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PREFACE 

On April 1, 1986, a National Pollutant Discharge Elimination System permit was issued 
for the Oak Ridge National Laboratory (ORNL). As required in Part 111: Special Conditions 
(Item H} of the pcrmit, a plan €or biologic2,l monitoring of the Clinch River, White Oak 
Creek, Northwest Tributary of White Oak Creek, Melton Branch, Fifth Creek, and First 
Creek was prepared and submitted for approval in July 1986 to  the US. Environmcntal 
Protection Agency and the Tennessee Department of Health and Environmcnt (currently the 
Tennessec Department of Environment and Conservation). The plan, which is referred to 
as thc ORNL Biological Monitoring and Abatement Program (BMAP), describes 
characterization and monitoring studies to be conducted €or the 5-year duration of the permit. 
This report (Sects. 3-9) is organized according to the seven major tasks that make up BMAP. 

This document, the first of a series of annual reports presenting the resulls of BMAP for 
White Oak Crcck watershed and the Clinch River, describes studies that were conducted 
from March through December 19%. However, the actual period covered by each of the 
seven BMAP tasks varied, depending upon when the task was initiated and the turnaround 
time required for analysis of samples and review of data. In addition to presenting results of 
the various investigations, these annual reports wilt address any significant modifications in 
the scope oE work from that presented in BMAP, as described by J. M. b a r  ct al. in the 
sampling plan entitled Oak Ridge National Laboratory Biological Mmitoiing nnd Ahafernent 
Program for White Oak Creek Watershed and the Clinch River (ORNLRM-10370). 
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As a condition of  thc National Pollutant Discharge Elimination Systcni (NPDES) permit 
issued to Oak Ridgc National Laboratory (ORNL) on April 1, 1986, a Biological Monitoring 
and Abatement Program (BMAi’) was developed Cor White Oak Creek (WOC); sclectcd 
tributarics of WOC, including Fifth Creek, First Creek, Melton Branch, and Northwest 
Tributary; and thc Clinch Rivcr. BMAP consists of seven major tasks that address bath 
radiological and nonradiohgical contarninants in the aquatic and terrcstrial envirnns on-site 
and thc aquatic cnvirons off-site. These tasks are (1) toxicity monitoring; (2) bioaccumulation 
monitoring of nonradiological contaminants in aquatic biota; (3) biological indicator sludics; 
(4) instream ecological monitoring; (5) assessment of contaminants in thc tcrrcstrial 
environment; (6) radioecology of WOC and White Oak Lakc (WQL); and (7) contaminant 
transport, distribution, and fate in the WOC enibayment-Clinch Rivcr-Watts Bar Reservoir 
system. This doctamcnt, the first of a series of annual reports presenting the results of 
RMA4P, dcscribes studics that wcrc conducted from March through Dcccinber 1986. 

Ambient (instream) toxicity was evaluated at 15 sites on 5 streams in WOC with 7-d 
static-renewal toxicity tcsts bascd on thc survival and growth of  fathead minnow (Pimephcilcs 
promelns) larvae and the survival and reprod.uction of a small crustacean (Ceriodqditzi~i 
dubidnf’nis). Based on the variation in survival in ten ambient tests and the  relatively low 
toxicity of effluents evaluated in the Toxicity Control and Monitoring Program (four tests 
each on the elfluent from the Process Wastc Treatment Plant, the Sewage Treatment Plant, 
and the Coal Yard RunofC Treatment Facility), it is hypothcsized that ambient toxicity 
patterns in WOC watcrshed may bc detcrrnined more by episodic or pcriodic events, sucli as 
intcrmittcnt discharges or inadvertcnt spills, than by  wastewatcr treatment facilities that  
discharge effluents continuously. Information to date suggests that episodic dischargcs of 
chlorine dominate the ambient toxicity pattcrns observcd at sites on IXth Crcck and thc 
middle reaches oC WOC atljaccnt to the main ORNL cornplcx. To identify toxic sources, 
continuous instrcam monitoring of  cblorinc levcls by automatcd instrumentation will bc 
initiated at these and othcr sites in 1987. 

The greatest impact of plant operations on  the bcnthic invertebrate and fish communities 
was also observed in Firth Crcck and middle WQC as well as in Mclton Branch below the 
conlluencc of a sinall tributary that rcceives dlschargcs from the High f l u x  Isotopc Reactor 
area. At thcsc sites, diversity and rncan density of benthic species were s~ibstantially reduced 
comparcd with those fiiund in upstream relcrence sites. No fish wcre collected at the Filth 
Crcck and Mclton Branch sites, and densitics in a 160-m reach o f  WOC adjacent to the plant 
complex were more than an order o f  rnagniturc lower than the dcnsitics at any other sitc on  
VVOC. Possible toxic effects on periphyton biomass ( k ,  chlorophyll a pcr unit  area) and 
production wcrc also observed at this sitc. o n  WOC and o n  lower Melton Branch. 
Conccntrations of chlorophyll n in WOC below ORNL were well above the conccntratiuns 
found in upstream rcfercncc sitcs and were similar to those obsetvcd i n  other arca streams 
with elevated nutrient Icvcls. Modcratc impacts on the benthic cominiinitics were also 
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observed on the lower reaches of First Creek, Northwest Tributary, and WOC. Potential 
causes of thesc adverse effects include process water discharges, elcvated tcmperaturcs, 
nutrient enrichment, modified flow regimes, and siltation from recent construction activitics. 

Although communiey studies (periphyton, benthic invertebrates, and fish) and ambient 
toxicity monitoring dcnnonstrated substantial adverse ecological impacts of current plant 
operations on most of Fifth Creek and the middle reaches of Melton Branch and WOC, thesc 
same studies also provided evidence of downstream recovery in WOC and, to some extent, 
in Melton Branch. Improvement was noted in  all communities, especially the periphyton, at 
the downstream site on WOC that was located - 3 0 0  m below the confluence with Mclton 
Branch. Also, thc magnitude of the ecological impacts dccrcased with increasing distance 
downstream of the main plant area. The only cxccption to this general trend occurred at a 
site on WOC below a small tributary that drains solid radioactive waste disposal/storagc arca 
(SWSA) 4, where diversity and richness of benthos and fish species werc lower than in sitcs 
-0.5 km upstream and downstream. 

Even at the downstream site on WOC, however, some impacts o f  plant operations were 
evident. For example, many taxa that are sensitive to water quality degradation and habitat 
alteration and that inhabit upstream reference areas were absent from thc lower reaches of 

' WOC. A major factor affecting the dtawnstream recovery of the fish communilics in both 
WOC and Melton nranch is the isolation of these areas from the Clinch River system by 
several weirs and by White Oak Dam. Such structurcs may effectively block recolonization 
from downstream areas, and poor water quality and clevated temperatures in the middle 
rcachcs of thcse streams prevent recolonization from unimpacted upstream areas. Without 
acccss, more-sensitive, pollution-intolerant species can never recolonize the WOC arca 
regardless of improvements in water quality. Because the adult stage of most strcam insects 
is tcrrcstrial, the benthic community is likely to  show a more rapid response to improving 
conditions than the fish community. 

Biological indicator studies p'ovidcd additional evidence that downstream fish populations 
were impacted by upstrcam perturbations. TWO rncasurcs of nutritional status, scrurn 
triglyccridc Icvcls and the liver-somatic index (which also reflccts short-term metabolic cncrgy 
dcmands), were significantly lower in redbreast sunfish from each of two sitcs on lower WOC 
than in those found in the reference site on Brushy Fork. In addition, levcls of three livcr 
detoxification cn~ymes, which regulate the biotrarisformation o r  metabolism of organic 
compounds, were significantly higher in fish from WOC than in those from Brushy Fork. 

Future studies will utilize water quality sampling and continuous monitoring o f  stream 
tcmpcraturcs at sclccted locations, in addition to biological monitoring, to evaluate the 
importance of modified nutrient and thermal regimss as factors inipacting thc pcriphyton, 
benthic invertebrate, and fish communities in WOC arid tributarics. Monitoring of thcsc 
communities will continue in order to assess the ecological recovcry of receiving strcams as 
various pollution abatement projects, such as thc Wastewater Piping Replacement Plan and 
the Cooling Tower Pollution Elimination Plan, arc iniplementcd. 



CONTAMINANT TRANSPORT AND BX0,MXUMULATION (TASKS 2 AND 5-7) 

Levels of mercury in fish collectcd from WOL and Melton Branch wcre wcll below the 
U.S. Department of Agriculture Food and Drug Administration (FDA) action limit of 1 ppm 
and differed little from lcvels in fish from uncontaminated referencc streams. Elevated lcvels 
observed in fish from Northwest Tributary and WOC above thc lake were also well below the 
FDA limit but indicate the existence of an activc sourcc or sources of  mercury within the 
watershed. Future studies will. focus on idcntrfication of thc contaminant source(s) and will 
be coordinated with the studies outlined in the NPDES Mercury Monitoring Plan. 

Some channel catfish caught by fishermen in a 7-km rcach of the Clinch River 
downstream from Melton Hill Dam are likely to  contain polychlorinated biphcnyls (PCBs) 
cxeeeding the FDA tolerance limit of 2 ppm. The proportion of fish containing such levels, 
however, is low. (Only 5%, or 2 of the 39 channel catfish collccted from this reach of thc 
Clinch River in 1986, exceeded the limit.) Although a significant portion of the PCB burden 
in catfish from WOC embayment and nearby locatians in the Clinch River may result hum 
recent or ongoing releases from sources within the embayment or upstream, only a small 
fraction of the total PCB content of fish from other sites in thc Clinch River can bc 
attributed to these sources. Monitoring of FCB contamination in channel catfish will be 
conducted annually, arid the role of the food-chain pathway in determining PCB levels in 
Clinch River catfish will be cvaluated. Results of the annual scrccning of metals and organic 
contaminants in fish collccted in the winter 15386-1987 from seven sites in WOC watershed 
are incomplete and will be presented in the ncxt annual BMAP report. 

Monitoring of contaminants in the terrestrial environs at ORNL focuscd initially on 
radionuclides; mercury; and benzo(a)pyrcne (BaP), a representative polycyclic aromatic 
hydrocarbon (PAH). A survey of tritium (3H) in surface waters and shallow groundwaters 
showed that SWSA 4 and SWSA 5 are major contributors of 'H to WOC watershed. Tritium 
conccntrations in soil water and atmospheric moisture were greater in areas immediately 
south of SWSA 5 than in areas immediately south of SWSA 4, and a strong positive 
correlation was o k r v e d  between the concentrations in air moisture and surface soils 
(0-10 cm). Strong seasonal changes in the 3H concentration in soil water were also identified 
in the floodplain soils below SWSA 5. Patterns of 'H in air moisture, surface waters, and 
pine tree cores indicate a major area of 3H seepage from SWSA 5 near the middle tributary 
drainage. Future studies will quantify 3H fluxes in this area. 

Concentrations of 137Cs and 6oCo in muscle tissue from roundhogs collected at the 3524 
Equalization Basin at ORNL rangcd from 3.7 to 4.2 x 10 Bqkg dry wt and from 15.5 to 
26.2 Q/kg dry wt respectively. Because the groundhogs at this site probably represent the 
highest radiation exposure of feral mammals at ORNE due to the high radionuclide levels in 
the basin [5.6 TBq (150 Ci), of which 68% is 137Q], they arc excellent candidatcs for 
evaluating the use of biochemical indicators of genotoxic exposure in future studies. Mercury 
concentrations in kidneys of small mammals collected near WOL wcre 4 to 40 times lower 
than concentrations found in the same species from the floodplain of East Fork Poplar Crcek, 
but the WOL levels were gcncrally higher than those of small mammals at the Bull Run 
Steam Plant. Levels of BaP metabolites in blood from 7 mammal species (total of 
31 individuals) from 3 sites at ORNL were all below the detection limit of 10 pdmg 
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hcmoglobin. Radionuclides that predominate in WOL sediment and/or water (137@s, 6oCco, 
and 90Sr) were also found in turtles, although considerable differences in body burdens wcre 
iiotcd among spccics. These initial studies indicated that PAHs in terrestrial species at 
ORNL arc unlikely to cxcccd background \cvels, while radionuclides are elcvatcd in sevcral 
wildlife species. Radionuclide analyses of sinall mammals will be used to identify sourccs/arcas 
that contributc to the uptake of radionuclides by dccr. Additional sampling will be conducted 
to evaluate mercuiy as a contaminant of terrestrial biota at WOL 

A screening analysis was conducted for radionilaclidcs in WOL and cnvirons to identify 
potcntial critical pathways for future human exposure a d  prcb1em radionuclidcs. Three 
remcdial action scenarios and four radionuclides (137Cs, 6oCo, 3X7, and wSr) were included in 
thc screening. For most aquatic and terrestrial food-chain pathways, 1 3 7 ~  was the major dose 
contributor (57%), followed by %bSr (38%), 6oCo (3%), and 3H (2%). 'The potential 
food-chain pathways producing the highest total estimated doses were beef and milk from 
cows grazing on the WOL bcd and vegctablcs grown in the sediments of the lake bed, Thc 
ratio o f  thc estimated dose for 3 given pathway to a l.O-mSv/year (100-mrernfyear) screening 
limit provides a method for estimating thc importance of various food-chain pathways. When 
this method was used, the following pathways had a ratio q u a l  to or greater than 1: 
vcgctahles, milk, beef, aquatic plants, waterfowl, and paiultry. Individuals engaged in activities 
in which they would be exposed to radioactivity in the drained lake bed would reccive the 
highest estimated doscs of all exposure pathways; external exposure to humans from gamma 
radiation exceeded the food-chain pathway doscx by about a €actor of 2. Draining the lake 
that has free access to the area would eliminate the aqrnatic food-chain pathways but would 
result in an cxposed lake bed with a potential for higher external radiation doses and would 
create a larger area for radionuclide accumulation via components o f  terrestrial food chains. 
Bascd on the initial screening analysis, additional information is needed on  WOL sedimcnts, 
aquatic macrophytes, small gamc animals, and waterfowl. 

Studies W C ~ C  initiated in July 1986 to assess the extent arid spatial distribution of off-site 
contamination of the aquatic environment and to evaluate thc hydrodynamic, gec~hemical, 
and ecological factors that determine the transport, distribution, and ecological fate of 
contarrrinai?ts in the Clinch River and Watts Bar Wcsewoir system downstream of WOI, 
dcrivcd from U S  Department of Energy facilities and operations. Based on 35 sediment 
cores collected from the Clinch R ~ V C ~  and the upper haif  nf Watts ~ a r  ~ e s e w o i r ,  1 3 7 ~ s  
concentrations ranged from 208 to 2000 mBq/g, with the highest valuc (2648 mBq/g) occurring 
at a sediment depth of 40 to 44 cm in a core collected offshore lrom the City of JSingslon, 
near the mouth of the Clinch River. Concentrations of' 137Cs were also measured in 
85 surface-sediment grab samples and ranged from 4 to 395 niBq/g. Concentrations of 'OCo 
in rescrvoir surface sedimcnts ranged from nondetcetahle (<2 rnBq/g) to 70 rnBq/g. Data 

en t  cores and surfacc sediment samples will be used to provide an inventory of 
1 3 7 ~ s  accumulation in the river-reservoir sediments and to develop a sediment-type 
distributioir map of the river-rcscrvoir system that identifies zones of 137Cs accumulation. A 
working simulation model of the WOC embayment-Clinch River-Watts Bar Rcsewoir system 
was formulated to assist in identifying and quantifying thc various factors that determine thc 
transport, distribution, and fate of containiinarils in this system. Following an initial run of thc 
model in spring 1987, historical data sets will be prepared t(9 calibiate it, The model will 



ultimately be used to predict effects of ORNI, remedial actions on oft-site contaminant 
transport and fate. 

ABATEMENT PROGMMS 

Abatenicnt efforts at ORNL arc directcd toward providing both short- and long-term 
management and technical solutions to water quality problems. As the biological monitoring 
and toxicity testing progrcssed through the Cirst year, a numbcr O F  abatement projects or 
programs were initiated to address problem areas within the storm sewer system that wcre 
identified in thc early testing stages. Concomitantly, the water pollution control effort, a 
major task within thc ORNL Environmental Restoration and Facilities Upgrade Program, has 
the objective of establishing a sound basis for proceeding with the significant long-term 
commitments that will bc required to  give ORNL the capability to  achieve and maintain 
environmental compliance with state and fcdcral water quality regulations. Tbe majority of 
these projects and programs addressed the areas of Fifth Creek and WQC identified in this 
rcport as being of particular significance, because survival of aquatic test organisms at thcse 
locations was greatly reduced. Abatement projccts includc (1) the cooling tower pollution 
elimination plan, (2) the water supply system characterization plan, (3) continuous instream 
chlorine monitoring, (4) the wastewater piping rcplacemcnt project, (5) the process waste 
system inflow/inCiltration and upgrade process wastc collection systcm, (6)  the 
wastewater/storni drain isolation project, (7j thc Clean Water Act compliance study, and 
(8) tho- PCB and mercury monitoring plans. 





1. INTRODUCTION 

As a condition of the National Pollutant Discharge Elimination System (NPDES)* 
permit issued to Oak Ridge National Laboratory (ORNL) on April 1, 1986, a Biological 
Monitoring and Abatement Program (BMAP) was developed for While Oak Creek (WOC); 
selected tributaries of WOC, including Fifth Creek, First Creek, Mclton Branch, and 
Northwest Tributary; and the Clinch River (Loar et al. 1991). BMAP consists of seven major 
tasks that address both radiological and nonradiological contaminants in the aquatic and 
terrestrial environs on-site and the aquatic environs off-site. These tasks are (1) toxicity 
monitoring; (2) bioaccumulation monitoring of nonradiological contaminants in aquatic biota; 
(3) biological indicator studies; (4) instream ecological monitoring; (5) assessment of 
contaminants in the terrestrial environment; (6) radioecology of WOC and White Oak Lake; 
and (7) contaminant transport, distribution, and fate in the WOC embayment-Clinch 
River-Watts Bar Reservoir system. 

BNAP was developed to meet several objecthes, First, studies (tasks) were designed to 
providc sufficient data to demonstrate that the effluent limits eslablished for ORNL protect 
and maintain the classified uses of WOC, Melton Branch, Northwest Tributary, First Creek, 
and Fifth Creek. These streams havc been classified for (1) growth and propagation oC fish 
and aquatic life, (2) irrigation, and,(3) livestock watering and wildlife (EPA 1986). 

Second, BMAF' will provide ecological characterizations of WOC and tributaries and oE 
White Oak Lake (WOL) that can be used to (1:) document ecological impacts of past and 
current operations and (2) identifj contaminant sources that adversely affect stream biota. 
This ecological information will be important in the eventual development and assessrncnt of 
remedial action altcrnatives as part of the Resource Conservation and Recovery Act (RCRA) 
planning process within the ORNL Remedial Action Program (RAP). It can also be used 
to develop various Remedial InvestigationKieasibility Study plans, as required. 

Third, BMAP will document the effects on stream biota from implementation of RAP 
and the Water Pollution Control Program (WPCP) at ORNL. The major remedial action 
included in the latter program is completion of a new Nonradiological Wastewater Treatment 
Plant in 1989. The ecological characterization in Objcctive 2 will provide baseline data that 
can be used to document the ecological effects of WPCP and RAP and to determine the 
success of remcdial actions implcrnented under thcse programs. The long-term nature of 
BMAP ensures that the effectiveness of remedial measures will be propcrly evaluated. 

*Abbreviations used in the text of this report are defined in the list on pp. mi and xxii. 
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WOC watershed is located ncar the southern boundany OC the 150-kni2 U.S. Department 
of Energy (DOE) Oak Ridge Resewation (Fig. 2.1). With a drainage area of 15.9 km2 at its 
mouth at Clinch River kilometer (CRK) 33.5,' WQC watershed is similar in size to Bear 
Creek watershed (20.1 hn2) near the Oak Ridge Y-12 Plant (Evaldi 1986). Parallel 
not theast-trending ridges constitute the northern and southern borders of the watershed, and 
a third ridge (Haw Ridge) bisects the basin and separates Bcthel Valley to the north from 
Melton Vallcy to the south (Fig. 2.2). Elevations in the watershed range from 226 m above 
mean sea level (MSL) at the mouth of WOC to 413 m MSL on Melton Hill at the crest of 
Copper Ridge, the highest point on the Reservation (McMaster 1963, McMaster and 
Waller 1965). 

Because of dam construction, three distinct environments can be identiljed within WOC 
watershed: (1) WQL, (2) WOC embayment below the lake, and (3) WOC and tributarics 
above the lake. WOL was created in 1941 by construction of a small highway-[ill dam 
-1.0 krn above the confluence oE WOC and the Clinch River (Fig. 2.2). It is a shallow 
impoundnient that cxtends -0.7 km upstream from the dam and has a surface area of -6 ha 
at a lake elevation of 227.1 m MSL. 

The water lcvel in WOC embayment is controlled by operation of the Melton Hill Darn 
at CRK 37.2 and Watts 5ar  Dam, which is located at Tennessee River kilometer 
(TRK) 852.6, -61 km below the confluence of the Clinch and Tennessee rivers. When Watts 
Bar Reservoir is maintained at or near full pool (approximately April to October) and 
discharges occur at Melton Hill am, the subsequent rise in water level in the Clinch River 
creates an embaymeni extending from the mouth of the creek to White Oak Dam. Because 
of this rcgulated condition, WOC watershed is generally considered to be limited to the 
15.5-Lm' area above the dam (Edgar 1978). 

The region of the watershed above WOL is emphasized in the discussion that follows. 
Further descriptions of the WOL, WOC ernbayment, and Clinch River environments are 
provided in Loar et  al. (1981a, 1981b), Boyle et  al. (1982), Oakes et  al. (1982), and Sherwood 
and Loar (1987) and in Sects. 4 and 7-9 of this report, 

21 GEOHYDROLOGY 

The headwaters of WOC originate on the southeast slope of Chestnut Ridgc (Fig. 2.2). 
The belt of f i o x  Dolomite underlying the ridge is the principal water-bearing formation, and 
the springs that occur along the basc of Chestnut Ridge and in its valleys are thc chicf source 
of the base flow of upper WOC (McMaster and Waller 1965). The largest tributary of WOC 
is Melton Branch, which originates at the eastern end of Melton Valley and joins WQC at 
White Oak Creek kilometer (WCK) 2.49 (Fig. 2.3), -500 m above WOL (at a lake elevation 
of 227.1 m MSL), Most of the Melton Branch drainage basin is underlain by the Rome 

*CRK 0.0 is located at the confluence of the Clinch and Tennessee rivers. 
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Fig. 23. Location of liquid and solid radioactive waste dis torage areas; National Pollutant Discharge Himhaion System monitoring sites on Melton Bmch (X13), W t e  Oak Creek (X14), and White Oak 
Dam (X15); and sampling sites for benthic invertebrates and fish in White Oak Creek watershed. FCK = First Creek kilometer; FFK = Fifth Greek kilometer; HFIR = High Flux Isotope Reactor; MEK = Melton 
Branch kilometer; STP = Sewage Treatment Plant; SWSA = solid radioactive waste disposalistorage area; WCK = White Oak Creek kilometer. 
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Formation (Haw Ridge), which is composed principally of siltstonc and shale, and by the 
Conasauga Group (Melton Valley), a primarisy calcareous shale interlayercd with limestone 
and siltstone (McMaster 1963, McMaster 1967); both are poor water-bearing formations 
(McMaster and Waller 1965). Together, the two formations compose 95% of the surface 
area of Melton Branch watershed, whereas d l  of upper WOC watershed north of Bethel 
Valley Road is underlain by Knox Dolomite (McMaster 1967, Table 10). 

The hydrology of Melton Branch reflects the underlying gcology of the watershed. For 
examplc, base-flow discharge is low, with periods of no flow at times (McMaster 1%7). Zero 
flow was observed in upper Melton Branch on 7 d in 1985 and 100 d in 19136 [US. Geological 
Survey (USGS), provisional data for gage 035371001. Excluding September 2-6, whcn daily 
flow was 0.3 L/s, there were 83 consecutive days of no flow in 1986 (kom July 17 through 
October 12; Fig. 2.4a). Zero flow was also observed in 1986 in upper Northwest Tributary, 
where a portion of the watershed drains the north slope of Haw Ridgc. Total precipitation 
measured at the Atmospheric Turbulence and Diffusion Laboratory (ATDL) in Oak Ridge 
was 118.2 cm in 1985 and 98.6 cm in 19%) or 85% and 71% of normal, which is based on the 
1951-80 recording period ( N O M  19&5a, 19R5b). 

Streamflow in lower Melton Branch, O T ~  the other hand, is augmented by periodic 
discharges of several process waste basins and cooling tower blowdowin (see Sect. 2.2.1). The 
discharges, which enter thc stream near Mclton Branch kilometer (MEK) 1.4 via an unnamed 
tributary (Fig. 2.3), are a significant fraction of the flow in Melton Branch and so reduce the 
probability of zero flow below MEK 1.4 (Figs. 2.4a, 2.4b). 

Although gaging records for WOC above QRNL are limited to periodic measurements 
(n = 10) in 1961-64 (McMaster 1967, Table 5), the hydrology of this headwater region could 
be expected to differ from that of upper Melton Branch due to differences in the geologies 
of the two areas. For example, drainage basins underlain by limestone and dolomite generally 
have higher unit-area low-flow discharges than those underlain by sandstone and shale 
(McMaster 1967). No periods of zero flow were observed in 1986 during studies conducted 
at WCK 6.8 north of Bcthel Valley Road or at sites near the headwaters of other tributaries, 
such as First Creek and Fifth Creek, which also originate in the Knox Dolomite of Chestnut 
Ridge (Fig. 2.2). The watershed area at WCK 6.8 is 2.07 km2 and is similar in size to  that of 
upper Melton Branch at the USGS gaging station (1.35 km2). A period of no flow was 
observed in 1979 in a reach of WOC just north of Bethel Valley Road near WCK 6.3 (Loar 
e t  al. 1981a). 

As in lower Melton Branch, streamflow in WOC below ORNL is augmented by 
discharges from various facilities (Sect. 2.2.1). Low-flow measurements have shown that 
-90% of the dry-weather discharge of the creek originates as groundwater discharge from the 
Knox Dolomite of Chestnut Ridge, from the Chickamauga Limestone of Bethel Valley, and 
from ORNL plant effluent (McMaster 1967). Pdlthough ORNL effluent provides a substantial 
portion of thc flow in lower WOC, the magnitude of this contribution cannot be accurately 
assessed without data on streamflows in upper WOC. 

Whereas low flow upstream and flow augmentation downstream dominated the 
hydrographs for Melton Branch and WOC in 1985 and 1986, high flows occurred infrequently. 
There were: four major storms during this 2-year period (Fig. 2.4), but only one had a 
rccurrence interval greater than 1 year. The maximum 24-h rainfall in 1985 occurred on 
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August 16-17, when 10.9 c (4.30 in.) of rain was recordcd at ATDL in 

OC watershed (Fig. 2.2). Althou 
, some facilitics are Ictcatsd in 
arics. ~ n ~ ~ ~ d ~ ~ g  First Creck, Filth Creek, and 

in o r  adjacent to tlic main plant area and receive 

astewater discharges a% 0 NI, are gencrated by the operdtion of nuclear reactors, 
chemical pilot plants, research laboratori ries, and various 
support facilities. Such discharges incl c sanitary wastewatcr, coal r ~ ~ ~ ~ f f  and ash 
washwatcr, proccss wastewaters, cooling system wastewaters (once hrough cooling water and 
cooling tower b ~ ~ w d o w ~ i ) ,  and storm drainagc (EPA 1986). Of t estimated total effluent 
discharge voluppl~ uf 0.46 m3/s (16.4 ft3/s), -30% an utcd by the cooling and 
proccss systems, respectively; discharges Crora the sewage treatment plant, the steam plant, 
and leakage constitute tlic rcrnairider of thc d ~ s c ~ ~ r ~ e s  in ~ ~ ~ ~ r ~ x ~ ~ a t c l ~  cqual ~ r o ~ s r i i ~ ~ ~ s  
(Kasten 1986, Table 5). 

li ~ ~ ~ o ~ s ~ 3 t ~ ) ~ ~  production lab 

'I'hcrc are ten major 
several tributaries (Table 

discharges that eater 
irect dischdrges to FV 

C either directly or  indirectly via 
as listed in Table 2.1 and shown 

are largely rcstricted to a 1,5-km reach of the creek that flows west along the 
erirneter of ORNL (Fig. 2.3). Efhents are discharged to haelfon Branch via a 

small tributary mar MEK 1.4, whereas d i s c h q p  to Northwest Tributary from thi: 1500 area 
and to Fifth Creek from the Oak Ridge Reactor are located above Northwest Tributary 
kilometer (NTK) 0.3 and just below Fifth Creek kiiorneler (FFK) (3.4, scspectively (Figs. 2.3 
and 2.5). 

In addition to thwc major waste stream, there are 127 outfalls th 
streams in W 8 C  watershed, including Fifth Crcck, First Creek, Meltsn 

include 34 noncontarninatcd storm drains (identified as Category I outfalls in the 
S pcrmit); 61 drains that have been cmtaminated by ORNL operations (Category I1 

outfalls), including drains of roofs and parking lots, s ~ o r a g ~ ~ ~ ~ ~ ~ ~ ~  areas, o through cooling 
water, cooling tower blowdown and condensate; and 32 untreaied process ns (Category I11 
outfalls) that are contaminated by pollutants because of i n ~ ~ ~ / i n ~ ~ ~ t r a ~ ~ ~ ~ n ~  cross-connections, 
or impioper disposal of chemicals (DEM 1986a, EPA 1986). 

Cooling system wastewater, a Catcgory II outfall, is a major curarpoaent, by volume, of 
the total cfflucrit discharged by OKNL operations. Waste beat Irsm reactors, particle 
accclerators, cvaporators, environmental control systcms, process systems, research 
laboratories, cngineering-scale developrncnt facilities, and space-hcating condensates is 
transfixred to oncc-through cooling water or dissipated to the a t ~ ~ ~ s ~ ~ ~ e ~ e  via 26 
w e ~ - ~ v a ~ ~ ~ ~ r ~ ~ ~ v ~ ~  e ~ ~ a n ~ ~ a ~ - ~ ~ a ~ ~  cooling towers oylc cl al. 1982, Rasten 1986). scv:vcen 
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Receiving SQUrW Of NPDES Average flow 
stream effluent discharge out fallb rate (Lhy 

Filth Creek O R P  resin regeneration facility x10 0.4 (0.01)” 

Melton Branch TRU’ process waste basins 
HFIRd process waste basins 

X08 2.2. (0.08)“ 
XO9 7.0 (0.25)’ 

Northwest Tributary 1500 area xo3 0.3 (0.01) 

White Oak Creek Sewage Treatment Plant XO1 10.1 (0.36)’ 
Coal Yard Runoff Treatment Facility x02 1.0 (0.04)’ 

3539 and 3540 ponds XO6 5.9 (0.21)” 
3544 Process Waste Treatment Plant xo7 7.9 (0.28)’ 
3518 Acid Neutralijration Facility x11 1.8 (0.06)’ 

2000 area XO4 0.6 (0.02) 

“Discharge locations are shown in Fig. 2.5. 
’No outfall XOS exists. Outfall X12 is the planned discharge from the Nonradiological Wastewater 

Treatment Facility scheduled for completion in 1989, with a March 1990 date for compliance and an estimated 
average flow rate of 22 L/S (0.8 ftf/s). 

‘Discharge in cubic feet per second in parentheses. For batch operations, average flow rate is based on 
days when waste is discharged. 

dORK = Oak Ridge Reactor; TRU = Transuranium Processing Facility; HFIR = IXigh Flux Xsotope 
Reactor. 

‘Batch discharge with frequencies of once every S d (X08), three times per month (XO9), once every 5-8 d 
(XlO), and three batches per day (X11). Discharge X06 is batch if radioactivity is below predetermined levels. 

fMmmuin flow rates are 32.9 L/s (1.16 ft3/s) at XO1, 9.6 L/s (0.34 ft3/s) at XO2, and 18.8 L/s (0.67 ft3/s) at 
X07. 

Source: Aufhorization to Discharge Under ehe National PoIlutant Dkcharge Eiiminatioon Sys1m4 Pernit 
No. TN0002941, OL& Ridg- National Laboratory, Fact Sheet, US. Environmental Protection Agency, 
Region IV, Atlanta, April 1, 1986. 

mechanical-draft cooling towers discharge the principal heat burden generated by the 
operation of ORNL facilities, and an additional 19 smaller towers opcrate intermittently to  
meet lesser demands (Boyle e t  al. 1982). Total blowdown from all cooling towers is -16.2 L/s 
(Kasten 1986), of which an average of -6.9 IJs is discharged to Melton Branch from 
operation of the High Flux Isotope Reactor (HFIR), 3.3 L/s is discharged to Fifth Creek from 
operation of the Oak idge Reactor, and 3.8 L/s is discharged to WOC from the 
Building 4500 cooling tower (Boyle et  al. 1982, Table 2.12). Occasionally, the blowdowii may 
contain radionuclides, thus requiring diversion to the Process Wastc Treatment Facility prior 
to dischargc. Normally, however, cooling tower blowdown is discharged directly to area 
streams o r  indirectly via the storm sewer system. 

Several pollution abatement measures were implemented recently, and more are planned 
over the next several years as part of the ORNL WPCP (Sect. 10). The sewage treatment 
plant was upgraded in August 1985 to include a new extended aeration-activated sludge plant 
to  reduce periodic hydraulic overloading, and defective sections of sewer pipes were relined 
to reduce groundwater infiltration (Kasten 1986). In early March 1986, a new coal yard 
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BETHEL VALLEY A/ 

NPDES MONITORING STAT1 
1. 1500 Area (X03) 
2. Sewage Treatment Plant (XOi )  
3. Coal Yard Runoff Treatment Facility (XO2) 
4. Process Waste Treatment Plan! (X07) 
5. Acid Neutralization Facility ( X I  1 )  
6. 3539 and 3540 Ponds (X06) 

8. 2000 Area (X04) 
9. ORR Resin Regeneration Facility ( X i o )  

10. White Oak Dam (X15) 
11. While Oak Creek (X14) 
12. Melton Branch (X13) 
13. TRU Ponds (X08) 

Fig. 2.5. Location of National Pollutant Discharge Elimination System (NPDES) effluent (Sites 1-9 and 1S14) and 
insueam (Sites 1&12) water quality monitoring stations. Station numbers on legend do not correspond to serial identification of 
the discharges in the NPDES permit. ORR = Oak Ridge Reservation; TRU = Transuranium Processing Facility; HFlR = 
High Flux Isotope Reactor. Source: Adapted from ORNL Department of Environmental Management, Environmental Surveillance 
Data Report for the Second Quarter of 1986, ORNLM-173, Oak Ridge National Laboratory, Oak Ridge, Tenn., 1986, Fig. 8. 
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runoff treatment facility became operational. This facility may also bc used to treat boiler 
blowdown and dcmineealizer regeneration waste from the steam plant, wastcwaters that are 
currently treated at the 3518 Acid Neutralization Facility. In August 1986, new demincralixr 
systems w a - c  installed at the HFBR and Oak Ridge Reactor to reduce nitrate discharges to 
Melton Branch and Fifth @re&, acspectively (Martin Marietta Energy Systems 1986b). One 
of thc most significant components of the WP@P is  construction of the Noiniadiologkal 
Wastewater Treatment Facility (NRWl'F). Scheduled for completion in 1989, thc facility will 
tieat effluents that currently are (1) untreated an9 discharged directly to area streams, 
(2) untreated but discharged to process waste basins prior to release, or  (3) treated by existing 
facilities. NRWTF will collect and treat NPDES serial discharges X03 through X10; discharge 
X11 will be treated by either NRW'l't: or the Coal Yard Runoff Treatment Facility 
(Table 2.1). Additional pollution ahatemerit projccts and programs are described in Sect. 10. 

Water quality in WOC and Melton Branch is influenced both by point-source discharges 
from ORNL facilitics (Sect. 2.2.1) and by area-source discharges from waste disposal ateas, 
such as the solid radioactive wastc disposal/storage areas (SWSAs), liquid radioactivc waste 
dispcssal/storage areas (pits and trenches), and inactive process waste basiris (Fig. 2.3). The 
discharge to area streams of leachates from waste disposal areas has hccn documented by  
Stucbcr et al. (1981) for Northwest Tributary (from SWSA 3) and by Ceding and Spalding 
(1982) for We>@ (SWSA 41, Melton Branch (SWSA 5) ,  and WOL (SWSA 6). T h e  followiiag 
characterization of ambient watcr quality is based on routine NPDES monitoring condeictcd 
at sites MEK 0.16 and WCM 2.65 (NPDES sites X13 and X14, respectively), both of which 
are located downstream of all point-source discharges and most major area sources (Fig. 2.3); 
data collected from a sitc above OKNL aEd at Whitc Oak Dam (X15) are also included for  
comparative purposes. 

Woutinc radiological monitoring is also conducted at thcse sitcs and others, including 
Melton Branch just below the ITFIR, Firs: Creek, Fifth Creek, Northwest Tributary, Raccoon 
Creek, and LVOC at WCK 3.41 (Fig. 2.3). These data are collected either daily or  weckly and 
are published quarterly by the ORNL Dcpaitrnent of  Environmental Managcrnent (DEM 
1986a. 19865). 

A 4 m b i e ~ t  watei qirality data collected by DEM during the period January 1985 through 
December 1986 are S U K K H K W ~ L ~ ~  in Tablcs 2.2 and 2 3 Data wcre available on 12 paramcters 
for 1985 and 1986 (l'iiblc 2.2); routine monitoring of an additional 20 paramcters was initiated 
in 1986 in compliawce with thc coiiditions stipulated in thc new NPDES permit that was 
issued on April 1, 1986 (Table 2.3). Construction of new weirs and monitoring stations at 
tlnesc three NPDES sites (X13-Xl5) was completed in 1984 (DEM 1986a). Each site was 
again upgraded in July 1986 (SepteiIllPer 1986 at WCM 2.65) tu provide real-time monitoring 
of conductivity, dissolved oxygen. pH, temperature, sild strcamflow (DEW 1986b). 

Water quality in both 1985 and 1986 was characterizd by periods of low dissolved 
oxygen (below 5 mg/L); high conductivities and total dissolved solids (TIIS), especially in 
Mclton Branch; and high turbidity levels that did not always coincide with major storms 
(Table 2.2). Temperatures in lower Melton Branch En 1985 were highcr and morc variable 
than in Bower WOC (Fig. 2.6). Based upon bctter records that wcre available altc: July 1986 
(k., daily grab samplcs in 1985 vs continuous records in 1986), avcragc daily tcmpcraturcs 



Table 22 Median concentration (range in parentheses) of 12 water quality parameters monitored 
at Melton Branch kilometer (MEK) 0.16, at Whits. Oak Creek kilometer (WCK) 265, and at 

White Oak Dam (WOD) under the OM and new (after April I, 1%) National Pollutant 
Discharge Elimination System (NPDES) Permit 

(Values in milligrams per liter unless otherwise noted) 

Sample Sampling MEK 0.16' WCK 2.65d WOD 

frequencyb 1985 1986 1985 19% 1985 1986 

Ammonia 

Biological oxygen 
demand, 5 d 

Chemical oxygen 

Conductivity 

Chromium 

demand 

( c1 Sicm) 

( P g n )  

Dissolved oxygen 

Dissolved solids 

Oil and grease 

PH 

Suspended solids 

1 

1 

1 

2 

1 

2 

2 

2 

2 

1 

NS 

<5 
( 5 6 )  

6 
(0-34) 

500 
(270-5xw>) 

< 10 
(< 10-10) 

8.0 
(4.9-13.2) 

358 
(145-759) 

2 
( < 2-5) 

7.8 
(6.0-9.0) 

5 
(<5-l65) 

0.05 
(0.03-2.00) 

<5 
(~5-13)  

8.5 
(C5-66) 

(100-1000) 

(< 10-12) 

455 

< 10 

8.0 
(4.0-1 2.9) 

464 
(120-1000) 

2 
( ~ 2 - 6 9 )  

8.08 
(7.1-8.9) 

<5 
(c5-85) 

0.26 
(<O. 10-1.60) 

<5 
(<5-52) 

5 
(0-102) 

(200-600) 

(< 10-10) 

370 

< 10 

7.8 
(2.3-10.0) 

243 
(158-300) 

<2 
(<2-6) 

7.8 
(6.5-9.1) 

<5 
( 4 - 3 3 )  

0.07 
(0.03-0.14) 

<5 
(<5-10) 

2.5 
(< 1-21) 

(200-480) 
365 

< 10 
( < 4-38) 

7.8 
(5.0-12.3) 

254 
(168-324) 

<2 
(< 2-107) 

7.7g 
(7.0-8.6) 

<5 
(4-87)  

NS 

NS 

NS 

NS 

NS 

8.4 
(2.7-17.0) 

NS 

NS 

7.8 
(6.2-9.2) 

NS 

0.08 
(0.05-0.47) 

<5 
(<5-11) 

NS 

CL 
390 'U 

(200-4 10) 

(<20-4Y 
<24 

7.4 
(2.0-15.0) 

270 
(136-358) 

2 
(~2-27) 

7.9 8 

(7.2-8.5) 

5 
(<5-52) 



14 



Table 23. Median concentration (range in parentheses) of 20 water quality parameters 
measured monthly at Melton Branch kilometer (MEK) 0.16, at White Oak Creek 

kilometer (WCXQ 265, and at White Oak Dam (WOD) during the period 
April I-December 31,1986" 

Concentration (pglL, unless noted otherwise) 
Parameter 

Above ORNL"' MEK 0.16 WCK 2.65 WOD 

Aluminum (ma) 

Arsenid' 

Cadmium 

Chlorine, residual 

Chloroform8 

W P r  

Fluoride (rngiL) 

Iron 

Lead 

Manganese 

Mercury 

Nickel" 

Nitrate (mglL) 

Organic carbon, 
total (mgiL)g 

Phenols, totalK 

Phosphorus (mgiL) 

O M d  

NS 

0.12 

NS 

NS 

C.? 

0. Id 

65 

0.9 

12 

0.02 

4 

0.3d 

NS 

2 

0.02 

<0.12 (<0.02-0.84) 

cm (c 10-<60) 

< 2  (all <2) 

0.00 (0.00-0.16) 

<1.6 (0-3.0) 

< 12 id-< 12)' 

2.2 ( c 1.0-25.0) 

178 (50-650) 

c 4  ( < 4 4 )  

94 (31-450) 

cO.05 (<0.05-0.10) 

<36 (<6-<36) 

< 5.0 (< 2.0-14.0) 

4.0 (1.8-5.0) 

< 1  (<1-2) 

0.88 (0.11-1.70) 

<0.12 (<0.02-0.41) 0.20 (~0.12-1.30) 

<60 (<10-<60) 

<2 (all <2) 

0.00 (all 0.00) 

6.8 (0-8.0) 

< 12 ( r2 -13 )  

1.0 (< 1.0-1.0) 

94 (22-490) 

c4 (<4-5) 

29 (23-43) 

0.10 (< 0.05-0.20) 

<36 (<6-<36) 

<5.0 (<2.0-5.3) 

3.0 (2.2-4.6) 

<1 (~1-3 )  

0.63 (0.134.80) 

<60 (<10-<60) 

0.00 (0.00-0.10) 

< 2  (all c2)  

2.8 (0-3.4) 

< I 2  (c2-15) 

1.0 (< 1.0-1.0) 

<4 (c4-5) 

<0.05 (<0.05-0.10) 

285 (86-1300) 

82 (28-1500) 

<36 (<6-<36) 

<5.0 (<2.0-5.0) 

3.6 (1.9-5.7) 

NS 

0.36 (0.17-0.76) 



Concentralion (gg/L, unless noted otherwise) 
Parameter 

Above ORNLbc MEK 0.16 WCK 2.65 WOD 

Siivef NS < 5  (<5-<30) <25 (all <25j <25 (ai! <25j 

Sulfate ( r n p / ~ )  2 J d  305 (21-1065) .60 (2.1-299) 52 (25-305) 

TrichloroerhyieneB NS < 1.9 (0.0-<5.0) < 1.9 (0.0-< 10.0) c 1.9 (0.0-< 10.0) 

Zinc 3 41 (15-150) 32 (27-40) 14 (<1041) 

"Values represeent 24-h composite samples unless no:ed crthewisz. Most parameters were also sampizd in January prior t 3  issuance of 

bNorth of Bethei Valley Road near WCK 6.3. 
Values represent the mean concentration of grab samples collected weekly between April 1979 and January 1980; n = 37 (see Boyk 

et a]. 1982, Sect. 3.2.3.2 and Table 4.15). Similar sampling was conducted in upper Melton Branch near MEK 1.8 over the same time 
period, and average cocceniraiions were the Same as those for upper White Oak Greek above ORML except fer Fe (130 pa), tIg (0.05 
g@), Ma (32 &flu), and Ni (5 pg/L) (Boyle e: ai. 1982, Table 4.16). Comp1e:e citations to references are inciuded in Sect. I1 of 
this reprr.  

'horrh of Bethel Valley Road near WCK 6.6; values represent the mean concentration of samples coiiecaed in 1%1-1%4; n = 5 
(McMas:er 1x7, Table 11). 

'All values were below thc detection limits. 
4arnpled weekly. 
%rab sample. 
Source: ORNL Department of Envirocmental Management. 

the new National Poilutant Discharge E1irnina:ion System permit. NS = not sampled. 
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1984 1985 1986 1986 
DATE 

Fig. 2.6. Daily water ternpraturcs at National Pollutant Discharge Elimination System 
monitoring sites, January 198.5 through March 30, 1987r (a) sir<: X13 at Mcltoa Branch 
kilomeler 0.16, (b) site XI4 at White Oak Crcck kilometer 265, and (c) siUc X15 at While Oak Dam. 
Data arc equivalent to grab samplcs collccted in the morning at each location. Sortrce: ORNL 
Dcparment o f  Environmental Managcmcnt. 
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in Melton Branch during summer 1986 occasionally cxcccded 30" C, and maximum 
temperatures approached 38" C (Fig.. 2.7). As measured by continuous strip-chart recorders, 
maximum tempcratiires in Brushy Fork, a reference stream north of Oak Kidgc (Fig. 2.1) 
never exceeded 25°C over the same pcriod (J. M. b a r ,  unpublished data). 

Inclusion of 20 additional parameters in the NPDGS monitoring program in 1986 
provides a more complete characterization of water quality in the two streams (Table 2.3). 
For example, concentrations of trace elements and total phcnols in lower WOC and kwer 
Melton Branch exceeded the levels obsewed in the unimpacted upper reaches of these two 
streams. Most, however, did not excecd the U.S. Environmental Protection Agency (EPA) 
water quality criteria for freshwater aquatic life (EPA 1976, 1980a). The niaximum level of 
iron observed at White Oak Darn exceeded the criterion of 1000 pgA, (EPA 1976), and the 
maximum mercury Concentration in WOC cxcceded the criterion of 0.14 ps/r, for protection 
of human health from ingestion of organisnns and water (EPA 1980a). The dctcction limits 
for Cd, Cu, Ni, and Ag exceeded the criteria either for average concentration or for 
protection of human hcalth on most sampling datcs. Based on the results of ambient toxicity 
testing (Sect. 3.  l o l l ) ,  however, it is likely that concentrations of thcsc clcments are usually 
below levels that would be toxic to biota. 

The lower reaches of both Melton Branch and WQC are enriched by nutrients, especially 
phosphorus. The average concentration of 0.02 mp/L total phosphorus reported by Boyle et  
al. (1982) for WOC north of Bethcl Valley Road i s  lower than the conccntrations in Melton 
Branch and lower WOC by more than an ordm of magnitude (Table 2.3). Some nitrate 
loading to the streams is also evident, although high detection limits prcclude an accuratc 
assessment of thc degree of enrichment. (At the three sites 85% of the valucs were below 
the dctection limits of either 2 or 5 m@.) Additional information on nutrient enrichment 
in WOC watershed is provided in Sect. 2.2.4. 

Differences in the water quality of Melton Branch and lowcr WOC arc relatcd to  the 
composition, frequency, and volume of the discharges from the Transuranium Processing 
Facility (mu) and HFIR process waste basins. The batch discharges havc a high total 
dissolved solids ('I'DS) content composed primarily of sulfates (Table 2.3). The two TRU 
basins, each with a capacity of 189 ni3 (50,000 gal), are emptied, on average, cvery 5 d. The 
single IIFIR waste basin has a capacity of 946 m3 (2.50,OOO gal) and is emptied whcn 
two-thirds of the capacity is reached, or approximately three times pcr month (EPA 1986). 
Streamllow in Melton Branch above the HFIR/TRU tributary was generally low or zero 
during much of 19% (Sect. 2.1 and Fig. 2-43). Consequcntly, dilution of thcsc discharges was 
minimal between the point of discharge and the monitoring site -1.2 km downstream. 
Maximum values for conductivity, TIIS? and sulfates in 1986 occurred in October at both 
MEK 0.16 and White Oak Dam, suggesting that HFIRRRU discharges can bc observed 
downstream of Melton Branch. Tlie batch discharge mode also contributed to the high 
variability observed in sevcral parameters, including conductivity, dissolved oxygen, and p€I 
(Fig. 2.8). When the HFIR was shut down on November 14, 1985 (J. D. Story, ORNL 
Department of Environmental Managcrncnt, personal communication, 1986), this variability 
was reduced compared both with the pre-HFIR period and with WOC (Fig. 2.9). Minimum 
values for conductivity, TDS, and sulfatcs in 19% were observcd the following month at ai l  
thrce sites, due both to the abserncc of PIFIR discharges and to dilution resulting from high 
streamflows (Fig. 2.4). Although discharge from the waste basins contributes significantly to 
short-term fluctuations in water quality, more than 90% of the TDS loading is from cooling 
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Fig. 27. Maximum, average, and minimum dailty temperatures at National Pollutant Discharge 
Elimination System monitoring sit= (a) XI3 on lower Melton Branch and (b) X14 on White Oak 
Creek These sites arc located at Melton Branch kiiomcter 0.16 and White Oak Creek kilometcr 2.65 
respectively. Data werc collected at 10-min intervals by real-time monitoring systems installed in 
19~86. Arrow marks November 14,1986, when the High Flux Isotope Reactor was shut down. Source: 
ORNL Departmcnt of Environmental Managcment. 
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Fig. 29. Daily maximum, average, and minimum vahcs lor (a) dissolved oxygen, @) mnduetbily, 
and (c) pH in White Oak Creek at National Pollutant Discbarge Elimination System monitoring 
station X14 located a1 White Oak Creek kilometer (Were) 265. (The confluence with Melton Branch 
is downstream at WCK 2.49.) Data were collected at 10-min intervals by real-time monitoring systems 
installed in September 1986. The low concentration of dissolved oxygen occurred on 
September 28-29, 19<MK,, and was associated with a release of ethylene glycol from a ruptured chillcd 
waterline in the Building 6010 area (near WCK 4.9) on September 27, 19%. ORNL 
Dcpariment of Environmental Management. 

Source: 
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tower blowdown, which has an average flow rate that is  morc than ten times greater than that 
of the waste basins combined (Boyle et  al. 1982, Table 2.12). 

In addition to the water quality monitoring conducted by DEM on lower WOC, on 
Melton Branch, and at White Oak Barn, water quality analyses were conducted as a 
coinponent of the periphyton/microbial community studies described in Subtask IC of BMAP 
(see Sect. 3.2). Water samples were collected monthly and coincided with the collection of 
periphyton samples. This sampling program provides informatioil on envirlonrr-reaital 
parameters (inorganic carbon, plant nutrients, etc.) that can be used to evaluate the condition 
and activity of the biological connmunities. Rates of algal photosynthesis and accrual of 
primary-producer biomass are affected by the availability of nutrients, such as phosphorus and 
nitrogen. Other aspects of water quality (such as available metals) may adverscly influence 
the primary producers and either directly or indirectly (via the food chain) affect other biotic 
communities. Although grab samples only provide information on the conditions at the time 
of sampling, such samples document spatial variations in water quality, information that 
existing monitoring programs could not provide. These data were used to interpret the 
characteristics and seasonal dynamics of the periphytic algal communitics at the various stream 
sites (Sect. 3.2). This information further contributes both to the characterization of the 
ecology of the streams in WOC watershed and to the capability for predicting ecosystem 
responses to  remedial actions. 

224.1 Methods 

Two 1-L grab samples of stream watcr were collected from each site in acid-washed 
polyethylene bottles and taken to the laboratoiy within 1 h of collection. Samples for the 
determination of dissolved organic carbon (DOC) wcre collected in organic-free glass bottles 
with Teflon-sealed lids. The total amount of DOC was determined for a subsample; for the 
remainder, the DOC was partitioned into hydrophilic and hydrophobic fractions and was 
partitioned by molecular weight. (Samples collected in September were not fractionated,) 
On each sampling date, each site was also evaluated for pM, alkalinity, conductivity, hardness, 
and solublc metals from single measurements; analyses of the other parameters were 
performed in duplicate. Mcasuremcnts of pN, alkalinity, hardness, and conductivity were 
made within 2 h after collection. Samples for other analyses were preserved and/or frozen, 
according to approved methods (EPA 1983), until analysis. The parameters determincd for 
the discrete water samples are listed in Table 2.4. 

224.2 Results 

Although the discrete water quality sampling program was initiated in August 1986, the 
first complete data set for this sampling program was available for September 1986 
(Table 2.5). Compared with sites farther downstream, the upstreani reference sites generally 
had lower concentrations of soluble nitrogcn and phosphorus and werc lower in conductivity. 
The decrease in alkalinity and thc increase in conductivity and soluble nutrients at the 
downstream sites are attributable to discharges from ORNL. The greatly increased 
concentrations of soluble reactive phosphorus (SKP)-> 100 micrograms of phosphorus per 
litcr-and NO-,-N -+- NO-,-N at WCK 3.9 were similar to those downstream of the discharge 
of treated sewage effluents ( e g ,  WCK 3.4). Site MEK 0.6 on Melton Branch below the 
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Table 24. Water quality parameters determined for discrete 
samples coUectcd moatbly at ten sites in strams 

in White OaFr Creek watersbed 

Parameter Method Reference" 

PI1 

Alkalinity 

Conductivity 

Hardness 

Phosphorus 

Total P 

Total soluble P 

Soluble reactive P 

Nitrate and nitrite 

Ammonia (ammonium) 

Suspended solids 

Particulate carbon 
and nitrogen 

Dissolved metals 

Dissolved organic C 

Glass electrode APHA (1985) 

Acid titration to pH -4.7 APHA (1985) 

Conductivity bridge APHA (1985) 

EDTA titrationb APHA (1985) 

Ascorbic acid method APHA (1985) 

Persulfate digeslion 

Filter and digestion 

Filter only 

Cadmium reduction 

Phenate method 

Total filterable (105°C) 

Elemental analyzer 

EPA (1983) 

EPA (1983) 

APHA (1985) 

Filter and induction coupled APHA (1985) 
plasma emission spectros 

Persullate oxidation Dohrmann Co. 
and infrared detection (1984) 

'Complete citations to references are included In Sect. 11 of this report. 
bEDTA = ethylenediamine tetracetic acid. 

HFIRDRU tributary was greatly enriched with nitrogen and phosphorus and was elevated in 
conductivity and hardness. DOC 
concentrations were lowest at the upstream sites, especially FFK 1.1 and near First Creek 
kilometer (FCK) 1.0; these two reference sites are only a short distance from their spring 
origins. Concentrations of DOC at other sites were similar to those for other streams in this 
region (H. L. Boston, unpublished data). Although samples collected later in the year were 
fractionated according to hydrophobicity and molecular weight, these analyses are not yet 
complete. Concentrations of total suspended solids were lowest for the reference sitcs near 
thcir spring sources (FCK 1.0 and FFI( 1.1) and wcrc higher for those upstream reference 
sites that had substantial watcrshed areas (MEK 3.8, NTK 1.0, and WCK 6.8). The 
concentrations of total suspended solids for the sites corresponded to patterns of water 
velocity and drainage area. Concentrations of most soluble metals were not markedly 
different between upstream and downstream sites, although the alkaline earth metals 
(especially calcium) tended to be elevated downstream. Data for basic cations and alkalinity 
show the influences of ORNL discharges (e.g., sulfates from the HFIR) at the downstream 
sites (see Sect. 2.2.3). Data for other elements are presented in Appendix A. 

It also had less alkalinity than the upstream site. 
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WCK" WCK WCK WCK WCK M E P b  MEM FCKQ FFM" N T P b  
6.8 3.9 3.4 2.9 2.3 1.8 0.6 1.0 1.1 1.0 

PH 

(me@) 
Alkalinity 

Conductivhy 
(@nhos;cmj 

Hardness 
(m@ as CaCQ,) 

Total phosphorus 
(mg PI%) 

Soluble unreactive P 
M PL> 

(erg P L )  

NO,- -+ NO,- 
(mg N L j  

0% 

(mg w 

(mglL) 

Temperature ("C) 

Soluble reactive P 

Amm0nia-N 

Dissolved organic C 

Total suspended solids 

Soluble Ca 

8.19 

3.03 

266 

166 

19.1 

15.1 

0.7 

0.05 

24 

2.24 

3.3 

17.1 

12 

8.12 

2.5 

361 

180 

595.1 

69.6 

127.4 

0.58 

25.3 

3.54 

1.7 

22.5 

44 

8.03 

2.3 

334 

172 

673.3 

40.2 

275.6 

1.29 

26.5 

3.34 

2.9 

21.6 

40 

8.05 

2.28 

342 

1% 

680.2 

90.2 

292.8 

1.4 

22.8 

3.36 

2.5 

21.5 

44 

8.06 

2.2 

391 

I94 

748.1 

31 

350 

1.34 

26.5 

3.11 

3.2 

21.8 

47 

7.9 

2.24 

226 

138 

28.6 

12.1 

7.3 

0.01 

2.9 

3.21 

5.5 

10.4 

N K  

7.75 

0.99 

878 

m 

1568 

99.6 

858.9 

1.97 

31.5 

3.49 

1.2 

25.7 

140 

8.23 

3.14 

259 

162 

43 

28.6 

3.5 

0.04 

8.4 

0.96 

2.8 

18 

13 

7.84 

2.98 

269 

142 

27.8 

11.8 

7.7 

0.15 

12.7 

0.76 

2.3 

14.2 

12 

7.89 

4.56 

398 

198 

15 

10.9 

td 1.9 P 

0.02 

2.4 

2.24 

5.7 

12.5 

NA 
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Based on the results of the discrete water sampling to date, the aiialyses of soluble metals 
will be conducted quarterly during 1987. The results of the analyses of suspended particulate 
matter €or carbon and nitrogen have not yet been completed. For other parameters; the 
results for samples collected during the first several months will be used to determine the 
frequency with which a given parameter will be evaluated. 

Fifteen primary sites were chosen on WOC and selected tributaries above WOE 
(Fig. 2.3) for routine sampling of benthic invertebrates and fishes (Task 4 of BMAP, as 
described in Sect. 6). Criteria used in the selection of these sites included (1) point-source 
discharge locations; (2) area sources with confirmed seepage to surface waters; (3) kno 
areas of impact, as determined from the 1985 synoptic survey ( h a r  e 
(4) previous sampling locations ( b a r  et al. 1981a). IJpstream reference (c 
located on WOC and each of the tributaries that receives effluent discharges, including Fifth 
Creek, First Creek, Melton Branch, and Northwest Tributary (Fig. 2.3). 

For some tasks, an additional reference site was selected on Brushy Fork at Brushy Fork 
kilometer (BFK) 7.6 to provide a basis for comparison with the dowinstream sites on WOC. 
Brushy Fork is a fourth-order (4") stream that drains a predominantly agricultural watershed 
just north of Oak Ridge (Fig. 2.1). No industrial development and only limited residemtial 
and commercial develoyinent occur in the watershcd above the site. In addition to its size 
and land-use characteristics, Brushy Fork bas relatively good water quality (McMaster 1967, 
Table 11; 1-1. L. Boston, unpublished data) and a divcrse assemblage of both benthic 
invertebrates and fish (.I. M. Loar, unpublished data). Consequently, Brushy Fork is  
considered to be representative of preindustrial streams in this area. 

The: physical characteristics of the primary sampling sites on WOC and tributaries are 
summarized in Sect. 6.2.2.1. With the exception of First Creek, which is a large 1" stream, 
and the portion of WOC below thc confluence with Melton Branch that becomes a 4" 
stream, all sites are located on either 2" or 3" streanas. Fifth Creek, Northwest Tributary, 
upper Melton Branch, and upper WOC are all 2" streams: mean depths range from 5 to 
12 cm, and mean widths, from 1.1 to 2.4 m. Melton Branch below the Hn;IRmU tributary 
and WOC from WCK 3.9 downstream to the confluence with Melton Branch are 3" streams. 
WOC is wider and deeper below ORNL than above it; channel modifications have been made 
to increase the flow rate through the central site area (Boyle et al. 1982). Moreover, from 
WCK 6.8 downstream to the confluence with Melton Branch, the substrate shifts from 
medium (fist-size) rubble, gravel, and sand with bedrock outcrops to smaller rubble and gravel 
(Loar et a]. 1981a). substrate in lower Melton Branch, on the other hand, is similar to 
that at WCK 6.8. 

The rationale of including both downstream sites and an upstream reference site on 
WQC and each of the tributaries was followed in other tasks of BMAP ( h a c  et al. 11991). 
Subtask lb, involving ambient toxicity testing, for example, includes 15 sites in WOC 
watershed (Sect. 3-13), and most of these overlap with the sites shown in Fig. 2.3. P,ikewise, 
Subtask IC, periphyton monitoring, includes Brushy Fork and several sites on WOC and 
tributaries that are located in riffle areas near those that are sampled for benthic invertebrates 
(Sect, 3.2). Sampling sites included in the bioaccumulation monitoring in WOC watershed 
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above WOL (Subtask 2a) coincided with the sampling sites in Task 3 (biological indicator 
studies). Because of the specific nature and objectivcs of Tasks 5-7 of BMAP, coordination 
of sampling locations between these predominantly radioecological tasks and those described 
in Tasks 1-4 was not rcquired. Coordination of Tasks 5-7, however, was emphasized. 
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The toxicity monitoring task (Task 1) described in the UMAP for WOC watershed (bar 
et al. 1991) outlined three g::als, each of which was to be addrcssed by separate subtasks. 
The three g ~ d s  were to (1)  identify soiirccs of toxicity in WOC watershed (Subtask la); 
( 2 )  monitor toxicity of watcr and sedimcnts in WOC and its tributaries and asscss thc 
use€ula_less of the toxicity test systcrns in detecting arnbient toxicity (Subtask lh) ;  and 
(3) monitor periphyton/~icrobial comriiunities and test, by rnanipulativc field cxperirnents, 
relationships betavecn ambicn: toxicity arid processes regulating energy flow in streams within 
WOC watershed (Subtask IC). From March 13% through January 1987, progress was made 
toward completing each of these subtasks. Results of Suhtasks l a  and l b  are discusscd in 
Sect. 3.1, and results of Subtask 1~ are discussed in Sect. 3.2. 

3.1 P O ~ S O U R C E  AND AREA-SOURCE CON'I'REBU'I'IONS 
m AMBIENT mx7crI"Pc" 

Point- and area-source COAtribUtiOnS to ambient toxicity in strcams within WOC 
watershed were evaluated with 7-6 static-renewal toxicity tests based on the survival and 
growth of fathead minnow (Pimephafespromelas) larvae and on the survival and reproduction 
of the daphnid Cetimiaphnia dubialajjfinis. These two "minichronic" tests are dcscribed in 
detail in Homing and Weber (1385), Norberg and Mount (1985), and Mount and 
Norberg (1984). 

Point-source discharges to WQC that were systematically evaluated for toxicity under the 
ORNI. Toxicity Control and Monitoring Program (TCMY), as stipulated in the NPDES 
permit (EPA 1986, Part Y), included those from the Sewage Treatment Plani, Proccss Waste 
Treatment Plant, and Coal Yard Runoff Treatment Facility (Fig. 2.5). Effluents from thcsc 
three treatment facilitics were tested according to the schedule shown in Table 3.1; 24-11 
composite water samples were normally used for these tests. 

Contributions to ambicni toxicity from area sou~ccs were evaluatcd by monthly tcsts of 
water from 15 sitcs on 5 streams (Fig. 3.1). Four of the 15 sites (uyslrcam sites o n  I:irst 
Crcek, Fifth Creek, WOC, and Melton Branch) s e n d  as reference sites bccause they were 
presumed to lack contaminants in toxic concentrations. Samples to be evaluated for  ambient 
toxicity in each 7-d test were normaally collccted as daily grab$. 

Ambient toxicity monitoring sites 6 a i d  7 (Fig. 3.1) are also l k t d  as sites to be evaluatcd 
undcr the TCMP section of the NPDES permit. To make testing undcr the TCMP portion 
of the permit as consistent as possible, tcsts in June and August €or sites 6 and 7 (NPDES 
sites X13 and X14, respectively) wcre performed on 24-fa composite watcr saniples instead 
oEon grab samples (A. J. Stewart and L. E'. Wicker, ORNL, personal communication to J. B. 
Murphy, OKNL, 1984). 

Tests with the two spccics W ~ P C  always conducted concurrently. On each day of cvciy 
test, subsamples of each effluent or water sample were routincly ana lyxd  for pH, 
conductivity, alkalinity, and water hardness. Most samples collected for toxicity tcsting wcrc 
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Table 3.1. Toxicity t a l  results for ef€liJents discharged from the O W  Process 
Waste Treatment Plant @WIT), Sewage Treatment Plant (STP), and 

Coal Yard Runoff Treatment Facility (CXRw 

NOEC (% of full strength) 

Fathead minnows Ceriodaphnin 
Facility Test period IWC (%) 

PWTP 

PWTP 

PWTP 

PWTP 

STP 

STP 

STP 

STP 

CYRTF 

CYRTF 

CY RTF 

CYRTF 

10- 17 July 

4-11 Sept. 

13-20 Nov. 

22-29 Jan. 

25 May-5 June 

20-26 June 

22-29 Aug. 

16-23 Oct. 

10-17 July 

4-11 Seyt. 

30 Oct.4 Nov. 

22-29 Jan. 

21.9 

21.9 

21.9 

21.8 

25.5 

25.7 

25.7 

25.7 

3.6 

3.6 

3.6 

3.6 

80 

80 

80 

1100 

2 loo 

N P  

2 loo 

2 loo 

20 

260 

280 

60 

80 

80 

80 

80 

20 

2 100 

5 loo 

2 loo 

< 10 

5 

N P  

3 

The Instream Waste Concentration (XWC) for effluent from each faciliry is the percent of the 
total streamflow at the point of discharge that is composed of effluent. ‘l’he no-observed-effect 
concentration (NOEC) designatcs the highest tested concentration (in percent of full strength) of 
the  effluent causing no significant reduction in siirvival or growth of fathead minnow larvae or in 
survival or reproduction of Crrioduphnia. Tests of effluent from PWLT and CYRTF in January 
were done in 1987; all other tests were done in 1986. 

bNT = not tested. 

also routinely analyzed for free and total residilal chlorine. The temperature of the water at 
each site was recorded at the time of sample collection. 

Summary statistical computations [means, standard deviations, coefficient of variation 
(C.V.) and analysis of variance (ANOVA) general linear model (GLM) procedures] were 
accomplished with the use of SASa. Correlations (Spearman rank order and 
product-moment) were determined with the use of StatSolto software and an IBM-AT 
computer. In all cases, survival values €or fathead minnow larvae and for Ceriudaphnia were 
transformed (arcsine square root; Steel and Torrie 1960) belore being analyzed statistically. 
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3.1.1 Toxkity of PointSource Discharges to White Oak Crcck 

Discharges from the ORNL Sewage Treatment Plant and Process Waste Trcatnicnt Plant 
contribute significantly to the flow of WOC (Tablc: 2.1), but generally did not appear very 
toxic to Gerioduphnia or to fathead minnow Farvae (Tablc 3.1). Fathead minnow laivac and 
C'eriodiiphnin reared in full-strength cffluent from the Sewage Treatmcnt Plant, for example, 
almost always performed as well as and, in scme cases, better than the controls, which wcrc 
consistently acceptable (Horning and Weber 1985). Effluent from the Process Waste 
Treatment Plant was consistently toxic at full strength to both species, but was not toxic to 
eilher species at a concentration of 80% rull strength. Effluent from the Coal Yard Runoff 
Treatment Facility, in contrast, is a smaller fraction of the flow in WOC (Table 2.1), but was 
generally more toxic to Ceriodriphnia and fathead larvae (Table 3.1). Cenodriphnia appcarecl 
to be more sensitivc than fathead minnow larvae to  effluent from this facility. 

In general, water quality measurements showed that effluents from the three treatment 
facilities were chemically distinct and that major chemical constituents of  cffluent from cach 
facility did not vary much through time (Tablc 3.2). Most notably, compared with water in 
WOC, effluent from the Process Waste Treatment Plant had elevated conductivity and very 
low levels oE hardness, whereas effluent from the Sewage Treatment Plant had intermediate 
levels of conductivity, alkalinity, and hardness (Sect 3.1.3.4). The Coal Yard Runoff 
Treatment Facility generates effluent that is very high in conductivity and hardness but that 
contains negligiblc amounts of alkalinity (Taklc 3.2). 

3.1.2 PointSource Inputs of Chlorine and Phosphorus 

Chemical analyses performed in conjunction with toxicity tests used t o  evaluate 
area-source contributions to ambient toxicity also identified a previously unknown point 
source of chlorine in upper reaches of Fifth Creek and a point-sourcc input of phosphorus 
from the 7000 area. The chlorine inputs to upper Fifth Creek, first identified in April 1986, 
arc presumed to  originate Crom a leaking water main (R. K. Owenby, ORNL Department or 
Environmental Management, personal communication, 19%). Concentrations o f  total rcsidual 
and free chlorine in upper reaches of Fifth Creek in April averaged about 0.13 and 0.19 mg/L 
respectively. 

Measurements of SRP at various sites in WOC during April 25-30, 1986, showed that 
a small tributary with headwaters near Building 7 0 1  was highly enriched with this nutricnt 
(SRP concentrations 2500 p g L ) .  In WOC upstream from Bethel Valley Road, SRP was less 
than 10 p@; in WOC east of Haw Ridge Road just downstream from the 
phosphorus-enriched tributary, the concentration of SRP was 184 &L. Thcsc data suggest 
that inputs of SRP from the 7000 area may be a significant sourcc of nutrients to downstream 
reaches of WOC. 

3.1.3 Toxicity of Arca-Sourcc Inputs to ORNL Slrcam 

Samples from most of the 15 monitoring sitcs on 5 streams in WOC watershed (Fig. 3.1) 
werc tcsted 10 times for toxicity according to the schedule shown in Table 3.3. The 
monitoring site farthest upstrcam on Melton Branch was dry from July through October 
(Sect. 2.1) and consequently was tested only six times. Additionally, sitcs 1, 10, and 15 
(Fig. 3.1) werc not testcd with Cen'odaphnia in Novembcr due to inadequate numbers of 
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T d b k  3.2. C h C ~ i d  d ~ ~ ~ a C k k t k 5  of CmtXXltS the BKNIA h O C C 3  wale 
Trcatmcm Plant (PW’ZP), cna Plant (STP), and 

Coal Yard WunnCf ‘katment Facility ( O r R w  ... 
Test period pW Conductivitf Alkalinity Hardness‘ 

... .... Faci 1 i ly 

P WI‘P 10 17 Ju ly  7.81 828 80.0 19.6 

PWTP 4 - I  1 Scpt. 7.88 827 65.3 20.3 

P WTP 13-20 NOV. 7.47 71 1 51.4 0.0 

P WTP 22-29 Jan. 7.47 544 40.9 2.6 

S‘I‘F 25 May-5 June 7.91 366 90.1 151.1 

STP 20- -26 Junc 8.02 385 82.9 152.7 

STP 22-29 Aug. I .  71 38 1 74.1 174.0 

STP 16-23 Oct. 8.13 403 108.7 166.1 

CYRTF 10-17 July 7.19 1810 37.1 1160.0 

CYRTF 4-11 Scpt. 7.19 2883 9.0 2500.0 

1023.1 CYRTF 30 0 c t . A  Nov. 7.23 1468 8.3 

CYRTF 22-29 Jan. 6.70 1404 5.6 910.0 

“Data for each parameter are expressed as means for daily samples taken during the indicated 
7-d periods. Analyses of effluents from PWTF and CYIZTF in January were done in 1987; all othcr 
analyscs wcrr, done in 1986. 

bin, microsicrncns per ccntimcter, corrected to 25°C. 
‘In milligrams of CaCO, per liter. 

animals of thc proper age. The 15 monitoring sites used to dctcrminc patterns of ambicmt 
toxicity were selected to reflect characteristics of major reaches o f  the 5 streams, with 
cmphasis (6 of 15 sites) on WQC. 

3.1.3.1 Results of ambicnt toxicity tcsbs: Fathead minnow llalrvac 

The rcsults of ambicnt toxicity tests, based o n  growth of fathcad minnow larvae, a rc  
summarized in Fig. 3.2. ’This figure shows growth of the  larvae at the 15 sites, rclative to 
controls, averaged across the 10 tcst periods. On average, growth of the larvae was at  least 
90% that of controls for 10 of the 15 sites. A cotnsiderablc amount of variation was prcscnt, 
howcver, particularly bctwecn tests (Tablc 3.3).  This variation obscured possible trends in 
growth reductions attributable to the prcscnce of sublethal concentrations of toxic rnatcrials. 
Fish reared in water from the reference site in First Crcck (site 1; Fig. I l ) ,  from sites 6 and 
4 on Mclton Branch, from site 9 o n  First Crcck, and from site 13 on Iowcr Fifth Crcck ‘111 
tcndcd t o  grow less than fish in the  controls, but it remains unclear whether thcsc tlii,iigcncc\ 
are oC biological significance. Over sites for which data from ninc tcsts wctc av: i i ld~ l i~  ( n o  
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Tablc 3.3. Growth (change in dry weight over a 74 period) and survival of 
Pathad minnow larvae in contrds  a d  in ambient toxicity 

ta ts  of strcarn watcr from 15 sites in White Oak 
Owk, First Creek, fifth Crwk, Northwest 

Tributary, and Meiton Branch” 

Growth Survival 
'rest Date (mean f 1 s.d.) (96) 

1 27 March 1986 0.640 f 0.085 97.5 

2 24 April 1986 0.654 * 0.105 95.0 

- 

3 29 May 1986 0.447 f 0.025 100.0 

4 26June 19% 0.297 & 0.006 92.5 

5 1 August 1986 - 95.0 

6 29 August 1986 0.586 I 0.077 l ( H I . 0  

7 2 October 1986 0.371 I 0.059 92.5 

8 23 October 1986 0.357 & 0.056 97.5 

9 20 Novcrnhcr 1986 0.4418 1 0,093 97.5 

10 16 January 1987 0.410 -r- 0.060 100.0 

“Date indicales the date that a given 7-d tcsl was started. Growth valucs are inilligrarns 
per surviving fish (nican f 1 s.d.); survival valucs are mean perccntsgcs. In each test, 
percent survival is the geometric mean ol four replicates, each of which contained 
tetl hVde.  

weight data a re  available for any sites tested in July), thc  total range in mean growth 
(corrected for tcst-to-tcst differences in weight oE larvae at the start o f  a tcst) tcnded to bc 
small (Crom 0.37 mg per fish for site 6 to 0.45 rng pcr fish f o r  site 11) and not niuch dil‘lcrcnt 
from the average growth for the controls (0.47 rng per fish). These data d o  not argiic 
strongly for thc useCulncss oE growth data as definitivc endpoints for  the hthead minnow tcsl 
in determining chronic toxicity o f  streams in VJOC watershed. 

Compared with the growth endpoint, the survival endpoint of the fathead minnow tcst 
was more dcfinitive (Fig. 3.3). The overall range in survival was Cairly large (from 60.7 t o  
9S.I%), and survival in controls was, on average, high (99.3%) and had a coe fk icn t  o f  
variation o f  only 4.7%. Based on  all ten tcsts, [he amount dva r i a t ion  in survival (cxprcsscd 
as thc  coefficient of variation) for arcsine square root-transforrncd valucs at each site was 
negatively correlated with mean survival (r = -0.758, n = 15; p = 0.0013). 

Frequency distributions of survival Cor the six sitcs where the  cocffkicrit  of variation or 
minnow survival was highcst (range = 24.1 to 51.5%; mean = 41.6%) wcrc compared with 
those Tor thc six sitcs wherc it was lowest (range = 8.9 to 16.8%; mcan = 11.mj- ‘This 
coinparison showed that only about 10% o f  all obscrvations in the  “low-C.V.” sites (silcs 1, 
3, 7, 8, 9 and 11; Fig. 3.1) had survival valucs tha t  wcre lcss than o r  equal to SO%, whcrcas 
30% of all obscrvations in the  “high-C.V.” sitcs (sitcs 2, 4, 6, 12, 13, and 14; Fig. 3.1) had 
survival valucs that were lcss than or equal lo 50%. TTcnce, sites having lowcr avcragc 
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Fig. 3.3. SuMvaI of hthead minnow larvac la.-.- pertxnt, mean for all tats) in samples colicctcd 
from sites: monitored for ambient toxicity. 
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survival valucs for fathead minnow larvae tended to havc water that was sornctimes highly 
toxic, and sometimes not, whcreas sites with high avcragc survival valucs were much more 
consistcntly of higher wztcr quality. 

Ovcr thc  15 sites, mean pcrcentagc survival of  the fathead minnow larvae was poorly 
correlatcd with growth (r  = 0.159, p = 0.577). Additionally, the relationship was not 
improved by ranking the sites with respect t o  thcsc two endpoints (Spearman X L= 0.143, 
/ I  = 0.599). 

3.1.3.2 Kcsulbs of ambient toxicity ta ts :  C ii2 

Results of  the Ceriodaphreia tcsts showed that animals in tests 5 , 6 ,  and 9 tended to havc 
low fcczlndity ( the numbcr of offspring per female siirviviing all 7 d of a test) relative eo other 
tcsls (Table 3.4). Fecundity was low for all animals in tests 5 and 4 (9.0 and 13.0 offspring 
per femalc in controls, rcspectivelly), suggcsting that insufficient food or suboptimal incubation 
conditions affcctcd the outcomes of these tcsts. Fecundity of animals in the control was low 
in test 9 (6.4 offspring pcr female), but was high for animals reared in water from nearly all 
o f  the  monitoring sites. These data suggest that, in test 9, the reconstituted hard water U S C ~  

for  rcaring the control animals was problematic but that the incubation and food rcgirncc 
were otheiwisc acceptable. This interpretation served as justification for excluding data 
obtaincd in CPriodaphnia t a t s  5 and 6, and not those obtained in test 9, from all 
subscquenr analyses. 

The  range in mean survival of Cer&daplepzia over the 15 sites was slightly greater than 
that for thc  minnows (43.8 to  98.1% for Cerioduphnia vs 60.7 to 98.1% for the minnows) 
(Figs. 3.3 and 3.4). Mcan survival of Ceriodaphnia at sites 4, 11 ,  12, 13 and 14 was low 
rclativc io  survival at other sites, and ANOVA (SAS-GLM) showed that differences in 
survival of Ceriodnphnia between sites were substantially greater than differences betwccn 
tcsts (p = 0.0002 v s y  ::: 0.1343, respectively; Table 3.5). As with the minnow tcst, the  range 
of within-site variability of Ceriodupkazin survival (expressed as coefficient of variation) was 
large (from 13.5 to 87.0%) and, across the 15 sitcs, was related significantly and inverscly to 
mcan survival (r = -0 .969;~ < 0.0001). 

Averaged over thc  eight valid tests, mean fecundity of Ceriodaphnia ranged from 18.7 
(sitc 11) to  27.2 offspring per female (site 10) (Table 3.6). An evaluation of the  pattern of 
Ceiiodnphnin reproduction over all site-date combinations by ANOVA, however, showed that 
within-test variability was high and that, on  average, variation in fecundity of animals betwccn 
tests excecdcd the variation in fecundity betwecn sites (Table 3.5). Because 10 of t he  15 sites 
appeared so similar in their mean fecundity values (between 22.0 and 24.0 offspring per 
femalc; Table 3.6), statistical analyses basad o n  sitc rankings for fecundity secrncd 
inappropriate. However, based o n  the fecundity endpoint, two sites were iiotcworthy: site 10 
(downstream on Northwest Tributary), which supported on average the highest lcvcls of 
fccundity, and site 11 (WOC 3.9; Fig. 3.1 and Table 3.6), where avcrage fccundity was lowest. 

Thc  correlation between the si.~avival endpoints of the  fathead minnow and the 
Cen’odnphnia tcsts across the 15 sites was low (r = 0 . 2 1 2 ; ~  = 0.454). When the  sitcs were 
retested after being ranked according to  their. can survival values for fathead minnows and 
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Table 3.4. Fecundity of Ceriuduphnia in 7-6 chronic toxicity- t a t 5  of water 
from 15 stream sites in White Oak Crwk watcrshcd" 

Sampling sitcs Controls 

Test Fecundi ty  C.V. Fecundi ty  C.V. 

(mean f 1 s.e.) (76) (mean 5 1 s.e,) (%I 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

17.35 0.44 (101) 

25.56 1 0.73 (95) 

20.18 1 0.61 (77) 

5-80 & 0.33 (93) 

21.02 * 0.80 (103) 

22.37 f 0.89 (73) 

9.30 k 0.37 (103) 

22.97 -1- 0.63 (104) 

28.13 & 0.57 (101) 

26.38 & 0.51 (322) 

25.3 

28 .0 

26.6 

34.1 

54.6 

40.4 

38.7 

28.0 

20.5 

21.3 

22.89 f 1.55 (9) 

25.44 f 3.60 (9) 

22.13 f 1.63 (8 )  

24.83 f 1.51 (6) 

9.00 $c 2.73 (7) 

13.00 f 0.71 (8) 

24.75 f 1.33 (8) 

27.72 $c 1.58 (7) 

6.70 -t 1.54 (10) 

26.80 f 0.89 (10) 

20.3 

42.4 

20.8 

15.6 

80.1 

15.4 

15.2 

15.1 

72.4 

10.5 

"Data are for tests conducted from March I986 through January 1387; test numbers coincide 
with dates indicated in Table 3.3. Fecundily values (the number of offspring per female that 
survived all 7 d of a test) are means for all siks combined (left column) and ior controls (right 
column). The numbers in parentheses are the ~iumbers of females used in the computation of 
each fecundity value. The coefficient of variation (C.V.) provides an index of the variability of 
fecundity from test to  test. 

Cetioduphnb, the correspondence was not iniproved (Spearman I? = 0.261,p = 0.331). This 
finding suggcsted that imc or several sites weie relatively unfavorable to onc species but not 
to the other. To identify such sites, thc overall mean perccntage survival for each site was 
plotted with rcspect to  both species (Fig. 3.5). This graph revealed a cluster of seven sites 
that supportcd good (greater than -85%) suivival for both spccics; a group of  four sites that 
had low (Icss than -85%) survivorship for both species (sites 4, 12, 13, and 14; Fig. 3.1); 
threc sites where survivorship of Cerioduphnirz was high (>%I%) but survivorship of fathead 
minnow larvae was relatively low ( 4 0 % ) ;  arid one site (11) where survivorship of the [ish 
was high but survival of Ceriodnphnin was low. The reduction in watcr quality o f  WOC, 
Melton Branch, and Fifth Creek, and thc subsequent recovery of this water in llowcr Melton 
Branch and in WOC below the confluencc: with Northwest Tributary and First Creek 
(Fig. Xl),  is shown by the two-species toxicity trajectories for these streams (Fig. 3.5). 

Although correspondence in patterns or pcrcent survival for the 2 SPCC~CS across thc 
15 monitoring sites was not significant, the distributions of v a n d o n  in survival (as coefficient 
of varialion) of the minnow larvac and the Cerioduphniu for the sites wcrc in good agreement 
when site rankings were uscd (r = 0 .670;~  = 0.006j. This finding suggests that, in general, 
ambient toxicity patterns in streams in WOC watershed may be determined more by episodic 
or periodic events, such as intcrrnittent discharges or inadvertent spills, than by wastewater 
trcatmcnt facilities that discharge effluent continuously. The relatively low toxicities of 
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Table 3.5. Analysis of variance of Ceriiniaphb survival ;and Zaxndity' 

Level of significance 
(p value) D.F. Sum of squares Mean square F-ratio Source 

s u m  

Model 21 ' 30,485.99 1'45 1.7 1 2.70 0.ooo6 

Error 91 49,013.09 538.61 - I 

Site 14 25,463.82 - 3.38 0.0002 

Test 7 6,181.90 I 1.64 0.1343 

Total 112 79,499.08 - - I 

Fecvndity 

Model 21 10,194.21 485.44 13.20 0.OOol 

Error 652 23,972.40 36.77 - I 

Site 14 2,750.09 - 5.34 0.MX)I 

Test 7 8,194.88 - 31.34 0.oO01 

Total 673 34,16661 - I I 

"Data from tests 5 and 6 (in August and September) are not included in these analyses due to 
unacccptably low fecundity of animals in controls and at all sites (note Table 3.4). Site and test subcategories 
indicate type 111 sums of squares. 

efflucnts tested under the ORNL TCMP (A, J. Stewart and L. E Wicker, ORNL, personal 
communication to J. B. Murphy, ORNL, 1987; Table 3.1) tend to substantiate this 
interpretation. An exception to this generalization occurred at site 2, which, despite its 
location upstream from most ORNL operations, had a moderate amount of variability in 
fathead minnow survival (C.V. = 28.2%). 

3.1.3.4 Results of ambient toxicity tests: Chemical analyses 

Thc frequency of sampling (daily for 7 d for each of 10 tests); the number of monitoring 
sites (15); and the number of water quality parameters measured (temperature, pH, 
conductivity, alkalinity, hardness, total residual chlorine, and free chlorine) generated a large 
data set. Thcsc data ultimately will be used to characterize the monitoring sites by 
(1) parameters measured (e.g., ratio of alkalinity to hardness and ratio of conductivity to 
alkalinity) and (2) variability characteristics for combinations of the different parameters 
(e+, site-to-site differences in the degree of skewness of each factor's frequency distribution). 
In this report, only the results of summary statistical analyses of the chemical data are 
provided; more-detailed analyses of the chemical data will be given in subsequent reports. 

Mcan values for pH, alkalinity, conductivity, and hardness from March through 
November 1986 are given in Table 3.7 for the monitoring sites shown in Fig. 3.1. Even 
cursory inspection of these data reveals a number of noteworthy points. First, downstream 
sites on Melton Branch wcre atypical with respect to pH, conductivity, alkalinity, and 
hardness. The high conductivity and hardness valucs for these sites, together with low values 
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Site 
Offspring per female C.V. 

(%I 
Number of t a t s  (mean 1 1 s.e,) 

8 

9 

10 

11 

12 

13 

14 

15 

Control 

7 

8 

8 

8 

4 

8 

8 

8 

8 

7 

8 

8 

8 

8 

4 

8 

22.47 + 1.17 (48) 

21.85 f 0.74 (68) 

22% f 0.82 (58) 

22.98 f 0.89 (47) 

23.06 f 1.21 (33) 

23.81 k 0.94 (62) 

24.80 f 0.94 (64) 

23.03 f 0.67 (69) 

22.52 f 0.85 (62) 

27.18 f 1.11 (57) 

18.68 & 1.33 (34) 

23.87 k 1.63 (39) 

20.61 $. 1.44 (38) 

23.42 f 0.86 (42) 

23.78 i 0.92 (55) 

22.21 f 1.05 (67) 

38.5 

28.0 

21.3 

26.5 

30.3 

30.9 

24.0 

24.2 

29.6 

30.8 

41.4 

42.6 

43.0 

23.7 

28.6 

38.7 

"Data are for tests conducted from March 1986 through January 1987. Site 
numbers correspond ta those shown in Fig. 3.1. Fecundity values (the number of 
offspring per female that survived all 7 d of a test) are means for all tests. The 
values in parentheses are the numbers of females used in the computation of 
fecundity. The coefficient of variation (C.V.) provides an index of the variability of 
fecundity from site to site. Control values arc for animals reared in hard 
reconstituted water. 

for alkalinity and pI-1, suggested that acidification and inputs of calcium and/or magnesium 
sulfates from operations at the HFIR site controlled major aspects of water quality in this 
stream. This supposition was substantiated, in part, by water quality analyses conducted in 
September 1986 (Sect. 2.2.4). The concentrations of calcium (140 mg/L) and magnesitam 
(31 mglZ) in lower Melton Branch (MEK 0.6) were much higher than the concentrations in 
upstream reference sites (Table 2.5). Second, comparisons of changes in major water quality 
factors over similar distances of various streams can provide information about p~sssiblc 
toxicity sources and the extent of water quality degradation. For example, on average, over 
an -1-km reach of First Creek, pH remained unchanged, alkalinity declined by 1.5 mg/L, 
conductivity increased by 60 yS, and hardness increased by 10.3 m d m  Over a similar distance 
on Fifth Creek, average pW increascd by 0.36 units, alkalinity declined by 11.2 mg/L, 
conductivity increased by 112 $3, and hardness increased by 35.9 m@L. Large shifts in ionic 
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Fig. 3.5. Two-spccics toxicity trajectorics for sampling sitcs in Fifth Creek, Melton Branch, and 
White Oak Crwk. Numbers indicate sampling sites (as €or Fig. 3.1). Arrows indicate direction of 
water flow (upstream to downstream) in each stream. Dashed lines around groups of sites are used 
to show relative similarity o f  some sites (e.g., sites 5,  15, and 6 )  with respect to mean toxicity to 
fat head minnow larvae (horizontal axis) and Cei-iodaphnia (vertical axis). 
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Site N P" Alkalinitf Gmductivity 

1 60-63 8.21 f 0.16 139.8 * 21.8 242 f 38 

2 60-63 7.94 ~tr 0.23 132.2 f 14.7 247 * 28 

3 59-63 8.23 rtr 0.16 129.2 f 28.0 234 f 47 

4 57 - 62 7.76 f 0.29 45.1 f 28.6 855 f 236 

5 29-32 8.17 f 0.14 136.3 -f~ 28.8 289 l- 47 

6 60-63 7.90 f 0.25 79.7 f 30.9 727 L 228 

7 60-63 8.19 -fs 0.11 112.9 f 12.2 369 3 56 

8 60-63 8.15 _t- 0.11 113.6 f 11.1 364 f 74 

9 61-64 8.21 k 0.11 138.3 f 17.1 302 f 32 

10 60-63 8.26 1 0.16 121.4 A 15.8 285 f 29 

11 57-61 8.21 rt 0.16 113.2 * 11.7 346 f 86 

12 59 -62 8.15 f 0.16 122.9 * 17.2 294 t 35 

13 60-63 8.30 f 0.17 121.0 * 9.5 359 -j: 69 

14 59-62 8.2.5 k 0.10 125.1 f 9.0 374 -fs 68 

15 60-63 8.19 t- 0.11 155.3 1 34.3 366 rt 80 

Hardnessb 

148.9 : I  24.1 

143.5 + 19.1 

137.4 + 31.6 

473.5 rl: 163.5 

155.5 f 31.8 

393.0 5 137.2 

162.0 k 20.8 

162.4 k 25.5 

159.2 ~t 19.7 

148.5 k 15.2 

155.5 rfl 35.8 

149.6 f 19.9 

179.4 2 27.3 

196.0 l- 33.3 

185.1 * 43.8 

"Site codes correspond to those shown in Fig. 3.1. The number of observations (N) used to compute 
the mean and standard deviation for the water quality parameters at each site is given as a rangc bccause 
the number differed slightly from parameter to parameter due to intermittent analytical errors that 
required the culling of some values. Data are for tests 1 through 9 (March through November 1986). 

milligrams of ~ACO, per liter. 
'In microsiemens per centimeter, corrected to 25°C. 

balance of watcr in Fifth Creek, relative to those in First Creek, were also evident in 
comparing downstream changes in thc ratios of key water quality Parameters €or these two 
streams. In upper First Creek, for example, the ratio of hardness to alkalinity averaged 0.94. 
Farther downstream 1 km, this ratio declined to 0.87. Over a similar distance in Fifth Creek, 
thc ratio of hardness to alkalinity dropped from 0.92 to 0.67. Over the entire five-site reach 
on WOC (a distance of about 4.8 km; Fig. Xl), the hardness:alkalinity ratio dcclined from 
0.94 to 0.70. 

Although measurements of free chlorine were routinely made, logistics of samplc 
collection seriously compromised the quality of data obtained €or this toxicant. In some cases 
several hours elapsed between the time a sample was collected and the timc it was analyzed. 
1,cvels of free chlorine can drop drastically in this length of time, and the rate of declinc is 
affected by the temperature of the watcr. Hcncc, the concentration OC free chlorine that was 
measured in the laboratory almost certainly underestimated to an unknown extcn t the 
conccntration that was actually present at the time the sample was collected. Mcasurements 



of total residual chlorine are less subject to such errors. Therefore, concentrations of total 
rcsidual chlorinc across the suite of monitoring sites are prcsumed to reflect thc probablc 
distributions of free chlorine, which is highly toxic to fish and daphnids. 

Average concentrations of total residual chlorine for all the monitoring sitcs are shown 
in Fig. 3.6. Total residua1 chlorine was never dctectcd in the upstream reference sitcs in First 
Creek, WOC, o r  Melton Branch, but concentrations averaged 4.8 pg/L in thc Fifth Creck 
refercncc sitc (Fig. 3.6). This average was biased, howevcr, because the monitoring sitc was 
niovcd -58 m upstream when chlorinc inputs to this strcam site from a lcaking tap water 
main were first reportcd in April (Sect. 3.1.2). The highest conccntrations of free and total 
rcsidual chlorine noted for upper Fifth Creek before relocating the monitoring sitc were 40 
and 90 p@, respectivcly. When the monitoring site in uppcr Fifth Creek was rclocatcd 
farther upstrcam, free and total residual chlorine wcre no longcr dctccted. 

Figure 3.6 shows clearly that most of Fifth Creek and a three-site midrcach section of 
WOC rcceive substantial inputs of chlorine. The threc sites with thc highest average valucs 
of total residual chlorine (sites 13 and 14 in Fifth Crcek and sitc 11 in WOC) wcrc also 
relativcly toxic to Cerioclaphrtiu (Fig. 3.5). 

For the five sites with thc highest average concentrations o f  total rcsidual chlorine, 
average total residual chlorine concentrations ranged from 27 to 87 pg/L. The coefficients 
of variation lor total residual chlorine concentrations at the five sites most a€fccted by 
chlorine were gcnerally high (85.5% for site 8 and 83.6% for site 11 on WOC, 72.7 and 
66.3% for the two midreach sites on Fifth Creck, and 178.6% for site 12 on WOC just 
upstream from Fifth Creek). The variancc patterns for total rcsidual chlorine (and 
presumably free chlorinc), thercfore, generally coincided with the variance patterns notcd f o r  
thc survival endpoints for the toxicity tests with fathead minnows and Ceriociciphnirr. This 
correspondencc suggcs ts that episodic or periodic, rather than continuous, discharges of 
chlorine dominate ambient toxicity patterns and chlorine dynamics in midreach segments of 
Fifth Creek and WOC. 

3.1.4 Discussion 

Toxicity tests to monitor biological quality of ambient waters arc being incorporated with 
incrcasing frequency into NPDES permits, but broad-based field studies to validate the utility 
of such approaches remain relatively rare (Roop and Hunsaker 1985). The data prcscnted 
here (1) providc information regarding spatiotcrnporal distributions of ambient toxicity in 
streams within WOC watershcd, and (2) highlight the useful and limiting aspects of the 
“minichronic” fathead minnow and Cetidaphnia tcst systems used to quantify 
ambicnt toxicity. 

In WOC watershed, the minichronic biotests of two species (Pimephules iiromelus and 
Ceriodayhnia dubialafjinis) implicate episodic relcases, rather than continuous discharges, as 
controlling overall pattcrns of ambicnt toxicity. This view is substantiated by (1) thc gcnerally 
low toxicity of cffluents from key wastewatcr trcatment systems, (2) the gencral lack of 
concordance bctwccn pattcrns of survivorship and growth (for fathcad minnow larvac) 
and survivorship and fccundity (€or Cerkxhzplzniu) cndpoints across sites and over time, 
and ( 3 )  the concordance in patterns of variation in survival bctwccn Ceriociuphniu and 
fathead minnow larvae. In the context of the tiird substantiating point, variance pattcrns in 
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Valucr are micrograms pcr litcr (means for all tests). 



4.5 

the distribution of total residual chlorine and toxicity to both lest species suggest that chloritic 
(free, total residual, or  both) is, at least in Firth Creek and in midreach scctions of W o e ,  
closely linked to the pattcrns of ambicnt toxicity. Arnhicnt toxicity patlcrns in Melton Branch 
were clearly not controlled by chlorine, but variance patterns in the biotcsts for sites in 
downstream reaches of this stream still implicatcd the importance of episodic releases. Large 
episodic changes in eonccntrations ol relativcly innocuous chemical constituents (sulfates, 
calcium, magnesium, ctc.) may regulate toxicity patterns in Melton Branch. With the recent 
shutdown of the HFIR (Fig. 2.7), it should be possible over the next several months to 
evaluate this hypothesis. 

The reproductive cndpoint of the 7-d C~.rioduphnia biotest is generally presumed to 
rctlect physiological responses to sublethal Concentrations of toxicants and conscqueiitly is 
considered to bc a more sensitive indicator of water qualily than survival. Conipared with 
suwival, the reproductive endpoint of the Ceriodaphnia test has statistical advantages as well: 
a healthy female typically produces 20 to 35 olfspring over 3 brood cyclcs, whereas survival 
is computcd only from the initial number of rcplicatcs that are used (usually 10). Marked 
reductions in fecundity of Ceriodaphnia precede reductions in survivorship for solutions 
containing various common cations and toxic metals (Taylor et a!. 1987; J. M. Napier, ORNI,, 
personal communication, 1986) and in dilutions of complex effluents (A J. Stewart, 
unpublished data). Thesc findings show that the fecundity cndpoint of the Ceriuduphnia 
toxicity test is generically useful for evaluating many cfiluents and for determining the toxicity 
of specific chemicals or mixtures of chemicals. However, for lhosc Cen’odaphrzk tests in 
which mean fecundity was reasonably high (> 12.0 offspring per female), reproduction 
variability was low both for the controls (C.V. = I0-1.5%) and between sites (C.V. = 2040% 
for all sites combined). The relative similarity of monitoring sites in the fecundity endpoint 
of thc test may be attributable to  the nutritional requirements of the animals. Ambient 
stream water contains algae, bacteria, and detritus that are consumed by the filter-feeding 
Ceriodaphnia, and these food items can markedly augment Ceriodaphnia fecund ty relative 
lo that found in controls (L. F. Wicker and k J. Stewart, unpublished data). Thus, 
site-to-sitc differences in suspended particulate matter could obscure site-to-site differenccs 
In fccundity that would othcrwise be revealed in the absence of particulate matter serving as 
supplemental food. 

Interpretations of CeriodLzphnia biotest results need to be made carerully on a tcst-by-test 
basis. A “budget” of animals in test 4, which had the lowest number of  animals available for 
statistical comparisons between sites (Table 3.4), serVes as a worst-case examplc of the 
considerations that may be required. Test 4 evaluated 14 siles (site 5 was dry) and a control. 
Ten replicates were initially set up €or each of the 14 sites and €or the control, for a total of 
150 animals present at the start of thc test. By day 7, only I07 animals remained alive: 
41 had died, and 2 were missing and presumed dead. Twenty-eight oi‘ the 107 living animals 
were, by day 5, positively identitied as males. By day 7, then, only 79 females (about 53% of 
thc original number of animals) wcrc available to  contribute to  the analysis. Male animals 
usually occur at much lower frequencies. [Thcir production, from normally parthenogcnic 
females, indicates that the eullurcs used to produce neonates for a test were under stress 
(cf. Hutchinson 1967, p- 594).] If males are prescnt in significant numbers, interpretation of 
the data can be confounded in two ways: (1) the prcscnce of males reduces the numbers of 
animals potentially able to contribute to  the fecundity endpoint, thus weakening the statistical 
power of the test, and (2) males are included in the analysis of survival but excluded from the 
analysis of fecundity. In most tests, large reduclions in survival oC the animals attributable to 



differences between sites occurred early in the test, before it was possible to  reliably 
distinguish males from females. The distinction between sexes, however, may be important. 
Male Daphnia magna, for example, are less sensitive to  toxicants than females (Brcukelman 
1932). Such biases in the survival endpoint of the Ceridaphniu test may sometimes exist, but 
they have not yet been evaluated. 

The high degree of test-to-test variability in growth of fathead minnow larvae is also a 
problem arid is suspected to reflect variability in their food. In the fathcad minnow test, the 
larvae are fed an excess of newly hatched brine shrimp three times daily (Horning and Weber 
1985). The amount fed to the larvae is constant in terms of volume but variabls: in terms of 
dry weight. Additionally, differences in weight of the food supplied to the larvae may not 
correspond to the availability of the food items; unhatched brine shrimp cysts (which 
contribute to weight of the food) may not be catern by the larvae. Intermittently poor hatches 
of brine shrimp may translate into lower rates of growth o€ the larval fish, and inadequate 
hatches of the shrimp would not be identified by measurements of the weights of food 
supplied to the fish. Studies oE food-related sources of test-to-test variability in larval growth 
will bd: used to evaluate this possibility. 

Survival of fathead minnow larvae in water from the uncontaminated reference sites on 
upstream reaches of WOC, First Creek, Fifth Creek, and Melton Branch was considerably 
more variable than survival of larvae in the controls (Table 3.3). Although the source of this 
variation is presently unknown, it must be identified to increase the ability of the fathead 
minnow test to detect toxicity in contaminated waters. A sample-handling aspect of the test 
may contribute to this variability. For example, all four reference sites are spring fed, and on 
average, relatively cool. (Mean temperatures for sites 1,2, 3, and 5 were 15.5, 13.7, i3.7, and 
11.5"C.) Inmediately after collection, water from each site is warmed to 2S°C, as 
recommcnded by Horning and Weber (1985). Rapid warming of the samples without 
subsequent aeration may result in supersaturating levels of dissolved nitrogen, carbon dioxide, 
and oxygen, which can adversely aCfect the fish (Horning and Weber 1985). "he possibility 
of supersaturation will be evaluated in future tests. 

3-15 Future Studies 

The results of the ambient toxicity monitoring highlight two considerations that should 
be addressed. First, if episodic excursions in chlorine are instrumental in controlling patterns 
in toxicity over fairly large reaches of Fifth Creek and WOC, the frequency and magnitude 
of the excursion and the sources of the toxicant should be identified. The sampling 
procedures and the toxicity and chemical tests presently used must be modified to obtain 
these data. The data from the ambient tests suggest that 5 of the 15 sites must be examined 
from this perspective. One possible method is thc use of relatively infrequent (e.g., three or 
four times per year) extended (e.g., 21-d) in situ tests at each of the five sites, with daily 
evaluations of survival of the test organism. For such tests, the locally common snail Efimia 
(I- Goniobasis) clavaefomis Lea could be used with great cffcctiveness. The  use of Efimia 
to  determine ambient toxicity is  also advantageous becausc the species is numerically 
abundant in many local, undisturbed streams but is absent from stressed streams within the 
Keservation (Sect. 6.1; J. M. b a r ,  unpublished data). This observation suggests that this 
species is relatively susceptible to adverse changes in water quality. Data from a study such 
as that described in this section would define the frequency of acutely toxic conditions in sites 
already defined as particularly problematic. 
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Continuous instream monitoring of chlorine concentrations by automated 
instrumentation, particularly in lower Fifth Creek and in WOC just upstream from its 
confluence with Fifth Creek, is also planned. In these areas, concentrations of chlorine 
frequcntly exceeded a “safe criterion” value of chlorine of 3-5 pg/L (DeGraeve e t  aL 1979) 
by more than an ordcr of magnitude. 

A second consideration focuses on the observation that survival, not growth, is the more 
reliable and sensitive endpoint of the fathcad minnow test. Investigations by others 
substantiate this finding (Mayer ct  al. 1986). Similarly, but probably for different reasons, the 
“prcferred” chronic endpoint for the Ceriodaphnia test (fecundity) may be less useful than 
survival for tests of ambient waters unlcss filtration or centrifugation is used to eliminate 
confounding effects due to particulate matter tha: augments the food supply of Cerioduphnia. 
To determine how particulate matter in water can affect the interpretation of patterns in 
ambient toxicity, the fecundity of Ceriodaphniu will be compared in chronic tests with filtered 
and nonfiitered water samples from the monitor ng sitcs. 

The frequency of monitoring for ambient toxicity will bc reduced from monthly to 
bimonthly in the second year. Such a change will accommodate the need to focus more 
intensively on the sourccs of toxicity at those monitoring sites where ambient toxicity 
problems were identified during the first year. This modification in testing frequency will still 
provide sufficient information to document altcrations in stream water quality resulting from 
planned changes in ORNL opcrations. 

3.2 INSTRl3AM MONITORLNG OF THE PERIPHYTON 
AND MICROBIAL COMMuNlTIEs 

Periphyton, a complex matrix of algae and heterotrophic microbes attached to submersed 
surfaccs, scrve as a major food source for many stream invcrtcbrates (Minshall 1978) and for 
herbivorous fishes (Power ct  a]. 1985). Due to their high biotic activity and organic content, 
pcriphyton can concentrate certain contaminants (e.g., mercury and cadmium) by several 
orders of magnitude relative to concentrations in the water (Huckabee and Blaylock 1973, 
Selby et  al. 1985). Thcsc two facts implicate periphyton as critical components in the transfer 
of various contaminants to higher trophic levels in stream communities. From a toxicological 
pcrspective, monitoring of the periphyton is also advantageous because their high turnover 
rates (1-3 d under favorable conditions) pcrmit detectable respanses to short-term 
environmental changes (e-g., infrequent pulses of toxicants that might be “invisible” when 
considcring organisms with longer life spans). Pcriphyton, therefore, can be used to 
(2)  characterize the biological communities, (2) evaluate contaminant transport and food- 
chain accumulation, (3) identify sources and frequencies of toxicant entry into the system, and 
(4) prcdict and evaluate biotic responses to remcdial action measures. 

Monitoring of the periphyton/microbial communities was initiated in April 19116 and, to 
datc, has focused largely on characterizing the biotic community (algal biomass and 
production). Determining contaminant transport and transfer and utilizing the periphyton as 
sensitive bioindicators are viewed as critical components of this effort in relation to the goals 
of BMAP ( b a r  et ai. 1991) and will be evaluated beginning in 1987. 
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Samples were collected monthly to initially characterize the periphyton in streams in 
WQC watershed. Thcse samples were collected from ten sites (Fig. 3.7) that generally 
coincided with the fish and benthic invertebrate sampling stations (Fig. 2.3). Five sites receive 
drainage or are downstream from effluent inputs from ORNL, including four on  WOC 
(WCK 3.9, WCK 3.4, WCK 2.9, and WCK 2.3) and one on Melton Branch (MEK 0.4). The 
remaining five upstream sites--located on WOC (WCK 6.8), Melton Branch (MEK 13), 
Northwest Tributary (NTK l.O), First Creek (FCK l.O), and Fifth Creek (FFK 1.1)---were 
used as reference sites. 

The use of uniform artificial substrata to monitor algal growth ratcs, standing crop, and 
production, as discussed in b a r  e t  al. (1991), was abandoned in favor of natural substrata. 
In using artificial substrata (ceramic tiles), it was found that (1) these artificial surfaces 
required rclatively long periods in situ (>6 weeks) before algal biomass (measured as 
chlorophyll a)  was similar to that found on natural substrata (rocks) and (2) the algal 
community on artificial surfaces can differ from that present on natural surfaces. 
Methodological difficulties involved in the determination of periphyton production in situ 
were avoided by using short-term laboratory measurements for comparisons of periphyton 
primary production. 

To mcasure algal biomass and production, four small relatively flat rocks (10-60 cm2) 
were collected from shallow (dS-cm-deep) riffle areas at each site. The rocks were taken 
to the laboratory in water from the collection site. In the laboratory, rocks from each site 
were incubated in water from that sitc containing 10 pCi NaH14C0,. During the 2-h 
incubation, the water temperature was maintained within 2°C of the ambient strcam 
temperature. Approximately 500 pE.m-2.s-' of photosynthetically active radiation 
(400-700 nm> was provided by a 1008-W metal halide lamp (-25% full sun), and the water 
was circulated by a submersible pump to simulate natural conditions. After incubation, the 
rocks were rinsed twice in distilled water to remove residual inorganic 14C, placed in 30 mL 
of dimethyl sulfoxide (DMSO), and kept in darkness for 24 h to extract soluble organic 
compounds and chlorophyll (Filbin and Nough 1984). The DMSO and rock were then 
heated to - 50°C for 45 min to complete the extraction. Fivc milliliters of extract was diluted 
1:l with 90% acetone, and the chlorophyll a content was determined spectrophotometrically 
by using the equations of Jeffrey and Humphrey (1975); corrections were made €or 
phaeopigments (Strickland and Parsons 1972). A SOO-pL aliquot of the extract was added to 
10 mL of Aquasol (scintillation cocktail), and the I4C content of the aliquot was determined 
by liquid scintillatiori spectrometry. The surface area of each rock was determined by 
covering the upper surface with aluminum foil, determining the weight of the foil, and 
converting to surface area based on a known weight per unit area of foil. Chlorophyll a and 
the rate of carbon incorporation were then expressed on a surface-area basis. 

Periphyton chlorophyll a provided a measure of algal biomass at cach of the ten 
monitoring sites from April through December 1986. Chlorophyll a per unit rock surface 

'The symbol E denotcs einsteinr 1 einstein = 1 niolc of photons. 
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Fig. 3.7. Periphyton-microbial community study sites in the White Oak Creek drainage system. FCK = First Creek kilometer; FFK = Fifth Creek kilometer; MEK = Melton Branch kilometer; NTK = Northwest 
Tributary kilometer; WCK = White Oak Creek kilometer; HFIR = High Flux Isotope Reactor; SWSA = solid radioactive waste disposal/storage area. 
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area for each of the five downstream sites and a pooled valuc for the mean of the five 
upstream refcrence sitcs are shown in Fig. 3.8. The seasonal pattcrn for algal-periphyton 
biomass (estimated by the chlorophyll n content of the pcriphyton) was similar for all 
downstrcam sites: rnaxirnum biomass typically occurred in May and November, and minimum 
biomass occurred in July and Deccmber. 'The reference sites showed a similar pattern. 
Monthly data for periphyton primary production (data not shown) had a pattern similar to 
that of chlorophyll, although maxima typically occurred in September (rather than May) and 
November, and minima usually occurred in July. 

The reference sites were located on small headwatcr strcams with substantial riparian 
cover and generally had low concentrations of moist nutrients, in contrast, sevcral of the 
downstream sites had no riparian cover and a11 had high concentrations of soluble nutrients 
(Table 2.5). The generally high chlorophyll concentrations at the reference sites for 
November may have resulted from incrcascd light and nutrients following leaf fall. Although 
n o  obvious explanation exists for the increased chlorophyll a t  the open, nutricnt-rich 
downstream sites, a decrcascd disehargc, o r  a dilution, of toxicants at these sites could havc 
occurred [e.g., the shutdown of the HEIR may have influenced MEK 0.6 (Sect. 2.2)). At the 
upstream sites, low levels of chlorophyll and production in July may havc resulted from 
shading and nutrient limitation. No explanation is offered Cor the similar decline at the 
downstrcam sites, although the potential for toxicity during low flow cannot bc eliminated 
from consideration. The influence of grazing on this seasonal pattern may be minimal 
because invertebrate biomass followed a seasonal pattern similar to that of periphyton 
chlorophyll n,  and thc seasonal pattern is similar for downstream sites WCK 3.9 and MEK 0.6, 
wherc grazers are few (Sects. 6.1.3 and 6.2.32). 

Limitcd information on environmental parameters and the absencc of direct evidcnce of 
toxicity to pcriphyton complicate the interpretation of the resulls for thc downstream sites 
in the context of toxicity. At WCK 3.9 and MEK 0.6, however, substantial toxic effects arc 
hypothcsized. At WCK 3.9, for example, some rocks support very thick periphyton coatings, 
while nearby rocks are totally barren. This observation suggests episodic exposure to  transient 
toxicants, such as chlorine (Sect. 3.1). Here, tzlls deep within a thick periphyton matrix are 
protected from acute exposure to toxicants and should recovcr rapidly, allowing the 
accumulation of additional periphyton. Conversely, cells on rocks with poorly devcioped mats 
of pcriphyton may b c  totally eliminated, resulting in the very patchy rock-to-rock spatial 
distribution of periphyton at this site. At MEK 0.6, the algal-periphyton biomass was 
consistently lower than expected based on the nutrient-rich conditions and the low apparent 
grazing pressurc (sce Sect. 6.1 and 6.2). Data on toxicity (Sect. 3.1) and on such indicators 
of strcss as thc composition and richness of the benthic invertebrate and fish communities at 
these sites (Sects. 6.1 and 6.2) corroboratc these hypothcscs. 

Ranking the sitcs based on mean periphytic algal biomass (chlorophyll), as determined 
by monthly sampling (Table 3.8), revealed a more than tenfold range among the sites, with 
tbc rcference sitcs gcnerally being the lowest. RcCerence sites NTK 1.0 and MEK 1.8 were 
dry from July through October; values for these sites are nicans for May, April, November, 
and December. Values of 5 micrograms of chlorophyll a per squarc centimeter or less at 
several upstream sites were typical of other local rcfcrencc strcams (€3. L. Boston and h J. 
Stewart, unpublished data). Concentrations of chlorophyll n at the two WOC sites below the 
Sewage Treatment Plant (WCK 3.4 and WGR 2.9) were similar to the concentrations 
observed in othcr area streams with elevated nutrient levels (H. L. Boston and A. J. Stewart, 
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Table 3.8. Mara 

MEM I.f? 

FCK I.@ 

NTK I.@ 

MEK 0.6 

WCK 6.8” 

CK 2.3 

FFK l.lb 

WCK 2.9 

W a c  3.4 

GK 3.9 

2.9 
(it 1.8) 

(2c2-1) 

(i 1.9) 

($: 3.0) 

(:+:3.0) 

( f 5.2) 

( 3 5 7 )  

15 
( rt: 8.3) 

(f9.3) 

3. P 

4.0 

4.6 

5.0 

7.1 

10.8 

16 

64 

Mean rate of 
Site production 

(tag C*m-**h-*) 

MEK I.@ 

FCK 1.e 

WCK ab 

MBK 0.6 

NTK I.@ 

WCK 2.3 

WCK 2.9 

WCK 3.4 

FFlK I.Ib 

CK 3.9 

“Sites are arranged vertically as increasing average values. FCK = First Creek kilometer; 
ITK = Fifth Creek kilometer; MEK = Melton Branch kilomeler; NTK = Northwest Tributary 
kilometer; WCK = White Oak C’reek kilomcter. Values show represent the mean of eight 
monthly values f 1 sd., except for sites NTK 1.0 and MEK 1.8. ‘l’hese sites were dry from July 
through OcIober, and values are €or 4 months only. 

bRefcrence site. 

~ n ~ U b ~ i ~ ~ ~ ~  data). ‘Ilfie mean chlorophyfl con tent of ~ r ~ ~ h y t o ~  at WCK 3.9 (monthly values 
up to 156 micrograms of ~ ~ l o ~ ~ ~ p ~ y l l  a per square ccntimeter) was four times khat of any 
other site in WOC watershed, whereas chlorclphyll concentrations 2.6 km dowiislrcam (at 
WCJK 2.3) were similar to those of the upstrr:arn referencc sitcs. ~ ~ t ~ r ~ ~ t i ~ ~ l y ,  thc mean 
periphyton ~ ~ ~ [ ~ ~ ~ ~ ~ h y ~ l  concentration at FFK 1.1 was morc than mice that observed at the 
other four refcrcnce sites. 

7’bc ten sites were also ranked on  the basis of periphyton ~ ~ o ~ u c ~ ~ Q ~  rates (Table 3.8). 
The nearly tcnfold range in mean production (photosynthetic carbon incorpora lion) among 
the sites was similar to that for chlorophyll. A [or chlorophyll, primary production at the 
downstream sites rcflected nutrient enrichment (Table 2.5) and high algal biomass. 
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Periphyton production at the downstrcam sitcs was high relative to natural (noncnriched) 
streams of similar size (e.g., Naiman and Sedell 1980, Hornick et  al. 1981, Bott et al. 1985). 
Among the reference sites, Fifth Creek (FFK 1.1) periphyton had the highest concentration 
of chlorophyll IZ and the highest production rates. The average production rate at W M  1.1 
was also substantially higher than that of several cf the more nutrient-rich downstream sites. 
Although Fifth Creek and First Creek seem to originate from the same groundwater sourcc 
(see cation composition, conductivity, and hardness, Table 2S), site FFK 1.1 had more 
available phosphorus and apparently more CO, (note lower pH but similar conductivity and 
alkalinity, Table 2.5), probably due to its proximity (within 20 m) to the springwater source. 
Favorable conditions €or production (abundant inorganic carbon and mineral nutrients, little 
siltation, minor grazing pressure) likely facilitated the bettcr than expected performance at 
this site. Site FCK 1.0 was located farther downstream of its spring source, and heavy grazing 
pressure (visual observations of an abundant snail population) probably contributed to the 
lower algal biomass and production at this site compared with that at EX 1.1. 

Of the downstream sites, WCK 2.3 was most similar to the upstream reference sitcs. 
A comparison of the monthly data for WCK 2.3 and WCK 6.8 suggests that, during thc 
summer months, light availability (both arc heavily canopied sites) and heavy grazing pressure 
(Sect. 6.1.3) may limit periphyton biomass (chlorophyll a concentrations) and production rates 
at both sites, despite higher nutrient levels farther downstream (Table 2.5). Data Cor benthic 
invertebrates and fishes (Sect. 6.1 and 6.2) also suggest that environmental quality at this 
downstream site had recovered, although there was no indication that full recovery of thesc 
communities had occurred. 

To evaluate the month-to-month variability in chlorophyll a and production, the 
coefficient of variation was calculated for each site (Table 3.9). When the sites were ranked 
on the basis of increasing coefkicient of variation for mean chlorophyll, moderate to 
substantial amounts of variation were observed at the reference and downstream sites. The 
ranking i s  difficult to interpret because values for reference and downstream sites, high- and 
low-nutrient sites, and woodland and open sitcs are interspersed throughout the table. To 
aid the evaluation, an analogous data set from similar studies in East Fork Poplar Creek 
(EFPC) and Brushy Fork was included in the analysis (IT. 1,. Boston, unpublished data). 
When considered in the context of these additional data, the results of the periphyton 
analyses for WOC watershed suggested that variability in periphyton chlorophyll increases for 
sites that are subject to (1) disturbances, such as scouring, siltation, and possible toxic inputs, 
and (2) seasonal releases from one or more significant limitations (e.g., shaded sites where 
low light intensity may limit biomass regardless of nutrient regime). 

It was hypothesized that the coefficient of variation for mean production would he 
positively correlated with the coefficient of variation for mean chlorophyll because production 
is chlorophyll dependent. With only ten data points, however, no clear relationship was 
evident. Production rates were less variable than chlorophyll a concentrations Cor all sites 
exccgt WCK 3.9, where they were similar, and MEK 1.8, where the production rate was 
apparently more variable. Production values may be inherently less variable because, as 
chlorophyll per unit area increases, production per unit area first rises and then asymptotes 
(or declines) with increasing chlorophyll, due to  self-limitation. While self-limitation clearly 
occurs at sites with very high chlorophyll (SCC Fig. 3.9), it cannot account for observed 
patterns in the data. Elucidation of the factors controlling the variability in production vs 
biomass can provide useful in€ormation concerning the influence of grazing, nutrient 



55 

Table 3.9. Coenticicni of variation (CV.) in chlorophyll a and production 
per unit surface area baed on eiat monthly samples 

from April thou 

C.V. in 
Site chlorophyll a 

NTK 1.e 
WCK 2.9 

WCK 6.gb 

WGK 3.4 

MEK 1.p 

mK l . l b  

MEK 0.6 

FCK 1.e 

WCK 2.3 

WCK 3.9 

47 

55 

58 

58 

61 

62 

Mi 

69 

74 

78 

Site 
C.V. in 

production 

FCK 1.d 

WCK 3.0 

NTK 1.e 

WCK 2.3 

WCK 2.9 

rnK l.lb 

MEK 0.6 

WGK 6.Sb 

WCK 3.9 

MEK 1.8b 

27 

30 

35 

36 

43 

43 

46 

56 

60 

72 

"Sites are arranged vertically as increasing values of coefficient of variation. I C K  = First 
Creek kilometer; FFK = Fifth Creek kilometer; MBK = Melton Wranch kilometer; NTK = 
Northwest Tributary kilometer; WCK = White Oak Crcek kilometer. Values for N?'K 1.0 and 
M I X  1.8 are for 4 months only. 

"~~efe'erenoe site. 

limitation, toxicants, or  other factors on  periphyton biomass and production. As more data 
become available, these relationships can be: evaluated, thus increasing the capability to 
predict the responses of biota to  remedial measures and to identify toxic vs natural stresses. 

Chlorophyll-specific production values (carbon uptake per unit chlorophyll per unit 
timc) can be used to  assess the relative physiological state of the algal component of the 
periphyton. Chlorophyll-specific production normalizes production data for the amount of 
biomass present, thus providing additional insight into variations in conditions controlling 
photosynthesis and the physiological state OF the periphytic algae. For this evaluation, 
monthly data for chlorophyll-specific production rates were plotted as a function of 
periphyton chlorophyll a concentrations for each site (Fig. 3.9). This analysis showed that 
chlorophyll-specific production declined as chlorophyll increased. Such a relationship results 
from incrcascd self-shading and increased resistance to the inward diffusion of carbon and 
mineral nutrients and the outward diflusion of waste products for the lower layers of the algal 
pcriphyton as the thickness of the periphyton increases. As periphyton thickness incrcases, 
the average age of the algae may also increase, which, along with dccreased light and rates 
OF diffusion, should accentuate thc observed relationship. 

Thc data for  chlorophyll and chlorophyll- specific production were transformed (natural 
log) plotted as shown in Fig. 3-10; the resulting relationship was described by a simple linear 
regrcssion (r2 = 0.63, n = 68). When data for a given site consistently lie above the line (i.e., 
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Fig. 3.10. TransCormcd (natural log) mean monthly values for chlorophyll-spedic production 
plotted as a function of chlorophyll u for ten sites in streams within White Oak Cteck watershed. 
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NTK = Northwest Tributary kilometer; WCK := White Oak Creek kilometer. 



58 

highct than predicted chlorophyll-specific production), the pcriphyton are  in bettcr than 
avcrage physiological condition. T h e  converse is true for sites consistently falling bclow the 
linc. Ideally, only data from the reference sites would be  used to  establish such a relationship, 
and data froni downstrcarn sites would be evaluated by plotting as shown in Fig. 3.20 (or more 
formally by ANOVA). However, the  rclatively few data for refercncc sites to  da te  and thc 
absence of data for chlorophyll-rich rcfcsence sites preclude the use of this rtiorc ideal 
proccdurc at  this time. 

Based on the information available, only three sites a re  clcarly abovc or below the 
average (Fig. 3.10). With the highcst nutrient levcls among the refercncc sites (Tablc 2.5) 
and substantial rates of periphyton production (Table 3.8), the  rcference site FFK 1.1 
consistently showed better than average performance. Two other  refercncc sites-WCK 6.8 
and FCM 2.0--had low nutrient lcvels and low chloiophyll a concentrations and production 
rates (Table 3.8) and were heavily grazed by snails. These two sites were consistcntly bclow 
the average line, indicating a poorer than average physiological state. At  this time, ncithcr 
sufficient data nor an  aclcquatc understanding of the influence of various factors on 
chlorophyll-specific production exists to explain the interaction of thc  positive influcncc of 
nutrient cnrichment and the advcrse influence of toxic stress that may dctcrminc thc 
physiological condition of the pcriphyton at sitcs farther downstream. 

3.2.3 Summary 

Much of the initial work t o  datc  o n  the periphyton-microbial community has focuscd 
on the  charactcriiation of the periphytic algal community. Periphytic algal biomass was 
mcasurcd as chlorophyll a per unit rock area in riffle zones at ten sitcs from April through 
December 1986. Mcan values during this period rangcd from - 3  to  >60 micrograms of 
chlorophyll a per squarc centimeter. Values of < 1 O  yg/cm2 at the upstream rcfcrcncc sitcs 
were typical of small woodland strcams. EIigher values reflected nutrient enrkhmcnt  at thc 
downstream sites, although grazing also appeared to  be an  important influence on  periphyton 
biomass at scvcral sites, Periphyton pioduction was measured at thcse samc sitcs and rangcd 
from about 8 to almost 70 milligrams of carbon per square mcter per hour. Again, lowcr 
valucs a t  the rcference sites were typical of thosc found in similar natural systems. Low 
values for periphyton chlorophyil t i  and production at M E K  0.6 and visual observations of the 
periphytic algae at  WCK 3.9 suggest that these sites experience occasional toxic stresses. T h e  
assessment of physiological status, using rating curves of chlorophyll-specific production vs 
chlorophyll, shows promise as a tool for evaluating enviroiirnental conditions, including 
stresses. 

3.2.4 Future Studies 

Initially, the periphyton component of BMAP focused on characterizing the algal 
componcnt of the periphyton. Although these studies will be continucd in 1987, methods for 
data analysis and interpretation will be  expanded. For  example, data can be plotted by 
month, rathcr than by site, to  idcntifj temporal changes in periphyton condition resulting 
from scasonal factors o r  toxic episodes. As more data bccomc available, morc-powerful 
statistical tools can bc employcd (c.g., two-way analysis o f  covariance) to cvaluatc thc 
tcinporal and spatial variation in chlorophyll-sl,ecific production. 111 suhscqucnt reports, such 
pciforrnance curvcs will be used to compare sites and scasonal changcs in t h c  physiological 
condition of periphyton community. 
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Chlorophyll-specific production provides a useful index of the physiological statc of the 
algal periphyton. As described in Subtask I C  of RMAP (Loar et al. lWl),  the lcvcls of 
adenosine triphosphate (ATP), C, N, and P in peripbyton will be asscsscd. These parameters 
will be used in a manncr analogous to chlorophyll-specific production t o  describe thc 
physiological statc of the periphyton (Healey and I-Icndzel 19S0, Bothwell 198.5, Palumbo et 
al. 1987). 

Future efforts will also focus on (1) us: of the periphyton as indicators of occasional 
toxic stresses, (2) evaluation of the role of the periphyton in the transfer of contaminants to 
higher trophic levels (invcrtcbrates and fishes), and (3) characterization of the microbial 
component of the periphyton. 

3.2.4.1 Contaminant transfer and toxic-ity screening 

Beginning in 1987, screening for contaminants will evahatc  the role of the periphyton 
in contaminant dynamics. Prclirninary data on the mercury contcnt ol periphyton indicated 
that scvcral downstream sites in WOC were cnrichcd by more than 50-fold relative to 
periphyton at rclcrcnce sites. The  use of pcriphyton responses (e.g., physiological 
paramctcrs) to intermittent toxic stress will also be evaluatcd. Algal pcriphyton grown in thc 
laboratory on artificial substrata (ceramic tiles) will bc placed at sites in WOC known to be 
intermittently toxic to invertcbratcs and fish. Tiles will be rcmovcd at wcckly intervals f o r  
1 month and analyzed for species composition, total dry wcight, organic carbon contcnt, and 
chlorophyll-specific carbon uptake. 

3.2.4.2 Microbial component o P  the periphyton 

The hctcrotrophic microbial component of thc periphyton also plays an important rolc 
in stream ecosystems. Because this component is regulated by a different sct of 
environmental parameters, it may show different responses to perturbations than docs thc 
algal component of the periphyton. Characterization and monitoring of this componcnt o f  
the pcriphyton will b e  initiated in 1987. 



4. I B I O A C C W  ION STUDIES 

4.1 IDENTIFICATION QF CONTAMIN 'I' A C C r n E  
IN AQUATIC BIOTA 

As dcscribed in Task 2a of RMAP, fish were  collectcd from seven sites in W O C  
watershed in Dcccmber 1986 Fcbruaiy 1987 for analysis of a wide range of metals and 
organic priority pollutants. Only results of mercury analyses a t  some of the sampling sites 
were available for this report. These preliminary data a re  inchided at  this time because they 
may bc, of value in structuring and implementing the O R N L  Mercury Monitoring Plan 
stipulated in thc NPDES pcrrnit (EPA 1986, Part 111 F) and may impact plans for further 
studics as part of Subtask 2b: identifying contaminant sources of BMAF' ( I n a r  et al. 1991). 

Fish were collccted by electrofishing at three sites on WOC and at  single sites on WOL, 
WOC embayment, Northwcst 'I'ributary, and Melton Branch. Sites on  WOC, Melton Branch, 
and Northwest Tributary correspond closely to  fishhcnthos population survey sites (Fig. 2.3). 
At  each site, fish werc generally concentrated in o n e  o r  two large pools; only at WCK 2.9 was 
it  nccessary to clcctrofish a larger reach of stream ( -  150 m). 

Twclvc fish were collected at each site to provide samples for analysis of metals, organics, 
and radionuclides and for archival storagc. Samples were taken from cight fish for each 
purpose. Bluegill sunfish (Lepornis mtlcrochirus) and redbreast sunfish (Lepornis nurilus) wcrc 
collected in equal numbcis at a sitc where possible; howcver, redbrcast sunfish were rcstricted 
to those portions of W O C  watershed downstream of the wcir a t  WCK 3.41. Although an 
attcmpt was made to restrict the collections to individuals of a size likcly to be  taken by sport 
fishermen, it was impossible to  111b:~t this requiremcnt a t  all sites. Fish wcrc collected fron 
IIinds Crcck and Brushy Fork (Anderson County, Tenncssce) in or$cr to cstimatc 
background levcls of contaminants and provide analytical controls. 

Fish collectcd at each site wcre placed on ice in a labeled ice chcst and returned to thc 
laboratory for processing. Upon return to the laboratory, fish were taggcd with a uniquc 
four-digit tag wired to  the lower jaw. Each fish was then wcighed and measured, and scalc 
samples were taken for age determination. Tne  fish was filcted, and skin rcmovcd from lhc  
filct. A 1- to  2-g portion of thc anterior dorsal portion o€ the  axial musclc f k t  was cxciscd 
for the determination of mercury, and rhe rcmaindcr of thc  filet was rctaincd for analysis o f  
othcr metals and radionuclides. The rzmaining filet was used Cor a duplicatc sample, archived, 
o r  analyzed for organic contaminants. All samples were wrapped in hcavy-duly aluminum foil ,  
l;rhelcd, and stored at  --2Q"C in a locked rreczer in Building 1504 until delivered lo the 
O R N L  Analytical Chemistry Division (ACID) for analysis. 

Mercury dcterrninations werc carried out  b y  ACD through thc  use of proccdurc EC 420 
(Martin Marictta Energy Systems 1983). Samples were digested in a rnixturc o f  nitric acid, 



perchloric acid, arid potassium dichromate, after which the mercury was reduced with stannous 
chloride and determined by cold vapor atomic adsorption spect rnphotomctry. 

Statistical and quality assurance procedures are described in Sect. 4.2.2. 

Mcrcury in sunfish was found to he significantly ( p  < Q.05) above background levels at 
three sites in WOC and a sitc in Northwest Tributary (Table 4.1, Appendk B). Levels in fish 
from Melton Branch and W 8 L  were lower cnd did not diffcr significantly from those in 
controls. The highcst levels were observed in reaches of WOC downstream from SWSA 4 
and SWSA 5 (Fig- 2.3). No fish collected in thls study exceeded the 1 -ppni U.S. Department 
o f  Agriculturc Food and Drug Administration (FDA) action ]limit (FDA 1954a); thc highest 
value measured was 0.73 ppm in a fish from site WCK 2.3 (Fig- 2.3). 

Mercury levels in redbreast sunfish and bluegill sunfish did not diffcr significantly 
( p  > 0.05) in WQC and Mcltori Branch at siks whcre both species occur (Appcndk B), but  
the average lcvcl o f  mcreury in bluegill (0.09 ppm) was significantly lowcr than that in 
redbreast sunfish (0.27 ppm) in WOL. Thc latter value significantly cxcecded the level in 
bluegill controls (Hinds Creek), but did not differ significantly from redbreast sunfish controls 
(Brushy Fork)” A possible explanation for higher levells of mercury in redbreast sunfish, a 
species typically found in stream environments. is that they may move back and forth between 
WQL and thc lowcr reaches of WOC, whcrc they accumulate mercury, while bluegill rcmain 
in the lake. An unlikely alternative explanation wouiid bc that the bluegill collected in WOL 
in winter were recent immigrants from the Clinch RiverWatts Bar Reservoir and thus contain 
mercury levels typical o f  that system. Although White Oak Dam would provide an obstacle 

Table 4.1. Total mcscury (rniRigrams per kilogram) in sunfih 
(Lepomis a d u s  and Lcpmik macruchhs) cdcc td  in 

(n = 8 fish pcr sitc) 

Site” Mcan -& s.d. Range 

White Oak Crcck watershed, winter 19%- 

NTK 0.2 

MEK 0.16 

WGK 3.5 

WCK 2.9 

WCK 2.3 

White Oak Lake 

E<iIldS 63rCCk (Control) 

Brushy Fork (control) 

0.25 + 0.u5 

0.13 f 0.04 

0.2s f 0.12 

0.44 f 0.09 

0.49 & 0.28 

0.16 ~r 0.10 

0.06 _t 0.02 

0.10 * 0.06 

0.19-0.32 

0,08-- 0.20 

0.14-0.52 

0.30-0.58 

0.204.73 

0.14-0.52 

0.05-0.09 

0.04-0.24 

“MLK = Mcltnn 13rancb kilomctcr; N7’K = Northwcst ’Tributary 
kilometer; WCK = White Oak Creek kilornctcr. 
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to such migration, it  might not be a barricr, especially during high flows. Thirdly, redbreast 
in WOI” may not contain clcvatcd levels of mercury, and larger sample sizes would result in 
convcrgcnce of the mean mcrcury concentration in these fish toward the control lcvel. 

Elcvatcd mercury levels were observcd in sunfish collcctcd in WQL in 1979 (Imar et al. 
1981a) and in 1984 (TVA 1985a). In  1979, bluegill from W O L  avcragcd 0.70 ppm mercury, 
with 20% (two of ten) of the fish containing Inore than the FDA action limit of 1 pprn (FDA 
1984a). The 1984 study found much lower Ievels, averaging 0.23 ppin mcrcuny in bluegill 
from WOL. The most recent data (Table 4.1, Appendix B) indicate continued improvcmcnl 
in mcrcury lcvcls in WOY, fish, with bluegill containing 0.09 0.01 ppm (mean & 1 s.d.) at 
this site and redbreast and bluegill togcthcr averaging 0.16 pprn. 

While rncrcury levels in WOI, fish give littlc evidence of active contamination, the levcls 
o f  mercury in fish in WOC upstream from the  lake indicate the probability of an active sourcc 
or sourccs of mercury contamination in ORNL or  subsurface waste disposal sitcs. Thc 
highest lcvcls of mercury werc observed in fish from site WCK 2.9, locatcd immediately 
downstrcam from SWSA 4 and SWSA 5, and those from site WCK 2.3, located downstream 
from the tributary draining the chemical waste pits near the confluence of W O C  and Mclton 
Branch (WCK 2.49). HOWCVCT, elevated mercury levels were observcd in fish ripstrcam from 
thosc sites ip WQC and Northwest Tributaiy. Because the  accumulation of mcrcury by fish 
is an incomplcte!y understood proccss involving the transformation of inorganic mcrcury to 
mcthylmcrcury species, it is possible that the ultimate source of mercury contamination is 
some distancc upstream of sites exhibiting the highest lcvcls of biotic contamination. 

L,evcls of mcrcury in fish in W O L  and Mclton Branch arc  wcll below the FDA action 
limit and differ little from levels observed in fish from uncontaminated sites. An active sourcc 
or S Q W ~ C C S  of mercury contamination exist in WOC, but these data cannot isolate a specific 
sourcc. Elevated lcvcls in fish from the uppcrrnust site sampled in W O C  (WCK 3.5) indicatc 
pss ib lc  soirrccs in the  main ORNL complex. The discharge from thc 3539/3540 110nds 
contained clcvatcd lcvcls of mercury in 1985, as did W O C  downstream of this’ dischargr: 
(Martin Marietta Encrgy Systems 1986n). However, sources farther downstream on W O C  
may also bc contributing to  abnormally high mercury levels in fish. The slight elcvation in 
mcrcuiy lcvels of fish from NTK 0.2 is probably due  to the immigration o f  fish from WOC, 
although upstream soiirces of mercury (e.g., S W S 4  3 o r  the 1505 complcx) cannot bc rulcd 
out. 

A l‘cnnesscc Valley Authority (‘ITVA) suivcy conductcd in 1984 of conhiii inaiicm in Ii\h 
in thc vicinity of thc DOE Oak Ridgc facilitics found significant lcvcls o f  polychloririatcd 
biphenyls (PCBs) in channel catfish collected in thc W O C  cmbayrncnt o f  Watts Bar Kcxnci i r  
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(TVA 1985a). Levels of PCBs in all nine channel catfish from this site cxceedcd the 2-ppm 
maximum permissible lcvel established by FDA (FDA 1984b). Thesc data raised concerns 
that such lcvcls of contamination were rcpresentativc of the levels of PCBs in channel catfish 
in the Clinch River in the vicinity of WOC. Viis portion of the river below Mclton Hill Dam 
is intensively utilized by sport fishermcn. Since virtually all liquid effluents from ORNL arc 
released into the WOC drainagc (and ultimately into the downstream cmbayment), it is 
possible that thc source of PCBs in catfish in WOC embayment was past and/or prcsent 
dischargcs from ORNL,. 

WOC immediately downstream from OKNL has been contaminated with YCHs in the 
past. Creek sediments were collected and analyzed for PCBs in 1974-75 (Energy Rcscarch 
and Developmcnt Administration, personal communication, 1986) and in 1979-80 (Boyle et 
al. 1982); in both cases levels of 1-3 ppm were typical. The 1984 survey by TVA found up 
to 2 ppm PCBs in sediments from WOC einbaymcnt (TVA 19851-3, 1913%). The Clinch 
liivcr-Watts Bar Reservoir system contains a number of othcr possible sources of PCB 
contamination. Both the Oak Ridge Y-12 Plant and the Oak Ridge Gascous Diffusion Plant 
(ORGDP) have used quantities of PCBs in the past, and sediments from EFPC, Poplar 
Creek, and Bear Creek, which drain these plants, contained significant levels of PCBs in 
surveys conductcd within the past decade ( b a r  e t  al. 1981b; TG'A 1985b, 298%; I,. I,. 
McCauley, Oak Ridge Y-12 Plant, personal communication, 1985). Two large coal-fircd 
electric generating plants are located on the Clinch KiverbVatts Bar Reservoir: one on 
Melton Hill Reservoir, -43 km upstrcam from thc mouth of WOC cmbayment, and the 
othcr, 37 km downstream of the mouth on Watts Bar Reservoir. The  system also receivcs 
treated scwage from the cities of  Clinton, Oak Ridge, and Kingston. 

The 1984 TVA survcy of PCB contamination in catfish in the Clinch River/Watts Bar 
Reservoir depicted a pattern of ubiquitous contamination (0.5-1.0 ppm) throughout the 
system with high levels in WOC embayment (TVA 1985a). No fish were collectcd from thc 
Clinch River at the mouth of WOC embayment in that study. Carp collected from WOL 
contained an average of only 0.4 ppm PCBs, while catfish in the downstream WOC 
embaymcnt averagcd 3.1 ppm. PCBs were monitored in carp, bass, bluegill, and gizzard shad 
in the Clinch River at the mouth of WOC and other sites downstream in 1984 by ORNL 
(Martin Marictta Energy Systems 1985) and monitored in carp only in 1985 (Martin Marictta 
Energy Systems 1986a). PCB levels in fish collected in the vicinity of WOC were not higher 
than in fish from downstream sites; the highest levels generally occurred near the mouth of 
Poplar Creek. 

Thus, recent data from two sources suggest that PCB levcls in channel catfish in WOC 
embaymcnt may be high enough to warrant ccinwrn for public health, bul that levels in other 
species of fish in the vicinity of the embayment are not of great conccm. The primary goals 
of this task of BMAP were to  (1) dcterminc thc likelihood that channel catfish caught by 
[ishermen in the tailwaters of Mclton Hill Dam and upper Clinch Rivcrwatts Bar Reservoir 
might contain PCBs in excess of the FDA tolerance limit and (2) establish the extent to which 
ORNL, via WOC, WOL, and WOC embaynent, is the source of PCB contamination in 
channel catfish in public waters downstream. 

The task of determining the importance of ORNL and the WOC system as a source of 
PCBs in catfish is complicated by the presence of several other known and possible sources 
of PCBs on  Clinch Riverwatts Bar Reservoir. If channel catfish in this system have 
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restricted home ranges, levels of PCBs in fish from a specific locale may be indicativc of 
proximity to the primary source of contarnination. However, if fish do not reside in any 
specific area for very long, a point source could produce a geographic distribution of PCBs 
in fish that is broad and velaiively uniform and does not necessarily vary as a function of 
distance from the source. Studies have shown ihat the nnoveinents of channel catfish can be 
rather rcstricied (Le., remahirig within -8.4 km of one site for several months) (Ziebell 
1973) or  cover distances of many kilometers (Hubky 1963). 

A number of radionuclidcs ale continuously dischargcd to WOC as a result of sccpage 
from radioactive waste disposal sites and ORNL operations (Cferiing and Spalding 1982, 
Martin Marietta Energy Systems 1986a). One of  these radioisotopes, wSr, is concentrated in 
fish bonc, whcrc it i s  retained with a very long biological half-life (Nelson 1967, Ksscnthal 
1963). PCBs are conccntratcd in fish lipids, where they are rctained with a very long 
biological half-life (Niimi and Oliver 1983). Thc only sigmificant source of % to the Clinch 
Rivermatts Bar Reservoir is ORWL. Thus, if the WOC system is the predominant source 
of PCX contamination in channel catfish in nearby reaclres of the Clinch KiverWatts Bar 
Reservoir, the geographical patterns of levels of PCBs in flesh and %Sr in bone of catfish 
co’llccted in that systcm should bc very similar, and concentrations of PCBs and %r should 
be highly correlatcd. 

Thme specific objectives of this study (Subtask 2d of BMAP, as described in h a r  et al. 
1991) WCFC 

1. to determine the levels and geographical distribution of PCB contamination in channcl 
chtfish irr the Clinch RivcrNatts Bar Reservoir near the mouth of WOC, and 

2. to compare the pattern of PCB lev& in channel catEish among the various sites with that 
observed loor 90Sr in catfish bone and then use that comparison to assess the importance 
of ORNT., as a source of any obscmled PCM contamination. 

Catfish were collected in July and A ~ g ~ i s t  1986 by trotline, gill net, and setline at sites 
in the WOC-Clinch River -Watts Bar Rescwair-Melton Hill Reservoir systems. Sannpling 
sites are identified in Fig. 4.1. Onc site was located in WOL, a shallow 8-ha impoundment 
formed by a sinal1 dam ow WOC. White Oak Darn acts as an obstaclc, but not necessarily 
a barrier, to the movcment of fish between the lake and the downstream embayment. Two 
sites (sites 2 and 3,  Fig. 4.1) were located in W 0 C  embayment. WBC embaynient is a 
l-kni-!ong arm of Watts Bar Rescwoir that impounds the old WOC bed below White Oak 
Dam. Thc crnbaymcrat fluctuates in level im responsc to hydroelectric power generation at 
Mclton Hill Darn several kilomctcrs upstream. Such fluctuations result in tidelikc flows of 
water into and out of the embaymelit several times a day, providing considerable flushing and 
dilution of the discharge of WOC The embayment also fluctuates in lcvel on a seasonal 
basis. Watts Bar Rcscrvoir is drawn down by -2 m each autumn to provide additional 
storage for flood control through the winter and early spring. During this time, the upper 
reaches of the embayrncnt (site 2) are an exposcd mud flat, and WOC is confined to its 
original channel. The lower site in WOC embaymewt is deeper and narrower. Winter pool 
levels do not cxposc mud flats, and numeroeis fallen trces provide cover for fish. A wire 
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Fig. 4.1. bcatiom of catfish collection sites in White Oak @reek emtnaymem, White 
Oak Lake (WOL), and the Clinch River. CRK = Clinch River kilometer; WCK = White 
Oak Creek kilometer. CRK 40 is located in Melton Hill Resemoir. 

........ ................. .. ............................... , ~ -. . ............ 
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fcnce with a sign warning of a radiation hazard blocks public access to WOC embayrnent at 
the point wherc i t  joins the Clinch River. 

Five sitcs wcrc sampled in the Clinch MivcrWatts Bar Rcsewoir. Two sites (sites 4 
and 6) werc close to the mouth of WQC embayrncnt, 0.3 krn upstream and downstream. 
Another pair of sites (sites 5 arid 7) were located 1.0 km upstream and downstream from the 
pair closcst to the embayment, and the most remote site (site 8) was located 3.3 km 
downstrearn from WOC. Flqw in this reach of the Clinch River fluctuates daily in rcsponsc 
to the regulated discharge at Melton Will Dam. Whcn discharging, flow is modcratcly fast 
and, in sumrncr, cool (18-20°C) as a result of hypolimnetic discharges from the upstream 
rcscrvoirs. The river channel is scoured in this reach and has a substrate of exposed bedrock 
( b a r  ct al. 198la). Mope Creek embaymcnt of Melton H-lill Reservoir (site 9) was sampled 
as a measiirc of Contamination at an upstream site relatively inaccessible to fish from WOC 
ernbayment. 

The sampling program attempted to capture eight channel catfish (Ictnluru.~ punctalu.~) 
wcighing 440 g or more at each site. 'This objective was not met in WOL, where thc only 
catfish collectcd werc yellow bullhead (Ictalums natalis) and black bullhead (Icialurus nzelas). 
Thcy werc judged to be the best surrogate species for channel catfish in WQL and werc 
thcrcfore included in the study. Blue catfish (Ictalums furcarus) and flathead catfish 
(Irylodictus olivaris) werc occasionally collected and kept in case adequate numbers of channel 
catfish could not be  obtained at a site. While eight channel catfish were not collected at all 
sites, thc numbers of these other species were neither adequate nor appropriately distributed 
to include in the study. 

Fish collected at each site were placcd on ice in a labeled ice chest and returned to the 
laboratory for processing. Individual icc chests were used to contain fish from each site when 
morc than one station was sampled on a given date. lJpon return to the laboratory, fish were 
tagged with a unique four-digit tag wircd to the lower jaw. Each fish was then weighed and 
nicasurcd, arid the dorsal fin was removed for possible age determination. The fish was then 
Cilcted and the skin removed. After rinsing in running water, one filet was wrapped in 
heavy-duty aluminum foil and stored in a locked freezer at -20°C for archival purposes, thc 
other was frozen and then ground three times in a hand-operated meat grinder. A 10- to 
20-g sample of ground fish was wrapped in heavy-duty aluminum foil, labeled by writing 
directly on the aluminiim foil with a permanent marker, and stored in a locked freezer until 
submitted to ACD for analysis. 

A 4- to 5-cm portion of the vertebral column was removed from the tail of cach fish, air 
dricd, wrapped, labcled, and submitted to ACD for analysis for 90Sr. PCBs in fish were also 
analyad by ACD through the use of procedure EPA 600/4-81-055 (EPA 1980b). This 
procedure utilizes extraction with methylcine chloride followed by adsorption column cleanup, 
solvent exchange, and evaporativc concentration prior to analysis by packed-column gaq 
chromatography using electron capture detection. Strontiurn-90 was deterrnincd by beta 
counting with the use of a low-backgrouiad proportional counter. Prior to counting, the fish 
vertebrae wcre ashcd, dissolved in nitric acid, and subjected to a chemical purification 
procedure in which a stroiitium oxalate precipitate is ultimately isolated for counting (Volchok 
and Planque 1982). 
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Statistical evaluations of the data were made by using SAS procedures and software (SAS 
1985a, 1986b) for ANOVA4; Duncan’s multiple range test; linear regression analysis; and the 
calculation of means, standard deviations, standard errors, and coefficients of variation. 

Qualily assurance was maintained by using a combination of blind duplicate analyses; split 
sample analyscs bctween the EPA Environmental Sewices Laboratory in Athens, Georgia, 
and ORNL; and the analysis of fish reference standards and uncontaminated fish spiked with 
PCBs. Details and results are summarized in Appendix C. 

PCBs were detected in all catfish collected in ‘WOC embaynnerat and the Clinch 
RiverWatts Bar Reservoir (Table 4.2 and Appendix D). ‘fie PCB mixtures recovered from 
fish contained predominantly t e t ~ a c ~ l o r o b ~ p h ~ n y ~  and ~entachlorobiphenyl congeners 
characteristic of Arochlor 1254 and 1260 co xmcrcial mixtures, in roughly equal amounts. 
Total PCBs (PCR-1254 4- PCB-1260) ranged from a high of 2.6 ppm in a fish collected in 
WOC embayment to a low of 0.1 ppm in a fish collected at CRK 33.9. The largcst number 
of fish containing PCBs in excess of the FDA talcrance limit of 2 ppm was found in WOC 
embayment, where 25% of thc fish (3 of 12) contained more than 2 ppm, Only 5% of the 
fish (2 of 39) captured in the Clinch RiverNatts Bar Reservoir exceeded the statutory limit, 
one from 0.3 km downstream from the mouth of WOC embayment (CRK 33.2) and the other 
from a sitc 3 km farther downstream. 

Contaminants having long biological half-lives tend to accumulate to ever-higher levels 
throughout much of a fish’s Iifehe- Thus, larger, older fish may contain higher contaminant 
levels than smaller, younger fish. The effects Df  such a bias can be significant if fish collected 
from some sites are predominantly small while those at other sites are predominantly large. 
Such effects can often be avoided by collecting adult fish of similar size. Therefore, channel 
catfish weighing less than 440 g were not included in this study if adequate numbers of larger 
fish were collected at a site. Mean wcights of collcctions wcre similar at all sites (640-780 g), 
except at CRK 33.8, where the mean weight was 1400 g. Results of regrcssions of ?3r,  total 
PCB, PCB-1254, and PCB-1260 vs fish weight. at each sitc showed no significant relationship 
(slope not different from zero, p > 0.05) in 31 of 32 possible comparisons. Although a 
significant relationship was noted for PCB-126 at the site with the highest cattish mean 
weight, it was well within the probability cxpccted using p = 0.05. Therefore, comparisons 
of mean contaminant levels among sites could be made without normalizing for variations in 
fish weight. 

The highest mean concentration of PCBs in catfish (1.4 ppm) was found in fish collccted 
at WCK 0.3, a site in WOC embayment 0.3 kni upstrcam from the confluence with the Clinch 
River. However, statistical analysis using ANOVA and Duncan’s multiple range test indicated 
no significant differences in mean PCB levels among sampling sites, except at thc site 8 km 
upstream on Melton Hill Reservoir, which was significantly lower than WCK 0.3 ( p  < 0.05). 
The levels of PCB-1254 in catfish from WOL, WOC embaynient, and the Clinch River 1.3 
km upstream from the mouth of WOC (Le, CRK 34.8) were not significantly different, but 
of these sites only the embaymcnt site nearest the river (WCK 0.3) had a fcvel of PCBs 
significantly higher than the remaining sites (CRK 33.8, CRK 33.2, CRK 32.2, CRK 30.2, and 
Mellon Hill Reservoir). Levels of PCB-1260 did not diffcr significantly among any of the 
sampling sites. 
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Siteb YCB-total PCB- 1254 PCB-1260 mSr 

WOE 

WCK 0.9 

WCK 0.3 

CRK 33.8 

CRK 34.8 

CRK. 33.2 

CRK 32.2 

CRK 30.2 

CRK 40 

0.97 f0.47 
0.59-1.76 

( 5 )  

0.80 f. 0.16 
0.68-0.91 

(2 )  

1.4+ 0.73 
0.32-2.62 
(10) 

0.62 10.44 
0.10-1.35 

(8) 

1.07kQ.57 
0.27- 1.84 

(8) 

0.85 fQ.73 
0.22-2.40 

(7) 
1.01 k0.48 
0.47- 1.88 
(8) 

0.88 & 0.64 
0.32- 2.36 

(8) 

0.46 + 0.22 
0.20--0.80 
(5) 

0.52 f0.27 
0.29-O.% 

( 5 )  

0.4910.15 
0.38--0.59 

(2) 

0.87 10.54 
0.09- 1.70 
(10) 

0.19 f 0.17 
0.02-0.46 

(8)  

0.56 kQ.32 
0.19-1.10 

(8) 

0.3QfQ.14 
0.10--8.49 

(7) 
0.42 p 0.49 
0.10-1.60 

(8) 

0.29 f 0.16 
0.10-OS6 

(8) 

0.14 rk0.10 
0.01-0.29 
(6) 

0.46k0.21 
0.20-0.8Q 

( 5 )  

0.31 k0.01 
0.38-0.32 

( 2 )  

0.53 f0.23 
0.23-0.92 

(10) 

0.43 rt: 0.34 
0.07 --OB9 

(8) 

0.52 1 0.3 1 
0.08--1.00 

(8: 

055 pQ.79 
0.07-2.30 

(7) 

0.60 f 0.32 
0.28-1.30 

(8) 

0.59 f0.52 
0.16-1.80 

(8) 

0.32 & Q.24 
0.10-0.79 
(6) 

4420 f 672 
37w-5500 

( 5 )  

1035 k516 
670-14QO 

(2) 

676 -fr 478 
120-1501) 
(10) 

‘706 * 299 
350-1200 

(7) 

295 k374 
30-1100 

(8) 

1283 + 1009 
78-2500 

(7) 

57*43 
5 - 1 2 0  

(8)  

223t8 
1/1-37 

(8) 

14f17 
1-44 
(6)  

“For each PCR and for Yr, the first value listed is mean f 1 s.d.; the second value is 
rangc; and the third value, indicated parenthetically, nS number of samples. 

’CRK = Clinch River kilometer; WCK = White Oak Creek kilometer; WOL = White 
Oak Pake. WCK 0.9 and WCK 0.3 are locations in White Oak Creek ernbayrnent. CRK 40 is 
located in Melton Hill Reservoir. Refer to Fig. 4.1 for site locations. 
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~ , v e I s  ol contaminants a ~ ~ ~ ~ ~ ~ a ~ e a  by different organisms under identical exposure 
conditions arc highly variable. Often, a lognmnal ~ s t r ~ ~ u t i ~ ~ n  more appropriately describes 
this variability than does a normal ~ ~ s l r ~ ~ ~ ~ ~ ~ n -  Because the appropriateness of either 
~ ~ ~ d ~ r ~ y i n ~  distribution was not ~ b ~ ~ ~ s ~ ~  superior to thc other in this data sct, the data were 

sites. 
Such a t ~ ~ n s f ~ ~ r n ~ a ~ ~ ~ ~  has the effect of making variances among sites more homog s and 
o f  scdueirng the: influence 01 very high and v c ~ y  alimes in thc: ~ ~ ~ ~ ~ a ~ i s o ~ ~ s  of means. 
When c Q ~ ~ ~ ~ ~ ~ ~ n s  of PCBs among sites were using log-trarssfomed values, the 

e unchanged for total . Ilhswmcr raul ts  05 ihc 
CB-1254 levels among sites indicated that fish Ersm W 

also analyzcd after ~ ~ g a r i ~ ~ ~ ~ c  t r a n s ~ ~ ~ r ~ ~ ~ t ~ ~ ~ ~  to evaluate possible differences a 

CRK 348 had s ~ ~ ~ i ~ ~ ~ a n t ~ y  higher levels than Fish at other sites. 

The jlcvels of 90Sr in catfish vertebrae exhibited rniuch greater d ~ ~ f ~ r ~ ~ c c s  among sampling 
sites than did P 
found in bullhe from 
Mcltori XNl Reservoir. iMcan levels in fish collected in WOC ernbayni nd the two Clinch 
River sitcs nearest the mouth of the c ~ b a y m ~ n t  (at CRK 33.2 and 33.8) were about 
20% of those observed in fish rrom WOL. ~fnis may reflect both dilution of aqueous wOSr in 
LIE enabaynnent, which re It of water lcvel 
nuctuaticans in the Clinc 
and movement of fish in and 
in h e  ernkayrnent was es 
c ~ ~ ~ ~ ~ ~ t r a t ~ ~ ~  measured in 
11986a). Tritium is elevate 

s (Table 4.2). T ~ c  highest mean conce ration of ?3r (4420 ) was 
from WOk, while the lowest value (14 qkg> was in fish ccsll 

ves tidelike flushin 
iver in response :o 

dilution Factor was - 0.2, suggcstirig that %Sr differences between fisk1 from 
c due ~ r ~ m a ~ ~ ~ y  to dilution. ~ ~ r ~ r ~ s ~ n ~ ~ y ,  the mean levcl of WSr in fish 

QG (CRK 34.8) collcctcd in thc Clinch River at a site 1.3 krn u 
was .&e timcs higher than that in fish col 

ream from the mouth of 
ed 1.3 km ~ 0 ~ ~ ~ r e a ~  from 

K 32.2) (Table 4.2). IIowcvcr, t is difference was not statistically significant 

Statistical evaluation of dikrcnces  in "Sr k v d s  as a function of sampling site required 
that the data be log transformed, since the  as^^^^^^^^^ of  lmnogeneous variances among sites 
was clearly not met, Results of uncan's rn~ltiple sang@ test indicated that Ievcls in fish 
from W 8 L  were significantly (11 e 0. 5 )  higher than in PER from all o t h a  sites. Mean levels 
o f  90Sr did not differ among fish coli ted in WOG embayrncnt and sites in the Clinch River 
0.3 km upstream and downstream of the mouth of G. Ibwever, fish from these four sites 
did contain significantly morc wSr than fish e o ~ e  from sites hrarkher fr-oni the mouth of 

rn the most remote site sampled in the Clinch River 
was s i ~ n ~ ~ c a ~ t ~ y  lower than in fish from a site 1.3 km 

WK 34.81, which did not dirfer ~ ~ g n ~ ~ c a ~ n t ~ ~  from the site 1.3 km 
C, dcspite the fivefold ffercnce noted ~ r e v ~ ~ ~ u s ~ y .  Fish from Melton 
st remote site, contain s i ~ n ~ ~ ~ a ~ ~ t ~ ~  less wSr than fish from all other 

C. ~ t r o ~ t i ~ i ~ - ~  in cat 
km below the mouth ol 

above the mouth 
downstream from 
Hill Rcscmoir, th 
sites. 

A comparison of the pattcrns of - 1254 arid among sampling sites is shown in 
Figs. 4.2 and 4.3. The pattern for 90S hat expected for ~ ~ ~ w n ~ ~ ~ ~ a ~  dilution of a point 
S Q U ~ C ~ .  Strontium- creases as it is diluted in WOC 
embayrnent and ag mil exhibited by PCB-1254 is not 
obviously similar, conccntsaticn at a site within \NO@ embayment and 
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nine sites (shown in Fig. 4.1), excluding Whitc Oak Lakc. CRK = Clinch River kilometer; WCK = 
White Oak Creek kilometer. WCK 0.9 and WCK 0.3 are locations in White Oak Creek embayment. 



relatively sirniiar levcls a t  all other sites in thc Clinch Kiver and WOL. ’ Ihe  slopcs of lincar 
regressions of [PCB-12541 vs [90S~] arid [PCB-12543 YS In[?3- ]  were not significantly different 
from zero @ > 0.05), while the regression of In[PCB-1254] vs ln[””Srlj w s  significant. Similar 
treatments of PCB-1260 and total PCBF were wst statistically significant. 

If WOC cmbayment was thc source of PC3 contamination in Clinch Rivcr catfish rathcr 
than WOX, o r  WOC, a stronger relationship between PCBs and 30Sr should h a w  bcen 
o b s e ~ c d  when data from WOL were excluded from the analysis. Whcn linear reg1 cssinns 
were pcrformcd excluding that data set, the  rcsults were c ~ ~ c n t i a l l y  unchanged Once  again, 
the only significant relationship was between 1n[PCB- I 254; and Inj3”Sr]. While this 
rclationship was statistically significant in both cases, it cxplaincd relatively little of the 
variation in PCB- 1254 !evels that was observed, having R7 values of 0.1 1 and 0.09 for the two 
rcgrcssions. *fie two significant exprcssions (the S C C O R ~  cxcluding WOL) wcrc virtually 
identical: 

ln[PCB-1254] =- 0.154 x InpOSrj 2.02, and (’1 

If 90Sr values typical of WOC embaymeirt (1000 Bq/kg) and Mclton Hill Resesvoir (10 Bq/kg) 
are  inserted into Eq. i or Eq. 2 to calculate PCB-1254 levels a t  those sites, values of 0.4 and 
0.2 ppm are  obtained rcspcctively. The difference, 0.2 ppm, indicates the maxinium amount 
of PCB accounted for by variations in %Sr. 

In  1984, all catfish collected in WOC crnbaymcnt contained PCBs in excess of the FDA 
limit (‘WA 1985a). Two years later, 30% of the catfish collected from thc  site of the 1984 
study (WCK 0.3) e x c e e d 4  the 2-ppm limit. Tplc mean levcl of PCBs in catfish from this site 
was 3.1 ppm in 1984, while PCBs averaged 1.4 pprn in 1986. The more highly chlorinated 
congeners, PCIB-1260, predominated in the 1984 collection, while PCB-12% Wac rclativcly 
more abundant in fish capturcd in 1986. Levels of PCB-1254 changed littlc between 1984 and 
1986, averaging 0.74 -f- 0.49 and 0.87 -I- 0.54 (mean + 1 SA.), respectively. I t  appears as 
though a c o n s i d e d l e  decrease has occ-ui-red in the aqucous rclcasc of PCBs at  this sitc in 
the  past 2 ycaas. ’4 substantial fiactioii of channel catfish from thc cmbayment contain 
cxcessive levels of PCRs, however. Whether or not this situation will continue t o  improve 
cannot bc-, foreseen from the present data. 

PCR contamination is clcarly evident in catfish collected in the  Clinch WivcrlWatts H a r  
Reservoir in the vicinity of WOC Catfish collected at the five Clinch Rivcr- sites avcragcd 
0.89 3- 0.57 ppm. Thcse levcls a r c  not atypical of those reported iri 1984 for catfish collcctcd 
at  sites throughout Watts Bar Reservoir (TVA 1985a). The TVA study rcportcd a mcan 
value of 0.9 pprn PCBs at a site 16 ksn downstream h m  W O C  (the site closest to WOC in 
that study) and an averagc of 0.7 ppm for all sites in Watts Bar Rcscrvoir. Lcss than 2% 
(1 of 64) of thc catfish collcctcd in Watts Bar Reservoir in 1984 cxcccdcd 2 ppi i  PCRs. A 
higher proportion of fish containing more than 2 ppm PCBs was notcd in 1986 (5% or 
2 of 39 fish cxcccded thc  FDA limit). The small numbers involved makc statistical 
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comparisons of these proportions tenuous; however, it seems likely that PCB levels in channel 
catfish in the sevcral kilometers of the Clinch Rivcr below Melton Hill Dam are similar to 
concentrations observed 2 years previously farther downstream in this system. 

The levels of %r in catfish collected in the Clinch River indicate that fish do move 
bctween the embayment and the Clinch River. Three of eight fish caught 1.3 km upstream 
from the mouth of WOC contained 2400 Bq/kg ?%, indicating that they had significant 
exposure to the discharge oC WOC. Strontium-90 levels in fish collected in the Clinch River 
at sites 0.3 km upstream and downstream of WOC were cssentially the same as those in fish 
caught in WOC embayment, indicating substantial localized movement in and out of the 
embayment. The two sites farther downstream did not produce fish with ?3r  levels typical 
of WOC embayment. Two fish from the site 1.3 km downstream contained 110-120 Bqkg. 
Such levels may indicate previous residence En WOC embaymcnt or may be due to the WOC 
discharge plume rcmaining near the north bank of the Clinch River for much of the 1.3-km 
rcach. At the site 3.3 km downstream, wSr ranged from 11 to 37 Bqkg. If the 90Sr content 
of vertebrae from catfish captured in WOL (4420 Bqkg) is multiplied by the dilution factor 
of  the flow of WOC into the Clinch River (0.0025), a ?Sr content of 11 Bq/kg is calculated 
Cor fish in reaches of the Clinch River below a mixing zone close to the crcek mouth. This 
corrcsponds relatively well to the mean value of 22 Bqkg observed in fish 3.3 km 
downstream. 

It appears as though most fish caught in the study reach of thc Clinch Riverwatts Bar 
Rcscrvoir in summer contain lcvels of long-iived contaminants representative of exposure 
regimcs in the environment within 1 or 2 kin of the site of capture. Catfish that reside €or 
periods of time in WOC embayment move into the Clinch River, where they are accessible 
to sport fishermen. Such fish appear to be more likely to be found upstream of the mouth 
of WOC than downstream. Because fishing pressure is  higher in the upstream tailwater, such 
movements could increase the likelihood of those fish being caught hy anglers. The extent 
or duration of such movements is unknown. 

4.2.4.2 WOC as Source of PCBs 

If WOC is the only source of PCBs (or, more appropriately, PCB-1254, which was 
significantly higher in fish from the embayment) to fish in WOL, WOC embayment, and 
nearby reaches or the Clinch River, WSr contcnt of fish bone should be a markcr for the 
degree and duration to which a fish is exposed to the WOC discharge. Pattcms of wSr and 
PCB-1254 content oC catfish among sites should be similar, and 90Sr and PCB-1254 levels in 
fish should be highly correlated. Examination of  Fig. 4.2 shows littie similarity between the 
patterns of ?3r and PCB-1254 among sampling sites. If contaminated sedimcnts in the 
embaymcnt are the major source of PCB contamination, 90Sr would still be a marker for PCB 
exposure at all sites except WOL. However, the patterns of ?5r and PCB-1254 among sites 
(with WOL excludcd) were also not similar (Fig. 4 3 ,  and the only significant relationship was 
a weak correlation between ln[”Sr] and InfI’CB-12541. The presence of significant levels of 
PCBs in fish collected in Mclton Hill Reservoir and apparcntly ubiquitous levels approaching 
1 ppm in fish Prom thc 4.6-km reach of thc Clinch River sampled in this study suggest that 
othcr sources of PCB contamination arc important in this systcm. 

Ncverthelcss, the data do indicate that the WOC system is a source of PCB 
contamination to catfish. PCBs in WOL bullheads could come only from upstream sources 



74 

or residucs in lake sediments. Significantly higher levcls of PCB-1254 wsre obsewcd in 
channel catfish collected in WOC ernbayrnent than in fish from Clinch River sites, and 
PCB-1254 was wcakly correlated with 30Sr levels. The levels of wSr in WOL catfish were 
more than five times higher than they wcrc in 2VOC embayment catfish; however PCBs, and 
PCB-1254 in particular, did not decrease in similar fashion, but rather showed increased levels 
in enibaynieant fish (Table 4.2). While differences in accumulation of PCBs and 90Sr between 
bullheads and channel catfish may obscure somewhat the ability to make such distinctions, the 
large magnitude of this difference indicates that the aqueous phase discharge of WOZ, is not 
thc major source of PCBs in catfish in WOC ernbayment. 

The elevated levels of PCMs in WOC embayrnent thus appear to originate from a source 
within the embayment, alinost certainly FCR-contaminated sedimen ts transported downstream 
from WQL,. White Qak Dam was extensively renovated in 1989-83, a procedure that 
involved constructing a new spillway on the west side of the dam. During the construction 
period, the water level in WQL was lowered, exposing contaminated sediments along the 
shorelinc and making thc remaining submerged lake bed more susceptiblc to rcsuspensian 
due  to wind and wave action. Dccp sediments near the dam face undoulntcdly were 
transported downstream during excavation of the new spillway. These activities could have 
introduced a pulse sf PCB-Badcn sediments to the embayment, resulting in the high levels of 
PCBs in catfish that wcre observed there in 1984. Since that tirnc thc pulse of contariiiriation 
has probably been transported out of the ernbayment or been buried by morc-recent 
sediments, accounling lor the decrease ita PCH Icvels in embayment catfish between 1984 and 
1986. It is not possible to ascertain if the levels of PCBs prcsently observcd in WOC 
ernbayment catfish represent a stcady state produced by ambient exposure or  if thcy were 
caused by much higher exposures several years previously. The prepunderance of PCB-1254 
ovcr PCB-1260 in fish collected in 1986, in miitlast to the opposite pattern in 1984, suggesls 
that 1986 levels represent a steady state with present exposure conditions. 

The downstream variation in "Sr in catfish can he used tu infer the importance r,T WOC 
embayment as a source of PCB coriianaination of fisk in the Clinch River arm of Watts Bar 
Reservoir. 'l'he Clinch River En the study reach is fast flowing with a highly scoured bcd; fine 
sediments are not retained. Studies of the longitudinal distribution of PCBs in suiifish in a 
small stream downstream from a point source showed that PCBs declined approximately in 
proportion to the aqueous dilution ratio (G. R. Southworth, unpublished data). Ilercforc, 
it appears appropriate to use a dilution ratio of "OSr in fish bone to assess the imporlarice of 
this source. Assuming that all PCBs in WOC ernbayment catfish come from the lower portion 
of the cnnbayment, the predicted concentrations of PCBs in downstream fish resulting from 
this source were calculated by multiplying the ratio of 30Sr in dowristream fish to "Sr in 
embayrncnt fish by the mean levcl of PCBs in embaymcnt fish. The predicted PCB 
concentrations calculated by this method were 0.12 and 0.05 ppm at sites 1.3 and 3.3 km 
below the mouth of WOC respectively. In both cases, this represents a small fraction of the 
total PCBs obscwcd in fish from those sites, indicating that the smrcc  of PCBs in WOL 
cmbayrnent appears to havc little impact on total PCB Bevels in fish outside the immediate 
vicinity of the embayment. 

Some channcl catfish caught by fishermen in the 7-krn reach of the Clinch Kiver/Watts 
Bar Rcsenoir downstream from Mclton Hill Darn arc likely to contain PCSs in cxccss of the 
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2-ppm FDA limit. However, the proportion of fish containing such levels is low, 
approximately 5%. While a significant portion of thc PCB burden of catfish capturcd in 
WOC embayment and ncarby locations in the Clinch Rivcr may rcsult from reccnt or ongoing 
releascs from sources within the cmbayment or upstream, little o f  thc total PCB content of 
fish from other sites in the Clinch River can bc attributed to these sources. 

Channcl catfish residing in WOC embayment, which is closed to p b l i c  access, move in 
and out of the embayment enough to be vulnerablc to capture in nearby waters upcn to 
public fishing. Contaminant levels in these fish should he evaluated by using the assumption 
that such fish are available €or consumption by sport fishermen. 

'Thc presence of elevated levels of mercury in fish from WOC indicates a need to 
procccd to Subtask 2b of BMAP: identification of contaminant sources (Liar  ct al. 1991). 
Further studies will be  designed and implemeiitcd in this subtask after discussion with the 
DEN staff responsible for implementing the NPDES Mercury Monitoring Plan (Sect. 10). 

Annual monitoring of PCB contamination in channel catfish in WOC cmbaymcnt will be 
continued in order to detect any increase in FCB levels at this site as remedial actions arc 
carricd out in WOC watershed. In  conjunction with this activity, organisms used as €ood by 
catrish will be analyzed for PCBs, and the role of  the food-chain pathway in dctcrmining PCB 
levcls in Clinch River catfish will be evaluated. 

The annual screcning of fish in WOC for metals and organic contaminants outlined in 
BMAY will bc continued; results of thc initial screening for mcials (other than mcrcury) and 
organics in fish collccted from scven sites in WOC watershed in winter 1986--87 will bc 
presented in the sccond annual BMAP report for ORNL. Efforts will be initiatcd on Subtask 
2c: integration of water quality and bioaccurriulation data ( b a r  et al. 1992). This subtask 
will evaluate the effectiveness of bioconccntration data in detecting cxposure to contaminants 
measured in routinc watcr quality monitoring programs (Sects. 2.2.3 and 2.2.4) or iriferrcd 
from bioindicators (Sect. 5),  such as liver detoxification enzyme lcvcls. 
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This task involvcs the dcvclopmcnt, screening, and application of biological indicators t o  
cvaliiatc the responses of fish populations in WOC watershed to  point- and area-sources of 
contamination (Task 3 o f  BMAP; Loar  et al. 1991). Biological indicators have an advaritagc 
over other  biomonitoring approaches in that they ( 1 )  can provide early warning signals of 
potential ecological cffccts because of their sensitivity to water quality degradation; (2) can 
bc uscd to cstablish thc  relationship betwcen water quality degradation and important 
biological rcsponscs, such as growth; (3) can br: uscd to  evaluate the  cffccts of remedial 
actions on watcr quality; and (4) are, in general, easy to rncasiire and cost-effectivc for 
long-term biornonitoring. 

During the past year two major subtasks wcre addressed: selection/screening o f  
bioindicatons (Subtask 3a) and application of bioindicators for long-term field monitoring 
(Subtask 3b). T h e  stratcgy utilized in the  design and application of thcse studies was l o  

rncasu~e a suitc of indicators reprcscnting a series of biological rcsponscs along it gradient of 
relatively short-term to long-tcrrn responses, to analyLe and evaluate thcse indicatois for thcit 
ability to provide the information rclated to  advantages (1) through ( 3 )  in thc prcccding 
paragraph, and to select a subset of the most relevant indicators for long-term monitoring. 
'I he  basic approach involved a comparison of both individual and intcgralcd biological 
responses of fish from various aieas in WOC watcrshcd with the rcsponses of fish from 
noncontarninated refercncc areas. 

Sampling was conducted during late Novenibcr and early Dcccrnber 1986 at sitcs 
inimcdiatcly below the weir a t  WCM 3.41, above the  weir a t  WCK 2.65, ahovc the wcir at 
MEK 0.16, in WOL, and in Brushy Fork (BFK '7.6), a rcfcrcnce stream (Scct. 2.3). From 
10 to 14 adult rcdbreast sunfish were elcctroshocked at each site, and blood samplcs wcrc 
obtaincd from each fish with the use of unhcparinizcd syringes within 1 Z min following 
capture, Each fish was identified with a numbercd tag for futurc rcfcrcnce arid transporlcd 
alive to the laboratory Cor analysis of various tissues and organs. Because no  centrarchids 
(sunfishes) were found above the zvcir at MEK 0.16, this site could not be includcd in thc 
data set as initially planncd. 

Total lengths and wcights o f  each fish wcrc recorded txforc  the livcr, gonads, gills, and 
kidney wcrc rcniovcd for analysis. Livcr and ovarics wcre wcighcd, and scctions of each 
organ werc preserved for histopathological analyses. The rcmaindcr or the livcr was used f(x 
cnrymc assays and deoxyribonucleic acid (DNA) ribonucleic, acid (RNA) dctcsminations. 
Blood samplcs wcre ccnlrifugcd and the resultant serum frozen for subscqucnt tiiochcmical 
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analysis. 
Dcpartment at ORNL by using the proccdiircs described by Adam e t  al. (1985). 

Blood analysis was performed on a centrifugal fast analyzer in thc Health 

Livers rcnioved from tish for enzyme assays were homogenized in chilled 0.1 N 
phosphate buffer (pH 
for 10 min and at 18, 
105,000 x g for 60 min and resuspended in 0.1 N Tris buffer (pN 7.4), 1 
ethylencdiaminetetraacctic acid (EDTA), and 10% glycerol by sonication. Proteins were 
determined by the Bio-Rad reagent method usi ovine seriini albumin ds a staradard. Thc 
activity o f  7-ethoxyresorufin 0-deethylasc (ER was measured fluoronietrically at 30" C 
with a centrifugal fast analym couplcd to an a -ion laser and wrnputcr, 'I'hc assay was 

d in WEPES buffer (pH 7.8) with 5 mMniagnesium acetate, I mM7-ethoxyresorufirx, 
nicotinamide-adenine dinucleotide phosphate (NADPH)9 arid 1 mM EDTA (Egan 

et al. 1983). The electron transfer enLymc NADPH-cytochrome c rcductase was assayed 
spcctrophotometrically by a modification of Phillips and Langdon (1962) with cytochrome c 
as the electron donor. Reduced cytochrome c was determine by using an extinction 

t .  1 acm-' - m~ '. 31ie reaction mixture contained 5 mM'I'ris (p11 7.4), 20% 
d ~ ~ ~ ~ i 6 ~ t h r c i ~ ~ ) ~  (DTT), 1 mM EDTA, 1.1 mg/mL horse heart cytochrome c, 

0,175 mM NADPH, and 2-10 pg of microsomal protein. Cytochrome P-450 and b, wcrc 
each assayed by their characteristic oxidieed i nd reduced spectra (Oniura and Sat0 1964) with 
scveral nsodifications (Johannesen and DePit:rre 1978). For cylochrome P-450, samples wcre 
oxidized with CO and reduced with sodium diothionite; cytochrome b5 was rcduccd with 
nicotinamide-adenine dinucleotide (NADH). 

and 0.15 ha KCI. The homogcnatcs wcrc centrifuged at 3 
x g €or 20 miti.* n e  resulting supernatants wcrc centrif 

Sections of liver tissue were extracted fo- nucleic acid (RNA and DNA) content by using 
a rncxtification o f  the Schmidt-Thannhauser method (Munro and Fleck 1966). 'Z'hc RNA and 
DNA in the resulting supernatants were quantified spcclropholometrically at niaxirnum UV 
absorbancc. Liver proteins wcrc analyzxd by a modification of  the Lowry method (Hartrce 
1972). 

5.22 Statistical Procdurcs 

To tcst for differenecs in each bioindicator betwcen sites, and bctwecra male and female 
fish within each site, ANQVA using SAS procedures was applied. Due to unequal sample 
sizes and some unpaired data sets, tests appropriate to assumptions of unequal and unpaircd 
data were applied. Statistical significance of :nteractions attributed to sex and sampling sitcs 
was also considered in the models of main effects. 

The significancc oC intcgratcd biological rcspnscs  bctwcen fish frcm various sites was 
dctcrmined by canonical discriminant analysis (Seal 1968). 'This method provides a graphical 
representation of the positions and orientations of thc various site rcsgonses relative to each 
other. In addition, the discriminant analysis vrariablc: sckction technique of  McCabe (1975) 
was used to determine it particular subsets of the f d l  set of variables could discriminate as 
well among the four sites as could the fuli set of variables. This variable selection procedure 
considercd all possible combinations of the observed values and, for any spccificd subset size, 
selectcd thosc variables having the best discriminating power. 

*An italic lowercase g denotes the standard accelcration of gravity (-9.8 m.s-'-s-'). 



5.3 RFSWLTS ANI) DISCUSSION 

T h e  objectives of the initial studies were to  mcasure a suite of  bioindicators over a rangc 
of short- to long-term biological responscs (Subtask 3a) and, based o n  the analyscs prescntcd 
in this report, t o  selcct the  most ecologically relevant and cost-cffectivc indicators 
(Subtask 3b). Blood biochemistry, liver enzymes, indices of  overall body condition, and 
indicators of growth (RNA:DNA ratio) were quant i lkd in fish collected during the  late fall 
of 1986 at three sites in WOC watershed and a reference site. Data a re  presented first for 
individual bioindicators and then for integrated bioindicator responses. 

The  individual indicator responses measured in this study can be eonvenicntly placed into 
one  of five groups: ( 1 )  protein metabolism [serum bilirubin, serum glutamic oxaloacctic 
transaminase (SGOT), and total protein]; (2) carbohydrate-lipid metabolism (serum glucosc, 
triglycerides, and cholesterol); (3) conclilion indices, including thc  liver-somatic indcx, 
visceral-somatic index, and condition factor; (4) liver (detoxification) e n q n c s ;  and ( 5 )  growth. 
Thesc groups a re  discairsed in the following paragraphs. 

5.3.1. I Indicators nf protein met 

T h e  transaminase enzyme (SGQT), total serum proteins, and bilirubin werc used as 
indicators of protein metabolism. Both SGQT and bilirubin a re  involved in protein catabolism 
and, therefore, a re  indicative of tissue damage in organs such as the livcr. There  were no 
significant differcnccs in the  levels of SGOT o r  bilirubin between the reference (control) site 
and the three WGC sites even though therc were differences among thc  WOC sites 
themselves (Fig. 5.1 and ‘Table 5.1). In  contrast, total serum protein in nrushy Fork fish was 
significantly higher than in fish from WOE (Fig. 5.1 and Table 5.1). Total serum protein [nay 
indicate differcnccs in overall protein metabolism bctwcen fish experjcncing varying lcvcls of 
environmental stress. Prclirninary studics of reproductive success in another local stream 
indicate that vitcllogenin, a high-density lipoprotein, is highly correlated with total serum 
protein (S. M. A d a m ,  unpublished data). 

Serum glucose was measured as an indicator of carbohydratc metabolism There werc 
no significant differericcs in this parameter between fish sampled from the various sites 
(Table 5.1) even though the reference site appearcd to  have the lowest conccntrations 
(Fig. 5.2). Hyperglycemia i s  a generalized stress response in fish to  a broad spectrum OF 
environmental pcrturbations (Silbergeld 1974) and, therefore, may not bc a useful indicator 
to singlc out  the cffects of toxicant stress in WOC fish. 

S c r i m  triglycerides and cholesterol both scrve as mcasures or  lipid metabolism and 
nutritional status. For triglycerides, there were significant differences ( 1 )  bctwecn thc 
refcrence site and all the WOC sitcs and (2) between WOC sites (‘Table 5.1). Fish from 
WCK 3.4, WCM 2.7, and WOL had significantly lower levels of triglycerides than did [ish from 
the rcfcrcnee site (Table 5.1). However, cholesterol lcvcls showcd no  clcar pattcrn o f  site 
diffcrcnccs (Table 5.1) cvcn though cholcsterol lcvcls for WOC fish were lowcr (Fig. 5.2). 
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Fig. 5.1. Respnse of protein metabolism indicators fbilifubia, serum glutamic oxaloacetic 

transaminax (SGOT), and total serum protein] in redbreast sunfish from sampling sites in White Oak 
Gcek W t e  Oak Creek kilometer (WCK) 3.4 and WCK 271, White Oak Lake (WOL), and Brushy 
Fork (reference or control stream) in fall 1986. For each site, the values for males (M), fernales (F), 
and the average of the two sexes (hatched bars) are given. Lines extending above the bars indicate 
1 s.e. of the mean. IU = international units. 
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RNA .c3 3- +- ** 
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“SNIT =; serum glutamic oxaloacetic transaminase; NADPH = nicotinamide-adeninc dinucleotide 
phosphate; RNA :x ribonircleic acid; I:9NA =: deoxyribonucleic acid. 

& h e  symbols . I - +  and -b denote values at Brushy Fork (reference stream) significantly higher at the 99 
and 95% confidence levels, respcctively, than at the comparison sitc; the symbols .-- - and - denote values at 
Brushy Fork significantly lower at the 99 and 95% confidence levels, respectively, than at the comparison site. 
‘lhe symbols ** and * indicate statistical differences at the 99 and 95% confidence levels respectivcly. 
WCK = White Oak Creek kilometer; WOC I White Oak Creek; WOL = White Oak Take. 

Blood triglyceride levels can indicate both the magnitude of fceding (nutrition) arid thc 
mobilization of eneigy (fat) reseeves during stress, if adequate fat resewcs are available. 
L,ipids can bc mobilized by fish to partially mediate the cffecls of stress (Lee et al. 1983). 

Serum triglyceride concentrations differed among sites and may serve as indicators of 
nutritional status and/or chronic stress. Which, if either, of thcse two gcneral rcspsnsc 
catcgorics is mast applicable in interpreting site differenaccs will bc invcstigatcd further. This 
evaluation can be accomplishd, in part, through integration of other indicators of nutrition, 
such as feeding habits, to partition nutritional responses from nietabolic stress responscs. 
Cholesterol docs not appear to bc as good an indicator as triglycerides and will probably be 
excludcd from future analyses. 
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Fig. 5.2 Respn.sc of carbohydratc/lipid 
cholcstcrol) in redbreast sunrib from sampling si 
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in fall 19%- For each site, the values for males (M), females (F), and alie averagc 01 the two scxcs 
(hatched bars) are given. Lines extending above the bars indicate 1 S.C. of the mean. 
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The condition factor [(total body weight)/(total body length)3] is a generalized indicator 
of overall body fitness or “plumpncss” of a fish. Because this factor is a generalieed indicator, 
it reflects both the consequences of feeding and the degree of mctabdic strcss. The mcara 
condition of [ish at thc reference site was significantly lower than that of fish at WCK 2.4 
(Table 5.1, Fig. 5.3), although the condition of fish at all sites appcared similar (Fig. 5.3). 

‘The visceral-somatic index, or ‘9% [(total visceral wcight - stomach contents>/(total body 
weight)], i s  used as a general indicator of lipid rc*,scrves in fish. Most sunfishcs store lipids 
in the mcsenteries of thc viscera, making VST a cost-cffective indicator of energy reserves. 
Fish from WOL had a significantly lowcr average VSI than that in rcference fish (Table 5.1 
and Fig. 5.3). There was no significant difference in thc average VSI among fish in WOC and 
WOL even though the WOE fish appeared to have a lower average VSI (Fig. 5.3). 

Of all the indicators measured in this study, the liver-somatic indcx9 or LSI [(total liver 
wcight - gall bladder)/(tcaial body weight)], appears to be one of the most useful arid 
informative. Not only did S I  vary with sex of fish, but large differences wcre obsewed in 
LSI between sites (Fig. 5.3, Tablc 5.1). LSI reflects both short-term nutritional status and 
metabolic energy demands (Heidinger and Crawford 1977, Adanis and McLean 1985). In 
addition, ESI is a sensitive indicator of toxicant stress; liver enlargennent (hyperplasia) has 
been reported in fish exposed to various types of pollutants (Chambers 1979, Poe’ls e t  al. 
19S0, Sloof et al. 1983). Even though no significant differences were observed between sitcs 
in the WOC systern (‘Table 5.1), LSI was significantly higher in fish from the reference site 
than in fish collccted from both WOC sites and WOL (Table 5.1). The higher LSI in fish 
from Brushy Fork probably indicates that thesc fish were experiencing less metabolic stress 
and higher nutritional lev& tllan the fish in the WOC system. 

I h e r  detoxification cnzynics, such as cytochrome P-450-dependcnt monooxygenascs, play 
a major role in the biotransformation or metabolism of xenobiotics, such as pesticidcs, 
hydrocarbons, chlorinated hydrocarbons, and numerous biological molecules, including steroid 
hormoncs (Payne and Penrose 197S, Ididman et al. 1976, Stcgernan 19S1). This detoxification 
system is composed of membrane-bound hemoproteins, which coordinate the substrate and 
molecular oxygen at its active sitc, and has been referred to as the rriixed function oxydase 
(MFQ) system. Other enzymcs associated with this detoxification system are the electron 
transfer enzymes, which transfer electrons to cytochrome P-450, and thus are important in the 
oxidation of xeimobiotics. The electron transfer enzymes measured in this study iiiclude 
cytochrome b, and NADPH cytochrome P-450 reductase. 

Fish sampled from the reference site had significantly lowcr coiiceritrations of all threc 
enzymes (NADPH, P-450, and cytochrome b,) than did fish collected froni the two WOC 
sites (Table 5.1). However, levels of these three enzymes in fish from Brushy Fork and WOL 
were similar. Although there wcrc no significant diffcrences in the coilcentrations of P-450 
betwcen males and females at any site, females at both WOC sites had significantly higher 
levels of NADPH and cytochrome b, (WCK 3.4 only) (Fig. 5.4). 
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Fig. 53. Response of the condition indices (mndirion factor, vkmral-somatic index, and liver- 
somatic iuda) in redbreast sunfish from sampling sites in White Oak Greek [White Oak Creck 
kilomeler (WCK) 3.4 and WCK2.71, White Oak Lake (WOL), and Bmhy Fork (reference or control 
stream) in faU 1%. For each site, the values for m a l a  (M), females (F), and the average of the two 
sexes (hatched bars) are given, Stars above bars indicate that males are significantly different from 
females within a site (p < 0.05). Lines extending above the bars indicate 1 s.e. of the mean. 
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To cxaminc the intcgratcd response of Tis 
analysis p ~ ~ ~ e ~ ~ ~ ~  was uscd to evaluate blood bi 

discriminant analysis, the mean vulucs of the Eirst twa canonical variables (the iwcp variblcs 
that accc~unl for most of the ability to separate i ~ t ~ ~ r ~ ~ ~ ~  fish responses at each site) were 
plotted for fish from each site, along with t x l ~  statistical cmfidence ~e~~~~ (90%). Sites wcrc 
considered to  hc $ ~ ~ ~ ~ ~ c ~ ~ 1 t ~ y  different if the 90% coniGdence radii of the sitc nieatis did not 
overlap. This hilegrated rcspisrise ~ ~ a l ~ $ ~ ~  cons.Sisl of two ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ s :  (1) an t:valuation of 
dil‘l‘ercnces in sites based on the total set of ~ c s ~ ~ ~ ~ ~  variables measured and (2) variablc 
sdcction/screc~~ing to determine the best subset of variables for evnluating the response of 
fish t o  environmental stress, 

enqmes, nucleic acids, and ~ c ~ ~ ~ ~ ~ t ~ ~ ~ ~  indices wit1 
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53-21  Integrated site evaluation 

The multivariate analysis using the full set of 13 variables indicated that fish sampled 
from each of the 4 sites were segregated and distinct in their integrated response (Fig. 5.6). 
The most dramatic difference occurred between the reference site (Brushy Fork) and the 
thrce WOC sitcs. (Thc reference fish were separated by a relativcly large distance from the 
other sites.) Even though fish from the three WOC sites (two stream sites and WOL) were 
segregated Crom each other, they tended to clustcr near each other (Fig. 5.6). Thus, the 
integrated responses of fish from the various sites in WOC watershed were more similar to 
each othcr than they were to the responses of fish from Brushy Fork. 

53-22 Variablc selcction/screening 

Statistical procedures were used to identiljr the subsets or combinations of variablcs that 
could discriminate as well bctween the 4 sitcs as could the full set of 63 variables. The 
U-ratio (McCabe 1975) is a statistical measure of the ability of variable subsets to discriminate 
between sitcs (i.c., in this case the integrated fish responses between sitcs). The higher the 
ratio, the less discriminatory power a particular variable subset has. A plot oC the U-ratio for 
subsets of variables ranging from 1 to 13 (Fig. 5.7) indicated that a subset of -7-9 variables 
is needcd (approximate breakpoint in line) to provide results similar to those demonstrated 
by the full 13-variable set. This relationship was demonstrated in another manner when the 
integrated sitc responses were plotted for the full set and for subsets of 7 and 8 variables 
(Fig. 5.8). Segregation of sites by using the 7-variable subset did not result in the samc 
discriminant pattern as with the full set becausc thc 90% confidence radii of sites 2 and 3 
ovcrlappcd (Fig. 5.8). Howcver, by using an 8-variable subset, all sites wcrc scgregated in a 
manner similar to thc pattern observcd €or the full set of variables. Through the use of this 
screening proccdure and thc ficld data obtained to date, the variables that appeared to 
provide thc most useful information and, consequently, have been selected for future sludics 
include (listed in order of importance) (I) the RNA.DNA ratio, (2)  SGOT, (3) LSI, 
(4) serum protein, (5)  P-450 enzyme, (6) cytochrome b, electron-transport cnzyme, 
(7) glucose, and (8) bilirubin. 

53.3 Major Rcsponse Categories of Bioindicators 

The bioindicators measured in this study can be classified into onc of three major groups, 
depending on the gcncral types of causal agents ultimately responsible for each type of 
response (Table 5.2): (1) indicators of water quality or those that rcflect direct (metabolic) 
effects of contaminant strcss, such as the liver dctoxification cnzymes, bilirubin, scrum protein, 
SGOT, and LST, if liver enzymes are also high; (2) indicators of the nutritional status of fish 
or those that reflect indirect effects of cnvironmcntal conditions mediated through the food 
chain (see Fig. 7 in Loar et al. 1991), including triglycerides, cholesterol, and LSI, if livcr 
cnzymes are low; and ( 3 )  indicators that are integrative in naturc and reflect both direct 
metabolic effects and indircct nutritional effects of toxicant stress, such as the RNA:DNA 
ratio and other indicators of fish growth. 
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Table 5.2 Major response categories of hioindiators, group~I according io thc gcncral t p c s  
of causal agcnls ultimatcly respasibkc lor each rcspnse  

Catcgory Specific indicators" 

Indicators of nutrition or indirect effects via 
the f w d  chain Triglyceridcs 

Liver-somatic index (if liver cnzymcs low) 

Cholesterol 
Feeding and nutrition 
Body lipids 

Liver-somatic index (if lever enzymcs high) 

Histopathology 
I3ilirubin 
Serum protcin 
SGQT 
Phospholipid aatios 

KNA:DNA ratio 

gemoductive succcss 

Indicators of water quality or direct effect of 
con taminants Liver (detoxification) enzymes 

Jndicators that integrate direct and indirect 
cl'fects Growth 

"SGOT z= serum glutamic oxaloacetic transaminase; RNA I ribonucleic acid; DNA = deoxyribonuclcic 
acid. 

5.4 CONCLIJSIONS 

Major accomplishments during the lirst sampling season included field measurements of 
a suite of bioindicators and idcntification o f  a preliminary subset of thc most ccologically 
relevant and cost-effectivc indicators for further monitoring. The bioindicators uscd in future 
studies are also those that are sensitive to water quality change and can bc uscd to cvaluatc 
thc effects of remedial actions on water quality. 

In  addition to screening and selecting a set of bioindicators for additional study, several 
conclusions were drawn from the initial study. First, the inlcgrated responses o f  fish at thc 
reference site on Brushy Fork were significantly different from thosc oC fish in WOC and 
WOL, and the integrated responses of fish from the two WOC sites were significantly 
different from those of fish in WOL. Second, many bioindicators are interrelatcd and affcct 
each other in various ways. Therefore, investigations of the responses of fish t o  
cnvironmental stress are more effectively evaluated by using integrated response variablcs 
instcad of individual variables. Finally, processes within biological communities exhibit strong 
seasonality. Consequcntly, the effects of contaminant stress on organisms cannot bc 
adcquatcly evaluated without the integration of  data from several seasons. 

5.5 FIJ'I'URE s m r m  

This initial study identified a preliminary subsct of bioindicators that should providc 
ecologically relevant and cost-effective information Cor evaluating thc effects of rcmcdial 
actions on the biological integrity ol WOC. The rclevant indicators include the RNADNA 



92 

ratio (indicator of growth), LSI, iiidicators of piotein metabolism (SGOT and serum piotcin), 
anti thc liver detoxihxtioii cirqnrcs (P-450 and cytochrome b5). Othcr  variablcs included in 
thc initial scrccnhg,  S U C ~  as chulcsterol, glucose, triglycerides, and NADPII, will prCJbably be 
cxcluded from future studies. Indicators of heavy metal stress, the mciallothionein enzymes, 
will be: analy/cd in fish from WQC to (1) determine if concentrations of heavy metals in 
WOC arc high enough io elicit rcsponses in Iish and (2) identify/evaluatc sources of metals 
t o  WOC. 

lksults of the  initial study also provided insights into thc  dircction of othcr investigations 
in 1987. Such studics fall into thrcc major areas: 

1.  

2. 

3 .  

Identification and rcfincmcnt of indicators that reflect the  rcsprmse of organisms t o  
specific typcs of crvvironrncnkal factois. Bioindicators can be grouped into three major 
catcgoiics based o n  responses that reflect (a) fhc dirclt effects of wadcr quality; (h) the 
indircct effects of wader quality, as rnediatcd through thc  food chain; and (c) both direct 
and indircct cffccte S p c c i f ~  studies that relate to this efoi t will include manipulative 
ficld cxperirneiits, food hdbils and nutritional value of thc  diet, quantitative 
histopathology of the  liver (q.. Hinton et al 1973), and in situ aneasurcincnts of lish 
meiabolism and respiration. 

Integration of information from other related tasks. Pertinent data from rclatcd tasks, 
such as toxicity monitoring (Scct. 3), bioaccurnulation monitoring (Scct 4), and instream 
ecological monitoring (Sect h), will be integialcd with the bioindicdtor task to evaluatc 
potential chronic effects of water quality aind the  cffects of remedial actions on the biotic 
integrity of WOC. 

Evaluation of Brushy Fork as an appiopriatc control site. To firmly csdahlish thc 
credibility of Brushy Fork as an  appropriate reference stream, scvcral sirnilar-sked 
streams that also do not receive industrial or municipal effluents will be sampled in a 
one-time, intcnsivc study in latc < p i n g  1987. The samc hioindicators will be rncasurcd 
from each stream, and thc data will be. comparcd statistically to determine if BI ushy rork 
is, in fact, an appropriate and representative rcfcrence site foi WOC. 

- 
Koutine monitoring of the sclcctcd suite of bioindicators will be conducted twicc 

annually. Sampling conducted as part of the manipulative field experiments and the in situ 
mctabol ism/~-cs~~i~at ion studies will bc conducted at various timcs throughout thc  ycar, 
dcpcnding upon bhc availabiliiy of fish. Sampling sites will be located near large wcirs, as 
discussed i r n  BM,4F’ (hoar  et al. 1991). Bccause no sunfishes could bc collected at thc  Iowcr 
Melbon Branch wcir in fall 1986, another site (e-g., at the weir on lower Northwcst Tributary) 
may he substitutcd if no fish are found again in spring of 1987. 
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The objeclivcs of thc instream ecological monitoring task (‘Task 4 of BMAP) are (1) to 
characterize spatial and t e m p r a l  patterns in the d i s ~ r ~ ~ ~ ~ t i ~ ~ i  and abundancc of the benthos 
and fish populations in WUC watershed; (2) to  identify contaminant sources that adversely 
affect stream biota, i n ~ ~ u ~ ~ ~ g  differentiation hetwcen p i n t  sources and non 
S O U I ~ ~ ~ S ,  whcrevcr possible; and ( 3 )  to monitor these populations and cvaluat 
c ~ ~ ~ ~ n i ~ ~  structure and functiori from operation of new was atcr treatment facilities, from 
i ~ ~ ~ ) ~ o v ~ ~ ~ c ~ ~ ~  in waste rnanagemcnt opcrations, and from im ~ ~ ~ t a l i ~ n  of remedial actions 
dircctcd at area source wntrol. (1) benthic 
invertebrate studies (Subtask 6a), (2) fish population studies (Subtask bb), and (3) evaluation 
of  biotic changes (Subtask [x); results 10 date of these studies are presented in Sects. 5.1 -4 .3  
sespectivcly” 

This task ccpnsists of thrce cc~mponents: 

Benthic inacroinvcrtcc~~ratcs are those organisms that are large cnough to  be seen wilho\if 
the aid of magnification and that live on or in the substrate of flowing and ~ ~ ~ ~ ~ ~ ~ w ~ n g  bodies 
of water. Their limited mobility and relatively long l i k  spans (a few wccks to  morc than 
1 ycar) makc them ideal for use in evaluating the ccological effccts of cf ucnts lo streams 
(Blatts ct a!. 1983). Thus, the conpsil ion and structure ol‘ the benthic c ~ ~ ~ ~ ~ ~ i ~ ~ i ~ ~  rc!lect thc 
relatively recent past and can be considcrably n i c m  informativc than methods that rcly solely 
on water quality analyses but ignore the potential synergistic effects often associated with 
complex cflluelmts. Thc objcctives of the initial phase of this study wcre to spatially nrtd 
temporally charactcriie the benthic invertebrates of ‘WC)C watershed. This information will 
be uscd as a basclinc from which change can be follcwed during the monitoring phase of thc 
program. ‘The data will also bc used ta providc direction in future studies. 

en tkic rnacroinvertcbrates wcrc sampled at apxoximatcly ~ o ~ t ~ ~ l y  intervals from 
ctcsbcr 1986, frcm 16 sites in WDC watershcd. The sampling sites includcd s b  sites 

011 WOC, three each on First Creek’ and Mcltun ~ r a I ~ ~ h ,  and two each on  Northwest 
Tributary and Fifth Creek (Fig. 2.3; Tablc 6-11; the uppermost sit<: of each stream served as 

‘At the start of the sampling program, the u stream reference sitc on First Creek was located 
north of Bethel Valley Road but was latcr moved downstream (south o f  the road) whcre fish were 
also being sampled; thus, two sets of samplcs wcic mllectcd h m  FCK 1.0, and live sets of smplcs  
were collecled from FCK 0.8 (‘Table 6.1 ). A preliminary analysis of some samplcs collcctexl from these 
two site$ indicated that, nlahough species composition differed somewhat, both sites had healthy 
benthic communities, as indicated by the presence of several stonefly, maytly, and caddisfly taxa. It 
was also concluded that ahe site just south of Bclhel Vallcy Road was a more suitablc reference site 
because, like the  lowermost site on this stream, tbcre was little canopy cover. Data ohaaincd from the 
uppermost site (FCK 1.0) are presented in table5 and figurcs, but are not discwed in the text of the 
repor!. 
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a rcfcrence sitc. Samples were collected from WOIL at approximately bimonthly intervals 
(Fig. 2.3). 

At all strearii sitcs, benthic invertebrates were collected with a Surber bottom sampler 
(0.09 m2, or 1 ft’) fitted with a 363-pm-mesh collection met. Three randomly selected samples 
were collcctcd from designated riffle areas at each site. In WOI,, benthic invertebrates were 
collected with a hand-operated Ronar dredge having dimensions of 15 x 15 x 15 cm. Five 
samples werc collected at -10-rn intewals across a transcet located --IO0 m upstream of the 
dam. All samples wete placed in prelabeled plastic or glass jars and preserved in 80% 
ethanol; the ethanol was rcplaced with fresh 80% ethanol within 1 week. 

Various suppleinentat information was also recorded at. the time o f  sampling. At each 
stream site, water temperature and specific conductance were mcasured with a CoLParmer 
Modcl K-1491-20 LCD tempcraeurel~~nductivily meter. Recorded for each sample were 
watcr depth, location within the rifflc area (distance from pcrmanent headstakcs oil the 
strcam bank); relative stream velocity (visually deiermined as vcry slow, slow, moderate, or 
fast); and substrate typc, which was dctermincd with the use of a niodified Wcnlworth particle 
s i x  scalc (Loar el al, 1985). At WQL, a single measurement of water temperature and 
specific conductance was obtained at the surface, and water depth and substrate type were 
rccorded for cach sample. 

All samplcs were washed in the laboratory by using a standard no. 50 niesh 
(297-pm-mesh) sievc arid placed in a largc white tray. Organisms were removed from the 
debris with forceps and placed in labeled vials containing 80% ethanol. Organisms wcrc 
identified to thc loivcst practical taxonomic level with the use of a stereoscopic dissecting 
microscope. A blottcd wet weight (biomass) of all individuals in cach taxon was determined 
to the nearest 0.01 mg on a Mettlcr analytical balance. 

Chironoilrrid larvae were identified from permanent slide mounts. Larvae werc initially 
sorted i n to  groups bascd on morphological similarities (c.g., body size, head capsulc shape and 
coloration, and abdominal sctac), and then the head capsulc and body of one or two larvae 
in each group were mounted on a microscope slide by using a sniall drop of CMC-10 
mounting mcdium. The heatl capsi~lcs o f  largcr larvae were First cleared in hot 10% 
potassium hydroxide solution lor 10 min. After drying overnight, the imounted larvac were 
ident ikd with the use of a compound Fsincscular microscope. Slides of mountcd larvae were 
stored in slide boxes and retained for reference, 

Individual taxa from a given sitc and sampling date were preserved in separate vials in 
80% ethanol. A rcfcrence collection, Cor which the identiikation of each taxoir has bccn 
verificd, will be maintained at ORNI,. 

SAS procedures (SAS 1985a, 198%) were used to perform all calculations and statistical 
analyses on transforrncd data [log,,(x + l)] (Elliott 1977). The Shannon- Wicncr index (11’) 
was used to calculatc thc taxonomic diversity of benthic macroinvcrtcbratcs at each site 
(Piclola 1977): 
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Table 6.1. Number of samples colkxXed at each benthic macroinvertebr..te 
sampling site in White Oak Creek watershod, 

May thnouRpn October 1% 

Month 

Site” May June July Aug. Sept. act. To tal 

FCK 0.1 

FCK 0.8 

FCK 1.0 

FFK 0.2 

FFK 1.0 

MEK 0.6 

MEK 1.2 

MEK 2.1 

NTK 0.2 

NTK 1.0 

WCK 2.3 

WCK 2.9 

WCK 3.4 

WCK 3.9 

WCK 5.1 

WCK 6.8 

WCK l.ld 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

5 

3 

NS’ 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

NS 

3 

3 

3 

3 

D1y” 

3 

3 

3 

3 

3 

3 

3 

3 

NS 5 

3 

3 

NS 

3 

3 

3 

3 

Dfy 

Dry 

3 

3 

3 

3 

3 

3 

3 

NS 

3 

3 

NS 

3 

3 

3 

3 

Dry 

3 

3 

3 

3 

3 

3 

3 

3 

5 

3 18 

3 15 

NS 6 

3 18 

3 18 

3 18 

3 18 

Dry 6 

3 18 

Dry 12 

3 18 

3 18 

3 18 

3 18 

3 18 

3 18 

NS 15 

“FCK = First Creek kilometer; FFK = Fifth Creek kilometer; MEK = Melton 
Branch kilometer; NTK = Northwest Tributary kilometer; WCK = White Oak Creek 
lulometer. 

’NS = site not sampled 
‘Dry = dry site that was therefore not sampled. 
dSite Iocated in White Oak Lake. 

where pj is  the proportion of the benthic invertebrate community made up by speciesj. A 
blocked (site and date) ANOVA and Duncan’s new multiple range test were used to compare 
mean values for density, biomass, taxonomic richmess (number of taxa per sample), and 
diversity. Bccause differences occurred in thc: sampling frequency for some sites (Table 6.1), 
statistical analyses were Limited to only those months in which samples werc collected from 
both the reference and downstrcam sites of each stream. Thus, the analyses were performed 
as follows: First Creek (FCK 0.1 and FCK O.&), May through October (excluding June); Fifth 
Creek (FFK 0.2 and FFK LO),  May through October; Melton Branch (MEK 0.6, MEK 1.2, 
and MEM Z.l), May and June only; Northwcst Tributary (NTK 0.2 and NTK l.O), May 
through July only (comparisons did not inciude September since flow in N T K  1.0 was the 
result of a rainstorm that had occurred only a fcw days bcforc); and WOC (WCK 2.3, 
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WCK 2 9, WCM 3.4, WCX 3.9, WCM 5.1, and WCM 6.8), May through October. 
Additionally, the two sites on lower Melton Branch (MEK 0.6 and ME# 1.2) were compared 
statistically for the entire 6-nionth period. Unless stated othtwise,  statcrncnts of significant 
diffcrcrxcs arc hnscd on acccptirigp < 0.05. 

'I'amnnmk Cmq-mdio~ In thc quantitative samples t a k w  horn WQC and i ts  tributaries 
from May through @c?obes 1986, 161 benthic macroinvertebrate taxa werc represented 
(A~pcndix  F, 'I'ablc F.1); ~t lcasb 141 of these taxa W ~ T C  insects Also collectcd in the strcams 
were PBanariidae (planarians); Nematoda (roundworms); Qligochaeta (aquatic earthworms); 
ci UstaCZailS, including Isopod3 (aquatic sow bugs), Amphipods (sideswimmcrs), and I:)ccal;oda 
(crayfish); Gastropoda (snails); and Bivalvia (clams atid mussels). here wcrc ten oidc3-s of 
inscrts represcntcd, including Collembda (springtails); Ephemcroptera (mayflies); Odonata 
(di agonflies arid damwlflies); Plccoptera (stoneklies); Hemiptera (true bugs); Megalnptera 
(alderflies, dobsonflies, hcllgrainnnites); Neuroptera (spmag:llaflics), 'I?-ichoptera (caddisflies); 
Coleoptera (kcctles); and Diptera (true flies). By fat- the most comiiion order of insccts was 
the dipterans, which EVCX represented by 74 taxa. Of thz diptcrans, 57 taxa were of the 
faririly Chironornidac (nonbiting midges). Of the renaining orders of insects, the greatest 
number of taxa werc collectcd in the orders Triclioptcra, Ephemcroptera, Odowata, and 
Coleoptcra, which coniaincd 19, 13, 10, and 7 taxa respectively. 

1;iscets wcre the most commody eollectcd taxa at each site andj except for MEK 1.2, 
clrironornicis were rcpresentcd by the most taxa; at MEK 6.2 both the chironomids and the 
odonates wcrc repiesented by five taxa. The refercnce sites of each stream were 
characterized by a grcater variety of taxa than thc downstream sites. Each reference site had 
two or more stonetly and mayfly taxa and four o r  more caddisfly taxa. Mayflies werz totally 
absent from all but thc reference sites, while only one to thrcc caddisfly taxa 
(Cheurnntopyche, Ifydrcpsyche, and/or Chimnrra) were foound at each of the downstrcarn sites. 

k m i t y  and ~~~~~~~- Csnsiderablc monthly variation occurred within and betwccn ail 
sites in both density and biomass (excluding Decapoda and Mollusca)* of the benthic 
invertebrates in WOC and i ts tributaries (Figs. 6.1 and 6.2). Pcaks in both dwsity and 
biomass gencrally occurred in May or June, whik minima were gciicrally ohsemed in July or 
August. The rnost dramatic changes typically occurrcd at thssc sites numerically dominated 
by only one to three taxa (e+-7 FCK 0.1, MEK 0.6, and WCK 2.3). Density and biomass were 
consistently greater in thc upstream reference sites, except for deasity and biomass in Meiton 
Branch a i d  Northwest Tributary and biomass in WOC, where relatively large numbers of 
caddisllics were sometimes collccted. Notable differences were cbsewed between the taxa 
contributing thc most to the biomass and density of the upstream (refercrnce) and dowristream 
sites. In general, w x x a l  taxa contributcd substantially to the total derisity and biomass of the 

"ne weights presented in Fig. 6.2 exciude Mollusca (wails and clams) and Decaapoda (ciayfisislia) 
in order Io make the weight of benthic organisms at each station more comparable without the biasing 
effect of a fcw heavy-bodied organisms. However, these tam iife included i tr  thc estimates of mean 
monthly denrsity shown in Fig. 6.1. 
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FIRST CREEK FIFTH CREEK 

NORTHWEST TRlBUTAWY LOWER WHITE OAK CREEK 
- 

I ..-I _....... I 
M J J A S O  M J J A S O  

MON TI4 

UPPER WH1TE OAK CREEK 

( f J  

I 

M J J A S O  

Fig. 6.1. Monthly mean demily (number per 0.1 an te 0 
Creek watershed, May through October 1% FCK = First Creek kilometer; FFK = Fifth Creek 
kilometer; MEK Melton Branch kilometer; N?X = Northwest Tributary kilometer; WCK = White 
Oak Creek kilometer. 
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Creek kilometer; FF’K = 
NTK =: Northwest Tributary kilomeler; WCK = White Oak Creek kilometer. 



reference sites, whereas at the downstream sites 81 ~ o n s i d ~ ~ ~ b ~ ~  porkion of the total density 
and biomass was largely that of one to three taxa. 

In First Greek, mean monthly density and biomass (excluding decapods and mollusks) at 
ranged from 109.1 to 188.7 individuals per 8.1 mz and 177.9 to 320.0 mg wet 
, respcctively; at FCK 0.1 density and biomass ranged. from I f .  1 to 151.4 individuals 

per 0.1 m2 and 43.9 to 297.3 mg wet wtl0.1 m2 respectidy (Figs. 6. I a Both density 
and biomass were significantly greater at FCK 0.8 than at FCK 0.1. FC as numerically 
dominated by thc amphipod Gammams (39.3 lo 75.3%) and, to a Fetsses extent, by the snail 
Elimica (5.7 to 31.2%). Stoneflies werc sometimes ~bundant,  making up as much as 7.2% of 
the mean monthly densily. Much of the total biomass at this sit 
Gammaria (38.3 to 64.4%). FCK 0.1 was numerically dominated by 
(Trichoptera) and C r i c o ~ o ~ ~ I ~ ~ ~ ~ ~ a ~ i ~  (Diptera: Chironomidae); Cheumaropsyche 
accounted for 10.7 to 39.0%, and ~ ~ c ~ t o p u ~ ~ ~ ~ h ~ ~ ~ ~ ~ ~ s  accounted for 6.1 to 50.7% of the 
density. A majority of the biomass at this site was generally contributed by a few large 
oligochaetes (13.7 to 81.3% of the mean monthly biomass). 

Density and biomass were both significantly higher in uppcr (FIX 1.0) than in lower 
Fifth Creek (FFK 0.2) (Figs. 6.1 and 6.2). Mean monthly dcnsity and biomass (excluding 
decapods and mollusks) at I;FK 1,O ranged from 1118.4 to 177.2 individuals per 0.1 m2 and 
from 272.1 to 1015.3 mg wet wt/O.l m2 respectively. Lirceus (Isopods), chironomids, 
caddisflies (primarily Diylwirmm and ~ h e u ~ ~ ~ t ~ p . ~ ~ ~ ~ i ~ ~ ,  and stoneflies (primarily Leuctra) 
were typically the most abundant taxa at this site, combining for 49.5 to 89% of the total 
density. Major contributors to the biomass at this site were caddisflies and dipterans, 
particularly thc heavy-bodicd cranefly, Tipla;  these two groups accounted €or 20.1 to 79.8% 
of the total biomass. Thc number of  benthic invertebrates at FFK 0.2 was very low, with 
densities ranging from 0.4 t o  4.3 individuals per 0.1 m2 and biomass ranging from 0.1 to 
68.4 rng wet wt/O.l m2, The highest density of any taxon at this site never exceeded 2.2 
individuals per 0.1 m2. 

The upper site on Mclton Branch (MEK 2.1) was dry from July through October. Both 
mean density and biomass rcmained relatively stable at this site in May and July, exhibiting 
maxima of 96.8 individuals per 0.1 m' and 146.6 mg wet weightD.1 m2 (cxcluding decapods 
and mollusks), respectively (Figs- 6.1 and 6.2). The most abundant taxonomic group at 
MEK 2.1 was thc chironomids (>.64% of the tolal density), although other taxa were also 
relatively abundant, including bcctles (2.6 to 11.6%), mayflies (4.4 to 6.3%), and isopods (2-2 
to 6.7%). No significant differences were found in density or biomass between this site and 
the two downstream sites during this pcriod. 

Mean density and biomass (May through October) at MEK 0.6 ranged from 12.6 to 208.8 
individuals per 0.1 m2 and from 24.1 to 830.9 mg wet wt/O.l m2 (excluding decapods) 
respectively. At MEK 1.2, density and biomass ranged from 1.8 to 175.4 individuals per 
0.1 m2 and from 3.2 to 463.6 mg wet wU0.1 m2 respectively; mollusks wcre not collected at 
either site, and crayfish were not collected at MEK 1.2. From May through October neither 
the density nor the biomass of MEK 0.6 difkred significantly from those values determined 
for density and biomass at MEK 1.2. Chironomids and caddisflies were numerically dominant 
at both sites. At MEK 1.2, caddisflies (primarily Ckeumatop,yche) and chironomids (primarily 
Polypedlum) made up 0 to 92.6% and 3.6) to W.O%, rcspectively, of the total community 
density. At MEK 0.6, caddisflies (primarily Cheumutapsyche and Chimuwa) and chironomids 
made up 0 to 62.7% and 19.6 to 78.096, respectivcly, of the total ccmsnmnity density. 
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Caddisflies, chironomids, and dragonflies/damelflies were the prirnaiy contributors to the 
biomass at M I X  1.2, with relative mntribaations ranging from 0 to 93.796, 0.3 to 71.8%, and 
0 to 36.4% respectively. The greatcst contributions of the chironomids occurred only in those 
months when they were also rnumcrically dominant &e., September and October). Much of 

ass at MEK 0.6 wa5 that of the caddisflies; nonclinimnomid dipterans (primarily 
Tipula), and riragonflies/danMseI%lies, avhich made up 0 to 74.9%, 0 to 46.9%, and 0 to 95.396, 
respectively, of the mean monthly biomass. 

Like the referencc site: on Melton Branch: streamflow at the scference site on Northwest 
Tributary (NTK 1.0) was intermittent. 'This site first b a a m e  dry in August, had flow again 
in September, and then was dry in Ck;tokr. Neither the density nor biomass of NIT% 1.0 
difkred significantly from values ob,wwedl at NTK 0.2. Mean monthly densities at N T K  8.2 
ranged from 34.4 bo 1W.2 individuals per 0.1 nn2; at N l X  1.0 the range was 255 to 101.2 
individuals per 0.1 m2 (Fig. 6.1). Mean monthly biomass (excluding mol8mb and dma 
at N X  0.2 ranged from 79.6 io 450.8 mg wet wt/0.1 m2, and at NTK 1.0 the range was 
to 528,4 mg wet wt/O.l m2 (Fig. 6-21. Clmsiderable differences in the dominant taxa wecc 
found between sites. The nnost abundant taxa ab N I X  0.2 were the caddisflies (almost 
excluskly Cheumaroysyche) and chironom (primarily Thienemnaznimyia), with these two 
gasups accounting for 48,9 to 64.3% of the an monthly density. Relatively large numbers 
of beetles (mostly Stenelm&) and clams (Corbicula) were also sometimes collected, accounting 
for up to 29.4 and 35.9921, respextively, of the density in at least 1 month. Chironomids 
(mostly ThieJzerPanranimyiG) and i s ~ p ~ d s  (Lircew) w7ere usually the most abundant taxa at 
NTK 1.0, accmunting for 18.8 to 63.2% of tlnc mean monthly density. Other abundant taxa 
at this site were Dcctlm (Stemhis and Ophosemus), cranefliess, and stoneflies (primarily 
Ampfiimmura and Perksisr), with relative abundanccs ranging from 3.2 to 39,596, 3.6 to 
20.9%, and 0 to 16.1% rcspeetively. 

Caddisflies ma& up most of the biomass (excluding molliisks and crayfish) at NTK 0.2, 
G th  a relative biomass of 22.5 to 58.2%. Nonchirsralamid dipterans, dragcalafli~/damselflies, 
and oligochaetes each made q-~ more than 2,076 of thc biomass in at least 1 or 2 months. 
With few exceptions, the biomass (cxcludin rnellusks and crayfish) in May and June at 
NTK 1.0 was distributed relatively equally among scveral taxa, including chironomids, 
nonchironomid dipterans, nnayflies, isopods, oligcpchaeies, stotieflics, and caddisfliss. In July 
and Scptemher, a few large oligochaetes dominated thc biomass, making up 54.8 and 94.0% 
in cach respcctive month. 

Highest densities of benthic invertebrates in Woe" were generally found in the upstream 
reference site (WCK 6.8) (Fig. 6.1). Density then declined sharply at WCK 5.1 and reached 
minimum 4ewls at WCK 3.9. Downstream of WCK 3.9, densities tended to increase to levels 
eomparablc to those at WCK 6.8. With She ex:xceptisw of WCK 2.3, the downstream trend an 
biomass (exelud.ing mollus'lrs and decapods) was similar to that of density (Fig. 6.2). Bioniass 
nt WCK 2.3 was considerably greater than at any other site on WOC with the exception of 
WCK 6.8, primarily because of thc large n u m k r  of caddisflies. Statistical aealysis of both 
density and biomass confirmed this general trend (Tabk 6.2). Mean densities in WOC ranged 
from a law of 1.1 individuals F 0.1 m2 at WCK 3.9 to a high of 172.9 at WCK 2.3. Mean 
biomass (excluding mollusks and decapods) varied from a low of 9.5 mg wet W0.l m2 at 
WCK 3.9 to a high of' 847.8 mg wet wt/(9.1 m2 at WCK 2.3. 
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-._. 
“Sates not joined by lines are significantly different (p 0.05). Sites are arranged in order of 

decreasing values WCM = hrte Oak Creek kilomelcr. 
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Dominant Range of Range of Site“ 
tm relative a~~~~~~~ (%) relative biomass (%a) 

__I ._..-_ 
WCK 2.3 

WCK 2.9 

WCK 3.4 

WCK 3.9 

WCK 5.1 

WCK 6.8 

Caddisflies 

Chironomids 

Dragonflies 

Caddisflies 

Chironomids 

Chironomids 

Oligochaetes 

Caddisflies 

Chironomids 

Oligochaetes 

Beetles 

C%klisflies 

Chironomids 

Mayflies 

Oligochaetes 

Snailsb 

Stoneflies 

43.&92”4 

3.1-39.6 

0.0-13.3 

6.7-81.2 

11.9-89.4 

2.tLS6.9 

0-9.1 

84.8-100 

33.3-99.3 

M . 7  

0-44.2 

19.2-91.5 

0.9-11.5 

4.9-14.4 

0.8-8.2 

5.2-15.1 

3.6-21.8 

5.7-33.9 

6.8.- 36.7 

4.3-51.6 

4.7-97.4 

0.1-3.3 

0-94.6 

14.M5.6 

O.tb33.7 

49.243.2 

0--47.1 

46.7-100 

cb-w.1 

8-98.6) 

O--75.Q 

3 . 7 4 . 5  

0.9-11.5 

3.2-33.5 

1.3-22.2 

0.9-3.1 

10.7-38.3 

3.4-22.2 

- 

4.6-18.4 

“WCK = White Oak Creek kilometer. 
*Biomass of snails relative to that of other taxa at WCK6.8 was not determined; mean 

monthly biomass of this group ranged from 515.2 to 4263.59 mg wet mB.1 m’. 
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At WCK 2.9, the numerically dominant taxa were chironomids (primarily the 
CricotopusiOrihocladius group), oligochaetes, and caddisflies (Cheumatopsyche and 
Hydropsyche), with relative abundances ranging from 11.9 to 89.4%, 2.8 to 56.9%, and 6.7 to 
81.2% rcspectively. These taxa also contributed extensively to the biomass, contributing 0.8 
to 33.1%, 49.2 to 83.2%, and 14.3 to 45.6% respectively- 

At WCK 2.3, the numerically dominant taxa were caddisflies (primarily Cheurnatopsyche 
and Hydropsyche) and chironomids (primarily ~rricotopusiortholcladius); the relative abundance 
of these taxa ranged from 48.0 to 92.4% and 3.1 to 39.6% respectively. The biomass of the 
caddisflies was also considerable (4.7 to 97.7%), alQhough dragonflies (1.0 to 94.6%) also 
contributed subs tan tially. 

Community Structure. A useful parameter for assessing the status of the benthic 
macroinvertebrate community is taxonomic richness in terms of both total and mean number 
of taxa per sample (Platts et  al. 1983). Under environmental stress, the number of taxa would 
be expected Lo decrease. Total richness at each site is presented in Fig. 6.3. Total richness 
rangcd from a low of 12 at WCK 3.9 to a high of 66 at FFK 1.0, the upstream reference site 
on Fifth Creek. With the exception of Mekton Branch, the greatest number of taxa was 
collected at the rcference site of each stream; in the case of the reference sites on First 
Creek, Mclton Branch, and Northwest Tributary, the total richness is based on fewcr samples 
than collectcd Cor their corresponding downstream sites (see Table 6.1). In WOC, there was 
a sharp reduction in total richness from the reference site (WCK6.8) to the next site 
downstream (WCK 51), which is located just below the 7000 area. A considerable decrease 
occurred again at the next downstream site (WCK 3.9). This decline was foliowed by a 
general increase in total richness with incrcasing distance downstream from the main ORNL 
complex. 

Mean richness (Fig. 6.4) showed the same general pattern as total richness; that iS, on 
average, thc greatest number of taxa was generally found at the upstream reference sites. 
Mean richness consistently exceeded 22 taxa per sample in the upper reference sites, while, 
with few exceptions, mean richness at the respective downstream sitcs rarcly exceeded 20 taxa 
pcr sample and, in many cases, did not exceed 15 taxa per sample. These differences between 
the reference sites and their corresponding downstream sites wcrc significant in all streams 
except Northwest Tributary, where the mean number of taxa at the lower site (NTK 0.2) was 
never less than 17 and was greater than 22 taxa per sample in 3 months. In both Mclton 
Branch and WOC, there was a trend towards maximum dcpression in mean richness in the 
midreachcs, rollowed by an increase at the lowermost site(s). In Melton Branch, mean 
richness at the lowermost site (MEK 0.6) was found to be significantly greater than at the 
midreach site (MEK 1.2). Statistical compaLison of the WOC sites confirmed that maximum 
depression of mean richness occurred in the midreaches of the stream, and, at WCK 3.9, 
mean richness was significantly lower than at any other site (Table 6.2). The number of taxa 
per sample at WCK 2.3 was similar to that observed at WCK 5.1 (Table 6.2 and Fig. 6.4). 

Because taxonomic diversity indices combine information on both taxonomic richness and 
evenness of a community into a singlc dimensionless value, they can provide a usefui tool for 
interpreting changes in relative abundance o f  organisms cven where the total number of taxa 
changes vcry little (Weber 1973, Platts et  al. 1983). However, reliance on diversity indices 
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Fig. 6.4. Mea0 richness (number of benthic mamirwm&mtte m a  per sample) in White 8ak Creekwatershed, May Ihr~ugh October 1% 
FCK = First Creek kilometer; FFK = Fifth Creek kilometer; MEK = Melton Branch kilometer; NTK = Northwest Tributary kilometer; 
WCK = White Oak Creek kilometer. 



alone to interpret data is risky; under some circumstances, the abundance may be evenly 
distributed arrnong the taxa although the number of taxa is very low, resulting in if misleadingly 
high estimate of divversiiy (Rose berg 1976). Values of H' equal to or greatcr than 3 are 
typical of good water quality, while values of 1 to less than 3 occur in aieas of moderate 
pollution; values of less than 1 characterize areas of heavy pollution (Flatts e t  al. 1983). 

Xn general, diversity in WOC wateashed fsZlowed the same trends shown by density, 
biomas, and taxonomic richncs, with m;3Lwimum diversity usually occurring in the upstream 
reference site of each stream (Fig. 6.5). Except for First Creek, diversity was consistently 
higher in the reference site, although in Wortbwesk Tributary and the two upper WOC sites 
(WCK 5.1 and WCR 68), this differmix was not significant; the First Creek sites (FCK 0.8 
and FCK 0.1) also did riot differ significantly. 

'Ihe lowest diversity values in Melton Branch and WQC occurred in the rnidreachcs of 
each stream; in both streams, there was a general increase in diversity at the lower sites 
(Fig. 6.5). A significant reduction in diversity was observed in the two downstream sites of 
Melton Branch, but diversity at the Iswest site (MEM 0.6) was significantly greater than at 
the middle site (MEK 1.2). In WOC, diversity was significantly higher at WCM 6.8 than at 
all other sites cxccpt WCK 5.1, with maximim depression occurring at WCK 3.9 ('I'able 6.3). 

Twelve distinct taxa were represc ted in quantitative samples taken from WOL 
(WCK 1.1) during May through September 19% (Table F.l). Of these taxa, nine were 
insects, two were sligochactcs, and one was a snail. Eight of the insect taxa were dipterans 
(true flies), of which s i x  were chironomids; the only nondipteran insect was a caddisfly. 

Density of benthic niacrrsinvertebrates in WOI, ranged from a low of 91.5 individuals per 
0.1 m2 in May to a high of 229.7 individuals per 0.1 m2 in July (Table 6.4). Biomass 
(excluding snails) rangcd from a low of 65.2 nighI.1 m2 in September to a high of 
278.3 mgKI.1 m2 in July (Table 6.4). The biomass of srrails ranged from 0 in May to 
3 1.4 mg/O. 1 m2 in July. Chironomids, primarily Proclndius and 'l'araypus, were the numerically 
dominant taxa and made up 69.6% or ~ I O K Q :  of the mcan dcnsity in each month. Chnobsnas, 
a nonchironornid dipteran, was relatively abundant in July (25.9%) but contributed 8.5% or 
less in May and October. Chironomids were also the most substantial contributors to thc 
biomass each month, contributing 61% or greater. 

The benthic fauna of WOL was not very rich: the mean number of taxa per sample did 
not exceed 6.2 in any month (Table 6.4). This was also reflected in taxonomic divcrsity, which 
ranged from 1.4 to 1.8 (Table 6.4). 
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Month 
Number Species 

Density Biomass” 
of taxa diversilv 

May 

July 

September 

91.5 166.8 4.2 1.6 

229.7 278.3 6.2 1.4 

92.4 65.2 4.8 1.8 

“Excluding snails. 

Cuncnt Study. Sevcral natural factors corrtroli both the community structure arid spccics 
composition of the bcr-nthos i ~ ;  streams, including chemical, physical, and biological factors 
(e,g.. Hynes 1970). Selection of permanent monitoring sitcs that minimize di€fercnces in 
thcse matural factors reduces the possibility of making erroncous conclusions about 
impact-induced diffcrcnces in the structure and composition of benthos between sites. 
Although it  was not always possible, efforts werc made to select permanent sampling sitcs in 
WOC watershcd thdt were as similar t o  o n e  another as possible, particularly with respect to  
water velocity and substrate type. 

h o t h e r  iniportant consideration when monitoring bcnthic rnacroinvcrtebratcs is  tlie 
integrity of a reference site to which a supposed stressed site is being compared. 
Consialcrable differences in the slructuie of the benthic community can be found naturally 
both within a stream (e+, Minshall e t  al. 1983) and between streams (e.g., Bum 1986, Bunn 
e t  al. 19%). IIowcvcr, uiiirnpacted streams arc  usually character izd by a wide assortment 
o f  benthic invertebrates such as mayflies, stoiiellics, caddisflics, true flics, mnc~llusks, and others 
(c“g, Hynes 19696). In addition to  diffcrcnccs in taxonomic composition, tlie refcrcncc sitcs 
generally exhibited higher values for rknsity, biomass, taxonomic richness, and diversity than 
thck downstream sites. 1 % ~  xference sitcs wcic also character ixd by relativcly “healthy” 
communities, as evidenced by the occurrence of several pollution intolerant taxa, such as 
rnayflics and stoneflies (Hubbard and Peters 1978, Surdick and Gaufin 1978). Thus, 
preliminary aaalyses ii7dicate that the reference sites selected are  suitable fo r  characterizing 
unirnpacted benthic communities in this watershed. 

Preliminary rcsralts of the characterization phasc of the benthic macroinvertebrate 
monitoring prcgram in First Creek, Fifth Creek, Melton Branch, Northwest I‘ributary, and 
WOC indicatc that vai yirig dcgrccs o f  impact have occurred on  the bcnthic comrnsseaitics in 
cach o f  thr:sc strcams. rlic rnos! scvcrely impacted site in the watcrshed aplicared t o  bc 
1owzr Fifth Crcxk (FFK 0.2). Density, biomass, and taxomornic richness o f  this site wt’rc 
significantly Iowcr than at  upper Fifth Creek (FFK 1.0) and typically werc also muck h w c r  
tlnan at any other site in the watershcd. Mean rtionthly density at Lhis site rzcvcr cvcecdcd 4 3 
individuals per 0.1 m’, which is considerably lower than dcnsities r ror rna l~y  round in rclativcly 
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undisturbed streams on the Oak Ridge Reservation (30 to 
et a!. 198la; Shewood and Loar 1987; G. E'. Cada, unpiiblis 

ividuals per 0.1 m2; b a r  
La). 

The low dcnsity and species richness at 0.2 are indicative of a toxic stress (Hynes 
icderholni 1984). "hex data are also consistent with results obtained from a ~ ~ b ~ e r ~ t  

toxicity tests for this site, which showed significant reductions in survival of ~ ~ e ~ ~ ~ ~ ~ ~ z ~ z i ~ ~  and 
fathead n ~ ~ n ~ ~ ) w ~  (Fig. 3.5). Although chlorine hasb been implicatcd as a possible toxicant at 
this site (Sect. 3.1.3.4), other factors, including clevated temperatures and/or artificially high 
and stable flow regimes, could also be causiilg stress to the bcrithic maeroinvertekrates. 

Major differences were noted in &he benthic community &tween the L 
sites on First Creek. Density, biomass, and taxonomic richness were signi 
the reference site than at FCK 0.1. The benthic community of this strcam shifted from one 
of relative complexity (snails, amphipods, bec:tles, worms, stonetlies, mayflies, and caddisflies) 
at FCX 0.8 to a much simplcr community at FCK 63. i ( ~ ~ h ~ r o n o ~ ~ ~ ~ s ~  caddisfks, oligochaetes, 
and bccklesj; at FCM 0.1, mayflies were totally absent, and only onc stonclly was co~h.~~t~xl. 
'ficse data strongly suggest that ~OWCS First Creek has bcen impacted, b u t  the source of the 
impact is not known. Although an averagc levcl c i f  4 ug/L total residual chlorine obscrved 
in Ivwer First Crcck is not toxic (Fig. 3.6 and Sect. 3.1.5), higher concentration 
occurred but were not dckctcd due to thc episodic nature of the inputs. 
appeared to be evidence of an increase in the mount of silt at FGK 0.1 relative to the 
reference site. Silt can affcct invcrtebratcs bath rcctly (e-g., obstructitan of f w d  collect ion 
and respiration) and indirectly (e.g., habitat ~ o d ~ ~ c a t ~ ~ n  and change in fa9d quality) 
(Minshal! 1984, Wiedcrholm 1984). The source of the silt is most likely past cons11 uctbn 
activities in arcas upstream o f  this site (c.g., construction of a weir), 

Evidence of strcss was less obvious in lower Northwest 'Tributary, whcre no significant 
differcnees werc found in density, biomass, richness, o r  diversity. NTK .2 was consistently 
dominated numerically by chironomids and caddisflies (primarily Clic.urntitc~s~~~ie), while 
considerable monthly variability occurred in the taxa nurnerically dominating the c ~ ~ ~ ~ ~ ~ ~ t ~  
at NTK 1.0. IJpper Northwest Tributary was typiczlly dominated numerically by chironomids 

s, but relatively large numbers of  beetla, craneflies, arid stoncflies were somckimes 
e most striking difference between uppcr and %owcr N ~ ~ ~ - t ~ w e s ~  Tributary was the 

total absence of slmayflies and stoneflics from NTK 0.2. This observation, along with the 
decrcasing complexity of  the community at I he lower site, is suggestive of stress. Alteration 
of thc benthic crmmunity at this s ik  is most likely thc result of  discharges from thc 15 
arm, which may contain low c o ~ c e n t r a ~ ~ o n s  af cinlclirine that could causc chronic strcss to the 
benthic colmmunity. 

The discharges into Northwest Tributzry niay also alter the natural tlow and thcrmal 
ecause SOMF discharges arc routed into ponds prior to discharge into the 

Nor t hwcs t Tr ibu t , retention o€ the water in these purids increases its tcmpcrature due to 

rate and temperature, density arid biomass can either increase or dcc-reasc, while ihc number 
of taxa can either decrease o r  remain unchanged (flynes 1970, Ward and Stanford 1979, 
Sweeney 1984, Wicderholm 1984). 

Ionger and direct posures to sunlight. Dcpcnding upon the cxtcnt of  altea ations in 

Another possible impact of the ponds could hc through alteration of the food of the 
bcnthic invcrtcbrates. Mctention o f  water in the ponds perranits i n c ~ i ~ ~ c s  in plankton, which 
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thcn serves as food for filter-fceding organisms, T h i s  hypothesis could possibly explain why 
filter feeders such as Cheumaropyche and C~~bkctel~ do well at NTK 0.2. 

Density and biomass of benthic invcatebrates in the lower two sites of Melton Branch 
(MEK 0.6 and MEK 1.2) WCFC considerably higher than at the reference site (MEK 2.1) in 
both May and Junc, although these differences were not significant. In contrast, the mean 
number of taxa per sample and diversity were significantly greater at MEK 2.1 during this 
same 2-month period. “he most striking difference between. MEK 2.1 and the lower tudo sites 
was the total number of taxa collected. At MEK 2.1, the total number of taxa collected 
during May and June equaled the total number collected from May t h o u g h  October at 
MEK 0.6 and exceeded the total €or May through October at MEK 1.2 by 23 taxa. These 
data indicate that the benthic communities at MEK 0.6 and MEK 1.2 have been impacted. 
Maximum adverse effech on the benthic community in Melton Branch were found at the 
middle site (MEK 1.21, where, from May through October, the mean richness and taxonomic 
diversity were significantly lower and total richness was substantially lower than at MEK 0.6. 
The most likely SQU~CCS of stress are the discharges from the H F I R m U  ponds and eooling 
tower blowdown, both of which enter Melton Branch via a smal  tributary located -200 m 
upstream of MEK 1.2. The tributary draining thc Molten Salt Reactor Experiment facilities 
(located -50 to 100 ni upstream of M b K  0.6) may also be a source of stress to the benthos 
at MEM 0.6. However, the occurrence of a “healthier” community at MEK 0.6 relative to 
that at MEK 1.2 implies that the major source of stress to the system is the tributary draining 
the Hll;IWDRU area. 

The combination of relatively high densities of invertebrates and low species richness at 
the lower two sites on Melton Branch is indicative of nutricnt enrichment (Wiederholni 1984) 
and is consistent with thc finding of high levels of phosphorus in the lower reaches of the 
stream (‘Tables 2.3 and 2.5). Elevated temperatures could also strcss the benthos in lower 
Melton Branch. Depending upon the extent of the increase, elevated temperatures can either 
reduce or increase thc density, biomass, and richness of the benthic community (Wiederholni 
1981). Temperature measurements takcn within 36) min of each other at MEK 2.1 and 
MEK 1.2 in May and June showcd that temperatures were at least 8 T  higher at MEK 1.2. 
Elevatcd temperatures were less pronoisa~ced at MEK 0.6; the temperature was higher at 
MEK 0.6 than at MEK 2. I in May, but the revcrx was true in June. Flow augmentation via 
the HFHR tributary could havc a profound effect on the benthos of Melton Branch. During 
diy periods in sumnier, little or no flow occurs immediately above the PIFIR tributary 
(Sect. 2 1 ) ,  which results in little or no dilution of the wastewater entering Mcldun Branch. 

Varying degrecs of impact were obscmed at all sites on WOC downstream of the 
reference site (WCK 6.8). Increasing degradation of the benthic conitnunity was obscsved 
from WCK 5.1 to WCK 3.9, where thc maximurn impacts were noted. At WCK 3.9, biomass, 
mean richness, and diversity were all significantly lower than at any other  site on WQC. 
Dcnsitics wcrc also significantly lower at this site compared with those at all others except 
WCK 2.9. Bclow WCK 3.9 thacse: was a general trend of increasing improvement in the 
benthic cornmunity downstream to WCM 2.3. Howcvvcr, the density at WCK 2.9 was 
significantly lower than at WCM 3.4 and WCK 2.3, suggesting that therc may be additional 
strcss at this site. Althc~agh there was a trend of increasing improvcmcnt bclow thc  main 
OWNk complex, improvenment can be considered only partial because spccics iichncss, rclativc 
to that at WCK 6.8, rcrnaincd significantly dcpresscd a t  the  downstream sitcs and 
pollution-sensitive taxa, such as mayflies and stoncflies, wcrc totally abscnt. 
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A number of factors could be contributirg to the dcgradation of the bcnthic invertebrate 
communities in WQC. Very high concentrations of SRP were observed in WOC south of 
Bethel Valley Road (Table 2.5). Enrichment of streams with nutrients, such as phosphorus, 
can reduce species richness while providing idcal conditions h r  more-tolerant taxa 
(Hyncs 1960, Wiederholm 1984). 

Streamflow in WOC is augmented by several sources (Table 2.1). This factor not only 
alters the natural flow regime of WOC but also could altcr the natural thermal regime. As 
discussed previously, modifications of natural thermal and flow regimes can affect the 
composition of benthic communities. 

The low density, biomass, richness, and diversity at WCK 3.9 suggest that this site is 
impactcd by onc or more toxicants. This hypothesis is consistent with the results obtained 
h m  the ambient toxicity tests with Cetiudaphaia in which both fecundity and survival were 
reduccd (Fig. 3.4 and Table 3.5). Chlorine is hpiihesized Lo be a source of toxicity at this 
site (Sect. 3.1.3.4). 

A slight depression in the density and species richness at WCK 2.9, relative to WCR 3.4 
and WCK 2.3, may be indicative of additional perturbations at this site. Although a small 
tributary that drains a portion of SWSA 4 enters W o e  -100 m upstream of site WCK 2.9 
(Fig. 2-31, water quality samples collectcrl at WCK 2.9 in September 19% (Table 2.5 and 
Appendix A) did not confirm the hypothesis that the observed ecological effects were related 
to contaminant releases from SWSA 4. 

In addition to the previously noted site-specific perturbations, past land-use practices 
(e.g., clear-cutting, channelization, dredging) in WOC watershed have doubtlessly affected the 
benthic communities in most of the streams. Clearcutting could affect benthic invertebrates 
by altering (1) the food base of a stream (c.g., greater autochthonous production due to 
incrcascd light penetration and lower allochthonous production due to reduced terrestrial 
inputs, such as leaves) and (2) the natural thermal regime of the stream due to greater 
exposure to sunlight. Wherc substantial areas have k e n  cleared of vegetation, both siltation 
and flow rates may increase. Thus, in the worst cases, clear-cutting could reduce the density, 
biomass, and species richness of the bcnthic community, although recent studies suggest that 
density, biomass, and production of invertebrates can increase when the canopy is removed 
(Hawkins et  al. 1982, Bchmer and Hawkins 19%). The most immediate effect of stream 
channel disturbance (e.g., dredging or channelization) is thc temporary elimination of all 
invertebrates from thc disturbcd arca. Invertebrates downstream (of the sites may also be 
affected, primarily by siltation. Frequently, however, recovery of the benthic comrnunitics at 
such sites is rapid due to recolonization from unimpactcd upstream areas. In the absence of 
historical data on invertebrate populations prior to and following such disturbances, the extent 
of their impact on the existing populations cannot be determined. Data collectcd to date, 
however, indicatc that the benthic communities inhabiting certain streams within thc 
watcrshd (e.g., lower Fifth Creek and the middle reaches of WOC and Mclton Branch) are 
most likely a reflcction of current ORNL opcrations. 

Previous Studies. In a recent synoptic survey of the benthic macroinvertebrates of WQC 
and its tributaries (Sherwcwd and Loar 1987 but also reported in h a r  et  al. lWl),  several 
conclusions were made from comparisons c f  the results of that survey with past studies 
(Krumholz 1954a; Blaylock, unpublished data, as reported in b a r  et  al. 1981a; h a r  et al. 
19Xla). Those that are applicable to the results of the current study include the following: 
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(1) the iefercncc site on WOC north of Bethel Valley Road appears “hcalthy” and 
unimpacted; (2) the henthic fauna of WOC soaidh of Bethel Valley Road is still impacted bent 
shows some evidence of improvement in lower WOC; ( 3 )  the bemthss in Mcltoii Branch 
below the tributary draining the MFIR area are still adversely impacted; and (4) the bcnthic 
community in lower Northwest ’T’r ibutary rancliiia maderately impact@$, and little change has 
occurred sine;;: 1974. 

‘Pavo of the sites included in the survey miaducted in August-Septcmber 6985 (Shcm~cmd 
and b a r  198’7) were relocatcxl at the kginning of the present study, icclarding MEK 8.4, 
which was moved downstream -200 m, and N X  0.3, which ->was moved downstream -100  m. 
Onc of the major differenccs CihsCmd bctwcea the i ~ e w  a d  old sites on each stream was the 
abscncc of mayflies. Based on the limited 6985 survey, i t  was hypothesized that maay of the 
invertebratcn collected at MEK 1.4 were not inhahitabits but rather had d r i f t d  into thc area 
from above the HFIW tributary. ‘Ihc results ol the present study indicate that this was most 
likely the case; not only were no mayflies co;kched at MEK 1.2> but the total number of taxa 
collected in thc earlirr suwcy (at MEM 1.41, which included only a onetime collcction of 
three samples, cxceeded the total number of taxa ~Alectcd in the preseni study (at M I X  12) 
by 10. ‘lhe lower site on Northwest TIibiikaiy was moved dowfistream for the present study 
in order to provide a characterization of the bcntkos below all discharges into the stream. 
Altl-lough the absence of mayflies in this study su6ggests that dischargcs f iom the 1505 area 
may he iiiipacling this stream) the benthic commurnity at N I X  8.2. in August 1986 was 
remarkably siniilar to the benthic community at N I X  0.3 in August 1985, with both 
C!teumatopsyyche (44.9% in 19% and 37% in 1985) aildl c h i d  bcctles (83% in 1986 and 36% 
in 1985) dominating (Shcwmd and Loar 1987j. 

One of the most notable changes in WOC, observed both En this study and in the rcccnt 
survey of Shewsod and h o a r  (19871, was the occasional appearance, of large numbers of 
filter-feeding caddisflies from WCK 3.4 down to WCK 2.3. T h i s  group of insects was virtually 
absent during the 197?%0 study conducted by b a r  et all. (198la). This suggests some 
recovery of the hcnthic eommiinity in lowcr WOC. Although some improvement in water 
quality has probably occurred since the 1379.430 study, the arpgrading of an existing weia at 
WCK 2-65 and thc construction of a new weir at WCK 3.41 have probably had a significant 
influence on thc appearance of this group of insccts. Construction of weirs can be beneficial 
to bcnthic invertclhrates in some cases (Hyncs I!%$). The reterition of polluted water hchind 
weirs provides morc time for self-pur‘xficatim through biological processes and settling of 
srispca~ded solids. Another effect of the retention of  water is increased production of 
planktonic organisms. The combination of plankton production and retention of soli 
in a highly concentrated source of highquality food for filter-feeding organisms below the 
wcik-s. Construction of even vcry small dams can result in considerable increases in 
filler-feeding caddisflies (Mackay and Waters 19%). A negative aspect o f  weirs i s  that they 
can sewc as bairlcss to recolonization by fish (see Sects. 6.2.3.1 and 6.3.3j and by 
invertebrates that lack aerial stagcs (Hynes 196Oj. 

Since its impoundnment in 1943 as a final settling bash  for effluents discharged inlo 
WOC, WOL has undergonc a nurnbelr of significant changes, such as alterations in the wader 
leve! and coriiplcte drainage (Inoar ct  al. 1?8la). Because WOI, scnues as a settling basin and 
has undergone these changes, an appropriate control was not available; therefore, it is bcst 
to asscss the status of the benthos in WOI, only in thc contcxt of the results of past studies. 
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Previous studics of the nthos in WOP. were conducted by ~ r u ~ h ~ l z  (1954b) in the. 
early 19SB)s, by Blaylock (unpublishcd data) in late 1974 and carly 1975, and by t al. 
(1981 a> in 1979-80. Krumholz sampled the littoral zone extensively over a %year and 
collected a total of [A taxa (Krumhofa l954b, Tables 6 and 7). ~ ~ u ~ n t i ~ a t ~ v e  sampling by 

lz (1954b) and by Biaylock ~ u n ~ ~ u ~ ~ ~ h ~  data), however, was limited to late h f l  
early spring, and a tota ivejy, ware collected. b a r  

et  al. (198la), on the other b s h x n  ~ ~ ~ ~ r ~ ~ g  through 
idfaall and collected a total o 

Insects, p~ r t~cu la r~y  dipterans, we ~ ~ ~ ~ I ~ a ~ t  in a41 
cmever, in some eases, c o ~ ~ ~ ~ r a  in the species 

ics reported similar densities of c ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ,  and in all but the 
usually domjna~t.  In the early 295Os, the ~ ~ a ~ t ~ m  midge, 
most a ~ ~ n ~ a n ~ .  This dipteran was rare during the studies 

eight and seven taxa, r 
collected quaiid itative 

composition of WQL. All 
Krumholz study this gmu 
Chaoboms, was found to 

laylock ~ u ~ ~ u b ~ ~ s h ~ d  data) and 
was collected in each of thc three 
real decline had occurred in thc Chaob 
study, the results of the current study suggest that lhi 
component of thc benthic community in WCL. Studies havc show 
in the density of ChatPboms can be considerahle (C;r;lrnezki 1977, H 

ar et al. (1981a), while in the present study, C h m  
as L m r  et al. (198la 
to 25 ycars after Kru 
xon may have rctur 

he pattern of seasonal change can he highly spec 
ermore, densities can be ~~~~~~y dependent on 

preferred (Cmrnezki 1977, Hare and Carter 19% 
account for the diffcrcnces between the studies on 
during different seasons, resulting in the wcrrencc or absemx of  
due to natural seasonal variations, and/or annual v ~ r ~ a ~ ~ ~ ~ s  in thc 
due to anraual variability in temperature and food avai 
technique; (3) possible diffcrcnces in sample location; a 
factors such ips a change or changes in suitable: habitat or 

between these studies. 

Tkcreforc, a number of factors could 
OL, ~ ~ c ~ ~ ~ i ~ ~  ( 1 )  csllcctioaa of sainples 

ai decline, possibly due to 

L over a full annual cycle may provide insight into the ~%asons for f. 

Some other notable differences were found between this stud 
(1981a). In the earlier survey, relatively high nu 
mayflies (Cnenis and Cnilibaetis), and snails ( ~ h y s ~  
collected in some months. In the present study, ma 
ceratopogonids wcrc very minor components of t 
differences in the types of habitats sampled during the two surveys 
absence or IQW numbers of these taxa in the present study. For exam 
Callibnetis prcfer the shallower regions of standing water, typically aro 
(Edmunds et al. 19769, In the present study. no samples were collec ithin 10 M of the 
shoreline, which may explain why thesc taxa were nnt collected. Timi 
may also be important. For examplc, b a r  et al. (1982a) ,kx~nd the greatest number of 
ccratopogonids in April, after which their numbers remained relatively low; samples were not 
collected in April in the present study. The abwncc or  low numbers of t cse taxa could also 
be the rcsult of an actual decline in abundance or extirpation of the species lrom WOL. A 
more extensive collection of the benthos in WOL is nccdcd lo hcip ascertain thesc 
d i k r e n a s .  

ay account for the 
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Quantitative benthic macroinvertebrate samples were collected from May through 
October 1986, at approximately monthly intervals from 16 stream sites within WOC 
watershed, including First Creek, Fifth Creek, Melton Branch, Northwest Tributary, and 
WOC. Additionally, samples were collected at -60-d intervals from WOL. A total of 161 
taxa ~ c r e  collected from the stream sites, while 12 taxa were collected Froni WOE. A 
majority of the organisms mllcxted at all sites were insects. Additional tam collected included 
flatworms, roundworms, aquatic earthworms, aquatic sow bugs, sideswimmers, crayfish, snails, 
and mussels. 

The upstream reference site on eac stream was Characterized by highly diverse and 
umerically by se~eraQ taxa and by relati 

impact were found at all stream sites b he respative reference sites. These downstream 
sitcs were typically characterized by a reduction in the complexity of the community, by a 
smaller total number of trwa collected, and, at all but NTK 0.2, by significant reductions in 
mean density, biomass, and taxonomic richness. Low to moderately impacted sites typically 
had only two or three numerically dominant taxa, including chironomids, hydropsychid 
caddisflies, and/or aquatic earthworms. The st-impacted downstream site was NTK 0.2; 
iiowcvm, some impact at this site was impli by the absence of mayflies and stonenies. 
‘Ihose downstream sites exhibiting moderate to  modcrately high impact included FCK 0.1, 
MEK 0.6, MEK 1.2, WCK 2.3, WCM 2.9, WCM 3.4, arid WCM 5.1. Ihe most severely 
impacted sites were lower Fifth Creek (FFK 0.2) and the middle reaches of WOC (WCK 3.9). 
Dcns’ities of invertebrates never exceeded 4.3 individuals per 0.1 m2 at FFK 0.2, and collection 
of all taxa was sporadic. At WCK 3.9, a single group of chironomids (Crico us oifhdadius) 
was numerically dominant. 

communities typically dominat 
of pollution-intolerant taxa, as mayflies and stotaeflies. Varying 

In Melton Branch and WOC, which had three and s k  sampling sites, respectively, 
rriaximiirn impacts were noted in the middle reaches. Both streams showed trends of some 
improvement at their lowcr sites, although there were no indications that Eull recovery had 
occurred in cither stream. 

Several potential sources and causes of impact were identified within the watershed. In 
First Creek, the most likely sources and causes of impact wcre upstream discharges of 
chlorine and past weir construction that resulted in siltation and upstream discharges of 
chlorine from some unknown source or  SQUTWS. The maximum total rcsidual chlorine 
concentration, observed 0-10 m above the mouth of First Creek (site 9 in Fig. Xl), was 
0.05 m@, on March 28, 1986 (A. J. Stewart, BRNL, personal wmmunicatiora, 1986). 
Intermittent discharges of chlorine may also stress the benthos in lower Fifth Creek (Fig. 3.6), 
although elevated temperatures and increascd flow rates cannot be ignored as potential 
sources of impact. The S Q U ~ C ~  of perturbation to the bcnthos in Melton Branch was 
hypothesized to be the discharge of effluents from the MFXRmRU complex. In Melton 
Branch downstream of the tributary receiving thcsc effluents, temperatures and phosphorus 
concentrations are clcvated, and the natural flow regime has been modified. The cause of 
impact to lower Northwcst Tributary was not clear; it is hypothesized that, in addition to 
containing low levels of chlorine, discharges from the 1500 area alter the natural flow regime. 
Additionally, since much of the water at NTK 0.2 is diverted into small ponds before it is 
discharged to the stream, the natural thcrmal regime has also been altered. In WOC, all sites 
are most likely impacted by nutrient enrichment, while WCK 3.9 is also impacted by cblorinne. 



11% 

The benthic c o ~ ~ ~ ~ n ~ t y  of WOk, was found to be basically similar to that reported in 
earlier studies and to consist ~ r ~ ~ a r i l y  of insects, especially chironomids. ~ l h o u ~ h  differences 
were found between the present study and earlier surveys (c.g., mayflies were absent in the 
present study), it is not clear whether thest: differences were the result of actual changes in 
the benthos or of Iffcrences in the s a m p ~ ~ ~ ~  

The ~ r e ~ ~ ~ ~ n a ~  ~ ~ a r a c t ~ r i ~ a ~ i ~ ~ ~  of the benthic ~ ~ c r Q ~ n v ~ r ~ e b ~ ~ t ~ ~  in WOC watershed 
indicates thc need far a cantinnad intensive s complete annual cycle. 
Therefore, the current schedule of monthly C, First Creek, Fifth. 
Cr elton Branch, orth mpk collection 
on thro data base from 
which the benthos of the watershd can be t h ~ r ~ u ~ ~ ~ y  charac te r id  and from which future 
changes in the benthos can bc mlonitorcd. Such a t h [ ~ ~ ~ ) ~ g h  characteridion will also reduce 
the nccd for a continued intensive sampling progpni; th fore, beginning in 
the   itori or in^ phase of the program will k initiated, a ampling frcquency in the entire 
watershed will be reduccd from monthly to quarterly. 

To s u p p ~ ~ m ~ n ~  the data o ~ t ~ i ~ ~ ~ ~  from the quantitative sampling program, qualitative 
samples will be ~Plcctcd from both reference and impacted sites in the spring o f  1987 and 
19%. After 1988, q u ~ ~ ~ t ~ t ~ v ~  samples will be taken each spring from impacted sites only. In 
addition to thc currently used method [or the collection of ~ ~ i ~ n ~ ~ t a ~ ~ v ~  samples in WOL, a 
program will he initiated to q L ~ ~ n t ~ t a ~ ~ v ~ 1 ~  collect benthic ~ n v ~ ~ t e ~ r ~ ~ ~ s  in the littoral mnes. 
~ ~ ~ p ~ ~ ~ g  will bc ~ ~ ~ ~ d ~ ~ ~ ~ d  by using artificial su es, and the frequeiicy of collection will 
coincide with collections taken by the Pomr gr II addition, konar grab samples will bc 
collected from the shallow northeastem end LIE e These data will be used to provide 

a more complete ~ h ~ r a c ~ ~ r ~ ~ a t i ~ ~ n  ol  WOE, arid (2) ~ n f o ~ ~ t ~ o ~  required in Subtask Gb of 
AP (Sect. 8.2 and b a r  et al. lWl), 

ata analysis in future re rts will incorporate information obtained from reference sites 
(e.g., Brushy Fork) used in other biological monitoring programs on the DOE Oak Ridge 
Resewation, This information dcxurnexits the natural annual variability that might bc 
expected lor benthic inver brate p o p u l a t i ~ ~  in unimpacted streams Ridge area. 
Efforts will also be initiat to estimate sacondary production of the rtebrates in 
WOG watershed. 

6.2 " I S  

Fish population and c ~ ~ ~ ~ ~ u n ~ t y  studics can be used 50 assess the ecological effects of  
watcr quality a n d h  habitat degradation. TI'hese studies offer several advantages over other 
indicators o ~ e n v ~ r Q ~ ~ c n t a 1  quality (see review by Karr et al. 29%) and are especiaily relevant 
to assessnient of the biotic integrity of WOC. Fish communities, for example, comprise 
several trophic levcls, and species that compose the potential sport fishery in WOC (e.g., 
bluegill, rcdbreast sunfish, largcmouth bass) are at or near the cnd o f  food chains. 
Chsequently, fish populations integrate the direct effects of watcr quality and habitat 
degradation on. primary producers ( ~ ~ ~ ~ ~ h ~ ~ t ~ ~ ~ )  and mnsumcrs (benthic invertebratcs) that 
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are utilized for food. Became of these trophic interrelationships, the well-being of fish 
populations has often been ud as an index of water quality (e.g., Wcbes 1973, Grccson 
et  al. 1977, Kaee e t  al. 1 Moreover, statements about the condition of the fisk 
community are k t t e r  understood by the general paiblic (Marr 1981). 

3. 

ectives of the instream fih monitoring task (Subtask 4b of BMAP, as 
described in Zoar ct  al. 1391) were (1) to characterize spatial and tcmporal patterns in the 
distribution and abundance of fishes in WOC and (2) to document any effects on fish 
conmiunity structure and function resulting from irriplenentation of the DRWI;, W'CP 
(Sect. 2.2.2). 

Quantitative sampling of the fish populations at 17 sites in WOC watershed (Fig. 2.3) was 
conducted by electrufishing in hugust4eptember 1985, April-May 1386, aind 
August-Septernber 1984 to estimate population size (densities in numbcrs and biomass per 
unit area). Sampling reaches ranged from 27' to 121 m in mean lcngth at the sitcs on 
tributaries and from 44 to  160 m at the WOC sites (Table 65). Fish sampling sites either 
overlapped or were wibhin 100 in of the sites ineltadd in the instream benthic invertebrate 
monitoring task (Sect. 6.1), except for FFK 0.4 and MEK 1.5, where benthos were not 
sampled. Lengtlns of the sampling reaches were determined by (1) the preseme of at least 
one riffle-pal sequence, if possible; (2j location of suitable places foi anchoring upstream 
and downstream block nets (seines); (3) stream s ! x  or  order; and (4) the density of fish, as 
determined by the initial survey in August-Septcmbei- 1985. Results of this survcy were also 
used to determine subsequent colkction strategy and the need far additional samplirig sites. 
For example, upstream reference sites on Northwest Tributary and Fifth Creek 
to the sampling program in 1986. 

Fidd All strcam sampling was conducted with the use of one or 
twa Smith-Root Model 1% backpack electrofishers, depending on stream size. Each unit 
laas a self-contained, gasolin ered generator capablc of delivering up to 12 
direct current. A pdse frequency of 90 to  120 Hz was used, and the output voltage was 
adjusted to the optimal valiic (generally 481) V or less) bascd on the specific conductance of 
the water. The circular (ring) electrode at the en3 of the fiberglass anode pole was fitted 
with a nylon net (0.64-cm mesh) so that the elcctrolishce operator coarld also collect stunned 
fish. 

After a O.~-crn-mesh sciwe was stretched across the upper and Iowcs boundaries of the 
reach to restrict fish movement, a two- to five-person sampling team made thrcc csnsaxtive 
passes through the study reach in an upstream direction. If fish numbers captured during the 
tkst pass were extremely low or zero, then only O I P ~  pass was made. Depending upon thc 
turbidity of the water, the passes could not always be madc consecutively. Rather, fish were 
processed after each pass to allow sufficient time for the water to  clear before another pass 
was initiated. Stunned fish were collated and scgregated by pass in wkc mesh cages (0.64 cm 
diani) car buckets with small holes for storage during further sampling. 
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M a n  Mean Mean Mean Stream 
length (M) width (in) area (m') pth (cm) ordeP 

NO. Qf 
Si tea sa rn p 1 in g 

periods 

FGK 0.1 

FCK 0.8 

m 0.2 

K 0.4 

FFK 1.0 

MEK 0.6 

MEK 1.4 

MEM 1.5 

MEK 2.1 

NTK 0.3 

NTK 1.0 

WCK 2.3 

WCM 2.9 

WCK 3.4 

WCK 3.9 

WCK 5.1 

WCK 6.8 

3 

3 

3 

3 

2" 

3 

3 

2' 

2; 

3 

2" 

3 

3 

3 

3 

3 

3 

61.0 

29.7 

64.3 

27.7 

27.0 

51.3 

51.0 

121.0 

33.5 

72.7 

38.5 

91.0 

104.7 

131.0 

160.3 

44.7 

54.3 

1.18 

1.623 

1.12 

1.52 

1.09 

3.02 

2.61d 

1.61 

1.37 

2.11 

1.85 

5.12 

4.89 

3.48 

2.74 

2.02 

2.36 

72.2 

49.8 

72.4 

41.3 

29.3 

155.1 

13s.7d 

194.4 

47.1 

154.0 

71.0 

466.7 

510.2 

455.6 

438.6 

90.3 

128.2 

7.4 

12.8 

10.4 

12.2 

5.4 

15.1 

IO"@ 

5.1 

5.1 

5.3 

5.6 

27.3 

26.3 

29.2 

14.3 

12.31 

6.9 

1 

3 

2 

2 

2 

2 

"FCK = First Creek kilometer; FEK = Fifth Creek kilometer; MEK = Melton Branch kitametea; 

'Based on the method of R. E. ZIorton, "Erosional Development of Streams and Their Drainage Basins," 

'Sampling at this site was initiated in April 19%. 
'Width and depth measured only once. 
"Sampling at this site was terminated after May 19%. 
fSite was dry in August and September 1986. 

NTK = Northwest Tributary kilometer; WCK = White Oak Creek kilometer. 

Geol. Scpc. Am Biill. 56, 275-370 (1945). 

After collecting, fish were anesthctizcd with MS-222 (tricaine methanessulfonate), 
identified, measured to the nearcst 0.1 cm (total length), and weighed by using Pesola spring 
scales to the nearest 0.1 g (for fish g> or bo the ncarest gram (for fish greater 
than 100 g). At sites with high fish ividuals were recorded by I-cm size classes 
and species. If 25 individuals 01 a species-six. class were measured and weighed, additional 
mcmbers of that size class were only mcasurcd. Length-weight regrcssions (SAS 1985b) were 
later used t o  estimate missing weight data. Other data recorded included sex (if possible to 
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determine), reproductive state, disposition (Le., dead or kept for laboratory identification and 
reference collection), and presene  of any abnormalities ( C - S - ~  external parasites and skeletal 
deformities.). 

After processing fish from all passes, the fish were allowed to fully recover €mrn the 
anesthetic and were returned to thc stream. Any additioiial mortality owairring as a result 
of processing was noted at that time. I n  addition to data on the individual fish, conductivity, 
water- temperature, turbidity, d k ~ ~ l ~ ~ d  oxygen, cloud mvcr, and shocking time-as well as 
length, width, and depth of sample reach-were recorded at each sampling site. 

Data is- After reviewing the information on the field data sheets for completeness 
and accuracy, the data were kepunchcd, stord on ISM 3033 computers, and analyzed with 
the use of SAS prmderres (SAS 1985a, 19Sb). 

Species population estimates wcrc calculated by using the niethod of Carle and Strub 
(1978). Biomass was estimated by multiplying the population estimate by the 
p e r  individual. To calculate density and biomass per amit area, total numbers and bi0111ass 
were divided by the surface area (in square meters) of the study reach. For each sampling 
date, surface area was estimated by rnnultiplying the length of the reach by the mean width 
based on measurements taken at 5-m intervals. 

Condition factors (K) were calculated for individual fish by site and species by using the 
formula 

with weight in grams and total length in centimeters (Hile 1936). Fish without measured 
weights were fist used in calculations of condition factors.. The l X 0 C  GLM procedure 
(SAS 198%) on untransformd data was used to co re condition factors between sitcs and 
between sampling periods because the condition s exhibited homogeneity of variancc 

ted with the IJNWARHATF prmdur  985a). If the GEM proccdure 
significant diffcrenees in condition fac en  grotaps, the Tukey test was 

performed io identify those groups that were significantly different. 

.%ales were taken for agc determination from target species (redbreast sunfish, bluegill, 
rock bass, and warmouth) collected during routine population surveys. Because of the low 
densities of these species at most sites in WOC (Sect. 6-23), only data on redbreast sunfish 
and bluegill collected di~rin the fall of 1986 are included in this report. Scale data for 
bluegill and redbreast sunfish collected in October 19% from a referenee stream (Brushy 
Fork; see Sect. 2.3) were used for comparison. 

Scales were taken from an area above the lateral line and slightly anterior to the 
insertion of the dorsal fin. Impressions of the scales were made by using a Wildco scale press 
and awtatc slides; those that produced p r  impressions (duc to attachcd mucous or skin) 
were mounted betwcen two glass microscope slides that were taped together. Bccause 
attempts to improve the impressions by treating scales with potassium hydroxide were not 
successful, scales were uscd ithout cleaning. Enlarged ima a of the scales were projected 
on a screen by using an Ekrbach 2700 slide projector with a 16-mm lens. Where p~ssiiblc, 
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at least ten scales from each fish were mounted and mmpared. For actual measurements of 
annuli, the best representalive scale was used and identified on the slide. !kales identified 
as regenerated (Latinucleate) and those that were damaged or highly irregular in shape were 
not read. In some cases, no age data were obtained because all scales were unsuitable. In 
this preliminary analysis, ages were determined by only one person; in future analyses, age 
determinations will be independently checked. 

The following data were recorded for each scale examined: number of annuli, total 
length of scale radius (distance from focus to anterior margin), and length of radius to various 
annuli. The annulus was determined by examining (1) the intersection of the outermost 
margin of closely spaced (is., siow-growth) circuli with the innermost margin of widely spaced 
(Le-, rapid-growth) circuli, (2) the Occurrence of cutting over of circuli at the lateral edges of 
the anterior field, (3) the increase in radii width or formation of holes in the radii, and (4) the 
termination or origin of radii. 

6.23 Results and Discussion 

6.23.1 Specks composition and richness 

A total of 16 species were collected from WOC watershed during the three sampling 
periods between August 1985 and September 1986. Table 6.6 shows the species composition 
at each site. The lowermost site on WQC (WCK 2.3) had the greatest diversity, 12 species, 
of which 6 were ccntrarchids. This site has transient species from WQL, such as the gizzard 
shad and carp, which were taken only at this locale. The remaining sites were restricted to 
simple fish communities of two to six species. These communities included blacknose 
dace/sculpin, blacknose dace/creek chub, and various combinations of these with bluegili and 
redbreast sunfish, stoneroller, fathead minnow, mosquitofish, and juvenile largemouth bass. 
Because most of the sites sampled were 1" or 2" streams,* blacknose dace and creek chubs 
should be, and were, thc most common species. Fathead minnows also occurred at many 
sites, probably from use as laboratory animals in buildings and ponds adjacent to WOC. The 
fact that the bluegill was the most widespread centrarchid in the WOC system indicates the 
influence o f  several settling and fish culture ponds, weir impoundments, and WOL. Two 
sites, MEK 1.4 and F'FK 0.2, consistently had no fish. 

As cxpectcd, there was a general trend of increasing species richness with increasing 
stream size (Table 6.6). Although this trend was not well detkcd in the tributaries, WOC 
proper had a much richer fish community at the lowest site. A confounding factor in this 
analysis is the presence of three weirs on the WOC system (Fig. 2.3). These et'fectively 
prevent upstream migration of fish and perhaps are the dominanl factor producing the 
difference belwcen the fish community at WCK 2.3 and the communities at WCK 2.9 and 
WCK 3.4. The weirs also prevent rccolonization of Melton Branch following toxic episodes 
(see Sect. 6.2.3.2). 

In comparison with other systems, the fish fauna in WOC watershed seems somewhat 
depauperate. The majority of the fauna are considered to be tolerant species; rock bass, 
spotted bass, and banded sculpin were the most intoleran1 species collected. In this 

*As in Sect. 2.3, 1" denotes a first-order strG%n'i, T denotcs a second-order stream, etc. 
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discussion, specks to1ermce relates to ability to adapt $0 hurnan-relatcd stresses (c.g., 
chemical contamination and habitat a1tcmt:on) as discussed by Karr ct a!. (19%). 'Ibe basses 
occurred only at WCK 2.3, while tbc szulpirm occurred at upper or headwater sites (FCK 0.8, 
F I X  0.4, FFK 1.0, and WCK 4.S). Also, two families of fishes (Pcrcidae and Catostomidae) 
and scvcral genera (Notropks, Nofums, and Ph9xinus) commonly found in this area and 
indicative of high water quality (U. A. Etnier, The IJniversity of Tennessee, Knoxville, 
personal communication, 19%) were absent fiorn WOC. ?'he fish community in Brushy Fork, 
a tributary of Poplar Crtxk north of Oak Ridge, had niany intolerant spccks, including 
several spccies of Percidae, Catostomidae, and N ~ f ~ p i s  (J. M. b a r ,  unpublishcd data). 
Earlier surveys of WOC included some mcmbcrs of these taxa, as well as Pornoxis and 
Nmotnis (1"- k Krumholz, unpublishcd data, 1954a). Again, the disappearance may bc a 
result of not only poor water quality but also effective isolation fiorn the remainder of the 
Clinch River basin by White Oak Darn. KrurnhoI~ (1954a) obsca-vcd a decline in ccrtain 
genera (Momstoma and Po,wmaU) in his s u r v t y  of WOT., and, after White Oak Daln was 
conipkkely closcd in 1960 to Watts Bar bachmtcrl ttiesc species wcre not ideatified in sumeys 
by Mo!ehrnainen ai:d Nelson (1969). 

Total densitics arid hiomass at cach site for each sampling period rare given in Table 6.7. 
Densities and biomass for individual species at each site and sampling period arc given in 
Tables E.1 through h.6 (Appendix E). 

A genceral pattern in the h h  densitics of WOC and its tributaries was noted. Dcnsities 
werc highest in the uppei rcachcs of thc streams, usually at the uppermost site. The valucs 
at upper sites werc on the order of 2 to 48 times gieatcr than those at the lower sitcs. The 
highcst dcnsities in the catire WOC watershed were found at WCM 5.1 and FFK 0.4, both 
of which W C I ~  dominated by cyprinid specks, the central stoneroller and blacknose dace 
respectively. Densities dccaeascd downstream but not 2lways lincarly. The lowest densities 
in the watershcd occurred at  WCK 3.9, followed by WCK 2.9 and MEK 0.6. ?he low 
densities at WCK 3.9 and the absence or fish at 0.2 ran probably be attributed to toxic 
effects associated with ddoii~atioin of cooling water (SCC Sect. 3-1.4). Karr e t  al. (1985) 
documeintcd similar cffects of residual chlorine ~n the biotic integrity of fish communities Over 
a short distancc comparabk to this reach of WOC. Just below the confluence of the IIFfII 
tributary with Melton Branch (MEK 1.4) and at MEK 0.6, the absence or  low numbers of fish 
may result, in part, from the elevated tcmperatuic of the I1b.IR disclaargc ((3. F. CaoAa, 
ORNL, persoamal commennication, 19%) and perhaps from toxic irnpiits from a tributary just 
east of SWSA 5 (Fig. 2.3). Cada (ORNT., persanal communication, 19%) observed a fcw 
creek chubs at MEK 1.4 in December 1985 when stieam temperatures dropped bc$ow lethal 
limits for that species. 'lbe causes of low densities at WCK 2 9 arc more unmrtain; they may 
bc related to inputs from secps and a tributary that drain SWSA 4,  although water quality 
data from site WCK 2.9 did not confirm this theory (Tabie 2.5 and Appcndix '4). 

Thcsc patterns were consistent over all sampling pcriods. Overall, densities at all sitcs 
were frequently higher in late summer, with very high densities in 1986. In cornpdlrison with 
Bcar Creek and EmC, area strcams with similar spccics, densities wcre up to four times 
higher in WOC at WCK 5.1 (J. M. Imar, unpublished data). The large incrcase in dcnsity 
at FFK 0.4 from 0 ii7 late surnrncr of 1985 to 6.29 in spririg o f  19% was ciiie t o  a slight shift 



Taw 6.7. TotaI demity (number of iodividuaLs per square meter) and total biamass (grams per square meter) for three sampling in 
Wtute Oak Creek. First Creek. F i i  Creek. Melton Branch and Ncx&wat 'J'ributarv 

Sampling FCK FCR FFK ETK FFK MEK MEK MEKMEK NTK NTK WCK WCK WCK WCK WCK WCK 
period 0.1 0.8 0.2 0.4 1.0 0.6 1.4 1.5 2.1 0.3 1.0 2.3 2.9 3.4 3.9 5.1 6.8 

August-Septernber 1985 

Total density 2.48 4.14 NF N F  NS 0.43 N F  1.17 5.40 0.68 NS 0.28 0.03 0.20 eO.01 10.12 3.26 

Total biomass 6.13 4.45 NF N F  NS 3.40 NF 0.48 0.90 1.00 NS 7.24 0.36 4.50 0.05 20.19 6.82 

April-May 1986 

Total density 1.31 2.14 N F  6.29 4.08 0.23 NF 0.65 2.52 0.M 1.49 0.24 0.29 0.18 <0.01 8.12 1.20 

Total biomass 3.92 3.37 N F  21.58 14.94 2.40 N F  0.75 2.40 1.09 2.93 4.90 1.24 8-80 <0.01 33.56 2.99 

AugustSeptember 19% 

Total density 2.89 5.50 N F  10.83 2.79 0.07 NF NS DS 3.84 0.44 1.00 1.36 1.77 0.02 15.71 2.66 

Total biomass 2.72 6.25 N F  18.02 6.35 0.57 NF NS DS 1.73 1.18 8.08 2.64 16.37 0.34 25.16 5.37 L 

r;: 
"NF = no fish taken tn sample; NS = sife not sampled on this date; DS = site dry at time of samplmg. FCK = First Creek hlometer; 

FFK = Fifth Creek hlometer; MEK = Melton Branch kilometer; N I X  = Northwest Tributary kilometer; WCK = White Oak Creek 
kilometer. 
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in the sampling redch. This change resulted In the inclusion of a large pool and avoided an 
area that is i n fhmccd  by cooling tower blswdowi. 

A similar shift in the kns i t i e s  a t  M E K  0.6 may have been related to discharges from the 
Silver Reco~ety Facility in the HEIR area. Dinring May 1986, releases from this fxi l i ty  
lowered dissolved oxygen licvc!~, resulting in two fish kills involving “small minnows arid 
bluegill”; totals of 7 and 50 fish were collected at  thc weir at M E K  0.16 (Shoemaker et al. 
1986). Because Melton Branch is  isolated from the iemaindcr of the WOC b y  this weir and 
normal fish dcnsitics arc  low, such kills may have accauntcd for thc coritinued decline nf 
dcnsities from 0-43 fish per square nieter on August 23, 1985; to 0.23 fish per square meter 
on April 30, 1986, io 0.07 fish per square meter on September 24, 1986, ’l’he first pait of the 
&cline followed a pattern ~ n ~ i n o n  throughout WOC and also observed in Melton Branch 
by Cada (OKNL, pemm’al cmmmunicatiom, 19%); that is, spring densities were lower than the  
pi cvious fall dcnsiiies. ETowever, unlike other  sites, the density at MEK 0.6 continued to 
decline. ‘I‘hus. the total impact of Silver X<ccoveiy Facility discharges may have bcen greater 
than that indicatcd by the siLe of the fish kill. 

'fit blacknoss. dace was usually the species with thc highest densities wknercver it  
occurred in W O C  watershcd. (The mean of all sitcs was 1.96 fish pcr square meter.) Crcck 
chubs, although occurring widely in WOC, did not have high densities. (The mean of all sites 
was 0.27 fish per square Fneter.) Dcnsitics of othci species, such as mosquitofish and bluegill, 
rrsually rernaincd constant at all sites. Bluegill deinsitics were comparable to densities in 
EFPC and Brushy Fork (J. M. Lnm, unpublished data). Mosquitofish densities increascd 
abruptly in late sumnici 19% from previous Icvcls. (‘lhe mean of all sites increascd from 0.12 
fish pci square rnctcr t o  0.W fish per square meter.) It is not  clear if this was a biological 
changc o r  reflected morc-intensive sampling for this species in 19% than in 1985. 

An interesting pattern was obscivcd with the densities of fathead miriiiows in the WOC 
systcm (Tables E.1 through E 3 )  In fall 1985, thc mean dcnsity of all WOC watcmhed sites 
(five) was only 0.01 -0.03 [ish per square mctcr. In the spring and late summer of 1986, 
howwcr,  the values increased to 0.15 fish pcr square meicr and 0.10 fish per squarc meter, 
respcctivcly, at scvcii sites. The fathead minnow was not reported in W 0 @  in surveys prior 
t o  19S5 (L. A. KrumholL, unpublished data, 1954b; Kolehrnainen and Nelwn 1969; L i a r  e t  al. 
1981a) o r  even in sumcys conrllncted in the early 1940s of this arca o f  the Clinch River basin 
(U. A. E t i k r ,  ‘9’hc: 1lnivers;ty QE Tennessea, Knmville, personal communication, 1978). The  
presence of fathe::& minnow ;*I WOC can bc traced to their usc as a laboratory species; thcir 
rccent population growth may reflect increased use, and associated escape, in laboratory 
situations and/or may indicate establishrnernt of a reproducing population in WOC. 

‘4 gcmcral pattern of dccrcasing mean biomass with increasing stream size was obscw-vcd 
at  the sites on  WOC. Again, WCK 5.1 had the highest biomass duc  t o  an apparently robust 
population of all age groups of three cyprinids. Sites WCK 2.3 and WCK 3.4 also exhibited 
high biomass due  to s u n f i s h  pcpulations. Tksc  pr:aks W C Y ~  intcrruptcd l9y dramatically lowcr 
biomass lcvcls at WCK 2.9 and WCK 3.9. T h e  lowest mcan total biomass in WOC was 
obscmvcd at  WCK 3.9. Biomass at most sitcs in W O C  was compai-ablc to  that  in F.FI’C 
(2-10 ,g/m’) but was lowcr than t h e  biomass in Brushy Fork (17-19 din‘> (J. M. I L w ,  

unpublishcd data). Mean total biomass in thc tributaries was cxtremcly variahlc; nu consisicnt 
pattern occurrcd bc:~.iecn the upstrcam and downstrcam sites. Sites on Fifth ;Ii l i i  t’irsl crccks 
gc.:ncrally had highcr vali among the tributary siti:s, while FFK 0.4 had thc: s;ix.onci highcast 
bioinass in W C C  \~a t ( : i shd .  The !osvcs! mean total biomass of t h c  tributaries occiirrcd a t  
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NTK 0.3, wherc the c o m m u n ~ ~  consisted of immature centrarchids, cyprinids, and 
mosquito fish. 

Unlike density, !io seasonal pattern was apparcnt in the hionmass data. Values for the 
latc summer samples wcre not consistently 1 1 ~ ~ ~ ~ r  or Iowcr than thosc for the spring sample. 

Biomass nieasurements of indivi 
consistently the greatest contributor 1 

ass of all sites was 
luegill (mean total bi 

1 species indicated the blaekntsse dace was 
a s  at the upper and tributary sites. (The 

g/w2.) '~"iie creek chub (rncan total biomass == 
= 1.47 g h 2 )  also contributed s ~ i ~ s t a n t ~ a ~ l y  t o  the 

bioniass throughout the WOG system. Thc  central stonerollcr d a high mean total biomass 
(7.79 dm2> due tn the contribution of only one (WCK 5.1) of the  three sites where i t  was 
f0und. 

Growth and condition of the OG watershed fish were: analyi.,ed by c,a!culatirmg condition 

The latter analysis required detsrnmining the agc classes o f  the sunfish by 
faactcars €or all species and by estimating a ~ ~ ~ ~ a t ~ ~ n  growth rate fo r  redbreast an 
sunfish. 
~ n t ~ r p r ~ ~ ~ ~ ~ ~ ~ n  o f  scalc annuli. 

The papulation growth rate, or apparent growth rate, is a comparison of mean s i a  of 
surviving fish at successive ages (Ricker 1975). It is not always an accurate estimate of the 
true growth rate hecause size-selcctivc m ~ ~ r t ~ ~ i t y  within an agc class can affect (usually by 
lowering) the resulting growth curve. For comparisons of gruwth ratcs bctwccn sitcs, 
however, similar biases could bc assumcd, and -hc rcsulling curves would indicate: site specific 
growth differences. The population growth rate for redbreast sunfish a b  sites WCK 2.3, 
WCK 3.4, and a reference strcani (Brushy Fork) for thc period o f  laec September to early 
October 19% is shown in Fig. 6.6. 
had not lbrrned an annulus; succeed 
as indicated by their agc-class designation. The curw for Brushy Fork is smooth, with rapid 
initial growth followed by progrcssivcly slower growth. This pattern would bc cxpcctcd it? a 
stream with a typical temperate-region temp raturc regime, lik rushy Fork (.I. M. b a r ,  
unipublishcd data), and few atypical growth disruptioras (e.g3 thc 1 ~ o ~ ~ ~ ~ ~ ~ ( ~ n ~ ~  'rhc curves 
far WCK 3.4 a J WCK 2.3 generally indicate a ratc similar t o  that o f  Brushy Fork. The 
frequently higher mean wcights Cor older age classes in W o e  might be a result o f  increased 
food availability, a hypothesis that will be examined further in 1987 (Sect. 5.5). 

e 0-t. age class reprcsents young-of-the-year fis 
age classes ~ ~ ~ ~ ~ n ~ ~ r a t e ~ ~  thc same number of 

A similar pattern of growth was (9bservcd in blucgill sunfish at  the sarnc sitcs (Fig. 6.7). 
Thc greater variability in growth that occurred at WCK 2.3 (at agc 2 +) may he a rcflcction 
of sample size. In both species, growth at sikc WCK 3.4 appeared to bc ~ Q n s j s ~ e n ~ ~ y  higher 
than at WCK 2.3 or  Brushy Fork. Population growth rates, as shown in Figs. 6.6 and 6.7, are 
a long-term, integrative mcasure of growth and may differ from csti atcs of short-tcsm 
growth rates (Sect. 5.3.1.3) that reflect only conditions in the imniediale past. 

Condition factors ( K )  for the more cornnmn spccies in CVOC, calculated based on the 
methods 06 Hile (193G), provide an evaluation of the relative wcll-l)cing of  thc fish, bccausc 
fish with more weight per length have a higher conditicm factor (Everhart c t  a!. 1975). 
Caution must bc excrciscd in thc intcrprelation of the condition factor beeausc it appears to 
be relatively insensitive to cnvirtrramental e ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~  o r  ~~~~~t~~~~~~ status ( b a r  et 31. 1985). 



126 

BANL-BWG 87-1525  

--I---- I.T ........ 
" 1 - 1  - - -  

... 



127 

ORNL-DWG 87-1524  

--I- 

r-7 

a 

O+ 1+ 2+ 3+ 4+ 5+ 6+ 
AGE CLASS 

Fig. 6.7. Mean weight at age of bluegill sunfish at White Oak Creek kilometer (WCK) 23, 
WCK 3.4, and Brushy Fork (By, the reference site, for Septembcr-Qctober 1986 Numbers on curves 
represent sample size. 
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Condition factors for species that occuiied at more than one site were compared 
statistically within sampling perinds (Appendix A, Tables E.7 through E.9). Few statistically 
significant differerices (p < 0.05) bctwczri sites were found for most species during any 
sampling period. Similar rcsdts were found for ledbreast sunlkh at three WOC sites that 
WGHC sampled in the bioindicator studies (Fig. 5.3). No site consistcntly pi-odi.icxd higher 
mean K values for a majority of species. ,Mso, there was riot a tendenicy for one species to 
have mnsistcnkly highe1 M's at a particular site. Thc species with the most significant 
differcaws between sitcs was the crcck chub, these differences were probably diic to a few 
large individuals (with high M's) inhabiting sites not used as rearing areas by the creek chub. 
ln  comparison with thc p s p u l a h n  growth rates of bluegill and Icdbreast sunfish (Figs. 6.4 
and 6.7)), higher  man con n factors were not found at sitc WCK 3.4 than at W(11# 2.3 in 
late sumnier 1986, and the differences in mean K &tween the two sites were not statistically 
significant (Table E.9). Condition €actors have k e n  foorand to vary inversely with density 
(Wicncr and Hanrieman 1982), and a similar relationship was found for bluegill and redbreast 
sunfish at WCK 2.3 compared with WCK 3.4 during most sampling periods. In these 
coriprissns,  however, the condition €actors were not significantly different, ar:b t h e  trend did 
not hold fui othcr sites. 

Condition PdCtois %~eie  also compared between sampling periods at each site 
(Appendix E, 'I'ables E13 through E.12)- In these compxisons, a trend toward higher mean 
K in the spring and more statistically significant differences from other sampling periods was 
apparent. 'I hcse higher condition factors demonstrated (1) thc expectcd iailciease in M 
associated with er?largemeiit of gonads for spawning and (2) winter mortality of smaller, 
young-of-the-ycar fish. A treind toward dccaeasing K over the: three sampling pcriods at 
MEK 0.6 was not apparent (Tabies E.10 and E.11). Such rcsults might indicabc that 
discharges from thc 1lF;TiR area that were responsible for fish kills did not affect thc long term 
wel!-being of survivors. 

Data obtained in Subtask 4b of BML.lIpkB-* included fish population estimates and g r ~ w t h  
paramctets at 17 sites in WOC watershed over the period belwecn August 138S7Septernbcr 
19%. Data analyses included spccics composition and richness, density, bio~nass, growth of 
target species, and condition factor for two sampiing periods in late summer and one in the 
spring. l h c  purpose of these analyses was to characterizc the structural paoperties of fish 
populations and communities in WOC watershed and to detcrminc impacts of the ORNL 
facilitics oti tlacse pop.daiions. 

A total of 14 spccies were collected from all sites in WOC watc~shcd during the three 
sampling periods. Site WCK 2-3 hdd the greatest diversity (12 spccks); the remaining sites 
tiad simple communitics consisting of 2 to 6 species. Although blacknose dace and creek 
chubs WCIC thc most common species, fathead minnows, mosquitofish, and bluegills also wmc 
abundant at several sitcs. No fish were collccted in Melton Branch just below the confluence 
of the H H M  tributary (MEK 1.4) and in lowei Fifth Creek (bTK 0.2). 

'I'herc was a general trend of increasing sgccies richness with increasing stream size. The 
presmce of three weirs on the WOC system effectively prevents i.ipstream migration of fish 
and iiiay be a dominant factor controlling fish community structure betwcen WCK 2.3 and 
uppcr WOC. The weirs would also prevent recolonization of Me!ton Branch following toxic 
discharges. Tile majority of the community is composcd of tolerant species; rock bass, spotted 
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bass, and sculpins are the most intolerant. Imw spmcies richness appears to 
only of poor water quality at several Iwations but also of effective isolalion from the 
remainder of the Clinch basin. 

Densities were highest in the up49cer reaches of the streams, usua 

lowest densitics 
reference) s i t e  Thew seater than ab bwcr sitc 
densities were found a1 

hionlass ger unit area w 
the highest biomass in 

WCK 3.4 had high hioni 
iomasss was at WCK 3.9” Sites ctn Fifth and First cxecb 

tributary sites. with %TK 0.4 having the sewnd hig 
Seasonal biomass ~ a t t ~ ~ n s  WCPC not apparent fo 

sites. Blacknose dace bicmiass was generally the highest crf all species. 

luegill and redbreast sunfish was evaluated by mhg the ~~~~~~~~~~~ growl11 
of  surviving ilsh at siiccesttive ages. Fish at thc rcfcrcnce sitc 

high initial growth rate. Thc 
e general pattern, hut ~ e ~ ~ h t s  

higher absdute weights may 
growth rates for 
at age were grea 
be due to elevated ~ ~ ~ ~ ~ ~ e r ~ t ~ r  

Few s ~ a t ~ s t ~ c a ~ ~ y  s ~ ~ ~ ~ ~ ~ ~ ~ n t  differences in K values k f w c c n  sites were. ~ n ~ ~ ~ c a ~ e d  for most 
species. Bn comparison with the ~ o ~ ~ ~ ~ ~ j ( ~ n  growth rates observe ill and r ~ ~ ~ ~ ~ ~ a ~ ~  

late summer 19 ~ ? ~ ~ ~ ~ r ~ ~ ~  of the wndit  n fdctors belwecn ri(ds indicated 
a t ~ n d e n ~  fo 
significant differences than those from other s a ~ ~ ~ ~ ~ n g  
reflected (1) the  expected increase in conditim factor ass 
for spawning and ( 2 )  wintcr mortality 01 smallcr, ~ ~ ~ ~ ~ g - ~ ~ f - t ~ e  

igher mean condition factors were not foun 

g 1986 sample &O 

At this stage of the ~ ~ ~ ~ l ~ ~ ~ ~ a ~  
general indications and scme ere 
presented as hypotheses requiring further ~ ~ v e ~ t ~ ~ a ~ ~ c ~ n  in 6987. 

~~t~~~~~ and charac 
can he identificd. 

wateafied, only 
this report are 

L4reas of WOC watershed represented by t 
appear to have healthy fish c o ~ ~ ~ ~ n ~ t i  

itics, and biomass ai thcsc si 
woc sites. The spccics 
any s ~ ~ ~ ~ ~ ~ a t ~ t  ~ ~ ~ b ~ ~ ~ ~ ~ s  
nit areas with P~vcls well 
see Sect. 3.1,2). Species 

density and biomass indicated ~~~~i~~~~~~ increases above Icve:ls that arc typical o f  2 
~ ~ ~ n ~ ~ ~ a r i ~  adverse impacts of ORNL operations WGK ~ ~ ~ ~ ~ s ~ r ~ ~ ~ ~ ~  at sitcs 9 

ese arcas all ~~o~~ depressed GK 3.9, MEK 1.4, MEK .6, and pcrssibly at 
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species diversity, densities, and biomass relative to other sites in the waterslaed. Potential 
agents responsible for these depre5sed conditions include elevated, near-lethal temperatures; 
nutrient cnrichmcnt; episodic releases of various contaminants; and chlorine. Two WOC 
sites, WCM 3.4 and WCK 2.3, had interrncdiate specics richness, density, or  biomass 
conditions relative to the other W 8 C  watershed sites. 

'The trend over the August 1985 to r 1986 sampling period indicated a general 
irnprovemeni in the WOC system. Species richness, density, and hiomass werc all elevated 
comparcd with earlier surveys ( E + ,  b a r  et al. 1981a). T h i s  trend is typical of a recovering 
system (Turnpcnny and Williams 1981) with more tolerant specks (e-g., mrssquitofish) 
demonstrating earlier and more-extensive r m v c q  than mare-sensitive spccia (egg sculpins). 
A major factor in interpreting the extent of current recovery and the potential for future 
r e m v e y  is the: isolation of WOC by several weirs and White Oak Dam from the remainder 
of the Clinch system. without access, intcsierant specics can ncver recolonize the WOC area 
regardless of the degree of water quality improvement ('Iurnpenny and Williams 1951 ). 
Within the WOC system, Melton Branch demonstrates the effect of isolation to  a greater 
degree. For example, dcnsity and biomass showed a steady decrease following various 
impacts, and recovery and recolonization from WQC have been prevented. 

As described in BMhF ( b a r  et al. 1991), sampling it1 WOC will continue to focus on 
characterizing the fish fauna of the watershed in 1987. Such sampling will include 
quantitative population estimatcs at the sites described in this report; MEK 1.5, however, has 
bcen'dropped because of similarities with MEK 2.1. The population estimate schedule will 
be stabilized to a spring/fall sampling cycle, This schedule will still provide sufficient data to 
estimate fish production and to evaluate effluent impacts. Elimination of a late-summer 
sample will also rcduce inadvertent mortality during sampling by avoiding perids of high 
water temperatures when fish are more vailncrable to additional lcvels of stress. To provide 
an estimate of total biomass in WOL, as required in Subtask 6b of BRltU', a quantitative 
estimate of the size of the fish population will be obtained by using a mark-recapture 
technique: in late spring (Sect, 8.2). 

In addition to quantitative sampling, qualitative sampling will be conducted throughout 
WOC watershed during the suinmcc. The sampling sites will include the various experimental 
ponds (near the 1500 complex), settling basins, and weir impoundments associated with WOC. 
Trle goal of the qualitative sampling is to provide a more comprehensive species list and 
additional data on arcas of WOC and WOL potentially affected by effluents. 

Data for age and growth evaluations of the targct sunfish species (bluegill and redbreast) 
will be collectcd during the fall sampling period. These data will include scales taken during 
the quantitative population estimates at WCK 2.3 and WCK 3.4 as well as additional sampling 
done above and below the sites to provide a sufficient sample size. Scales will also be 
collectcd from target species in WOL and in the various pormds/irnpoundrnc.wts to allow 
comparison of growth rates and to evaluate any growth difference in fish from thc Icntic/lotic 
environments in WOC watershed. 



131 

63 

Previous studies of  t 
discussed in Loar et  al. (l98la 
that, ~ l t h o u g ~ ~  conditions re 
significant adverse impacts 

ic inve~tebrate ~ o ~ ~ u ~ ~ ~ ~ e s  
t studies (Sects. 
somewhat hetwec 
rcachlcs are evident. 

low biomass arid low numbers of species, as at sites 

h w  biomass or  low s ies diversity can be cawed by a wide variety of natural 
conditions. However, undcr natural ~ n d ~ t ~ ~ r ~ s  there i s  usually an inverse correlation between 
these two measures of ~ ~ m m u n i t y  structure: where biomass is high, species diversity is oftcn 

The 
h low biomass and low diversity a4 several sites suggests that nonnatural 
ecies diversity is high, biomass is often low (Wuston 1979). 

factors arc influencing the stream communilies. 

htcrprctation of both the differences ir community structure between different sections 
of WOC watershed and the changes in community structure that occur through time requires 
an undcrstanding of thc responses of ummuriity biomass and species diversity to conditions 
that would be ~ a t u r ~ ~ ~ ~  foun in streams of the size and condition of various streams in 

OC watershed. “ I ~ p ~ ~ v c m e n t ’ ~  of conditions in a stream could m u  either an increasc 
or decrease in diversily or  biomass, depending on thc initial conditions of the stream 
community and the processes that are affecting it. For this rcason, a much more broadly 
bascd control is nccdcd than can be provided by a few reaches within the target watershed 
and nearby areas. In a situation where conditions arc expectcd to change, such a control 
must include a wide varicty of natural conditions and, most ~ ~ ~ ~ r t a n t l y ~  an understanding of 
how natural streams respond to changing conditions. 

The objective of this study (Subtask 4e o f  MAP, as discussed in koar e t  al. 1991) is to 
devclop a methodology, based on ecological theory and data Irom a large number of streams 
within the region, that will allow e v a ~ ~ a t i ~ ~ m  of the ecological c ~ ~ n ~ i t ~ o n  of the various streams 
in WOC watershed and of the significance of changes in those ~ ~ ~ ~ t ~ ~ ~ ~ s  that Occur following 
implcmentation of remedial actions. 

6-3.2 Methods 

The first stage of this study is to assemble a data base that will help place WOC 
watershed in a regional context and allow each site to bc compared with streams of similar 
size and structure that have bccn less severely affected by human activity. No single stream 
can SCNC as an adequate control, because every stream differs in some way from every other. 
However, a regional data base from a large number QE streams can help detect general 
patterns of comniunity structure that wc~uld not be obvious from a study of  only a few 
streams. 

The major progress to date has been thc i n ~ t ~ a t ~ o ~  of a data base ol iish arid benthic 
invertebrate community structure, in collabcmtican with Dr. David Etnicr, Thc University of 
Tennessee. ?he principal sources of data are a series of TVA studies of streams and rivers 
of the Tennessee Valley region (7 river systems with over 100 stream sites studied between 
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1968 and 1972) and ‘hd: University of Tennessee Baseline Stream Survey of 20 stream sites 
conducted in 1981 (Etnier e t  a1. 1983). In addition to thc numbers and relative abundances 
of fish and invertebrates, the data base incla~des measure of stream size, structure, and water 
quality. Compilation of the core data is nearly c(9 paeke. This data set will k supplerncntcd 
with additional comparable data from Dr-s. D. A Etnier and e. A Vaughan, The University 
of Tcnnessee Department of 2aology. A major task in 1987 i s  the analysis of thk data base 
and tlnc evaluation of WOC in this regional context. 

&anmuamity strxacturc can be characterized not only by the number or identity of spcries 
that are present but also by the functional types of organisms, the relative proportior, ~f each 
functional group, and the naunmkr of species cornpsirig that group. This inforrnatim allows 
a much more sensitive evaluation o€ the ecological condition of a stream, as a€€ected by both 
natural processes and Iiumipn disturbanax. This approach, in addition to inorc-mnventional 
measures, will be uscd in the analysis of tke data base and will permit a more accurate 
prediction of how the stream community should respond. to changing conditions, such as those 
resulting from remedial actions. 

The second stage of this task is be, develop a theoretical model of stream commurnity 
structure that will allow prediction of the response of the biotic cnmmzlnity to changes 
resulting from remedial actions designed to  “irnprovc” conditions in the stream. Such a 
m d c l  must also incorporate the effects of natural processes, such ips droughts or increased 
rainfall, that will inevilably be superimposed on the intentional changes. ‘Ihe model to be 
developed will be based 011 the dynamic equilibrium theory of community structurr: (Htaston 
1979, 1985), which incorporates prwxsses that affect growth, reproduction, and productivity, 
as well as factors that cause mortality. 

’I’hc long history of research on aquatic ecosystem rnod~ls and food-web structure in the 
Environmental Sciences Division (ESD) at ORNL will greatly facilitate the development of 
this model. Data on growth rates and mortality of test organisms (Sect.. 3.1) and native 
species (SccQ. 6.2) for sites in WOC watershed will allow the rnodcl to be fjitbed to specific 
conditions in WOC. 

At this point in BMAB, it is too early to draw any conclusions about the *%way in which 
the biotic community of WQC is responding to  chaiiging conditions. Some interesting 
phenomena h w c  been identified, such as the apparcnt invasion and spread of the fathead 
minnow ( f i~~eplr t iks  p m ~ e l a s ) ,  that give sonic insight into the condition of the biotic 
mmn1unity. 

While certain taxa are known to be indicators of specific environmzntal conditions, either 
favorable or unfavorable, many spcics are essentially inte~chang~abk in the  functions they 
perform in a community. FCP this reason, the degree of overlap in the species lists of tW0 
streams indicates relatively little about the similarity or differerne bctween their communities. 
An assessment of trophic structure based on the functional roles of the species present givcs 
a niaach bettcr indication of community structure and will be uscd in the analysis of the 
rcgionall data base. 

The crzmnnunity striicfure of a stream is an indication of the stream’s emlogical conditions 
only if all functional types of organisms that could naturally occur tkerc actually have the 



~ ~ ~ ~ r t u n ~ t y  to occur there. For emnple, a specks 19%: fish that could occur in a stream may 
not be present because it was eliminated by temporarily ~ n ~ a v ~ ~ r a ~ ~ e  ~ ~ n d ~ ~ i Q ~ s  and then was 
adnablc to remloni~ the stream due to obstacles, such as ~ a ~ e r ~ a ~ l s ,  dams, QT thermal barriers, 

a tcrshd and may prevent an increase 
ons above the obstacle arc s 
species diversity in parts of 
ity even if conditions imprcwe ~ ~ f ~ ~ c i ~ ~ ~ ~ ~  lor more speci 
This sort of ~ i o g ~ ~ a ~ ~ h ~ c ~ ~  ~ ~ n s t r a i n t  on. ~ ~ ~ ~ ~ ~ ~ ~ t i o  

for its survival. T h i s  ~henomenQn 

~ r ~ ~ ~ a ~ ~ y  intlercnces fish co 
Tennessee Valley. Once a 
stream, its return 
where it p ~ ~ v ~ ~ ~ s ~ ~  wenrrec9. 

Benthic ~ n ~ e r t e b r ~ t e  communiiies are much less likely to be intluerild by such 
b ~ o g ~ ~ ~ r a ~ h i c a l  constraints becausc most stream insects are able t~ try during the adult stage 
of their life cycle, For this reason, the insect c o ~ ~ m e n ~ ~ ~ y  is likely LO show a much Fdsler 
response to  improving conditions than is the fish ~ ~ ~ ~ u n ~ t y ~  

The apparent invasion and spread oT the fathead minnow (discussed in Sect. 6.2.3.2) may 
be a consequence o f  such physical constraints on the natural fish c o ~ ~ ~ n ~ ~ y .  IC native fish 
spccies that arc f u n c ~ ~ ~ ~ ~ ~ l y  similar to the Eathead minnow were ~ ~ ~ ~ ~ i ~ ~ ~ t ~ ~  from WQG during 
the past when water qualify was much pmier,  they may still bc absent even though water 
q ~ a l i ~ y  has improved enough for them io survive, 7 us an ‘6cmpty niche” may exist i 
fish wmrnumihy because the invasion of native. speci which could fill that niche, has 
prevented by some sort of barrier. In this situation, a nonnative s p i e s ,  such as the fathead 
minnow, could  rapid^^ populatc thc stream following its accidental ~ n ~ r ~ ~ u c ~ i ~ ~ n  becausc of  
the lack of competition from iiativc species with the same role in the ~ ~ ~ u n ~ t y .  

An understanding of the structure of the fish and benthic invertebrate c o ~ ~ ~ ~ ~ ~ ~ t i c s  of 
WOC watcrshcd and of the principal natural factors that influernce them is essential for 
~ n t ~ r ~ ~ ~ ~ i n ~  the changes in community striicture that are anticipate over the course of 

MAP, duc to both intentional alteration of stream ~ n d ~ t ~ ~ n ~  and U ~ ~ n t ~ ~ t ~ Q n ~ ~  changes 
resulting from natural processess. 
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Development of ail effective biological mon;itoring program for the terrestrial 
environment presents special difficulties not encountered in aquatic environs, Fewer data 
exist on contaminant types, amounts, and sources for thc terrestrial environment near ORNL, 
and much of the available data for radionuclides were obtained many ycars ago. n u s ,  these 
data are not reliable indicators of current levels of contamination. The slower movement of 
contarninants in soils compared with that in air and watcr, as well as the greater potential for 
spatial variation ol contaminant concentrations in soils, complicates the task of surveying large 
land areas. Sairnpling must bc conducted more intensively within a givcn area, and sourccs 
or  hot spots cannot be readily tracked from flow patterns as in aquatic systems. Screening 
for contaminants is  further complicated by the fact that chemicals present in soils may not 
reach either surface waters or  groundwaters in sufficient concentrations to be detected during 
routine water quality surveys. Bccause organic contaminants with high sorption coefficients 
(KJ in soil may not be found in surrounding waters yet may still be available to terrestrial 
biota to produce toxic effects, a separate terrestrial monitoring program is needed to 
supplement the aquatic monitoring activities. 

Terrestrial biota can be used to overcome some of the problems of identifying 
contaminants in terrestiial systems bccause they are temporal and spatial integrators of 
toxicant cxposures and can reveal the biological availability of many chemical toxicants; 
hewever, terrcstrial animals are more difficult to sarnple than aquatic s p i e s .  Whereas most 
zquatic aiiinials can be obtained by elcctroshockiiig, seining, and netting, most terrestrial 
species must be trapped. The handling and transport of wild animals to the laboratory is 
more difficult and poses greater hazards of diseasc and bodily injury to workers 

While methods for biological, monitoring in aquatic environments have been intensively 
studied and extensively developed over the past decades, resulting in standard procedures and 
approaches for conducting many aspects of a biological monitoring program ( 
Hunsaker 1985, Eergman et  ai. 1986), the same is not true for teriestrial monitoring. The 
merit of using wild species as indicators of chemical contarnination bas been recognized in 
wildlife toxicologyy; yet the methods have not been developed io correlate biological endpoints 
with contaminarit exposure a i d  dose. Attempts to apply the techniques of wildlife and 
population biology to detect toxicological effects of contaminants on natura! populations of 
animals have proved ineffective because they are time-consuming, expensive, and typically 
yield equivocal results, a problem resulting in part from the high vaiiabilily inherent in natural 
systems. 

The objectives of Task 5, as stated in BMAP (Sect. 3.51, are (1) to document what 
radioactive and organic contaminants arc present in elevated amounts in thc terrestrial 
environment at ORNL, (2) to examine the potential for mobility and availability of these 
contaminants to terrestrial biota, and ( 3 )  to select the appropriate organisms a i d  monitoring 
approaches for more-detailed hiological monitoring, as needed ( b a r  e t  al. 1991). 

'I'he approach of the terrestrial monitoriiig program is to focus on analysis of plants and 
animals that can provide specific data on the mobility and biological availability of 
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contaminants. Analyses of soil and water are undertaken only as appropriate to document 
indications of contamination. New techniques €or biochemical dctection of animal exposures 
are being investigated for their appropriatencss for a more detailed biological monitoring 
program that will be based on initial scoping data. 

The specik objcctives of Task 5 of BMAP are (1) to  document what radioactive and 
organic contaminants are present in elevatcd amounts in the terrestrial environment at 
ORNL, (2) to  examine the potential for mobility and availability of these contaminants to 
terrestrial biota, and (3) to select the appropriate organisms and monitoring approaches for 
more-detailed biological monitoring, as needed (I-oar et  al. 1991). 

Studies undertakcn in 1986 were directed at surveying the terrestrial environment in the 
vicinity of SWSA 4, SWSA 5, the 3524 Equalization Basin, the ORNL Steam Plant, WOL, 
WOC, and Bearden Creek (reference site). Samples were also collected from the vicinity of 
EFPC, Brushy Fork, and Bull Run Steam Plant for use in comparative analyses. 
Contaminants surveyed in these scoping activities included 90Sr, 137Cs, 6oCo, 75Se, 
bcnzo[a]pyrene (BaP), and mercury. In addition, an intensive field survey was conducted of 
tritium (3W) in the area adjaccnt to thc ORNL SWSAs. Organisms sampled includcd several 
species of mammals and turtlcs. Grasscs, trcc parts, water, and soil sarnplcs were collected 
and analyzed as needed. 

7.1 FIELD SURVEY OF ENVIRONMEhTAL TRITTW LN AREAS ADJACENT TO 
ORNL SOLID RADIOACTIVE W A S E  DISPOSAUSTORAGE AREAS 

7.1.1 Introduction 

Studics wcre initiated in early 1986 on 3H in terrestrial environments adjacent to the 
ORNL SWSAs where 3X-I contamination is known to occur. Thcsc studies were undertaken 
to mcet several objectives: (1) to  survey the spatial pattern of %I in surfidce waters and 
shallow wcll waters of WOC watershed as an indicator of 3H sources; (2) to determine the 
levels of 'H in atmospheric moisture and thc relationship of such lcveis to 3H levels in soil; 
(3) to determine the human health significance, if any, of atmospheric 'H concentrations in 
the watershed; and (4) to  determine the history of 3H releases from SWSAs prior to 1964 
from tree cores and predict future trends in 'H rcleases. A summary of this investigation 
Collows; for a more comprehensive discussicin o f  the rcsults of this study, see h a n o  et al. 
(1987). 

7.1.2 Methods 

7.1.2.1 Survey of 3N in surface waters and shallow groundwaters 

In February and March 1986, water samples were taken Crom major tributaries and 
shallow groundwater wells throughout WOC watershcd. Croundwatcr wells were identified 
from maps and thc mctal tags prcscnt on each welt casing. Water samples were collected in 
plastic 1 L bottles and distilled t o  separate '13 from other radionuclides. The condensate was 
analyzd for 'H by liquid scintillalion ccunting in Aquasol. The detection limit was 
-0.5 nCil1.. 



Based o n  thc survey of 3H in surface waters and wel l  watcxs, scvcn sitcs were selected 
throughout thc watershed for sampling of 3H in soil water and almosphcric rcoisture in March 
1986. 'I'hesc sitcs were two locations south of SWSA 4, two locations south of SWSA 5,  the 
east scep between pits 2-4  and Trench 5,  north WOL bed, and near Building 1505 (Figs. 2.3 
and 7.5). 

Soil samples were taken with a 2-cna-diarn soil probe. Samples were divided into two 
sections: top (surface to  10 cm dcep) and bottom (10 to 20 cm deep). Each section was 
placed in a glass test tube and stoppered with a ruhbcr stoppcr to prevent evaporation. Soil 
water was removed by vacuum distillation (-760 mrn negative pressure at loom temperature), 
trapped in liquid nitrogen, and sampled Tor liquid scintillation counting. Air moisture was 
collected at each site by suspending two clean glass flash filled with dry ice at a distance o f  
25 and 80 cm above the soil. After -1 h, the air moisture, which had crystallized o n  the 
cxterior portion of the flask, was removed, melted, and sanipled f o r  liquid scintillation 
counting. 

7-1-23 Pine survey wutb of SWSA 5 

Loblully pines (finus tnedn) were sclcctcd along the south perimeter of SWSA 5 and 
sampled for A core was RXIIQVC~ from each trec with an increincnt corer and 
immediately placed in sealed glass tubes to preveril evaporation of water. In the laboratory, 
each cntire core  was soaked Tor 1 week in a known amount of distilled water that then was 
sampled to determine the concentration of frec 3~ in pine core water. Extraction 
experiments showed that 3H in the soak water reached steady state in lcss than 1 week. 
Cores were then dried at 60°C and cut into yearly increments based on the visiblh: trec rings. 
Each increment was burned in a Packard Tri-Caib Sample Oxidixr ,  and the v a p o r i d  'M was 
trapped arid dispensed into a mixture of water and scintillator. 

7.1.3 Kaults 

rritirim concentrations were below the detection liriil in Northwest Tributary and in 
WOC within the ORNL coniplcx. The  highest 3E-I concciitiation (17 pCi/I,) wits found in a 
small stream (middle drainage tributary) draining the south sidc of SWSA 5. Tritium 
conccntrations in WOC were less than thosc found in the tributary irnrnci8i;itcly south o f  
SWSA 4 because o f  dilution. Concentrations in Melton Branch at  the confluence wi th  WOC 
(3.2 ,uCi/I,) were  two orders of magnitude greater than concentrations in WOC. This survey 
showed that SWSA 4 and SWSA 5 (south) wcrc major sources o f  'H contamination t o  WOC 
and Melton Branch in the spring of 1986. 

Tritium coricentrations in shallow wells were generally less than conccntrations observed 
in surfacc waters, except for wells immcdiately south o f  SWSA 5. The highcst 3H 
conccntration in wcll watcr (370 p C i L )  was found in a shallow (8-m-deep) unidentified well 
located 011 the  Melton Branch floodplain south of  SWSA 5. As W i l S  the case for  the s u ~ i c y  
of surface waters, wcll water samples indicated that SWSA 4 and SWSA 5 (south) were major 
sources o f  3EI contamination t o  the watershed in thc spring o f  1986. 
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7.1.3.2 Cxncentrations of 3E1 in surface soh and air moisture 

Tritium concentrations in soil water wcre usually less in lopsoil (top 10 cm) than in 
subsoils (10-20 em). The highest 3H concentrations in soil water (> 10 pCilL) were found 
along the Melton Branch floodplain south 01 SWSA 5. Soils in this area were also very wet 
during the spring of 19%. Concentrations cf 3H in. soil water at sites south of SWSA 5 were 
- 1 0  times greater than 3H concentrations in soil water at any of the other six sampling 
locations. 

Tritium concentrations in air moisture collected immediately south of SWSA 5 along 
Melton Branch floodplain wcrc -1O00 timcs greater than concentrations mcasured in air 
moisture collected near Building 1505 near the main ORNL complex (Fig. 7.1). Tritium 
concentrations in air moisture immediately south of SWSA 4 and on the northern portion of 
WQL bed were also elevated above concentrations measured ncar Building 1505. Building 
1505 is not a '6control" site, because of atrnosphcric relcases o f  '€1 from thc main QRNL 
complex. 

As expected, 3W concentrations in air moisture close to the ground (25-cm height) were 
~ ~ i e  to three times higher than concentrations in air moisture collected 80 cm above the 
ground. There was a strong positive correlation between 'H concentrations in surface air 
moisture and 'H concentrations in surface soil water across the scven sites surveyed in March 
1986 (Fig. 7.2). 'The relationship between surface air (25- and 80-cm height) and surface soil 
was described by the equation: 

Y = 0.61X0,a, rz = 0.82, n = 14 , 

where 

X = 3 ~ - ~  conccntration in surface soil water, 
Y = 3H concentration in surface air. 

Relative humidity at the time of thc March air sampling was 30 to  36% at the seven sites 
sampled. (Dry bulb temperature was 25" C.) Relalive humidity during the Deccmber 1986 
air sampling bclow SWSA 5 was 60%. ( D I ~  bulb temperature was 8.S"C.) Based on the air 
temperature arid rclative humidity data, 3€l concentrations in air moisture wcrc converted to 
microcuries of tritium per cubic centimeter of air for comparison with levels that may give an 
annual dose of 5 rem/year to workers. Bascd o n  International Commission on Radiological 
Protection Publication 30 (ICRP 30>, a 'H concentration of 22 pCi/cm3 air over a 40-h 
workweek and a 50-week year is sufficient to deliver a dose of 5 redyear  to soft tissue (ICRP 
1980). Air concentrations at two locations south of SWSA S were more than an order of 
magnitudc below the 22 pCCi/cm3 air value. 

7-1-33 Pine survcy south of SWSA 5 

Tritium concentrations in thc tree ct3res along the southern perimeter of SWSA 5 
increased in a westerly direction B S  one approached thc middle drainage tributary of SWSA 5. 
Thc pattern of 3H concentrations in tree corcs indicatcd that 311 seepagc from SWSA 5 was 
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greatest in the vicinity of the  middle drainage, but there was some indication of increased 
sccpagc from thc  southcast corner o f  the  burial ground. 

Corcs from trees 11 and 12 were selected for interpretation o f  time trends because these 
two trccs wcrc the most highly contaminated o f  those surveyed. Concentrations o f  'H were 
averaged w c r  5-year increments to reduce the influence of year-to-year fluctuations. 'Time 
history data for  these f x w s  indicate that 3H releases have bccn increasing from 1965 to 1985 
in the vicinity o f  the middlc drainage tributary of SWSA 5. Both trees show similar time 
history trends al'lcr 1955. Prior to 1965, t ree  11 showed a peak in 'H concentration in the 
period 1951 t o  1955, which was not evident in tree 12 {Fig. 7.3). Prior analysis of tree core 
data f rom pines located south o f  SWSA 5 indicatcd that 3H rclcases from the burial ground 
were increasing from 1960 to 1975 (Auesbach et al. 1976). 'I'he present data are  consistent 
with that p i  i o r  intcrpretation a n d  indicate that, during the last decade, 'M migration from 
SWSA 5 has pcrhaps continued to increase beyond 1975 levels (Fig. 7.3). Howcver, it is 
uncertain to what extent the patterns observed from thcsc trees are  reprcscntative o f  
discharges from all o f  SWSA 5. 

A siirvcy o f  'H concentrations i tn  surfacc waters and shallow well waters during 1986 
showed that SWSA 4 and SWSA 5 iirc major contributors o f  'H to WOC watershed. Tritium 
concentrations in Melton Branch were highrr than those in WOC at the confluence of these 
two streams. 

Tritium concentrations in soil watc'r and atmospheric moistiirc were grcatcr in arcas 
immcdiatcly south of SWSA 5 than in areas immediatcly south o f  SWSA I. rritiurn 
concentrations in air moisturc incrcascd in a westerly dircction along thc southern portion 
of SWSA 5 a s  O I I C  approachctl the middle tributary drdinagc of the burial ground. 

rr-. I itium . conccntrations in ail showed both spatial a n d  seasonal variation. Concentrations 
in air rnoisturc at  different heights abovc the ground were more uniform during summer than 
during winter. This difference can be  attributed t o  the  prcsencc o f  tritiated water vapor 
transpired by trct: foliage and thc drying o f  the surface soil diiring summer. During winter 
the water table is nearer t o  the soil surface; conscquently, 'H concentrations in air moisture 
collcctcd ncar t h c  ground were elevated. Thcie was a strong positive correlation bctwccn 
'H concentrations in air moisture and 'H concentrations in surface (0- to IO-cm) soils. 

During this study, the  highest concentrations oE '11 in air did n o t  cxcc-cd ICMP 30 
recommended limits f o i  occupational cxposurc (40-h workweek). Ncvcrthelcss, 'El 
concentrations in air were high enough t o  merit periodic monitoring par! icularly in seepage 
iirciis south o f  SWSA 4 and SWSA 5 and in the immediate vicinity ot' the  middlc drainage 
tributary o n  SWSA 5 ,  wherc rcmcdial action engineering measures might he undertaken by 
laboratory or contr2ictor personnel. 

Pattcrns ol 'H in air moisture, surfacc waters, and pinc cores indicate that there is a 
major iirca o f  'I~I seepage from SWSA 5 ncar the middle dr-ainagc tributary. Ti i t iun i  
concentrations in tree cores from pines south of SWSA 5 indicatc that 'fi i i i ig i ; j ! io i i  irotn 
SWS4 5 in the vicinity of the middle drainage tributary has increased during thc Ix,t tiix.;idc 
t o  a lcvcl above that which occurred prior to  1975. 
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7.2 

7.2. 

WOI, has been contaminated with low-level radioactive waste since 1943 (Oakcs et al. 
1982). Numcrous studies have been conducted in the area since 1955 to asscss the levels of 
radionuclides in rcsident small-mammal populations and to evaluate the effects of 
environmeintal radiation (Auerbach 1958, 1959, 1961; Dunaway and Maye 1961; Kaye and 
Dunaway 1963); however, very little monitoring of radionuclide levels in W O L  mannrnals has 
been done since the early 1960s. Because additional relcascs oE contaminants may have 
occurred, a reexamination of animals in thcse areas is k i n g  conducted as part of Subtasks 5a 
and 5b of BMAP on radionuclides and organics, respectively, in the terrestrial environment 
( b a r  et al. 1991). The  purpose of these studies is to (1)  provide useful information on 
cxposurcs of animals inhabiting contaminated sites, using ncw and sensitive techniqucs 
dcvclopcd since the studies of 20 to 30 years ago; (2) determilie contaminant body burdens; 
a n d  ( 3 )  document the quantities o f  contaminants in msmmal populations. 

7.2.2 Descaipkiorn of Study Sites 

WOL acts as a settling basin for WOC, which rcceives chemicals and radionuclides from 
O R N L  operations. SWSA 6 is located to the north of the lakc. Leachates from other 
SWSAs within the watcrshcd rnay cnter the lake via WOC and adjacent uplands. 
Strontiurn-9Q, 137Cs, and 6oCo are  the predominant radionuclidcs in the lake (Oakcs et al. 
1982). 'I'he spccific sitc used in this study was located at the northwcst end  o f  W O L  and 
southwest o f  SWS'4 6. This area was sclcctcd for its dcnsc shrub-grassland vcgctation, which 
is flanked on  both sidcs by a forest stand, thus providing ideal habitat for many specics of 
small mammals. Preliminary trapping confirmed selection of thc sitc on this basis. 

A section of EFPC floodplain located in the City of Oak  Ridge was sclectcd as a primary 
reference sitc positive for BaP and mercury and negative for radionuclides based on  previous 
scdimcnt arialyscs (Iloffman e t  al. 1984). 'I'lie crcck originates at the Oak  Ridge Y-12 Plant 
sitc, flows through New Hope Pond and the City of Oak Ridge, and enters Poplar Creek east 
of ORGDP.  Near EFPC kilometer 18.2, the floodplain is low and the crcck pcriodically 
overllows, depositing scdimcnt. The floodplain at this point contains abundant vcgctation 
including sncczcwced, jewelweed, and grass. A box elder grove and an old field border the 
arc  a. 

Another sclectcd field sitc was the 3524 Equalization Basin, which is used 2s a process 
waste disposal basin at  ORNL. Thc  einlincd pond, which is located in the 3500 area of 
OKNL,, is 85 by 24 m and has a volume of -3800 m3 (one million gallons). Of the 5.6 I'Bq 
(150 Ci) of nuclides cstimated to bc in the basin sediments, 137Cs makcs up 68'36, and "Sr 
contributes 19% (Braunstein ct al. 1984). Groundhogs wcw c o m m o n  in the area at thc time 
trapping was initiated. 

Additional mammal trapping sites included the vicinity o f  t h c  ORNI, Stcam Plant, along 
the banks o f  WOC, a grass/shrub area near the Bull Run  Steam Piant. and along the hinhs 
o f  Brushy Fork, ii tributary o f  Poplar Creek located riorth of Oak Ridge (Fig. 2.1). 'i'hc lrittcr 
two arcas w a e  included as additional reference sites. 
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7.2.3 Methods 

Several types of traps and baits werc used to capture mammals;. Small animals were 
trapped by using 22.5 x 7.5 x 7.5 cm Sherman live traps, typically placed in grassy areas and 
along logs and baitcd with suntlowcr sccds. Pitfall lraps baitcd with anchovies wcre uscd at 
some sites to  capture shrews. 1,argcr mammals were trapped with 65 x 22.5 Y 22.6 cm 
Tomahawk live traps placed along stream and lake banks. Applcs served as bait for 
groundhogs and muskrats. 

Trapping was carried out in the summer and early fall oE 19%. Animals werc transported 
to the laboratory each day for weighing, species identification, and blood collection. Animals 
wcrc anesthetizcd with Metafaneo (2,2-dichloro-l, 1-difluoroethyl methyl ether) for blood 
collection and either sacrificed in the labortitory by exsanguination or returned to the field 
for release aftcr rccovery from the anesthesia. Blood samples were taken by heart puncture 
for small mammals and a snake and by puncturc of the caudal artery for larger mammals, such 
as muskrats. Corpses were frozen and kept fp->r gamma radiation counting and organ analyses. 

Bccause of the small size of the an;mals examined in this study, kidncy samples 
(0.5-1.0 g) from several individuals of the szme species at each sitt: (EFPC, WOL, and Bull 
Run Steam Plant) were combined for mercury analysis. Analyses were done by ACD at 
ORNL, through the usc of atomic absorption spectroscopy. 

Body burdens of gamma radiation were dctermincd by using a gamma ray spcctrometer 
(Nuclear Data, Inc., 6620 microprocessor) coupled to an intrinsic gcrmanium detector having 
a relative efficiency of 25% and a resolution of 1.8 keV for the "Co 1332 photon. Dead 
small animals and tissue samples of larger animals were fittcd into vials of  predetermined 
geometry and counted for -22 b each. 

Blood samples were analyzed for flap metabolites by the method of Shugart (1985). 
Diol-epoxidc mctabolites of BaP covalently bound to hemoglobin were released by acid 
hydrolysis. Resulting tetrols were separated by high-performancc liquid chromatography 
(Perkin-Elmer Series IV Liquid Chromatograph) and detected by tluoresccncc spcctromctry 
(Perkin-Elmer IS-4). Separations were achieved by a reversed phase techniquc with the use 
of a Vydac column and methano1:water (4555) as the cluent. Two metabolites of 
BaP-benzo(a)pyrene,r-7t-8,9,c-l0-tetrahydrotctrol and benzo(a)pyrene,r-7,1-8,c-C),l0-tctra- 
hydrotetrol, referred to as tetrols 1-1 and 11-2, respectivcly-servcd as indicators of BaP 
exposure in the animals. 

7.24 Results 

A variety of mammal species were collected at Lhe six sampling sites (Table 7.1). The 
white-footed mouse (Peromyscus leucopus) was the most abundant spccics at both EE'C and 
WOL. The shorttail shrew (Blan'na hrevicautla) was the second most common small mammal. 
Muskrats were prescnt along steep, sunny banks where pools were present in the streambed; 
no muskrats were captured at WOZ,. Only groundhogs (Munnofa rnonnx) were captured at 
thc 3524 Equalization Basin; no mammals were captured at  WOC. Several nonmammalian 
species were also captured at EFPC, includinz the black rat snake (Eluphne ohsoleta obsoleta) 
and the snapping turtle (Chelydra serpentina). 
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Site/species No. collected 
.__1 

East Fork Poplar Creek 

White-footed mouse (Peronyscrrs I~ucopus) 27 

House mouse (Mus n z u ~ c d u . ~ )  1 

Shorttail shrcw (Blarina brevicaudra) 2 

Muskrat (Ondam zrherhica) 9 

Cotton rat (Si\piodan hispidu.~) 1 

Noiway rat (Korrus norvegicus) 1 

Black rat snake (Eiaphne ohsoleta ohsoleta) 

Snap ping turtle (Chelydru serpenrinn 

1 
1 

White Oak Lake 

White-footed mo iisc (Perowyscus leucopus) 

House rnoiise (Mus musculus) 

Coi ion rat (Siplodon hiqlidu Y) 
Shorttail shrew {Bhrrm brevicnudn) 

Prairie vole (Microtus ochrogustrr) 

ORNI, Steam Plant 

Eastcrn cottontail rabbit (Sylvilug2t.s florzdanrrs) 

Bull Run Steam Plane 

Pine vole (Piynzys pinetorum) 

Shortiail shrcw (B1arinn brevicanrdn) 

CXton rat ( S i ~ p ~ d o n  hirpidus) 

Brushy Fork 

Groundhog (Mnmiota I I ~ O T Z C I X )  

Opossum (Didcphis mor.supinli.7) 

14 

1 

3 

7 

1 

1 

1 

1 

3524 Equalizatiori Basin 

Groundhog (Mornlofa niuiil~x) 4 
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Analyses of pooled kidney samples from captured animals (Table 7.2) sklowcd that 
mercury concentrations in the shorttail shrew at EFPC wvere almost two orders of magnitudc 
higher than conccntrations in shrews at WOL or Bull Run Steam Plant, 21 pg/g wet wt 
comparcd with 0.55 and 0.08 pg/g wet wt reipedvely. Cotton rats and white-footed mice 
collccted at EFPC also had elevated concentrations of mercury iompaxcd with those of 
spccics ccsllccted at thc othcr two sites. 

Mercury levels in animals from WOL were intennediatc betwcen the concentrations 
found at EFPC, which is known to contain elevated nicrcurgr conccntrations (eg., 'IVA 198Sb, 
1985~) and those ohserved at Bull Run Steam Plant, for which data on mercury residucs in 
soils are not availablc. Additional rcsidue analysrs will. be conducted to determine thc 
significance of mercury contamination in the WOI, area. 

East Fork Poplar Creek 

Whitc-l'cPoted mT1ousL: 

Shorttail shrew 

Cotton rat 

White Oak Zake 

White-footed mouse 

Shorttail. shrew 

Cotton rat 

Bull Run Steam Plant 

Shorttail shrew 

Cotton rat 

Pinc vole 

0.78 

21 
1 .P 

0.18 
0 s  

0.04 

8.08 

0.05 

0.07 
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7.2.4.2 Gamma ra 

Gamma radiation counting of small maniinals and groundhogs is incomplete at this time. 
IIowevcr, preliminary results indicatc that, although moCo and '06K~i have been reported in 
manitnals from previous studies on  WOL (Dunaway and Kaye 1961, Kaye and Dunaway 
1963), thcse radionuclides were not detected in the present study. These di€€erenccs may be 
duc ,  in part, to their relatively short half-lives (60Co = 5 years, l'Ru = 382 d)  and to  the fact 
that animals counted in previous WOL studies were collected from the deaincd lakc bed itsclf 
and may have bccn exposcd to higher concentrations of radionuclides tha animals from the 
adjacent upland. Ccsium-137 (half-life = 30 years) was detectable in some, but not all, of thc 
whitc-footcd mice counted. 

Both 13'Cs and %o were detected in groundhogs collected from the  3524 Equalization 
Basin. Ccsium-137 ranged from 3.7 t o  4.2 x lo3 Bqkg dry wt in muscle and from 1.5 to  1.6 x 
lo3 Bqkg dry wt in bone. Cobalt-60 ranged from 15.5 t o  26.2 Bqkg dry wk in rrnuscle and 
from ~ 0 . 3 7  to 17.4 Mqkg dry wt in bone. No  G°Co and only trace quantities of 137Cs were 
detccted in control groundhogs. 

Results of blood analyses showed site and species differences in exposure to  BaP. Only 
mammals collected at  EFPC had detectable amounts of the BaP tctrol, indicating DaP 
rxposurc (Table 7.3). Although several species from IEFPC had detectable concentrations of 
BaP tctrols, none of the wkite-footcd mice were positive (Table 7.3) .  These data suggest that 
wiiitc-footed micc, which a re  graiiivorcs and live aboveground, may not be suitable Cor 
determining the bioavailability of polycyclic aromatic hydrocarbons ( P M s  j in soil. The  fact 
that RaP tetrols were found in shrews, muskrats, and a snapping turtle, species that have a 
great deal of soil and/or sediment contact, indicates that these species (or others with similar 
habits) a re  preferred for biological monitoring of PAHs. 

Several common mannmalian specics with different food preferences and habitats occiir 
near ORNL and can be  used for contaminant monitoring of the Lerrcstrial environment. 
Yrcliminary cvidence indicates that white-footed mice, which are  more abundant than shrews, 
a re  likely to be the most useful spccies for monitoring those OWNL sites where radiomauclidcs 
a re  available to  terrestrial biota; however, this spccies is not well suited as a biological 
monitor for PAI1s. Groundhogs at the 3524 Equalization 'Basin probably represent the 
highest radiation exposure of wild mammals at ORNL because of the  high radionuclide 
concentrations at  the site. 'They are  excellent candidates for evaluating the use of biochemical 
indicators of gcnotoxic cxposure for the routine terrcstrial monitoring program. Small 
mammals collccted near seeps in SWSA 4 and SWSA 5 will also be analyzed. 

,4nalyscs of kidney tissues froni small mammals showed that mcrcury concentratioins are 
elevatcd in mammals from WQL (relative to  those from Bull Run Steam Plant) but arc  much 
lowcr than those in animals from EFPC floodplain. Additional analyses a l e  being conducted 
to  determinc the relativc importance of mercury as a contaminant to terrestrial species in the 
WOL area. Preliminary results showing an absence of BaP metabolites in blood of small 
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Table 7.3. Concentrations o€ bemo[a]pyrene tetrol in the hernoglobin (Hb) 
of animals from the Oak Ridge National Laboralory (ORNL) environs, 

East Fork Poplar Creek floodplain, and reference sites 

SiteJspecies Sample size BaP tetrol (pg/mg Wb)" 

East Fork Poplar Creek 
Muskrat A . 1 1.28 

B 1 0.85 
c 1 0.34 
D-I 6 ND 

Shorttail shrew A 1 0.42 
B 1 0.27 

Snapping turtle 1 0.16 

Cotton rat 1 ND 
Black rat snake 1 ND 
House mouse 1 ND 
White-footed mouse 27 ND 

Norway rat 1 0.15 

White Oak Lake 

Shorttail shrew 

Cmtton rat 

Prairie vole 
House mouse 
White-footed mouse 

7 ND 
3 ND 
1 ND 
1 ND 

14 ND 

3524 Equalization Basin (ORNL) 
Groundhog 4 

OKNI, Steam Plant 

Eastern cottontail rabbit 

Bull Run Steam Plant 
Shorttail shrew 

Cotton rat 
Pine vole 

Brushy Fork 
Groundhog 

Opossum 

ND 

1 ND 

3 
1 
4 

1 
1 

ND 
ND 
ND 

ND 
ND 

"ND = not detectable; limit of detection is 10 pg. Reported values wcre normalized to 
1 1ng of  EIh. 



148 

mammals indicate that P M s  are not likely to be of concern as contaminants of the terrestrial 
environment at OWNL. 

Of the vertebrates that inhabit both aquatic arid tcrrestrial habitats, frcshwatcr turtles 
have a close contact with sediments and are wcll suited as monitors of the biological 
availability of radionuclides from a contaminated water body. Freshwater turtles have proved 
to be good seiitirrej specics for monitoring contaminants, such as PCBs (Helwig and Hora 
1983, Olafsson et al. 1983), organochlorine pesticides (Pearson et  al. 1973, W e n  and Wells 
1976) and heavy metals, such as mercury and cadmium (IIelwig and Hora 1983). 

Many of the attributes of turtlcs that made tlntin valuable bioindicators of contamination 
in these sttmdies apply to sites containing radionuclides as well. Because most turtles are 
omnivorous, rzdionuclidcs in both plants and animals can contribute to the body burden. 
Furthermore, because most turtle species arc relatively long-lived, a lengthy exposure to 
contaminants may occur. In addition, adult turtles are of interest in critical pathway analyses 
for risk assessments because they are consumed by humans. Similarly, turtle eggs and young 
are often ingested in the wild by predators, such as skunks and raccoons. and can be 
evaluated as a potential source of contamination to terreqtrial wildlife Turtles are being used 
as sentinel specks f m  the detcction of contaminants at the DOE Savannah River Ecology 
Laboratoi y (SREL) (J. W. Gibbons, Savannah River Ecology Laboratory, personal 
communication, 1986). The prescint study was undertaken to (1) determine whethcr turtles 
cart be useful in monitoring the biaavaiiabili ty of 1 adinnuclides in aquatic sediments and 
(2) evaluate the utility and appropriateness of measuring DNA daraaagc to determirie exposurc 
of organisms to gcnotoxic agents (such as radionuclides). Turtles were trapped from WOE 
(SGC Sect. 7.22) and from Bearden Creek embaymefit on Melton Jiill Reservoir, a 
noncontaminated reference site east of OKMB, (Fig. 2.1). 

Although some preliminary trapping was conducted in 1985, most of the turtles weie 
enlllccted from June to  September 1986. Animals were captured by using hoop nets, 0.525-cni 
wire mesh funnel traps, 2.5-cm wire mesh box traps (Tomahawk Company, Tomahawk, 
Wisconsin), and trotlines. Traps baitcd with fish were placed near the lakeshorc and checked 
daily during trapping periods. 

Turtles were measured, wcighed, and aged. They were subscqucntly either (1) marked 
and returned to the site or (2) sacrificcd for dissection, liver biopsy, and gut content analysis 
and. then frozen for later analyses of radionuclides. Dissected animals were separated into 
bone, muscle, plastron, carapace, gastrointestinal tract, and various internal organs. Whole 
small turtles and the tissues from sacrificed turtles were counted for gamma radiatiori as 
described in Sect. 7.2.3. AI1 soft samples were fitted into containers of predetermined 
geonietry and counted until an error term of 18% or less was obtained. 'To n ~ e a s ~ r e  '%3r in 
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turtlcs, saniples were asbed and acid digested for Cerenkov counting (Lauchli 1969, Larsen 
1981) in a liquid scintillation counter (Packard Tri-Carb 4640). 

To estimate abundance, turtlcs were marked prior to release by using a procedure 
devcloped at SREL, in which the marginal scuta  o n  the carapace are designated with a lctter 
and niarkcd on individual animals by drilling holes (3. . Gibbons, Savannah River Eccdogy 
Laboratory, personal communication, 19%). 

A total of 53 turtles of 6 species were trapped, indicating that W IL has a highly diverse 
turtle community. The yellow-bellied slider (Pseudemys scripta) W A ~  the most abundant 
species, although stinkpots ( ~ ~ ~ ~ ~ ~ f ~ ~ e ~ , ~  odurafus), painted turtles ( ~ ~ ~ ~ ~ . ~ e ~ ~ ~ ~ ~ i ~ ~ ~ ~ ,  common 
snapping turtles (Chelydm serpentim), Eastern spiny soft-shell turtles (Triunyx si9in~ems 
spinifems), and map turtles (6r~ptemys ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ )  wcre also present (Table 7.4). Turtlcs 
collected from Rearden Creck embaymcnt (refereme site) includcd the yellow-bellied slider, 
which was the most abundant species, the stinkpot, and the paintcd turtle. 

Table 7-4. Capture frqutxcy of te Oak Lake turtles, 1 

Disposition 

Species 
Total Released 

(not marked) 
Sacrificed Marked Recaptured 

Snapping turtle 

Soft-shellcd turtle 

(CficryLira serpentina) 

(Trionyx spinqems 
.~pin@rus> 

Stinkpot 
(Srem 0th ems odoratus) 

Yellow-bellied slider 
(Pseudemys scripta) 

(Chry,s~niys pictrz) 
Painted turtle 

2 5 

- 1 5 4 - 

- 1 4 - 3 

10 15 4 P 29 

9 I - 1 8 

1 - - - Map turtle 1 
(Graptemys geopaphica) 
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7.3.3.1 Radionu 

Analyses of dissected organs and tissues for gamma radiation are in progrcss. Prelimiriary 
data from these analyscs show 137Cs throughout the body, with the majority found in muscle 
(230 to 240 Bqkg wet wtj. Cobalt-60 accumulated primarily in the liver (37 to 41 Bqkg wet 
wt) and kidneys (35 to  56 Bqkg wet “I). Selenium-7S was found at the highest 
concentrations in the uamlaid eggs (premature eggs with yolks but no albumin or  shells), 
ranging in value from 38 to 44 Bq/kg. 

Because the majority of wOSr in turtles is likely to  be found i n  shells, the carapaces and 
plastrons of four yellow-bellied sliders collected from WQL during July 19SS were acid 
digested, ashed, and counted to determine radioactivity. Pre1hinax-y analyscs show 
concentrations of 90Sr in the carapacc ranging from 4.4 x io3 to 10.1 x io3 Bqkg wet wt; 
concentrations in the plastron ranged from 6 8  x lo3 to 12,6 x lo3 Bq/kg wet wt. These data 
are not yet corrected for possible interference by 137Cs and moCo (Larsen 1951) and thus must 
be regardcd as preliminary. 

733.2 Gut content aaa1ys.a 

The gastrointestinal contents of six turtles from WOL were examined to assess the 
influence of food preference on radionuclide concentrations found in various species. Eastern 
spiny soft-shell turtles ingested primarily fish and crustaceans (88 to 98% of diet), map turtles 
appear to feed exclusively on snails, whereas snapping turtles appear to be omnivorous, based 
on the mixture of detritus, sediment, and plant and animal matter that was recovered from 
the gastrointestinal tracts. The differences in food habits can be useful in explaining species 
differences in body burdens of radionuclidcs fioin turtles in WOL. 

Those contaminants that predominate in WOL sediment and water (Cerling and Spalding 
1982) were also found in turtles (%SI-, 137Cs , 6oCo). In addition, 75Se was present. 
Considerable species differences were found in the body burdens of specific radionuclides in 
turtles. Preliminary data indicate that variability may be a function of differences in food 
preferences and sediment contact among species, Additional data are being collected to 
establish such relationships. Data on radionuclide concentrations in turtles to be obtained 
in this study will also be used in the screening analysis described in Sect. 8.1 to determine 
potential exposure pathways to humans who ingest these animals. 

Results obtained in this first phase of monitoring in the terrestrial environment will be 
useful for delineating the scope and focus of future monitoring and remediation activities. 
Although many species are available as biological indicators of contaminant exposure, results 
to date show that species selection is an important consideration in designing a monitoring 
program. Appropriate selections depend not only 011 the food preferences and habitats of 
the animals but also on the type of coritarninant under study. 



Preliminary studies indicate that PAHs in terrestrial species at ORNL are unlikely to  
exceed background Icvels, while radionuclides are elevated in several wildlife species 
consumed by humans. Further analyses are planned to  confirm these preliminary findings. 
Analyscs or radionuclides in small mammals will focus on  identifying areas potentially 
contributing to the uptake of radionuclides by deer, which emcrged as a problem during 1986. 
Additional sampling will be conducted to evaluate mercury as a contaminant of terrestrial 
biota at WOL. 

Fat analysis of wild animals for PCBs was not conducted as planned (Subtask 5b of 
BMAP), due to the lack of sufficient fatty t'ssue in the animals. Unlike their counterparts 
in the laboratory, wild mice and rats had negligible amounts of fat. Other tissues (e.g., brain) 
are under consideration for PCB analysis, but these studies will not be initiated until the 
radionuclide analyses have been completed. 

'Ihc groundwork has been laid during this past year far achieving the goal of determining 
the utility of new biochcmieal techniques for detccting exposure of wild animals to 
environmental contaminants. Studies during the next ycar will determine whether these 
state-of-the-art assays can replace many presently used, time-consuming, and inconclusive 
approaches to wildlife toxicology. 

Because SWSA 4 and SWSA 5 were found to be major contributors of 'H to WOC 
watershed and because '1-1 concentrations in tree cores in the vicinity were found to increase 
during the last decade, additional studies of this radionuclide are planned. Strong seasonal 
changes in the 3H concentration in soil water were identified in floodplain soils below 
SWSA 5. Future studies will seek to quantify 3H t'luxes in this area. 
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T h e  purpose of conducting a preliminary screcnhg analysis on a contaminated 
environment is to  identify contarnirranls and areas of concern from the standpoint of 
protecting human health. Equally important is the identification of contaminants that arc  
prescnt at  such low levels that they should not be of concern. Such analyses a rc  important 
bccause the results can be used in decision making and to identify arcas whcre additional 
research and data collection a re  needed as well as those areas of lcss concern. 

The approach taken in this screcning analysis involves the use of conservatively biascd 
calculational procedures @e-, procediires that are not likely to undeiestimate the actual 
cxposure of hunians to a given radicaauclide). If calculated exposures d o  not approach o r  
exceed specified limits o r  established health standards, individual eadionuclidcs and food-chain 
pathways can bc screcncd out  and thus given a low priority for futurc consideration. 
Individual radionuclidcs that are  calculated to approach or exceed cstablishcd limits arc 
designated as potcntial pollutants that warrant further investigation. 

It must be emphasized that the values cstimated by screening tcchniqucs arc  strictly for  
comparison with cnvironmental standards (limiting values) and are  not intended t o  reprcscnt 
actual doses to  humans. Because of the nature of thc  assumptions and mcthods incorporated 
in thcse techniques, the actual doscs, in most situations, will be significantly lcss than thc 
values calculated for screcning. 

In this study, a screening analysis was conducted for radionuclidcs in WOL as part o f  
Subtask 6a of BMAB (Imar e t  al. 1991). A screening analysis for rnctals and organic 
pollutants in WOL will be reported in the next annual report. Tlie current screening study 
was conducted for exposure pathways leading to  humans for three possiblc scenarios that 
could rcsult from remedial actions that a re  being considcred for WOL. 

8.1.2 Methods 

WOL has received radioactive cfflucnis from ORWL opcrations since 1943. Metals and 
organic pollutants have also been released into the lake, although monitor irig progi arris and 
cnvironmental data collections have emphasized radioactive pollutants. Some information has 
bcen obtained recently on concentrations of heavy metals and organiz pollutants in the lakc 
(e.g., W A  19853, 1985b, 1985~). Data  available from monitoring programs and 
environmental studies a re  reviewcd and summarized in Shewood and b a r  (1987). 'I'hc most 
rcccnt data on radionuclides, if applicable, were used in the prcscnt analysis. 

The potential h iman  cxposure pathways from proposed rcmcdial actions for WOL wcrc 
considered lor  the following thrcc scenarios. 
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Secnario 1. The lake is maintained at its current status, and the public is allowed Erec 
access to it and the surrounding environs. The  potential for human exposure includes the 
aquatic and tcrrcstrial food-chain pathways a.nd external exposure from the floodplain, 
scdimcnt, and water. Thc various exposure pathways are shown in Fig. 8.1, and the 
components considered in these exposure pathways are listed in Table 8.1. 

Scenario 2. The lake is completely drained, and the public is allowcd access. Potential 
exposure to humans in this scenario is the terrestrial food-chain pathway and cxternal 
exposure from the floodplain and drained lake bed. It is assumed that WOC is routcd around 
or through the lake bcd but that the stream does not support adequatc biota €or human 
consumption. 

Sccnario 3. The lake is drained and capped or excavated, with a canal constructed 
around it to divert the flow of WOC into the Clinch River. The  radioactivity in the WOL 
environment is isolated from the public by removing o r  entombing the contaminated material. 
‘Ihe public is allowcd free access but is no longer exposed to any critical pathways. External 
exposure from residual material would depend upon the level to which the radioactive 
material is either cleaned up or isolated. Although radiation exposure to humans would occur 
during the process of isolating the contaminated material, evaluation of the exposure during 
h i s  period is beyond the scope of this screening evaluation. 

8.1 -2-2 Dcscription of e x p u r e  pathways 

Aquatic. The aquatic food-chain pathways include consumption of water, tkh, turtles, 
clams, crayfish, and aquatic plants. Thc  species of fish consumed are bluegill (Lepomis 
rmcroclzinis), carp (Cyptirius carpi~) ,  and largcmautk bass (Micropterns snlnzoides). Aquatic 
plants, namely Elodea and Potomageton spp. as wcil as other macrophytes, are considercd 
potential exposure pathways; however, the usc o f  aquatic plants from W O t  would probably 
be very limited. The  annual consumption rates for aquatic and terrestrial foods used in this 
analysis are listed in Tablc 5.2. As conditions exist today, most of the aquatic food-chain 
pathways, with the cxception of fish and turtles, would be o f  little significance because oE the 
limited quantity of biota available for consumption by humans. Howcver, for screening 
purposes the aquatic foods listed in Table 8.i were used in thc analysis. 

Tenrestrial. The tcrrcstrial food-chain pathways considered for screening purposes are 
illustrated in Fig. 8.1. They include the consumption of agricultural crops grown on either 
the drained lake bcd or the floodplain, inadvcrtent consumption OF bottom sediments or 
floodplain soil, meat from large and small game mammals (e.g., deer and rabbits), milk from 
cithcr cows or goats grazing on the drained lake bed, bee€, poultry, eggs, honey, and 
waterfowl. 

Mema1 f ipsure .  External exposure pathways include swimming, boating, sunbathing, 
handling of fishing gear, and working ovcr thc contaminated sedimcnts on the tloodplain and 
lakcshorcs in tasks such as gardening. For this prcliminary screening exercise, dcfault values 
for  occupancy ratcs wcrc taken from the International Atomic Energy Agency (IAEA) 
Tcchnical Report 57 (MEA 1982) and arc W e d  in Table 8.3. 
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Table 8.1. Foodxhain and mTnterna1 exposure pathways corrcspnding to each of 
the thra  remedial action mnarios - 

Pathway component 
Pathway 

Scenario 2 Scenario 3 Sccnario 1 

Aquatic Fish No aquatic No aquatic 
components Turtles components 

Invertebrates 
Crayfish 
Aquatic plants 
Waterfowl 
Water 

Tcrrcstrial Rabbits Rabbits 
Dcer Deer 
cows G?ws 
Chickens Chickens 
Vegetables Vegetables 
Honey Honey 
Sediments Scdirncnts (soil) 

No tcrrcstrial 
com poncn ts 

External Working over Working over No external 
scdinicnts scdimcnts (soil) path ways 

Boating Sunbathing over 
Swimming scdiments (soil) 
Sunbathing over 

Handling fishing 
sediments 

gear 

8.1 -2.3 Methods €OK dose calculations 

Data Base. Data used for the scrcening analysis a r e  based o n  thc  most recent WOL data 
available; if 110 data were available o n  WOL, I hcn literature valucs and mathcrnatical models 
wcre used to cstimatc thc radionuclide concentrations in food-chain ccirnponcnts. 
Concentrations for the aquatic food-chain pathway are  listed in Tablc 8.4. In  scvcral cases, 
the mcasured concentration in biota was bascci on samples collcctcd in the early or mid-1970s. 
Thcsc values were used for screening instead o f  using calculated conccntrations because thc 
quantity of radionuclides, cxccpt for trilium (Ohnesorgc 1986), releascd into the lakc has not 
changed substantially during the last 15 years and bccausc prcdictcd values tend to 
significantly overestimate measured values. 

Thc avcragc measured value for a radionuclidc concentration in a food-chain componcnt 
was uscd whcn a data sct  contained an adequate number of samples. For cxaniple, the 
liighcst average concentrations of 137Cs and ''(20 in muscle tissue of the threc fish spccics 
listed in Tablc 8.4 wcrc uscd to  calculatc doscs lo humans. The avcragc conccntralion oE 90Sr 
in cvisccratcd carcasscs of bluegill, instcad oC the conccntration in rnusclc tissuc, was uscd to 
calculate doscs t o  humans bccausc thcsc values would conscrvativcly rcprescnt a food-chain 
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Aquatic plants 2v 

Fish 7 9  

‘I’urtlcs 7.3 

Clams 1.8“ 

Crayfish 1.x“ 

Beef 1 ov 
Venison 7.5” 

Small  gamc, mammals 25” 

Honcy 1 .e 

Milk (cow and goat) 30w 

Vegetables (fresh) 20v 

Po u 1 try 9.5” 

Watcr 43w 

Scdirncnt 0.365‘ 

Waterfowl 9.5” 

Eggs 15.0” 
l _ ~ . . -  .._.I__...- I 

O E .  M. Rupp, 1;. L. Miller, and C. I:. L3acs 111, “Some licsults o f  
Recent Survcys of  Fish and Shellfish Consumption by Age and Itcgion 
o f  U.S. Kesiticaits,” ikenlth b’hys. 39, 165.-175 (1980). 

bMartin Marietta Encrgy Systcms, Inc., I<n’nvironinenf(d Monitoring 
lieport, U.S. Depnrtment (2f l iner0 Oak Ridge Facilitiec, C(~lentlar 
Year 2984, OKNL-6209, Oak Ridge National laboratory, Oak liidgc, 
’l’cnn., 1985. 

‘Screening Techniques for Detennining Cotnpliance with l%\*iron- 
mental Sfnndirrdsr Releases of Rudioniiclid~r to the A ftnoyliere, NCKI’ 
Commentary No. 3, National Council on Radiation Protection and 
MedsurcmEnls, Bethcsda, had., 1986. 
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Pathway 

Working over contaminated sediments 2000 

Sunbathing loo0 

Handling fishing gcar 2000 

Swimming 300 

Boating 2000 

Source: Generic Models avd Parameters for .Issessing the 
Krivironmenfal Transfer of Radionuclides from Roiltitie Rdeases, 
Safety Series No. 57, Intcrnational Atomic Energy Agency, Vienna, 
1982. 

Table 8.4. Conwnlrations or radionuclidcs (in bcquercls per kilogram wct 
weight, unlcss othcrwisc noted) in amponcnts of thc aquatic focxl-chain 

pathway in White Oak Lake“ 

Coni poncn t 137cs Yh “OS r 3K 

Fish 
Carp 
Largcmou t h bass 
Bluegill 

Tur  tics 

Crayfish 

Clams 

Aquatic plants 
Elodea 
Potoningeton 
Macrophytes 

Water, Bq/L 
White Oak Dam 
Melton Branch 

260 
590 
360 

630 
330 

- 160 

2,200 
960 
590 

1.6 

6.3 
8.5 
9.6 

480 

52 

13,000 
7,400 

560 

2.3 

19 

890“ 
8.5 

-...I.-- 5 600 

11 
2,500 

12,000 
12.(XK) 
12,OOO 

12,000 

-- 12,ooo 

I 1,000 
I-__ 

1 1,000 
--.. 1 1,ooo 
1 1,000 

1 3,000 
93,000 

“Underlining indicates model-derived values. 
bMcasured concentration in eviscerated carcass. 

pathway that included thc  consumption of fish bones as well as muscle tissuc. Whcn thc 
numbcr of samples composing the data set was limitcd, thc maximum valuc was uscd. 

When WOL data were not available, literature values and mathematical modcls (MEA 
1982, Ng et al. 1982, NCRP 1986) were uscd to calculatc radionuclide conccntrations in 
food-chain componcnts. For Sccnario 2, in which rriciisurcmcnts wcrc not available for thc 
tcrrestrial food-chain phthway, t h c  concentration in the lollowing Food-chain components was 
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calculated: vcgctablcs grown on the lloodplain o r  drained lake bed, milk from cows and goats 
consuming vegetation grown on  thc lake bed and drinking water from Melton Branch, bccf, 
poultry, and cggs (Tablc 8.5). These calculations were based on  conscrvative dcfault valucs 
[or concentration ratios ( cu r i a  pcr kilogram of dry or frcsh weight o f  vcgc1ation:microcurics 
per kilogram o f  dry weight of soil) and transfer coefficients @e., the fraction of radionuclide 
ingested daily by an hcrbivore that can be measured per unit mass of animal product or that 
is secrctcd in milk when a t  steady-state conditions). Although the calculated values may 
dcviate from measured valucs, they are  expeclcd to result in an ovcrcstimation of the actual 
concentration. The concentration of tritium (3H) in Melton Branch, a tributary of WOC, is 
ovcr an order of magnitude higher than in ’bVOP, (Martin Marietta Encrgy Systems 1986a). 
I f  WOL is drained, less dilutioii of 3H would occur; therefore, for conscrvative purposes, the 
conccntration of 3H in Melton Branch was used to calculatc doses to man from drinking 
water and from ingcstion of milk, beef, and other  foods. Dccr were considered to b c  frcc 
ranging and would not spend all of their time o n  the WOL bed. Tablc 8.6 provides 
rclcrcnccs for the data for spccific pathway cornponcnts and indicatcs thc  cornponcnts f o r  
\L hich valucs we1 c dcrivcd by mathematical model calculations. 

Rabbi IS 

Dccr 

Bccf 
Milkd 

P () I1 1 t ry 

Eggs 

Vcgctablcs 

I Ioncy 

Scdimcnt, dry wt 

Wa tc rfowl‘ 

1,900 

< 19 

-1- 5 600 
22,ocx, 
&mJ 

2,200 

4.1 

1 10,000 

@oJ) 

1,500 

<3.0 

1,700 
152 
925 
200 

1 91) 
~ 

0.7 

11,000 

300 

_ _  

4300 

“Ilnderlining indicatcs modcl-dcrivcd values. 
bl+zvironmenlal Sim,eillance of [he U.S. Ilepnr/merit of Energy Oak Ridge Resen,olion rind Siiiroiintl i i ig 

1h.iron.y Diiring 1986, F,S/ESII-l/Vl and V2, Martin Marietta Energy Systems, Inc., O a k  Ilidgc, Tcnn. ,  
1987. 

‘Valilc is based on model using thc conccntration of ’II in water from Mclton 13ranch. 
dlncludcs goat milk. 
‘11. K. Ilalford, J. 13. Millard, and 0. 11. Markham, “Iiadionuclide Conccntration in Waterk)wl IJsing ;I 

1.iquid Ikidioactive Wastc Disposal Area and Potential Radiation Ilose to Man,” I l e n / / / ~  I:’~ys. 40, 173 - IS I 
(1981). 
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‘fabile 8.6- Sources or melhods uscd to obtain radionuclide 
concentrations in food-chain (components 

Pathway Data sources: 
component refercncc‘ or model’ 

Fish Shewood and Loar (1987) 

Aquatic plants B. G .  Blaylock (unpublished data, 1976) 

Turtles Model 

Crayfish Is. G. Blaylock (unpublished data, 1975) 

Clams Model 

Rabbits Tsakeres (1982) 

Waterfowl“ Walford ct al. (1981) 

Honey 

Deer 

P. S. Rohwcr (ORNL, personal cstnmunication, 
1985) 

Martin Marietta Energy Sysrcms 
(1985, 1987); modeld 

Water Martin Marietta Energy Systems (1986aj 

Sediments Sherwood and b a r  (1987) 

Vegetables Model 

Milk Model 

Poultry Model 

Beef Model 

“Complete citations to published references are included in Sect. 11 o f  this report. 
bGent.ric Models and Purameters for Assessi,lg die Environmental Trans@ of Radionuclides 

from Routine Releusrs, Safety Series No. 57, International Atomic Energy Agency, Menna, 
1982. 

‘Data from radioactive leaching ponds at the Tdaho test reactor arca. 
’%ode1 was used to calculate the concentr,ltion in flesh of deer drinking watcr in Mellon 

Branch. 



Screming Limits. Two scrcening limits were uscd in this analysis. Thc Uranium Fucl 
Cycle Standard promulgated by EPA is 25 mre /year (0.25 mSv/year) (EVA 1977), and thc 
current standard for OKNI, is 100 mrem/year (1.0 mSv/year).* The calculated doses for thc  
diffcrcr-rt radionuclides and the various food-chain pathways were screened against tlnc EYA 
0.25-rnSv/ycar and the DOE 1.0-mSv/year standards. Tlne ratio of the calculated dose to the 
screening limits for each radionuclide and for each food-chain pathway indicates thc 
contribution of that particular pathway and radionuclide to the total dvsc commitment. If thc 
ratio is much less than 1, then the radionuclidc via that particular pathway can be given a low 
priority for further consideration. When the ratio approaches or  exceeds 1 that radionuclide 
pathway is designated as one that warrants further investigation. 

Dose Calculation far anre to The 50-year dose equivalent 
to man was calculated for aquatic and terrestrial food-chaira pathways based on averagc 
concentrations of four radianuclidcs (137Ck7 6oCo, 3H, and %r) that are found at relalivcly 
high conccntrations in WOL and its environs. Dose to man from ingestkg a pathway 
component (food, etc.) contaminated with a specific radionuclide or radionuclides is calculated 
as the product of three tcrrns (TL4EA 1982): 

whcre 

Dtc = thc 50-year dose equivalcnt to man of nuclide i in comporiermt C (millisieverts 

C,, = thc concentration of nuclide i in the edible portion of component C (becqiierels 
per kilogram per year or becquerels pcr liter per year fresh weight), 

AI, = the average annual rate of consumption of component C (kilograms per year 
or liters per year), 

CF, =I the 50-year dose conversion factor for nuclide i (Pnillisievcrts per becquercl). 

pcr year), 

D m  Calculiation for mema1 iment or Water. For screening purposes, 
cs h a t e s  of external exposure were calculated by using a sinipk model that embodies realistic 
assumptions but that lcads to higher than average estimatcs of exposure (IPnEA 1982). The 
dosc rate due to external radiation from either sediment or  water was calculated by the 
following equation: 

Hi = D, x up 

where 

D,p = the whole-body dose rate for garnrna emitters or the skin dose ratc for beta 

Up - the occupancy rate for the external exposure pathway. 
enii t ters, 

'Thc symbol nzSv denotes millisievert: 1 sieverl = 200 rems. 
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8.1.3 Raults and Di.scwion 

The estimated 50-year committed doses for the diPfcrent food-chain pathways for thc 
ingestion of contaminatcd food via the aquatk and terrestrial food-chain pathways are given 
in Table 8.7. Total doses for individual pathways a5 well a5 dose contribution from individual 
radionuclides are listed in Table 8.7. For mcst food-chain pathways, 137Cs is the major dose 
contributor (57%), followed by %r (38%,1, 6"Co (3.3%), and '13 (1.6%). Food-chain 
pathways for which YOSr is the major dose-contributing radionuclide include aquatic (fish, 
turtles, and aquatic plants) and terrestrial (eggs and vegetables) components. Except fc)r l k h ,  
conccntrations of wSr in components of these food chains were derived from niodels and, 
therclbre, are probably overestimations o f  the actual values (see Tablcs 8.4 and 8.5 for 
derived values). 

Table 8.7. Fifty-year mmrnittd dose t~ man fin ~~~~~~~~ per year 
(1 sicvcrt = 100 rem..)] and tjhe contribuling d w  Zrom individual 

radionuclides for componenls 01 the aquatic and 
terrcstrid food-chah pathways 

Fish 

Tu rt Ics 

Clams 

Crayfish 

Aquatic plants 

Waterfowl" 

WateP 

Rabbits 

Deer 

Beef 
Milk? 

Poultry 
Eggs 

Vcgctables 

I-loncy 

Scdimcnt 

0.28 

0.15 

0.074 

0.013 

5.1 

1.00 

0.53 

0.84 

0.1 1 

0.83 
11.0 

1.0 
0.6 

18.0 

o.oO01 

0.57 

0.054 

0.057 

0,0035 

0.0875 

8.53 

1.0 

0.014 

0.58 

0.017 

7.0 
7.4 

0.98 
0.28 

8.28 

0.ooo 1 

0.50 

0 . m 2  

0.009 

0.0022 

0.0024 

0.6G 

0.01 

0.0044 

0.096 

0.006 

0.44 
0.12 

0.023 
0.0076 

0.17 

0.01 

0.22 

0.15 

0.07 

0.07 

3.90 

-- 

0.29 

0.16 

0.0 I3 

0.73 
2.90 

0.0 15 
0.3 1 

9.0 

-- 

0,055 

0.002 1 

0.002 

0.0005 

0 .m5  

0.0052 

"_ 

0.23 

0.0063 

0.08 

0.1 1 
0.33 

-_ 

r- 

-- 

_- 
'n. K. Halford, J. 13. Millard, and 0. 13. Markham, "Radionuclide Concentration in Waterfowl 

Using a Liquid Radioactive Waste Disposal Area and Pmential Radiation Dose to Man," Heleolth Php. 
4Q 173-181 (1981). 

bDose .from Melton Branch water. 
%xludes cow and goat milk. 
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The food-chain pathways having the highest total estimated doses wcre the vcgctablc, 
milk, and bcef pathways rcspeclivcly. Concerilrations of radionuclides in thc components in  
thcse pathways wcrc estimated by using mathematical models. If rncasured concentrations 
of radioniiclidcs had been available, cstimated doses would probably be reduced; ho.wevcr, 
thcse food-chain pathways would, more than likely, remain the riiajor food-chain pathways in 
regard to dosc. 

The ratios of the cstinated dose for each food-chain pathway to both the 0.25- atnd 
l.O-mSv/year screening limits arc shown in Table 8.8. Pathways having a ratio of much less 
than 1 would havc a low priority in regard to their contribution to total €oc)d-chain dosc to 
hurinans and thus a low priority for further study. Food-chain pathways having ratios 
approaching or greater than 1 would w r r a n t  consideration for further study. At  a screening 
limit of 0.25 mSv/year, five ingestion pathways (clams, crayfish, turtles, dccr, and honey) havc 
ratios of lcss than 1 (Table 8.8). At a screening limit of 1.0 mSv/ycar, food-chain pathways, 
cxccpt waterfowl, aquatic plants, beef, milk, poultry, and vegetables, have ratios of less than 
1 (Table 8.9). Concentrations of radionuclides for components of the food-chain pathways 
that cxccedeci the 1.0-mSv/year screening limit were derived values, except for 137Cs and 6oCo 
in aquatic plants. h discussed previously, using mathematical models to derive radionudidc 
conccntrations in food prod~acts induces additional conseivatisrn and results in a greatcr 
overcstimation of the dose. 

Doses for extcrnal radiation exposure to individuals engaged in various activities in the 
WOL environment are listed in Table 8.10. These are estimated doses assuming that thc 
exposure is from the concentration of radionuclides in sediment (dry weight) and that the 
occupancy ratc and activitics arc those listed in Table 8.3. The  major dose-contributing 
radionuclides arc 137Cs and 6oCo. Individuals engaged in activities in which thcy would bc 
cxposed to radioactivity in the drained lake bcd would receive the highest estimated doscs of 
all exposure pathways. The estimated doses and percentages of the total dosc for the aquatic 
and terrestrial food-chain pathways and thc external exposure pathways are shown in 
Table 8.11. External exposure to humans from gamma radiation excccds the food-chain 
pathway doses by about a factor of 2. 

Draining the lake, as proposed in Sccnario 2 (Sect. 8.¶.2.1), would increase the external 
irradiation exposure of individuals working in the. WOL area becausc the dry sediments would 
become a potential source of radiation exposurc. Under current conditions, lake watcr acts 
as a partial shield by attenuating thc gainnia radiation from the radioactive sediment; as a 
rcsult, the extcrnal exposure is reduced. 

Total estimated doses given in Table 8-11 for the food-chain and cxternal exposure 
pathways cxcecd the 0.25- and l.O-mSv/year screening limits many limes; therefore, for thc 
scenarios included in this analysis, neither pathway can be  excluded from consideration. In 
Table 8.8 the ratio for various food-chain pathways that contribute to the total food-chain 
dose providcs a method for estimating the importance of the various food-chain pathways. 
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Table 8.8. Ratio of radiation d m  [or dificrcrnt food-chain palbrways to 
U.S. EnviroamentaI Protection Agcacy @PA) screening limit 
(0.25 &/year) and U S  Departmen1 of Energy (DOE) 

Dosc:DOE limit Dose:EPA limit 
I 

Pathway -.. 
Fish 1.1 D.28 

Turtles 0.6 0.15 

Clams 0.38 0.076 

Crayfish 0.32 0.08 

Aquatic planes 20.4 5.1 

Waterfowl 4.0 1 .oo 
Water 2.1 0.53 

Rabbits 3.4 0.84 

Deer 0.46 0.11 

Beef 33.2 3.3 

Milk /12.0 10.0 

Poultry 4.1 1 .0 

Eggs‘ 2.4 0.6 

Vegetables 70.0 17.5 

Honey 0.0004 0.ooo1 

Sediment 2.3 0.57 

“The spbc)l mSv denolcs millisievert: 1 sievert = 100 rems. 

Providing the scenarios considered for screening are viable options for rcrnedial action 
and based on  the results of thc scrccning analysis and on the screening limit of 1.0 mSv/year 
under which ORNL currently operates, actual measurements of radilonuclide concentrations 
should be obtained for those components of the food-chain pathways that exceeded the 
screening limit. Doses should then bc calculated based on these measured values for 
food-chain components ins tcad of  derived values. Radionuclide concentrations should be 
determined for small game animals, waterfowl, and aquatic macrophytes, which have not been 
samplcd for many years, to obtain a more rcalistic dose far these food-chain components. 

TTic conccntratioti of radionuclides in sediment was the basis for many of the  derived 
values in the food-chain components and for thc external exposure pathways. Since thc 
radionuclide concentrations for sedimcnt used in this analysis were based on three core 
samples collected in 1986 and nine surface sediment sarnplcs collected in 1985, additional 
sediment sampling i s  necessaty bccause of the heterogeneity in the distribution of the 
radionuclidcs in WOL sediments. 
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Pathway Components exceeding Camponcnts exmeding Pathway 
cornponefits 0.25 mSv/year 1.0 mSvtyeaa 

Aquatic Fish Fish Aquatic platits 
Turiles Aquatic plants Waterfowl 
Clams Waterfowl 
Crayfish Water 
Aquatic plants 
Waterfowl 
Water 

I-__ .-- -...-.- --I____..__ 

Texics trial Kabhi:s Rabbits 
nccr Milk 
Milk Beef 
Becf Poult1y 
Polaltrgr 

Vegetables Sediment 
Eggs Vegetables 

Scdiiment 

Milk 
Beef 

Vegetables 
Poultry 

External Working over Working over Working over 
sediments sedirncnts sediments 

I Iandling fishing Handling fishing Ilandling fishing 
gear gear gcar 

Sunbathing over Sunbathing over Sunbathing over 
sediments Seds'ltIentS sediments 

Boating ..- . . ~ ~  ~~.~ -___- 
The symbol rnSv denotes millismert: 1 sievert = 160 rems 

Draining the lakc (Scenario 2) would eliminate the aquatic food-chain pathways but 
would result in an exposed lake bed with a potential for higher radiation doses for external 
exposures and would create a larger area for the terrestrial food-chain components to 
accumulate radionuclides. 

'llnis screening analysis is based 011 mathcmatically derived estimates, available data, and 
scientific judgment, all of which are conservatively biased toward higher dose estimates. As 
more data become available and assumptions change, results of  the screening analysis are 
ex~ccted to changc. This screening analysis was performed lor the remedial action S C C ~ ~ K ~ O S  

previously described lor WOL only and does not include the radioactive waste ponds 01. u p p ~  
WOC, 

Future studies in WOX, wcze identified as discrete subtasks of Task 6 ( ~ ~ & ~ c o l o g y  of 
WOL) in b a r  e t  al. (1991) and are briefly described in Sects. 8.2.1 through 8.2.3. 
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Working over Bcta" 19.30b 16.00 0.56 2.70 O.(X118 

€I[andling fishing Beta 19.30 16.00 0.56 2.70 

sediments Gamma" 52.7 37.70 15.00 -- -- 

gcar over Gamma 5.219 3.77 1.50 _- _" 

scdinients 

Sunbathing on Beta 9.63 $"a2 0.27 1.36 0.0009 
sediments Gamma 26.60 18.90 7.70 -- -_ 

Swimming in lake Beta 0.0064 
Gamma -- 

Boating Beta 0.0003 
Gamma 0.0035 Q.W.5 0.003 -- -- 

"Skin dose rate. 
'Conversion factor of 0.3 [lneernational Commissi:m on Radiologicai Protection (TCRP) 261 used to 

"Effective whole-body dose rate. 
convert to effective whole-body dose rate. 

Pathway Dose Percentage of 
(mSv/vearY aofal dose 

Aquatic food chain 7.0 4.8 

Terrestrial food chain 40.00 27.4 

External exposure 

Beta l4.5c8 9.9 

Gamma 

Total dose 

84.50 57.9 

146.M 

"The symbol mSv denotes millisievert: 1 sievert = 100 rems. 
*l)ose conversion factor of 0.3 [International Commission on Radiological 

Protection (ICRP) 261 was used to convert skin dose [ram beta irradiation to 
effective whole-body dose. 

8.2.1 Radionuclide Screening 

With the completion of the initial radionuclide screening Tor WOL and its environs, tlic 
emphasis of Subtask Ga will shift to a similar screening of toxic metals and organic 
contaminants in the lake. This screening will be csmpletcd in 1987, and the results will be 
presented in the next annual report. 



1 % ~  initial screening identified the need for additional data on radionuclide 
concentrations in waterfowl and small game animals (e.g., rabbits). Waterfowl that frequent 
WOL may be killed by hunters off-site. Limited data on waterfowl from WOL and 
information from the literature indicate that the amount of radioactivity in these birds would 
bc very low. This conclusion is based on the low levels of radioactivity in WQL that thc 
waterfowl have access to  and the short time that transient birds spend on  the lake. 
Nevertheless, to document that transient waterfowl contain relatively low levels of 
radioactivity, a study will be initiated in 1987 to census waterfowl populations of WOI,. This 
study will establish the existence of a resident population and providc an cstimate of the 
number of transient waterfowl. During thc course of the study, samples of sevcral species of 
waterfowl will be collcctcd and analyzed for radioactivity. Data on radionuclidc 
concentrations in rabbits from the vicinity of WOL will also be obtained. 

A repori on the currcnt radioecological status of WOL is in preparation (Shemood and 
b a r  1984). This report will compare the current status of the lake with conditions in 19-50, 
1960, and 1970. Studies are planned to  determine the concentration and quantity of 
radionuclides in thc invertebrate, fish, and aquatic macrophyte populations in WOX. 
(Sects. 61.6, 6.2.6, and 8.2.3 respectively), 

Based on the screening analysis, additional information is needed on the concentration 
of radionuclides in WOL sediment. Data on radionuclidc cnncentrations in sediments and 
on the concentrations of radionuclides in the biota will bc required to establish an inventory 
of thc radionuclides in various components of WOL as part of Subtask 6b of BMAJ?. These 
baseline data will be used to establish the current radioecological status of WOL and its 
environs in order to assess thc effectiveness of future remedial actions. 

l”rme concentrations of radionuclides in WOL sediment are several orders of magnitude 
higher than in the aqueous phase. The contribution oE remobilized radionuclides to aquatic 
food chains in WOL is  unknown. Also, the contribution of radionuclides from sediments, 
either in the form of suspended matter or  in the dissolved form, to the quantity of 
radioactivity passing over the dam is unknown. If the lake is maintaincd, it will be ncccssary, 
for rcmedial purposess to  know (1) the potential for radionuclides in the sediments to 
accumulate in aquatic h o d  chains and (2) the potential for release of radioactivity over the 
dam from sediment remobilization. This information will be obtained in Subtask 6c of 
BMAP. 

As part of this subtask, a study was designed to determine the role of aquatic 
rnacrophytcs in the remobilization of contaminants from the sediments of WOL. This study 
also includes dctermination of the seasonal and spatial distribution of abovc-surface biomass, 
by species, and thc annual production and biomass turnover of the macrophytes. In addition 
to examining the question of remobilization, this study will contribute information to 
Subtask 6h. 

Macrophyte photosynthesis, biomass accumulation, and eventual decay can have profound 
effects 0 1 1  energy flow and biogeochemical cycles in the lake ecosystem. Unlike other aquatic 
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plants, rooted macrophytes have acccss to  material buried in thc scdiments and may act as 
a “living conduit” for the remobilization of these materials to the water column. Macrophytes 
may have a significant effect on  the remobilization of radionuclides from the sediments in 
WOL becausc the greatest pcrcentage of the lake biomass is composed of macrophytes. 
Othcr studies will be implemented, as required, to dcterminc the biological, chemical, and 
physical €actors that affect remobilization of radionuclides from thc scdiments of WQL. 
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Corntamiriants from O W L  operations a re  released horn WQL and transportcd 
downstream through WOC ernbayment, into the Clinch River (at CRK 33.5, 3.5 km below 
Mclton Hill Darn), and ultimately into Watts Bar Reservoir. In Task 7 of BMAP (Lox et al. 
1991), coordinated ecological and hiogeochcrnical studies are being conducted to detcrrninc 
the transport, distribution, and ecological fate of contaminants introduced to thc 
cmbayment-riven-reservoir system as a result of waste disposal activities a t  OMNT,. Thcsc 
studies a re  closely coordinated with and complementary to  other biological monitoring tasks 
includcd in B M N .  

Task 7 focuses on (1) preliminary efforts to asscss the extent of off-site contamination 
o f  the  aquatic environment downstream of WOL and (2) prediction of thc cffcctivcness o f  
rcmcdial action measures at ORNE and othcr  Oak Ridge DQE facilitief to reducc 
contaminant rcleases to the Clinch River. The primary objectives of Task 7 are  

1. to integrate prcvious information and data o n  the ecological fate of radionuclides and 
othcr  contaminants discharged from WOL to the WOC embayrnent-Clinch Rivcr -Watts 
Bar Reservoir system; 

2. to  dcterminc the extcnt and spatial distribution o f  contaminant accumulation in t h c  
sediments and in selected biota of thc  embayment-rivcr-reservoir system; 

3. to identify and quanlify the hydrodynamic, biological, and geochemical factors that 
dcterminc the transport, distribution, and ecological fate of DOE-derivccl contaminants 
in the Clinch River and Watts Bar Reservoir system; and 

4. t o  predict the effect of OMNL rcmcdial actions by using simulation modcls that 
incorporate the hydrodynamic, biological, and geochemical factors to be invcstigatcd in 
pursuing Objective 3.  

To accomplish thesc sbjcctivcs, four subtasks (Fig. 9.1) that i ~ v o l v e  an interdisciplinary 
combination of simulation modcling, ficld sampling and measurcmcnts, and laboratory 
cxpcrimentalion and analysis are  being conducted, 

9.2 LITERATURE REVIEW AND SYJTlPHSIS 

The availalde information on the fate of radionuclidcs and other contaminants dischargcd 
from WOL to the cmbayment-river-reservoir system is being rcuicwcd, intcgratcd, and 
synthesized (Subtask 7a of EMAP). To datc, we have conccntratcd on the idcntilication 
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L I T ER ATUR E R E V I E W 
ti SYNTHESIS 

(SUBTASK 70) 

\ i 
RESEARCH PRODUCTS 

1. PREDICTION AND EVALUATION OF REMEDIAL ACTION ALTERNATIVES 

2. ESTABLISHMENT OF QUANTITATIVE BASELINE REQUIRED FOR 
EVALUATING LONG-TERM EFFECTIVENESS OF THE 
ORNL REMEDIAL ACTION PROGRAM 

Fig. 9.1. Interrelationships between the proposed subtasks and the research products. 
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o f  long-term water quality data sets that can bc used to test and calibrate the 
cmbaynient-river-reservoir modcl (see description of Subtask 71b in Sect. 9.3). 

‘The transpoit, distribution, bioavailability, and ecological fate of contarninants dischargcd 
Crom WQL (or from a discharge canal, if WOI, is  bypassed) a rc  strongly influeiiccd by the 
hydrodynamic regime and by siaspcnded-particle dynamics. ‘The embayment-river-resc~oir 
system is highly dynamic, as hydropower and flood-control operations at the Melton Hill, Fort 
Loudon, and Watts Bar dams result in both daily and seasonal variations in flow vclocity and 
direction, watcr column mixing, suspcnded-particle transport, water residence times, and watcr 
Icvels. Similarly, the transport, bioavailability, and fate of contaminants that bccomc 
associated with suspended particles a re  affected by biological particle production, 
complexation of contaminants with dissolved organic matter in the watcr column, contaminant 
sorption kinetics and particle sedimentation, resuspension, and accumulation. 

As part of Subtask 7b of BMAP, a branched two-dimensional (longitudiinal-vertical) 
model (Fig. 9.2) of thc  cmbaymerne-river-rcscrvoir system is being dcvcloped by 
Dr. R.  T. Brown at  the Water Rescarch Centei, Tenncsscc Technological University. T h e  
general schcrne for the model follows that of previous successful two-dimcnsional models 
applied to  Fort Loudon, Chci okcc, Pickwick, Boone, Normandy, O1d Hickory, and Douglas 
rcscwoirs in Tenncsscc. The Watts Bar version will be the most involvcd application to date 
because of the  complex branching flow patterns in the Clinch, Emory, and Tcnncssce Rivcr 
arms of the rescavoir. 

T h e  rcscrvoir has bcen scgmcnted into 52 columns with 10 vertical laycrs. The 
Tennessee and Emory rivers a re  divfdcd into 3- t o  5-mile segrments, while thc Clinch Rivcr 
is dividcd into 1-mile segmcnts to  allow more-detailed simulation of the flow and mixing 
patterns betwccn W O C  and OKGDP down to the mouth of thc Clinch River. ’I’hc model 
includcs the  effects of the wedge storage created on  the Clinch River during pcaking-powcr 
rclcascs from Meltom Hill Dam and the flushing of W O C  einbaymcnt as river clcvation riscs 
and falls during these peaking-rclcasc cycles. The model simulatcs seasonal pattcrns of 
physical and chemical variables in the entire reservoir through thc  use oT daily inputs and 
modcl time steps. The hourly flows and releases from Melton Hill Rcscmoir and from WOL 
arc  simulated by using hourly inputs and model time steps for the Clinch and Emory River 
arms. 

Inflows and inflow concentrations for thc  mockled variables a re  specified for tcn 
locations: Fort Loudon relcascs, Little Tennessee River inflow (from Tellico Reservoir), 
Clinch River inflow (from Mclton Will Reservoir), W O C  inflow, Poplar Creek inflow, Emory 
Rivcr inflow, White’s Crcck inflow, Piney Crcck idlow, and inflow fi-onl local drainagc into 
Watts Bar Rcscmoir. T h e  initial model calibration will use data collccted during the Clinch 
River Study in 1961-62. TVA conducted a seasonal water quality survey of Watts Bar 
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Rcscrvoir with monthly profiles of temperature, dissolved oxygen, turbidity, and nutrients 
during 1962. Thcse data will also he  used to test model predictions. Data collected during 
thc Dcccmbcs 1985 strontium release can also bc used to verify the hourly flow and mixing 
patterns in the Clinch River. 

Thc modcl is being modified to include particlc production by phytoplankton growth, the 
sorption of radionuclides onto  suspcndcd particles, and the deposition and resuspcnsion of 
particlcs durin,g high-flow episodes. Initially, 90Sr and 137Cs are  being used as rcprescntalivc 
solublc and particle-reactive radionuclides respectively. The biological components of the 
modcl will also be expanded to allow the estimation of biological uptakc of the radionuclides 
and othcr contaminants and of food-web bioaccurnulation patterns. 

A working model has been formulated and is DQW being debugged. The inflow data 
neccssary for model calibration with the 1961-62 Clinch Rivcr have been prcpared, and thc  
morphological data for the crnbayment, river, and reservoir a re  ready to be incorporated into 
the model. An initial run of the model is expected by latc March 1987. 'IRc emphasis will 
thcn shift to preparing historical data scts that will serve to calibratc and guidc modifications 
o f  t he  model to support thc rangc of applications required by ORNL-ESD projects conccrned 
with the fatc of materials discharged and transported into thc  Clinch-Watts Bar system. 

9.4 WA'IZR COLUMN PROCFS5FS COVER 
TRANSPORT AND FATE 

Some contaminants and radionuclides, such as 31-1, 90Sr, and l3'1, are  relatively soluble 
in frcshwatcr systcms, consequcntly, their transport and biogeochemical fatc arc mcdiatcd by 
movcmcnts of water masses and by biological uptakc from thc  watcr phase. In Subtask 7 c  
o f  BMAP, "Sr is used as a rcprcscntative of a contaminant that rcmains in solution when 
dischargcd into thc embayment-river-reservoir system, and analytical techniques arc  being 
dcvclopcd for accurately measuring the low concentrations of 90Sr that occur in the Clinch 
and Tenncssce River system. Howevcr, most contaminants and radionuclidcs (such as PCBs, 
I Ig, "Co, 13'Cs, and 2197240Pu) a t e  chemically arid biologically reactive and rapidly bccomc 
associatcd with particlcs in freshwater systems. Conscqucntly, the transport and 
biogcochcrnical fate o f  thcsc contaminants a re  govcrncd to  a great cxtcnt by sorption kinctics 
and finc-particlc dynamics, as wcll as by water movement. 

'I'Re hydrodynamics and limnoloby of WOC embayinent a re  strongly influcnccd by 
hydropower operations at the Mclton Mill Dam ( b a r  e t  al. 1981a), locatcd just 3.7 km 
upstrcam. Bccause the Norris and Melton Hill reservoirs (located on thc  uppcr Clinch Rivcr) 
(unction as efficient traps for suspended particlcs, the water discharged from the Mclton Hill 
Dam usually contains low conccntrations of suspended particlcs. Thcrcforc, in the Clinch 
River and Watts Bar Rcservoii, thc  photosynthetic production of organic mattcr by planktonic 
algac is an  important sourcc of suspended particlcs available for contaminant sorption and 
of dissolvcd organic compounds capablc of complexing radionuclides and othcr contaminants. 
Hccause o f  thc factors affecting phytoplankton particlc production and thc  rapid downstrc,iin 
tran?pcJrl of watcr throiigh thc river segment between Mclton Ilill Mcscwoir and uppcr W,tIf\ 
Bar Rcscrvoir, it is hypothesimd that most contaminant sorption, bk)logic~il u p l . i k t i  of 
contaminants by planktonic biota, and rcmoval o f  particlc-associated cont,irnin'ints I'roiii tlic 
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water column by settling will occur primarily in thrcc areas: (1) WOC cmbaymcnt, ( 2 )  othcr 
downstream marginal cmbayrncnts along the Clinch Rivcr, and (3) W a t t s  Bar Reservoir. 

An initial sct of ficld mcasurcments was made in July 19% to quantify the flow rcgimc, 
thcrrnal stratification and rclativc water column stability, suspcndcd-particle conccntrations, 
and phytoplankton biomass and distribution at stations in the Clinch Rivcr and in Watts Bar 
Rcservoir. Physical-chemical variables and chlorophyll conccntrations (indicative of 
phytoplankton biomass levels) were measured along a transect from the mouth of  WOC 
crnbaymcnt (CKK 33.5) to the uplake portion of Watts Bar Reservoir (TRK 910.1). These 
field data, collected during a rclatively slack watcr period (i.e., during a period of low rclcascs 
from Melton Hill Dam) in late July 1986, indicated that phytoplankton biomass, and thus 
suspcndcd-particle availability for contaminant sorption, in near-surface water laycrs wcrc 
relativcly low ( - 8 rng chlorophyll a per cubic mcter) in the river, but increased significantly 
(to -21 mg chlorophyll a per cubic meter) in the upper reservoir. Additional I'icld 
measurements will bc conducted on a seasonal basis and during a variety of flow conditions 
(c.g., during low-flow vs pcaking-powcr releascs from the Mclton Hill Dam) to documcnt a 
range of flow velocities, mixing regimcs, levels of biological activity, particle production ratcs, 
and suspcndcd-particlc concentrations. 

In conjunction with the hydrologic, biomass, and suspended-particle data, measurements 
wcre initiated on the partitioning of particle-reactive contaminants bctwcen aqueous and 
particulatc phascs. The partitioning data are prcscnted in Tablc 9.1. Bccausc of the 
rclatively low concentrations of radionuclides in the water column, large-vchme water 
samples (830 L) were processed and thc suspcnded mattcr removed by continuous-llow 
ccntrifugation. 

'I'hrce large-volumc water and suspcndcd-maltcr samples wcrc collcctcd in Watts Bar 
Rcservoir (ncar the Kingston city water intakc) o n  Dcccmber 1, 5, and 17, 1986. These 
sanaplcs wcre collcctcd (1) to determine whether the abnormally high concentrations of  "Oco 
measured in WOC on Novembcr 25-26, 1986, could he traced into Watts Bar Reservoir, and, 
if thcy could, then (2) to obtain field data on the transport ratcs for particle-reactive 
contaminants. Also includcd in Table 9.1 arc concentration and particle-to-water distribution 
data for mcrcury and for several othcr radionuclides, including plutonium isotopes and 
naturally occurring 7Bc. Bcryllium-7 (53.3-6 hatf-lifc) is introduced into aquatic systems as 
a dissolved constituent oT rainwatcr, and its distribution is being uscd to quantify the sorption 
rates and removal behavior of particle-associated contaminants in aquatic ccosysterns. The 
average partic1c:watcr distribution ratio (K,) for 7Bc (9 x lo4) is typical of othcr 
particle-rcactivc contaminants in thc rivcr-rcscrvoir system (Table 9.1). 

The partickwater sorption ratios (It,) listed in Tablc 9.1 are numerically c q u d  to K,, 
but are determined in the ficld; they are site-spccific cmpirical values that do not imply 
chcinical equilibrium or rcvcrsibility. Values of R, are important for quantifying radionuclide 
sorption in models uscd to assess radionuclidr: transport and fate. Although the sorption 
ratios for radioccsiurn, radiocobalt, plutonium, and mcrcury arc high (about lo5), it should 



174 

12/1/86 6oCo 

‘37c$ 
7 ~ e  
2 3 9 , 2 4 0 ~ ~  

238Pu 

12/5/86 6oCo 

1 3 7 ~  

7 B ~  

m ( P P I  

1211 4/86 ‘j0Co 

1 3 7 ~  

7 B ~  

12122186 %o 

713e 

1 3 7 ~  

r 

14 0.9 41 

1.3 250 

3.4 200 

0.014 1.5 

0.004 0.19 

11 

7 

9.3 160 

1.8 540 

2.4 195 

0.005 2360 

8.0 240 

3.8 980 

2.8 295 

i R  

7 0.44 34 

0.63 190 

2.9 322 

5 x lo4 

2 x I d  

6 x 10‘ 

1 x 1 6  

5 x 10‘ 

2 x lo4 

3 x Id 
8 x lo4 

5 x I d  

3 x lo4 

3 x Id 
1 x 1d 

8 x 10.‘ 

3 x 10s 

1 x I d  

“1’articlc:watcr distribution ( I t , )  = concentration per kilogram of partic1cs:conccntration pcr lilcr 

oi watcr. 



175 

b e  rcmcmbcred that at suspcndcd-matter concentrations of 10 nig/T, (which is typical during 
normal flow conditions), there is lo5 times more watcr per liter than suspcndcd rnattcr. 
Thercforc, about 50% of thc total radioactivity in a liter o l  water will he in the dissolvcd 
phase, and thc remaining 50% will be associated with the suspended matter. However, during 
rainstorms, floods, and other periods of high discharge when suspcndcd-matter Concentrations 
increase to about 100 mg/’L, morc than 90% of the total radioactivity in thc water column will 
be transported with particles. Sincc transport in river systems i s  dominated by pcriods of high 
discharge, thc transport, distribution, and fate of these radionuclides will bc govcrned to a 
great extent by Cinc-particle dynamics. 

O n  December 1, 1986, thc dissolved concentration of “Co was 0.9 m B y L  near Kingston 
City Park, and the conccntration of “Co on suspended particles was 41 mBq/g. Since the 

Co concentration on  bottom sediments in the area ranges from - 30 to 45 rnBy/g, thc 6oCo 
concentration measurcd on the suspcnded matter (41 mBq/L) is typical for resuspended 
bottom sediments. Likewise, the concentratiorls of ‘-’Gs and plutonium in the watcr and on 
the suspended matter werc not abnormally high reldtive to thc valucs expcctcd from thc 
rcsuspension of river-rcservoir sediments, primary productivity, and eyuilibriuni partic1e:water 
distributions. 
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On Dccembcr 5, 1986, thc dissolved concentrations of 6oCo incrcascd by an order of 
magnitude, and particulatc concentrations ef  ‘OCo incrcased by a factor of 4. On 
Deccmber 17, the dissolved concentration of G°Co was lower, but particulate 6oCo 
concentrations had incrcased by another factor of 2. These data imply that cither (1) the 
maximum watcr column concentration of “Co at Kingston, associated with the “CO rclcasc 
into WOC on November 26, occurrcd prior to the December 1 sampling or  (2) that it took 
-2-3 weeks before the relcascd into WOC was transported via the Clinch River into 
Watts Bar Reservoir. In the latter case, thc delayed incrcase in the particulate 6oCo and 
137Cs concentrations suggests that particle deposition and resuspension processes can cause 
the maximum water column concentrations at Kingston to occur up to 1 month aftcr 
contaminant release into WOC. Such a delay could be even longer during the summer and 
fall, when inllow-related resuspension events occur less frequently. 

9-5 CONTAMINANT ACCUMUXATION IN BOTTOM SEDIMENTS 

Vertical distributions of 137Cs and 6oCo have been measurcd in 35 sediment corcs 
collccted in the Clinch Rivcr and the uppcr half of Watts Bar Reservoir. The  vertical 
distribution of 137Cs in the sediment corcs is strongly correlated with the historical record of 
137Cs discharges from WOL (Fig. 9.3 - By using thc measured partic1e:water distribution for 
137Cs (Table 9.1) and the historical ’37Cs profile recorded in our sediment cores (Fig. 9.2)) 
the past history of dissolved concentrations of 137Cs occurring in the reservoir water near 
Kingston was estimated (Table 9.2). 

The thickness o f  radioccsium-contaminated sedimcnts ranges from - 1.5 m in the upper 
portion of the reservoir (near Kingston) to  -0.5 m in the middle portion (near Cold Springs 
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TdhlC 9.2. History of dkso€v& concentrations of at Kingslon, 
basad QII the sediment core rea,rd 

Dissolved 
concent ra I iona 

(mBq/L) 

Sediment depth Sediment concentration 
(cm> (mBq/g) 

Sediment 
dateb 

0-2 
2-4 
4-6 
6-8 
8- 10 

10-12 
12-14 
14-16 

403 
318 
270 
292 

230 
253 
230 
289 

16-18 307 
15-20 262 
20-22 3%) 

22-24 385 
24 -26 
26-28 
28-30 
30-32 
32-34 
34-36 
36-38 
38-40 
40--44 
44-48 

475 
535 
765 
780 
875 
950 

1160 

1585 
2<A0 
1715 

1.3 
1.1 
0.9 

1.0 
0.8 
0.9 
0.8 

1.0 
1.0 
0.9 

1.3 
1.3 
1.6 
1.8 
2.6 
2.6 
2.9 
3.2 
3.9 
5.3 

8.9 
5.7 

1985 

1980 

1976 

2972 

1968 

1.963 

1959 

19.56 
1955 

48-52 1160 3.9 
52-56 960 3.2 
56-60 535 1.8 195 I 
60-64 690 2.3 
64-68 505 1.7 
68--72 85 0.3 1947 
72-76 25 0.1 
76-80 ND" NDC 

'Dissolved concentrations were calculated by assumihig a 137Cs particltxwater distribution ratio of 3 x lo5. 
'Sediment dates were estimated by using a sediment accumulation rate of 1.6 cm/year. 
'Not detectable. 
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Harbor). Radiocesium concentrations in the reservoir sediments commonly rangc from 200 
t o  2000 niBq/g, with the highest valuc (2648 mBq/g) occurring at a sediment depth of 40 to 
44 crn in a core collected offshore from thc City of Kingston, near the mouth of the Clinch 
Kivcr (Fig. 9.3). Sediment cores in the lower portion of the reservoir (near Watts Bar Dam) 
will bc collected after winter drawdown of the water level. In addition to thc sediment cores, 
t h e  concentrations of 137Cs and 6"Co have been measured in 85 surfacc-sediment grab 
samples. Concentrations of 137Cs ranged from a minimum of 4 naBq/g to a maximuin of 
395 niBq/g, with a mean of 80 mBq/g. Concentrations of 6 0 ~ o  in rcservoir surface srcIimictits 
ranged from nondetectablc (<2 rnBq/g) to 78 mSq/g, with a mean of 7 mBq/g. 

The distribution of 137Cs is being used as a cost-effective tracer to (1) identify and 
distinguish areas of contaminant-particle accumulation and areas of erosion (no nct 
accumulation) in the exaPbayHlcnt-river-rcse~oir system and (2) to screen sediment samples 
prior to other, more costly, contaminant analyses (e-g., analyses for PCEs, mercury, and other 
heavy metals). The discharge histories of these contaminants released from the DOE Oak 
Ridge Rcservation are poorly known but are also recorded in the scdiments of uindisturhcd 
long-tcrm accumulation sites. Therefore, measured contaminant profiles in selected scdimcnt 
coIcs can be used to documcnt these histories. 'I'hcse histories and data on contaminant 
partitioning between aqueous and particulate phases will be used lo estimate thc dissolved 
conccntrations of other contaminants in the reservoir waters near Kingston during the past 
30 years. Finally, thc results will be used to map the spatial distribution of contamination in 
thc canbayn~ent-river-reseK.oir sediments, estiniatc the total amount of fission nuclides and 
other cncrgy- and wcapons-related contaminants that have been trapped within the reservoir 
scdiments, and establish a quantitative scientific baseline for evaluating the long-term 
cfl-cctivcness of the ORNL RAP. 

Task 7 consists of an interdisciplinary combination of simulation modeling, field sampling 
and rncasurcments of the water column and sediments, and laboratory analyses to detcrmine 
the transport, distribution, and ecological fate of contaminants introduced to the WOC-Clinch 
Rivcr-Watts Bar Reservoir system as a result of wastc disposal activities at ORNL. The 
distributions of selected radionuclides are being measured in the water, suspended particulate 
mat tcr, and scdiments of the embayment-rivcr-rcsc~oir system. These radionuclidc 
iiicasuremeiits, which are performed in the laboratory by nondestructive, high-resolution 
ganiina spectrometry, will provide 

1 .  site-specific data on the distribution, accumulation, and ecological fate of a variety of 
radioactive contaminants discharged from OMNL; 

2. a means of estimating water-particulate phase partitioning, sorption kinetics, water 
column residence times, and areas of accurnulation for other particle-reactive 
coneaminants; and 

3.  a cost-effective basis for selecting areas, samplcs, and organisms for more-costly chemical 
analysis for PCBs, PAHs, and heavy metals. 



Linked flow models of the cmhayment, river, arid rcscrvoir arc being developed to  guide the 
sampling design and lo permit preliminary predictions or contaminant transport and fate. The 
models will be continuously refined by incorporating ticld and laboratory results and will be 
used to (1) examine lhc interrelationships betwcen variable physical, chemical, and biological 
conditions and contaminant transport, bioavailability, and fate; (2)  providc guidance for 
aclclitional sampling and analysis; and (3) predict the effects of alternative remedial action 
meiisurcs. In an initial slcoping effort, sediment COTCS havc been collected and analyzed to 
document the historical record of contamina nt-particle accumulation and to determine the 
spatial extent of the contamination problc:m in thc embaymen t-river-reservoir system. 
Ultimately, these efforts will result in a quantitative baseline of information necessary for 
assessing the long-term effectiveness of the CIIIZNZ, K 

Collection of sediment cores and surface sedimcnt samples from the lower portion of 
Walls Bar Reservoir will be completcd in 1987. Determination of the vertical distribution of 
137Cs in these samples, in combination with tile data obtained from otbcs cores collccted in 
the Clinch River and the upper portion of the reservoir in 1986, will provide an invenloiy of 
137Cs accumulation in the rivcr-rescrvoir sediments. Additionally, a scdimcnt-type distribution 
map of the rivcr-reservoir sediments will be devclopcd to identify zones of 137Cs 
accumulation. Thesc data and the iisc oi: 137Ch as an indicator of particle-reactive 
contaminants will allow estimation of the extent of contaminant distribution and accumulation 
f o r  other contaminants of interest (cspeciall-j mercury, PC s, and other radionuclidcs and 
heavy metals) and will provide a cost-effective basis for selecting areas, samples, and 
organisms for further analyses. Work will continue on (1) examination of contaminant 
sorptioti-remobilization processes; (2)  investigation of suspcndccl-particle dynamics and 
transport; and (3) developmcnt of the ability to  predict transporl, distribution, and fate of 
ORNL-derived contaminants in the ernbayment-rivcr-reservoir system through the use of an 
intcgrated simulation model. 

Long-lived plutonium radioisotopes have been introduced into thc river-reservoir system 
via fallout from atmospheric nuclear weapons testing and by rcleascs from QRNL. The 
231~u:239~240Pu activity ratio in global fallout is -0.05. In seep area soils near a formerly used 
waste disposal trench (Trench 7, Fig. 2.3), Olsen et  al. (19116) measured a 2J8Pu:23932401~u ratio 
of - 23.0. Surfacc sediments in WOI, havc e 238Pu:239y240Pu ratio of - 0.40 (J. R. Trabalka, 
ORNL, personal communication, 1986). The plutonium isotopic ratio for the one 
suspended-matter sample collccted in Watts Bar Reservoir was 0.13 (Table 9.1). These data 
suggest that WOL may be a source of the plutonium in the Clinch River-Watts Bar Reservoir 
system. Although the amount of plutonium released into the river-reservoir system from the 
DOE facilities poses no health or cnvironmcntal. risks, it provides a unique tracer for 
distinguishing contaminants released at some ORNL sites from othcr contaminant sources- 

Studies conducted in Task 7 of BMAP afe related to  expanded future efforts to evaluate 
off-site contaminatiori and to identify appropriate remedial measures. These future eforts, 
for which a RCRA Fxility Investigation Plan is currently being prepared,. will bcncfit directly 
from data provided by Task 7. 
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'I%ae abatement program of BMAP w designed to prtwide the means for initiating 
COI ractive actions if the biological monitoring identified potential problern arms in meeting 
the stream-use classification for waters iemiving OWNL effluents, Chimmitantly, ORNL has 
a water pollution control effort as a major task within the Environmental Mcstmation and 
Facilities Upgrade Program- The objective of this effort is to establish a sound basis for 
prsceeding with the significant long-tcrm eonimitmenh tlia t will bc required to give BWNC 
the capability for achieving arid maintaining envirouamcn tal compliance with state and fedcral 
water quality regulations. Thus, abatemcnt efforts are focused on providing both short - and 
long-term management and technical solutions to water quality problems. 

As the biollsgical monitoring and toxicity testing progressed through the first year, a 
numbci of abatement projects or program were initiated to  address problem areas within the 
storm sewer system that wehe identified in thc carly testiamg stages (sec Table 10.1). The 
majority of these psojec?s addressed the areas of Fifth Creek and WOC, which wcrc identified 
in Scct. 3.1.3 of this report as being of particular significance because survival of aquatic test 
organisms at these locations was greatly reduced. This reduction is attributed t o  various 
discharges of chlorine into the receiving streams. 

Thc various abatement projects and programs that have been initiated arc discussed in 
Sects. 10.1 through 10.6. 

As discussed in Sect. 3.1.4, variance patterns in the distribution of total rcsidual chlorine 
and toxicity to both thc fathead minnow and Cerhfaphnin test species suggest that chlorine 
i s  linked to the patterns of ambient toxicity in Fifth Creck and the midreach section o f  WOC. 
One c~f the peimaiy sources is  the chlorine used in the cooling tower system, Historically, 
chlorine was added to cooling towcis to pievcnt growth of algae and bacteria. Effluent from 
ORNL cooling towers was characterized rhrough a sampling program, a revicw of operating 
prowclures, and discussions with the operators of cooling towers. There is concern thai 
chlorine concentrations in all, cooling ~QWCX- discharges may have exceeded specified limits. 
ChPurinc, is added at coilcentmiions as high as 30 mg/L but i s  chemically rcacted or evagoiates 
during treatment to lcvels that a ie  acceptable f ~ r  discharge if the operating procedi~cs, which 
require blowdowa?, to be discontinued during treatmeaa:, are strictly followed. Data collected 
since the implementation of  tkc NPDES permit in April 1986 indicate that the limit.. specified 
in Part III.C.1 have mntinuous'iy been met, primarily as a result of (1) limiting chlorine use 
to cuntml algae not controlled with biocides; (2) climinating the use of DER-KEL DK520, 
which is toxic to  aquatic lifc, and initiating the use of DK 318, which i s  nontoxic; 
(3)  discontinuing ~ ~ ~ w ~ ~ w ~  during treatment; and (4) implementing administrative controls 
to verify thc correct use of chlorinc. 
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Functional area Required actions" 

Generation Expense funding 
Best Management Practices implementations 
Building inventory 
Water ~iupply system characteri7ahion plan 
Atlas drawing upgrade and ~ m p U ~ ~ r ~ ~ t i Q n  
Data base 
Tracking system 

Wastewater Piping Replacement, 4500 area, 

Wastewater Stnm Drain Isolation, 

Capital funding 

FY 1987 GPP 

FY 1988 GPB 

Transfer/control Expense funding 
Evaluation of construction piping materials 

(polyethylene liner) 
Evaluation of alternatives for 

contaminated groundwater collection 
Intcrface with Remedial Action Program 

Process Waste System Infiow/Infiltration, 

Process Waste Collation System Upgrade, 

Wastewater Piping Replacement, M 1987 GPP 

Capital funding 

FY 1988 CPP 

3OOO drea, FY 1986 GPP 

Collection Not applicable 

Trea tmcnt Not applicable 

Disposal/discharge 

Monitoring 

Fspense funding 
Sampliilg programs 

Cornp1iant.x: with NPDES permit requirements 
Interfa(x with Environmental Monitoring 

eGPP = general plant project'; NPDES = National Pollutant Discharge Elimination System 
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10.2 WATER SUPPLY SY 

An additional, rather undefined, source 0E potentially toxic effluent is  leakage from the 
water supply system. Significant inputs of chlorine from this source may Ix; wntributing to 
the elevated concentrations at five of the monitoring sites (Fig. 3.6, Sect- 3.1.3.4). 
Identification of these problcm areas has led to the devclspment of a projcct implementation 
plan that will be completed during the second quarter of CY 198'7. Vie plan has the 
following subtasks that lead to a project action plan: (1) system definition, (2) leak dctcctiow 
evaluation, and (3) measuring and monitoring evaluation. 'I'hc fourth subtask, the project 
action plan, will incorporate the results of the various investigations and evaluations. A 
recommendation and cost estimate for implementing an investigatio of the water supply 
system will be completed in June 1987. 

As it became evident that chlorine was the principal source of toxicity to the aquatic life 
of ORNI, streams, plans were developed to install a systeni of instream monitors. The 
installation of this system will enable BRNL to accumulate rcal-time effluent concentrations 
that can be correlated with the results of the toxicity testing effort. It is believed that much 
of the chlorine toxicity may be the result of episodic events (Sect. 3.1.3.4>, and this systcm 
would provide a constant tracking of the concentrations in the streams. Thc monitors are 
expected to be in place in the secund quarter of CY 1987 and will have the capability of 
measuring chlorine concentrations in the range of 8.04 to 0.25 mg/L. 

T h i s  capital project i s  designed to provide modifications to existing piping systems in the 
areas. Preliminary investigations and sampling during CY 1986 indicated that 

inappropriate cross-connections between the various csllcxtion systems exist that allow 
proeas effluents to be discharged untreated to WOC. Building inventories for the 4500s 
complex and selected buildings within the 3081) (isotopes) area were completed. As a result 
of these activities, this capital project was defined and includes (1) recycling cooling water in 
the 4500s complex and (2) connecting Building 3500 to the process waste system. 

A characterization of discharges from the storm sewer system to receiving streams in 
supporl of the NPDES peranit application indicated that there were some Category III 
(containing potentially untreated process waste) wastewaters entering the storm sewer system 
and subsequently being discharged to the receivhg streams. During CY 1986 a plan for lining 
process waste piping in the 3OOO and 4500 areas was mmplctcd, and sampling to docmment 
prelining conditions was completed. The second phase of sampling will ctermine if lining 
process waste piping has seduced the discharge of process waste to the watershed. This phase 
will be initiated in the third quarter of CY 1987. 
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10.4.3 Wastewater/Storm Drain Isolation 

Outfalls 341 and 342 on First Creek have exhibited higher than cxpected levels of %h. 
The data indicate that a source of %r is entering the storm sewer system. The accompanying 
high conccntration of calcium is an indication that the source of the %r may be contaminated 
groundwater. Monitoring of the data during CY 1986 resulted in development of a plan to 
detcrmine the source of the radioactivity through building inventories and evaluation of data 
from groundwater monitoring wells. This capital project will line storm drains and sanitary 
sewer piping to prevent the discharge of radioactively contaminated groundwater directly to 
the watershed. 

10.5 CLEAN WATER ACT COMPLIANCE STUDY 

The purpose of the Clean Water Act Compliance Study is to segrcgatc process waste 
from storm drainage and sanitary sewage, thus reducing the pollutant loading on the 
watershed. Segregation of surface water, rainwater runoff, cooling water, and condensation 
from process wastc will reduce thc volume of process waste that requires treatment and will 
improve treatability of process wastewaters. Surhce watcr and rainwater, which do not 
require trcatmcnt, will be discharged directly to thc watershed; process waste will be 
transferred t o  the appropriate treatment plant. 

The first priority in the study is segregation of process waste from storm drainagc; the 
second and third priorities, respectively, are segregation of process waste from sanitary sewage 
and segregation of nonradioactive process waste and radioactive process waste. Data 
collectcd during CY 1986 have led to the initiation of an engineering study for (1) wastewater 
treatment of effluent from the decontaminztion laundry (Building 2523) and (2) transfer 
piping for the nonradioactive process waste from the 3 0  area. 

10.6 PCB AND MERCURY MONITORING PLANS 

As part of the OKNL NPDES permit, plans for identifying and evaluating all sources of 
PCB and mercury contamination should be prepared. During CY 1986, these plans were 
devclopcd and transmittcd to the Tennessee Department of Health and Environment for 
review and approval. Tmplemcntation of thesc monitoring plans was initiated during the first 
quarter of CY 1987. Subsequent direction 0.F abatement projects will bc determined by the 
results of data collected during 1987. 
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Appendix A 

CONCENTRATIONS OF SOLUBLE METALS 
IN WHITE OAK CREEK WATERSHED, 

S E m m E R  19% 





Table kl. Concentrations of soluble metals (in milligrams per liter) in White Oak Creek watershed, 
§emember 1986 

Site" 

WCK WCK WCK WCK WCK MEK MEK FCK F F K N T K  
6.8* 3.9 3.4 2.9 2.3 1.8* 0.6 LO* 1.1* 1.0* 

Soluble Ag 

Soluble AI 

Soluble As 

Soluble B 

Soluble Ba 

Soluble Be 

Soluble Co 

Soluble Ga 

Soluble Li 

Soluble Ni 

Soluble Sb 

Soluble Se 

Soluble Sn 

Soluble Ti 

Soluble V 

Soluble Zr 

<0.05 

< 0.2 

<0.1 

< 0.8 

< 0.02 

<om2 

< 0.01 

< 0.03 

< 0.2 

< 0.06 

< 0.2 

< 0.2 

< 0.05 

< 0.02 

<0.01 

.< 0.02 

< 0.05 

< 0.2 

<0.1 

4 . 8  

<0.02 

<0.002 

<a01 

4 . 0 3  

<0.2 

<O.M 

< 0.2 

< 0.2 

<0.05 

<0.02 

<0.01 

<0.02 

<0.05 

<0.2 

<0.1 

<0.8 

< 0.02 

<om2 

<0.01 

< 0.03 

< 0.2 

< 0.06 

<0.2 

< 0.2 

4 . 0 5  

< 0.02 

<0.01 

C0.02 

< 0.05 

< 0.2 

<0.1 

<0.8 

<0.02 

<om2 

eo.01 

dl.03 

e0.2 

< 0.06 

<0.2 

<0.2 

c0.05 

4 . 0 2  

KO.01 

< 0.02 

< 0.05 

< 0.2 

<0.1 

<0.8 

<a02 

<om2 

<a01 

a 0.03 

< 0.2 

a 0.06 

<0.2 

a 0.2 

< 0.05 

c0.02 

<0.01 

< 0.02 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

<0.05 <0.05 

<0.2 <0.2 

c0.1 <0.1 

4 . 8  4 . 8  

<0.02 e0.02 

<om2 K0.002 

<0.01 <0.01 

<0.03 e0.03 

<0.2 q0.2 

<0.06 <O.M 

<0.2 <0.2 

<0.2 <0.2 

uo.05 <0.05 

<0.02 <0.02 

<0.01 <0.01 

<0.02 <0.02 

< 0.05 

< 0.2 

<0.1 

< 0.8 

< 0.02 

< o m 2  

<0.01 

< 0.03 

<0.2 

0.06 

4 . 2  

60.2 

< 0.05 

<0.02 

<0.01 

< 0.02 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

WA 

NA 

NA 

PIA 
~ ~~ ~~ 

"Asterisk denotes reference site; NA = not available for Septemher. 





Appendix I3 

MERCURY IN SUNFISH FROM WHITE OSW: CREEK 
WATERSHED AND REFERENCE SITES 





281 

Table B.1. Mercury in sunfish &om White Oak Creek 
watershed and reference sites 

Site" D i d  Date SPP' Sexd # W g r  Lgtd HgB 

WOC 3.5 
WOC 3.5 
WOC 3.5 
WOC 3.5 
WOC 3.5 
WOC 3.5 
WOC 3.5 
WOC 3.5 

WOC 2.9 
WQC 2.9 
WOC 2.9 
WOC 2.9 
WOC 2.9 
WOC 2.9 
WOC 2.9 
WOC 2.9 

WOC 2.3 
WOC 2.3 
WOC 2.3 
WOC 2.3 
WOC 2.3 
WOC 2.3 
WOC 2.3 
WQC 2.3 

MBR 0.2 
MBR 0.2 
MBR 0.2 
MBR 0.2 
MBK 0.2 
MBR 0.2 
MBR 0.2 
MBR 0.2 

WOLI .o 
WOI, 1.0 
WOI, 1.0 
WOL 1.0 
WOL 1.0 
WOL 1.0 
WOI, 1 .o 
WOI, 1 .(I 

hVV i I )  2 
%bI ( I !  

Y M  I' I I  ' 

3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 

2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 

2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 

0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 

1 .0 
1 .o 
1 .0 
1.0 
1 .o 
1 .0 
1 .0 
I .0 

0.2 
0.2 
0.2 

11/25M 
11mm 
11/25/86 
11/25/86 
11/25/86 
11/25M 
11/25/84 
11/25/84 

12/03/86 
12/03/86 
12/03/86 
12/03/86 
12/03/86 
12/03/84 
12/03/86 
12/03/86 

2/03/87 
2/03/87 
2/03/87 
2/03/87 
2/03/87 
2/03/87 
2/03/87 
2/03/87 

12/04/84 
12/I)4/86 
12/04/86 
2/05/87 
2/05/87 
2/05/87 
2/05/87 
2/05/87 

12/05/86 

12/05/86 
12/05/86 
12/05/86 
12/05/86 
12/05/86 
1 2 / 0 5 ~  

1211 1/86 
1211 1/86 
1211 I/% 

12/05/86 

BLUGIL 
BLUGIL 
BLUGIL 
BLUGIL 
BLUGIL 
BLUGIL 
BLUGIL 
BLUGIL 

BLUGIL 
BLUGIL 
BLUGIL 
BLUGIL 
REDBRE 
REDBRE 
REDBRE 
REDBRE 

BLUGIL 
BLUGIL 
BLUGIL 
BLUCIL 
REDBRE 
REDBRE 
REDBRE 
REDBRE 

BLUGIL 
BLUGIL 
BLUGIL 
BLUGIL 
BLUGIL 
BLUGIL 
REDBRE 
BLUGIL 

RLUGIL 
BLUGIL 
BLUGIL 
BLUGIL 
BLUGIL 
REDBRE 
REDBRE 
REDBRE 

BLUGIIL 
BINGIL 
BI .IJGIL 

M 

M 
M 
M 
M 
M 
F 
M 
M 

M 
M 
M 
M 
M 
M 
M 
M 

M 
M 
M 
M 
M 
M 
M 
M 

M 
M 
M 
M 
F 
M 
M 
M 

M 
M 
M 

7275 
7159 
71 19 
8128 
7175 
7 197 
7597 
7595 

7554 
7539 
7538 
75 19 
9025 
9029 
9023 
9024 

0008 
0077 
0067 
0088 
00 15 
0 106 
008 1 
0104 

9035 
9036 
7469 
007 1 
0017 
0085 
0075 
005 1 

6933 
6950 
9037 
6968 
6997 
9045 
9043 
9042 

6905 
6985 
6927 

253.4 
123.8 
143.8 
125.2 
119.0 
161.1 
67.6 
47.7 

137.1 
93.9 
93.0 
49.9 

157.9 
85.3 

139.2 
167.7 

58.0 
162.5 
49.8 
68.6 
78.9 
68.9 
55.5 
42.6 

30.0 
82.2 
27.1 
28.7 
12.0 
9.5 

12.0 
5 1.0 

65.7 
113.1 
101.8 
61.4 
56.3 
85.0 
68.7 
60.6 

111.2 
158.0 
93.8 

23.0 
18.0 
18.5 
18.3 
18.0 
18.7 
14.8 
13.4 

19.3 
16.7 
16.6 
14.2 
20.0 
16.6 
19.6 
20.3 

15.1 
21.5 
14.4 
15.4 
17.1 
16.6 
15.5 
13.5 

12.0 
16.1 
11.7 
12.0 
9.4 
8.5 
8.6 

14.4 

15.3 
17.7 
17.3 
14.5 
14.7 
17.0 
15.3 
15.0 

17.6 
21.5 
18.0 

0.52 
0.26 
0.16 
0.26 
0.22 
0.14 
0.21 
0.20 

0.52 
0.40 
0.30 
0.38 
0.37 
0.58 
0.46 
0.48 

0.40 
0.73 
0.20 
0.43 
0.66 
0.64 
0.50 
0.38 

0.11 
0.08 
0.11 
0.10 
0.14 
0.14 
0.13 
0.20 

0.09 
0.09 
0.07 
0.09 
0.11 
0.27 
0.18 
0.35 

0.19 
0.30 
0.27 
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Table B.1 ( ~ n t i n ~ a x l )  

NWT 0.2 
NWT 0.2 
NW'T 0.2 
N W T  0.2 
NWT 0.2 

I-IINDSCR 
HINDSCR 
HINDSCR 
HINDSCR 
HINDSCR 
I IINDSCR 
HINDSCR 
HINDSCR 

BRlJSHY 
BRUSHY 
RRIJSHY 
BRUSHY 
BRUSHY 
BRTJSHY 
BRUSHY 
RRlJSHY 

0.2 12/11/86 
0.2 1211 1/86 
0.2 12/11/86 
0.2 12/11/86 
0.2 12/11/86 

1/08M 
1m/86 
1/08/86 
1/08/86 
1/08/86 
1/08/86 
1/08/86 
1/08/86 

121 1 0185 
12/10/85 
1211 0/8S 
1211 0185 
1211 Of85 
12/10/85 
12/1 0185 
12/10/8S 

BLUGIL M 
BLUGIL M 
BLUGIL F 
RLUGIL M 
BLUGIL M 

BLUGIL M 
BLUGIL M 
BLUGIL F 
BLUGIL M 
BLUGIL M 
BLUGIL F 
BLUGIL M 
BLUCJIL M 

REDBRE M 
REDBRE F 
REDBRE M 
REDBRE M 
KEDBRE M 
REDBRE F 
REDBRE F 
REDBRE M 

7598 
75 76 
7579 
7577 
7592 

6900 
6907 
6916 
6919 
6930 
6935 
6970 
6W95 

8126 
8136 
8161 
8170 
8172 
8179 
8187 
8188 

108.4 17.4 0.26 
19.6) 0.32 117.3 
15.4 0.29 67.0 

67. 1 15.4 0.19 
38.3 13.4 0.29 

82.3 16.4 0.05 
49.4 14.4 0.05 
56.5 14.9 0.06 
65.2 14.8 0.09 
83.5 16.9 0.05 
49.5 14.1 0.09 

108.1 17.9 0.M 
85.2 16.5 0.05 

122.4 
60.0 
83.5 
'70.6 
44.9 
53.4 
45.0 

113.2 

18.7 0.06 
15.3 0.08 
17.3 0.24 
15.6 0.09 
14.3 0.04 
14.6 0.07 
14.1 0.09 
17.8 0.09 . .  

"WQL = Whitc Oak lake;  WOC = White Oak Creek; MRR = Melton; 13ranch; N W T  == Northwest 
'Tributary; I IINDSCR = IIinds Creek, Anderson County, 'I'ennessec; BRUSHY =1 Brushy Fork, Anderson 
County, Tennessee. 

bl)istance (in kilometers) upstream from confluence with larger stream (i.e., WOC 3.S is White Oak Creek 
3.S km upstream from the Clinch River). 

'Spccies: RI.UGIL = bluegill sunfish (Lepmk nzasrodiinis); REDUKI? = rcdbrcast sunfish (f.epomis 
aiwitus). 

'M = male; F = female. 
'Fish weight, in grams. 
fFish total length, in centimeters. 
T o t a l  mercury in fish axial muscle, in micrograms pcr gram wet weight. 
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Appendix C 

C.1 MERCURY 

The results o f  analysis of eight pairs of blind duplicatc fish s~itiiplcs for to ta l  mercury 
indicated low variability in the analytical p r o a  durc. The mean diffcrcncc between cluplicritc 
samples was 0.014 ppm, and the mean standard dcviation among rcplic:itcs was 0.020 ppm. 
'['he mean coefficient o f  variation was 6.4%. T h e  rcsdts o f  analyscs of rcfcrcncc fish samples 
obtained from the I J.S. Environmental Protection Agcncy (EPA) avcragctl 2.42 t 0.1 2 1ym 
(mean t 1 s.d., tz = 9)  vs an expcctcd result c*f 2.52 ppm ; rccovcry was 96 k 5 %. Mcrciiry 
lcvcls measured in fish from the uncontaminated rcfcrcncc sitc (flinds Crcck) wcrL- typic.,tI 
o f  background levels in stream fish, avcraginL 0.06 k 0.02 ppm (mean k 1 ui., n : 9). 

c.2 PCBS 

Thc results o f  analyscs o f  nine pairs of blind duplicate fish sainplcs liir ~)olychI~,l-inittcd 
biphenyls (PCNs) were much morc variable than rcsulls o f  mercury analyses. 'Thc mcm 
dilfercncc: and standard deviation bctwcen duplicates was 0.22 ppm to ta l  PCRs, with ;I 

coefficient o f  variation of 20.6%. Measur2mcnt o f  PCB- 12.54 was morc variable than 
measurement o f  PCB-1260, with mean differences bclwcen duplicates o f  0.18 and 0.1 1 ppm 
rcspcctivcly. Standard dcviations wcrc 0. I6 and 0.10 ppm, while mean coefhknts  o f  
variation wcrc 30% and 17% for PGB-1254 and PCB-12fKI rcspcctivcly. Samples of 
uncontaminatcd carp (Hinds Creek) were spiked at  1 ppm each PCB-1254 and PCX3-12M) and 
analyzed along with catfish sarnplcs. Mean rccovcries were good, b u t  variabili!y was 
comparable to  that observed in the analysis tsf Mind duplicates. Kccovcrics avcragcd 104 + 

2996, 9S +- 40747, and 114 _+ 29% (mean +- 1 s.d.) for total PCBs, PCB-1254, and PCU-1260 
respectively. Samples o f  PCB-contaminated carp wcre homogenized and split for analysis hy 
the  Oak Ridge National Lahoratory Analytical Chemistry Division (ACD) and the 1:PA 
Envirrmmcntal Scrviccs I,aboratory, Athen:;, Georgia. 'I'hc mcan lcvcls of totaf PC':t3s, 
PCB- 1254, and PCB- 1260 did not differ significantly in t h c  17vc saniplcs analyzed by the two 
laboratorics @ > 0.05 ), but results obtained by thc EPA 1aboratot.y wcrc highixr, wi:i.iigiiig 
0.80 vs 0.48, 0.39 vs 0.17, and 0.41 vs 0.31 for total PCBs, P(:'I3-1254, and 1'(:13-l LOO 
rcspcctivcly. Additional portions of those same fish wcrc sent t o  another A< 'I1 Idxmtoi-y 
for dual-column gas chromatographic PCB analysis. Rcsults o f  those analyscs have n o t  ycl 
been reccived. Saniplcs of carp known to contain only very low lcvcls of PCRs wcrc analyzcd 
as analytical controls. Rcsulits rcportcd for tlicse fivc analyses were all at or bclow limits o l  
detection (0.1 ppm each f o r  PCB- I254 and PCR- 1200). 
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Table D.1. Conccnlrations of polychlorinated bipkcnyb (PCRs) and %r in Whilc Oak Creek 
and Clinch River calfksh 

Site" Date SPPh S e f  # Wgl" Lgth' XPC@ 1254K 1260" m S ~  

WQL 
WOL 
WOL 
WOL 
WOL, 

WCK0.9 
WCK 0.9 

WCK 0.3 
WCK 0 . 3  
WCK 0.3 
WCK 0.3 
WCK 0.3 
WCK 0.3 
WCK 0.3 
WCK 0.3 
WCK 0.3 
WCK 0.3 

CRK 33.8 
CRK 33.8 
CRK 33.8 
CRK 33.8 
CRM 33.8 
CRK 33.8 
CRK 33.8 
CRK 33.8 

CRK 34.8 
CRK 34.8 
CKK 34.8 
CRK 34.8 
CRK 34.8 
CRK 34.8 
CRK 34.8 
CRK 34.8 
CRK 34.8 
CRK 34.8 
CRK 34.8 

CRM 33.2 
CRK 33.2 
CRK 33.2 
CRK 33.2 
CRK 33.2 
CRK 33.2 

8/07/86 
8/07/86 
8/07/86 
8/08/86 
8/15/86 

8/M/86 
8/08/86 

8/0(1,/86 
8itW86 
8i%/% 
8iohiruj 
8/07/86 
8/08/86 
FYI 1/86 
8/ 1 2/86 
811 2/86 
8/13/86 

7/23/86 
7/23/86 
7/23/86 
7/23/86 
7/23/86 
713 1/86 
8/ I 3/86 
9/05/86 

7/23/86 
7/23/86 
8/05/'% 
8/ 12/86 
811 2/86 
8/ 1 2/86 
8/1 2/86 
811 2/86 
Si 12/86 
Sf 12m 
8/1 2/86 

7/29/86 
7/30/86 
7/30/86 
7/30/86 
7/30/86 
7/30/86 

Y.RULL 
Y. B lJLL 
B.BLJLL 
Y.BUL1, 
Y.RU1.6, 

CHCAT 
CH.CAT 

CH,CAT 
CW.CAT 
CILCAT 
CH.CA1' 
CH.CAT 
CFICA?' 
CH.CAI' 
CH.CAT 
CI-LC-AT 
CH.CAT 

CI I.CAT 
CH.CAT 

CH.CAT 
CH. CAT 
CH.CAT 
CH.CAT 
CH.CAT 

CH.CAT 
CH.CAT 
CH.CAT 
CH.CAT 
CH.CAT 
CH.CAT 
CH.CAT 
CH.CAT 
CHCAT 
CH.CAT 
DL.CAT 

CH.CAT 
CH.CAT 
CHCAT 
CH.CAT 
CH.CAT 
CHCAT 

c H . c x r  

F 
M 
M 
M 
F 

F 
M 

F 
F 
F 
M 
F 
M 
M 
M 
M 
M 

M 
F 
M 
M 
M 
M 
M 
M 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

M 
M 
M 
M 
M 
M 

1 
2 
3 
4 
5 

1 
2 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1 
2 
3 
4 
5 
6 
7 
8 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

1 
2 
3 
4 
5 
6 

434 
xi4 
415 
202 
500 

1168 
594 

942 
926 
836 
636 
734 
668 
884 
877 
548 
436 

1026 
2058 
2122 
2242 

766 
1358 
958 
700 

1125 
968 
679 
8665 
634 
570 
466 
442 
370 
2c5 
348 

910 
567 
568 
658 
536 
638 

28.6 
29.0 
29.6 
24.8 
31.0 

49.5 
42.4 

44.0 
45.7 
44.5 
43.5 
42.6 
41.8 
45.6 
45.2 
40.5 
36.0 

47.9 
56.2 
57.5 
57.0 
43.0 
49.5 
47.0 
44.2 

49.0 
46.3 
47.2 
46.5 
43.1 
41.6 
37.9 
39.7 
36.0 
32.0 
36.4 

46.0 
39.8 
40.0 
44.0 
36.0 
40.4 

0.59 
0.62 
0.90 
1.76 
1 .m 

0.91 
0.68 

1.18 
2.12 
1.70 
1.28 
2.62 
1.33 
2.06 
0.32 
0.64 
11.73 

0.16 
0.59 
0.19 
0.10 
1.35 
0.86 
0.76 
0.92 

0.27 
1.44 
1.57 
1.32 
1.05 
0.58 
0.50 
1 .&I 

1.06 
0.52 
0.61 
2.4 
0.39 
0.74 

0.29 
0.33 
0.46 
0.96 
0.55 

0.59 
0.38 

0.5 1 
1.61 
1.01 
0.80 
1.7 

0.80 
1.31 
0.09 
0.37 
0.46 

0.07 
0.22 
0.12 
0.02 
0.46 
0.42 
0.10 
0.10 

0.19 
0.44 
0.80 
0.79 
0.57 
0.33 
0.22 
1.1 

0.49 
0.30 
0.35 
0. I 
0.25 
0.44 

0.30 
0.29 
0.44 
0. $0 
0.45 

0.32 
0.30 

0.67 
0.5 1 
0.69 
0.48 
0.92 
0.53 
0.75 
0.23 
0.27 
0.27 

0.09 
0.37 
0.07 
0.08 
0.89 
0.44 
0.66 
0.82 

0.08 
1 .o 
0.77 
0.53 
0.48 
0.25 
0.28 
0.74 

0.57 
0.22 
0.26 
2.3 
0.14 
0.30 

4500 
4300 
551x1 
41W 
3700 

1400 
670 

330 
1500 
440 
120 

1300 
410 
290 
820 
870 

4313 
650 

990 
1200 
630 
350 
690 

500 
130 
40 

1100 
a0 

430 
30 
38 
56 
48 

100 

2300 
1400 
2500 
90 

7 10 
1900 



Sitc“ Datc SPPb S e ~  # Wgtd Lglh’ CPCB’ 12S4g 126@ 

CWK 32.2 
CRK 32.2 
CRK 32.2 
CRK 32.2 
CRK 32.2 
CWK 32.2 
CRK 32.2 
CRK 32.2 
CRK 32.2 
CRK 32.2 
CRK 32.2 

CRK 30.2 
CRK 30.2 
CKK 30.2 
CRK 30.2 
CRK 30.2 
CRK 30.2 
CRK 30.2 
CRK 30.2 
CRK 30.2 

CRK 40 
CRK 40 
CRK 40 
CRM 40 
CRK 40 
CRK 40 

81 1 2/86 
8/ 1 2/86 
81 12/86 
811 3/86 
8/ 1 3/86 
8/ 1 3/86 
811 3/86 
811 3/86 
8/13/86 
811 3/86 
8/ 1 3/86 

7/29/86 
713 1/86 
71.7 1/86 
810 1/86 
8/05/86 
8/05/86 
8/06/86 
8/12/86 
81 1 2/86 

7/23/86 
7/23/86 
7/33/86 
8/1 5/86 
811 5/86 
811 5/86 

BL.CAT 
BT ... CAT 
FH.CAT 
CHCAT 
CI-1. CAT 
CH.CAT 
CH.CAT 
CHCAT 
CH.CAT 
CI-LCAT 
CH.CAT 

CH.CAT 
CHCAT 
CI-1. CAT 
CH.CA1’ 
CI-I.CAT 
CH.CAT 
CM.CAT 
CHCAT 
CH.CAT 

CH.CAT 
CH.CAT 
CH . CAT 
CH.CA’T 
CH.CAT 
CI-I.CAT 

M 
M 
M 
M 
M 
F 
h4 
F 
M 
M 
M 

M 
M 
M 
M 
F 
M 
M 
M 
F 

M 
M 
M 
M 
M 
F 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 
2 
3 
5 
6 
7 

$65 45.9 
957 45.7 
319 33.5 

1110 50.2 0.84 0.19 0.67 
568 41.5 0.47 0.17 0.30 
815 45.0 1.53 0.23 1.3 
’7% 45.0 1.06 0.43 0.63 
506 42.0 0.95 0.33 0.62 
434 35.0 1.88 1.6 0.28 
502 39.0 0.57 0.10 0.47 
472 38.5 0.N 0.31 0.49 

1722 56.8 0.88 0.43 0.45 
757 45.0 0.72 0.33 0.39 
554 37.9 0.90 0.35 0.55 
490 42.3 0.44 0.10 0.34 

829 44.0 0.91 0.11 0.80 
468 38.2 0.52 0.26 0.26 
459 40.0 0.32 0.16 0.16 
334 36.2 

1026 46.5 2.36 0.56 1.8 

634 41.4 0.80 0.01 0.79 
1362 52.5 0.26 0.09 0.17 
1106 50.5 0.43 0.10 0.33 
302 34.9 0.52 0.29 0.23 
412 38.3 0.20 0.10 0.10 
856 44.0 0.54 0.22 0.32 

90 
120 
120 
120 
91 
34 
17 
31 
35 

110 
15 

15 
37 
25 
23 
14 
16 
19 
30 
11 

1 
15 
44 
18 
1 
3 

“WOL = White Oak Iake;  WCK = White Oak Creek kilometer; CKK = Clinch River kilometer. CRK 40 is 

bSpecics: CH.CA1’ = channel catfish (Zctalum punctuhrs); Y.BUI,i, = yellow bullhead (Zctdimls n ~ f ~ l k ) ;  
B.BULL = black bullhead ( I c t a l u ~  melm); BL.CAT = blue catfish (Ictulun~ f i l r ca t~ ) ;  FH.CA’I‘ = flathead 
catfish (F91odicnrs olivntis). 

‘M = male; F = female. 
dl;ish wcight, in grams. 
‘Fish total length, in centimeters. 
f-I’otal PCRs (sum of PCB-1254 and PCB-1,260) in fish axial muxle, in micrograms per gram wet weight. 
TCH-1254 (Arochlor-1254) in fish axial muscle, in micrograms per gram wet weight. 
hPCB-1260 (Arochlor-1260) in fish axial muscle, in micrograms per gram wet weight. 
‘Strontium-90 in catfish vertebrae, in becqucrels per kilogram dry weight. 

located in Melton IIill Reservoir. 



Appendix E 

FISH DENSITY, BIOMASS, AND CONDITION FACI'OR DATA 
COLLECTED IN WHITE OAK CREEK WATERSHED 

FROM AUGUST 1985 TO SEPTEMBER 19136 





FCK FCK FFK FFK MEK MEK MEK MEK NTK NTK WCK WCK WCK WCK WCK WCK 
Species 0.1 0.8 0.2 0.4 1.0 0.6 1.4 1 .s 2.1 0.3 1.0 2.3 2.9 3.4 3.9 5.1 6.8 

Bluegill 0.10 - NF N F  NS NF 0.02 NS 0.07 - 0.04 co.01 - 
Largemouth bass 0.01 - co.01 - 
Redbreast sunfish 0.12 - 0.13 CO.01 0.03 - 
Rock bass co.01 - 
Warmouth <0.01 - 

Cotlidae 

Banded sculpin 0.02 - 0.52 

Cyprinidae 
2 
'4 

Blacknose dace 2.27 4.08 - <0.01 - 0.63 3.61 0.26 - 5.19 2.66 

Central stoneroller - 4.28 0.03 

Creek chub 0.05 0.04 - 0.30 - 0.54 1.78 - 0.64 0.05 

Fathead minnow 0.03 - 0.01 - <0.01 CO.01 <0.01 - 
Ictaluridae 

Black bullhead <0.01 - 

Mosquitofish O D 4  - 0.37 - 0.06 0.03 0.13 - 
Poeciliidae 

Number of species (N) 5 3 NF NF KS 3 NF 2 2 5 NS 7 3 4 2 3 4 

Summed densityb 2.49 4.14 N F  NF NS 0.43 NF 1.17 5.39 0.67 NS 0.28 0.04 0.20 CO.01 10.11 3.26 

Total densit)' 2.48 4.14 NF NF NS 0.43 N F  1.17 5.40 0.58 NS 0.28 0.03 0.20 CO.01 10.12 3.26 
~~ ~ ~ ~~ 

"FCK = First Creek lulometer; FFK = Fifth Creek kilometer; MEK = Melton Branch biometer; N T K  = Northwest Tributary kilometer; WCK = White Oak Creek kilometer; 

bSurn of I9 for each species. 
'From fl, all species combined. 

NF = no fish taken m sample; NS = site not sampled at this date. 
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Table E3. Fmh densities (number of fish per square meter) for AugustSeptember 1% in While Oak Qeek, Fvst Cx&, 
F i  Crek, Melton Braoch, and Northwest Tributary 

Sitea 

FCK FCK FFK FrX FFK MEK MEK MEK MEK NTK NTK WCK WCK ECK 'WCK WCK WCK 
0.1 0.8 0.2 0.4 1.0 0.6 1.4 1.5 2.1 0.3 1.0 2.3 2.9 3.4 3.9 5.1 6.8 Species 

Centrarchidae 

Bluegill 0.02 - N F  - NF NS DS 0.08 0.07 0.27 <0.01 0.16 CO.01 - 
Largemouth bass - <0.01 - 

Redbreast sunfish 0.03 - 0.16 0.18 0.51 - 
Rock bass 0.01 - 

Warmouth 0.06 - 
Clupeidae 

Gizzard shad - <0.01 - 
Cottidae 

Banded sculpin - 1.05 1.44 - 0.1 1 

carp - <0.01 - 
Cyprinidae 

- 0.23 0.25 ~ MJ5 0.19 0.01 7.35 2.32 Blacknose dace 1.94 5.47 - 9.73 1.35 0.02 - 
Central stoneroller 0.01 - 7.78 0.0s 

Creek chub 0.06 0.04 - 0.03 - 0.06 - <0.01 - CO.01 0.53 0.18 

Fathead minnow 0.14 - - 0.46 0.03 - 0.04 0.01 <0.01 0.03 - 
Ictaluridae 

Yellow bullhead - <0.01 - 
Poeciliidae 

Mosquitofish 0.73 - - 3.07 0.04 0.48 1.09 0.90 CO.01 - 
Number of species (N) 5 2  NF 2 2 3 NF NS DS 4 5 10 6 5 5 4 4 

Summed dens ig  2.91 5.51 NF 10.83 2.79 0.08 NF NS DS 3.84 0.45 1.00 1.37 1.77 0.02 15.69 2.66 

Total densityC 2.89 5.50 NF 10.83 2.79 0.07 NF NS DS 3.84 0.44 1.00 1.36 1.77 0.02 15.71 2.66 

'TCK = First Creek kilometer; FFK = Fifth Creek lulometer, MEK = Mellon Branch kilometer, NTK = Northwest Tributaly kilometer, WCK = White Oak Creek 
kilometer; NF = no fish taken in sample; NS = site not sampled at this date; DS = site dry at time of sampling. 

of fi for each species. 
'From h, all species combined. 



~ -~ ~~ 

S i t e  

FCK FCK FFK W K  PFK MEK MEK MEK MEK NTK NTK WCK WCK WCK WCK WCK WCK 
speciff 0.1 0.8 0.2 0.4 1.0 0.6 1.4 1.5 2.1 0.3 1 .o 2.3 2.9 3.4 3.9 5.1 6.8 

Gntmrchidae  

2.27 0.05 - 0.58 - 0.06 NS Bluegill 0.i9 - NF NF NS N F  

Largemouth bass 0.w - 1.96 - - -  

Redbreast sunfish - 1.31 4.52 0.34 2.18 - - 

Rock bass 0.06 - 

Warmoulh 0.10 - 
- -  

- -  

colnirrd.?e 

Bdnded sculpin 0.22 - 

Cvpnnidae 

Blac'mose dace 5.45 4.08 - c0.01 0.32 0.36 0.65 - 

2.46 

E 
ch 

4.16 3.93 

Ccnkal  s:oneroller - 14.10 0.12 

Creek chub 0.38 0.15 - 2 . 8  - 0.16 0.54 - 1.93 0.29 

Fathead rn inr iow 0.09 - 5.03 - co.01 <0.01 <0.01 - 

lclalundae 

. .  Black bullhead 0.01 - 

Poeai11d3e 

Mosquitofsh 0.02 - 0.22 - 0.01 0.01 0.05 - . 

6.13 4.45 NF N F  NS 3.40 N F  0.48 0.90 1.00 NS 7.24 0.36 4.50 0.05 20.19 6.82 , _. 
iolal blomass 

OFCK = Fin1 Creek lulomeier; FFK = Fifrh Creek Ulomeler; MEX = Me;:on Branch kilometer, NTK Northwest Tributary lulomerer; WCK = White Oak Crcek kiiorneier; NF = no fish 
taken in sample; NS = we no1 samplec a; this dale. 



~~ 

FCK FCK FFK FFK FFK MEK MEK MEK MEK NTK NIX WCK WCK WCK WCK WCK WCK 

0.1 0.8 0.2 0.4 1.0 0.6 1.4 1.5 21 0.3 1 .o 2.3 2.9 3.4 3.9 5.1 6.8 specis 

Gnuarchidat: 

Bluegill 0.65 . NF - NF 0.10 - 0.87 0.76 8.09 - 

Redbreast sunfwh 1.95 - 3.47 - 0.64 ~ 

Kwck bass 

Spcted bass 

Warmouth 

0.18 - 
0.13 - 

0.21 - 

Couidac 
N 

1.60 r- 
4 

R a n k x i  sculpin 0.21 - 5.30 11.92 - 

Cypnnidae 

Blacknosr daw 2.42 2.47 - 16.28 3.12 0.06 ~ 0.51 1.32 0.46 2.58 - 0.03 <0.01 - 6.11 1.15 

Central stoneroller 20.0 0.12 

Creek chub 0.08 0.69 - 0.39 - 0.24 1.08 0.07 0.17 - 0.02 - 7.28 0.12 

Fathead minncw 0.74 ~ 0.21 0.18 - 0.42 0.04 eO.01 0.17 

Iclaluridae 

Yellow bullhead 0.03 - 
Poeciliidae 

Mcsquitofish 0.03 - 0.25 - eO.01 0.03 0.01 - 
Total biomass 3.92 3.37 NF 21.58 14.94 2.40 NF 0.75 2.40 1.09 2.93 4.90 1.24 880 <0.01 33.56 2.93 

"FCK = Fin[ Creek blorueler; FFK = Fifth Creek kilometer; MEK = Melton Brarsh kilometer; NTK = Northwest Tributary kilometer; WCK = While Oak Creek kilometrr; NF = no fsh taken in 
sample. 



Site 

FCK FCK FFK FFK FFK MEK MEK MEK MEK NTK NTK WCK WCK WCK WCK WCK WCK 
0.1 0.8 0.2 0.4 1.0 0.6 1.4 1.5 2.1 0.3 1.0 2.3 2.9 3.4 3.9 5.1 6.8 

Species 

Centrarchidae 

Bluegiil 

Largemouth bass 

Redbreast sunfish 

Rock bass 

Warmouth 

Clupeidae 

Gizzard shad 

Cottidae 

Banded sculpin 

Cyprinidae 

carp 
Blacknose dace 

Central stoneroller 

Creek chub 

Fathead minnow 

Ictaluridae 

Yellow bullhead 

Poeciliidae 

M o q u i  t ofish 

Total biomass 

0.02 - NF - N F  NS DS 

- 0.13 - 

0.05 0.20 1.38 0.40 9.21 0.25 

- 0.40 - 
- 4.32 1.66 6.57 - 
- 0.28 - 
- 0.66 - 

- 0.43 - 

4.32 4.33 - 0.56 

- XW - 
0.35 - 0.10 0.29 0.02 

- 0.03 - 

0.59 - 0.02 - 0.07 

0.02 - 0.13 0.03 <0.01 

2.02 0.04 - 

- 0.40 - 

3.67 

20.2 

1.16 

0.13 

1.75 5.47 - 13.7 0.66 3.94 

0.08 

0.79 0.56 0.78 - 
0.17 - 0.41 

- 0.44 - 

0.22 - 
2.72 6.25 N F  

0.61 

1.73 

0.02 0.14 0.33 0.27 <OB1 

1.13 3.08 2.64 15.37 0.34 18.02 6.35 0.57 NF NS DS 25.16 5.37 

“FCK = First Creek kilometer; FFK = Fifth Creek kilometer; MEK = Meiton Branch kilometer; NTK = Northwest Tributary ktiorneter; WCK = 
White Oak CreeK kilometer; N F  = no fish taken in sample; N S  = site not sampied at this date, DS = site dry at time of sampling; EiW = fish no: 
weighed. 
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Table E7. Chmparison bclwcen sampling sites on White Oak Crcek, Erst Crcek, Fifth Crcck, 
Melton Branch, and Northwest Tritrutary of m a n  condition fac.tors (K) 

of fish species colla.tod in AugustSeptember 1985 

Species Sites” 

BI uegi 11 WCK 3.4 WCK 3.9 FCK 0.1 WCK 2.3 NTK 0.3 
n = 15 n = 2  n = 7  n = 3 6  n = 2  
(1.9941) (1.7911) (1.4071) (1.36%) (1.3663) 

Blacknose MEK 0.6 MEK 2.1 N‘TK 0.3 FCK 0.1 MEK 1.5 WCK 5.1 FCK 0.8 WCK 6.8 
dace n = l  n = 1 4  n = 3 6  n = 9 9  n = 6 3  n = 1 0 8  n = 9 2  n = 1 3 7  

(1.IxOl) (1.02%) (0.9305) (0.9161) (0.8892) (0.8554) (0.7947) (0.7732) 

Creek chub FCK 0.1 FCK 0.8 MEK 0.6 MEK 2.1 WCK 6.8 WCK 5.1 MEK 1.5 
n = 4  n = l  n = 3 9  n = 7  n = 4  n = 4 2  n = 4 5  

(1.0828) (1.0496) (1.0187) (0.8743) (0.8053) (0.800) (0.7X69) 

Mosquitofish WCK 3.4 WCK 2.9 NTK 0.3 FCK 0.1 WCK 2.3 
n = 5 9  n = 1 4  n = 4 5  n = 2  n = 2 1  
(1.0601) (0.9995) (O.cB83) (0.8231) (0.6244) - 

Redbreast 
sunfish 

Sculpin 

WCK 2.9 WCK 2.3 WCK 3.4 MEK 0.6 
n = 2  n = 6 3  n = 1 2  n = 1 8  

(2.1589) (1.7526) (1,6840) (1.451 1) 

FCK 0.8 WCK 6.8 
n = l  n = 50 

(1.3741) (0.0906) 

”FCK = First Creek kilometer; I;FK = Fifth Creek kilometer; M I X  = Melton 13ranch kilometer; N I ’ K  = 
Northwest Tributary kilometer; WCK = White Oak Crtck kilometer; n = number o f  fish sampled and weighed. 
Values connected by the same line are not significantly different 0, > O.OS), ba s4  on ‘l‘ukcy’s studentired range 
(I  1s D) test. 



~ ._ 

Bluegill WCK 2.9 WCK 3.4 WCK 2.3 FCK 0.1 NTK 8.3 
n = l  n = 5 4  n = B  n = 3  n = 1 4  

(2.4992) (2.1078) (1.6568) (1.6365) (1.3280) - -I 

Blacknose dace FCK 0.1 WCK 2.9 WCK 5.1 NIK 1.0 MEK 1.5 WCK 3.4 MEK ko 4 
? ? - 2  n = 1 W  F l Z %  8 = 7 ' 9  7Z=l n = l  

(1.2272) (1.1457) (1.1253) (1.0716) (1.0341) (1.0251) (1.0115) 

Creek chub 

Fathead 
minnoW 

Mosquitofish 

Redbreast 
sunfish 

Stoncrollcr 

Sculpin 

FI;K 0.4 MEK 2.1 NTK 0.3 FFK 1.0 FCK 0.8 WCK 6.8 
n = 1 6 9  n = 6 2  n = 2 5  n = 3 1  n = 7 6  n = 9 7  
(1.0053) (0.9600) (0.94.82) (0.9355) (0.8861) (0.8121) 

MEK 0.6 ECK 0.8 FCK 0.1 WCK 5.1 N 1 X  1.0 NIT(  0.3 
n = 6  n = 2  n = l  n = 7 8  n = 8  n = 1  

(1.2285) (1.1662) (1.1358) (1.0773) (1.069) (1.0450) 

MEK 1.5 WCK 3.4 MEK 2.1 WCK 6.8 
9 2 = 3 5  n = 3  n = 4 2  n = 5  
(1.0450) (1.0205) (1.0089) (0.9490) 

WCK 3.4 WCK 5.1 WCX 2.9 NTK 1.0 FCK 0.1 WCK 3.9 NTK 0.3 
n = S  n = 5  n = 9 3  m = 4  n = 4 0  n = l  n = 2 2  

(1.1976) (1.0758) (1.0687) (0.9873) (0.9636) (0.9448) (0.9097) 

FCK 0.1 WCK 2.3 WCK 3.4 WCK 2.9 NIX 0.3 
n - 1  t 1 = 4  n = 5 n =: 25 n = 39 

(1.2800) (1.2321) (1.1868) (1.1374) (1.01.54) - 

WCK 3.4 MEK 0.6 WCM 2.3 
n = 2  n = 2 7  n = 5 1  

(2.2189) (1.9013) (1.8649) 

WCX 5.1 WCM 6.8 
n = = 1 6 6  n - - 2  
(1.0702) (0.9793) 

FFK 0.4 FCK 0.8 WCK 6.8 FFM 1.0 
n = 3 9  n = = l  n = 3 2  n = &  
(1.3289) (1.3137) (1.1588) (1.1109) 

"FCK = First Greek kilometer; FFK = Fifth Creek kilometer; bfEK =: Melton Branch kilometer; 
NTK = Nsithwest Tributary kilometer; WCK = White Oak Creek kilometer; n = number of fish 
saiiipled and wcighed. Values connected by the Same line are not significantly different @ > 0.05), 
based on 'I'ukey's studentized range (HSD) test. 



Table E9. Cbm- k t w c a  Samplrog sites 00. White Oak Creek., Fvst Creek, Nitb Creek, Meltm Branch, and Northwest Tributary of mean condim 
€acta (K) of fish species mllecxed in AugustSeplember 1986 

Specie5 Sited 

Bluegill WCK 3.9 WCK 2.9 WCK 3.4 WCK 2.3 NTK 1.0 FCK 0.1 NTK 0.3 
n = l  n = l  n = l O  n = W  n = 4  n = l  n = l l  

(2.5391) (2.1722) (1.7622) (1.4218) (1.3698) (1.2328) (1.1229) 

Biacknox dace NTK 0.3 WCK 3.9 FCK 0.8 WCK 2.9 NTK 1.0 WCK 3.3 FCK 0.1 MEK 0.6 WCK 5.1 'FFI( 0.4 WCK 6.8 FFK i.0 
n = 3 2  n = 5  n = l l F  n = 1 9  n = 1 7  n = 7 0  n = 7 5  n = 2  n = 1 4 0  n = 1 3 8  n = 1 3 5  n = 4 0  
( 1.0126) (0.9840) (0.9745) (0.9672) (0.9637) (0.9546) (0.93 15) (0.9265) (0.X60) (0.9235) (0.8771 j (0.8482) 

Creek chub MEK 0.6 NTK 1.0 WCK 3.9 f'CK 0.1 FCK 0.8 WCK 2.9 WCK 5.1 WCK 6.8 
n = 3  n = 3  n = 2  n = 3  n = 2  n = l  n = 3 7  n = 1 8  

(1.2291) (1.1824) (1.0896) (1 0595) (1.0418) (0.9269) (0.9206) (0 8'964) 

Fathead minnow WCK 2.9 WCK 5.1 NTK 0.3 WCK 3.4 NTK 1.0 WCK-3.9 FCK 0.1 
n = l 8  n = l  n = S 6  n = 3  n = l  n = l  n = 8  

(1.0397) (1 .076)  (0.9781) (0.9722) (0.9375) (0.9046) (0.8405) 

Mosquitofi5h WCK 2.3 NTK 0.3 NTX 1.0 WCK 2.9 FCK 0.1 WCK 3.4 WCK 3.9 
n - 5 7  n = 7 8  n = 2  n = 7 2  n = 4 2  n = 8 4  n = l  
(1.1198) (2.0614) (1.0434) (1.0401) (0.9391) (0.8178) (0.5565) 

Redbreast WCK 2.4 WCK 2.3 MEK 0.6 WCK 3.4 
sunfibh n = 6 5  n = 6 3  n = 3  n = 1 2 8  

(1.6839) (i.6722) (1.6341) (1.6037) 

S[onzroller WCK 2.3 WCK 5.1 WGK 6.5 
n = 2  n = l X  n = l  

(0.9373) (0.9343) (0.7226) 

Sculpin EFK 1.0 FFK 0 4  WCK 6.8 
n = 3 9  n = 4 3  n = 1 3  
(1.1796) (1.1713) (1.1456) 

"FCK = First Creek kilometer; FFK = Filth Creek kllomeier; M I X  = hlelton Brdnch kilometer; NTK = Norrhwest Tributary kilometer; WCK = Wh~te  
Oak Creek kilometer; n = number of fish sampled dnd weighed. Vdlues connected ay the Same line are not significantly different (p > 0.05), based on Tukey's 
studenmrd rmge (HSD) test. 



TaMe E10. CQmparson between samplmg pen<ds for stes rn Wtute Oak Creek, Fir Creek, F&b Cresk, M e i m  Branch, awf 
Nonhwest Tributary of meaa &t~)11 factom (9 of fish species 

Species' 
Site" Biuegiii Redbreast Warmouth 

Spring ,% Summer 85 Sunmer 86 - FCK 0.1 n = -9 n = 7  n = l  
(1.6365) (1 4071) (1.2328) 

MEK 0.6 

Summer 8.5 Spring 86 Sunme; 86 
x-rK 0.3 n = 2  n = 14 n = 11 

( 1.3663) (1.3280) (1.1229) 

Spring 86 Summer 86 Summer 85 
n = 21 n = 3  n = :b: 
(l.Wl3) (1.6341) (1.4511) 

Spring 56 Summer 86 Summer 85 Spring 86 Summer 8s Summer  86 Summer 85 Spring 86 Summer 86 
WCK 2.3 n = 2 8  n = 5 6  n = 36 n = 51  n = 63 n = 63 n = 3  n = 11 n = 23 

(1.6568) (1.4218) (1.36'X) ( 1 . W 9 )  (1.7526) (1.67223 (1.9735) (1.8270j (1.7228) 

WCK 2.9 
Summer 85 Summer 86 

n = 2  n = 65 
(2.1589) (1.6839) 

Spring 86 Summer 85 Summer 86 Spring 86 Summer 85 Summer 86 
wc:K 3.4 n = 54 n = 15 n = 70 n = 2  n = 1 2  n = 1 2 8  

(2.1078) (1.9941) (1.7622) (2.2189) (1.6840) (1.6037) 

Summer 86 Slimmer 85 

(2.5391) (1.7911) 
WCK 3.9 n = 1 n = 2 

"FCK = First Creeg ki1ome;er; FFK = Fifth Creek kilometer; MEK = Melton Branch kilometer; NTK = Northwest Tributary hlornetes; 
WCK = White Oak Creek kilometer. 

'Summer 8S = fish c0~1ec:ed in Adgust-Septemkr 1985; Spring 86 = fish coiiected April-May 1986; Summer 86 = fish co:lecred in 

,iUig~sr-Septenber 1986, n = number of fish sampled and weighea. Values connected by the same line are not significantly different I$ > &Os), 
nalseJ o n  Tukey's studentued ;ange (IISD) test. 



Species' 

SIte" Blacknose dace Creek chub Fathead minnow 

Spring 86 Summer 86 Summer 85 Spring 86 Summer 85 Summer 86 Summer 85 Spring 86 Summer 86 
FCK0.1 n =46 n = 75 n = 9 9  n = l  n = 4  n = 3  n = l  n = 50 n = 8  

(1.2272) (0.9325) (0.9161) (1.3581) (1.0828) (1.0595) (O.%JS) (O.%_%) (0.8405) 

Summer 86 Spring 86 Summer 85 Spring 86 Summer 85 Summer 86 
FCK 0.8 n = 118 n = 75 n = 92 n = 2  n = l  n = 2  

(0.9745) (0.8861) (0.7947) (1.1&32) { 1.04%) (1.0418) 

Spring 86 Summer 86 
FFKO.4 n = 169 n = 148 

( 1.0033) (0.9235) 

Spring 86 Summer 86 
FIX 1.0 rc = 3: I1 - 40 

(0.9355) (0.8482) 

Summer 85 Spring $6 Summer 86 Summer 86 Spring 86 Summer 85 
MEK0.6 n = 1 n = l  n = 2  n = 3  n = 6  n = 39 

(1.1801) (1.01 15) (0.9266) (1.2291) ( 1.2285) (1.0187) 

Spring 86 Summer 85 
MEK 1.5 n = 77 n = 63 

( 1.034 1) (0.8892) 

Summer 85 Spring $6 
MEK 2.1 n = 14 n = 62 

1 .om) (0.9@)0) 

Summer 86 Spring 86 Summer 85 
NTK0.3 n = 32 n = 25 n = 36 

(1.0126) (0.9482) (0.9305) 

Spring 86 Summer 85 
n = 35 n = 45 
(1.0450) (0.7869) 

Spring 86 Summer 85 
n = 42 n = 7  
( 1 .OO89) (0.8743) 

Summer 86 Spring 86 Summer 86 
n = 56 n = 22 n = l  
(0.9781) (0.9097) (0.7980) 



Table Ell (atnkued) 

Spcicsb 
Sire" 

Blacknose dace Creek chdb Fathead minnow 

Spring 86 Summer 86 
NTK :.e n = 86 n = 17 

(1.0716) (0.9637) 

Spring 86 Summer 86 
WCK2.9 n = 2  n = 19 

(1.1457) (0.9672) 

Summer 86 Spring 36 
n = 3 n = 8  

(1.1824) ( 1.0699) 

Spring 86 Summer 86 
WCK3.4 n = 1 n = 70 

{ 1.025 1) (0.9546) 

Spring 86 Summer <% 
n = 4  n = i  

(0.9374) (0.93751 

Spring 86 Summer $6 Summer 85 
n = 93 n = 1s n = l  
( I . W 7 )  ( 1.0397) (0.8455) 

Spring $6 SUIYXXF 86 Summer 85 
n = S  n = J  n = 3  N 

(1.1976) (0.9722) (0.91 11) A 
N 

Spring 36 Summer 86 
WCK 5.1 ?; = i23 n = 140 

i 1.1253) (0.9260) 

Summer 85 Spring S6 Suminer 86 Surnrner 35 
n = 1813 n = 78 E = 37 n = 42 

Spring 86 Summer &5 
n = 5  n = l  

( 1 .GO76 j -- (0.8554) (1.0773) (0.9206) (0.SooO) (1.0753) 

Summer 85 Summer 86 Spring 86 Spring $6 Summer 85 Summer 85 
WCK 6.8 n = 137 n = 135 n = 97 n = 5  n = 18 n = 4  

(0.3732) (0.8771) (o.sr2a) j0.9490) (0.8964) (5.8053) 

"FCK = Ersi Creek kjlomerer; F I X  = Fifth Creek kilometer; MEK = Melton Branch kilometer; NTK = Northwest Tribdtary kiiometer; 
WCK = White Oak Creek kilometer. 

'Summer 85 = fish collected in AugustSeptember i985; Spring 86 = fish collected April-May 19%; Summer 86 = fish collected in 
AuguslSeptember 1956; n = number of fish sampled and weighed. Values connected by the same line are not significantly different (p > O.OS), 
based on Tukey's studentized range (HSD) test. 



Taw E12 Cbmprkcm between m p b g  perrods for sites on Wk Oak Creek, Fm Creek, F i  M e M  and 
Nmthwest Tributary of mean condition Wm (K) of fish species 

spec 1 e s 
Site" 

Mosquitofish Stoneroller Sculpin 

Spring 86 Summer 86 Summer 85 
FCKO.l n = 1 n = 42 n = 2  

(1.2800) (0.9394) (0.823 I)  

Spring 86 Summer 85 
FFK 0.4 n = 39 n = 43 

(1.3290) (1.1713) 

FFK 1.0 

Summer 86 Spring 86 Summer 85 
NTK0.3 n = 78 n = 39 n = 45 

(1.0614) ('1.0154) (0.9983) 

Spring 86 Summer 86 Summer 85 
WCK2.3 n = 4  n = 5 7  n = 21 

( 1.2321) ( 1.1 198) (0.6244) 

Spring 86 Summer t3 Summer 85 
WGK2.9 n = 25 n = 72 n = 14 

(1.1374) (1.0304) (0.99'35) 

Spring 86 Summer 85 Summer 86 
WCK3.4 n = 5  ti = S9 n = w  

(1.18683 (l.(Hl) (0.8178) 

Summer 86 Spring 86 
,?? - 68 

(1.17%) (1.1109) 
n = 39 



Soecies’ 
~~ 

LJllL ~ 

Mosquitofish Stonerolier Sculpin 

Spring 86 Summer 85 Summer 56 
WCK 5.1 n =  166 n =  138 n = 176 

(1.0702) (0.9751) (0.9343) 

WCK 6.8 
Spring 86 Summer 86 Summer 85 Spring 36 Summer 86 Summer 85 

n = 2  n = 4  n = 3  n = 32 r : = 1 3  n = S @  
(0.9793) (0.7226) (0.7202) (1.1588) (1.1454) (1.0906) 

“FCK = First Creek kilometer; FFK = Fifth Creek kilometer; MEK = Melton Branch kilometer; NTK = Northwest Tributary 

’Summer 85 = fish collected in AugustSeptember 1485; Spring 86 = fish collected April-May 1936; Summer 86 = fish collected 
Values connected by the same line are not significantly 

kiiorneter; WCK = White Qak Creek kilometer. 

in August-September 1986; s, = number of fish sampled and weighed. 
different @ > O.OS), based on Tukey’s studentized range (WSD) test. 

N 
N 
h 



Appendix F 

CHECKLIST OF BENTHIC MACROINVERTEBRATE TAXA 
COLLECTED FROM WHITE OAK CREEK WATERSHED, 

MAY THROUGH OCTOBER 1986 
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~ 

Site" 

0.1 0.6 1 .o 0.2 1.0 0.6 1.2 2.1 0.2 1.0 2.3 2 9  3.4 3.9 5.1 6.8 1.1 
Taxon' FCK FCK FCK FFK FFK MEK MEK MEK NTK NTK WCK WCK WCK WCK WCK WCK WCK 

Bivalvia 
Corbrculrdae 5) w wl - - - - - - - - Corbicula flumlnea - - - - - - - - X 

- - X 
P ls r di u r n - - - - X 
SDhoenum - - - - x - - X X 

- - - - - - - X 
- - X 

- - - - Sphaenrdae X - 
- - - - - - - - - 

- - - - - - - - 

*hwercase p denotes group. 
'FCK = First Creek kilometer; FFK = Fifth Creek kilometer; MEK = Melton Branch kilometet; NTK = Northwest TributaIy kilometer; WCK = White Oak Creek kilometer. 
'An X indicates that the taxon was collected at  least once, a blank indicates that a lower level of classification (e.&, family, genus, or species) was possible at one or more sites, and a dash indicates 

that the taxon was not collected or that the taxon was identified to  a lower level a t  one or more rites. 
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