuspended 
sediment Manganese 3.88Ei-03 3.88Ei-02 3.88EtO1 8.73Ei-02 8.73Ei-01 8.73E10 
RGOs = remedial goal options; HQ = hazard quotient. 

' J  

1 



I Table 531. Rernedlal god options for the noncarcinogenic chemkah and pathways of concern for water 

Pathway Chemical Adult Child 

RGOs based on RGOs based on RGOs based on RGOs based on RGOs based on RGOs based on 
anHQof10 anHQ of 1 an HQ of 0.1 anHQ of 10 anHQ of 1 anHQof0.1 
(ma) * (mgn) ( m a )  (m&) (m&) ( m a )  

I 

Ingestion of milk 
produced by 
cattle pastured on 

. soilirrigatedwith 
surface water :I 

. Ingestionof 
vegetables 
irrigated with 
surface water 

{ 
1 

.I Ingestion of beef i 
drinking surface 
water 

Direct ingestion 
of untreated 
surface water 

Nitrate 

Nickel 

Aroclor 1254 

Arsenic 

Nitrate 

Nitrate 

Antimony 

Arsenic 

Manganese 

Nitrate 

2.54EW1 

3.91E-W 

7.61E-03 

3.14E-0 1 

1.93EW2 

9.47Ei-01 

1.46E-01 

l.lOE-01 

5.1 1EWl 

5.84Ei-02 

2.54E-W 

3.91E-01 

7.61E-04 

3.14E-02 

1.93E4-01 

9.47E-W 

1.46E-02 

l.10E-02 

5.1 lE+Oo 

5.84EW 1 

2.54E-01 

3.91E-02 

7.61E-05 

3.14E-03 

1.93E-W 

9.47E-01 

1.46E-03 

l.lOE-03 

5.11E-01 

5.84E-W 

2.72E-W 

4.19E-01 

8.16E-04 

6.73E-02 

2.72E-W 

2.03E-tQ1 

6.26E-02 

4.69E-02 

2.19E4-01 

2.50Ei-02 

2.72E-01 

4.19E-02 

8.16E-05 

6.73E-03 

2.72E-01 

2.03E-W 

6.26E-03 

4.69E-03 

2.19E-tOO 

2.50Ei-01 

2.72E-02 

4.19E-03 

8.16E-06 / 

6.73E-04 

2.72E-02 
VI 

2.03E-01 3 

6.26E-04 

4.69E-04 

2.19E-01 

2.50E-W 

Aroclor 1254 7.30E-03 7.30E-04 7.30E-05 3.13E-03 3.13E-04 3.13E-05 1 
,.I RGOs = remedial goal options; HQ = hazard quotient. 

I 



Tabk 5.32, Remedial goal options for the noncarcinogenk chemlcals and pathways of concern for flsh tissue 

Child 
~ _ _ _ _  

RGOs based on RGOs based on RGOs based on RGOs based on RGOs based on RGOs based on 
anHQof10 anHQof1 anHQof0.1 anHQof10 anHQ of 1 an HQ of 0.1 

(mglkg) (mg/kg) (mgflct?) (mgflcg) (mg/kg) (mglkg) 

Ingestion fish Arsenic 4.06E1oO 4.06E-01 4.06E-02 1.56E1oO 1.56E-01 1.56E-02 
tissue 

Mercury 4.06Ei-00 4.06E-01 4.06E-02 1.56EWO 1.56E-01 1.56E-02 

Selenium 6.76E4-01 6.76E.tOo 6.76E-O 1 2.61EW1 2.61E4-00 2.61E-01 

Chlordane 8.1 1E-01 8.1 1E-02 8.1 1E-03 3.13E-01 3.13E-02 3.13E-03 

4,4'-DDT 6.76Ei-00 6.76E-01 6.76E-02 2.61E1oO 2.6 1E-01 2.61E-02 

Aroclor 1254 2.7E-01 2.7E-02 2.7E-03 1.04E-0 1 1.04E-02 1.04E-03 
RGQs = remedial goal optiow, HQ = hazard quotient. 

? 



I 
Tabk 5.33. Remedial goal options for the noncarcinogenk chemicalr and pathways of concern for swimming scenario 

Pathway Chemical Adult Child 

RGOs based on RGOs based on RGOs based on RGOs based on RGOs based on RGOs basedon 
anHQ of 10 auHQof1 an HQ of 0.1 anHQof10 anHQ of 1 au HQ of 0.1 

(mg/kg) (mg/kg) (mglkg) (mg/kg) (mg/kg) (mg/kg) 

Dermal Di-N- 6.25E-02 6.25E-03 6.25E-04 3.45E-02 3.45E-03 3.45E-04 
contact octylpthalate 
RGOs = remedial goal options; HQ =hazard quotient. 
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6. BASELINE ECOLOGICAL RISK ASSESSMENT REPORT 

The pwpose of this ecological risk assessment is to provide an estimate of ecological risks due to 
contaminants in the Clinch River/Poplar Creek Operable Unit (CWPC OU). The CR/PC OU includes 
Poplar Creek embayment, McCoy Branch embapent, and the Clinch River adjacent to and below the 
DOE'S ORR (Fig. 3.1). The ecological risk assessment is structured in terms of the standard paradigm 
for risk assessment (NRC 1983, Risk Assessment Forum 1992). It begins with a problem formulation 
phasethat defines the contaminant sources, the receiving environment, and the assessment end points. 
Then, for each end point, there is an analytical phase consisting of exposure assessment and effects 
assessment and a risk characterization that combines the components of the analysis phase. 

6.1 ECOLOGICAL PROBLEM FORMULATION 

The problem formulation consists of the description of the relevant features of the environment, 
description of the sources of contamination, identification of ecological end points, and summarization 
of that information in terms of a conceptual model of the hazard posed by the contaminants to the end 
point biota. 

6.1.1 Environmental Description 

Tbe eavir- considered in this assessment is the Clinch River adjacent to and downstream of 
the ORRincluding the embayments of Poplar Creek and McCoy Branch. A general description of this 
system is provided above (Chap. 2). It consists of the Clinch River arm of Watts Bar Reservoir, the 
lower portion of Melton Hill Reservoir, Poplar Creek embayment up to the confluence of the East Fork, 
and the McCoy Branch embayment up to. The reservoirs are narrow and relatively fast flowing (Chap. 
3). Because there is no floodplain, there are currently no known contaminated terrestrial systems. A 
contaminated terrestrial ecosystem would be created under the baseline dredging case, but the simple 
assessment performed for that hypothetical case does not include site-specific ecological characteristics. 
The federal and state-listed threatened or endangered (T&E) species and other state-listed rare or 
declining species are listed in Appendix J. 

6.1.2 Sources 

TheproximatesourcesconsideredinthisassessmentarethecontaminatedmediaintheCR/PCOU 
water, sediment, and fish tissues. The ultimate sources of the contaminants are the DOE'S operations of 
the ORR including waste disposal, spills, and use of chemicals such as pesticides in the environment and 
other upstream sources. The intermediate sources are the streams that drain the ORR, all  of which are 
tributaries of the Clinch River. McCoy Branch has been contaminated by coal ash and potentially by 
dhea curmtlyundehed materials deposited in Rogers Quarry. Poplar Creek has been contaminated by 
releases f h n  Y-12 to EFPC @articular@mercury), by various contaminants released by the K-25 plant 
directly to the embaymeat, and by various confaminants released by the cities of Oliver Springs and Oak 
Ridge, and by other sources in the Poplar Creek watershed. Although the DOE'S operations did not 
confributeallofthecontarmnants * in the Clinch River or Poplar Creek, the assessment must c h a r d  
the overall risks to the biota, not simply the risks that would have occurred ifthe DOE emissions had 
been released to a pristine environment. 

Chtamhnts of potential ecological concern (COPECs) for ecological risks have been identified 
in previous screening assessments (Suter 1991, Cook et al. 1992, Blaylock et al. 1993a). However, 
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because the number of COPECs was large for all  media, the revisions that have occurred in the 
ecdogical saeeningbedmads, and the new contamman * t concentration data that have been added, all 
umtaminants are rescreened against benchmarks for this assessment. 

6.13 Ecological End Points 

The problem formulation must iden- both the assessment end points, which are explicit 
sbtements of the characteristics of the environment that are to be protected, and the measurement end 
points, which are quantitative summaries of a measurement or series of measurements that are related 
to effects on an assessment end point. 

6.13.1 Assessment end points 

The following assessment end points for aquatic and terrestrial risks have been selected for this 
assessment. 

0 

0 

0 

0 

Reduction in species richness or abundance or increased frequency of gross pathologies in fish 
communities resulting from toxicity. 

Redwed species richness or abundance of benthic macroinvertebrate communities resulting from 
toxicity. 

Reduction in abundance or production of piscivorous wildlife populations resulting from toxicity. 

Rechiction in abundance or production of flying insectivorous wildlife populations resulting from 
toxicity. 

Reduction in production of terrestrial plant wmmunities resulting from toxicity. 

Reduction in abundance or production of terrestrial wildlife populations resulting from toxicity. 

Reduclioninviabiityorfxamdityof individuals of any threatened or endangered species resulting 
from toxicity. 

The ecological assessment end points have been selected based on DQO meetings that included 
representatives of the DOE, EPA Region IV, and TDEC. The selected end points are explained below. 

1. 

2. 

The fish community is considered to be an appropriate end point community because it is 
ecologically and societally important, susceptible, and has a scale appropriate to the site. The fish 
community is ewlogically significant since much of the energy flow in temperate reservoirs passess 
through fishes and are a major nutrient reservoir in those systems; its societal importance is 
due to recreational fisheries. In addition, the scale is appropriate because most of the fish species 
in the C W C  OU move within an area smaller than the OU. 

The benthic invertebrate wmmunity is considered to be an appropriate end point wmmunity 
because they are highly susceptible, and have a scale appropriate to the site. This Community is 
highly susceptiile because of its association with the sediment, which is the repository of most of 
the COPECs. In addition, the insects and crustaceans that dominate this Community are sensitive 
to a variety of contaminants. Because these organisms are sedentary, their scale is highly 
appropriate to the scale of the site. 
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3. P i s c i v m  wildlife are considered to be an appropriate end point trophic group because they are 
highly susceptible and have a scale appropriate to the site. Two of the contaminants of potential 
concern, PCBs and mercury, biomagni@ in aquatic food webs leading to high levels of expowre 
m piscivorous wildiife. Mink have been shown to be highly sensitive to the toxic effects of PCBs 
and mercury in toxicity tests. Reproduction of piscivorous birds has been shown to be highly 
sensitive to PCBs. Prior screening assessments have shown that there is a potential for toxic 
srposuresofwildlifetoavarietyofcon~tsinWattsBarReservoir(Suter 1991, Cooket al. 
1992). Although populations of piscivorous wildlife are not as clearly associated with the OU as 
the aquatic communities, they forage within an area smaller than the Clinch River arm (at least 
during the breeding season) so the scale is appropriate. The chosen end point populations are mink 
and great blue heron. 

' 

4. Flying insectivorous wildlife (i.e., bats and birds that catch insects on the wing) are considered to 
be an appropriate end point trophic g m p  because they are susceptible and have a scale appropriate 
to the site. Two of the contaminants of potential concern, PCBs and mercury, accumulate in 
sediments and biomagnifj in food webs leading to potentially high levels of e x p u r e  in wildlife 
that feed on benthic invertebrates. Certain species of swallows and bats tend to forage over open 
water and feed on the emergent stages of aquatic insects. Although populations of insectivorous 
wildlife are not as clearly associated with the OU as the aquatic communities, they forage within 
an area smaller than the Clinch River arm (at least during the breeding season) so the scale is 
appropriate. The chosen end point populations are the little brown bat and the rough-winged 
swallow. 

5.  The terrestrial plant community is considered to be an appropriate end point community because 
it is ecologically important, susceptible, and has a scale appropriate to the site. Since the plant 
community is responsible for primary production it is ecological significant. This community is 
susceptible because it would be directly exposed to the contaminants in the dredge spoil. Finally, 
the scale is appropriate because plants are immobile and because a distinct plant community would 
develop on dredge spoil deposited on land. 

6. EPA Ftegion IV recommended that the ecological risk assessment for auimals in the dredge spoil 
scenariobebasedonthehumanbealth~,gardenmodelwithaherbivorouswildlifespecies 
substituted for the human (Lynn Wellman, personal communication to Glenn Suter, November 2, 
1993). The chosen representative species is the eastern cottontail. 

7. T&E species are, in general, too rare to be ecologically significant, and may not be particularly 
susceptible or clearly associated with the site. However, they have high societal and policy 
importance. Because of the particular societal value placed on these organisms, as reflected in the 
Endangered Species Act, the end point properties for these species are any toxic effect that would 
reduce sufvivorship or fecundity of individuals of listed species that currently occur on the OU or 
may-occur in the hture. State and federally listed T&E species that occur in the region are listed 
in Appendix J. Their treatment in this assessment are as follows: 

Terrestrial plants are not currently exposed to Contaminants in this OU. Because there is no 
basis for estimating risks to particular plant species and because the available plant toxicity 
data for effxts an individual plants, the results of the assessment of dredge spoil phytotoxicity 
(Sect. 6.7) are applicable to T&E plants. 



6-4 

0 

0 

0 

0 

0 

0 

Four species of fish-eating birds are listed (bald eagle, double-crested cormorant, black- 
crowned night heron, and osprey]. Of these, the osprey was chosen for specific assessment 
because it nests in the OU (Sect 6.4). The others are assumed to be represented by the osprey. 

None of the T&E terrestrial birds have food habits that would significantly expose them to 
contaminants inthe OU. 

Two T&E bat species occur in the area. The gray bat was chosen to represent this group 
because if forages over water and therefore is likely to be more heavily exposed to 
contaminants than the others (Sect. 6.5). 

The only T&E mammal other than bats with food habits that could lead to significant 
exposure is the river otter. Otters do not currently occur on the OU but are expected to 
reoccupy the area in the future. 

Several T&E species of riverine molluscs (mussels and snails) are listed. These species are 
assumed to be represented by the assessment of risks to the benthic invertebrate community, 
particularly by the toxicity tests with the native mussel Anodonta imbecillis (Sects. 3.4.5 and 
6.3). 

A state listed aquatic turtle (Cumberland slider) and salamander (hellbender) may OCCUT in the 
OU. Toxic effects on these species can not be assessed with existing data. Therefore it must 
be assumed that the assessment of risks to fish will serve to protect these species as well. 

In addition to defining the assessment end points in terms of environmental entities (e.g., the fish 
community) and a properties of those entities (e.g., species richness), it is necessary to identify a level 
of effect on those properties. The level of effect is used to help determine how much sampling is needed 
during the DQO process and to provide a benchmark for comparison of estimates of effects obtained 
through different lines of evidence. A 20% or greater reduction in one of the end point properties 
measured in the field or a 20% reduction in survivorship, growth, or reproduction in a toxicity test is 
Oonsidered to be potentially significant. The figure 20% used in the definition of ecological assessment 
end points is based on an analysis of U.S. EPA and Tennessee regulatory practice; it was adopted by the 
FFA parties in a DQO process (Ashwood et al. 1994) and incorporated into the plan for ecological risk 
assessment for the ORR (Suter et al. 1994). 

6.13.2 Measurement end points 

Three basic types of effects data are potentially available to serve as measurement end points: 
results of biological surveys, toxicity tests performed on media from the CR/PC OU, and toxicity test 
end points for chemicals f m d  in the CR/PC OU. Measurement end points are presented below for each 
assessment end point. 

Fish. The following measurement end points were &ed for the fish assessment. 

BWIogicaIsurvey data (a) Species richness and abundance from TVA reservoir surveys and .fish 
community surveys conducted for this assessment. These measurement end points are assumed to be 
direct estimates of that assessment end point. 

BioZogicalindiioors data (b) Frequencies of gross pathologies are a direct measure of one aspect 
of the assessment end point. (c) Measures of fish fecundity in largemouth bass and bluegill provide an 
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idcation of the potential con~bution of reproductive toxicity to community effects. (d) Measures of 
the levels of physiological and histological d t i m  m largemouth bass and bluegill help to confirm that 
exposms have occurred ad may suggest mechanistic connections between exposure and effects on the 
fish community. 

Mediaiardciry clala. (e) Reductions in growth and survivorship of larval fathead minnows and in 
fecundity and survivorship of Ceriodaphnia dubia (C. dubia) in 7 day tests of ambient water. (0 
Reductions in hatching and larval survival and increases in terata in Japanese medaka (Oryzias Zatipes) 
eggsandlarvae~toambientwater~shortlyafterfertilizatonto48 horn post-hatch &)The 
Daphnia magna (D. magna) test of water overlying ambient sediments (discussed below) may be 
indicative of toxicity to epibenthic fish or to early He stages of benthic spawning fish. Responses that 
are statistically significantly dif€erent or are inhibited by 20% or greater relative to control or reference 
waters are assumed to be indicative of waters that are toxic to fish. 

Single chemicat toxicity data (h) Chronic toxicity thresholds for fieshwater fish expressed as 
chronic EC2Os or Chronic Values (CVs). These test end points correspond to the assessment end point 
for this community. That is, the semitivity distribution of the test species is assumed to approximate the 
distribution of CR/PC OU species, and exceedence of the CVs and EC20s are assumed to correspond 
to 20% or greater reductions in abundance, with some uncertainty. 

Benthic invertebrates. The following measurement end points were used for the benthic 
invertebrate assessment. 

Biologicalsurvg, &fa (a) Species richness and abundance of benthic invertebrates reported &om 
the TVA reservoir surveys and surveys performed by the TVA for this assessment. These measurement 
end points are assumed to be direct estimates of the &sessment end point for this community. 

Media iariCity data (b) Reductions in survival of an amphipad [HyaZeIZa azteca fl. azteca)] in 
10 day exposures to whole sediment. (c) Reductions in survival of a cladoceran (C. dubia) in 48 hour 
exposures to sediment pore water. (d) Reductions in survival and fecundity of another cladoceran (0. 
magna) in 12 to 14 day exposures to water overlying sediment. Responses that are statistically 
sign3icantly different or are inhibited by 20% or greater relative to reference sediments are assumed to 
be indicative of sediments that are toxic to benthic biota. 

Single chemicat toxi@ data (e) Chronic toxicity thresholds for freshwater invertebrates 
expressed as chronic EC20s or CVs. These test end points correspond to the assessment end point for 
this cornmunity. That is, the sensitivity distribution of the test species is assumed to approximate the 
distribution of CR/PC OU species, and exceedence of the CVs and EC2Os are assumed to correspond 
to 20% reductions in population abundance or greater, with some uncertainty. (f) Toxic concentrations 
in ambient sediments reported by the State of Florida. Two types of values were extracted from that data 
set. First, thresholds for modification of benthic invertebrate communityproperties based on co- 
occurretlce amlyses, which are assumed to correspond to the assessment end point. Second, thresholds 
for lethality in toxicity tests of contaminated sediments, which are also assumed to correspond to the 
assessment end point effect, but with greater uncertainty due to the extrapolation to the field. 

Piscivorous wildlife, The following mtmmnmt aad points were used for the piscivorous wildlife 
assessment. 
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Bidogicalsurvg, dala. (a) Reproductive success of great blue herons at rookeries on Poplar Creek 
embayment and in Melton Hill Reservoir relative to.reference rookeries. Assuming that each colony 
constitutes a population, this is a direct measure of the assessment end point for avian piscivores. 

Media toxicity data (b) Reproductive success, survivorship, and pathologies in mink fed diets 
Containing various proportions of fish fiom Poplar Creek embayment. The reproductive success and 
s u r v i v d p  test end points are assumed to correspond to effects on individual mink with implications 
for populations. An extrapolation must be made to populations ifeffects on individuals are estimated 
tooccur. 

singlechemicaltaxicity dais. (c) Chronictoxicitythresbolds for contaminants of concern in birds 
and mammals with greater weight given to data fiom long-term feeding studies with wildlife species. 
preference was giveu to tests that included reproductive end points. After allometric scaling for the end 
point species, these test end points are assumed to correspond to effects on individuals that could result 
in exceedence of the population-level assessment end point. An extrapolation must be made to 
populations if effects on individuals are estimated to OCCUT. 

Flying insectivorous wildlife, The following measurement end point was used for the flying 
insectivarous wildlife asesmmt No biological m e y  data or media toxicity data end points were used. 

singlechemicaltaxicity &fa (a) Chronictoxicitythresholds for contaminants of concern inbirds 
and mammals with greater weight given to data fiom long-term feeding studies with wildlife species. 
preference was given to tests that included reproductive end points. After allometric scaling for the end 
point species, these test end points are assumed to currespond to effects on individuals that could result 
in exceedence of the population-level assessment end point. An extrapolation must be made to 
populations if effects on individuals are estimated to occuc. 

Terrestrial plants. The following measurement end point was used for the terrestrial plants 
assessment. No biological survey data or media toxicity data end points were used. 

SingkchemicaltariCity data. (a) EC2Os for gravth or promaction of vascular plants or equivalent 
chronic toxicity thresholds for contaminants of concern in soil. These test end points are assumed to 
cmesjmd to the assessment end point for this community. That is, the sensitivity distribution of the test 
species is assumed to approximate the distribution of species that would colonize Clinch River dredge 
spoil, exceedence of the test end points is assumed to correspond to 20% reductions in abundance or 
productivity, with some uncertaiuty, and a distinct plant community is assumed to occur on a spoil 
disposal area. 

Terrestrial wildlife. The following measurement end point was used for terrestrial wildlife 
assessment. No biological survey data or media toxicity data end points were used. 

Single chemical faxicity data (a) Chronic toxicity thresholds for contaminants of concern in 
mammals with greater weight given to data fiom long-term feeding studies with wildlife species. 
h f m  was giveu to tests that included reproductive end points. After allometric scaling for the end 
point species, the eastern cottontail, these test end points are assumed to correspond to effects on 
individuals that could result in exceedence of the population-level assessment end point. Since a distinCt 
population is assumed to occur on a spoil disposal area, e x d e n c e  of the benchmarks is assumed to 
correspond to significant effects. 
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Threatened and endangered species. The following measurement end points were used for the 
threatened and endangered species assessment. 

Bidogicalsrrrvey data Except for osprey reproduction, no surveys of abundance or production 
of other T&E species were conducted (a) The reproductive fl~ccess of osprey nesting in the OU is 
assumed to be a direct measure of the assessment end point for that species. (b) The surveys of 
taxmmh@andtrophicaYlrelatedspecies descn'bed above are used as evidence to help estimate risks 
to the T&E species. 

Medio toxicity data (c) T&E species of aquatic animals, benthic invertebrates, or piscivorous 
rrmstellids are assumed to be represented by the test species used in the water, sediment, and fish tissue 
toxicity tests as described above. 

Single chemical toxicity data (d) The same chronic toxicity thresholds for contaminants of 
cumem in m v d - ,  fish, birds and mammals used as measurement end points for other species are 
usedwithtbe T&Especies butarehteqnstedmtheriskcharadenza * tion so as to provide the higher level 
of prokction specified in the assessment end point. 

6.1.4 Conceptual Models 

Two baseline cases are assessed in the RI (Chap. 1). The current baseline case is the staie of the 
CRRC OU as it now exists and would continue to exist if no remedial actions are taken and the system 
is not significantry altered. That is, Contaminants OCCUT in the sediments and enter the OU fiom the ORR 
and fiomupstream, but no dredging is allowed without authorization, The hypothetical future dredging 
case involves unregulated dredging of sediments and disposal of the spoils on land. The ecological 
conceptual models presented here elaborate on those cases by defining the ecological receptors and their 
modes of exposure. 

A conceptual model of exposure of the aquatic food web to contaminants for the current baseline 
case is depicted in Fig. 6.1. All aquatic biota arediredyexposed to contaminants in water. They are also 
aCtemayr exposed to radiation from radionuclides in water and sediments. Contaminated allochthonous 
material is added to the detritus in the system in the form of organic matter exported fiom the ORR in 
streams. Detritus and sediments are consumed by benthic invertebrates and detritivorous h h  and the 
benthic invertebrates are exposed directly to the sediments. The food web then transfers contaminants 
taken up by the& routes to top predators and humans. 

A conceptual model of exposure of the terrestrial food web in the dredging case is depicted in Fig. 
6.2. It is assumed that ecological succession is allowed to OCCUT on the spoil fill. Plants take up 
wntaminants directly from the spoil. Herbivorous wildlife consume the plants, and incidentally ingest 
some spoil with their food or during grooming. 

6.15 Organization of the Ecological Risk Assessment 

Tbe risks of chemicals to each of the ecological risk assessment end points in the current baseline 
case are assessed separately (Sects. 624.5). Each includes an exposure assessment, effects assessment, 
riskcharactenza ' tion, including characterization of mcertainty. Risks from radionuclides are discussed 
separately (Sect. 6.6) as are risks from unregulated dredge spoil disposal (Sect. 6.7). Finally, ecological 
risksaresummanzed * and compared to human health risks (Sect. 6.8). The components of the assessment 
are explained below. 
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Exposure assessment characterizes the distribution in space and time of the concentrations of 
contaminants to which organisms are exposed. Risk. fiom undetected chemicals are not assessed, as 
instructedbytheFFApartieS(September 1993).Exposurecaldations arepedormedforeschsubreach. 
(See Sect. 3.1.1 and Fig. 3.1 for descriptions of the reaches and subreaches.) The concentrations used 
in the exposure assessment are summanzed inchap.3. 

Effects assessment char- the evidence concerning effects of contaminant exposure. The 
principle lines of evidence concerning effects are biological survey data that indicate the actual state of 
thereceiving- media toxicity data which indicate whether the contaminated media are toxic 
under controlled d t i o n s ,  bioindicator data which are biochemical and histological indications of the 
potential mechanisms and causes of effects, and single chemical toxicity data which indicate the toxic 
effects of the concentrations measured in site media. 

Risk- * 'on is the phase of risk assessment in which the information concerning exposure 
and the information concerning the potential effects of exposure are integrated to estimate risks (the 
likelihood of effects given the exposure). Risk characterization in ecological risk assessment is 
performed by a weighMf4dence analysk. Pmaabdy, the risk characterization is pedormed for each 
assessnentendpointby(1) scdeening all  measured Contaminants against toxicological benchmarks and 
background concentrations, (2) estimating the effects of the contaminants retained by the screening 
analysis, (3) estimating the toxicity of the ambient media based on the media toxicity test results, (4) 
estimating the effects of exposure on the end point biota based on the results of the biological survey 
data, (5) logically integrating the lines of evidence to characterize risks to the end point, and (6) listing 
and discussing the uncertainties in the assessment. 

6.1.6 Risk Characterization Techniques 

Threeriskcharactearzatr . 'on techniques are used to apply literature toxicity information to chemical 
concentrations measured in CR/PC media. Because all three techniques are common to all end points, 
they are explained here. The techniques are calculation of hazard quotients (HQs), calculation and 
plotting of sums of toxic units (ZTU), and Comparison of distributions of exposure concentrations to 
distributions of effects. 

HQs are used in the Screening phase of the risk assessment to help identify COPECs. They are 
quotients ofthe ratios of €qosure c!alcam 'om divided by ecotoxicological benchmark concentrations. 
HQs greaterthan one indicate that a chemical is a COPEC for a particular medium and end point, unless 
other information such as concentrations in upstream samples indicate that it should not be of concern. 
Because the intent of this analysis is to screen out only chemicals that are clearly not of concern, 
conservative estimates of exposure [e.g., maxima or 95% upper confidence limits (UCL)] and 
conservative benchmarks (e.g., NOECs) or suites of benchmarks are used. 

After the screening, the COPECs are compared to each other and their distributions across the 
reaches is examined. Since the relative importance of COPECs is a hc t ion  of their potential toxicity 
rather than their concentration, toxicity normalized concentrations or toxic units (?us) are calculated. 
This is a common technique for dealing with exposures to multiple chemicals by expressing 
CoIlcentratiOn relative to a standard test end point (Finney 197 1). TUs are quotients of the concentration 
of a chemical in a medium divided by the standard test end point concentration for that chemical. They 
are similar to HQs except that a common test end point is used rather than conservative benchmarks 
because TUs are used for comparative purposes rather than to draw conclusions. The expression of 
concentration and the test end point vary among media; for water they are the upper 95% confidence 
limit concentration and the 48 hour EC50 for D. magna. If the TU for a chemical equals one, the 
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Fig. 6.1. Conceptual model of contaminant sources, transport, and exposure in the aquatic food web. Dark-lined boxes represent soucces 
that may be remediated. Arrows represent routes of transport and exposure, described by italic labels. Unlabeled arrows represent food web transfers by 
ingestion. 
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Fig. 6.2. Conceptual model of contaminant sources, transport, and exposure in the 
terrestrial food web for the baseline dredging case. Dark-lined boxes represent sources that may 
be remediated. Arrows represent routes of transport and exposure, described by italic labels. 

interpretation is that the aquatic community in that reach is exposed to a conservatively estimated 
average concentfation sutlicient to kill or immobilize Daphnia within 48 hours. The chemicals that 
constitute a major componenf of toxicity &e., TUs > 0.01) are plotted for each negative reference reach 
and OU subreach for water, sediment, and wildlife intake (e.g., Fig. 6.3). The height of the plot at each 
subxezich is the 2 TU for that medium and subreach. This value can be conservatively interpreted as the 
total toxicity-normalized concentration and therefore as a relative indication of the toxicity of the 
medium in that subreach. In addition, the 2 TU is commonly assumed to estimate the absolute toxicity 
of the medium. That is, if the 2TU equals one, then the end point effect (e.g., Daphnia acute lethality) 
will occur. This will be the case ifall of the chemicals have the same mode of action. For heterogeneous 
chemical mixtures it is a likely to be a conservative assumption because combined toxic effects of 
chemicalsinenvironmental samples have been found to be additive or less than additive (Alabaster and 
Lloyd 1982). Because the test end points are chosen for their consistency rather than their relationship 
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to an assessment end point, the plots of "Us are heuristic, providing an indication of the relative toxicity 
of sites and the relative contributions of chemicals to that toxicity. 

Infkrences about the risk posed by the COPECs is based on the distribution of concentrations 
relative to the distribution of effects. Distributions provide a better basis for inference than point 
estimates because they allow consideration of variance in concentration over space or time and of 
seusitivity 8cboss species, measures of effects, media properties, or chemical forms. In al l  cases, risk is 
a function of the overlap between the exposure and effects distributions, but the interpretation depends 
on the data that are used. 

0 

0 

0 

0 

In the case of exposure of fish to chemicals in water, the exposure distributions are distributions 
of aqueous concentrations over time and the effects distributions are distributions of sensitivities 
of species to acutely lethal effects (e.g., LC5Os) and chronically lethal or sublethal effects (CVs). 
overlap of these two distributions indicates the approximate proportion of the time when aqueous 
cmcdmtions of the chemical are acutely or chronically toxic to a particular proportion of aquatic 
species. For example, 10% of the time copper concentrations in subreach 4.01 are at levels 
ckonically toxic to 80% of aquatic animals and acutely toxic to 30% of aquatic invertebrates (Fig. 
F2.2). 
In the case of exposue of benthic invertebrates to sediment pore water, the exposure distributions 
are inten>reted as distributions over space since sediment composition varies little over the period 
51 which samples were coU- but samples were distributed in space within reaches. The effects 
distributions are the same as for slrrface water. Therefore, overlap of the distributions indicates the 
proporlion of locations in the reach where concentrations of the chemical in pore watg are acutely 
or chronically toxic to a particular proportion of species. For example, copper concentrations in 
sediment pore water fim more than 90% of locations in subreach 4.04 are below chronically toxic 
concentrations for more than 90% of aquatic animal species (Fig. F3.6). 
In the case of exposure of benthic invertebrates to chemicals in whole sediment, the exposure 
distributions are, as with pore water, distriiutions in spacewithinreaches. Two effects distributions 
are presented for each sediment COPEC: a distribution of concentrations reported to be thresholds 
for reductions in benthic mvertebrate mmnunityparameters in various locations, and a distribution 
of rxmemab 'ons reported to be thresholds for lethal effects in toxicity tests of various sediments. 
Ewe assume that the effects data set are drawn fiom studies of a random sample of sediments so 
that the CRPC sediments can be assumed to be a random draw fiom the same distribution, and if 
we assume that the two types of reported effects are independent estimates of the threshold for 
significance for this end point, then the effkcts distributions can be treated as distributions of the 
probability that the chemical causes significant toxic effects on the CWPC benthic community. 
Overlap of the exposure and effects distributions represents the probability of si@cant toxic 
e f f i  on benthic communities in a given proportion of locations in a reach. For example, copper 
concentrations in whole sediment fiom 40% of locations in subreach 3.02 are above the 
concentration at which there is a 50% likelihood of toxic effects on benthic invertebrates (Fig. 
F3.9b). 
In the case of wildlie exposure to chemicals in food and water, the exposure distributions are 
distributions of total intake rate of the chemical across individuals in the populations. The 
distributions are obtained by the Monte Carlo simulation using the distributions of observed 
concentrations in water and various food items. If we assume that the members of a population 
occurring in each modelled area independently sample the water and food items, then the 
proportions of the exposure distributions represent estimates of the proportion of a population 
receiving a particular intake rate. In keeping with practice in Wildlife toxicology, the effects are 
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treated as point estimates @e., NOAEL and LOAELs). Therefme, the intersection of these points 
with the exposm distributions represent estimates of the proportion of the exposed population with 
srposure levels less than theNOAEE and LOAEL. For example, 4% of the members of a rough- 
winged swallow colony located in subreach 3.02 would receive a dose rate greater than the LOAEL 
(Sect. 6.5). 
The case of T&E wildlife is a little different fiom that of other wildlife species. Risks to these 
species~assessedattbeorganisml~e~sotbe~modelsrepresent exposureofindividuals 
within their foraging areas. Therefore, the exposure distribution is a distribution of the likelihood 
of various expomne rates to individuals foraging in the specified areas. Effects are specified by the 
same point estimates as with other wildlife. Thereforey the intersection of the point estimates of 
effects with tbe expome distributions represent the likelihood that an individual will have an intake 
rate less than the NOAEL and LOAEL. For example, the likelihood that the osprey foraging 
exclusively in subreach 3.02 will receive a dose rate greater than the LOEL is >50% (Sect. 6.4). 

0 

TheseriskLhmchEm . 'on techniques apply to one line of evidence, the concentrations of chemicals 
in ambient media. Other interpretation techniques applied to other lines of evidence are more specific 
tothe endpoint, so they are not summaflzed * here. However, for all end points the risk characterization 
ultimately depends on weighing of all of the lines of evidence. 

6.1.7 Background, Reference, and Operable Unit Reaches 

OU mcks are those that axe pOt.ential candidates for remediation based on the findings of this RI. 
They are the Clinch River adjacent to and downstream of the ORR (reaches 1,2, & 4) and the Poplar 
Creek embaymat (reach 3). Interpretation of the chemical concentrations and biological characteristics 
of an OU are made by comparison to reference reaches. These include positive reference reaches which 
axe identified apriori to be sources of contamination. They are the strams draining the ORR (reaches 
20-22). Positive reference reaches are used to indicate where contaminants in the OU may have come 
from and what sorts of biological effects occur in more highly contaminated areas. There are also 
negative ref- reaches that are upstream of the OU on the Clinch River (reach 0) and Poplar Creek 
(reach 13). These reaches were believed apriori to be relatively uncontaminated and are at least not 
cdamhkdby DOE releases. They axeused to indicate what chemicals in the OU may have come from 
upstream and what sorts of biological conditions exist in the absence of exposure to DOE releases. It 
should be noted that the negative reference reaches do not constitute background conditions. Both the 
CR/PC are influenced by chemical releases and physical disturbances associated with municipalities, 
agriculture, and other activities in their watersheds. As a result, chemical concentrations in the OU 
reaches can not be screened against background. 

The reaches are described in Sect. 3.1.1. and a map is available in Fig. 3.1. 

6.2 RISKS TO FISH 

6.2.1 Exposure Assessment for Fish 

6.2.1.1 Aqueous exposures 

Fish are exposed primarily to contaminants in water. Contaminants in water may come fiom 
upstream aqueous sources including the ORR, exchange of materials between the surface water and 
contaminated sediments, or exchange of contaminants between the biota and the water column. The 
consensus of the scientific community and of the EPA Office of Water is that aquatic biota should be 
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assumed to be exposed to the dissolved fraction of the chemicals in water, because that is the 
bioavailabk form (Prothro 1993). Howevery the EPA.Regim N, prefers to use total concentrations as 
conservative estimates of the exposure concentration. Therefore, both dissolved phase and total 
concentrations of metals are used in the exposure assessment for fish. 

Because water in the OU is likely to be more variable in time than space, due to the rapid 
replacemedlt of water, the mean water concentration within a subreach is an appropriate estimate of the 
chronic e x p u r e  experienced by fishes. The upper 95% confidence bound on the mean is an 
apprq~riakly CoIlServative estimate of this exposure for use in the contaminant screening. Howevery the 
distribution of observed concentrations is used to estimate risks. 

Some fish spend most of their lives near the sediment and the eggs and larvae of some fish 
(particularly sunfish and black bass) develop at the sediment water-interface. These epibenthic species 
and life stages may be more highly exposed to wntaminants than is suggested by analysis of samples 
fiom the water column. The water samples collected 1 m above the sediments by the contaminant 
remobilization task (Sect. 3.3) provide an estimate of this exposure. However, those samples were not 
found to contain sisnificantly higher chemical concentrations (Sect. 3.3), so they were combined with 
the dhez smp1es. Another exposure that is relevant to this route is the exposure of D. magna to water 
above sediment in one of the sediment toxicity tests (Sect. 3.3). 

63.12 Fish body burdens 

Although nearly all toxicity data for fishes is expressed in terms of aqueous concentrations, fish 
body burdens potentially provide an exposure metric that is more strongly correlated with effects 
(McCarty and M a c h  1993). This is particularly likely to be the case for chemicals that bioaccumulate 
in fish and other biota to coflcentrations greater than in water. For such chemicals dietary exposure may 
be more important than direct aqueous exposum and Concentrations that are not detectable in water may 
result in high body burdens in fish. Three contaminants that were detemined to be COPECs in prior 
assessments of the CR/PC OU bioaccumulate in that manner: mercury, PCBs, and selenium. Only 
mercury and PCBs are considered in this awsma& because selenium was not found to be significantly 
elevated in the data used in tbe RI (Chap. 3). Since the individual body burden measurements correspond 
to an -sure level for an individual fish, the maximum value is used for screening purposes and the 
risk estimate is based on the distribution of individual observations for each measured species. 
Measurements were perfoxmed on muscle (fillet), carcass (residue after filleting), or whole fish. Since 
whole fBh measurements are most wmmonly used in the literature, whole fish concentrations either 
measured directly or reconstructed fiom fillet and carcass data are used (Sect. 6.4). 

63.2 Effects Assessment for Fish 

63.2.1 Single chemical aqueous toxicity 

The Sgeening btdmmks for aquatic biota are taken fknn Suter and Mabrey (1994). Because there 
are no standard screening benchmarks, sets of alternative benchmarks (described in Table 6.1) were 
calculated for each chemical. The benchmark preferrea by the regulatory agencies is the chronic National 
Ambid Water Quality Criteria (NAWQC), but they are available for relatively few industrial chemicals. 
secondary chronic values (SCV), which are conservative estimates of chronic NAWQC, were calculated 
for chemicals that do not have NAWQC. Other benchmarks are included to provide greater assurance 
of detecting all COPECs. 

NAWQC that are functions of water hardness are wrrected for site-specific conditions. For 
purposes of Screening, conditions were chosen that would constitute reasonable maximum toxicity, 
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defined as conditions that would persist for seven days. This was a hardness of -100 m a .  The 
minhm, mean, and maximum harctness in the Clinch River are 105,122, and 132 and in Poplar Creek 
are 68,114, and 162. 

Toxicity profiles are presented in Appendix F for COPECs. The toxicity profiles summarize the 
existing toxicity information for each chemical including concentrations causing acute lethality and 
chronic lethal and sublethal effects, and physical&emical conditions that modify toxicity. For chemicals 
withhardness-dependent criteria, test end points were corrected to 100 m& hardness using the EPA's 
formula unless the test water was between 80 and 120 mg/L hardness. 

6.2.2.2 Fish body burdens 

There are no standard benchmarks for effects on fish of internal exposures. The body burdens 
associated with effects in toxicity tests and field studies and body burdens found at other sites are 
discussed below. To be consistent with EPA practices in calculating CVs, thresholds for toxic effects 
are expressed as geometric means of body burdens measured at the NOEC and LOEC. Only mercury 
and PCBs were considered because they are the COPECs known to significantly bioaccumulate in fish 
through dietary exposure. 

Mercury. Estimates of body burdens of menany that Constitute a threshold for toxic effects on fish 
range from 0.66 mgkg to 5.6 mgkg wet wight. The lower figure is the geometric mean of body burdens 
in fathead minnows showing significant reproductive effects and those of fish showing no significant 
efkcts in a chronic test of mercuric chloride that included dietary exposures (Snarski and Olson 1982). 
The higher figure is the geometric mean of body burdens associated with reproductive effects and no 
significant effects in exposures of brook trout to methyl mercury (McKim et al. 1976). Mercury 
mmtrations in sunfish from streams in the vicinity of the ORR that were not mercury contaminated 
ranged h m  0.06 to 0.1 1 mgkg wet weight (Southworth et al. 1994). Concentrations in reservoirs that 
do not receive ORR effluents ranged from 0.03 to 0.13 mgkg wet weight with the highest concentrations 
in Norris Reservoir (Southworth et al. 1994). 

P a s .  Estimates of body burdens of PCBs that constitute thresholds for toxic effects in fish are 
presented in Table F1.11. Thcy are presented on a whole-body basis, and, when possible, on a lipid 
lKxmalized basis. There is a very large range of values that have been reported to constitute thresholds 
for toxic effects in toxicity tests, including one incredibfy low value for lake trout. When possible, studies 
of the species (or closely related species) in which body burdens were m d  will be used. 

6.2.23 Ambient water toxicity 

Methods and results of toxicity tests of ambient water are presented in Sect. 3.7. The tests employed 
include the standard 7d tests of growth and survival in fathead minnow larvae and fecundity and 
survival of C. dubia, and an early life stage test with Japanese medaka eggs and larvae. Because these 
fllbchronc tests were developed for testing effluents and ambient waters rather than pure chemicals, their 
relationship to levels of contaminant exposure must be related to the patterns of contamination of the 
OU and reference reaches and related to effects levels for individual contaminants in other tests (Sect. 
6.2.2.1). 
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Table 6.1. Descriptions of the ecotoricologkal screening benchmarks for aquatk blota. More details am presented by Suter and Mabrey (1994)". 
~ 

Benchmark Abbreviation Description 

Acute national ambient water quality criteria 

Chronic national ambient water quality criteria 

Secondary acute value 

Secondary chronic value 

Lowest chronic value for fish 

Lowest chronic value for daphnids 

Lowest chronic value for non-daphnid invertebrates 

Lowest plant value 

Lowest test EC20 for fish 

Lowest test EC20 for daphnids 

NAWQC-ACU 

NAWQC-CHR 

S-ACU-V 

s-CHR-v 

LCV-FISH 

LCV-DAPH 

LCV-ND 

LCV-AQPL 

LTV-FISH 

LTV-DAPH 

Current national criteria for protection of aquatic life from lethal effects in episodic 
exposures. 

Cumnt national criteria for protection of aquatic life from lethal and sublethal effects in 
extended exposures. Criteria for uses of aquatic life (is., fish consumption) an not 
included. 

Values estimated with 80% confidence to not exceed the unknown acute NAWQC. Used 
when data arc inadequate to calculate the acute criterion. 

Values estimated with 80% confidence to not exceed the unknown chronic NAWQC. 
Used when data arc inadequate to calculate the chronic criterion. 

The lowest value, from acceptable fish chronic toxicity tests, of the geometric mean of the 
lowest observed fleet voncentration (LOEC) and the no observed effect concentration 
(NOEC). 

The lowest value, from acceptable daphnid chronic toxicity tests, of the geometric mean of 
the LOEC and the NOEC. 

The lowest value of the geometric mean of the LOEC and the NOEC from acceptable 
chronic toxicity tests of nondaphnid invertebrate species, 

The lowest value from an acceptable daphnid chronic toxicity test of the geometric mean 
of the LOEC and the NOEC. 

~ 

The lowest value, from acceptable fish chronic toxicity tests, of the lowest concentration 
causing at least a 20% reduction in the weight of young per female or the weight of young 
per egg. 

The lowest value from an a q t a b l e  daphnid chronic toxicity test of the lowest 
concentration causing at least a 20% reduction in the product of survivorship, growth, and 
fecundity. 

Suter, G. W., II., and J. B. Mabrey. 1994. Toxicological Benchmaria for Screening of Potential Contaminants ofConcem for Effec& on Aquatic Biota: 1994 Revision. 
ESE€UI'M %/R1. Oak Ridge National Laboratory, Oak Ridge, Tenn. 
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6.2.2.4 Fish community survey 

Analysis of fish population and co&unity survey data provides a direct measure of impacts of 
human activities on aquatic ecosystems. These data can provide an additional Line of evidence relating 
to potential impacts of DOE Opetations an the Clinch River. Two sources of data were available for this 
assessment: (1) data from TVA's Reservoir Vital Signs Monitoring Program, and (2) data from the 
C M  River System cdlected for the ER Program using the same sampling techniques. These data are 
described in Appendix F8. 

63.25 Fish bioindicators 

Two of the classes of bioindicators discussed in Sect. 3.5.4 are sufficiently associated with effects 
on fish to be used as measures of effects and show a sufficiently large and consistent variance relative 
to expawre of fish to the DOE soutces to be of interest for estimating risks. They are histopathology and 
reproductive indicators. The relationship of these indicator responses to levels of exposure to the 
contaminants are poorly specified, so they must be related to the patterns of contamination of the OU 
and reference reaches in the risk characterization. 

6.29 Risk Characterization for Fish 

6.23.1 Single chemical aqueous toxicity 

Screening aqueous exposures against benchmarks. All chemicals detected in whole or filtersd 
water were screened against benchmarks. This was done by dividing the 95% upper coniidence bound 
(UCB) concentration by each of the aqueous screening benchmarks (Table F2.1). Chemicals that 
exceeded any benchmark (Le., the quotient of UCB/ASB was >1) were examined further to detennine 
whether they were credible COPES (Table 6.2). Chemicals that exceeded benchmarks were eliminated 
as COPECs ifthey met any of the following criteria. 

They are metals, do not exceed benchmarks in filtered samples, and are not associated with an 
identifiable source. Such metals are deemed to be associated with background particulate material 
which is not bioavailable. 

They exceed a highly conservative benchmark and the exceedence occurs at all or nearly al l  
locations and not in particular association with an identifiable source. The benchmark is deemed 
to be effectively below background and too conservative for this use. 

They are detected in only one or two samples per reach, those detects constitute 5% or less of the 
total samples, the detections are only in unfiltered water, and they are not associated with any 
identifiable source. Such detections are deemed to be anomalies and not relevant to risks to aquatic 
biota. 

A second step in the screening process involved determining the relative contribution of the 
COPECs to the distribution of toxicity across reaches. This was done by converting the concentrations 
to equivdent toxicity nomaked concentrations and then plotting the values for each reach or subreach 
(Fig. 6.3, see also Fig. 3.1 for locations of subreaches). The standard toxic value used in the 
normalization is the D. magna EC50, the only test end point that is available for all of the aqueous 
COPECs. Concentration in TUs was calculated as 

TU = UCBECSO 
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Ifthe combined toxic eft& of the COPECs are cmxdnt~ 'on additive, then, ifthe sum across chemicals 
of TU is >1, one would expect mte lethality to Daphnia. ZTU values >0.2 are suggestive of chronic 
toxic effects. The 2TU graph reveals that'toxicity &i likely to be @gh in subreaches 3.04 and 4.01, 
primarily due to copper. Silver, is detected only in reaches 7,1, and 13 and in subreach 3.02, but, 
because the detection limit is high relative to its toxicity, where it is detected it is a large contributor to 
2TU. The relatively high total toxicity in reach 13 in Poplar Creek upstream of the reservation and the 
diversity of chemicals contributing to that toxicity, is a surprising result. 

Exposure effects profiles for aqueous exposures. For each COPEC, the distribution of observed 
cmxnhtions is compared to the distribution of toxic concentrations for aqueous fish and invertebrates. 
I f d c i e n t  toxicity data exist, the empirical distribution functions are presented graphically. Toxicity 
information is drawn fiom the toxicity profiles (Appendix F). 

Bis(zethylhexy)phthalate. The highest concentrations and greatest fiequencies of detections of 
bis(24ykxyl)phthalthyIIaexyl)phthalate are in reach 13. However, the distribution of concentrations there and in other 
reaches is p r l y  defined because detections are rare and often occur at concentrations equal to or less 
than the limits of detection in other samples. The maximum concentration in filtered water fiom reach 
13 (0.23 m&) exceeds the CV for rainbow trout and the two highest concentrations e x d  the species 
mean CV for D. mugna. The maximum whole water cxmaxhb 'on is lower than filtered water, exceeding 
only the D. magna CV. The only other sample exceeding reported toxic concentrations is the single 
detect fhm subreach 2.04 which barely exceeds the D. magna CV. Hence the risk to aquatic biota in the 
OU fiom bis(2ethylhexyl)phthalate appears Wbe negligible. 

' Carbon disulfide. Carbon disulfide was seldom detected in this study. The highest observed 
Concentration, which is from reach 13, is approximately a factor of 100 lower than the lowest observed 
toxic concentraton. The exceedence of the SCV in the screening assessment is attributable to the large 
safety factors used with minimal data sets. Hence, there appears to be negligible risk to aquatic biota 
fiom carbon disulfide 

Cadmium. The distributions of ambient cadmium concentrations and aqueous test end points are 
shown in Fig. F2.1. The ambieat concentrations are dissolved phase concentrations in the subreaches in 
which Cd was detected (22,13,4.04, and 1). Because Cd was detected in only one sample from each 
subreach, the single concentrations are depicted as 100th percentile points. The highest Cd 
concentrations exceeded more than half of CVs (CVs for two cladoceran genera) and the chronic 
NAWQC, but these were the Poplar Creek upstream reach (13) and the white Oak Creek embayment 
(22) which is a source, not a component of the OU. The two detected values in the OU (reach 1 and 
subreach 4.04) were below the NAWQC but above one cladoceran CV in 4.04 and both cladoceran CVs 
in 1. Because Cd was not deteded more than once in any reach and the detected values in the OU barely 
exceed CVs for m e m b  of a highly sensitive family of zooplanktors, it appears to pose negligible risk 
to aquatic biota. 

Copper. The distributions of ambient copper amdrat~ '011s and aqueous test end points are shown 
in Fig. F2.2. The ambient concentrations are dissolved phase concentrations in the subreaches with 
p o t d a l l y  hazardous levels of Cu (3.04 and 4.01). The toxic concentrations are those presented in the 
ecotorCicityprofile (Table F1.2). The ambient concentrations fall into two phases. Concentrations below 
0.01 mg/L display a ibirly smooth increase suggestive of a log-normal distribution. The upper end of this 
phase of the distribution (above the 75th percentile of 4.01 and the 80th percentile of 3.04) exceed the 
lowest CV (a bluntnose minnow CV for reproductive effects). 
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Table 6.2. Results of screening of chemicals that exceed benchmarks in whole or filtered water for contaminants of potential ecological concern (COPECs) 

Chemical COPEC Reason for inclusfon or r e i d o n  

Aluminum 

Barium 

Boron 

Cadmium 

cobalt 

Copper 

Cyanide 

Iron 

Mercury 

Nickel 

Silver 

Thallium 

Uranium 

Zinc 

Bis (2cthylhexyl) 
phthalate 

Carbon disulfide 

Aroclor 1254 

No 

No 

No 

Yes 

No 

Yes 

No 

yes. 

Yes 

YCS 

Yes 

No 

YeS 

Yes 

YCS 

Yes 

Yes 

Exceeds chronic national ambient water quality criteria (NAWQC) in all m h e s  and acuteNAWQC in 18,21, and 22 in whole water 
but no benchmarks in dissolved phase. The exceedenccs are due to filterable particulate AI which is ubiquitous and not bioavailable. 

Exceed the SCV, but no other benchmark, in both whole and filtered water in all reaches. The SCV for barium is apparently below 
background due to the conservative factors used in its derivation. 

Exceeds the LTV Daphnids, but no other benchmarks, in whole and filtered water in all reaches. That benchmark is apparmtly below 
the local background due to the compounding of effects across life stages in its derivation. 

Dissolved phase cadmium from 13 and 22 e x d s  chronic NAWQC and from 1 and 4.04 exceeds CVs. 

Detected in only whole samples and in only one sample from 1,2.02,18, and 22 and on only 2 out of 18 samples in 21. Deleted 
bccausc it is m l y  detected and never in a bioavailable form. 

Exceeds several benchmarks including the chronic NAWQC in filtered water from 4.01. 

Detected in only 1/20 filtered samples from 20 and not in whole water thm. That detect is deemed to be M anomaly, 

Exceeds Daphnid LCV in filtered samples from 0,2,4, and 7. 

Excceds fish LCV in filtered water from 4.02 and whole water from 3.04. 

Exceeds Daphnid and plant LCVs in filtered water from 2.01,2.03,3.01,3.03,4.04,7.01,8, and 13. 

Exceeds the fish LCV in filtcred water from 1,3.02,7.01,7.02, and 13, and the daphnid LCV in 3.02. 

Not detected in filtered water but detected in a single whole water sample out of 48 samples from 1 at a concentration that e x d s  
several benchmarks. Deleted because anomalous and not bioavailable. 

Exceeds the SCV in f i t ted water from 2.02,3.02,3.03, and 3.04. 

Exceeds fish and plant LCVs in filtered water from 4.01. 

E x d s  multiple benchmarks in f i l t d  water from 1,2,3,4, and 13 and in whole water from 7 and 10. 

Exceeds the SCV in whole water from 2.04 and 3.03. 

Exceeds the plant LCV and SCV in whole water from 3.01,3.04, and 13. 
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However, the distributions above the 90th percentile are not continuous with the other points. 
The break in the curve suggests that some episodic phenomenon causes exceptionally high 
-. The two points in 4.01 and &e in 3.04 that lie above this break exceed -90% of the 
CVs, -30% of the acute values, and both the acute and chronic NAWQCs. These results are 
suggestive of a small risk of chronic toxicity frm routine exposures, but a high risk of short-term 
toxic eff- of Cu during episodic exposures in lower Poplar Creek embayment and the Clinch River 
immediately downstream. Toxic concentrations were found in no other subreaches. 

Iron. A single iron wmdrat~ 'on in subreach 7.02 and in reach 13 exceed the chronic NAWQC. 
However, neither concentration exceeds toxic concentrations except for the study from Dave (1984) 
which simulated dilution of an acidic effluent. Since the NAWQC is also based on acidic effluents, 
which are not present in releases to this OU, risks to aquatic biota from iron are deemed to be 
minimal. 

Mercury. The distributions of ambient mercury concentrations and aqueous test end points are 
shown in Fig. F2.3. The ambient concentrations are dissolved phase concentrations in the subreaches 
with potentially hazardous levels of Hg (3.02,3.03,3.04 and 13). The toxic concentrations are those 
presented in the ecotoxicity profile (Table F1.3). The ambient concentrations fall into two phases. 
Concentrations below 0.00001 mg/L display a fairly smooth increase within a relatively small range 
of t3mxlml 'ons. The upper end of this phase of the distribution (above the 85th to 95th percentile) 
is well below toxic COIlcentfafi 'om. However, the obxavalio& above this break point are up to a factor 
of 100 higher and not continuous with the other points. The break in the curve suggests that some 
episodic phenomenon causes exceptionally high concentrations. The highest observed concentrations 
in subreaches 3.02 and 3.03 and reach 13 exceed the CV for fathead minnows and approximately 
equal the CV f o r a  mgna (the only two CVs available for inorganic Hg). These results suggest that 
routine exposures are not toxic, but there is a small risk of short-term toxic effects of Hg during 
episodic exposures in Poplar Creek. Mercury concentrations in Poplar Creek upstream of the ORR 
(reach 13) are routinely lower than those on the ORR, but they are approximately equal to reach 3 
extremes during the episodes. Toxic concentrations were found in no other subreaches, including 
EFPC (subreach 20.1) which is the presumed source. 

Nickel. The distributions of ambient nickel concentrations and of aqueous toxicity test end 
points are shown in Fig. F2.4. Unlike other COPECs, episodic high concentrations of Ni were not 
detected. Rather, in subreaches 3.03,3.04,4.04,7.02, and reach 13, Ni concentrations display a 
relatively smooth increase over approximately an order of magnitude with the very highest 
w n d o n s  exceeding the CV for C. dubia, but no other toxic values. The highest concentrations 
and highest frequency of exceedences of the CV were observed in reach 13, upstream of the ORR 
These results suggest a small risk to the fish community in the OU due to Ni. 

P a s .  The distriiutions of ambient PCB concentrations and aqueous test end points are shown 
in Fig. F2.5. The ambient concentrations are whole water concentrations in the subreaches in which 
PCBs were detected (13,3.01, and 3.04). Because PCBs were detected in only one sample from each 
sub- the single cmcenk& 'om are depicted as 100th percentile points. The sum of Ardor  1254 
and 1260 in reach 13 exceeds more than half of the CVs, but that reach is upstream of the ORR. 
Observed PCB values in water from reach 3 were well below toxic concentrations. 

Silver. The distriiutiw of ambient silver concentrations and aqueous test end points is shown 
in Fig. F2.6. The ambient concentrations are dissolved phase concentrations in the subreaches in 
which Ag was detected (3.02,7.01, and reach 13). Because Ag was detected in only one or two 
samples per reach, only the upper end of the concentrations are displayed, the remainder of the 
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distributions is undefined. One observed Concentration in subreach 3.02, which was more than 10 
times the second highest Concentration, exceeded the acute NAWQC as well as a D. magna EC50, 
LC5Os for two fish (speckled dace and mottled sculpin), and both of the available CVs for Ag (0. 
magna and rainbow trout), but the second highest concentration in that reach was below all toxic 
lewels. The single detected Ag concentration in reach 13 and the highest of two detects in subreach 
7.01 exceeded the rainbow trout CV. These results suggest that Ag poses little risk to the fish 
communities of the OU. However, the combination of a detection limit that is barely lower than the 
lowest CV and the small toxicity data set makes interpretation uncertain. 

Uranium. N o a e o f t h e o b s e r v e d u r a n i u m ~  'mi fall within a factor of 100 of the lowest 
reported toxic concentration (a fathead minnow LC50 of 2.8 m a ) ,  and all but a few observations 
were more than a factor of 1000 lower. The exceedence of the SCV in the screening assessment is 
attributable to the large safety factors used with minimal data sets. 

Zinc "he distributions of ambient zinc concentrations and aqueous test end points is shown in 
Fig. F2.7. The ambient concentrations are dissolved phase concentrations in the subreach with 
potentially hazardous levels of Zn (4.01). The toxic concentrations are those presented in the 
ecotoxicity profile (Table F1.7). The ambient concentrations fall into two phases. Concentrations 
below 0.01 mgL display a i&ly smooth increase suggestive of a l o g - n o d  distribution. This phase 
of the distribution (below roughly the 85th percentile) does not exceed any toxic concentrations. 
However, the distributions above the 90th percentile are not continuous with the other points. The 
break in the curve suggests that sam episodic phenomenon causes exceptionally high concentrations. 
The two points that lie above this break exceed - 15% of the CVs (flagfish and D. magna), the very 
lowest acute values for both fish (cutthroat trout LC50) and invertebrates (Cerioduphnia reticulafa 
EC50), and chronic NAWQC. The highest concentration exceeds the acute NAWQC. These results 
are suggestive of a small risk of short-term toxic effects of Zn to sensitive species during episodic 
expomts in the Clinch River immediately downstream of Poplar Creek. Toxic concentrations were 
found in no other subreaches. 

6.233 Single chemical internal toxicity 

Mercury. The only fish with body burdens of mercury that fell within the potentially toxic range 
were largemouth bass in reach 3. When fillellwhole body corrections were applied, the concentration 
inthemostcontamrnated * largemouth bass (1.28 mgkg) exceeded the 0.66 mgkg concentration that 
torr- to a CV for fitbead mirmowS but was well below the value for brook trout (5.6 mgkg). 
The median concentration for largemouth bass and all  Concentrations for bluegill, gizzard shad, and 
channel catfish were below 0.66 mgkg, but shad and catfish were not analyzed for mercury in reach 
3. Body burdens in the OU can also be compared to those in EFPC, the primary source of mercury to 
Poplar Creek and the Clinch River. The fish community at kilometer 13.8 of EFPC has species 
richness and abundance that approximately equals background. At that site, average mercury 
conCentrationsinredbreasl~havebeenintherangeofO.~l mgkgsince 1984. Sincethatrange 
is considerably higher than the median concentration on reach 3 for largemouth bass (0.29 m a g )  or 
bluegill flI[lfish (0.25 mag)) ,  we may conclude that mercury accumulation is unliiely to significantly 
reduce fish community richness or abundance in the OU. That conclusion, and the marginal 
exceedence of the lowest benchmark based on laboratory testing, suggest that the risk to fish fiom 
accumulation of mercury appears to be quite small. 

P a s .  PCB concentrations are highest in channel catfish and in certain positive reference 
reaches: White Oak Creek (22), Tennessee River (18), and Emory River (6). The highest average 
whole-body concentrations (estimated from fillets) in the OU are from reach 2 with median and 
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maximaof 1.9and5.7mg/kgforAroclor 1254and4.1 and 13.1 mg/kgforAroclor 1260.Atestof 
dietary expome of channel catfish to Aroclor 1242 found reduced growth and liver hypertrophy at 
a body burden of 14.3 mg/kg (Hansen et al: 1976). This concentration is approximately half of the 
medianc4xKmmm * of total PCBs in reach 22 but much higher than the median in other reaches. It 
is, however, less than the total PCB concentration in the most exposed individual catfish in reaches 
0,2,3,4,5, and 18. The test was run with Aroclor 1242 which should be less toxic than the more 
h i m  chlorinated PCBs found in catfish from the OU. However, fingerlings used in the test may be 
more sensitive than the adult fish analyzed, and the body burdens of fingerlinss are unknown. 

6333 Ambient water toxicity 

Two expressions of the results of aqueous toxicity tests are used, the average magnitude of the 
effects and the fiequency of effects that are significant. Test results are deemed s i m c a n t  if the 
difference between the response ofthe organisms exposed to water fiom the ou and organisms in 
control or reference water is at least 20% (i.e., biologically significant) or if the likelihood that the 
difference is due to chance is 4% (i.e., statistically significant). Test results are related to two 
expressions of exposure, the location of the sample relative to sources and the relationship between 
the responses and the cOltcentratioflS of aqueous COPECs in the tested water. Three responses in two 
tests are potentially indicative of toxicity. Mortality of fathead minnow larvae was fiequently more 
than 20% greater than in control water, Cerioduphnia fecundity was occasionally reduced more than 
20% relative to control water, and the mortality and fiequencies of abnormalities in medaka embryos 
were j iquatly more than 20% greater than in control water. The methods and results of these tests 
are discussed in Sect. 3.3.7. This section analyzes their implications for risks to fish in the OU. 

Fathead minnow. Mortality of fathead minnow larvae in Poplar Creek is elevated relative to 
controls, but mortality in reach 3 is not appreciably elevated relative to reference subreach 13.06 
which is 0.9 miles upstream of any DOE sources (Fig. 6.4). High levels of mortality in Poplar Creek 
oocurred~intheApril1994testingperiodwheawaterlevels werehigh, suspendedparticulate 
levels wexe high, and harduess was low due to stom (Sect. 3.3). The professional judgement of the 
individuals wfro conducted the tests, and who have considerable experience with this test on the ORR, 
is that the mortality was due to causes other than toxicity, possibly associated with high suspended 
particulate levels. This judgement is supported by the fact that the proportional increase in fathead 
minnow mortality relative to controls was statistically significantly positively correlated with total 
suspended solids levels in samples taken in conjunction with the tests (a = 0.003, ?= 0.28), but not 
withc4mcawl 'om of any of the COPECs. However, the water analyses were conducted on only one 
day, soamtaminant concentrations or other conditions on other days of the test do not contribute to 
the correlations. In sum, these test results do not provide good evidence concerning risks of toxic 
effects to the fish community of Poplar Creek 

No stahtically significant difSeraces in fathesd minnow mortality were found in McCoy Branch 
(reach 7) water relative to either control or reference water, but in one of the two tests of subreach 
7.02, there was a 21% increase in mortality relative to controls (accounting for the 50% significant 
tests in Fig. 6.4) which corresponded to a 14% reduction relative to reference. The facts that the 
results are marginal and that the greatest potential effect dccurred in the subreach furthest fim the 
source suggest that sources in the McCoy Branch watershed are not causing significant toxicity to 
fathead minnow larvae. 

Ceriodaphnia. Fecundity of Cerioduphnia is enhanced by ambient water relative to controls 
at most sites (Fig. 6.5). However, one test each in subreaches 3.02,13.11, and 7.01 had a >20% 
reduction in fecundity which was also statistically si@icant (Sect. 3.3). Since effects were greater 
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mtheupstreamref~subreach(13.11)thanintheOUportionofPoplarCreek(3.02) andeffects 
m my there is little evidetlce that DOE  source^ are causing toxicity to Cenoduphnia. The reduction 
in f d t y  m upper McCoy Branch abayment (reach 7.01) in August 1994 is large relative to both 
cuntrok (52%) andref- (59%) and is supported by a small but statistically significant reduction 
(16%) relative to reference on the other tested date. Hence, although only two tests were run at that 
site, they both suggest that water from upper McCoy Branch is toxic to Cenoduphniu. Correlation 
of Cenoduphnia fecundity against Concentrations of COPECs does not reveal any contaminants to 
be potential causes of the variance across reaches in test results. 

Medaka. The proportion of medaka embryo tests showing significant increases in mortality or 
abnormalities is greatest in Poplar Creek embayment (Fig. 6.6 and 6.7). Mean rates of abnonnalities 
were 40% in embryos incubated in water from reach 8 and subreaches 7.01,7.02,2.01, and 4.01. 
However, mean rates wae >30% in al l  subreaches of reach 3, and were >50% in subreach 3.02 (Fig. 
6.7). More than 40% of tests conducted in reach 3 water had abnormality rates that were significant 
(statistically significant or more than 20% greater than reference) (Sect. 3.3). Proportional reductions 
in medaka survival were quite erratic because of variance in survival in reference water, but the 
proportion of tests with s imcant  redudions in survival relative to the reference site (subreach 13.1 1) 
consistently increased downstream in Poplar Creek (Fig. 6.6). Hence, reach 3 water is clearly toxic 
to medaka embryos relative to upstream water. However, the toxicity observed at 13.06, although less 
severe and frequent than in reach 3, does indicate that some component of the water coming from 
upstream of the DOE sources contributes to the toxicity. Although one out of two tests in upper 
McCoy Branch embayment (subreach 7.01) had a reduction in survival that was statistically 
significantly greater than the reference (reach 8), survival was an acceptable 84%, and abnormality 
rates were 4 0 % .  

The proportional reduction in survival of medaka embryos relative to reference was regressed 
asainst- 'om of COPECs and other properties of the water collected in conjunction with the 
toxicity tests. Medaka survival was statistically significantly correlated with concentrations of nickel 
(9 = 0.64), but not other variables. The nickel concentrations in the tests with the highest medaka 
mortality were less than a tenth of the chronic NAWQC, but approximately equal the C. dubia CV 
for ORR water [0.0106 mg/L (Table F1.7)J. Hence, the apparent exposure-response relationship is 
credible ifmedaka embryos are at least a sensitive to Ni as Cenodaphniu, if Ni concentrations were 
higher on other days of the test than on the day when water was analyzed, or if other contaminants 
present in the test water contn'buted to the total toxicity. Another limitation of this exposure-response 
analysis is the fact that, by chance, the three out of seven medaka tests for which the water was 
analyzed showed the least mortality and abnormalities. Analysis of the more toxic waters would be 
likely to have shown more clearly the causes of the toxicity to medaka. 

Sunfsh and Largemouth Bass. To determine the relevance of the medaka embryo test to fish 
that occur in the OU, a single set of tests was run on embryos of medaka, redbreast sunfish and 
largemouth bass at six sites (Sect. 3.3.7.3). The bass results were erratic, with considerable variance 
amongpairs.Ho~~,,the~resultssupportthemedakaresults inthatbothshowed biologicaUy 
and statistically significant embryo lethality in subreaches 3.02 and 3.04 (3.01 and 3.03 were not 
tested) but not in 2.01 or 4.01. However, unlike the medaka, the sunfish showed no significant 
increase in abnormalities. 

Sediment toxicity tests. The toxicity tests p e r f d  with sediment pore water and water above 
sediment showed no toxicity (Sect. 6.3). This result suggests that the epibenthic water inhabited by 
bottomdwebg fkh and the eggs and larvae of bottom-spawning fish does not pose a particular risk 
relative to the near surface water that was used in the tests described above. 
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amcmbtions of copper, mercury, silver, and zinc described above did not occur during any of the test 
periods. Of the COPECs, only nickel occurred at its highest concentrations during a test period. Water 
m reach 3 is regularly toxic to medaka embryos and is toxic to redbreast sunfish embryos in the one test 
of that species relative to the r e f m e  site. Although the medaka test has not been validated against field 
survey data like the standard fathead minnow and Ceriodaphnia tests, the nature and magnitude of the 
effects suggest a significant risk to sensitive fish populations in reach 3 that could be suflicient to 
significantly affect community properties. 

623.4 Biological indicators 

Histopathology. Histopathologies of bluegill liver and spleen were most common in subreaches 
3.01,3.02, and 4.01 (Sect. 3.5.4). The lowest fiequencies were in lower Watts Bar (5), the Clinch 
immediately below White Oak Creek (2.02), and Norris Reservoir (10). The highest fiequency of 
histopathologies were in largemouth bass from subreach 3.02, followed by 2.02 and 4.01. The lowest 
fnxpncies were in 5,10, and, surprisingly, 3.04. Hence, histopathologies are consistently common in 
Poplar Creek below Mitchell Branch and in the Clinch immediately below Poplar Creek. Of the reaches 
in the OU, histological measures were not obtained fiom 1,2.03,2.04,3.03,4.02,4.03, or 7. These 
histopathologies are characteristic of exposure to PCBs, so had they been absent, that absence would 
have CoIlStituted evidence against PCB toxicity. However, because they are suborganismal effects, their 
presence does not necessarily imply effects on the fish community. They simply indicate a potential 
causal link between exposure and higher level effects. 

Reproductive indicators. Results of the studies of reproductive indicators are presented in Sect. 
3.5.5. These indicators were measured in the OU only in subreaches 2.02,3.04, and 4.04. At both 
subreaches 2.02 and 3.04 the gonadosomatic index of male bass was reduced, and in female bass death 
of oocytes (atresia) increased and fecundity decreased relative to reference fish fiom Noms Reservoir. 
Bluegill did not show clear or consistent differences in the indicators that might be related to DOE 
emissions. Although these indicators can not be interpreted as indicative of effects on the fish community 
end point, they are suggestive of inhibited reproduction in individuals of one species. 

63.35 Biological surveys 

Fish community survey data were analyzed at two scales. Tennessee Valley Authority (TVA) data 
wede used to compare Watts Bar Reservoir to other reservoirs in the system (Sec. F8). Watts Bar was 
found to contain a typical fish community in that it had roughly average species richness by both 
sampling methods (Fig. 6.8 & 6.9), and it fell near the intersection of the axes of the multivariate 

ardyses (Fig. F8.1.1-8). The pattern ofthe reservoirs in the discriminant analyses suggests 
that the primary variable controlling fish species composition is the position of the reservoirs in the 
system and the central position of Watts Bar in the discriminant analyses is consistent with its roughly 
central position in the system at the confluence of the Clinch and Tennessee Rivers. Hence, at the 
reservoir scale, there appear to be no effects on the fish community. 

. . .  

Fish su rvq  conducted by the CRRI were used to examine effects at local scales. Nine sites were 
sampled by two methcds in 1993 and 1994. The results appeared to show low species richness in Poplar 
Creek embayment, except near the mouth of the creek (reach 3.04) which may be colonized by fish 
from the Clinch River. However, those results were ambiguous because the comparisons were 
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Fig. 6.4. Proportional reduction in fathead minnow larval survival relative to controls and proportion of tests in which survival was 

statistically significantly decreased relative to controls or was decreased by at least 20% relative to controls (Le., significantly decreased). Note 
for comparison the responses in the Clinch River reference subreach (2.01), the far upstream reference subreach in Poplar Creek (13.1 I), and the near 
upstream reference (13.06). 
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Fig. 6.5. Proportional reduction in Ceriodaphnia dubia fecundity relative to controls and proportion of tests in which fecundity was 

statistically significantly decreased relative to controls or was decreased by at least 20% relative to controls (Le., significantly decreased). Note 
for comparison the responses in the Clinch River reference subreach (2.01), the far upstream reference subreach in Poplar Creek (13.11), and the near 
upstream reference (13.06). 
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to reservoir sites rather than to embayments. In 1995 one site in Poplar Creek embayment (subreach 
3.02) was sampled along with a site in the ecologically similar and relatively uncontaminated Bull Run 
Creek embayment Bull Run Creek was found to have higher species richness by both sampling methods 
than any Poplar creek, Tennessee River, or Clinch River site (Fig. 6.10 & 6.11). In the 1995 samples, 
total species richness for Poplar Creek subreach 3.02 was 29% lower by gill netting, 65% lower by 
electrofshing, and 22% lower for both methods combined than Bull Run Creek Also, for 1993 and 
1994 and for both methods, species richness in subreaches 3.01 and 3.02 was > 20% lower than in the 
1995 Bull Run Creek samples. The Bull Run Creek samples were not replicated across years and no 
other reference embayments were sampled to establish the variance among embayments, so the 
possibility that the results are confounded by habitat differences has not been eliminated. However, 
these results clearly suggest that the fish community of Poplar Creek embayment has fewer species than 
expected 

6.23.6 Weight of evidence for fish 

The weighing of evidence is performed by asking the following questions concerning each reach 
in the OU 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

Is the fish community less species-rich or abundant than would be expected? 
Do individual fish display injuries that are indicative of significant toxic effects? 
Is the water toxic to aquatic organisms? 
Does that water contain chemicals in toxic amounts? 
Do the fish contain chemicals in toxic amounts? 
What factors account for apparent discrepancies in the results? 
What is the likelihood that the fish community is at least 20% less species rich or abundant than 
it would be in the absence of contamination? 

Poplar Creek embayment (reach 3). It is more likely than not that the fish community end point is 
violated in Poplar Creek embayment . This conclusion is based on the results indicating that the fish in 
reach 3 are intermittently exposed to levels of contaminants in water that have been shown to be toxic, 
that water collected between those episodes is toxic to fish embryos, and that individual fish are 
experiencing sublethal injuries. Although the relatiiely depauperate state of the community consistent 
with significant toxic effects, it is not clearly attributable to toxicity. However, it is not clear what 
chemicals from what sources are the cause of the observed effects. The conclusion is mitigated by the 
fkt that the eff'ects of contaminants on the fish community are not entirely attributable to DOE (Poplar 
Creek upstream is contaminated and somewhat toxic). The lines of evidence concerning risks to fish in 
Poplar Creek embayment (reach 3) are summarized in Table 6.3, and are discussed below. 

If significant toxic effects were occurring the community would have fewer species and individuals 
than other sites, and it does. The fish surveys found that for both collection methods the number of 
species and the abundance of fish was lower than in a reference embayment and lower than in reservoir 
sites other than Nonis (a low-productivity reservoir). "his could be attributed to contaminants or to 
relatively poor habitat structure. However, the upper subreach (3.01) has relatively good habitat 
structure, but when fish were collected there for analysis, the abundance was qualitatively determined 
to be as low as in other subreaches. Hence, the survey results are consistent with a significant toxic 
effect, but habitat quality may also contribute. 

Ifsignificant toxic effects were Occurring, then the fish would display suborganismal signs of the 
toxic e f f i  of the site contaminants, and they do. The elevated histopathology frequencies in 3.01 and 
3.02 and reproductive abnormalities are consistent with exposure to PCBs, and possibly other 

' 
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contaminants. However, although they are adverse to individual fish, they do not have clear 
implications for properties ofthe fish Community because of the compensatory properties that act at 
the individual, population, and community levels. Thkrefore, they are indicative of toxicity but not 
necessarily of significant effects on the community. 

If significant toxic effects were Occurring, then the water should be toxic, and it is. The water 
fium Poplar Creek was toxic to medaka and sunfish embryos, but apparently not to fathead minnow 
larvae or Ceriodaphnia. However, by chance water was not collected during periods of high 
contamitlimt levels, so the lack of clear .toxicity in the standard tests does not disprove the occurrence 
of episodic toxicity to those species. The toxicity to medaka embryos appears to be associated with 
nickel concentrations. 

If significant toxic effects were occurring due to chemicals that bioaccumulate in fish, then 
mmaimtim in iish shouldbe as high as those that caused effects in toxicity tests, and for some fish 
they are. The most highly contaminated channel catfish had whole-body concentrations of PCBs 
greater than those that were reported to cause reduced growth in that species in the laboratory. 
However, those results are fiom tests of young fish so they may not be applicable to the adult fish 
which were measured. 

If significant toxic effects were occurring, then chemicals should be found in water at 
concentrations that have been shown to be toxic in the laboratory, and on occasion they were. 
Howevery because the cause and duration of the episodes is unknown, it is not certain that they 
actually cause sufficient toxic effects to cause significant decrements in community properties. 

Although each of these lines of evidence is consistent with significant toxic effects, each has 
associated counter arguments. The contribution of contaminants to community properties could be 
negligible relative to habitat quality. The bioindicators and embryo toxicities may be indicative of 
effects for which the community may compensate. The toxic effects associated with PCB body 
b u d a s  may not be relevant to adult fish or may not have community-level consequences. The high 
contaminant levels may be associated with extremely brief episodes that do not cause significant 
effects. Hence, no one of the line of evidence is convincing by itself, but the fact that they are all 
consistent with toxic effects makes it unlikely that the results are all false positives. 

Upper Clinch River arm (reach 2). Although there is evidence of sublethal toxic effects on 
individual fish in the Chch  River above Poplar Creek but below the Melton Hill dam (reach 2), the 
umnnuuity does not appear to be significantly affected. The lines of evidence concerning risks to fish 
are summanzed * in Table 6.4. This reach resembles reach 3 in that the fish community is relatively 
depaupxate, reproductive indicators differ fiom reference fishes, and the most contaminated catfish 
have PCB body burdens that are greater than those causing effects in toxicity tests. However, there 
is much more fish survey data for this reach and better reference data against which to compare it than 
m Poplar Creek Those data allow us to conclude that the iish community properties are approximately 
what would be expected given the nature of the habitat. In addition, no chemicals were detected at 
toxic concentrations in reach 2. Finally, rates of histopathologies were low in largemouth bass and 
intermediate in bluegill below White Oak Creek (2.02). 

Lower Clinch River arm (reach 4). Although there are episodically high concentrations of 
metals and evidence of sublethal toxic effects on individual fish in the Clinch River below Poplar 
Creek (reach 4), the community does not appear to be significantly aected. The lines of evidence 
d g  risks to &ih in the Clinch Rivex below Poplar Creek (reach 4) are summanzed in Table 6.5. 
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Gill-net Samples 
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Fig. 6.10. Species richness of fish sampled by gill netting in the Clinch RiverRoplar 
Creek system and reference reaches. Means and standard errors for samples taken in 1993-1995 
are shown, Sampling IocatiOnS are identified by mile number and reach number. CR = Clinch River, 
BRC = Bull Run Creek, PC = Poplar Creek, and TR = Tennessee River. 
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Rg. 6.11. Species richness of fish sampled by electrofishing in the Clinch RiverLPoplar 
Creek system and reference reaches. Means and standard errors for samples taken in 1993-1995 
are shown Sampling locaticms are identified by mile number and reach number. CR = Clinch River, 
BRC = Bull Run Creek, PC = Poplar Creek, and TR = Tennessee River. 



.6-35 

If significant toxic effects were Occurring, then the community would have fewer species and 
individuals than d e r  sites. This does not appear to be the case on balance. The species richness in 
4.04 by both methods of measurement and in-4.01 by electrofishing are similar to potential reference 
sites. However, in both yeam the species richness in 4.01 by gill netting is lower than upstream in the 
Clinch River (2.02), downstream (4.04), and lower Poplar Creek (3.04). 

If significant toxic effects were axaming, th the fish would display suborganismal signs of the 
toxic effects of the site contaminants, and they do. Subreach 4.01 has the third highest frequency of 
histopathology for both bluegill and largemouth bass. 

If significant toxic effects were axaming, then the water should be toxic, but it is not. The water 
fiom 4.01 did not cause significant toxic effects on any species. 

Table 63. A summary of risk characterization for the fuh community in Poplar Creek (reach 3) 

Evidence Resup Explanation 

Biological surveys + Fish community abundance and species richness are both 
low, but habitat quality may be a causal factor. 

Bioindicators 

Toxicity tests 

Fish analyses 

Media analyses 

Weight-of-Evidence 

+ - 

+ 

+ - 

+ 

+ 

Frequencies of histopathologies were elevated in 
largemouth bass and bluegill, and levels of fecundity and 
other indicators of reproductive condition were reduced in 
largemouth bass in relation to reference fbh. 

Water was toxic to medaka and redbreast slmtish embryos 
but apparently not to fathead minnows and Ceriodaphnia. 

Concentrations in maximally contaminated channel catfish 
e x 4  the coxatration causing reduced growth and 
fiver pathology in that species, but most concentrations 
are much lower. 

Cu, Hg, and possibly Ni and Ag were detected 
episodically at toxic concentrations, but average 
concentrations are nontoxic. 

Although the evidence is not strong, reach 3 waters 
appear to pose a significant risk to the fish community 
from episodes of high metal concentrations and from 
PCBs, which are mostly undetectable in water. 

+ indicates that the evidence is consistent with the occurrence of a 20% reduction in species richuess of 
abundance of the fish community. - indicates that the evidence is inumsistent with the occurrence of a 20% reduction in species richness of 
abundance of the fish community. 
2 indicates that the evidence is too ambiguous to intqret. 

If significant toxic effects were occurring due to chemicals that bioaccumulate in fish, then 
concentrations in fish should be as high as those that caused effects in toxicity tests, and for some 
individual a t h e y  are. Themosthi~contarmnated * channel catfish had whole-body concentrations 
of PCBs greater than those that were reported to cause reduced growth in that species in the 
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Mmabry. However, those results are from tests of young fish so they may not be applicable to the 
adult fish which were measured. 

If significant toxic effects were occuning, then chemicals should be found in water at 
concentrations that have been shown to be toxic in the laboratory, and on occasion they were. 
However, only copper and zinc were fouud at toxic levels, and, because the cause and duration of the 
episodes is &own, it is not certain that they actually cause sufficient toxic effects to cause 
significant decrements in Community properties. 

In sum, while it is possible that significant effects on the fish community are occuning, none of 
the lines of evidence is strong enough to indicate such effects, and the lines of evidence are not 
sufficiently consistent to indicate such effects based on the weight of evidence. 

Table 6.4. A summary of risk characterization for the fBh community in the upper Clinch River 
arm of Watta Bar Reservoir (reach 2) 

Evidence ResuW Explanation 

Biological surveys 

Bioindicators 

Toxicity tests 

Fish analyses 

Media analyses 

+ - 

+ - 

+ - 

Fish Community abundance and species richness are both 
low but not in relation to other Clinch River sites. 

Reproductive indicators were moditied in largemouth 
bass below White Oak Creek (subreach 2.02) in relation 
to reference fish. 

No toxicity tests were perfomed with water fiom the 
portion of this reach downstream of U.S. Department of 
Energy sources (subreaches 2.02-2.04). Subreach 2.01 
water was apparently nontoxic. 

Concentrations in maximally exposed channel catfish 
exceed the concentration causing reduced growth and 
liver pathology in that species, but most concentrations 
are much lower. 

No chemicals were detected at potentially toxic 
concentrations. 

Weight-of-evidence - The community does not appear to be signiscautly 
affected by contaminant exposur es. 

a + indicates that the evidence is consistent with the occunrence of a 20% reduction in species richness of 
abundance of the fish community. - indicates that the evidence is inconsistent with the occurrence of a 20% reduction in species richness of 
abundance of the fish community. 
- + indicates that the evidence is too ambiguous to interpret 

McCoy Branch embayment (reach 7). The lines of evidence concerning risks to fish in the 
MccOyBranchembayment(reach7)aresummanzed ' in Table 6.6. Although water from 7.01 is toxic 
to Ceriodapnia, only two tests were performed so the evidence is not strong. Single measurements 
of silver and nickel constituted the only evidence of toxicity from chemical analyses. No fish 
community surveys, bioindicator analyses, embryo toxicity tests, or analyses of fish were conducted. 
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Since there is evidence of toxicity but no chemicals in clearly toxic 8mounf~, the evidence is 
ambiguous. Significant risks can not be said to occur but can not be excluded. 

63.4 Uncertainties Concerning Risks to Fish 

The following issues constitute the major sources of uncertainty in the risk assessment for the 
fish community. 

The nature of the episodic erq>osures to high chemical concentrations is poorly specified. It is not 
known whether they are due to episodic releases from the ORR or mobilization of materials in the 
Poplar Creek system. Also their duration is unknown. Since they represent more than 5% of the 
samples, it was assumed that their duration k >7 days (2% of a year) which is the duration of the 
EPA's standard tests for chronic effects of effluents and ambient waters. However, ifthe observed 
high concentrations are associated with multiple episodes of very short duration, then they may not 
cause significant toxic effects. ' 

The toxicity of water during the episodes of high exposure are unknown because tests were not 
conducted during those periods. 

Table 6.5. A rummary of risk characterkation for the fiih community in the lower Clinch River arm 
of Watts Bar Reservoir (reach 4) 

Evidence RauW Explanation 

Biological surveys 

Bioindicators 

Toxicity tests 
Fish analyses 

Mediaanalyses 

+ - 

4- 

+ 

Fish community abundance and species richness are not 
atypical. 
Frequencies of histopathologies were elevated in subreach 
4.01 in relation to refmce fish. 

Water from subreach 4.01 is not toxic. 
Concentrations in maximally contaminated channel catfish 
exceed the concentration causing reduced growth and liver 
pathology in that species, but most umcentratim are much 
lower. 

Copper and zinc were detected episodiw at toxic 
Concentrations in subreach 4.01, but average 
concentrations are nontoxic. 

Weight-of+vidence - The community does not appear to be significantly affected 
by contaminant exposures. 

a + indicates that the evidence is consistent with the occurrence of a 20% reduction in species richness of 
abundance of the fish community. - indicates that the evidence is inconsistent with the occu~~ence of a 20% reduction in species r i c h  of 
abundance of the fish community. 

indicates that the evidence is too ambiguous to interpret. 
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Table 6.6. A summary of risk characterization for the fuh commun€ty in 
McCoy Branch embayment (reach 7) 

Evidence Result' Explanation 

Biological surveys 

Bioindicators 

Toxicity tests 

Fish analyses 

Media analyses 

The fish community was not surveyed. 

Bioindicators were not measured 

Water was toxic to Cerioabphnia and possibly fathead minnows in 
one test each in the upper embayment, but apparently not to medaka. 
Only two testing periods were conducted. 

Body burdens were not measured 

No chemicals were detected at toxic concentrations except for single 
values of silver and nickel. 

Weight+f+h3ence - + Reach 7 has a possibly significant risk to fish, but the evidence is 
W e a k  

a+ indicates that the evidence is consistent with the occurrence of a 20% reduction in species richness of abundance of the fish 
community. - indicatcsthat the evidence is inconsistent with the occurrence of a 20% reduction in species richness of abundance of the fish 

sf: indicates that the evidence is too ambiguous to interpret. 
CotNIIUnity. 

The high observed mortality and abnormalities in fish embryk are believed to constitute toxic 
effkts that would d t  in significant effects on the fish community. Howevery these tests have not been 
validated agaiust biological survey data at sites where clear toxic effects are occurring as has been done 
with the standard 7day tests. 

The relalionship of the histopathologies and reproductive indicators to effects on populations and 
ecosystems is unknown. 

The reference embayment, Bull Run Creek, was sampled in only one year, and it was the only 
reference embayment sampled. Therefore, the variance in reference embayments for comparison to 
Poplar Creek embayment is unknown. 

6 3  RISKS TO BENTHIC INVERTEBRATES 

63.1 Eiposure Assessment for Benthic Invertebrates 

Two dif€erent srpressions of sediment contamination are used, whole sediment concentrations and 
filtered pore water concentrations. The use of pore water is based on the assumption that chemicals 
assoCiated with the solid phase are largely unavailable and therefore sediment toxicity can be estimated 
by measuring or modelling the pore water concentration. This is the approach used by the EPA to 
calculate sediment quality criteria Whole sediment concentrations do not account for effects of sediment 
properties on bioavailability. However, thcy are required by the EPA Region IV and may provide a better 
estimate of risk for highly particle-associated chemicals. 
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For purposes of screening chemicals, the appropriate estimate of exposure is a concentration that 
protects the most exposed organisms. Because benthic invertebrates are relatively immobile and inhabit 
a medium that changes little over time, the maximum concentration is used. For risk estimation, the 
estimate of srposure of the community is the percentage of samples exceeding particular effects levels. 

The sediment toxicity tests include direct exposure to whole sediment (H azteca), exposure to 
sediment pore water (C. dubia), and exposure to epibenthic water (0. magna). It is assumed that the 
farm and bioavailability of chemicals is not altered by sediment collection and handling, so these tests 
represent exposures in the field. 

63.2 Effects Assessment for Benthic Invertebrates 

633.1 Single chemical sediment toxicity 

Because there are no standard screening benchmarks and sediment quality criteria for only a fav 
cheanicals, se% of alternative sediment benchmarks were derived for each chemical (Table 6.7). Whole 
sediment conckntrations are compared to these alternative benchmarks. Pore water concentrations are 
compared to the ecotoxicological benchmarks for aquatic biota (Table 6.1). The use of multiple 
bedumds provides greater assumme of detecting all COPECs. Sediment quality criteria are ~ ~ e ~ t e d  
far site- COnditiOIZS. sediment benchmarks derived using the equilibrium partitioning method are 
calculated using location-specific percent organic carbn. As in the aqueous chemical screening (Sect. 
6.2.2. l), hardnessdependent criteria are conservatively corrected to 100 m a  hardness based on the 
pore water mean across reaches of 134 mg/L and range of 82-160 mg/L. 

Toxicity profiles are presented in Appendix F1 for those chemicals that e x d  benchmarks. The 
toxicity profles Summarize the existing toxicity information for each chemical including concentrations 
causing acute lethality and chronic lethal and sublethal effects, and physical-chemical conditions that 
modify toxicity. Pore water COPEC concentrations are evaluated using aqueous toxicity data. Most of 
the available sedimetlt toxicity data are for marine and estuarine systems.The sediment toxicity profiles 
address primarily freshwater sediment data, which are not included in the ER-Ls and ER-Ms (Long et 
al. 1995). An extensive marine data set was presented in Machnald et al. (1994). Lethal and 
Comrmmity level effeds fim these sources are presented graphically for most COPECs in Appendix F3. 

63.2.2 Ambient sediment toxicity 

Because there is no dilution seaies for the sedimetlt toxicity tests, the appropriate exposure-response 
relationship is the association between the fiequency of significant toxic responses and either the 
~ o n s o f c o n t a r m n a n t s  . inthesedimentorthelocationrelativetoknownsources ofcontaminants. 
Responses that are statistically significantly different, or are inhibited by 20% or more relative to 
refinme sediments or control water, are assumed to be indicative of sediments that are toxic to benthic 
biota. Test responses used in this assessment include reductions in survival of an amphipod (H. azteca) 
in 10-day exposures to whole sediment, reductions in survival of a cladoceran (C. dubia) in 48-hour 
exposures to sediment pore water, and reductions in survival and fecundity of another cladoceran (0. 
magna) in 12- to 14-day exposures to water overlying sediment. 



.. 

.c 

Table 6.7. Descriptions of the erotoslcologiCsl xmnlng benchmarla for benthic biota exposed to contaminated sedfments. More details m presented by Hull and Suter (1994), 
Long et al. (1995), and EPA Region N (1994). The last three benchmarks are used only when none of the first five m available. 

Benchmark Abbnviation Description 

Effects range-low 

Effects range-median 

Region IV benchmark 

ER-L 

National d imen t  quality criteria EPA-SQCO 1 

Equilibrium partitioning benchmark 

The tenth percentile of estuarine sediment concentrations reported to be associated with some level 
of toxic effects. 

The fiftieth percentile of estuarine sediment concentrations reported to be associated with some 
level of toxic effects. 

The higher of two values, the U.S. Environmental Protection Agency Contract Laboratory 
Program Practical Quantification Limit (CLP FQL) and the Effects Value, which is the lower of 
the ER-L and the Florida nwbsewedcffits level. 

Sediment quality criteria based on toxicity in water expressed as chronic water quality criteria 
(dcula ted  after adding some benthic species) and partitioning of the contaminant between 
organic matter (1% of sediment by weight) Gd pore water. Sediment quality criteria were adjusted 
to the site-specific percent total organic matter content. 

EQPART . Benchmarks derived in the same manner as sediment quality criteria except that the expression of 
aqueous toxicity is the chronic National ambient water quality criteria or the Secondary Chronic 
Value, and location-specific percent organic matter is used. 

Ontario Ministry of the Environment 
Lowest Effect Lcvel 

LEL-MOE Concentrations determined by the Ontario MOE to constitute thmholds for toxic effects in 
Ontario sediments. 

Region V benchmark REG-V A concentration determined to constitute background for sediments in Illinois. 

Apparent effect threshold AET 

Sources 

version. Region IV, Atlanta. 

ESEIUTM-9SIRl. Oak Ridge National Laboratory, Oak Ridge, Tenn. 

Sediments." Envikon. Manage. 

A concentration above which toxic effects m u d  at all sites in Pugct Sound. 

EPA (United States Environmental Protection Agency). 1994 Dra) Region N Wash Management Division Sediment Screening Values for  Hazardous Waste Sites. 2/16/94 

Hull, R. N., and 0. W. Sutcr, lI. 1994. Tm'coIogical Benchmarks for  Screening of Polmtial Conlaminants of Concern for Effects on Sediment-Associated Biou: 1994Rdm. 

Long, E. R, D. D. MacDonald, S. L. Smith, and F. D. Calder. 1995. "Incidence ofAdverse Biological Effects within Ranges of Chemical Concentrations in Marine and Estuarine 
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6333 Invertebrate community survey 

Benthic macroinvextebrate cummunitiks were evaluated on two spatial scales. Reservoirs in the 
study area were compared to other mainstem TVA reservoirs and reaches Within the study area were 
compared to each other. Two sets of benthic macroinvertebrate data were evaluated: TVA Vital Signs 
Monitoring Program data fiom thirteen mainstem reservoirs for the years 1992-1994 and ER Program 
data c o l l d  by TVA in 1994 fhm eight sites in the Clinch River and eight sites in Poplar Creek. These 
data should be comparable because the same sampling and statistical analysis methods were used for 
both sets of data. Patterm in community structure across reservoirs were evaluated using canonical 
discriminant analysis and richness and abundance were analyzed using ANOVA and multiple- 
comparison tests. Reduction of these end points by 20 %, relative to reference sites, would indicate that 
actual impacts to tbe benthos are occurring. However, it would be necessary to infer the cause fiom the 
distribution of known or suspected sou~ces of Contaminants or toxicity. Towards this end, a multiple 
linear regression analysis was performed to investigate the influence of physical characteristics and 

-011s onbenthicamnunitystructure. Methods of data collection and analysis are 
detailed in Appendix F8. 

633 Risk Characterization for Benthic Invertebrates 

633.1 Single chemical sediment toxicity 

Screening against benchmarks. Chemicals detected in whole sediments or filtered pore water 
werescreened against benchmarks and evaluated as COPECs. A HQ was calculated for each chemical 
by dividing the maximum concentration by the sediment (Table F3.1) or aquatic benchmarks (Table 
F3.2). Chemicals that exceeded any benchmark (e.g., H@1) wede examiraed M e r  to determine whether 
they were credible COPECs (Table 6.8). The criteria for eliminating COPECs were those used for 
evaluating aqueous COPECs (Sect. 6.2.3.1.1), where filtered and unfiltered water samples correspond 
to pore water and whole sediment samples, resptively. None of the candidate COPECs could be 
eliminated without a more detailed evaluatim of their disiriiution among reaches and the relevant effects 
data. 

The ZTUs for each subreach was calculated to show the relative toxicity of sites and the relative 
contribution of COPECs to that toxicity. This holistic overview provides a context for the detailed 
discussions of exposureeffects that follow. The generic derivation and interpretation of TUs in this 
assessmetlt is presented in Sect. 6.1.6. The TUs for pore water COPECs were calculated using the same 
procedure used for the aqueous COPECs (Sect. 6.2.3.1.1). That is, Daphnid E C d  were used as the 
denominator and they were djusted to a hardness of 100 mg/L for hardness dependant chemicals (e.g., 
copper). The ER-L fiom Long et, al. (1995) was the denominator for most whole sediment COPECs. 
The AET or REG-V value was used only if an ER-L was not available. TUs were calculated for each 
COPEC using the maximum concentration in each subreach. These TUs were summed by subreach for 
the pore water COPECs and whole sediment COPECs. Maximum concentrations may over estimate 
.sqx>sure.The- '011s represented by the maximum may actually be present in only one location 
in a subreach and the maxima for al l  COPECs may not occur at the same location. Therefore, ZTUs 
were also calculated using median concentrations in pore water and whole sediment to be- estimate 
typical exposures for each subreach. Pore water maximum and median I: TUs are presented in Figures 
6.12 and 6.13, respectively. Bothmaximum andmedian XTUs for whole sediment exceeded 1.0 at all 
sites. Therefore, only the more representative median ZTUs are presented (Fig. 6.14a-d). 



Table 6.8. Results of scmning of chrmicab that exceed benchmarks in whole sediments or Nteml pore water for confamlnanb of potential ecological concern (COPECs) 

Chemlcal COPEC Reason for inclusion or rejection 

Aluminum YCS Exceeds chronic National ambient water quality criterai (NAWQC) in pore water in reaches 0 and 18 and in subreaches 3.04,4.01, 
4.02,4.04, and 7.02. Exceeds Daphnid LTV and the LCV of all tested aquatic organisms (plants) at subreach 4.01. A sediment 
benchmark is not available. 

Arsenic YCS E x d s  the ER-M in whole sediment in subreach 7.01 and the ER-L, LEL-MOE, and/or REG-IV in reaches 1,7,8,10, subreach 
2.04, the three downstream subreaches of 3, and reach 4. Did not e x d  NAWQC or any other aqueous benchmark in any reach. 

Barium YeS Exceeds EPA-REO V background value in all reaches. E x d s  the SCV in pore water in all reaches and the SAV in reaches 0 and 
13, in subreaches 2.01 and 2.04, and the three downstream subreaches of 3 and 4, but the Daphnid LCV was not exceeded in any 
reach. 

' I  
"I 

I,', 

Boron YCS Exceeds the Daphnid LTV in pore water in all reaches. That benchmark is apparently below the local background due to the 
compounding of effccts across all life stages in its derivation. Exceeds the SCV in subreach 3.04, but dots not exceed this or any 
other benchmark in any other reach. A sediment benchmark is not available. k 

h, 
Cadmium Yes Exceeds the ER-L, LEL-MOE, and/or REO-IV in reaches 1,3,5, and 22 and in subreaches 4.04 and 7.02. Reported at the detection 

limit in 1 of 11 pore water samples from 4.04, where it exceeds the LCV and LTV for Daphnids but no other benchmarks. 

Chromium YeS Exceeds the REO-IV in subreaches 3.02,3.03,3.04,4.03, and 7.02, and in reach 22 and the ER-L in 3.02,3.03, and 22, but is less 
than the ER-M in all reaches. Did not exceed any benchmarks in pore water in any reach. 

cobalt Yes E x d s  the SCV and the Daphnid LTV and LCV in pore water in subreaches 3.01,3.03,4.03, and 4.04, and in reach 13; the SCV 
in reach 0 and subreach 3.02; no other benchmarks in any reach. A sediment benchmark is not available. 

Yes Exceeds the REGJV and ER-L in reach 1, the three downstream subreaches of 3,4.03,4.04,5,7.02,10, and 22, but is less than the 
ER-M in all reaches. E x d s  the chronic NAWQC in pore water in subreach 3.04; the Daphnid LTV and LCV and Aquatic Plant 
LCV in all reaches; the Fish LCV and/or LTV in 3,4.01,4.03,4.04,7.01, and 18; and the Non-Daphnid Invertebrate LCV in 3, 
4.03, and 4.04. 

Marginally exceeds the LEL-MOE in subreaches 3.03 and 4.04, and in reach 7. Exceeds the chronic NAWQC and the Fish LCV in 
pore water in subreaches 3.02, and 4.04, the Daphnid LTV in all reaches; and the Daphnid LCV in 0,2, the three downstream 
subreachesof3,4.01,4.04,and 18. 

Iron YCS . 



Tabk 6.8 (continued) 

Lead 

Chmkal  COPEC Reason for inclusion or rejection 

Manganese 

Mercury 

Nickel 

! 
I 4  

4 

~i 
Silver 

Uranium 

Zinc 

2-Methylnaphthalene 

4,4'-DDD 

4,4'-DDT 

Yes 

Yes 

Yes 

Yes 

Yes 

YCS 

Yes 

Yes 

Yes 

Yes 

Exceeds the REG-IV andlor ER-L in reaches 0 and 1, in subreach 2.04, the three downstream subreaches of3,4,5,7.02,8,10,18, 
and 22, but is less than the ER-M in all reaches. Detected in 3 of 7 pore water samples from 4.03, but did not exceed any of the 
seven benchmarks. 

Exceeds the LEL-MOE in all reaches except 2.01. Exceeds all benchmarks for pore water in all reaches except 2.03. 

Exceeds the REG-IV and/or ER-L in all reaches except 0,2.03, and 10, and the ER-M in reaches 3,4,5,8,13, and 22. E x d s  the 
LCV for all aquatic organisms (LCV FISH) in subreaches 3.01,3.02, and 4.04, but no other benchmarks in any reach. 

Exceeds the REG-IV and ER-L in 2.04,3,4,5,7,8,10,13, and 22, and the ER-M in subreaches 3.02,3.03, and 3.04. Exceeds the 
Aquatic Plants and Daphnids LCVs in all reaches except 2.01, and 18; the Fish LCV in 3.01 and 3.02; and the Daphnid and Fish ., 
LTVs in 3.01, but no other benchmarks, including NAWQC, in any reach. 

Exceeds the ER-L and/or REC3-W in the three downstream subreaches of 3,4.04, and 22, the ER-M in subreaches 3.02 and 3.03, 
and in reach 22. Not detected in pore water in any reach. 

Detected in pore water in reaches 3,4, and 13. Exceeds SCV in 3.02,3.03,3.04, and 4.04, the SAV in 3.02, but not the Fish LCV or 
LTV in any reach: A sediment benchmark is not available. 

Exceeds the REG-IV in all reaches except 2.01,2.02,2.03, and 4.01, the ER-L in 3.02,4.04, and 5, but not the ER-M in any reach. 
Exceeds the Aquatic Plant LCV in 3.03 and 4.03; the Fish LCV and LTV and the Daphnid LCV in 4.03; no other benchmarks, 
including NAWQC, in any reach. 

- 

E x d s  the ER-L in reaches 0,4, and 13, and in subreaches 2.04,3.02,3.03,3.04, and 7.02; the REG-IV (CLP PQL) in 0,2.04, 
3.02,3.03, and 13; and the ER-M in 0, and 13. Not detected in pore water in any reach. 

Detected in 1 of 2 sediment samples from reach 1 and exceeds the ER-L , ER-M, and the EQPART. Not detected in any reach in 
pore water but reach 1 was not sampled. 

Detected in 1 of 2 sediment samples from reach 1 and e x d s  the ER-L, ER-M, and REG-IV, but not the EQPART. Not detmted 
in any reach in pore water but reach 1 was not sampled. 



Table 6.8 (continued) 

Chemical COPEC Reason for lncluslon or rejection 

Accnaphthene 

A n t h ~ C e n C  

Benzo(a)anthracene 

Benzo(a)PFe 

Bis(2cthyl hexyl) 
phthalate 

Chryscne 

Dibcnz(a,h)anthrame 

Fluoranthene 

Fluorene 

Naphthalene 

YCS 

YeS 

YeS 

YeS 

YeS 

YCS 

YCS 

YCS 

YC3 

Yes 

Exceeds the ER-L in reaches 0 and 13 and in subreaches 3.02,3.03,3.04, and 4.01; does not e x d  the REG-IV (CLP PQL), the 
ER-M, or the EPA SQCOl in any reach. Not detected in pore water in any reach. 

Exceeds the EQP-PART in subreaches 3.02,3.03,3.04,4.01, and 4.02 and in reach 13; theER-L in 3.02,3.03,3.04, and 4.01; but 
not the REO-IV (CLP PQL) or ER-M in any reach. Not detected in pore water in any reach. 

Exceeds the EQPART in 3.01,3.03,3.04,4.01, and 4.02; the ER-L and/or the REG-IV (CLP PQL) in 3.02,3.03, and 18; but not 
the ER-M in any reach. Not detected in pore water in any reach. 

ExctadstheEQPARTin2.04,3.03,3.04,4.02,4.03,4.04,7and8;theER~Land/ortheREG~IV(CLPPQL)in2.04,3.02,3.03, 
4.03,4.04,7,8, and 13; but not the ER-M in any reach. Not detected in pore water in any reach. 

Detected in sediments in all reaches but did not exceed benchmarks. Exceeds the Daphnid LCV and LTV in 3.03 and 4.01, but not 
the SAV or SCV. 

Exceeds the REG-IV (CLP PQL) and ER-L in 3.02,3.03, and 13. Does not exceed the ER-M in any reach. Not detected in pore 
water in any reach. 

Exceeds the ER-L in 3.03,3.04, and 4.01, but does not exceed the REG-IV (CLP PQL) or the ER-M, which is less than the CLP 
PQL, in any reach. Not detected in pore water in any reach. 

Exceeds the RED-IV and/or ER-L in 2.04,3.02,3.03, and 18. Dots not exceeds the ER-M or EPASQCOI in any reach. Not 
detected in pore water in any reach. 

Exceeds the ER-L in 0,3.02,3.03,3.04,4.03, and 13, but not the REG-IV (CLP PQL) or the ER-M in any reach. Not detected in 
pore water in any reach. 

Exceeds the ER-L and/or REG-IV (CLP PQL) in 0,2.04,3.02,3.03,3.04, and 13, and the EQPART and ER-M in 13. Not 
detected in pore water in any reach. 

E 



Tabk 6.8 (continued) 

Chemkrl COPEC Reason for tndusion or rejection 

PAHs, Total 

Anxlor 1248 

YCS Exceeds the REG-IV in reaches 0,3,4,7,8,13, and 18 and in subreach 2.04, the ER-L in 0,2.04,3.02,3.04,4.01,4.04,7,8,13, 
and 18. Did not exceed the ER-M in any reach. Not detected in pn water in any reach. 

YCS Exceeds the ER-L in subreachcs 3.02 and 3.04, the ER-M in 3.02, but not the EQPART in any reach. Not detected in pore water in 
any reach. 

Aroclor 1254 Yes Exceeds the ER-L andlor the EQPART, in 2.02,3.02,3.03,3.04,4, and 22. Exceeds the ER-M in 2.02,3.02,3.03,3.04,4.01, 
4.04, and 22. Exceeds several benchmarks, including the SAC and SCV, in pore water in nach 18. 

Amclor 1260 

Phcnanthrtne 

Yes Exceeds the ER-L, but not the EQPART, in 2.02,3.02,3.03,3.04,4.01,4.02, and 4.03. Exceeds the ER-M in 2.02,3.02,3.03, 
3.04, and 4.01. Not detected in pon water in any mch. 

Yes Exceeds the ER-L and/or REG-IV (CLP PQL) in 0,2.04,3.02,3.03,3.04, and 13. E x d s  the ER-M in 13, but does c x d  and 
the EPASQCOl in any reach. Not detected in pore water in any reach. 

Pyrme YCS Exceeds the ER-L in 3.02 and 3.03, but not the ER-M in any reach. Not detected in pore water in any rcach. 
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Maximum concentrations of COPECs in pore water (Fig. 6.12) appear to be acutely toxic to 
Daphnids in only four subreaches, including Upper Melton Hill (reach 0), and potentially chronically 
toxic to Daphnids @e., Z"UM.2) in all reaches &apt subreach 2.03. Manganese is the principle 
miutortotardcityinmostreaches. Ontysubreach4.04porewaterremain~ acutelytoxicto Daphnids 
vvim mgmese is mnoved, but the maximum pore water concentrations in all reaches in Poplar Creek 
and the Lower Clinch River remain chronically toxic to Daphnids. Copper also contributes to toxicity 
in all reaches. Median concentrations of COPECs are also potentially chronically toxic to Daphuids in 
most reaches, but acute toxicity is not indicated (Fig. 6.13). Pore water toxicity generally decreases along 
Poplar Creek (reaches 13 and 3), but increases along reach 4. 

Maximum and median concentrations of COPECs in whole sediment appear to be toxic in every 
reach, and every COPEC contributed to the total toxicity (i.e., maximum TUM.01). To aid 
interpretation, the median ZTUs for each of four general categories of COPECs and mercury are 
presented in Figure 6.14a The PAH category is the sum of "Us for the individual PAHs, rather than the 
Total PAH concentration divided by the Total PAH ER-L. Median "Us for individual COPECs are 
presented in Figs. 6.14b-d. Jndividual pesticides were not presented because the only pesticides detected 
were 4,4'-DDD and 4,4'-DDT, which were detected in only one sample fiom reach 1. The magnitude of 
the TUs (e.g., median ZTUs >50 in several reaches) indicates that the sediments are extremely toxic 
and/or the effects concentrations (i.e., the ER-Ls) are extremely conservative for these sediments. Even 
if the absolute magnitude is not accurate the relative magnitudes evince some interesting difTerences 
among reaches. For example, pesticides OCCUT in reach 1 only, mercury appears to be the principle 
contributor to toxicity in reach 3, PAHs contribute most in Poplar Creek above East Fork (reach 13), 
PCBs ~IE the principle contributors in subreaches 2.02 and 4.04 and significant contributors in Poplar 
Creek (subreaches 3.02 and 3.04). 

Exposure effects profiles for sediment exposures. For each COPEC, the distribution of observed 
caxmhlions in whole sedimeflt and pore water is compared to the distribution of concentrations toxic 
to aquatic biota. The interpretation of the relationship of these distributions is presented in Sect. 6.1.6. 
Toxicily information is dram fiom the toxicity profiles (Appendix F 1). If sufficient toxicity data exist, 
the empirical distribution functions are presented graphically (Appendix F3). Aqueous effects 
dishibutions (Figs. F3.1435) were derived from standard toxicity test data. Aqueous toxicity data for 
hardness depmht  metals wexe adjusted to a h a r k  of 100 mgA. There is relatively little standar- 
sediment test data available. Therefore, the distribution of observed concentrations is compared to the 
ER-L and ER-M from Long et al. (1995) and two effects distributions, community level effects and 
lethality (Figs. F3.6F3.16). The effects distributions were derived using the marine and estuarine 
toxicity data fiom McDonald et al. (1994) and ikshwater data fiom Long and Morgan (1991). Although 
data fbm studies of salt water sediments may not seefn relevant to freshwater sediments, these data have 
been recommended by EPA Region IV (1994). Their use may be justified on the basis of the lack of a 
high quality data set for ikshwater and the apparently small difference in the toxicity of many chemicals 
between the two media relative to the differences among sites within a medium. 

Some level of effect would be expected to rarely occur at concentrations below the ER-L (i.e., a 
negligiile risk), occasional occur at concentrations between the ER-L and ER-M (i.e., a marginal risk), 
a n d u s u a l t y o c c u r a t ~  *oris above the ER-M @e., a s imcant  risk). However, the ER-L and ER- 
M are derived fiom the Biological Effects Database for Sediments (BEDS), which is an assemblage of 
data fiom studies of marine and estuarine systems. The primary study types were spiked sediment 
bioassays and co-occurrence analysis. These studies evaluated benthic community structure and a wide 
variety of species (e.g., sandworms, polychaetes, oligochaetes, sea urchins, bivalves, shrimp, flounder, 
amphipods, etc.). End points included taxa richness, diversity, density, mortality, growth, respiration, 
behavior (e.g., avoidance, emergence, reburial, etc.) and suborganismal effects (e.g., Mixed-Function 
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Oxidase, abnormal chmomms, etc.). Hence, the ER-Ls and ER-Ms include many sources of variance 
as a result of the disparate sources of data and.the variability inherent to the toxicity tests. Factors that 
differ between studies may include the physical characteristics of the sediment &e., percent organic 
matter, texture, pH, pore water hardness, acid-volatile sulfide content, redox conditions, etc.), behavior 
and exposure of the test organisms (i.e., filter feeders, burrowers, epibenthic organisms, ingestion of 
sediment, respiration of pore water, etc.), sensitivity of the test organisms, and the chemical species 
present Factors inherent to the test type may include effects of other contaminants in the ~o-occurrence 
stdies and the bioavailabiity of Contaminants in spiked bioassay tests. Spiked sediment tests may over 
estimate bioavailablity because the ch&cal forms tested may dissociate more readily than the forms 
ocmrring at the site. Also, sorption to solids may bind less of the tested form, or bind it less securely. 

The two effects distributions also were derived fiom the BEDS (MacDonald et al. 1994). 
Freshwater sediment data fiom Long and Morgan (1991) were included also and only concentrations 
associated with effects were used. Measures of community effects included taxa richness and abundance 
of benthic invd- .  The lethal effects distributions potentially included mortality data fiom all study 
types and tested species. Thus, exceeding the lowest sediment effects concentration or the ER-L is not 
necessarily indicative of toxicity. The rationale and approach for interpreting the relationship of the 
exposure and effects distributions are presented in Sect. 6.1.6. In this assessment, risks to benthic 
invertebrates fiom COPECs are characterized as significant, marginal, or negligible based on the 
likelihood of effects and the evaluation of modifying factors. Significant risks are generally indicated if 
these is a >50% likelihood of toxic effects &e., the observed concentration exceeds the 50th percentile 
of the effects distribution). Marginal risks are generally indicated if there is a >20%, but do%, 
likelihood of toxic effects. Negligible risks are generally indicated if the likelihood of toxic effects is 
QOO?. This interpretatiOa is consistent with the approach developed in Long and Morgan (199 l), Long 
et at (1995), and McDonald et al. (1994). The final characterization of risks based on single chemical 
concentrationswillbedetermuKd by evaluating the risks suggested by the comparisons to the ER-L and 
ER-M, the risks suggested by the comparison to the two effects distributions, and the factors that modify 
toxicity. Factors that may modifL the characterization of risk include concordance of effects and 
v- 'om and the relative sensitivities of Wwater  and marine species. The spatial extent 
of the potential risk is also characterized, as discussed in Sect. 6.1.6. 

Table 6.8 Summarizes, for each COPEC, which benchmarks were exceeded in each medium (e.g., 
sediment and pore water) and subreach. Tables F3.1 and F3.2 detail the maximum observed 
concentration for each reach, benchmark values, and the corresponding HQs. Therefore, this section 
addresses only that information which aids in characterizing the risks associated with these COPECs. 
The metal COPECs are discussed separately and then summarized as a group. PAHs are addressed as 
a group with additional discussion of the three PAHs with Sediment Quality Criteria. Organic COPECs 
are addressed in one of the following groups: pesticides, phthalate esters, and total PCBs. 

Aluminum. Aluminum in pore water presents a negligible risk at most sites in the OU. However, 
pore water concentrations may be a marginal risk at localized sites in Poplar Creek below the ash 
disposal area (subreach 3.04), in several areas of the lower Clinch River (reach 4), in Lower McCoy 
Branch (7.02), and in the negative reference reach (reach 0). Maximum pore water concentrations 
exceeded the chronic NAWQC in reach 0 and in subreaches 3.04,4.01,4.02,4.04, and 7.02. Only 
subreach 4.01 exceeded a CV for an invertebrate species. Pore water concentrations are fiom filtered 
samples. Thmfore, they represent exposure to dissolved aluminum and indicate a possibility of actual 
toxic effects. AI was detected in most samples from these reaches, but the median concentration was less 
than al l  chronic effects values in all reaches. Sediment concentrations of Al have not been shown to be 
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toxic. That is, effects observed in c.wxmrrence aualyses of contaminated sediments have not been 
attributed.to Al and spiked sediment toxicity tests were not found 

A r s e I l i c + A r s e a i c ~  ' areh@hestm area~h@dyamtaminatedwith coal ash (subreaches 
7.01,7.02, awl 3.04), intam&& ' inareaswhereashawlash-associatedarSenicarediluted(reach1and 
subreaches 4.03 and 4.04), and lower in other areaS, but still within the range of wncentrations 
associated with toxicity in sediments. These lower concentrations may reflect regional arsenic levels. 

The distributions of arsenic concentrafions in subreaches 3.04 and 7.02 and the single arsenic 
concentration from subreach 7.01 lie in the range in which Community level effects and lethality OCCUT 

at most other sites (Fig. F3.6b and d). Hence, the coal ash disposal area in McCoy Branch and the 
gooseneck bend in Poplar Creek appear to present a significant risk to benthic invertebrates in reach 7 
and subreach 3.04. The intemxdiate sites (reach 1 and subreaches 4.03 and 4.04) fall above the 
d t y  level effects distribution and at approximately the middle of the lethality distribution (Fig. 
F3.6a and c). These distributions suggest that risks to benthic invertebrates in these reaches may be 
incmsed by arsenic fiom the coal ash disposal areas in McCoy Branch and at the Kingston steamplant. 
Howeva, only two studies reporting arsenic effeds at the community level were found. Also, arsenic was 
not speciated in the effects data set and it is not clear whether the forms of arsenic at the sites used to 
generate the effects distribution are Suflliciently similar to the forms in the coal ash-contaminated 
sediments to be relevant. Arseaic appears to present a marginal risk at most other sites in the OU. Except 
as noted previously, arsenic amcatrations in most reaches in the CWPC system appear to be relatively 
similar to the negative reference reaches 0 and 8. Although the data are limited, this niay indicate that 
the reported effects concentrations are too conservative for CWPC sediments. This is supported by the 
inconsistent effects reported in the sediment toxicity literature at these concentrations (Appendix Fl). 
Also, only subreach 7.02 has sediment arsenic concentrations that exceeded the ER-M from Long et al. 
(1995)~arsenicwasdetectedinporewaterinallreachesbutdidnotex~anyaquaticbenchmarks. 

Barium. Barium in sediment and pore water does not appear to present a risk to benthic 
invertebrates in the OU. The only sediment benchmark is a background value from EPA Region V, 
which has no toxicological basis. The Region V background level was exceeded at all sites and is 
apparently not representative of local background. There is some limited toxicity data for aqueous 
bariumwncen&& 'om. The secondary Acutevalues (SAVs) and SCVs are calculated to be conservative 
because thereis littletoxicity data Tbe SCVwas exceeded at al l  sites and appears to be too low for local 
Conditiofls. Although not exceeded at eveq site, tbe SAV was exceeded in two negative reference reaches 
andnone of the acutevalues usedinits derivatiodlwereexceeded in any reach Furthermore, the observed 
pore water concentrations were at least an order of magnitude less than the lowest CV found for any 
aquatic organism. 

Boron. No data are available to evaluate the toxicity of boron in whole sediments, but boron in 
pare water appears to pment a negligiile risk to benthic invertebrates in the OU. Concentrations in pore 
water in all reaches, including references, exceeded the LCV for daphnids. That benchmark is apparently 
below the local background due to the compounding of effects across all life stages in its derivation. 
Boron does appear to be elevated in Poplar Creek below the ash disposal area, which is the only subreach 
(3.04) in which the maximum concentration exceeds any other benchmarks (SCV). The maximum 
concentration does not e x d  the LCV for daphnids or the SAV and the median concentration is less 
than the SCV. Also, the maximum conmtration is less than the toxicity values used in its derivation. 
Given that, boron is unlikely to be toxic to benthic invertebrates in the subreach 3.04. 

Cadmium. Cadmium appears to present a marginal risk in Poplar Creek below East Fork and at 
very localized hot spots in subreach 4.04, and a negligible risk in all other reaches, including negative 
references. The distributions of ambient Cd concentrations in whole sediment and sediment effects 
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COQcenttatio~ls are shown in Fig. F3.7(ad). The minimum observed concentration in all reaches 
appmximah or SECeeds the lowest lethal effects Concentration, but the median observed concentration 
isoeVermXeth&Uthemedi~lethalcormcentratt 'on. That is, the distribution of observed Cd crosses the 
efkts d i s t r i i  below tbe 50th pemdk. None of the observed Cd concentration distributions cross 
the community level eflkcts distribution. The plot of median ZTUs in whole sediment (Fig. 6.14b) 
indicates that reach 3 is imp& the most by cadmium. Cd was detected in one of eleven pore water 
SanrpLeS from subreach 4.04. This cAmYam 'on and the aqueous test end points for Cd are shown in Fig. 
F3.1. Though the ER-M from Long et al. (1995) is not exceeded at any site, freshwater species are 
reported to be more sensitive to Cd than marine species (Appendix Fl). However, Cd concentrations 
exceed the relatively conservative ER-L in reach 3 and at sites in subreach 4.04 only. 

Cd concentrations in Poplar Creek sediment appear to be more toxic below EFPC (reach 3) than 
above tbe Connueace (reach 13). Although the data are limited, toxicity from Cd in sediment appears to 
increase below the coduence with Mitchell Branch also. A consistent concentration gradient is not 
evidmtwithinreach 3 (Fig. F3.7b). However, these results suggest that East Fork and Mitchell branch 
are the primary contributors to risks h m  Cd in sediment. Contributions to risk from Mitchell Branch 
and the ash disposal area can not be distinguished from East Fork. The distribution of concentrations in 
reach 3 suggest that Comrmmty level and lethal effeds are not probable at any of the sampled sites, but 
are possible at roughly half of the sampled sites. 

The distributions of Cd concentrations in all  other reaches were more similar to each other, and 
indicative of a more homogenous distribution of Cd, than the distributions observed in reach 3 (Fig. 
F3.2a-6). The Clinch River and McCoy Branch distributions suggest that Cd toxicity is unlikely in these 
reaches. These may be local background concentrations, because there does not appear to be any 
relationship to potential sources. 

Cd was observed at the detection limit in one of the eleven pore water samples fiom subreach 4.04. 
This value exceeded half the invertebrate CVs, which were the lowest aqueous toxicity values graphed, 
and was marginally lower than the chronic NAWQC (Fig. F3.1). The maximum sediment concentration 
in 4.04 was not COafirWOUS with the majority of the distribution (Fig. F3.7~). These results suggest that 
Concentrations of Cd in sediment or pore water at localized hot-spots w i t h  subreach 4.04 may be toxic. 

~ r o m i m .  ~ ~ a p p e a r s t o p ~ ~ ~ t o s i ~ c a n t r i s k s i n ~ o c a l i z e d a r e a s i n ~ o p ~ a r  
Creek below Mitchell Branch, but negligible risks in most of Poplar Creek and the other reaches. The 
distributions of ambierit Cr concentrations in whole sediment and sediment effects concentrations are 
shown in Fig. F3.8(a-d>. Tbe plot of median ZTUs m whole sediment (Fig. 6.14b) indicates that reaches 
3 and 4 are similarly impacted by Cr and that Cr is one of the least h p r t a n t  metal COPECs. The 
sediment effects data are relatively inconsistent, especially below the ER-M (Long et al. 1995), which 
was not exceeded at any site. Crwas deteded in pore water in all reaches but does not appear to be toxic. 

Cr cmca&&m ' in Poplar Creek sediment above Mitchell Branch cover a very narrow range and 
suggest negligiile toxicity in these reaches (subreach 3.01 and reach 13). The 100th percentile for each 
subreach shows a downstream gradient below Mitchell Branch, but the distributions as a whole are 
indistinguishable fiom each dher (Fig. F3.8b). These results suggest that lethal effects of Cr are toxicity 
is possible to likely at localized hot-spots in Poplar Creek below Mitchell Branch. Community level 
effects arepossible, though &ly, at localized hot-spots in subreaches 3.02 and 3.03, but are unlikely 
at most sites in Poplar Creek This also suggests that Mitchell Branch is the primary contributor to risks 
to benthic invertebrates fiom exposure to Cr in sediment. 

Cr lethality is unlikely in most of the Clinch River and McCoy Branch Embapent (Figs. F3.8a,c, 
and d). Cr lethality is possible at 4 0 %  of the sites in lower McCoy Branch Embayment (7.02) and the 
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Clinch River below the Emory River (4.03). Community level effects are unlikely in the Clinch River 
and McCoy Branch Embayment. .. 

Cobalt. Risks to benthic invertebrates fiom cobalt are uncertaur. * Coin pore water appears to be 
chroaically toxic in parts of Poplar Creek and the Clinch River. Although Co concentmiions in Poplar 
CxeekincreasebekwEastFork,acxmm!n& 'ongradieat is not evident and Co appears to be toxic above 
the OU (reach 13) as well. Co wncentrations in pore water in the Clinch River below the Emory River 
(4.03 and 4.04) also exceeded benchmarks. However, very little aqueous toxicity data, and no sediment 
toxicity data, were found (Appendix Fl). All of the aquatic benchmarks were derived fiom one study 
using D. magna and fathead minnows. Heace, the precision of the toxicity values and influence of water 
hardness are unknown. 

Copper. Copper appears to present a marginal risk at most sites in Poplar Creek below Mitchell 
Branch; a marginal risk in localized areas of the Clinch River below the Emory River and in Lower 
McCoy Branch Embayment; and a negligible risk in al l  other reaches. The distributions of ambient Cu 
COfY'RntratiOtlS in whole sediment and sediment effects concentrations are shown in Fig. F3.9(ad). The 
minimum observed concentration in all reaches approximates or exceeds the lowest lethal effects 
concentration. Pore water concentrations for these reaches and the aqueous test end points for Cu are 
shown in Fig. F3.2. 

Cu concentrations in Poplar Creek sediment appear to be more toxic below Mitchell Branch than 
in reach 13 and subreach 3.01 (Fig. F3.9b). Although a concentration gradient is not evident, these 
results suggest that Mitchell Branch is the primary contributor to risks to benthic invertebrates fiom Cu 
in sediment. The effects data are only moderately consistent, especially below the ER-M (Long et al. 
1995), which was not exceeded at any site. These results suggest that Cu in sediment may be toxic at 
most sites below Mitchell Branch, but toxicity is not likely in any reach. The distributions of Cu 
concentrations in pore water are indicative of localized chronic toxicity: about 20% of the samples 
appear to be chronically toxic. Howevery there is no evidence that pore water is more toxic below 
Mitchell Branch 

Cu in sediment appears to be a negligible risk to benthic invertebrates in most of the Clinch River 
and McCoy B d  Embayment (Figs. F3.9qcy and d). The distributions in sediment suggest that risks 
hm Cu are higher below the Emory River (subreaches 4.03 and 4.04) and adjacent to the ORR (reach 
1) than in adjoining reaches. Cu toxicity is possible but unlikely in reach 1 and in subreaches 4.03 and9 
4.04. Pore water concaml '011s also suggest chronic toxicity in the Clinch River below the Emory River. 

Iron. Iron in sediment and pore water appears to present a marginal risk to benthic invertebrates 
in sub- 3.02 and 4.04, which the plot of maximum ZTUs in pore water (Fig. 6.12) indicates are 
impacted the most by Fe. Maximum sediment concentrations in subreaches 3.03 and 4.04 and in reach . 
7 marginally exceeded the Lowest Effect Level for Fe in Ontario sediments (Table 6.8). This indicates 
a slight risk in these imas. Maximum pore water concentrations of Fe exceeded toxicity benchmarks in 
several reaches. Most of the toxicity values are based on Fe in acidic eflluents, which are not present in 
this OU. The maximum concentration in 4.04, however, also exceeded the one CV for D. magna in 
circum neutral water (Sect. 6.2.2.1). These are dissolved Fe concentrations and represent the dissolved 
fiaction in the pore water. 

Lead. Lead in OU sediments does not appear to contribute to risks to benthic invertebrates. There 
appears to be a negligible risk of Pb toxicity at most sites in the C W C  System and a marginal risk in 
very localized areas of the Clinch River below Poplar Creek, subreach 2.04, and subreach 3.02. The 
distributions of ambient Pb concentrations in whole sediment and sediment effects concentrations are 
shown in Fig. F3.lO(ad). The only trend evident fiom these distributions is that Pb concentrations 
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appear to increase downstream in the Clinch River below Poplar Creek (Fig. F3.10~). Hence, the 
apparent risks to benthic invertebrates h m  Pb in Clinch River sediment are not consistent with any 
known contaminant sources. 

Manganese h is only weak e v i h  of increased risks fim Mn released fiom the OU, given 
the amcatam ' ty in the toxicity data and the lack of cwcordance with horn  contaminant wurces. The 
plots of median 2TUs in whole sediment (Fig. 6.14b) and pore water (Fig. 6.13) indicate that Mn is 
potentially toxic in almost every reach, including negative r e f m c e  reaches. Hence, there does not 
appeartObeEmy~lationshipbehveenlcnowncontamtnant . so\m'~s and the potentially toxic levels of Mn. 
Also, very little aqueous or sediment toxicity data were found (Appendix Fl). All of the aquatic 
beochmarks were &rived from one study using D. magna and fathead minnows, and the only sediment 
toxicity infomration is for sediments in Ontario, Canada. Given the uncertainty in the toxicity data and 
thelackofconcordancewithEaK>wncontarmnan t sources, there is only weak evidence of increased risks 
fiom Mn released fiom the OU. 

Mercury. Met.cury in sediment appears to be a significant risk to benthic invertebrates in Poplar 
Creek, the lower Clinch River, and Walker Branch Embayment; a negligible risk in subreaches 2.02 and 
2.03 and most of reach 0; and a marginal risk in all other reaches. The distributions of ambient Hg 

in whde sediment and sedimetlt effects concentrations are shown in Fig. F3.1 l(ad). The 
plots of maximum 2TUs in whole sediment (Fig. 6.14a) and pore water (Fig. 6.13) indicate that reaches 
3 and 4 are impacted the most by Hg. Pore water concentrations and the aqueous test end points for Hg 
are shown in Fig. F3.3. The sediment effects distribution may be overly conservative for Clinch River 
sediment, since toxicity appears to be possible andor probable at upstream and negative reference sites 
(reaches 0,8, and 13) as well. This is supported by the lack of consistency in the toxicity data: biological 
effects were observed in only 42% of the documented studies with concentrations greater than the ER-M 
(Appendix Fl). However, effects were nearly always observed in fieshwater studies at concentrations 
prevalent in reaches 3 and 4 (i.e., 1-100 mgflrg). 

There are two getreral classes of Organic me$cany, including methyl mercury, and inorganic 
mercury, including metallic mercury, mercuric chloride, and mercuric sulfide (EPRI 1987). Methyl 
mercury concentrations were measured in sediment and pore water samples fiom the CWPC OU. 
Speciation of inorganic mercury was not performed as part of this investigation. However, speciation 
and bioavailability studies of mercury in EFPC floodplain soils were performed as part of the Lower 
&PC RI @OE 1994a; Bamett and Turner 1995). In general, these studies indicated that the dominant 
form was mercuric sulfide, that mercuric chloride constituted 4% of the total mercury, and that 
mercuric chloride was the most soluble, and hence most bioavailable, form of inorganic mercury. It is 
likely that the composition of inorganic merczny in sediments downstream of EFPC is comparable to that 
in the Lower EFPC floodplain soils because they both have EFPC surface water and sediment as the 
primary sources of mercury. 

Methyl medcury is the most toxic of the mercury species (Eisler 1987 and EPRI 1987). However, 
pore-- '011s of methyl mercrny in the CWPC did not exceed aqueous toxicity benchmarks. 
Mercury was not speciated in the sedheat effects data. The proportion of inorganic mercury represented 
by d c  chlori& imreases with imreasing chloride ion concatrations, but the proportion of mercuric 
sulfide changes little over the range of naturally occurring sulfide ion concentrations (EPRI 1987). 
Nearly al l  of the sediment effects data are fiom marine and estuarine systems. Hence, it is likely that the 
sediment benchmarks and effects distriiutions represeat exposures to more soluble, and thus more toxic, 
mixtures of inorganic mercury species than the exposures received by beathos in this OU. 

M-- 'om in Poplar Creek sediment appear to be more toxic below Mitchell Branch 
than in reach 13 and subreach 3.01 (Fig. F3.1 lb). However, there is only limited data fiom subreach 
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3.01, the distribution spans two orders of magnitude, and it overlaps the other distributions for Poplar 
Creek Theupper end of the distribution in subreach 3.04 (above the 60th percentile) is not continuous 
with tbe rest of tk distriiution. This indicates a more heterogenous distribution of Hg than is observed 
in subreaches 3.02 and 3.03 and suggests that the ash disposal area may contribute to risks fim 
exposure to Hg in some sediments of subreach 3.04. These results suggest significant risks to benthic 
invertebrates fiom Hg in sediment at nearly every site below East Fork and Mitchell Branch 

Hg concentrations are likely to be toxic at nearly every site in the Clinch River below the Emory 
River (subreaches 4.03 and 4.04) and at 'most sites in subreaches 4.01 and 4.02 (Fig. F3.11~). The 
distributions of ambient Hg in sediment appear to be marginally toxic in all other reaches (Figs. F3.1 la 
and d). 

Nickel. In general, sediment concentrations of nickel appear to present a significant risk at most 
sites in Poplar Creekbelow Mitcbell Branch, and a marginal risk at most sites in the Clinch River below 
the Emory River and in Lower McCoy Branch Embayment. Ni in sediment appears to present a 
signikant risk of community level effects in Poplar Creek below Mitchell Branch, in the Clinch River 
below the Emory River, and in Lower McCoy Branch Embayment. Negligible to marginal risks of 
community level effects are indicated for all other reaches. Risks of lethal effects are significant for 
localized areas of Poplar Creek below Mitchell Branch; marginal for most site in Polar Creek below 
Mitchell branch and the Clinch River below the Emory River, and localized areas of Lower McCoy 
Branch Embayment; and negligiik for al l  other reaches, including reach 0. The distributions of ambient 
Ni 'om in whole sediment and sediment effects concentrations are shown in Fig. F3.12(ad). 
The plots of median 2 "Us in whole sediment (Fig. 6.14b) and pore water (Fig. 6.13) indicate that 
Poplar Creek is impacted the most by Ni. Pore water concentrations and the aqueous test end points for 
Ni rn shown in Fig. F3.4. I n t a p d o n  of the community level effects distribution is uncertain because 
of the limited data and extreme slope of the distribution. That is, a marginal effects range can not be 
easily discerned. 

Ni concentrations in Poplar Creek sediment appear to be more toxic below Mitchell Branch than 
in reach 13 and in subreach 3.01 (Fig. F3.12b). Ni concentrations exceeded the 50th percentile of the 
community level effects distribution at most of the sites in subreaches 3.02,3.03, and 3.04, whereas 
concentrations in reach 13 and in subreach 3.01 do not appear to be as toxic. The maxima below 
Mitchell Branch also arceeded the ER-M fiam Lag et al(1995). However, only 17% of the studies used 
to cleaive that value indicated biological effects at concentrations greater than the ER-M, which indicates 
that the threshold for toxicity is highly uncertah 

Nickel in sediment appears tobe amargitd risktobenthic invertebrates in most of the Clinch River 
and McCuy Branch Embayment (Figs. F3. l a c ,  and d). The distributions suggest that risks fiom Ni are 
higher below the Emory River (subreaches 4.03 and 4.04) than in subreaches 4.01 and 4.02. With the 
noted exceptions, the Clinch River and McCay Branch Embayment distributions are comparable to the 
negative ref- Sites (reacbes 0 and 8). Pore water concentrations also suggest chronic toxicity in the 
Clinch River below the Emory River (Fig. F3.4). 

Silver. Silver appears to be a significant risk in most of Poplar Creek below Mitchell Branch and 
in vety localized areas of subreach 4.04; a marginal risk in most of reach 1 and in subreaches 4.03 and 
4.04; and a negligible risk in other reaches. The distributions of ambient Ag concentrations in whole 
sedkat and sediment effects concentrations are shown in Fig. F3.13(ad). A high percentage (92.8%) 
of studies indicated m incideace of effects at amceatrations greater than the ER-M, which was exded 
in subreaches 3.02 and 3.03 only. 
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The Ag concentrations in Poplar Creek appear to be lethal to benthic invertebrates at most sites 
below Mitchell Branch (Fig. F3.13b). Community level effects are indicated for localized areas of 
subreaches 3.02 and 3.03 only. Reference sediments (reach 13) do not appear to be as toxic. These 
distributions suggest that Mitchell Branch is the primary contributor of risks from Ag in sediment. 
However, the limited data preclude excluding East Fork as a source of Ag toxicity. 

Ag appears to be a negligiile risk at most sites in the Clinch River and McCoy Branch Embayment 
(Figs. F3.13a,c, and d). The exceptions to this are reach 1 and in subreaches 4.03 and 4.04 (Fig. F3.12c), 
where most sites appeared to be marginally toxic. The Emory River may contribute to the risks in the 
Clinch River, but there are no obvious relationships between known contaminant sources and increased 
risks fiom Ag in sediment. 

Uranium. Uranium appears to be a negligible risk to benthic invertebrates in the CR/PC System. 
Although U in Poplar Creek pore water increases below Mitchell Branch and a concentration gradient 
is evident, the only benchmark exceeded was the SCV. This toxicity value is highly conservative because 
of the small data set used to derive it. The maximum pore water concentrations were 1 to 3 orders of 
magnitude less than the lowest reported toxic concentration (a fathead minnow LC50 of 2.8 mgA). 

Zinc. Zinc in sediment presents a marginal risk at a few sites in Poplar Creek below Mitchell 
Branch and most of subreach 4.04 and a negligible risk in all other reaches in the OU. The distributions 
of ambient& concentrations in whole sediment and sediment effects concentrations are shown in Fig. 
F3.14(a-d). Pore water concentrations and the aqueous test end points for Zn are shown in Fig. F3.15. 

Approximately 30% of the sediment samples from subreach 3.02 have concentrations higher than 
the ER-L and the 20th percentile of the lethal effects distribution (Fig. F3.14b). This may indicate that 
Zn fiom Mitchell Branch increased toxicity in sediments at some locations. However, a concentration 
gradient is not evident in Poplar Creek, all other Poplar Creek sites were less than the 20th percentile of 
the lethal effects distribution, and none of the sites in reaches 3 or 13 exceeded the ER-M reported by 
Long et al. (1995). 

Summary of metals. Four metals (As, Hg, Ni, and Ag) present a significant risk to benthic 
invertebrates at most sites in at least one reach. All four are a significant risk in Poplar Creek. East Fork 
and/or Mitchell Branch appear to be the primary contributors of these COPECs, though the ash disposal 
area may increase risks as well. Hg presents a wide spread significant risk in the Clinch River below 
Poplar Creek. McCoy Branch Embayment is the only other reach in which a metal COPEC, As, is a 
significant risk at most sites. 

Two metals, As and Cr, in whole sediment are a significant risk to benthic invertebrates at localized 
hot-spots in at least one reach: arsenic in Poplar Creek below East Fork, but above the ash disposal area 
and Cr below Mitchell Branch. Pore water COPECs were not a localized significant risk. 

Six metals (As, Cu, Hg, Fe, Ni, and Zn) in whole sediment are a marginal risk to benthic 
invertebrates at most sites in at least one reach. Every reach, including negative reference reaches, had 
concentrations of at least one metal COPEC at which toxicity is possible. Also, A1 in pore water presents 
a marginal risk at localized areas in several reaches. 

Five metal COPECs @a, B, Pb, Mn, and U) are a negligible risk to benthic invertebrates in the 
cmc system. 

, 
Phthalate esters. Bis(2-ethylhexy1)phthalate was the phthalate ester detected at concentrations 

exceeding benchmarks. Risks to benthic invertebrates fiom bis(2-ethylhexy1)phthalate appear to be a 
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negligiile. Bis(2-ethylhexyi)phhaMewas detected in sediment in all reaches, both above and below the 
OU. Whole sediment toxicity data were not found for bis(24ylhexyl)phthalate. Pore water 
~ ~ w e r e e s t i m a t e d u s i n g t h e ~ i ~ p a r t i t i o n i n g a p p r ~ h a n d w e r e l e s s t h a n a l l a q u e o u s  
toxicity bedmmks. Hawever, bis(24ylhexyl)phthalthylhexyl)phthalate was detected in pore water samples from the 
Clinch River (subreaches 2.04 and 4.01) and Poplar Creek (subreaches 3.02 and 3.03). Maximum 
concentrations in subreaches 3.03 and 4.01 marginally exceeded (e.g., HQs of 1.6 or 3.3) the lowest 
~candlowes t te s tva lues fordaphnids .These~~va l~  arelowerthanthesecondaryacuteand 
CVs, which were not exceeded. A subsequent test with daphnids observed no significant effects at 
cmcahiiom higher than those found in the OU. Furthermore, the frequency of detection was relatively 
low, there 8 f e  no known sources of plasticizers in the OU, and this is a common laboratory contaminant. 

Total PAHs. PAHs as a group appear to be major contributors to risk in Poplar Creek above 
(reach 13) and below (reach 3) East Fork Poplar Creek, as indicated by the median CTU plot for the 
general categories of COPE& in whole sediment (Fig. 6.14a). Total PAHs appear to be a significant risk 
to benthic invertebrates in localized areas of Poplar Creek, above and below East Fork, and in subreach 
4.04 of the Cinch River. PAHs present a negligible to marginal risk in all other reaches, including 

, reference reaches. 

PAHs were detected in whole sediment samples from al l  reaches except 1,2.01,2.02 and 2.03. 
PAHs were not detected in pore water in any reach. All 12 detected PAHs were COPECs. The median 
CTU plot for PAHs in whole sediment (Fig. 6.14~) suggests that PAHs as a group present, at a 
minimum, a marginal risk to benthic invertebrates at most sites in each reach in which they were 
detected. That is, the effects concentration used to calculate the TUs was the ER-L, which is the loth 
percentile of Long et al.'s (1995) effects distribution. However, the risks from each individual PAH in 
subxtacks 3.01 or 7.01 are negligiile (ie., the maximum observed concentration was less than the ER- 
L). At least one PAH exceeded the ER-L in the remaining reaches. The median X U  plot for PAHs in 
whole sediment (Fig. 6.14~) indicates that the 3 PAHs that contribute the most risk in the CR/PC System 
are 2-methyInaphthaleney acenaphthene, and fluorene. 

Thedistn'butionsofmeasuredTotalPAH~ 'om were similar among all reaches in the OU, 
except sub& 4.04, which was geaedly an ordeaof magnitude higher than the other distributions. The 
highestTdalPAHccmaht~ 'on was in reach 13. The distributions for Poplar Creek (reaches 3 and 13) 
suggest a more heterogeneous distribution of PAHs than the distributions for the other reaches. The 
n l a x i m m m  'on in all reaches, except subreaches 3.01 and 4.02, exceeds the Total PAH ER-L. 
None of Total PAH concentrations exceed the ER-M. The distribution of observed concentrations in 
reach 13 suggests that localized areas of that reach are likely to contain lethal concentration of PAHs. 
Localized concentrations in subreach 4.04 may be lethal also. However, the distributions of total PAH 
concentrations suggest that lethality is unlikely at all d e r  reaches. Total PAH concentrations should 
produce significant community level effects at al l  sites, based on these distributions. That is observed 
total PAH concentrations are approximately an order of magnitude higher than the community level 
eflk-ts distribution. However, the &e& distribution is based on very little data. Hence, local total PAH 
concentrations, including concentrations at reference reaches, are significandy toxic andor the 
community level effects distribution overestimates the likelihood of effects. 

Sediment Quality Criteria @PA-SQCOl) are available for three of the detected PAHs: 
acenaphthalene, fluomthae, and phemnkue. Although these were al l  detected in Poplar Creek, none 
occunedat- '011s exceeding the SQC. Three PAHs occurred at concentrations that e x d  their 
respective ER-Ms: 2-naethylnaphthalene in reaches 0 and 13, napthalene in reach 13, and phenanthrene 
inreach 13. Cmcdmt~ 'om of all individual PAHs at all sites potentially affected by known sources were 
less than the individual ER-Ms. 



6-66 

PCBs. Total PCBs appear to be a wide spread significant risk to benthic macroinvertebrates in 
Poplar Creekbelow Mitchell Branch, and a localized significant risk in subreaches 2.02,4.01,4.04.,The 
median ZTU plot for the general categories of COPECs in whole sediment (Fig. 6.14b) indicates that 
PCBs contribute to risk in subreach 2.02, Poplar Creek (reaches 3 and 13), and Lower Clinch River 
(reach 4). The distributions of ambient total PCB concentrations in whole sediment and the sediment 
effects concentrations are shown in Fig. F3.16a and b. Three congeners were detected: Aroclor 1248, 
Aroclor 1254, and Aroclor 1260. Aroclor 1248 was detected in two subreaches (3.02 and 3.04) of Poplar 
Creek only, whereas Aroclor 1254 was present in each reach where PCBs were detected, except subreach 
3.01. PCBs were not detected in pore water samples in these reaches. But most of the concentrations 
estimated using the equilibrium partitioning model were only marginally higher than the highly 
conservative SCV. This may suggest that PCB toxicity is more likely to be associated with the solid 
phase. Given that, ingestion of sediments would be a more important exposure pathway than respiration 
of interstitial water. PCBs appear to be significantly toxic in most reaches where they were detected: 
maxima exceeded the ER-M fiom Long et al. (1995) and/or the 50th percentile of either effects 
distn’bution (Figs. F3.16a-b). However, the toxicity data are highly uncertain. Freshwater data indicate 
little or no concordance between toxicity and PCB concentrations and there is a low (5 1%) incidence of 
biological effects at concentrations greater than the ER-M (“probable-effects range”) reported by Long 
et al. (1995). Also, MacDonald et al. (1994) expressed a low degree of confidence in the Florida 
Sediment Quality Assessment Guidelines (SQAG). Florida SQAGs were not used in this assessment. 
However, the data used to derive the effects distributions presented in Appendix F3 were from the same 
database used to derive the Florida SQAGs. Given these uricertainties, the evidence for PCB toxicity in 
sediments in the OU is moderate. 

PCB concentrations in Poplar Creek sediment appear to be more toxic below Mitchell Branch than 
in reach 13 and in subreach 3.01 (Fig. F3. la). Although a concentration gradient is not evident below 
Mitchell Branch, toxicity appears to be more likely than not at most sampling sites in these reaches. 
However, as noted above, low confidence in the toxicity data suggests that toxicity is possible, but not 
probable. Even so, Mitchell Branch appears to increase the risk to benthic invertebrates from PCBs in 
sediment. * 

A gradient in PCB toxicity in sediments is not evident in the Clinch River (Figs. F3.16a-b). Toxicity 
appears to be more liiely than not at most sampling sites in these reaches. However, as noted above, 
confidence in the toxicity data is only moderate. 

Pesticides. 4,4’-DDT and 4,4’-DDD appear to present a marginal risk to benthic invertebrates in 
the Clinch River adjacent to the ORR (reach 1). These pesticides were detected in only one sample, but 
that concentration exceeded the ER-M from Long et al. (1995). Toxicity appears to be associated with 
the solid phase. Although the pore water concentration was not measured in reach 1, it was estimated 
using the equilibrium partitioning model. The estimated concentration was less than the SCV, which is 
a highly conservative screening value. Confidence in the sediment toxicity data is low. Data for 
freshwater organisms was not found and Long and Morgan (1991) observed that the data for marine 
organisms does not cluster well around the ER-L and ER-M. Long et al. (1995) found that the incidence 
of advexse effects did not increase wnsistently and markedly with increasing concentrations of p,p’-DDE 
and total DDT, which were the only pesticides included in that report. Given these uncertainties, it 
appears that toxicity is possible at isolated locations in reach 1 only. 

633.2 Ambient sediment toxicity 

There was very little indication of sediment toxicity in any of the tests and no clear spatial trends. 
Two expressions of the results of sediment toxicity tests are used, the average magnitude of the effects 
and the fkquency of effects that are significant. Test results are deemed significant if (1) there is at least 
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a2V! ~behveentheresponseoftheorganisns exposed to sediment or pore water fiom the OU 
and the organisms exposed to control water or reference sediment/p water, or (2) the likelihood that 
the difference is due to chance is 4%. Test results are related to two expressions of eqxmm, the 
location of the sample relative to soufces and the relationship h e e n  the test responses and the 
c m c a m h s  of sediment COPECs f h m  tbe same location. Mean proportional reductions in survival 
bestrepresetltthe likely impacr ma reachbecauseof the inherent spatial heterogeneity of sediments and 
sdmealt--contamrnan ts. The methods and results of the sediment tests are discussed in Sect. 
3.4.2. "his section a n a l y  their implications for risks to benthic macroinvertebrates in the OU. 

Survival of the sdmealt-associated organism H. azteca was the most responsive and reliable test, 
but the magnitude and f k q m c y  of siguificant effects was very low. Less than 25% of the tests fiom all  
reaches and dates had significant reductions in survival and the mean reduction was d o %  for e v q  
reach. The least responsive tests were those using pore water as the exposure medium. 

Mortality of H. azteca in sediments fiom al l  four subreaches of Poplar Creek was statistically 
significantly elevated relative to the reference site (PCM 6.0, reach 13) in at least one test (Fig. 6.15). 
However, the sediment toxicity laboratory notes that the first test of H. azteca was used for method 
performanceevalua!imandtechniciantrainiugandadvises cautionwheninterpretingtheseresults. Only 
subreaches 3.01 and 3.03 had significant mortality in subsequent tests. Furthennore, significant toxicity 
was not observed in ConfiRnatorY toxicity tests of sediment collected fiom three highly wntaminated 
reach 3 sites in December 1995. Even with the first test included, the mean proportional reductions in 
survival were not biologically significant (i.e., reduced dO% relative to the reference) at any of the 
Poplar Creek locations. 

Mortality ofH. azteca in sediments fiom both of the tested Clinch River subreaches (CRM 19.0; 
subreach 2.03 and CRM 9.0; subreach 4.01) were significantly elevated relative to the reference site 
(CRM 22.0; 2.0 1) in three of the seven tests (Fig. 6.15). One of the significant responses for subreach 
2.03 was fiom the first H. azteca test, which is caveated as noted above. Though the proportion of 
signihnttests was higher in the Clinch River than in Poplar Creek, the mean proportional reductions 
in survival were still not biologically significant (i.e., reduced do%). 

Mortality of H. azfeca in sediments fiom McCoy Branch Embayment (MBM 0.2; subreach 7.02 
and MBM 0.4; subreach 7.01) was not significantly elevated relative to the reference site (WBM 
0.4-0.6; reach 8) in either of the two tests (Fig. 6.15). 

Concentrations of COPECs in whole sediment were not statistically significantly positively 
COBTelafed withH. azteca survival (a = 0.05). However, signifcant wrrelations may be masked by the 
spatial heterogeneity of sediment-associated contaminants. Sediment samples for toxicity testing and 
chernical analysis were collected at dif€erent times and, although the whole sediment cuncentrations are 
~~tov~nyappreciablymtime,~are~lytovaryinspace. Thatis,althoughaneffortwasmade 
to collect samples fiom the same location, the observed chemical concentrations may not reflect the 
exposures received during any given toxicity test. 

In summary, these tests indicate that some of the sediments at these locations are toxic, but when 
evaluated as a whole, the impacts do not appear to be biologically significant. Significant impacts may, 
however, be obscured by impacts at the reference sites. The fact that sediment test results were more 
sensitive than pore water test d t s  may indicate that sediment-associated wntaminants contribute more 
to risks in the diments or that the sample processing procedure significantly altered the toxicity of the 
pore water. 
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6333 Biological surveys 

I)lscnmtnant anatysiS as described in Appendix F8 shows no clear distinction between Poplar Creek 
embayment and the mainstem Clinch River. Clinch River reach 2 (above Poplar Creek) is as different 
fiumresch 4 (below Poplar Creek) as e i k  is froom Poplar Creek itself (reaches 3 and 13). The analysis 
of total abundance and species richness (Figs. 6.16-6.19) does, however, demonstrate some fine-scale 
spatial patterns within the reaches. 

. . .  

Figure 6.16 sbows a distinct went in total benthic invextebrate abundance (# of individ&m?, 
within the Clinch River. Abundance is highest at the mouth of the Clinch (subreach 4.04) and declines 
with iageaSing distance km Watts Bar Reservoir. The only exception to this pattern is subreach 4.01; 
invertebrate abundance within this subreach is significantly lower than in either of the adjoining 
subreaches.Thepattmloftaxonorm ‘c r i ches  (# of W m ?  shows that richness is in general positively 
correlated with abundance. Richness is high in the lowermost subreaches (4.024.04), low in the 
uppeamost subreaches (2.02 and 2.03), and low in subreach 4.01. Taxonomic richness of invertebrates 
is higher in subreach 2.04 than would be expected based on the abundance data. Chironomids and 
tubificids are froequently associated with soft substrates and are sometimes used as indicators of poor 
en- quality. Figure 6.17 shows that both families me abundant in the Clinch, comprising more 
than 80% of the total benthic invertebrates in most subreaches. Tubficids predominate in subreaches 
4.01 and above; chironomids predominate in subreaches 4.02-4.04. 

Figure 6.18 shows that there is no evident spatial trend in invertebrate abundance or species richness 
within Poplar Creek embayment. The two uppennost stations within reach 13 (Poplar Creek mile 8.0 
and mile 7.0) are €ow m both abundance and richness, however, the next two stations (reach 13, mile 6.0 
and subreach 3.01, mile 5.1) are high in both abundance and richness. Subreaches 3.02,3.03, and 3.04 
are low in abundance and richness compared to adjoining subreaches. The differences in abundance 
exceed 20% and are Statistically signi6cant. Cornparism of Figs. 6.16 and 6.18 shows that invertebrates 
are on average much more abundant in the Clinch River than in Poplar Creek, but taxonomic richness 
is similar. As in the C h h ,  tubiicides and chironomids are the dominant invertebrate taxa at all Poplar 
Creek stations except mile 1.0 (subreach 3.04). 

These trends do not in and of theanselves demonstrate a contaminant impact. Measured in terms of 
abundance and richness, Clinch River subreach 4.01, immediately below Poplar Creek is significantly 
Werent &om subreach 4.02 downshun. However, given the obvious upstreamdowmtream spatial 
gradient present in the Cl in4  this dif€erence may be due to ecological conditions rather than to a 
CODtaminant e f f i  There is no such gradient observable in the Poplar Creek data. Low abundance and 
riches present in reach 13 and in subreaches 3.02,3.03, and 3.04 may be attributed to local conditions, 
including the presence of contaminants. 

‘ 

TheTVA(”VA 1994)qualitativelycharadenzed * the sediment in the CRPC benthic invertebrates 
survey samples. The sites in subreaches 4.02,4.03 and 4.04 were more lacustrine in nature than the other 
Clinch River sites. Silt and detritus, primarily in the form of decaying leaves, were the predominant 
substrates m samples from subreaches 4.03 and 4.04. The amount of detritus was much lower, and the 
amount of sandy substrates was generally higher, in samples froom sites above subreach 4.02. This is 
consistent with the spatial pattern of particle size distribution observed in the samples for chemical 
analysis. Sediment &om survey samples in subreach 3.04 was almost entirely composed of fine silt 
(TVA 1994). Poplar C d  sediments above subreach 3.04 were a mixture of fine and coarse sediments 
with varying amounts of silt present in nearly every survey sample (”VA 1994). 
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Fig. 6.16. Taxonomic richness and abundance (Mean 2 SE) of benthic 
macroinvertebrates in reaches of the Clinch River in 1994. 
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Fig. 6.17. Percentage of benthic macroinvertebrate community (Mean 2 SE) 
represented by Chironomidae and Tubifcidae in reaches of the Clinch River in 1994. 
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Fig. 6.18. Taxonomic richness and abundance (Mean 2 SE) of benthic 

macroinvertebrates in reaches of Poplar Creek in 1994. 
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Fig. 6.19. Percentage of benthic macroinvertebrate community (Mean 2 SE) 
represented by Chironomidae and Tubifidae in reaches of Poplar Creek in 1994. 
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Multiple k regression analysis as described in Appendix F8 indicates that differences in habitat 
are more impMtant than differences in contaminant concentrations, with regard to the amount of 
variation explained in taxa richness, dominance, and the abundance of five taxa (Chironomidae, other 
Diptera, Tubificidbe, Hexagenia limbata, and Veneroida). Contaminants cannot, however, be excluded 
fkom consideration based on these results. 

Table 6.9 shows the amount of variance in each of these seven response variables explained by 
includiug physical and ckhical parameters (full model R? or only physical parameters (reduced model 
~.Thesdditionalvarianceerrplainedbyincludingcontarmnants * is the difference between the full model 
R2 and r e d d  model R2. Including contaminants significantly (p < 0.05) increased the amount of 
explained variance in all benthic community measures for the Clinch River and in four benthic 
community measures for Poplar Creek 

T h e V a r i a n c e e X p h i I E d b y ~  * given the habitat variables are in the model, howevery was 
small relative to the variance explained by physical parameters alone. Habitat differences in the Clinch 
River explained more than half of the observed variance in five of the seven response variables, including 
taxa richness and dominance. In fact, 83% of the variance in Hexegenia limbata abundance was 
explained by the habitat variables alone. Contaminants in the Clinch River explained -do% of the 
variance above that errplained by the habitat variables in all response variable except non-Chironomidae 
Diptera (23%). In general, statistical analysis of the Poplar Creek data did not explain as much of the 
variance in the community measures. Howevery habitat characteristics were still more important than 
contamiaants. Nearly halfof the variance in taxa richness (49%) was explained by physical parameters 
alone, but onIy an additional 11% was explained by including contaminant concentrations. The greater 
importaace of habitat relative to contaminants may be partly due to the number of observations at each 
site. The physical parameters, except for percent TOC, were reported for each benthic invertebrate 
sample, whereas contaminant concentrations were reported once for each benthic sampling site. 

Table 6.10 shows the number of benthic Community measures significantly (D < 0.10) correlated 
with each of the contaminant variables and the consistency of the signs of these correlations with the 
hypothesis that wntaminants negatively impact the benthic invertebrate community. The fact that 
chemical variables errplain a significant amount of variance in a variety of community measures for the 
Clinch River and Poplar Creek provides some (admittedly weak) evidence that contaminants may be 
adversely affectins the benthic Community in some locations. Of the contaminants included in the 
analysis, PAH would appear to be among the ones most likely to be important and toxic metals in Poplar 
Creek would appear to be among the ones least likely to be important. However, this is weak evidence 
given the high colheariiy of many of the explanatory variables, especially correlations between PAH, 
PCB, and TOC. 

633.4 Weight of evidence for benthic invertebrates 

The weighing of evidence is performed by asking the following questions concerning each reach 
in the O U  

1. 
2. 
3. 
4. 

Is the benthic invertebrate wmmunity less species-rich or abundant than would be expected? 
Is the sediment toxic to aquatic organisms? 
Does that sediment contain chemicals in toxic amounts? 
What factors account for apparent discrepancies in the results? 
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Table 6.9. Amount of variance in benthk community meaaurea explained by the phyrical, phyrkal 
plw chemkd, and chemical v a w k  and the r i g n K i a  of the chemical variabk 

Community Amount of variance explained P-value for 
meplum chemkaln 

Phyrkd Phyrical and Chemkd 
variable# chemical variabler given 

variabler’ (%) phyrkl variables’ 
(W 

Taxa richness 

Dominance 

Chironomidaa 

Diptera (other)” 

Hexagenia 
limbatad 

Tubificid&? 

Veneroidd 

TaxaRichness 

Dominance 

Chironomidaa 

Diptera (other)” 

Hexagenia 
limbatad 

Tubifiidat? 

52 

57 

64 

21 

83 

39 

55 

49 

23 

25 

33 

61 

47 

~ 

Clinch River 

69 

67 

78 

44 

90 

17 

10 

14 

23 

7 

4).OOO1 

0.0018 

0.000 1 

0.0002 

4).OOO1 

53 

64 

Poplar Creek 

60 

28 

44 

39 

70 

53 

14 

9 

11 

5 

19 

5 

9 

6 

0.0032 

0.0140 

0.0 157 

0.5014 

0.0057 

0.4412 

0.0122 

0.2481 

Veneroidd 45 55 11 0.0336 
Physical variables included depth, substrate characteristics (% sand, % silt, % clay, % gravel), and total 

’Chemical variables included total PCBs, total polycyclic aromatic hydrocarbons, and toxic metals in whole 
sediment samples and ammonia nitrogen and aluminum in sediment pore water. Toxic metals (arsenic, 
cadmium, chromium, lead, mercq, nickel, silver, and zinc) were combined into toxic units prior to analysis. 
Variance explained by chemicals was derived by subtracting the R3 for physical variables only ji-om the R’ for 
physical plus chemical variables. 
dAbundance 

organic carbon. 



6-76 

Tabk 6.10. Signs of signlfikant comlatlonr between chemical variables and benthic Invertebrate 
variables and the consistency' of signs with negative impacts on benthic communities 

Chemical Clinch River Poplar Creek 
variables 

Inconsistent Consistent Not significant Inconsistent Consistent Not 
significant at 
a = 0.05 

at a = 0.05 

Toxic m e w  2 2 3 3 0 4 

PCBs (total) 3 2 2 3 1 3 

PAHS (total) 2 3 2 1 3 3 

Ammonia* 1 1 5 1 2 4 

A h m b  2 2 3 1 3 3 
PAH = polycyclic aromatic hydrocarboIL 
Wigh dominance, Tubijkidae abundance, and Chimnomidae abundance are generally accepted as indicators 
of poor water quality. For these variables, a positive coefficient was interpreted as being consistent with 
contaminant effects. A negative coefficient for taxa richness and abundance of non-Chimnomidae Diptera, 
Hexagenia limbata, and Venemida was interpreted as being consistent with contaminant effects. 
bToxic metals in whole sediment included arsenic, cadmium, chromium, lead, mercury, nickel, silver, and zinc. 
Because al l  of these were found to be highly intercarrelated in initial exploratory analyses, the concentrations of 
the individual metals were combined into toxic units prior to analysis. 

Poplar Creek Embayment (reach 3). The weight of evidence suggests that the benthic 
invertebrate community is significantly impacted by contaminants. This conclusion is based on the 
results indicating that sediment-associated organisms at most sites are exposed to levels of several 
confaminants that have been observed to be toxic; the biosurvey results show a >20% reduction in taxa 
richness and abundance; the statistical analysis of the physical, contaminant, and biosurvey data did not 
excludecontamrnants as a causal *, and the sediment toxicity tests are too ambiguous to definitively 
exclude impacts in this reach. The lines of evidence concerning risks to benthic invertebrates in Poplar 
Creek Embayment are summarized in Table 6.1 1, and are discussed below. 

If significant toxic effects were occurring, then the community would have fewer species and 
j n d i v i u  than other sites, and they do. That is, subreaches 3.02,3.03, and 3.04 are low in abundance 
and richness compared to adjoining subreaches. The differences in abundance exceed 20% and are 
statistically significant. Although this is the most ecologically relevant line of evidence, interpretation 
of these results is complicated by the highly variable responses, the presence of contaminants and 
apparent impacts in the reference reach, the importance of habitat characteristics wit h regard to 
community measures, and the high collinearity of the physical and contaminant variables. 

If sigdlcant toxic effects were occurring, then the sediment should be toxic, and some samples 
were. Howevery the interpretation of these results is uncertain because of the frequency and magnitude 
of effects. At least am, but less than of the sedhent samples fiom each site were significantly toxic 
to H. azfeca. The mean reduction in survival, which includes tests with higher than reference survival 
rates, did not meet the end point criterion for biological significance. The inconsistent responses in 
samples fkxn the 58me sites is suggestive of a highly heterogeneous system. Hence, some, but not most, 
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of tbe sedimmt appears to be acute& lethal to at least one test species. Some impacts at sites below East 
Fork may be obscured by toxic effects in the reference sediments fiom reach 13. That is, a control 
sediment was not available and reductions in survival are relative to the refmce. 

Table 6.11. A tummary ofrirkcharacterization for the benthic invertebrate community 
in Poplar Creek (reach 3) 

Evidena ReauW Explanation 

Biological surveys 

Toxicity tests 

Media analyses 

Weight-of+vidence 

+ 

+ - 

+ 

+ 

Subreaches 3.02,3.03, and 3.04 are low in abundance and richness 
compared to acljoining subreaches. The ditkences in abundance 
exceed 20% and are Statistically signiscant. Habitat is a principle 
factor, but mtaminants may also umtribute to the observed 
werenm. 
At least 1 signiscant test in each reach, but mean response was not 
biologically significant. 

Risks f b m  4 metals (As, Hg, Ni, and Ag) and PCBs are sisnificant at 
most sites in several reaches, especially below Mitchell Branch and 
East Fork Poplar Creek Arsenic and chromium are significant at 
localized hot-spots below Mitchell Branch and East Fork Poplar 
Creek. Polycyclic aromatic hydrocarbons may also contribute to 
toxicity. 
Contaminant mediated impacts to the community are likely, though 
habitat characteristics are critical also. 

a + indicates that the evidence is consistent with the occu~~ence of a 20% reduction in species riches of \ 
abundance of the benthic invertebrate community. - indicates that the evidence is inconsistent with the occmen= of a 2Wh reduction in species richness of 
abundance of the benthic invertebrate community. - + indicates that the evidence is too ambiguous to interpret. 

If significant toxic effects were occuning, then chemicals should be found in sediment at 
cmcdmtim that have been reported in the fiteraiure to be toxicy and they were. Several COPECs were 
a significant risk at most sites in at least one reach. Although the primary sources of metals and PCBs 
appear to be within the OU, PAHs appear to be sourced above the OU and may be a natural constituent 
of the system. That is, a seam of coal fines was consistently observed in Poplar Creek sediments, 
especially upstream of the OU. 

Upper Clinch River arm (reach 2). Although there is some indication of toxicity in sediments 
from the Clinch River above Poplar Creek but below the Melton Hill dam (reach 2), the inverkbrate 
cmmmunity does not appear to be significantly aEected. This cormclusion is based on the results indicating 
that the benthic wmmunity in Watts Bar is similar to other regional mainstem reservoirs, that 

CoIlCentratio~ls are not a'significant risk, and that the sediment toxicity tests neither support, 
nor refutey this conclusion. The lines of evidence concerning risks to benthic invertebrates are 
Summanzed ' in Table 6.12, and are discussed below. 
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If significant toxic effects were Occurring, then the community would have fewer species and 
individuals than other sites. This does not appear to be the case. The relatively low richness and 
abundanceobservedmWattsBaristypicalofothermainstemreservoirsintheupperTennesseeValley. 
Altk&tksem&ics anzlowrelativetootbersites in Watts Bar, habitat quality appears to be a causal 
facb (e.&, the amcnmt of organic matter was also low in these reaches). Although the statistical analyses 
didnotsrcludecontarmnants * as a source of the variability in the community measures, they did indicate 
thathabitatchawkmh ' 'cs are considerably more important for many of the community measures (e.g., 
physical variables alone explain 83% of the variability in the abundance of the mayfly Hexagenia 
limbata). 

If signXcant toxic effects were occuning, then the sediment should be toxic. Although some 
samples were toxic, the biological sigtiiicaue of these results is uncertain because of the fiequency and 
maguitude of effects. Less than half of the sediment samples were significantly toxic to H azteca and 
the mean reduction in survival did not meet the end point criterion for biological significance. The 
inconsistent responses in samples fiom the same site is suggestive of a highly heterogeneous system. 
Also, the other sediment toxicity tests were not suggestive of significant toxicity. 

If significant toxic effects were occurring, then chemicals should be found in the sediment at 
Concentrations that have been reported in the literature to be toxic. Although some COPECs may be 
toxic, none are likely to be toxic. That is, several contaminants present a marginal risk at one or more 
sites in reach 2, but no contaminant was observed at concentrations suggesting a significant risk to 
benthic invertebrates and a relationship to kuown sources was not evident. Given the high degree of 
uncertainty associated with the sediment effects data, this is, at best, weak evidence of contaminant 
mediated impacts in this reach. 

Lower Clinch River arm (reach 4). Although there is some indication of toxicity in sediments 
fiom the Clinch River below Poplar Creek, the invertebrate community does not appear to be 
significantly affected. This conclusion is based on the results indicating that the benthic community in 
Watts Bar is similar to other regional mainstem reservoirs, that reach 4 has the highest richness and 
abundance observed in the OU, and that contaminant concentrations which are likely to be toxic were 
observed only at sites where the community metrics were highest. The sediment toxicity tests neither 
suppat, MK refute, this conclusion. The lines of evidence concerning risks to benthic invertebrates are 
flunmarized in Table 6.13, and are discussed below. 

If significant toxic effects were occurring, then the community would have fewer species and 
mdrvKfuals than other sites. This is cleariy not the case. The benthic invertebrate community in this reach 
has thehighest density a d  species richness observed in the CWPC system. Subreach 4.01 had reduced 
richness and abundance relative to subreach 4.02, but this is probably due primarily to habitat 
differences. That is, although the statistical analyses did not exclude contaminants as a source of the 
variability in the community measures, they did indicate that habitat characteristics are considerably 
more important for many of the community measures. 

. . .  

If significant toxic effects were Occurring, then the sediment should be toxic. Although some 
samples were toxic, the biological sigtiiicance of @ese results is uncertain because of the fiequency and 
magnitude of effects. Less than half of the sediment samples were significantly toxic to H. azteca and 
the mean reduction in survival did not meet the end point criterion for biological significance. The 
inconsistent responses in samples fiom the same site is suggestive of a highly heterogeneous system. 
Also, the other sediment toxicity tests were not suggestive of significant toxicity. 
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Tabk 6.12. A summary ofrisk characterization for the benthic invertebrate community in the upper 
Clinch River arm of Wafi  Bar Rerrervoir (reach 2) 

Evidence RauW 
~ 

Explanation 

Biological surveys 

Toxicity tests 

Media analyses 

- Density and abundance are low, but habitat appears to be the principle 
causal factor and Watts Bar is similar to other Upper Valley Reservoirs. 

At least 1 significant test, but mean response was not biologically 
significant due to high variability between tests. 

Risks are marginal from metals and polycyclic aromatic hydrocarbons, 
but no Contaminant of potential ecological umcem was a significant 
risk. 

- + 

5 

conrmunity does not appear to be signiscantly impacted by 
contaminants. 

O + indicates that the evidence is consistent with the occurrence of a 20% reduction in species richness of 
abundance of the benthic invertebrate community. - indicates that the evidence is inconsistent with the occurrence of a 20% reduction in species richness of 
abundance of the benthic invertebrate community. - +indicates that the evidence is too ambiguous to interpret. 

Table 6.13. A summary of risk characterization for the benthic invertebrate community in the lower 
Clinch River arm of Watta Bar Reservoir (reach 4) 

Evidence Resup Explanation 

Biological surveys - Density and abundance highest in these reaches, probably due in part 
to habitat quality. 

Toxicity tests 

Media analyses 

+ - 
+ 

At least 1 significant test. Mean response was not biologically 
significant, but subreach 4.01 was the only site tested. 

Risks h m  polycyclic aromatic hydrocarbons and mercury are 
significant at most sites in at least one subreach, including 4.04. 

Weight-of-evidence - Community does not appear to be significantly impacted by 
contaminants. 

+ indicates that the evidence is consistent with the occurrence of a 20% reduction in species richness of 
abundance of the benthic invertebrate community. - indicates that the evidence is inconsistent with the occurrence of a 20% reduction in species ricbess of 
abundance of the benthic invertebrate community. 
2 indicates that the evidence is too ambiguous to inteqret. 

If significant toxic effects were occuning, then chemicals should be found in sediment at 
ammtrations that have been reported in the literature to be toxic. Several COPECs were observed at 
concentrations that are likely to be toxic. However, these samples are fiom areas supporting the most 
diverse and abundant benthic communities. Given the hi& degree of uncertainty associated with the 
sediment effects data, this is, at best, weak evidence of contaminant mediated impacts in this reach. 
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McCoy Branch embayment (reach 7). The benthic invertebrate community in McCoy Branch 
~ i s ~ ~ t o b e s i g n i f i c a n ~ y i m p a c t e d b y c o n t a m i n a t e d s e d i m e n t s .  Onlyarsenicispresent 
at concentrations which are likely to be toxic. Community survey data were not available for McCoy 
Branch However, these sediments were tested in the laboratory and there was no indication of toxicity, 
eik€KaIteorsubchroru 'c. Given the signiticant uncertainties associated with the sediment effects data, 
it appears unlikely that impacts to the wmmunity are actually occurring. The lines of evidence 
concerning risks to benthic invertebrates in the McCoy Branch Embayment are summanzed ' in Table 
6.14. 

Tabk 6.14. A summary of rink characterization for the benthic invertebrate community in 
McCoy Branch Embayment (reach 7) 

Evidence ResuW Explanation 

Biological surveys Community surveys not performed 
Toxicity tests 

Media analyses 

Weight-ofevidence 

- sediments were not toxic. 

+ Risks h m  arsenic are significant. 

by contaminants. 
- It is unlikely that the community is significantly impacted 

a + indicates that the evidence is consistent with the occurrence of a 20% reduction in species richness of 
abundance of the benthic invertebrate community. 
- indicates that the evidence is inconsistent with the occurrence of a 20% reduction in species richness of 
abundance of the benthic invertebrate community. 
- + indicates that the evidence is too ambiguous to interpret. 

63.4 Uncertainties Concerning Risks to Benthic Invertebrates 

The following issues constitute the major sources of uncertainty in the risk assessment for the 
benthic invertebrate community. The primary source of most of these uncertainties is the inherent 
heterogeneity of the sediment system. 

There is a high degree of uncertainty associated with the sediment effects data because sediments 
arehighly heterogeneous and complex. There are few standar- sediment toxicity tests and most of 
the available data are from marine and estuarine systems. The end points used to define the ER-L and 
ER-M mge h r n  community level responses to sub-organismal effects. These sources of variance are 
discussed in more detail in Sect. 6.3.1.2. 

The relationship between observed sediment toxicity and the chemical and physical dath are 
mxxtain Samples for sediment toxicity testing were collected at approximately the same locations as 
the samples for chemical analysis. Because sediment contamination may be very heterogeneous, the 
exposures received by the test organisms may be different fiom those estimated using the chemical 
analyses data. 

There is uncertainty associated with the biosurvey data because benthic invertebrate ecology is 
conqllex and intlmced by the heterogeneity of the sediment system. The characteristics of the benthic 
invertebrate cummunity at a site is a function of non-wntaminant and contaminant parameters, both of 
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which may vary considerably within and between sites. The contribution of each of these factors to the 
variance in &served community metrics cannot be clearly delineated with the available data. .That is, 
statistical analyses were wnf" by the high collinearity of the physical characteristics of the 
sediments and the contaminant concentrations. 

The sediment characterization section (Sect. 3.4) identitied ammonia in pore water as a nom 
contaminant parameter which may be ecologically important. A major source of ammonia is the 
decomposition of organic matter. Thus, ammonia is a natural constituent of aquatic systems and is likely 
tobeelevatedinsedimentswithhighorganicmattercontetlt. Sewagetreatmentplantsarealsoapotential 
sour=. However, release of ammonia fiom treatment plants is controlled under the National Pollution 
Discharge Elimination System (NPDES). Pore water concentrations of ammonia in all reaches, except 
2.01, wtm higher than the chronic NAWQC. Several reaches, including reference reaches 0 and 13, had 
pore water concentrations that exceeded the acute NAWQC. These reaches were also generally high in 
sediment or pore water total organic carbon. Given the measured concentrations, ammonia may be a 
contributing factor to the degraded benthic invertebrate communities in Poplar Creek This is highly 
uncertain, however, because d a  toxicity is dependent on pH and temperature (EPA 1985b). Field 
measures of these parameters in pore water were not available and laboratory measures are not 
r e p d v e :  both pH and temperature can change rapidly. Surface water measures of pH are unlikely 
to be representative of pore water pH, because the slower exchange rate of pore water may result in the 
accumulation of ammonia and other natural products which elevate pH. 

Tbe lack of clean ref- sites cmti%uted to the uncertainties in all three hes  of evidence. Some 
of the chemicals in the OU may be at naturally Occurting levels. This detexmination was complicated by 
the lack of acceptable ref- cowaht~ 'ons. The sedhent toxicity tests and community survey results 
may be due to local sediment and habitat characteristics. Estimation of the importance of these factors 
also was complicated by the lack of acceptable reference sites and laboratory control sediments. 

Furhemae, there is a general need for reliable and standard sublethal whole sediment tests. That 
is, the only standard test that uses whole sediment is an acute lethality test. 

6.4 RISKS TO PISCIVOROUS WILDLIFE 

6.4.1 Exposure Assessment for Piscivorous Wildlife 

Exposure of piscivorous wildlife to contaminants may be expressed as the rate of ingestion of 
c d a m h k d  media (fjsh and water) or as the concentration of contaminants accumulated in the tissues 
of the piscivore itself. Contaminant exposure through ingestion was estimated for osprey (Pandion 
haliaetus), the great blue heron (Ardea herodim), mink (Mustela vison), and river otter (Lufra 
canadensis). Expasme estimateswere calculated for all contaminants in CR/PC reaches 0, 1,13,6,18, 
5, and 15 and subreaches 2.01,2.02,2.04,3.01,3.02,3.03,3.04,4.01, and 4.04. Exposure through 
contaminants accumulated in tissues was measured for nestling great blue herons. 

An iterative approach was employed to assess the exposure of piscivores to contaminants. First, 
conservative exposure estimates were generated using point-estimates of exposure parameters and 
conservative assumptions. These conservative estimates were compared to NOAELs to identi& 
COPECs. More realistic estimates of exposure at each subreach were then generated for the COPECs 
using the Monte Carlo simulation. The Monte Carlo simulations incorporate the variability in the 

COIlCentratiOllS and use more realistic foraging and life history data. Exposure distributions 
generated by these distributions were compared to NOAELs and LOAELs to identify subreaches where 
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arposlpe is sufsciently high to present a risk. Finally, as part of the Risk Characterization (Sect 6.4.3.), 
the Monte Carlo simulation of exposure from adjacent subreaches was performed to address how 
foraging behavior and movements of piscivores influences contaminant exposure. 

6.4.1.1 Exposure through oral ingestion of fsh and water 

m=€=-to- * e x p e a i d  by wildlife may come fiom multiple sources. They may 
consume contaminated f d  (either plant or animal), drink contamhat4 water, or ingest soil or 
~Soilorsedimentm~~maybeiacidentalwhileforagingorgroomingorpurposeMtomeet 
mrtrieatrrpPn. The total oral exposure e x p e a i d b y  an individual (Eq. 6.1) is the sum of the exposures 
attributable to each source and may be described as: 

= total exposure fiom al l  pathways 
= exposure fiom food consumption 
= exposure fiom water consumption 
= exposure fiom soil consumption 

Because osprey dive and catch fish in open water and great blue herons forage by stalk and strike 
techniques while wading (Ehrlich et al. 1988), incidental ingestion of sediment by these end points is 
unlikely. While Hamilton (1940) observed sand in 1.3% of mink scats examined, this amount did not 
account for any measurable scat volume. Because river dter are more piscivorous than mink, soil 
ingestion be otter is likely to less than that of mink. Therefore, ingestion of soil or sediment by osprey, 
heron, mink, ur otter was assumed to be negligible. Exposure of piscivorous wildlife (Eq. 6.2) may then 
bedescribedas: 

For exposure estimates to be useM in the assessment of risk to wildlife, they must be expressed 
in terms of a body weight-normalized daily dose or mg contaminant per kg body weight per day 
(mgkgld). Exposure estimates expressed in\this manner may then be compared to toxicological 
benchmarks for wildlife, such as those derived by Opresko et al. (1994), or to doses reported in the 
toxicological literature. Estimation of the daily contaminant dose an individual may receive fiom a 
particular medium for a particular contaminant may be calculated using the following equation: 

where: 
Ej = total exposure to contaminant (j) (mgkgld) 
m = 
& = consumption rate for medium 0 (kgld or Vd) 
c, = 

tdal number of ingested media (e.g., food, water, or soil) 

concentration of contaminant (j) in medium 0 (mgkg or mgL) 
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BW = 

For the purposes of this assessment, the generalized model was modified to reflect the foraging 
characteristics of the end point species and the idiosyncracies of the available data. First, because the 
literaturefllggeststhatosprey,~minkandotterdonotco~efishofthesamesize,fishsizewas 
added to the model. It was assumed that all four species would forage and take fish opportunistically 
based upon the size of the fish. Fish species was assumed to be an unimportant factor in prey selection. 

body weight of end point species (kg) 

secoad, W e  piscivorous wildlife c01lsu.m whole fish, only part of the contaminant data for fish 
fian the Clinch River was for whole fish While all shad (both threadfin and gizzard) were analyzed as 
whole fish, all non-shad fish were analyzed as fillets. Both fillet and carcass (whole-body minus fillet) 
analysa were performed for 25 non-shad fish (15 largemouth bass and 10 channel catfish). These data 
were used to pmdw a fillet to whole-body ratio (see below) so that whole body concentrations in non- 
shad fish could be estimated Non-shadfkhweretbsl wmbinedwith shad to produce summary statistics 
(ie., mean, standard error, etc.) for all fish within each size class. With these additional considerations 
taken into account, the exposure model (Eq. 6.4) for Clinch River piscivorous wildlife is as follows: 

where: 
Ej 
IR,, = ingestion rate of water (ud) 
C, = concentration of contaminant (i) in water (mg/L) 
BW =body weight (kg) 
Pa = proportion of aquatic prey in diet 
n = number of size categories of fish consumed 
P, = proportion of fish in diet in size class (I) 
& = ingestion rate of fish (kg/d) 
C, = concentration of contaminant (j) in fish in size class (I) (mg/kg) 

= exposure to contaminant (i) (mg/kg/d) 

Exposure estimates were calculated for all contaminants in all Clinch River subreaches for which data 
were available. Because wildlife are mobile, their exposure is best represented by the mean wntaminant 
concentration in media. To be conservative, the UCL, is used in exposure estimates. To prevent bias 
that mayresult fiomcalculatingUCL,usingdatathat contains values below the detection limit, product 
limit estimator was used to calculate tbe UCL, for contaminants observed in fish and water. These data 
were used in the initial exposure estimates. Exposure estimates for contaminants that may potentially 
present a risk to piscivorous wildlife (based upon comparisons to NOAELs) were recalculated using 
Monte Carlo simulations. (Mote: because the purpose of the initial exposure estimate is to be 
conservative and to identifi COPECs, the UCL,, was used regardless of whefher or not the value 
txeeakdthe maximum observed vaIrre. Overestimates of exposure that may occur at the screening 
level are addressed through the use of Monte Carlo simulation). 

Life history parameters for end point species. Species-specific parameters necessary to estimate 
exposure using the equation described above are listed in Tables F4.1, F4.2, F4.3, and F4.4. 
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Fillet-to-whole f sh  ratios. Contaminant-specific fillet-to-whole fish ratios were calculated to 
estimatt the wholebody contarmnan t cuncentration for fish for which only fillet analyses were 
performed. For organic chemicals, the ratios were developed using data fiom 15 largemouth bass and 
10 channel catfish fix which both fillet and carcass (wholebody minus fillet) analyses were perfbmed. 

'cms were dekamined by calculating the weighted average of the fillet 
'otls (weighted by the proportion of the total fish weight represented 

w b o l e ~ c o a t a m i n a n t ~  
and carcass contaminant^ 
by the carcass and fille$weights, respectivek). The contarrrmafl - t concentration in the whole fish was then 
dividedbythem&m 'aa to produce the fillet-to-whole fish ratio (Table F4.5). Bass and catfish 
were p l e d  to produce one ratio for each con tamha& Ratios were not available for al l  contaminants 
detected m the larger pool of Clinch River fish. Ratios for these contaminants were approximated using 
ratios for related contaminanfs . The ratios for arSenc, copper, mercury, selenium, and zinc were obtained 
h m  spotted bass collected in the vicinity of the Portsmouth Gaseous Diffusion Plant (Southworth et 
al. 1%). Mean ratio values were used to generate all  wholefish contaminant concentration estimates. 

Contaminant concentrations in abiotic and biotic media. Contaminant concentrations in water, 
and fish are needed to estimate exposwe. The UCL, [calculated using the product limit estimator (PLE)] 
for confamtnanfs ' detected m water and fish firom the Clinch River are presented in Table F4.6. Note that 
data were not available for all size classes of fish in all subreaches. Contaminant concentrations in the 
missing size classes were assumed to be equivalent to that in the next higher size class for which 
contaminants were detected. If contaminants were detected in fish in size classes above and below that 
in which data were missingy concentrations were estimated to be the mean of the concentrations in the 
higher and lower size classes. 

Exposure modeling using point-estimates. To estimate contaminant exposure experienced by 
osprey, the following assumptions were made: 

1) body weight = 1.5 kg 
2) food consumption = 0.3 kg/d (fiesh weight) 
3) water consumption = 0.077 Ud 
4) soil consumption = 0 kg/d 
5) diet consists 100% of fish 
6) fishsizesconsumd 0-10 cm 3.3% 

11-20cm 42.1 % 
21-30cm 46.7% 
31-40 cm 6.6 % I 

>41 cm 1.3 % 
7) all prey selected based upon size and not by species 
8) individuals forage exclusively within each given subreach 

Toedmakcc&mumt ' exposwe experienced by great blue heron, the following assumptips were 
made: 

1) body weight = 2.39 kg 
2) food consumption = 0.42 kg/d ( h h  weight) 
3) water consumption = 0.1058 Ud 
4) soil consumption = 0 kg/d 
5) diet consists 100% of fish or other aquatic prey. 
6) contaminant concentration in fish is representative of that in other aquatic prey. 
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7) fishsizesconsumd. 0-10 cxu ' 39.2% 
1 1 5 2 0 ~ ~ ~  47.1 % 
21-3O~m 13.7% 

8) all  prey selected based upon size and not by species 
9) individuals forage exclusively within each given subreach 

To estimate contaminant exposure experienced by mink, the following assumptions were made: 

1) body weight = 1 kg 
2) food consumption = 0.137 kg/d ( h h  weight) 
3) water consumption = 0.099 Ud 
4) soil consumption = 0 kg/d 
5) diet consists 54.6% of fish or other aquatic prey. 
6) contaminant concentration in fish is representative of that in other aquatic prey. 
7) fishsizes consumed: 0-1Ocm 72% 

8) all prey selected based upon size and not by species 
9) individuals forage exclusively within each given subreach 
10) all non-aquatic prey consumed are unwntaminatd 

Toedmatecatmmnt * aq>osure~~byriverotter,thefo~owingassumptions weremade. 

11-20~m 28% 

I 

body weight = 8 kg 
food consumption = 0.9 kg/d (fresh weight) 
water consumption = 0.64 Ud 
soil consumption = 0 kg/d 
diet consists 100% of fish or other aquatic prey. 
con taminant wnmtration in fish is representative of that in other aquatic prey. 
fish sizes ~ons~med:  0-10 cm 16.7% 

11-2O~m 16.7% 
21-30cm 16.7% 
31-40cm 25% 
>41 cm 25 % 
(SO'?/&O cm, 500/+30 cm) 

all prey selected based upon size and not by species 
individuals forage exclusively within each given subreach 

Using the Clinch River piscivore exposure model and the assumptions and data described above, 
exposure to contaminants was estimated for osprey, great blue heron, mink, and river otter using the 
c~csystem.Expomne estimates for all atdytes &tected in fish samples are presented in Tables F4.7, 
F4.8, F4.9, and F4.10. Some con tmhants were detected in water but not in fish tissues. Exposure to 
thesecontarmnants * is considered as part of the benchmark screening process and are presented in Sect. 
6.4.3.1. 

Exposure modeling using Monte Carlo simulations. Employing point estimates for the input 
parameters in the Clinch River Piscivore exposure model does not take into account the variation and 
uncertainty associated with the parameters and therefore may over or under estimate the contaminant 
exposure that end points may receive in any given reach. In addition, calculating the model using point 
estimates pxcduces a point estimate of exposure. This estimate provides no informaton c o n d g  the 
distribution of exposures or the likelihood that individuals within a reach will actually experience 
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potentiauyhazardous exposures. To incorporate the variation in exposwe parameters and to provide a 
better estimate of the potential exposure experiencedby piscivores in each reach, the exposure model 
was rscalculated Using Moate Carlo simulations. A detailed discussion of the theory and application of 
Monte Carlo simulation is presented in Sect. 5.5. 

Monte Carlo simulations of exposure estimateS were performed for all  end point-subreach- 
camhunt CombinatiODs wbere cOmpariSOn of point exposure estimates to NOAELs produced HQsr 1 
(NOAELs are presented m Sect. 6.4.2.1.; Saraing of exposure estimates against NOAELs is presented 
in Sect. 6.4.3.1.). End point-subreachantaminant combinations for which Monte Carlo simulations 
were performed are presented in Table F4.11. 

Distributions were used forthe followiug parameters in the Clinch River piscivore exposure model: 
end point body weight, average contamiuant concentrations in fish and in water, and the proportion of 
aquatic prey in mink diet. All dislxiiutions were assumed to be normal, except osprey body weight which 
was assigned a triangular distribution (while a standard deviation was not available, a range was). 
Because these wildlife are mobile, the contaminant concentration they are exposed to on a daily basis 
is best repnxeuted by the average concentration instead of the entire distribution. The standard &or of 
the~WaSusedtodescn'beVariatiOnintheaveragecontarmnan * t concentration. All other distributions 
empw the calculated standard deviation of the observed data. Piscivore body weight distributions and 
values are listed in Table 6.15. 

Table 6.15. Piscivore body weight distribution8 and valuer 
~~~~~~~~~ 

End point Distribution M e a n 0  Standard Range SOUrCe 
deviation 

osprey (3) triangular 1.568 1.25-1.9 Dunuing 1984 

Great blue heron (3) 

(3) 

normal 

normal 

2.204 

0.974 

0.337 

0.202 

Dunning 1984 

EPA 1993 

River otter triangular 8 5.84-10.4 EPA 1993 
Sources: 

Association Monograph No. 1. Eldon Publishing Co., Cave Creek, Ariz 

EPAhOOR-93/187a office of Research and Development, Washington, D.C. 

Dunning, J. B. 1984. Bo+ Weights of 686 Species of North American Bird. Western Bird Banding 

EPA (U. S. Environmental Rotation Agency). 1993. Wildlfe Exposure Factors Handbook Vol. I. 

Exposure of female indivims was modeled because females were determined to be the most 
sensitive subgroup. Toxicity data used to evaluate the significance of estimated contaminant exposures 
generally consider effects on reproduction. Because reproductive effects are most likely to be evident 
among female individuals, females were chosen as the best models for contaminant exposure. In addition, 
adverse impacts to females are most likely to result in population-level effects. 

The proportion of aquatic prey in the diets of osprey, heron, and otter were assumed to be 100%. 
No data suggest that non-aquatic prey constitute a significant portion of their diet (see end point 
discussion, above). In contrast, mink have a very variable diet. Aquatic prey (fish, amphibians, crayfish, 
etc.) may make up fiom 16% to 92%. Nine observations &om five studies indicate the proportion of 
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aquatic prey to be 0.546k0.21 (meetandard deviation; Table F4.3). Mean and standard errors for 
contaminants in fish are presented in Table.F4.12. 

Monte Carlo simulations were performed using the @Risk software. Samples from each distribution 
were selected using latin hypercube sampling. The number of iterations, or recalculations, of each 
exposure simulation was determined by the convergence criteria set in the sohare.  Under these criteria, 
iterations are performed until the between-iteration percent change in the percentiles, mean, and standard 
deviation are below 1.5% (i.e., the percentile, mean, and standard deviation for the latest iteration is 
4.5% different than the those fiom the previous iteration). Using this convergence criteria, fiom 600 
to 1000 model iterations were performed for each exposure estimate. Monte Carlo estimates of 
contaminant exposures are presented in Table F4.13. 

6.4.1.2 Internal exposure of great blue herons to contaminants 

To determine ifcontamjnants fiom the ORR are beiig bioaccumdated by piscivorous wildlife, great 
blue heron eggs and chicks were collected from two colonies located within 3 lan of the ORR and two 
colonies located >10 lan from the site. Analyses were performed to determine the concentrations of 
arsenic, chromium, mercury, and PCBs in eggs, and feathers, liver, fat, and muscle of chicks. Elevated 
levels of Cry Hg, and PCBs were observed in eggs from the ORR colonies (Tables N2 and N4). Hg 
concenirations in feathers and liver (Table N3) and PCB concentrations in fat (Table N5), liver (Table 
N6), and muscle (Table N8) were significantly elevated in samples from the ORR as compared to data 
from the offsite locations. A detailed discussion of these data are presented in Sect. 3.5. 

6.4.2 Effects Assessment for Piscivorous Wildlife 

6.4.2.1 Single chemical toxicity data 

. Toxicological benchmarks for piscivorous wildlife. To determine if the contaminant exposure 
experienced by piscivorous wildlife that use the Clinch River could produce adverse effects, exposure 
estimates fiom Sect. 6.4.1.1. were compared to NOAELs and LOAELs derived according to the methods 
outlined by Opresko et al. (1994) and EPA (1993d). NOAELs represent the highest exposure at which 
no adverse effects were observed among the animals tested. LOAELs represent the lowest exposure at 
which significant adverse effects are observed. 

Toxicological studies of the effects of contaminants observed in the Clinch River were obtained 
h m  the open literature. Due to differences in physiology between birds and mammals, separate studies 
were located (if available) for each wildlife class. Only studies of the effects of chronic oral exposures, 
whether in food, water, or by oral intubation, were used. To make the NOAELs and LOAELs relevant 
to possible population effects, preference was given to studies that evaluated effects on reproductive 
parameters. In the absence of a reproduction end point, studies that considered effects on growth, 
survival, and longevity were used. 

In cases where a NOAEL for a specific chemical was not available, but a LOAEL had been 
determined experimentally or where theNOAEL was from a subchronic study, the chronic NOAEL was 
estimated. EPA (1993d) suggests the use of uncertainty factors of 1 to 10 for subchronic to chronic 
NOAEL and LOAEL toNOAEL estimation. Because no data were available to suggest the use of lower 
values, uncertainty factors of 10 were used in all instances in which they were required. 

Smaller animals have higher metabolic rates and are usually more resistant to toxic chemicals 
because of more rapid rates of detoxification. It has been shown that metabolism is proportional to body 
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surface area which, for lack of direct measurements, cau be expressed in terms of body weight (bw) 
raised to the 2/3 power (bwM) (EPA 1980a). As shown in Eq. 6.5, if the dose (d) itself has been 
catculatedmterms ofamit bodyweigbt (i.e.,mg/kg), tbmthe dose per unit body surface area @) equates 
to: 

(6.5) 

The assumption is that the effective dose per body surface area for species "a" and "b" would be 
equivalent. Therefore, knowing the body weights of two species and the dose (4) producing a given 
effect m species "b," the dose (4) producing the same effect in species "a" can be determined:. Using this 
approach, if a NOAEL was available for the test species (NOAEL,), the equivalent NOAEL for a 
wildlife species (NOAELJ was calculated by using the adjustment factor for differences in body size: 

?4 

NOAEZ , = NOAEZ [ 51 
This methodolc&y is equivalent to that the EPA uses in their carcinogenicity assessments and Reportable 
Quantity documents for adjusting fiom animal data to an equivalent human dose. 

NOAELSandLOAELSwerederivedforosprey,greatblueheron,andmink. Mammalianandavian 
NOAELs and experimental informaton used to estimate wildlife NOAELs and LOAELs (e.g. test 
Species, test end points, citation, etc.) are listed in Tables F4.14 and F4.15. 

More Contaminants were detected in surface water than were observed in fish tissue. To simplify 
exposure estimation and contaminant screening, a water benchmark (Eq. 6.7) was used for these 
contaminants. The water benchmark is the concentration of the contaminant in the drinking water of an 
animal (C, in m a )  resulting in a dose equivalent to a NOAEL,,,. It can be calculated from the daily 
water consumption rate (W, in Uday) and the average body weight (bw,) for the species: 

\ (6.7) 
Nom , t bw, e, = 

W 

Water benchmarks for osprey, great blue her04 mink, and river otter are presented in Table F4.16. 

Ecotoxicological profiles. Ecotoxicological profiles of the effects of As, Cu, Hg, Se, DDT, and 
PCBs to wildlife are presented in Appendix F1. 

6.4.2.2 Effects of contaminants on the reproductive performance of mink 

StudKs,conductedatM&~StateUnivmityE.Jq>erimental Fur Fmn, evaluated bioaccumulation 
of contamrnants and reproductive effects in mink fed fish collected fiom Poplar Creek, the Clinch River 
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(upstream of Melton Hill Dam) and the ocean Mink were fed five diets consisting of 75% fish and 25% 
commercial mink diet (Table 6.16). 

Table 6.16. Diet composition and contaminant concentrations for each diet 

Diet Fish Composition Contaminant Concentration 

Mercury Aroclor 1260 

A 75% ocean 0.02 f 0.00 0.1 69 f 0.002 

B 75% Clinch River 0.05 f 0.00 1 1.44 f 0.327 
C 25% Poplar Creek 

50% ocean 

D 50% Poplar Creek 
25% ocean 

0.09 f 0.00 4.69 f 0.174 

0.15 f 0.01 10.41 f 0.250 

75% Poplar Creek 0.22 f 0.01 20.67 f 0.458 E 

Twenty- three PCB congeners were also present in varying amounts. Concentrations of most congeners 
increased progressively from diets A through E (Table N12). 

Ten mink (8 females and 2 males) were fed each diet for -7 months (3 months prior to breeding - 
6 weeks postpartum). Reproductive indices measured included: number of females mated; number of 
females whelping; length of gestation; number of kits whelped (alive, dead); kit sex ratio; average kit 
body weight at birth, 3, and 6 weeks of age; and kit survival to 3 to 6 weeks of age. At 6 weeks of age, 
3 kits from dietary groups A, B, C, and E were euthanized, organs (liver, spleen, and kidneys) were 
weighed, and tissue samples (liver, kidney, and remaining carcass) were analyzed for contaminant 
accumulation. (note: kits from diet D were not sampled). At the termination of the study, all adult mink 
were necropsied. Organs (brain, liver, kidneys, heart, lungs, gonads, and adrenal glands) were weighed 
and examined for histopathologies. Adipose tissue, liver, kidney, and hair were analyzed for contaminant 
accumulation. Liver tissue also was analyzed for ethoxyresomfin-o-deethylase (EROD) activity. 

The bioaccumulation of mercury in liver, kidney, and hair (Table N13), and Aroclor 1260 (and 
other PCB congeners) in liver and fat (Tables N14 andN15) substantially increased in adult female mink 
fiom groups fed diet A up to diet E. Mink offspring also bioaccumulated mercury in kidney tissue and 
carcasses and many other PCB congeners in the liver and carcasses (Tables N16 and N17), increasing 
progressively from mink fed diets A through E. The lowest levels were observed for mink fed diet A and 
increased to a maximum observed among mink fed diet E. 

Significant effects were observed only among mink fed diet E; no adverse effects were observed 
for any other diet. Adverse effects from diet E included weight reduction in adult mink and their 
ofEqMg, Iduction in litter size, and increase in liver EROD activity in adult females. Weight reduction 
was observed at the end of the experimental period, increasing magnitude from diet groups A to E. At 
the end of the experiment, the mean whole body weights of female mink in diet group E were 
significantly less (p = 0.03) than mean weights of females in diet group A (percent reduction =20%). 
Mean female relative organ weights (organ weightshody weight) were not significantly different among 
diet groups. At 6 weeks of age, mean whole body weights were also significantly lower (p = 0.004) in 
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male kits from diet group E compared to those from diet group A (percent reduction =17%). Similar 
trends were observed for female kits, although differences were not statistically significant. No 
histological lesions were attributed to any diet. Mean litter size was significantly reduced (p = 0.01) in 
diet group E compared to diet groups A, By and C (percent reduction relative to diet A=38%); but not 
diet pup D. Liver EROD activity was significantly increased in adult female mink from diet groups D 
and E compared to those from diet group A. 

6.4.23 Great blue heron reproduction survey 

To determine if contaminants from the ORR are adversely affecting piscivorous wildlife, 
reproductive success of great blue herons at two colonies located within 3 km of the ORR and two 
colonies located >10 km fiom the site was monitored Data were collected from each nest colony between 
1992 and 1994. The mean number of eggshest, number of chickshest, egg weight, and eggshell 
thickness did not differ between colonies within 3 km of the ORR and those >10 km away (Table N8) 
A detailed discussion of these data are presented in Sect. 3.5. 

6.43 Risk Characterization for Piscivorous Wildlife 

While three lines of evidence are available to assess risks to piscivorous wildlife along the Clinch 
River, not all are available for every end point. Single chemical toxicity data are available for all four end 
points. However, toxicity tests and field surveys are available only for mink and great blue heron 
respectively. 

6.43.1 Single chemical toxicity data 

Exposure estimates generated by the exposure model (see Sect. 6.4.1.1.) produced by both point 
estimates of parameter values and Monte Carlo simulation represent exposure at the individual level. The 
sqxlsure estimates using point estimates of parameter values at each individual sampling point are used 
to identify COPECs and locations that contribute significantly to risk. In contrast, the watershed-level 
erq>osme distn'butions generated by Monte Carlo simulation represent the likelihood that an individual 
within the area for which exposure is modeled will experience a particular exposure. 

Two types of single chemical toxicity data are available with which to evaluate piscivore 
contaminant exposure: NOAELs and LOAELs. NOAELs are used to screen exposure estimates 
generated from point-estimates of exposure parameters; if the estimate is greater than the NOAEL, 
adverse effxts are possible and additional evaluation is necessary (i.e., exposure modeling using Monte 
Carlo simulation). LOAELs are compared to the exposure distribution generated by the Monte Carlo 
simulation Ifthe LOAEL is lower than the 80th percentile of the exposure distribution, there is a >20% 
likelihood that individuals within the modeled location are experiencing contaminant exposures that are 
estimatedto produce adverse effects. By combining literature-derived population density data with the 
likelihood or probability of exceeding the LOAEL, population-level impacts may be estimated. 

Screening point estimates of exposure. To determine if the contaminant exposures experienced 
by osprey, great blue heron, mink, and river otter along the CR/PC are potentially hazardous, the total 
contaminant exposure estimates (generated using point estimates of parameter values; Tables F4.7, F4.8, 
F4.9, and F4.10) were compared to estimated NOAELs for these species (Tables F4.14 and F4.15). To 
quantify the magnitude of hazard, a HQ was calculated where: HQ = exposurelN0AEL. HQs > 1 
indicate that individuals may be experiencing exposures that are in excess of NOAELs and suggest that 
adverse effects may be Occuning. HQs for osprey, great blue heron, mink, and river otter along the 
Clinch River are presented along with the point estimates of exposure in Tables F4.7, F4.8, F4.9, and 
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F4.10. It should be mted that because few data are available for specific PCB congeners, all PCBs were 
compared to Aroclor-1254 toxicity data. .. 

Thespatialdistr~~ofcOntaminationandpdentialriskstoosprey,greatblueheron,minkand 
river otter in the CR/PC system are illustrated in Figs. 6.20,6.21,6.22 and 6.23, respectively. These 
figures display the sum of the NOAELbased HQs (e.g., ETUs) for the six most important 
contaminants: arsenic, copper, DDT, mercury, selenium, and total PCBs. (Total PCBs were determined 
by summing the exposure of al l  Aroclm within a given reach. This value was then compared to the 
Aroclor-1254 NOAEL). Importance of Contaminants was determined based upon the magnitude of the 
HQ. River subreaches were arranged from the northem-most to the southern-most. 

While the ZTUs scale differed among end points (lowest for mink, Fig. 6.22; hi&& for osprey, 
great blue henrn and nvez otter, Figs. 6.20,6.21, and 6.23), the pattern of CTUs was similar among all 
fourendpoints, withthesrceptionof a PCB spike at subreach 2.04, the maximum ZTUs were observed 
at the Poplar Creek subreaches (13,3.01,3.02,3.03, and 3.04). For osprey and great blue heron, the 
contaminants contributing the most to total risk are mercury followed by total PCBs (Figs. 6.20 and 
6.21). PCBs, merclrry, and selenium account for the majority of risk to mink and river otter (Figs. 6.22 
and 6.23). A summary of the subreaches where NOAELbased H Q e l  were observed is listed in Table 
F4.11 by end point and coataminafl t. 

Screening of water data. More chemicals were detected in Clinch River water than in fish flesh. 
To evaluate the risk that these contaminants may present, HQs were calculated for these contaminants 
using the UCL, water concentration and the water benchmarks fiom Table F4.16. HQs for these 
contaminafts are presented in Table F4.17. With the exception of thallium in reach 1, no contaminant 
produd an HQ>1 for any end point in any Clinch River reach. In reach 1, thallium in water exceeded 
the benchmark for both mink and river otter (Table F4.17). This observation must be viewed with 
caution, because thallium was detected in only one of 48 samples from this reach 

Screening Monte Carlo simulation estimates of exposure. To incorporate the variation present 
in the parameten employed in the exposure model, Monte Carlo simulations were performed for 
exposure of each species to contaminants where NOAELbased H Q e l  were observed (see Table 
F4.11). The mean, standard deviation, and 80th percentile of the simulated exposures are presented in 
Table F4.13. By superimposmgNOAEL and LOAEL values on these distributions, the likelihood of an 
individual experiencing potentially hazardous exposures can be estimated and the magnitude of risk to 
individuals may be determined. These comparisons are presented in Table F4.18. Interpretation of the 
comparison of exposure distributions to NOAELs and LOAELs is described in Table 6.17. 

To evaluate the likelihood and magnitude of population-level effects on piscivores, literature- 
derived population density data (expressed as number of individualdm of stream or pond shoreline) 
were combined with lengths of streams or pond shorelines for which risks were assessed to estimate the 
number of individuals of each end point species expected to be present in each watershed. 
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Table 6.17. Comparison ofeywuure dirtributlonr to N0AEI.a and L0AEI.a 

Comparison Meaning Risk-based interpretation 

NOAEL >80th percentile of 
exposmedistribution 

NOAEL < 80th percentile < 
LOAEL 

-3oo/o of expmuresgreakr 
thanNOAEL 

Individual- and population-level 
adverse effects are highly unlikely 

>20% of exposures greater 
than NOAEL,but do?? of 
e x p o s u r e s P W h  
LOAEL 

Individuals experiencing exposures at 
the high end of the distribution may 
experience adverse effects, but those 
effects are unlikely to significantly 
contribute to effects on the Oak Ridge 
Resemation population. 

. LOAEL-SOthpercentiIeof >20% of expmures greater Effects on some individuals are likely 
exposure distribution thanL0AEL and they may contribute significautly 

to effects on the Oak Ridge 
Reservation population. 

NOAEL = no-observed-adverseeffect level; LOAEL = lowest-observed-advserseeffect level. 

Literaturederived population densities used for each end point species were: mink: O . 6 k y  river 
otter 0.37Aq and great blue heron; 2 . 3 h  Linear population density data were not available for osprey 
(osprey m adQessed separately)). It should be noted that density values for all end point species but the 
great blue heron represent the maximum values obtained from the literature (Tables F4.2, F4.3, and 
F4.4). The literature values for herons (Table F4.2) appear inflated and are not believed to accurately 
repmeat densities in the CR/PC system. Therefore, the minimum value, which is consistent with local 
densitities, was used. Population estimates based upon these densities are listed in Table 6.18 for the 
primary C W C  subreaches. 

The number of individuals within a given subreach likely to experience exposures greater than 
LOAELs can be estimated using cumulative binomial probability functions (Dowdy and Warden 1983). 
Binomial probability functions are estimated using the following equation: 

where: 
y 
n 
p 
b (y; n; p) 

= the number of individuals experiencing exposures > LOAEL 
= total number of individuals within the subreach 
= probability of experiencing an exposure in excess of the LOAEL 

= probability of y individuals out of a total of n, experiencing an exposure > 
LOAEL, given the probability of exceeding the LOAEL?. 

By solving this equation for y=O to y=n, a cumulative binomial probability distribution may be 
generated that can be used to estimate the number of individuals within a subreach that are likely to 
expeaieaceactverseeffects. Summingthenumkwithine.achsUbreachacross all subreaches and dividing 
by the total estimated CWPC population, the proportion of the population potentially at risk may be 
estimated. 
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It should be nded that population estimates focused on those reaches that are within the OU and 
inmxhtely Qwnstream of the ORR (1taAes2,3, and 4). These reaches were selected because (1) they 
represent the greatest erq>osures, (2) using all reaches would greatly over-estimate the population 
immediately adjscent to the ORR and reduce the likelihood of detecting a potential population-level 
effect. 

Because the area of this population range is small relative to the mobility of these species and 
because it is limited to contaminated areas, it is a wnservative definition of the exposed populations of 
mink, o m ,  and herons. 

Table 6.18. Eatimated number of individuals by watershed 

Subreach h g t h  Mink Riverotter Greatblue 
heron 

2.01 7.7 5 3 18 

2.02 10.6 6 4 24 

2.03 28.7 17 11 66 

2.04 23.0 14 9 53 

3.01 3.1 2 1 7 

3.02 5.6 3 2 13 

3.03 9.7 6 4 22 

3.04 4.2 3 2 10 

4.01 19.2 12 7 44 

4.02 19.5 12 7 45 

4.03 18.0 11 7 41 

4.04 7.6 5 3 17 

Total 156.9 % 60 360 

Binomial probability distributions were generated only for contaminantend point-subreach 
combinations where the percent of the exposure distribution exceeding the LOAEL was 20% to 80% 
(these values are reported in Table F4.18). If the percent of the exposure distribution exceeding the 
LOAEL was QO'?!% it was assumed that no individuals within that subreach were experiencing adverse 
effects. Cmveasely, ifthe percent of the exposure distribution exceeding the LOAEL was > SO%, it was 
assumed that al l  individuals within that subreach were experiencing adverse effects. The total numbers 
of individuals of each end point species estimated to be experiencing adverse effects within each 
subreach are summaflzed ' in Table F4.19. Because all exposure estimates were either >80% or do%, 
calculation of cumulative binomial probability distributions was not necessary. 
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While all great blue heron that forage within subreaches 3.01 and 3.02 are likely to experience 
merc\ny exposum that exceed the LOAEL (Figs 6.24 and 6.25), these birds represent only 6% of the 
total birds expected to use the CWPC reaches downstream of the ORR (reaches 2,3, and 4; Table 
F4.19). Because the numbex estimated to be & a l y  affected is les than 20?h, population-level effects 
to from mercury great blue herons downstream of the ORR are unlikely. PCBs and copper are also 
unlikely to have adverse effects on the great blue heron population. 

Among mink, while estimated erq>osures to mercury, selenium and PCBs exceeded NOAELs in 
sub- downstream of the ORR (Table F4.18), estimated exposures to these contaminants did not 
exceed LOAELs within any subreach (Tables F4.18 and F4.19). Therefore population-level effects of 
contaminants to mink are unlikely. 

h g  river otter, while adverse effects lkxn arsenic, selenium, and copper are unlikely, individual 
otter within subreaches 3.01 and 2.04 may be adversely affected by exposure to mercury or PCBs, 
mpectively (Figs 626 and 6.27; Tables F4.18 and F4.19). Because the river otter is a threatened species 
m Tennessee, adverse effects to individuals are a concern. Therefore, mercury in subreach 3.01 and PCBs 
in subreach 2.04 present a risk to river otter. 

Osprey at subxtaches 3.01 and 3.02, ~ I E  estimated to receive exposures to mercury in excess of the 
LOAEL >99% and 70% of the time (Figs 6.28 and 6.29; Table F4.18). No other contaminants in any 
othersubreachareestimatedtop~ariskto~~.Toataluatethesignificanceofmercuryexposure 
among osprqr within subreaches 3.01 and 3.02, the fmging range of osprey must be considered. Osprey 
are wideranging species, with individuals ranging 10 to 15 km fiom their nest sites in search of food 
(Van Daele and Van Daele 1982). EPA (19938) reports the mean foraging radius for osprey to be 1.7 
km with a range of 0.7 km to 2.7 km. Of the three active osprey nests in the vicinity of the ORR @. 
Anderscp1, P a .  Comm), two a~ located along Melton Hill Resetvoir (reach 1) and one on Poplar Creek 
approximately at the border between subreaches 3.03 and 3.04 (Fig. 6.30). While the reach 1 nest sites 
are within 15 km of subreaches 3.01 and 3.02, due to the availability of suitable habitat nearer to their 
nests and that the mean fmging radius is 1.7 kin, birds fiuin these nest sites are unlikely to forage within 
subreaches 3.01 and 3.02. Therefore potentially deleterious mercury exposure to these birds is unlikely. 
In contrasf the 3.03B.04 nest site is within 3 km of subreaches 3.01 and 3.02. Birds fiom this nest may 
therefore forage and be exposed to elevated mercury in fish from subreaches 3.01 and 3.02. 

To estimate and model the potential mercury exposure for osprey at the 3.03/3.04 nest location, it 
was assumed that tbe birds would travel up to 5 lan fiom the nest to forage. Most foraging was assumed 
to OCCUT near to the nest, with -50% of diet obtained fiom within 1 lan of nest, 25% obtained fiom 1 to 
2 km, 15% fiom 2 to 3 km, and 5% each from 3 to 4 lan and 4 to 5 km fiom the nest, respectively. 
Sub- that fell within these ranges were idatifid Subreaches, approximate distance fiom nest and 
estimated contribution to total diet for the nest are listed in Table 6.19. 

, 
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Table 6.19. Subreacher, appmximate dutance from nest and estimated 
contributiqn to total diet for the nest 

Subreach Distancefiromnest Contribution to diet 

4.01 -1-4 5 

2.04 No data No data 

2.03 No data No data 
2.02 -5 5 

13 4-5 5 

3.01 -34 15 

3.02 -3 20 

3.03 0-2 25 

3.04 0-1 25 

To estimate the m e r c l ~ ~ y  exposme for osprey fiom the 3.03/3.04 nest site, Monte Carlo simulation 
was performed on the sum of the exposure estimates for each subreach w i t h  5 km of the nest site. 
Exposure from each subreach was weighted bydhe proportion of the total diet it was projected to 
contribute (see above). Mean (STD) mercury exposure for q r e y  fiom the 3.03/3.04 nest site was 
estimated to be 0.043iO.0041 mg/kg/d While the 80th percentile (0.046 mg/kg/d) is less than the 
LOAEL (0.056 mfig/d) it is greater than the NOAEL (0.006 m&g/d). These results indicate that while 
mmment adverse effects to osprey at the 3.03/3.04 nest site are unlikely (because the LOAEL was not 
exceeded), adverse effects are possible if birds from this nest consistently experience exposures at the 
high end of the distribution (because the NOAEL was exceeded). 

. .  

Effects of retained contaminants. 

Arsenic. The 80th percentile for exposure of river otter to arsenic exceeded the NOAEL but not 
the LOAEL at 1 1 subreaches (Table F4.18). Both the NOAEL and LOAEL for river otter are based 
upon a study in which reproctuCtive success and offspring survival was observed among mice fed arsenite 
for three generations (Schroeder and Mitchner 1971). One dose level administered (1.261 mg/kg/d), 
designated as the chronic LOAEL, resulted in declining litter size with each successive generation. A 
chronic NOAEL was estimated by multiplying the chronic LOAEL by a LOAEL-NOAEL correction 
Eactor of 0.1. Based on the results of schroeder and Mitchner (1971), river otter experiencing erq>osures 
2 LOAEL are likely to display a decline in litter size. 

Copper. The 80th percedle for exposure of great blue heron and river otter to copper at subreach 
2.01 exceeded the NOAEL but not the LOAEL (Table F4.18). The great blue heron NOAEL and 
LOAEL for copper were derived fiom a study of chicks fed copper oxide for 10 wks. (Mehring et al. 
1960). While consumption of 61.7 mg/kg/d copper r e d d  growth and increased mortality, no effects 
were observed at the 47 mg/kg/d exposure level. The study was considered to represent a chronic 
exposure, therefore a tabchmiicchronic correction factor was not employed. The 47 mg/kg/d exposure 
was considered to be a chronic NOAEb the 61.7 mg/kg/d exposure was considered to be a chronic 
LOAEL 
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Both the NOAEL and LOAEL for river otter are based on a study in which mink were fed copper 
sulfate foc 357 days (including a critical lifestage) (Aulerich et al. 1982). While consumption of 15.14 
mg/kg/d copper &reased the percentage of mortality in mink kits, no adverse effects were observed at 
a 11.71 mg/kg/d exposure level. Based on the results of Aulerich et al. (1982), otter experiencing 
exposures 2 LOAEL may display a reduction in offspring survival. 

DDE. The 80thpenxde for exposure of osprey to DDE at subreach 3.01 exceeded the NOAEL 
but not the LOAEL. The osprey NOAEL and LOAEL for DDE were derived fiom a study of brown 
pelicans exposed to DDT for 5 yrs. (Anderson et aL 1975). Because DDE is a metabolite of DDT, effects 
from DDE were assumed to be comparable to those observed for DDT. Chronic exposure to 0.028 
mg/kg/d DDT reduced reproductive success. This dose level was considered to be a LOAEL. Because 
an experimental NOAEL was not established, the NOAEL was estimated using LOAEL-NOAEL 
Oorrection factor of 0.1. Because an experimental NOAEL was not established, the nature and exposure 
level at which adverse effects to individual birds may become evident cannot be defined. 

Mercury. For the purposes of this assessment, it is assumed that 100% of the Hg to which 
piscivores are exposed consists of methyl mercuy. 

The 80th peacede for m e f c ~ n y  exposwe e x p e r i d  by osprey and great blue heron exceeded both 
the NOAEL and LOAEL at subreaches 3.01 and 3.02; exposure at all other modeled subreaches 
exceeded the NOAEL but not the LOAEL. Both the avian NOAEL and the LOAEL are based upon a 
study of mallard fed methyl menxny for three gmemions (Heinz 1979). The study was considered 
to represent a chronic exposure and a subchronic-chronic correction factor was not employed. The only 
Qse level sdministered, 0.064 mg/kg/d, caused bens to lay fewer eggs, lay more eggs outside of the nest 
box, and produce fewer ducklings. This dose level was considered to be a LOAEL. Because an 
~ N O A E L w a s n o t ~ ~ t h e N O A E L w a s e s t i m a t e d u s i n g L O A E ~ N O A E L  correction 
htor  of 0.1. Based on the results of He& (1979), birds experiencing exposure ;r LOAEL are likely to 
display impaired reproduction. 

The 80th percentile for mercury exposure experienced by mink exceeded the NOAEL at reach 13 
and at subreaches 3.01,3.02,3.03,3.04, and 4.01; the LOAEL was not exceeded at any modeled 
subreach For river otter, while the 80th percent.de for mercury exposure exceeded the NOAEL at 14 
subreaches, the LOAEL was exceeded only at subreach 3.01 (Table F4.18). The mink and otter 
NOAELs for mercury was derived hm a study of mink fed methyl mercury for 93 days (Wobeser et al. 
1976). While consumption of 0.247 mg/kg/d methyl mercury resulted in significant mortality, weight 
loss, andbehavioral imp- no effects were observed at the 0.15 mgkgld exposure level. The 0.15 
mg/k@d exposure was considered to be a NOAEL. Because the study was subchronic in duration (4 
yr), a sub&mnicchronic correction ktorwas applied (NOAEL=O.O15). The mink LOAEL for mercury 
was derived h m  a study of rats fed methyl mercury for 3 generations (Verschuuren et al. 1976). While 
conslrmption of 0.16 m&dd methyl mercury d t e d  in reduced pup viability, no effects were observed 
among rats conmning 0.032 mgkdd. Because the data were derived from a multigeneration study, the 
0.16 m&gd exposure was considered to be a chronic LOAEL. Based on the results of Verschuuren et 
aL (1976), mink meac ing  exposure L LOAEL are likely to display impaired reproduction. Because 
the NOAEL for mink was derived using a subchronic~hronic correction factor, it is not reasonable to 
assume that mink experiencing exposure greater than the NOAEL but less than the LOAEL will 
experience increased mortality. It is more likely that mink whose exposures are at the high end of the 
disfriiution will display impaired reproduction (effects based on Verschuuren et al. 1976). The effects 
are likely to be less pronounced than that displayed among individuals where exposure is greater than 
the LOAEL. 

http://percent.de


6- 107 

Morgan 
CQ. 

74b;UUO -- 745.000 7!50,000 7!%:000 735,000 

Fig. 6.30. Location of active osprey nesting locations adjacent to the Oak Ridge Reservation. Circles represent 1 km radi 



krson 
18. 

a 
4 

r Hill Dam 

idon 
0, 

I 
760,000 

\ 
8 

c >,- '. 
I i  

765,000 

igo,ooa 

185,000 

180,000 

175,000 

170,000 

165,000 

Osprey Ne!&§ 
and Approximate Ranges 

N 

s 

LEGEND * Nesthcation 

',,,,I i---- * DOEBoundary 

--------. Plant Boundary 

P Ever Mile Marker 
1 

County Boundary ----- 

Tennessee State Plane Coordinate System, NAD 83 
Source: Lake boundary provided by TVA 

Sample locations provided by 
Environmental Science Division 

Prepared by GeoSpatid Support (GSS) 
Enironmental Information Management 
Enviromental &storation Division 
Created: 96-03-08.12:52:45.Fri Version 1.0 

i from nest. 



6-108 

KB. The 80th percentile for PCB exposure experienced by osprey exceeded the NOAEL but not 
the LOAEL at reach 13 and at subreaches 2.04, 3.01, and 3.02; a similar relationship (exposure 
exceeding the NOAEL but not the LOAEL) was observed for great blue heron at subreaches 2.04 and 
3.02. Both the avianNOAEL and LOAEL are based upon a study in which reduced egg hatchability was 
observed among ring-necked pheasants fed two dose levels, 1.8 and 3.6 mg/kg/d Aroclor 1254 for 17 
weeks (Dahlgren et al. 1972). The study was considered to represent a chronic exposure, therefore a 
subchronic-chronic correction factor was not employed. Effects were observed at both dose levels, 
therefore the 1.8 mgkg/d dose level was considered to be a LOAEL. Because an experimental NOAEL 
was not established, the NOAEL, was estimated using LOAELNOAEL correction factor of 0.1. Because 
an experimental NOAEL was not established, the nature and exposure Ievel at which adverse effects to 
individual birds may become evident cannot be defined. 

The 80th percentile for PCB exposure experienced by mink exceeded the NOAEL but not the 
LOAEL at subreach 2.04. For river otter, while the 80th percentile for PCB exposure exceeded the 
NOAEL at 14 subreaches, the LOAEL was exceeded only at subreach 2.04 (Table F4.18). The mink and 
o#erNOAELs and LOAELs for PCBs was derived from a-study of mink fed Aroclor 1254 for 4.5 mo. 
(Aulerich and Ringer 1977). While consumption of 0.69 mg/kg/d Aroclor 1254 reduced kit survivorship, 
no effects were observed at the 0.14 mg/kg/d exposure level. The study was considered to represent a 
chronic exposure, therefore a subchronicchronic correction factorwas not employed. The 0.14 mg/kg/d 
exposure was considered to be a chronic NOAEL; the 0.69 m&$d exposure was considered to be a 
chronic LOAEL Based on the results of Aulerich and Ringer (1977), mink experiencing exposure 2 
LOAEL are likely to display reduced kit survivorship. 

Selenium. The 80th percentile for selenium exposure experienced by mink and river otter exceeded 
the NOAEL but not the LOAEL at 9 (mink) and 13 (otter) subreaches. Both the NOAEL and the 
LOAEL are based upon a study in which reduced reproductive success and offspring survival was 
observed among mice fed one dose level, 0.75 mg/kg/d Se in drinking water, for three generations 
(Schroeder and Mitchner 1971). The study was considered to represent chronic exposure, therefore a 
subchronicchronic correction factor was not employed. This dose level was considered to be a LOAEL. 
Because an experimental NOAEL was not established, the NOAEL was estimated using LOAEL- 
NOAEL correction factor of 0.1. Because an experimental NOAEL was not established, the nature and 
exposure level at which adverse effects to individual mink may become evident cannot be defined. Based 
on the results of Schroeder and Mitchner (1971), mink experiencing exposure 2 LOAEL are likely to 
display reduced reproductive success and offspring survival. 

6.43.2 Mink toxicity tests 

To evaluate the nature and magnitude of toxicity of contaminants in fish fiom the Clinch River to 
mink, jish were collected fiom the Poplar Creek embayment, formulated into mink diets, and fed to mink. 
Mink were fed five different diets: ' 

Diet A: 75% ocean fish, 25% mink chow 
Diet B: 75% fish from upstream of ORR, 25% mink chow 
Diet C: 25% Poplar Creek fish, 50% ocean fish, 25% mink chow 
Diet D: 50% Poplar Creek fish, 25% ocean fish, 25% mink chow 
Diet E 75% Poplar Creek fish, 25% mink chow 

Ten mink (2 males, 8 females) were fed each diet for 7 months; starting -3 months prior to 
breedin& extending to 6 weeks post-partum. Bioaccumulation, growth, histopathology, and reproduction 
were recorded. Significant effects were observed only among mink fed diet E. These effects included 
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statistically significant reductions in body weights of adult females and male kits and in litter size. 
Percent reductions were 20% and 17% for adult female and male kit weights, respectively, and 37.7% 
for litter size. A detailed discussion of the methods and results of the mink toxicity test is presented in 
sect. 3.5. 

To evaluate how the exposures experienced by minlc in the toxicity test compare to those modeled 
for mink along the Clinch River, Monte Carlo simulations of mink exposure were performed using the 
coflcentrations of mercury and Aroclor 1260 measured in the five diets (Tables N10 and N12). Parameter 
values in the exposure model were those used in estimates using Clinch River data (body 
weighH.974M.202 kg; food ingestion rate = 0.137 kg/d). Results of the exposure simulation are 
presented in Table F4.20. Estimated exposures to mercury and Aroclor 1260 in diet A were below both 
the NOAEL and LOAEL. For diets By Cy D. and E, mercury exposures exceeded the NOAEL (only 
marginally for diet B) but not the LOAEL, suggesting that it is unlikely that toxicity observed in diet E 
is attributable to mercury. In contrast, exposures to Aroclor 1260 in diets By Cy D, and E were greater 
than both the NOAEL and LOAEL (Table F4.20). These data suggest that impaired reproduction should 
have been evident in all four diets, not just diet E. 

Estimating that toxicity should be observed in four diets but actually observing it only in the highest 
concentration suggests that the LOAEL for PCBs used in this assessment is too low and is not 
representative of the toxicity of the PCBs present on the ORR ORR-specific NOAEL and LOAEL for 
PCBs (represented by PCB 1260) of 1.7 mg/kg/d and 3 mg/kg/d can be derived from the toxicity test 
expome estimate for diets B and E (Table F4.20). While an ORR-specific LOAEL for mercury cannot 
be derived from these toxicity test results, a site-specific NOAEL may be estimated. The ORR-specific 
NOAEL for mercury would be 0.022 mg/kg/d (diet D) or 0.033 mg/kg/d (diet E, assuming that mercury 
is not contributing significantly to toxicity observed from this diet). 

The mercury exposure estimate for mink at the Clinch River subreach where the highest exposure 
estimate was obtained (subreach 3.01; mean = 0.027i0.013 mg/kg/d) is higher than that estimated for 
test diets A, B, Cy and D, but less than that in diet E (Table F4.16). The estimated total PCB exposure 
at subreach 2.04 (mean = 0.3 1 1i0.222 mg/kg/d) is less than that in all test diets except the control diet 
(diet A; Table F4.20). 

Several conclusions may be drawn from these toxicity test data. 

Comparisons of exposure estimates toNOAELS and LOAELs suggest that effects observed in diet 
E are attributable to PCBs. It is unlikely that mercury is significantly contributing to adverse effects 
observed in the toxicity test. A significant contribution of mercury to the toxic effects would have 
resulted in a LOAEL that was lower than literature values, not higher. 

Given the dBkence between predicted and observed toxicity from the test diets, the PCB LOAEL 
used in this assessment is too low and does not reflect toxicity observed among mink exposed to 
Poplar Creek fish. 

Consumption of a diet consisting of 75% fish from the Poplar Creek produces reproductive 
impairment in mink. 

Assuming that toxicity in the test is entirely due to PCBs, a LOAEL for mink on the ORR fish of 
3 m&g/d can be derived. Using the ORR-specific value rather than the literature value, PCBs 
would not be expected to cause toxic effects on survival, growth, or reproduction of mink in any 
ORR watershed. 
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D i E m  between the results of the toxicity tests and modeled exposures for mink on the ORR 
may result for several reasons. 

3) 

DifEea-ena in fish size. E.xposure estimateS for mink on the ORR were based solely on contaminant 
wncentratons in fish most likely to be consumed by mink (i.e., s30 cm in length). Due to the large 
volume of fish needed to formulate the test diets and to feed mink for 7 months, the majority of fish 
used in the toxicity test were large (mean=39 cm, STB17 cm). Because body burdens of 
bioaccumulative contaminants like mercury and PCBs are generally greater in older, larger 
individuals, concentrations in the toxicity test diets were higher than that in fish expected to be 
consumed by mink on the ORR 

DiEea-ena in fish species. Over 50% of the fish used in the test diets were sucker, carp, or buffalo 
(Table C20). In contrast, only 0.1% of fish used to estimate exposure for Clinch River piscivores 
were carp; no data fiom sucker and buffalo were used in the exposure assessment. Because fish 
species accumulate contaminants differently, variation in species included in test diets and modeled 
diets may have contributed to the differences in results. 

Differences in the PCB congener composition on the ORR vs. that used in the literature toxicity 
test. PCBs m d  in environmental samples are not Aroclors. Aroclors are specific mixtures of 
PCB congeners as manufactured. The environmental measurements of PCBs used in the Poplar 
Creek toxicity test are called Aroclor 1254 or Aroclor 1260 because they have -54% or 60% C1. 
The congener makeup of Aroclor 1254 or 1260 fiom the Poplar Creek fish is likely to be very 
dBkrent from the congener makeup of Aroclor 1254 or 1260. More importantly, PCB toxicity is 
generally correlated with individual congeners, not with Aroclors. 

6.433 Biomonitoring data 

Great blue heron reproduction study. To determine ifcontaminants fiom the ORR are adversely 
afEztingpiscivorous wildlife, bioaccumulation of contaminants and reproductive success of great blue 
herons at two colonies located within 3 km of the ORR and two colonies located >10 lan from the site 
was monitored. Data were wllected h m  each nest colony between 1992 and 1994. A discussion of these 
data are presented in Sect. 3.5. 

Adyses indicated significantly elevated levels of Cry Hg, and PCBs in eggs (Tables N2 and N14), 
Hg in feathers and liver of chicks (Table N3) and PCBs in fat (Table N5), liver (Table N6), and muscle 
(TableN7) of chicks h m  samples fiom the ORR as compared to data from the offsite locations. King 
et al. (1991) report that 0.5 to 1.5 mgkg mercury concentrations in bird eggs may are associated with 
reproductive failure; Harris et al. (1993) report a NOAEL for hatching success of Forster's Tern eggs 
to be 7 mgkg. Mean concentrations of mercury (0.17 mgkg) and PCBs (1.68 mg/kg) in great blue heron 
eggs fiom within 3 km of the ORR are substantially below both levels, suggesting that reproductive 
effects fiom mercury or PCBs in eggs are unlikely. 

Despite elevated contaminant burdens, the mean number of eggshest, number of chickshest, egg 
weight, and eggshell thickness did not differ between colonies within 3 km of the ORR and those >10 
km away (Table N8). In addition, the number of eggshest observed at the colonies within 3 km of the 
ORR (3.5 eggs/nest) and at the colonies >10 km away (3.2 eggshest) are comparable to those reported 
in EPA (1993g) (3.16 to 4.37 eggshest) 
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The d t s  of the great blue henm reproctuction survey indicate that herons are experiencing higher 
amtmhmt exposures at the colonies adj-t to the ORR. However, this exposure is not sufficiently 
high to result in adverse effects to the populations at the colonies within 3 km of the reservation. 

Osprey reproduction. While an ospqmonitoring study was not performed as part of the CRRI, 
an ongoing osprey reintroduction program is being conducted by the TWRA in the Clinch/Tennessee 
River system. Osprey are currently nesting at three locations adjacent to the reservation: Gallaher and 
SolwaybendS(bdhl0catedinreach 1)andinPcrplarCreekapproximateyattheboundarvofsubreaches 
3.03 and 3.04. Mean reproductive success at these three osprey nests was 3 younghest (B. Anderson, 
pers. comm). For comparison, mean reproductive success of osprey inN. America ranges fiom 1.7 to 
2.14 younghest @PA 1993a). 

6.43.4 Weight of evidence 

Osprey. Two lines of evidence, literature toxicity data and biomonitoring data, were available to 
evaluate ecological risk to osprey. Comparison of exposure estimates to LOAELs indicates that within 
only two subreaches poplar Creek 3.01 and 3.02) are significant risks present. These risks are 
attributable solely to mercury. Risk fiom mercury is not retained when exposure is recalculated taking 
into account the spatial COmpoAent of osprey foraging behavior. Reproductive success of osprey adjacent 
to the ORR is high relative to that observed among other osprey populations in N. America. The weight 
of evidence suggests that contaminants from the ORR do not present a risk to osprey. 

Great blue heron. Two lines of evidence, literature toxicity data and biomonitoring data, were 
available to evaluate ecological risk to great blue heron. Comparison of exposure estimates to LOAELs 
indicates that exposure to Hg within the subreaches 3.01 and 3.02 may be sufi3ciently high to result in 
@aired r e p w o n  of individual herons that forage exclusively within these areas. However, because 
these subreaches 8ccount for only 6% of the heron population downstream of the ORR, adverse 
population-level effects are unlikely. Biomonitoring data indicate that PCBs and mercury are being 
accumulated in heron eggs and chicks, but levels are below those reported to adversely affect other bird 
species. Because henm repmixtion adjacent to the ORR does not appear to be impaired, the weight of 
evidence suggests that contaminants fiom the ORR do not present a risk to great blue heron. 

, ' 

Mink Two lines of evidence, literature toxicity data and toxicity test data, were available to 
evaluate ecological risk to mink Comparison of exposure estimates to LOAELs indicates no significant 
risk in any subreach. Toxicity test results indicate that consumption of a diet consisting primarily of fish 
fiom the Poplar Creek embayment adversely affects reproduction. The maximum exposure estimated 
for mink along the Clinch River however is significantly lower than the toxicity test exposure level that 
produce e f f i .  The weight of evidence suggests that contaminants fiom the ORR do not present a risk 
tomink 

River Otter. Two lines of evidence, literatme toxicity data and the PCB NOAEL and LOAEL and 
mercu~y NOAEL derived from the Poplar Creek mink toxicity test, were available to evaluate potential 
risk to river otter. Comparison of exposure estimates to literaturederived LOAELs indicates a 
significant risk fiom mercury in subreach 3.01 and fiom PCBs in subreach 2.04. 

Using approach outlined in Sect.6.4.2.1. and the ORR-specific PCB NOAEL and LOAEL and 
m u r y  NOAEL for mink (Sect. 6.4.3.2), ORR-specific values for otter were estimated (Table 6.20). 
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Tabk 6.20. Oak Ridge Rerervatiop-spec€fii values for otter 

h a w e  Eitimated NOAEL Estimated WAEL 
(rngkgld) (meFgld) 

PCBs 0.85 1.5 

MercUry 0.01 1" no data 
NOAEL = mbserved-adverse-effat level; LOAEL = lowest-observed-advserse-effat level. 
'To be Conservative, based on the lower of two possible NOAELs. 

Comparison of the ORR-specific PCB LOAEL to the exposure distributions presented in Table 
F4.13 indicate that there is a 4% likelihood of individual otter in subreach 2.04 experiencing PCB 
aqx>sure greater than the ORR-specific LOAEL. Therefore, based upon the results of the Poplar Creek 
mink toxicity test, PCBs are unlikely to present a significant risk to otter in the CR/PC system. 

The ORR-specific mercury NOAEL, while greater than the literaturederived NOAEL (0.008 
mg/kg/d; Table F4.15) is still less than the literaturederived LOAEL (0.06 mg/kg/& Table F4.15). 
Therefore, the results of the Poplar Creek mink toxicity test do not significantly alter the conclusions 
derived fiom evaluation of the literature-based toxicity data. The weight-ofevidence indicates that 
indivictual otter using subreach 3.01 may be adversely affected by mercury exposure. Because the river 
otter is a state threatened species, effects to any individual is significant. 

6.4.4 Uncertainties Concerning Risks to Piscivorous Wildlife 

6.4.4.1 Estimation of contaminant concentrations for missing fish s'm classes 

Contaminant amcmhtions in fish size classes for which no data were available were assumed to 
be comparable to that observed larger fish. Because larger fish generally have higher contaminant 
concentrations than d e r  fish, concentrations in smaller fish are likely to be overestimated. 
Consequently, exposure estimates that use these estimated fish values are likely to overestimate the 
actual contaminant exposure experienced. 

6.4.4.2 Bioavailability of contaminants 

It was assumed that 100% if the contaminant concentration reported in fish and water was 
bioavailable. Much of the biotic media are bioavailable; h e w ,  the uptake efficiencies for wildlife may 
not be 100%. Therefore, exposure estimates based upon the contaminant concentrations in media are 
conservative and are likely to overestimate the actual contaminant exposure experienced. 

6.4.43 Extrapolation from published toxicity data 

While published toxicity studies are available for mink, there are no published data for osprey or 
great blue heron. To estimate toxicity of contaminants at the site, it was necessary to extrapolate fiom 
studies performed on test species (i.e., mallard ducks, ring-necked pheasant, and rats). While it was 
d t h a t  toxicity could be estimated as a function of body size, the accuracy of the estimate is not 
horn.  For example, osprey or herons may be more or less sensitive to contaminants than ducks or 
pheasants. 
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Additionalerrtrapdationuncataintysristsforthosecontamrnants for which data consisted of either 
LOAELs or was subchronic in duration. For either case, an uncertainty factor of 10 was employed to 
estimate NOAELs or chronic data. The umertam * ty factor of 10 may either over- or underestbate the 
sctual LOAELNOAEL or subchronicchronic relationship. 

Toxicity of PCBS to piscivorous wilme was evaluated using toxicity data fiom studies on Aroclor 
1254. Because toxicity of PCB congeners can vary dramatically, the applicability of data for Aroclor 
1254 is unkntnm ConrpariSOn of the d t s  of the mink toxicity test results and the estimated LOAELs 
formink, suggests the h l a  1254 data do not accurately reflect (i.e., overestimate) the toxicity of the 
PCB mixture present in Clinch River fish . 

6.4.4.4 Variable food and water consumption 

Whilefoodconsumptionbypiscivorouswildlifewasassumedtobesimilartothatrepo~forthe 
same or related species in other locations, the validity of this assumption cannot be determined. Food 
consumption by wildlife almg the Clirmch River may be greater or less than that reported in the literature, 
resulting in either an incaease or decrease in contaminant exposure. Similarly, water consumption for all 
species was estimated according to the allometric equations of Calder and Braun (1983). The accuracy 
with which the estimated water consumption represents actual water consumption is unknown. 

6.4.4.5 Single contaminant tests vs exposure to multiple contaminants in the field 

While piscivores along the Clinch River are exposed to multiple contaminants concurrently, 
published toxicological values only consider effects experienced by exposures to single contaminants. 
Because some contaminants to which wildlife are exposed can interact antagonistically, single 
contaminant studies may overestimate their toxic potential. Similarly, for those contaminants that 
interact synergistically, single contaminant studies may underestimate their toxic potential. 

6.4.4.6 Inorganic constituents or species present in the environment 

Toxicity of metal species varies dramatically depending upon the valence state or form (organic or 
inorganic) of the metal. For example, Arsenic 0 and methyl mercury are more toxic than arsenic 
anci inorganic mercury, respectively. The available data on the contaminant concentrations in media do 
not report which species or form of contaminant was observed. Because benchmarks used for 
comparisOnrepresentedthemoretoxicspecies/f~ ofthemetals (particularly for arsenic andmercury), 
if the less toxic specidform of the metal was actually present in fish fiom the Clinch River or Poplar 
Creek, potential toxicity at the sites may be overestimated. 

6.4.4.7 Contaminant concentrations in aquatic prey 

Whilefisharethep~preyofpiscivores,otIaeraquaticpreyarealsoconsumed.Itwasassumed 
that the contaminant concentration in fish was representative of that in other aquatic prey. Due to the 
different life histories of other aquatic prey (i.e., amphibians, crayfish, benthic invertebrates), their 
Contaminant burdens are likely to differ hm that in fish. Therefore, assuming comparability to fish may 
either over or underestimate exposure. 

6.4.4.8 Fish size selection 

Data d g  tlx sizes of iish consumedbypiscivores were obtained fiom the literature. Because 
fish sizes consumed by Clinch River piscivores may dif€er from that reported in the literature, exposure 

. 
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may be overestimated or underestimated. In addition, while Alexander (1977) report that mink only 
consume fish s20 cm in length, few data from the Clinch River were available in this size range. To 
providedata with which to assess exposure, the size range of fish consumed by mink was expanded to 
id& fish up to 30 an m leu& Including these larger fish may overestimate the exposure experienced 
by mink along the Clinch River. 

6.4.49 Monte Carlo simulation 

To perform Monte Carlo simulations, distributions must be assigned to parameters. Because 
wildlife are mobile, the mean of the contaminant concentration is IikeIy to best represent their exposure. 
For this reason the contaminant concentrations in fish were assumed to be normally distributed. 

The literature values used for body weights of each end point are nationwide values which may 
ov enshate or underestimate the body weight of species found at the site. Similarly the proportion of 
ikh and aquatic prey in mink diet were derived iiun data from mrthern locations (i.e., MI, Canada, etc.). 
Tbe applicabiity of these data to the parentage of fish and aquatic prey consumed by mink in Tennessee 
is unknown. 

6.4.4.10 Estimated whole fish concentrations 

ummtmtions in whoIe no-shad fish were estimated using contaminant specific fillet 
to whole fish ratios. Data to gemate ratios were only available for PCBs in largemouth bass and channel 
catfish iiun the Clinch River. Ratios for metals were obtained from spotted bass samples from near the 
PORTS Wty in Ohio. Applicability of these ratios to species other than those from which they were 
developed is unknown. Similarly, applicability of metal ratios from Ohio spotted bass to Clinch River 
fishisunknown. 

6.5 RISKS TO INSECIlVOROUS WILDLIFE 

6.5.1 Exposure Assessment for Insectivorous Wildlife 

Insectivorous wildlife may be exposed to contaminants through ingestion of contaminated media 
(aquatic insects and water) associated with the Clinch River. Rough-winged swallows (SreZgidopteryx 
sempennis) and little brown bats (M'otis Zucijqps) forage regularly within the Clinch River system. 
During the breeding season, from April to July, the wallows reside in burrows located in the high 
vertical banks. Although no bumows were located within Poplar Creek, swallows may also reside in 
crevices in rock cliffs, bridges, and tunnels. The swallows continue to forage in the area until they 
migrate south in the fall. The little brown bats are nocturnal foragers along the waterways; living in 
caves, trees, and buildings during the day (Harvey 1992). Little brown bats and gray bats hibernate 
throughout the winter. Colonies of the federally endangered gray bat (Myotis grisescens) have been 
found within the Tennessee river basin, specifically at Norris and Chickamauga lakes. Although no 
colonies have been f d  in Roane or Adexson codes, gray bats have been observed foraging in these 
areas. The exposure parameters for both little brown bats and the gray bats are similar. Therefore, this 
assessnentwill address both species of bats simultaneously. The following sections describe the modes 
of exposure that occur at the Clinch River system for these end points, the ways in which exposure was 
estimated, and the exposure data available for ecological risk assessment. Exposure estimates were 
calculated for all contaminants in all  C W C  reaches for which data were available (reaches 0,1,5,6, 
10, 13,15, and 18 and subreaches 2.01,2.02,2.04,3.01,3.02,3.03,3.04,4.01, and 4.04). 

. ---,-. -_ . .. 
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65.1.1 Exposure through oral ingestion of aquatic insects and water 

Potential routes of exposure for rough-winged swallows, little brown bats,  an^ gay bats include 
ingestioaofcontarmnated food and surface water associated with the CWPC. All three of the end point 
species have diets consisting almost exclusively of aerial insects which are abundant on site. The total 
exposure experienced by insectivorous wildlife is represented by the sum of the exposures fiom each 
individual source (e.g., food and water). 

The generalized wildlife exposure model, as described in Sect. 6.4.1.1, was used to calculate 
contaminant exposure to insectivorous wildlife. In general, wildlife may be exposed to contamination 
via three pathways: oral, dermal, or inhalation. The prhmy route of exposure for these end points is 
through oral exposure. The feathers and fur of swallows and bats reduce the likelihood of significant 
deamal exposure by limiting the contact of skin with contaminated media. Therefore, d m a l  exposure 
is assumed to be negligible. Inhalation of contaminants is also assumed to be negligible since volatile 
organic carbons are present in extremely low amounts in the surface water. Thus, the exposure model 
for Clinch River insectivorous wildlife is as follows: 

where 

Ej 

C, = contaminant concentration (j) in water ( m a )  
BW = body weight (kg) 
CLj =contaminant concentration (i) in aquatic insects ( m a g )  
Pi = proportion of aquatic insects (mayilia) in diet 
IR, = ingestion rate of insects (kg/d) 

= exposure to contaminant (j) (m@g/d) 
= ingestion rate of water (L/d) 

Exposwe estimates were calculated for all contaminants in all Clinch River subreaches for which 
data were available. Because wildlife are mobile, their exposure is best represented by the mean 

collcentration in the media. The UCb5 is a conservative estimate of exposure for wildlife. 
"he PLE was used to calculate the U C L  in order to prevent bias fiom values below the detection limit. - estimates farcontamrnants * that may potentially present a risk to insectivorous wildlife (based 
upon comparisons to NOAELs) were recalculated using Monte Carlo techniques. 

Life history parameters for end point species. Species-specific parameters necessary to estimate 
exposure using the equation described above are listed in Tables F5.1 and F5.2. 

Contaminant concentrations in abiotic and biotic media. Contarmnan * t concentrations in surface 
water, sediment, and food are needed to estimate exposure for insectivorous wildlife. The PLE UCL, 
surfscewater- 'om within each subreach were used to estimate exposure fiom drinking water. 
The only surface water contamman ' ts that were used in the exposure model were those present in the 
mayflies.Thecontarmnan * ts in surface water which were not detected in mayfiies were compared to the 
NOAELs for surface water consumption for swallows and bats. Ifthe concentration is below the water 
consumption benchmark, the contaminant need not be considered further. 

. 



6-1 16 

cracentratiorrsofcontarmnants * m food (mayflies) m measured at three locations in Clinch River 
subreaches 3.03 and 4.04 and reach 18 (Table F5.3). .Contaminant concentrations in mayflies at other 
locations were estimated using d e n t - m a y f l y  contaminant uptake factors developed for the Clinch 
River Systean (Table F5.4). Contarmnant * uptake factors were calculated for arsenic, lead, mercury, zinc, 
andPCBs by dividing the Contaminant amcahOm * found in mayflies by the concentration found in the 

closest to the point of mayily collection. The average uptake factor fiom the three locations for 
eachcontarmnan * t was used to estimate the mayfly contaminant concentrations using the sediment data 
at all other reaches. However, the mercury uptake factor was calculated using sediment and mayfly 
concentrations collected within subreaches 3.03 and 3.04 only. Data &om reach 18 was excluded due 
to potential differences in mercury speciation off the ORR The estimated and measured mayfly 
contaminant concentrations, and surface water concentrations for each subreach were used in the 
insectivorous exposure model to estimate exposure for swallows and bats. 

Tbe resultant estimated mayfly concentrations were compared to the measured concentrations (at 
three locations) by performing a Student's t-test. This comparison was per€ormed to determine the 
quality of the uptake factors. b were no significant differences between the estimated and the actual 
mayny- * ant concentrations (Table F5.5). Therefore, this model appears to be a valid predictor 
of mayfly concentrations for each subreach. 

Exposure modeling using point-estimates. To estimate contamman * t exposure experienced by 
rough-winged swallows, the following assumptions were made: 

1) body weight = 0.0159 kg 
2) food consumption = 0.012 kg/d 
3) water consumption = 0.0037 Ud 
4) soil consumption = 0 kg/d 
5) diet consists 37.93% aquatic insects (32.89% dipterans and 5.04% ephemeropterans: represented 

bymayflies) (Beal1918) 
6) individuals forage exclusively within each given subreach 

To estimate contaminant exposure experienced by little brown and gray bats, the following 
assumptions were made: 

1) body weight = 0.0075 kg 
2) food consumption = 0.0025 kg/d 
3) water consumption = 0.0012 Ud 
4) soil consumption = 0 kg/d 
5) diet consists 100% aquatic insects (represented by mayflies) 
6) individuals forage exclusively within each given subreach 

Using the Clinch Ever insectivorous exposure model and the assumptions and data described 
above, exposure to contaminants was estimated for rough-winged swallows and little brown and gray 
bats fmging in the Clinch River. Exposure estimates for analytes detected in mayfly samples (arsenic, 
mercury, lead, zinc, and PCBs) are presented in Tables F5.6 through F5.15. 

Exposure modeling using Monte Carlo simulations. Employing point estimates for the input 
parameters m the Clinch River insectivore exposure model does not take into account the variation and 
mmtahtyassociatedwiththeparanetersandmayovetorunderestimatethe contaminant exposure that 
end points may receive in any given reach. In addition, calculating the model using point estimates 
pmduced a point estimate of srponne. This estimate provides no information concerning the distribution 



of exposures or the likelihood that individuals within a reach will actually experience potentidy 
hazardous exposures. To inwrporate the.yariation in exposure parameters and to provide a better 
estimateofthepotetltial~errperiencedbyinsectivoreSineachsubreac~~~edistribution 
was sindated using Monte Carlo techniques. Fa a detailed discussion of Monte Carlo simulation ( Sect. 
6.4). 

Monte Carlo simulations of exposure estimates were performed for all end point-subreach- 
contaminant combinations where comparison of point exposure estimates to NOAELs produced HQs 
2 1 (NOAELs are presented in Sect 6.5.2.1; Screening of exposure estimates against NOAELs is 
presented in Sect. 6.5.3.1). Monte Carlo simulations were performed for the subreachantaminant 
combinations presented in Table F5.16. 

Distributions were used for the following parameters in the Clinch River insectivore exposure 
model: 1) end point body weight; 2) sediment-mayfly uptake factors (Table F5.4); and 3) contaminant 
COfY;entfafiOllS in sediment and mayflies (Table F5.17) and water (Table F5.18). All distributions were 
assumed to be mmal, exoept for the body weight distriiution of the little brown bat which was assigned 
a triangular distribution and the log normal sediment distribution. Because wildlife are mobile and are 
more likely to be exposed to average comxntrations and not to the extreme values, the standard error of 
t h e m e a n w a s u s e d t o ~ i v a r i a t i o n f o r c o n t a m i n a n t ~  'om. All other distributions employed 
the standard deviation. The food and water consumption rates used in the exposure model were average 
Values. 

Rough-winged swallows also feed on a variety of other types of insects (i.e., Hymenoptera, 
Coleoptera, Hemiptera) which do not come in contact with sediments. Therefore, the percentage of 
aquatic insects (dipteams 32.89% and ephemmpterans 5.04%; Beal, 1918) in the diet of rough-winged 
swauows was assumed to be 37.93%. 

The little brown and gray bat diet was assumed to consist of 100% aquatic insects. Belwood and 
Fenton (1976) f d  that only 80.4% of the diet consisted of chironimids (39.5%), tricopterans (3 1.5%), 
and miscellaneous insects (9.4%); while the remaining portions of the diet were lepidopterans (1 1.0%), 
coleopterans (5.5%), andnanoptetans (3.1%). Additionally, Rabinowitz (1978) found that mayflies are 
the choice food item of gay bats within eastern Tennessee. Since the bat's diet is highly variable and 
opportunistic (Fenton and Barclay 1980), exposure was conservatively estimated using contaminant 
concentrations from a 100% aquatic insect diet. This assessment assumed that contaminant 
concentrations found in may€lies are representative of aquatic insects. 

The initial comparison of the exposure distributions with the estimated LOAELs was conducted 
under the assumption that the population would be feeding exclusively from a single subreach. This 
assumption is appropriate for rough-winged swallows since their feeding territoy does not extend over 
1/2 mile from the nesting site (Stoner and Stoner 1941). Therefore, contaminant exposure within a 
subreach could potentially impact a colony if present within that subreach. In contrast, little brown and 
gray bats have a larger home range and may forage within multiple subreaches. LaVal et al. (1977) 
documented that gray bats were observed foraging 8.5 km upstream or downstream of their roost. 
Therefore, if the contaminant exposure from foraging in a single subreach exceeded the LOAEL, the 
exposure distniutionwouldbereassessed for bats foraging in adjacent subreaches (e.g., 3.01 and 3.02) 
or within the entire reach. 
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Table 6.21. Inrectivorour body weight distributions 

End point Dbtribution Mean Standard 

0.0159 0.00058 
~~ 

Dunning 1984 

Little brown bat triangular 0.0075 0.007-0.009 Gould 1955 
Burt and 
Grossenheider 1976 

Sources: 

3rd ed. Houghton Mif€lin Co., Boston. 

Association Monograph No. 1. Eldon Publishing Co., Cave Creek, Ariz. 

Burt, W. R, and R 9. Grossenheider. 1976. A Field Guide to the Mammals ofAmerica North ofMexico. 

Dunning, J. B. 1984. Bo& Weights of 686 Species of North American Birdr. Western Bird Banding 

Gould, Ed. 1955. “The Feeding Efficiency of Insectivorous Bats.” J. Mammal. 36:399-407. 

Monte Carlo Simulation could not be performed for exposure to mercury (both rough-winged 
swallm and bats) and PCBs (bats only) at reach 22 (White Oak Creek Embayment). Only one sediment 
sample was collected fkom each subreach, therefore, an appropriate contaminant distribution found in 
mayflies wuld not be estimated. Consequently, the exposure estimate for each end point for Hg and 
PCBs within each subreach was calculated as a point exposure estimate and compared directly to a 
LOAEL to obtain a HQ. 

6 5 3  Effects Assessment for Insectivorous Wildlife 

Effects assessment involves the identification of known effects of contaminants on swallows and 
bats using mtoxiwlogical benchmarks. The types, development, and interpretation of appropriate 
toxicological benchmarks are discussed and available toxicity data relevant to swallows and bats are 
summarized in toxicity profiles for COPEC. Conventional toxicity data consists of published values for 
toxicity of wntaminants to test species. These data are used in the development of toxicological 
benchmarks which are used to determine if biological effects .are likely. Contaminant exposures are 
compared to benchmarks to obtain HQs used in the risk characterization. 

6.53.1 Ecotoxicological benchmarks - 

To detennine if the contaminant exposures experienced by swallows and bats that use the Clinch 
River or Poplar Creek could produce adverse effits, exposure estimates are compared to NOAELs and 
LOAELs derived according to the methods outlined by Opresko et al. (1994) and EPA (1993i). 
NOAELs represent the highest exposure at which no adverse effkcts were observed among the animals 
tested. LOAELs represent the lowest exposure at which significant adverse effects are observed. 

Toximlogical studies of the effects of con taminants observed within the Clinch River were obtained 
€tom the open literature. Only studies of long-term, chronic oral exposures were used to estimate the 
NOAEL. To make theNOAELs relevant to possible population effects, preference was given to studies 
that evaluated effkcts on reproductive parameters. In the absence of a reproduction end point, studies that 
considered effects on growth, survival, and longevity were used. The NOAELs and LOAELs for rough- 
winged swallows and little brown bats and the studies which derived them are located in Tables F5.19 
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and F5.20. Specific details on development of the NOAELs for all wildlife end points are discussed in 
Sect. 6.4.2.1. 

65.2.2 Ecotoxicological profiles 

The mercury and PCB toxicity profiles can be found in Appendix F1. 

6 5 3  Risk Characterization for Insectivorous Wildlife 

Risk characterization integrates the results of the exposure assessment (Sect. 6.5.1) and effects 
assessment (Sect. 6.5.2) to sthate risks (the &elihood of effects given the exposure). Procedurally, 
theriskcharadenzatr * 'on in this assessment is performed for each assessment end point by (1) screening 
all measured contaminants against toxicological benchmarks, (2) estimating the effects of the 
contaminants retained by the screening analysis, (3) listing and discussing the uncertainties in the 
assessment. There is only one line of evidence, single chemical toxicity data, available to evaluate the 
risks to rough-winged swallows and bats foraging at the Clinch River. 

653.1 Chemical screening for insectivorous wildlife 

Two types of single chemical toxicity data are available with which to evaluate insectivore 
cOntaminant~:NOAELSandLOAELS.Thetotalcontarmnan * t exposure estimates (Tables F5.6- 
F5.15) ibr rough-winged swallows and little bmdgray bats foraging within each subreach of the Clinch 
River were compared to eStimatedN0AEJ.s to determine ifadverse effects are possible. The comparison 
of estimated exposure and theNOAEL acts as a scdeening tool to identify contaminants of concern which 
Will be further evaluated for possible estimated effects (i.e., exposure modeling using Monte Carlo 
simulation). LOAELs are compared to the exposure distribution generated by the Monte Carlo 
simdatinn. IftheLOAEL is lowerthanthe 80thpercentieof the exposure distribution, >20% of the end 
point population is experiencing contaminant exposures that are likely to produce adverse effects. 
Consequently, population-level effects to swallows and bats are likely. 

Screening point estimates of exposure. To determine ifthe contaminant exposures experienced 
by rough-winged swallows and little brodgray bats feeding within the Clinch River are potentially 
hazardous, the total exposure estimates were compared to estimated NOAELs. HQs were calculated to 
quantify the magnitude of the hazard where: HQ = estimated exposurdNOAEL. HQs >I indicate that 
individuals may be expxiencing exposum that ~ I C  in excess of NOAELs, and may suggest that adverse 
efE& maybe ouxrrhg. HQs for rough-winged swallows and bats are presented along with exposure 
estimates in Tables F5.6F5.15. 

The spatial distribution of contamination and potential risks to rough-winged swallows and little 
brodgray  bats for each Clinch River subreach are illustrated in Figs. 6.3 1 and 6.32. These figures 
display the sum of the NOAELbased HQs (e.g., sum of toxic units or 2TUs) for five contaminants: 
arsenic, mercury, lead, zinc and Aroclor 1254. The importance of each contaminant, relative to an end 
Point,=- ' based on the magnitude of the HQs. River reaches were arranged from upstream 
to downstream locations. 

The magnitude of the ZTUs was much greater (at least 3 times) for rough-wiuged swallows 
oomparedtoLi#lebrownandgraybats.ThemaximumCTUsforbothendpoints wasobservedatreach 
22 (White Oak Creek Embayment) followed by subreaches 3.01,3.02, and 3.04 in Poplar Creek (below 
Mitchell Branch, East Fork Poplar Creek, and Poplar Creek Mouth). However, the magnitude of risk to 
bats is minimal (HQ4) at Poplar Creek 3.01 and 3.02. The total risk at subreaches 3.01,3.02, and 3.04 
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and at reach 22 is attributable primarily to mercury. Additionally, zinc contributes to the total risk to 
swallows, while PCBs contribute slightly to.risk to l ide brown and gray bats. 

A summary of the reaches where HQs > 1 were observed is listed for each contaminant in Table 
6.22.HQs~lwgemt~edforanyContarmnant ' or insectivorous end point in Clinch River reaches 
0,1, 8,13,18, and 5, or subreaches 7.01,7.02,2.01,2.02,2.03,2.04,3.03,4.01,4.02,4.03, or 4.04. 

Tabk 6.22. Reacher where hazard qudienb gmater than one were obsewed 

Subreach or reach Npme Contaminants with a hazard quotient >1 

Rough-winged swallow Little brown or gray bats 

3.01 Poplar Creek East Fork Mercury 
Poplar Creek 

3.02 

3.04 

Poplar Creek Mitchell 
Branch 

Poplar Creek Mouth 

Mercury 

Mercury Mercury 
22 White Oak Creek Mercury Mercury, PCBs 

Embayment 

Screening of water data. More chemicals were detected in Clinch River surface water than in 
mayflies. To evaluate the risk that these contaminants may present, HQs were calculated for these 
Contaminants using the UCL, water concentration and the water consumption benchmarks fiom Table 
F5.21. HQs for these contaminants are presented in Table F5.22. No contaminant produced a HQ > 1 
for any end point in any Clinch River subreach. 

Screening Monte Carlo simulation estimates of exposure. To incorporate the variation present 
in the parameters employed in the Clinch River insectivOre exposure model, Monte Carlo simulations 
w g e p e r f o n n e d f o r a l l d p o i u t - s u b & ~  ' combinations where HQs > 1 were observed. The 
mean, standard deviation, and 80th percentile of the simulated exposures are presented in Table 6.23. 
Graphical representations of the exposure distributions are presented in Figs 6.33(ad) and 6.34(ad). 
By superimposing NOAEL and LOAEL values on these distributions, the proportion of the population 
experiencing potentially hazardous exposures, can be identified and the magnitude of risk may be 
determined. Interpretation of the comparison of exposure distributions to NOAELs and LOAELs is 
described in Table 6.24. 

The interpretations described above apply to e x p u r e  estimates for populations within a given 
subreach. In order to determine population-level effects for each end point and adequately evaluate risk 
to the population, home range must be considered. The feeding territory of the rough-winged swallow 
does not sztend over 1/2 mile h m  the llesting site (Stoner and Stoner 1941). Therefore, it was assumed 
that there is a colony, equivalent to a distinct population, of rough-winged swallows within each 
subreach. Consequently, the exposure and effects expexienced by individuals may be assumed to be 
representatve of that srperieaced by the'population. In contrast, distinct populations of little brown and 
gray bats are not likely to be found within single subreaches. Bats have a larger home range and may 
forage up to 8.5 km upstream or downstream of their caves (LaVal et al. 1977). Therefore, the 
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Tabk 6.23. Resulta ofMonte Carlo rimulation of inrectivore contaminant expoaure estimates 
in. the Clinch River . 

End point S h u l a t h  Analytc Subreach 
r#dt.s 

(m&g/d) 

deviation percentile 
M a  Standard 80th 

Mercury 3.01 Rough-wingeed swallow 0.3 14 2.409 0.4 18 
Memny 3.02 Rough-winged S W ~ O W  0.048 0.345 0.058 

Mercury 3.03 Rough-winged S W ~ O W  0.009 0.064 0.01 1 
Mercury 3.04 Rough-winged S W ~ O W  0.100 0.706 0.121 
Mercury 3.01 Little browdgray bat 0.308 0.073 0.368 
Mercury 3.02 Little browdgray bat 0.045 0.003 0.048 
Mercury 3.03 Little browdgray bat 0.009 O.OOO6 0.009 

Mercury 3.04 Little browdgray bat . 0.094 0.007 0.099 
Mercury lowest-obmed-adverse-effect level for rough-winged swallows = 0.25 m a d d  
Mercury lowest-observed-adverse-effit level for little bro&gray bats = 0.57 mg&& 

Table 6.24. Comparison of exposure distributions to NOAELa and LOAELS 

Comparison Meaning 

NOAEb80th percentile of 400? of population is 
exposure distribution experiencing exposures greater 

thanNOAEL 
NOAEL c 80th percentile < >20% of population is 
LOAEL experiencing exposures greater 

than NOAEL, but 400! is 
experiencing exposures greater 
than LOAEL 

Risk-based interpretation 

Individual- and population-level 
adverse effects are highly unlikely 

While population-level effects are 
unlikely, individuals exposed to 
exposures at the high end of the 
distribution may experience 
adverse effects. 

LOAEL 430th percentile of >20% of population is 
exposure distribution experiencing exposures greater. adverse effects are likely. 

thanL0AEL 
NOAEL = no-observed-adverse-effit level; LOAEL = lowest-obmed-adverse-effat level. 

Individual- and population-level 

population level effects must be evaluated based on exposures estimated fiom foraging within adjacent 
subreaches or within an entire reach (the entire Poplar Creek). Because the home range of each end point 
is considered in this assessment, population-level effects can be evaluated. 
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The results from the comparison of exposure distributions with NOAELs and LOAELs are 
presented in Table 6.25. More than -60% of the population of rough-winged swallows at subreaches 
3.01 may experience mercury exposures in excess of estimated LOAELs (Fig. 6.33a). Consequently, 
both individual and population-level effects are likely among rough-winged swallows foraging within 
this subreach. Mercury exposum to swallows foraging fiom subreach 3.02 exceeded the NOAEL, 
however, more than 99% of the population e x p e r i d  exposures less than the LOAEL (Fig. 6.33b). 
b f m ,  it is unlikely that poplah-level effects would OCCUT. Although unlikely, individual swallows 
at the upper portion of the distribution could experience adverse effects. Rough-winged swallows 
faraging iium downstream subreaches 3.03 and 3.04 are experiencing mercury exposures less than the 
NO-, thus, adverse effeds are dikely far individuals (Fig. 6 .33~ and d). The average mercuy point 
estimate exposure (Table F5.8) for swallows foraging in reach 22 (white Oak Creek Embayment) 
exceeded the estimated LOAEL by - 1.17 times. Therefore, population-level effects could potentially 
occur if a colony of swallows is foraging in this area. 

Table 6.25. Comparison of NOAEL and LOAEL with the exposure distributions of rough-winged 
wallow# and little brodgray bats 

Subreach And@ Percentile greater than Percentile greater than 
NOAEL LOAEL 

Rough-winged swallows 

3.01 Mercury >9Y? -60% 

3.02 ' MercuIy -90% 4% 

3.03 Mercury 4% 4% 

3.04 Mercuy 4% 4% 

3.01 Mercury >99% 4% 

Little bmwn/gq  batr 

3.02 Mercury 4% ClYO 

3.03 M a w  4% 4% 

3.04 MercUry 6% <I % 
NOAEL, = no-observed-adverseeffect level; LOAEL. = lowest-observed-adverseeffect level. 

The little brown or gray bat population will unlikely experience adverse effects due to foraging 
within Poplar Creek More than 99% of bats feeding in subreach 3.01, may experience mercury 
exposures greater than the NOAELs. However, >99% of the exposure distribution was less than the 
LOAEL (Fig. 6.34a). Therefore, individuals may experience adverse effects if bats forage exclusively 
from Poplar Creek 3.01. Mercury exposures for bats foragingwithin subreaches 3.02,3.03, and 3.04 
were less than theNOAEL. Therefore, it is highly unliiely that bats feeding within multiple subreaches 
are at risk from mercury exposures. 
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The average mercury and PCB point estimate expowre for little brown or gray bats foraging within 
reach 22 was only 60% and 10% of the LOAEL, respectively (Tables F5.13 and F5.14). Therefore, 
population-level effats are unlikely to OCCUT for bats feeding fiom reach 22. However, individuals which 
aremaxhdlysrposedtomercurycouldpotentiailyexperienceadverseeffects. Incontrast,itisunlikely 
that individuals will experience adverse effects due to PCBs, since the average PCB exposure was 
equivalent to the NOAEL (HQ=l.Ol). 

Populations of the federally e n d a n g d  gray bat are generally small and restricted. Therefore, 
effects which may be experienced by individuals is of particular importance. If more than 20% of the 
population is experiencing exposures greater than the NOAEL, individuals within that portion of the 
population d d  potentially be impacted. Therefore, the local population of gray bats could experience 
advase effects fiom mercuy only ifforaging occurred exclusively fiom Poplar Creek 3.01 and White 
Oak Creek Embayment. Since the bat's home range is much greater than the size of a single subreach, 
it is highly unlikely that gray bats are at risk 

653.2 Effects estimation of retained contaminants of concern 

Following screening and exposure simulation, mercury was retained as a contaminant of concern 
for both rougbwinged swallows and little brown or gray bats. Additionally, PCBs were retained for gray 
bats since there is a potential for individuals to experience adverse effects. 

Mercury. The NOAEL and LOAEL for rough-winged swallows are based upon a study of the 
reprocfuctve success and offkpring survival of mallard ducks fed methyl mercury for three generations 
(Heinz 1979). The study was considered to represent chronic exposure; therefore, a subchronic-chronic 
Correcton fsctor was not employed. A single dose level of 0.064 mg/kg/d was administered causing hens 
to lay fkver eggs, lay more eggs outside the nest box, and produce fewer ducklings. This dose level was 
selected as the LOAEL. Because an W t a l  NOAEL was not established, the NOAEL was 
estimated by multiplying the chronic LOAEL by a LOAEL-NOAEL correction factor of 0.1. The 
NOAEL and LOAEL for rough-winged swallows are 0.025 and 0.25 mg/kg/d, respectively. 

The reproduction of a colony of rough-winged swallows is likely to be impaired due to mercury 
exposum ifthey feed exclusively fiom subreach 3.01 in Poplar Creek (80th percentild.4 18 mg/kg/& 
Fig. 6.33a), and readl22 in White Oak Creek Embaymeat (meard.293 mg/kg/d). However, the average 
mercury exposure experienced by swallows feeding within reach 22 was only based on one sediment 
sample collected within White Oak Creek Embayment. Therefore, the potential magnitude of risk 
estimated within this reach may not be representative of the entire embayment. Maximally exposed 
iudivi- may experience adverse effects as a result of feeding exclusively within subreach 3.02 (80th 
percentile=O.058 mg/kg/& Fig. 6.33b). However, since an experimental NOAEL was not established, 
the nature and exposure level at which effects to individuals may become evident cannot be defined. 
Also, the effects which may occur, are likely to be less pronounced thanthat displayed by individuals 
where exposure greater than the LOAEL. 

Both theNOAEL and LOAEL for bats are based upon a study in which reproductive success and 
ofEspring survival was observed among rats fed methyl mercury for three generations (Verschuuren et 
al. 1976% 1976b, 1976~). The highest dose administered (0.16 mg/kg/d), designated as the LOAEL, 
resulted in reduction in offspring viability. This exposure also resulted in reduction in growth, increased 
kidney weight, and altered kidney histochemistry (Verschuuren et al. 1976b). No effects were observed 
at a dose of 0.032 mgkg/d. The study was considered to represent chronic exposure; therefore, a 
subchronic-chronic Correction factor was not employed. The NOAEL and LOAEL for little brown bats 
are 0.1 14 and 0.56 mg/kg/d, respectively. 
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The reproduction of individual little brown and gray bats may be impaired due to mercury 
exposum ifbats feed exclusively fiom subreach 3.01 in Poplar Creek (80th percentile=O.368 mg/kg/d 
Fig. 6.34a) reach and 22 in White Oak Creek Etnbaymeat (mean4.342 mg/kg/d). However, the average 
mmny expome ezq>erienced by little brown and gray bats feeding within reach 22 was only based on 
one d i m a t  sample cdlected within White Oak Creek Embayment. Therefore, the potential magnitude 
ofriskestimatedwithinithinthis subreachmaynotbeqnsawive of entire embayment. Additionally, since 
bats are likely to forage over au area larger than a single subreach, the likelihood that individual bats are 
at risk fim mercury exposure in Poplar Creek and White Oak Creek Embayment is minimal. 

P a s .  Both the NOAEL and LOAEL for the little brown bat are based on a study in which 
reproduction was observed among white-footed mice for 18 months (Linzq, 1987). One dose 
admm&d, 1.35 mg Aroclor 1254/kg/d in the diet, caused a reduction in the number of oflkpring per 
litter and increased the duration between litters. This dosage was considqed the chronic LOAEL. A 
chronic NOAEL was estimated by multiplying the chronic LOAEL by a LOAELNOAEL correction 
factorofO.1. TheNOAELandLOAELforlittIebrownbats were0.187 and 1.87mg/kg/d,respectively. 

. .  

. 

The average point estimates of exposure fiom PCBs experienced by bats within reach 22 was only 
10% of the LOAEL. Therefore, impacts to the little brown or gray bat populations are unlikely. 
F~nthamm, the average exposue estimate (0.188 m@g/d) slightly exceeded the NOAEL having a HQ 
of only 1.007. Therefore, it is unlikely (although possible) that individuals &thin the population are 
experiencing adverse effects. Since an experimental NOAEL was not established, the nature and 
e>qxlsure level at which effects to individuals may become evident cannot be defined. Additionally, other 
studies have shown that no effects have occurred at much higher levels of exposure for little brown and 
big brown bats. Clark and Stafford (198 1) exposed little brown bats to 15 ppm and 1,000 ppm Ardor  
1260 (5 mg/kg/d and 330 mg/kg/d, respectively) for 40 days. Mortality was only observed within the 
higher dosage group. Clark (1978) also exposed pregnant big brown bats to 6.36 ppm Arwlor 1260 
(4.77 mg/kg/d) for 28 days during a critical life stage. This exposure did not effect the reproductive 
success (e.g., stillbirths, litter size, litter weight, parturition data) of the bats. Since big brown bats are 
much larger, and considered more sensitive to toxicants, similar results would be expected for little 
brown bats. Therefore, it is highly unlikely that adverse effects would result to individuals from 
exposures experienced within reach 22. 

6.533 Weight of evidence 

Rough-winged swallows. Only one line of evidence, literature toxicity data, was available to 
evaluate ecological risk to rough-winged swaUows. Using only comparisons to benchmarks, the data 
suggest that reproduction within a colony of rough-winged swallows may be adversely impacted by 
=d=Y- '011s in aquatic insects (i.e., mayllies) in subreach 3.01 in Poplar Creek and reach 22 
in White Oak CreeaC Embayment. Individuals may also be adversely affected from foraging in subreach 
3.02 in Poplar Creek However the magnitude of adverse effects which may OCCUT can not be evaluated. 
Potential adverse effects which may OCCUT include reduced egg production and hatchability, thinner 
eggshells, or shell-less eggs. 

Little brown and gray bats. Only one line of evidence, literature toxicity data, was available to 
evaluate ecological risk to bats. Using only comparison to benchmarks, the data suggest that populations 
of little brown and gray bats are not at risk fim contaminant exposure. Although, individuals of little 
brown and gray bats may be adversely affected by mercury concentrations in aquatic insects (i.e., 
mayflies) within subreach 3.01 and reach 22. Individuals may be at risk only ifforaging takes place 
exclusivelywithin those areas. This is highly d i e l y  since the foraging range of bats is -8.5 km fiom 
the roost (LaVal et al. 1977). 
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65.4 Uncertainties Concerning Risks to Insectivorous Wildlife 

65.4.1 Bioavailability of contaminants 

It was assumed that lW? ifthe contamhmt concentration reported in mayflies and water was 
bioavailable. Much of the biotic media rae bioavailable; bowever, the uptake efficiencies for wildlife may 
not be 100%. Therefore, exposure estimates based upon the contaminant concentrations in media are 
conservative and are likely to overestimate the actual contaminant exposure experienced. 

65.43 Extrapolation from published toxicity data 

There are no published NOAELs for rough-winged swallows and little brown or gray bats. To 
estimatetoxicityofcontarmnants * at the site, it was necessary to extrapolate fiom NOAELs observed for 
test species (i.e., mallard ducks and rats). While it was assumed that toxicity could be estimated as a 
fimction of body size, the accuracy of the estimate is not known. For example, rough-winged swallows 
and bats may be more or less sensitive than mallard ducks and rats. 

Additionalextrapolatimuncertainty~f~~contarmnants * for which data consisted of either 
LOAELs or was subchronic in duration. For either case, an uncertainty factor of 10 was employed to 
estimate NOAELs or chronic data. The uncertainty factor of 10 may either over- or underestimate the 
actual LOAELNOAEL or subchronic-chronic relationship. 

65.43 Variable food and water consumption 

While food conslrmption by wildlife was assumed to be similar to that reported for the same species 
in dher locationS (Nagy 1987 - swallows; Anthony and Kunz 1977 - little brodgray bats), the validity 
of this assumption cannot be determined. Food consumption at the C W C  may be greater or less than 
that reported in the literature, resulting in either an increase or decrease in contaminant exposure. 
Similars, water consumption was estimated according to the allometric equations of Calder and Braun 
(1983). The accuracy with which the estimated water consumption represents actual water consumption 
is unknown. 

6.5.4.4 S ingle contaminant tests vs exposure to multiple contaminants in the field 

While swallows and bats at the Clinch River are exposed to multiple contaminants concurrently, 
published toxicological values only consider effects experienced by exposures to single contaminants. 
Because some contaminants to which wildlife are exposed can interact antagonistically, single 
contaminant studies may overestimate their toxic potential. Similarly, for those contaminants that 
interact synergistically, single contaminant studies may underestimate their toxic potential. 

65.45 Inorganic constituents or species present in the environment 

Toxicity of metal species varies dramatically depending upon the valence state or form (organic or 
inorganic) of the metal. For example, Arsenic (m) and methyl mercury are more toxic than arsenic (V) 
and inorganic mercury, respectively. The available data on the Contaminant concentrations in media do 
not report which species or form of contaminant was observed. Because benchmarks used for 
comparis0nrepresentedthemoretoxic~es/f~ofthemetals (particularlyfor arsenic andmercury), 
if the less toxic speciedfonn of the metal was actually present in mayflies from the Clinch River or 
Poplar Creek, potential toxicity at the sites may be overestimated. 
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6.5.4.6 Dietary composition of insectivorous wildlife 

This assessment assumed that the diet of the little brown and gray bat was composed of 100% 
mayflies or similar aquatic insects. The concentration found in mayflies was assumed to be 
representative of other aquatic aerial insects at the site. In cuntrast, rough-winged swallows feed on a 
variety of aquatic and temstd insects. Beal(1918) documented that only 37.93% of the diet of rough- 
winged swallows consists of aquatic insects, specifically dipterans and emphemeropterans. Therefore, 
i t w a s d t h a t t b e c o n t a m r n a n t  * concentrations found in mayflies was representative of the 37.93% 
of the did and the -der of the diet was considered uncontaminated (since terrestrial insects would 
not have contact with the sediment). Thus, the exposure calculations for both bats and swallows may 
over or underestimate the contaminant exposure obtained feeding fiom aquatic insects. 

6.5.4.7 Food source availability 

Since the abundance of mayflies vary temporally, it was assumed that concentrations found in 
mayflies are similar to other aquatic insects at the site. The concentrations in the aquatic insect diet may 
vary fiom those used to calculate exposure. Therefore, the exposure may be overestimated or 
underestimated for swallows and bats. 

65.4.8 Monte Carlo simulation 

To perform Monte Carlo simulations, distributions must be assigned to parameters: The sediment 
distribution was assumed to be log normal; this is a standard accepted distribution for abiotic media 
ooncentrations. In cases where a distribution was calculated based on only a few sediment samples, the 
variance-within the model was enhand. 

The literature values used for body weights of each end point are nationwide values which may 
overestimate or underestimate the body weight of species found at the site. 

65.4.9 Estimated mayfly concentrations 

The concentrations predicted in mayflies with the use of sediment-mayfly uptake factors may 
underestimate or overestimate exposure depending on the representativeness of the sediment 
concentrations within each subreach. The uptake fators are only based on an average of measured 
contaminant concentrations in four mayily samples fiom four locations. Additionally, a small sample 
size for sediments may not be representative of the contaminant concentrations found within an entire 
subreach. Therefore, the rislc predicted may not be representative for that entire foraging area. 

6.5.4.10 Presence of a rough-winged swallow colonies within each subreach 

This risk assessment assumed that there was a swallow colony (equivalent to a distinct population) 
preseat and fmging exclusively within each subreach This assumes that there is suitable habitat present 
for swallows to nest. Although, there may not be adequate burrow locations present within the majority 
of Poplar Creek or White Oak Creek Embayment, swallows will also utilize bridges and crevices in rock 
cliffs. Moreover, colonies of swallows have been observed fiequently on most locations within these 
areas. 
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6.6 RISKS FROM DREDGED SPOIL 

6.6.1 Exposure Assessment of Dredged Spoil 

This assessment evaluates tbe llypdhetical scenario where sediments within the Clinch River or 
Poplar Creek are dredged and deposited on land. The dredged spoil would then provide a potential 
pathway for ecdogical receptors. Any terrestrial ecosystem that developed on the dredged spoils would 
~sqx>sedto- * in those sediments fiom which the spoil was derived. The spoil is assumed 
to be derived fiom mixed deep water sediments where irrigation will not take place. Vegetation can 
become established on the spoil, bioaccumulate contaminants, and then be consumed by herbivorous 
wildlife (e.g., eastern cottontail) (Fig. 6.2). For additional information on this scenario see the human 
health risk assessment (Sect. 5.2.3.6). 

6.6.1.1 Characterization of exposure environment and routes 

Piants. The main exposure route for plants is uptake of contaminants fiom the spoil through the 
roots. This may occur in a passive mode as the plant takes up water for respiration or by active uptake 
mechanisms. Volatile organic contaminants in the spoil may potentially enter the plant through leaf 
stomata ar the plant cuticle. Another potential route of exposure is through association of contaminants 
with airtKKne spoil particles (dust). 

Herbiiorous wildlife. Potential routes of exposure for herbivorous wildlife include ingestion of 
contaminated vegetation and surface water. In addition, some species may ingest soil incidentally while 
foraging or purposefully to meet nutrient needs. The total exposure experienced by terrestrial wildlife 
is represented by the sum of the exposure fiom each individual source (e.g., vegetation, spoil, water). 

6.6.1.2 Quantification of exposure 

piants. The contamhant concentrations f o w l  in the sediments is assumed to represent the total 
potedal resetyoif of elements and compouuds available for plant uptake in the fbture dredge scenario. 
Tbefimnebioavailabilityoftbesecontarmnants * which is dependent upon the chemical (e.g., pH, organic 
carbon) and physical (e.g., clay, moisture content) nature of the spoil can not be addressed for this 
assessment. This assessment assumes that the measured concentrations in the deep sediments are 
estimates of exposure equivalent to the soil concentrations causing toxic effects in laboratory studies. 

Herbivorous wildlife. The primaxy pathway of contaminant exposure is through oral ingestion 
of food and soil. Consumption of surfice water, m most cases, is considered a pathway which contributes 
minimalcontarmnant ' exposm. Additionally, it is unlikely that rabbits will be ingesting water fiom the 
Clinch River due to inaccessibility fiom the presence of high river banks. For the purpose of this 
~,itisassumedthatwildlifkwillbeobtaininguncontarmn * ated drinking water fiom smallerbodies 
of water o&ite. Therefore, the total oral exposure model for herbivorous wildlife is as follows: 

(6.10) 

Where: 
Ej = exposure to contaminant (i) (mg/kg/d) 

= ingestion rate of vegetation (mg/d) 
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Cv-j = contaminant concentration (j) in vegetation (mgkg) 
BW = body weight (kg) 
c+~ = contaminant concentration (j) in spoil (mg/kg) 
IR, = ingestion rate of spoil (mg/d) 

The eastern cottontail was identified as the herbivorous wildlife end point. Species-specific 
parameten necessary to estimate exposure using the above equation a r p B t m i f e  end pint. Spec 

Contaminant concentrations in biotic and abiotic media. Contaminant concentrations in 
vegetation and sediment are needed to estimate exposure. Deep water sediment data originated fiom 
cores during the CRRI Phase 1 (Cook et al. 1992) and Phase 2 (Table F6.2). Individual core 
concentrations were calculated fiom mass-weighted averages over the entire length of the core. The 
U C ~ o r m P r i m u m ~  'on (whichever was lower) fiom all cores within each reach and subreach 
(reaches 1 and 7 and subreaches 2.04,3.01,3.02,3.03,3.04,4.01,4.02,4.03, and 4.04) were used to 
estimakexposmfixincidmtal ingestim InitiayS the maximum sediment concentration was compared 
to background concentrations (Table F6.3). Reach 13, an upstream reference site, was designated as 
representive background levels uninfluenced by DOE effluents. For contaminants which exceeded 
background, the UCL, or maximum contaminant concentrations in sediment and vegetation was used 
to calculate exposure fkom food ingestion. La@ vegetables [modeled for the human health risk 
assessfllent (Sect. 5.2.3.611, or soil-plant uptake factors were used to estimate exposure fkom ingestion 
of vegetation. Soil-plant uptake factors calculated for flouranthene, dibermfi~an, naphtalene, 
p-, and scenaptheyleae were derived fiom the log octanol-water partition coefficient (log KJ 
using the following equation (Travis and Arms 1988): 

Log B,= 1.588 - 0.578 log K, 

where: 
B, = Bioaccumulation factor for vegetation 
K, = Octanol Water Partitioning Coefficient (Source: Hull and Suter 1994). 

(6.11) 

Copper and lead soil-plant uptake factors were derived fiom Baes et al. (1984) and the uranium soil- 
plant uptake factor was calculated based on concentrations found in collocated soil and vegetation 
samples on Lower East Fork Poplar Creek (DOE 1994a). 

Exposure modeling using point-estimates. To estimate contaminant exposure experienced by 
eastern cottontails feeding on the spoil in each reach, the following assumptions were made: 

(1) body weight = 1.2 kg 
(2) food consumption = 0.237 kg/d 
(3) spoil consumption = 0.015 kgld 
(4) diet consists 100% of vegetation 
(5) 100% of the habitat available is suitable and 
(6) home range is smaller than the size of the contaminated ?ea (i.e., 100% of time is spent within the 
contaminated area. 

Using the herbivorous e x p u r e  model, assumptions, and data described above, exposure of 
contaminants was estimated for the eastern wttmtail foraging on the future spoil created within each 
s u b d  Exp<znne estimates for anal* in sediments above background concentrations are presented 
in Table F6.4. 
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Exposure modeling using Monte Carlo simulations. Employing point estimates for the input 
parameters in the Clinch River herbivore eqosure model does not take into account the variation and 
~associatedwiththeparametersandn\ayoyeroTunderestimatethecontaminant~urethat 
endpoints~receiveinanygivensubreach.Inaddition,calculatingthemodelusingpointestimates 
proctuced a point estimate of expome. This estimate provides no informaton concerning the distribution 
of exposures or the likelihood that individuals within a subreach will actually experience potentially 
hazardous expmres. To incorporate the variation in exposure parameters and to provide a better 
estimate of the potential exposure experienced by herbivores in each subreach, the exposure model was 
Kcalculated using Monte Carlo simulations. 

Monte Carlo simulations of exposure estimates were performed for all subreach-wntaminant 
combinations where comparison of point exposure estimates to NOAELs produced HQs 2 1 (Table 
6.26) (NOAELs are presented in Sect 6.6.2.1; Screening of exposure estimates against NOAELs is 
presented in Sect. 6.6.3.1). 

Distributions were used for the following parameters in the spoil herbivore exposure model: (1) 
eastem cottontail body weight and (2) contaminant concentrations in sediment (spoil). The b d y  weight 
distributions of the eastem cottontail was assigned a triangular distribution and the sediment distribution 
was n o d  (Table 6.27). The vegetation concentrations were either the PLE UCL, or the maximum 
values. Becausewildliti: aremobile and are more likely to be q e d  to average concentrations and not 
to the extreme values, the standard mor of the mean was used to describe variation for Contaminant 
concentrations. All dher distriiutiom employed the standard deviation. The food consumption rate and 
incidental ingestion of soil rate used in the exposure model were average values. 

Table 6.26. Monte Carlo simulations of exposure estimates 

Reach or subreach . Contaminants 

1 : Lower Melton Hill 
7: McCoy Branch 
2.04: Clinch River (Grassy Creek to Poplar Creek) 
3.02: Poplar Creek below Mitchell Branch 
3.03: Poplar Creek below CNF outfall 
3.04: Poplar Creek Mouth (below ash disposal) 
4.0 1 : Clinch River (Foplar Creek to below Brashear Island) 
4.02: Clinch River (below Brashear Island to Emory River) 
4.03: Clinch River (Enmy River to Kingston City Park) 
4.04: Mouth of Clinch River 

A, cd 

A, cd, se, n, v 
As,Cd,Mn,ses 

cd, HI3 
Cd, Hg 

Ba, Cd, Hg, se, a, V 
As, Cd, Hg, Aroclor 1260 

As 

A, a Hg 
As, cd, Hg 
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Tabk 6.27. Herbivorour body weight distribution 

End point Dbtribution 1Mm Standard Range SOUTCC 
0 deviation 0 

Easterncottontail triangular 1.244 0.842-1.533 Chapman et al. 1980 
basedon8 

Soume: Chapman, G. A, S. Ota, a d  F. Recht. 1980. Effects of Water Hardness on the Toxicity of Metab io 
Daphnia mugM (Status Repcnt-Sept. 1980). U.S. Environmental Protection Agency, Corvallis Environmental 
Research Laboratory, Corvallis, Oreg. 

6.63 Effects Assessment of the Dredged Spoil 

Effects assessment involves the identification of known effects of contaminants on plants and 
behiivorous wildlifeusing ecotoxicological benchmarks. The types, development, and interpretation of 
appropriate toxicological benchmarks are discussed and available toxicity data relevant to plants and 
wildlife are summarved * in toxicity profiles for COPECs. Conventional toxicity data consists of 
published values for toxicity of cuntaminants to test species. These data are used in the development of 
toxicological benchmarks which are used to determine if biological effects are likely. Contaminant 
exposures are compared to benchmarks to obtain HQs used in the risk characterization. 

6.63.1 Toxicological benchmarks 

Plants. Contaminant concentrations in the future spoil within each subreach were compared to 
toxicological benchmarks in order to determine if contaminants could produce adverse effects on the 
plant community. Tests conducted in natural soils are assumed to be representative of the exposure of 
plants to contaminants measured in the spoil. 

Growth and yield parameters were used from phytotoxicity studies for the derivation of the 
benchmarks. These parameters are direct estimates of the assessment end point for plants. Twenty 
~reduct ion in~ory ie ldwasusedas~threshodfors ign i f i cant  effectstobeconsistentwith 
other d g  benchmarks for ecological risk assessment. Additionally, the FFA parties adopted this 
level of effects for ecological end points (Suter et al. 1994). 

The method used for the derivation of soil benchmarks (Will and Suter 1994) is based on the 
National oceanographc and Atmospheric Administration's method for deriving the ER-L (Long and 
Morgan 1991) which has been recommended as a sediment screening benchmark by EPA Region IV. 
The ER-L is the tenth percentile of the distribution of various toxic effects thresholds for various 
organisms in sediments. 

The phytotoxicity benchmarks were derived by rank ordering EC,  values for plant growth or 
pmdudon and thea ideat@ing a number that approximated the tenth percentile (Will and Suter 1994). 
As with the ER-Ls, Statistical fitiing was not used because there was seldom sac ien t  data and because 
these benchmarks are to be used as screening values and do not require the consistency and precision of 
regulatory criteria. Screening benchmarks for phytotoxic effects of contaminants present in the fhture 
spoils are presented in Table F6.5. 

Herbivorous wildlife, To deteamine iftbe confarmtliinf . aqx>suresexperiencedbyeasterncottontail 
foragingon future spoils could produce adverse effects, exposure estimates are compared toNOAELs 
and LOAELs derived according to the methods outlined by Opresko et al. (1994) and EPA (1993b). 



NOAELs represent the highest exposure at which no a d v m  effects were observed among the animals 
tested. LOAELs represent the lowest exposure at which significant adverse effects are observe$. 

Torriodogical studies of the effects of contaminants observed in the spoil were obtained fiom the 
open litaahm. Only studies of long-texm, chronic oral exposures were used to estimate the NOAEL. To 
make~NOAELsrelevanttopossiblepoputatiOneffects,preference was givento studies that evaluated 
effects on reproductive parameters. In the absence of a reproduction end point, studies that considered 
effects cm growth, survival, and longevity were used. The NOAELs and LOAELs for eastern cottontails 
and the studia which Mved them are located in Table F6.6. This table presents only the NOAELs and 
LOAELs for contaminants which had HQs >1. Specific details on development of the NOAELs and 
LOAELs for al l  wildlife end points are discussed in Sect. 6.4.2.1. 

6.6.2.2 Ecotoxicological profiles for plants 

Several elements for which analytical data are available are plant macronutrients and there is no 
evidence of poteatial plant toxicity. Therefore, no benchmarks have been established for these elements 
and no toxicity profiles will be given. These xnacmnu!rients include calcium, magnesium, and potassium. 
Toxicity profiles are presented for chemicals Occurring in soil at concentrations exceeding benchmarks 
and background for toxicity to plants (Table F6.5). There are many organic contaminants which were 
detect& in sediment for which we have no information to offer. These contaminants include: 4,4'-DDD, 
4,4'-DDT, 1,4-dichlorobenzeney 2-methyhpthaleneY 4-methylphenol, 4-nitropheno1, khloro-3- 
methylphenol, acenaphthene, acenaphthylene, anthracene, benzo(a)anthracene, benzo(alpyrene, 
benzo(b)fluoranthene, benzooperylene, benzo(k)fluoranthene, benzoic acid, bis(2- 
ethylhexyl)phthalate, carbazole, chrysene, delta-BHC, di-n-octylphthalate, dibenzofinan, 
dibenz(a,h)anthracene, dimethylphthalate, diethylphthalate, fluoranthene, fluorene, heptachlor, 
indeno(1 ,2,3-cd)pyreneY methoxychlor, napthalene, N-nitrdphenylamine, pentachlorophenol, 
phenathrene, phenol, pyrene, and toxaphene. 

The ecotoxicological profiles for contaminants of potential ecological concern for plants may be 
fdinAppendixF1. Contamtnants ' include arsenic, boron, cadmium, chromium, manganese, mercury, 
nickel, selenium, silver, uranium, vanadium, and zinc. 

6.6.23 Ecotoxicological profiles for herbivorous wildlife 

The ecotoxicological profiles for contaminants of potential ecological concern for herbivorous 
wildlife may be found in Appendix F1. Contaminants include arsenic, barium, cadmium, manganese, 
meaxmy, Aroclor 1260, selenium, thallium, and vanadium. There are many organic contaminants which 
were detected in sediment and modeled in vegetation for which we have no information to offer. These 
contaminants include: 1,4-dichlorobenzeneY 2-methyhpthaleneY 4-methylphenol, 4-nitropheno& 4- 
chloro-3-methylphenol, acenaphthene, acenaphthylene, anthracene, benzo(a)anthracene, 
benzo(b)fluoranthene, benzo(ghi)peiylene, benzo(k)fluoranthene, benzoic acid, carbazole, chrysene, 
delta-BHC, di-n-octylphthalate, dibenzofuran, &bem(a,h)anthracene, dimethylphthalate, fluoranthene, 
fluorene, indeno(l,2,3-cd)pyreneY methoxychlor, napthalene, N-nitrdphenylamine, 
pentachlorophenol, phenathrene, phenol, pyrene, and toxaphene. Therefore, potential adverse effects 
fiom exposure to these contaminants can not be evaluated. 

6.63 Risk Characterization for the Dredged Spoil 

Risk characterization integrates the results of the exposure assessment (Sect. 6.6.1) and effects 
assessment (Sect. 6.6.2) to estimate risks (the likelihood of effects given the exposure). Procedurally, 
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therisk- * 'camthis assessment is per€ormed for each assessment end point by (1) Screening 
all meELsured contaminants against toxicological benchmarks, (2) estimating the effects of the 
contaminants retained by the Screening analysis, (3) listing and discussing the uncertainties in the 
assessment. There is only one line of evidence, single chemical toxicity data, available to evaluate the 
risks to plants and eastern cuttontails inhabiting the future spoil within each subreach. 

6.63.1 Single chemical toxicity data for plants 

COPEcsm~spoilwerei~edbycomparingthemaximumchemical concentrations measured 
in sediments to phytotoxicity benchmarks to derive HQs by the formula 

HQ = media concentration / toxicological benchmark. 

HQs>l suggest that the chemical may be hazardous to the plants that may grow on the spoil. HQs 4 
suggest that the chemical is nonhazardous and need not be considered further. Benchmarks for plants 
growinginsoils,contarmnan ' t concentrations found in the future spoil, and HQs for these contaminants 
are given in Table F6.5. The COPECs which may pose a risk to plants within each subreach are listed 
in Table 6.28. 

The contaminants in sediment within each subreach listed in Table 6.28 exceeded background 
COIiCetlfI?afiOllS and phytotoxicity benchmarks (Will and Suter 1994). These anal@ concentrations have 
caused toxic effects when added to m f k e  soils. The specific effects for each contaminant may be found 
m tbe ecotoXicological profiles found in Appendix F1. The magnitude of the COPEC HQ indicates the 
contaminants which would contribute the most risk to plants inhabiting the spoil. 

6.633 Single chemical toxicity data for herbivorous wildlife 

Two types of single chemical toxicity data are available with which to waluate herbivore 
contaminatlf exposure: NOAELs and LOAELs. The total contaminant exposure estimates (Table F6.4) 
foreasteancmmtads * feedingonthespoilswerecomparedtoestimatedNOAELstodetermineifadverse 
effects are possible. The comparison of estimated exposure and the NOAEL acts as a screening tool to 
identifjf contaminants of concem which will be M e r  evaluated for possible estimated effects (i.e., 
exposum modeling using Monte Carlo simulation). LOAELs are compared to the exposure distribution 
geaemkd by the Monte Carlo simulation. Ifthe LOAEL is lower than the 80th percentile of the exposure 
distriiutioq more than 20% of tbe end point population is experiencing contaminant exposures that are 
likely to prociuce adverse effects. consequently, population-level effects to eastern cottontails are likely. 

Screening point estimates of exposure. To determine if the contaminant exposures experienced 
by cottontails feeding on the future spoils along the Clinch River and Poplar Creek are potentially 
hazardws, tbe total exposure estimates (Table F6.4) were compared to estimated NOAELs. HQs were 
calculated to quantify the magnitude of the hazard where: HQ = estimated exposureINOAEL. HQs >1 
indicatethat indi .viduals~be~~ingerrposures  that areinexcess ofNOAELs, andmay suggest 
that adverse effects may be occurring. HQs for cottontails are presented along with exposure estimates 
in Table F6.4. 
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Table 6.28. Contaminant8 of potential ecological concern which may pore a rink 
to plane within each rubreach 

Reach or rubreach Contaminant of potential Hazard quotient 

1 Arsenic 1.1 

ecological concern 

7 

2.04 

3.02 

3.03 

3.04 

4.01 
4.02 
4.03 

4.04 

Arsenic 
Chl-OlUiUUl 
Manganese 
Selenium 
Vanadium 

Arsenic 
Manganese 
Selenium 

6.4 
58.6 
3.2 
9.5 
21.3 

1.02 
9 
2.4 

Mercury 20.3 
Nickel 2.4 
selenium 1.4 
Uranium 3.3 
Zinc 3 

Cadmium 1.1 
Chromium 44.4 
Mercury 22.2 
Nickel 2.1 
silver 1.7 
Uranium 1.7 
Zinc 3.2 
ArXZliC 9.4 
Boron 87.7 
Cadmium 1.9 
Chromium 39.2 
Mercury 85.6 
Nickel . 1.7 
Selellium 1.6 
UrtXliUIll 3.2 
V d u m  29.6 
Mercury 40.5 
Arsenic 1.1 
Chromium 36.9 
Manganese 3.1 
Mercury 11.7 
Arsenic 1.2 
Chromium 33.4 

4 
18.5 
3.1 

Mercury 
Zinc 
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and potential risks to cottontails at spoils for each Clinch 
Rim &-each are illustrated in Fig. 6.35. This figure displays the sum of the NOAELbased HQs (e.g., 
~of~~tsorCTUs)forthemostimportantcontaminants.Arsenic,cadmium,andmercuryare 
hprimary- ts contributing to risk. However, barium, manganese, Aroclor 1260, selenium, 
thdium, advanadium also contribute to overall risk at several locations. Importance of contaminants 
wasdetermmed * based on the magnitude of the HQs. %vex subreaches were arranged fiom upstream to 
daMstream locations. A summary of the subreaches where HQs >1 wete observed is listed in Table 6.29 
foreachcon- 

. .  T b e s p a i i a l d i s t r i i m o f ~  

Screening Monte Carlo simulation estimates of exposure. To incorporate the variation present 
inthepamxkrs employed in the Clinch River herbivorous exposure model, Monte Carlo simulations 
were performed for subreachcontaminant combinations where HQs >1 were observed. The mean, 
standard deviation, and 80th percentile of the simulated exposures are presented in Table 6.30. By 
superimposing NOAEL and LOAEL values on these distributions, the proportion of the population 
experiencing potentially hazardous exposures, can be identified and the magnitude of risk may be 
determined. Interpretation of the comparison of e x p u r e  distributions to NOAELs and LOAELs is 
desgl’bed in Table 6.3 1. The results fiom the comparison of exposure distributions with NOAELs and 
LOAELs are presented in Table 6.32. 

Tbeeasterncottontailpopulation~beach~lyimpactedifforagingoccunedonthefuturespoil 
within reaches 1 and 7 and subreaches 3.02 3.03,3.04,4.01,4.03, and 4.04. More than 99% of the 
population is projected to be exposed to mercury (subreaches 3.03, 3.04, and 4.01) and cadmium 
(reaches 1 and 7 and subreaches 3.02,3.03,3.04,4.03, and 4.04) in excess of the estimated LOAELs 
(Figures 6.36-6.44). Conversely, 4% of the population of cottontails feeding at the spoil within reach 
7 may experience thallium exposures in excess of the NOAEL. Additionally, <lo% of the population 
of cottontails feeding at the spoil in subreach 3.04 may experience barium exposure in excess of the 
NOAEL. -fa, adverse indivic€ual and population-level effects fiom thallium and barium exposure 
m reach 7 and subreach 3.04, reqectively, are highly unlikely. The exposures for all other contaminatlts 
within reaches 1 and 7 and subreaches 2.04,3.02,3.03,3.04,4.01,4.02,4.03, and 4.04, excesded 
NOAELs while not exceeding LOAELs. Therefore, while adverse effi ts  to the population within each 
subreach is unlikely, adverse effects may be displayed among individuals that experience exposures at 
the upper extremes of the distributions. 

6.633 Estimation of effects for herbivorous wildlife 

Arsenic. Both the NOAEL and LOAEL for cottontails are based upon a study in which 
reproductive SUCC~SS ad oflipring survival was observed among mice fed arsenic for three generations 
(schuxkr and Mitchner 1971). One dose level administered (1.261 mg/kg/d), designated as the chronic 
LOAEL, resulted in declining litter size with each successive generation. A chronic NOAEL was 
estimated by multiplying the chronic LOAEL by a LOAELNOAEL correction factor of 0.1. The 
NOAEL aad LOAEL for cottontails are 0.037 and 0.37 mg/kg/d, respectively. Because an eXperimental 
NOAEL was not established, the nature and exposure level at which adverse effects to individuals may 
become evident cannot be defined. However, adverse effects suggested by Schrder  and Mitchner 
(197 1) are possible for the higher extremes of exposure on the distribution at reaches 1 and 7 and at 
submhes 2.04,4.01,4.02,4.03 and 4.04. 
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Tabk 6.29. Summary of rubreaches where hazard quotients >1 were obrerved for each contaminant 

Reach orrubmuh Contaminant of potential Hazard quotient 
ecological concern 

1 

7 

2.04 

3.02 

3.03 

3.04 

4.01 

4.02 

4.03 

4.04 

Arsenic 
Cadmium 

Arsenic 
Csdmium 
Selenium 
Thallium 
Vanadium 

Arsenic 
Cadmium 

Manganese 
Selenium 

Cadmium 
Mmury 

Mercury 
Barium 

CaQlium 
Mercury 
SeleniUm 
Thallium 
Vanadium 

Anervic 
C* 

Aroclor 1260 

Cadmium 

Mercury 

Arsenic 

Arsenic 
Cadmium 
Mercury 

Arsenic 
Cadmium 
Mercury 

3.8 
2.1 

9.1 
1.6 
2.8 
1.1 
4.2 

4.4 
1.4 
2.5 
1.9 

2.64 
5.3 

9.6 
8.7 

1.1 
16.2 
33.2 
1.2 
1.8 
5.8 

4.5 
1.9 
15.9 
1.7 

5.1 

3.6 
1.7 
4.6 

4.7 
2.1 
4 
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Table 6.30. Summary of Monte Carlo atmulation for eastern cottontab exposed to contaminanta in dredge r p o b  

Andyte 
Media concentration8 (mgkg) Simulation results ( m w d )  

Reach or Mean rpoU Spoil Vegetat ion Mean Standard 80th pemntk WAEL 
rubreach (standard (mean) deviation benchmark 

deviation) (mgkdd) 

2.04 

3.02 

3.03 

3.04 

4.01 

As 
Cd 
As 
Cd 
se 
TI 
V 
As 
Cd 
Mn 
se 

Cd 

Cd 
Ba 
Cd 
Hf3 
se 
T1 
V 
As 
Cd 
Hf3 

Hf3 

Hs 

8.02 
0.572 
16.67 
0.46 
2.03 
0.04 
36.75 
6.42 
0.34 
2716 
1.06 
1.68 
0.51 
6.67 
3.3 1 
195.4 
2.39 
12.45 
1.03 
0.4 1 
37.79 
5.38 
0.36 
4.56 

3.014 
0.155 
5.374 
0.057 
0.88 
0.03 
5.903 
1.41 
0.06 
1067 
0.69 
1.12 
0.19 

- 
53.7 
1.6 

6.66 
0.27 
0.16 
11.83 
2.34 
0.15 
3.81 

0.013 
0.007 
0.03 
0.005 
0.095 

0 
0.047 
0.01 1 
0.005 
450 

0.063 
0.3 1 
0.009 
0.5 

0.034 
0.95 
0.057 

1.9 
0.041 

0 
0.065 
0.01 1 
0.007 
0.92 

0.104 
0.009 
0.2 14 
0.007 
0.045 
0.0oO 
0.472 
0.083 
0.005 

124.121 
0.026 
0.083 
0.008 
0.184 
0.049 
2.679 
0.042 
0.534 
0.021 
0.005 
0.490 
0.070 
0.006 
0.24 1 

0.040 
0.002 
0.073 
0.001 
0.013 
0.000 
0.093 
0.021 
0.001 
20.309 
0.009 
0.017 
0.003 
0.023 
0.006 
0.764 
0.02 1 
0.108 
0.004 
0.002 
0.158 
0.03 1 
0.002 
0.057 

0.139 
0.010 
0.273 
0.008 
0.055 
0.001 
0.547 
0.100 
0.006 

140.181 
0.033 
0.097 
0.0 10 
0.202 
0.054 
3.307 
0.058 
0.62 1 
0.025 
0.007 
0.616 
0.095 
0.008 
0.286 

0.37 
0.007 
0.37 
0.007 
0.22 
0.05 
1.3 

0.37 ' 

0.007 
189 
0.22 
0.1 1 
0.007 
0.1 1 
0.007 
13.2 

0.007 
0.11 
0.22 
0.05 
1.3 

0.37 
0.007 
0.1 1 



Table 630 (continued) 

. ' I  i 
I '  ' 4  

Reach or Analyte 
subreach 

Atoclor 1260 
4.02 As 
4.03 As 

Cd 
Hg 

4.04 As 
Cd 

Media concentratfonr (mgkg) Simulation results (m@kn/d) 
Mean rpoil spou Vegetation Mean Standard 80th percentile LOAEL 

(mg/kn/d) 
(standard (mean) deviation benchmark 
deviation) 

0.7 0.68 0.003 0.009 0.009 0.016 0.16 
11.2 0.013 0.144 0.0 18 0.158 0.37 
6.56 1.28 0.009 0.084 0.0 19 0.100 0.37 
0.58 0.02 0.006 0.009 0.001 0.009 0.007 
3.36 0.16 0.27 0.096 0.012 0.106 0.1 1 
9.36 0.536 0.0 12 0.120 0.0 16 0.134 0.37 
0.58 0.078 0.007 0.009 0.001 0.010 0.007 

e 
8 

Hg 2.47 0.33 0.23 0.077 0.010 0.085 0.1 1 
w LOAEL = lowest-observed-adverse-e.ffect level 

? 

i 
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Table 6.31. Comparison of e x p u r e  dttribution to NOAELm and LOAEL8 

Comparison Meaning Risk-based interpretation 

N O W 8 0 t h  paantile of 
exposuredisbibution experiencing exposures greater 

4oOh of population is 

thanNOAEL 

NOAELc 80th percentile 
CLOAEL 

>20% of population is 
experiencingexposures greater 
than NOAEL, but GOO! is 
experiencing exposures greater 
thanL0AEL 

Individual- and population- 
level adverse effects are highly 
unlikely 

While population-level effects 
are unlikely, individuals 
exposed to exposures at the 
high end of the distribution 
may experience adverse effects. 

LOAEL 430th percentile of 
exposure distribution 

>20% of population is 
experiencing exposures less than 
LOAEL 

Individual- and population- 
level adverse effects are likely. 

NOAEL = n0-observe.d-adverseeffect level; LOAEL = 1owest-obme.d-adverseeffect level. 

Table 6.32 Remlta from the comparison of exposure distributionr 
with NOAEb and LOAELS 

Reach or Analyte Percentile greater Percentile greater 
subreach than NOAEL than LOAEL 

1 As >95% 4 %  

7 

2.04 

3.02 

3.03 

3.04 

Cd 

As 

cd 

se 
TI 
V 
As 

cd 

Mn 
se 
Cd 

Hg 
cd 

Hg 
Ba 

cd 

-75% 

4 %  

>35% 

4 %  

4 %  

4 %  

4 %  

4% 

-4% 

4 %  

%5% 

4% 

>9Y! 

>99% 

4 %  

>99% 

. I. 
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Table 632 (continued) 

Reach or Andyte .Percentice greater Percentile greater 
rubmch than NOAEL than LOAEL 

Hf3 >99% >99% 

se >30% 4 %  
TI >W? 4 % 

V >99% 4 %  
4.01 As >85% 4 %  

cd %5% >25% 

Hf3 >99% >99% 

AroclOr -20% 4% 
1260 

4.02 As >99% 4 % 

4.03 As >99% 4% 

Cd >99% . >99% 

Hg >99% <15% 
4.04 As >99% 4% 

4.04 cd >99% >85% 

Hg >9Y? . 4 %  
NOAEL = nwbserved-advem-effkct level; LOAEL = lowest-observed- 
advem-effkct level. 
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Fig. 6.37. Mercury exposure distribution for eastern cottontails foraging on a future spoil within subreach 3.04 using Monte Carlo simulation. 
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Fig. 6.41. Cadmium exposure distribution for eastern cottontails foraging on a future spoil within subreach 3.02 using Monte Carlo 
simulation. 
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Iftbete is a risk fiom arsenic expome to individuals within the population, it would be primarily 

attn'buted to direct ingestion of the spoil. Arsenic bioaccumulates in vegetation at relatively low levels 
(Bi- * factor = 0.004, SAIC 1995). Therefore, the presence of arsenic within the spoil itself 
would pose a risk through direct ingestion. 

Barium. TheNOAEL for eastern cottontails is based on a study in which growth, food and water 
cunsumption, and hypertension was observed among rats fed barium chloride for 16 months (Perry et 
aL 1983). Three dose levels were administered in this study. The maximum dose (5.1 mg/kg/d) did not 
affect growth, food or water consumption and was therefore considered to be a chronic NOAEL. The 
WAE% was based on a study which observed mortality in rats fed barium for 10 days (Borzelleca et al. 
1988). Four doses were administered and exposure of rats to the highest dose (300 mg/kg/d) resulted 
in 30% mortality to female rats. The 300 mg/kg/d dose is considered to be a subchronic LOAEL; 
therefore a chronic LOAEL was estimated by multiplying the subchronic LOAEL by a subchronic to 
chronic uncertainty facbr of 0.1. Less than 10?h of the population of cottontails feeding within subreach 
3.04 may ercperience exposum in excess of the NOAEL. Therefore, adverse effects fkom barium at this 
location is highly unlikely. 

\ 

Cadmium. Both the NOAEL and LOAEL for cottontails are based upon a study in which 
reproductive success was observed among,rats fed cadmium for four generations (Wills et al. 1981). 
Three dose levels were administered in the study. A dose of 0.01 mg/kg/d, designated as the chronic 
LOAEL, resulted in a 63% reduction in fertility (number litterdnwqber of females). The lowest dose 
(0.008 m@g/d) resulted in no adverse effects and was thus designated the chronic NOAEL. The 
NOAEL and LOAEL for cottontails are 0.005 and 0.007 mg/kg/d, respectively. Based on results of 
Wills et al. (1981), cottontails foraging at a spoil within reaches 1 and 7 or subreaches 3.02,3.03,3.04, 
4.03, and 4.04 may experierace a reduction in fertility. The exposure experienced by cottontails foraging 
within subred  2.04 is between the NOAEL and LOAEL. Therefore, there is a potential that individuals 
foraging within this subreach may experience impaired reproduction. 

Manganese. Both the NOAEL and LOAEL for eastern cottontails are based upon a study in 
which reproductive success was observed among rats fed manganese for 224 days through gestation 
(Laskey et al. 1982). Three doses were administered (28,88, and 280 mg/kg/d) in the study. Pregnancy 
percentage and fertility among rats exposed to 280 mg/kg/d was significantly reduced, therefore, this 
dosage was considered the avOnic LOAEL. No effects on other reproductive parameters (e.g., litter size, 
owlations, resorptions, preimplantation death, fetal weights) were observed at lower dosages. Therefore, 
the 88 m@g/d dosage level was considered the NOAEL. The NOAEL and LOAEL for eastern 
cottontails are 58.6 and 189 mg/kg/d, respectively. The exposure experienced by cottontails foraging 
witbin submxh 2.04 is between the NOAEL and LOAEL. Therefore, there is a potential that individuals 
foraging within this subreach may experience impaired reproduction. 

Mercury. Bdh theNOAEL and LOAEL for eastern cottontails are based upon a study in which 
reproductive success and of€spring survival was observed among rats fed methyl mercury for three 
gmeralioas (Verschuuren et al. 1976% 1976,1976~). The highest dose administered (0.16 mg/kg/d), 
designated as the LOAEL, resulted in reduction in ofipring viability. This exposure also resulted in 
reduction in growth, increased kidney weight, and altered kidney histochemistry (Verschuuren et al. 
1976b). No effects were observed at a dose of 0.032 mg/kg/d. The study was considered to represent 
chronic expmm; therefore, a cabchuic-chronic correction factor was not employed. The NOAEL and 
LOAEL for eastern cottontails are 0.021 and 0.110 mg methyl Hg/kg/d, respectively. Based on the 
results of Verschuuren et al(1976a,bYc), eastern cottontails experiencing exposure at spoils within 
subreach 3.03,3.04, and 4.01 are likely to display impaired reproduction. Additionally, because an 

, .. - .. . _  
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experimental NOAEL was not established, the nature and exposure level at which adverse effects to 
individuals may become evident h n  f-gwithin sub- 3.02,4.03, and 4.04 cantlot be defined. 

PCBs. Both theNOAEL and LOAELf&eastem cottontails are based on a study in which oldfield 
mice were fed Aroclor-1254 for 12 months (McCoy et al. 1995). A dose level of 0.68 mg/kg/d, 
designated as the chronic LOAEL, caused a reduction in the number of litters, offspring weights, and 
offspring survival. Because an experimental NOAEL was not established, the chronic NOAEL was 
estimated by multiplying the chronic LOAEL by a LOAEL-NOAEL uncertainty factor of 0.1. The 
NOAEL, and LOAEL for cottontails are 0.016 and 0.16 mg/kg/d, respectively. Approximately 20% of 
the co#ontail population may experience exposures in excess of the NOAEL. Because an experimental 
NOAELwas notestablished, the nature and exposure level at which adverse effects to individuals may 
become evident cannot be defined Howevery population-level adverse effects from foraging on a spoil 
in subreach 4.0 1 are highly unlikely. 

Selenium. The eastem COttontailNOAEL and LOAEL are based on a study in which selenate was 
fed to mice for 3 generations (Schroeder and Mitchner 1971). An administered dose level of 0.76 
mg/kg/d, designated as tbe chronic LOAEL, caused reduced reproductive success with a high incidence 
of runts and failure to breed. Because an NOAEL was not established, the chronic NOAEL 
was estimated by multiplying the chronic LOAEL by a LOAELNOAEL uncertainty fator of 0.1. The 
NOAEL and LOAEL for cottontails are 0.023 and 0.22 mg/kg/d, respectively. Cottontails foraging at 
spoils in reach 7 and in subreaches 2.04 and 3.04 may experience exposures between the NOAEL and 
LOAEL. Because an ex@naal NOAEL was not established, the nature and exposure level at which 
adverse effects to individuals may become evident cannot be defined. However, population-level adverse 
effects fiom foraging on these fiture spoils in subreach 4.01 are highly unlikely. 

Thallium. The eastean cottontail NOAEL and LOAEL are based on a study in which rats were fed 
thallium sulfate for 60 days (Fomigli et al. 1986). This study represents subchronic exposures since the 
dura!ion of the study did not include a critical Westage. Rats exposed to a single dose, 0.074 mg/kg/d, 
displayed nxlwed spemt motility. Since this is a subchronic exposurey a subchronic-chronic uncertainty 
factor of 0.1 was applied to obtain a chronic LOAEL. To estimate the chronic NOAELy the chronic 
LOAEL, was multiplied by a LOAELNOAEL uncertainty factor of 0.1. The NOAEL and LOAELs for 
cottoatails are 0.005 and 0.05 mg/kg/d, nspedvely. cottontails foraging at a spoil in subreach 3.04 may 

' experience exposures between the NOAEL and LOAEL. Because an experimental NOAEL was not 
established, the nature and exposure level at which adverse effects to individuals may become evident 
carmd be defined. However, population-level adverse effects from foraging at subreach 3.04 is highly 
unlikely. 

Vanadium. The eastem cottontail NOAEL and LOAEL are based on a study in which rats were 
fed sodium metavanadate for 60 days prior to gestation, through gestation, del ivq and lactation 
@omingo et al. 1986). This study represents chronic expares since it took place during the rat's critical 
lifestage. Significant effects on reproctuction including increased number dead young/litter and reduction 
in size and weight of offspring were observed at the lowest dose administered, 5 mg/kg/d. Therefore, this 
dose was considered the chronic LOAEL. To estimate the chronic NOAEL, the chronic LOAEL was 
multiplied by a LOAELNOAEL uncertainty factor of 0.1. The NOAEL and LOAEL for eastern 
&bntail are 0.13 and 1.3 mg/kg/d, respectively. Cottontails foraging at spoils in reach 7 and subreach 
3.04 may experience exposures between the NOAEL and LOAEL. Because an experimental NOAEL 
was not established, the nature and exposure level at which adverse effects to individuals may become 
evident cannot be defined. Howevery population-level adverse effects from foraging in these areas is 
highly unlikely. 
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6.63.4 Weight of evidence for the dredged spoil 

plants. Only one lioe of evideoce, literature toxiciFy data, was available to evaluate ecological risk 
to plants. Many contaminants found within sediments potentially available in future spoils exceeded 
we- 'ons and phytotoxicity b e n c h a h  within all  reaches and subreaches (reaches 1 
and 7 and subrescbes 2.04,3.02,3.03,3.04,4.01,4.02,4.03, and 4.04) with the exception of sediment 
within subreach 3.01. Therefore, if sediments were dredged and placed along the Clinch River, 1 
Contaminant within reach 1 (As); 5 contarmnants * withinreach7 (As, Cr, Mn, Se, andv); 3 contaminants 
within subreach 2.04 (As, Mn, and Se); 5 contaminants within subreach 3.02 (Hg, Ni, Se, U, and Zn); 
7contammants * within subreach 3.03 (Cd, Cr, Hg, N i  Ag, U, and Zn); 9 contaminants within subreach 
3.04 (As, By Cd, Cr, Hg, Ni, Se, U, and V); 1 contaminant within subreach 4.0 1 (Hg); 1 contaminant in 
sub& 4.02 (As); 3 contarmnants . within subreach 4.03 (Cr, Mn, and Hg); and 5 contaminants within 
s u b d  4.04 (As, Cry Mn, Hg, and Zn) could potentially pose a risk to plants growing in these spoils. 
There are also 37 organic contaminants present in the sediment for which no phytotoxicity benchmarks 
are available. Therefore, the risks from those contaminants cannot be assessed. 

This &o is an extremely conservative estimation of risk for plants in the future. It is assumed 
thatthecxlmatm 'om f d  in the current deep sediments would be equivalent to spoil concentrations. 
A~lditi~dly~the~~mn~~m are assumed to be 100% bioavailable for plant uptake in the future spoil. 
Since contaminants may not be totally bioavailable to plants, the risk to plant growth posed by these 
contaminants may be lower than suggested. 

Herbiorous wildlife, Only one Iine of evidence, literature toxicity data, was available to evaluate 
risks to eastern cottontails foraging on spoils p r o d d  within each subreach. The comparison of 
srposure estimates to LOAT& indicate that reaches 1 and 7 and that subreaches 3.02,3.03,3.04,4.01, 
4.03, and 4.04 would be a significant risk to eastean cottontail populations foraging on future spoils. The 
risk is attributable to cadmium and mercury (at subreaches 3.03,3.04 and 4.01 only), which may be 
ingested directly from the spoil or from ingestion of contaminated vegetation. The eastern cottontail 
population feeding on these spoils may be adversely impacted through impaired reproduction. 

Therernainingcontarmnants * folmd in the spoil and vegetation within reaches 1 (As) and 7 (As, Se, 
Tl, and V) and subreaches 2.04 (as, Mn, and Se), 3.02 (Hg), 3.04 @a, Se, TI, and V), 4.01 (As and 
Aroclor 1260), 4.02 (As), 4.03 (As and Hg), and 4.04 (As and Hg) did not produce exposures in excess 
of the LOAELs. Therefore, population-level effects on the eastern cottontails are not likely to be 
observed from ingestion of these contaminants on the above spoils. However, individuals may be 
adversely affected at the uppermost exposure levels of the distributions. 

6.6.4 Uncertainties Concerning Risks to Plants and Herbivorous Wildlife 

Factors that create uncertainty in assessing the risk posed by the COPCs in the future spoils of 
C W C  sediments are discussed in the following subsections. 

6.6.4.1 Equivalent sediment and spoil concentrations 

Tbe~OassumeSthatthe~contaminantconcentratr 'om found in sediments in the CWPC 
will be equivalent to the potential spoil deposited on land. The contaminant concentrations will remain 
present within the spoil over time and be taken up by vegetation. This is an extremely conservative 
& O w h i c h ~ O V  ereStimate the level of exposure and risk to the flora and fauna living at the future 
spoil. 
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International Commission on Radiological Protection and the National Council on Radiation Protection 
and Measurements (IAEA 1976, 1979, NCW 1991). For terrestrial organisms the methdology 
developed by Wdat et al. (1974) and Balcek and Soldat (1992) was modified to calculate radiation dose 
to terrestrial biota Equations usedto estimate doses to biota in this investigation are listed in Appendix 
F7. 

Since dose calculations are species-specific, representative species were selected for the end point 
communities. They are: the mayfly Hexagenia bilineata, the epibenthic fish, which represents fish such 
as carp (Cyprinus), redhorse and suckers (.oxastoma), and catfish, (Icthlurus) the great blue heron 
(Ardea herodias), and the eastern cottontail (Sylvjlagus jZoManus). 

6.7.1.2 Radiation dose to benthic invertebrates 

sedimentsarethem- medium with the highest radionuclide concentrations. Invertebrate 
biota which live most of their life cycle in sediments probably represent a maximum exposure scenario. 
The mayfly, Hexagenia bilineata, is chosen as a representative benthic invertebrate. This large 
sediment-burrowing mayfly is common to the Clinch River, Poplar Creek, and Watts Bar Reservoir. In 
these waters, it usually takes one year for mayflies to complete their life cycle, which extends fiom 
deposition of eggs to hatching of adults. Nymphs are an important food source for fish. Adults hatch 
during summer months, but almost all adults die within one day after hatching and leaving the water. 
During that short time they attract fish, birds and mammals which gorge on the hatch. 

Annual radiation doses were calculated for mayfly larvae completely submerged in sediments from 
each reach of the OU (Table 6.33). The equations for the calculation appear in Appendix F7. Seditnent 
concentrations of radionuclides appear in Tables B16-B21. Continual, complete submergence was 
chosen as a conservative scenario, maximizing the estimated dose. Wright et al. (1982) reported that 
nymphs from Watts Bar Reservoir stock range in size fiom 20 to 25 mm when they have reached the 
large wing-pad stage of development. This size range was taken into consideration in the dosimetry 
calculations. The highest calculated dose rates are 490 and 280 mraayear for larvae living in sediments 
sampled f b m  reaches 2 and 4, respedively. The principal radionuclide contributing to dose rate at these 
locations is 13'Cs and its daughter product, I3'"Ba. The next highest dose rate was 200 mrad/year for 
larvae living in sediments at reach 1, with 92 percent of the dose coming fiom %o. The dose rate to 
larvae at reach 3 was slightly less at 180 mrad/year and was due mostly to the presence of I3'Cs in 
sediments. Larvae a t h  7 wereestimatedtoreceive an annual dose of 31 mrad, less than for any other 
reach. 

Table 6.33. Radiation dose rata (mrad/yepr) to mayfly lanae (Hexugmia bilineata) 
living in redimenb 

Reach Number of Principal radionuclide and contribution to Dose rate 
radionuclides detected dose rate (%) (mradvear) 

1 2 (92%), '"CS/'~'"B~ (8%) 200 
2 14 . 137~337qa (93%). W s r p o Y  (5%) 490 
3 13 137Cs/'37mBa (89%), 23sU (5%) 180 
4 13 137Cs/'37%a (91%), %o (5%) 280 
7 3 WSrPOY UP%), 137Cs/'37%a (3 1%) 31 
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6.7.13 Radiation dose to epibenthic fuh 

A model epi'benthic was used to estimate the total dose received fiom exposure to radionuclides 
m sediments, water, and intemal tissues. Radionuclide concentration data are found in Tables B16-B21 
(sediment) and AppendixA (slrrface water). For internal tissue concentrations, general bioaccumulation 
factors were used instead of actual measurements. Representative epibenthic fish include carp 
(Cyprinur), suckers and redhorse (Moratoma), and catfish (Ictalurus and Ameiurus) which are 
cunmcm at all sampling locations. Detailed dosimetry equations applicable to a model, large (length = 
45 an) q i k d i c  fish are listed as @om 3 to 7 m Appendix F7. These equations were adapted fiom 
Blayrocket al. (1993), and used to calculate the annual dose rate to a model epibenthic fish as the sum 
of gamma dose rates h n  water immersion and sediment surface, and beta and gamma dose rates fiom 
inteanay.depositedradionuclides. Thebeta component of immersion in water and exposure to sediment 
sur€Ws was neglected because of self absorption and shielding. 

The calculated CEOse rates (mrad&ar) are listed in Table 6.34 and indicate that the doses to fish are 
4 0 0  madyear, or approximately a factor of ten less than the doses calculated for mafles. The 
principal radionuclides contributing to dose rate are 137Cs/'37mBa, 9oSrf"Y, and To. 

Table 634. Radiation dose rates (mradlyear) to epibenthic fuh from exposure to radioactive 
sediments, water, and food 

Reach Number of Principal radionuclides and contribution Dose rate 

1 6 6oCo (91%), wSrPOY (7%) 32 

3 14 137Cd37%a (a%), wSrPOY (1 0 % )  56 

to dose rate (%) (mradhear) radionuclides detected 

2 16 s'SrpoY (52%), 137Cd'7T3a (36%) 33 

4 15 - 137Cd37"'Ba (76%), 6oco (1 3%) 22 
7 3 wSrPY (61%), 137Cd37mBa (26%) 5 

6.7.1.4 Radiation dose to great blue heron 

The great blue heron (Ardea herodias) was chosen to represent fish-eating birds. Biological and 
d o s i c  parameters descn'bingthe model heron are given in Appendix F7. The total dose received by 
a heron would be the sum of external exposures fiom contaminated shoreline, external exposure fiom 
wading in contaminated water, and internal exposure fiom eating contaminated fish. Measurements of 
radionuclide concentrations in &h tissues were used from Phase 1 of the Clinch River Remedial 
Investigation (Cook et al. 1992). The model assumes that 100 percent of the great blue heron's diet is 
cOmpOSed of fish. Equations 9 to 11 in Appendix F7 were used to perform the dosimetry calculations. 

Although up to 15 parent radionuclides contribute to radiological exposures, 137Cs and %Sr 
(iiluding daughter products) contribute almost all of the dose rate at any one reach (Table 6.35). The 
highest dose rate of 5400 mrdyear occurs for a heron feeding at reach 2. This was the highest dose 
determined for any of the representative biota. Dose rates for reaches 3 and 4 are more than a factor of 
ten times less, and Y3r is the principal radionuclide. 
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Table 635. Radiation d m  ratw (mradlyear) to great blue heron from radioactive contamination 

ia fuh, water, and sedimenta 

Reach Numberd Principal radionuclider and Dose rate 
radhuclidea cuntribution to dow rate (YO) (mraayear) 

detected 

1 6 

2 15 1nCd37"Ba (-100%) 5400 

3 14 %rpOY PYA), 137CsP37%a (2 1 %) 350 

4 15 goSrpY (77%), '37Cd'37"Ba (23%) 320 

7 3 137Cs/"7"Ba (W!), 6oco (33%) <1 

6.7.1.5 Radiation dose to rabbit 

A model eastern cottontail rabbit (SyZviZugusjZoridunus) weigbhg 1.2 kg was assumed to be a 
resident of a hypdbetcal terrestrial habitat established on a so! base of dredged sediments at each river 
reach. The scenario is described in detail in the human health risk assessment (Sect. 5.2.3.6) As in the 
assessment of nonradiological contaminants in Sect. 6.6, the spoil is assumed to be derived from mixed 
deep sediments where irrigation will not take place. If deep sediment is taken from the river bed and 
spread on shore, the organisms are potentially expused to high concentrations of I3'Cs. Vegetation can 
bioaccumulate contarmnan * ts and be consumed by herbivores, such as rabbits. In this assessment actual 
radieanalytical results for sediments sampled at each reach were used in the calculations. It was assumed 
that each reclaimed area was large enough for a rabbit to live its entire life cycle. 

The exposure scenario of dosimelric and biological assumptions for calculating rabbit exposures 
should lead to conservative dose estimates (over estimation of actual doses ifthe sediments were used 
to establish new terrestrial habitats). Conservative assumptions include: (1) the residence of the rabbit 
in a burrow for half of the time and (2) high inhalation and ingestion rates. Both internal and external 
exponnes w a  assumed to occur for the model rabbit which resides in a burrow one-half of the time and 
spends the dherhalfof its time above ground. Both of these situations result in extemal exposure from 
the contaminated soil and sediment mixture. All vegetation which is consumed as food becomes 
radioactive through soil-root uptake. Additional internal exposure is assumed to occuf through inhalation 
of sediment/dderived dust which has the same radionuclide content as the dredged sediments. 
Assumed intake rates for ingestion of fiesh vegetation and inhalation of air are 0.24 kg/day and 0.63 
m3/day, respectively @PA 19938). A mass loading rate of 0.0001 kg/m3 was used for the inhalation 
pathway. Equations for the dose rate calculations and Mer assumptions are given in Appendix F7. 

Dose rates computed for the four pathways of exposure are listed in Table 6.36 and range from a 
minimum of 11 mrad/year at reach 1, to maxima of 1500 mrdyear and 1400 mradyear at reaches 2 
and 4, respedvely. At reach 3 the dose rate is 530 mradyear, and the dose rate to the rabbit at reach 7 
is 90 mrad/year. The principal radionuclides Oontributing to the estimated dose rates include 137CsP37mBa 
and g'SrPOY. 
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Table 6.36. Radiation dose rates (mradlyear) to rabbit from vegetation consumed, air breathed, rdl 
surface, and burrow 

Reach Number of Principal radionuclider and contribution Dore rate 
radhucWer to dore rate (%) (mradlyear) 

detected 

1 2 '37Cd37%a (%%I, (4%) 

2 5 '37cs/137v3a (Wh), 
goSrPOY (8%) 

goSrpoY (1 7%) 
3 7 *37Cd37%a (78%), 

11 

1500 

530 

4 6 '"Cd3''"Ba (98%), goSrPOY (2%) 1400 

7 2 wSrf'OY (80%/0), '37Cd37"Ba (20%) 90 

6.7.2 Effects Levels for Radionuclides 

The discharge of radioactive waste into the environment results in long-term, low dose exposure 
to organisms. In most cases, acute mortality can be discounted. Any potential increase in morbidity and 
mortaItythat might result fiom the exposure to chronic irradiation above background is unlikely to be 
detected because of natural fluctuations in the size of populations. The DOE'S official guideline for 
radiationreceived fiom environmental sources limits the dose rate to 1.0 rad per day (NCRP 1991) for 
aquatic organisms. The International Atomic Energy Agency (JSA) recommends limiting the dose for 
terrestrial organisms to 0.1 rad per day (IAEA 1992). 

6.7.3 Risk Characterization for Organisms Exposed to Radionuclides 

A brief description of the life cycle, size of the organism, and methodology used in the dose 
calculations is given m Sect. 6.7.1. Based on the relatively low doses calculated for representative biota 
(Sect. 6.7.1) and the recommended limit of 1.0 rad per day for aquatic biota (NCRP 1991) and 0.1 rad 
per day for terrestrial biota (IAEA 19922), detectable radiation effects on individuals or populations of 
organisms are not expected in the biota of the CWC. 

More specificaly, (1) the highest radiation dose rate for benthic invertebrates is over three orders 
of magnitude lower than the DOE guideline of 1.0 rad per day (Table 6.33). Therefore, no significant 
effects would be expected to result to the abundant populations of this important benthic invertebrate 
species. (2) AU dose rates for epibthic fish cable 6.34) are far below any level that would be expected 
to pm%xe bioeffects and are therefare of no radiological concern. (3) Even at the highest estimated dose 
rate of 5400 -ear (5.4 for herons, no bioeffects would be expected (Table 6.35). (4) 
Sincethe maximud annual dose rates for rabbits is calculated to be only 1.5 rad&ear, no biological 
effects would be expected (Table 6.36). 

' Results of the specific dose calculations for these representative organisms are discussed in Sect. 
6.7.1. S e v d  details are worth noting. A dose of 5.4 rad per year which was calculated for the geat blue 
heron in reach 2 was the highest dose determined for any of the representative biota. For all 
representative biota, I3Ts and its daughter radionuclide "'"Ba were the major dosecontributing 
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r a d i m b .  All representative biota in reach 2 received the highest calculated radiation doses, except 
for the epibenthic fish which received the highest calculated dose from reach 3. 

6.7.4 Uncertainties Concerning Risks from Radionuclides 

Themethoddogy usedto estimate radiation doses to biota is believed to overestimak the doses that 
would be received ifthe exposure scenarios actually existed. Whereas some information necessary to 
i r n p l e m e n t t h e ~ l ~ i s w e ~ ~ s o m u c h i s u n k n o w n o r u n s p e c i f i e d s t a ~ t i c a l l y .  This paucity 
of infibmatim dictates a wnserva!ive, but reasonable, approach to model assumptions and radiological 
exposure scenarios in order not to uuderestimate the risk to biota. 

Factors used in the dosimetry methodology can be divided into three categories: (1) biological 
information including life history parameters of the organism and characteristics of the environment in 
which it lives, (2) analytical measurements of radionuclides in media which expose the organism, and 
(3) d o s i i  parameters used to translate the radionuclide concentrations in organism and environment 
into the quantity of energy absorbed (dose) by the biota These factors are discussed below in the context 
of their major mmtamt~ * 'es as they apply to the four representative biota for which radiation doses were 
calculated. 

6.7.4.1 Radiation dose to mayflies 

The dosimetry exposure model for benthic invertebrates assumed that mayfly nymphs spend one 
year developing in radioactive sediments before before leaving sediments and water to become fieti+ 
flying adults. Unusually high water temperatures could hasten development and thus reduce exposure 
to radioactive sediments. Unfavorable conditions might, instead, prolong exposure to sediments if 
growth and development are retarded. A reasonable upper limit might be two years of exposure in 
radioactive sediments and a resultant doubling of the dose compared to the model assumptions. 
Radionuclide concentrations are known to vary appreciably in the Clinch River with highest 
Concentrations in the main channel and lower concentrations in shallower and shoreline areas. Edmonds 
et al. (1976) stated that mayflies are most ab& in shallow sediments but are found in lesser numbers 
down to maximum depths of about eighteen meters. Since the radionuclide concentrations used in the 
calculations are not for deep water sediments, the assumed exposures would probably not be exceeded 
for any appreciable part of the Populatioa H m a ,  a number of simplifying assumptions for the mayily 
dosimetry model are not easily verified and thus there could exist actual conditions that could lead to 
higher doses than calculated. 

6.7.43 Radiation dose to epibenthic fish 

Generic bioaccumulation factors were used instead of actual measured concentrations in fish flesh. 
It is unknown how the generic factors compare to actual bioaccumulation factors for the different fish. 
Each radionuclide represents an independent statistic, so some degree of uncertainty is associated with 
the o v d  effect on total dose rate. This uncertainty could be quantifed by comparing results fkom the 
use of bioaccumulation factors to radioanalytical results for the flesh of epibenthic fish from the 
reference locations. A dominating CoIlSetvatve assumption in the dosimetry model is that the epibenthic 
fish is always in close proximity to the contaminated sediments. In reality, whenever the fish is 
swimming more than 60 to 100 cm above the bottom sediments the relatively non-wntaminated water 
would act as a shield in reducing or eliminating the radiation dose from bottom sediments. The extent 
to which this dose-reducing swimming behavior occurs is unknown. 
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6.7.43 Radiation dose to great blue heron 

Almost all of the radiation dose received by the model great blue heron comes from consqnption 
of contaminated fish. A fish consumption rate of 0.42 kg/day (EPA 19938) was assumed for this 
important exposure pathway. Also, it was assumed that 100 percent of the diet was composed of 
radioactiveIy-wntamhated fish. The calculated annual dose rate to the great blue heron would increase 
or decrease proportionally for any deviation from this food intake rate, and any consumption of non- 
contaminated fish would decrease the radiation dose rate proportionally. Modelling assumptions required 
that the daily time used to carry out normal activities be apportioned in order to estimate external 
radiation doses fiom Werent activities. Thus, one-third of the time was assumed for exposure to 
00 ntaminated sediments, one-third of the time for extemal exposure to contaminated water, and one-third 
of the time for no extemal exposure. These assumptions were also used by Baker and Soldat (1992), but 
their choice of partitioning of time was arbitrary also. 

6.7.4.4 Radiation dose to eastern cottontail rabbit 

In the absence of documented observations, it was assumed that the model rabbit spent one-half 
of the time in a burrow and the other one-half of the time above ground. The radiological dosimetry 
assumptions result in a dose rate from irradiation in a burrow constructed in radioactive deep dredge 
spoils that is double the dose when the rabbit is on the land surface. Any deviations from these 
simplifying exposure assumptions would change the dose rates proportionately. The dose rate 
calculations revealed that the predominant pathway of exposure to the model rabbit was from direct 
intake of contaminated sediments, especially through inhalation of spoils-derived dust. Because of the 
lack of actual measurements on the quantities of spoils-derived dust expected to be inhaled, a 
Conservative estimate of mass loading was made for the air breathed by the model rabbit. A mass loading 
rate of 0.0001 kg/m3 was chosen for spoils-derived contamination of air breath& by the rabbit. While 
considerable uncertainty exists as to what the actual value might be for a rabbit living under the scenario 
developed for the dosimetry model, it is probably not reasonable to assume a larger sustained mass 
loading factor because of physical limitations. The fact that the inhalation pathway dominates estimated 
radiological exposures to the rabbit is most likely an indication of the conservative nature of the mass 
loading rate assumption. 

6.8 SUMMARY AND CONCLUSIONS 

Significant ecological risks were identified in the Poplar Creek embayment (reach 3) but not in the 
Clinch River. Although potentially toxic concentrations of chemicals, significant toxicity test results, or 
elevated levels of bioindicators of contaminant exposure in fish were observed in other reaches, only in 
Poplar Creek was the weight of evidence consistent with significant risks. 

The weight of evidence indicates that toxic effects are causing a significant risk of a 20% reduction 
in fish species richness and abundance. Reach 3 water was toxic to fish embryos and concentations of 
dissolved metals episodically reached toxic levels. In addition, although PCBs were detected on only one 
occasion in reach 3, PCB concentrations in whole catfish were estimated to reach concentrations that are 
toxic to that species in the laboratory. That result is consistent with the discovery of liver 
histopathoIogies in largemouth bass that are characteristic of PCB exposure. Fish species richness and 
abundance were relatively low in upper reach 3, which is consistent with toxic effects, but may also be 
due to habitat factors. 
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Although risks to benthic invertebrates in Poplar Creek are not high and the evidence is not 

consistent, the weight of evidence indicates that toxic effects are causing a significant risk of a 20% 
reduction in benthic invertebrate species richness and abundance. Reach 3 sediments contained several 
metals and organic chemicals at concentrations that have been reported to be toxic in most studies at 
dher sites. Sediment pore water and water above sediments were not found to be toxic, but some whole 
sediment samples from all subreaches of reach 3 were acutely lethal to an amphipod. That result suggests 
that sediment toxicity is highly heterogeneous and is due to chemicals that are highly associated with the 
d i d  phase. Benthic community characteristics were highly variable among sites and could not be used 
to imply or rehte the Occurrence of a 20% reduction in species richness or abundance. 

Risks to fisheating wildlife inhabiting Poplar Creek embayment are estimated to be insignificant. 
Great blue heron and osprey reproduction are high and mink fed 50% Poplar Creek fish or less displayed 
no toxic effects. Modelled exposures and effects were consistent with these results. 

Risks to bats inhabiting Poplar Creek embayment are estimated to be insignificant, but swallows 
were estimated to be significantly at risk of a 20% reduction in population production. The risks to 
swallows are based on exposure of a colony on subreach 3.01 to mercury in emergent aquatic insects. 

The risk to cottontail rabbits foraging on a hypothetical area consisting of dredge spoil from Poplar 
Creek was estimated to be significant. The risk was due entirely to mercury. 

69 REMEDIAL GOAL OPTIONS FOR ECOLOGICAL END POINTS 

6.9.1 Remedial Goal Options for the Fish Community 

Fish are exposed to contaminants primarily by direct exposure to contaminated water. The CWPC 
OU is not a potential source of aqueous contaminants unless contaminants are being remobilized from 
sediments. However, that does not appear to be occurring to a significant extent. Therefore, no actions 
would be taken in the CR/PC OU to remediate water. However, since significant toxic effects are 
occurring in Poplar Creek (reach 3) and since the ORR is a unitary CERCLA site, it is necessary to 
consider what actions are needed in upstream OUs to remediate the risks to the fish community in that 
reach. No RGOs are proposed for other reaches because the risks to the fish communities in those 
reaches were judged to be acceptable. 

Episodically high concentrations of chemicals were observed in Poplar Creek that exceeded 
National Ambient Water Quality Criteria or other ecotoxicological benchmarks. Actions should be taken 
to ensure that dissolved-phase concentrations do not exceed acutely lethal levels at any time or 
chronically toxic levels during periods when fish are spawning in the embayment. These levels are listed 
in Table 6.37 for those chemicals that were observed at excessive concentrations in reach 3 during the 
RI. 

The clearest indications of toxic effects on fish are the results of the toxicity tests with medaka and 
redbreast sunfrsh. However, because of limitations of the water sampling and analysis and of the 
available toxicity data base for fish embryos, it is not clear what chemicals are causing the toxicity. 
Before taking remedial actions, it would be usefbl to perform a toxicity identification and evaluation 
(TIE) for the medaka test following the EPA methodology. The TIE should indicate which chemicals 
are causing the toxicity to fish embryos and at what concentrations, thereby indicating what remedial 
actions are needed. Although the specific chemicals causing toxicity are not known, the relatively high 
toxicity to fish embryos of water from lower Mitchel Branch and East Fork Poplar Creek suggests that 
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they are contributing sources (Hinzman 1996; Kszos et al. 1994; Kszos et al. 1995; Peterson et al. 
1995). 

Table 6.37. Remedial goal options for reducing risks to fuh from contaminants in water (mg/L) 

Chemical Acute remedial goal Chronic remedial goal 

Copper 
Mercq 

Nickel 

0.0 1 8" 

0.0024" 

1.4" 

0.01 2b 

0.0002' 

0.01 Id 
Silvm 0.0041" 0.0001 2 c  

'Acute National ambient water quality criteria. 
bChronic National ambient water quality criteria. 
'Chronic value for fathead minnow. 
dchronic value for Ceriodaphnia dubia. 

693 Remedial Goal Options for the Benthic Invertebrate Community 

Benthic invertebrates are exposed to contaminants primarily be direct exposure to 
contaminated sediment and sediment pore water. The weight of evidence indicates that Poplar Creek 
(reach 3) is the only reach in which contaminated sediments are a significant risk to the benthic 
invertebrate community. Therefore, RGOs are proposed for reach 3 only. 

RGOs were developed for chemicals that were characterized as presenting a significant risk in reach 
3. However, RGOs were not developed for chemicals that present a greater risk above the OU (reach 13) 
than in reach 3 (e.g., 2-methyhaphthalene7 acenaphthene, and total PAHs). Actions should be taken to 
edlsure that chemicals in whole sediment do not OCCUT above concentrations at which effects are expected 
(Table 6.38). 

Two estimates of whole sediment concentrations at which effects are expected are the generic 
probable effects levels from the literature (e.g,, ER-Ms) and the site-specific no apparent effects levels 
(SSNAEL). The generic probable effects level is the lesser of the ER-M and the 50th percentile of the 
effects distributions presented in Appendix F3. Uncertainties associated with the generic probable 
effects levels axc detailed in Sect 6.3.3.1 and include the following: the available data are almost entirely 
h i n  mafine and estuarine systems, a wide variety of organisms and effect levels are included in the ER- 
Ms, and most of the data are from co-occurrence studies which may over estimate the toxicity of 
individual chemicals. The SSNAEL is the highest measured concentration at which toxicity was never 
observed at the site. This concentration was determined for those chemicals presenting a significant risk 
in reach 3 by compiling the measured concentrations of each chemical for all sediment sites in the OU 
where tocicity tests were conducted (Table F3.3). Only data for Poplar Creek were used for chemicals 
that may vary between reaches in chemical speciation (i.e., As, Cry and Hg) or mixture composition (total 
PCBs). If significant toxicity to H azteca was observed in one or more tests for a site, the individual 
chemical concentrations at that site were considered potentially toxic. If significant toxicity was never 
observed at a site, the associated individual chemical concentrations were considered nontoxic. If the 
highest measureed concentration was not toxic, that concentration is the SSNAEL (e.g., 67 mgkg 
chmmiusn)). If the highest measureed concentrations are potentially toxic, it must be assumed for these 
purposes that toxicity is due to that chemical (e.g., 64 and 54 mgkg arsenic). Thus, the SSNAEL is the 
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next lowest concentration that is nontoxic (e.g., 25 mg/kg arsenic). Toxicity associated with 
concentrations of an individual chemical that are less than the SSNAEL are assumed to be, at least in 
part, the result of other meaured or unmeasured contributors to toxicity (e.g., PAHs). The principal 
ullcertainties in the SSNAEL are the same uncertahties associated with the toxicity tests (Sect. 6.3.3.2). 
Specifid&, the sediment samples for toxicity testing and chemical analysis were collected at different 
times. Thus, the measured concentrations may not reflect the exposures received during toxicity testing. 
Also, three of the sites were tested only once, during the confirmatory sampligg in December of 1995. 
The recommended RGO for whole sediment is the higher of the generic probable effects level and the 
SSNAEL. That is, the RGO should not be lower than the site-specific concentrations which were tested 
and shown to be nontoxic. 

Table 638. Remedial goal options for reducing risks to benthic invertebrates from contaminants 
in sediment (mgkg) 

Chemical Generic probable 
effect lever 

Site-specific no 
apparent effects 

lever 

Site-specific remedial 
goal option 

Arsenic 6.2d 

chromium 90 

Mercury 0.15 

Nickel 22 

silver 0.8 

~ ~~ ~~ 

25 

67 

139 

228 

I .3 

25 

90 

139 

228 

1.3 

PCBs (total) 0.18 0.550 0.550 

"The generic probable effects level is the lesser of the ER-M and the 50th percentile of the effects distributions 
presented in Appendix F3. 
%e site-specific no apparent effects level (SSNAEL) is the highest measured concentration at which toxicity 
was never observed at the site (Table F3.3) 
The site-specific remedial goal option for whole sediment is the higher of the generic probable effects level 
and the SSNAEL. 
'?Although the 50th percentile of the community level effects distribution was the lowest generic probable 
effkcts level for arsenic, it was not used because it was based on only two data points. Rather, the next lowest 
available generic probable effects level, the 50th percentile of the lethal effects distribution, was used for 
arsenic. 





7- 1 

7. PURPOSE AND ORGANIZATION OF THE 
FEASIBILITY STUDY 

This hibil i ty study (FS) identifies Comprehensive Environmental Response, Compensation, and 
Liability Act of 1980 (CERCLA) remedial actions that eliminate, reduce, or control risks to human 
healthandthem- and complies with theNational Enviroimental Policy Act in accordance with 
DOE Policy. The FS process, as defined in the National Contingency Plan (NCP) [40 Code ofFederal 
Regdations (CFR) 3001, develops remedies that protect human health and the environment, maintains 
protection over time, and, to the extent practical, treats waste to reduce mobility, toxicity, or volume. 
U.S. Environmental Protection Agency @PA) guidance [Guidance for Conducting Remedial 
Investigations and Feasibility Studies Under CERCLA (Interim Final) EPA 54015-89/004, Office of 
Solid Waste and Emergency Response Directive 9355.3-01, October 19881 and the NCP provide criteria 
for evaluating remedial technologies and alternatives. The primary requirements for the final remedy 
are protection of human health and the environment and compliance with applicable or relevant and 
appropriate requirements (ARARS). 

I 
I 

Following EPA and Termessee Department of Environment and Conservation (TDEC) concurrence 
with the FS, the U.S. Department of Energy (DOE) will prepare a proposed plan for public comment. 
After consideration of input fkom the public and regulators, DOE will issue a record of decision (ROD) 
in which decision makers consider site problems, potential alternatives, and outcomes and select the 
remedial action that best satisfies s t a t u t o ~ ~  goals. 

This FS follows the information presented in the remedial investigation 0, which includes site 
conditions, nature and extent of contamination, and risks fkom contaminants. The RI divides the 
operable unit (Ow into reaches along certain physical boundary points. Because of variabfity in the 
Contaminant profile, river conditions, andor risks, subreaches are used to identify areas with consistent 
charactetistics. This FS assembles retaedial alternatives that address conditions sitewide, when possible, 
and address conditions by reach and subreach, as necessary. Section 3.1 describes the study areas in 
detail and Figure 3.1 shows the location of each reach and subreach 

Based on baseline assessments of human health and ecological risks provided in Chapters 5 and 
6, Chapter 8 defines remedial action objectives (RAOs) for the site and identiiies pathways of con- 
and contaminants of concem (COCs). General response actions, potential remedial technologies, and 
process options are developed and screened for technical applicability. Those general response actions, 
technologies, and process options are not applicable to site or contamumt * -specific conditions a~ 
descn’bed brieily, but not discussed any M e r .  Those that meet the criteria are carried forward into an 
evaluation of effectiveness, implementability, and cost, and representative process options are selected. 

Chapter 9 combines the retained technologies and process options to develop a range of remedial 
alternatives consistent with RAOs. 

Chapter 10 provides a M e d  analysis of each alternative to enable decision makers to choose an 
appropriate site remedy. Each alternative is evaluated individually on the basis of seven of the nine 
CERCLA criteria: (1) overall protection of human health and the envkonment; (2) compliance with 
ARARS; (3) long-term effectiveness and permanence; (4) reduction of toxicity, mobility, andor volume 
ofwastesorcontarmnants ’ through treatment; (5) short-term effectiveness; (6) implementability; and (7) 
cost. State acceptance and Community acceptance will be evaluated as part of the ROD. A comparison 
among the alternatives, using the same criteria, follows the individual evaluation. 

I 
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This 
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IDEN'I'IXICATION AND SCREENING OF TECHNOLOGIES 

chapter identifies, screens, and evaluates technologies and process options. Based on 
idormation presented in the RI, RAOs for the OU are developed (SecL8.1) and-potential response 
actions, used either independently or in combmtion with other response actions, are identified. 

8.1 REMEDIAL ACTION OBJECTIVES 

This section develops RAOs for the CIUPC OU. RAOs are media-specific goals for protecting 
humanhealth and the environment. Objectives outlined in this section are as specific as possible while 
retaining flexibility in the development of remedial alternatives. 

RAOs are &enerally e x p d  in terns of a combination of contaminant levels and exposure routes. 
However, as presented later, RAOs are expressed in terms of exposures routes only. This approach is 
consistent with Guidance for Conducting Remedial Investigations and Feasibility Studies under 
C E R C !  (EPA 19880 and recognizeS that protection of human health and the environment can be 
achieved by reducing or eliminating human exposure to a given medium (through implementation of a 
selected remedial alternative) in addition to reducing contaminant levels in that medium, ifapplicable. 
For example, if ingestion of contaminated near-shore sediment represents a significant risk to human 
health, this risk can be reduced by (1) reducing the potential for ingestion of sediment by restricting 
acctss to the contamination or (2) implementing a remedial alternative that reduces contaminant levels 
in near-shore sediments. The importance of protecting human health and the environment through 
preserving or restoring environmental media (i.e., reducing contaminant levels) serves as the main 
objective where technically feasible. 

Risks to human health and the environment (assessed in Chapters 5 and 6, respectively) are 
evaluated for all chemicals detected in the CIUPC OU. These assessments are based on the operational 
history of the Oak Ridge Reservation (ORR), results of previous investigations, and results of the RI. 
Risk quantification is based on defensible 1aboratoIy data generated during the Ri. 

The primary drivex, in terms of human health, for conducting an FS for the CRPC OU is whether 
the sediment largely contained beneath the river and additional layers of deposited sediment are 
considered a medium of potential human exposure. As noted in the human health baseline risk 
assessment, two types of sediment &s were evaluated for several areas (subreaches) along the OU 
river system: (1) dredging of deep sediments for land application and farming and (2) direct access to 
near-shore sediments during periods of low pool. Of these, only direct access to near-shore sediments 
is consideTed aviable current -pathwaybe.cause dredging for agricultural land application is not 
geuedypracticed, and al l  sedimentdisturbiig activities are regulated. Dredging and other sediment- 
disturbing activities in the Clinch RiverPoplar Creek system are tightly controlled by the Tennessee 
Valley Authority (TVA), the U.S. Army Corps of Enginem (USACE), EPA, TDEC, and DOE. 
Unauthorized dredging is prohibited. While the baseline human health risk assessment assumed a 
residedial land use (Le., catact is consideTed to OCCUT throughout the entire period of low pool exposing 
near-shore sediments) when evaluating exposures, all the subreaches identified in the RI as having 
unacceptable near-shore risk are within ORR and are controlled by DOE; thus, no current residential 
exposures are occurring. DOE land-use controls should prevent residential development of the areas I 
identified. I 
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Ingestm of fish caught within the CWPC OU is also a driver for the FS because risks associated 
with fish COIlfllmption (largemouth bass and catfish) exceed risk thresholds. 

I 
I 

For the pupses  of this FS, it is realistidy assumed that the residential exposure scenario 
evaluated in the baseline human health risk assessment is not viable. The fish ingestion scenario is 
CQIlSidefed viable, although fish advkoria are currently in place. The applicable COCs include As, Hg, 
Be, Se, polychlorinated biphenyls (PCBs), I3’Cs, 9oSr, aldrin, chlordane, and 4,4’-DDT. 

Resultsof~~~aeecdogicalriskassessmentsuggestthatsedim~tinsevenreachesinCR/PC 
OU pose unacceptable risk to benthic organisms: PCM 0.0,1.0,1.4,2.3,3.01,4.01, and 4.03. 

Theremedial action altemativves developed and analyzed in Chapters 9 and 10 are designed to meet 
the following MOs. 

If deep sediments 8 f e  a likely exgosure medium under a future dredginglagricultuml application 
scenario, prevent active &edging and land application of the con taminatedportions. Thiswill 
ehinate mg&icm, hhalalion, scternal exposure, dermal contact, and ingestion of meat., milk, and 
vegetable routes of exposure. 

h e n t  or limit human consumption of fish potentially contaminated with COCs. 

For the benthic organisms at risk prevent sedimentdisturbing activities that may bring the more 
contammted sediments to the surface; contain the contaminated sediments; or remove the 
con tamimkd sediments. 

Continue monitoring for potential impacts in conjunction with actions taken in upstream OUs to 
prevent ongoing releases to CWPC OU. 

Even though Tennessee AWQC are exceeded, the remedial action alternatives in this FS will not 
address the elevated water concentrations of merczIty or arsenic for several reasons: 

I the main source for this contaminant is upstream and is a continuing source, 

treatment at the source is preferred and is less expensive, and 

treatment of the entire flux of Poplar Creek or Clinch River is neither practical IKK reasonable. 

8.2 IDENTIFICATION, SCREENING, AND EVALUATION OF TECHNOLOGIES AND 
PROCESS OPTIONS 

T~logy~aodprocessopti~canbeidentifiedfimseveralsources. Thefollowingwere 
tmls used to develop a list of technologies and process options that apply to the media of interest: 

Y-12 Plant Technology Logic Diagram (Energy Systems 1994); 

ReOpt version 2.1 (Battelle Memorial Institute); 

the Remedial Investigatiofleasibility Study Report for Lower Watts Bar Reservoir Operable 
Unit; 
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&edging '94, Proceedings of the Secondlnternational Conference on Dredgng and Dredged 
Material Placement, Vols. 1 and 2; I 

Mew ofRemoval, Containment, and Treatment Technologies for Remediation of Contaminated 
Sediment in the Great Labs; and 

the Y-12 Plant-Bear Creek Valley OU 2 FS, Oak Ridge, Tennessee. 

Identified technologies and process options have progressed beyond the laboratory research and 
development stages andatepotenfiayI applicabletothe source areas of the ou. h shown in Figure 8.1, 
the &eaaeartl response actions are broad categories that address similar problems. The general response 
action of containment, for example, includes technology groups such as capping and vertical barriers. 
Each of these technology groups contains several process options that may be used (e.g., capping 
includes Armorform, bentoniWsoiI cap, clean sediment, and geomembrane). 

General response actions have been developed to protect human health and the environment &om 
site contaminants . Theseinclude: 

noaction, 
institutional controls and advisories, 
sourcecontainment, . removal, 
Widicy- on, 
exsitutreahnent,and 
disposal. 

These actions address the envkmmental and public health impacts of contaminants, possible 
migrationpathways, and exposure routes for sources. A combination of general response actions may 
prove more effective in meeting the RAOs than a single action. 

As specified in the RVFS guidance @PA 19880, two steps are taken to reduce the number of 
technology groups and process options that are developed into alternatives. First, each process option 
is evaluated for technical applicability by comparing capabilities against the characteristics of the OU 
anditscontaminants . Table 8.lshows site conditions, against which each process option is assessed in 
this screening step and the following screening step. Some options may not be applicable to site 
conditions (depth of contamhation or types of contaminant). Process options that are not technically 
applicable are eliminated fiom further consideration. In some cases, none of the process options for a 
given tecbnology is considered techuically applicable at the OU, and the entire technology will be 
eliminated. Eljmiuated options or technology groups will not be fiuther discussed in this document. 
Each technology that passes the first screening step will have one or more process options. Figure 8.1 
indicates eliminated process options with cross-hatched boxes. A brief description is given to indicate 
why the option is not considered technically applicable to the site. 

. 

During the second step, the fednaining process options are evaluated more closely to determine 
which process options and technologies will be developed into remedial altematives. This evaluation 
selects a single process option cx combination of process options to represent each technology group so 
an estimated cost can be developed for each alternative. The single process option or combhation of 



Table 8.1. Site physical and contaminant characteristics for the Clinch River/Poplar Creek 
Operable Unit, Oak Ridge, Tennessee 

~ ~~ 

Parameter Characteristics 
Physical site characteristics 

Climate 
Sediment properties 

(above Melton Hill Dam) 
(below Melton Hill Dam) 
Flow rate 
Terrain 

Accessibility 

Humid, temperate, &or fieedthaw 
Typically soft silts and clays, with some sane discontinuous 
depositional areas; bedrock exposure and/or boulders present in 
some areas 

SUmmer 
lft msl) 
795 
74 1 

Winter 
lft msl) 
790 
735 

Controlled reservoir, 0-1215 m3/s at Melton Hill Dam 
Variable, mostly riverine with some lacustrine characteristics in 
downstream areas near the confluence with the Tennessee River 
Varied by combination of terrain, water depth and speed, 
and point of enby 

Contaminant characteristics 
Contaminants of concern As, Be, 6Oc0, Cr, '"Cs, Hg Mn, Se, %Sr, 

pesticides 
"'U, 238u, PCBs, 

waste form 

previous actions 

PerSiStenCe 

Mobility 

Sediment: particulate association 
Biota: tissue 
Surface water: in solution and particulate association 
Source codrols under CERCLA and institutional controls by 
other statutory authorities 
Metals, high 
PCBs, high-biowncentrating 
Radioisotopes, half-life dependent 
Organics biodegradenaturally 
Low in sediment underwnnal conditions; high in surface water; 
moderate in fish, which tend to inhabit ranges approximately 
within a 2-mile radius up or downstream 

Radioactivity 

CERCLA = comprehensive En-tal Response, Compensation, and Liability Actof 1980 
DDT = dichlorodiphenyltrichlomethane 
msl = mean sea level 

Negligible in surface sediments, fish, and surface water; low in 
deep sediments 
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options that appears to offer thebest bled of effdveaess, implementability, and cost is carried forward 
for developmeat into reabedial alteanalives m Chapter 9. Figure 8.1 indicates these process options with 
doubleatlined boxes. 

Process options or technology groups not carried forward to development of alternatives remain 
technically applicable to the site, but under current conditions do not appear to offer the best blend of 
effectiveness, implementability, andor cost. Although these will not be carried fomard for remedial 
alternative development., they can be reevaluated during the proposed plan, the ROD, or the remedial 
design. Figure 8.1 indicates these process options in shgle-outlined boxes. 

Appendix I provides a comprehensive discussion of all  process options remaining after the first 
weening step for technical applicability. The discussion includes a technical description of the option, 
effectvems, implementability, wst, and the rationale for determining the representative process options 
carried forward into remedial alternative development. 



General Remedial 
Response Action Technology Type Process Options Description Discussion 

1.1 1.1.1 . Notional Contingency Plw (NCP) requires (he no adion ollunative to 
No Action None None be k e d  &rough (he detailed snalysir 

1.2 Institutional Controls 

Rcslridions and notifiations placed in (he deeds ofimpodcd 
Deed Restrictions propcrtiu 

I P  1 

Post and publish odvisorics desaibing fish consumption limits andlar 
Public Advisories water contad warnings 

I " I] 

1.2.1 
Access and Use Restrictions Permit Programs may libcrate contaminated sediments 

Require permik for all sediment dredging or similar activities h i  -- 
Contaminated land may be acquired by purchase or condunnation - Land PurchasdCondemnation 

Barriers sum as fencing. s i p s .  and other acoess-limiting mcusurcs 
Physical Barriers 

1-1 Monitoring of contaminant levels in waw, sediments, and biota 
Monitoring 

I 1.2.2 Maintenance and I 
Routine physical sile surveys and m a i n f m m  

Surveillance and Maintenance 

Required for campmtive purposu 
by NCP 

Potentially viable; effcdive in 
preventing improper development 

Viable and in place 

Viable and in place 

Potentially vioble; not representative 
bemuse no near-shore sediment 
contamination identified on, 
private propcrty 

Potcntiully viable for shallow ureas 

Potentially viable; useful for 
deleding changes in OU conditions 

Potentially viable: cost-effcdivo 
means to emure and v a i b  integrity 
of engincad cunlmls or devices 

1.2 
~ R c p r e s e n l a t i v e  FVcccss Option 

Rcfcrcna Scdion Number in Appendix I 

DOCUMENT ID: 36HBU) 
0063.10 I RllFS 
DRAWING ID: 

JUNE 11. 1998 TO 

Results of process option screening 
DOE - Clinch River OU - Oak Ridge, Tennessee 98.1 i e s 7 . x ~ ~  Page 1 of 6 

Ela Fig. 8.1 
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Results of process option screening 
DOE - Clinch River OU - Oak Ridge, Tennessee Page 2 of 6 

SIa Fig. 8.1 

. ' I  

OOCUMENl IO: 36~830 
0063.10 I R i f f s  
DRAWINO ID: 
96.1 1697.XLS 
JUNE 11. 1996 TO 

! 

General 
Response Action 

m Source Containment 

Remedial 
Technology Type 

(Horizontal Barriers) 

Process Options 

~ ~ ~~~~ 

Descrin tion Discussion 

Armorform 1 
Riprap 

Geomembrane 

Clean Sediment 

Clay- and soil-based cap is a single-layer unit h t  relics on low 
pumeability day to inhibit infilhtion of precipitntion lhrough 
conlaminnted soil 

Double-layer woven fnbrics engineered exclusively to serve as forms 
for casting conuete msion  control rcvcfmcnts and linings 

Dwnblc, nonloxic. nonacid forming mdrfill used for erosion 
protection 

An impermeable synthetic liner p laad  over sediments to isolntc 
conlaminants 

Clan sediments arcplaad over conlnminated sediments to isolate 
conlaminnnts 

Trench exavntcd above andor amund conlaminated area and filled 
wilhbcntonite or soil-bentonite s l y  lo ucatc a low-permeability 
b e e r  to shallow subsurfna flow 

Chemical or ament  grout injected between pardllcl sheet pilings to 
uealc low-permeability bruricr to shallow subsurfna flow 

Not nppliablc beraw unnsuitnblc 
for saturutcd sediment mndilimt 

Potentially viable; long-term 
protection ngainst erosion control for 
shallow Chnnncls and unbayments 

Potentially vinblc; hnnd plnamcnt 
required for embankment 
nppliotions 

Potentinlly viublc for new-shore 
sediments 

Potentially viable; not ' 
reprerentalive bccauK river w e n u  
and bioticndion may compromise 
cnp integrity or reliability 

Not nectssruy for sediments 

Not ncassary for sediments 

Low-pumeability barrier of cfiunical or ament-based grout injcdion 
in a sdcs of overlapping vcrliml wells to ucatc a low-pmneability 
bvrier to shallow subsurfna flow 

Not neoessaty for dimarts 

~ p r c r e n t a t i v c  Proass Option Screened Out 

Rcfcrcna S 4 o n  Number in Appcndm I 
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Excavation - 

General 
Response Action 

Mechanical such ps backhoe, bulldozer. ctc. necessary for relocation of m y  
surfnce sediment 

t Removal 

1.4.1 

t Turbidity Minimization 

Removal of soil or sediments with mcchsnically opuated equipment Mcchnnical excavation will be 

Remedial 
Technology Type Process Options Description Discussion 

~ ~ ~~~ 

Fig. 8.1 
Page 3 of 6 

~ ~~ 

DOWMENT ID: 36H830 
0063.10 I RllFS 
DRAWINO ID: 
98.1 1897.XLS 
JUNE 1 I ,  1998 TO 

Results of process option Screening 
DOE - Clinch River OU - Oak Ridge, Tennessee 

Removal of so& cohesive sediment 

r Mechanical 

I ’  I 

1.4 2 Removal of bulk materials, scdimcnts,and granular materials using 
Dredging Hydraulic bargc- or surfncwnounted hydraulic pumps 

Removal of liquids by using compressed air to pump sluny h u g h  a 
Pneumatic pipeline 

Physical banius are installed amund the arca ofsediment removal to 
intempt the resuspended sediments not caphued by the proccu itself 

Impervious banim that extend vertically from the water surface to a 
Silt Curtains specified depth Minimization 

A synthetic geoteXtilc fabric that allows water (0 pass h u g h  small 
openings in the fabric but retak suspended solids Silt Screens 

Surface w n b  mllcdon for captun of sediments 

~ r s r e n t a t i v e  Process Option Screened Out 

Reference Scdion Numbcr in A o m d k  I 

Potentially viable; proven 
npplicablc to mnluminatcd 
sediments. Not representative 
~ C Q U S C  of extreme ditliculty in 
implementability and cost 
cllectiveness for near shore 
sediments 

Not needed for the expected site 
conditions 

Potentially viable; not representative 
because effectiveness limited to 
submerged applications 

Potentially viable; not representative 
because effcdivcness limited to 
submcrged applications 

Not applicable because not suitoblc 
for cipcded site mnditiotu 
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General 
Response Action 

DOCUMENT ID: 36H830 
0063.101RIffS 
ORAWINO IO: 
98.1 1837.XLS 
JUNE 11, 1998 TO 

Ex Situ Treatment E I I  

Remedial 
Technology Type Process Options Description Discussion 

Chemical ExbactionlSoilwashing 
Contaminants whi& tend to nsrociate with finer-graincdpsltides arc 
scparatcd out during this p w s r  

SolidilicatiodStabiliza~ion 0 
I 

Chemical-Precipitationl 

4----1 Ion Exchange 

Sediments are mixed with cement-like matrix that immobilizes 
contaminated scdimcnts 

A chemical readion chat br& the cubon halogen bond 

Addition of chemicals to precipitate metals from solution and 
mechanical tcdmiques to cnhana flocalation and settlement 

A volume and toxicity reducer thnt removes ionicspecies, principally 
inorgnnics, from aqueous waste streams 

Potentially neassaty following a 
runoval of scdimenlr; not 
representative due to minimal 
redudion ofwaste mnlcrid to be 
b k d  
Potcntially neassary following P 
runoval of scdimcnls 

Not applicable to aqueous wastes, 
soils, sludges, or sedimcnls; not 
appliable h u s c  of Ihc 
reagents reactivity with water 

Potentially viable for wnter 
remediation; not representative due 
to inndcqunlc treutmcnt fncilities 

Polcntinlly viable in treating 
inorganiu in solutions; not 
representative due to inadequate 
treatment facilities 

Biodegradation in a lined treatment bed 

Unsuitable; not applicable bemuse 
organics in near- shore sediment arc 
not COCs 

Natural biodcgraclntion is promoted by spreading contaminated 
material on the ground surface 

A biorcador or treatment vrcsel when contaminated material M be 
rapidly biodegraded in a controlled environment 

Organic &n s0urw.s and bulking sgenlr; wooddu'ps, s b w ,  CIC., 

arc mixed wilh conlaminated soil and optimum condition maintained 
to promote biodcgrnition 
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Results of process option screening 
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DOCUMENT ID: 36H830 
0063.101RllFS 
DRAWINO ID: 
98.1 1897.XLS 
JUNE 11. 1998 TO 

General Remedial 
Response Action Technology Type 

Ex Situ Treatment 

Process Options Description Discussion 

Belt Filter Press 

Senling Ponds 

Stabilizing Agents 

Sloping Dewatering Pad 

Low-Temperature Thermal Heating U 

a R c p r e r e n l n t i v c  RoasJ Option Scrcencd Out 

Rcfcrcna S d o n  Number in Appendix 1 

Potentially viable; not npruentative 
became sediment and/or water may 
require additional treatment andlor 
dispom' Uses large arcas w n s w d e d  lo allow for gravilntionnl settling and 

liquidkolid scpm,$on 3 Compreuu sediment slurry to remove h e  watw-pmducingdient  
uku 

Use of stabilizing agent to physically combine with slurry to absorb 
free water 

ConstrUdcd sloping wnaclc pad to plaa  dredged sediments onto and 
allowing water to drain out of sediment 

A dcweluing method used to dry or vaporize water and/or moisture 
withiin saturated sedmtnts 

Potentially viable 

Potentially viable; effcdive in 
dewatering sediments pssivcly 
wing natural proocssu . 

Potentially viahlc; effcdive in 
dewatering sediments by w e  of 
mobile equipment 
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General 
Response Action 

DOCUMENT IO: 36H030 
W63.10 I RllFS 
OAAWINO IO: 
90.1 1897.XLS 
JUNE 11, 1088 TO 

Results of process option screening 
DOE - Clinch River OU - Oak Ridge, Tennossee 

m Disposal 

Remedial 
Technology Type Process Options Description Discussion 

D i s p l  of 'speaal waste. 
Y-12 Plant Landfill V or VI1 

On-Site Sediient Disposal 
Bd611 in arras m d c  Gam human ormpation 

Bencficial Re-Use 

1.7.2 
Off-Site Sediment Disposal - Envirocare 

Disposal of solid low-level mixed waste at off-site facility with 
adequate clp3dly that meet applicnblc wmte amptnnce mleria 

1.7.3 y-12 plant West End Treatment Treatment and disposal fncilily for polentially conlaminated wnlQ 
Water Disposal m o v e d  from dcwatcrrd sediment Facility 

Trucks 

Waste Transportation 

Rail 

Vehicles used to houl malerial (scdimenVwater) for tnotmcnt or 
disposal 

Tmpotl of dewatered sediment for long distance, solid low- 
IeveVmixcd wute disposnl 

Must comply with waste acctpllncc 
a i l u i a  and TDEC approval 

Must comply with sdivit iu limits 

Potcntiully difftcult due to COS& of 
shbilizingl transporting prior to 
disposing solid low-level mixed 
waste 

, 
Must comply with ampmce 
criteria and TDEC approval 

Potentinlly vinblc Tor hauling 
conminatcd malerial 

Potcntiolly viable; representative for 
shipments to E n v k  

pl,#Reprerentative hoc+rr Option 
Reference Sedion Number in Appendix I 
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9. DEVELOPMENT OF ALTERNATIVES 

This chapter presents the development of remedial alternatives assembled fiom combinations of 
technologies and representative process options evaluated in Chapter 8. Section 9.1 presents the 
rationale for the development approach, waste type criteria, common factors to the OU, and media- 
specific criteria. Section 9.2 describes the alternatives, 'including outlines of process options and 
technologies used to assemble each alternative. 

Technologies or response actions not currently selected for detailed description and subsequent 
detailed analysis may be reevaluated in the future for potential implementation. 

9.1 DEVELOPMENT OF REMEDIAL ALTERNATIVES 

9.1.1 Approach for Developing Remedial Alternatives 

EPA guidance @PA 19880 establishes an approach to develop appropriate remedial action 
alteraatives. Using this approach, the scope, characteristics, and complexity of the specific conditions 
at the CR/PC OU are considered in developing a range of alternatives that protect human health and the 
entrirOnment. Protection may be achieved by eliminating, reducing, or controlling risks posed by each 
pathway at a site. 

TheNCP lists the following preferences in developing and screening remedial action alternatives: 

0 use of treatment to address the principal threats posed by a site, wherever practid, 

use of engineering controls, such as containment, for waste that poses a relatively low, long-term 
threat and for which treahent is not practical, 

i m p l d o n  of a Combination of actions, as appropriate, to achieve protection of human health 
and the environment (e.g., in appropriate site situations, treatment of principal threats would be 
combined with engineering controls, such as containment, and institutional controls); 

use of institutional controls, such as drinking water supply controls and deed restrictions, to 
supplement engineering controls for short- aad long-tennmauagement to prevent or limit exposures 
to hazardous substances; and 

selection of an innovative technology when the technology offers the following: the potential for 
comparable or better treatment performance or implementability, fewer, or lesser magnitude, 
adverse impacts than o k  available approaches, or lower costs than demonstrated technologies for 
similar levels of pedormance. 

9.1.1.1 Common factors 

Naturally occurring processes can affect, directly or indirectly, the effectiveness of implemented 
alternatives. Natural sedimentation will further the buildup of clean (noncontaminated) sediments over 
contaminated deep sediments and hitially cover contaminated shallow sediment. With enough clean 
sediment cover, benthic organisms will no longer feed on contaminated sediment, thus reducing 
contaminants available in the food chain. This process will continue to isolate and further reduce 
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availability of the contaminants. In spite of the benefit natural sedimentation gives contamhint 
isolation, too much sedimentation can eventually result in a sediment-clogged reservoir and an 
unuavigablewakmay. Excess sediments must be periodically cleared from the channel to maintain the 
waterway. Moreover, because contributing sources continue to add conbinants to the system, some 
reaKdial options designed to reduce risks from contaminants presently in place may become ineffective 
over time. protection from (currently) contaminated sediments may be short-lived, depending on the 
sedimentation rate and contaminant influx. Alternative assembly considers the good and bad aspects 
of natural sedimentation. 

The second naturally occurring process common throughout the OU is the natural degradation of 
the contaminants, including biodegradation and radioactive decay. The toxicity of some metals and 
organics diminishes with time as naturally occurring bacteria in the sediment consume the material, 
producing less toxic by-products. Natural processes reduce the chemical mobility of metal ions and 
radioadive isotopes. The combination of natural sedimentation and natural degradation can ultimately 
reduce risk from ingestion of fish and exposure to shallow and deep sediments. 

9.1.13 Media-specific criteria 

contaminated media targeted for alternative development include: (1) sediments of Poplar Creek 
at PCM 0.0, 1.0,1.4,2.3,3.1,4.1, and 4.3 and (2) various fish species in Reaches 1,2,3, and 4. 

The following criteria discussion is intended to tailor alternatives to best fit the needs of the various 
media, pathways, and contaminants. 

Alternative assembly for the reduction of exposure to contaminated biota was based on the 
following: 

The, preventing contaminant migration, and natural &gradation of contaminants are reasonable 
solutions to an overall biotic remediation in this OU. Containment or removal of contaminated 
sediments may also be reasonable for small areas (hot spots), although either action would destroy 
the Sristing benthic d t y .  To expedite the biological recovery in the ecosystem, elimination 
or reduction of contaminant input from ORR and other sources to the river system would lower 
bioavailability of contaminants and reduce ecological risk levels. 

The ingestion of contam&ated fish pathway is of conam for humans. Ifrelease of contamman ‘ t s  
to tbe mervoir d i t s  triiutarks cease, contamhant levels in the fish population will decline. For 
the near term, interruption of this pathway is the primary focus for each remedial alternative for 
human health risk reduction. 

Alternative assembly fortheremediation of contamtnated, * shallow, near-shore sediments was based 
on the following: 

Near-sharesedimentsaresubmergedatsummerpoolunderasmuchas 1.8 m (6 ft) ofwater. Some 
portion of the sediment profile is exposed during drawdown of the reservoir unq its lowest 
drawdown elevation, winter p l ,  when all of the shallow sediments are without water coverage. 
Certain portions of the OU, like Poplar Creek, may have lead and lag times in response to 
precipitation events and discharge events from upstream tributaries and downstream dams. It is 
assumed that water elevations may exceed sunrmerpool elevations (i.e., floods), but will not be less 
than winter pool elevation (i.e., dried up). 
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Alternative assembly for the remediation of contaminated deep sediments was based on the 
following: 

Deep sediments are relatively immobile under current daily river conditions and fluctuations, and 
thehigbe€contarmnant ’ umcentrations are buried under a layer of cleaner sediments in most areas. 

Deep sediments could pose unacceptable risk to humans and biota when dredged and used 
untreated, exclusive of surrounding clean sediments/soils. 

9.2 DETAILED DESCRIPTION OF ALTERNATIVES 

The following sections present detailed descriptions of all  alternatives developed for CWPC OU. 
The descriptions are based on preliminary designs developed for this FS. For detailed descriptions of 
process options used in the following alternatives see Appendix I. 

93.1 Alternative 1 N o  Action 

As required by theNCP, a no action alternative provides a comparative baseline against which other 
alternatives can be evaluated. Under this alternative, no action would be implemented and the 
contaminated sediments in CWPC OU would be left “as is,” without implementing any control, 
containment, removal, treatment, or other mitigating actions. 

This alternative would be effective if al l  existing controls could be assumed to remain in place. 
Some reacEmes are esatkdy upstream of DOE source areas, and sediment depositions in these areas are 
not known to exceed unacceptable risk levels. Any DOEderived contaminated sediments upstream of 
DOE source areas are l k l y  the d t  of backflow conditions during raising or lowering of the reservoir. 
Sampling efforts and the baseline risk assessment results indicate no sediment contamination at 
unacceptable levels in the upstream reaches. The baseline risk assessment does, however, indicate that 
some fish species in Reaches 1,2,3, and 4 present unacceptable risk to human health. Sediments in 
portions of Poplar Creek and Clinch River may be a threat to ecological health. Diswntinuhg fish 
consumption advisories may allow humans to consume fish in sufEcient quantities to cause harm. 
Unregulated, sedimentdisturbing activities may cause fugitive sediment to deposit in clean areas 
unnoticed and pose unacceptable risk to human and ecological receptors. 

93.2 Alternative 2-Institutional Controls and Advisories 

Alternative 2 is proposed as a means to manage contaminants in place and without treatment. 
Long-term management of these contaminants must continue because the contaminants would remain 
in place. This alternative would address the entire area of CWPC OU. Components of Alternative 2 
include: 

public advisories, 
pemitprograms,and 
monitoring. 

Institutional controls and advisories’would be protective of human health by managing 
co nhmhmts lertinplace. Sediment disturbance would be regulated with other statutory authorities to 
keep risks fiom potential contaminant migration to humans and other biota low. Fish consumption 
advisories would continue under the state of Tennessee to protect the public fiom contaminated fish. 



I DOE will work with TDEC and will bear the responsibility for ensuring that the public is protected from 
I DoErelatedcontaminants . Monitoring will confirm the effectiveness of the other institutional controls 

by gaging the control b f i t s  and yielding the necessary information to modi@ the controls, as needed. 
SWeiUanceandmaintenance can be used to patrol effected areas, postings, etc., for proper maintenance. 
Shwldalarger area of cxmtmmb * 'onbe ideatified, the advisories and controls (at small additional cost) 
would be expanded to address the new threat. 

933.1 Public advisories 

Public advhies for &h consumption throughout the OU and water contact advisories for Poplar 
Creek are proposed to remain in effect until future monitoring indicates that contaminant levels in 
affected &hgopulatiom have abated. TDEC currently administers these advisories. This FS assumes 

I that TDEC management will continue. DOE will work with TDEC to ensure that the advisories reflect 
I recent data and cover all species needed to adequately protect human health. Following the approval of 
I the ROD, DOE will bear the ultimate responsibility for the advisories in DOE-impacted waters for 
I species with DOE contaminants. 

933.2 Permit program 

TVA, USACE, TDEC, EPA, and DOEjointly manage restrictions on sediment-disturbing activities. 
For this FS, sedimentdisturbing activities apply to the deep sediments in the main channel and the 
shallow sediments. S t a h b y  programs that restrict sediment-disturbing activities are in effect for Clinch 
River and Poplar Creek, limiting the locations and depths to which sediments can be dredged or 
disturbed. Permitting is proposed to remain in effect indefinitely for C W C  OU. 

93.223 Monitoring 

Monitoring options proposed for all areas of Clinch River and Poplar Creek include additional 
sediment, surfw water, and fish sampling. Monitoring of sediments at the CWPC OU would be 
performed annually to observe system conditions. 

F i s h d t c ~ i n g w o u l d b e ~ ~ .  Adysisof&hdatawill allowproperwamings 
to be applied to the OUs. In the event that input sources increase or existing sources become more 
bioavailable causing contaminants in fish to increase risk levels, modifications in advisories can be 
issued. Conversely, decreases in contaminants in fish may result in the lifting or lessening of the 
restrictions on fish consumption. 

9.23 Alternative C o u r c e  Containment, Removal, and Disposal 

Alteanative 3 is proposed as a meam to provide an additional component of source containment for 
shallow sediments where contaminants exceed risk thresholds for human health. Also included in 
Alternative 3 are containment and removal of sediments that exceed the risk threshold for benthic 
organisns. Areas above 223 m (733 ft) above msl will be contained aqd those below that level would 
be removed. Institutional controls and advisories as described in Alternative 2 are also included in this 
alternative. 

HumanhealthriskestimateSdevelopedintbeRTarebasedonexposurestown~tedsediments 
under a residential scenario during periods of surface water drawdown. Therefore, inf?equent visitors 
m probably not at risk from exposure. The sediments are under as much as 1.8m (6 ft) of water for a 
portion of the year and daily expofllres are not likely to occur. Containment of the sediments above 223 

~ ... - . c , .,. . 
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m (733 ft) may be necessary to lower the ecological risk potential by isolating the contaminants and 
removing the pathway. Sediments below 223m (733 ft) will be removed for protection of benthic 
organisms. Alternative 4 provides the detailed description of removal activities. 

The containment portion of Alternative 3 would be implemented above 223 m (733 ft), and 
ddging would be implemented below 223 m (733 ft) for PCM 0.0, 1.0,1.4,2.3,3.1,4.1, and 4.3 for 
ecological health. The 'institutional controls and advisories as outlined in Alternative 2 would be 
implemented for the entire area of CR/PC OU. The containment and removal areas and volumes 
associated with this alternative are provided in Table 9.1. 

The geomembrane cap would place a physical barrier between the contaminated sediment and the 
receptor, and removing the pathway of concern. Removal of sediment eliminates the risks of human or 
snimalcQntactwiththemostcontarmnated * sediments. Risks presented by the shallow sediments would 
be diminished sharply because no complete exposure route would remain. Alternative 3 is composed 
of the same institutional elemeats as outlined in Al-ve 2, plus shallow sediment wntajnment 
and deep sediment removal. Public fish consumption advisories are also planned to protect the public. 

Befm design of this alternative can begin, some further sampling would need to OCCUT to delineate 
theexact~esofthes~eastoberear~~~edorcontained. Currentestimates arebasedonsinglecore 
samples appmimately e v q  0.4 to 0.8 km (0.25 to 0.5 mile). This further sampling could decrease or 
haease the swpe and cost of this alternative significantly. A small treatability study on the sediments 
will also need to be performed to determine the waste characteristics of the sediment and effluent af€er 
dewatering occu~s. Surveys for wetlands and archaeological resources would be necessary before I 
construction. I 

Physical barriers, such as fencing, may be used for areas where capping is technically infeasible 
(e.g., shore slopes too steep to install a cap). 

Routine inspections of installed devices such as signs or physical barriers will be conducted 
annually. Additionally, inspectionS of the shoreline geomembrane cap would be performed annually. 
.The most appropriate inspection time would be when the winter pool drawdown is near 100 percent 
complete, which will expose as much of the cap area as possible and allow easier visual inspections for 
erosion. 

For shallow sediment contajnment, the geomembrane cap combines the low permeability of a 
synthetic geomembrane layer and the erosion resistance of riprap to cover and isolate shallow 
contaminants in place and reduce risk of either direct exposure or redistribution of shallow sediment 
confaminanfs by erosion. The areas to be capped, as shown in Figure 9.1, will be cleared of vegetition 
to allow a smooth slnface on which to place the geomembrane. An anchor trench 0.3 m (1 ft) wide and 
0.6 m (2 ft) deep will be cut into the top of the cap area at least 0.9 m (3 ft) beyond the top of the creek 
bankandatthetoeoftheareatobecapped. Thegroundfllrfacewillbestrippedandsmoothlygraded 
to remove any objects that may cause breaks or punctures to the geomembrane. However, no grading 
to significantly alter the degree of creek bank slope is proposed. As shown in Figure 9.2, a geotextile 
fabric liner will first be laid over the prepared surface to give the geomembrane bottom protection; 
second, the geomembrane will be placed, third, a geotextile fabric liner will be placed on top of the 
geomembrane for upper surface protection. Each layer of material will be overlapped into the anchor 
trerrches. Riprap will then be placed on the geotextile surface overlapping the anchor trenches. Riprap 
thickness will be 0.6-m (2 ft) minimum. Any remaining uncapped disturbed areas will be mulched and 
seeded to minimize erosion. 

I 
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Table 9.1. Alternative Wontainment and removal areas and volumes, Clinch River/Poplar Creek Operable Unit, Oak Ridge, Tennessee 

,i , I  
1 

* ,  

r .  

Near-shore containment Removal of deep sediments 
Total area of 
remediation 

Location 
(Poplar Creek 

Area of remediation Area of remediation Removal quantity 
mile) (ff /acre) (ff/acre) (yd? (ff /acre) 

0.0 38,40011.0 47,700/1 .O 5,800 86,10012.0 ' 

1.0 86,40012.0 850,100119.5 103,300 936,50012 1.5 

1.4 57,600l1.5 189,90014.5 23,100 247J 0015.7 

2.3 33,60010.5 106,40012.5 13,000 140,000/3.2 

3.1 76,800h.5 127,70013.0 15,500 204,50014.7 

4.1 38,40011.0 80,10012.0 9,750 118,50012.7 x. 
4.3 57,60011.5 72,40011.5 8,800 130,00013.0 

Total 388,80019.0 1,474,300134.0 179,250 1,863,100142.8 
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ThewIlceptualsequenceofcanstructr 'on activities for Alternative 3's capping of shallow sediments 
is presented in the following list. Dredging.would occur after capping was complete. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Install erosion and turbidity control material (e.g., silt fencing and straw bales). 

Install the shoreline construction stability mat over areas where heavy equipment will be used 
adjacent to the shore. 

Clear vegetation and vegetative root systems where cap and trench will be installed. 

Proofroll the site (repair soft spots and create smooth surface). 

Excavate anchor trenches top and bottom. 

Install a bottom-protective geotextde layer over the smoothed surface. 

Install a geomembrane layer over the area. 

Install an upper-protective geotextile layer over the geomembrane. 

Place 0.6 m (2 ft) of riprap over the geotextile. 

. .- , I  

10. Seed and mulch any areas disturbed by construction that extend beyond capping limits. 

Postclosure monitoring would be conducted annually to ensure the cap remains reliable and 
performins as designed. Any repairs to the cap should be made as soon as possible. It is anticipated that 
this cap can last at least 30 years before maintenance is necessary. Monitoring would also include 
monitoring for sediments accumulating over the cap that might be contaminated and might raise risk 
levels. 

Dredging. The dredging of deep sediments below 223 m (733 ft) d . t a k e  place as described in 
Alternative 3. Any of the dredging technologies (mechanical, hydraulic, and pneumatic) and their 
selected options (clamshell, Mudcat, and pneuma, respectively) have been proven effective at removing 
contaminafed sediments with minimal turbidity. Dredging is perhaps the most effective technology to 
remove deep sediments b l o w  233 m (733 ft)] where a backhoe would be ineffective. 

Dredging sediments is typically COfKhlcted ikxn a barge that is either stationary with the equipment 
movingalongthebdtomremoving~artheequipment is fkedandthebargeismovedfromone 
location to the next, or a combination of these. For shallow, restricted areas, perhaps (although not 
exclusively) along Poplar Creek, an al l  terraidamphibious vehicle mounted with dredging equipment is 
also available where a barge will not fit, 

 be p r e ~  dredging technique far deep sediment is the p n e k  pump. It can remove sediments 
with minimal turbidity. Shallow water dredghg would be best accomplished by a clamshell. Silt screens 
or curtains can be used to contain the drifting sediment within the area being dredged. The object of the . 
chosen dredging method is to dredge the material with the least amount of water pickup as possible. 

Most dredge methods require water to dislodge the sediment and carry it of€. While dredging 
operations are being performed, considerable volumes of water are removed with the target sediment, 
See Figure 9.2 for dredging details. I 
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Handling, treatment, and disposal of the excavaWdredged sediment along with its water will be 
. main contributors to cost for Altematives 3 and 4. 

The following are operational components involved with excavating and dredging: 

Turbid Water Containment-There are basically two options to turbid water containment. First 
is contairmtent of resuspended sediments during dredging activities. Dredging as described above 
involves the physical removal of sediments by actively dislodging the sediment by either 
mechanical, byctraulic, or pneumatic means. The sediments are covered with a variable amount of 
water. The options selected for each dredging technology are very good at recovering most of the 
sediment that is dislodged, but inevitably a small amount of sediment can escape the process. For 
this, silt curtains installed around the perimeter of the work site is proposed to fully contain the 
w o n  and prohibit migration of sediments and any associated contaminants. Recovery of the 
turbid water is essential to prevent redistribution of contaminated sediments. Treatment andor 
disposal of the water may be required. 

WasteTransport--Dredgedmaterial(sedimentslurry)mustbetransportedtoshore. Thesediment 
can be Qedged and tmpomily staged on a barge pending transport and subsequent sediment off- 
loading. Currently the preferred scenario to dredge deep sediments in Poplar Creek is to use the 
pneuma pump dredge and clamshell dredge (which recover high density ’slurry) and continuously 
place the material on barges running to the dewatering area. 

For near-shore or deep sediments (in either the Clinch River or Poplar Creek), dredged sediment 
sluny can also be tmqmrkd to shore by conbouily pumping the material as it is being removed. 
This type of transport will apply if a hydraulic dredge is selected for sediment removal. Hydraulic 
types use considerable amounts of water to create a pumpable slurry, while clamshells and pneuma 
pumps do nd The slmy would be pumped from the barge-mounted dredge to an on-shore facility 
setuptoprocessthematehial. Thiswouldallowdewateringoftheslurrytotakeplacewithlimited 
interruption and without additional staging and handling of hazardous material, which can be a 
benefit. Further treatment and/or disposal, as needed, would take place elsewhere. I 
The trucks should use DOE roads mainly to create as little interfierence as possible on public roads. 
The material would be hauled to a central location much like the one previously described. 

The water componentwriedalonginthe sediment slurry will be collected and analyzed at the time 
of dewatering. Due to the low solubility of contaminants in the sediments, the water could 
potentially be discharged back to the reservoir pending conknat0i-y analysis. Because the water 
is assumed to be safe for return to the reservoir, an on-site treatment facility would not be cost- 
effective or necessary. A limited number of storage tanks can be used to hold the water in the 
interim. Oacethe analysis is returned that the water is safe for emptying, the tank will be emptied 
of its contents and reused for additional waterstaging capacity. Rotation of tanks (%g and 
emptying) will eliminate the need for a tank fm 

Intheevelltthewateriscontarmnated, . it will nothe discharged into the reservoir. Transport of the 
oontaminatedwaterto an appropriate facility will be required for proper trealment and subsequent 
disposal. The water can be pumped to a tanker trailer which, when 111, will be hauled to the off- 
site facility. The holding tank in which the contaminated water was held will be decontaminated 
before reuse. 
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Some form of transportation to its final point of disposition is required for the dredged and 
dewatered sediments. Method of transport is relative to volume of material, amount and type of 
contaminants, and destination. Local disposal can be achieved by truck transport to the chosen 
Wty. Large volumes, especiayl requiring final disposition far away (e.g., Envirocare, Inc.), will 
be trrmsported by rail cars because bulk rail shipments are more cost-effective (i.e., reduced risks, 
less trips, etc.) than trucks. 

DeWaten’ncDewakrhg applies to only excavated or dredged sediments. Sediments removed by 
backhoe will have minimal water to manage (mainly water in the mud itself, not free standing 
water). Dewatering of dredged sedimeats is basically a waste stream separation of water and solids. 
Water volumes will depend on the percent solids removed as a slurry. Assume 60 percent solids 
and 40 percent water for hydraulically dredged material; assume approximately 80 percent solids 
for clamshell or pneuma pump dredging. After dewatering, the sediment may be treated as 
necesssiry with stabilizing agents to bind the remaining water and render the sediment suitable for 
disposal. 

Sediment Disposal-Ifremediation of the site requires removal of the sediment, then federal and 

background as well as RCRA constituents above regulatory limits will detennine appropriate 
disposal options. The concentrations of radioisotopes in the reservoir in some of the deep 
sediments do pose risk when dredged, Where the radioisotopes do not present risk, it is possible 
that they may meet the ORR Industrial Lanm waste acceptance criteria (WACS) of less that 35 
pWg of total uranium, or they may be used as backfill under Category I or II soils scenario (Energy 
Systems 1993c) on ORR These disposition options would be more cost-effective and more easily 
implemented than sending the sediment off site for disposal. 

stateregulations govemingtransportatonddisposalwillbe adheredto. Radioactiviyexceeding 

If c o h t o l y  sampling after dredging and dewatering, identifies the sediments as RCRA- 
characteristic hazardous waste after failing Toxicity Characteristics Leaching Procedure (TCLP) 
testing, or radioactivity levels above ORR disposal WACs, the waste is considered a mixed 
waste. Based on the most current analytical data received for CWPC OU and TCLP 
characterization results h Laver EFPC floodplain soils (Jacobs ER Team 1995), it is likely that 

‘ the sediments will be LLW and will not require treaiment as a RCRA or mixed waste. The only 
currently approved location for disposal of these sediments is Envirocare. 

I 

9.2.4 Alternative &Removal and Disposal 

Altmative 4 would physicallyremove contaminated sediments so potential receptors could not be 
exposedtothem. 

Removal of shallow and deep sediments would protect benthic organisms and human health. I 
Alternative 4 contains the same institutional control elements as Alternative 2. 

For ecological health, sediments above 223 m (733 fi) and dredging below 223 m (733 fi) for PCM 
0.0, 1.0, 1.4,2.3,3.1,4.1, and 4.3 would be excavated. The institutional controls and advisories in 
Alternative 2 would be implednented for the entire area of CWPC OU. The removal areas and volumes 
associated with this alternative are provided in Table 9.2. 



Table 9.2. Alternative &Removal areas and volumes, Clinch RiverIPoplar Creek Operable Unit, Oak Ridge, Tennessee 

Location 
(Poplar Creek 

mile) 

Near-shore removal Removal of deep sediments 

Area of Removal Area of remediation Removal 
remediation quantities (ff lacre) quantities 

Total area of 
remediation 

(Wlacre) 

0.0 

1.0 

1.4 

2.3 

3.1 

4.1 

4.3 

38,40011.0 

86,40012.0 

57,60011.5 

33,60010.5 

76,80011.5 

38,40011.0 

57,600l1.5 

4,650 

10,500 

7,000 

4,100 

9,350 

4,650 

7,000 

47,700l1 .O 

850,100l19.5 

189,90014.5 

106,40012.5 

127,70013.0 

80,10012.0 

72,40011.5 

5,800 

103,300 

23,100 

13,000 

15,500 

9,750 

8,800 

86,10012.0 

936,50012 1.5 

247,5 0015.7 

140,00013.2 

204,50014.7 

118,50012.7 

130,00013.0 

Total 388,80019.0 47,250 1,474,300l34.0 179,250 1,863,100l42.8 
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Before design of this alternative can begin, some further sampling would need to occur to delineate 
the exact boundaries of the areas to be removed. Current estimates are based on single core samples 
apprmimately eveay 0.4 to 0.8 km (0.25 to 0.5 mile). This further sampling could decrease or increase 
the scope and cat of this alternative significantly. A small treatability study on the sediments will also 
needtobep€xfdtode&minethewaste- 'cs of the sediment and effluent after dewatering 
OccUTs. Befareconstructz 'on, surveys for wetlands or archaeological resources would need to take place. I 

Excavation. Shoreline areas are suited for using a backhoe operated either from the shore or fiom 
a barge. Backhoe excavation of shallow sediments (between elevation 741 and elevation 733) will 
require removing the material during the season when the impounded water is at winter pool. Backhoe 
removal would have a veay high rate of sediment resuspension if conducted while the target sediment is 
covered with water. Backhoe removal is also limited by the arm reach of the backhoe model used. 
Relatively steep slopes will have a short distance fiom shore to water and would be technically feasible 
to excavate. Relatively flat slopes will have a long distance fiom shore to water. In this case the size 
of the equipment may need to be larger with a longer reach to llfill excavation needs. If the absolute 
distance fiom shore to water is too great for the necessary equipment to fully reach the target sediment, 
removal by dredging may prove technically feasible. During winter pool, the impounded water in the 
reservoir is below some of the area of sediments targeted for removal, and resuspension of contaminated 
sediments in the water column cannot OCCUT. However, areas that are currently being excavated are 
exposed to precipitation and ruu-on. This water can potentially become contaminated by coming into 
contact with u m m d  sediments and may require treatment and/or disposal, depending on the level of 
contamination encountered and leached. The intensity of the precipitation can also cause uncontrolled 
erosion and pdential migration of contaminated sediments. To control erosion, a daily cover such as a 
tarp is recommended to divext direct precipitation firm eateaing the work site. Silt fencing should be tied 
to staked straw bales installed at the top of the slope to divert run-on. As a precautionary measure, silt 
fencing anchored at the toe of the slope adjacent to the water will catch any sediments not othenvise 
contained. See Figure 9.3 for excavation details. 

The following assumptions were made for excavation: 

physical access is not a problem either fiom the land side or fiom the water side, whichever is 
necessary; 

most shorelines are 3: 1 slope or flatter, and 

operations would be performed during winter pool. 

Dredging. The dredging of the deep sediments blow 223 m (733 ft)] will take place as described 
in Alternative 3. 
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10. DETAILED ANALYSIS OF ALTERNATIVES 
.. 

This chapterpreseats infonnation used for selecting an alternative and prepaxing a ROD. Section 
10.1 descn’bes the NCP criteria for each alternative. Section 10.2 presents results of the analysis of each 
altemative. Following the individual analysis, a comparative analysis of the alternatives is presented in 
section 10.3. This analysis highlights key advantages, disadvantages, and traded% of each alternative. 

10.1 CRITERIA FOR ANALYSIS 

The CERCLA criteria used to compare the alternatives are described as follows. 

10.1.1 Overall Protection of Human Health and the Environment 

Overall protection of human health and the environment addresses whether an alternative 
eliminates, reduces, or controls threats to public health and the environment. 

10.1.2 Compliance with ARARs 

compliance with ARARs addresses whether an alternative meets federal and state environmental 
laws and regulations. The ARARs for the CR/PC OU are provided in Appendix D. 

10.13 Long-Term Effectiveness and Permanence 

Long-term effectiveness considers the ability of an alternative to protect public health and the 
environment long after remedial action is complete. 

10.1.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 

Reduction of toxicity, mobility, and volume through treatment evaluates an alternative’s use of 
treatment to reduce the harrml nature of contaminants, the contaminants’ ability to move in the 
environment, and the amount, or volume, of contamination present. 

10.15 Short-Term Effectiveness 

Short-term effectvews considers the time needed for an alternative to achieve remedial response 
objectives and the risks posed to workers, residents, and the environment during the implementation of 
the remedial action. 

10.1.6 Implementability 

Implementability addresses the feasibility of an alternative fiom a technical and administrative 
standpoint. 

10.1.7 Cost 

Cost considers the amount of money it takes to design, construct, operate, and maintain the 
alternative. 
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10.1.8 State Acceptance 

State acceptance addresses TDEC comments concerning the alternatives considered. 

10.19 Community Acceptance 

Community acceptance addresses written and oral public comments on the alternatives W i g  
considered. A "Responsiveness Summary" to public comments will be included in the ROD. 

103  INDIVIDUAL ANALYSIS 

103.1 Analysis of Alternative 1 N o  Action 

UnderAltemtive 1,nofintheaactionwouldbetakeQatthesite. Thecontaminatedsedimentwould 
reanainaSiswithOUt~~V~treatment,contaimnent,  or mitigating technologies being implemented. 
Institutional controls are assumed not to exist, and no provision is made to monitor sediments, surface 
water, or biota. This alternative provides a baseline for comparison purposes. 

10.2.1.1 Overall protection of human health and the environment 

The no action alternative does not meet the RAOs or adequately protect human health and the 
environment. Specifically, no action does not provide the controls necessary to protect (1) benthic 
organisms fiom exposures to some sediment contamination, (2) humans (under a residential scenario) 
iimn exposum to some shallow sediments, (3) humans fiom fish consumption risks, or (4) human and 
ecological receptors Erom firture exposures to potential contaminant disturbance (e.g., dredging for land 
application) or migration. 

There are no short-term risks associated with implementing this alternative because no actions 
would-. . 

10.2.1.2 Compliance with ARARs 

I This alternative is not protective of human health or the environment. 

10.2.13 Long-term effectiveness and permanence 

The no action alternative would not provide an effective or permanent long-term solution for the 
OU. The no action alternative would not provide controls for existing wntamination and would not 
reduce existing site risks. 

Investigations have shown current potential adverse effects to ecological receptors. Under the no 
action alternative, currently identified risks to benthic organisms from shallow and deep sediments in 
seven areas would continue. 

Mtemative 1 is not protective to humans who may catch and eat unacceptable amounts of fish fiom 
the OU. Exposure of humans and piscivorous wildlife to contaminated fish would remain at current risk 
levels under current conditions. Should concentrations of existing contaminants increase or new 
contaminants be introduced to the system, risks to h& and piscivorous wildlife may increase as a 
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result of either new contaminants in fish populations or fish populations in uncontrolled areas beiig 
consumed at unacceptable quantities. 

In the absence of monitoring, no action would not protect humans or the environment should 
sediments be disturbed and redistributed in the OU or perhaps elsewhere downstream. Exposure of 
confaminated sediment and biotic populations may increase in response to increases of currently known 
contarmnantsornewcontarmnantsrntroduced to the system going undetected, thus potentially increasing 
human health andor ecological risks. 

10.2.1.4 Reduction of toxicity, mobility, or volume through treatment 

There would be no reduction of toxicity, mobility, or volume of contaminants through 
implementation of Alternative 1 because this alternative does not include treatment. 

10.2.1.5 Short-term effectiveness 

Under the no action alternative, no remedial action would be takeq therefore, short-term 
effectiveness criteria do not apply. Risk to humans and the environment would remain at current 
baseline risk assessment and baseline ecological risk assessment levels. 

10.2.1.6 Implementability 

Because no remedial action would be taken under Alternative 1, it is implementable. There would 
be no dificulties nor uncertainties with construction. The no action alternative is included in the 
individual analysis of alternatives as a baseline comparison. 

10.2.1.7 Cost 

There are no costs associated with Alternative 1. 

10.2.2 Analysis of AIternative 2-Institutional Controls and Advisories 

The implementation of this alternative would include, continuance of public advisories, permit 
pro~,IrKmi~g,andsurveillanceandmaintenance . Engineering detail in Chapter 9, Section 9.4.3, 
provides the basis for costestimating purposes. If this alternative is selected, the substantive 
components of the monitoring plan would be ftnalized during the design phase, consistent with the 
requirements of the ROD. 

10.2.2.1 Overall protection of human health and the environment 

Alternative 2 meets the human health RAOs listed in Chapter 8 and provides some minimal 
protection to the environment. Alternative 2 maintains the existing institutional controls that provide 
this protection. 

continued federal ownefship of the site would restrict future on-site residential and agricultural land 
uses that could result in direct exposure to near-shore sediments through intrusive actions, including 
dredging. 
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No risks to workers are expected during implementation of this alternative. Over time, samples 
would be taken fiom the surface water, sediments,.and biota. With appropriate health and safety 
controls, none of these activities would result in elevated health risks to workers. 

Environmental risks would remain at current levels for sediment contamination, and the 
environment would be protected fiom undetected increases in contamhunt input with long-term 
monitoring of site COMiiticms. Therestrictions on sediment disturbance will protect ecological receptors 
by minimin'ng contaminant migration while natural sedimentation decreases the bioavailability of the 
peak contamination sediment layer. 

1 0 3 3 3  Compliance with ARARs 

This alternative would comply with all  ARARs and to be considered (TBC) guidance. TBCs for 
Alternative 2 are the long-term management plans for the residual radioactive material and for the 
management of contamination left in place, as found in DOE Order 5400.50(6)(c) and 40 CFR 
300.430(e)(3), respectively. Identified TBCs (Appendix D) would be met by this alternative. 
Compliance with AWQC for mercury and arsenic will be acwmplished at a later time. 

I 
I 

1033.3 Long-term effectiveness and permanence 

Alternative 2 is not effective at reducing current errposures of benthic organisms to sediment 
Contaminants. Seven areas were identified as having current ecological risks that exceed the RGOs for 
the organisms. These particular ecological risks would continue unabated until mitigated by naftnally 
occlnringprocesses(seesect. 9.1.1.1). Thetimeframeformitigationbynaturalprocesseshasnotbeen 
quantified or modelled, but can be significant. 

Alternative 2 meets the RAOs of preventing future residential exposure to sediments. Long-term 
protection of human health would be provided by sedimentdisturbing permit requirements, and long- 
term monitoring. Unacceptable future risks identified by monitoring at the site would be reduced by 
eliminating the errposure pathway. For instance, in an area previously below risk levels fouud to have 
contaminants in excess of risk thresholds, the exposure pathway can be removed by implementing 
additional access restrictive controls. Environmental protection would be enhanced by monitoring the 
system for changes that could trigger actions or other controls such as those in Alternative 3 or 4 to 
protect biota (see Table 9.1). Limitations set forth in sedimentdisturbing restrictions would also protect 
the environment fiom exposure to deep sediments that could be released and become bioavailable. 
Natural sedimentation would continue to cover the most contaminated sediments and would provide 
some protection for human and ecological receptors. 

Under Alternative 2, institutional controls and advisories would be reliable in the long term if 

place and undistarbed, is maintained. These sediments provide little risk to humans because there are 
no exposure pathways under current conditions. 

coordination of all cuncerned regulating bodies, in a cooperafive effort to keep the deep sediments in 

Institutional controls would be reliable for preventing unauthorized disturbance of sediments and 
poteatd future exposme. P W  warnings would be reliable for advising people of the potential health 
hazards of fish consumption. Periodic monitoring of surface sediment samples, water, and biota will 
provide a reliable means to identify changes in the reservoir system, such as new sources or sediment 
migration. This alternative is only as effective as the implementing agency's ability to enforce the 
alternative or the residents' willingness to comply with the options outlined in the alternative. 

' 

I .  , , -  . . . - , _- . . 
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Consistent with the required 5-year CERCLA reviews conducted by DOE and the regulatory 
agencies, performance of the controls would be monitored. The 5-year reviews may indicate the need 
for components of this alternative to be maintained, modified, or replaced. 

1033.4 Reduction of toxicity, mobility, or volume 

There is no treatment as part of Alternative 2; therefore, there would be no reduction of toxicity, 
mobility, or volume of contaminants. 

10.23.5 Short-term effectiveness 

Alternative2wouldprotect~~~chningintpleanentationthroughtheuseofadministrati ve 
controls. The contaminated sediments would not be disturbed; therefore, there would be no increased 
potential for off-site migration of contaminants as a result of remedial activities. 

Risk of occupational injury is considered negligible. It is anticipated that workers conducting 
monitoring would use standard monitoring procedures as necessary to provide worker sdety. 

This alternative prevents increased risk to environmental receptors in the short tenn by not 
disturbing the contaminants. Environmental risk would remain at current levels. As stated earlier, no 
reduction of toxicity, mobility, or volume, except by ~ t ~ d  attenuation, would occur under this 
altemdive. No environmentally sensitive resources would be affected by this alternative. The benthic 
organisms would not be destroyed and their habitat would not be disturbed by this alternative. 

The duration of sign posting activities will vary according to the extent of the area selected for 
implementation. This alternative could be in place and l l l y  implemented within 6 months. 

1033.6 Implementability 

Alternative 2 is technically feasible to implement. AU activities would be performed using 
conventionalnzethods. Maintainin g public advisories and permit programs, along with implementation 
of long-term monitoring would be easily implementable. 

Altemdive 2 would be conducted on site and would not require any permits. There are no known 
arlministrative barriers or difficulties associated with implementation of Alternative 2. 

Materials and services required for implementation of Alternative 2 are readily available. 

1033.7 Cost 

The total project present worth cost of Alternative 2 is approximately 3.6 million. Table 10.1 
provides a detailed breakdown of the escalated project costs. More detailed idormation is provided in 
Appendix B. 

I 

1 

Direct capital cost. The total escalated cost for the direct capital cost is estimated at $69,000. I 
Direct capital cost includes public advisories and permit programs. 

Indirect capital cost. Total escalated indirect capital cost is estimated to be $71,000. Indirect 
capital cost includes remedial action (RA) integration and RA work plan. 
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Table 10.1 Cost estimate for Alternative 2 for the Clinch River/Poplar Creek, Operable Unit, 
Oak Ridge Tennessee 

cost 
($thousands)' 

Project cost item 

Capital cost 

Direct cost 

Public advisories 

Permit programs 

I 
Indirect cost 
Remedial action integration 

Remedial action work plan 

I 

Direct cost (rounded) 

Indirect cost total (rounded) 

Total capital cost 

Monitohg and maintenance cost 

Monitoring 

Combined cost 
Contingency-25 percent 

63 

6 

69 
- 

40 

. - 31 

71 

140 

7.926 

8,066 

2,017 

Total project escala-d cost 10,083 

Total project present worthb 3,611 
"Escalated 
*t worth cost based on 30-year present value, 7 percent discount rate. 

Note: Costs presented in table are rounded. 
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Monitoring and maintenance. Total escalated cost for monitoring and maintenance (M&M) is 
estimated to be $7.9 d o n .  M&M cost includes monitoring of fish, water, and sediment for 
approxhakly 30 years. Monitoring would support the required CERCLA 5-year reviews conducted by 
EPA. 

Contingency. Total escalated cost allowed for contingency is $2.0 million. 

1033 Analysis of Alternative M o u r c e  Containment, Removal, and Disposal 

0 

Under Alternative 3: 

Shallow or near-shore sediments are capped in those areas with contamination exceeding human 
health or ecological RGOs. If the slope of the remediation area is too steep for capping, physical 
barriers will prevent access to the area. 

Deep sediments are dredged in those areas with contamination exceeding ecological RGOs. 

Thereanaining~aremonitoredaadprotected~omdis~an~withtheuseofinsti tutional 
controls (e.g., deed restrictions, public advisories, permit programs) similar to those outlined for 
Alternative 2. Fish consumption would also be controlled. 

Capping and removal would be implemented in the seven areas identif5ed in Figures 9.1 and 9.2. 

Thegeomembranecap is expected to eliminate releases of contamlnan * ts by wind or water erosion 
and direct contact with surface and subsurface contaminants by humans and biota. The cap would 
consist of an impervious geomembrane layer protected by a geosynthetic fabric. The outermost layer, 
consisting of riprap, will serve to weight the geomembrane and protect it fiom wind and water erosion 
and biotic intrusion. 

During removal of the deep sediments, the potential for surface water runen, wind and water 
m i o n ,  and resuspension of sedimeats is mitigated using engineering and administrative controls. Once 
thesedime& aredredged,thesediments aredavatered,treatedasnecessarytomeet RCRArequirements 
or disposal WAC, containerized, and then placed in an on-site or off-site disposal facility. 

As noted above, Alternative 3 consists of containment, deep sediment removal, and iustitutional 
compoaents; the containment is unique to Alternative 3, but the deep sediment dredging is common to 
both Alternatives 3 and 4, and the institutional controls are 'common to Alternatives 2,3, and 4. The 
presentation of the detailed evaluation for Alternative 3 in this section takes advantage of the similarities 
between Alternative 3 and the other alternatives. As appropriate, the reader is referred to Alternative 
4 for evaluations dealing with deep sediment, and to Alternative 2 for evaluations dealing with 
institutional controls. This means that the CERCLA criteria evaluations in this section deal primarily 
with those aspects unique to containment. 

103.3.1 Overall protection of human health and the environment 

Alternative 3 meets the RAOs developed for CWPC OU by ultimately minimiljng direct contact 
of humans with the Contaminants in shallow near-shore sediments by physically isolating contaminated 
sediments, rendering them unavailable for exposure. The ecological RAOs are met by the isolation of 
shallow sediments and removal of deep sediments. These sediments would no longer be in a pathway 
for biota to contact, thus reducing long-term ecological risks. The existing benthic populations would 
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be destroyed, but they may m v e r  in 5-10 years. Recovery will likely take much longer in the capped 
areas because of an absence of substrate to burrow into. 

10.233 Compliance with ARARs 

AhhoughDOE Orders arenot ARARs, theradiationeqxmre limit of 100 mrem&ear for exposme 
of the public dehed in DOE Order 5400.5 would be met. This Order is the primary contaminant- 
specific TBC for this alternative. 

Under USACE authority, Nationwide Permit 38, c c C l ~ u p  of Hazardous and Toxic Waste,” 
requires wetlands delineation as part of notification for discharges into special aquatic sites. Because 
source containment will occur in an area of Poplar Creek designated as “navigable” waters, the 
substantive requirements may be applicable to all activities related to capping and removal activities. 
If adverse efkcts to thejurisdictid wetlands are determined, consultation with USACE and mitigation 

I mayberequired(eg,banking)Mder33 CFR330, AppendixA (C)(13). Thesubstantiverequirements 
I for nationwide Permits 13 (Bank Stabilization), 18 (Minor Discharge), and possibly 19 (Minor 
I Dredging), ifUSACE assumes authority over these activities, would need to be met for dredging. 

Allremedial activities for Alternative 3 would comply with the Tennessee Water Quality Control 
Act by being as w m a t i v e  as possible in disturbing soil, sediment, andvegetation. TDEC AWQC 
are not met by this action but will be adressed at a later time. I 

No historic sites or sites eligible for listing on the National Register of Historic Places are known 
to occu in the area. Cemeteries and known archaeological sites are located near the Poplar Creek 
contaimnentareas. All Containment and remDval activities would allow for at least a 15-m (5043) buffer 
d t b e  cerneceries. If additional archaeological resowces are discovered during installation of fences 
or access roads or during remediation, appropriate measures would be taken to comply with the 
Adaeolo@cal Resources Protection Act The state archaeologist would be contacted and an assessment 
performed to determine the proper cuurse of action to take. 

Wetlamlandfloodplaiuareaswouldbeaffectedbycoataimnent and removal activities. Discussions 
of such are fdintbec-  Impacts”p0rtionof Section 10.2.3.5. No other environmentally 
sensitive resource has been identified in or near the remedial areas. 

Reasonable precautions would be implemented to prevent particulate matter fiom becoming 
airtxxneduringsoil~ancesctivities. Fugi t ive~BSav i s l ’b leemiss ionbeyondpro~bo~~  
lines, would be limited to no more than 5 minutdhour or a total of 20 minute/day (TDEC 1200-5-8- 

.OS through the use of silt fences, straw bales, or temporary perimeter drainage ditches. 
-010). contrO10fsedimenterosiOnand~iditywouldc0mp~with40 CFR 122 andTDEC 1200-4-10- 

If excavated or removed soil or sediment is determined to be a hazardous, mixed, and/or PCB- 
contaminated waste, storage, treatmen4 andor disposal regulations under the RCRA and/or the Toxic 
Substances Control Act (TSCA) would be triggered. Portions of DOE Order 5820.2A would be TBCs 
for disIx>sal of any ILW sediment. The U.S. Department of Transportation (DOT) regulations govern 
shipping, packaging, and transport of hazardous materials. 

Furthex details of ARARs and TBCs, along with the complete list of ARARs and TBCs, are f d  
I inAppendixI. 
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10.233 Long-term effectiveness and permanence 

Magnitude of residual risks. Shallow sediment risks are signiiicantly reduced as all pathways are 
eliminated both currently and for the potential on-site resident. Deep sediment removal eliminates the 
pathway for ecological receptors. Fish consumption risks remain the same as in Alternative 2, 
institutional controls and advisories. 

Adequacy and reliability of controls. Alkmative 3 is adequate inmeeting MOs. The cap would 
be designed so that all slopes would be of proper grade for optimum wear and long-term structural 
stability. Lack of periodic inspectionS and timely repairs could result in the failure of the geomembrane 
cap and associatedutwmtrolled 8ccess to contaminants fiom McCoy Branch Embayment andor Poplar 
Creek The reliability of cmhimmt is veay good as long as repairs are made and cap integrity remains 
intact. 

Alternative 3 is similar to Alternative 4 in that institutional controls and monitoring are needed for 
long-term protection by preventing mechanical disturbance of river sediments, by controlling fish 
consumption, and by monitoring for contaminant migration or contributions fiom sources of 
contamination on ORR upstream of the remediation areas. Upstream contamiDant sources (if not 
addressedby0thehactions)wMlld~~toprovideasourceofriskto humanandecologicalreaptors. 

10.23.4 Reduction of toxicity, mobility, or volume through treatment 

Alternative 3 would reduce mobility of the waste through containment and removal. The process 
of dewatering may result in a decrease of volume and /or toxicity. 

10.23.5 Short-term effectiveness 

Protection of the community during remedial action. Alternative 3 would protect the 
community during implementation through access controls (e.g., physical barriers, administrative 
controls) and engineering controls during construction. Engineering controls for run-on, direct 
precipitalion, and runoff would be used to minimke sediment erosion; therefore, minimal potential for 
off-site migration of contaminated sediments during remedial activities would occur. There is the 
potential for dust migration fiom earth-moving activities that would OCCUT during placement of the cap. 
In addition, considering the moisture content of the sediments, fugitive dust emissions by construction 
activities is expected to be minimal. However, appropriate dust control methods (e.g., wetting of the 
sdiment) would be implemented to minimke the off-site migration of dust to ensure protection of the 
community. 

Traffic is expected to increase during implementation as 8ccess road construction materials are 
brought into the site. Most of the traffic would occur on DOE properties and not in the surrounding 
communities. Traffic would increase slightly as dump trucks report to the site. There would be no 
change in the worker population of the Oak Ridge area during implementation because the existing work 
force wuld be used. 

Protection of workers during r e m d  action. The short-term risks associated with Alternative 
3 arebigtretthanthoseassociatedwithAl~tive2becauseofgreaterpotentialfor . .  . directcontactwith 
contaminated sediments. However, this contact would be mumuzed by the implementation of a si te 
specific health and safety plan. Fugitive dust emissions fiom heavy equipment movement would be 
controlled by using surface wetting or dust suppressants to minimi;re inhalation risks. 
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Environmental impacts. Short-term impacts to ecological receptors would be higher under 
Alternative 3 than for Alternative 2 during cap installation and deep sediment removal. The 
emiromnenfal effects would be disruption of habitat, death of most or all benthic organisms in the area, 
and potential sediment resuspension during construction and dredging activities. 

Disruptionofhabitatwouldbe~foraquatcplants andmostbenthic organisms inshallow 
sediments. The riprap or rock layer on the cap surface will not be suitable habitat for the benthic 
organisms that used to inhabit the remediation areas. It may take several decades before the area regains 
suitable habitat through natural sedimentation. Deep water plants and animals should eventually 
m l h  the am following the completion of sediment removal. Waterfowl, amphibians, reptiles, and 
piscivorous animals are expected to recover and return to remediated areas. Avoiding destruction of 
habitat would be the first consideration in remediating these areas, followed by relocation of affected 
species to a suitable habitat elsewhere. Relocation may only be possible for a very limited number of 
species and is not an option for the benthic organisms that are currently at risk 

Tbe effects of contaimnent on the floodplaiu would be minimal. Some grading and slope alteration 
will be imitable; however, existing shoreline slopes would remain close to the current natural slope and 
cap- 'on should di to the lay of the slope wherever possible. If areas are encountered that 

I cannot be capped without significantly altering the floodplain, then other remedial options would be 
I identified in a floodplain analysis. 

Wetland areas would be encountered in the area intended for implementation of capping and 
removal. Construction in a wetland to accommodatt the cap construction, associated road 
improvements, etc., would be avoided to the extent possible. However, wetland areas throughout the 
subreach could be destroyed, causing adverse effects. A wetland analysis will be required if this 
alternative is chosen as the p r e f d  alternative. Pdentially, constructing a wetland elsewhere to replace 
the loss of habitat at the capped site could be required for mitigation. 

I 

Because the contaminated sediments would be disturbed to some extent, there is potential for 
contaminants to migrate from the site during implementation fiom erosion and figitive dust. 
Appropriate eagineeaing controls will minimize this effect. Appropriate uses of silt fences, staked straw 
bales, and tarps during cumhuch 'on would control the effects on surface water quality fiom fugitive silt 
c==dbY- 'on. Dust suppression measures, such as slnface wetting, will minimke hgitive dust. 
During the dredging of deep sediments, silt screens and curtains will be used to control release of 
Sediments. 

Accidental spills or leakage of engine fiels, oils, hydraulic fluids, and coolants fiom equipment 
couldresultinminorsoilmtammb ' 'on. Equipment exhaust is anticipated to have negligible effects on 
air quality. Standard construction management practices such as equipment maintenance and timely 
removal of spills would minimim the environmental effect of impl&entation activities. 

Duration of remedial activities. construcb 'on activities under Altemative 3 are anticipated to last 
2.5 years. Administrative duration is the same as Alternative 2 for institutional controls. 

1033.6 Implementability 

Alternative 3 is technically feasible to implement. All activities would be performed by 
conventional methods. Construction of the geomembrane cap and appropriate anchor trenches would 
be straightforward, but only during the period of the year when the reservoir water level is lowered to 
winter pool. Caslmdion at any other time will be substantially more difficult, if at all possible. Thus 
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preparation and material staging will be very important to meet this critical timing. The dredging and 
dewatering activities are implementable, although the dredging apparatus may need to be transported 
fiom another state by river and lock 

Although Alternative 3 would be conducted on DOE property, waterways adjacent to the ORR are 
c e m  under the statutory authority of other federal and state authorities. Permits would be needed 
to regulate waterway t r S c  as the areas of concem for capping are in the areas managed by TVA, 
USACE, and TDEC. Dredging activities may impede navigation for several months. 

Materials required for implementation of Alternative 3 include geomembrane, geotextile, and 
riprap; earth-moving and compaction equip- silt fences; dredging equipment; dewatering equipment; 
water tanks; tanker trucks; and sampling equipment All of these are readily available materials. 

10.23.7 Cost 

The total project present worth cost of Alternative 3 is approximately $109.6 million. Table 10.2 
provides a detailed breakdown of the escalated project costs. More detailed idormation is provided in 
Appendix H. 

I 

Direct capital cost The total escalated wst forthe direct capital cost is estimated at $93.9 million. 
Direct capital cost includes public advisories, permit programs, and source containment. 

Indirect capital cost Total escalafed indirect capital cost is estimated to be $1.5 million. Indirect 
capital cost includes RA integration, RD work plan, RD report, RA work plan, and contingency. 

Monitoring and maintenance. No monitoring and maintenance cost are included in Alternative 
3. 

Contingency. Total escalated cost allowed for contingency is $23.9 million. 

10.2.4 Analysis of Alternative A o u r c e  Removal 

Sevm areas, a l l  of which are within ORR and controlled by DOE, were identified for remediation 
based on unacceptable ecological risk Characterhtion during design will further delineate and bound 
theseareas. UnderAlternative4 

shallow or near-shore sediments [i.e., those sediments down to elevation 223 m (733 ft) (msl)], 
which is 0.6 m (2 ft) below low pool] are removed by excavation at all seven remediation areas, 

deep sediments [i.e., those sediments below elevation 223 m (733 it) (msl)] are removed by 
dredging for the seven remediation areas, and 

the remaining sediments are monitored and protected fiom disturbance by using institutional 
controls (e.g., public advisories, permit programs) similar to those outlined for Alternative 2. 

During removal, the potential for surface water nmsn, wind and water erosion, and resuspension 
of sediments is mitigated using engineering and administrative controls. Once the sediments are 
removed, the sediments are dewatered, treated as necessary to meet RCRA requirements or disposal 
WAC, containerized, and then placed in an on-site or off-site disposal facility. 

I 
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Table 103. Cost estimate for Alternative 3 for the Clinch River/Poplar Creek Operable Unit, 
OakRidge, Tennessee 

Project cost item cost 
($thousands)’ 

Capital cost 

Direct cost 

Public advisories 

Permit programs 
Source wntainment/removal 

Direct cost total (rounded) 

Indirect cost 

Remedial action integration 

Remedial design work plan 

Remedial design report 

Remedial action work plan 

Contingency-25 percent 

63 

6 

93,821 

93,890 

827 

140 

482 
94 

Indirect cost total (rounded) 1.543 
- 

Total capital cost 95,433 

lonitoring and maintenance cost 
23,858 

Total project escalated cost 119391 

Total project present worthb 109,62 1 
“Escalated 
6present worth cost based on 30-year present value, 7 percent discount rate. 

Note: Costs presented in table are rounded. 
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10.2.4.1 Overall protection of human health and the environment 
-. 

Alternative 4 is protective of human health and the environment and meets the RAOs developed 
for C W C  OU (see Chapter 8) by removing sediment contaminated above the RGOs. No sediment 
exposure pathways to ecological receptors will remain after removal. The removal will destroy the 
existing benthic organisms. 

In the short term @e., the duration of the remedial action), potential risks to workers increase 
because of the removal and subsequent processing of large volumes of contaminated sediments. A 
project health and safety plan would address mitigative measures designed to protect the remediation 
worker from adverse exposures. 

Potential risks also exist in the short term for the community (i.e., K-25 Site personnel and the 
public, which uses the rivers for recreational purposes). Proper security and safeguards at the 
remediation area control access to the project site and possible direct contact and inhalation of 
COnfamifliMfs. The short time frames and distances for material transport by trucks to on-site disposal 
areas mbhhe the transient exposures and possibility of vehicular accidents from loaded trucks. 
Exposure risks fbm sediment removal, treatment, and disposal are not expected to exceed the EPA risk 
targetsf~~bealtheffkctstothecommunity.  Noresidents liveneartheareastoberemediated, 
and therefore incremental exposures to residents from inhalation of airborne contaminants would be 
negligible. 

10.2.4.2 Compliance with ARARs 

The ARARs for Alternative 4 are the same as for Alternative 3, and they will all be complied with 
during and after implementation of Alternative 4. 

10.2.43 Long-term effectiveness and permanence 

Magnitude of residual risks. After sediment removal, treatment, and disposition have occurred 
in Alternative 4, the residual risk for known contamination in both shallow and deep sediments will be 
below the EPA threshold of 1 x lo4 or 1.0 HI. Continuing release of contaminants from upstream 
sources may degrade the remediated areas. 

Retnoved materials will be disposed in approved, permanent repositories and will not be returned 
to the reservoir system with the exception of dewatering effluent. The effluent will be treated before 
release, ifneeded, to meet NPDES release criteria. The residual risk from the effluent will be below that 
associated with approved release criteria. 

Adequacy and reliability of controls. As long as sources of contamination remain on ORR 
upstream of the remediation areas, there can be no completely reliable method of remediation. 
Contamination may enter the reservoir system from secondary sources such as surf'ace runoff or 
groundwater. Heretofore hidden or UnzmOwn pockets of risk-significant contamination buried in river 
sediments may be released to the river and carried downstream during storm events or natural 
rechanneling. Additionally, the areas of shallow sediment removal may become recontaminated as a 
result of flooding. In these situations, the long-term protectiveness afforded by the initial cleanup 
decmses in proportion to the extent and level of recontamhation. If the recontamination levels exceed 
the RGOs, a second cleanup may be required. 
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For a period of time, Alternative 4 will adequately and reliably meet the RAOs stated in Chapter 
8 for known contamhation. Assurance .of long-term protection, however, will be provided by 
institutional controls and monitoring. Institutional controls that are maintained would be reliable for 
preventing- * clisthance of dimem and potential future exposure. Posted warnings would 
advise the public of the potential health hazards of fish consumption. Periodic monitoring of surface 
sediment~,andbiotawillp~vi&areliablemeanstoiden~changesinthereservoirsystem, such 
as new sources or sediment migration. 

103.4.4 Reduction of toxicity, mobility, or volume through treatment 

Although the primary focus of Alternative 4 is on removal rather than treatment, treatment is 
evaluated as required to Wtate meeting RCRA requirements, disposal WAC, or release requirements 
for excavated sediments and soils. 

Uder Altema!ive 4, excavated and ctredged sediments would be dewatered by decanting water from 
the sxb& placed on the dewatering pad and then filtering the emuent with appropriate filter media. 
Decanting and filfraiion are fonns of physical treatment that merely separate the liquid and solid media, 
b & & d & t h e m  ' ts in either of the host media. This collected aqueous waste stream would 
be managed either by releasing it to the river, if contaminant concentrations are below NPDES limits, 
or by treating it to meet WDES release limits and then properly disposing of the residuals. The latter 
option reduces the mobility of the contaminant. Sampling and analysis of the water would reveal which 
management option would be appropriate. 

sediment waste streams will be disposed of at a permanent on-site or off-site repositmy. Based on 
analyses of the sediment core samples, it is expected that the waste streams will be radioactively 
contaminated above background levels, but will not be classified as RCRA-hazardous or mixed waste. 
However, if RCRA-hazardous or mixed waste streams are found, they will be treated (eg,  through 
solidXcation or thermal desorptioddestmtion) to meet land disposal restrictions, thereby reducing 
contaminant mobility, and in some cases, contaminant toxicity. 

103.45 Short-term effectiveness 

Protection of the community during remedial action. Community in this context refers to 
nonproject K-25 Site personnel and recreational users of the rivers addressed in this study. All the 
remediation sites are located within ORR and, as such, are remote from any residential or commercial 
anas. However, the areas are accessible by recreational users for fishing, hiking, or similar activities. 

under Altemative 4, excavation, treatment, and disposal are planned for the remediation areas, and 
exposures during these activities would be possible outside of the immediate project-related areas. 
Fugitive dust would transport contaminants outside the remediation area, where it could be inhaled by 
members of the community. The short-term inhalation risks associated with sediment excavation 
adivities have not been quantified. However, standard mitigating measures would be implemented to 
mhimiz uncontrolled and significant releases. In addition, during much if not al l  of the material 
handling, the sediment will be muddy or caked from moisture in the sediment and will not easily be 
airbom. Th!eref.xe, risks to the community exposed to dust would not be expected to e x d  EPA risk 
targets. Once the sediments are packaged or covered for transportation, airborne risks should be 
negligible. 

Migration of the contamhuts to areas outside the remediation area could also occur through 
sediment resuspension and downstream dispersion during removal activities. Such resuspension and 
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transport downstream could result in exceedances to surface water quality criteria and the destruction 
of benthic invertebrates. Silt curtaim installed around the perimeter of the work site are proposed to 
mitigate this transport pathway. 

I 

Remediation involves the transportation of contaminated sediment to disposal sites. (Staging and 
treatment areas are eqected to be located near the excavation or dredj$ng site.) Because the trucks 
would be covered immediately and decontaminated before leaving the remediation area, exposures to 
hazardous materials wouldnot be expected to OCCUT during transport. In addition, any spillage from the 
truck should be minimal if the truck is packaged or covered properly. In the event spillage occu~s, it 
could be easily cleaned up and reloaded on the truck The p r h q  risk fiom material transport is fiom 
vehicular accidents rather than fiom contaminant exposure. A waste transportation plan including 
routes, spill prevention, and cleanup will be prepared before remedial implementation. 

Protection of workers during remedial action. A health and safety plan for the project would 
be developed to ensure that risks to workers do not e x d  EPA target levels. 

Environmental impacts. Under Alternative 4, an estimated in situ volume of 173,172 m3 
(226,500 yd3) of sediment would be excavated, treated, and disposed of for remediation. This is a 
significantly larger volume of processed sediment than in Alternative 3. The remediation areas would 
be restored to roughly original grade, but no borrow soil would be added for site restoration. 

Disturbance of the sediments would have potential short-term impacts on the sufiice water. 
Potential increases in concentrations of contaminants and total suspended solids are expected to be 
minimal and within regulatory guidelines, because best management practices and appropriate 
~ ~ ~ ~ w ~ d b e ~ t o p ~ ~ ~ v ~ i m p ~ t o w ~ ~ t y .  Contaminantsreleased 
to the rivers by treated dewatering effluent would be below the NPDES Limits. 

Excavation and handling of untreated sediment could be an air pathway to potential receptors. 
Removal operations such as loadin& dumping, grading, and excavation would cause increased 
concentrationsofcontarmnated * dust, if not properfy controlled Storage piles of dewatered sediment and 
large areas of bare sediment could also serve as sources of fugitive emissions. Control methods, such 
as wetting and limiting the number of errposed storage piles, would significantly lower emissions fiom 
these activities. Although not quantified, it is expected that off-site risk fiom controlled fugitive dust 
emissions fiom excavation and sediment handling activities would be within acceptable limits. 
Ernissions h h e a v y  equipment operation (i.e., Euel combustion) would be negligible and would have I 
an insignificant effect on local or regional air quality. I 

Disrq~tion of habitat should be tempomy in the remediation areas. The benthic organisms, as well 
as aquaticplants anddhervegetation,wouldbedestroyed in the excavated areas, treatment areas, along 
the shoreline where heavy equipmeat is used, and in floodplain or shoreline areas where access roads are 
provided. However, the disruption of localized habitat for the plants and organisms should be 
temporary, and the plants and organism population may begin to thrive again after a period of several 
years. The remediation activities are not anticipated to have any effects on a regional level. 

The eflkcts of source removal on the creek or river banks would be minimal but long lasting. The 
removal inevitably alters the existing shoreline by the depth of material removed, but because a meter 
or less of sediment is expected to be removed, the material remaining should have a slope that will be 
close to the ament natural slope. 
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Wetlandareas couldbeencolmteredinthextmediation areas. Ifso, theportion ofthe wetlands that 
overlaps the construction area would be destroyed d e r  Alternative 4. The remaining portion of the 
wetlands outside the amstmch 'on area could be indirectly impacted because of the amount of work that 

I would occur adjacent to the wetlands. A wetland analysis will be required ifthis alternative is chosen 
as the preferred alternative. Constructing a wetland elsewhere to replace the loss of habitat at the 
remedial site would potentially be required. 

Before construction activities begin, the remediation areas will be searched for the tall larkspur 
(Delphinium exaltaturn), a state-listed endangered species and a federal candidate for listing as 
threatened or endangered. If found, consultation with the state would help determine an appropriate 

I protective measure. 

Cemeteries and known archaeological sites are near the Poplar Creek remediation areas. All 
construction activities will allow for at least a 15-m (50-8) buffer around the cemeteries and, if 
zcrchamlogical resources are discovered during any construction activities, appropriate measures will be 
taken to comply with the Archaeological Resources Protection Act. 

Duration of remedial activities. The short-term remedial action objectives would be achieved 
upon conplletion of these activities. The actual time to complete this alternative, aRer approval by the 
regulatory agencies, would include approximately 12 to 18 months for additional characterization, 
remedial design, and the associated approval of the remedial action work plan before beginning the 
reanedial action. "herefor, after final regulatory approval of the ROD, it would take approximately 4-5 
years to complete the action, not including long-term environmental monitoring. 

103.4.6 Implementability 

Technical feasibility. The technical feasibility for Alternative 4 has been demonstrated at other 
locations around the cornby. Removal and restoration use standard construction techniques and good 
engineering practices to COIlfaGl turbidity and reduce runoff and dispersal. Providing access roads will 
be aminor obstacle. Because the sediment contains radioactive contaminants, the removal techniques 
are integrated with occupational health physics programs and other safety regimen that are also well 
established. Additid characterization after removal and restoration will confirm the degree to which 
the remediation areas have been cleaned up. 

Ex situ sediment &eatmat for davatering uses standard processes such as decanting and fdtration. 
If treatment of the separated water is necessary, ORR has several water treatment plants available for 
use. 

Disposal of dewatered sediments is available at on-site (on ORR) and off-site disposal facilities. 
These facilities have ample capacity for the range of volumes currently predicted. These facilities are 
required under the licenses or permits to adequately contain the waste and provide comprehensive 
environmental monitoring. 

Administrative feasibility. Alternative 4 is administratively feasible to implement; the fact that 
all theremediation areas and some potential disposal facilities are within ORR and under DOE control 
signiscant& enhances this feasibility. Nevertheless, the sediment disturbance activities will need to be 
coordinated with, at a minimum, EPA, USACE, TVA, and TDEC. The removal will need to be 
peafbmed during the period of year when the reservoir water level is lowered to winter pool. Removal 
at any other time would be substantially more difficult and costly. 
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Excavation and dredging activities would unavoidably disrupt and inconvenience recreational 
activities in the remediation areas. Dredging would block river traffic becaw of the cables exkding 
tothe &dines. The fact that removal will occur during winter pool when recreational use is down will 
minimize these impacts. Short-tenn impacts on aesthetic quality could be expected as a result of 
removing vegetation and a sediment layer, although replanting and eventual natural restoration would 
occur. However, DOE would coordhate with other federal and state agencies to minimilf? short-tenn 
disturbances from removal activities. 

I 

by cooperation with local and state authorities Waste trsmsportation impacts would be xnmmzed 
to determine the most appropriate haul routes and trip times to reduce traffic congestion, accident 
potential, and road deterioration. This will be especially critical if the sediment is disposed off site. 

. .  . 

The removal of contaminated sediment under Alternative 4 reduces estimated human health and 
ecological risks below the RGOs. This a l h t i v e  would not, however, allow the unrestricted selling, 
buying, and development of these properties in accordance with normal market pressures, because the 
properties are on ORR Because DOE is expected to maintain ownership and control of DOE-owned 
propeaty forthe foreseeable hture, no impacts to the institutional environment would be likely to result 
from this alternative on ORR. 

Availability of services and materials. All of the services and materials required to implement 
Alternative 4 are available. Advance planning is critical, however, for scheduling the services and 
obtaining the materials, particularly with regard to timing (winter pool) constraints and obtaining any 
needed permits for disturbing sediments and transporting wastes. 

10.2.4.7 Cost 

The total project present worth cost of Alternative 4 is approximately $123.5 million. Table 10.3 
provides a detailed breakdown of the escalated project costs. More detailed information is provided in 
Appendix B. 

I 

Direct capital cost. The total escalated cost for the direct capital cost is estimated at $109.6 
million. Direct capital cost includes deed restrictions, public advisories, permit programs, and source 
containment. 

Indirect capital cost. Total escalated indirect capital cost is estimated to be $2.0 million. Indirect 
capital cost includes RA integration, RD work plan, RD report, RA work plan, and contingency. 

Monitoring and maintenance. No monitoring and maintenance cost are included in Alternative 
4. 

Contingency. Total escalated cost allowed for contingency is $27.9 million. 

103 COMPARATIVE ANALYSIS 

A flfmmary of the comparative analysis of alternatives for CIUPC OU is presented in Table 10.4. 
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Table 10.3 Cost estimate for Alternative 4 for the Clinch River/Poplar Creek Operable Unit, 
Oak.Ridge, Tennessee 

Project cost item cost 
(%thousands)’ 

Capital cost 

Direct cost 

I Publicadvisories 63 
I Permitprograms 
I Removal 

Indirect cost 
Remedial action integration 

Remedial design work plan 

6 
109.498 

Direct cost (rounded) 109,567 

1,137 
169 

Remedialdesignreport 575 
- 111 Remedial action work plan 

Indirect cost total (rounded) 1,992 
Total capital cost 11 1,559 

Contingency-25 percent 27,890 
Total project escalated cost 139,449 

Total project present worthb 123,527 
“Escalated 
!Present worth cost based on 3O-yearpresent value, 7 percent discount rate. 

Note: Costs presented in table are rounded. 



Table 10.4. Detailed analysis summary and assessment for alternatives for the Clinch River/Poplar Creek Operable Unit, 
Oak Ridge, Tennessee 

Alternative 3: Altemative 2: 
Institutional Controls and /.--A-r-- - - A  n _- ____ _ _  Alternative 1: 

No Action Lonrainment, nemuvar, anu Disposal Removal and Disposal Advisories 

Overall protection of human health and the environment 

Not protective of . Benthic organisms would Protective. Pathways of exposure would be Protective. Pathways of exposure would 
human health or the 
environment because reduction. However, the would be contained or removed. sediments would be removed. Institutional 
risks from exposure 
would continue protective of human health address sediment disturbance, fish sediment disturbance, fish consumption, 

receive negligible risk 

alternative would be 

because the pathways of consumption, and recontamination and recontamination 
human exposure are 
controlled or monitored 

significantly reduced. Higher risk sediments be significantly reduced. Higher risk 

Institutional controls and monitoring would controls and monitoring would address 

Compliance with applicable and relevant or appropriate requirements 

This alternative does Would comply with action- 
not comply because it is specific TBCs through use 
not protective of human of institutional controls. 
health and the 
environment addressed at a later time. endangered species, floodplains, and 

Would comply with location-specific 
ARARs, although complicated or extensive 
efforts may be required to avoid adverse 
effects to wetlands, threatened and 

archaeological resources. Would comply 
with chemical- and action-specific 
ARARs for containment and sediment 
removal. Surface water will be addressed at 
a later time. 

Surface water will be 

Would comply with location-specific I 
ARARS, although complicated or I 

endangered species, floodplains, and I 

extensive efforts may be required to avoid I 
adverse effects to wetlands, threatened and I 
archaeological resources. Would comply I 
with chemical- and action-specific ARARs 
for removal. Surface water will be 
addressed at a later time. 



Table 10.4. (continued) 

aternatwe 4: 
Removal and Disposal Lonrainment, xemovai, ana Disposal Advisories 

No risk reduction 
occurs for either human 
or ecological receptors 

Future risks may 
increase if 
contaminated sediment 
is disturbed or 
redistributed without 
notice, or if existing 
controls are 
discontinued 

Natural sedimentation 
will eventually cover 
most contaminated 
sediments andmake . 
them biologically 
unaccessible 

Negligible risk reduction 
occurs for ecological 
receptors 

Human health protection is 
provided by sediment- 

requirements, posted 
warnings, and periodic 
monitoring. Long-term 
continuance of these 
institutional measures would 
be required to provide long- 
term protection 

disturbing permit 

Monitoring would provide a 
reliable means to identify 
changes in the reservoir 
system 

Natural sedimentation will 
eventually wver the 
confaminated sediments and 
make them biologically 
unaccessible 

Long-term effectiveness 

Containment and removal of all sediment 
above RGOs would reduce unacceptable 
risks to human health or ecological 
receptors. Contaminated deep sediments 
would be properly disposed. Posted 
warnings would advise people of the 
potential health hazards of fish consumption 

The shallow-sediment cap would require 
long-term maintenance. Institutional 
controls would be required for long-tenn 
protection fiom residual contamination 
Monitoring of sediment, water, and biota 
would provide a reliable means to identify 
changes to the reservoir system, such as 
sediment migration or recontamination of 
remediated areas by upstream sources. 

Capping and removal would initially have 
impacts on biota and habitat; impacts would 
range h m  localized and temporary, to more 
widespread and permanent. It is uncertain 
whether the benthic community will ever 
recover in the capped aras. 

Removal of all sediment contaminated 
above RGOs would eliminate 
unacceptable risks to human health and 
benthic organisms. Contaminated 
sediments would be properly disposed. 
Posted warnings would advise people of 
the potential health hazards of fish 
consump tion. 

Institutional controls would be required for ' 
long-tenn protection. Monitoring of 
sediment, water, and biota would provide a 
reliable means to identify changes to the 
reservoir system, such as sediment 
migration or recontamination of 
remediated areas by upstream sources. 

Removal would initially have negative 
impacts on biota and habitat; impacts 
would be localized and tempomy. The 
benthic organisms may eventually recover. 



Table 10.4. (continued) I 

I 

, ,'i 
Alternative 3: Alternative 4: Alternative 2: Alternative 1: 

No Action Institutional and Containment, Removal, and Disposal Removal and Disposal Advisnrics 

No action to reduce 
toxicity, mobility, or 
volume 

Short-term eflectiveness 

Current risks continue 
without mitigation as 
no action is 
implemented for the during implementation. 
OU (However, ecological risk engineering controls administrative and engineering controls 

Risks to workers, the 
community, and the 
environment are minimal 

During implementation, risks fiom figitive During implementation, risks fiom 
dust, downstream dispersion of resuspended figitive dust, downstream dispersion of 
sediments, and transportation accidents m resuspended sediments, and transportation 
rmfllfntzed . .  . using administrative and accidents are minimized using 

remains at current levels.) 
No disturbance of the Capping and removal would initially have 
sedimentsoccurs. No negative impacts on biota and habitat; the 
environmentally sensitive existing benthic community would be 
resources would be affected destroyed, impacts could range fiom 
by this alternative localized and temporary, to more widespread 

and permanent 

Removal would initially have negative 
impacts on biota and habitat; the existing 
benthic community would be destroy&, 
impacts would be localized and temporary 

Reduction in toxicity, mobility, or volume through treatment 

No reduction in toxicity, 
mobility, or volume would 
result fiom implementation 
of this alternative 

Deep sediments removed during remediation Shallow and deep sediments removed 
will be treated as required to facilitate during &dation will be treated as 
meeting RCRA requirements, disposal waste required to facilitate meeting RCRA 
acceptance criteria, or release requirements. requirements, disposal waste acceptance 
In some cases, these treatments may reduce criteria, or release requirements. In some 
contaminant mobility or toxicity cases, these treatments may reduce 

contaminant mobility or toxicity 



Table 10.4. (continued) 

Alternative 3: Alternative 4: Alternative 2: Alternative 1: 
No Action Institutional and Containment, Removal, and Disposal Removal and Disposal Advisories 

No implementation 
actions required 

Implementability 

Institutional actions could be Capping, dredging, sluny treatment, waste 
readily implemented but 
would require oversight and 
coordination of multiple 
agencies or groups, as well 
as recurring activity over a 
long time period 

_ -  - 

transportation,-and disposal are well known 
and could be readily implemented using 
standard techniques and equipment. 
Sediment and habitat disturbance activities 
will need to be coordinated with multiple 
agencies or groups. Construction would 
need to OCCUT when the reservoir water level 
is at winter pool 

Present worth cost 

Dredging, excavating; slurry treatment, 
waste transportation, and disposal are well 
known and could be readily implemented 
using standard techuiques and equipment. 
However, the volume of sediment to be 
removed and processed in this alternative 
is much greater than in Alternative 3. 
Sediment and habitat disturbance activities 
wil l  need to be coordinated with multiple 
agencies or groups. Construction would 
need to OCCUT when the reservoir water 
level is at winter pool 

' 

I $0 $3.6 million $109.6 million $123.5 million 
RCRA = Resource Conservation and Recovery Act of 1976 
RGO = remedial goal option 
TBC = to be considered 

c 
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103.1 Overall Protection of Human Health and the Environment 
.. 

Alternative 1, no action, would not protect human health or the‘environment because no action 
wouldbetaken. U n r e w  sedinmtdisturbing activities of deep sediments would also cause concern 
a ! s & o f t h e ~  * releasedduingthepeakreleaseyears arewithinthese sediments. Exposure 
to deep sediments either by direct ingestion, ingestion of crops grown on contaminated sediment, or 
consumption of beef or beef products raised on these crops is of concem. Environmental exposure to 
disturbed deep sediments are also a concern as most of the deep sediment contamination is typically 
unavailable to a l l  but a few benthic organisms. Disturbance would probably increase availability of 
contaminants to a broad range of biota. Loss of existing public advisories could increase health risks 
to humans because ingestion of fish above advised levels may cause certain health problems. 

Alternative 2 would protect humans fiom exposure to the deep sediments by regulating dredging 
activities, thus maintaining the existing cover. Alternative 2 would be more protective of the 
environment than Alternative 1 because of permit programs limiting the types of sedimentdisturbing 
activities that may occur. Monitoring of site conditions would enable faster responses to contaminant 
movement should it occur and minimhe risks to the environment or humans. 

Alteanative 3 would be more protective to humah health and the environment than Alternatives 1 
and 2 by containment of shallow sediment contaminants with a geomembrane cap, removal of deep 
sediments, and institutional controls and advisories. Physical separation of receptor fiom contaminants 
provides an increased level of protection by ensuring no pathway of concern is wmplete. Initially, 
capping and removal would desoroy the benthos and their habitat on the capped or dredged area. Benthic 
habitat similar to the existing habitat may never return to the capped area. The dredged area may return 
to a similar habitat over a period of years. 

Altkrnative 4 would be most protective to human health and the environment by completely 
removing al l  sediments above the risk thresholds. 

During remxhtion, Alternatives 2,3, and 4 would protect the community and workers through the 
use of engineered and institutional controls. 

1 0 3 3  Compliance with ARARs 

The no action alternative is not protective of human health and the environment. There are no 
ARARs governing institutional controls and advisories; however the NCP [40 CFR 300.430(e)(3)(ii)] 
and DOE Order 5400.50(6)(c) recommend certain controls that may be used in Alternative 2. All 
ARARs fm Altematives 3 and 4 would be met without waivers. TBCs for Alternatives 3 and 4 are the 
same as for Alternative 2. Consultations will be held with TVA, USACE, and TDEC to ensure 

’ substantive requirements are met for the TVA Act, the USACE Nationwide Permit Program, and the 
TDEC Aquatic Resource Alteration Permit Program. If Alternative 3 or 4 is chosen as the prefmed 
alternative, a wetland andor floodplain analysis would be required before initiating actions for 
containment or removal. Potential mitigation for the tall larkspur (Delphinium exaltatum), wetland 
mitigation (ifrequired), and a Phase I archaeologicalresource survey will also be needed for Alternatives 
3 and 4. ARARS for surface water are met by meeting the limit on mercury or arsenic in fish flesh 

I 

1 

I 
I 

1033 Long-Term Effectiveness and Permanence 

Alternative 1 (no action) would have no effect in the long term The risk assessment indicates that 
the current site conditions with no waste management may not be protective of human health or the 
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environment. Sediment-disturbing activities could occur, resuspending contamimkd sediment and 
inaeashgrisk levels without forewarning. No remedial activities would be conducted on any areas of 
Clinch River or Poplar Creek under this alternative. 

Alternatives 2,3, and 4 wouldbe effective in the long term at minimizing risks to potential human 
receptors. Institutional controls provided in Alternative 2 would be protective to human receptors under 
currentlanduses, whereas Alternative 3 would provide on-site containment, removal, and institutional 
controlstoreducetheresidualriskstopotedltial futurehumanreceptors andcurrent ecologicalreceptors. 
ThecapinAltema!ive3 could~~withtime,especiaYrwithoutproperins~tions andmaintenance. 
Proper maintenance would keep the cap in good repair for many years. Alternative 4 would provide 
removal of al l  sediments posing a human health or ecological risk and would be effective in the long 
term. Alternative 3 or4 would be impacted by the continuing releases fkom upstream sources on ORR 
It may be more cost-effective to accomplish further source cleanup before attempting to remove or 
containthecontarmnated * sediments in the C W C  OU. The benthic organisms and habitat destroyed by 
capping may never recover. The areas of removal may eventually become fertile benthic habitat after 
a number of years. 

103.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 

Alternatives 1 and 2 will not reduce toxicity, mobility, or volume because no treatment options are 
used. Alteamtives3 and4will~themobiIityofthecon~antsthroughremovalorcontainment, 
but not by treatment, and may reduce toxicity and volume depending on which, if any, treatment 
technologies are needed to achieve proper disposal of the sediments. 

10.3.5 Short-Term Effectiveness 

Alterna!ive 1 would not involve any action; therefm, &re would be no increase in short-term risks 
a n d a o s h o r t - t e r m e u ~  effects. Alternative 2 would provide similar protection to the existing 
conditions. 

Altematives 3 and 4 approximately equally protect the local community during implementation. 
Through the use of engineering and institutional wntrols, access to the work site would be controlled. 
Air or dust emissions h n  the installation of the geomembrane cap or removals is not expected to have 
an effect off DOE property. Erosion and turbidity would be controlled, but some releases and spread 
of contaminated sediment would be expected. 

Theriskstoworkersareaq>ectedtobesimilarinimplementingAlternatives 3 md4. Byplanning 
activities in accordance with as low as reasonably achievable principles, industry and Occupational 
Safety and Health Administration codes and requirements, and DOE Orders, worker risks fkom 
wnhmbmt exposm would be catrolled to acceptable levels during construction of a cap or transport 
of sediment. 

The short-term environmental effects would vary for the alternatives. Alternative 2 would have 
little or no short-term impacts. Disruption of habitat would occur along the inland areas used to haul 
construction equipment and materials into the site, but would be temporary. Permanent impact on 
habitat would OCCUT on capped and excavated and dredged areas. All benthic organisms in the capped 
or dredged areas will be destroyed. The benthic community may or may not recover and inhabit the 
remediated areas. Capped areas (Alternative 3) would be the least likely to recover. 
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The duration of the activities varies significantly between alternatives. Alternative 1 would have 
no implementation time because thm are110 activities. Alternative 2 would take approximately 6 
months to implement, depending on the area to be covered. Alternatives 3 and 4 could be completed 
within 4-5 years if the summer pool season is used to gather al l  the materials and set the stage for 
accelerated constmtion during winter pool. 

103.6 Implementability 

There would be no insurmountable technical implementability issues for any of the alternatives. 
Technical experience and materials for caps and excavation are available locally. Alternatives 3 and 4 
would be more dif3idt to implement because of health and safety considerations and the need to control 
migration of s.edimm and confarmnaflfs * . However, all of the technologies and experience are available. 
No diiEculty in sampling and analyzing for contaminants in sediments, water, or biota would occur 
because all of them have been conducted many times in the past. 

Administrative implementability would arise fiom meetings and information exchanges among 
W A Y  USACE, TDEC, and DOE concerning the substantive requirements of permit programs, 
monitoring results (and reports), and record keeping. 

103.7 Cost 

Cost estimates are included in this FS for each remedial alternative. The estimates are based on 
feasibility level scoping and are intended to aid in making project evaluations and comparisons among 
alternatives. The estimates have an expected accuracy of +5O percent to -30 percent for thescope of 
action described in Chapter 3 for each alternative. 

Theestimates havebeendividedinto capital wstandMgiMcOst. Allestimates havebeen escalated 
using DOE-approved escalation rates and a schedule for the various activities based on similar project 
experim. Escalation rates used are 3.4 percent for FY 1996,3.0 percent for FY 1997,3.1 percent for 
FY 1998,3.2 percent for FY 1999,3.3 perceht for FY 2000,3.4 percent for FY 2001,3.4 percent for 
2002, and no escalation added for FY 2002 and after. 

contingenCyhasbeenincluc3edin each estimate and is basedon the degree of dif&dtyoftheRA, 
the technology stabs, and the uncertainty level of the action scope. 

Capital costs are defined as those expenditures required to initiate and install an alternative. These 
are short-term costs and exclude costs required to maintain the action throughout the project Metime. 
Capital costs umsist of direct and indirect costs. Direct costs include construction costs (material, labor, 
and equip& to install an action), service equipment, process and new process buildings, utilities, and 
waste disposal costs. Jndirect costs include Titles I and II engineering, Title JII inspection, project 
integration, project administration and management, and project contingencies. 

W M  costs are long-term costs associated with ongoing remediation at a site. These costs occur 
after construction and installation are completed, The costs include labor, materials, utilities, and 
services required to monitor, operate, and maintain the facilities for a period of 30 years. 

The estimated present worth of each remedial alternative was determined on a discount rate of 7 
percent and a base M&M period of 30 years according to EPA guidance. 
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Mailed cost estimates, proposed project schedules, and the major assumptions used to develop the 
I cost estimate for each remedial alternative are presented in Appendix H. 



I '  11-1 

11. REFERENCES 
.- 

ACGM (American Conference of Governmental Industrial Hygienists). 1986. "Copper." p. 146. In 
Documentation of the YRreshold Limit Values and Biological Escposure Indices, 5th ed. 
Cincinnati. 

Adams, S. M. 1990. "Status anduse of Bioindicators for Evaluating Effects of Chronic Stress on Fish." 
Am. Fish. Soc. Symp. 8:l-8. 

Adams, S. M., and C. T. Hackney. 1992. "Ecological Procases in Southeastern United S t a b  Aquatic 
Ecosystems." pp. 3-17. In C. T. Hackney, S. M. Adams, and W. H. Martin (eds), Biodiversity 
of the Southeastern United States. John Wiley, New York 

Adams, S. M., and R B. McLeaa 1985. "Estimation of Largemouth Bass, (Micropterus salmoides) 
Lacepede, Growth Using Condition Indices and Physiological Variables." J Fish Biol. 
26:lll-126. 

Adams, S. M., and M. G. Ryon. 1994. "Comparison of Health Assessment Approaches for Evaluating 
the Effects of Contaminant-Related Stress on Fish Populations." J Aquat. Ecosystem Health 
3: 15-25. 

Adams, S. M., L. R Shugat, G. R Southworth, and D. E. Hinton. 1990. "Application of Bioindicators 
in Assessing the Health of Fish Populations Experiencing Contaminant Stress." pp. 333-353. 
In J. F. McCarthy and L. R Shugart (eds.), Biomarkers of Environmental Contamination. 
Lewis Publishing, Boca Wn, Fla. 

Adams, S. M, W. D. Crumby, M. S. Greeley, M. G. Ryon, and E. M. Schilling. 1992a. "Relationships 
Between Physiological and Fish Population Responses in a Contaminated Stream." Environ. 
Toxicol. Chem. 11: 1549-1557. 

Adams, S. M., W. D. Crumby, M. S. Greeley, Jr., and L. R Shugart. 1992b. "Responses of Fish 
Populations and Communities to Pulp Mill Effluents: A Holistic Assessment." Ecotoxicol. 
Environ. Sax 24347-360. 

Adams, S. M., A. M. Brown, and R W. Goede. 1993. "A Quantitative Health Assessment Index for 
Rapid Evaluation of Fish Condition in the Field." Trans. Am. Fish. Soc. 122:63-73. 

Adams, S. M., K. D. Ham, and J. J. Beauchamp. 1994. "Application of Canonical Variate Analysis in 
the Evaluation and Presentaton of Multivariate Biological Response Data." Environ. Toxicol. 
Chem. 139673-1683. 

Addison, R F. 1984. "Hepatic Mixed Function Oxidase (MFO) Iinduction in Fish as a Possible 
Biological Monitoring S y s t e ~ ~ ~ "  pp. 5 1-60. In V. W. Cairns, P. V. Hodson, and J. 0. Nriagu 
(eds.), Contaminant Eflects on Fisheries. John Wiley and Sons, New York. 

Adema, D. M. M., and L. Henzen. 1989. "A Comparison of Plant Toxicities of Some Industrial 
Chemicals in Soil Culture and Soilless Culture." fiotoxicol. Environ. &f. 18:219-229. 



11-2 

Aery, N. C., and S. Saker. 1991. "Studies on the Effect of Heavy Metal Stress on Growth Parameters 
of Soybean" J Ekviron. Biol. 12(1):15-24.. 

Ahoh,  J. T., N. T. Kiirki, A. Oikari, and A. Soivio. 1976. "Mixed Function Monooxygenase of Fish 
as an Indicator of Pollution of Aquatic Ehvironment by Industrial Effluent." Bull. Environ. 
Contam. Toxicol. 16:270-274. 

Alabaster, J. S. and R Lloyd. 1982. Water Quality Criteria for Freshwater Fish. 2nd ed. Butavorth 
Scientiilc, London. 

Alexander, C. M. 1987. Fishery Status Assessment of Watts Bar Reservoir with Managment 
Recommencibtions. TVA/ON'RED/AWR-88/5. Tennessee Valley Authority Office of Natural 
Resources and Economic Development, Knoxville, Tenn. 

Alexander, G. R 1977. "Food of Vertebrate Predators on Trout Waters in North Central Lower 
Mchigan." Mich. Acad. 10:181-195. 

Allen, J. G., H. G. Masters, R L. Peet, K. R Mullins, R D. Lewis, S. 2. Skirrow, and J. Fry. 1983. 
"Zinc Toxicity in Ruminants." J Comp. Pathol. 93:363-377. Cited in ATSDR 1989, Eisler, 
1993. 

Ah, A J., J. L. Bernal, M. J. del Nod, and L. Deban. 1990. "Effects of Selected Trace Elements on 
Plant Growth." J Sci. FoodAgric. 51:447479. 

Althoe D. P., and G. L. Starm 1989. "Dayhe Spatial Characteristics of Cottontail Rabbits in Central 
Pennsylvania" J Mammal. 70:820-823. 

Amur, M., J. McCarthy, and M. GiU 1982. "Respiratory Response of Guinea Pigs to Zinc Oxide 
Fume." Am. Ind. Hyg. Assoc. J 43:887-889. Cited in ATSDR 1989. 

Anderson, D. W., R W. Risebrough, L. A. Woods, Jr., L. R Dew-, and W. G. Edgecomb. 1975. 
"Brown Pelicans: Improved Reproduction off the Southern California Coast." Science 
190:80&808. 

Ankley, G. T., V. S. Blazer, R E. Reinert, and M. Agosin. 1986. "Effects of Aroclor 1254 on 
Cytochrome P-45O-Dependent Monooxygenase, Glutathione S-Transferase, and UDP- 
Glucuronosylramferase Activities in Channel Catlkh Liver." Aquat. Toxicol. 9:91-103. 

Anthony, E. L. P., and T. H KMZ 1977. 'Teeding Strategies of the Little Brown Bat, Mptis lucijigus, 
in Southern New Hampshire." Ecology 58:775-786. 

APHA (American Public Health Association). 1989. StandardMethoa3 for the Examination of Water 
and Wastewater. 17th ed. Washington, D.C. 

Amold, T. W., and E. K. Fritzell. 1987. "Food Habits of Prairie Mink During the Wak&owl Breeding 
Season." Can. J Zool. 65:2322-2234. 

Arthur, E., I. Motzok, and H. D. Branion. 1958. "Interaction of Dietary Copper and Molybdenum in 
Rations Fed to Poultry." Poult. Sci. 37: 1181. Cited in Mehring et al. 1960. 



Arthur, J. W., and E. N. Leonard. 1970. "Effects of Copper on Gammaruspseudolimnaeus, Physa 
jntegra, and Campeloma decisumh Soft Water." J Fish. Res. Bd. Can. 271277-1283. 

Arthur, W. J., IU, and R J. Gates. 1988. "Trace Elements Intake Via Soil Ingestion in Pronghorns and 
in Black-Tailed Jackrabbits." J RangeManage. 41:162-166. 

Asher, C. J., and P. F. Reay. 1979. "Arsenic Uptake by Barley Seedlings." Aust. .I Plant Physiol. 
6:459466. 

Ashwood, T. L., C. R Olsen, L L. Larsen, id P. D. Lowry. 1986. Sediment Contamination in Streams 
S u m d i n g  the OakRidge Gaseous Dimion Plant. O m - 9 7 9 1 .  Oak RidgeNational 
Laboratory, Oak Ridge, Tenn. 

Ashwood, T. L., B. E. Sample, G. W. Suter II, H. Offerman, M. G. Turner, J. M. Loar, and L. W. 
Barthouse. 1994. Work Plan for the Oak Ridge Reservation Ecological Monitoring .and 
Assessmenthgram DOEYOR/Ol-l29/Dl. Oak RidgeNational Laboratory, Oak Ridge, Tena 

ATSDR (Agency for Toxic Substances and Disease Registry). 1989a Toxicological Profie for 
SelectedPCBs (Arocor-1260, -1254, -1248, -1242, -1232, -1221, and -1016). ATSDWTP- 
88/21. Syracuse Research Corporation for ATSDR, U.S. Public Health Servicey Atlanta 

ATSDR (Agency for Toxic Substances and Disease Rem). 1989b. Toxicological Profire for Zinc. 
ATSDRRP-89-25. U.S. Public Health Service, Atlanta 

ATSDR (Agency for Toxic Substances and Disease Registry). 1989c. Toxicological Profire for 
Plutonium. U.S. Department of Health and Human Services, Public Health Service, Atlanta 

ATSDR (Agency for Toxic Substances and Disease Registry). 1990a Toxicological Profile for 
Dibenz(a,h)anthracene. U.S. Department of Health and Human Services, Public Health 
Service, Atlanta 

ATSDR (Agency for Toxic Substances and Disease Registry). 1990b. Toxicological 
Profie for Cresols: o-cresol, p-cresol, m-cresol. U.S. Department of Health and Human 
Services, Public Health Service, Atlanta 

ATSDR (Agency f a  Toxic Substances and Disease -). 199Oc. Toxicological Profile for Copper. 
ATSDRRP-90-08. Syracuse Research Corporation for ATSDR, U.S. Public Health Service, 
Atlanta. 

ATSDR (Agency for Toxic Substances and Disease Registry). 1992. Toxicological Profllejb Boron. 
U.S. Department of Health and Human Services, Public Health Service, Atlanta. 

ATSDR (Agency f a  Toxic Substances and Disease RepiS.try). 1993a. Toxicological Profile for Aldrin. 
U.S. Department of Health and Human Services, Public Health Servicey Atlanta. 

ATSDR (Agency for Toxic Substances and Disease Rem). 1993b. Toxicological Profiefor 
Polychlorinated Biphenyls. US. Department of Health and Human Services, Public Health 
Service, Atlmta 

ATSDR (Agency f a  Toxic Substances and Disease Regktry). 1994. Toxicological Projle for 4,4DDr 



1 1 4  

4,4'-DDE: 4&DDD. U.S. Department of Health and Human Services, Public Health Service, 
Atlanta. 

Aughey, E., L. Grant, B. L. Furman, and W. F. Dryden. 1977. "The Effects of Oral Zinc 
Supplementation in the Mouse." J Comp. Pathol. 871-14. 

Aulerich, R J., and R K. Ringer. 1977. "Current Status of PCB Toxicity Including Reprdwtion in 
Mink" Arch. Environ. Contam. Toxicol. 63279-292. 

Aulerich, R J., and R K. Ringer. 1979. "Toxic Effects of Dietary Polybrominated Biphenyls on Mink" 
Arch. Environ. Contam. Toxicol. 8~487-498. 

Aulerich, R J., R K. Ringer, H. L. Seagran, and W. G. Youatt. 1971. "Effects of Feeding Coho 
Salmon and Other Great Lakes Fish on Mink Reproduction." Can. J h l .  49:611-616. 

Auleaich, R J., R K. Ringer, and S. Iwamoto. 1973. "Reproductive Failure and Mortality in Mink Fed 
on Great Lakes Fish." J Reprod. Fertil. Suppl. 19:365-376. 

Aderich, R J., R K. Ringer, and S. Iwamoto. 1974. "Effects of Dietary Mercury on Mink" Arch. 
Environ. Contam. Toxicol. 2:43-5 1. 

Aulerich, R J., R K. Ringer, M. R Bleavins, et al. 1982. "Effects of Supplemental Dietary Copper on 
Growth, Reprociuctive Performance and Kit Survival of Standard Dark Mink and Acut Toxicity 
of Copper to Mink"J h i m .  Ski. 55:337-343. 

Aulerich, R I, and R K. Ringer. 1984. "Effects of Chronic Dietary Hexachlorobenzene Exposure on the 
Reproductive Pdormance and Survivability of Mink and European Ferrets." Arch. Em-ron. 
Contam. Toxicol. 13:357-365. 

Azar, A, H. J. Trochimowicz, and M. E. Maxwell. 1973. "Review of Lead Studies in Animals Carried 
Out at Haskell Twa-Year Feeding Study and Response to Hemorrhage Study." pp. 
199-210. In D. Barth et al. (eds.), Environmental Health Aspects of Lead: Proceedings, 
International Symposium. Commission of European Communities. 

Baa, C. F., IU, R D. Sharp, A. L. Sjoreen, and R W. Shor. 1984. A Review and Analysis of 
Parameters for Assessing Transport of Environmentally Released Radionuclihs Through 
Agriculture. ORNG5786. Oak Ridge National Laboratory, Oak Ridge, Tena September. 

Baker, D. A., and J. K. Soldat. 1992. Methodsfor Estimating Doses to Organismsfiom Radioactive 
Materials Released into the Aquatic Environment. PNL-8150. Batklle Pacific Northwest 
Laboratories, Richtand, Wash. 

Bamett, M. O., and R R Tumer. 1995. Bioavailability ofMercury in East Forkpoplar CreeksOils. 
YER-215. Oak Ridge National Laboratory, Oak Ridge, Tenn. 

Me&, R J., and B. James. 1979. "Behavior of Chromium in Soils: III. Oxidation." J Environ. Qual. 
8:3 1-35. 



11-5 

Bates, J. A., D. L. Dycus, and G. E. Hall. 1992. ReservoirMonitoring - 1991: Fish Tissue Studies in 
the Tennessee Valley in 1990. TVA/WR-92/7. Tennessee Valley Authority, Chattanooga, 
Tenn. 

Bates, L. D. 1983. Radioactive Solid Waste Storage and Disposal at Oak Ridge National Laboratory, 
Description and safety Analysis. O w - 8 2 0 1 .  Oak Ridge National Laboratory, Oak 
Ridge, Tenn. 

Beal, F. E. L. 1918. Food Habits of the Swallows, A Family of Valuable Native Bira3. Bulletin No. 
619: 1-28. U.S. Department of  Agricu l t~~  

BEIR (Biological Effects of  Ionizing Radiations). 1990. Health Effects of Exposure to Low Levels of 
Ionizing Radiation. BEIR V. National Academy Press, Washington, DC. 

Belwood, J. J., and M. B. Fenton. 1976. "Variation in the Diet of Mptis lud@gas (Chiroptera: 
Vespertilionidae)." Can. J .  Zool. 54: 1674-1678. 

Benoit, D. A. 1975. "chronic Effects of Copper on Survival, Growth, and Reproduction of the Bluegill 
(Lepomis macrochirus)." Trans. Am. Fish. Soc. 1W353-358. 

Bensen, W. H., et al. 1994. "Synopsis of Discussion Section on the Bioavailability of Inorganic 
Contaminants." pp. 63-71. In J. L. Hamelink, P. F. Landnrm, H. L. Bergman, and W. H. 
Benson (e&.>, Bioavailability: Physical, Chemical and Biological Interactions. Lewis 
Publishing, Boca Raton, Fla. 

Bedin, M. 1979. ''M-." pp. 503-530. In L. Fnberg (ed.), Handbook on the Toxicology ofA4ietals. 
Elsevier Press, New York 

Berlin, W. H, R J. Hesselberg, and M. J. Mac. 198 1. Growth andMortality of F v  of Lake Michigan 
Lake Trout During Chronic Exposure to PCB 's and DDE. Tech. Pap. U.S. Fish Wildl. Ser. 
105: 11-22. 

Bevelhbx, M. S., and S. M. Adams. Assessing Contaminant Distribution and Effects in a Reservoir 
Fishery. Third National Reservoir Fisheries Symgosium, Chattanooga, Tenn. (in press). 

Bichell, B. R, J. C. Imhoe J. L. Kittle, Jr., A. S. Donigm, Jr., and R C. Johansen. 1993. Hydrologic 
Simulation Progran+FortranD User's Manual for Release 10. EPA l6OOlR-93I 174. 
Environmental Research Office, U.S. Envirmental Protection Agency, Athens, Ga. 

Biesinger, K. E., and G. M. Christensen. 1972. "Effects of Various Metals on Survival, Growth, 
Reproduction andMetabolism OftheDaphnia magna." J Fish. Res. Bd Can.29:1691-1700. 

BiomedicatandEnvinmmental Analysis Section. 1994a Toxicity Values for Use in Hazardous Waste 
RiskAssessment andRemedation. Vol. I. ESERJTM-76. Health Sciences Research Division, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. 

Biomedical and Environmental Infomution Analpiis Section. 1994b. Toxicity Profiles for Use in 
Hazardous Waste RiskAssessment andRemdiation. Vol. I. E S E W - 7 7 .  Health Sciences 
Research Division, Oak Ridge N a t i d  Laboratory, Oak Ridge, Tenn. 



11-6 

Blamkg D I,., U. B. Blackwood, W. C. Supplee, and G. F. Combs. 1960. "Effect of Zinc Deficiency 
in Hens on Hatchability and Embryonic. Development." hoc.  SOC. E q .  Biol. Med, 
1M217-220. Cited in Eisler 1993. 

B l a y l ~  B. G., and J. R Trabalka. 1978. "Evaluating the Effects of Ionizing on Aquatic Organisms." 
7103-152. In J. T. Lett and H. A l k  (eds.), Advances in Radiation Biology. Academic Press, 
New York. . .  

Slaylock, B. G., M. L. Frank, L. A. Hook, F. 0. Hofhan, and C. J. Ford 1993a. mite  Oak Creek 
Embayment Site Characterization and Contaminant Sbreening Analysis. ORNWER-8 1. Oak 
Ridge National Laboratory, Oak Ridge, Tenn. 

B l a y l ~  B. G., M. L. Frank, and B. R O'Neal. 1993b. Methodology for Estimating Radiation Dose 
Rates to Freshwater Biota Exposed to Radionuclides in the Environment. ESERA'M-78. 
Oak Ridge National Laboratory, Oak Ridge, Tenn. 

Blayloclz B. G., C. C. Brandt, R B. Cook, M. L. Frank, S. K Holladay, L. A. Hook, E. R Sain, J. L. 
Keith, and G. W. Suter. 1994. The Utility of Existing Data Sets for Conducting a CERCLA 
Baseline Risk Assessment for Lower Watts Bar Reservoir and an Analysis of mantitation 
Limits. Oak Ridge National Laboratory, Oak Ridge, Tenn. 

Bleavins, M. R, and R J. Aulerich. 1981. "Feed Consumption and Food Passage Time in Mink 
(Ahstela vison) and European Fearets f&tvsteibputoriusjiiro)." Lab. h i m .  Sei. 3 1:268-269. 

Bleavins, M. R, R J. Auleaich, andR K Ringer. 1980. "Polychlorkted Biphenyls (Aroclors 1016 and 
1242): Effects on Survival and Reproduction in Mink and Ferrets." Arch. Environ. Contam. 
Toxicol. 9(5):627-635. 

Bogan, A. E., and P. W. Parmalee. 1983. Tennessee's Rare Wildrife, Volume II: The Mollusks. 
Tennessee Wildlife Resources Agency, Nashville, Tenn. 

Bonelleca, J. F., L. W. Dondie, Jr., and J. L. Egle, Jr. 1988. Short-term toxicity (one and ten-day 
gavage) of barium chloride in male and female rats. J American College of Toxicology. 7 
675-85. 

Boyilea, R, V. R Pot&, and C. A Elvehjem. 1938. "EEEffect of Feeding High Levels of Copper to Albino 
Rats." J Nun. 15(4):397-402. 

B~AL.,C.C.Brandt,K.A.Rose,RB.Codc,andM.A.Wood 1992."ACornparisonofTwo 
Methods for Estimating Spatial Patterm of Sediment Accumulation in the Clinch Riva-Watts 
Bar Reservoir System." pp 78-81. In F. Quinones and K. L. Hoadley (eds.), Fifth Tennessee 
Water Resources Symposium. American Water Resources Association, Nashville, Tenn. 

B~M.F.,D.E.Becker,S.W.T~andA.H.Jensen.l959."ZincToxi~tyintheWeanlingPig." 
J.  h i m .  Sci. 18:836-842. 

Brown, A. M., G. D. Jenkins, and G. D. Hickman 1993. Reservoir Monitoring - 1992. Summary of 
Fish Community Results. Tennessee Valley Authority, Norris, Tenn. 



11-7 

Brown, D. A., R W. Gossett, G. P. Hershelman, C. F. Ward, A. M. Westcott, and J. N. Cms. 1986. 
"Municipal Wastewater Contamination in the Southern California Bight: 1. Metal and Organic 
Contaminants in Sediments and Organisms."Mar. Environ. Res. 18:291-310. 

Broyex, T. C., C. M Jdmson, and R P. Hustoa 1972. "Selenium and Nutrition of Astragalus. I. Effects 
of Selenite or Selenate Supply on Growth and Selenium Content." Plant Soil 36:635-649. 

B a ,  G. M, J. E. Buddenbaum, J. K. Lamb, and T. E. Widner. 1993. Dose Reconstruction Feasibility 
Study, Volume LI - Part A. Tennessee Department of Health, Division of Environmental 
Epidemiology, Nashville, Tena 

Burgess, S. A, and J. R Bider. 1980. "Effects of Stream Habitat Improvements on Invertebrates, Trout 
Populations, and Mink Activity." J Wildl. Manage. 44:871-880. 

Burt, W. H., and R .P. Grossenheider. 1976. A Field Guide to the Mammals of America North of 
Mexico. 3rd ed, Houghton Mifnin Co., Boston. 

Cain, B. W., L. Sileo, J. C. Franson, and J. Moore. 1983. "Effects of Dietary Cadmium on Mallard 
Ducklings." Emiron. Res. 32286-297. 

Calabrese, E. J., R J. Aulerich, and G. A. Padgett. "Mink as a Predictive Model in Toxicology. Drug 
Metab. Rev (in press). 

Calk,  W. A, and E. J. Braun. 1983. "Scaling of Osmotic Regulation in Mammals and Birds." Am. J 
Physiol. 224:Rr601-R606. 

Callazo, J. A. 1985. "Food Habits of Nesting Great Blue Herons at Heyburn State Park, Idaho." 
Northwest Sci. 59:144-146. 

Camardese, M B., D. J. Hoffinrm, L. J. LeCaptain, and G. W. Pendeton. 1990. "Effects of Arsenate on 
Growth and Physiology in Mallard Ducklings." Environ. Toxicol. Chem. 9:785-795. 

Cameron, L L., W. C. Lawrence, and J. B. Lum. 1985. "Medaka Eggs as a Model System for Screening 
Potential Temtogem." pp. 239-243. In Prevention ofPhysica1 andMental Congenital bficts, 
Part C: Basic andMedica1 Science, Education and Future Strategies. Alan R Liss, Inc., 

Campbell, P. G. C., and P. M. Stokes. 1985. "Acidification and Toxicity of Metals to Aquatic Biota." 
Can. J Fish. Aquat. Si. 42:2034-2049. 

Carlscm, R W., D. S. Adrho, K. S. Sa- S. L. Abek, D. P. Thoma, and J. T. Driver. 1991. "Effects 
of Selected Trace Metals on Gemmaim ' g Seeds of Six Plant Species." Water Air Soil Pollut. 
5923 1-240. 

Carrigan, P. H., Jr., and R J. Pickering. 1967. Radioactive Materials in Bottom Sdiment of Clinch 
River: Part B, Imz?ntovofha3onuclides in Wsturbed Cores. 0-3721 Suppl. 2B. Oak 
Ridge National Laboratory, Oak Ridge, Tenn. 

Canigiq P. R, Jr., R J. Pickering, T. Tmura, and R Forbes. 1967. Radioactive Materials in Bottom 
Sediment of Clinch River: Part A, Investigations of Radionuclides in Upper Portion of 
Sediment. ORNL-3721 Suppl. 2A. Oak Ridge National Laboratory, Oak Ridge, Tena 



11-8 

Chapman, G. A., S. Ota, and F. Recht. 1980. Efects of Water Hardness on the Toxicity ofMetals to 
Daphnia magna (Status Report-Sept. 1980). U.S. Environmental Protection Agency, 
corvallis Environmental Research Laboratory, Corvallis, Oreg. 

Chapman, H. D. 1966. "Zinc." In H.D. Chapman (ed.), Diagnostic Criteria for Plants and Soils. 

Chapman, J. A., J. G. Hockman, and M. M. Ojeda C. 1980. "Sylvilagussfloridanus." Mamm. Species 
1361-8. 

Cheek, T. E., M. J. Van Den Avyle, and C. C. Coutant. 1985. "Muences of Water Quality on 
Distribution of Striped Bass in a Tennessee River Jmp~undment.'~ Transactions of the 
American Fisheries Society 114: 67-76. 

Churchill, M. A., J. S. Cragwall, Jr., R W. Andrew, and S. L. Jones. 1965. Concentrations, Total 
Stream Loads, andMass Transport of Radionuclides in the Clinch and Tennessee Rivers. 
ORNG3721, Suppl. 1. Oak Ridge National Laboratory, Oak Ridge, T m  

Clark, D. R, Jr. 1978. 'Uptake of Dietary PCB by Pregnant Big Brown Rats (Eptesicusficscus) and 
their fetuses." Bull. Environ. Contam. Toxicol. 19: 707-14. 

Clark, D. R, Jr., P. A Ogasmim, G. J. Smith, and H. M. Ohlendorf. 1989. "Selenium Adulation by 
Raccoons Exposed to higation Drainwater at Kesterson National Wildlife Refuge, California, 
1986." Arch. Environ. Contam. Toxicol. 18:787-794. 

Cloud, J. G. 1981. "Rapid Communication: Deoxywdcosterone-Jndd Premcious Hatching of 
Teleost Embryos." J Exp. %I. 216197-199. 

Collins, J. C. 1981. "Zinc." pp. 145-170. In N. W. Lepp (ed.), Efects OfHeavyMetal Pollution on 
Plants, Volume 1 : Eflects of Trace Metals on Plant Function. 

Cook, R B., S. M. Adams, J. J. Beadamp, M. S. B e v e b ,  B. G. Slaylock, C. C. Brandt, C. J. Ford, 
M.L. Frank,M. J. Gentry, S. K.Holladay,L.A.Hook,D.A.Levine,R C.Longman,C. W. 
McGirm, J. L. Skiles, G. W. Suter, and L. F. Williams. 1992. Phase 1 Data Summary Report 
for the Clinch River Remedial Investigation: Health Risk and Ecological Risk Screening 
Assessment. ORNUER-155. Oak Ridge National Laboratory, Oak Ridge, Tena 

Cook, R B., et al. 1993. Phase 2 Sampling andhalysis Plan, Quality Assurance Project Plan, and 
Health and Safety Plan for the Clinch River Remedial Investigation: An Addendum to the 
Clinch River RCM Facility Imestigation Plan. 

Cooper, K R, H Liu, P.-A Bergqvist, and C. Rappe. 1991. "Evaluation of Baltic Herring and Icelandic 
Cod Liver Oil for Embryo Toxicity, Using the Japanese Medaka (Opias  latipes) Embryo 
Larval Assay.' Environ. Toxicol. and Chem. 10:707-714. 

Cottrell, W. D. 1960. Radioactivity in Silt of the Clinch and Tennessee Rivers. 0-2847. Oak 
Ridge National Laboratory, Oak Ridge, Term. 

Cuwser, K. E. and W. S. Snyder. 1966. safety Analysis OfRadionucZide Release to the Clinch River. 
0-3721 Suppl. 3. Oak Ridge Natiod Laboratory, Oak Ridge, Tena 

-- . 



11-9 

Cunningham, G. N., and M. B. Wise, and E. R Bani&. 1966. "Effect of High Dietary Levels of 
Manganese on the Performance and Blood Constituents of Calves." J h i m .  Sci. 25: 532-538 

Custer, T. W., and G. H. Heinz 1980. "Reproductive Success and Nest Attentiveness of Mallard Ducks 
Fed Aroclor 1254." Environ. Pollut. (Series A) 21:313-318. 

Dahlgren, R B., R L. Linder, and C. W. Carhn. 1972. "Polychlorinated Biphenyls: Their Effects on 
Penned Pheasants." Environ. Health Perspect. 1389-101. 

Dalke, P. D., and P. R S h e  1941. "Food Habits of the Eastern and New England Cottontails." J 
Wildl. Manage. 5216-228. 

Daniel, W. W. 1987. Biostatistics: A Foundation forhabsis  in the Health Sciences. 4th ed. John 
Wilq and Sons, New Yo& 

Dave, G. 1984. "Effects of Waterborne Iron on Growth, Reproduction, Survival and Haemoglobin in 
Daphnia magna." Comp. Biochem. Physiol. 78C433-438. 

de Boea. 1988. "Chlorobiphenyls in Bound and Non-bound Lipids of Fishes; Comparison of Dif€erent 
Extraction Methods." Chemosphere 17: 1803-18 10. 

DeBuchananne, G. D., and R M. Richardson. 1956. Ground-Water Resources of East Tennessee. 
Division of Geology Bulletin 58, Part I. Tennessee Department of Conservation, Nashville, 
Tenn. 

Deciisioneering, Inc. 1994. Crystal Ball: User's Guide. Denver, &lo. - 
DeFoe, D. L., G. D. Veith, and R W. carlsoa 1978. "Effects of Aroclor 1248 and 1260 on the Fathead 

Minnow (Pimephalespromelas)." J Fish. Res. Board Can. 35:997-1002. 

R M., G. M. Witman, J. W. Lanier, B. J. Hill, and J. M. Keniston. 1981. Forest Habitatfor 
Birds of the Northeast. U.S. Department of Agriculture Forest Service, Northeast Forest 
Expxhent Station and Eastem Region. 

Dew& L. E., andk R Swoboda. 1972. "Arsenic Toxicity to Cotton and Soybeans." J Environ. Qual. 
1:317-20. 

Dey, S., and S. Bhattacharya. 1989. "Ovarian Damage to Channapunctatus After Chronic Exgxxure 
to Low Concentrations of Elsan, Mercuy, and Ammonia" Ecotoxicol. Environ. saf: 
17247-257. 

Dial, N. 1978a. "Methylmermy: Some Effects on Embryogenesis in the Japanese Medaka, was 
latipes." Teratology 1783-92. 

Dial,N. 1978b. "Some Effm of Methylmenmy on Development of the Eye in Medaka Fish." Growth 
42:309-318. 

DiToro, D. M. 1985. "A Particle Jnteraction Model of Reversible Organic Chemical Sorption." 
Chemosphere 14:1503-1538. 



11-10 

Dixon, R K 1988. ''Rqnmse of Ectomycorrhizal Quercus kbra to Soil Cadmium, Nickel and Lead." 
Soil Biol. Biochem. 20(4):555-59.. 

DOE (U.S. Department of Energy). 1979. Environmental Assessment of the Oak Ridge Gaseous 
Diffirsin Plant Site. DOE/EA-0106. 

DOE (U.S. Department of Energy). 1987. Remedial Actions Priority Systems (RAP9 Mathematical 
Formulations. DOW87-06 .  

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

DOE (U.S. Department of Energy). 1990. DOE Order 5400.5, Radiation Protection of the Pub& and 
Environment. 

DOE (U.S. Department of Energy). 1992. Environmental Monitoring Plan for the Oak Ridge 
Reservation, USLIOE-OR. DOWOR-1066. 

DOE (U.S. Department of Energy). 1993a. Final Report on the Background Soils Characterization 
Project at the Oak Ridge Research Reactor, Oak Ridge, Tennessee. DOWOWOI-1175. 
octok. 

DOE (U.S. Department of Energy). 1993b. Phase 2 Sampling and Analysis Plan, Quality Assurance 
Project Plan, and Health and Safety Plan for the Clinch River Remedial Investigation: An 
Addenmrm to the Clinch River RCRA Facility Investigation Plan. DOWOIUO 1-1 11 1D3. July 
1993. 

DOE (US. Department of Energy). 1994a Addendum to the East Fork Poplar Creek - Sewer Line 
Beltway Remedial Investigation Report. DOE/OIUO2-1119&D2/Al/Rl. 

DOE (U.S. Department of Energy). 1994b. Addendum to the Phase 2 Sampling and Analysis Plan for 
the Clinch River Remedial Investigation. DOWO~Ol-l254&Dl. 

DOE (U.S. Department of Energy). 1994c. Oak Ridge Reservation Site Management Plan for the 
Environmental Restoration Program. DOWOR-100 1lR3. 

DOE (U.S. Department of Energy). 1995. Remedial Investigatiofleasibility Study Report for Lower 
Watts Bar Reservoir Operable Unit. DOWOIUOl-l282&D4. 

Dowdyy S., and S. Wearden. 1983. Statistics for Research. John Wiley and Sons, New Yo& 

D i n k ,  IC, and P. Drinker. 1928. "Metal Fume Fever: V. Results of the Inhalation by Animals of Zinc 
and Magnesium Oxide Fumes." J Ind. Hyg. 10:5&70. Cited in ATSDR 1989. 

Drinker, K. R, P. K. Thompson, and M. Marsh. 1927. "An Investigation of the Effect of Long 
Continued Ingestion of Zinc, in the Form of Zinc Oxidey by Cats and Dogs, Together with 
Observations upon the Excretion and Storage of Zinc." Am. J Physiol. 80:3 1-64. 

b e ,  L. J. 1990. Nutrition Almanac. 3rd ed.'Nuhition Search, Inc., John D. Kirschmann, &&r. 
McGraw HiU, 



11-1 1 

Dunning, J. B. 1984. Bo@ Weights of 686 Species ofNorth American Birdr. Western Bird Banding 
Association Monograph No. 1. Eldon Publishing Co., Cave Creek, Ariz. 

Dunstone, N. 1993. TheMink. T&AD Poyser, London. 

Dycus, D. L. 1989. PCB Studies on Fish from Watts Bar, Ft. Loudoun, Tellico and Chilhowee 
Reservoirs, I987. TVNAWR -8940. Tennessee Valley Authority, Water Resources, 
Chattanooga, Tenn. 

Dycus, D. L. 1990. PCB Studies on Fish from Watts Bar, Ft. Loudoun, Tellico and Chilhowee 
Reservoirs, 1988. TVA/W€UAB-90/11. Tennessee Valley Authority, Water Resources, 
Chattanooga, Tenn. 

Dycus, D. L., and G. D. Hickman. 1988. PCB Levels in Fish from Fort Loudoun Reservoir, Fort 
Loudoun Tailrace, Tellico Reserwir, and clhilhowee Reserwic Autumn 1986 to Winter 1987. 
TVA/ONRJ2D/AWR-88/19. Tennessee Valley Authority, Water Resources, Knoxville, Tenu 

Dyw, D. L., and D. L. Meinert. 1990. ReservoirMonitoring - 1990: Summary of Vital Statistics and 
Use Impairment Monitoring on Tennessee Valley Reservoirs. Tennessee Valley Autho~ity, 
Chattanooga, Tenn. 

Dycus, D. L., and D. L. Meinert. 199 1. Reservoir Monitoring - 1990: Summary of Vital Statistics and 
Use Impairment Monitoring on Tennessee Valley Reservoirs. Tennessee Valley Authority, 
Chattanooga, Tenn. 

Eagar, D. C., and R M. Hatcher. 1980. Tennessee's Rare Wildlije, Volume I: The Vertebrates. 
Tennessee Wildlife Resources Agency,Nashville, Tenn. 

Eberhardt, L., T. J. Peterle, and R Schofield 1963. "Problems in a Rabbit Population Study."Wildl. 
Monog. No.10:6-7. 

I 

Eckemm, R F., and J. C. Rymaa 1993. External Exposure to Radionuclides in Air, Water, and soil. 
F W  GuidanceReportNo. 12. EPA 402-R-93-081. U.S. Environmental Protection Agency. 
Oak RidgeNational Laboratory, Oak Ridge Tenn. 

Eacerman and Ymg 1980. AMeth&Iogy@r Calculating Residual Radioactivity Leveh Following 
Decommissioning. NUREG-0707. U.S. Nuclear Regulatory Commission. Washington, D.C. 

Edens, F. W., E. Benton, S. J. Bursian, and G. W. Morgan. 1976. "Effect of Dietary Lead on 
Reproductive Performance in Japanese Quail, Coturnix coturnix japonica." Toxicol. Appl. 
Pharmacol. 38:307-3 14. 

Edmonds, G. F., Jr., S. L. Jensen, and L. Bernes. 1976. Mayjlies of North America. University of 
Minnesota Press, Minneapolis. 

Egli, D., D. Comer, R Erikson, C, Garcia, M. Z a m o d ,  C. Richmond, and R Collier. 1985. The 
Report of the Joint Task Force on Uranium Recycle Materials Processing. DOWOR-859, 
DE88 012848. Cited in Bruce, G.M, J.E. Buddenbaum, J.K. Lamb, and T.E. Widner 1993. 
Dose Reconstruction Feasibility Stu& Volume II-Part A. Tennessee Department of Health 
Division of Environmental Epidemiology, Nashville, Tenn. 



11-12 . 

Ehrlich, P. R, D. S. Dobkin, and D. Wheye. 1988. The Birder's Handbook: A Field Guide to the 
Natural Histov ofhorth American Birdr. Simon and Schuster, Inc., New York. 

Eichholz, G. G. 1983. "Source Terms for Nuclear Facilities and Medical and Industrial Sites." In J. E. 
Till andH RMeyer (eds.), RadiologicalAssessment. NURJJWCR-3332, ORNL. U.S. Nuclear 
Regulatory Commission, Washington, D.C. 

Eisler, R 1985a Cadmium Hazardr to Fish, Wildire, and Invertebrates: A Synoptic Review. U.S. 
Fish Wildl. Serv. Biol. Rep. 85(1.2). 

Eisler, R 1985b. Selenium Hmrak to Fish, WiMije, andlmertebrates: A Synoptic Review. U.S. Fish 
Wildl. Serv. Biol. Rep. 85(1.5). 

Eisler, R 1986. Polychlorinated Biphenyl Hazards to Fish, Wildlife, and Invertebrates: A Synoptic 
Review. U.S. Fish Wildl. Serv. Biol. Rep. 85(1.7). 

Eisler, R 1987.MermryHazardr to Fish, Wildlije, andhvertebrates: A Synoptic Review. U.S. Fish 
Wildl. Serv. Biol. Rep. 85(1.10). 

Eisler, R 1988a Lead Hazards to Fish, Wildlife, and Invertebrates: A Synoptic Review. U.S. Fish 
Wildl. Serv. Biol. Rep. 14. 

Eisla, R 1988b.henic Hmrak to Fish, Wildlije, andhvertebrates: A Synoptic Review. U.S. Fish 
Wildl. Serv. Biol. Rep. 85( 1.12). 

Eisler, R 1993. Zinc Hazardr to Fish, WiM@, andhertebrates: A Synoptic Review. U.S. Fish Wild. 
Serv. Biol. Rep. 85(1.26). 

Elser, J. J., and B. L. KimmeL 1985. "Nutrient Availability for Phytoplankton Production in a Multiple 
Impounded Series." Can. JFish. Aquat. Ski. 42(8): 1359-1370. 

Energy Systems (Martin Marietta Energy Systems, Inc.). 1990. Clinch River RCRA Facility 
Investigation Plan. ESER-lDl. Oak Ridge National Laboratory, Oak Ridge, Tenn. 

Energy Systems (MartinMarietta Energy Systems, Inc.). 1991. OakRidge Reservation Environmental 
Monitoring Report for 1990.2 vol. EWESH-18. Oak Ridge, T m  

Energy Systems (Martin Marietta Energy Systems, Inc.). 1992. OakRidge Reservation Environmental 
Monitoring Report for 1991.2 vol. EWESH-22. Oak Ridge National Laboratory, Oak Ridge, 
Tenn. 

Energy Systems (Martin Marietta Energy Systems, Inc.). 1993. OakRidge Reservation Environmental 
Monitoring Report for 1992.2 vol. EWESH-3 1. Oak Ridge National Laboratory, Oak Ridge, 
Tenn. 

Energy Systems (Martin Marietta Energy Systems, Inc.) 1993a. Japanese Medaka Embryo-Larval 
Toxicity Tests. Clinch River Environmental Restoration Program Procedure, Rev. 0. ER/CR- 
SOP2162. Oak Ridge National Laboratory, Oak Ridge, Tenn. 



' I  11-13 

Energy Systems (Martin Marietta Energy Systems, Jnc.) 1993c. M-I16 Health, safety, and 
Environmental Protection Procedure for Excavating Operations. Martin Marietta Energy 
Systems, Inc., Oak Ridge, Tenn. 

Energy Systems (Martin Marietta Energy Systems, Inc.) 1994. Heron Monitoring and Collection 
Procedures. Clinch River Environmental Restoration Program Procedure, Rev. 1, EWCR- 
SOP2180. Oak Ridge National Labomtay, Oak Ridge, Tenn. 

Energy Systeins (Martin Marietta Energy Systems, lnc.) 1995. Heron Necropsy, E'E;ramination, and 
Z?ssueAnalps. Clinch River Environmental Restoration Program Procedure, Rev. 2, EWCR- 
SOP2190. Oak RidgeNational Laborato~~, Oak Ridge, Tenn. 

EPA (U.S. Environmental Protection Agency). 1975. Preliminary Investigation of Eflects of Boron, 
Indium, Nickel, Selenium, Tin, Vanadium, and Their Compounds, Vol, m, Vanadium. 

EPA (U.S. Environmental Protection Agency). 1980a. Ambient Water Quality Criteria for 
Polychlorinated Biphenyls. EPA 440/5-80-068. Washington, D. C. 

EPA (US. Environmental Protection Agency). 1980b. "Guidelines and Methodology Used in the 
Preparation of Health Effects Assessment Chapters of the Consent Decree Water Quality 
Criteria Documents." Fed Regist. 45(23 1):79347-79356. 

EPA (U.S. Enviromaental prdection Agency). EPA-560/2-75-005f. Cited in EPA. 1980b. A Screening 
Procedure for the Impacts of Air Pollution Sources on Plants, Soils, and Animals. EPA 

EPA (U.S. Environmental Protection Ag&cy). 198Oc. Ambient Water Qua@ Criteria for Silver. 

450/2-81-078. Wdi~~gh, D.C. 

Office of Water, Washington, D.C. 

EPA (U.S. Environmental Protection Agency). 198Od. Ambient Water Quality Criteria for Phthalate 
Esters. EPA 440/5-80-067. Washington, D.C. 

EPA (U.S. Environmental Protection Agency). 1982. Pesticide Assessment Guidelines, Subdivision E, 
H m r d  Evaluation: Wildlife OndAquatic Organisms. EPA-54019-82-024. Office of Pesticide 
Programs, Washington, D.C. 

EPA (US. Environmental Protection Agency). 1984. Health Eflects Assessment for Zinc (and 
Compounds). EPA/540/1-86-048. Office of Research and Development, Washington, D.C. 

EPA (U.S. Environmental Protection Agency). 1985a Refrence Values for Risk Assessment. 
Environmental Criteria and Assessment Office, Cincinnati. 

EPA (U.S. Enviromnental Protection Agency). 1985b. Ambient Water Quality Criteriafor Ammonia - 
1984. EPA/440/5-85-001. Washington, D.C. 

EPA (US Environmental Protection Agency). 1985c. Ambient Water Quality Criteria for Cadmium. 
EPA 440/5-84-032. Office of Water, Washington D.C. 

EPA (U.S. Environmental Protectioa Agency). 1985d. Ambient Water Quality Criteria for Chromium. 
EPA 440/5-80-035. Washington, D.C. 



11-14 

EPA (US. Environmental Protection Agency). 1985e. Ambient Water Quality Criteria for Copper - 
1984. EPA 440/5-84-031. Washington, D.C. 

EPA (U.S. Environmental Protection Agency). 1985f Ambient Water Quality Criteria for Mercury - 
1984. EPA 440/5-84-026. Office of Water Regulations and Standards, Washington, D.C. 

EPA (U.S. Enviromnental Protection Agency). 1985g. Ambient Water Quality Criteriafir Lead - 1984. 
EPA 440/5-84-027. Washington, D.C. 

EPA (US Enviromneatal Protection Agetacy). 1986a TestMethoch for Evaluating Solid Waste. Office 
of Solid Waste and Emergency Response, Washington, D.C. 

EPA (U.S. Enviromnental Protection Agency). 1986b. Quality Criteria for Water. EPA440/5-86-001. 
Office of Water Regulations and Standards, Washington, D.C. 

EPA (US. Environmental Protection Agency). 1986c. Ambient Water Quality Criteria for Nickel - 
1986. EPA 440/5-86-004. Washington, D.C. 

EPA (US Enviromnental protection Agency). 1987. Ambient Water Quality Criteria for Zinc - 1987. 
EPA 440/5-87-003. Washington, D.C. 

EPA (U.S. Enviromnental Protection Agency). 1988a Interim Sediment Criteria Values for Nonpolar 
Hydophobic Organic Contaminants. SDC#17. Office of Water Regulations and Standards, 
Washington, D.C. 

EPA (US. Environmental Protection Agency). 1988b. Laboratory Data Validation Functional 
Guidelines for Evaluating Organics Analyses. Washington, D.C. 

EPA (US. Environmental Protection Agency). 1988c. Laboratory Data Validation Functional 
Guidelines for Evaluating Inorganics Analyses. Washington, D.C. 

EPA (U.S. Environmental Protection Agency). 1988d. Methodology for Evaluating Potential 
Carcinogenicity in Support OfReportabIe Quantity Adjustments Pursuant to CERCLA Sec. 
IO2.OHEA-C-073. Office of Health and Environmental Assessment, Washington, D.C. 

EPA (US. EHY' ' d Protection Agency). 1988e. Ambient Water Quality Criteria for Aluminum. 
EPA 440/5-86-008. Washington, D.C. 

EPA (U.S. Environmental Protection Agency). 1988f. Guidance for Conducting Remedial 
Investigations and Feasibility Studies Under CERCLA. EPA 540/5-89/004. Office of Solid 
Waste and Emergency Response Directive 9355.3-01. 

EPA (U.S. Environmental Protection Agency). 1989a Exposure Factors Handbook EPA/600/8- 
89/043. office of Health and Environmental Assessment, Washington, D.C. 

EPA (US. Environmental Protection Agency). 1989b. Brieflng Report to the EPA Science Advisory 
Board on the Equilibrium Partitioning Approach to Generating Sediment Quality Criteria. 
EPA 440/5-89-002. Washington, D.C. 



11-15 

EPA (U.S. Environmental Protection Agency). 1989c. Risk Assessment Guidance for Superfirnd, 
Volume I: Human Health Evaluation Manual (Part A) Interim Final. EPA/540/1-89/002. 
Office of Emexgency and Remedial Response, Washington, D.C. 

EPA (U.S. Environmental Protection Agency). 1990. Guidance on Remedial Actionsfor Superfirnd 
Sites with PCB Contamination. EPA/540/G-90/007. Office of Emergency and Remedial 
Response, Washington, D.C. 

EPA (U.S. Environmental Protection Agency). 1991a Human Health Evaluation Manual, 
Supplemental Guidance; ~&dLWaul tEpsure  Factors. OSWER Directive 9285.6-03. 
Washington, D.C. 

EPA (U.S. EnvircHmkental Protection Agency). 1991b. UptMiokineticModel for Lead. Version 0.50. 
Environmental Criteria and Assessment Office, Cincinnati. Janmy. 

EPA (U.S. Enviromnental protection Agency). 1991c. M d u m  from the USEPA, Region IV Dated 
March 20,1991 to Hazardous Waste Contractor fiom Elmer W. Akin, Health Assessment 
Officer. Subject: Region N Risk Assessment Guidance. 

EPA (U.S. Environmental Protection Agency). 1991d TestMethodr for Evaluating Solid Wmte. 3rd 
ed. SW-846. Washington, D.C. 

EPA (U.S. Environmental Protection Agency). 1992. Criteria Charts. December update, Region IV 
Water Management Division. 

EPA (U.S. Environmental Protection Agency). 1993a Health Eflects Assessment Summary Tables. 
Office of Research and Development and Office of Emergency and Remedial Response, 
Washington, D.C. 

EPA (U.S. Enviromnental Protection Agency). 1993b. Sediment Quality Criteria for the Protection of 
Benthic Organisms: Acenaphthene. EPA-822-X 93-013. Office of Science and Technology, 
Washington, D.C. 

EPA (U.S. Enviromneatal Protection Agency). 1993c. Sediment Quality Criteria for the Protection of 
Benthic Organisms: Huoranthene. EPA-822-R-93412. Office of Water & Office of Research 
and Development, Office of Science and Technology, Washington, D.C. 

EPA (U.S. Environmental Protection Agency). 1993d Sediment Quality Criteria for the Protection 
of Benthic Organisms: Phenanthrene. EPA-822-R-93-014. Office of Water & Office of 
Research and Development, Office of Science and Technology, Washington, D.C. . 

EPA (U.S. Environmental Protection Agency). 1993e. Integrated Risk Information System @I$). 
Carcinogenicity Assessment for Zinc and Compoundr, and Oral RjD Assessment for Zinc 
Phosphide. Office of Health and Environmental Assessment, Cincinnati. 

EPA (U.S. Environmental Protection Agency). 1993f. Integrated Risk Information System @I$). 
EPA/600/8-86/032A. EPA Office Of Health and Environmental AS~e~sment, Cincinnati. 

EPA (U.S. Environmental Protection Agency). 1993g. Wldlfe Erposure Factors Handbook Vol. I. 
EPA/600/R-93/187a Office of Research and Development, Washin- DC. 



11-16 

EPA (U.S. Protection Agency). 1993h Technical Basis for Deriving Sediment Quality 
Criteria for Nonionic Organic Contaminants for the Protection of Benthic Organisms by 
Using Equilibrium Partitioning. EPA 822-R-93-011. Office of Water Regulations and 
Standards, Washington, D.C. 

EPA (U.S. Envinwmeatal protection AgencY. 1993i WiMVe Criteria Portions of the Proposed Water 
Quality Guidance for the Great Lakes System. EPA/822fR-93/006. Office of  Science and 
Technology, Washington, D.C. 

EPA (U.S. Environmental Protection Agency). 1994a. Integrated Risk Information %stem. DUS 
Database. Office of Research and Development. Washington, D.C. 

EPA (U.S. Environmental Prokction Agency). 1994b. Drafi Region N Waste Management Division 
Sediment Screening Valuesfor Hazardous Waste Sites. U16194 version. Region IVY Atlanta. 

EPRI (Electric Power Research Institute). 1987. Measurement of Bioavailable Mercury Species in 
Fresh Water and Sediments. EPRI EA3 197. Palo Alto, Calif. 

Ewing, L. K. 1993. suspendd&diment Inflows to Watts Bar Reservoir. WR28-3-14-105. Tennessee 
Valley Authority, Hydraulic Enginexx-ing Nonis, Tenn. 

Febring, J. P., and D. L. Meinert. 1993. Reservoir Vital Signs Monitoring - 1992: Physical and 
Chemical Characteristics of Water and Sediment. Tennessee Valley Authority, Water . 
RRFources, Chattanooga, Tenn. 

Feldman, I., J. Jones, and R Cross. 1967. "Chelation of Uranyl Ions Adenine Nucleotides." J.  Am. 
Chem. Soc. 89:49-55. 

Fenton, M. By and R M. R Barclay. 1980. "Myotis lucilirgus." Mammal. Species 1421-8. 

Fenton, M. B., and G .P. Bell. 1979. Ecolocation and Feeding Behavior in Four Species ofMptis 
(Chiroptera)." Can. J.  Zool. 57:1271-1277. 

Fam, V. H, and D. P. Hadon. 1974. "Toxicity of Copper Salts in Hamster Embryonic Development." 
Biol. Reprod. 11:97-101. Cited in US. AF 1990. 

Fenn, V. H, and W. M. Layton, Jr. 1981. "Teratogenic and Mutagenic Effects of Cadmium." pp. 743- 
756. In J. 0. Nriagu (ed.), Cadmium in the Em-ronment, Part 2: Health Efects. John Wiley, 
New Yo& 

Fimreite, N. 1970. "Effects of  Methyl Mercury Treated Feed on the M d t y  and Growth of  Leghorn 
Cockerels." Can. J .  h i m .  Sci. 50387-389. 

Fimreite, N. 1971. Eflects of Dietary Methylmercury on Ringnecked Pheasants. Canadian Wildlife 
Service Occasional Paper No. 9. 

Fhey ,  D. J. 1971. Probit. Analysis, 3rd ed. Cambridge Univ. Press, Cambridge. 

Fitzhugh, 0. G. 1948. "Use of DDT Insecticides on Food Products." Ind f ig .  Chem. 40:704-705. 



11-17 

Fletcher, G. L, M. J. King, J. W. Kiceniuk, and R F. Addison. 1982. "Liver Hypertrophy in Winter 
Flounder Following Exposure to Experimentally Oiled Sediments." Comp. Biochem. Physiol. 
73C:457462. 

F N C .  J., J.T.Byrd, J.M. Grebmeia;R A. Harris,R C. Moore, S. E. Madix, C. D. Rash, andM.A. 
Smith. 1993. final Project Report on Arsenic Biogeochemistry in the Clinch River and Watts 
Bar Reservoir. 0-R-206. Oak Ridge National Laboratory, Oak Ridge, Tenn. 

Formigli, L,, R Scelsi P. Poggi, C. Gregotti A. Dinwi, E. Sabbioni, L. Gottardi, and L. Manzo. 1986. 
TJmllium-Induced Testicular Toxicity in the Rat, Environ. Res. 40531-39. 

Fox, M. R S., and R M. Jacobs. 1986. "Zinc: Essentiality, Function, Effects of Deficiency, and 
Requirements." pp. 214-248. In H. Sigel (d), Metal Ions in Biological Systems. Marcel 
Dekker, Inc., New York. 

Fay, C. D., R L. Chaney, and M. C. White. 1978. "The Physiology of Metal Toxicity in Plants."Ann. 
Rev. Plant Physiol. 29:5 11-566. 

Francis, P. C., W. J. Birge and J. A. Black. 1984. "Effects of Cadmium-Enriched Sediment on Fish and 
Amphibian Fmbryo-Larval Stages." Ecotoxicol. Environ. Sa$ 8:378-387. 

Gallup, W. D., and L. C. Nonis. 1939. "The Amount of Manganese Required to h e n t  Perosis in the 
Chick" Poult. Si. 18:76-82. 

Gardner, R H., W. W. Hargrove, D. A. Levine, S. M. Peafion, and K. A. Rose. Spatial Analysis of 
Cesium in Sediments of Watts Bar Resentoir (in press). 

Gamer, J. M., and 0. W. Kwhitzky. 1956. "Radioactive Sediments in the Tennessee River System." 
J Sanit. Eng. Div. Am. &e. Civ. Eng. Vol. 82,No. SA2, August 1956. 

Gasaway, W. C., and L 0. Buss. 1972. "Zinc Toxicity in the Mallard Duck." J.  Wildl. Mgmt. 36: 1 107- 
1117. 

Gatz, A. J., and S.M. Adams. 1994. "Ppattems of Movement of Centrachids in Two Warmwater Streams 
in Eastern Tennessee." J .  Freshwater Fish Ecol. 3:35-48. 

Gay, D.D. 1975. "Biotransformation and Chemical Form of Mer- in Plants." pp. 87-95. In Proc., 
International Conference on HeavyMetals in the Environment Symposium, Vol. II, pt- 1. 

Geertz-hansen, P., and E. Mortensen. 1983. "The Effect of Dissolved and Precipitated Iron on the 
Reproduction of Brown Trout (Salmo tmtta)." Vatten 39:55-62. 

Gerell, R 1970. "Home Ranges and Movements of the Mink Mustela vis0n S&eber in Southem 
Sweden." Oibs 2 1: 160-1 73. 

Geakh, E M. 1984. f'Evalua!ion of Static Renewal Chronic Toxicity Test Method for Daphnia magna 
Straw Using Boric Acid" Environ. Toxicol. Chem. 3:89-94. 



11-18 

Goddard, P. L., A, J. Leipry, D. S. Pesce, and A. M. Stanley. 1991. Site Description of Environmental 
Restoration Units at the Oak Ridge K-25 Site, Oak Ridge, Tennessee. WER47. Martin 
Marietta Energy Systems, Oak Ridge, Tenn. 

Goede, R W., and B. A. Barton. 1990. "Organismic Indices and an Autopsy-Based Assessment as 
Indicators of Health and Condition of Fish." Am. Fish. SOC. Symp. 8:93-108. 

Gopinath, C., G. A. Hall and J. McC. Howell. 1974. Title not given. Res. Vet. Ski. 16: 57-69. Cited 
in Aaseth and Norseth 1986. 

Gould, Ed. 1955. "The Feeding Efficiency of Insectivorous Bats." J .  Mammal. 36399-407. 

Gayer, R A 1991. " T d c  Effkts of Metals." pp. 653-655. In M. 0. Amdur, J. Doull and C. D. Klaasen 
(eds.), Casarett and Doull's Toxicology. 4th ed. Pergamon Press, New York 

Greeley, M. S., Jr., D. R Calder, and R A. Wallace. 1987. "Oocyte Growth and Development in the 
Striped Mullet, Mugil cephalus, During Seasonal Ovarian Recrudescence: Relationship to 
Fecundity and Size at Maturity." Fish. Bull. 85:187-200. 

Greeley, M. S., Jr., R MacGregor, III, and K. R Marion. 1988a. "Changes in the Ovary of the Gulf 
Killifish, Fundulus grandis (Baird and Girard), During Seasonal and Semilunar Spawning 
Cycles." J Fish Biol. 33:97-107. 

GreeIey, M S., Jr., R MacGregor, III, and K. R Marion. 1988b. "Variation in Plasma Oestrogens and 
Androgens During the Seasonal and Semilunar Spawning Cycles of Female Gulf Killifsh, 
Fundulus grandis (Baird and Girard)."J. Fish Biol. 33:419429. 

Greeley, M. S., S. M. A h ,  W. D. Crumby, and R Epler. 1994. Bioindicator Assessment ofFish 
Health and Reproductive Success in Lake Hartwell and Twehe Mile Creek Tech. 
Memorandum No. 8. U.S. Army Corps of Engineers, Hartwell, S.C. 

Grifjith, W. L. 1957. UraniumLossesfiom the Y-I2 Plant to the Environment. Y-B92-13. Cited in G. 
M. Bruce, J. E. Buddenbaum, J. K. Lamb, and T. E. Widner 1993. Dose Reconstruction 
Feasibility Study, Volume II - Part A. Tennessee Department of Health, Division of 
Environmental Epidemiology, Nashville, Tenn. 

Grummer, R H., 0. G. Bentley, P. H. Phillips, and G. Bohstedt. 1955. "TheRoleofManganeseh 
Growth, Reproduction, and and Lactation of Swine." J h i m .  Sci. 19:170-175. 

Gupta, U. C. 1984. "Boron Nutrition of Alfalfa, Red Clover, and Timothy Grown on Podzol Soils of 
Eastern Canada." SOiISki. 137(1):16-22. 

Ha&ing, M A, J. Budd, and K. Hodson. 1978. "The Ulkastrucane of the Liver of the Rainbow Trout: 
N d  Structure and Modifications After Chronic Admhktmb 'on of a Polycblorinated 
Biphenyl Aroclor 1254." Can. J .  Zwl.56:477491. 

Hall, G. E., and D. L. Dycus. 1991. Fish Tissue Studies in the Tennessee Valley in 1989. 
TVA/WR/Al3-91/12. Tennessee Valley Authority, Water Resources, Chattanooga, Tenn. 



11-19 

Halstead, R L., B. J. Finn, and A. J. M a c h  1969. "Extractability of Nickel Added to Soils and Its 
Concatration in Plants." Can. J Soil Sci. 49:335-342. 

Hamilton, E. L. 1972. "Coqressional-Wave Attenuation in Marine Sediments." Geophysics 
37:620-626. 

Hamilton, W. J., Jr. 1940. "The Summer Food of Minks and Raccoons on the Montezuma Marsh, New 
York." J Wildl. Manage. 480-84. 

Hammonds, J. A., and Hof3kan. 1992. Toxicity Profllesfor Radionuclides. SENES Oak Ridge, Inc., 
Center for Risk Analysis, Oak Ridge, Tenn. 

Hammonds, J. S., F. 0. Hoffman, and S. M. Bartell. 1994. An Introductory Guide to Uncertainty 
Analysis in Environmental and Health Risk Assessment. ES/ERAM-35/RI. Oak Ridge 
National Laboratory, Oak Ridge, Tenn. 

Hansen, L. G., W. B. Wiekhorst, and J. Simon. 1976. "Effects of Dietary koclor 1242 on Channel 
Catfish (Ictaluruspunctatus) and the Selective Accumulation of PCB Components." J Fish. 
Res. Board Can.33: 1343-1352. 

Harry J. R 1978. "Biological Effects of Selenium." pp. 393-426. In F. W. Oehme (ed.), : Toxicity of 
Heavy Metals in the Environment: PartL Marcel Dekker, Inc., New 
Yo& 

Harris, H. J., T. C. Erdman, G. T. Ankley, and K. B. Lodgel. 1993. "Measures of Reproductive Success 
and Poly-chlorinate Biphenyl Residues in Eggs and Chicks of Forster's Tems on Green Bay, 
Lake Michigan, WisconSin - 1988." Arch. Environ. Contam. Toxicol. 25304-314. 

Harvey, M. J. 1992. BAZS of the Eastern United States. Arkansas Game & Fish Commission/ U.S. 
Fish &Wildlife Service. 

Haywood, S. 1985. "Copper Toxicosis and Tolerance in the Rat I. Changes in Copper Content of the 
Liver and Kidncy." J Pathol. 145:149-158. 

Heath, A. G. 1987. YJse of Physiological and Biochemical Measures in Pollution Biology." pp. 221- 
234, In A. G. Heath (ed.), Water Pollution and Fish Physiology. CRC Press, Boca Raton, Fla 

Heaton S. N. 1992. ''Ef€EffeCts on Reproduction of Ranch Mink Fed Carp fiom Saginaw Bay, Michigan." 
M.S. thesis. Michigan State University, Department of Animal Science, East Lansing. 

Heinz, G. H. 1979. "Methyl Mercury: Reproductive and Behavioral Effects on Three Generations of 
Mallard Ducks." J Wildl. Mgmt. 43:394-401. 

Heinz, G. H., and S .D. Haseltine. 1983. "Altered Avoidance Behavior of Yomg Black Ducks Fed 
Cadmium." Environ. Toxicol. Chem. 2:419-421. 

He& G. H., D. J. Hoffman, A. J. Krynitsky, and D. M. G. Weller. 1987. "Reprodudion in Mallards 
Fed Selenium." Environ. Toxicol. Chem. 6:423-433. 



11-20 

Heinz, G. H., D. J. Hoffman, and L. G. Gold 1989. ' ' Impid Reproducton of Mallards Fed an Organic 
Fonn of Selenium." J Wildl. Mgmt. 53:418428. 

HeSuger, J. F., and W. GreaL 1975. "Mercuric Chloride Uptake by Eggs of the Ricefish and Resulting 
Teratogenic Effects." Bull. Environ. Contam. Toxicol. 14:655-673. 

Heitman, J. F. 1979. "Impact of a Commercial Net Fishery on Striped Bass Populations in Two 
Tennessee Reservoirs." M.S. thesis. University of Tennessee, Knoxville. 

Helder, T. 1980. "Effects of 2,3,7,8-teh~hlorodibe11~~pdioXh (TCDD) on Early Life Stages of the 
Pike (Box lucius L.)." Sci. Total Environ.14:255-264. 

Helder, T. 1981. "Effects of 2,3,7,8-tetrachlorodibenmpdioXh (TCDD) on Early Life Stages of 
Rainbow Trout (SaZmo Gairderi, Richardson)." Toxicologj~ 19:lOl-112. 

Hidanan, G. D., E. M. Scott, Jr., and A. M. Brown. 1991. Fish Community Results - 1990. Tennessee 
Valley Authority, Nor&, Term. 

Hickman, G. D., E. M. Scott, and A. M. Brown. 199 1. Reservoir Vital Signs Monitoring - 1990. Fish 
Community Results. TVA, River Basins Operation. N o d ,  Tenn. 

Hill, E. F., and M. B. camardese. 1986. LethalDietary Toxicities of Environmental Contaminants and 
Pesticides to Coturnix Technical Report 2. U.S. Fish and Wildlife Service. 

Hinton, D. E., and J. k couch. 1984. "Pathological Measures of Marine Pollution Effects." pp.7-32. In 
H. H Harris (ed.), Concepts in Marine PoZlution Measurements. Maryland Sea Grant College, 
University of Maryland, College Park. 

Hinton, D. E., and D. J. Lauren. 1990a. Liver Strucanal Alterations Accompanying Chronic Toxicity 
in Fishes: Potential Biomarkers of Exposure. 

Hinton, D. E., and D. J. Laurea 199Ob. "Integrative Histopathological Approaches to Detecting Effects 
of Environmental Stressors on Fishes." Am. Fish. Soc. S p p .  851-66. 

R L. (ed.). 1993. SecondReport on the Y-1-12 Plant BiologicaIMonitoring andAbaternent 
Program for East ForkPopZar Cmek Rem Draft ORNL/TM Report. Oak Ridge, Tenn. 

Hinzman, R L. (ed.) 1996. Third report on the Oak Ridge Y-12 Plant Biological Monitorhg and 
Abatement Program for East Fork Poplar Creek (Draft). YRS-889. Oak Ridge National 
Laboratory, Oak Ridge, Tenn. 

Hiraoka, Y. 1985. "A &-examhation of the Toxicity Test for Pollutants." Hiroshima J MedSci. 
34~323-326. 

Hiraoka, Y., and H. Okuda. 1983. "Charackrktics of Vertebral Abnormalities of Medaka as a Water 
Pollution Indicator." Hiroshima J Med Sci. 32:261-266. 

Hiraoka, Y., and H. Okuda. 1984. "Time Course Study of Occurrence of A u o d e s  in Medaka's 
Centrum by Cadmium or Fenitrothion Emulsion." Bull. Environ. Contam. Toxicol. 
32:693-697. 



" 11-21 

Hiraoka, Y., S. Ishizawa, T. Kamada, and H. Okuda. 1985. "Acute Toxicity of 14 Different Kinds of 
Metals Affecting Medaka Fry." HiroshimaJ Med. ai. 34:327-330. 

HofEnan,D. J., and G. H. He& 1988. "Embryotoxic and Teratogenic Effects of Selenium in the Diet 
of Mallards." J Toxicol. Environ. Health 24:477490. 

Hoffman, F. O., B. G. Blaylock, C. C. Travis, K. L. Daniels, E. L. Etnier, K. E. Cowser, and C. W. 
Weber. 1984. Preliminary Screening of Contaminants in Sediments. O W - 9 3 7 0 .  Oak 
Ridge National Laboratory, Oak Ridge, Tena 

Hoffman, F. O., B. G. Slaylock, M. L. Frank, L. A. Hook, E. L. Etnier, and S. S. Talmage. 1991. 
Preliminary Weening of Contaminants in the OflSite &face Water Environment 
Downstream of the US. Department of Energy Oak Ridge Reservation. ORNUER-9. Oak 
Ridge National Laboratory, Oak Ridge, Tenn. 

HofEnan, R D. 1978. "The Diets of Herons and E m  in Southwestem Lake Erie." Natl. Audubon Soc. 
Res. Ref: 7:365-369. 

Holladay, S. IC, M S. Bevelhimer, C. C. Brandt, R B. cook, W. D. Crumby, C. J. Ford, M. J. Gentry, 
L.A.Ho0kD.A. Levine,R C.Longman,S.E.Madix,R L.Moody,C.D.Rash,andL.F. 
Williams. 1993. Quality Assurance/Quality Control Summary Report for Phase I of the 
Clinch River Remedial Investigation. ORNLER-152. Oak Ridge National Laboratory, Oak 
Ridge, Tenn. 

Holladay, S. K. et al. 1995. Quality Assurance/Quality Control Summary Reportfir Phase 2 of the 
Clinch River Remedial Imtestigation. ORNL/ER-245. Oak Ridge National Laboratory, Oak 
Ridge, Tenn. 

Holly, F. M., Jr., J. C. Yang, P. Schwartz, J. Schaefer, S. H. Hsu, and R Ehhellig. 1990. Charima: 
Numerical Simulation of Unsteady Water and Sediment Movement in Multiple Connected 
Networks ofMobile-be Channels. Report No. 343. Iowa Institute of Hydraulic Research, The 
University of Iowa, Iowa City, Iowa. 

Hornshaw, T. C., R J. Aulerich, and H. E. Johnson. 1983. "Feeding Great Lakes Fish to Mink: Effects 
on Mink and Accumulation and Eliminstion of PCBs by Mink." J Toxicol. Environ. Health 
11~933-946. 

Huckabee, J. W., and B. G. Blaylock 1973. "Transfer of Mercury and Cadmium fiom Terrestrial to 
Aquatic Ecosystems." A h .  E@. Med. Biol. 40:125-160. 

Huckins, J.N.,T. R Scl~wartz, J. D. Petty, andL. M. Smith. 1988. "- tion, Fate, and Potential 
Significance of PCBs m Fish and sediment Samples with Emphasis on Selected --Inducing 
Congeners." Chemosphere 17:1995-2016. 

Hudson, R H., R K. Tucker, and M A Haegele. 1984. Handbook of Toxicity ofpesticides to Wildlife. 
2nd ed. U.S. Fish and Wildlife Service Resource Publication 153. 

Hull, R N., and G. W. S W ,  II. 1994b. Toxicological Benchmarks for Screening of Potential 
Contaminants of Concern for Efects on Sediment-Associated Biota: I994 Revision. 
ES/ER/TM-95/Rl. Oak Ridge National Laboratory, Oak Ridge, Tenn. 



11-22 

Huseb, A. S., A H. Cantor, and T. H. Johnson. 1988; Wse of High Levels of Dietary Aluminum and 
Zinc for Inducing Pauses in Egg Production of Japanese Quail." Poult. Sci. 67: 1157-1 165. 

Hutchinsoq T. C. 1981. 'Nickel." pp. 171-212. In N.W. Lepp (ed.), Eflects ofHeavyMetalPollution 
on Plants, Vol. I. Effects of Trace Metals on Plant Function. 

IAEA (International Atomic Energy Agency). 1976. Effects of Ionizing Radiation on Aquatic 
Organisms and&osystems. Technical Report Series 172. Vienna, Austria. 

IAEA (International Atomic Energy Agency). 1979. Methodology for Assessing Impacts of 
Radioactiviv on Aquatic Ecosystems. Technical Report Series 190. Vienna, Austria. 

IAEA (Mematioml Atomic EaLergy Ageucy). 1982. GenericModels and Parametersfor Assessing the 
Environmental Transfir of Radionuclides @om Routine Releases. Safety Series No. 57. 
Vienna,Austria 

IAEA (International Atomic en erg^ Agency). 1989. Evaluating the Reliability of PredictionsMade 
Using Environmental TransferModels. Safety Series 100. Vienna, Austria. 

IAEA (International Atomic Energy Agency). 1992. Eflects of Ionizing Radiation on Plants and 
Animals at Levels Implied by Current Radiation Protection Standarh. Technical Report 
Series No. 332. Viema Austria 

ICRP (Mematiad Commissian on Radiological Prokction). 1990. Age-Dependent Doses to Members 
of thePublicfi.amhtake ofRadionuclides: Part I.  Publication No. 56. Pergamon Press, hc., 
New York 

ICRP (International Commission on Radiological Protection). 1991.1990 Recommendations of the 
htematiml  Commission on Radiological Protection. Publication No. 60. Pergamon Press, 
Inc., New Yo&. 

Iman, R L., and J. C. Helton 1991. "The Repeatability of Uncertainty and Sensitivity Analyses for 
Complex Probabilistic Risk Assessments." Risk Anal. 11(4):591-606. 

Iman, R L., J. C. Heltcm, rmd J. E. cantpbell. 198111 "An Approach to Sensitivity Analysis of Computer 
Models, Part 1: htroduction, Input Variable Selection and Prelimitmy Variable Assessment." 
J Qual. Technol. 13(3):174-183. 

Iman, R L., Helton, J. C., and Campbell, J. E. 1981b. "An Approach to Sensitivity Analysis of 
Computer Models, Part 1: Rauking of Input Variables, Response Surface Validation, 
Distribution Effect and Techniques Synopsis." J .  Qual. Technol. 13(4):232-240. 

Ishida, J. 195 1. "Effects of 2,4&trophenol on Oxygen Consumption During Early Development of 
the Teleost, Oryzias latipes." Annot. Zool. Jpn. 2 4  18 1-1 86. 

Ishihara, K. 1956. "Effect of 2,4di11itrophenol and Sodium Azide on the Ammonia Production in the 
Embryos of Oryzias latips." J Fac. Sei. Univ. T o w .  Sect. W: Zool. 7:525-533. 

. , .  - .  . 



' 11-23 

Jacobs ERTeam. 1995. Characterization Reportfir Lower East Fork Poplar CreekFloodplain Soils, 
OakRidge Tennessee. DOE/OR-l387/Dl. Oak Ridge, Tens 

Jenkinson, J. J. 1991. Reservoir Vital Signs Monitoring - 1990, Benthic Macroinvertebrate 
Community Results. Tennessee Valley Authority, Chattanooga, Tenn. 

Joergensen, 1. G. (ed.). 1987. Skientifir Index. Scient&, Hillerod, Denmark 

John, M. IC, H H. Chuah, and C. J. Van Laahoven 1977. "Boron Response and Toxicity as Affected 
by Soil Properties and Rates of Boron." Soil Ski. 12434-39. 

Johnson, L., and D. ScMer, 1992. Oak Ridge National Luboratov, the First F i f i  Years. 
(DRAFT) July 29,1992. In Bruce et al., 1993. 

Johnson, L. L., E. Casillas, T. K. Collier, B. B. McCain, and U. Varanasi. 1988. "Contaminant Effects 
on Ovarian Development in Eglish Sole (Pmphrys vetulus) from Puget Sound, Washington." 
Can. J Fish. Aquat. Ski. 452133-2146. 

Johnson, L. L., J. E. Stein, T. K. Collier, E. Casillas, and U. Varanasi. 1994. "Indicators of 
Reproductive Development in PrespaWaing .. Female Winter Flounder (Pheuronectes 
americana) fiom Urban and Non-uhan Estuaries in the Northeast United States." Sci.Tota1 
Environ. 14 1:24 1-260. 

Kabata-Pendias, A, and I€ Pendias. 1984. Trace Elements in Soils andPlants. CRC Press, Inc., Boca 
Wn, Ha 

Kaplan, E. L., and P. Meier. 1958. "Nonparametric Estimation h r n  Incomplete Observations." J . .  
Stat. Assoc. 53~457-481. 

Keen, C. L., and R M. Leach 1988. Manapese. pp. 405-15. In H. G. Seiler and H. Sigel (eds.), 
Handbook on Toxicity of Inorganic Compounds. Marcel Dew, Inc. 

Keen, R, and H. B. Hitchwck 1980. "Survival and Longevity of the Little Brown Bat (Mptis 
lucifigus) in Southeastern Ontario." J Mammal. 61:l-7. 

Ketcheson, M. R, G. P. Barron, and D. H. Cox 1969. "Relationship of Maternal Dietary Zinc During 
Gestation and Lactation to Development and zinc, Iron, and Copper Content of the Postnatal 
Rat." J Nutr. 98:303-3 11. 

Khalid, B. Y., and J. Tinsley. 1980. "Some Effects of Nickel Toxicity on Rye Grass. Plant Soil 

Killougtz G. G., and K. F. Eckerman. 1983. "hbd Dosimetry." pp. 7-1 to 7-98. In J. E. Till and H. 
R Meyer (eds.), Radiological Assessment. NUREGKR-3332. ORNG5966. U. S. Nuclear 
Regulatory Commission, Washington, DC. 

Kimball, G. n.d The Eflects of Lesser Known Metals and One Organic to Fathead Minnows 
Iplmephalespromeh] andhphnia magna. U.S. Environmental Protection Agency, Duluth, 
Minn. 



11-24 

King, K. A., T. W. Custer, and J. S. Quina 1991. "Effects of Mercury, Selenium, and Organochlorine 
Contaminants on Reproduction of Forster's Terns and Black Skimmers Nesting in a 
Contaminated Texas Bay." Arch. Environ. Contam. Toxicol. 20:3240. 

Kiunamon, K. E. 1963. "Some Independent and Combined Effects of Copper, Molybdenum, and Zinc 
on the Placetal Transfer of Zinc-65 in the Rat." J. Nutr. 8 1:3 12-320. 

Kirubagaran, R, and K. P. Joy. 1992. "Toxic Effects of Mercury on Testicular Activity in the 
Freshwater Teleost, CZarias batrachus (L.)." J Fish. Biol. 41:305-3 15. 

Klecka, W. R 1980. Discriminant Analysis. Sage University Paper Series Quantitative Applications 
in the Social Sciences, No. 07-019. Sage Publications, London. 

Kline, R D., V. W. Hays ,and G. L. Cromwell. 1971. "Effects of Copper, Molybdenum and Sulfate on 
Perfonnaoce, Hematology and Copper Stores of Pigs and Lambs." 3. h i m .  Sci. 33:771-779. 
Cited in ATSDR 1990. 

Kloke, A. 1979. Content ofArsenic, Cadmium, Chromium, Huorine, Lead, Mercury, andNickel in 
Plants Grown on &tam*nated&il. Ui~itedNatiOnS-ECE Symposium on Effects of Air-brne 
Pollution on Vegetation, Warsaw. Cited in A. Kabata-Pendias and H. Pendias (eds.). 1984. 
Trace Elements in Soils and Plants. CRC Press, Inc. Boca Raton, Florida. 

D. C. 1981. Radioactive Decay Data Tables. DOEmC-11026. Technical Information Center, 
U.S. Department of Energy, 

Korschgen, L. J. 1958. "December Food Habits of Mink in Missouri." J. Mammal. 39521-527. 

Krarup, T. 1969. "Oocyte Destruction and Ovarian Tumorigenesis After Direct Application of a 
cbanical Carcinogen (9:1o-dimechy-l:2-benzanthracen) to the Mouse Ovary." Int. J. Cancer 
461-75. 

Kszos, L. A., A. J. Stewart, and P. A. Taylor. 1992. "An Evaluation of Nickel Toxicity to Ceriodaphnia 
dubiaandDzphniamagnainaContamrnated * Stream and Labaratory Tests." Environ. Toxicol. 
Chem. 11:lOOl-1012. 

Kszos, L. A, A. J. Stewart, L. F. Wicker, L. E. Roberson, and T. L. Phipps, 1989. Environmental 
Sciences Division TaxocOogy Laboratory Quality Assurance Program. QAP-X-89-ES-002. 
Oak Ridge National Laboratory, Oak Ridge, Tenn 

Kszos, L. A, S. M. Adams, T. L. Ashwood, B. G. Blaylock, M. S. Greely, B. R O'Neil, M. J. Peterson, 
E. M. schillin& J. G. Smith, and J. R Sumner .1994. Quarterly Progress Report, October 29, 
1994, Biological Monitoring and Abatement Program for the Oak Ridge K-25 Site. KEM-69, 
PT4. Oak Ridge National Laboratory, Oak Ridge, TN. 

Ksu>s, L. A, S. M. Adams, T. L. Ashwood, M. S. Greely, M. J. Peterson, B. Schilling, J. G. Smith and 
J. R Sumner. 1995. Quarterly Progress Report, January 31,1995, Biological Monitoring and 
Abatement Program for the Oak Ridge K-25 site. KEM-69, PT5. Oak Ridge National 
Laboratory, Oak Ridge, TN.. 



" 11-25 

Kushlan, J. A. 1978. "Feeding Ecology of Wading Birds." pp. 249-297. In Wading Bir&. National 
Audubon Society, - 

Labiumskas, C. K. 1966. "Manganese." pp. 264-285. In H. D. Chapman (ed.), Diagnostic Criteria for 
Plants and Soils. University of California, Division of Agricultural Science, Riverside. 

Lam, H. F., M. W. Comer, A. E. Rogers, S. Fitzgerald, and M. 0. Amdur. 1985. "Functional and 
Morphological Changes in the Lungs of Guinea Pigs Exposed to FreshEy Generated Ultrafine 
Zinc Oxide." Toxicol. Appl. Pharmacol. 78:29-38. Cited in ATSDR 1989, Eisler 1993. 

Lamb, J. C., IV, R E. Chapin, J. Teague, A. D. Lawton, and J. R Reel. 1987. "Reproductive Ef€ects 
of Four Phthalic Acid Esters in the Mouse." ToxicoI. Appl. Pharmacol. 88:255-269. 

Lama, L L., andN. H. Cutshall. 1981. "Direct Determination of 'Be in Sediments." firth Planet. Si. 
Lett. 54:379-384. 

Laskey, J. W., G. L. bhnberg, J. F. Hein, and S .D. Carter. 1982. "Effects of Chronic Manganese 
(Mn30J Errposure on Selected Repductive Parameters in Rats." J .  Toxicol. Environ. Health 
9:677-687. 

Lata, IC, and B. Veer. 1990. "Phytotoxicity of Zn Amended Soil to Spinacia and Coriandrum." Acta 
Bot. Indica. 18:194-198. 

LaVal, R K., R L. Clamn,  M. L. LaVal, and W. Caire. 1977. "Foraging Behavior andNocturnal 
Activity Patterm of Missouri Bats with Emphasis on the Endangered Species Mptis 
gresescens andMptis sodalis." J. Mammol. 58(4):592-599. 

Lecyk, M. 1980. "Toxicity of Cupric Sulfate in Mice EmbIyonic Development." Zool. Pol. 28: 101-105. 
Cited in U.S. AF 1990 

Leonards, P. E. G., M. D. Smit, A. W. J. J. de Jon& and B. vau Hatnmt 1994. Evaluation of 
Dose-Response Rehtionships for the Eflects ofPCBs on the Reproduction ofMink (Mustela 
vison). Institute for Environmental Studies, Amsterdam. 

Lemg, T., S-Y, and R V. Bdlcley. 1979. "Effects of Pelroleurn Hydrocarbons on Length of Incubation 
and Hatching Success in the Japanese Medaka." Bull. Environ. Contam. 23:236-243. 

Levine, D. A., W. W. Hargrove, K. R Campbell, M. A. Wood, and C. D. Rash. 1994. Data Summaiy 
for the Nearshore Sediment Characterization Task of the Clinch River Environmental 
Restoration Program. ORNLJER-264. Oak Ridge National Laboratory, Oak Ridge, Tena 

Lewis, M. A., and L. C. Valentine. 1981. "Acute and Chronic Toxicities of Boric Acid to Daphnia 
magna Staus." Bull. Environ. Contam. Toxicol. 27309-315. 

Lieb, A. J., D. D. Bills, and R 0. Shhuber. 1974. "Accumulation of Dietary Polychlorinated Biphenyls 
(Aroclor 1254) by Rainbow Trout (Salmo gairdneri)." J .  Agr. Food Chem. 22:638-642. 

Lin, Y-W. P., M. S. Gfeeley, Jr., and R A. Wallace. 1989. "Fundulus heteroclitus Gonadotropin(s) 2. 
Year-Round Husbandry of Animals with Active Pituitaries and Responsive Follicles." Fish 
Physiol. Biochem. 6:139-148. 



11-26 

Limy, A V. 1987. "Effects of Chronic Polychlorinated Biphenyls Erq>osure on Reproductive Success 
of White-Footed Mice (Peromyscus leucopus)." Arch. Environ. Contamin. Toxicol. 1 6  
455-460. 

Linzon, S.N. 1978. Phytotoxically Excessive Levels for Contaminants in Soil and Vegetation. Ministry 
OftheEnVitomneQt, Onbrio, Cauada. Cited in A. Kabata-Pendias and H. Pendias (eds.). 1984. 
Trace Elements in Soils and Plants. CRC Press, Bwa Raton, Florida. 

Lloyd, T. B. 1984. "Zinc Compounds." pp. 851-863. In H. F. Mark, D. F. Othmer, C. G. Overkger, 
and G.T. Seaborg (eds.), Kirk-Othmer Encyclopedia of Chemical Technology. 3rd ed. John 
Wiley and Sons, New Yo& 

Lo, M. T., and E. Sandi. 1980. "Selenium: Occurance in Foods and Its Toxicological Significance. A 
Review." J .  Environ. Pathol. Toxicol. 4:193-218. 

Loar, 3. M. 1981. Ecological Studies of the Biota Communities in the Vicinity of the Oak Ridge 
GuseousDi@&on P h t .  ORNYIu-6714. OakRidgeNational Laboratory, Oak Ridge, Tenn. 

Lou, J. M. 1990. Fourth Annual Report on the ORNL Biological Monitorinng and Abatement 
program 0RNyIU-Ixaft.hvimmed Sciences Division, Oak Ridge National Laboratory, 
Oak Ridge, Tenn. 

Loar, J. M., J. A. Soloman, and G. F. Cada. Technical Background Information for the ORNL 
Environmental and safety Report. Vol. 2. ORNIJTM-7509N2. Oak Ridge National 
Laboratory, Oak Ridge, Tenn. 

bar, J. M., S. M. Adams, H. b o ,  J. B. Berry, B. G. Blaylock, H. L. Boston, M. L. Frank, C. T. 
Garten, M. A. Huston, B. D. Jimenez, B. L. Kimmel, J. T. Kitchings, L. Meyers-Schone, D. A. 
Mohrbacher, C. R Olsen, M. G. Ryon, J. G. Smith, G. R Southworth, A. J. Stewart, S. S. 
Talmage, and B. T. Walton. 1992. First Annual Report on the Biological Monitoring and 
Abatement Program at Oak Ridge National Laboratory. ORNIJTM-10399. Oak Ridge 
National Laboratory. Oak Ridge, Tenn. 

Loar, 3. M. (ed.) 1992. Sixth Annual Report on the O M  Biological Monitoring and Abatement 
Program. ORNL.'TM-Draft. Oak Ridge National Laboratory, Oak Ridge, Tenn. 

Lockhart, W. G., and D. A. Metner. 1984. "Fish Serum Chemistry as a Pathology Tool." pp. 73-85. In 
V. W. Caims, P. V. Hodson, and J. 0. Nriagu (eds.), Contaminant Eflects on Fisheries. John 
Wiley and Sons, New York. 

Long, E. R, and L. G. Morgan. 1991. The Potential for Biological Eflects of SedimentSorbed 
Contaminants Tested in the National Status and Trends Program. Technical Memorandum 
NOS OMA 52. National Oceanic and Atmospheric Administration, Seattle, Wash. 

Long, E. R, and L. G. Morgan. 1991. Potential for Biological Status Eflects of SedimentSorbed 
Contaminants Tested in the National Status and Trends Program. Technical Memorandum 
NOS OMA 5 2 . W  Printing. National Oceanic and Atmospheric Administration, Seattle, Wash. 
August, 



11-27 

Lon& E. R, D. D. MacDonald, S. L. Smith, and F. D. Calder. 1995. "Incidence of Adverse Biological 
Effects within Ranges of Chemical Concentrations in Marine and Estuarine Sediments." 
Environ. Manage. 19:81-97. 

* Lrmk, W. A. 1%2. B e  Rough- Wingedskallow Selgiabpteryx ruficollis (Vieillot), A Study Based On 
Its Breeding Biology in Michigan. Oscar Root (ed), Publications of the Nuttal Ornithological 
Club, No. 4. 

McCarty, L. S., and D. Mackay. 1993. "Enhancing Ecotoxicological Modeling and Assessment, Body 
Residues and Modes of Toxic Action." B&T27:1719-1728. 

McCormick, J. H., K. M. Jensen, R L. kino, and G. N. Stokes. 1987. "Fish Blood Osmolality, Gill 
Histology, and Oocyte Atresia as Early Warning Acid Stress Indicators." Ann. Soc. R Zool. 
Belg. 117(suppl. 1):309-319. 

McCoy, G. M., F. Finlay, A. Rhone, K. James, and G. P. Cobb. 1995. "Chronic polychlorinated 
biphenyls exposure on three generations of oldfleld mice (Permysw polionofus): effects on 
reproduction, growth, and body residues." Arch. Environ. Contam. Toxicol. 28: 431-35. 

&Donald, D. D., B. L. Charhh, M. L. Haines, and K. Brydges. 1994. Approach to the Assessment 
of &&ment Quality Criteria in R'orih Coastal Waters, Vo1.3 - Supporting Documentation: 
Biological Efects Database for Sediments. Florida Department of Environmental Protection, 
Tallahassee, Fla 

MacDodd, J. M., J. D. Shields, and R K. Zimmer-Faust. 1988. "Acute Toxicities of Eleven Metals to 
Early LXeHistory Stages of the Yellow Crab (Cancer anthonyi)."Mar. Biol. 98:201-207. 

McGrath, S. P. 1982. "The Uptake and Tran~location of Tri- and Hm-valent C h r o m i ~  and Effects 
on the Growth of Oat in Flowing Nutrient Solution"NewPhyto1. 92:381-390. 

Maday, A. D., J. R Caradus, and M. W. Pritdurd. 1990. "Variation for Aluminum Tolerance in White 
Clover." Plant Soil 123:lOl-105. 

McKim, J. M., and D. A. Benoit. 1971. "Effects of Long-Term Erq>osures to Copper on Survival, 
Growth, and Reproduction of Brook Trout (Salvelinus fontinalis)." J .  Fish. Res. Board Can. 
28:655462. 

McKim, J. M., G. F. Olson, G. W. Holwmbe, and E. P. Hunt. 1976. "Long-Term Effects of 
Methylmercuric Chloride on Three Generations of Brook Trout (Salvelinus fontinalis): 
Toxicity, Accumulation, Distribution; and Elimination." J .  Fish. Res. Board Can. 
33:2726-2739. ' 

McKim, J. M., J. G. Eaton, and G. W. Holwmbe. 1978. "Metal Toxicity to Embryos and Larvae of 
Eight Freshwater Fish - II: Copper." Bull. Emfiron. Contam. Toxicol. 19:608-616. 

McLane, M. A. R, and D. L. Hughes. 1980. "Reprochive Success of Screech Owls Fed Aroclor 1248." 
Arch. Environ. Contam. Toxicol. 9:661-665. 

M c m ,  M. E., G. J. Van Der Kraak, C. B. Portt, K. R Munkithick, P. K. Sibley, I. R Smitb, and D. 
G. Dixon. 1991. "Changes in Hepatic Mixed-Function Oxygenase (MFO) Activity, Plasma 



11-28 

Steroid Levels and Age at Maturity of a White Sucker (Catostomus commersoni) Population 
Exposed to Bleached Kraft Pulp Mill Ef€luent." Aquat. Toxicol. 21:199-218. 

McMaster, M. E., C. B. Portt, G. J. Van Der Kraak, L R Smith, and D. G. Dixon. 1992. "Changes in 
Maturity, Plasma Sex Steroid Levels, Hepatic Mixed-Function 0xygenase Activity, and the 
Presence of External Lesions in Lake Whitefish (Coregonus clupeafonnis) Exposed to 
Bleached Kraft Mill Effluent." Can. J .  Fish. Aquat. Sei. 49: 1560-1569. 

McNutt, C., and F. W. Fisher. 1960. Archaeological Investigations in the Upper Melton Hill 
Reservoir, Anderson County, Tennessee. The University of Tennessee, Department of 
Anthropology, Knoxville. 

McNutt, C., and J. B. Graham. 1961. Archaeological Investigations in the Lower Melton Hill 
Reservoir, Anderson, Knox, Loudon, and Roane Counties, Tennessee. The University of 
Tennessee, Department of Anthropolog~, Knoxville. 

Wta, IC, M. Hitano, IC Mi- K. Takahashi, and Y. Shirasu 1981. "Subacute Toxicity with Zinc 
Sulfate in Mice and Rats." J .  Pest. Ski. 6:327-336. Cited in ATSDR 1989; Eisler 1993. 

Maleug,K. W., G. S. Schuytema, J. H. Gaksta#er, andD. F. Krawczyk 1984. "Toxicity of Sediments 
from Three Metal-Contaminated Areas." Environ. Toxicol. Chem. 3:279-291. 

Mancuso, T. F. 1975. International Conference on Heavy Metals in the Environment. Toronto, 
Ontario, Canada. 

Mancuso, T. F., and W. C. Hueper. 1951. "Occupational Cancer and Other Health Hazards on a 
Chromate Plant: A Medical Appraisal." Ind. Med. Surg. 20:358-363. 

Marty, G. D., J. M NE- D. J. Lauren, and D. E. Hinton. 1990. "Age-Dependent Changes in Toxicity 
of N-nitros Compounds to Japanese Medaka (Orpias latipes) Embryos." Aquat. Toxicol. 
1745-62. 

Massie, H. R, and V. R Aiello. 1984. "Excessive Intake of Copper: Iufluence on Longevity and 
Cadmium Accumulation in Mice." Mech. Ageing Dev. 26:195-203. 

Masters, A E. 1992. Reservoir yital SgnsMonitoring - 1991, BenthicMacroinvertebrate Community 
Results. Tenn&see Valley Authority, Chattanooga, Tenn. 

Masks, A E. 1993. Reservoir yital SgnsMonitoring - 1992, BenthicMacroinvertebrate Community 
Results. Tennessee Valley Authority, Chattanooga, Tenn. 

Mattison, D. R, K S u  and US. Nightingale. 1983. "Oayte Destruction by Polycyclk Aromatic 
Hydrocarbons." Am. J.  Ind. Med. 4 191-202. 

Mauck, W. L., P. M. Mehrle, and F. L. Mayer. 1978. "Effects of the Polychlorinated Biphenyl Ardor 
1254 on Gruwth, Sunrival, and Bone Development in Brook Trout (Sahtelinusfontinalis)." J .  
Fish. Res. Board Can. 351084-1088. 

Mayer, F. L, Jr., and H 0. Sandas. 1973. "Toxicology OQhthalic Acid Esters in Aquatic Organisms." 
Environ. Health Perspect. 5: 153-157. 



11-29 

Mayer, F. L., P. M. Mehrle, and H. 0. Sanders. 1977. "Residue Dynamics and Biological Effects of 
Polychlorinated Biphenyls in Aquatic Organisms.'' Arch. Emiron. Contam. Toxicol. 
5501-511. 

Mayo, R R, S .M. Hauge, H. E. Parker, F. N. Ancirews, and C. W. Carrick 1956. "Copper Tolerance 
of Young Chickens." Poult. Si. 35: 1156-1 157. Cited in Mehring et al. 1960 

Mehring, A. L., Jr., J. H. Brumbaugh, A. J. Sutherland, and H. W. Titus. 1960. "The Tolerance of 
Growing Chickens for Dietary Copper." Poult. Sci. 39: 713-719. 

Mehrle, P. M., and F. L. Mayer. 1976. "Di-2-ethylhexyl Phthalate: Residue Dynamics and Biological 
Effects in Rainbow Trout and Fathead Minnows." Trace Subst. Em? Health 10519-524. 

Meinert, D. L. 1991. Reservoir Vital Signs Monitoring - 1990: Physical and Chemical 
Characteristics of Water and Sediment. TVAIWRlWQ-91IlO. Tennessee Valley Authority, 
Water Resources, Chattanooga, Tenn. 

Meinert, D. L., and J. P. Fehring 1992. Reservoir Vital Signs Monitoring - 1991: Physical and 
Chemical Characteristics of Water and Sediment. TVA/WR-91/1. Tennessee Valley 
Authority, Water Resources, Chattanooga, Tenn. 

Meinert, D. L., and D. L. m, 1993. Reservoir Monitoring - 1992: Summary of Vital Signs and Use 
Suitability Monitoring on Tennessee Valley Reservoirs. Tennessee Valley Authority, Water 
Resources, Chattanooga, Tena 

Melanwn, M. J., and J. J. k h .  "Dose-Effect Relationship for Induction of Hepatic Monooxygenase 
Activity in Rainbow Trout and Carp by Arwhlor 1254." Aqua?. Toxicol. 451-61. 

Mendenhall, V. M., E. E. Klaas, and M. A. R McLane. 1983. "Breeding Success of Barn Owls (Tyo 
alba) Fed Law Levels of DDE and Dieldrin." Arch. Environ. Contam. Toxicol. 1 2  235-240. 

Mercury Task Force. 1983. Mercury at Y-12: A Study of Mercury Use at the Y-I2 Plant, 
Accountabiliq, tmdImpacts on Y-12 Workers andthe Environment - 1950 to 1983. Y/Ex-34. 
Union Carbide corporation, Nuclear Division, Oak Ridge Y-12 Plant, Oak Ridge, Tenn. 

Michibata, H. 1981a "Effect of Water Hardness on the Toxicity of Cadmium to the Egg of Teleost, 
Orpias latipes. " Bull. Environ. Contam. Toxicol. 27 187-192. 

Michibata, H. 1981b. "Uptake and Dislriiution of Cadmium in the Egg of the Teleost, w a s  latipes." 
J Fish Biol. 19:691-696. 

Michibata, H., S. Sahara, and M. K. Kojima. 1986. "Effects of Calcium and Magnesium Ions on the 
Toxicity of Cadmium to the Egg of the Teleost, Oryzias latipes." Environ. Res. 40: 110-1 14. 

Michibata, H., Y. Nojima, and M. K. Kojima. 1987. "Stage Sensitivity of Eggs of the Teleost Ogcias 
Iatipes to Cadmium Exposure." Environ. Res. 42:321-327. 

Miller, W. J., H. E. Amos, R P. Geaby, D. M. Blackman, R M. Durrance, C. T. Crowe, A. S. Fielding, 
and M. W. Neathq. 1989. "Long-Tenn Feeding of High Zinc Sulfate Diets to Lactating and 
Gestating Dairy Cows." .l Dairy Si. 72:1499-1508. 



11-30 

Mitchell, J. L. 1961. "Mink Movements and Population on a Montana River." J Wildl. Manage. 
2548-54. 

Monosson, E., W. J. Fleming, and C. V. Sullivan. 1994. "Effects of the Planer PCB 3,3',4,4'- 
T e t r a c h d i w  (TCB) on OvarianDevelopment, Plasma Levels of Sex Steroid Hormones 
and Vitellogenin, and Progeny Survival in the White Perch (Morone americana)." Aquat. 
T0xic01. 29:1-19. 

Moore, G. IC, and L. E. Toran. 1992. Supplement to a Hydrologic Frameworkfir the OakRidge 
Reservation. 0FUWT.M-12191. Oak RidgeNational Laboratory, Oak Ridge, Tenn. 

Moore, J. W. 1991. Inorganic Contaminants of Surface Waters, Research andMonitoring Priorities. 
Sprhger-Verlag, New York. 

Morton, R J. (ed). 1%5. Satus ReportNo. 5 on Clinch River Study. 0-3721. Clinch River Study 
Steering Committee, Oak Ridge National Laboratov, Oak Ridge, Tenn. 

Moses, J., and D. C. Wade. 1991. Acute Toxicity Screening of Reservoir Water and Sediment. 
Tennessee Valley Authority, Muscle Shoals, Ala. 

Moses, J., and D. C. Wade. 1992. Acute Toxicity Screening ofReservoir Water and Sediment Using 
Roti9rs (ROTOTOP) and Light Emitting Bacteria (MICROTOP), Reservoir Monitoring, 
Summer I99I. Tennessee Valley Authority, Muscle Shoals, Ala. 

Moses, J., T. C. Sesler, D. C. Wade, and D. L. Meinert. 1993. ReservoirMonitoring - 1992; Acute 
Toxicity Screening ofResemir Water and Sediment Using Rotifers (ROTOTOP) andtight 
Emitting Bacteria (MICROTOF'). Tennessee Valley Authority, Muscle Shoals, Ala. 

Mount, D. I. 1968. "Chronic Toxicity of Copper to Fathead Minnows (Pimephales promelas, 
Rafinesque)." Water Res. 2:215-223. 

Mount, D. I., and C. E. Stephan. 1969. "Chronic Toxicity of Copper to the Fathead Minnow 
(Pimephales promelas) in Soil Water." J Fish. Res. Board Can. 26:2449-2457. 

Muehlberger, C. W. 1951. Toxicology as applied to public water supplies. University of Michigan 
Inservice Training Course. Feb. 15-16. 

M u r m o ~  S., H Nishhki, and I. Aoyama 1990. "The Critical Levels and the Maximum Metal Uptake 
for Wheat and Rice Plants w k n  Applying Metal Oxides to Soil." J Environ. Sci. Health, Part 
B 25(2):273-80. 

Napy, IC A. 1987. "Field Metabolic Rate and Food Requirement Scaling in Mammals and Birds." Ecol. 
Monogr. 579 11-128. 

NAS (National Academy of Science). 1977. Arsenic. Washington, D.C. 

NAS (National Academy of Sciences). 1979. Zinc. U.S. National Academy of Science National 
Resource Council Subcommittee on Zinc. University Park Press, Baltimore, Md. 



' '  11-31 

NAS (National Academy of Science). 1980. Mineral Tolerance of Domestic Animals. National 
Academy Press, Washington, D.C .-. 

Nasci, C., G. Campesan, V. U. Fcssato, L. Tallandini, and M. Turche#o. 1991. "Induction of 
Cytochrome P-450 and Mixed Function Oxygenase Activity by Low Concentrations of 
Polychlorinated Biphenyls in Marine Fish Zosterisessor ophiocephalus (Pall.)." Aquat. 
TOX~CO~. 19:281-290. 

National Geographic Society. 1987. Field Guide to the Birds ofNorth America. 2nd ed. 

NCRP (National Couocil on W c m  Protection and Measurements). 1977. Environmental Radiation 
Measurements. Report No. 50. Washington, DC. 

NCRP @ a t i d  Couocil on Radiation Protection aml Meawnme&). 1984. Radiological Assessments: 
Pmdicting the Transport, Bioaccumulation, and Uptake by Men of Radionuclides Released 
to the Environment. Report No. 76. Bethesda, Md 

NCRP (National Council on Radiation Protection and Measurements). 1991. Eflecrs of Ionizing 
Radiation on Aquatic Organisms. Report No. 109. Bethesda, Md 

N w ,  D. G., G. Schneider, and D. P. White. 1975. "Boron Toxicity in Red Pine Following Municipal 
Waste Water higation." Soil Sci. SOC. Am. Proc. 39:981-982. 

N e ,  A V,, F. A F@lkii and D. L. DeFw. 1974. "Effect of Polychlorinated Biphenyl Coquuds 
on Survival and Reproduction of the Fathead Minnow and Flagfish." Trans. Am. Fish. SOC. 
3 :562-568. 

Nebeka,AV.,C.Sav~RJ.Baker,dJ.K.McCrady. 1984."EffeCtsofCopper,NickelandZinc 
on the I,& cycle of the Caddisfly Clistoronia magnifica (L,imnephilidae))." Emiron. Toxicol. 
Chem. 3S45-649. 

Ne& J. M. 1978. Polycyclic AromaticHydrocarbons. Applied Science Publisher, Ltd., London, 262. 

Neff, J. M., B. W. Cornaby, R M. Vaga, T. C. Gulbransen, J. A. Scanlo4 and D. J. Bean. 1988. "An 
Evaluation of the Sueaing Level Concentration Approach for Validation of Sediment Quality 
Criteria for Freshwater and Saltwater Ecosystems." pp. 115-127. In W. J. Adams, G. A. 
Chapman, and W. G. TaruG's (eds.),Aquatic Taxicology andHimrdAssessment: 10th Volume. 
ASTM STP 971. American Society for Testing and Materials, Philadelphia. 

Negus, S. S. 1938. The physiological aspects of mineral salts in pubIic water supplies. J. Am. Water 
Works Assoc. 30:242. 

Nelson, D. J. 1962. Strontium, Strontium-90, and Calcium Analyses of Clinch and Tennessee River 
CZams. O m - 2 7 0 .  Oak Ridge National hborato~~, Oak Ridge, Tena 

Nelson, D. J. 1%7. "Ecological Behavior of Radiomdides m the Clinch and Tennessee Rivers." pp.169- 
187. In Reservoir Fisheries Resources Symposium. American Fisheries Society, Southern 
Division, Athens, Ga. 



. 11-32 

Niimi, A. J., and B. G. Oliver. 1983. "Biological Half-Lives of Polychlorinated Biphenyl (PCB) 
Congeners in Whole Fish and Muscle of Rainbow Trout (Salmo gasirdneri)." Can. J Fish. 
Aquat. Ski. 40:138&1394. 

NRC (National Research Council). 1983. Riskhsessment in the Federal Government: Managing the 
Process. National Academy Press, Washington, D.C. 

NRCC (National Research Council Canada). 1978. Eflects ofhsenic in the Canadian Environment. 
NRCC 15391. 

Nutrient Requirements ofMink and Foxes, No. 7. National Academy of Sciences, Washington, D.C. 

Oakes, T. W, W .F. Ohnesorge, J. S. Eldridge, T. G. Scott, D. W. Parsons, H. M. Hubbard, 0. 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-kta 
Presentation. ORNL-5878. Oak Ridge National Laboratory, Oak Ridge, Tenn. 

Oh, S. H., H. Nakaue, J. T. Deagen, P .D. Whanger, and G. H. Arm&. 1979. "Accumulation and 
Depletion of Zinc m Chick Tissue MetaUothioneins." J Nuh: 109: 1720-1729. Cited in Eisler 
1993 

Ohleado$ H. M., R L. Hothem, C. M. Bunck, T. W. Aldrich, and J. F. Moore. 1986. "Relationships 
between Selenium Concentrations and Avian Reproduction." Trans. N. Am. Wildl. Nat. Res. 
Conf:51:33&342. 

Ohnesorge, W. F. 1986. Historical Releases of Radioactivity to the Environment @om O M .  
ORNUM-135. Oak Ridge National Laboratory, Oak Ridge, Tenn. 

Olsen, C. R, I. L. Larsen, P. D. Lawry, C. R Moriones, C. J. Ford, K. C. Dearstone, R R Turner, B. 
L. Khmel, and C. C. Brandt. 1992. Transport andaccumulation of Cesium-137 andMercury 
in the Clinch River and Watts Bar Reservoir System. ORNLJER-7. Oak Ridge National 
Laboratory, Oak Ridge, Tenn. 

onishi et d 1981. sediment-contaminanant transport model. Journal of the Hydraulics Division, ASCE 
107 (HY9): 1089-1107. 

Opresko, D. M., B. E. Sample, and G. W. Suter, II. 1994a Toxicological Benchmarhfor Wildlfi. 
ORNL4WTM-86. Oak RidgcNational Laboratory, Oak Ridge, Tenn. 

Opresko, D. M., B. E. Sample, and G. W. Suter, II. 1994b. Toxicological Benchmarh for Wildlfe: 
1994 Revision. ES/ER/TM-6/Rl. Oak Ridge National Laboratory, Oak Ridge, Tenn. 

ORNL (Oak Ridge National Laboratory). 1961. Applied Health Physics Annual Report for 1960. 
O m 3  159. Health Physics Division, Oak Ridge, Tenn. 

ORNL (Oak Ridge National Laboratory). 1962. Applied Health Physics Annual Report for 1961. 
0-3284. Health Physics Division, Oak Ridge, Tenn. 

ORNL (Oak Ridge National Laboratory). 1963. Applied Health Physics Annual Report for 1962. 
ORNL-3490. Health Physics Division, Oak Ridge, Tena 

I '. . 



' 11-33 

ORNL (Oak Ridge National Laboratory). 1964. Applied Health Physics Annual Report for 1963. 
0-3665. Health Physics Division, Oak Ridge, Tenn. 

ORNL (Oak Ridge National Labrato&. 1965. Applied Health Physics Annual Reportfor 1964. 
ORNG3820. Health Physics Division, Oak Ridge, Tenn. 

ORNL (Oak RidgeNa!id Laboratory). 1966. AppliedHealth Physics and safety Annual Report for 
1965.ORNG3969. Health Physics Division, Oak Ridge, Tenn. 

ORNL (Oak Ridge Na!id Laboratory). 1967. Applied Health Physics and safety Annual Reportfor 
1966.0RNL-4146. Health Physics Division, Oak Ridge, Tenn. 

Palafox, A. L., and E. H+A. 1980. 'W& of& Toxicity in Laying White Leghorn Pullets and Hens." 
Poult. Sci. 59:2024-2028. Cited in Eisler 1993 

P a m ,  0. H. 1984. "Eggshell Thickness and Reproduction in American Kestrels Exposed to Chronic 
Dietary Lead." Arch Environ. Contam. Toxicol. 13:29-34. 

Payne J. F., and W. R Pemose. 1975. "Induction of Aryl Hydrocarbon Benzo(a)pyrene Hydroxylase in 
Fish by Petroleum." Bull. Environ. Contam. Toxicol. 14:112-116. 

Peakall, D .B. 1974. "Effects of di-N-buylphthalate and di-2-ethyIhexylphthalate on the Eggs of Ring 
Doves." Bull. Environ. Contam. Toxicol. 12:698-702. 

Pearson, S. M., and K. A. Rose. "Estimating the Magnitude and Distribution of a Contaminant in the 
Bottom Sediments of a Large Reservoir Effects of Sampling Design and Spatial 
Heterogeneity." Submitted to Water Resour. Res. (in press). 

Perry, H. M., E. F. Perry, M. N. Erlanger, and S. J. Kopp. 1983. Cardiovascular effects of chronic 
barium ingestion In Proc. 17th Ann C u d  Trace Substances in Environ. Health, voL 17. U. Of 
Missouri Press, Columbia, MO. 

Persaud, D., R JaagUmagi a n d k  Haytoa 1990. n e  Provincial Sediment Quality Guidelines. Ontario 
Ministry of the Environment. October. 

Peters, N., A. Kohler, and H. Krauz, 1987. "Liver Pathology in Fishes fkom the Lower Elbe as a 
Consequence of PollUtiOa" Dis. Aquat. Org. 2:87-97. 

Peterson,M. J., S.M.Adams,T.L.Ashwood,M. S. Greely,L.A.Kszos,W.K.Roy,E.M. Schilling, 
J. G. Smith, and J. R Sumner. 1995. Quarterly P r o p s  Report, April 28,1995, Biological 
Monitoring and Abatement Program for the Oak Ridge K-25 site. KEM-69, PT6. Oak Ridge 
National Laboratory, Oak Ridge, TN. 

Petam, P. J., and C. A. Girling. 1981. "Other Trace Metals." pp. 279-342. InN.W. Lepp (ed.). Effect 
of H e w  Metal Pollution on Plants, Vol I:  Effects of Trace Metals on Plant Function. 
Applied Science Publishers, New Jersey. pp. 213-278. 

Peterson, P. J., L. M. Benson, and R Zieve. 1981. "Metalloids." pp. 279-342. In N.W. Lepp (ed.), 
Efects OfHeavyMetal Pollution on Plants, Vol. 1: Efects of Trace Metals on Plant Function. 
Applied Science Publishers, 



11-34 

Platmow, N. S., and L. H Karstad 1973. "Dietary Effects of Polychlorinated Biphenyls on Mink." Can. 
J .  Comp. Med. 37391400. 

Platonow, N. S., and B. S. Reinhart. 1973. "The Effects of Polychlorinated Biphenyls (Aroclor 1254) 
on Chicken Egg Production, Fertility and Hatchability." Can. J Comp. Med. 37:341-346. 

Pounds, R P., P. D. Pan, and M. G. Ryon. 1993. Resource Management Plan For the Oak Ridge 
Reservation, Vol. 30: Oak Ridge National Environmental Research Park Natural Areas and 
Refirenee h a s  - OakRidge Reservation Environmentalb Sensitive Sites Containing Special 
Plants, Animals, and Communities. ORNUNERP-8. Oak Ridge National Laborato~, Oak 
Ridge, Tena 

Prasad, A. S. 1979. "Clinical, Biochemical, and Pharmacological Role of Zinc." Ann. Rev. Pharmacol. 
Toxicol. 20:393-426. Cited in Eisler 1993 

Prasad, P. V.D. 1984. "Effect of Magnesium, Strontium, and Barium on the Calcification of the 
Freshwater Green Alga Goeotaenium." PHXOS 23:202-206. 

Pratt, P.F. 1966. "Vanadium." pp. 480483. In H. D. Chapman (ed.), Diagnostic Criteria for Plants 
and Soils. University of CalZomia, Division of Agricultural Science, Riverside, Calif. 

Prothro, M G. 1993. Office of Water Policy and Technical Guidance on Interpretation and 
I m p l d m o f A q u a t i c  WeMetatS Criteria. Memorandum to Water Management Division 
Directors and Environmental Services Division Directors, Regions I-X, October 1,1993. 

pullar, E. M. 1940. "The Toxicity of Various Copper Compounds and Mixtures for Domesticated Birds. 
2." Australian Vet. J 16203-213. 

Pullin, B. P. 1990. "Size and Trends Of Wading Bird Population~ in T e ~ e s ~ e e  I)ming 1977-1988." 
Migrant 6 1:95-1O4. 

Rabinowitz, A. R 1978. "Habitat Use and Prey Selection by the Endangered Gray Bat, Mptis 
Gresescens in East Tennessee." M.S. thesis. The University of Tennessee, Knoxville. 

Radian Corporation. 1993. Initial Screening of Alternatives for the Clinch River and Watts Bar 
Reservoir, Oak Ridge, Tennessee. 93-225-230-01. US. Department of Energy, Oak Ridge, 
Tenn. 

Rana, S. V. S., arrl A. Kumar. 1978. "Simultaneous Effects of Dietary Molybdenum and Copper on the 
Accumulation of Copper in the Liver and Kidney of Copper Poisoned Rats: A Histochemical 
Study." Ind. Health 189-17. Cited in U.S. AF 1990 

Reece, R L., D. B. Diclwn, and P. J. Bunowes. 1986. "Zinc Toxicity (New Wire Disease) in Aviary 
Birds." Australian Vet. J.  63:199. Cited in Eisler 1993 

Rhodes, L., E. Casillas, B. McKuight, W. Gronlund,'M. Myers, 0. Olson, and B. McClaia 1985. 
"Interactive Effeds of Cadmium, Polychlorinated Biphenyls, and Fuel Oil on Experimentally 
Exposed English Sole (Parophrys vetulus)." Can. J.  Fish. Aquat. Ski. 42: 1870-1 880. 



11-35 

Risk Awxment Forum. 1992. Framework for Ecological RiskAssessment. EPA/630/R-92/001. U.S. 
Environmental Protection Agency, Washington, D.C. 

Roberson, R H., and P. J. Schaible. 1960. "The Tolerance of Growing Chicks for High Levels of 
Merent Forms of Zinc." Poult. Ski. 39:893-896. 

Rodgers, John. 1953. GeologicMap ofEast Tennessee with Explanatory T&. Bulletin SP, Part lI. 
Tennessee Department of Conservation, Division of Geology, Nashville, Tena 

Roels, R, R Lauwerys, and J. P. Buchet. 1987. "Epidemiological Survey Among Workers Expxed to 
Manganese: Effects on Lung, Central Nervous System, and Some Biological Indices."Am. J 
Ind. Med. 11:307-328. 

Rose et al. 1993. K. A. Rose, A. L. Brenkert, G. A. Schohl, Y. Onishi, J. S. Hayworth, F. Holly, W. 
Perkins, L. Beard, and W. Walchq. Multiple model analysis of sediment transport contaminant 
distribution in the Clinch RivdWatts Bar Reservoir, Tennessee, USA. Wat, Sci. Tech Vol. 28, 
NO. 8-9, pp. 65-78. 

Ruby, S. M., D. R Idler, and Y. P. So. 1993. "Plasma Vitellogenin, 17pestradiol, T3 and T4 Levels in 
Sexdly Maturing Rainbow T& Uncorhynchus mykiss Following Sublethal HCN Exposure." 
Aquat. Toxicol. 26:91-102. 

SAIC (Scieace Applications International Corporation). 1991. Laboratory Data Validation Guidelines 
for Evaluating Radionuclide Analyses. Rev. 3. Oak Ridge, Tenn. 

Saidapur, S. K. 1978. "Follicular Atresia in the Ovaries of No- 'an Vertebrates." Intl. Rev. 
C'tolou 54~225-244. 

Sakaifllmi, M. 1980. "Effect of Inorganic Salts on Mercury-Compouud Toxicity to the Embryo of the 
Medaka, Oryzias latipes." J Fac. Ski. Univ. Tokyo 14:369-384. 

Sample, and G.W. Suter, IT. 1994. Toxicological Benchmarks for Wildlve. ES/ER/TM-6/Rl. Oak 
Ridge National Laboratory, Oak Ridge, Tenn. 

Sanders, 0. T., R L. Zepp, and R L. Kirkpatrick 1974. "Effect of PCB Ingestion on Sleeping Times, 
Organ Weights, Food conslmrptioa, serirm Corticosterone and Survival of Albino Mice." Bull. 
Environ. Contam. Toxicol. 12(4):394-399. 

SAS Users Guide: Statistics. Version 5. 1985. SAS Institute Inc., Cary, N.C. 

S c h l i k ,  S. A, and D. R Cox. 1967. "Maternal Dietary Zn in Excess, Fetal Development, and Fe and 
Cu Metabolism." Abstract. Fed. h e r .  Proc. 26520. Cited in ATSDR 1989 

Schl ik ,  S. A, and D. H. Cox. 1%8. "Matanal Dietary Zinc and Development; Zinc, Iron, and Copper 
Content of the Rat Fetus." J .  Nutr. 95287-294. 

Schmoyer, R L., J. J. Beauchamp, C. C. Brandt, and F. 0. Hoffmaa 1995. "Difficulties with the 
Lognormal Model in Mean Estimation and Testing." J Environ. Ecol. Stat. (submitted). 



11-36 

schreiweis, D. O., and G. J. M v .  1976. "Cardiovascular Malformations in w a s  Iatipes Embryos 
treated with 2,4,5-Trichlorophenoxyacetic Acid (2,4,5-T)." Teratology 14287-290. 

!khxk, H. A, and J. J. Balassa. 1%7. "Arsenic, Germanium, Tin and Vanadium in Mice: Effects on 
Growth, Survival and Tissue Levels." J Nutr. 92:245-25 1. 

Schroeder, H. A., and M. Mitchener. 1971. "Toxic Effects of Trace Elements on the Reproduction of 
Mice and Rats." Arch. Environ. Health 23: 102-106. 

schn>eder, H. A., and M. Mitchener. 1972. "Selenium and Tellurium in Mice." Arch. Emtiron. Health 
24:66-71. 

Schroeder, H. A., J. J. Balassa, and W. H. Vinton, Jr. 1965. "Chromium, Cadmium and Lead in Rats: 
Effects on Life Span, Tumors and Tissue levels." J Nutr. 86:5 1-66 

Scott, E. M., Jr. 1992. W A  ResemirMonitoringPmgram Fish Community Results - 1991. Tennessee 
Valley Authority, Norris, Tenn. 

Scott, E. M. 1994. Clinch River Remedial Investigation: Task 9 - Benthic Macroinvertebrates. 
Tennessee Valley Authority, Resow Group. 

Sealander, J. A. 1943. "Winter Food Habits of Mink in Southern Michigan" J Wildl. Manage. 
7 4 1  1-47. 

Sheppard, M. I., T. T. V&& D. H. Thibault, and J. A.K. Reid. 1983. "Technetium and Uranium: 
Sorption by and Plant Uptake from Peat and Sand" Health Physics 44(6):635-643. - 

Shi, M., and E. M. Faustmaa 1989. "Development and Charackrktion of a Morphological Scoring 
System for Medaka ( w a s  latipes) Embryo Culture." Aquat. Toxicol. 15: 127-140. 

Short, H. L., and R J. Coqxx. 1985. Habitat Suitability Index Models: Great Blue Heron. Biological 
repork 82(10.99). Fish and Wildlife Service, U.S. Department of the Interior. 

Shul'man, G. E. 1974. Lve Cycles of Fish: Physiologv and Biochemistry. John Wiley and Sons, New 
Yolk 

Simbeck, D,. and J. Moses. 1994. Acute Toxicity Screening OfReservoir Water and Sediment Using 
&phi& (Iriodaphnia Dubia) and Rotifirs (Roto&): Reservoir Vital Signs Monitoring, 
Summer 1994. Tennessee Valley Authority Resource Group, Water Management, Muscle 
Shoals, Ala. 

Sin& S., and T. P. Sin& 1987. "Evaluation of Toxicity Limit and Sex Hormone Production in 
Response to Cythion and BHC in the Vitellogenic Catfish Clarias batrachus." Environ. Res. 
42:482488. 

Sivarajah, IC, C. S. Franklin, and P. Williams. 1978. "The Effects of Polychlorinated Biphenyls on 
Plasma Steroid Levels and Hepatic Microsomal Enzymes in Fish." J Fish Biol. 13:401-409. 

Slooftl W., and J. H. Canton. 1983. "Comparison of the Susceptibility of 11 Freshwater Species to 8 
Chemical Compounds. II: (Semi)chronk Toxicity Tests." Aquat. Toxicol. 4:271-282. 



' 11-37 

Sloofit; W., J. H. Canton, and J. L. M. Hermens. 1983. "Comparison of the Susceptibility of 22 
Freshwater Species to 15 Chemical (hqomds. I (Sub)acute Toxicity Tests." Aquat. Toxicol. 
4~113-128. 

Smith, S., P. J. Peterson, and IC H. M. Kwaa 1989. "Chromium Accumulation, Transport and Toxicity 
in Plants." Toxicol. Environ. Chem. 24:241-251. 

S m k i ,  V. M., and G. F. Olson. 1982. "Chronic Toxicity and Bioaccumulation of Mercuric Chloride 
in the Fathead Minnow (Pimephalespromelas)." Aquat. Toxicol. 2: 143-156. 

Soballe, D. M., B. L. Kimmel, R H. Kennedy, and R F. Gangrish. 1992. "Reservoirs." In Biodiversity 
of the Southeastern United States: Aquatic Communities. John Wiiey and Sons, Inc. 

Sokal, R R, and F. J. Rohlf. 198 1. Biometry, The Principles and Practice of Statistics in Biological 
Research. W. H. Freeman and Company, San Frauch ,  Cali€. 

Soldat, J. K., N. M. Robinson, and D. A. Baker. 1974. Models and Computer Codes for Evaluating 
Environmental Radiation Doses. BNWL-1754. Batkle Pacific Northwest Laboratories, 
Richland, Wash 

Solomon, D. K., G. K. Moore, L. E. Toran, R B. Dreier, and W. M. McMaster. 1992. Status Report: 
A Hydrologic Framework for the Oak Ridge Reservation. ORNLJTM-12026. Oak Ridge 
National Laboratory, Oak Ridge, T~M. 

Solomon, F. P., and E. M. Faustmm, 1987. "Developmental Toxicity of Four Model Alkylating Agents 
on Japanese Medaka Fish (Oryzias latipes) Embryos." Environ. Toxicol. and Chem. 
6:747-754. 

Solomon, H. M. 1977a. "Teratogenic Effects of Carbaryl, Malathion and Parathion on Developing 
Medaka Eggs." Abstract. Bull. N.J. Acad Ski. 22(2):46-47. 

Solomon, H. M. 1977b. "Tembgenic Efkcts of Carbaryl, Malathion and Parathion on Developing Eggs 
of Medaka (0y.a~ latipes)." Abstract. Animals as Monitors of Emtironmental Pollutants: 
Svmposium on Pathobiology of Emtironmental Pollutants, Universiv of Connecticut, 1977. 
National Academy of Science, Washington, D.C. 

S~ltanpour, P. N., and S. M. Workmaa 1980. ''Uu~e Of NH,HCO,-DTPA Soil Test to Assess 
Availability and Toxicity of Selenium to Alfalfa Plants." Commun. Soil Ski. Plant Anal. 
11(12):1147-1156. 

Southworth, G. R, M. J. Petemm, S. M. Adams, and B. G. Blaylock 1994. "Estimation of Appropriate 
Background Concentrations for Assessing Mercury Contammab ' 'on in Fish" Bull. Environ. 
Contam. Toxicol. 53:211-218. 

Spalding, , B. P., and W. J. Boegley, Jr. 1985. ORNL Radioactive Liquid Waste Disposal Pits and 
Trenches: History, Slatus, and Closure characterizution Nee&. ORNLJCF-85/70. Oak Ridge 
National Laboratory, Oak Ridge, Tenn. 



11-38 

Spitsbergeq J. M., M. K. Walker, J. R Olson, and R E. Peterson. 1991. "Pathological Alterations in 
Early Life Stages of Lake Trout, Mwlirzus I1QmaycIIsh, Exposed to 2,3,7,8-Tetraclorodibenzo- 
p-dioxin as Fertilized Eggs." Aquat. Toxicol. 19:41-72. 

Stahl, J. L, M. E. Cook, M. L, Sunde, and J. L. Gnqjer. 1989. ''Enhanced Humoral Immunity in Progeny 
Chicks Fed Practical Diets Supplemented with Zinc." Appl. Agric. Res. 48689. 

Stahl, J. L, J. L. Greger, and M. E. Cook 1990. "Breeding-Hen and Progeny Perfommce When Hens 
Are Fed Excessive Dietary Zinc." Poult. Sei. 69:259-263. Cited in Eisler 1993 

Stickel, L. F., W. H. Stickel, R A. Dyrland, and D. L. Hughes. 1983. "Oxychlordane, HCS-3260, and 
Nonachlor in Birds: Lethal Residues aml Luss Rates." J ToximZ. Emiron. Health 12:611-622. 

Stolcinger, H. E. 1981. "Copper." pp. 1620-1630. In G. D. Clayton and E. Clayton (eds.), Patty's 
Industrial Hygiene and Toxicology, Vol. 24. John Wiley and Sons, New York. 

Stme, E. L., and G. Baird 1956. 'Boron Level and Boron Toxicity in Red and White Pine." J Forestry 
541 1-12. 

Stoner, D., and L. C. Stoner. 1941. "Feeding of Nestling Bank Swallows." AUK5852-55. 

Stoss, F. W., and T. A. Haines. 1979. "The Effects of Toluene on Embryos and Fry of the Japanese 
Medaka Orjzias latipes with a Proposal for Rapid Determination of Maximum Acceptable 
Concentrations." Environ. Pollut. 20: 139-148. 

Slraube, E. F., N. H. Schuster, and A. J. Sinclair. 1980. "Zinc Toxicity in the Ferret." J Comparative 
Pathol. 90:355-361. 

Sfruxaxq E. G., P. H. Carrigan, Jr., M. A. ChurcM, K. E. Cowser, R J. Morton, D. J. Nelson, and F. 
L. Parker. 1967. Comprehensive Report of the Clinch River Study. ORNL4035. Oak Ridge 
N a t i d  Laboratory, Oak Ridge, Tenn. 

Suedel, B. C., J. H. Rodgers, Jr., and P. A. CWord. 1993. "Bioavdabiity of Fluoranthene in 
Freshwater Sediment Toxicity Tests." Emfiron. Toxicol. Chem.12:155-165. 

Summary Report on Water Quality, Sediment and Water Chemistry Data for Water and Sediment 
Smples collecedfi.om Source h a s  to Melton Hill and Watts Bar Resevoirs. Tasks 4.1 and 
4.2 of D O W A  Interagency Agreement No. DE-A105-91)R22007 for the Clinch River 
Environmental Restoration Mgram. August 1995. Tennessee Valley Authority Resource 
Group, Engineering Services, Central Region, Chattanooga, Tenn. 

S e  C. 1989.MinkEncyclopedia Release 1.0, Parts I andll. Mink Encyclopedia Project. Ab0 
Akademi, Department of Biology, Porthansgatan 3, Turku, Finland. 

Suter, G, W. 1990. Screeninghe1 Riskhsessment for m=Site Ecological Eflects in Surface Waters 
Downstrem flom the U. S. Department of Energy Oak Ridge Reservation. ORNUER-8. Oak 
Ridge National Laboratory, Oak Ridge, Tenn. 

. ,  



" 11-39 

Suter, G. W., II. 1991. Screening Level RiskAssessment for Ofldite Ecological Eflects in Surjiace 
Waters Downstream Pom the US. apartment of Energy Oak Ridge -Reservation. 
ORNUER-8. Oak Ridge National Laboratory, Oak Ridge, Tenn. 

Suter, G. W., II., and J. B. Mabrey. 1994. Toxicological Benchmarks for Screening of Potential 
Contaminants of Concern for Eflects on Aquatic Biota: 1994 Revision. ES/ER/IU 96R1. 
Oak Ridge National Laboratory, Oak Ridge, Tenn. 

Suter, G. W., II, M. E. Will, and C. Evans. 1994. Toxicological Benchmarks for Screening Potential 
Contaminants of Concern for Eflects on Terrestrial Plants. ESEIUTM 96R1. Oak Ridge 
National Laboratory, Oak Ridge, Tenn. 

Suter, G. W., B. E. Sample, D. S. Jones, and T. L. Ashwood 1994. Approach and strategy for 
perfoming ecological risk assesssments for the U.S. Department of Energy's Oak Ridge 
Reservation. ES/ER/TM-33/Rl. Lockheed Martin Energy Systems, Inc., Oak Ridge, Tenn. 

Sutton, W. R, andV .E. Nelson. 1937. "Studies onzinc." Proc. SIC. &p. BioLMed. 36:211-213. 

Takizawa, IC, H: Yagi, D. M. Jerina, and D. R MattiSon. 1984. "Murine Atarin Differences in 
Ovotoxicity Following Intraovarian Injection with Benzo(a)pyrene, (+)-(7R, 8S)-0xideY(-)- 
(%8R)dihydodiol, or (+)-(7R,8S)diol-(9SY 10R)epoxide2." Cane. Res. M2571-2576. 

Taylor, J. K. 1987. Quality Assurance of ChemicalMeasurements. Lewis Publishing, Inc., Chelsea, 
MiCh.  

, TDEC. 1992. Consumption Amtisories in Tennessee. Division of Water Pollution Fish Control, 
I Nashville, Tens 

TDEC. 1995. State of Termessee Water Quality Standafils. Rules of the Department of Environment and 
conservation, Bureau of Environment, Division of Water Pollution Control. Chap. 1200-4-3, 
Gena;ll Watex Quality Criteria, and Chap. 120044, Use of Classifications for Surface Waters. 

Templeton, W. L., R E. Nakahni, and E. E. Held. 1971. "Radiation Effects." pp. 223-239. In 
Radoactivity in the Marine Eirvironments. National Academy of Science, Washington, D.C. 

Tennessee Wildlife Resources Commission. 1991. Tennessee Fishing Regulations. 

Thomas, P. 1990. "Teleost Model for Studying the Effects of Chemicals on Female Reproductive 
Endocrine Function." J &p. Zool. Suppl. 4126-128. 

Tietz, N. W. 1986. Textbook of Clinical Chemistry. W. B. Saunders, Co., Philadelphia, Penu 

Travis, C. C., and A. D. Arms. 1988. "Biowncentration of Organics in Beefs Milk, and Vegetation." 
Environ. Sci. Tech. 22(3):271-274. 

Traynor, M. F., and B. D. Knezek 1973. "Effects of Nickel and Cadmium contaminated Soils on 
Nutrient Conq>osition of Corn Plants." Proc., Annual Conference on Trace Substances in the 
Environment 7:82-87. 



1140 ' 

Trelease, S. F., A. A. Di Somma, and A. L. Jacobs. 1960. "Seleno-hnho Acid Found in Astragalus 
bisulcatus." Science 132:618. . 

Treon, J. F., and F. P. Cleveland 1955. "Toxicity of Certain Chlorinated Hydrocarbon Insecticides for 
Laboratory Animals, with Special Reference to Aldrin and Dieldrin." Ag. Food Chem. 
3:402-408. 

Trimble, S. W., and W. P. Carey. 1984. 'Sediment Characteristics of Tennessee Stream and 
Reservoirs. Open File Report 84-749. U.S. Geological Survey. 

TNscott, B., J. M. Walsh, M. P. Barton, J. F. Payne, and D. R Idler. 1983. "Effect of Acute Exposure 
to Crude Petroleum on Some Reproductive Hormones in Salmon and Flounder." Comp. 
Biochem. Physiol. 75C:121-130. 

Turner, J. E. 1986. Atom, Radiation, and Radiation Protection. Pergamon Press, Inc., New York 

Turner, M. A,. and R H. Rust. 1971. "Effects of Chromium on Growth and Mineral Nutrition of 
Sqbeans.'' Soil Sci, Soc. Am. Proc. 35755-758. 

Tumea, R R, C. R O b  and W. J. Wdcm, Jr. 1984. "Enviromental Fate of Hg and *"Cs Discharged 
fkom Oak Ridge Facilities." In D. D. Hempbill (d), Trace Substances in Environmental 
Health-XYZI, 1984, a Symposium. University of Missouri, Columbia 

/ 

TVA (Teunessee Valley Authority). 1970. Drainage Areasfir Streams in Tennessee River Basin. 0- 
5829-R-2. K n o d e ,  Tenn. 

TVA (Tennessee Valley Authority) . 1980. Behavior of Coal Ash Particles in Water: Trace Metal 
Leaching andAsh Settling. EDT-110. Energy Demonstration and Technology, Chattanooga, 
Tenn. 

TVA (Tennessee Valley Authority). 1983. Summaxy of existing water, sediment, fish, and soil data in 
the vicinity of the Oak Ridge Reservation. Report to DOE fiom TVA Water Quality Control 
Branch Aug. 18,1983. 

TVA (Tennessee Valley Authority). 1985a Imtream Contaminant Stu+Task 2, Sediment 
Chracterimtion. VoL L office of Natural Resources and Economic Development, K n o d e ,  
Tenn. 

TVA (Tennessee Valley Authority). 1985b. Instream Contaminant Stu+Task 2, Sediment 
Characterization. Vol. II- Appendices. Office of Natural Resources and Economic 
Development, Knoxville, Tenn. 

TVA (Tennessee Vdey Authority). 1985c. Quality Assurance Program for the OakRidge Instream 
Contaminant &@. Division of Senices and Field Operations, Laboratory Branch, Knoxville, 
Tenn. 

TVA (TemesseeValley Authity). 1985d Instream Contaminant Studj-Tak 4, Fish Sampling and 
Analysis. Office of Natural Resources and Economic Development, 



TVA (Teamesee Valley Auhrity). 1986a Heavy metals and PCB Concentrations in Sdimentsfiom 
selected TEA Reservoirs - 1982. TVA IONREDIAW 86/35. Office of Natural Resources and 
Economic Development,Chattanooga, Tenn. 

TVA (Teunessee Valley Authority). 1986b. Instream Contaminant StudpTask 5, Summary Report. 
Office of Natural Resources and Economic Development. Knoxville, Tenn. 

TVA (Teamesee Valley Authority). 1987. Watts Bar Reservoir LandManagement Plan (Final Draj). 

TVA (Tennessee Valley Authority). 1990a Tennessee River and Reservoir System Operation and 
Planning Review. Final Environmental Impact Statement. TVA/RDG/EQS-91/1. 

TVA (Tennessee Valley Authority). 1990b. Tennessee River Navigation Charts. KnoXvilIe, T~M. 

TVA (Tennessee Valley Authority). 1991a. Results of Sediment and Water Sampling for Inorganic, 
Organic, andRadionuclideAnalp3 at Recreation Areas and Water Intakes -Nomas, Melton 
Hill, and Watts Bar Lakes-Data Report. Water Resources. Cha#anooga, Tennessee. 

TVA (Tennessee Valley Authority). 1991b. W A  Environmental Chemistry Quality Assurance 
Program. Office ofNaanal Resources, Water Management Branch, Chattanooga, Tenn. 

TVA (Tennessee Valley Authority). 1992. Annual Radiological Environmental Monitoring Report, 
Watts BarNuclear Plant, 1991. Nuclear Operationsrrechnical Programs. Muscle Shoals, Ala 

TVA (Tennessee Valley Authority). 1993. Supplemental Environmental Impact Statement-Aquatic 
PhtManagement Program Vols. I and IL TVA/WM-9318. Water ResourceslAquatic Biology 
Department. 

TVA (Tennessee Valley Authority). 1994. Clinch River Remedial Imestigation Task 9- Benthic 
Macroinvertebrutes. 

TWRA (Tezmtwee Wildlife Resources Agency) 1994. WiM@ Research Report: Tennessee Watejowl 
Report 1992-93. Technical Report No. 93-14. March. 

USACE (U.S. Army Corp of Engineers). 1987. Wetlanh Delineation Manual. Technical Report Y- 
87-1. Waterways Experiment Station, Vicksburg, Miss. 

USACE (U. S. Army Corp of Engineers). 1990. HEC-6: Scour and Deposition in Rivers and 
Reservoirs, User'sManual. CPD-6. Hydrological Engineering Center, Davis, Calif. 

USACE (U.S. Army Corps of Engineers). 1993. H E M :  Scour and Deposition in Rivers and 
Resentoirs, User's Manual. CPD-6. Hydrologic Engineering Center, Davis, Calif. 

USAF (U.S. AkForce). 1990. "copper." pp. 77(143). In me Installation Program Toxicology Guide. 
Vol. 5. Wright-Patterson Air Force Basey Ohio. 

USDA (U.S. Deparbnent of Agriculture). 1970. ail Conservation Service andAgricultura1 Research, 
et al. Ohio Irngation Guide. 



1142 

USDA (US. Department of Agriculture). 1981. Soil Survey ofAnderson County, Tennessee. Soil 
conservatianservice. 

US. Department of Commerce. 1990.1990 Census of the Population and Housing. Bureau of the 
census. 

U.S. Fish ad Wd& Service. 1964. Pesticide-Wildlife Studies, 1963: A Review ofFish and Wildlife 
service Investigations During the Calendar Year. Cirdar  199. 

Van Daele, L. J., and H. A. Van Daele. 1982. "Factors Affecting the Productivity of Ospreys Nesting 
in West-Central Idaho." Condor 84:292-299. 

van Goor, B. J., and D. Wiersma 1976. "Chemical Forms of Mn and Zn in Phloem Exudates." Physiol. 
Plant. 36213-216. 

VzinLeemm, C. J., J. L. MaasDiepeveen, G. Niebeek, W. H. A. Vergouw, P. S. Griffioen, and M. W. 
L u j h  1985. "Aquatic Toxicological Aspects of Dithiocarbamates and Related Compounds: 
I. Short-Term Toxicity Tests." Aquat. Toxicol. 7:145-164. 

Van Winkle, W., R W. Counts, J. G. Dorsey, J. W. Elwood, V. W. Lowe, Jr., R McElhaney, S. D. 
W-, F. G. Taylw, Jr., and R R Turner. 1984. Mercury Contamination in East Fork 
Poplar Creek andBear Creek ORNYIU-8894. Oak Ridge National Laboratory, Oak Ridge, 
Tenn. 

Venugopal, B., and T. D. Luckey. 1978. Metal Toxicity in Mammals: Vol. 2. Chemical Toxicity of 
Metals andMetalloids. Plenum Press, New Yo& 

V d m  H. G., R Kroes, E. M. Den Tonkelaary J. M. Berkvens, P. W. Helleman, A. G. Rauws, P. 
L. Schuller, and G. J. Van Esch. 1976a "Toxicity of Methylmercury in Rats: I. Short-Term 
SW." T O ~ ~ C O ~ O ~ V  6:85-96. 

V- H. G., R Kroes, E. M. Den Tonkelaar, J. M. Berkvens, P. W. Helleman, A. G. Rauws, P. 
L. Schuller, and G. J. Van Esch. 1976b. "Toxicity of Methylmercury in Rats: II. Long-Term 
Toxicity Study." Toxicology 6: 107-123. 

Verschuuren, H G., R Kroes, E. M. Den Tonkelaar, J. M. Berkvens, P. W. Helleman, A. G. Rsuws, P. 
L. Schuller, and G. J. Van Esch. 1976c. "Toxicity of Methyl Mercury Chloride in Rats: II. 
Reproduction Study." Toxicology 6:97-106. 

Vohra, P., and F. H. lhtzer. 1968. "Zinc, Copper and Manganese Toxicities in Turkey Poults and Their 
Alleviation by EDTA." Poult. Si. 473699-704 

Wallace, A, and E. M. Romney. 1977. "Roots of Higher Plants as a Barrier to Translocation of Some 
Metals to Shoots of Plants." pp. 370-379. In Biological Implications 0fMetaZ.s in the 
Environment, Proceeding of the Fifteenth Annual Hanford Life Sciences Symposium, 
Richland, Wash. U.S. Energy Research and Development Administration, Technical 
Information Center, Washingtun, D.C. 



Wallace,A., R M. Romney, J. W. Cha, S. M. Soufi and F. M. Chaudhry. 1977. ''Nickel Phytotoxicity 
m Relationship to Soil pH Manipulation and chelating Agents." Commun. Soil Sci. Plant Anal. 
8(9):757-764. 

Walters, M., and F. J. C. Roe. 1965. "A Study of the Effects of Zinc and Tin Administered Orally to 
Mice over a Prolonged Period." Food Cosmet. Toxicol. 3:271-276. Cited in U.S. EPA 1993. 

Wan H F., R L. Mildcelsen, and A. L. Page. 1988. "Seleaium Uptake by Some A g r i d M  Crops h m  
central California Soils." J Emiron. Qual. 17(2):269-272. 

Wang, W. 1988. "SiteSpecific Barium Toxicity to Common Duckweed, Lema minor." Aquat. 
T0xic01. 12~203-2 12. 

Warhgtm, IC 1954. "The Muence of Iron Supply on Toxic Effects of Manganese, Molybdenum and 
Vanadium on Soybeans, Peas and Flax."Ann. Appl. Biol. 41(1):1-22.912. 

Warren, R B. 1974. Soil Survey ofMeigs County, Tennessee. U.S. Department of Agriculture Soil 
Conservation Service in woperation with the Tennessee Agricultural Experiment Station. 

Watennan, A J. 1939. ''J$k& of 2,4-Dinitrophenol on the Early Development of the Teleost, Oryzim 
latipes." Biol. Bull. 76:162-170. 

Webb, W. S. 1938. An Archaeological Slimy of the Norris Basin in Eastern Tennessee. Bulletin 1 18. 
Bureau of American Ethnology, Washington, D.C. 

Weigel, H. J., D. age, I. Elmadfa, and H. J. Jaeger. 1987. "Availability and Toxicological I3Ec$sof 
Low Levels of Biologically Bound Cadmium." Arch. Environ. Contam. Toxicol. 16(1):85-93. 

Westmoreland, N., and W. G. Hoekstra 1969. "Pathological Defects in the Epiphyseal Cartilage of 
Zinc-Deficient Chicks." .I Nutr. 98:76-82. Cited in Eisler 1993 

Whanger, P. D. 1973. "Effect of Dietary Cadmium on Inhacellular Distribution of Hepatic Iron in Rats." 
Res. Commun. Chem. Pathol. Pharmacol. 5733-740. 

White, D. H, and M. T. Finley. 1978. "Uptake and Retention of Dietary Cadmium in Mallard Ducks." 
Environ. Res. 1753-59. 

White, D. E, M. T. Finley, and J. F. Fmell. 1978. "Histopathological Effects of Dietary Cadmium on 
Kidneys and Testes of Mallard Ducks." J Toxicol. Environ. Health 

White, M. C., R L. Chancy, and A. M. Decker. 1979. "Differential Cultivar Tolerancein Soybean to 
Phytotoxic Levels of Soil Zn. II. Range of Zn Additions and the Uptake and Translocation of 
Zn, Mn, Fey and P." Agron. J 71:12&131. 

Whitehead, N. E., R R Brooks, and P. J. Peterson. 1971. "The Nature of Uranium Occurrence in the 
Leaves of Coprosma australis (A. Rich) Robmn." Aust. 9. Biol. Ski. 24:67-73. 

Whitworth, M. R, G. W. Pendeton, D. J. HoEinm, and M. B. Camardese. 1991. "Effects of Dietary 
Boron and Arsenic on the Behavior of Mallard Ducklings." Environ. Toxicol. Chem. 
10:911-916. 



11-44 

WHO (World Health Organization). 1984. Chlordane. Environmental Health Criteria 34. 

Wdcox, W. J., Jr. 1983. Mercury at YJ2: A Summary of the I983 UCC-ND Task Force Study. YEX- 
23. 

Will, M. E., and G. W. Suter, II. 1994. Toxicological Benchmarks for Screening Potential 
Contaminants of Concern for Effects on Terrestrial Plants: 1994 Revision. E S E W -  
85R1. 

Wills, J. H, G. E. Groblewski, and F. Coulston 1981. Chronic and multigeneration toxicities of small 
concentrations of cadmium in the diet of rats. Ecotoxicol. Environ. Safery 5: 452-64. 

Williams, D. L., and D. L. Dyw. 1993. Reservoir Monitoring - 1992: Fish Tissue Studies in the 
Tennessee Valley in 199I and 1992. Tennessee Valley Authority, Water Resources, 
Chattanooga, Tenn. 

Williams, L. L., J. P. Giesy,N. DeGalan, D. A. Verbrugge, D. E. Tillitt, G. T. Ankley, and R L. Welch. 
1992. "prediction of Concentrations of 2,3,7,8-Tetrachlorobenzo-pdioxin Equivalents fiom 
Total Concentrations of Polychlorinated Biphenyls in Fish Fillets." Environ. Si. Technol. 
2 6  1 15 1-1 159. 

Wilson, W. K. 1991. Hydroacoustic Estimates of Fish Abundance. Tennessee Valley Authority, 
Chattanooga, Tenn. 

W l M  T., W. Chetnicki, W. Gierlachowska-Baldyga, and B. Chycak. 1988. "Zinc, Iron, Copper, 
Man-, Calcium andMagoesium Supply Status of Free-Living Bank Voles." Acta Theriol. 
33555473. Cited in Eisler 1993 

Wobeser, G., and M. Swift 1976. "Mercury Poisoning in a Wild Mink." J Wildl. Dis. 12:335-345. 

Wobeser, G., N. 0. Nielsen, and B. Schiefer. 1976. "Mercury and Mink: II. Experimental Methyl 
Mercury Intoxication" Can. J Comp. Med. J 40:34-45. 

Won& M H, &A. D. Bradhw. 1982. "A Comparison of the Toxicity of Heavy Metals, Using Root 
Elongation of Rye Grass, Loliumperenne." New Phytol. 92:255-261. 

Woodhad, D. S. 1984. "Contamination Due to Radioactive Materials." pp. 11 11-1287. In 0. Kinne 
(d), Marine Ecology, Volume V, Part 3: Pollution and Protection of the Seas-Radioactive 
Materials, Heavy Metals and Oil. John Wiley and Sons, New York. 

Woohn, E. A., J. H. Axley, and P. C. b e y .  1971. "Correlation Between Available Soil Arsenic, 
Estimated by Six Methods and Response of Corn (&a mays L.)." Soil Sci. Soc. Am. Proc. 
35: 101-105. 

Wren, C. D. .1986. "A Review of Metal Accumulation and Toxicity in Wild Mammals: I. Mercury." 
Environ. Res. 40:210-244. 

Wren, C. D., D. B. Hunter, J. F. Leatherland, and P. U Stokes. 1987. "The Effects of Polychlorinated 
Biphenyls and Methylmercuxy, Singly and in Combination on Mink: II. Reproduction and Kit 
Development." Arch. Emtiron. Contam. Toxicol. 16449454. 

(L - , _ i ,  . 
; . .,. . ,., , . .  



. 11-45 

Wright, L. L., J. S. Mattice, and J. J. Beauchamp. 1982. "Effect of Temperaane and Sex on Growth 
Patterns in Nymphs of the Mayfly Hexagenia bilineata in the Laboratory.." Freshwater Biol. 
12535-545. 

Yamagami, K. 1972. "Isolation of a Choriolytic Enzyme (Hatching Enzyme) of the Teleost, w a s  
latipes." Dev. Biol. 29:343-348. 

Zar, J. H. 1984. Biostatistical Analysis. Prentice-Hall, Inc., Englewood C W ,  N. J. 



DOE/OWO 1 -1393N 1 &D3 

DISTRIBUTION .. 

1. L. V. Asplund 
2-3. S. E. Herbes (2) 

4. G. M. Logsdon . 
5-7. D. M. Matteo (3) 

8. P. L. Osborne 
9. P.T.Owen 

10. E. R. Sain 
11. P. A. Schrandt 
12. Central Research Library 
13. ER Central Doc. Mgrnt. Center-RC 

14-15. Office of Scientific and Technical Information, P.O. Box 62, Oak Ridge, TN 37831 (2) 
16. R. L. Nace, Team Leader, FernaldOhio Team, Office of Environmental Restoration, 

U.S. Department of Energy, Cloverleaf Building, EM-425, 19901 Germantown Road, 
Germantown, MD 20874 

17. J. W. Wagoner II, Team Leader, Portsmouth/Paducah/Weldon Spring Team, Office of 
Environmental Restoration, U.S. Department of Energy, Cloverleaf Building, EM-424, 
19901 Germantown Road, Germantown, MD 20874 

18-19. R C. Sleeman, Director, Environmental Restoration Division, DOE Oak Ridge Operations 
Office, P.O. Box 2001, Oak Ridge, TN 3783 1-8541 (2 copies) 

20-21. S. Brooks, Jacobs Engineering Group, 125 Broadway Avenue, Oak Ridge, TN 37830 (2) 


